WD 2004/ 050599 PCT/ GB2003/ 004679 CARBONYLATI ON OF

VI NYL ACETATE The present invention relates to the
wocaodesydoat i on of an ester, specifically vinylPCToERM@032004679

and in 5 particular but not exclusively the use of

the carbonylation to provide a first step in the

producti on ofCARBQNYILAKIQN Ch¥INYhyACKKATENYI

propanoate. Currently nethyl |actate is produced by

esterification of lactic acid, which is produced

either by synthetic nethods or fernmentation. 10 The

mai n synthetic routes are based on the reactions of

aC et fle @ﬁkh&idlﬁvenhdh relRes toeHe hﬂﬁbnylaﬁtmeif al dehydeificdly vaglct@ge and in

I% t}ﬁg%qarﬂ:@ 6{%%}/@%1&6 e to ¢ BF tg cat P}?/atioiri‘? ep(?{]\)u%r 'f!r gteﬁ/\{tﬂlt}{%h

erna ehyde
be rgamtted ofiinéthyl d}vatab@md mqlmyld@hyépmpé\nmt@r in the
presence of a nickel (I1) iodide or sulphuric acid

catal yst. Synthetic routes produce racenm c 15 m xtures
of | @g{ept@y A | lactgigds %rBdWCféjck@rﬁtE“ffff")‘&“L?? ia,bctlcoqmdrrg{n% s produced either

| aCt@Is?ntﬁe@SHlleﬂhodsbﬂfefrﬁﬁﬁﬂén years, inprovements in
fermentati on net hods have nade this a preferred route
lactic acid and its derivatives. Opticall ure

| actTie @ain dymhatic reuter odbewd obythe meactfony of aectaldebysleofn one method,

Suqaz{cls.tal%g&le 1sC1%£c?efdthly hQA?&%f? nglﬁﬁtt@rﬂr@iucé—acﬁc@cbﬂﬁld lvhich is then
resi st ant, fer rre(g%@} I Qn at

te n-p@d@tyaqdeélter@pveé)z Ggﬁtﬁépemcgllhs be[a%tg ?3’86 ﬁlagﬁjyie and water in the
I €acHbsoits of ?Ilii&k@ r(n):ﬁdudé & duph&lcaiid camigstr Bathietiemueapredust racemic
ﬁgt nngggltugeg {olé E% ?]émgna’n% 6% rr 8egn519tal‘{>rét§rﬁsg I(é]{j ré\?tlig§Q§J]at\% ?eglﬁé $1 recent years,
opt i egkdvymyptsrie feraatation methalls hofe niade hisR ragfeires réuby tﬁgacggﬁnd and its
Be pEe%%ﬁﬁ%d PMgh}h}‘l!lre hRgt Q&@cdn%e%&ﬂce@%y&h@feﬁﬁen@@bﬂ bNGigars with

t solven present 1 n a variety of
mat evarelly ch@gbqqctarga H@fc@fcglg ltﬂng to by é?j'.t @ggtiarﬁ do geér@ﬁitaéxon at temperatures
COos Mt drdugd 36Pd s]_‘u@;ﬁdssd‘s saiéﬁ)ddfyl 8@ Sons] Thei pﬁiocbdumje glogvtl axdal requires careful

30 s 1P kb oy By SRy P i s
t her eultins, apticatlg piré lactizatidof baluR end %fowsmnbhmduﬁqfiat is
commercially viable. In the 1980s, Davy Process

Technol ogy found a route to 1, 4-butanediol, % |

f or mMetyyldicisteriypsedasi adughdoling R, SAleRead AR RSFerl Isyapigly lpajerials

cat alysis.de@ Shti h@i’baﬁ@g Qahy erspgen add fog flaboukiGgst Mxas iodefradable, and
1, 4-butane q] fow wi dely used as a pol yner

GO mp AR By 8yl n fibre production and as a high

b0| ling solvent. Polyhydric al cohols are often used in

reachigns, W i lt}oﬂ ﬁ&ﬁ&{ @oak @csmtﬁugtng Wﬁﬁbl@ ra?th@t@ RESrrer@ dot a route to

in reactions Wt aci ds and aci des P

pr odg]éélot ﬁgeﬂli,songsefc'éa‘llg v1a§_le In thﬁrlg%pér%y Toc§ss, Tf%(d%t 0‘{"8 a route to
have1 USiSanéiol SbylXoininEEdicthyt @ISO @bch bamkks @ger a sblidydtid catalyst, and then
bOI H dehgdr %llartlltng ic“fct)ol t}{ee 5}%1'. 1,§-§>utanediol 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.
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WO 2004/ 050599 PCT/ GB2003/ 004679 2 The carbonyl ati on

of ethylenically unsaturated conpounds using carbon
wornexsde i n the presence of an al cohol or WaPEr/GaBR@3/@04679

catal yst system conprising 2 group VIIl netal,

exanpl e, palladium and a phosphine |igand, exanple

an al kyl phosphi ne, cycl oal kyl phosphine, aryl 5

phosphi ne, pyridyl phosphine or bidentate phosphine,

has heearwdggsioh bﬁ@lyleﬂlc{ll@ NBJafkhSed cHHERRBANnPRFBH 1S in the

pat ent appl.i catiqns, anpl e EP- A- 0055 875,
EP- Apﬁiﬂt%ﬁ 712a co ohwatgfwgge}a@ ysﬁpsstg\n mggﬂa group VIII metal, example,
EP- ApRJi4ni Ond a pHesphind 4903 29amanMYBB0§Bide, cycloalkyl phosphine, aryl

b AP RS hrioy Bt R i tene prbpflng A eserivga o umerous

par t Eeiapean patqus.apd FHeREPBIratiqER.cenIsgRPSA POSATS, EP-A-04489472, EP-A-
EP- Ao (4 9B5BB Al 55360 $:0- AL $vati 7981 Eiﬂenloﬂdﬁzssl QPRQQ%%B rpgp A-0441447,

oo dR SOLR oty SURLTED S R PSR e

t he partoniag ERIAL0T 0] EPS 8049544 Bdnyt EP- ASMSﬁEﬁElsd:lssetﬂ'aﬂildentate
ghth de Fip & i '

aohi gl\klbg;gu e %emp %{—F\Jl%/e Cflaﬁlk? Ié])ést{eg?g/htcg %xaf)l@iugﬁ feaé’il on rake]s to be achieved.
which is industrially unattractive. 15 It has been

di sciresgdhn ;erbléMQ@l»{ tjagﬂx@ﬂodsﬂﬁtsclase@ @Jtz;lﬂlsg@lst@rﬁs i9 ey chglfl Irelatlvely

bi dept at e phos e s..can provide renarkably

ot abPEtekRY b G Rppe R BT (st s gy which i

repl eldmsghhaema;tractnvhat use of such bidentate catal ysts

|1Ead3 to reaction rates which are significantly higher
those previously disclosed; that little or no

i npulthasibees diselased rno‘éfee% £P434 thatiaghrtieutan gropsd(dfrisntatp phdsphine

addi I:dn@ﬂundygn 81@/»/@914:3141‘1(5“1)5ﬁib%%@ﬁlygtb@ﬁlcﬂ xlacﬁnr% ﬂ% o%trégl%%kment

procgess \A% H&%ed WItP F ect to g ene been

f ount ¥ BEHBEA FRIEGIP R B85y %W%?i?b@é’éﬂy higher than
r at ethos previbindy dalveedptho tiels or msiggurftios arbiprgdieéd A hige apseréns.

6 or nmore 25 carbon atoms when in the presence of an
external |y added aprotic solvent. EP0495548B1 gi ves an
exanjpladditan, WOrRp{19434 diseleses batrtisonnyd catalyetprasesp Wb usgl witherespect to
C3  bprbstgeshs bh esRioBEmdre At ( di - t ert - but yl phosphi no)
propane. The rates quoted are 200 nol es product per

nmol e of Pd per hour and the result is the production

of 1WArNd/68583 dadeonates foetht yame proo@a Mea fof highier alBéheSofTBIok More

9; 4(9rb§9 atgrLlé ﬁqut J ﬁ&%ﬂgg} e\)ég 91 ﬁ/ a@?e%sasrotd sSo’ vlen ses a

hi gh regi ose CtIVI ear ? oduc

carrying out car bonyl ation vvi t h a bi dent ate phosphi ne
havi K@4es3459° 1)@Lveb&l’n' efgipld dfRlaShedife LRARNNIARR %ﬁlb%@g the C3 bridged

hosphi nes adj acent carbons on_ the rin
P y&ospgme 1 ybls (d1- teJt %utylphosphmo) propane. The rates quoteg are 200 moles product per

mole of Pd per hour and the result is the production of 1 and 2 — acetoxy methyl propanoate in
30 aratio of 40:60 (linear:branched).

WO 01/68583 discloses a high regioselectivity for the linear product when carrying out
carbonylation with a bidentate phosphine having an aryl bridge linked to the respective

phosphines via adjacent carbons on the ring.
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35 WD 2004/ 050599 PCT/ GB2003/ 004679 3 However,
surprisingly, it has been found that the carbonyl ation
w@booniosnsb acet at e produces rmainly branched prednGB2003/004679

rather than the |inear product obtained with other
substrates, wth the sane bidentate phosphine aryl
bridged ligand. 5 According to a first aspect of the

Pr es entvelen C@phdiRly, & Hzﬁb&n ifSun® heMh 8o R 1RbPEEII dcBhte hIdGuces
car bon Lﬂi’l ondof Vi n gl &fﬁt‘ﬂf cgﬁ(g})rlsm reactlglg
vi nylm%/“ e ROt ‘Fb % RISTupt ebiREd wifly qthepsyPasratss, with the
a Sosancdidehtata plhlsphinel arygjbrigigpbligamid of a cat al yst system
the catal yst system obtainable by conbining: 10 (a) a
metal of Group VIII B or a conpound thereof: and (D)
a’bi deerdinaso pFiessspachd thspresrahiayeatiorf thareny brviged a frgcpssRir ti
RG R'car@nﬁat% of v1\1y1/acela4]e co@nsﬁrg(r&gc%ﬁr{yfacélte athca%%n %mn&ld]c in the

4 1 éd: IS a 9

gr ousfe%es?%’f Fé‘iuffé oLl Y BTy stgle/ftfmegumsm yshﬂFté‘f‘y
t 0 whbtalheblelby cophimispphor us atons are |i nked on avail abl e
adj acent carbon atons; A and B each i ndependently

nepr @?entaﬁlgmﬂ%?c%hﬁ(v Iﬁé‘&*ac%gpclﬁnd?ere ﬁmrdd Z are
substituents of aryl noi et Ar) and each

i ndeB’énde%‘?‘?%‘}tafeé’!ﬂ?sé@’@rﬂfge“ﬁvlj@'@g’éﬁﬂ) | ower al kyl, aryl,
Het, halo, cyano, nitro, OR 9, OC(O R20, C(O)R21,
C(O@R22, NR23R24 C(O) NR25R26 C(S) R25R26 SR27,
C(O SR21, or -J- QBRCZCRls(RI 4) (R15)) CR16(RI 7Rt RI S)
where J represzzmts Il ower al kyl ene; or two adjagent
groups sel ecte K, Z, Dand E togeth ‘_Vﬁth t he
carbon atons of the yl ring to which theyrare
attached forma furth ﬁ—%—nhQWGEZ)r—@— ichis
optionally substlt t€d by one or nore sub tﬁt uents
sel ected from R—C C R?
¥ i’

wherein:

15 Aris abridging group comprising an optionally substituted aryl moiety to which the

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

20 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 (CRPR™)(R)CR'R'YR'®)
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

25  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(O)SR”’ or, when Ar is a cyclopentadienyl group, Z may
be represented by ~M(L,), (L,)m and Z is connected via a metal ligand bond to the
cyclopentadienyl group;
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hydr ogen, |ower al kyl, halo, cyano, nitro, OR 9,

OC(O R20, C(OR21, C(O OR22, NR23R24, (O NR25R26,
WEL@HBABRRE6, SR27 or C(O) SR27 or, when Ar is aPCT/GB2003/004679

cycl opent adi enyl group, Z may be represented by

-MLI)" (L2Z)mand Z is connected via a netal |igand

bond to the cyclopentadienyl group; 30 WO 2004/ 050599

PCT/ @BRG0SLA0AEFShderfl Rpreﬁeﬁt 1R aﬁ’(aeﬁyﬂ sdependent |y

represent |ower alkyl, aryl, R 9 to R27 each

I ndependent |y represent hydr ogen, |ower alkyl, aryl or

Het : R'Bo Rt‘i”I‘etE}hﬁl&lﬁ@ndestlsareﬁs@mplydlb@n,dﬁwe\/blkjlll?nrﬂ&t Hét; or

netal cation thereof, L1 represents a

cycl opent adi enyl, indenyl or aryl group each of which

gpP ouﬁ)}gfcafle@mé pﬁr%‘ﬂ B gr VIEBmsta] erupetadicaign dereofor nor e

substituents selected from hydrogen, |ower al kyl,

hal o ano, ro, .OR9 ) R20, O R21,

c( O 6R‘2 eseRiR? 2%?222}”%{’%5)%1%2%%“ EPRfIR 9 2 whigggrouggarp qptionally

C( O SRstiidtedlry ond Or hee subgiRyh selek2d frep hRBeRi, Sovan Sk A haldPdydho, nitro

l'i gapg® é&ﬂRzﬂf 21C 221 1sy26 &L R0, J.f 27

hydr ogeh, | owecr(&ﬁ{ E gl k]\ﬂfar y?gﬁﬂgl %%ﬁ RESH CB)sR” or

PRa3fearareg: or NR46R47R48 15 R43 to R48 each

|ndependently represent hydrogen Iomer al kyl, aryl or

L t ﬁgw rOV|ded t hat

V\,hen hfep—r“f“ f ﬁ%"r?r H’Pfé 48 %"361 Ofér’ﬁtfh\ﬂﬁéﬂeﬁfn%%ﬁre§°ted fromebydrpgen,

does lowet allgdjabdylafy], hald, COQPR ARIER* B NRMIRER*pr esent ) each

i ndependent |y represent phosphorous, arsenic or

anti and in the latter two cases references to

dﬁosgﬁﬁﬁ% b i prpepsiisly aersesabydeoger Bwaradind egl @5 let;

accordingly. Preferably, the Goup VIII B netal is

palladlunl According to a second aspect of the present

i nveRtP8h'there is provi ded a process for the 30

productlon of a lactate ester or acid of formula Il

GH(OH) -C=0 (11) WO 2004/050599
PCT/GBZO 004679

>

provided that when n = 1 then m equals 0, and when n equals 0 then m does not equal 0;

1 .
Q', Q* and Q® (when present) each independently represent phosphorous, arsenic or antimony
and in the latter two cases references to phosphine or phosphorous above are amended

25 accordingly.
Preferably, the Group VIII B metal is palladium.

According to a second aspect of the present invention there is provided a process for the

30 production of a lactate ester or acid of formula I

ORZB

l
CH,;CH(OH)—C=0 a



5 conprising the steps of carbonylating vinyl acetate

W th carbon nonoxide in the presence of a source of
why@ro0sb9 gr oups and of a catal yst system thePCHGBRYSN4679

system obt ai nabl e by conbising: 5 (a) a netal of

Goup VII'I B or a compound thereof: and (b) a

bi dent at e phosphine of general fornmula (I) in

g?gg{?gggénegé}\{\é ps ?fh ?‘rﬂlia%lté% val‘r§ ace%te 1th cg'g(tnl xgong 1Q§1n?}lg%rege%ce ofa

2- ac®toxgf h&@b@) gro@is| | Dp CFal 28systel, Wmstﬁymok?t@nable by

sele&hgglgron1H or a G-C30 alkyl or aryl noiety

whi ch nay be substituted or unsubstituted and either

branched or |inear and chen c 6‘L reaal ng the said

bt anch& 2(eib ot GipyrotiiicR o2 SOy %‘éeotfﬁ‘@ correspondi ng

| act at ) arbidvaiat phbsphioe olibaerhll fornitya @r datctandpner with the first aspect as

treat rrentdethnedgérg is meant carrying out routine

cheni cal treatnent such as 15 hydrol ysi s or

transesterification reactions on the acetoxy product 2

of t ta@rodiune BBTRIcALIHSIBR? Yratshed (s)gradped vestexy éClgaé e%%/’)OR

?di ;’Uphet'e% 17 RAdlERdtERR HYes @lxcgo aRyl dr a@ﬁ n&&tﬁﬁhlchﬁh@ bk bubgraiited or
n) an ra uct

iy SBoraBa bR BB ed Fmisalt s er BV SR
st epprodictad prodist the carteepopdingactdtsorefid bifermubdEt | on ar e
separated by 20 distillation. The branched and |i near
products often have widely differing boili ngl poi nt's

whi cBY treyinees reAtment herein is gigans FRreie g reufiee depistidtepiEpnt such as

i £ C hiidRugis f)lQFankEl&lﬁlﬁtQﬂU&Etﬁ)nQén thé'&etb@ﬂﬁ&du&rd)f the carbonylation suitable
Prefer rati o of [ negr product from

bly, the
the EapBsirtiTe ko Setut B MR TRl P15 T, nore
preferably, greater than 2:1, nost preferably greater

tha nTI% hﬁ?a} n])] géi H%%Ql%ﬁ glsdj g oXucts%@ e Eﬂﬁoﬂﬁat‘io‘ﬂ nﬁy ﬁ)@ée‘bgated either before

aspect 0 presen venti on erels pr0VI
pr oc@slﬁefﬁ}&ﬁfeattnﬁté stgp- Feferetly ﬁheéf°d3@h‘§f&fed%§7t‘%‘ra(frfél??6%?@é7y
@@t eahstmanoac TRk wincﬁea fafBlinRar plokdhots dBelZhay O)delidiflefifd) bokling B&ints which

Vi nyPeisR D EH R B o RnR s R R P bt Reon

a source of hydroxyl groups and of a catal yst system

t he fr@l%x?i)l@%e r§tYOS(}f @{Ihé?x@& %hé&@ﬁ}lxﬁxct%’onﬁﬁm%hﬁ&on gr%ce(s@)s g@ater than

npoun her eof
2oo4¥ 5 omyopr ewlzzszee@@hm% mst peferably greater than 2. 5 1

25
Accordingly, according to a third aspect of the present invention there is provided a process for

the production of 3-hydroxy propanoate ester or acid of formula (III)

CH, (OH)CH, C(O) OR ** (111)
30
comprising the steps of :
carbonylating vinyl acetate with carbon monoxide in the presence of a source of hydroxyl

groups and of a catalyst system, the catalyst system obtainable by combining:

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



(b) a bidentate phosphine of general fornula (1) in

accordance with the first aspect as defined herein
wWoh@desisIR28 is selected fromH, or a Cl-C30 aP&pIGBE03/004679

aryl noiety which my be substituted or 5

unsubstituted and either branched or |inear and

carrying out a treatnent step on the said linear (n)

pr oduc el gx ) . P e

3- hydr@y pr otag 0%8% est %rgrtgaﬁﬁl%d&)o i &%gdréﬁ%%l Jgt}’ i ert aspect as

The I|nea1|=ﬁr(eﬁ)wramd branched (iso) products of the

carbonyl ati on may be separated either before 10 or

af t efnetdiEr® (s8adcR AbmH, Gpa C R‘f;?il@ﬂ adrit motefjﬁ)v}ﬁ@irﬂay be substltuted or
OdUCt S ar(ﬁanﬁﬂ arate reacti on

G ot PRS0 AREGRETIN o Do POCPORE QU 3detmE P e td lincar
pr es@n;trodum/lemtb)@rCHzl@fz@(O)@Rzﬁmmmdal@dhet3htydnqsseproﬁan‘valmeester or acid of
cat aj %ystem as defined in any of the 1st - 3'd
aspects 0(11 the present invention for the production,
15 preferably, industrial production, of a lactate

eSt CThe %eaa?d) QndQ)f‘an&féﬁ Uw) ﬁro(hlcls)of b &r&ﬁylﬁklﬁ ety U@iebzﬁﬂed either before
npri
ot arelertrgnen 6 Pivelt HRaTY BP O REBrae R Choggton

pr odpteducw by dikidatgar bonyl ati on to produce the ester or
acid. According to a fifth aspect of the present
invention there is provided the use of the catal yst 20

syst &eepraing gt fovrtisnent oAt prsfentipyentiag there igprgvidediheciséofdhe catalyst
t hg fEieh @:ﬂleﬁhe'a\{rﬁ‘zﬂlgl 'optlHe 5013'dta5&ct96ﬂﬁgb}§sb@ fhventidh & Gk @Qh\)&{flon

i ndust I oOX no ester o

for n’?ffélra@}' I‘%‘St?aﬁ 8”@5’“&“ BFaolﬁ‘iﬁ%‘i ‘TSt(?ﬁch?g E??T"ﬁg(ﬁ? he steps

of cte tamycbctatnom pongfrisiag the styils obaetoatlgioh of 4 vinyb ebefaie followed by

tr ea& Qche%ggcélLd @sv %roc(u@t) of Bl QQH&%ﬁgJﬁ tb B’gduce the ester or acid.

car bonyl ati on ant ageousl actate or
3- hydroxy propanoate esters or aci ds of the present

iln\é ngscbl;anlg tdraaﬁfthhtege&m he glg&at 1mm‘gﬁi tw?ﬁp&e\;adadh? ube (tavt@wtalyst
iols spectiv « fera e.trea [ .
B o SO e ank BB L1 Tt Sht O v EsieD Rl sigfuction.
by apryfersbly inelistral prodnctofi a@ue'diomoywpahateteht@s:é fgkiblk (1Y | n
t he
ﬁlg stfat(d op? onB E&-AEW ﬁl@ st %f 8?0‘0%11&{%9 of Eceﬁéquvgd by

pae em ca echno ogy",
voI utetngnt Olfﬂﬁ heqar&n P_fﬁdlﬁ'aﬁéhe?ghonyla"%/dr ol ysis of
Organl c Esters”. Such nethods i ncI ude base hydrol ysis,

acid dro st eam {3 dr oI and enzymni . .

ARG M R RN R Su—

hy dr mbyteihgdrogepated to podicethalb ynd 1t hdolhesheativyigi s i s

carried out in excess base and then acidified to

produce the acid product. Hydrogenation of the

hy dr Befpably, the tsetment lhla'gimkyes erdrapseeterifiseion pyd i pajried ppt bytgmesuitable

FFJ)r 0?@§1§1b MWMhJs@sﬁlﬁ@ﬁﬁh@Jfﬂ |Sh@1dechﬂqﬁebﬁ;: aé’ti]ﬂed 11;1 f&r example —

rerer.a e 4 0n o , e ro

3 cantidpehgingiopiee el MOREL T % 1 G -

has fiBdrolyeix efiinid Exckrs’ NSUADMOthdEGEbEe tage MEroROB AcldBOLIsis, steam

PCT/ gﬁ%@y@@ é&r@é)e%g'?rgc hydrolysis. Preferably, the hydrolysis is base hydrolysis, more
preferably, the hydrolysis is carried out in excess base and then acidified to produce the acid
product. Hydrogenation of the hydrolysis product may be carried out by any suitable process

35  known to those skilled in the art. Preferably, vapour phase hydrogenation of the hydroxy
alkanoate ester is carried out. A suitable technique has been exemplified in WO 01/70659 by



7 Crabtree et al. Suitable experinmental details are

set out in exanples 1-9 of the published application
w@na4iobdsestrate the route to 1,3 propanedi ol fPONGB2003/004679

-hydroxy propanoic acid est®ers. Preferably, the

hydrogenation is carried out in a hydrogenation zone

contai ning a heterogenous hydrogenation catal yst.

gﬁl/ g%élg@e et%ﬂdéuéab ene§( arr}?antcl%;etal a?et sl%it o%'ix%e?a% ée?llngr"g ggglished
her eipplidatjorragd élnmatt;ehelrmvﬁ as Pamaltehlevfrque& b)tdeoxv propaygic acid esters.

hydr lqgfgxgﬁ? t%hy@lfo ge?latn)}{ Gr @oi¥d @J‘t P RloSendtfoh QO&%&&Jnﬁng a heterogenous
However, for the purposes of the gresent appl |

suchhYHperaEeFaelysn gt fpeiens apdeatzlysts arg s WO 08, e
appl dogeik 6f \ilﬁbhhbédﬁda@&faﬁﬂ h@&n Bf refehe@ce ihsd it Aty @ddteto theo

{1 ansaearploLaRy B P L Tat Miiersy o ooy e prsen
cor rapslxena sntgl hy@ogdngloa keagtiongarealyy dodmediappligibletp hydsqeerpation of the
pr Odlu&Jte LR ﬁ(%9ce lck r(%%@erm(ll Q’relfgaﬂwttﬂ%%&lestérﬁ(:anon 1s carrled out with

convert| ng acet oXy y esters Into y roxy dy

est ehslka caRTRRIGIS fOcs?e allybergurf #ﬁglk&ceétfrd&gﬁuwfwife for example

e(st Erh&hanbit o dayxdﬂﬂg Yee®kalkyl esetreﬁs h@dr6xy nithybsiteBQad dthnp] for
is cleaves not al

A
hy d rcggzwg/erﬂqg@yatoxg f’lﬂé};{ escter mto?/hy O)éyf e?hryp%ﬁ(ers e?ceﬁdvantageous ye ¥hlS cFegves the

t r ansetstyegroupibgaiorsont atltalweeshypioaxcdkxl nlkinhete pirefereiy.gheof a
sui t %Le@teﬁ@&a@énﬁzﬁ&s ]ﬁé’é@ hl tﬁesprgsgr{ce @mzlb?e catgﬁgt Q@H gs for example

sul phoni ¢ acid or p-tol uene sul phonic acid
Pr ef BitbASF uIPhRRie prider priplugme gyiphonif gt e ent
15] QS(CR13(R14)(R15))CR16(R' 7)(R18) , the respective

S ek, 5 DR SRR 35 2

adj aKdntE orZss adhearryd mrb(a agljegent the ang cibonll whiclpA o7B gsrcgnﬂgcted or, if
Wm Crn)t id a%ﬁte‘m qseafa@eaentﬁalnldg @iﬁ ERr 234dB whtith ReflebfeRRR(RL

%IB ease,of reference, any one or nore

of t@éc @e)(gs)é%%t@ ¥R} he invention may be referred

b®@ herein as the process of the | nventi on. SUI t abI Y,

: E: lgog?%ggfs rthxiencteEa%Es %n%&?%%rﬁ%?thggge ag%eétts af tge 1(1:1\6en on ma X)e referred to
t he @reers@ml@e)méss eéﬂl@ownh@nom de and a hydr oxyI gr oup
contai ning conpound i.e. the process of the invention
may catal yse the conversion of a vin ace

conpAtifArY:tihs Presess eblhs BeepdMdRB §e a%éfwélyeébwsbmlaéwﬁeﬁ ayinyl
0f efmbiee corﬁ@ﬁlﬂﬁﬁ tHe‘ySﬁ!;e)ice o epenGiongkidand 4 iilﬁrcﬁ{?ngtcﬁlﬁ c@ftammg

?% g r %P%glglg € pt(l;(?ﬁ:gsts gl neV 1896.?11'9 (glnr{'}? A ntdl[)ﬁe%re conveﬁ,lon HF a v1nytl aé{etate

st abctoelpmoﬂmhndsremmdimg atepqxiy @aboxozlardgtdwy bsterr, |rcsnecr1e®>c ti¢pemling on
con dﬂhg {H3fde of?l‘gldl%g Eroﬁﬁ&ﬁltaﬁlnﬁxorﬁ&qw Us&d. bbﬁvuu%tl? rthe,rH?ocess of the

repl eni shnent nveni ent | he process of
i nveRYseBen mayalitsdisbly stablp @‘HnPP‘éﬂde ulfderrtvmécae%?flﬂawy reggtiop ronditions
B@acutidifat@ey Fequird tlle iR G&teplefishaRAPOMREiently, the process of the invention

may have a high rate for the carbonylation reaction of a vinyl acetate compound.
Conveniently, the process of the invention may promote high conversion rates of the vinyl
acetate compound, thereby yielding the desired product in high yield with little or no

impurities. Consequently, the commercial viability of a carbonylation process, such as the



Conveni ently, the process of the invention may pronote
hi gh conversion rates of the vinyl acetate conpound,
wo beneksoyi el di ng the desired product in high BCEGB2003/004679
with little or no inpuritig®s. Consequently, the
commercial viability of a carbonyl ation process, such
as the WD 2004/ 050599 PCT/ GB2003/ 004679 8
car bedsydngbtidant O¥ing akitatydompauad, aiag be DEPBLUH), enffRYinp the process of the
|ncrea5ﬁ? by enploying the process of the invention.
The " or "aryl" when used herein, includes
five-to-ten-nmenbered, preferably six to 5 ten
me b &hetgrm ‘dat roeyt [when usecprein ickydes pEeteden-meehesd pecferably six to

U5 OURS meS&bY, 38rb Bk omali €8 hREES Wb matid @Quﬁaﬁm Rphenyl, ferrocenyl

whi ch grou optionally supstitut
s PP roBP 31 o g i 6. 8 SS9 R  or 2 one o
sel eﬁlbﬁdulfsﬁméﬁtﬂélﬁd:ted framvuey, lavde wikyl((whikie d1ky lgloyp may iselPbaxmyionally

I t Sel ub dtQﬁ C{J (Htt T 1nae(5 % dﬁf?liég) tc)'etl(;v&) ultleq q‘laBrCtyg.I%r {%?é(@ O@&))RZO C(O)R*,

oq O)?F@QR QIS LONEL ®° d@zcmﬁ&zémQIS)h@( & NS RIE) to R” each
SR27 mdé;fegélf;?rlpr&%m@&&g&ﬁ%%@mow; @kﬁ'(ﬂhlﬁlﬁkyﬁ BrofPrfiayB @8 ibe

10 |nde ndentl re rgg aryl or |ower

al kyPPt’(’ yé‘i‘PS‘éﬂ“ 9/?’ ‘%F‘B\Sﬁﬁd ?f'éK? 1 BEPY) be " opti onal |y
substituted or term nated as defined below). Suitably,
when r . adi .

Yoge satat ably w}féﬁ)&{ ﬁ’]ea%é gslr/cg&%%&!l{le% 1 58 %Lenﬁf‘g'ldmgé@th@r B0 Fearbon
cycl etpremfaleﬁ cgrigrentedienyl ing tovihiehtheyresattaghed forme aptved rhg thpmetal M
a5 PheM¥lionthdd@f istR&naaS & ind¥hyl hing Qktedat ion thereof is
attached to an i ndenyl ring system By the term"M
represents a Goup VIBor VIIIB netal” in a conpound

of f By Mmdltedm [* Mmemesémcd Grdap ViiBtoa VHIBmetk” &2 daimpoubdd of fymulad we

! a! P e I'e a (7
ot aptcrgd e Rhon S v, B AN, RERp QLR AR, shelion o
Rh. melpls pig éelepseéuﬁ@alrﬁré%fw dofist Ni, Bo andé%e Fertheayoidancepisigpht.
YhB Fb?ere\%ésk(BGfEﬁﬁ aiﬁorh@ﬁﬁ mBtals hé?éih chol@ bt Bk&No fnBludd Grbipd 8, 8, 9 and

in the nodem periodic table
norreﬁ%‘l“élled’?oé‘em B?‘Of‘ﬁéab{eé‘f’ﬁ?mlrar%‘f cation thereof' we

mean t hat the G oup VIB or VIIIB metal (M in the

conp gg ﬁxg In%falmgtlo% ﬂlere%§ Wq %Iean t?g t}u%rrgliyrblg %fc’ VﬁIBOrgécf%l &Mym the

charg net al
for rrvc@tfpoaldyé mrmveip I wﬁyﬁr@é i lsvé apesitiie ghapgs oyuethin thednetal cation may

aRi OpSin §RMInHEA a@aﬁt%ﬂnh@&o% rxJ&'v&eﬁulﬁco%deted Shib? hél{vb&?fr@}ﬁhéio nitric
| ower Ikan0|c %r ? % aC|ds_ uch as acetjc acid

and Eﬁ‘ SHRIPE 2ciE foeer 2l ip M (w2 ZEALREChAS RFFIG &eIq AR RgRignic acid;
sul phaphofic eidsdych@hinethms sdlghhmm hotd, aidérsulphbriodcis filopddalplionic acid,
28: dgglhl%)rgm%tléang u9ﬂ§%1t€]? aFécﬁzenQ rixo 1c gc(%cll %g) Rxglene sul%homc acid, toluene
sul pmw@c arad. d 8- retolyenesulplvhig erid ttlmtb'lphmhqn@,c agidi agd 2 thydyertyyriopane
sl PRMHofic AGd; SulpRRfeddod keHa R YRIORRMSic 231 stH 2 PRBM ofic acid;

aci d;: sul phonated ion, exchange resins; perhalic acid
suc hpeéguo&g?tiq.ﬂa&ofy&lc 5(&(? axch as trichloroacetic acid and trifluoroacetic acid;

orthophosphoric acid; phosphonic acid such as benzene phosphonic acid; and acids derived
from interactions between Lewis acids and Broensted acids. Other sources which may provide
suitable anions include the tetraphenyl borate derivatives.

35



perfl uororated carboxylic acid such as trichloroacetic

acid and trifluoroacetic acid; orthophosphoric acid;
w@b@gpbipd ¢ aci d such as benzene phosphoni ¢ acPdr/Gane3/004679

acids derived frominteractions between Lewi s acids

and Broensted acids. O her sources which may provide

suitable anions include the tetraphenyl borate

|ve 35 004 003/
br ot BERENY M Eetes GREE VI VTS ORGSR e P g1 coun
ot hefor thomelgl M sd8t ot al el ectron count for the netal M
is 18. Hal o groups, which L2 may represent and with
whi ch t he above-nmenti oned roug bhe 5 substituted
or t Bieraups etiichiLy @y ErarefepiAge Wit ehifty 20K B BT P IRRY O
Sl t abdtiyutediof teAnih4al B8 EdtfRoGYBloapBBhadidegl and n = 1,
the conpounds of formula | may contain either two
cycl opent adi enyl rings, two indenyl rings or one
i ndeSnythblanith speseaty cydbpendzdylends = 1 herpgmpavadsof ffrmyliy [ why contain
ri ngeltﬁéﬁ&/@%log&%dgp}l lrﬂ:}%‘e‘tlwlcﬁl' d@;@l §r¥é@§1tdn¥: %&@1 #hd one cyclopentadienyl

descri bed hereln). nPoun s may be referred
to adng(wshefiiigl resmisisTnEay orgenainge St ibfed g dporied bggein). Suh

tat | @mpoinBEhSHe réferedansdnbatdiach daylpd;dﬁes tay\mc fnbtﬁlg\/l SiyBéte Btion

The respective, cyclopentadien

syst t rFHsandBVéch%&/u ?eotw mé% :iysterXs The resgcr;ctlve %yﬁ]%F {adle%yl ar?i/or indenyl
eac hﬁrmtsvﬁemnsmaytohe»}»stmllmmmat tvelnresmt tdeagheatiee eltthqy@nae &e hlted

ot ey LR Yath Jukt Rbhfbhi Refds t@emm{m&aﬂok&&?n es). 15
Alternatively, when n = 1, the conpounds of

i nvention may contain e|ther one cycl opent adi enyl or
dhe A¥raBHYALY: Mhoigh T baersospoupdsiof the inveagons et copfain gtk one
opti @Glaﬁanbédlb@l oAb ﬁluéxﬁ/mx@@eaa&fdaeﬁ hhgae/@kerhe;h@ dplioralgibe

one a pres
opt 1 B G ah £ BRFM i lemkroe &l gy oponsty
whensubstitutetl agdefinéd heregp Sleebalntvélelau y Il andie meprdaentsraet] gien Me oietal M of

the QQMUM§0Q&H;\JQI‘I gy&e‘ﬁnéd h@x%mqlsq%l&ﬁg mhﬁert%llnpoﬂtﬁb metal cation.
gﬁ;)jplcally In the forn1o the netal cation.

itably, when n = 0, the conpounds of the |nvent|on
cont %wtﬁblb iihgn BT e tw@rnewﬁﬁoci&e EngatiopFontain i pRF cxclopgtadienyl or
(eachddafl idBiaén drfwﬂgh ﬁygs;yaaﬁs B opRRkily R 3htsitufd@as described herein).

subs ted as
pe +OFRFPRE TS HE TR Ol SOt P, W n =0
Pr ef ®erattepresantsd to fisothd) thetnigahMiofithe eqmpesrels biSforinutad hgs apd 8 electron

.b at To‘ilmeln %EraxllorM \glflentnt}?al M@ U&nqa%uxglg of Qﬁﬂm 9s 1|ronht’ﬂ§toﬁpnumber

ectron count her words, when net al
the ‘éfé}?ﬁfmlh@j%“”&f“e‘?@ﬂhﬁlll%nqs Ly i§ typicglly, fivehe t ot al nurrber
of electrons contributed by the ligands L2 is

typi Gty tfelnvedsl M infe@bdaMon thddédf [ﬁQl‘ie&chlMeﬂtﬁdlé'@t @)knp&ﬂlﬁi &Tormula I

ther 1F§‘ %10&1[} bondeed t e! c%glgpegltaagenprng(sg or the cyc opentadleny?mmety of tlhe

30  indenyl ring(s). Typically, the cyclopentadienyl ring or the cyclopentadienyl moiety of the
indenyl ring exhibits a pentahapto bonding mode with the metal; however other bonding
modes between the cyclopentadienyl ring or cyclopentadienyl moiety of the indenyl ring and
the metal, such as trihapto coordination, are also embraced by the scope of the present

invention.
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is typically bonded to the cycl opentadi enyl ring(s) or

the cycl opentadi enyl noiety of the 30 indenyl ring(s).
waypHoadshy, the cycl opentadi enyl ring or the PCT/GB2003/004679

cycl opent adi enyl noiety of 10he indenyl ring exhibits

a pentahapto bonding node with the netal; however

ot her bonding nndes betmeen t he cycl opent adi enyl ring

?Le C%{g{eg?l?,r}rté a C I e n dm% fti 1% P W oe%{]rgﬁnlggg%éntgdleg}g I?Qr%resents Cr,

enbr Medid, @yortRheorsmtaecabfn ttlft@f Fvesnere preferablyr¥lirepeesengsryigs, Co or

2004&9&%51%9&1 Bdd 8206 H Qéél%gly MG sabceédqroﬂm Oroup VIIBNEtal or

conmpound of formula | wherein Qpent
VI T SPFESatin el Anqipeoi e ropg, VIR e Moo L et M
t her ﬁQIEﬁneEH&ﬂn rﬁay & iph ea‘uemabhy ,prféribipit @frés tsen@ll]y Hoeesid@o charge
or e to ram tion w1thiat11|d?olr]L s%r Oé herel\l/bst preferably, M
is s& fiom a WITB hetal or metal cation
thereof. An especrally preferred Goup VIIIB netal is
Fe. Rkfehbughhet he [nethatonpoddas fotefld hbdelescrts eyclepsptadignylrindenyl
a capd B bdeh bTHBA erﬁseJreetgp"ﬁgrliaMy éui)stﬁnﬁédrﬂy%ﬁe &%mml) s@tulsMs J&Qcted from
resi dual charge due to cog

t 4 27
ae derragen lonerdivh halP’r"éf“ér%l §>C<‘9\)ﬁenc(f?)&2 f@i@l‘t ER B SR or
COoNpRHEEnD tbyfv@rfd’ﬂi}d rReaht, thd.cyclb}ﬁﬁ)tﬁcﬁaﬁn infen§la lappeiy adman yilay

subetrisp PRt rEE b B HORaAeth R 718 cBRhPRA by pror
10 hprdﬁe@glenfthf owepentatiikl, indqayl of,and yingiwhichOR 1y 1PEEQ) REWstituted it

Qe R%&fera@(y@s%%d wm%gﬂlore SRt tu ks sél@cﬁeﬁ%ﬁiwlcs Qﬂl}’l halo cyano,
whi Chii\}n ar;t the, % %Igsa?nt 'etdiienyl i ndenyl 0, a )ﬁtu

AP ngORnhi CHOR™, {ERPYR eNRRS e dedR aif et 18 9 & trach
cycl mb@eﬁdaidlyeﬁ)yésexﬁ hyalg)gerf ortdh€; meflal | ocenyl group). More
preferably, i f the cycl opent adi enyl , indenyl or aryl

pr e f ele gﬁﬁl})f wl'hﬁ% Filt u‘t é)gcesgn?stc]){clépentad{eny} ndenygg%en¥l o[r naté)htthgl optionally
sel egbsithtddrag dafi@dd [€6inaPiefprablyhd @clopepadieonyl, iile®R phenyl or naphthyl
%:( O%r%:g are%s@bsﬁ%led l\%rglnq:é)?agby IN%% cwgﬂeﬁta&n%l HB%QA or phenyl,

each pendently represent
hyd r efgle?f ‘tirchengsese %Fwiwteqvi”’@ft@fegﬁbir LafpRFseRfs unsystitpited
r epr geRpéntadiet| opent adi enyl , indenyl, phenyl or
napht hyl optionally substituted as defined her ei n.
Preferably, the cycl opentadi enyl, indenyl, phenyl or
nap hinfrypkrtig@arlypefpsd emt@dinreg Uif Sk iptespntidventidyy @ apprapcanddflfgrmula I, n
bs T ERNESERbGintN Gt APRRLAL enyl , i ndenyl or phenyl,
each of 'which rongs are unsubstituted Most
preferably, L, represents unsubstituted
cycl M@@ﬁﬁtx&d} G/lﬁbﬂ n is bdualdo P dnd @ik Adtleyualb 24re i’nra&dmpound of formula I,
enmbodi ment nt %

f or rgpr?sents one Q};Smorg Egangs each orf1 wﬁlc}tt | On deé%ndﬁl?t sgl

e

(s> 48U Pel R an

0. halo, CO, PR*R*R* or NR“R‘”R More referabl , L, represents one or more ligands each
P y

Gom lower alkyl,

30  of which are independently selected from C, to C, alkyl, halo, particularly chloro, CO,
PR®R*R* or NR*R*R*, wherein R* to R*® are independently selected from hydrogen, C, to
Cs alkyl or aryl, such as phenyl.

In a particularly preferred alternative embodiment of the present invention, in a2 compound of

35 formulal n=0, L, is as defined herein and m = 3 or 4, particularly 3.



Alternatively, when n is equal to zero and mis not

equal to zero in a conpound of formula I, L2
WO e@resBm S one or nore |igands each of whi ch BEEGB2003/004679
i ndependently sel ected fromtlower alkyl, halo, CO

PRA3RA4ARAS or NRAGRATRA8. More preferably, L2
represents one or nore |ligands each 30 of which are

i ndepengtesatts ymstell seledtaddrohr @NME, Fef @ dtRu at kmidtal clitain thereof;
particularly chloro, CO PR43R44RA5 or NRAGRATRAS,
wherein RA3 to R48 are independently selected from

hydr bgépreserts exclppengagienyligdenybmapliiyyl or piepyh eagh ofgraghyrings may be
a paegaoﬁmy@ﬁﬂsum@a 8 SE biaforalubRinRak belRicg bR i -TPAky1Ahlof Yo,

RSB QUL APy iR, o 52 formie 1

particularly 3. WO 2004/ 050599 PCT/ GB2003/004679 11 M
r epr E %é}%ﬁ%nt@ox{p%‘ Qll)reﬁgelngs(:%a%ffv&rhgmlgnds J}@mdéf_ygrden% sggcte@lﬁom C-Cs

catiQ epresen
cyclébﬁﬂ?ﬁ@?@d@ﬂRﬁBn&éN?fR-%aphthyl or phenyl each of
which rings may be optionally substituted by one or
re s%bsﬁltuents selected fromC, -C6 al kyl, hal o,
g@an& %5 0R 9, OC(O)R20, C(OR21, C(O R22, NR23R24;
L2 repmeseémi4 one or nore |igands each of which

nat oP o BB EESTh eSS R FE b T

m= 0 to 4; provided that when n =1 then m= 0 and
mhenpmh@lq@&embomu@ds o2 Rrfuld NEdludB tioscQvherefatir t her
preferred conpounds of formula I include those

erein: 15 Mrepresents jron or a cation thereof, L,
reprBQ@ﬁ?ﬁm%y%V%géﬁ?%@PE yl, indenyl or phenyl group,
each of which groups are optlonally substituted by

one RlrellBd:f a%@kahg,gm @g@@%&&xgp@f%@y@x ezopnonany

repr @@émtsﬁ Ryrpee @fﬂnwmuéstlnw@aw&ste@mcoﬁ afifyl, &#jo.gyamo, OR”

Q@deg@@ggnutmlsetggked fromC -C6 al kyl, halo, CO
PR4A3RA4RA5 or NRAGRA7TRA8, where R43 to R48 are

i ndependently sel ected from hydrogen, C,-C6 al kyl or
pheny repr@bntnio@or mise Hgealdaeath df ovhidh arBindkdendenityt dalected from C,-Cs alkyl,

\?\Ar'] :]; galrlclgi %g) pﬂﬁﬁ)%ﬂ&%ﬂh&wﬁﬁf vméleek‘d to IRn%lqucgpetheqﬁy selected from

hydrogen, C,-Cs alkyl or phenyl;
25

n=0or1; and m=0 to 4.

Still further preferred compounds of formula I include those wherein:

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

cyclopentadienyl; and,n=1and m =0.
Alternative preferred compounds of formula I include those wherein:

35 n=0,



30 L, represents unsubstituted cycl opentadi enyl,
i ndenyl or phenyl, particularly unsubstituted
waeyokopsmd adi enyl ; and, n =1 and m= 0. AlterpeL/GBe003/004679
preferred conpounds of fornfla | include those
wherein: 35 n = 0; W) 2004/ 050599 PCT/ GB2003/ 004679
12 L2 represents one or nore |ligands each of which are
i ndepgaagenhts yneemee ligadf dacnaf @hich are Glepeadektyy selebted fiigm COp Cs
PRA43 4 ﬂﬂ%ﬁ@ 47 RQ?% e RA3 ., tous R4
ndeﬁgqgl B £ y’ sel egt ed r%vr# hggr g enﬁk % §’8%’ gffeﬂﬂ selemed from
phe nwdfogatn @1 iCnalltyl or phenylj andyp il |t@ﬁlpa¢¢l5l@ﬂ3 39F 4.for qxemple When m=3
eXanpk three M5 WHich LIS rdpRk@Cinkb @0 HnaM) EWRB&“WO or
represent_incl ude (CO 2hal 0, (PR43RA4R45)2hal o or 5
(NR4@ﬁMfP4§§ PHal 0. References to vinyl acetate herein
i nclude references to substituted or unsubstituted
Vi NYReferdfc®l @tvﬁxypafcetﬁtgﬁéi&&l RcllideYoferenk®s R stitutbd EAundb&REQ vinyl
CR31 R32 wher el R29 may be sel ected from hydrogen,
| owefeegie @nmﬁ?GY Het, hal o, cyano, nitro, OR 9,
OC(O R20, C( O) R21 C( O) OR22, NR23R24, C(O) NR25R26 |,
%S) 5’25338 GO SR29 wherein R12 -R18 and
re as d |ned herein. 15 Preferably, R29 is
sel ected from hydrogen, |ower al kyl, phenyl or |ower

al kylyphangb. mab/Bé Rlectd ﬁfnemmgem 1olwlddru@g @R/, HeN R, 'cyang:,nm@GOR'g

IRy s ek Gl o

prefRPahPyndKﬁREﬁmaikﬁhmnemme0|aIIy met hyl . 20
Reef erably, R30-R32 each independently represent
hydrogen | oner al kyl, aryl or Het as defined herein.

Nbst Prfeasbler Ribisyeledry tomaadrpasprievess Alkylrahamyberdpiver alkylphenyl. More

rren; bx@fa@dya@%gen PRSI, BIRyIpRR POt JaYcy S 1B b thetty® @ihy, propyl,
re er

h one or nore nts ele ted

f r on%"i‘t Kwhﬁnﬁl%?"ﬂ &P pre pffléet‘ab?yhgl at“%;yg Sipgcia IH |"l°
OR19, OC(O) R20, C(O) R21, C(O) OR22, NR23R24,

O f
2, é.“ﬁég%%gﬁfe@&%?ﬁ%@%@ dipgeh AL iR f%ﬁ ob B defines
der i bestin f Megiprafertly B8 -Ri” kearsesmt kydeokena &s n@tltwa?qubove R may be
elt haﬁﬁl:onallp@ﬁﬁ@ﬁ‘tgd refe%@lyp&fflﬂﬂﬁg&l moré %Stﬂﬁt@ﬁk@lcted lt‘rbrb Wv?él alkyl,
al cono u hen 9 Ezy AL QDO g5 3
al cohel miputancl Rlenal 3 ® bl ARG s e D
MoSt CEMIERN, aR1 yr CONSHbts defthedjhicntip | S net hyl .

25
R* is most preferably the alkyl/aryl group derived from a C,-C; alkanol such as methanol,
ethanol, propanol, iso-propanol, iso-butanol, t-butyl alcohol, n-butanol, phenol and
chlorocapryl alcohol. The most preferred groups are methyl and ethyl, the most especially
preferred group is methyl.

30

The term “Het”, when used herein, includes four-to-twelve-membered, preferably four-to-ten-
membered ring systems, which rings contain one or more heteroatoms selected from nitrogen,
oxygen, sulphur and mixtures thereof, and which rings may contain one or more double bonds
or be non-aromatic, partly aromatic or wholly aromatic in character. The ring systems may be

35 monocyclic, bicyclic or fused. Each “Het” group identified herein is optionally substituted by



30 The term "Het", when used herein, includes

four-to-twel ve-nenbered, preferably four-to-ten-
WOoreovbesEsad ri ng systens, which rings contai n onECDGBREBHO4679

het eroat ons sel ected from nBtrogen, oxygen, sul phur

and m xtures thereof, and which rings may contain one

or nore double bonds or be non-aromatic, partly

ar OITC%E IorCmoqg s w&;ih% squc%%{)#%alb Q%&B %I?QC B)&)r low 1ha?k vJﬁQh alkyl group

systens o
Vit maygieeihs obdsmlll SsbssithiHer Eminared spastneshialomyOR ™, SOOI, COR,

subsgbire @hR@RZ“VQo?MZ@ 3R8 9&0&@ / @@ﬁﬁ*%%&&n R2% R? each

one or nore substituents se

ni t rigdepgdently Fepigest By m«ﬂr eraﬁ W%@a@(es‘ er ytSﬁ“?fgaéPF

be optidamadubitinsddas terrhibdt@ichs dfﬁntcﬂfemvr)la[the crma SHalethusnadudes groups

l(O:(e|O) %%32350%9 hﬂ%bi 15%%) MI}%&OII % %%IGmg‘%?i@%éyl oxazolyl

t 0 Rsvrazehb hxadnamlrépféﬂa@ﬁtthlsdmelpﬂr é@@lﬁl opsrizzelyk Huiatriazqlyl, or
l owegfyn@«lzlﬁ}‘ll m6 lﬁ!‘/]l @rlkﬂclln}ﬂrp?ﬂdﬂn)‘l tqﬁﬁl)lfnyﬁﬁyqulﬂﬁh@l piperidinyl,

opti onal | stituted or termnah=e %E
bel o%azolvﬂﬁéd PR L SEbs B finet Al ooy e a@*}f‘a%ﬁ&"m G heyfienine or
opt | e apptromiatesitiohdldr@tbreadf e iheterbatdms. pyr r ol i di nyl ,
i mdazolyl, indolyl, furanyl, oxazolyl, isoxazolyl,
oxadi azolyl, thiazolyl, thiadiazolyl, triazolyl,
oxat THet zrsiupd maytakso e injtheAonmpf an Noyid¢- dazi nyl |
nmor phol i nyl, pyrimdinyl, pyrazinyl, quinolinyl
I soqui nol i nyl, piperidin
oi et kg eversBl Ty vebei. mRi Ty asu S o ictudgngtio. et
EBI O Mprépyl, bitgl, ﬂﬁlﬁtyl héxyhand heptyl Groufscldesappera e spatiBed, alkyl groeps may,
re.of .the.heter
I n ?ﬁhen hgre A ao ﬁpff 1e¥1t'\r|1u91§$rg?’é‘:ﬁrb_ﬂl1 at'c;lgse P?n Qrie?rl'wv\érr a % ?agj vé%% or
us edunatyraieda be qyelimacyeic o partCydicatyeld. ansng be wé#tuﬁl@sx terminated by one
LYEt thc){r |more%hm{uentsusﬂeﬁct9cr ﬁ?cwhalo Byahy/ lmtromﬂf ﬂcgoiRMQJO)ﬂ% &(0)ORZ,
ep Dl ess hes .-
o o U ONGEER. Sne P BT RE et Py o R st
e@r bﬂdbpaﬂaﬂﬂs rephegent h)rdﬁ)aén ayl dp It(ﬁalacd'lled andi@ bs attamupiediel c@e or more
unsat ur at ed, . be [
cycli TeY a8§/Sc phur atogl}r;sd% b? Slbae Slﬁjﬂ)allk?lsi?cron g%{lor term nated by
one or nore substltuents sel ected from hal o, cyano,
?;I( togﬁyfvggﬂ'( QllBZ ou}g(Rvg’?)?cﬁ%l R;@G Cﬁ“ciég‘ R/, Nﬂlﬁ‘@ 24 R”2t R'Z RV,
i y 300 I 31
mher%lﬁ'ﬂﬁgJ}oRRﬂ%ggac g% énd%nﬁ? R’zs‘é"’?pzrg‘se%tlﬁg K.D,E
by dr aq Erﬂnay Hp;ekeno:[ndlv@t\hﬁwﬂnca Iadyydnd Hatnﬁh’y(be sdbﬁltlhtﬁt, ey, whtettere is a
by of) 1|c1gnt num & of Svhd gtomg l3:) ﬁr%axporr] H{a&c%f:cp E@Satu?arted%y urﬁ{a(‘kn?/‘(ig(?, be

or dia conh groups. [ over groups or a

gr oupglwmy@h ofpart cgdic/agyglic, puti/or %mteﬂ@tedpky ongRg moRPf ofyBen or
S;’ B%gur aB;lng ) or b&ﬁno (Bllﬁlkyﬂli@on gRJdgs arldleB lz: %%tutfﬁ%@ one% %nozc: "
K, Dubsituses %fﬁate%ﬁ?fﬁpal? é}fﬂ“%é‘é??t SEP PP DR PR NG R
biet cmwr&ézzs shﬁm(t)mé’d c(smalgf R*{jlgor HeewiereisR ‘&to R” each

suf f in cge qgrblg/lfleg € ent a\{dr % ?81”0&%%{7518/% 23 ! Ibnear or

br an¢ unsat ur

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

35  onthe group and is otherwise defined in the same way as “lower alkyl”.



cyclic, acyclic or part cyclic/acyclic, and/or be

interrupted by one or nore of oxygen or sul phur
w@t@a®30509 by silano or dial kyl silicon groups, PErnaBer03/004679

be substituted by one or no#e substituents sel ected

from hal o, cyano, nitro, OR 9, OC(O R20, C(O R21,

C(O OR22, NR23R24, 30 C(O NR25R26, SR27, C(O) SR27,

C(S) NR25R26, aryl or Het wherein R 9 to R27 each

RSP B RSP AR an O By bt

( whefiugoy, eidentbromeed eglent in a conpound of fornmula I,
when used herein, incl udes C to C10 groups which can
be bonded at two pl aces on the grou IS

ot helMhfrs & coangrpied 2 fasmyly ger‘g%lﬁ:g f%’;‘}la%lgw) Icg\fx?é‘i‘s ;! Iallkﬁﬂyl' groggess (E)
20046&5@&512) iRk €B2RP AEHB TS prisbntiiblentioy filijdss tiid ihdividual

whi ¢ r Sibst :
ter n,:r:lﬁ%%lsgale }I £¢ mpoqu%uor O}g fcglheﬁ‘z my nﬁyge%e ere GA d’lglg aggropnate,
V\h er the adivigng wmem fogmsftigaraef) ltagethe with mixteres. thfffmf rigbagasion of

- V)has@e%&s@xh&sc’ orbi} aﬁ!l K9 ¥ebm@E qu}poe aBtliced @con@ﬂﬁjontalrt@eﬂﬁnques e.g by
Z I soneri sm may al so occur. Pgoﬁé)esent i nventj on

iPcl firpaenat sestalisafiop; Qpaatostapty OB b; f 3 stggpoiopgric mixture of a
conpedpesnd@he @Mbe fornutakl 6r of sGitatlalssisor d&fvbﬂﬂ\edlehfﬁf @in indvidihal

me£ gnagtf%% gcﬁ‘rél tcﬁrtrel%%hnd ttj?)ne ofq'telufc\r)/rlxgglféll aé/ :ﬁlso;bgrrera'réa:cllréa am%rres]pondmg
di as bmmaélmps!@ mreermediate mbg reaolekiony sadises s BPEr G Oﬁﬁly cmspondmg

achi ?ayﬁgtebﬁfmg 9 HthQﬁé éh@@l@hpp‘)@ GJU}' At foRal cg'stﬂhsamfn JHhe dlastereoxsomenc
fractional crystallisation, chronmatography

H
df  asait leresdiby iop of the saﬂaﬁpendafg r%em%wﬁ%ﬂ&ab&%@tl@ﬂly f%e acid or
f or nwds@gs HPproprididli t abl e salt or derivative thereof. An
i ndi vi dual enantionmer of a conpound of one of the
formul as may al so be prepared froma correspondi ng
opt i dlbtergoipmes aferinaydaddithan e epppdpf the eroodstiefithminvegtnh as
by H P.L.C. of the corresponding racemate using a
suitable chiral support or by fractional
&Py sttaml} esaprreiieddy hopeskiiiedin e Sk Bneampeunfisoidgymula I (b) may
f or medctioy ay1g:ads iacobidinkia &ith 6 IGRGIP VIR fgtallod CRPBLE! thidrdofi (a) to

a sui.tabl e opt active aci
(k) 91 o c{: ?or uye m‘f‘}wmventlon 5}?]6351?’ tga(?raué) tnF]etal or, clg])mpound

appr Opr 1 af&" St ereol SOners
S coptherpdf (3)lgeorginates esthe ofe of mere phogehotoud nrserxz@nlifpr agtinpnysgoms of the

appr g8t Rds Rymdiiose skilled in the art that the
conmpounds of formula I (b) nmay function as |igands

£hat coordinate with the Group VI11B netal or conpound

t her exe_feraﬁla)R'tt@Rwﬁlmrnﬁ dabiein@penaaitn ekprebent 1ouaalwyrbrtafye More
Lgxgg%tt%%&yt%)é&r) iég?rlxdl(ﬁ;; eafc:}gxg?e(a%nﬁgrﬁlé replt'ese%{ ggtg ale Cl s alk alkyl phenyl
phos prhercmules, phenybgminds eptidiadly sulstititedon 9efalle<blrpsenc)for plheyl (Wherem the
c Onp&kéﬂﬁ ggtlp Isgf)tmﬂ!il@/ shbstifiRd as defined herein). Even more preferably, R' to R'® or

30 R each independently represent C, to Cs alkyl, which is optionally substituted as defined
herein. Most preferably, R' to R'® or R?® each represent non-substituted C; to Cs alkyl such as
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl and cyclohexyl.

Alternatively, or additionally, each of the groups R'toR}, R*t1o R%, R"to R>, R to R'2, R" to

35  RYorR' to R'" together independently may form cyclic structures such as l-norbornyl, I-



Preferably, R to R18 and R28 each i ndependently

represent |ower alkyl or aryl. More preferably, R to
woR@4as39R28 each i ndependently represent Cl tBCTZ6EB2003/004679

al kyl, C -C6 al kyl phenyl 1fwherein the phenyl group

is optionally substituted as defined herein) or phenyl

(wherein the phenyl group is optionally substituted

as dedrbonediehe bﬁfdii&antyE\F&ﬂleﬁacraﬁplps‘ cﬁ‘ﬁ:eﬁ;&bdteygrouﬁ intladelRy@ic Gtructures

\Nhl c onfleg%cgvte':mongl ndsubs Swe |m!h°édp(;§rh%r ?‘4 13y represent a

Most sqbﬂeﬁmtamhgﬂhthﬁllg@élsmh& R28 each repr esent

non substituted C, to C6 al kyI such as nethyl, et hyI

propyl, iso-prop utyl, iso-but tert byt .
pant {2 Pefigalgly paﬁﬁedr%?e*roamgﬂfthe AR i1 5 Ko W anars
addi tdcmeaxletey\; theaaflodtr AFE agl @Hesmblety bodeRizd hBémI Rf, RORS, R R™
R7 to 5 3 6
t og eﬂ‘dl%% elach ar epreserg%]é s?mfﬁlwer a?( artﬁllRtl‘Ert nlimtglag Lcli(%t? S}Ezgegelg ljlg?‘lR R®,
as 1R9n 8roR? mﬂlR“‘ epchmr@e@zwe@msg@er mx TA20Y/NOIAGP Jefineg herein,

nor bgfof%%géﬁ#{w R'OR*, ﬁd QWB{[W Mld- R'd:e'ﬂghtraﬁésenﬁ)ﬁﬁm% G%falkyl particularly
conposi t roups include cyclic structures

nmed
Bet \/\é‘é‘l’f“‘ﬁ"‘g‘ted Cogliey! yeh as F?itﬁyl AL @Ry V%P‘ﬂpyldh@ty&r‘m butyl, tert-
nor ebnayl, gelg, @Efx@ltbpSycnSB@kyr BHREFRER", &' asDR chelpihaspendemly represent
whi ¢ the attached, .5 k 1palkst ik
pr ef @F red %algtq ‘?‘e{med e ang Fése% 6}} ﬁ\i}en cﬁgn%ﬁ*‘ X‘dngﬁndemg
R7, RiGsenhSampth-Riabkyl salefined etprve Eerrramifle RER R RS and R

al kYLach ééﬂ}em%e tszll@‘tIY“ 33 @RI R (HREGI dhy1; R4, RRRS, R?, R,
R8, each represent the same | ower

af ky}{ and R} ea&‘trel-‘"'léslen‘r?&“%’t?“déeméﬂefl ned herein, and R3,

R6, R9 R12, R15 and R18 each represent the same

ll\/g\rN:fn parp é kecrx%l‘ lpre¥eﬁpc? erﬁ;ﬁ }nﬁx?ntoolf Eiéregeat %Vee]:l 1031%%:[12{& toek‘m and R*® group

I epr epwesents tﬂqean&ﬁdweer akylGayladr gt moigsp pst defindd herkiy. PIQferably eachR' to

non ﬁu%tekénﬁtt&QargC %C?All@]’%mu;ﬁ Hﬁhcu@a?ly Ha;stﬂyétltute@td"-ﬁ(, alk 1, such as

X i SO-p “¥y iso-b tert- hut
ﬁ%nt S},rlFt yl,l,]eét}&, |n-p6qpylc§% Pra%,){w 1 - bugyly terchgxty'l Rentylﬁfﬁyl yclohexyl
R' emoh pichadpeader'ttb Rmraﬁcpl{zé&ﬁﬂaientshhﬁyls ame Cl-C6 al kyl

as defined above; and R3, R6, R9, R12, R15 and R18

each independently represent the sane Cl-C6 al kyl as

def | halt catrpead offormuis] amgftrebly Rich QRA’ aid’ (W pRIBY) arsdhe same.
R16 M%ﬁ%}%fega%ﬁrr Al Qnﬁﬁir@? I(when ptré)?ent&%pre@ts p%'sﬂ-horcﬁg-“' and
R17 each represent ethyl; 15
R5 and R18 each repr esent n- but yl or n- pent yI I n an

es peBﬂe@tany 1@ i cafigoet & tdansla MANB and J (vhéen Pésas)adath independently
Isg\r/T:rr(]:t rlgs%n gslﬁ%ylene WIith 1s optx'_%ataz bgtlt?tecp as d(rafg]p é Esreelrp tfc‘)c"r e%arr]r%le with
her elower amyegretmab’lrﬂferatéaﬁh lqyer tlb'lenmunse\;hmé éeﬂtaed t (Iwéen present)

S anereﬁesehtoare%n @Jﬂ%t‘{tlltecg %%chul%rretférﬁtl‘ Ilo@re} :Mkylene Wthh A, B and J may
non-substituted Cl-C6 al such as 20 net
BB{H V?»/vhen

AQ pr BSPEndently serspseRt{CHp °th€ Ay, Mpgt prefsaply| cachy % r“t

pent presenthpigdenttichaty Biveuiylthe as dMzl hdpsis fpeialidrly —Caach
R to R1S and R28 represents nethyl. In the conpound
of formula I, preferably each QL, Q@ and B (when

pr esBmfelablayie theliemppandeof formula I when K, D, E or Z does not represent -J-

Q3(CR'3(R'4)(R'5))CR'6(R'7)(R'8), K, D, E or Z represents hydrogen, lower alkyl, phenyl or
35  lower alkylphenyl. More preferably, K, D, E or Z represent hydrogen, phenyl, C,-Cs



Most preferably, each Q, Q@ and B (when present)
represents phosphorous. 25 Preferably, in the conpound
w@booosased a |, A, B and J (when present) each PCT/GB2003/004679

i ndependently represent Cleto C6 al kyl ene which is
optionally substituted as defined herein, for exanple
with |ower alkyl groups. Preferably, the | ower

al ky higyighegylou@sCastkiy buci\as i:tigihctthl, frafydrouyl, esighbd hexyl. Most
repr a A particular preferred
Iome?éﬁpﬁhﬁ%ﬁ%ﬁﬁﬁziﬁg§%&%H%ﬁ%:J may 30 i ndependently
represent is -CH2- or -C2H4-. Most preferably, each of

AI kBleéPeﬁjabQ/ ﬁﬂM&QBmpo@ﬁ&&fQSﬁn)llaﬂ @ﬁ&ﬁs G331 3 ahmtog@m witR W8 Earbon atoms
al ky

ne her ei n partlcu ar
5 o1 B BEH Hnf o ARG o s e R PP A B TRl I, E 3 Zgeech
or Zindepesdentiit represput gdespen,1gdver alkyl, phenyl or lower alkylphenyl. More preferably,

QB( Cﬁlﬁ(ﬂ%%z( 5@53&;%38?@ 1%?%&?&@?1@% pén%)n ch s gl;ylrhenyl or C,-Ce

represents

al kyPlsHesush as mvﬁlwbetw@r@wbb‘ltx} pemyl aBd hexy Evez rrtoeemrfégrehﬂhx K,D,E

hy dr egietyeprBRRE samdhib e MOMED P QBN XBS) represent hydrogen.

P /G82003/004679 16 al kyl phenyl or C, -C6 al kyl, such
nmet hyl, ethyl, propyl, butyl, pentyl and hexyl

Most Pref;rablyem d’@kympoll(pd @, forFula wzenrle By, Esentie:s hyt tipagen-J-

Pr ef %K@ﬁhéﬁl (IRIW))EE@ G:?(Eg?%:ﬁg?(bgf E Er%rﬂUé ﬁ’g\} w1¥mﬁ{lcat%0n Qf)mgof the aryl

and to et on at ons
ri ngrirgfo \mhwb Hler ﬁéyﬂasheé darqt femeahay retcathorf s B %m@ﬂyppresent the

ri ggsarﬂé gron sdiecR ok hRREHen, 1dwed BRANEE I byt a|§ Eé?ﬁl@ﬂ%@m particularly
r
RO ST e Y A

represent hydrogen, phenyl, Cl1-C6 al kyl phenyl or C, -C6

al ky r t t

and refeﬁlplgr hxgv X r(]:EEFr‘ OUXJ of f&‘{ngl% I{a\grlel% t&ﬁw IBIP E aXc{ Z ggéﬁer X’Ith the carbon
repr @s@mf therieyl Sagip W§19 gey g etm:hed fays e pbfrne*fr@gabqnyhe nhppeyyring is

I epr gy BybeitaeEwith ochP oh&E fiballelts sdiddtel BEm g@rrmn&ikﬁtwhmh

é( %’a(gﬁi%“?’ﬁi%ﬂedﬂ%‘{agﬁsfﬁlﬁ?%?or gﬂmanq&e%pr geﬁeechtﬁ&mz Het, halo,

t ogetshns, ninbtOR T, IDE(@R! Do) &L, @0®)OBf”, NRERAIYO)NRFRAGSRG C(O)SR™ or
Whl CE(S?ﬁﬁsz%ﬁeééﬁ l&la g@?eea(q}rolg 4 g%ntdgx}?lk rx]gpgse%ﬂ@a%ﬁen or Tver alkyl (which
s eI edlkod gropr B lrﬁylélhed@éwally Pyhituted| ok trminasgdyab defmd hqam) dore
def i fre@rabirtRd ghenyPadelib £dd bidkditedlsy Ry SHQBRAS 0L 1t(l;earscﬁrdrogen atoms
é nore particularly unsubstituted C -C6 yl),

pe@1 Iy hydrogen. Preferably, in the conpound of
formula | when two of K D, E and Z together with the
carb ch they are
at t ag fe Qitc%[ﬁﬁgugﬁs ohgogri}@[l anlﬁ&quhé \gh‘%\%}&e ohenyl ring is
optlonally substituted mnth one or nore substituents
sel egtRfip Edch Mdepeddently rPAREN: Bhsidstitule Wl folt, 2Ryialeky! group
n@y itself be optionally substituted or term nated as

d&f i ned bel ow), Het, hal o,

K, D, Z and E each independently represent hydrogen, C,-Cs alkyl, phenyl, C,-Cs alkylphenyl

or -J-Q*(CRP®(R")R")CR'(R')(R'®) where J represents unsubstituted C, to Cg4 alkylene; or
two of K, D, Z and E together with the carbon atoms of the aryl ring to which they are attached
form a phenyl ring which is optionally substituted by one or more substituents selected from

35 lower alkyl, phenyl or lower alkylphenyl.



cyano, nitro, OR 9, OC(O R20, C(OR21, C(O OR22

NR23R24, C(O) NR25R26, SR27, C(O) SR27 or C(S)NR25R26
wob@resisIR 9 to R27 each i ndependently represePtT/GB2003/004679

hydrogen or |ower alkyl (wh¥ch alkyl group may itself

be optionally substituted or term nated as defi ned

herein). Mre preferably, the phenyl ring is not

substituted by any substituents i.e. it bears hydr ogen

| nCIn% n ﬁtﬁ ﬁ%cg é\}/d egcﬁeglllﬁxregr%\s% ::(]Lgr%@ ﬁphen Wé o ?1*( Iphenyl.

represent unsubstituted C, to C6 al kyl ene 30 K D Z
and nﬂaﬁnnefér{s@lepﬁrad,ﬁmmnru@ameﬁe@rhoamﬁgen C -6
C -Co6 al kyl phenyl or
§] QB(CRlS(R14)(R15))CR16(R” 7) (R 8) where J represents
unsuRsid & sdueepesent -CHSGor @btk ypatitelaroCH,; t wo of K, D, Z
and E together with the carbon atons of the aryl ring
to which they are attached forma phenyl ring which
i s oltD,dreadl Eyachursispendentlexprsgntdmdrogsn, Griffselkygipbeny] ergefs alkyl or -J-
sel e 13RI 6 I8 D, EandZto ether
oy R RS VDb 56 s AR AT e, Py eng s
{19 R;mh féaerror AQEH e BRARY TS foethich sy fre eftached fesg: aaluwPS“t“‘ed phenyl
phenylg;or Cl1 to C6 al kyl phenyl. Further preferred
conpounds of fornmula | include those wherein: 5 A and
B both represent -CH2- or C2H4, particularly CH2; K,
D, ZRan@'Saneamapanép@mdemqnyo@eeq!iwesent hydr ogen,
C -C6 al kyl phenyl or C - C6 al kyl or -J-
QB(CR13(R14)(R1&)CR16§E (R 8) where J is the sane
ag  pstillfpriheppregredcomppun %{fﬂﬂm‘zam@lé‘%eﬁwe WHEFIRG t h t he

carbon atons of the aryl ring to which they are

attached,sf orm an unsubstitu e 1 ng; to R18
eac hﬁl ﬁg‘ls EFSATS V‘qre%"gr“ §e§eﬁl%ﬁ%,t ‘?66‘ P %f{“i%‘gagy m%ylsu | |

further preferred compounds of fornmula | include those

wher ﬁrmﬁlfr%r p&@n&%%%ma&ﬁdémmﬁawmam EREPEERT esents C,
to Co al particul arly nethyl Still further

BPeferred conpounds of formula | include those
wher g m:Z 240 Elre eakh 1Zde§eﬁhdenﬁy Me@te@ﬁ&h tHe REDRP aﬁdﬁﬁh@ |o§/hydrogen or Cy to

Sel e%a lg’l {Prr?lcmulatr S hgrr O Flgrbc' él}l%gge 1e enp%d %rnoulgresgeddall% where
repr@sle"ﬁK méam?‘gmuﬁdmeespem ally where each of K,

D, Z and E represent hydrogen; or

25 K represents ~-CH,-Q*(CRPR")(R"))CR'(R'")(R"®) and D, Z and E are each independently
selected from the group consisting of hydrogen or C, to Cg alkyl, particularly where both D
and E represent the same group, especially where D, Z and E represent hydrogen.

Especially preferred specific compounds of formula I include those wherein:
30 ‘

cach R'to R'2is 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.



25 K represents -CH2- B(CR13(R14) (R15)) CR16( R17) ( R18)
and D, Z and E are each independently selected from
WO b@4@s39p consi sting of hydrogen or C, to C6 peCRGIB2003/004679
particularly where both D 1&nd E represent the sane
group, especially where D, Z and E represent hydrogen.
Especial |y preferred specific conpounds of fornula I
R
I epr @geriding (@kEcting KyinfdaceRtexouipdEng with ¢ahon swnexidgapd a hydroxyl group
r epfﬁﬁ&ﬁ&gwﬂogﬂﬁﬁ the Y52 0045 0RO Hnipbubly (BELRARY iQ B GreSent
18 The preésent invention provides a process for the
car bBYfHie® i on of a vinyl acetate conpound conprising
contacting a vinyl acetate conpound with carbon

{nﬁ nosuitaly, am:dxydt?;kyy gho@Xdphtaiging tgnpoarairitchided weger pompm@nﬂ miokecule

e presenc . S . i

e BTG R SALILE B A8 UL 1t e

cont hatipra sreenypayhedranehed erdiagar.apd eompges arplspelansrticularly a Ci-Cso

gol feﬁl&h%i inﬂ@%{ﬁ.hgrhgyl Akhedr »Q%%: mafylﬁlg Gﬁtiﬁﬂzﬂ@ |sub§t'it@tﬁcpwith one or more
referably, e_organic ecu] e having a 0 2 2

HncEPBREE® S0Eh AP SBT ARG PR S OR”, CORY,

_con})c:(b@ce}szz,amﬁal“kla(mNR”pzarct@)gEﬁ;ﬁrSRﬁ’ @ C@)SK36s delﬁTddaEleiln, Highly

i ncl udin r a :

substrr iR el G et st p ol Enll kRAY, Fopropyo. o

f r onbutaneletbugyll Kyehol, asbytanol, plagnol ahdy¢hdprocenrarptsohahj Altheughdir 9,

OC( Ohb?Rkan®ls @e%@bprefgﬁe@) nd}‘!’?gx@@?aﬂly, s@@@d%cﬁ%@ta ols such as

C§S)R25R26, SR27 or C(O'S 7basudef|ned herglq.lplgh“y

p? ef LlP Giplalckals Pl sypaes ey aeg boisito P @lie ucq golyalkandls are

get hﬁl&fllad frai hartanedint,a pamaplanediol @lyrd playobutanktsial; 2-(hydroxymethyl)-
ut a { - byt - .

oL YL PhRADGhel RSB, SRl

nost naprosd, egrbasel galprsdsy angokhenybass. Rmfested sughis yncludetvaigsefiuctose and

f r omyetoseO B cilySprarbtedd afkdnolshR ribiiahat and ditla@dLS . Thé Rbdt BreRb&d alkanol
and sugars nmay also be utilised. Typically, such

BOI yAPREHSl s are selected from 1, 2-ethanediol,
1, 3-propanedi ol , glycerol, 1,2,4 butanetriol,

2- ( h”Yhd rar%)o(ty rtrgit atﬂc)()ml_is n](')t %fti@gl.(%%ﬁgﬁsi, %lldu tg' irg Rgd in excess of the amount of
trlhyéroxy exane, pen%aery ri dT, i, , '
t ri (Yigpd ragseiervempapng totbh saveonylatedy Thessls aloghal by ecrvegatha ecreiivn solvent

and QURETaiEMGRSdesiRl RERAlKR0IvaaRy S1sh BElskle sucr ose,
fructose and glucose. Especially preferred al kanol s

4t e methanol and ethanol. The nost preferred al kano
20 | B winedehApgiadiated Thae tha efaipiddu@ bf tad eakiod is dGertoiled ainéattiiCgdrt.by the

Gen esrogrlcé &p hygtrlcgr)t()ylll Qrtmslp éac‘)qlgin%% %9mﬂounde %5 ﬁ*%vat%rf is (1!13 asatwgoxﬁfgroup
containing compound then the end product is the corresponding carboxylic acid, whereas use
of an alkanol produces the corresponding ester. Use of methanol conveniently produces the 2-

30  acetoxy methyl propanoate or 3-acetoxymethyl propanoate.

In the process according to the present invention, the carbon monoxide may be used in pure
form or diluted with an inert gas such as nitrogen, carbon dioxide or a noble gas such as argon.
Small amounts of hydrogen, typically less than 5% by volume, may also be present.

35



vinyl acetate conmpound to be carbonyl ated. Thus the

al cohol may serve as the reaction solvent as well,
wa@bdohosighy i f desired, separate solvents may aPGDGB2003/004679

used. 25 It will be apprecilated that the end product

of the reaction is determned at least in part by the

source of hydroxyl group containing conpound used. |f

vat efpekrio %%e%luﬁi@)eof bi)iﬂra@e)ﬁéfé co%&hhﬂ to K383k A igfdufntaining compound
compound then the end

t

car bRy R PeEVds i a ‘%S“ﬁé’iy he&f" {é a%ﬁﬁanofggﬁg urgerably from
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pr Odla\t er 15 a so T c:%gn @ﬁ\%&%ﬁ% agﬁé BXJSOQ 9&3@%@%?0x91 group containing
3-ace eIEl propanoat e n the process accordi ng
to tch@pqmnésent i nvention, the car bon nonoxi de may be
used in pure formor di I uted with an inert gas such
as nitrogen, carbon di oxi de or
o G P B L O BT BECH Yery T P o P g
5% bytetyto banimundidnot aritid. Ged persﬂsexmty be @Bai@OWASD A BEDB IDe amount
PCT/ Q%ZOO%/I{B gégﬂgm tgé Eh 50} ft% gl?s%e%é yfwlﬂ}mta@fcompound
vi ny? to hy r ox roup contai nin
t@ npoern dreferphly, Waﬁwl%ewm@wswrﬁ@ahlx H tt%l Pl B?rt“é’bﬁ%%
lbl tesetlll)mantzclé‘l% Jn@aﬁ%edcbfomﬂougd ]-PrEf@ral;ly 3R, anfBtu beyiddatay cbhgihd of

et ween

to 1:2 and ces 2
Pyl GRS 4P BT E SR EPRIHG: B ORBBERLS o CRE APy 1 0 10
i S ahsHpitfaablyaat td 10° ek pe rivlesticihyl astatgzompouad 50: 1
excess of hydroxyl group containing 5 conpounds. The
anount of the catalyst of the invention used in the
¢ar bongblarltongproocssyialgp theipvenpiopyhe cathertagenofd gipylAseitte
i's n&)‘inpglfnldtdé &‘e@hed HRRAGnaY 88 F@rfoﬁneﬁﬂy o @r A&t Qir&fbdol\Mh%USultable
preferably, the anmount

Famvgus polds tgse 36 7 SeAPRGTE SHTRY spfa OFenampie
C ONMP kol (méthy] plizhd efhe 265 &ﬂnbworﬂaﬁb (Bigtyoe)] QietBylrthere dimetiplsther,

pr ef e{ra (lirXTufaIQ d5 E e%hgf gu etl@?eg ld@me(ai lethﬁ’f of di- %t}ﬁylene -glycol;

et h u rate npou n Pref
afm umersofuclmsd@mmpée reezslmbmmeb demethyfaéxpﬁﬂ mghyl pgnzoate, dimethyl

uns aBMa@aﬁe%Qd WQ&M dni¥dek,RudhR€fof 3ABSle liQtrealyta&tamdelN
nore preferabl

er ab
t o 1pethyl wog%on%@d dmtlg} %fma\?flﬁ%fyfuwg’ggets AP esulg% %hs I;Sexample
Sui t ablle&ylsmhbhw ginsopepylegshend, B\mﬂolahedtetrhledﬂothw@hﬂ'ﬂt -813;didxde), 2-

car bony ﬁéolg &th,g sMh@gi RGELARE Ph&mwﬁe g deddyned

her el n nor e gsﬁo I C
86| vemlsxlfolsm; 4ramne compybndsripaludingdiplg dariapte pigHescompepRps egsbenzene,

f OI‘ ﬁ)lﬁéﬁmétﬁyl U&ltzéiﬁé %nyexyel S RAE - xﬁ%&eﬁﬁoro&%ﬁk &gichietobenzene, m-
e ani sole

hen
2 5 Slcltl?rpw%i:ﬂ% ﬁlgﬁ@s clmuélln§ ﬁ%‘f er&PtéPEvf c&nﬂ%vlds 8 }}%inﬁ,yqeptane
et hep, 3-tidtkyafayaiephethydene cldorple emidadbinetrachloride; nitriles eg. benzonitrile
d| | Soxﬁi .Ré'lmfeher and t he di net hyl et her of
fene: gl ycol ;

Very suitable are aprotic solvents having a dielectric constant that is below a value of 50, more
preferably in the range of 3 to 8, at 298.15 K and 1 x 10°Nm™. In the present context, the
dielectric constant for a given solvent is used in its normal meaning of representing the ratio of
the capacity of a condenser with that substance as dielectric to the capacity of the same

35  condenser with a vacuum for dielectric. Values for the dielectric constants of common organic



20 esters, such as for exanple nethyl acet at e,

di net hyl adi pate nethyl benzoate, dinethyl phthal ate
w@ea4l0s597 ol act one; am des, such as for exanpl BCT/GB2003/004679

di met hyl acet am de, N net hgdpyrroli done and di et hyl

formam de; sul foxides and sul phones, such as for

exanpl e di net hyl sul phoxi de, di-isopropyl sul phone,

sul f d)hxacnse:ax( becfound linyn sl indfophie b@ks sich di thaHaohd)ook Bf Chemistry and

nEt h g’L}%lu e i %n eg te%tbR bllaw% H' nggegét? El Tntéiﬁngifla 5 eEkE ?QQJ‘;S 'f'@gs and

I 'oxX1’ 2- met
c 0 rrp@iﬁ reslly quetet fralp F?g]PPfatP’@ W&OPta?ﬁiCsOféf"Csltch%‘@% bl %98 I5K,

eg. heN#8AEheric F@Jsa&ene, ab&llt %10 BRIPZ&NEn @adn bERBverted to that
ene, chl orobenzene Odlg| obenz

m.Xy | ene,

m aioRrapBBRTp e vAa 8 e on e pen e g TR o o
of s paricul:o cppundss @gilabkekadidectivepisanemay be readily measured using
2,2, 35 prHJE VL Rgnt.a P%etﬂ&?st hyl ene chl oride and carbon
tetrachlorrde; nitriles eg. benzonitrile and
acetonitrile. 30 Very suitable are aprotic solvents

h aVI PG i he eteregfsc AR MDA 3 5 298 QYRR Wer 4.3
ra
5%, Bt 4t F AL Frh S it = e 20820, of

dl eI @phanyletherons1 @m83f20¢) odl digrieth@ladipand Neltat 28 . 2K 6f tttahydiuran is
nor mgls 584y R, & Ak

capaci ty of a)g conc}%ﬁ%gar §§my%ag?ﬂg%%s%b geﬁegrféd %oti‘llgt is anisole.
dielectric to the capacity of the sane 35 condenser

Wi t N i@ahMB &Nzl cofliafin G&rﬁﬂoﬁnd i¥a 2 801f AlapbitSolvent will be generated
ommn  or gani ¢ WO 2004/ 05059

gl el &%rl C constants

BB 9D He st ?y opyRrodughd lS‘EVf“éS'Lﬁ‘ifia‘F FPpatK grbon
refem@meiebmﬂkesalkasMMna@roﬁdmlvHandbook of Chemi stry and
Physics, 76th edition, edited by David R Lide et al,
and publ i shed by CRC press in 1995, and are usually
quot dbF Fresessanay émgﬁépw@awwawlamromvw 195 rafio gv/v) of aprotic
ab 0 Utolvfi3e ﬂ)ﬁfoxﬂrgrcglg 8enlasmﬁ<g comBo\ild Bf AIRSP NE I HrGerMI $1§§Jxra@0 ranges

an_readi lﬁé’ be converted

ab r

Phat “8n o ip by bt memarie dieSSur b FS | Mo et Shbeper o nees
factéosiguod®d. If no literature data for a
particul ar conpound is available, the dielectric
constant may be readily neasured using established
phy s Pessiichesfrieaningries brofded tiug the eseetiop isearriehnt itk abeened of any
constadial Qfde k%@ bdtvehSie 4n Sprétlsoldfne pdfibrate@by fﬂé ﬁzﬁ&l}éh itself.
%gher is 4. at 10 293.2 K), of sulfolane is 43

t 303. 2 K) of net hyl pentanoate is 5.0 (at 293.2IQ,
Of UThazhelysticetjvendsioSth8préseftdiveRB3 mady ket as a0theterogeneous” catalyst or a
di met t 6.8 (at 293.2 K), of
tetr fxﬁgﬁ(%?éﬁmpé 7.5 (at 295.2 K), of
nethylnonanoate is 3.9 (at 293.2 K). A preferred

sol Vedthe tefm BikbnmdRdnEous! Jatatyaeweh)yeQﬁ PXYhysOr oY Qon%[ﬂrtdaef FHe Mention,
nd is an al kanol, ‘an aprotic sal vent w I

a@ n e?NE }éla notfgapﬁngdtbhtés ?”@HX f(il"aﬁedgg fofxﬁ%l s §1{uéx{.xth the reactar?ts of the
car beuyphgition Reafion (UL the Ofnyltdo@aty toftipbund Crd te/li@x 1 06RO A ompound

car bgﬂ carbon monoxide), preferably in a suitable solvent as described herein.

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

35  which is carried on a support.



nonoxi de and the al kanol is an aprotic solvent. The
process may be carried out in an excess of aprotic
waodMenis99 i .e. at a ratio (v/v) of aprotic soPEEGB2603/004679
hydr oxyl group contai ni ng eonpound of at |east 1:1.
Preferably, this ratio ranges 20 from1:1 to 10:1 and
nore preferably from1l:1 to 5:1. Most preferably the
ratio (v/v) ranges from1l.5:1 to 3:1. Despite the
aforegoing it is preferred that the reaction is
car r Treslacgertling ty atfertherdspast the prgfentipyentiampravidasd preagebder the

apr o&a}bgnﬁﬂlo}( @mnyl Soeta@QorAR0Rs hEdeBAdHEREn WhSkinGIRPRIcat RQarried out
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the WHEBEGRISTORNTSIEA SYRRY REstersbly 23 mspliblesugpheous

Cﬁt alyst or a " hormgeneous" catalyst. By the term
n%rgfgr bq l%f?etsHC%}t'tﬁc‘(\)/ X ses a ﬁol%%?fuc Cg‘ho o}%oll t?freneaor tpol&/styrene
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corrp‘lf&ﬁ’é‘conﬁﬁﬂ’b?fd}rlﬂ@ﬁ Pr?E?HbB?FH Hﬁ&eeﬁlévcam {or ¢xample inorganic oxides
sui t ablRrasit vidtideds descri bed herein. By the term

"het er ogeneous” catalyst we nean a catalyst, i.e. the
conpound of the invention, 35 which is carried on a
Supplreterably\be 2004t 0BOEHH pROT/stiR2 OIS 1592 §7Bce ape iMhggnge of from

accofod Agh thRs, Qtotayﬁc;r‘h&)‘iun@shpﬁg fange df @oxﬂ 0QSEMb oA} hv@Rge particle
provi des a process for the carbonylation of vinyl

acet $edn @mﬁwﬁ fam g t°d58?/1“h NPT RIS TP EHACH Sp g 1 the range of
5 OCR&SS50 1B soc&ﬁ’ﬂg €@ pord boluntd it I thdvenge @t fdry 8.5 tocDNqarejafid the aRrage

Splr'lg]&gr Eclg sng 1es 1§t51e ran%e o?ﬁ?rln 96’ {% ZUS’ /H?l ﬁosPQeos{rgb#éI?e surfaCﬁ area is én the

pol yehgefof fnom DS ty 4Q0ym’égnthe pare p@llln}es& ylrﬂ@ﬁ@lge el §$rien3- OSPG/Gﬁnd the

as g yd Jmicfe%ﬁzs REhERRR |of’fif<§£ 306 1@6 ,therThwe;a o size of typical
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t he
ar t ; PPUS PUPPRILHA 7B e ARSI R o 0P Ak PG foigort mteral s
30 | | @&d tha had dnla@dﬁd’ge por®Hiaet& iof frexd n@torsudnharna most dé)sirlilﬂ?)r from 75 to 350
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i norgani
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0 SRy, RS FURPAT MR PefFEIDISAF § Tigif PPAt, %e insQ{uil ‘hsé‘Pl?O&ﬁb‘@atS? and/or
fzs OMQgﬁ&dWMe cblapRnddloethe pratkyof theevestioh bpeemanaavell known to

int 5 from50 to 500 n2/g, the pore
vol utrli]}%seSl?Pe% ?‘F}e}range of from0.5 to 2.5 cc/g and the

aver age
Alternatively, the compounds of the process of the invention are fixed to the surface of an

insoluble support, optionally via a covalent bond, and the arrangement optionally includes a

30  bifunctional spacer molecule to space the compound from the insoluble support.

The compounds of the invention may be fixed to the surface of the insoluble support by
promoting reaction of a functional group present in the compound of formula I, for example a
substituent K, D, Z and E of the aryl moiety, with a complimentary reactive group present on

35  or previously inserted into the support. The combination of the reactive group of the support



particle size is in the range of from20 to 200m Most

desirably the surface area is in the range of from
wa@40805490 nR2/ g, the pore volune is in the raPgEGBR003/004679

fromO0.8 to 3.0 cc/g and the average particle size is

in the range of from30 to 100 m The average pore

size of typical porous support materials is in the
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35 or pr exicipats htyeaktds @értcRll) Hiddbmngtah Ebusilprexid hindfdnee in this context is as

nbi nat f th [ .Of
2004/DR0k8q e dEsb 65 biera T3 B itE URRFT Aol v
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fggpgﬂggtg‘? fyc dc sgrgarargﬁ oe ncytglﬁ struclglrep ay ggtbst%t\rl]tvcebgltone or n(ljpre suastltuents
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r educt g@enigityaenrant Rudosse ks axretlkyl I‘BX/%@G b"r“iﬂﬁ“ﬁ‘@d pyng or more
heirt her aspect, the presgaén or NGE dtéhis, §bY ilade 5r didNg/Isiison groups.
of the process of any aspect of the invention wherein

the catalyst is attached to a support. Particularly

pr ef Brerbedgingsgrovpety it dnerybmgiatmi eg. aphenypsrowy, whiglPmayR®, opfiehally

RS, ﬁgstm.ﬁe%’ prg@deda%t thBtvaQ) phgpho@tﬁqtom's?}x% lifked B adjacﬁt S8k §Oms, eg. at

associated Wwth their respective car bon atom form

conptei #nd Zogtigns on the PRyl gFpuly  RIthgrmpiet arg dnoighygpgycbg p fiped

R Ndgychgic @foup edd Bdpkthalerd] WptesyIdnE BidRRACE I N this context

IS as
Examples of suitable bidentate ligands are bis (di-t-butyl phosphino)-o-xylene (also known as
1,2 bis (di-t-butylphosphinomethyl) benzene); 1,2 bis (diadamantylphosphinomethyl) benzene;
1,2 bis (diadamantylphosphinomethyl) naphthalene; 1,2 bis (di-t-pentyl phosphino)-o-xylene

35  (also known as 1,2 bis (di-t-pentyl-phosphinomethyl) benzene); and bis 2,3 (di-t-butyl



di scussed at page 14 et seq of "Honbgenous Transition

Metal Catalysis - A Gentle Art", by C Masters,
w@oebkiostsed by Chapnan and Hall 1981. These st ePCT/GB2003/004679

groups may be cyclic, part28yclic or acyclic. Wen

cyclic or part cyclic, the group may be substituted or

unsubstituted or be saturated or unsaturated. The
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th
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bi s %OG‘P“ ﬁ%@ﬁ‘%’éﬁk PAbsphi nonet hyl ) ferrocene. 10 The

anmount of bidentate |igand used can vary within w de

lim tI'ﬁe‘ caBBr?rfngJo%L %ay lgehﬁeé% 91@ the?e'il& of other gases which are inert in the

30  reaction. Examples of such gases include hydrogen, nitrogen, carbon dioxide and the noble

gases such as argon.

Suitable Group VIIIB metals or a compound thereof which may be combined with a
compound of formula I include cobalt, nickel, palladium, rhodium and platinum. Preferably,

35  the Group VIIIB metal is palladium or a compound thereof. Suitable compounds of such



ligand is present in an anpbunt such that the ratio of
the nunber of noles of the bidentate |igand present

wo eoottlososmunber of noles of the Goup VIII net abCPGBI@RN4679
is froml to 50 eg. 1 to 20 and particularly from1l
to 5 nol per nol of netal. More preferably, the
nmol : nol range of 15 conpounds of formula Ito G oup
VI BroUEVHi métﬁs 1inﬂudehﬁtsroﬁﬁ1@l€métﬁls WitH, of @mpouhds ¢vBBtising weakly
?:gﬁf,g{% nﬁ%’ ii amonts ﬁemvec% gcgng Bllmixc 101161 sullpfhunc alc%slower aﬁcanonc (Fp to Cy,) acids
nmol asucl stacais a¢1¢andad>panlp agé@uishonagmd&wd\ﬁ@ md%laltehelplwg@ agifl,
an eéﬁcﬁésﬁlpﬁcfmc abx@ tﬁ:Q{EElQHBQm Q&d b methdne @fiﬂmh‘l@@&@ benzene

m ni mses the consunption of these usually expensive
cOnpepherc acklpaphtpaigne sylphonic a¢idiqjuepg sulphonig fﬁé‘ f-BnPaf§ng Auiphonic
are piepaig Gulpﬂ'(}ma acS@ R Bhy@roS iR ebaf’ ﬁl’pﬁﬁﬁd’)@dt d’lltplhdsnates ®n exchange
Ia(r:] etsé%nlfs IBerh thg ?Jcﬁd: ucktao ngclﬂct)r%c%trcllld %Olf)ﬁena g& car%mg/%c a(‘fld F'cr}ll){iL
i nvemichlopacatinacid endEflvdraadetio@¢id; b)ythwhessmnv ptid) phesphod@ic@igs such as
VI Eknzerﬁ%}xgéph&qc aelddg WOE defMRE &Gk 1@&aﬂ@1¥s'b&@t@enﬁ%@%‘aad§ aﬂld
a sultable solvent such as one of the hydr oxg%

Bﬁ)g P]g;lonally

d®nt Biopske 2adnPBe sersces Mhighmey Rrew%eéweﬁta%wfw
desc ndldge.due@ Getrpyhedyil whtandnyatpesaé ] rpéﬁdoraﬁtraffsﬁﬂnylﬂﬁtatdl\ﬂdﬂltﬁbnally zero

be t t . .
P Zr bzsa?en?pa lf? (l)lhn‘(l) c{oemaﬁii(es 8&111cuqé'rl yl\}é?.cnw+hhletillse ﬂganii g c§rr1ph\e/:rlxyrlﬁlh'osphme or

acet alkes;\esaaﬂb@ ﬂrytrarhdow)wemdor§tvb®eqde@tbbyylaﬁmaxdtqmg)dimliaﬁium may
a cogppupd of fornmula | as defined herein. The carbon
nmonoxi de may be used in the presence of other gases

Which are inert in the 30 reaction. Exanples of such
gaseghd anoh bhdEbdugavea Qleﬁi,or fikrbduogiar onea mbR P £ dal)dihd‘&ng’:u’pk
:Tgteafnoats)lg?d 13g%u80u St?jhﬁut ntaﬁléﬁg €55 WF]haﬁ3 hj Irr'i-o%%t})r%era ly :1%5 Man dé a salt with a
Wi t heagion baripoustdnterferd withrtin rackion, pel et saitotrdirgsly orgapkeehlts such as

pal I g menox{lmﬁ’qhd"mr@dﬂgoleﬁﬂ b R RRA LRI RRL Hown &éertréaam
Goup VIIIB netal 1s palladiumor a con&gun

& t emyfiEons SngsauHe e sronsp &R fuRBperids aubygignelude the ac‘ds and sals,
PCT/ 6B2Q031LR046:6R4 catébx@aed) pstddshpra.met al s i ncl ude salts

of such netals with, or conmpounds conprising weakly
coordi nated anions derived from nitric acid,

sul pfikerquentigyodif dyion mesent isalokaiticrl & tiamptalye @hdVjounef thkscatalysteistem.

as a@&tmar@a@mf A t@,;aﬁsulmngy @Cﬁtoqﬂ ﬁsalssdﬁp ?fe%‘erawm 2:1 to 100:1
such as net hane sul phoni c aci d, | or osul phoni'c aci d

£6 uoryeetipuliifiomae ta 304 rWiere tby *tﬁ‘f?ét‘%?é‘ﬁ’éde%hﬂ @waﬁfnemaef 6°‘d and
benz amechéreﬁwe@t@mlsn @mhedmd Raak Rabeyigcas LAspﬁEﬂfidnﬁd algd cakalyst

;8! ggyrslgm%g {hp Presgrbtlmvlgr(;)tmngxaéggg t gg%ecﬁl Ipr(lj}'lxe%fr3 Iggnpezc_;lus é' Preferably,
sul phcmtaiysasystdn 1831§ﬁdplhmmtl®dsly on exchange resins;

perhalic acid such as perchloric acid; ; halogenated
carboxylic acids such as. trichloroacetic acid

B0 f MifoPBbiEtaysee Adiearesar RHOpPMIS APl copgtitefed ﬁﬂ&é‘ﬁh‘é Rpage which

aci dmaphtGBmRS by one or more of the reactants or by the use of a suitable solvent.

The molar ratio of the amount of vinyl acetate compound used in the reaction to the amount of
hydroxyl providing compound is not critical and may vary between wide limits, eg. from

35 0.001:1 to 100:1 mol/mol.



benzenephosphoni ¢ aci d; and acids derived from

i nteractions between Lewis acids and 10 Broensted
W@eiod®305@& her sources which may provi de suit abPET/aBR@BSH04679

i nclude the optionally hakdgenated tetraphenyl borate

derivatives, e.g. perfluorotetraphenyl borate.

Addi tionally, zero valent palladi um conpl exes

particularly those with labile ligands, e.g.

tri p{lheg}%( %B@regc%or(? fa s&%ﬁ%ﬁ ﬂ%}:&‘iﬂ: S components by any suitable

di benz eneacet one r rene or

tri (WEdendsrevereinis a@:@w@ﬁ@y thratresertl iPLoRssiriigt sighificapd fweriay-products

The a@ g&ﬂedmet}g@eﬁdﬁﬁg tNeEded foPRRtRE pl!lrmcﬂtibq U the @fitidD Par@on of the
nore of an aci avi a _neasure ueq

R Corbit oy bepgreey BeBe SRAN I TIGY pieke STSETY: A fut

t hanadSante $sahat thabthér canpopaits \giichtdastbin the @ stalprd ysiemtvenich @rag be

Wi t hreE)l?:?ed oq'tréu e;a’ln fﬁrﬂ%r re%ttogsj w1§1%1%1§naps{1?}ll§ﬁeqa 1(¥1 09 lfrgs@lryatglyst
salts such as ammoni um and a ecursor, suc

as an ester, that can break down under reaction 20

con gP&kﬁB@ ttuf)cagy%ﬂﬁitlﬁﬁ g cﬁr{l&i R0t Q 'ﬂsnip@raﬁ&etdﬂ Fettwgébht—ﬂbtb €50°C, more
aci ds clude G salt§
T TR I T

guanisiofie/choden amwan 3PCes E01C. | mivanddge@slyf theo@tbotiydativiean be carried out at
cata uj -
rati Jg&%}ja?e at?xﬁ%ﬁaﬁr& 1[; 1s?{m%ﬁ]a?l%gajalﬂll%gdsft(?%efﬁ%%%1catxrg Q@ 61@%%3%{10:1 at
pr ef@Plamn}PelfaW@rﬂ(ﬁC)_L to 100: 1 25 and particularly from
3:1 to 30:1. Where the anion |s prow ded by a

conmbj natjon of acid and salt % | ative Qrtion. g
6? t PETeRRIY oA gPeEdipg 2 P¥ “??%PF”E‘F cpiopnfatiome ‘f“iy Higs carried out
t he atah y®IC to39°St more prefetably, PO°E3@MT’C,istil mnde ipGaferabiy0° G @ 45°C,
used I Y,

o nhRERAEES AT ofr BOLEIORRRERNR shmer TGN

cat al yst system of the present invention is preferably

c onsprbfemﬂc;dmé Jarﬂomadoh RUkrHe 88 CUYafAl pré¥Bie HBedvOdn 88 x 10° Num

one or .nore of the reactants the use of s
§{Yu t ath el 0y my ghgre pr ‘@blﬁél"é{’ gt 68"6%‘%“‘8?{8[?#{“&‘ 30x 10" N.m'
vi nyl. Bpeadidly erefanpiound pumeldardsmretdfe to Wactornom?>t o t he
anmount of hydroxyl providing conpound is not critical
and may vary between wide limts, eg. from35 0.001:1
to 1Deferpbly IpyrplessupCrbgali G508 PEECBRGH0 DUGRperat a low

The preds eatrbdaﬁaﬁdaehercee&riyla%h EBYridA@uSePan @Lred pleb Aok B&ween 0.1
other conpo

?3 al d‘d‘@d‘ﬁ{“ag@msp%fe gﬂ//lg,zéggﬁ?o Blgxbcéxg)étpqueé;tb‘f\eostolsxlost

significantly fewer by-products are forned thereby

Ir ﬁld'tjlgaﬁnglst}grbear a(%ve vmyp?rcet{atg E%ltnhgrsubggu ({ (Lr%g‘rtl Isu Qltl%(fidt q‘fowel\')gr itis
evi dpmfeedd hat thh eingkeaventlis tynssbsymtéd cant Iy h| gher
selectivity. A further advantage is that the other
conmponents whi ch contain the catal yst system whi ch nay
Be The use of stabilising compounds with the catalyst system may also be beneficial in

improving recovery of metal which has been lost from the catalyst system. When the
catalyst system is utilized in a liquid reaction medium such stabilizing compounds may

assist recovery of the group VI or ViiiB metal.



recycl ed and/or reused in further reactions with
m ni mal suppl enmentation of fresh catal yst.

woe@iesad y, the carbonylation is carried out BET/@B2003/004679
tenperature of between -10260 150C, nore 10 preferably
0OC to 140C, nost preferably 20C to 120C. An especially
preferred tenperature is one chosen between 80C to
120C. phturably, algeetus] yhe datalyscystbariydlates ana kiquid feectmamredich a

out at. noderate t ratures,. it .is rticulat.l .
2 dvarRORER GsPE L Ay o BayiA Gy S ROy e Wiggkrapt being
I 00M dapAHdES Bt dbilBing 2Q0) 0iddl Sudpessi@r diphiticlenbfthe gioap &T bnYIIIB
a low tenperature carbonyl ation, the.carponylation is
car ¢ 1B e Gpapnt SSBb e g BT

-40C to 45C, still nore preferably 0OC to 45C, nost
preferably, 10C to 45C. Es eciaLvI referred is a range
of 10thediagiiceacppp MEfLR Tay Regso 5%6@%’5? ERAPIAN O §0aY SPTPPIEg One or
out  ghord offe Réictah@lor RSN PrIuOE tHRELVSAN The &Actints @R1 Madon
20 2-90 x 105N.m 2, nore preferably | x 105 NM2 -65,

x 10 gmocMcgm hawd fwe&%mycﬂilg gx@th)gr ggg)lw_dml a quvent or liquid
Especijpkhty preferred is a CO partial pressure of 5 to

20 x | OBN.m z. Preferably, a | ow pressure

dérbonyl ation is also envisaged. Preferably, when

oper afﬂe%ly_%e'ri@%sp%ﬁﬁ? SUbRbLE 3 fe rl‘i}ﬂliatréagﬂoﬂ #1€dium, but should not
carbonylation is carried out at a CO partial pressure

of betignifigantly increp® theyvigosity1gishe wpcion mediven igagtay vatghywould be
0.2 tc%ﬂ%n@ﬁtz& O ot kineHOr nbd %ﬁsrf&b'hye SQ)lu%ilftyo Rg’gi)épersant in the

105N. As nent 1 oned above, vinyl acetate ca
substliquig metiegm undan theubactipn eanditions-ofiterwparatuietanil gressure should not

ef gr.r t e [+ L 3
The. el e BhCanRE Bl 2l Sp dF B ARkt Bjccrith oo
syst ehe matal pdrédeshe beneficial in inproving recovery
of nmetal which has been lost fromthe catal yst system
When the catalyst systemis utilized in a liquid
r eact Tierpolymctria rhispersdnt stcagmblel of istabilisiogp oolidal sepensas Dif particles
recovery..of t VI or VijiB netal... o .
2004/ D588t B TR e Femeh SomwB g By favid reacion
ther ehatiem stidhahat seahstaltpasiylet &mmedad adedt sfica@lybt dggiadation are
reacti on. nmedi um a l ric dispersant dj.ssolv in a
| quitsbarversordn b rasiot miPEeRd i bt o thefeactor
capakdigngotitisthe ligphidl $dr ¢ lamaioh b hlibnAlySPeRis©1h dking further
particles.of .th roup VI or.VIIIB al. or nmetal .
G onpaietist of Fi sl TH el gaiclas ot RIS HEONgigR ipensions, .2
car riigkhe angthe- 100G Frefa@@pdriiQd sip@althdigmBigeParic1&thaeBim in
for the reactjon or may conprise one or nore of the
Peact BMES2%P Patens B Manobamst dispeeant ae pdwrocgiggto the surface of the
r eact aithipaptites WEMGHthORma Qb GledidpBrshrt A1 uled Fem Pt 148t
mscible with or dissolved in a solvent or liquid
partially solvated by the liquid reaction medium and in this way the dispersed group
VI or VIIIB metal particles are stabilised against settling on the walls of the reactor or
in reactor dead spaces and against forming agglomerates of metal particles which may
30 grow by collision of particles and eventually coagulate. Some agglomeration of
particles may occur even in the presence of a suitable dispersant but when the

dispersant type and concentration is optimised then such agglomeration should be at a



di luent. 10 The polyneric dispersant is soluble in the
liquid reaction nedium but should not significantly

WO p@nesse9 t he viscosity of the reacti on nmedi unPCTYGB200804679
whi ch woul d be detrinental27to reaction kinetics or
heat transfer. The solubility of the dispersant in the
i quid nmedi um under the reaction conditions of

tenperatu ure.should no b rea

Lo At BHeb A PYR AT T SSeE R PRL B o Trig S0 Bt o may be
di Sp&:&@@ﬂhpaﬁdme phr€isleOfetiioperidddy agitaionpar ti cl es. The

pol yneric dispersant is capable of stabilising a

col | oi dal suspension of particles of said group VI or

VI &h@@l)lgl'neﬂé dipdraint S@PACAEhordpblymekd @ cbpdlithéls including
reaction nedlun1such that the metal particles

f or meglyasTSsupkhas greft gIpolymier) 3PdSERYY RSt i on are  hel d
in suspension in the liquid reaction nediumand are
dlsch;gged fromthe reactor along with the liq

r ecl dneeRbl. Bapelyperiodamersynthas syticigatly aeidicenbetig f inctionality to

furt I’%ﬁlgstanﬂb'l?}n&éﬁllhs%$hleoll§1§£l%b%%hswn“f%aﬂ%?@'p A& VIR @fetal or
are nor nal of colloidal dinmensions, e.g. in the
rangénﬁﬁiquNWWQWIaverage particle size although |arger
pgrticles may formin 25 sone cases. Portions of the

pol yneric di spersant are adsorbed onto the surface of
t he Byeuhitantially stabhilise igvvieans that the presipithtirenf thergreupeVI or VIIIB

di Sp%e?zg'i’%)y thg&ﬁh j)hé&q?éd%stgﬁtla 1§@9didedrartial l'y

sol vat reaction hediumand in this way
t he di spersed group VI or VIIIB netal particles are

st abiﬂahﬁ:ﬁﬂrl ?%'fgllr%td I Eéljs%—hﬂgr i aptugagsé/\ﬂuuﬁe Q@fldlI: B?l?asw r%ola/mers

reactor or reac and agai nst
aggl ondudingemrtmikylieicids, piphonic Iassl,s whineh ambamigdes sycloay Iiwyacrylates

col | Slhgtgrog)f/cl epa Ligh r%{ mﬁap%n%\é%mg SXbS?&%JAO?‘%%?&%m such

aggloner cur “even

preses pelymhylaaysuhd@b Iomdmlyp&rsmfmhe dbaesadhen t he

di spersant type and concentration is optimsed then

such aggl oneration should be at a WO 2004/ 050599

PCT/ @GR2mp1Bé 60401 Bolyrﬁ@nd‘ dik;&tsiame hiﬁy bewlécmddompdﬂlhﬁpynolldone

I { . t t.h
SRR e T R R R
O v

copolripung pglyde-groh 5%|P9§§r ermﬁ»rr@fyéféﬂpvn 't he
pol y Ry hnfb&Redesdphonktasidy bhd ﬁbcﬂy(eﬁiﬂsm Rénidacgd)or basi c

functionality to substantially stabl i se the
col | oi dal suspension of said group VI or VIIIB netal

9§  Preferably, the polymeric dispersant incorporates acidic or basic moieties either
pendant or within the polymer backbone. Preferably, the acidic moieties have a
dissociation constant (pK,) of less than 6.0, more preferably, less than 5.0, most
preferably less than 4.5. Preferably, the basic moieties have a base dissociation
constant (pKy) being of less than 6.0, more preferably less than 5.0 and most

30  preferably less than 4.5, pK, and pK; being measured in dilute aqueous solution at
25°C.



nmet al conpound. 10 By substantially stabilise is neant
that the precipitation of the group VI or VIIIB netal

wo eansd3e sol uti on phase i s substantially avoi BErGB2003/004679
Particularly preferred disp&rsants for this purpose
i nclude acidic or basic polyners 15 including
carboxylic acids, sul phonic acids, am nes and am des

such a§wabe Ip}z(@ﬁ{ebﬂ: @isFesanf3! mﬁﬁ&lﬁf)t@ﬁ))dﬁln@,solﬁalretiﬁ the |r@H1<Yn medium at
ni trogen hetérocycle, substituted polyvinyl poly

such Teatiop aprgitiany| copin b il SRR adific eblmcym@% Werm@nn the

af or el fer LEABOR 6195 preﬁddﬁtl'hr&iﬂ )’W@ﬁziv@ f&inﬁﬁﬁ{t p8lyersHbrporating
be sel ected from pol yvi ny rrolidone,

pol y asidand gindde, m@emey é%"rhﬂs @ﬁ yyinyiparollisions; @ﬂ\ﬂ’y pedhpoly3egylates such

pgl ygl BN A ar Epficuthr] Qi‘PJbYe'TBIth@?rﬁﬁééhi Fwe hthf th

pg ly( S¥$9538Q§%%¥yrlc§€%% Ny Tys [ euci ne, Ny % ©

met hi reahymes whiahl iy suitable 6or qq@m t 1nyer1_mg denends upon the nature of the

poly n

poly(%?%éﬁ Pﬂﬁgﬁpgﬁg%l ?RY%Qﬁ%?&?@raaﬁgg Mﬁﬂﬁ&éﬂ%naﬁgt

pol ynesringllyithe pearagamolé¢cntao wpightis tess then Hi009r Phederlely, the average

noi et - r t

packbae sl B B e ook 0 S RS, 5000 - 100,000,

stsomoﬂpmﬁnﬂﬂndQNahf40p&&§gdﬂWhessﬁiﬂmmmﬁmﬂmanMHMO 80,000,

preferab S fer SS

4 5 TBUIE ee'rﬁar%lfqy 0 Pﬂ? %(g()s()l%cwhﬁgl%éltPl 12 used an; eot1 tx%or%er of 1%8 10,000

di ssoitlxt daseof Péonst ant (pKb) being of |ess than 6.0,

nore preferably less than 5.0 and nost 30 preferably

|l ess than 4.5, pKa and pKb being neasured in dilute

aqueons eS’febtuXeicOﬁbeﬁﬁatloﬂE»Cthe‘dﬂpé.’t@ﬂﬁhﬁiﬁiﬂEHQreacnon medium should be

PCT/ 2003/ 467 28 Suitabl e ric. dispersants,
5150 55 S48h 5 O PRI ST MR G BF Bt i

reactlon condltlons contain at Ieast one acidic or

basi ¢ o eith n the nmer hackbope .or

as a B&?n‘{i ?8%{3’{ %ﬂﬁwe?‘o‘ﬂ% & TRGRV 50 ?VWet %Hq““? stream

i ncord@%aédlmﬁnthaeeadtoaeg BYHIEHSt JMQIn@ HeR Sitdd ARp&ed of or processed
ponV|nyIpyroII|done PVP) and pol yacryl ates such as

pol yaloF SPrise st raply g there@pliFaiensc i 2Fanyinuqys PHISFS ¢ hejq@id trearm

19| echhypbe dRLERE 1@bughNsh exRPhal WBAt-e¥bHafder | shd SHdutRBAsEs f Rlay be
use in the invention depends_upon the nature of the

r eactSoBregBsiolasaimiterior e palldium partigles ip ghegpopitepation apparatus.
therein. W have found that nornmally the average
nol ecul ar weight is |ess than 100, 000. Preferably, the

aver ayeferably, the pplymetimeighmassgationinergds betygen k! egbl 000:1, more
200, O&QferaHR/[ FerREl ©f AR 460 lgmgggréfer}lgg;bg%en 1:1 and 200:1.

25 Preferably, the polymer:metal mass ratio in g/g is up to 1000, more preferably, up to
400, most preferably, up to 200.

The following examples further illustrate the present invention.

30 Preparation of 1,2-bis-(ditertbutylphosphinomethyl) benzene

The preparation of this ligand was carried out in the manner disclosed in WO 99/47528 in

accordance with example 18.



10 nost preferably, 10,000 - 40,000 e.g. Mvis

preferably in the range 10,000 - 80,000, nore
woe@kese@hd y 20, 000 - 60, 000 when PVP is used andr/aB2e03®04679

order of 1,000 - 10,000 in9the case of PAA The

effective concentration of the dispersant within the

reacti on nmedi um should be 15 determ ned for each

reaclglon cat ¢ St f be used. The
di speelaaton. . ' Hee ¥ ecover ed
fromthe I|i UId stream vedfromthe reactor e

by fPF ey IRDPSPRARIALGHISh 016 by 34 maeBaasiadged (8 A PSR 8t5%d
for Elﬁdlﬂﬁtﬂiyl&rﬁm&ndﬂ@ﬂ)w&he @xartfIOE 10.58P P66 @bl mashydions &etic acid
c nt racess_the uid. str.e Y,
P B PR s B APPSR e b e
s u c hanbpk@s agetic aradjis tymoved drmeermi %mrwmakeb'&éfceto fyielditiee asude gl

the B@clulctaag lcuygﬁa&@’wll'o@lsﬁﬁ TIQ: cmg ﬁr@d&l i ?e'éxly@mxé@@ from ethanol with
apparatus.  Preferab metal mass ratio

PP G0 DT ebireiend s A EoBeRed W LetaBpaT BF BT gl Sompound
bet wgampald ydiloanslid0065ls, 44amsteqpr ef er abl y, between 1:1
d 200:1. 25 Preferably, the polyner:netal nmass ratio
in g/g is up to 1000, nore preferably, up to 400,
nmost 'HYMR €258 BIHz; CDﬁla)f &+ 9@8., d, Th@HEp$- Piﬁﬂd iy 3&x il al2); 2.8 (2H,
furt et Jnstrabe dhenpnesent dsavent i on. 30
Preparation of 1,2-bis-(ditertbutyl phosphi nonet hyl )
benzene The preparation of this |igand was carried out
i n t heNnveneeMHBd]  utl)sisd.73 @, Y3 99/ 708 248 414 NHz)a 6456 {eNEXT5(s);
Ly sl 1P (19 3400393, G C52003/ 004679 29
1 2-bis-(ditertbutyl phosphi nonet hyl )ferrocene
D1 - o kit vdinles BN o(Modpych, 0-616 i, 3.33 mmol )
was added to a solution of 1,
bi s(di met hyl am nomet hyl )ferrocene (Example 1, 0.5 g,
1. 66EIBH&Ika) adalysi@nhydr ous BeaHi C6EHRGHD.7%00 m ) under
jtrogen and the resulti X ed at 80C
?or 72 hours. The anhyd?glulg;t%({:gtgggé’ é%{é renmoved in
vacuo at approximately 70C to yield the crude title
Pr odpiGhardSordt 19hR adSheyBHo sSRhbHethyi] ensentide product
is recrystallise rom et hanol w cooliTng to -17C,
filtered and the filtrate washed with cold ethanol to
yi el Thetpharhtidnlo€this tipgaad wadkcaated autpafotowse!l | ow sol i d (0. 365
gs 4% 84C). 10 "H NWMR (250 MHz; CDO 3): 54.4 (2H,
J = 2Hz); 3.95(5H, s); 3.75 (1H, t, 2Hz); 2.8 (2H,
dd, Il_El—IzPremmt)O,nOQ(lesd()Q@)Cdd, 12Hz, 2Hz); 1.1 (18H m.

Phosphorous trichloride (83 cm®, 0.98 mol) was added rapidly via cannula to a combination of
aluminium chloride (25.0 g, 0.19 mol) and adamantane (27.2 g, 0.20 mol) affording a tan
30  suspension. The reaction was heated to reflux. After 10 mins, a yellow-orange suspension was
formed (colour due to P(O)Cl;3?). The reaction was refluxed for a total of 6 h. The excess PCl;
was removed by distillation at atmospheric pressure (BP 75 °C). On cooling to ambient
temperature, an orange solid was formed. Chloroform (250 cm®) was added yielding an orange
suspension, which was cooled to 0 °C. Water (150 cm®) was added slowly: initially the
35  suspension viscosity increased, but on full addition of water the viscosity lessened. From this

point the reaction was no longer kept under an atmosphere of Ar. The suspension was Buchner



13C NWR (63 MHz; CDCl13): 586.73 (d, 5.46 Hz); 70.08
(d, 4.41 Hz); 69.4665(s); 63.75(s); 15 31.80 (d,
WQbkW/ 05399 45 (d, 1.98Hz); 29.89 (d, 1.88 Hz). BAPGHRR3/004679
(101 MHz; CDC13): 515.00 ppm El enental anal ysis:
Found: C:.66.79% H 9.57% 20 Cal cul ated: C: 66.93%
H 9.63% Pr epar ation of 1,2

bi tyl ph h th

plr Z[(J I}‘ea acggg tlmo)% ?v!/grgrl;r% s\cg\%{?n&agpg'z Sgeegltr€te cons of a two phase
25 IlsydterPr Bpalowdri phase ofas (dparaayl 2610 £p GepaRtins finusl orusd over MgSO4 and
t ri Cﬂ.}c%elr %ﬁergcﬁ % nﬁ\mla’atlleg w@é rapclv)ecf V@?otﬁ‘g %QorEt%H' ﬂlﬂiﬂﬁaﬁg) in-vacuo,

a conbi nation of um i um chlorid s

g, ceffpolingnoffarhite aerdvatch® (299 %. gP NYB @ 78t ppm, 99 % pure. FW =

af f ogsdigpg a tan 30 suspension. The reaction was

heated to reflux. After 10 mins, a yell ow orange

suspensi on was formed (col our due to P(O C 3?). The

r eact.? orPreymgatiopfof (Ixel,PHor a total of 6 h. The excess

PC13 was renoved by distillation at atnospheric

pressure (BP 75 C). On cooling to anbi ent

t enperElP-84 27 Oormelywasseiddpverdd miprerdel 2 ciHeddr 9F°6) palution of (1-

(250A8 B0 3109 deslks. y}nﬁlb i GHAN 1 Y& he RHGHRBERE Aldwed to warm to
|ch®%sm?§ol e%e ﬁ V\ateB (15090n) was added

s| owfmpient tRp§ragpre ghelt ﬁ@e%@r%%%aéﬁ%r?wﬁsm%oedgf fqpled to -10 °C. HCI (aq.,

I ncr easedl Hdnuism3fdugaksecaddéﬁ; wadadaéd BHIE Kia tshiengy tlﬁaﬂsiaeyy slowly

lkgz t c? uﬁca §)§othaﬁn 8{ %CEIB?‘?E)PCIQ&I% %Ex;ero {)h?a%ecgylstgrg,p\gn:soanﬁ S\(I)\}éd’] Igetenal in the

Buc hlmwr piBe 206 Ugr BIED 5:9DcnPCTHCB 808G BTGove 3T stpakatien efthe layers

Berl fGse Wk QNSO AR A afaLd Eanh TP Wrikd xverﬁg%o4 and filtered via
flltrate consi sted of a two phase cﬁstem | ower

phas@ s e paRdeeter srrryeh ”S‘é’ﬁ'ﬁ’r affordigg 6 rﬂﬁ%ﬂuct %qrd wyte powder,
overisdiieOa B gloveBsiC yiear 6.60 bt @red''p Tivr: \cokatigpRis 1006% gure. FW =

rem)yogq via rotary evaporation, drying finally
i n-va 6 affording an of f- whi t e powder. Yield 35.0

g, 99 %3 '"P NVMR " =85 ppm 99 %pure. FW= 5
§§2.§§Pre?, r%nEJ&Rﬁk@)ti'@in of (1- Ad)2PH LiAlH4 (2.54 g,
67.0 ol )

was added over 90 ninutes to a chilled (-10
C solution of (1- 10 Ad)2P(O C (10.00 g, 28.3 mmuol)

I N Thikol(todOof afPH (m’hg 3€BEioD And\BBU Akl DWE' 46. mmmr)nmtdmene (250
irr.ed f

mbi 1t t t
R EE R BcB Gt ptpete s it pf epis pe Y mufoly) fded sowy via
HC  ¢afinul) tramk&rrdgg@ssadasumtgeay)mdmsr hasddfedied b dighly wiiceus pale yellow
SYT I {A8%n c;nnAEl(!i ﬁlcgmlytol\(l%r ¥10%| 9‘1\:4 Was aqaje% Jla caﬁﬁiﬁ’a ﬁqgsggnq{xe viscosity and

r eact 1'on ase
sol i Wsathe @mjng} T}peﬁeqch@ was ﬁltered via cannula affordmg a yellow filtrate. The residue

was washed with additional toluene (2 x 100 cm®) and the washings combined with the
original filtrate. The volatiles were removed in-vacuo affording a pale yellow solid, which was
washed with pentane (2 x 30 cm’, washings practically colourless). The product was dried in-

30  vacuo and isolated in the glovebox as a lemon yellow powder. Yield 7.84 g, 67 %. *'P NMR:
0 =139 ppm, 99+ % pure. FW = 336.88.

1.4  Preparation of 1,2-bis(di-1-adamantylphosphinomethyl)benzene

35 14.1 Preparation of DI-SODIO-ORTHO-XYLENE(DISOD)



| oner phase. Further HO (- 5 cnB c¢c. HO) was added to

i nprove the separation of the layers. 15 The upper
w@b@gmsosas renoved via flat ended cannul a, driBdI/GBer03/004679

MySO4 and filtered via cashula. The volatiles were

renmoved i n-vacuo affording the product as a white

powder, isolated in the glovebox. Yield 6.00 g, 70 %

31P NVMR A = 17 ppm 100 % pure. FW= 302.44. 20 1.3

Preparation of (1-Ad)2PClI A solution of Ad2PH (10.5 g,

34. 7ButnD(2)s Mnd hBBhes( B.2B2enc 13,2 Ao wasraddpd dopwisd viemginge over 15

( 250‘6"18%)0 a\gg§cf{:{&n‘}{)+5%q otfﬁaOlgip (cglsh{) h? $9§% 2%&} oq ene (1.15 cm’,

added s via cannu
t r an%# amo]) aed NN QY rré%v@evﬁthﬂ §thylone %@?e (TMIEPé) éﬂf%cfrndéél 2 gnmol) in

hi ghygrayd 6@ Un?) pﬂleeeax@dnl VO haRedSH B0 €D Fh:0h, tﬁqc&mwémalcool / settle,
tol uene ( cn) was_added via cannul a to | essen the

vi sc®rdise aatm;ht quapggsofifh £ DISGD) Flilq,f@le ye¥Qw solutien. iThe,salutign was removed

filtaseshnih &IEEGH uidahaﬁdha rvélshag wath\aeditienal feptahd G0 em’)Tdne dried in-

resi due 9(¥\%gle%as \gl4t]h agddi tional toluene (2 x 100

cnB) "aftd s 8 ned with the original

filtrate. The vol atlles were renoved i n-vacuo

a4 f of glh ﬁ&a@nofﬂ%k BI-X@bi(QWR%‘Pﬂd LyLikE Gin W guiv YREHGELIW t h
pentane (2 X cnB, washings practically colourless).

The product vvas dried in 30 vacuo and isolated in the

gl ov&lQ¥endisn & beKDM{S yehﬁxﬁwumgm(eoo ch} 'ﬁa{s(ﬂ)reﬁargdqat 978 €7 A¥aspension

N 0 —
?F,’?- E pglfrl\{!;tzg% ﬁS H)f g 16 9 n&n}) in EtZO (/10 2 cm% was stlrred %gglysats—n]bcdfmd added via

1, 2- bidsbétt cdmald anmbatysOh esspéusion it yttjob eng flvered 85warm to ambient

%634/: 16 i gﬁ'gr%t ?ﬂg@b]&% 6%%‘}393 %}?"Y)%Lb%gug&ﬁl%er }/(Yé)gassed 100
hex amed added v@amm afferging a prveorihyse wests ma v ifle o ergat GW%@IW isejid present

SYr 1 BERuAV&E tolth wm&m Jt hiPmaddal. TR uPUSHERSE @J d
Na03{}} l(i('(g)rushede 2. 71 gy281 m’ngl) upcplsTnlenz ) g removed via

e, ot The g B RURGPLAE W5 CHEHEhALES FOR g BHe 00 om)
di am'oﬂﬁné ERMEB&) pl(a&s %e {m(@n ph2&.(CHJOW) s teioded h&p:blﬁmﬁ and combined
% W&Tnﬁl)e %n;}? EE 8 ?se / se {) ?tlllpsevgetree ?e*n%\t/e Qrg va%,; %wldmﬁ a’slightly sticky
or an@éd sBiei wliq WB$ S@yd arh ppattne Y mww %ﬁml@nbemghl@rfomed the

sol U'svisﬁl'ﬂgs\’\@éngr RIRBYVAia ¥hRuls mﬂb@ "lfhklvt'}ﬁt@tsbl‘;mwgsn%gdnﬁ—vacuo and
solid washed w th addjtional

i | oA R aLRSED ST e AR Gr 55 879 Farbl - 2O
1 4.2 Reaction of DI-SCODI OO RTHO XYLENE with 2 equiv

dsusg SI on of DI SOD (8.47 mml) in Et20
*cﬁg-&was—b afRly at -78 C. A suspensi on of
Ad2PCI (5.70 g, 16 9 mol) in Et20 (120 cn) was

sti ”ﬂﬁngaa‘R OB%ZI%CF @9‘?{)%‘%@% Yid 21¥"'A‘i"‘iﬂb969es 99 (m, 2H, Ar-

cann suspension.” The ‘react
al | otlkd 0t &, G\Ié,r fmta ZM@ﬂtZ 07-1.57 (m, 60H, CioHs) ppm.

30 “C {'H} NMR data:- (100 MHz, CDCl;, 298 K) & 139.4 (dd, Jpc = 10.7 Hz, Jpc = 2.3 Hz, Ar-
0), 131.0 (d, Jpc = 16.8 Hz, Ar-C), 125.0 (s, Ar-C), 41.1 (d, 2Jpc = 10.7 Hz, Ad-C%), 37.2 (s,
Ad-CY, 36.9 (d, 'Jpc = 22.9 Hz, Ad-C"), 28.8 (d, *Jpc = 7.6 Hz, Ad-C’), 22.0 (dd, 'Jpc = 22.9
Hz, ‘Jpc = 3.1 Hz, CH,).

35  Vinyl Acetate Carbonylation Examples 1-6



15 tenperature and stirred for 18 h, affording a pale
yellow turbid solution. Water (degassed, 100 cm 3)
wa@odwedsospa cannul a affording a two phase syst ePgCT/GBRIV3A04679
great deal of white solid peesent (product) due to

the low solubility of this material. The upper phase
(Et20) was renoved via cannula. The solid in the

aqu ase was extracted using dichl oronethane (200
ﬁﬁLégEE] two cl ear phases. The | ower phase

( C'_anaard \@@rﬁlt%m@g Mio®s CRNAYky@erREt (€ 0PI ©g eRGrodménd Pd;(dba);
the original Et20 phase. The volatiles were renoved

i N- vazog,yioekdintigs apd3| arghtil2ypisdiitekyutylgobphthomdiyd)begatried (95.0mg,
was washed with pentane (200 cn) with attrition being

per f @rnecbles) Wweare wrigbtd mtpsa Bimh goune rvojaael flgska Toathis LHnéer a protective
filtration. The white solid was dried in-vacuo

i 0| Anehsrnoft ey HPebekdegassed Meffapg I“@S e é‘“‘b@\?\d‘é\‘“‘m allowed to
Yield 3.5 g, 59 % FW= 707.01. 25 { HINNR dat

S 24stip Ifymone hpug\Frer gethane SEI]RMICM (1 mn? P(jls §ded along with
g 820 {4@%814 pqlTylza]pqqldon%(}_%P)%d 7%§H2( nyl gte}? (\%A}_]%b)%{uﬁfo 1611_|was added to

gggHaflg)s u§cfgx§gun§er vdlauu r'x_cgL he%NR d%’;@ yhe(n a%O%%%%sd The gas
131 %jlglgﬂ togggl _}enﬁgraﬁlre 10 &;ﬁere r]'g»f'és 1 §nd hE sdkdtion él:(lov»%d to react

"37.2 (s, C, 36
10-I pCfor 3 l?r&rrsg Tfflzsoluﬁgn @s)then %&)l&l tﬂéjpresgnlpféleasea a8d g aut@dliav@):mptled A
d, 'Jpc = 22. Hz, Jpc = 3.1 Hz, CH2). 35

V| nyd;c@g;,g,qeaxa@ta@a{famwyail on Exanples 1- 6 WO

2004/ 050599 PCT/ GB2003/ 004679 32 Exanple 1 Standard
conditions were as follows : In an oxygen free (< 10

ppm 02) environnent Pd2(dba)3 (22.0ng, 0.04mmvl es Pd)

and ThiQexpéranfedi wasaeneatpdwigh {hh @@ﬁﬁigw@wml therapppp ef reactants and the
(95. O;E 0. 24muol es) were weighed into a 500mL rou

bot £ WSTAF P8 &3¢ out R Tabj; e’@ﬁ‘a‘é?l & ST‘E?f‘f P rBeass th %ﬁ}?ﬁé&aéd uses the

of nitro en 300 of gasse t ha
tlf]e %délin ﬁaHgI | m§?lvﬁ% Pse Eg 2hbbs @1-9 g.%%tﬁrphosghmomethyl)

nethgne suggﬁ%n|% aC|d (161, 0.24mmol es) was added,
al ong W tH""0."84G" poly vinyl pyrollidone (PVP) and

75mL vinyl acetate (VAM. This solution was added to

an autocl ave under vacuum and heated to 85C, when 10

bar ffEO was added. The gas addition took the

tenperature to 100C, where it was held, and the

sol utieon Bgan@nwed1,-bis(deaatbuPhdspiinanelhyeazend he agd| utli2etis(di-tert-
was then cool ed the pressure rel eased, and the

aot obitdnesmimomethd)feriicen@@heaaepblexedds palladien (I)@ghibited catalytic activity
anal ysis. This experiment was repeated with the same

| i gafd theaphonyigtiethel vagybegstats- Beth ths dinean 3ecsbranshed; pygelucts were produced

(methyl-2-acetoxy propanoate and methyl-3-acetoxy propanoate), which can be used as
precursors to the industrially favourable methyl lactate and 1,3 propanediol. Both ligands
produced an iso to normal ratio of two or three to one, with comparable rates. Instead of a high

25  selectivity to the linear product based on the steric bulk of the ligands, the reaction favoured,
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exanpl es
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FdoReksida %, Tenper at u
it ure C Conver si on

Room Tenp (ca 230Q

100 72 14688 Tab

[ €0N (moles product/
Do TON (nol es

mble Pd/&)62 50
e 2 shows the

eCt Ravhn TempgaUBRO)ON
br respects the cor
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usi ng i h162
ts of Exanple

Table 2 T™e effect

of ressub® vari ati

on on t hig260
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100 72 14688

Table 2 shows the effect of pressure on the rate and yield using in other respects the conditions

and reactants of Example 1.

Table 2 The effect of pressure

variation on the Catalysis

Pressure (bar gauge, Conversion % TON (moles product/
including vapour mole Pd/hr)
pressure of solvent

5 50 10312

10 76 15538

20 83 17042

The experiments detailed in table 3 Examples 1-5 were carried out to analyse the effect of the

exotherm and the level of various components on the outcome. The experiments were carried

out as set out above but with the amounts of components shown in table 3. Generally, the

experiments were carried out at 100 °C and take account of the exotherm in maintaining this




i ncl udi ng vapour nole Pd/hr) pressure of solvent 5 50

10312 10 76 15538 20 83 17042 15 The experinments
waletiobesdy i n tabl e 3 Exanpl es 1-5 were carri edPOVGBR@3/004679

anal yse the effect of the 3éxothermand the |evel of

various conponents on the outcone. The experinents

were carried out as set out above but with the

:I)’(rggtglftﬂ%éﬂ%{rg ?—&g/?op gnne:x?m the exo?l%an 8as oy ? g&ngo !é&ééun{ Q?lch
of tdameeﬂwt)dpernmntahtemmratomsng 18MiG Bﬁ@ltﬂ@@&ﬁ@% 6499ed the
PCT/ QF.%QQ(?&QQ %‘ﬁ)?egl bu%ltﬂ tﬁm%ﬁt 44 @olvelﬁp%\ﬂﬁg sholvi and using the
exa he exot herm was not taken into account
whi c%ﬁ‘am@é}ibélé‘sferfqﬁ@eé‘ﬁaﬂéquﬁﬁteé’t tenperature to rise to
130 T. Exanples 6 and 7 followed the procedure of
exanple 1 but with the reactant and sol vent anounts
show&bﬁqd usi ng the adamantyl and ferrocene |igand
respectively. 5 Table 3 Experiment No Experi ment al
Condi ti ons Conversion % TON Rate i:n (total) (noles
I +n/ 1B kridRe R§ JExpekimd A oRdtiond5y | | gand?.on&@sﬁ)clm MOOHRGE in
13464 4488 2:1 16ul McSO3H, 0.34g PVP,to#Bnl VAM  1Qf€es i+n/mol Pd/hr)
3hr, | Cbar CO (no exothernm) 2 44ng Pd, 190ngy |i gand,
300m Me@H 55 734304, b2d31i@nd; 30034 MeoMe SCBH, 66l. 35¢348WP4488 2:1
50n VAM 100G, 6dMesobia) 4g6®9(7lsm1:vﬁmot herm) 3 44ng Pd,
190ng |i gand, 1300k, YRHCEQAQdRerhB56 5:1  64ul
McSQBH, 3. 359 4bMPpd 2 AN, 31RQEMeshr . | Opar CQ760 Ng243  3:1
exotherm 4 44sg \pdost905%8 phb G8RAvAROOM MOH 60 4070
1356 2:1 32uj106ves.ﬁ-§h|0ba163§ﬂcE\{Benéonﬂ- VAM
3 44mg Pd, 190mg ligand, 300ml MeOH 60 4070 1356 5:1
64ul MeSO3H, 1.35g PVP, 50ml VAM
100°C, 3hr, 10bar CO (inc exotherm)
4 44mg Pd, 190mg ligand, 300ml MeOH 60 4070 1356 2:1
32ul MeSO3H, 1.35g PVP, 50ml VAM
100°C, 3hr, 10bar CO (no exotherm)
5 44mg Pd, 190mg ligand, 300ml MeOH 83 5630 1876 2.5:1
32ul MeSO3H, 0.0g PVP, 50ml VAM
100°C, 3hr, 10bar CO (no exotherm)
6 22mg Pd, 85mg Ad ligand, 300ml
MeOH 46 9384 3128 2:1
16ul MeSO3H, 0.34g PVP, 75ml VAM
100°C, 3hr, 10bar CO (no exotherm)
7 22mg Pd, 121mg Me ligand, 300ml
MeOH 62 8422 2807 2:1
32ul MeSO3H, 1.35g PVP, 50ml VAM

NB "ligand" is 1,2 —bis (di-tert-butylphosphinomethyl) benzene
Me ligand is 1,2-bis (di-tert-butyl phosphinomethyl) ferrocene
"Ad Ligand" is 1,2 bis (diadamantylphosphinomethyl) benzene
Pd is Pd(dba), 19% Pd



100C, 3hr, |obar CO (no exotherm) 5 44ng Pd, 190ny
l'i gand, 300m MOH 83 5630 1876 2.5:1 32ul M:SO3H,

w@2@0g/05 50mL. VAM 100C, 3hr, | Cbar CO (no exptTieBRg03/004679

6 22ng Pd, 85ng Ad ligand, 38300nmlL MeCOH 46 9384 3128 2:1
16ul McSC8H, 0.34g PVP, 75mL VAM 100C, 3hr, |obar CO
(no exotherm 7 22ng Pd, 121ng Me ligand, 300m MOH

6|2 863%%191%5@%d3 ‘whre c%x?d&’:tem %pelatﬁé@xd@%&ure@@ bWAMHNBigh
“l'1 gan

pen e B PEt B B wr RSP BE) e cobvksions were
phosghicvedredehtibsy céngitiomsc Enanplé $wlaslchrgadwlt at|3Q°C1a,nQEtﬂns>le 9 at 40°C.
(di adamant yl phosphi nonet hyl ) benzene Pd is Pd(dba),

19% Pd WD 2004/ 050599 PCT/ GB2003/ 004679 35 Exanples 8

ahd Examples8amh®ucted at | ow tenperature and pressure

of  QQWwilinpWatule, &oR i@ pressateahith Lat G COMEA At @ Bxpe fi it €d

with e vinyl acetate. Surprisingly, high conversions

Wer estarladdi @vd&ehnkl debw tiageaneo nibht da@lyst. cobocamqobe efpeviments were as
carried out at 30C and Exanple 9 at 40C. 5 Exanples 8

and ®libow temperyadnufie, (<LEPWIBOO0pr ewienment Rd.@gha)c 3 % £ (45.7mg,
concentration experinments Standard conditions for |ow

t enp@iamelesd) #idd R-Rigdizer¢autylphospbisanethylbengens hdr/mgettramoles) were
were as follows : In an ox g%a %ree (< 10

&Avi VR Mo ?J%isf(n(]j E?g)lf{gboétgmf@ i Bndyrrﬁ;proteﬁgg Fﬁzﬂgf%gre of nitrogen

(P ?_57‘?"5}'%6 2 bl S( % tl)e\g’\tglyl%%%_él %Iq)g E é‘%gﬁoﬁF 661 %%ﬂ%r%rs]lﬁphonic acid
T .

ra? ﬁg%gﬂg‘i %mracrlesk sosaglﬁont V\Jﬁ;’a%% g&tllﬁggﬁt e sgfctl baf%lﬁﬁcjlved and the flask

! S3
t” it B s iy Eends S laeB0H @ vptor bt T rgegon was
a@’E)dm%m J)fl r%l'\etl(c) ffoltot’!’@r a%@ Ialhodveﬁ] ﬂ)dquh%tg LRI AR Dath set point.

the was t hen equi pped a cardi ce condenser

and @&r%qgonbﬂdeavdé@ﬁtﬁ)fedw fhe stﬂ@@ scﬁlﬁ@ﬁ? tdr QPerd@Sf | Sinke/t0neans of a
by nmeans of a magnetic follower and allowed to

equi hdellk atr8duadd tihesubatear in atrbacsmtflagoi After thisSwilubo@ring the carbon

nonoxi de was bubbled into the stirred solution for a

per i monosfde Howiraw, e, nedije wwaritideivn &om the liquid and the needle was kept well
above the liquid level for the remainder of the experiment. In example 8 conducted at 30°C
samples were taken at 30 minute intervals for 2 hours and then at hourly intervals up to 5

20  hours. In example 9 conducted at 40°C samples were taken after 0.5, 1 and 3 hours. The

samples were stored at —20C prior to analysis by GC. The results are illustrated in tables 1.0

and 2.0 below.

Example 8 30°C
Time (hours) Conversion Ratio I:b
0 0 0

0.5 14.5 3.2:1




needl e i ntroduced via a suba seal in the reaction

flask. After this, wthout altering the carbon
wonans@e f | ow rate, the needl e was w t hdrawn PCDGBRIVS/004679

liquid and the needl e was Bept well above the liquid

| evel for the remai nder of the experinent. In exanple

8 conducted at 30C sanples were taken at 30 m nute

intervals for 2 hours and then at hourly tnRtervals—up———
to 520 hours. In exanp?%Sg conducted at éééjsanples

wer pt-aken—after—0-5; ““d 3—hours—TFhe wplca were—————
stofkd at -20C prior to a%aly5|s b GC. Thé iesults

ar e—tust+rated—n—tab 1—0—and—2 0 befgy; Exanpte

8 30C Tinme (hours) Conyersion Ratiol:b Q00 0.5

14. 55321 WO2004/0505§9; PCT/GB20037 004679 4,36 1.0

24.5 3.2:1 1.5 39.3 3]4:1 2 46.0 3.4:1 |3 65.3 3.4:1

4 71341 374715 8174 343 L EXanple 9 40CTEise (hours)
Conyersion Ratio l:b 0 00O 0.5 33.53.3:1 1.0 39.6

3.2 3.0 70.4 3. 21 bgMter distilTationasaf the

products of the carbonyl ati on, 2-acetoxy et hyl

propi onate and 3- acetoxy mnethyl propionate were
collected as different distillates. Production of
Lactate and 3-hydroxy Esters Preparation of 3

hydr oxymet hyl propi onate 10 To 25g of 3 acetoxy methyl
propﬁ@ﬁ@k@4@@ 171 nol es) was added 25g MeCH (0.78

mol es) containi ng 1%\ acid. The
sol UTP6MoWss stirred af CBUESPBr six Ratio I:b

0 0 5

0.5 335 331

1.0 39.6 3.2:1

3.0 70.4 3.1

5  After distillation of the products 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

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

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

15

Preparation of 2-hydroxymethylpropionate

To 25g of 2 acetoxy methylpropionate (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

20  hours before cooling to room temperature. The sample was analysed by GC, the peak



hours before cooling to roomtenperature. The sanple
was anal ysed by GC, the peak corresponding to 3

waemuosop9net hyl propi onat e had conpl et el y di sappeBGB2003/004679

and been replaced by a pea&k corresponding to 3
hydr oxynet hyl propi onate. 15 Preparation of
2- hydr oxynet hyl propi onate To 25g of 2 acetoxy

met hydriépariinneb Gcefoly ﬂthﬂylﬁfBﬁl&ﬁ)e h‘é@&)n@@@@dhszmar%ﬂﬂbeen replaced
t hane sul phoni c aci d.

(0.78 nol es) contain

The 67 Rif ‘\é’%"’%‘?”@t‘? F’glé"xé’f’et ‘f“(’f ®six 20 hours

before cooling to roomtenperature. The sanple was

anal ysed,. BEalk: W0 20044850599

PCT/ correspondi ng to 2 acetoxy

nmet hyl propi onate had conpl etely di sappeared and been

repl agesh of b)ﬁc@o@@@%yﬁ&ﬁﬁl&ﬁﬁqmmlnﬁol&s? wds added 25 g MeOH. To this stirred

hydr ox nEth on Pr epar 0

pr opfc’é g Wé}c/ F“g{g%ﬁ’c fodiumy ]?:ydfi))"% ég‘%' %@ élssfz’l V?ylélczgt %lx()f water.  The
net hydlution epd vinad éar (n@e Hbwrlat (56C @@remmad:dedn KFgeiviaCH. ThEeH of the
thi SSO%I( 05 ?gtacm a(a Ed %Hvﬁ)slalat nfﬁ&t’v g&igloﬁ gﬂﬁ@l@n@ﬂl@%%lgﬁmed for 1

(0.5 nol es I SSO sol ution
wAs Beurr reg %Pledwé %Xﬁed &y @@cthbé)ﬁ%fr E"“Gi?@l‘q%“’t b FPyph methyl

t errp%ﬁbﬁéfeehadwbﬁlp@ﬂdyoélsabﬁbered Sed Bbdn QBp1aS by hegraladpritsgoading to 2
3.0 b the sl ow addition of HO and the sanple

stlr 3&“?8? P"i8% hour. The sanple was anal ysed by GC,

t he peak corresponding to 2 acetoxy nethyl propionate

had ganpliel 6 dhydlosARRERiEdiqand been replaced by a peak

corresponding to 2 ﬁ%roxy propi oni ¢ aci d.
PP eparation of 3 hydroxy propionic acid 15 To 25g of

3 aC% 56Yof TRy it Phropaat ({. lﬁmﬂalesmbﬁﬁ)jgdmg MU o this stirred
S
codi LRy aPoRieas o i e B A SRR RTSER A B o varer.

wat esolutibh@as stioledifor ore hamsat SO beferd chading rreorh tamperatures e pH of the
bef or @, GOk tngl Jdﬂstgooewaedmmw gddmm%f ﬁtl Qb thte REnple stirred for 1

solution was then adju by the_ sl ow

30di bqusn B wle i alnﬂé“%é’bqu}% %lﬁ mrs%eprqeiwndlngz@ P oggtoxy methyl

The ﬁ@ﬁ&la&: mscoﬂlﬂﬂdews(ﬁﬁplkbyre@nd bbb paakd 69 RSPeatkfPding to 3
cetox q¥l propi onate had conpl etely

dlsa %&3?@8 H8°*%een repl aced by a peak correspondi ng

to 3 hydroxy propionic acid. The reader's attention

i s diheerstdeds attgntdn|is disqeted g0 alh dapeis @ndréertmengshiviiéh afe diled concurrently

byl egdie erb(;é%o(@ﬁtﬂlliy 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

D‘-)

incorporated herein by reference.

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

mutually exclusive,

Each feature disclosed in this specification (including any accompanying claims, abstract and

35  drawings), may be replaced by alternative features serving the same, equivalent or simnilar



25 wth or previous to this specification in

connection with this application and which are open to
wE@oikiosospnspection with this specification, anect/a82003/004679

contents of all such paperssand docunents are

i ncorporated herein by reference. All of the features

di scl osed in this specification (including any

aCCOW@W' Uﬂes@leﬁéréﬁly sﬂ@ttéatcftlﬁﬁ%se ?{Qusar&glegreai%{ggfss)tated otherwise, each
and/q al the S or process so

di scI"G&&L ‘S° & ipee Sﬁﬁﬁféﬂé‘a 0?? Wnawer&é AERIA 53156 Y, SireiaE e pires.
conbi nat i ons mhere at | east some of such features

i sci o SR ffs UM e BEE O B grinen. The imvention
aécoﬁﬁ%utﬁgﬂnblwwne sy devel ammbma'@ndpfauw rfga&)res dfgejosed in this
be r eprtiicREdn Bicnlny 8hNREImEnyiRR AL s

eqU|3§Ient Ph sim I% W@ n¥ dﬁ 05059 ﬁﬁ%%?%%?%%%/oo46 govel one.
38 pUt P8 A @é%me%fﬂ}eé@%sl a@'t“é"tﬂé)d OBRTPETEP iEclosThhys,

unl ess expressly stated otherw se, each feature

di scl osed is one exanple only of a generic series of

éfui valent or simlar features. The invention is not
restricted to the details of the foregoing

enbodi nent (s). The invention 5 extends to any novel

one, or any novel conbination, of the features

di sclosed in this specification (including any
acconpanyi ng cl ai ns, abstract and drawi ngs), or to any

novel one, or any novel conbination, of the steps of

any nethod or process so disclosed. 10 WO 2004/ 050599

PCT/ GB2003/ 004679 39 CLAIMS 1. A process for the

car bonyl ati on of vinyl acetate conprising reacting

vinyl acetate with carbon nonoxide in the presence of

a source of hydroxyl groups and of a catal yst system

the 5 catal yst system obtai nable by conbining: (a) a

nmetal of Group VIII B or a conpound thereof: and (b)

a bidentate phosphine of general fornmula (1) 10 (1)

RI2 R RCCR5 RO / RRRO @ A (KDAr(E 2)-B-Q

R3



Re CC- R R R wherein: Ar is a bridging group

conprising an optionally substituted aryl noiety to
wohighsishe phosphorus atons are |inked on avaPCHGIB2003/004679

adj acent carbon atons; 15 A%and B each independently

represent |ower alkylene; K, D, E and Z are

substituents of the aryl noiety (Ar) and each

[ ndegendent |y represent hydrogen, |ower alkyl, aryl,

> cyano, nitro, OR 9, OC(O R20, C(O R21,

L

wher @rbdn mepyxéds arthepresenge of ok efgdroxyt grpyps ansdjf aé%fﬂrst system, the

5Ouaélﬁ&w&mﬂalﬁamm&mb&m@ and E together with the
carbon "atons of the aryl ring to which they are

attached for furt phen ichis
opt i onéﬂ)lvneé{g]ﬁg(t}roi‘%\/lg'garﬁﬁ 036’6(*’&’ O? %bstituents
sel ect @ afbidentate phddphiCeQdrdl, for@uBY(DR22, NR23R24
hydrogen, | ower al kyl, halo, cyano, nitro, OR 9,
\%:( > C(O) NR25R26, C(S)R25R26, SR27 or C(O SR27 or,
en Ar is a cyclogentadienyl group, Z may g25 be
represented by -M,)n (L2),,, and Z is connected via
a metal |igandRoon@. to the cyclopentadie PTﬁfoup, R
to R18 each indepe e}e ntly represent Iovver)alhkyl aryl,
or Het; 30 R9 to R27 e%teh—i(ndﬂp(ezm)leerm repr esent
hydr ogen, | ower al W/ aryl or Het; V\DZOQM'% 50599
PCT/ GB2003/ 00464940 M represents a G oup “¥lBg2or
VIIIB nmetal or netal cation thereof; L, repiesents a
cycl opent adi enyl , Rndenyl or aryl group eacR of which
groupsrar:e optionally substituted by one or nore
subs
hal OM Ly grﬁf)gﬁl %Iﬁ{uﬁ 9&&%51B%?1r58mgﬁn\%gﬁsﬂmteld ggﬁlmgg k¥hhich the
(O onFEtaTe lnkey) NRYERYIE adEea) F&W@ﬂ@m7 (O SR2’
or ferrocenyl L2 represents one or nore |igands each

Pouet "5 ROrh RGP HaI 5 01 PRASRA4RIS of

NR46R47R4S 10 R43 t 0 R48 each i ndependently represent

hydr RIS B anh Q\Qﬁrsutﬁlitlﬁwts’ of the Xllyl x‘rwiety'?/{r') and each independently represent
hydrogen, lower alkyl, aryl, Het, halo, cyano, nitro, OR'®, OC(O)R*, C(O)R?', C(O)OR%,
NR23R24, C(O)NRZSRZG, C(S)RZSRZG, SR27, C(O)SR27, or -J-Q3(CR'3(R14)(R'5))CR16(R'7)(R18)

20  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)RY, C(O)R*', C(O)ORZ, NRZR?,
C(O)NR¥R*, C(S)R”R?, SRY or C(O)SR* or, when Ar is a cyclopentadienyl group, Z may

25  berepresented by -M(L,), (L,). and Z is connected via a metal ligand bond to the
cyclopentadienyl group;

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

30 R"to R” each independently represent hydrogen, lower alkyl, aryl or Het;



n=0or 1; 15 andnm~0 to 5; provided that when n =1

then mequals 0, and when n equals O then m does not
we@owals’d Q , 2 and B (when present) each  PCT/GB2003/004679

i ndependently represent phdgphorous, arsenic or

antinony 20 and in the latter two cases references to

phosphi ne or phosphorous above are anended

acc 01(/[% L¥s 2 Grouf VIR R GBS métsllor bY@ cpicadieedof;on of a

Iactate ester or acid of fornmula Il OR28 | 25

CH3CH(OH)-C=0 (I1) conprising the steps of

car bonyratitdgcyvliopeptadianyé tiraite eviatyh groer dacnofivdivh giodes arerpptionally

t he {) Ls%?u%er(]i%g orcx)ef or%oEeSs%'ﬁEl tsosfelegycpflfo%(ly)Jdr grpﬂ%a@@d hgg cfano, nitro,

cat
o aONF OB, LR BN SRR T SRR, SRY, O o
conppuhdniher eof : and (b) a bi dentate phosphi ne of
general formula (1) in accordance with the first
aspect as defined herein WO 2004/ 050599
PCT/ GBa08ait\dd 6178ore fidantiscaghrod dbick ara indepeutigutty selovigsk firayi Irygrogen,
a br nch C VG ). CH C(OOR, 28
V\/nerg 'R a%ﬁggl!ksl%l %cg?gdeB fﬁaﬁhg%?gﬁgr RagéB C30 al kyl or
abyl noiety which may be substituted or unsubstituted
and ¥ {yef el ﬂﬂk%%éltl@l'repkdsdﬁﬂ@ﬂroéﬁﬂloﬁ/BMyﬁa}ylMHet’ eating
the said branched (iso) product to produce the
corresponding |lactate or acid of formula Il. 5 3. A
proces®of or the production of 3-hydroxy propanoate
ester or acid of formula (I11l1) CH2 (OHCH2 C(O OR 28
(I'11) 10 conprising the steps of : carbonylating vinyl
deet ande WP tohd; car bon nonoxi de in the presence of a
source of hydroxyl groups and of a catalyst system
t he cataly st em obt ai |l e b conbi
met aproyfed @ab‘dgé/“\ﬂW B Braas gd’f’r‘bg d‘eﬂ'ha S etog‘ Soﬁdn(’igqualo

(b) a bidentate phosphlne of general formula (1) in
acc 050,' %ﬂ gned dM (\%{Pen%lretsebl re:ac m%ependen{ly represerrlp phosphorous, arsenic or antimony
20  and in the latter two cases references to phosphine or phosphorous above are amended

accordingly.

2. A process for the production of a lactate ester or acid of formula II

ORZB

l
55  CHCHOH)—C=0 a

comprising the steps of carbonylating vinyl acetate with carbon monoxide in the presence of a
source of hydroxyl groups and of a catalyst system, the catalyst system obtainable by
combining:

30
(a) ametal of Group VIII B or a compound thereof: and

(b) a bidentate phosphine of general formula (I) in accordance with the first aspect as

defined herein



2 as defined above wherein R28 is selected fromH, or

a Cl-C30 al kyl or aryl noiety which may be substituted
w@eoo4omsabst i t ut ed and either branched or | i neBeT/@Bd003/004679

carrying out a treatnent suép on the said l[inear 20

(n) product 1-acetoxy CH2. CH2C(O OR28 to produce the

3-hydroxy propanoate ester or acid of formula (II1).

4. A praocess accordin recedi I ai 8
the'tepbtiiopersemrate SR BRRIR Hated ) GGG
accowlgrangRf & selayedfioadsdi 7¢-@b akyipr anti eroikyrwhidhandyibp edstituted or
(n) %sﬁﬁt‘é‘&‘&'&%ghe( b&lﬁ)’led P ﬁ&gtl%(ﬁa %hé?&caﬁl? ﬁezﬁﬁé fo0yd BinkRa (iso)
may ese arate It before or aft he treat nment

st epl?roct’s'?t tmfpﬁll?eéﬁsor’é?&?é‘i‘lﬂﬁ lprgpte @5 a%iﬁs)ffﬁﬁ“?é‘@e‘al ng claim
wherein the products of the reacti on are separat ed by
di stlllatlo SS accor

pr ecedi BYE| ‘Hlﬂi’ﬁpr%ﬁ‘é\"% {1 P r°x¥%lf’pan°a ?(ﬁﬁ% df omula (&0,
product fromthe carbonyl ation process is greater

t han pocess aggprding to any precedi ng

cl al(r:r% @\H r%%rgogggn K, D, gr Z represent -J 35
CB(CRlS( R14) (R15) ) CR16(R17 ) (R18) , the respective K,

B Qoriding the féps bhe aryI car bon adj acent WO
2004/ %50 99 PCTI/ GBZOO:’H 4679 mt ereagr}ée Ofcagnpr N 4O v
whi cHORNARng VipYl aeiin|ilh RO ponoxy ¢ ¢ REBRE SNt oY

adj ageups aal of @ naalyst sygteri, the d@alyE Smtemzobgimblpbw\kmtbhmigt seI f
represents -J- QB(CR13(R14) (R15))CR16(R") (R 8). 9. A
process according to any preceding claim wherein the

pr oces &) iagnai etOroep ¥ikBerpsemnotied Bereedr®dny| ation of a

vi nyl @ eattidefta QRRPMNCHS |g£heﬂ'ahl€rnﬁilﬂ$)3ﬁ1ﬁ‘&o@inc@ﬁi’dbélﬂher claiml or claim

nonoxi de an droxyl = group containing conpound.
10. A pr c?caég%fa}’gg%b&{edl ng to any preceding claim

wherein the carbon nonoxi de may be used in pure form
or divhersireR™ isistlbctelfromibot 2 GaGo alkad br ad meiety Wodirmayda subetifuted or

di Oxﬁrgl%sﬂ[lte@anra(}me?brg@cﬁecﬁdr‘ ﬁxlﬂsalaa%d calﬂ@m@ rogtoanreat&l@nt st@p on the said linear
Br ocess according toHag%é))sr gceding claim wherein the

11 6 POBFLITEF DI CHRTFEBIONR o Prodiheiat s GRAHEE 5 o acid o

hydr @¥yla @moup contai ni ng conpound lies in the range

of 1:0.1 to 1:10. 15 12. A process according to any
preceding claim wherein the amount of G oup VIII

met at. Al modess atdoglingange pleQeding clging Ohdreintie dzoup 11 Bohetal pfpalladium.
vi nyl acetate corrpound 13. A process according to any

precedi ng cl ai gi% erein the carbonyl at| on of a vi %{
At et APOEH RO 1 Y BErTBe R Mhetgh de dreapsy anddmnget! Eso)

SOl vg@B&dusts of the carbonylation may be separated either before or after the treatment step.

6. A process according to any preceding claim, wherein the products of the reaction are
separated by distillation.

30
7. A process according to any preceding claim, wherein the ratio of branched :linear product

from the carbonylation process is greater than 1.5:1.

8. A process according to any preceding claim, wherein when K, D, E or Z represent -J-

35 QUCRPR"™)R")CR(R)(R"), the respective K, D, E or Z is on the aryl carbon adjacent



20 14. A process according to claim13, wherein the

aprotic solvent has a dielectric constant that is
whedansB9 at 298. 15 K and at 1x105 NM -2. 15. BCPGBC@SH04679

according to any precedi ng42laim wherein the catalyst

conmpounds act as a 25 heterogeneous catalyst. 16. A

process according to any of cIainB I to 14, wherein

t he at | yst co %ndﬁ act da +NQOD PUS, G2 | XSbini K,

C or sconne € 01'1 no S adjacen mnin

30 1 %’ ccord £'6 m %ﬁmﬁm hl:tﬁ &

pr ocEiSonZgrwwmmdseifutprmeI’rJ QH@R @t ARy BER @oﬁ(ﬁiri)m ng a

support. 18. A process according to cIa|n117 wher ei n

the support is insoluble. WO 2004/050599

PCT/ GATOTSYS 065257 to 251y preeeding clgimy wharain 28 poFest [§gsef & catalyse the

est h@fboﬁi}llﬂlloﬁrbﬂﬂvu@l adE‘aﬁlcﬁﬁlﬂoand inkhe pbence di €arban@pumbtide and a hydroxyl

conpri ses such as a pol yol efin, polystyrene

or p%??§9§??ﬁg yner such as a divinyl benzene

copol ymer or other sui tabl e polyners or copol yners

Knowp, I\‘Bro%&@ §c%or§i‘ﬁé td & pﬂe&dﬁlg 8ai! Wherddn Bt LakoR thonoxide may be used in
derivative such as a functionalised silica, a silicone

or aPu& PPy e PRI NG NiFEREEsY fa¥ifs ¢ gpohieeas such as
et egqrgodl such as for exanpl e inorgani c oxi des and

i norgani c chlorides. 20. A process according to any
preceding claim wherein the carbonylation is carried

out Ht Agroc¢sespediag toragy pEceliag vleimpwhetdin theratis (yolumgolgme) oAvinyl
Pr OCR iz %}&Bﬁxgil td gycﬁ'(gcylaé?%p stﬁeﬁﬁﬁjé daglp&lnahwm W@%Eé & 1toh&o 1:10.
carbonylation is carried out at - a CO partial pressure

of between 0.80 x 105 NNm 2-90 x 105N.m 2. 22. A

D5 OCESA pARES Eddinﬂigg tcfhn;’zlﬁlyce(ﬁﬁg cthim] \KTlEere]n moarﬁdimt OSIGRGUR IVIIT metal is in
the t%ar bO b lOQmoieg’ ?alo{eoF n?ac o ngw CO partial
presSUPEESGY B Wl BT Forg’ 5% *f8 I\Cl m2 15 23. A

process accordlng to any preceding claim wherein the

bi depy @ipﬁ)ceb chmng & dny eeeaqugaeade%élyth@ EaH155hn oF PMhyl acetate
any of [ owm ng % tyl

phos{RPPHEY lseesf%“é%e oe%l?rgw ﬂPf?BW??‘"é%‘S 1,2 bis

bali -t - butylphosph|nonethyl) benzene) 1,2 bIS

g g: gglg @potcysr‘ Qcﬁ gfr’l to cgaﬁr% { {:xvlhgrem fia 4 aorﬂtui sol]Vén% hasdx dieleﬁmﬁ constant that
(di - @b@@mﬁwm2ﬁh6@@hﬂnowﬂoiﬁw ene (also knomn as 1,2

his (di-t- pentyl phosphlnonethyl) benzene); bis 2 3

(di -t-butyl phosphi nonmet hyl ) naphthal ene; 1,2-bis

(dit by t\ﬁfﬂcgﬁp ﬁﬁ?fglﬁﬁ Foriaay@rfmlp§ clpigy Y/]@féeérhtée catalyst compounds actasa
35 2, Btetdgbodsdhthigdtt but yl phosphi nonet hyl ) ferrocene; 1, 2

16. A process according to any of claims 1 to 14, wherein the catalyst compounds act as a

homogeneous catalyst.

30  17. A process according to claim 15 wherein the process is carried out with the catalyst

comprising a support.

18. A process according to claim 17, wherein the support is insoluble.



bi s (di adamant yl phosphi nonet hyl) ferrocene; and 1,2

his (di-t-pentyl phosphinonethyl) ferrocene. 25 24.
wabm405m9Df t he catal yst system accordi ng t o aPgT/GB2003/004679

preceding claimfor the praddluction of a |actate ester

or acid of fornmula (1l1) the said production conprising

the steps of carbonylation of a vinyI acetate

foll owed by treatment, of. th man r oduct
t he Car BBS F%ﬁc?rg‘ﬁg fogithes F%‘Eh@é“ fl?‘lle 85t e%’moté22 TRRY Cogbnses :
. poheneusieh oxfa polyelelim pell spsine syrotyetmepscog@fmarethiana diviyylbenzene

Of C(!O I{Iﬁer :!)r 5t9€r g’tﬁtaélg Fol)t'rge? 4k &)G%te}s Qﬁb“glfto aioé sklhyéjlf) Q& ¥irt; a silicon

propahoat e ester he sai d production
conpietisitigsuehs adenspignalied Sficar Wﬁ%eé’f  &icopg rubegjop gtper porous
ag et @kRulhie ha@Maduda¥s fof 8akpre tbrgfic dxiRs ddA®adanic BRlorides.
product of the carbonylation. 35 WO 2004/ 050599

PCT/ GB2003/ 004679 44 26. The use of a catalyst system
as dmf Apexdess accaming ofang pragerivg daimowiRBein thieartwinylation ds carried out at a

catal y etratdrg,ofb@{ﬂ arhgq, {sgec@ support. 27. The use of a

cata t according to either claim24 or claim25,
mhereln the treatment is 5 hydrolysis or
[T anﬁeﬁtpﬁfcésg bR &Hin® b any FrecedingclmEwkeid e caatidh @bty lis carried out at a

ny ar og e attve Bkl I N oy BPERTD ' °

22. A process according to any of claims 1 to 20, wherein the carbonylation is carried out at a
low CO partial pressure of between 0.1 to 5 x 10°N.m™.
15
23. A process according to any preceding claim, wherein the bidentate phosphine is
independently selected from any of the following: bis (di-t-butyl phosphino)-o-xylene (also
known as 1,2 bis (di-t-butylphosphinomethyl) benzene); 1,2 bis
(diadamantylphosphinomethyl) benzene; 1,2 bis (diadamantylphosphinomethyl) naphthalene;
20 1,2 bis (di-t-pentyl phosphino)-o-xylene (also known as 1,2 bis (di-t-pentyl-phosphinomethyl)
benzene); bis 23 (di-t-butyl phosphinomethyl) naphthalene; 1,2-bis-
(ditertbutylphosphinomethyl) ferrocene;1,2,3-tris-(ditertbutylphosphinomethyl) ferrocene;1,2
bis (diadamantylphosphinomethyl) ferrocene; and 1,2 bis (di-t-pentyl phosphinomethyl)

ferrocene.

25
24. The use of the catalyst system according to any preceding claim for the production of a
lactate ester or acid of formula (IT) the said production comprising the steps of carbonylation of
a vinyl acetate followed by treatment of the branched (iso) product of the carbonylation to
produce the ester or acid.

30

25. The use of the catalyst system as defined in any of claims 1 to 23 for the production of a 3-
hydroxy propanoate ester of formula (III) the said production comprising the steps of
carbonylation of a vinyl acetate followed by treatment of the linear (n) product of the
carbonylation.

35



WO 2004/050599 PCT/GB2003/004679
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26. The use of a catalyst system as defined in any of claims 1 to 23, wherein the catalyst is

attached to a support.

27. The use of a catalyst according to either claim 24 or claim 25, wherein the treatment is

5  hydrolysis or transesterification.

28. The use of the catalyst according to claim 27, wherein the product is hydrogenated

subsequent to hydrolysis.

10



