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CARBONYLATI ON OF VI NYL ESTER The present invention
relates to the carbonylation of an ester, specifically
vinyl acetate and in 5 particular but not exclusively
the use of the carbonylation to provide a first step
in the production of nmethyl |actate and
3- hydroxynet hyl propanoate. Currently nethyl |actate
is produced by esterification of lactic acid, which is
?r§$@N¥1A#ﬁﬁm@pwﬁyygggf§§t|c met hods or fermentation.
8 he main synthetic routes are based on the
reacti ons of acetal dehyde. In one nethod,
ggg%@éggﬁg ﬁqlg%ﬂ% %%a:zeg?ﬁm@% rﬁmualygfraggg% &%ég!rsagl? vtn91 acetate and in
pértiefandng nob bxelusirgletib e pldecakmylgdon féai?tft‘fé@ a\mt ﬁtele rtbon
a nickel (1)
P gL Ay R e eI s Rt ¢ rout es
produce racenlc 15 m xtures of lactic acid, and so
Eﬁﬁ%%ﬁ{ﬁ%%&&?@ls t’odﬂgetd leséeﬁﬁéaagr? of l‘?lét}él atcrd LBich %Cﬁ‘&ﬁuced either
rovenents 1 n fernentation nethods have
bhimthatipmethedsrasdermouitteont o | actic aci d and its
derivatives. Optically pure lactic acid can be
produced by the fermentation of sugars with carefully
dhosen vatheici mutes act bisadion| the tregsdonsoolecchsighyde. In one method,
Etge%h&hgﬂ is %Qctgc? R»)”{z%”%ﬂ—d an g!miéeeEmﬁFoﬁaéér @Slactcﬁ)litn@r %HL‘PK is then
resses secon f ctions he procedure is
Sydyolysedniligregively essctebelatle panj:@ reased tioih; Cﬁ]@D]@ﬁ’lOWlde and water in the
g%@l@é Q'F lflqlﬁlk%rtﬂ Q&l.yc&e(ﬂ Sll Mlﬁ't ElCl(p&'l}ttal)%y S%/ﬁ h&fct IIO[lllgS Bl%dUCC racemic
ppropriate er|a ture, optically pure lactic
agitgres of ldstie laciR awdsogaﬁ@mlmmstam@é nitlod Upstagk, rept Hy |recent years,
n%?r%@e‘ir%n s3n !f'e?r%gntﬁﬁm%é?ﬁogppg%'lhdd@% F Q'pﬁﬁ“en%ﬁ Ir(}ﬁ?é]tto Jacdhl deid and its
present in a variety teria suc
den\@hga@nf)stxcadxeg»n@ais¢tr¢glcaigmt® predispd by dle @ﬁ@bnfa@mj of sugars with
CLTQNIR)[(I Eﬂo@gfbw]ct{eka fLSdCtBll)a ﬁl? g:(l@ g’%' h%at 1@5%@3:1‘[ gé feﬁ{?entatlon at tempelatux €5
environnent a route 3- pr opanedi ol
\mﬁanlodncbﬁ) Crﬂﬂusmspsast:elcgnclﬁla\rmhatm éhe a@cetdh@rle slow, and requires careful
A m{%ggl[h !%ﬁp}} t\e;l%%erbimetllteedlnh %x%éen?%\%!)obutt &eléctﬁ%gcaen aépplopriatc bacteria
Telohn obtoglty fnag edtiqacic of oth B and $ fopmpy eﬂﬂdﬂn@mdmeﬁ- by
formng diethyl nmal eate from butanes over a solid acid
catal yst, and then 30 dehydrogenating it to the dio
Metlad boterieaicdhs 3 bigingwling sl yolvesbdndis peespblnyaariety of materials
f
%Qc'ﬁplgﬁcg&g xﬁpq?ﬁaéalség % ts érczlglglgté go(ﬂ%élgzsl hgﬁgﬂggt g?}s !ﬁg&eyg&ﬁable and
meamMpmn@ﬂMbﬁhmwSOcyanates to produce urethanes, and
in reactions with acids and acid anhydrides to
produce (poly) esters. 1, 3-propanediol is thought to
Hanvete s B S-raspaacdial wouwkst be indyntpisliieiarolaaite, asthere bsicgtently not a route to

kt’i?' cllolrhgatﬁ) éo%ne?cglﬂ%/eﬂgbie 2 the 1980s, Davy Process Technology found a route to

1, 4-butanediol, by forming dicthyl maleate from butanes over a solid acid catalyst, and then
dehydrogenating it to the diol. 1, 4-butanediol is now widely used as a polymer component and
also in fibre production and as a high boiling solvent. Polyhydric alcohols are often used in
reactions with isocyanates to produce urethanes, and in reactions with acids and acid
anhydrides to produce (poly) esters. 1, 3-propanediol is thought to have uses as a polymer

component and as a high boiling point solvent.
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2 The carbonyl ation of ethylenically unsaturated
conpounds usi ng carbon nonoxide in the presence of an
al cohol or water and a catal yst system conprising a
group VIl netal, exanple, palladium and a phosphine
i gand, exanple an al kyl phosphi ne, cycl oal kyl
phosphi ne, aryl 5 phosphine, pyridyl phosphine or

bi dent at e phosphi ne, has been described in numerous

S SPGA0 A ST OEB , B SPBA i

ERséic0 23586000l BPwALORIT4 0G| ystERstAn 0409 BR@, a group VIII metal, example,

@E}_laﬁiu%g gﬁ 31%031%‘_-51 ﬁgg%g% éﬁﬂe aIJ_EEl? ﬁ%@g%g%; gycioglkyl phosphine, aryl

Eﬁ’esmi@él,%ﬁm phdsnhmtpar HideptategrhpspiRe Aa® PRT #601ibed in numerous
%gfog-ﬁaggp%gm n'?E Spﬁcée%% gxa Cp@' élf A%%s d-Ragp Ri diam% §p-A-

r oVl at a systens whic
@m@aﬁn@, B @1@23@&@&&3& 0@&@@& EPeA{@éQ%@Pl,l @3@3868‘13'&9?%101441447

REORINEDatS, i ADSH RS IS 7180, 361 0286 4 ALR Moh AYSEIT:

action rates can
pertiadihi EBe\dQZZﬂlrﬁQ pam IS BrHT amel (ERHA-849 581 Bdisaddst tgibiddotaye

%sgrmc !Sigaandsn Igf\lo,%tg‘fgj ? Lf% 45%{% g%ﬁ%teh% € hl%i]sreclicttloxl;'pl%‘es l?c?l%:rbchmved

ose a ar
bldentate phosphlne conpounds can provide renarkably

abl e cat which i
Slglﬁ Piaih Lo rlreenlgl %(fsﬂt“l ﬁ}eﬁé v?odzglé %%?ioéegc %tal%gt ég e{;tlg 918t 'litl‘iou%l{ relatively
Ihgehdsaction maeacdni tercireted shavritiohivarcealys gitds ﬁwff@amklbzywlmnhgh er

thtmunﬁ unat%,aarewously di scl osed; that little or no
W@ e are produced at high conversions. 20 In

addltlonWhMD 96/ 19434 discl oses that the same catal yst
e N L I B

rcamﬁ&nﬁs)mntptted(gaﬂmgmtﬁéﬁe Qﬂi%dtsf\ﬁdmchhﬁcg:he tittlglok eneslegifhment;

Bt BRI viiBat 00y PRI YRR hBubfiBBE BRFRER g v

ahmepmmphséy mﬁclasleahylhat tcleateingaritonyd @oduoel = high ogivagions.

the C3 bridged phosphine 1, 3bis

(di-tert-butyl phosphi no) propane. The rates quoted are
Zﬁadcﬁﬂiﬂnewm?ﬁﬁtﬂélm dipdwses timd the GifneRatalygprdvossrwhamuset! vagh respect to
resul t uct | %%ﬁof 1 and 2 - acetoxy nethyl

6?%%3%%§§gm 'Mﬁé%gemﬂﬁt 1698k “40: 60 (1i near: br anched) .
WD 01/ 68583 di scl oses a high regloselectivity for t he

I oduct en. carrying out Iﬁ%
o B os R BBt B a e B PARERHQ B b ndh
tdaghori etspe ehivie themnessqnjemlﬁ ersemmalladflctedepmucaﬂMns on the
ring.
EP0495548B1 gives an example of vinyl acetate carbonylation employing the C3 bridged
phosphine 1,3bis (di-tert-butylphosphino) propane. The rates quoted are 200 moles product per

mole of Pd per hour and the result is the production of 1 and 2 — acetoxy methyl propanoate in

a ratio 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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the carbonyl ation of vinyl acetate produces mainly
branched product, rather than the |inear product
obtained with other substrate¥%, with the sane

bi dent at e phosphine aryl bridged [igand. 5 According
to a first aspect of the present invention there is

%Qfgélf‘g %g (?351%19 GESS bl foddd8hat BRLROMWI AL 8FviRfI ayétzﬁé’ broduces

acet rsing reacti ng vi nyI acetate wth carbon
mm@xbrelrechﬁdrprpﬁ@t raghes §ap die ligpar arogog bigingd WHY ahepeypstrates, with the

l: tem the catalyst system
gin%ﬁ%eggl%hggphglg%@{l%%%a h?%ﬁ’( a) a metal of Group VIII

B or a conpound t hereof: and (b) a bi dent at e

Girb@yRpion p$ Wy a(whaéq— @nmmnmgrcp\@tmggmgl @pﬁa@gﬁrlﬁ@a@p@ g}gnomdegm the
\?\%?Jg)hé ﬁé{}%ux@ﬁoﬂ%f&ﬂaé&%s §ﬁ83§fta'c§t'éltyﬁciy§&§( lth D a‘ﬁfsy sy‘ét@m

' phosphorus atonms are |inked on avall
ablpiacEnby ecartbore:at ons; A and B each |ndependently
repr esent |ower al kylene; 20 K, D, E and Z are

bst 'atlﬁ:ent fGI%Pth?B%F chm%uﬁcﬁ Yelebt hnNd each

depen resent hydrogen, |ower alkyl, aryl,
He:—)t hél@mat@y@bﬁe 1ing1pf gegeraldRgila (@X:( O R20, C(O R21
C(O)O?ZZ NR23R21C( O) NR25R26 C( S) R25R26 SR21,

O SR27, or -J-@B(CRi 3(R14) (R15))CR16(R17) (R s)

ere J represent.s | ower al kyl ene; or two agjacent
groups sel ected FromK, Z Dand E togethgr with the
carbon atong'df-¢ he aryl ring to which they: are
attached forma fprther 25 phenyl ring, whilgh is

Sl cot od %/rgumbSﬁ;%@ﬂn'P BTG E faloes cyanor

nitro, ORL9, OC(OrR20, C(O R21, C(O) OR22,~ R23R24

) \ 1

1

!

R R'

wherein:
Ar is a bridging group comprising an optionally substituted aryl moiety to which the

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

K, D, E and Z are substituents of the aryl moiety (Ar) and each independently represent
hydrogen, lower alkyl, aryl, Het, halo, cyano, nitro, ORY, OC(O)R®, C(O)R?, C(O)YORZ,
NRZR, C(O)NRPRY, C(S)R¥RY, SRY, C(O)SRY, or J-QHCRPRMRP)CRYR DR
where J represents lower alkylene; or two adjacent groups selected from K, Z, Dand E
together with the carbon atoms of the aryl ring to which they are attached form a further
phenyl ring, which is optionally substituted by one or more substituents selected from
hydrogen, lower alkyl, halo, cyano, nitro, OR*’, OC(O)R*, C(O)R*, C(O)OR™, NR¥R*,
C(O)NR25R26, C(SIR®R¥, SR” or C(O)SRY or, when Ar is a cyclopentadienyl group, Z may
be represented by —M(L), (L;),, and Z is connected via a metal ligand bond to the

cyclopentadieny! group;
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C(O NR25R26, C(S)R25R1G SR27 or C(O SR27 or, when Ar
is a cyclopentadi enyl group, Z may be represented by
-ML,),, (L2),,, and Z is connected via a netal |igand
bond to the cycl opentadienyl4group; 30 4 Rl to R18
each independently represent |ower alkyl, aryl, or

Het; R19 to R27 each independently represent hydrogen,

LXK - ; represents a Goup VIB
grm Iﬁ%g%%?pgﬁ%drly %érte%% lggte L?zgyl’t e’r(ggg;e L1 represents
a cycl opentadi enyl, indenyl or aryl group each of

1,CH27 A " e e or
R R A B B B e R SR Y REY 2yt
hal o, cyano, nitro, OR19, OC(O R20, C(O R21,

@) , Sggﬁ )Nﬁﬁ : 8 SR27,
g%%%%ggéaéygﬁi fgpﬁgggnﬁ ?F%%m%%%?%@%ﬁ?% one or nore
| i gands each of which are independently selected from

B B g AR SRRy s oty

bubsietpien te ntd o noeprubs dwntsisyldetedyfoem hydoogsn, latéoyplkyl, &elpl cyero. nitro,
o] =020 wuandy hR2=RukLe 5, B, pr e s tohat 27
ehog —%1’Fﬁ§§'h§gagg1gNg kahgﬂﬂﬁganxgéigﬁg’gﬁthgﬁDSR o

femrodo®s not equal 0; QL, Q2 and B (when present) each

i ndependently represent phosphorous, arsenic or

antinmony and in the latter two cases references to

bh ap phénsene or phesigios cass oflybiek agrislependendledeleded from hydrogen,

ccordin . Yo adbylme pro 1 B netal is
%gﬁfggﬂuﬁgﬁﬁkgggéﬁﬁggkoRahséégﬁgq%gbéct of the present
invention there is provided a process for the 30

d [ f I ' f la Il
R s b e LRk Sl e B P o

carbonyl ating vinyl acetate with carbon nonoxide in
Hgghﬁﬁesence of a source of hydroxyl groups and of a
data y$t system the catal yst system obtai nabl e by

andm=10to05;

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

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

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
production of a lactate ester or acid of formula IX
ORZB

|
CH,CH(OH)—C=:0 a
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conbining: 5 (a) a netal of Goup VIII B or a conmpound
thereof: and (b) a bidentate phosphi ne of general
formula (1) in accordance with the first aspect as
defined herein to produce a pfoduct conprising a
branched (iso) product 2-acetoxy (CH). CH C(O OR, 28
10 wherein R28 is selected fromH, or a C-C30 al kyl

c(:)ormé)ﬁxg%g ti{f[:o % gg gt c\g'g)oﬁ%tl%tﬁlgx/ :@?ac%ﬁﬁesvg htclﬂb%lg m%ﬁomde 18 the presence of a

m;iue:moé bydryxyl preagsiang of hatabat o stomathe batalygt B:@t‘ﬁ)ﬁ Obpénmtﬂcd:ty
roduce the corresponding | actate or acid of

? il 11, By treating or treatnent herein is neant
carrying out routine chemcal treatnment such as 15
hyda)ohmiai;ofdﬁrou;r‘dﬁwst ecanfjopad themofr @alct i ons on t he

Z%RV%( %{Cﬁsr%ta% Cp(“htos unetol% eﬁe@%lgfggérfdé% z%]ta%wd%:?cglrvgi)t(h hQ ﬁ1s aspect as
or estigmed Hdrein| i near (n) and branched (i so) pr oduct s
of the carbonyl ati on may be separated either before
A B T T R e
bvhamnli?é’ijls afﬂd:tédl fnmaH Cpl‘d(ﬂi{ﬂ}& Skxﬂbt apl thave m}mc@eﬂl’ty be substituted or
LPSP S?LE f\:r/]cgmg éﬂﬂ}ﬁ rn 1%3 nxt l%}c]ial ol hFl Lflgﬁtreeqpt’r?g ot l&g{thézﬁ(e%o)
preddd icgproduee Gf@@D@dESb%dlI‘i},hEtﬂT@dma@d@f fdpmalndhed I i near
product fromthe carbonylation process is gr eater than
1.5:1, nore preferably, greater than 2:1, nost
By efearng lok ycagmaahemntzhamn%%rymc 0215 oﬁm&hmmﬁg ftrggtment such as
g%(gaéa? %thalnsoe\s/;tlm B &lltl()n re"tcgig)gscgn tﬁé acel ?%glroﬁl?c?nltth Qa¥§ g!faﬁgn suitable
8 digacle cbmythw;@@mwa(t aod&s:bmre hydroag aadd @festbor mul a (I 1)
CH2 (OHCH2 C(O OR 28 (II1l) 30 conprising the steps
of : carbonylating vinyl acetate wi th carbon nonoxi de
iThe tidver (i asdnoehal(isa) godicsef ok chydrybxigh magbowpzaahdithef before

tal atal yst t |
g{)%%f ﬁﬁeﬁrﬁatn%ési n'ble‘ferﬁ)tlyal 162)]43/%@5 3 tﬁ%ﬁe F?tlogal%l p%patgd }g/y
dﬁﬁm}ﬂmmd r lﬁeft&ﬂr&béd and rhdeaﬁ plo(ﬂ]l)cs @ftch |hai\@mla¢1gd;,ﬁh0®mﬁm pofats which
dan

er al C .
g‘gg 3 élfstlggnon 48 fe?fﬁci;ag F]eg?rg (hn 4 V\ﬁmqtele B ge g)lodgass %ﬁf thd %g(ampT om
H or a C-C30 alkyl or aryl noiety which may be
?’16 éetli‘} 3t/, lflhe ratio (gf branched :linear product from the carbonylation process is greater than

1.5:1, more preferably, greater than 2:1, most preferably greater than 2.5:1.

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 ** (I1I)

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:

(a) a metal of Group VIII B or a compound thereof: and
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5 unsubstituted and either branched or |inear and

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

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

3- hydroxy propanoate ester or6acid of formula (I111).

The linear (n) and branched (iso) products of the

carbonyl ati on may be separated either before 10 or

aft

or s PR TR oF Bl INELET ALY necl M SR i S opect s

di st i f#dfimed bacin According to a fourth aspect of the

present invention there is provided the use of the

%ﬂér@iln)f{&{ 18 ?éé(: ‘?M oqgfd - zoda l&)ﬁ r%mt%I %lch may%lé 'substituted or

aspects o e present |nvent|o or the prodaction,

wBuptibtasdrand blyher praenlisd o1 lacargnd eRiyingont a Beatiget ser e &o said linear
hp u®" a@&b é@ﬂ@ Jor?id é)odtl{eqhé@hgdr Y RYEhS R ester or acid of

rising t teps of carbonylation o a V|nﬁ

ém@ﬁhﬂ@Dfollomed by treatment of the branched (i so)

product of the carbonylation to produce the ester or

acid. According to a fifth aspect of the present

T he/léreti (ohandheamehed Sispirnovdudie df thh earbewlagpn maebesspaitgdeithppbefore
8%3%&3?{1“3 a'??'lttqgl { strég dPlCﬂ!lE@pﬁy thgfszhl& Bx%d&c S are ’s)’e a@gf E@&ttﬁc @gctxon
the present invention for product | preferably
@wdmgibﬂdﬁﬁﬂﬁmwduct, of a 3-hydroxy propanoate ester of
formula (111) the said production conprising the steps
of carbonyl ation of a vinyl acetate foll owed by
Acagdineteta fofirtht dapect cpfnbcames(erxt)mwwu@@te gfpreviged the use of the catalyst
%%%91 Cf@%'(:ﬁﬁe'd%]a[ g% qfeduant @%%9[9 §f e %&%t 1# tidt for e pxoduction

roxy prop oate esters or ac e pr esent
pm?aeawy, owustria pradactien.drf e destigt @r @@C@r@(ﬁ@é@ af(He 1, 2 and

I
b SRR SRR LB At 19 BELIBB oA
bymwnyO§Mﬁb@bM@dUﬁé@hﬁuﬁ@é&kﬁmhmnwwonhuggmskﬁﬁb%@vand
the art. Such techniques are detailed in for exanple -
30 "Kirkot hnmer Encycl opaedia of Chemi cal Technol ogy",
viotaidres ®,a fffth asglict dlaie masgr@t ir@Btion'third rsairgraded tl@fuswfgbm¢'@iyst
S _ixR

53 d;%{ziss deﬁr%d(hl? rg/%tfth%ﬂ dr3oI% ??tgogtgé S: g%ﬁﬁ&Q%MEﬁ g) k@%gglgcnon,
Bm@‘r:émaibﬂqsp 1a11 rediyy, @f mBynsqlrsxy woprasse ydobfopsils (bror e
ref. r A
LS L on DG L B PR s M e RNGRRR o
hﬁdm@@@ﬁ&@nowwcﬁpﬁﬁexhﬁwpomvgwgﬁpmoduct may be carri ed
out by any suitable process 35 known to those skilled
in the art. Preferably, vapour phase hydrogenati on of
tleanagarelyythe dlctu@mo dthgdrestt mppdnsate axter echeds bt thepresent invention

BB AR PR BER SR Der ot
details are set out in exanples 1-9 of the published

%pé%el:réb%fégheq]‘ea@{%gt is %Jf#gigglsa&grah&gtm iR4HEn 4R 1§I'ea§1‘16d out by any suitable

propan roxy propanol ¢ acid
technique known to those skxlled in the art. Such techniques are detai ed in for example -

“Kirkothmer Encyclopaedia of Chemical Technology™, volume 9, 4" edition page 783 —
“Hydrolysis of Organic Esters”. Such methods include base hydrolysis, acid hydrolysis, steam
hydrolysis and enzymic 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
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
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Preferably, the hydrogenation is carried out in a

hydr ogenati on zone contai ni ng a het erogenous

hydr ogenati on catal yst. Suitable conditions and

catal ysts are set out in WD 01/70659, the 5 contents

of which are incorporated herein by reference insofar

as they relate to the hydrogenation of 3-hydroxy

BL8RaNQLC Rtk ESEEh&tal HOMBVRE set 5Rtin ERBPRYI DSBS pRblished

the present application such hydrogenaplon reactions

aprdicgios endidestists thpisnicdabP erapanchipl e iatiosnpigpanpisgicid esters.

%’ﬁ:‘getxﬁ)tiye, (1R8O dRit QEHAE! dut My%ﬁ%@r?atigﬂl Qinf ﬁgr[tetﬁﬂ;l]lﬁé 2Bdt¥ogenous
e e

transesterification is carri out Ww

hydeessortion srtples p ST tieHandeAfYsigi bighob in VR 1410RA, the
ESh&ls RWAH Gle QAW HEALd QR bEXAPDLEiInl B HRARD e foQfe
converting acetoxy alkyl esters into hydroxy mnethyl
butregegatipn@f ShHHABI PreRANOic GRA pEPTE | HEV el tW P Rimeyds of the present
Qﬁéu%ﬁon'sﬁuhqu@%gé@wn REdiBhs £S4IES ReBLEappABRNE AULAMEIN of the
this cleaves the acetoxy group but does not alter the
g @receripr @Ipkaghcaal ,Ikgr,qgg{eél_lol.ﬁ’p‘@pr@blaﬁh?t’ranlscﬁ;g:mﬁcation is carried out with
QH@%%E@E&'}&F&&%HQ[hetaﬂ@ﬁgcro@ AR 411 LRE pRIIBS SABEePlor &ample
sui tabl e catal yst such as for exanple nethane
sethoh® hirsorieitthegeetpotadivliesiss igl yREHY scdir| eterspgd ethanol for
L ALENARYoxy 5 ilo By Shf @RESSR M dvantageously, this cleaves th
e4EE t%%"(‘%?eﬁ% £) l)ROCR%E( =3 73;{ R 8) o the reepedtive o me
Keetdy grupbulzlopsnas altar e hadipky elirlisbanesd] -dedpreblyHes ary|
?@{s@&&iﬁcgﬁé‘m&l&b Redh 1B Jr&eGRRAL GliG6le Odtalydt fuchRQfor SRmple
adj acent, 1Is adfacent areminng K D E or Z group
witthehe fuipbenit a¢idprletpdgngsulghonig a@dr ease of ref erence,
any one or nore of the five aspects of the invention
may be referred to herein as tgezfrqces§6oﬁ the .
iPrefesnitly.orhen BuDt Bbt 3 reprdsent pr@¢€B sRoD(R HER W eliR Ioriheragpective
kke, Dlﬂﬁ%gztisoonctﬂé Q’k/%%ﬁaoh Q@a&ﬂ{ RO Aol QhiciBAE BYY confeRted or, if
acetate conpound in the presence of carbon nonoxide
anicoadiagedt, tvagiacet o ipnatord i 1hi thy Z gewpslisiiitsell geproseigs -J-

3 140§ 15 16} tyi on nmay catal yse the conversion
g#gggigngﬁ gggtg?gﬁggbnpound to the correspondi ng
acetoxy carboxylic acid or ester, respectively,
%pgdgéj&fggfez%&g, ! né Bpﬂn&% o@rhe %3&9 539&3@ ofgﬁ&H%nﬁ&%@ BY rB8rred to
conpound used. nveni ently, the process of the
ihprgires itherprovesg ofithielitvsetidni ghl y st abl e conpounds under
typi cal carbonyl ation reaction conditions 30 such that
they require little or no replenishment. Conveniently,
tSsaby, hoeseeofof thednveniaanndyds usetey caialvas tee dafbghyl#tipnef § ginyl
¢ . ) . : o
EBEAC AR B G LABRE LA harBoltt Bl o BARES! Foup consining
wayppmd irottes tibagbs A dpieyesiionmaatatasyse fhechryversionyf a vinyl acetate

%Sﬁhcﬁltng toctﬂgpog%%nﬁ&P %e?(% c¥ﬂb§}lﬁﬁ%b R4 Bp&teg%%bécﬁqeiﬂrc@géﬁ@ﬁg on
In nign ylre t It-t. or (0] |rrpur|t|‘es.
Gondeiguelivilosyidreipcontraingicainparingd e Egnverficrgly, the process of the
(fr?\/regt%}}yrlla%tdtiﬂ& ﬁ?él’ﬁ}‘; §30le co%b%ﬁnc@%n&é? ‘?ypicai carbonylation reaction conditions
such that they require little or no replenishment. Conveniently, the process of the invention
may have a high rate for the carbonylation reaction of a vinyl 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
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8 carbonylation of a vinyl acetate conpound, may be

i ncreased by enploying the process of the invention.

The term "Ar" or "aryl" when used herein, includes
five-to-ten-nenbered, preferably six to 5 ten

menber ed, carbocyclic aromatic or pseudo aromatic

groups, such as phenyl, ferrocenyl and naphthyl,

W S 16 R USRI @c@e@é éc@:’fb@hﬂ@[ 2 BS bkl @By Whis1Bying fhe process of the
addition to K, D, or Z, one or nore substituents
SuEENed fron1ary|, | ower al kyl (which al kyl group may
itself be optionally substituted or term nated as

f&ﬁ:{: {Oe)HﬁRgfép’eJcr:( 5 v&}ﬂ@ﬁ useD @kQin, EMANQ ﬁv%oh&@a&egg'ex% 5preferab1y six to
beyed) gp@w@w ae(r%im@@w@ AfHeAiS ieFPupe: 9UGhgs REERY e egoeny!
| ﬁé@%ﬂewgﬁmglloupsrae@élﬁi%ﬁamy shb‘sﬂfu%@ﬂth ﬁrasahm@ﬁ toII«@\m: or Z, one or
al kyl y itsel opti onal

sr@b%wtmeéa S@Fct?%ffcrﬁl ARt @Hveaglkﬂéwhﬁlé alkbleaffeﬂmmaysﬁ?lf %ﬂowwna“y
WhRRAl o@fenﬁihé‘tled ésSieﬁlYéa' b@Bﬁf‘j‘t}@e@ 'h@lﬁ)’iya@(ﬂ ditehenr "oedrRE, c(O)R?,

et her W th caLoon,; a 27
R o RYDN e B OO M ST B g coch

dePEaNly riR@ent i@ o FBL &1 Miowld alY1 (Gaich Ayt DALARTy ils8If be
attached to an i ndenyi rin stem By the term" M

Pé%ng§‘t%e@ldﬂEIW@ ag el K%O‘f‘?et al™ in a conpound
of fornula I me |nclude netals such as Cr, M, VV Fe,
Pt and Pd. Preferabl th
r&lt@ni}s Wé‘?‘é/\é@] ﬂéiéﬂsé?d"lf’%‘ﬁﬁd@flyf agh WhepyD st E @@cthﬁrwﬂhﬁhe Gen
Madiean 68 RfwitkURLy, ardfiabieh €5 8NC@enH GinStRURetal M
\%fbgsg?{hetCWEEénet a%‘g %r ein shgul d be t ake{fp}tﬂo )II nc%de
G?@Wﬁ@“@?0@§a¢wgﬁﬁﬂ“FG“PH’ﬂﬁ%ﬁﬁ%@ern periodic table
nonmencl ature. By the term"netal cation thereof we
mean that the Goup VIB or VIIIB netal (M
Syrirolarel Mremraenit srqup 4B geV IHbgeRe e f Ppmgndaofﬁ%rr%q e
Qxliwdg %eta%&f?egld; MB hW ﬁ@t@' NCRL, lmﬁomily pt ARt 1€ PkdferkdI@ the
formof a salt or nprise wea I% coor di nat ed

arfltadge rdqol edé«@mf%%orﬂé’ Be Qﬁ’» i Re 2aRly: Fadregtyaieinee aedaybt,

| QdREcR KRR O1H MV Lﬁlta?ta h&@&h FpuRiRaids (AEaLdGB&sS, 8, 9 and
and propionic acid; sul p oni ¢ acids such as net hane
d0limthe riodera eptipdicgrilonuaasFighsni ¢ aci d, 1 uor osul phoni c
acid, trifluoronethane sul phonic aC|d benzene
sul phoni ¢ aci d, napht hal ene sul phonic aC|d t ol

g«hr@ml cmeiglicationghggeolywe Blegiethe tas FioHR M oIS, m‘itﬁEkSMt) ¥ the
%HJnB&leH 'D'P fo%l'llgl aﬁﬁﬂn&i’ Ryl XY BBQ@@QE&%Q S§ft‘ébﬂ&h ARirketal catlon may
aci d; sul phonated ion exchanqe resins; perhalic acid
é)e éhthafrmer 8 pligrrimey semprise WealY Fansioniast a@wn& airtyesk from dalo, nitric

ddsuﬁﬂ‘lﬁhc Q‘:?d idles Ak QloRAGE T (9;)%@1'&13@51 ds dckdid elc%p(fng @R)%Io'nfc acid;
acl or t hophosphoric aci oni c_acjid such

@elmh@mac&sé%qbr@éme@aw@hmawmgéhia@s%mnw@gxd ﬁmpplphomc acid,

'tp Kh@fdehap %1&%5%@@ HefWins s@ﬁ’d09§ 80 PRegaRtsegdndtd £, toluene
er sources which may provid
sulphomc acid, e.g. p-toluene sulphonic acid, t- butyl sulphonic acid, and 2-hydroxypropane

sulphonic acid; sulphonated ion exchange resins; perhalic acid such as perchloric acid;
perfluororated carboxylic acid such 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.
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sui tabl e anions include the tetraphenyl borate
derivatives. 35 9 Preferably Mrepresents a Goup VIB
or VIIIB netal. In other words the total electron
count for the nmetal Mis 18.9Hal o groups, which Lz
may represent and with which the above-nenti oned
groups may be 5 substituted or term nated, include
bleoLey M(}Q;J;rgge&s 2 BLQIFO/ 13N \ﬁiﬁﬁ %eta&h‘l Btﬁprl Vdeé the Btal electron count
represents cyclopentadi enyl and n 1, the conpounds
&f tifeonatal Maisi18may contain either two cycl opent adi enyl
rings, two indenyl rings or one indenyl and one
cycl opentadi enyl ring (each of which ring systens nay
Hlploi oavak.| whidhd » st sepresentedd wgh whisk ficlsberceqnipisyl graggemay be
SRR ALRAHARY iRl L0 RMd BroBd and RAGW Ch |
conpounds as the metal Mor retal cation thereof is
sandwi ched by the two ring systenms. The respective
{ ! Qlich P ARIYL 1, thi Bnpd¥ s S RorTBY 1 BBy cont
g%%gt éﬁﬁ%ﬁée&ﬂ%%ﬁ%r I\%I}?h respeét top%each ot her oryconmlrl
taitieytwmycllgeermdlmmidmgwtwmderybé@gs or eneeigdanylotnd ene cyclopentadienyl
@l RERL @E@LE&G@&%A b&ﬁh Such
gxﬁ? rna (%%{?e%f %\Aﬁ%ﬁsqngsof Ey totunds of 't erein). Sue
pmvmmndscnammfefemta A’ Semctvn@lr Cmeunde’wlt@ﬁp‘émid\d |Oem9tlﬂl qghon
Crihel Feb ThGhi v tm%bfl nd/or indeny!
R L B
o:ng syareyls iy hg st(brsta@tlallb: comlapr @ébr@@@d&p Pich ofier @ﬂihtrysnay be tilted
Qp; Q81 06k BRIAbRnesPUi t aDI Y,
\%11]?ttgn&"ﬁ§ci &iea(é}?fﬂp{%o?%?)o? slg%’tr s(?a(\)rqy tﬂ%a gcsﬁet al M of
t he conpounds of fornmula | as defined herein is
iypinattey when it hé, thocompofindshé theetvahtionatay enntai@ @ither one

86%@5}1%9{18:}#\‘11" Qe éndg 1 gl’ng% gea%h %{@‘ﬁ%ﬂﬂﬂ% s?sftcnqs ‘SEH} C{i%rgllﬂl% s

@ﬂﬂcﬂatedfas ddamﬂ:hd htrnxg) syishe ayl my(i ept n@rﬁatﬂty@rﬂewhich is optionally
bst t f

%@JSE%I eg %T gginac’? herem uit%?y, qugﬁ g! Ivand L gx%%e%%%)ﬁ Wﬂag TheTRYal M of

0 as sandw ch
Breabmpablly of fohen: hsdenedthiem i typrcelpfneﬁerfo@ ¢f thaomGalgation.
t hat the netal M of the conpounds of fornmula | has an
ron 25 count. |n_.qther words,. when net al f

a% WﬁiS‘h‘hai tBsF CCFIB:}()H.EASé)f ﬂlei%\fe]lt[to&w’ontm émlgz &%chﬁwﬁ%l\ﬂ%cgenyi or
Qﬁdeﬁ}l&fﬁg (QESo G iRl @ehdyiast dpeohdllg BasldstiRted S described herein).
typically five, Suitably, the netal Mor.n ~cation _
B Gt e v P B G g ERRBORS G paR S p = 0
itifentny RbGadntsyl tooRe e the meabMay ﬂie&p&p\dﬁfﬂdé ﬁﬁwmuﬂd Iﬂgé &) 1 Soatectron
t he cycl opent adi en of th
159161t CI Pf hgxp wcfrﬂ% W@%%gﬁgﬁﬁgﬂ{ éwpoulngsn%g é 1r0n he%teﬁ number

oy ekapantadirary by meiliginds f istthtcally idenyl ring exhibits
a pentahapto bonding node with the netal; however

ot her bondi n%/I _ . .
Suitably, the metal M or metal cation thereof in the cyclopentadienyl compounds of formula I

is typically bonded to the cyclopentadienyl ring(s) or the cyclopentadienyl moiety of the
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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nodes between the cycl opentadi enyl ring or
cycl opentadi enyl noiety of the indenyl ring and the
netal, such as trihapto coordlnatlon are al so
enbraced by the scope of the Bresent i nvention. 35 10
Preferably, in the conmpound of formula | wherein Ar is
cycl opentadi enyl, Mrepresents C, M, Fe, Co or Ru,
plrefeaabnseﬁradhc e@ﬁp'oomd bﬂfsmrﬁmf 1 wiRYE@N AN kgclead deal| N rephdsents Cr,
[ epr.ese a metal cation

FREFETH ™ Rt st erpyeomtive uie QEvath s PhPRse s Fe. Coor

W bt Bt @tio®thercl bkt piﬁ«’férhiﬁm, M heeratd idn a€BRecV Al detal or

e8] GUoBBERODrerE Y ey BLORHP SIEATBRF o DRy b et v

B efiesaikan by BakaicRson@SBen hirdrhily Noarfiesdseiuadilyahatg®al charge
due to oordln tion wth h $ /or L2 as defined
ﬁ%ﬁ@?ﬂ”lﬁwepéFgﬂﬁﬁnwﬂﬂéﬁs cfined Byt he conpound of

formula |, L, represents cyclopentadienyl, indenyl or

?fdérab%a%e@fl =Whi G chhpaSd of Briik i Qmaépkeyenettlys&p&}khuedylbnﬁdmyg

one or more substituents selected from 10 hydr ogen

PioARElrcag]] ckfwhlchﬁgqgaare @V&)ﬁl@l y W@ltew%g)a RQ@O“’@(‘@?F&TS selected from
AR 10wNRIDR h2id, cyaR), ij“’or)ct@RP(bemRP‘ é@')owﬁl SR¥RE, SRY or

neant the c clopentadlen [, 1.ndenyl or ar% r|n whi ch
g

ferropy] (bwé‘f?r%s@ﬁﬁanf Ge Bt i ety egwlfﬂbmv which L may

Fé{)%'s&m@ ?smoﬁ&iédemé&uyrtb ng c?cf lodeR@dioBY ah% m&nmbtalwce@mgroubwme
referablﬁ(3 he cycl opent adi eny i ndenyl
q_yc O

ary
Pieﬁ‘gab\hhilfd ﬁﬁyadfcgﬁllg Bdept o aylding gz{h}cpgm &gy Felp‘es?"éz 18 subsututed it

psrp?éf@x{a@? |31Ybs§tlét%§t\ﬂ1ﬂllé§1@& ;W)rE Ehb@ﬂ@e11@§ sclVRE@fr&H IQ§IO(, hu@n h&o, cyano,
sel ect ed ZJO

[ang, A3
O Cp RO OB e GBS ksl Ry o RES, S o
Radpen2d AR gach, alk dependently represent
hyég%genyér Cl C%ia%ﬁo . P?%fgrably when n =1, L,
represents cyclopentadlenyl i ndenyl , phen | or
Regbhiathy [whept Fdn ki fegresesig sxtlprenedignyagndsatl; iﬁ?@ﬂyl e paghiyl optionally

E&b@{fﬁﬁ@ Qé Xcﬁn%ﬁﬁel&bf quQQ%ﬂS/ qgé &,/QNJ entz!dﬂ:q?lnbﬁhmyp [ngb_ﬂ o;‘q{aphthyl
napht groups are uhsubsti More “pretf érab

roupedse e@ebﬁﬂelt@ybilomaeﬁﬁabllb/elnywlesmﬁ@l @memdlwb gyl 01 phcnyl
%&%Qf QJBBWPIBQS}E éhtﬂgbcstlﬁl{e% MB§ &E)Jll}lytLegc r unsubstituted
prefera , represents u st1'tut

Gy%MEp@ﬁﬁmﬂlenyl In a part|cularly preferred

enbodi ment of the present invention, in a conpound of
formulal, n 25 =1, L, is as defined herein and in =

M a Nrtletﬂanlafmmferoyl emppdimeni off Biegepaet inventiparie a gerapawnd sf fagpula L n
equAl 1,04 ARESdln Brgareund of formula I, = L2

represents one or nore |igands each of whi ch are

i ndependent |y selected fromlower alkyl, halo, CO

A%%ﬁ%?“ h& n VR4S 72:‘)14)%d NP ﬁotl%ge?z{] %‘Jz%l%l i c!n%pound of formula I,

represe fS one Or nore |gan
L, represents one or more ligands each of which are independently selected from lower alkyl,

halo, CO, PR¥R*R® or NR*R*'R*. More preferably, L, represents one or more ligands each
of which are independently selected from Cy to C, alkyl, halo, particularly chloro, CO,
PRERYR® or NR*RR®, wherein R* to R® are independently selected from hydrogen, C; to
Cy alkyl or aryl, such as phenyl.

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

formuta I, n =0, L, is as defined herein and m = 3 or 4, particularly 3.
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30 of which are independently selected fromC, to 4

al kyl, halo, particularly chloro, CO PR43R44RA5 or

NRAG6RA7TRA8, wherein R43 to R48 are independently

sel ected from hydrogen, C, tdl C6 al kyl or aryl, such

as phenyl. In a particularly preferred alternative

enbodi ment of the present invention, in a conpound of

%ﬁreﬁ@gemé;lﬁ%étal saec‘tedQIorA-(z,r l\/ﬁ) s cdek 'Rﬂ%ga Hﬁfaﬁéaﬂo@ﬂ‘r@rebiﬂ =
or 4, particularly 3. MTrepresents a netal

seI ect ed fromCr, M, Fe Co or Ru or a netal cation

Ex%&,fms cly@ro;reeraaeeﬁ rnaeeng]y ﬁzlfpﬂ%ﬁfﬁr%mnﬁm Yehoh df u@lenylhgs may be

, eac rings
@@tqna}ryaﬁubarlt%man at @ereybshientyrelassd éromfbséﬁuaé&ré figle, cyano,
hse por 2 kyk % Jhal o, cyan, 5 OR',
é@\ GE%R @@) &(RO) R%Z NR 23R24 : L2 represents
one or nore Ilgands each of which |igands are
gﬁ?&ﬁ{%@ﬂé b¥m&e |11E&1td§ Qacfr bPFhiCh h&@ds Ak mﬂgpen&% 19 selfggd from C-Cy
RARAS or 48.. 10 n=00r1
plkr)lvh?dlfe&:q FRE R\/\,ﬁer‘?1 NRER[Rfhen m = 0 and when m does
not equal zero then n = 0. Further preferred
conmpounds of fornula | include those wherein: 15 M
negr@dents iron or a cation thereof; L, represents
\A%cpllﬂarbetgtgradl enyl, indenyl or phenyl group, each of
%rou s are optionally substituted by one or
psvigded hbisthenuient Gesal=eand dvhen srdogs caosarl ket thehar g,
cyano, OR19, 20 OC(O R20, C(OR21, C(OR22; L2
represents one or nore |ligands each of which are
Frdepeistiend bypendef &dmpladmcode besavigygin:  hal o, CO
PR4i RA4RA5 or NRA6RA7TRA8, where R43 to R48 are

Wleﬁﬁ?qugggllo}{&%a%o?%e?e ff rom hydrogen, C -C6 alkyl or

‘'meO0to 4. Still further
preferred compounds of fornmula | include those
geseél}] t gglo%entc 1%%/ hg for g:ﬂgh;/ %I‘()l)l/*f l(glc%%f Wthh lérouPs are optionally

smt‘rslutbeﬁ by uted momglsuﬂvsipmntsadlﬁ@ﬂyﬂ‘rom Qm@o alhyl,-h'\lo aymio,rﬁ)ﬂ: 0.
a 2P b2 ed conpounds of fornula | include
@ch@r{i Eﬂé&f NS

Fein:

1, represents one or more ligands cach of which are independently selected from C;-C, alkyl,
halo, CO, PRYRMR® or NR*¥RYR*, where R™ to R® are independently selected from
hydrogen, C-C; alkyl or phenyl;

n=0ori;and m=0to4.

Still further preferred compounds of formula I include those wherein:

L represents unsubstituted cyclopentadienyl, indenyl or phenyl, particularly unsubstituted

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

n=~0;
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35 n=0; 12 L2 represents one or nore |igands each of
whi ch are independently selected fromC, to C6 alkyl,
hal o, CO PR41R44RA5 or NRAGRA7RA8, where R4l to R4S
are independently selected fridm hydrogen, Cl1-C6 al kyl
or phenyl; and in =1 to 4, particularly 3 or 4. For
exanple, when in=3 the three |igands which L2 may

£88M{onk BEMGIASiohfdOb2N Ak hi ﬁ&’B%&Bﬂ&BAﬁ 2hadiq Bm B, to C
EI%% R470I%48) 2hal, 1§ Ref er enc Igs to lé{cet atlte hnéré}ion ‘

mlfzrf’i prde G 8r BnRer N& Rulbst Mhee Sd *%B @fﬁslaw?rfdﬁmwiected from
%&Méen @C@Jsﬁ%@ C%wfﬁg, Mdln@= (14, ngr:hgu arly 3 or 4. For example when m=3

43 t f
Hvdhréf*g@%?ndﬁi S e s e e O PR R B o o
@Eﬂ%R 20, C(OR21, C(OOR22, NR2' R4, C(O) NR25R26

c(S) 5R26, SR27, C(O) SR29 wherein R12 -R s and
R 9-R 27 are as defined herein. 15 Preferably, R29 is
%fmt@do f/inyimcd:wtd hagiempclude weeremek ipl spbsphweadyol uombdtiowel vinyl

al k preferably, hydrogen, phenyl, C, -C6
Sfeli hen QOMDCl C6 al kyl, such as nethyl, ethyl,
propyl butyl pentyl and hexyl, even nore

Bl SRR e Sl L, espectal Ly eyl 20
hydr ogen, |ower al kyl, aryl or Het as defined herein.
5@5 1@%26&1&% eos{/%e’cteggrgm ng§ro np [o%sef ﬂ%}h rﬁ%ﬁlﬂal% A?'m? nétro OR",
moa#am@)wm@cuﬁé N m%ce)wﬁ’ﬁz‘i tﬂﬂémzéRzéélRé €6 SR wherein
O QS B gl oo pyans, nitro
C( O NR25R26, C_(S) R25R26 SR27 or C(O) SR27 as defined
E)gfirf%é}‘g%f I%?is%%gct%’sfgo dll ef exf\rfeggac t I?e%ﬁe(%: lf(%ve/; qﬁ(yilphe%fp NBre
@tdﬁﬁﬁiﬁj*,,hy@b@@api@hyl 50, zﬂk)@mnjﬂlor Ci-€palloygit m:ims mett hythuethgd, propyl,
%‘Fé/i) Ig{:%%l '1611 P?xg? re\ée oqre Bre%rab? @hgf ﬂl{qres%%%q ¥hncﬁyf:0h0|
nost espeC| ally pr eferred group is methyl. 30 The

erein

#’&ﬁxa?lgﬁ{ W{él \t/a%c% n%cﬁ;g%ndgrg Y pl%lg%ereltrhgéﬁ‘)%m% gol}xxrex il[léy ar% or Het as defined
nerie Méxt gsmfeglbszysi"éﬁ’srep1\akunctkydr0ga:g sAcioatianal aboe, B nayhe
%}e)ttioen% )fa gu%gtstuteg ple%ergbqy, rQnQ 01t 1%(91% s&hstltuems selected from lower alkyl,
aryl, Het, halo, cyano, nitro, OR'?, OC(O)R®, C(O)RY, C(OYORP, NR¥R*, C(O)NR*R*,

C(S)RPR?, SRY or C(O)SR™ as defined herein.

R® is most preferably the alkyl/aryl group derived from a C,-Cy 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.

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

monocyclic, bicyclic or fused. Each “Het” group identified herein is optionally substituted by
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oxygen, sul phur and m xtures thereof, and which rings
may contain one or nore double bonds or be
non-aromatic, partly aromatic or wholly aromatic in
character. The ring systens rfdy be 35 nonocyclic,
bicyclic or fused. Each "Het" group identified herein
is optionally substituted by 13 one or nore

§&h§frﬂow§19§t§ue%@|sas&&ﬁfrcfnﬁ @m h@ln@; mﬁyaﬂo [H\lv&rraﬁey @Hoh alky! group
[ ower al kyl (which, al kyl

Y llHar |09tlcgla%ss%wb%w@%1md?ﬂml@%aﬁ Jebe doweR rpéaC(QéWSv@@R“
DR ORR2E:0) R ORR24R @m@ SINRR G2 herein R to R each

5 NR2R26 R(2') c(O m%qﬁ)r R%E%ZG \meé?}& N R19

tnéemzc?enéatqﬁreSffnh awé}ﬁ%g@aeﬂﬁxuoylow@m b é‘fﬂ“dh%)f‘@@%lﬁ itsedf gy sy

bRy KNkt dMI kG Rirlel ¥4 dc@‘ﬁl&ytﬂéldv&)sﬁlef teﬁfﬁ‘%c@&h@s mciudes groups

optionally substituted or term nated as def

#Hsh enpptiomHly splestipptedigaqtidingh grreliginy dl@léla@lséubéolylsﬁaﬁmyiagxazolyl

g@iaz&?s@ﬁbkamlaw?tsm&atzy&ﬁqu@za%lwtrﬁyélyl DUEL0b 1 HinMhazolyl,

' m dazol yl, indolyl urany oxazol yl, isoxazolyl,

pxciaTiavlolgiho gl BRETIGINY., PHAZRNLEBEIOPRY!, ibequieliny piperidinyl,

sgs@éor 1@&%1?&%4@ 'S@Es&ﬂuﬁ%ﬁ bt mal ¥E hiceAIHaY hiom of the Het ring or,

hol i n rimd ? pyrazi nyl, quinolinyl,

rvégqapmmriarwm O%Prpéwpa tﬁ?hetemﬁw%\zo| yl and

pi perazinyl. Substitution at Het nay be at a carbon

atom of the Het ring or, 10 where appropriate, at one

OHetiraioapsoastaire bRét 6F Samoen N oxidet - groups may al so be

in the formof an N oxide. The term"| ower aIkyI when

used herein, neans Cl to Cl10 al kyl and i ncl ud

rbe teyn “10@@1115%3;1” whieg ugddisiain, msgisyh o (E);eﬁhijand Hjégkxglcps gty L, ethyl,
gﬁ)ggfiw)ut%; SR® hegﬂ Lu%ﬁﬁepf}t het §1%es%%ﬁﬁlw;t1'sees‘§)ec1§édk¥lkyl groups may,

heré is a sufficient nunber of
@fé@b@ﬁeéﬁ wéﬁcw@énth@egfrm@pn prandlgdacar gebranphedt i edurged or

Aﬂéd%@é}oh@ QcﬁM&J)ﬂ tart c?&ﬁépllz)l'cﬁc Qiﬁd/@lajc;subsututed or tcrmmated by one
CyCIC acyC|c /[ or be su Stltutﬁgor tF‘nan
F

SoteoribE: Sl foadaceB sty BRI s B OIOR?,
ke 25 )y 25 14 7 eac

B SR 0 DA SRy s MR

idepesiientiRIGresent mog;eac?rﬁy 20 1Q“Wdéblén@ém P@/m?‘?é‘ﬁ?té%@h‘ﬁ“e or more

B){)%fef?g BR1phAT HdmObr byWREo @lakWlyisiandiQpsbe interrupted

by "one or nore oxygen or sul phur atons or by silano
or dial kylsilcon groups. Lower aIkyI groups or al kyl

QB‘Q&Q%?WEI'OG JRatk i%goupgwhmﬁﬁ IR Bﬁ R’ R@ rRRS RRQRIG @OR'?‘ R",

Ré“;LR”RzéR h@% Rﬁz&” lﬁg% B&RZ“ F@F% R”’R@F% Rﬁ%gm RTRLK.D.E
% rr}%(l reli?les&t o \%ﬂgwlgcw [ 4n8 @fe@:ﬁ%ﬂgc Apdied nlaWh%R there is a

ubstituted , when there is a
Ifnp@tmemberwﬁ% apfmse by s @tbmhedth? Sﬁﬁur@éﬁéror ppsaturated, be

Q{,@l@ 9&0 opg @@w& as% %d/o%@ﬁﬁé%ét‘e@gy otREor nfoyé%fioqy%en or

ICT or /acyclic, and/or be interru
bnylplmm @toos, QY @la(xjf_) ood@yl@'yglsﬂhmn gr@\ms gh@{pr @%bpgitutqglrbywe or more

§ﬁﬂs§tﬂ&t§)§eleg @'ﬂ%%'h%‘bséﬁ%‘ nBlOHRS, o@@ﬁwrc{@ﬁw Uhshbkah e R,

ents sele d fro alp

YN "SR5, CIOMS, Qs R ep ) satsre ) G ok 13

I:‘fyld'ependently represent hydrogen, aryl or lower alkyl.

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

on the group and is otherwise defined in the same way as “lower alkyl”.
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30 C(O NR25R26 SR27, C(O SR27, C(S)NR25R26, aryl or
Het wherein R19 to R27 each independently represent
hydrogen, aryl or lower alkyl. Simlarly, the term
"l ower al kyl ene" which A, B add J (when present)
represent in a conmpound of formula I, when used
herein, includes C, to ClO groups which can be bonded
at two places 35 on the group and is otherw se
defined in the same way as "lower alkyl". 14 Halo '
Helowpsiraivith Widsh g abpie-aendioecdisiinl Bre B¢ Higiipsd pragnpmted include
t nated i nclude fluoro, chloro,
gggﬁﬁmgﬁ%%gmghmhgmgkere a conmpound of a formula herein
(eg. formulas I-1V) contains an al kenyt group, cis (E)
Q\ﬂ% etar &Hﬁo&n@of b %&%fa'hﬁf&ﬂ@é’ fé\lnﬁfhs @@@)Ucronta-'r-l@ &n Qlkcgﬁ(?éﬁ)up, cis (E)
invention 1 ncludes the individual stereolsoners
ubrkirane (rp depmngsisto mag Aljo egeut. Hae prsporiimaentigerkides tll*?elrl@wﬁua
?t@x%mséﬁ@ﬁg &t tﬂ@m{lﬁc@%?any Jehge i ladsial nERMLAMEIHeR appropriate,
ornms thereof, together 'wth m xtures thereof

S@plach‘aﬂmad)wu@fnen@foa@i dersof, togptberavithrmiiuzes heepof. Sgppsation of
ICIEQEQI%EI ong%él ?rkzz% A& Hh&vﬁﬁne@s\’ mé}%@é@ﬂ“e@ B Ic0rk/@ﬁrtlrhl%loléb%ﬁlques e.g. by

ractional crystadllisation, chromatograph
@nctHnFi cws@lhs@fonachsm@frtwmw ReHIPeL-Fi of pstcesospmeric oig id
Oy bR Y AR 0P sk BRNARIErSALL o RN IRk

enant | omer of a conpound of _

oratiphertdie c@rowmd afonay tha famube mpy elpabiuierregriiog a corresponding
ORldaft A0 %&&emﬁ@& mleéoyutgu rsgcﬁ ol RGP RHIALLHOLor¥ponding

suc he correspondi ng
r@g@aﬁap@gngjgmﬁgblacig@i Q@m@ordhq fr@&aqiorxgupﬁ@ﬂllgsamn yhe diastereoisomeric

bl f. t [
S N PR s b e e
wihtehesapsapiaghl e optically active acid or base, as
appropriate. Al stereoisonmers are included within the
scope of the process of the invention. 20 It will be
apintewiwtmed ayintlidsd evidki the edpd of thernsosgpstof tlhiganventia.
conpounds of fornmula I (b) may function as |igands
that coordinate with the Goup VIIIB netal or conpound
titveildofprregateddy thase silldiein disragdlat s cpopoundeotifprmulad (b) may
| I
ﬁg cﬁgﬁ ésgi@;andl-gn& go?l&e%zﬂte %gfg&}l%&{ﬂes It :}%teﬂEF %s:}]nepg%nrd thereof (a) to
rﬁhvstbh ompgsndsdergeninghainngpn. iﬁfplucﬁiynghe Srows’16B n@@lfﬁé or compound
r I

EDRRE DRl SBHlcRn) or A PRERRHAR o Eaplh o Bms of e
vompoungpefoendbl.y, Rl to R 5 and R28 each i ndependently
represent C, to C6 al kyl, Cl-C6 al kyl phenyl (wherein
t he phenyl group |s optlonally substituted as defined
Fesferniry, Bito Bﬁemylk ¢ach éndspendetiily represent lower alkyl or aryl. More

preferably, R! to R'® and R™ each independently represent C to Cs alkyl, C;-Cs alkyl phenyl
{(wherein the phenyl group is optionally substituted as defined herein) or phenyl (wherein the
phenyl group is optionally substituted as defined herein). Even more preferably, R'to R"® or
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*toR%, R to R’ Rt R", R to

R" or R'® to R™® together independently may form cyclic structures such as l-norbornyl, I-
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phenyl group is optionally substituted as defined

herein). Even nore preferably, R to R18 or 30 R28

each i ndependently represent C, to C6 alkyl, which is
optionally substituted as defhned her ei n. Nbst
preferably, RI to R18 or R28 each represent
non-substituted C, to C6 al kyl such as nethyl, ethyl,
RoB6@RYEny] bt&@arﬂﬁr@ﬁyﬁunhﬁr datityles oficS@pdditt glloupi ie¢ltidduyt structures

ent , cl.gh |.. Alternativ
8 PSHER S~ Ak RT S GREIEE & of ot ke Rgny yepreset a

E@d%ase%.afhtcﬂ tH1QandRd tdeed35 R15 or R16 to R 8
t oget her independently may formcyclic structures such
as 1-norbornyl, t 15 norbornadi enyl or adamantyl .
4 pdiﬁéule@s’q:lﬁ&f)‘ér&ﬂ eg{b%mmaw ﬂie@regérg upsmigncg‘,ud%t REIRE and R'®
structures or me ween - R a -
AP AFHSET e MG S Gy Lot TR g OEHeC g irBipRadrk - R
and BOBlehdth raimaﬁ theDsamB idsher bR, dzr'ylgﬁmm linSie@taE aehedherbin) md&’, RS,

%T\r}%%’}t%u llg g%&igegl%e?lgtﬁg gajong wgﬁh(y%a ‘i Ffl%f%bgsﬁgmd herein.
}I]\/hﬁe §t@f%bk)QWER al k&” R “amyl IR ‘asaciHepresoni t8é %ﬁ&i{? (aABfaikye darticularly
DT iy S e o TP Ry Qe oo bus ert
BetE pheutylamsty RS cydRéhexyl R, RR|1{2 I|{'R1354 eal,ﬂ(ﬂ( Ri& ﬁidﬁaﬁndemly represent
rep resent_t ower a ;

erTHe G ﬁe?lﬁﬂﬁs el 5%1"’6?*@!“% AT d%ty" Uy dcxpenffem

Ak Bl GheBadb Ct - @pﬁlﬁﬁ%@ﬂeﬂxﬁ@a&ﬁgﬁ?o%% cakkw‘,,R” R', R"” and R'®
particularly 10 ,non-subst it

k h as
RSB E e o Bogt - RSB B Ggien eyl st . £ R R
IRSOmMB W' Ydach fcBrckent RBEYI or n@ﬁncwl hexyl or cycl ohexyl ;
R2, R5, R8, Rl11, R14 and R17 each i ndependent |y
represent the sane Cl-C66 al kyl as defined above; and

R3an &3PecidRY prdferred Binbo@ment Bt e paedht inReeipe Bzd:ﬁ W kyR 'S and R28 group

represent the sa | kyl, as ahove.

ESPAFHItE the game lPﬁﬁfn?W‘ mﬁ%% legmoigly gs g&’@ed BIER r“éfﬁ‘ra@%ewh R'to
et RykesenfS2he e CR& C(,Rilk:!;l ;,rB;liﬂ paﬂ@h B@ r@ﬁ@ﬁbsﬁ@xﬂﬁ@&]}falkyl such as

eth ; .and, R3 f % R18 ea q

ﬁ@ﬂ%%ﬁ% nEprRRY: ;ﬂ"'pb‘?wh nbaiyjso- ultbﬂ (GO Elp R g1 and cyclohexyl.

el serpsienkad! madt . AR Rercpmaseityli nvention each R

to R18 and R28 group represents the sane | ower alkyl,

aryl, or Het noiety as defined herein. Preferably,

eR6R c&np&u‘ﬁd o%ﬁmf &%D hRSSM Pcdch®' SBRI G (vm%n Bresab)kyd the same.

g@gup, particul a non -substituted Cl-CS al kyl, such
sbpyeleERD pach & ﬁ%and Q @ylgﬁyresenlt)é @lfﬁe@ﬁ?}lmsmi@%t yl,

|so but yl, tert butyl pentyl hexyl and cyclohexyl

referabl R2' represents
rPéftf?rW% ip WWH@P%%B@HH“%F /’f Er%r‘ éwflen PEﬁS%@eﬁaﬁbH“Wé%&Pﬁﬂy
@pres& @n@CQkﬂéﬂa%w}Bﬁﬁﬁﬁﬂﬁﬁll@ﬁlﬁm&&@ ab &diBed hé}@ﬁtfor example with

preferably, eac resent

H@Wé%‘rﬁrg‘lpﬁh%éfﬁﬁgﬂdﬁg lowstalkylgire gF g yﬁicfv f- B ﬁ%d Lovhse argernt)

Qépdrés@ﬁt'ﬁ'ég @nfsubsﬁtute@ ARGidudMaBRNeseRIk) 8@k ich A, B and J may
I ndependent
mdept?ndently reprgsent is —CH,- or —C,H,-. Most preferably, each of A, B and J (when

present) represent the same lower alkylene as defined herein, particularly —CH,-.

Preferably, in the compound of formula I when K, D, E or Z does not represent -J-
QY CRPR™RPNCRURR'), K, D, E or Z represents hydrogen, lower alkyl, phenyl or
lower alkylphenyl. More preferably, K, D, E or Z represent hydrogen, phenyl, C,-Cs
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represent C, to C6 al kyl ene which is optionally

substituted as defined herein, for exanple with | ower

al kyl groups. Preferably, the | ower al kylene groups

which A, B and J (when preser®) represent are

non-substituted. A particular preferred | ower alkylene

which A, B and J may 30 independently represent is

al ﬁen?for C%"%Iky MR8 tas fﬂ@tﬁifﬁeétﬁﬁl Mropyg, aﬁl@i QentdY, anB hal Most
%hesent represent the sane | ower al kylene as

é’@qu%‘?éﬁd B Bioh? I‘iﬁ’&erst"llt%tm Py -CH2-. Preferably, in

t he conpound of formula |I when K D E or Z does not

represent -J- B(CR13(R14)(R15)) &

Brefraty iefhe eqrarpuad phiamgtehvhandndt Egp %toge e‘ﬁ% th@ﬁﬂf@@ atoms

L OWE by Blideyih RRGRYhey ap&&tﬁd’ﬁﬂ ab ecstq&wa ph!ényl lam,,bk 95, EZand Z each

represent” hydro pheny al ky phen
@deeadently yepreseny gyfirggenrﬂﬁwﬁyqikyl é)@lﬁwl or Eﬂwgﬁ%ylph%ﬂ Wme p1eferab1y,
REPL ¥lindP gacﬂ@ﬁ@ébendéﬂ@@trepr&éﬁfhgﬁ@gn}’ pheﬁ%l B.-C Eall%f[ph%nyi or C-C

represents hydrogen. Prefera e conpound

sy leHch a3 mefgnetkyl, mopyis batyl pentylggd heret Bt !ﬁmtelﬁéff%blbé% D,E
3&% le'éen@thetsslﬁe e&,ythuernt MEbst ﬁeﬁeﬁb@hm&ﬁeym%ehﬁwge&hed

o not forma phenyl ring, K
|ndependently repr esent hydrogen Iomer aIkyI phenyl

Blerd NG m Ak Iéé(rkmgéﬂw fornNRS BwiRin&d, @ 2y, doesKlot @F: eEen@nﬂ Z
eqc ndegt'y present hyd rogen

A'ER' [ﬁﬁ e)ﬁgﬁ))@? &I 834 ¥y, E atidehtoge! 1qrr§¢1th§.lpe m@pﬁf,qomq of the aryl
9159 R}y»l/ nclpt‘ﬂg)y dre aPRRNo 1BNEA Qﬁbfényl e CABI 18, 1P rEezfrﬁrZar}af_n)éscnt the

Z represent the safme substituent.
paﬂ‘eff ze‘mabﬂcgpctetl frey hy&ipgasomer Hdraoyedt Het o @ﬁeﬁdéwm yaltiPLHai
upd,) feh Rulhe MR BosKiutddc ke ‘%fk AP atdrogen.
?12‘3?%3?‘3@.@ Q%&%ﬁ?dtﬂf)}\(’mms)s) CRi6(RL7 (%z %% g%mgw
D, E and Z together with the carbon atonB of the aryl

rP!tJi}&agl? M\ﬂk%?' é((!'ﬂzﬁéf o%ﬁmﬁzg i \@ﬁéﬁqgo qun@tE &f&%&b&lﬂéﬂw%e carbon

ring, Z represent the sane group
semsof téla afyt g tl@y*dmbghﬁy arq fmﬂel?ed &orivA phegl ing. tagy thear m@é ring is
%?t{(étﬁﬁ}dsdgﬁft@&@wulp@ﬁetdr ﬁ%k@gub%tﬁeﬁtsrwlg&&g@d?n &1& g’rwe%k | (which

m)re articul arl y unsu bstituted C,

P hyy Lhayu? pogienallypilstisiedyr jerminated hsedeée%hﬁm‘d g, halo
g{r@lﬂ@o 'or{"mns%it(bﬁ@" @‘(Oiﬁ“ Bofordn gIRZ‘Rt"OQ@)BJWSRg Sﬂ@”té‘(e)sr{” or

ring t he
é?t@)a&%h &4 Wesrem B ptfh%nWChr“i“i@geﬂd?fﬁE%ereitfPﬁéntéﬁélﬁf}?ﬂ qf.lqvgsr plkyl (which

ln? Sulst b tf&@gy S%stunlt&ﬂ)‘? t&’x‘hm%ﬂ & MH&I He?éﬁ%nﬂ/[%re
Yad fr

on1ary wer al whi ch 20 al kyl group
mmfemltisélnefphb@l ops isalnhﬂum}ittﬁqﬁyt finv awieatu@ﬁs % i hEdialelaoess atoms
fined below), Het, halo, cyan, nitro, OR19,
O R20, C(O R21, C(C»CR22, NR23R24, C( 0O NR2R25,
SR27, C(O) SR27 or C(S)NR2' R26 wherein R19 to R27 each

I | kyl whi ch
a?? %%91% Sulndis 5%@@3%?5%%%&9%6%3/ ower al kyl (whic

gro p nmay e opti onal substituted or
tern1nated as defined herein). Mre

A and B each independently represent unsubstituted C, to C, alkylene;

K, D, 7 and E each independently represent hydrogen, C|-Cs alkyl, phenyl, C;-Cs alkylphenyl
or -J-QYCRP(R™M(RY ))CR”’(R”)(RIB) where J represents unsubstituted C, to C; 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

lower alkyl, phenyl or lower alkylphenyl.
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preferably, the phenyl ring is not substituted by any
substituents i.e. it bears hydrogen atons 25 only.
Preferred conmpounds of formula | include those
wherein: A and B each independent|y represent
unsubstituted C, to C6 alkylene; 30 K, D, Z and E
each independently represent hydrogen, C, -C6 al kyl,
phenyl, C,-C6 al kyl phenyl or

- J- Q§$(CR3(Rt4)(R15))CR16(Rr7) R'Sel where J represents
Rnedbstark indegnesntly ipesena Ckipl et ghenyt 4é éffchi kyphepyl.
and E together with the carbon atons of the aryl ring
to which they are attached form a phenyl ring which
FertheprreGred saposupsisof fogpea L pyludakowrwhesi®s substit uent s
sel ected from 35 Iomer al kyl, phenyl or | ower

al kyl phenyl . 17 to R's each i ndependent |y
Aapd Bévefhtrem:eseﬂtcrc‘ée ol Ge$hts passimeil Cldr C, to C6
al kyl phenyl . Further preferred conpounds of fornula I

i ncl ude those wherein: 5 A and B both represen - CH2-
Bs DGR pul E pash irdeppngently reprpent RydrpgensCgp ligy! pleapl or C-Cq alkyl or -J-
bﬁ@ﬁpﬁﬂéﬁgt)k@ﬁ{ p(@pﬁ@{i@ Qz%egr@y qjsrtﬁé(yﬁﬂwe)a%:;x &:)Qwélokxl I)Rﬁ?bﬁﬁlw tc:fether
with ﬁ’@ cg:bplgatpmgogtgwyiarglg,qe wgich thge a@fqttf(: egyorme a@ﬁ@u@utute phenyl
&ﬁ ether 10 with the carbon atons of the aryl ring to

‘ch they are attached form an unsubstituted phenyl
ring, Rl to R5 each independently represent C, to C6

Bibidhhentybd 88y B &f@riigd compounds of formul a

I ncl u%ent Ljé)sieenv\/ﬁeérpel nnt “‘% s are the sane and
each represents C, to C6 aIkyI particularly nethyl.

1'1 bbtnErd L R &%E Sﬂfoﬁﬂﬁppﬁlag& @fseh@EA @ 1 include

ose erein: D, are each independently
selected fron1the group conS|st|ng of hydrogen or C,
RO I@ar@h*!éwlme B@re%hctjéﬂn@{eh% dl\'tb%(,,ed ﬁ@%ﬁrtt@lﬁlarﬁ‘ m&hytZ and E
repr esent the sane group, especially where each of K,
D, Z and E represent hydrogen; or 25 K represents
S%; %&%%&ﬁd?bé mtﬁa ﬁ;ﬁé&@ét%s%)wh%%% D, Z and E
are eacﬁalndepen ently selected fromthe group
consistlng of hydrogen or C, to C6 al kyl, particularly
%r g apﬁ Qre mﬂchq{?ngeggld%ﬁwg%f%@t% bl eI Bhs@HRe of hydrogen or C, to

e$pec represent hydrogen.
Cy alkyl, pamculal ly where each of K, D, Z and b represent the same group, especially where

each of K, D, Z and E represent hydrogen; or

K represents ~CH,-Q(CRPR"™R"HCR'R'TYR'®) 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, 7 and E represent hydrogen.
Especially preferred specific compounds of formula I include those wherein:
each R' to R is the same and represents methyl;

A and B are the same and represent —-CHp-;

K, D, Z and E are the same and represent hydrogen.
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Especially preferred specific conmpounds of fornula I
i nclude those wherein: 30 each RL to R 12 is the sane
and represents nmethyl; A and B are the sane and
represent -CH2-; K, D, Z andlE are the sane and
represent hydrogen. 18 The present invention provides
a process for the carbonylation of a vinyl acetate
?H@ﬁ@é&ﬂﬁnv&@&ﬁ’ﬁrhﬁh&% FQBLaG th@&r@nyihm ofaGAalylRtate compound
conpound with ‘carbon nonoxi de and hydr oxyl" group
eonrtrgingicArjactingp sarcPaic coBP PP ¥Eh é@b@ff mamé&ﬁ ahd g lydroxyl group
Q&f@@ﬁH%‘&n%mQﬁE 'tl&%ﬁeskrﬂ:e%h? cdd 158 B pouhMMEREAQN th% present
Sul t the hydroxyl group containing conpound
ﬁW@N@des wat er or an organic nolecule having a
hydroxyl functional group. Preferably, the organic
q%gu 1 hﬂﬁ&w M Groflp Mﬁﬁgf&ompwmwemkva&; QUR RBYicBRlecule
ranch I"i near, nﬁrlses an al kano
paing %Wmﬁvlyfu@m@lai exoep Paq:fkla Bl the pragsliyaplseg akaying a hydroxyl
ﬁln%%gi Sou 6%;% HRYh RS ﬁRéak %H@Hrﬂpiﬁé&bﬁtaiktaﬁgl %ﬁ%ltahy QBRCy,

nore 10 substituents selected fromtower

ahkgﬂol ipgdudinglaay! @lka@g}gﬁ@lch may b optoRely SUW!@C’RQ@ one 01 more
gfbg)ltﬁéxts selegﬁz&)}r BRI LD N‘?%%R%%o &k D FREoRZS, C(O)RZ'
|ne@ hérej hl'y Preferre
éXCR)éﬁ‘o § R3Re, @go)@g k@fﬁdRsR suth (a’§(ﬁ>§(h1 aftoletinedthigigivo | Highly
EFeg&%ﬁ] Qllkfnélssﬁgeno@&qmt) s shcRQs n@ﬁ‘x‘é@cﬂ Q:lthan$ h;erl.t)aYll)l abh %%5} ol, isa-

ut ano and chl orocapryl alco
phienaksrboad kiaW@l g-bapgolnpsnolppesidorpeagryl plephipl. a\\lqklamlt@c

g{oﬁ%%gaﬂgla ¥re R ;ﬁ%ﬁgi E‘]'S 9@}1{‘41&0@&9!@?& z%liys Saé&&i fﬁ)?n dljﬂ"é(‘l ois such as

, triols, tetra- s and sugars nay al so

diols iripbdtetraFylppaciulys meyalho b%llty!a@k dnicallyapush pela @1&%@6

L@ onfT, %témgﬂeﬂo &ﬁghcefop g@eag | oha bgla}{&ﬁé oi (hy&m%yrﬁethyn
But anetri ol ,  2- oQ -pr opanedi ol
tl rBrmWn@)@h%&@ﬁ@ydtp@yﬁea@py{ehﬁafzmp itol, 4, 19t t11(hyd1oxymethyl)ethane
'ﬁal %&ygcr RS, TR Y btﬁa%ugmp PUIODE: R RERg sudBLAGLASR and

nd er sdgars. Preferréed sugars I ncl ude sucrose,
fbhlu@aeoésﬂeanldi«/ prgﬂew@cb@@nolngemt nphaog ebfnelr dHe mpy arvéirsd alkanol
%aﬁaﬂﬁ£panol and et hanol. The nost preferred al kano
i's nethanol. The amount of al cohol is not critical.

Generally, anpbunts are used in excess of the anount of
V['h@)(lh Lﬁl? &t BBl GOIR QH&Q HQQ eﬁ%&ﬂ:ﬁyl caLtls%ﬁjm eI&H@ofttheamount of
al cohol may serve as t e reacfion solvent as
alnyhoagte compoued & heedrbosdped dihes thotlodnt manmwyrcab §¢ rggetion solvent

ld§§/gli, aﬁ[?ough, if desired, separate solvents may also be used.

It will be appreciated that the end product of the reaction is determined at least in part by the
source of hydroxyl group containing compound used. If water is used as the hydroxyl group
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-

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.
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It will be appreciated that the end product of the
reaction is determned at least in part by the source
of hydroxyl group containing conmpound used. |If water
is used as the hydroxyl group? containing conpound
then the end product is the correspondi ng carboxylic
acid, whereas use of an al kanol produces the

GRE 85 RRRRNGIBRY 6 vinaerE cdﬁﬁ%tﬂ;ﬁﬂ:@ lhy &SN 8Fvuf Bédtdfning compound
produces the 2- 30 acetoxy neth pr opanoat e or

B4 Y GRYRRL P LipHopsiaibe) L ﬁ@“é?‘bf&eosétoalc%j?f&fw@ly from

B&wbéhez PloasSeMd ubRY £REdeQReesd J;TEhy&%R)h QPoupRBAXhEE cAB36uB® when the
used in pure formor diluted with an inert gas such

kernip plpote Fractioasplyant drdhes de ooy 508 16ess 8t ydeoxyl prrgentaining
nds. SMal | amounts of hydrogen, typically less than

5% by volune, may al so be present. 35 19 The ratio

(vol une/vol une) of vinyl acetate conpound to hydroxyl

FhOMP PSR B8 SRR on ﬁ@%ﬁ( ivi8é %rl&ﬁ&l‘ﬁﬁ@i’br&e@%t the vinyl
ltTmts and suitably lies in the range of

1 .
geetaie c%m@#@iamtyrm% (HooR éqsb\l@éﬁay?e?biﬂéle‘iwéenaﬁ@f%l& Hregmount

Io%gﬁ &X1¢ %é{l Rfin Yy %’n@é(l/d 191 QURROPE: oM 81150 1RAENE S pound,
n the latter is also the reaction sol vent such as

m@lqmefarasla 1 dx E® sgole, *rtwfdwl%f%yblyg? o@docawleaup?r pRje of

9@15713%{1 gfsmsamﬁe@mﬁ%an@fpr&f@@mg %@Jnya&u @ffbl&eh@tel cemsmnu en
uséd in'the car ony atlon process of he vi

Soanlitl 60 WEAPELEAOMROUAS fS 18 Hieringg 10 @d@ o PUS 9*{0%(%&%;1/0 0%,
abtal-aedovhen » RIehatat }ﬁoleto'f' emglrﬂ%‘tﬁ‘tta coRfouigioup VIII

netal is in the range 10-' t nol es per nole of

vi nyl acetate conmpound, 10 nore preferably, lob to
Jsgne?olmltl%ﬁ h ﬂﬂ?l%sseﬂﬁ'ﬁﬁ@trh@m\r){m%g "tBe £:00h Do B2 &y PR%tate

nol e “of hyl eni cal |y unsaturated compound.

PrEp@nd b @ﬁﬁn@chl@reanwh ¢ jsrfopnadeh P & moghiRstitsdolgents. Suitable
s&tfé‘ﬂt’s] 1@0[\'.1&6%&:%9&3-5&%{1 al gd eﬁm%ml@l&@ylkéﬂoﬂeh&hcﬁ 2888 ad B example

-1, nore pre erab
pmecfléfna%hw phepglaghet)p2, i@ tzomwge folesty i dietiayl elipmgimethyl ether,
@&ﬁh)ﬁﬁ Sl chth&%é&’ﬂ%ﬁ@étﬂm afd th@&%ﬁyﬁ@]@t (ﬁﬁl%@tﬂ&lle@é glyco

e |nvent|on the car onylatlon of V|ny acet at
eopousirsder canhlpadhiiapeitn dﬁwll%féh%&rﬁ%li*%@@%e éﬁ%eﬂ@ﬁ
rﬁﬂ{h@laﬁgﬁ@ﬁdtﬁoﬁabﬁeﬁ BhRies, §5Uhta§@r %xanﬁv@g dﬁ%@tﬁ ladeRtelidtd 8-

ket ones, such for exanp e neth uty et one;

@teriafirmfrrogdp@hnalsdm@hy damplidE; snéﬁ@mé@ﬁ qad pytaltongs. syshentpr example
g ggﬁlp%oédﬁ b RNANRNAPE, wfo%yHa)ahy(ﬁbzﬁ;opwnﬁgtztt%mde) 2-

I rnet tetrahy dr of ur an

@Fd@@pﬁ@ﬁﬂ}ﬁt @Pﬂhﬂrstlf@h‘wet ‘ﬁ@afﬁ'ﬂfi‘?ﬁﬁw}?@tlh@go’ﬁﬂg and 2- metﬁyl—4-
@lh{yﬁﬁlﬁé&n@nﬁor%t%ccg ou%gs el R haﬁ»%hm@of O BXAIRLEeg. benzene,

cetate yl'adi pate net hyl benzoate,
d@ln«wm}hﬁ b%ﬁ@d@@k?@if@e,aﬁﬁyfﬁm prsiens eliprebenasrecrdichlerbenzens, m-

1&3&@%@ aﬁ%nrg@tllfﬂ&f&%ﬁgemm %msgksmt:mo@x&srégl ﬁqu{eeheptane
di net or mam ae, oxl des and phones
é§ ¥ '@nneéyymp@, methylene chloride and carbon tetrachloride; nitriles eg. benzomtule

and acetonitrile.

Very suitable are aprotic solvents having a dielectric constant that is below a value of 50, more
preferably in the range of 3to 8, at 298.15 K and | x 10°Nn1™. 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

condenser with a vacuum for dielectric. Values for the dielectric constants of common organic
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di met hyl sul phoxi de, di-i sopropyl sul phone, sul fol ane
(tetrahydr ot hi ophene- 2, 2-di oxi de), 2- nethyl sul fol ane,
di et hyl sul phone, tetrahydrothi ophene 1, 1-di oxi de and
2-met hyl -4 25 et hyl sul f ol ane;20ar omati ¢ conpounds,

i ncludi ng hal o variants of such conpounds eg. benzene,
tol uene, ethyl benzene o-xyl ene, mxyl ene, p-xylene,

%E&LIQJ ahep %ﬁlﬂ@ in n§a1q%&rlm6z@m11 amhe %mbm mﬁm and
al kanes i nclu n%z alo vari ants of such ré%poun
Y

ﬁbx@écﬁe’f‘é'“wéw@faﬁéﬂed Dyl R lideet Hyagenblishe! et hyreavia 195, and

9!%' \Qﬁdlig%lu&&gfo? Qfelﬂfﬂeratu% skl Qbf‘(}j& 259 1& labR® 2@131 5k or298.15 K,
benzonitril acetonitrile. 30 Véré suitable are

apst srpwheis Rf@wr@ *Waf\*hohbl Al QiN@l eUtcr wadibrbscamieriehigthat s

pe%linYXtLﬁ‘e ml @J&SQE él% thEBersidh elRfaARbd i1Pnd RErah A Be: ©f 2

105Nm 2. In the present

@@fﬁ@léaetcorr@w@d lwveﬂ?é%q meéheéﬁ'@h@tcawanf BEY B GIVE e psigling

eSaiSd phisiddheRaMReLABANi ng of representing the

ratio of "the capacity of a condenser with that

substance as dielectric to the capacity of the sane 35

%999@91 £ mhibReRe YasuhmrhRto1disalaeat bl 8k gvﬁ*dk@l%yl £@L: L e (at
dieleciric constants of conmon or gani c % ds can
t

B83-2 Burd siliplage et (2 39P ér@n@én%@mm@ﬁ?dw AdatR@2 K), of

'Eigﬂ r afs. m?ﬁfﬁ%tl‘t)y olatﬂl’%dhﬁnaﬁﬁeltgﬁ 0. 87(§t 293 9 téf@&mhydiofulan is
t ed R. de et al, publ i she

CRC
ﬁﬁe(gtswisl% I@)gggnet@mpna;ma@ iy &P &t pg,a blﬁbﬁe}aefp@@d sglve%/t is anisole.
tenperature of about 20C or 25C, i.e. about 293. 15k or
298.15 K, and atnospheric pressure, i.e. about 1 Xx
1DBadoxybEropmepniadel JojnpRenddpivaameldat apratisaplvent will be generated
6 %q Eﬁh&ﬁ{ £ tﬁ@gzepsﬁﬁﬁyrasombm $hge GRNVENSE bRt S4Son
quot ed no literature data for a ‘particul ar
@@ﬁp@@ﬁ@ﬁﬁ§H@Vﬁphaﬁ1%mﬁﬁﬁ@Vﬁﬂelectrlc constant may be
readi |y measured using established physico-chem ca
met hods. For exanple, the dielectric constant of
éﬁhlp sekess gy he @u(l@toumzﬁnzxwys of@proti¢ edyept, L e@hefatip §v/w ogaprotic

| 4 el s fatio ranges
cnt Q‘Eﬁl ﬁ?&%t an CO%IIITIQTH’ cgﬁk)?ﬂﬁ of & léhgt 17 1) (A g’&y?’ s 8 g

drophb hyd lh@d npoge Fefprablyt frpgB 1 o k) M‘éﬁf pr@ferfémw &Hp pat)ganges

1 81¢4.1293.2 K), of tetrahydrofluan is 7.5 (at
£§g§2 K), of nethylnonanoate is 3.9 (at 293.2 K). A

preferred solvent is anisole. If the hydroxyl group

GE%F;?&' tﬁ@ e g%%@g%ﬁefé;&th ﬁw kapRi is B RSPl e ﬁ)@én\ég&tany

be gen reaction as the ester
catctrohadded droniicpploens et aroﬁpIQtWesOWﬁytpt seenied @f Bompgiondiseif.
carbon nonoxide and the al kanol is an aprotic
solvent. The process nmay be carried out in an excess
dthe apalptticempoindserithe fresent inpentpnmagyiaet 46w/ Yterogengpp oeatalyst or a

sg&x&gﬁa%gcg%g%pxyl group containi ng conpound of at

| east erably, this ratio ranges

By the term “homogeneous” catalyst we mean a catalyst, i.e. a compound of the invention,
which is not supported but is simply admixed or formed in-situ with the reactants of the
carbonylation reaction (e.g. the vinyl acetate compound, the hydroxyl containing compound

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

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

which is carried on a support.
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20 from1:1 to 10:1 and nore preferably from1:1 to
5:1. Most preferably the ratio (v/v) ranges from
1.5:1 to 3:1. Despite the aforegoing it is preferred
that the reaction is carried?ut in the absence of any
external added aprotic solvent ie. an aprotic sol vent
not generated by the reaction itself. 25 The catal yst
compounds of the present invention may act as a
"hetero eneo%e catalyst or a "hono e eous” gst
BYSaRer B 1 A IR geeols Preteat 1&?’%‘?“ aad”%"eé“
EarBony&US@Bmeb Nelcebrte dohfpotxrl’dit{ anddfi géﬁ he:réitﬁ)wmgﬁ el ;Sod&ﬁ;tls canri]ed out
supporte ut i.s si or med in-situ wit

P B Do wPUTn g HEBPTh P LT B TURPGh (e, 0.t ho
vi nyl acetate conpound, the hydroxyl containing
co n and carbon no OXIde et.ef bly.in a
Et??ﬁe% resOppETP RS SO RO By sVl iy polystyrene
dqﬁt}eﬁe@ gﬁ;aa@w Swin@‘/@te@ﬂeb(@dopt?@m&ﬁﬁl’d}t}ﬁr @attﬂt: Mﬂf/metls mecopttpﬁers

EQ |nventHo s. carr % qn

§UﬁﬁbtP1‘h°S‘ﬁ“‘ Arhe ARV R Sert"étl‘ée SPEH ztsr?efP“"H%%‘E‘t St t°ﬁ=ea silicone
Bf £§8&he FIDBENSA Bikr PErow AeBuRtePidGRBSIch &Y fof @mple inorganic oxides
car bonyl ation of vinyl acetate conpounds as defined
A PR EN¥I9SS t he process is carried out with the

catalyst conprising a support, preferably an insoluble
port. 5 Preferabl

t he su i ses .a_ pol
B g 0y G i B UES PO P61 BT BHE ke o from
g0 ﬁptoxomérg, § wm p@s valufte Vi My tdhenaensn ¢.o r,bod oyfmgh arfiran@Udi8de particle
o thos

suitable yImers or c@Fok%ner% r ¢
SKF I tBerane th Framaipyis Soiel McBome e o B FYrEcs Hep (s 4 g onge o
ffﬂég%tol tOB& h3e ﬁhesplolré Ghimes §i the @ageof i @5 &id.3 &(Dg'kﬁld the average
t t

e b hee BOL O3, R S LBl TR 2l U %
@zmlg,@w ﬁ&mﬁ tod;[r) ﬁt}@m@l tMe I%daev@ua@@ i ¢t ﬁﬁ?gé bfatont 6.8 Pp:]f OUSg and the
SIlICa IC as a sur rea in e range o

FOPrEgs PROSIePE 5 spegeeapt %%‘P 30 Forot e e v %%ae“’o?fn}fmai
HhRM Qpfort Radridls 66l ©e ARG @fmo@wmtag eoqo&rttmfeﬂqety, sssup@n-t aterial is
the range of from1Q to Sgglent e, prefer

e
SR i T S 2R BP0 807G B LBt o 75 t0 350

mglitgmayti‘,l@%aﬁelﬁlg‘lw&ﬁsﬁmﬂ: tb SetiyAratdBe §iRAGLa Rinpbla@ &.6ont W0O°C to
the average particle size is in the

r‘g%@e'mﬁ‘f’hel’f? %‘?ﬁlé@o th0 pm Most desirably the surface
area is in the range of from 100 to 400 nQ/g, t he

pore volune is in the range of fromO0.8 to 3.
éﬁtﬂabtsh Ehe sURROFI A b élF’fIPIEIOea dpid guppert; tpe WFF%“‘%?%WQ%O%‘F C‘?“rt“i%“dfo‘
38prlefhaled QiR coldpBurdlY 6f @O BroBRRk 6f the HCer®ibn by RbiGRues well known to

those skilled in the art.

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

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

or previously inserted into the support. The combination of the reactive group of the support
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porous support materials is in the range of from10 to
1000 A. Preferably, a support material is 20 used that
has an average pore dianmeter of fromb50 to 500 A and
most desirably from75 to 3532 A It may be
particularly desirable to dehydrate the silica at a
tenperature of from 100C to 800C anywhere from3 to

%ﬁh a@&ﬁﬁlmeﬁwr& ablifucnt BRhSHRRRLAI JTEe @&Hﬁ&,@%m@ aQﬂéteﬂ)geneous

q port, the insoluble support is q e apﬂﬁa
aywﬁl@@ﬁ%@t%amwrﬂwf & EBiBoah G SOt A B?%fk‘é%% ge such as
Lhandrnentaldde, Mink @ednkagsupel | known to those

skilled in the art, Al ternatively, the conpounds of

the process of the invention are fixed to the surface

Pfic @Pice bNeadtohenditRP R link a@BhpARALE the Yodesd oﬁtﬁ& f;\le@ﬁt invention to
bond, and the arrangenent optionally 1nclud

Hieswmortidepsa ug‘ﬁ%{é“erﬂﬁF%%Ffénﬁ%“%ﬁ’&é‘%e FHPs @ Wﬁa{mart For

Ef0md RegdnRSAbiRlcBrosMpROEt 1,1 TR oeRMROMMSE, 8fd thdt@sses such as the
i nvention (%@be fixed to the surface of the insoluble

ssparredgphydhdemistpoiye PBRETINGFYOF *BPYfict i onal gr oup
present in the conpound of formula I, for exanple a
substituent K, D, Z and E of the aryl poiet with a
SsrRtlipgiont fartler pepsett g ére&r**bwﬂﬂ%gf@ﬁmdhe %5 O)é&he process of any
RERMIQHR i chimBiifcRsh thBERUYRNE SEPBOta suffter. conmbi nati on

of the reactive group of the support 22 wth a
conplinmentary substituent of the conmpound of the
'ml\f@ﬁ‘lﬁlll}oﬁcﬁ[r@c\/ isd@en teBRhbet QERPERUR?, rEat'aRY &E, RANET R® RIfeR'' and
conpqyn the invention and the support are |inked

viafa Pil ka‘ée whigrepsaggtedayhdpripiesPegibie SRTOOLHPR AOTmLfTRRS e Broups

ur ea, wikat fe 41OMPas s@n :(Tﬁh‘i@ heHae 68 s buk B aﬁéric%ﬂidﬁdﬁmlntﬂh@&ﬁltext is as
to link a cquoun of the process of the pre

i fivearied gpagol4 ¢ pel SuPparsenersfaritiop dieted ﬁétal\yﬁz'ﬁyri\ Gentle Art”, by C

%%ttfﬁ‘st SuitRARIYIhamRsh a0 @101 08P STHRe stelih@ g,ﬁ)‘d@spl@w be dg8lfc, part-cyclic
exanpl e, reagéents such as carbodii m des,

-C apbwg,l}cd i g 5108 Parhgygl Kb Hiseawdaaydg éqx.psgtéxtefi Reunsplsgituted or be

of sl %E8Hor AR edehe KRS bV &/cBllBRls iy cﬁﬁym lr-’{ﬁcludmg the tertiary
enpl oyed. 10 According to a further aspect,

pr €88t alpRv BRI Lo prelFingedebln &5 froemptt pfeﬁf‘éab& 6@ é%ssca&m atoms in

any tgescgéﬁé stREtutderhl BYER LR LAY B AbdtfRCRAL) stﬂhoﬂe%ubstituents

attach to a support. Particul arl erre
t he or ganisdegrddinsshate, cyme, nife, 03%51 C;/CFQB)R%{:Q@(ORQI Cﬁ@ORRgNR”Rz“

R10, Rl11l GeanNrRR2 @t @(O}SRmégsoﬂﬁﬁRaSﬁﬁCdl ?«I‘é?thg\‘eﬁer'gto R” each
their respectlve carbon atomformco osite groups

whiiedependentlyrenressaithydioedy ayl @arvsy alh a@ﬁ?rr‘?@ ISrplcp oy 9116 or more

Steric hindrance i n t 3y SenGoR BT aﬂofhs%b?blﬁﬁé’%ﬁcﬁﬂkﬁhicon groups.
page 14 et seq of anDgenous Transition Metal

CataIyS|s - ACentle Art", by C Masters, published by
e BARIM ARG R i ar;zg’?llmmgz Q:%ea SHegyl ﬁo@r@MB?mﬁﬁa% Ronally

cycllc art- g% or acyclic. ¥C|IC or part
siestifued, nrn@d@rt pherfEg pwpwqm&%wﬂ@é UEGES £tPQ abems. eg. at
Qe P& 2 positions on the phenyl group. Furthermore, the aryl moiety may be a fused

polycyclic group eg. naphthalene, biphenylene or indene.

Examples of suitable bidentate ligands are bis (di-t-butyl phosphino)-o-xylene {also known as
1,2 bis (di-t-butylphosphinomethyl) benzene); 1,2 bis (diadamantylphosphinomethyl) benzene;
1,2 bis (diadamantylphosphinomethyl) naphthalene; 1,2 bis (di-t-pentyl phosphino)-o-xylene
(also known as 1,2 bis (di-t-pentyl-phosphinomethyl) benzene); and bis 2,3 (di-t-butyl
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saturated or unsaturated. The cyclic or part cyclic
groups may contain, including the tertiary 20 carbon
atom from C4-C30, nore prefefably C6-C20, nost
preferably Cl0-Cl5 carbon atoms in the cyclic
structure. The cyclic structure may be substituted by
one or nore substituents selected from hal o, cyano,

phdsphinorfitiy) naQlihaR2 O\ddiGo ) IR2the bi@ér@téﬂldkﬂmhdﬂné}&e%oﬂc&,d to a

P BRDRES: Ehrs TR (R AL RGN OBy Bedffinl Boup 4 o
hgedfnﬁglg roufBydg. lﬂﬁ (dl-omyi ;ﬁb@ln,o) &mglVema‘ m&ﬁ)ebei mhﬁdmmhedy ene

R S e P S
bﬁwﬁmﬁaﬁyhmmngakyanfg a phenyl group, which may be

ti.o I ti rovided that the two
8 &%bﬁ%iﬁ%“%@%ﬁél yﬁﬁ?@&“?o adj acent carbon atonms,
ega, 3-@is- (dlteheutilpmﬂhlaommil ﬁemsrsn@ n the phenyl group.

r t.he .a |et be a fused 30

gllvsc@ frea “&yll%ﬁﬁphé'ﬁ%eﬁgnﬁ Frée b phenyl ene or
|1mdﬁ§1(al—t nampha@shindmesiyil i faldendi dentate i gands are bhis
(di -t-butyl phosphino)-o-xylene (also knowmn as 1,2
his (di-t-butyl phosphi nonethyl) benzene); 1,2 his
(ol acleumn bf bidiphesiphhdore tdnwla)y etz enle limitk, Prefersbly, the bidentate

di adanant yl hos hi nonet h t hal ~ 1,2 his,.

(i By R ABEEh By 0 s BAE Mad B Sh it b

biig&ld(;ﬁiéseltt-tcpﬁhﬁhylhbdﬂ bbﬁlﬁlbﬂ; slaneGioyd Vi eraemedent iafrdmhits 50 eg. 1 to
t - but h|n apht hal

3
2{86?4 ?aéthcéllhirl% fI)‘/’f“nl tOk?l H? a{f‘(g WS@B H\fl%w”é p 5% t}gd]ﬁod 8! fogee of
@ompdlintiedi fernmdl teSidup \WUBShatAtsn tHeaarft of easd 3:on®osofreferably in

; hq,emt?q%by 3 %bgé? gouvB]ingnthg hle I{)Q&E{?ﬁ@;{ g{r applymg these 10£vhmolar ratios is
@«bﬂﬁﬂl@tcﬁ]@)as a-axyitieheusmy abechondigd cMhIa)uhchef fmyrhﬂ‘zn&nd hence

roup tq pol re i.ve an i mmobi
iy e Benelipl e G St G &0 BT ae e e S € PSRBT of
|t1ilfgﬂﬂi(ﬁﬁorazi’re preﬂmé’d- RiaSefactitd @t fottkyihpines phd ineneinhyd darbonylation
ferroc 3- trls-(dltertbutylphosphinonethyl)

FECHYL ﬁé“WETmﬁkﬁpgm?ﬂﬁadanantylphosphinonethyl)
ferrocene; and 1 2 bis (di-t-pentyl phosphinonethyl)

ferrocene mount . of bldenta e i
Ry o P 9F R e S g O SBRUHE B SR vine

|he@ABECAnPoMidBEBIL ab BefRBd RaTEIL R a ﬁlﬂﬁmc tddaht sihhlﬁasr(ﬁlb bPthefiydroxyl
t he nunber of nnl§§1of t he bldentat

(RGO B BT S B G VAT TR By GR g RErered

58] vErt Ll bte@le&@teﬁ@ acill pfdaluctfb@tlﬁ @ﬁbcﬂﬁ][cbﬂbﬁw [@doh Yeaétl'dﬁl’ég.]l\/iethyl
r ef er abl

hgﬂta_?ﬁgo @glﬁégat&earbony ation and é\/%sequ ntly a mlxmgwﬁh a compound of

formula I as defined herein.

The carbon monoxide may be used in the presence of other gases which are inert in the
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,

the Group VIIIB metal is palladium or a compound thereof. Suitable compounds of such
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15 conpounds of formula Ito Goup VIIIB netal is in
the range of 1:1 to 3:1, nost preferably in the range
of 1:1 to 1.25:1. Cbnvenientk%f the possibility of

appl ying these low nolar rati4«gs is advantageous, as
it avoids the use of an excess of the conpound of
formula | and hence mnimses the consunption of

RSO/ THTHRL McIBXRBASHMEHOHRIO WiE Sor ot duady cy)mphh@g weakly
catal ysts of =~ the_invention a&ﬁ reefred in
Hﬂ? Eﬁ)l

g?céﬁnﬁ?de%wﬁ Ay ehEPM Yl i /Y ﬂfé”eealmﬁ’ gf r@ﬁ acids

28heaetit QN ;S}fd pRopVdritydcidR 6 @bidhR 6iQSRRH aﬁmetﬁqmﬂammdcm,
the process of the jnvention may be carried oué by

hig@é‘{ik’)}oﬁ@ api eflugrastiphamq 4ot trtﬁé%?rnﬂﬁlﬁmc%l ghifge! t‘i’é‘ilzé’i’ff

@ﬁpﬁiﬁfcl a@%dnz{ﬂﬁt'hﬁbrﬁa suphéniS Wid, all e sObBRtacEUES pa§1u@f@%u@ﬁomc
t he hydrox roup contai ni ng conpounds or aproti

aoft \ié»ﬁtyé s%wf@w aﬂéﬂ ayd a&gféfprcva%@aw%ﬁw gtifapipyonated i ion exchange

ResBE SRt AR Sk ¥tk chiveidladla %aﬁa?&m@& t&8bo:9lic &8dsduch as
roduct of the specific carbonylation reaction eg

mmaceqc&e@aﬂfét%?rowﬁyPCI%@E?%@SP&%%W PRasPRoRIC Sgidguch as

%H%%H&Eﬁclnyc REMhR R8s WedRd ﬂoﬁ@ﬂi\f@r@é&ﬂﬂs @étwcd‘n%c%' a§1dk ﬁrﬁﬂs
defi ned herein. The carbon nopnoxi de be used in ﬁ
¥y

pressepasidst Oererrogaueh wh RV BT HETROT et ggption:
8BS h @M et RN 6B Qi SHiCEs, 8ARFbREd R0 ﬁﬂdmona[iy, ZEro

ni trogen, carbon di oxi de and the nobl e gases suc
ar\gemallagiin I xes RAgF Y st alealoeeadsc prporicey'p 0sphine or
L ek 8 QfchWh kBB BN BR cto R sHRG e Wh hillliFenz R RIBRASHRGhe R paliadium may
formula | include cobalt, nickel, palladium rho$

&AYSP! at i num Preferably, 35 the Group VIIIB netal |s

pal | adi um or a conpound t hereof. Suitable conpounds of
such 24 Goup VIII netals include salts of such

e atien it e, depr e eRERIUESI PRSI YTk agid having a pKa

%%gugédnﬁ”éﬁ@o@@blgﬂél degtvded R, Abt bleGer@fy, bss than 3, a salt with a
sul phuric acid; |ower alkanoic (up to Cl2) acids 'such

aationdleat foes ael iateefpia Vi Sisi estien 461 Betalsali gt diiedy aggfsals such as

QUGN ARARIEE RN pSlRROREIC G ler, theHaR HREVURNORIUE: raklich
quorosquhonlc acid, trlfluoronethane sul phoni ¢ aci d,

[serfiénne (C52eaERp HSHNON AE1Y, SpiapRerd) wh e §ur|!°ﬁﬂﬁ16 Hic@eidg pry salts,
toﬁie”ﬁ@r@ux%%sﬁﬁ%'a%b@;@ Hes, Botdh suﬂ'at ol uene sul phonic

acid, t-butyl sul phonic acid, and

2- hydr oxypr opanesul phoni c aC|d sul phonat ed i on

PhE QENEE of LESH BSsenfi hht@kitial ﬁﬁhéjca%{l‘ﬁﬁ baBavRIaF §m11@cfa|ta¢yst system.
aci ; "hal ogenat ed carboxylic acids such

T ateloo rasia OBaTen ta pitndBipmest b oo b e I pléﬁqrac?ly from 2:1 to 100:1

%E& B&f?&%@fﬁ%&d £1 Ao, Vﬂﬁ%ﬁﬁ@%n% ﬁ‘l%{11Q§d %&1@%1&&011 of acid and
benzenephosphoni ¢ acid; and acids derjved from

ishit dlegelati srsonsetoneéhe peidrd S&&ﬂwt gitigals Ghspreglons e catalyst
%‘ﬁ.tgﬁ of i ﬁggemsigwnﬁ&?m%ﬁ@ﬁemndgﬁ&\ﬁhﬁ}?o%l&@%e%us%n' BE@rably,

i hcl ude opti onal hal ogenat ed tetraphenyl borate
dle daipbss S\Yégm I@S@d h%’@}gﬁlll%éﬁibt etraphenyl borate.
Additionally, zero

The catalyst system of the present invention is preferably constituted in the liquid phase which

may be formed by one or more of the reactants 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

0.001:1 to 100:1 mol/mol.
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val ent pal | adi um conpl exes particularly those with

| abil e ligands, e.g. triphenyl phosphine or al kenes
such as di benzyli deneacetone or styrene or

tri(di benzylideneacetone)di pal adi um may be used. 15
The anion may be derived fromor introduced as one or
nore of an acid having a pKa neasured in aqueous
solution at 18C of less than 4, nore preferably, |ess
than 3, a salt with a cation that does not |nterfer%
Whe WO#%O%%IW@H may bgysepaiate frowdhe Lhes coPRngRE §Y HYGHIE

SRhdsS HRMETrabis adhdMhta @ OTRRY idFent PRidesd tHRAE QEMFISATNy feSMERy-products
as an ester, that can break down under re?ctlon 20

aisermicH diseeby sedyeipeiha peedprfunbr arilicatian aftgr theijyitial paparation of the
Fouﬁi& a@ﬁ%w&ﬁ&meﬂ Gl udechdhBlyagindRaaRdiget Je&x;tm@t I),eﬂimhm
u

han unsubstituted carboxylates, |jisted supra
glraneed i that thy ﬁ‘ihﬁrPOW%I%ﬁtwhl@ Rppinghs piabal Sthamt“tlﬂéch may be
el ALY dddGr REAVH BitheQfactih® WEalAhYS! sBYRMeMition DR GedMa@lyst,
ratio of anion to palladiummy be from1l:1 to 500: 1,
preferably from2:1 to 100:1 25 and particularly from
3 eterhtfly, b olarbo}‘{ylﬁfo% i (lf!a?rléﬂrﬂupzﬁ a'téinﬂéf’t@h‘é slefdii¥n 210 to 150°C more

onbi nation of acid relative proporti

SRy G | G G PrEfEE R0 1 A sspecsdher it emperature

tNB1e CRIsAL Y8 eenSYRI 8MOT. tAUCRILSRNL (hk BMBEHyI 05 FRYbeRRried out at
used honobgeneously or heterogeneousl Pref erab

nipderaigtamBrauresy ¥ fsgriticslagly ady 2 agrgein éa ol {p.cagp oquPéo reaction at
cab e M?&aﬁ%gggﬂmof the present invention is preferably
constituted in the |iquid phase which may be forned

by one or nore of the reactants or by the use of a

it Al eviRRbySitng 1T<h@ tcﬂﬁlaﬁfmer @Fﬂoﬁyiﬁfont e ceﬁ%@lls}l’éhoxpifs carried out
vinyl acetate conp action

the o
aﬁtﬁ'@ﬁt -381C o HY s WW plﬁ?l@@lwml%g g 6§r€o%1d“91§m‘r?€?fab&~)‘r(? Fitedl ©
ank [ﬁ@ﬂél 'Mﬁrl]?f”(:bt%tﬁlw rhs}ﬁ‘éc@a@lyl betdrted is BGugefol PMoIB@. 001: 1
to 100:1 The product of the reaction may
be separated fron1the ot her conponents by any suitable

BRANSsLy HOVEMRhyladdn id Sarddd @QM%@C@&%MQE;@ES’Q% & 'b@tﬁf%éﬂ 0.80 x 10° Numy
rocess that significantly fewer by-products

D P s oisy PRI R TGS N JPER BReferaol 1-30 x 10° Nori

purﬂsﬁéc%ﬁy b&fkr@&ts%rcé B&tlél%&&é@é ofSaPas athwmof the 5
product as may be evidenced by the generally

significantly higher selectivity. A further advantage

ipesl gy, 4108 p%ﬁ%ca%ﬂﬂﬁ’t%ﬂg s GRLe@ OBl BBen operamng a low
cat al yst system which may be recycled and/’or reused

iPPEsTue eaeny laenche @ﬁ@nwaw ipFTiereul S eareH pessTusTeiGRtween 0.1

f§ e2hoahal ¥steprefhift) 82a0L ¥, 10511\11% cfa&sbslrések@! comol 155 x 10°N.m”
carried out at a tenperature of between -1 0C,

nmore 10 preferably OC to 140C, nost preferably 20C to
26 Q%n oM 8BRECHAN LYo Rl &LeE tai L BHBELRAIMbBituted. However, it is

preferred that the vinyl acetate is unsubstituted.

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.
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is one chosen between 80C to 120C. Advant ageously, the
carbonyl ation can be carried out at noderate
tenperatures, it is particularly advantageous to be
able to carry out the reacti & at roomtenperature
(200). 15 Preferably, when operating a |ow tenperature
carbonyl ation, the carbonylation is carried out

b f;

SR 0510, IS ugRTa 0 1406 AT «
t olkhaic Espasimkllsyolpediver iqdd cartiar, saidgelyofericGlispprdseing
Pr ef er ahl the carbonylation is.c i ed out at
e ot bt iTea i ORaY by e s S o) ¥ o6 Vs
10 5 %etaf'@(ﬁﬁpdi&@fo?ﬂ@tﬂa}’alﬁst Xyt u}\i'ehmzth@%q&dl calfeY: m 2,
nmost preferably 1-30 x 105 N.rn- 2. Especially
preferred is a CO partial pressure of 5 to 20 x 105N m

Pr.e ssure carbonyl at.ion is
Rt G EatiarBrull 5% BR 3 SsEray PR At 88 iy 2edres one or
CabRosPth@tdaemnts e reafibopakiadts @ienissivear Theda@btits ahd fealiidn
partial pressure of between 0.1 25 to 5 x 105N n2 |,
anéuq‘Jiﬂ ot bquah fyrmomay bermsoidle @ath asidissolvedrissa sqbyent e Bei¢

@{3? 1.5 x 1 GN.m2. As nentioned above, vinyl
a%‘fg e can be substituted or non-substituted.

However, it is preferred that the vinyl acetate is

unsubstituted. 30 The use. of stabilisjing conpounds
wi Bapelbeetiadispgrant 4y e e iyt meetior s anaut shpuld not

It ﬁgﬁ@é%l{a{% 15181%9%%53 v@&iﬁﬁg ?Itl}]e\’}‘gh&lbngﬁﬁugﬁ &a lu%ﬁ]twl'fr&PWbuld be

st system cat st syste
uti¢ttimeel tor eactiomqaumamcs ealodat onnsfed Tbmsduh:lht}sdfahe tinsmrazgn in the

conpounds na Ssi st . reco t he grou
vlis'ftﬁ Ak s g iy olnGF ST FE I R Bispy dhould no
?E(ﬁgre Hg%r é@mﬁcéﬂt%bg a&s%?;‘ﬁttdn‘ﬁf (RES5pR At molecules onto

|spersant di ssol ved aliquid carrier,
s&wdn@dhym@dmx di sper sant belng capable of
stabilising a colloidal suspension of particles of the
group VI or VIIIB netal or netal conmpound of the

C@fh@baf@tneﬁrf AleBMtihEapablRe fhiaBllisthgGadol bRl sRpdlieon of particles
liquidreaction nmediummy be a solvent for the

r ebgid grouprV Irmw [8npetaler roetel empottnd avithin hadqridaesdnts

r glggﬁxi%g%dcggpg gtar’%arr c?l Foav &3 A er?e%uft o?cat ggtsdg?g%%au?rhare

Oheldii® S@p¥RGod i tHc BQUIN efiction 1ﬂedﬁ1trﬁ Qnd zdb l::lu;eilidrgedlﬂoﬂihﬁe reactor
pol yneric dispersant is soluble in the liquid reaction
rélebamiithghe ligwd fpigreplgmation and optionally for re-use in making further

quantities of catalyst. The metal particles are normally of colloidal dimensions, e.g.
in the range 5 - 100 nm average particle size although larger particles may form in
some cases. Portions of the polymeric dispersant are adsorbed onto the surface of the
metal particles whilst the remainder of the dispersant molecules remain at least
partially solvated by the liquid reaction medium and in this way the dispersed group
VI or VIIIB metal particles are stabilised against settling on the walls of the reactor or
in reactor dead spaces and against forming agglomerates of metal particles which may
grow by collision of particles and eventually coagulate. Some agglomeration of
particles may occur even in the presence of a suitable dispersant but when the

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




15

20

25

30

significantly increase the viscosity of the reaction
mediumin a way which would be detrinental to

reaction kinetics or heat transfer. The solubility of
the dispersant in the |iqui &7 medi um under the

reacti on conditions of tenperature and pressure should
not 15 be so great as to deter significantly the
6&@&19%1? e 1@Je1 Mhethe hSReHSAMs B} BeM @Sy 0BE sd ﬁ'ﬁt el alay be
particle | yneric di spersant is capa

Straksn) upsandqhap@r@rcle@ refladpessad prasitaionof part | cI es of

said group VI or VIIIB netal or netal conpound within
the liquid reaction 20 nmedi um such that the netal

PR oty Reid @ispachn@mag ifiddedd Hontdpobathab ystopdagiasaicluding
are held_in suspension in_the liquid reaction nmedi um
Andyraee sehsesrnl é@pqlw‘a?ﬁStaﬁé Sﬁaéa@w@w along with the
liquid for reclamati on and optionally for re-use in
maki ng further quantities of catalyst. The netal

PRk fek bl g shape ymericdlshyrsaft hamdfﬁbldaﬂly aliidie s bﬂmsfunetlgaahty to

in the range.5 - 10Q nm aver age rtjcle hou
| ypgfanti %ﬁ?%%ép%éhwﬁloﬁfgl MHSPRNSDE? g TR Y Xﬁt é
QQa%P&mﬂRhﬁﬁer'c di spersant are adsorbed onto the

surface of the netal particles whilst the renmainder
of the dispersant nol ecules remain at | east partially

sol vat ed e.liquid action ned int 's

RS Epurte s Tt GCYr Pl TRalisy o lF erdiend! & Lt
shahi frb58He a9ahNSphaselstsubashmyhbsidw@l | s of the

reactor or in reactor dead spaces and agai nst form ng

agglonerates of netal particles which may 30 QFOMIby

o PR AR A b SR SE e BORRN § il W

PhEIB8ME & aMox §liS adidR RhIgheHis paES aRinddtind \é\hﬁ([bstsbﬁl as polyacrylates
di spersant type and concentration is opt|n1sed t hen

swdwt@awckﬂqﬁa@pm@ﬂy sieare hplerogyclg, sepstitpier gl pelygers such
| RPhRRY 5 AR BTBRBN SR TN RADLY, Loocel Y 5o

e particles
redi spersed by agitation. The polymeric d|spersant may
|nclude honmop olépers or copolyners jinc

petamlessolsiieh pely Mg disperspEF v S@lﬁﬁte@,fram xa%wmélpgﬂohdonc
P
}E(ﬁ%fcgﬂgtlrn}/% é&g #}gioﬁﬁﬁfehg?lgétﬁﬂ%ﬁﬁrﬂﬂ%jyaﬂ% lﬁ{ef Pgllygcﬂ&ii&’ acid,

nctio ty'to
spaiinbthseylihecidopdlgB dakrewybpgrisiadd), p{ﬁlysialedcge,qmmy-% or

VIIB netal t al ound By substantially
s@ﬁ@iqrﬁ‘%pf’%"wgﬂf Nt MY‘%%IHBT%Y”&“W%P}% of the group
Vﬁol?{vm%ﬂén@enesulphomc acid) and poly(vinylsulphonic acid).

Preferably, the polymeric dispersant incorporates acidic or basic moieties either
pendant or within the polymer backbone. Preferably, the acidic moieties have a
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
preferably less than 4.5, pK, and pKy, being measured in dilute aqueous solution at

25°C.
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metal fromthe solution phase is substantially

avoi ded. Particularly preferred dispersants for this

pur pose include acidic or basic polyners 15 incl udi ng

car boxylic acids, sul phonic &8ids, am nes and ani des

such as pol yacrylates or heterocycle, particularly
nitrogen heterocycle, substituted ponvinyI pol yners

S r Br -
ol AR O Rl LR S ERORIR e R imedium a
beagmineohéidohs, eontpol af asydrpyacidod ordlmse: moi2®, either within the

e Reerestsinh AarL eagpa Ve B Rl i dgrporating
pé?;'u%gl?ﬁ e W&E@s%ﬁ&?@%o@vmﬂﬁ*%ﬂﬁbh@ E‘I@Vp‘ﬁandw})ﬁtl-ylates such

1 oNnl ne, rol’i ne
pal gﬂi&cty;lm@sld(é’AA)pmfb qu::miylﬂjo @ntaélﬂe sIhep‘h@imndaramlel)t Atk

ol [ ho 25 Pr.eferab

s PR AL G T e s 3Puigh SO gt s gure of the
%h&idne;ﬁecﬁhﬁlfhﬁﬁ thepé%'ﬁﬁﬁln%r oBthepdl fthr thBRirP OW¥eYe found that
backbone. Preferabl the acidic noieties have a

dm@;‘mlily éhei R§rage mlmar(vtﬂxght@f lepsetian { HARVE . Rrefasehlp the average
£ss ..t han p h

mg ec&}'a élrglaLlls 1n tl‘{eﬁgnggigl §|8%0 m qoééq% eeét%Pérthg%sﬁ’OOt %b 000,

dﬂnaﬁqﬁefaialbgn 10@oost4@[mo(epg<mw beprteraily hess ridwert 05100 80,000,

nor e referablg | ess than 5.0 and nost 3Q prefera é

| @ere Rrikerably 20.00(k: 60,8y wBRLP ¥ Bilhuserwad of gy arder@if MO - 10,000
t4 on at 25C. 28 Suitable pol ymeric

&ﬁﬁggggﬁ?bg I'n addition to being soluble in the

reaction nediumat reaction conditions, contain at

| east one acidic or bhasic noiet

h thin th
pOhS FREFCtNE ERMERBAEN ofdhey 15%%?&%“8% ﬁ?“g&sﬁ)%%@*%ﬁmm be

t | noi eti es
R B SR v e S A

such 5 as polyacrylic acid (PAA) are partlcularly

S ble. The ht of the r.. Whi, ch

" the fedincestion VaSe D e it et P SN SO ¢ m
nﬁ:‘iﬁﬁ’v@d @ond 1€ redcRACL. 80 fitRiodthattbnt di@es@bptRbd bf o Bbcessed
the polynmer therein.” W have found that normally the

afoe rrags: as0d @talyor m@@gtﬂplmstldnés $1 ¢ hentinuoos PEoess the liquid stream

f é}ﬁg %E l&té%ted rtlg g%}ggh%a? gf;a{ag\é/?ei %h(fsmosabllq (r:]astesh N may be
18heRnt t&@odﬁ%ﬁlt&é Qﬁfr&h@ﬁ’eilhédmh@p&ﬂ@ies xlﬁiﬁc&QQrcﬁlaﬂon Miparatus.
Is preferably in the range 10,000 - 80,000, nore

preferably 20,000 - 60,000 when PVP is used and of the

o[’[de%raﬁgf, t%le 88@&@&1’9&8 %)ass l’fRi(}tiH %/gcig%%tv%en R&%%nd 1000:1 , more

preferably, between 1:1 and 400:1, most preferably, between 1:1 and 200:1.
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.

Preparation of 1.2-bis-(ditertbutyiphosphinomethyl) benzene

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

accordance with example 18.
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The effective concentration of the dispersant within
the reaction nedi um should be 15 determ ned for each
reacti on/ catal yst systemwhich is to he used. The

di spersed group VI or VIIIB mMdtal may be recovered
fromthe liquid stream renoved fromthe reactor e.g.
by filtration and then either disposed of or processed

PR RiokHE 1.3DiA(defBhy Fihohiminh@tiyd@pédesat i ons. In a
cont1 nuous process the liquid stream 20 nay be
a I [
? geﬁt%utg Eosp}:n ﬁzﬂggr h 5] 62@(; 1"";]153%% énrl] ? asectégégiqggs&ll]t?)gg)g 'l,?b "
bh&hrpah)}ianhnmmtpsa}ftrrc@bm&mnlh &9 il rod whrad!) ionnhydrous acetic acid
Prefer I t]
?I%B ét)l unl'clier Ibtrc%% L the iegalt;}x %68"8 %ggmédm?%@)brfgl??zﬁ"ggﬁ%y 1’"h%
bﬁty\ﬂmema&tlclacarhisl radxﬁﬁsdlm vrostat ppefanatlly Yy (e tyistlbhe @ncﬂ@ title
H)(a&c% 65 ar 0[ an&e/ly o%%égbltn}%rcxéutdge Egét yﬂ%&rysﬁﬁs@{l fro ff% 1tﬂ
nasihg mﬂﬁ@f dilbryd andphe ﬁitlﬁ@@qasﬁﬁhmltﬁmbld@man@ t(e)uéd’pﬂeegle compound
further S =) ent invention. 30
ﬁ?ae%aall?yaﬁue ﬁo 4{0%%;%‘!%5&? dit'er t but yl phosphi nomet hyl )
benzene The preparation of this |igand was carried out

! nper di-sclgs [ /

(RN EISSUASE L UOLBRAASRRD ) B REERIAANSS oo
i 220 S2Hzg i A e Hbdit, yRiEh GHphil nghdt. lmy)l ) f er r ocene

Di -tertbutyl phosphine (Aldrich, 0.616 m, 3.33 nmol)

was added to a solution of 1,2-

Bics(dRrtet hizatbapméshyd (des soBBne). (Edahpl B2)169.465(s) 63.75(s);
I n t| |d 5 (100 nml) under
31 g&&%@ﬁ a%ﬂﬁ@é{“bf{ggﬁmﬁggm%@ eis gti rred) at 80C

for 72 hours. The anhydrous acetic acid is renoved in

Vi rQxi t y7OCto yield the crude title

?g\g@é? Oéygﬁ aﬁg@ﬁ OOIppow solid. The crude product

|s recrystal [ sed from et hanol with cooling to -17C,
ter ndtheflltr ol d ethanol to

ﬁi Peatafﬂ@ TPt e corrpou dv@%g?&!’é&b?é I ow solid

(0.365 g, 44% 84C). 10alcilated: KNMR.L2501:MEs CDC 3) :

84.4 (2H, d, J = 2Hz); 3.95(51-1, s); 3.75 (1H, t,

2Hz); 2.8 (2El, dd, 12Hz, 2Hz); 2.6 (2H, dd, | 2Hz,

Didgparationlof (1 2kt diadd mantAphddphinohefidyl) belilofit 3) : 886. 73

(d, 5.46 Hz); 70.08 (d, 4.41 Hz); 69.4665(s);

63.75(s); 15 31.80 (d, 2Hz); 31.45 (d, 1.98Hz); 29.89

(tthe pepBGiddY thiARnINWVR @ik olHz follBPE13) : 815. 00 ppm

1.1  Preparation of {1-Ad),P(O)Cl

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
suspension. The reaction was heated to reflux. After 10 mins, a yellow-orange suspension was
formed (colour due to P(O)C1:?). The reaction was refluxed for a total of 6 . 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 O °C. Water (150 cm’) was added slowly: initially the
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
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El enental anal ysis: Found: C: 66.79% H: 9.57% 20

Cal cul ated: C.66.93% H 9.63% Preparation of 1,2

bi s(di adamant yl phosyhi nonet hyD benzene The

preparation of this |igand wad carried out as follows.

25 1.1 Preparation of (1-Ad)2P(O CI Phosphorous
trichloride (83 cnB, 0.98 npol) was added rapidly via

cansd k@ rdneva tieordiohatrams sofid uﬂ;}wm nihgmleht eoisthesd(dS Gvo phase

0.1 I nd adanant ane
G hgoR R 5o SHEBERArOh.~ THE BTG idover MaSOr and
beainedfided. eht Uxatildf wae rdbbved nis, rodryye@hgobiiody @RGE finally in-vacuo,

ensi o s fornme | our e o)
AHaBrEon Sl R aprisetiek o o2 e hr TRME! 4 i, Bl gure. W -
RLE. was renoved by distillation at atnDspherlc
pressure (BP 75 C). On cooling to anbi ent
tenperature, an orange solid was formed. Chl oroform
1250 ped)atiwmasf adaledryi el di ng an orange suspensi on,
which was cooled to 0 C. Water (150 cnB8) was added
slowmy: initially the 35 suspension viscosity

LDoreasedy dyut mﬁael)mls |ad<ﬂ:ddiv§ﬂ DNm et £Ehifldie- M 9 Q8lutidh of (1-
| essened. Fro e reaction was no | onger

RepP(QRbED: Oﬁrfw at %@Bﬁgﬂ’er IBF- (AF0 crrpel i regsding ivah aligaeed to warm to
%ﬂa&%m&%tﬁfe kileh @&@&1 018 rmyeie& Eli%?éﬁ%loh QU &fo@é&% 9okl Aci (aq.,

rrpurl I[trate consi sfe p ase
Syt @nHCTmeSq m/ede phalswatoR s/as edsiad alpwly g pyitiga (initially very slowly

?&Ft A eJx@lgn t)lfj P& on qﬁékﬁg%/\g\(\% Ph@ﬁ?‘%téﬂp Qi hBUGRNGIid material in the

The vo enoved via rotary
éqmap ohae. |I%91ﬁheldiq1|(né ofy aaliCy wiap addad tromproyf tlesrsgpigionsf the layers.

ppm Y)%Q p asg%\gel%mo%de\hg ﬂeltselgieg ’car%%lao/%lgﬂlgvelr\lmsoz eﬁ§ filtered via

% pure. .2 Preparation of
canopd) 2R vgiamewe(ezwmvgi nﬁvzrc@o ﬁff@rlyngmg pedieidasoy exhitg ppowder,

A(g;};geg(q%) %ogl?\iegg%lﬁl’l@lq AGO]'Q '@%S@ l“f\thﬁn of ;6! pleOO % ﬁurc FW =

0 g, mol) in THE (12
Beatti on was allowed to warmto anbi ent tenperature
then stirred for 20 h. The grey suspensi on was cool ed
to -10 C HCA (ag., 5 can' c¢c. HCl in 50 cm degassed
Wt Rneparation efdtred)SICdW y via syringe (initially very
slowmy due to exothermof reaction), yielding a two

phase system with sonme solid material in the |ower
rzﬂlaélélOﬂFlﬁrAtdlziﬁi (180 g,(34.75mewd aod DEA §6. \Masn' i@ chnped) in toluene (250

c@rxge}/sechﬂﬁg = éfj‘tlﬂhgs%fﬂ?ef %o‘i\la%l& é%y(ggﬁ?] ﬁ a$§ m (r%i WRPEaed slowly via

was renoved vi a e over
wgﬁm amxd;fahilﬂg ek edngdsaringcatinderaThiT hfordel athugh@swmue pale yellow

égs&gr\és}eogl Agchtlona&J %Iuaeglffz ?1 Ogl %vgsea REL 91% Emn%?a 0 [mén ffe viscosity and

ease the stirring. The reaction was filtered via cannula affording 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-

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

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

1.4.1 Preparation of DI-SODIO-ORTHO-XYLENE{DISOD)
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isolated in the gl ovebox. Yield 6.00 g, 70 % "P NWR
= 17 ppm 100 % pure. FW= 302.44. 20 1.3 Preparation
of (1-Ad)2PCI A solution of Ad2PH (10.5 g, 34.7 muol)
and DBU (6.12 cm, 40.9 nmol 3lin toluene (250 cnP)
was chilled to -10 C Phosgene solution (30.0 cni,
56.7 mmol, was added slowy via cannula, transferring
via a neasuring cylinder. This afforded a highly

vi scous pal e yellow 25 suspensi on. onal tol uene

Tdo (& %@i&aﬁdéh%% gD s | asgfgle ORVge via sytinge over 15

WiREQSH b ¥tiddius RASE $eaHiu’ (drmsagi ﬁlp% pEAGihdon om@ﬁme (1 15 cm?,
filtered via cannul a affording \Nfllgrat

b damarlband B N hele YA R SRS %%}Pe EW%B% 2% ot ’1?&? mmol) in

ﬁ&&an%f(‘}"od W%%%ﬁg& GRiRiAgCh Wotelr fhhe h, @lch AHALd 1o cool / settle,
filtrate. e volatiles were renpved i n-vacuo

afférdingdjarbgighl gpaee sqhid(IRINPRd pidpalanrsilet soiidon. KAz fhdHiopHafh removed

pﬁ%m@a ﬁgraﬁon?’gncpfﬁ@’sol\f@%éﬂ@@%lﬂrﬁgﬁzbﬁzﬁlhleﬁ/taz%odsgl-bﬁﬂ3?§:§i) dried in-
he product was dried in 30 vacuo and isolated in the

g&wvé@&ﬁY@ghﬁﬂmﬁm&ﬁ%KWWbM/pomder Yield 7.84 g, 67 %

31P NMR = 139 ppm 99+ % pure. FW= 336.88. 1.4

Preparation of

142 Bieatigh of DEEQRARIQRBHOSPRLEMeTIHY] §iehidehd.PU5

1.4.1 Preparation of DI-SOD O ORTHO XYLENE( DI SOD) 31

Bu"Li (2.5 Min hexanes, 11.28 cnB, 28.2 nmol) was

a\dmwndmmﬁmwﬁ/@aﬂswmlhgleﬁ@/@ PO S vitb prgpasest at 07&°C. A suspension

Sstinr rush .

2 1 PR Ay DBERD by WAl Al 1% o s v

tvederimnetdnyhla & thy | RISOIHsapanRen. (TIHVEEM)lor( #a28loead fo RBm2to ambient
ea Ilon \a

e(mpg%xtue: %lrsﬁgQ(L%r ?Eﬂé ag%fqgl&/\/e%‘ﬂ% %c?lg T ;/i sQlu 1?:} %’Vate: ?ctieg':ssed 100
aﬁf‘y)ﬁctﬂlledil giaaaulagiifordbreanige phadeisgstdm, Dhﬂi@@re'adehl pﬁivmtc SOlid plesent

Terpo Rl Rl U BN N7 Pl Rt PR g o S AR WhBed v

heptanghé 5QidcimBhe agetody biede iwas ewaatd. us8f dchtéreinethane (200 cm’),

g‘%@?‘/& &‘%nﬂuhﬁ\]@g %%{%Segcgg@?)b{fa% ri]‘e_::%d/)e% B canpula and combined

&u&pﬁmsmgaﬁnl @EZOQIhS@JT(MBV(Aﬂi et} rénﬁDin ﬂﬁfz(cdcﬂﬁekdm avedightly sticky

B¢ e‘g ?‘E Wﬁ‘ ag&?d(‘f[% glﬁ% @g% ¢ P%%%“?%?”;}D gc;’tarformed the

wz&lﬁésamtﬁlga&d@dew via canimde-fieatien.cainn wlhae talid ves Bh&w vacuo and
su nS|on The re i on.was _ al | to

SHBREn: Pegvdiinar SraPE A PRE T B o TP T ng

a pale yellow turbid solution. Water (degassed 100

¢m 3) added via cannula affording a two phase system
w#%%ﬁﬂmégé%@*ég APPYf white solid present (product)

due to the Iom1so|ub|I|ty of this material. The upper

phase (Et20) was renpved v
H NMR data:- (400 MHz, CDCl;, 298 K) 5 7.59-7.50 (m, 2H, Ar-H), 7.09-6,99 (i, 2H, Ar-

H), 3.01 (d, 4H, “Tpy = 3.2 Hz, CH,), 2.07-1.57 (m, 60H, C;oHs) ppm.

Be ('HY NMR data:- (100 MHz, CDCly, 298 K) 8 139.4 (dd, Jpe = 10.7 Hz, Jpe= 2.3 Hz, Ar-
), 131.0 (d, Jpe = 16.8 Hz, Ar-C), 125.0 (s, Ar-0), 41.1 (d, Jpc = 10.7 Hz, Ad-C%), 37.2 (5,
Ad-CY, 36.9 (d, Tpe = 22.9 Hz, Ad-C"), 28.8 (d, *Jpc = 7.6 Hz, Ad-C), 22.0 (dd, 'Toc = 22.9
Hz, *Tpc = 3.1 Hz, CH,).

Vinyl Acetate Carbonylation Examples 1-6
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carnul a. The solid in the aqueous phase was extracted
usi ng di chl oronet hane (200 cnB), formng two clear
phases. The | ower phase (CH2Cl 2) was renoved via
cannul a and conbined 20 with3&he original Et20 phase.
The vol atiles were renoved in-vacuo yielding a
slightly sticky solid. The solid was washed with

9§£%@£§ (200 cnB) with attrition being perforned, the
washi ngs being renoved via cannula filtration. The

YWhhdaRi SRUkiIEnRGe &Y foB6lvd Nn AGKeRANE: (4 9Qpal ©f eh\ﬁrofnfﬂl@nt Pds(dba);
gl ovebox as a friable white powder. Yield 3.5 g, %

70008 dmodd PP ahd Hi MWR(dak2batyBhadfhiRddth INNE%: 95.0mg,
Geims! (400 Mz %DClB 298 K) 6 Uy phcathinn (tl}%Jﬁle b (ome

6\941{?&1@165 P&e Qve%;%e& lifle a24domArountDbottdn Glksi dTodhls 2dB2a Protective
CH2), 2.07-1.57 (m 60H, C 0H15) ppm 30 13C

itm'ﬁﬁph%f q@el@(@eﬁ 3@01%9%? Mb%ése@%ﬂﬁmolz% afdedBankiB8e 4ollEeh allowed to
Jpc= 10.7 Hz, Jpc= 2.3 Ar- C, 131.0 (d, Jpc =
40 fgrAJéI'?e c%oﬁf 3’1‘75)6% rr?egﬁn@s&;?nont)%r ac@(iﬁ;ﬂle %4&1‘3016;}] QQS a’ddl:@ along with

6@%&%}) v1ﬁ§l p§/1 cﬁigdong’ (]PRH? @ 775@11'% 1 ﬁgta% ZT}QS goquon 170119 Gdded to

I nyl” Acetate

Conlggé‘éde%%i&%a'é&&m g egtecﬁ to?gs()CEm@fph@ b!u g@@d@{sdddded The gas

It1ons were as an oxygen free <

9(9131 %%é lﬁ 2{1]?{%{22{]% togﬁ)t%§/¢ m@g@ph (}‘%g hgggand Qheos%mh %ﬁO‘/Eéél) to react

i nonet hyl ) benzene

éo?% }“BHH %%ﬁmgﬁtﬁ% (‘ﬁ%{ q t%ﬁl%&g ré 511*3(91 anﬁtgg Hiodi r&%ptmd A

oftomf i's’ under a protectivé 5 atnosphe
degassed net hanol was added, and
?&g&é@%&%?gﬁﬁéﬁfﬁhéém stir for one hour. Then
nmet hane sul phonic acid (161, 0.24mvl es,) was added,
along with 0.34g poly vinyl pyrollidone (PVP) and

%glg%ﬁrtyclnﬂ?éht \Qz?serg%é%d (NY@W(‘, saml %ﬂlﬁ eJ/alrl}tf fp{l]ic %t&g”’ﬂggﬁ%ﬁ]&%&s and the

ave un vacuum an ate

Fe?ults%(e S@OM%T?DTQ%%X&%& lg§SExp%Hﬁik1L '695&362&9 9{; e&ﬁ@imem and uses the

errperatureto ere It was

géjam%bthfp nﬂa%d ﬁi\’){gguﬁ&lt F]%ﬂ\?otlve;!i Qhé 9{ O 2%915 gdl &J ‘p ﬁut?lgh&bhﬂ&nethyl}

en©coo € pressure re

ﬁ%%%%eqyﬁcﬁﬁﬂk'ed A GC sanple was taken for
anal ysi's.

I'S experinent was repeated with the sane
I i gand varying the anobunts of reactants and the
results are set out in Table 3, exanples 1-5.
Ex&l iment 6 repeats the experinent and uses the 15
anantyl i gand. Experinment 7 involved the use of

JFRg bll%mag -t ?5tblsl?&{tt<¥rjt Qﬂﬂﬁ@&blﬂgﬁélﬁx)hgmegeﬂ roggne 1®bls(d1 tert-

butylphosphinomethyl)ferrocene when complexed to palladium (If) exhibited catalytic activity
for the carbonylation of vinyl acetate, Both the linear and branched products were produced
(methyl-2-acetoxy propanoate and methyl-3-acetoxy propanocate), which can be used as
precursors to the industrially favourable methyl lactate and 1,3 propanediol. Both ligands
produced an 5o to normal ratio of two or three to one, with comparable rates. Instead of a high

selectivity to the linear product based on the steric bulk of the ligands, the reaction favoured,
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Resul ts

The |i gands

1, 2-bis(di-tert-butyl phosphi nonet hyl ) benzene and

1,2-bis(di-tert-

20 but yl phosphi nonet hyl ) f errocene

when conpl exed to palladium (3%1) exhibited catalytic
activity for the carbonylation of vinyl
the linear and branched products were produced

(xet BydhciRaac %Ie%)ﬂkpif opABeRURANG W@ hyth - 3hmacebrfsor
can be used

propanoate), which

as prec

acetate. Both

to  the

ursors to the

hj?tﬁ%{?&g/h -AsbYerfridM QU Eaﬁﬁh& nfelhpbalact ate and 1,3

pr opanedi ol . Both

I'i gands
ratio of two or three to one,

produced an
with conp

i SO to nor nal
arabl e rates.

Instead of a high 25 selectivity to the |inear product

Based QbushBeSiRli 6f Rithier®ire the el
t he branched netal -

f avour ed, 33

kyl

?@ﬂad%d tahe of @RCHdaBibn for a

i nt er medi at e

%b&@la‘ttgn bRE W RGHES ALt irf RcbrBfhce with example 1.

hydrol ysi s/transesterificati on product methyl

| act at e.

§abkRaily, %19&@4 g efch8edd KFvalyBIEPEHAIRs AR IHRGetELA shown in

and rate of the reaction for 'a 5 carbo
herwi se carried out in accordance wt
Specifically, Exanple | was repeated at

tenperatures and the results are shown in
The Effect of Tenperature on conversion

TepenalL e G RnYekaL 00t ZGB (ol es product
(ca 23'C) 5.7 1162 50 65 13260 80

Tabl e |

d/ hr) Room Tenp (

nyl ati on

h exanple 1.
varying
table 1.
10
nol e

73 14892 100 72 14688 Table 2 shows the effect of

pressure on the rate and yield using in other

respects

g?ﬁgggﬂ%ukgons and

ct of pressure

EaGANLS, Of Exanple
variation on the Cat

FON 1aRkEpréduthe

al ysis Pressure

(bar gauge, Convers|{on % TON (nol es propHQEbWhﬂ
i ncl udi ng vapour nole Pd/hr) pressure of solvent 5 50
TURb6m Temp (ca 23°C) 5.7 1162
50 65 13260
80 73 14892
100 72 14683

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




10 76 15538 20 83 17042 15 The experinents detail ed
in table 3 Exanples 1-5 were carried out to anal yse
the effect of the exothermand the |evel of various
conponents on the outcone. THé experinents were
carried out as set out above but with the anmounts of
conponents shown in table 3. Generally, the

%%iu@? Ab S WR 1 eaHplds 8 PHe cRlthekPWvasndintkeh alCaREGOWRLch
of 'the exothermin naintainin erature,

this 34 te

PR sy cXPerincaiah feppagtuge tg rige @Hgf) dx o HEPHS \ﬁégg hétlovedian
F;‘BE&u@%@@Mplé/\ﬂbLﬁ RithGiRUSReant DR sEXAREIMBRIN @bwn and using the

enperature’'to rise to 130 C. Exanples 6 and 7
fdsrapinbandifeieocetsligaubiginsctdrlyexanpl e | but with the
reactant and sol vent anmounts shown and using the
adamantyl and ferrocene ligand respectively. 5 Table 3
Experi nent No Experinental Conditions Conversion % TON
Rettle3i:n (total) (nmoles i+n/nol Pd/hr) 1 22ng Pd,
95ng |igand, 300nmt MOH 66 13464 4488 2:1 16ul M:SO3H,

0.34g PVP, 75nil VAM. 100C, 3hr, |Gbar, CO (ng exothern) .
5o S0 36k

SxopnfgntRYe Frpwieenfal Garionsoont MeoH S8nvs

32ul McSOBH, 1.35g PVP, 50ml VAM 100€0@Bhr 10bar (pyjes in/mol Pd/hr)

(inc exotherm 3 44ng Pd, 190ng |igand, 300ml MeCOH 60
4070 1356 B2ihg PEARINESEBRNOMIASEYPVP, 501l VANBAB0EA3S
3hr, | Cbar [GOM¢HtBiEROUHHBY )75l ¥4y Pd, 190ny |i gand,
300nL MeOH 1604001 0b3560 ZiclexoBaw} McSO3H, 1.35g PVP,
S0mL ¥AM 100fs, ?3,h1f90mk,r/g%ﬁ_{d, $4on{ pceKOt hersy) 5 4¥ng Rd43
190ny | i gand, 300 M 88, PRBGAIB76 2.5:1  32ul
MSGBH, 0. ngO%\,/alr, %@E{J C& {W& exotherm)
3 44mg Pd, 190mg ligand, 300mi MeOH 60 4070 1356
64ul MeSO3H, 1.35g PVP, 50ml VAM
100°C, 3hr, 10bar CO (inc exotherm)
4 44mg Pd, 190mg ligand, 300m] MecOH 60 4070 1356
32ul MeSO3H, 1.35¢ PVP, 50mi VAM
100°C, 3hr, 10bar CO (no exotherm)

n

2:1

3:1

5:1

2:1

5 44mg Pd, 190mg ligand, 300ml MeOH 83 5630 1876 2.5:1

32ul MeSQ3H, 0.0g PVP, 50ml VAM
100°C, 3hr, 10bar CO (no exotherm)
6 22mg Pd, 85mg Ad ligand, 300ml
MeOH 46 9384 3128
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
32ul MeSO3H, 1.35¢ 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

2:1

2:1
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100C, 3hr, 1Cbar CO (no exotherm) 6 22ng Pd, 85ngy Ad
i gand, 300m MO -1 46 9384 3128 2:1 16ul M SO3H,
0.34g PVP, 75mL VAM 100C, 3hr, | Gbar CO (no exotherm

7 22nmg Pd, 121 ng Me ligand, 3B00nl MeCOH 62 8422 2807
2:1 32ul MS3H, 1.35g PVP, 50m VAM NB "ligand" is
1,2 -his (di-tert-butyl phosphi nonet hyl) benzene M
kzkgﬁﬂgs g shdb, v?e'r@éé‘nd&&éd'a‘i Bl el lmhre@h@ﬁemfé@rﬂ’eﬁw With a high

ferrocene "Ad gand” is 1,

e@alaaa%@twlaﬁwr%ﬂ&wlw B%ﬁ‘?ﬁ‘é nRHPriSEe]vs high eejygpions were
39%6Rd uRRr thEeABRi@shs SEAMHISS wc%uféeradmw@ Al Emme 9 at 40°C.
tenperature and pressure of CO but with a high

catal yst concentration conpared with the vinyl
3GEMpleE 8 amo Pri singly, high conversions were achieved

under ese condlélons Exanple 8 was carrled out at
v tamp P AE cafal; gendratia NS

tenperature Low CO pressure h cataly
Strmduntcpadiion fey et FWﬁ‘ta‘é‘f%th dyst GARFCRITBIAR GFP.FI* mea\x/ were as
tenperature, high catal yst concentration experi

wdlowrsgsin aroprugas free (R 1§nplﬁk§)gbﬁll‘ﬂrﬁé@er(t$dl@bﬁpﬁ’? é%e P (45.7me,
envi ronment Pd2(dba)3 23.19% Pd (45

Pel e Prl) andgl, & pigldi- ﬂﬁrh%ﬁh%%ﬁé@&lﬁb%ﬁ%ﬁm?ﬂ%ﬁ éﬁéloles) were
(157.7nmy, O.4mmol es) were 10 weighed into a 250nL

msiaied Gt ¢ R Irad botreym ks '{mtg@ﬁmgerﬂr%@téc@tvp glanosphere of nitrogen
at nosphere of nltrogen was added net hanol (23nl),

wiap piided gestiznel (@Qmﬂ))vm}t GEgidf @14153@&@1): (&l and methanesulphomc acid
nmet hanesul phonic acid (291, 0.4mmoles). This sol ution

izt WednrealesinThib scahtlonofas twia&nesiodntikillihzidlec#bkj@md\ﬁé&ﬂolaﬁbhnd the flask
the flask was then equipped with a cardice condenser

and tiphagegpddnwizh watrdice batdensel el plecdtih anvanadathst Theriegktion was
by neans of a magnetic follower and allowed to

efiuéd hibhaine obd mbfretinalliewehat hlleed tpedquiibratd 5t @awb@enbath set point.
nonoxi de was bubbled into the stirred solution for a
IREoathoabxide Wistubleed fyo heansd ofluton freeshied bht mothtgBdmeans of a
via a suba seal in the reaction flask. After this,
WietdhoOutro@lct®vik B guiahveal darHaaencticrpitaki déef thdyw tladuealtetihg the carbon
needl e was withdrawn fromthe |iquid and the needle
wesokigpfloweitt, thaheve waevithiguwh drobeme liqlidand e needle was kept well
remai nder of the experinent. |In exanple 8 conducted at

30&e 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
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 § 30°C

Time (hours) Conversion Ratio I:b

0 0 0

0.5 14.5 3.2:1
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sanpl es were taken at 30 mnute intervals for 2 hours
and then at hourly intervals up to 5 20 hours. In
exanpl e 9 conducted at 40C sanples were taken after
0.5, 1 and 3 hours. The sanples were stored at -20C
prior to analysis by GC. The results are illustrated
intables 1.0 and 2.0 below. Exanple 8 30C Tine

(ours) Conversion Ratg® Lb 0 0 0 0.5 14,05 3.2:1 36
1.0 24.5 3.2:1 1.539.3 3.4:1 2 46.0 3]4:1 3 65.3

3541 473 1T 3. 41T | P1l. 4 3.4°1 Exanples9 40C Tine
(hours) Conversion Ratio Lb 0 0 0O 0.5 33.5 3.3:1

3707397673727 T 30/ 3. 27T S ATTEr difgyifration of
the products of the [carbonyl ation, 2-acetoxy nethyl

ropronate and 3- acjgjoxy Metrhyl propi onageg. wer e
collected as differgnt distillates. Production of

Lactate and 3=hydroxly;Esters  Preparation;gf; 3
hydr oxynet hyl propi onate 10 To 25g of 3 agetoxy nethyl

; Wd was added 25y MG (078
nol es) contai ning | w net hane sut phonii¢ aci d. The

sotutton—was—stirred-at—60C-for—srx—thours—before
cooling to roomtenperature. The sanple was anal ysed
by GC, the peak corresponding to 3 acetoxy

nmet hyl propi onate had conpl etely di sappeared and been

repl ac y a peak corresponding to 3
PR e

yl pr opi onat e.

Time (hours) Conversion Ratio I:b
0 0 0

0.5 335 3.3:1
1.0 39.6 3.2:1
3.0 70.4 3.2:1

After distiliation 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 hvdroxymethylpropionate

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

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

by a peak corresponding to 3 hydroxymethylpropionate.

Preparation of 2-hydroxymethylpropionate

To 25g of 2 acetoxy methylpropionate (0.171 moles) was added 25g MeOH (0.78
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
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35

15 Preparation of 2-hydroxynethyl propi onate To 25g of
2 acetoxy nethyl propionate (0.171 noles) was added 25g
McOH (0.78 nol es) containing | %V w nethane sul phonic
acid. The solution was stirréd at 60C for six 20
hours before cooling to roomtenperature. The sanple
was anal ysed by GC, the peak 37 corresponding to 2
aaRLORNingRY :hydef@&p @mga @I’C@idﬂ&e heDemRlpat ) ¥isddbsarnaabes replaced
and been repl ace nP correspondlng to 2
hswa@%yﬁ%%sﬁwdﬁ%w&%w PROpEUron of 2

hydr oxypropionic acid (lactic acid) 5 To 25g of 2
acet oxy nmet h I proplonate (O 17& nol es) was added 25g
Riseaptionof g hydroxs propipy Igf was added 20g sodi um
hydr oxi de (0.5 nol es) dlssolved in 20 in[ of mater

The solution was stirred for one_ hour 50C bef

coadbs ﬁfg2 ALY HRyE pﬁggpg%tta (L7 1%6% p{a%ftddﬁti] a5e Mg i ]a)nthts stirred

m&lohhﬁsﬁ, RESHEbdhn RiAISxife Y5 th{amas}s hiowlad dh 0 Qﬁ[ @ff water The
and the sanple stirred for 10 hour. The sa

\‘-‘r@‘étm&n’éﬂs}ﬁ%ﬁfi sy oeschovr pie>(relfcore 7188 BORITHgTPGae: "RUES pi of the

@&ﬁlogwasm&hwjuste@foom 9D &Y end iy EQIInel elcy aid:l &a@@ﬁﬂé @fred for 1
and been replaced éf@ eak correspondi ng
§

h9dr ok ﬁ%w IS carg aﬁh%uﬁei% C‘af%%mﬁylartax% acetoxy methyl
fopRhARIHad A6InPletchOdif: 3&5&1 @zﬁd BecACi@hIROEY WVBE MMk corresponding to 2
Erg i onat e 0917%5n6ﬁ£s) was added§2591%ECﬁ To th?s i
Y¢?¥@%OW%%ﬁﬁ%4on was added 20g sodi um hydroxide (0.5
nol es) dissolved in 20 mM of water. The solution was
stlrred for one hour at 50C before cooling to room

R el af Sdiydry he solution was then adjusted
to pH 3 0 by the slom1add|t|on of HCl and the sanple
stirred for 1 20 hour, | e was anal sed
TRESpehk agary dagieh amﬁ@nitt@ (%17alda%waﬁé4%§/|2 bﬁ olfaiis stirred
bagimonr! glied vod ls&@tﬂﬁ’%?&%gld@WS heen) urRphaead 2Dleaopﬁ’§%r The

corresponding to 3 rox%é propi onic acid. The
pelBiéEr Ve SHETPRRY PB‘hh(?% T ren cheinlte r9HpEMEHEs- The pH of the
dOGHFBMsShepHd ﬁ.@te@foepl—i b hed (GO Ed @Rl f HR BndMbk RarBifle stred for 1
zreV|ous to this specification in connection with th

ppl i dhe SERPIArEWHPERC R P Gpethe tryak ﬁ@ﬂbffspfé‘dl“ﬁsﬁeét‘”icﬁﬁxy methyl
\Moﬂan)nﬁtg'%%dso@%letdf)pafséﬁ%@arecﬁﬁﬁ’d Hie CPRtANESa q;eal@lc&rrééb’&ﬁmg to 3

ers and docunents are incorporated herein by

Eéé)f@weﬁi@l@mc acid.

'

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

incorporated herein by reference.

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

mutually exclusive.

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

drawings), may be replaced by alternative features serving the same, equivalent or similar
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Al'l of the features disclosed in this specification
(i ncludi ng any acconpanyi ng clains, abstract 30 and
drawi ngs), and/or all of the steps of any nethod or
process so di scl osed, may be3onbined in any
conmbi nati on, except conbi nati ons where at |east sone
of such features and/or steps are nutually exclusive.
Sékef BALMI &pRkSEkaee btiddwikd)i Brus,Peaésk | RplebsBNstated otherwise, each
i ncl udi ng any acconpanying cLains,wgbsIract anq 35
Wik Hiploped inale pample SPYOE A BB TIarYiET AT ECH QRip wdeatures.
serving the sane, equivalent or simlar 38 put-pose,
unl ess expressly stated otherw se, Thus, unless , ,
shprEeyioy is polredrididia iy deailsend the fopeaig emmei SNy b gvention
ONEIE X8 Ry EncBl YneDfor angERREI EorSHidies, Of tRAhMRE @NcIBEd in this
simlar features. The Invention is not restricted to

sireifigaionilinglugpg ?W@C?%Fpé%?%ﬂal@ﬁt?@ﬁfw@&")W.mg'f‘h gr to any novel one,
bmrfg%w BombBin®h &4 stePs &y RRIBH 0OfBees o d@dsdaoV el

conbi nation, of the features disclosed 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 39 iA T 1. A process for the
production of a lactate ester or acid of fornmula Il
OR28 5 CH3CH(OH)-C=0 Q conprising the steps of

carbonyl ating a vinyl acetate conpound of formula (I1V)
R29 - C(O OCR30 - CR31 R32 (TV) 10 +" wherein e may
be selected from hydrogen, |ower alkyl, aryl, Het,

hal o, cyano, nitro. OR19, OC(OR20, C(OR2',

C(O OR22, NR23R24, C(O NR25R2, C(S) R25R26, SR27, C(O
SWOwherein R12 -Rt8 and R19-R27 are as defined bel ow,
and R30-R32 represent hydrogen, with carbon nonoxide
in the presence of a source of hydroxyl groups and of
a catal yst system the catalyst 15 system obtainable
by conbining: (a) a netal of Goup VIII B or a
conpound thereof and (b) a bidentate phosphine, arsine
or stibine of general fornula (1) 20 (1)
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R12 R R7I1 1 CC As R\ ! Re CO2 A (KD Ar(E~ B
iQRa 2 CR R R wherein: Ar is a bridging group
conprising an optionally substituted azyl noiety to
which the Q and 2 atons are |inked on avail abl e
adj acent carbon atons; 25 A g,gowd B each i ndependently
represent |ower al kylene; K "0, E and Z are

ﬁ:@@&t uents of the aryl noiety (Ar) and each
- o ndently represent hydrogen, |ower alkyl, aryl,

t, hal cyano,. nitr OR.9, 0 O R21,

ps o e iR Tl RiwERsg o sUBR Sy

C(O SRz7, or -J-(CR]3(R14) (R15))CwW(Rn) (R1s) 40

where J r sents | ower al kyl ene; or two adjacent

groups seliected fromK, Z, D and E together with the
Hat-arsOof the aryl ring to which they are

attached forma further henyl ring, which is

optionally substituted by one or nore substituents

FeFEnls 8 Oyl oo D o

C( O NR25R26, C(S)R2sR26, SR27 or C(O SR27 or, when Ar
S aoystapent@dienpgh group, Z may be represented by
-ML, )" (L2)mand Z'is connected via a netal |igand
bond to the cyclopentadienyl group; R to R R each

Wt R 6 bé 1doRA FRSaRdrdzaesweaa bkl arviai, hd1lcyitRt aitro JORY, .

o B27 . ' LepLr esent..hydrage 2 )
i T R G e SR L e S S
ROt -RIT 444 1¥BY ate ag defivet] dbloeatod - h epesén hikBoden, with carbon

: [ i ndenyl -0 ry ro .

"R ES U i B RRARLA A PRI o1 St paiap R et
sptan eftaingilebysgmbininguent s sel ected from hydrogen, | ower
al kyl, halo, cyan, nitro. OR 9, OC(O RzZO C(O RZ1,
O @ Rl oNBRARZACEQ MRS BlSHRAR26 SR27, (O SR27

or..ferrocenyl; 20 L2 represents one or nore |igands
ooBh 2 Geeqifed OsRiiac- i3 58 N At pereet Bereia Br om
hydr ogen,

R'—C

R
2 1

Rg/ Q° A (KDANEZ) B !o\ .

C 2

R’ R

12
C
DN s
R
|

R
!
i
I
!

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

atoms are linked on available adjacent carbon atoms;
A and B each independently represent lower alkylene;
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®,
NRZ}RZ’I-, C(o)NRZSRZG, C(S)RZSRZG’ SRZ'?’ C(O)SRZT. or ,'J"Qg(CR}3(R14)(R15))CRi6(R”)(R18)
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| ower al kyl, al kylaryl, halo, CO PRa3RaaR4S
orabRa7Ras R43 to Rs each independently represent
hydrogen, lowerjalkyi, aryl or Het; 25 n=0orl; and m
= 0to 5; provided that when n =1 then mequals 0, and
when n equals v then m does pot equal 0; and 30 Q,
@ and &3 (vvhen present) each independently represent

st iR uleeiFon B f o o
tapjerhiad el thy cirbesdtomypiitiverdaing to \orichnthbe ate ¢itasbyd Jormod Giother

p%lenIyP “ﬁ?gg Wlf)fch 1§<§t1§r?aﬁl& St'il%d '39 041 E:%)Ef? st txtf’il&lltscg Rtea fro

process acc rece n
hydragen, lowleeallylrhaidy eyanatmtm, OR"pPEHORE C(@)Rn e@fO)@Ro dm&%‘
1&6%@@ (f‘(gfl@%y hﬁ” P @%(ﬂgﬁu 80 %h%Agf‘:%ngf@BpetnﬁaQnﬂl gé)uily Z may

process for the carbonyl ation of viny
ba EPrEeeRmi Lok fg)-rand &t W@HWWW mateléfsa%boné 8?1‘56 und
Hllofetfaliehyl ghdud) R29 - C(O O CR30 = CR' R32 (17) 5
wherein R29 may be sel ected from hydrogen, | ower
al kyl; aryl, Het, halo, cyano, nitro, ORLl9, OC(O R2p,
RO} R iR ERER rephiRi8 Rivdy Al (IO NRaSERE C( S) . R25R26
SR27, C(O Se wherein R12 R8 and R'-R27 are as
defined bel ow and R30- R32 i ndependently represent
Ritd RE raph indénymdonti ntcRiphont bidgigen fov rafith svtietHated
herein, with carbon nonoxide in the presence of a
source of 10 érﬁgrox I groups and of a catal yst system

M Freregetsn rleapee! Y oRBREBPRI ng:  (a) a
net al of Croup VI B or a corrpound thereof: and (b) a
B L L SRR LA A

subs(itai Db gEoporBauDstRuddBs s2lected from hydrogen, lower alkyl, halo, cyano, nitro,
OR", OC(O)R®, C(O)R™, C(OYOR®, NRPR™, C(OYNR¥R™, C(S)R¥R™, SRY, C(O)SRY or
ferrocenyl;

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

R* to R* each independently represent hydrogen, lowerjalkyl, aryl or Het;

n=0orl;

and m=Q to 5;

provided that whenn = 1 then m equals 0, and when n equals v then m does not equal 0; and
Q', Q% and Q* (when present) each independently represent phosphorous, arsenic or antimony;
to produce a product comprising a branched (iso) product and chemically treating the said

branched (iso) product to produce the corresponding lactate or acid of formula II.

2, A process according to any preceding claim, wherein the riatio of branched :linear product
from the carbonylation process is greater than 1.5:1.
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RCCR R wherein: Ar is a bridging group
conprising an optionally substitu(ed aryl noiety to
which the Q and @ atons are |linked on avail abl e
adj acent carbon atonms; 20 A and B each independently
represent |ower alkylene; K 4D E and Z are
substituents of the aryl nnlety (Ar) and each
independently represent hydrogen, |ower alkyl, aryl,

ED)‘?)@E& oS AR o &%"%st %é%‘%‘i %Rg%% Lyastate

c@(n@)@lﬁtzf?forr@vlaﬂﬁcgs(cms(w 4)(p 15))CRL6(p 17)(+18)

phepenyb ERPI-IENRE r al kyl ene; or two adjacent
groups selected fromK, Z D and E together with the

carbon atons of the aryl ring to which they are
vttt RB chal, B Sol@tel Wokd 18/6rogB) &Er alky gy, Mkt Iedo, icgano, nitro, OR™,

QUL 3ol S RO B R Il RiE) BRI PR whorein

AT 18'8 andIR1-B7 aﬁ@é @)ma belG @pdR*- ”G@@pmwm@mah:@@ogm,
I&"Q ah!?? iﬁ? ein, %7%1%511 %@K%ﬁh@ Eres%ggf ﬂource of
'S yC opentadleny

a group, Z may 4 resent ed
lwgmw(gmps EdLof a capfgst zyatesn,éfmw@wéafstw abtanrﬂ@ copbyipgl
ond to the eyclopentadienyl group; R to R18 each
mﬂaﬁmfbyhou @Jﬁﬁ%&ﬁgtco m@l—elsylanda;]yl or Helt; 5
each 1 pdependen res ogen, | ower
o bidgrBis Hap o Aol SR S A R OV B b W1 B
netal or netal cation thereof; 10 Lt represents a
eycl opent adi enyl , i ndenyl or aryI group each of which
(groups are optionally substituted by one or nore
ubstituents sel,gcted from hydrogen, |owergal kyl,
hal o, cyano, niffro, OR19, OC(QR20, C(O Re1,
C(O OR22, NR23R24, C(ONR2SR2 i, C(S)R25R26;RrSR27,
C(O SR2-, or fb ocenyl; 15 L2 represqn{ <0ne or nore
|i gands each off whigh are,d _d_nL y S Iected from
By SRR o

hydr ogen, |OMﬁEV§* ,

PR4aR66R4$ qf RA7TRA8; R43 to Ras8 each Hndependently
repr esent hﬁdrdﬁen, | ower al kyl, aryl or ﬁet? 20

n=0or 1; R’ el

wherein:

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

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

K, D, E and Z are substituents of the aryl moiety (Ar) and cach indcpendently represent
hydrogen, lower alkyl, aryl, Het, halo, cyano, nitro, OR™, OC(O)R”, C(O)R, C(O)ORZ,
NRZR*, C(O)NRZSRZ'S, C(S)R”RM, SR?, C(O)SR”, or-J _QB(CRB(RH)(RI5))CR16(R17)(R18)
where J represents lower alkylene: or two adjacent groups selested from K, Z, Dand E
together with the carbon atoms of the aryl ring to which they ae attached form a further
phenyl ring, which is optionally substituted by one or more substituents selected from
hydrogen, lower alkyl, halo, eyane, nitro, OR'?, OC(O)R®, C(O)RY, C(O)OR%, NR¥R¥,
C(O)NR”R%, C(SR®R™, SR¥ or C(O)SR27 or, when Ar is a ¢yclopentadienyl group, Z may
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andn0 to 5; provided that when n = 1 then mequals O,
and when n equals O then in does not equal 0; 25 @,
@ and @B (when present) each independently represent
phosphorous, arsenic or antinony. 4. A process for
the production of 3-hydroxy propanoate ester or acid
of formula (111) 30 CH2 (OH) 2 C(O OR 28 (ritl)
conprising the steps of : carbonylati a vinyl
bedenresericd Uny iy Ptameqtsd)wamg @a@wn@t@@e—
c%ﬁ%ben%&n&ﬂ‘&o@'i_’ wherein It" may be selected from
ydrogen, |ower alky), aryl, Het, halo, cyano, nitro,
OR9, OC(OR0, C(OR2, C(O)CR22 NRz 3R24
}C@&){N&?:B%pmd&(tﬁj)reﬁ@s’éﬂﬁw@%} £yDpr BR29 wherein 43
R12 -R $ and R19-R27 are as defined below, and R 0-R-2
represent hydr ogen, with carbon nonoxide in the
Bt eheeh ofdependendy cepresént hydlogsrylbweratiyhenandiof a
catal yst system the catalyst system obtainable by
conmbi ning: 5 (Ve% a_nmetal of Goup VIII B or a conpound
Mpepresetts 2 Grepe V1B )r A1H metat arestabprsispiierref ar sine or
sti bi ne of general formula (1) in accordance with
either claiml or claim?2 as defi ned above to produce
T4 " SRS X ff‘f&?ﬂiérb ingdepil HieAy! Sropp B TeichaFrapE A RRERALY
sGbititutediby@at BERbre SilRes deketed kb HRddgdn, RORF alk)halo, eyano, nitro,

R S I e

fprasewdti ng claim wherein the Goup VIII B rretal is

pal l adium 6. A process according to any preceding

claim wherein the |inear S@% and branched (iso) 15

Lo FRPERSEFLSORSOT P98 hgandssash of whish arpdycependsitlyselaetedifreh bydspgen,

IRdralke], Alkylafl Bhlo!l OO, BGARTERINBHEM®, 7. A process

according to any preceding claim wlerein 'the

products of the reaction are separated by

RA t6 i cactt indépendBthBrepréseps I9AREEn, RHEP Ly NgyL & HRAY

preceding claim wherein'vheii K D, E or Z represent

-J- 313 1a1516 " 15 Q(CR(R)(R))CR(R)(R)

nfeorrlgspective K, D, Y. or 7, is on the aryl carbon

adj acent the aryl carbon to which A or B is connected

or, if not so adiacent, is adjacent a remaining K D,
B oG oup which itself represents

-J-B(CR1I3(R 4)(R5))CRI6(R 7) (R 9)

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

Q' Q% and Q' (when present) each independently represent phosphorous, arsenic or antimony.
4. A process for the production of 3-hydroxy propanoate ester or acid of formula I1m

CH, (OH)CH; C(O) OR & (m

compriging the steps of :

carbonylating a vinyl acetate compound of formula V)

R¥ . C(O)OCRY =CR"R® (V)

whercin R” may be selected from hydrogen, lower alky!, aryl, Het, halo, cyano, nitro, ORY,
OC(O)R™, CCO)RY, C(OYOR™, NR¥R*, C(O)NRZ’R? , C($) R¥R¥, SRY, C(0) SR? wherein
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25 9. A process according to any preceding claim
wherei n rche carbon nonoxi de may be used in pure form
or diluted with an inert gas such as nitrogen,

ear bon: di oxi de or a noble gas such as argon. 10. A
process according to any pr &fdlng claim wherein the
ratio (volune/volune) of vin 30 acetate conpound to

Roy-Hy P T o g6 00Ky Dot R rptt Pl b Ao
nmneﬁadmnge prb@ncmof wherei of hydrexyd pupst and bf G:amllpt Mlsictn, Bhe catalyst

t al nge 10 to 10"" nol es per nole of
n?nbeacé%a)gmggnp und. 35 12. A process according to

any preceding claim wherein the carbonylation of a

Vi @y s AERLRERY F@?ﬁﬂ%ﬁ@oﬂa&xﬁ@ﬁe&%ﬁ%ﬂd' n one or nore

aprotic_ solven A process according to claim

1 5X0) ibsteainls PhpT@bip AGineor SIRARTESIEN FAmHR @) Eracpergance with cither

conste@iith 1tohakim 1 & RehaWhdR at 298. 15 K and at 1x105
Nn¥2 5 14 A process according to any preceding

re|n|tne cata C
RS gRas SO RRT ATl P SLEeEEE R P R ept g e
s@fl litaa (Imprdductt o dr8ducekier3diydroxh eropatoate pstr o¢ acih otﬁoctaula ).
as a honogeneous catal yst. 10 16. A process according
to claim 14 wherein the process is carried out with
St heresazs arspading te enyppreesiding ching,ygesin the Group NI Bonalgs palladium.
according to claim 16, wherein the support is
i nsoluble. 15 18. A process according to either claim
6945 PECCE REOFEEAC MRARFRTRE chBnSTHSTSET e Bsipie) awdrapebed o)

phdliyteref thSeetonpistich 0] beab@ibdrd) cihalverkydrane tBf reatment step.
pol ystyrene copol yner such as a divinyl benzene

copol ymer or other suitable polymers or copolyners
Tk progess gedohiingo gk préeding nlatnyevharein thapedicisad the reaction are

%ﬁﬁ&%%&ﬁ&ﬁnﬁﬁﬁh as a functionalised silica, a silicone

a silicone rubber, or other porous 20 particul ate
material such as for exanple inorganic oxides and

81 RQFIaN 'a@ooﬁ'mgQB b€iErecedi@e cRinD MACRESWIRAKODIERIZ L Qrat: -1-
Gedis gwg ,7&€5 Sﬁn thecarbon lation.is carried

SH (Ve @r AP e TG FeBRtREND- 18 1 8 o1 Big@r] carBorppgacent

tha apt e&e&&a&mmdmrgﬂm::a&yd b, E@etioRgiatdnfishdjadhe b &dnfkining K,

1L ST T e R

9. A process according to any preceding claim, wherein 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.

10. A process according to any preceding claim, wherein the ratio (volum@/'volume) of vinyl
acetate conapound to hydroxyl group containing compound lies in the range of 1:0.1 to 1:10.

11. A process according to any preceding claim, wherein the amount of Group VI B metal is
in the range 107 to 10 moles per mole of vinyl acetate compound.

12. A process according to any preceding claim, wherein the carbonylation of a vinyl acetate

compound is perforraed in one or more aprotic solvents.
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21. A process according to any of clains | to 19,
wherein the carbonylation is carried out at a |ow CO
partial pressure of between 0.1 to 5 x 105N.m 2. 30
22. A process according to any preceding claim

wi nrein the bidentate phosphine is independently

sel ected fromany of the foﬁﬁOMAng his (di-t-butyl
phosphi no) - o- xyl ene (also known as 1,2 bis

(di-t-butyl phosphi nonet byl ) benzene); 1,2 his

14 ck Q@m&&&h@ @sqHtinnaedoh he Bandentvenlh@ akidectic constant that
adanant sphhqﬁ nyl) napht hal ene; 35 1,2 his
“ Hﬁt xylene (al so known as 1,2

hIS (d|-t pentyl phosphi nonet hyl) benzene); his 2,3
L cout QURLIN: | Shypotids ad s
) T B SRR IR AR st chypodiS s
hﬁﬁbgm@ﬂmtawvhutylphosphlnonethyl) ferrocene 1,2 his
(di adamant yl phosphi nonet hyl ) ferrocene; and 12 bis
di -t-pentyl phosphlnonethyl ferr oene
Iésﬂeprmcs% aveoreing i Aryof kg é%z fh‘g éﬁﬁff"%%"é‘s‘;oﬁ"hﬁ 8
leR3oh9Eatdtie production of a lactate ester or acid
of formula (I1) the said production conprising the
steps of carbonylation of a vinyl acetate conpound of
16.01 proteds 4cbofiling0d ¢laineld wherdin tha broesss isghrrict euyithtbheatalyst

iSO produ t of the carbonylation to produce the
2 b
PBCId. 10 24. The use of the catalyst system

as defined in any of claims | to 23 for the

ﬂ” ?@9&%&%8& o Qain! M GRAYin HIQRERAA Bsqtbler of formul a

e sal production conprising the steps of
carbonylatlon of a vinyl acetate conpound of fornula

18.LADrobR! 4LWRthg l@é’ﬁﬂfcﬁﬁﬁlﬂﬂ@tor ohint 178 whidegthe suppdrt @nadisesta

A
c&ﬂ@@n&ﬂbﬁdt&@tsmtz&le relyigce dogoty narsinppo ¢ tho@akillEh i theat; gfsilicon
ALY, ARG SR A%ﬂg ?cﬁaeyﬂr@ozémgﬁerc&%ma Aftous

\érein si's or
parnauwe m@naifsn@wﬁlfmxalmc @mamh emd@@néfnoméwhbﬂﬁ?fst
according to claim 26, wherein the product is

hydrogenat ed, subsequent to hydro]lysis. 28. A process
15 b DO LT B PRSI A NS by BRI ficd ot at 2

tdiefl¥e B RReRedIpoadoet . 25

20. A process according to any preceding claim, whereln the sarbonylation is carried out at a
CO partial pressure of between 0.80 x 10° N.m?-90 x 10°N.ra”,

21, A process according to any of claims 1 to 19, wherein the carbonylation is carried out at a
low CO partial pressure of between 0.1 to 5 x 10°N.m™.

22. A process according to any preceding claim, whereio  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-butylphosphinometiyyl) benzene); 1,2 bis
{diadamantylphosphinomethy!) benzene; 1,2 bis (diadamantylphosphinomethyl) naphthalene;
1,2 bis (di-t-pentyl phosphino)-o-xylene (also known as 1,2 bis (di-t-pentyl-phosphinomethyl)
benzene); bis 2.3 (di-t-butyl phosphinomethyl) naphthalene; 1,2-bis-
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(ditertbutylphosphinomethyl) ferrocene; 1,2,3-tris-(ditertbutyiphosphinomethyl) ferrocene;1,2
bis (diadamantylphosphinomethyl) ferrocene; and 12 bis (di-t-pentyl phosphinomethyl)

ferrocene.

23. 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 conprising the steps of carbonylation of
a vinyl acetate compound of formula (IV) followed by treatment of the branched (iso} product
of the carbonylation to produce the ester or acid.

24. The use of the catalyst system as defined in any of claims ] to 23 for the production of a 3«
hydroxy propanoate ester of formula (I} the said "production comprising the steps of
carbonylation of a vinyl acetate compound of formula (1Y) followed by weatment of the lincar
(1) product of the carbonylation.

25. The use of a catalyst systern as defined in any of clairas 1 to 22, wherein the catalyst is
attached to a support.

26. The use of a catalyst according to either claim 23 or clairn 24, wherein the treatment is

hydrolysis or transesterification.

27. The use of the catalyst according to claim 26, wherein the product is hydrogenated
subsequent to hydrolysis.

28. A process according to claim 3 or claims 5-22 for prédmfing mainly branched product.




