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ALKOXYCARBONYLATI ON O F VI NYL ESTERS The present
invention relates to the al koxycarbonyl ati on of an

waoneatissas ed ester, specifically vinyl acetatereardB200§/001911

particul ar but not exclusively, the use of the
al koxycar bonyl ation to provide a first step in the
production of nethyl |actate and 3-hydroxynet hyl

Y R

ei ther by synthetic net hods or fernmentation. The main

%gtp;]ﬁes%l{étﬁw%g 0y ersela fes fo ﬁltae o&rbolﬁ la {10 atﬁtia{ o\ﬂ’%at&fated ester specifically

, ace I's reacted
wiirtyh aheya:te mgd;rnncgaatmulzie btnonqj readusiecly thacrseo af thei dlboxyvdnlpqnhlatlon to

ed Al te
rpé%‘{% a&"@m Sg l%‘ﬁi“?ﬁ?ﬂom g‘e l\aﬁgé% i ﬁﬁr&?ﬁ%%gr es
of a nickel (I I') iodide or sulphuric acid catalyst.
%yé:lnant?gﬁgthglol ttgt% ésﬁ?reg%ef P}b ?sgeg{ﬁc?.tlon c{%tlayclrug %mgf w{u@l% S p?oduced either
g SitttheticIntethiods enfernys@atisn. | nprovenents in fer ment ati on
net hods have nmade this a preferred route to lactic
acid and its derivatives. Optically pure lactic acid
Clae gin peryﬁtﬂltm‘cedmbgs irbebafedr ore niteatdactivne fof sacgaldshywiet ln one method,

C chos bacteria. Lact.obacil
r?&%{?ld#gg%/éi arf’e s‘gﬁf @V@Fﬁ%etna Pegige ap Ifm(lri%‘“%r a? ﬁ?oelfs%rllb which is then
afy o R€ed ANErnatiNaDY, e&sﬁ@hg@mm ﬁareﬁctedewah caben mdivaide and water in the

SRS L AN S S SRR Bl Byl o
aﬂﬂtgﬂaﬁ r(%fﬂ%@lcb@g, aﬁd(ij aoS Gatenitr mxtlﬁﬁtt b alkethyl Iwﬁate tesudtt |Im: recent years,
Cl 0] ot a 0

pioRenr Py B o el TSt P50l MES0] al Mg cid and i

| dBriftieee I’Uptlbzﬂlyaputaﬂacﬁ& Yicidfcatirbé @rddatesl yuthh faisnentation of sugars with

fﬁ%@ﬁ&ﬁgﬁsﬁg baclt r e 2 Imrl])%%@iaexgi&oj B? @e%%%?]%ta Ctssoafngnefn%%gn at temperatures

T \itduad yete allxﬂp)/esieﬁ; is€saddayy reﬁcttomlt’ﬂletpnodbdurS ipslopaamddegiires careful
woul. d be ustri al I%a]%dgvoura

SURREHYY gt A EPPRUL G DRE Oh ThAY R pRRISRrig bectera

\Gu itk SoptitallypRrelI8®0 acid A6y th R Sdessrmisaah bopodycet.ound a
route to | 4-butanediol, by form ng diethyl- nal eate
from butanes over a solid acid catal yst, and then

dabeneges atised asJ i hfg@ bbiley poid solvlnt dndois tpessadiuph virketnofmaterials
wi del y used a %ener co one al so |§ fi.bre

SPBLRSeTHa frcralTaE AP CBORTTAPAT P aS1  yRideBradable, and

ahcahmemthlly flch@p. used in reactions with isocyanates
to produce urethanes, and in reactions with acids and

acid anhydrides to produce (poly) esters. 1,
3 RuaNeflp@parediol WOME B intiestribAly E2vd6@Ble S titerdB loyrip@itly not a route to

the diol that is commercially viable. In the 1980s, Davy Process Technology found a route to
1, 4-butanediol, by forming 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.



conponent and as a high boiling point solvent. The
carbonyl ati on of ethylenically unsaturated conpounds

W@ 200801858 bon nonoxi cte-'fn the presence of anPel/cC8bwk/001911
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or water and a catal yst systemyconprising a group VIB
OR VI1IB nmetal, exanple, palladium and a phosphine

Sgﬁ%?%lgﬁ?éﬁ)yf g&gikﬁqynggsagﬁ?dd m%%@spﬁ%}é}é%})on monoxide—{n the

bpré@ﬁéeamfearpkioamh onevatehaad Aeenlydesskinbathpriding LNgobop ¥VIB OR VIIB

Eur O ﬁgy\glgge?t e ﬁé}lr%n%g fg@%génneﬁgglal g %%Iagé?gn aﬁcymhosphme cycloalky])

Eﬂ’oﬁy}ﬁ}%;%&&ﬁﬂhosﬁﬁné\ PAdA 7$hDsphl- oﬁ-b%ﬁt@t%%ﬂmsphme has been described in
P- A- 0386833, EP-A- 0441447, . EP- A-048

BRI l_fpg?an nagsnis an Eaitiré@pplréﬁtloﬂs (5’2&@)‘3@2?1)5(}1 8055875 EP-A-04489472,

BEb-A-01485/94 BEP-An0233844, CBP-AL027ESA- BEAZ3480320, EP-A-0386833, EP-A-
EP- A- 049554 di scl e that biden

AL BB A 498R e FRr 0P 12 40 o 26 85 S saialmd EbA-0aossas.
e apdreculirg Imprmgnlem ER{A2649504 D Qnd EHP- WA 540086¢1d3 44t bidentate

dlscloses that a i cul ar oup bi dent at e

prhegbted T R Gt ar Y Py hieh r@ﬁ%@kg&ww‘% Efisdo be achieved.
catal ysts which require little or no repl eni shnent;

that use_ of, such bldent e catalysts |eads to react

r MG/ hischpses ﬁ'@b‘h?ﬁ‘?‘ tsr%vp R E‘ﬁwat? n*a%p'e*n%%npounés can provide
néﬁmwyz kbl icaalyas @dichrétire littletok @o pleABhinBRLHhhi ise 5f ALK bidentate

d at hi gh conver,si ons, di.scl oses
r“é‘fa §t5 s {9 fgadign ety g are &@%‘?O?"g?’ hlﬁ%’h f @P?Fe%%v?“s‘y disclosed;
Wha ittlelbr hb enfirRiseie grodficednt Kigh adnvakibys. added aprotic
sol vent. EP0495548Bl1 gi ves an exanple of vinyl acetate
car bonyl ati on enpl oying the C3 bridged phosphine 1,3
bive ¢68588 rdisclosésytapss asip tﬂensahe prapanesed Foe highdregkae0t ®kkn in the

are 200 .nol of Pd per hour and the

rREESERGE of an ?’ﬁ%n% yoagg%‘{ qu lcC?f’h"i"%and 2 - acetoxy nmethyl

propanoate in a ratio of 40:60 (linear: branched). WO
bi dent at e

Froderial e 45 e Bag 20canE el e otyiion, SBfhe €3 bridged
Oﬁ’hhﬁ B (dittermbutyiphosphino) popak theirattsoquatedapd 209madi¢syproduct per

q f' Igci’I pe? gxaur anfl Osrgﬂl‘rf} %{he é%?lxcq{o?f Wﬁl %rhd]2 i%&ezg)gydn?e?ﬁé'l I];opanoate in

grotip or errvative t one or

tareticeli40@0 (hmaan’sraml@d)r epl aced. by het er oat ons(" 2- PA"

group). The exanpl es include a nunber of

al koxycar bonyl ati ons of ethene, propene and sone

hWgh @8/42 Biniliselbsea rad modifieztival to ghe fbidestate| phoapldidsi wad in EP0495548
' t

(VAR 5K Bhh Wohoblpn@ G Bldipdihk il Put DGR abstited 2-

MD@bhy;cynb[Bd kb{dyUadeopirgyduptar erdenfative fhgteofmewlhitheonepr more of the

g:léx/%ﬁé 3%31qta(r)e\/§?13§e/d%§%& Afohs ﬁ'ﬁqﬁA”t %gu\}:t) eﬂ%@xﬁ%pﬁé indfde a number of

ent at e p osphi nes
alkoxycarbonylations  of ethene, propene and some hlgher terminal and internal olefins. In

addition, hydroformylation of vinyl acetate 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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substituted aryl bridges of the type disclosed in
W06/ 1 9434. The suitable olefin substrates di scl osed

w0 p@bats1sever al types having various substit uret/€B2005/001911

Not ably, vinyl esters are not nentioned either
generally or specifically.Vingl esters are known to
hydrol yse easily into the corresponding acid or
% R At B Aoy &X BRI 600 fhe VidhbpoRding ackor aldehyde .
ggrgéﬁou?rg e avol ggego y%%oxgclaroboﬁﬁ at |L(§)n 1rgaacC ti grnsa,1 e
\A‘ccqrdlbglzﬂe AXROSEe pﬁoslphlu peer tongci rshade dei avoided. pAdwayraebonylation

9Ja,c G Léﬁthvdl@erﬁ:‘)eg ﬁn&% Eropééh i WeprIRh& S¢ @fdp VIB OR VIIB

I Se ence a source 0 ani ons
metnlﬁ Tt iseph thetols e allpﬁlndhe p@ww hféfn sapreeppfcamiagh defiivgd from acids
ﬁ!i\;i §$ Qf)féysl tfgd £ U&cg@r\‘img? lt'ﬂoltx ﬁB&r Be fdQJmed unsuitable for
car ation of vi ny er CCO ng to"a first

agb@lb’!aﬂelﬁofﬁwlpﬁt%ent i nvention there is provi ded a
process for the al koxycarbonylation of a vinyl ester
conprising reacting a vinyl ester with carbon nonoxide
iAgcarfliog e as Erst espstt ah thel fressol ingerdionfthere datpadwded a process for the
?H«?{ﬁ%oﬁ)}“ﬁmﬁ ?&E‘ %&Mgf es%y anft llbﬁ?%k ﬁr&hgstt&%he? 1e % 43 mopoxide in
(s) plasebcajeﬁtaataékalnplgamdj obf qialyst aystdnerﬂmlcata lysh syspm obtainable by
@Qﬁﬁg%g R is a covalent bridging group; Rl together
Wi to which it is attached forman optionally
substituted 2-Q- tricyclo[3.3.1.1 {3, 7}]decyl group
9 deLEh b UAP(oRs EpoulfeuBiage By | ndependent |y

present univaflent radical’s upto 20 atonms or jointly
ﬂ@rn1abBEMa%éwmuhﬁdm@aﬂﬁUmuhﬁDto 20 atons; QL and Q@
each i ndependently represent phosphorous, arsenic or
antinony. Preferably, Q2 is phospha and preferably, Q
I3 phospha. Preferably, R2 represents CR4(R5)(R6),
congressyl or adamantyl, R3 represents CR7(R8)(R9),
congressyl or adamantyl, or R2 and R3 together with QL
to mhich they are attached forman optionally

uted 2-Q -titicyclo[3.3.1.1 {3, 7}]decyl group or

&érlv iQre—tReredd. Preferably, the bidentate |igand
I 5.a-bi dent at e phospig3ne, arsine or stibine |igand,
preferably, a phosphi ne |igand.

jom
bt

wherein:

R is a covalent bridging group;

R! together with Q* to which it is aftached form an optionally substituted 2-Q*
tricyclo[3.3.1.1{3,7}]decy! 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;

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

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



The adamantyl group may optionally conprise, besides
hydr ogen atons, one or nore substituents selected from

wo owenissikyl , -OR19 , -OC(O R20, halo, nitro, PCX/GBREV02/001911
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1, -C(OOR22, cyano, aryl, -NR3)R24, -C(ONR

25)R26, -C(S)(R27)R28, -CF3, -P(R56)R57, -PQ(R

8) (R59), - PMBH2, -PO(OR 60XOR6 1), or -SMBR62,

wherein R19 R20, R2 1, R22, R23, R24 R25, R26, R27,

RERferdb@NE rapriashts CR/ARPNRAY) dordtiiashyl AF @dAgantlef RNaprdiate CR(R:(R?),
and R56 to R62 ei':\ch |2nd$%gndently, rag/)\/lrtfgs nh 1[lweglxdrogen

| aRetessy] Ry fdamaptyl, op R”jaad X sogethanpith Qi Which dheYoprRgiechpd form an
U5 ieRallySubsiBidd 4-0t-asty¥o[3B. DG, 9 [deBPR kR uP YP&rivhtiR thsredrS

defi neg above, highly preferred substituents include
unsubstituted C1 to Cg al kyl, -OR19, -0OC(O R20,

PReRYbly, He(tidetRtediband IsUOkigontate M3 phime Nir RSB0 ebine ligand, preferably, a
-P(RE6)YR57, -C(O N(R 25)R26 and - PQ(RSS) (R59), - éFS,

vitheprbiing ligdad.r epr esent s hydrogen, unsubstituted Cl-C8°

al kyl or phenyl, R20, R22, R23, R24, R25, R26 each

i ndependently represent hydrogen or unsubstituted Cg

alhey pdanpay] {Z504Rs 124 ioP#HYe FUPRIBRt Ps5ides Sy drasss atoms, oné or more
Legjgéiﬁ&{ntslwtewd GonCwat ki, CKDR‘Qh@G_Xda)R”?ﬁth,aE’ﬂtrﬁ, -¢(P§?R21, -C(O)OR%,
adamant y r may. co | se, hesi. roge omns,

AR 217 DR L erNAE B3 FASURNEve Ty 2Er My PR IR, -
tpo3glz,8-tﬂ'b%¢)k@}(©ll?‘§, @38(39(6?, Wﬂﬁreﬁgﬂ‘?,eRm;gﬁ!* ﬁ‘zﬁb’,{ﬂﬁ(’ﬂ,ﬁk’f’, R R”, R™,
to ubstituents as defined ahove ui tably,. when the

ey 1 YR TGS Fssi%f?w%%%?'a & Ryt Eg é’ﬁ‘}/ha't“gh?ﬁ?fld%‘ﬂé represent
OfydfoRE; Ied alyt, ughbsHa@s defined herein, preferably

each substituent is identical. Preferred substituents

are unsubstituted CpCs al kyl and trifl uoronethyl,
PRUTbl@,UkRdnl e WoaHnsil igratipeisl seEptigted vl ons L indas simtifisghts as defined

A _hi ghl d tyl X j drog

o mii e SibsPLRIT e HsPhliyiRLEr e b R ocom,
Spheslj t ut ed. RE@HOREDI y, wherdluomy e t han eS@Hadamant yl-N(R®)R*,
g kS fs\d20 8 Copppungsof Formil a | o each

SRy ERER L R R RS o P R Ripresents ydrogen,
Qinputtstituteyl o, ls 201 br phenBl, B BECRE, BY R efchrindepetdently represent
WREREESL Sl bare Ry ARARE 0 K b Bepeplintiy RARLL A st
X esdlybdapiemtly| and/ or 2- sti ba- adamant yl and/ or

2- phospha- adamantyl, preferably, 2-phosphaadamantyl)

may optionally conprise, beside hydrogen atons, one or
nSitebly, thesadamaeit grourseiay edshpsise (bosides tyrdrpgen atoms, uple t0rsubsituents as

Suipld S e 1P SR GERRCRbE!piy w o
| sobssitueniskad definedt dbov-abwisablyn othon tthe wtareneil- gaup comprises, besides
hydrogen atoms, one or more substituents as defined herein, preferably each substituent is
identical. Preferred substituents are unsubstituted C,-Cs alkyl and trifluoromethyl, particularly
unsubstituted C;-Cg alky! 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

adamanty! group is identical.

The 2-Q*(or QY)-tricyclo[3.3.1.1.{3,7}1decyl 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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al kyl, especially nethyl, trifluoronmethyl, -OR19
wherein R19 is as defined herein particularly

wap®shstsie uted G -C8 al kyl or aryl, and PCT/GB2005/001911

4- dodecyl phenyl . When the 2-neta-adamantyl group
i ncl udes nore than one substi%uent, preferably each
substituent is identical Preferably, the

G AP R S PSSR B o
ddsniantyt) imey @pptionahlp raampnﬁ ebreaﬂé Vydibfa tone! aneadammnd Whbstituents.

g%i(t)a%% sc\)lﬁsstﬁul’leb%t I t e tgrosg Su s%ﬁx%r@h tg%egrga‘r@ﬁr?nﬁg gﬁsgectt ﬁ)& tlb adamantyl
gtoopn Hfghlyhpre&rmétsabsadmnhqlhdegromdp alksl, bﬂﬂiﬂ&l@rli anQdsiaed C;-Cg

NN T T 7

Bmshbitﬂtlttw @dCQ alkglahargf atdd- d])decglphﬁlyﬂﬂxgh&l th@&l-ﬁlétﬁﬁﬁaniantyl group
t udes re than
BB e s e B S BRARD PP tBL sHRUBAE S Bt cal

EspeC|aIIy preferred substltuents are unsubstituted

T el S, bR Py 4,2 5

Rositenawithl awelntiybntrae defaed mélﬁmumtbhﬁéfekbﬂy,etﬂe 2-meta—adamantyl group is

a adamant y 2- et a-, da stltuted\Mt
SrBa R AR ke 17 A SaSuRSsS il SEfR rbaseied s the @
aomoofhthe ahmedmwahﬁn‘@bgrouﬁ’ﬁsefxﬁfdab EQ/ carbdiﬁatoms in the adamantyl skeleton

T RN
&chref fheald anﬁlaﬁcyv psii&dnﬁt Wihen &dlﬁrlﬂ&h@dzﬁxﬁﬁtyﬂ lgfbﬁlﬁhncludes more than 1

Sélgﬁ)tgé er; f;}g Sﬁrc/ﬁ?gpﬁt}c&{; glgsaﬁﬂlgly Pl}e{grred substituents are

%ﬁmlmﬁCQWﬁIWI agd @rlﬂiﬂholrdiﬁ‘dth}ﬂi,q&rtﬂilﬁﬂ? fundBEtRuted &, 10; A& such as
éqroatons in the 6, 9 and 10 positions. Even nore
erably, t he 2-neta-adamantyl group includes an
addltlonal heteroatom i n each of the 6, 9 and 10
0 |0 Most referably whe he 2-net a- adamanty
%[Pﬁ? ?ﬁre fsrfe%?BrSém%ﬂ!ratrfrtF%% etapdpmayxk er%smrtaradamantyl

stuhﬂmﬁemﬁttﬁm&dﬂlffﬁ)ﬁﬁ WsuSKkRIMIT, a8 EMbafudnReoraABhibiraAd thereof,
heteroatons are identical. An especially preferred
2- net a- adamantyl group, which may optionally be

Btifasiblyl teeXimetatabariney] GFoupOhduded Radititnae H$t§roa§tt§1r'r]1§1 efthd? Qﬂjan the 2-Q
e

her ei ncl udes a en_atomin each of

215 b AR SHED. SRS AORHE prereBPBishde oxygen and

datphfie heblsy esﬂeﬁ@llﬂnﬂ%eﬁ acasentow fe%sz,HF)d Che OfnefaladiRirfey] group
a adananty skel et on. Hi gh

t
R MO
prﬂ’éﬂaﬁl@etha 2ﬂﬁ&§~§’dﬁﬂmhtyl Srolp grcluH&t Jnadﬁﬁ?tlhﬁ{eh 1Btedatom in each of the 6, 9
g Fgréo?%g%ta St @re@rabb/@%thplp g;%a%@ﬁtaﬁfhypantyl group includes two or more

addmonal heteroatoms in the 2-meta-adamantyl skeleton, each of the additional heteroatoms

are identical. An especially preferred 2-meta-adamantyl group, which may optionally be
substituted with one or more substituents as defined herein, includes an oxygen atom in each

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

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

skeleton.
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group,
2- phospha-1,3,5,7-tetra(trifluoronmethyl)-6,9, 10-tri oxa

wa@l2008n18s19 gr oup, and 2- phosphal , PCT/GB2005/001911

3,5-tri(trifluoronmethyl)-6,9,1 Otrioxadamantyl group.
Most preferably, the 2-phosphgadamantyl is sel ected
from

g?%@gsppel} réed’ %—’mse’taza({a%tarrltypgolﬂxi a? d%ﬁﬂe% h&%%xﬁgﬁﬁ’?@ }}ﬂospha-l 3,5,7-
pasethyle,3 ] Giridpdamantyy | sbpg), 1Bplosphaxiadladmimdtiytl-66f; Wdipioxadamantyl
PrO%%Te a‘l?os ha- M%r’}-tgo rt%ﬂucr)] aoﬁfa@lplg 6% ]l%eth?xaﬂgrﬁﬂﬁﬂt éﬂ)upg 2 E—phospha-

I na’ co
2; 3;ﬁeﬂn&nﬂdanmmﬂ1y]l) 6@;1(0ttpoxa§amzd1®dt geap.. Myse preferably, the 2-phospha-

RS PR 2 4RI R >

@h@bm$pt5a~tradaln5ﬂm9ﬂo-moquwmdﬁgmu@ obt ai nabl e from
Cytec Canada Inc of 901 Garner Road, Ni agara Falls,

Ontari o, Canada L2E 6T4. Likew se correspondi ng 2-
Prifaatdylavieen nydre thampautoistaatlathartyhgk@iplis pesntiny doepound of formula

bt ai ned fr.omthe Same: | lier or prepared by
ﬁé@b{]@u@ aﬁ%‘f‘?‘l $OUB l%f)gl Group VI1IB netals or a
conmpound t her eof mhich may be conbined with a conpound

ormula | include cobalt | ck [ 13 s
et RErieY B Brbyab by ebpar B AR tgse siited in he
ARt &litably cmtlainaﬁphmphmadammmﬁpompdmﬂh erca@bfainablgifteabCptec Canada Inc
c f |.B u [t .

S0 ORP Sy Koo et Plb Dt Rl P4 Y Rl g | SrnBbonding 2-
e diamaﬁtgﬂcmpoﬂm deformmdd T eemaynbd pbtained ifrdm the same supplier or
SU|%’§L 1@ al kanoic (up to G 2) acids such

& Y&mi%?ad%% V>%roplonlc aci d; sul phonic acids
such as nethane sul phoni ¢ acid, chlorosulphonic acid,
%Eéﬁa?}é% X Sg%’%}s d(grr %%éﬁ?{,@ ereo ul(l_)ﬁrltlao nﬂ)e ccﬁ%ﬂed with a
tcomp@me o$lfd>rpﬁmn]i cladd chbake. rickel phlwdumn ehcslulnp Ianxhphtuam Preferably,
t-bytyl honj €. aci and 2-hydr r N
o, S0 5 S A NBL SR PLLRIBIS o s
Dickp aVIEBuhile iictudachld; of; subia eglmaite dbr ccambmmylk icemprising weakly
aci ds such as. tri Ioro cetic i d an oroace
S aes SoR b RPS: SRR RSk AR Bhet AR B ccies
kedhz e edetio sipldoaidCpragible agidd swlphoaiie sbédsi svehl ab rmdthane sulphonlc acid,
é}t & a]g]gch)l?cg Zaglbcf\;ﬁe O gmrm? o%,ﬁc}jdﬁ gg)gg hgg nsg E)gxgmc a01d benzene
g{ﬂlﬁhdtﬂcﬁaduh Qla@]ﬂhalélﬁadulp]doﬁiél héeig et edsulphbiiia pbﬁnyg pahahe sulphonic

erivative

,&8181 ff‘?“&ﬂg}l p{}onu‘z %q.\% (i% élﬁgrrog%%p%gx? ﬂﬁ?%aﬁ%?@;‘% phonated ion exchange

Redidsi Gefhalié YacidhOwl W pbrchiadid laeid| i; gl@dl@natﬁl @arboxylic acids such as

%@&q%&%@g&%g&?&qg%&l 1&%‘}& > ugl?osghorlc acid; phosphonic acids such as
hehAAdpReIpEYLiE dRIIC atetelde)ddipal Iragh theratliyns 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



be used. The anion may be derived fromor introduced
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preferably, less than 3, a salt with acation that does
not interfere with the reaction, e.g. netal salts or
| ts,S

| ar.gel
e b oe9 3Rl e oo oF elRone e R gt such as
raﬂ@dtdmﬁorﬂmﬂ,dmd oseciBogSNET ad @n febter, alivit @An ibfeaki down under reaction

abl e acids apd salts S S,
HoROROS tETRIS BT IR oo SBR S Band 5h 1 iaguds e goids and sals
TéiRerQhtaRinbibytitafed ambenylfeseBgdtsupa not critical to the
catal yti c behavi our of the catal yst system The nol ar

ratio of anion to palladiummy be from1:1 to 500:1,

cgraad&y wfaﬁlamp?es&n tiOnok Qeltidal @Nghe raata)yh@ HtavioNr $ﬁtﬁé7ba33|}st system.
Where the anjon is pFOVI an acid

saetme'PreraF%P%%qlwops’ﬁBﬁﬂm 3y, be fromylal t&ﬁ‘% 1 prgfesably f’?‘§ 2:1 to 100:1

5§ﬁkﬁlhﬁﬁfrom HOMEB 3011, WHRRStRe oA p@mdb@b)p&pvalcﬂeﬂadtmt the relative
aci partlally provi ded bg acid the ratio of acid

tREORPIERAPTAG qoi! #ridysalt 1 ot pritiqab  Hgyysyer: theregn apion isjproygled by acid or
ﬂdﬁ)aﬂwdvﬁ%&})y aid tmrr@ﬁcedsrabidyto gﬂoﬁ? sviii®medl is b&a&&mﬁ -aflleast 1:1 mol
ang refi g L&atlgls

|®5¥@° 5 %m‘dprﬁfﬁ 7 tan af Jeast; 335 ok (H Dampl (€3, porepsefpradly, the

aes Efaﬁte\bst,z laixﬁlmd‘eﬁb@, fbss thin @ 1¢aSt PT;SARE profrabBY a}dtnd $2:1 ratio is
a}n ﬁt% 5Erg?,m)unt tINE)actlve acl dic sites sg t hat nol e

GFelfiBsh BT IS AR Qb AN 26 &Sy ARIPI SEFS 39 AiafyadPels Of onobasic acid

Wugi Bived] ha% 6f thﬂ;t‘éﬂilia ﬁlglbawﬁd\gasimdcﬁﬁ \@(fuld‘ﬂ'ia\&rEjmoles of H and

asic, a shou e | rprete ccordin

oty ot e BEe S DAl ity oy Sanipt moles of

Qﬁdtallqﬁvmg Q@k@lﬁm&ﬂaﬁal{)@tsoﬁm fMH\éIT @ns thehatid lai the Ix:ﬂ?&al tchvedn should be
fal ,cati u e, ad ted a | . For .

aohiaes ccorfieh Bsh amPlend M cHtn SERH 6%, 8% Haing 0g motes of ¢

r]se}ﬁsle@)ffl\m+ per nole of M+. Preferably, the ratio of

bi dentate ligand to acid is at least 1:2 nol/nmo"H")

and preferably, the ratio of bidentate ligand to group
\Plrdﬂ:raBynﬁb adtloi of batentlaed'@ncﬂ.tohchinb Atnteds( (3221-k)l/mol(H+ ) and preferably, the

Pref er KNSl i
SRl 14 P08, SR 03Bl TP gL Ty,
fgax)d igvirt dfxcesis of amtaUmOEmlé@ *$)ahd prafeckblysin amwufagat(ma“ 18@smol/mol(H")
{’?1 ti‘xé #4348 q%)(ﬁéﬁ %égndq?de@gtta%p%ﬁs 8 tpe ?geaag gseli)ttﬁl% ct gs af’bas Cgoqauffer the

I on and prevent® degra
\amdylbv$irethe errtioh @ndtmwenﬂwmmdam qurvseydms@r o®nahﬂ dther hand the

?&{sémc@%}?gmé gl:%vgtg@{ﬁise%@ndﬁ' x%lan&inﬁp?ﬁé 9%@%v§r§1?{a?"o‘?rr?ae ion,

react ned catal yst system of
the present invention may be used honobgeneously or

'h%t rgéxﬂgﬁ&f" %SJ:a\{ale? rsfsrte% %P 'tl*)é’ prés@ﬁ rﬁ@e'i\%ty I?htdy ¥ %tsm(;n’?ogeneously or

use OﬁD eneous
heterogeneously. Preferably, the catalyst system is used homogeneously.

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 formula (II)

RECTIFIED SHEET (RULE 91) ISA/EP
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Advant ageously, use of the catal yst system of the
present invention in the al koxycarbonyl ati on of vinyl

w@siensssgd ves predom nantly |inear product. ThPGT/G82005/001911

surprising because hydrofornyl ation of vinyl acetate
using a 2 -PAligand with a propane bri dge gave

predom nantly branched product in WD 98/42717.
Accordingly, in a second aspect of the present
invention there is provided a process for the

OHR UEGHTC(0) OR-hydr oxy pagpanoate ester or acid of
formula (I1)CH2 (OH)CH2 C(O OR 28 (I1) conprising the
steps of : al koxycarbonylating vinyl ester with carbon
oRn@ksigahd fegshe: presence of an al kanol and a catal yst

e, catal yst system obt ai nahl conbi nin
RS e ing v Sl VAN Yo gRor e o e g algp) and o
Cilya sisie Micadailylst ot 0bfairgBe 6y admtflﬁxhgul a (1) in
accordance with the first aspect as defined herein
wherein R28 is selected fromH, or a Cl-C30 al kyl or

ar yb) aeiedl ¥f Ghiup NVIRE 0P € cittfdahd ekl af unsubstit ut ed

R R TR (SR
1- aceh@¥iy CH2- CH2C(O) OR28 t o produce the 3-hydroxy
propanoate ester or acid of formula (I1). The linear

(n) and branched (iso) products of the

eI IsheRYkd FoMNH Y% Q1EC;S BRAT @B nidt) YhidRef8 R s@bstituted or
after, the tre@ggynt ste Preferably, the said

phsybritied apd sty Pranghedpr pestic Ty B opt Difeabperd gtep en gy said linear
i) ptddbétatdcomxy SEC.OHICI@IORD tPprbdtict CheBSBRAEIxy Q)?oﬂaﬁ&te ester or acid of

resent invention there is provided the use of
Wﬁ@§g} system as defined in any of the 1st or 2nd
aspects of the present invention for the production,

aply jndustrial product, of a 3-hydroxy )
ﬁ‘%{b‘ﬁﬁb@? andgbrprehed,fise) prodpginolthy ylkopgarBenivintipp s bt peparated either
B&IBR ok Bftdd hel thAtnSdnCRSp. AreBlabig XU @ﬁd)@aaﬁ&st dr®fepRfated A6 reaction
est er follomed by treat nment of the Iinear (n) product

BodudsebyA4istidRY%ar bonyl ati on. Despite the foregoing, the

i nventi on does not exclude the possibility of

utilising the branched product of the reaction.

Frordingiosa third aspegt pigthe @reaenf BIYeRtion dasse ist provided e ypeefathe catalyst

by RfinddB a8y bBthR 106l o€ thsFecRl R ERSSedeBI invention for the production,
preferably industrial product, of a 3-hydroxy propanoate ester of formula (II)
the said production comprising the steps of alkoxycarbonylation 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 III
ORZB

CH,CH(OH)—C=0 w
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the production of a lactate ester or acid of fornula
11 OR28 CH3CH(OH) - C=Cconprising the steps of

w@bkdosnyssar bonyl ati ng vinyl ester with carbon neCD&B®5/001911

in the presence of an al kanol and a catal yst system
the catal yst system obtainabl g by combining: (a) a

nmet al of C}oup VIII Bor a conpound thereof and (b) a
b!)l%errllsti ag} e ste tk'og ; efb%él)& Zl%l an g:s‘g Cv:vr{q cf"ﬁ 8 ?1}%‘110)f1de in the presence

aﬁmealkanalsandeef ¢ani-1!5($t hetem, thetcaialpﬂ(syhlmleolaamz{tﬁdb;cdombmmg
conprising a branched (iso) product 2-acetoxy (CH 3).
CHC(OOR 28 wherein R28 is selected fromH, or a
Cl-@B@n&hﬂnymmpawymBnmhebmpmhﬂﬁhmnﬁyn&e substitut ed

or ted,and. e ched or |inear .

ohelf ERRDble e AgtpRbY BbR? BRAT o femcts] Byl in pgpordance
produ@ﬁ&ﬁhﬁ&@@ﬁp@ﬁ@ﬂhﬂmﬂ@whantate or acid of fornmula

[11. By treating or treatnment herein is neant carrying

out routine chenical treatnent such as hydrolysis or
to pmlmt@pﬂoﬂtm abinprsifige acbtaindmd (0) ploduc Qedconsyy p@ngCH C(O)OR,*

%181{6121)( sgf%t%? y bo l at I 11&/' bloa%}tngo&?cr& ngf %égetyeli;e substituted or

'ﬁhtelbitlttrtah ancK mbheabﬂnd‘:lred (] Illﬂrdlr @nd o@hemrcakbbu ataingfthd fd branched (iso)

carb ted re or after

PR AL P he g boni B O ardSpBIC T < of che

reactlon are separated by distillation. The branched

near pr.od cts of.t en ave W de |ff rin

B el B Rt e e e B Yo, espPl spipent such as

sedralysit oo frartsextdiification xfeﬁntlohshﬁl thé @ckiedysproduct bethe @dokyd@rbonylation
nched. product from

Pr.ef er ahl the rati o of b
SHEVE G5y diH PPt o sradiate PaRGy asieBF Si¥ian 1 o1
nore preferably, greater than 2:1, nost preferably
ter than 2.5: Acc rd|n to a fj fth aspect of
THEBAG o Abimrscdid irsdpiapes it Fufay it waEbotebuRsd offer before
oAtafibry Be ?éﬁﬁf}]@m sp. dePhdftrebly, ﬂleaﬁty(%l@fs bﬂ %el&fafjtﬁfn @@ Cseparated by
cts t he ese i nvention for fhe oduct j
ARG B o Orm AL par BrSHR PR b o ol AR QoIS hyints which
afakaclisgiligdonfa kffedtiae §dphialion feehnSk dor MeqotRitts @ﬂ the reaction.
conprising the steps of al koxycarbonyl ation of a vinyl
ester followed by treatnent of the branched (iso)

Pre@latty, thé rﬁtgbeofigkmwﬁraﬁdhém}ﬁoaﬁdtgfbnli @heP hIRERKIG R Db ation process is
ester _or | v.a ously, .the | actat or
gt eﬁ%ﬁht&&/ggr%ﬁﬁ :REFé‘tfan%% Bfes thap 2 et P’B‘%ef ﬁiﬁégfﬁ?‘@‘s%ﬂt 2.5:1.

i nvention may be hydrogenated to produce the 1,2 and

3 diols e ectj vel
}\ccorgng toa ﬁ Fe)lspect of the present invention there is provided the use of the catalyst

system as defined in any of the 1* or 2nd aspects of the present invention for the production,
preferably, industrial production, of a lactate ester or acid of formula (III)
the said production comprising the steps of alkoxycarbonylation of a viny! 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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Preferably, the treatnment is hydrolysis or
transesterification and is carried out by any suitable

wo ewhnisfue known to those skilled in the art. BU6B2005/001911

techni ques are detailed in for exanple - "Kirkothmer

Encycl opaedi a of Chenrcal Tecﬂpology , volume 9, 4th
edition page 783 -"Hydrol ysis of Crganrc Esters Such
nethods i ncl ude base hydrol ysis, acid hydroly

EHpdralypiy aF Qrepuie Estarg Saehyaatiodnipgluds base EydrPiV@%éFlé MFOWSIS steam
hﬂﬂ fgy@l rH Yétlzpmic Shy8Sigsid) Vi fela¥§i She ARIr6ly8S 6f &asd lhydrorysm more

drolysis is carried out in excess base and th

ATy, dop Y SS carrieth autdp iedeest baeiand they acidifeh i pr ce the acid

gfodh&eHiﬁangeewoil o thY rgdrmysmrwd@emﬁﬁbé bﬁﬂe@wt b?)én?@ﬁdtable process
Suitab process known to thaose skill in the art

hnerrewa@pv skiled b rthp pas ETHyab g eRali rzmseorydrw@nwa ke hydroxy

aikmﬁeaésr%r e%taﬁred loﬁt CAa EifaBl t&HﬁlgueAhaE %ké@&kﬁgﬁﬁé&hﬁ oo @1/70659 by
has been exena in WO 01/ 70659 tree et

al
Strbra Fleale x P blﬁeeﬁpearmeaeé Sl ap GO 0 gkamplese k8RS th published
I5plicRfont 4?;@ lmrsehee e uRRP 11 3CabpRBdiaINEoh BLH ik thfophfific acid esters.

route to 3 propanedi o] fraom 3-hydroxy propanoic acid

Beeffesaldy, ﬂmlerd@rgatrﬂﬂyn istcAieR, 9&%@éh%?geaﬁlqnszoeerw@a%wtemgenous

rlyhrégéﬂxt%oemr | QRitARNSnERBALAN HEhlRNEE BEQER MO WO 01/70659, the
drogenation catal yst. Suitable conditions and

é@tt%rrtwf swhisle agetincginorated Yo 1Py gelstsncy frsofepriseihey teipte to the

ﬁgarsgbnetr(ﬁa dACIIRAY q)rcﬁﬂn&@ h&d Bsthy. H@tvsre% NGE the Paffodds Ahe present
t relate to the rogenatron of 3-hydroxy

PRI, S@clabrdmogégrt@ngeacmr s0 rie@fﬂe@ ﬁeplrsalrlﬁ &s@sﬁrq_ﬂenaﬂon of the

ﬁdaeteoerse§ %ro@ﬁ@ll'zcﬁt)ﬁaﬁg dﬁ,y %f&xﬂp qg@ﬁsrsb%ﬂc@@&lt lg @ffed out with
ar e | so deened [Tcable to é@ro enatron of the

rlmecllamel @sqemondlag mther @b gropp pf e afka! eies| produeicfeayired| fgr example
HF%aﬁJlafaﬁ CSdveFtnk | e@bkyP Ml Seskd frt ‘ﬁycﬁ‘b‘ﬁy YMth 1 Erﬂ&s and f:thanol for

anol corresponding to the al kyl” grou t he al ky
eerverting pederytallyd efiers Bde Mslroxg etirbpstersrete. @mage@rlsly, this cleaves the

COINET ok g BEETRLY M Kiftter €€ h§drbf QB dER¥6aEL NPleferably, the

esters "and et hanol for convertr&g acet'oxy al kyl esters
transesteryipationy takeshplacee iy the spreserce @éh‘(‘@@e%@l}’%}? sugh jpg for example

&leﬁﬁﬂ@ﬁﬂﬂlﬁgﬁic 9&8()95—)’01&59 Hﬂpﬂ?ﬁﬂc adpes not alter the

droxy ‘a al kanoate .~ Preferably, the
transesterrfrcatron takes place in the presence of a
Bt 8460 eAS b | Re@BbR2DRwer alkyl
%'%Qér S% r ﬁ(g}}euene&lisnu ni]{ge aci g ngr %‘Fyo%“S

R may represent an alkylene brrdgrng group,

I f R.
R n@f 3%%33@0%&%% 3{'&1%1%%@ %nguRp hﬂy b Se b £l sOIA-(K DA, 2)-B
wheight: D) Ar (E3Z) - Baherein: Ar is a br i dgr ng group

t1on aJ

%2 E?a[]ﬁrﬁ%&% gtﬂ\g cOmprisit ng)ﬁb'&%?lg %&eﬂr%%féd Y mo hmoggg) tg';vh‘nééhoche Q' and Q?
atoowsprefarablyl phokphdrus ptomsadre Hided on dyaalebelﬁ @drwnb@rboatat@m
A and B each independently represent |ower alkylene;

A and B each independently represent 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(O)SRY, or -J-Q*(X*)X° where J represents lower
alkylene; or two adjacent groups selected from K, Z, D and E together with the carbon atoms
of the aryl ring to which they are attached form a further phenyl ring, which is optionally

substituted by one or more substituents selected from hydrogen, lower alkyl, halo, cyano, nitro,
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K, Db E and Z are substituents of the aryl noiety (Ar)
and each i ndependently represent hydrogen, |ower

wa@bkdoph1858r yl , Het, hal o, cyano, nitro, OR19, QE(TD:B2®5/001911

CCOR2 1, C(OOR22, NR23R24, C(O NR25R26, C(S)R25R26,
SR27, C(O) SR27, or -J-Q@B(X5)Xp; where J represents
| oner al kyl ene; or two adjacent groups selected from

o SRR PR A 2 o

phHeiheh féﬂ' e cydmbahadl@ypgbiém Yaihy bs g&;ﬁésbﬁtbld liayi “DMLD,lrlf(Lz)l;),rand Z is
nore s stituents cte om rogen, ower al Kyl ,
ﬁ%?‘e@ ﬁ&““"?ﬁ ?‘??"‘(S‘%éﬁg “&%65“#?%‘”‘(%6}%21, (O OR22,

NR23R24 C(O) NR25R26, C( S) R25R26 SR27 or C(O)SR27 or,

en Ar 's G nt adi en r 16,1 17\ /1 18
Ko oot Cp NS RS oD eleBined, TR rieoents (PRGOS,
ﬂ&ﬁgliéssﬁicﬁaﬂﬂnh@l dort X’ ztnh@(GOtdetm @\ﬁﬂhe@l e rWHickgmhey pre aXached form an

repre 4 ongr es or adanan | .. X6
el rba it ke 1 ER S SRRAIYE o
X5 and X6 together with @B to which they are attached
forman qgptionally substituted

frqi‘galfainénglrogplg 1.1{3, 7}] decyl group or derivative
thereof; Preferably @3 is a phospha. Preferably in a

%9?”&3 g(g) %%&%tﬁg&ﬁ%eg% h,aé e@;{gr S t(it(ﬁéh( Bld E represents

LﬂQ{%@éﬂW@&mnB@wﬁ&%ﬁ5¥K§Q(Xﬁﬁé 2- et a- adanantyl group
@-tricyclo[3.3.1.1.{3,7}] decyl group
forned by the conbination of Rl together with @ to
\{M?l}b ©bndtd- ada‘éllaﬁfyl Q@hﬁ?}ay Be 2'2@?-&&}"(:11(5{3’5 ha. {[337}]-’&143031 gﬂoup formed by the
ec rou Qr
ke i e O EHoR ey oD Sanedieyely Lo3 11671
%egﬁ gror?%rﬂoﬁﬂ&i By ih3- dmbinktidn3of/ R aftERY ho@fh@ﬂ ﬁ/ltﬁ@ nedyHadh they are
i nat.i on, of X5 and X6 topeth to .whj ch

taﬁ@gﬂe% APk AR Bshbtt: Ve AseyT S rlﬂ%y g pombipptiep of X and
& thddtte G‘vltﬂ'@%bvhicﬁ) thefbretdigcnad ?d@'ﬁd%hydly,gﬂﬁkﬂﬂl Qf (ﬂhh@ hQ® is in the

it fornms_an Int e%fal part .and each of

Papridier At the pinaptb piqup ofhiehit formp an @Feg% P?rfwach th ot @7 and @
Péﬁés@ﬁt@%h&ﬁsph@us Red® dnlBr LBRL&SENtPrEABIPH Q' OWS. and Q’ represent

Preferred enbodi ments of the pr esent |nvent|on i ncl ude
PhespBorgker ei n: R2 represents CR4(R5) (R6), R3
represents CR7(R8)(R9), and Rl together with 2 to
which it is attached forma 2-phospha- adanantyl group;
ReefereqdreabadimeniorRd thrpyes s jnvertign F@bﬁdég’éﬁﬁ‘g Aemantyl, RL
together Wth @ to which it is attached forma

hospha- ad
R2 prepresents CR“?R R tﬁf’ R} represgnts 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-adamantyl group;

R? represents CRYR’)(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;
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R2 represents CR4(R5)(R6), R3 represents congressyl,
R1 together with @ to which it is attached form a

wQ2phosgsha- adamant yl group; R2 and R3 i ndependeeit/GB2005/001911

represent adamantyl, and Rl together with Q2 to which

it is attached forma 2-phospp2’:\- adamantyl group; R2 and

R3 i ndependently represent congressyl, and Rl together

Lt h .to ich it is attached form ) .

3 SRR aE R tSprest 60T SR ot Rehex v ith Qb Wijeh it s attached
\#drinch 2-ghobphaatiématd@rdupy m a 2- phospha- adamant yl group,

and R2 and R3 together with QL to which they are

attached form a 2-phospha-adanmantyl group; Highly

;R:: efgemhecsitle obadwiientt $s eﬁﬂﬁcﬂel‘l @orp{] £§?ﬁﬁsphﬁhé/cﬁﬁﬁﬁht9ngrbﬁ}5} lattiR? and R
ose erein:. .R1L together wt to ich 1t is
B R S oy e A P BrGmBHEP: anc
R3 together with QL to which they are attached forma
- phospha- ad ntyl qgroup; Preferahly in a conmpound of
%’6@%“5};{1’?3 %@%@fvn&e‘%ﬁ eég?se‘%ténvl%‘ﬁlonp? yosrthese yhetel: t he
®O m:geuub hadwied Qf mrw%iu% lis, attgal;a Iﬁ?ﬁ}%&bﬁﬁﬁ@ﬁlﬁ?mﬁ@?@h&ﬁ ahd R? and R®
substituyents, .an an en present) represent
fageher 3stab@?ﬁ*&%‘éfﬁ&%ﬂaﬂﬁséorglrae%@foamagedam@wom and
X5 and X6 (when present) conbine to be identical with
.. Particul arl referred,conbinati ons in the present
?‘El?#é?@f’é‘r?‘ioﬁ‘@?‘ﬂﬂv@é&f‘ﬁ@é‘ Lo ?f‘.“—"’*%(t‘i}{-Rl together with
Q@ to which it is attached represents
- et a- adamant yl ; and R3 tpgether with QL to which
?ﬁ@a@k & ﬁ’ﬁtca@ﬁ%‘aldr%i&f@g‘érh 31&2@“[5‘% JPEssBiifeticg) subshitugpfg and X’
BudeX B(wihBe pRadi®) rafeseheiféfica Riibstifabhts, morKpreRrah FE 284 8% and X° and
g@ sanme and r%presen_t hydro_l%erl or unsubstituted G -Ce
gwe?pﬁ’é‘?‘it ©CmdHe dridentisylerth By and @ both represent
phosphorus. (2) Rl together with @ to which it is
gt t,aﬁh d re{r)r esents 2-neta-adamanty]; R2 and R3
et Prefered ombingtionsi the prrespt wyaitiop inglyde those pheasgiant s
2-met a- adamantyl ; K represents -CH 2-(3( X5) X6 wherein
>§S and. X6 tgeget_her2 W th ?3 to which they are attached
tapr esBriogether wiihA2 4o whigh ity attaghed meprosenis &mefpcadamarsyland
repr esghiand @ Rpsthdlwitl{)' 39 0wkiBh 9RGN are CMaERA Mepresents 2-phospha-
phosphodr us;
adamantyl;
A and B are the same and represent —CHj-;
K, D and E are the same and represent hydrogen or unsubstituted C;-Cs alkyl,
particularly hydrogen;
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;
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;-Cg alkyl,
particularly hydrogen.
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D and E are the sane and represent hydrogen or
unsubstituted Q C 6 al kyl, particularly hydrogen. (3)

wRloosogsther with Q2 to which it is attached reQresenss01911

2-met a-adamantyl; R2 and R3 together with QL to which
they are attached represents 2z neta-adamantyl; K
represents -CH 2-Q (X5) Xd wherein X5 and X6 toget her
with @B to which they are attached represents

2-nmet a-adamantyl; A and B are the sane and represent

{DH 2- R' @Eethewitn@ 1QBvhichdhis riphaieptsepls Aapdtobdisnantyd)

Rl togegth i 1 Loawhich bt 1s attached r esent s _
2- et o mAnRrPR R DN M by bR e P WP e G e
t hey aKereptesenthetHr@ X ¥XEwhseil Xtehd XA daemet with QAtawhicBthey are
are the_.s and resent -CH 2-; QL and @ both

repr esgtrt]at(:ﬁ% rggrﬁ%eggsﬁrg?gka?e P¥&ent s hydr ogen or

unsubs A dnd Beate (Be s@nadddybprespatr—CGIGYyl arl y hydr ogen; D and

E t ogetyier, w t he carbon atons of the

cycl gpgr:‘tecgaﬁn‘égjfac?liﬁr’%estﬂgp\r;\lﬁﬁpfé?{u?'hey are attached form
an unsubstituted phenyl ring; Mrepresents Fe; n =1
and Li represents cycl opentadi enyl, particularly
unsubstituted cycl opentadienyl, and m= 0. (5) Rl
(Hyget ! togethér vikh Qoo whichlit ik bitacBedatprasehie d-nicdpadaaant 5

2- met apadamant vl.; 7 toget her wth g whic .
t hey a%{eané{l? g‘%%eg{fr %B@ggoeﬁgh Tg%fﬁé'? ﬁt-taﬁ%?i‘t%ﬂsgﬂn%{ﬁﬁg@amyl’
are tha mdBarathd sirepandsepiésentClIR~:; K, D and E are the
sane apd _r esent hydrogen or unsubstituted C -C
al kyl , 6p%‘}"[e39{:?ﬂﬁhrrel°§?s%‘€€h°g§‘8fﬂ5’ QL and Q@ both represent
phos ph#Erregesehts hedro gmen ussubgituted c-Jg aiiblryd, paiticiiBfly BERodes;
cycl opant adi en rticularly un stituted ) i
cycl op rﬂ”ﬁ% té’ﬁ%ﬂlgfr ‘%ﬁ’dthf‘nca—ri’ﬂ at%’%ﬁ Oéﬁe eysineptadiogyl eige ¢ which they
t 0 whi e aitichédsfoah A alabstiteal e tigg,2- met a- adamant yl ;

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;
A and B are the same and represent —CH,-;
K, D and E are the same and represent hydrogen or unsubstituted C;-Cg 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,-;



R2 and R3 together with QL to which they are attached
represents 2-neta-adamantyl; K represents -CH

WQ2@BM¥B)K6 wherein X5 and X6 together w th QBPCDGBRI0S01911
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they are attached represents 2-neta-adanantyl; A and B
are the sane and represent - 2-;Ql, @ and B each

represent -pho orus: D are the sanme and
represe PQE%{?‘@E%FP rgpreﬁﬁgﬁlgossﬁqrfﬁ ed O C6 al kyl,
par t i cub adndyE hytelrtbg esame Mndegprsantiydiogen Br undubdfidtel, C,-Cs alkyl,

represents clopent adi enyl , particularly
unsubstﬂaftifi“églyb¥/c§?%?ﬁent adienyl, and m= 0. (7) Rl

t oget hewt rwgrédant€Ret 0 Wwhich it is attached represents

2- met a- adamapt yl ; and R3 together with QL to which .
they are atthcHBY ﬁpﬁ&%’é}ﬁ“? Zg'ﬁgpﬂﬁ%f’b%\’%ﬂnt%?f“f’“'ﬁly unsubstituted
r epr es aftispentadiedy (B =X0 wherein X5 and X6 toget her
with @B to which they are attached represents
2-nmet a-adamantyl; A and B are the sane and represent
-E@ﬁ 2- ;I};Q)ge%r ﬁrﬁﬁir?@& x@lﬁg}hit isepthEe Fprrd@&%pH@faLbﬂhmﬂtﬂDd

t oget her t e . on atons of the
cycl opéhtaaaﬁ'%mt%?ﬁ %&a‘ﬁ ot°mc@ﬁh%w“&%d&P{%%&fﬁ%%rﬂ\f@rwmanwk
an unsub sdprdsertedCRPONXP)XE iwhgieidKT Ao itter Rt QF 3 whitth they are
Li repres%?és cycl opent adi en Ill particul arly
unsubstFRUFLEFPEYR DPRAEPPBHTI: and m= 0. R4 to RO
and R13 bl BRa tiessafhe andepenaentiy; represent | ower

alkyl, aryl, o t; R19 to 7 each independently
represé téhWr(ggegﬁ‘,fePrSWFPw%f‘fS’ aryl or Het; M

- represants B tdgethepwith Bheosarbdh latdthsnfttiad cyolopemididnyCadg ®Nwhich they

thereof; Lj represents .a.cyclopent.adi enyl, indenyl or
aryl graB%"’lr?}a%lhegﬁorg'fanvﬂ?f%bﬁt’ta}rég@g%yg?’ég’opt i onal |y
subst i tMteptesbiyts Be)e or nore substituents selected from

hyd , | l kyl, itro, OR1 .
o)(/:( ro;)%%g, = C? l\g)e rﬁﬁ@ 1@& 651%%3& N%%%ﬁ%faﬁ%{‘g Nﬁi@ﬁ%@{ly unsubstituted
C( S) R25RA6penBRRAY], ©A@) SR27 or ferrocenyl;

R*to R® and R™ to R'® each independently represent lower alkyl, aryl, or Het;

R" to R” 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,
OR'®, OC(O)R¥, C(O)R*, C(O)OR™, NR¥R*, C(O)NR¥R*, C(S)R*R?, SR”, C(0)SR? or

ferrocenyl;

L, represents one or more ligands each of which are independently selected from hydrogen,

lower alkyl, alkylaryl, halo, CO, PR¥R™R* or NR*R''R*;
R to R* each independently represent hydrogen, lower alkyl, ary! or Het;

n=0orl;

RECTIFIED SHEET (RULE 91) ISA/EP



L represents one or nore |igands each of which are
i ndependently sel ected from hydrogen, |ower al kyl,

wabdogheasyd , hal o, COPRA3R4 R4A5 Or NRAGRA7RA8; RABGBRO05/001911
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R48 each independently represent hydrogen, |ower

al kyl, aryl or Het; n = Cor 1;;1and m= 0 to 5; provided
that when n = 1 then mequals 0, and when n equals O
then m does not equal 0; @B (when present) represents
phosphorous, arsenic or antinony. Preferably, the
Gndup=Vit¢ §; B netal is palladium Preferably, when K

D, E or Z represent

-J-CB(CRlS(R14)(R15))CR16(R1 (R18) , the respective
Kgrotdedehaggrwhzgn ns Ighert hequals)d, aehivksam equplae then m dpss aetyppual 0
carbon to which A or Bis connected or, if not so
adiacent is adjacent a remaining K, D E or Z group
Wi Gthen peednf) reppasergepiosphon@g (arsenic or antimony.
CR13(R14) (R15) ) CR16(R17) (R18). For ease of reference,
any one or nore of the five aspects of the invention
neryfetrbly; tediroupd MIH Baetel inpalkdivile process of the

i nvention. Suitably, the process of the invention may

be used to catalyse the carbonyl atiqn . ﬂi gster )
i Prefetublyp mébsie Ke 8, Efor@areb@wnﬁd%@]@iemaﬁ@{ a‘t)q]%/ AROYR®) , the respective

n,\/e,ﬁl% A Hsadn”thé‘ grtyf:?a Aul cént Bhre aéﬁ @argorpfo%ﬁchq& of BQS connected or, if

Ion may se the conversion of a vi ny est er
mttsheadwcmespubmmtga sowtiony Ko 49,000 14 grasptwrich itself represents -J-

Rah DI A AR BE0GE " nder typi cal car bonylation

reaotion conditions such t hat they require little or

nlgorre% < of re erenc ngm\y &%%ﬁ %he tlé/ ﬁ¥ ch.)sr &‘tﬁes%v&fnoﬁ Hﬁy be referred to

i'nven The car onyl at

rmnmnanmcpﬁmasvfmthesber Convenlently, t he process

of the invention may pronote high conversion rates of

the vinyl ester, thereby yielding the desired product

i auitabtyhthy picebs wf thh idverdtion enay rbe nepditorpaialyseitlgescarbonylation of a vinyl ester
uent | comrer

LY, % )?(ﬁ jt f o d ie. th
B BRIt (5B CRBNRLE i LhAR Mgl coftaing comoound i e
Vproydss eﬁthermvemayn by |cata}y$fzaﬁled:0bvyarmpbb§/ ivimyl edter tprthec exresponding
r " .
hly st
kR TSRS SR, ARSI s of A g BSR  iysoie
t mﬁmnndmmﬂm@pipal ccanbbmdgztoh |reacamo¢mﬂ1tlonsmuclp§eudloy require little or no
B e D RR P A B BRE Y ne IREGRECRAY R g piah rce o e
Wedrbonyiatior éehictiono6f & ovidg] eEIpr E Convedijenthy)ethemprocess 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 X, 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)Rm,
C(O)OR?, NR¥R*, C(O)NRZSRZG, SRY, C(0)SR¥ or C(S)NR*R” wherein R"” to R¥ each



nore substituents selected fromaryl, |ower alKkyl
(which al kyl group may itself be optionally

waamstigsut ed or term nated as defined bel ow), PEL/GB2005/001911
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hal o, cyano, nitro, OR19, OC(O R20, C(OR2 1,
C(O OR22, NR23R24, (O NR25R2644 SR27, C(O SR27 or
C(S) NR25R26 wher ei n R19 to R27 eachi ndependent |y

SR PRl o T, B LoD B it v

t @ptionakhy ﬁﬂst&ﬁtedi&:fﬂeﬁﬁ&td&ﬂdsmﬁned%]bwabl y, when Ar or

aryl is cyclopentadi enyl and when D and E toget her

with the carbon atons of the cyclopentadienyl ring to

V\IlShﬂ:etbl}L [vetign atreoradrilais hedodeatadiesyl phé mhkn D agl E tibpgetheetvith the carbon
or cation .the i s attached to an.indenyl .ring.

o 0 o e plafhyathe 35 B i £ o PR i gy metal M

Olor Ratidht thgteof ﬁmaﬁacpedeioe mkih@enylphmmyyst@n dni @ peeﬂ:ximlr embodiment Ar

case they, ma i.onal S. se

C RSPy POTSY 98GR i mors, Prof i eyl P Stiet ghsg By may be
GoptitaNERbstitutyd hd $Bt o irathe prievioss eagppund of formul a |

we include netals such as C, Mo, W Fe, Co, N, Ru,

Rh, Gs, Ir, Pt and Pd. Preferably, the netals are

s@yatid edmf M FRfoEsentba, Gidhp W’GEB o0/ ITIBI metiR 1ﬁirad:oﬁ?lpouﬂ§106f formula I we

BT S 2B B ELER 9,4 s

6 methls &e aeleetddfrbm Cih MdTﬂ’d,eli’d;l QoENI, Rli sndt Rl Eor the avoidance of doubt,

nonencl at u tal .c on there

ereserat G B o TEhdes Beieisnit b By B fcds Srows 6, 8,9 and
Comotuéldxo@émbmcmﬂtablkncaﬁendlaﬁlmed herein has a positive
charge. Suitably, the nmetal cation may be in the form

of a salt or may conprise weakly coordi nated ani ons

d@yi e gbrrh @idtal 8dton thdrédfT &ve@fdafl thas tHePBratp IB.Gr VIIB Q41 (M) in the

Skgtgli?"g‘hg 8£ é@p I%J%%-WS%F%C% ?Sgagpgﬁlgg gl?géqié?x%ﬁr e ?netal cation may
S Bk BB &G mass halt @l ¥ @6pra Gtakly @6drdinatbll HAIbASALHPADRSE halo, nitric
2 %‘%lg’rﬁb‘iﬂﬁlglgag‘i?%og?{%r Karoie 2\1{2{2’0‘3?)&?&% ISgChaqtfslea(rf}gtlecF %F(h@ﬁlé)roplomc acid;
S whiplhaR &idGuch asﬁmethaﬂé'sﬁl tanecis thwa@smpﬁoﬁs lagid, ﬂudﬂé&hhphomc acid,
S BRI POPRCBIEIS i BT B S RSO p P Ve o GUR: 8, tluene

PeuIEHUnRY dcid, *G. @-toledel JukbAE atie - HidyIRAYKbIE a&i@) ﬁdszlmroxypropane
as trichloroacetic acid and trifl uoroacetic acid

oPHRSBIfodi%oFHIRhORRPY 1ot FEFUBIES riceins dreghakifs (A daguch etz Ridloric. acid;

PhasRtientd ArbekiylidnNai@Cids e M odck@i doif ShACkifRBRacetic acid;
bet ween Lewi s acids and Broensted acids. O her sources

\NﬁTﬂé‘W ﬁsﬂ)m&r %f.\],q d%lO%p]ill(éBFlé sgﬂll @ngen;eﬁe |pg66é>hcgrﬂce acid; and acids derived

t @bmaRbRBYdns lB@tRN%E@L&ﬁE holdtdn¥ BPoenfEEEAIsAOMYr Murces which may provide
represents a p VEB or VII1I1B netal. In other words

t ﬁ@ta?]@@gpn@p@lg@q%ﬁtegm@yl borate derivatives.

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



for the nmetal Mis 18. Hal o groups, which L2 may
represent and with which the above-nenti oned groups

woreapshesssubst i tuted or term nated, include fl uPCDGB2005/001911
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chl oro, bronmo and iodo. Suitably, if A represents
cycl opentadi enyl and n = 1, thg conpounds of fornula I
may contain either two cycl opentadi enyl rings, two

i r 1 1 y . . . .

P o 48R O s 4500y Wi o g o, o
operpayads paphbe sefborsed tm@se‘ésarabwdeg?mpobedj;_” haertied mgtal Stioh metal cation
C QIR|EA Q&dwe@@ ehss Fiﬁ% g{s&n@mﬁzgsggc;mg Dyc‘fog)%vgmaig Z apdlor indeny!

as the metal Mor neta ron t [ss
bying Bstemaonayi prysubyientiably contrar wéth pespedtte each other or they may be tilted

gﬁ'gh% t f%ﬁ“@“ﬁer?&%ﬁw {éﬁe%@a b dsioligd n’?’e\{ﬁlto@%@%”ay be

sta coplanar w respect to eac t her or
they may be tilted with respect to each other

%RWWeM, rv@feﬁr &/h_e nlt, gthgs%)?}ﬁtgﬁndge&ameoﬁ%%ﬁg% {nﬁ\é contain either one

ternatively, _ 1 e conpoun
i exedapeitedienyhyor canet adenyédiririge (eagn of oytdtho pispt sysiems yrhayooptionally be

ON 8tk i Lch T C
o e —
asupbtitptiedh gs dafined herdiny Syiteblg ewhen naF ¥ ladd lahiepiiesengs aryl then the metal M of

ORL.I i i.ned. eln. i t.abl .

CRENSIRUAY UGS LS8 50 R o TPt i

the conpounds of fornmula | as defined herein is

t ¥pi.cal jn_t t - .on.  Suitabl .

| SR g 1L S DRS00 o0 S A8 osacin o

oimdsnybriag (each opwhicla ding nystensrmaynapeingdlly rbiersgbstigaerhasodescribed herein).
' [ e || subst i.t.ut.e _

B B S R P BE YR R85 v -

athet! maeressaindwb 6 lso dwnthe urthd M offhedceipabidg, of fdrainlar ks &h 18 electron

t r t t hat th t al Oof t
C%ﬁlgto Smn%tgé}o‘?&?%&%ﬁ‘%%“eﬁl E/laczfqléenco og? es é) %rﬁlukagfl dmr_onﬁﬁe total number
otfredactrovsredstributhd by tire figdndb/Loi typlvelly ivyoounds of f or mul a

| is iron, the total nunber of electrons contributed

by the ligands L2 is typically five. Suitably, the

néxtitably Mhe metukbVabdr roetbli cetiort there@Gh thervytibgentadienyl compounds of formula I

C t g'e | .compounds. of. forqula,l is typically .
CHEIBIN LAY e TRERIGDA RIS s o RUER oy o
cipddnyp eng(sid iTepigillypttieetyglopéntddieayl riske by therdyolgpentadienyl moiety of the
Typical.ly, the cyclopentadienyl rin r the :
L TN g —_———
peadteahetpen the rgélogntadideylwinglor tyvdoperthdibiy! hoigy ef thetiddefiyl ring and
bondi ng nodes bet ween the.cycl opent adi en ring or

SR RS S EBorg i i RROEAPRERY by it the preset
netveaation.such as tri hapto coordi nation, are al so

enbraced by the scope of the present invention.

Preferably, in the compound of formula I wherein Ar is cyclopentadienyl, M represents Cr,
Mo, Fe, Co or Ru, or a metal cation thereof. Even more preferably, M represents Cr, Fe, 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



Preferably, in the conmpound of formula | wherein Ar is
cycl opentadi enyl, Mrepresents Cr, M, Fe, Co or Ru,

worood/1msstal cation thereof. Even nore preferabb@r/GBR005/001911
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represents Cr, Fe, Co or Ru or a netal cation thereof.
Most preferably, Mis selectedifroma Goup VIIIB
net al or netal cation thereof. An especially preferred

Bt GhPeTR hgand, o YGIREHOMY. SRLPR SR S or

i fermegnyl elgl eakRnb Irﬁahg/ tMOcykE)@eIdadﬁdnyK} hﬁ?degﬁ ﬁiueryl ®ing which L; may

PREFSPLET bORgh ity 2o I 6 ¥onem Bl i ot ortalipesnyl eroup). More
L prefeeqdie SFEthH chpaitaient, adesnypt aryl rivgertydh 19 rma@rry}bres%ﬁtcih substituted it

f ' i.ngs t | i tut
A 2B B A BB B2 oy i, o
harys, asy@r3’, (QEJ}QZ, , CE()ORF%Z@J;R”(B(”O)vl?é}e RY, QCOIR2Z2, R® and R24 each

whi ch t th
TR LEPEA FREBS L 5 SR g whi oh L may

represent is bonded directly to the cycl opent adi enyl

NN T TR £ -

meupstitepd @s definet] heith Préferabledthe teytispeptagicaylabldynyl, phenyl or naphthyl

substituted with e _substituents s

£ Eascrd bRipetict. RIEFe BrenfiinG L7 BRRstr o lopptoned: ey o phenyl,

leack( 6 GRZA, ribR? 32 AmedtatititelRl MosRADefedBly L, L, Réepresbids3 unsubstituted
i ndependent |y represent hydrogen or Cl-Ce

and. R2 ac
a@ﬁ&?@ﬁﬁﬁﬁwgrably, when n = 1, Li represents
cyclopentadienyl indenyl phenyl or napht hyl

eal Q%%}?c{ulgﬁg meg%ﬁteét uli)g Img é’% f}lelprx]%grg E&I‘eg Iéﬂ% me erer ]?nbdl of formula I, n
g# OURSs & defibaiidhest aﬂduﬁ e@ More preferably, Li
represents cycl opentadi enyl, indenyl or phenyl, each
of which rings are unsubstituted. Mst preferably, Li

r Rgres®ely Swhensi Stpidl td 2o Eﬁ&h@@ﬁﬂ%@ﬂtﬂ ﬁ)nié}o 1n|ancoﬂ1pound of formula I,
presen

rticul arl referre odi of
" EvERETBR onf A more 4 r?ag[g Vi &dfpe E@nﬂy felewd from Jogver alkyl,
digdid, ey PR@R@RW RMNRRROMA bRFRRY, Y8 kprestMiEbhelbr 'nﬁ)re llgands each

fo zero a t.equal to zero in a conpound

o Wﬁlﬁmea mndepeﬂ%n#@ psee@eg'@ﬁ ST B P‘iﬂ@’aﬂﬂgc%b’hcmmo co,
OFR SR oﬂﬂE“Rﬁﬂ"émlﬁHﬂﬁﬂ R0 R £ 1n@hchdeaily bR Rk drogen, C; to
@ﬁ PM%MWMSorNMBMJMB More preferably
L lgﬁP%§¥h?§ *BYl nore 1igands each of which are
|ndependently selected fromC to C4 alkyl, halo,

rticul hl aro, CO, PR43R44R45 or NR46R47R48
mé‘r@ffﬁuﬁiié P{egerﬁﬁ glterpaive cabpdimgunt the esericinwsation, 4 compound of

hyEROIE A ~ (T, 1sQs B&Findd kdtbinQhd A4 or SpshcdstyIenyl .

M represents a metal selected from Cr, Mo, Fe, Co or Ru or a metal cation thereof;

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(O)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“RYR*;
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In a particularly preferred alternative enbodi nent of
the present invention, in a conpound of formula I, n =

w@R00E/118519s defi ned herein and m= 3 or 4, parPCTGBa005§01911

3. Mrepresents a netal selected fromCr, M, Fe, Co
or Ru or a netal cation theregpj; Li represents
cycl opent adi enyl, i ndenyl, naphthyl or phenyl, each of
Whl a.rlngs may be optlonally substituted by one or
nDre substltuents sel ected from G -C al kyl, hal o,
eyama; 0ORL9, OC(O R20, C(OR2 1, C(O R22, NR23R24; L2
one £ 4 ds
GFRNBIA 3180 P03 £0bh BRI B3R PLDR A0S
PMBMMMSorNMBm7MBn::Oor1;wwrn—0t04;
a en m does not
g{lﬁ% (Bgegerr%)egt hmﬁ&%ﬁs &5_ mélla {‘ﬁﬂu&@ﬁg% erred conpounds of
fornula I include those wherein: Mrepresents iron or
Q presents cycl opent adi enyl
i/{%?ess]%s lw %cgﬁion%irleééog, each of which groups are
optlonally substltuted by one or nore substituents

&:(%etﬁ% L%?% %‘%ﬂ%’b?agﬁgzor IBEJ:H 1 61'%3}2 hsgo%g]‘lgcho%‘ro% are optionally

sitgtittd b ehe ofr mmecwbstrteentsnm@mddémnl §1-€elabkyt, ghld, rayamo, OR",
g BfRzalp‘%lXé R I& 2,CO, PRA3R44ARA5 or NRAG6RA7TRA8, where

i% are | dépendently sel ected from hydrogen,

G - CB aIkyI or phenyl n 0O or 1; and m= 0 to 4.

iﬁ res%s one or qfe 1§arnﬁse gacﬁ %F‘g'gl%ﬂ gi§e cEeIp?n eﬁ%} s%lected %%m%“i eC6 alkyl,

unsub
hyio) @m‘arfﬂé‘ﬂl"ﬁﬁi/ loy NRf 47’13??, eherpR&hyd R*paret indeplendehtty selected from
ﬁy@”bSt qg¥%¥ tadienyl; and, n =1 and m= 0.
Yarive 8 d conmpounds of fornula I include
t hose wherein: L2 represents one or nore
ndﬁ each f mhlch are i ndependently selected from
(‘ifq‘?%r TRy *hal 0, 0O, PR43RA4RA5S or NRAGRATRAS,

where R43 to R48 are |ndependently sel ected from

gﬁﬁ rﬂﬁ{‘ %Pfjm(gw%lpk 1|‘“jlsf-oor "exa 'TCIH%n\g\i}(?Se v;he%?;}lo 4,

L, represents unsubstituted cyclopentadienyl, indenyl or phenyl, particularly unsubstituted

cyclopentadienyl; and, n=1 and m = 0.
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*RR* 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, (PR43R44R45)2ha10 or
(NR*RR*),halo.

References to vinyl ester herein include references to substituted or unsubstituted vinyl acetate
of formula (IV):



the three Iigands which L2 may represent include
(CO) 2hal o, (PR43R44R45)2hal o or References to vinyl

we@2a0s1185¢7 ei n i ncl ude references to substit ut ePCDGB2005/001911
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unsubstituted vinyl acetate ofagornmula (1V):R29 - C(O
OCR30 CR3 1 R32 vvherein R29 may be sel ected from

|, Het, hal , hitro,
6 SR B B R T G ore, Nz
C(O) NR25R26 | C(S) R25R26, SR27, C(O) SR29 wherein
8 %@%‘Z}ﬁar %gs té$ﬁgmn$5§|é& lqv{g?%ﬁg'lagg)r{f HeF\)2 hgal? Lyano, nitro, OR",
abgmmﬁ‘éﬁw)kzh/m(@)git:%ﬁﬁzﬁﬁf ﬁ,(O}b%]Rf ltf@,ecmS% |Bﬁ%1;27’|®(0)m wherein
3 a such as net et
#‘é{/ﬁ‘“eﬁ% e);' d@g‘ﬁ'f‘yl ané hexyl , even rm%/e prefgrably,
- al kyI especi al | y nmet hyl . Preferably, R30-R32
Z}?‘%ﬂr S HEL SRt R T B i S P 1§ <" ltytphenyl. Mre
F\’,’s’x@feg&»%/ hwbﬁfﬁﬁenhly glifﬂg ?mylpﬁ&ymfli@mg@lﬁﬁwyfs m&R{, ethyl, propyl,
ma a subs refera . ne or
bt Sl and (il BvDrat latpr, G GRS Sk il
Het, hal o, cyano nitro, ORLI9 , OC(O R20, C(OR2 1,

S8 re N A S I R RS e o By e Fies defined

ahdfdih/ avipst [gefemplydasﬁ-nﬁdemmm hydogden8 A lnamﬁbneambvasz” may be
net ha

|, ,ethano pan i SO-pro
G050 Bt P rre oG S5 ne of Tt SRS, alesteds g fower aly,
cdiy mt;amqucyaioc ahol, ORIH OO, (TENRA 1 6D)PRFYPRZRE C(OINRZR,
he specially preferred group
n@{ t%y1 2 #@?%1 ”Qﬁwdﬁ gﬁ used herein, includes
four-to- tmelve nenbered preferably

foygr.-to-ten n
o}gig i, PO S{nﬁl o oa e l lé% e”d""?r om i t‘rdgg@ﬁkangl %dh Bs methanol,
Ootlyamen), pﬁmhtpﬂl,u nscamdpanokt uﬂoémtandﬂerte!ndtyl ahdhwlhllchutanqhgsphenol and

b
mqrgc%gt ﬂ:gﬁ)ori aﬁ{ llgpsé Be%ea Cg‘?o@? v\ﬁorln%;}ylaa?lg rreaﬂtlyl the most especially

cprafesred gioup i 'Ehmthylng systens may be nonocyclic,

bi cyclic or fused. Each "Het" group identified herein-

is optionally substituted by one or nore substituents
SEiectetne H¢t1 ovhenaises hamgia,rimlucwis fmmtO-me/e-mmedabtcﬁrably four-to-ten-
(whi

OBuR e B P lods S (B8 o Bbye Bk atomsplgeed from nivogen
(Ii(y@xRﬁﬁlphL@(aﬁ)) mixtires (ue@mmﬂwhxmmmay CA@INRRIRA®re double bonds

ATl ALY ES ML A0 s
(mbn(xchclal, kigy cligron digsed.t Each { Heti grogp 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(0)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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optionally substituted or term nated as defined
below). The term "Het" thus includes groups such as

wWo@piosomssld y substituted azetidinyl, pyrrolidi npCT/GB2005/001911

i mdazolyl, indolyl, furanyl, oxazolyl, isoxazolyl,

oxadi azol yl, thiazolyl, thiadp@azolyl, triazolyl,
oxatriazolyl, thiatriazolyl, pyridazinyl, norpholinyl,
pyrimdinyl, pyrazinyl, quinolinyl, isoquinolinyl,

pi peridinyl, pyrazolyl and piperazinyl. Substitution
“HetPlgtoupapayhascelte in thedpoioof antNogridsf t he Het ring or,

wher e appropri ate, at one or nore of the

het eroat ons. "Het" groups may also be in the formof an

Nthe seirm &To v @lky E'r wiehl uswlaherah,klwans whtnCu skl ek ipplndes methyl, ethyl,

TSRS, B 0, R TR P A o .
othle thetes i espffﬁclf:mtedlmbai k@/baﬂgmcmltpms rhelinegthembraimbed Hessagrated or
S?ng ede B cﬂc ch% Qfie/2 %HEB andpg ok i E é&xteﬁ or terminated by one

§gatUr atet oF “Unsat Ut at e 22
ar mka mbsntuqm&r gelectpd Ifiooy kedy clyino, nigmdDBP, @@(@)libstﬁ(@)ﬁ 8 (0)OR?,

S O s R S A o o
ﬂ‘?%@y rmmdrﬁeﬁ»m RGr aBRR ‘And/t@( ® R?;@mpte;l] by one or more
0
i%%%ﬁ??ﬁgﬁsdlé) ator}lge/ ofg g%& Hr ? non g%ylfs or | ow:?CaI kyl,

and/ or be interrupted by one or mor e oxygen or sulphur
b

210 dllgf? gﬁ)uﬁ . al@q lgrqu{as xgliéﬁﬂ h)/ V\P;’i RR}Q %%S SLRM%M &5 R RE,
RE*, R§7R“FB, , B8, Rlﬁzlﬁ,, H?&R,Z R?%R” Fxfé R'RRY, R?ﬁls?% RIR K K, D, E
2 ey epid i RS iy el Ty, oSSR i e there i o

aufficienit fumiter of catbyh atond, Helmemayxr beansheds bé satmtbd arawpsaturated, be

when there is fficient er. of ¢ bon at o

SF8apIEHS oF Gt etle asg EL gt B csrop R B e B A oxveen o

@M@hﬂr&.’compﬁ Ib'y Q:lla’[o @adlhlkﬂylh&dncgrmwphndmr l&rmhbslﬂutbxbby one or more

interr nor e, of wr

SPosEyef e T PR PRy SRR anaP B i YR N,

YOMRRIL, edRHy O(®SRY, rﬁ]ﬁS)NIé%‘St aryuent Hets eﬂecmledz‘f romR*> each

hal o ni t rq @) C(OR2 1,

J@?ﬁi‘%@ Oé‘?‘b)a‘mh%g%% %gm C( 0 SR27,

C( S) NR25R26, aryI or Het wherein R19 to R27 each

|nd ently represe en r | ower kyl . .
RS IS0 R RSP RDNAERRE Mo bR et g i o

\lmﬁ)ﬁthﬁﬂ oP Femantl) whapised atin) inclades @O Cndrafps fwhicindam bé bonded at

when used herein, .includes

45 Bt en g RV ar e e Y s B ROV

defined in the sane way as "lower alkyl". Hal o groups

M@Mﬂﬁ%@@t ‘glgcl} @g \éﬁ?wg?%t&’lugr{%g g{fgr so rlf{gy be su%stRuted or terminated include

fluoro, chloro, bromo and iodo.

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 sterecisomeric mixture of a

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



fluoro, chloro, brono and i odo. Were a conpound of a
formula herein (eg. formulas I-1V) contains an al kenyl

w@e@ap18sed s (E) and trans (Z) isonmerismnay al BOI/GBWS/001911
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The present invention includes the individua

stereoi soners of the conpounds,of any of the formulas

defi ned herein and, where approprlate t he i ndivi dua
tautonerig forns th r eof et her with m xtures

¢ PROPBRRET 0B aPRRYg 9% e ot PmEh Ty Alocbeqhrorared Tipya comesponding
t pRally peREhteriEiatd Q)ra@hkeﬁ‘&l&tﬁbnb)éu&p@élﬁ tHONAE. of the corresponding

technlques by fractio i.sation
RUE bsglfgaapwgla? Higabsuppest oy féﬁcg%(l@ﬁ gysiallisben ef the dipgfprgoisomeric
Ogaltél FERBP B Rl i ¥le dof@spofdifitadéin with & WhitaBR! @tl&ﬂiytactlve acid or
or derivative thereof. An individual enanti onmer of
ARPrOMtiatine of the formul as may al so be prepared
fron1a corresponding optically pure internediate or by
resol ution, such as by HP.L.C. of the correspondlng
r Al sietrPBONST AY ipeludsrl USSP Pee e R ps5Ps of e ipyention.
fractional crystallisation of the diastereoisoneric
salts formed by reaction of the correspondin racena}
wittll becappresipied by Fhpssakillgd dr fhe\ast Gy ﬁge GPmpepds of formula I (b) may

aRRERR dsal nds%&t RbRARR FRTRE GRS VIS Imwee Gr Wbﬁagédﬁdttﬁ@eof (a) to
scope of t rocess of the_ invention, W

afppndeg %weu forse dn tgjinventipn; ByRigally.4he GfMtVI{Wemetal or compound

CARREEASSootdindt&r B etonle of Bbrd Bhbsghbfds, a@8nid and/bidaliddny atoms of the
t hat coordlnate with the Goup VIIIB netal or conpound

t propnoypd offpmywa X or m t he conpounds for use in the
invention. Typically, the Goup VIIIB netal or
co ound hereoﬂ3( 18coor ginates to the one or

Bu R R o9 ofach pdeneRdapti FeBFRECTS flovllelr] élkyl or aryl. More
d poto RO RUI& RI18 aEH LeLaP trMepeBdenH? r«%?esent@leto alkyl Ci-Cs

"R28 each independently represent |ower_ al
o?lk!aerthyl sheseip ther ey | gjoupRg optipnpy substifuied g ‘hﬁ?}e‘bhﬁem) or phenyl

Wwﬁeﬁ?ﬁ‘ne' pRESPERES I ep‘ﬁoﬁzﬂ]@ rsﬁ&ﬁﬂ&ed% dﬁﬁ’ne%eﬁalnbYEven(Hldré:greferably,
henyl “(whergin the group i s optional

s%@t d% etp Bis aréR faeh Iﬁéfrpem%y sbfeprgﬁf@hﬁ to Gk Whlﬁli\;é* optionally
pgﬁ)@t)/tllte&’ hOMRinbPheP&th. '1\@5‘5@ HeYerﬁﬂ’}b ?@ {otRPt e @Rd er 'K%‘éich represent non-

herein). Even nore preferably R9 R13
ofubttBied £¢ b Fralley sheletst mgﬁhyleﬁhés@nmm isppraps); aﬂml 1so-butyl tert-

V\mtflhpéng,qug IQH@L.)ICyohngStltut ed as defined herein.
Most préferably, R4 to RO, RL3 to R18 or R28 each

repr esent nonsubstltuted C to C alkyl such as nethyl,

eAmlxjnatw@{yP&%Mitlondlﬁroeagﬁ 8Pmb g,‘roﬂ 4’3 LR‘M[) RC 'Ig‘% b\m W3 1o R or R to R'®

but y penty hexyl cycl ohexy
Alogetherdndeperidgntlyomay umt qyehtpamuymreé sedh asfl-nptherny} et brorbernadienyl .

t PRy eﬁ?npie@ opgoml%gﬁe E&u&ﬁcl%e &ﬁ’c LRicRIR formed between R* — R? and

R” — R™, Alternatively, one or more of the groups may represent a solid phase to which the

ligand is attached.

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’ RS, R and RY
each represent the same lower alkyl, aryl or Het moiety as defined herein, and RS, R’, R
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;-Cs 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 RY each independently represent the
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t oget her independently may formcyclic structures such
as 1-norbornyl or 1-norbornadienyl . Further exanples

wo@Roosomsesi t e groups include cyclic structuresp¢DGBR@WS/001911

between R4 - RO and R13 - R18 . Alternatively, one or
nore of the groups may represght a solid phase to
which the ligand is attached. In a particularly

eglﬁé ér e%ﬁrapeghﬂg& Hovef antt NRS, wesensndlwvea@ﬁ axfaepélﬁéenﬂ%presem the

each represent t e sane VY? y
¢mq-6t-cndkléta§/ defined ebavadipr weanle: RhaR ” k" B3 reprdeent methyl;

QAGEE I R, ﬁ§ﬁm hl(}%%rgég?etﬂxﬂv‘ﬁﬁ qifkk R&ra\‘lh R@Weaw}egresent n-butyl or

moiefy as defin erein R9 R15 and each
mesAdsent t he sane | ower al kyl, aryl or Het noiety as

defi ned herein. Mire preferably R4, R7 R13 and R16

each represent the sane Q- C 6 al kyl, part|cularI¥ " "

Ao ais eApetitliyreferred engdimeey pf the prespnhversiopgach Rettag , R to R'® and

'?{Zp%rgﬁy *eﬁre'séﬁ?s RE 9 og@r QE}?I}’&E{? 1, loP ﬁ'e’pl%ﬁéﬁvas dgf' ﬁ&i‘“ﬁe}’ém Preferably,

pen or cyc eéﬁ 7 each
ivﬂwdepéwljgrmlpsy eachpReseR? , Riietis e @qpr%ntalth@yﬁan@scldtef%r?élafl group,

QIQ ¥ @ar?Rsh- ﬁgstltﬁgd CR%? al?(?ld ﬁg‘\ads lgfl' i8] pl?g%gﬂt I‘Prorpyl n-butyl,

epresent t 1 ned " "
asoatmtlLetertiRutyl, mentleh@yhm qme ik qutepqe@seébre earbtRiyp R, RV to R

Eﬁ%Rﬁgﬁﬂg%@SE@% R17 each represent ethyl; and, R6, RS,

each represent n-butyl or n-pentyl. In an
especially preferred enbodi nent of the present

iI]QYh%nJo %t Sx&?ﬁfgfoﬁé"ul& P d?gferablgjegc}f 8!, @%nﬂ'tg (%%gn gfegé'fﬁ are the same.

represe sane ’l'ower Het * noi
Mostipeferedty, bash €)' 1Q” aod 6F éwmmyesemnreeqnmho@hmps each
R4 to RO, RI3 to R18 represents the same Cto C al kyl

group, particularly non-substituted G -Ce al kyl, such
Xeefereblnyin thee¢ompoundefifpmpyd I, Ri(shenmllopank), Ax Boandyll (when present) each

R
reezpnpis eviths lavet iyl graups. nRreforatrlye tined layfer fafiytank agroyps which R(when
%[kﬁéeﬁg)’v%é}ﬁ gl?&: r@!;%]l %segggﬁf%fﬁtw%g mgﬁ{il?@{ﬁge\),% %:]Sarﬁ&?ar preferred
poves extiyjene e’phl@s 4an lBsarpihb S}ah dndspendemlyefeprestnt 5, —Cl-tdne-C,Hy-. Most
?p? %%QM eaglt {8 eac é@%ﬁ’ﬂ i %&Xéemﬁé Sambé lo%exat&gylg%e as defined

resen y T epresent
auleﬁeyﬂ, emticuliycHCHLS Bmwtdatbzl pryfelsecbbw;ﬂt alkydchea whighfR reprgsents may be

re far, _exa MRS
Ried mpp i A8 (Roflel A PTG i D SRR g por prfertly,
atliy;ehemegrppyﬁqne,an@npkeﬂ:ra(wm gmnp}dn@sent ) represent are
non-substituted. A particular preferred | ower alkyl ene
which A, B and J nay independently represent is -CH 2-
@PreferaflHin theMasiipound of formula I when K, D, E or Z does not represent -J-

Q*(CRER"MRPHCRYUR)R™), K, D, E or Z represents hydrogen, lower alkyl, phenyl or
lower alkylphenyl. More preferably, K, D, E or Z represent hydrogen, phenyl, C;-Cg
alkylphenyl or C;-Cs 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, C;-Cs alkylphenyl or C;-Cs



preferably, each of A, B and J (when present)
represent the sane | ower al kyl ene as defined herein,

w@aoosiiessharly -CH 2-. Particularly preferred | POEGB2005/001911
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al kyl enes which R represents nay be selected from
ethylene (-C H -), propylene (,zCAH6-) and butylene (-C
Hs-), nDre preferably ethylene or propylene nost

&I%I eﬁruc J W%%%P %ﬁy%pro@y Bglydﬁlgth%)rqég \éegerﬁ re pﬁe%g%bly, K,D, E
%ﬂz r@ﬁiﬁb)l( Ra San) Gt Bif et/ Moﬁtl;ﬁéfgrabdy, they epresenZhydrogen.
represents hydrogen, |ower alkyl, phenyl or |ower
aIkyIphenyI. More preferably, K, D, E or Z represent
Wdﬁemgbfn in phe ryinpoust - E6foahy | IpWweeny K, dd, Ei erCZaddéy Inpt represent —J-

h 8?6% k}%dRI;@r 2\%:18?/ x&l}{g H%l aég%tx he‘? e?t(%i}é ga%n atoms of the aryl

hyltyTog\é)lmh tRryedre atebhed, doinot fohﬁ a@hmybtmgj eaxfh df @&, My Eaanl Z represent the

when K t,0 t of .
(HE %y p1eg B e T A el Rt Teoparicutny
riiydwgbn o1 Qg6 aikyl morEparndﬂeZlyemmtbsmtntée 040 ety 1), \especially hydrogen.
represent hydrogen, |ower al kyl, phenyl or |ower

al kyl phenyl. More preferably, K D, E and Z each
ilhelfenblydmﬁhd: yom}ﬁ)pncésféhﬁndwmh@amfp opReDyE and]Z-t@ther with the carbon

altor%sy«?fh tg%XAiyl fing & eﬁﬁ?ﬂa lthg}y1 lal‘ehaﬁé‘hed ?c%{}lg%f)l?%xylén g%lg Iﬂbaoql'vr,lyl ring is

Pﬁptlﬁhallﬁ sabmhtlZed @ph ese nit mbi‘besubﬁmn&uia&bﬂeﬂ Weni arylytb@v?er alkyl (which
A" EER v B e SPRERTY Boogiacst Symeh ) & At bty Hes, hal,
rogprice 8210} gREPQBC(GgRi%CR?ﬁ‘% G’QZBDR@RNRPR???O)(@N???? SRK, C(O)SR” or
0 mer . e on ato 0] e ar
SRR AneRkon B bl it hsrOd g B et PriBRgA ol (which

ralllfyg grapcChapfitslf O, opfiomdligt shbstitiied® SE AérmiiieedS &Tdefie® UPrein). More

ed fr dr oge e al kyl . aryl,. or Het a
Y PR e PR MhaRCL ARG A ar st e frogen atoms
(omby. e particularly unsubstituted Cl1-C6 al kyl),
especially hydrogen. Preferably, in the conpound of
formula | when two of K, D, E and Z together with the
Ca¢foal @irpoBndobf foftulal inklutd thgsetwheydi:ch t hey are
attached forma phenyl ring, then the phenyl ring is
optionally substituted with one or nore substituents
sehel® edhliddepandently regréveiunaibkithted Ohioady aldyleyib; gr oup may
itself be optionally substituted or term nated as
defi ned bel ow), Het, halo, cyano nitro, OR19,

CCIOZRRAE &R eladex@@ QpedRe hy NeghRRA.C, CiH) N&?ﬁ@ﬁcﬁ alkylphenyl

SRaLb ol B 5@@%&%@%@%&@ SARPELARS 1 (o pencs o

awk yf K,ng QU nd o géthér&hfh tb@caﬂﬁhbﬁbﬁﬁ'o&' YheaU $ihk fdﬂizlﬁ@h ﬂiéy are attached

tern1n i, ned, More preferably
?f&hi‘/P ﬂ@ng &gﬁEf gﬁlwafesealtwyaw 0 {11983 F‘tba%*H?”éS selected from
lovéer alkyl, BB Borl 1y EErQgs phatyd s

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,;Hy, particularly CHy;



only. Preferred conpounds of fornula | include those
wherein: A and B each i ndependently represent

waop®shstsis uted G to C6 al kyl ene; K, D, Z and BECEG8R005/001911
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i ndependently represent hydrogen, CC 6 al kyl, phenyl,
G -C6 al kyl phenyl or 25
-J-B(CR13(R14) (R15)) CR16(R17) (R18) where J represents

uﬁsﬂbﬁ taha Etegcqil ifrdepbieiify @bxlé%lnﬂ%rogeﬁ dly@ a9<fy1 #ﬂrenﬁ oré -@nglkyl or -J-
tpr]e cgrbon at ons aryl ring t

m@r (é?%‘r":F (R éﬁR a)r)GR atR A6k davioesr s ébepﬁaeﬁ w Ar phvovfiks HD, |Esand Z together
0 Wrth aRabitkn §ﬁ59§ ok fHdtaRg rllﬁg toosﬁlﬁcrpﬂleynﬁta %ﬁ&“&ﬁf‘dﬂ’h U 'ﬂﬁs%bstltuted phenyl

sel ected fromlower alky phenyl”™ or | ower
aliRgl phenyl . R4 to RO and R13 to R18 each
|ndependently represent C to C alkyl, phenyl or C to
C6, al k yIpheﬂ g, Further preferred conpounds of formula
| R tod¥ uand R * wiresteingependeathtremetsst 61 te&pirlkgbnt - CH 2-
or C2H4, partlcularly CH2; K, D, Z and E each
i ndependent|y represent hydro -C 6 al kyl phenyl
ofti reprefpisA cogipourgienf foemﬂ&g{np@de) rhnsers)ey@p 16(R17) (R
18) where J |s the sane as A, or two of K, D, E and
to ether with the carbon atonms of the aryl ring
tertarméyRarte Rat t aecdkylsnsand e the sunsan %ﬁlecppmqeww to Cs alkyl,
" b oul &nyR9 and R13 to R18 each independently
prese t O to C6 alkyl; Still further preferred
conmpounds of fornula I i ncl ude those wherein: R4 to R9

a8l e R efEi-k% &B&ﬂd%%%ﬁﬂﬁuléﬂﬁcﬁﬁ@t&% and each

represents , particular Still
further preferred conpounds of fornula I |nclude t hose

epe :
Wtr%oi% % réd g Fge%acl?gggﬁg(ﬁnﬂ% ?eé?‘u?e‘arfra)lrrgge%%ﬁ? ggﬁslls}'mgc‘ %1%@}0%911 or C; to
aCkglkyl, pratiqulasiy| vehereyeaphh of 16, Idakénddi regresddt thz samd gteup, especially where
r speci ally where each of K

oL ERTD 2 N S ARt BBoncBIRoC 2 Y apr esent s - OH

2- B(CR 13(R14) (R 15))CR 16(R17)(R 18) and D, Z and E

b t
oK Tefiaflhs (CHERANIC NROPCRIILOA ORI BPERre sach jndependenty
whedgeted B the gaeg @nmgprgeg dpdrogencor S 1fe Cgraﬂqyp partlcularly where both D
e
ZARE kBl WOS: Poud BRnf WL BO2 I BIRHE Ry arpeen,
i ncl ude those wherein:

Especially preferred specific compounds of formula I include those wherein:

each R* to R’ is the same and represents methyl;
A and B are the same and represent —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 alkanol 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;-Cs alkanol, including aryl alkanols, which

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



each R4 to R9 is the sane and represents nethyl; A and
B are the sane and represent -CH -; K, D, Z and E are

w0 b@sasse and represent hydrogen. The present PCWEBRI06/01911

10

15

20

25

30

35

provi des a process for the caegonylation of a vinyl

ester conprising contacting a<Vinyl ester with carbon

monoxi de and a al kangl | resgnce of 3 cat§2y
R”R

n t
cetpdalad cyanod afira e‘aR QHENR r,eEéQ&R b fdERPROoN NR C(O)NR*R*,
s @w ’SRMB? cﬁbFﬁ(*OAS deRsikRsin ANighly rFed'HHJ;a%GIH h@, Ci-Cy alkanols

haV|n dr ox functi onal rouF ref erab

cﬂug*am @eﬂﬂp@lc aﬁh@n%anroagwh iy BIORANY %b%%q%rfahuts@ raéwbol n-butanol,

r r 0 I .
W?JI? galjl? a?ﬁ&B&geﬁ aléo’hgg %gxr?g%}ﬁ tllﬁen (@ﬁ%a?%ﬁo]@ Narél| KAP Peferred, poly

adlieais| preferahlyc belerteyd frem dhestoplsispeh i diels. trletsg@trwotsrané [fagars may
Qaﬁso”P{E}tlﬁééQSt ’I‘yﬂﬁmys 8 %%fy@ﬂar(arl?s.iq}el %Y:(\é%{e)dahgﬁl 1, C%wéghﬁliedlol 1,3-

cyano,
Jpro;@(l@)@? gkxcmzzsRBZAC( @tmtr@sm%(@éwmmarl 3groppnegiol,  1,2,6
nei
ql@d%&y%?xgﬁé p%gno ﬁﬁtgﬂgﬁelagl(h@oﬁgﬁaéghﬂfeﬁaﬁé fafhRl, ke aeS galactose
Ené ptherodugars.s Breforisp avests inglads. suerosenficiose apd, glw:osal Etnsoiplly preferred
TiBH12 AR yeaR RGNk oARLIC ThORRERRH e AERNH meholOUGh
monoal kanol s are nost preferred, polyal ianon

preferably, selected fromdi-octa oJs such as diols

t’lrﬂe%n%ulrtto@tafc@ﬁ&llsgmﬁ RS g@ernaamén@hﬁp aigQisétf il ek S&BFof the amount of
Typi cal such pol yal kanal s are selected from1,

vinyl pﬁéﬁﬁ@gqngq)und 10 caﬁqo@ﬁlgﬁgdﬂ'@p the 31091‘15@;@5/ serye gs the reaction solvent as
fwuaﬂﬁfoﬁgnp k£ dedire NI RS XETRIRV Ay disode Fagéapanedl ol, 1,2,6

tri hydr oxyhexane, pentaerythritol, 1,1

tri (hydroxynet hyl ) et hane, nannose, sorbase gal act ose

angichd phredid@atifat el Efddﬁé* oF %%z&txbtﬂﬁs'dédeﬁnﬁb’@ ﬁtQS@t in part by the
fructose and gl ucose.

|aI y preferred al kanal s
apuctel RKARRL WFAl ot Himal me §Y"“BP§¥ 8rduees A% arigptoxy methyl
gﬁéoﬁlﬁédf@d}@acetmﬁne&ﬁmw&pa@‘atew cohol is not critical.
neral ly, amounts are used in excess of the anount of
vinyl ester conpound to be carbonyl ated. Thus the
ah @&"b?bce@ébc&xﬁfn‘g&o alfe pri@nt Botion nheS@kbbﬂnﬁorﬁSxd\am’ldy be used in pure

| t hou i f. desired rate solve
e e B 3ns oRRAT B OESr RGBS B ppen oo aron.
tdngliragnahts 6hhyidsogdmtt@yicallp dds thtn b% g volume padyt aldoybetpinsent.
source of al kanol used. Use of methanol conveniently
produces the 2-acetoxy nethyl propanoate or
a"ﬁaez&foc(%((}{ﬂiﬁé/hylhmp)ofp'mw edter to il]mmheaypvmcmeaomdaﬁ tiinitgjand suitably
to th pres i 0 h rbon
d eapt ﬁ?] p{ are?ér btl go twgehn 2 e&xi anads A aEa?%‘esexcess of
mlﬂahﬁlgﬂian theai‘dw i3 athioobd relgction saivemtmlbleasgmsto 80eH eagsaoigdancl.

The amount of the catalyst of the invention used in the carbonylation process of the vinyl ester
is not criticai. Good results may be obtained when, preferably, the amount of Group VIII B
metal is in the range 107 to 1 0! moles per mole of vinyl ester, more preferably, 10° to 107
moles, most preferably 10° to 10 moles per mole of ester. Preferably, the amount of
bidentate compound of formula I to unsaturated compound is in the range 107 to 107, more

preferably, 10 to 107, most preferably, 10° to 10 moles per mole of vinyl ester.

RECTIFIED SHEET (RULE 91) ISA/EP



Smal | anpbunts of hydrogen, typically |less than 5% by
volunme, nmay al so be present. The ratio (vol une/ vol une)

w@bBoosiimpho ester to al kanol nmay vary between w PET/GBRG05S01911
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and suitably lies in the range of 1:0.1 to 1:10,

preferably frombetween 2:1 toypd:2 and up to a |arge

excess of al kanol when the latter is also the reaction
Z%%%a% Vv, a o?xﬁe%(()s:néu ffntha]t to t? Olfl#n%&?islzen a?boon alﬁé; %1 doqja Vl]il)ﬁ ester as defined
Cc herbmnydyabei mfopn@lclﬁscme of ntorﬁeapmtwyslolvems eSuithlsle malyents include ketones,

Cglilcﬁl as q’lgxi exgomgﬁe me%lsl t{s(lk&?x %ﬁlex%b gor exf'imPle anisole ({nﬁt(lelyl phenyl

prerera isrn
r athgr, ]2)5' 8 triaxaﬂdh'anel (mgibw),pehethyll ethelf vhnneﬁiylesﬂlar,, tetrahydrofuran

ng E x{%e 8r D r%?pé/i‘é%eé?ndo th le hrTR:t oL bf c{né?aé/ {%cg} % such as for

apxampe oﬁleﬂhylaleaMtat eilmethyi@dlpmie ofnefhgr n’odnaodte t cahmethyl phthalate and

rrgs’artogarcf;1 ; g(rj arglﬁ d%s ? I ! t h 51?}18&?’1a eg%r?lger: ZIBI methyi}ayr%)hdone and
t dindefhy? fdrmhmsiepmﬂfonﬂbﬁandfsuiphmwls sush ey foSleKatm}ﬂé yll,methylsulphomde, di-
ggstlpgrgu i a? %geh esg olan ?(itqetrfll?y& elgphge\éee thTdo Oﬁddgs,hs eth lsrl},golane diethyl
beulplemé,or w&dlyldmtluomlemer fdrdioxager obad thetlmmgxhy&uliblaﬁﬂ € aromatic

gy RaPERat RIS e S AnRul4 by SR ooy sty ervene o
( mﬁbﬂtw Im-pfianry p-xgleheg rchlorébeheeBe, to- cihctﬂanl'mame foeldigiigt®nzene: alkanes,

die | ether,.di h et her,. tet drofura

il dltarianlsl o, sSPBT: ot 1BPHS 37 Ltimgtyientane,
Ofnethiylea¢ thibrizlaand)tayioml tetraeBlofides nitSlacdy. Benzbritrileandrmpdtenitrile.

nmet hyl acet at e, di net hyl adi pat e net hyl benzoate,

di met hyl phthal ate and butyrol actone; am des, such as

f @’Ery&)ﬂﬂzmhé are apromd dojilents hhﬁn@ daele&tlﬂﬁedrhtﬁhiﬂkm lisbel b ealaana 50, more

F el B B oh1 € phate ek 361 1 SoMPERO T Bl ie toex, e

S diefeotria o ensahefor aBin{ Qﬂ\mnoip hesddn #s ﬂarﬂhani(d:ad&)k ,of representing the ratio of
2-met h

tg]ter gﬁ%}l Sul fo'chﬂgﬁ %&%{a&lsg%teﬁée a5, 81e1ectrlc to the capacity of the same

ZeGIﬂEIIﬂ;yﬂ wifh £tdeyhia dorf didlevngs. Valued ik the d@(l)dmiblmds%ants of common organic

tg (isg g@?ﬁvgd \ég%elﬂ%% %f%?% Oksms}n{@ﬂoungl I‘E%Q?ﬂo n(é (E]lemlstry and

Chh}&i‘o@bzﬁﬁé&iﬁﬁm editeli WhboidReDide vesl, aaiu@uslnhambemms in 1995, and

alkane i ncl udi ng hal o vari ant co eqg,

DS Ay e, M et kS BrO BET & SRR HRE PaC8l 208 15
c hldonintbeptaricl ppakleN;.d. edboac hl onodes?, ndrt den| &adlgg be converted to that
benzonitrile and acetonitrile. Ver suita

PP 31 BT D R hea B e GUHER ooy pagps dta for o

bﬁdrﬁMﬂz& dbalpoendofs HAilatMIBe RiickicGicaddn¥tahtNmb ®e 104HI¢ Méasded using
nd 105Nm 2 . In the present

1
%@degﬁécod’g%‘}“égtni’?ﬂ&o ¢onstant for a given sol vent
|s used in its nornal neanlng of representing t he

tio of the capacity condenser with
< Ftseaee, e RERG ot cBorte Bpaist B I Helicthyhether is 43 (o
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.



condenser with a vacuum for dielectric. Values for the
dielectric constants of comon organic |iquids can be

w0 owwnd18sm gener al reference books, such as thep¢EGBR@®OK01911
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of Chemi stry and Physics, 76th edition, edited by

David R Lide et al, and published by CRC press in

1995, and are usually quoted for a tenperature of

about 200C or 250C, i.e. about 293. 15k or 298.15 K

and at nospheric pressure, i.e. about 1 x 105NmM'2 , or

Cd@he f)l@&db |ny1y tbe capiBY ot if An efcetd@t apt @I REN ATt LT L aﬁ:ﬂ fhtlo (V/V) of aprotic

rEpLi e g of Beiol el Pt Bt fiem 11 1 G021 and more

apﬁfelraﬂuh} fom 1l Neao dileMesttpidferalsip e trativl (viviiyane froaatlb il Yo 3:1.
measur ed using established physico-chem cal nethods.
For exanple, the dielectric constant of anisole is 4.3
( Dtasp&94h62af61)eg01ﬁ§ itclis @dRtedethitethe kdction3is (cairied ¥dt # K} abghice of any
sulfola s %¥ 303. 2, é of nethxl anoate .is
e)ﬁer(x a p&)ﬁﬁ‘()so \% 1ed'1nbzﬁ)éqwls ltvag ot geney: teg g}é e sgetion itself.

of dinethyladipate is 6.8 (at 293. 2 K), of
t rah dr of ur an |s 5 (at ,295,2 ,
nﬁfh%t b &fBRguads of .e@r% g inygution ‘R%Y aCAai)? ehlgrpgrgeous” catalyst or a
selonatnebbs”anlafel €. Due to the al kanol, an aprotic
solvent will be generated by the reaction as the ester
carbonyl ati on product of the vinyl ester, carbon
nMBHakd @en ¥Renddeteodl Keufdyst We mdanapdailyst 1304 weﬁpouﬁm ®f the invention,

may be carri.ed o n an excess, of aproti
S8Ry nof Supportpd by ﬂ%ﬁlfnayy( @W}edg? eff ingsitioifa e fegptants of the
atdBoiglation rattidne@y \]mylF%l's@f &héihgltoxyﬂ Rbstaih i @mpaktdesnd carbon
from1;1 to 10:1 and prefera from1:1 to 5:1.
POWéfPé?f%Ply i fh%uta oF ve(lws\fyesqr ngleeel\ﬂ rom1.5:1 to
3:1. Despite the aforegoing it is preferred that the
reaction js carried out in the absence of any externa

aBu &y e difeEcaspiovRntEast wameapt GHstsidy therfemAgnd of the invention,

O®ARK at@fiedyn hisgppogact i on itsel f. The catal yst
conpounds of the present |nvent|on may act as a

heterogeneous catal yst or a "honpgeneous" catal yst.

Bmsh GcchRfin® 1 QNRGMBBCashRct, GRS Phessi meenﬁs@rpr@w&e@t Rlpfsdess for the
a compound of the i nvention, which is not

sﬁﬁa'ifw{aaep Bhvinykesiirapy Jefmadnicaty Whersip thropropess & earrieg o with the

t Bialys@ BGth@ding aQlipgoRepreREBRNMMIiRLIBR sifRet i on (e.g. the
vinyl ester, the hydroxyl cont ai ni ng conpound and

car bon nDnOX|de) preferably in a suitable solvent as

dpRtekdohe the ﬁdrf‘eon%\ﬁsésl'hepcﬁ Msulielsef Qﬂy?dmu ﬁolys(‘i?r&?el HSolystyrene

we nean a ca?a l'yst, ." t’he conpound ‘of
i pRPeleR ﬁuch\ml |41v|11§/ E}?W? &epPbymex @Lfﬁlﬂf(‘i rspltable polymers or copolymers

known to those skilled in the art; a silicon derivative such as a functionalised silica, a silicone
or a silicone rubber; or other porous particulate material such as for example inorganic oxides

and inorganic chlorides.

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 500xm. 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 um. 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



Thus according to a further aspect, the present
i nvention provides a process for the carbonyl ati on of

woRevphissss ers as defined herein wherein the prpCEE82008/001911
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carried out with the catal yst conprising a support,
preferably an insol uble supporig Preferably, the
support conprises a polyner such as a polyolefin
pgwaﬁ}a{feﬁlﬁls 9 iRl ¥ %gyr)feﬂ&n TORPLHFEL ﬁ&g{ab port material is used

enzene cop ol grer or ot ui tabl e i

c_tlppﬂlzy B RETda POre ctlaznetteh@£ &om 90 Ite éQS) rengd h@staieslrab from 75 t0 350 A It
Sl $0 B HElhPhds 1S ol At e 4feh PO RLIBRE S bt 15 108C to 800°C
silicone or sTlicone rubber; or ot por ou
pamtwhergl fenne3 teeddeouesl  such as f or exanple |norgan|c

oxi des and inorganic chlorides. Preferably the support
material is porous silica which has a surface area in
t Beitablm the soppoityoan teOllaxibl7@G: nigdd spppert.tthe mbolpide suppoit israeated and/or

DBl 38 (R et o bl SRS Ao By BUEHRE ol knoven o

pﬂxﬁﬁﬂkdhﬂw1m®he surface area is in the range of from

50 to 500 n2/g, the pore volune is in the range of
fromO0.5 to 2.5 cc/g and the average particle size is

i Altbﬂnetivea/ngle: afnfonain i Ghe pro@®e ofrthe ivewtiord arsi fixgd Ity thersarface of an
N #nrscf)lgg'lg su %ﬁuo Suongll}; Q? tahcgoﬁ&t %Enc{ ]gg{'}h%qgr&ﬁ%n}%gp%ﬂ‘%ﬁagl’y includes a
c bifglcamhl smeeramﬂwug:eo prace the bcenmuzéfmm theningohbler supipat. of
from30 to 100 nm The average pore size of typica
poroussupport materials is in the range of from10 to

1cmé) c@mpd'andsf ef il pyensiors up dret finedtte theaburfase 06 divk inbduble support by

aver.a e f fr

rTBrO{nO d ng reractboﬁ of P?{énrﬁtlﬁ?g%hg glag ,Rt I, tﬁg%rrc%%o%lgd gp&rrfli\lla ﬁ%& example a
p aulistitoert &L, IIy ZdamsllE afbthe artybmdietyy eith b eompléneitdry ceactate group present on
23 Petre Gpftegdt P RERT IRe Pty A RS Bl b suppor
r wgthd c:am}pbmeﬁtarytshbstltuemmmﬁd @npupplorftthe mvmuan prbvalasld beterogeneous

th ounds of .t he [ OGS

n%}%l?ﬁq ngﬁ d[he %omcpr?unc? (l)Jfg tge iy r}thR ancI the $9pp 5 ose Ik ﬁ(? i»lllaegl%k:hge such as
t heether] ested) dnﬁder;ammahrya, ketb\groupmpounds of the process
of the invention are fixed to the surface of an

i nsol ubl e support, optionally via a coval ent bond, and
t Mae &roﬁcﬂm@metittn dbﬁdiﬁm’rs ad link 4 ¢mipudtﬁtsofaheb;brﬁ¢m¢f tin@ksent invention to

spacer e the ound .f.rom t
R tnsT et e Ee B Rab g Ok HORH: Faromple easents
beucihl asecdirlioﬂufnhl‘es Sut foafbenyjﬁurmli&olenamd phicessesuppbrds thy use of mixed
group present in

ng ctlon of a funct
tﬁépgﬂﬁﬁ S?mF%WﬁﬁfgwpeePBby% anpl e a substituent
K, D Z and E of the aryl noiety, wth a conplinmentary

act i resen
%ccordlng t aq:mghe aspect, Ehe present invention provides the use of the process of any

aspect of the invention wherein the catalyst is attached to a support.

Particularly preferred is when the organic groups RY, R’, RS, 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,



or previously inserted into the support. The

conbi nation of the reactive group of the support with
w@2menmsinent ary substituent of the conpound oPCT/B82005/001911

i nvention provides a heterogeneous catal yst where the

conpound of the invention and 4he support are |inked

via a Iinkage such as an ether, ester, am de, am ne,

ur ea %4-§ re efe]:z;[):l]}h I (r:neosto{) #e?at%ﬁrtebof elg ce%%rt Iortl ia%rllnsé h%he cyclic

0Cess 0

i smemre OThd qrchdn Strgupe may bei eybstitdted ppont hemerenspbstigensrselected from

Zar odl i m'des r Bon azol’e
pC(m)sSRgeSC(S)Mﬁslﬁg arje ot et 0fvherbix eRl”

ctive am.nati Accordin
5 1 B SR o e FRUAAT o bt B bR oo sroms,
oeriMam@d%ls/m]boragmu@spect of the invention wherein

the catalyst is attached to a support. Particularly
preferred is when the organic groups R4, R5, R6, R7,

aﬁ% tggan 19t83((§)%mpq{(bngFo&&(?)§)?{ﬂml 3ﬁﬁa%@ 3R SRY,

aohRdr ¢adke Slndependently represent

R&he BEdging gfbd Ar R1&h atybmodsy oxgl at ghdnyli grbug, hﬁiwh may be opt1onally

afu stZtgttg{l sz%vugetdgﬁaq él%lt 20! ongc])élf} E%’n?sielgg F l%:d?o Fc? acg?t clall%gn atoms, eg. at

10 hitedr ance pbmtldiﬂsl @& themhenyﬂ grcmpa§udh&muaselté ayl payy thdy be a fused

et se nsi.tion. Metal Catalysis - A
B gh%rf’up e%?%%&feﬂplenyﬁ?ﬁlofgl €d" by Chapman and
Hal | 1981. These steric groups may be cyclic,

PRI CuuE Uikt B SRR PR furooo o

s addﬂfaﬁﬂyl;ﬂosphmbms&lyl}yfaﬁr@éne The c y,(2|—h1$(dleﬂ {1pa, ’/t-tetryméthyi 6,9,10-trioxa-

15 %Hraptplg)ﬁgﬁom a%hymggzceb? g:‘ 2?%,% {36(5 tgé%%yb}éé ramé]chyl 6,9,10-trioxa-

pﬁ@ﬁrﬁh’@lﬁhyspﬁinﬁm@lhyﬁ) car kanceat;0ns ll— n t (&18y5C1-teramethyl-6,9,10-trioxa-

oS s SIS BT Baed
o L Q21019101 0) R 90010ty OB PRnaRe M2 324

et RUPE TG 5B GRS ok BRATEL £ T EYPBERS 10 viosa

20 hydr Qg&fantydhosplaionte®We) ) rabkidlenepnd/ or be i nterrupt ed
by one or nore oxygen or sul phur atons, or by silano
or dial kylsilcon groups. The bridging group Ar is an

an ,SZLP Mﬁl(le.trghosrﬂh@-l 355, 'Dtbﬁﬁmbthgf@Jm-trifEit?tyc@%t.bﬁ 13.7]}decyDethane
O i on a Su wo .
A TR RS AR AT ML TR ALY MU NCERRIERIIS

egecyapmpehe 1 (epA3y posit R-IPIIS-dOﬁerflﬁtﬁo(Qtjﬂmsﬁha-g BSEthetramethyl-G,9,10-

25 GRHTRGo d rR A e VR Bhony | ene Tor PP iRBra e G pEe-15.57

Ofetraluethﬁm 9@103&13@&1&@&%{3 B gar[rxi%]}aercﬂ)Jpro%mm s(di - 2L-P,p>-di-(2-phospha-

7-tetraneth

18)*—3t5 tsg(%(g ﬂ‘i&’rffl?/t%iﬂh g,gﬁﬂlt%%{cw??f 1.1[3.7]}decyl)ethane and 1,3-P,P’-
di-(2-phospha-1,3,5,7-tetra(trifluoro-methyl)-6,9,10-trioxatricyclo{3.3.1.1[3.7] } decyl)

propane, DPA3 being most preferred.
30

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 (di-

2{1,3,5,7-tetramethyl-6,9,10-trioxa-adamantylphosphino} )-o-xylene may be bonded via the

xylene group to polystyrene to give an immobile heterogeneous catalyst.
35



ferrocene, 1,2-bis(di-2 {1,3,5,7-tetranethyl-6,9,

10 tri oxaadamant yl phosphi nonet hyl }) benzene,
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10-tri oxaadamant yl phosphi nonet hyl }) ferrocene; 1-
(2{1,3,5,7-tetranet hyl -6, 9, 10-4yr i oxaadamant yl }
phosphi nomet hyl ) -2-(di-t-butyl phosphi nonet hyl)

gﬂg GfGunt :l)f (d%ﬁtlt’e%lg?ng &8l %Wknq ‘gv%e £1m1ts Preferably, the bidentate

frioxa-a amanty osp
( ﬁquamm%tphggpmonmmgp}hmay thg ggtgep.fethe humbgyi of moles of the bidentate

%a gpkes%t% %e%ﬁﬁgwté%és “oPthe: dlrgtg} Vilféﬁ%?t%ﬁ%ﬁ&ﬂ%%'ﬁ%ﬁo%% eg. 1to

30 @nﬂpm’equiaalmftmyl 163 ol p& mql jobsuatek: Myrsl pyeffp@bly3thg nbl:mol range of

bR GO o 11 33,y gty n

athei renge|of{l 3. 8.115:1.[ Soffehientie dhd Possibiftyrd appIPidg Ythese low molar ratios is
9 gﬁ)t’ag rolug'xagﬁe I[.;l{/:c{}('l‘k'o{hg (L% %P%‘I“@Q[%ég éﬁh@ czlalégl%{d)a ﬁﬂ%&la 'and hence

1n@nlmls§s thdicopramiptiom pf)(hgsephg@}fyl'papq:ns@e Sorpounds. Sultably, the catalysts of

erllﬁgaﬂgﬁ %r’g %{/&I%Sareé 9% %Zris n;%(zﬁé Etlté]? él%bé&;lig?’tgelg tl%e 1n-s1tu 11?1 the carbonylation

1r@¢tionpfpeinybgster. f | uor o- met hyl )-6,9, 10-tri oxatr| cyclo
{3 .3 .1.1[3 .7] }decyl)ethane and 1, 3-P, P -

i -(2-phospha- 1,3,5,7-tetra(trifluoro-nethyl)-6,9,
10-trioxatricyclo {3 .3 .1.1[3 .7] }decyl) propane,

CEAREANE SR BB RAL S0P Yoy ) Aoy i
sulstd pradompeial therebEmslelinadcherin inhesuliatildgilvegt gichap ok of the alkanols

t( gfqplré.tw%ioﬂgntg Er%waus‘[\y 8@50&&% ((Ji b%éu?a%y%?eqyrpesto%%nt \Qli()lﬁd be the ester or
2{1¢id Fr&duet v tthea ppecifig] cabhodylatont rdaction- egl dvfethyly laptates fini vigyl acetate
%rbm ﬁt}!lo ﬁryfaiil g%\ée({?xgntp oar&%%g V\;v?h 5 E%%&Xnds &%o&{u?aupastdo fined herein.
lty I erogeneou
cat aI yst. The armunt of bi dent at e li gand used can vary

WITB Cﬂ‘bg}/ll fn%noxuﬁn }ns Pr ef Sucﬁll t;ﬁes%lg]ct% okfl Qh trr]ltg%g S vlle%laare inert in the

is present In an o he Ta
N eatien. difxamp]ee of sxfchtgas:s bindhela thatigdn, gianogernp cabem thiokide tahd the noble
gases CI? rml £3 of the Goup VIII netal present is
Ny eg 1 to 10 and particularly froml1l to 5
m)l per of netal. Mre preferably, the nol: nol

] R P PRt b g
r astgatical arkt n’iaﬁ arylbdbwden vadahieits, eg filoy, 0.00Md tp A8&:il Ioll/idol

of applying these | ow nolar ratios is advantageous, as

it avoids the use of an excess of the conpound of

formula | and hence m nim ses the consunpti on of these

d h t al .
Dt R R i SRR ay i
pmeardHogetdndi i atladvahfagsSotithe proschiocess thaRighifich@ly fewer by-products

are formed thereby reducing the need for further purification 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



reaction of a vinyl ester. Conveniently, the process
of the invention may be carried out by dissolving the

w@@ap18skd | B netal or conpound t hereof as defi PEGB2005/001911
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herein in a suitable solvent such as one of the
al kanol s or aprotic solvents pggviously described (a
particularly preferred sol vent woul d be the ester or

aci roduct of the specific,carbony]ati eactio .
eai.ogw@te HSPPFaes, ieis atHCYIprly, pdv Rapaptor AR BTy SR the reaction at
andnseRgaauRRey).adm xing with a conpound of fornmul a

as defined herein. The carbon nonoxi de may be used in

the presence of other gases which are inert in the

I BREANY) Wil pRbs Dfovsttberamiesirionglbtivhe tHywdrboggaton is carried out
g e Bl it weBreBPna Ot At Cortl Fiin PeGruRorC o a5,

UEREk préterabl 10%€R6 UbW) Hspecidilg pesfartedtis Dfangd d€d0@ 33°6. not

critical and may vary between wide limts, eg. from

0.001:1 to 100:1 nol/nol. The product of the reaction
MRl epfadorglatidndstdrial qi Ber CQ paisipeatige bf/betmden 0.80 x 10° Num’

{ | 1 . L i fot 5 )
PR bR ocaae pi ] 5D P ANGEr B rBitattg 190 x 10N
at e EkciaRgplchaee by c@gartilpgesihetsedo kan N.mrt her

purification after the initial separation of the
product as nay be evidenced by the generally

S PERirhHLE aNbivYprddb@h arb&BIaB6H isvildoyenvibegbdlr Plegdratdy witiRh @peating a low

is that the other coppopents whjch contajn the

C BB te AR i FEPOTAI O A Y S PSSR byoveen 0.1
f W § RO NHEACKbIR PEefHRBI 01TitH12 R L Now P PheTRRIERIBIP0.586 1.5 x 10°N.m™.
fresh catalyst. Preferably, the carbonylation is

carried out at a tenperature of between -10 to 1500C

Y68 c 416 Sy stlal of thDfredent thdddBibn ispRFtralily editiatid)in &edigui@hase which
1200C. An especially preferred tgnﬁgraﬂgre i% ong

c FgE &n fpmediernedpniere o theregstants Q) Di e AU dsriabl yogrent

car bonyl ati on can be carried out atnoderate

tenperatures, it s particular%g advant ageoys .to b%H .o
aBs gnenbiopedy 3Bpve finyl setats L6ap B s %““ftﬁfg AT DEbstifpgle However, it is
( BfBeded 11 B RInpbickateibi@RupREAl i Ng a | ow tenperature

car bonyl ati on, the carbonylation is carried out

bet ween -300C to 490C, nore preferably, -100C to 450C

Strhé lise PP E@biRsiES SnHRLYdsGRf thOcARREsysRiSthayPA1 &S Rk kial in improving
100C Sieo 4501C.1§éEs§g%i alliqsgreferre is ayfd;n e of 10 to P

3geverppbmeirhhigh hisbeen dshBAp the salyst systeay Whea thepatalyst system is

a (iR 3k hilRbidAeatSN R dRin Rh \WRSTNzH %Qmiéoula@érrﬂy Absdst Y&k o¥ery of the
105N nore preferably 1 x 105 ﬁ.nf -65 x 105N. ni' 2,

. m 2
mesuppVERmskly 1-30 x | 6 N.m 2. Especially
preferred is a CO partial pressure of 5 to 20 x

105N. .
Prefeprably, therefore, the catalyst system includes in a liquid reaction medium a polymeric

dispersant dissolved in a liquid carrier, said polymeric dispersant being capable of stabilising
a colloidal suspension of particles of the group 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.



Preferably, a | ow pressure carbonylation is also
envi saged. Preferably, when operating a | ow pressure

w@a00bomspiat i on the carbonylation is carried ouPCHGB200S®1911
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partial pressure of between 0.1 to 5 x 105N.mi2 , nore
preferably 0.2 to 2 x 105N. m 233 nost preferably 0.5

to 1.5 x 105N.m 2. The catal yst system of the present

Iy ajl & uted. (e8]

oh algene #é cﬁ{;)%%%t R %l%@ﬂ;iﬁ oﬁﬁg lﬁguf rI]eatcH&% %ﬁ%&‘ung but should not
r e%\%ltlm@y ancrggyge tﬂkﬁevug@ffbfofathﬁs uéactdyl eedioly ént. was which would be
MeqykRGRd t@i%gc\ﬁgm %BXJ orarﬁgtt@a'hlﬁ‘ep e ?o%b%ﬂlg %ltﬁeu&%%rsgr{t in the liquid

non-substitute wever erre
vi Agdiurg gedes the reastiomeudisions af tt@@i)eraﬁh@ansis:eesswre sticabi tait bé segereat as to
C O Win i ety it I‘E@Jﬂ t 0.0
benefi %ﬁ Cmtklﬁllerf% ?00 I ng ?,hé%cd (las\éée(rrééln?g?fog@n%i? Sa(}n%(\)/\}r]?f3 %ﬁtal'l]gasmdes'
been | ost fromthe catal yst system Wen the catal yst
SYHi dt C I Um s
o B et plrt il Qo] b AL 0P GLHTRE  rgites of e
VIS nEUB| metﬂroemstahmnwoundmﬂeﬁ thediquidhenctiait mbdlmh such that the metal
SY S des, i

ey, Qi ESe At dn G, ERCREAM I, Sprngion in the lqui
S dﬁ@?tlﬁ@ imedism anddire diselpegatl fts»m ﬂng rtaapa bloeg efithgha biquid ﬁrngclamatlon

a a‘flglolpﬁblgl n% f%%@“fﬂ 91@1818% TﬁB?'{]F h&alnﬁgﬁsogf ca 5'8 r PHD all Hamcles are

e Ca St s emw
t h@rmaltymf@olétadai |denensfme elgi iputhairangeatt 1Qﬂnmwhragmpani,c1etseze although

a li%hvﬁapﬁclgs ﬁ/tilaﬁn 'irf“?o%e c%%sorPo{H% ftﬂp %Izgeg{] Fis e%ersaxﬁ,]aée adsorbed

e reactants or reactlon
r et thet wirfagedoff élacm@tdrpamodrduwhist the IlemeqmdcaL éfothm dmyrsdim molecules

di Pﬁhlg la?LF#é E)H’El% )}' rrsgzvl%%g 3¥?1% 11 u1 g’c%!)r\ll I%Qﬁﬁ U, aéld 11}#1% SHEy the dispersed

uent sper I'S" SO
| i ggeripd Vﬁﬁ?cm@hpamdqaswm sthbitised hg:uhscﬂ setting sanglm Waldsacrﬂtheyreactor or in

i h t

 TEERSE AR ARk DSASH! St By Y v
h @athsmn @ﬁ pérbicles Aidecvethallyi doagqlrat@f Strxeaghl@peatandt pamicks tay occur
l 'egyﬂ d tl?ée éééme&@g%ltagg%lsrpgragn })g Whe dl Es!ggrrs]e&t g’fé{’? alé%ccingentration is

nperature an ressure-s
d @lp@mlssd gml fSilahaiggloyletahm slobslr ot 4t (arrel@ﬁlvetyhbwdlbﬁeﬂ) and ttagglomerates

C art cI e
%agle{;éggn °%SGE%’E§%| i #eygl%]%l’b flbé uB ac? Iti% |p6‘5’Fl%s redispersed by
sagitatiosi on of particles of said gr oup VIIIB netal or
metal conmpound within the Iiquid reaction nedi um such
that the netal particles forned as a result of
c dtha bylsmeldte@smtbamﬂrmiy imrhwlehemdpdlyme s sjpslymersiimtlddigs polymers such

i qui m and are di scharged fromthe
régg{ o%%pmersandnﬁarPﬁEmFl quid for reclamation and

optionally for re-use in making further quantities of
C%tre%erﬁt, th-gh le)olgfrr%ter?(! d?%grtsl %l has suffe ciently acidic or basic functionality to
substantially stabilise the colloidal suspension of said group  VIIIB metal or metal

compound.

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

solution phase is substantially avoided.

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

carboxylic acids, sulphonic acids, amines and amides such as polyacrylates or heterocycle,



normal Iy of colloidal dinensions, e.g. in the range 5
- 100 nm average particle size although | arger

wassiiedses may formin sonme cases. Portions of P€TI6B2005/001911
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pol yneric di spersant are adsorbed onto the surface of
the nmetal particles whilst theyyemainder of the
d|spersant nol ecul es renmai n at east partially

sol vat d the l.iquid reactl nd.in thi

© RE G Bite i st P SHEF ey 2P PRy bgoligrs uh
st @btolhd«s:edn agmiynsds sakd Aforegidon the wal l's of the
reactor or in reactor dead spaces and agai nst form ng

aggl onerates of netal particles which nay grow by

C OEAdntple@n oD fsugha pbliy ks d@dpéi-s:ﬁﬂﬁ iiarabd Kelo@ed) Utoat GolyS@yrrolidone,

a Ione at,ion o ticles ccur eve n.the . .
or 00 hebalmiar <plydalernie. et  polvacnlic acid
dl Is(ﬂﬂﬁaﬁelr&tylib)éﬁﬁ Mﬂ3ﬁ@ﬂfbﬁyﬁbut}&fch@d) pcﬁy-ﬂlpl&hdﬁle? gdlytﬂlfﬁ&hlolmne poly-
oneration s e at a rel at eve

i ag B et e Hly LrigoRntn Jorenybielophare  Goid and

t heyly(mmylskiphdaicderdy. up and the particles redi spersed by
agitation. The polyneric dispersant nay incl ude

honopol ymers or copol ynmers incl udi ng pol ynmers such as

grn%ferab@p ﬂ{eypﬂi?;fn&rﬁﬂﬁ%p&tsﬂft 1rﬂ>@fp}¢5f%ssacldﬁr(&ftﬁﬁlalhhdfetle% Biher pendant or
a&

neric S s syfficie acidjc or
f uY‘i 1P 61?%? ‘gteb& @Sﬁ%t E’F?ﬁr%w ;}hesi‘%‘ii? %10 ey %Ve&oﬁhﬁsawa%frn constant
SUGBENGF Odis QflanS 8.0d n@FD p&fé(&ﬁl} Blegtethah 30, Iﬂedtqireferably less than 4.5.

co und. By substantj bilise is nme

pr]ge%%fﬁ%g’aﬁe Sig foofefgs 86 as\?l I§SpLighoR £Pnsi4nk ?Hi{b}]éemg Oft less than 6.0,
S Ohbie ip@dTeribl $8s than 510084 @Rkt pRdfbribla ek thasl 4.5P8K 1 dnfl YK béidg measured
preferred dispersants for this purpose include acidic

or MFHER @aY5QR 1gn #h0udi ng car boxyl i ¢ aci ds,

sul phoni ¢ acids, am nes and am des such as

pol yacryl ates or heteroc ¢le, partic rly nltrogen

hetErble pelymericdisnersapts in d&&w ?wgs eylﬁél%esre@ue%ma@um at reaction

POdoyi¥itibys, canydif &Y 1bAO6R a8idicC PNiy MBLefy, Sithet BRhia iRy R3@hed backbone or
Exanpl es of such_pol yneri ¢ di spersants nay be sel ected

f 18R WWI%WPYWF (ypyedg)ﬁléd tl}g’bp(g}gg?rﬁ |1r§ﬁ{peg1tmg acid and amide moieties
POJuyiRas ybl9ﬁhylpyrbmdor&om@§ faw g&k{mrﬁ@tes BRh 48 |pBEaASlic acid (PAA) are

Bg{%ﬁac ra%/]llg; I&ﬁ u"{lvrlp@gﬁaé )waeg:%rg P{,&lE%S]&H}&T ngh is suitable for use in the

thVenhoﬁfﬁéﬂ%hd%rﬁpGE the%ltuye ol th®F@btionGnedARh Ynd-ths @5111151% of the polymer
y-L- L&IOSIHG (vin IbenzenesuIPhonlc acid) "and
(<]

pothefe% p davepiey @a E‘Prﬂlf Y Breervepghimg!l GQIWeWﬁ&tywﬁ ehan 100,000.

di Iffﬁﬁfasemhel d%@xﬁgdo%ﬁ&ﬁﬁ W&EIfIi€ inOthe RSt ¢,0001 ©09,660, more preferably,
ei er endant
5,000 — POO ,000, most preferably, 10,000 — 40,000 e.g. Mw is preferably in the range 10,000 -
80,000, more preferably 20,000 - 60,000 when PVP is used and of the order of 1,000 - 10,000

in the case of PAA.

as polyvmyl

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.



wi thin the pol yner backbone. Preferably, the acidic
noi eti es have a di ssociation constant (pKa) of |ess

wWo b@s/18509 nore preferably, |less than 5.0, nmosPCT/GB2005/001911

10

15

20

25

30

35

preferably less than 4.5. Preferably, the basic

noi eti es have a base di ssoci at3pn constant (pKb) being

of less than 6.0, nore preferably |less than 5.0 and

nost preferably |less than 4.5, pKa and pKb bei ng

measured in dilute aqueous solution at 250C. Suitable
poPpfeeabiss thei pofsemesanetad massraticl i &/ drbetwreebdi Inapdsl@DY b reore preferably,
th cti40 jpm r LN jti.on ai

| el BRI ot [ RGO RNGh | L9 e, AR, Dby, e
popaoiymer:tid laberiatio in gig isarp e HWAmong pefigyablipdpliad @), mostpeeferably, up
that,jgol yners incorporating acid and am de noieties

suchas pol yvi nyl pyrollidone (PVP) and pol yacryl ates

such as polyacrylic acid (PAA) are particularly

Syl L ak i Z?F ML agutf Yo 9l am%jfhvf-fs@,lB@im[nh%ﬁﬂpgb-a&a%antvlmethvm

surta use 1 n the 1nventi on depends upon tn

ndgrroceneof the reacti on nedi um and the solubility of

the polyner therein. W have found that nornmally the

average nol ecul ar weight is | ess than 100, 000.

Prl 8t BT-wbhmethy i, réaxagerbnwheeddmmntange i(gfieingds from €yfec, 14.0g, 0.066

9 3 O B T
1 30900t e jo £ 3biLo [PSRGRNBHANAG Ry Leig (Fxample 1, 10 8
pOSBBmatl) §n ankydiows acetigecid (] @OOD- urgler i0Ogennandethe resulting mixture is
i ; . .

AR P B iR QRS0 BYE ity il oot
efif%cto yieldobe cexde itide ipomluctf ast dmeordiigsfyellemimelidyi Thisris waghed with hot

L ) ) ; )
853 ISP UL F oo LR R GRG0 5w
di spersed group VIIIB netal nay be recovered fromthe

0 P, I, 0 SR, R 20 1.

f a3 zHydemas a catal yst or other applications. In a
conti nuous process the liquid streammay be circul ated
t hrough an external heat-exchanger and in such cases

i 'PAVIR {0 10 HueCD @l 5 +27.4lobst 8901 (D,eB39 {to) prnhe

pal | adi um particles in these circul ation

apparatus. Preferably, the polynepnetal mass ratio in
gEtpnestabatalysion Fduntl: @13a@.80%08:7 B5%rOnleulptedf@& 5 B8i1%7, H:7.40%
between 1:1 and 400:1, nost preferably, between 1:1
and 200:1. Preferably, the polynmer netal mass ratio in
gBgnthssisup t ©f 10001.2-Bd i pr ef(@phddpha-1.015. Hetradfd@hyl49sk0-trioxatricyclo
prefernably, up to e%o_g. ZE’rlgeeparati on of 1.2-bis-(di-(lI

'10'-t ri oxa- 2- phoshpha.- adamant yl met hyl ")
Synthesis step 1:

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.BH3)
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.



ferrocene
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solution of |, 2-bis(dinethylam nonmethyl)ferrocene
(Exanple 1, 10 g, 0.033 nol) i%s anhydrous acetic acid
(100 m ) under nitrogen and the resulting mxture is
stirred at 800C for 72 hours. The anhydrous acetic
acid is renoved in vacuo at approxi mately 70Q0C to
yiSedttesistséep@r:ude title product as an orange/ yel | ow
solid. This is washed with hot nethanol to give the
product as a m xture of isoners as an orange solid.

( T2. Oyoluissgof HMMVBH( 1567avHs6, mopdl ) tetraBydrofyray @ pdHwas added
b . 3. , ; 2. H, ctifh: - qar-di o
i €3, bfy's Yo o 0i G \Bepifhe G HByog dtrono

(lplene (20208 rimdl) in 3@rahgir¢tbran RHml) Frepddedat FhaCyasd ghe reaction
Found:, C 57 80% K 9 | ted:. G 0 -7 4009 as
S f/ln?vﬁeéist?s‘;%%n % 105915. témg’%féhrga &ﬁgr% ﬁéirrs, qw%?ylé%zn{g d"m?, fﬂor@nol) Wi

( 2djxd s ite-rtacBion refluket foa bty AGeocopling, theosedien| wasgrBoved and the

E%ruiiig pfg):!iggotl dgsts?lg%ud%f%ﬁéﬁé%@ YIERR DRAZENR S¥E PES U ). ©Fhe solvent
2.-vpbosphambve:é, 5, 7tot et raffed hy| 18- BP1Gphospbatls3. & Jdqtismethyl-6,9,10-

3.1 1{3 Cc j 0 L)1 . .
b T 56050, DL 050008k 5 i e s
bdyoRoberi Boghi sldn(Fd merothy Umiversityr aify BrigplurimnApile208) for NMR
mp at 0 OC. t St1 Il

ol ety B ol Pl RO B o ol
was recrystallised fromthe m ni num vol ume hot

tet.r drofuran (.20 ) and washed with hexane (2 x 5
m‘igln)?l?/cg{a?eoé?jr%onﬁagm

2- phosopha-1, 3,5, 7-tetranmet hyl -6, 9, 10-tri oxatricycl o

[3.3: 116 3.47d 1 . degan )| )

7R pEE? B BRI ORGSR efiRne P
r gMeyddagaAnidsidid eaticofVI:Live rdtid) £1:A128:2) r om hot

tetrahydrofuran (7 m). The yield of H PA-BH3 was 86%

based on H PA Synthesis step 2 : To a solution of
H-SRAd BHB o dBtidiE gyerelB fotiomis Y I an dxggandtep ¢« 49 ppra 2] gwyimpupent Pd(OAc),
ded h L lithiu 6.4 2.5 .y L) - P
e e s D
g, adSnanegipHos phindnettydl fechocrhe (402. 3020 0MSnwdes) awdttedeighed- if® a 500ml

0C a he reacti on. al l,owe ar -

t éﬂ‘ﬂ@?bé’%tﬁ?‘ o as%f :Ilé)rtﬂg’; nggrr% ’gro%?té\{eh%}f%%%g%rrg %?g}ltfﬂg’en 3%0m1 of degasse.d
nidthanviasascalided] aad thet sobitive aliiviedrio stf fouredhdusr Tinmeairage sulphonic
Afatc1 r(7’?§)uq,| f.ﬂgmoltesnfwgsoa{d\c/leed] a%nd%ﬁg‘nl gtecfgge}ége% v%{w a&ﬂ‘?e (VAM). This solution

was added to an autoclave under vacuum, and heated to 60°C, when 10 bar of CO was added,

=0

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



crude product dissolved in toluene (60 m) and washed
wth water (4 x 40 m). The solvent was renoved to

wa@bdosn sh9 - P - di ~- phospha- |1 "SJ-tetranet hyl - | GCT/8B200§/001911
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91%9 as a white solid (see thesis by Robert Pugh
submtted to the University ofsBristol in April 2000
for NMR characterization). The di phosphi ne may be
further purified by recrystallisation from nmethanol.
Vi nyl Acetate Carbonyl ation

| 12~ bis@1-2§1;3 5 trimethyl 6,9, b trinxh-ada R ad §lphos phimonsediayTh héngbyen(XylyPA)
osphi nonet hyl 1) ferrocene (FePA) (Metal:Ligand: Acid
rzm'%{\rﬁ%f:%'ll}‘%éﬁo) =1:1.25:2) Standard conditions

were as follows : In an oxygen free (< 10 ppm Q2)

enyi ronnent.. Pd( QAc 134. 7 0. I Pd nd.

Sl Fttisn S5 o T g 65 FEmem S Ergrpms racoso)
stidvanet hyl0}omrhdes oceRd) ( 494hd3ny, 1,D-bBEHA2H1,2S)trimethdd-6,9,10-trioxa-
wei,ghed into.a 500 roun ofto ask. . To this.under
SRR Py S bS8t PN Qi i "B Qs « soomt
medund rottometrsliadde dhis andertahgrosctivatatoosphdrt @fadroigen 300ntl of degassed

for ,one hour,., .Then, net hane .sul phoni c. aci 77..9ul )
| TR 8 el Ao NART BB B Yy B Gl i miethane suiphonic
aaeitl 4179ul, \IA)mold€)i asaddadtand H0miad deghded vingl avataUVAM)aVhis solution
under ,vacuu and heated to 600C, 010 bar. .of
oS hae R e Rt DR Sl S tad S0 b 1p For 5720 was added,
hatid the sbheios allovedmw wast fohérhonsolThe soliitien paeg®nroeoled the pressure
rel.eased nd .t he autoc] ave.e i ed., A S | e was
[ SUEREE Be A yegrdiie SpRSL AT SR T e T af e o6
Conversion of VAMto Run Ligand Ratio to Products
Products 1 FePA 5.99 gg 63 .56.33 2 FePA 5.8¢ 64.75

hear: %o

64.07 3 FePA 5. 93 60. onversion
60. 001 , 2- bi s(di - 2{| , 3, Branchewt Byl Congerslon r obx M AMATEN

tyLphosphi nonet hyl }) b ene (XylyPA) (ML:A_rati
:1@."23'.'%"(& andar d c(éﬂ%tﬂi ons¥‘&)/\éf%alb°&sf ol | 8\';\%,(;".'°qfn an
oxygen XylydA (< 10 ppme2§ envi epdFent Pd( OA8).83

(134. 7ng, O bmmol es Pd) and

I, 2-bis(di-2{I,3,5-trinethyl-6,9, 10-tri oxaadamantyl pho
sphi nonet hyl }) benzene (411.4ng, 0.75mmpl es) were

W%f%p ggtilllart]itog o? thseogrmducts of the carbonylation, 2-acetoxy methyl propionate and 3-

acetoxy methyl propionate were collected as different distillates.

Production of Lactate and 3-hydroxy Esters

Preparation of 3 hydroxymethylpropionate
To 25g of 3 acetoxy methy! 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-hydroxvmethylpropionate

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



round bottom flask. To this under a protective
at nosphere of nitrogen 300m of degassed net hanol was

wa@odmsd]ssand the solution allowed to stir for oOPEI/GB005/001911
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Then met hane sul phonic acid (77.9ul, 1.2mvles,) was
added and 50m of degassed viny acetate (VAM. This
sol ution was added to an autocl ave under vacuum and

h .
P D a8l eSSy MkA: o o
whsurs theforec oesiling to freompriemparatorey elbasueple arad anhlgsed by GC, the peak

a gBt (VESY

(R AGeER e, AR AiINE JHESObASED i AppAlR gkl boen replced
Rby a peakandesRonding t @ hpdrodyrattkylpropideatt. s 1 Xyl yPA 6. 16
62. 07 61.83 After distillation of the products of the
carbonylatlon 2 acetoxy nethyl propi onate and 3-

Prsipangh 2  propionigtacid\ilaetee acid) | ect ed as di f ferent
distillates. Productlon of Lactate and 3- hydr oxy
Esters Preparation of 3 hydroxynethyl propi onate To 25g
offo35a062 esejoxysnstipil ppapigpiie (el &l 10les) Mas mddleais2S g\MeORd de dhis stirred
2 ( [ . e
o b Shat o0 i SRRE OF shoflh MRV IPRERG i gf warer. The
sisodutinnuvae shgédfoe 0go btburnig 50 beforsrrotléngte rednu tempefhime. The pH of the

0
TR PR IEE S, O 5ty AT SR SRS RAE B sred or 1

ahdlrbeehe sephlaceas leaeqoénkG@,othpe@pbwdrrcﬂyomengB to 2 acetoxy methyl

h yl | |
235%@%?%%%&&?%%%% Iﬁ%%}%e #%R%ggéno%'ﬂ ]é% g/eak corresponding to 2
mbydigtypreménatie (0. 171 nol es) was added 259 MeCH

(0. 78nol es) contai ning | %W w net hane sul phoni c aci d.
The sol ution was stirred at 60C for six hours before

s arnt) inoxY propieniatacide. The sanpl e was anal ysed

by GC t he peak corresponding to 2 acet oxy

nmet hyl propi onate had conpl etely di sappeared and been

r #pl2ag eti3 beetaxy p@iyl porpicastp ¢Ad7 Ingoles) vias added 25g MeOH. To this stirred
h yhet . ti f ydr

DGR DULE5RP L0, Sy LSPT SHi B DU o v 1o
nectltlt}dn vmscsprrcrhﬁt eng Bout 71 54 beferk cmilmgaddm Ewemﬂ—l THeopH of the

( gdlélolc'l%i'as tlfeq é&ﬁ tg lto e;g(—l %Soézgﬁieﬁﬁav 2 oq'll-ﬂ.? anx ghe sampl% stirred for 1

hour. The sample was analysed by GC, the peak correspondmg 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, abstract
and drawings), and/or all of the steps of any method or process so disclosed, may be combined
in any combination, except combinations where at least some of such features and/or steps are

mutually exclusive.



solution was stirred for one hour at 50C before
cooling to roomtenperature. The pH of the solution

wor®stssm adj usted to pH 3.0 by the sl ow addi t POFIG82005/001911
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HC and the sanple stirred for 1 hour. The sanple was
anal ysed by GC, the peak correﬁponding to 2 acetoxy
nethyl propionate had conplete y di sappeared and been

a b ak corre to 2 hydroxy, )
B e B B s Sr e TRBIPliO e e, R4 OrPayingylgims, abstract and
adiatvinge), 2y @f re§laé&ﬁeE}0XUerﬁmb&Ydau_ﬂdsCH@tvﬁlgaﬂlg sélgela,leﬁiuvalent or similar
red sol ution

nol es added 25g MeOH. To IS Stir

B3 SRS CERPLOR Ay BT e Thiss 8l gy esly S, Berwise, cach
| feaflde dibclexbd Wahe exampleonod it dedstic\werses S eduiv@lbnf QHsinfile features.

hour at 50C before cooling to roomtenperature. The pH

of the solution was then adjusted to pH 3.0 by the

S Tayviradtion i9 ﬁotoxfesthlﬁéd Wthe tdbRilsS et Eorsddidgl ﬁﬁboﬁﬁﬁenﬂ(s) The invention
hour. The sagp was ana

c VP PN B °§e’a?fe't“8'x§ Vﬁ@ﬁﬂ%"‘“ﬁf"&pl gﬁ%’( geaﬂg%f disclosed in this

C spepifesit®inyindlugiap pBAdcCsnpunglin EBﬂns[ siirast ech diﬂwﬁgs{) edtko any novel one,
correspon ding to 3 drox |c aci d. %

" L BEe S Stonn e ks e PGB 4t pofsspin Lot
docunents whi ch are filed concurrently with or
previous to this specification in connection with this
appl i cation and which are open to public inspection
with this specification, and the contents of all such
papers and docunments are incorporated herein by
reference. Al of the features disclosed in this

speci fication (including any acconpanyi ng cl ai s,
abstract and drawi ngs), and/or all of the steps of any
nmet hod or process so disclosed, may be conbined in any
conbi nation, except conbinations where at |east sone
of such features and/or steps are nutually

excl usi ve. Each feature disclosed in this specification
(i ncl udi ng any acconpanyi ng cl ai ns, abstract and

drawi ngs), may be replaced by alternative features
serving the sane, equivalent or sinmlar purpose,

unl ess expressly stated ot herw se. Thus, unless
expressly stated otherw se, each feature disclosed is
one exanple only of a generic series of equivalent or
simlar features. The invention is not restricted to
the details of the foregoing enbodi nent(s). The

i nvention extends to any novel one, or any novel

conbi nation, of the features disclosed in this

speci fication (including any acconpanyi ng cl ai s,
abstract and drawi ngs), or to any novel one,



or any novel conbination, of the steps of any nethod
or process so disclosed. CLAIM5S 1. A process for the

w@bkdosnyssay bonyl ati on of a vinyl ester conpri siPQI/GB2005/001911
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reacting a vinyl ester with carbon nonoxide in the
presence of an al kanol and of 4 catal yst system the
catal yst system obtai nabl e by conbining: (c) a netal

of P Vi1 B or a conpound thereof: and (d) a
b%‘gnate i gand of general formula (1) (1) wherein: R
is a covalent bridging group; Rl together with Q to

U 50k g AR ALY BBl Al o s
t Mth ecafboR -nppmpxidRin thecprevgndenafeqy plt dngd ofep pasalpsitsystem, the catalyst
upy : ' -upto 20 atons or jointly forma
b%%?‘le%&?%%agﬁk%%n 0 to 20 atons; Q and Q@ each

i ndependent |y represent phosphorous, arsenic or

aphi mo o} i on of 3-hydro
o panadeit ot b OGRES ol Llod PEnPHOSHE LN D) U Grp ™

C(Q)) ORbiigntpte|ligansinfigenesdl fympladDst eps of
al koxycar bonyl ati ng vinyl ester wi th carbon nonoxide
in the presence of an al kanol and a catal yst system

t @ catal yst system obtai nabl e by conbining:(a) a
metal of Group VIII B or a conpound thereof: and (b) a
bi dentate |igand of general fornula (1) in accordance
with claiml wherein 8 is selected fromH, or a

C1/C30~al kyl or aryl-fbiety which may be substituted
oR'unsup&TTuR ei ther branched or |inear and
ca Fhg out a treat t step on the said linear (n)
product 1-acetoxy CH2-CH2C(O) OR 28 to produce the

3- hydroxy propanoate ester or acid of formula (I11). 3.
A process for the production of a |lactate ester or
acid of formula I'll OR 2'8 CH3CH(OH)-C=: On

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 for the production of 3-hydroxy propanoate ester or acid of formula (II)
CH, (OH)CH, C(O) OR *® [41))

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:



(1'11) conprising the steps of al koxycarbonyl ati ng
vinyl ester with carbon nonoxide in the presence of an

w@bkdanwsiand a catal yst system the catal yst SPGI/6BR005/001911
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obt ai nabl e by conbining: (a) a nmetal of Goup VIII B
or a conpound thereof: and (b)4a bidentate |igand of
general formula (lI) in accordance wth claiml to

produce a pfr ct 1S ranched (i so) product
D oty xfefiateiste ST oxnapto Sl ifEFE R o5 !

sel et erbiflaneite kand bf @n&‘:&l foisthla(lkivi laccordapseykitth@aiat ly

whi ch may be substituted or unsubstituted and either
branched or linear and chemically treating the said

bnamdmeﬁ”(lh seldctelr fehu &1 of onC@dﬂkye ot gl meietyas}ﬁdnnihylge substituted or

| act or. a a lll ess ac
t dmgl ’&ed alcgpﬂ)f Era_gc%e el}ngflr an&ﬁ rlryén%)rﬁ\g & Ws\ing s%epson tggsmd linear
pr(ﬁpﬁswcawcat@iyr@ht@{ﬁ(‘@)(lﬁzs t6 paido®: the 3-hydber gopanbe ester or acid of
re g@ a{)s CR4(R5) (R6), congressyl or adamantyl, R3

ég E1t's CR7(RS) (R9), congressyl or adanmantyl, or R2
and R3 together with QL to V\,hi ch they are attached

fogrman o aII subtlt

14 A Bebfes: et R S ve

t hereof. 6. A process accordr ng to any clains 1-5,

wherein the adgmantyl group optionally conprises,

besi des hydr%fben atons, one or nore substituents

S @',eg r radpwer al kyI -OR 19, - CC(OR 20, halo,

n;sdtn?so, -’_C’{O)R 5)01 C(O)(P(HZ)Z cyano, aryl, -N(R

23) R4, -C(ON(R 25) R26, - C(S)(R 27)R28, -CF3, -P(R

56) R57, -PQ(R 58) (R 59), -PBH2, -PO(OR 60)(OR 61), or
mﬂﬁﬁ_ng thia eteps oiR1I®Xy RPNy IRME ving? gsterRAth caRRpn mdr@&ide in the presence

A LU YO B e

represent hydr ogen, | ower aIkyI aryl or Het.

proc t [ eln the 2- @(or

%c@%?l%[f? %Q)l V%II? 3, ‘?‘F?Igé tﬁg?%&%h referred to
h e r e(hﬁ af idantagesligan@ omnetalafmam&)ﬂh agpouslapcef with claim 1
conveni ence wherein 2-nmetaadanantyl is a reference to
2- arsa-adamantyl and/or 2-stiba-adamantyl and/ or

2-tp Iposipbea a geaavireit §omprisiop i toanghddy (imd ppdbetelsacetvay i(6H;). CH.C(O)OR,”

S u‘%{s %‘,%fggﬁ% géf%gedgg}%} &eC %ﬁ{%l @d ﬁgﬁﬂ%\&g wh1ch may be substituted or

aamslrbdﬁitmgdtaod eltlaer rbra'nphedrlm rlmeem anth ec@mﬂahaatalgeth@ ydid branched (iso)

% {:1! tﬁ%rolﬂgcestﬁggogre%%)g@' ﬁ%gtc]tgtte% Qci% Q@meﬁé ﬁf“ r t h an the

process according to any of clainms 1-8, V\,herel n the

2_tlr.nsAt &b@e@?%&tdyrlg t§ En%/uoq%la?n?s ﬁﬁf&h%%% Q? is phosphorous.

5. A process according to any of claims 1-4, wherein R? represents CR*(R*)(R®), congressyl or
adamantyl, R® represents CR'(R¥)(R%), congressyl or adamantyl, or R* and R? together with Q'
to which they are attached form an optionally substituted 2-Q'-tricyclo[3.3.1.1{3,7}]decyl

group or derivative thereof.

6. A process according to any claims 1-5, wherein the adamantyl group optionally comprises,
besides hydrogen atoms, one or more substituents selected from lower alkyl, -ORY, -
OC(O)R®, halo, nitro, -C(O)R?, -C(O)OR%, cyano, aryl, -N(R®)R*, -C(O)NR®)R*, -
C(S)R?RZ, -CF3, -PR*)RY, -POR®)(R), -PO;H,, -PO(OR®)(OR®), or -SO;R%, wherein



herei n include
2- phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-tri oxadamant yl

w@e@ap185e phospha-1, 3, 5- PCT/GB2005/001911
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trimethyl-6,9,10-tri oxadamantyl group

2- phospha-1,3,5,7-tetra(triflugsonethyl)-6,9, 10-

tri oxadamantyl group, and

2-phespha- L23pB- 4% 0% g Luops -6 -t ri .
AR e S o s
1-a8d Rittte Rei eactsindepaidcatGrepugenididr@endowdrslkyl, ag/l codgiound

t hereof which nmay be conbined with a conpound of

formula | include cobalt, nickel, palladium rhodium

arfd pAlmedesumcorting 1A gime éSs vhersor e A (@ Qdryriayblof3. 1. tr§3,7} 1decyl

1-10 i t] [ r d .
R T A e
1.a8arfiantyl ds aAeforeocetys2-aseadainangyltapd/anJ—stiba-eHamnantyl bad/or12~phospha—
wher ej he .hj den s L e ed f

La%z_zrﬁz%n@(l%i (_ﬁ)&l@f{ﬁi}? Sé’cgu?pgx_s%sé?)?g%ese thﬁc{;ggﬁﬁ 6«J’it§r’ﬁ£, (Sjne 5P%Wore such adamantyl
1 Gubstitvonta andtdimechinydlagih @sphi nomet hyl } )ferrocene, 1, 2-
bis(di-2{l,3,5, 7-tetranet hyl -6, 9, 10-tri oxa- adamant yl ph

osphi nonet hyl }) benzene, 1,2,3-tris-(

di8 24 Ipr®e®, agcarding savethiny 7.-véhegein thet2rinetr-adantatyd igropp phadgieh additional

. A o 7
¢ QPR ng?tf‘%ft%?‘%?gia%‘%‘é@‘é‘é%?rﬁ%ﬁﬁ‘ﬂap LRt hyl ) - 2

-(di -t-butyl phosphi nonet hyl ) benzene; |-(2{I,3

55, 7¢ -0, L - t i

o5, bR AP T 6o A A0 RIS R e e
1,h2rebi sichiide 2-fhosidad, 375, T-etramethylH6/9, 1 Bir@xadbantyl group, 2-phospha-1,3,5-

trj.oxa-e ant vyl ph in hyl hthal ene’. . ) i

| RERRRSITRl0ANaReT) "GO 7Y i DR 3 - Kigrinuoromety)-6.910

1 Oridxailoxatyl gopp, and LPphopha-1,3 BEB(triftjdrereetiny1)-6,01 Srtigoxadamantyl group.

(DPA2); 1,3-P,P -di(2- phospha-1

, 3,5, 7-tetramethyl -6,9, 10-trioxatricyclo {3 .3

. 101[A pitkess -aderdihgd pr apyasfelfiPAD) wherein suitable Group VIIIB metals or a

l,2-P P.-di -perf.l.uoro(2-phes . .

ismpoa bR bR P BB Ra i, sommonnd of Sypulg Lynclude cobals

. JiRelypiladiemythpdinimeand platim@a.P, P' - di -

rerfluoro(2-phospha-1,3,5,7- tetranethyl-6,9,

10-trioxatricyclo {3.3 .1.1[3.7] }decyl)-rropane;

1,12- A procads aqcBrdinghto aphaf claims 1-10, wherein the ratio of linear:branched product

1,.3,. 5, 7-tetra(trifluoro-nethyl)-6,9,. . 10-trioxatricyclo

(o SHEBbbO ol Bie ot alick i

1,3-P, P -di-(2-phospha-

1,3, 5%, 7-tetra(trifluoro-nethyl)-6,9 .10- .

P Ponboce R Pk b 5P ) forsin eidepite tigandaqe seected from

bildetrig(dit 2 113i YA tetrainsthilef?) Bitriora-adasiahty bhbsphipomytiel? farrocene, 1,2-

suybst.r i.a at t..qne of. a bridgin r.o such a .

APRREL i ReregpERR AT Pt R R G TR, *.2.3-is(

This2 {1t08 2 ssramethgl-6]D 10 triaxa-adamanty ighbgihimmbthy B yfemben&i n1-(2{1,3,5,7-

Lg%ﬂﬁag{qsg(géll 6—%&%&%@%@5}rplhgs%hﬁgxgetﬁ;ll)—%—zd?- - %’Eyellltﬂlljorsghiggmethyl)
benzene; 1-(2{1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl } phosphinomethyl)-2-
(diadamantylphosphinomethyl) benzene; 1,2-bis(di-2{1,3,5,7-tetramethyl-6,9,10-
trioxa-adamantylphosphinomethyl}) naphthalene; 1,2-P,P’-di(2-phospha-1,3,5,7-
tetramethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)ethane (DPA2); 1,3-P,P’-di(2-
phospha-1,3,5,7-tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7] }-decyl)propane
(DPA3); 1,2-P,P’-di-perfluoro(2-phospha-1,3,5,7-tetramethyl-6,9,10-




14. The process according to any of clains 1-13,
wherein the carbonylation is carried out at a CO

w@2005i18851pr essure of between 0.80 x 105N. m 2- 9BCKRGB2005/001911
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105N.m 2 . 15. A process according to any of clains
1-14, wherein the group R reprggents an al kyl ene
bridgi ng group. 16. A process according to any of

I 1- d
aefpreeado B TR T detinstulier ol A KParhet g arphosgha-1.3.5.7-
Orteign SRS, 930&@10%&1%% gml Np3. ﬂqb&yu)tptbﬁﬁlear yl rml 1e2-P P’-di-(2-
to which the atons are |inked on avail a
ad}h@eldml ?z,ér%t@tra@tlﬂﬁ%ro methyll-689, berkpXatithyplod d Sl 1[;3 7]}decyl)eﬂwme
z%xr esent |ower al k}/befpf -di-(2- os;aE%-Fg,a5§7d?etr%gtﬁlﬂuoro-metllyl)-6,9,10-

gtltuents of the™ary
I neleparicend §3y3.1. 8 (3. E]S}déﬁyl)‘mdpaiggan | ower al kyl, aryl,
Het, hal o, cyano, nitro, OR19, OC(O R20, C(O)R2 1,
qqm& NR23R24, C(0O) NR25R26, C(S) R25R26, SR27,

C(dPreFR2denta® ligadd BOARN XOa WEHIE ply ey RSQRESYih BVIBIst one of a bridging
al kyl ene; or twy adjacent gro#‘ps selected fromK, Z, D

ar%o‘EsPﬁb"ét‘ﬁ"fe‘iheWﬂfl’Pﬁgrﬁ%pézQF% nigpeHEURP- t he aryl ring
to which they are attached forma further phenyl ring,
whi ch |s optionally substituted by one or

suBsthhe grosess agsordied o gy p mlmarlagwrem mrbapxéwon is cartied out at a

hak@per@i@Robetiedn-20 tRLY., OC(O) R20, C(O R2 1,
C(O) OR22, NR23R24, C(O) NR25R26 C(S) R25R26, SR27 or

C(O SR27 or, when Ar is a cycl opentadienyl group, Z

meyt. @e E)f%l@és@ %&ﬁkﬁﬂg tlaym M clléu)ns m 1(3 L@ﬂéﬁlﬁ'ﬂ@ obrbofiylation is carried out at a
connected vi a to t €

cye? B%ﬂtpéﬁdfvéwﬁ bea*feaae 8&5 1Pe161“bs9é)ﬁ% WO 3( R14) (R15),
congressyl or adamantyl X6 represents CRL6(R17)(R18),
congressyl or adamantyl, or X5 and X6 together with

OF
t olSWrﬁ BIPCe 3GeostiReS ty ’t“é(dﬁ SRipHF-Aarhesit f§rapypR represents an alkylene

squglln%gltogg 2-B-tricyclo[3.3.1.1 {3,7}]decyl group or
derivative thereof. 17. A process for the
al koxycarbonyl ati on of a vinyl ester as descri bed

h elrae | ANpr3idds mc&faurgqs SOk 111 DS IR¥A e BFidgihS grofp R may be defined
ocess for the production of 3-hydroxy propanoate

esaﬁef?*a&DéE(ﬁ@ﬁ' formula (11) as described herein and
Wrdigf erence to the exanples. 19. A process for t he
production of a |actate ester or acid of fornu 1]

ashided brdgirecer ey Omrising anwRtianallysubstiied ard maidy to Which the Q' and Q°

€ XA BSlkinked on available adjacent carbon atoms;
A and B each independently represent 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?,
NR®R*, C(O)NR¥R%, C(S)R¥R*, SR”, C(O)SR?, or -J-Q*(X*)X® where J represents lower
alkylene; or two adjacent groups selected from K, Z, D and E together with the carbon atoms
of the aryl ring to which they are attached form a further phenyl ring, which is optionally
substituted by one or more substituents selected from hydrogen, lower alkyl, halo, cyano, nitro,
OR', OC(O)R®, C(O)R?, C(O)OR%, NR®R*, C(O)NR¥R?, C(S)R®R?*, SR*’ or C(0)SR”
or, when Ar is a cyclopentadienyl group, Z may be represented by -M(L1)y (L2)n and Z is

connected via a metal ligand bond to the cyclopentadienyl group;
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X® represents CRP(R")(RY), congressyl or adamantyl, X° represents CRR")R™),
congressyl or adamantyl, or X* and X° together with Q® to which they are attached form an

optionally substituted 2-Q’-tricyclo[3.3.1.1 {3,7}]decyl group or derivative thereof.

17. A process for the alkoxycarbonylation of a vinyl ester as described herein and with

reference to the examples.

18. A process for the production of 3-hydroxy propanoate ester or acid of formula (II) as

described herein and with reference to the examples.

19. A process for the production of a lactate ester or acid of formula IIT as described herein

and with reference to the examples.



