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0 O FEB 2097 1 h A CATALYST SYSTEM The present

“invention relates to a novel catalyst system and @ﬂ FEB 2007

process for the carbonylation of ethylenically 5

unsat urat ed conpounds using a novel catalyst system

The carbonyl ati on of ethylenically unsaturated

conpounds using carbon nonoxide in the presence of an

al cohol or water and a catal yst system conprising a
Goup VIII nmetal, 1 epraradmdysweEMand a phosphi ne
ligand eq. an al kyl phosphi ne cycl oal kyl phosphi ne,

aryl phosphine, pyridyl phosphine or bidentate
TH@OgEQb%%t'Yﬁ%é#%¥bﬁ“féié@é§ LB UYIBFOUS EHLS €8N system
pat ents and patent applications, eg_ EP- A-0055
aE@ Aaoé[?ﬂﬁgzﬁsm BRA- OZI%SZ@IEEPL}AEO@SBBGQJf Elét:rarlenlcally
u Jé7§5 EP- A- 04 9329 EP- A- 038 833 EP @-044}447,

%ﬁﬁ BUEB47FERPIGE (I8bT 02 RRTR oE%?i St system.

EP- A- 0495547 and EP- A-0495548. In particular,

EP- A- 0227160, EP-A-0495597 and _EP-A-0495548 di scl ose
TPﬁaFﬂEQﬂ&ﬂ%ﬁﬁ%%ﬂm%%hﬁﬁ@ﬂlﬁ@&ﬁéé1ﬂn@ﬂﬁ@6u€%¥%¢y§Pmpﬂund5

§¥ fMEJ SHaL! &e hé e St es (9106h01
. eve V£p56/191§4 di'sc ose a brF%blng group ?ﬁo or
waherf@nd1afcanabpstonabtymsub&pruauag ar piroupoivathyf, metal,

| i nked h d .phosph | abl
] abBht S4PHon 89S onSERGCANE argPanth ofp: Sddn &1L

phbgaRdnés dpfles:slabl e pandpheads t@rﬁeaqih@gpﬁjaﬁ@,s pyridyl
which 25 are S|$n|f|cantly hi gher t hose
PhPERIbUS| Pidi 3E %%%ﬂteaﬁﬂﬁﬁﬁ%EM%hs hast beesyr @sscribed in

nhﬁPH£ﬁ£'§§r£8éaﬁa§QQQM£@thﬂﬁ ggﬁggpfggggl% htions, eg. EP-

ol efinically unsaturated conp phosphor ous
ﬂaﬂbﬁﬁﬁﬁEthEPs&r@qmﬁgaﬁd|:£Eﬂﬁﬁﬂlﬂmkéu.tEPfﬂﬂDEBEBE@ EP-

ALE51438Y, CREDRNR4 07, | EpDSqORMRYEen LU il 2 30
Dwaguvgpl aply- naemrqtzagmimnaadqorwtay@mama7 and EP-
Riggggggg?' ?n %A?%%éﬁ%gi, EP-A-0227160, EP-A-0425547 and
EP-A-0495548 disclose that bidentate phosphine ligands
provide catalyst systems which enable higher reaction
rates to be achieved. WO 96/12434 disclases a bridging
group in the form of an opticonally substilbuted aryl
moiety, linked to the said phosphorous atoms via available
adjacent carbon atoms on the said aryl moiety. Such a
ligand is more stable and leads to reaction rates which
are significantly higher than those previously disclosed
and produces little or no impurities for carbonylation of
a range of olefinically unsaturated compounds. Each
phosphorous atom in khe =aild ligand is alse linked to two
tertiary carbon atoms. It has now bean Ffound that a

particular type of Etertiary carbon atom is particularly

advantageocus for carbonylalion reactions.
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2 $ According to a first aspect of the present

invention there is provided a catal yst systen1ca5?§IFEB 7801

of catalysing the carbonylation of an ol efinal

unsat urated conpound, which catalyst systemis
obt ai nabl e by conbining: 5 (a) a netal of Goup VIB or
Goup VII'I B or a conpound 2Zhereof: and (b) a

bi dent at e phosphi ne of general forrmula (I) 10 (1)

Af:f))&diﬁ&%&ﬁﬁﬂr@- AspKct) 8E( Ené) pBeQbiAd)intERERER3) here

) 15 wherein: Ar is a bridging group conprising an
1gptirevdided 2ykarplyséd Tsf=ThoraPyPls WHi chafabysing the

t r b b 0 ' ' .
cRUERRDOLYLGR! SF5ll gt LT OLASNELLALS, Bdhathnl, nicn
chbakyrstl kykear; 1K ob;ainahile Zbar ecsbubsinguents of the
aryl noiety (Ar) and each independently represent
hydrogen, |ower alkyl, aryl, 25 Het, halo, cyano,

Aitrg, mdREY, MC ¢RuRlTICdOcihde 109 ORS, 2 compound
NRL4R15 C{ONR 16 R 1-2, C (S) RI6RL7, SRI8, C (O S

8, okhergof¢pamd) W CR7(Re) (R9))3 where J represents
we ' ; dj. ac u c from
(hP%h B EHLERee Bhorkhenlib R FRhe 2P ESARETET (e
aryl ring to which they are 30 attached forma further
phenyl ring, which is optionally substituted by one
or nore substituents selected from hydrogen, |ower
rghkyl, halo, cyano, nitro, ORL0O, OC (O R11, 1. 00
FEB 2002
(2d} . (CR'R°R®)r O°-A- (K, D}Ar (E, Z) -B-0" (Ad) . (CR'R’R?),

{1}

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

linked on availakle adjacent carbon atoma:
24 and B each independently represenkt lower alkylene;

K, D, E and & are substituents of the aryl moiety {&r) and
each independently represent hydrogen, lower alkyl, aryl,
Het, halo, cyano, nitre, OrRY, oc(o)r!', cioyr!?, c(oyor’,
NRMRY, c(o)wur*RY, cC(s)r™RY, sRM™, c{o)erY, or -J-
0 (2ad) ,{CR' (R} (R") ). where J represents lower alkylene; or
two adjacent groups selected from K, Z, D and E bocgether
with the carbon atoms of the aryl ring to which they are
attached form a further phenyl ring, which i= coptionally
substituted by one or more substituents selected from

hydrogen, lower alkyl, halc, cyana, nitro, ORY®, oc(o)r',
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3r COR12, CCOOR s, NR14R's, C(O NR16R17,
C(S)R16R17, SR' or C (O SR18; Rl to R6 each

i ndependently represent |ower alkyl, aryl, or 5 ukﬂt ,FEB 2007

Ad each independently represent an optionally

substituted adamantyl radical bonded to the

phosphorous atomvia any” onk of its tertiary carbon
atons, the said optional substitution being by one or
ciof r'S5ubst 0t orht,s MRMeCt ed cl@mrdfeHydrogena'®réter sr!'? or
alkgllahalo cyano, nitro, ORLI0O, OC (O R1l1, C (O

C(O) OR13, NR14R's, C (O NR16 R17, C (9

RlER 7, SR18 or C (O SR18; WO to RIO each
lndep%ndently represent hydrogen, |ower 15 al kyl,

Raryl Foreadelr ; 1gdgpendegtly oeppepenvi dederhat kgls Bryl, or
H%t T&V =0, 1or 2 provided that T+ V S 3; W& x

=70, 1 or 2; 20 Ql, e- and @B (when present) each
dndapendmﬁdgendeewlqsaﬁprqﬁmspr@m odptianseliyC sabstituted
gntlnnn in_the tfer two cases references to

ABERRY r& i5Rds tPobvBes RSN BeWardeed via any
oﬁSCOEE“ noty. ZorPrefer ablphord heai%’n@élp Hd Bayet abpkS onal

pal | adium Preferably, when K, 0, E or z represen
sust Ut ey " CERNG RSy ©ERY) §r, moire regpeeilwenks BglEcted
Z e I on cen ar rbo
P ama IAPR b o T LTS BIREE kb RS, e B OO,
oC$0 e facento @ 'f enaitoh 08t K RE'RE, orc @ 1gerdfiprithi ahs) R“R”,
S%hségf rgg%%ﬁgpts -J- C@B (Ad) MI(CR7 (R$) (R9)) s. O
F ’

R' to R'"™ each independently represent hydrogen, lower

alkyl, aryl or Het:

S &U =20, 1 ar 2 provided that 2 + U 2 1;
T &V 3

I
=

1l or 2 provided that T + ¥ =
W& X

I
=

1 ar Z2;

o', 0% and ' (when present) each independently represent
phosphorous, arsenic or antimeny and in the latter Ltwo
cases references toe phosphine or phosphorous above should

be varied accordingly.

Preferably, the Group VIITI B metal is palladium.

Preferably, when K, b, E or Z represent —J—
©% (Ad}u(CR7(R*) {R®}),, the respective K, D, E or Z is on the
aryl carbon adjacent the aryl carbon toe which A or B is
connected or, 1f not so adjacenlk, is adjacent a remaining
E, B, E or Z group which itself represents -J-
Q7 (Bd} {CR™(R®) (R%} ).

-

e L

—r
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I  The term"Ar" or "aryl" when used herein, includes
five- to-ten-nmenbered, preferably, six-to-ten nenbered
carbocyclic aromatic groups, such as phenyl and (8 FEB 2007
napht hyl , 5 which groups are optionally substituted

with, in addition to K, D, E or Z, one or nore
substituents selected from “ryl, lower alkyl (which

al kyl group may itself be optionally substituted or

term nated as defined belomb Het, hal o, cyano,

itro, :10,,, OC R12, C (O OR13,.1
Eﬁlzfﬁ'rrﬁl (O)mf\l(Rléﬁ%%? T"" g'3(‘)0)“5@5] %é %“[ Sj"nﬁlll-‘&gﬁf7 Tive-
cWheEsi-Rakbert, R18 mgapendentiyx Lepresent membered

hydrogen, aryl or [|ower alky whi ch al kyl group may
CﬂF%@FFC%éCoEFPEﬁEPFygI@@E@hlﬁﬁﬁéﬁ B PlenyYhated agphthyl,

I
fEESeboEe (bt s (Al L 0UR My sor
LmaiKaI D,suEhoas &r , o, oh‘\/ mokEe, iﬂbsﬂ\i tudui s Reelé&stellr from

and. Pd. Pre bl he als are selected fro
ﬂﬂir’lf PtlSHﬁrPdaEEéii Bh 7B dgﬁ% of*q8Rbt M et éLrtéﬁg]és be
{:ela.@yp VI M deB ”Sirahﬁaﬁf?[r&itﬂedzoaého&éﬂll@&it pkay) ,

o include Groups 6, 8, 9 apd 10 in the nodern 11
HpBri HAILE,t aamoneherat uPB'  THIC (@Y7 NEL 0} RihenC d@baR",

NPewehn,c @ﬁ*ﬁﬂﬁs:fg%pﬂto t EF “§§§§ﬁ$§ﬁﬁﬁf5“§*4¥ﬂ Rl

our-to menbéer rfng sys ri ngs
tooni'di neaok oxnﬁapen@emEIpatnmmrémﬁnﬁneﬁydﬂuynn aryl ar
and m xtures thereof, and

ni trogen, en, sul r
LGHFER B igst PR RGP G oY e et e Bon@ereenally

sQEsBQBﬂtéﬁOHEt termPALtLY A5OAREiGeQrpdNELLY aromatic
in character. The ring systens may be nonocycli c,

bi cyclic or fused 30 Each "Het" group identified
Qer%' & d SprpptLonaldy f;"f*bé“ﬁglt %%Bbyof’”%mu Wﬁm" in a

ubstltuen S selected rom cyano, axe,
ctapenndl &y foéwhuth al kgl igrdufe mayauhsehthbas Cr, Mo, W,
optlonally substlhuted or tern1nated as L
Fe, Co, NI Ir, Pt and Pd. Freferably, the
mebtals are selected from Wi, Pt and Pd. For the avoidance
of doubk, references to Group VIEB or VIIIB metals herein
should be taken to include Groups 6, 8, 2 and 10 in the

modern periodic table nomenclature.

The term “Het”, when wused herein, includes four-to-twelve-
membered, preferably four-to-ten—-membered ring systems,
which rings contain one or more hetercatoms seleckted from
nitrogen, oxygen, sulphur and mixtures thereof, and which
rings may contain one or more double bonds or e non—
aromatic, partly arcmatic or wheolly arcmatic in character.
The ring systems may be monocyclic, bicyclic or fused.
Ezch “Het” group identified herein is optionally
substituted by one or more subkskituents selected from
halo, cvyano, nitro, oxo, lower alkyl ({(which alkyl group

may itself be optionally substituted or terminakted as

B

PR Y
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0 B FEB 2007 5 defined below OR10, CC (O R, C (O
RI2, C(OORL3, NROORL5, C (O NR (R17, SR', fl% 2007
or C(S) NRLGRL7 wherein RL to RI" each |ndepen %B
represent hydrogen, aryl or |ower alkyl (which alkyl
group itself may be optionally substituted or 5
term nated as defined belowy> The term "Het" thus
i ncludes groups such as optionally substituted

d?zmm: n}dlow}plym:ﬁé‘h duom;{lmnllhgl dazal)y?, i lr:[x:taﬂ}yﬂﬂ” NRMR"®

ura 0X y azoly oxadi gzol yl , .
AR Ry R i o IR R Ecatiarieia) B to R

=4 84, aiﬁ&i@ﬁ@ljléfémtpyrfgﬁfég¥ht ﬁv? {;QHOl Lp _Il_' or lowar alkyl
pyri mdinyl, pyrazinyl, quinoliny i soqui nol i nyl,

[yl peh i @1 hyl , gpgvaz@tyelénmaplberaztm9h311$ubybstmtuoﬁd or
at_ Het y_be.at.a carbon atom of .t he al

B

ghehes oataudts. 1" He:tptlgfrmmgr may udls$0 L akdn th@ef:aﬂmnyl
of an N oxide. The term "l ower alkyl" when used

weret Himkhns EPifgzeinl.al pdodnd i nchueery het hgrazolyl,

1§$J§‘é&ml§]‘_opyl 'DQHEiyéLzﬂpﬁﬂt yl, tggaggiyh and Eﬁﬁ%ﬁhazolyl
groups.- Unl ess ot herwi se specified kyl groups may,

tmh@nolhbre i sxatsuf£ptvbnt nohberroézocaybon wiroadazbBeyl,

n?a{1 branche%lng 52 ur ated or_unsaf ur at ed 'nbf' 1
m%§% 7 ycllcpg part ¢\ C|IC/A%§%E§%?Y d/ or 9B eIinyl,
isudpsihd i epl pr pepﬁrm@mﬁllby peabl gor eaﬁﬂbsbii%HEBhinyl.

25 sel ected from hal o, %Eﬂ nitro, OR10, CC 0§) R11
Swbt o) Rebion catQHERIB2Y NREARAS, aC qaaaRIERaT, oSRIHe clet:

ﬁﬁ% SR, &Ké&éﬁaé ?@oﬁrla@éyl QF Hehe “G@reh518100E0 the

each i ndependent]| represent hydrogen, aryl or
héowepadbkyl , and/ or interrupted by one or nore
oxygen or sulphur atonB, or by 30 silano or
di al kyl silcon groups. in addition, in the case of

“BabsSt i tePE SmOR dheoaglar nanté o6 B PeT NBF e t Handene

The term “lower alkyl” when used herein, means G bto Cig
alkyl and includes methyl, ethyl, propyl, bulyl, pentyl,
hexyl and heptyl groups. Unless otherwise specified, alkyl
groups may, when there is a sufficient number of carbon
atoms, be linear or branched, be =aturated or un=aturated,
be cyclic, acyclic er part cyclic/acyclic, and/for be
substituted or terminated by one or more substituents
selected from halo, cyano, nitro, OR'Y, oC(O}RY, C(O}RY,
c(o)orY, WNRYR™, C(O)NR'Y™RY, sRr'®, c(0)srR™, C{3)NR'RY,
aryl or Het, wherein R to R!'™ each independently
represent  hydrogen, aryl or lower alkyl, and/or be
interrupted by one or more oxygen or sulphur atoms, or by
silano or dialkylsilceon groups. In addition, in the case
pf substituents on the adamantyl group, more than one
lower alkyl group substituent may themselves combine to

form a composite group for example a coyclic composite
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| ower al kyl group substituent may thensel ves conbi ne

to forma conposite group for exanple a CyC"C DE FEB 2007

conposite - -- ---- ---- ---- oo oo
------ 0O O FEB 2007 6 a group. An exanple of an
adamantyl substituted in this way is congressane | ower
al kyl groups or alkyl groupstwhich Rl, R2, R3, R4, 5
R5, Rs R7 RB Rs Rio R11 R12, R13, R R15R16, Rla Rte
gkoupl, Enasdadpiayofepresdamaanglwsibswhicacdr in ahds way
Het may be substituted, may, when there is a
ig,FPRETER Ranber of carbon atoms, be |inear or
branched, be saturated or unsaturated, be cyclic,
acyclic or part cyclic/acyclic, 10 and/or be
Lowesr ﬁdr!ﬁ}’éd PR OF nfdf}@lofgmw@nwbﬁc@ulﬁohum S

at OEEE Epr gbanﬁmor Efih al Eyj sﬂmcoamgr aendlrgﬁ R18

substitufed by orie or’ noré subStitden s selécted‘r

frm;n Fhadd ByanRg fipreseRlOndOEiEH) WRlikh GiE Rid, Het
C (O OR13, . NR14R15, C (ONRl'Rl7, SR16, C (O SR18,
m@:‘r’(%ﬁf ﬁF&%’F&‘?UtﬁiﬂyImBF HepeRs tRREFeiA R1GUES LRIEEaember

of n%&%%ergﬂc}iné epESSqritnélayzdrcS’EeBranéb)éld Orpd O%Eurdted or
alkyl. SimTarly, the term"Tower alKkyl ene" which A B

uaﬁ@lLuramﬂen e esenl ) or eprageliic | pra m@npomdzlafcfac’ycllc,
ab Q70 Bot 5 ofE R3S R G0l e 08 The 00! syphur

roups which are bonded 9 ot Tt efi eS™A

atmspl aaespwn sthangr aup amdlk§1s@umebw Sfraigfd nedndlpor be
the sane way as "lower alkyl" Halo g rougs wi th which

S‘E]I%%té‘b‘é'é%dné?ﬁl SHEd GrouBSTimySWestbouapbat ivgkesd 5t L[rom

h&fém natgdol nClnli%%of' U‘EJ"EP? chher gy rbr omg, (ﬂﬁ@‘z' Od@{o] OR'?,
VWhere a conpoun a fornul a herein contalns

nal ‘Réhy | C (@i} R“o. ssmlé) gri@1eRahs CIF) NBURET s.mcrrayor Het

| so. ocqui . Th 12 3 esent 1 nvention i ncl udes
wl%ﬂ?%ld%él S e%E0|53§ers(%ERQﬁaconﬂ%unﬁ%r%?eﬁﬁyhgprogen'
atpe borbkhas dekibed herein and,

Similarly, Ethe term ™“lower alkylene” which A, B and J
{whean present) represent in a compound of formula I, when
used herein, includes C; to Cup groups which are bonded to
other meieties at least at two places on the group and is

otherwise defined in the same way as “lower alkyl”.

Hale groups with which the above-mentioned groups may be
substituted or terminated include fluore, chloro, bromo

and iodo.

Where a cempound of a formula herein contains an alkenyl
group, <is (E) and trans {4} isomerism may alsoc occur. The
present inventicon includes the individual stereocisomers of
the compounds of any ©f the formulas defined herein and,
where  appropriake, the individual tauktomeric forms=

thereof, together with mixtures therecf. Separation of

P MY TRV
PR

B S AN S

e
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where appropriate, the individual tautoneric forns

thereof, together with m xtures thereof. Separati iﬁsﬁiﬂ 2007

6~ 0 8 FEB 2467 7 di astereoi soners or cis and tr

i soners may be achieved by conventional techniques,
e.g. by fractional crystallisation, chromatography or
HP.LC of a stereoisonerit mxture of a conpound
one of the fornulas 5 or a suitable salt or derivative

diQ@ESQE@l@BmEEQ'EEd%@ ARAN ¢ HLT | Yy SORRURE Achisved
one of the fornulas may also be prepared froma

bgor r espomditdgrept | cakt9hipuaessi nt ermvedi at ebwr byfractional

res ion, .such as b H P. L. of the el ndi n
GRORMIL SR BHET ABnRnbh By Ol BB BOPL TSR O

Sféﬁébh@ﬂﬁbrﬁ:tyﬁh&}thr&atdﬂm otcinbeudidasirey esf sener ifbrmulas
salts formed by reaction of the correspondi ng racemate

O ¢h BULtRkhBl §3dht i Tal AFTAERFERadilE 6O ThaskD dgcdividual

ABRE9BRERL 85 10 AbhpAbid €OE SRR $@arehd nf&ﬂﬁ@ﬁaw Fnti'yn also
the scope of the process of the invention. It w

bapprecépteed by EMBe sKi | |tk igsndned iarg tlm?ttlQElrﬂel}.f pure

155PPRENSZ08, aF nie "h AHET U 1 E 0Py ir FalhgraP® the

cOEresppadidgt Iﬁaf:emfat(ea);stmgf of r@:ﬁh@ak@b@peumﬁlﬂf @hpieet or
in the invention. i%ﬁically the Goup VIB or VIIIS
bHet%Fa%Flo%%%pdmﬁ¥? oAt ) Qor difYrat 4355 F5e igmaneric

sQthHDrﬁ)rrﬂg'tPSBglorPé@ctféﬁerHE: apd/ Oia@fk&émlﬁé O%é?afmate
t he compound formula |I. Preferably, R

weabh Andeperrdédel y ardpresidnt I&w%avealkyidoroarybase as
re%erably, RI to RO each independently

E‘PB Bsen Cl to C6 alkyl, C-C6 alkyl phenyl 30
(mhereln t he phenyl group is optionally substituted as

All stereolisomers are included within the scope of the

process of the invention.

It will be appreciated by those skilled in the art that
the compounds of formula (b} I may Ffunction as ligands
that coordinate with Ethe Group VIBE or VIIIB metal or
compound ™ thereof {a) to form the compounds for use in the
invention. Typically, the Group VIB or VIIIE metal or
compound  thereof (&) coordinates to the one or more
phosphorous, arsenic and/or antimony atoms of the compound

of formala I.

Preferably, R' to R® each independently represent lower
alkyl or aryl. More preferably, R te R gach
independently represent Ci; to Cg alkyl, C1—Cg alkyl phenyl
{wherein the phenyl dgroup is opticnally substituted as
defined herein} or phenyl {wherein the phenyl group 1s
opticnally sukstituted as defined herein). Even more

preferably, R!' to R® each independently represent C; to Cs

R LT Lt § . L e e e e e  a a4 B —_—— e e . PO ey b =

R Y
1
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defi ned herein) or phenyl (wherein the phenyl grggf iE
optionally substituted as defined herein). Even ﬂ EB
preferably, R to R9 each independently represent Cl
to CG6 F 0O 0O FEB 2007 s alkyl, which is optionally
substituted as defined herein. Most preferably, R to
RO each represent non-substifuted C1 to C6 al kyl such
as nethyl, ethyl, n-propyl, iso-propyl, n-butyl,
al k@1butHlicht @rd -dwtd na yent shhsthexyted@nds Sefined herein.
cyclohexyl. Alterpatively, or additionally, each of
MpRE BFEﬁﬁéaﬁthoR R R4 arRe et Ry IWyethaited C
Lhaep t y- £ o0 cli uct u ch ;as,..
tl::L)- ggﬁr %2??& %}&I; %%r E%]rtﬁggi’eny k.ﬁt}i’o %u??ﬁggyéxal%%l propyl,
nebutyhposi Lecgbetips, i nctede-leyeyle et es Hored and
cbe% en -R9. Alternatively, one or nore of the
éF ﬁﬁg y represent a solid phase to which the
ligand is attached. 15 In a particularly preferred
enbodi nent _of the present invention R4 and R7

R1
AeRERTPERFESENt Aher IAHEL Pkt Y afRGD, t?’a‘-'ry"Fl"'%r gpgpps R to
moi gty as qdefiped.’hereigy, n
Rrbp?esgﬁthh%hgaﬁé ﬁghé? gﬁ%ﬁ?Eﬁgfyfhéﬁkﬁgﬁgﬁ%}%t?agsfﬂrm
cieliipedtiractimesasticR3 A5R6 ~and DRI ngdclo o dpmesdmirnig enyl .
FsaEE 20 |l ower .al kyl,_aryl or t nnieté as.degiged 1i
REFBFR. MBPEPlsSer labl §P M B andI R BEch  "FaBFEsefYcl1c
sthacsams=C, fEbmedl Kydtwdad t ICURALl | YANOOr SbSEd 14l ethne  or
C -C6 alkyl, such as nethyl, ethyl, n-propyl, .
mRFE- fopyhe EFBUPE| MaYso-RRESFENT t ar sBdd |Phigemt §p, which

xyk cycl gbexyut=aR2, RS and RO each 25
tﬁ%dé%g%ggnt%ygre%¥eggnt the same Cl-C6 al kyl as

defined above; and R3, R6 and RO each independently
PR g ST SR S s el pec O Forne
iaRenR8cqachy,repfesgi R’ esach represent the same lower
alkyl, aryl or Het moiety as defined herein, R’, R and R®
gach represent the =ame lower alkyl, aryl or Het moiety as
defined heresin, and R’, R® and R® each represent the same
lower alkyl, aryl or Het moiety as defined herein. HMore
preferably R', R? and R’ each’ represent Lhe same C;-Cg
alkyl, particularly non-substituted C;-Cs alkyl, =such as
methyl, ethyl, n-propyl, isc—propyl, n-bukyl, isoc-butbyl,
tert-butyl, pentyl, hexyl or cyclohexyl; R*, B° and R? sach
independenkly representk kthe same C€)-C; alkyl as defined
above; and R?, R® and R* each independently represent the

q

same C;-Cs alkyl as defined above. For example: R', R? and

R".l

each represent methyl: R?, R® and R® each represent
ethyl; and, R’, R® and R’ each represant n-butyl or n-

pentyl.

In an especially preferred embodiment of the present

invention each R' to R* group represents the same lower

[ FEL e
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ethyl; and, R3, R6 and R9 each represent n-butyl or n-

30 pentyl. In an especially preferred enmbodi nent s@ﬂtEEB 007

the present invention each RL to HO group repre

the same lower i H 9 0 FEB 2097 9 al kyl, aryl, or

Het noiety as defined herein. Preferably, each R to

R represents the sane Cl td C6 al kyl group,

particul arly non-substituted Cl-C6 al kyl, such as

allR{ Dyl aryel hylr, Hetpmop\Ety | 50-@&0PYéd Rebulisl, Preferably,
i so-buytyl, tert 5 butyl, pentyl, hexyl and cyc] ohexyl.
eRBRt For éerBbl JEPERAITR WG RAPRpFeséft Coer byl BFouPR,

. d _f l; preeter ahl ac

D e e £0an ) e e e e vaa Y B erarabi ¢ SaEhvY.
eyl R nd@rempyll B {sthrarqreksentd)-indprlasendtsp-butyl, tert-

oRETE SRERST anBReT by autn ey CARER=F Ao e RE Ry S i 1g,  each

R aff eFeepChsea te&Cmehikyl.ene  which is optionally
substituted as defined herein, for 15 exanple with

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

18" PHES WAL EnA oB 2881 fWRen,REESeAE) F BRERSBPL oB8lfha o
non-su%st?t u]{led‘.ar A parrnt}c\lﬁarppre erreg | ower 921 k%/l ene ©
(whéghpAgsBnahd alemihd mslependdosty prefeeseity, i eactHB', 0

or, =3 C2HI9-. Mbost pr.eferabl each of A B and J (when
alﬁ?egeﬁ@h% S ntrﬁ%e%éd}ﬁs ng-\‘/%s}phaqwse'ne as

defined herein, particularly -CH2-. Preferably, in

t he conpound of forrmula |I when K, D, E or Z does not
Prepreskehy- -BDCBB{'%dFE'('EPdPQQ?FRQ?WPfLK, Ip &g Br apd gs (when

PLERERE PTG Bpetyel oo, Ocd 88 i

whizdh ogen, ophényhl1€l-Ohat kivhiphényls ode€in68 didksdin, Ffor

e%gﬁglgs with lower alkyl groups. Preferably, the Ilower

alkylene agroups which A, B and J (when present) rapresant
are non-substituted. A particular preferred lower alkylene
which A, B and J may independently represent is -CHy—- or -
Zz2Hy-. Most preferably, each of &, B and J (when present)
represent the same lower alkylene as defined herein,

particularly —CHz-.

Preferably, in the compound of formula I when K, D, E or a
does not represent -J-Q%(Ad}.(CR(R*I{(R*"}),, K, D, E or %
represents  hydrogen, lower alkyl, phenyl or lower
alkyiphenyl. More preferakly, K, D, E or Z represent
hydrogen, phenyl, C;—C¢ alkylphenyl or C;-Cgs alkyl, such as
methyl, ethyl, prepyl, butyl, pentyl and hexyl. Most
preferably, K, D, E and/or Z represents hydrogen.

Preferabhly, in the compound of formula I when K, I, E and
Z together with the carbon atoms of the aryl ring to which

they are attached do not form a phenyl ring, K, D, E and 2

R Ry
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nmet hyl , ethyl, propyl, butyl, pentyl and hexyl. Most

preferably, K, D, E and/or Z represents hydrogen
Preferably, in the conmpound of formula |I when K UD@J)O%B 2007

and Z together with the carbon atons of the aryl ring
to which they are attached do not forma phenyl ring,
K, DD Eand Zis 0 8 FEB 200% 10 each i ndependently
represent hydrogen, |ower alkyl, phenyl or |ower

eakbkyhphepyhdeivbn @ pepekesabkyhylroBenk amgle£ @3elyl, phenyl
i ndependently represent hydrogen, phenyl, C1-C15

ogl RerpEemikydrhelvds A Pt Hulwetfy| Dr eEhppd 2 each
, tyl, nd h en no -
R TR i ot R A = U S
asupspheugnt oxMistCpretley bbl yuclh hey meepyéserthyl, propyi,
hydr ogen.  Pref er,abl i n_the conmpound .of r mul

ol h KBSBEVE BRAZHK 40 BT SRofior By PREERT a0 ) Yen Koally 209
7( GRpARINH RBMY %aaRd KubBriBuan€. %dsftge%f@feﬂﬁﬁhﬂh&hey
carbon atons of the aryl ring to which they are

rgprasReld Hydae®ehRerm a phenyl ring, each of K, D, E

and 2 represent the same group sel ected from hydrogen,

| ower al kyl, aryl, or. Net as defined herein;

Fpaftreblgyr | ynlBhkydpogenndr c€1£6kmudkkyl wheor &, D, E or Z

REar Bt TSR Ry o HAehe (B bad R bl (e P B and
ZWMRgRetWe rof,ikh Phe Ea2RdnZaleget ber twet hirfhe GHPeR which

atons of the aryl ring to 20 which they are attached
the¥mracpheERFFirEnge PRENnTPRB phehgnvydi AgTids &ptordl By D,

S idu i 0 or, r St C
p $RRE 14 U dbonte OPReP SRRl Gr Ao ILEE SELATH Rirogen,
lbecaptildyal, | ywrsdhstirn Hed as tefimedt ereds;defamdedularly

B 8 A i) P G

(L. ARG 191, especially hydrogen.

Preferably, in the compound of formula I when two of K, D,
E and Z together with the carbon atoms of the aryl ring Lbo
which they are attached form a phenyl ring, then the
phenyl ring is opticnally subsktituted with <one or more
substituents selected from aryl, lower alkyl {which alkyl
group may itself be optionally substituted or terminated
as defined below), Het, halo, cyano, nitro, OR'™, oc(o)r',
C{O)R™, <C{O)ORY, WRYRY, <cC(oJNR'™RY, SRY, cC(0)sRY or
C(S)NRY™RY wherein R'® to R'™ each independently represent
hydrogen or lower alkyl (which alkyl group may itself be
optionally substituted or terminated as defined herein}.
More preferably, the phenyl ring i1s not substituted by any

substituents i.e. it bkears hydrogen atoms only.

Preferred compounds of formula I include those wherein:

v — S e D S et T e Al T T L T e T =TT e e
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ddrd A =88 - - e Y et = et e - ——

C (S)NR16Rr7 wherein R1 to RIB each independently

represent hydrogen or |ower alkyl (which alkyl grBdbFEB 2007

may itself be optionally substituted or terninated as
defined herein). Mre preferably, the phenyl ring is
not substituted by any 30 substituents i.e. it bears
hydr ogen atons only. Preferdéd conpounds of fornula I
i nclude those wherein: ii 0 0O FEB 2007 11 ; A and B

neach imdaaaﬂdqmdeperrﬁﬁrn&agmréwﬁé@ﬁ&tuhgab_@%ﬂ;ﬁtgﬁ C; to
Ik l ene; K, D, Z and E each independently represent

kpkRIeT1- 06 5 al kyl, phenyl, Cl-C6 al kyl phenyl or
-J Q 3(Ad)"(CR (Ra)(RQ))X where J represents
unsubstituted Cl to C6 al kylene; or two of K D, Z
Kand, EZt aglei frer=anitt hi ndepoatdoonl vt oepratetbehydrygbeni n§,-Cs

1 8vlc By ThSe: hFembyheoar noks tayocct I oy,

whebst Utht% r%s%att%cm@ufﬁs@mﬂu@w @l kyl cephenylept; or two
| ower yl phenyl. Rl to Rg each independently

Dfeﬁneslém ZCPnh e tapryber pHddyl the chrbgncatoms of the

?My'ﬂ'ﬁ eyT%%o;JﬁlEHrté?lg PL &t eégw‘?% @8%’%1‘}? Df ﬁflgfl%_q‘lng

nclu Wher e represe
wbhichC2Hds , parFiicendlanty a@H%{;tuz@dK by Z ran@i E ceachmore

SPLERERIRTL S ERISSPIE droRy (S 0D) | I PTED hee

=21 ke1pABRyas A, or two of K D, E and Z together wth
t he carbon atons of the aryl ring to which they are
25 attached form an unsubstituted phenyl ring; Rl to

RO {(Whed RLESENG) RACH JNH9ReNdEPLLYREPTESeR G T Qaxyn ,
phenyl or C; to Cp alkylphenyl.

Further preferred compounds of formula I include those

wherein:
A and B both represent -CH:— or —CyHs,—, parkticulariy -CHz-;

K, O, & and B =ach independenlly represent hydrogen, C1-Cg
alkyl phenyl or C;-C; alkyl or -J-07(ad).(CR'(R"} (R*}),
where J is5 the same as & or two of K, I, E and Z together
with the carbon atoms of the aryl ring to which they are

attached form an unsubstituted phenyl ring;

R! to R® (when present} each independently represent C; Eto

Ce alkyl and 540 = 3;

5till further preferred compounds of formula I include

those wherein:

P

Lt e

A e
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? 3 '
C6 al kyl and S+U ? 3; 30 Still further preferred UHEéEB 2007

conpounds of fornmula | include those wherein:

2887 12 R to RO (when present) are the sane and each
represents Cl s.s to C6 alkyl, particularly mnethyl
and S+ U? 3. Still further preferred conpounds of
formula | include 5 those wherein: K, D, Z and E are
each i ndependently selected fromthe group consisting

RthcJ"'BFQr QGﬁenobrgsehe;O@r@ e s tdiladdy Was¥dsents C;
each of K, D, and E represent the 10 sane group,

tesBect YL m@@abarrw wethyl Zuhd BF Y eprésent
hydrogen; or K represents -CH2-Qa (Ad),. (CR7 (Re)
(R9) yX and D, 2 and E are each independently
sgel ectad fheam plre fgroep comgpsindg off Ibrimpdmogen iorclude
Cl to C6 alkyl, particularly where both » and E
thepre¥BRFetAe sane group, especially where D, Z and E
represent hydrogen. Especially preferred specific
conmpounds of fornmula | 20 include those wherein: each
EKR1 Dvo R6angl theagamesid LogrpSEAeSthEt BAlart i yfsop: the

A and B_ar 4 a an ent C}Q:
9E°5Pe fﬁgugaégggidnggprggﬁfﬁiféhroﬁen ]25ﬁﬁgpeg%alﬁakyl
ppkelenledigpedidie eachowrdskof If,orfukad Ei pepudeent the
t hose wherein Ad is joine or Q@ at the_sane
SEHE; t TEAUPn BRPP LR YPr‘gTE'e‘r@abI@f‘ch 911 Hnd B2 4, and B

rgggsseﬁﬁeﬁeaggbgn o 2 and u z 1 or vice versa, nost
preferably” 30 S& U= 2 The present invention

provi des a process for the carbonylation of an

kS ANSERS M YAR) SR YEOURY ), and D, 2 and E are

each independenitly selected from the group consisting of
hydrogen or ) to Cg alkyl, particularly where both D and
E represent the same group, especially where D, Z and E

represent hydrogen.

Especiall?‘ preferred specific compounds of formula I

include those wherein:

each R' to R is the same and represents methyl or 5+U0 = 2;
A and B are the same and represent —CHz-;

K, D, 2 and E are the same and represent hydrogen.

Ezpecially preferred specific compounds of Formula I
include thase wherein Ad is Jjoined to { or Qs at the same
position in each case. Preferably, 5 2 1 and u 2 1, more
preferably, 5 = 2 and u 2 1 or vice versa, most preferably

2 & 0= 2.

The present 1invention provides a process for the

carbonylation of an ethylenically unsaturated compound

-r LR T LT,
P s



10

15

20

25

30

FlR—1 = 1 - e e S el el ey, — — el Ll el e, I,

0 8 FEB 2007 13 conprising contacting an

ethyl enical ly unsaturated conpound with carbon 08 FEB 2007

nonoxi de and a hydroxyl group containing conpound in

the presence of a catal yst system as defined in the
present invention. 5 Suitably, the hydroxyl group
cont ai ni ng conpound i ncl uded? water or an organic

nol ecul e having a hydroxyl functional group.

cBmpbeésahlyy, thatargdnijc mahecukehideinigad Iyydr etidaturated
functiqnal .group be branched or |inear, and
CeORpHPEes W1 Erlan‘%fl | HEPHi Il &t 1Y atdl hE9 T dnolgroup
cbAthYgi Rg icMpoMKanp! she WoireBop@y Rg opt baRahh%E system
substituted with one or nore substituents sel eCted

afr gafipedr 18l khe, PapgENtHEDYENhaPB, cyano, nitro,

OR10, OC(0)R11, C(p)R12, C(O OR13, NR14R15 C (O
NR16R17, C (S) R16R17, SR' or C(O SR s as defined 15
Sherabby, Htgll yhyptrefarl egr @bk aboh 8a fh en&gl cGapahlkandri: ludes
such as nethanol, ethanol, propanol, iso-propanol, .
WAL Grafdl  CT A yIC LTl P2 R Bat AnbYATpRd oIty tonal
g€BLAT 0eaRMrarakcondle AlddioUghnd NeciPRORLKRNG! § MyBiroxyl
most preferred, ™ poly-al Kanols, preferably, sélected
fhpemighadcgaoop, agude Zoraschidl oy liheks, work goolprises

n S utild sed. Typi ly. ch.
R P ARt Fonon TR an§iSling srv1
alk3nplepawtdictl magl Yeer@bt idn by bubabeiatel, with one or

Z-éhydrox nethyl)-l,i-propanediol 1,2,6
MPEFh . PEntakRyt HEAbl ,1‘3‘1?’1, plgyl, aryl, Het,

hhf b( hy@g%met D@, hargs'® Nanpe$8; rEQr base) @al ackqesgor?,
agpl ot Rer sugars. refeggeg sugars i ncl ude sucrose,
NRr Rt .0sB (OANB "G licosds) BEECi aBRY poef 6r{0eGRAT kanolds fined
are.net hano and hangl ._.The st_preferred.al kanol
hE LB A1 M e PR i Ty 2R, suen
aGemerabhy), agnbatsl, apeopaadli N iexeesdrehalhe jaminit anal ,
of ethylenically
t-butyl® alcchel, n-buktanaol, phenol and chlorocapryl
alcohol., Although Cthe moncalkancols are most preferred,
poly-alkanols, preferably, selected from di-ecta ols such
as diols, Ltriols, tetra-ols and sugars may alse be
utilised. Typically, such peolyalkancls are selected from
1, Z2=ethanedicl, 1, 3-propanediol, glycerol, 1,2,14
butanetriol, 2— (hydroxymethyl} -1, 3-propanediol, 1,2,6
trihydroxyhexane, pentaerythritol, 1,1,1

tri{hydroxymethyl)ethane, nannose, sorbase, galactose and

other sugars. Ereferred sugars include sucrose, fructose
and glucose. Especially preferred alkancls are methanol
and ethancl. The most preferred alkanol is methanol.

The amount of alcohel is nob critical. Generally, amounts
are wused in excess of the amount of ethylenically

unsaturated compound to be carbonylated. Thus the alcohel
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unsat urated conpound to be carbonylated. Thus th
0.8 FEB 2007

al cohol 0 0 FEB 2007 14 nmay serve as the reacti
solvent as well, although, if desired, separate
solvents may al so be used. It will be appreciated that
the end product of the 5 reaction is determ ned at

| east in part by the sourcelaf hydroxyl group
cont ai ni ng conmpound used. if water is used as the

mBydr@ie HOHURHEONMA JHiNG CONPRERE hhen,de epdihough, if
product is the correspondi ng carboxylic aci'd, whereas

dggeredf aﬁparﬁéﬁoEDéF@dU§e§thélégrb@spaﬁdbng ester,

10 In the process according to the present invention,

the carbon nonoxi de may be used in pure formor

1di | wield vbéh appredeitegastisach #@se nidrdggodartbornt  the
di oxi. de qr a_noble gas such as argon. Snmall anounts
LgRChyERodén, dﬁﬁﬁpﬁ%ﬁ% a451pa8k dRakRt HY vBPENECURES ©Ff
2H§8x9§ Br88eNleonti8 ity R/ YA MR £ Ofiater is used

thyl enically unsaturated conpound to hydroxyl group
agoritts# nhyrgresypo b umy maltylmbegwerecrmmwl rtmetns Bl end
SU|ta Iﬁ li,es in tq§ range qb Q, ] ! whereas usa
PEPERET aBi®y Flom bet ween Tigt%aﬁ v d"*u%‘: ?o Fargé
ofXﬁﬁSalﬁﬁnbydp@thcgﬁouﬁeC@BE@EBpBngﬁﬁpéﬂﬂés when
the latter is also the reaction solvent such as up to
a 50:1 excess of hydroxyl group containing conpounds.

145 thie ﬁ%&@%so‘taéé@rdﬁhjﬁl Yot ©Ofet %@es@ﬁ%nti%ﬂ‘@fgn' Nthe
the carbonylation process of the ethylenically

caﬂbanummmaxldﬁnmﬂunhblESﬂdt1@Hpunﬁﬂfoxmodrrds&btgd with

be .obt ai ned . when r ef er abl the nDun
avléqﬁrRﬂqﬁ?Srmfh aslglgn FRer ré%ﬁél %% rn%l%%ble

gRer dmile 86 3@ geihyl & ral laMoLiﬁ&@t uymat ﬁ?dﬁ@@'@ﬁun&,ﬂ:lcally
nor e Brefegabl , 1006 to 10-2 noles, nost preferably
legsstignipiobpved uper RBKe2laP @Fh?F@ﬁ?Eﬁlly

unsat urat ed conpound. Preferably, the

The ratio (volume/volume} of ethylenically unsaturated
compound to hydroxyl group ceontaining compound may vary
between wide limits and =suitably lie= in the range of
1:0.1 to 1:10, preferably from between 2:1 to 1:2 and up
to a large excess of hydroxyl group <ontaining compounds
when the latter is also the reaction solvent such as up to

a 50:1 excess of hydroxyl group containing compounds.

The amount of the catalyst of the invention used in the
carbonylation process of the ethylenically unsaturated
compound 1is not critical. Good results may be obtained
when, preferably, the amount of Group VIB or VIIIE metal
is in the range 107 to 107! moles per mole of
athylenically unsaturated compound, nmore preferably, 1078
ko 107 moles, most preferably 107 Lo 1072 moles per mole
of ethylenically unsaturated compound. Preferably, the

amount of bidentate compound of formula I to unsaturated

B T LIS "
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anmount of bidentate conmpound of forrmula I to

unsaturated x~ 0 B FEB 2007 ]5 conpound is in qh@ FEB 2007
range 10-' to 10-1, nore preferably, 10-6 5 to

nost preferably, 10 to 10-2 nol es per nole of

et hyl enical ly unsaturated conpound. 5 Suitably,

al t hough non-essential to thé& invention, the
carbonyl ati on of an ethylenically unsaturated conmpound
campodaﬁiuedihemebnrmmmebaﬂﬁérmmrnmﬂ i noegepeefapably, 107°
aprati,c solvents._ Suitable ﬁglvents i;ncl ude ket ones

Loy as f 3PS texiript e et oy | Bt yI ket e WriRs sPegypple of

e®S ﬁ@hl%é@ﬁ@'%négtﬁﬁh§ﬁhec6 bk, phenyl et her),
2 g 8-tri oxanonane (diglyne di et hyl ether, dinethyl

et her, tetrahydrofuran, dlphenylether

Sgullll:g?:ﬁ&?pyéif{: &L ﬁnq‘lc;r[]ee%éhegl ett%ertgf invention, the
i-e ene ycC ers, such as for éexa nﬁTe

CHEbbﬁh?aGEﬁ_ﬁhe DfdlEffEt aythatk patel et hykabapzeatie compound as

di_net hy ht hal ate and butyraol act one; am des, such

dgd lpgﬂ éa&?ﬁpioré &Y rdithy PEEEPERPHe, 1IN RBENATHYFPER| g tic

s@mqeﬂm@et@ﬂltaﬂygﬁﬁ%r@énéylEﬁ&nQaé G sHEPNOBESH as for

such as for exanple dinethyl sul phoxi de,

egampd spropyhsibwhohketeue f oledders, such as for example

a&%géﬂghydr éljlh hene- i?e fll oxroﬁkr& metéw% %ul foI anen”:mame

i et hyl hone, ahyd hené i"oxi

(dadlzmemet by ethyat iey:h&m{ f dliaehyar @twazq O;@ﬁlﬁiﬂ’}d&,mfuran,
i.ncl udin hal o vari ants of such conpqQunds

i eg
d&@ﬁfaﬁéeghsﬁueﬁgingqﬂﬂy%%ﬂ%%heaa xﬁﬂg%edlﬁﬁibvéﬁéher of
dR=%¥h m@ncﬂahgﬁgﬁenzeﬁ%tef% di chl qripbenzene, ror  example

m di chl orobénzene: al kanes, ‘i ncl'uding 25 hal 0 variants
m@thyd;énetwﬁourwsn%@ﬂﬂmme hestayd, benzoate, dimethyl

y ent thylen ¢chl oride and carbo
pﬁtﬁﬁgghForlép bRt %%t%% b%ﬁ%gnlfr| eqhn tor example
dametb@uhtetemldaerysﬂﬂﬂ&ﬂﬂgﬂﬁyﬁtdedﬁﬂ@ SohMANt S dimethyl

having a dielectric 30 constant that is below a val ue

fapmgﬁ’ ﬁmréq%£9§%Qﬂﬁ)ﬁm% sulphones, such as for example
dimethylsaulphoxide, di-isopropylsulphone, sualfelane
(tetrahydrothiophense-2, 2-dioxide), 2-methylsulfolane,

diethyl sulphone, tetrabhydrothicphene 1,1-dioxide and 2-
methyl-41-=2thylsulfolane; arcmatic compounds, including
hale wvariants of such compounds eg. benzene, toluene,
ethyl benzene c-xylene, m-xylene, p-xzylene, chlorcbenzena,
o—dichlorobenzene, m-dichlorobenzene: alkanes, including
halo wariants of such compounds eq, hexane, heptane,
2,2, 3-trimethylpentane, methylene c¢hleozride and carhbon

tetrachloride; nitriles eg. benzonitrile and acetonitrile.

Very suitable are aprotic solvents having a dielectric
consktant that is below a wvalue of 50, more preferably in
the range of 3 to 8, at 298.15 K and 1 x 10°Nm™. In the
present context, the dielectric constant for a given

selvent is used in its normal meaning of representing the

- eyt W SeneeT L
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the range of 3 to 8, at 298.15 Kand 1 x 0" Nm 2. In

the present context, the dielectric constant fofj & FER 2007

given solvent is used in its normal meani ng of
representing the 0 O FEB 2007 16 ratio of the

capacity of a condenser with that substance as
dielectric to the capacity &f the same condenser with

a vacuumfor dielectric. Values for the dielectric
r&ohst aft $heofcaoimion, ofHani Gonidguisds aaitibetfimsundubBtance
%ﬁneral 5 reference books, such as the Handbqok of

RHeLeFyT BRdto PRYSi €8P=98FR @i tPBnSaRai FeRdspspaRvFdth 2

vieubh o8t d8L) e8P PUBLT 58801 DY ERE REB38-1P11988nstants
and are usually quoted for a tenperature of about 20C

obr QG@HOh eargpodc 293q1:5k15m c52198 5 kfowrd in general
% herlb%cﬁ{ress eght e tsboqf D ]kOSNEnZOF 10 qsrtrcan nd

y bé conver 0'tha tenpera ure an pres
Pwsﬂ@s; hesCorainsian fedioss Byobedidl R.naidd t@tt’ aayreand
data for a particular conmpound is avail able
PP b} 2eed i BY cohst BRESFay" be~ PeadPTy ﬁﬁﬁsﬁﬁgaléglﬁﬂﬂtEd for

aeﬁéﬂﬁéfébﬁﬁepBYSéEQuEhﬁﬁ*@abr”EBh@dsl &9 Eﬁbuﬁxéﬁﬁ|§5k or
the dielectric constant of anisole is 4.3 (at

2%§, 1@del@Ilfﬂlyﬁt@@hEhEISCMJSE-(‘-a@IQQSlZEK) abgf.rt 1 b 1D NmZ,

suI foI ane%‘%léfK) e(at’:x_\]gl(‘)JS en;%) . %f mﬁ e?[%%n% %&Ei S.nd

pféas@fEZOuﬁiﬁ@thyhadlpﬁﬁeet§1§n8 fastQB.Zqﬁbteﬂf If no
tetrahydrofuran is 7.5 (at, 295.2 K), of
L et Ayt WbRafddte FRT 329 R%ﬁt%ﬁﬂﬂéﬁ‘KFDmPﬂuBﬁeﬁﬁiréﬁallabler

tﬁ@l Vi) d S AN S@o‘?’ustl fntt DRaby A5 OX Wl - Q1 0uUp ﬁ%tsﬁﬂrré'cf‘gusang

conpound 1s an al kanol, 25 an aprotic solvent w
ﬂ@b@blaﬁb@duthhEC¢eehtm£¢ﬂhsmetMmﬂester carbonylatlon
product of the ethylenically unsaturated conpound,
carbon nonoxi de and the al kanol is an aprotic
Fsol ¥RAhple, khe dieleckric constant of anisocle is 4.3 (at

294.2 K), of diethyl ether is 4.3 {at 293.2 K), of
sulfolane is 43.4 (at 303.2 K}, of methylpentancate is 5.0
fat 292.2 K), of diphenviether is 3.7 (at 283.2 K}, of
dimethyladipate is 6.8 {at 293.2 K), of tetrahydroefuran is
1.5 {ab 255.2 K}, of methylnonancate is 3.9 {at 2923.2 K).

A preferred solvent is anisole.

If the hydroxyl group containing compound is an alkanol,
an aprotic solvent will be generated by the reaction as
the ester carbonylation product of the ethylenically
unsakbturated compound, carbon monoxide and the alkanol is

an aprotic solvent,

The process may be carried out in an excess of aprotic
solvent, i.e. at a ratio (v/v)}) of aprotic solvent +to
hydroxyl group containing compound of at least 1:1.

Preferakly, this ratio ranges from 1:1 teo 10:1 and more

-~
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30 The process may be carried out in an excess of

aprotic solvent, i.e. at a ratio (v/v) of aproticgtﬂ FEB 7007

solvent to hydroxyl group containing conpound of

|l east 1:1. Preferably, this ratio ranges from1l:1 to
10:1 and nore e - - ------------- --- -- 0 8 FEB 2007

17 preferably from1:1 to 517. Mst preferably the

ratio (v/v) ranges from1.5:1 to 3:1. . Despite the
pﬁéﬁeegblpg ftorh s 1pnef eor e 1 haticlshe peacktrablyS tise ratio

rried out in the absence of any external added

5 Y bt FRPESFVERP™i &: “ah BPrétic sol vent not gener at ed

by the reaction itself. The catal yst conpounds of the
present invention may act as 10 a "heterogeneous”
D@%P'at?stther aefﬁ'ﬂftﬂﬂﬁg@ebUSiSchyﬂslrECBythﬁe thenreaction

eneous” cat.al an_a ca

ig NEDEENER il Yehe P BRRNcR PRES AT edleding) | qadea

apBoBiaplsy ladmixete or ahoraRebi it SkblUvehth dde eaetankd by

15 of the carbonylation reaction (e.g. the vinyl
t%%e?%?%tlﬁﬂnﬁBﬁﬁﬁ the hydroxyl containing conpound

and carbon nonoxide), preferably in a suitable

sol vent as described herein. 20 By the term
Thhecetogenkoustpeandbyst ﬁeeneaﬁsancanah¢9t10n|mey flog as

_Co und of theulnv carried
2 OREEPSaheblis: | BYERILOD ol O Ro S RhEL RS OBaBar vot
present invention 25 prOV|des a process for the

car bonyl at i on_of ethylenlcaII¥ unsat ur at ed conpounds
Bys Tt | ReEMheMaMP IR t Fatap¥stedte | Begsy r3 e§obatLYSt -

i that hengabaly st coppr 'ﬁluﬁﬁtionsuﬂﬁﬁréh DL eBSEaQHéJp@Hted
|nsoluble support. 30 Preferably, the support

bgbnpei sespaypotiyasedsuchfasmgd in-situ with the reactants
of the carbonylation reaction {e.g. the vinyl acetate
compound, Ethe hydroxyl containing compeound and carbon
monoxide}, preferably in a suitable solvent as described

herein,

By Lthe term “heterocgeneous” catalyst we mean a catalyst,
i.e. [he compound of the invenktion, which is carried on a

support.

Thus according to a further aspect, the present invention
provides a process for the carbonylation of ethylenically
unsaturated compounds as defined herein wherein the
process 1s carried oubk with the catalyst comprising a

supporkt, preferakly an insaluble support.

Freferably, the support comprises a polymer such as a
polyclefin, polystyrene or polystyrene copolymer such as a
divinylbenzene copolymer or other suitable polymers or

copolymers known to those skilled in the art; a silicon

Fev
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pol yol efi n, polystyrene or polystyrene copol ynmer such

as a divinyl benzene copol yner or other suitable Utﬂné:EB 2007

pol ymers or copolymers known to those skilled in

art; a silicon O O FEB 2807 IB} derivative such as a

functionalised silica, a silicone or a silicone

rubber; or other porous partBcul ate material such as

for exanpl e inorganic oxides and inorganic chlorides.
dérPref evabbkychhesseppomcetmipdrerliisded sspbious si kitdcone or

whi.ch has a surface areg in the range of . from10 to .
2766 146Pge FURRER H5r & ‘F{lné’ﬂifﬁ”fihé"?’éﬁb‘éuﬁ?L?r%tmlal
=Q@ch 1954 QoeC/ G:ARGh1AN AU ARG PaAr bk £h€sSi 3Rdl NitlRe ganic

range of from 10 to 500pm 10 More preferably, the
chipfade=area is in the range of from 50 to 500 n2fg,

the pore volune is in the range of from 0.5 to 2.5

cc/g and the average particle size is in the range of
P& Oer 201 ¥ ot RO0spopoMoshatiesiaabliy pbecasdr Batécaanddcihs has

in the range of from 100 to 400 n®/qg, the pare 15 .,
ayvomE<®s M heé™r a Sﬁnﬁﬁoﬁ%%fgﬂ LG EE‘/g?i%dmtﬁ%f 4

+ VST agerPaybi Ghe $hZenkSrhAgthssr apram of 1f £eM13@ £@/g ana
100 pm The average pore size of typical porous
aryupperage npeerials Eszgninheheangegsf ofr dwem0 1o LEOGE 0 1m .
, u terial.js, us t as -a
M8 BEEr 560y e SrERRersE risn oo (H Shoc ALCAAA Bherom
Solesbr &Ny fiT/an Tbet poBb0 vhdluhis Nby be pawt icutes | ¥ {rom
desirabl e to dehydrat the silica at . a_tenperature, of
ngpﬁplébé t%ﬂg@o@da%&%@@% Batbigdeheurrs ¥5 in the
rakbbabley, ridie SUPRAY t208Y he fhsxibleAra1h 0ife surface
support, the insoluble support is coated anp/or
afemr dgnatredtippt randre ebnfoondsl @t the 4fHborysd,of thhe pore
HINFRAN By ohEChUkgueT, WoLL KN 1018058 &K 1 Sy the
average particle size is in the range of from 30 to 100

tm. The average pore sSize of Eypical porous support
materials 1is in the range of from 10 ko 1000 A,
Preferably, a subport material is used that has an average
pore diameter of from 50 to 500 A, and most desirably from
75 to 350 A. It may be particularly desirable to dehydrate
the silica at a temperature of from 100°C to BO0°C

anywhere from 3 to 24 hours.

Suitably, the support may be flexible or a rigid support,
the inaclubkle support is coated and/or impregnated with
the compounds of the process of the invention by

technigues 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, opticonally wia a covalent bond, and the

wRE e
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30 Alternatively, the conmpounds of the process of th

invention are fixed to the surface of an insol ubl &8 FEB 2007

support, optionally via a coval ent bond, and the a s

FEB 2007 19 arrangenent optionally includes a

bi functi onal spacer nolecule to space the conpound
fromthe insoluble support.1®The conpounds of the
invention may be fixed to the surface 5 of the
atnangahéntsuppnibnhylpromntﬂngeseaatibﬁfuhcaional spacer
nctional group present in the conpound of formula |
mﬁ"’ ?C”LQaHBI gpﬂcgugé?i?%ﬂ?mk‘? BFO‘ZnE]Hﬁ EﬂﬁPlPHéeaWPpﬁft
noiety, wth a conplinentary reactive group present

on or previously inserted into the support- The
ThenbPraeRbAsopf10hehenFentipuemgobp &fixede toupper tsurface

t c ar ent the c ol

ﬂe%%veﬁﬁ%%%?%w%lepﬁ% }:%W greo(r%%ous Tata yéttrh% erd 2
fuhettompougdonf phesenvenhi ehe abfipbhadsegpdotmanle I, for
i nk d V|a %)Ilnka e such_as an ether, ester, am de,
C3ATHe® oup P5 FhetRPoEc&Tof h2agtybn Mo iety,

wEEHd|%JOm%ﬁﬁliméﬁ%ét§0”P958919é @E%u ogeass e then or
present invention to the support dépen upon t he

peehybeal Falingegnest iimdtedtbomsoppadrand Thwe grobpeatppn of
tﬁgel§gﬁﬂgﬁ; Egé?§XQle%he &ﬁ%ﬁ?&ﬁiogigpas chmgllmentary

CAr bot car bonyl and processes
sebebigscshbe afsetlod woxeduadhydt | ges, inatitiiorte provides a
am nation may be_enpl oyed. According to a further

hﬁEEEEEEHFHESpF%éH nv ﬁF?thEZEOE}PBVPQeé’ft kE=udEvEFtion

ahaetﬁeogﬁago9£ ap¥ ashRel QEEtHellh@¥§@tbgﬁhwg%rghnether,
the catalyst is attached to a support.” Particularly

eprefer pByddes @Whenpst heree gakeétoggoups- Rl, R2, R3, R4,
R, R6, R7, R$ and RO when associ at ed mﬁth their 30
respective carbon atom form conposite groups which are
ThAE choice of reaction conditicons te link a compound of

the process of the present invenktion to the support depend
upon kthe ethylenically unsaturated compound and the groups
of the suppart . For example, reagents such as
carbodiimides, 1,1 -carbonyldiimidazole, and processes
such as the use of mixed anhydrides, reductive amination

may be employed.

Adocording toe a further aspect, the present invention
provides the use of the process of any aspect of the

invention wherein the catalyst is attached to a support.

Particularly preferred is when the organic groups R', R,
rR', R', R°, R®, R’, R® and R® when associated with their
respective carbon atom form composite groups which are at
least as sterically hindering as t-butyl. Steric
hindrance in this context is as discussed abt page 14 et

seq of “Homogenous Transition Mebal Catalysis - A Gentle
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| east as sterically hindering as t-butyl. Steric
hi ndrance in this context is as discussed at page

4
et seq of "Honpbgenous Transition Metal Catalysis hﬁ\FEB 2001

Gentle 9 8 FEB 29ui 20 Art", by C Masters, published

by Chapman and Hall 1981 These steric groups may be

cyclic, part-cyclic or acycPPc. When cyclic or part

cyclic, the group nay be substituted or unsubstituted
Apt”pebyat@rHtede o, unsdilisdiced]. bith€hapmyel iandrHphi t 1961 .

cyclic _groups cont aj n, |n Iudln t he ertiary
TRESBoRcBr oty SF POl GRS, LY B cPRF ADCY cbEeCos, Bevelis.
wHBS! cReafier Y YpdH0- E}éliéerﬂeakﬁﬁﬁuinmé ebgy%hb%tltuted

structure. The cyclic structure nmay be substituted by

opnanybprtartrrbs oirt vkt sSafdliesl Promvhasbyrayede, The

B NAT S SEEENC STPLay ETE T s iy the

tertietry whaebenn {lkint of R eaemmhlndﬁ@enﬁeeféyably Ce—Coo,
represent_ hydrogen aryl or lower alkyl, and/or
mo &t or PESEEF Yone“167 Cior ¢ CHERREN 6F°§Elpﬂﬁ} 5?%HBCYC11C

qefuéyu§élan@hgrcgbﬁhEyggkubﬁaeegmgypae kabghgthkbggbggone
group Ar is an aryl noiety, eg. a phenyl group, whicCh

omayndyes oﬁpbéﬁaltlﬂ?n§§b8$¢l%mé%ﬂ gyt dbdlehatcyans t\mtro,

hos 1at OB, A 2|I @ a RLGEONE oo
Dlgg. H%EJ{(#ZR 1’ano{ogﬂgo’5| ﬂghon' ?% he’ny? Qflgupﬂ 70 ° g
C oy ShEY, naT £5) NRTEREY, ylam eby HBY, b@:mxfajsedllﬁolt)ccwdﬁl @ach
.group Eg. papht hal ene, bi phenyl ene or indene.. Exanples
iBHeRENERBF &Y bi TEMG ] | fAdSTIsTe 125Ypj OF lower ~alkyl,

aﬁékagaﬁﬁﬁty5989§ Qt@an@ghyaﬂeb%ﬁl%ﬁ@:@n@x§ge% hhS 849 phur
(di adamant yl phosphi nomet'hyl ) napht hal ene

apddit | onaby¥ysilasobpdediat byphbsphinermaysbe bonded to

a suitable polyneric substrate via at | east one of

the bridging group Ar, the linking group A or the
ThenkmggmeupgBoup Ar is an aryl moiety, eg. a phenyl

group, which may ke optiomally substituted, provided that
the two phosphorus atoms are linked bo adjacent carbon
atoms, eg. at the 1 and 2 positions on the phenyl group.
Furthermore, the aryl meoiety may bhe a fused polycyclic

group eg. naphthalene, biphenylene or indene.

Examples of suitable bidentate ligands are 1,2 bis
{diadamantylphosphinomethyl) benzene and 1,2 kis
{diadamantylphosphinomethyl; naphthalene. Bdditionally,
the bidentate phosphine may be borided to a suitable
polymeric substrake via at least one of the bridging group

Ar, the linking group & or the linking group B.

The amount of bidentate ligend used can vary within wide
limits, Preferably, the bkidentate ligand is present in an
amount such that the ratic of Lthe number of moles of the

bidentate ligand present to the number of moles of the
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30 The ampunt of bidentate |igand used can vary within

wide limts. Preferably, the bidentate ligand is 08 FER 2007

present in an anount such that the ratio of the

nunber of noles of the bidentate |ligand present to

t he nunber of noles of the D .8 FEB 2007 21 G oup VIB

or VIXXB netal present is ffdm 1 to 50 eg. 1to 10

and particularly from1l to 5 nol per nol of netal.
Gronp FIBf ewabIY Ik mebtedl pmdsamnge ofrawnbotnd§Cofg. 1 ta

ormula__l.to 0 |IB metal Ls in the range of 1:
1ho'al “oapst CathPiPe s Totdheb s aitge 7r 1 M8 Hictal.
MbdrdSpieFEeAwen, eahkymolt he1pesagki bift yodbocapplsy iofg formula

these low nolar ratigs is. advantageous, as _it avoi ds
It ke GeeuBf VahtBxEgEalofst A8 tegnpatAg &f flofmica I langost

pREREELRH O TirSesd hea ConSHEPYi.Qn rhd’fl [P6se, usillMniently,

expensi veé conpounds. Suitably, the 10 catal ysts of the
thavem i oroal B pr efdar edplpingseperst e lstwepmopaecetithgss is
use in-situ.tn t he .carhonyl ati an. reaction _of an e

i
atg?’%lflgﬁﬁﬁg}*?y s at tir &84 “Conpbund>Cciti efe IS5 h2

cBhpEABE off therninvent i Neynde fahinedes1bheuUtcdi¥umption
di ssolving the Goup VIB or VIIIB netal or conpound
ofhet&6Fas WP Ilngd HERGIFITE a SOPPABTESsol vEAtaBdyn the

c88219R€s0h st RRNY AL BXYL ofr QUR EQEFQEEHn?nCQHEQQQQEﬂ@’step
aprofic solvents previously described (a partrcularly
pperetdingd thsdlrverst= viowaithe imetkst errbongtatdipnodeeiction

f_the eci.fic,20 carpony|atian reaction eg. Methyl
ofr 81 ShaLs r 6P LAPnyBREEELRRORTRREREH) *and
subsequently adm xing with a compound of fornula | as
defi ned herein. The carbon nonoxi de nmay be used in the
CprEsBhERLSF  ofh8r PIRSegas & \iHiehiaventhertmpl bRe carried

ohfah igﬂssgi@gﬂbeghefGSHﬁE 59%33§ bﬂg&%d%eQﬁqr%&e%Dm?ound
nitrogen, carbon dioxide and the noble gases such a
thegenf 8@ tadfond@iobprWiB dm W | BBimebdles ss¥lwent such as
D%gn%%u@%éiﬁﬁé¥gxyl group containing compounds or aprotic
solvents previously described {a particularly preferred
solvent would be the ester or acid product of the specific
carbonylation reaclion eg. Methyl propionate for ethylens
carbonylation}) and subsequently admixing with a compound

of Formula I as defined herein.

The carbeon moncxide may be used in the presence of other
gases which are inexrt in the reaction. Examples of such
gases include hydrogen, nitrogen, carbon dioxide and the

nokle gases such as arqgon.

Suitable Group VIR or VIIIB metals or a compound thereof
which may be combined with a compound of formula I include
cobalk, nickel, palladium, rhodium and platinum.
Freferably, the Group VIIIB metal is palladiom or a

compound therecf, Suiltalble compounds of such Group VIB or

+
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30 which may be conbined with a conpound of fornula I

include cobalt, nickel, palladium rhodiumand (8 FEB 2007

platinum Preferably, the Goup VIIIB netal is

pal | adium or a conpound thereof. Suitable conpounds

of such Group VIB or o a FEB 2007 22 VIIIB netals

i ncl ude salts of such netal $2with, or conpounds

conpri sing weakly coordi nated ani ons derived from
VALERI cmatirds sdhphudiec aeilds | oer sakckanoiet allip twdth, or
CClZ% aﬁids suchias acetic ?cid and r0£i§nic acid;cp  ved
SUPPHBAP: SRMHS EHER At Hethane ﬂi‘ﬁ‘h"‘b e adligns  derive
febnor esiHAIROM € dci Sulhhuof oSuk-pAONI 1IGwASt dalkanoic (up to
trifluoronmethane sul phonic acid, benzene sul phonic )
Cai d,ayfiphtHaflener3ul pRBRLE a2Fdd t BPden®roBisméFi c acid:

saﬁkﬂonggg' aEéEQ'ueQ@cﬁ“'Q@QniQHéfﬂéhet'k§q1 honic acid,
Su , Su

phoni ¢ aci and 2 10 hydroxypropane oni c
chtcdpssdbphomnat ed | oaceédehange flesimsnlpéondld ¢ aci ceid,
su as perchloric acid;. ; _halogenated carboxylic .
L3R uBEaRREREnE, |G, eltcr Feigmpe “HOBBKohE e acia,
nhphthdoeaacehilgatiid orihppheipkok GwthithnRhosehan & . q.

aci ds such as benzenephosphoni c aci d;. and acids,
PaérPlveae1 FHAAN R e?akd i ohsPBEYWe sl LEARI™E Caci gbdanand 2-

h RshedLagkdSsy1 SQuIices wht royjide
AR aR o™y B "Bt G, PrEPP TR e gin egehanae
reetinaphemdrhzokiat e deidvatiwds, ae. gperchloric acid;

rfluorotetraphenyl. borate. Additionall ero . .
WS PR S S S T e 1 {ERAGE greRic acid
ahabitlre f2Qokbgards = acdd;t birphepybBRfsRriicn&cad ;alheghonic

such as di benzylideneacetone or styrene or ] .
EFF—_FI(idi%&i&yﬁ?d&%ﬁﬂ#@%%ﬂ%dﬁﬁh@ﬁaﬁ@e yséds THeaived
fgghogn'ﬁmﬁaéﬁagﬁﬁ' BedWEEQMY QF 1 NLELodUCEd A% PR QL AT 8 s

of an aci aving a pKa neasuréd in aqueous
Osbkot ismumates | 8Gioh Itegs phawide morie gprlef easbbys liesdude

t%hlg? ﬁpgﬂggﬁzig lhg F)%Ivg:n% t%%t It%q]: r%l%?lten?&eizor}:%s: EI rge%:rit.r%%eives P
e, perflucrotetraphenyl borate. Additionally, Zero
valent palladium complexes particularly those with labile
ligands, a.q. triphenylphesphine or alkenes such as
dibenzylideneacektone or styrens or

tri{dibenzylidensacetoneldipalliadiuvm may be used.

The anion may be derived from or introduced as one or more
of an acid having a pKa measured in agueous solubtion at
18°C of less than 4, more preferably, less than 3, a salt
with a cation that does not interfere with the reaction,
e.g. metal salts or largely organic salts such as alkyl
ammonium, and a precursor, such as an ester, that can
break down under reaction conditions to genserakte the anion
in situ. Suitable acids and salts include the acids and
salts, other than unsubstibtuted carboxylates, listed

supra.

EPYS RTINS R
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e.g. netal salts or largely organic salts such as

et A d A A pl e = BT i = e S ——

al kyl anmonium and a precursor, such as an ester,] 8 FEB 207

that can 30 break down under reaction conditions to
generate the anion in situ. Suitable acids and salts
include the acids and salts, other than unsubstituted
carboxyl ates, listed supraZ3 8 FEB 2007 23 The
quantity of anion present is not critical to the

catal yti c behavi our of the catal yst sysLem The nol ar

gatio of a€ion:%o %alladiun1na¥ be from1:1 .to 500: 1,

Cor @t EbYY 1% 1PNy oPEBHSRL ankf p&At cGFAFEGatr o the
cdtdl140ic30hdnaWishe tde aHONChS aRKAY d80sP¥nd The molar
conbination of acid and salt, the relative proportion
ragfieheacrBiand Bal Paldadigm oraYi dal . Fremndntl obed,500:1,

y .em p e ve
e Rb Ay Rei Y o 1 ek oY SO RestaTy e bR s P My 1 to
Sﬂhé.cﬁhatystheyshémmiasU@e@v1Hem0@@naowﬂmblﬁﬂﬁion of acid

C talﬁgt 3 st em_of thedgresent i nvention is preferably
apgn e S R Y9 PRSI Eht Ry 25 df @Pﬁe&a&;t is
n@fe crky iz 1NDr en@f fdift I HA ANt R Ol PV 18 Lﬁes@ém of the
suitable solvent. The nolar ratio of the anount
PEERREBRI calnyenhkdgnur amay c@ﬁpouw@6@sedhqmqgayEDusly or
' dr I vidin
N Bl llr P et Y e b e ek oM ads woed
hbnotieseceglyfrom 0. 001: 1 to 100: 1 nol/nol. The product
of the carbonylation reaction using the ligand of the
i nvention may be separated fromthe other 25
TEQ”EQE§E§§fb¥?§E¥mSHEtﬂﬁbepE§@E§t HﬂW%%%ﬁﬂﬂ'EE!%m@&érably
advant age of resent process that significantl
cﬂEﬁEFtUB7dpladgbﬁslaq91ﬁophééethhn@bymﬂedueuﬁ@rwhd by one
e urlflcat|on aft the |n| |aI .
Dgeparatlon tgﬁ%] gactant s the % sSuikable
solvent.

The molar ratic of the amount of ethlenically unsaturated

3compOund used in the reaclion to the amount of hydrosxyl

providing compound is not critical and may wvary between

wide limits, eg. from 0.001:1 to 100:1 mol/mol.

The product of the carbonylation reaction using the ligand
of the invention may be separated from the other
components by any suitable mneans. However, it 1s an
advantage of the present process that significantly Ffewer
by-products are formed thereby reducing the need Ffor
further purification after the initial separation of the
product as may be evidenced by the gensrally significantly
higher selectivity. A further advantage is that the other
componenkts which conktain the catalyst system which may be
recycled and/or reused in further reacticens with minimal

supplemenktation of fresh catalyst.

- AL
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product as may be evidenced by the generally

significantly 30 higher selectivity. A further 8 FEB 2007

advantage is that the other conmponents which contain
the catal yst systemwhich may be recycled and/or
reused in further reactions with m nimal

suppl enent ati on of fresh cafdlyst. Q 8 FEB 2007 24
Preferably, the carbonylation is carried out at a
tenperature of between -10 to 150C, nore preferably 4C

to_ |l L nos r ef er abl OC to 120C. An especially 5
PEEPETDLE | olB ot Il T dhostn bEAaEBocth 3t a
td@PErat Advarirageoustdn the ey bosyt@ti@dreaprREerably 0°C

carried out at noderate tenperatures, it is .

tearkdk Gl amsp advaffagebds t4' Chetabléd®- carky sFPati@lly
repetion bpheeqiheaPeLatitie HA0C) e 1120°C,
Pwﬁe% oper atang a Fow tgnpg]r‘eat{:&re nca?%on@?%t?ﬁ?tﬂt%elm ¢
Admaboageatsdn, i $hear caedooylabebtneean 3BE tmr49Gd none at

ferably, -10C to 45C, sfill ferably OC t
MR e Ao S IPEFar By 106 LoF B L1suERELY; afpphtageots to

her efifild edal Scar F@ang& of L0 138G orPr aterabhy, tdi@erature
carbonylation is carried out at a CO partial pressure
(8P ®Bet ween 0.80 x 105 N.n2-90 x 105N.nR2, nore

preferably 1 x 105- NM2 -65 x 105N. m 2, nost

preferably 20 1-30 x 105 N.n2. Especially preferred is
FaeClrpalyi al wnessureompfrdirmg 20 xa 101 NawW' 2. temperature
Pr ef er ab| a | ow pressur arbonyl ation.is al so
CRROPERLBHL OBt oFBFABIATDOMAR 58 a1 et B How PRLsbaFaeen
385 capbamyrkbat iniy-d herepsbBYL At Lamees 1eAr168d o¥ti dl Gore
CO partial pressure of between 0.1 to 5 x 105N.n2 , N
papferabigf ¥ dbl 0. 42{%. 2 Besp5Mraferablipstl0°C te  415°C.

ERPELELRPLYpePeltfed- Ps & 2ORDLMZ 10 to 235%C.

Freferakly, the carbonylation 1is carried out at a CO
partial pressure of between 0.80 x 107 N.m“-90 = 10°N.m7,
more preferably 1 x 10% N.m™?-65 » 10°N.m™~, most preferably
1-30 = 10° N.m™°. Especially preferred is a CO partial

pressure of 5 to 20 x 10°N.m™>.

Preferably, a low  pressure carbonylation is also
envizaged. Preferably, when operating a low pressure
carbonylation the carbonylaticen is carried out at a CO
partial pressure of between 0.1 to 5 x 10°N.m? , more
preferably 0.2 to 2 x 10°M.n° , most preferably 0.5 to 1.5
x 10°N.m 2.

The ethylenically unsaturated compounds may be substituted
or non-substituted with groups as defined above for the
Taryl”™ qgroup above. Suitable ethylenically unsaturated

compounds include ethene, propene;, hexene, vinyl compounds

e
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30 The ethylenically unsaturated conpounds may be

substituted or non-substituted with groups as deQithedEB 2007

above for the "aryl" group above. Suitable
et hyl eni cal | y unsaturated conpounds include ethene,
propene, hexene, vinyl conpounds 0 8 FEB 2007 25 f
such as vinyl acetates, hepfEéne, octene, nonene,
decene, undecene, dodecene, etc up to Cjp which nay
shehHmmawinyl hranabed, ty@ltie@eQr autodted, cnohepalt decene,
clic and in which the double bond, nay take an
“E FESBRe FOSECEER i (Pithe"B E&r bun HHéFH Y WpF chtnear or

btﬁﬁbHQ@S %Pbl%beﬁﬁ!Sﬂﬂ?ﬁéli@eéﬁobartTﬁﬁmhﬁﬁgQaﬁé in which
et hyl eni ca unsat urat'ed conpounds extends to

taﬁemblﬁem@é ghagt dsike shmy corfelmds wichtihe in the
y S Y- e b efic
REhh PhatiCelll g rulePuch, RTRL SR Babace pgeor
Thbe reigd yst &yﬁyeﬁnlwhemytmmsaﬂﬁﬁﬁnéﬁ Syspeihids extends
utilized in a liquid reaction nedium such stabilizing
teofbBlRAs may assist recovery of the group VI or
ViiiB netal. 15 Preferably, therefore, the catalyst
systemincludes in a liquid reaction nmediuma
Ti@ﬂ:ylm | ef débplet Eaning déegpbyedsi wish tt}ai Gad;arl&"ﬁ@r system

' I b
AL 0 RALY LT 6 dishersant 4 belng Gapabl e by o motal

iTising a sUSpension 0 par
dihiclgr hdp Weear l/&..:bt Bfﬂ‘etmaltlﬁr aetall yseongeitih ofwhbﬂ the
catal yst systemw thin the liquid carrjer. The |iqui

Feetion AEAFEF gy Wet i 2%l vent & orlghied DBaFbARP | Bﬁdl“m

ﬂcﬂmlét%%'mrﬂﬁ%gonécﬁﬁoﬁﬁﬁg Hay NG s8¢t aPééoQéry of the
reaction product’s thensel ves. The reactants and

grea i oh oprodud gngimli quid formmay be miscible with
or dissolved in a solvent or liquid diluent.

Preferably, therefore, the catalyst system includes in
a liquid reaction medium a polymeric dispersant
disselved in a ligquid carrier, said polymeric dispersant
being capable of stabilising a colleidal suspension of
particles of fthe group VI or VIIIB metal or mekal
compound of the catalyst system within the liguid

carrier.

The 1liguid reaction medium may be a solvent for the
reaction or may comprise gne or more of the reactants or
reaction products themselves. The reactants and reaction
producks in liquid form may be miscikble with or disasclved

in a sclvent or liguid diluent.

The polymeric dispersankt is scoluble in the liguid
reaction medium, but should not significantly increase
the viscosity of the reaction medivm in a way which would

be detrimental to reaction kinetics or heat transfer. The

P T TN
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30 The polyneric dispersant is soluble in the liquid

reacti on nmedium but should not significantly incrda8eFEB 2007

the viscosity of the reaction nediumin a way which

woul d be detrinental to reaction kinetics or heat
transfer- The L 0 8 FEB 2007 26 solubility of the

di spersant in the |iquid nedFum under the reaction
conditions of tenperature and pressure should not be

sol rebttascofo tdet efi sgpegradnicamt | yhiehel 1 qudsbripedommofunder
the di spersant nolecules ontp the nmetal 5 particles.

e oot T o‘F%’b‘SJrE’a‘?ﬁsi sPap5bIREER T UTEbi FPEi ngTgssvre
Sodlod dabrsuspens ogrehrpaid i ¢lesdptesal Sh HOHE-MtOf the
VIIIB netal or netal conpound within the liquid
FEREAD tovpr1 0 ofedF ien slidpareant haodecal egar ntpesthe metal

' ﬂé¥ﬂ§%ﬁjﬂ§ a result of catalyst degradation are held

I'n suspension in the liquid reaction nmediumand are
di scharged fromthe reactor along with the liquid for
recl amati on .and tionally, for re-uie I n_makin

Fhe

.0 o
i t wmtﬁééﬁgﬁswtca%a yeEPaRHR Mt alS R GieY @
AL AR Ly spbnabhoi dlal paitRNH0Nsf &.d | Brblie vI or
range 5 - 100 nm average particle size although _
Yergermehil i eregetay) fempdunds omeleasebhe Pbpanigngegiction
. nol [ IS e t

LSHE R R Ty U T B e T T
®f theadiysperdantaddt benl esa ehalya ain | easpepaibnaliyy the
solvated by the liquid reaction nediymand in this

b speF TG odpe WUy 4| B2REt afllBSRRFEREs SFQmmythe
asdabidd segh g8ai ngtitset tiheng oythe Wabhts ebciAfation and

reactor or in reactor dead spaces and agai nst form ng

B gyl bhier divgs o -weetalipamekdings Mharthemaydupow tyes of
Sld1gion ofypartiches, and aventual |y, ceagil abe- 29 :ida1
dimensions, e.g. in the range 5 - 100 nm average particle
size although larger particles may form in some cases.
Portions of the pelymeric dispersant are adsorbed onto
the surface of the metal particles whilst the remainder
of the dispersant melecules remain at least partially
solvakaed by the liguid reaction medium and in Chis way
the dispersed group VI or VIIIBE metal particles are
stabilised againsl setktling 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 suitabkle dispersant but when the dispersant type and
concentktration is optimisad then such agglomeratbtion should
be at a relatively low lewvel and the agglomerales nay

form only loosely so that they may be broken up and the

particles redispersed by agitation.

B s p ST T TR TR
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aggl oneration of particles may occur even in the

presence of a suitable dispersant but when the Uﬂ FEB 2007

di spersant type and concentration is optimsed the
such aggl oneration should 30 be at a relatively Iow
| evel and the agglonerates may formonly | oosely so
that they may be broken up &id the partlcles

redi spersed by agitation. i -

Tha -poXyn@eriEER Z&Oﬁlpexﬂan'lﬂwerrmi ymemlmcké spneirrwmtlymy:s or

|ncI de honopol.yners or on i ncl udi ng po

SORA AT ar PoCB0TTner SLVRRER S (< ThoR et ALl Sopol yrers
defarablysl frerpol yneric di spersant has suff|C|entIy

acidic or basic functionality to substantially

stabilise the coIIoidaI suspension of said group VI

&ﬁ&@ By bs i-al:

%élll s rrean at tlhe pr %rpal]a?]z}\:tl cl)%léof %?1;1}% iRiehtly

4pn®ch¢robthblEunﬁuﬂoﬁammnﬁrun sobstaohiphagesitabilise
ubst |aII avoi ded. Parti cul ref red
operLhntesy o PUPhPESar phe S2i8l i dieRitie” hep i FIBEB metal

tﬁ@smétgmﬂgﬁmﬁéuﬂduﬂ udi ng carboxylic aC|ds sul phoni ¢

aci ds, am nes and am des such as polyacrylates or

heterocycle particularly nitrogen heterocycle,

%\gbst%&ygegnefgyy%ny' seghx Lg sugh as ;b 1.¥V' NYhat  the

done or co ners the aforesa
fcaniybgsitoforsuchh pdiey ngrmpdl Espensam’EI mymlee asi_el fotredthe

fro onV|n | pyrrolidon n de
FYIBHT 1%, 5P "Jrf;ﬁﬁg]rg C? a1 ygl yci ne,
polyacryllc aci d, polynethacryllc aC|d poly(3 25

hydroxybutyrlca0|d) pol y-L-1 euci ne,
Qﬂﬂgﬂqp}ﬁﬁkﬁonpﬁ@fer:cd dispersants for this purpose

include acidic or basic polymers including carboxylic
acids, sulphonic acids, amines and amides sSuch as
polyacrylates or heterccycle, particnlarly nitrogen
heterocycle, substituted polyvinyl polymers such as

polyvinyl pyrrolidone or copolymers of the aforesaid.

Examples of such polymeric dispersants may be selected

from polyvinylpyrroilidone, pelyacrylamide,
polyacrylonitrile, polyethylenimine, polyglycine,
polvacrylic acid, polymethacrylic acid, poly{3-

hydroxybutyricacid}, poly-L-leucine, poly-L-methicnine,
poly-L-proline, poly-L-serine, poly—-L-tyrosine,
poly(vinylbenzenesulphonic acid) and poly{vinylsulphonic

acid).

Preferably, the polymeric dispersant incorporates acidic
or basic molebties either pendant or within the polymer
hackbone. Preferably, the acidic moieties have a

dissociation constant {(pK,) o©of les= than 6.0, more
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pol y-L-proline, poly-L-serine, poly-L-tyrosine,

pol y(vi nyl benzenesul phoni ¢ aci d) and 08 FEB 2007

pol y(vi nyl sul phonic acid) 30 Preferably, the

pol ymeric di spersant incorporates acidic or basic

noi eties either pendant or within the polyner

backbone. Preferably, the aéfdic noieties have a

di ssoci ati on constant (pKa) of less than 6.0, nore 0 B
R 20071 v 28l g ef ehiab| ¥y, 0) assst hpﬂeﬁeﬁabﬂmsless than 4.5.

e less than 4.5.. Preferably, the bas|
st v B bASE o IBRY 17 oRavEoRs (e ( PRBpociation
&ﬁimrm |[§ﬁ€}tﬁéﬂn@ Qs ¢ MOE@=Pria{HL akly, |r@§3_&atE§@.férgbly
and nost preferably |ess than 4.5 pFZ and 5 pKb bei ng
s urean i - @i ﬁuﬂeHWem@f@mhlmnl%ﬁs 2sian 4yi5t aple and
B! PILLC L ARSLIANLS it o addibion ! ahgingn 591 yYBke,
[ edction medium at Teact on con
contain at | east one acidic or basic nnlety, elther 10

mnthl the ol ne ckbone or as a pend nt oup ,
raﬁ@ng 1§WU ﬁ5VSEl“g

ﬂ@lﬁil@slﬁu%@srBQEYYbHWr@HﬂM i derigdBMAn aRenditions,

pol yacryl ates such as polyacrylic acid (PAA) are

parttdioul atl y leaistabbae Thelddf ecut arba\ﬂeucghtnoefetﬂehe g¢dther
r [ ui s t nt

‘%gp%lﬁstﬁgo%% %E%at%aﬁglbg II‘?ohg%jr %aslc?ﬁl'l oﬁgnhg?égm (!,Ilpi he

sotaubifbinhyl of héthe gual yiars t hlaf:etrparWa1hqveanﬁﬂﬂnchrid1atam1de

nornall t he averagg nol ecul ar wei g is less t

Y OFE  Prfet abl thfé%ﬁ‘é#é@%@ﬁﬁ%%ﬁ%?ﬁm. éﬁ%’P and

1 thedange shef00 55 20 crre Prefeqabl ypnn
AV -ﬁloo 000, st pref %?g%%ﬁﬂ% 0007540 iR, 4. 37

mh@ulm@kmr a‘blly-ahqlf:t -he r &ge 10166912180 e0ghthopd  the
referabl 0, QQ0 - %ﬁ_gﬁwae PVR i s .used,and. of

E? e"”%rdeﬁ"[1 2r11]65005]'11 % T thgsgase of%BEA invention

depends upon the nature of the reaction medium and the

solubility of the polymer therein. We have found that

normally the average molecular weight is  1less  than

100,000, Freferabkly, the average molecular weight is in
the range 1,000 - 200,000, more preferably, 5,003 -
100,000, most preferably, 10,000 - 40,000 e.g. Mw 1is

preferably in the range 10,000 - B0,000, morse preferably
20,000 - 60,000 when PYP is used and of the order of
1,000 - 10,000 in the case of PAA.

The effective concentration of the dispersant within the
reacbion medium should be determined For each

reaction/catalyst system which is to be used.

The dispersed group VI or VIIIE metal may be recovered
from the liguid stream removed from the reactor e.g. by
filtration and then either disposed of or processed for

re-use as & catalyst or other applications. In a

TETTRET]
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25 The effective concentration of the di spersant

within the reaction nmedium should be determ ned_for

each reaction/catalyst systemwhich is to be usgd?FE@ 2001

The di spersed group VI or VIIIB netal may be recovered

fromthe liquid streamrenoved fromthe reactor e. ¢

by filtration and then eit®&& di sposed of or

processed for re-use as a catal yst or other

@ppt inatuongrocesa -the - liqudd -stréaB kel 2007 ciz®ulated
onti nuous process the liquid streammy he circul ated .

i o oS AR NBSFE eRERAAGER S andiih L8y S gasds €5 1t

hdy PRY beneonvenRt ete tookaeaterfiddes s sbor the palladium
pal l adium particles in these circulation apparatus. 5

R e bt yin thee g G latienr apR3ICFIESo in g/g is
between 171 and 1000: 1, nore preferably, between 1:1

and 400:1, nost preferably, between 1:1 and 200: 1.
mrefersthly, ttes popyhphenenatabassacati eathog/ dni Sqgug  is

to 10 1000, nore_preferably, up to 400, nost
kb%'-f%%bf'y? A%t 300554’ e oﬁ%ﬁ%%ﬂe&ansﬁawanlﬁ&r and
Add upt ratgdihe praseManipventidiyesd Exampl e sbhd  200:1.

Preparation of 1,2 bis(di'adamantyl phosphi nonethyl)
%@Eeewlx,weth%dppﬂym@rmétﬁrlep@ﬁ@t irgtigf 1thig/gi gangp to

P80 cs) efbErBsondr ol e chfor 1 E8Y b ERpoh1yy v v
fod) was added 25 rapidly via cannula to a
conmbi nation of alum nium chloride

The fellowing examples further illustrake the present

invenlkion.

Example 1
Preparation of 1,2 bis{diadamantylphosaphinaomethyl] benzene

(Methdd 1}

The preparation of this ligand was carried out as Follows.

1.1 Preparation of (1-Ad),P{C)ICLl

Fhosphorous frichloride (B3 cm?, 0.98 mol) was added
rapidly via cannula to a combinatcion of aluminium chleoride
(25.0 g, 0.1?92 mol}) and adamantane {(27.2 g, 0.20 mnol)
affording a tan suspension. The reaction was heated Lto
reflux. After 10 mins, a yellow-orange sSuspension was
formed. The reaction was refluxed for a total of 6 h. The
excess PCl; was removed by distillaticon at atmospheric
pressure (BP 75 °C). On cocling to amkient temperature, an

orange solid was Formed. Chleroform ({250 cm’) was added

yielding an orange suspension, which was coocled to 0 °C.

- AALaaRAL et gl oA
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(25.0 g, 0.19 nol) and adamantane (27.2 g, 0.20 nol)

affording a tan suspension. The reaction was heatye
e EfB 2007

reflux. After 10 rains, a yell ow orange suspensi on

fornmed. The reaction was refluxed for a total of 6 h.

The 30 excess PCl3 was renoved by distillation at

at mospheric pressure (BP 78°C). On cooling to anbient

tenperature, an orange solid was forned. Chloroform
W25 ¢IB) umd) adsedadyée| diaglan dnangeldwspbesisaspension

whi ch, was cooled to O C. B B EEB.2007. . 30 Water (150
VERGPSWEYE dAfEFASSl yPUFnidn afPy Lt fFéJ%‘lijp%sP%n Jat0r the

vY$é§§§t%’Yl|e&%re%@%§d,FMﬁ enikuldsaadi then faval®r #88 no
viscositly | essened. Fromthis point the reaction was
langerokger kapgerudderm t@psmhfospher etof Ahe Fhepension was
Si B ne Llrer fo :
B oRARSerSS] i o mEarCry. T 71 TETRrE 268098 og°1id
impuaitwo [ghasefsyisiere cdheikowdr gihase twas sepas atsgthtem.
using a seq$rat funnel , ri ed over SO4 an

in d
TREc HRERTT iH aeereedggq-hgeggpg’ﬁe edSidt% 2 r BfBYEatyng funnel,

aE9bar bveYaRRfsd,i AR HuHied | Nal dyrdd): VBgEavolltiles were
affording an off-white powder. Yield 35.0 g, 99 % 31P
rRves ¥ig5 Hprarvoeyaperatipw = Ba2rgp,. finglly in-wvacuo,

USRI, SR MYk Sty 9L 00 o
NERk USiQ"*EFS’f;?#r#; Ay 2P( £, (9. 00392 . 28.3 mol) in

THF. (120 e The reaction was allowed to warm to
anbi ent tenperature then stirred for 20 h. The grey,

1A SEBnER] S ERAb) L Cdea Sl owy i

syringe (initially very slowy due to exotherm of
reaction) yielghng a two phase system with sone

LighHy hat2ti g tﬁ‘@olléV\é’raSp >d l'—?ﬁz?ﬁe?ﬂl—ﬁintlteg to a
, . Ri i i f

g b Yot SO, Al S bR, .

mmol} in THF. (120 cm’). The reaction was allowed to warm

toc ambient lLemperature thenl stirred for 20 h. The grey
suspension was cooled to =10 °c. HCl (ag., 5 cm® c. HCl in
50 cm® degassed water) was added sleowly via syringe
[initially-very slowly due to exotherm of reaction},
yielding a two phase system, with some sclid material in
the lower phase. Further HCl {~ 5 cm’ c. HCl) was added to
improve the separation of the layers. The upper phase was
removed wvia flat ended cannula, dried over MgS0, and
filtered via cannula. The wolatiles were removed in-vacuo
affording the product as a white powder, isolated in the
glovebox. Yield .00 g, 70 %. “'P NMR: & = 17 ppm, 100 %
pura. FW = 302.44,

1.3 Preparation of {(1-Ad}.PCl

I T e e

St e -
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25 renoved via flat ended cannula, dried over My304

and filtered via cannula. The volatiles were rennﬁ%FFEB 20061

i n-vacuo affording the product as a white powder,

isolated in the glovebox. Yield 6.00 g, 70 2. 31P

NVR 6 = 17 ppm 100 % pure. FW= 302.44. 30 1.3

Preparation of (1-Ad)2PCl F?6 8 FEB 2061 31 A

sol ution of Ad2PH (10.5 g, 34.7 nmmol) and DRU (6. 12
AcaBlutdbn9ofmdldyPHn {10l Hege (250 cnB)l)wasidc HiHU e {12 cm’,

-10 C. Phosgene solution (30.Q cn8, 56.7 mol, was
1gededmslon §7 iodwetitnul 250t cahf efas nghéilaed to -10 °C.

PHS?@%&”%@%LH der 3y cﬁ afggrff'eﬁm% 1hi gl y (%gg&g n%)lowl}r

I"'ow ‘suspensi on. ddi tronal tol'uene
vmascammmimuztmﬁnnﬁﬂftimg vessen dwsu igopseyyinddr, This
sea%ge stirrin The reaction s fil ered Vi a

afY or GAGTE yeliRE4T |t PALE. THRI19%si dueRsmsion.
aMashednut he epigidd onalodt obpene o Xa308dCB)a 1¢ahi1a to

the washi ngs conbined with the original filtrate. The
1gspani rag W@r@ﬂr@ﬁﬂ/e@i@ negagudhaf fordihigie: pihe reaction

VISt e g e eSS L PTG (71000, -

ré@idﬁél e.xisl PEV:: il wﬁﬂﬁi laaallatl@ﬂaun ttdlezemeovg?@ox agea cm )
| enon yel | ow powder. 15 Yield 7.84 g, 67 % 31P NMR

aﬂdlBQEpWShgwE%Cfﬂ!iﬁféﬂeﬁNﬂtTBS@%S'ﬂrlqﬂﬂPleiﬁaﬂﬁﬁaﬁﬁ The

v§latitas, heh | demBPal Ml B R AT e Bty e 1ow
sBUill GRiBhMvbB Re%ABESwilth #8neBe 2@ % WWIdmN@fashings

added dropwi se via syringe over 15 mnutes to a
psaftiedlly colourless). The product was dried in-vacuwo

and isclated in the glovebox as a lemon vellaw powder.
Yield 7.84 g, 67 %. °'P NMR: & = 139 ppm, 99+ % pure. FW =
336.88.

1.4 Preparaticn of 1,2-bis{di-1-

adamantylphosphinomethyl)benzens
1.4.1 Preparation of DI-SQDIO-ORTHO-XYLENE (DIS0D)

Bu"Li (2.5 M in hexanes, 11.28 cm’, 28.2 wmol) was added
dropwise via syringe over 15 minutes %o a stirred
suspension of WaOBu" (crxushed, 2.71 g, 28.2 mmol), o-
xylens (1.15 cma, 5.4 mmol) and H,H,NH',H* - Ctatramethyl
ethylene diamine (TMEDA) (4.26 cm’, 28.2 mmolt in heptane
(100 cmﬂ}. The reaction was heated at 60 °C For 2 h, then
allowed to cool / settle, affording a brighlb orange solid
{ DISOp) and pale yellow solution. The scelubkion was

removed wia cannula filtration and the solid washed with

[ RCY PRELY}
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25 suspension of NaOBur, (crushed, 2.71 g, 28.2 mol),

o xylene (1.15 cnB, 9.4 mmol) and NN N, N - []Zg EEB 2007

tetramethyl ethylene diamne (TMEDA) (4.26 cnB,

mrol ) in heptane (100 cnB). The reaction was heated

at 60 Cfor 2 h, then allowed to cool / settle,
affording a bright orange séfid 30 ( DI SOD) and pal e

yel | ow sol ution. The solution was renoved via cannul a
afifi tiepbadnhaptatke ($6] icth’ Washeddwmi.td GnBvEER02007 33%ield
addltildong ?fe,glmage (50 cnB) and dried in-vacua. 90 %
3GFENYr a8sddeli™©8- 47 mol _ 1. 4.2 Reaction of

DI - SODI O ORTHO- ZYLMM wi th 2 equiv (1- 5 Ad)2PCL A
suspension of DISOD (8.47 mmol) in Et20 (100 cnB) was
pl‘egar cBeastion ef RISESPIASPBREGFXEHENEIwith7@ gguiv (1-
A&g gy ol ) in Et20 (120 cnB) was stirred rapidly at
8 C and 10 added via wi de-bore cannula to the DI SOD

suspensi on. The reaction was allowed to warmto

anblent t.enp stirred for r.di ng

Ap SNERFOSLEE tch'f? Eﬁggﬁut{laoﬁ” rFff%f]e}r %%e&&é@edaggoﬁr%h was

d
p%{jﬁggagr\é;?ﬁ% P‘\M%lhgég pr esen{ﬁ‘}S f '%‘gn%f) 16.3
milug) t @nt he: bOVIIIS@ L&F Ih)ésofsﬂﬂﬁd‘raf@@r i@y dhe_7HPPEr and

phase (Et 20) was renoved via cannul a he solid in
affled agd@otd dsheee enwanredtlieadte s | n@IaﬂEhEuﬁmtshane The

f t a e
rbafbial) VanTL b0 8, S, BPAER At SRR RRTRRE ama
stheredi §onallB28, EnZ@oplang. aTpalwokatilkes twebddr emvwedon .

vac i el slightly sticky solid.. The solid
We\gfs‘ éﬁeé Et%h gle“ﬂ:l 9 6% eﬁe)ﬂ\% PR YE ¢ pEROTding a

tb@'ﬁﬁaﬁ@rﬁﬁéﬂgﬂ} ﬁh@h“@sakﬁgﬁ dgﬁﬂngfr%ﬂgﬁgdsﬁﬁﬁd presenk
cannula filTtration. The white solid was dried

(PROVEBLD dKd E@oﬁ@ﬁedqu3¢ﬂ¥Qﬁkw@mowfa§ha5fma&btealsthe
uﬁBEEepﬂgggeqfﬁgb?l%ﬁ% éﬁoé&j@%lgmﬁéﬁ% The s0lid in
the agueous phase was extracted using dichloromethane (200
cm’}, forming two clear phases. The lower phase {CH:CIy)
was removed via cannula and combined with Ehe original
Etz0 phase. The wvolatiles were removed in-vacug yielding a
slightly sticky solid. The sclid was washed with pentané
(200 cm®) with attrition being performed, the washings
being removed wia cannula filtration. The white solid was
dried in-vacuc and isolated in the glovebox as a fEriable

whike powder. Yield 3.5 g, %9 %, FW = 707.01.

P ['H)NMR data:— & 24 ppm.

'H NMR data:- {400 MHz, CDCly, 298 K) & 7.59-7.50 (m, 24,
Ar-H), 7.09-6,99 (m, 2H, Ar-H), 3.01 (d, 4H, %Jey = 3.2 Hz,
CH:}, 2.07-1.57 (m, &0H, CipHis} ppm.
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31P (1H)NMR data:- 8 24 ppm 1H NMR data:- (400 MHz,

CDC13, 298 K) 6 7.59-7.50 (m 2H, 30 Ar-H), 7.09-6,99
(m 2H, Ar-H), 3.01 (d, 4H, 2Jen = 3.2 Hz, cH2)i, 8 FEB 2007
2.07-1.57 (m 60H, CloH15) ppm 6 8 FEB 2667 33 3- 13C
(1H NMR data:- (100 MHz, CUC13, 298 K) 5 139.4 (dd,

JPc 10, 7 Hz, Jpc = 2. 3 Hz 33Ar - © , 131.0 (d, J ¢ =

16. 8 Hz, Ar-Q), 125.0 (s, IAr-C) , 41.1 (d, 23" =
1%9[7Hhhmmﬁdd§$h r2§3gﬂﬁgﬁ§% é?c@é) 29§6K9 Sd13§J4CH&d Jec
27°9 H, Ad-Cl), =

=22.00 V( d#f, 1dec == 22 HEg, M:rﬁtf—lé?llﬂ Hﬁd culla:) -8 Hz,

I epar at.i.op., of deadanman 0
AFERIR 228 ;ﬁrbg%ze%g %6 (4r]rlet21h Eéé) o3RI, gdzlﬁént Ag-C,
3@hasu|su,n|;m-cﬁnor|3@e5 F!hbsp}h’&_ru% 22rBchior inde ot 83 2EBE (d,

(fresﬁq]%vzafsﬁ‘?d‘%d) 82%%53‘ 3o s%nnglé D m)l?(té%[j‘e' 3.1

nadapapt ane (27,29, 0.20 nol) to afford a buff
col oured suspension. Upon reflux and stirring of the
sol ution a tangerine coloured suspension was observed.
B d yrther reflux the suspension darkened to reach a
nge col our-. The suspen5|on was refluxed for a
Peepapakionf of81hEsbiE{ddad besphinohieghyd® henzene
{Eggﬂcdrﬁ ved via distil!ation (BP: 75C) to afford an
ol id. Upon cooling to anbient tenperature,
chloroform (250 cnB) was added to regenerate the

or ange_suspension. The suspension was then cooled to
2ot Bhalvaterapisd cnih PRI addecideadsia | y viFaosphorus

tﬂE:hTSE:LdEr opy 4 hi §,100i Bt 9@NVGEE, i T4 S LNGEESSAHMLL via
enpl oy an inert atnosphere. The orange suspension S

CBuohhértblEtemﬁﬁtqmwt@fcéfreemlyosubﬁmmed]tdeﬁnaﬁgé-Eﬁq,
059! 1) MRULT LY. INE L aweho (G0l opobarm  Rhase Qfrord a bufs

coloured suspension. Upon reflux and stirring of the

solution a tangerine coloured suspension was observed.
Upon further reflux Lhe suspension darkensd te reach =a
deep ocrange colour, The suspension was refluxed for a
total of 18 hrs. Excess phosphorus trichloride was then
removed wia distillaltion (BP: 75°C) to afferd an orange
solid. Upon cooling to ambient temperature, chloroform
{250 cm’} was added to regenerate the orange suspension.
The suspensicon was then cooled to 0% and water (150 cmﬁ
was added gradually via syringe. From this point onward it
is unnecessary Lto employ an inert atmesphere. The orange
suspension was buchner filtered (with celite) to remove
the orange solid impurity. The lower {(chloroform] phase of
the Ffilkrate was then separated with a separating funnel
and dried with magnesium sulphate. After a second buchner
filtration {with celite), the salvent was removed from the

suspension via rotary evaporation, to afford an off white
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the filtrate was then separated with a separating
funnel 30 and dried wth magnesi um sul phat e. A¢t§
second buchner filtration (with celite), the Jo¥ ke
was renmoved fromthe suspension via rotary
evaporation, to afford an off white O B FEB 2007 34
solid as the product. Yield3134.89g, 99% 99% pure.
FW 352.85.. 71P NVR 8: 86ppm(s). 2,2
sdl 14l - adamed ybrplasphi éelkd:A13M. {Bg5922%4maAHY pme. 5EW:
added over 2 hrs to a cool ed solution (0C) of di
3%&aﬁﬁntyﬁPpNH§ﬁhﬁhlEﬁéﬁmoﬂbde (16g, 45 mmol) in TIIF
(250 cnB). The reaction was then allowed to warmto
anbi ent tenperature and was stirred for 20 his. The
2 g2 ayi - Bus@nsn byl Washddignmmoo| ed Adl) ahd>diCl (4hmadnB, was
1M was 10 slowy added via syringe, to afford a two
a@ﬁa@e f-‘s~y€srt el WrEh Wone sePPiePr exekitt fon t HO Chnert di-1-

FafsSiute RESIERINE, dfronti ) 4eRe I AT Bl s

cmHE plrase mescitaimvedsvithecaatlbacandsr med-mOVIeus ambient
magnesi um sul phate. After 15 filtratiq V|a cannul a,

t'?THIéE%JF‘éFFIegmﬂeré"ar%nﬁ/%de% viBto aftoid thge 9rey

roduct as_a_whit Y] ; g 679 % p :
wehghofy Attty o @ eyt BN PRI wa
s{ &1l - adammnt vl a phosiibers) tdﬁl yfdioa-cdbosi onweBopafes 2 stem
(THF) adduct_ (10 cnB, | Omol) was added to stirred
W%Ehutﬁiﬂﬁ'ﬁ‘ SFoldid | PEeRtRht P powRr (Bh3Bg; Fosffofyrated
Htm ﬁ.h§ 3966) m% | £hdD9-HRE 2 tfdirirﬁ];?fo@é‘r%héf fs@ %dtmn
s ightly turbid solution. The volatiles were t
ofemmed:wq nlapew®- t Bhyi dhopeme FHFHudtass ‘&H@uﬂ’émmﬁﬂe‘fla
SO|I 25 Yleld 1. 398 896 9996 ure. FW 5..25. 31R
S T o BY o) NSO NE S nesl LRI, pATter
fimltritladarmiﬁyld@h@@maor(bpéan@jlrmﬁmds) bamaeneemaed in-

depr ot onat.i on
vacgo to afford the product as a white solid. Yield: 2.1g,

2001

£7%, 95% pure. FW: 202.44.., *'p NMR: 8: 18 ppm (s).

2.3 {(Di-1-adamantyl phosphineg) tribhydroe boron. Borane
(THF} adduct (10 cm’, 10mmol) was added to stirred
solution of di-l-adamantyl phosphine ({(1.36g, 4.5mmol] in
THF (30cm’). Stirring for a further 5hrs afforded a
slightly turbid solution. The volatiles were then removed
in-vacua to yield the product as a pure white solid.
Yield: 1.39q, 98%, 99% pure. FW: 315.25. 'P NMR: & 4lppm
fel, Jrg 64 Hel.

2.4 Synthesis of 1,2 bis {di-1-
adamantylphosphor (borane)methyl) benzena wia deprotonation
with "®“Bul.i and reaction with oo dichloro o—xylene. To a
stirred, cooled ({-7B%} THF soclution (60cm®y of di-1-

adamantyl pheosphine trihydroboron {5g,15.8mmol}, Wa s
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30 with 9B.BuLi and reaction with ma diehloro

o-xylene. To a stirred, cooled (-78) THF sol ution

(60cnB) of di-1- adanantyl phosphine trihydr obogcm FEB 2007

(59, 15. Smol ), was 0 0 FEB 2007 35 slowy added (via

syringe) 9..BuLi (12.3cn8,16.6mmol), upon full

addi tion the solution had a3hoticeable yellow

col ouration. The solution was stirred for 30 m nutes
shbwly 78daed thén akbawge)t 6*SRafm t{ar.camm’ eédpemablle upon

and stir 5 for a further 120 m nutes. The solution wa
Tahbn 2ddiEdcPo thes A A St on PObLHBRRGFE ayellow

& &R 9F Do R: XYheneso s adad svia: Gauil 2or They salahi el at
was then allowed to warmto roomtenperature and

-389 ramedl fflogn 151l hiwed The wybhate!| esonheeapthanurenaweld stirc
i n-vacuo.. No further work up 10 was required_as LiC

f%ﬁdaeﬁEEE}éeBréaﬂl’Bé“’a\F%Ere Fe@olyhiPRg¥PRe then cooled to

AR fodcrs BaBi oLty By, 26 00 nSE R Pt 1R b-sifpene

wPPMaded) 8o AdchiEnul b, NWR( GEXIL3; 1 298%h =6 ther 7351)09951 Lo
(mbr Ar-H), 6 15 7.49-7.00 ppm (m br Ar-B)

WpPh (‘¢ &P Bempedajudenip mSté]?G'lfffis) Iorg %9ntlh'73§1 S

vQladi e bl §hdbe %ﬁ%ﬁa%ﬂmgm—%&yl&@eﬁéﬁﬂﬁew fork up

deprotection of 1,2
widi -eeiamersd | pﬂﬁos@'h@rl( b@nanee)mﬂyl )omgaErRe Wi removed
EBF4' VE afI uorobor| c.a Ld i_ I Lher
ansheR EEAT e i o et ot LA Ok R

sl ouby ( V“I"{l)f @@RSY@@% d9e @Qled quc)qlstﬂpfrr[ ed

solution o hi s (di
adan’dmyl‘phoxsmhoﬁs(bmaﬁmnaihy.]rm,beﬂzeae (70 cm

di chI oronet hane). The solution was stirred at 9c for 1

hour 'HanHMRhelE i Izowe?P &0 War m-thr Tarfifl enpimt eifpdrmat Brel), §

and _stir_for a further 12 hours e react|on mxtur
was Tha3-7-90 ppm (m, br Ar-Ej, & 3.3 ppm ({d,

2.2-1.2 ppm {m, CigHis]

2.5 Bynthesis of 1l 2-bis{di—
adamantylphosphinomethyl}banzene wia depreotection of 1,2
bis ({di-adamantylphosphor {korane)methyl}) banzane with
BEBFy QO (ME) ;.

Tetrafluorchoric acid dimethyl ether complex {5

equivalents, 1Z2.5mmols, 1.50m3} was added slowly via

syringe to a cooled (0%} stirred solution of 1,2 bis (di-

adamantylphosphor (horane)methyl benzene {70 cm’

dichlorcmethane). The solution was stirred at 0°%c for 1
hour and then allowed to warm to ambient temperature and
stir for a further 12 hours. The reaction mixture was then
added to a cocled (0%} saturated solution (degassed)
NaHCDs selutbtion (5% excess NaHC(,) and stirred vigorously

for 50 minutes. The organic phase was then extracted with
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30 added to a cooled (0c) saturated sol ution

(degassed) NaHCO3 solution (5* excess NaHCQ) andy g FER 7007

stirred vigorously for 50 mnutes. The organic phase

was then extracted with L O O FEB 2007 36 2*30 cnB

portions of diethyl ether, and added to the DCM

extract. The organic | ayers3fiere then washed with 2 x

30 cnB portions of degassed water and dried over

EWS%m:’Tbert‘iﬁhat idfesdetrtey T hehheepoved iatdeatuog bBhe DCM

31P (1H} NVMR 8 26.4 ppm (s) Al NWVR (CDC13, 298K) 5

exlea EmeP& oqdamiC YEu JMep5 th; S&&ﬂ( E%EHX 30

cﬁHﬂﬁ'éréle% oF: Q:leggfﬁge(éii RELEFLnk Qn%éld p@%rl(ﬂig@@qbr The
Exanpl e Preparation of 1,2 his ((ii-3,5-

vdla@@hybaﬂanantbtphbspﬁvﬁ@n@nhva;uaenzene (nethod 2)

15 3.1 D -1-(3,5-di net hyl adamantyl ) phosphini o

Chl oride was prepared in accordance with the method

of examMmilg2ukr:§XEEPE Mshn@sil, 3 di met hyl adanant ane

21. 79 (O 1.}3 nol) instead of adamantane, and Al C13'

(18.5gg, 0,141 rmol). 20 Yield 23.5g FW 409.08.. 31P

HOhRREFEC e #9558 aad BB 3% Aot chtepr fubkng 70
pSﬁ Qq9 Brl, (3np- 3d4”ﬁ£hy|§d@”9ﬂhyhh PRASRIH.NI Q@ 6-2_1 ppm

| oride instead of di-1" 25 adamant yl phosphoni c
{mhbgr{idéhéﬁ eld 15.7 g PW 358.58. 3'P NV\R  3:
15. 7ppm (s) . 3.3 Di-1-0, 5-di net hyI adamant yl )
phosphi ne} trihydro boron was prepared as per 2.3
E gxcept using 10.0 g D-1- 30
P&gpg_;cghng}ihyl adarrat%yl ) phosf’,hi ne inst %aids of di-1 (di-3,5-

dinethyladamantylphosphinomethyl) benzene {(method 2)

3.1 Di-1-{3,5—dimethyladamantyl) phosphinic c<chloride was
prepared in accordance with the method of example 2.1
except using 1,3 dimethyladamantane 21.7g (0,132 mol)
instead of adamantane, and Elcli' (18.5gg, ©0.14 molj.

Yield 23.5¢ FW: 403.08.. "'P NMR: 5: 87ppm {s).

3.2 Di-1-{3,5-dimathyladamantyl} phosphine was prepared as
per 2.2 above except using 25.0 4] Di—-1-(3,5-
dimethyladamantyl} phosphinic chloride instead of di-1-
adamanktyl phosphonic chloride Yield 15.7 g IW: 358.58..

Np NMR: &: 15.7ppm (s) .

3.3 Di-1-{3,5-dimethyladamantyl) phesphine] Trihydro boromn
was prepared as per 2.3 above except using 10.0 g bi-1-
{2, 5-dimethyladamantyl} phosphine insktead of di-1-
adamantyl phosphine. Yield 9.5 g P HMR: &: 40¢.5ppm
{br) .

o e e

e - -
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adamant yl phosphlne Yield 9.5 g 71P NVR  3: 40. SBmmFEE 007

(br) - -
- - - - 0 8 FEB 2007 37 3 4 Synthe3|s of 1,2
hIS (d| 3, 5-di net hyl adamantyl (horane) met hyl ) benzene
via deprotonation with ' BuLi and reaction with as
di chl oro o-xyl ene was prepaféd as per 2.4 above
except using equi nolar amounts of di-3,5-dinethyl 5
Jadasputlyés phosphEne 1;Ehydh¢boroﬂdhﬁgtéadlmbtbyihdamantYl

R A Ry S AR s e

(BB 6 MBS ol 0 cspece o oo 7.

abeﬂéemcﬁﬁm HBEhd @jmﬁ)QLHESampuapar e:mlf aglipér, 5:d@methyl

bi s d|-|-adanantylphosphlnone hyl benzene (2.5 .
2988596 ok oo PRI DG SHOHHONEDOkbunt SigFead 2 o  di-L-

thﬁéﬁtyﬁ éhghﬁﬁiﬁ¥a€§mga¥bi§)89§ﬂh0f (borarle)nethyl) 15
benzene instead of

adanantylphosphor(borane)nethyl) benzene Exanpl e 4

of 1,2 hiss (di- t- di-3,5-
ty?% a%%% ylphosp% nonethyl enzene Tnethod 2){

dEhethyiédhﬁaht?mphbaﬁhﬂnaﬁythyphthhzéne @hhoﬂaﬁ:nﬂa;tlnn
prepared as pe i -1 -adapantyl phosp ic_ch
©fhove except Léiig 4- tgs fhutyl a ﬁﬁaﬁt§7§ nggafgmantyl
pﬁgs%ﬁgrrmla}:ahafﬁﬁﬁﬁyﬂ adpaRpiRee, wh Al GEF,(3Qe2D0, was
. Yield 22769 FW 464.98.. |1P NVR 3: B7ppm

ptspared, 2a:1 Dierl- {42t ams buthil- dda@amawtyl@ﬁ@@mhlﬁ@mwyl}

sRRREE U e DD AR AP ot
1pQOSphlmy£{d1 3,5- dlmeLhyadamantylphosphor{borane]methyl}

benzene instead of 1,2 bis{di-

adamantylphosphor (borane}lmethyl) benzene.

Example 4

Preparation of 1,2 bis (di-4-tert— -

butyladamantylphosphincmathyl) benzene {(method 2}

4.1 Di-1-{4-tert-butyladamantyl) phosphinic chloride was
prepared as per Di-l-adamantyl phosphinic chleoride
above except using 4-tert-butyladamantane 25.37g
{0.132 mol} instead of adamanktane, and A1Cl; (18.5gg,
0.14 mol}. Yield 22.6g FW: 464.98.. *P NMR: &: B7ppm
{s}.

4.2.1 Di-1-{4-tart-hutyladamantyl) phosphine was
prepared as per Di-l-adamantyl phosphine above except
using 13.5 g Di-l-{d-tert-butyladamantyl] phosphinic

chloride instead of di-l-adamantyl phosphinic

4w me R L bt Pt

TAARS 1S
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chl oride instead of di-I|-adamantyl phosphinic t 0 6

FEB 2007 38 chloride. Yield 9.4 g FW 414. 48.

NVR S: 18.62ppm (a) 4.2.2 B8 FeB 2007
D -1-(4-tert-butyl adamantyl) phosphene } trihydro 5
boron was prepared as per D -1-adamantyl phosphine

above except using 10.0 g DB31-(4-tert-

but yl adamant yl ) phosphi ne i nstead of di-|-adamantyl
phospghiggiddi el dy9edqdg S1P YR Hy: 4416pam. (britp MMr: §:
4.2.3 Synthesis of 1,2 bis (di-4-tart-

but ylBdadepay iphesphor (borane)met hyl) benzene via
deprotonation with ...BuLi and reaction with as

di chl oro o-xyl ene was prepared as per 1,2 bis (di-

4aﬂaﬂantyiﬁhesi#mmrtkhuEymaammiqtglbephemghahawe}etmepydro

15 using equi nolar anmoynts of di-I-(4-

but yPEFaAAA ) PHRBEDH né‘“‘“trPWdr%’oo]r o?f%?“f%f%"e‘éjd ghosphine
d"'éﬁgﬁgantYéx@&9§pm'H%iﬁqhydﬁQbQTon 3 pnnhqylgert-
of 1,2 bis (di-4-tert-

but yba‘dahﬁﬂwap*ﬂbébbumlﬁy@) bauazead vifa di-l-adamantyl
depratectjon of_ 1, s_(di-4-text-bytyl amant

e hoRan) Tt tar ety e Ry Reral g sy -
prepared as per 1,2 bis

(d|-|-adanantylphosphlnonethyl) benzene above except

41223pi sfymtlestst 25 of Lig {di—d tart-

Pﬁé?%g%rﬁﬁ%ﬁ%gﬁffﬁﬂ%éﬁﬁhiﬂ%ﬁeé AP RS oneRaslar) vie

benzgagribRoRAULAR! akigHDURt I EXA] P 5réﬁbﬁiﬁﬂarﬁitﬁn s
of 1,2 bis(1l-adanmantyl tert-butyl- phosphi nonethyl)

benzéneh{-ﬁeohgdxzy-egeowaﬁspgmmred as per 1,2 bis (di-1-
adamantylphosphor {borane)methyl}) henzene ahove except
using equimolar amounts of di-1-{4-tert-
butyladamantyl} phosphine trihydrohoron instead of
di-l-adamantyl phosphine trihydrohoron.

4,3 Bynthesis of 1,2 bisa {di—4-tert-

bhutyladamantylpheaphinomethyl) bkenzene via deprotection
of 1.2 bis {di-4-tert-butyladamantyl
phosphor (berane)methyl) benzene with HBBEFs QME)z was
prepared as per 1,2 bils [(di-l-adamantylphosphincmethyl}
henzenes above except 1,2 bis({di—-4-tert-
butyladamantylphosphor (borane)methyl) benzene was used
instead of 1,2 bis{di-adamantylphosphor{boranse)masthyl}

benzene in equimoclar amounts.

Brample 5
Freparation of 1,2 bisg{l-adamantyl tert-butyl-

phesphinomathyl) benzena (method 2)
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39 5.1. 1-adamantyl phosphonic acid dichloride. This
conpound was synt hesi sed according to the neth -

O ah et al (3. Og. Chem 1990, 55, 1224-1227)3%5?%BZHM?
1- adamantyl phosphene. LiAlH, (3.5g, 7l mol) was

added over 2 hrs to a cool ed solution (0C) of 1-
adanant y| phosphoni ¢ acid di éRl ori de (15g, 59 mmol) in

THE (250 cnB), The reaction was then allowed to warm

5td. abbadapantypphesphenitndamad stiighledgrifde. 20hhs scob@ound

The grey suspension was then cool (0Q), and 5
er, 947y THEREPERFY Sietdtfa LS, Fhgemstudlr vt fgh et =2
two phasergystesmwi t hosonessoizslspresent in the | ower
phase. Concentrated HCL (8cnB, 11M was then added to
i nprove the separation of the two |ayers. The (upper)

15 T [ I d [
515 ﬂ%&%&ﬁ%gt%ﬁﬂ%ﬁgn& a gy, a %‘5‘.5%!' 9941%8'{1}]6 was

nmagnesi um su ter filtration via cannul a,

vol asdliies weee rendvefsi AovaCutbhdleafieletide (0°C) of 1-
product. ? 0 5.3 (1-adamant I-tart--buty&lghos hi ne)

tri hydrBanEYbRhoskbenic (201dndichiorkde {18¢. s8Pnpmaad in
dd , - ;
et g25D L e PR A AR biac

sol ut¢ ormdsn tal i mwyserd tonwar amto waaonst enpedatitire 2hdhrs .

stirred for a 25 further 2 hours. The sol ution was
recoBr@d9¥eY o aREnsient wBEt fhenl sppded( 40788, ang HC1 (75

nmol ). _was d a L rL cqQntin . a. fur

16 h%ﬂfs % 9r%%ﬁ1qggﬁ%é¥a%gggg $ﬁ§{na g%ﬁg%'mégj 8fxa 2

i sol etredpiassé heybbesmneithddoet byladdpieeantf iBorhee lower

( THF) . adduc 30 cnB 0 |)4fo] | omed by renoval

of t agarvéﬂé%e héa’_ﬂﬁét'éé?g}mﬁﬁsr "LbPhreas shenumfesd co

sol i dnphhed YRS RepBtxtuhe O LBEMELS. 1ByEEB. 2084 (upper)
THF phase was remeoved wvia cannula and dried over
magnesium sulphate. After filbtration via cannula, the
volatiles were removed in-vacuo to afford the

product.

5.3 (l1-adamantyl-tart-butyl phosphine) trihydro boron.

nBuLi {20 ecm’, 32 mmol 1.6M soln) was added owver 1
hour Eto a cooled soluticen o©of l-adamenktyl phosphine
{5.0g 30 mmel) in THE ({100 cm’) . The solubtion was
allowed to warm to room bemperature and stirred for a
further 2 hours. The solution was recooled to 0°C and
tert-butylchloride (2.78g, 30 mmol) was added and
stkirring continued for a further 16 hours at room
temperature. The material was isclated as the borane
adduct by addition of Borane (THF) addact (30 cmﬂ
A0mmol; followed by removal of the solwent. The

material was isolated as a white solid which was a

mixture of lsomers.

e Rl e e e

e
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40 5.4 Synthesis of 1,2 bis (1-adamantyl-tert-butyl

phosphor (borane)netbyl) benzene via deprotonat¢3n

with Be%ulLi and reaction with act dichloro o-xy nEES 2007

The synthesis was carried out as per 1,2 bis (di-15

adamant yl phosphor ( bor ane) net hyl ) benzene above except

equi nol ar anounts of 1-adamdfityl-tert- =

but yl (phosphi ne)tri hydroboron were used instead of the
5di- | spoahantiyl ofhdsphbie t(li-addmanaydntekd-butyl phosphor

Synt i 1 i 1-ad ityl--tert- ) ) aa 3
but yI?gﬁ%gﬂ%;ﬂSﬁé?EW?gBEEE‘gggﬁiy &EE'EE'E':&PE&PEn wifth ["puli
bi ~ad | -t ~.hut h bor ¢ h

o A2 B AR Yoo ey USRS e

benzene w't

(di - agdammasykphesphatdmored hylr) bhenzpae exceptbikd (di-i-

usi ng .equi nol ar anmpunts of 1,2 bisil-adanantyl-tert-

bytyPd@ﬂBEBHBPh?EBPﬁﬁéFﬁEﬁH9PTEEBﬁ enBeNRENEad ey =1 gxcept

bi s) £di;1adagRnt vl phasghargbor anelyret hyl ) 1harzanst A0 cort -

Exanpl'e 6 Preparation of 1,2

bi s(duEyldphoaphanephospidnoherayl )vebenzesrd instead of

D a a T ne. 6. 1, D amant ane. Thi s _was

oynt RES; S5a ac a0 hart BREREPTE REtROA 8P TaRAr et

al. Organic Syntheses, CV 6, 378 6.2

- 1- (di amant ane) osphiini.c chloride. Prepared as per

SS%-lgﬁﬂﬁﬁﬁﬁ%ﬁl phd¥phi ni &+€nl or iR excedl "GgamMpntyl-tert-

di anﬁﬂ?ﬂfhg @néﬂgeiﬂglfml befiBdn8lG3a( 18cPdothctdon of

nmol). Yield 25.59g FW 456.5.. 31P NVR 6: 87ppm(s) .

30 6132Di - 1- Pidi anant fheddphesthinter Prieptydd as pdwosphor

(i afREPERE kBT Rciaa Rhkn SRR 0 . e 12

406. bi81P (HVRadAnahby2pRBEERLriGoBeERB1200%en4kne except
using equimeclar ameounts of 1,2 bis{l-adamantyl-tert-
butyl phosphor{borane)methyl} bkenzene instead of 1,2
kis) {di—-adamantylphosphor{borane)mnethyl) benzene.

Example &

Preparation of 1,2 Dbis{di-l-diamantanephosphinomethyl}
benzena. Diamantane = congressanc

©.]l Diamantansa. This was synthesised according to Lthe

method of Tamara et. al. Organic Syntheses, CV 6, 378
6.2 Di-1-{diamantane) phosphinic chloride. FPrepared as
per Di-l-adamantyl phosphinic chleoride except using
diamantane 20.0g (0.106 mol) and BI1Cly {(16.0g, 0.12
mol). Yield 25.5g FW: 456.5.. P NMR: &: 87ppm (s).
6.3 Di-1-{ diamantane) phosphine. Prepared azs per Di-1-
adamantyl phosphine excepk using 2.0 g Di-1-
{diamantane] phosphinic chloride. Yield 14.0 g F¥:
406.. *P NMR: &: 16.5ppm (s).
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6.4 D -1-( diamantane) phosphene) trihydro boron.

Prepared as per Di-Il-adamantyl phosphine trihydro

boron except using 15.0 g Di -1-( di amant ane) 08 FEB 2007
phosphine. % Yield 14.5 g . 31P NVR S; 42.| ppm (br).

5 6.5 Synthesis of 1,2 bis (di amantane phosphor

(borane) net hyl ) benzene vi addeprotonati on wi th 9eCBULI

and reaction with as dichloro o-xylene. Prepared as
6perpi;P-pi s Qdamhntdaennt yigHmaitioigoor anejinpibyl ) boron.
benzene except using an equi nol ar anount of diamantane
1@%&%&% e tF$hydE o%oﬁ“%%mil‘?ﬁ%YéaHhBFPEF”F &ddmaAty boron

.tne Jélrh_:)’dfp@ocﬁo 6pf- §¥rﬂt hg%.'a.ﬁlagfta}ieg h' t::sph:.ne
(d| amant anephosphi nonet hyl ) benzene via deproteéectioOn

ofYik 124 Hids N di anehe atier : (dorene)wmt hithy) benzene with
H13F6 b(l\/IS)Z Prepared as 15 per 1,2 bis
6¢ai Synthimaidt v pﬂésphf"ng met RYF) beliamantana,t phosphor

an{]ﬁ:ﬁ:‘ﬂ ln@tlﬂ;munbeﬂgeﬂez JiS Q@%%ﬂn@ﬁunn with “*“BuLi
phosphor (bor ane) net hyl ) benzene 1 nstead of 1,2 bis(di-

acgandntgaphdspherithor ane)dirHlyno benzghene20 Erasphiead as
(conparative) Preparation of

1R s Mo di t ePiBut yvI(FRod pRIAFBREERPNC SplyRrdhe ranetmethyl )
LERAS, h d é’&gﬁ ryie I At
ﬁannerﬁdé O%f‘%)gspe% P%l{\}\%gggl/4 é@né{fac%g? a?mgfwraﬁamamEmIE
e)gzimﬁi-‘dfllr& —trEhamlmbéGSD('lcorrpasJaehde) 30 Pripdradaomntyl
3 bu s(di (iH hosphi no) propane Preparation
ofphi3 i (i | phosphi no) propane (2) 0 0
6CEBE200Red2s, o 1 Er gparsid on (& apimAdBhiosphinomethyl)

benzene wvia deprotecticn of l,2 bis {diamantane
{(borane)methyl) benzene with EHEBF, O{ME};. Prepared as
per 1,2 bis (di-l-adamantyiphosphino methyl) benzene
except using an equimolar amount of 1,2 bis diamantine
rhosphor (borane)methyl}) benzene instead of 1,2 bis{di-

adamantylphosphor (borane) methyl) benzene.

ﬁxample 7 {comparative)

Preparation of l,2-bis-(ditertbutylphosphinomethyl)

benzene
The preparation of this ligand was carried out inn the
manner disclosed in WO 9%/47528 in accordance with example

1E.

Example B {comparative]

Preparation of 1,3 bis{diadamantyl phosphinc} propane

Preparation of 1,3-bis-{di-l-adamantylphosphine)propane
{2)

MR LN TLE TR TN
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Bu"Li (2.5 Min hexanes, 42.02 cn8, 105.1 nmmol) was
added 5 dropwise via syringe to a stirred solution of

Ad2PH (10.59 g, 35.0 mml) in THE (150 cm ). Thils8 FER 26107

resulted in a darkening of the solution to yell ow and
the precipitation of a large quantity of yellow
solid, in anmldly exotherA®c reaction. The reaction
was stirred at ambient 10 tenperature for 3 h, The
vol atil es were renoved in-vacuo, affording a very
pal e oran SO|Id The solid was washed w th pentane
B¢ Rrepag o°F ebbvAdkatddss Bu"Li, resulting in the
i sol ati on of a mhlte powder (mashings orange) which
was dried in-vacuo. The yield for this step was
Ea¥suntd. b oM18 nhéegqurarssit A3 V&2 on ,t hdbakimmoel) was added
revi ous_NVR_ex React i-on .of
AR P K87 ShARE W O o2 B4 aF0 | FoANR OF AdsPH (10.59
g}, 336ibr aAwpropane (WEyagsed, Ei:m:7B Cfhis lZdsummdg in a
was 20 added dropwi_se via syringe to a stirred
d%ﬁ§5@h§90ﬁf frheadspMticss Lowy aldr EBCa @ TaGdRdf-ation

;n ZHE CHamt Ity Uil | Vdn &) | owp spluti 9p vas wilaly
en a great "deal of white solid crashed out

egptbdumly r?ﬁ@tummﬂlTkg weretionnmeved stimarlioabngmbient

net nBd) via 25 cann
PSR RECatPhr B 0 oot 1 B S Thett arBTar EiBd igsactos
a@fcaddhyi an ﬁrwﬁle(dﬂgﬂgée@ollﬂ(l ) , s@l idowpBas@aished
syst em bei ng forned. The | oner phase was renoved via
WGthHEatﬁﬂEtﬂatKOﬁU mhd\ﬂﬁéﬂﬂMQ¥ﬁv&HQE$%ﬁhv@dr resulting
CrLzZ0O

i EHeCageaAETEh P00 kR horBR oo st el AR Shicn

wgbomeba& iXi-okeub. 45hegylc51d%£m31EhNNRst§p—w%% @@mumed Lo
- % pure. - 644.94. Exanple 9 0 8 FEB 207 43
bprgﬁapggpéﬁlgﬁ 10D- Bhg(apsls of previous NME experiments.
adamant yl phosphi nonet hyl ) benzene pal | adi um (dba) THE

(100 cnB) was added to a conbi nation of ligand (2.05
6.2 Reaction of 1,3-dibromopropane with 2 equiv (1-Ad} PLi

1,3-dibromopropane (degassed, 1.78 cm3,.'lT.5 mmal}  was
added dropwise via syringe to a stirred suspension of
Ad,PLi (35.0 nmol, prepared as above) in THE (150 cm').
Initially a yellow scolution was formed, then a2 great deal
of white =solid crashed oulb (product). The wvolatiles were
removed in-vacuo and dichloromethane ({300 cm’} added via
cannula affeording a turbid solution. The Gturbidity was
lost on addition of water {degassed, 100 cm’), a two phase
system bheing formed. The lower phase was removed via
cannula filtration. The wolatiles were removed in-vacuo,
affording a white powder, which was washed with pentane

{100 cm’}), dried and isolated in the glovehox, Yield 6.45

g, 57 %. ''P NMR: & = 24 ppm, 95+ & pure. FW = £44.94.

Exanpla 92

SR

A -
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59, 2.90 mol) and pall adium dba (1.61 g, 2.90 mol

[2d]) affording a deep red-orange turbid sol utipga.

The reaction was stirred for 3 h. The reactionlﬁgsFEB 2007

filtered via cannula, yielding a deep red-orange

filtrate and a small quantity of [Pd] residue. The

vol atiles were renoved in 183vacuo affording a deep

red powdery solid. Pentane (50 cnB) was added via
Pfﬂpﬂﬂhﬂiand attrition perfofned with a spatdl&-bis(di-1-

resultl n ora owder se tin The
agABERHLHD Shehget Harusraf chehior i R antor
f||trat|on and the solid washed with Et20 at -10 C (3

x 15 50 cn% The resul tant oran&e powder was_drie

THR- -(J48uem andrdssciddad ta ehe e w%| alzaleé g2-05
g88 %3 o'?ﬂ'YR and afﬁadf&upﬂ%(%ﬂlﬁg 7g 90 puol (pd])

éssentla phosp hoT Us pure. O Exanpl'e
aftboPdepar at Ic:i@l&pofred orange turbid solutlon The reacktiecn

1,3-bis-(di-I-ad t.yl ph h
oot et AR T e AT s
c§ngﬂlH‘m_}r)lel@ri@)gp%l |@@éﬁmh_‘egao§:$n§% &1 1314 B [ Bdlshall

Aft er h, the deep red-orange
qeehbiFgn okasl Bl rrgsidge b ahﬁn ‘@d@é&iﬂ@ﬁce‘*e% removed im-=

TR R P, Y88 e 3 s o o

€ rea as a ove,
waxce@adéﬂe H20 csastulag was petfomnﬁdnatpEEfmmmwm with a
tenperature. The solid was isolated in the %Iovebox P
Sﬁétﬁﬂwaoréﬁéélﬁé%el’-n ePdaDIGs PG IEs GFPPICFTPERS ULy The
aﬂﬂ%erss peAtfhel r@&él@ln{;@' SYdardW 385 &P. &G 6 RERnula

007 41" s. Experinental The catal ysis experinents
fﬂ&t&atabhuedn@uﬁhHWSblld washed with Etz0 at -10 °C (3 x

50 cm’). The resultant crange powder was dried in-vacuo

and isolated in the glovebox. ¥Yield 2.68 g, 88 %. *'P NMR:

& = 46, 42 ppm {1l:1 ratio), essentially phosphorus pure.
FW = 1047.73.

Example 10
Preparation of 1,3-bia-{di-l-adamantylphesphinc}propane
palladium {dba)

As in Example 4, except using ligand (1.26 g, 3.04 mmol)
and palladium dba {1.62 g, 3.04 mmel [Pd]) in THF (70
cm’). After 3 h, the deep red-orange solution was fairly
turbid in appearance; an additional 50 cm’ THF was added
to further dissolve the product. The reaction was worked-
up as abowve, except the Et;0 washing was performed at
ambient temperature. The =solid was isclated in the

glovebox as an orange powder. Yield 2.08% g, @8 %. 1P NMR:

& = 42, 38 ppm {(1:1 ratio, nolsy). FW@ = 9Bh.66.

ERRTLN RN AR

| LU
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5 magnetically stirred 300 ml gl ass Buchi autocl ave
unl ess otherw se indicated- The activity of the

L sl

conpounds was first tested by generating the 068 Fc3 2007

catalysts in--situ by reacting two equival ents of

ligand with palladiumdba (50 ng) in nethanol (100

m) followed by addition of 44£S03H 10 (10 equiv. This

solution was charged to the autoclave under an inert

at nosphere. The solution was then heated to the

required tenperature before the addition of CO Ethene
E?BEFEQEPEﬁﬁired pressure. The catalysis was perforned

aL 10 bar with 50/50 CC - ethylene at 8d C for 15 2 h.

The activity of the xylene and propyl ene backbone
Thgamamial weifpouRdseRasessfpareiie ThEargg@ctt s g in  a

[N VAR relidn nary | 0
ne e P e etr S OB E LB TS I YehEd e ObnLess
oghenwPseducikliday«@C) CREMRGHA S tgy MeP tPAd2cEigdatds Ovas
MeP | PAd2 o Fto 2007 .15 Hepce the xylene | ,
fgﬁ?%l yF?Et‘%gstE}h i geﬂ?ﬁﬂFﬁrnﬁctFBE aﬁetaég’ﬁééti\%é‘"ﬁélrt” by

rdBP: PhQJUGHI R ¥saBhital lof P H Nek |;YéalPQ£i&EOQH‘a‘t (50
by GC."An initial conparison wth the 1,2-
my) s @an -mefhanet yI{pAEs gHiInofet lywgdebreeddifsieam ph MrRE0H
ayt gcl gve t rfor , qui I
(g7 Ve SR RYe IR RBhEnbet R, 68eR1ave
uhiogeven, itrkat priadarphestcat arjist Sdlltilded (dha) theneheated
used Wi th no excess E%ggnd and the reactions carried

“But TPEr FeANIFRE r SSHHETAANE A9 RbRd PR TaBAELIBION  of

CO/Ethene to the required pressure. The catalysis was
performed al 10 bar with 0S50 CO - ethylene at BO °C for
2 h. The activity of Lthe =zxylene and propylense backbone
adamantyl compounds Was compared. The results are

collected in Table 2.

Table 2 Preliminary testing of adamantyl sukstitutbted
catalysts

Ligand Weight gain Product (by
GC)

CF‘M: 12.3 g MeF
PAds

PAd, €l.0 g MeF
Pad,

L T L
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10 Table 3 Conparison of adamantyl and tert- butyl
systens Ligand Wei ght gain Product (by GO PBU'

29.6 g MeP PBu'2 PAdz 75.7 q Me? PAd2 Under thesﬂeﬂ Feis 2007

conditions it appears that the adamantyl 15

substituted catalyst is superior in activity 1

stability to the t-butyl cd®falyst. The reader's
attention is directed to all papers and 20 docunents
Hehieh wie kiylledecometalentd y syisttemoripr éighly tactides and

ecification in_connection with this [ication and
SBRPERIPo Hen Pl TR THbe SOREH ARt Yt HPEoBI S RER OnLY

D%Qgﬁfﬁﬁuc§pﬁ9|ﬁhﬁathﬁnaﬁﬁﬁiiﬁecéﬁﬁ£§ﬂ5§HOMf%H eHeh 1,2~
papers and docunments are incorporated herein by
cigfldiehest-Rutydphenphinangthyldbsoresed isyatigw 1in  the
rficatiLan (1 a C [ | ai
-SRBEIBYELh" <Bal pREEMIMES 0K S UANAL ST o one
iafyiaet hodsor updeeessnsbogihise! asathithigyndbe crmﬂmt&d, the

i n_any conbln%§]on qﬁﬁe t conbi nati ons where_ at
rrefermedneabplygls fidatdrtesidbada st kPR aftthul Ramspes s

1845hHSve tHe @%Hbﬁfﬁﬁé”é%f&fﬁ&cgﬁ@ f@rtg'ﬁ The results
speci fication (including any acconpanying clains,
azbscraddechnd dna®iPhds) 2. may be replaced by

alternative features serving the sane, equivalent or
simlar purpose, unless expressly stated 15 ot herw se.
Tmadleud esspexpeessky stanedtglhent serteachylf eghueas
di scl osed is one exanple only of a generic series

Ligand Weighl gain Product ({by
G

PEUI'Z 29. E' g MaP
PEUY

PAd, 75.7 q MeP
PAd,

Under these c¢onditions 1t appears that the adamantyl
substituted catalyst is superior in activiky / stability

te khe L-bubtyl calbalyst.

The reader’s attention is directed to &all papers and
documents which are filed cencurrently with or previous to
this specification in connection with this application and

which are open Lo public inspection wikth this

B I F L
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of equivalent or simlar features. The invention is

not restricted to the details of the 20 foregoi ngn g FER 2007

enbodi ment (s). The invention extends to any novel

one, or any novel conbination, of the features

di sclosed in this specification (including any

acconpanyi ng cl ai ms, abstraé® and draw ngs), or to any

novel one, or any novel conbination, of the steps of
spdyi £ 2502 im0 d aod ptm@es:smr&mﬂjascbﬁseﬂ,l Os8chEBaitils and

97 CLAIMS 1. A cat alglst stem capabl e of catal ysing
dQHIERTF [fFy | HRFONP Y A a5 %]F%%IIPXJ HREaF e Gt ed

compound, which 5 catal yst systemis obtainable by

con‘olnln (a) a netal of Goup VIB or Goup VIII| B or

co‘i’r%ou%’ée BPEBFeS andifB}Oa=8i dént aFBlﬁho§BﬁFh§l§ﬁtm“

(1 Ad) 5R6
B oy it 2) - BT OR VT RIS L. (192 ShaFSi n:
dmwusga} brlaigi;h:y grdup odnpthei ngtapsoptfomauymethod or
substitute Xl ngv F%é't \NhIC he phos horusH)E
PRre=20%F k@& BR™Hv alP&bI%E 9 chi boRY afGAR "R Lo
ei&@bi§@aﬁblhﬁdﬁﬁﬁﬁdﬂﬁéﬁéréﬂ”ﬁé@ﬁt lover @& khenerekeures
and Z are substitucnts of the aryl noiety (Ar)

a%@rﬁt@&%@¥%d@b@h@%ﬂ%¢b‘ﬁb‘é@nt hydr ogen, | ower

al kyl, aryl, Het, halo, cyano, nitro, ORL0, OC (D)

R11, C(O)Rz, C(C)O'\", NR R15 C (O NR16RL C (S
ERIOREEaSRrs, dis¢tOhs8RI an othié s(ﬁ(a@icﬁic(a(tﬁlc(rRe){(Lﬁ@)L)Jding

where .7 represents ] ower | ene; t Wo a%j zi\ce
5%0665':’?8?85’1188 f‘?]tsﬁﬁfﬂéf z? |5'5 ﬁ&tE? effgFings), may be

replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated
aotherwise. Thus, unless edpressly stated otherwissa, each
feature disclosed iz one example only of a gencric series

of equivalent or similar features.

The invention is not restricted to the details of the
foregoing embodimenk{s}. The invention extends Eo any
novel one, or any novel combination, of Ehe features
disclosed in this speclfication {including any
accompanying c<laims, abstract and drawings), or Lo any
novel one, or any novel combination, of the =steps of any

method or process so disclosed.
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30 wth the carbon atons of the aryl ring to which
they are attached forma further phenyl ring, which
is optionally substituted by one or nore substlﬂpénFEB 2007
selected from hydrogen, |ower alkyl, halo, cya
nitro, ORLI0, OC (O R11l, ------------ - ------ - - -
_'. . 8 FEB 2007 48 cto Ri12, C(O) OR13,
NR14R15 C (0) NR16R17, C (5) R 6Rl7, SRS or C (O
CISRM®;, Rl to R6 each independently represent |ower
al kyl, aryl, or 5 Het; Ad each independently
represent an optionally substituted adamantyl radica
1bon‘.'ded daj:ahestphosqqu:remus atagmblica amyf ometafl yistisg the
carbo ato the said optional . substitution,
tEle OF ABreI&hbeTF LhelPSaLurRLrE IBPPPDHy Shich
c._*ﬂl‘{&il Q@ns é@mrlﬁl Kytaim@bhDe SYadenbming; ORL,
OC(O R11, C(OR12, C(OOR13, NR11R's, C(O NR16 R17,
C(S)R16Rr1, SRL8 le or (O SR; R10 to R18 each

de e I n o 5 kyl
[ép D HQQQE ¥g?QQ%ﬁﬁ§O§I§y% gﬁﬂjgifﬁgglt#a{ﬁ% X ﬁoypound
1; ﬂh&é&bf) dndr 2 provided that T+ V~3 W&X-=

U 1 qr.2; 20 QL an (when esent ). Bach
(Phaeh e E3E T sh SRuiite b e bbb Taribhrc o)
antinony and in the latter two cases references to
phosphi ne or phosphorous above should be varied

accordingly. 25 2. A catalyst systemaccording to
(fi aim1l wherein, the

(ad) - {CRR"R®) ¢y Q°-A- (K, D)AT (F, Z) -B-Q* {Ad) , (CR'RR7},
(I)

wherein:
Ar 1= a  |bridging group comprising @ an optionally
substituted aryl moiety to which the phospheorus aboms are

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

E, I E and & are substituents of the aryl moiety {Ar) and
each independently represent hydrogen, lower alkyl, aryl,
Het, halo, cyano, nitro, OR'™, oC{O}R'!, ci{0)R'?, C{o}or',
NRURY®,  C(QINRRY, c(s)rRY™RY, sR¥®, cio)sr'®, or -JI-
2 (ad)  (CR7(R"} (R®}), where J represents lower alkylene; or
twoe adjacenk groups selected from K, Z, D and E together
with the carbon atoms of the aryl ring to which they are
attached form a further phenyl ring, which 1is optionally
substituted by one or mnore substituents selected Erom

hydrogen, lower alkyl, halo, cyano, nitro, or'?, oc{o)r!!

[
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Goup VII'l B netal is palladium 3. A catalyst S
according to any preceding claim wherein Rl ngﬁgiTEM?

each i ndependently represent | ower 30 al kyl, aral kyl

or aryl. 4. A catalyst system according to any

preceding claim wherein RL to R9 each independently

represent Cl to C6 alkyl, &-C6 al kyl phenyl (wherein

the phenyl -------------- 0O O FEB 2007 49 group is
copl RBnal tyosokst,i t NR¥G s dghi) med®lér ei M) s) BFRPphengk!® or

whergi n the phenyl group is optionally substituted
C3Q)3Bf¥ned herein). 5. A catalyst system according to

any preceding claim 5 wherein each QL, @ and @B

(when present) are the same. 6. A catalyst system
Radecordi erch ol ndgrenderidl igrepre sgnbatavel, akpydndaggl, or
Hé%ben present) represents phosphorous. 7. A catal yst

yStem according to any preceding claim wherein A B
Adndadh( Whelkpenesentl)y asgirdsdapenteapt Yyond0l pepudsedt-uted

Cl to C6 al kyl ene which is optionally substituted as
adarenkdl népditrals foreleshpre ?hﬂhﬂﬁ&hﬂﬁﬂqaﬂaiﬁ%uﬁ%? any
ofle %Eatﬁysttéﬂf@f@@ ACGORHNY LY RERCEdhNG cbgttmonal

wherei n when K, *, or Z does not represent -J- 15 @B
spgl it CRIn ( REINERPY wneK, oD, nErer Fubhepiaents selected

hydr ogen wer I, nyl .qQr, 1o Lkyl pb l. 10
f§¥mAF%%.%ﬁ%%@’sﬁ%ﬁ%%gaégb Nngh%&cényﬁgﬁggédiﬁg%g¥éin?R ’
ophey rHn when 2, Do (&) antf,Z NddeYherc \i iR hrl'Garda R1*RY,

ajoonms of the,aryl ring to which they are attached do
SRot X0 CH{6P #fa phenyl ring, K, D, E and Z each

i ndependently represent hydrogen, |ower alkyl, phenyl

or |ower  al kyl phenyl .
R to R'Y™ each independently represent hydrogen, lower

alkyl, aryl or Heb;

5 & U =10, 1 or 2 provided that &8 + U & 1;
T & V=10, 1 or 2 provided that T + V¥V £ 3;
We X=10,1ocx Z;

', ©* and Q° {(when present) éach independently represent
phosphorous, arsenic or antimony and in the latker Etwo
cases references to phosphine or phosphorous above should

be waried accordingly.

2. B catalyst system according ko claim 1 wherein, the
Group VIII B metal is palladium.

3. B catalyst system according to any preceding claim,
wherein R! to R? each independently represent lower
alkyl, aralkyl or aryl.

4. A catalyst system according to any preceding claim,
wherein R!' to R? each independently represent €, to

Cs alkyl, C3-Cg alkyl phenyl (wherein the phenyl

v -
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10. A catalyst systemaccording to any of clains 1-8

wherein when two of K, D, E and Z together with theB FEB 2007

25 carbon atons of the aryl ring to which they are
attached forma phenyl ring, then the phenyl ring is
optionally substituted with one or nore substituents
selected from aryl, |lower &Pkyl (which al kyl group

may itself be optionally substituted or term nated as
def i negod® hied ovptitleillpakbabsey@n@ednidd cdeORE] BErein)
(O Ri1l, C(O R17, C(O ORI3 r NR'R-, C(ONP'R",

SR 19 C‘rC(FESESEF&’ éFhEBFIE( @W@'ﬁ&w%éﬂr&% RS t gPRignally
each i;ngdependent] s e EReNhednggen or | ower alkyl
(which al kyl group may it F be optionally

suibst &t utadchlorat 387 stemi avatetiasy dedi med heeeedingOc8aim,

e ke3P e N b 4L SR RESELEL N B ame
preQcess chohl s caishenyhatdofingl tanagy hytamidaall ¥laim, each
o G RO £ OB D0 S AT Bfpctows.
rrﬁnoxmdecami}athyﬂ;r:m@ﬁ groupiiaont &b Niang q;mmmﬁidg iglaim,
the presence cat I¥st ﬁgstemln ccorglg\n
any oFPErars e B TG ¥R e BEeRE Y R ERT 6herd
12, whepeemetthe €10 &wdrmxylalgurmepe conhaq:ml nis compbwrchlly
| ncl “def.; % feg Of aHeP{rQe%{”:iﬁ ecyl & a ith lover

hydroxy I ona group process according to
cl ai mal3ylwimerwisn t he organic nol ecul e havi ng a

h)édrowl § ongl . g-oup y pg rIl nc]_g}eﬁq: Qf; 1ai

| i near, F %ﬁ?‘sr%pr%ésés "an Cfc&é‘ngﬁ parti cul-ar yE i
Cl- _Cl@rhatrkamolwhegincﬂiudlﬂng Eamyl al ldmel spomhirehramsntbe —J—
OptlOEF&E&]E*EEHHREPRﬁd}]K, K, I, E or Z represents hydrogen,

lower alkyl, phenyl or lower alkylphenyl.

PR egékntly

8. A catalyst system according to any preceding <laim,
wherein when K, D, E and Z together with the carben
atom= of the aryl ring ko which they are akbtached do not
fForm a phenyl ring, K, B, E and Z each independently
represent hydrogen, lower alkyl, phenyl or lower
alkylphenyl.

10. & catalyst system according to any of claims 1-€,
wherein when two of K, D, E and 2 together with the
carbon atoems of the aryl ring Lo which they are attached
form a phenyl ring, then the phenyl ring is opticnally
substituted with one or more substituents selected from
aryl, lower alkyl (which alkyl group may itself be
optionally substituted or terminated as defined
below}, Het, halo, cyano, nitro, OR'Y, DC{O]RH,
cioyR'?, c(ojor', HNR™RY, C(OINR'®RY’, sSR'Y®, cC(o)sp'”
or CI{SIHNRYRY? wherein R!Y to R'Y™ each independently
represent hydrogen or lower alkyl (which alkyl
group may itself bke opticnally substituted or

terminated as defined hereind.
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with one or nore substituents selected from | ower

al kyl, aryl, Het, halo, cyano, nitro, OR, OQC(O ,
JORE Fes 2007

20 C(OR 2, C(O OR', NR14R15 C (O NR16R17

(S)R16R1-r, SR1IB or C(O) SR18 as defined herein, 15. A
process according to any of clainms 12-14, wherein the
car bonyl ati on of an ethyl enf®al |y unsat urat ed

conmpound is perforned in one or nore aprotic 25

saivent sathlysh prooess socofding to any pfecéding claim,
12- 14, wherein _the reactgon is carried out in the
absentBEFEiBny “ext @Mfal gdded aprotic sol vent ie. an

aprOt iaC p, r$RlaaNts Ot 1genes At S, Dyr i e seaghi Qﬂhyﬁ_éﬁﬁﬁzally
30 17. R process according to ‘any of clainms 12-16,

wher eiunsatthig adgeidon sagppender i SEPLiHMdr auvteRidéy an
as one_ .o, _mare.qf an_acid having as in
aqueoﬁghxﬁﬁqhﬁﬁgéyat]i % r?%%g t%gﬁ Pg? O%%SQEB carbon
2007 mzhol8deA pridCasshpdeak i Nngroapanyoofa ol anas compound
12-17, wherein suitable ethylenically unsaturated
conpodds hh PERIEENEE hehe? JrRdidnist ket {fngreordance

conpoynds, sHGd inras1WiRy 1-a9etates, heptene, octene,
nonene, decene, undecene, 5 dodecene, etc up to O

which Amaypdvedimeacorrdimanchael, ctybhni c1dr uwbgekRig the
or part cli,c and _in which t.he on, gﬁy k

any sﬁ‘i}’t xé"lpog]f?lll n 99 léuglaﬁ’ b%%ﬂg%ﬁt@a}?nm}n vf?n‘%%h%mter
i ncl udes Al losdaiirt sSeRicuiderieefng 18. hideakallysunctional
system according to any of clainms 1-11, 10 wherein

t he cat™&YWst systemincludes in a liquid reaction

mygj Uk a RQl RS i ¢ diSpersant  fi ssohygd 18D aukkgaid  the

carrier, said polyneric dispersant being capable of

st abi lcirsjamg ca meslldwildal hswspensi bpdroxyl functional group

may be branched or Llinear, and comprises an

alkanol, particularly a (;-Ci;p alkanel, including

aryl alkanols, which may be opticnally substituted

with one or more subkstituents selecbted from lower

alkyl, aryl, Het, halo, c¢yano, nitro, or*, oc(oR't,

croyrZ, c(o)or*, NRMRY, C(O)NR'®RY, C(S}R™RY, s5R'"
ar C(0}5RY as defined herein.

15. A process according to any of claims 12-14, wherein
the carbonylation of an ethylenically unsaturated
compound is performed in o©ne or more aprotic
solvents,

16. & process according to any of claims 12-14, wherein
the reaction is carried out in the abs=ence of any
external added aprotic sclvent ie. an aprotic
solvent not generated by the reaction ikself.

17. A process according to any of claims 12-16, whersin
the anion may be derived from or introduced as one

or more of an acid having a pHa measured in aguecous

solution at 18°C of less than 4.

WD S ET e
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of particles of the group VI or VIIIB netal or UB FER 2007

metal compound of the catalyst systemwi thin the

liquid carrier. 20- A catalyst systemaccording to any

of clainms 1-11 or 19, wherein each of the groups Rl

to R, Rto R and R to R9 together independently

may formcyclic 20 structuré&s$ such as 1-norbornyl or

1- norbornadicnyl 21. A nmethod of preparation of an

| ntaer G‘Ed:ixﬁ:tcﬁasfﬂ)raca:mbiiiﬁmtmearpjnosﬁhbﬂ]eimﬁ denéfal wherein
formul a E“ accordance with any of clainms 1-11

whi ch E@d%‘ﬁ F‘%es"“lfﬂ@“é?@b%ﬁ' ofun%uF@B%‘fll PPREPESr ahfaclude

pr ot ecl-gdn8Di phypdie f OdnHR, G:hh}l(edﬂlpéur{cg? foffb)ad Qianyl
(BH3) -H (II) 30 wherein Ad, R, R5, R6, 4, S and T

are aRcBESEFT bedPHRBG] o RI5F ENd FHHTea h?/%‘f‘?fb"‘en i dngene.

T e BrM T T} s e P B oo
r . erein
is a BYEhERedTC1URCRE IS k9T @_’F‘ng G%thEd b the ¥ 5&{% the

M at aiceetansediy iy ekt af.y/ fdrthens p@ﬁld\z]m]e;imesmtsﬂbon
a grou? LA al kal i. netal glv\,ggrel n R91-

gener T AR v oy 18 ‘ﬁlu‘%can dnge® T eat 6N be (E/\I/eeéjnf

RIle Liz aadtm@z egrsn‘,\laﬂ?%cwm:‘rre; ntoR4a1n},ande92Laarre 1-11,

Indep%ﬂ%&@&hy t e cata? ¥| sysgém. includes in a liguid
reaction medium a peolymeric dispersant dissolved
in a liguid <carrier, said polymeric dispersant
being capable of stabilising a colloidal suspension
of particles of the group VI or VIIIE metal or
metal compound of the catalyst s=system within the
liguid carrier.

20. A catalyst system according to any of claims 1-11
or 1%, wherein each of the groups R' to RY, R' to R®
and R’ to R® bogether independently may Form cyclic
structures such as l-norbornyl or ]l-norbornadienyl

21. & method of preparation of an intermedlate for a
bidentate phosphine of general formula (I} in

accordance with any of claims 1-11, which comprises

the steps of:

reacking the borane protected moiety of formula

(IT)

(Ad} 5 (CR'R®R®) 1O (BH5) —H (II)
wherein Ad, R', R>, R, 0, 5 and T are as described
previocusiy and H is a hydrogen atom;

with a compound of formula (IIIa}

R (IIIa)

At w -

e

L T
[
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aral kyl groups which may be linear or branched to

produce 15 (Ad)s(CRARSRfi)rQBH3)-M (I'V) 22. A nmethp@ FEB 2007
according to claim21, wherein RA0 is 2D sec-butyl or
tert-butyl. 23. A nmethod according to claim?21 or 22,
wherein His lithium 25 24. A nethod according to

any of claims 21 to 23, whéPein the intermedi ate of
formula IVis reacted with the bridging noiety V

GA (RDA(EZ-BG{V) 30 wherein A, K, 0, Ar, E Z
and B are _as already defined and Gis a hal ogen

radi c&%, %ﬁﬁ%erably chlorine; to produce L O 8 FEB

2067 53 RH3 BH3

(Ad), ( SR6) TQR-A- (K, D)Ar(E, 2)-B-Q (CR R2R3) V, (Ad) "

(V1) i elhlE! may be the same or different than Q.

5 25. A nethod according to claim24, wherein the

nmet hod i ncludes the further step of borane

depr otririedm 8. iA aebkatckecordi rgkoatkgilmg2onr joined
wherein the 10 bqQrane deprotectiﬁn is effected with

t et r afiUor¥bofEéaacily dfmet hRECBPHBFY cSHpl ERTT3gry pcarbon
met hod, i€ 6OAHNIE L iaNs Qfr RIRITF azl]kallgLO%r?etall\é\'fkﬁ{c?i n

the reaction takes place at less than '
preferably | ess than 50C. 28. A nethod according to

clalmﬁ%%rgﬁ@rﬁhgmjg% generated in situ by an exchange
reaction between R -Li and KOR* or NaOR¥ ,wherein
R™ and R* are Independenkly C; - Cp alkyl. aryl or

aralkyl groups which may be linear or branched to

produce
(Ad) . (CR*R"R®} 10 (BH3) -1 (IV)
22, A method according te claim 21, wherein R is

sec-butyl or tert-butwvyl.

23. 2 method according teo claim 21 or 22, wherein

M is lithium.

24. A methoed according te any of claims 21 to 23,
wherein the intermediate of formula IV is reacted

with the bridging moiety V

G-A—{K,DJAr{E,2) -B-G (V1

wherein A, K, DO, Ar, E, Z and B are as already

defined and G is a halogen radical, preferably

chleorine; to produce

e
"
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reaction takes place at | ess than 80C, preferably

| ess than 50C. 20 29. A nethod of preparation of (ab FEB 2007
internediate for a bidentate phosphi ne of general
formula (1) in accordance with any of clains 1-11,
whi ch conprises the steps of 7 25 reacting the borane
protected moiety of formula23(11) (Ad)s (CR4 R5R6) TQ
(BH3) -H(Il) 30i O O FEB 2407 54 wherein Ad, RRR
6, Q S and T are as described previously and His a
hydr ogen atom vvithB%‘lcon'pound of formula (llla) 5
RAM (lila) O Ilib 1I-M (111Db) dwherein R40 is a
ClL - C8 alkyl, aryl|or aralkyl grdqup, Mrepresents a

group | | kahhs et . 3 er

t han n@bcﬁ%{ﬁg“ %nEgﬁTl '%?@Eﬁgﬁﬁ% g&égﬁg‘r a’[g “in (VI
situ by an exchange reaction between RI91-Li and KOR42

or NaOR42 wherein R0O1 and R42 are independently a Cl

- Ce alHedeirard} mar bar ahkykageoup WhiFCkreny héahi péar

or branched, 20 30 nmet hod. accor di ng%t o ¢laim ég, )

wher ei4? -ROOP REE TR G ndépentRit| Y lrselBereyn the

from gdehidet includes the further step of borane

deprotection.
26, A method according to claim 25, wherein the
borane deprotection is effected with

tetrafluorcboric acid dimethyl ether complex.

27. A method according te any o©f claims 21 to 232,
wherein the reaction takes place at less than 80°%C,

preferably less than 50°C.

28. A method according to claim 24, wherein the
reaction takes place at less than §0°, preferably

less than 50°C.

29, A method of preparation of an intermediate for
& bidentate phosphine of general formula (I in
accordance with any of claims 1-11, which comprizes

the steps of:

reacting the borane protected meoiety ofF formula

{(I1)

(Ad) 5 (CR'R°R®} 10 (BH3) —H (II}

Bt L e S S P Sl S DU S - td _— - - P e e — e T L MY P ss =+

R

w1 VPR b
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al kyl or aral kyl radical. 25 ABSTRACT A catal yst

system capabl e of catal ysing the carbonyl ati on of 0 AnFER 2007
ol efinally unsaturated conpound is described. The

catal yst systemis obtainable by conmbining: (a) a

metal of Goup VIB or Goup VIII B or a conpound

thereof: and (b) a bi dentat & phosphi ne of gener al

formula (1) [err] Ad represents an optionally

subst ivh#ed radapntsA, R°adR€al gpofdardt @ tire as described

phosphorous atomvia any one of its tertiary carbon
at ons PIR W0 dDhtodicd BrIshé al yst is al so

i 11 ustyatedy compound of formula (IIla)
R*™  (IIIa)
Or IIIb
R*-M (IIIb)

wherein R*® is a C; - Cz alkyl, aryl or aralkyl
group, M represents a group IA alkali metbtal and RO -

H has a pKa greater than n-butane and

wherein R™-M is generated in situ by an exchange
reaction between R™-Li and KOR*? or NaOR'? ,wherein
R and R are independently a C; — Cy alkyl. aryl or

aralkyl group which may be linear or branched.

30 A method according teo claim 29, wherein RY ,
R and R are independently selected from a C'-C?

alkyl or aralkyl radical.

[ T TN TR TSR T I
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ABSTRACT

[ L PR

A catalyst system capable of catalysing the carbonylation ;
of an olefinally unsaturated compound is described. The

5 gatalyst system is obtainable by combining:

{a} a mekal of Group VIB or Group VIII B or a compound
thereof: and

{b) a bidentate phosphine of general formula (I} :

10
(I}
(Ad) s (CR'R°R®) y O°-A- (K, D) Ar (E, %) -B~Q" (Ad) . (CR'R*R®) ,
(L}
15
&d reprasents an optionally =substitubted adamantyl
radical bonded to the phosphorous atom wvia any one of
its tertiary carbon atoms. A method of production of
the catalyst is also 1llustrated.
20



