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| MPROVED CATALYST SYSTEM The present invention relates
to a process for the carbonylation of ethylenically
wae@anesad ed conpounds, a novel carbonyl ati on PEHCBR@G/002915
medi um and a process for the carbonylation of
et hyl eni cal | y unsat ur at ed cagPounds usi ng a novel
carbonyl ati on reacti on nedi The carbonyl ati on of
et hyl eni cal | y unsaturated conpounds using carbon
nmonoxi de i n t he FMERAYER GATAWYST cORSTEMr water and a
catal yst systemconprising a Goup VIII netal, eg.
pal | adium and a phosphine |igand eg. an al kyl
THdosphésen ey cloabkyl ophosghbbes atyl phospbises for the
pyri dyl phosphine or bidentate phosphine, has been
CHRERY b P rﬂﬁme%ﬁglEHFGﬁééﬁ PREHTE R pgosweunds,  a
[ i ERA: 8 ER- A-
o B bn a0 2 035500, TR 037y gh rocese for the
CcEHRIPUDOBR9 of EPEyDE8856683Bly ERs A @daAildd 7comBPuds using
0489472 ﬁg-A— %?2142 EP- A- 0227160, EP- A- 0495547 and
2 EEN S SRR TR B4 ] ai Bt o B AL HD27160,
EP- A- 0495547 and EP- A- 0495548 di scl ose that bidentate
phosphi ne | igands provide catal{st systens which
TimabPEPRPgherirBacty ofthylesicalbe agkadredten geerpepnds
' 0 t i dent Lne ld gapds. -
SR HEa TR VS Tihsh wnrh Broaracds of pAigs oL or
wafreupand & heatalysof sestept comatl yiswbstGtotedvaryl metal,
noi et | inked to the said osphorpus atons vi a
e%Vai?%]o]raeaJalﬂ]‘ace?ﬁéca? bo%h%ggl%g%n R £Rrylan alkyl
pHE S ne Susir1aallikgandphsspRl fest abhel apdokeadsd, 0 pyridyl

reactjon rates, which )
phosphine or bidentate phosphine, has been described in

numerous European patents and patent applications, eg. EP-
A-0055875, EP-A-04489472, EP-A-0106379, EP-A-0235864, EP-
A-0274795, EP-A-0499329, EP-A-0386833, EP-A-0441447, EP-A-
0489472, EP-A-0282142, EP-A-0227160, EP-A-0495547 and EP-
A-0495548. In particular, EP-A-0227160, EP-A-0495547 and
EP-A-0495548 disclose that bidentate phosphine ligands
provide catalyst systems which enable higher reaction

rates to be achieved.

A greater improvement to such bidentate phosphine ligands
is provided in WO 96/19434 which discloses a bridging
group in the form of an optionally substituted aryl
moiety, linked to the said phosphorous atoms wvia available
adjacent carbon atoms on the gaid 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 the carbonylation
of ethylene. Each phosphorous atom in the said ligand is

also linked to two tertiary carbon atoms.
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are significantly higher than those previously
di scl osed and produces little or no inpurities for the

w@ a0oboengiat i on of et hyl ene. Each phosphor ous ap@mGBR006/002915
the said ligand is also linked to two tertiary carbon
atonms . However, conventional, netal -catal ysed
reacti ons, such as those described in WO 96/ 19434 tend
to suffer fromthe drawback that the catalyst tends to
de-activate over the course of a period of continuous

Howefart | OBoasehReonalll agham cormouadtd sre8AH86Hst 0 sych as
pal | adium netal, thus contributing an inportant factor

thapq heeeesnbArc ¥t abiP| iX6y/ 1K ihetpndcdss. sSWXSE/ Fasfl the
df%%ﬁﬁﬁéeghﬁg'ﬁhgrQ@qu éiE%ﬁﬁ&SEOOﬁﬁgéﬁﬁkgﬁgén%ver the

conmpounds such ‘as polyreric dispersa
cauvgaat | ont nedi uperihds offpr @ontg ndoe st eepearat ifn Mtal the
ich has been | gst,fromthe catal yst system
Pamaéi}éﬂ i ﬁﬁf“’??uﬂgvxejvqer TEdof LP h@ KW Betaal | ythus
corflralfitin @ HOMAgHIAU PrOGaSS: and, o po G4 8
knomAedgeggf the effect on recovery 6$q%§%§ﬁﬁ%$ %é%éﬁllty
off delr®r prearsbe obtdi Mdd 1066 tamksoddsthes Arohdegh via
at t st haye. been _devel oped whi ch exhi bit X
th%%a?%%%bléystgg????§gaﬁ§inﬁopﬁguggﬁboﬁyp i GIY prRytegeeric
digperpemtst Lal atheelpakitgbnr easiien, r ates t ompeoving the
achi eved, there_still exists a need for inproved

TeCaVAYstORc R PLy WiEiGh dBRY, PERE prassentromyéhe orptalyst
sy@itln .t 0 Rir@Hcde i dqiter advavan iQRﬁﬁyeﬁFPOQ5ﬂé“K%%§%R}es

process for carbonylation of ethylenically unsatu
actyageindse baee a teardonphatnonuseautdars redhdm fuirersafire,

li&%@%{ﬂ%g é%@é&ge%ﬁsstﬁgre&%%%%n%h?tkg OSEQ¥'?EEC%LL¥1. or
other factors can be obtained from the disclosure.

Although catalyst systems have been developed which
exhibit reasonable stability during the carbonylation
process and permit relatively high reaction rates to be
achieved, there still exists a need for improved catalyst
activity. Suitably, the present invention aims to provide,
inter alia, an improved continuous process for
carbonylation of ethylenically unsaturated compounds and a
carbonylation reaction medium for such continuous
brocesses for carbonylating ethylenically unsaturated
compounds . In particular, improvements to bidentate

phosphine ligand containing'catalyst systems are sought.

Palladium and other precious metals in Group VIB or Group
VIIIB are expensive commodities and as mentioned above the
rate of use of this commodity contributes to the economic
viability of carbonylation processes using such metals.

One expression of the efficiency of the use of the
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conmpounds. In particular, inprovenents to bidentate

phosphi ne |igand containing catal yst systens are
w@emghred7Pal | adi um and ot her preci ous netal s i PCTEGB®6/002915

VIB or Goup VIIIB are expensive comodities and as

menti oned above the rate of suse of this comodity

contributes to the economc viability of carbonyl ation

CABESEEESEL I S Nl B, QB BERSSAN & 4o

i'ency o e use

ad unmvey  rofitbetafdEdylaki e i srstefdhathass M es @fralyvtic
Car bony| ati.on Product/Mles of Catalytic Metal. A hig

Mefan nunbePIPRAITOAL dvmbeibr indigrieent awdecasificient and
R ecld ygprace he past effarts_have

© concentrated on ?Eﬁgéétes o?hprgggct'gﬁ%OfEfforts have

coraremdmatad om priogluctates maXi mirseuyitéod i0f tddSbonylation

ct. Catal st activjt, r. unit vol une of reaction
pr%%%&ﬁhﬁfﬁﬁmﬁéﬂéiﬁ?é@§%‘ F%lggFﬁsrﬁﬁpFﬁg-production of
carbonyl ati on product per unit time froma unit vol une

of reaction nedium and is nmeasured in units of
Cappda§ct aQFLREN Pamm 3nitThicd ursasef eresckhonn maslitime can
j | yst e I on . (ACCE) . .
o e Tl FErRR T e op - BRaCh elert Sarhipdhption
prokieice | sepr ovided tameonfiromous earibonybatinen §Ff 0GeSSction
mefc:JLr hi h(%urnover ca%%pg%%ation conpri sing a3
SPBonyit i 1y RCSEASE ot CHFLTS BRRTRMGId ErpeUndn -
Thitst he@afen iRDKeXWEE dsn tie a@t%%%n%%t%ﬂcly@:c‘%rfceer%f ation
h¥drox§k %roups and a catal yst system conpri sing 5} a
fagit@ent(4CE€¥Phosphi ne, arsine or stibine ligand, and (b)
a catalytic netal selected froma group VIB or group
VIII1B netal or a conpound thereof
According to a first aspect of the present invention there

is provided a continuous carbonylation process for high
turnover carbonylation comprising carbonylating an
ethylenically unsaturated compound with carbon monoxide in
the presence of a source of hydroxyl groups and a catalyst
system comprising (a) a bidentate phosphine, arsine or
stibine ligand, and (b) a catalytic metal selected from a
group VIB or group VIIIB metal or a compound thereof
wherein the catalytically active concentration of said
catalytic metal, measured as the ACCF (product Kg.hr™.dm"
*) is held at less than 0.5.

By continuous Therein is meant that the respective
concentrations of ethylenically unsaturated compound,,
carbon monoxide, the source of hydroxyl groups and,
preferably, the catalyst system are held substantially

constant during the process.
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wherein the catalytically active concentration of said
catalytic metal, nmeasured as the ACCF (product Kg.hr 1

WO dowr@2037s hel d at | ess than 0.5. By conti nuouBCTeB2i06/002915
is meant that the respective concentrations of
ethyl enical ly unsaturated cgnmpound, carbon nonoxi de,
the source of hydroxyl groups and, preferably, the
cat al yst stemare held substantially constant during

AR Prited? | Acctidity PP Secthd Hipedresentheinvention
ceesents | gregiben therduisoiyou el 2Ly Abkeln ana

reacti on nmedi um and product stream t he!r eo ( '
PRIHIG hu s aaar béipiracifon fprocessconhpnising darbdeylation

| Q gt .et.hyl enically unsaturated conpound,
pxcr:ar oén %D%OX|%$$§%otur%er%§%%?& %Lﬁ?oﬁfbsegﬁgf%nlcally
urcsttainstedy stanpean®f | SicAgbon (&orb:Bident ate source of
osphine, arsine or stibene |igand, and (b) a

h3}2£‘t @ti%%%la@elaeﬁaé@%nsy%%s?ml@ﬁngy:wp

V4| B gegal .t her wherejin_th .

ot al v e e A atrei S S ataRemry ioand.

met al #ndsai d medi um measured as the ACCF (product

k r . ), 8 maintained at less than 0.5. For
tﬁképav%i dcgdn@géyotflcdoﬂ%i:?&t hs_ee%ﬁ%—e‘%)f %Fﬂ@ cr BEi%Pat VoR  or
react i gnouedVIDIEOrm8t §DNGMNUQUEIHRRLRS LBP808T lldrein
measured in the product stream Preferred features o

the i nvafti G 3y H R Bpparentve r ondrntyapeimdentof  said
cl ai m@a@@ﬁyﬁb@ desenl pﬂl‘)%a% Cﬁeé?&hpvﬁﬁeasured as the

ACCF (product kg.hr™t.dm™), is maintained at less
than 0.5.

For the avoidance of doubt, the ACCF of the carbonylation
reaction medium for a continuous process 1is generally

measured in the product stream.

Preferred features of the invention will be apparent from

the dependent claims, and the description which follows.

Preferably, the ACCF is less than 0.4, more preferably,
less than 0.35, most preferably, less than 0.30.

Typically, the ACCF range is 0.005 to 0.49, more typically
0.01 to 0.39, most typically, 0.05 to 0.34. Especially
preferred is an ACCF of 0.1 to 0.29 kg.dm™.hrt.

Typically, the low ACCF of the present invention is held
or maintained by suitable dilution of the carbonylation
reaction medium. Preferably, dilution is effected with

one of the components of the reaction medium other than
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Preferably, the ACCF is less than 0.4, nore
preferably, less than 0.35, nost preferably, |ess than

W@ 2@0/020Bypi cal | y, the ACCF range is 0.005 to OPEERGBRAWGH02915
typically 0.01 to 0.39, nost typically, 0.05 to 0.34.
Especially preferred is an ACCF of 0.1 to 0.29 kg .dm
3 .hr 1 . Typically, the | ow ACCF of the present
invention is held or maintained by suitable dilution

thie tFREEFYonylelidon MOK& | GFafsdialhy Pr bver ashps of an
| j IS ed wi he ents o he

aé%iﬁ%?%é?ne%?%%?%%her&%ﬁaﬁgﬁgagg:%Iygfgﬁgggl,Oﬁnr%yéroxyl

gprwd er@bt 33 nlyg neamsowhd anTlasl dtdiloomy1 80l veNbroduct, when

car.bonyl ati on. product or. hydroxyl group containin
CRTHPGUIG. o I Bory | S I pr oA 48k Celp aBl & <.
acting as a solvent is particularly preferred.

Preferably, the catal yst systemal so i ncludes as a
Prefretrll onpgtneratakysamvien Bysdatidlyder asan further
' sal 0f , and references to acid should be
C%@nds}%ér}{uted@égcc%$:ﬁrcﬁlg%y. Suitably, all of conponents a )
, b) and ¢ ) (when present) of the catal yst system
can be added in situ tow%he reacti on vessel wherein

BY hé Tl bor§t 858h 32 3014 die $7He LR e@F nadid ergLerereces

£ AN @H 1A Joe RonAehd&a Jad RN Rf18sent) can be
added sequentially in any order to Tormthe catalyst

system or in some specified order, either directly

js e S r [ e vessel| .and then added
SU!tlorg at%hl 'veéslgjzl .S!EF%rO m?%télt% glg%efant'h\eﬁo)ac?ladcgﬁ‘po(ﬁvz}?ﬂq Pyesent)
of( whible presenyptmayyétest b added da@dcheibi dgntat eto  the

re%k%%?%bﬁggﬁggﬁntw%e%eintotggrnégr éﬁ;?Q?}Sﬁ ligang5 take
place. Alternatively, the components a), b) and c) (when
present) can be added sequentially in any order to form
the catalyst system, or in some specified order, either
directly into the vessel or outside the vessel and then
added to the vessel. For instance, the acid component c)
(when present) may first be added to the bidentate ligand
component a), to form a protonated ligand, and then the
protonated ligand can be added to the metal or compound
thereof (component b)) to form the catalyst system.
Alternatively, the ligand component a) and metal or
compound thereof (component b)) can be mixed to form a
chelated metal compound, and the acid (component c¢)) is
then optionally added. Alternatively, when the acid
component c¢) is to be used, any two components can be
reacted together to form an intermediate moiety which is
then either added to the reaction vessel and the third
component added, or is first reacted with the third
component and then added to the reaction vessel. However,

in the continuous process it 1is preferred that the
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protonated |igand can be added to the netal or

conpound t hereof (conponent b )) to formthe catal yst
waymrem37Al t ernatively, the |igand conponent arPQT/aBe006/002915

nmetal or conpound thereof (conponent b )) can be m xed

to forma chel ated netal conpound, and the acid

(conponent ¢ ) ) is then optionally added.

Al ternatively, when the acid conmponent ¢ ) is to be
CeERenNCRRy Bhwp dOnpIR@nts e belieadded tiogbtgmrddmily of

j r ' ety which is then either added

e%éﬁt éﬁ%%g% fgﬁﬁégégggaggdxyﬁ%'third conponent added

or is first reacted with the third conmponent and then

added to the reaction vessel. However, in the

TRONEGRRTE provessior i §spratee r shnacied héeonponeatalyst
system DPag apdrendqarendhk adgedd;pdepgpdently @ifveeiagﬁolar

ot her at .a conti nuous rate. The present I nventi on
cClemidigteant 06 hocht dihstbsjsnmmasl dghndedndoamte: acid

erei el.ativ | ar_concentrations of both the
i dégt ;ht%\p?ells’rgagg a%dcél%’e R&i d&é?see aprleé’\JIQI‘@t'LVn FREeIR9ed,
leafdidpse prerousing envd sagst edeatl 18,40 SHEP SN Gis ing
and unexpect ed advantaggs when using the catal yst

thg) GRS | heYRBPBoAl aicoragoosyiptdenc 411 yethylenically
nsalialed -6RARBAHRLS. al{ gxy, At {00, or, At | east
U'reduc:.tion o? a?gleagt 5%%% E?E}h%ig¥%g%égﬁ?aé§% 8F tHe?st
resiiddricay t oSy sttenteash @momecase, thee dissadfardrLpdal p§t the
ystem of _th resent_invention |leads at least to a
pI§6§£ %%gbﬁgsgﬁgFénl &Ftﬁﬂphﬁ?5V%d gﬂ?néﬁ%? AbinBer@ialyst
sy(mfehmrtyfd athenpreaehionsvehtabhyllerical dy vesat ukat &d nore
st%%ﬂgguns§stem, with improved turnover numbers in
carbonylation reactions of ethylenically unsaturated

compounds .

The amount of bidentate ligand used can vary within wide
limits. Preferably, the bidentate ligand is present in an
amount such that the ratio of the number of moles of the
bidentate ligand present to the number of moles of the
Group VIB or VIIIB metal present is from 1 to 50 eg. 1 to
10 and particularly from 1 to 5 mol per mol of metal.
More preferably, the mol:mol range of compounds of formula
I to Group VIIIB metal is in the range of 1:1 to 3:1, most
preferably in the range of 1:1 to 1.25:1. Conveniently,
the possibility of applying these low molar ratios is
advantageous, as 1t avoids the use of an excess of the
compound of formula I and hence minimises the consumption
of these wusually expensive compounds. Suitably, the
catalysts of the invention are prepared in a separate step
preceding their use in-situ in the carbonylation reaction

of an ethlenically unsaturated compound.
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The anmount of bidentate |ligand used can vary within
wde [imts . Preferably, the bidentate ligand is
w@e@3oni379 n an anount such that the ratio of tPeT/OBRWEI002915
of noles of the bidentate |igand present to the nunber
of noles of the Goup VIB VIIIB nmetal present is
froml to 50 eg. 1 to 10 and particularly from1l to 5
nol per nol of netal. More preferably, the nol: nol
range of conpounds of formula | to Goup VIIIB netal

Howdvkp, the,r e Bfcekisl 31 era i n_the

Or a‘ﬁge of 1: %{}tgo 1.C25:Sl. %%éﬁveﬁ}/gg%ﬁ%ygl?%e lg%@s{rfdbl Imlalyy be

prefeappliyi rha hesealwsr meyatemat ioes precadwit ageeustoAS in
it avoids,the use of .an excess_of, the conpound o

:
SXEGFMUP] FREAd HHEnEE Hnidh 589 Nel S Ut Fom BRidhagsal
(i usualdofpeRensi ¥¢ aPeURgsnesti tabl Vist ha cakglysts 5.1

of the invention are prepared in a separate step
mohrecEdrag - t hérefgsabily- sithe inatilee cfardord| htgand to the

aghl a hleni ys un rated .
sa{c%rr%%&%& gi)r\l/\e\%g(réh isﬁjgat‘r:]&leéxcégs%%%&%tsrys%%?ﬁlt Re %TJgalﬁ‘alar
raimay, baopeegerdfamalilhe tat ahystrayst epy 1 0foprETM SOf even

theret%, i n_excess %o t hat thg ratio of said ligand to

MOR Qo PESTRTARN (. ERSCOPARNE 47} (% coRBBRERt YED ) moTe

préﬁelaébihﬁasina Znk Mitagd at3 01 Pegferaflong ther@ti opgp e
I's

of said ligand to the said nmetal in such systens

prefragiely t hanthe:xengst a1k atPo/Shvie mrosfermbdferablihein
a 'L to 0054,.8ve r ref erab in_the range

théz. g:g%gtéo]?l'&ooeé), 99é9 ' fs}br %S%%gﬁgﬁégfl Vail nL%{ﬁerlagﬁ{&e nll to

90@0L,1090i1] eweer morefquedfler abl ythe thegeange 15:dot900:1,

yetgg%r:engparrﬁéreﬁs %fﬁ%ﬁéf%%}él ng g_t e%rj?g gee 72: 01: ZtL otgogg(:) :1i , even
more preferably in the range 50:1 to 250:1, most
preferably in the range in excess of 50:1, for example
51:1 and upwards, more specifically 51:1 to 250:1 or even
to 1000:1. Alternatively, the said ratio can be in the
range 15:1 to 45:1, preferably 20:1 to 40:1, more
preferably 25:1 to 35:1.

As stated above, acid may be present and this may be in
excess 1in the catalyst system, or precursor thereto,
preferably, in such quantity that the ratio of said acid
to the said ligand (i.e. component ¢) to component a)) is
at least a 2:1 molar ratio. Preferably, the ratio of said
acid to the said ligand in such excess acid systems is
greater than a 2:1 molar ratio, more preferably in the
range 2:1 to 100:1, even more preferably in the range 4:1
to 100:1, yet more preferably in the range 5:1 to 95:1,
still more preferably in the range greater than 5:1 to
95:1, yet more preferably in the range greater than 5:1 to

75:1, more preferably in the range 10:1 to 50:1, even more
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900: 1, still nore preferably in the range 10:1 to

500:1, yet still nore preferably in the range 20:1 to
waodra203ewven nore preferably in the range 50: 1PE€DGB2006/002915

250: 1, nost preferably in the range in excess of 50:1,

for exanple 51:1 and upmards nore specifically 51:1

to 250:1 or even to 1000: 1. Alternatlvely the said

ratio can be in the range 15:1 to 45:1, preferably
prEferalpl vio: in nﬁh@ prrsitereabl 30 25: 1tbo 39:1, Asstsitldt edmore

aci ent a d th b n exc ss
pINELAF | S Tt Sl B AP R TR 5B T
2aor1efteds abby1, i ersashiqeantlidsy ik t3e nat igoes _ﬁﬁéﬂerably
acid to the sald ligand (i.e. conponent c ) to

ire orpeREt O&) P Oid s atSUidadtlva i th naigr of attihe upper limits
prd Al cﬁbllﬁé'retll?l%er go of gg' &y gef d 1{00 e 4 §a' _gga”éﬂozl,

in such excess acid syste is greater tha
etrml)ar pat inorero pe ofcebdilgbl ini rddesa ange B 11t Ooyet more

even nore pref in the, ran 1 to 100:1,
PRSI SEEBRS PE SRelr ange oD Sishier VG(H |Bny of
10" eppeef e ahl ¥si NotbeidangeFEatrtsrdhan 5 Eak9 9éf1 the
yet nore greferably in the range greater than 5:1

rapgep, for enpP ePEraBIErhn ae beang%edoul tqpramrmt:@renmth
cdl eQ)rfef ecr}%)l ylzi%ﬁ&]e {ANGE tt% tILan arfg%é rcelosed

preferably int range greate

hefreigali2tre, tio A0:rhtiars 2 kampdness: wam£QMOrmim_€ b).
preferably in excess of 30:1, suitably with any of the
upper limts provided hereinbefore (e.g. 30:1 to 40:1)

The HaRGithgdd Cin, wOFkIBg ewprBi £ 8hbY 15 828%Ce%S ital, ana
35:1, yet nore preferably in excess of 37:1, suitabl’y

acdick hiécp \}dltgﬁngnyr@tplos, set out above in an excess acid
system are manifest in that the stability of the catalyst

system is further improved over that surprisingly provided
by the low ACCF, as evidenced by further increases in the
turnover number (TON) of the metal. By improving the
stability of the catalyst system, the usage of metal in

the carbonylation reaction scheme is kept to a minimum.

In effect, the level of acid should be such that for the
particular bidentate ligand employed, the level of acid
should be such that phosphine, arsine or stibine is fully
protonated. Hence, to show the improved effects, the
level of ligand should be above some minimum level, as
given by the ligand:metal molar ratio, and the level of
acid should be above some minimum level with respect to
the level of ligand present to encourage protonation, as

given by the acid:ligand molar ratio.

Preferably, the acid is present in the catalyst system, or

precursor thereto, in such quantity that the molar ratio
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the upper Iimts provided herei nbefore. Each of the
ranges in this paragraph can be used in conjunction
wowdonozseh of the ligand to netal ratio rangesPCT/GB2006/002915
di scl osed herei nabove, i.e. ratios of conponent a ) to
conmponent b ) . The advantages in working within the
ligand to netal, and acid to ligand ratios, set out
above in an excess_acid systemare manifest in that

of; ;aist A5iG thp selthdetalal yiste s amaanes s @t H&r component
IympE Qv v ERri S rovided he, | pw

O S Risieny By Pur tharel B ete ek 4t 1" more

priedqemekdy Munvberd :(TON) 160 X0te Ineteaden By d mprefaragphel0: 1

S ility of the catalyst st t he usage of netal
to; k%t%ﬁ@ ar BGity MY P a?&ﬁ%ﬁﬁ gﬂr‘lérrgq EOE) ‘o vt still
e ipféeFerbb16f 8ct, Hhedoanell ,ofyacisd 19howt-D r%%‘é]i
mOthat for theggarticular bidenta?% Ifggnd enplo?%d, t %?ly
30;:dyvée 50088i:d s @vse feele et aylddphiddsl arosi4fdwr: 1,
hbi LS I t ed. Qs he
Stli%%r ol{{/%jée %%(L:Etegca BEL %eqlr@/gld (t)?e %&n&dqéhglﬁ&ﬁébgraeg&feably
129che tm nRAOADL:@yelmoras gretardyly hedbi:gands pebab:1, vyet
ar_ratio nd e level of acjd should be above
St0rte AR nBFELEFEP LN 110§ pber A0 A | GUBF & oPAAigaRPLY
55p:@sepb tPoENG oL agsy PigaRald 0BnaasS ShyeM b¥d N®ogoo:1.
acid: ligand nolar ratio. Preferably, the acid is
Alpessantiveavy héhearsaligsragy ot ean be predsines mendeedéSo,l to

En.suc nt j he ar ratiogf. said acid to

48?&%6 ng?%#g(ikééf%%%%% enfﬂﬁj$‘to€éon%gﬁ% ‘b §YSin Tere

prelfierebtgsd 78cild sys4Eni s vt | eash Aote pRE€erably 200:1
even nore preferabl

preferably from4:.1 to 10 OQ:l
el gD0G At Tt S Rr R e Jfpet etably 201 tBA€0008: Lhese
ra¥gbsstiid lthis paragraph can be used in conjunction with
each o0of the 1ligand to metal ratio ranges disclosed
hereinabove, i.e. ratios of component a) to component b),

and/or each of the acid to ligand ratio ranges discloged

hereinabove, i.e. ratios of component c¢) to component a).

For the avoidance of any doubt, all of the aforementioned
ratios and ratio ranges apply to all of the ligand
embodiments set out in more detall hereinafter. However,
it should also be borne in mind that the presence of acid
is optional and not essential to the present invention.
Accordingly, the possibility of excess acid in the system
is also optional and not essential to the present

invention.

The advantages of the ACCF aspects of the invention, set
out above are manifest in that the stability of the
catalyst system is improved, as evidenced by increases in

the turnover number (TON) of the metal. By improving the
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nore preferably 25:1 to 50000:1, yet still nore
preferably 30:1 to 50000:1, yet even nore preferably
W@ 0002/023790000: 1, still nore preferably 100: 1 POI/GB2006/002915
25000: 1, nore preferably 120:1 to 25000: 1, nore
preferably 140:1 to 25000:# yet still nore preferably
200:1 to 25000:1, nost pre %rably 550:1 to 20000:1, or
reater than 2000:1 to 20000: 1. Alternatively, the
Jr%lF?ét Pé e beafalyhe sym§emi2gie tvsags: of metal in
r r r 1
th@ AR Vo PO iR Sk R SNt T Aot
nDst preferably 225 1to 375:1. Each of these ranges
[ can be used in, conjunction with_each

in this na r
In o?n?hsm%agé b ot PRI angeei W osklge bidentate
phiwggl@ixm@bpy@ana :?s s8tdasef1 carpaent (g d)) to conponent
b and/or each of the acid to ligand ratio ranges
di scl osed herei nabove, i.e. ratios of conponent ¢ ) to
copponent a). For the avoi dance of any doubt, all of
the af orenentioned ratios a rati o ranges apply to
R'tal of the |igand embodi ments—g€t out in nore detai
hef nafter. However, it sholyl d al so be borne in mnd

t 3t “he pr cid’i foptional and not
esgent @aﬁp @éﬁﬁﬁﬁﬁﬁ Eg CP wention. Accordingly, the
po$31bll|ty of excess acfé\un the systemis al so

R® ional and not essenti al thfﬁe present invention.
advant ages of the ACCF pects of the invention,
set out above are manifest in that the stability of

the catalyst systemis inproved, as evidenced by
i ncreases in

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

linked on available adjacent carbon atoms;

A and B each independently represent lower alkylene;

K, D, E and Z are substituents of the aryl moiety (Ar) and
each independently represent hydrogen, lower alkyl, aryl,
Het, halo, cyano, nitro, OR', 0C(0)R?*°, C(0)R*, C(0)0R??,
NR¥R*, C(O)NRR*®*, C(5)R*R*, grR?, C(0)SR¥, or -J-
Q° (CR™ (R*) (R™®)CR™ (RY) (R™®) where J represents lower
alkylene; or two adjacent groups selected from K, Z, D and
E together with the carbon atoms of the aryl ring to which
they are attached form a further phenyl ring, which is
optionally substituted by one or more substituents
selected from hydrogen, lower alkyl, halo, cyano, nitro,
ORY, O0C(0)R*®, <C(O)R*, C(0)OR*, NR®R*, C(0)NR*R?,
C(S)R*™R*, sSrR?? or C(0)sr?;
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the turnover nunber (TON) of the netal. By inproving
thestability of the catal yst system the usage of
wOoredoal2a3m t he car bonyl ati on reacti on schene i SPREEB2G06/002915
a mnimm In one enbodi nent of the present invention,
t he bi dentate phosphine ligand is of general fornula
(1) (D wherein : Ar is a bri¥gi ng group conprising an
9Pt onalléy substituted aryl noiety to which the
R'phdsph8r us eacbnsiadeptnddedl pn rapaidsablte Aghasgsh, Ilower

bon atops; A_an each i pndependently represent

2l ier a Jﬁ}d:rgne;orK dH%' Epﬁﬁge?g%&é sGHSH t e epepdently
rediesany It \1(Ar), and,1each ipgependently represent

hydr oge | ower al kyl, aryl, Het, halo, cyano, nitro,
- n,

OREO (0 racho(fependanyly o@eRreseNR23R2drogeh)) NRwer
1. 6,2,06S 6, SRR7 , C(OSR 27 , or -J@8B (CR13
. ( 14)ar R ?‘%2%%6 (R 17)(R 18) where J represents

| ower al kyl ene; or two adjacent groups selected fromK

1, .Z , Band together with the carbon atons of the
Rarl A ng eFSE\mF%ﬁePﬁQQeEFéYatJEWIP%r m¥dfeFerher lower

alpiany! diyig, wWBich der opthonally, spbstibtyted by oneior )
nore substituents selected from hydrogen, |ower-a yel,
reRpErs engy arRyerniptl kol . OREYLl, OC( @pR;20 C(O) R21
C(OOR22 , NR23R24 , C(ONR 25R26 , C(S)R 25R26 SR27
or C(O SR27 ;R13 to R18 each independently represent

0" hy@f oged, Ooveihenl kytesary) , essh Hehdepeafiehably regshsent
| ndﬁgendent Ig/ represent |ower alkyl, aryl, or Het;
phosphbrous, rsenic or antimony and in the latter two
cases references to phosphine or phosphorous above are
amended accordingly, with preferably both o' and Q?
representing phosphorus, more preferably all of Q', ¢ and

0® (when present) representing phosphorus.

Suitably, the bidentate phosphines of the invention should
preferably be capable of bidentate coordination to the
Group VIB or Group VIIIB metal or compound thereof, more

preferably to the preferred palladium.

Preferably, when K, D, E or Z represent -J-
Q* (CR™ (R™) (R*®) ) CR* (RY) (R'®) , the respective K, D, E or Z
is on the aryl carbon adjacent the aryl carbon to which A
or B 1is connected or, if not so adjacent, is adjacent a
remaining K, D, E or Z group which itself represents -J-

Q3 (CR13 (Rl4) (RIS) )CRJ.G (Rl7) (RlB) .

Specific but non-limiting examples of bidentate ligands
within this embodiment include the following: 1,2-bis-(di-
tert-butylphosphinomethyl)benzene, 1,2-bis~(di-tert-
pentylphosphinomethyl)benzene, 1,2-bis-(di-tert-
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R19 to R27 each independently represent hydrogen,

| ower al kyl, aryl or Het; RL to R12 each i ndependently
wo eqreseme hydrogen, |ower al kyl, aryl, or HetPCT/GB2006/002915

preferably each independently represent |ower alkyl,

aryl, or Het; Ql, @ and @2(when present) each

i ndependently represent phosphorous, arsenic or

bugg%éfgﬁ%hﬁﬂgméﬁhﬁﬁg guh‘?é Lyg cases ﬁS@S%EH%?%sEO the

e or phosp S a OVé are anend
skatteddipwtgon wihh phef erabl wohotih &Ppedct £Pe that other
hosphorus, nore preferably all of

b1 R ERS MG BE ceBh 8 S ST ot h g thy Prom

théméégpéy®ftgﬁebig§@ﬁ@1§nphosphlnes of the invention
shoul'd preferably be capable of bidentate coordination

to the C}oup VIB or Goup VII'IB netal or conpound

fm pre bly.to the preferred pall] adi um_.
Ty SR abAT won R V10 Wl ISP EEREA Bt ek sive-
to-(tRirélqﬁa(ﬂE&ﬁéd,CRlG bReférpb(R,18) ,si-he-dg-asfecti VRekbered
is on,the aryl carbon adjacent the aryl

Ca%éﬁ?%ﬁﬂ%% @EP@ﬁtﬁpogrBuP§rc@Hﬁ%bﬁ%kLRhenyk Fef Byephthyl,
[ dj 0
wh B SeOkps | preCkBiaBnad 1SRRI P M g fiRiRon
to (R 1D, (R ¢8) 2, Spmﬂ foxr muten@mlblatmtuemgsexmﬁpéc%ecbf from
dentate |i t.hin thi odi nrent i nclude t
el ot Peee | SORP Ml Bt R Eef AT et hprself  be
opthienzerey budshisuted -der theent wapkas pid n@'&fﬁ\ﬁé'd) below)

benzene, 1 ,2-bis- (d|-terﬁbutylphgg phi nonet Iy
Helm pRt Ral &R0 Naidrithel @8, ACHO) Il%éob%rsoﬁWQ?OR

NRZPRE ard (Vas2er @ppIseet at @ (b hakz7others S)NR**R*® wherein R'®
to R?» each independently represent hydrogen, aryl or
lower alkyl (which alkyl group may itself be optionally
substituted or terminated as defined below). Furthermore,
the aryl moiety may be a fused polycyclic group, e.g.

naphthalene, biphenylene or indene.

By the term “a metal of Group VIB or Group VIIIB” in a
compound of formula I we include metals such as Cr, Mo, W,
Fe, Co, Ni, Ru, Rh, 0Os, Ir, Pt and Pd. Preferably, the
metals are selected from Ni, Pt and Pd. More preferably,
the metal is Pd. For the avoidance of doubt, references
to Group VIB or VIIIB metals herein should be taken to
include Groups 6, 8, 9 and 10 in the modern periodic table

nomenclature.

The term “Het”, when used herein, includes four-to-twelve-
membered, preferably four-to-ten-membered ring systems,
which rings contain one or more heterocatoms selected from

nitrogen, oxygen, sulphur and mixtures thereof, and which
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bi dentate |igands can be envisaged wi t hout departing
fromthe scope of the invention. The term Ar" or
wO anoglo203shen used herein, includes fiveto- PCT/GB2006/002915
ten- nenbered, preferably, six-to-ten nenbered
carbocyclic aromatic groups such as phenyl and
napht hyl , which groups are %ptl onal ly substituted
with, in addition to K, D, Eor Z, one or nore
rimsgbstiayuendstaeh eced <bromoarey|d01hloiz\er bainidd  ¢whikeh non-
ou itse be op ally supstituted or
ar R Gt R Bl TRFPTEH B b o Ll S RAR G oy ingparacter
Thdl & St emECHRIR20e , 1@ c3ic, GHQAFRLE , .
NR23%2Q4C§§LC(O) NR 25R26 . SFe2@)7O§ (O sk %(é))r Fused
EagisR2 6" HEeT e| GTRUQ t ol et bhiedi ndeident Ilﬁ reppésen@lly
r. | r yl I y
Sul%se e 0 iggla |§W§ &Tlelgt L]c’tu((}eag{?:I eglrér%‘lynggﬁ %Egﬁa from
haxef | nydnbel awtro Fuokber moter tdigaal yl(whbcat oIy bgraup
fused polyecyclic grou e. g.. napht hal ene, bi phenyl ene
mayyy 4 ?HE PBAMY n‘g%%?tid?uf@%uﬁrw Eeaml@aaeé as

detddB" Berlcﬁv comreund pef(of) gktul a b m@l i ng (S?‘S’@R%t ahg23g2¢
suc a§6 be W Fg Ni | &9 Pt and
C (PANRPER ef:er%\%ﬁ l@é%z abs (&) & ethGﬂf@manR Pto R*’

P For. t he
ea%gll (fge Ace o?ntg[oyz bjteé er e@éﬁ%%ﬂé o%%/d:kll B o%OV/?ﬂ %1kyl
(wmﬁlalzsl]hﬁl ecj;floﬂﬂilOiJ‘tsiebE hak e t O t hehaley Gaupsi buted or

and_ 10 in the nodern ’peri odi ¢ tabl e nomencl ature .

telﬁfﬁlﬂenﬁ“'eﬁ*% 23et el IRPANCRSRE hef2f nteThclHRfes thus includes

grd @t - tosdel venenbered onpheler abl¥stituted  azetidinyl,
four-to-ten-nenbered ring systens,
pyrrolidinyl, imidazolyl, indolyl, furanyl, oxazolyl,

isoxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl,
triazolvl, oxatriazolyl, thiatriazolyl, pyridazinyl,
morpholinyl, pyrimidinyl, pyrazinyl, guinolinyl,

isoquinolinyl, piperidinyl, pyrazolyl and piperazinyl.
Substitution at Het may be at a carbon atom of the Het
ring or, where appropriate, at one or more of the

heteroatoms.

“Het” groups may also be in the form of an N oxide.

The term “lower alkyl” when used herein, means C; to Cip
alkyl and includes methyl, ethyl, propyl, butyl, 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 saturated or unsaturated,
be cyclic, acyclic or part cyclic/acyclic, and/or be
substituted or terminated by one or more substituents
selected from halo, cyano, nitro, OR', 0C(0)R?°, C(0)R?*,
Cc(0)0rR??, NR*R*, C(0)NR**R*®*, SR¥, C(0)SR?, C(S)NR*R?,
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whi ch rings contain one or nore heteroatons sel ected

fromnitrogen, oxygen, sul phur and m xtures thereof,
w@p@7mkisechr i ngs may contain one or nore doubl ePODOB2006/002915

be nonaromatic, partly aromatic or wholly aromatic in

character. The ring systeng gy be nonocyclic,

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

s O 0 y s tediby .one op subst tuent s
aréal egjtfedr}?é?%’m h‘gf}%%égc{/{an% nit% o I@,:)xo a1%ower a%ﬁnéently
repwldise tal kytdgromp neyryl sebf onQétloaakyﬂ, and/or be
, Substi tut ed or term nated as defined bel ow)

INEEFEPRTSY PYC(XHR P4 TOEE PERISD Or NREIRBUT ae@@)SNRor by
si2aR8b6 or éR%ikyl.Cs(l@)c%B 1 RpsC(S) NR 25R26 wherein R19

to R27 each 1 ndependently represent hydr ogen, aryl or
Iovver al kyI (which al kyl group itself may be

subst L t ut ed er m nat ed, as . def;i nedQ bel 3ovv)
it SERRBEL S Syl aegblPs e S i e
R ppr,oma] I yRasul;q?t i RAf edRJa;etRll%il nyi'P R‘}/‘}rrqilﬁgl Ay, rY7, RlB,

m dazol i hdol ran az , 1 soxazol yl,
R onapddzlgazgly{/'l Rétahl E‘BZAM yk'li}?1 tﬁ%/éadlpazol ﬁ?Jf thi aRol §l and Z may

reB&@E%h%z%Hﬂ’wféﬂz%ﬂlafoeﬁyl QEIRXgU|nm§H%#EJBdted

pyri mdinyl, pyrazinyl, quino i SO
mayi pehedi rtiﬂlerepylsa@olsyalffam:demtpelmmemylof caufrstn tautdnen be

. Het oLy be_a a ca bon ato f the Het

Lifles & e Sppr SprrstE atlio ne 5 urﬁ?%? Of‘heuﬁéﬁe:?’éf

cycHet', graxpsl ey @h_'SO }b@rtn tc@%lfl@r/ﬁk:%li& N Oézh.gﬁer be
The term "l ower al kyl" when used herein, neans Ci to

ingpETHPkeH RYd AR | FISEOTRE Py | OXYGERyPT | SBLBBYE atimsy| or
by’ sﬁqah%' *k?i%[kﬁ@lff&&éf | GBEQHPS - o1} 655 A NREWISE Lieq

speci f
by one or‘ more substituents selected from halo, cyano,

nitro, ORY, 0C(0)R*®, C(0)R?*, C(0)0R??, NR**R**, C(0)NR?*°R?S,
SR*”, C(0)SR*, C(S)NR®R?*®, aryl or Het wherein R to R?’
each independently represent hydrogen, aryl or lower

alkyl.

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

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

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

and iodo.

Where a compound of a formula herein contains an alkenyl
group, cis (E) and trans (Z) isomerism may also occur. The

present invention includes the individual stereoisomers of
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groups may, when there is a sufficient nunber of

carbon atons, be linear or branched, be saturated or
wap@anensas ed, be cyclic, acyclic or part PCT/GB2006/002915

cyclic/acyclic, and/or be substituted or term nated by

one or nore substituents selected from hal o, cyano,

nitro, ORL9 , OC(OR 20 , EOR 21, C(OOR 22,

NR23R24 , C(O NR 25R26, SR27 , C(O SR 27 , C(S)NR
thebSrespoanygs of Hety eshetben flaj:ﬁluﬂasRZEZefe'axéd herein and,

ndepende resent hydr en yl | ower, al kyl,
W R ot ohBBy SO L o PGB Leul phaFaS
thét&vB, odutisdd apatar Idm‘cﬁyé@ I o HoUPSe la%%rlon of
al kyl groups or al kyl groups which Rl, R2, RI”? 5

diasperedl $omePs 90p| OLp| PRE2 trang Iuﬁoxneafsa E0R e 7aqh8eved

R19 R24
COHE% & gglramy Egcbr%nslﬁge and wi tﬁ V\,hl C aryfEzg 815“5‘1

crYEttahhysa‘at:eozsubsta:]nmetogmajphyhemnt here.PsLaC. of a
suf fjci ent, nunber of c%rbon atons, _be |inear or

SERreQLTIICT He LAKhFACe@Tort URHRNE eA e Teyidlg cformulas

or 88Y @ 81 Pagk1 6y o Cc‘l@ﬁ:h/\%&ﬁve aeﬁégéo@e | eiﬁé’!ﬁr?@ual
by one or nore of oxygen or sul phur atons, or

by
en%flltﬂa?mﬁlbr ofi al @ﬂmqqr@om%r@@@sofaﬁhﬁoﬁd@@@mw@mteblso

o Y (Bl d " G 3bsL o betby ASEShoAol DL 6 Bure
:LntNRﬂMélate C@f))hl_R 2B uLi8R27 sucl( @SRV H.P Q.3 NRf the
25R26 Het wh R19 t, 7 h
COTRRIN | SEPEBT e oHP R dPoga LA O Homet IR R O
by - fodadadan (g enmideuen abky! eng” Mé§@efea)l§01§@glc
J (when present) represent in a conpound of fornula I

saltshéerosed heér gisrctimgl ugés e rorcespoglsugs watcehate
witﬁ{egongﬁgttagle optically active acid or base, as

appropriate.

All gstereoisomers 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 I may function as ligands that
coordinate with the Group VIB or Group VIIIB metal or
compound thereof in the formation of the catalyst system
of the invention. Typically, the Group VIB or Group VIIIB
metal or compound thereof coordinates to the one or more
phosphorous, arsenic and/or antimony atoms of the compound

of formula I.

Preferably, R' to R'® each independently represent lower
alkyl or aryl. More preferably, R' to R'® each
independently represent C; to Cg alkyl, C;~-Cs alkyl phenyl

(wherein the phenyl group is optionally substituted as
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ot her noieties at |east at two places on the group and

is otherwise defined in the sane way as "l ower al kyl".
woiadog/ogmeups with which the above-nenti oned grPCPEBRAEE/002915

be substituted or term nated include fluoro, chloro,

bromo and iodo . Wiere a conpound of a formula herein

contains an al kenyl group, ¢Ps (E) and trans (2)

i sonmerismmay al so occur. The present invention
déhchededarsdni)ndpyi diwnyslt el ebeseier $hsf t heesphpanmy 1is

of an f th defi ned he i n_and
bt P oDCon B PRkES, Gfa) "SeetER, Ml int T hEvep;  more
pf@ﬂ@fﬂ@:[yw kh 16 Xe¥r e chhamerebendepanat ireprefsent ¢; to Cs
di astereoi soners or cis and trans |soners may be

aHehl eveBiel ésnvRTlictrdl vt domfitdiessedk.3f @giined herein.

Mé%@%'r%@@'raﬁwﬂ il 1SRt RoN, o Gy Of%éf@é&?@yngﬁ Elubgtl#:uted
.C . of a steréoisonmeric mxture a conpound one o

Ct e Coraiitys sucla Sﬂlmabhglsaéthpl derpvapyie fherpobpyl,

n$%?55f|V|dual ena gqgﬁg} nﬁsgn% f&gggngfﬁége

bty pure |nterned|ate or by resol ution, such as
y H.P.L .C. of the corresponding racemate using a
sui table chiral support or by fractiona

%é@%sﬂix&é ofa&ml%ﬁat eolsoreric sal tgﬁr&%@?ﬂl to

reacti o he correspondi'ng racenst e W t
R3S,UIR abie pr,tllkal ty BttiRE aw ROy BasetoarR'® or R to R'®

rlat reoi soners are _i.ncluded within the
e SRRt Mhfen iRt Ty oReT o G 4Tt e SUCR as
1@@&1@@:&1@}@ By t hosR rPoirnlaed cnf1t.he AIdttHdat examples of
composite groups include cyclic structures formed between
R1-R*E. Alternatively, one or more of the groups may

represent a solid phase to which the ligand is attached.

In a particularly preferred embodiment of the present
invention RY, R* R’, R, R and R'® each represent the
same lower alkyl, aryl or Het moiety as defined herein,
R?, R®, R®, RY™, RY™ and R'Y each represent the same lower
alkyl, aryl or Het moiety as defined herein, and R3, RS,
R’, R', RY™ and R' each represent the same lower alkyl,
aryl or Het moiety as defined herein. More preferably R?,
R*, R, RY, R? and R'® each represent the same C;-Cs alkyl,
particularly non-substituted C;-Cs alkyl, such as methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-
butyl, pentyl, hexyl or cyclohexyl; R?, R®>, rR®, R'Y™, R and
RY” each independently represent the same Ci1-C¢ alkyl as
defined above; and R?), R®, R%’, R', RY™ and R'® each
independently represent the same C;-C¢ alkyl as defined
above. For example: R', R} R’, R, R¥ and RY® each

represent methyl; R?*, R®, R®), R, R' and RY each represent
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t he conpounds of forrmula I may function as |igands

that coordinate with the Goup VIB or Goup VIIIB
wOoredoal2r9 conpound thereof in the formation of P€TI6B2006/002915

catal yst system of the invention. Typically, the Goup

VIB or G oup VIIIB netal or_ gonmpound thereof

coordinates to the one or nﬁ?e phosphorous, arsenic

and/ or antimny ato of .t he conpound of formula I .
PRt er 8BFy, r@l tfb'R% reé%’é%v iﬁ%e@nijeﬁ’tsl Ea@preepnesent n-

I r.alky ryl . More preferably, Rl to R18 each
b?n ep%ﬁ eﬁé?§ﬁ¥gbresent Cto Calkyl, G-C6 alkyl

phenyl (wherein the phenyl group is optionally

substituted asdefined herein) or phenyl (wherein the
IDhetyl GiRRp-3 %ptﬂ%ﬁ%ﬁﬁﬁ%u@ﬁﬂﬂ@@%soéef thed present
i IEESE10n - B8N HON& PREF efahly.
lindeper%lere}tly repr esent g?i E% %?%fﬁ%?ﬁQéhﬁ%ﬁﬁi%mne Tower
albptl onar vy, sabstietutmad ety def | dreliihet chareMyst Preferably,
ferably,,iRL_t ch..represent, non-substituted C
eégfoﬁc g ky sﬁgﬁrgé%ﬁg hylyae%%@?,Eh-%Pop ?ik&i group,
pasor@ubpyly neohutybstisatbdt W, -ct eal kbut Yisudpey| methy1,
exyl and cyclohexyl . Alternatively or.additionallg,
e ¢ of L ENE R oups SRITEHE, . RE-LYERE, R¥spPoPRyYLRI0tert-

bdt%fl'z\),lzpen%}l.gytl?eﬁﬁ 2haRg-1om&LG ¢ %é@eéﬁgﬁené%bly, each

1indep(;g}de may formcyclic structures
R1teoRborrgpregenttmondrnbdi enyl . Further exanpl es of

conposite groups include cyclic structures forned

between R R18 . Alternatively, one or nore of the

Trgricup scomyourepr €S efdrausal i phaserdwlwhisbht e ld2gand o3
i.s attached. In a particularh% preferred enbodi ment of
(v p?Jég%%t) are the same. Most preferably, each 0, Q2

and 0° (when present) represents phosphorous.

Preferably, in the compound of formula I, A, B and J (when
present) each independently represent C; to Cg alkylene
which is optionally substituted as defined herein, for
example with lower alkyl groups. Preferably, the lower
alkylene groups which A, B and J (when present) represent
are non-substituted. A particular preferred lower alkylene
which A, B and J may independently represent is -CHy- or -
CoHy—. Most preferably, each of A, B and J (when present)
represent the same lower alkylene as defined herein,

particularly —CHjy—.

Preferably, in the compound of formula I when X, D, E or %
does not represent -J-Q°(CR"(RY) (R'®))cr(R'Y) (R'®), K, D,
E or 7Z represents hydrogen, lower alkyl, phenyl or lower
alkylphenyl. More preferably, K, D, E or Z represent
hydrogen, phenyl, C;-Cs alkylphenyl or C;-Cs alkyl, such as
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invention RL, R4, R7, R10, R13 and R16 each represent

the sane |ower al kyl, aryl or Het noiety as defined
whegogioz37R2, R5, R8, R11 , R14 and R17 each reptEE&8R106/002915

the sane |lower alkyl, aryl or Het noiety as defined

herein, and R3, R6, R9, R12 , R15 and R18 each

represent the same lower alk§l, aryl or Het noiety as

defi ned herein. Mire preferably Rl, R4, R7, R1O , R13

m%ﬁhY#ﬂﬁéﬁﬁﬁﬂqremﬂegﬁﬂL tbetgane §enF§1?Iguﬁ Hhexyl Most
r n-substjtuted G -C a , such as
pr%af{éh a}%@t h%lﬂ B ErsJ f1 RSSOy IRY FRasisty |

i so- butyl tertbutyl pentyl hexyl or cycl ohexyl; R2,

R5, RS, R11 , Rl14 and R17 each i ndependent|y represent
Prgtereiity G it Bk yFomeowed | pBdfabovéa AndhBR, KRE6D,RE and

ende re sent the
: Sort,onh iR, SERANERGROT e e Sod 1 i
thRy, aRE aFQl:@,chlébB canchoR1 Eceachy reprgsenti et Kyl p R?E and z
eagg ﬁ?e %_ R14 and R17 each representethyl; and
DRGIARII Y TP S5iah (R deasdient e &p@@gmalﬁm,ymrmnyl
orﬂﬂpﬁﬁhyblkﬁlbﬁﬁmﬁﬁp@%ﬁ%|ﬂ%é¥é¥§ﬁf d fnbﬁdl al, 40 each

the present invention each Rl to RI8 group represen
ln@ﬁ@e§§ﬁ€tﬂ§mer gERyESeatyl , byddetenni et yphengefi nedc,-c,

«10018heg skecably. o500, Ryl SIS e eoopLy She sane,

gr oup,
but;leGpahky[L aSIKiC heaylrretawln metrBY breFeREORY,. K, D, E and
g 1S g butyl, iso-butyl, tertbutyl, pentyl
hé%?? c§ Folt sukpEitheRter Moy, maeherRibly, RtBey

repﬁeg@ﬁenh§dﬂB§gML In the conpound of fornula I |,
preferably each QL, 2 and B (when present) are the

same. Mst preferably, each QL, @
Preferably, in the compound of formula T when K, D, E or Z

does not represent -J-Q°(CR"(R') (R™))CR (RY) (R¥®) and K,
D, E and Z together with the carbon atoms of the aryl ring
to which they are attached do not form a phenyl ring, each
of XK, D, E and Z represent the same group selected from
hydrogen, lower alkyl, aryl, or Het as defined herein;
particularly hydrogen or C1~-Cs alkyl (more particularly
unsubstituted C;-C¢ alkyl), 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 to
which they are attached form a phenyl ring, then the
phenyl ring is optionally 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'?, OC(0)R?Y,
C(0)R™, C(0)OR*, NR¥R¥, C(0)NR®R, &R?, C(0)SrR*” or
C(S)NR*’R*® wherein R'Y to R?’ each independently represent

hydrogen or lower alkyl (which alkyl group may itself be
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and B (when present) represents phosphorous.
Preferably, in the conpound of formula | , A, B and J

W@ aven2@resent ) each i ndependently represent QPCT/GBE06/002915
al kyl ene which is optionally substituted as defined
herein, for exanple with lj@wer alkyl groups.
Preferably, the |ower alkylene groups which A, B and

J n present) represent ar.e _non-substituted. A .
optl gty BBl PRl ene Tt CREARSHR Herpip) -
MoréRyricfdepengentdne rerigsertnigs isCridt @fubstGdted PNy

preferably, each of A, B and J (when present)
SUDSEREESERE £hé€ -sdire OICGWEr Ty PRPPERe 358M8ePPA¥d her ei n,

particularly -CH2- - Preferably, in the conpound of

formula | when K, D, E or Z does not represent -J-Q@8
Pref€R13d( Rodpp(RES) PCREGrR1Z I (Rcl8)le KhpsB whEredinZ

represents hydrogen, |ower al kyl, phenyl or | ower

al kyl phenyl. Mre preferably, K, D, E or Z represent

A dnalregeachphedperfded®1a} kiydpheayh: oinShineBialik¥h, ¢, to
such asnethyl, ethyl, propyl, butyl, pentyl and hexyl

Cs allypkenpreferably, K, D, E or Z represents hydrogen
Preferably, in the conmpound of forrmula I when K, D,
E and Z together with the carbon atons of the aryl

K, Di,ng tamdui cértheinderendeniche dreorasent ohpdaogheny L, -Cs

ring, K,.D,_ E and each i ndependently represent
alkﬁerogenPhF8y%r alkyﬁ}_ﬁﬁenyla§$5ﬁ6§5¥§é1kylpﬁﬁhyl . TI-
Q* (Mrerphefef apty’s (K1) @'?) E andies@ach i ndependeirdasents
represent hydrogen, phenyl, C -Ce al kyl phenyl or G-C
unsgpRyitusgeh Gis teettrylalietigae: mophvo Bt W, Denfypnd E
exyl, . r bl y, .
costifeboplen RRL URLECRISLSRATLE (e By 00 o e
they are attached form a phenyl ring which is optionally
substituted by one or more substituents selected from

lower alkyl, phenyl or lower alkylphenyl.

R' to R! each independently represent C; to Cg alkyl,
phenyl or C; to Cs alkylphenyl.

Further preferred compounds of formula I include those

wherein:
A and B both represent —-CH,- or CyH,, particularly CHy;

K, D, Z and E each independently represent hydrogen, Ci-Cs
alkyl phenyl or C1-Cq alkyl or -J-
03 (CR¥ (RY) (RY®) ) CR™ (RY) (R'®) where J is the same as A; or
two of K, D, E and Z together with the carbon atoms of the
aryl ring to which they are attached form an unsubstituted

phenyl ring;
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represent hydrogen. Preferably, in the conpound of
formula | when K, D, E or Z does not represent -J-Q

WR2(oR2B7{ R 14 ) (R 15 ))CR15 (R 17 ) (R 18) ardI/&B2000002915
, E and Z together with the carbon atons of the aryl
ring to which they are attgched do not forma phenyl
ring, each of K, D, E and Z represent the sane group

., selegted from.hydrogen, | ower al kyl, aryl, or t as

R g%fgneﬁaﬁ%répﬁfﬁe §%Fﬁg¥igﬁpfeﬁ§ ogént%rcij@%ﬁy 1 kyl
(more particularly unsubstituted G -C al kyl)
.especi ally hydrogen. Preferably, in the conpound of

Stifldr nfpathenharafify wid Keompoungs g 7 fosgather I wilelude

e .atons of the aryl ring to which they are
tho%%tgg%g%q?"rn1a phenyl ring, then the phenyl ring is

optionally substituted with one or nore substituents
; Selegted framaryl, |ower alkyl (which alkyl group
R §S SRt B opls orney oS R FeR e ety s AL,
pardetingd1hekewhy1Het, hal o, cyano, nitro, OR19 , OC(OR

20, OR 21, C(OOR 22 , NR23R24 , C(ONR 25R26 ,
SR27 , C(O)SR 27 or C(S)NR 25R26 wherein R19 to R27

s O30T PEBESSMI o S350 g 08T UL e

group may | eopti ona

thoee weemehated as defined herein) . Mre preferably,
the phenyl ring is not substituted by any substituents
i.e. it bears hydrogen atons only. Preferred conpounds

k, af, farmia k iape usecih hesgepbanehnlvA NGB &RChrom the

i ndependently represent unsubstituted Ci to C
grogpky| @siging | of addEeFRIh | Adepdhdentdy Fepr esdml,

pax Y0080y Grdde 2bk¥h: Y b, Oz CREE PIERYLShe the
same group, especially where each of X, D, Z and E

represent hydrogen; or

K represents -CHy-0®(CRY™(RY) (R¥))CR®(R'Y) (R'®) and D, 2
and E are each independently selected from the group
consisting of hydrogen or C; to Cs alkyl, particularly
where both D and E represent the same group, especially

where D, Z and E represent hydrogen.

Especially preferred specific compounds of formula I

include those wherein:

each R' to R is the same and represents methyl;
A and B are the same and represent —-CH;-;

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

In a still further embodiment, at least one (CR*RYR*) group
attached to Q' and/or Q% i.e. CR'R’R’, CR*R°R®, CR'R®RY, or
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(CR13 {R14 )(R15))CR15 (R 17 ) (R 18) where J

represents unsubstituted Ci to C e al kylene; or two
W@R00K0203D» , Z and E together with the carbon arPGI&EBRH06/002915

the aryl ring to which they are attached form a phenyl

ring which is optionally bstituted by one or nore

substituents selected from1ower alkyl, phenyl or

.Jayer, al kyl phenyl. Rl to R18 each independently
CR™RepResenf@ 1056 aPRy[FeRpiRsfftesy ®yi the cgroup (Ad)
whedl¥l.phenyl . Further preferred conpounds of fornula I

I nclude those wherein : A and B both represent -CH2-

or C2H4, particularly CH2; K, D, Z and E each

i ndependent | y.represent hydrogen, G -C alkyl phenyl or
ad gl AR T F e alPRE Ay CRisTRaRYs SRS fiied
adakBhtyher: JodiSgt s PRMBa@dbedl ; bOhatMo el the fBosdadMis

Z together with the carbon atons of the aryl ring to
atoghieln t ARy &€ R athed tRELARAN (AFSNST | 2ueed, phBrylsaid

Ling; ,F{-&Léfa | e n repr t it
°p t&IOE% IlRlSSl%}ls)? ut??ﬁgr I'b%gglg e?ggdglgénpounxgé?%f SfCgl 53 rsrir:tuﬁq—“él(%nts
selientlkeddef tdwskydhegenn: 1Rvetro sRK3/1ar ehdhe, sagyanand reacto,

fepresent s, Ci to Calkyl, panticul aply, methyl . Still,
OR f'urt%(_ifo)pl?'ef er Fég)l?orrpoﬁ@ Dt fortiI & 1 | r%%/%)&éRt hoSe -
c(sWReTEr N Kr?” Dor Z @psh dr%r e gachporaepqreertr?yf groups

sel ected fromthe group consisting of hydrzogen or Ci
attpghedal kyl , ep&reircuPar | Hoher@ eadell/ofr KQ*. D ¢rz @nd @£
pre%%ﬁ%?%entf5ﬂﬁ an optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]decyl group (also termed a 2-
phospha-adamantyl group  (2-PA-group)) or derivative
thereof as more particularly defined hereinafter, or form

a ring system of formula

M H
R@H l R54
Ra0 R53
R51 Rs52

wherein
R*, and R, each independently represent hydrogen, lower

alkyl or arvyl;

R*® to R®, when present, each independently represent

hydrogen, lower alkyl, arvl or Het; and

Y represents oxygen, sulfur or N-R”; and R*®, when

present, represents hydrogen, lower alkyl or aryl.

In this embodiment, formula I may be represented as:
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same group, especially where each of K, D, Z and E

represent hydrogen,- or K represents -CH2-@ (CR13 (R
wa29070831% )) CR16 (R17)(R18) and D, Z and E aP&T/6&eiv6/002915

i ndependently selected fromthe group consisting of

hydrogen or Ci to C al kyl, %gartlcularly where both D

and E represent the sane gr especially where D, Z

and E represent hydrogen. EspeC|aIIy preferred

specific conmpounds of fornmula | include those mherein

each A fierRig:di) st represgnts nethyl;
and B are t he sarr% gﬁdé@@r es@'}rtze) Q Adiku (C@)RzRi )-and
E are the sane and represent hydrogen. In a stil

rther emyodi ment, at |east one RYR2) group
Whe £AEn & 1t $ QB ankii Br %Zanii &, QE?&RQ?% aIGR4cE€5,R€and R! to

thFafBF@s aeERhAR1 HR1-2 ; be_ resent ed by
the group (Ad) V\,herel r%’n: eacseht}{%aeg)&e 1y » B and z
maVeprr@@é-”rﬁseéW optqrﬁldlAl@)ws‘oGB?t(lRtlﬁ)ted5a,ganaﬂgy,lea@r 0f —J-
p@fqﬂgrg Yir1b al a he phosphor ous atom vi a
(gngs)o |f‘gélger(%{b§ @anr 24 oh%, 2% eekined above,
optlonal substltutlon bei ng by one or nore

% pstl ts sglected from hydrogen, |ower alkyl,
{PEOVERRY Chet &) R 202 T{O) R2L |
T (D) ORED 1 HR23 ) ) RR5R26 , SR27
or C(O éRZ? ; Fig%%}’hg%@ é%%&z%%?%u%g attached to
W &iXher rlb@thCn and/ or @, @ (if present) , form

an optionally substituted 2- phosphatrlcyclo[ 3.3
.1.1(3 ,7}] decyl group (also terned a 2- pho epha-

In saddahigh gpouhe( DriAgeUP)enbddindeldy At dVert o R, o'
to Q°, A, B, J (when present), K, D, E or Z, R to RrR?,
noted hereinbefore, all of which equally apply to the
present embodiment where at least one (Ad) group is

Present, the following also applies.

Further preferred compounds of formula I include those

wherein:
A and B both represent -CH,- or ~CaHy-, particularly -CHy—;

K, D, Z and E each independently represent hydrogen, C;-Cg
alkyl phenyl or Ci-Cs alkyl or -J-Q®(ad),(cR™ (rRY) (R™))
where J is the same as A; or two of K, D, E and 7 together
with the carbon atoms of the aryl ring to which they are

attached form an unsubstituted phenyl ring;

R" to R}, R’ to R%, and R® to R™ (when present) each
independently represent C; to Cs alkyl, and the total
number of (Ad) groups attached to 0! and Q* is 2 3, i.e. s
+U 23, and Wand X = 0, 1 or 2.
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thereof as nore particularly defined hereinafter, or
forma ring systemof fornmula wherein R49 , and R54 ,
we@awh/ozeaependent |y represent hydrogen, | ower BCRGB2@6/002915

aryl ; RS0 to R53 , when present, each independently
represent hydrogen, |ower alkyl, aryl or Het; and Y
represents oxygen, sulfur o3 N-R55 ; and R55, when
present, represents hydrogen, |lower alkyl or aryl. In
this enbodi nent, fornula I nay be represented as: (Ad)

g?;gsﬁg%'ppf erﬁg%) pom Eu th &Agr@(a aﬁd lude
thared RhdreiR27 are as defined here|nbefore except t hat

K, D, Eand Z may represent -J-B (Ad) w (CR13 (R

14) (R15 x instead of -JQ8 (CR13 (R 14)(R 15) )CR16 (R

1170 R3l8)and, Adoi S fined,@ab L
R pr?:)gv?%led 1taha{tglo Sg Sdna 193 'F% % o(mf Isgi‘2 %é%) dag %he
sateat alfid+ &&aci3; I\M:Sl:e%n:tso Cil wr 2. Ellk\ﬁ]jdl toartitanlarly

nepl2" ShELnse smhod) nEpLe e TR e QL L0 Gy o
andoip@di Beregnbef or eg alb pf 3which equally apply to the

present enbodi nent where at | east one (Ad) group is
present, the follow ng al so applies. Further preferred

oedampoaiinst budule.s | aphptechioss; MSER, AL uce

those wherein:

K, D, Z2 and E are each independently selected from the
group consisting of  Thydrogen or Ci to Cs alkyl,
particularly where each of X, D, Z and E represent the
same group, especially where each of X, D, Z and E

represent hydrogen; or

K represents -CHp-0°(Ad),(CRY? (R*) (R*®), and D, % and E are
each independently selected from the group consisting of
hydrogen or C; to Cs alkyl, particularly where both D and
E represent the same group, especially where D, Z and E

represent hydrogen, wherein W and X = 0, 1 or 2.

Especially preferred specific compounds of formula I

include those wherein:

each R' to R’, and R’ to R’ is the same and represents
methyl or the total number of (Ad) groups attached to Q!
and Q% ig 2, i.e. S + U = 2;

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

K, D, Z and E are the same and represent hydrogen.
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K, D, Z and E each independently represent hydrogen,
C -C6 al kyl phenyl or Ci1-C6 alkyl or -J-QB (Ad) w
WO BRTB23R 14 ) (R 15 )) X where J is the same asP@&I/GBOI06/002915
two of K, D, E and Z together with the carbon atons
of the aryl ring to which they are attached form an
unsubstituted phenyl ring; ﬁ?l to R3, R7 to R9, and R13
to R15 (when present) each _independently represent C
EspgcEslaVkyPreffgrefle EBESE T AGNDEPTBPURAR) §Foufermula I

; h ad - SR - Uz 3., ,8n
inGlhACIEAREE fhoResn s Beinimsl D BrorFedzcafpsitasane
rositionniha dadnclasde t hosefehareinS R1 U @riB,URY 1p RBre

apnd t o R15.(when esent) are the sane and each
or8BCrahint S50T Pobtl U Evl OharirEuraErS: mBoRD| pratgrably
s &he tobal wAsebeh of i 6AdheghoMBErabtaghgy HooRbsaBdrRned
e. S+U>3. Still further preferred

is, 3, 1.

to c@npuithds ¥ e mHEber iafcl Udb rssmsiRdtt@che to D,
Z and E are each independently selected fromthe group
consi sting of hydrogen or Ci to C6 al kyl,

Speatficulard ynwhel tmieathgofedémples Jfand demrtefiesenands

. the sane .grou especi al 1y, ere each of .. D, Z and
WlgiRoy h%‘a]PfBég ?ngr KLY enttge- Cl-é](%?"(%’ wl2
bié %dérﬁaﬂé%lﬁl&ééﬁ%n@rﬂé‘tl%l ) Be@REh &, arq eachpig (gi-3,5-

_i ndependent sel ected fromthe group consisting of
Qi g e DGR BRR Y | DR SRR RGP Ll o urae | y vhér e BosHab-5-

w20 B SEREL | o SER U SoGEELALLY WO D) 2
adamantyl, tert-butyl-phosphinomethyl)benzene, 1-
(diadamantylphosphinomethyl) -2~ (di~tert-
butyvlphosphinomethyl)benzene, 1-(di-tert-
butylphosphinomethyl)-2-
(dicongressylphosphinomethyl)benzene, 1-(di-tert-
butylphosphinomethyl) -2~ (phospha-adamantyl-pP-~
methyl)benzene, 1-(diadamantylphosphinomethyl)-2- (phospha-
adamantyl-P-methyl)benzene, 1-(tert-
butyladamantylphosphinomethyl) -2- (di-
adamantylphosphinomethyl)benzene and 1-[(P-(2,2,6,6,-
tetra-methylphosphinan~4-one)phosphinomethyl) ]-2- (phospha-
adamantyl-P-methyl)benzene, wherein “phospha-adamantyl” is
selected from 2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxadamantyl, 2-phospha-1,3,5-trimethyl-6,9,10
trioxadamantyl, 2-phospha-1, 3,5, 7-tetra (trifluoromethyl) -
6,9,10-trioxadamantyl or 2-phospha-1,3,5-
tri(trifluoromethyl)-6,9,10-trioxadamantyl. Nevertheless,
the skilled person in the art would appreciate that other
bidentate ligands can be envisaged without departing from

the scope of the invention.
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Especially preferred specific conmpounds of fornula I
i ncl ude those wherein: each RlL to R3, and R7 to RO is

wo b@7920329 and represents nethyl or the total nREEB2@H/002915

(Ad) groups attached to QL and Q@ is 2, i.e. S+ U=

2 ; Aand B are the same angd represent -CH - ; K, D

Z and E are the sane and represent hydrogen. Especially

referred ecific co unds of formula | include
Ir{)hgsey ergﬁﬁ%h T seﬁ“%?ﬁéfae%' Q Fher R3dantaee samhosphine
ligesid ii@n dfn eaehaqaserninef qrakhy S 1 and U 1, nore

preferably, S =2 and U1l or vice versa, nost

preferably S U= 2, wherein Sis the nunber of (Ad)

groups attached to @ and U is the nunber of (Ad)

groups attached to QL . Specific but non-limting

exanpl es of bidentate |igandg4wi thin this enbodi nent

include the following: 1,2 bﬁsl__

(di adamant yl phosphi nonet kyl ) nzé¢he, 1,2 bis(di-3,5-

di met hyl adamant yl phosphi nonet hyl ) benzene, 1,2

bi s(di-5- tert-butyhada tylphosphi nonmet hyl ) benzene,

1,2 bis ( 1- adamanty t - but yl - phosphi nonet hyl)

benzene, 1- (di adamant sphi noget hyl ) - 2-

(di -tertbutyl phosphin ) benzene,

| - (di -t ertbutyl phosphi nopret Hg—)Q2-

(di congr essyl phosphi ng yl) beﬁégne, 1-

(di-tertbutylphospQL omet hyl )-2-

(phospha- adamant yl - hyl) benzene, 1-

(diadanantylphosphinone(mgl) -2- (phosphaadamant yl -

P- met hyl ) benzene, n

| - (tertbutyl adamant yl ghisphi nonmet hyl ) -2- (di

wherein:

A; and A,, and Az, 24 and As (when present), each

independently represent lower alkylene;

K' is selected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, mnitro, -ORY’,
OC(0)R*®, -C(0)R*™, -C(0)OR®, -N(R®)R™, -C(0)N(R?®)R®,
c(s) (R*)R*®, -SR*, -C(0)SR*, -CF; or -A;-Q%(X5)xS;
D' is selected from the group comnsisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, nitro, -OR?,
OC(O)R*, -C(0)R*™, -C(0)OR*, -N(R®)R*, -C(0)N(R25)R?,
C(S) (R*)R*®, -SrR*, -C(0)SR*, -CF; or —A,—Q*(x")x®;

E' is selected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, nitro, -OR!?,
OC(0)R*®, -C(0)R*, -C(0)OR*, -N(R®)R™, -C(0)N(R®®)R2S,
C(s) (R)R*, -SR*®, -C(0)SR®®, -CF; or -As-0°(x°)x°;

7
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adamant yl phosphi nonet hyl )benzene and 1- [{P- (2,2
, 6,6,- tetra-nethyl phosphi nan-4-one) phosphi nonet hyl)
w0 2@7/0t@EBmMsphaadamant yl - P-net hyl ) benzene, WhBCEGB2006/002915
"phospha- adamantyl " is selected from 2-phospha-1, 3 ,5
, 7-tetramethyl -6, 9 , 10- tgﬁpxadanantyl, 2- phospha- 1,
3,5-trinethyl-6, 9,10 trioxadamantyl, 2-phospha-I,
3,5, 7-tetra (trifluoronethyl) - 6 ,9 ,10-trioxa danan
tyl or 2-phospha-l, 3 ,5- tri (trifluoronmethyl) -6,9,
ortold] Bxagﬁ@a'ﬁlyltogé&‘@”‘pf £5¥ne! Rl | £0RET 30N che
e art woul d appreciate that other entate
cyldl@@]@dﬁa&h@ri}d emng agedwhilthouthedepare | agtéchedt Herm an
cope invention.ln et further enbodi nment,
Opt%ﬁé?%ﬁilg ér]?) tdﬁ&ﬁ:&cﬁ RESYdakd™®s of -general formula
(rrr). wherein : i and A2, and A3, A4 and A5 (when

,present), each i pendently represent |ower alkyl
X enéePKQSE§t§eI§8?6§ thwth@oggﬁﬁﬁsibnspgt|®@a@@ntyl x?

PR b0 g GR T o BRI ™ ana

X ) Rpethd® (@) hh( @225t)cR26'h;Lch Cﬁ(k&)y ( Rré? JR2R-hed SR29m, an
R 30, -CF3 or -AS3- X 5)X6; D1 is select
Opft%ﬁzatsﬁjréf group consi st PHESbt thyatogen, |ower al%iR %Ospha‘

cldw_l@t 3 |1a|1Q‘3 wa}@@cymt Pou SpQ%].EQ de@(r@fﬁvgo thereof,
O)R2 C(OOR 22 , -C(ON (R 25
6 and X{ Syogggtlgqn; RS th- SRogo wl’@(c@ SEhep areCRstgched

il Dltienfbel SIGHAC! 9, om the aroup

COI’]SI stl ower "a aryl, Het, hal o,
cyano, nltro CR19 , OC(OR, 20 , C(O)R,Zl ,
-C(OOR 22 ,
Y1
R49H | H R54
R%— R53
Rs51 R52

(llla)
x® represents CR’(R®) (R’), congressyl or adamantyl, Xx*
represents CRY(R™) (R*), congressyl or adamantyl, or X°
and X! together with O to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]decyl group or derivative thereof,
or X’ and X! together with Q' to which they are attached
form a ring system of formula IITIb
e

R49H H H RS54

R R53
Q
R51 R52

(Illb)



10

15

20

cS) (R27)R28 , -SR29 , -C(OSR 30 , -CF3 or -A5-(b

(X 9)X10 ;or both D1 and E1 together with the carbon
wat@n®2379 t he cycl opentadi enyl ring to which tPEyGRE@®6/002915

attached form an optionally substituted phenyl ring:

X1 represents CRL (R 2)(R 3), congressyl or adamantyl,

X2 represents CR4 (R5 (R 6) , congressyl or

Sa%ﬁlg @I t oget her i ch they
*are attaécrhed For gglt onar 3 Eeﬁﬁﬁ:’fh]rtlﬁredaggmantyl x°

reprphespbatcr€yrll [188),3 Cbl’lgié@syz }dHe@an@iA4n O or x5
%ﬁr kvative thereof, or X1 and X2 together with Q2 to

anghXchteHByhar eWéFFa@heElof‘@]f‘hﬁﬂé Ehay syst attafrhedr foka an
Ehbaathlia) X3 represegt 8) (R 9), congres

o agarrgntyl X4 represents d‘él%(Rll Y(R 12 ) 22 %%Spha‘

trgongiessyB. or léaaﬁﬁmﬂytylorgﬁ&lganer@émg&tt’fWe Wicher@bf,

whi ch téh attac ed fo tignally
i ut}%d 29 ep%a‘t”r?%yi?l oE?sw SC% thgs, al?ﬂ}] agsaghed

fogmoupr@ﬁgdgy'st@ﬁﬂ ye Ebenelh, 1PfcX3 and X4 together

wth QL to which they are attached forma ring system

of formula | HbX5 represefits CR13 (R14 )(R 15),

congressyl or adamapiMl, || X64represents CRL5 (R 17)(R

18), congressyl or | -Rét X5 and X6 toget her
wth @ to which they jare

ttached form an optionally
substituted 2-phodpifaticic ped -3 .1 .1{3, 7}]decyl
group or derivative ther@of or X5 and X6 t oget her
with @B to which thegslare atR®ched forma ring system
of formula Illc X7 reprﬁﬁse%nts CR31 (R 32 )(R 33 ),

congressyl or adamantyl} X8 represents CR34 (R 35 )(R
x7 36¢pregbgesssytor>BAMIBN Vlcor@hXéyvl  or adamantyl, Xx8&

represents CR(R*) (R*®), congressyl or adamantyl, or X’

and X® together with 0* to which they are attached form an
optionally substituted 2-phospha-
tricyclo(3.3.1.1{3,7}]decyl group or derivative thereof,
or X’ and x® together with Q* to which they are attached

form a ring system of formula ITId

Y4

R5! R52

(11ld)
x? represents CR(R®®) (R*°), congressyl or adamantyl, x°
represents CR‘(R*) (R*), congressyl or adamantyl, or X°

and X'° together with Q° to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1.{3,7}1decyl group or derivative 4thereof,
or x° and x'° together with 0° to which they are attached

form a ring system of formula IITe



10

15

20

25

and X8 together with Q4 to which they are attached
forman optionally substituted 2-phosphatricyclo[ 3 .3
WO 200103379 }]decyl group or derivative thereof PCDGBXW6/002915
and X8 together with Q4 to which they are attached
forma ring systemof fornu H d X9 represents CR37
(R 38) (R 39), congressyl or adamantyl, X10 represents
CR40 (R 41 )(R 42), congressyl or adamantyl, or X9 and
X10 together with @ to ich they are attached form
an optional ly substjijglt ed) 24phosphatricyclof 3 .3 .1
1. (3 ,7}] decyl dh R¥fative thereof, or X9
and X10 together with to/ which they are att ached
forma ring systemRSf Ree(Me) and in this yet
further enbodi nent, , and @3, &4 and @ (when
present) , each indef®hdent| 5% epresent phosphorus,
arsenic or antinmony; Mr resents a Goup VIBor VIIIB
metal or netal cation tﬁgfé L i represents an
optionally substituted cyclopentadienyl i ndenyl or
aryl Qup; L2 represents one or nore Ilgands each of
anghildh 1@ Yﬁﬂéé@ﬁ&@ﬁﬁlﬁmé@ﬁemeed from hydr ogen, | ower
otal t kyl ar aI 4 4 R44 )R45 or. N(R
46%%%R gf )R48 tg‘) RL and(‘% %’%%42 SRR ) - - each
ingepeadientdac hrepmdaepzemd ehbkphbepsesaptehy er @ge amh%ﬁg,
al kyl, aryl, halo or Het; R19 to R30 and R43 to R48,
when present, each |ndependently represent hydrogen,

M lrewefesiintd ,aatybufl VI8 jor VIIIB metal or metal cation

thereof;

Ly represents an optionally substituted cyclopentadienyl,

indenyl or aryl group;

L2 represents one or more ligands each of which are
independently selected from hydrogen, lower alkyl,
alkylaryl, halo, CO, P(R*) (R*)R* or N(R%) (RY)R%;

1 18 31 42
R* to R and R to R, when present, each independently

represent hydrogen, lower alkyl, aryl, halo or Het;

19 30 43
R to R and R™ to R*, when present, each independently

represent hydrogen, lower alkyl, arvl or Het;

49 54 55 :
R™, R and R, when present, each independently represent

hydrogen, lower alkyl or aryl;

50 53 :
R to R, when present, each independently represent

hydrogen, lower alkyl, aryl or Het;
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R49 , R54 and R55 , when present, each independently
represent hydrogen, |lower alkyl or aryl; R50 to R53 ,

wob@nopsesent, each i ndependently represent hyPEDGBR006/002915
| ower al kyl, aryl or Het;Yl, Y2, Y3, Y4 and Y5, when

present, each independently,4epresent oxygen, sulfur
or NR55 n=0o0or 1; and m=01to 5 ; provided that

whege n 731 e egual s, 0 , and when n equal s_0 then
“in %%esantagqggPiog.’PW@F@Td%W?S?%ta & utgdgpendently
refporamdras |dtygdren dadifuKby eprgSents -A3-Q@B (X 5)X 6
and E1 represents -A5- (X 9)X10 , then D1 represents
-AM-Q4 (X 7)X8. Preferably, in this enbodinent, RL to
n RLY ay3d 1IR31 to R42 , when present, each independently
represent hydrogen, optionally substituted Cto C6
al kyl, C -C6 al kyl phenyl (wherein the phenyl group is
ptiang | ubstituted as defined herein) ,
an?ru Fugiéﬁ%?hyl or phenyl (wherein the phenyl group is
optionally substituted as defined herein) . Even nore
referably, RlL to R18 and R31 to R42 , when present,
Prgé(&ﬁleﬂqd hd&HEFY Refr esefhemydrogemale i 0t 0 808 when n

eqabk¥l 0 Whiceh i goQRt ihgRalkly guBstituted as defined
herein, trifluoronethyl or optionally substituted

phenyl . Even nore preferably, RL to R18 and R31 to R42
resent_each independently represent hydrogen,
PERRC RSt it & G abkyl | ST BHanyi L hiAGHA shoth 1
reppetisenakl y-Asup5tt™h uf ednwi th ﬁé%ré’éerg@é e_gubst b pemtS vy oy

1selected fromnon-subsgituted Ci t
represents -2,-Q°(X')X°.

Preferably, in this embodiment, R' to R!® and R¥® to R%?,
when present, each independently represent hydrogen,
optionally substituted C; to Cg alkyl, Ci~Cs alkyl phenyl
(wherein the phenyl group is optionally substituted as
defined herein), trifluoromethyl or phenyl (wherein the
phenyl group is optionally substituted as defined herein) .
Even more preferably, R' to R™ and R to R%, when
bresent, each independently represent hydrogen, C; to Cg
alkyl, which is optionally substituted as defined herein,
trifluoromethyl or optionally substituted phenyl. Even
more preferably, R' to R'® and R* to R*?, when present each
independently represent hydrogen, non-substituted Ci to Cs
alkyl or phenyl which is optionally substituted with one
Or more substituents selected from non-substituted C; to
Ce alkyl or ORY where R represents hydrogen or
unsubstituted Ci to Cs alkyl. More preferably, R* to R®
and R’ to R*?, when present, each independently represent
hydrogen or non-substituted C; to Cs alkyl such as methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-
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C6 al kyl or OR19 where R19 represents hydrogen or
unsubstituted Ci to C alkyl. Mre preferably, Rl to
wWRI@7an37R31 to R42 , when present, each i ndepreieBRd0g/002915
represent hydrogen or non-substituted Ci to C6 al kyl
such as nethyl, ethyl, n- pL, ﬁpy i so-propyl, n-butyl,
iso butyl, tertbutyl, penty hexyl and cycl ohexyl,
eC|aIIy net hyl . Mbst preferably, RL to R18 and R31l
but}zs R4 DSAHBAL pr BEEHLL, %I&%hchfﬁéiébémrént | seReprakknt methyl.
n ed C t Q18 Ik kis as h yl,
MO%?p %%g??glsglprop R G%ty%' H%ggﬁtywﬂgb %%eE%%Q each
in@epéu&enhEyyke@mésemtlnbex;hbsesnacealbytﬂfuhyblkyl such
AlternatlveI¥ or addltlonally, one or nore of the |
as grBEpeY RL el RATRF 8L R7 19 R OO0 t & RIFYL/R14S0-
bu%glRl5 teB%ﬁth R18 , pBALy1 0 R3Beyy R34 59dR36cy8%hTe9<y1
or R0 to RA2 (whén present) together with t
esparbahlst vethylwhi ch they are attached |ndependently
may formcyclic al kyl structures such as 1-norbornyl

or 1-norbornadienyl . Alternatively, or additionally,
Ala@ﬁnatlvany,obrtm@dmﬁmmmalay,amidzbrF%bf@doEEth87ga@dps
R;O apd R11,, R;B and, R14, d RL7 , R3l qg

R' Féé% R3% ahd R35 R RS9 Bnd 5238"19 Ph4o Bnd FA1R(wheh

REQr %gsentt)o t gget her W'ot k3 he gear pgnat oglt g4nhigh Pg4hey(when
are attached |ndependentfy may forma cyclic alk
presentl utegetieaf evidll ytle Csarboc7atyul |t© aquxth they are

R N e R S e e L

supheaenl yneabbrhftlepentiendtyorepdesent . hydrogen | ower
al kyl, trifluoronethyl or aryl as defined above,
particularly

Alternatively, or additionally, one or more of the groups
R' and R*, R* and R, R’ and R®, R' and R, R and R, R'®
and RY, R® and R*, R* and RrR*, R¥ and R*® or R* and rR®
(when present) together with the carbon atom to which they
are attached independently may form a cyclic alkyl
structures, preferably a Cs to C; cyclic alkyl structure
such as cyclohexyl and cyclopentyl, and R®, R%, RY, R'?,
rRY®, RrR'®, Rr¥®, R*®, R¥ and R* (when present) each
independently represent hydrogen, lower alkyl,
trifluoromethyl or aryl as defined above, particularly
non-substituted C; to Cs alkyl and hydrogen, especially
non-substituted C; to Cs; alkyl.

In an especially preferred embodiment, each of R' to R
and R to R*?, when present, do not represent hydrogen.
Suitably, such an arrangement means Ql, QZ, Q3, Q4 and Q5
are bonded to a carbon atom of X' to x'°, respectively,

which bears no hydrogen atoms.
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non-substituted Ci to C al kyl and hydrogen,
especially non-substituted Ci to C6 alkyl. In an

wespaor@ldy preferred enbodi nent, each of Rl tPCRGB2@66102915
R31 to R42 , when present, do not represent hydrogen.
Sui tably, such an arrangenment means QA, @, B, &4 and
B are bonded to a carbon atom of X1 to X10,

respecti vel i ch.bears no, hydr
Praf BReDHY ef Xab}%a R RR§ R G, Rhs Rme” mae R
t e r
(ngﬁe s sfﬁ?uen?ggémgg ned eréﬁﬁ %éﬁ? Eg{ égﬁhﬁ%Q?,as
deRlded REZeinR3R?, B35, R238Rahd RYL (BWlenrpteseit,) r3® and

41_e c epresent t he sane substituent as defined herein
olihes Prapei Rt I Dhe Set GaBUbC kBSUGRE 2o
deBﬂﬁeé\/\/ﬁ@@eaheS%lﬂd R’ eagh rgpr qﬁ@nt Rt“he RenMe g3  g36 g3

subst | tuent as defined herein. Mre preferably R1, R4,
angy, (Raen | Rresenigdl , |sgh, R.asperAo (t\msn same

h ents G
i rtags! % cpoh dspresen e SRRy w,
Rloljretih’;fll,, ch6hy| R*n- prifpyl R*1 sengr (fp‘ﬂ?l W’hekmt )ﬁresent) each
i so-butyl, tert- butyl ent yl I or c hexyl , or
re}??‘?gfell'lﬁord:rﬁefhyl (I%{g' GR% a:Hi fy ar % 2 non-
subSPi ru 88 @Edcﬁﬁllw‘i‘ensﬁﬁ*ﬁs Rt Jme ' é‘@l@;@f ndﬁnblr}épyl

represent the sane G -C alk as de |ned above
lscprprombr onebnywl,aﬁ@OR@utyﬁs Ret Ayl Rmentms hexyl

or Rgtéjcloﬁ% X{Ll,s%% %QQf%ﬁ%r%ﬁ@%ﬂX re%?,n& N lcf.gll R, RY,

represent t
”defRﬁed.Bﬁov&mdom#frl&dkﬁmrpﬂééhyt), Eﬁﬂﬁexaﬁﬁb@enaénxly

repEpt BSbnt LBt hTICROL TS, ROLIRI105 ROATARGORIoEREn  OF
trifpugﬁgﬁétﬁyhylahﬂh@ﬁ présent) ; r8Nd,RIR3, RS, ¥, RIZ , g3
ande Rgl " wgérsl (pvg]esent) , each independently represent the
same C;-Cs alkyl as defined above, or trifluoromethyl. For
example: RY, R* R’, R, RY¥® and R (when present) each
represent methyl; R?, R®, R®, R', R' and R' each represent
ethyl (when present); and, R®, R®, R’, R'?, R' and R'® (when

present) each represent n-butyl or n-pentyl.

In an especially preferred embodiment each R' to R'® and
R to R* group (when present) represents the same
substituent as defined herein. Preferably, each R' to R
and R* to R* group represents the same C; to Cs alkyl
group, particularly non-substituted C;-Cs alkyl, such as
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
tert-butyl, pentvyl, hexyl and cyclohexyl, or
trifluoromethyl. Most preferably, each R! to R and R* to
R*? group represents non-substituted C;-C¢ alkyl,

particularly methyl.
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present) each represent n-butyl or n-pentyl . In an

especially preferred enbodi nent each RL to R18 and R31
WO 200RO230Y oup (when present) represents the saP€Il/GB2006/002915

substituent as defined herein. Preferably, each Rl to

R18 and R31 to R42 group repyesents the same Ci to C6

al kyl group, particularly non-substituted C -Cg al kyI

such as et h ropyl, iso-propyl, n-buty
Th&ot SEFlylaéq%Wt &’h"enpe‘g‘i?ﬁ) hggRyP dﬁ%aﬁcpahe@@qamantyl

ngJu I iyfhildgor apet h}éle BosdeRr efSraply, QEﬁClag: 0°,
R31 to R42 group represents non- stbstitlte -
reamqntl i cul ar 140 net hyIpOSm@_cuIerm adalmntyl Q\'hen 2.

ed -here nt. ro
T S o > B P s e Bt S i for an
ade@sidtyan lgebug,. Tuinedist 3 o3, . 1Qi {3*7}1] QﬁCWaﬂxé 0°,
the systematic nane for an adanant });hegroup, suitably

regPeiivedy, Qihdahd RS, Pressect el $hena) broBbhbed tor 2

J- 2 1
potsflec JOIPOSbEI O%Ifa}r] d%gsf'tgmgpgf eLors b}wl %lw P@écyl

gremwsqs P@fandb@f,, viblenapde<¥nt am@ l@énd@f tand Q°, when
terti ary ga bo one _or re adanan
PrERTHI y° %te%lf %%ar?an?%%lg‘—’f%p(:%%%%sgjrﬁsgne or more
adam&uhgtuttgxeﬂl;@anmu:y&am@ anghd®?, el Qarkdh@nd Group
when present are preferably bonded tq the 1 position,
represTE ey WorePt i Eyeed gdagantvliy (@', AYd qRoylaufodps Q°
arlg 0ot NEnEAY DORCLAM Oéréh%égé‘%i’ BoRBeAS Nohe 1
hydrogen atom T e adamant gr oup optional Iy
posdrprorsef est des more tricyclo[3.3.1. 1{3 7}1decyl groups
i.e. the carbon atom of the adamantyl group bears no

hydrogen atom.

The adamantyl group may optionally comprise, besides

hydrogen atoms, one or more substituents selected from

lower alkyl, -ORY, -0C(0)R?*®, halo, nitro, -C(0)R%*,
~-C (0) OR??, cyano, aryl, -N(R?})R?*, -C (0)N(R?*®)R?S,
~C(8) (R*)R*®,  -CF;, -P(R*)R’", -PO(R®®) (R*), -PO3H;,

-PO(OR®?) (OR®!), or -SOsR®?, wherein R'Y, R?°, R?', R??, R%3,
R*, RrR*, R?*, R?, R*®, lower alkyl, cyano and aryl are as
defined herein and R®® to R®2 each independently represent

hydrogen, lower alkyl, aryl or Het.

Suitably, when the adamantyl group is substituted with one
or more substituents as defined above, highly preferred
substituents include unsubstituted C; to Cgs alkyl, -OR?,

0C(0)R*®, phenyl, -C(0)OR**, fluoro, -SOsH, -N(R®)R*,
-P(R*®*)R?, -C(O)N(R*)R*® and -PO(R®®) (R*°), -CF;, wherein RY®
represents hydrogen, unsubstituted C;-Cg alkyl or phenyl,

R??, R*?, RrR*, R*, R*, R?*® each independently represent
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hydrogen atons, one or nore substituents selected from
| ower alkyl, -OR19 , -OC(OR 20, halo, nitro, -C(OR

W@12007/0203(0) OR 22 , cyano, aryl , -N(R23 )R24 ,PETGB2006/002915

(ON(R25)R26, -C(S) (R 27 )R28 , -CF3, -P(R56)R57 ,
-PO (R 58) (R59), -POBH2, 3PO(OR 60) (OR61 ), or - SCBR62
, wherein R19 , RO, R1°, R22 , R3, R4, R25 ,

1
R26 , R27 | 8, .l ower kyl , ano apg arylsare as
By ARaS P e Ao PSP Shid HEE 13- R 22 Lheh. | Boptnabin] R° cach
indE8Ehesealy hy g entonainalkW i cfad ot Hel .alkyl or
Sui tably, when the adanmantyl group is substltute W th

rhegyié-or nore substituents as defined above, highly
preferred substituents include unsubstituted Cto C8
al kyl, -OR19 , - OC(OR 20, phenyl, -C(OOR 22 ,

Suithbbyp, tBEBHadandrRyA3 )RAD -R(R 56o)Rbise, - ChO:NERs
25 )R26 and -PO (R 58) (R 59 wherei n, R1

, -CF3, . 9
hydy e@pRs &8 Sny didgéR, S%B%%%%Elﬁ%t%i 26s ridpedr above,
prePBEM¥ly RED toR22 suB2BituRRls. F25qerRRB4ea8hhve, _m%e

i ndependent |y represent hydrogen or unsubstituted G -
prefeékygbly R56D0t 0 tRE3 3 R5B8bsadhuenteperdentdgfirgd esahvve.

. bhstit d G -Cs alkyl aor phenyl .. Suitably, the.
st o P U S Rl BEDb e comtlr S8 abBRices
hyddpgén 18tsmbsti buent srasmdeéi ngdbabdveenpsef esabblgfiiped

tp 5 substituents as defined_abqve, nore preferably u
hereyng s%’é@f?ﬁ‘@ﬂilﬁ aLHEt | nSYLRIREeSy t &5y, l%ﬁé‘ﬁlf:ﬁg-

PreROAPBAT Wurdi QW AP 4 58S unkePs¢8s kel 0geit atoNg,1 ORgg
or nore substituents as defined herein, preferably

trithepremdshyl uenparsifdbarival unfiles ot reded ubStiGsueni syl
re_uns ituted G- | ky i fluor hyl ,
sucﬁ Fg #gﬁkyﬁ. h#%héki(%qéigééi%l ggaﬁgﬁgyy group

parti cul ar unsubsti
comprises hydrogen atomg only i.e. the adamantyl group is

not substituted.

Preferably, when more than one adamantyl group 1is present
in a compound of formula IITI, each adamantyl group is

identical.

By the term 2-phospha-tricyclo[3.3.1.1.{3,7}]decyl group
we mean a 2-phospha-adamantyl group formed by the
combination of X' and X? together with 0* to which they are
attached, a 2-phospha-adamantyl group formed by the
combination of X* and X* together with Q! to which they are
attached, a 2-phospha-adamantyl group formed by the
combination of X° and X° together with Q° to which they are
attached, a 2-phospha-adamantyl group formed Dby the
combination of X’ and X® together with Q% to which they are
attached and a 2-phospha-adamantyl group formed by the
combination of X’ and X'° together with Q° to which they

are attached, wherein 0%, 072, 0%, 0% and @Q° is in the 2-



such as nethyl . A highly preferred adamantyl group
conpri ses hydrogen atons only i.e. the adamantyl group
w0 20002033ubst i tuted. Preferably, when nore thaPCDG82006/002915
adamantyl group is present in a conpound of fornula
11, each adamantyl group 53 identical. By the term
2-phospha-tricyclo[3 .3 .11 .{3 ,7 }]decyl group we
nmean a 2- phospha- adanantyl group f or med by the
pogbhbprat¢Hn Wie Xadapankylt ogeoter off t Whdeht ol whiftdrms an

ok E¥RE Dol AL o 53 And s (BgoLhr W th GfTERsenes

phmbphbrhbey are attached, a 2-phospha-adamantyl group
formed by the conbination of X5 and X6 together wth
@B to which they are attached, a 2-phospha-adamantyl

ThEr QUBhBQFHEd twcyagocz@n@ nayi gy 96 ] éch}mdg%%uboq%&%&red

ey are attach

t02 @&oébﬂ&xad&mmmﬁﬂmQﬁtnk)t@bned1h@r¢h@)c®nnin@DU$®nwlly
X9 and O t e%hgr w%t agb t o whi the¥ areb e c
colPr S8R e b oah B o e Yehp a RS  Jiten 4 (BOFe” Fbefd tuents

Su2e@Bsbt i QR theradANBDhyl 1 gE OUR TRk arhi Glbd ¢ 1 £06HBs an as
|ntegral part and each of and

def &pp s@rﬁr§l§hd§bhﬁ?%@60tTﬁg%cﬁﬁﬁ%ﬂﬂ%ﬁey@?@%% Highly
pra%e%reé3€ (f%%ﬁde :§uEn&iﬁ&§rﬁ%%é¥)§E%% ngﬁf&lcularly

ospha-adamantyl group herein) may o
unsohptmsetede5|déhhﬁdroge@law@ns onsszc it By methyl,

substitue Sui tabl e substituents |ncl%g
trd R RDFPIBRRE L as it nOPFET S 1 s Bt SRELHEL berein
pagdaganbyhvoreupubs H gt yda preef-er r ed isubsbict UgRYS, and  4-
iinclude | ower alkyl, particularly
dodecylphenyl. When the 2-phosgpha-adamantyl group includes
more than one substituent, preferably each substituent is

identical.

Preferably, the 2-phospha-adamantyl group is substituted
on one or more of the 1, 3, 5 or 7 positions with a
substituent as defined herein. More preferably, the 2-
phospha-adamantyl group is substituted on each of the 1, 3
and 5 positions. Suitably, such an arrangement means the
phosphorous atom of the 2-phospha-adamantyl group is
bonded to carbon atoms in the adamantyl skeleton having no
hydrogen atoms. Most preferably, the 2-phospha-adamantyl
group i1is substituted on each of the 1, 3, 5 and 7
positions. When the 2-phospha-adamantyl group includes
more than 1 substituent preferably each substituent is
identical. Especially preferred substituents are
unsubstituted C1—-Cg alkyl and trifluoromethyl,
particularly unsubstituted C;-Cg alkyl such as methyl.
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unsubstituted C -Cs al kyl, especially methyl, trif
| uoronmet hyl, -OR19 wherein R19 is as defined herein

w@anovizasiar |y unsubstituted G -C8 al kyl or ar yPCT/aB004/002915

dodecyl phenyl . Wen the 2-phospha-adamantyl group
i ncl udes nore than one sulzstituent, preferably each
substituent is identical. Preferably, the

o gBRDE, ST G S BB G Hctuces

adas b shiatlu erit ea® adelisn e d thesreivhanViihe P-efersatlotodshe tdbm,

. phospha-adamantyl_group_is substituted, on each of the

in jthe 323pf05PPgsPAPBRE LY Sui el gL o5 uchuahalt Pafgihidnional

net@RaR% oide PROsRNOr gusgahomf L rRiPhesaha; adamantiily
group is bonded to carbon atons i'n the adamantyl

oxyglsl eronmBavi Hgrao pyefegenlat onshe Misthosaher-aganantyl

groglgetjﬁ% *{Pd?é’%haaﬁgag‘%gt 'ﬁ;ﬁ‘%@ﬁ#@:ﬁ#ﬁ%&gtgxﬂs €38N the

6, 29phasphat@dayewittilorgy oupviencl ndes npreféhapiyt, the 2-
substituent preferably, each_substituent is identical.
prhogphacrSpmpnsydf FHRWP stitctideRntd afeithsupdt hqiapatom

in @a&d Bekwnang, try foh4oRg loid@d Ui gylarl bly,
a unasu st }Et uted G - %I gyl gﬁ% lasl nmet hyfl. Pr efﬂeéfrea ﬁrya, Y
whethetlZe pRBosplharadamdatrphtydoupraure| idedudddi tivgnabr more

het.er oat o ot her than the 2-phosphorous _atom..in
aad e OO O e G o ¢ bR et e A sty
skehetengat ogachncl affle axygenaasdtsohphur B©EBoatoms are
especial |y oxygen atons. Mre prefer abl%;}o t he

1depLaRgdphafadafeiMSA Ggridup AGRAYEES orfe THCSRiGe adamantyl

gro%gc,“ tenah ?r%?ﬁrQ%EQHﬁaii‘yt% 6ubdc PAGcd8 RASH 1 8RS or
ven nore preferably, the 2-

more substituents as defined herein, includes an oxygen

atom 1in each of the 6, 9 and 10 positions of the 2-

phospha-adamantyl skeleton.

Highly preferred 2-phospha-adamantyl groups as defined
herein include 2-phospha-1,3,5,7-tetramethyl~-6,9,10-
trioxadamantyl group, 2-phospha-1,3,5-trimethyl~6,9,10-
trioxadamantyl group, 2-phospha-1,3,5,7-
tetra(trifluoromethyl)-6,9,10-trioxadamantyl group, and 2-
phospha-1,3,5-tri(trifluoromethyl)-6,9,10~trioxadamantyl

group. Most  preferably, the 2-phospha-adamantyl is
selected from 2-phospha-~1,3,5, 7-tetramethyl-6,9,10-
trioxadamantyl group oxr 2-phospa-1,3,5,-trimethyl-6,9,10-

trioxadamantyl group.

Preferably, when more than one 2-phospha-adamantyl group
is present in a compound of formula III, each 2-phospha-

adamantyl group is identical.
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phospha- adamantyl group includes an additiona
heteroatomin each of the 6 , 9 and 10 positions. Mbst
w@e@eeesid y, when the 2-phospha-adamantyl gr oupCT/GB2006/002915
includes two or nore additional heteroatons in the
2- phospha- adamantyl skel et @y, each of the additiona
heteroatons are identical. An especially preferred

The- Phosihas adaaemﬁht%ﬂup oshi chogmy optignal I Y %%odspha-

substituted with one or nore substituents as d
trh@w@ﬁ@[3|ﬁcﬂude§3aﬁ}dﬂ$g@ﬁ @K@mp"na@@dheszQWaﬂiy t® the

and OSl ions of th % ada ntyI skel et on.
9tH 5’h| ‘%f r r-8d -PHok h%fl lpsWAST8&Ri fed 1n

folenein IIIIIQ| ude 2-phosBhaxt, 3«8, 71&:86@%6%6}’@@@1%» 1‘1 e.
tri gxadamant déL group, 2- phosph -1, 3 ,5-trimethyl-6

CRER” t-1-i- GRadanant y L g EOEEULA- ghospha-1 , 3, 5, 7-
tetra(trifluoronethyl) -6, 9 ,10- trloxadanantyl group
and 2- phospha-1, 3,5-tri (trifluoronethyl) -6, 9,

Th&0- tteﬁrmxadagaasyylgmm Wosd peekenablagnd he congressyl

hos amant s selected from 2-phospha-| 5
gmfg 3<ﬁsﬂ é‘v &lﬁrﬁanwi o%aﬂ%nwmc]@rlaay e bondted
tquéhO?eﬁa lo*, 3.8 mﬁ'@%tf@épe@twgel}lo prEEQ¥ggapaNY! ang

group Eref grably, .when nore than on
2 Eﬂ@sQ a- Qdaﬁﬁﬁt@F grbep pgeﬁﬁ@§enﬁnawbpnﬂﬁﬁxmmdoné of

thEOYEHk@1%£§ Gae oﬁ pggéggaag%nagkéthggpggﬁ§syl groups.

I dentical ~The above Initron o
Suiﬁabhgsph&&nlCWhéoboﬁgréssillgpﬁﬁug7i§daﬁ¥hb§t@@ﬁted, ot
ppl es_equally t,.0 thg soup when it is present in
an$ 1l 2T wer eF RO X VASH rBFSSERE; 2% REefggably

bo%@ed-toxﬂﬁe,1L§o§§BQbﬁdo@R&B¥Rgr hofe congressyl groups.

The congressyl group may optionally comprise, beside
hydrogen atoms, one oOr more sSubstituents. Suitable
substituents include those substituents as defined herein
in respect of the adamantyl group. Highly preferred
substituents include unsubstituted C;-Cs alkyl groups,
particularly methyl, and trifluoromethyl. Most preferably,
the congressyl group is unsubstituted and comprises

hydrogen atoms only.

Preferably, when more than one congressyl group is present
in a compound of formula III, each congressyl group is

identical.

Preferably, where one or more ring systems of formula
IITa, IITIb, IIIc, IIId or IIIe are present in a compound
of formula III, R*® to R® each independently represent
lower alkyl, aryl or Het, which groups are optionally

substituted and/or terminated as defined herein. Such an
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CR1IR2R3, ... CR16R17R18 , in formula I . The term
congressyl when used herein neans a congressyl group
w@ alg0208mowWwn as di amantyl group) which nmay be POTA8A006002915

Q, @@, B, A and b respectively. Preferably, QL and
@, and B, 4 and B, when present, are bonded to one
of the tertiary carbon at om¥’ of the congressyl groups
. Suitably, when t;e %pnggessyl group is
anypnRgssEntutethnQIQand’'@ Q’an@" BndQd° and Chewhdmg system
r tn, refe ly bonded to the 1-position of
Ofgégigﬁﬂﬁ%?gﬁ%%ng?eggg?’gFgﬁBchl$ﬁ Y cohfr BoSy Pogdsish to @

caripro pidoanddar iR II8&Irdirs] da:diy.drgen A r SNS-M1y,
sfore substituents . Sujtable substituents include
Rt hod® suBsti tERAlls dfdferansiedtier ei iebresespectomfiammlly

oup. H y S ituyents i,nclude
-G8TIG SE0, SO, BESLELBS, AL MBI Sl .
aliyd .t mifdmar ooethyhal lWwbstbpt éfatabl withheirorgesswuted

oup .i. S unsupbsisi t uted ang conpri ses hydrogen atons
o LT (o SaR MiRER R SO S dm e Giees Cim
Cel alRieSer | fr af CodReechef . f ovaH! aokk! p ¥ a1y R to

f£ongressyl group is identical . Preferably, where one
R7%r S5t HieRgesysitenshief Salful SCPWp a,aHl Islefited | Memsrin,

l e -aneRkesent L d _tor 41, RS0 ta
paR5?>Ceacﬁ ?ﬁdepeﬂdgﬁ?fg9ggg§§se3%‘ISWg%;a¥%W , ﬁﬁﬁeQﬁally
melby L .whi ch groups are optionally substituted and/or

term nated as defined herein. Such anarrangenent neans

2, A, B A and 03 of the ring systemof fornula
preifegablyl, HaharesReE iotel ord Sr 9y 808ded b8 Formula TITa

to IIIe are present in a compound of formula ITII, R?*® and
R> each independently represent optionally substituted C;-
Ce alkyl, preferably non-substituted C;~-Cs alkyl, phenyl
optionally substituted with non-substituted C;-C¢ alkyl or
OR™ where R' represents non-substituted C;-C¢ alkyl,
trifluoromethyl or hydrogen. More preferably, R*® and R
represent the same group as defined herein, especially

hydrogen.

Preferably, where one or more ring systems of formula IIIa
to IITe are present in a compound of formula III, Y to Y°
are 1identical. Most preferably, each of Y' to ¥°
represents oxygen. Preferably, where more than one ring
system of formula IITa to IIIe is present in a compound of

formula IIT, each such ring system is identical.

Preferred embodiments of the present invention include

those wherein:
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carbon atom bearing a hydrogen atom Even nore
preferably, R50 to R53 each independently represent
wopio7ozsid y substituted G -C6 al kyl, preferabl pCT/GB2006/002915
non-substituted G -C6 al kyl, phenyl optionally
substituted wth non-substizxguted Cl-C6 al kyl or OR19
where R19 represents non-substituted G- C al kyl, or
1tr hyhn1 By eRs nor e,2pr ef e I 50,10 gach _,
R B o B e Gefrhea rarar ok TP 15"
repaesieotsacRy (RON(EUbsnit uf edeifie £6n e kyklo (¥pecild) | y
nmet hyl . Preferably, where one or nore ring system of
lfornula Iliato llle are present in a conmpound of
x'forsptaséhts RAR' efd (RS4, eagh independant |y, t .3
optionally §uq§tigutéd éfa C6 al kyl, prefer%éﬁ%gﬁ%§¥k X
reRgRssubst FRutRD &) cendl Kyl rephesstit © prdamab tyl ;
substituted with non- substituted C -C6 al kyl or OR19
where R19 represents non-substituted G -C6 al kyl,
x* t niddurraret hydrR'¢R> hyriogex? Moesrosehies abbyngReGkand 3
R54 regresem ghegiane grpup as defined herein,
PI YRR dGen andr &f SrebiSe el reonsiee sty vor e

teREpEET
ring systenms of fornula Ilia to llle are present in a
. compound of formula LIT, Y1 to Y5 are identical . Most

X" pFrepeeadnrys €BcfR df(R\?lltéizYSepepsgseﬁt SROKBYER®) , and X3
anfll & CLET Vet EnTREC L bIRRAARE iR Torsonad) Fren a

Tlia € is present in aco
riegchspsicdnriog shstremd s ITent icgal a PrebabEBHa-adamantyl

enbodi nents of the present invention include those
9TQHRF ei n: X1 represents CRL (R 2)(R 3) , X2 represents

CR4 (R5)(R6) , X3
X' represents CR'(R?) (R}), X? represents adamantyl, X> and
X* together with Q' to which they are attached form a ring
system of formula IIIb or a 2-phospha-adamantyl group;

X' represents CR'(R?) (R®), X® represents congressyl, X° and
x4 together with Q' to which they are attached form a ring
system of formula IIIb or a 2-phospha-adamantyl group;

X' to x* each independently represent adamantyl;

x* to xX* each independently represent congressyl;

X' and X? each independently represent adamantyl and X° and

x* each independently represent congressyl;

x' and x*® independently represent adamantyl and X? and x*

independently represent congressyl;
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represents CR7 (R 8)(R 9) and X4 represents CR10
(R11) (R12 ); X1 represents CR1 (R 2)(R 3) , X2
w0 eqresem s adamantyl, X3 represents CR7 (R 8)P&/GB2@aa02915
X4 represents adamantyl; X1 represents CRlL (R 2)(R 3)
, X2 represents congressyl ;9X3 represents CR7 (R 8) (R
9) and X4 represents congressyl X1 represents CR R2H
pres nts_ CR4 %RS) R 6) and X3 and X4
X" (ot for LABROASE 5L CH BRE} taP R PP S ied I orimbg esents
crf (1Y @y’st erraowfeépyé@eﬁt@ @RNQR p(ﬁ@@%a adanant y!|
group ; X1 represents CR1 represents
adamantyl, X3 and X4 together mrth QL to which they

i f f | I
X 23 Z‘%pﬁlﬁf@ﬂo A LI %*?erfp(rﬁsants
CR.(R% Mémrasenmé:ﬁ@mgéeeﬁwé CBé8 (ahg (¥4%1 pget her with

to which they are attached fornra ring system of
formula IHb or a 2-phospha-adamantyl group; X1 to X4

x* €868 xﬂdeﬁaeﬂeﬁateﬁtwpteﬁeegeﬂ@a%%%tﬁ F4heagly x4

i ndependent I'y Jepresent congr essyl each
tOGﬁdependenﬂierep®e$@nphad§nantqreaadtxahaddiXﬁqeaahrlng

oo bRUEOERISHE B SREN SORULERYL 080000 v

|ndependently represent congressyl X1 and X2
1|ndepepdently represent adamantyl, X3 represents CR7 .
X (3 )X(efgéepﬁrai%t%pr%@ﬁ%nquwq%ﬂ) (A X) and X
D et b Y r e c I
cogdesad XA unndepeniont vyl earasotlocangaenl i o s
SY$t€mﬂQf)foxmuéﬁdIX2blndepeachDSyhaepdementyhdgﬂaupyI,
and X3 and X4 together with QL to which they are
attached forma ring
x* and X* together with Q* to which they are attached form

a ring system of formula IIIa, and X’ and Xx* together with
Q' to which they are attached form a ring system of

formula IITIb;

x' and xX? together with Q® to which they are attached form
a 2-phospha-adamantyl group, and X* and X* together with Q'
to which they are attached form a 2-phospha-adamantyl

group;

Highly preferred embodiments of the present invention

include those wherein:

x' represents CR'(R?) (R’), X? represents CrR*(R%)(R%), x3
represents CR’(R®) (R’) and X* represents CR'Y(RM) (R!?);

2

X' represents CR'(R?*)(R’), X® represents adamantyl, X3

represents CR’(R%) (R’) and x* represents adamantyl;



10

15

20

25

30

systemof forrmula IHo or a 2-phospha-adamantyl group;

X1 and X2 i ndependently represent congressyl, and X3
wa@npa7¥do3roget her with QL to which they are atteche®#2006/002915

forma ring systemof fornmula IHo or a

2- phospha- adamant yl group, 40X1 and X2 together with Q@

to which they are attached forma ring system of

j f 3 nd to ether 'th to which
e?yare a{Jt ag% gR% lﬁt & r?{?tg %%t.ﬂraeq%llbl X
re@@e@@dté(zcmb@é‘o hef) witd €2 xtegm@yemst mgexre% 1t.ached

forma 2-phospha-adamantyl group, and X3 and X4
together with QL to which they are attached form a

xt %&B@S@Q@ha_dt ?EﬁlﬂeQ_EQyprePlflégg%l}f Q{iglfﬂgfige "t hose

enbodi nents o he present Tnvention Inc
wher ei n: Xl represents CR RRMR3) , X2 represents CR4
<t (R X3 re 9) and X4
X s SAFE REBOPRITIC Y ( KeRporehtxabnhratuhts C R
-(R 2 (R3) , X2 represents adamantyl, X3 represents
. CR7. (R 8) (R 9) and X4 represents adanantyl X1
X' aask e?éertt@%ﬂéfrre‘@)tf{ R73)E0, wki ahe fihaserae cobigresey| form

a f(fhée§y§§€rﬁt éfcﬁzr&t?ﬁ)gﬁxg) angd ggn{lﬁ&fﬁse% efher with

congr essy to X4 ea I hdéepen y repre
ok adanawhyth Xiheyo E¢Eeaabtanﬂeﬂenﬂenhlwtreﬁﬁgﬁegystem oF
059 X1 and X2 together with @ to which they
SRR

'ed forma ring systemof fornula Ilia, and
X3 and X4 together with QL to which they are attached
forma ring systemof fornula |Hb;, X1 and X2 together

X \foch X bogaiegh iy Qr dcartdched eor re attached form
a 2-phospha-adamantyl group, and X°* and x* together with Q

to which they are attached form a 2-phospha-adamantyl

group;

Preferably in a compound of formula ITI, X' is identical
to X* and x* is identical to x!. More preferably, X' is
identical to x* and X°, X’ and X’ when present, and X2 is
identical to X' and X%, x® and x'° when present. Even more
preferably, X' to X* are identical. Most preferably, X! to

x* are identical to each of X° to x'° when present.

Preferably, in the compound of formula IITI, X' and X2
represent identical substituents, X® and X' represent
identical substituents, X° and X° (when bresent) represent
identical substituents, X’ and X® (when present) represent
identical substituents, and X° and x%° (when present)

represent identical substituents.

Preferably, in a compound of formula III, K' represents -

23-0°(x°)x°, hydrogen, lower alkyl, -CF;, phenyl or lower
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a 2-phospha- adamantyl group, and X3 and X4 toget her
wth QL to which they are attached forma
wQ2phospha- adamantyl group ; Preferably in a cPepoeBa@e6/002915
of formula Ill1, X1 is identical to X3 and X2 is
identical to X4 . Mre pref§£ably, X1 is identical to
X3 and X5, X7 and X9 when present, and X2 is identica
to X4 and X6, X8 and X1Q when present. Even nore
abret ephbhy]l . XMane xareferakient | Bal reMeseptef eabdy(x°) xX°,

4 ' ' f. X6 _to X10. wh
e e BhEr b Fb e8P R O br P e e penyl,
t2XIE sl Re F1epT esent; -iadentkoal paehgti tuents, X3 and X4

represent identical substituents, X5 and X6 (when
present) represent identical substituents, X7 and X8

T« \"’Qeﬁa&rt%%%?% r&pé%ﬁf&% i &ﬁ@&aﬁﬂénéugst kﬁug.]méomﬁélﬂld of

X9 and X10 en present) represent identic

feuhsta tTEht sepReedrrabhydrégera. conpound of fornul a
11, KL represents - A3-@ (X 5)X6, hydrogen, |ower
al kyl , -CF3, phenyl or |oweral kyl phenyl. More

Ipr ghekaatnath vee PEaseM en A3wkBr £ Xk3) ¥beshH1©00L8present
unsubstituted G -C al kyl, unsubstituted phenyl,

1

h¥d799%for ot hFFPERSENTE arRytQpRenyl- IRrefqratlivul & is
1 A gr4edgnbedi et K1, j %f%@%&gnei%%ff my a;td e xt.
In an a odi men

represents hydrogen. ternative e
Masteerer &fedalesy noX” repr édentibylir ogebptKl X epnéseaht sand X6
. - A3- (X 5) X6 eferably, . X5 is identical to X3 or
1sptd ?%ﬁi goi 88% al 89" %2- oF VSR MORBr BTBLEraPAly y ~Rs-
o’X%°) 5° i fent featitelbebheXs8nand -X1.o2nd ) X6 bs Ldendi gal) x*.
to both X2 and X4 . Even_.nore preferably, -A3-
Most preferably, -A;-Q°(X°)X® is identical to both -2;-

0% (x1)x? and -A,-Q' (x3)x4.

Most preferably, K' represents hydrogen in a compound of

formula III.

Preferably, in the compound of formula III, D! represents
-24-0*(x")x®, hydrogen, lower alkyl, CF;, phenyl or lower
alkylphenyl, and E' represents -2s5-0°(X°)x%°, hydrogen,
lower alkyl, CF3;, phenyl or lower alkylphenyl, or D' and E*
together with the carbons of the cyclopentadienyl ring to
which they are attached form an optionally substituted
phenyl ring. More preferably, D' represents -2,~0%(x’)xE,
hydrogen, phenyl, C:-Cs alkylphenyl, unsubstituted C;-Cg
alkyl, such as methyl, ethyl, propyl, butyl, pentyl and
hexyl, or CF3;; E' represents -As-0°(x°)x*°, hydrogen,
phenyl, C;-Cs alkylphenyl, unsubstituted C;-Cs alkyl such
as methyl, ethyl, propyl, butyl, pentyl and hexyl, or -
CF;; or both D' and E! together with the carbon atoms of

the cyclopentadienyl ring to which they are attached form
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@ (X 5)X6 is identical to either -Ax-Q (X )X2 or
-A2-QL (X 3) X4 . Most preferably, -A3-@B (X 5)X 6 is
WO d@n2ead to both -Ax- @ (X 1 X2 and - A2- QL PXI/8BX#D6/002915
Most preferably, K1 represents hydrogen in a conmpound
of formula I'll . Preferably,, in the conpound of
formula 111, D1 represents -AA-Q4 (X 7)X8 hydr ogen,

| | kyl h | | kyl ph | d E1
@ et ot Lhg Ah B X6 RIGONRY AV ogoRS H BiRiaMgh, one or
mokge3, gﬁ&ﬂb@ C%eié@%%dalky&@he?ugnypr E%rqﬂg %h%ylphen 1,

to ether with the carbons of the cycl opentadienyl
idtaskyiafe atirakhed f&sm an optional |y

substltuted phenyl ring. More preferably, D1

represents -A4-A4 (X 7) X 8, hydrogen, phenyl, Cx-C6
Sm'iﬁﬁﬂﬁ’heﬁ\ﬁ]&r} wts st :Etlugetgtelaie;@gW?klﬁWthgsﬁlé‘é&bﬁﬁl atoms of

ne e r apy uty pen an exy or
t ﬁyq% eéﬁévaéigé)n el HRGEEe ><~m§<110¥hersyar@g@mtam@@/|f,orm
anCXoSBi h USRSt i a

net y|@h§¥%§|q£%%ﬂﬁ§ buty%lkgghf¥152 1%%xyﬁg%gl M or
catfkgn ghegeck Ds aﬁ&aEheﬁogether1wdEhyﬂhe1ngrbgBtamons

of the cycl opentadienyl ring to which they are

attached forma phenyl ring which is optionally

Inswbqiaﬂttﬁt@.dlam t proherosd nenibo gL veps, set eched ool und of
g QéF Cl- Ce al kyl phenyl unsubstituted Cl-Ce a

Logpu. §II'Sﬁ@P§@F€ntﬁh5Hdﬁﬁg§ﬁd El together with the
carbon atons of the cyclopentadienyl ring to which
they are attached forman optionally substituted

Inpienydleeéngativie ppbediNeok cdtdren D'heleod netatriepehesnt

e R U T
identical to x* or x*, and X’ is identical to X! or X3.
More preferably, X® is identical to both X* and x?, and X’
is identical to X' and X3}. Even more preferably, -2;-
0*(x")x® is identical to either -2,-0*(x1)x? or -A,-0*(X3)x‘.
Most preferably, -A-Q*(X’)X® is identical to both -A,-
ot (x3) x4, and -A;-Q3(X°)x® if present.

In a particular preferred embodiment, E!' in a compound of

formula ITIT represents hydrogen.

In an alternative embodiment where E' does not represent
hydrogen, E' represents -2s-Q°(%x°)x'°. preferably x*° is
identical to x* or X*, and X° is identical to X' or X3.
More preferably, X'° is identical to both x* and x?, and x°
is identical to X' and X*. Even more preferably, -—As-
Q°(x°)X'° is identical to either -A;-Q*(X')X? or -A,-0*(X%)x%.
Most preferably, -As5-Q°(X’)x'° is identical to both -A;-
Q* (XM x? and -A,-0"(X*)X*, and -2;-Q°(X°)x% and -2,-0*(X7)x® if

bresent.



10

15

20

25

30

formula 111, represents hydrogen. In an alternative
enbodi nent where D1 does not represent hydrogen, D1
WO epressm s -Ad-Q4 (X 7)X8. Preferably X8 is iBentGBeaos/002915

to X4 or X2, and X7 is identical to X1 or X3 . Mre
preferably, X8 is identical;to both X4 and X2, and X7

is identical to X1 and X3 . "Even nore preferably, -A4-

A (X 7)X8 is identical to either -Ai-QQ (X 1) X2 or
-A2-QL (X 3) X4 . Most preferably, -AM4-Q4 (X 7)X 8 is

préééygbw' EH akh ¢ oﬁ%ou% ¥ %o;li %%zﬁ Jﬂ%r{ @15@% Bl

If present. In a particular preferred e
togﬂthecomwd&ndthb foanipdm laltdonsepoéserttes hydiegentabidenyl

.an alte nbodl t e. E1 does not represent
=0 B ERLCEL ST Gehie LSRG 95K B 1G0T by BPRBPRal Ly
supdOitstbdephbapl tond4 eacK2orart X9 iznd @énkéﬁ%sbﬁt an

X1 or X3 . Mire preferably, X10 is identical to bot

idsathpdl xoubahdtwents jdentical to X1 and X3 . Even

nore preferably, -A5- @ (X 9)X10 is identical to

either -Al-Q (X 1)X2 or -A2-QL (X 3)X4 . Most
Inpaafaﬂabkyatiﬁé ﬁBe@XrQﬁ&l@mb@dhdenticml wadbat htodéther

1 X2 and - A3- X 5) X6 and
W1%4 ) %Su A%pqé]%éntc dfeny Hgén%zﬁﬁouw&ldl
th&f 406 n&l‘c@aéﬂléd voen 21 @lﬂ@hﬂ?&ti@@@é@ eSnahyh they

carbon atons of the cyclopentadienyl ring to which
they are attached do not forman optionally

Hig?lg%?t ﬁgk%ﬁfggr@ﬁe%cﬁ snl,‘ltb%gfﬁ o[:o{&ﬂ) Q&sa % %‘orm aeIII

ent an i dent cal UERt “I'n-an al ternativ
inpltedertiedsenblogiraimt, D1 and E1 together with the
carbons of the cyclopentadienyl ring to which

K', D' and E' are identical substituents as defined herein,

particularly where k', D* and E' represent hydrogen;

K' represents hydrogen, and D' and E' together with the
carbons of the cyclopentadienyl ring to which they are

attached form an unsubstituted phenyl ring;

K' represents -2;-0°(X°)xX® as defined herein and both D! and

ok represent H;

k' represents -2;-0°(X°)X® as defined herein and D' and E*
together with the carbon atoms of the cyclopentadienyl
ring to which they are attached form an unsubstituted

phenyl ring;

K' represents -A3;-Q°(X°)x%, D' represents -A,-0*(x7)x® and E'

represents -As-0°(x%)x'°.
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they are attached form an unsubstituted phenyl ring.

Hi ghly preferred enbodi nents of conpounds of fornula
wo Rdo7iozsrude t hose wherein: KL, D1 and El are POPOBR@&l002915

substituents as defined herein, particularly where Ki,

D1 and E1 represent hydroggp; Kl represents hydrogen,

and D1 and E1 together with the carbons of the

cycl opentadi enyl ring to which they are attached form

ESBRCLAS LBt PFef @B 8ReryROH s KPh efraderes IA3- ganckude
6 et ned frereisn z@an enr. n
th?%ﬂ?‘%ﬁrgeﬁsoé’%? S ﬂ-lAa-%%%Ei %)eggggg ée F’ngggjﬁ%r gllrﬁ%gn(%ﬂgl B
togath&t twigst hehew tarbdre edoben af omheof cybéopentadienyl

. cycl.opent adi en ring to ich they are attached form
£ % utnogufﬂ’iltlic%bt %Jae}ﬁhea%ﬁ #‘%ﬁ‘?ﬁﬁﬁ? r'epres &t suy;&%g%l(:%ted
phépXl 6.rilly r epaesestsari- @hos® 7ddmSo@nds ELeRy esgphs p!

-AS- QB (X 9) X10 . Especially preferred conpounds of
ang of mAPIFI S dNICIHbse where both DI and El

represent hydrogen or D1 and E1 together with the

carbon atons of the cyclopentadienyl ring to which
Pre¢heyalate, aitathedcbopouad ovfisdbsmulat adIpheqybndi ng, and

particul arly those conpounds ere both D1 and E1
B3y gifr &énf}*%y @r%ﬁ%@r'ab?% i Y PRERARDbtdr gPresent
¢, feomukg ldikyPerdd iR crand sA3 opid oand 1 %%@Ei’cc%ted as

g{esent) , each independently represent Ci to
defingd edtenieh i BoBpisewaley subst i Loved aslwli nedoups.

o SELp, S2TaBTLe i Dot A, A ALY Yoy
include a chiral carbon atom. Preferably, the lower
alkylene groups which 2A; to As may represent are non-
substituted. A particular preferred lower alkylene, which
A; to As may independently represent, is -CHy- or -—-CyHs-.
Most preferably, each of A; and 2A;, and A3, A; and As (when
present), represent the same lower alkylene as defined

herein, particularly -CH;-.

In the compound of formula III, preferably each Q' and @2,
and @), 0 and Q° (when present) are the same. Most
preferably, each Q' and Q% and 0°, 0% and Q° (when

present), represents phosphorus.

It will be appreciated by those skilled in the art that
the compounds of formula III may function as ligands that
coordinate with the Group VIB or Group VIIIB metal or
compound thereof in the formation of the catalyst system
of the invention. Typically, the Group VIB or Group VIIIB
metal or compound thereof coordinates to the one or more
phosphorus, arsenic and/or antimony atoms of the compound

of formula ITI. It will be appreciated that the compounds
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include a chiral carbon atom Preferably, the | ower
al kyl ene groups which Ai to A5 may represent are
woorsobsre t uted. A particular preferred | ower BCRGBe006/002915
which Al to A5 may independently represent, is -CH2-
or -C2H4- . Most preferablx each of A and A2, and A3,
A4 and A5 (when present) , F’epresent the sane | ower

al kyl ene as defined herein, particularly -CH - . In
oft hef XBMpbUNd T f oFRiMl a PRI, Yekdwred| y teachb@badiy as

“mé@alf‘@@e » Q4 and b (when present) are the sane.
Most pre erably each QL and @2, and @B, & and &
(V\,hen present) represents phosphorus. It will be

s ci at by those skilled in the art that the
Ul ndé”:}tﬁn f 8 nal a | ARGy f GG SHEHS | .a@an@@twaally

sumﬂhi@ae Whid dee tdaup Ml B gt G \Ql | Bgr{%h?)l or .

conmpound thereof in the fornation o € cat
corgapregs of dtthe faveniaon. IIMNypi makly, ccbrhteaﬁt ou;el\itﬂq%xor two

t C ound, t h reof coor di nat es
CY%% neé%ir&r%? ghﬁgébhg:%s THGLRE T ARDF 0 PT: rﬂrﬁm?ﬁ}gem’l
an@t@mm oifcthpenbaﬁmanﬁloﬁrlhgr mdzlaahl ldf .wH itch Hn@e%ystems

reci at g at tgo conpoundsof formula Il ma
mey; obRF {RECL O bPBadt B PRl %céﬁSé’r?lbedsmqwry) such

contihdl ~mdyamt Lréfé?Péﬁs%@)t SN Qgﬁ&@{ﬂé‘hl %ompo nds” as
substituted cycl opent adi enyl or enyl group e
the gnpowhd¥ o fusrtadl acattiormayheoe@él mseISBlmétqum:d by the

cy e NgS.,, I, nden
e ELARCUALSIY| £l00% bR LIGeNM L0801 208, soc/ oo
1n<?farrygl syshgrrssy‘:mentmt napalHey bebstbstidltied @®lanar with
descri bed heﬁe . Such
respect to each other or they may be tilted with respect

to each other (commonly referred to asgs bent metallocenes).

Alternatively, when n = 1 and I; represents aryl, the
compounds of the invention may contain either one
cyclopentadienyl or one indenyl ring (each of which ring
systems may optionally be substituted as described herein)
and one aryl ring which is optionally substituted as
defined herein. Suitably, when n = 1 and 1, represents
aryl then the metal M of the compounds of formula III as
defined herein is typically in the form of the metal

cation.

In a particularly preferred embodiment of the present
invention, in a compound of formula III, n = 1, IL; is as

defined herein and m = 0.

Preferably, when n = 1 in the compound of formula IIT, Iy
represents cyclopentadienyl, indenyl or aryl ring each of

which rings are optionally substituted by one or more
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conmpounds may be referred to as "sandw ch conpounds”

as the netal Mor netal cation thereof is sandw ched
whoorz3rmo ri ng systens. The respective PCT/GB2006/002915

cycl opent adi enyl and/or indenyl ring systens may be

substantially coplanar withdespect to each other or

they nay be tilted with respect to each other

referred to s bent netal | ogcenes) .
sy, Sttéﬁvﬁnt\?a gel %Eﬁé Lot gHyd Eoge?epﬁe%% saaryt, dto.
Cygggpounggtgg t he_ OQWentloacmgyR@DntaL@ 8h khrer one (o) or??,
cycl’ opent adi enyl or. ope |ndenyI ring. (each of mhlch

~Nr(RAY BY st en@ (oY (B] ﬂRonaIF? Be ( §db§%|tute6Ras -C(0) SR*?,
%BSCTI ed_her ei ﬂ % ne, a&y rin 4 ich nyl,
Bt Ponafty °SGheti t'oted™as udth AEG a,$Y%%ﬁQ%ﬂﬁ%ﬁle Y
indReR 1N srl @ang L ringepriesent &@ﬁiﬁyt hepribentet abk Maided
t he conpounds of forrmula Il] as defined herein is

digpsitddl | yOi rbehecYolopeptadkiemet aFiegt i, the ferrocenyl
gr%% hiculachy,pregerred %ﬁboc’ifém%ts Ofieklﬂﬁeef eﬁéf‘éln . More

entlon I'n a conpound of formula ,
pnefaﬁaukﬁlne@ h@eeCﬂCbnﬁentadDenyPreiedabyy owh@myi:ring
he_conmpound of for.nul a resents

g e orortefenib I osubptt errhe SR T8l g tgrably

subsRd el Opi tBN@inley §t|b§1bkert§,do§b’1@I‘@1tSH selected from
nor esubstituents sel ected from hydrogen, Io r alk

ungalbs tidyies RitGeo, allorlo halog (yyene: | 0 R-9¢ ( 0'>R2°

< g()% g(oéggems %) éRM %Q%%Clgfir)%?r o}}:}elg:yl(Rg)Z by

anﬁhlﬁ \Meam@anlnﬂepeydbopéytade@n§$$ntndem@ﬁoqﬂnznqﬂ C1-Cs
[ d dir ctI t 0.t he

al%yggope ‘ﬁﬂ?thF'rigﬁ ?r? %yfefggcg dyclopentanidiyl,

indenyl or aryl ring which ILa may represent is
substituted, it is preferably substituted with one or more

substituents selected from unsubstituted C;~-Cs alkyl.

Preferably, when n = 1, IL; represents cyclopentadienyl,
indenyl, phenyl or mnapthyl optionally substituted as
defined herein. Preferably, the cyclopentadienyl, indenyl,
phenyl or napthyl groups are unsubstituted. More
preferably, I represents cyclopentadienyl, indenyl or
phenyl, each of which rings are unsubstituted. Most

preferably, L; represents unsubstituted cyclopentadienyl.

Alternatively, when n = 0, the compounds of the invention
contain only one cyclopentadienyl or indenyl ring (each of
which ring systems may optionally be substituted as
described herein). Such compounds may be referred to as
“half sandwich compounds”. Preferably, when n = 0 then m
represents 1 to 5 so that the metal M of the compounds of

formula III has an 18 electron count. In other words, when
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group) , wherein R19 to R30 is as defined herein. Mire

preferably, if the cycl opentadienyl, indenyl or aryl
WO 2ovg/oadsrch L i may represent i s substituted iPCT/€B2006/002915

preferably substituted with one or nore substituents

sel ected fromunsubstituted7C -C6 al kyl, hal o, cyano,

-OR19 , -OC(OR 20, -C(OR 21, -CCOOR 22, -N (R 23

4 r 1 R22 _, 3.and_R24 ch

e oo e cPEy Cpotags, BE araiBiant e 8y aPkyl Chevsgtal
numbee pobf exbdtiyrond tduwmtmyichopent agi eapk, 1DgeAdt Of, is
£ argl iin?.mhich Li may represent is substituted, it
YPECRI &Y eF BFy substituted with one or nore

substituents selected fromunsubstituted Cl1-C6 al kyl

Preferably, when n =1, L i represents

Incgcpgpencadicanyl praftemdd gHenylatovanagibydliment of the
ion tituted as defi.ne erein. Preferabl

o AR EVErERRt AN okt & e RlRATR Bhehor bl endgingh = 0. ©:

is guouPst aned unsubshi anted. = Mrer i efadl yu1driy 3.

represents cycl opentadi enyl, indenyl or phenyl, each
of which rings are unsubstituted. Mst preferably, L i

PréEOFSSBR! SwHBsURSE Kt whedCyel t adi enyl .
Al ter nalf‘l vely, when ntq-% 0 . t%%?go%%{gﬁ%slsofn?%eequal to
ze¥qivent ionceapeand ofl yEaneilley cIbpentadirepylesen tisndeny | or

L N ieh i t t] I b
oL 8360 SLALENELDE RSP SR OnaL LY P con
loveer r efikynied holas “oal,f saeif) qR*OEPOWRAS N (R4E) (RY7) RS,

Preferably, when n = 0 then mrepresents 1 to 5 so
Moxq, RrefRretal WM RIS WhmRILHMIre nilgands each of

: I I , 0
whidh 18-& @ﬁHéB@n@%}%l@tLy o 1Qhe wargs u%ﬁ%%ﬁt% n%brto

the conmpounds of formula I'l'l 1s iron,
Cs gflkellectheds aomttrddutasdb\chilverd i garls 1R(RS) (R**)RY® or
~-N(R*) (RY)R*®, wherein R®¥® to R?® are independently

selected from hydrogen, unsubstituted C; to Cs alkyl or
aryl, such as phenyl.

Suitably, the metal M or metal cation thereof in the
compounds of formula III is typically bonded to the
cyclopentadienyl ring(s), the cyclopentadienyl moiety of
the indenyl ring(s) if present, the aryl ring if present,
and/or the ligands L, if ©present. Typically, the
cyclopentadienyl ring or the cyclopentadienyl moiety of
the indenyl ring exhibits a pentahapto bonding mode with
the metal; however other bonding modes between the
cyclopentadienyl ring or cyclopentadienyl moiety of the
indenyl ring and the metal, such as trihapto coordination,

are also embraced by the scope of the present invention.
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typically five. In a particularly preferred

al ternative enbodi nent of the present invention, in a
wa@oropoensd of formula I11, n =0, L is as defiPerdGB2006/002915

herein and m= 3 or 4 , particularly 3 . Preferably,

when n is equal to zero anggmis not equal to zero in

a conpound of fornmula Ill, L2 represents one or nore

| { gands ea of ,which are i ndependently sel ected from
MOF%mBFezﬁw}g,tjyhaP& & SeMPopERY P (R YR Tor B NfRAG) T =
0 (f7) R48 35 Mol iRl enabbyn, L ﬂ%iecﬁﬂ@ﬁlfnﬁngﬁgg?&%uted

I i gands each of which are independently sel ecte rom
cyphengstpduerdlC i to C4 alkyl, halo, particularly

chloro, -CO -P(R43 )(R44 )YR4A5 or -N(R46) (R47)R48,

wherein R43 to R48 are independently selected from
rPrégdrapen, Minsgbsésénted aC Gréep Cvalkydr oyranyl .meueh, 1n

as phenyl. Suitably, the netal Mor netal cation .
othger worden {HRe ESRPbURISCSFOROIGANNE | F9T | Sheymiatalll yM is
1gbonded to the cycl opentadi enyl ring(s), the

cycl opent adi enyl noiety of the indenyl ring(s) if

present, the aryl ring if present, and/or the |igands

L-2 if - Typi cal | I di | ri
S W I TR il

Cr £Xi3b pi ¥s, acpentaRapt orbangdengl medeivht bhéheofet 8en more
however ot her bondi ng nodes between the
Prefrpbhit adl eRgPTREREESr el Sifent @8 &¥y| Ripi @F y dof metal
caténl NARMHL# 1 NGoaRd LherOBLR v, SUFhias JLIHapL® from a
coordi nation, are al so enbraced by tﬁe scope of the
Growes¥at IBnwanelomvbsetpt efatabhy tharemfconpouadpetially

ff)er:%%%@l ({;;%r%l(}p 3\6?&%%% Iin{eql:EJecd)isange L }\1 {:ﬁoggelfl | Ql'ez(ej Iﬂg£§_j|_ nM as

Pra¥
defined herein may be in a cationic form, preferably it
carries essentially no residual charge due to coordination

with Iy and/or Ly as defined herein.

Especially preferred compounds of formula III include

those wherein:

(1) x' represents CR'(R?) (R’), X? represents CR*(R®) (RP),
x*> represents CR’(R®) (R%), X* represents CRY(R'!) (R'?),
wherein each of R' to R'? independently represents
unsubstituted C1—-Cg alkyl or trifluoromethyl,
particularly where each of R* to R'? is identical,
especially where each of R' to R'Y@ represents
unsubstituted C;-Cs alkyl, particularly methyl;

A; and A; are the same and represent —-CH,-;

k', D' and E' are the same and represent hydrogen or
unsubstituted C;-C¢ alkyl, particularly hydrogen;

o' and 0? both represent phosphorus;

M represents Fe;
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cycl opentadi enyl . Preferably Mrepresents a G oup VIB
or VIIIB nmetal . In other words the total electron

w@eowim2@er the metal Mis 18. Preferably, in tP€r/GB2006/002915

compound of forrmula Ill, Mrepresents C, M, Fe, Co

or Ru, or a netal cation th §eof. Even nore

preferably, Mrepresents C ;" Fe, Co or Ru or a netal
cation thereof. Mst preferably, Mis selected froma

G oug* VI ITB net al®®$t métial E8PFBASERSr eofyChppentadienyl,

espechakd yopr £f r&gs@#& | £ though
t he fr%t al CM as P&%fi ned her e%é(ﬁcﬁ%@é%ﬂéa(%la?ﬁlﬁnﬁ cam9 B
formOpreferably it carries essentially no residual
charge due to coordination with L i and/ or L2 as

defined herein. Especially preferred conpounds of

(d)or mut'a dddréswdigleckhogy (wher eix: r(eé);ééjeﬂt%m@ﬁe( 5§ (RS
CR1 R,2 (R3) , X2 represents CR4 (R5 (R#6), X3%§(R X
repr eSeAERPTERPR SR (RINR") / X" regpeszentss CGRG (RR)ARY) ;
) (RuA2 rein each ofs e R12_|ndepepdent |
repr gsentkgp\gdr%gﬁglé:{%i t uted % %E{al kYT Sor Tt | g represents
| uor et byl?) (Baht iamd &°l yephersenesctrE(RRY) tHeR12 is
i dentical, fzﬁ§£eci al ly where,gach of Rl to R12
repr s ubstitutt€d GR Cs AMEAPeNSIanGIsul arfgpresent

met hylnsubdtiadt 2 arg-the sane,and gepr %1ﬁ%eﬁhyl,

K1, D1 and E1 are the sanme and represent ogen or
unsubBPSttiguddrdiy: ovaekg| eaphr taftuRar by WYAr dgen;de@itical,

and @ RRLRIMEPT €361, Phogplorys: p1 o gis represents
unsubstituted C;~Cs alkyl, particularly methyl;
A; and A; are the same and represent —~CHo-;
Q', 0® and Q* each represent phosphorus;
D' and E' are the same and represent hydrogen or
unsubstituted C;-Cs alkyl, particularly hydrogen;
M represents Fe;
n = 1 and Ly represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =
0.

(3) xt represents CRl(Rz)(R3), x2 represents CR*(R%) (R?),
x> represents CR’(R®) (R®), X* represents CR(Rr'!) (R*?) ;
K' represents -CH;-Q’(X°)X° wherein X° represents
CR™ (R™) (R'®) and X° represents CR'(R!7) (R?);
each of R"  to RY¥ independently represent
unsubstituted C1-Cs alkyl or trifluoromethyl,
particularly where each of R' to R is identical,
especially where each of R! to R'S represents
unsubstituted C;-C¢ alkyl, particularly methyl;
Ay and A; are the same and represent —-CH,-;

Q*, 0% and Q* each represent phosphorus;
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Mrepresents Fe;n =1 and L i represents
cycl opentadi enyl , particularly unsubstituted

weyoropsmn adi enyl, and m= 0 . (2) X1 represenpGI/GBL00K002915

2)(R3) , X2 represents CR4 (R5) (R6) , X3
represents CR7 (R 8)(R 9) 50X4 represents CR10 (R 11 )
(R 12 ); Kl represents -CH2-B (X 5) X6 wherein X5

reprgse 3 (R 1H) .and X6 represents 6
(R (R T relettor Wit 2 faehBRucairys OF Cthe
r epregehtpemsadseny Ut edirgl- €e awkythorthdy f lader ogethyhed
, pa ticula&%% @Qere each of RL to R18 is identical,
espet? 5l T wieF EPREE L 6P Ah @Y RI8I%%Dr esent s
unsupstéprbesh€d-feal kyl, particularly nmethyl; Ai and
A2 are the sane and represent -CH2- ; QL, @@ and B3
eachr ept esent pHEsphdnus; rBbrendnEs ar eythepeanedasedyl,

repr subst it ut G -C6_al k
parﬁ%cuiéﬁp%gﬁggsga%%? FEprsent O?%Et?ﬁ%?ﬁggnda%d m =
represents cycl opentadi enyl, particularly

unsubstituted cycl opentadienyl, and m=0 . (3) Xl
represents CRL R 2M R3) , X2 represents CR4 (R 5) (R6)

(4), XK' epsesants: SRERERB) (R 92, é&fe%%rgﬁgéﬁﬁﬁﬁﬂ,

(R11)(R 12 ); K1 ep%es%nts - CH2

X5 r%pﬁf@@é@ﬁ@n@m@?ﬁa R’ VR X5 Fepnesdsts epr¥gant)s(R?)
CR1 D). ( ; ch, of to.R18 i_.ndependent |
CTUSAE (8518 Dof, LA LRaEi eI L
t ri fdneordeettyded C1-Cg alkyl or trifluoromethyl,

particularly where each of R' to R'™ is identical,
especially where each of R' to R represents
unsubstituted C;-Cs alkyl, particularly methyl;

A; and A; are the same and represent —CH,-;

o' and Q% both represent phosphorus;

k! represents hydrogen or C;-Cs alkyl, particularly
hydrogen;

D' and E' together with the carbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;

M represents Fe;

n = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

X' represents CR*(R?) (R®), xX? represents cr* (R%) (R®),
x* represents CR’(R®) (R®), X* represents CR(RM) (RY?) ;
E' represents -CH,-Q°(X°)xX*® wherein Xx° represents
CR* (R*®) (R*) and x'° represents CRY (R*!) (R%?);

each of R' to R and R to R% independently

represent unsubstituted C1-Cs alkyl or
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waoe@aloisre ut ed Cl- Cs al kyl ,

particularly where each of RL to R18 is identical,
especially where each of RL to R18 represents
particul arly met hyPCT/SB2@6602915
A2 are the sane and represent -CH2- ; QL, @@ and @B

each represent phosphorus; Pl and E1 together with the
carbon atons of the cyclopentadienyl ring to which

t hey or : tit h yI r'm' 12
repr‘égéﬁt@%%g%{ gaeeﬁeaﬁgﬁf ilibed BRRRYLMERG:, M,

cyclaaménR%Yd|temiFl‘12 paridentachy,uespbeialwe«dhere each of
cycl opent aqb 11Y . (4) X1 represents CR1 R
2) (R XA %pl%eséﬁtg c@@g@%@n%s}q uysubsigituted C1-Ce

repr§§§ 15 | 4 represents CR10 (R 11
) (R1 9 , l\%thFieﬁﬁ aéxécﬁ Ig%tbﬁ?\ii(fo R12 i ndependent|y

r eprbs@rnd s alyst ithet edmei a@8 akkyksentt rCH,-;

| uor na -h articularly where each of R1 to R12 is

i den %mgpgm %‘—flﬁ?h %(% %Ié{éhp%?sxgloﬁ%s R12

reprla“seaha IS UBSBE| ttlllieedsﬁnecgarﬁil k)z“apr@@éﬁt“ﬂy@iﬂd{gen or
nmet hyl ; Al and A_are the_sane and represent -CH2-

and ‘@S%%ElF‘éE‘?%s%]nTCGpﬁé§¥H®r Q§rtkﬁuiéﬁiﬁséﬁﬂ§ogen o

hydri@ge8epes&neSoral kyl, particularly hydrogen ; D1
and E1 together wth the carbon atoms of the

cyclopentadi®nyland ng o whieplreskeysar ecatlaphedafidenyl,
an upnastfJ félll é*:trf;\g Brrllset%lst:ﬂ:ggédMc{/gfggesr?géélggy’/l, and m =
0.

(6) X' represents CR(R?) (R®), X? represents CR*(R®) (R%),

X? represents CR’(R%) (R%), X* represents CR'Y(RM™) (R'?);
K' represents ~CH,~Q*(X°)X® wherein X® represents
CR*® (R™) (R*®) and X® represents CRY®(rR'7) (R'?);

D' represents -CHy;-Q*(X")X® wherein X’ represents
CcrR3* (R*?) (R*®) and X% represents CR*(R’®) (R%%);

E' represents -CH,-Q°(X”)X® wherein X° represents
cr37(R*®) (R*?) and X'° represents CR*®(R*') (R*?);

each of R' to R™ and R®™ to R* independently
represent unsubstituted C1-Cs alkyl or
trifluoromethyl, particularly where each of R! to R*®
and R** to R*® is identical, especially where each
of R' to R and R* to R*? represents unsubstituted
C1-Cg¢ alkyl, particularly methyl;

A; and A; are the same and represent —CHs-;

o', 0%, @*, Q* and Q° each represent phosphorus

M represents Fe;

n = 1 and I represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.
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n=1and L i represents cycl opentadi enyl,
particul arly unsubstituted cycl opentadi enyl, and mO .

W@ 20078203represents CRL R 2) (R3) , X2 represeneGI/GB2006/002915

(R5) (R6) , X3 represents CR7 (R8) (R9) , X4

represents CR10 (R11 ) (RE3 ) ; El represents -CH2-
@B(X9) X10 wherein X9 represents CR37 (R38) (R39 ) and
X10 represents CR40 (R41 ) (R42 ) ; each of RL't o R12
and R37 t o R42 independently represent unsubstituted
7)C - €6, akkyl xbramdf kKtioinfepbyfienpayt ireplraskyntwhelsnsash ,
of Rl to Rl12 and R37 to,R42 is igdentical, especially
WhePEPESAR1Y RIMEFRIX andR378t 0 KR PEPREsehile Same

unsulstibhledCh al kyl, particularly nethyl; A
and A%Inare&?he sg% and represent -CH 2- ; Q1 , Q2 and

&b 2acindepr esenttiphesploronst dobraserkKl -@fe-t he sane
d d bstituted Ci
o B CUParTy Ho G2 F8BF oS8t §SREESRRE 1ogden o

repﬁﬁgaﬁbhw@b@pe@i@ﬁdlﬁwm RRIH G131y, hydrogen;
unsubstituted cyclopentadienyl, and m=0 . (6) X1

rep@es@%@sQCﬁ?Qt(fRZ@(@@e)nt sPdesent s CR4 (R 5) (R

n CR? R 8 R 9) , X4 represent
ICV)I ?%qu%egﬁ?g tF K(l re)pr((asen%s -CH 2-&3 ?X 5§X6

whenei n=X5 Lepr esént sLﬂRlafe(pReB@ryts( Rl®ydmgpexgadienyl,

S R s g ehsthoks SRR by ShekSRUiRES"S ARk -

) apd X8 represents CR34 (R 35) (R 36 ) ;

x*, %2, %X} and X* independently represent adamantyl,
especially where X' to Xx* represent the same
adamantyl group;

k! represents -CH,-Q*(X°)X® wherein Xx* and x°
independently represent adamantyl, especially where
xt to x° represent the same adamantyl group;

A; and A; are the same and represent —CHy-;

0, 0° and Q° each represent phosphorus;

D! and E' are the same and represent hydrogen or
unsubstituted C1~Cg alkyl, particularly hydrogen;

M represents Fe;

n = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

x*, %%, %3 and x* independently represent adamantyl,
especially where Xt to x* represent the game

adamantyl group;



El represents -CH 2- (X 9) X10 wherein X9 represents

CR37 (R 38) (R 39 ) and X10 represents CR40 (R 41 ) (R
wa@200y/0203each of RL to R18 and R31 to R42 i ndeprtieBR00g/002915

represent unsubstituted C-C alkyl or trifluoronethyl,

particularly where each of Rl to R18 and R31 to R42 is

i dentical, especially where3ach of Rl to R18 and R31

to R42 represents unsubstituted C -C al kyl,

part Kéul ardpramsrtnd ;| ACH, a2 Xar e wikersame ahd and X6

represent - - , and (b each represent

phos ﬁﬂ%@?nagpé&?’e srgﬁgﬁfgt na%@a%ﬁlﬂl L iespesiadédit svhere

cycl apens agt enyflyediard vl aydnk unsihstd 1“%% ;

cycl opent adi enyl, and m= 0 .(e7) X1, XZ\}, and X4

i ndependeftdy gk ridie rang) @vahtndnr especi-alHy ;wher e X1

to Xdirepr egent,st a nt roup;. Ai and A2

are the sang a Eggieggﬁ?gg@tzﬁh?gﬁg?ng"and El are

t he PanmrahdEr efreeseteydtepentios Wastest | bubed Ghe Che
al kyl, particularly_hydrogen; QL and 2 both represent
phosﬁﬁS&B??nW@éﬁiﬁé%en?%n e;tG whicindtheyemesemisached

cycl epent adi 8A%LibsPAELLEH gh@a ynsyRstituted
cycl opent adi enyl, and m = . %,8) X1, X2 , X3 and X4
i ndePen@pneEpnEepFesent adamantyl, especially where X1

to Xﬂ regresEnt éﬂg S@ﬂ? represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =
0.

(10) x*, %x?, x) and x' independently represent adamantyl,
especially where X' to X' represent the same
adamantyl group;

A; and A; are the same and represent —-CH;—;

o' and @? both represent phosphorus;

Kt represents hydrogen or unsubstituted C;-Cs alkyl,
particularly hydrogen;

D' and E' together with the carbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;

M represents Fe;

n = 1 and Ly represents cyclopentadienyl,
pa;ticularly unsubstituted cyclopentadienyl, and m =
0.

(11) x%, x%, x® and x* independently represent adamantyl;
K' represents -CH,-0Q°(X°)X® wherein x* and XxX°
independently represent adamantyl;

D' represents -CH,-Q*(X")X® wherein X’ and X°

independently represents adamantyl;
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adamantyl group; Ka represents -CH2-@B (X 5) X6 wherein
X5 and X6 i ndependently represent adamantyl,

wezpenk@rdy where X1 to X6 represent the sane BOEHGBRAG0§I02915

group; Ai and A2 are the sanme and represent -CH2- ;
QL, @@ and @ each represen% phosphorus; Dl and El are
the sane and represent hydrogen or unsubstituted G ~C6
al kyl, particularly hydrogen; Mrepresents Fe; n =1
and LB reppeesents cycCHpedt @) 8|, wipareicul &'l yand X0 -

' | i enyl dm=0. (9) Xi,
o, X et et PR Y o dttn it ucrantgtally where
especi‘altoy xWherep2ds dror Xhd epies earidie wang-agamnt yl

group ; Kl represents -CH2- Q3 %X 5) X6 wherein X5 ‘and X6
i ndefendét Py RERr BR8Nt aBE amaRt YEPTespRE | aTly- where X1

to Xgu eppesght ddheg g@ P; i and A2
are the ?pz;rreéa'not’(S re|cr)lr eggnggﬁég%e%ﬁggﬁ%p@r%%th
repr éserapparoyplories; DL and E1 together with the

car b%n atons .of th cycLI opent adi en%la%ri ng to which

t hey “ar e at t ached ¥or man uhSUbSTTLbEed preRgPeRiagiemyl,

repr§££ﬁﬂitd¥5rly:ﬁﬁbdﬂgtﬂtdté&ﬂﬂyﬁﬁﬂﬁéhtadienyl, and m =
cycl gpent adi enyl, particularly unsubstituted
cycl opent adi enyl, and m= 0 .

(12) X' and X* together with Q® to which they are attached
represents 2-phospha-adamantyl;
X’ and x* together with Q' to which they are attached
represents 2-phospha-adamantyl;
A; and A; are the same and represent —CH,-;
K', D' and E' are the same and represent hydrogen or
unsubstituted C;-Cs alkyl, particularly hydrogen;
Q' and Q? both represent phosphorus;
M represents Fe;
n = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(13) X' and X* together with Q? to which they are attached
represents 2-phospha-adamantyl;
x* and x' together with Q' to which they are attached
represents 2—phoépha—adamantyl;
K' represents -CHp-Q’(X°)X® wherein X5 and X° together
with Q° to which they are attached represents 2-
phospha-adamantyl;
A; and A; are the same and represent -CH,—;

o*, 0% and Q°® each represent phosphorus;
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(142 ard ehd ¥

(10) X1, X2, X3 and X4 independently represent
adamantyl, especially where X1 to X4 represent the

waa0me/ozsdzant yl group ; A i and A2 are the sanRCEHO#2006/002915

represent -CH2- ; QL and 2 both represent phosphorus;
K1 represents hydrogen or u&§ubstituted G -C al kyl,
particul arly hydrogen; Dl and E1 together with the

carbon atons _@f the c%gl opent adi enyl ring to which
t hey Bar 23t t EchéF § oFHfarr At uBBel tiRRERhY hydiregenM oxr

repr gl thguted di-anda iy I e%%:g%:géﬁfarl%dhydrogen ;

cycl opent adi enyl, partrcularly stitut

cycl édperradisamds, Fand m= 0 . (11) X1, X2, X3 and X4

i ndependent |y repr en%‘ adamantyl ; Kl represents )
-CH2-B (X 57X6 WHET ei M1X5 Jé%r%/@eril%epe pgntadienyl,

repr gsamti Adarant YinsuPk diepiese e @@ X fha n =
wherein X7 and X8 i ndependently repreéesents adamantyl ;

El rébresents -CH2- Q6 (X 9) X10 wherein X9 and X10

i ndependently represents adamantyl, especially where

X1l to X10 regresent t he sane adamantyl group; A i and

neogeicheepresend® CHwhicHlthd®,a®B, at@ched
and each _represent phosphorus; Mrepresents Fe; n =
1 and Pf S&FFEsén imé%%iaﬁﬁgﬁf“ﬁﬁﬁté@rw , particularly
unsubst bhat g8l eygdopentRoieny! .t ARIMIT they are attached
represents 2-phospha-adamantyl;
K' represents -CH;-Q%(xX°)X® wherein x° and X°® together
with Q° to which they are attached represents 2-
phospha-adamantyl;
A; and A; are the same and represent —-CHy-;
Q', Q% and Q® each represent phosphorus;
D' and E! together with the carbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;
M represents Fe;
n = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(15) X' and x* together with Q? to which they are attached

represents 2-phospha-adamantyl;

x* and x* together with Q' to which they are attached
represents 2-phospha-adamantyl;

A; and A; are the same and represent —CHy-—;

o' and Q? both represent phosphorus;

K' represents hydrogen or unsubstituted C;-Cs alkyl,

particularly hydrogen;



0. (12) X1 and X2 together with @ to which they are
attached represents 2-phospha-adamantyl; X3 and X4

wo o@enksrowith QL to which they are attached rPQI/68206502915
2-phospha-adananty| Ai and A2 are the sane and
represent -CH2- ; D1 apd El are the sanme and
represent hydrogen or unsubstituted G -C al kyl,

particul arly hydrogen; QL and bot h represent
phosB ﬁo F/Ih dooesders withn %hq SAaPPry epEedantaf the

CyC|8 nghﬁﬁa engﬁrtffﬂiaﬁky(%gigﬁ tﬁﬁ >é%re a E%phed

cycl opentadi eny nd m=20 t oget
MAthfdﬁmtanmhnsbbsheyuaeé phéayhedim@presents

2- phospha- ada X3 and X4 together with QL to
whi clf ﬁ8§e§?€ ¥§ched represents

2- phgspha- adamanyd ; I e R Rs tsCH2 (B 108 e b B enyl ,
wherein X5 and X6 together with @ to which they are

at t aphsdirepaesentsspbsphovpha- adahapepradianylangndom =
are bhe same and represent -CH2- ; QL, @ and @ each
represent phosphorus; D1 and E1 are the sane and

represent hydrogen or unsubstituted G -C6 aIkyI

Bkt s IO MEPRCRTLRCE (15 LA ke
unsubspi-bdbRdsCYchRRsphadheayhntand m =

x* and X* together with Q' to which they are attached
represents 2-phospha-adamantyl;
K' represents -CHp-Q°(X°)X® wherein X° and X® together
with 0° to which they are attached represents 2-
phospha-adamantyl;
D' represents -CH,-0Q*(X")x® wherein X’ and x® together
with Q% to which they are attached represents 2-
phospha-adamantyl;
E' represents ~CH,-0°(X”)X'® wherein x° and x*°
together with Q° to which they are attached
represents 2-phospha-adamantyl;
A; and A; are the same and represent -CHj-;
o', 0%, 0°, 0% and Q° each represent phosphorus
M represents Fe;
n = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(17) x* and X? together with Q% to which they are attached
form a ring system of formula IITIa, X° and Xx*
together with Q' to which they are attached form a
ring system of formula IIIb, wherein Y' and Y? both

represent oxygen, R*® to R are independently
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0. (14) X1 and X2 together with @ to which they are
attached represents 2-phospha-adamantyl; X3 and X4

wo ogesro with QL to which they are attached rPEI/e8e6902915

2- phospha-adamantyl; K1 represents -CH2-@B (X 5) X6
wherein X5 and X6 together with B to which they are
attached represents 2- phogﬁha- adarmntyl ; Al and A2
are the sane and represent -CH2- QL, @2 and B each

r epr%@b@@t@fhwphmr wers ubk tarrch e t@g@%harlkwlt ot heF;, and

sof _the cycl dienyl ring to which
they ar—é1 §n?‘acﬁ§§) fegrér%% %’ %ﬁ?@@& ituted phenyl ring; M
represemices fzeard €hé 88felahdl eBHLEEBHE —CH,-;
cycl qpent adi enyl,, particularly unsubstituted

cyclBpe aditéhyl . 2&Rd the= SGe (a5 nepzeRENY hvdeotien or

W t t ey a t

2. pﬂl‘é%ha%%%‘%%%y e G R R T ope

Q&r boaht aepedse:eprlehenp]soﬁu@hospha adamant yl

i and re the same and represent -CH2- ; QL and

Q2 %t%el?re%?ee%té% Fhosphorus: K1 represents hydrogen

or ypsubsti tut edi{d - CLQI kKylepPasthesl ar&lycpglgéﬁggalgjxyl

and El toget her with the car%on atons of

cyclpent @diamy i ngupsuRkitéutiedy are @Y@h@meutadlenyl

(referred to as puc) and m = 0.

(18) X' and X* together with Q% to which they are attached

form a ring system of formula IIIa, X°* and XxX*
together with Q' to which they are attached form a
ring system of formula IIIb, wherein Y' and Y? both
represent oxygen, R° to R*® are independently
selected from unsubstituted C;-C¢ alkyl or CF;, and
R* and R** represent hydrogen;

K' represents -CHy-Q(X°)X°® wherein X° and x°® together
with Q° to which they are attached form a ring
system of formula IIIc, wherein Y® represents
oxygen, R to R are independently selected from
hydrogen, unsubstituted C;-Cs alkyl or CF; and R*® and
R%* represent hydrogen;

A; and A; are the same and represent -CH,-;

Ql, Q2 and Q3 each represent phosphorus;

D' and E' are the same and represent hydrogen or C;-
C¢ alkyl, particularly hydrogen;

M represents Fe;

n = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.
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forman unsubstituted phenyl ring; Mrepresents Fe; n
= 1 and L1 represents cycl opentadi enyl, particularly

wap®abssre ut ed cycl opentadi enyl, and m= 0 . (RG)/GEL006/002915

and X2 together with @ to which they are attached
represents 2-phospha-adamantyl; X3 and X4 toget her
wth QL to which they are attached represents

h adamantyl: K1 represents - (X 5) X6
159&& gﬁipaﬁg é{%dt%giﬂa@ét WéFgmﬁ?ztSrFmﬁtJd?M tajey afeached
at t aghaeh r epr 0S a-gg@mﬁég p
represents%P %g%%a §S§?§s ﬁﬁereln d“g% togetﬁgg X
MAthUQQQﬁ@QMuwﬁﬁhh@y aoeWQnChcmaky%nm@santacBed form a

et GG XN | SGBUHER. daCh: CoRE SR oy (HE) B ot

at t aa@d"asmrtesant@éh,pholsﬁha-t@awﬁt YA llrﬁﬂébe%?dently
are thg same and represent -

QA @ B XA
each® §¥%§§%t:ﬁﬂBsBH%F9§tRF¥E%¢e§én¢s FEkYh ﬁrlcﬁhdland

repr @ée I jcularly
ungubgtF%ﬁ%g%%cggﬁgﬁgg?ggyeﬁgﬁéé%nd m=0. (17) X1

and X2 regeedentai tBHEOI (@ WAf chhéehedn axe aid achetbhgether
forn%@th'n@38¥§tenhgghfo{ﬂ%”zigéé aat%%c%g% x%orm a ring
system of formula IIIc, wherein Y° represents
oxygen, R to R»® are independently selected from
unsubstituted C;-C¢ alkyl or CF;, and R? and RS
represent hydrogen; )
A; and A; are the same and represent ~CHy-;
Q*, 0® and Q° each represent phosphorus;
D" and E' together with the carbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;
M represents Fe;
n = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(20) x* and X* together with Q° to which they are attached

form a ring system of formula IITa, X° and X
together with Q' to which they are attached form a
ring system of formula IIIb, wherein Y* and Y® both
represent oxygen, R to R® are independently
selected from unsubstituted C;-Cg alkyl or CPFP;, and
R* and R* represent hydrogen;

A; and A; are the same and represent —CHy~—

Q" and 0® both represent phosphorus:



together wwth QL to which they are attached form a
ring systemof fornmula H b, wherein Y1 and Y2 both

WO e@ressm oxygen, R50 to R53 are i ndependent | pEEIGBL106/M02915
fromunsubstituted C -C6 al kyl or CF3, and R49 and R54
represent hydrogen; Ai and,A2 are the sane and
represent -CH2- ; Ki, D1 ang El are the sane and

represent hydrogen or. unsubstituted G -C6 al kyl,
par t fcuF SPFFSRPEF o JEAXOBEand Bt itepradern-Cs alkyl,

phOSBQQEgéﬁlykﬂgph9§§85§nFe; n=1and L i represents
cycl 6pent adi enyl’, particuflarly unsubstituted

cycl Bpertadi 8hyltogedfhenr edith ash@uchriot natofls. ¢A8)the
X1 and X2 together with, to which th are attached
for nhacT PRESEGr eV D TR | PPAChyatlRE 4 ¥ ogetimened
W t he@imt enwhhelibbheyvuaee ghéaghedihgrma ring system

of forrmula IHo, wherein Y1 and Y2 both represent
oxygénTeREESEBER58Sar e i ndependently sel ected from

unsufst it ut eg C 588 alkyl g, gé%enj%%.%?@c?&%gﬁ%é\dienyl,

represent hydrogen; K1l Tepresents

whereant XSuadadlX6uhegbshétubetihcBlopenhadhehhty an€ m =

attached forma ring systemof fornula I Hc, wherein Y3

represents oxygen, R50 to R53 are independently

sel ected from hydrogen, unsubstituted C -C al kyl or CF

and R49 and R54 represent hydrogen; A i and A2 are the
CEimeXamng éE)r écg@iqthwt;h Q° to which they are attached

form a ring system of formula IIIa, X} and x¢?
together with Q' to which they are attached form a
ring system of formula IIIb, wherein Y' and Y2 both
represent oxygen, R° to R®® are independently
selected from unsubstituted C;-Cs alkyl or CF;, and
R* and R** represent hydrogen;

K' represents -CHp-Q°(X°)X® wherein X° and X°® together
with @’ to which they are attached form a ring
system of formula IIIc, wherein Y3 represents
oxygen, R>® to R® are independently selected from
unsubstituted C;-Cs alkyl or CF;, and R*® and Rr*
represent hydrogen;

D' represents -CHy-Q*(X")X® wherein X’ and X® together
with Q4 to which they are attached form a ring
system of formula IIIc, wherein Y® represents
oxygen, R®® to R> are independently selected from
unsubstituted C;-C¢ alkyl or CF;, and R*® and R
represent hydrogen;

E' represents —CH,-Q°(X?)x'? wherein ¥x° and X0
together with Q° to which they are attached form a
ring system of formula IIIe, wherein Y° represents

oxygen, and R to R® are independently selected



QL, @@ and B each represent phosphorus; Dl and El are

the sane and represent hydrogen or G- C e alkyl,
w@arwiozsrar | y hydrogen,- Mrepresents Fe; n = RCEHO$20061002915

represents cycl opentadi enyl, particularly

unsubstituted cycl opentadi ggyl, and m= 0 .(19) X1 and

X2 together with Q2 to which they are attached forma

ring_systemof formula llia, X3 and X4 together with

QU T 67 RRi BROPRE] T&PESG Cachid FeimaE Gy S8t & ofnd B
for mebprédbhc: whareyBnYl and Y2 both represent oxygen,
R50 to R53 are I ndependently selected from

unsubst3nditied age Chel |Bpmeo PnGF T epars cRA9 -§Hd- R54

reprgsergz hydrogen, gy epresents - : X.5) X6
wher gi N rl:§<5 gznd g(s n‘%%cgc]a? h%%c\;%m e S%%A%@%ppﬁéysar e
5 at t amhedptesaenasrrag systemof fornula | Hc, wherein Y3

represents oxygen, R50 to R53 are independently )
sel eBt ed™f r om undiBst i tut edBregendsky| cyclopgntaddenyl ;

R49 and: R8d1 & epyesablphydrogen: @510 agﬁéa- ith =
same and represent -CH2- ; QI, ang eégﬁﬁ "End m
repreésent phosphorus; D1 and El1 together with the
carbon atons of the cyclopentadienyl ring to which
they are attached form an unsubstituted phenyl ring; M

10 (2zppreSem’s R and=x! andeben@ph€$@ni8present congressyl,
cyclogentadlenyl, 1 .

especially” where X to X represent the same
congressyl group;

A; and A; are the same and represent —-CH,—;

K', D' and E' are the same and represent hydrogen or

15 unsubstituted C;-Cs alkyl, particularly hydrogen;

Q' and Q? both represent phosphorus;

M represents Fe;

n = 1 and Iy represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

20 0.

(23) x', x?, X’ and X' independently represent congressyl,
especially where X' to X represent the sgame
congressyl group;

25 K' represents -CH;-Q°(x®)x® wherein xX* and Xx°
independently represent congressyl, especially where
xt to x°® represent the same congressyl group;

A; and A; are the same and represent —CH;-;
0", 0® and Q® each represent phosphorus;

30 D' and E' are the same and represent hydrogen or

unsubstituted C;-C¢ alkyl, particularly hydrogen;

M represents Fe;
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particul arly unsubstituted cycl opentadi enyl, and m= 0
(20) X1 and X2 together with @2 to which they are

W@RMAOLBE® f or m a ri ng systemof fornula Ilia, MX3I/&aBC00K402915
together with QL to which they are attached form a

ring systemof formula |IHbgwherein Y1 and Y2 both
represent oxygen, R50 to R53 are independently

sel egted _from un stifuted G -C6 al kyl or .CF3, and

R49 glnd R54 ?nepr%ggnt 1:ﬁ’ydr JGaH SR Sand XS topsntpelienyl,
sanepandicepeesgninsCGHtiru@baandciBpkatharepresentg m =
phogBhor us; K1 represents hydrogen or unsubstitfuted

C -CYal kyl, particularly hydrogen; D1 and El1 together
with the carbon atons of the cyclopentadienyl ring to
whi ch thezy are attached form an unsubstituted phenyl

(24) ngX* M Xoprgsemds e indepehdandlisl reppeesent $ongressyl,

cycl opent adi enyl , .particul arly unsubstituted

cycl ‘8%8%?&8?§¥y| WHETE mX o t.oy(zglnll)S YACRERE SO t 0§BEhesame
W t hc€Rgteswhlchrbhigy are attached forma ring system

of formula Ilia, X3 and X4 together with QL to which

t heyKar e TRPEEERBESt or ¥ 13 NG Yt ewhefefor mit’a | &bd X6

thereheXinaat X2 DOLELERECSE D (LB 250 nece
al kylli1 dro CF repmesRA® ahe REher epngsentyhydregen;
A; and A; are the same and represent —CH,-;
Q', 0% and Q° each represent phosphorus;
D' and E' together with the carbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;
M represents Fe;
n = 1 and Iy represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(25) X', x*, X*> and X* independently represent congressyl,

especially where X' to x* represent the same
congressyl group;

A; and A; are the same and represent —CH,-;

o' and Q? both represent phosphorus;

K' represents hydrogen or unsubstituted C1-Cs alkyl,
particularly hydrogen;

D' and E! together with the carbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;

M represents Fe;
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Kl represents -CH2-@ (X 5)Xs wherein X5 and X6
together with @ to which they are attached forma

wo 20vg/02033¢ em of formula | Hc, wherein Y3 represkel/€B2006/002915

oxygen, R50 to R53 are independently selected from
unsubstituted G -C6 al kyl @n CF3, and R49 and R54
represent hydrogen; Dl represents -CH2-4 (X 7) X8

wherein X7 and X8_.koget her wj to which the €
attaghed forrmn a %n%g s%lst en]%/é4 é&so%?nr}:uﬁ a I%C!l%eégt&aife@’l'
r epr pseitisudrydenunREbstad tRE3dareciiogepeaderhly, and m =
sel egt ed fromunsubstituted G -Cs al kyl or CF3, and

R49 and R54 represent hydrogen; El1 represents -CH2-(6

(X 9) X210 wherein X9 and X10 together with @ to which
they are attgched forma ring systemof fornula IHe,

(2@her Bi n Peppedelt sindgrpadeninty RS tas RE3 armgressyl ;

i ndependent | lect edfromsynsubstituted.C - al kyl p
or B3 SRERISATG Rour GbrGabht hyHPoGLH: AT, anidaz %
are théepandeantyreppesesit- €bRgres&P1 R, B 4 and B
each_yepresent phosphorus; ;M r}eggesents Fe; n =1 and o
L i Yepr EEBRESSEVEl opertad dffyl X pavbpsaiar X' and X

unsubshbbeh8Eneys! PREPLAGhE8YLondPdsLen 7 0 - (22) X1,
X2, X3 and X4 independently représent” congressyl,
espell al FPRABEREX] EHX40T 6pnesbnt wheeesame x> and  x°

C ongfﬁééﬂéngéﬁyfﬁf represents congressyl, especially
where X' to X'° represent the same congressyl group;
A; and A; are the same and represent ~CHy~;
Q', @°, @°, @' and Q° each represent phosphorus;
M represents Fe;
n = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(27) x* and x3 independently represent adamantyl,

especially where X' and X* represent the same
adamantyl group;

X2 represents CR* (R®) (R?) and x* represents
CR*(R') (R'®) wherein each of R%, R°, R®, ®R!®, R ang
R12 independently represent C1-Cg alkyl or
trifluoromethyl, particularly where each of R* to RS
and R'® to R®? igs identical, especially where each of
R* to R® and R to R represents unsubstituted C1-Ce
alkyl, particularly methyl;

A; and A; are the same and represent -CH,-;

K', D' and E' are the same and represent hydrogen or
unsubstituted C;-C¢ alkyl, particularly hydrogen;

Q' and Q° both represent phosphorus;
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Ai and A2 are the sane and represent -CH2- ; K1, D1
and E1 are the sane and represent hydrogen or

wae@absisie ut ed C -C al kyl, particul arly hydr ogeeir/G82006/002915

and @ both represent phosphorus; Mrepresents Fe; n =
1 and L i represents cyclopgntadienyl, particularly
unsubstituted cycl opentadienyl, and m= 0 . (23) Xi,
X2, X3 and X4 in endently represent congressyl,

espeti BT B8/ to X4 represent the sane

congi essyl groupindKl nepreseplssaGER- Qgc;%é%%%éi@adiFnyl,

wherein X5 and X5 i ndependently represen gr essy
espédEtiguligiere vaswles et utept esentondrtadimnyl, and m =
congy essyl group; Ai and A2 are the same and

represent -CH2- ; Ql, Q2 and (B each represent
phosphorus; D1 and E1 are the sanme and represent

drqgen_or, unsubstituted C -Cg al kyl, particularly
drogen®™M r epr eseREEPERIRNELY angepIerepFesendamnantyl,

Yol o R R B R e xeeme
indéﬁgﬁﬁﬁﬁbﬂysﬁ@pﬂssent congressyl, especially where
A L ST
| ndegendentyly, reppestallgongeessw®, eSpesialty WhsF&sent
the same adamantyl group;
X? represents CR*(R®) (R®), x! represents CR(R!) (R'?),
x° represents CR'™(RY) (R'®), wherein each of R* to RS,
R to R and R® to RY independently represent
unsubstituted C1-Cs alkyl or trifluoromethyl,
particularly where each of R* to R®, RY™ to R, and
R'® to R' is identical, especially where each of R*
to R®° RY to RY¥ and R¥® to R"™ <represents
unsubstituted C;-C¢ alkyl, particularly methyl;
A; and A; are the same and represent ~CHj-;
Q', Q% and Q° each represent phosphorus;
D' and E' are the same and represent hydrogen or
unsubstituted C;-C¢ alkyl, particularly hydrogen;
M represents Fe;
n = 1 and Iy represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(29) x* and x3 independently represent adamantyl,

especially where X' and Xx® represent the same

adamantyl group;
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X1 to X6 represent the sane congressyl group; A i and
A2 are the sanme and represent -CH 2- ; Ql, @ and @3
wea@h/oespr esent phosphorus; D1 and El1 toget her P@I/GB2006®02915

carbon atonms of the cyclopentadienyl ring to which
they are attached form an gasubstituted phenyl ring; M
represents Fe; n=1and L i represents

cyel geent gt elules PULCHREVATSISU LN S e

cyclope I eny

i ndepéadent}y, r eppeseal 1gONHASSYX: esPeshal ky %ﬁ&%sent
X1l to X4 represent the sane congressyl group,- A1l and

A2 aF%et%%m§aﬁ@a%%%tY%p9§%@@t -CH2- : Q and Q@ both

repres Rhesphorys K prese h 11 12
ungu%ssg%bted a - C6 §]§2? %?lgééar¥gnﬁ d?%geﬁ{ 5 R
and ¥1 nep;mstmtsqut {R¥)darbon v&teﬁf@tmfeadte of R* to RS,

cycl adi_enyl to mhlc@ they are attached form
ax é?l tr%t eoarb‘i %yl GhgR M rE5eRseRea tiy: nrepyesent

and 1Ln$u}§§@it§@@ékﬂ3 ccylcicgpenaaﬂyﬁnyl orpaf EkEEhéé‘f%t}t&thyl
unsubstituted cycl opent adi enyl, gn nd . A
X2, B&raHedarindehberdererh Kébﬁesémtleongtgsgplflkl and

reprigse 10H2 5 Q8 56X 13058 V\A%es?%c:}a)iﬁy wq'xere each of R?

|ndepen§ent y Tepresent Conh
to R®, "RY® to RY¥ ang Rl6 to RY®  represents

unsubstituted C;-Cs alkyl, particularly methyl;

A; and A; are the same and represent —CH,-;

Q', 0% and Q® each represent phosphorus:;

D' and E together with the carbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;

M represents Fe;

n = 1 and Iy represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(30) x* and x3 independently represent adamantyl,
especially where X' and x3 represent the same
adamantyl group;

x*  represents  CR*(R%) (Rf) and X' represents
CR'®(R'™) (R™®) wherein each of R*, R®, R®, R, R and
Rr'? independently represent C1-Cg alkyl or
trifluoromethyl, particularly where each of R* to R®
and R'® to R*? is identical, especially where each of
R* to R® and R to R!? represents unsubstituted C,-Cg
alkyl, particularly methyl;

Ay and A; are the same and represent —CH,-;

Q1 and Q2 both represent phosphorus;
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Dl represents -CH2-Q4 (X 7) X 8 wherein X7 and X8
i ndependently represents congressyl; El represents

wo g2/0eB37¢ X 9) X10 wherein X9 and X10 i ndependePCT/¢B2006/002915

represents congressyl, especially where X1 to X10
represent the sane congress%g group; Ai and A2 are
the sane and represent -CH2-7; QL @ @B &4 and B each
represgent phosphorus; Mrepresents Fe; n = 1 and L i

repre§en¥§PE?%?%b%nP¥§F€ﬁ?P OFaruialsiriipted Ci-Cs alkyl,

unsugég EG?aE!&'Hﬁ&P&SQﬁenV| and m=0 . (27) X1
epen denty represent adamantyl, especially

wher eDX 1aadd &3 megeeﬁemt whéhsaﬂ&aadambbhylagmmmw)of the

TR SIS e

R12 | pgdepeadenhtynsepreseat 1%:3%(«1?@
trifluoromethyl, particul ar? ere each of R4 to R6

and Rior@@reagntg F@entlcal especi ally where each of

R4 to,R6 and R1 ep nsubsti uted, C1-C6
alkyﬁ? partlcular neﬁﬁyl &%i%% 52 apgcﬁﬁgeggﬁélenyl,
and rp@réx@mlazi&&unguﬁétlEﬁt@@dcﬁﬂl@p@nt@@iéﬂﬁE,aﬂﬂd m =
repre@ent hydrogen or unsubstituted C -C6 al kyl,

particul arly hydrogen; QL and @ both represent
phosphorus; Mrepresents Fe; n = 1 and L1 represents

cycl opent adi enyl ,
Specific but non-limiting examples of bidentate ligands

within this embodiment include the following: 1,2-bis-
(dimethylaminomethyl) ferrocene, 1,2-bis-

(ditertbutylphosphinomethyl) ferrocene, 1-hydroxymethyl-2-

dimethylaminomethylferrocene, 1,2-bis-
(ditertbutylphosphinomethyl) ferrocene, 1-hydroxymethyl-
2,3-bis- (dimethylaminomethyl) ferrocene, 1,2,3-tris-
(ditertbutylphosphinomethyl) ferrocene, 1,2-bis-
(dicyclohexylphosphinomethyl) ferrocene, 1,2-bis-(di-iso-
butylphosphinomethyl) ferrocene, 1,2-bis-
(dicyclopentylphosphinomethyl) ferrocene, 1,2-bis-
(diethylphosphinomethyl) ferrocene, 1,2-bis(di-
isopropylphosphinomethyl) ferrocene, 1,2-bis-

(dimethylphosphinomethyl) ferrocene, 1,2-bis-(di-(1,3,5,7-
tetramethyl-6,9,10-trioxa-2-phospha-

adamantylmethyl) ) ferrocene, 1,2-bis-
(dimethylaminomethyl) ferrocene-bismethyl iodide, 1,2-
bis (dihydroxymethylphosphinomethyl) ferrocene, 1,2~

bis (diphosphinomethyl) ferrocene, 1,2-bis-oa,a-(P-(2,2,6,6,-
tetramethylphosphinan-4-one) ) dimethylferrocene, and 1,2-
bis-(di-1,3,5,7-tetramethyl-6,9,10-trioxa-2-phospha-

adamantylmethyl) ) benzene. Nevertheless, the skilled

person in the art would appreciate that other bidentate



particul arly unsubstituted cycl opentadi enyl, and m= 0
. (28) X1 and X3 i ndependently represent adamantyl,
wezpeor@lid y where X1 and X3 represent the sanmePCT/GB2006/002915
adamantyl group ; Kl represents -CH2- @B (X 5) X5
wherein X5 represents adamgnty especi al ly where X1,
X3 and X5 represent the sa adarmntyl group; X2
represents CR4 (R 5) (R 6) X4 represents CRL R11 (R
ligands cep rkgredehiaoeRiel frouy) droagyinghéremn tigc s cope
of R4 : 0 to R12 and R16 to R18 independently
Ofr ggrge%gl%teggﬁsu )stituted Ci-C al kyl or trifluoromethyl,
particularly V\/nere each of R4 to R6, R10 to R12, and

0 is |d cal especi ally where each of R4
ACF8r§6ngR1g toaRl ]aeﬁ16a? CEi8 réfﬁ ed@fiSent invention

prodsubst i t gt e%l%ce@s al kidy  pank C%éfba!nf{)?%{ijyb%z A éf an

and A2 are the same and represent -CH2
ettyleadkaddpr esesi tphasehocesiooDhdandomlr b By he;ommtmg

T R IR ST S

anﬂerasr es;e:ﬂttmy:ycgopept axdatrm)imn@arddn@duafd Yin the presence
unsubstltut ed Iopent di en% and ia =0 . (29 X1
°fafd IW‘ya$ e%?@%% £ dRahhft 9Fe5@§1§eé1néﬂqrsﬁlon

Pr@@%&ﬁb%%,an6h53 peBEeseNt it hey saMByid phase continuous

process comprising the step noted above.

Suitably, the hydroxyl group containing compound includes
water or an organic molecule having a hydroxyl functional
group. Preferably, the organic molecule having a hydroxyl
functional group may be branched or linear, and comprises
an alkanol, particularly a Ci1-C3p alkanol, including aryl
alkanols, which may be optionally substituted with one or
more substituents selected from lower alkyl, aryl, Het,
halo, cyano, nitro, ORY, 0C(0)R?®, C(0)R*, C(0)0OR??,
NR*R**, C(0)NR*R?*®, C(S)R*R*, 3SrR*" or C(0)SR*® as defined
herein. Highly preferred alkanols are (C;-Cg alkanols such
as methanol, ethanol, propanol, iso-propanol, iso-butanol,
t-butyl alcohol, n-pbutanol, phenol and chlorocapryl
alcohol. Although the moncalkanols are most preferred,
poly-alkanols, preferably, selected from di-octa ols such
as diols, triols, tetra-ols and sﬁgars may also be

utilised. Typically, such polyalkanols are selected from

1, 2—-ethanediol, 1,3-propanediol, glycerol, 1,2,4
butanetriol, 2-(hydroxymethyl) -1, 3-propanediol, 1,2,6
trihydroxyhexane, pentaerythritol, 1,1,1

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

other sugars. Preferred sugars include sucrose, fructose
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adamantyl group; K1 represents -CH2-@B (X 5) X6 wherein
X5 represents adamantyl, especially where X1, X3 and
wX2oeppesent the sane adamantyl group; X2 repPEEEBR®6/002915
CR4 (R5)(R 6) , X4 represents CR1I0 (R 11 ) (R 12 ), X6
represents CR16 (R 17) (R 18), wherein each of R4 to
R5, R10 to R12 and R16 to R18 i ndependently represent

bsti t ut ed a%ﬁl or trif luaromethyl,
e SPRRES | | WA CLakoK BF SRR FEORAURID S RIe mefRanol
an®16thenB18 | shédestt Cater8sPegi Al kynyhere gach. 0f R4
to R6, RLIO to R12 and R16 to R18 represents

unsubstituted G -C al kyl, particularly methyl; Ai and

Th@zaﬂgggtﬁrgsZ%t%p%osphor lrJrg Dﬁrla%gééjl; t%@?%}f%dt %‘Pﬂ‘é‘ts

areartbeadat dms efkckele cyd opand adiemyht i OF t@tﬂpn@ﬂlcally
are_attached_form an unsubstituted phenyl rin M

und SHedRReCRaBORa Fonke cahegplgsent s Thus 'the alconol

yekopentadi eayl ul sups te .
ma%y0|open;§g|en§|reg%EEbﬁ A lde O)gglhggg,g%lthough, if

des ngependepdtyte epe boemts amlmrmﬂsycb,b@&pmﬁlal ly where X1
and X3 represent the sane adamantyl group ; X2
represents CR4 (R 5) (R 6) and X4 represents CR10 (R

It 1WilR k) adereiimtearh tohtR4thR5, <RE, Bi6auBtl 8Rd the
R]3C mdegel&dentl represent Ci -C6 al k¥l or

reaction 1 etermined at least in part by the source of

hydroxyl group contalining compound used. If water is used

as the hydroxyl group containing compound then the end

product is the corresponding carboxylic acid, whereas use

of an alkanol produces the corresponding ester.

It will also be appreciated that the process of the
present invention may start with a catalyst system having
components providing molar ratios above or below those
claimed but such ratios will progress to values within

said ranges claimed during the course of the reaction.

It will of course also be appreciated that the levels of
such components present within the catalyst system may
change during the process of the invention as further
amounts of some or all of the components are added to
maintain the wusable levels of components within the
catalyst system. Some of the components of the catalyst
system may drop out of the system during the reaction
process and therefore levels may need to be topped-up to

maintain levels within the actual catalyst system.
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trifluoronmethyl, particularly where each of R4 to R6
and R10 to R12 is identical, especially where each of
W00 02RE and R10 to R12 represents unsubstit uP€GB81006902915
al kyl, particularly nethyl; Ai and A2 are the sane
and represent -CH2- ; QL ang Q2 both represent
phosphorus; KL represents hydrogen or unsubstituted

Cgs k ' arl.y. hydrogen; D1 and. E1 together
Asvvist\%ct%he %%F%gﬁbgkg%’oflﬁ h‘élégcﬁgpe?’ﬁ%‘?%ﬁ ecﬁi Y t0ose
skafileld tireythee sattt ached fhlem @ ibasisithsd | futedi BB@NHerein

M.represents Fe; n =1 and L i represents

may, ERG6& O PenyLIARAR (FIRta COPTEHERsS MiHbeFhe Group VIB

orcyekepgnt @direRyl meBAY | Or= GompPes! F oM her with . the
non-limting exanples of bidentate |igands mnthlnt¥h|s

preasbdi meatdi nckadefone fal |owwibgex 1, 2- Bilsis  complex may

' yl.am.nopet hyl rocene, 1 - bi s-,
wep T B R Py TN DLy prst FUT5- e FOSBRYSE in the present
inkehydoaxyared hjlenze diapet bypbaskeeretdytt f @Fr ogefe catalyst
1,2-bis-, (ditertbuytyl phosphi nonethyl) ferrocene,
sY§LRPAFELTREAN PR3N 3 bi 5= (di met hyl ani nomet hyl )
ferrocene, 1,2, 3-tris- (ditertbutyl phosphi nonethyl)
ferrocene, 1 ,2-bis- (dicyclohexyl phosphi nonethyl)
Inf difteocpnecess2-dicerddig i sobutlyd phosgkntonetdyhdion, the

rrocene, .1, 2-bis-. (dicygl opentyl sphi nonet hyl ) .
carfppofgiine S s@é(afé§h§/ pl%éﬁﬁiﬁﬁ%étﬂ?l 511%“9d with
anf eheecenrms lsu@nbhs (dick8ephoPWaRREPHNBMRILYSY a2 noble
gas such as argon. Small amounts of hydrogen, typically

less than 5% by volume, may also be present.

The ratio (volume/volume) of ethylenically unsaturated
compound to hydroxyl group containing compound may vary
between wide 1limits and suitably lies 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 containing compounds
when the latter is also the reaction solvent such as up to

a 50:1 excess of hydroxyl group containing compounds.

The molar ratio of the ethylenically unsaturated compound
to carbon monoxide is preferably in the range 1:1 to 100:1
more preferably greater than 1:1, even more preferably at
least 3:1, especially from 3:1 to 50:1, and most
preferably in the range from 3:1 to 15:1.

The total amount of dissolved Group VIB or VIIIB metal of
the invention used in the carbonylation process of the
ethylenically unsaturated compound is not critical. Good

results may be obtained when, preferably, the amount of
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ferrocene, 1 ,2-bis- (dine thylphosphi nonethyl)

ferrocene, 1 ,2-bis- (di- (1,3,5,7- tetranethyl- b, 9
W0 2@70203¢x a- 2- phosphaadamant yl met hyl ))f er r oceP€l/GB2006/002915

1, 2-bi s- (dinethyl am nonmethyl )ferrocene-bisnethyl

i odide , 1,2- bis (dihydroxynethyl phosphi nonethyl

)ferrocene, 1,2- bis (di phosphi nonethyl) ferrocene, 1

2-bjs- a,a-_(P- (2,2,6,6, - - -
Gro @ TR R BROSBHTREALALoNeT FHENERRR 2677 deorid angles
ed, 2nobks- o £€di i tr = 9
P ,10-???0x3§2-%%%géﬁgégiﬁ%gty?ﬁ%%ﬁ%%?t§%en§8ﬁ%9und' more
profeerbhel e8] toe 19KT | helepersosnti nrefierablywadld to 1072
reciate that her_.bi.dent at el i gands _can_b
mofRd) s%%“gd M ot dee%lé’tlieﬁlécﬁﬁg% i H’élSéEb‘Béth t figmpound.
Préfwestblon. thecandiung be difarther asiebund Ner PSSRt I
I pventjon_provi des a process for the carbonyl ati on of
OF PR e?%f% aFPy iR P HF BEE dCeBRAPBIAJLE ofpr ithiengange 107
7 €oniaoli ngoan SEbybeabeq) | younsal ut gied opound LBy,
_%arbon nonoxi de and a hydroxyl group contai ning
10 Corisouhd i maekes presentel ®f od cethatlyesti csyistyemiasaturated
co %&hﬂ?d in the present invention. Preferably, the
ﬂ%ocess is a liquid phase continuous process
conprising the step noted above. Suitably, the
hydroxyl group containing conpound includes water or

Sulfiplganicc HRovedul BORaGFRENAIAYdrieRyItHeunépivengion, the
HUP: o Y & epabLy, i - W N

Ca'hydroiil functi%naFkg?%%%g%§§gggqgggﬁ%ﬁggﬁ%% #ﬁéﬁﬁﬁ?a as

defgned ohpriedes neay abkamnfqardd cihardne aofi 3@ aprotic

soRA0eL ol PELsLra ol kot e WLEBLBY Becn aa o

example methylbutylketone; ethers, guch as for example

anisole (methyl phenyl ether), 2,5, 8-trioxanonane
(diglyme), diethyl ether, dimethyl ether, tetrahydrofuran,
diphenylether, diisopropylether and the dimethylether of
di-ethylene-glycol; esters, such as for example
methylacetate, dimethyladipate methyl benzoate, dimethyl
phthalate and butyrolactone; amides, such as for example
dimethylacetamide, N-methylpyrrolidone and dimethyl
formamide; sulfoxides and sulphones, such as for example
dimethylsulphoxide, di-isopropylsulphone, sulfolane
(tetrahydrothiophene-2, 2-dioxide), 2-methylsulfolane,
diethyl sulphone, tetrahydrothiophene 1,1-dioxide and 2-
methyl-4-ethylsulfolane; aromatic compounds, including
halo wvariants of such compounds eg. benzene, toluene,
ethyl benzene o-xylene, m-xylene, p-xylene, chlorobenzene,
o-dichlorobenzene, m-dichlorobenzene: alkanes, including
halo wvariants of such compounds eg, hexane, heptane,
2,2,3-trimethylpentane, methylene chloride and carbon

tetrachloride; nitriles eg. benzonitrile and acetonitrile.
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nore substituents selected fromlower alkyl, aryl,

Het, halo, cyano, nitro, ORI9 , OC(OR 20, C(OR 21 ,
w@@yaR322 , NR23R24 , C(O NR 25R26, C(S)R 25RP6I/GB3R&/N02915

or C(O SR 28 as defined herein. H ghly preferred

al kanol s are G -Cs al kanol s,such as net hanol, ethanol,

propanol , iso-propanol, iso-butanol, t-butyl alcohol,

n- but anol, phenol and chl orocapryl al cohol. Although

t he nonoal kanol s are nost preferred, poly-alkanols |,

m@%w%%w@tﬁww%mmmmﬁﬁﬁ%%%mc
ttiols, tetra-ols and sugars nmay al so tiTised.
coﬂspanaltmaﬂnmﬂ1mmﬂqmlkanaﬂaeabé &4l eatetk f ppafédrably in

S SR & o O, "
présgné tébﬁﬂgkgxyh@%@nQﬂleﬁgﬁgﬁﬁﬁwﬂdHﬂéﬂﬁnb Tobh 1 trblven

(hydroxymet hyl ) ethane, nannose, sorbase, galactose
sohndnbt her usggaris: iPyeefregreal SuepEng nef udepsasen*seng the

d II f d I
o ol i R FaneT . OThe. eSS ater P of RanoEUpg Caice

asnﬁihaéotrlEhanﬁhuntapécatgohﬁ|thé peheCkbhieaker with a
CGener apounts are used in excess of the anpunt of

VaetRY EHFCQFF}eG’ﬁgéFur dpéucBonpbuhbct 81BécEAFbEnyPREEANES

of ThugmhBe alszefeli dTay SRl a%xﬁhe1&§a0féﬁﬁdsohﬁenbeﬁéral
wel I, although, if desired, separate solvents may also

referesed. Haokd | | sbehams ethat ethriciaol heferthgwictugt and
he act de e at._| eas rt _by_the
Ph%ou%cé g? hf%goxy:ngréﬁpg%%n |%Fﬁé c%hpgﬁh %tedai and

pubidi ehedisbyserdcagrebe hydroesyg, ghaupreonbakdigguoted for
conpound t hen the end roduct |s the correspondi ng

2 EEFBBXFFPECaREdaDRHEr d1SCUSE 25°C, 1.8. about 293715k or

298.15 K, and atmospheric pressure, i.e. about 1 x 10°Nm™?,
or can readily be converted to that temperature and
pressure using the conversion factors quoted. If no
literature data for a particular compound is available,
the dielectric constant may be readily measured using

established physico-chemical methods.

For example, the dielectric constant of anisole 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 methylpentanocate is 5.0
{at 293.2 K), of diphenylether is 3.7 (at 283.2 R), of
dimethyladipate is 6.8 (at 293.2 K), of tetrahydrofuran is
7.5 (at 295.2 K), of methylnonanoate is 3.9 (at 293.2 X).

A preferred solvent is anisole.

If the hydroxyl group containing compound is an alkanol,
an aprotic solvent will be generated by the reaction

because the ester carbonylation product of the
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of an al kanol produces the corresponding ester. It

wi Il also be appreciated that the process of the
wEe@3meen379 nventi on may start with a catal yst SBGI/6BR006/002915

havi ng conponents providing nolar ratios above or

bel ow t hose cl ai ned but sucﬁgratios will progress to

values within said ranges clained during the course of

the reaction. It will of course also be appreciated

ethatenirea ey e s seiusadede ofipbRewed, prassdnn wieRHidge and
tﬁ@tﬁg&ofysé%ﬂf%ar&@fé‘% ,5{ g the process of the
further anount

I nvention as some or all of the
conponents are added to maintain the usable Ievels of

onents within the catal yst Sﬁpﬁenl Sone Q#]
SRERES ST HB=CAPHYSE SGRE el dPBRoBH T FRECELC

s@]X?ér?&“ dyrigng Lhe ée%tﬂl@ 5&99?380@%&@%1@ Ok®lvent to
l'evel s’ may need to be topped-up to maintain |levels

hmndwyiltmercam ua¢01@1a¢3aﬂ13,/1$€ﬂ syROHAE et eyt least 1:1.
%?l’ha for?}% thetl%blea e%e% }neq. Hy QOE%.:ikla{rlnfdmore

phosphi nes descri‘bed herei'n may
premetdisn, air{otrrgamd$ tthat 5caar ditoat e phdfeddisl v ate ViBtio
or Group 1B netal or coppound, together with the
‘M‘@se?ﬁn%%? T ¥or it EEohptex. This conpl ex may
represent part of the effective catalyst in the
present invention and hence may represent part of the
D&fmnett@sthsygif@me@@flmeduﬁeic%l nrefarrad ﬁh@@es@e reaction

1%3%%5(“ i %u:t}geuplr egﬁnt é’&?éé Oy ¢ t caf, (}:f%gr%’lﬁ.l added

Sed T'n pure orm or ut €

apf&tic gaslsuehl ase ni dhogetrotdar kmﬂL\ﬁHzrm(l detorg@ém&ttleﬁ by
gas such as argon. Small amounts of hydrogen,

tkﬁ,ﬁ%cptpypn itself.

The catalyst compounds of the present invention act as

“homogeneous” catalysts.

By the term “homogeneous” catalyst we mean a catalyst,
i.e. a compound of the invention, which is not supported
but is simply admixed or formed in-situ with the reactants
of the carbonylation reaction (e.g. the ethylenically
unsaturated compound, the hydroxyl containing compound and
carbon monoxide), preferably in a suitable solvent as

described herein.

Conveniently, the process of the invention may be carried
out by dissolving the Group VIB or VIIIB metal or compound
thereof as defined herein in a suitable solvent such as
one of the hydroxyl group containing compounds or aprotic
solvents previously described (a particularly preferred
solvent would be the ester or acid product of the specific

carbonylation reaction e.g. Methyl propionate for ethylene
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| ess than 5% by vol une, may al so be present. The ratio
(vol unme/ vol une) of ethylenically unsaturated conpound

W eoorpeidexyl group contai ni ng conpound rmay varBRChHEBM®6/002915
wide limts and suitably lies in the range of 1:0.1 to
1:10, preferably frombetween 2:1 to 1:2 and up to a
| arge excess of hydroxyl group containing conpounds

%ggn yge Jatter is also the reaction solvent such as
CHPIY B B S KGN amipirdnvathi my compound

o OrmeNIDs . T The 1P als Tt i hdie gt vl enically,
unsat urated conpound to carbon nonoxide i's préferably

in the range 1:1 to 100:1 nore preferably greater than
I

01 [ referably at |east 3;1, especially
1% ot :%Ht§8€§¥?§gaﬁ€%n§§ Pet etBblfei RTEFENCEnRE other
gdseynﬁhﬂCEOaié:lneTheﬂﬂﬁﬁﬂeaﬁ@&@Ei&ﬁ.di@§%h¥§%39%¥”%uch
VIB or VIILB netal of the invention used in the
95D o FaEHB N NYFEee8s o it athy | @aiilecnt | §igrsdeuratedche

ndAPYHEd S & iddfR] - CGood results may be obtained
when, preferably, the anount of Goup VIB or VIIIB

netal is in the range 10~7 to I CT1l nol es per nole of

l.eni ¢cal | at ur conmpound, nore preferably,
TGRS i Be oS ot P oH 06 PRl riieeot
whieh nmlye 106 ebiiylead oal by @ngaﬁgaaﬁado@%egm I or IIT
Preferably, the anount of bidentate conmpoun o?

e a GO tror MASK Y E@ﬁkﬁ%ﬁ%mat@@q&M@Dun¢ﬂaiinum,
crSaanIna kil g MBEGEPER LAl 4y A0 M0 ae
cogbhyteni calikirelnsat padl ediconpourttbdSun t aking  aldihaughm .
Pr@%gig%ﬁgn“éﬂetébﬁgghénveggi92’Jrgioup VIIIB metal or a
compound thereof. Preferably, the metal is a Group VIIIB
metal, such as palladium. Preferably, the Group VIIIB
metal is palladium or a compound thereof. Thus, component
b) is preferably palladium or a compound thereof.
Suitable compounds of such Group VIB or VIIIB metals
include salts of such metals with, or compounds comprising
weakly coordinated anions derived from, nitric acid;
sulphuric acid; lower alkanoic (up to Ci2) acids such as
acetic acid and propionic acid; sulphonic acids such as
methane sulphonic acid, chlorosulphonic acid,
fluorosulphonic acid, trifluoromethane sulphonic acid,
benzene sulphonic acid, naphthalene sulphonic acid,
toluene sulphonic acid, e.g. p-toluene sulphonic acid, t-

butyl sulphonic acid, and 2-hydroxypropane sulphonic acid;

sulphonated ion exchange resins; perhalic acid such as

perchloric acid; ; halogenated carboxylic acids such as
trichloroacetic acid and trifluoroacetic acid;
orthophosphoric acid; phosphonic acids such as

benzenephosphonic acid; and acids derived from
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carbonyl ation of an ethylenically unsaturated conmpound

as defined herein may be perforned in one or nore
wa@pra27sol vents. Suitabl e sol vents i ncl ude ke€DO82006/002915

such as for exanple nethyl butyl ketone; ethers, such as

for exanple anisole (nmethyt3phenyl ether), 2 ,5

, 8-trioxanonane (diglyne) , diethyl ether, dinethyl

m@éP&étl&ﬁéfﬁgméeﬁuté&hsdé@bﬁgy%ﬁ&hﬁﬁ%gtééo?E?ETA'. Other

ether and the dinethylether o I -ethyl ene-glycol;
soestes s,wisith amyf obrexadpl eswktdyl acetrdtays include the

di net hyl ad t hyl th ht h
ool ELIY 0 paLe el pepogte, o pLhyl phihalate, o
e.dl W&J&tlﬂﬁﬁx%ﬁéi&aﬁﬂré@lhw pyraebi donga@and diamthyl zero
formam de; sul foxides and sul phones, such as for

vabspPe. dpAbHRy COmPRRERSd @2 il qudsprlapy i phohey labile
I t et [

LG o1 Sat ol aet S R e g gr Hlkiles such s

dlbemzy&q@bmm@ceph&ee 1,1- dlowrde and 2-styrene or

el T A PO ShaNEip OB SSONGSs

t ol uene, ethyl benzene o-xyl ene, mxylene, p-xylene,
chl orobenzene, o-di chlorobenzene, mdi chlorobenzene:
Thys katee, a@ed udignhapeeseittlants ofelapitedofpounds: egeid

naPiEne. pREPRANG. 2e 2 IR Y RANLANG, . MBI 81 oos

car tetr ori riles eg
thebcen&onmbrel @r&ﬂf@rabétyomdsm ItelaVerEy,_ smsttabpfeﬁefably less

aprotic solvents having el ectric const S
engfB| Ly SoRSrtETE B85Enindn oy erBoho! SoPRCIRLLY anbatss than
2. t058itaBle29& UK antelude 106AE 2 acildR t e ¥ &$ENtupra.

context, the dielectric constant for_ a given sol vent

Prefermelli nthes asdcels nehbiiely of stéphesant iang dheor some

other acid such as those selected from the list consisting

of perchloric acid, phosphoric acid, methyl phosphonic
acid, sulphuric acid, and sulphonic acids, even more
preferably a sulphonic acid or other acid (selected from
the list above) having a pKa measured in agueous solution
at 18°C of 1less than 4, yet even more preferably a
sulphonic acid having a pKa measured in aqgqueous sgolution
at 18°C of less than 2, still more preferably the acid is
selected from the 1list consisting of the following
sulphonic acids: methanesulphonic acid,
trifluoromethanesulphonic acid, tert-butanesulphonic acid,
p-toluenesulphonic acid, 2-hydroxypropane-2-sulphonic
acid, and 2,4,6-trimethylbenzenesulphonic acid, most

preferably the acid is methanesulphonic acid.

The anion may be derived from or introduced as one or more
of an acid having a pKa measured in aqueous solution at

18°C of less than 6, more preferably, less than 5, most
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ratio of the capacity of a condenser with that
substance as dielectric to the capacity of the sane

weondenser with a vacuum for dielectric. Val ueBCt/6B200®02915

di el ectric constants of common organic |iquids can be

found in general referencegpooks, such as the Handbook

of Chem stry and Physics, 76th edition, edited by

Vi . Lide et _al, ,and _publ.i shed b ress in

prqoeeibliny dreS, it 4auor R oLy (s PAPe f & salt
wi€RoHt 2Qa6rorte: afoesi ndtr ARG 293 Lplkc10r tR88rdackion,

and at nospheric pressure, i.e. about 1 x 105Nm'2 , or
e.gannesadi 1SpHe cobvetedlvo eFEmni@enpat hurseicdngs alkyl
amfSEEHHT € MR N0 LIS GANEE S aRchaclor 3, 0ugked, Tl can
Iterature dafaTor a partlchar conpound IS
brealai dalnh epnflbe deatetdni covdnsiant maygbeereaadi ke anion
. _measured, usi est abl.i shed physi co; chem_cal . nmet hods .
in E8R Ey arBr At BrerBcen AHEC RS Nl g ids gnd
sal@ed, 208 supfadi ethyl ether is 4.3 (at 293.2 K), of

sulfolane is 43.4 (at 303.2 K), of nethyl pentanoate is

5.0 (at 293.2 K), of diphenylether is 3.7 (at 283.2

, et hyl agj e 2 K0
T TG uhn TRCgh WS, 0 pr crteftal to the
caimEiyl aonssieatieours 9 (at 28321yt Ayrtederr @the molar
solvent is anisole. |If the hydroxyl group._containin
ratehpotind §3L%h aq%aﬁ?ﬁﬁa]an“i?)é’ro%ec §%W‘ent1=3vi I Itobe5%0‘1'
préeaeset-edrbymt he1r eactioen ibegrRusE AR EHely from 3:1 to

carbonyl ati on product of theethylenically unsaturated
30 chipdupee €ae banladnoki deouhded hey ap kapobingtian of acid

anc?pégﬂzf: ?BgvggﬁatI@% %rr%%%ﬁi%y o%e SR réceldd oét'llldi B3P is
excess o apr otic
not critical.

As mentioned, the catalyst system of the present invention

is typically used homogeneously.

The catalyst system of the present invention is preferably
constituted in the liquid phase which may be formed by one
or more of the reactants or by the use of a suitable

solvent.

The molar ratio of the amount of ethylenically unsaturated
compound used in the reaction to the amount of hydroxyl
providing compound is not critical and may vary between

wide limits, e.g. 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 means. However, it 1s an

advantage of the present process that significantly fewer
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solvent, i.e. at aratio (v/v) of aprotic solvent to

hydr oxyl group contai ning conpound of at |east 1:1.
woe@ieead y, this ratio ranges from1:1 to 10: RCEGH#2006/002915

nore preferably from1l:1 to 5:1. Most preferably the

ratio (v/v) ranges from1.5:1 to 4:1. Despite the

aforegoing it is preferred that the reaction is

carried out in the absence of any external added
byapmmiductsol vere  ifeormamd aphetrebysokeéutingt geserméed for

Lon_itself ounds,of the

th t al i
r R DR el R P Ehet T et BaparsLion @F the
prtdﬁilcttera'ﬁ "TRONCYE NBPUSSn S %g%hé/vegmmalfaéférﬁflcantly

.e. a conpound of the invention, which is not
hl@ih%br&ééldamwtéf si rpl @%‘ﬁrﬁmaﬂwﬁaﬁamcs i thagi ttLhew Qﬂ.’her

é&h en|03F%§]ﬁggéﬁﬁ?%?egﬁcon%éﬁ%ﬁSEfgggh%% 8§Q%h mhy be

re(mfl’dilaadﬂl agd conpaend ednd e af Oth&®Noss 8€) ons pPhafer ablnimal

in_a suitable solvent as described herein.
SUBSHFEIFEAYAPT (e THste S YSite i nvention may be

carried out by dissolving the Goup VIB or VIIIB netal

or compound thereof as defined herein in a suitable
Predleyedlsuchtlae orerbpuyhathgdr oxyl gpannn%@ntauh|n@t a

ceEQIANIS, e ABERLLESONPILS RERU: VR B DEhIP ooc

arly preferred sol vent "wo
toaculonqd’coduetvemf u&w@pe@xéf@rm@omwl Qib rem@‘icqn most

t hy opi onat or ethyl enecar bonyl ati on) and
r?lﬁ%?@%ﬁé’ntl &dmi 5@ ngf%\f)tq”r a coffpouR§PSCipdiivul Pyeiprred
tehblerd® @@f i ned hengin andsafl adidhbween 80°Cc to  120°%.
Advantageously, the carbonylation can be carried out at

moderate temperatures.

Preferably, when operating a low temperature
carbonylation, the carbonylation is carried out between -
30°C to 49°C, more preferably, -10°C to 45°C, still more
preferably 0°C to 45°C, even more preferably 10°C to 45°C,
most preferably 15°C to 45°C. Especially preferred is a
range of 15 to 35°C.

Preferably, the carbonylation is carried out at a CO
partial pressure of between 0.80 x 10° N.m? to 90 x
10°N.m™?, more preferably, 1 x 10° N.m™2 to 65 x 10°N.m™2 and
most preferably 1 to 30 x 10° N.m™2. Especially preferred

is a CO partial pressure of 5 to 20 x 10°N.m™2

Preferably, a low pressure carbonylation is also
envisaged. Preferably, when operating a low pressure
carbonylation the carbonylation is carried out at a CO

partial pressure of between 0.1 to 5 x 10°N.m™%, more
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The carbon nonoxi de may be used in the presence of

ot her gases which are inert in the reaction. Exanples
wo@Roogneds7gases i ncl ude hydrogen, nitrogen, carbPONGB2006/002915

di oxi de and the nobl e gases such as argon. Suitable

Goup VIBor VIIIB netals ovea conpound thereof which

may be conbined with a conpound of formula | or |11

pf@ﬁmfo@att ronizckel 1 oRall-adiyg meggd 10 d aabtlf%ne; to

chrom um nol ybdenum and tungst en,

1 it UdENeoi bal t, nickel, palladium rhod| um and
pl ati num Pr efer ably, the conponent b ) is a Goup
VIIIB netal or a conpound thereof. Preferably, the

THE et hy Berdi SAOUP Mida Brreted ac&wuﬁias Ry agh URibs tituted
Preferably, the Goup_VIIIB netal al 'ladiumor a

Ol@oﬁﬁauﬁabshétaéfed WEHdS gr@@m@oﬁémd ned pb@frer fislry the
LS e AT T

suc G oup or VIII msta a

irdtuades aliky, and mmbwmmm e g alﬁaé(ﬂ'q%ps containing
itric_ aci

oordi.nated a erjv fro
hegiﬁr&ﬁﬁ’qnbg a%\l?j ja’r‘i%?h'm Eg%ﬂgmfo ehosphedugs seisroen
aﬁﬂSﬁM%¥¢§e@C|dE§8 PESPLFNIEIRG EuehsP R 16 ACT A9 orige,
such as net hane su honi ¢ aci d, chl orosul phonic amdr

brgnjsieos uligtbinie Ry P00r orsthrEns suréprl’mmc, acamiino,
p a n t ph aC|
@ tgﬁiene %ﬁ ‘phon |Igo agﬂl toly aCB'h aﬁt %PLue%g} ﬂﬁp toni ¢ %%Jr%é,‘ble

ettlmjieﬁlca]llpzhonmsad:what@kﬂd 2ebm1dbanglpr opﬂmelxs@é phostitene,
Acl d %?onat ed.i og exch%ﬁ%e resins; per halic acid
P ?é)ceﬁleasu?) T or VAT FOTPHASy ettt d2 e arBER i7Cetates,
heticd® ,SUSBt&8e, nonene, decene, undecene, dodecene, etc
up to Cip, i.e. having from 2 to 30 carbon atoms, which
may be linear or branched, cyclic or uncyclic or part
cyclic and in which the double bond may take any suitable
position in the carbon chain and which includes all

stereisomers thereof.

Moreover, the unsaturated compound may have one or more
unsaturated bonds and therefore, for example, the range of
ethylenically unsaturated compounds extends to dienes.
The unsaturated bond(s) may be internal or terminal, the
catalyst system of the invention being particularly

advantageous in the conversion of internal olefins.

Particularly preferred are olefins having from 2 to 22
carbon atoms per molecule, such as ethene, propene, 1-
butene, 2-butene, isobutene, pentenes, hexeneg, octenes,
e.qg. oct-2-ene, oct-3-ene, oct-4-ene, decenes and
dodecenes, triisobutylene, tripropylene, internal Cia

olefins, and internal C;5-Ci3 olefins, 1,5-cyclooctadiene,



10

15

20

25

30

trichloroacetic acid and trifluoroacetic acid,

ort hophosphori ¢ aci d; phosphonic acids such as
whewzemsphosphoni ¢ aci d; and aci ds deri ved PCT/GB2006/002915

from nteractions between Lewis acids and Bronsted

acids . O her sources vvhich7 y provide suitable

anions include the optionally hal ogenated tetraphenyl

borate derivatives, e.g. per fluoro tetraphenyl
cysgrodadecens + | S\, Pensenapsst pafl ackwperenphiiesles,

e RArtiGu arly thosewith labile Iigands, e.g.

tri phenyl phosphi ne or al kenes such as
di benzyl i deneacet one or styrene or tri
di bepzyl i deneacet one) di pal | adi um nay be used. Thus,
B %eésﬁy SPRRehLFr Smﬁaﬁt@éﬂa EETBAURFomanPaefgrably an
alfk@Heng b vy Measypedsi NcAaHEAUSaSROMT | @ite 1806 &L per
less than 6 , nore preferably less than 5, nost
mogesiidicabl y |1 MeR-tHahtng espavbabby béss sthidmide nibrenes

. al l e . Itable acids inc]ude.the
1n§§ﬁ§? Iig ed sﬁ%%%B%gPéfera 1§$b%$ﬁééﬁﬁ%’is€%?VﬁgFY 13-
e ot f ramaee P o e 0.2
sel egte rom_the |ist consisting of perchloric aci
heﬁl’f@éﬁﬁ@ﬁ'c éci3d,p%¢§1en&1osp1h§n‘&te 1§negy| phricularly
1,8CHkehta@R@dnsul phoni c acids, even nore preferably a
sul phonic acid or other acid (selected fromthe |i st
above) having a pKa neasured in aqueous solution at

f ol 4 ven re. preferaply a
Aﬂéﬁﬁfﬁbnic %%%%ﬁﬁgviﬁa¥§gﬁig néggur gsﬁﬁuﬁaggéuscompounds
cosehistrisonoat WBGnfrdtess thaprd o5t ickicbaRke ipr efeiabl Yand
es%he acid is selec&gg fromthe |ist consisting of the

&SP Ind A PHEHI I 8t et hanesd phoAiPE &&pgole, the

starting material may be a vinyl ester of a carboxylic
acid such as acetic acid or propanoic acid, or it may be
an alkyl ester of an unsaturated acid, such as the methyl

or ethyl ester of acrylic acid or methacrylic acid.

A further preferred category of unsaturated compounds
consists of cycloalkadienes, which will ordinarily refuse
carbonylation. For example, the starting material may be
dicyclopentadiene or norbornadiene, to give diesterg,
diamides or diacids, etc., which may find subsequent use

as monomers in polymerisation reactions.

The use of stabilising compounds with the catalyst system
may also be beneficial in improving recovery of metal
which has been lost from the catalyst system. When the
catalyst system is utilized in a liquid reaction medium
such stabilizing compounds may assist recovery of the

Group VI or VIIIB metal.
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trifluoronethanesul phonic acid, tert-butanesul phonic

aci d, p-tol uenesul phonic acid,
WQ20vae@BRy pr opane- 2- sul phonic acid, and 2 ,4 PCT/GB2006/002915

, 6-trimet hyl benzenesul phonic acid, nost preferably the

acid is nethanesul phonic acjgd. The anion may be

derived fromor introduced as one or nore of an acid

havi K d | uti t 180C of
LB PR D B M o
ll'&ﬁ%tdorr%‘a‘?ftel@rb’ ma@S 8 L1 eﬁ%p%%éﬂsa{r&ssd \ﬁed in

a salt wth a cation that does not erfere wt
al&&ﬂumdnnaEIQErnesaidsabﬂsmerlbaﬂgsbﬁreagambEﬁn@tdapable

as, .al.kyl amonj u nd _a precursor, suc
f; é?y &h %?ggﬂgé%gnsﬁﬁﬁgPs?gﬁcPﬁoHafgﬁ&iﬁﬁoﬁ§ the
mepgmercm evihes aneeal | Brsimb\alalsléb Pahﬁda‘afd%@%atalyst
salts include the acids and salts, listed supra h

SY§k&Rt MLFhdn Acon Lldsesarirdefot critical to the
catal yti c behavi our of the catalyst system The nol ar
ratio of anion to netal nmay be from1l:1 to 500:1
Ther eﬂéqabtiy feaot20d troedDin 1 rend jpart ecusaltyntr om3: khe
Where the anion is provided b a conbi nati on

to. 30:
regRtagny ey COTPRLESarhe BE G Torts obial TeRE aBE oF

redlei%al hriciutils Cihdmdadl ves ”@Hé'?@ﬁ@tahh% %ﬁhﬁﬁ@gctlon
system of the present invention is typically used

PrReNs§Endsush iU iThef @em angst beymiemibl et wé thr esentissolved
1n'%aggﬁbgﬂt'%rpﬁ§f ?ob%%&ggitltUted in the liquid

se whi ch may y ‘one or nore of the
reactants or by the use of a suitable sol vent

The polymeric dispersant is soluble in the liquid reaction
medium, but should not significantly increase the
viscosity of the reaction medium in a way which would be
detrimental to reaction kinetics or heat transfer. The
solubility of the dispersant in the liquid medium under
the reaction conditions of temperature and pressure should
not be so great as to deter significantly the adsorption

of the dispersant molecules onto the metal particles.

The polymeric dispersant 1s capable of stabilising a
colloidal suspension of particles of said Group VI or
VIIIB metal or metal compound within the liguid reaction
medium such that the metal particles formed as a result of
catalyst degradation are held in suspension in the liquid
reaction medium and are discharged from the reactor along
with the liquid for reclamation and optionally for re-use
in making further quantities of catalyst. The metal
particles are normally of colloidal dimensions, e.g. in
the range 5 - 100 nm average particle size although larger

particles may form 1in some cases. Portions of the
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The nolar ratio of the anmpbunt of ethylenically
unsat urated conpound used in the reaction to the
wa@pwan2o3ed hydroxyl providi ng compound i s not BET/GBe@6/002915
and may vary between wide limts, e.g. from0.001:1 to
100: 1 nol /ol . The product 7?1‘ t he carbonyl ation
reaction using the ligand of the invention may be

eparated.fromthe other conponents by any suitable
e LR A
mepPhOCessrifatesi gmnifliseanthy hawerbgdy oductsar e bayumd ¢

thereby reducing the need for further purificatio
moheredephesemaiini ak depataripstiief lyheopratedt bas they 1heuid

' c t er.al.l ignificantly higher
regérggﬁi \E}% £ )g%mAgﬁ?? t I}lertaﬂalﬁa"?lapgg%h? sg}%po\%r?%(g gFﬂEﬂP VI or
VITOBparenils phittictant are thebdatakys tagyistam wei€hi A8Y on
be recycled and/or reused in further reactions with
Ehg; ME\?@S s%gplt&?erﬁ%%w oPTf rigs hr 8a¢ &Py stieapr edracds y and

ag%bﬁs@a&'@?m{h@ ia%g&io%ng%%rt@se%P%eﬁl %%ﬁ%@% uxrfﬁbg% ey

etween -10 to , ore prefera
growewyn ¢flel Prat ephbprrieteso st d@&ntwably coagulate.

f b ! 20 , iall f d
sofl 8N ARG 0ol 06 M eTREE BLLL P18 e

prédgnntageous syl tahd e al xgudatiomeanyhee €Rer edpa¥tant
at noderate tenperatures . Preferably, when operating

EYRE| owlPenpeCoRGee [EAtHORy | atiton, IHel®Febny| BRewn | Such
' - 0C t -, |
agg%%%ﬁgti’é'ﬁ QEBﬂﬁlelnbe 3Q0G félfaggtl yé%%ctg% e%%%é‘f dnd the

to 45C, sti nore prefe even
agabeeepakéer allyy 100C towld5C omesty peef ertadd y theg tay be

bré?éﬁ E%pgﬁaa%ﬁg Bé%éféi&g fgdf%persed by agitation.

The polymeric dispersant may include homopolymers or
copolymers including polymers such as graft copolymers and

star polymers.

Preferably, the polymeric dispersant has sufficiently
acidic or basic functionality to substantially stabilise
the colloidal suspension of said Group VI or VIIIB metal

or metal compound.

By substantially stabilise is meant that the precipitation
of the Group VI or VIIIB metal from the solution phase is

substantially avoided.

Particularly preferred dispersants for this purpose
include acidic or basic polymers including carboxylic
acids, sulphonic acids, amines and amides such as

polyvacrylates oxr heterocycle, particularly nitrogen



10

15

20

25

30

range of 15 to 35C. Preferably, the carbonylation is
carried out at a CO partial pressure of between 0.80 x
wae®7azasrd 2 to 90 x 105N . m 2 , nore preferabl BCT/GB006/002915
105 N .pf2 to 65 x 105N .m "2 and nost preferably 1 to
30 x 105 N.rrf2 . Especiallg preferred is a CO partia
pressure of 5 to 20 x 105N Qrio Preferably, a | ow
pressure carbonyl ation is also envisaged. Preferably,
%ﬂlnguéSFéﬁPE?@ss&Ké&ﬁﬁﬁbﬁnylEPlﬁmerﬁe such as

]%Rggﬂ%%2%¢{¥%} Jigﬁﬁégﬁgg?f% norepre ferani e%éy

to 2 X 105N pf2 and nost preferably 0.5 to 1.5 x 105N

eth | eni cal | y .unsaturated conmpounds may
395‘53@?5( uPéd oF lﬁor? icut HSW¥ﬁa@F%u&ayasb&ef%;%%(?ted

frahpve for the %ﬁﬂﬁyl Srotp aRawe. Parti cul @i Yacrylamide,
sui tabl e substituents include al'kyl and aryl groups as

pqﬁleracmslcgwdimsleaont ai npn@méhmtaawmsesuch asohygesine,

pOS_|_§[ $|tungPgS%h91r Ude Cﬁ%é Vmcefe d nl ﬁi%ogenl%a:i"(ge ancpg{y 3-

hyfaeiys tyvad ik@ah,dcar bexyy - ammacmm do, pdl ¢ 10 mENM S ine,
t.hiaol or thloalkoxy groups Sui tabl e ethylenically

PR At I e ConpoundBO-HcFuE8 éRRene, pr Gifehe,; L Hekerine,
poliy i rAMRING R SHGh @S i BYL d3CehAleSy o NERE £ sulphonic
oct ene, nonene, decene, undecene, dodecene, etc up to
aad3d ., i.e. having from2 to 30 carbon atoms, which may
be Iinear or branched, cyclic or uncyclic or part
cyclic and in which the double bond may take any
OotHdrt abkaipebilkti onpohyhéei car i pehiaiahtand whech nitrogen-
i ncl.udes all
contalﬁing polymers which are solubilizable in the
reaction mixture and their methods of preparation are

described in EP1330309 which are hereby incorporated by

reference. Examples of suitable polymers described
therein are polyalkylenimines, in particular
polyethylenimines; polyvinylamines having aliphatic

nitrogen-containing radicals on the polymer chain;
polymers of ethylenically unsaturated carboxamides such as
poly (meth)acrylamides; polymers of acyclic or cyclic N-
vinyl amides such as polyvinylformamide or
polyvinylcaprolactam. The polymers can have different
nitrogen-containing monomers and, if desired, nitrogen-
free monomers in one molecule. The nitrogen atoms may be
present in the main chain or in side groups. In the case
of such polymers containing amino groups, they bear, for
example, substituents such as alkyl, aryl, acyl or
polyoxyalkylene groups on some or all of the amino groups
Preference 1is given to using polyethylenimines as

solubilizable nitrogen-containing polymers. They
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15

sterei soners thereof. Mreover, the unsaturated
conpound may have one or nore unsaturated bonds and
wo beretosre, for exanple, the range of ethyl eni Pel/GB2006/002915
unsat urat ed conpounds extends to dienes . The
unsaturated bond(s) nay be internal or term nal, the
catal yst system of the invefition being particularly
advant ageous in the conversion of internal olefins .
pPaféreblar | goppef e r echar eddlyefins dmviing f womt2 t 9f22the
carbon atons per | ecul e, such as_ethene, propene, 1-
ERURERE, (5 bot ehbll] sybut R eor pank ehebson Rk aresr eot
octenes, e.g. oct-2-ene, oct-3-ene, oct-4-ene, decenes
and dodecenes , triisobutylene, tripropylene, interna
C3.4 olefing, and i ernal C15-C 8 olefins, 1
ododecene, nethyl pentenoate and
pent ene nit

pent-2-ene|lnitrile. The
et hyl eni ca ou is preferably an

al kene having 1 to 3 bon- cartbo ,doubl e bonds per
nol ecul e. Non-limting exanpl es| of suitable dienes
include the following: 1 ,3-butlqdiene, 2-nmethyl- 1 ,3-
but adi ene, 1 , 5-cycl ooct adi ene, 3- cycl ohexadi ene,
2,4- heptadiene, 1 ,3-pentadiene, , 3- hexadi ene,
particularly 1,3 -butadi ene. Another preferred
category of unsaturated conpounds 'CoQgi sts of

unsat urated esters of carboxylic acidsiand e$ters of
unsat urated carboxylic acids. For exanple, the
starting material may be a vinyl ester of a carboxylic
acid such as acetic acid or propanoic acid, or it may

o
T

Further compounds described are derivatives of

ITT1)

polyvinylamine which have aliphatic nitrogen-containing
groups on the polymer chain and comprise, as the
characteristic structural element, units of the formula

(IV)
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an al kyl ester of an unsaturated acid, such as the
nmet hyl or ethyl ester of acrylic acid or nethacrylic
w@eo0d/020379 urt her preferred category of unsat ur BCBEB2006/002915
conmpounds consi sts of cycl oal kadi enes, which wl |
ordinarily refuse carbonyl ati on. For exanple, the
starting material may be di%ycl opent adi ene or
nor bor nadi ene, to give diesters, diamdes or diacids,
etc., which may find subsequent use as nononers in
pol ynmeri sation reactions . The use of stabilising
conpounds with the catal yst system may al so be
beneficial in inproving recovery of netal which has
been | ost fromthe catal yst system Wen the catal yst
systemis utilized in a liquid reaction nmedi um such
stabilizing conpounds assi st recovery of the G oup
VI or VIIIB netals erefore, the catal yst
system i ncl udes’ji [ eaction nmedium a
pol ymeri c di spertsant ssol veddan a liquid carrier,
sai d polyneric disper ﬁ? capabl e of stabilising
a col | oi dal suspension of particles of(Xle Group VI or
VIIIB netal or netal conmpound of the catal yst system
within the liquid carrier. The liquid reaction nmedi um
Stridy befwridmwentofmoundie reactabheor amey denpniaseveze of

r nore of, the reactants or reaction products o
poﬁ%@%ﬁ%iﬁﬁi&%he W@bﬁﬁant§9ﬂ9¥¥%ﬁctio Spr odUt2GFristic
s thiu@uth @ fondmn the  RinsSeishlog which ferméiissqlyed in a

solvent or liquid diluent. The polyneric dispersant is

soluble in the liquid reaction medium but should not
significantly increase the

R% R%
m n
0O 6]
NHRP NH, (V)
A particularly preferred polymer is amidated

polyethylenimine as described in EP1330309.

Other alternatives are the solubilizable carboxamides
described in US publication 2003 / 0069450 and all such
carboxamides are incorporated Therein by reference.
Generally, the carboxamides disclosed therein have at
least one carboxamide group of the formula -CO-N< Such
carboxamides can be, for example, saturated or
unsaturated, aliphatic, aromatic or araliphatic compounds.
Furthermore, the carboxamide can contain one or more

heteroatoms such as oxygen, nitrogen, sulfur or
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viscosity of the reaction nediumin a way whi ch woul d

be detrinmental to reaction kinetics or heat transfer.
wab@7sei3abi | ity of the dispersant in the |iqui BCTYeBR20061002915

under the reaction conditions of tenperature and

pressure should not be so great as to deter

significantly the adsorptiena of the di spersant

nol ecul es onto the nmetal particles . The polyneric

[ nt ¢ op_stablLl i siypg a Lloida- _co-o-

ph?%égé%é?énfg? gggﬁ?ggesbof gld Gygup Vﬁﬁbr V%?:B co-0
, metal, or-Qeedd, corfpidiihd wi tPRn t@@d1®QU|dPRéacandﬁor be

i,um such that the netal particles forned
suPEEAFTaH" Tt ARt CtedPatht FaI S B el SEPROS SSOTaIgH P
fo’rn Ehambhiaui dokeaehi, onnikdoginand saneudi seha/eed HWaamgen
the reactor al ong with the [iquid for reclamation and

atopsi-onal ly for re-use in making further quantities of
catal yst. The netal particles are normally of
col |l oi dal dinensions, e.g. in the range 5 - 100 run
Veayepagelnaﬂamayepxeferabﬂh@aqbokamgdesp@n&wﬂo&ednnhereln

formin sone cases Portions of the
angy SRH SE TR ISR e L uF T 8o E0oFULRe “orh in
thRarti gheseiid st thed emaigoerddhe tihg st spansas) N, N-
mol ecul es remain at |east partially solvated by the

dlbtb&ﬂdCE&&@@d@n nedlunf%hﬁ—d¥PI¢@$ aestamdei sper sed N/ N-

I net al i sed _
dléﬁgpﬁgpylg tllﬁgggh t he mg{ﬁg $%tﬁggF§§%?br r in NN
difeablerldeadaspdees and agaunﬁpehmyﬁan@ta@gbaneratesN,N~

of netal particles which nay ol l.i.si on of
dlB§FVﬂ€P€§a§ﬁ§eeventualI%rgb gy %ﬁ@'gﬁgloneratlghN

diREtR birehesnaRY gaccuny evel-dlet@lpropionamide, N, N-
dipropylpropionamide, N,N-diisopropylpropionamide, N, N-
dibutylpropionamide, N,N-diisobutylpropionamide, N, N~
dipentylpropionamide, N,N-dihexylpropionamide and N,N-

dioctylpropionamide.

Suitable examples of oligomeric and polymeric carboxamides

given are acylated oligoalkylenimines and
polyalkylenimines, in particular acylated
oligoethylenimines and polyethylenimines; acylated

oligovinylamines and polyvinylamines; oligomers and
polymers of ethylenically unsaturated carboxamides, for
example oligoacrylamides and polyacrylamides or
oligomethacrylamides and polymethacrylamides; and
oligomers and polymers of acyclic and cyclic N-vinyl
amides, for example oligovinylformamides and
polyvinylformamides or oligovinylcaprolactams and

polyvinylcaprolactams.
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presence of a suitable dispersant but when the
di spersant type and concentration is optimsed then
W@ eoh/oa3gd oner ati on should be at a relatively POWGB2wel002915
and the aggl onmerates may formonly | oosely so that
they may be broken up and the particles redi spersed by
agitation. The polyneric di§gersant may i ncl ude
honopol ymers or copol yners includi ng polynmers such as
Pg@ﬁerabﬁ:pol yaver sPahdner i gobpressentPrisicraidingtedeacidic

| . ._ N Ctioiont] i e
of O] S8y BRPLEA L MRS, PHERLSREN LY BEEEHE Tnd opdymer
bacisipensi on ofprsdiakaBIoup her Mtk BBcmetdi i det ahave a

conmpound, By substantially stabilise is neant that the
dbpeerbrEaPRonconstRetG dpfal 6F VIUasE methan f ronft hemore

pROHUELONy Phases! Tratbsl Nt bpldy Avdidiad Pardd e alyyy 5.
preferred di spersants for thi's purpose 1nclude acidic
Poefdraghly polyrerisashel ndiirgiear bowe i @ dsisds, dissociation

sul phoni c I, d am ne d am des such as
C%%‘g‘%\%’?yl (53?(;% g?ejl'féq ePoey et arh cét er yore preferably
1464 r egenhet.ar aeyd! RossupshbirbubpdyPaleydi MHaPOLYHEr §x. andg
such as pol yvinyl pyrrolidone or copolyners of t he
Pt Heddy dre egl ¢t laiieh asplapver iSelgitdpar $4nt2S Gy

b e selected from pol yvinyl pyrrolidone,

pol yacryl am de, polyacrylonitrile, polyethylenimne,
St 3igl ¢ ci pel ypet yacr ¢l spencant; s pol ymet hddt yloe aedbd, being

S%iﬁ {Sﬁéﬁﬁgégxﬁgggt%;cacky)., pol -L-I%%Eine, diti

¢ | HEATG LT h et pSrepetion | senditions,
cdtaih -4y DSAEL, one acidic or basic moiety, either within
the polymer backbone or as a pendant group. We have found
that polymers incorporating acid and amide moieties such
as polyvinylpyrollidone (PVP) and polyacrylates such as
polvacrylic acid (PAA) are particularly suitable. The
molecular weight of the polymer which is suitable for use
in the invention depends upon the nature of the reaction
medium and the solubility of the polymer therein. We have
found that normally the average molecular weight is less
than 100,000. Preferably, the average molecular weight is
in the range 1,000 - 200,000, more preferably, 5,000 -
100,000, most preferably, 10,000 - 40,000 e.g. Mw 1is
preferably in the range 10,000 - 80,000, more preferably
20,000 - 60,000 when PVP is used and of the order of 1,000
- 10,000 in the case of PAA.

The effective concentration of the dispersant within the
reaction medium should be determined for each

reaction/catalyst system which is to be used.
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poly (vinyl benzenesul phonic acid) and poly

(vinyl sul phonic acid) . Oher suitable polyneric
walr@peesant s are nitrogencontai ni ng pol yners weT/GBar06/002915

solubilizable in the reaction mxture and their

met hods of preparation are described in EP1330309

whi ch are hereby incorporat@d by reference. Exanples

of suitable polyners described therein are
Tipe| yélskhereridm Gesupy VA part veolar mpadajlet gl eman pesovered

ol yvi nyl am nes havi ng al i phatic_nitrogen-contai ni ng
EXQ| ChFs THIRD PoFyAr TERAVRY fHGPheFRSoFeactor e.g. by
££1 byl enbgabhy wﬁé{ue@tﬁercaﬁggé@%d% sBeh A RUYea for

(et h) acrylam des; polynmers of acyclic or c¢yclic N -
reiwnyd ant des stehadsshol 9ui nythéor nepp Hecatigosyvi nyln  a

caprolac tarn.. The lyners..can_have different .
RSN | Boheat e T AR AT SRR i B cizculated
it dUglgenhr e dmARIIEr Beh B-oR€haRyecuUbad The BLEROG®tes it

atons may b e present i.n the main chain or in side

¥ olfss. CPRVERECRESeLdf 19GEkSpof Y hERES cditrai ey Al hadium
they , / jfuents such as
pdHOUPSes the t}gc—,g% o Pku e fakpﬁ%%é

al kyl, aryl, or pol yoxya ene groups on sone or
all of the am no groups Preference is given to using

0 t.hyl eni.m nes, as_sol ubil i zabl e nitrogen-cont ai.ni
PR SRR S B i M bR St hort 2 1 b T Pieen
1 4ni kadofLadte If,ormote pkefefabllyl) wtwdwn branched 400:1,
i sonmers_t hereof Further conpounds described are

Moy | RERF9BRLLY : pORFVRRR 1o mdn? 6h: have Bxsfsyaly . the

oAU A9 st LONLAILN NGa@5BUPS,OM, fhe R0l yier ghaj fognd .o
conprise, as the
preferably, up to 400, most preferably, up to 200.

Preferably, said reaction medium is a liquid-phase
reaction medium, more preferably a ligquid-phase

continuous-system reaction system.

Preferably, within said reaction medium, the amount of
free acid present in the medium, that is acid which is not
directly combined with the phosphine ligand, is greater
than 500ppm, more preferably greater than 1000ppm, most
preferably greater than 2000ppm.

For the avoidance of any doubt, each and every feature
described hereinbefore is equally applicable to any or all
of the various aspects of the present invention as set out
supra., unless such features are incompatible with the

particular aspect or are mutually exclusive.

All documents mentioned herein are incorporated by

reference thereto.
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characteristic structural element, units of the

formula (I'V)Still further conpounds suitable are
walesrwaBives of pol yacryl am de which conpri se, PEBEGB2006/002915

characteristic structural elenents, units of the

formula (V) A particularly preferred polyner is

am dat ed pol yet hyl eni m ne & descri bed in EP1330309.

O her alternatives are the solubilizabl e carboxam des

described in US publication 2003 / 0069450 and al |

such carboxam des are incorporated herein by
Theef@le]rmfelngze@eatmlgs &hé éagbmarnfumheu:souds:&sztrate the

er e at |l ea one car boxam de th
P %rerlﬁJ %@O%Uchs{é Poxanrdes SCarf e, % P%xgﬁﬁ}"’gd as
besaiour meds oratieat wmat gﬁec@ﬂ@h&tdt@m&rl%ﬁafamgﬁg within
aral i phatic corrfounds Furt hernore, the carboxam de
@

PG ndbPel 0FURDr BT RECBESAL GREVeUEhsaBRYBER, to be
n, | r . e -0, -5,
Vlf@h’.i{df’ A e i e R
and/ or -PR2 and/or be substituted by one or nore

funct i.on r oup ' L 0g,
|Ufrreog]enah%‘8‘? f r p:}ﬁ’% nt&\gg‘é élc‘é orVe‘?”§/5m‘\‘/191 1-5
anplrt il acdipr£f BF e eshkLmb POXeM Besedi ﬁﬁbﬁs%@t‘ah@rr%np the
and havi ng one_ carboxam de group of the fornula -
sefrd epheroPBeUPESar QW oFIIheTﬁ]?f%lcét ariade.e N2 ShOWS data
froh{dl hacet;anm dg, N, N-di propyl acetamni de, N
Ndi I so ropyl acetani de, N, N-di butyl acetanide, N
Ndl i sobutyl acetam de, N, N-di pentyl acetam de,

Pr@ﬁgga@%fél %%%R'@Ted‘i' N, N- di octyl acet ami de, N
, i de,

Preparation of 1,2-bis~- (ditertbutylphosphinomethyl)

benzene

CH,
\ / CH
/ \C/ 3
w0

1,2-bis-(di-tert-butylphosphinomethyl)benzene

The preparation of this ligand was carried out in the
manner disclosed in WO 99/47528 in accordance with Example
18.
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N , N-di ethyl propi onam de, N , Ndi propyl propi onam de,
N, N- di i sopropyl propi onam de, N , Ndi but yl pr opi onam de,
WORMN7E2G33Dbut yI propi onam de, N , Ndi pent yl pr opi BOEGBA®6/002915
N, N- di hexyl propi onam de and N , Ndi octyl propi onam de .
Sui t abl e exanpl es of ollgonerlc and pol yneric
carboxam des given are acyﬁ%ted ol i goal kyl eni m nes and
pol yal kyl eni mines , in particular acyl ated
Prepixpei g | Bxémphes2 and pol yet hyl eni mi nes ; acyl at ed
ol i govi nyl am nes and pol yvi nyl am nes ; oligoners and
pol yners of ethylenically unsaturated carboxam des,
Pré r@%@@@le ol i goacryl am dgs and pol yacryl anLdgsyros- (di-
onet hacryl am des and polynethacrylanldes , - and
dJemqe danaatyd) Dheprhiropeiey] Qi eseei c N-vi nyl
am des, for exanple oligovinylf ornmam des and
ponvinyIf or mam des or ol igovinyl caprol actans and
Thqao@:\eiptawactémnol att artsi s Pléfrendblwgs t kerpdkynesic in the

di sper san 21 POr at 8s basi ¢ noi et
ma%ﬁ?ﬁ 5 or R t n%gﬁﬁOéggfﬁerlBacEBSﬁﬁdance with
Eximﬁi@rgbly, the acidic npieties have a dissociation
constant (pKa) of less than 6.0, nore preferably, |ess
than 5.0, nDst preferably | ess than 4.5. Preferably,
S ion constant
ably | ess

Pr@ﬁmwaﬁh@nandfnn&thgﬂefpraphyanes:tMmm 4thylpniéa aodrbon

invention

The continuous process exemplified involved the reaction
of purified streams of carbon monoxide, ethylene and
methanol in the liquid phase, in the presence of a
catalyst system, to generate the desired product, methyl

propanoate.

The reaction was carried out at 100°C and at 12 barg

pressure in the reactor vessel.

The catalyst system was made up of three components, being
a palladium salt, a phosphine ligand and an acid. The
three catalyst components, when combined together and
dissolved in the reaction mixture, constitute the reaction
catalyst or catalyst system, a homogeneous catalyst, which
converted dissolved reactants to the product methyl

propanoate in the liquid phase.

During continuous operation, the catalyst decomposed at a

slow but steady rate, and was replaced by adding fresh
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soluble in the reaction nediumat reaction conditions,
contain at |east one acidic or basic noiety, either

waowdoiozosrhe pol ymer backbone or as a pendant grOL/GB2006802915

have found that polyners incorporating acid and am de
noi eti es such as pol yvinylgyrollidone (PVP) and
pol yacryl ates such as polyacrylic acid (PAA) are

rid.cul arl j I ecul ' h
ca NS i e I O R, SR Whediet ormectv
pr upsiuddre. nature of the reaction nmedi um and the

solubility of the polyner therein. We have found that
normal |y the average nol ecul ar weight is | ess than

00Q,-R |§§§% [ j
Theilﬂ% he r%n‘g%%%%# %i(}%%%%g?ﬁggm;régppr ef eﬁ%ﬁ,&g@o%%s? @

meal(30), 000 rerostreplatengblthe 1@ 000cted0ya0 hay. dilaected

, r.ef er abl in the range 10,000 - 80, 000 e
in B ST BRRGORCS B P g PR T s od R BF e e
gar 8esmothd, @RBct okl N EdIN hbeisasee Of whAGh ThE made up

effective concentration of the dispersant wthin the
Of e dtiigH Fredh LT SRRNY 3@ TR NP F e edéds returned

co ﬁ%dm&}:%@lﬂ SYSHEM Wi £h il SefiG-p (5 ised Tﬂ‘?ed base,

spersed G oup VI or VIIIB netal may be recovere
sudlr onha hethiequied siasssmv rapovbdofigbmthke mesadtiom engxture
k%xfiltrati on and then either disposed of or processed
co YRS as a catal yst or other applications . In a
conti nuous process the liquid stream may be circul ated
through an external heat- exchanger and_in such cases
Upqny rRiCPelrdnveERFent the | 68aCECF| | Vesseflor thie gas was

ai Rl adi um panti ghesat Bt REEE GhheULALLIRAPPANALYS: o way
the ethylene and carbon monoxide were dissolved in the

reaction mix.

Fresh ethylene and carbon monoxide gases were added to the
re-circulating gas to make up for the amount of the two
gases that have been used up by the reaction. Fresh
methanol was also added continuously to the reactor
vessel, in order to replace the methanol that has Dbeen

used up in the reaction.

The reactor vessel held the bulk liquid reaction mixture,
along with the three components of the homogeneous
catalyst, being a palladium salt, a phosphine ligand, and

a sulphonic acid.

In order to recover the product methyl propanocate, a
stream of reaction mixture was passed continuously out of

the reactor and into the distillation column.
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Preferably, the polyner :metal mass ratio in g/g is

between 1:1 and 1000: 1, nore preferably, between 1:1
war@740374, nost preferably, between 1:1 and 2BOT/GB2006/002915

Preferably, the polyner :nmetal mass ratio in g/g is up

to 1000, nore preferably, up to 400, nost preferably,

up to 200. Preferably, sai®%eaction nediumis a

| i qui d- phase reaction nedium nore preferably a

Theel quis@-iphase cLORIdIMERYS beiygt 8Mglieddld @tagyst @lash’ type
,Preferahly, within said reaction medium the anmount o
diptdd 1aEi@Tpr 6L n RFVIRRA uR MRaPS| sohcitER#HIahing a
£ sliar I i i h hi Li.gan '
<H A O R ORLARY Ll ag DR LB B Lepkbnence
ofl Q@ pmeantsbnprefarabd y fgpeattére t han-2008pphe Edrsstdisred

gvgid%nce of aq¥ doubt ., .each and every feature .

Cabad¥Pih P TRIBTILR! or 6 1S tRiI P éﬁﬁ%ﬁc { eVEBORh§BF 2

frakkieh e vrad | Odsc@sRechBx@lird hgs PiespRksEAY @R-beRnAT he
set out supra., unless such features are inconpatible

flapbh epbuparti cihar Rpecoforthe ergacalny micctwse verhich

i n88C ' i 1.8l [.neorpar b
re R e TR RO LAY BBt ot o,
anflumtiet iddiist redetdheedresentl i oaealiyon. cbheseents, was

anpl.es _are be viewed as bejng illuystrative of

reESEERAT o Cnt ERPal SRLPF ng SFT 9l n the WEtaddme Catalyst

coflpeakasyr echneseaked pakevenandeabga-Bot nkorhg ¥k gwed as
[Tmting the broader disclosure in any way. Figure 1
shows a plot of TON vs ACCF for exanples 1 - 5 and 7

12Nt SOTRANAN VB 8XaMBLE S »rb@ted YRY LA TEAMHNE of
methanol, a second distillation column was required. In
this case, the wvapour stream from the flash column, which
is a mixture of methyl propanocate and methanol was passed
into the second distillation column, where the pure methyl
propanoate was generated as the heavier product, and taken
off from the base of the column. A low boiling mixture of
methanol and methyl propanocate was generated as the light
product, and was removed continuously from the top of the
MeP purification column. In order to utilise the methanol
as efficiently as possible in the process, the low boiling
mixture of methanol and methyl propanoate was returned

continuously to the reactor vessel.

After gstart up of the continuous reactor unit, when the
desired rate of generation of methyl propanocate had been
achieved, a process of gradual reduction of the feed rates

of the catalyst components was undertaken.

In order to sustain the rate of generation of methyl

propanoate it was necessary to continuously replace the
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series of exanples shown in Table 1 . Table 2 shows

data fromexanples 8 - 11. Preparative Exanple 1
wee@par@re on of 1 ,2-bis- (ditertbutyl phosphi nbaEGBRI05/002915

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

The preparation of this Iiggnd was carried out in the

manner di sclosed in WO 99/4752 8 in accordance with

Exanpl e 18. Preparative Exanple 2 Preparation of
palladpis- (@atagﬁﬁﬁet hgpupanent t yl whpblosphvasnet hpst  to

ferrocene The.prep ron_of (thi.s Iigand was_carried.

e R R raRASE GLEerboeh oAb b5/ O30, FRce | wich

babacosdatice vwatd &Xanpse.l . Exanples 1-5 and 7 and
Conparative Exanple 6 Preparation of methyl propanoate
from et hyl ene, carbon nonoxi de and net hanol catal ysed

ThASCOrgifg to,therpresent o Quephi onylhe.coNLLRUOUS o 3ing
process exenplified involved the reaction of purifie

comteranat bdng apboraredysitd ompomendise ahmet banotann for
the liguid phase, in.t.he presence of a catalyst .

= &08ebnitbs Bl e T SRS GRS and Just

abP& opangakeainT e ofve atidedn s tGaT it Outaat 1 18085 afdpy

at 12 barg pressure in the reactor vessel . The _
CORSBEAPY sEORGIPERR HASRFaBE GRTRPI t HekexEdfpdneneshyvhenagin

the headspace area of the reactor vessel. This was called
the balance point, because under these conditions the rate
of palladium decomposition was balanced exactly by the

rate of addition of fresh palladium.

From the rate of addition of fresh palladium catalyst
component under balance point conditions, the palladium
turnover number (TON) was calculated. This is defined as
the number of mol of methyl propanoate generated per hour,
for each mol of palladium consumed by the decomposition

process per hour.

Upon reaching a steady state at a pre-determined set of
control conditions, the instantaneous values of all of the
variables were recorded, and used as representative data
to show the performance of the process under the

conditions in use at the time.

To gather data on the effect of ACCF on palladium turnover
number, all variables were held constant except the levels
of solvent in the reaction mixture. These levels were
changed to a high level, a comparative low level and 5
comparative average levels to generate a reliable control

level. The additions were then followed by careful
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a palladiumsalt, a phosphine ligand and an acid. The
three catal yst conponents, when conbi ned together and
waele@sokosed in the reaction m xture, constituteP€6B2006/002915
reaction catalyst or catal yst system a honbgeneous
catal yst, which converted dissolved reactants to the
product nethyl propanoate i3l the |iquid phase. During
conti nuous operation, the catal yst deconposed at a

acdhBtnlile Seadeabareathadn i ePbACHRNAIBNNG S nethyl
reshcatal yst, or the rate of generation of the

pPrgpgaeette memainest pastand .reduces . The reactor

vessel was fitted with an agitator, and al so a nmeans
of re-circulating the unreacted gas that collected in

Int hehippeayheadspsaes adea gkbtkheoff eaebal ts Thasndr gaeivad up
h1ga%ofromt e reactor vessel headspace, which was nmade
o

f SHOWP tlﬁ]eeaﬁfflyét i Ieen%h%ﬁ’%e%altﬁon?%%&(ﬁ'éle,s%ility
thiet Wered GeRtdanugushy ta diheipeactar gkﬁ'eaA@P:F%nt ry pipe

at the base, such that the gas passed up through the
reaction mxture continuous |y . Upon entering into

t he_ reactor vess he gas di sed t he .
Tl SRAe T oo Bebkeblfnral "ERe (R B e ofmgrEae is
crafd cedr bato nofokdwlea s dbssokuedotBrt heun@et | GResults.

m x. Fresh ethyl ene and carbon nonoxi de gases were

ASFHEBHC o ThethR- ERFRuPAt iffgSFascate ke bplner fefleto the
sy8FRHNtQf S:he ks gasesnd hals haye Qggﬂ ga%@h_uraéoycaféyaelyst

reaction. Fresh met hanol was al so added conti nuous
prigrt fe rteaisderyéssdahe ioaterdldert tfeadeplaads tiver palladium

COH%EH%QO|E%E%Ee@a%s%%%%nce was gained by determination of
the actual feed rate of catalyst from timing of the fall
in the level in a burette, which is part of the catalyst

feed system.

Table 1 shows the effect of ACCF on palladium turnover
number (TON) for results obtained for examples 1 - 5 and 7

and comparative example 6.

In examples 1 -~ 5 and 7 and comparative example 6, the
acid used was methanesulphonic acid, the Dbidentate
phosphine ligand was 1,2-bis-

(ditertbutylphosphinomethyl)benzene, and the palladium

compound was tri(dibenzylideneacetone)dipalladium.
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used up in the reaction. The reactor vessel held the
bulk liquid reaction m xture, along with the three
w@oeowporisme s of the honobgeneous catal yst, bei ngP&I/GB2006/002915
pal | adium salt, a phosphine |igand, and a sul phonic
acid. In order to recover tgie product mnethyl
propanoate, a stream of reaction m xture was passed
conti nuously out of the reactor and into the
distillation colum. The distillation colum, being a
mapleghe stage 'flash' type distillation colum,
—provided a neans of separating a fraction of the
net hyl propanoate and net hanol conponents of the

reaction| ®i-xt ur|e®f fom { R&”non-|¥ol ati || éxd? sspExetl | Ex.5
cat al yst| conponents . THhi-s¢ wag achi eyed by yapori sing

volgmef r actd preo0f tle@or eact r@n m Xkeme ag 26 passed 2600
vighdar oergke L he fl gsh coluim. The|part off the re¢action
reaBioXt Ume, Whi ch riemai nedjas |iquid after passing through
2o0ct he flash colunmn, and which still contai ned|useful

PurE oAl X8 | TIIRPOMeNteS,  Wasooh et U gt o Hie T eReh9t 1o
o/MESsel ,spb that {the catal yst conponents coul g take part

weilzl the op-going reaction. If the methyl propanoate

..product was required free of nethanol, a second
difference) . . .
di'StTllation cdlum was requided. Inlthis case, the

Il
Turh apouF st PEHAT -0t tie| F1L8Rh ¢ SPGMG, | MR | &518518 | 600714l
NumpRry t uf"et pf net Hyl propanoate and net hanol was passed
MePiMet 3%t hel second distillation ¢ol um, [where the purg

Pd eyl propanodtet was ¢eétter at ed-las the heavier

‘p'product , | &nd tdleen of f |t om t hesbase|of the|jcolum| A

Acib QwmbOI | | g5 M Xtudgee Of | M8 hanghiand Wet Nyl propanofate

ACCWABy JENerased a td1e 1 glt .38 0.38 039 0,39
MeP hr! dm™)

The results from comparative example 6, examples 1 - 5 and
example 7 are shown more clearly in figure 1 which shows a
plot of TON vs ACCF. As can be seen, at low ACCF the TON

surprisingly increases.

Table 1 shows the actual measured levels of Palladium at
the different data points, as well as the calculated ACCF

factors and resulting Pd turnover numbers.

Table 2 shows the effect of ACCF on palladium turnover
number (TON), obtained for examples 8 - 11. It shows the

calculated ACCF factors and resulting Pd turnover numbers.

In examples 8 - 11, the acid used was methanesulphonic
acid, the Dbidentate phosphine ligand was 1,2-bis-
(di (dimethyladamantyl)phosphinomethyl) ferrocene, and the




product, and was renoved continuously fromthe top of

the MeP purification colum. In order to utilise the
woreaoharslo as efficiently as possible in the prPCEE82006/002915

the I ow boiling mxture of nethanol and nethyl

propanoate was returned con{jnuously to the reactor

vessel. After start up of tTe continuous reactor unit,

gﬂeg.the desired rate of generation of nethyl
p vat e had been achi evetpiroymdbcess of gradual was
tIﬁq$%@éﬁ%}ﬂﬂaéﬂééd€%%%§ﬁ%E?%lﬁ%d?he cat al yst conponents

er to

was undertaken. In or SAStaln the rate of
generation of nethyl propanoate it was necessary to
conti nuously replace thepal |l adium cat al yst conponent
whi ch was | ost to deconposition with fresh pall adi um
at a rate which balanced the rate of loss. This led to
the situation where the standing concentrations of
cat al yst conmponents becane constant for a given rate
of generation of nethyl propanoate, and just able to
sustain flow sheet reaction rate, as indicated by
constant concentrations of carbon nonoxi de and

et hyl ene in the headspace area of the reactor vessel.
This was call ed the bal ance point, because under these
conditions the rate of palladi um deconposition was

bal anced exactly by the rate of addition of fresh
pal |l adium Fromthe rate of addition of fresh

pal | adi um cat al yst conponent under bal ance poi nt

condi tions, the pall adi umturnover nunber (TON) was
calculated. This is defined as the nunber of nol of
nmet hyl propanoate generated per hour,
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for each

deconposition process per
W@ e@rme2\r9 a pre-determ ned set of control
t he i nstantaneous val ues of al

recor ded,

pal | adi um t ur nover nunber,
constant except the | evebgpot sol vent
These | evel s were changed to a high |evel,
and 5 conparative average |evels

m xt ure.
conpar at i

nol

hour .

of pall adi um consuned by the
Upon reaching a steady
condPET/6B2006/002915
of the variables were

and used as repreggentative data to show the
perfornance of the process under the conditions in use
at the tinme. To gather data on the effect of ACCF on

ve low |l e
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n/m

n/m

‘P’ (ppm)

n/m

n/m

n/m

n/m

Acid (ppm)

1621

n/m

n/m

1137

ACCF (Kg
MeP hr™! dm™)

0.38

0.38

0.38

0.28

Although some preferred embodiments have been shown and

described,

it will be appreciated by those skilled in the

art that various changes and modifications might be made
without departing from the scope of the present invention,

as defined in the appended claims.

Attention is directed to all papers and documents which

are filed concurrently with or previous to this

in connection with this

to

specification

which

application and

are open public inspection with this

specification, and the contents of all such papers and

documents are incorporated herein by reference.

All of the features disclosed in this specification

(including any accompanying claims, abstract and
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Table 1 shows the effect of ACCF on pall adi um turnover

nunmber (TON) for results obtained for exanples 1 - 5
w@nw7/f2@md conparative exanple 6 . | n exanpl esPAT/6B2006/002915

and 7 and conparative exanple 6 , the acid used was

met hanesul phonic acid, the & dentate phosphine |igand

was 1, 2-bis- (ditertbutyl phosphi nonethyl) benzene, and

| adi d S tri i benzyl i deneacet one
(hﬁﬁgggﬁgdlu %¥g%ﬁﬁp%ﬂ$ g?esﬁ??s&$¥%ﬁﬁ Gfpafay; yeethod or
prexamd esd® isxbopé@s day beardmeXasBl an’ AhLe é$%ﬁ!hatlon,

nnre clear]y in figure 1 which shows a plot of TON vs
9@5%%9@?%9%%ew hege péw lmeet 13T ONEssyeh sfertyres

aﬂdya&e s FaR ek shows éQ#i 2qtual nmeasured |evel s of
nt

Palladlun1at the dlffere ata points, as well as the
cal cul ated ACCF factors and resulting Pd turnover

sho effect of _ACCF.o
e PR ERFY oRhova WORDAP (7019 SDBFAFABGLHOR ok eding
an§' -addombénghows dne s Céb@t@ﬁcﬁcQﬁuia@&%ﬁan@ﬁg may be
resultlngan turnover nunbers. |In exanples 8 1, K
repdiededs edNas 2hEERBRESUPphdHiad uasisd, E’e¢ﬂévh1lgienttatEe same,

hosnhipe bkg%y@%l
eq% di met hyl adanmant yI") pho éghlnonéthyP}e?erreX eSS hRg Stated
Othl@épﬂaISIGadI'Elms:,on‘pnﬂ,ladsvmmrelssadn bereztydd depBae®ti 88€) each
LI e 2 Althou referred , .
fe%%@% %gﬁfg? géjﬁ%éﬁn%h% i ¥rPbedt, SORaRLq spries
ofappuéchated by tsliﬁlaaa&klflebedrba.t he art that various
changes and nodificati ons m ght be nmade w t hout

departing fromthe scope of the present invention,
The invention is not restricted to the details of the

foregoing embodiment(s). The invention extends to any
novel one, or any novel combination, of the features
disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any
novel one, or any novel combination, of the sSteps of any

method or process so disclosed.
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as defined in the appended clains . Attention is

directed to all papers and docunents which are filed
w@omcewent |y with or previous to this specifiPEl/GBR006I02915

connection with this application and which are open to

public inspection with thigéspecification, and the

contents of all such papers and docunents are

i ncorporated herein by reference. Al of the features

di sclosed in this specification (including any
Clacm®npanyi ng cl ai ns, abstract anddrawi ngs) , and/or

all of the steps of any nethod or process so

di scl osed, may be conbi ned in any conbi nati on, except

1. canbisat i ehsudherebahylledsbns o s SUEBrf eatgH €surnover
and/ or steps are nutually exclusive. Each feature

cadpery babHoRn TPMRTSHERS f iCaBW I@tHacudPRy ghyylenically
uné&&ﬁ?@égé' Bgmgbﬂhﬁswi@ﬁsga%na%rfyﬁ%@%‘% fRY n§§esence
repl'aced by a the sane,

ternative features serving
of equi gahente oofsimydmarxypur paeepsunbeds E&xpresdhwstst ayetem

ot herwi se. Thus, .uynl ess expr.essly stated otherw se, .
COBBERSTRAL e o 6 EPOSEHOLE (IOIAHA o ORPyDS! O Stibine

11 G8RET I enser s 8f eauivalientndrasi gbl arrbeatttgs. a Theoup
invention is not restricted to the details of the
VIB opegoragPebbdPnBatalsoy a rheppupénthencekt whaseis the

ne . _any i_natiaon, . t he .

ca Py B 1 CopsSiye PR TR 0 T ersglytic

meigaly, aneasparyi rg dhe MCCRbsdradtcandgdnavi.dgs)), bs held
ipg novel oge5 or any novel conbination, of the steps

at of ey ERBENBd or process so discl osed. d ai ns

2. A carbonylation reaction medium and product stream
thereof for a continuous carbonylation process comprising
in the reaction medium an ethylenically unsaturated
compound, carbon monoxide, a source of hydroxyl groups and
a catalyst system comprising:-
(¢) a bidentate phosphine, arsine or stibene Iligand,
and
(d) a catalytic metal selected from a group VIB or
group VIIIB metal or a compound thereof wherein
the catalytically active concentration of gaid
catalytic metal in sald medium, measured as the
ACCF (product kg.hr™.dm™3), is maintained at less
than 0.5.

3. A process for the carbonylation of an ethylenically
unsaturated compound comprising contacting an
ethylenically unsaturated compound with carbon monoxide
and a hydroxyl group containing compound in the presence

of a catalyst system as defined in claim 1 or 2.
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1 . A continuous carbonylation process for high
turnover carbonyl ati on conprising carbonylating an
werdwylozasircal | y unsaturated conmpound w t h car boPCT/GB2006/002915
nonoxi de in the presence of a source of hydroxyl
groups and a catal yst system conprising (a) a
bi dent at e phosphi ne, arsine or stibine |igand, and (b)
a catalytic netal selected froma group VIB or group
VIIIB nmetal or a conpound thereof wherein the
catalytically active concentration of said catal ytic
nmetal, neasured as the ACCF (product Kg .hr 1 .dm 3)
is held at less than 0.5. 2 . A carbonylation reaction
a . medi wmand, qir odyck ofl r 888bEAEESOT I 0kng CORtidUDUSs 1-3,
car bonyl at’i on process conprising in the reaction
whaedmm aheetlhycﬂennt@‘ael yohpsphinat dd assrpoursd, ofar lgemeral
£o10 ? g a source of hydroxyl groups and a catal yst
§?§ 8m %nprising: - (c) a bidentate phosphi ne, arsine
or stibene ligand, and (d) a catalytic netal selected
fron1a group VIB or group VI1IB netal or a conpound
ﬁ?eof wherein the catalytlg?lly active concentration
1ofc§ald catalytic netal in said dium neasured as
thgACCF (product kg .hr 1 »dm ), IS maintained at
| es® n 0.5 3. A procqss Aor the carbonyl ati on of
an gt hydeArcl P (BAsatRr&.ed conpound conpri sing

co Cting an ethyl enical | dﬁsaturated compound w th
raiPon nonoxi de C—R?
I[%7 R'
(1)
wherein:

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

linked on avallable adjacent carbon atoms;

A and B each independently represent lower alkylene;

K, D, E and Z are substituents of the aryl moiety (Ar) and
each independently represent hydrogen, lower alkyl, aryl,
Het, halo, cyano, nitro, ORY, 0C(0)R*®, C(0)R*, cC(0)OR*?,
NR¥R?*, C(O)NR®R*®, C(S)R*R*, grR¥, C(0)SR?’, or -J-
0 (CrRY (RY) (R?®)CRY (RY) (R'®) where J represents lower
alkylene; or two adjacent groups selected from K, Z, D and
E together with the carbon atoms of the aryl ring to which
they are attached form a further phenyl ring, which is
optionally substituted by one or more substituents

selected from hydrogen, lower alkyl, halo, cyano, nitro,
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and a hydroxyl group containing conpound in the

presence of a catalyst systemas defined in claim1 or
wWQ@2004/020329 cat al yst system according to any of PBCHGB2006/002915

1-3, wherein the bidentate phosphine ligand is of

general formula (1) (i) mheF in: Ar is a bridging

group conprising an optionally substituted aryl noiety

@ Whi ophos rys atons are,linked gp avail ab
© dfacé%?“@ bon a A and OB OBach iNBeﬁ%nden@“@)NRS%QG,

clepresent drdhesratkyjen®; K, D, E and Z are
ﬁubstigggnts of the aryl nmoiety (Ar) and each
RT ndepe®ientdachy epneserndrypdiygereptenmrt ahyg@roganyl , lower

C nitro, OR19 , CC(OR 20, C(OR 21
a%'@%@é‘%: WoRbn | C(ONR 25R26 , C(S)R25R26 , SR27
RY ) SR 22actor ind€Beh@BABI{R deb)dRritd hGRIB¢ER, 171 ower

%é;%}8 Wgere J represents | ower al kylene; or two
a cetity grdupSsel ected fromK , Z , D and E toget her
with the carbon atons of the aryl ring to which they

are attgched forma further phenyl ring, whichis
R'opk® orfil | yeastibs tindepethdepntdye oepmesensubbyidtogats lower

ect fro ogen, lower alkyl, halo, cyano,

alrﬁlr’o,a%lg J%Ey% RO, (O R1, OO OR2 ,
NR23R24 , C(O NR25R26 , C (S )R25R26 , SR27 or C (O

;. SR27 ; R13 fo0 R18 each independent|y represent
VUhyd ofel PowerRelt kpresgry) | esehndridependentiyy eephesent
H t . @S : , - al ;
e o aach PhdonentertTy iapratentattr cwo
capafr oyeficreowes to phosphine or phosphorous above are

amended accordingly.

5. A continuous carbonylation process according to claim
4, wherein each Ql, 0® and 0® (when present) represents

phosphorous.

6. A continuous carbonylation process, a carbonylation
reaction medium, a process for the carbonylation of an
ethylenically unsaturated compound or a catalyst system,
according to any of claims 1-5, wherein the low ACCF is
held or maintained Dby suitable dilution of the

carbonylation reaction medium.

7. A continuous carbonylation process, a carbonylation
reaction medium, a process for the carbonylation of an
ethylenically unsaturated compound or a catalyst system,
according to claims 1-6, wherein the catalyst system also

includes as a further compound (c ), an acid.
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al kyl, aryl, or Het; QlL, Q2 and B3 (when present) each
i ndependently represent phosphorous, arsenic or
wa@ndo7/esyo and in the |atter two cases ref er encBGI/GB2006/002915
phosphi ne or phosphorous above are anmended
accordingly. 5 . A continuags carbonyl ati on process
according to claim4 , wherein each QL, @ and B

h h .
o, (R BLESRN, | SRLERRULR BROSPAOLONS 6. Acberytanion

reaeaﬁ:bnonnemdmum ad precess fok ttiee CarkdoylakieBnofo/nan
et hyl eni cal |l y unsaturated conpound or a catal yst
etRysPBAT2AE¥or SRR R 6PTBPEAAS AL 52 vkl ysE heystem

acbﬁe Carbtbscﬁghgsoﬂ Wa'%hékggg %F%;Tﬁabbﬁtdhoﬁtﬂ9ﬁl%lng

onylation reaction nme A cont i nuous
exempbeaylaﬁloblﬁBUCese élganﬂenyMathmn r eadsi oembodiment

i,um a process_for the carbo ign of an
lngi H§Ffeni cal Iy uns&tSir at ed conpogﬁaﬂé}JéE%atalyst 1.2
bl§Y&i§Hhm§ﬁ§9ﬁ§h8§ph@n@hétﬂ§l1b§nzéﬂ§fe'W_the %@%QBXSB 5-
system al so includes as a further conmpound (c )

digerhygadamangkiPRhosnsiranebhyl dpepeReprocess,2 a bls (di-5-
j i f t .
teféfg&eﬂa&éanEﬁgﬁbg?ﬂﬁﬁQh&% ?yﬂéﬂ&@ﬁé or Ee bis(1-

carbonylation o enr cal unsat uf at ed’ conpoun
ad@maatyatalystteysebnta&ephdspglnomethymeéﬂZenmmerein 1-

speci fi ut nonzlimting exanples of bidentate
(o PSSty bhoRSRineehhelh SAaT8L cBrbhe t e T ol | owi ng:
bu@yzphbepﬁﬂhaﬂ@ﬁnpnyb@ﬁgéﬁeInonethyl) benzene, 11 (g2 -Bie$t-
di -3 ,5- dlnethyladanantylphosphlnonethyl) benzene

buybphpgphingnethyl) -2-
(dicongressylphosphinomethyl)benzene, 1-(di-tert-

butylphosphinomethyl) -2- (phospha-adamantyl-P-
methyl)benzene, 1-(diadamantylphosphinomethyl)-2- (phospha-
adamantyl-P-methyl)benzene, 1-(tert-
butyladamantylphosphinomethyl) -2~ (di-
adamantylphosphinomethyl)benzene and 1-[(P-(2,2,6,6,-
tetra-methylphosphinan-4-one)phosphinomethyl) ]-2- (phospha-
adamantyl-P-methyl)benzene, wherein “phospha-adamantyl” is
selected from 2-phospha-1,3,5,7-tetramethyl-6,9,10-
trioxadamantyl, 2-phospha-1,3,5-trimethyl-6,9,10
trioxadamantyl, 2-phospha-1,3,5,7-tetra(trifluoromethyl) -
6,9,10-trioxadamantyl or 2-phospha-1,3,5-
tri(trifluoromethyl)-6,9,10-trioxadamantyl.

9. A continuous carbonylation process, a carbonylation
reaction medium, a process for the carbonylation of an
ethylenically unsaturated compound or a catalyst system,
according to claims 1-3, 6 or 7, wherein the bidentate

phosphine ligand is of general formula (III).
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tert-butyl adamant yl phosphi nonet hyl )benzene, 1 ,2 bis
(1- adamantyl tert-butyl-phosphi nonethyl) benzene, 1-
W@ dicadzaosent yl phosphi nonet hyl ) - 2- PCT/GB2006/002915
(di -tertbutyl phosphi nonet hyl) benzene, 1-
(di -tertbutyl phosphi nonet hyl )-2-
(di congr essyl phosphi nonet hYi%® benzene, 1-
(di -tertbutyl phosphi nonet hyl )-2-
(phospha- adamant yl - Pnet hyl )benzene , 1-
(di adamant yl phosphi noret hyl ) 2- (phosphaadamantyl -
P-met hyl ) benzene, 1- X
(tertbutyl adamant yl phosphij one@hyb@ -2- (di
adamant yl phosphi nonet hyl )"*benzene and 1- [(P- (2,2, 6
,6 ,- tetra- nethylphosphlnan-4 one) phosphi nonet hyl )
]-2- (phosphaadanant 4) benzene, wherein
"phospha- adamant yl " ted from 2-phospha-I, 3 ,5
, 7-tetramethyl -6, 9 { oxada ntyI 2- phospha- |
3 , 5-trimethyl -6, 9, 1 /trlox , 2-phospha-
,3.5, 7-tetra (trif Iuorqmeth)il )g .9
, 10-t ri oxadamant yl o[/szgospha I - tri

(trifluoronethyl) - §LY - trloxadanantyl . 9. A

conti nuous carbonylatlon rocess, a carbonyl ation

reaction nedium a proce@&h{or t he carbonyl ation of an

et hyl eni cal | y unsat ur at ﬂ compound or a catal yst

system according to cﬂﬁ ms 1-3, 6 or 7, wherein the

bldentate phosphine ligand is of general formula (I111)
fn: Ai and A2, and A, A and A5 (when

present) , each independently represent | ower aIkyI

ene,- . Kis selected fromthe_group conS|st|ng

Amy@p@g @Q, and Az, A; and” As (when preésent) each

independently represent lower alkylene;

K* is selected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, nitro, -ORY?,
0C(0)R?*°, -C(0)R?*, -C(0)OR*?, -N(R*)R*, -C(O)N(R*®)R*®, -
c(s) (RP)R?®, -Sr?, -C(0)SR*®, -CF3; or -A;-Q°(X°)X%;

D' is selected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, nitro, -OR",
0C(0)R?*®, -C(0)R*, -C(0)OR**, -N(R**)R*, -C(O)N(R®)R*®, -
c(s) (R¥*)R?*®, -SrR*, -C(0)sR®®, -CF; or -A,—Q*(X")x%;

E' is selected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, c¢yano, nitro, ~ORY?,
O0C(0)R?*®, -C(0)R?', -C(0)OR*, -N(R**)R*, -C(O)N(R™)R?,
c(s) (R¥)rR?*®, -sr*®, -C(0)SR®®, -CF; or -As-Q°(X°)X'%;
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| ower al kyl, aryl, Het, halo, cyano, nitro, -OR 19 COC
(O RO- CO R21 - (O OR22 -N(R2 )R24 -C(O
WORR20IPR C(S ) (RR"7" )R, -SR29 -C (O SR3 0PCTZEB2@6/002915
-A3- B (X5)X6i Dis selected fromthe group
consi sting of hydrogen, |lower alkyl, aryl, Het, halo,
cyano, nitro, -OR 19 , oc(¥JR 20 , -C(OR 21 , -C(OOR
22 , -N(R 23 )RR C(S) (R27 )R8, -SR 29, -C(O SR 30
or, bo(’dh 3Dbramt44~:o4 t@geth)ex &zitEIL thesekeboad From thé the

ou Si st vver aI kyI ar
ey PpERnEs eV g Yo SiERn 2egiitleg, Bt an
opgﬁ.@)lagfgrzsuN%BZ%u):Ba4pheny@( O R25 )R25 aS) (R
) pPR -SR, 29, - (O SR3 0U, -CF3 or -A5- (B (Xs
)X 10 D or both D1 and El1 together wth the carbon

%t at C adi e c 2
oo SloAbe, CHE GROLa Sl it Lo SRR =
reﬁieeentesenf$RbRM10RZbodg%éésylcongaésmyhtpl or X' and
adanantyl , re sent 4 (R 5) R 6)
X? O L ORGRIAER YL Cr 01 SV RbChodter S ¢ RP TR et a0
pEESﬁa@&% att ached forn%@@g@pgmggﬁlly substi t ut edphospha-
hosphatricyclo[ 3 .3 .1.1(3 ,7 }]decyl group or
trdevp\lat[Bvé ﬂhéﬁéoﬁ}]decxi PV PEgeddrtvak e Qihayeof,
1C 2 nt of S or
o e S b SRR TR B Ry ARy S eo b ebhea
foatlaamnmt b, s&éteapbéséotmumalmlaa 11) (R 12 ),
congressyl or adamantyl, or X3 and X4 together with QL
to which they are attached forman optionally
substituted 2- phosphatrlqyclo [3 .3 .1 .1{3 ,7 }]decyl
group or derivative ther or X3 and X4 together
wth Qto MuchthqureT chad

R R53
R51 R52
(la)
x® represents cr’(R®) (R®), «congressyl or adamantyl, x*
represents CRY(RY™) (R'?), congressyl or adamantyl, or X’

and X* together with Q' to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]decyl group or derivative thereof,
or %3 and x* together with Q' to which they are attached

form a ring system of formula IITb

y2
R‘QH H H RS54
RS Rs53
Q
R51 R52
(Illb)
%5 represents CRY(RY) (R'®), congressyl or adamantyl, X°

represents CR*®(RY) (R'®), congressyl or adamantyl, or X’
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forma ring systemof fornmula IHo X5 represents CR13

(R 14 )(R 15 ), congressyl or adamantyl, X6 represents
WERDG/0tR7U7 ) (R 18), congressyl or adamantyl , POY/GE3@6102915

X6 together with 3 to which they are attached form an

optionally substituted 2-p98§phatricyclo[ 3.3 .1.1(3

, 7 }]decyl group or derivative thereof, or X5 and X5

t ther with B to ich they are attached forma
alﬁ’%% &&%ﬁ% Vfl&fmﬂvwa TP L }lnl ItReyxX AL pridsariesd dR3In an
33 ), congre mantyl, X8 repyesent
Oﬂctgsoz%(])%(ygam) 36) , &@?"é%é%u@ga 4 7‘-’5%%9 a-

or adamantyl, or X
LA @dE3nSr nilt I3 Q4 Itdeapii chrdtipy car edattaahedef arnpasbF,
opid anal | ys subst |t uted,2-phasphatricyclo [3 .3 .1 .1{3
ot }]"’Hé‘%y% gE%%EHB‘Frd&’rH 4 véd HEREd? | EBRY xPrgnrgched
foregel hengisil 1l 10X Whikhuitheyare attached forma
ring systemof fornula IHd X9 represents CR37 (R 38) (R
39 ), congressyl or adam¥fityl, X10 represents CR40 (R
41 )(R 42 ), congrjigyl r gdamantyl, or X9 and X10
together with @@ t ' t %re attached form an
optionally substituted|?2-phosphatricyclo [3 .3 .1 .1
(3,7 }]decyl gromsg derl kve thereof, or X9 and
X10 together with &b ioh they are attached forma
ring systemof fornmulRgg' Il He("R8 and in this yet
further enbodinent, QL ZEEVCQ, and 3, 4 and & (when

present), each independ y represent phosphorus,
X7 QIS els ATt ANERAONY?) MRTGPT eSS Sefs O VLB, QL VLY B o
netal or netgl ggtlgg !
represents CR™(R”’) (R), congressyl or adamantyl, or X’

and X° together with Q to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]decyl group or derivative thereof,
or X' and X® together with Q% to which they are attached

form a ring system of formula IITd

y4
R49H H H R54

R g R53
R51 R52
(Illd)
X’ represents CR’(R*) (R*), congressyl or adamantyl, Xx°
represents CR**(R*) (R**), congressyl or adamantyl, or X°
and x'° together with Q° to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1.{3,7}ldecyl group or derivative thereof,
or X’ and X' together with Q° to which they are attached

form a ring system of formula IITe
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thereof; L i represents an optionally substituted
cycl opent adi enyl , indenyl or aryl group ; L2

w0 e@resBsm s one or nore |igands each of which BCEGB2006/002915
i ndependently sel ected from hydrogen, |ower alkyl,
al kylaryl, halo, CO P (R 433)(R 44 )R45 or N(R46) (R
47 YR48 ; RL to R18 and R31 to R42 , when present,
each i ndependently represgnt hydrogen, |ower alkyl,
aryl, halo or Het; R19 td R30 and R43 to R48 , when
present, each indqug&bnd ykfﬁgresent hydr ogen, | ower
al kyl, aryl or Het; R4 fid R55 , when present,
each |ndependently rep esen hydr ogen, |ower al kyl or
aryl; R50 to R53 , Rs3 each i ndependently
represent hydrogen, alkyl, aryl or Het;Yl, Y2,
Y3, Y4 and Y5, when [RE'ésent %5ch i ndependent |y
represent oxygen, sulfur&J?' NNR55 ; n =0 or 1; and m
= 0 to 5; provided that gn = 1 then mequals O ,
and when n equals O then n1does not equal 0 . 10. A
conti nuous carbonyl ati on_process, a carbonyl ation

ancedgt | toH- stk urfuthato GReF enthe car bonyl ati on of an
1etg¥genbeall nsatura@ediﬁﬁquymd Q. éﬁ.c%% :% each
C the ydrdkyl

SysS accorﬁlng to ainms 1- wherein

irgtepemdsoritlar niapg: econpo withspiclmises avsstegri oo o ramririgemys
nol ecul e having a hydroxyl functional group. 11. A
conti nuous carbonyl ati on process, a carbonyl ation

M represents a Group VIB or VIIIB metal or metal cation

thereof;

1L, represents an optionally substituted cyclopentadienyl,

indenyl or aryl group;

L, represents one or more ligands each of which are
independently gelected from Thydrogen, lower alkyl,
alkylaryl, halo, co, P(R®) (R*)R? or N(R?) (RY)R'S;

R' to R'® and R* to R*?, when present, each independently

represent hydrogen, lower alkyl, aryl, halo or Het;

RY to R*® and R*® to R*®, when present, each independently

represent hydrogen, lower alkyl, aryl or Het;

R*, R® and R®®, when present, each independently represent

hydrogen, lower alkyl or aryl;

R°® to R®, when present, each independently represent

hydrogen, lower alkyl, aryl or Het;
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reacti on nmedium a process for the carbonylation of an

et hyl eni cal |l y unsaturated conpound or a catal yst
waymvems7accordi ng to clainms 1-10, wherein thePCT/GB2006/002915

et hyl eni cal |y unsaturated conpounds nay (a) be non-

substituted or substitutedqy,th [ower alkyl (which

al kyl group may itself be substituted, unsubstituted

vior Ler nat as kned_herein) , ary Het . hal o,
éya§nd rqr1[|'tr (g &kbxy,heﬁ?l@r S%ﬁ(()) ﬁaﬁ@ U(l@ﬂ?{elz@ently

réﬁ@ma%xy@w3mfﬁ QMNR;2BR26 , C(S)R 25R26,
C(S)NR 25R26 , SR27 , C(O) SR 27', wherein R19 to R27

each i ndependently represent hydrogen aryl or |ower
Ilal&yhngijch al kyl group may itself be substituted,

unsubstituted or terminated as defined bel ow) ; (b)

have fron12 to 30 carbon atons, which nay be |inear or

n%ganch yclic or uncyclic or part cyclic; and (c )
V' Ra etélnes'or nore unsaturated carbon-carbon bonds
.12. A continuous carbonyl ati on process, a
carbonyl ati on reacti on nedium a process for the
DO} I‘é]tl%n Vﬁiefannet#]ylleml“@i | 3 sstle abed avarpatied n

fa1d R sie ag g to any preceding

calm ereln h g %(\?7! @r VIIIB nmetal or a
conpound thereof IS seI ect ed fromGoups 6, 8, 9 and
10 gf t he .nodern g jodic table.

10 continuous ar onylatlon.jprocess, a carbonylation

reaction medium, a process for the carbonylation of an

ethylenically unsaturated compound or a catalyst system,

according to claims 1-9, wherein the hydroxyl group

containing compound includes water or an organic molecule

having a hydroxyl functional group.

11. A continuous carbonylation process, a carbonylation
reaction medium, a process for the carbonylation of an
ethylenically unsaturated compound or a catalyst system,
according to «c¢laims 1-10, wherein the ethylenically
unsaturated compounds may (a) be non-substituted or
substituted with lower alkyl (which alkyl group may itself
be substituted, unsubstituted or terminated as defined
herein), aryl, Het, halo, cyano, nitro, thioalkoxy, OR'?,
0C(0)R*®, C(O)R*™, C(0)OR®, NR®R*, C(0)NR®R?, C(S)R2RS,
C(8)NR**R?*®, SR*, C(0)SR?, wherein R +to R?* each
independently represent hydrogen, aryl or lower alkyl
(which alkyl group may itself be substituted,
unsubstituted or terminated as defined below); (b) have
from 2 to 30 carbon atoms, which may be linear or
branched, cyclic or uncyclic or part cyclic; and (¢ ) may

have one or more unsaturated carbon-carbon bonds.
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12. A continuous carbonylation process, a carbonylation
reaction medium, a process for the carbonylation of an
ethylenically unsaturated compound or a catalyst system,
according to any preceding claim, wherein the Group VIB or
VIIIB metal or a compound thereof is selected from Groups

6, 8, 9 and 10 of the modern periodic table.



