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Al | soxycar bonyl ation of Vinyl Esters The present
invention relates to the al koxycarbonyl ati on of an
unsaturated ester, specifically vinyl acetate and, in
particul ar but not. exclusively, the use of the

al koxycar bonylation to d prollde a first step in the
production of methyl lactate and 3-hydroxyrnethyi
propanoate, Currently nethyl |actate is produced by
é%ll“é?‘ryF?rP?Pédai“%O%YmVla%ﬁr% acid, which is produced
either by synthetic inet:hods or fernmentation. 10 The
mai N synthetic routes are based on the reactions of

20 PEFGEHYERion "Halghie the plewcarbarydatian gAY desatustqdetsr egecifically

VinlNadayael Qfgle fn ?Mﬁleeblh QoP ERUMGRIYR tHeARk Ui thd hlhchycﬂi@b%tlon to
is then dro sed. Alternativel'y, acetal dehyde can

Bevide adifs arewntthe RafusEn AopRi dstatsiad iy @exymethyh aropanoate.
presence of a nickel (H) iodide or sulphuric acid

cat al é}thetlc routes produce racem c m xtures
Gfm?'ﬁfétmeéh% cipte i pepduerdrbycatriteap plirells a5id, wrlitchyy produced either

bpgtleBc MEHbdstor fdrektRfANt years, 15 inprovements in
fermentation net hods have nade this a preferred route
to lactic acid and its derivatives. Optically pure

ITRC tnkabn 3itkEti6 a0ulE aR 6SC A BY tRBodsehMRtAlhQR. of ope method,
sugars wth carefully chosen bacteria. Lactobacil

peshrifehylepls wacted P& yidzagen cagnidee fonpreduge; dacaqmtnle which is then

heipledeat Aﬂﬁ&l&twélg' REQA 1S Ma BUPRIA 3BT aDBE RIBENI¥ and water in the
reactions. grocedure is slow, and requires careful

RGHnEOPY ?1@105?1 <H 1qdide; g ipplehuric et %?f?éwsb%@ﬁnq wyiep grodpget racemic
Bxtsed 8€ 1t adlll, AAPJOREINAL Snikdfel OF infthy? Cactdt LdiIE . In recent years,
optically pure lactic acid, of both Rand S forns can

BRPTOYEWHE dtifemenigrion meghods baveanade dus apreferisr ghitd)ilagtiggeid and its

B&ivatives COMeRly ﬁﬁﬂéQadtﬁ Rldes8Ne prbdRed 8y IRt ﬁérn@cfntatlon of sugars with
materials such as detergents, degreasi ng agents,

e bt fhosendagferia Jyact?kraa%ﬁw {9dis hegt gesjsianty o fFEnEniAliaB Ridemperatures

anglourkios 080 \éh{ﬁéb@&rge@dnhyryfrédcﬁml Yhe grocetuleQ¥ 8wl Shdlrequires careful

3- ropaned|o woul d be |ndustr|ally favourabl e, as

Flﬁ%lf%mgso Pt ERReFAjuTE G QxYaSHHleyelsobult iyesclfFdne aharpropsiate bacteria
IIQich'l)l Mard/ladd Rid, bbotte addSRems LR \Y pRIIA&aSS

Techn ogy found a route to 1, 4- hutanedlol by

formng diethyl rnaieaie frombutanes over a solid

Bethe Bah@liysded ad AlighhRNing Yoy RAL AR isrwesbﬁt ihQ vguli]&y of materials

di o 1, 4-butanediol is now widely used as a pol

WS hpoIRsEeindPEsias agsnisrrosmefics apst igrifiaionringsn islo eradable, and

& @blrmgntangfﬁhwent Pol yhydric al cohols are often

used in reactions with isocyanates to produce

urethanes, and in reactions with acids and acid

ARBYElol 108 prdpandli D A6 be %héf}lalﬁfsiﬁ\%h%ble as tRerPsQRRARG NS a route to
is thought to have uses as a onent anhd as

the dioy habisicPmAgrey rYfabk‘foP\/téﬁt”é%&éX%PZ%S/ eelgmiagy found a route to
PQM@%&%W@&%& diethyl maleate from butanes over a solid acid catalyst, and then

dehydrogenating it to the diol. 1, 4-butanediol is now widely used as a polymer component and

also in fibre production and as a high boiling solvent. Polyhydric alcohols are often used in
reactions with isocyanates to produce urethanes, and in reactions with acids and acid
anhydrides to produce (poly) esters. 1, 3-propanediol is thought to have uses as a polymer

component and as a high boiling point solvent.



2 The carbonyl ation of ethylenically unsaturated
conpounds usi ng carbon nonoxi de-fn the presence of an

woabephigdvor water and a catal yst system conpr ipgiTREB05/001911
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group VIB OR VI1IB netal, exgrple, pal | adium and a
phosphi ne |igand, exanple an kyl phosphi ne,

el oal kyl . phosphi ne, aryl phaosphine, pyridyl
aﬁwyﬁpmﬂw ofi ?fEH?’H?aélyp‘H’éa}\b'ﬁﬁeﬁé’°mﬁa'§l aé@wgdéglm peapxide-Tn the

bfése'ixc@'éffaﬁ QUBhEUSrORRa arided 84id] t@gﬁ’en@%&ﬁﬂﬂsm a group VIB OR VIIIB
applications, exanple EP-A-0055875, EP-A-0 5 5

Epiah examplepalladipmaanyb s phesphing pgando sxampiesan alkyl phosphine, cycloalkyl

B9t I ety o

avperpws Buropeas atents andrpaisat anpkieatians, ex@mple B>A70056875, EP A 04489472,
Eospﬁ)‘k‘a‘z&%P% @2 Figshy %9%%&7?5 SCFJPO& D454%3b, @Pl'ﬁfbkﬁés% EP-A-

ands provi de cata yst ens

@‘H’dlﬂﬂ'é B A48 FlvA-R28R2 1, EBAp 251:4% EYeit0496547 and EP-A-0495548.
g@?%@&é@%}d AS(%Z??@S‘ Eﬂlﬂto@sm‘f ﬁﬂdCEf' N0 ?5‘3&'1? cﬁ’Jclo e t{nat bidentate

ent at é sphi ne” conpounds can provi remar
phasbiiee h@néﬂ Bravide atalysh systeangivehich qntﬂw kigh reapfipn rates to be achleved
repl eni shnent; that use of such bidentate catalysts
| eads to reaction rates which are significantly higher
tWRaPo/19134 disploassi thay 8| pprtigilagrewneef: bideptatet phosphiffeccompoynds can provide

Ib Hiablyl £ 1R REQAAER o fife lhﬂ@@r oYOMETiSHIRAR that %sevg s?ch bidentate

68583 discloses rates for the sane process use
prtalyats leadsite rrastiopHates whichiaes significguthileighst than those ereignsly disclosed;

ﬁiggﬁ{ie &H{OQB\lpﬁnt?éQlaYee&Bduch Qﬁ%@é%&sx&hves an exanpl e of
vi nyl acetate carbonyl ation enploying the C3 bridged

20 phosphine 1,3bis (di-tert-butyl phosphi no) propane.

Wt 0188583 &b@&s%@' rAbL 1R Afe emeeﬁmeése Qe fd?q{lghemlk%négf uﬁ@n in the
per hour and the result is the production of and -

H@@PWaﬁéﬁﬁwallb?‘!ﬁ’ﬁéﬁﬁfaf‘%sq“ﬁ“t a ratio of 40: 60
(linear: branched). WO 98/42717 di scl oses a

nodificatiaon to the ﬂ!gﬁntate hosphi nes used in .
B4 eives heagEipie ghyinyacs tehcagtwa&laﬂm gHBloying the C3 bridged

o@pﬂlmpim@(dﬂ&ﬂbdtﬂblﬁbs né)ﬁi'dpﬁﬁb’ill'hé’raﬁdd *a.ﬁétba weedo Amles product per
T E R Y

e h B Pl G o O MHESTAL A DcoToRe mefigh asppproat i
£ta6l6°5f €0-60 (liapdrdveamdhddy. het er oat ons( " 2- PA" group). The
exanpl es include a nunber of al koxycarbonyl ati ons of

et hene, propene and sonme higher termnal and interna

WETI8mM717 ’liscReel & invddifidayich w‘ eHeMyitigitdt® phodphines Yiked in EP0495548
et.at e | ranc%g : li.near Product ra

Weprgin, oge og)1 gl}?s@‘og?ﬂs Oélaf armcgmov e n18to an optlonallyfsubstltuted 2-
okﬂ?&&tﬂ@rchﬂmyh at{B LO¥idedyl glony br adeivatie thGestiin Nh@fﬁ&ﬂe oMbbre of the

/070370 ext t eac [42717 t.0
G558 TR RIS R BTG LPAS Erolh i £{grialesfgde a number of
hkdx@*@ﬂﬁor@fatibﬁlﬁ b pierd pobaseatld Is&né/‘ﬁ&ﬁérltgﬁﬁﬂal ahBénternal olefins. In

adlé tion, hydro%lormylatlon %?%gng/?tac%?ate giving a branched : linear product ratio of 10:1 is

also disclosed. Notably, no alkoxycarbonylation of vinyl acetate is disclosed.

WO 03/070370 extends the teaching of WO 98/42717 to bidentate phosphines having 1, 2
substituted aryl bridges of the type disclosed in W096/19434. The suitable olefin substrates
disclosed include several types having various substituents. Notably, vinyl esters are not

mentioned either generally or specifically.
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di scl osed include several types having various
substituents. Notably, vinyl esters are not 35
woeos/i18518d ei t her generally or specifically. ReGidBdobiDoroi1
SHEET (RULE 91) RAPER WD 2005/ 118519 PCT/ GB20051001911
3 Vinyl esters are known to hydrolyse easily into the
corresponding acid or al dehyde Accordingly, exposure
Vi S sho oi s .
%n&lo g&%g Otrl]()g/ W{lq dgo e‘yasc teléLlﬁrs %13\? ta{ﬁe glgrggsﬁ?rg{meg acid or aldehyde .
s#ntgi)aoes:pmye pf omgédesien td h!ﬁldpS}E)Sk]n be aybidéd. o ujplkastyBarbhiylation
regéZmns with %ﬁeﬁta@ hos ll!xncllré rret %rosceg‘({ fh 4 SEIC c(ej olf Q}r&? eVE3 OR VIIIB
resence of a sour ifons der | é’(f rom acl
lhaafls ibgt suclp Metalsf ark mﬂhseﬁhmtheépresémemfdl smgtcy of anions derived from acids
5 hav1 g)éry? 4.0 ?I?eg% ho 401Qﬁ<§|;5?&‘mq aﬂc%grrgagb& glgf" ot 1? c;rg éeemeil unsuitable for
@ﬂpﬂyiauanfofwhglqzsteesent invention there is provided a
process for the al koxycarbonyl ation of a vinyl ester
conprising reacting a vinyl ester with carbon nonoxide
Advordifg tohz fpsteaspm eofathe presait Kaveatiom tigraois proaﬂbdilayprbcess for the
syst em.obt ai.na
Y onl fort T PP B BB R B AT RPo Hpprcice in
10 théd)praernse défmdnabikatal gadbfod cgelpar sistefng tha batalfdt) sydtbm( dhtainable by
A3..20 wherein: R is a covalent bridging group; R
“tglagllu}ger with @ to which it is attached form an
opt| onal ly substituted 2-Q- 25 tricyclo[3.3.1.1

3,7 vl. grou derivati th f(2-PA); R2 and
(% %B%glr?égﬁ?‘fpyr{/r@pq aecﬁppﬁ'i!ﬂ‘ﬁléﬁr Oﬁlmﬂgadi cals upto 20
6:)] orrsalﬁden,tanelﬁgahyofgnnmahfohnMa(I)snt radical of up to 20
atons; 30 Q and @@ each independently represent

. phosphorous, arsenic or antinony. Preferably, QZ is
(hospha and preferably, Q@ is phospha. WO 2005/ 118519
PC / 662005/ 00191' 1
2
TN R
1
RL/Q?—-—R—-—Q<
R3
20

wherein:

R is a covalent bridging group;

R' together with Q® to which it is attached form an optionally substituted 2-Q*
25  tricyclo[3.3.1.1{3,7}]decyl group or derivative thereof(2-PA);

R2 and R3 independently represent univalent radicals upto 20 atoms or jointly form a bivalent

radical of up to 20 atoms;

30

Q'and Q* each independently represent phosphorous, arsenic or antimony.

Preferably, Q° is phospha and preferably, Q' is phospha.



4 Preferably, R2 represents CR4(R)(R6), congressyl or
adamantyl, R3 represents CR (R3)(R9), congressyl or

woadenmasdyl , or R2 and R3 together with QL to warakslbs001911
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are attached forman optional)y substituted
2-Q'-tricyclo[3.3.1.1 {3,7}]decyl group or derivative
thereof. Preferably, the bidentate ligand is a

bi dent at e phosphi ne, arsine or stibine |ligand,

PFe?JerI? by relpésen@@w{w)@@) | doggrggyl Jrhﬁiaﬁgr?fﬁp RE X‘Eprgsreﬁﬁ RCR'RY(RY),

may optiona npris hydr ogen at ons
epngrRssd or x@awbs!,t ont RizandsR st@geéhqr eﬂtth o Whighethey akeyattached form an

%gl’ly s i (%I'z}gl:ﬁ:io‘{ﬁ‘ L rlg Kf(]%c@ %éy or’ g&(%%@&%@g

- CF3, -P(R5)R5 -PO(liss)(R), - PoeHzl

RS G iy P8R WIS e e oy

ahmtplane/hgaade as defined herein and R56 to e each

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

or Het. 15 Suitably, when the adamantyl group is

Tt atirnantid denine Hmash @ptégnaliy rcemprisss thesides nh)sircwn daéipeche or more

éﬁ%@t‘(mem!‘ke@&'teg i@&ﬁfl&‘ér%%? Ut t%%gi ﬁ“" -C(O)RY, -C(0)OR®,

unsubsti t
pmo,yaryl RSB >C(OINGB? ,-mm YRR \@w (RDRESYROR )R, -

%) ')dor ﬁses)vgel}’é), R §E’3R21V\/Rar Rlzan E%l 2 R R R®
repr esen S rogen, 20 Unsubsti t utg -C3 4 or

Isiwenglkyl, Rapo and argp are apggfinethgeinand K¢ o,l'h dé"}?b n@;@g@qdyntly represent

bR QBver AMUAr PR R, unsubstituted C -Cs al kyl, R56
BWF%% ea?:rh mdﬁ%endently represent unsubstitut ed

C-Cs alkyl or phenyl. Suitably, the adamantyl group

SBi¥abGOWREA B acﬂﬁﬁhtgﬁ‘émbgy & QR RIB onéJQr h@re]&xbamuents as defined
substituents as defi ned above, prefera

ahryet highhe predereed sybtityrats 'aHWe“nsté?féteérCeft% Fa@f LuQRt ® %C(O)R20
l&é'@\ ffituents .ggopEt®ned abovgyoersui t abl y,-s@gﬁn t he NRPR¥,

ada yl rys S de hydr ogen,at ons,
B RO R B BERh S BUP Ton spiay Yvrogen,
&%ﬁtbﬂ&k@ﬁtl-tyﬂﬂyl drSphemdem’P | m?aIR” I?{’efké‘r RETkaSH hﬁfepédda{tty&epresem
e?g%gﬁggﬁs}ubgtwwﬁg&& Eﬁg? é/tellfkcgac p%}mﬂ@%@&e rgg\}ésent unsubstituted
opthykyl.or phaaipl.y preferred adamantyt group conprises
30 hydrogen atonms only i.e. the adamantyl group is not

substituted. Preferably, when nore than one adamantyl
guinvly, the agdnemen igrdup rmycmmpﬂstnhbsmfss liydfogen atoins, 1610 substituents as

Bt b Pty Sl s e it b Bersartgaby ww o 3

hebstitientf tagrdefifed aBeveet&ﬁalﬂyiaw’ﬁm tHe giaoaptyf (gi'oup comprises, besides
Eydgven orr]r?se O\lll\g] o ?noge %uantIuents as H;:Bfnmex Iherleﬁﬁ %rerfe?'abqy eacﬁl SIIbStItU&ﬂt is

identical. Preferred substituents are unsubstituted C,-C; alkyl and trifluoromethyl, particulazly

unsubstituted C;-Cg alkyl such as methyl. A highly preferred adamantyl group comprises
hydrogen atoms only i.e. the adamantyl group is not substituted.

Preferably, when more than one adamanty! group is present in a compound of formula I, each

adamantyl group is identical.

The 2-Q*or Q)-tricyclo[3.3.1.1.{3,7}]decyl group (referred to hereinafter as a 2-meta-

adamantyl group for convenience wherein 2-meta-adamantyl is a reference to 2-arsa-

RECTIFIED SHEET (RULE 91) ISA/EP
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RECTI FI ED SHEET (RULE 91) | SA/EP WD 2005/ 118519
PCl' / GB2005/ 001911 5 adamantyl and/ or

wo2oed/iiBsreadamant yl and/ or 2- phospha- adamant yl ,pcT/GB2005/001911

preferably, 2-phospha- adamantyl) may optionally
conprise, beside hydrogen atops, one or nore
substituents. Suitable substltuents i ncl ude those

ubsti. t uent i ned, he espect of the
At S0 -SSR 0 St B SRNE BT e e rably, 2-phospha-
admmhmylp nhay\l\thloﬁilllyy bomgitise} bé‘shﬂeali}ld)‘ogéﬂsdﬂﬁi |JnHt&dm5}19 Sebstituents.

I eci net hyl, trif| yoronethyl, -ORL9
THIRHE Py Gofite thopt TG st ey Recei 39 fogpect of the adamanty
gitupu bﬁgmy Wk eFetrdd] subbtitadrlty inclide aswdr, alRnd partlcularly unsubstituted C;-Cg

odee he en t ta- adang rou
“ﬁﬂgﬁﬁ&% L Yi ﬁﬁﬂ“‘&ﬂ‘&e'gﬂbﬁlﬁg Ydpgem %r d¥ @r%ﬁ% E%t&ln particularly

vBbUbSitfet) €1)C, | aSiyil e nkylLCald. 4-BsRERpIRRYYY WielQhe 2-meta-adamantyl group
roup i ubstituted on one or nore

t a- ad nantyl
‘B‘Tl‘?‘gﬁglmft 2y ong Sﬂ?sgfr‘entme% Prepdrubstiteemt iy identieal.i t uent
as defined herein. Mre preferably, the
ntyl group is , substituted on each of the

ref a- dama
ie o ‘tf’léin@ll %lﬁ%‘%ﬂ‘@m‘gﬂ epy Wspiptingepn aRe o mergehtintl, 3, S or 7
POEIEOS Wit fQbstibcAfsiefihtEhcbeilBde @F&ﬂ?ﬁﬂ% Yhe BhRtaPdhBantyl group is

bonded to car gg atons in the adananty skel et on

Rd Pcearl At Bigeln 3AndPsPosiioas: Syftaliln sieh ¢n argpgement means the Q

a?orrffo ﬁre@ﬁ@fﬁ-ﬁﬁé&haxﬂﬂ%&lﬁ 2] b%H&%ttbtddfb%ﬂ afiins i‘ﬁatﬁg a@z;ma'ﬁﬂf? skeleton
and 7 positions. Wen the 2-neta-adamant

h@Y‘B% Bo ?wéqog&a)ego% Mogtpipfergblysthg @o@?ﬁataé@mnnﬁ rEBPUPY lakwlgsntuted on
eBACIHT B3PS, i5t dh@M pdsfiohs] WhdnGRL Z-n{%?@&ﬁhx%tjlyy grgﬁ;? fn@fuﬁ@sdmore than 1

substltuents are_ unsubstituted

SphstFPREoPISHEADHY Pachp stbEtitEent oif | entiadly ety emef@rre@gubstltuents are

uadubytitutsd CLCR S 1ky MR d¥ifluolShEfh$L, ?Qltl)fulal"lzy %ﬂ@sﬁﬂg%{]é}/ leyl such as
resents unsubstituted 2- a- adanantyl or

“?%Wéta adarantyl 20 substituted with one or nore

unsubstituted Cl-Cg al kyl substituents, or a

conbi nation thereof. Preferably, the 2-nmeta adamantyl

PEEesahlY i aetiradunantyd rapreseras unsabstiiad Zomata-adarmantyioh 2mnetdaaslamantyl

sbsfuted W@ifond Br hHie u’ﬂ)sdmftﬁte@é @@mlsu@ﬁﬁ}eﬁtts U a c?ﬂh%?cﬁh?hereof.

addi tional heteroatons include oxygen and su
atons, especially oxygen atons. More preferably t he

P?efd?ﬁtlﬁ'tﬁéj BRI MamBht 9L Brogp m&abM&%&&%&%ﬁ&ﬁﬁ other than the 2-Q

addltlonal het eroat oOns in
aiepe i the 2ametprpdamantyib pkeletor @u@%@@tmdmmwon@ mdpde oxygen and

Wl Uﬁ&ﬁ af t en f
s f’}ﬁﬁ‘ 0 pSOSI cfégaﬁg 6)%%?% ag)?%sf é\?%%l fe\%{?@aqg‘%% il ?ida?nant?rl group
1"21“14%? 805 QR ae yHdigemal pheterqatomsein thgo6,09 ardr i positions. Even more

pREgHHY, anad.mbal.aLRe ﬁ&;ﬁ?odg&n&g@s gT\ QE diflo A0 RABBLNh i Jn each of the 6, 9

skeleton each of tron et er oat ons
ancEh positions. Mest eegiereblnl Whenpthe Penateadamanty groap aumkytwo or more

adHittnRL he‘ﬁé%a@cﬂnsnﬁ%hé) Etn\e?ep@dél'r%mﬁﬁ C]éﬁto%u pa%‘xlotfltﬁ e’cgd y&o%% r?e{;,roatoms

or nore substituents as erern, 1nclu
arg igedigala ionespeaialyapiefered 2-hefa-@dandangyh Erd, pdsilt manoptiénally be

stE\t?cut%d m%h@gxaﬁ%tsﬁkstﬁlﬁﬁ{s% Wined herein, includes an oxygen atom in each

of the 6, 9 and 10 positions of the 2-meta-adamanty! skeleton.

Preferably, the 2-meta-adamantyl includes one or more oxygen atoms in the 2-meta-adamantyl

skeleton.
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Preferably, the 2-ineta-adamantyl includes one or nore
oxygen atons in the 2-neta adamantyl skeleton. 35 WO

WO2005(184:8519 PCT/ G52005/ 001911 6 Hi ghly pr ef edgmash2005/001911

2- met a- adamantyl groups as defined herein include
2-phospha-1, 3,5,7- tetramethyf-6,9, 10-tri oxadamantyl
group, 2-phospha-1,3,5-trinethyl-6,9, 10-tri oxadamant yl

BeBclrplired e A PP o eSE iy dnedipo2phpoplyt ST

téti?dﬁﬂdﬂiyYJG ogiIQipxadamahtyl- @&&pha-phospha—l 3 5-tr1methy1 6 9 10-tr10xadamanty1

5P PR L b e gorerh s S SRR iy and 2 phospha

IS,:EB-‘B:G(hﬁﬂlofdnﬁHﬂhyl) 6,9,10-trioxadamantyl group. Most_ preferably, the 2-phospha-
aé? [OSP haglected 30121 Zt-gltlors -tygy:tgl‘argrief"hgi-g 5'18-)&{171(97{% aman %rl group or 2-

Bgﬁﬂg&,s,rtaméth 1-6,hnekdigxbdfnaBtyl otip.i oxadamantyl group.
Preferably, mﬁen nore than one 2-neta-adamantyl group

is present in a conpound of fornmula 1, each

ﬁ'eﬁﬁb@' Aaimbie)thanding lznndtﬁadzﬂﬁﬁtyl gralp iskPesddi€n a compound of formula
ta- ad%ﬁg?g%L %roup be prepared by methods wel |
“Tpeta-p A Edd‘inﬂ art. Suitably, certain

2 phospha adamant yl conpounds are obtainable from

tec Canada Inc of 901 Ganer ara Fal |
Icﬁyﬁzawpta g e PrereiRvy dec etk el dahan rPgthzse siifledim, e
AFE SaitaNa TBidiY b-phespRL adEEn ST cdrioihidsdard oﬁﬁlﬁa‘lﬁaﬁ‘oiﬂ@ytec Canada Inc

obtalned fromthe sa l, i
il gt o bR G o Eioa e BTk A prsponding 2
RQRRHNE L RempaindiF Ehrmimy Iec af gﬁier&ﬁ’alﬂddtﬂ?orﬂ the same supplier or

conmpound of formula I include co ni cke
IiﬁraFf‘é?d%Y@ﬁ?l%%’é&}e and platinum Preferably, the
Goup VIIIB netal is palladiun1or a conpound t her eof .

Sui t abl e congounds of such 20 P ¥I %
Suiiable f@rour| ¢ YUGE masials Ofndt SUYPORRY Hheteg Bahde combined with a
SRIPBlSOMBriv@AK idclude QabAH, ﬁ@kadpamaalmamﬂemmvm Iﬂmmn Preferably,
nitric acid; sulphurlc aci d; Iomerﬁqﬁka oj ¢ (up t

thy Siyoupci YLIB gneta] 15, palladivm or 4 cqrppoxpd) thereoh Btifpkle aeliﬂaounds of such

Shphonins AcialSinSiiddsals offBidiai&als Withhentdinpahd comprising weakly
chi orosul phoni ¢ aci d, quorosuI%honlc aci

qoprdinatrdragians Hered Stomp RiHe acidiculphutiteseid dewer alliappis (imto Cro) acids

A6l ‘As a@éﬁhiclilﬁlaﬁ{‘ SropinRNAYM; Csufthbile abfab léﬁéheass Hieﬂllﬁﬁm k¥lphonic acid,
aci d g. p-tol uene sul phonic 25 acid

@éﬂr%‘&hp@c adqid, ﬂ&ﬁ@s@ph?y&r a%gp rtaﬁlememgthmh éﬂP%onéfcﬁG‘d benzene
s%lﬂh%l@ Q&Heﬂ’adhﬁxﬁleﬁé( ahﬁme acl®Hlikpe sOBRAA hid ACH. P-tSMEkE sulphonic

perchloric acid; hal ogénat ed carboxyllc aci ds
@tﬂe ﬁrb@lgl sulptiopis |aeidognded-hydraxgprapans sulphoriy s salplenated ion exchange

RGh<S peiAiBORIP SREP S cpe?&ﬂosim RIOSPhaRkmaRa! ESbakyEd 2fls such as

benzenephosphonlc aci d; and acids defived from
triphlegoagetic @geid apd txiduoroacetis egnda@rtb@)haﬁ)(ljonc 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, zero
valent palladium complexes particularly those with labile ligands, e.g. triphenylphosphine or
alkenes such as dibenzylideneacetone or styrene or tri(dibenzylideneacetone)dipalladium may

be used.

The anion may be derived from or introduced as one or more of an acid having a pKa

measured in aqueous solution at 18°C of less than 4, more preferably, less than 3, a salt with a



Broensted acids. Ot her sources which may provide
sui tabl e anions include the optionally 30 hal ogenat ed

wotwbs/aphwenyl borate derivatives, e.g. PCT/GB2005/001911
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per fl uorotetraphenyl borate. ditionally, zero
val ent palladiun1conp|exes particularly those with

| abi | ands, | t enyl phosphi ne or al kenes
et 15 o oyt Dot BoD S & Mplabls of areely organi salts such as
talky( dinkRAIM, iade nege i e th Pa| dndghtddMhaBYan BRaMA6Wn 1Ader reaction
The ani on may be derived from or |ntroduced as one or

fRditiops o, gengrate)the APiARgn it Enitable a¢idy aed salfs Arpludg ke acids and salts,

%ﬂlleuﬂ:hmnsassnm Qfbok@iates 1R sdpra MOr e preferably, |ess
than 3, a salt with a WO 2005/ 118519 PCT/ CB2005/ 001911

7 cation that does not interfere with the reaction,
Q‘hg qriﬁﬁ%f ahftni prestht & A6O& K00 gl?éqéa@'aljﬁﬁ:l BeBavidife r%)f % catalyst system.

y anmoni um and a precursor SucC as an est
tT hamotaarat@roéakw@ snpllagiger mavehecranp &1 te éﬂw,mrﬁn@bwcfrom 2:1 to 100:1

r@éu@argm%n@f“l &3 f‘ Whérb' the 2hioh %mr@w(?&l' BSina %d S Ea?lt tge relative

I nclude the acids and salts, other than unsubstit ut
propediRY Phthe gcid and saligs sefritical, Hewerrnakhere gn esfioraiaipraided by acid or

?Jrﬁﬁ%rdzﬁedw acfd thé Ia#i8lof h&d Hh?o&;at\ﬁhﬁtlﬁ&al k?sels}@i*él'agg/r atQdast 1:1 mol

he cat st system The nmolar ratio ani o
%%aﬂﬁyre@gatfly,olﬁsslthq_n gtoleasp 571 gmol /@pmﬁ, nfgre) preferably, the

?atla id & 144203 i—an@ﬁ:‘éfe?éyl &4 ki lay1efsk 9 Rodt ﬂréfer%&y,laromearfl ratio is

the anion is provided by an acid and sal't the relatiV
pretssa BN isrmeant thﬁcﬁ"ﬂ’“ﬂh‘lf agtiye acidic yilgs se that p mglle of monobasic acid

WO MRYe 1 WS Of BIY vl al MolP 0P ibdGE M b [ 30noles of H* and
@Trtlally provided by acid the ratio_of acid tg group

asiBacids sfF spgul?) ,b@fnétpxgbqteyj acgerdinglyst Similaglg by C** is meant moles of
ﬁﬁa) haVHg(£2 datigni6l cR4r8d &F thbd for M'G81%s thd Aot theASHI itidn should be

(H)/mpl (C2+), nore preferably, the ratio s at "
‘I'dé%f'é“'td gecordinely. Fob pamplg, pn M sation Yikiid e trhen gt haying 0.5rmles of C
porafos @y, around a 2:1 ratio is preferred. By iCis
meant the amount of active acidic sites so that a nole
of nopnobasic acid would have 1 nole of 1-1' whereas a

mfe&b«;f thi rit@s ofobidehit-Re Mgmhdo BAY & a8 ldmlle.smef/mblm'o)mdd Rferably, the

i.c acids etc sho e i nt.er or ﬁ
it BF BiFyS g T @bt B sl o Bl d A Rq o) Bebiprably, the
Kahd Grin exdébkaffgl&teﬂ mdl/hﬁl(CF'Mnd \reférablp inf dxeesk of & A0 bf 1:D@ol/mol(HH
acca

t ust d n
0B Bt o 35 5% il o Wiy e to bufo the
aoid &velofin @ei-ream}m sl preednt thra&ﬂor?béfvﬁfyabktyr. Onhhe l'offier Qand the
of bi d acid i,s at

s EPRR AT < Bk esoPaf Tt vl ga gt pion.
group via B netal is at least 1;1 nol/nol (C2+),
f bly, al
B s s AR e G RR fp poogeosty o
trendrd gméo(ulsi)l Pwifdriibly, e aatilydt systerids ssell hgaogknesusly.
advant ageous as the ligand itself may act as a base to

buffer the
Advantageously, use of the catalyst system of the present invention in the alkoxycarbonylation

of vinyl esters gives predominantly linear product. This is surprising because hydroformylation
of vinyl acetate using a 2 —PA ligand with a propane bridge gave predominantly branched
product in WO 98/42717.

Accordingly, in a second aspect of the present invention there is provided a process for the

production of 3-hydroxy propanoate ester or acid of forrnula (II)

RECTIFIED SHEET (RULE 91) ISA/EP
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acid levels in the reaction and prevent degradation of
vinyl ester. On the other hand the 25 presence of
woa0bFhi18sbi vates the reaction mi x and i nproves pclrgEB2005/001911
overall rate of reaction. As nentioned, the catalyst
system of the present inventipon nmay be used
honogeneously or heterogeneously. Preferably, the
catal yst systemis used honogeneously. 30
Advant ageously, use of the catal yst system of the
GEReENEH] QR ®n i n the @ koxycarbonylation of vinyl
esters gives predom nantly linear product. This is
surprising because hydroforrnylation of vinyl acetate
défipAgingihd step¥ol:1 gand with a propane bridge gave
predom nantly branched product in WO 98/42717. 35
alcoxyraghonylpting vipylaestes M6k Farkem Blopoxide inrbe presansy pf an alkanol and a
daR Ny LeR, thdShiSydt SymPVbtalRibiFbyRbRGESR: f or the
producCti on of 3-hydroxy propanoate ester or acid of
formula (11) RECTI FI ED SHEET (RULE 91) | SA/EP WD
2005/ 148512 RGH GBRADS! QQ19dhd Rl @- 1) CH2 (O R
28 (I1) conprising the steps of: 5 al koxycarbonyl ating
vi 12 Ridengate ligand og aensesh fovppla LD deaqeprdanss ithbe fitsbaspect andefined
al kang}eind a catal yst system the catal yst system
obt ai nabl e by conbining: (a) a netal of Goup VIII B
or a conpound thereof: and (b) a bidentate |igand of
18 - i r i . Fai 5
A A A gt bt gy T AT GP sty b 1] be potitted o
unpubghitpfed end eithey brandhed pilinearyind gy ing eyt atireatmeint Hiemenythp gaid linear
I 2 ] .
GHIEA Mgl IO SRR ARG o or i
thimdas@D. (n) product 1-acetoxy CH2. CH2C(O) Q0 to produce
t he 3-hydroxy propanoate ester or acid of 15 formul a
'é%l)' The linear (n) and branched (iso) products of i
dinegr kw»apd Brapehed| (o) pradustspf B alkopynathoaplatign eyt be separated either

ﬂaﬁ)}%’&eaftelr th@&gﬁﬁleﬁt%?egt PpRA; theShfdrodut® fa?er #Egalﬁﬁ‘ted Mﬂﬁ the reaction

sal roducts are separated ’fromthe react]

poedvets bY distiatignsti | | ati on. 20 According to a third
aspect of the present invention there is provided the
use of the catalyst systemas defined in any of the
Acording 2o 'a thighesped affthe presept igwastion thereein tpravidetighe vdeeof the catalyst

) _ Ly o . .
SUAIE LR BIhE O BNl g oot
ppeferaely: indostrid pagsiuets pfia3-hyvdzoxytpeqrenate atok okfpoaulb Gy | at i on
R saft ;Yrb&ﬁ(:ltior? %rﬁﬁrisﬁr@ o \é‘@ﬁjs c@élkoxycarbonylation of a vinyl ester followed by

treatment of the linear (n) product of the alkoxycarbonylation.

Despite the foregoing, the invention does not exclude the possibility of utilising the branched

product of the reaction.

Therefore, according to a fourth aspect of the present invention there is provided a process for

the production of a lactate ester or acid of formula IT
OR®

CH,CH(OH)—C=0 am
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25 treatnent of the linear (n) product of the
al koxycarbonyl ati on. Despite the foregoing, the

wo 2veniksn does not exclude the possibility ofpcT/gB2005/001911

utilising the branched product of the reaction.
Therefore, according to a fougth aspect of the present
invention there is provided a process for the

%Q? au C%:I,t_%n o%zﬁal e a{:qnlyf ?@%@%&gﬁ&&g@, %gbcf)norrngllljolmdelull {he presence
¢HGh/aRBe)ahd QQdRE:dt sySerh,ahiPEatabisn steMDbENRBR by combining:

al koxycarbonyl ating vinyl ester with carbon nonoxide

in the presence of an al kanol and a catal yst system

th@a)cainahV&TGrsmﬁt\qub;taaédﬂ@bhﬂtH&emi ning: (a) a
conpoung t hereof and 5 (b)

metal of Group VIII B or

a 6'?%%&'@%&@ lgﬁ‘é}nﬂmﬁﬁb& Bhospige higsad ofigareral; fgemitia (Ipfn accordance
generwith fo Fird hpedth) défhedBGandance Wi th the first

aspect as defined herein to produce a product

conprising a branched (iso) product 2-acetoxy (C113).
totpréeucd @Iptro@& cdhﬁﬁfsﬁgrh brhb (i858 pedued2 hEQMyHCIRY. @{C(O)OR,28

noi ety which nmay be substitut

‘gefmig dﬁé%?fé‘i%urff‘??’g oh A & & alst %?%{h’@ﬁ’é‘af which max ke S\&ﬁatuted or

etk Md itRR thraghdd & 15RkCaddr dREHeMy (theafig ﬂiarsgfa%;nched (iso)
to, produce the corresponding |actate or acid

Rregust e Rrqdpge thesgorresponding dackse ar agid ohformulg Blei n | s nmeant
carrying out routine chemcal treatnment such as

hydrol ysis or transesterifcation reactions on the

Bt gpdeg gripatment fereinnis meaub sareviieh ot yputincoshemig! treatment such as
lﬁ/@lfo‘lﬁk%' & thafseSte 8RS0k ?&c@&@ toﬁ Ade SR plidau&r&(ih'@ ﬁk&{y@arbgnylatlon

hydroxy acid or ester. fin=_(n)" and branched
sHitatiR fetcleatsy the arstoxy eTRYR | %rpqhwﬁ thedydBey acidberesteed ei t her
before or after the treatnent step. Preferably, the
iKOdUCtS of the reaction are separated by

edinpar|(akand hranghed (sp)arediets oA cribpadatio PRt hetsapretecksither before
dRamRr Whél @leXtn@hif §t6p.1 NBreRPibly MR PRIINLS df’ht‘hg r}eac%gn r@é‘%éparated by

distillation an effective Separation techni

Jivtifatinne dheprapshed padslineprproduoisefien hayeyvidaln élffeang bOl’cl}fg pomts which
thdkeeastIRfieNEN G e 5’(105 hdeithi %ﬁﬁoﬂlhg BroUeaE Qﬂﬂy 1eadtoRN

process is greater than 1. nore preferably,
greater than 2:1, nost preferably greater than 2.5:1.

Pécte ?oﬁﬁ' 1o 1@ @nda: %;aacﬁﬁgﬁﬁlcpﬁohhﬁ?% &&bonylatlon process is

invention there is ETOVI use of the catalyst
ESpLer Ehen 491 lo mprasefesanlyagrpaterfthanifel , mostreforsbilygzentar than 85:1.
the present invention for the production, preferably,

|ndustr|aI¥§{oduct|on of a lactate ester or acid of
cgpdingdo e Kifth) aspest of Hiedprpseudusntionthersip prayided thehesef dppscatalyst

sPdtert b Qe?ﬂﬁg@ﬁpﬁﬂlydf Hd Por%hd Aspbbd BF thE Preilnt iNhQNEA: BY production,
preferably, industrial production, of a lactate ester or acid of formula (IIT)
the said production comprising the steps of alkoxycarbonylation of a vinyl ester followed by

treatment of the branched (iso) product of the alkoxycarbonylation to produce the ester or acid.

Advantageously, the lactate or 3-hydroxy propanoate esters or acids of the present invention

may be hydrogenated to produce the 1,2 and 1,3 diols respectively.

Preferably, the treatment is hydrolysis or transesterification and is carried out by any suitable
technique known to those skilled in the art. Such techniques are detailed in for example —
“Kirkothmer Encyclopaedia of Chemical Technology”, volume 9, 4™ edition page 783 —
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treatnment of the branched (iso) product of the
al koxycarbonyl ation to produce the ester or acid. 30

woAdwsangaigeousl y, the lactate or 3-hydroxy propeiass?s5/001911

esters or acids of the present invention nay be
hydrogenated to produce the 1,2 and 1,3 diols
respectively. Preferably, thé treat ment is hydrolysis

or transesterification and is carried out by any
“§lyidtodytsiseof Osﬁntc@rem”q @gcfkmwdsumlud@cbs@ IB'HIOIlyssdammh}tdhéysls steam

dxto A ?ﬁ ?T@r Er&%c Y C g Pfé?etr%h}é al'pdEFZ;gsHse éagﬁk qudrolysm more

pmfsnahb the hydrhlyeig)ist ¢ampdpwgel eSS by @Q@&hla&ia&ﬂ@g to produce the acid

(G TRORRAARPde ot sy e SHRAE FBL LR procss
kebeart tlto;zcj skillgdsinstharad. ePreferably, Ngmhuo p&wb sydiegafatembl the hydroxy
aglha%ozﬁy%ﬁ |y SdBodl e, PASGitdbY, dpd% o eaas Rk %xqbng[g@feg;? ARY01/70659 by

ySI's'is carrie n EXCESS
(halntnhefert etl Smtq{bieodm@emmhé detrildl arepsed ducin. extangles Jehaf therpublished

gﬁhcangr} Qr}/ddﬁlgit%@ tﬁ% p({(l@éj%cf % Wﬁ&%lo? Woful fg}gp&ﬁ' ,ﬁ’rﬁ%a%”ké acid esters,

process nown ose sk
Peefedably athe yydrmpaium iptrasal duy tradydrogeriation dnetchgaining radmtyro genous

Y

cahtﬁntSmft abick mx pemrpmattdalhenbm aoiy | sfame sxe$ofuuas ithey relate to the

h?/ffxl%g&larﬁg éf ? H)ZJro%hﬁ e&#lg c ]_a%gl eg?egsggﬁcle 'fc?r gp%ses of th¢§/ present
applgpterosuch gdrdgemsti@r SactioRy gt etsakdlegmedt atpghctajohbrto gledmgenamn of the
l?]cz%t srterrltg gro(aHTOl g 9%Pax§édd'1(§igﬁp %Hbgﬁ t11Z QTaPsestger’u?a L Psgcamed out with

erogen enation ¢
thmaiklmtol corsespamding ad deyalkyd gaoup ofalte aikbtl estar Wﬁbi/relﬁlﬁ&lafor example
pfop RSk t0ey () S G DAY et Bl oot 2o
cofiveBtirtpyad etoxyyalkyl eptens dito hadmxiy gbylesters ctdowdvantagedoly, thiecleaves the

oses of, the pr n i Gkl 0Ny SUG
"’EL{ genat |b<5¢1 (r?oéegc i or?isteraﬁgeo y% rl%ld aglgg?atcamPéefgrgbly, the

tfaméstegﬁaaabm dakeoplachidn theaptesdnee eﬁtaesultalnie paebscaich, 2 for example
abl t he tc{ansesterlfleatlon IS

Bi ol ...Pref

"gegl? pl%’ln%amd refgl{l?lﬁ“sx}gp nst corresponding to the
al kyI group of the alkyl ester product required for

I t ti {
T B RO P By A1 LTSRN BRI T » Rl g
acetoxy al kyl esters into hydroxy ethyl esters etc.
A St W BB SRRA oE ARBA .
vaefeﬁrer ably, the transesterification takes place in
A B B RSP S 1 BHOATD AL B o7 Oy ahghich th Q' and O°
atolspprefeiadlya phodphofieatdis) i@ livkedenn avsifibR e atend Barbdrkatdmy) e

bri dgi ng group, preferably, a |ower alkylcne. 1n one
set of enbodinments the bridging group R nmay be defined

Agnd-BedcKiddep¥ndntl kepresent lower alkylene;

K, D, E and Z are substituents of the aryl moiety (Ar) and each independently represent
hydrogen, lower alkyl, aryl, Het, halo, cyano, nitro, OR', OC(O)R¥, C(O)R*, C(O)OR%,
NRZR*, C(O)NR¥R%, C(S)R*R*, SR¥, C(0)SR?, or -J-Q* (X)X’ where T 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 optionaily

substituted by one or more substituents selected from hydrogen, lower alkyl, halo, cyano, nitro,
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25 wherein: Ar is a bridging group conprising an
optionally substituted aryl noiety to which the Q and

wO@dos/asswos, preferably, phosphorus atons, are pom&ed0601911

avai | abl e adj acent carbon atons; A and B each
[ ndependent ly represent |ower 1aI kylene; 30 K, D, E
and are substituents of thel aryl noiety (At) and

(gﬁgh’ @%&e Er\gq)e)g(tu Wﬁ W; 24 %}&?&(Q@g b of! gi%ﬁ or C(O)SR¥

&2,1; Atadi e5afd m and Z i

0
9089@“1 Vi %?F%Héga“‘[)\’onfl 8}’% Wt‘d‘&tyé g9%Pisel ect ed from
K Z D and E together with the carbon atons 35 of t he
ring t are attached forma furth
%hémrﬁsemﬁ ngR” ZI{’I]‘S)P scoagﬁtsasham ghamapinl X; | eREseBi CRERTR™,

E lsa&aﬁltm ueﬁxé aSEKE edpBifler! WRHITQN YS/BIE Ahey! f¥BKached form a
ﬁﬂm& p ok €dEgvxo 20%}2118519 e A

Tt ot i 209 roiex ol Bre e Reisd o dyikgtive thereof
C(O) OR22, NR23R2n C( O) NR25R26, C(S) R25R26, SR27 or

C(O SR27 _or, when Ar is a cycl opent adi enyl group, Z
Rfafyrabb'Q%ﬁéMb@@hed by -ML)" P-). and Z is connected

via a netal ligand bond to the cycl opent adi enyl group;
5 X5 represents CR13(R14)&Ml congr essyl
Rrefarehlytip p compoynd of fogmpla & w ARrRIents —Asbh @? "B6 #pel Egppresents

aPeRYXE, theAD Pprestnel -A0- nggtﬁher vv| th B to which they
are attached forman optionally substituted

2-B-tricyclo[3.3.1.1 {3,7)]decyl group or derivative
FHReS Rk adith &l f%ér?ﬁlg%fna%e' §2-Q2-§l%9§19f3% 1.1.¥7& PP@:@&E Wrthdd by the

a conp ound K represen

comblr@awsg t%ﬁ@erewrﬂe& é%evhtcb lt wﬁeta@e',m')?% tiigyely [33.1.1.{3,7}]

%chﬁmégbgifl%é%ﬁ@natwﬂ— ke @1 Jﬁgtﬁ?‘)t@ AR %YH QYtPWRich they are

atteméopw Ot icyso Lol K 1] Soerb £k S bn e abisatizn of X° and
Xﬁotoéé'lhé}uvﬂthq t? ]vsﬁﬁ&z'fﬁé}eﬂe at%cl?ed%speétfvbfg}’ﬁhéem Q', Q* and Q is in the

decyl group or ned he conbi nat i on
?oposm@na)ﬁ dleﬁgmw@étgmv ish @ forms wmteataltmewnép@h of Q', Q" and Q’

ﬁéﬂe&ﬁﬁ €Bhos ngr[a)n%y ZirdoRic- antg{)dr CMinBny. 3- Brefbrabl }83@7} b dge %@E e;epresent

oup f the conbi nation of X5 X6t oge
th@Sto whi ch they are attached respectlvely
wherein Q, @ and @B is in the 2-position of the
adamantyl group of which it forns an integral part and
RsefetredimiQdimals of i pg@eOnvertinnaadvdeshqsh adipiety us,
arseni c and/or antinony. Preferably, Q, @ and @]

represent phosphorous
R? represents CR'(R’)(R®), R represents CR'(R®)(R®), and R' together with Q* to which it is

attached form a 2-phospha-adamantyl group;

R? represents CR*R’)(R®), R® represents adamantyl, R' together with Q to which it is
attached form a 2-phospha-adamanty! group;

R? represents CRY(R*)(R®), R? represents congressyl, R' together with Q*to which it is
attached form a 2-phospha-adamantyl group;

R? and R® independently represent adamantyl, and R! together with Q* to which it is attached
form a 2-phospha-adamantyl group;



Preferred enbodi nents of the present invention include
those wherein: 25 R2 represents CR4(R5)(R6), R3
wonrewasant s CR7(R2) (R9), and R together w thpQ@/¢rro0s/001911

which it is attached forma 2-phospha-adamantyl
group; R2 represents CR4(RS)(,R), R3 represents
adamantyl, R together with to vvhichit is
tt ed forma 2- phospha- adanmant yl
82 Si{g dilerenden PQSBW%QB‘)W%G?S%?‘&%%P&@%&% r-rgﬁhé% §9 IWhlcP?lt Is attached
ﬁ@g@tﬁpﬁospmt,amagamg, Mﬁ ch it is attached forma
2- phospha- adarrantyl group; R2 and R3 independently
represent adamantyl, and R together with 2 to which
RttogetheyitA €fies whidh if i9 hficReoRl 9 30has Q@Hmw d R? 3
V\DgZOOSééJ;ggw ngr/ GB2005/ 001911%@2lﬂl ngs%dR and R

5 togsthepwih Enfa yhirk Dééréﬁ'ftacé%@%égmhosphﬁrﬁd@an%g@mer
wth Q to which it is attached fonn a
Iﬁﬁlﬁhos ha- adamantyl group; R together with Q2 to

}snre efl emBedimenis of thepresent MVenkien fnshude thapmwieyeingr oup,

Rinsketiér a0 R wﬁlch KAS hidRhedWokn a Dp hB&hMH&ﬁhn}}JlT' %Voueraﬁd R? and R®
attached form a phos&ca adarrang% gr oup;
FeeR R ErBeh %wrﬁ atched fermya 2wl a-ﬁ%rmyégromm ude

10 those wherein: R together with QZ to which it is
attached form a thhospha pdamant group, and R2 and
Preferably dnoe ¢rappopnd of feymulal, R is pepti tOaﬁ=e attached form a
2- phospha- adamantyl group; 10 Preferably in a conpound
of formula l, R2 is identic% Preferably, S
Praferablpnip Sirrrempeundetfomyply L a@fha RBresen idenin subsutuents and X
ahdI AL IR re%b'xkiﬁeb;eh’éﬂﬂf&ntlc%f‘ﬂxb%éuen%nﬁlxo %réf‘éﬁ : abﬁﬁq{’%d X° and

r.ep resent i dentical substituents, pre

15 ?%&whq@r%ﬁﬁwwlawobwdematmﬁ .pr esent) conbine to be
identical with R. Particularly preferred conbi nati ons
in the present invention include those wherein:- (1)
Ppsticylgibeprisrredpqmpbingiopyin i nresenttinvyestion inelodrettioseayhersiment s
2 rreta adamantyl; 20 R2 and R3 together with QL to

they are at;B ached represents 2-phospha-

(la)d arraﬁt {Agether wiHQEo ayhichtits atiaghed raprgsentsZraefendamangl2 K,

20 H andgE Apert eﬁ@in%ltﬂr@ kS WhEREMEy My Eﬁ’ﬁﬁ Q%resents 2-phospha-
unsubstituted al kyl, particularl ydr ogen;
adamantyl;
A and B are the same and represent —-CH,-;
K, D and E are the same and represent hydrogen or unsubstituted C,-C alkyl,
particularly hydrogen;

25 Q' and Q? both represent phosphorus.

2) R! together with Q? to which it is attached represents 2-meta-adamantyl;
R? and R? together with Q' to which they are attached represents 2-meta-adamantyl;
30 K represents ~CH,-Q*(X*)X® wherein X° and X° together with Q® to which they are
attached represents 2-meta-adamantyl;
A and B are the same and represent —CH)-;
Q', Q% and Q® each represent phosphorus;
D and E are the same and represent hydrogen or unsubstituted C;-Cs alkyl,
35 particularly hydrogen.
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25 Q and @ both represent phosphorus. (2) R
together with Q2 to which it is attached represents

wo3od¥igsigdanantyl ; R2 and R3 together with Q P@/dﬁﬁo@mwn

they are att ached represent &- net a- adamantyl; 30
represents - CH2- QB( XS) X6 vvherlsl n X5 and X6 toget her
wth @B to which they are ached represents

2-met a-adamantyl; A and B are the sane and represent
-CHz2-; Q, @ and @B each represent phosphorus; D and

® are le}@ge‘ﬂ@l‘rﬁutﬁﬁﬂ td WREIER & Hitadhbdl FPA8Eht LT RSB Ut ed
C, - cul arly hydrogen. WO 2005/ 118519

PE I /Peez%ﬁsr%ﬁwfth Qo (“éi}chrﬁﬂehatfgeét@ﬂ@rl repjrespnteR-megp-adamantyl;

Whi ch K tepkeerté L@@pOYXF Wﬁﬁiﬁs%d@?t B AR VR O h th
and R3 tegsteher vvlptgtht whi ch they are atr;;?{]lachegmc i

repr e§étﬁ‘tb§ ?PFFé?‘és%ta’ﬁWEﬂ‘?W?my K represents
- - CH2- AR B hrk AR BhdregieseAR XS t ogether with @B to

which they arg 5 attached represents

2- rretéza@a‘i‘%lr@)ﬂ“hf,@fﬁ#ﬂtﬂwéﬂh@“tshe sane and represent
-CH2-; Q, @@ and B each represent phosphorus. 10
(4 R together with @ to which it is attached
represents 2-met a-adamantyl; R2 and R3 together with

( t o Rik Cﬁ‘e{’heﬁ WAY Qa’foewlﬁ&ﬂ ﬁfst}ﬁgchﬁ@ﬁbﬁ%ﬁtf’me -adaman

-rreta »a a‘n are the sane an repr sent

- CH2 R apd Rahaet@z HdQ tp @rbwb Shepi ereiashoh aprpsentk2-meta-adamantyl,

repr e%ﬁid%ﬁﬁé%e%@ﬁ@a&fregx@sceﬂp—%ﬂtm ed G -C6 al kyl,
particylarly dr ogen D and Etogether with the

car bof® &P@)Qrsb rﬁtprréeréybfrsem adienyl ring to which
t hey I@feﬁre@éntﬁﬁ'ht%gelf &ﬁﬁhtﬁa@txt“t@& @ ét hlfdr’lt ﬁﬂtl&ﬁ‘ﬁﬂlmyd{ogag;

M represents Fé; L,
cycl oftrrd t‘t&ﬂ‘}‘Pf wrﬂathe.ceﬂnoamoyas @ﬁ ﬁxsrtpyplppmaei@nyl ring to which they

cycl opapywadi-g ) R together with
@ to whi Chel tq:‘mlnsangltﬂ%att’?hmg&)f’ ?les ht s

2- met MepeseyrEs; R2 and R3 together with Q to which
they gre-atjft aghedrl epreaents c?%ﬁtﬁai@gﬁm%%lﬂlaﬂf‘ bstituted

B are the sane and re esen
cyclopentadienyl, and m =

(5) R! together with Q? to which it is attached represents 2-meta-adamantyl;
R? and R® together with Q! to which they are attached represents 2-meta-adamantyl;
A and B are the same and represent —CHj-;
K, D and E are the same and represent hydrogen or unsubstituted C;-Cq alkyl,
particularly hydrogen;
Q' and Q? both represent phosphorus;
M represents Fe;
n = 1 and L; represents cyclopentadienyl, particularly unsubstituted

cyclopentadienyl, and m = 0.

(6) R' together with Q° to which it is attached represents 2-meta-adamantyl;
R? and R’ together with Q' to which they are attached represents 2-meta-adamantyl;
K represents ~CH,-Q*(X*)X® wherein X® and X® together with Q® to which they are
attached represents 2-meta-adamantyl;

A and B are the same and represent —CH,-;



K, D and E are the sane and represent hydrogen or
unsubstituted Cl-C6 al kyl, 25 particularly hydrogen;

woQosags192 both represent phosphorus; M repr @gariB206501911
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n =1 and L3 represents cycl op nt adi enyl, particularly
unsubstltut ed cycl opent adi enyT, and m = O 30 (6) R

t oget her o which it is attached represents

2- met aQad%lﬁ‘ﬂﬁi]QyFac represRt PRASPhERSt her with QL to whi ch

they ape,@f Eaﬁﬁéemerﬁmeeswtr résee htrGEA TGN hkubstitdfed C,-Cy alkyl,
represents - CH2- (B( X5) X6 vvherel n X5 and X6 together

wi t h CeartignlaghyihyArogffey are 35 attached represents

2- met amq Is¥e; A and B are the sane and represent

- CH2- 2005/ 118519 PCT/ GB2005/ 001911 14 g, Q@ and

Q each reples®flt bhotprsetis: crvlensatagienyle Pﬂéc'%%lﬁ eunsubstituted
and repe3eRididhyfhRgfmR=@r unsubstituted C -C6 al kyl,
particularly hydrogen; Mrepresents Fe; 5 n =1 and L,
represents cycl opentadi enyl, particularly

{J,ZS ubski ltogétﬁéii Wélgl ¢ M}Hl@tqb foedﬁ'@ﬂ'eﬂht_ é%eté-zaan%\

get hey W th is atta represent $
2- et aRaﬁ’dr?aﬁQaﬂhﬂ Y(Qh Qniy wich Bigeem attachpd 'ﬁplﬁ}ents@ m¢ia-adpmantyl;

they a h 'igg{ g@@ﬁﬁéelg & a@%@?ﬂ
repr esféﬁr?lgéste% neg % wher e?ﬁ%(‘ x an &I‘y%hggt @ﬁ%h ey de
wi t h CBtaghedwpresants eetarpdamagylached represent s
2- et ap QBB oL i @ depResBiieckps same and repr esent
- CH2- Q, @ and B each represent phosphorus; D
and E Qo GEerEQ %chFPf%@‘t@B?SBB‘?T“%ttorrs of the

cycl opgnhagi gl%ﬂlxer Mlﬂl@khé @arlMH £&bmé Bethe cydogRhRdidhyl %E%iwhlch they
form an unsubstituted %’eny ri ngJ M Tepresents Fé;

= | ande pttachedfppa anpnsubsiiytedRspd dingny | |, particul arly
unsubsgi bptbReks Feycl opent adi enyl , and m = 0.
n = 1 and L, represents cyclopentadienyl, particularly unsubstituted

cyclopentadienyl, and m = 0.

R*to R® and R" to R"™ each independently represent lower alky), aryl, or Het;

R' to RY each independently represent hydrogen, lower alkyl, aryl or Het;
M represents a Group VIB or VIIIB metal or metal cation thereof;

L, represents a cyclopentadienyl, indenyl or aryl group each of which groups are optionaily
substituted by one or more substituents selected from hydrogen, lower alkyl, halo, cyano, nitro,
OR19’ Oc(o)Rzo’ C(O)RZI, C(O)ORzz, NR23R24, C(O)NRZSRZE, C(S)R25R26, SR27, C(O)SR27 or

ferrocenyl;

L, represents one or more ligands each of which are independently selected from hydrogen,
lower alkyl, alkylaryl, halo, CO, PRPR“R* or NR*R''R*;

R* to R*¥each independently represent hydrogen, lower alkyl, aryl or Het;

n=0orl;

RECTIFIED SHEET (RULE 91) ISA/EP



20 R4 to RO and R43 to R35 each independently
represent |ower alkyl, aryl, or Het; 814 to 827 each

wohosapssident |y represent hydrogen, |ower al kylpctaissooso1911
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Het; Mrepresents a Goup VIB or VI11E netal or netal
cation thereof; 25 L, represgnts a cycl opentadienyl,

i ndenyl or aryl group each of which groups are

optionally substituted by one or nore substituents

sel ected from hydrogen, |ower al kyl, halo, cyano,
midme,0toBR19, OC(O R20, C(OR ', C(OOR22, NR23R24

C(O NR25R26 C(S) RR5R26, SR27, C(O) Slt.z7 or

ferrocenyl; 30 L2 represents one or nore |igands each
plovidid thit wlied n =ntlehpe mokgnilk §, ané wbert & elquials Orthdmyml dogyewt equal 0;

| ower al kyl, al ky]aryl, halo, CO PR43R44RA5 or

4sRA7Ras. R43 to R48 each independently represent

0Y dvieg @reseitp wepresaht phospldryds, arseniadr antiddmyn=00r 1;

RECTI FI ED SHEET (RULE 91) | SACEP WO 2005/ 11855519

PCTt GB2005/ 001911 15 and in =0to 5; provided that

Phesiably, ThelGiobie NVIINB egtshispalladimnd when n equal s O then

m does not equal 0; @3 (when present) represents
phosphorous, arsenic or antinony. Preferably, the
Bre@igbly/|WHen K, B tRAbr £ Seppaabilt aBQUICR (R YR EHER AR YR Bh el respective
,.D, E_aor Z represent . 3 . .
Ry D BRI FDRCEH IR Y roon g which A1 § s ggnmected or, it
Kot 43 adjadehit, 4s iaﬁia@ﬁt b hemainng Kabb@&norad] gagnivhicheitsalf ybpresents -J-
car Q i 5B 1S connected or, if not so
Q(](F%:Q’Z%%)’(R%ng c)g{ﬂt)'a remaining K, D, E or Z group

which itself represents -7-

CR 3 4)(R5))CRI6(RN) (R . 15 F . of
PO Ghoiatordat, o b TaE B Bp o h ity B e SRRRISTgPas hegeferred t

hetvant HRPproveys diehehidleptigned to herein as the process of
the invention. Suitably, the process of the invention

may be used to catalyse the carbonylation of a vinyl
S6itBly, thepréddss WHRISRERohayCR3eNtotRIAYX tHe cabshyution of a vinyl ester

Bt lndl SURESTLAL DS, MU | Cop NGO popnd L. e
Pocéss \of id inVEitRh rhdy dabilyse Qi &HPEBIBH R a vinyl ester to the corresponding
acetoxy carboxylic ester. Conveniently, the process of the invention may utilise highly stable
compounds under typical carbonylation reaction conditions such that they require little or no
replenishment. Conveniently, the process of the invention may have a high rate for the
carbonylation reaction of a vinyl ester. Conveniently, the process of the invention may
promote high conversion rates of the vinyl ester, thereby yielding the desired product in high
yield with little or no impurities. Consequently, the commercial viability of a carbonylation
process, such as the carbonylation of a vinyl ester, may be increased by employing the process

of the invention.

The term “Ar” or “aryl” when used herein, includes five-to-ten-membered, preferably six to
ten membered, carbocyclic aromatic or pseudo aromatic groups, such as phenyl, ferrocenyl
and naphthyl, which groups are optionally substituted with, in addition to K, D, E or Z, 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'>, OC(O)R®, C(O)R?,
C(O)OR%, NR¥R*, C(O)NR¥ R, SR”, C(O)SR” or C(S)NR*R* wherein R'* to R” each



acet oxy carboxylic ester. Conveniently, the process of
the invention may utilise highly stable conpounds

wouwookei1ssiwpi cal carbonyl ati on reacti on condi ti @ga/SaSHs/001911
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that they require little or no replenishnent.

Conveni ently, the process of H%e i nvention may have a
high rate for the carbonylation reaction of a vinyI
ester. Convenient]ly, the proc ss of the invention

25d5prReleBEe r?ﬂr@*ﬁmc'afdme@. gl Prdaer GHIof Kihigh rafiy! gBeupr may itself be
t diioedlly sibsEhfidE drithatie aé dFRedbsCt 1N high vyield

with [ittle or no inpurities. Consequently, the

commercial viability of a carbonylation process, such

aSuitahg, Qﬁéxbﬂmﬂ altyl NcyRfopshtadidnyl alﬁlsﬁﬁ‘eﬁb Drﬁ?ﬂ PR gether, W1th the carbon
I NCr ease )ﬁ¥ 0 1 Ng t he pProcess he inventio

o theg opﬂetadwlm%mw l%téw U é%P"h"é'rf@}”‘%aPthl n@segw metal M

f drVeutib® the@8st NS NRAERM  to PAne fn@EmP | ihg SdyStefnO In ta€PrefBRriel &rftddiment Ar
carboc%cllc aromati c or pseudo aropatic groups, such

dePipteaityrhenyleet BEBHYL merkPraahbhphonyhyand o g#tqup@sw@y may be
%Tnbﬁw\@'shl}étlﬁ&&% sdthed W prdVious Bardgldpit. i on to K D, E or
Z, one or nore substituents selected fromaryl, |ower
al kyl (which al kyl group may itself be optlonally
Wﬁfe'tﬁﬂfﬂ egl RprebéifsT @%\%Wﬁoxd‘eﬁmq %tabehpﬂ"):oné%&lhd of formula I we

hal o yano nitro,

25 ot

@P@l@@ga SNRQBW@r (XI@)WZERZQO u, @( (&s\;_;ﬂ;z Pt gpd Pd. Preferably, the
GhealINGRSRER W RN CR N7d.9Wt @e REY ARl MO RE00Bdr kB 2?dance of doubt,
PCT/ GR20051001911 16 i ndep endenthﬁhrepresent

ylreaersiio Capupl VIBror\giBrmegalilarein whuidibeplep to inclydp Grasps 6, 8, 9 and
| fosig ke mem%hbaa@ablexﬁoﬁl@m;mé uted or termnated as

defined below). Suitably, when Ar or aryl is

cycl opent adi enyl and when D and E together with the

OB 1R Rerm>RItANBLHA thte}'égf’qyé::hg bl @?éldtp Vig6 VFIB’\’meﬁh (M) in the

thHey are attached form a phenyl ring,

campendia derawta I as dafmedélnr@el hag 2 pasitiveoRbange. Smtn@y,gy@metni cation may

|H& iR RN e bf £ galﬁmﬁg' Jsﬁ{ﬁlsébﬁeakiﬁwoﬁﬁﬁﬂédsanmg WiveB'from halo, nitric
phthyl, nore prefeéerab henyl and 1 n elther case

tqﬂi@y Stﬂ@lvms acidplemiep plkarioje (<y99 tie Cid acidisugh as agetip geid jand prepionic acid;

Qﬁﬁ)‘ﬁblﬁé‘ §cx@@£tﬁg ra@ B{bthagrp snﬁéﬂuo‘hﬁedchﬁ tifbro c}ﬁlﬁ?ﬁce&?cpﬁuttﬁoﬁful%mc acid,

t
ﬂﬂﬂpqpy@[gethqaeépbhgtu@ nrrgégae@elng mjphowc q?:gl? ngphthajgne sulphonidtacid, toluene
- bloya, ¢! :
pr, o5, 0% Pl I TRy
tshiphenio iagidh selpldnatéd uioe , exclrapge resinse perhalicCaaidipusll Bs erchloric acid,
ei NS ld.b 0 Cc
élﬂ,rﬁél, ljoéﬁgén gjuafbfgﬁlicn at'aﬁe Ig?%’l . (%?n ggfrxflaogpetfc tF bt iR QU Sric acid;
reatheshobriotie @cid;] phoBphoniseacidesueh asnbenzenec pltosphonichaside @id acids derived

'Eoﬂ{‘m{eb% 1045“)%1:\@69 w\a{la@idg’ \ﬁllo!zngteﬁpa%@% rét'qygr sb&l‘cés%u%h may provide

conpoun fornu |ne posi
shitablpeanios inchide ¢he tqthehmmt lmlrat@dﬁrwemwenay

Preferably M represents a Group VIB or VIIIB metal. In other words the total electron count
for the metal M is 18.

Halo groups, which L, may represent and with which the above-mentioned groups may be

substituted or terminated, include fluoro, chloro, bromo and iodo.

Suitably, if A represents cyclopentadienyl and n = 1, the compounds of formula I may contain

either two cyclopentadienyl rings, two indenyl rings or one indenyl and one cyclopentadienyl



be in the formof a salt or may conprise weakly
coordi nated ani ons derived fromhalo, nitric acid;

woswbphesivc aci d; | ower al kanoic (up to Cl2) agicdscEe64001911
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as acetic acid and propionic acid; 20 sul phonic acids
such as net hane sul phoni ¢ aci g chl orosul phonic acid,
fl uorosui phonic acid, trifluoromnethane sul phonic

arfdgg(bacﬁ{e({}z‘g}%% %HE gﬁsﬁm < g}é'g? it nng}P Eé rS]lg:l_s 2ngl gedZaﬁu léﬁpc?{l])lecf herein). Such

soiphods magchiedrefdareeld o yab “sanﬂwhh rompaaidst; aithé metal M or metal cation
£ O S honi : _sul phonat ed

%BQ% g’ ﬁsggéx%lgﬁeﬁig% the klxh ATURE syg sd %reﬁpeg verfé(fa:]gmn&dileeyl and/or indeny!l

aigcystemse may lbersobﬂnﬁailycmphﬂmydvnﬂc re8yEictitoS¢aCh ofSr or they may be tilted

d and | £l d;
BRI REh oo RS oot & BRF Goelioiie ponzene

phosphonlc aci d; and aC|ds derived frominteractions
nd Br oen ci.ds. .0 her sources

\%‘21&# maXi pr%{/ I%gledﬁsghet SPPROU &ﬁt eg t e rfBYeﬁH%n PR contain either one
tcgdzlomp’(adleyyl bowat endbayl viag i(ves. ofPrafcRr Al ¥ys¥ms may %Ftlonally be

SOSERE SeR P HRo] B S T 2! k5T S ptnty
st stitugpd s ;dsﬁnedkhemlin SRitabiyy whepti eslediitl 13 Repraveiith ad iteh tHeliotal M of

bR of i B8 RRagT b BTy 1 S e el caion.

Sui t abl y, if A represents cycl opent adi enyl and n = 1,

h onpounds contain .either two
tsi/l%}b@p é@]ﬁg & eﬂy{h FPW@%““& %t[ﬁaﬂalgﬁ%ﬂn c'fopﬁg)sorg;c oxéeh%yclopentadlenyl or
|n'fddﬁ?ﬂyingz(embhmﬁ evhichalimpngstbaslinay ysbndﬁ@lﬂ@@ﬁlblﬁﬁé&% @&scribed herein).

N R R

ﬁwﬁlm rep&mmwhtﬂ)sS goRtat blﬁa &A1 o€ the cOmMBSUndS SMMARNT has an 18 electron

net al t her eof
s%‘ﬁ‘g ﬂlgfjWBVls’t ent%ﬁ M %&g JEPRQHads #@ng bEdfqny the ‘total number
of dtctiosndondivary by ardigafidsiiy dappitallyfiveg systens may be
substantially coplanar with respect to each other or
they may be tilted 5 with respect to each other

Soieivty theymdtsl Ve loF @Gtal entias tHRRBE inBS afcldpefnBsmyl c%mpounds of formula I

A BRI hS R ik Bxloeeneidene! BB By Eicopishpsnnty] moiety of the

ﬁﬂenyll Riel@). | Typically, (8@ ecléHentdlibl/n rink Y Ry ntH@Wnyl m01ety of the
ituted as descrlbed er ei n)

[ 1
na %{}u&@s (af}l)'leg\?éipto rbé'ﬁfP%Es BRfe v&aiihthy myiale how@er other bonding
mpadsoiawdeﬁ thkQcyS 1o Pé&itddidily BGngds: c‘?@lﬁ?dﬁﬁﬁ cREr RbiBry oPHike nﬁ!@énfyz} ring and

&E g E%h and L, represents ar hen” t he fret al

¥ ¥ns %tfwﬂp@o?oﬁ{ﬂlf&“?n e @bp | smbiache by the jsgope of the present
tnygitieal |y in the formof the netal cation. Suitably,

when n = 0, the conpounds of the invention contain

only one cycl opentadi enyl or indenyl ring (each of

Plafe€dbly, ii) ehe SO6SHpBIRI SBMroRRL T Wﬂ@xlelnymb% @Hfaﬁéﬂtgd ?fj h@?‘%)resents Cr,

des rlbed herein). 15 Such conpounds rmy

Mg, Egs Coypn R, rBitalchtienhprenfnEen mape enre‘éqrw )M regfpaentsCesFe, Co or

Ru or a metal cation thereof, Most preferably, M is selected from a Group VIIIB metal or
metal cation thereof. An especially preferred Group VIIIB metal (M) is Fe. Although the metal

M as defined herein may be in a cationic form, preferably it carries essentially no residual

charge due to coordination with L, and/or L, as defined herein.

Preferably, when n = 1 in the compound of formula I, L; represents cyclopentadienyl, indenyl

or aryl each of which rings are optionally substituted by one or more substituents selected from



then mrepresents | to 5 so that the netal Mof the
conpounds of fornmula | has an 18 electron count. In

woobei1sswr ds, when netal M of the conpounds ofpdratEReb001911
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| is iron, the total nunber of electrons contri buted

by the Irgands L2 is typically _five. 20 Suitably, the
metal Mor netal cation thereolig in the

cycl opent adi en conpounds,.of forgu

e %wetrw@wiy}ero@ ﬁWa@Ren?p(‘P)ngFé?)Iglr, Q@ﬁ@ 43?42“ SR or

qyﬁédagﬁr;l/ﬁdmm is FRARtide Qﬁcl&ﬂ%ﬁtadiﬁ%emﬂlenﬁ 'hdil %) ring which L; may

C ﬁ% cl opent adi eﬁﬁ%ﬂ
d%@?sﬁﬁfeﬁtb&a Eé‘n‘yrecr% fethy qyplop dl@rlﬂdrérﬁfpf the n@etfékvmnwl group). More
SPréferabl hﬂﬂk @y@éﬂ%ﬂiaﬂi@nm&enw drhnfi Bige WﬁfcﬁlLr QY%Yegfnt is substituted it
at her g@ nodes between the cycl opent
d¥ Petpes grpwhft POHIth oppPghgre @rbsflwéntr Pﬂi@rgdrfrqm ﬁgcaai&ylztrﬁ 0, cyano,
IR’ BE@)R ™S LEDHRYS AOIOREDIIQRERVNHAARIORY, RP'E kM $2 and R each
enbraced by the scope of the present inventfon.
W@P%‘E}WWWFW%‘W@TW% Ylfornula | wherein At is
cycI opent adi enyl, Mrepresents &, M, Fe, Co or Ru,

a netal cation thereof, Even nore preferably
rPé‘ifF’é@éﬂ‘t’léen@r‘ LAa remtesentp cyciqpertadienyl.anenylaphesylk qr@nphthyl optionally
SRERAId asNRSihe P R&GEIRT T
VIIMnetal or net aIg gtg%?ely%)#wtﬂrlrée?yzgp %Eﬁglgg plg{gln% ﬁl&yp or naphthyl
BFOPE RicarsuapEuisd \Merepreferebly, kivppregnEsyclppentadient, mﬁ@yl or phenyl,
RRdelof Whie® ek %duﬁkﬁf)ﬁhﬁemwloge pleferfbif; ag or@br%se ﬁr mlsubstltuted
preferably it carries essentially no resi
G¥donegtadisdildi nation with L, and/or L2 as defl ned
herein. 35 Preferably, when n = 1 in the conmpound of
formul a | : &vesents cycl opent adi enyl , indenyl or
& 9Pareﬁéﬁhrdrrefmr hodirepat efthe pssanbina¢ritipn.gu b somparnddf foymula I, n
anerOfs MBed Hshiahdgt ¢ sel ected from WO 2005/ 118519
PCt/ GB2009/ 001911 18 hydrogen, |ower al kyl, hal o,
cyano, OR19] OC(O R20 C(O R219 C(0)01122, V\YN SR7 or
ARG RDY WheDH 1§"4Hu§lhto 'z&o'ﬁﬁé‘m 1stngf9eqﬁ§(l(ﬂ) 85 Q%rﬁﬂ%lhd f formula I,
i ndenyl "or aryl ring L, repr esent Jed
& FRPESPIS QN§ OF OIS &lﬁﬂnéfp@qqh aﬂwbwy Iarermdﬁgemienli)hglected from lower alkyl,
NEbatbosenyiRg BPNR‘)GR“"M’ r ]Flore%r&fax%'fr@ by neprl v\%n{s Q)ﬁi pr mare ligands each

g cl opent adi enyl’, indenyl or ar
P p‘{h@gem independsathy SQJQCéQQ from5C;j @ B erlke'i dialloy partlcularly chloro, CO,

ﬁ{bgﬁ“RtS Lb'i' ﬁ%“"ﬁ“"kh“ eﬁlr R 1€ 3H %@g%}@%%ﬁgﬁ%ydro gen, C; to

fromCl - al kyl , 0, cyano,

@émm*yt@@h@mhermhzsrm where R19, R2d, R21, R2, R23

and R24 each independently represent hydrogen or

Cl-C6 al kyl. Preferably, when n = 1, L, represents

by p@ﬁ@mrg(cnrefnwd alterrdtiveyémbadinaany bf the preagih rtvgiition, in a compound of

R9a{Ly | ef|
Pr e%lera |y Lzlﬁag%ggc%dol%%ﬁrta |enyI°r4’ipﬁagmuaf§§phenyl or
napht hyl groups are unsubstituted. More preferably,

fg[;rgﬁﬁ%?rﬁ\%h%ﬂ sglé(c%cﬂp(ﬁﬂ bﬁ%g E% S(Eo ?rrl?u (gy lnﬂfg%l cgtlonqp{eréof

rings are ’uns
preferably, L, represents unsubstituted

L, represents cyclopentadienyl, indenyl, naphthyl or phenyl, each of which rings may be
optionally substituted by one or more substituents selected from C;-Cs alkyl, halo, cyano,
OR", OC(0)R*, C(O)R*, C(O)R*%, NR®R%,

L, represents one or more ligands each of which ligands are independently selected from C;-Cs
alkyl, halo, CO, PR®R*R* or NR*R*'R*;
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cycl opentadienyl. 15 In a particularly preferred
enbodi nent of the present invention, in a conpound of

wof206smikaaol , in =1, L, is as defined herein aad/dBess01911

0. Alternatively, when n is equal to zero and in is
not equal to zero in a conpoggd of formula I, L2
represents one or nore |ligands each of which are
g Eindently selected fromlower alkyl, 20 halo, CO
PRASRAARAS or NR4G6RA7R4a More preferably, L2
dndpt €9emtts one or nore |igands each of mhich are

R TS b B -y Tk SrORpeAs el e R s

wherein RA3 to R48 are |ndependently sel ected from

R e amuppasgr Brted ot Bt e ambnd, mant of

the present |nvent|on in a conpound of formula I, n
= L2 s as defi Eerern and in = 3 or 4,
%&?WFSGGFEPPVI%“‘“M‘ f‘fP sents a netal selected fromCr,

Me, Fe, Co or Ru or a netal cation thereof; 30 L7

]{5 A e%%tgté:z&lﬁg%lfa%&ﬂ Lﬁgl eﬂé@piﬁﬁ{/} D, ,Saﬁg i%g %&Fc%lgr&rps are optionally

Bélﬁﬁtbd biyeshdd¥r @fve Qubstiests Ségtagtbd toﬂ;c(mogcs,R-zcsgeﬂg(ﬂto ;hglg]; kpdio, OR",

a cyano,
Q?%ﬁgﬁéﬂaﬁélégbﬂptz represents one or nore |igands
each of which Ilgands are independently selected from
- 35 al kyl PR A4RA5 qQr 46

I@GB@F?&%E?T@" eégztﬂo Gagﬁf Vtrﬂéba cpepdenti el apa ﬁ% -G alkyl,
)ted; PR’@RVRﬂe& NRER"wifeRypere=RY fohRY 4R FIndRpéidehtiyhedlectBd from

does not eq othenn =0. 5 Further preferred
hydraset fa 6ﬁW¥@ﬂﬁﬂp$ | include those wherein: M

represents iron or a cation thereof, L, represents
cycIoPentadlenyI i ndenyl or phenyl group, each of

AP ORI EEhE 0484 optional Iy 10 substituted by one or

nore substituents selected fromC, -C6 aIkyI hal o,

cyano, OR 9, CC(C)R20,. C(O R2

$tﬁlpfr‘€éeéﬁfe§ertﬁ4éoepowsr fP‘i“Ej%Id@"lB‘éFcCtit"stw i“l:h are

i ndependently selected fromC -C6 al kyl, halo, CO
PRA3RAARA5 or NRAGRATRA3Z, Wher,e R43 to R48 are .
hintgeisesntie Risupstisuteds pxclopentadicnyl, rigdenyl op ghepyl cpertisplaly pppubstituted
QElopdRdidny1; B =l Q=L 04.

Alternative preferred compounds of formula I include those wherein:
n=_0;

L, represents one or more ligands each of which are independently selected from C; to Cs
alkyl, halo, CO, PR®R*R* or NR*R*R*, where R* to R* are independently selected from
hydrogen, C;-Cs alkyl or phenyl; and m = 1 to 4, particularly 3 or 4. For example, when m=3
the three ligands which L, may represent include (CO)halo, (PR®R*R**)halo or
(NR“RYR*),halo.

References to vinyl ester herein include references to substituted or unsubstituted vinyl acetate
of formula (IV):
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unsubstituted cyclopentadienyl, and, n =1 and m=0
Alternative preferred conpounds of fornula I include

t hps rebil: ~,A9,30 = 0; L2 represents one or nore
5§ gaﬁ@@gﬁh oFPwﬁ? ch are independently selected from
Cl to C6 al kyI hal o, CO PRA3RA4RA5 or 46RATRAS,
vvher 3t r endent | Iec d from
Fe gﬁ Qfﬁ ?vdg PryPer g Tngry { §it dalp, Eyan, nitro, OR,
m(om&al@(dmz' 3(:(@)01122 RRPR¥XUHNRPR¥) €S RSRY, ran (OSSR wherein
ands whi ;2 may represent incl ude (CO) 2hal o,
SF’{&?R Sf)g'?H PGMor (NR46R4A7R48) 2hal 0. References to
V|nyI ester herein include references to substituted
unsubsiituted vinyl acetate 35 of fornmula (I1i):

Westerabls, R g5 sefepiedr fremodonee dovar alig, preps or lopvey albylpiyl. More
pre@?%ny,@yarag&e rpﬁbnﬂyl @%ﬁmlﬂenﬁ ek ecte 91k§,r Q#BnihY %ﬂgﬁ Rthyl, propyl,

Kyl yano,
@w@ymh and @w}m&n mez(ecyf@zfzw, %F@s@ﬁ% GSER“@)'NREMG

C(S) R25R26 SR27 C(O SR29 Werein 5 R 9-RZ7 are as
def i ned her preferably, Reg is selected from

Ryrderalierk 'IROVS‘éFh sdrRendenly aeppaser hydragass logyek ikl anyy pr Het as defined

WoeR, MRBE Ffe%?&ﬁl RS0 e esen 19 Mbken. C'Ascﬁeﬂlolﬁb!& QD&@)’ kzs may be
or CG-C6 a é}é psuch as nmethyl, ethy
y

yl
petignglly syhititiedy prefesably, wigh enep(?remertea?al’sﬂmeers se@c@ri I{Wm lower alkyl,
%ﬁrﬂ)emtahéw dyeﬁchyzlmo J@R‘*"f@é@)ﬁ”' E(O)R3‘4CE6201Q’30RR23R24 C(O)NR25R25
d )% gsent _hydrogen, 1 ower al kyl, aryl ©
ﬂﬁ)Rag @I@Rl r‘?éﬁ'(o By e efingg &eredy ef er abl y, R30- R32
repr esent hydr ogen. As nentioned above, R28 may be
tionally substit pr ef er gbl with one or
§88b’§t'ﬁ“isb ewﬁéa m%agwﬂ csfﬁur’d@medﬁii‘r%ma Ci-g 9’!‘3“°|‘-|é‘f°é as methanol,
Bahdl, G¥ @i&ﬂol NisbpeopakdRL 4Sh-bdtdrie), R26uty C(ARIR3L, An%@)mzlrg}enol and
R25R. 29, SR27 or

g&%@?ﬂfﬁ@?@@# e}Fﬁe : 5P1r$f§"?ﬁoérf’um ¢ gt pod ﬁ@yﬂhe most especially

Blckartel afatp ighetipt. deri ved froma C -C$ al kanol such as
met hanol, et hanol, propanol, iso-propanol,
I SO- but anol t- butyl al cohol , n-butanol, phenol and

The term “Het”, when used herein, includes four-to-twelve—membered, preferably four-to-ten-
membered ring systems, which rings contain one or more heteroatoms selected from nitrogen,
oxygen, sulphur and mixtures thereof, and which rings may contain one or more double bonds
or be non-aromatic, partly aromatic or wholly aromatic in character. The ring systems may be
monocyclic, bicyclic or fused. Each “Het” group identified herein is optionally substituted by
one or more substituents selected from halo, cyano, nitro, oxo, lower alkyl (which alkyl group
may itself be optionally substituted or terminated as defined below) OR'®, OC(O)R*, C(O)R?,
C(O)OR%, NR®R*, C(O)NR¥ R, SR, C(O)SR” or C(S)NR*R? wherein R to R¥ each
independently represent hydrogen, aryl or lower alkyl (which alkyl group itself may be
optionally substituted or terminated as defined below). The term “Het” thus includes groups
such as optionally substituted azetidinyl, pyrrolidinyl, imidazolyl, indolyl, furanyl, oxazolyl,
isoxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl, triazolyl, oxatriazolyl, thiatriazolyl,
pyridazinyl, morpholinyl, pyrimidinyl, pyrazinyl, quinolinyl, isoquinolinyl, piperidinyl,
pyrazolyl and piperazinyl. Substitution at Het may be at a carbon atom of the Het ring or,

where appropriate, at one or more of the heteroatoms.

RECTIFIED SHEET (RULE 91) ISA/EP
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ehl orocapryl al cohol. The nost preferred groups are
nmet hyl and ethyl, the nost especially 20 preferred

wooness® methyl. The term"Het", when used heicqi82005/001911

i ncl udes four-to-twel ve-nenbered, preferably
four-to-ten- menbered ring systens, which rings
contain one or nore heteroatons selected from
nitrogen, oxygen, sul phur and m xtures thereof, and
whi ch rings may contain one or nore double bonds 25 or
‘BRI hRfalsb O ifpthé fny oflirONBKide. or whol [y aromatic in
character. The ring systens nmay be nonocyclic,
bi cyclic or fused. Each "Het}} group identified herein
Ti® teft Flowal dikylS whsi nied thedin) yneasn@, torC,qralkyd aad kiml\idbymaﬂlgl ethyl,
sel e fro hal .o,
Gt LU e R el rCfies SlRrunitopned. S groups may,

xﬁlibhsthéré 4$ @Gufficiche hithbatof tardsn d@insnté lihek @nordnbhed, be saturated or

%9%%6%8&%’[{#&&%% %@QEE%%R@%&GOQ%E% %%%%\?ﬂated by one

drnaep enEantity sflepsesan haby drnegatiro, OB/, OF(O)RREC(@RKY L(O)OR™,

Lgh. Al Kybs o QUp | 8,260 'on .
S SH S 48, IR, BB Vo Ry o
mﬂ'@éndehﬂw&pteﬁé‘dt helérS @ atypsr loﬁszChkﬁSalﬁerbaﬁﬂHrypted by one or more
substi t ted azet | i m dazol yl ,

PHER Y U P‘P‘lﬁ?&ﬂ‘ﬂfi orqgﬁﬁ?wl"ﬁfhakylsg 2\%‘3}1‘ . oxadi azol yl ,

t hi azol yl, thiadiazolyl, trlazolyl oxatriazolyl

thlatrlazolyl rlda2| phal Lo P o 3
TpieaziHRarous of At srows whé%lc}h KoR ﬂ? k ﬁ’p%r%dl{?yﬁ Wy Re RY,
YL 0y R RS, RPPRIGRI W] RSRBS R n%é; R, R, KBRRY, RE, K, D, B
agltséi ggg?;eg?eg?natlglg? Q{Q \%lft}ceq.[%'?];an&fl-?% I’i’?yl‘hgt s\gp%lg{t%glay, when there is a
dffeldnt hikbept$eEchridrUibmd) be lln@aﬁ*f ﬁ%rﬂ@h@@%léh&ﬁﬁécﬁ or unsaturated, be
PCT/ GB2005/ 001911 /21 "Het " ou Iﬁ¥ also be int
BlomaBYeli Prpagislic/ ey, o of 4By ©ngyRB ot 8 oxygen or

ﬁﬁihﬁﬂ ﬂommr@ Qﬂan& Qr QafkyRifeyh gﬁﬂﬁs |aﬁ§/bid deguﬂﬁﬁﬁlﬁ)ﬂby one or more

butyl, pent an gpt ) y
bt P Boinbh s Bpe R SERRESBERE g, e
WSRR¥RE &SRS @(@)SfRM CCEMRPRATD @Fy1 Obr qwtbwneramom(@ tPERY  each
l'i near or branched, be saturated or unsaturated, be
igdepprdentiyyepierant hysrogsn,aryloy loweeslktly ¢l i ¢, and/ or be
substituted or term nated by one or nDre substituents
sel ected from hal o, cyano, nitro,
gyt the toro) ‘e alkygrsfohioh By +Q|Fe;1_35pe31f’eJ é e@f)smsent ina
%Em FGhul2f, YheR ﬁs@ﬁretﬂ%ftﬁbd’@l%%lﬁ @ro 7wﬁi319 Banh bonded at

i ndependent |y represent hydro aryl or 1ower aIkyI,
twadlages Wehe grpwn andds etheryse éﬂ@legﬁn e Fane WRNAFe v alkyl™

sul phur atons, or by silano or dialkylsilcon groups

Lower al kyl g{oups or al kyl groups which Rl, RZ R3

Habo gmeps Wik wiich vie akoe-mRentivagl graups nRy de spbsgtufeder memesk include

b, BBoRebmo'fa2iddes Ras Rz3 Rre R27 Rea, R29, RO
R31, R32 K D, E

Where a compound of a formula herein (eg. formulas I-IV) contains an alkenyl group, cis (E)
and trans (Z) isomerism may also occur. The present invention includes the individual
stereoisomers of the compounds of any of the formulas defined herein and, where appropriate,
the individual tautomeric forms thereof, together with mixtures thereof. Separation of
diastereoisomers or cis and trans isomers may be achieved by conventional techniques, e.g. by
fractional crystallisation, chromatography or H.P.L.C. of a stereoisomeric mixture of a

compound one of the formulas or a suitable salt or derivative thereof. An individual



15 and Z may represent and with which aryl and Het may
be substituted, may, when there is a sufficient nunber

wodhovasboen atons, be |linear or branched, be satgwes®os/001911
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or unsaturated, be «cyclic, acyclic or part

cyclic/acyclic, and/or be intgérupted by one or nore

of oxygen or sul phur atons by silano or

di al kyl silicon groups, and/or be substituted by one or

rFpARSiomsy efsk Gormpacso @éfhé dormulssmay jalso be pearered fompacorresponding

?ﬂ: p)h%lﬂ‘ledgeob reg\%ﬁ):\?l%h &IWP L@ of the corresponding
O NR25R26SR27 él) SNR2 O ‘ary Het

\iRasFrgterising @ syitsblexhi aé@PPOl"i %éné ﬁéﬁ@éﬁtwt@@pn@s@ﬁhe diastereoisomeric

@Xﬁgﬁﬂﬁe@ byel’E%ltlot‘P Bf Jhgw Rﬁ&kﬁﬂg rac%fngielvﬁfﬂ ¥ suitable of)t?craﬂ]g active acid or
['ower al Kyl ene' and J (when present

ﬂ@gx@ynnﬁmnﬁea conpound of formula 1, when used

herein, includes Cl1L to Cl O groups which can be bonded

at 25 two places on the group and is otherw se

e} stereeisanters aveinghided widlyin e seqpg wethe aroesss of theiventipnoups

W th which the above-nenti oned groups nay be

substituted or term nated include fluoro, chloro,

Bt with bea pppricintest b3 thow elkilledainctberptd thal thst comioyndpuefaformula T (b) may
qﬁﬁcﬁbﬁ‘ a:( ﬁ%andg BaHb R3in j % tﬁ@@i’ n@lll@nm@l!ai(glné’cl r&ﬁ%ﬁﬁlereof (a) to

ClS trans | soneri S may al so occu
penss mcommn@fh fop s m wigeentiomd ypisally, theu@toup VIIIB metal or compound

e O RO SR o o, s gms of e

tcampomd of rovleds t her eof , together with m xtures
t hereof . Separation of di ast er eoi somers or cis and
trans isomers may be achjeved by conventional

PeefbrablyRo'do Re. B’ tol} “38d RT sedhiinden¢ndentiysepiesentlawenmlyl or aryl. More
%F&S‘Jﬁ%qg‘rtﬂﬁi’y R 1ol R P %‘rh 2Qfch &?@zgdr%ﬂﬂ f&gﬁtﬁéa ¢ (,mtc?(b £1Eyl C1-Cs

ound one of f ormu

aikyli pheinylawhersing the pbenlyl goqup nmmo@ualsuqu%/dmﬁwﬂ@rem) or phenyl

'?ﬁﬂérﬁﬁ%% Oé{ n@ﬁ ?&%&s %étll Eellbggfg%% rQJe 4G NReH) &vel nBRGpreferably,

®rto BSpBRde Ry ooik’| mh Inyiemri@tlv m@msn@tdﬂlatp é36 @tkybywhich is optionally
sﬁﬁsglcu'tgdl a8 ﬁeﬁrﬁﬁ %Qegls I\RXttﬁ_L, kly Ci(‘* tQ kg t ﬁﬁ t& Rrsr giﬁﬂ régdhr}gpresent non-

racemate using a suit Tal support
fsnbstitutedriaito €k y&thCh gatiethyl, othyt, Imepr@byé,gscep@pyls o-rbnw iig-butyl, tert-

%ﬁ*ﬁﬁe“‘@uﬁ@%‘* BT, "active acia br 5 base, ae.

appropri at e. stereoi somers are included WI thin the
%ﬁ&?@t&@e@x togg%(ﬂﬁo?l%lgyg%ac oftﬂpe e%btﬂage?.h 8 I’tR % #hqg RP orR* 1o R

¢mgwﬁ!@umdepeodenﬂy) oy | farnd cychip smwyureslﬂlclﬁ ambncvrbomalsorl lingehndmdienyl .
9
?ﬂﬂfxer%?&?pq% c%mﬁ”oyg é«ﬂ% %cﬁlldg % élc s?u&&rﬁggor% d ?%vmgenuﬁd— R’ and
R{% Akterndtivplyc ahd or, mothe@f mecgnqmp‘s/mab/ Bepreseat] a gulid phase to which the
]% ﬁmﬁ held her eof (a) coordinates to the one or nore
pAosphor ous arseni c and/or antinony atons of the

In a particularly preferred embodiment of the present invention R% R’, R' and R' each
represent the same lower alkyl, aryl or Het moiety as defined herein, R’ R, R and RV
each represent the same lower alkyl, aryl or Het moiety as defined herein, and R% R®>, RY
and R each represent the same lower alkyl, aryl or Het moiety as defined herein. More
preferably R%, R’, R" and R'® each represent the same C;-Cg alkyl, particularly non-
substituted C,-Cs alkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-
butyl, pentyl, hexyl or cyclohexyl; R’ R%, R and R each independently represent the
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conpound of forrmula I. 15 Preferably, R4 to RO , R13
to Rs and R25 each i ndependently represent | ower

woobyiisow aryl. Mre preferably, R4 to RO , PEﬂr?GM@osmown

R s and R2S each independently represent C, to
al kyl, CI-C6 alkyl phenyl (wherein the phenyl gr oup
is optionally substituted as defined herein) or phenyl

BRSSP A5 2P S X BRI A o

tame F@l?‘n?s taﬂcyRessieﬁa@tabpm:i Ependeplel YR Bhr 85ent REleatlore@ksent methyl;

l%géfhé: #I%Q{' a%h res hg%i&? §R8§t II&? ﬁacherglrgs%gtéx-butyl or

lepmwlrepresent non- substltut ed C, to C6 al kyl such as

met hyl, ethyl, n-propyl, iso-propyl, n-butyl,

i so- butyl tert- butyl, pentyl, hexyl and cyclohexyl

1Alah espeaially eleferred embattiintitafiaiel p;e;sexﬁamhnﬁxfn dable RY) tooRPp,sR‘?% R and

¥ ab remetts Thesgp ditalion B et o By el BHEh Bleraty,
ﬁzhemmih(b rgpoyips, GachL -Rfoto RS, ridd ItceRVI repreE&ntst the samfe EI;T‘pd €s alkjl group,
ite C cycl | C Shruc es fo
EFRER o8y oy, LG b L B Rhuo feropy. n-buny
mbﬂybtermml,gpewpglenyamd ejwlmeﬁt MastpedfirablphasieRt @ R’ , R” to R™
Leh the rl1d|s attached. 30 In a particularly
%Mlang erreprggng eg‘m ‘ment of the present invention R4, Rr,
R13 and R16 each represent the same | ower alkyl, aryI
fin d.herejin, Rb, 3 4 and '
B BT 5 T MBS ' TP und (O gt e s,
Moit @referaisly,dadh @' @’ her @1 (Whedprdself) repRse®d Phosptivebul s each
represent the sane |ower alkyl, aryl or Het noiety as

defined herein. More preferably R4, R, K13 and R 6
Rrafefublye i ths esthpduhe of fofulel - K(@vhalh KV lened okt B @ahd B(\bhénl’llﬁlﬁent) each

ARy PSR LR B g R T bt Mg poci, o

gampl wlﬂh eo(wdr Akyl catohpsh @xaftrabli3Sthe RbwerRAllty 1aied gisupe atlth R(when

RSB ARt D, L0 LAESHS 1 s et
lavervsikylardwhith ARB amlF mdydinRipgndati répactemendep| yr —C,H,-. Most

%gﬂgﬁlent petottla S%E‘J y 1(1:6 Iareg!e @Hrefe@gﬁglssgﬁg qab%e?\/ lerlfg Els defined
Hatein, farticidady &DHZ-RIP@rtie&l@hy pREERS Givier Qlkdilthes vaiich RE@resEﬂts may be
I AR MO M

dti¥epB ot prapEeembid pteferhisly, prdgiBné.0 Rte and R28 group
represents the sanme | ower alkyl, aryl, or Het noiety
as defined herein. Preferably, when aI kyl groups,

I&éﬁﬁbi% it GheRBompduhd dfofolidda rTePh&s KNS, Eh& 2addRs Giot trépresent -J-

(CR (19{‘1)(Rg )CI{JG(R”)(RIS), K, D, E or Z represents hydrogen, lower alkyl, phenyl or
lower alkylphenyl. More preferably, K, D, E or Z represent hydrogen, phenyl, C;-Cs
alkylphenyl or C;-Cg alkyl, such as methyl, ethyl, propyl, butyl, pentyl and hexyl. Most

preferably, K, D, E or Z represents hydrogen.

Preferably, in the compound of formula I when K, D, E and Z together with the carbon atoms
of the aryl ring to which they are attached do not form a phenyl ring, K, D, E and Z each
independently represent hydrogen, lower alkyl, pheny! or lower alkylphenyl. More preferably,
K, D, E and Z each independently represent hydrogen, phenyl, Ci-Cs alkylphenyl or C;-Cs



particul arly non-substituted C-C6 al kyl, such as
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Most preferably, each R4 to Rg, R3 to K8 and

R2Br epresents nethyl. In the g npound of formula I,
preferably each Q1, @ and Q ‘fwhen present) are the

S . referably, Q and B (when

ﬁ&g’g é?ﬁh) as r“é gt SPTBW%WT 2989'1 aﬁ% hesybiEsemmoye pefsrablye K, D, E
SR dpreder® thel s@inB bl batithent FRIYYD Bia feadbligy kR €dpresbht h?dt@@éiln J

(when present) each independently represent Cl C6

al kyl ene which is optionally substituted as deflned

Pfﬁf@hlﬂy, anfhe Wﬁl@ on&rHlulaOY\ﬁiheﬁUKYb G QB does not represent ~J-
roups whj ch R(when

Pref er & kyl ene
@‘1 R K’SR&R ®IAEY aeevﬁeﬁ B a4 pngpihpropithethe garbesy atoms of the aryl
gtoswlﬁiSﬁ the b Attache s hdtEotnAd pHREATRL! &dh 2Pk BV\E bind Z represent the
| ene mhlch A, B.and J may independent | resent
Fagne gppn selgoted fm hyd rogenb@yver ﬁl]qélf @Vng’F ;—Iet ésa% 5) hgreingparticularly
Bytogkn OWOIRT, AIKARBE paftRBRAS s&hbs&lhﬁecﬁ@,teﬁ dug)me Esp@éléﬂw }Sral%gen
as defined herein, particularly - Parficul arl
preferred | ower alkylenes whi ch R represents may be

BRIESAIE Gn %Q%ﬁ&dﬁﬁ'o@ emli Cvhid tvo of K, QP)E}, 513€7 {olggﬂé?@?lﬁl the carbon

and butylene - nore preferabl % et hyl"ene or
prep of eyl fingtto Méb%}ri/ attasheshforma g ep! erzé rmgetfl@* thp Iphenyl ring is
bptichNE SBERAHED QVltPlforifeQﬁ' 'Hlﬂr@ sﬂlbsﬁﬁl@lﬁs Koleds xﬁrarﬁ Q%ls alkyl (which
not represent -J- Sﬁ R|5))CR16 (RL7 z K,
pkvlgzreyp pay dipslebenp sonﬁ%l gtgwe Poisepinglet i defited hplovoy Het, halo,
Lﬁﬁ@ Mnitdd, bﬁlb RRABIRZ, Mzbszp fd%bﬁﬁﬁb 'N?R”li@ do)FR DR ZSR” C(O)SRY or
reggg drogen,np eny henyl’
(OB W}}ereugg.c Ho RS eaght ﬁ?@penc@pfbyrepreémgy&ogqyw yawer alkyl (which
BRNT You RthyNREW be Nﬂﬂnallﬁ@utﬁﬁﬁfeﬁr(ﬁbieﬁnmﬁed Qs &aRdd Eerem) More

resents hydrogen. Preferably, 1n the conpoun
Prs'f%fﬁ!?iYa the RhsBH rieg ipnotsubgtitted ‘IYij‘étSh@lﬁt‘W‘F h-et ihbeasahysisrgen atoms
alipgns  of the aryl ring to which they are attached do
not forma phenyl ring, K, D E and Z each
i ndependent|ly represent hydrogen, |ower alkyl, phenyl

PefelBYBImRhuk RGNla 1 iMIR tRIsERRESR! Y, 35 K, D B and
Z each independently represent hydrogen, phenyl, Cl-C6

al kyl phenyl or Cl-C6 WO 2005/ 115519
RndBEhchaR &iér%ﬁ%pregeﬁt éﬁsﬁﬁé 1tufeﬁl{'9|?o esafRtyy! . ethyl,

propyl, butyl, pentyl and ven nDre breferably,
K, D, E and z represent the sane substituent. Nbst

R AT 1 R
HehfeEdniR @%(léhﬂg‘ DRYbetRl BpleaRtGERUTBfuRId): tafld alkylene; or

o oﬁK?ﬁgZ%n& Egc?gteﬁx@f wﬁ’ﬁ ﬁlg c&rh@n ﬁ&ﬁ?&ﬂh@&&f%g% thQﬁ tt?e%le attached

form a phenyl ring which is optionally substituted by one or more substituents selected from

lower alkyl, phenyl or lower alkylphenyl.

R* to R’ and R"® to R®  each independently represent C; to Cs alkyl, phenyl or C; to Cg
alkylphenyl.

Further preferred compounds of formula I include those wherein:

A and B both represent ~CH,- or C,H,, particularly CH;



ring to which they are attached do not form a phenyl
ring, each of K D, E and Z represent the sane group

woedeaksd from hydrogen, |ower al kyl, aryl, ompdiaiB?65/001911
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defined herein; particularly hydrogen or Cl-C6 al kyl
(nmore particularly unsubstituped G -C6 al kyl),
especially hydrogen. 10 Preferably, in the conpound of

]::Ié)i?:g% a%d ]Ft é’ﬁgﬁ Hld%ﬁ’g?%e%fﬂg Keﬁrégent %&Qge gﬁt 8%5{(}'@?&@41 Blhc 6ealkyl or -J-

A(erR@Y )(Rb D)ﬂRé REERY) whérag jis thh eame 3 ;phiewmy Iof Kj BgEiagd Z together
fhl tg? @aﬂ)%r%}ihgszgr-flt{'y&?ﬂ V\lg,ta Qﬁh&ﬂ?he? \%J%&eﬁ Et?r} z{nt uq)glﬂ) ttuted phenyl

rmlg itself be optionally substituted or term nated as
defi ned below), Het, halo, cyan, nitro, OR 9,

OC(O) R20, C(O R21, C(O)CRZZ NR23R2a C(O) Nl e' W5, SW,

& ® BYandR" 16RE( SyaR2EREG el reiresei® G4 td Gs 4RYL; each

i ndependent|ly represent hydrogen or |ower alkyl (which
al kyl group may itself be optionally substituted or
tSeitlfuntiet peiferrsd dafipaweds dfdoreiuta) [ indiiple¢hospwbéreinabl y, t he
phenyl ring is not substituted by any substituents
i.e. it bears hydrogen atons only. 20 Preferred

RS 8lmats RIT tof RIF nudra alkylene dndd eretthromme\ehé esihepréseain @; B C; alkyl,
ea llg lhrrl]dr% 1dently represent unsubstituted Cl to C6
ar F €, D, Z and E each independently represent
hydrogen a-06 al kyl, phenyl, Cl-C6 alkyl phenyI 25

— R 6(R..1
GrlEh R RIS AR e
K, D, Z and E together with the carbon atons of the
[ to i.ch they. are attached form..phen
K. Al e o ienendFaty e @) PR era e st e rogen or € o
ﬂdhﬂdyl partindlsrlys where el off KO, ZlaadErrembdeit the piengtbup) éspecially where
to RO and 823 to R18 each
eﬁ%*e 5&‘3 BhfoR s atd ph oo ol kot ohersl or G
alkylphenyl Furt her preferred conpounds of
f,lg epéegeé\t]st —é%_éjfgg @i@ )%@E(ﬁ"@(&l ) raH/ﬁ ndd bre eerl]ch independently
Eélecﬁédlﬂc&ﬁ 18 Boly GBRR0AE anen B8bCKio © alelapml&lm@aivhere both D
pendent| resent dr oge alk hen
o ERGRRET g g BF S Bhoc il SORE T it B reass IR
vvhere J is the sane as A; or two of K, D, Eand
car bo

ERREHY Ristriah Soch it cERBAT R ORI ot POt oy

ring; 5 RQto R9 and R13 to R13 each independently
gaeé?lrlg ﬂ; is the same and reprgsents methyl;

A and B are the same and represent —-CH,-;

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

The present invention provides a process for the carbonylation of a vinyl ester comprising
contacting a vinyl ester with carbon monoxide and a alkano! in the presence of a catalyst

compound as defined in the present invention.

Suitably, the alkanol includes an organic molecule having a hydroxyl functional group.
Preferably, the organic molecule having a hydroxyl functional group may be branched or
linear, and comprises an alkanol, particularly a C,-Csy alkanol, including aryl alkanols, which

may be optionally substituted with one or more substituents selected from lower alkyl, aryl,



Still further preferred conmpounds of formula | include
those wherein: 10 R4 to RO and R13 to R S are al kyl ene

woaocs/a8s19t he sane and each represents Cl to Cealdwdo0s/001911
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particularly methyl. Still further preferred conpounds
of formula | include those whétein: 15 K, D, Z and E

are each |ndependent;y sel eg 1 ed f&mthe group..

et shale,i eygnaf nipd Qfge 06£0)®u tHORG S(QPR™, NR¥R*, C(O)NR”R“
Rl g n ,

@gs!'?g Rr o%% | Xr §|Ra%?ﬁ€rvﬁg rhgeme gé%xlfﬁ@feﬁe%ﬁﬂéﬁﬁseﬁé -0 alkanols

s@prz@sgﬁbaqqycnﬂyggh prqpancp{ isOPragRit i50- butanol t-butyl alcohol, n-butanol,

BiFECL S, SR AEhiR)) L S B e ol froerea, poy

clbarwﬂssprenfngahiﬁf shigcled frem diroc, olt enclis dloksy irjolp detta-oJsibmd $ugars may
er, r € .

18505, Gkl LRRAYE SRR ERENanb 0Bl AR, Wiy 1 2-cthanediol, 13-

Eopaedial, | yglyneeﬂ,er n@dt spetanétiicl, cmmmedfyl}bﬂ-mdpmeuiol 1,2,6

{rlhgbrldg)glrg;é%g }ﬁft(}] 1 k%?ﬂ %hxﬁ%th{yﬁ%tﬁ%naehéanhg% §o§br£§e, galactose

anelonties ewgars. -P@tferr@i-suga@ inlud@ sugrmde, Erugtose 4nidezhwasme Espetially preferred

LRRRI el B0EMandCril PRl BY Btk RN s 2

e car tron o

corrprl sing 30 cont actl ng a vinyl ester wth carbon

TROKOAPoAllby8L 8 A el Rl iy PLERARGE. Bleadh GRER!of He amount of

compound as I ned &5ent I nvent ]

‘Boylteatist sompotsl talbk awqumlmd & busghesgicabelypai qyr\mjds deutastion solvent as
| referably, the

B, Y SRR B et onal” o oup

may be branched or 35 |inear, and conprises an

'vﬁﬁ'BQ L\%pr&?z{téd it tRY Laa ao&kt sme ?éa&e,nqé aeteraﬁﬁégdat st ﬁ&n by the

ano pti onal substit ut
@prmmfeallsanblstlae@uenty% e | r@@h?@el F?WPR"F"(E‘WO@}(’R%/ the Zypgefoxy methyl
M%gg@g,lj_g&g& Reth 94901911 26 Met, hal o, cyano,
ni ) A C(OR2, C(O 0R22, NR23R24,
C(O NR25R26, C(S)R25R26, SW or C(O SR27 as defi ned
R&he bfbcesk"a%l‘d{n%)foetﬁ@ Efe@éﬁt alvé@ial fe aﬁrﬁorgnbﬁ&néﬂ K@) Bsed in pure
such as net han ro an 8 g opanol
foerp op diutgroyith an ipert gas saatfs oge 8%41 e fpwﬁ&ﬁ 823 fpgh as argon.
SiRAIPERGRARIOF hydtbga®bically TR oMsG fs% evolia) ﬁiabi anRe bs petent.
nost preferred, poly 5 al kanols, preferably, selected
fromdi-outs oIs such as diols, triols, tetra-ols and

ﬁm?atrcls vamhle/veluam bﬁvnh{iliebtgﬁtfedlkaﬂa Riag %@)ﬁch&@ﬁ? leide limits and suitably
‘Fﬁ%d’%’)g‘ﬁ ézg{ég Pts 1 g{l 39: 2:Sb]|ep?éfera51y rﬁr%gmm]égﬁg? ?1 3 an8 up told lgr_gé excess of
AkAnBY Shemtyd BN JlsolthS reactipasiectit Glch aiuﬂtoﬁi 50:1 excess of alkanol.

tri hydroxyhexane, pentaerythritol, 1,1,1

tri (hydroxynet hyl ) et hane, nannose, sorbase, gal actose

The amount of the catalyst of the invention used in the carbonylation process of the vinyl ester

is not critical. Good results may be obtained when, preferably, the amount of Group VIII B
metal is in the range 107 to 107 moles per mole of vinyl ester, more preferably, 10° to 107
moles, most preferably 10 to 107 moles per mole of ester. Preferably, the amount of
bidentate compound of formula I to unsaturated compound is in the range 107 to 10", more

preferably, 10°® to 1072, most preferably, 10 to 10 moles per mole of vinyl ester.

RECTIFIED SHEET (RULE 91) ISA/EP



and ot her sugars. Preferred sugars include sucrose,
fructose and gl ucose. Especially preferred 10

woabdsaneds are net hanol and ethanol. The nost pegicE06001911
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al kanol is nmethanol. The anmount of al cohol is not
critical, Cenerally, anounts e used in excess of the
anount of vinyl ester conpound to be car bonyaat ed.
us th al cohol serve as.th ction sqlvent as
vég'ftﬁbly’ gt gRn-orsprtad &) g dnvoRingatha rarberyiafign pLa m&yf o§feE gs defined
bﬁrehtSﬁady bd perfdrmid kil ofe€orafiae @piotit eslvdnaBuitdd® RR@nts include ketones,
of ther termned at |east .in

Wc d%sg}or gmpe%mﬁgla);}l g% | g,u &S sphpassfor pxanple, gpisole Pmethyl phenyl
QEHRY)E N2, Sjstthb’xaﬁbxﬁdéw@ﬁgwﬂﬂe), 2diathel Osther rreddﬁyﬂhyl Rstip,aneedhgdrofuran,

of, ,3- t oxynet h no ocess
SR S SR RoRb iAo B R. ot such s o
reRaeyk d@neﬂ@%c&@teusﬁﬂmetﬂylaﬂi-pﬁﬁ thély1 GenAdhteUt Gchetdyt h malate and

! ngrg‘élgcggpséazgagﬁgﬁcmaégfg |ex % :ﬁi?rgetl&ga{cg{gl@?dgg g}r«imethylpyl!rohdone and

tayétEal fbm‘ndrrﬁd?e‘i sﬁlhﬁkme5 %ubyulM@nbUTBuchr@}fmaéx&ﬁpEQiuﬁétﬁ}‘?lﬁﬂﬁhomde, di-

The ra Bé% vol u Vi nyl gter t g al kang

d%??“\?éi e deetra rp@mghaws%ﬁ iggifg): 22‘BetPY1é‘§f°ilqli‘e diethyl

tshl?hérﬁng@etﬁﬁydlotﬂloﬂhdn@ 11, L Qioxiae ef 28 abi—h‘wti‘n&l%tﬁﬂﬁﬁ’lﬁ%ﬁe aromatic
to 1:2 and up to Iarge exces al kanol when

cREPPudss daclyding halovapigals pEsich pfRPB S\F@n'?enéﬂventog@nqa gthylpenzene o-
]yféﬁe In Q¥ RES D-Hiens) &ﬂé}@ﬁenzaﬂaeo-ﬂﬁﬁléfﬂbeﬁené hﬁdﬁﬂbﬁb}é&‘éne alkanes,

the invention used in the carbonylatlon process

t”l‘fé“d&?%wyllla eIpEAnts Pl sycht campopndsate, hekrne heptanp %Zﬁﬁyms@ylpentane

Q181618 Gh 1A and RErBS L1eBRI NYoridk; r}ﬂtrﬁ’éi‘ég rHean)Bm(ﬁE ahwac\{lohiml@
30 netal is in the range 10"7 to 10 1 noles per nole

of vinyl ester, nore preferably, 10-6 to 102 nol es,

NR$Y sudtaBib Bfe@ oﬁc dflventstHavih@ aaldm&ﬁscoﬂs%ht trat 8 b&f)W%SvtaﬁlE of 50, more
Pr ef er abl nount of tate c

et  Uie el Ch oo 286 b St | § DK o ppasentcapten, the
ta@lekicloondt@it fbr a%‘i@fl @dilaéﬂt ¥ usé(pm(itstn@m;la@ m%anmé"&srgpresentmg the ratio of

preferably -2 noles per nole of vinyl

dhg %*}PaCIQ’SOfREG,‘?TIqﬁF%D“S'ﬁEﬂW fuksipgce gp) diglestieto (e capacity of the same
20Rhdk! 3ait 9 vﬁ)ﬁﬂn%?@@l%ét@l@ 1\9a111es f&%heiﬂblteéh& &'onst@htg laf’&%}non organic

non-essential to the invention, the carbonyl ation

Viawids ot be found iy @premal referraee beokmspch @s der Handbaek ph Cbmistry and

Phy iR 6 odRhI @dlta@w@atm %aaete@lai ﬁn b}éﬁ{éﬁ% IOk HES in 1995, and
ketones such as for exanpl e met h Ike one;

ateriesrally auigted farsa fe@pe@%mf @boahZ%Gl% 26":%# PryabowR9AyISk or 298.15 K,

g&hgﬁﬁ oxan d e t
di net hci/sf)geété h%?gs{ultee? ?aﬁ&g‘? 2f Sria(ﬁkxls %j)f Eﬂ‘é%ﬁ!&e%’ ! Btferted 1o that

ROESERHE ngqi Pdrgsaure Jpige tt cqmmqnyfaetpﬁequow If no hterature data for a
dhighiy bsRRuid Y€ Ql/allaﬁgt ﬁ{esdlelgé{ﬁp z{np eﬁ%afgahﬁ/ measured using

met hyl acetat e, dlnetﬁ£ : di pate et zoate
ods.

@stphlisheg phystiecrehiemical

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.

Due to the alkanol, an aprotic solvent will be generated by the reaction as the ester
carbonylation product of the vinyl ester, carbon monoxide and the alkanol is an aprotic

solvent.



butyrol actone; am des, such as for exanple
di nmet hyl acet am de, N-nethyl pyrrolidone and di net hyl

wof20esmes@e; sul f oxi des and sul phones, such as pcaiGB2005/001911
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exanpl e di et hyl sul phoxi de, di- isopropyl sui phone,

sul f ol ane (tetrahydrothlophen3 2, 2-di oxi de),

2- et hyl sul f ol ane, di et hyl §u|phone,

t et r ahydr ot hi ophene 1,1-di0XIde and

2-nmet hyl - 4-et hyl sul fol ane; aromatic conpounds,

iThe! $30m l ,

o e St SRS of aproi
SAIVER IR ctisapieof #-lenst hilo Pesfatble fhis Al FaoBgsofob sk &ndd:| and more
48985 from REI] oD RrabB theht

?g, heiane hept ane, §£2 gﬁ{rlné§ |p§%§gﬁQQQEQPQQ§L

nmet hyl ene chl ori de and carbon tetrachloride nitriles

TibspiReihe Qﬁirégroiﬂgeit ?snﬁeﬁf‘r&i Bfat tHel rlezﬁ;tloﬂ-!';’s Metioa Sliih fﬁl%l %ﬁence of any

are aprotic sol'vents having a dielectric constant at

|e§teB@FW@aRf@levsnt i&; @n aprp¥iesolysaiaTal Eenistaediby thereaction ieslf.

of 3to 8, at 298.15 Kand 1 x 10'Nnf 2. In the

present context, the dielectric constant for a given

T watalyst eompeinds jof, thet presaufrinyantiore may At asfa ‘hefsragsmans regtalyst or a
H&mgg%é&saogataé} she capacity of a condenser wth that

substance as electric to the capacity of the sane 20

condenser with a vacuum for dielectric. Values for the

| ¢ b
Al Pa ko ol £ B e, o I B rvention,
gyhichins riiot syRpogieri butpp ysnply admoed oe formied rin-siswl mticthipyeactants of the

t
@ﬁ"ﬁblg'lﬁo %ﬁg@&z %‘ tPTP/ guot 2 d{h? rh?dro le%.g{eg# %?(gnﬂé)?nd and carbon
swopridoomefsrabca syitable selyenies ¢o@ibedkerein. 298. 15 K, and

at nospheric pressure, i.e. about 1 x 105Nnf 2, or can
readily be converted to that 25 tenperature and
By dhastgrra “heferageneens” easalyss wesinenan fazetabysts L.l exnpobifid eitthe invention,

lvahicgr@ayﬁ&id;i, gﬁ%ﬁogﬁrea particul ar conmpound is

avai | abl e, ctric constant may be readily
nmeasur ed u3| ng established physico-chem cal nethods.

ito & | a a is 4.
(Eg{tis %g&ﬂgh{ to ah?urgile? u ' ﬁ% gp%kgﬁt inlgrﬁ[o Bljogxgl:sz @Spchess for the
ryrboryfatiey |of (ymyh estgrs aﬂ@eﬂnc@d{erejﬁ()@h@eh) the (pfocess is carried out with the

giﬁ %2 n%@%ﬁ%ﬁ%@pdﬁ 9é{eg%bﬁﬁk§'ﬁ%% J%?o di met hyl adi pat e

is 6.8 (at 293.2 K), of tetrahydrofuran |s 7.5 (at

3.
gxr%g fréarlf)t%e Q%Pven({m}%r{s;g%ﬁpaﬁlg gu % 8&?’?11 glntédene 8)‘npolystyrene
eqpobmier syell oe atdiviiyibenpame gmpdylaexeor bthert hntalnleqmlynmrs élScopolymers

rdhonyl of t
L0525 e oS RO L ORbel 4 Bl i o s
e sibigrne rigbe2 008hdr B9 pRGTIIEE BRI DOH Qslibr exthplei@organic oxides
B{ﬁﬁ&g@mo&%s carried out in an excess of aprotic

sol ve :

at a ratio (v/v) of aprotic

Preferably 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 an average particle
size in the range of from 10 to 500m. More preferably, the surface area is in the range of from
50 to 500 m%/g, the pore volume is in the range of from 0.5 to 2.5 cc/g and the average particle
size is in the range of from 20 to 200 xm. Most 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 um. The average pore size of typical porous



solvent to al kanol of at least 1:1. Preferably, this
ratio ranges from1l:1 to 10:1 and nore preferably

wofwesmids1d to 5: 1. Mst preferably the ratio (\P/C\I‘)GB2005/001911
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ranges from1l.5:1 to 3:1. Despite the aforegoing it is
preferred that the reaction iggcarried out in the
absence of any external added aprotic solvent ie. an

ol AR ST e e AG0, ah  v

alit hassanaviétgt wirediemeeus froaeitaoy580 Apandanost Besirably from 75 to 350 A. It

AV AR o RS e e O L =GR b opygo™ o 800

ianyelere fom 3 to4d adurs.s not supported but is sinply

adm xed or forned in-situ wth the reactants of the

carbonyl ation reaction (e.g. the vinyl ester, the

mpﬁ?blygyhe appérainay b ﬂe:ﬁlatp otia dgﬂrsdppbar gﬁﬁnsoﬂlgle:’jmjrs]m%ﬁ islegated and/or
prefer a suit sol vent escCr i er
Pty e SoBpobBr e iotat ar 8 SRR HEuhas Wl known t
&h?dsalsmséd initheewt. t he conpound of the invention, which

is carried on a support. 20 Thus according to a

further aspect, the present invention provides a
RUIRAERESG]Y,the thi@pouddd HOMY IpadckBrofahe invetlonesd fixal @Sthe surface of an
defiggd herei n . wherejn the roc SSdI carried out mﬁth
fi#7aluble-RUgP]rk PPUYRAY Vi hgpvale RRS’;H qnd the @FaEgRtny ogtienally includes a
ibifaadtiohdl8pseidReletule Irspdce HizlRbipounddrofiihp s blulble Bippbs.es a

pol ymer such as a pol yol efm pol ystyrene or

pol ystyrene 25 copol yner such as a divinyl benzene

CIDB QoyFBiinde fof Ahd @iveiRtish trad seh R/ FRths seff?&cxﬁ%a @bBble support by
In the art; a silic

known, to those, skil]e

PLYRQIingiTeAst h@h‘&ﬁ? ’gtg"tiﬁ?nglﬁﬁ??ﬂ’up&??ﬁ‘?t ig th cempoyny. °?£°r§’i“la1 Icfopexample a
Qlibséitusht K COJTE akid bﬁ the a8l nRidhE wifhQl @Hﬁyhﬁﬁﬁtﬁty%éoﬁb@ group present on
naterjal such r exarrp,bP n ani c_ oxi des

ioh BFYLQHFIY n@ﬁ'rt%f e SURROTbY 5@#\3“%%‘(” fﬁa Faee group of the support
Reéhed ¢o&ip1mﬁam@@r ﬁUﬁlt&dnf bme w&m&dﬁn@ a5tha ifehtichGRoBARA HeRrogeneous

the ra from 1 Q 700 nP a total pore.vol une

ARl prev @\e coPung ﬁ? the fnepion ad glée/ sgp%ﬂmﬂaﬁnlg\%waa@@kage such as
RAkihkS bfer, £hid€ ahiind, BRa,@eodf from 10 to 500pm More
preferably, the surface area is in the range of from

50 to 500 n2/g, the pore volune is in the range of

e BhdlecoflrehcBemconditiBnsA8 tink R Somddth@BLthe Bfdcéss bethe feae%t {n$ent10n to
in the range of from20 to 200 pm Most desirably t

Slegr ppQst @ﬁpe%fl pon; the yiRy esishand the smpps ofdhe upport: oFoae@mple reagents

@’&/hgas toditi®sY Ol UsBbon§ldiiRidatifle, F A GRoREsef [sRER % thelde of mixed
0 cc/g and t he aver age partlcle size is in the

ra&lﬁ’&éld‘?ﬁ reflpcsiye sminatiommdy bsrAmrieyeéd-aver age pore size of
typlcal por ous WO 2005/ 118519 P' CT/ GB2005/001911 29

port materials is in the range of from10 to 1000
Accwrél@fs dp apfusther aspash tsr preseat Byventionpsovides dhe wsgeaf thaagrogsss of any

aydet n ~and nost
BYBESIABuS AR T S

Particularly preferred is when the organic groups R*, R’, R, R, R, R®, or R® — R when
associated with their respective carbon atom form composite groups which are at least as
sterically hindering as t-butyl. Steric hindrance in this context is as discussed at page 14 et seq
of “Homogenous Transition Metal Catalysis — A Gentle Art”, by C Masters, published by
Chapman and Hall 1981. These steric groups may be cyclic, part-cyclic or acyclic. When
cyclic or part cyclic, the group may be substituted or unsubstituted or be saturated or

unsaturated. The cyclic or part cyclic groups may contain, including the tertiary carbon atom,
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may be particularly desirable to dehydrate the silica
at a tenperature of from 100C to 800C anywhere from 3
to 24 hours. 5 Suitably, the support nmay be flexible
or a rigid support, the insoluble support is coated
and/or inpregnated with thS conpounds of the process
of the invention by techniq es well known to those
skilled in the art. 10 Alternatively, the conmpounds of
fropth, S4-fpop €195 PE5FErdie Gethoe RASH ATeEF LY dte%lstcarbpﬁ gy inglhe cyclic

str@cftur@n Thé Byclib Biphcurs llﬂép ®E ubsafitdd By aink Yor Wore ﬁletRM@lltses@fected from -
and the arrange nt o i onal | | ncl uges

ha@ {O%HOL i5iPal OB pa P&t 1 §( eRComsB IR R”, SR,
C(DySRIT, t OE)NRPSOF U bty osqwo%erelﬁthCWR@U Gﬂiﬁ PlegeR®nily represent
invention may li) é‘ﬁ‘@ed to the (iurface of the insoluble
hydggoPB! gy ow el injesrypieqd By, 0Bt ormerg 9EYeB AR fulphur ators,
or 8 Sil4Ro B BERMSilcbM glolifs. corrpound of fornula I, for
exanple a substituent K, D, Z and R of t he aryl

noiety, wth a conplinmentary reactive group present on
The fb%gﬁg It | @3t A(? us:ﬁxera}ﬁedndlay Oegl rheplﬁablﬁp%ﬁp, whih may be optlonally
CQ I natl er Ive group e sup
Su%stleleeﬁipn’rpw@wttg%t;}hf‘s% PIPHRIHE 2teyps #7R émlféwﬁa@ﬁ@n&rarhorﬁétoms, eg. at
thd D\ﬁﬁd{ltzl [0BitiPisOM d@sphamm %&@boqammm GRd aﬁyvgdolevyh&af bt Refused
ound of the |nv and, the support are lin
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Additionally, the bidentate phosphine may be bonded to a suitable polymeric substrate via at
least one of the bridging group Ar, the linking group A or the linking group B eg. bis (2-
phosphino-1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl)-o-xylene may be bonded via the

xylene group to polystyrene to give an immobile heterogeneous catalyst.
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1, SRI' C(O SR27, C(S)NR25R2s aryl or Het, wherein
Ri g to R27 each independently jjepresent 5 hydrogen
aryl or |ower alkyl, and/or be |nterrupt ed by one or
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a- ada

ht hal
B SirpsolgR raia st § PACBETLHERH Selvent poakd foghe s o
atidi prydico-of {tBe 31r3]éc,1ﬂc [::B'bgdyldﬂieﬁyrbécﬁblh ape MetyPAdokite for vinyl acetate
0s
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S PPRABY SO ing s PR o fopi L o dofined heroin.
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f?@, %’Cgaf‘érﬁ?’h(t rifluoro-nethyl)-6,9,10-trioxatricycl of
3.3.1.1[3.7] }decyl ) et hane and 1, 3-P, P' -

hospha-1, 3,5, 7-tetra(trit]| uoro-nethyl)
qu flﬂag rq?g‘vc%‘@u# of viny] esferjusedym the gatippfo H»e@fmﬁ@t of alkanol i
RRASitiR aRDmBPGdry PEREST WS 1imits Qg Al b.oenatd doo: 1trﬁa/mol
bi dent at e phosr%l ne may be bonged to a suitable

pol yneric substrate via at |east one of the bridging
group Ar, the linking group A or the |linking group B

Eﬁ%@&#}lﬁooflth@, regotion, gey eeenatedfromithe other exapcasrirdpitapy suitable

)rreﬁhsx Ho®RGerNRY AARANGE df i reﬁéﬁgﬁ ro¥est &BEsi SRRy Rwer by-products
fySt yrene to give an | nmo et er ogeneous

érﬁt EUT2 dtherehy reducing the need for further purlﬁcatlon after the initial separation of the

product as may be evidenced by the generally significantly higher selectivity. A further

advantage is that the other components which contain the catalyst system which may be

recycled and/or reused in further reactions with minimal supplementation of fresh catalyst.

Preferably, the carbonylation is carried out at a temperature of between —10 to 150°C, more
preferably 0°C to 140°C, most preferably 20°C to 120°C. An especially preferred temperature

is one chosen between 80°C to 120°C. Advantageously, the carbonylation can be carried out at
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anmount such that the ratio of the nunber of noles of
the bidentate |igand present to the nunber of noles
of the Goup VIII netal preseﬁ is from1l to 50 eg

to 10 and particularly from1l to 5 npl per nol of
rfeqdgrate {oBpErapFest gri%gqr?culatr}yéidmtagm}}s tp hpgalegp cagry out the reaction at
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cata sts of the invention are prepared in a separate

step precedlng their use in-situ in the carbonyl ation
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descrlbed (a particularly preferred solvent would be

@%ﬁﬁfyreﬁ 1RF pR&uft RFRAAGE0OS aksh @mﬁﬁgé‘d fPrEferably, when operating a low

ony atlon reaction eg. Methyl lactate for viny
azs@ssm: earbenafdas@n yheatarhsnylatmds eaideaith et ¢4 parial Rrpwgre\mf bPrween 0.1

%6 5% & 0.2 &2 JePhned Rf Gbfrably0181oCE8 POFN.m™
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which are inert in the 20 reaction. Exanples of such

%ﬁtak?gy&gﬁ of YIQ &QIPC invehfidnag Ex@feréi)‘?}r m&ltﬁ’%@?ﬂ e h?ﬂ&j Rhase which

e no gases as argon. nolar ratio
aw}mfomed\byrwe Oe@@re |0f the eagctants phle/ tb@@ﬁ?tolf & puitaplesplyent.
amount of al kanol is not critical and may vary
between wide limts, eg. from0.001:1 to 100:1
ny mentioned B3bqvee viybdeatate gan besubstituted gnnamespbstiduted.  However, it is
dd St R&Eub gnents by any suitable
%ﬁ%ﬁﬁ%mev@g P&atggs anu advant age of the present
process that significantly fewer by-products are
f cQ S b ial in i i
Yo LR U0, A5 0kl MG by i o
ppmgmofamtatsgghuﬂ)ehag\bquehadtpnb;hetch@lygteqyetplal Wen the catalyst system is
C e r A6
S\Jtlgi?%df %Eélll {%eéra(thcéﬁ(ggllﬁgﬁ%ﬂs%v%ﬁm tognﬁ mﬂggs\éfw{ ry of the
cavwgl WIIIBgydalem whi ch may be recycled and/ or reused
in further reactions with mnimal supplenentation of
fresh catalyst. Preferably, the carbonylation is
c atrefemtilyp therefiare,athe entplystasy stere insfudeeineelimuid kaction ne@M@ a polymeric
ng&%éin&ggohgeg%g %(1&9 g él?lerl éag p?128§1]ic %p%tsgﬁt%gmé cg[ga%le & stabilising
a colloidal suspension of particles of the group VIIIB metal or metal compound of the

catalyst system within the liquid carrier.

The liquid 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.
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Preferably, the polymeric dispersant has sufficiently acidic or basic functionality to

substantially stabilise the colloidal suspension of said group  VIIB metal or metal

compound.
30

By substantially stabilise is meant that the precipitation of the group VIIB metal from the

solution phase is substantially avoided.

Particularly preferred dispersants for this purpose include acidic or basic polymers including

35 carboxylic acids, sulphonic acids, amines and amides such as polyacrylates or heterocycle,
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of the reaction nediumin a way whi ch woul d be

detrinental to reaction kinetics or heat transfer. The
solubility of the dispersant i% the Ii quid medi um

under the reaction conditions of tenperature and
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Shﬁb@l ipeindsnt groum Wl ]mvﬂ \f@mﬂ that\polyenees| ingorporativg acid and amide moieties

9N Qi hat .t he
E%ﬁ{a ﬁlglp X%E‘Y? e par t%n\él g;g ?‘& 1S zsg?hsedp%glacr’xw e (RaEy are
agantlatlarlynsultabi@ pb¢ yoteculer Vdﬂ;lgl}jt&!f Slm’Ipolymgt whichl isdaitable for use in the
h di
ag@g@%b%@fgnﬁ ? or?gtﬁg 9%%1%% 6cierac io }r}%‘?%‘g‘ gg&? g%ﬁ@y o{ ﬁg polymer
pthesginer We ltive ffemd dimt nhaml]suhé amr@atrhqlecalar ahietghdts bssthan 100,000.
f ' t ant tabilj
ng{é?eg%b aﬁlllés%\éi)a % érlnoger? %gl gf’?pr%%e @ﬁ)mébiroog,rmore preferably,
n§0e0 - 1¢0000omoxd pre:ﬁ@aﬂb;g 19;00@;{— AOLOG)(Hé £ WM tisgrefeiabl in the ranlge 10,000 -
t 0] V]I
£ 5600 th‘lg% préth r% oﬁ%g 294 dO wrheﬂg’\}tPgmq%glaﬁ oféb%?rggg?]%tl?)oo - 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 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 re-use as a catalyst or
other applications. In a continuous process the liquid stream may be circulated through an
external heat-exchanger and in such cases it may be convenient to locate filters for the

palladium particles in these circulation apparatus.
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such as pol yacryl ates or heterocycle, WO 2005/118519

PCTI GB2005/ 001911 34 particulgrly nitrogen

het erocycl e, substituted polyvinyl polyners such as

pol yvinyl pyrrolidone or copolynmers of the aforesaid.
Exanpl es of such polyneric dispersants nay be sel ected

f mamxamwtué Pyl By hehl B8 eatio i gJZgQE peoryl B:ﬁriad@,IOOO 1, more preferably,

p&egvygcr V1:P Cangr Q1. BBF'i %e?%%{) o NG W00 VS preferably, the

p by(n%r i‘h&!ﬁt 10Xy Patioyih bgachid,1008 hr)bré_prbﬁﬂiblyDﬁp to 400, most preferably, up
$§ -met hi oni ne, poly- L-probate, poly-L-serine.

-tyr03|ne pol y(vi nyl benzenesul phoni ¢ aci d) and
pon(V|nyIsquhon|c acid). 10 Preferably, the
ppl TIIC dlsper .nt, orete acj di c. or _basic

9 10 K720 oshpha adamantylmethyl))

naﬁ&b@ae Preferably the aC|d|c noi eti es have a

di ssoci ati on constant (pK,) of less than 6.0, nore
preferably, less than 5.0, nost preferably | ess than

31 .55, 7-tE ety BRI B tribkues- blﬁﬁ%lﬁ-f&hﬁtthr@?(dlbﬁl&ﬁd &;dhﬁigfteg, 14.0g, 0.066
ISSOCIat n con t ant eing Q ess .t han

el WP éﬁi@?*&ew utigw of ﬁ%@ Qd@eﬁwgﬂ eityDEtrerens) (Pxpmle 1. 10 g,

101693 fhoB.in Rifaydeond apdtle Lei (190 fm&%ud@dntrdg%nlaﬂd he bBting mixture is

aque Iutlon at_25C Suitable yneri
oﬁtlérﬁi AR dor T2 hourg Tl %lhyc{§ BSFEPHEAC mwgeﬁg 1 Yk at approximately

[MBRC ttb 9Re1dTRGI ddideatitlel %@&kt @4 an GedMgE/dRWSs0li@ONTHA & mshed with hot
| east one acidic or basjc npjety, either within

pBsthanst torgieithronadust as aaelxgzrep%fmms 5B e lifh a(%og’éﬁ(?b

t hat pol yners |ncorporat|ng acid and am de nU|et|es 20

uch as_pol yvin rollidone (PVP) _and pol yacr
B B ERY s8-8 B ane I el ot 1 T e, s 1.3

spzj@bﬁebmijhe nol ecul ar wei ght of the polynmer which is
suitable for use in the 1invention depends upon the
nature of the reaction medium and the solubility of
theNpm {0EMHEZ BBCR):15-2Y\81 _t@yezgfmeﬂ-ﬁ%grpgﬁﬂal ly the
aver age nDIecuIar wei ght is less than 10

Preferably, the average nolecular weight is in the
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; > P8f t he di spersant within the
reactlon nedlun1should be 30 determ ned for each
reaction/catal yst systemwhich is to be used. The

1 jroup VII1B netal may be recovered fromthe
liquid streamrenoved from

To a solution of 2-phospha-1,3,5,7-tetramethyl-6,9,10-trioxatricyclo[3.3.1.1{3.7}]decane
hydride (H-PA) (13g, 60 mmol) in tetrahydrofuran (40ml) was added a 1 M solution of boron
trihydride (73 mmol) in tetrahydrofuran over 5 min at 0 °C. After 4 h stirring at room
temperature (20 °C), the solvent was removed and the crude product was recrystallised from
the minimum volume hot tetrahydrofuran (20ml) and washed with hexane (2 x 5 ml) to afford
2-phosopha-1,3,5,7-tetramethyl-6,9,10-trioxatricyclo [3.3.1.1[3.7]] decane borane (H-PA.BHj;)
as colourless crystals. Further product was obtained by recrystallisation of the filtrate from hot
tetrahydrofuran (7 ml). The yield of H-PA.BH; was 86% based on H-PA.
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the reactor e.g. by filtration and then either

di sposed of or processed for re-use as a catal yst or

ot her applications. In a continuous process the liquid

stream may be circul ated through an 35 externa

heat - exchanger and in such gses it may be conveni ent

to locate filters for the é [l adium particles in

these circul ati on apparatus. WO 2005/118519

PCTI GB2005/ 001911 35 Preferably, the pol yner: net al
&E@§§S&g%ip in g/gis between 1:1 and 1000:1, nore

preferably, between 1:1 and 400:1, nost preferably,

between 1:1 and 200: 1. Preferably, the polyner: netal

msm&t@w 9f mw 5913 i @ 6P w &9&% %&y%ﬁ&a%{ M Yal) YWRs added
PP e arati cnl

abl y :
hexylhﬂnuirz(w ﬁﬂ@r5 M) l%ml) %tm?tﬁ gy h‘Bﬂ@ S!ngmgcfseral I3 o30-dibromo-o-

xylelib . %%j%xﬁnﬂl) M't%a{hg&}ﬁhﬁan erheGER %d&&i at —75 °C and the reaction
tetrameth 8-trioxa-6- ha- adamant ane

alle%i i e {9 Eﬂmmeramm ofer H hogs cF %ylymma@ atld &8 mmpl) was
adaedsﬁidtthé {%Qctbe rdfhed bR (zdioﬁﬁt M&E&Uh‘ﬁ% RE idehf Rhy RERD& and the

In an K rous acetic aci

10 0.
cwdfmg%m) diggqlysd mgwqe@qg@ﬁ 18l ang Heshedwith (yafeg (hk 4P wrle  The solvent
wa?st I f r Rehoddd 80CS or fof‘orHOUf St 2- F'P‘id@ilbﬂd?,%l%ul% §§§é&a&eaﬁl @ 9,10-

enpved in vacu appr oxi mat el

trigFARRCIOI ) b1 6r7dmfexl)-@§th§ﬁneol?ealﬁ@e/(§¢8|gl DT ‘ﬂntewhcg(spesthesw

bya&B&E Phdhh sitittedl 20 MBE NBARLrskP & ‘B‘?is&)h% DA l"CZtOO@SfoI"l NMR
m xture of |isoners as an orange sol i d. 8% .

charagteigation)o Sbe fipposplingrpa) be frh %myﬁ@w(rmstaﬂrsaum frongmgganol.
(4H, br) 1.57-2.0 (8H, br, m; 1.43- 1.23 (24H, br

m. 20 "P NWR (101 MHz; CDC13) 6-27.41 (br), -29.01
VioghAcetaig Corhogylptighm  El enent al anal ysis: Found:

C. 57.80% H 7.35% Cal cuI at ed C 57,87% H:. 7.40%

Svnf hcsaa  rtrt '-di 2-phos ba-1..)
,Q-b{sgﬂpl&snﬁppmethylrl,},Sirllaethq—ﬁ,g,@-twa a agnanty@@rrocene (FePA)
(fehubigantd &cid LARE UL ARk gherspgnzene Synthesi s st ep

: To a solution of

2phospha1357tetrarrethy| 6,9,10-trioxatricycl o[ 3.
Stahdard kb Adidns WREARFo1103 : Ry sl 6xg'§en(ﬁ'éce (E’ A pgrilt 329 en\@@mﬁgﬁ |P}l(OAc)2

I n_tetrahydrofuran (40%1)9 M sol uti on
(¥oen  Ganupgler ik end r552-1>fr98n1@tqn§ﬂy&ﬂ SOUFERthyly P 1@ ytrioxa-

adHihihtﬂ frobene 928 0 N5 18iinblet) Wte dLighQ0o 2t HOREFARY B&tom flask.
, the solvent was renoved and the crude product

T%ags ufl@‘é RyPEQLEAte StEgsEhersef nﬁqqéeqﬁoﬁmhafrﬁeewwth@pl was added, and
thd aiwta;laya%@w foPdiir (Ut ho@) SR BBEshe W pRoiE X838 €711, X1 Bnmoles,)

t
was_ ﬂ#ﬁgégﬁéﬂwl of slegasgedt Yinytetchipie. 6/ AMY OThiy peRtigny way afidgd to an
aulodlade dndbl Pactilh, A8 Bedi& BBH2M EvHeliH P BaBFDO was added, and the solution

allowed to react for 3 hours. The solution was then cooled, the pressure released, and the
autoclave emptied. A GC sample was taken for analysis.
Linear: % Conversion
Branched % Conversion of VAM to

Run Ligand Ratio to Products Products
1 FePA 5.99 56.63 56.33
2 FePA 5.87 64.75 64.07
3 FePA 5.93 60.38 60.00
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35 as colourless crystals. Further product was
obt ai ned by recrystallisation of the filtrate from hot
tetrahydrofuran (7 m). The yield of H PA BH3 was 86%
based on HPA. 36 Snthesis step 2 : To a solution of
H PA.BH3 (3.67g, 16 nmmol) in tetrahydrofuran (40 m)
was added 5 hexyllithi um(é 4 rH(2 5 M, 16 mmol) at
-75 C. After stirring for 1 h, a,a' -dibrono-o- xylene
(2.1 g, 8 nrnol) in tetrahydrofuran (20 M) was added
[ .ab! a

1 ﬁbxs%ze@gt%l?g&néthﬁ lrfg'ﬁtu'ggﬂrﬁ 1-6 b 19 \Pﬁgrf aﬂaﬁﬁdﬁ?&)&;ﬁ?{eﬂg ?ylyPA)
(Mt yatiggst:1.3%8d and t he reactl on refluxed for 2

hours. After cooling, the solvent was renoved and the
crude product dissolved in toluene (60 m) and washed
Staydard cppditens wereas Agloys } In apraxyees feer(< 19 ormal?) eevinoumonttPd(OAC),
184 7% d . ; -6,9,10-trioxa-
( @f ' %’ 0. 6mm021:s Pd) gnd b1sg2 %hospl%lrrxogln%l%y 113 )5 tnglet{lal 6,9,10-trioxa
adﬁmaré}/éﬁiemeegf lé{43133 73mmeolgs) 7y qrel aveiahyd fnte mﬁp@rnlemnem bestoen flask.
Td. Bis Anor a%ilo@ctlaéatﬁlom&re Sf fitbbd, {095€ ?f (ib%?éséi TQXanBPQ?J ﬁtdded and
th?légh submitted to the Universit Bri st

wiongylowggto Sélh & pve dpirz Shinomythareralplipgin acip mmxl nagmmoles,)
wdd€adaed taH@rSOBP ok fd'e?ﬂsegywﬁﬁ Ce[c¥t§$e g tTlﬁQ sOILBSR was added to an

met hanol . Acet at I on
auPCE‘Y%P@GQYE}sH%ﬁﬁﬁ ﬁmtn 2! q ws‘lesit) foamfm asadded, @nd thiegsdution
all@w@(d?d'%i&tyﬂo) @q{oﬁﬁc?ﬂce S({lﬁﬁﬁ%as ﬁx%tc@&é(gﬁl@gxré%g rél@&sécp and the

(ML:Aratio) =1:1 ; 20 Standard conditions
aufpglay g empsicd- AGPﬁa@nleww en for enalysis. 10 ppm 02)

envi ronnent Pd(QAc)2 (134.7ng, 0.6nvnoles Pd) and

1, 2- bi s(2- phosphi nonet hyl -1, 3, 5-tri net hyl -6, 9, 10-tri ox

a- adamantyl) ferroei8A®(4923ny, 0. 75mmol%SonMersion

wei ghed into a S00BrgRHBd Rt IURVer&adk- ofT°thw >to
under_ a prot ective atnosphere of nitrogen 300mil

R¥ey akigafd et hanol  WRatiaddded to radugtse soIHﬁPﬂWSaI I owed
1t o _skjiypAor one houg qg Then pptdyane sul pherigs acid
(77.9ul, 1.2mmles) 25 was added and 50nl of degassed
vinyl acetate (VAM. This solution was added to an
aut ocI ave under vacuum and heated to 60C, when 10 bar

CO was added, and the solution allowed to react
Affeé ilsfigur o therpiodacst of e varhasyletivan 2weRpidmethylepropionate and 3-

acéiﬁj%srﬁéiﬁyq pFdplcRiae Gdre RANG NS difftnPGik@KEsempti ed. A CGC
sanpl e was taken for analysis. Linear: % Conversion

Branched % Conversion of VAMto Run Ligand Ratio to

pr(g(gleﬁi&gfiagﬁt@gﬁ{pj_&drofxqfs’t%ré. 99 56.63 56.33 2 FePA 5.87

Preparation of 3 hydroxymethylpropionate
To 25g of 3 acetoxy methyl propionate (0.171 moles) was added 25g MeOH (0.78

moles) containing 1%w/w methane sulphonic acid . The solution was stirred at 60C for six
hours before cooling to room temperature. The sample was analysed by GC, the peak
corresponding to 3 acetoxy methylpropionate had completely disappeared and been replaced

by a peak corresponding to 3 hydroxymethylpropionate.

Preparation of 2-hydroxymethylpropionate

To 25g of 2 acetoxy methylpropionate (0.171 moles) was added 25g MeOH (0.78



3 FePA 5.93 60.38 60.00 30 37 _
1, 2-bi s(2-phosphi nonet hyl -1, 3,5-trinmethyt-6,9, 10-tri ox

woeeoasiaigent yl ) benzene (YytyP' ' A) (1 A ratio =Xcy@Biodsn01911
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5 Standard conditions were as follows : In an oxygen
free (< 10 ppm 02) environmentzgPd(OAc) 2 (134. 7ny,
0. 6mol es Pd) and

I‘nglggl rs‘?’&ﬁ'[ngnlg? g 22\2 gléle'%lﬁ%elsu 1c ac c}sﬁﬁ%ﬁcég jowesgmeg at gf)C for six

vigdugsh Beforie ndooliizg &0 BGont Wﬁptérdtmét OThef da@ple. wasl andlysed byNGQES the peak

rote ye, at mosp of. ni.t en 5 0f de
PG LC> AR e hioropiBeet BREFPaiely Byt aaq pren replaced
fira meake cditespondihp @2 hpirbghetyigrgisnatec aci d (77.9ul,
1.2mmol es,) 10 was added and 50m of degassed vinyl
acetate (VAIM. This solution was added to an

aRitpredtion of Ahgirsxyaepiodit acdidadieatied t o 60C, when 10 bar
of CO was added, and the solution allowed to react
for 3 hours. The solution was then cool ed the pressure

rﬁ* BRsdQ, acamﬂbl' inbthy] ﬂ*dpﬂﬁdtﬁ«ﬁl;& mslés ehas édﬁ@zsgwwr?ﬂ V@B this stirred
f nversi on ed %
Bl 45 4282 PhRinm BERCGS L MEGET WoRhiyeRib G0l of water. The

Robiiug tvas ktuﬁéyllfyﬂ:ﬁheﬁloilﬁ atGﬂ)CQYef(ﬁé. c&bding 1brobid ®fperature. The pH of the

T A T T

froapi ommmpter @ac ahhlpetel) &, dhd fp@dl@ﬂdrredj)cﬁiiidg' Rt 2Sacetd®y methyl

Pr od t at.e and 3- rx rs Preparati on
SRl P, S e Bitsecs . S5 oRced o m5, CofeRPyRing to 2
hyafxp pabienic@cid71 nol es) was added 25g MeOH (0. 78

nol es) containing 1%J w net hane sul phonic acid . The
solution was stirred at 60C for six 25 hours before

Qeefatanign bLB liydesXy tpesfd@liddcil €. The sanpl e was anal ysed
by GC, the peak corresponding to 3 acetoxy

nmet hyl propi onate had conpl etely di sappeared and been
reopd sgad @ acﬁ&xy&nﬁtﬁﬁlkpﬁﬁibxﬁa@ﬁ@ﬂﬂdlnfb%sj @rasdadded 25g MeOH. To this stirred

fXﬁ\E} é/%e/tﬂ@%/ H%Opl 81’5 M(ﬁ{ﬁ&S@r atl gii}g(?lﬁfplvgd é}&gpd&lyof water. The

el RaORiIned déreong Godr/dt 0T Rfore YRENAOREMASEpdYREIE. The pH of the
(solutlon was then adjusted to pH 3.0 by the slow addition of HCI and the sample stirred for 1

hour. The sample was analysed by GC, the peak corresponding to 3 acetoxy methyl
propionate had completely disappeared and been replaced by a peak corresponding to 3

hydroxy propionic acid.

The reader’s attention is directed to all papers and documents which are filed concurrently
with or previous to this specification in connection with this application and which are open to
public inspection with this specification, and the contents of all such papers and documents are

incorporated herein by reference.

All of the features disclosed in this specification (including any accompanying claims, absiract
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,



WD 2005/ 118514 PCT/ G82(105/001911 38 nol es)
containing 1 %V w net hane sul phonic acid. The sol ution

wovmes/sigsfor ed at 60C for six hours before coolpdigck®0s/001911

10

roomtenperature, The sanple was anal ysed by GC, the

peak corresponding to 2 acetgﬁy nmet hyl propi onat e had

conpl etely di sappeared and be replaced by a peak
correspondlng to 2 hydroxynet hyl propi onate. 5

Prasp deagire isclped an fhjsivpesafieation Gin¢lading pny qcrempanging claifhs, Festract and
2R ewRks)2m Y. '

~pauaE)E Tl B FeVIE P cRERN HAE stk e RS St or simile
ZB’@P%?)d‘P‘gW\S IPyeresRi éFéte(‘ CIBrst- eBhus.didess | exprgssln sa@d rdthegfise, each
WRitere distidSed i

e e Oy e B Lt o Y P M e

sol ution was then adjusted to pH 3.0 by the sl ow

arldi ihiARoP1s I{Epresﬁ'ﬁgsdttb Qheséémis &f S‘ﬂ&! fofegg nb Ynbddimid i The invention
The sanpl e was anal yse K correspo ng
te¥tends, s @By yrovelt onpl or m\b moﬁﬂa%@lmonsoﬁﬁ)ﬂ@t @htyres dlsclosed in this
psaaaat GLIRIAT: 2F8Lko! Qxﬁ;@r%%i’aﬂy aBstRedd 9%1&%? %ggl 449 novel one
to 2 hydroxy propionic aci reparation o ’
HY arongvebjombiiaton ef te mpsz@gnbme@og@rexrmy soutisqlpbed.

propi onate (0.171 nol es) was added 25g McOH. To this
stirred solution was added 20g sodi um hydroxi de (0.5

nol es) dissolved in 20 mM of water. The 20 solution

was stirred for one hour at 50C before cooling to room
tenperature. The pH of the solution was then adjusted

to pH 3.0 by the slow addition of HC and the sanple
stirred for 1 hour. The sanple was anal ysed by GC,

t he peak corresponding to 3 acetoxy nethyl propionate

had conpl etely di sappeared and been repl aced by a peak
corresponding to 3 hydroxy propionic acid. 25 The

reader's attention is directed to all papers and

docunents which are filed concurrently wth or

previous to this specification in connection with this
application and which are open to public inspection

with this specification, and the contents of all such
papers and docunments are incorporated herein by

reference. 30 All of the features disclosed in this
specification (including any acconpanyi ng cl ai s,

abstract
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and drawi ngs), and/or all of the steps of any nethod
or process so disclosed, nmay be conbined in any
combi nati on, except conbi nati ons where at |east sone
of such features and/or steps are nmnutually exclusive.
35 WD 2005/ 118519 PCT/ G82005/401911 39 Each feature
di scl osed in this specification (including any
aacavpanyi ng cl ai ms, abstract and drawi ngs), may be
repl aced by alternative features serving the sane,
equi valent or simlar purpose, unless expressly
stated ot herwi se. Thus, unless expressly stated
therw se ach feature disclosed is one exanple only
gfuﬁnaﬁﬁg?fgcseries of equivalent or simlar features.
Thieoxlyeiyony ladh dfS vitOl este@ 84 Fil Cpredbnlifantlh Endle bidhe c&hprlsh@ reacting
fore oingf%nb%dinent ).. .The inventia extends to any
AV A &/ SATOAM RORBNAE I ESrBTsHKE P67 aleAnot AR pletatiygissystem, the
dhtalgbtagseh bilaihdblsby ®R®EGIifg: cati on (i ncl udi ng any
acconpanyi ng cl ai ns, abstract and drawi ngs), or to any
novel one, or any novel conbination, of the steps of
any(ayratniupa ofJGrr(])ﬁﬁ gvn;ﬁ?i oSQccﬂﬁ%ﬁh(ﬁ?&@t@@ﬂ 44 ;10 CLAI IIVB 1. A
process.for the al koxycar bonyl ati on of a vinyl ester
to @?@EK%WEQBﬁ?WéﬁﬂﬁV“ﬂ*ﬁ@g?(ﬁroduct conpri si ng
reacting a vinyl ester with carbon nonoxide in the
zéesence of an al kanol and of a catal yst system the
tal yst system obtai nable by cornbinin” (a) a netal
of Goup VIII B or a conpound thereof. and 10 (b) a
bi dentate |igand of general formula (I) {1) 6 15

wh in Ris a covaként bridging group; 20 R together
ggfﬁetﬂ\ Q—EQLEDCPP/IS attached forman optionally
Jﬁi}}ﬁéed -Q ~trieyclo[3.3.1.1 {3, 7}]decyl group
or rivative thereof?Z-PA); R2 and R3 independently

represent univalent radicals upto 20 atons or jointly
Form a bi val ent

wherein:

R is a covalent bridging group;

R' together with Q® to which it is attached form an optionally substituted 2-Q*-
tricyclo[3.3.1.1{3,7}]decyl group or derivative thereof(2-PA);

R2 and R3 independently represent univalent radicals upto 20 atoms or jointly form a bivalent

radical of up to 20 atoms;
Q1 and Q2 each independently represent phosphorous, arsenic or antimony.

2. A process according to claim 1, wherein Q? is phosphorous.
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radical of up to 20 atons; 25 QL and @ each

i ndependently represent phosphorous, arsenic or
antinmony. 2. A process according to claim1l, wherein
@ is phosphorous. 30 41 3. A process according to
either of clains | or 2, wher&in R2 represents
CRA(R5) (R), congressyi or aaamantyl, R represents

GR ARbédRD ac&)ﬂﬂ% &ssM{er Q>r cﬁ&hﬁfl n&Nt, Vivher@h IR redefnf? CRYR’)(R®),
together with # e¥ are attached form

an
SRS r ﬁdaélrr'ae/ﬂul% JF%YGS%‘“&R (RYRoy egngpessyh on adgmantyl, or R and R’
tokethbd Aty Q' JfoUthid tBIST haéabitatBed Heeah. oﬁloﬁau;A substituted 2-Q'-
ro S ac aording to any clains 1-3, wherein the
ﬁ?fér ﬁr élr% ﬁgfqusﬁa griyadsiiiides.  besi des
hy@[@@&ﬁs :ﬂi:&ﬂﬁlg t@ﬂﬁl szIlmEnI)Bewﬁéi'BlﬁElhelt dd@lﬁﬁrﬁ}t/lsg%u% ﬁ&hafl @dﬂlprlses
- , halo, nitro, -

| kyl,
v%; ? gefwm Ol ¥, morm(wertr@t& selseeyf NFR 19W6a1kx1 "oR?, -
@(C@)ﬁf@maﬁi Qltro C%%O)R” % cgand; la@l( Oﬁ(ﬁﬂa“ -C(O)N R25)R26

-P ORG" 0 rei
bRy, GSRBL Rl “BOHRo RRGED. af e weren
RYaRY, RARZARA, RAT ¥aR* 0T | e do@&raﬁdyﬂ cyah@d aRdfyFire 1élsodeﬁned herein
62 egch gnd pendentl represent hydr ogen, | ower al kyl,
AKX R g Hsiepwdﬁrl)@/reegee%ré%roarnn@“%alerlearrr@r etz
wherein the 2-@(or Q)- trlcyclo[3 3,1.1.{3, 7}]decy|
roup (referred to hereinafter as a 2-nmeta-a
3 GRBrED YR L HEE hor Eheiin Tt Q0T BUFRIG |43)ecy!

ERLE (RAER] theleid R a A S 3 HRIM- é’dam@ﬁ‘@l’ &bup for convenience wherein 2-meta-
2-stib:radantantyt and/ or phospha 15 adamanty

BIANABHLES 3 TSRS 1S 8sar5%é%arraetyh %g?éﬁlbgreﬁeantﬂr?@%/@r 2-phospha-—

H&Hi‘rﬁn@l)c Rp@shanRrbyibrises,Ubsidet MRAMgen afonfelohfi@d hdte Gh@l Biamantyl
process accordrng to claim5, wherein the

Qﬁ%ﬁ yi<lgibtip i ncl udes additiona
heteroatons other than the 2-Q atom in the
2- et a- adanant skeleton. 20 7. A process accord
Po “aRyost a%?P%@ﬂ%sto £lagm Sapbprsinrhe Ranos- %ealayla%ra%ﬁrlwes additional
ﬂét%ﬂﬁm@%tlﬂﬁﬂlhlﬂﬁhg 2-(@bRi R thd'@fnléﬁ%damantyl skeleton.
2- phospha I, . 7-tetranet hyl - , 10-tri oxadamant yl
group, 2- phospha -1, 3. 5-

vr iangebdayd ac5or@1n§-€b’ zInrylo‘P XRoay ln@m(ﬁél'engﬂh@ B Pneta-adamantyl groups as defined
a(t trfhto romet hy) -6, 9, 10-

gerpla)eaﬂgq?a% Pk},crspléq, ]Oél’s 7-tetramethyl 6 ,9,10-trioXadamantyl ‘group, 2-phospha-1,3,5-
en@laaxymla@srphaoﬂadﬁnaﬁnﬁr i (gtrcrdpf i ugrpﬁrgehzhyb)sﬁﬁet%(tl@ru&brnebh?m 9,10-

Tﬁgl gr oup E ocess accord to an
HrOér afty kO Aty Hh"éﬁiatla-b gty ) 0, trlaraéaerntﬂ group.
compound t hereof which may be conbined with a conmpound

gf formula | include cobalt,
A process according to any of claims '1-7, 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.

9. A process according to any of claims 1-8, wherein the ratio of linear:branched product

from the alkoxycarbonylation process is greater than 1.5:1.

10. A process according to any of claims 1-9, wherein the bidentate ligands are selected from

1,2-bis(2-phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl)ferrocene, 1,2-bis(2-
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ni ckel, palladium rhodiumand platinum 30 9. A
process according to any of clains 1-8, wherein the
ratio of |inear:branched product fromthe

al koxycar bonyl ati on process is greater than 1.5:1. 10.
A process according to any of4xlains 1-9, wherein the
bi dent ate hgands are selected from

;h&pbih&ﬁa?ah%pmeﬂ@m&ﬁﬁtwd rolm%xéa%nia@ctzlr)@éﬁ%dayl (i) 9,100 tris(2-
ane

-1 ni oxa-a % d)ferrocene
Bh‘&?glb‘ﬁ?fﬁﬁ@flﬂfl 3 {-tegramefhyl-6, %} qul,%q pg;lmantyl)ferrocene 1-(2-
bh&pRindiethyli1 XE7 ﬂ:qaﬂ&ﬁ}l% 9, hﬁ%ﬁﬁ@damlm@l)&—tdl tibfyBshosphinomethyl)

%hosphlnolneth yi tetramet

BheL O AP RN 7 (SrrabaHos & (2
ﬂhﬁ‘(ﬁ-ﬁhéﬂldnt}ﬂ’)Iﬂ-@(hJidéﬁlaﬂty}%h&pHmBIﬁétﬁﬁmeﬁ%ne 1 IS bls(2-phosph1nomethy1-

ri oxa- adamantyj)-2-fdi-t- butylph hi norneth K
)1 3 50 ﬁ:gétﬁghyl -6,9,10-trioxa-adamantyl)  naphthalene;  1,2-P,P’-di(2-phospha-1,3,5,7-

fettbedllQatld {&Mﬁcy&ﬁl yj t. 3,733}«1&}&)%{115&"@51%&) 6, 3 P,Plux%z -Phospha-
trioxa- adal nant hrnontt KA) P

ho
D B 3 oA EE hi AR gt Dpiopane. (D

Berfudrol28iho hgflt3hjw-te§a18etﬂ =g ,icoxa- adamant yl )
naphthaleng) ,2-P dI%Z phospha 1,3,5 7.-

tetranethyl 9 10- trloxatrlcyclo (3.3.1.1[3.7] }decyl)

et rar 8/0 ﬁ%)l lbl%ﬁag ‘S'rl)leg{f{all%r PE??FE?ST%P?ffbg.zoﬁ_}p-hasepélﬁl’ls’%

)qbnanmﬂqé—é(@ﬂ)\ﬂ*)qxaﬁo&el@{PB -1di[3.7peietVIyprapaie;phos phat,b,P,P’-di-(2-
-1 et r uet

3, 5, h
PP‘PS atleds é?tba{(éyfl;wio E{e]@ﬁ)ﬁ O dadyp¥atipviet3-3.1.1[3.7]} decyl)ethane
dnp-P. P - d' pert | noy_pE2-4phe &?) hh13 §z§et§a(tr1ﬂlto§o n}eidafl) -6,9,10-

tetratrtetlryl -6, 91, 10- tr|o

rigrapiayplertd 3. 111 [27P decylipropane;

phospha-1, 3,5, 7-tetra(trilluoro-nmethyl)--6.9, 10tri oxat
ricyeio{3.3.1. [3.7]}deeyl)ethane and

a1, tBe BidBhtatdlig{nd-ipvadqaita a kyidibke, p?)}}tmabhb afstraté bidat Radsreiidyfh)bridging

S.tri ricy, 3 7]}decy|)
BBl e &7t e A NSkl P Bnted To a
suitable polynerlc substrate via at |east one of a
i dgi n roup. such as nki rou
R e Faa A S R R S S
ainpetaaire1df bitwkon —When £°@. t he car bonyl ation is carried
out at a tenperature of between -10 to 150C. . 12. The

process according to arnmy of clains 1-1 1, wherein the
tar Bhﬂ’ptb@bd @poriliag ﬁﬁz{nyioédlaimstl al, where@Ohpedrbanglatipt B SStiE®out at a

5 L Wi 2. 25 11 A
8[) (?gt%\grgssgrgr ggﬁgeetno 8é)rf§/m % g?ﬁég%‘\lrfz wherei n the
group K represents an alkylene bri dgi ng group.
13. A process according to any of claims 1-12, wherein the group R represents an alkylene

bridging group.

14. A process according to any of claims 1-12, wherein the bridging group R may be defined
as -A-(K,D)Ar(E,Z)-B-

wherein:

Ar is a bridging group comprising an optionally substituted aryl moiety to which the Q' and Q?

atoms are linked on available adjacent carbon atoms;

A and B each independently represent lower alkylene;
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14. A process according to any of clains 1-12, wherein
the bridging group R nmaybe defined 30 as
-A-(10,13)Ar(E, 7)-B wherein: Ar is a bridging group
conprising an optionally substituted aryl noiety to
which the Q and tit atoms ag® |inked on avail able
adj acent carbon atons; 35 A and B each i ndependently
represent |lower alkylene; 43 K ., D. .E and Z are
substituents of the aryl noiety (At) and each

ikndéperaedt py splsyruestemt the ayl rn@gféh(ArD owkcachl igépendenyy represent
&r'o é?lall&ver %}{@ﬂ% lnHt‘:tr Qa1 C%%’ano n% @ Féggﬁ})o F@éa}% C(O)OR*,
@aﬂ@}w?@f?'m%% Cgce, CO)PR p,rceséaé(gc Powdered represents lower
%l@%h@rb?tw@ﬁdjﬁc\éﬁ’c g?(q}pggﬁ&tted%o%‘fzs Z58 laﬁc? Eq eﬁﬁpmtﬁth[e%arbg)n atoms

and Etoe hér w car bon. ’ at ons
of Hig Wﬁ ehvhigleihen e atagked Hewh f dvithea pkfmyt Heg. vgihfénylomlonally

sﬁ%gtutéﬁm}l%ﬂe 61§nc9'9Edb%a&!:rltsysele%@g%ﬁlthgﬁr%gi b%wgpﬁpar aTBDE)%no nitro,

substittients selected from hydrog ower

PR 0 OGPHR,> GIOMR 0, COOBPR™, NRXR )@@)NR%%?&) FBIRTR™, SR or C(O)SR”
Gk (\)é)(e(l)ﬁlras agyﬁ%gd%nyl%&}p) %Fin En[ﬁreg%éﬁeg be)ﬁilﬁ(Llﬁl%La and Z is

ent a
zornﬁyte%@aﬁwraéh@nﬂ sendgy thewdopen)adlemgroup%) .. and Zis
10 connected via a netal l|ligand bond to the

cycl opent adi oup; X5 represents CR 3(R 4)(Rt5)
é% EAPESHVY QBS Qéé)ﬁ%‘!&ht gingrexe! rapedasntd GR reprReeny RK (RR'),

@ﬁ%\‘ ladef?ﬁantf_“,)'fj YrBatyl X Q(E%e%fér @rﬂﬁi QXQO Wgzﬁtt arTWFtItJehed form an

to which they are attac forman opti
99%19111 mbétautzd DL {ridyelpB bl B{3173 1decyl Broup ot Jativatple t@qrmﬁ p
or derivative thereof. 15 15, A process for the
producti on of a 3-hydroxy propanoate ester or acid
d8i ndy proress ﬁmdbes)socg@hm of ag- :airaxvy pufpagdaé weterl o 4¢id using the

db atreat tof r._(n) r oduct . of.
Ris= Foha b7 STl bl RV e rep Bt RE o hincar o)
pmﬁuc@ﬂtﬁaalqzt)xyasakmmhan.est er or acid of fbxrmxla |1l
OR 28 CHCHOH) CO (Il) conprising the steps of
al ko>~vear bonytating vinyl ester with carbon nonoxi de

8. ARLocRiE8SaRER0dRBoPE Bkt AL K80 OF acSh Gl @ VSt

system the catal yst system obtai nabl e by conbi ni ng:
(a) a netal of Goup VIII B or a conpound thereof: and
(h) a bideggate |igand of general fortnola (1) in
accordance/with claiml tit)

CH,CH(OH)—C—0 (I

comprising the steps of alkoxycarbonylating vinyl ester with carbon monoxide in the presence

of an alkanol and a catalyst system, the catalyst system obtainable by combining:

(a) ametal of Group VIII B or a compound thereof: and

(b) abidentate ligand of general formula (I) in accordance with claim 1
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35

44 to produce a product conprising a branched (iso)
product 2-acetoxy (CH3). CH C(C}){?R '-s wherein R28

is selected fromll, or a Ct-Cac alkyl or aryl noiety

whi ch may be substituted or u substituted and either
branched or linear and chemc#éd|ly treating the said
branched (iso) product to produce the correspondi ng
k@gtoah& ©proatdt Gobrifu MbladcHeli!(iso) Broduch 2RkQ685 ECIT,PI CHLORO)OR, 2

g\!rhgrl%?n?/ ﬁ? Iﬁ]sgsoe\?a}?tlte? %orrongi[,go];r é‘ﬁ%‘\'éé3p %llk}/lﬁoz‘tagl( gl%%ﬁlt\g gﬁ&:& Iér}%?'%e ksubstituted or
HroeeLeed gpd either piedad of Breappnd3-qhempigplbxijeaing Prnwist ranched (iso)
@sddatt teprodude theaforrpbmiigdadtatt dr &8l of Fn@RIUr i bed herein

and with reference to the exanples. 19. A process for

the productjon of a lactate ester or acid of fornula

171 Arerschr g e erpnylaion of 6 Hipb g hc eesp@pegisren and with
eofemmpleaes the tkanBles. A process for the production. of a

3- hydroxy propanoate ester or acid according to claim

, Wherein the ester or. acid is of fornula (Il:t
&84 PP sT T bRop ¥ O ey Griperesty S ar SEeal T (D o
Hescribedzhein @@ avithi rkfptengsrto thegkamgéset y whi ch may he
sctbrnitted. or msubstituted and either branched or

L | . 20.21. A ' ' 5 .
é%.n %arrocesg) F]or { e epr?(ﬁl%t(?(?nﬁ%sfrs]at lgcg(%tg %g%:rgoqcag@ro?g%rmgl!ﬁaﬁfg% d]éf%lggd herein

wher el ea
PR refgagncp gheetempleacet oxy C: H2 CH2G(C3)OR ''s to
produce the product of formula Il. 22. A process for

e product.i on of , 3-h ropanoate ester or acid .
t%? f[g Prrgr)ﬁ?sg tf?r%le)pro'%tlcal %If?%{yé@w&’?paﬁ% e( irlzjm({ according to claim
¢dripieradn e cqtereor seidpof SrmulgiBoxycar bonyl ati ng vi nyl
ester wth carbon nooBxO#8 OH db®mR3FESEnce of an

j28 | t g S
N LN S g s S R
yrsugsttgamadrrdher PRachs8 T ingAd (b) a hi dent3te |igand of
general formula (1) accordance with claim 1l wherein

R 8 A p?o&@é zﬁ:@&rﬁﬂg kd aglglci'a'im@f 5 OQZO,QJI%réi'lll #y Itrezﬁﬁlel?crsﬁ:&; iJ'%h‘?eH%ut on
e uRer Gribresry FHeGP-CRIOBS  yptis: Bt diell

step on the said linear (n) product i -acetoxy CIf2

eF | A plocéd @rfite ﬁrodu@tidﬁr&@%@rokfﬁrogaﬂayt@ EQX6r REI@BRRAALIE (1)
ester or acid of formula (11).

CH,(OH) CH, C(O)OR*® (ID)

comprising the steps of :
alkoxycarbonylating vinyl ester with carbon monoxide in the presence of an alkanol and a
catalyst system, the catalyst system obtainable by combining:

(a) ametal of Group VIIIB or a compound thereof; and

(b) abidentate ligand of general formula (I) accordance with claim 1

wherein R? is selected from H, or C;-Csp alkyl or aryl moiety which may be substituted or
unsubstituted and either branched or linear and carrying out a treatment step on the said
linear (n) product 1-acetoxy CH, CH, C(O)OR**to produce the 3-hydroxy propanoate ester
or acid of formula (II).



