
WO 2004/050599 PCT/GB2003/004679  CARBONYLATION OF
VINYL ACETATE The preset invention relates to the
carbonylation of an ester, specifically vinyl acetate
anal in  5 particular but not exclusively the use of
carbonylation to provide a first step in the
production of methyl lactate and 1-hydroxymethyl
propanoate. Currently methyl lactate is produced by
esterification of lactic acid, which is produced
either  by synthetic methods or fermentation. 10 The
main synthetic routes are based on the reactions of
analdehyde. In one method,  acetaldehyde is reacted
with hydrogen cyanide to produce a lactonitrile, which
It then  hydrolysed. Alternatively, acetaldehyde can
be reacted with carbon monoxide and water in the
presence of a nickel (11) iodide or sulphuric acid
catalyst. Synthetic routes produce racemic 15 mixtures
of lactic acid, and so racemic mixtures of methyl
lactate result. In recent years,  improvements in
formation methods have made this a preffered route to
lactic acid and its  derivatives. Optically pure laude
seek] can he produced by the fermentation of sugars
with  carefully chosen bacteria. Lactobacilli tend to
be heat resistant, so fermentation at temperatures  of
around 50C suppresses secondary reactions, The
procedure is slow, and requires careful 20 monitoring
of pH, temperature and oxygen levels, but by selecting
an appropriate bacteria  culture, optically pure
lactic acid, of bode R and S focus can be produced.
Methyl lactate is used as a high boding; point
solvent, and is present in a variety of materials
such as detergents, degreasing agents, cosmetics and
food flavorings. It is biodegradable, and  25 so
environmentally friendly.  A route to 1, 3-propanediol
would be industrially favourable,. as there k
currently not a route to  the diol that is
commercially viable. In the 2980s,. Davy Process
Technology found a route to  1, 4-butanediol, by
forming diethyl maleate from buteanes over a solid
acid catalyst, and then 30 dehydrogenating it in the
dint. I.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  anhydrates to
produce (poly) esters. I, 3-propanediol is thought to
have uses as a polymer  component and as a high
boiling point solvent.  }{`t7 2l'ti-4 tl=.n59i)
PC.TjGi324J1l:; iQ 4G?9  



2 The carbonylation of ethylenecally unsaturated
compounds using carbon monox:0c in the  presence of an
alcohol or water and a catalyst system comprising a
group VIII metal, example,  palladium, and a phosphine
ligand, example an alkyl phosphene;
cycloalkylpphosphine. aryl 5 phosphine, pyridyl
phosphene or bidentals. phosphine, has been described
in numerous  European patents and patent applications,
example EP-A.0 S5 ;5. EP-A-04189472, EP-A- 0106379,
EP-A-0235864; EP-A-0274795, EP-A-0499329,
P-A.-0386833, EP-A-0441+47,  EP-A-04&9472,
FP-A-0282142, EP-A-0227160, EP-A-Q4 5547 and
EP-A-0495543. in  particular, EP-A-0227160,
EP-A-0495547 and EP-A-0495548 disclose that hidentate
10 phosphine ligands provide catalyst systems which
enable high reaction Tales to be achieved.  The main
problem with the previously disclosed catalyst
xysystems is that, although relatively  high reaction
rates canoe achieved, the palladium catalyst dies off
quickly which is  industrially unattractive. 3a IC has
been disclosed in W096/29434 that a particular group
of bidcetate phosphine  compounds can provide
remarkably arable catalysts which require link or no
replenishment;  that use of such bidentate catalysts
leads to reaction relax which are significantly higher
than  those previously disclosed; that little or no
impurities are produced at high conversions. 20 In
additition; WO 9619434 discloses that the same
catalyst process when used with respect to  propene
has been found to be more difficult. WO 0316S583
discloses rates for the same process used fur higher
alkenes of C3 or mare  25 carbon atoms when in the
presence of an externally added aprotic solvent.
EP0495548A I gives an example of vinyl acclate
carbonylation emplaying the C bridged  phosphine
I,3bis (di-tert-butylpbospline) propane, The fates
quoted are '00 motes produce per  snub of Pd per hour
and the result is the production of 1 and 2- aeetoxy
methyl propannate in  30 a ratio of 40:60
(lineanlimachtd). WO 01/68583 discloses a .high
regioselectivity for the linearproduct when carrying
out  carbunylation with 3 bidentate phosphine having
an aryl bridge linked to The respective  phosphines
via adjacent carbons on the ring. 35 



WO 2004/050599 PCT/  however, surprisingly, it has
been found that the carbonylauon of vinyl acetate
produces  mainly branched product, rather than the
linear product obtained with other substrates with the
same hidentate phosphine aryl bridged ligand. 5
According to a first aspect of the present invention
there is provided a process for the  carbonylation of
vinyl acetate comprising reacting 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; I) (a) a metal of
Group VIII B or a compound thereof and  b) a bide
state phosphine of general formula (1) R12 Rs  Rr'
C-Rs  14  R R" L1=A-iKL JAr(E;Z} a R  p I: ;  14 _...
Rr It  wherein: 15 At is a bridging group comprising
an optionally substituted aryl moiety to which the
phosphorus atoms are linked on available adjacent
carbon atoms; A and 13 each independently represent
lower alkylene; 20 K, D, L and Z are substituents of
the aryl moiety (At) and each independently represent
hydrogen, lower alkyl, aryl, Ile; halo, cyan, nitro,
OR19. OC(O)R20, C(O)R21, C(O)OR23,  NR23R24,
C(O)NR"R's, C(S)R25R26 ; SR27 , C(O)SR27, or
-I-Q3,(CR13(R14)(R15)CR16(R17)(R18)  where J
represents lower alkylene; or two adjacent groups
selected from K, Z; Ti and E totes her with the carbon
atoms of the aryl ring to which they are attached form
a further  25 phenyl ring, which is optimally
substitated by one or more subsituents selected from
hydrogen, lower alkyl, halo, cyano, ctire, OR'e,
UC(O)R20, C(O)R21, C(O)OR22, NR23R24,  C(O)NR25R25,
C(S)R25R26 , SR" or C(O)S04 or, when At is a
cyclopentadienyl group. Z may  



be represented by -M(L1)n (L2),;._ and Z. is connected
via a metal ligand load to the  cyclopemadienyl group;
.la WO 30h..{!SS0599 PC'Tk ;132pll3,U(AC,7'J  3 R to
It~A each independently represent lower alkyl, aryl,
or Met;. R'" to R=' each indepcndently represesn
hydrogen, lower alkyl, aryl or Hat;  5    M
represents a Group VIB or Vlf;13 mental or metal
cation thereof T 1 represents u optatspenradianyl,
zelenyl or aryl group each of -Much groups are
optionally  substituted by one or more substitucnis
selected from hydrogen, lower alkyl, halo, cyan,
nitre,  OR19. OC(O)R20 . C (O)R'`, C{O)OR"', ANR"R'",
CICt)UR R', C(S)R'W*, Sled. C(OiSR" of  1+)
ferrocenyl; Lz represents one or more ligands each of
which we independently selected from hydrogen.  lower
alkyl, alkylaryl, halo, CO, PHR43R44R45 or NR46R47R48;
7 5 R Co Rex each independently represent hydrogen,
lower alkyl, aryl or Het:  fort, and m = U to 5;  20
provided that when n = I then m equals 0, and when n
equals 0 Then to does nor equal 0, f,?', Q' and QS
(when present) each independently represent
phosphorous arsenic or antimony  and in the latter two
cases references to phosphine or phosphorous above are
amended 21 accordingly, Preferably, the Group Vlll B
metal is palladium. Awarding to a second aspect of the
present invention there is provided a process for the
30 production of a lactate ester or acid of formula 1T
OR28 ......w  GH3CH141-1) 'i13) WO2u04:050599 PCr,'i
132Ull34H)46ai9  5 



comprising the steps of carbonylating vinyl acetate
with carbon monoxide in the presence of a  sour= of
hydroxyl groups and of a cataly system, the catalyst
system obtainable by  combining: 5 (a) a metal of
Croup VIII B or a compound thereof, and (b) a
bidentate phosphine of general formula (I) in
accordanec with the first aspect as  deemed herein
coproduce at product comprising a branched (iso)
product 2 acetoxv (CH3). CH.C(ii)OR(err), # wherein R"
is selected from It, or a C1-C20 alkyl or aryl moiety
which may ht; substitured or  unsubstitured and either
branched or linear and chemically treating the said
branched (iso)  product to produce the corresponding
lactate or acid of formula lI By eating or treatment
herein is meant carrying Cant routine chemical
treatment such as 15 hydrolysis of transcaterification
reactions on the acetoxy product of the carboxylation
suitable  to cleave thu zecloxy group to produce the
hydroxy acid or ester . The linear (n) and branched
(iso) products of the, carbonylation may be separated
either before  or after the treatment step.
Preferably, the products of the reaction arc separated
by 211 distillation. The branched and linear products
alum have widely differing boiling points which  makes
distillation an effective separation technique for the
products of the reaction. Preferably, the ratio :.if
branched :linear pi-duct from the carbonylation
process is nearer than  1.5; t, more preferably,
greaser than 2:1, most preferably. greater than 2.5:1.
25 Accordingly, according to a third aspect of the
present invention there is provided a process for  the
production of 3-hydroxy propanoate ester or acid of
formula (ill) CFtt (OH)CH1 C(O) OR (Ill)  313
comprising the steps ot: carbonylaung -vinyl acetate
with carbon monoxide in the presence of a source of
hydroxyl  groups and of a catalyst system, the
catalyst system obtainable by combining: 35 (.-Al a
meld of Group VIII U or a compound :screw: and WV
2003050599 f'Cuf(1321113100409  (Ir) a bidnntate
phusphine of general formula 11) in accordance with
the first aspect as  defined herein 



wherein R? ix selected from H, or a C1-Cr alkyl or
aryl moiety which may oe substituted or  5
unsubstituted and either branched or linear ard
carrying out a treatment step on the said linear  (n)
product 1-acetaxy CH2CH2C(O)OR" to produce the
3-hydroxy propanoate ester or acid of  formula (111).
The linear (n) and branched (i_so)products of the
carbonylation may be separated wither before  10 or
after the treatment step. Preferably, the said
products are separated from the reaction  products by
distillation. According to a fourth aspect of the
present invention there is provided die use of Ilia
catalyst  systern as defined in any of the t" - 3"
aspects of the present invention for the production,
15 preferably,indusrial production,of a lactate ester
or acid of:formula(II) ttx, saidd production
comprising the steps of carbonylation of a vinyl
arelatc followed by  treatment of the branched (iso)
product b the carbanylation to produce the ester or
acid.  According to a fifth aspect of the tiresent
invention thcrc is provided the use of the catalyst 20
system as defined in any of the I"- 3' inpects of the
present invention for the production,  preferably
industrial pro duct, of a 3-hydroxy propanoate ester
of formula (111) the said production comprising: the
steps of carbenytation of a vinyl acetate followred by
Hcai nenr of the linear (n) product of the
carbonylation. 25 Advantageously, the lactate or
3-hydoxy propanoate esters or acids of the present
invention  may be hydmgeoated to produce the 1.2 and
1,3 dials respectively. Preferably, the treatment is
hydrolysis or trarsesteriticaeion and ix carried out
by any suitable  technique known to chose slatted in
the art. Such techniqun are detailed in for example -
30 "Kukothmer Encyclopaedia of Chemical Technology".
volume 9,4th edition page 783  `}Hydrolysis of Organic
Estate". 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 acidilicd to produce the acid  product.
Hydrogenation of the hydrolysis product may he carried
out by any suitable process 3i known to those skilled
in the art. Preferably, vapour phase hydrogenation of
the hydroxy  alkanoate ester is carried nut. A
suitable technique has been exemplifled in WO
.01/70659 by WLt 200 tit) Q599 PC'#'; -1111631o9d679
Crabtree. et a3, Suitable experimental details are sea
out in examples 1-9 of the published  application and
illustrate the route to 1,3 propanediol front
3-hydroxy' propanote acrd esters.  



Preferably, the hydrogenation is carried out in a
hydrogenation Torn containing a hetcrogettous
hydrogenation catalyst. Suitable condition and
catalysts are set out in WO 01 /70659, the 5 contents
o_ which are incorporated herein by reference rnsoihr
as they relate to the  hydrogenation of 3-hydroxy
propanoic acid esters. However, forte purposes of the
present  application suds hydrogenation reactions ate
also deemed applicable to hydrogenation of the
lactate ester to produce 1,2 propane tool. Preferably;
the transesterification is carrier) our with  the
alkanol conbsponcling in the alkyl group of the alkyl
ester product required for example #0 methanol for
converting acetoxy alkyl esters into hydroxy methyl
esters mid ethanol for  converting acetoxy alkyl
esters. into hydroxy,: ethyl esters etc.
Advantageously, this cleaves the  acetoxy grout heft
does not alter the hydroxy alkyl alkanoace .
Preferably, the transesterificantion takes place in
the presence of a suitable catalyst such as for
example  urethane sulphnnic acid or p-lolucnc:
xulphanic acid Preferably, when K, 1), L. or 7
represent -J-QiC'R's(iit}{ltt'})CR16(it")(8185 , the
respective  K, 1). 13 or 'e' is on The aryl carbon
adjacent the aryl carbon to which A ur B is connecter)
or, if  not so adjacent, is adjacent a remaining 1s,
0, E or Z group which itself represents -3- Q'!CRI
(khi{Rts))C,Rt$SR''){R g). 20 For Cage of reference,
any one or more of the five aspects of tare invention
may be referred to  herein as the process of the
invention. Suitably, the process of the invention may
be used to catalyse the carbonylation of a vinyl  25
acetate compound in the presence of carbon monoxide
and a hydroxyl group containing  compound i.e. the
process of the invention may catalyst the conversion
of a vinyl acetate  compound to the corresponding
acetoxy carboxylic acid or ester, respectively,
depending oil  the choice of hydroxyl )ramp containing
compound need. Conveniently,. the process a the
invention may utilisc highly stable compounds
undertypical carbouytatina reaction conditions 30 such
that they require little or no replenishment.
Conveniently, the process of t1w invention  may have a
high rate for the carbonyation 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 one  impurities.
Consequently. the commercial viability era
carbonylation process, such as the WO 20i4li 51 M9
VCTAIR200j10o4679  



carbonylation of a vivyl. tWctat~ compound. may be
increased by employing the process of the  invention.
The term' 3r,: or "aryl" when used herein, includes
five to-tetmenibc:cd, preferably six to  S ten
membered, earrhocyrlic aromatic or pseudo aromatic
groups, such as phenyl, ferrocenyl  and naphthyl,
which groups are optionally subslifulcd with, in
addition to K, 1), F or Z. one or  mote substituent
selected from aryl, lower atkyl (which alkyl group may
itself bey optionally  substituted or terminated as
defined below). Her, halo, cyano, nitro. OR19,
OC(O)R25 : C(O)R21,  t:('cfloat1, N R 'ki'd.
C{Li}r~.'it t SP-;, C(O)SR'' ur C(S)NR"R's wherein R'
is R" each. 10 independently repress t hydrogen; aryl
or lower alkyl (which ally! group may itself rise
optionally substituted or terminaad as defined below),
Suitably, When Ar or aryl is cyclopentadienyl and when
1) and F together with the carbon  atoms of the
cyclementadienyt ring to whichtiev ate attached form a
phenyl ring, the metal M  15 or cation thereof
isartact (.,d to an indenyt ring system. By the tern"
M represents a Group VIP or VTUII3 metal" in a
compound of formula I we  include metals such as Cr,
Mo, Ni, Pc; O o, Ni, Ru, Rh, Os, It, Pt and Pd.
Preferably, the  metals are selected from Cr, Mn, W,
To, Co, Ni, Ru and lilt. For the avoidance of doubt,
20 references to Group VIB or VITUI3metals herein
should be taken to include Groups t, 8, 9 and  10 ill
tlurmodcrn periodic table nomenclature, By the term
".metal cation thereof` we meat that the Group ViBor
VIIIB metal {M) Sn the  compound of formula t as
defined herein has a positive charge; Suitably, the
metal cation may  25 be in the form of a salt or may
comprise weakly coordinated anions derived from halo,
nitric acid; sulphuric acid; lower alkanoic (up to
Cia) acids such as acetic acid and propionic acid;
sulphonia acids such as methane sulphoric acid,
chlorosulphonic acid, fluorosulphenic acid,
trifluoromethane sulphome acid, be xene sulphonic
acid, naphthalene sutphonia acid, toluene  sulphonic
acid, e.g. p-toluene sulphonic, acid t-butyl sulphonic
acid, and 2 hydroxypropme  34 sulphonic acid;
sulphonated ion exchange resins; perhalic acid such ac
perchloric acid;  perfluororated carboxylic acid such
as michloroaeetic acid and trifluoroacctic acid;
orthophosphoric ;acid; phosphoric acid such as benarne
phosphonic acid; and ands derived  from interactions
between Lewis acids and 3mensted acids. Other sources
which may provide  suitable anions include the
tetraphenyl borate derivatives. 



3i WO V1114,415() .S99 PCPIG1324)fA;I0046 9
Preferably M represents a Group VIB or V171B m .dal.
In other words the total electron cunt  fur the metal
Mix I a. Halo troops, which Lt may represent and with
which the above-mentioned groups uA1v be  5
substituted or terminated, include fIuoro, chloro,
bromo and iodo. Suitably, if A represents
cyclopentadienyl and it =1, the compounds of formula l
may contain  either two cyclopentadicnyl rings, cwo
indenyl ring, or one indenyl and one cyclopentadienyl
_ ing (each of which ring system may optionally hi
substituted as described herein}, Such IG compounds
may he referred to as "sandwich compounds" as the
metal M or metal cation  thereof is sandwiched by the
two ring systems. the respective cyclopcntadienyl
and/or indenyl  dog systems maybe substantially
coplanar with respect to each other or They may be
tilted  with respect to each other (commonly alerted w
as bunt metallocenes). 15 Alternatively. when n= I,
the compounds of the invention may contain either one
cyelopentadienyl or one indenyl ring. {each of which
ring systems may optionally be  substiuted as
described herein) and one aryl ring (i.e. t"
represents aryl) which is optionally  substituted as
defined herein. Suitably, when, n = I and L,
represents aryl then the metal M of  the compounds of
formula I as defined herein is, typically in the loon
of the natal cation 20 Suitably, when n - U, the
compounds of the invention contain only one
cyclopeatadienyl or  indenyl ring (each of which ring
systems may optionally be suhslitned as described
herein).  Such etnututurds may he referred to as "half
sandwich compounds". Prefeaibiy. When n '" 0  then m
represents 1 to o so that the metal M oft e compounds
of formula. I has an 1$ electron 25 count. In other
words, wen metal M of the compounds of formula I is
iron, ttuc total number  of electrons contributed by
the ligands L, is typically five, Suitably, the metal
M or metal cation thereof in the cyclopentadienyl
compounds of formula I  as typically bonded to the
cyetopentarhenyt rings; or the cyclopentadicnyl moiety
of the 30 indenyl ring(s). Typically, the
cyclopentadienyl ring or the cyclopcntadienyl moiety
of the  inibotyl rinu cxhib is a pentahapto lwtxling
tuvdr with the metal; however other bonding  mode
between the cyclopentadienyl ring or cyclopentadienyl
moiety of the indenyl ring and  the metal, such as
irihapto coordination, arc also embraced by the scope
of the present  



invention. 35 WO 2uLI41050599 pC'1`1G1#:ll03,~1ijaU:"7
10 Yrofcrehly, in the compoand of forntuta I wherein
AT is cyclopentadienyl, M represests Ct,  Mo, Fe, Co
or Ru, or., metal cation therevf. Ever, mole
preferably, M represents Cr, Fe, Co Or  Ru or a metal
Cation thereof Most preferably, M is selected front a
Group VIIIB metal or  metal cation thereof. An
especially preferred Group CiTIR metal is 1,e Although
the metal M :5 as defined herein may be in a cationic
form, preferably it carres essentially no residual
charge  due to coordination with:.; and/or 1.r as
defined herein. Preferably, when it 1 in die compound
of formula I, L, represent cyclopenadienyl, iademyl
or awl each of which rings arc oplionally substituted
by cue or more subsutuents selected from  30 hydrogen,
h>vcr alkyl. bale, cyario, OROC(O)Ri , C;fOftt'.t,
+_'tC,Y)fiR.NTt'rR:, SR ''ot  ferroecnyl (by which is
meant the cyclopentadienyl, indertyl or aryl iirig
Which 7., May represent is bonded directly to the
cyctopentadicnyl ring of the metallncenyl group). More
preferably, if the cyclopeutadienyd, indcnyl or aryl
ring which 1., may represent is substituted it  is
prcfcrabiy substituted with one or more substituents
selected from C1-C: alkyl, halo, cyano, 15 OR'',
OC(O)R=, C(O)R2', C:(C))CDRi', NR"R'- where R'', R.
Rt', R', R" and R" each  independently nipresen:
hydrogen or C,-C, alkyl. Preferably, when a = ?, I.,
represents cyclopenladienyl, indenyl, phenyl or
naphdiyl optionally  substituted ac defined herein.
Preferably, the cyclopentadieny, inderyl, pharmyl or
naphthyl 20 groups are unsubstituted. More preferably,
l., represents cyclopentadicnyl, indenyl or phenyl,
each of which rings are unsubstituted. Most
preferably, L; represents unsubstituted
cyclopentadienyl.. Ina particularly preferred
embodiment or the present invention, in a compound of
formula 1, a  25 1, L, is as defined herein and in  0.
Altentativety, when it is equal in zero and m is not
equal to zero in a compound of formula 1,  fr
represents one or unite ligands rach of which are
indtpandenTly selected from lower alkyl,  halo, CO,
PR"R<'R"s n_NRA3It 7W'. More prcfcrshly, L; represents
one or more ligaads each 30 of which are independently
selected Gorr C, to C, alkyl, halo, particularly
chloro, CC,  



FR"R1IJ(4' or 0 R,'"R"R", wherein R to R" are
independently selected from hydrogen, C, rn  Cs alkyl
or are i, such as phenyl. In a particularly preferred
alternative embodiment of the present invention, in a
compound of  35 formula 1, a = CO, L., is as defined
herein and m =3 or d, particularly 3. WO 20-F1050?9
PCt'Gt3'_{3O3,10p409  14 re presents n merit selected
horn Cr, MO., Fe, Co or Ru or a metal Carron thereof.
L. represents cyeiopuritadienyl, indcnyl; raphthyl or
phenyl, each of which rings may be  optionally
substituted by one or more substituenis selceU:d from
C, -Ca alkyl, halo, c m u,  OR'9,OC(O)R20, C(O)W l,
C(O)Ra , W'R2`; L2 represems one or more Ugandls each,
of which ligands are indepenrently selected from C-C'6
a'.lkyl. halo. CO, YR'RaRi or i' R`eRae. 10 n=Oor l:
and m - 0 to 4; provided that when n = 1 than m - 0:md
whenrn does not equal z~ then n =0.  Further preferred
compounds of formula I include those wherein: 15 M
representsiron or a canon thereof; L., represents
cyclopentadienyt, indcnyl or phenyl group, each of
which; groups are optionall  substituted by one ur
more Selected from C,-C6 alkyl, halo. cyano, OR''', 0
OC(O)R ', C(0.5Ret, C1O)R4; L2 represents our or more
ligands each of which are independently setected from
r.:,-Cc nikyt.  halo, co, PR"R"It' or NR4 R4'R''r.
where R''to RY are independently selectcil from
hydrogen, C-C6 alkyd or phenyl; n-0 or 1;and m= 0 to
4,  Still firriher preferred compounds of ft,miula I
include those wherein: 30 ;rr represents ut
substituted cp'clopcniadienyl. title a71 or open 1, pa
tier arty ur ubaritnlal  cycloptatadicuyl; and, a = t-
unit m = 43. Alternative preferred eompoands of
formula I include those wherein:  3 S it _ 9; WO
20G4?01599 l'C,T/CB2003 04ri'N)  



12 Lx represents one or more ligands each of which arc
independiently selected from C, to CU  alkyl, halo;
CO. ?'R~'R9~R*1 ar TdR44R"k, when Ttx' to R`s ar
independently seIected farm  hydrogen, C;-Cs alkyl or
phehyt; and in =1 to 4, particularly 3 or 4. For
example, when m-3  the three ligands which L,. tray
reprcaen! include (CO),halo, (PR''R''RR 2halo o!
References to vinyl acetate hem. it include references
it, suhstitrred or unsobstituted vinyl  acetate of
i5mttda (t1'); 10 R`^-C(O)OCRw=CRa,Rz whereinR`4 may
be selected from hydrogen, lower alkyl, aryl, Hill,
halo,cyano, nacre. OR'  Oc(QIR'r'', (.{Ct)R=J,
c(O)OR`, NR:'Rt1 C((c))NR`sRie C S) R `u", S ``r C{C3j
SR" wirer tin  A ` R'4 asd Rit,R' =Q as defused
herein. 15 preferably. R' is selected from hydrogen,
tower alkyl, phenyl on lower alkylphenvl. Mors
gip:cfcrably, hydrogen, phenyl, C,X:t alkylphenyl or
C,-C, alkyl, such as methyl, ethyl, propyl,  butyl,
perryj and hew,l, even more preferably, C,-Cr alkyl,
capceially methyl 21) preferably, R'.R" each
independently represent hydrogen, lower alkyl, aryl or
Hut as defaced  herein. Most preferably, R-R 2 tepn s
nt hydrogen. As mentioned above, R=' mae he
optionally suhstiluled, prcf-inbly. with one or more
substituent- uaected corn lower alkyl,  aryl: Act,
halo, cyan, nft.o, DORY, OC(C>)t?N. C(Q)p"% C(O)ORz2,
NA RZ'', C O) tR21R'b  (;(S)R'3Rab SR" or C(O)SR" os
defined herein, 25 it.'k is most preferably the
alkyl/aryl group derived from a C,-C: alkanol such as
rnctlaanol,  ethanol, propanol, isp-propynol,
iso-butanol, t-butyl alcohol, u-butauul, plraral and
chIorocapryl aieuuhoL The mist preened groups are
methyl and ethyl, the most especially  prefeneti group
is methyl. if, The Tarot 'i let", when used herein,
includes fsnir-tc curly membered, preferably
(bur-lo-ten"  menabeeed ring systems, whit), rings
contain one or more heier mtoms selceted from
nitrogen,  oxygen. sulphur and mixtures ihcn:ot and
which rings array contain une or more double Lwnds  or
he note-artnnaric, partly aromatic or wholly aromatic
in character. Tit; ring systems may he 35
ttonocycii<:, bicychae or fused, Each "Het" group
itta:ntifte4 herein is opuocally scbstitutcd by 



4` O '004.?Q$t64)9 Pt1';CB20031004679  13 our or more
substituents selected from halt, eyano,nitro, oxo,
lower alkyl (which alkyl .,suit  may itself be
optionally substilated or terminated as defined below)
C)Rr9, O(:{O)Rn', c(O)R",  C( )OR a; NR2 t2+ C."ftJ?NR
Ws; SR", C(O)W or t i S}NR`sRas wherein 1t19 to R`'
each  independently represent hydrogen, aryl or lower
alkyl (which alkyl group itseifmay be S optionally
substituted or tern inared as defined below). The
tetin "Het" Nis includes groups  such as optionally
substituted azetidinyl, pyrrotidinyl. imidumAriyl,
iniolyl, funny', oxazoolyl,  tsoxazolyl,oxadiazolyl,
thiasoly), thiadiazolyl, triazolyl, osatriazolyl,
thiawiazolyl,  pyridaanyl, motphol lyl, pyrimidinyl,
Iryrazinyl, quinolinyl, isoquinolinyl, piperidiayl,
py_azolyl and pipcnzinyl. Substitution at Nei may be
at a carbon atom of the 140. rumor. 10 where
uppnxpriatc: at one err mot:' of the htreroaroms.
9k!' groups may also be in the form of an N oxide. The
teen "lower alhl" when u..ed h.-Min, tartans C, to
C_oalkyl and includes meth'',]; ethyl,  15 proCyl,
butyl, peaty). he ryland hepty) groups. Unless
otherwise specified, alkyl groups may,  when th:re is
a sufficient number of earbor atoms, be linear or
branched, be, saturated or  unsaturated, he cyt:lic,
acyclic or part cyclic acyclic, avid'ur be substituted
or rertninaced by one  ilr more mthstitnents selected
from halo, cyno, nitro, ORI". 0(,:(C)*" C({))R=',
C(O)OR=r,  NR33R`4, t.(O)t4R'5R2'S SR". C(O)SR''',
C(S)NRr>R2f', aryl or diet, wherein R" to R2' each 20
ir,d endemic represent hydrogen, aryl or lower alkyl,
and/or be interrupted by one or more  oxygen or s.r
phur atouis1 or by silane or;lia,kylsilcon groups.
Lower alkylgoups or alkyl groups which R', R`, R`, R`.
Rr, R. R', al, jt9, R", R", R')  Rt , R.', R"', Rt.,
Ris, R'9, Rea, R21. R', le R<e R25, R_ ,, R27, R''s
Tt`', R , R$3, R''', X. I), E  25 and Z may represent
and with which aryl and Het pray he s rt slit to t,
may, when there is a suffceicnr number of carbon
atoms, be linear or branched, be saturated or
unsaturated, ha  cyclic. acychc or part
cyclielacyclie, and/or he interrupted by one or more
afnxy en or  sulphur atoms, or by silanu or
dialkylsilicon.groups, aud'or be :substituted by one
or more  substituerits selected from', halo, cyano;
nitro, OR"' OC(O)R",, C(O)R21, C(O)OR22, 1vR"SR24, 30
-C(O)NTt26R'', SR'`; C(O)SIt ', C(S}NRzeRs_ aryl
or?3'et Shemin R 1Q io ate' each  independently
represent hydrogen, aryl or lower alkyl. Similarly,
the teen "lower alkylerre" which & B aid J (when
present) represent in a toa,)pound  



offonuula I. when used herein, includes C1 to C10
groups which can be bonded at two places  3S on the
group and is otherwise defined in the same way as
"loser alkyl". wo 2004M505 9 NC?;f,7i2t10a"IOt 1G^V
Hato groups with which the above-mentioned groups may
he substituted or terminated include  fluoro, chloro,
honor and iodo, 5 Where a compound of a formula herein
(es. formulas l-IV) uuatainsall alkeatyi group, pie
(Li)  and trans (Z) taomerisPr rniiv also occur T e
present:ivention includes the individual
stercoisomers of the compounds of any of theformula,.
defined herein and, s hen: appropriate,  the
indiiidudl.automeric: forts thereof, together with
mixtures thereof:Separaion of  dtastereoaomers
orcisandferns isoinersmaybt. achicvte. by conventional
techiique+:.e.g; by 10 ftaeaonal crystallisation,
chromatography it H.P:I,.C of a ttereoisohrtric insure
of a  compound cite of the formulas or a suitable salt
or derivative thereof. An individual enantiomer of a
cuagiopnd of one of the formulas may also be prepared
from a corresponding  ;retied-lly pure mturri viiat-a
or by resolution, such a by H.P.LC. of the
corresponding  raceinateusing P. suitable cahirall
support or by fractional crystallisation of the
diestereoistxneric 1 t salts formed by reaction of 4w
corresponding raeernate with a suitabf- optically
active arid c,r  base, as appropriate. All
tereoisomers are included within these wope of [he
process of the invention. 20 It wilt be appreciated by
those skilled in the art that the compounds of formula
1(b) may  function as tigands that coordinate with the
Group V rIR metal or compound t arutii (a) to  fur-11
thecomneunds for use in the invention Typically, flit
Grout V.11IB metal or nimpounr  thereof (a)
coordinates to the one or Marc r.hcugit roust arsenic
aitdior antimony atoms of The  compound of formula f.
25 Preferably, R' in Rat and R`S ca A independently
represent luwxrr alkyl or aryl. More  preferably, R'
to R'x and R each independently represent C, to Q6
alkyl, CrC, alkyl phznyl  (wherein the pheiwl group is
optionally suhxtituuai as defined liereir.) or ph.nyl
(%+nrein the  phenyl grown is optionally substituted
as defined herein). Even more prcierabiy, it' to R" or
30 -^.. each independently represent Cttct_,;
al'ayl,which is optionally subsituted as defined
her-m. Most preferably. R' to R'4 or ICt" each
represent non-substinnedC, to Caalkyl such as
meal=.yl, ethyl, r.-nropyl, iso-propy:, a-buryl,
iso-butyl, ten;-butyl, pcntyl, hexyi and cyclohexyl.  



Altentatively, or additionally, each of ;ho groups R'
to R, R- ioR6, R' to R. Wm R'=. R" to 35 R" or R" to
R'" ;gcther independently may form cyclic structures
such as 1-norboruyl, I. WO203;050599 p[TIG82f1Q319ti1f
9  IS norbomadienyl or adamantyl. Further examples of
composite gaps include cyclic structures  f'rnc,i
bctwcetr R' - R arul R' - R'r: Alternatively, null en
more the (tee o pups nteynpr ettz x  snod phase to
which the.. lipand is anached. 5 In a particularly
prcisncd embodiment of the present invention R', W,
R', R' R33 an Tt*  each represciu the same lower
alkyt, aryl or Het moiety is defined heroin: R', it',
RR, R'"  and R'' each represent the same lover alkyl,
aryl nr flctmniety as defined herein, and Ri. R,  R',
R"! K" and R" each represent the :army: lower aikcsi,
m -y! or Het'ntoiety as defined herein..  Mote
prekruhly R'. R`.. R', R'D, R'3 and R'b each represent
the nano i l-C6 ulkyl, particnlarlp to non-substituted
C,-r alkyl, touch as methyl, ethyl, n-pimpyl, L-rn
prapyl,n-hutyl,iso-huryi, ten- butyl, pcnry~l, hn:xyl
or:yclohexyi R', R, Ra,R", It" and R t' each
indepen.&nriy.*tprese ii  The same C-t.; alkyl as
defined above; and R3, r, Ry, Rtr, Rrr and Rte each
independently  represent the same C,.Co alkyl as
defined above. Fnr example: R', R4, R', R'p. R" arid
Rl1 each represent methyl; It% Ri Rz R" R'r and rtrr
each represent ethyl; and, R3, R6, R9, R"-,  15 R" And
Rt3 caolr represenr n-butyl or n-pentyL In an
cxpc.::ially irefearcd embodiment of the presuit
invention each Rr to Hie and R,3D gtrrtrp  rcpre cnta
the same lower alkyl, aryl, or Het moiety as dcli'r,cd
herein. P feraaly; each K'to  R's represents The same
Cp to (2 alkyl group, particularly non-substituted
C,-Cr alkyl, such as 20 methyl, ethyl, n-pxopyl,
iso-propyl, (err)-butyl. isn-butyl, ter--butyl,
pentyl, hexyl and cyclohexyl.  Meet preterably, each
R` to R"a and RW" represents methyl. In the compound
of formula L preferably each Q', Qr and Q3 (when
present) are the same.  Most preferably, each Q', Q'
and Q` (when present) represents phosphorous. 25
Preferably, in the. compound of fomula 1, A, B and J
(when present) each independently  rnnrnsenr C.'i to
C6 alkylene which is optionally substinited as defined
herein. For example. with  lower alkyl groups,
Preferably. the lower alkytene getups which A, t3 and
J (when present)  represent at nun-substituted. A par
wtda' ptefemed lower alkylene which A,13 and J may 30
independently. r present is -'Cllr- or - C;Ha- Most
prefcrahiy, Lath of A, $ and I (when  



present) represent the same lower alkylene as defined
herein, p+.atiardarly -Cflr-:  'referably, in the
compound of fintuch T when k, U, E or Z fines not
represent -J- Q`{CRrr(R"1(Rt )lCRt5(Rtr)(Ris), K, U, E
or Z represents hydrogens sower alkyl, plzcnyl or 35
lower alkylphcnyl. More preferably, K, D, E or 2
represent hydrogen, phenyl, C,-Ce WO .2003/t1505'39
PCTtCR2JtiS3i0fl-f5?9  ai},yiphenyl or CrCe alkyl,
such as methyl, ethyl, propyl, bury',., pentyl and
hexyl. Most  preferably, K, 1.7, r or Z represents
hydrogen. Preferably, in the compound of formula I
when K, D, & and Z together with she carbon atom;  S
of the aryl ring in which they arc attached do not
fern a phenyl ring, K, D, Rani 7_ each  independently
represent hydrogen, lower alkyl, phenyl or lower
alkylphenyl. More preferably,  K, t), L and z each
independently represent hydrogen, phenyl, CI- C4
alkylphenyl or C,-C,  alkyl, such as methyl, ethyl,
propyl, butyl, phenyl avid hexyl. liven more
preferably, K, ri, P  and Z represent rho sane
substituenl. Most preferable, they represent hydrogen.
to Preferably- in the compound of formula I when K, D,
F. or L does hot represent -3- t7x{C1i"{iL"i;
fi"))CR1{li"jfR'07 and K, D. F and 7, together with
the carbon acorn of the aryl  nn,S to which they are
attached do not firm a p;^enyl ring, each of K, I7, F.
and Z represent the  same group selected from
hydrogen. lower alkyl, cryl, or Piet as defined
herein, particularly 15 hydrogen or Ct'C:,; alkyl
(more particularly unsubstituted Ct-(`~ alkyl),
especially hydrogen  Prefer hiv, in the compound of
fontnua I when two of IC= U. L a---w Z together with
Jim unrbon  atoms of the ary i ring w which they a,c
atlachmi form a phenyl ring, then the phony! ring is
optionally substituted with one or morn suhstiruents
selected from aryt, lower alkyl (which 20 attl?l group
may itself be opt;nnatly substituted or terminated as
defined below), Ret, halo, cY: no, nitao.lOR'A,
)C(O)R' C(t 0)1t''', c(O)QR' R1tr'Ra C(O}N12ORtA.
SR:', C(O)SR'' or  C(S)NR "R"0 wherein R`B to R" each
independently erprcxcnt hydrogen cr lower aikyi (which
alkyl ;romp navy itself be optionaity substituted or
terminated as defined herein i. Mora  preferably, the
phenyl ring is not substitutnl by any substituerts It,
it bears hydrogen atoms  25 only. Preferred compounds
of formula i include those wherein: A and B each
independently represent misuhst muted C, to C,
aikylene;  34 



K, D, Z and E each independently represent hydrogen,
Ct-C,, alkyl, phenyl, C,-Cs atkylpitenyt  or
-1-fT{CR'r(R"){2s r) f R tsfRt')(R r) where 3
represents ;rasubetitured C, to Cb alkylcnc; or  two
of IC, D, 7 and 1I together with the carbon Moms of
the and ring to which they arc attached  form a
phenylring which is optionally suhxtittttcd by one or
mere stthstituents selected from  35 lower alkyl,
phenyl or loiyeralkylphcinyl Wo -,01 1050599
P("ti'G132UU31uU-ttr79  17 11' to Res each
independently represent C, ;o Ce alkyA, phenyl or C,
to C, alkylphenyi.  Further preferred compounda of
form ula I include those wherein: A and B both
represent -CI1 - or C2[14,psr-.icu=5rly CH, K, D. Z
and E each independently repres-nt hydrogen, C,CC6
alkyl phenyl or C1,C:, alkyl or -I- i
u(CRlJ(Rr9)(R`'))CR1(R''.3(R) where J it: the Bas to
as A; or two of K. D, E and Z together  Si: with the
carbon atoms or the aryl ring to which They are
attached form an wrsulnututad phcnsi  nng, R' to R'$
each independently represent C, to Ca alkyl; 15 :Still
further prefcrrcd compounds of fnrmuln I include those
wherein: Sir to lttt are the same and each represents
Ct to C, alkyl, particularly methyl  Still tUrther
preterred compounds offonnula I inetudc aihnae wheretm
10 K, 1), 2 and Eareeach independently selected from
the group Insisting ofhydrogan or C, to  Co alkyl, par
tiCulaily whviv each of K, D. Z and I represent the
salve k"cyupt t pecialty where  s:ach of K, 1), Z and
F. represent hydrogen; or 25 K represents
-Cl-lz-Qr(C1t"(R,AXR' `})CR'6(Re'XRI) and 1),7and 1..
are each independently  selected from the group
consisting of hydrogen or C1 to C,; alkyl,
particularly where both D  and E represent the saint
group, especially when: C). Z and E represent
hydrogen. Fspccially preferred specific compounds of
formula I iaelude those wherein:  each Kt to R" is the
same and represents methyl; A andB are the same and
represent -CHz-; K, D. Z and E are the same and
represent hydrogen. WO 2003/0505599 PC11C020031094679
=he present Invention prnvidszsa Process far the
carbonylation of a vinyl, acetate compound  



comprising contacting a v nyi acetate compound with
carbon monoxide and a hydroxyl group  containing
compound in the presence of a catalyst compound as
defined in the pre ant in ~CfltlO x.  3 Suitably, to
hydroxyl group containing compound includes water or
an organic molecule  having a hydroxyl functional
group. Preferably, the organic molecule liaving a
hydroxyl  functional ;gaup may b,-; branched fir
linear, and comprises an alkanoll patticulurty n
C,t^_l,:  alkanol, including aryl alkanols, which
maybe optionally substituted with ancor norm 10
subsnnie tsselected from lower alkyl,aryl, Ilet,
halt), c'anu, nitro, OR M. OC, -))e.% qt))  C(o)oR2 ,
NR'R''', C(O)NW'R26, C(S)e', or C1C)Stt" as defined
icrein. Highly  preferred alkanols arc C,-C, alkanols
Much as methanol, ethanol, propanol, iso-prepanol,
uxn- hntancnl, t-linty) alcohol, n-butenol, phenol and
chlorocapryl alcohol. Although ihr monnalkanolsare
most preferred, poty-alkanols, preferably, su?cctctl
from di-coca cis such as  IS diols, clots, tetra-ols
and sugars may also be utilisedl. Typically, such
polyalkaaols are  selected from 1, 2-ethanediol,
l,3-propanediul, glycerol, 1,2,4 butanetnoi,
2'(hydroxyn,ethyl)  1,3-propanediol, ] ,6
trihydroxyhexane, penacrythrirol, 1.1,1 m(hyuoxgnae
ylkshun ,  nanitose, sorbase. galactose and ether
sugatx. Preferred sugars include sucrose, frucuisc
-and  glucose. Especially preferred alkanols are
methanol and;ethanol. The most preferred aikanoi  20
is methanol The amount of alcohol is not critical.
Generally, amounts are used in excess of the amount of
vmyi acetate compound to be carbonylaeeed. Thus the
alcohol may serve as the reaction solvent  as vxlt,
although, if desired, separate solvcnix may also be
used, 25 It will be appreciated that the end product
of the reaction is dctcitnined 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 t e cnirc:spending
e.arboxylio acid, whereas uge  of an atkanol produces
the coat ptx din es er. Use of methanol conveniently
produces the 2- 30 scesoxy methyl propanoate
or3-aretoxymcthylpropanoare. in The prorxss according
to the present invention, the carbon monoxide maybe
used in pure  form or ducted with an inert gas such as
nitrate, carbon dtaxide or k noble gas such u., aqon
Small aniouias ofhytLogen, typically less than 5% by,
volu.ne, may also be prewar, 



35 WO t1U +A 0 99 PLTIG$211i1310iiif 9  I n. The ratio
(volume/volume) of vinyl acetate compound to hydroxyl
group i hntaining compound  may vary between'vide
limits and suitably lies divine range of 1:0.1 to t'
U. preferably from  between 2:1 to 1;2 and up to a
larrc excesx of hydroxyl rnnn containing compounds
when the  latter ix alsc thurcaotion,olve it such as
up to a 50:1 txcess of hydroxyl group contatuatg 5
compounds. The amount of the catalyst of the invention
used in the carbonylation pnacess or tie vinyl
acetate compound is not cririr..a_ Good results may be
obtained when, prerrrabty, the amount  ofiim,tp 4'lil
moat is in the loose 1077 to IT' motes per mole of
vinyl acetate to mpotuid, 10 more preferably, 10' in
10't col-ii, most preferably 10' to 10" moles par mole
of  ethylenicatly unsaturated eompcema. 11refcrhly,
the amount of bidcntatc compound of  formula I to
unsaturated compound is in the range 10" to 10' , more
preferably, 10 to l0'' ,  most pte38rmbly,10`5 to 10"
metes per mole of vinyl acetate compound. S
Sititahlytalthough
nonsa~endaito-thevnention,theLadronylationofHvinylacet
utu  contpnsnd an dv fin elf hcrcin to ybe puriittnel
in one in morn aprotic solvents. Suitacle  solvents
include )wines, ,inch as for example methylbutylketnnc
othcrx, such as for example  anisole (methyl phenyl
ether), 2,5,3-trinraaananc (diglymc), dieihy] ether,
dimethyl ether,  tcttahydrofuran. diphenylether
diisopropylether and the dirnethylether of di
ethylene-glco;; 20 esters, such as far example
atiethylacetate, dhm:_yiadipate methyl benzoate.
din,eth l  pldltalate and butyrolacroue, anndes, such
as for example diutedtylacetan:ide, ik
ttettytpytiolidone and dunethyl forma_ ide; sulfanides
and sulphones, such as Iui txunwlci
aimethvlxutphoxide, di-isoptcpytsulphone, 5ulfgl:ute
('etrahyiirni3-aiupht~re',2-dint 3lc:,i.
tncthylMUlfalanL aicbyl sulphuric,
ttttaliydrotbitiphcnc i j-dioxide and 2-methyl-4 25
ethylsnJfotarie; ammo is compounds, inclulinl; 7tal,o
tarianrs of such compounds eg. betizene,  toluene,
ethyl be tzetie o-xyleec, m-xylene p-ayleae,
chtarobenzene, odichlornbenzene; iu- diehiorobenzene:
alkanes, including halo indents of such compounds eg,
hexane, lieptsnv,  2.2,3-1rhnuthylpcutiue, methylene
chloride and carbon tetrachloride; nitriles ag.
lnonxonhritc  and acetunitnie. 



30 very suitable are aprotic solv:rws having a
dielectric constant that is below a value of 30, more
preferably in the tatge of 3 to 8, at 298.15 .K and I
x JOSNm 2. In the present contest, the  diclechie
constant fora given solvent is used in its normal
meaning of representing tltc satin of  the capacity of
a. condenser with that substance: as dielectric to The
capacity of the same 35 condenser with a vacuum for
dielectric. Values for the. dielectric constantsof
common organic WO 2003m5 0599 PCT; CB2 003104"679  20
liquids can be found in ;en:xal reference ta,aaks,
Such as the Handbook of Chemistry and  Physics, 76"
ediiton.. edited by David it Lide et al. and pdhlished
by CRC press in 1995, and  are usnaily gnuted fur a
ternptamme or about 2&SC or 25C, i.e. about 291t, I
Sl; or x'$,15 X.  sad atmospheric pressure, i.e. about
I x i0siNlri 2, or can i-cadiiy he converted to that 5
rrunperature and pressure using the cottversiun
fzstors nuo:ed. If no itterausre data rur a
particular conipo.ind is avuilablc, the dielectric
constant inny be readily measured using  esisblishe d
physieo-chenaical methods. No: example, the dielectric
constant of anisoluis 43 tat29d;2 K), of diethyl other
is 4.3 (ac  tit 293,2 K), ofsulfolaue is 43.4 (at
303,2 Kj, of tnethylpentanoate is 5:0 {ar 293.2 Kj; of
dipteiylether is 3,7 (at 283.2 K ), of dimdthylidipate
is 6.8 (at 293-2 K), of tetrehydrofbran is  7.5 (at
295.2 K), ofinethy1nonannate is 3.9 (at 293.2 K)..
profeircilsolvent is anisole, IF the hydrrxyd grmm
containing oomsiouad is an alkano!, an aprotic scth
eat will be generate-4  15 by tae reaction as the
ester catbonylatian pnsluct of the vinyl acetate
compound, carbon  monoxide and the alkanol is an
sprotic solvent. The pmeess may be carried nrd in an
excess of aprotie solvcnt, i.e., at a ratio (viv) of
aprotic  solvent to hydroxyl group containing compound
of at least 1:1, Preferably, this ratio ranges  20 f i
um l  1 to 10-1 ,rod more preferably tirom l : l twit
1, Most: prefrfable Cm, ratio (uiv) ranges  from
1.5:1.to3:1, Despite the afoiegoing it is preferred
that the reaction is carried out in the absence of any
external added aprotic solvent ie, an aprolic Solvent
not generated by the reaction fcscif.  25 The catalyst
compounds of the present invention may net as a
"heterogencntle, catatyst or a  "homogeneous" catalyst



ray the tern "bomogeucuus" catalyst we mean a
catalyst, i.e. a compound of the invention,  3J which
is not supported but is simply admixed or farntcc
in-sit; with the reactants of the carhonytation
reaction (e.g. the vinyl acetate compound, the
hydroxyl containing compound  and carbon monoxide),
preferably in a suitable solvent as described herein.
By the tarns "kete ogeacous catalyst we mean a
catalyst, i.e, the compound of the invention,  35
wkieh i oarrie i on a stppon. WO 21104?0{0:99
PC"'1i4D2003i004679  2i Thus according to a further
aspect, The present invention provides aprocess for
the cc arbonylation of vinyl acetate compounds as
defined herein wherein the process is carried net
with the cata:yst comprising n support, preferably an
insalnhle support { Preieraoly, the support comprises
a polymer such as a po?yoiefin, polystyrene or
polystyrene  copolymer such as a divinylbenwcne
copolymer or other suitahk pnhy:tters or copolymers
known to thou skilled in the art; a silicon dericativc
such ;)s a ftirenionalised silica. a ailictnn  .it a
silicone nthhcr, or other porous particulate material
such as tor example iiorganic oxides  If' and
inorganic ct oxdes. Prefc` ably the support material
is porous silica which has a surface area in The range
of from  10 to 700 111 g. a total pore volume in the
range of froth 0. t to 4.(i cc.'g and an average
particle  size in The rartgr of t r m 10 to 500pm,
More ptcferahly,-the stedaoe area is in The range of i
5 ftrm 5C to 50th maig, the pore volume is in. the
range of from 0.5 to 2.5 cats and the average
particle sire is in the range of front 20 to 200 am.
Most das4ably the surface area is in the  rangy. of
from 100 to 4400 m-'/ , the pore -volute is in the
range of tarn 0 $ to 3,0 toII earl the  average
particle size is in the range of from 30 to 100 jun.
The average pore siao of typical  porous support
materials is in the range of from 10 to 1004 A.
Prcfcrably, a support inaterial is 20 used that has an
average pore dvrmerer of ffom 50 to 500 A, and most
desirablyrfrom75 to 350  A. It may be particularly
desirable to -dehydrate the Mica at a temperawre of
from 10010 to  900C:iaywhcre from 3 to 24 houes.
Suitably, the support may be flexible or a rigid
support, the insoluble support is coated andior  25
imprcg aced with the compounds of the proem of the
invention by techniques well known to  th.jse skilled
in the art. 



Atte^iutivcly, the cnmpotmds of the proeass of the
invention are foxed to the surface afati
i*nsolahlc-support. optionally via a cavalcnr bond,
and the anangernim( optionally includes a  i0
hifitnrtiona l spacer molecule To apace the compound
from the hrnlublt. support. The compounds of the
irvcntinn may be fixed to the tc'lrfaee of the
insoluble support by  pr@motiag reaction of a
fiinauonalgroup present in the eontpoand of formula I.
for example a  sibstiWent K, n, ? and E of the aryl
miiicty, with a comilbracntary icaetive group present
on 35 or previously insetted into the support, The
combination of the reactive group of the support WO
2(104,10-505 99 I'C'r,'C >s;o~-:rati 1479  __ with o
corptimcutaty sabstiiihent of the compound of the
invention pro>vides a aeteropur nus  catalyst where
lie compound of the invention and the support arc
linked via a linkage such as  nn ether, ester, amide,
amine, urcz. ke:o group, 5 The choice: of reaction
conditions to link a compound of the process of the
pn:.scnt invention to  the support depend upon the
vinv3 acetate compound and the groups of the support.
For  example, reagents such as catboddt mides,
I,1-carbonyldnmida7ole, and processes such tt the  use
of mixed anhydrides: reductive animation Pray be
employed. JO According to a further aspect. the
present mvcniion provides the 'as- of the process of
any  aspect of the invention wherein the earalyst is
attached to a support. Paritcularly preferred is when
the organic groups R`, R2, W, R`, R', R'. R'. Rr, Rs,
R1_ R it and  R'r or Rt - R'E when associated with
then teapective carbon atom form composite groups  i3
winch ate at least as stei'ically hbidet ing 8R
t-hntyh Steric hindrance in;his context itl as
discussed at page Zit et seq of"Hnntag::rsous
Transition Metal Catalysis- A Gentle Art", by C
hiasicrx. published by Chapman and Hall 198l. 'these
sterie groups may be cyclic, parr-cyclic  or acyclic.
When cyclic orpari cyeac, the group may be substituted
or onsubstiruted or be saturated or unsaturated. The
cycle or part cyclic groups may contain, ineludtm the
tertiary  20 carbon atom, from L-C;o. more preferably
CC,, must prcl rably C1,-Cu carbon atoms in  the
cyclic structure, The cyclic structure rnav he
suhstihtted by one or more substituertts selected from
halo,cyano,nith OR 13.OC(O)R`",C((>}R",C(O)0R=z
NRasria  C(O)NRR2e. SRC(O)SRz`, C:(S)NR"!t'-0, aryl or
Bet, wherein R'$ ro R`' each  indtPenriencly represent
hydrogen, aryl or lower alkyl, and'or be interrupted
by one or more 



25 oxygen or sulphur atoms, or by silarro or
diatkylsiicon groups.  The bridging group :1r is an
aryl moiety, cg, a phenyl group, which may be
optionally  substituted. provided that the two plnsj
hnruss atoms are linked to adjacent carbon atoms, eg.
at  the tand 2 pasilians on the phenyl ; r,,up.
Lrurthcrniorc, the aryl Moiety mxv bit a fused 3d
pciycyciie group an, nnphthntsne, biphenvlcnc or
indent. Examples of suitable bidentate ligaudsare his
(di-t-butyl phosphtnn)-o-xg ere (also known as  I 2
his (Sid-hutylphnspitinnmtcthyt) hcn7.ene)_ 1,2-his (d
adantetii> lpkospbitio::tetbvi) heuzene;  Ire
bis.(diadaman4ytp osptiinssmzthyl) naphthalene; 1,2
bis (dGt-pentsl phosphina)-o-xylem 3$ (also lmown as
I,2 his (di.t-pezttyl-pitosptauomethyl) hcnzcne.); and
his 2,? ter tbntyl WI) 20041050599 23
pkospEsuaomeday1) naphthalene. Additionally, the bob,,
mate phosphine may be bonded to a
+.~itaErtegotvnwrssauhntate via at least one of the
bridging gtouo AT, the 4ati3ng group h or  the linking
group Deg- his (di-r-butyl phosphino)-o-sylene may be
bonded via the sytcuc  kioup it. pvlystviene to give
au iuuuobilebeterogertcous atatalyxu Examples of
suitable S biticutute fezruevue ligands are
I,2-bis-tditerttiutyiphc>xphtmt=safaylj fcxom:rta;
12, 3-ttis-(dirertbuty!phosph;nometltyl) t rrocetae;
1,2 bis(duldatnantylphospbinomethyl) fertocene; and
3.2 his (di-t-peatyl phosphirnnrethy1) fcrracs nc. to
The amount <if hidcmatc ligand used can vary within
wide limits. Preferably, the bideniate  F2.and ix
pn:,sent in an amount such than file ratio of the
number of moles of the hidentate  ligand present to
the number of moles of the Osuup VIII metal present is
from 1 to 50 era Ito  1C, and particularly from 1 to 5
inol per inol of metal. Mort prefcmi ly, the .no_`,mot
range of 15 conrpotuids of formula Ito Group VIIIl3
rnewl is in the range of i:1 to 3:1. most preferably
in  the range of 1:1 to 1.25:1. C,onvenicntly, the
possibilitty'of applying these lowniolar ration is
advantageous. as it avoids the use of an excess of the
compound of formula I and hence  minrmiscx the
consumption of these usually expensive compounds.
Suitahly, the catzlysts of  The invanr,nn are prepared
in a separate step preceding their use in-sitar in the
earbonylation  20 reaction of a vinyt aecratecompound.



Conveniently, the process of the invention may be
earthed out bydrssolvalg the Group VillB  metal of
compound thereof ax defined herain in a suitable
solvent such as one of the hydroxyl  group
containingcotnpoundx or aprotie solvents previously
desr ribed (a partivulallyprcfencd 25 solvent would be
the ester or acid product of the, specific
earbony.'lation reaction cr. Methyl  lactate for vinyl
acetate carbonylation) and subsequently admixing with
a compound of  formula I as defined herein. The carbon
monoxide may be usaai in the presence of other gases
which are inert in the 30 reaction. Examples of such
gases include hydrogen, nitrogen, carbon dioxide and
the noble  gages such as argon. Suitable Group VIIIB
metals or a compound thereof which may he. combined
with t  cotnpouud of formula I include cobalt, nickel,
palladium, rhodium and platinum. Preferably,  35 the
Group VlllB metal is palladium or a compound thereof.
Suitable compounds or such \%O 2(I(410 t 9t). I'CT;
G132ttltti,tlU-IUT9  74 Group VIII tretms include
salts of acti metals,,vith, or ecimpnunds comprising
weal  coordinated anions dart ved Goat, alitc acid;
sntphuric acid: lower alkatoic (up to Ctr} tide  o eh
n acc nc artul and propinnic acid; sulphon=c acids
such as methane suiphonic acid,  chlarasuiphonic acid,
fluorosulphonic acid, Inriacrnmclhane snlphonic acid,
benzene 5 sulphoiut. acid, naphthalene autphaniu acid,
tolurtte sulp,hom2 acid, c.g. p-toloenz aulphonic
acid, t-butyl stiphnmc acid,. and 2-hydroxypropane
sulphonic acid; su)phuvated ion exchange  resins;
perhalic acid such as perchloiic acid; ; halogenated
carhoxvlit acids.%Ldh as  trwchloroaeetu and and
tritluoroacctic acid; oiihophosphmiu cia; phocphanw
acids such as  otnzencpbosphonicacid; and acids
derived from intertac.ions he tween 1..etvis acids and
10 Broetisted acids; Odin t ounce which may providn
suitable anions include the optionally  halogenated
teiraphenyt borate, derivanves, e.g.
perr?uorotenupltenyl borate, additionally, zero
valent palladium complexes particularly those with
labile li*uds, c.c. tripaenylphospbtinc or  l*enes
such as dib nzylidencacetone or sty rent or
tri+,'dihcnzytideneacetonrh3ipailadium may  be used
Theanionn inay he derivctt from or introduced as one
ormoxt of an acid lra Bing a pXa  measured in aqueous
solution at 1 g`Cl of less than 4, more preferably.
less than 3. a salt with+a  nalion that dor_z
notinterfere with. The reaction, c, g, meta! salts or
lsr,cly organic salts such as  



alhyfammontttm, and a precursor, such as an ester,
that can breakdown under reaction 20 conditions to
generate the anion in lint. puijalile arcs and salts
include the acids and Halts,  other than unsuhscuuted
carlmxylatcs; listed utpra. The gttantity t,f anion pn
xe i is tt t critical to the cal>tic Lahuviuur of the
ntalyst systcn T c molar ratio of anionzo palladitun
tnay be From 1:2 to 500:.1, preferably frotn2l E o
100: l  25 and particuladyfrom3:) to 30:1. Where the.
anion is provided by a combination of acid and  salt,
the relative proportion of the acid and sale is not
critical, As mentioned, the catalyst  system of the
present inveritiuil may he uncd harndggeneously or
heterorcenesiuxiy. Preferably,  the catalyst syticm is
used hoirtogencously. 30 The catalyst aystein of tlic
pros, ntinventton is pNeferably tenstitntcd in thc
liquid phase v:hich  may he otmed by one or more of
the reactants of by the use of a suitable soivent Tic
molar ratio pf the amount of vinyl acetate compound
used in the reaction to the amount of  htthoxyl
pnividiag compound is not critical and may vary
h:awcen svidc limiis, Fig. lion: ;i5 0"001:1 to 100! 1
mollmol. WV 20041x050%%9 Pt 7^7f R2tln3ttnkta79  The
product of the reaction may be separated flout the
other contpoueats by arry suitahtc  means. However,
iris alt advantage of the present process that
significantly ,ewcr by-products  ate fornmed
thcrtbyreducing the need for ibrthur purification
after the initial separation of the 5 product as may
be evidenced by the gc aerally significaittlyhigLet
set ctivity. A further  advanfage is that the other
components whim contain the cauily l system which may
be  recycled andior re=used in further reactions with
minimal aupplcmenttmon of fresh catalyst_  Pref raoly,
the carhonytation iscarritxt out at a temperatmte
ofltetweeu -10 to 150'C.. r-on; 10 prcfcrahly{"C In
140"C' most preferably?0"4. To 1200c, An especially
pref:rred tcgnpcrznlrc  is one t-hoccn between s0cc to
7206C, , .dvantageously, the carbon,ilahon can he
tamed out at  moderate Temperatures- it is
particularly advantageous io be able to Carryout the
reaction at  room temperature (200C). 25 Preferably,
When triesing a l w. tcmperat ue carbonylatiou, far
cc-rboaylation is carried on(  between -30t to 49"G,
rmorc prcferably.-10C to 4:5"C, still nrore pre
ttabiti 0"t io ='i ,  -mod prctrrahly IO t: to 45t.
1'>Spec;alty preferred is is n mg t of 10 i& t4t::
Preferably, the carbonylation is can-ied out at a C.r,
partial pr ssure of Between 0.50 x 10 N.rri  2y 2-90 x
IO'h'.nf , more pre&rabIy l x 10> N.m 2-65 x 10`A.M'.
most pre trebly 1-30 x 1& N.m  



Especially preferred isa (N) parial pre :snre of 3
to-lox ltJ N.rcc'. Preferably; a low
prnssurcrarhmnaiarion is also et:visaevd. Preferably,
winch nperninga lore  pr.;sure carhonytation the
carbonylation is carried out at a COpartial pressure
of between 0.1  'd5 TO 5 x 10s.N.tr ' , more
preferably 0.2 to 2 x 103h:m2 , mostpre brably0.5 to 1
$ x lOS~t.m'. As mentioned above, viitui ai:etate can
be substituted or non :,ubstituted. However, it is
preferred that the vinyl acetate is unsubstituted. 30
T he we of ctahilisin9 cnmspounrts with the
catalystsystemt may also he beneficial in  improving
recovery of metal which has been, lost from the
eawlyst system. When the  catalyst Sysem is utilized
in a liquid reaction medium such stabilizing
compnund.s may  assist recovery of the group VI or
ViiiE metal. WO2041J 1050599 PC l'fG112{F113r4tixti79
2ti Preferably, therefore, thecaialya1 system includes
in a liquid reaction raudium a  polymeric dispersant
dis-sotved in a liquid carrier, said polymeric
dispersant being  capable of stahilisinga colloidal
suspnsion of particles of the group VIor\?1103  mast
or metal compound of the catalyst system within the
liquid carrier. 5 The liquid reaction medium may be a
solvent for the rt aeiion or may comprise one or
mtarc ui t13c reactants or sac io products tltcirtsely
The reactants and reaction  products in liquid form
may be miscible with or dissolved in a solvent or
liquid  diluent. 1+) Th{: polymeric dispersant is
soluble in the liquid reaction medium, but should not
significantly increase the viscosity orthe reaction
medium in a way which would be  detrimental to
reaction kinetics or heat transfer. The solubility of
the dispersant in the  liuuid medium under the
reaction conditions of temperature and pressure should
not l5 be so great as to deter significantly the
adsorption of the dispersant molecules onto  the metal
particles, l'he poiyrneric: rllspersant is capable of
stabilizing a colloidal auspansian or particles  of
said rrosip VI or VUIB metal or metal compound within
the liquid reaction 20 medium such that the metal
particles formed as a result of catalyst degradation
arc  



held in ::uspcrosiuv in the liquid reaction medium and
are discharged from the reactor  along with the liquid
for reclamation and optionally for re-use in nwking
further  quan cities of catalyst. The metal particles
are notmallvof colloidal dimensions, e.g.  in the
range 5 - 100 rim averagcparticle size although larger
particles may loon in 25 some cases. Portions of the
polymeric dispersant are adsorbed onto the surface of
the  metal particles whilst the remainder
oflhedispersant melecuk;s remain at least  partially
sotvated by Thu liquid, reaction medium and in this
way the dLcporso(I group  VI or VIIIR rnotal particles
are stabilised agninst seining on the walls of tit.,
reactor or  in'tat:tor dead spaces and against claming
agglomerates of mtetel particles which may a0 grow by
collision of, particles and eventually coagulate..
Some agglomeration of  particles may occur even in the
presence of a suitable dispersant bin when the
dispersant type and concentration is optimised then
such agglomeration should beat a WO 20041450599
I~G"I'1GB2tgt31OO46?9  relatively low lcvt l FUId the
agglomerates may fotan only luusS,Iy so that they may
be  broken up and the paricies redispered by
naileriion. The polymeric dispersant may include
homopolymers or copolymters including  5 polymers such
as graft copolymers and star polymers. Preferably,
thepolym.ru: dispersant has sufficiently acidic or
basic functionality to  substantially stabilise the
colloidal suspension of said group VI or VII1I3 metal
of  metal compound. 10 By substantially stabilise is
Meant' haL the prcoipitaticm of the group 1'1 or
XIIIIB  mewl from the solution phase is.,ulmlantiaily
avoided. Particularly preferred dispc;rsants for this
purpose meludc acidic or basic polymers I5 including
carboxylic a;.ids, sulphomc acids" amines and amides
sueh as polyacrylates  air heterocycle, particularly
nitrogen heterocycle, substitute] polyvinyl polymers
such  as polyvinyl pyrrolidnne ni e:upulyrners of the
aforesaid, Examples orsuch polymeric dispersants may
be selected from polyvinylpyrrolidone,  ::0
polvacrvlarnide. pol;acrylonitrile, polyethylenimine,
polyglycine, prilyacrylic acid,  polymethacrylic acid,
pnly(3-hydrorvhutyricac d), poly-Gletteine, poly-L-
methionine, poly-I:proline, poly-I,-serine. poly-I;
-tyrosine;  



poly(vinylbenzencsutphonic acid) and
poly(vinylsulphonic acid). 'S Preferably, the
polymeric dispersant incorporates acidic or basin
moieties either  pendant or within the polymer
backbone. Preterably, the acidic rnoietics have a
lissuciation constant (pl{,,) of less than 6.0, more
preferably, lass than 5.0, most  preferably less titan
4S. Preferably, the basic moieties haves lase
dissociation  constant (Ii K,) lasing of less than
6A). more preferably less than 5.0 and most ..30 rrct
:rably less than 4.5, pIK and pT<b being measured in
dilute aqueous solution at  25"C %;'ta 2001fO1 fl59-9.
P~;"1:(yE20tt3J01).in79  28 Suitable puiyrneric
dispersants, in addition to being soluble: in the
reaction medium at  reaction corditinras, contain at
least. coot acidic or basic moiety, either within the
polymer backbone or as a pendant group. We have found
that polymers incorporating  acid and amide moieties
such as polvvvaypyroiidone (PY?) and pnlyacryiates
such 5 as polsacrylic acid (FAA) are particularly
suitable. The molecular weight of the  polymer which
is suitable: for use in the invention depends upon the
nature. of the  reaction medium and the solnbilith of
the polymer therein. We have found that  normally the
average alnlecuisrweight is less than 100,000.
Pretbrable, the average  molecular weight is in the
range 1,000 .' 200,000, tnote preferably, -,000- 100
000, 10 most preferably, 10,000 40,000 e.g. Mw is
preferably in the range 10,000- 80,000,  more
preferably 20,000 -60,000 when PVP is used and of the
order of 1,000 - 10,000  ut the case of FAA. The
effective Concentration of the dislmisant within the
reaction :nedium xhoulrl be  15 determined for each
ieae u tJaatal}at systen't which is to be used. The
disp=ersed group 'VI or V-1il.B metal may be recovered
from the liquid sweat  removed from the reactor e.g.
by tiluation and then either di.;pnsed of or processed
for re-use as a catalystor other applications. Ina
continuous process the liquid steam 20 may. be
ettculated through an external heat-exchanger and in
such cases it may be  convenient to locate filters for
the palladium particles in these circulation
apparatus.  Preferably, the polytner:metal miss ratio
in gig is between 1:1 and 1000:1, more  preferably,
hetwuen 1:1 and 400;1. most preferably; between 1:I
and 2041:1. 



2s Preferably, the polymer:ntetal mass ratio in twig
is up to 2000- more preferably, up to  400, most
preferabty, up to 200. The following examples fUrthtr
i hssbaw the present invention.  30 8renaralionof
t.2-Ititditertbttivtnhnsohiuotnr;thyllbe=cne The p
eparr" ion of this ligand was carried out in the
manner disc:osed in WO "A7528 in  accordance with exam
e IS. WO 2W14,10 a0_599 PCTt;112ntt3,'OO tt;7*1  7r)
Preparation of 1"-bi.s-tttitertbutvloUosDhinomat vl)fe
Toceue  Di-tcributyiphasohine (Aldrich, 11.616 nil,
3.33 mmol) was added to a solution of 1,2-
bu(damedr!':ma ucnneth?7)r`erzoceue (Exunjplc I, 0.5
lt, 1.66 mmol) insnhydrous actuc acid 5 (100 ml) under
nitrogten and the rcncltin;t mixture is stirred at
7i0"C2or 72 hours. The  anhydrous arrtir. and is
removed At rvtrtuo it approxinwtely 70"C to yield the
crude title  produce as an orangeiyetlow solid. The
crrtle product is rta:rystulllscd rrort cttuinoi with
cooling to filtered and the filtrate washed with cold
ethanol to yicid the m- lc; con':aound  as a pale
yellow solid (0.365 g, 44%, 84"C). 10 'H NAM (250 MHt;
CDC),):: 64A (22H, d,1= 2112); 3.95(5H, s); 3,75 (111,
i, 2Hz); 2.3 (211,  dd, 12147,.2147,); 10(2111M,
1211z, 214z); 1.1 (18H, nn). C: NMI (63 MHz; CDCb):
8S6.73 (d, 5.A6 Hz} 70.08 (1, 4:A I I1z};
69..tfia5(s); 43.7 is);  15 31.W (d, 2Hz); 31.A (d.
I.98Hz), 29.89 (d, I f8 TTz) 1P N MMR (101 M1=Iz;
CDC13): Si 5.00 ppm, Elcn)tntal anx vsis: f''ound:
C:66.79%; 11:9.57% 20 Calculate 0:66.93%;11.9.63%
fYenaration of 1,2 bisfdiadpni tvt Huts rhinometh 1
benza e " the preparation of this ligand eszs-carried
net as follows.  25 1.1 Preparation of(I-Ail),P(O)CI
Phaspborous ffichloride (S3 on, 0.98 mol) was added
rapidly via cannula to a Combination of  aluminium
cMonde (35.0 g, 0.19 mot) <ad adarnaatane (27.2 g,
0.20 mn1) zffordin a tan  



30 suspension. The reaction was heated to milax. After
10 nuns, a yellow-orange suspension was fornted
(colour due to P(d)C73F). The reaction was retluxed
for a total of 6 Ir. The exr'ss PCI;  Was removed by
distillation at almosphcrie pressure (9P 75 C). On
Wonting to ambient  lencperntum an orange solid was t
mied. Chiotvfoc:n (250 cm') +wus added yielding an
orange  suspension, which was cooled to 0 C. Water
(150 eel'') was added slowly: initially the 35
suspension viscosity increased, but on full addirnn of
water the viscosity Imam- From this  point the
reaction was no 1ovser kept under an atmosphere of Ats
The susceasion was l3jchncr WO 200-ii0,_0599
PCT/GE2ofl3l i{wi74  30 filtered to remove the
yellow-otnnge solid impurity. The filtrate consisted
.of a iwo Phase  system. The lewcr phase was s--part d
using a s,zarating fitinnel, dried over MoSO.4 and
Buchner filtered. The volatiles were removed tin rotaa
y evaporation, drviag (malty .ri .uzuv,  affnrdin an
of --white puwdu:. Yield 35.0 S, !S`} %. s'p N MR; i'i
= 8$ PPM, 99 % pure.. FW =  5 352.85. 1.2 Preparation
of(1-Ad);PH Lihl}l, (2.54 g, 67.0ntrucl) was added
over 90 minutes to a chilled (-;fl C) solution or(!-
10 .1d)yP(O)ci (1000 g, 28.3 mmol) in THE. (120 cm3).
The reaction was allowed to warm to  ambient
temperature then stirred for 20 h. The grey
susp=msiorn was cooled to -10 C. LICI (aq..  5 en? e.
Tics in 50 cma degassed water) was added slowly via
syringe (initially very slowly  due to exo therm of
reaction), yielding a two phase system, with some
solid material in the  lowcrphase. Further HCl (-. 5
cm' c. 111) was added to improve the separation of the
layers. 15 The upper phase was removed v_a flat ceded
cannuln, dried over Mr,SO, and filtered via- cainiula,
The volatiles were removed in-vccaro affording the
product as a white powder,  isolated in the glovebaz.
Yield 6.00 g,. T', %. 31P WAR- 0 17 ppm, 101) % Pure.
FW  302.44. 20 1.3 Preparation of(1-Ad)=RCI A solution
of Ada'H`(10.5 g, 34.7 mnol'r and DBU(6.12 rm3, 40,9
mmot) in toluene (250  M) was chilled to -to `C.
Phosgene solution (30,0 cm1, 56.7 annul, was added
slowly via  cannula, transferring via a measuring
cylinder, This afforded a highly viscous pale yellow
25 suspension: Additional toluene (1(A cm3) was added
via cannula to lessen the viscosity and  case the
stirringThe 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 Eiltratc.
T'he votatilcs were removed hi vast.o affording a pale
yellow solid, which was  washed withpentanc (2 x 30
cm3, washings practically colourless). The product was
dried rr, 30- vorua and isolaS in the glovebox as a
lemon yellow powder. Yield 7.84 g. 67 NMK:  C =139
ppm, 99 !a pure. FW = 33618. 1.4 Preparation of
1,2-bis{di-l-ttdamantylphosphinonarthyl)benzene  35
1.4.1 Preparation of D1-8{N6IO-ORTHO-.XVIXINJIi1)15QU)
W() 2004tTl30599 PC;T+Crfi'<i7p5itl04fii99  31 BU'Li
(2.5 h9 in hexat_s, 17.28 em'. 2g.2 rnmol) wa; added
dropwiu: via syringe over 15  minutes to is stitred
suspension ofN'aCOLtu` (crushed, 2,'111_;.28:2 tnmol);
.!z-ay,ene (1.13 cnt',  94 rrinioi) and tetran;ethyl
ethylene diamine(1 MMEDA) (4.2O cnt'; 28.2 nutiol) in
3 heptane (100 rm')_ The reaction was heated at 60 C:
for 2 It, then allowed to cool ; settle.  aftrdneg a
bright orange solid ( DLSOD) and pale yellow solution.
The solution was removed  via cuttuda filtration and
the solid washed with additionsbeptanc (51) cm') and
dried in- vactw. 010 4 4yield a-sgumcl; &.47 mmol. 10
1.4.2 Reaction ofDI-SODIO-OBTHO-f'Y'i.RNF with 2equiv
(1-4d);PCI A suspcnainn of DISCO (2.47 mn?ol) in Et O
(100 cm') was prepared at -7S C, A suspension  nf
Ad,PCI ($30 g, 16,9 mmol) in Et2U (120 tan) was sawed
rapidly at 15 'C and added via  wide-bore carutula to
the DISOD suspcnsiinn The reaction was dIlowe:I it)
warm to Ambient 15 teuitietatere.2nd stirred for I R
h, a`fnr,ding a pale yellow turbid anlufion Water
(degassed, i0-3  cat s) added via cannula affordinga
two phise:system, with a great deal of white solid
present  (piuduct) due to the low s.iluh Iiiyo(this
material. The upper posse (Lit,U) was removed via
cannula The xulid in the aqueous phase was extracted
using dichloromothane (200 cm'),  formingtwc. clear
phases. The lower phase (C1-12Ca,) was removed via
cannula and combined 211 with the original LQi.)
phase. The volatilcs wcre removed Li-vac zv yielding a
slightly sucl?y  solid, The solid was washed with
pentane (200 cm) with attrition bean; _performed. the
wahines being removed via cannula filtration. The
white solid was dried in-vamuu and  isolated in the
giovebox as a friable white powder. Yield 3.5 g, 59 %.
1W = 707.01. 25 'tP 'z-H)NlvIRdatz-ti24ppm. tH NAMR
data:- (400 MHz, CDCI,, 298 K) S 7.59-7.50 (in, 214,
AY-11)z 7.09-6,99 {ttt,'2 I, Ar- 



Ii), 3.01 (d, 4H 2JpE: = 3:2 Hz. CH2), 2.07-1:57 (in,
ON, C: iHis) ppin. 30 "C Z'H) NMJ3"stain:- (100 M11z,
CDC]); 298 F) 8 I:i9.4 (dd, lpc= 10.7 Hz. Jri;- 2.3
1-1z, Ar- C-1 131.0 (d, Jp= I6.S H7, As, C), 125:0 (x,
At-(,). 41.1 (d. %c = 10.7 Liz, Ad-C'), 37,2 (s,  Ad
'), 36.9 (d, 'Jrc - 22.91:; A:l-C), 28,N {d.'Jpc 7.6
Hz, Ad-(.''). 2),0 (dd.'1p,; = 22S  Hr.'Jp;.-3.t H:;
C742).. 35 Vinyl Acetate Ca rbonylation Examples 1-6
WO 2004205059i1 VCr1(;B2;)0a!Q04V9  32 rxamnlc t
Standard conditions ver t as follows In on oxyge free;
(t 10 pp:n 02) environnreatPdr(dba)i  (22.Orng,
O.O4nunales Pd) On 1,21 (95.0mg,  0.24mmolet) were
weighed into a'DOrnfround bottom flask. To this under
aprotective 5 atmosphere of nitrogen Y)Ontl of
degassed methanol was added, and the solution allowed
to  stir for one hour. Then rneihanesulphonieacid
(16y.t. O-24mnioles,) w^as added, along with  0.14g,
poly vinyl pyroilidane (P\P) and Smi vinyl acctam
(VAM). This solution was added to  an autoctave under
vacuum, and heated to S5C, when 10 bar of CO was
added, The. gas  addition rook the reiiiperature to
ltu?v'C, where it was held, amid the solution atluwerl
t rcas:i 10 fn: 3 hourx. The solution was then tooled
the pressure reteascad, and the autoclave emptied. A
[ii; sample w ss la%cn for vnaiysis This experiment
was repeated with the same ligand varying the anwunts
of rcaiciants and the  results are set out in Table 3,
examples 1-5. Bxliemiment 6 repents Lao experiment and
nseS-the  :5 idanranty-l ligand, ) xperimeiat 7
involved the mm: of 1,2-bis
(di-terr-btitylph(>sphinoinethyl)  fccoecno as the
ligand. Results  The ligands 2-bisjdi-itrr
burylphospliinomcthvl)bonxena and t;7 bts{di tcrt- 20
burylpimspliinomethyl)ferrocene wlren eompiexed w
palladium (11) exhibited catalytic. activity for the
carbcmyiation of vinyl acetate. Doth the linear and
branched products were produced  (mcrhyl-t-ace.toxy
propannate and meth)l-3 acetoxy propanoate), avi+ieh
uan he n=.erl ak  precursors to the industrially
favourajle metbyI lactate arid 1,3 praipanedrot. Both
ligands  produced an isa to normal ratio of two or
three to one, with comparable rates. instead of a high
25 :tl..ctivity to the linter pn+i',l1rd hued on the
stet+r. bulk of the ligands, the reaction favnurmxt, 



K'C) 220114115115 99 P4'I'1{;;t32003R![1.i6'9  33 the
hranc]eed m=al-alkyl intcrrrc4inlc which is the
preetnsor to the  t;;drolysi>'ltunsestadfication
product methyl lactate, Table I Shows the effect of
tempcra,nre nn the yield and rate of the reaction fur
a  > carbonylauon otherw se carried out in accordance
with example I. Specifically. Example 1 was repeated,
at vasyiu8, tempcrntnres and the results are shown in
tahlc 1. 'fable 1 "1'lte li`ffcer of lerriperamfe on
conversion  SD Tcrepcratnrc: f nnvrrsion lx TON
(inutes pmiucrt  mute T'd%hrt Room Tenip (ca 23 C) 5.7
- 1162  50 67 13260  80 73 14892  IDO 72 146138  Table
2 shows the effect of pressure on the rate and yield
using in other respects the conditions and reactants
of Example 1. lable2 Thect3cetof ressurevareticnOil ax
Catal%iis Presbx.rt ar =:utM. % TON (molesptoduct.
Conversion tududmy vapour nick Pd/W) pre ssurc if
sotveat 5 50 10312  7 t 5538  20 17042  13 The
cxpermcnis derailed in table 3 lixamples 1.5 loan:
carried out to analyse the effect of the  exotherna
and the level of various contpunca s on the outcome,
'lie experiments were carried  oat as set out above
but wi lh the amounts of component1 shown in table 3.
Generally, the  oxprrmerrs were carried our at 10(1 t
and take account or the csnt"rerm in maintaining this
l' O 2003/DS{l5'!9. pQi'trli(r,+110:1679  34 



lempenture. However, in exutnples 2 & 3 the exo1herm
was nor iaAen irrn aewunt winch  causes the
cxpcrinamtlal tcmpensturc It, me to (30't:. Czamptes 6
and 7 followed the pr t cdureof example l but wish the
reactant and =solvent amounts shorn aid t:sing the
adamantyl and Iexrocene liand respectively, 5 T Ic 3
Experiment No Experimental CoMditirxts Conversion %TON
Rate t:n (!cans) (conies i+m'alol Pdthr)  I 22mg 1'd.
9Smg Iigard, 300m9 McOH 66 13464 43 2:1 16u1 M603) 1,
0.34rg 1W?, 75m1 YAM  I COt, 3hr, I0bar CC) no
exorhernt l 2 44mg Pd, ICOntg Iigand, 300nil McC)11 55
373c 1293 3:1  .a2u1 McS031-1, 1.35g PY'P, 50mI VAM
loot, 9hr. loan: t;O{incexot_zezm) 3 44mg116,
l90mghgatnd,3tlOm1MeOH 60 4070 1354 .1  64u1 McSO314,
13,51; VVP, SOmt YAM 100C,.3hr, 10bar CO (inc
exothrrm) 4 44mg Pd, 19Umg ligand, 300ml McOH 60 '1070
1356 2:1  32u1 9e3OH, 135g PVP, 50mi VAM 1110"Zr`.,
3hr; 10bar C3 (no e:oTbeft:: ) 5 44mg Pd, 190ma*
ligand, 300m1 McOH 83 5630 1876 2.5:1  32u1 McSO3H.0A,
PVP, 50ml V AM IO0C, 3hr, lobar CO (no ex)thetrn)  6
22m' Pd,,&Snig Ad Iica:id, 300ml lvlt,4?H 46 931x1
312R 11  16ul Mc:SO3l4, 0.348 PVP. 75m1 VAM 3006C,
3br, lobar CO (no exotherm)  7 22mgPd,121mg Me ligand,
300m1 McOH tit 8422 2807 2:1  32ul s4eS03H, 1.352 PV
P, SE M?I VA M ND ligand" 1s 1,2 --bis
(di-terc-butylphatsrhinomethyl) benzene  



Mc ligand s 1,2-bis (didctt-butyl phosphinom. cthyl)
fcrroaene  "Alit Ligand" is 1,2 his
(diadamantylphosphinouieiltyl) benacnc  Pd is Pd(dba),
190A Pd. WO NO ttti_ 59k) PQT{G$200 310 04 6 79  isxa
s pies $ and 9 were conducted at low t nipecature and
pressure of CO but w:tl. a high  ci'ttals;. uace
trztien co spared with the vipy9 anctatc. high
conversion Nwrc  uclievcrl under 1ltese eoudlnoris.
Example Is was carried out at and Fxamplc9 at 40C.  .5
IamutesS and 9 3;4'n` iaggratare. Low CO pressure.
Rieh catnlvst concentration exnerimenfs Standard
eontitions for low tempe ature, high catalyst
concentration experin;eais were as  follows in an
oxygen fret (< 10 ppm 02)envixonnreat Pda(dba13 23.19%
Pd (45,7nrg,  mlmmoles Pd) aar11,2-his{di
cn.butylphnspbThontethyDbenzene {15 .7mg, O.4 mm~ilca}
were 10 wd he inco a 210nt round hntton lla.sk. To
this mxlcr a proteckive xlniesphere of nitrogen  was
added nrttharol (23mb;, vinyl acetate t2m1), toluene
030j]) and methane;ulpbonic acid  (29p1, 0.4nunoles).
This solution wait warmed until all of the solic hart
dissolved and the flask  was then cgtttppcd4 with a
cardiec core<krzszr nil placed in a water bath. The
reaction was  stirred by ccxns of a magnetic follower
and atiowxxi to equilibrate at the water bath set
point.  15 Carbon unonoxtde was bubbled into the
stirred solution tor a period of! minrt e. by means of
a  ncmdle introduced via a scuba seal in the reaction
flask. After ribs, without uhSing the eatbon  nwnuxidc
flow rate, the needle was withdrawn from the liquid
and the needle wait k pr well  above the liquid level
for the re.xa nder ur the expo iment. in extunple R
conducted as WC  samples were taken in 30 minute
intcmals utr 2 hours and then at hourly intervals rue
to .5  hours. in example 9 conducred at 4OaC-samples
were taken after 0.5, 1 and 3hours, The  20 samples
were stared at -20C prior to analysis by UC. The
results are illustrated in tables 1.0  and 2.o below.
L+.vanple, ti 3iP TimeTime (hours' Conversion Ratio
1:b  0 o t  05 14.5 3.2,i 



Wtl2014.1 A.:M99. P("fiG732ti+)3,`O 04679  36 l.t;.
F4:5 3.2:1  1,3 39,3 3 ~, t _  2 a6 t1 3:a: i l fi5:3
3.x:1  73, k ,._. .,_ i #i3:A 3.4:1  hxat:aple 9 #0C
Time (hours) Conversion Ratio 1:b  Oa 33.5 3,3;1  TO
39.6 3,7.t  3.4 70.A 12:1 5 After dtsnllation of the
products of the +arbimylarion, 2-arcetoxy methyl
propionate and 3  acetoxy methyl pcopioantc xveie
uullcctc<1 ax di iTt,:m dtsuUatts. Pioductiou of
l,aclalc ar:d 3d1}_dnOxv 11m  1?rcpralinn nf3
hydmx~methyl ronionate 10 To 25; 03 acetoxy methyl
propionate (0.171 moles) was added 25g McOhl (0.78
moles) containing lsaw,'ve methane sulpitonic acid The
solution was stirred at 60C for six  hours before
ccutiag to room teutticramro: The sample was analysed
by CC, the peak  corresponding in 3 acuoxy
m6thlapropionate bad completely dixappearcd and been
replaced  by a peak corresponding to .3
hydroxyznethylpropiouate. 15 ?repast on of
2-hvdroxvnietlivtorouioitatc To 25gn(`2 acctoxy
meihylpropionate (0.171 motes) was added 25g McON M
.?8 moles) containing k%wlw methane sulphonic acid.
The solution was stirred at 60C t'or rix  20 hours
before cooling to loom temperature.. The sample was
aaalysed by OC, the peak WO 3Uti. MSl15a}9
PCM1B2D03/Of14679  corresponding to 2 acetoxy
methylpropionate bad completely disappeared and been
replaced  



by a peak corresponding to ,2 hydroxymethylpropionate.
Preparetion of 2 hydroxy xpr yti9jtiiF acid aac]ac
acid)  5 .10 259 of 2 acetoxy methyl propionate (0.i'?
1 nolcs) was added s5 McOH. To this stirred  solution
was added 2l3 sodium hydroxide (0,5 [poles) dissoivcd
in 20 nil of The  solution was stired for one hour
at-50C befiiw cualiuu to room temperature. The pit
off, the  solution wa' then adjusted to pH 3.i) by the
slow addition of IlC:1 andThesample stirred for ) 10
hour The sample was analysed by GC, the peak
corresponding to 2 acetoxy inetityl  propionate had
completely disappeared and been replaced by a peak
correspuudmg to 2  hydroxy propionic acid.
i'~t'euaiatioa of hydroxy propionic acid  i5 Ta 25g u
3 ae toxy ruthnl pr [pionata{t,t+i roles was added 25g
McO:ri. To Otis stirred  solution was added 20g sodium
hycro!tide (0.5 moles) dissolved in 20 nil of wator.
lac.  suhitinn was stirred fir one hoar at 50C be#bre
cooling to room to n craUin:. The pit of the  sntutton
was then adjusted to p11 3.0by the slow addition or
FiC1 and the sample uttered for I 20 hour. The sample
was analysed by GC, the peak eorrcvponding to 2
acetoxy methyl  propionate had completely disappeared
and been replaced by a peak correspo;iding to 3
hydroxy ptnpionicacid, The readeis atteatiun is d
recte.d to all papers and documents which are flied
;..incutcntly  25 with or prcliuus to this
specificadinn in connection wi it this application and
i 'uch are open to  public inspuctian with ibis
specification, and the contents of all such papcrx and
documents are  incorporated herein by reference. All
of the features disclosed in this
specification(includhig any accompanying claims,
abstract  30 and drawings), and/or all of the trots of
any method or process so disclosed, maybe combined  in
any combination, except combinations where at least
some of such features, and/or steps are  mutually
exclusive. Each feature disclosed in this
specification (including any accompanying claims,
abstract and  35 drawings}, may he replaced by
alternative tea arcs serving the satne, equivalent or
similar. "Wi) 3t16 l'PSftS P) YG3`!G-tL'Ui)3A10a6'f'?
38 



purpose, unIcs+t cxpressly stated otherwise: Thus,
nnfe$$ expressly stated otfierwise, each  feature
disclosed is one examvle only of a gcncric sines of
eyvraalcnt.o-srilar (catnrr*.;. The invention ix not
reslricted TO the details or the foregoing
emliodiatiiritiaThe invention  5 extends to any noset
onee or any novel conbtnation,of the features
disclosed in this  s'pct,ifiration (mch:dtng any,
accompanying claims, abstract and ilrawmg;), or to any
novel one.  or any noveicembination, of the xttps to
any ntetho3 or process so disclosed, to Pflt~1,~#8
23'0`x=C} 1 T0:'~19 892 41  /~ #'1 f1F'pL=Y'lr7. D
LEEr~-LFJwGc ~3s .....T?z~ 39  CLAI 1. A process for
to productinn of a tnctacc xtBr or acid of
Forrrtula.E1  O? O}if~H(9rl) -C-D 00 oompr3sin the
steps of tbonyluli vinpt ac>tate with c rbon mono irir
3atheYSCaenccata  ,Duren &n+mt and of a edniyst sy ,
the Cataty3t syswn 63tatncbie by of hydcoxY1
um'nbining: to Vill 6 Or a compound thatraf: and {a) a
snetai of Group n accnrdanm with tba first aapert  1b)
n bidenSate phosphene of'qenwttl fotraula (1} i
defined hcr_in 15 to Tavdnce a Gre h et comprisin3 a
branclWd (iso) product 2 *tSUX) (Cte)}- QLC{030
wherein p1U is;
testedfromi4,craCrt'ma}k31orafylmoictywbichmaYbeeubstk
ntedos  nsab9It d::d aad et*.her brenct d or 11neor
and chemically ttcating the szid branched Ciao)
product 10 pruduce the cafrespand#nglxaalu rr acid of
formats 11. 1 2. A pmce55 ac tdind w an' preccd nt
claim. whettinthc ratio oftxanched :itp~f nrodut t
from tba tvbcnylntiasc pmt *s3 grestcrthan 1:5:1. or
thecarb
ylaeouofvinylxc:~tatecarnprlvingenactingvinylacexatewi
tth  3. Afro andof car 2L syatemrsb,  



bon monoMide in the p nca aFu Smtrc nfhydroxyl sroap
25 cetalys:3ystciobraittblobyonmbini 1 {a}
amctal0fGmvp'{SSIBaraornin'und teof:tnd  j ())
abidan2ataphosptiineofgaaemlOrtmuis(1) Re  3c !I} q12
n I , R  C  CEOa v  ~l NISPXt1ll CB
rbtWf`231~0'2{l@5M:RFFiFraRn LEES-LEEDS do  'wherein,
Ar is n bridging group comprising an optionally
substituted aryl moiety to which the  phosphorus atoms
arc Linked on available adjacent carbon atoms; 5 A and
R each independently represent lower atkylene: K, D, E
and Z are subAlva tte of the xryi moiety (Ar) and each
independently r tpre=alt  hydrogen, lower alkyl, aryl,
Het. halo, cyan, nitro.ORtl, OC(O)RS', COW % C(O)OR.'.
" zb C 3 R"R se, C(o)se,  SeRl" I I whcrc .l
reol'CSentx lower alkylcn ; or two Adjacent groups
selecttd from K, 4I) and E together wit) the Carbon
ato net of the aryl ring to which they are attracted
Corm a further  phenyl ring. which i6 optionally
substitutcdby oars or more substituent SCleered from
hydrogen. lower alkyl, halo, cyano nitro, OR10
OC(O)R20, C(O)R21, C{O)OF,-NR2ie,  C(O)NR21R26,
C(S)Rz`Rzs. SR'' or C(O)SR" or. when At its e
cyclopentadientyl group, Z may 15 be represented
bY-M(.L,), (LO and Z is connttaS v as motel ligand
bond to the  cyclnpent3dienyl group; R` to Rs rich
independently represent lower alkyl, aryl. or Fret:
V.3 W'to Rz' etch independently represent hydrogen.
lower alkyl, my) or Het;  M represents A Group VIB or
V3llld merrst or instal catFnn _L'lerCer', L1
represented a cyclopentaA3cnyl, indsrtyl or aryl
soul`, each of whit h groups ore optionally 



25 subset ited by one or r ore substitsentt sciev^ed
Item hydrogen, lower alkyl, halo, tyano. nifty,  UR1',
OC(O)Rr, C(O)Wt, C(O)ORt'NRRRM. CCO)NR3R'.
C(S)R.''"R'S. SR=7, C(O)SR 1 or  ferrocenyl; La tcprc
c it3 one or more lit ands each of which are
independently selected from hydrogen,  30 dowel alkyl.
atkylaryl, halo, Co, FR9i%`9Ree orNR46 Rot  a  to R6
each independently represent hydrogen, lower alkyl,
aryl or Het:  r, or 1; n5 I N'  LM PAIVID To: 409 89 e
994A1 5 l u Pi r 1 V4- J'q W vine LEES-cam ., . al
and mn0to5 pmaidcd that when n 1 t}eenm equals 0, and
when n equal; 4 rhun 11 dam noiagnal 0; 5 Q', C 2 and
Q' (whwl prescot) each Ind pendently rcpr sent
phospboraus, at 8cnit or onthrnvary,  and in the IMier
two cescartd'arcnces to pbosphine trDhaaphorous aco++c
arm amended  accotdingly. 4, A process fur the
praduttian of's-hydrOxy propanoeta catcr or acid of
Formula (111)  to Cu2 (o11)CFtt C(O) OR. {ll~
comprising the, steps of: carbony'atiag vinyl aeetlttc
with carbon monoxide in tbopresencc of a source
ofby'droxyl  15 ,reap: end rif a cp]atyat System, the
etraty.:t system obtainable by combining: (a) a metal
of Group Vill 9 or a oompoond thcteof: and (b) a
bidentate phospktine of gcncral fomuln (l) in
nceordance with either claira.l or Claim  2 as defined
ab ive 20 wherein R28 iu sele from , or aC,~ alkyl or
sYl rno cty which may he suharituted or
veso~stikutr:d and either hranoliud or lin-nr and
ear*yia? out q tsentnncat Stepan the said linear  (n)
prvduet l-opetaxy CaI-i.CH,C(o)CR}'tO pv"=ct the
1-hydroxy prop:wtafe aster or acid of  betrula(iiR). 



2$ 5. A prOCCSS eccordingto any !.'receding c12lai.
wherein the Uraup VIII 8 meal is palladium.  $.A
proccv. a mw ding to any preceding claim, wherstn the
linen (a) and ttranched (iso)  ptadvvls of the
carbboyialiat may hr sc ataxd either bsAbre or Alter
the treatment vtep. a0 t  7; A proems according to any
presod ng elm, wherein the products of the reaction
lira sepamied by distillation; 8. A prawns arcardingte
any pnxcding claim, wherein when K, R; E or l
rtprcscnt -1 35 Qi( R1a(R }(K"))Clt r~(7t"X ')  the
respective K. 0, E OrZ is on the aryl carbon adjacent
pp~. .i BQfl~IF  _'~ti r.4A9 89 2D`39'hl'S 'st 'g. T4"
'J: P??LEYFiF'P l[E'S-L.:EED is s,?s Ag4:.~xc 42  the
aryl carbon to which A or S in connected or, if not sv
adjacent is 2djaeem u remaining K, D, or Z group which
itself rtprasena -7-t23CC3tFa(ft"}(Zta)~Rtt r*j( laj 1
n. A proccas according to any preceding Claim, wherein
the prods is used to catalyse the ,a crabonytatlon of
it vinyl. acetate compound in the preserco otcarbon
mannxide end a hydroxyl  group containing compound:
i0_ A process according to any preceding claim,
whorcinthe carbon monoxide maybe t:,ed to  pure form
or dituted with insert gas such as nitrogen, corbon
dioxide or a noble gas such as  10 argon. 11. A
process according to any preceding claim. wherein the
ratio (volume/volume) of vinyl  acetic compound to
hydrorgl gzoup containing compound lies in the range
of 1:0.1 to i : t0.  1$ 12, A process according no any
prccedingclain , wherein the amount of tnuup Viii
octal in in  ,be range 10-r to 10't males par mole of
vayl acetate compound 13. A process according to any
preceding claim, wherein the carbonylation of s vinyl
aeatato  compounds is perfortnctl in Ono or more
aaraticsolvent , 20 



14, A prncLa3 according to claim 13, svlicrcin the
apratic solvent has a dielectric vonstrotthat  is
below $0 at 29$.15 K and at 1x103 '*m4_ 15. A process
according to any preceding claim. wherein the Catalyst
compounds Oct u a  25 hqt*toganotsas catoly3t, 16. A
proccac according to any of claims l so 14, wherein
thvtatalyst cnmpovnd3 act as a  homagenzu s catalyst.
30 {?. A process according to claim 15 whoguin tltt
proems is -.crril cut with the Malys'  comprising a
support. 1 A. A process according 10 plaint 17,
wherein the support 3s Insoluble. 2139944FS 60 4,
I-SEDS 43  19. A process according to either claim 18,
wherein the support comprises a  polymer such as a
polyelefin, polystyrene or pntv_styniw copolymer such
as a divinylbenzene  capolyinn or other suitable
polymers or copolymers known to those skilled in the
ort: a silfoon ea, a silicone or silicone rubber, or
other porous  dcnyuttsesuch as funetionalisedslit 5 p
icutate material such as for example Inorganic oxides
and Inorganic chlorides. 20. A process according to
any preceding claim. wherein the carbonylation is
carried out at a  temperature of botwacn -10 to 1500C.
10 21,A process according to any preccdbng
claim,wherein the carhonylation is cartied out at a
CO pattian pressure of bchvc"n 0.&3 x I E) N.&40 x l
Oshi.ms. 22. A process eccarding to any of dttima I to
20, whmtin the coil onylation is catricd out at a  low
CO p4ulitl proyauru of bctwcer; 6 I to 5 x l
{tj'tarr"', 15 2a. A procrxe according to any
preceding claim. wherein the bidentate phosphinc Is
independently selected from any or the following; bis
(di-t-butyl phosphino}oxylcnc (also  known as 1,2 bis
(di.t-bui}tphosphiomethyl) benzeno); 1,2 bis
(diadamantylphosphinomethyl) benzcnc 1,2 bis
(diadamatitylphosphinomethyl) ttapbtha)enc; 20 1,2bis
(di-t-prntyl phosphin+i)-o-xy1c ac (also known as 1,2
bis (di-t-pentv1.phosplt;>anmuthyl)  be zene), bis 2,3
(dM-trrtyl pilesphinntr>cthvl) naphtalents;  



(ditertbuiyIphasph)nomcthyt)ferracene
1,2,3-trig-(diterlbutvlphoap1i91mntethyl) fcrrtcene;
l.y  biz (diadamantylphosphinomethyl) ferrocene; and
12 bis (di-i-pen" phosphinomethyl)  aerrocr?na. 13 24.
no use at the catalyst system acccrdingto any
ptecediag claim for the production of a  Iodide eater
or acid of forrnula (It) the said productizn
comprising the stops of carbattylatian of  a yiny)
scatala- fol owed by trcacmwn of the branched (lu)
nradact of the carbnnylation to  produce the ester or
acid. 25. The u,c of the camIyst system as defined in
any of ciain;s t to 23 for the production of a 3-
hydrexy prnpanoate cter of formfle (Ili) the said
production comprising the steps of  carbonylation of
a,. vinyl acctato followed by ire=W% of the GneW (n)
product of the  carbonylation. 35 ipt i1 3 Qa r?-aft s
rr r~ ~ E TO-4-49 99 239ans7 C  t~ 26. The use: of a
catalyst system as defined in any of claims 1 to 23,
wherein the catalyst is  attached to a Support. 27.
The use of a catalyst according to titherclaim 24 or
claim 25, whet-On the treatment is  hydrolysis or
transestefifiastion. 28: ".The use of the catalyst
according to claim 27, wham n the product is
hydrogenated  subsequent to hydrolysis. f0 




