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WD 2007/ 0203913 PCT/ 082006/ 002935 1 | MPROVED CATALYST
SYSTM The present invention relates to a process for
the carbonylation of ethylenically unsaturated
conmpounds, a 5 novel carbonylation. reaction nmedi um
WAhOH2BYBcess for the carbonyl ation of et hyPERGBHI0$/Q02915
unsat urated conpol nds using a novel carbonyl ation
reacti on nedium The carbonyl ation of ethylenically
unsat urated conpou”"ds 10 using carbon nonoxide in the
presence of an a},noH SAfhegy Cat al yst system
conprising a G?UWWEDOEAT%&& | adium and a
phosphi ne I|gand ege an al kyl phosphlne cycl oal kyl

G PR Er s B RELaBe Vo I BREUERE P tne

cranimmgﬂtatEomoManeﬁmJ&rmsaaﬁmr. petaemtraaphl icatpoonsls, a
B GETBRBY e K75 T AN $0520P-00SEY for the

d2RAn0385833, ofﬂéth&ﬂéﬁib&lly ﬁﬁbd&uﬁkﬁﬁ@4ﬁ2mpounds using

EP- A 282114)1 P-A-0227150, E, P - A 0495547 and EP- -
Ny £S5 53 P AA Yo GPEF %@@%%271660
EP- A- 0495547 and 20 EP A- 0495548 di scl ose that

s G TG Ry 1 ORAE B ki BESEb PRy St nf Suenge

wieat erardbopr averediidet ais uthe bpdestnte bho&hhla[ﬂ&:ohol or
I [ nds 25c| ]8\%5\” ded in WD 95/19434 whi ch_di scl oses

G5Png BB YT SPRVEISHP GhGrgHEl FyL metat,
e?n}lbsblaumh&ﬂm&rylandmmet pholgpnjge@i tiidhe sabd an alkyl

hos hor ous i a ava abI e j acent carb
15k e oat il o a3 eSSl B
;ﬂio@@henand)ﬂ G@C&‘ed‘d&t@e@ﬁds@hlhét enavhiden3taH@ibed in
signi ficantl her than those ‘{lJr evi ousl di scl osed

EAR I R LI SN IR 4gns. eg. Ep-

xaozesyEat Eena-olasd 4y er@-ﬁ@qbsph%ph@mwzﬁm,l NEP-

the said ligand i s
-0274795, 9 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 Dbidentate 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 via available
adjacent carbon atoms on the said aryl moiety. Such a
ligand is more stable and leads to reaction rates which
are significantly higher than those previously disclosed
and produces little or no impurities for the carbonylation
of ethylene. Each phosphorous atom in the said ligand is

also linked to two tertiary carbon atoms.
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also linked to two tertiary carbon atons. WO

2007/ 020379 PCT1GB20061002915 However, conventiona

net al --catal ysed reactions, such as those described

W0 00/Q6749434 tend to suffer fromthe dravweapkshbvanois
the catalyst tends to de-activate over the 5 course of

a period of continuous operation as the palladi um
compound i s reduced to palladiumnetal, thus
contributing an inportant factor in the economc
viability of the process. 10 01/10551 addressed this

prusyem vicanvenelasd gietstlaisiattadivagd cue@@tuitms SusticiSas
RLYGP sk oA 2B S8\ LB aulle JBRC P T B B B

i mproving t recovery o net al has

frapadie thatl ylse caysiven Hamder e:@t |degla3zt1hawevefrer the
pones of she gxanml; tu ate to_a _continuous

pr oceéé)s %ﬁd £t Her ef %gr e%(:f %{JHQLIQ how EEGE25fOFheds the
3t adiwn r:emm@tc}f b medalkcedr tolSpaltletiufachersl ,CaBhus

f ure. t hough cat al .
e e ThbBEC S R in A e e atb ety
of abhei pyodessng ke WAND6AY' kdtire@ed PERGESSr@en via

m elativ Is hreactlon tes to be 20
ac%n e‘%/se%l C?%ersgéabsﬁtl?L B8R sTERP “Wéd F’bﬁcg npfoveglymeric
@J&‘tmmntsacimvmhy Ifé@lctabhy metdh&mpr asreBt inPRREIQN the
prov. r |I| ed continuous
B MG BT A el 70 SERLT DICLE
SHEsETr atIadteceapmmd& aﬂmbwaverar hosmd atolfonth@acéic&ﬁlples

a{'gqq ch ontl nuous_ 25 processes for
car bo%g{llﬁag% et yl%nlccc:)léll H}u%'féa?ﬁ?%ﬁsegd G bRFERLOT gy
yﬁnﬁmanmuwlewmwGM%nEM§SeEﬁebtd6ﬂtQEEOVQﬁ@SQEi&%tal or
st _syste ar.e sought

Jl;h%?:n%aﬁ%%g%%d oIflh ¥P8ﬂs¥1ﬁ%‘tgﬁ%§ hset 84 B or
Group 30 VIIIB are expenS| ve commpdities and as

ed e the rate of_ use this comod
Acq%%ttorl ut egggxy?'ﬁe BEONS ¢ MY ab%FFPy G?V%]a?%%ii Yimicn
epbdbiign prosessele usitapidiich n@iwl®; 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
processes 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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One expression of the efficiency of the use of the WO
20071020379 PC T/ GB2005/ 002915 3 catalytic netal is
turnover nunber (TON) which is defined as Ml es of

Car bonyl ati on Product/boles of Catalytic Metal. A
‘Yﬁﬂﬁm\?}éﬂ%un‘oer indicates a nore efficient BAHGBRWEPO2915
effective process. in the past efforts have 3
concentrated on high rates 3f production of
carbonyl ation product to maximse yield in this
qa@@@etﬁc Gatal ys¢ actiotidry ribedni(toNpl WRECHT i & eaet iy
gl% m.gan be e regsEd in ter of the production of
&ar bonyTat Pon GO pefTUMAE/MOdEst r 8 aCrieadvtic
Medladne  of h1@a1cl'IIOtmn mi&\dabln‘mlnaﬂdatés r@aﬁ@f@deffhéméﬂts Rfa

du hr" Thi Kk t
Bl VE LRSI VRi RIS at | R FAEL oPAPACCRIfoms:  have

cAmcendralgedL ocora. Hidistraaspeds QrobiliecPELSERt ch PSRN A1 on
g hs r@)r ovi.ded a igntl nuous carbonyl ati on process
p1r8 RFgh® BUFAIEGEr Yig ohy| iR EBABF i si ng
carbonyl ating an ethylenically unsaturated conpound
carbon, nonoxi de in, the presence of a source of

it
c\#&atﬂ&% G blps aRRF ak a2 0 fs yerasthiconmeidsiung can
béakexprobdedt ahetrphesphEnenhea %@@c@fon st biog Li SH%IIECE’D“

b) a catalyti¢ netal selected froma grou

p’éPg'd?(;Buﬁ’eﬂ IR retalorfZemcofpaiid trekwes ofiheresiation

meleuBAt ahyt hgahbasagéaV§nCQH9€§t ba C}(%FB Qlisa kc;dhr-l dm™,
ﬁétal t|c netal, neasured as th ?pro du
9° hPERS it 1S %OW #s F@Cﬁcﬁl"lee§§tﬁhﬁ$ltt¢qrﬁler33ratlon
feepbi nuaiestyherein i s neant that the respective
concentrations of ethylenically unsaturated conmpound,
car bon nonoxi de, the source of hydroxyl groups and, 30

apeeteraploy at kereat abystr Ystem BE‘@SQI?J: dlrﬁygﬁ:tlaom I
constant during the process.
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™t.dm"
*) is held at less than 0.5.

By continuous herein 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.



10

15

20

25

30

WD 2007/ 020379 PCT/ GB2006t 902915 4 According to a
second aspect of the present invention there is
provided a carbonylation reaction mediumand product
vad r0eamosieer eof for a continuous carbanyl ati 8AT/GBRIOG/GES1S
conprising in the reaction nediuman ethylenically f>
unsat urat ed conpound, carbop nonoxide, a source of
hydroxyl groups and a catal yst system conprising: (a)

' t - phosph ' i_be | i gand and
%b%yr‘aaqgltg?a Yt igc %r%’lt%% sg%%%:%ncgdgf% r gct%ea I‘raeosuep 137EF A
e ¥31mBawitdeld o2 aacbapplatidrhereattidrer eiediumheand

| yti achj on tration of said _ catalytic
PR | S BRI & S R S R e BBt fon
dapaeSs. cdmp8ising imibhteaireedtatn |meskium bhaétﬂylﬁleﬁﬁcfb]y
l.danc bt, .the ACCF of .the carbonyl ation
4%§§§?¥§Fgﬁedﬁﬁﬁ%0€%$'a %%#h?%uuﬂﬁ??ﬁﬁggessais A&Ral 1]F
hygasuyédgrouphearpt eduatatys easnst2th Borbeisndy f-eat ures
ol e 2 SRR st B i npo o pene. Tigand,
Preferébky, the ACCF is less than 0.4, nDLF
r ef er apl ess. than 0. 35 S refera , less
? han o. O¥a5%i ypi car 'S)L/P tsﬁ%eg&ﬁi— Eﬁ%eai sg‘)(/)? 5VEg or
0. 49, nroroaipt YZWITTA |yetdl 0drt a oniaqouﬁﬁsttﬂembgalvltn@gefn
0.05 t . 3 eci al.l eferred is an ACCF o 1.
Lo 0. 26y CasetBERDY aBESE (indshefRettow doordn
the presdgallytheentstad iin hedil medimintaédod-dy as the
sui t abl ilutiaon of the garhonylation, reaction
medi um’ ref@?ﬁ%?ﬁ? 59rﬁfio i 47 effedPedtaipgd at less
than 0.5.

For the avoidance of doubt, the ACCF of the carbonylation
reaction medium for a continuous process is 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.dm3.hr™.

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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one of the conponents of the reaction nmedi um ot her

t han. WO 2007/ 020379 PCT/ GB2006/ 002913 the catal yst
netal, nore preferably, by neans an additional

sol vent, carbonyl ati on product or hydroxyl group
WP HI2APAg o<t pou: nd. The car bonul ati on pr oBUEEB20AFHA91S
capabl e of acting as a solvent is particularly
preferred. Preferably, the catal yst system al so

i ncludes as a further conponent (c) an acid. By

thRCi daraBs FBatataan aﬁbf’eor I%%%Egbmgons rue%g.ns of an

references .1.0 to acid sho
4G 5AanAgl ySobiRttabl Farhphy bt tonpaedusta) or b)l)ymcyl

g&)é:alb""'&%ﬂtﬁiﬁ tcampo"?ﬁ'ldt he, & a&ﬂﬂoﬁéﬂ@é\/\% mgggc[ﬂ%%te when

in situto the reaction
ce@rbdry Pt foRLNS aso at aREVEBE plaacertActibanay i vedferridde
corrponents ai , b) and c) (when present) can be added
guentially in any order to form the catalyst
P§§e eeablyr the smtelypecefsedn arlder ineiltbles adlid efidther

Cbﬁbgﬂggg Yc?f’saﬁ{ %rld_out3| de the vessel and ;:hen added
to't

e vessel i'nstance, the acid conponent c) 20
(, Vn present) nay first be added to the bidentate

»C t f rm roton t ed I| and, and
% g%E?ﬁ o‘g%)gtt'{]ega{r%lat g%l ?gan‘g ta ]I?t B&°A685d £ tFRE SRemges

tor agbapoueld theecouk tfeehponentdihply4 o formthe

catal yst system Alternatively, the |ligand conponent
a) and netal or 21 conpound thereof (conponent b))
Seahalbky Ni aklt 0D tompomentshel)at &0 netdlc)copaunhrast)

N e D TR A T
rgsediomnywasselc owipereim S than berbdrsacitednt 0get hey Qe
P BT T PR R o Bec B nipd dormporieen
prdden) oransbei pdtiedeaetiednwd 411t hin t By dorder 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

componient c) 1is 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 is preferred that the
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conmponent and then added to the reaction vessel.
However, in the continuous process it is preferred
that the WD 2007/ 020379 PCT/412(06/ 002915 6
wonRpepanis a), b) and c) are all added i ndepemdmnbdspo2915
of each other at a. continuous rate. The present
invention is also directed to a catalyst system as
defi ned above wherein the relative nolar

concentrations of both the bidentate |igand and the
SETRONSHEE 1) 1 eDbl 800 CaxBEss A NESE prigependeytly of
eavh seges; ad @ dbAfgih@osIRitesi Ng and unexpect ed

advant ages when using the catalyst systemin the

car bonyl ation of ethylenically 10 unsaturated

TRAPGRESn tanthddif it evé atdlen odiAdcdasty rLAUGHL PP«
of at | east sonme of the di sadvantages of the prior

SYTEYY st . deTHngsy cReEe t WeSkRld ofthe caedpysve molar

syséanicihe Mresth ivheeMiicentheads: dnd easd 9 dacia
nore stable system w th inproved turnover nunbers iIn

35 caEhorRYISAE. i6h P¥@RES oRS Ghosehprefiensly envisaged,

VOSAAY aaoe@urgmﬁﬂadé@d ml%l;@gee@a %iv%}jt%egré %ﬁe{%ie&émg

used can vary within w de Imts. Preterably, t

BrelePr a5 Favdems 1pr ébenrarborilatignamsumthylieni cably
M.@ailﬁftdt%dOfC&ﬁﬁlﬂwgb,eraﬁ gﬂé e%l@%vi J‘H dSPt %'ite least
l'igand present to the nunber of noles of the oup

BPGLIon 198 Akt deagresere iof fihem disasivediteges] afp the

L; @hdapar L ey |y fhomnl tQs8, MhPemys of g%#ﬁyst

re preferably, the nol:hcl range of conpounds
TR PD5Pe tRF TSR MveRBieRt d¢adss ath tdrst diger ofiore

el SsgscdPSt RERT eliaBlyvid ! 1608008 Ohhubil kO in
1.25:1. Conveniently, the possibility of applying
ehvlaRiaBl arreestiionsi s ofadeiivagadesllas tsavorasd
ddipdisesof an excess of the conpound of forrmula | and
hence m ni mi ses the consunption

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 it 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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30 of these usually expensive conpounds. Suitably, the
catal ysts of the invention are prepared in a separate
step preceding their use in-situ in the carbonylation
reaction of an e.thlenically unsaturated conpound. WO
WEOROTY2099379 PCTI GB2006/ 002915 However, i nPGHGBXO&2915
acid systemthe |igand may be present in the
catal ysis: system or precursor thereto, in excess so
that the ratio at said ligand to the said netal (i.e
conmponent a) to conponent b)) is at least a 2:1 nolar
ratio. Preferably, the ratio of said ligand to the
Hopggvigtvet 4N |31 s@ghesy stasisl | sygremt ¢het hhtgand®: ihagml]aé

f ¢l range_2:1 to 1000:; even
pxrrﬁ”gsrréé1 tglr}"Le er a%l%?aﬁy%éhegyfgﬁgg 2%% PrES 000 'ihéf/éétt not'e
exj s efoertiipity the rheie anfes@id Liwahd0@olrheveai Aonecal

pref e t n 1, nore referaby
(llr?e t%%%%égr% 7Q€ t‘c% %%6‘3"5_@“@3%’28. a3 y3Fnt ﬁﬁtré‘n
nar treti®00: Preseriblnnrtigneftdnablty sandt begsmmnges 18hd
t: s ye i e referal in_the range 20:1
Satlg Zslfg%afl[l Jé%(/e%u.é[% rsrlé?gg‘ésf e? er gk]fleﬁg‘?% ttﬁgnr élng?eqsorf‘OJiar
ratg o2 5Motke rmsaferptbéize Aimalrhley ramdgiehe2 :nange ioo@XCessyaf
51:1 and ypway ds, r pecifically
mo?% %pré@[ﬂég ?’ orrl ei\:/%n S o iogogﬂ %&Pt %@t ﬁvellﬂ?t tHere
prediedabalyi oinanthe i mahhe Bangetd5: 10000 45:dven more
ly 20:1 to_40; 0 referably 25:1 to
o HeBTEERY Lpafis aBade. Sai HOmdy bl pRECen: SAF NS 10
theayraperd 17 : lextoess00ar 1, heas;ﬁcala)my SUSUHR® rGhoRl @cUr S
heret Q... preferabl i.n such guantit that the ratio
90 ST LAal HEE oot REE o1 QR TS, L dpigheriO o).
vetostohpomnent wr9fdrablat ihealsé Bardjel 2@Q|1atof41©®01 even
rerer he ratipo of said dtothe sai d I|gand
InO“E'zn sGch %%%%% ati'd g]§7§t eh"9S %‘#e]at elrO t Wil i -2; fost
prafkasbiat iia, ther ergref efmbkycédstBE 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 in the catalyst system, or precursor thereto,
preferably, in such quantity that the ratio of said acid
to the said ligand (i.e. component c) 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 1is
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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range 2:1 to 100: 1, even nore preferably in the range
4.1 30 to 100:1, yet nore preferably in the range 5:1
to 95:1, still nore preferably in the range greater
wbam7bidt o 95:1, yet: nore preferably in trloe/GBangeo291s
greater than. 5:1 to 75:1, nore preferably in the
range 10:1 to 50:1, even nore WO 2007/ 020379

PCTI G112006/ 002915 9 prefe?ably in the range 20:1 to
40:"1, still, nore preferably in the ran e greater
RFRFPRPLY  3™0: Y e 171952 Lo 40: 140 ? 25841t | BRI
S br3511)  iDERe PESARS afkdatd @eeesso of &9:49:1 (e.g.

suitably with any of the upper limts 5 provided
herkitdbrle @ g7-5 :34te Lgsaothgn 3Gyllsompre prefyrakyly
1T ex g Lf egabty. 4 n ﬁi&%ﬁf@vl%ﬁ dnyYBE PRECypper limits
preferably in excess of :1, suitably either wth any
oV idas uéﬁé?lmb¢ﬁQ¥$ pK@ngeéohéréﬁhbépoié Eael 030:1
dhe ) rapges i thiscparagr aph Sande ysedsih  yor more
conjunction with 10 each of the Tigand to nefal” ratio
1 whdivs dnosEgeshepéi aAdbbyesuiita®lyr girberofith any of
GRPARBRL 2); QG LOPPOPLILa bh Agdyant ages.j n
mork?%g Wi t %ﬁLtheBF §%d tgrﬁeﬂﬁ% and acu§1 gt the
rengatd atilvs rrstag@phalseve ben uaﬁdexae§§naun@|t31® with
S¥cH elgfar %h@anELi&éﬁd' nd hﬂl‘éttaﬁ]e S48 gﬁ | 'rta¥1 % tHf?sclosed
catalyst systemis further inproved over "that
ranedmiabiongl yipeovialaids lof chepdmamtAGTF toasoewdmrc éd -
by further increases in the turnover nunber. (TON) of
the netal. By inproving the stability of the catalyst
Bysstasivantagegs dgewofkiveg abiihim2@hehd icandohy| metah and
SRELEON; SGheae L5, kept SLo & oshn gff
%eve of a%?% sﬁouldggessuc?uthatgyorlthg' éﬁﬁﬁinﬁ%ﬁld
hisdem are Irf\a@aﬁésmpnoyl@@lt ‘ﬂh’:e dtepdlicy afi thestmtdldst

SHEA 4 EQEtHQPSPﬁ%RR/ bpec Sédx?&ﬂ%ﬁ.b%l{(%i‘&ﬁlge%

rot onat e Hence OW t € | nprov
me\ﬁ@le ofow iAG8Fd sloevddeecethdue fworheni Ahareaseveln e
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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given by the ligand: netal nolar ratio, and the |evel

of acid should be above sonme mninumlevel wth
respect to the level of ligand present to encourage
protonation, as 30 given by the acid:ligand nolar
WOR0D 209 ef er abl y, the acid is present in t}el/GB2006/002915
catal yst: system or precursor thereto, in such
quantity that the nolar ratio WO 2007/ 020379
PCTNGB20051002913 of said acid to said metal (i.e
oeoaapcmea&wp)td @aGAMRERLDt (i B)) doRpbhBnE€XEESS onent

stemis at least 4:1 rmre pre?erably from4:1 to
100000 the o\aieassr c2ptef 6VEBEY 16 .att ders000t1l, yapre

morerpiief endil 4 .20¢4 1@0@&9610 Luedehopdidder
ppreferag}{y 25:1 to 50000: 7 yevestlltn? r#i)ree e%[rge?gr%gly
£80730¢%: ;5006 moryrepr@ﬁ@rﬁbilnzr @0pileter a®lq0 40, yetostill
80000:dseratih) bsRr €op bl y,o10 0%
" reol%r aber }’12051 toozfé%%(gf? %’egtﬁ%% (ehr&% Qf%&r%B:L‘g

395b0we 150%9& 1,svekl ener engreefomedpkgb 2004 A: It 023000011,
ppst phele 1 020 or grea
=BBEh. Jofe “haRsuri éAﬁgér%aﬁgv%@%O%tﬁ gt
1p@:1I nteh@SPAAge. 126re mef&85b11y h@@el pref 86800yl 15¢0=t

50 fer t 5:1 et
SGobh nore BYERePEBRy BBEE T it ndeftobeetlipy
52051 1 ttoo 3760Q:1 Eackr osﬁretahme iBamari?@@@ iLn tdni £0000:1.

onpung wi_th h.o
A?ﬁéeﬁ%%g%& tﬁgt §$§ atlor acr?neggdléc dsed 9¢ 1350%L
A8rei naxb@:ve preferabhos D50 dorrpm]enusa)l,to eoaponante

o cor B35, ach ke S6L8 Lavd LGB0 LB a0

herelnabeve T oS conpo
t@oﬁ@@nlentm@f;t ﬁﬁeﬂ-‘@:ahlhre 2@\'Boﬂ.dancé76f1anyEdohbbf ahkse
f s. and atlorane app
~fladf Bt PHTSBLRNEn (ALl 48 S0 3 o, N0ER Rel Y

egel alcbf he:h@ nelﬁlgend Howewvestal | tashoulriarag‘eao kd&sbd:bsed
relné%odé,agn%her%Eﬁ Sn8% ggmﬁghékt a) to component b),
and/or each of the acid to ligand ratic ranges disclosed

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 Iligand
embodiments set out in more detail 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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25 is optional and not essential to the present
inve.:<tion. Accordingly, the possibility of excess
acid in the system is also optional and not essentia
wo 20d1@23resent i nvention. 30 The advant agesPCafGR2bm®/002915
ACCF aspects of the invention, set out above are
mani fest ir, that the stabjlity of the catalyst
systemis inproved, as evidenced by increases in the

ver I of the neta By inproving. the,
I e R G N S T TV R e
tbat abylstnghstiom rehetieagectaimenttakept td e minimum.
carbonyl ation reaction schene is kept to a mninum In
one enbodi nent of the present invention, the bidentate

I6 phesphboeihéganst itheofprgeratalinfontids (the Bilientate

, R ?2.A3 .R3.. CR2 R_wherein: 10 Ar is a
p%??%‘?ﬁ; YrEs &8n’8$i LFHY Hn f8ﬁ“i‘lg‘?1aﬁ)y substi t ut ed
aryl noiety to which the phosphorus atons are |inked

on ayail abl e adj acent carbon_ atons; A and B each

i ndependently represent |o al kylene; K, D, B and Z
rérecsubstituents of the arylcgiety (Az) and each

[ ndé ndently represent %drlggen, | ower al kyl, aryl,

|R 1
0,06 - , (O R2, (QR2",
C(G)fOOQ Ad}f?%ﬁ’ (5 3g C(S)R25R SR,
G(0)8R 2", or -J 20 Qs ( 'l (R 4) (R15) CR 6 (R17)
R8) vvhere J represents | o%erR al kyl ene; or two
adj gtent groups sel ect ed fr@gm K, Z, 1) and E together
wWith the carbon atons of the aryl ring to which they
are attached forma further phenyl ring, which is
(I)
wherein:
Ar is a Dbridging 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)OR%*,
NR¥R*, C(O)NR®R*, C(S)R®R*®, SrRY, C(0)SR*, or -J-
Q® (CRY (R™) (R¥)CR (R'Y) (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,
OR', 0C(0)R*, <C(0)R*, C(0)0R??, NR®R*, C(0)NR¥R?,
C(S)R**R*, srR* or C(0)srR?;



10

15

20

25

30

optionally substituted by one or nore substituents 25
sel ected from hydrogen, |ower alkyl, halo, cyano,

nitro,b, OR" 3C (0O Re, L (O 821, C(t7) CR, _Rz23fl2Q
r; 25826 c(S)R R'K SR2' or C(O) SR2e; r WD 2007102037
WO 200702832006/ 002915 11 R .s to R 8 each i ntfepeprdesfopas
represent hydrogen, |lower alkyl, aryl, or Het,
preferably each independent]y represent |ower alkyl,
aryl, or Het; Ro to R27 each independently repr esent

mydr 9gens | _or t; R to R
Reacﬁgl ?gepg% entﬁn% %ee%rﬁsgé BFSEER° MydePIeny kyprwer
adkyl, orrit, pref geabl ypeaeeram@epeéwlﬁnt | ynddiepiceaent,

v ary ; t, Qand B (when
rg?ﬁ%cée‘?% kleac X n %enﬁﬁ’l Vi gpFésent phosphor ous,
RAr semi &20r eanhl nodepandeh il heepabi&it t WOAr68S€S 1ower
renc s BIgEosphlne or phosphorous above are

aia%é ’oleadry 085r gly, with preferably both Q and Q 15
representi ng phosphorus, nore preferably all of Q, @

n mhe resent) representin hosphor us
gug? a%b( b rbciegeﬁd@ EES p?ﬁ%%éﬁ thﬁgdmﬁﬁeht i dawer
ashaul d aWEf er@b' yube, Caﬁ@@f@rd?flyb' deptat e nge endentl
coordination to . the 20 Goup VIE or Goup V1|p
r%?recsoerﬂ?o&ﬁfﬂ’efh@}%\ﬁ% Horle Oﬁrgﬂér ably to the pr eferred
pal | adi um Preferably, when K, L), E or Z represent
H5))CR "e(Pn Ri o t he
G (Ol (80 L i0E e
plﬁﬁh@ﬂﬂﬁihst hearyarli cCasbOBNnt DMy Chind @h Bies fé’é\ﬂ&“&%

ot so adjacent, is adjacent a remaining K,

or
L ?eg?’ffifb:%l A R9EPhipgpoEs eftasphgrous above are
amended accordingly, with preferably both Q' and 0?

representing phosphorus, more preferably all of Q', 02 and

Q® (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 X, 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 is comnected or, if not so adjacent, is adjacent a
remaining K, D, E or Z group which itself represents -J-
0 (CR™ (R™) (RY) ) CR (RY) (RM?) .

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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Q(CR-"(R4) fRR?)CR 6(R 7) (R o} 30 Specific but
non-limting exanples of bident:ate |igands wthin
this enbodi nent include the followi ng: 1,2-bis--(di-
werdorbrsy phosphi nonnet byl ) benzene, 1, 2- bi sPCaicB2@6102915
pentyl phosph:i: nonet: hyl) benzene, 1, 2- his-
(di-tert- WO 20071020379 PQI/ GB2006/ 002915 12

but yl phos hi nonet hyl ) napht i ai ene, Neverthel ess, the

bekilbesselfarthyl ) igpltia il d appresiatendial ot hehe
bi dentate |igands can be envi sJ?q%ed wi t hout departi ng
sk bhedt RETSEBpe-Tof hfe Fhiv e¥RYIsh. 2nPreedigite " ghat gpther

bidsytatrdherysed dier @en.envichydeSwitnie departing from
to-ten-nmenbered, preferably, six-to-ten nenbered

tRar peesR 19 BeodBY PR ups, such as phenyl and

napht hyi, which groups are optionally substituted
with, in addition 10 to SC, D, E or ,, one or nore
TRabSerrushts SE| erTel’ fviorn wisd hamsier drrypdeanfine-
QL Ky i amy it i)%leEePQb]\.Ag’Pt I onad .y oSYRAt T tulef8Feq
term nated as defined below), Het, halo, cyano,

CHATRO@YCIGRI RrometOr RETOURSE ) Rich a @ERyL aNR232pRkhyl,
wi Q) Ny 2R @R, SoQL P 7s95s§£é)e}4'32®3%§,"‘@ﬁr Sﬁaig%gn
15 to R' each i né)ependen l'y represent hydrogen, ary
Ctor K. | Bwel dkyd ] .ofsnpe hmed kysubftaipenty sesettedefrom
i 0 it r_t in a fi
B o) Borrar e e, SPoL ol S0 may The SeFiSed>®
OBl JRAAGIY cS YU Utedg. oF nhgHrindtede, ahi paBie@nbebew) ,
né&DJeRNg o 20cBYhd N&y i8I "Griet G (P2 %Jdéq)\éhB qé{(ﬁrcﬁé’p,

13" in a ompound. of formula 1 we include netals
Nl%%%%lfa@@ﬁ,m* ,gg)rV\FRgﬁe,C () SRNI ORI (SRNRPBE® wherepn R

£@NG27 Pha JAr ef fiaM N5 entth P@éf’és%ﬁ&r € c?gfér?d |
Pt and gd, I\/br.e@%ir efeer agly, 5 the me?%% S 'Pd.gl(:?—({)nr B

lowrr agbidanéehigth daliprl ¢ePww epresitself 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 heteroatoms selected from

nitrogen, oxygen, sulphur and mixtures thereof, and which
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to Goup VIB or W1113 netal s herein should be taken
to include Goups 6, 8 9 and 10 in the nobdern
periodic table nonenclature. 30 The term"Het", when
used herein, includes four --to-twel've- nentbered,

Wi ¥PE9285Py four-to-ten-nenbered ring syst enBCT/GREI0gPD2915
rings contain one or nore heteroatons selected from
nitrogen, oxygen, sulphur&gnd m xtures thereof, and
whi ch WO 2007/ 020379 PCT/ CB2006/ 002915 13 rings may
contain one nor e doubl e boggs or be non- aromati c,

PR S

TI5ER | D%, GRREFES oPBRh oM Y% "Dends agFele A

aﬂdmm@i&ysbanslynar&maum@n@eywhbmlyb&ﬁdmaur@ Qh tHseflcter.
Each, ":[et" ﬁ ntified herein.is optlonaII¥ S
THE 1P LERACEYS oMEY 0P At U US|y BeFeced S
Edtd 0, “g¥ano, gblipo, iatilkower aldadin(WhigLh ghkybnally
royp may itself be optionally substituted or
L}g%%tﬁéfa@d 36 ogef |%dm8éﬁov®uké§f§ue@€% OFAEctefo) Foop
ha@0Q) Gyano NR2AR2A D) N audkad- é—ﬁ{ylsmlc@(fﬁléﬂz gup
C( S) NRGBR G wherejn 819 to per 11 10 each
m3¥ndépeRbentisy PRptIEAY hwl?%‘@wteair yPT ortqraieatafkyas
derahiceh Bdkyh) gbatm lééﬁi)fRZWHYCbé)ﬁpt' oPad|oR?2, NrZIR?,
substi tuted or tern1gated as degggg bel ow) . The tegm
C (SRR husSRnel §d83 SRgr Q< SR H cﬁ@?%ﬁ%ﬂl% to

ea%hbihﬁbﬁbﬁdeﬁgriﬁﬁ 'fHﬁBé'sentpM{r&dey&i n»anyl b eb@ge! ¥yl

i ndolyl, furan oxazolyl, 15 ioxa i 1-
(Whiga iy, gwa@zo#tyqelfu may Jaecmiéﬂe@rgﬁhly shbasi brerdlor

£ ki 8B0LM! as 08k ART Yetlow) t NibRLT E 22O @Het"pxhhg afﬁéw&aes
nor phol i nyl - pyr|n1d|nyl, pyrazinyl, quinoliny

gHo8®Gui nBPFRY| 2Spi pePFERBALY pyFubetyutasy pﬁﬁetaéimmﬂ
py2uatiat Wi on aki 88toTRY, beRisigicar kanaatem of L he Het

isoxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl,
triazolyl, oxatriazolyl, thiatriazolyl, pyridazinyl,
morpholinyl, pyrinmidinyl, pyrazinyl, quinolinyl,

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', ocC(0)R?*®, C(0)R?*,
C(0)OR?*?, NR®R**, C(0)NR®R?*®, SR?, C(0)SR?’, C(S)NR?*R?,
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20 ring or, Were appropriate, at one or nore of the
heteroatons. "Het" groups may al so be in the form of

an N oxide. 25 The term "l ower al kyl" when used
wee@imosneans Cto Ce alkyl and includes meriepkgo6002915
ethyl, propyl, butyl, peaty;., hexyl and heptyl

groups. Unl ess ot herw se specified, al kyl groups may,
when there is a sufficient nunber of carbon atons, be

alﬂyriearoxor H@&ancmereb& sgiPur abedror WpsAt ugﬁ&@ﬂené’&quf

cyclic, clic or part cyclic/acyclic, and/or be
PBSERRGL oBYSFOSh Ad 9% orevBF netersubstidisent e

%ﬁl%tlear Bk Opr GYHNO, 060091 ca&%&,
S Rarte B%(Plz NR' Fe24°}ﬁ'l O NR2SRDS SRY el

SG( SROI' dld@MQ%gW?PQOOHOZOSN

PCT13B20061002915 14 aryl or Het, wherein R19 to R27
each i ndependently represent hydrogen aryl or Iomer
Lgivey| 21dwd/ erroyes iont exliaypt exravpson@ich Ror eRoxyRen B

ul hur 7al QAB, pOI Y Bl ok13di h@c hsi l.gen oupss.
Rs ngvver al %> Rgr ggps rgr Zflsnﬁyl is{gr o% ﬁwl cthR’AIg]\I;\I %3
Rrk% R*RB, RRG, Rfﬁ7 RRa, R°R8 Rie Ri°.xRRL2X,RDL3 ERBMARES may

r%%%egéztﬁ%ﬁd gh’wﬁ¥%ﬂlaf§alan82%e82§ayFgﬁ’aﬁ?%% @F

represent an
maid Hbtennhlyeltfe J@J@stsmf@@édenqmmwr riiefatipen @uos,nSa be

15ukbici gpt puer. of g@r bon: &t oy %g Ehé‘ Ak be

branched, be saturate unsat urate
CACYEri C @lcyséris cye | cﬂaa@:yclwcllan{@,cm:lb@, i nnér‘mpt oe

re YIEn, Q 1%
ﬂ&gggpg%d al ?(% Sdl}.lxl con g)rfoa%i{gg EEe subst tut ed
by5 Sia)laoneour dirpt ey sidlsitdonu emrosrs el endécdr fb@mmntuted

y [ 7 AR GE?%% ( 0)
) o9t %E’g) Né%%tlggﬁﬁtg %‘E&‘? : (5N ﬂ%r:ez%y,‘z"%b’
narcyp,oaRﬁet O@terei’n R10)R%, R2V0) OR??, R%, C(0)NRPR?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, c¢is (E) and trans (Z) isomerism may also occur. The

present invention includes the individual stereoisomers of
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each i ndependently represent hydrogen, aryl or |ower
alkyl. 20 ;Simlarly, the tern "l ower alkylene" which
j, is and J (when present) represent in a conpound of
formula 2, when used herein, includes Cl to Ca groups
WaHe2e¥’® bonded to other noieties at | easkCTAEBONH02915
pl aces on the group and is 25 otherw se defined in
the same way as "lower alkyl". Halo groups wth which
the above-nentioned groups may be substituted or
term nate i Iude qu

h d d
TR e S d 51 Oh PREAPATREPS: A EDR i 2nd
whﬁﬂeenyéppnypﬂuatecis d&a anﬂdiWﬁﬂual(Z)tauﬁmmaru&nw fenyns
SR GO SFe THTT - Mo LI WoraaBTs 0203pg-ation of
diRCEEEBINOGMOOL A5 cﬂds atri’cﬂe tORROUBHScoE hay ¢ ddeieved
fornulas efln N, and, where apgboprl

e e LP A e EPE R LRE heS et ¥ oge Fec AL

cxl’jﬂsktamﬂ.§§ath@ii eof .choopat et &shof dixastH ereot SOMEFfS Ofa
cis and trans |[soners may be achieved h by

SHETRPEAPTERET PeEHHURS, 2 eSYPHBRG r%ﬁl%‘?}a@e formulas

orCrystai tised | o t CHFr ORBL OGS BRRY BfedddE L. &n OhdBridual
stereoi soneric mxture of a cogpound one of the

STRHEARINGE Cbr 2a COUPPERT eC5aPRe 0 dEP?v§?¥%%;%%MQQMﬁa1%Q1

bd Ndpybgiaba enont | 0frer RfrraspenRoNRd ofprepglof t
formul.as may al so 10 be prepared froma correspon

ingeeTeal Ry pRF eDY | FRRR I HEdORr e SHFNLST BE ol R iTorf - <ifc tha%

cdfkerBnalﬂ% Qicéﬁ&te Q@ﬁh@sﬁoﬁ@hﬁﬁbiéceﬁﬁiélLéﬂﬁﬂbﬁ% or
sui tabl e iral pgort or fractiona

byer fepafioeat | &wafﬂa hesafi iy ePéo. Rl s teRee 5 IR
sdAts! eASt RN B tREcEhR eSBONUANIHALEHRRIing racemate

with a suitable optically active acid or base, as

appropriate.

All stereoisomers 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, Ci1~Cs alkyl phenyl

(wherein the phenyl group 1s optionally substituted as
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15 with a suitable optically active acid or base, as
appropriate. Al sr:ereoisoners are included wthin
the scope of the process of the invention. 20 it wll
we 2appe@cs at ed by those skilled in the art td@atGeBabds®02915
conmpounds of fornula i may function as |igands that
coordinate with the Goup VJE or Goup ViliB netal or
compound thereof in the formation of the catal yst
system_ 25 of the inventigon. Typically, the Goup VIB
tepetp hoveieh HetRherr comsseia (s cBFeRHor UF 1R ods

PtiBRa D¢ OfudEHi@utBROSRAOIQUS nedl SBBLE NG/ inen more
anti rmé%/]ratoqs of the conpound of formula 1.

prefer £Po RR1 $achc Anfl plrpiaitidat IrFPFéﬁﬁ-'éEe‘ﬁI to Cs
Lower @hk&ﬂl Dk b¥ond¥lne sRhet ef @y a Rl aéﬂn%ldS h%éehn

|ndependentl represent. G to C6 alkyl, Cl-C6 al
HréhyPref@r@rern R ethh%nyﬁaghoHspr@,S%fm|J@%rstgbstltuted
suhet id WBd 12508l aQOﬁé@%Qﬁ%t%@ Th@@@%ﬁ 00213 robf1,
defi ned herein) cr_phenyl (mhereln t he enyl group 1s
HpPrevial | y i$epsttvit ed t@é‘”tdbtll:lﬁ%d hé}e@atml Evigayitor eand
preighably, RL to R1' each independently represent Cl
toOG al kyl, which. is optionally substituted as

defi ned herel n. 5 Mbst preferably, Rl to RLO each

REREESENM QN %@SAdalt&%ﬂalﬁy te. B @kk¥he &%Buﬁg r' to

m;th}, eth;yl F) 0 SO -pro %/ @% 18

Rso-ButbA | R% oRY - 59t§ Fbentle hexy R “cpel Bhexyd R
- t I f

Aot DiAgmept S | R o S DEaBE

rfUBR IR IRt ©F t dgBidernadipefdentiurtiey f exampyesi cof

éEﬁ%&éi«l{e?ng%{{Hé q%cl%deo ehetiy! s ok, deiyshipadiren¥l yeen

Qer exanpl es of
Alternatlvely, 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 R*, R*, R’, R', R¥™ and R each represent the
same lower alkyl, aryl or Het moiety as defined herein,
R?, R°, R®, R, R™ and RY each represent the same lower
alkyl, aryl or Het moiety as defined herein, and R?®, RS,
R’, R, R™ and R' each represent the same lower alkyl,
aryl or Het moiety as defined herein. More preferably R,
RY, R’, R'®, R and R'® each represent the same C;-C¢ 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, r®, RY™, R and
RY each independently represent the same C;-Cs¢ alkyl as
defined above; and R®, R% R’, R}, R and R'® each
independently represent the same C;~-Cs 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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conposite groups include cyclic structures forned

between 15 R -RI'. Al.ternativel5r, one or nore of
the groups may represent a solid phase to which the
ligand is attached. in a particularly preferred

WEHIBHI2AERAt of ' the present. invention R', PRAGBRP6/002915
R4, R' and RL6 each represent the 20 sane | ower

a: Lkyl, aryl or Het noietyias defined herein, R2, R,
R, R', Rl4 and R17 each represent the sane | ower

a Iatﬁd/l r Het goi efy agisd negds h n -
HSM Re, RlZEg Rl " and %FES egch%%gp?gseﬁég%hgeépgs&t n
]?%Aél-r ozl RyPentykyl or Het noiety as defined herein.
More preferably Rl, 25 R4, Rr, R, R13 and Ri b each
represent the sane Cl. - Ch al kyI , particularly
Tonansupspecialdd CBreeraddkylembodéhens nef hyhe present

q’f\;é\ﬁltlon rc?xmﬂl OL%ﬂs p&?@&’ﬂ rgprebsueryc}ee 1"?0 bUté/ RJL‘dwer

tent- butyl, penty cyc
RkyIR1 Eryﬂzl4 ognHet RiZieqy hass nikefierede mIelxyeme p Peeemaﬂshe,

, 1B 3 ef i ned above
% Fgg ot a%ég%e%‘[s%acsh &?egdepende]nt F%p‘?g}ﬁtgﬁcﬁ?
p;eecrmcala@yahhyi-sdeswﬁemu@@d ClaCQVﬂk}EQr sxane. metfiyl,

T R BP R dnd SR D edRH 1 o BRERL VDSOS §037 e

WYT,/ 022006/ 002845 an]d tyelbydxyiandios®! erBFerabdy, Rladh
.ZOSRlangeg gﬁnet%ch _rLesent n-- butyl or n-pentyl.

n-an esp pre red enbodi nent of the present
5 invention each Ri to R18 group represents the sane

o e, sV 2 e et Prellil b tiait e

(@&eal bybsgnbhpare panéi saxh@rlmosmrpﬁaﬂﬁtamm e@ath- 65 @2
gt L SRR et b RO PERBEHS A - hox vl and
cycl ohexyl . Most preferably, each
Preferably, in the compound of formula I, A, B and J (when
present) each independently represent Ci 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 -CH,- or —
C2Hy-. Most preferably, each of A, B and J (when present)
represent the same Ilower alkylene as defined herein,

particularly —CHp-.

Preferably, in the compound of formula I when X, D, E or %
does not represent -J-Q°(CRY(RM™) (R'®))CR(RY) (R'®), K, D,
E or Z represents hydrogen, lower alkyl, phenyl or lower
alkylphenyl. More preferably, X, D, E or 7% represent
hydrogen, phenyl, C;-Cs alkylphenyl or C;-Cg alkyl, such as
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R to Ridrepresents nethyl. in. the conmpound of
formula i, preferably each QL, @ and @B (when
present) are the same. Mst preferably, each Q, @

wo 208203 (when en present) represents apye@®eirias3006/002915
phosphorous. Preferably, in the conpound of fornmula I,
A, B and J (when present) each independently

represent C_ to C6 al kyl ene® which is optionally
substituted as defined herein, for 20 exanple with
PRWEFL al IBHEYGr o RFOPYBr of BREVLy, Bemsylovend dekyflenetost

S SRS, Cl, Ap, Bz agyd ) I(e‘b?'%QeHE§3rﬁFHr)ogf ﬁpr esent are

non- substituted. A particul ar preferre ower al kyl ene
which A, B and J nmay independently represent is -CWV2

DFefere@r,. iMOShePEERSEEY Yor %ﬁﬁu?g Y(vﬁ?r"imlg J (V@eapnd

/;dJr esent) 25 represent the sane [ower al
e?crgr?et&l%ewéﬁh th%a‘ﬁﬂ&?l atoyps - ofHthe aﬁlyéf enabl yo wini.ch

Ty o uageRka & RIS SoptlS i) e K. OB AR 2
qach fipdepsgpd Engy zrerﬁerﬁsafs@g@nhgdmmg@nweb:omkyal kythenyl
RhemileOra 1QMe lphen r rabl

or_Z reepraelsent fleﬁ‘i{/%(zl)r/ogen )theflg%gl% e%s ]g’l k%labrhenyleaoc}‘
icflepenaeryiLy suclrepa@mtzoommm, phenyl, @&=Gz

aaq;yip&l@ﬁg@Egﬁl @19%%151@1 i erab?te@% pf&gyi butpm

perityl and hex
Hudpiles @pnsy hyandderxylpr @Venattxb:ye prrefehabmxanplourtd, & and

o e P e TR Ry b e kiR ea e

atons of the ary

IFPESE6RM Avgredsd- ring, K D, E and Z each

i ndependent |y represent hydrogen, |ower alkyl, phenyl
or lower a .l|kyiphenyl. nore preferably, K U E and Z
P&gERTaPhY e pEh ddrt |oy>mpepn@s@fnfdxmaag@nwh@hmym, @10&:62

ab@saldgy F?J!:.%J})é's ar Ci- kg b hylae, ethy
prgpy butyl, : pent yéﬁ(a(t%d exy VEn {% Wﬁ
Dpr &f é%lﬁbz-ytoqr@tlgr Fihdthe carbon atoms of the aryl ring

to which they are attached do not form a phenyl ring, each
of K, D, E and Z represent the same group selected from
hydrogen, lower alkyl, aryl, or Het as defined herein;
particularly hydrogen or C;~Cs alkyl (more particularly
unsubstituted C;-Cs 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??,
C(O)R*, C(0)OR*, NR®R*, C(0)NR®R?*, grR?’, C(0)SR?” or
C(S)NR*R?® wherein R to R? each independently represent

hydrogen or lower alkyl (which alkyl group may itself be
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Z represent the sanme substituent. cost preferably,
they represent hydrogen. 15 Preferably, in the
compound of forrmula I when K, D, E or Z does not
represent -J-Q 3(CR '3(R14) (RLThCRIE(R='") (R10) and
W 200192089 and Z together with the carbon at oRgI/gB20f¢H@W291S
aryl ring to which they are attached do not forma
phenyl ring, each of K 1, E and Z represent the sane
group selected from 20 hydrogen, |ower alkyl, aryl, or
opthetaBs, defibaeitieseiotr tPaihiaesbanky dudnRgemediein) .

Cl-C6 al k F’ Bartlcul arly unsubstituted C1-C5
Moge k%??er@ﬁﬂé(m SPRyPRGUF b Jers. TSpRef eP Wbt tuhed py any

suBOFDELEHL DT &or MYl Bed raiBArbyen Oftdfas Bnidh E and Z
together with the carbon atons of the aryl ring to

which they are attached forma phenyl ring, then the

PrOPEYAG IddbouB.agPh £ Ofedr =S Hbshit tie ohmsstéw WBRee®h ; NOr e
substituents selected fromaryl, lower alkyl (which

al kyl group may itself be opti onal | y substituted or

A h%amﬂﬂaéaﬁdih 3@1 egaéhefg Q%Ment’ﬁnmﬁﬂt‘itu%léan@
nitro, @) 0, C(OR', CC(OOR22

Ce @(@Yﬂlﬁ@sms, so C(O)SR 2" or C(S)NR25Rd4 vvhereln
R 9 to R2' each independently represent hydrogen or
| oner al kyl (which al kyl group may itself be WO

K, 28072020379 ¥ GBBOEPLEDPY 5reRipsepti dyarpgen, Ci-Ce

pstltutp@gn&term ated as (de rein), More_s_
Zlﬁyq erably, ﬂ] b?l ng is fr%Fﬁ %Etltutoerd by aﬁTy

sffithéﬁﬁté)‘?l’\ |t) Beérs hydisgen atédns orfgpresents
ﬁé@fi&%&%{pw@ﬁ of i P8l ad il ydegthgsey ang =

rein: A and B each independently represen _
togatheystwith edhacicaponCa tangy lodndhe]l @rKl glnz &nd wBich

n&GCH-LNdepengent kyf epr &5 (?rﬂ}l h.é’q{ 9 lens cJ%éll'l
¢ %ﬁe_nf/%, C1-Co a%%g/l phen l C%‘CCJﬁ (\;\)) &
sub)@BU(u:gez; PRI B)nehere IleIf%pﬁé@%m@lentS selected from
lower alkyl, phenyl or lower alkylphenyl.

R* to R'® each independently represent C; to Cs alkyl,
phenyl or C; to Cs; alkylphenyl.

Further preferred compounds of formula I include those

wherein:
A and B both represent -CH;- or CpHs, particularly CHs;

K, D, Z and E each independently represent hydrogen, C;-Cs
alkyl phenyl or C1-Cs alkyl or -J-
0% (CRY (RY) (R*®) )CRY (RY) (R'®) where J is the same as A; or
two of X, 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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unsubstituted. Cl1L to C6 alcyleae; or two of K, D, Z
and E together with the carbon atons of the aryl ring
to which 15 they are attached forma phenyl ring which
we optoe@mal |y substituted by one or nore strdraiB2bes@niols
6 selected. from |ower alkyl, phenyl or |ower
al kyl phenyi. Rl to : R F eagh i ndependently represent
Cl to C6 alkyl, 20 phenyl or Cwto C6 al kyi phenyl .
iFUpt her f inc { hose
A Ber GG ChRSEARANNdao0t LAY ! 3y 0L UG) (I
particularly CH; IC D Z and E each |ndependently

=L PR YRR LA B e
th0§et héreg@ip:as A, or 30 two at K, D, E and Z t oget her
with the carbon atons of the aryl ring to which they

are attached forman unsubstituted phenyl ring; WO
R'2007RU263 79 tPETisGBR0660620N 5représaRitst @1 Rt6 cachlkyl,

paﬁqf%gﬁggzgt}ngt%gﬁresent C, to C6 alkyl; Still further

erre ds of forrmula | incl ude t hose
V\/nereln 5 t1 to RL are the same and each represents

to | kyl c th St| furt her
St|c}rlelf eF%:'edﬁ jéﬁ%%a"rédf ? L?fném érqcl "flOIt horécgtude
thelser eherekn: D Z and E are each |ndependently sel ect ed
fromthe group consisting of hydrogen or 01 to A
al kyl, particularly where each of K, 1, Z and E

K,r epr egermd e 45 seaeh gin@@per&kqmﬁdiyalsle;lewhede feaah tife
grdupY Lo ting SRS YA NER098Y ¥ o o alkyl,

particularly where each of X, D, 2 and E represent the

same group, especially where each of X, D, Z and E

represent hydrogen; oxr

K represents -CH,-Q®(CRM(RY™) (RY®))CrRY(RY) (R'®) and D, 2z
and E are each independently selected from the group
consisting of hydrogen or C; to Cg alkyl, particularly
where both D and E represent the same group, especially

where D, Z and E represent hydrogen.

Especially preferred specific compounds of formula I

include those wherein:

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

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

In a still further embodiment, at least one (CR*RYR®) group
attached to Q' and/or Q%, i.e. CR™®?R?®, CR'RSR®, CR'R®R®, or



10

15

20

25

30

K represents -CH @B(CR13(R")(it's))CRc16(R 7)(Rte) and
Fs, and in are each independently selected fromthe
group 20 consisting of hydrogen or C, to C6 al kyl,
particularly where both E and E represent the sane
W 002088 pecial ly where D, Z and E repr esel§T/GB2006/002915
hydr ogens Especially preferred specific conpounds of
formula T 25 include thoge wherein. each Iti'l to
icl” is the same and represents antethyl; A and B are
crieBame and repiesetle -FdsredintBa £ ANHLE 8t8u h& aq)
same and represent hydrogen. 30 in a still further
wherndodi nent, at | east one (CF'RY.-Rz) group attached
to QL and/or Q, i.e. CRIRR3, CRRR, CRR R9, or W
2007(020379 PCT/ GB2006/ 002915 21. CRIOR 1R12 may
Adj petbadnfeprerfersontrpriggenheagr oppi¢rally wharsgiitutad
indepe e [ stituted
g PSSk 1o R AR ER) ARPR R ] SRS
atphosphoroys ongt arfi ite argrtdmeyofcarbent etbinar y thar lsaid
opBlofE LOBsSALEL:aPthonal SyDSHLULT op.heing by one.or
nor e substitfuent’s selected from hydrogen,” Tower
sebdbkydd habw, hggaowen nitover k13, HBTEQO) R¥anG( OnRtio,

(0O %2‘(0224 ) N 2k, 1.04S) . ~ga_ 26
ORSR A QB@P? O) $E’?§)§%r ! b(l?\gﬁo)?%ﬁ?' Lty )%r ouggé”\g‘%t ached
c (sbRBRther sBf’ batrth 1€(0) aRY/: or o€R, both B(CHRYRYI esewpS

orm an optionally substituted 2-phosph 3 .
at{:??%?% ot(% ?.llt.alef&%}%)é%%/ll roﬁﬂ%?gf:so&'er REd & 2-iF
prpbeasipha- aflanmantyl @pcﬁlpnéllzkﬁPiA- gnémm)f t)u(;:@rd d@r—ipmisf phe -

15 the a articular j ne erei nafter
erf R ATSTEL 20 (005 R8N DUl SRALESY DELRLLATLCT o
phospha-adamantyl group (2-PA~group) ) or derivative
thereof as more particularly defined hereinafter, or form

a ring system of formula

i H
FE‘QE-I | R54
R R53
=5 [s2

wherein

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

alkyl or aryl;

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

hydrogen, lower alkyl, aryl 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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3( v tea::. .\ I .:}~ 20 wherein R49 , and R

54 each independently represent hydrogen, |ower

al kyl or aryl; H'' to R53, when present, each
wodepsngsnt |y represent 25 hydrogen, | ower palk¥hoosn02915
aryl. or Piet, and Y represents oxygen, sulfur or
N-R5%; and R when present, represents hydrogen, |ower
al kyl or aryl. 30 In this ébodi ment, formula | may be
represented as. WD 20071020379 M %3t 2006; 002915 22
(Ad) s (CR/RFR9) "CR--A (x, U Ar (E 2) -B-Q (Ad;

cf Ri R2i3 s (CRIRERBIQ2A- (AD) Br (£: & -Poot 1 Q,
and @@, gnd R to S R(aj a)lrg(g'sg) e%)i%gﬁgﬂ’g(rcgi%%%bre
except that K, E and Z may represent -J-Q? (Ad) w (

WiBkeiaRA4) AR1B) knspe - B LR -4(& (R'))
CR 6 (R % (R )5) and %qa‘?s%ds Zel] heé 'at%éef%)s %P%J R to
R, AT9ra9 ¢rhiviafedarvdnbofare i@k &h¥t- X), D] @F add 7
mRRoVirdedthat T_Y_ X 4 or, 2. in addition
ggotlt?éé%ﬂ?ef g:r:r edie§% i)"r'rgéfwr%&;?%lo} 9%115}{ o Rstegd ot o-I-
QQCRARR) (B70WRBN (Br os@nl)) anK, ABLis Ba0rdeZind’ abov&2'

:t5 noted hereinbefc::re, all of which equally apply
to the present enbodi nent 'where at |east one (Ad)
Sgfotp=i % Jprassenprovided ofiagwisng ul oL applies. 8
Tugtier @ref /.y ed ¢g f for I include those
20 wherein: A an‘g ngggﬂ%}é-%r engn?u% -- or -C2H4-,
Wpir¥itulad ¢y @E 2- K, D, Z and E each independently

represent hydrogen, cl1-C6

In addition to the preferred embodiments for R! to R'®, ot
to Q7 A, B, J (when present), K, D, E or Z, R to R?7,
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 -C2Hy-, particularly -CH,-;

K, D, Z and E each independently represent hydrogen, C,-Cg
alkyl phenyl or Ci-C¢ alkyl or -J-Q(ad),(CR®(RM) (R1S)),
where J is the same as A; or two of K, D, E and 2% 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 RY to RIS (when present) each
independently represent Ci to Cs alkyl, and the total
number of (Ad) groups attached to Q' and Q% ig 2 3, i.e. s
+U 23, and Wand X = 0, 1 or 2.
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25 al kyl phenyl or n=1-C6 al kyl or

-J-@B(AD) WCRL3(R14) (R1')) where J is the sane as A
or two of K, U E and Z together wth the carbon
atons of the aryl ring to which they are attached
Wm2007/620379n. sui bsti tuted phenyl ring; 30 Rl POT/BB2008002915
to R9, and Rea to R15 (when present) each

i ndependently represent C %o CS al kyl, and the total
nunber of (Ad) groups att athed to Q and @ is ~ 3,
i.... Us 3, and wand = 0, 1 or 2. WD 209'7,/02133"9
PCT/ B20061002915 23 Still further preferred

seampounigdshel fefdRdrael | dwlgidgast hoseryhgiel N aRilde
o R, Rr to R and.K13 to RID (when present) are the

SE?eW]%\‘?ffJe’é%rch represents C. to C5 alkyl, part:

.cul arIy nmet hyI and the total nunber of (Ad) groups
gttached p A gz S+ U >3 10
Rgt £P RfurBheFOpFef erfed cot‘rﬁ)o%nderbenf preafat] prel Gae

shhesethergin: ﬁépﬂehenésanq E.are, e%@ﬁky'lnde@%é’cq%tﬂahy
sel ected fromthe gg consi st n of “hydrogen or
mephyl, gk the fete&rrlrl PAreY (ebr ereaeﬁ ot tachel tzo Q'

a8ldoE irepresent?:g:hgy sare group, especially where
each of K, I) Z and E represent hydrogen; or. K
represents --CFi;; -3 (Ad,,, (CRI3 (R11) (R15)X and

sPil1Z angdtEedr §re4reagh don@%ﬁﬁﬁgergﬂ yesahect ed f n(?ﬁ‘ude
the group consisting of hydrogen or C2 to 05 allk

thasei WResins where both D and E represent the same
group, especially where n, z and E represent

hydrogen, wherein Wand y = 0, 1 or 2. 25 Especially
Kpr &erd et pEciafriec %%ﬂ?pomﬂﬁ@e@ﬂeﬁelm%lech@d ufzonhsse

ghbes el '&o?§§§@1ﬂ:§1 t8eR myAldge) b QciS the fameand;
represents

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 -CH,-Q®(Ad),(CR¥(RY™)(R™®), and D, Z 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 @t
and Q% is 2, i.e. S + U = 2;

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

K, D, Z and E are the same and represent hydrogen.
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met hyl or the total nunber of (Ad) groups attached to
Q. 30and @ is 2, i.e. S+ g =2 A and B are the
same and represent -Cli2-; K, D, Z and E are the sane
wodorepissent hydrogen. WO 2007/ 020379 P{  pCT/GB2006/002915
i GBB200t 6, 0(c) 2915 24 Especially preferred specific
conpounds of: forrmula I ingclude those wherein Ad is
joined to Q or CQ at t he sane position in each case
Preferably S 2 1 UuA nor e pre erably

Eﬁﬁ&‘:i‘ﬁﬁﬂi d?r%ﬁeEé er §aeC%Js<f go8Pera %?y %’fs%{’r@u-laz =
m/aeﬁ@e Nti%ods diergiunbar ief j 6A@|éd HOURSoat hAeEhet BalRd

Uis,the nunber of (Ad ups attached t
pgﬁéEF??cl%u?aﬁ% CF i ti gﬁ? Ves %f bF‘B@npage9 WSHES

pkegaﬁﬂmyws hi r:z tahasueabpdcbframtcel Rekyde hde: preferably
Fol | ow ng. 1,

S(&lgdan%nt%n?ﬂﬁiQpﬁlﬁﬁrﬁ%?ﬁ?Fﬁﬁ%h?énéAdh rHR$ Editaghed

t% Q? :jaﬂais hy i adahamb o wiEhi(aaestouds heraensa do 2!,
i s(di-5--
tert--butyladamantyl p* . zosphi nonet hyl ) benzene, 1,2

spksf{ric bd@”&ﬁh¥hamltlng examples of bldentate ligands
t est - but I-phosgh|n0|nethyl ) benzene

wighin ad&83s8a, dfranEboéﬁﬁFH%%nthﬁyl folpowing: 1,2

bﬁg|(dl&dﬁﬁént%ﬁphﬁbﬁhpﬂ@rﬁ@éhﬁqlﬁhﬁ¥hébenleﬂe bis (di-3,5-
1-(di-rert- bu, téﬁﬁhosphlnornethyl)

LB ERr A CESATY BB FPR LR T BERZEM, 13( i - eptdi-5-
tgyttmq?iaﬁﬁ@tmﬁﬁa%moﬁem% ) behaspha- adamapt gl -1
--. e y enzene

adepgiades naut yFPRoSPHIY InohesByiyasetbyhdbphesne, 20  1-

AR 1R bepz 1--
(%gt IalﬁgﬁgﬁngEE§§E%|noﬁﬁ?ﬁgF% &&%%I__
W

by g% %HHﬂﬂ&@Gﬁ emiAYDenzene and 1- 1( P- (2Ad2-Bept=
bh%&IﬂidéEilﬁﬁHn@Eﬁ?@hL@ﬂn' -4-one)

phosphi nonet h 2- (phospha- adawant:yl-P-nethyl) :ex

@éﬁ%ﬂgWFeSrYéPﬁosgﬁb%@w@sédmﬁws is 25 selledfiédtP’f”‘ém
betPhosirihomedngif L @g;f&tég)wa 28aard@;1-p-

tri oxadamant yl , 2- - phospha- 1, 3, 5--tr|nEthyI- 10
methyl)benzene, 1-(diadamantylphosphinomethyl)- (phospha—
adanantyl-P-methyl)benzene, 1-(tert-

butyladamantylphosphinomethyl) -2- (di-
adamantylphosphinomethyl)benzene and 1-i(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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tri oxadamantyl, 2-phospha--1,3,5,7-tetra
(trifluoronethyl)- 6,9,10--tri oxadamantyl or
2- phospha- 1, 3, 5-
tri(trifluoronethyl)-6,9, 10-tri oxada3nantyl.
WKe0ev20i@? ess, 30 the skilled person in the REWGHIHH/ 2915
appreci ate that other bidetate. |igands can be
envi saged wi thout departing from the scope of the
i nvention. WO 20071020379 RC T/ GB20606/ 002915 25 in a

metaf diheruephodi @, bi a I
angrl s of general fgrﬂrrrlgﬁg (Tit b?dgﬁ%'?%@ gfno[sggme

ll‘s?%m d A Sfd 9RDerahdt aEuley (@Ad) A5 (when present), each
i ndependently represent |ower alkylene; 10 Ris

sel ected fromthe group consisting o hydrogen, [|ower
al kyl, aryl, Het, halo, cyano, nitro, -OR J

OC(ORO0, --C(OR21, -C(OtyR22. RT(R2:s)p2a C(O1
(iZ225)426 C(S) (R27)R21, - 29, --C(O SR30, -I1CF2 or
-a3--Q@B( s~)x"; 15 Dl i ssel fromthe group

consi sting of hydrogen, | | ower alkyl, aryl, Het, halo,
cyan, nitro, .CRlQ) C(OR1 --C(0)OR22,
“N(R23)R2 - C(O) N( R’ ~E(S) (Ret)R23, -SR29.
C(OSR3, -CF3 or -A - ) X8, 2}0:E1is sel ected from
the group consisti ngL=r oge | oner al kyl, aryl,
Het, hal o, cyano, tr . O (OR20, -C(OR2:i
C(0)0g22. - N((Re3) R % OF . F?“x'1 yR21, (S)

(R27IR23. -SR29, -@(30) SR30, -CF3 or -Tay-QB(ti9)X1Q
WD 2007/ 020379 PCT/ GB2043Q002915

1/n

. (1

wherein:

Ay and A;, and 2A;, Ay and 35 (when present), each

independently represent lower alkylene;

K' is selected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, nitro, -OR!’, -
OC(0)R*, -C(O)R*, -C(0)OR?2, -N(R®)R*, -C(0)N(R?%)R%,
C(s) (R*)R*®, -SR®, -C(0)SR*, -CF; or -A;-Q°(X%)x5;

D' is selected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, nitro, -ORY,
0C(0)R*’, -C(0)R*™, -C(O)OR??, -N(R®)R*, -C(0)N(R®)R®, -
C(S) (R)R*®, -sR*, -C(0)SR*®, -CF; or -A,—0%(x")x5;

E! is selected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, nitro, -ORY?, -
OC(O)R*", -C(O)R*™, -C(0)OR®, -N(R®)R®, -C(0)N(R?)R2S,
c(S) (R*)R*®, -srR*, -C(0)SR*®, -CF; or -As;—0Q%(x%)x;
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26 or both D and & together with the carbon atons of
the cyclopentadienyl ring to winch they are attached
forman optionally substituted phenyl ring: S Xa
weRieagiRts CRY(R2) (R3), congressyl or adar n@fioB2006%82915
represents CR4(R5)(0), congressyl or adamantyl, or Xx
and. X2 together with Q to which they are attached
forman optionally substituted 2--phospha- 10
tricyc:Lo[3.3.1.1{3,7}jdecyl group or derivative
thereof, or X and. X2 together with @ to which they
& epgth aphegha f g megdimg syitemef doudd addnsa of3 the
I'?" f r5s _ ui R52 (11la) _15 X3 represents CR _(Re)
rEhopentaigrBES yFiny BOdUPAGR; EheY , a3@ afleprheaseniym an
Y R113) stiBs &) ruttn@Reesy! rPhgadamantyl, or X3 and
4 together with Q to which they are attached form an
optionally substituted 2-phospha. -
i euplelends - lod! (23, (BP] decdndeRUp1 Or oferddmlainter, x?2
thereof, 20 or X3 and Y together wth QL to which fhey
AR BEPEEhER (R orlf b r FORPISFSYEMOST 2PgPARFRl 1 T9% ¥» and

L BletledS witth 0% - td M hicHl tﬁ\é%( aZe( BB MO form an
2007/020379 PCP/ 32006/ 0029 a" 7

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 IIIa

Y'I
et H R54
RS0 Res
R51 RS2
(lla)
x® represents CR’(R®)(R%’), congressyl or adamantyl, X*

represents CRY(R!) (RY), 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 thereof,
or X and X* together with Q' to which they are attached
form a ring system of formula IITb

58

o] H R54

R R53
R51 RS2
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Y' represents CRL3 (R14) (R''} , congressyl or
aoamiannty'l, 6 represents CR (& (Rl ) ,

congressyl or adamantyl, or i5 and X6 together with
@ to which they are attached forman optionally
woubenzexr ed 2 - phospha 5 tricycio [ 3 .3 , IPCT/GB206A02915
7 } ]del group or derivative thereof, or X and Y6
together with Q' to whichathey are attached forma
ring system of fornula. IIic yr, T- Rz~a n5 kw

X5( H:@breéﬁltfse presert's (RRsa{ x& ﬁes@%g HONgE&sswl 10r ad

: 1) 1:l,O re resents (R36)
r%??séﬁ%sﬁl’{ ty|consre;($yl aﬁ’éf >qﬁanta@<§yﬂheronm xh

H 250 rwhkeR fhﬁ:ytrar t |
) subst i Pgt ede2 phosp(ﬁé;a- Et?flig?gl%ﬁ %Fébg&g kdé/rm =
oRfriGHFL Lyr oup, or den%‘al??rﬂﬂetlxtw@r eof or X7 aﬁdph@spha—

cdiegeuler wiih 4 1 h 15, o1
?%g:ts;st em of @?or}g&w&y% I%&% a@:r % g‘%gfze 05 ) D
orI 'X°g Fghries &R tERB 7w R 19’ comgrbssly| tiney astasraat ydghed

fo%qpa epke (Bf‘]g% congressyl or
adarrantygl %%%énx%a(fgr@llé ogether with @ to which
they are attached form¥h 20 optionally substituted
2- phospha tricycl %§H3 . 14{ 3j }j decyl group or
derivative thereof, Ki together with Q to
whi ch they are at t achled orma ring systemof formula

I'lle R, & RS3
RS R52
(1Hic)
X" represents CR*(R*?)(R¥), congressyl or adamantyl, X8
represents CR(R’®) (R*®), congressyl or adamantyl, or X’

and Xx°® 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

v
H H
R":g\ R54
R, Rs3
RS R52
(llid)
X’ represents CRY(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}]decyl group or derivative .thereof,
or X’ and x' together with Q° to which they are attached

form a ring system of formula IITIe
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WO2007/ 20379 PCVAEB2006/002.915 28 YI HrA RSt R52
(W) and in this yet further enbodinent, Q@ and @,
and ;?3, 4 and Q (wi zen Present), each 5
wodependent | y represent phosphorus, arsenic pf/GB2006/002915
antinony; Mrepresents a Goup VIB or VIIIE netal or
nmetal cation thereof; 10 represents an optionally
substituted cyclopentadi.en , i ndenyl or aryl group;
L2 represents one or nnrgﬁligands each of which are

i ndependently sel ected frj0ze hydrogen, |ower alkyl,

15 al kyl aryl, hal o, g4 (R44)R44 or N(R")
(R"RA3 R e Rto arTd R b R 42, when present,
each i ndependently nt hydrogen, |ower alkyl,
aryl, halo or Het; st 0 H3%%and R43 to R4", when
present, each indepe ;gn ‘ Rk £present hydrogen | ower
al kyl, aryl or Het; , RS4'and R', when present,

each i ndependent!|y repr éBlent hydrogen, | ower al kyl or
aryl; 25 1:" to R53, when present, each independently
represent hydrogen, |ower alkyl, arvl, or Het; 34'(3
200 2020329y CTHGR2R066883818en29 Y1, Y 2, Y3, Y4 and
X5, en.pre gach , ndependent | repr esent

%Xyggg UIfSPgorQI"7cho g §0H en present), each

independently represent phosphorus, arsenic or antimony;

M represents a Group VIB or VIIIB metal or metal cation

thereof;

L; represents an optionally substituted cyclopentadienyl,

indenyl or aryl group;

Lz represents one or more 1ligands 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 4
R™ to R and R* to R*®, when present, each independently

represent hydrogen, lower alkyl, aryl 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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and in = 0to 5; provided that when n = 1 then m
equal s 0, and when n. equals O then in does not equal
0. 10 Preferably in a conmpound of. fornula iii when
both K represent., -A3--@B(X )X6 and El1 represents
WY XS, ttaen D represents -A4--Q4(: XPFNGB209§002915
Preferably, in this enbodinent, at to R8 and R31 to
R42, when present, each imadependently represent:
hydrogen, optionally substituted C, to C, alkyl,

Ca- 68, al® . ' i

- @6, alky| whemd v wheledi Npt&eaphenyhgr OHBehSndent 1y

N txleogralti;l ¥r§\§UbSt it lit ed as _defined herein),

P SPEBF oY SMPHENYF ¥viherein the 20 phenyl group
is optionally substituted as defined herein). Even
4mor Ere{grably, Rl to R1I8 and R1 to R4", when

prese t,“each i ndependently represent hydrogen, C, to
C, alkyl, which is Optionally substituted as defined
ahﬁreig,o trifluoronet:hyl. or optionally substituted
phefiyT-Y B 725 nore preferably, R to R and .'31 to
R42, when present each independently represent
%dr&g&nt non-substituted ClL to Cc, alkyl or phenyl
PORYERET s “BRET 6REA y* stibdt i thRtedmwieghadae 0, orambrehen n
equBSE | § UaTH:S nSelbest 86k fdQmN@N- substituted Cl to C6
al kyl or wg~' R" represents hydrogen or 30
unsubst:i.tuted C.1 to C6 alkyl. Mre preferably, R
PtOf & 1aNdnR3A tenBddna WEN BEESENY - githv.%e _ K1
mdegéandently 5§§re§ent hydrogen or non-subs |]?%Y1éd
IS alryR Sueh #3G9et hyepresemtd —23-0t GBYK°, then
D1 SQpRe@R¥ks =R, Ayl x8i so-butyl, tert WO 20071020379
PCT/ GB2006/ 002915 3 butyl, pentyl, hexyl and

cycl oheyyl, especially nethyl Most preferably, Rl to
PHf A R 1id 0ciR32 whenHesenty %Clliigi ndependent | y,,
reIPresent non- subst i t ut eg{m'to Cg: al ylarslgcg T R,
whe present, each independently represent hydrogen,
optionally substituted C; to Cs alkyl, Ci~C¢ 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
present, each independently represent hydrogen, Ci1 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 C; to Cs
alkyl or phenyl which is optionally substituted with one
Oor more substituents selected from non-substituted C: to
Cs alkyl or ORY where R represents hydrogen or
unsubstituted C1 to Cs alkyl. More preferably, R* to R®
and R to R*), when present, each independently represent
hydrogen or non-substituted C; to C¢ alkyl such as methyl,

ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-
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as nethyl, ethyl, n-propyl, _Lso-propyl, n-butyl, iso
5 butyl, tort-butyl, pentyl, he>xyl and cycl ohexyl,
especially nmethyl. Alternatively, or additionally, one

WO 20@he3ef the groups Rl to R3, R4 to R, RerlaB2636kero1s
R12, Rli to IT", IV to 'Yit 353 1' 5 42 10 R18,

R3' toaII,RtoRi'R'tcé?orjaIIR'(V\,hen
present) together with the carbon atomto which they
are_ attached i ndependent| nay form%%fl i.c.al kyl

bytyet RBEYLsudie®ad 12%br GoF e - 1-SiRasdetadi SRyt -

MB%tAbﬁrgféﬁé]bM?' Y/* @b a@dahaonal LY, rBNghen PPEfef, then
groups Rl and R2, R4 and R3, R7 and Re Rio and R2-1,

iRECRABIRN BLRIGEPLAFEIR NOLFEIDSHHFURSD CRIRP Sl SRR
a3Nd B38,Pr R4Qand BSéro;(yl\Aheﬂs@r@&swﬁ tﬁgs&tﬁ Wiih -

the carbon atomto which they are att ached

BuépendBHET YRR -f or RFBECYcl i deakyl  20dst racthphesy .

REeEeEabl Ynd1ia to Cx cyclic alkyl structure such as
cycl ohexyl and cyclopentyl, and R3, Rb a', R 2, RI5,

Rla, R33, R3', R39 and R42 (when present) each

Al%@‘ffﬁﬁe.{j@é‘i y <51_ep£<ﬁﬁ.ecribnayg§09&£b él@%r@lc@’ lbhe groups
tr| lug ron%s .. or_aryl qg: I ned

0
Rhatei BUl at yt°25R *nof’ SEI‘P)S]BI't dt edto - B to‘%6 W T, ad to

hydr@ge% gspeckal Iy, gron-pBubgtiet gd. @ {0 B (yhen
al’kyl. I'n an especially preferred embodi ment, each of

PRESEBt RaBosaRERIL to e caithen mitesero, wig Chofthey are
at€Rthed ntlnlaﬁgéﬁsé%aly 3Qa%g iEbaR| Yoy c3WEN ARLAT rANYRIRIALS

nmeans Q1, are bonded to a carbon atom
sgfhxast b-pamroredpest L veexbornghiieRybear s no hydrogen
atons. WD 2007/ 020379 PCT((GB, 2006/ 002915 31 PreE
E:T:a'o=ly, Ro WA R7o R10 R13r Fle R3s R3a R3° and R40
Alrkenapiesbnt Joradlitdprastbnt ¢ Aok |tth@e@tr0&§s

R' and R?, R* and R°, R’ and R?, R' and RM™, R" and R, R'S
and RY, R and R*?, R* and R*®, R¥ and R or R' and r"
(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®, R?, R!?,
R, Rr!®, Rr¥?, R, R¥ and R* (when present) each
independently represent hydrogen, lower alkyl,
trifluoromethyl or aryl as defined above, particularly
non-substituted C; to C¢ alkyl and hydrogen, especially
non-substituted C; to Cg 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 Q!, 02, 0°, 0* and Q°
are bonded to a carbon atom of X' to X', respectively,

which bears no hydrogen atoms.
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def Wed herein; R2, Rs, R8, R11, S§, RU3:: R Rlr R,

} B, P3s and R?i (when present), each represent
the same substituent as 5 defined herein; and R3, RG,
R9, R12 R15, R :f R33, R36, R39 and .{ 2. (when

VP 8ER0J7? each represent the same substit u8GT/GE06/002915
defined herein. nore preferably R 1, R4, R, 10 13,
'.16 3137 . 41 RR ~. ~ R34, R and R (when present)
each represent the same Cl-Co al kyl, particularly non-

pdOr SUBSLI t ytred g€1- €5 afkyl pisuchsaspmet hypk, gtthyl,g geo
n-propyl; 1So--propyl, n-butyl, iso-butyl’
(when - pueyenthenegfh Kepykesentr d¢hel oimsxybybetituent as

i hyisz2 B%2, , , 1 Ri4. ", 53532 3b
d%irgééjq{%?l’xllaahdﬁri %ﬁheﬂr?obrg?ént ’ Eg;thR ’ 2 i

RT' ndwhendentd sniepreesantrephessmne- 1@l -Ghealdaps tasuent as
f i e, 5 tgi fLuoraget hyl ; _and , RB% b
d%ﬂ%he%%é%’a bst 33 R%g 1?{nd 42 ﬁ/h’en}gﬁ?)fesﬁeﬁt%a
amdchRi‘hdepenaent bycsepresentathe rsgmesE8t- - Gheal kyhme
lef i ned _ab . Lfluoroneth 1.. Fo examl«e: _;
S"ﬁsgg‘lﬁgﬁl&%R%%%%ﬁgésé%r l\ﬁh'er%&D ﬁree§éfr?tf)er8%%ﬁ ﬁr’g‘ggf es&nt
Rffet BF; R'R 5R*R ,R211R’Rlaand ®i' (eaech [pemressnt e26h
et hyl (when present) ;. and, r, RO, .0 15 and
r%albey en %%)ess'ﬁ’{“? eé:&h&r ep?Ré?éﬁ{ npﬁﬁ{:§/?lgjo?‘rjly Feie
subgpentyed IMm-an &8naci aldch prsefrerthed , e rdubgHl e at-peashl ,
. Rl to R1' an " to_R42 grou en presen
LGRSy s ARt SE e 1 9R0 Suiter | XA ORY o PEHEN: hePEIFL
oPref €@ralaixy]l , each tR1ftworRine tapd ; RR%, trP, RR¥grROYp R, R,
heprgsents; the. sape C,. to C6 al kyl roup,.
Ropar ¢ cul &r ya?w%n%subgfﬂ??rbt BiEE e agﬁﬁ, Ffepegdently
ramtdndnt etthyl , samer apyts i=S6vr ogyl , deEindy/| above, or
I S0- but yl ert-butyl,_senpyl ..hexyd d c_ycl ghexrls,
t%]rfl% itPVﬁJOrG t y’I.RN/b%t’p?ef'e bl y; Ea%%’R%t'oA
ali 8”an@iiRh turediae)gr eaphr dpkiepentisnibn- supsesént ethe
salcge_ _ngcgl gl}lllq}l a[osarc{elfcilfjllearl ogg} hgrl"trifluoromethyl. For
example: R', R* R’, RY, R and R'® (when present) each
represent methyl; R?, R>, R, RYM, RY™ 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 Cg alkyl
group, particularly non~substituted C;-Cs; alkyl, such as
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
tert-butyl, pentyl, hexyl and cyclohexyl, or
trifluoromethyl. Most preferably, each R! to R and R to
R*? group represents non-substituted C;-Cs  alkyl,

particularly methyl.
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WO 20071020379 PCT! GB2006/ 002915 32 The term

adamantyl when used herein neans an adamantyl group
whi ch nay be bonded to QL, @@. B, &4 and Q,
wesneetdiyel y, to ;:position 1 or 2. Tricvclp@T/GB2006/002915
3.3.1..1. 3,7}l decyl is the systematic nane for an 5

ada; :3anl yl. grout), suitapgly Q, @, B, 4 and b,
respectively, may be bonde to the 1 position or 2

OSI |on of._one or e 3.:.3. 1. 1 7}
5 e RREsTY Wl e Rkt ngs' Tl SR
caacentwhllch broang e dbet obrancle&itltar lecarQ?o,n of, omé candope,
10 adagui ant .yl groul}cl)s Swtabl ii’ when the adarrantyl

HPRP TV epresent - . 22 u_nsPRS5EP% tut ed adai r&Fizy:t. 2

Fiddlac [@ 3Q6. and3 %}]dbcﬁnds@h@kwswr:eﬂﬂ@t name for an
%) efera y bonded t pQsi tign of ;one _pr B%e o

SR
B3, Y Foupf ‘i & tnhe caf
ﬁé@acmﬁfeuyhe ﬁd@nn@ r shdgf oW beaés DO pddi thydr ogen 2

at om The adamantyl gro may opti |y conpris

Rk el r og® %yai’g l‘ée‘)’8ne)‘cﬁrlg}?’f)f‘e L%‘Slt |ltngénggjdecyl
Sedent edeéﬂéﬁaﬂl@)’)ﬁrQJﬂ' Kyd , 0? ORaBd Q@)C(@‘*R%Qldﬂadfq, when
ritro,

-0 I, IR
;jrgg.ezit (gzwieq: Eo aR rtchlr%( g)ar}(aéljaﬁ. e Qgggnore
d%(nl%ﬁ)yRS' groblek RlOE)ui(tFﬁ)l)y - WR&H2, the P@da%ﬁ@lzl( CBBc)up
, or -SBR62, erein gi' R'' R2 R22Re S
TePTeSeRES | SE-RYFS ?/‘3?1‘6&%%(& oA are & @bt R @
d1e1 eigh aﬁl@erR5§31:té2;eB@2 gagh pﬁ&e@eﬁﬂ:@ntﬁmae@r e&enthe251
hydr ogen, |ower alk ahly, when the
RRFIHLR 109; OFFolbp m%r%metqye&?éa %]tﬁ{c;’ng}léfac%r%roups
subst thuenisrn detdmedrabowe, abhgdi i 10T gE6tp etheastb no
stltuents i ncl ude unsubstituted C1 to Ca al kyl, -OR19,
BEEE® R phenyl , |, C((c))OR 72, fluoro, - SCBH,

(R23) R24,

The adamantyl group may optionally comprise, Dbesides

hydrogen atoms, one or more substituents selected from

lower alkyl, -ORY, -0C(0)R?*, halo, nitro, -C(O)R*,
-C(0)OR??, cyano, aryl, -N (R**)R?4, -C(0)N(R?*3)R?S,
~C(8) (R*)R*®,  -cF;, -P(R®)R”, -PO(R%®) (R®®), -POsH,

-PO (OR%Y) (OR®Y), or -SO3;R%*?, wherein R!®, R?°, R?}, R?2?, R23,
R%**, R?®, R®*®, R?, R?®, lower alkyl, cyano and aryl are as
defined herein and R®® to R® 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 Cg alkyl, -OR'?,

0C(0)R?*®, phenyl, -C(O)OR**), fluoro, -SOs3H, -N(R®)R*,
-P(R*®)R¥, -C(0)N(R**)R*® and -PO(R®®) (R*®), -CFi;, wherein R®
represents hydrogen, unsubstituted C;-Cg alkyl or phenyl,

R?°, R*?, R?, R?*, R?, R?*® each independently represent
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-P(R56) 0", -C(O N(R25)R25 and -P3(RS8) (Rss) -CF3,
wherein R19 represents hydrogen, unsubstituted Cl-Cg
al kyl or phenyl, R20, R22, R23, R24, R25, R26 each

i ndependent|ly represent WO 20071020379

W Z3007/6831900002915 33 hydrogen or unsubsti t BCEGBOWSHES15
alkyl, Rs" to R 3, Rs' each, independently represent
unsubstituted Ca--Cg al kyds or phenyl. 5 Suitably, the
adamantyl gro;;p may conprise, besides hydrogen

hy@t0§8n &P Hfs ik iSuhstit vent s ;ag def kfred AREYE, R56 oach
. preferably up to 5 substituents as defined above, nore
ingeRERGSHIY upr I eseBibs tpsubREstweHefGiEd aBdyel or
ph&i ably, when the adaxnantyi group conprises, besides
10 hydrogen atons, one or nore substituents as defined
herein, preferably each substituent is identical.

re b j it bst i . Q I
S T or oy paroty RO, & PRsReyY
hy@rogercgagprgd uButh a9 ratsyitugnts ghsy deféhedr elpove,

I 5 ' h . '
AR e e Ry b L MR S
proferaipipr e wthantone3 adatbgttiduegteup ass pleddentl Rbome.
nd fo I c ai 0 [ 0
sufQIPAHN T Rkg! Ot Bcbllonc§2C AR BBMbY o 8 OB ek act
hy@redrys phdomsy i cgoko[ 3¢ 3.morel, $8bF i deeytts gresup deiéned

a 2- - ad tyl formed; by t. .
e At o ol o andiRr (St Y, igat
Prefrgred eSPss Gt tuestied, are 2unphusphratedafanty| agkpupand

ned. e i Nat| 0 ' oget her _wi t
tr%?l)!t 0 vr\%{: é‘ﬁﬁ t’heéggt?ie&ﬁé%r? cheﬁ%ﬁ%&\g&p gésdlphg3é%ang%¥P
sugjr oups f oreBd/ by thhe highdbi nateberodd XmdardnXyflogethep

i i.ch tt ached, .
CO@%%oegghﬁa}& arg%]rer%nta &gﬁé{g%ﬁ}é ?bér'rre eon‘—i(faﬁnea ntyl group is

not substituted.

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

identical.

By the term 2-phospha-tricyclof3.3.1.1.{3,7}1decyl group
we mean a 2-phospha-adamantyl group formed by the
combination of X' and X? together with Q2% 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 by 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 0° to which they

are attached, wherein 0!, 0%, 0°, Q* and Q° is in the 2-
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30 conmbination of X and X~ together with Q@ to which
they are attached and a 2-phospha--adamantyl group
formed by the conbination of X9 and X)"  together

Wb bdd7e3t0 Which they are attached, wherei npQricBa#6/002915
@B, 4 and = is in the 2 WO 2007/ 020379

PCT/ G1120061002915 34 pos 4| on of the adamantyl group
of V\/ni ch it fornms an intejﬂz part and each of Q,

(1 QL and @ represents phosphorus. 5 The
pgspﬁégph@ftiah%y@défﬂsnsﬂ FreIr719ierlich grl&upforms an
ihEebest eﬂarE Oad® Sacohos pita- @dar@mtgl: §hQUEP hedBid¥ents

may optionally conpri se, besi de hy ogen atoms, one
PbPSEBPEUSuUbsti tuents. Suitabl e substituents include
t hose substituents as defi ned herein in respect of

the adamantyl group. g 10 preferred substituents
Thac RugbospheT bl dialo [pad t 1 chi &7y 1 damshibsturut e ferred

t@l k% 2‘3%‘59bﬁ£lé{dé]{%¥ 1 gidid | Herormt hyby -6 onally

e=.rein. I's as defined herein particularly
consubsei tlue@eﬂechy@efoaenyatws arople, ogngore substituents.

SHQQFsg ggﬂghtmﬁ&th 6, oS phaadanBafoyl (EauR  as

I'nNc nore than one substituent, preferably each
defibsedt bemelnsmu deapectal of Prled ea@ma}ltmlh@roup Highly

p%eﬁagﬁ thgﬂgg@g&&ég%;_ dd SHhatd tahed | B flarly

rmreo positions W th
uggbbstitentdas defiCaed hetkih. Nbr@szpﬁc@faérlabl y, mefdyR

t%gﬂ%;ﬁgéorgg@%lot yL oﬁfgo%}éw t gbb@fﬂ tut ed opgaghyofdhen

sitions such an arrangement
pareamsuithelyphmgphét@u@teﬂ ofidle taleyl or aryl, and 4-

d%aegg ggnggm @l nghﬁéphap%r&gﬁg%{:% c%&&n HAMdes

ske eto aving no ogen at ons.
nivlpst theef enab lsybs theushiphesiferadbneeash supdupuent is
La%g%g% ted on each of the 1, 3, 5 and 7 positions.
€ 2- phospha- adamantyl group i ncl udes

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 is 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 C,-Cs alkyl and trifluoromethyl,
particularly unsubstituted C;-Cg alkyl such as methyl.
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nore than 1 substituent preferably each substituent is
identical. Especially preferred substituents are 30
unsubstituted Cx--Cs al kyl and trifl uoromethyl,
particularly unsubstituted Cl-C8 al kyl such as nethyl.

WIQ0200TI7920379 PCT/ G 620061100291-5 35 Pr eP@r/abiog¢/002915
the 22-phos:: ha--adanmaatyl group includes additional
het er oat ons, other than tie 2--phosphorous atom in
the 2-p: hospha- ad. arnarityh skeleton. Suitable

prageidhopal  dret er Qapm@pﬂalfe{da@hanegﬁygerg% suliplufhdes
atons, especially . oxyge tons. More preferably

2dg Feoma b Hhibsrea saRandyier d:rhé’tﬁlp thRck SRR BEE *G
inaddiet iNNAohebenaahas, 1 Nstdet B, % andnia r&zﬁlttllgagl
Even nore preferably, the 2- phospha-adanmantyl groug
het AP abn @il | TRECThast outlgiur mteaeh fsnasdaglyg
o 10 RAIt 9Se Iié%tfeeasifr aline  3ipnddie IhRmantyl
phos ha--ada anty i ncludes two or nore
gr@ﬂél@ll inenaflehetne o%ﬂf olﬁ%r? na@ iopalphesphaataganant Fhe
6, Skel elen, 16achsQlibhs . addidy ofﬂéi'eh‘%lreerf@rgﬁw altthe 2-

i dentical. An especially preferred 2- p| hospha- adamant yl
ph@sam@ramaéwyﬁagar@spu énalngepean u@@@ittmr@é vigterené onr
in 13a00r & Subsl | §ueh! 585 ETSASE AT RodNGAiias 20

oxygen atomin. each of th and 5’ posi tions 01’
whepe the phypdwhahadadman il s@lﬁmupl mqﬂnldelau Wy or more

d da tyI oup _
ad {et?{eﬁ Incﬁé&%ﬁ%‘%‘&%@ '@H 921 § ﬁﬁo&ﬁﬁa{ ré%%m;%@g’l
sk@letg_@:x, tr ieaghdarant y]:hgr o@lgldltlonal heteroatoms are
hy

gr oup, pﬁsp%sgetf% ﬂﬁ%er%gje?t ri f#) rornei - h y '

groer 9, whlght nmay. ¢ptc349n@1ﬂy Muwbstlg:amé “gitindone or
0 ri f t
R s L e o i e
atQMpIi@spﬂ@cladaﬁamlw $s Iphnd-~1le pbsigioss of the 2-

phgéﬁﬁéiédﬁm&viygkglegén 1. selected from

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 or 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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tri oxadamantyl group or
2-phospa-1,3,5,-trinethyl-6,9, 10- tri oxada-nantyl

group. 30 Preferably, when nore than one

woRlRARRM a. damantyl group is present in ape@EEIBM2915
of formula ill, each 2--.phospha- adamantyl group is

i dentical. WEB 200710203793FClr' 0B201?t 0i ?2915 3U he
above definition of the ter- "2-phospha-

did cYf 3. 3.dedirfi344h] degy! grQUP" RRPL] esnf%éﬁha-

to the grou when it is present in fornula

SAHEELRL -1fotmlldervL, grow” Xpplxes a@uallmo:,o ithe
gﬁﬁﬁu@)t QhdaP" RYRZs plrafent %mﬁ%ﬁl élrlll X* in
mula I. The ter Qngr essy en use hereln means

ﬁ?ﬁ@@ﬁgréééyll gro&g1@hb56 kndhh ds dieambed yIRGYBUP)L.e.

RGP Wﬁycﬁﬁab%deqn 8 1o @ 3 A and s, Q
Y c?smectivt-.". 1'y. Prefera %Iy, Q and 10 @, and @&,

and B, when present are bonded to one of the

TRl Ay CRDULANOMmOf acf?é}%rﬁsw% g WPSngrassyl
Sui tably, en the congressyl group is urlsubé? %mﬁ%ﬁX
ggoup dadsopknewal agRdidardyd Q3owhenwipias ey, ey éonded

Ry gfier apl yQ3 bogdeg, § g% hrﬁeslae%%%éi)g” P:‘;ePe”reab‘ir mbrle and

congress¥ gr otips’ congr es
(bptﬁnﬂaQ N @onnniéﬁ bhsndpremgﬂuog&m &bnded cneone of

eBR CeaibplLf el SonSULLBRL € o FURSH T UBRLE A0G UdS s

ose subst s as hereln
Smﬁéabéﬂanuheylt@ﬁoapngrpghwy pr@mwrI@duﬁﬁhbﬂﬂxﬁuHQWenmﬁ

LAacl ubhsti tat k

apgr##cular yenetﬁ Sﬂdﬁé trlg% rone arﬁb§FEferably
bondedr abl she kﬁnysa@mgnesﬁyhmgmmupore cmmﬁnﬂsyﬂtgtedps.
and conprises hydrogen atons only. 25 Preferably,

when nore than one congressy'. group is present
The congressyl group may optionally comprise, beside

hydrogen atoms, one or more substituents. Suitable
substituents include those substituents as defined herein
in respect of the adamantyl group. Highly preferred
substituents include wunsubstituted C;-Cs alkyl groups,
particularly methyl, and trifluoromethyl. Most preferably,
the congressyl group is wunsubstituted 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, IIIb, IIIc, ITIId 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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in a conpound of fornula Ill, each congreseyyl group
is identical. Preferably, where one or nore ring
systens of formula 30 Illa, Illb, Illc, _111d or Ille
are present in a conmpound of for:([ula Ill, RSUto

WR B07ae11% | ndependent |y represent . ower al kRCT/GB209d/002415
EHet, which groups are optionally substituted and/or
to mnated as defined herejn. Such an WO 2007/ 020379
PCT1GB20061002915 '37 arrangenent neans @, iQL, &4,

ofthe zlnlsytem1 of for lla to Tile,
a%%%%c% vel V2% 8kfo ed % 0?3 %aﬂ#or'fhﬁt g system
obeéoim<la mia/otraogrerreat aespEMEﬂvémyeJmelfer abh¥ea RBNg
c q%RSB eacg)lnde en E $ r epr esent %gtlonall 5
B iR 2 YT e fePRn| §V R Pt Rreteragly

R¥1-cto 6 RA kyéacrphenlycﬂepmide@lr&ayl Yy aeekbhdt e%pwlbhally
C6 al kyl or OR19 where R 9

on- -subst it ut ed
e SO oS St LRea e abts gPRyfubgfituted C1-Cs
al]EyIJ USH &Il hytht 1 JBe@n vimen8s BY ef esa bl - RS04 %ubB%‘éétﬁE@ﬁ

t he sgne group,as defined herein,

tf" Eﬁar?? %n R | utre?PI(%F%GSaPRWSU]%%@émtﬁd Fi-

CJTHithI Rref eF ablubrWBeRe1 ONBveE HBFE Lsf@&x%mtyerﬁswf to
5]‘3orrrul a.l!llla tollle are present in a conpound

Rfor ittty FI9PTSRELS i F5W8549%uth ﬁﬁdéﬁ%ﬁﬁ@ﬂl?éreln,

pd ST @SeAOpt henaddnstsuhstit utede k@l Kyl
%r ef er abl e/zonon substituted CltC?CSGCaI %Iﬁip eﬁSPeClally
Ylonal Iy substituted with non--substituted C C6
aI kyl or OR14 where R 9 represents non-substituted
Cl- C6 al kyl trifluoronmethyl or hydrogen. More
Pipidabdpl y Whexe sRE R54MQpe r%m%s%fﬁtq“h@fsémgl@uﬁlés

rélefinedshergidyerfsBecialdmpoindr eﬂeﬁor fat eilzlaf)' 2% an

Mhere onhe_oOr nore rlng systens of ornu tTa
RT| peclr inqnraseiRntily 4SRBRistinerotonat hul %ubauut,ut\éd tCti)—
Cy5alkyl, preferably non-substituted C;-Cs alkyl, phenyl
optionally substituted with non-substituted C;-Cs alkyl or
ORY where RY represents non-substituted C,-Cg 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 ITTe are present in a compound of formula III, Y' to Y°
are identical. Most preferably, each of Y* to V°
represents oxygen. Preferably, where more than one ring
system of formula IITa to IIIe is present in a compound of

formula III, each such ring system is identical.

Preferred embodiments of the present invention include

those wherein:



10

15

20

25

30

25 are identical. Mdst preferably, each of Y1 to y5

represents oxygen. Preferably, where nore than one

ring systemof forrmula Islato !lle is present in a

wonpeundsof formula In , each such ring sysiceros2606/002915

identical. 30 Preferred enbodi nents of the present

i nvention include those wherein: WO 2007/ 620379

PCT/ GB2006/ 002915 38 Xr represents CR 1 (R ) CR3) ,

2 repr&saMss GRRRrA\RR)) ( : esgpt g5\ CR(R) 3

(Rg)%%ld X4 y rszs 291?5 \ R@Z r%ﬁ R%?EE S‘C'efprep)rqgﬁs ht s&
HEERESERTS ?lﬁas()“g ) (lﬁ Bagy ésel?ﬁpgea@ahan@y‘l"m%m’é

represents CR7(RE) (R9) and X4 represents adarrarltyl,

X represents CRI ) (RX2 represents congressyl, X3

¥ epFeREPRPTER TR 15% ®R) afid x&pre@eretsventaslamantyl x3

£ReEessyl cr7IRe Xz eppasent é%}k .
represents E%F){ )(R58 & I%‘%%Régand é’ her with
Q ovvhlchthey are attached forma rlng systemof
storal.a 2 pligs- 5
op deanreoey CRH TR | % BRI selBiBorT et
repdesXgts o%}%t(ﬁe)r (Rif) t h.nQ %' trepwhiehtd rm;ngrreesgnt ached
forma ring systemof fornula Ilib or, a

2- - phospha-a. damaj tyl group; X represents CR1(R2)
X( 4833Progentep @y éRt s(RRdngkbssgprasentic8 aRH(Rf‘IZ(DRW, and X3

ah@ogt hessaitdy Q. ttho nQS’h'tBh #ggl){ \‘?ﬂe aatuieaca SEh5Me8 o

ring system of T

rzngam Qéanénrlwlagr gapp Xbrt @. X2-phcspha-adamantyl
!r pendently represent adamantyl; 25 X1 to X4 each

I ndependent |y represent congressyl X and X2 each

i ndependent |y represent adamantyl and X3 and X4 each

i ndepe g%gﬂ]:ylﬁe Nt gongressyl ; 1 _and. X3

XI ndepen en% y %Zﬁr)e(}g g(da]cfl ﬁ S eﬂtr?d ARGy ¥ and
X} niefegsarigen wighr @ rtecse:dnahortgegssyé aWWR. 207 ¥02349ring
s%gw%r%gggz@Ilb or a 2-phospha-adamantyl group;

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

x* to X! each independently represent adamantyl;

X! to X' 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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39 x1 and X independently represent adamantyl, X3
represents CR7 (RA) (R) and X represents CRIG (R :)
(R12) ; X and X2 independently represent congressyl,
X3 represents 5 CR(R) (R and ;' represents
WORL(RERY370 RL™) X1 and X2 i ndependent|y repr eBeTGB2006/002915
adamantyl, and X3 and X4 together with Y to which
they are attached font a rjong systemof fornula 111b
or a 2-phospha-adamasatyl croup; 13 I and No

d I S X330
B R AL ol O v R R
cm.(meé)(g%/)sta@ma famageats1TR' chlla(R ) ;
2- - phospha- adanantyi group; 15 x1. and X2 together

with @ to which they are attached form a ring system
Xofarido ifuimdddeaieranid X8paasentX'cdnggethel , Wkt lrep@ksents

1@ ey_aresa f1i) ystemof fornmula
CmR SH'&{} %fg 4 It(f%?%%g‘gge{:ﬁje?Rl) g to which they
are attached form a 2-phospha- - adamant yl group, and
X3 X4 to her e,
X R Hed POPRER ST Arehet ! pfadep L gl 2ng)
tchet:;ﬂédxy ot terf emtmewb enlboch meds afe t aetwmnfomnvgnkm@
cl ude. those oi X epresent s ,
pﬁ% éi}ﬁf“%la %ﬁb ("F’é) ?Ré’;‘ Phey-a &n%g’@g
(R3) (R9) and X4 represents CR10 Cl,") (R2) 30 xt
epre gnt K2 re resent adamant yl , X§

1 R3
Xt &pfe d%a@emfﬁ%% ﬁ@}rs%%nw esKNy SR Zhra R
tc&@tﬂﬂa&7]ﬁi2ﬂ87@l R iWﬁBﬂOOBﬂ&E)ZQﬁé adfaollea emﬁfse@t §1ng

Y UTL Lt ORI ) PRo) dhd Roaoh BT Be X doRer ety

X' and x? together with @ to which they are attached form
a ring system of formula IIIa, and X and x* together with
o' to which they are attached form a ring system of

formula IITb;

x' and X® 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 CRrR*(R®)(RS), X3
represents CR’(R®) (R’) and x* represents CRY(RY) (R!?);

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

represents CR’(R?) (R’) and X* represents adamantyl;
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Kl to X4 each independently represent adamaxntyl; X1
to X4 each independently represent congressyl; Kl and
X2 together with @2 to which they are attached form a

Wbr}gnﬁ,y@t,@m of formula Isla, and X3 and Xa tR4aigIcI6002915
wth 10 to which they are attached forma ring system
of formula liln; KL and X;,together with Q to which
they are at t ached form a 2 pta sptaa-a trnti 1tri

x19r,04n, 2 ,0ge her_ wi whi ch
therg areesaeglt%ts %@ngjg tn'a 2£ph558ﬁ8§‘?l%saw€ﬁp9ffesﬁ¥]oup,
rBpeéeeabs /CH'MRY Opanddkofreboesuhios iovnolkbsb$ ;
identical to K3 and K2 is identical to K4. Mre
referably, K is 20 identical to X and X5, X7 and K
ﬁmn X'peasenindantdédcly rdenddaal atemideygnd K, Xa and
X when present. Even were preferably, X1 to K4 are
identi cal. Most. preferably, K to K4 are identical

xt aceal’heath Xtndapeiienhen peesendnt 2bnfrefefably, in
t he compound of fornmula Ili, X1 and Xz represent
identical. substituents, X3 and K4 represent:

X’rommi;czaltogabséi:tmﬁag p A2 &Hﬁiclﬁ&lﬁd&f‘%&dﬂa@&%ﬁh}ad form

t. identical substituents, X
A FEREnTY by T R o Boh F ool SEhIC: Frdoh, SoomRleRov AR

Q%(l tovi wencpr enent Jars30atepes@ntrordlent | ¢ahgSURS e of

tuez%ss Preferably, in a conpound of formula it-, Kl
Wi A3- Q@( X5) X6, hydrogen, |ower alkyl,

Cp3 phenyl or lower WD 2007/ 020379 PCTI GB20061002915

n re preferably K' represents -
A3 s BRENYE il GeR S RBEERT P eF SCa oachPRyForm
a umspﬂrﬁstpﬁaﬂaamhewl grodpr,l oKD MBI 06gi¥eChriahkyt
@hen 3.1n aggartl cuI preferred enbodi nent K' in a
& PPE%‘L‘?P?U breY 1 ﬁulaatq"’lq erdepf%’é%mas RIS EER -adamantyl

group;

Preferably in a compound of formula III, 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 X? 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 III, X' and X2
represent identical substituents, X* and X' represent
identical substituents, X° and X°® (when present) represent
identical substituents, X' and Xx® (when present) represent
identical substituents, and X’ and x'° (when present)

represent identical substituents.

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

A3-Q3(x°)X®, hydrogen, lower alkyl, -CFi, phenyl or lower
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In an alternative enbodi nrent where Kl does not
represent hydrogen, K represents -A3-@(X5) X6.
Preferably, X5 is 10 identical to X3 or X1, and X6 is
identical to X2 or x4. Mre preferably, X=1is
WRMATe28HP to both X3 and X', and X6 is i deR€T/EBI0¢/Y2915
both K and X4. Even nore preferably, -13-- @B(X ) X6
is identical to either -A"42(X )X or --A Q(x3)X4.
Most preferably, -A3-@B(X5) X' ' is identical to both 15

aQ]é o k&g’éﬁhy(ﬁ/I oge Igfleﬁbi oundP%EE]'Iee‘fillk?:I y’_A3|9|(Xsﬁ6

resent or rul
erdeffO@Ieabl yr;asubstir@mﬁrrﬁluﬁd alkflor mrsabkkltubed phenyl,

QX‘X ydrogen, |ower al kN, I,
t(ﬁ?l%%ﬁg Fh%ﬁ % % 61 Liyrp%}ﬁg@r, and E3 represents
-A - Q $; X' ) X-F hydrogen, | oner al kyl, CF3, phenyl or

ower_al kyi phenyl r an ._togetsher with the
Rty oo T ML ST LE R
fareatt achedeposgurars aptirogahly substituted phenyl
ring. More preferably, DI represents --A -Q@(X ) X6,
hydr ogen, phenyl, C, -C6 al kyl phenyl, unsubstituted
IR 1 I6a1 taegﬁndhtlv%u CdmbaaﬁléFﬁfehhy Wwheet hyl , dpEOpybe Qbé!}_ﬁ:b’és)ent

n an ex or epresent s _- As- K3) .

R on ogen, TabaReNy | GRSkt pheRprreniy, (B s
ildesih gt t lﬁoed@C-or:rI:;BXlal kaﬁd EXfoh.s aﬁdéfﬁiﬂ(b)éﬂl, & hya ,ohr x4,

op t phet yl ex - or hoth D
G o @ié#ér B 1 (RBTEAEBonta: BAER of ape X7, and X°
igy c.ﬂmemt:anjl edYyboth NG tzaMx‘Chet&ieymer e pratfeaghed, f OA{n

NQ 20071020379, PCT/ GB2006/ 002915 ., 4 h |
QA SRS tPbhbity SOIRTIHAR odt o b o “AoRe ) X

n@rseupgréﬁéxeo:u@d f rompheny®, Gl- Ceatk3dipheBylboth -a,-

yns b§t|t al kyl or --CF3. 3 Suitably, when
QDiXQ Pleﬁf(;?\?ﬁth the carbon at ons of

Most preferably, X' represents hydrogen in a compound of

formula III.

Preferably, in the compound of formula III, D! represents
-84~0*(X")x®, hydrogen, lower alkyl, CF3;, phenyl or lower
alkylphenyl, and E' represents -2s5-Q°(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’)x®
hydrogen, phenyl, Ci-Cs alkylphenyl, unsubstituted C;-Cg
alkyl, such as methyl, ethyl, propyl, butyl, pentyl and
hexyl, or CFi; E' represents -2As-Q°(X°)x'°, hydrogen,
phenyl, Ci;-Cs alkylphenyl, unsubstituted C;-Cs alkyl such
as methyl, ethyl, propyl, butyl, pentyl and hexyl, or -
CF3; or both D' and E! together with the carbon atoms of
the cyclopentadienyl ring to which they are attached form
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t he cycl opentadienyl ring to which they are attached
form an optionally substituted phenyl ring, the netal
Mor cation thereof is attached to an indenyl ring
WwHSéerosd0 in a particular preferred enbodi werigs20dsobid1s
a conpound of fornula Ill, represents hydrogen. In an
alternative enbodi nent mheﬁg D does not represent
hydrogen, Dl represents --.A{-Q4(X7)A3, Preferably X8
Ldent%&gk to ' entical to

(S, 4 15 X or X2 and X7.,is i

g/t HOLNEIED 1, SpPloSl SurabibRed Febarae -
ranck X grcamped Xéeletsed defitdncalpHedyX] aog-of3. aENeIihemre
referably: .- Ad- 7) X8 is identical to either
Lﬁfaugoéztl?k%eﬁ é\’o'rCG-Q‘i% 3;&(5“: (xIy- X4 , Most preferably,
-Aa-Q4 (. X7)X8 is identical to bona. 20 Qa(X3)24", and
1 --B(X4) X 4 f egsent. in a particular preferred
SR HentTk D o EonBiR RGr FaPackYRon atoms of
treprasdobeniydi ogen. ri2hy 10d amizht eneat ive erbadideniormn
where, E dfa%% not rgresent hydrogen, E represents
i LB TIGHED. SPPRFEr Y Baeyls rigent Fhal neFakq By or
céZioandhXPebs idedtitheakdt o Xan Qi.rnd>é'n%l MY &ystem.
preferably, X-6 is identical to both X4 and X2, and X
is identical to X1 and X3. Even nore preferably, -,As

130 QdaX tikKlair Sprdedtddl ertd@inehe! pALHXY X IRl of
E'H-g (x1}.x4. nost preferably, -A -@B(X)X1 is
EOFBHELRCLF T t oF BRSFERAS- MSI¥989%Z and - A - Q (X ) X4, and
-A3-Q@'{X }X$ and -?,.4-Q (X' )Xg if present. WO

2007/ 020371 F': TY(sW2Q06/ 002415 43l Preferably, in the
Teo Mot FRAGTRuCEPPFTISHh el Ere dfd doBS ety apenh
Hydeogahponpat epresetitie yol,0peaadt envlorbi-gg§ 0 i gh
.they are attaghed dg not forman optionally 5 s
1GGB5EFRhL £ phelyl ¥ nd dedch isf ientprahpngop¥ or X°.
Mo@Rr @gefbrafly, X°® is identical to both x* and X2, and X’
is identical to X* and X°’. Even more preferably, -A4-
Q*(x) X% is identical to either -a;-0*(X!)X® or —-A;~Q(X?)X%.
Most preferably, -A:-Q*(X")X® is identical to both -A,-
ot (x*)x*, and -A;-Q° (X°)X® if present.

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

formula III represents hydrogen.

In an alternative embodiment where E' does not represent
hydrogen, E' represents -As;-0Q°(x’)x!°. pPreferably x*° is
identical to Xx* or x* and x° is identical to X% or X°.
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*(xX1)X? or -A,-0(x%)x9.
Most preferably, -As—Q°(X’)x!° is identical to both -A;-
Q% (xM)x? and -2,-0Y(x*)X*, and -2;-Q*(X*) X% and -A,-Q*(X")X® if

present.
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i dentical substituent. In an alternative preferred
enbodi nent, DI and E'' together wth the carbons of
the c:yc .opent:.kdie ,I ring to which 10 they are
attached form an unsubstituted phenyl ring. Highly
waetoer/e208r9enbodi ment s of cor pounds of for nul aCT/GB2006/002915
i ncl ude those wherein: 15 KL, D' and E are identica
subst:.tuents as defined hgrein, particularly where
D1 and R- represent: hydr-ogen, KL represents
hydrogen, and P1 and T:' together wth the carbons of
the _:ycl.opentadienvl ring to which they are 20
Pegfercidd . f dnmthr compbstd taft etbiplueéayLIIj ngherX D' and E!

n - A3; 2). X6..as defin her ei.n_an oth
tﬁ%kg%e ‘gﬁft}% engS ec%bh;n A ?ép(rat Se n‘fﬁéCl-OR?ngEQf syt
ri®%aqstaefliingd theryebneaatdtBthahdiEinotd dgetchan wothohhely

n.at.o of - the cycl opentadi enyl [ t o whi ch
R B PR ek T U RE ot I FRBE BRERGPERF
iBhtidedpsebenisuentA3- @B (XF) X6, D represents -Ay--;
fix (X1) 8 and. El represents -A5-(@b; X9) X WO
2013710260379 PCT/ G020C 6/ 002915 Especially preferred
Irc apaundsnaftifer puétetddd idtloddaent hose amerre bogbridr

d repr esent rogen or D1 and together with the
W‘%gf bgﬁe atcgl OB¥ f’ﬁg g| %’b%%‘%%?d’lt@ﬂfrﬁny}?ﬁgngo Ghi wich
tHdeyrar etabthefietbdrornm ansupsubsitiddvadnyphenyd . ring,

particul arly those conmpounds where both D1 and. E1l
represent hydrogen. Preferably, in the conpound of
Hifghlulmrdfdrredl capddMdenendof Adompdurad M fahema 11T

. present), each independently represent !0 Cl to CG

lé%%%é% %ﬁ8sﬁhW%?F?%?‘optionally substituted as defined
herein, for exanple with | ower al kyl groups.
1Sui;abl&/,lAt and_A2, and A3, A4 and A5 (when present)

X nay and E° are 1dentical 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 -A;-Q°(X°)x° as defined herein and both D' and

E' represent H;

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

represents -As-Q°(x%)x°.
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include a chiral carbon atom Preferably, the | ower

al kyl ene groups which Al .to A5 may represent are non
15 substituted. A particular preferred | ower alkyl ene,
Woi2607/02038L to A, may independently representpcricBodeivezols
or --C2f4--. Most preferably, each of Al and A2, and
A3, Aa and As (when. presgat), represent the sane

| oner al kyl ene as defi ned erein, particularly
-C.H2-..20 in the compound of formula Il1, preferably
ESRefigtlynpreterre ngg?%?ouéﬁsanaf%fc(%‘r‘&ﬁ pf%%eﬂtn)‘:lé}fi@
thidees afilere MoSth Y efrer @bl YepLatdh tQhy@rds6h, oang @Ga @
and b (when - resentg, reg&esents phosphorus. 25 It
EROFETBE dPfPeciif e82B5° n8SES KO ¢ nCY RkCRAt A SRV L
rihg cepadngs ahehorand aattdch@my Eypat 0N @ssddgandsed
hggt coordinate with the Goup VIB or Goup VIIIB .
PREFYT I "9 oSG UL ABr ot APRS t FEMPERRRE | BHSH® PREDL D
agat at sdprashem3@r&derd ne i nvention. Typically, the
Goup VIB or Goup VIIIB netal or conpound thereof
coordinates to the one or nore phosphorus, arsenic
p2BELPALBR! | IDNhAlIMBRhAt H £ROUNE 1 1Of A%%I{HHZQ, I bha
it will be appreciated that the conpounds

Bp00f FPOR79 PURYE GBeTUE/)10029¢8 1agdependitiyl &ePKPsSRAY

che dveef cerragtienbr ogioh s 5§@&Jal|ly°C§E@§ti,tut-ecﬁ as
Suitably, when n - 1 and L_ representS an optionally
dgtsuddt itaneda cyEPBpeEdLEnyWL gt ilndeny| afng: zgrovhe.
s60aReUNdsa Ofadeoral ankl b, My, cal aln Ghhehbrk¥ent) may
.cyclopentadie.._nyl rings; two indenyl rings or one
Phdetyl 2 arfdisiid cyarapentateet-i eRyPERTH . cadheof lower
2Ry chnd i ggoﬁﬁsat G chmaY, Oopd i apakhy besguhshit uhed s,
descri bed herein). Such
substituted. A particular preferred lower alkylene, which

A; to As may independently represent, is —-CHy- or -CpH;-.
Most preferably, each of A; and A,, and A;, 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 Q?,
and Q°, Q* and Q° (when present) are the same. Most
preferably, each Q' and Q% and Q°, 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 III. It will be appreciated that the compounds
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10 conpounds may be referred to as "sandw ch
conmpounds ™" as the nmetal Mor netal cation thereof is
sandwi ched by the two ring systenms. The respective
cycl ooent adi enyl and/or indenyl ring systens may be
wouosree? al | y coplanar with : % esoeco to eaRCl/GBAeT00HNS
they may be tilted with respect 15 to each ot her.
(co..,m.only referred to,as bent netall ocenes).
Alternatively, when n. =1i. ari L, represents aryl,
he un of I pyention _nmay contain_either one
Oécyc[fg%gﬁ?%di g%&l olﬁglgneﬂfznderrﬁ%rﬁ g (%%ch%a - Ri ciS
‘meted 120esyst ens nay optionally be substituted as
descri bed herein) and one aryl ring which is
optionally substituted as defined herein. Suitably,

Suiftebly, = wheandnlE r éprasents r@pybsthes the oBtadndiigf
a lll as defined hereinis

he.co unds_of fo J
i S LR N L o ST
copabtindsl ardfy pfeferired gnb?dhaynt lc@httahﬁ pras@llt  two
i nvent| o in a conpound o ormula Ill, n--. 1, L1
vl SRR At e h R iy 1B SMREpaH il Yidean
and @nk icyclbpentapiosid afinbor(@ubh d#2which FERF s
ent or ar ring. each of  which

cycl i enyl, inde 4yl I ,
ma R aPaT st PhnSPY COHBLE | 0 GBS BIHE GFOTRITE WBtch
co2p0ihB203d4 BET/KB320066/ GR2UD L EHRST (cdRRhGS » as
sel e tid from hydrogen, |ower alkyl, halo, cyan,
IR fE5AL. BROS. MEGR{ O RIDOR - EREY TR, 1§ REBREES By the
twdl( B3R5y SCe@sN( Rihe) Redperef 8 CRTIRR8-aafe3R1S and/or
. -C%O SR, -CF3 or ferroceny" (by which we nean the
0GRV b p P EdiSHRFEDSS MY iy | S'9ps B alilag Somleparl vy
rekppeesent ehghbobHed ofli EREY | Maf Ood hei Cyed apait adigR:

ring of the fern, cenyl
to ealh other (commonly referred to as bent metallocenes).

Alternatively, when n = 1 and L; represents aryl, the
compounds of the invention may c¢ontain 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 I, 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, I; is as

defined herein and m = 0.

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

which rings are optionally substituted by one or more
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group) , wherein RL: to R30 is as defined herein. Mre
preferably, if the cyclcpentadienyl, indenyl or aryl
ring which L, nmay represent is substituted it is

Woehef@bsre _y 10 substituted with one or norepcrgB2006/002915
substituents selected from unsubstituted C. 1-C6

al kyl, hal o, cyan o, 0?3546 OC(OR --C(OR21,
C(O)CR22 -N(R23) R2: where R13, R 2C., R 25, R22, R

and R24 each indep ent | resent hyd n or
s AL, S e e e B e YATRIE" RL1o,
eyshoper ntitad, i enygr'?, 15-bodent?°, or -ar(xol) RFY, ng vr@rco;)roﬂ_z

.eps.esent | bstituted, i 0
SHEPT L o i O 320 ot moFLS! GHESE Tt benPE el SRR,

LEamdinsehsbibay 2d (Kl w8 cal kgl meafrﬁi@rcﬂml)bpewﬁgalén
1, L, repr esents cycl cpent adi enyl, 20 inden pheny Y
b’rd‘?Fa‘{ﬂt h9F  Bpth ofdld ngﬁ‘f;%t Lt ufgy EPTESFR edlsheP%’il‘?r‘Ed

Frelerapl Vo the cyehepentatienyl  riddesy! thep|f‘é9¥bc&ﬁyl
napt hyl" groups are unsubstituted. Nore preferably, ,

FEPIRsentEeEGER cFent &8i dhyl 1S ndenyiefised prsin-
]]eéemarmw NS t@fee c%iHBéﬁtédllgrﬁzq Maatengﬁ Q{«egglr,pb{yng

1 represents unsub>Stituted cy ~aE nt sd:ienyl
wpi &t nhti Pely TSEeACht= 16, %%%&h‘ﬁ@ﬂndé: ois t pgeferably

LEYENd kg G 6hé’%¥ AR CYabapeRt St £NYE1 &fted from
I ndenyl ring (each of which ring systens

wptilorial fuFese Gobst PLlyed 83180 @eseerbe@RE%r ef oy (O R*,

%w)ﬁmnpczénéﬁoﬁmy bﬁ(ﬁef)ﬁw Gthdr@ a8°, "Ral f gandich g2
corrp% Pr ef er abl when n -- 0 then m represents
and o R s ¢achat 1RdRP ALK Gfenriee SBbnpalieyssf or Ci-Cs

forpul a ldjehagond L8ceLepinon £AURLe |, AlRRhUAE &Sy,
\Ahe%yW) 20697102037 T 120067 055X 18 hRne

srdemel cofpousd¥lof WOl ils | MBY, tRePYRSAE  is
§%%g%¥tﬂ%éd?|Q%tEQnﬁréf&ﬂdﬂl@“%ﬁﬂsé&%ﬂﬂga|Wﬂ1ﬁn@neLog hSre

typically five. 51in a particularly preferred
alperHadnre epbeare@iradf uppebstitited C1-Cs alkyl.

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

preferably, Li 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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present invention, in a conpound of formula _Ir, 31 =

0, L2 is as defined herein and m= 3 or 4,

particularly 3. Preferably, when n is equal to zero

and mis not equal to 10 zero in a conpound of
WOR0pM2837P1 1, L, represents one or nore |i gB¢ISBWAEN2915

of which are independently selected from | ower alkyl,

halo, _CO --P(R43) (R44)PR45 or -N(R46) (H4')R43.

More preferably, Ire represents one or nore |igands
m@zedhgﬂ ogi (thegr:(e:tmpmdeimlSmgelfbhcmuSiel 31;;]1 lad; firQm, thia tlotal
upsu stltu to al.o artlcu arly.

or 8 - TGS TS ERA3T O byL.ﬁ%fE) CFETEE is
ty@uaamhy Rigeto Big are independently selected from

hydr ogen, unsubstituted C to Cr, alkyl or aryl, such
as phenyl. 20 Suitably, the netal Mor netal cation

It hergoftidulhey p@ﬁﬁ@ﬁf@ks @Ité‘x@lrar&_u.kzé bﬁvboéiif'méﬂ@'&@l t¥e

bonded ,to the cyclope:ai:: L enyt rln%ﬁﬂ%
P& bpeAvERF LAY -1 §t°§}198fmdtﬁ§ #%@Hﬂ ng)= Df Ly
igpre@seREinbieha@Fdin Hndnl £ Pre&seNt paraRe) 0k d{;lez.' I gands
L2 if present. Typically, the 25 cycl opent adi enyl ring
or the cycl opentadi enyl noiety of the indenyl ring

prexteirhibly, awpent @hapt @nbandiong,cpadgnui Euhlstﬁst el@ls to
however ot her bondi ng nodes between the

28| heht SBF%ﬂWdr?%gf%Fm‘@ﬁl%% t bdi ‘e RH esHsitet st or

mdrke 1iigaakseayth rdmgrand the {E@&@éemﬁéﬁ%ﬁ .S,e&éb‘aé&t@r m
coordination, 30 are al so e e scope of ?1

logiegs ety lny et on. ~9® 2061{'11 2@1?3 gRﬁ%mcszme? 003515148

M4 W&Ee@&ﬁiﬁr abl Y¥epkBs@ncOmpunRg %Brgoﬁﬂblgfﬁéléackp of
1, m= and L" is defined herein articu

wh&ﬁ:gt K&t Ilpg@@pnd%@fély %lqgﬁed §gom @ﬁwq.bstlhuted Cy to

c.Paeker abhan dv t&&ﬁmaﬁL? &I 5 1B, OLPY$b'$ RIELA . or
In460tQ¢r4por s the tot electrgp count for the neta

NI\%{I § , Wwherein are 1ndependently

selected from hydrogen, unsubstituted C; to Cg alkyl or

aryl, such as phenyl.

Suitably, the metal M or metal cation thereof in the
compounds of formula IITI 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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Preferably, in the conmpound of formula I, X
represents 10 Cr, Mo, Fe, Co or Ru, or a netal cation
thereof. Even nore preferably, Mrepresents Cr, Fe,
w0 2067/0Ru79r a nmetal cation thereof. Mst priefiaceodeno2o1s
Mis selected froma Goup 57111B netal or netal
cation thereof. An especially preferred Goup VIIIE
netal is Fe. Although the neta?. Mas 11 defined

nacatlonlcfor erablylt
D/{:gjc';lsrtr §§¥a¥a§§¥1 att y* no Omlpgé’FQUBifmgﬂ%l@@ dugtg = 1. m =
Ocoauncﬂil nat iien defied lhandior @ar%cﬂﬁfﬁl@/eduﬂilﬁﬁﬁtﬁtuted

eC| agﬁx e__leerred conmpounds of fornula Il include
hﬁ’%ﬁ (1) X" represents CRI(R2)(R3), X"

represents CR4( R5) (RE), X; represents CR7 (Rs) (R9) ,
X4 reﬁggseﬂ‘d ég wherein each of RL t

PReS S REbHe el’rﬁHR?SF F‘e§erﬁrs°u?5 s ubst VEbtedmetaEs 2

o&lhle)tl woicdbsr ithieuajoRBRt Ry ebtropacbictl g6t yembenscgach ok
to .R is identical, especially where each of R

1180 R 2 represents unsubstltut ed d-C6 al kyl,
particul arly net hyI A, and A2 are the sane and
epres D' and El _are _the same and

r ent -CH2-; [
PFERPESBNY nyR- BaeLCBFOo N ht Fated GLiog Yo dqAcsents
caar tibcukar oo h:)d:le@geE}r & mal QthehhtRePESSeHven more
glg %e%g%g@ e resents Fe; WD 2007/ 020379
pfe o@% @n 39 GF - -F$+ ahf o1 Fepr&sent fetal
ca)tibﬁpejﬁe&@oeDWMostpa;bféﬁéﬁaaﬂlyy Lmsubstsléll&:%@d from a
cl opent adi eni/ and in x1 represents
P>V IiRsetal o, mebat Sc@%%n Ithﬁree%) An jespecially
piepeesent Sr&ly IRIB) méaB)is P¥4 hepReSEN e CREERI) as
[g epresents - CH B(X5)x6 wherein x5
d Sb?%@eﬁ%el may be in a cationic form, preferably it
carries essentially no residual charge due to coordination

with I; and/or L; as defined herein.

Especially preferred compounds of formula III include

those wherein:

(1) X' represents CR'(R?) (R’), x? represents CR*(R%) (RY),
x* represents CR’(R®) (R®), x? represents CR®(R'?!) (R'?),
wherein each of R! to R independently represents
unsubstituted C1-Cs alkyl or trifluoromethyl,
particularly where each of R* to R'? is identical,
especially where each of R' to R'? represents
unsubstituted C1-Cs¢ alkyl, particularly methyl;

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

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

o' and 0? both represent phosphorus;

M represents Fe;



CRt3 ( 14) (R15) and :{5 represents CR 5 (R1?) (R)
each of R' to RIB independently represent 10
unsubstituted. C -C6 al kyl or trifluoromethyl,
particularly where each of RL to R18 is identical,
wespeniad’by where each of R to RI B represenPGI/GB2006/002915
unsubstituted Cl-C6 al kyl, particularly nethyl; A and
4.2 are the sanme and repreggnt -CH2-; 15 QlL, Q arid,
@B each represent phosphor us; Dand. .-,1 are the sane
and. represe hydr.og unsubstitute a-Cb6

al kyI,£1 parti %I ar 3(/1 hs%r ogén-- W?rétpsr esgﬁFig?%?t?]dl—eqyl'
and Lparepeeberitys Lm)subepemimﬂ efpydlopendpatidl C W lny =
unsubgtitut ed cyclopentadie_nyl , and m= (3) xi
represénts CRLI(R2) (R3), x3 represents CRI(R5) (R6),
x3 represents CR (Re) (RB) , x" represents CRF (R41)

X - $ h
® 52 epr e§enF§5 s @%?RE)I%%%% %)e(? %?%‘g—?ﬁt%RéﬁiB (RR
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r) (R Zae;&wslaanafs <E<§.7 ®S) &9)8 bcﬁd%iﬂfé@%ﬁt:!sycﬁ’@%@%mz
un: BU%?stl tutei CF--C6 abkyl or trif uoropethyl
parti tul ariRFSRRBFE eact Qf( %o WVIgreig Efent’r‘%%ﬂes%s

especcrRPl(r'Whetsy eaahxdfrdBirebenkBl nglépgzle?;@m% unst abs
t:ituted CI-- al.kyl, particularly th A'.1 and
A2 ar82the= RGne Band Fepr &ent H@eﬁende‘@ilyQZ ERRFEENt

each aepiesetutaosphprals; Mj\?p()?:bg‘zosz.n‘.]'lfluoromethyl
PC r/ G32006/ 002915 _ 50 1)1 an together with the

car boRAEEbrsL g% W@er@ycefatfﬁ’erﬂfadll*er?%/l RTi g tiisiicml,
t hey @é]_@e@iatla_l_@hedvhefr@r MeaBnUngebskl t Weed gphenyls Fd e s

M represents, ;
unsubstltuted C1-Cs alkyl, particularly methyl;
A; and A; are the same and represent —-CH,-;
Q', Q* 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) X' represents CR'(R?) (R®), X® represents CR*(R5) (R),
X’ represents CR’(R®) (R%), X* represents CR!(R!!) (R'?);
K' represents -CH,-Q*>(x°)X® wherein X° represents
CR" (R™) (R'®) and X° represents CR(R!7) (RY);
each of R' to RY¥® independently represent
unsubstituted 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,-;

Q', @ and Q* each represent phosphorus;
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5n::: 1 and L;, represents cycl opentadi enyl,
particul arly unsubstituted cycl opentadi enyl, and m =
6. (4) X1 represents CRa (R2) (R), X2 represents CR4

WB\orfeae to x 3 represents CR ) (, {H ~0)por/cHhoosno291s
represents CRlu (Ra') (H ') , wherein each of Ra to
H'2 independently represent, unsubstituted C2' C6 al kyl
or trifluoronethyl, particul arly wher e each of Hl to

R i sptdepki @l , o Le each of H' 2
represents 15 unsu stltut e%hcf OE |""tomS 051 the

parti @Mchwe;ntmﬁml Airgndta, wm@m h{ehayarraran(httached

repre %substgtu %‘3 E%ecﬁygt h.represent

phosp or us; represen g&A™BF C, - CS al kyl,
partlﬁurwqusenﬂwd‘eogen 20 D and. F together W|th

the carban atons t cIo ent adi e:

whi chﬁlt hey are afa?& hed fo??ﬁ tﬁnsuﬁ%ﬁ?‘iﬁ”&%‘dﬁﬁé‘ﬁﬂ
ri ng; Pt tieprlesdnt snbebsni tutand cyt LopEiESES/L, and m =
cycl opent adi enyl, 25 particularly unsLtbstituted

cycl opent ada. enyI and m= 0. (5) X, represents
CRl(R2)(R3) X2 represents CR4( R5)(R6) }3 represents

7 t e Ra2) , 30 El
(?gpg e%ent eéﬁét %f@ (i\/\)neriél - SBF @ﬁ’&ésé:)ﬁt éRe?p)élﬁSP
NO ( Rs’syeaneseﬁﬂs r@ﬂr(a%)e(m% %erﬂeéeﬁ&ﬂ@Rle (réagrief,

H tq, |nde gznl de: at repr esent
unsubslﬁtutrﬁedgg,ch Ra§ VDWFE%@%‘?JQY represent

wm&zgmsedsl T CEI ummi;%; gybr %%ﬁﬂﬂ%b@bfu&thyl
er 0 to | S
|c§ﬂ|?:ugg]s% Ci aleﬂez \ﬁﬁ@ﬁeog is identical,

espeCJ.ally where each of R1 to RY? represents
unsubstituted Ci1-C¢ alkyl, particularly methyl;

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

Q" 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.

(5) X' represents CR*(R?) (R’), X? represents CR*(R®) (RS),
X’ represents CR’(R®) (R°), X* represents crY? (R (R?) ;
E' represents ~CH,-Q°(X°)X%° wherein Xx° represents
CrR* (R*®) (R*®) and x!° represents CRY(RY) (R%?);
each of R' to R and RY to g% independently
represent unsubstituted C1-Cs alkyl or
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R' to R12 ar.:(i. R3 to R52 represents

u-isubstituted CG-Cs alkyl, nart.i.cula.rly nethyl; 5
AS. and :'x2 are the sanme and represent -cia2-; Qi

@ and QeaCk: reiiT e?5e:[It pfEO.spl7.O"15; D and
WO 20aT/@203e s=ane and represent hydrogen or PCT/GB2006/002915
unsubstituted C -C6 al kyl, particularly hydrogen; M
represents Fe; 10 n = |1 ared L1 represents

cycl opent adi enyl, particularly u:asn :stituted

cycl aparfiadi-emgthyBnthdriti ABhrXy - wheRS 65N $OR! LR 22
(R3), rgpr esqus CR R5), All), :115 >Li represents

CR7 (&%) {RY°: ncFé§é|1tt§SI€?¢1F@ﬂ113’( pere( pAch) of

K Rlpﬁ@sl%lmand R3@H20 @@X§%ﬁ§eMSe'uﬂs§§sE§9ﬁ€é§rﬁlacs
13 14 Ly IGi.7} 8) Cl< (R") antl.

r.epd kY&m QaERl%“‘ilar]iY met Yl: represent:: -<<?"TA-Q4
(2X7 Mum%@exe Kherenﬁee%e{& eeBQB'sef(BS?aH (0) and X

represent represents
-4]-i1Q; Q% wfmﬁ@p@eﬁe@ phgadwanss CR37(a3b)
(F39)pta 12 r e t 4

to R)lDO zimr;}l(?(R'I%l" fggéR}ggl %(?Seagen % repregﬁg&égeng or
unsub¥isiubstisgtef  C1eCs éwl'opartiefﬁlmm?gen,

part e WHeRhb¥hih. €42 each of R3 to P%8 25 and R3' to
R42 is identical, especially where each of R to

R| | | Pand=Raslt o P r épr esr@@tr§8@§§abst¢qut0@@nt@dleml

kxsart&éﬁ&asyjéa&ﬁyuﬂ&a%lted%%c &he afd"F -

and represent eac eprese
phosphorus 30 Mrepresents Fe; D. = :l. and L1
represents cyc!open tadienyl, particularly unsubsti
uted cycl opent adi enyI and m::- 0. WD 2067/ 020379
(BCTI &2@(@@}!:@@2915 CR'(R?) (R’), X represents CR!(R®) (RY),

x? represents CR’(R%) (R%), X* represents CR!®(R!?) (R!?);
K' represents ~CH;-Q*(x°)X® wherein X° represents
CR™ (R*) (R'®) and X® represents CRY®(RY7) (R'?);

D' represents -CH,-Q*(X7)X® wherein X’ represents
crM (R*?) (R**) and X® represents CR* (R?) (R3S);

E' represents -CH»-Q°(X%)X'® wherein Xx° represents
cr?*”(R*®) (R*®) and x'° represents CR*®(R%) (R*?);

each of R' to RY and R to R* independently
represent unsubstituted 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
C1—-Cs alkyl, particularly methyl;

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

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

M represents Fe;

n = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.
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52 x :{ 2, }'ia and X4 independently represent
adamantyl, , especially where X to x4 represent the
same adamantyl group; 5 T,. and A2 are the sane and

WBRbeRSR - -C 2--; K', D' and E' are the sangraiiBoos/002915
represent hydrogen or unsuLst.itutwed C' ~.s al kyl,

particularly hydrogen; Q -and 2 both represent
phosphorus; Mrepresents Fe; 1.0 n = a and L1
represents cycl opentadienyl, = particularly
unsubstituted cycl opent adi enyl and in 0. (8) X1, X2,
(%4 amd, X4?, rxfe perddet! tllyldepmmﬂﬂly adpreaeyt , addfantyl,

especi al | repr ent the
adananty FX ﬁ]o}ﬁp,w% fepr esents‘giﬁ i rt%e%s;s’%e samne
wher eﬂamé(nt@hdg%up ndependent ly represent adamantyl,

especi al ly where r.epresent the_sane

alL: alpr‘ér"i“}# R5r 86P:; té% S}@" dAge%]F%seEr}Fe B’ and

repr aéenml -Hdd F3- aredthe 7Ramnchr(d 'rep@ebBenephgdsden or
hos 1 and F" _ar e sange, and represent

ﬁydr g‘ﬂj‘@ 8Flt‘b‘h% Serfs 3313%(5] C??r?fsc'% Iypilif Fe9<et arly
hydr odesma M Bptnsrséﬁﬁeéée:,t BhospHomng L1 represents
cy' cl ogent adi e%% particul arly unsubstituted

cycl BpERPTEES BV and m 0. (9) Xi, x2, X3 and X

i ndependent |y repidesent adappapéyts stpeﬁtadie;nyl

where X represent, the sa grou V\D
203 ?ﬁéﬁé‘ﬂaﬂ)@gﬁo% Sthpygd © BogtatTaltd
0.

(8) x*, %2, x* and X' independently represent adamantyl,
especially where X' to X' represent the same
adamantyl group;

k! represents ~CH,-0Q*>(X°)x® wherein X> and X°
independently represent adamantyl, especially where
X* to X° represent the same adamantyl group;

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

o', 0% and Q° each represent phosphorus;

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

M represents Fe;

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

(9) %+, %%, x> and X' independently represent adamantyl,
especially where X' to X' represent the same

adamantyl group;
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53 K1 represents -CH2- @B(x5)x6 whereln X5 and X6

i ndependently represent adamantyl, especially where

X1 to O represent the sanme adamantyl group; A and A,
are the sane and represent .3 Q Q2 and B each
weepnre®eit? phosphorus; D1 and E3' together we¢hGBies002915
carbon atons of the cyclopentadienyl ring |:.o0 which
they are attached forn1an5%hsubstituted phenyl ring;
Mrepresents Fe; 10 n. = 1"7and t represents
cy:lope:ntadienyl, particularly unsubstituted
cycl opent BRHERHRAALS, arfdlanR=(X0X" ( 19hexain X2X° X3andd X4

i nde enk-gpr phsad . 15 [ y
PRALeilntep! 6e80bs B4ANRALYAn yI! a%%ﬁitagpy where

where x1 a to x represent . t gr oup;

Al ant A2 &r &EsSSAfe thAadSFepraseaantyC: ¢2oup; 1 and Q

Q 2 bgt bnar £PreseRhePhasRhAIS, resgnts hydrogen
or ungubggitﬁteq le—C' al kyl , eé§§sgggti§%1érly

hydr dgen®” 12Pd dhdeE3h tierparssen twbhasplerwsar bon.  at ons
of the ayelepentadiapyl g £, Wabehothey are oo o
attached form an unsu bstituted pheny? ring,; M

r epr e3EHEPepEadenyl 1 rimg Lo : whéchr ésmmt sare attached
cycl ohsnt adi gn paLtd ;.ostitutea
cycl-opentadie%%??tand&%%gﬁe$&% %¥§§’11, X2, x3 and X
i ndeperd@rergneepresent adcunantyi; 30 X3. represents

B CH2-rQ3( X5) X@ V"f‘%‘i@i n L)1<5 alpéjpl)ésents 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,-;

Q' and Q? both represent phosphorus;

K' 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;-0>(X°)X® wherein Xx° and X8
independently represent adamantyl;

D!  represents -CHp-Q*(X")X® wherein X’ and X°

independently represents adamantyl;
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I ndependently represent a,damantyl; Dl rep:r'esentH
--CH2--Q4 (X7) XO wherein K7 and Xa independently
rep:resents adarartyl WO 20071020374 PCT/ GB20061002915

wé 206%0i8RF esents -CH - Qs (X) X1 wherein Xg ag@6/c82006/002915
i ndependently represents adamantyl, especially where

-1 to X10 represent the sane adamantyl group, Al and

AZ are the sane and represe5rf1t -CH2-; s Ql, @, B3, (4

and @ each r xresent phospho us;, Hrepresents Fe; rz

1 and 31 EPreSents cyelopenkad %nywherqmatrtléé’ul amidy X1° :

unsubsit et @eﬁ¥§§opﬁ;5¥e%t% dgﬁgﬁﬁyéfn ec:L %%Z)e ere

arid X' togef her Wt
repr esente 2- ph@E-‘pﬁ%terd‘datﬂr@nsyme mmymgtogpt her

vv| t h A [ epr nts 2-
%kéﬁd\"% %gangﬁ%éy?&ﬁel%&l&aggﬁg tgtr e thé same and
r epr eEnt 02,09°, : ok'andEQe eavth Etpapset helsamRoans;

represge runsuhst+.tuted Cl-C6 al kyl,
parti cquIaePngﬁggggFg%’n; Q and QZ both represent

phosphlorus; N represehis Empr28ents 1 @nrdobintadienyl,

repre part cul ar |
meubdrr o S B AR ke PR el prg  an iy -
X2 todet her with QZ to which they are attached 25
represents 2-ph ospha.-adamantyl; X3 and X4 together
with Q to V\/m ch they are attached

(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 —CHy-;

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

o! and 0% both represent phosphorus;

M represents Fe;

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

(13) X' and X? together with @ to which they are attached
represents 2-phospha-adamantyl;
X’ and X* together with Q' to which they are attached
represents 2 —phoépha—adamantyl H
K' represents -CHz-Q*(X*)X® wherein X° and X° together
with @’ 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;



10

15

20

25

30

represents 2-phospha-adamantyl; Ki represents

- CH2- B( X5) X6 wherein Xs and X6 together with B to
which they are attached represents 2- 30

phospha- adamantyl; Al and A2 are the sane and

woepvgeit -CH2-; Q, 2 and B each repr esECW/GBINGBRILS

rus; WO 2097/ 020379 FCT/ 0824 06/ 04)2915 55 D and -,1
are the sane and. represenishydrogen or unsubstituted

C..,--C6 alkyl, particul arIy Mrepresents Fe; n 1 and
LI re,gjre tsic L t artlcu arl
unsubsti %Sctﬁle cégﬁogoglﬁetna n r| r%ﬁ ?nli 1E¥d§ég%rhd°r

X to’g@stﬁlﬂtl\mttthzrth whkxah tm&yclauéaalimmhiafbgen;
repr Rsﬁ%ﬁp%g Fga adal na.x, y:L; 1.0 XX and X"

toget ~ri hi ch they are attached
repr elsent% 21iphoapda- -Iadamaspydsenks r eaye;s@gﬂélﬁ:adlenyl

i crPey P e {RyTE 1088 A emy, G 2

; hospha- adaman.ty7. ; 15 Al and A2 are the sane and
represent --CH?-; Q, @2 and 3 each represent
phos?koru: >; xi' and El together with the carbon atons
(0f) t et auyicxbpmyead:ieer Wi thi 09 toowhleBhthdeYardd &ttached
at : cache. mﬁ ubstdtut ed_phenyl ring; :0rl

repr e%eé?ﬁ?eﬁl qadampghylsent s

cycl @p’erahadx‘émdgetlmr tri €l @f Ity> wns?bs§héwta€éd attached

cycl opent adi eny 25 (15) X and X

toget]r%?al?r el“ﬁ ]?]BO%\/FI&T q?@&"i‘nﬁﬂ attached represents

2- phas'phapadasnng nyc:HZanmoF X4 regedikesWahd D1 dQether

whi ch tqley @re at ed
they are attached represents 2-

phospha-adamantyl;

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

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.

(15) x' and X* together with 0? to which they are attached

represents 2-phospha-adamantyl;

X3 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 Ci-Cs alkyl,
particularly hydrogen;
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rep:rese:nts 2-p u:spha- c<1.,-n .antyl; A and Ay are
the sane and represent - CH2 311 Q and ,2 both
represent phosphorus; K represents hydrogen or
WwoSHMBRteshd U ted CL-G6 alkyl 5 particularly qﬁfcﬁﬁ&fémms
WD 2007(020379 PCT/; 920061002915 50" D1 and E
together with the carbon atons of the
cycl opent adi eaxyl ring to i ch they are attached
formap tins ukistituted phenyl ring; 24 represents
‘e; nD1 and H rigueident skl spentcagbenylatoms of the
parti It cl t adi eny a =
T T S 1t o W R Ehey eaed
at t achedm amw ynspyossépuse@-Prawphaiadamant yl ; x3 and

X' tpg ithyQ. to which they are attached
reprelge%%'f)s}Ea -égqhggsphé- adamantyl; X1 represents

- CH2-@B( XA X6 Wherefln X& andexreseyetsher cyal-oper@dienyl,
whi ch . . o 15, )
hooBab LRl AL LAGREE LA ERERN poticdiomn | ana m =

X and-x3 together with 4 to which they are attached
represents phospha-adamantyl; Ea represents -CHr-n'

{XS) X veaereint x9 and X O 20 together with b to
(Whi chxt g &F etegedshedithep? esembdch they are attached

2-pho - tyl: Al_E e the sane and

repr e%g%?es-a%g%%; ié&bs%ag%?%{)?’gnd b each represent
phosplkibrarsl ¥ regeEwents the” 25 which thely drd attached
repregent s SHe 2PenLagh e Wdamantyl ;

K' represents -CHy-Q3(X°)X® wherein X® and X°® together

with Q° to which they are attached represents 2-
phospha-adamantyl;

D' represents -CH,-0*(xX7)X® wherein X’ and X® together
with Q* to which they are attached represents 2-
phospha-adamantyl;

E! represents —CH>-Q*(X*)X'® wherein X anda X
together with @Q° to which they are attached
represents 2-phospha-adamantyl;

A; and 2; are the same and represent -CH;-;

o', 0%, @3, ' and @® each represent phosphorus

M represents Fe;

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

(17) %' and X? together with 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
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particul arly unsubstituted cycl opentadi enyl, and m =-
(17) X' and X2 together with Q to which they are
attached 30 forma ring systemof forrmula Illa, x and
X together with Q to which they are attached forma
woi 207/ em of formula I11b, wherein Y andP@BGBWHEH002915
represent oxygen , R5 to R53 are independently WO
20071020379 P T/ GB2006100 I 57 selected from
=nsubsti.tute.d C3--C6 al or C3, and n and Re'
repr drogen; Al and A2 are the sanme and

o ER e TR " A LR - Garatiany PaFBsernd

hydr atfernar R%a&pb@ééﬁﬁlﬁ%ﬁb’eﬁ al kyl, particularly
hydr ogen; . and. bot h represent phosphorus M

r epr 85t 2Red R tf’eaﬁ&mESaP@pF%@é?ﬁ%qtcyg%pent adi enyl ,
par t keul gt lapqums ubsd lﬂrrg M%@&%g&@géeayﬂéydé&en or

(referred to as uc

t ogePREPORF H ! e-%eéhyrhepalaww&yhbndrw@rm a
ri ngosystemzohofrorsay-askhia ek together with
QA tg whi ch@thcey aﬂrE(gJ atst achzekéa(?or mdag415 rinc, system
of f¥YrrEPEEIIYS FRherein Y1 and Y2 both represent
oxyggn, RSOqto are in y

8 1 Baa @1] @eﬁeege@éé g%hggéﬁ %{%191

unsubstituted - C~, or C3

reprEééﬁ%Cwldgen Lﬂeﬂp%eﬁtl;ﬁed ChZ CQC1(>Pel)lta@lenyl
wher eL-BrS-r& 0o Iast ng; hetqa m20 M th Q to which they
are attached forma ring systemof formula Ilic:
wherein 7'3 represents - 7 oxygen, ~s ~r to TO are

(1ighdependenti?y 388cheC 1Ak reht €46 QMich they are attached

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

K' represents -CH;-0Q>(X®)X® wherein X° and X® together
with @° to which they are attached form a ring
system of formula TIIIc, wherein Y? represents
oxygen, R to R®® are independently selected from
hydrogen, unsubstituted Ci1-Cs alkyl or CF; and R* and
R4 represent hydrogen;

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

0, % and Q® each represent phosphorus;

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

M represents Fe;

n = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.
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hydr ogen, unsubstituted Q C6 al kyl or C 3 and R49 and
p; 4 represent hydrogen; 25 A3 and A2 are the sane and
represent Q -, QL and @B each represent phosphorus;

wol2o@ndoskl are the same and represent hydr ogg%/@odsi002915
O al kyd., particularly hydrogen; N represents re; 30 a

1 and L, represents r:ycl. o%ent adienyl, particularly

unsubstituted cycl openta.dienyl, and it = 0. WD 2007;

&%gﬁ?g 1PC1'_YGB2006/ 002915 = 58 S}lQ) X1 and X2 toget her
BRI IPAFBFTalet it} adRehl ¢lor ey rarrﬁgasyscew

of formna bl TRin3 s@e@em of 0GRLARNAW L1kl kO Whi LNy
they are attached forma ring systemo ormul a I b,
wher ei PPIREISRD Wthofh §Or whteReh ebx?g%natmclteui RE®m a

are |nﬁe@e@§1z%&tew esebeptiesd oM uﬁmé&té%{];ll 2"
al kyl or CF3, and ° Rds and R represent oge(rirc} %th

repr eSEREESSRED- CBY B )& "WhEPeaB? xare an@dXﬁendently

t oget haleceitih :Bnt anshbst L as.ecat Laghed,{ opm a
ring 30 systemof formula |11C wherein repre¥ erts!

oxygeR B & RIFraesenhdeptirgent|y sel ected from
unSUbS(tll k E&&&QC}%W X‘WXsr %eréﬂg Eo%m%n%s F\)l%'ogether

represent %Hzo en are the sane
r epr e¥&ft to. Wh}Gthtlw apde R tgacherepfesent ring
phosphesusn DbrandoEn i&geffﬁ! w cgsbopn_af ons

of the cyclopen taal elgr% ring V&v% (?Eﬁt hgf/ ar e -esents
at t acR&EY9S or ﬁ’a ant@m stie u%@@expﬂreimtlyr iT'jecMed from

repres@BhBsELruted C;-Cs alkyl or CF;, and R* and R
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 IIIa, X} and Xx*
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;-Cg alkyl or CF3;, and
R* and R* represent hydrogen;

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

Q' and Q? both represent phosphorus:;
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20 n | and L1 represents cycl opentadi enyl ;

particul arly unsubstituted cycl operntadi enyl, and m =
0. (20) X1 and. X2 together with @ to which they are
attached 25 forma ring systemof formula lila, X3
wanmo 20372 oget her with QL to which they are ptvaBived02915
forma ring systemof formula Ilib, wherein Y1 and Y2
both represent oxygen, R3Q to R :3 are independently
sel ected from unsubstituted Cl-C6 al kyl or Ch3, and

30 R4, t n d e
sane fangPany S (EPER SRR Bl BRCeLE SRt
phos paortisl WOl P 07d3Re3 79 PCT/G82090/002915 59 X1.
represents hydr n_or_uE.substitute

part&%ul yﬁhygggag%erlﬁﬁ§§n§: F%ﬁ‘?ﬁecﬁﬁp?h‘ﬁi the
carba@cabpentaaléﬂmi eyayoper , whadh enyleyr i e t atwhbndd

they re ttache n_unsxpstjtuted phenyl ring; M
repr §§ﬁ&§n 8ns§#%ﬁé}q?e Bpf&¥ent¥%ycl cpent adi enyl ,

partmcub@&byeﬂﬂsubstltuted cycl opent adi enyl , and m

0. fro (21.). X an ther W th to wia.ictx
they fare” att%chéﬁmpfgﬁ pﬁﬁsgﬁgﬁe g%? RREPELPIY
X3 a@ﬁrtXéulhﬁgﬁtlhﬂubﬂtﬁlﬁuQédt oy Edn dd®yYngle and m =
attached forma r:g systemoi'. ' or.mula IT-1Db,

wher &i'n _and Y2 both 15 represent oxygen, RO to R53

are independently selected fromar:stthstit:Fted

01 06 ,a: Lk or 003 r and ,R
(21) an yXZ— together with 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 Y? both
represent oxygen, R to R* are independently
selected from unsubstituted C;-Cs alkyl or CFi;, and
R* and R represent hydrogen;

K' represents -CH;-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
unsubstituted C;-Cs alkyl or CF;, and RY and Rr*
represent hydrogen;

D' represents -CH;-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
unsubstituted C;-C¢ alkyl or CFy, and R* and R*
represent hydrogen;

E! represents -CH;-Q°(x°)x'° wherein x° and X%
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
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49 and R54 represent hydrogen; 5 z --presents
-CH2- B( X ) XG wherein X- an.-.11 together wth Qto
which they are attached forma ring 10 system of

WBlLbHlodoshd 1 1. wherein Y3 represents oxygen,l,d%,(;gz@%}g02913
are | ndependently sel ected from unsubstituted C3. -

al kyl or OF" and P., 19 and 54 represent hydrogen; D
represents -Cli2-Q (X x3%%herein X and X0 t oget her

25 with to which they are attached forma rj,ng
syst edr8 %%?Wﬁ%ﬁ"lqeéi %Wﬁér B kY Y30F epfes éﬁfisR!wo Rod R

to Ratrepg@séﬂﬁQW&I,y sel ected oxygen, 3 1 from
cx2xMubstiti:ted ..”. 1-CS al kyl or CF,, and P49 and R

54 r&pravede ﬂ%r?}geer?aﬂ@oaﬁé FRiEsdt sCEC i - Q
(X33) oXxmwhet eigt X9qagid eXen OGNS WhbBp @rﬁ@ Wh' ch

they are attached forma ring system of form
| Tl e, \WREPEFFFPNES F&bresents oxygen, and RRSQ to R53

are ipdependent| yngel elgt ed 7/ 02 % Q
()02915 60 from un: Lbst?\ég:%%%tdg g%égo]? ?,Q
CF3, BAECROM kA YREASUPE bt Bt W&P@Qéhadmnﬂnd ang ar e
the sgme and represent -Ca2-; Qr Q@; @, &4 and b
each represent phosphorus; 5 1BS represents Fe; n - 1
and L1 represents cycl opentadi eny3. particularly

(RS U; k8t ixut g8 Gyelepenkadi.cibdrl aRdpzYnd congressyl,
especially where X' to X' represent the sgame
congressyl group;

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

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.

(23) x4, x%, ¥} and x* independently represent congressyl,
especially where X' to X* represent the same
congressyl group;

K' represents —CH,-Q°(X°)X® wherein X°*° and X°
independently represent congressyl, especially where
X' to X° represent the same congressyl group;

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

Q', 0% and Q° each represent phosphorus;

D' and E!' are the same and represent hydrogen or
unsubstituted C;~C4 alkyl, particularly hydrogen;

M represents Fe;
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10 (22) X1, X2, X3 and X4 independently represent
congressvl, especially where X1 t:o0 X4 represent the
same congressyl group; Al and A2 are the sanme and
represent -CM2-; r{1l and E1 are the same and represent

woynewgerto or 15 Lnsuhstitut: ed Cl-Cs al kyl , PCT/GB2006/002915

particularly hydrogen; Q and @ both represent
phosphorus; Mrepresentsdie; n - 1 and L1 represents
cyclopent:ad .enyl, particularly unsubstituted

CyC'QpenEad|§ny|&mﬁndIAn 'reﬁggsgnté23)cfgioﬁgﬁtaé eﬁ?ﬂ
el |ndependently represent congressyl, - especi al

her e DAL HGUXErly et tuseds avel onrvgddssyil, gaudpm
25 Kgrepresents Cl12 B3( 5)X wherein k5 and X

i ndependent | y- represent congressyl, especially ,there
X, to X6 represent: the same congressyl group; Al and

(1) 258 B STEnAnG ARt 1P d diea R (2Rl

each represent phosphoru
and respecsahly hydregen Br tlmstX‘*asrlepneeehCl eh€e same

al kyl, .h'ydr oger; M represents Fe; WO
2007102%%%&?%%#%1 ‘b2tifi(i'002915 61 n = 1 and Ul
r epr &entrspepekopent a@HefQ?I(x ) far twl'IEl:deziltﬂ y X* and X8

u e Q%t(il g%hgg%% ]% pen ??%resas rés el’?lpe(?&ﬁg}%sg%?re
es peéﬁ at4> YK ‘WiepseXenp e rsepneesemretsimfls aneup ;

Cononessyl 41 QUB1 . SR SR ke e el )0
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.

(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 —CHy-;

Q' and Q* both represent phosphorus;

K' represents hydrogen or unsubstituted C;-C¢ 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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i ndependently represent: congressyl, especially where
1.0 X1 to X6 epresen.t the sanme con.grew syl group, A
and A, are the sanme and represent -CH2--; Ql, Q@ and

sh&~ -rsen. t phosphorus i &r 1-i3 1002915
toget&er w to the carbon atons of the ring toquﬁ%g >

they are attached 15 form?n unsubstitut:ed phenyl
ring; Mrepresents Fe; and LI represents _:vc

| opent adi eny: it Rart [ Eul arI érgg%#b%t [ tcgfg?[ox?eny(%dml
5) , !

cycl opent adi eny: P %nd™m

X4 | ndependebdtly nmmbsemtut@cﬂlg:fﬁﬂ$blenta@§@leﬁi aldng m =
where,XI to X represent the sane congressyl group;
al ang A2 are the sane and represent -CY2-j 25 Q@ and
@ both represent phosphorus; x' represents hydrogen

s urksu titut art:icularl.
(% %dr oge’nb}?zD' k %Eg@‘1 ]o‘&%?é]rde%inthﬁ f e&&n&oﬁoﬁgﬁﬁﬁsﬂ
the gYcl mppnéaﬁhmyl—cmmﬂxﬁ)i&hl GhetBey ak® ang x6

attacheg. %f rman _unsubstituted phenyl ring; M
r epr eSBATRSHE NN 56873023 APSEEFEB2006/ 002915 62 n

= | ant Trlepf@mrﬁ&entscerFwemﬂadwgeyém p@gvtl Gubar Iy
uu: subsé %f tﬁf clgﬁent adi enyl , and O. 5(25) h,
X 4 Hertty gs&firlicongressyl; Ki
r epr eE’entﬁeﬁdzseQ&s(X—mzv\szQBcé)ﬂ"?: Pheddfh X6x°  ang xi°
independently represents congressyl, especially
where X' to X' represent the same congressyl group;
A; and A; are the same and represent —CH,-;
Q', Q% @’ Q' and Q° each represent phosphorus;
M represents Fe;
n e 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(27) X' and X’ independently represent adamantyl,
especially where X' and X® represent the same
adamantyl group;

X?  represents  CR*(R%) (Rf) and X* represents
CR'(R') (R?) wherein each of R!, R®’, RS, R, R and
R'? independently  represent = C;-Cg alkyl or
trifluoromethyl, particularly where each of R* to RS
and R'Y 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,-;

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

Q' and Q* both represent phosphorus;
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I ndependent|ly represent congressyl; D.1 represents
-CH2- A(x7) X, wherein X7 and x independently
represents congressyl; 10 E1 represents CH2--Q (x9} X
wherein X9 and X24 independently represents
vapmgressyl , especially where x1 to X= represenB2iblen2915
sane congressyl group; A and A2, are the sane and
represent -CH,.--; i | Q@, @, ~' and Q each
represent phospY;ortxs; 15 X represents Fe; n and L,

repr s eRbsC¥ st LReNt adienyl, particularly
unsubsti%u?e%&%:yc%leégpent adienyl, and in = 20 (27) X

and ® independemd y Eepr espmbsadasmantoyicloesnesiabhyl,
wh . d I X
o °r Bar b8t FRRESRERL LT DR RERIRRYY) SR

CR(R:-F) (R-"') wherein each of R, Rs, R6, Ra.4 Rl1
and 25 R12 independently represent C--C6 al kyl - or
trifluoronmethyl, particularly where each of Rto R6

(28nd RIQ teedR12x1 s idéapémdnt lgs pecémtdsenther aagashcf
- SO PRE bt PRATORRL T <ERSRTRL it e
t he sdamaandl represent --- Cl-:2 K1, LYE angl E' are
(e gam g Lepes e byt o answ el
r epr edemdnphios phayeatsial WO 20Q70X0379° and x° represent
PCT/ %%20%&6619{%%9%5 63 M;represe_nts Fe; = 2 and L.1
repr 6sent & eyt OPEYAdFE™MR’  particularly
" nsukidtidnteadney ctrbenis arli)e3x! yepraR@dn®s Cr (RM) (R1?),

Xx°® represents CR'(R') (R¥), wherein each of R! to R,
R to R" and RY to R"™ ipdependently represent
unsubstituted C1-Csg alkyl or trifluoromethyl,
particularly where each of R* to R®, R to R'?, and
R*® to R'Y™ is identical, especially where each of R
to R°, R'Y to R% and R® to R"® <represents
unsubstituted Ci1-Cs alkyl, particularly methyl;

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

Q', Q% and Q° each represent phosphorus;

D' and E' are the same and represent hydrogen or
unsubstituted Ci1-C¢ alkyl, particularly hydrogen;

M represents Fe;

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

(29) xt and x° independently represent adamantyl,
especially where X' and X® represent the same

adamantyl group;
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C. (28) X1 and X3 independently represent adamantyl,
especially where X and r; represent the sone
adanmantyl group; 1 represents -CH2-(B (X5) X here .n

‘,;(;3\25@ LBSENt S |0 a: am _3niiyl, especiall yP\ﬁQRiB‘%o@é%omb

r represent the seine aciamantyl group; X
represents GR t(Ry) (R'), X represents CRYo(Rn) , R X6
represents CR'6(R7) (R8), V\/nerein each of R' to

Y 1le’ R, i ndependentl|y
repr elsclent eﬂ%:lesﬁﬁgﬁhst&? %2 ?%SXC hereig kiﬂsa grepresents
tri-iataen et K adpecipalii ehbag! xlv\h:e’r erRACH Afed ol
R RO to r R1L and., Rs to RiB :i.e identical,
especF%?lW@r‘é‘“@ﬁEH of*®P to P.- G a to R ' and

R 'xt G:ebréeéﬁeg»em‘-‘S(RsméwbSk* tx@b%és&%t%r@b(ﬂ@"lw R¥?),
parti Cé.l| ar Ir)ésnet hyl ; and A2 are the_ sane

repr eSeMePTESENED- CRIG@”)@ énd""]@r%&’cﬁaﬁéppéséﬁtto R®,

phospkiér uss B2 aﬁﬁd7 R - tar eR]tBhe.Lrﬁé@HQeﬁ‘E‘Py represent
represent o-~rclr;:;clc.>. O unsuhstituted G-

al ky| VSRS GiIEHear v ﬂy(‘flﬁoge%lkm r 8p: r else-fijuoremptigl,

25 n pa@niddlarf1opraseat éa@HCbﬁpﬁat@ﬁlﬁnth to R!?, an
particylarly,cyclopen.tadienyl, and at . (29) X1 an

X3 i fdep&RdBnt I3F rEsPEdERt  acaRemiRlY, Wh@@%@p@bl aifl R*
wher ecgX’ @nd X3°reppesgit theg sane ag. a%nraangébrgggﬂgs
4W200710203 9 PCT/ G 2005/ 002915 64
unsubstituted C1-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 Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(30 x* and x3 independently represent adamantvyl,

especially where X' and X’ represent the same
adamantyl group;

x*  represents CrR*(R%) (Rf) and X' represents
CR'(R') (R'®) wherein each of RY, R, RS, R'®, R and
R*? independently  represent  C;-Cg alkyl or
trifluoromethyl, particularly where each of R* to R®
and R'® to R' is identical, especially where each of
R* to RS and R to R'? represents unsubstituted C;-Cg
alkyl, particularly methyl;

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

Q' and Q* both represent phosphorus;
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lii represents -Ci2-Q (XO X6 wherein X represents
adamantyl, especially ,where XL, X3 and X5 represent

t he sane adamantyl group; X represents CR4 (R5)(R6),
X4 represents CR QR') (R 2) X6 represents 5 C216
WORDTY020F7E€ 2) , wherein each of R' to R, RxC1I/GBRoé/@®2915
and R1' to R E independently represent unsubstituted.
C -C6 alkyl or trifluoronmetshyl, particularly where
each of R4 to R6, RI1O to Rli and R16 to R18 is

dent i wh h 10t 0
e TR e S ER R O
al kyl ,paprantuﬁ:arhylkwdmigbyﬂ,, . A, and. A2 are the sane

and repres each _represent
phosp‘ralljgr us%ln nggﬁh‘?%%?ﬁ}ér t\jiliet hc%lﬂ%onca?B aPénsthe
of theyglﬁfeych@mmmdgmyl dd 3@1%1@1 \Mlﬁh@b td&e%\/ﬂ at€ached
attache orm an uynsubsti tuted phenyl ring;

r epr eSEMT"s e Y %Slilfutgﬂdp]ﬂenWe priésent s

cycl opertpdeesyts rqparticularly izcls bst9.tutea

cycl ogl(:nt adi efyl and in = 20 0. (30) s .1 and XO

i ndep@ndefit | y* r ef6senf? ad&FRREFERLS o5 fGLEPEYLafERRY L,
X" an@a}ﬁﬁlbﬁpaﬁﬁﬁﬂhﬁd&t&@ﬁﬁeda@%@ﬂdﬂtaﬁ&@ﬁﬁl 2a"ha<2m
repre%ents CR4 (Rt (R6) and K4 represents CR16(R3-)
(R') "wherein each of R4, R5, R6 R R 11 and R12
independently represent C,--C6 al kyl or tzi
3uoronet hyl , particular y here each of R6 to R and Rl

FRERLS S 1i‘td efPRchint tdae cPEmy) afhedfe BadPR G0l RS
wRarard Ruls teauBi2nELPr a8RNLAcUNSHSEsi Todip! o Gis-

(dimethylaminomethyl) ferrocene, 1,2-bis-

(ditertbutylphosphinomethyl) ferrocene, l-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-a,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
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al kyl, particularly nethyl; Al and A2 are the sane and
represent -CH2-; QL and Q2 both represent phosphorus;
WD 20071020374 PCf X12006/ 002913 65 K1 represents

ﬂ&%ﬁ(ﬁ%?{ﬁﬂpr unsubstituted C -CF al kyl, par tﬂ&%}ﬁf)d@ﬁ?zms
y 0

rogen; D1 and E together with the carbon atons

the cyclopentadienyl ring to which they are attached
form an unsubstituted phenyf ring; Mrepresents Fe; n
= .1 and L1 represents cyclopentadienyl, particularly
Lrgangst iceat ée epoiiepead: aiileayd degadtmmg 9fréin Speei ddape

t.non--linttjinc exanpl es of bidentate |igands
%t%&nqﬁﬁé‘!‘%{?#l Lodi xnent 1 nclude the foll ow ng,
1, 2-bis-- (dituethyl am nonethyl)ferrocene, 1, 2-bis-

' .t but yl phosphi et err n 1- hydroxyrneth
é%otzr%flhgi rr%% ny%a%rﬁgl?ﬂgt h%ﬂgec];tl’ ocgfef%e, rfsfp‘ryg [ s%myen%lon
dubviideser tant uptrogkephospfimonehdy| ratbongteniesn of an

- Rydr.ox t hyl - - . .

Sy LR B et arared  SPFROTTS o FPBREHENS 103 i

drd-dtiy@ehh ot 1 p huosqpiwdatedmedmyurtd ifthe chEbee ndynoxide

1, 2-bis-_ (dicyclohexyl phaosphi nonet hyl)fe, rracene

i b e S e B BT hyis % gisnence

dif, 2 biagalyidi cyskepeast §éphrosphinr abet bykbsyher  0eaite,on.
- hi s-_(digthyl phaosphi nonet hyl ) f errocene, i

FEFBEBLr - Thonehgy Aot pt, ST e RTRE (89T Hhmious

plroc2ski sempdisiam. eichysltphbosphedametky| ) f exr ocene,

1,2-bis-(di-(1,3,5 7- 25

tetranet hyl -6, 9, 10-tri oxa- 2- ph. ospi xa

sadanbity| raehyiyokel r gcene, cdhtanhhg- 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 C;-C3 alkanol, including aryl
alkanols, which may be optionally substituted with one or
more substituents selected from lower alkyl, aryl, Het,
halo, c¢yano, nitro, ORY, O0C(0)R?*®, C(0)R*, C(0)OR?*?,
NR¥R*, C(0)NR*R?*®, C(S)R*R?, SR* or C(0)SR*® as defined
herein. Highly preferred alkanols are C;~Cg alkanols such
as methanol, ethanol, propancol, iso-propanol, iso-butanol,
t-butyl alcohol, n-butanol, phenol and chlorocapryl
alcohol. Although the monoalkanols are most preferred,
poly-alkanols, preferably, selected from di-octa ols such
as diols, triols, tetra-ols and sﬁgars may also Dbe

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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(di met hyl am nonet hyl ) ferrocene- bi snet hy! iodide, 1, 2-
hi s(di hydr axynet hyl phosp i nonet hyi )ferrocene, 1,2 3 0
t et ramet hyl phosphi nan-1-one) ) di net hyl f errocene, and

1, 2-

Woi 80H02eh79 1, 3,5, 7--tetranet hyl - 6, 9, 16-t r i oxaPQHGEBROSII2015
adamant yl net hyl ) ) benrene. Neverthel ess, the skilled
person in the art woul d agpreci ate that other
bi dent ate WO 20071 020379 PCT; GB2006/ 002915 66

ardd gﬁlﬁ%é@n bﬁsﬁél:\&aiqge%r‘@'f%ggg& g??éﬂ&i%'ga{‘é olmzﬁljl]a%ol

scope of the invention. Accor
argk gedpnofhe Pregewnt pHesarien aEcamozivudemeahqmdcess
for the carbonylation of an ethylenically unsaturated
conpound conprising contacting an ethyFlen.ically
Thingaaunat of edepbohdiwv ndt carboivaipn®endealand amounts
dr u ai gk n rrpou | n the ence
ar%y a cata ystgxggg/g%emgfasgtdﬁ% neq |n t K& pregié‘%f\?mcally
unaﬁz\temalted coopPred erabbey, catﬂt@qyrlad:eds Thua tlilequa:obohol

n [.0CESS npri sin e ste ed
boveV%S %agﬁq r?ﬁ c)yndrsb nd-‘ro‘-’hspg'@%ﬂt al?'llr‘ﬂt? th
de@ampdundeparauté Lad:ésren\n/at By oailsaﬂ ber gaatic nol ecul e
havi ng a hydroxyl functional 15 group. Preferably,
t he organi c nol ecul e haying a hydroxyl functional
Itgr waplneye beadpragdheddortldmneahe, amnd qmaspln'bsesOf arthe
I | ar | G - C3a al k i.ncl udi n
e B R (i o o 1 ST OF
hwﬂ:rpbrydmeroup mgmiea:smtb&t Idotr@ntlﬁdsebedt etf fwored Qwerused

T ot e S L RoRR s o S AT

profSrR25R2 6 hSRaproesKzfrd)iSk? &modgﬁnaedc1@£ rehdkeas use

oina}(lgth%alqo fe]_[r o(I: allé nols ar'e --C' al kanol s such
as et hano pecf anol ﬁr%%%%ﬁpoq d39pPBhShol |
i so- butanol, t- butyl al cohol , n-butanol, phenol and

TS MOIPCAP B2 ASOdliacd hoyoh e monoa. | ke, nale
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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pol y-al kan. ol s, preferably, selected fromdi-octa ols
such as dials, trials, tetra--ols and sugars nmay al so
be wutilised. Typically, sash polyal kanols are

I rom 1, 2--ethanediol, 1,3--propa ' .
‘S’?yzﬁﬁf"o ,7J 1,2,1 30 but=. netrri:71 2- et Hmannss
(bydroxvrethy' 1) -1, 3-propgraediol, 1, 2, 5 i:rihy-~r
axyk exax.e; pentaerythritol, 1, 1, 1.

sor base, gal act ose

i (hydr ox: yet hyl) et hane, nannase,
]{aﬁrw dé t%‘f%(g r h%ﬂ%%\r?%/e.f)oﬁreéf é"rq:r e"&laﬁu é%ﬁ SRR U Slu o sgiose
Sfhrilidteds el A4 2867 182887 $hPCHHG: B3R 00ES oagga_ﬂ'beﬁﬁm%r&n
| ucose. .Especi al | referred al karol s .are net hano
Y COOREAGR, S SIS (FPBF of PRRCHI e oF ths CHB( AR VB
ckhe GannpntvofIml eelell i6r nAorgbuhical codedmaral yVeh the
%guun%s 5%3retyse3 in excess of the a, of
B&ERyTENi 87 2y FUnd8tTr ot e FBBHEBUnd e complex may
regireepyibatpatc DRustidectfenfiole dHKI$EEVEnASHNGresent
.reac%Lon S°|V§£t as well, although, 1f desired,
HYSRFAPE SO E Sl SEPPeSentyskArt 10%) (thy |atgdyst

syRRERACiar efed hadrdime end product of the reaction is
determ ned at least in part by the source of hydroxyl

group containing conpound used. if water is used as

Tohec iy dpoxyésGr adPo LU AT Bb Ngheopuldrt heR dhheogNd the
roduct is the correspondi ng carboxylic acid, whereas

R : :
CREEOR| BOBP*LAC aFRANnBP PPEFdUtR PR e¥pohdinked with

aestielerti lgawl Isucal s@ betappeeci edathd hatoxtike BLOGESSHOE
the present invention may start: with a catal yst
98§ stS & NP ITbnp et sEBYESHi Hy Beeaoemat itaeically

lask. thye % BehewunBosRa 10 &) denpdebattt such rati os
will progress to values within said ranges clained

during the course of the reaction. it will of course
Taks Orde; ANAKS1Ghayeslihat bhe Lewalsieh115UChsaturated
conponents present _within the catal yst system may
compound to ‘hydroxyl group containing compound may vary
between wide limits 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 vatio 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



10

15

20

25

30

25 change during the process of the i.nveatio:;n as
further anobunts of sone or all of the conponents are
added to nmaintain the usable |evels of conponents
within the catalyst system Sonme of the conponents of
WOhWorepEPyst system nmay drop out of the syBCEGBOSIMNYS
the reaction 30 process and therefore | evels may need
to be topped-up to maintabn levels within the actual
catal yst system WD 20VI (261379 PC17GL20061002919 6N

S kaELdNOr ek BORLONE 1 d Lokl DEQDPIPCT Al eth Yo o
those_ skilled in the art that the phosphines
P&jes@cillfed olier etrvlemicaldnct Lopamsrdtigandsmphatd, more

A3t e, st O _t hg- Vi o] VI LB net al ..
S ind.. 1 Ggether "miER 1 RE® PadiehiRA 407 0 v
mcg asonpkex. malke s ofonptlxl ereycaligpr essntugeardd oftotheund.

hve a ' t.he, pr.esent. _invention_and
piRloeREbiye PALSI Mhe LA BRE LonbDUET b80e e 1
orjdfoirmedahdréi ho wisdtunshiedpronessndcicoridi nthet @ahbe 10°

7 presept i t. car,bon_ no i de y_be_us in
%Sr ZL%:‘qo'r rrlﬁ%lfgdé ]?élﬁee]{#% \;ﬁ'\/lyt’haloan ?%e?&gaglog cﬁr‘agera%dly’
10nT t Fogén,” caebon Peoxindéeonta atblyllenigasl guchsasurated

Smal | anmpbunts of hydrogen, typical |y |less
cot?ﬂ%g’%ﬂg% by volune, may al so be present. 15 The ratio

(vol une/vol une) of ethylenically unsaturated conpound
SSPh R SO Fitall V| GBel e iange Bre
catbOnyleoidn 16f pnebehpbiyidaldim hekweapaled tomdouhant
el o LS, SRR s oy dr o cont ol g
sodgkment Sudhabbe upoloeniss SMndliewc a&s cafeshy diekiXlas. for

SRR, SOOI ERIRA Oyl O AL 921 LB
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,l1-dioxide and 2-
methyl-4-ethylsulfolane; aromatic compounds, including
halo variants of such compounds eg. benzene, toluene,
ethyl benzene o-xylene, m-xylene, p-xylene, chlorobenzene,
o-dichlorobenzene, m-dichlorobenzene: alkanes, including
halo variants of such compounds eg, hexane, heptane,
2,2,3-trimethylpentane, methylene chloride and carbon

tetrachloride; nitriles eg. benzonitrile and acetonitrile.
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25 to carbon nonoxide is preferably in the range. '.:1
to 100:1 nore preferably greater than 1:1, even nore
preferably at least 3:1, especially from3:1 to 50:1,

\@ﬁgo(mazcﬂt:m preferably in the range from3:1 t T/‘b'iz(;%,o&@b
e total anmount of dissolved Goup VIII or VII

metal of the invention used in the carbonylatlon
process of the ethylenlcaTQy unsat urated conpound is
not critical. Good results may be obtai ned when,
preferably, the amount of WO 20871020379

Vgg/ q:ﬁ%%%ﬁ%oogx%l5apfb&ce ey M & ofla\Y:Ufé Bamefial; deg ki B

he range = nal es

Céﬂhi’@hbntbﬁtl ys uthaQWJr%u wl%ﬁ?y‘bum maye pysifefrabipl yn
ehd Qah % ADIBS g Mgt HRKed er ably }édlg L0 1’0%&2 ”‘gheﬁhe

per et hyl eni cal I'y unsat urated conpound
pPeeéet akrtqntemrte abbentdisfl epicddnt atansdemso uﬁ@lr ofa given

UL 54 i o TS oSty a1 SRl B
rhoib002, thestapreley abfya cbﬂﬁemsaexm«rl"tl'nml’eet Eebstrehee

a8f LM{:]@ sald %h‘é”égiagéfigéfdof PQ %hcgl?%egllgetra%)fh a

non-essent | he |nven
vaaubmn§f®3atdmie§fcran eVaylheni oad Ityleud$ale|¢tat:‘ed waogpenhd

q .
o8 sabicoro TR Shudfel boll oot Tl ceshgzal
rsfiehease f bpok$, exanbl esnethyy | Banhgibdadt ane; Cobhestsyy savfl
2395188 CHRIPLE, A SOLELC Ny toKh PRENYL GBI RE Ly, ana

tri dxanonane
pdbinbshgdt Iathmq pirecpaah, l9f5tb‘r,ofamdaare dsqndtibhylcmolted for

dkemﬁ%ﬁéf et#"%%oﬁ@dzéh@ S npLhyl et her ,0f 293,15k or
eéne-gl ycol;” esters, ‘such as for exanp

268t hyl Iacemai e trispbehyd mmeneuhw @lecm_toait eg lOSNm~2
o%l I '£5§ tféydlly be converted to that temperature and
pressure using the conversion factors quoted. TIf 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 methylpentanoate is 5.0
(at 293.2 K), of diphenylether is 3.7 (at 283.2 K), 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 K).

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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pht hal ate and bu:tyrol a.ctone; am des, such as for
exanpl e dinethylacet~mid.e, N-nethyl pyrrolidone and
di met. hyl formam de; sul foxi des and sul phones, such
as for exanple dinethyl sul phoxi de,

wai 2007/@p9 opy| ssul phone, sul fol ane 25 PCT/GB2006/002915
; tetrahydrat hi opher _e 2,2 dioxide), 2-nethylsulfolane,
di et hyl sul phone, tetrahylypthiophene 1,:1-dioxide and
2- met hyl - 4-et hyl sul fol ane; aromati ¢ conpounds,

Lr.oclud hal o variants of such c ounds e

ey ERECTI BT BRI BONIRHEL 0. SRERTH efighoxide and
cheXxyleatsl prXwneaerotht cs@banzene, 30

o--di chl crobenzene. m -di chl orobenzecn. e al kanes,
including halo variants of such conpounds eg, hexane,
Theptadeess2 mdy3-Hd | e@rtivd pent ath en retbykernd aprotic
chloride and carbon tetrachlori nitrites e

de; )
SBARSBRI ¢ i e oA AcelBridr VeV WBio B Osiss 7 §oksat to

nGa20061 002%ky dnYaliyisyi tadiudice 3pr okt C Bedstentis.
having a dielectric, constant that_ is bel gw a val ue of
PS@?eﬁ%?%YprE¥%§aB?El?nra?%%ﬁrgﬁﬂ% bil 3tpo 18 Lapndggors
pfedBdadiy FOBNM 2,1 i Aot B 15 pr@senbrepetexty the ratio
di el ectric constant for a given solvent is used in

(VY ¥) nEPREFS N g ot F%p?g%enting the ratio of the
capacity of a condenser with that substance as
dielectric to the capacity of the sane condenser wth
Dgspyaguliftf 8ECHPEPER rit. 1¥/aPHesetid tHa i dectigation
igonsiantss 18uef comMmR orgadhde | bgui s, cartbenkounddda
general reference books, such as the Handbook of
apKeRiSt BPLEAAL PRy sicds , A0t i6di G GR1E e diote FBPTBEF d LY
tRe Lbderetn alnseand published by CRC press in 1995,

and are usually quoted for a tenperature of about
2C9C or 253C, e. about 293.15k or. 15 298.15 K, and
TRMSPReRise HEETHHBe o, tBDOPedeXt 10ANOGR: on Ok cEaRs
readily be converted to that tenperature and pressure
"hemagerAtUL oA YEFSfact ors quoted. if no

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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literature data for a particular conmpound is
avai l able, the dielectric constant may be readily
nmeasured using 20 established |ahy s:i_co-ctzecri.c;

Wohoo7§8sApds. For exanple, the diel ectric consh 506;35291
O s 0 3 (at 204, 2 K). of diethyl et her oy
(at 293.2 K), of sulfolane is 43.4 (at 303.2 K), of

--nethyrlpentanoate is 5.0 25 (at 293 2 K), of
Ehen ylether is 3.7 (at 283.2 K), di met hyl adi pat e
Farigomyationys. @%Suke?enquenicéw aﬁmammrunthu & cpmpound

bat £38Rua @ f riet byl nonaeah eci s 293.2
Ky. A preferred solvent is anles%f' é“sdo %ngﬁd'
hydr oxyl group containi ng conpound |s an al kanol, an

A& Obh £S5 MM x M Imale Haengial
because t he estxelr cglra%inyl ati (3€1n(:i;%11r<t)E uc %S%%é @% Gk e
SEDDT | 02037 PIPTCIITEEI006! (R0 regctlionet hﬁkemb@é | g such

SSAS UL AL Bk & RO, rtgggeﬁvneéfﬁ& apd,, & o{‘e gnd the

al kanol is an aprotic solv The process

oo ke stpsat sughans e8&e9ss of aprotic 5 sol vent i . e.

at aratio (viv) of aprotic solvent to hydroxyl group
contai ning conpound of at least 1.1. Preferably, this
Tt G ea gy o (M Prl WIETBOmetahd nore cpmpberdbtyereos

JdHm 1 h al e}

ralnges %gr%ofggéinty%sﬁlﬁ{e% C@Jspl %i 8f:'he af's a(egé C?‘Fg Tt
inclyder ecebalEhatnidel cappildbadins, carhoidédmout pldatiden,
@absance, o r aggg%% apr,

aprotic sgﬁoegﬁ?gﬁh%? £g%!rl1er ate %Ee%rrégc ej‘gfr?'|Jtréceliutfag1
A5 bPéE - cat Bl §etl conpalihadiwd, thehpdmnt ainfv enp it rasd.
ﬁ%ferﬁgwge@ﬁ@u§qmﬁ@ﬂé’ﬂty%)s is a Group 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



10

15

20

25

30

By the. term "honogeneous" catal yst we nean a
catalyst, 20 i.e. a conpound of the invention, which
is not supported but is sinply adm xed or forned
in-situ with the reactants of the carbonyl ation
weenet/e2es19(e. g. the ethylenically unsaturat 2dr/GB2006/002915
conpound, the hydroxyl containing conpound and carbon
nonoxi de), preferably in &a3suitable solvent as 25
descri bed herein. Conveniently, the process of the
inteiiti oA s By theert alduigd acodt 8yd ddssaitddngciie. Goehdr

VIB or VI,IIB netal or, conpound _ t hereof as, deflned
SHEESH TRLE s Bi¥abPE” evgg’t‘l‘é%m? a8€13e"®nd et ufRe t

OPWAHRXYY JheUPgERE e NitkE reHABAYNASodatpr @tewvatlves,
solvent%ﬁfreV|ously descri bed (a particul arl

e (i ef PP VXA LAAEPRBEY H bBOFRES est AFd bFl%Rﬁﬁgybrodﬁ%ﬁo

vlerdth@a3n@6l hinC cofBl bosYy | @émﬁwm@qg @Ro8e Jwi MRt Pybile
propi onate for ethxlene WD 2007/ 020379

LiErfsEs 2606/ 00 £¥1Bherpl phgsbifrat 08n) 2akenetibseétlent 3

A 1RdebhBeBogOmPOUNd  gf formul a deBlenkl | as or
defined herein and an acid. The carbon nonoxi de may be

t%%@&haﬁzvﬁédﬁﬁg§éﬁ6§mﬁﬂléﬁhéﬁd”§h§@§’Wﬁléﬁeére i nert
in the reactlon Exanpl es of such gases include
hydrogen, nitrogen, carbon dioxide and the noble

ThiifsesthRICACAE dWGER. PSEPERB] e 16r GindovtBlorrgm |48 acid

ha[@.tr@ % %rKaan@ggnegadlﬁh fus Js%l\mlleh aRY 186 CQHbié@é’
a compound formu or i ncl ude cobalt

thﬁrbkfiel pulece] |pmf@ﬁﬁbiﬁohﬁﬁntkmratﬁ :nG‘rﬁSt eresrranly 1ess

tﬂgﬂ ybdeayny.ang § Ungst etanafd puek eé@;béc)&dlﬁ@‘ UdEss than
| bal t, nlckel pal | adi um "rhodi um and pl ati num

2Pre$@rta?é113ﬁ tél:feld@orrﬁéwéﬁfieb) the aagidap VIsFednesaprar
pﬁefje"} VWOL&BQ ta'&%eqfs e Rraber Qb phbﬁléfea als ﬁ some

G oup IB netal, such as pa |un1 Pre erab
otilipr @cadpsvah| 8s [ S aeées’éedaﬂwm gre dl@@npgaﬁelsting

oEhS%%QﬁlthySac%ﬁ?p%ﬂ&%bhorr: 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 aqueous solution
at 18°C of 1less than 4, yet even more preferably a
sulphonic acid having a pKa measured in agueous solution
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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b) is preferably palladiumor a conpound thereof.

Sui tabl e conpounds of such Group VIB or VIIIB Metals
20 include salts of such netals with, or conpounds
WOTRosds® Wweakly coordi nated ani ons deri vegtid®éRi002915
nitric acid; sulphuric acid; |ower alkanoic (up to
Cu) acids such as acetic @gld and propionic acid,
sulphonic aci ds such as methane sul phonic aci d:

chl.oro phoni c id, ,25 yuor.osui phoni am

R IEBFABHLENPRLE EL 420 LoLuorERM plonT Gact 8. o oo
wao:hda reghibhalcaae slulephnntcmeeﬂﬁerd otitenec s dzeiion,

ol uen honlc aci d, but
S8 AL ABHS S0 IFGRRy BrpanG  S6k pRoRPEDagpqaLkyL
aswbphonat @ddi on pxebange- r esudls; apermal ésc@ci desaehcas
30 perchloric acid; . hal ogenated carboxylic acids |,
bEgak S0 (FIGAH GRARELPTCCHNT LaRd EPi PRAST R e anion

iacigltu.ordihiepbospheiie aetdsaphosphenigc aechds astigh asd

benzenephosphoni ¢ aci d; and acids derived from WO

Ségﬁiwggﬁ%efg SETFEB2006, 1002915 73 interactions

betmeen Lemﬁs aci ds and Bronsted aci ds, other sour ces
rovide suitabl e anions |nclude t.h

ggt |‘E+?é’r %ha?%géﬁéPEd R&EEREh ety | Bbr éjtrelt&é?@llvaqq vege

cetgiypes f Iedret etr apenyhe boagheys Addiyisitenal | Yhe Z@b0ar
val ent Palladlun1 coqglexes part|cularly those with

TREBPI O | igdREs, TR, el pRaRy I RthodpRMnel ot diC | 88 ds

pEHEB 61y dfﬁﬁrnzylll oteﬁe;.@coeuoaﬁd%aﬁwd@%&lgr from 3:1 to
tri(cibenzylideneacetone)di pall adlu be used. 10

39hbs, RSt thecifd1PRheR PYRE&d) bysa s%P%Q&%ﬁFHQQOﬁﬁaﬁ01d

ad@l Salhavm@ PeRidid dTRRSHbLE bl GHUeRUS SRl Bhid0Badt is
180C of . less than 6, nore preferably |less than 5,

DREsErPrEtEr-ably | ess than 4, especially less than 3,
nore especially, :less than 2. Suitable acids include

the acids |isted supra
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 1is 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, 1t is an

advantage of the present process that significantly fewer
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15 Preferably, the acid is either a sul phonic acid, or
some other ac::.d such. as those selected fromthe
list consisting of perchloric acid, phosphoric acid,
me n y.L pho: phonic acid, sulphuric acid, and
wauloptieeni7e aci ds, even nore preferably a subP@hGB2006/002915
acid or other acid (selected from 20 the list above)
having a pKa neasured in agyeous solution at 18C oi
| ess than 4, yet even. nore preferably a sul phonic
acid having a plies neasured_in aau.:eous solution at
bygBrgfufess dran Formet i IHeHsPE predwiiall v thRe 28 ifor
reeknetedul-i entdthieod i straongisting oh thefakhow B¢ 25e
sul_phoni ¢ aci ds net hanesul phoni ¢ aci d, .
PEPARFE of D nBh dife SYLPRBARE Bicitdhe wererplidnesmifismnsly

ndghdr sBré&ti Ul BN@ALEndfidhvantage is that the gth
2%-h§d$ox,rrbrggine-z-sulphuriganaggg,lgnd %, 4" 8T

COmMPONEREF winigh tCRIRLRf theesabphont Gyrial wigsh may be
rBEgheeablhial e 2gdled !t Ehfrncr -roddiibell Witndininhi
, " Cnic acid. 30 The anion nmay be derived from or
SHpP{-eueeErt o ofe fspshoeatalofstan acid having a pl Ca
measured in aqueous solution at 18C of |ess than 6,
nore preferably, less than 5. nost WO 20071020379
PpefeeERb0s/ 0029 156 rnygesfienablig, Ilceszieflanodt at a

cespechally besselPal; 3,14 83!t nn@ré:a%.fé)féfaﬁlﬂgf 0°c
does ngt interfere wth the reaction, e.qg. neta
teal L4006 | @vpal y morganbeeseralslsucty®ds apkyl40°C, most
pi a ecynges, such, as r, that- ca
pggg?eglgf%om%@lﬁdgo rgg?tdlson co%%it?o es.g]?%ﬁd%n rafeerF g
tgmberatire si L. Suet ablbesaoi ddeamgesal t&°Cncluede 13EC.

' |t l I ntiLty. o ni on
AETLI SR T RIS R BTN L 80 O
mpflerfee camleypsitugpstem The nolar ratio of anion to

nmetal may be from1l:1 to 500: 1,

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™2, more preferably, 1 x 10° N.m™® 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™2%, more
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preferably from2:1 to 100:1 and particularly from3:1
to 30:1. Where the anion is provided by a conbi nation
of acid and salt, the relative proportion of the acid

WwB%dRkds7d S 15 not critical. As nentioned, [JCH“R}B2006/002913
catal yst system of the present invention is typically

used honobgeneously. 20 The gatal yst system of the
present invention is preferably constituted in the

ﬂtﬂﬁQHéPaJ& S§:2 WY of payyhe Fornpd m%%tta%%efgraﬂf’

e reactants or by the use of a Sui
The Aol &N.mati o of the anpunt of ethylenically
unsaturated conpound used in the reaction to the
anmount of hydroxyl providing conpound is not critical
el ey heniyrabéyweese twiaied icompsynds gnayf fems0b8@itdted

g, bo e oduct car bon tio
égag:l?}qon us‘%#@éﬁﬁl %ﬁ r%poruc?fs t%ve cflen{/ q‘?’ﬁ%% the
SEnedrat gdofip oarbbhe ot hMrtmrIpmmgntsmbybhey sabstabhents
of the present

er, an __advant
pr ocess% ;i sflgn% Yeantd¥ o %W%%WM@S?@ntmnmg
m&fﬁm&wmm Hesllhgespr cmlﬂ@harar ehbepnetud hebﬁ;kaden
u1 hen d f ffctlon
Iglt se%‘gcr i Sﬁ 8 ‘ﬁ?"oea’llf@t - Hﬁ? Bg oride,
lemmjleimed 1by?l1dlae @Mem@}dmwl gnalkeant | yarbogher amino,
a‘c.'n%lcf [ Vltt% é fu(gt er. dvan%ﬁg s that the other
conponent s “whitA contaim, °h %‘_i" Yt FEPEPEM whttrLLe
ey leeicagtycl edaatd:/mte%u%ﬂpoﬂnﬁﬂr t hiefc1@aCt | 8fi%ene,
c;henrgn n‘B}.{| supp gentatlondof fresh catai/ St.
BB dbl Y T e caPH yCEPPEHAT 5S¢l r32dV YT atcetetagy
Ite:mmreat uraxeaie, beidmeee dkQetho, 1008ecsny e dS@ieadl Yetc
to.,140C, ev %i J:preferabl%lq 15C. to 14' 0C, nost

;Pr elf-‘er aHy 26c t AR speei Hl | PG et @F . 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, hexenes, octenes,
e.qg. oct-2-ene, oct-3-ene, oct-4-ene, decenes and
dodecenes, triisobutylene, tripropylene, internal Cig

olefins, and internal C;s-C;3 olefins, 1,5-cyclooctadiene,
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tenperature is one chosen between 80C to 120t _
Advant ageousl y, the carbonylation_ can be carried out
at 15 noderate tenperatures. Preferably, when
operating a | ow tenperature carbanyl atian, the car
wohapn i s carried out between - 30C to 48Q/GRDN&@002915
preferably, -10C to 45C, still nore 20 preferably 0C
to 45C", even nore preferapjy 1.0C to 45C, nost
preferably 150C to 45C, Especially preferred is a

a5 to Pr ef er abl t he carbo lation is
BMoGh el ooy TPETRRORLE (Ao PBCBRe Dot oS-
eOgQOpantazﬁeﬂ& mi2rioe90 x 105N.rf2, nore preferably,
I x 10 Nm2 to 65 x 100N m2 and nost preferably 1
to 30 x 105 \.nR. Especially preferred is a CO
Thar teltanlylphessm)e Qhsatlios 248 Xcé;ﬁbou?ndfiris pr%@erably an

g%efer bl kom%f §ssure car' ronylatlon is a
Visa nIgr e abl y CAhHeR SRt i Agual ?ov@%s@@é
measbohy ] at [ QNbrt-l]]ﬂnﬁ.&ﬁ.nfBOEyékaﬁlpDéboi ?ﬂar%dl%&m%t h%@leﬁgs
arti ssure o et ween to X thnri
1001"%‘9% "%69 %@d?’?@gpcw Botasegasnes A stdrdrabBy
b@tidiéhé X ll@SNy&Eo@@@adﬂléﬂe pr ef, gt@@&yo&zéadlfénel 52X 4g-
105N, r n- Th% et:23y] . E n|-taIIy urisat: urated

%%%%%ﬁ?b% mdy S5BSEEBEt$R4rt ed- - I5hErARBIISUbSARTICEd arly

1ys thutesOiups: .as defined above for the "aryl,: group
above. Particularly suitable substituents include
al kyl and aryl grouns as well as groups containing

afeties0at pRBFSHedl ascddades, Ul pHyaturaespho rdé?mpoungs
Exanpl es of substituents inclu

§%¥gen and ni t rogen.

tHeOT 1 BB YAT RS .e&HF-aé Sd FRIhBRLLCal kedds and

eSRERNOXYE @RNAratdfll d8rbdkyT & £HRR0, EOlex@hpie, the
t hi oal koxy groups. Suitable et hylenically

SRR AR BT dbAsOPndl GHiedT IRSfer 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 diesters,
diamides or diacids, etc., which may find subsequent use

as monomers in polymerisation reactions.

The use of stabilising compounds with the cai:alyst 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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propene, hexene, vinyl conmpounds such as vinyl
acetates, heptene, octene, nonene, decene, undecene,
dodecene, etc '5 up to C30, i.e. having from2 to 30

,ﬁarpgﬁ 0394 OB, which may be linear or bra”%ﬁﬁﬂnﬁmmﬁmyb

cyclic or uncyclic or part: cyclic and i n whi
doubl e bond may take any SU|tabIe position in the
carbon chain and which incl’fdes all stereisoners

thereof. 20 Moreover, the unsaturated conpound may
P\*@ﬁf@ltﬁtely@r theretoghRs athiearadabontssarien hsrdiusies, ifrora

agtﬁoﬁaggﬁlﬁﬁ a%ﬁ%@?ﬁi_ﬁaaiy HASALUG gggglv%d in

npoun s extends to di enes saturate ond
arayldw-d rearmigEs  orsater @phamerxmedmezraaal:ybmsgscembh

dhes L pyantd;e 9l %e'aa@ile oj[ egt%&lﬁad%nggarfgfeg Ny# Nene

Conver si on i nterna artic
@rafrerylecdard diEeets Lhavi ngtdk ommPouod22f theboatalyst

& | £ hene, propene, 1 30
%%tane 5hggtg%g lgéﬂﬁg?g?éSLpentenes hexenes,
oct enes, oct - 2- - ene, oct 3- |re oct - 4--ene

.n‘%irﬂﬁ%ﬁ‘&f QarineResti  hRR Y| & CeodlpR RYpe e

Jﬂ.QEBZtG-)DIJI @O tngedi mtpr\ﬂ@e%ﬁé 0020878 fC Mﬁ%Zﬁ@eﬁdm&%&br

T BodeRege, CHELDY], Jent SO0t e 200, PELER® caction

pﬂd@ﬂqﬂm aalmyqumdafurmtmﬂydmapmmsuihle piehevabiysavilved

15 alk % aV|n911 é’dil% Qon car bon doubl e bonds per
exanpres of suitable dienes

include the fO||OMAng 1, 3--hutad.iene, 2--nethyl-1, 3-

fﬁ%%}%ﬁ%%%g&%jélgggﬁﬁa t%%'gga%?é%éulq¥9|gagéggleggétf%n
nostitumcul dewty 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 is capable of stabilising a
colloidal suspension of particles of said Group VI or
VIIIB metal or metal compound within the liquid 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 in some cases. Portions of the
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10 1, 3-but adi ene. Another preferred category of

unsat urated conpounds consists of unsaturated esters
of carbo.'zylic acids and esters of unsaturated
carboxylic acids. For exanple, the in starting
woatoerized7omay be a vinyl ester of a carboxyl pCT/GRBNE002915
such as acetic acid or propanoic acid, or it may be

an al kyl ester of an unsatmyrated acid, such as the

met hyl or ethyl ester of acrylic acid or nethacrylic

p@Ehfkr 0 AJMLOGE BEef ried CAlegar Yo Hnsaturated,

conmpounds  consi st's o cyc enes
mefali napkkycked ugsiletr h@ﬁy"ﬁaﬂamﬂa?orofexamsl éisphesant

&{)or naglrgg‘ il ? % g%se@g’ar@ éﬁ 5 ¥ ?ﬁeﬁg’yo%a. Ligid

r%ﬁtQﬁ:lOanetdlumaylnﬁi ad subsemwmhmshsp&&saa ODOQBHEVS bA
Nl CR e DL OREL TE FEE

conmpounds Al Y ys
threnesl ks abfi rthenmetamtng ro&cmter:yeacn‘tormtc?éad WibLdedasna
he 30

%%?{% t fromath o}ga}a,% $yst When i )
al yst” Systers Ut T} Al §AFGIFLERt Rhch may
gredi logm csm:ismrabmﬂ [ gartgialmpwrcﬂdSevrmytuaﬂiﬁySt:oaQﬁDé{@éy

of th Grou or .V 11 tal. WO 20071 020379
SBEr) E’:@% °§8 pﬁFEf-‘gE%ﬂ JaYt GBFor 8VeR hdn  the

pmetmio@tofsystsemwmbudmpefs@t lHuguintheheabi anspedsaki
e aqo y c di spegsaPt di ssolved in .a Li qU| d carrier,
5 p?g}%rrerloélcﬁp Pers¥ht bl ng WUPABFE of then  such
agsjlaimelnasung ahooald obelaht swsmmh@lélgf 1B@r !l.éGéESalQéi the
5.Gou I B metal or netal Egoundo t he

2GR §‘tt %Latyer#%“l hP-¥ heP P i ds%a Per theie M9 UPY

bt upnamadibe petike ed selvedrdQr tiheqgifgacsd on or
may conprise one or nore of the reactants or 10
reacti on products thensel ves. The reactants and

THeeagldl@Meric 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

polvacrylates oxr heterocycle, particularly nitrogen
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products in liquid formmay be mscible with or

dissolved in a solvent or liquid diluent. The

pol ymeric dispersant is soluble in the |liquid reaction

wo 0B but should not significantly i ncr&gﬁgzgdagowb

viscosity of the reaction mediumin a way which woul d

be detrinental to reaction kinetics or heat transfer.

The solubility of the di srﬁé’rsant in the liquid nmedium

under the reaction conditions of tenperature and

prieaanvelehoul RISt Be @@hgjﬂe@}tl asPeyTeRstser such  as

abgm fGanh ot heAGSOF RI-RA e{e tﬁies Beh2allia.

['ecul’es"0onto the netal par%’mc polyneric

d| spersant is capable of stabilisi ng a colloidal

%yé:f Y OQfOfsu%rtI%&lﬁt%ﬂfc Stﬁ(i%egsﬁﬂps ;lalyorbe delected
Il conpound™w thin t

feeaet i on nedpgdvyashlpyetoltidenget al part |pcolla'sctmlamdde,

cat aI y are he i :

R e RE | TP el Uy R iPpvetne,

mlsxmaqyg@@ from:idhe reaolmemamgrllw t h dadiel,| i qupadly 63 -

EFSIATR00a0d: 0Pt 0Bl Vol ot sigcuise 300 B NG ine,

mla/ﬂommllllyeof col | @|Odal-Ld$¢nanm,ons e.oplyvi-h- tYhQSJ.ne,

. p cl
e e e R R ek
200%1.020379 PCT/ GB2006, / 002915 7.9 poI yneric
di spersant are adsorbed onto the surface of the netal
particles whilst the remai nder of the dispersant
Gidhesc ul ssitalehai npatlymelam parspeatdantsol vated byttdgen-
t di d i th| th i spers

Ig“#pq\}f‘ % I%ﬁ F_IE rreta ? pg?’tl C %I\é@%%lez%tlebl I segtqne

agpet s smixtmzmg emd ttheiwal hetlofds hefr eacdparasionn are

. t I t
SFACLILAIo00 SBRSEE AN s BOSLIE 1O on BRI o
paf¢riegices and Fespgwtleal | gt coaguttéctla 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



Sonme aggl oneration of particles may occur even in the
10 presence of a suitable dispersant but when the

di spersant Dyne and concentration is optim sed then
such aggl oneration should be at a relatively | ow
waoeaelo2e31dl t he aggl onerat:es may form only POUEBIY6/ERI1S
that they may be broken up and the particles

redi spersed by agitation. ?&~ The pol yneric di spersant
may i ncl ude bonopol vhers o copol yrmers i ncl udi ng

égg mers such as, graft copolyners azid star polyners.

‘fsp%r@'?oéwawapler?ee pSPPnEr ¢y elilygendnhnre hagits Of the

£ddifii1el @AY | ¥r afi €l GOknBaBESnEMNE i QRANET Ynd oot
subs:::an:tially stabilise the colloidal suspension
of said G oup VWor VIIIB netal. or netal conpound.
25 By substantially gtabilise is nmeant that the
precipitation of t Group VI or VSISh netal fromthe
solution phase is avoi ded. Particularly
preferred dj rs pose 30 include
acidic or si ¢ pol ym i ncl Wi aci ds: sul phonic
aci ds; amines and am des such |as pol yacryl ates Cr
heterocycl e, particularly nitrlggen ' WD 20071020379
PCTf GB2006/ 002915 80 het erocyc substituted

pol yvi nyl polynmers such as polyvinyl pyrrolidone or
copol ymers of the aforesaid, EXx | es of such

pol ymeri c di spersants nay be. selebk$p 5 from

pol yvi nyl pyrrol i done, pol yacryl ani de, (1)

5 polyacrylonitrile, polyethylenimne, polyglycine,

pol yacrylic acid, polynethacrylic acid, poly(3-

hydr oxybut yri caci d), poly--L--1eucine,

pol y-L-net hi oni ne, poly-#-pro ine, polysL-s erine,

e
TN T

HII Hll
NH, HN\\\//,L\\D 0
0
o H
HII

Further compounds described are derivatives of

(ITII)

10 polyvinylamine which have aliphatic nitrogen-containing
groups on the polymer chain and comprise, as the
characteristic structural element, units of the formula
(IV)

15



10

15

20

25

10 poly (vinyl benzenesul phonic acid) and

pol y(vi nyl sui phooic acid). Qther suitable polyneric

di spersants are nitrogen- containing polymers which
@?gmﬁghgg;lizable in the 15 reaction m Xt up@rRRe0s002915
theirr nethods of preparation are described in
EP1330309 whi ch are hereby incorporated by reference.
Exanpl es of suitable polyméRs described therein are
pol yal kyl eni m nes, in particular polyethyl eni m nes;
pol , nrinyrlam nes having aliphatic 20

ni trogen-contai ning radicals on the pol yner chain;

pol ymers of ethylenically unsaturated ca:rboxam..de_:
such as, poly (nmeth) acrylam des; polyners of acyclic
or cyclic N -vinyl am des such as pol yvinyl formam de
or polyvinyl caprolactam The pol yners can have

di fferent 25 nityogen- t ai niigng nononers and, if
desired, nitro s in one nol ecule. The
ni trogen atons in the main chain or in
side groups. In the cps of| slch pol yners cont ai ni ng
am no groups, they befdR foMNHzexanpl grvsubstituents
such as al kyl, aryl, aryl or 30 pol yoxyal kyl ene groups
on sonme or all of the ami no groups Preference is
giman tR4serg pelysthyd eriuivaes eaSarsol gbi-d vzl  of
ni_trogen-- containing polynmers. They WO 200910201379 .
Q@éyméeﬁi%zgli’hlgg pr EPBPELTS conPfi seChpBACteristic

fehyetRyh eal ghae-dinivns taf ot hene fryrialav(1.) or (111)
or the branched isoners thereof F\Ix F S J] (I) FYi

101,
#\ R
@] (0]
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 herein 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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LEE ~ ~'"~i 3) Further compounds described are
derivatives of 10 poly inylam ne which have aliphatic
nitrogen-containing groups on the polyner chain and
conprise, as the <characteristic structural elenent,
wimedosoms7ot he fornmula (1V) WO 20071020379  PCT/GB2006/002915
PCT7GB20061002915 82 NHH Nit (IV) Still further
compounds suitable are derivatives of polyacrylam de
whi ch conprise, as charact&istic structural

el ements, units of the formula (V) 10 f3 NHW NH2 (V)
phbsphpaid i cldrakkymplef v+ ed-Ppol VNEF, | SNRuNi dat-ed -co-0-
pol yet hyl eni m ne as _described in 13303Q9. ot her

al t'éfnat Teear e THE S0l uﬁ?ﬁrzaﬁlilgf%%r b‘o%}%m d"é’g/or be
sdBseLtbesh i By Ushoubli fatkorurB08o1a1006048(0 anshtalining,
such 20 carboxam des are incorporated herein b

LPBf ePEHERLS CeReVEP Yy, ThEr i hox&H-d8E dfR Ysedalogen
aktbgsein have at | east one carboxam de group of the
formula - CO N< Such carboxam des can be, for exanple,
saturated or unsaturated, aliphatic, aromatic or

vargl hphat o LaRPewRds 38 FAMIdRRIBES, aib€losed therein
car boxarni de can contain one or nore heteroatons such

and BRYHeH, O t FHRIKATLGRf GFOBP 9D Pod7iernsirg Peri< in
£7112006/,9Q2918 83 pRospher wsaqihOFn Y8130 _, wSu-
-NI-1-, -NR-, -CO, -CO-0-1 -N, -CON, -51R2--

dipRoy b emiseRY and/ oM /B dipgeaYlaqatedisy one or Wole

d&ygeﬁféﬁgﬂadﬂﬁgﬁﬂae9ontainﬁfﬁLdibutylacetamide, N, N-
diisobutylacetamide, N,N-dipentylacetamide, N,N-
dihexylacetamide, N, N-dioctylacetamide, N, N-

dimethylpropionamide, N, N-diethylpropionamide, 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 c¢yclic N-vinyl
amides, for example oligovinylformamides and
polyvinylformamides or oligovinylcaprolactams and

polyvinylcaprolactams.
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for exanple, oxygen, nitrogen, sulfur and/or hal ogen
;5 atons. Very particularly preferred ca: rboxam des
di scl osed therein and havi ng one car boxam de group of

W8S @ -CO-N< in the ol ecule are PCT/GB2006/002915
N, N-di met hyl acet ami de, N4' N 10 di et kyl acet am de,

N, N- - di propyl acetam de, N, N- diisopropyl acet am de,

N, N- di but yl acet ani de, N, N_ 84li i sobut yl acet ani de,

N, N-d: t pentyl acet am de, N, Td- di hexyl acet am de,
Rrffedibly y| boet apideeriN; Ndishemtantl prowrponastesd. ecidic

£ [LORI; ] N
él pr opg'l prr%c&%énz%m déel?%%fp %e%ﬁgn&pr%rgyﬁ)?%pl on mpalymer
Negkbodle . di buPyé@exﬁmlo/namuim Mcidic moieties have a
I ro N- ent yl a

a:i%f déh%xy%pfopc’?l Tam de?gKg %fj 31 Soct S;Fjﬁﬁopi% @n  fnoye
pleefeﬁib]&u tladsse tdeanpl.6s mbsol pg@fmfabayanéspoltuaﬂr Bes.
ga a%J des %i en.are acylate oI| geaglmnes

h Va1 KyPenPRFHes™Of A 1at ¢ %YfFa atggscctation
obhgmmyl(pm)m hem@ndfpeley;et hythaani e mesmoa@ylpateedrably

[ i goyj nyl nes.and rzoi l.am_nes; olig rs and
g?’%o%ﬁ%r g r'Tb)f 2B hYPRhi RE %‘%/ At TPt ég‘agagggxam{de@d
bry beem@nmbasofe@o]acr@ulmdeemm poilyacoy | @m ks . or
ol i gonet hacryl am des and pol ynet hacryl am des; and

ol i goners and pol yners of acyclic and cyclic N vinyl
&mi’dﬁslefq:(ol@nalﬂ‘ﬁ)be @iskp@msjnmgl f onhamdigsiand 38 being

%?Jr%%jcepy:lnn ecaﬁ?%cqloa .gediun  ghqreaction conditions,
POB YMEiathYdaeRPHAR . ACLEITS 02200 THO2937 7 either within

PCTtG%%?ﬁgI 2%%5 84 Preferablg t%ggfol ymarl c

RESPROF P ACIBF BiRe nFeffgs found
’e]iletthepopﬁméilaant iforotrBictAnghacpal yaer ambaskhengties such
gsr e%%i%@'ié{yléﬁﬁoﬂ%'d%h% E!V% | easn aﬁ)/oelyacrylates such as
polyacrylic 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 is
preferably in the range 10,000 - 80,000, more preferably
20,000 - 60,000 when PVP is used and of the order of 1,000

- 10,000 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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di ssoci ati on constant (pKa) of less than 6.0, nore 5
preferably, less than 5.0, nost preferably |ess than
4.5. Preferably, the basic noieties have a base
di ssociation constant. (pKb) being of |less than 6.0,
woroE/0pe3ef erably | ess than 5.0 and nost pr ef@rapi046/002915
|l ess than 4.5, pK3 and p; Kb being neasured in dilute
aqueous solution at. 25C 9 Sui t abl e pol ymeric
di spersants, in addition to being soluble in the
reaction nmediumat reaction _conditions, contain at
Thea 4 BITe S&E O WasPt MoFebyMeERt hBAYWthi Fecqvrsed
pohy Mefe hAGKRGNEs tQfcaasS RnpeBdaRt-ofr QUR. B Rave o foung
15 that polynmers incqrporating acid and am de noi eti es
f%&&ﬁat%@npéF?vitﬁlﬁPpﬁl&F‘FFd@ﬁépPF’%@) CAn@TpATREEEFREL 9T
reUgheasas POA y-adathise aghd Lo ar@oRakhicyh@r!ly 1 4
suitable. The nol ecul ar_ wei ght of Fhe pol ymer whi ch
CPELIDIPED| PTPELSHSERS nlJthPelqg NS &R0 NEE p&ed sCuipBn- atiesl
t ti 2 | t bi.Li f
R Sher s e o R T ket SarHalTy Phes
mayerkgye capvegierl Wwei gincate | Bsktenshafod 0¢heomalladium
I Lght is in the
oE ‘ré%gi:ét?o%rb Ll_ﬂggsﬁg’\ég%g’gf%%ﬁp%#;e EPE'EFS,, 5,000 -
100, 000, nost preferably, 10,000 -- 40;000 e.g. Mra
[ f (YA h : - : 80,000,
PE%S%%?E%@%%%%& o8B0 iren AvB"; STL90R nd ar e
lthe agddefVF: 11, OB e -Prfgedlin besweanelofl PAA 4sl,
ecti e ' fq t j Sper sa it hin th
BT Baet T re e trk Shaul d be et Ay ried Tor GamY, Ene
ppéuvel ongtalat albpst ratyist emwhitch iis twp béouséd0 0 WOmore

SRS B, OO RIS e O g e
t

oup net a recoveréd fromthe liquid
:reamrenoved fromthe reactor e. g. by

Preferably, said reaction medium is a liguid-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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filtration and then either disposed of or processed
for re-use as a catalyst or other applications. In a
5 continuous process the liquid stream may be
wbhbHldl;ef through an external heat - exchanqpcrr/(%g%mbﬁb
such cases it may be convenient to locate filters for
the palladium particles in these circulation
apparatus. 10 Pre .erar,;|lws the pol.yner;netal nass
ratio in gig is between 1:1. and. 1000 1, nore
preferably, between 1:1 and. 4001, nost preferably,
between 1:1 and 200: 1, Preferably, the polyner:netal

e sEQHqve tich egegoles andt Hi4006 ﬂmt@erpnéiesaml;e e
BEeAD0 (A QS er alh¥se URclf, 12%0 B Mdrea as
sal d reaction rredl umis a 1i as reactlon Tedi U
bk pkelestasitiviet 9f qﬁpﬂcmasemamallﬁuotsllnssgs wmhln
E20k) Ay iRl .20, EY ghefail sy M LA GG T pe
medi um the am csvnt Fee acld pr esent

ieriagmast hani tsnadiee whoefier sdmloschrrleeu:nl gtnxco’rdo/r .ned
with the phosphine ligand, is greater than SGOpp: m
nore preferably greater than i 000ppm nost preferably
Ryrceateerl tHaws2@00ppy &5 TOr vtshelxcmfbiﬁzbancaacamblaeyl -5

, r i D ei npef or
%@J%uﬁ%ﬁ %%?agyg?e %o &n%y%dr%gﬁéd g?he rj?o the
M$ﬁ)fexm®lpse$@WM| Avemabde ds sebleut2 g ,data

e%%]a ¢h.features are inconpatible wi.t:h the 30
parnh cul'ar "aspect "or are nutual ly exclusive. Al
docunents nentioned herein are incorporated by
ool Rranteet BeLgl W} 2097/ 020379 PCT' ! GB20061002915
86 The folrtowng exanples and figures further
illustrate the

Preparation of 1,2-bis-(ditertbutylphosphinomethyl)

benzene

CH a CHQ
Hsc\ I
/CHS

C
C
H-“!C/ \P/ \CHa

CHa

o & \ CHs
o™ | | }<

H;C

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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present invention. These exanples are to be viewed as
being illustrative of specific materials falling
within 5 the broader disclosure presented above and
are not to be viewed as linmting the broader
W) ¥ereeiiPe in any way. Figure 1 shows a pl BET/OB209€N2915
vs ACCF for exanples 1 - 5 and 7 and conparative
exanpl e 6, based upon datg,fromthe 10 series of
exanpl es shown in Table 1. Table 2 shows data from
exanples 8 - 1 Preparative Exanple 1 15
PW@%%F&Y% Eﬁ‘?“.“?]’l.e 2 of 1,2-bis
{d: Lt:e:rtbutyl phosphin(c)nethyl3 benzene a N | r;
~a> F 1:~) [,2-his- 4li-tort-buts phosphi nonet?ayl _,
PUfEFEé©30 The preparati 6 of this |igand wad ®afti®Ed
(Dite thiy1 b ABma A BNEFh Hphe heseeh 1) AN Q44528 in
accordance with Exanple 18. WO 207M20379 PC
VGB2006/ 002915 87 Preparative Exanple 2 Preparation
TH Ardodifrilcl -of ditRE e t1R¥hnadapan tytd: ddeossphiis703l
e thyl) . f erro_g ene The preparation of this |.igand
MARRETcatt FEHODRE ilA t HE Qé299§93éhsc%%séHxFﬁdﬂﬁce with
EX3p0@3936, in accordance with Exanple 1. 10 Exanpl e;
1-5 and 7 and Conpa aticre Exanple 6 Preparation of
nmet hyl projanoate_ from ethyl ene, carbon nonoxide and
EXERiNABON - sahah Y5 ethPecRpa Hgi O Bhgkegent :

. nvea-at:.ion
Preparation of methyl propancate from ethylene, carbon

monoxide and methanol catalysed according to the present

invention

The continuous process exemplified involved the reaction
of purified streams of carbon monoxide, ethylene and
methanol in the 1ligquid 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

propanocate 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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15 The continuous process exenplified involved the
reaction of purified streans of carbon nonoxi de,
et hyl ene and nethanol in the Liquid phase, in the
f e, ~catalyst system to generat
‘@ggﬁﬁegﬁﬁfoduct met hyl  propanoate. 20 Thenggﬁ?V%ﬁ”’b
was carried out at 103C a at 12 barg pressure in
the reactor vessel. The catalyst systen1mas made up of
three co nts di.um sal
CHOORHT ek (0N e B AP R L PReoF L e ok yspechyl
pESFRONEY TeduBes. conbi ned together and dissolved in
the reaction m xture, constitute the reaction
catal yst or catal yst system a honbgeneous catal yst,

THEI Edactanveksted dhssolued keart antsgitatdie pradEtio a
methyl 30 pronanoate in the |iquid phase. Durin

meymt | Aol oPET A GRY tHhé @@F&ng?dde%nﬁaéé eelgﬁcaed

151 @ hifpest eadspat €, arand owashkepbacast by addi;Ageh £ o
WO 20071020379 PC TI GB2006/ 002915 88 catal yst, or the

9%t EEOR  HaReFRRFF ofeSite preadarRce met Rl FRopReiat®

of edugBaurtN@ I e8RY DEny e 3L lcavBsn f dh e g t kl/a@nreturned
agitator, and also a 5 neans of re- C|rculat|n

R TR Yg4e FRALITRNVCed ARnctHE RipSt aﬁe&%@pﬁ%%e

s@@@atﬁﬁttfﬁbr§5§tﬁﬁss&¥ﬂgrﬁ§ﬁﬁh©ﬁ t@as rehewk bhenixture
react or vessel headspace, which was made ur: of a

COR 5} B -et hyl ene and carbon nonoxi de, was returned
continuously to the reactor via an entry pipe at the
base, 10 such that the gas passed up through the

URQact FHTRGH UABEOCoREE nUERRISPT UYSHSEAt eF%ﬁg 3% 0 ¥R

aI SAAQI RS $ele LRErg8Sr Was-o disRehsed1by . t henaghli oty
into fine bubbles. In this wa
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 been

used up in the reactionm.

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 propanoate, a
stream of reaction mixture was passed continuously out of

the reactor and into the distillation column.
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15 the ethyl ene and carbon nonoxi de. were dissolved in
the reaction mx. Fresh ethylene and carbon nonoxi de
gases were added to the re-circulating gas to nake up
for the amount of the two 20 gases that have been

Wi em7/g3ty the reaction. Fresh nethanol was rarss:@edeels
continuously to the reactor vessel, in order to

repl ace the nmethanol that has been used up in the
reaction. 25 The reactor v&ssel held the bulk liquid
reaction mxture, along with the three conponents of
Thge dhohblhericious codanal yeeindei mgnglpaktadé unflsaht’, tazpe

apBesphi e | %mgmang;ro@lagapfaonhgaﬁg' die 38e£>a a% [0 7

to recover the product pr opanoat e,
fréa§%®@n0ﬁ1¥h©rmeWhuﬂ gas&edoabatandometwammm mﬁmpdmmats

e or,. tqQ it i1l | O I o .
206%%%1203 &g 0“‘”&% izftzflfb‘ 3{542? B?gr??s‘g‘g%tel\fg dissolved
cately$tapomponemﬂﬂ|anThbeiwgsaashﬁgbedsbggeabbkashng a

fEXBE%%? éf éﬂ frac |on 8%*Fﬁ%g¥%$ﬁ§F %?%%ﬁi&%F?ugﬁdthe

fﬁeshammﬂumnnpon@heSpamt tdfe teactieantibxt nietfremwbhhen

o] at; i ssolved 5 cat st _coppongnts. Th:i.s
Q8 A Y BT e T FrERbeBalBe iRt ehdinen
anﬂXWhiehastlllpa@ﬂEﬁJKhﬂmmgﬁulheatilﬁﬁﬁléﬂﬂpﬁﬁéntEhewas

the reaction mxture ined as liquid
rBE 'tlrne%as& ng%tahrléﬁa%tcﬁwevﬁiéﬂ il uﬁﬁn% ah® V\lrﬁat,tﬁ%YSt
cempbdhecontaiuied tagef phric dtraltyst onegpLne Nt ctdas . 10
returned to the reactor vessel so that the catalyst
conmponents coul d take part in the on-going reaction.
IEf tie netiyl pﬁ:opan@at@ product was resiined ffee obs

a_secon dIStI | ation col umm was required.
m?ﬁﬁaa@w {7 s5gagRd ‘E"Jn% V&G&&PHSFPE&% FBf FREGIFSS o

thbs uemse, Wi chapour stream from the flash column, which
is a mixture of methyl propancate and methanol was passed
into the second distillation column, where the pure methyl
propanocate 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 start up of the continuous reactor unit, when the
desired rate of generation of methyl propancate 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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is a mxture of nethyl propanoate and net hanol was
passed into the second distillation colum, where the
pure nethyl propanoate was generated as the heavier

toz7@nd taken off fromthe base of thegRIMMIN02915
ﬁ?qﬁg&”ggiling m xture of 20 nethanol and net hyl )

propanoate was generated as the light product, and
was removed continuously f¥bmthe top of the MeP
purification colum. In order to utilise the methanol
padlefliugi emdtrlastpossompendnt t hehpebcesgas t hdost  to

L.owboi | i m_xt.yre t and t hyl anpat

e aSRBr L ooy " et O e oL BT R Tt of lan apC

bAflLbecedt eire ngreobft hesgonti nuous reactor unit, when
the desired rate of generation of nethyl propanoate
had been achieved, a process of gradual reduction of

Thhe fekddrattes 3Beof Sheuxsital ysvheoapongnt s wasinding
under%aken. t9 sust ain. th

| n_order rate of

CHBREPEFTOIOST Gt iR LY aFo SNBRRe T R o CRRERRE 50T
acatitrenuedastyof epémeemttine WO RQ0HID2080%BBaEe, and just

GB2006/002915_.. 90 pal | adi um cat al yst conmponent ich
aRAE FaatuBba T St R T Pl AL 8
chbateabi edhcdadrandedst b carddoer mofiokb8s . arldiecHy@@dntoin

he, si tuati on wher e standin concentrati ons o
el iRo S b P baE pan ebel oy Y Ol Aiisa
thk pebefet imriraf, bethyte pumancaktee aoddjtisins afbleertoe

ustai.n f.l ow sheet reaction _rate,. as i.ndicated
o oA i SRR AL o T ek i R e ey By the
rethybenedditikd blie fheadspdeelianea of the reactor
vessel. This was called the balance point, because
under these conditions the rate of palladium

reegoNasi khod was dadianieed. ofexdetiy bplladiom rafrelehbt

GRAPLPOR GRIPF oot BAFFadicURY A RrSEons, che” palladium

turnover number (TON) was calculated. This is defined as
the number of mol of methyl propanocate 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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conmponent under bal ance point conditions, the
pal | adi um turnover nunber (TON) was c:aal cu . aged.
This is defined as the nunber of'. nol of net Lyl.
propanoat e generated per hour, for each nol of
weedobz@piren consuned by the deconposition 20PET/O8296002915
per hour. upon reaching a steady state at. a
pre-determ ned set of control conditions, the
i nst ant aneous val ues of alilof the variables were
recorded, and used as representative data 25 to show
aghes peetior hancekef suie Process: wilarradhwetioondift insrdyl
' Al her data an the effect of
pﬁ%ﬁgﬁ%a’{%&?ﬁ%?ﬁ%ﬁ%' nunber, all variables were
hel d constant except the levels 30 of solvent in the
eqGt:i_ o ] Xt | evel s re anged to.a_high
thoaare o e R TR, & e P oty affoe e
whueh agédwede| sl daglyensgrat ehanged | abl eaceitsal sdaiality

itions re,then foll.owed, by care O
B A AR Plasho e S o YR i % o rake
sure the rate of production of nmethyl propanoate
emai ned, constant.,, J.n, this way,. cqonTarative sets of .
TR PR o PR Sl Fhe. SRGued obi BA | §oaREoT is
cehahgels tioo catallusiatdbabi bift y tuthatremereugais ed-dynitee
Avari ations i&ét he ACCFf ghe amount of %al,l adiumin the
FRRTPITT tHR FRACTHE 1Y 5t GAtalyStaPelird: it6R &P the
systaovess npiberdate syl tsalyd Os ASS Us&dIC ot her ratfe1gkt
to .t S praoyvi

:fresh catal yst bei f ed. e stem ed
Ph SRR I o R Lt G i Ear DL Lt | Be 1 et
conaast er mortdhke eatabyste fveed goanka Herdpedtmdidtion of

ontent.._ Further assurance wa i ned .by determ nation
<GP SBRuAberTal TREn Vit 6 Y ok Sy RSP P Mool oLl
ithentallkvdb in &heulewed, iwniamburetdset W ahd cramlyst

g0l e St al yst:

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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feed system Table 1 shows the effect of ACCF on

pal | adi um turnover nunber (TON) for results obtained
for exanples 1 - 5 and 7 20 and conparative exanpl e

Wo 2bd08s9PI €s 1 . _ 5 and 7 and conparati ve gxaibdobos
the acid used was net hanesul phonic acid, the

bi dentate 25 phos phine! ljgand was 1, -bis

(di " ertbutyl phosphi nonmet hyl"ybenzene, and the pall adi um
compound was tri (di benzv'i deneacetone)da. pal | adi um

\ 42007f 020379 PC / (82006,/002915 92 Table I | F..x.
fabid>x ? Conp. Ex. EX. 3 E~ . ~ ... ... ... . ... ...

E Vai uzne of 2600 .3600 :4600 2440 2600 2600 .2600 |EE
Liquid Ph reactor (o 2?2 3 F 20C) .. :

.. 1 Pu e| Feé rafe 1007%MBo0 1Bod 1466 100p=18) 2 Ft624
(glhr byl weightl  Qiere&td) [vr-x :196104 | 19' 7733
92 B9) #8061 20 ) np2EOBF . | H1B ERIFY) 1-[125°N: sSABar
Lg%fcl’”ﬁéep Mol P¢) Pd Wpm) 5.8|1; 4.4 1 ?.5/5.7
ST -C | Y (RPRUI : R .- - [P, (PRM 30(32 Q
20C) _ B Y R L.
Fyrme TEF_rate 11000 = "TI000° © 11000 = 1 1000Ac g 199PPs) [ ZECS | 10786
‘PP a7 i, 1

weight

difference)

Turn Over | 5967054 11474335 4319287 6046196 6341425 6616618 6007141
Number (mol

MeP/Mol Pd)

Pd (ppm) 5.8 5.4 7.6 5.1

‘P’ (ppm) 30 32 40 34

Acid (ppm) 1105 1086 1190 1177

ACCF (Kg 0.38 0.28 0.63 0.38 0.38 0.39 0.39
MeP hr' am™)

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



- T y ACCR 1X4 0.38 0, 23
4."e3 0.36 0.30 0.3'10.:9 MaP hr-' dm') The results
fromconparati ve exanple 6, exanples 1. - 5 and
exanple 7 are shown nore clearly in figure 1 which

waheso2a379pl ot of TO vs ACCT. As can be seeRCT/aB2d060w2915
ACCF the TON 1.0 surpr-singly increases, Table |
shows the actual neasured Lgvels of Palladiumat the
different data, points, as well as the cal cul ated ACCF

and resulting Pd turnover, nunbers. i5 T;'Le 2

p%%%&gi§%e ef fect of ACCE %ﬁPQﬁquadiun1turnover was
tiwdiiBebef TON)deneslorabneddfiorl lexanpl.es 8 -- 11. It shows
the calculated ACCF factors and resulting Pd turnover
ntunbers. 20 In exanples 8 -- 11, the acid used was
nmetl . anesul ;: 7honic acid, the bidentate phosphi ne
ligand was 1,2-"his- (d:i.

i di met hyl adanant yl ) phosphi noni ethyl) ferrocene, and

t he WD 2007/029379 P |'/@B2006/f) 02915 93 pal |l adi um
conpound tri (dibenzylideaeacetone) dipaliacii arn.
WD 2007/ 020379 PCT/ GB2006/ 002913 94 'able 2 -- ---_
Ex.. 3 rx ~.. Ea. 10 Ex. 11 C oluae u' E Li:aid Phase
2600 2600 2600 3600 reacto (nt i. ". |,
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20C) Pure M safe 10301035 [ 1032 1030
wei ght difference) ~_.... W

(g/hr, by E ~.

W02007020379° - 1 um Over 10712073 0803 55 1170 %¢94:82006/002915
9816651 Number (mot F' 1ltm Pd) Pd (BPm nr n,
nrcn "aimj}mm - Acid (ppm

1621, himnt'a 1Y3 - -

e c (ha "3E 0.38 0 3& 0.28 -
Meahie 2 E 1 Al though sone

preferred enbodi nents have been shown and descri bed,

H—w-H—bp—apprecigted—by—those skilledin—the art

that varipys changeg and nodifications mght be made

10 wi t hout departl rg fromthe scope of t he present

Lnvention as defilned in the apper ded claims. -

Btf%enti 8h|is directed to all Eapers and docunents

WhRTCh ™8 £*%PT 1 ed coAlrrent 1|y th or| PPevious|to this

"15°%pelif| cation in connectilon with this appli¢ation

°§ﬂd which are open to publilc inspection with fl.i.s
el§?f 1t 1%%h, and [fH& cont €if¥ of al|*°dUch papers and

‘dd‘éurrenf"( are incorporated |herein by|reference. 20

A" of the features disclosgd in this|specification

%1ferGti ng _any accoi i panyiad clains, gbstract and W

007/ 0203[/97BET GL32BHET0029 11872 19816636

Number (mol

MeP/Mol Pd)

Pd (ppm) n/m n/m n/m n/m

‘P’ (ppm) n/m n/m n/m n/m

Acid (ppm) 1621 n/m n/m 1137

ACCF (Kg 0.38 0.38 0.38 0.28

MeP hr'' dm™)

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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95 drawi ngs), and/or all of the steps of any nethod or
process so disclosed, may be nonbi ned in any

conmbi nation, except conbinations where at |east sone
of such features and/or steps are mutually exclusive.
WEBMN7/268P ur ; e di scl osed in this specificati BEI/GB2006/002915
(i ncluding any acconpanying clains, abstract and

drawi ngs) May be replacedoby alternative features
serving the same, equivalent or simlar purpose,
dualveags xpreayioy shat ebflOtnt heypaipse. odhusgy, URLESSa or
expr essl t at ed %oéherwi se, each feature 8ﬂ sclosed is
PERECER afifl 8107t S H P Yot iCM9eRresin egiiv vapeipinagion,
esicBbk abofiBahdlf BSns THGeddVANT1 Qd SR desdydicted L Qes
tﬁz details of the 15 foregoing enbodi.nent(s). The
AP Bht T oTP 2@ Eh d&t tg L aKyex Veone, or any nevel

conbi nation, of the features disclosed in this

speci fication_(including any acconpanying clains,
EﬁEEt At ugRd Hrsstioseds)in oFﬁ/JesO an?gfmlo@ne(imhmiylg
afoVelcceambihdahonl th 0 ah £ t [
p?r OC: ess sg djl':rszzbl ggieng Sabb%t%%%%/ Oa%gsggyawﬁ%w JHQQ e
TRRFRER200810029 5T N0EL (T ai ARAtUEesSA eewiitngoushe  same,
egAL PN @At hen igh el 5l

ggr hon'la't]| oné’arﬁ)flga%f F%I{%{égéi;%g': agﬂ%:g%lF}engﬁ %%¥I nSd: aé:r?,d
oEheRyife enfleas | . Urlgssinswpxpsilod tesoumthsrttisear ach
EERBEXE dgid &1 ddun RILIORL xalh18 SOLY Cr Of %gr?gﬁwlseries
g_roups and a catal yst system conprising (a) a

OB gent B et GepRinélaar S¢Henes -sti bine |igand, and

(b) a catalytic netal selected froma group 10 VIB or
groqp VI11B nmetal or a conpound thereof wherein the
TRat alyerearny igctioe concehtred i bp dhesaletaddisal gf i ¢he

fﬁﬁ%%éin&emﬁagméﬁtQQﬁ Aqgg iﬁ;é}g‘}i%tﬂ K%x'éérﬁdé ) q:r!o1 ) ain§f
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 steps of any

method or process so disclosed.
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at less than 0.5. 1./ 2. A cark,oraylation reaction
medi um and product stream thereof for a continuous
carbonyl ati on process conprising in the reaction

wBdhHmah et hyl enical |y unsaturated conpoungyGaiRRtkots
nonoxi de, a source of hydroxyl groups and t, catalyst

system conprising: 20 (c) & s identate p aiosp nine,
arsine or stibes e liwand, and (d) a catalytic netal
sel ected froma group VIB or group VIIIB netal or a
conpound thereof wherein the catalytically actives
Céemomentration of said 25 catalytic netal in said

medi um measured as the ACCF (product kg.hr lem 31,
is mintained at less than 0 .5 . 3. A process for

1t hex camﬂutoizyimsi oredforan ast byl pmpbcass y foB0hapgbattwrabvedr

unsa]% 5 co corrp%g%%%\?#t %%%g?g%ﬂ‘tm@g; %{ileeéuhﬁ%lenl%ally

uhydtumg{ted eaupwenvdEithi rgroonpounckiide time qheewresence
f t al yst I
°F 4 ERirtoot) B IR EErane A Enrarethrtssirren

camprheing $&) blanéaﬂderg:ané paodphicat abysime maralstlblne
sel ected .B ar VI r

13 GREB R KB el CAMBYET R, TPhE CHEMTSITCal To aBt Frau

vu:ancengr@lp orrfB BmesaiL dorad atqulpounﬂethérecrﬁ%aﬂmrx@inaﬁhe
cagf%ij\éJn?antqel d ac;tbleﬁeS_S co%lg%pl]:ratsi a\r,1mder O:° saglrélnerc&talytic

méaalmlﬁeé.éx)r& aafRahdC-ARF @rbc_igca Kg.hr'.am™3) is held

a@iess £ an(OESZ)_"B" Q3

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:-
(c) a bidentate phosphine, arsine or stibene ligand,
and
(d) 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 in said medium, measured as the
ACCF (product kg.hr™l.dm™®), 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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RRT-- CC- R RR 1. :7 (-" ) wherein: Ar is a
bri dgi ng group conprising art oaption -ily
substituted aryl notety to Wahch the phosphorus atons
are |inked on avail abl e adjacent carbon atons; 1.5 A

and 2B eaech1 {ndependent | ychRpresent |ap\/\§£d@1|11|,(éh£@n%rho|§phlne,
D. E and | are substituenis of the aryl noiet

andineadh idepeiiehtygndeppresernt PF/fr bgekt Ilﬂ%%it Selected

I, 2 h
B e it e e M e e CPheouns
(BrReBR, AvhErR2h (B RA7210KiQadglyCB+ti¥d (WhcERtrhtlion of
presents | ower

Sa7 o EAE OV DUBSTEEr ot BRSPPORIKES, Che BRGC LogBehey 2t ess

whih the caihencahomof pt henakyk rngstﬁkﬁrY@' @Egaaé is of
they are ‘attached forma further phenyl -ring, which

psnepeioharnylsubbstituted by one or nore substituents
sel ected from hydrogen, |ower al kyl, halo, cyano,
nitro, WD 2007/020379 PC7 / GE2006/ 0029 f5 98 OP 19,
OC(0RR20,, C(0)R21, C(0)OR22, NR23R2' (O 3R25R26 cC
§)R25R25 SR2' or C(O0)SR'1; Rl to R P each
T ndently represent, hydroden,Rlower alkyl, aryl,
5 R19 to R2" each in dently represent

hydr enQ @ry]' or Het; R' to R 12 each
mde;ﬁg ently repr esent hydr eRi’ | over al kyl, aryl,
oge_He: R
F's 3
(I)
wherein:

Ar 1is 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, c¢yano, nitro, OR'?, 0C(0)R?®, C(0)R?, C (0)OR??,
NR*R**, C(O)NR*®R**, C(S)R?**R*®, sR?’, C(0)SR*, or -J-
Q3(CRB(R15 Gﬂj)CRl6ﬂﬁ7)(Rm) 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, c¢yano, nitro,
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ID2 Q, Qand B (when present) each independently
represent phosphorous, arsenic or antinony and in the
|atter two cases references to phosphine or

WHsRRRsRUSs above are amended accordingly. ptgcB2006/002915
conti nuous carbonyrlation process according to claim

4, wherein each QL, @ and (when present)
represents phosphorous. 20°%. A continuous
cafbonyl ati op, process,,; a carbonylation,, reaction

t
%di'tarp,ca}é))ﬁr ocesa(@idt " t heCeQtFony| alROR of dn(0) NR¥ RS,

etbytent’cakky upsatoyat®d conpound or a catal yst
system . according to any of clainms 1--5, wherein the

Row | seaf| dUGPPRBLARE} helopyesRIt abyéredrut | bawer

A xyhe a2A carbgeyl ation reaction medium 7. A
cQntinuols carbonyl ati on process, a carbonyl ation

Reackq oR ned@peln iadgpeeesstnor repeesentbonydeedem olower
gliPy] apha. okl yetinsat urated conpound or a catal yst
system 30 according to clains 1-6, wherein the

catal yst systemalso includes as a further conpound

Igc %\@ a2z aghdn WO RYLHRA03/4 feggeg’%ﬂgoqgﬂ@%%%}é PSver

. conti nuous Ca.:Monyl ation process,
THEBonALAtli oATr 84kt i on nedi um a Process for the
carbonyl ation of a ethylenically urt<at. urated.

conmpqund or ,a cat al yst system according to clains

Q7,9 whadein dpbenfpeeperth i erch Lindapiendgnslexanptesent
Hodihenial ‘:ga_rs'fhg.%nﬁ?rs%ﬁ@ir{brhp' SnfMPRAiERNG 5 Jg! udg,
¢afierdax AERESIGSHT0S bR MEwSDhine ) sanohwsphorols hisboyei -Bre

ametided accordingly.

5. A continuous carbonylation process according to claim
4, wherein each Q', Q% and Q® (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 by 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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di . metkty:|.ad. amanty: phosphi nonet hyl ) benzene, 1, 2
his (di-5--
tert--butyl adamant yl phosphi . nonet hyl ) benzene, 1,2
__s(2- 10 adacaan.tyl
W@2007/603%1| - - phosphi nonet hy) . ) benzene, (d.i aP8T/&B2006/002915
ra.nt:y:|.phosnhinonethyl) -- 2 - (di-ter’
hul : .y: Lphos_:h:i-n.omethydg.ternze e., 1- (-di-tart.
butyl phosphzi nomet hyl) - 2 _
g (dizzoeghessybph(icspbbnereiingd ) pepgene, i cardfyiation
tert- 15 buty | pliosphi nonet hy %2- )
Tephosphalt daRnt §1 IPOCRES: AT bz efidrbgnylation of an
etE Bala caanty | RIRsRk-Ated0; ddnidnfl )or 24 ( e'a%%@gér: @08tenm
benzene, 1-C tert- 1?utyl aclar aatylpl:o.s ?h.i n.ome
apee¥ding o cledms AdAmaMisH Mo SPRCALSS netthyronHémiEnag
2l o' tidentdt@ 6Ligdhas - wAPhin, thi ;
(_at etra- et hyl phogghi nan- 4Jilg{ ones) pnosp:l%i . Fonet bey O)d}lmf]%t
1n¢ e pha- adaman@y - P- r net hyl )isddzenag: wher ei n 1,2
bid BAGALABE Y homd Sy 15 BLBELEd, T T is(di-3, 5~
PonR AL dind S TPLRERRY, 11O bistaios,s
dimgthyladapgniyiasesphingsiesdphabenzgie 5- - v 2 netkipl(dé;5-
£ &rt Jofkhr id%@ﬂé??ﬁ‘ﬁcyé hi4idHAnSRNB: S, fortefra g
trifl l}}oraomet hyT )™ - ZQS 16,&!9%?’ ?O?t ?%%?(rjr’éa'dasulérz ty?ﬁ%r(l
a FHo8pha- 1, t8rt-Butyl-phosphinomethyl)benzene, 1-

(&4 ddad 10600, Ione R 19 20 (BE L pxpdamantyl 5. A

conti nuous car bony process, a c:arbonylation
brisamticsphiagngrhyl lognassess for the care r_l-ddiEcert-

blgéal?g{}i/oss%%iﬁglﬂglcﬁﬁp@i_ly unsat ur at ed conpound or a

system™ a:-cording to clains 1-3, 6 or 7,
(dhegnesshépbpaentatectipiiobehizarel i gand i s df- (génerat-

| BB 097, R0348 RETLBRRPRGL002015 .09
methyl)benzene, 1-(diadamantylphosphinomethyl)-2- (phospha-
adamantyl-P-methyl)benzene, 1-(tert-
butyladamantylphosphinomethyl) -2~ (di-
adamantylphosphinomethyl)benzene and 1-[(pP-(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(trifluocromethyl) -
6,9,10-trioxadamantyl or 2-phospha-1,3, 5~
tri(trifluoromethyl)-6,9,1l0-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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{818) wherein: A and A2, and A3, A4 and A5 (when
present) , each independently represent |ower
~ai kyl ene; Kl is selected fromthe group consisting of

, (Plg, | ower al kyl , ar yl , Het, P B2006/002915
viwyg{(ﬁ)g?ﬁgn]?tro - 10 0 --C(OQOR2 :, -N(Re3) 28 s
(ONR5)R26, - C(S) (RL7)R 8, -SR29, --C(O SR30, -CF3
or -Ai-.QI(X5)x D1 is selé&ted fromthe group

consi sting of hydrogen, |ower alkyl, aryl, Het, halo,
cyano, nitro, -(c)R79, - 15 OC(O R20, -C(O RJ2
-C(O OR22, --N(R 3)R2, -C((cg()N(RZ )R26 -- )

(RR7)R2 --SR29. --C(O5R3, -"CF3 or."' -7a4-s i 7XO FE
is selected front the grgﬁp c@isiysti ng of hydrogen,

i o.ver alkyl, aryl, al o cyano, nitro, -OR 9, -
20 OC(O R2Y C(G) R21,1C( . - N( R23) R4,
-C(ONRB)R', C(S) (R >8, “SR29, -C(O SR, -CF, or
-A5- QQ(K9)Kto; WD 20 O 2 03 %9 PCTKE; B20061002915
101 or both. P1 and E1 & her vﬁth the carbon atons
of the cycl ope: at adllé'*ny whi ch they are
attached form an %Iy sub X't ut ed phenyl ring:

5 X- represents CRI congressyl or adamantyl,
X" represents CR4 congressyl or
adalllantyl., or X and(Lﬂg together with Q to which
they are attached forn1an optionally substituted
2-pi...spha- tricyclo[ 8! 1.1{3, 7}decyi group or

erlvatlve thereof, 10 or XI and X2 together with
Fo°V#ith they are attached forma ring system of
formula 111a Yv, R'. 1|,

A; and A, and B33, A; and As (when present), each

independently represent lower alkylene;

¥l is selected from the group consisting of hydrogen,
lower alkyl, axryl, Het, halo, cyano, nitro, -0RY?,
0C(0)R?®, -C(0)R*, -C(0)OR?*?, -N(R®)R™, -C(O)N(R®)R*, -
c(s) (RF7)R?®, -sR*®, -C(0)sR®, -CF; or -A3-Q*(X°)x%;

1 is selected from the group consisting of hydrogen,

D
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?7)R?®, -Sr?®, -C(0)SR®, -CF; or -As-Q*(X")X%;

! 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(0)N(R*®)R*,
c(s) (RF)R?®, -sSr??, -C(0)SR*®, -CF; or -As-Q°(X°)x*’;
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5152 (Ma) ' represents CR7 (Ra) (R9), congressyl or

a.daman y:i., x4 ... r.ES: ~ or 15 represents CR10(01)
(~~. ..12{ , cony : _sy 1. or adamantyl, i. _ X3 and

X4 together with QL to which they are attached form an
wWepded7py substituted 2- phospha- PCT/GB2006/002915

tricyclo[3.3.1.113, 711decyl group or derivative
thereof, or X and X4 togg{her with QL to which they
are attached 20 forma ring systemof fornmula 111b
y{l1 r.., i ad62 (11 e 1 represents CR 3 :FEt141
of RROEY Bongnd' &: >§?/$e§%e%d”é’rﬁ1} . ﬁ%‘?/_,ca%%p?te%t%f .
¥Rl RirbieRla) rénggEesshikhokhagaamat aytacked ZEoMO an
2007/ 020379 PCT/ GB2006/ 002915 102 and X together with
OB R MBT ENPEREYTUERE P YdhEd ™ Porm an  optional |y
substituted 2-p: hospha- tr-icyclo[3.3.1.1{3, 7}] decyl
group or derivative thereof, or X5 and | _together

X tﬂﬁpﬁfs%t%i%ﬁ‘#(?h)eg}* are SPRFCIRIYL 5OFor MGG X
r&YSdLMQf dOnAY @&°) | 1 EorfFredii il 1 0F) ddnanRy@® orP%* and
Xz- Otc:)g-getSh:LLerR5£iél'lxl 82 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 IITa

Y1
R‘{! H R54
RS0 Rs3
R5! RS2
(INa)
¥} represents CR’(R®)(R%), congressyl or adamantyl, X'
represents CRY(R'Y) (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 X3 and X! together with Q' to which they are attached

form a ring system of formula IITb

(Illb)

x5 represents CR*(R*)(R'®), congressyl or adamantyl, X°

represents CR'®(R!7) (R'®), congressyl or adamantyl, or X’
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X represents CR31(R32) (R33), congressyl or

adamantyl, f represents CR 34 (p35) CR31) ,

congressyl or adamantyl, or ' and XA together with Q4
w8 200bsh7et hey are attached forman 10 opti ongllasagosn0291s
substituted 2--phospha- tricyclo[3.3.1.1{3, 7] decyl
group or derivative thereoL or X7 and X3 together
with 4 to which they are 4% ached form a ring system
of formula Ilid Y R Hot Ref (I1l1d) 15 19
?réjpr}%séﬂf’@t]@%f"’%%é% éRs@l}llcléotﬁtﬁrYeﬁﬁ agraghedrafrg an
@p&&or{ae_ngfesents CR (R’ 3hpétAR) gongressyl or o opocnha-
adamant y or X  and X - together Wlth@tOV\?‘l %
‘Fﬁé?y%%oé 3a§t hchetr Tlodacah  wpticorrit | desivtivaut sereot,
& PEoshiA %6 t [ 1 1 c r

derivati v_extﬁzgrggjgﬁleg %lgh &é ‘ZM%?t %]'lgl;ee h%#@wgl%%accsled
¥l ERNEheYS tee %itf@éﬁééla Hﬁc  a ring system of
formula Ilse WO 20071020?:79 PCT/ G52006?092415 103 ]
R64 R51 R52 (Ille) ﬁn this yet further

enbodi nrent, Q and FG% a 4 and Q (when

present), each 5 ind ﬁy represent phosphorus,
arseni c or anti nonys _T‘_{g%ws a Goup VIB or
\TI1IB netal or netal ereof; 10 L1
represents an optiongsl y sulysituted cycl opentadi enyl,

i ndenyl or aryl group; (llo)

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

d

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 IIId

v
H H
49
R\ R54
R Rs53
Q
RS R52
(ihd)
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}]decyl group or derivative thereof,
or X’ and X' together with Q° to which they are attached

form a ring system of formula IIIe
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_2 represents one or nore |igands each of which are

i ndependently sel ected from hydrogen, |ower alkyl, 15
al ,bylaryl, halo, CO 1:'i R4) (R44)P. 4" or N (R46)
(R4A7)R48; a' to R's and 2-34 to R42, when present,

Ve eWw7od¥pendent |y represent hydrogen, | owPCT&BRYN6/002915
aryl, halo or diet; 20 RL9 to H30 and R to R48, when
present, each. independentigs represent hydrogen

| ower al kyl, aryl or Het; x4 , RG' and R', when
present, each independen{4y represent hydrogen, |ower
al kyl or aryl; 25 a5 when present, each

i ndependently repr gen, |ower al kyl, aryl

or Het; 'WD 2007/ 02037 20051002915 104 Y Y2, Y

, Y4 and Y5, when pgesent, lea i ndependent |y

represent oxygen, sul r ti-§55; n=20o 1, and
m= 0 to 5; provided tgsat whemsen = 1, then mequal s 0,
and ;ashen n equals O tqe? in does not equal 0. 10

10. A continuous carbon§|§ i on process, a
carbonylation reaction nmedium a Process for the
carbonyl ation of an ethylenically unsaturated
Evhpéundier Yar catrdinpn emegdteeRt, according to clai ns
ob- 9andhes®i n bRy’ eqhydrg- Y4l @Touﬁﬂﬁéxcg%bééﬂtﬂﬁ each
conmpound i ncludes water or an organic nolecule having
indepeneRay Ly f 1RSI PHPERROTUS,, 3XSEHMEI AGowstimony ;

c: arbonyl ati on process, a carbonylation reaction

medi um a process for the carbonylation of an 20

Met hghegr s B UHsRur B dor offpbtihdnerala @t aeyat cation

RSB,

1., represents an optionally substituted cyclopentadienyl,

indenyl or aryl group;

I, 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*;

R! to R*® and R*' to R*, when present, each independently

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

R” 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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according to clains 1-10, wherein the ethy:lenically
unsat urated conpounds may (a) be non-substituted or
substituted with | ower al kyl (which alkyl group may
wbsS&hfoa0se substituted, unsubsta.tuted or teicdibhR@o291s
as defined 25 herein) , aryl, het, halo, cyano, nitro,
t hi oal koxy, ORS ', 0)R221 (e)R’l, c(OrOR2, 's~ia
C(O NrRas za Q S) R2SRz26, E?j(:S) NR75R2°' SR': C (O

, oM rein RS9 each independently
?Spr%s’en? hydr o%%ﬁ afyf"’ﬁéP PEREFTEL kPR vﬁiﬂd@ﬁ’e&fiﬁwly
geos erRy dxygehf belsubsdd twked, 30 unsubstitut:ed or
term nated as defined below) ; (b) have from2 to 30
carbon atons, which may be |inear or branched, cyclic
wr=uneyelly;c or part cyclic; and (¢ ) may have one or
nor e unsat urat ed carbon-carbon bonds. NVO2 O / D2C37!
Pc' 'Is U20106/0029ts 105 i<.. T;. LJt?b.4.,,T?Eus ca
Hohy ad 070 5;1, process, ):_i ac">c a nedium ct
process for the .:?..uonyla :",on :>3 an ethyle
i:.czi',[..y —saturated cvrrpound Cr alLrt a ., t.

ﬁd\ﬂlﬂdd &aﬁcmgmng t0 AN'tnedl 7 Usquafid (o, LB Ynclr
xa ou " u& i s sel ec?edmfro(%a(} oups 8, ag}lhg 16"

- & eFIW'“ %%%F §ruai ofli t abl e.

10. 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 1-9, 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 claims 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'?,
OC(0)R®, C(0)R*, C(0)OR®, NR®’R*, C(0)NR®R?®, C(S)R*R%,
C(S)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 (c ) may

have one or more umsaturated 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.



