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WO 2005/ 079981 PCT/ GB2005/ 000569 1 A CATALYST SYSTEM
The present invention relates to a novel catalyst

W@ ysemM81 a novel carbonyl ation reacti on nmedi UPCEHOGHB2@5/000569

process for 5 the carbonylation of ethylenically ,
unsat urated conpounds using @& novel catalyst system
The carbonyl ati on of ethylenically unsaturated

conmpounds usi ng car bRn ARRpyEdest §rkfte presence of an

al cohol or 10 water a-ng—a—c-aib-a-l—ysr-wyst em conpri si ng

a Goup VII'l nmetal, eg. palladium and a phosphine

| igand eg. an al kyl  phosphi ne cycl oal kyl phqf hiq9, N

Bhe| PFSSEI nENVeRTFI Ry | reg%%ﬁhF edoRYicdefidiEYSt system,
hosphine idescrdbed; d MBROWH UL 0 ess for

%a?‘éﬁmt%f aﬁa‘ggét“ i I[&anl(|cé>’(|§’| e %‘S?‘ EP 15 A- 0055875,

e A- 48T Da t £Pa AT 0687 9] elERe AL DY 35864 L ugpted compounds

A- 0274795, EP- A-Q499329, EP- A- 0386833, EP- A- 0441447,
epIRY G486X R cé%-ailf(fé’gzﬁy&enlzp- A- 0227160,

EP- A- 0495547 and EP- A-0495548. In particul ar,

EP- A-0227160, EP- A-0495547 and  EP- A- 0495548 di scl ose

Thet ¢axleerutatbppssifi nethyhanigabby prewederedes yepmpounds

syst ens_ wh | gher i t t 9n D81 cohol
E%ﬁpgve%wggﬁ?@ﬁﬁgdi ggl ogsrge? %}:%?le%giéngﬁgr oﬁp [ r?o °r oF
{he efrormdofa aratadpts onay $ yers ubstpt i by ax yerowp eV yII metal,

linked to the said 5 phosphor.ous atons_via avail apl e
&dj- ac &L 1B at o% tﬁl}gO%%%near yfl%ril%t y?gSuc%r?a alkyl

Rh%%ﬁﬁill'n% npre1shakha apHospRafs, t aifERCHheRphdnes pyridyl
ich are significantly hi g er than those previousl, )
phospbses and pristnete i phrepbinfe hafpupPpeRegigsiribed in

LSS Sk el el S0uphosalerons, o oe-
henlisagy scar bpAaa0 o8 94WD, 2AP5/A3DAVEB79, EP-A-0235864, EP-
gg%é%%%%%ﬁl%%xﬁg%499329, EP-A-0386833, EP-A-0441447, EP-A-
0489472, EP-A-0282142, EP-A-0227160, EP-A-0495547 and EP-
A-0495548. In particular, EP-A-0227160, EP-A-0495547 and
EP-A-0495548 disclose that bidentate phosphine ligands
provide catalyst systems which enable higher reaction

rates to be achieved.

WO 96/19434 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.



10

15

20

25

30

2 However, conventional netal-catal ysed reactions,
such as those described in WO 96/ 19434 tend to suffer

w0 e@s0tr9ee1 dr awback that the catal yst tends toPCT/GB2005/000569
de-activate over the course of a period of continuous
operation as the 5 palladi umyconpound is reduced to
pal l adiumnetal, this contributing to the economc

viability of the process. ' 1/.1055 r t hj
HAWT @ v CANTRBTGSBAGT T4 'Wﬁa%aﬂgysec%n%%g‘ﬁ%%?%dh gdch as
B0 YO B G cGHi BREI St fol e aractean t@disudfdhusrom the

Inproving in the recovery of netal which has, 10 been

dxmibdchnthbe ddieal gatalsiah rRNIE t Kugle @R yRte over the
systens have_been devel d whi Sxdi bit-rgasenabl.g  th

%&éﬁﬁ?itg%duFinEefﬁgdCar ony aé%%? proc% s an per%t: ©

;%&iﬁéd’iy@:hy JungoureRci sonrgdiicesi t tcbepdbladhimveretal, this
h

ere still exists a need for jnproyed catalyst ‘
eymtehRutBugt BBl Fhet ﬁ%%?%’s‘én‘(lggﬁg%h’oﬁ%ai%h‘f gFocess. WO
' | edy ¢at | gaEhenylsat ig¥ stabilisi
e T
@Mpaﬂﬁd@@@ﬁ? pi@§ wgmzlgug@e?m%rw?wa i eFlatei \ﬁactlon
I NCl[ ease n e I gan caon nor 0 e e )/
RRELUH EPOR ORBTSTaR d&ng@eha‘ge%&g‘%  REnTRRY pitich has

B8R 0dYEt E¥bhythSi Bhtalysessyésemre reported in
J. Mol . Cat. A Chem 110 (1996) pgs 13-23 and 25

J. Mol . Cat. A Chem 151 (2000) pgs 47-59. Moreover,
%E%g%géﬁ7zgglaqsg%r' Rl 0685~ f Ohebhe developed which
arpon

ation of pentenenitrile but teaches that there
axribditsadeanbagbieassbtebalétlyat dueliag vdihe highrbonylation

aci d: pall adjum 30.ratigs, ,The authors st ha
EF§88§§nﬁ%§£sp%E@b{ rﬁgégﬁggiﬁighl%cié%ggﬁgé%irg?%gg to be
SORYLLEANS tRES CHHIAST ki Y dTDngetli Fard idgraxekad | catalyst
results fromquaternisation wth the acid and the ,
oyetemsc Sovipaddd,, the present invention aims to provide
an improved catalyst for carbonylating ethylenically

unsaturated compounds.

J.Mol.Cat.A 204-205 (2003) pgs 295-303 suggests that a
relative increase in the ligand concentration, for example
by the addition of more ligand, has a detrimental effect
on productivity. Similar results are reported in
J.Mol.Cat.A.Chem. 110 (1996) pgs 13-23 and
J.Mol.Cat.A.Chem. 151 (2000) pgs 47-59.

Moreover, WO-A-01/72697 describes a process for the -
carbonylation of pentenenitrile but teaches that there are
disadvantages associated at relatively high acid:palladium
ratios. The authors state that the disadvantages occur
because high acid concentration conditions are corrosive
and more ligand degradation results from gquaternisation

with the acid and the olefinic compound.
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WD 2005/ 079981 PCT/ GB2005/ 000569 3 WO A-01/ 68583
di scl oses a process for the carbonyl ati on of

werdvghesral | y unsat urated compounds using PCT/GB2005/000569

phosphi ne-based bidentate |igands. However, this
disclosure is directed 5 towards the use of relatively
low acid levels, leading to |ow acid:ligand val ues.
Moreover, the ligand:nmetal ratios are |ow

WO A- 03/ 040159 sim larly discloses low acid:ligand

#oh L b gaggls et @l s£864 08 - 2 19r N2 &5 I 45048 chsisbaydation of
catal yst systens conprising palladiumconpound and
@ﬁMﬁh%ﬁi@abhEspn@ﬁ@§rﬁtgén&§ﬂ@°ﬂ@ﬂévéﬁﬁjﬁbiHh?ﬁ@%ﬁ@e"based
ratios_of less than 1. taught.. q:E-7algl - - d
@té%?%i£32&§?a39§dlos%éw§6%$bcggggfgﬁsfﬁgsfée is directe
PE&RPAAat kBB @fsea dF- ayArmialedni daciatisy bewdbhy! deiagding to
of a pentenenitrile. The disclosurg gointsn g@né€1 ratios
How a@ioaff 4§83PANVASHRS- hi YRSV BT cohlent F AF T BnE A

%gé‘ChefovSPV"afdSthﬁ—U?ﬂo@blB@l atd mel oW aciidstRyes. low
Hence, an aimof the present invention is to seek
hoidesigbhdshnd tagahgsmetgbteariw@rein the |evels of
ligand and acid are relatively high, but wherein the

di sadvant ages of the prior art noted here inbefore are
Rodiessedsend al heyibbeds atcdiedststt 0, sysmemsxt emqQuprising
the 25 aforesaid being one object of tge E%esent . d
palbadion. ACERCHNEg (204 heP RS | ndRAFPRAT Pier el 1E21AS -

§r8V5g§d QciQQEﬁbXﬁH SYBLBH o2 PLOSEERahOLl:1h8re taught.
3r%onyr ation of an ethylenically unsaturated
compound, a reaction nedium and 30 use as set forth

in the appended cl aj Preferred featur e

FhdehtYon NQTA%@&@%m&?%%’S‘f%e ep%ﬁrdpcegrﬁégl aity,  the
%Eg Lhatdescirphi gncvhanekaflelliewsciiObz00aBe8Bflation of a
CT?GBZOOS/000569 4 _ .

pentenenitrile. The disclosure points out the
disadvantages in wusing high acid concentrations and

teaches towards the use of relatively low acid levels.

Hence, an aim of the present invention is to seek to
establish a catalyst system wherein the levels of ligand
and acid are relatively high, but wherein the
disadvantages of the prior art noted hereinbefore are
addressed and alleviated, at least to some extent, the

aforesaid being one object of the present invention.

According to the present invention there is provided a
catalyst system, a process for the carbonylation of an
ethylenically unsaturated compound, a reaction medium, and

use as set forth in the appended claims.

preferred features of the invention will be apparent from

the dependent claims, and the description which follows.
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According to a first aspect, the present invention
provi des a catal yst system capabl e of catal ysing the

w@a00b0mgBat i on of an et hyl eni cal | y unsat ur at edPCT/GB2005/000569

conpound, 5 which systemis obtainable by conbining:
a) a nmetal of Goup VIB or Ggoup VIIIB or a conpound
thereof, b) a bidentate phosphine, arsine, or stibine
ligand, 10 preferably a bidentate phosphine |igand,
and c) an acid, wherein said ligand is present in at

heastdaang: 1topl af Exeass Lapadad,ed tie saptesebal dnhvention
sald netal in said netal 15 conpound, and that _said
providespresepatahyat | wesieny Zapabis aPfexcatslysing the

conpare ai d-1igan j (eFelpee] t [ n
B?ggﬂnggagﬁgsp ?néglaggP%%?ﬁfgéi% iblnegﬁggtég?tgaﬁﬁou A
ahkchf soeppaAnest sbahihabty bf thebimtmgyst system can

be added in situ to the reaction vessel wherein the
carbonylation is to take place. Alternatively, the

Q?ngn%ggtcala) of0 &log@nvke andedrsgguentim | Yri m aryompound
ofder 25 to formthe catal yst system or in sone
specebifed order, either directly into the vessel or

tside_the vessel and . then d fot lye FO4 d
gﬁstﬁncg?g?ﬂgaggidpggag%%%eht%%; ﬂg% ff?ﬁt%%éigéled o7
bherbirdentake bhideard t ecphpeprNheb) i ghndf oamia
protonated |igand, and then the 30 protonated |igand
can BB agd€d to the netal or conpound thereof
(conponent a)) to formthe catal yst system
Alternatively, the |igand conponent b) and netal or
whepeund $dred edfighodnpionepreagt can bat nigedtt & f drich amolar
\Qgc%%%S/c%Zn%%srle q‘:Tcé %Bézaggsr{lgiggé6§r gaid metal in said metal
compound, and that said acid is present in at least a 2:1

molar excess compared to said ligand.

Typically, component b) is a bidentate phosphine, arsine,

or stibine.

Suitably, all of components a) to c) of the catalyst
system can be added in situ to the reaction vessel wherein
the carbonylation is to take place. Alternatively, the
components a) to c) can be added sequentially in any order
to form the catalyst system, or in some specified order,
either directly into the vessel or outside the vessel and
then added to the vessel. For instance, the acid
component c¢) may first be added to the bidentate ligand
component b), to form a protonated ligand, and then the
protonated ligand can be added to the metal or compound
thereof (component a)) to form the <catalyst system.
Alternatively, the ligand component b) and metal or

compound thereof (component a)) can be mixed to form a
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chel ated nmetal conpound, and the acid (conponent c))

is then added. Alternatively, any two conponents can
wheoosnemst ed together to form an interned at e POI/6B005/000569

which is then either added to the reactson vessel and

the third 5 conponent addedg or is first reacted wth

the third conponent and then added to the r=eaction
vessel esen

oySEE L, B ST SOEN AT EOD, pethgoriat )

tieONCRidat | onsapfebod i vdDy t hanby dQﬂ\tcﬁt edipgarehtandcan  be
the acL d are at levels in excess of those previo

I .
remviedgéegertdadi i tPBurpri sPhe A LaRxPRLeEy which is
a%?}/z%ﬁ_%]% S W0gR 4Ry e g%gﬁlcﬁ%n syeke®i Nanih&he third

i on o ethyl eni c y unsaturated conpounds,
@fﬂﬁoﬁ@ﬁtal heukat i oasn:orlsat flieadt seeactedn eitht thastthird

some 15 of the dIS ant ages, of the prlor art ysterrs.
compopapti aifafh e{lh%%/: ‘b‘? %‘%a?&ﬁ;?& SOt t he
present invention leads at least to a nore stable

system increased reaction rates, and inproved
Atusnower therberesémt taveohitmt Hoh derecrsfs tef a catalyst

sg%’gérlae%ggqlﬁy unsat urfé‘gijvez oggﬁ?oggﬂéenﬁa%tl%esd of both

i ST presen he cat al yst system
tRE Bhieeuitatle tlfl%faelUO,anldﬁ tsuﬁfadiudntalrby dthalevédbs Lat e@cess
of said ligand to the said netal onent b

of o thewsorFeVEyYSt% ahvieageda éL%a%ﬁ"% ?:roaﬁ%rprlglng and
ulﬁ’é%SE@QhV’a&xﬁ%ﬂﬁés? Qﬁeﬁa'u@;l_n'@a%@let Océﬁél?%*td gpdtedm in

reater t nolar ratio, nore preferably in
thee carrwmgxylzcmdm QLﬁ)O@thyl@IvJeCrﬁhéWe W%&W%F?dl gFoppeunds,

ran 1000:1, ,yet r ahl yei Oyt

aPﬁnngSa}iﬁéflﬁ%lﬁ?ﬁoﬁrlat \ilgﬁn%m%eo%l?éfer ab%gy grtali% St some
oEangges: albﬁd%éﬁt&?esﬁ%ﬁ ptief er peliyri natdte sygen&.l In
to 1000: 1, especially in therane8:1to90:% e
pertirufsre ot eradl L 1 t fetabv§ D e O.ﬁ‘? pe&fssen

ssbhhbimpre eferal y idydihe ¢angg 2Qidre  stable system,

increased reaction rates, and improved turnover numbers in
carbonylation reactions of ethylenically unsaturated

compounds .

As stated above, the ligand is present in the catalyst
system, or precursor thereto, in such quantity that the
ratio of said ligand to the said metal (i.e. component b)
to component a)) is at least a 2:1 molar ratio.
Preferably, the ratio of said ligand to the said metal is
greater than a 2:1 molar ratio, more preferably in the
range 2:1 to 1000:1, even more preferably in the range
2.5:1 to 1000:1, yet more preferably in the range 3:1 to
1000:1, even more preferably im the range 5:1 to 750:1,
more preferably in the range 7:71 to 1000:1, especially in
the range 8:1 to 900:1, still more preferably in the range
10:1 to 500:1, yet still more preferably in the range 20:1
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WD 2005/ 079981 PCT/ GB2005/ 000569 6 to 400: 1, even

nore preferably in the range 50:1 to 250:1, nost
w@e@berakl y in the range in excess of 50:1, foPCT/GB2005/000569

exanpl e 51:1 and upwards, nore specifically 51:1 to

250:1 or even to 1000:1. Altgernatively, the said

ratio can be 5 in the range 15:1 to 45: 1, preferably

20:1 refer 2 st at

%%o@gb Pheegspdmp§ep5§§%ﬁfa$L¥th% %g?afy sys% 8 gso L

Hég@urﬁﬁéféP§E§§OjSntﬁMﬁhrgH§€t|iﬂ téw&eéﬁecniosmaulo for

of said acid to the said |igand (i. , onent c) to

evapphendly)l) ans apwagss aorel srR@rE Jr Gty S1:17to 250:1
SECLEEIde 106 IA!] 0nfkenRld 861,  Qrbheaad drdifAndan be

greater an a 2: rati nore preferably in
lﬂeth@am@e 115 0l 106: 15: eyepretdeeaplef &l yed n40he, more
15 to 100; g yet nore preferably in the
paﬂg@rsbth85gé §0 33¢1t1 nore preferably in the range
greater than 5:1 to 95: 1 yet nore preferably in the
range greater than 5:1 to 75:1, nore preferably in
Abe soaged 1alowe 50he, avkh mﬁeprsﬁ@ﬂér abty Ghe t gatalyst

range 20:1 to_40: ti k|
S ERBEmr ik PrERAReSD: FTEgRRGs 1 b g, PRt Mnar the
Phrt258: bt sdBssath@nt30thp, saﬂ&akmgﬁmﬂabiyg i pomporsst C)

of 30:1, suitably with any of _the upper %[ ts y
bPoviceEPHerdi ndaklor elfe. gt 36236t o H0: rMg4ay ratio.

BL& )eragﬁy "‘51&% Pr£f £ a@stbEdeé%‘?&ls & 88 1saY§t mgaﬁd is

pre era I'n excess of 37:1, suitably either with
grgaak rt hlehalrpper 213 ninpdapr oatded hepepnhufefrezaldachin the

Lo d 0988, b S B SRR BELEE, g ggnoe a1
kanaeso di sc @@e&oaer@m@m fn th&tlxﬂﬁqgﬁ 5:1 to 95:1,

g?:rlrrl).cinenr:ct)reb ptr%f%(r) (J)_?/enfn az:he 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
preferably in the range 20:1 to 40:1, still more
preferably in the range greater than 20:1 to 40:1 (e.g.
25:1 to 40:1, br 25:1 to less than 30:1), more preferably
in excess of 30:1, suitably with any of the upper limits
provided hereinbefore (e.g. 30:1 to 40:1, or 50:1, etc.),
or more preferably in excess of 35:1, yet more preferably
in excess of 37:1, suitably either with any of the upper
limits proﬁided hereinbefore. Each of the ranges in this
paragraph can be used in conjunction with each of the

ligand to metal ratio ranges disclosed hereinabove, i.e.

ratios of component b) to component a).

By “acid”, we mean an acid or salt thereof, and references

to acid should be construed accordingly.
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By "acid", we nean an acid or salt thereof, and
references to acid should be construed accordingly.
O\D0200B8079981 PCT/ GB2005/ 000569 7 The advaneemyes2008/000569
working within the ligand to netal, and acid to

l'igand ratios, set out above-sare manifest in that the
stability of the catalyst systemis inproved, as

evi denced, by ingre in the.t. .
e Sens Rl B heSBS D MBS RS TR ! ana

Q@i%l¥§tl§§§h@”&atﬁ@%,u%@£3dﬁfTﬁﬁdﬁeidrdfmhnifest in that
carbonyl ation reaction schene is kept to.,a m ninum

V?]ehmlzh\ibbhtmg afo kBebogadabysthev¥sten t iss papreyed. as
t ha wor ki n Lt hin e if1.Ccf.at

FEEderfierern, Tt rofigty, ThrEhEncAEROLTE niiopP, (208PSor che
hégand cegpenprbvohgt bre sabblijstysyst ehei sapadyett edsten,

agai nst inadvertent aerjal oxidatiopn (in instances .
Sherseser fi Sekny fRgFbes CAEORNTIFAPh PRECTLA0: oReme is
§¥é£eg%faaﬁgngmgmgverall stability of 15 the catalyst
systemis inproved, thus keeping the usage of the

net al conmponent of the catal yst systemto a m ni mum

Mor eover, .t he forward [ f the.re I WS
UBEGRXEr nobSphorioes EBUEL PLFRCERY, LEcsecpeLieget cnae
shoubekbagswah Hiatt feorspdei £20 parié cubmgedi dehedt berein,
| Tgand enpl oyed, the |level of acid . should be such

i hat SplsodpHilTe N ays i TRnst 13 Hee | L1ggp¢ ycomponent of the
[ e €, f [WaseYe d &rd e i
R e e e R
gkydathynt Henl iigertdmmetsalwhenteartheitd ol s amely t hegregs| of air

2520 % eI, S AR, SO AR B Wilicy o
RHhEt eR’L1 YRt @Ystever’ RyniriieredGi dhisg&eepimigartheatisage of
g;g gﬁ?:%}/’cénﬁ]peor?ecrll’g (I)% ptglgsecrgtailr;/stthesfsaéea}rllygct) a minimum.
Moreover, the forward reaction rate of the reaction is
surprisinglyiimproved.

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 1level 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 guantity that the molar ratio
of said acid to said metal (i.e. component c) to component
a)) is at least 4:1, more preferably from 4:1 to 100000:1,
even more preferably 10:1 to 75000:1, yet more preferably

20:1 to 50000:1, yet still more preferably 25:1 to
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precursor thereto, in such quantity that the nolar
ratio 30 of said acid to said netal (i.e. conponent

W@ 00507998nponent a)) is at |east 4:1, nore prePE&r/aBRop5/000569

from4:1 to 100000:1, even nore preferably 10:1 to
75000: 1, yet nore preferablyg 20:1 to 50000: 1, yet
still nore preferably 25:1 to WO 2005/ 079981

GB2005/ 000569 . 8 50000: 1,. yet ,stid].m
%ﬁ[‘ﬁ%’rﬁbl ye30: 34 56865: fref&yragl en‘J’dmalr eEgr %%y vet
il t&oﬂoo%ﬂeféﬁaﬁi nore:1prefer abbgodon; 1 tsxill more

25000: 1, refera g 120:1 to 25000:1, nore
preferabply I 1405 1l t 02580808 ; 1yetmaytg | Predegably 120:1 to

BB 17 4o 0phetB-RA00 b0, ToSh PABIRLAL wH0:diL2 more

ﬁé@éﬂablyelzyoonhet@au d50a0i b, camsbte ipretfiegrakdnge 550:1  to
125:1 to 485:1, nore refe 45Q: 1, e

200@0: br ef erodbl y i?@aigfo 4 af; ye?oégeﬁ % 26000:1.
%@é%ﬁé‘{’w 200: 11405404400t o @ﬁtb@rﬁﬁem@l yaagé 12601 to

Eac of these ranges in this aragraph can be
48%dlj n conjeunchiefevabhy edSR:&f thre | A§HAd t o g more

| .
R SRR b TR0 Lot ray ot v hofe P BpERRaBLy, 300+
t® khogand matdto ﬁ]ﬁé@@akﬂ]{y%?@&eﬂ 15 Béseunabcmachioé these

rati os of conponent c) to conponent b)., For h
ByBYeands dhidhyPRIAMBEIRRI Fa0F PPhES AdhereroiBgELon vl

éﬁéhosofndtﬁ@t'915§H8e3t6pph¥t59 akbt9b thenkkgandisclosed
e

odi nrents set oldt in nore detail hereinafter. 20 In
haee bnbbdirepnt. .ef. s iosesehtcdnpanaritork) the Braeangne a)

%l%?%gen%fbﬁ qg;dtllles 81::1 ner qll a%rmgt ((; ) r%&e dRé:Elosed

hereinabove, i.e. ratios of component c) to component Db).

For the avoidance of any doubt, .all of the aforementioned
ratios and ratio ranges apply to all of the 1ligand

embodiments set out in more detail hereinafter.

In one embodiment of the present invention, the bidentate

phosphine ligand is of general formula (I)

6

5

)
? R

“’\‘ /R4

Q% A—(K,D)Ar(E,Z)—B—Q"

N \32

wherein:



RO @ A(KDA(E 2)-B-QL R Ol \CR2 R17 R1 25 (1)
wher ei n: WO 2005/ 079981 PCT/ GB2005/ 000569 9 Ar is a

- Wheiodgr9eg1 group conprising an optionally subseCT/GB2@S5/000569
aryl noiety to which the phosphorus atons are |inked
on avail abl e adj acent carbongatons; 5 A and B each
i ndependently represent |ower alkylene; K, D E and Z

are substituents,of the ar noj

Mdepéndefit | ?%%?e@%ntgﬁoﬁboge%gﬁ oéé%a%lk ea%@tlonally
Eebst DehOedC¥2R0, mdlikry, tORIWhidBC HH ﬁﬁﬁbpﬁbfﬁk RPdms are
C (0) OR22, 10 NR23R24, CXC%NR 2 5R 26, C (S) R25R26,

SRared CpD) SReR¥abde adiaegnt FRABPPRIZTOPRIG) CRL6
(R17) (R18) where J represents | ower alkylene; or two
adj acent groups selected fromK, Z, D and E together
W bhdt Becgahbandapendentlyheeprgsent nfjover walkhilenpey
are attached forma further phenyl ring, which is 15
optionally substituted by one or nore substituents

%elECtEdaﬁﬁoﬁ‘Q%@r%ﬂ%@tlkﬁéﬁtsabKYEhehékgl mba@&y (Ar) and
nftro,  ORL9, OC (O R20, C (0) R21, C (0)
NR@BRZmdepa@QpnNRysR@preagqgF@xg;qgegb %yygy @ﬁkyl aryl,

Iy LE R Tl v rce(ﬁfqgegt)g 0) OR?,

r 0§t oy pref er abl
@éﬁzﬁndependaa??a?e r epr(sssE?FRZf,ovvefBR%YI,kyIC Qrsp?’, or or -J-

Het . RI19 b ﬁp 14ndqpendent| re resent hydr ogen,
iR (af {5t RET R12 chpresehfdMover
l%&@%ﬁgemolry twra%%%%nﬁygfx%%@&, s|eQ_\é;Q:lteda|ﬂt35m K®Wryd, D and
preferably éach i ndependently represent |ower
@l kylgetheyl widh Hére; carbon atoms of ‘the aryl ring to which
they are attached form a further phenyl ring, which is
optionally substituted by one or more substituents
selected from hydrogen, lower alkyl, halo, cyano, nitro,
ORY, OC(0)R?, C(O)R*, C(0)OR®, NR®R*, C(O)NR*R?*,
C(S)R¥R?®, SR? or C(0)SR*;
R¥ to R each independently represent hydrogen, lower
alkyl, aryl, or Het, preferably each independently
represent lower alkyl, aryl, or Het;

R to R?’ each independently represent hydrogen, lower

alkyl, aryl or Het;

R to R!Y¥2 each independently represent hydrogen, lower
alkyl, aryl, or Het, preferably each independently

represent lower alkyl, aryl, or Het;

0!, 0? and Q° (when present) each independently represent
phosphorous, arsenic or antimony and in the latter two
cases references to phosphine or phosphorous above are

amended accordingly, with preferably both o' and Q?
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QL, @@ and @B (when present) each independently
represent 30 phosphorous, arsenic or antinony and in

wo b®shoztoser two cases references to phosphi neP@r/GB2005/000569
phosphorous above are amended accordingly, with
preferably both QL and @2 W3 2005/ 079981
PCT/ GB2005/ 000569 10 representi ng phosphorus, nore
preferably all_ of , 2 and whe resent 1 2
FereacntIng PROSHEWS, Bore SBr5EorRELY flh BFeO' @ and

oSN §Sr&erit)e ridprididnen ubgphd el erably be

capabl e girbf%entafgjcoordiﬁgﬁgbn EB the Goup VIB or
Group VIIIB netal or conpound thereof, nore

referably, 1o th ref er [ e
SRR 18 bR RLELE BRGeiilhali 4P ELel B Blon snouta
$RB rabCR1 G RitdpabRé8)of bhideneapecttverdindridn ortcZ the
Is on the aryl carbon adjacent_the aayl qg%fo to
GEPeR X1BoomB FRoudnibttRdmerali PInAORPH} alcamt Ot s more

| EepRd N Zighoup which itself
?g%?%ﬁ%%%g t§ R TP R e DAt MO R (RI7) | (R18)

15 Specific but non-limting exanples of bidentate
ligands. _within this enbodiment,include the follow ng: _-_
RrSPErebllr- {EPTE butyt phogphi ?omstc‘ﬁfyl)t?tenzerur‘?g’l,m%\é'!nlE J
%3, 2o grUdi (R LBy ter pert’y |((RHOs phi tiesret éybebeneenk, D, E or 2z

,2-bis-(di-tert 20 butyl phosphi nonet hyl ) napht hal ene, .
event irice syt IRATEOR [3BRFENs GThe PEHE GRFP9BUFY Which A
8RPiec] at Soflﬂﬁgté’cﬁhgﬁf, hifdepat 8ol i:g8REERaN € adjacent a
envi saged W thout departing from thé scope of the
revahhing. KThe t & not AZ" gmoubamflicwhepsatedrepeeeents -J-

I el udes ., 25 .Ei ve-ko-1en-agnbered, preferably,
9i§3%0?5é4 &gnhﬁﬁ%d?Rggﬂggﬁytlic aromati c groups, such
as phenyl and naphthyl, which groups are optionally

substituted with, in addition . _
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-
butylphosphinomethyl) naphthalene. Nevertheless, the

gkilled person in the art would appreciate that other
bidentate ligands can be envisaged without departing from
the scope of the invention.

The term “Ar” or “aryl” when used. herein, includes
five~-to-ten-membered, preferably, six-to-ten membered
carbocyclic aromatic groups, such as phenyl and naphthyl,
which groups are optionally substituted with, in addition
to K, D, E or Z, one or more substituents selected from
aryl, lower alkyl (which alkyl group may itself be
optionally substituted or terminated as defined below) ,
Het, halo, cyano, nitro, OR'®, OC(O)R*, C(O)R*, C(O)OR*,
NR?R%, C(0)NR2*R?*®, SR?’, C(0)SR?’ or C(S)NR**R*® wherein R

to R?»’ each independently represent hydrogen, aryl or
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to K, Db E or Z one or nore substituents sel ected
from aryl, lower alkyl (which alkyl group may itself

whe003079pt i onal |y substituted or term nated asPdEGBR®E/000569

bel ow), Het, halo, cyano, nitro, OR', OC (O R0,
C(O R21, C(O)0R22 NR23R24, 1€(O NR 2' R 21, SR27,
C(CDSR 27 or C(S)NR 2 -R 26 wherein R19 to R27 each

i ndepe ntIy ydroge yl, ‘
3655707 BEB0 00 Fagb80 U H 1 E b Sy | P P ona LY
alkxk i gnedn 6&y t'eﬁcﬁﬁhfatb@ @Bt Hemahky bslbs)i.t uFedthermore,
term nated as defined below). Furthernore, . the

rtrhleeté;/r}’ﬁayr@é&é;yf uBey &ﬁyéyoﬁ‘ﬁ?qyr BGE)YCWE;lC grogp, €.9.
al Is 5 By the term"a

H@%gﬁg % % %ﬁ%ﬁ%h%@g %ﬁ??ﬂg me Ynclude met al s

such as Cr Nb W Fe, Co, Ni Ru, lr, Pt and

Pd. Preferabl t he t al e sel ed fr n1 N| "

Byd Hee WS pr%f mﬁy S %&E EgPupnsy %IB we

%%'1%%0%1& 190ulion r&f erenags, tw, C%?@;Jpcésll BN oY wul I ah Os,
net al s hereln shoul d be taken to Include G oups _6

dr,akt 14nd nPehe r?g@eﬁe‘xa@ém,ocnfceﬂa%%l%o%ﬁc|sstl@'céed from

ivguj'%ﬁtoter B e_trl;{gre ffv%’ prelrig’rﬂ ‘#‘y ¢498% pd. For the

Eﬁw&uﬁahchenomen@@m@ﬂ r i e eyt s, tcthchupin@EB or VIIIB
contai n one or o e het er oat.ons sel ect

f
e oSk e RROSH e S §ourBSIEAg: S RRmS: B °
\gPldC Ro i‘l NG, TR &t %‘e&a.%%cortamree ndRubke aberds or

be non aromatic, partly aromatic or wholly aromatic
in character. The ring systens may be nonocycli c,

bicyclic or fused. Each "Het" group identified herein
is optionally substituted by one or nore substituents

Lt fra~ halisn QYD hartdim, xd,udenefowt-Kyd-twelve-
(mhlch al kyl group 25 may itself be ogbiongllg,
e nas ed pse fesakilyat égugsto-ten-membered ring systems,

which rings contain one or more heteroatoms selected from
nitrogen, oxygen, sulphur and mixtures thereof, and which
rings may contain one or more double bonds or be non-
aromatic, partly aromatic or wholly aromatic in character.
The ring systems may be monocyclic, bicyclic or fused.
Each “Het” group identified herein is optionally
substituted by one or more substituents selected from
halo, cyano, nitro, oxo, lower alkyl (which alkyl group
may itself be optionally substituted or terminated as
defined below) ORY, 0OC(0)R¥®, C(O)R¥, C(0)OR®, NR¥R*,
C(0)NR®R?6, SR??, C(0)SR* or C(S)NR®R?*® wherein: R to R*
each independently represent hydrogen, aryl or lower alkyl
(which alkyl group itself may be optionally substituted or
terminated as defined below). The term “Het” thus includes
groups such as optionally substituted azetidinyl,
pyrrolidinyl, imidazolyl, indolyl, furanyl, oxazolyl,
isoxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl,
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defined bel ow) ORL9, OC (0) R20, C (0) R21, C (0)
OR22, NR23R24, C(O)NR 2R 26, SR27, C(O) SR 27 or C (S)

wOBRRSB20swherein - R19 to R27 each i ndependened/GB2005/000569

represent hydrogen, aryl or lower alkyl (which alkyl
group itself may be optional ljy substituted or 30
term nated as defined below). The term "Het" thus

S 955, 0BRSS 35,001 RLLBURBALU 00, dainyt,

i nQtazol ylgyrimoxaegl yl , oppgaazevy) quinolinyl,
- BRY P st A 005/ 076981

REDLGB2003 170056 P1iPEX idiinydo| yPYTra%atlyilaz8ify , piperazinyl.

thiatriazaol yl,_.pypidazinyl r phol, . b dE n
M&ﬁw%,l%ui%gl .ﬁ‘ﬁ% ﬂ&s%%uggoﬁrn%w%? pg)rtllbgll ncgflf , the Bet
RYMAZO0laH, anthefieperaagizvpriatBybstitt ubnen atr Hetomeay dfe the
at a carbon atomof the Het 5 ring or, where

AsFeaPEteMS - at one or nore of the heteroatons. "Het"
groups may also be in the formof an N oxide. 10 The
term"lower alkyl" when used herein, nmeans C, to C10

aldat” aymbuipsc mades et e irettingl fopmopyl anbdt pixide.

pentyl, hexyl and heptyl groups. Unless otherw se

speci fied, al kyl groups may, when there is a

siHd | cbent vnewber OfkEar beRen atiges, Herdimeameans Ci to Cy
branched, be saturated or unsaturated, 15_be

cycl.ic,
adyaili cand  pactudps| imgtdtol i @th%hd/ BFOBEL s&&éiﬁ%'ut%%lntyl'
r r g nat ' it d
PO S, Y e TUR SR R penygneer
(PouPR22na NR23R24, thdx®) NR2BR281ESRARNIC popbgr2 L ccarbon

(S NRzgoeRen%]l aryl or Het er.ein t.0 e ted
idtREFen d¥éht %Peft}yr%lbrké%%rh?h% dr]%egesna,%lugrraﬁe%rz ]fogﬁe%tura eds
&k yloyAnd or R cliikt elgrupbadtbycoseieraspeeioxygenddor be
sul phur atoms, or by silano or dialkylsilcon grougs,
substituted or terminated by one or more “substituents
selected from halo, cyano, nitro, OR'Y, OC(0)R*, C(O)R*,
C(0)OR?, NR®R*, C(O)NR®R®*, sR?’, C(0)SR*’, C(S)NR¥R*,
aryl or Het, wherein RY to R* each independently
represent hydrogen, aryl or lower alkyl, and/or be
interrupted by one or more oxygen oOr sulphur atoms, or by

silano or dialkylsilcon groups.

Lower alkyl groups or alkyl groups which RY, R%, R®, RY
RS, RS, R7, R, r°, R, RY, R'?, R, RY, RS, R, RV, RS,
RS, R, R?, R¥?, R¥, R, R®, R®, R¥, K, D, E and Z may
represent and with which aryl and Het may be substituted,
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
interrupted by one or more of oxygen Or sulphur atoms, or

by silano or dialkylsilicon groups, and/or be substituted

by one or more substituents selected from halo, cyano,
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Lower al kyl groups or al kyl groups which Rl1, R2, R3,
R4, 25 R5, R6, R7, R8, R9, R10, Rl1l1, R12, R13, R14,

wel®s/H0Rbe; R17, R18, R19, R20, R21, R22, R23, PEREB2005/000569

R25, R26, R27, K, D, E and Z may represent and wth
which aryl and Het nay be substituted, may, when
t here |s a sufficient nunber of carbon atons, be

| | near pr be fiat ted,
BYEFPe, éycﬂﬂgng%ggarF%eigﬁlc Qgéﬁﬁgsqgﬁﬁ éf (:&ﬂIﬁQSR%
bR reipd esRVy angs ) aR?PRACe  efryox wgenHet :w]dq@mm aR’é’rTsi;o R?’
or by silano or dialkylsilicon and/ or
sabbtlﬂuﬁ@@enﬁvn§ﬁ§ o#eﬁ6?§e§ﬁbsgygﬁgﬂ?§'seFé@&edoFrO&Pwer

ﬂ( .. cyano WO 2005/ 079981 PCT/ GB2005/ 000569 13
f OC (0) R0, C (0) R21, C (0) OR22,
NR23R24, C(O) NR25R26, SR27, C (0) SR27, C (9)

NR25R26, aryl or Het

SABRpaRdint | §1F crrRont LHYOF oG 8PS of iFgliors B and 7

glﬂk&éh ﬁe%‘erﬁtl jarddprd gt efin a | eso@kyben€orwhilah T4, when
when present) represent in a conmpound of

ﬁsedumnemmhe:mclumﬁ Har dion C1p ngFeidRs ¢1ifh epg bonded to
grauns iGh Are ponded: Lo @Me% LethRS R 1t ahd is

_ he group and 1s erw se defined
bRhtheisanelefdyeds i aher satleylay b:lal S 1lgweups LWkvilH -
whi ch the above-nentioned groups may be substituted
or term nated include fluoro, chloro, brono and iodo.

%1?% %‘&\%}§0W9Hn%h9fcha rey s d1aKei vl S agRsups may be
roup, cis (E) and trans (2) |soner|sn1nay
alubsticodred The Ymmsiamteacvenelede | Adupyey t gloro, bromo
i Vi dual stereoisonmers of the conmpounds of any of
ﬁg'FBFﬁUIaS defined herein and, 20 where appropriate,

the individual tautoneric forns

Where a compound of a formula herein contains an alkenyl
group, cis (E) and trans (Z) isomerism may also occur. The
present invention includes the individual stereoisomers of
the compounds of any of the formulas defined herein and,
where appropriate, the individual tautomeric forms
thereof, together with mixtures thereof. Separation of
diastereoisomers or cis and trans isomers may be achieved
by conventional techniques, e.g. by fractional
crystallisation, chromatography or H.P.L.C. of a
stereoisomeric mixture of a compound one of the formulas
or a suitable salt or derivative thereof. An individual
enantiomer of a compound of one of the formulas may also
be prepared from a corresponding optically pure
intermediate or by resolution, such as by H.P.L.C. of the
corresponding racemate using a suitable chiral support or
by fractional crystallisation of the diastereoisomeric

salts formed by reaction of the corresponding racemate
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t hereof, together with m xtures thereof. Separation of
di astereoi soners or cis and trans isoners may be

w@edsevesl by conventional techni ques, e.g. byPCT/GB2005/000569

fractional crystallisation, chromatography or
H P.L.C. of a 25 stereoisonerigc mxture of a conmpound
one of the fornulas or a suitable salt or derivative

WIEHEY"q  DpLEdhyL A8l i EORDY OHBLLOL AGIMPOUR] Hase, as

ornu be prepare

e@preshantiag optlcally pure internediate or by
resolution, such as by H. P. L . C. of the 30

correspondi ng racenate using a suitable chiral support

%rll b¥tg5:@8&lsefﬁ@hcscré/§é ah.hb_snﬁﬁbgn WitHfe the scope of the
diastereoisoneric salts fornmed by reaction of the

eororcesyo i rthe doermtel D 2005/ 079981
PCT/ GB2005/ 000569 14 with a suitable optically active
acid or base, as appropriate. Al stereoisoners are

iTRCl wided wet higphidel Seapeppf thbee SKirldesssif thbe art that
invention. It will be appreC|ated by those skilled in
tthe aeemppaRdst RE ceridtisIofaporiinetiohmgst diddnels that

| di
%%gfﬁ}‘\dﬁ%gt hakn Cﬂ% jefad E{p"\‘vf@ the &-84p \’Gﬁfﬁ metal or

net al 10 cofrpound thereof Tn
'bmmpﬁdnﬂ1tmet®efcanamha ﬁgmm&nmonﬁofh@henme¢ahyat system

Typically, the, Goup VIB G L11B tal_o

Bmpdtin FHER BH7™ CobVBI-RALEE"  BIEET6HE Jibndye Group VITIB
RRASPN0E PUSomBBERAI G RRIGCH YidI Bt 086 Ghet BRe or more
conpound of formula |I. 15 Preferably, Rl to R18 each

mmeqﬁmm ,y argpEsemnd (MieranGingny ok taRy| of e ecompound
pg@%ﬁ{ to R18 each independently represent Cl

f1 Cl C6 al kyl phenyl (wherein the phenyl
group is optlonally substituted as

Preferably, R' to R! each independently represent lower
alkyl or aryl. More ©preferably, R* to R each
independently represent C; to Cs alkyl, C‘1—C64 alkyl phenyl
(wherein the phenyl group is optionally substituted as
defined herein) or phenyl (wherein the phenyl group is
optionally substituted as defined herein). Even more
preferably, R' to R'® each independently represent C; to Csg
alkyl, which is optionally substituted as defined herein.
Most preferably, R' to R'® each represent non-substituted
C; to Cg alkyl such as methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, tert-butyl, pentyl, hexyl and
cyclohexyl.

Alternatively, or additionally, each of the groups R! to
R3, R! to R% R’ to R%° RY to R¥, R to RY™ or R to R
together independently may form cyclic structures such as
l-norbornyl or l-norbornadienyl. Further examples of

composite groups include cyclic structures formed between
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20 defined herein) or phenyl (wherein the phenyl group
is optionally substituted as defined herein). Even

worees/07998ef erably, R1L to R18 each i ndependent | BCT/GB2005/000569

represent Cl1 to C6 alkyl, which is optionally
substituted as defined hereims Mst preferably, R to
R18 each represent non-substituted 25 Cl1 to C6 al kyl

h I hyl - | .. 180 | -
RGBS AP e gheTRLY poRtSEY e, SPEEN Y oyel Btbibe  may
repldsRiiiatd Vel 1ad Qhaasislitd analdly theadh geind hes gridigmhed.

R1"to 30 R3, R4 to R6, R7 to R9, R10 to R12, R13 to.

R15 or R16 to R18 together independently may form
%%ﬁllc ?5%%&%&&?§1§UC€ 8FcrtafOTYINInGt of the present
“hofboPfa ienyl . Further exanples oflsconp03|te
dreupsciotcl rle &Ycl iRE, stRMlict Bfesandr Ret pechearepgpsent the
2005/ 079981 PCT/ GB2005/ 00056 15 R1-R18, . -
Aams nhPYFE! 1k o?rﬁﬁr 8ro13{%them%+%%saﬁaydeflned herein,
ﬁ?pr%ﬁ§nﬁﬁ§ soii dpphaggqt @' Whégbh t bepkegant ithe same lower
atfachéd. 'In a particularly preferred enbodj ment of . 6
taiecydr esanyls amvitatt i opigty RS, REIMRED heasinndarie R R
ach represent the iss l o ggq, Ylsa@le Hed lkyl,
?f%i'et aseptief iaﬁlgd%er%g%,h %SI%S 81(,—'1&il 1sa 514 a"ﬁeolr i

Rl eash uepr esdRritt hes seekihedeneralkyl Moaeybreferably RY,

noi ety as,defined herein, and R3, R6, .R9, Rl2
T ’ls B ¥ apredoht tRc oI A S o Grge kvl

' def.i &l o,-Mor g 1Rk ef eraldy &4, methyl,
frﬁ?ﬁ%ﬁ%yégna%gb%gtgggh relpygsent 5,t he sane Cl-rég Y

aiyyl, parpiopyby | yiswresemsti t oretel cs igoAutyduchtert-
as net hyl et hy N= propyl , i $0-prQpyk, Rsbutsyl 11 Ri4

| RIGE Bt yP?anﬁ»t-LBti%@n ?rpéHtcy}lo,%%ﬁg;)’/l ﬁof Igy’clqgcgﬁe)?\yl'; R™ and
R RcR8inBépenBibtand AdpRifeachhendependentty alkyl as
represent the same Cl-Cq, al kyl as, defibne @bove;d aﬂdg
R fReed RabRI9; RABdant R1K each + i Mleperient P}

rf@&&ﬁ&ﬁ&eﬁ@fys%%&& akkyl @sndetined alkyl as defined

' 6
above. For example: R, RY, R, R, R¥® and R'® each

each

represent methyl; Rz, R5, RB, R“, R* and RY’ each represent
ethyl; and, R3, RG, R, R!?, R® and R!® each represent n-

butyl or n-pentyl.

In an especially preferred embodiment of the present
invention each R} to R group represents the same lower
alkyl, aryl, or Het moiety as defined herein. Preferably,
each R!' to R represents the same C; to Cg alkyl group,
particularly non-substituted C;-Ce alkyl, such as methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-
butyl, pentyl, hexyl and cyclohexyl. Most preferably, each

R! to R'® represents methyl.
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above. For exanple: Rl, R4, R7, R10, R13 and R16 each
represent nethyl; R2, R5, R8, Rl1l, Rl14 and R17 each

wo epserest 20 ethyl; and, R3, R6, RO, R12, R15r@ndBERID8/000569

each represent n- butyl or n-pentyl. In an especially
preferred enbodi nent of the preesent invention each Rl
to R18 group represents the sane Iomer 25 al kyl ,

35 b et oY ASE 157 AR LRI 0 ana ¢

qLRLR, prddroul aréythen-sauest IMdHtG(Zblfé]fe(famll}Kyl eashic@', ©°
as nethyl ethyl, n-propyl, iso-p n- butyl,

asd- Bit yWhepeprespoLy| reﬁéﬁﬁthhe&WPBﬂaOE?cr ohexyl .

Most preferably, each 30 Rl to R18 represents nethyl.

WD 2005/ 079981 PCT/ GB2005/ 000569 16 In the conpound
@&e&@&mwﬂyI,1an&ﬁeu&&mgbunﬁﬁnﬂ}ﬁonmhkﬁuiA}R,(BW&nd J (when
present) are the referab

@ﬁ@s@lt(wh%ﬁc r senci%? nt&P ﬁggéﬁof Stgl Cs alkylene

qfgr abLy.op i s Qg1 oM ithutfedr miba defihed @aRGedn, for
en present) each i ndependently represent ClL to C6

aldayipdree wihhchlowenptd dndl | greubst i tRAKPRAPef | kg lower
gﬁéqfel E forr?tfe.‘xégngfucw E-Xh IBO\%r EH kﬁipseq{v\gé@ sent) Jé%present

akaIene gro
\Lﬂéﬂﬂ%-@mﬂﬁut{@cﬂ)r esephrilcarer nore Sebsed t lrbreelr a\lkylene
particular_ preferred | ower alégle e which A B ang _ _
nﬁquep@nmr y Fapré8gRPep TEPreseafy s or
f eraglyy %tfecifabﬁy,B &h Jo £ WAeNBP@ENS ) (when present)

é esent th sane | ower al kyl ene as defi ned hereln
pmp'necsdretrl ythECI—EE—ameLS Tevsfrer aBlkyleng t Be conpdnrd oherein,
fornula I Wn D, Eor. Z does not represent -J-(@8
PEEE (IRE: Cgj)cmes(rel?) (R18) , K, DL Eor Z
represents hydrogen, | oner al kyl, phenyl or | ower

Preferably, in the compound of formula I when K, D, E or %
does not represent -J-Q%(CR™(R™) (R™))CR*(RY) (R*®), K, D,
E or 7 represents hydrogen, lower alkyl, phenyl or lower
alkylphenyl. More preferably, K, D, E or Z represent
hydrogen, phenyl, Ci1-Cs alkylphenyl or C;-C¢ alkyl, such as
methyl, ethyl, propyl, butyl, pentyl and hexyl. Most
preferably, K, D, E or Z represents hydrogen.

Preferably, in the compound of formula I when K, D, E and
7 together with the carbon atoms of the aryl ring to which
they are attached do not form a phenyl ring, K, D, E and 2
each independently represent hydrogen, lower alkyl, phenyl -
or lower alkylphenyl. More preferably, K, D, E and Z each
independently represent hydrogen, phenyl, C1-Csg
alkylphenyl or C;-Cgs alkyl, such as methyl, ethyl, propyl,
butyl, pentyl and hexyl. Even more preferably, K, D, E and
7z represent the same substituent. Most preferably, they

represent hydrogen.
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al kyl phenyl . Mre preferably, K, D, E or Z represent
20 hydrogen, phenyl, Cl-C6 al kyl phenyl or Cl-C6 al kyl,

waGowbozwsl net hyl , ethyl, propyl, butyl, pentylPErg¢B2005000569

hexyl . Most preferably, K D, E or Z represents

hydrogen. Preferably, in the xonpound of fornula I

when K, D, E and 25 Z together with the carbon atons

of the aryl ring to which they are attached do not

forma phenyl ring, K D, E and Z each independently
pepresenl vydrogae dawssurad ko ,fqheryd I orhémvieyr D, E or 2z

| kyl ph . M f bl vis KqisD h
%@@épgﬁﬁgﬁrreprﬁégpggZﬂf@;}&%&%@%ﬁ) b%%ﬁ?ﬁ,ﬁlé@%g(%ﬁ) and K,
3l kyl phenyl (o &ddndP ‘f?‘itl;‘]ﬁllthélk%‘r]@&q nRtdwd ot BN, aryl ring

propyl’,”  butyl? pentyl and hexyl. Even nore _
poefvériathl ychay dye Bipachdd réprreentormea sphenyl ring, each

SubsLLHent JESLPLELEIblt, Y pREDESRR seected from

Brafegrl,y, 1bhettheatioyippundyof, for milea |agherefindd, Ferein;
of Z "does not represent -J-(@8

(CR13 (R14%T\9&R15%3 2: ,
ORIG LERIAT IGRLEYIERgeR  ob, E-§ad & kbgetmoran PATERgularly
I f~t i ng i,C re
SHABRAGIPRATeLES AU L GoBotsathl chybBloAL
and Z represent the sane group selected from

hydrogen,. | ower alkyl, aryl, o t_as_def] eLn; . .
Shetetatly T o pnonroted B fRorifant coie BR6SHE K, o,
ALY adyethds Upstht thedcixb&® atduis) ofeshechaylyring to
hydrogen. 10 Preferably, in the conpound of fornula l
wihdieht wohety Karp, agtagded tyd hér WREAYEhetta¥borthen the

at ons_,of [ Ll t ' e .atifiac
SRS, LY SR R DR B FLURCBR or moxe
eptdsariaddanissibseéléoted dirobn englor Iwvexr 1&6lkyl (which alkyl

subetl yeht s el seled, homanil Lonei Allods (H01 Ehinated
Ler 'Herﬁr?éjd below), Het, halo, cyano, nitro, OR?Y?, oC (0)R??,
C(0)R?}, C(0)OR¥, NR?®R?, C(0)NR®R*®, SR*’, 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
optionally substituted or terminated as defined herein).
More preferably, the phenyl ring is not substituted by any

substituents i.e. it bears hydrogen atoms only.
Preferred compounds of formula I include those wherein:

A and B each independently represent unsubstituted C; to

Cs alkylene;

K, D, Z and E each independently represent hydrogen, Ci-Cs
alkyl, phenyl, C1-Cs alkylphenyl or -J=-
03 (CR (R*) (R?®) ) CcR® (RY7) (R?) where J represents
unsubstituted C; to Cg alkylene; or two of K, D, Z and E
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as defined below), Het, halo., cyano, nitro, OR19, OC
(0) R20, 21 22 2324, 2526 27 27 C (0) R C (0) OR

WORRS0(O®31 NRR, SR, C(O SR or C(S)NR 2' R 21 wheCEGB2R3900569

to R27 each i ndependently represent 20 hydrogen or
| ower al kyl (which al kyl grougs may itself be
optionally substituted or term nated as defined

ggrgg{t?wz% é/g/ibr gf erg%%gﬁ tatl'gb é’hef]yl:hel Qggh.s rrl%tg to which

uen

*E)ﬁ@g;o%efle aaeﬁﬁcﬁetiy fodm R e@l@élﬁﬁ]ﬂ mmgomds;hoflé ospulanally
i hcl ude those wherein: A and B each | ndepende tl

rsabﬁésé’mtaﬂrs Bist PREt e®X CIQ%E  EHRatiusRes 36¢ ec%edz from

Zﬂ‘e’? %%hq&nlyl dpef%efﬂ&'“% ATk ECE SERRLONN 3Pqugn(cm_s (R14)

(R15) CR16 (R17) (R18) V\,here J represents

bstitpted G Lo CB { W0
B VB o008 0 AR PETRESISIRa005E8P T E R By Sther Ot kYL,
yﬂ%n gﬁngqt @5 cQf aghelgﬁghynr ng to which they are
he

tta forma phenyl "ring which is optionally

substltut ed by one or nore substituents selected from
Al K RSN al kyl g ha St R]:er&u%JeB those

gét‘f }ﬁ%eéeﬁ&?nt Ie)\g r(g%IP g\gﬁ{j Cl&%lo (I&Emﬁl Ryl, “phenyl

@hGLitr: C6 al kyl phenyl . Further preferred corrpounds

of formula I i nclude those 10 wherein: A and B both

, represent - - or CH4, particularly CH2; K, D, Z and

T t eParClcth 1 CHa;
% 31 p%]e@;@cﬁ?@é%é%%ﬁgpkgﬁ;gro@@mg %ar c( arld cH,
(R15)) CR16(R17) (R18) where J is the sane asA or

:I‘iv;g §f K a E %%%hz J_tno eptehnec{env)éllk;1 }g;?r&@élp@nh%f%@eﬁf C1-Cs
alkyl phenyl or C1-Cs alkyl or -J-
Q3(CR13(R14) (Rls))CRlﬁ(R”) (R*®) where J is the same as A; or
two of K, D, E and Z together with the carbon atoms of the
aryl ring to which they are attached form an unsubstituted

phenyl ring;
R} to R'® each independently represent C; to Ce alkyl;

Still further preferred compounds of formula I include

those wherein:

r! to R'® are the same and each represents C; to Ce¢ alkyl,

particularly methyl.

Still further preferred compounds of formula I include

those wherein:

K, D, Z and E are each independently selected from the
group consisting of hydrogen or Ci to Cg alkyl,
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aryl ring to which they are attached form an
unsubstituted phenyl ring; 20 RlL to R18 each
w0 pabepersent |y represent CL to C6 al kyl; Stil | PETIGBRE®S/000569

preferred conpounds of formula I include those
wherein: 25 Rl to R18 are thegane and each represents
Cl to C6 alkyl, particularly nmethyl. Still further

erre n orgal g I 4 ncludy
I\l’?ﬁ%]ecfﬂ aﬁ,i quexg%d% Cglr e&each |ljrfde%englent3$ ggtegg the
d4mam tcﬁﬁougtOU@spQBSBSILynngérdaydeaacg}encDIf &L t@ CGZ and E
al kyl ,” WO 2005/ 079981 PCT/ GB2005/ 000569 19
m#@%@ﬂérpyd\méﬁéreé’gh of K, Db Z and E represent t he
same group, especially where each of K, D, Z and E
represent hydrogen; or 5 K repre ents - 3. (CR1
K Rik)p i 826ht P cmrsﬁ TR ®8) (B i Rliclgﬁd B Ar eaeachD Z

i ndependently sel ected fro e gro Si ng
A dyerPbf Q2 Oﬂ?ﬁ&ﬂ‘{grbtarﬁh &0 rcite%p gﬁ”é“ t{?% > Aiind
%Wsﬁﬁga@essﬁt Hter SPdre @roup; especy abﬂﬂﬁyl\ﬂhepﬁrﬁCﬂarlY
and E represent hydrogen. 10 Especially preferred
winers f ikodonBo Bf reprRFeat thecrale (Hodw, especially

‘%?rel B %a%ﬁdgﬁd&%pg?% tlﬁcet ]_s@dg}land represents

ame and represent -CH2-;
K, D Z and E are the sane and represent hydrogen. In

S pt SAine e T arher Lepe TSRS, formula T
RReRe. e REBRhe @in:

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

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

In a still further embodiment, at least one (CR*R'R®) group
attached to Q' and/or Q?, i.e. CR'R’R}, CRR°R®, CR'R’R’, or
CRYRM™R'?, may instead be represented by the group (Ad)

wherein:

Ad each independently represent an optionally substituted
adamantyl or congressyl radical bonded to the phosphorous
atom via any one of its tertiary carbon atoms, the said
optional substitution being by one or more substituents
selected from hydrogen, lower alkyl, halo, cyano, nitro,
OR', OC(O)R®®, C(O)R*, C(0)OR?*®, NR*R*, C(0)NR*® R?S,
C (S)R?°R?S, SrR?” or C(O)SR?’; or if both (CR*R'R®) groups
attached to either or both o' and/or 0%, or Q3 (if present)
together with either o' or @ (or Q%) as appropriate, form

an optionally substituted 2-phospha-
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20 CRIOR11R12, may instead be represented by the group
(Ad) wherein: Ad each independently represent an

wo@piosomaBl y substituted adamantyl or congr esspECT/GB2005/000569

radi cal bonded to the phosphorous 25 atomvia any one
of its tertiary carbon atons,a¢ he said opti onal
substitution being by one or nore substituents

se] ected . f,rgm hydr,0 v r l,..ha ; :
SrEFECTomId 108 oy TR SE (B o (op i REETe Ehereof,
NR22R24, aCri@y NJRT R 6 r f23mda 27 C(S)R'R, SR or C

(0) SR, or if both (CR'RYRZ) groups 30 attached to

either or both QL and/or @@, or B (if present)

together with either QL or 2 (or @) as appropriate,

form an optionally supptiflutéd 2- phospha

2005/ 079981 PCT/ GB20 7
tricyclo[3.3.1.1{3, 7}] de¢yl
thereof, or forma R @fssfornula Y R49H H

R54 R R53 R51 R52 5 R49, and R54, each

i ndependent |y representRrydr ogd®e2 | ower al kyl or

aryl; 10 R50 to R53, when present, each independently
represent hydrogen, |ower alkyl, aryl or Het; and Y
regg:gignts oxygen, sul fur or N-R55; and R55, when

B sent, represents hydrogen, |lower alkyl or aryl. 15

kPt hisd erPdi emoh, ihdepehdentiyy dspnresmrdsenydyogsn, lower

alkyl or aryl;

gfoup or derivative

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:

(Ad) s (CR'R®R?) 1Q*-A- (K, D) Ar (E, 2) -B-Q' (Ad) 4 (CR'R’R%) ,
wherein Ar, A, B, K, D, E and 2, Q% 0% and Q%) and R* to
R?7 are as defined hereinbefore except that K, D, E and Z

may represent -J-03(Ad) 4 (CR*® (R™) (R'®)x instead of =-J-
03 (CR3 (RM) (R¥®) ) CcRY®(RY) (R'®) and Ad is as defined above,

v

S & U=20, 1 or 2 provided that § + U 1:
0, 1 or 2 provided that T + V £ 3;

0, 1 or 2.

T &V

il

il

W& X

In addition to the preferred embodiments for R' to R, ot
to 0 A, B, J (when present), K, D, E or %z, R to R¥,
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(Ad) s (CR7TR8R9) TQ2-A- (K, D Ar (E, 2) -B-QL (Ad)

(CR R2R3) 20 wherein Ar, A B, K D E and Z, Q1, ,
waeasQ@9sand RL to R27 are as defined herei nbrEdDGB2005/000569

except that K, D, E and Z may represent -J-QB (Ad) w

(CR13 (R14) (R15) X instead efi -J- @B (CR13 (R14)

(R15) ) CR16 (R17) (R18) and Ad is as defined above,

1'6)5celd . rhezreﬁglael"fdp%e : h%th“l'l ded »gﬁ‘féw&’%(&élﬁ&l ap§1§7 Ve5 the

ﬂfbéﬁh&tIémbdﬁlmhﬁtpreﬁereedaEnbbdamEntsnéor(Mﬁ)tcgroup is
R18, (when.present), K, D, E or
e ey toth@7fO\1«b0§66§/é%998i‘P§ FPER2005/ 000569 21
not ed herei nbefore, all of which equally apply to the
present enbodi ment where at |east one (Ad) group_is
Pueskeat | pred & ot ¢dniargadwolisapplfi ekormuayr theinclude those
preferred conpounds of formula I include those

et A and B both represent -CH2- or -C2H4-,
particularly -CH2- 10 K, D, Z and E each

i ndependent |y represent hydr ogen, C1-C6 al kyl nI
ral-Rebaf kyresresenes -Chdy O (TRay é)r lﬁi’é) r1y -CH-;
where J is the sane as A; or two of K, D, E and Z

together wth the carbon atons of the aryl ring to
®hi bh ZhepdaEe eath athédpéndenbhyunspbsisientt éydsesp, Ci-Cs

ring: 15 Rl to R3, R7.to and R13 t €4, 514 15

’égjentﬁieé%lh Q$dgﬁeﬁﬂeﬁ9R?(§'lr eBFesent&d?cﬁd’((% Pkﬂ (R™) )=
@@Qré he t18tehe RUMRER M (A tg«cottpfs rf techedah@ mtogether
and @ is > 3, i.e. S +U? 3, and Wand X = 0,

@nt20t8?|Haﬂhﬂnhetcﬁﬁepérﬁ&ﬁ(ﬁﬁﬁbUﬁH%goFOf&hﬁﬂQiqhey are
a@géglqu %g%ﬁeawq%[h%'u@)stltuted phenyl ring;

R! to R3® R’ to R, and R?¥® to RY™ (when present) each
independently represent Ci: to Ce¢ alkyl, and the total
number of (Ad) groups attached to Q! and Q* is 2 3, i.e. S
+ U 23, and W and X = 0, 1 or 2. '

Still further preferred compounds of formula I include

those wherein:

R! to R3, R” to R® and RY® to R (when present) are the
same and each represents C; to Ce alkyl, particularly
methyl, and the total number of (Ad) groups attached to Q!

and Q% is 2 3, i.e. S + U 2 3.

Still further preferred compounds of formula I include

those wherein:

K, D, 2 and E are each independently selected from the
group consisting of hydrogen or Ci to Cs alkyl,
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R to R3, R7 to RO and R13 to R15 (when present) are
the 25 sane and each represents Cl to C6 al kyl,

weansihzesarly methyl, and the total number of PCHEB2005/000569

groups attached to QL - and Q2 is > 3, i.e. S+ U> 3.
Still further preferred compaynds of formula | include
30 those wherein: K, D, Z and E are each independently

selected fromthe gr consi.sting of reg

P%rbhc‘égﬁﬁ?’ WBTsoare 806t Pt/ 2085/%5%9%§33%t the
panti cgtatipy Weseceatbyofwier®, aemd & réredpnt Z2t hend E
sanme group, especially where each of K D, Z and E
represent AYEregeR; 6F 5 K represents - CH2-CB (Ad) w

(CR13 (R14) (R15),s and D, Z and E are each

i ndependent|y selected fromthe group consi sting of

Ry depges cat sCHQHa—Q8 (AHky [GRPARIT)cR At yandhePe Hotand E are

AR ELTBRAREN: 1) P BOBRC Cner . rang=goe (ofefiefag ot

‘ fgydﬂgggﬁf’%@ a,l yopref esriedl sppsitieutampoundieref both D and
a

or mu i ncl ude those wherein: each_ Rl to R3, and
R7 repIRE NS t Hee sBRECard ?er e§6RES 1215 YngthRAFe oPrt e and E

total n f d) 8. $ it 8d 1y Qh dpdr QR is
f?pf:?g.eHgbﬁglﬂggg%;é'A@ﬁg}% are the ‘sane and represent
-CH2-; K, D, Z and E are the sane and represent

hydrogen, 20 Especial|y preferred specific¢ compounds
BFPPGLMILY | PEFACIIS 1 HORE WHies ei fOBROYASF of Hed C67EHL2
of$Raat thheesaRBrlg@si tion in each case. Preferably S

- 1and U> 1, nore preferably, S=2 and U> 1 or

vice versa, nost preferably S & U= 2, wherein Sis
%g%hn%foe{o()fﬁg/'\da)ncgr%wpscoatﬁﬁ(:'iqu the same and represents
methyl or the total number of (Ad) groups attached to Q!
and 0% is 2, i.e. S + U = 2;

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

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

Especially preferred specific compounds of formula I
include those wherein Ad is joined to Qi1 or Q, at the same
position in each case. Preferably S 2 1 and U 2 1, more
preferably, S = 2 and U 2 1 or vice versa, most preferably
S & U= 2, wherein S is the number of (Ad) groups attached
to 02 and U is the number of (Ad) groups attached to Q.

Specific but non-limiting examples of bidentate ligands
within this embodiment include the following: 1,2
bis (diadamantylphosphinomethyl)benzene, 1,2 bis(di-3,5-
dimethyladamantylphosphinomethyl)benzene, 1,2 Dbis(di-5-
tert-butyladamantaylphosphinomethyl)benzene, 1,2 bis(1-
adamantyl tert-butyl-phosphinomethyl)benzene, 1,2 bis(di-

l-diamantanephosphinomethyl)benzene, 1-



25 to @ and U is the nunber of (Ad) groups attached
to QL. Specific but non-limting exanpl es of
whraentase |igands wthin this enbodi ment i ncP@MEBRGV8/000569
following: 1,2 bis (diadamantyl pho. sphi nonet hyl)
benzene, 1,2 bis(di-3,5 30 23 :
di nmet hyl adarmntyl phosphi nonet hyl ) benzene, 1,2

di - 5- b
gﬁpﬁw‘%@fﬁ tl?%%ﬁ%/ @%@gﬁgf 75" édl(ife adamant y|
E&%ﬁlﬁh@9@h£ﬁ6ﬁ@$ﬁﬁpnpbénhénbenzene 1,2 bis (dit-(di-tert-

amant anephosphi nonet hyl ) benzene, 1 WO 2005/ 079981
Erossh boesshy b2

hffﬁ%ﬁ%%%%%@ﬂ%sﬁwﬂsgﬁms@n&@hsf T, ilaietert

5 }i&m{tylph@sphinmn@tﬂnyl) 2- (phospha-

@€%§$€ﬁx§ ﬁgﬁﬁgggﬁg?gg %BﬁB benzene, 1-(di-tert- 5 .
?@9&@8&35@99§9@éﬁ@ﬂﬁbﬂéhhb@mzenqphbspha_

di adamant hosphi nonet hyl ) - 2- (phospha
adamantylphgsphin@m%thyﬂy enzeng, 1-(tert-butyladamantyl)-

ert — T (P-
;?l % -3 %gﬁ%ﬁ@?f%ﬁ Eﬁlllrr]lgﬁlgttﬁlyl) ggr?zzgr?g and 1 [(P 1% [P
10 (2,2, 6(6h teﬁta—ﬂéthyﬂph@Sphuﬁamﬂdﬂ%?@[ﬁ?ﬂﬁﬂhkﬂﬂﬁﬁﬁh&l)]-
phospha- ada sphi nonet enzene .
2&!@\9%?19ﬁEFés§daWﬁ€t§EP&‘I°§§H‘dé’rO§‘§r¥?ﬂnﬁ 25t woul d
ﬁ@géfehéﬁésghatt%khersﬁiﬂféaat%éﬂSQﬁﬂdslﬁanth% art would

envi saged w thout departing fromthe scope of the
appeamene Thaltn Gihet P enbbHIMAT . CfRe be  envisaged

PLERDLEL 8eBRRSPALNE Lok 43 dcortd Sengral s fRsa 8n

15
In a yet further embodiment, the bidentate phosphine

ligand is of general formula (III).

- ) (1)

wherein:

A; and A, and Az, Ay and BAs (when present), each

independently represent lower alkylene;
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E1l Al @ MX1T (L2)m~L1)n (Il1l) 20 wherein: Al
and A2, and A3,' A4 and A5 (when present), each

w0 pabepersent |y represent | ower al kyl ene; WO 20PG1/GB2®8/000569

PCT/ GB2005/ 000569 24 K1 is selected fromthe group

consi sting of hydrogen, |owea alkyl, aryl, Het, halo,

cyano, nitro, -CR 19, - O (0) R0, -C (0) R21, -C (0)

OR22, -N (R23) R24, -C (0) N (R25) R26, - 5 C (9

(R27) Rte, -SR29, -C (0) SR30, -CF3 or -A3-@ (X5) X6;

B ii$ sekeeteddf roram hehgr ogpoupnscehbhgtohghydfogeydrogen,

| oner al kyl, aryl, Het, halo, cyano, nitro, -OR-19, - 14

boveD) ﬂégyl«c%wlmﬁet-rc ?‘6)1 £yang R ERy, T® T, -
) o NR€R25). 21- 22( R21) R4 SR2% (o) (#P) R?6, -

gg%;\h CF3 grﬁeg?,%4-'Q41-o%%§@X8;( E1l i(gz{s;el ect ed é‘r)oam(thc)a

greupREDREF st +8RF of ~BYAr B§ER, —GRwer aPeyR; (A7 Het ,

hal o, cyano, nitro, -OR19, - OC (0) R20, -C (0) R21,

-C (0) OR22, -N (R23) R24, -C (O N (R25) R26, - 15 C

05) i(R2EL1BEBed SREOm the Ohr&fE0, cotbl saringASo@d h8Yyogen,
X10; or both D and El together with the carpon atons_,,
dbweke adfiylopedrswdi edftri kg 1o Wi heyireO, —OR™, -

SR, ST ool bl sub et phasy e

adamdREIR2E X2~ SREpr e€enl SRERA (GF) o(tREP1-0E 6K GrESsy |
or adamantyl, or X1 and x 2 together with 2 to which
they are attached forman optionally substituted

21phosph@iected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, nitro, -OR??,
0C(0)R?°, -C(0)R*, -C(0)OR??,  -N(R¥)R*, -C(O)N(R¥)R*, -
c(S) (R¥)R?®, -SR®, -C(0)SR*®, —CF3; or -As-Q°(X’)X'%;

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

optionally substituted phenyl ring:

X! represents CR*(R?) (R}), congressyl or adamantyl, X2
represents CR4(R5) (R6), congressyl or adamantyl, or X' and
X? together with 0> to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]decyl group or derivative thereof,
or X' and X? together with 0% to which they are attached

form a ring system of formula IIIa
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15

25 tricyclo[3.3.1.1{3, 7}] decyl group or derivative
thereof, or X1 and X2 together with @ to which they

wae@sarwached forma ring system of fornula | PCEHGBENS/000569

2005/ 079981 PCT/ GB2005/ 000569 25 VY1 RA9H H R54 R
R53 R51 R52 (Ilia) x 3 reppesents CR7 (R8) (R9),
congressyl or adamantyl, X4 represents CR10 (R11)
(R12) , congressyl or adangntyl, or X3 and X4
together with QL to which are attached forman 5
optional ly substituteds 554
tricyclo[3.3.1.1{3,7 &or derivative
thereof, or X3 and X4 tjogether with QL to which they
are attached form aR 6f formula Illb Y2
R4 9H H RS54 R Q R53 1 2\I1l1lIb) 10 X5 represents
CR13 (R14) (R15) , conBfessyl Bf?adamantyl, X6
represents CR16 (R17) (R1)j4) congressyl or adamantyl,
or X5 and X6 together w 213 to which they are

Rt Sonia atr’'qpfi 0RB,| y cotbptéssyed @rphadphantyl, X*
tricyclo[3.3.1,.1{3,7 ecyl group or, derivative
rABFES8PNtEs5 T SR t GBORES Wit hOEB HepRERL, or ¥

%gyﬁar Eloﬁlégggpexgitlfloém@o rhR9cgYshep afref i @hdd | form an
49 4

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 IIIb

Y2
R49H H R54
R R53

Q
R51 R52

(I1lb)
X5 represents CRM(R'Y) (R'®), congressyl or adamantyl, X°
represents CR® (R'7) (R'®), congressyl or adamantyl, or X5
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 IIIc
Y3
R49H H RS54

R R53
Q
R51 R52

(Ific)
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R Qk R53 R51 R52 (111 C) WD 2005/ 079981
PCT/ GB2005/ 000569 26 x 7 represents CR31(R32) (R33)

w@owgoeesyl or adamantyl, X8 represents CR34 $PEBEB2005/000569

(R36) , congressyl or adamantyl, or X7 and X8
together with 4 to which thgy are attached form an
optionally substituted 2-phospha 5 t

tyicyclo[3.3.1. 1{:3, 2k degyl ar I rixati 8
e T e e
@Rﬁ rﬁ&ﬁﬁ%idm;ﬁ@m?ﬁ)qﬁ%ng eyﬁ?e:awlselef@mmlaaiamdrd:yﬂzl, or X'
Q R53 1 R52 (| X 9 represent
@ﬁQ7Xingge¥h@9)W%t%oggr%%éwhl%ﬂ g%%ﬁﬁﬁ??l?%%fﬁ%eﬁgform an
rept CR40 (R41) ( L {GQnQy essyl or adangnt ha-
8ng§ﬁ§2%§x1o t oget her \%4@18%5 to which they are stlospha

attagbed [BoBnlah{3pPptideayly onegt i et ¢ 2l pabspha-thereos,
tricyclo[3.3 1.1.{3, 7}]1decyl -group_or. _der,i [ ‘
Pﬁe?%ofa,nd of ]x@%?&g‘%%}low% e?he?ovmwgﬁc& et%é%hi\é%ﬁ thegrched

g&gmagt§ﬁhgds¥§§e505ﬂw@oghagasy5t@n1of formula Me Y5

HHRS R53 R51 R52 (I1le) and in this yet
further embodi nent, QL andY®®, and @B, &4 and @ (when
present), each R49H H Red

R R53
Q
R51 RS2

(1d)
x° represents CR¥(R*®) (R*), congressyl or adamantyl, x*0
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 Xx*° together with 0° to which they are attached

form a ring system of formula IIIe

Y5

R49H H R54

R q R53
R51 R52

(Ilte)

and in this yet further embodiment,
o' and Q% and Q%) Q' and Q° (when ©present), each

independently represent phosphorus, arsenic or antimony;

M represents a Group VIB or VIIIB metal or metal cation

thereof;
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20 i ndependently represent phosphorus, arsenic or
antinony; Mrepresents a Goup VIB or VIIIB netal or

wWOoreaoalo7o8t i on thereof; WD 2005/ 079981 PCT/GB2005/000569

PCT/ GB2005/ 000569 27 -L1 represents an optionally
substituted cycl opent adi enyl 27 indenyl or aryl group;

5 L2 represents one or nore |igands each of which are

i ndependent|ly sel ected from hydrogen, |ower alkyl,

al kylaryl, halo, CO P(R43) (R44)R 45 or N(R46) (R47)
RASteRte seon B4 8aandR3brtad R4 5ulwhsit yirask ep¥ G L epeh tadienyl,
| ndependent | 10 represent hydrogen, |ower alkyl,
Yenvyhabb %¥Yl=|e9,r° 9 to R30 and R43 to R48, when
present, each independently represent hydrogen, |ower

al kyl, aryl or Het; 15 R49, RS54 and RS5, mhen:gresent,

Baclrapssaridenng r opr evene  hydrwlen cadwectl it are
|; R0 R53 , :
Stbesiiot fy ot boreer ossh, REAEPOIBILY | vk,

- Y2xyY3ryY4 BadoY5cophenrRpHeRENR® eac hy (Ride pRAUREE y

represent oxygen, sulfur or NR55; n =0 or 1; 25 and
m=0to 5; provided that when n = 1 then mequals O,

?g%(yvhﬁm nnegrl £ 0 ghen Mdogs-intequadc). iHdependently

erably 1 n a conpound of fornula II'l when both K
representshyABo@an¢ X5pwiB ahlyEl 2eptesemt® oasHek:
(X9) X10, then D1 represents -Ad4-QA(X7)Xl. WO
2005/ 079981 PCT/ GB2005/ 000569

R to R* and R* to }#8, 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;

Yl, Yz, Y% Y* and Y5, when present, each independently

represent oxygen, sulfur or N-R®%;
n=0 or 1;
and m = 0 to 5;

provided that when n = 1 then m equals O, and when n

equals 0 then m does not equal 0.

Preferably in a compound of formula III when both K*
represents —A3-Q3(X5)X6 and E! represents —Ag—Qs(Xg)Xlo, then
D! represents -As;~Q*(X")x%.
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28 Preferably, in this enbodinent, RL to R18 and R31
to R42, when present, each independently represent

whyasogesy optionally substituted C, to C6 al RgT/GB2005/000569

Cl1-C6 al kyl phenyl 5 (wherein the phenyl group is
optionally substituted as dgafined herein),
trifluoronethyl or phenyl (wherein the phenyl group
is optionally substituted as defined herein). Even
nore preferably, RL to R18 and R31 to R42, when

PEEAEPLL1 €ACH ni Ndependapsdimerepr erbntohydf oged, Rt to R*,
C6 10 al kyf, which is optional |y substituted as

deén negrreeain, aadhf | vaKRRSPENtdY otSRARAGYE  hydrogen,
subst i t d I e r refiarabl ¢, - Rl 4 0 R18ph 1
2 1?%519& ﬁ%%,%%iﬁélﬁaérg e% :Casghael]ﬁ{lldepzindce%ﬁt 'y y¥%heny
(eREesent iher phenylnomecubstist el Gratly Ceukdtdiuted as

phenyl which js optionally substjtuted with, one.15 ar

ApF i eRbdiq T s K LEBHOTT oY ho s uBRTIY bt cd Br g the

‘iﬁeﬁ%f%’%;reﬁquégoyﬂﬁbﬁaﬂ LEpsesent sd hyslr QgENneH herein) .
nsubs 0

tuted C, C6 alkyl. Mre preferahly, Rl {0
Ri€n andr&B3Iptef®ulwher pregerk, edlf iFdepEAdeRtlry when

represent _hydrogen u ' al kyl
Bﬁgﬁeﬁ " meth ,lgge%%%%ggp%?p?%%%%?gﬁgo§%¥%§§ o tlto c
ik lﬁl wh:iS:@- ¢t wpﬁz}cﬁfaklyﬁtlsltqbstwbmuqd ,a;$1edzriaad herein,
cycl ohexyl, especia nmet : t prefer , to

RS DT e cha RASE WA PRI , R S e oRAey T ven
fnggﬁeégekeggpi@?b@ui tUtRY Glgt @3Caalfd| GHeR paesent each
methyt, ethyl, "n-propyl, iso-propyl, n-butyl, 1so 25
bntgpententlputrgprepenty hydsegen  am@ncypaibsiatpted Ci to Ce

i all thyl .. Al .nat | Ly, [ 1, ,
STREE! BB AL OB, iAo one
B0 dr RlZup BBt ienRdSseRebtta fROMRIBonRBIbsbiREBed Ci to

R34 to R36, R31 to, R39 or R40 {0 R42 (whe reéegt%
Cegeth&ylni tF t heRcar BBIE LR onft o vHﬁH:ri?stq{g:fpar ydrbgen  or

g%%ﬁ%?gggg%%pe@ld%yMGWQXk&QEmMiﬁréEEyhbly, 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—p}ropyl, n-butyl, iso-butyl, tert-
butyl, pentyl, hexyl and cyclohexyl, especially methyl.
Most preferably, R to R'® and R® to R* when present, each
independently represent non-substituted C; to Ce alkyl such
as methyl, ethyl, n-propyl, iso-propyl, n-butyl, diso-
butyl, tert-butyl, pentyl, hexyl and cyclohexyl,
especially methyl.

Alternatively, or additionally, one or more of the groups
R! to R}, R? to R%, R’ to R%, RY to R, R™ to R¥, R'® to
R®, R to R¥, R to R*®, R¥ to R¥ or R to R*? (when
present) together with the carbon atom to which they are
attached independently may form cyclic alkyl structures

such as l-norbornyl or l-norbornadienyl.
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such as 1-norbornyl or 1-norbornadienyl. WO

2005/ 079981 PCT/ GB2005/ 000569 29 Alternatively, or
w@odwsnieseal |y, one or nore of the groups Rl apdI/BB200R400569

and R5, R7 and R8, R10 and R', R13 and R14, R16 and

R17, R31 and R32, R34 and R3% R37 and R38 or R40 and

R41 5. (when present) together with the carbon atomto

which they are attached. independently may form a

cyclic alkyl structures, preferably a C5 to C7 cyclic

ﬁiiké’i:néti’délw eorsadhlaionyﬁ:llghemyile &m.“d mDﬂH openthe ,groups

sand 16
}%V\mﬂd Dl?‘erse%t )a“é]agﬁrlg |‘7‘1’a‘ep%r7de[ﬁt|9nfie re's annd%& R

hygdregen phousy alskyl x5 t4rid I1f0] ol haﬂldoasearcyﬁ @ and R%
i ned above, particularly non-substituted Cl to C6
alrkgh andshydrogegetbspemehl yhe noarkepsetont be Wiieh they

C6 al k 5Ina Ci fer enbod
Sien oFtaehed pigioRlaRat Yy Y S pReekiclly ALl
~ QQiué@ﬁE%?nbr@f@ﬁ:@@e_Iy aSog,tabl v, Syeflian alkyhgeteatture

nmeans QlL, Q2, &4 and are bonded to g cargbon
aeem Gfs qu@bob@@ylréeﬂe&y@émﬁnt%. cANBeR's b R, RY,

%ﬁsg’r 0%?’, 3%41, Fé;gGPr efes aber{mRﬂ‘}z R4 wiEh %9@3&@) each

and R40 en present), ‘each
iepepsadenthe sameepubsentuent hgdrodefi ned hewern: Ralkyl,

R5, R R3 R38 ., an 41 :
EFégeHPfomSEEPIF&re e?écl¥tlth8 (g% 1Dstd %Ol}rgérft %‘é’@ggcularly
HsﬂLgegsh_%ated and £8, dg6,a1R81 Ridd Ripdr&R&d, R33pecially
and R42 (when present) each represent the
Banresubﬁbsttilt@dnﬁl aso def ier&d lherein. More preferably
Rl, R4, R7, R10 , R13, Rl16, R31 , R34 , R37 and R40
(vvhen present) each represent the sanme Cl1-C6 al kyl, L8
par tarc Uk epéyiadhy 3@retﬁb$h:et1uteadbc@]m@81tal kg&chswch Ris to R
rret hyl” et hy|42 nh}?lre%pypresent, do not represent hydrogen.
Suitably, such an arrangement means Ql, Qz, Q3, Q4 and Q5
are bonded to a carbon atom of X' to X', respectively,

which bears no hydrogen atoms.

preferably, RY, R%Y, R’, RY, R¥, R', R, R¥, R and R®
(when present), each represent the same substituent as
defined herein; R?, R®, R%®, R, RY, RY, R*®, R®, R®® and
R* (when present), each represent the same substituent as
defined herein; and R3, R®, R%?, R'?, R'S, R, R¥, R, R*
and R42 (when present), each represent the same
substituent as defined herein. More preferably R!, R*, R,
R, R!3, R, R¥, R, R¥ and R' (when present) each
represent the same C;-C¢ alkyl, particularly non-
substituted C;-C¢ alkyl, such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl
or cyclohexyl, or trifluoromethyl; R?, r®, RrR¥ RrY, RrRY, RY,

R32, R¥®, R*® and R*' (when present), each independently
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i so-propyl, n-butyl, iso-butyl, tert-butyl, pentyl,
hexyl or cyclohexyl, or trifluoronethyl; R2, R5, R8

wOorlms/0Rb4; R17, R32, R35, R38 and R4l (when pPEF6EBR()05/000569

each i ndependently WD 2005/ 079981 PCT/ GB2005/ 000569
30 represent the sane Cl1-C6 gd kyl as defined above, or
trifluoronethyl; and R3, R6, R9, R12, R15, R181 R33,

R361 R39 d R42 (whe res each i den
FonretoRt (Hee gt haee BhkL éfiﬁéﬁﬁé’lﬁ%vefﬁ%%' or
{f%f%%f&ﬁ@ﬁ}byi; Ees R3exafpl R?, R1Y?, R&M RRMRIR® R1B*®, R
an

(when present) each _ represent meﬁhyl; R2, R&% th
884 R, (Raanapgerentdacrea@pr d8RPENEEAYLY (RRTESen ©

resent). . ' 1 Rl £ohePhyl. For
g?lgieﬁfgceegg%%leg%es&c}g%lrﬁutyi %,rRl% %ﬁ%w 70 Tn an
espesiat | Ripr efer méd aibpdRiBnendadt® RiwhenREg-egrt) each
R31 to R42 group (when .preseni); representssth a
S@E%@ﬁ?ﬂ’én‘f‘eﬁgygéaneoR he 'rng Pr éf er 41yRi SgﬁﬁRgg?gesent
éﬁiﬁ anghB31,10s842) 97 9HA, 1 &P sENIRS, t R¥ sl £Hd tRF° Cgwhen
a W‘ group, particularly non-substituted Cl-C6
prkybntsueachsrapraseny| n-evhyl of-PrRpyFYLi so- propyl,
n-butyl, iso-butyl, tert-butyl, pentyl, hexyl and
cycl ohexyl, or trifluoronethyl. Most preferably, eacllg
R % RiSpadth R3] beerBé2edr eufpadipreegengach R' to R'® and
ngln-subst |4%ut ed Cl1-C6 al kyl, par;ci cul ar | ¥ rre%hyl \ h20 same
Riie tier mBdandhPYP whEReDseBTREFBEA nBSRECER SFaniRty |
greue; Mibah 1y herhoandedetoi R, pRfc@Bo1Y) ¥EHIR' to R
respectively, in position 1 or 2.
Tndcyt o[t 3RE. 1g4@) rdpegsens st HehsyseBfatGic Hanks alkyl

for an 25 adanmant vyl it @,
@PUPVe%&%@tiﬁlyngi}gﬁgSﬁg%gég%édgﬁ% %pgsn tyilc?ﬁ %?gh 2
2etR93),t icpf, onepebpy e tidsymtafya 3. d-Buf gl 7} lidecylutyl,

‘tert-butyl, pentyl, hexyl and cyclohexyl, or

trifluoromethyl. Most preferably, each R' to R and R* to
R*? group represents non-substituted C1-Cs alkyl,

particularly methyl.

The term adamantyl when used herein means an adamantyl
group which may be bonded to Ql, Q2, 03, 0* and QS,
respectively, in position 1 or 2.
Tricyclo[3.3.1.l.{3,7}]decyl is the systematic name for an
adamantyl group, suitably Ql, Q2, Q3, o' and QS,
respectively, may be bonded to the 1 position or 2
position of one or two tricyclo[3.3.1.1.{3,7}]decyl
groups. Preferably, Q' and Qz, and Q3, o' and Q5, when
present, 1s bonded to a tertiary carbon of one or more
adamantyl groups. Suitably, when the adamantyl group
represents unsubstituted adamantyl, o' and Q% and Q3 ¢Q°
and Q° when present are preferably bonded to the 1

position of one or more tricyclo[3.3.1.1{3,7}]1decyl groups
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groups. Preferably, QL and @2, and @B, &4 and @, when
present, is bonded to a tertiary carbon of one or nore

w@ooamizayant yl groups. Suitably, when the adanaPtTGB2005/000569
group represents unsubstituted adamantyl, QL and Q2,

and 3, 4 and & when present are preferably bonded
to the 1 position of one or nore
ctricyclo[3.3,1.1{3 ] y ro 0 7998
18T/ 05?588369“%% fjoefé ltp%e car %#%]?O%I%f&tghébears 1o
hpHesPer YAt @ oup bears no hydrogen atom The adamantyl
group may optionally conprise, besides 5 hydrogen
atons, one or nore substituents selected from , |ower

k - - , | o) .
TR G o R TR PR S s
hdroger( o) 7) oRB8, ox CE®re- PEWEH) RBIEnt POERBEEcted from

R. 59 - PO3H2, PO OR6 - S03R62,
1‘5%%’?@) Allkyd, m@?lhl,igg@%& %l&zgr @%5&26’ C(0)R%,
_ﬁ'gg) OR28, | oMBEna) kyl ,alygno any (RE)RF! are asc (dpRi(REY R*®,

er

ein_angd R56 to R62 each .independent| y. I eprgsent
-@y8) RENR T oner-Gl %y | ‘é’r(ﬁSk)cﬁ*dﬁHet T i(%{fgﬁl()?‘, when tHEO3H2,

_ &t v\ @1\ 0up . [.S _ 64 t i hpone g205 oR2IDrge2, Rr23,
g@@@?l Pd(lgrl?‘t s) ’aso%lef %%g ébg{’/kg%%!i ghly preferred
R¥YbRP | urtht,s R7i¢l 8AL ubswbst alkykd Cyane @xdal kylyl -aFe as

19, - OC (0) R20,. phenyl, 353&% OR22, 11 eSS
acRipraahoponn i RES) K87 ™ RPN s RariShE b Shkesent
h%&?@%elﬂ%g%wer' Qﬁ(%%l\,’\hSE:?!LnoBlﬁet[ epr esents hydr ogen,

nsubstituted C, - al kyl or phenyl, 20 R20, R22, R23,

R24, R25, R26 each independently represent hydrogen

GBS bR 59018, er g e on o
opheme 28bSuitabhys tdwe adaimedykbgveup mbghdonppreferred
shggfigsggggsinclude unsubstituted C; to Cs alkyl, -ORY, -
0C(0)R%°, phenyl, ~-C(O)OR?, fluoro, -SOsfL, -N(R*)R¥,
~P(R%)RS7, -C(O)N(R®*®)R?*® and -PO(R®®) (R*®), -CFs, wherein R
represents hydrogen, unsubstituted Ci-Cs alkyl or phenyl,
R20, R?2, R?*, R*, R?», R%* each independently represent
hydrogen or unsubstituted C;-Cs alkyl, R*® to R%}, R%® each
independently represent unsubstituted C3-Csg alkyl or

phenyl.

Suitably, the adamantyl group may compr ise, Dbesides
hydrogen atoms, up to' 10 substituents as defined above,
preferably up to 5 substituents as defined above, more
preferably up to 3 substituents as de £fined above.
Suitably, when the adamantyl group compri.ses, besides
hydrogen atoms, one or more substituents as defined
herein, preferably each substituent is identical.
Preferred substituents are unsubstituted C;—Cg alkyl and

trifluoromethyl, particularly unsubstituted Ci-Cg alkyl
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hydrogen atons, up to- 10 substituents as defined

above, preferably up to 5 substituents as defined
wW@bwsme7998pre preferably up to 3 substituents BST/GB2005/000569

defi ned above. Suitably, when the adamantyl group

conprises, besides 30 hydrogen atons, one or nore

substituents as defined herein, preferably each

substituent i.s_{dengical ref.er bstj re
sﬁ'\‘r'ghbs&l“?tu?% 1C8£al %Phégd E?F:f%?l%gonedt%yi ey B! Sgroup
JI i Ard yd tgerb s t dms edn Gy - C8eal ke \WO2Q05/ Y7 9g8dup is
PCT/ GB2005/ 000569 32 such as nethyl. A highly

nertefsararsdd Wdfent yl| group conprises hydrogen at ons

only i.e. the adamantyl group is not substituted. 5
Preferably, when nore than one adamantyl group is
Rfeeantbly,n whemnpouad tbanf ongulkgdament vdacdh adRnhft present

group is identical . By the m .

1 pRosHRERT Iy Alo] §9§¥Rii.{£}%}]888§}| WALy (group 1s
- RS B2t phospha- adamantyl group fornmed by the

conbi nation of X1 and X2 together with @ to which

they are attached, a 2-phospha-adamantyl group forned

| nat] A t t.her © grou
L%%i %ﬁ%t hgéiggr gaggﬁgfg{?e?l?yg:—léﬁgégﬁg- ralda{r?uéwn—{]S]\(g;glﬁ%up(‘:{ P
Weor mdahy the AfplosphareddaommfyIXs gndule tisgewdrer by the

with @ to which, the r attached, .a -2 ,

RIS IO roup FoEHed By The” E8nbPish Shey are
S hend X8 togghbepnw-bRadntglwhiggvugheyfarged by the
attached and a 2-phospha-adananty|jaﬁfﬁﬁ formed by the

combimation of X0 andl X1 (Fodsgeere bt ¥hwsicfrhey are
t hey .20 t i , -
RS DAl o SR CeP P aTanakl, TR, FoRfifaPby® the

ESmIEBn&0ion N EgRAl apdrX® andyesdr of itQl,QQRe @BicRY they are
g?tgggégfengs ZQggégg%gE%damantyl 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 Q® to which they
are attached, wherein Q%, 0%, @3, Q' and Q° is in the 2-
position of the adamantyl group of which it forms an

integral part and each of Q', @, @ Q' and Q° represents

phosphorus.

The 2-phospha-tricyclo([3.3.1.1.{3,7}]decyl group (referred
to as 2-phospha-adamantyl group herein) may optionally
comprise, beside hydrogen atoms, one or more substituents.
Suitable substituents include those substituents as
defined hereiﬁ in. respect of the adamantyl group. Highly
preferred substituents include lower alkyl, particularly
unsubstituted C1~Csg alkyl, especially methyl,
trifluoromethyl, -ORY wherein R'® is as defined herein

particularly unsubstituted C;-Cs alkyl or aryl, and 4-
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25 The 2-phospha-tricyclo[3.3.1.1.{3,7}]decyl group
(referred to as 2-phospha-adamantyl group herein) nmay
wopisoreBly conprise, beside hydrogen atons, PBPCEGBR005/000569

nore substituents. Suitable substituents include
those substituents as definggd herein in. respect of
t he adamantyl group. Highly 30 preferred substituents

i nclu | owe kyl , ryi _ i t 1~ ‘
g TR gel WO RE 2 S A A0SR L iy Faudes
e ef RaRl9nks sadstetivead , herreiferapdit ieadharsybstituent is
unsubstituted C -C8 alkyl or aryl, and 4 WO

oosE by®b81 PCT/ GB2005/ 000569 33 dodecyl phenyl . Wen

t he 2-phospha- adamantyl group includes. nore than one
substituent, preferably each substituent is .
peefstalaly, 5 theef 2reibd spha tadamayHasharaganmeht ypulgsbiputed
is substituted on_o or .norg of t : - :
FosiofiSnSrwitH S °Sul ?t&éntf’as%de$$n§d 8?2F%§n%brwelth a
pusierably: the 2erpheapheemshamaniplregr pupfesably, the 2-
substituted on each of the 1, 3 ~and 5 positions,

Suosphhyadatentah arpuRgeieREdREhheteAeo10°pABSBROFBES: 3
at om.of _t he .2- phosaha: o e
Sgme0lod NS Aphosshae AIATRNLYL OLOUR L Sandiaidad déans the

ons 1N the ada el eton having no _
ﬁugépﬁ@ﬁoabonﬁtombsbfpreheraﬁkphospba—adamantyl group is

2. E0oPLa YL oroup LS SUBRLL S99 B8R hcng o
ﬁzgg%%?@ﬁa'a@é@r@m MbsOT Qe fetaliges dhe Mor@Hdiphatadamantyl

tuent preferably each substituent is_ identical.
gspepi alsy puleseiretedulsyst i ©@6Ht s O&r eth@nslipst #t utegand 7

Cl-C8. al kyl d trifluoy _ i ar ;
BﬂE%%?PFUt e@H%‘i- sl %%@%%%laasa&éﬁiéﬁi Zoélyoup includes
Reeberatdyy, 1t heuBsphoseha- adanntad 1 ygr eaghi nelipsfestuent is

addi ti onal heteroatons, other than the 2- pggg{){]% ous are
AHBRTICRA -t he BRRARSHHAY adaRERESE TSl et SRS SUFTaBT 2

egghﬁgeﬁehted Ci1—Cg alkyl and trifluoromethyl,
particularly unsubstituted C;-Cs alkyl such as methyl.

Preferably, the 2-phospha-adamantyl group includes
additional heteroatoms, other than the 2-phosphorous atom,
in the 2-phospha-adamantyl skeleton. Suitable additional
heteroatoms include oxygen and sulphur atoms, especially
oxygen atoms. More preferably, the 2-phospha-adamantyl
group includes one or more additional heteroatoms in the
6, 9 and 10 positions. Even more preferably, the 2-
phospha-adamantyl group includes an additional heteroatom
in each of the 6, 9 and 10 positions. Most preferably,
when the 2-phospha-adamantyl group includes two or more
additional heteroatoms in the 2-phospha-adamantyl
skeleton, each of the additional heterocatoms are
identical. An especially preferred 2-phospha-adamantyl

group, which may optionally be substituted with one or
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het er oat ons i ncl ude oxygen and sul phur atons,
especially oxygen atons. Mre preferably, the

wWQ2phoeBa- adamant yl 25 group includes one or P@I/EB2005/000569

addi ti onal heteroatons in the 6, 9_ and 10 positions.
Even nore preferably, the 2-3phospha-adamantyl group
includes an additional heteroatom in each of the 6, 9
and_1Q. pOosi.tii t ety e n
20 5%056% f&%.?ﬁi I\/Q%r o%ﬁﬁu %c ljbrlléé]éeltr\\{/\m/o EPE?rg?gSBOan oxY9e
g&amtnaﬂababhtemﬁaﬁmms bp theafd. phdsplosiddemsnt gf the 2-
skel eton, each, of tFe addi tional heteroatons are
phesphaapdaBaAnt¥bet K& PYOBr ef erred 2- phospha- adamant vl
group, which may optionally be substituted with one or

WO 2005/ 079981 PCT/ GB2005/ 000569 34 nore substituents
Higdéﬁ/l nedefierzed, 2rTeheslawmdavadyen SAHAS édchdgfined

e 6, 9 an osi ti,on h 0 83 -
EEFéPon %nﬁﬁﬁﬁgy or & %Pg%h% %Hoé HH %gg%g%§%§§ﬁ %,9,10
g&ggggdgﬁaaeyunedgréagﬁnr124pﬁo@@&a 1 3,5- trlmethyl 6,9,10-
2-phospha-1, 3,5, 7-tetranet hyl -6, 9, 10- trlox% %I3 5,7
@rcegpadzmeﬁwéha 1, 3, 5- t BFREPhy I - 6, 9 10- -

2zpBogph afantyl group, and 2-
FerPATERTR TG oeonn) 2gP 018 Brtotagakanty] gxoue
ahdsphibl, 3, 5-tri trlfluoromethyl) -6,9,10- -trioxadamantyl

BESUB oupobst HABANY, B2 RO AT T -

%%h%ett%@i fronfzor@hosprzaph&sp&;al—lt e, 153 ettt rated hk—6, 9, 10-
tri oxadamantyl group o

prnagplam@ngy@ Ql?‘?‘%ﬁst ﬁw 2 oppatliSoxaddiemahyL -6, 2, 10-

&gﬁ ad%%ag % when nore than one
0s group is present in a conpound of
fornula I, each 2 phospha- adamantyl group is

Eg%%%%éghggz%ﬂig$ %ggget%.flné%éoa—ggogggatgaghantyl group
is present in a compound of formula III, each 2-phospha-

adamantyl group is identical.

The above definition of the term “2-phospha-
tricyclo[3.3.1.1.{3,7}]decyl group” applies equally to the
group when it is present in formula I but wherein X" in
formula III, i.e. X*, %%, X®...%X'°, is denoted CR'R'R*, i.e.
CR'R?R?, .. .CRY™R''R!®, in formula I.

The term congressyl when used herein means a congressyl
group (also known as diamantyl group) which may be bonded
to Ql, Qz, Q3, 0* and Qb respectively. Preferably, o' and
0%, and 03, 0* and Q°, when present, are bonded to one of
the tertiary carbon atoms of the congressyl groups.
Suitably, when the congressyl group is unsubstituted, @*
and 02, and Q°, Q! and Q° when present, are preferably

bonded to the l-position of one or more congressyl groups.
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tricyclo[3.3.1.1.{3,7}]decyl group"” applies equally to
the group when it is present in fornmula |I but wherein

wXpoosa7998prnula 111, i.e. X1, X2, X3 ... X10, PGI/GB2005/000569
denoted CR' RyRZ, i. e. CRIR2R3, ... CRI6R17R18, in
formula |I. 25 The term congressyl when used herein

means a congressyl group (al so known as di amantyl

group) which may be bonded to QL, @, B, &4 and b
respectively. Preferably, QL and @@, and B3, 4 and

©he WBBAgpeesedt , gavapbondgd bptboeably30cbhprierti abgside

carbon atons of .the congressyl gro . . Suitably, en
hh@r@ﬁﬁ@re§§ﬂm%y(nﬁp¢s Bfis uFS {§¥ St aﬁs ggﬁ&able
X, 88f: 65 1 ?Lﬂd@rqﬁﬁfg sﬁfkﬁ‘sﬂrtet‘fe%ft@@/s Qéﬁgﬁédt Berein
position of one or nore congressyl grou

zﬁostaapeet PEF/ GBaeosla@amaegyl35gn'hupcon§m§§y| @p:@lﬁﬁrred

t
o 0P, R Y COMBEL o0 e e o0 11,
FQQ@?C}EEQ%EW HeRhg1as a‘ﬂ@lf ltﬁﬁﬁlhekemétﬁylln Mesme(ptre(iferably,

he adanmantyl %roup Hi ghly preferred substituents
thel u@@n@ﬁ%@ynuﬁréwml 5 aPR§HbYrbipsed and  comprises

R?d% %gh?gkgmgﬁégcg and trifluoronethyl. Most

ngressyl group is unsubstituted and
conprises hydrogen atons only. 10 Preferably when

nore th one_congr ess roup resent

EorBBERALEr PHERUMCE EhobaoH e GHERES oY g o505D 4 Present
idend i eahpokBdPrsf erabhyiaWnere o8gciOr JMIgdddyfl group is
systens of formula Illa, Illb, Illc, Illd or Ille are

pdesematailn a conpound of forrmula I, R50 to R53 each

i ndependently represent |ower alkyl, aryl or Het,

whi ch groups are optionally

Preferably, where one or more ring systems of formula

IIIa, IIIb, IIIc, IIId or IIIe are present in a compound
of formula III, R® to R’ each independently represent
lower alkyl, aryl or Het, which groups are optionally
substituted and/or terminated as defined herein. Such an
arrangement means Q?, @', 0%, Q' and Q° of the ring system
of formula IIIa to IIIe, respectively, is not bonded to a
carbon atom bearing a hydrogen atom. Even more preferably,
R to R® each independently represent optionally
substituted C;-Cg alkyl, preferably non-substituted C;-Cg
alkyl, phenyl optionally substituted with non-substituted
C,-C¢ alkyl or ORY where R’ represents non-substituted Ci-
Ce alkyl, or trifluoromethyl. Even more preferably R to
R53 each represent the same group as defined herein,
particularly non-substituted Ci-Ce alkyl, especially
methyl.

Preferably, where one or more ring system of formula IIIa

to IITe are present in a compound of formula III, R* and
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substituted and/or term nated as defi ned herein. Such
an 20 arrangenent neans @@, QL, B, &4 and & of the

wWo 200g/0998t em of fornmula Illa to Ille, respectPUBGE2005900569
Wg/03y 4 p B

not bonded to a carbon atom bearing a hydrogen atom
Even nore preferably, R50 t@eR53 each independently
represent optionally substituted Cl-C6 alkyl,

ef er abl.y S itu
Breter bl Nofe suball | WSH Gl 25 saldeviyy RGN cuced ci-
C%k)é:l&@lll QQ@Ee%?FBlBl%dnﬁB:ubsgﬁﬂ:atedn Gift i aLkel, Cphenyl
a Yy or tri uor onet . ven nor.e refera Yy
pptiRBaladcFURESIdIRd tHeE é\?él‘g%”&?&%éﬂo"é (f‘ﬂngG atRyL or
e i ]Peart oul ?%é%e@@ﬂt uqsf&ﬁlya@gtgugédal kylce alkyl,

eéspeci a Preferably, where one or nmpre 54
Ittrﬁlglapsrbmmt@ﬁflf osrruhgdtdgen . t Yokl @rafepriekent R| n gnd R

onpound of fornula 111, R49 an 0 1
P@F@BQ@@S/ E@%S@m%6gﬁgﬂpeaa§n gﬁgopéadg‘%%g%g?é rees§ gGtally
gg}gkg@glnl y substituted Cl- C6 alkyl, preferably
non-substituted C1-C6 al kyl, phenyl optionally
subst ituted with non-substituted C -C6 al kyl or OR19

R%%ﬁ{ét I%)Iee%:eent SN Y fiboat i H%be@gg’te% a:lﬁ(yforn%la IIla

Faéro ydrogen. More préferably, R49 an
854IIrI%pra&@rpré§mtsatm agrmmpcamdnlecﬁf ndrhetai AII, Y to Y’

especial ly dr ogen.  Preferabl wher e gne ar, e
Bitfg sy’ %%0%4‘ f oMRsta Iplrlezferf%’lﬁ’o Iﬁaeqére Obr g?elnt ¥
iﬁ%g@;'e%%%%ungx9§eﬁor BHedclrbblyYl Wi mate itiesm i ©&b ring

preferably; each of Y1 to Y5 represents oxyge
Ryefteralolfy £ osmerle nidrle theard Idge irs My eSSt et ot compound of

formul.a L1I toIIIels Les Ip, 8 ¢ QlLechJf

SRS IIIIa ST SRS rlﬁng %gitstteem i'S i gi%ntl cal. 15
Preferred enbodi mrents of the present invention | ncl ude
Preferred embodiments of the present invention include

those wherein:

x! represents CR!(R?) (R’), X* represents cr*(R%) (R®), x°
represents CR’(R?) (R’) and X* represents CR? (R) (R*?);

x! represents CR'(R?) (R®), X*® represents adamantyl, x3

represents CR’(R%) (R®) and X! represents adamantyl;

x! represents CR'(R?) (R}, Xx*® represents congressyl, X3

represents crR7 (R®) (R®) and X! represents congressyl;

x! represents CR'(R?*) (R®), X® represents cr*(R%) (R®), and X3
and X together with Q' to which they are attached form a
ring system of formula IIIb or a 2-phospha-adamantyl

group;
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those wherein: X1 represents CRL (R2) (R3) , X2
represents CR4 (R5) (R6) , X3 20 represents CR7 (Re)

W@ ROzl X4 represents CR1I0 (R11) (R12) ; XI PCT/GB2005/000569

represents CRL (R2) (R3) , X2 represents adamantyl, X3
represents CR7 (R8) (R9) and3>i4 represents adamantyl ;
25 Xl represents CR1 (R2) R3) , X2 represents

ress 1 rz 3

ep &P Ss?nécosng(r[{ege&y ﬁgj)él’ repr es@‘e% é‘% ?Q%néfi%)l X" and
X2 t@@é@ﬁ%th1€B4Q€R5¢ @ROrh, thagd X3e amdaﬁheﬁogethem ring
W th to which they are attached Eorma 30 rin% .
§y§ttem o fommnla IIb o & 3-BRespha-adamantyt group;
group; WD 2005/ 079981 PCT/ GBZOOS/ 000569 37 X

represents CRL (R2) (R3 X2 represents adamantyl, X%
Xndreprésmgethml Rf)th‘R(m 6 webcksendy manguasssted X

57 RBEBFLERaa i 1 BPolfioh Koy cpFBsahtecir dgpm @ ring

@%kem XZ rRRTRSeNS IEORET &S SY¥bhoX¥phard daxahtiogetrbep;
wth QL to which they are attached forma ring system

and

of formula Ill1b or a 2-phospha-adamantyl group; X1 to
4 eachai Adahm ’ Xl to
§4 ggcg |%%8e}9en %%% érrgﬁi e%tr congr eqé%%/ 2050 and X2
each |ndependentIy represent adamantyl and X3 and X4
each ingde dentl re resent_congressy nd X3
| KAdBBeRUCHEFY 1RISRENTY aHAAR R Sendred S

i ndependently represent congressyl; X1 and X2
|ndependentIy represent adamantyl, X3 represents 20 .
@R7apRe X’ (R@G;hahdde@felrl@WE%Eni%Pm@n’%Rﬂ?mEP&Y} ang1X® and

d XZ
%gp?ggen?sgegﬁgé E%Y( §)§§§§L§Zeggg?§§ékts CR10 (R11)
(R12) ;
x! and X independently represent adamantyl and ¥X* and X*

independently represent congressyl;

X' and X? independently represent adamantyl, X® represents

crR” (R®) (R®) and X' represents CR'@(RM™) (R'?);

X* and X? independently represent congressyl, X3 represents

crR” (R®) (R®) and X' represents CR'?(RY) (RY);

x! and X? independently represent adamantyl, and X® and X*
together with 0' to which they are attached form a ring
system of formula IIIb or a 2-phospha-adamantyl group;

x* and X? independently represent congressyl, and X° and X
together with 0' to which they are attached form a ring
system of formula IIIb or a 2-phospha-adamantyl group;
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25 X1 and X2 i ndependently represent adamantyl, and X3
and X4 together with QL to which they are attached

WO 20051020981 ng system of fornula Ilib or a PCT/GB2005/000569

2- phospha- adamantyl group; X1 and X2 i ndependently
represent congressyl, and X3 3gnd X4 30 together with
QL to which they are attached forma ring system of

formula bl 0 S d y 0 ‘

%80%‘7167598 %%’?8%283%%0@05 25S égg% Ithgg gbe t:)ggé:taﬁged form

\é" thnGR @ e GE theymeare Et1achedd fot rand &'r |trmgyether with
stemof fornmula Illa, and X3 and X4together

Wi t
tto wiwhdieh hérear easet RPeRCHAE mEPT™ ng sHShEm %¥stem of
formLJlIl% IRy, 5 X1 and X2 together with @ to which
tf g are attached form a 2- phospha- adamant yl group,
and X3 and X4 together wth QL to which they are

hed,f h ,
S cran, 81 SREGAPRENES B OF nopRBLE trRYeRE ot LAl form

ing) b ,pra&feent% 68 x(RedgéRByr, with Q'
)?22r p(r%egsents CR4 RY’!L <3(S€R6)pe X3 15arepresen?s CR7

(tRe) whiR8h ahbeX4 aJe?)r m@%@oemm (REhosphg-adamantyl

|ggpresents CR1 (R2) (R3) , X2 represents adamantyl, X3
MEdent s CR7 (R8) (R9) and X4 represents adamantyl

20 Xl represents CR1L (R2) (R3) , X2 represents

| X3 ts CRY :
Congr e:rs1ytP§ r!ep;ﬂ%lsb%?@f?“FGt)M 83ch£ﬁ%de?)lé?’l"a%wf| ylnventlon

eRIGRENt SlAB a1 25 XL to X4 each independent|y
represent congressyl; X1 and X2 together with Q to
V\,hi ch they are attached form a ring systemof fornula

lLla, and X3, and _ X4 Bher t [ 4 6 3
z§re 5??58ﬁ88ttsorﬁ’§ I% 2‘3‘ Eystig2 r}fepg‘]este%t\Mj TRURV(RY), X
represents CR’(R%) and X* represents CR?(RY™) (R'®);

xt represents CRl(Rz)(R3), X2 represents adamantyl, x3

represents CR’(R®) (R’) and X' represents adamantyl;

x! represents CR'(R?)(R®), X*® represents congressyl, x3

represents(CR7(Re)(R9) and X* represents congressyl;

X! to X! each independently represent adamantyl;

X! to X! each independently represent congressyl;

%' and X? together with Q* 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 IIIb;

x! and X2 together with Q* to which they are attached form
a 2-phospha-adamantyl group, and x° and X! together with ot



30 formula I'llb; X1 and X2 together with Q2 to which
they are attached form a 2-phospha-adamantyl group,

w@easEd9and X4 together with QL WO 2005/ 07998 1PCT/GB2005/000569
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PCT/ GB2005/ 000569 39 to which they are attached form
a 2-phospha-adamantyl group; 3Preferably in a conpound
of formula Ill1, X1 is identical 5 to X3 and X2 is
nt e ly. [ L eal-
5T egnt iy M & poral yio ¢ 3 POl dnanty1
igeotpeal to X4 and X6 X8 and X10 when present. Even
nore preferably, X1 to X4 are identical. Most
preferably, X1 to X4 are identical to each of X6 to
X3P vhepphesenta &8mpBrahar aFl Vornultaher copprundsofidentical
fornula Il X1 and represent  identical 1.
sU@lenﬁnﬂsX XQ&ﬂKﬂQGF#Qﬁ#eg@n¥ -i doxs creferably, X 1is

LB LURE. S P A, X (RO RLSEET e SDEESERL, anc 1 s

r epeRseatl1%d dentanehl XS ubst nandeml% wiaeml X9eardtX1@ven more
(when present reprgsent i, i,ca i tue 1
PPESERABPYY /i K atCorkpodng ehbifata %F‘t Hraply, x* to
rfprﬁg@niéent%a@t&@ic%6®f hydreoen? diowerpadkyht .

-CF3, phenyl or lower 20 al kyl phenyl. More

preferably KI represents -A3-@Q3(X5)X6, hydrogen,

F? %%?%ﬁg hyfnoﬁéEglE%hgp ?uqieng#hﬁﬁﬁegegggflég‘aﬁnd X

pf@ﬁgés@dten‘@a@nmmlm suurmsalcuerposnd #f ad ¥t nuepresent

11 represents hydrogen Ir;5 an al tGern tive enbo

whdpRt keadoshsst b egertt aRFdfogdl eR1 p,rgﬁreéggmrsepresent
X%% %éng@ubFs)éﬁftet‘fe@Msy )?6 a'n%l X‘Bdemhbﬁwpﬂe%e)ﬁ: Olrepresent

is identical . ggg
pLééetabay Xﬁbsslmdentﬁcaland b&%héﬂ@ia X1{whewl Xgresent)

‘represent identical substituents.

Preferably, in a compound of formula III, K! represents -
A;-03 (X°)X®, hydrogen, lower alkyl, -CF3, phenyl or lower
alkyl phenyl. More preferably, K' represents -A;-Q°(X°)X%
hydrogen, unsubstituted C;-Cs alkyl, unsubstituted phenyl,
trifluoromethyl or C3;~Cgs alkyl phenyl.

In a particular preferred embodiment K' in a compound of

formula III represents hydrogen.

In an alternative embodiment where K' does not represent
hydrogen, K! represents —A3—Q3(X5)X6. Preferably, X° is
identical to X3 or X!, and X°® is identical to X* or X'.
More preferably, X5 is identical to both X® and Xl, and X°
is identical to both X? and X'. Even more preferably, -As-

0%(x5)X® is identical to either -A;-Q*(X')X? or -A,-Q'(X°)X’.
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Is identical to both X2 and X4. Even nore preferably,
-A3- B(X5)X6 is identical to either -A -Q (X1) X2 or
W0 205Q199¢1X3) X4. WO 2005/ 079981 PCT/ GB2005/ 000BGRGB2®5/000569
Most preferably, -A3-Q@B(X5)X6 is identical to both
-Al- Q@ (X1) X2 and -A2-QL (X3) X4. Most preferably,
K1 represents hydrogen in a conpound of 5 formula

Pref h ¢ing ,of Il —RA—

Mo ecBhr e ety TR B Ry disoen o Buer al i) o
@Fﬁxﬂpﬁbmwkioﬂhkqﬂmxﬁ>deylphenyl,, and E1 represents
-A5- B (X9) X10, hydrogen, 10 | ower al kyl, CF3, phenyl
or | ower al kyl phenyl, or DI-and E1 together with the

IR0 clopertadisenyk ™ n Whh ch td®dpound of
gggQaB$3%§%£g %?%1§ﬁ op%@%ﬁglly SSE§¥%$Lted phenyl
ForgulebrId Ipr ef erabl y, D1 represents -A4-Q4 (X ) X8,
hydr ogen, phenyl, C1-C6 al kyl phenyl, unsubstituted
Cl-C6 15 al kyl, such as met hyl , ethyl propyl, butyl
ReRtAEra3N4;, hﬁ%YkheOboﬁﬁﬁunaldﬁﬂﬂdEMHma IPb; CB (%@presents
X10, hyd;oqpn phenyl, Cl-C6 al kyl phen
umu@stt@ied ity deBIan ky LO¥gEN ald%ﬂnetﬁé?r BpRpYL or lower

pegtyfL a r - 31x m%oﬂm ,
?%%Pqéﬁyyﬁer mﬁthtthgg%QS%%%“gfomfﬂ) % ° §Hrogenl
qmisrp@rﬂtm eny¥s riphertyd whi dlwetmyaldmlmqraclheoplf *'mand E

a phenyl rin ch is.optio 0

SO groups thEeIBRPe St Hm Plfero. crekEraihr) *Png e
QJHS)@kPh%B)é'ya aH@S@&ééM&dkamCGaﬁll logt ionaldR8. s@bstituted
Suitably, when D1 and El1 together wWith the carbon "
aﬂmﬂ&ﬂofrlnﬁe d&@¥©péﬁﬁé@ﬁé%}wrrﬂ%g ?%Pﬁﬁ?%ﬁchef“ape}i )X

ched fO optd opal Ly t edypbaRKk 1ELRGa Cc;i-C
?ﬁ%ﬁ WS M5 I%g%tlg! reggqg fach gd to aﬁ e
iadeny) susd &Mstmﬁthsm|lethxkutpcqpal,pt&ﬁeﬂmedpentyl and
enbo}glgrerﬁptgi'h?é:ﬁélggna 100%%%g%e%fts f orAr?“Q gid )lxlol

phenyl, C;-C¢ alkylphenyl, unsubstituted C;-C¢ alkyl such

‘hydrogen,

as methyl, ethyl, propyl, butyl, pentyl and hexyl, or -
CFs; or both D! and E! together with the carbon atoms of
the cyclopentadienyl ring to which they are attached form
a phenyl ring which is optionally substituted with one or
more groups selected from phenyl, Ci-Cs alkylphenyl,
unsubstituted C;~Cs alkyl or -CFj.

Suitably, when D! and E! together with the carbon atoms of
the cyclopentadienyl ring to which they are attached form
an optionally substituted phenyl ring, the metal M or:

cation thereof is attached to an indenyl ring system.

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

formula III, represents hydrogen.
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WO 2005/ 079981 PCT/ GB2005/ 000569 41 In an alternative
enbodi nent where D1 does not represent hydrogen, D1

WO 2Eserests - Ad-Q4 (X7) X8. Preferably X8 is PCUEGBR@AI000569
to X4 or X2, and X7 is identical to X1 or X3. More
preferably, X8 is identical tgiboth X4 and X2, and X7
5 is identical to X1 and X3. Even nore preferably,

~Ad- ) i.s jdent. ej -

T o B O ey ThhOSe B T FePbesent
indenidgat, t oDboteprAder@y X340 (AhK - A3 PRBOERK1Y | K® is
present. 10 In partigcul ar preferred enbodi t,

e eipoult@ 8?34 cP’E)_riﬁ(maaF‘Fll ep]r%séﬂ?g?ﬁﬁagg&%.)'éllnor x°.
#%fgtﬁ%gﬁék¥ﬁl§?bgd'ﬂgnﬁd@ﬁﬁﬁéagltgo%%ﬂHnX”Q@kﬁS@Dtand X’
ydroden, E1 represents -A5-§35(X9) X10. Preferably X10

iis iSlenderalcaltot 0X X4 amd X2 . afiyero MerpdepEeiefakly, —Rd-
L ,Qk .. Mot eferahly, . IS 4 deatd t Q. bgt h~XaA. 3y <4
Qﬁdgxﬁg(@a:hﬁ kgegircgcﬁge%to?/ceé%]ht%éj Xfl 1a§d¥%(§§£2E\?g:n 2 rg (‘X VX
Mafter dlafe rafiy, B 500" M0 xPs idlenidesdlidad etbhasoth —Ap-
- Al- X1) X2 or _3A2_5% (X3) X4. Most preferably,

A XBEXO)30d | SAIWREHET LAl o RIRTRNtA 20 Q@ (X1) X2

and -A2-QL (X3) X4, and -A3-@B(x5)x6 and -Ad-QA4 (X7)

X8 if present. Preferably, in the con‘poulnd of formula

I1d , awbemtBtudad Birefeogetdiemypdimenie, cir bbn at oaspopnd of

t he, cycl ntadi enyl,. 25 ring to which they are
a{]ql%f%‘f%‘?j ﬁgfnﬁ?pf%?%{‘ﬁﬁ g}ﬂiﬂ%g?ﬁlry substituted phenyl
ring, each of Ki, Dl and El represent an identical

substituent. In an alternative preferred enbodi nent,
On aad Bl teggetiere SObafiReRhe "o&MSorfs dloghenot represent

LIS S bR LA G . AR 0 o
R GRPEOE/ @B0560 od2X?, 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-
0% (x°)x'° is identical to either -A;-0Q%(X})x? or -A,-Q!(x3)x*%.
Most preferably, -As-0% (X°)X*® is identical to both -A;-
0% (x1)%? and -A-0%(x*)x%, and -A3;-Q*(X°)X°® and -A,-Q" (X")X® if

present.

Preferably, in the compound of formula III, when D! and E*
together with the carbon atoms of the cyclopentadienyl
ring to which they are attached do not form an optionally
substituted phenyl ring, each of K}, D! and E' represent an

identical substituent.

In an alternative preferred embodiment, D' and E' together
with the carbons of the cyclopentadienyl ring to which

they are attached form an unsubstituted phenyl ring.
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Hi ghly preferred enbodi nents of conpounds of fornula
111 i ncl ude those wherein: KD1 and E1 are identica

wasoiwsent s as defined herein, 5 particul arbPgr/GBr08/000569

Kl1, D1 and E1 represent hydrogen; Kl represents
hydrogen, and D1 and El together with the carbons of
the cycl opentadienyl ring to which they are attached

form.an unsybstitute enyl. ring; ! preas

HRGTY (REFLREraE EOIROT I A aRd BOFAIRL and UEpLa I11
Eﬁ@l@fc?@ttﬂ‘&s&wm@zpéﬁ&ents -A3-B (X5) X6 as defined

erein and D and E1 15 together with the carbon

atons of the cyclopentadienyl ring to which they are
ttached f.orm an_un Lt : i ng; : in,
Ho BT SR T gl Mg e
¥8 rafitbHllarly 20h & £PrESe’s ands EO6r¢p®@Pss0 Egpreoganty

preferred conmpounds of formula Il include those
where both D and El1 represent hydrogen or D1 and El1

gwgefggfe%%st he S fan akaes o dhe eychepentadi enyth the
5ring to

Ich“they are attached form an _
caxtists t wifedthphenydlagen;adienyurappy thoyeich they are

c ound ere_both e dr ogen.

P%gggﬁgﬁ y%QF% ?ﬂeu%%ﬁ%gﬁﬁggggéfgﬁﬁégg F%??yAI and A2,

and 30 A3, A4 and A5 (when present), each

i ndependently represent Cl to C6 al kyl ene which s 1

ot iréﬁquf%ttﬁ)s'f‘sz& 64 % aosefci%dleﬁ]t hein oz?‘mse]x%?}b}FeD and
it b | kyl groups. Suitably, Al and A2, and A3,

X gﬁcﬁ)]%?e(lﬁ]en' present) may WO 2005/ 079981

PCT/ GB2005/ 000569 43 include a chiral carbon atom
%ﬁefféggé%’én*tcge—kg%i(xs)xG 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 -Az-Q°(X°)X®, D' represents -n,-0* (x")x® and E!

represents -As—Q°(X°)X°.

Especially preferred compounds of formula III include
those where both D' and E! represent hydrogen or D' and E!
together with the carbon atoms of the cyclopentadienyl
ring to which they are attached form an unsubstituted
phenyl ring, particularly those compounds where both p*

and E! represent hydrogen.

Preferably, in the compound of formula III, A; and A;, and
As, A; and As (when present), each independently represent
C, to Cs alkylene which is optionally substituted as
defined herein, for example with lower alkyl groups.

Suitably, A; and A,, and Az, A4 and As (when present) may
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al kyl ene groups which Al to A5 may represent are non-.

substituted. A particular preferred | ower alkyl ene,
wokiosi7998l to A5 may i ndependently represent, PGI/GBR®5/000569

or -C2H4-. 5 Most preferably, each of Al and A2, and

A3, A4 and A5 (when present)s3 represent the sane

| oner al kyl ene as defined herein, particularly -CH2-.

j&ftpfﬁconpo@gr%& ;%:rg%% I oorPr efraid parpash @uand oyer

afid (when present) are the sane.

Absj1 eeef gratpy, woicdh Qhjanth Qs amay (Bep@ésamd Qre non-
(when present), represents Bhgsgho&u A vg'lll bee which
PP eE T EEEE by (PREE SKIFT eBEPACF AR Iar L Ear M5 §ifs

0 unds f y i ,asid i gengs bRat-cyH,-.
B oPa B oy B R STy I U ot b ar

Mo opme felrekdof, iqratheof chnwtridbfoof afife Poat Auyapd As (when

system .of the inveptiagn. Typica t he VLB 0fcfined
RERP W 11 BECREEEP br tgb%p é‘%‘g t#ﬁé‘%{ee]éf rglclolglgl nat gs§ t%e ne
tde PRe ol rcR12G 18hogpher.us, arsenic and/ or, antinony
atons of the conmpound of formula Ill. It will be

appreci ated that the conpounds of fornula Il may be

fvﬁgﬁﬂée%o%&acﬁjﬁiéf ASrmu Bt 21l opeRedrap2y Sdidnaly'y and @7,

represents an optionally
shdstpt ut egf cpcldopent atliesry| moreserdenylangr ofe t game. Most

‘ f f laql !l taj jst hegat 5 0
S5eF BB AT | Ms. “Plo PHded  Shos By ot ©° (uhe
%PQ@@ME),‘E‘%&'@S&V@ qpesipany) ring (each of which

I ng systens 30 nay optionally be substituted as
descri bed herein). Such conpounds nmay be referred to

wagnawgh oungs. 4 a tayy gt alh t that
ggt iw&ﬂrf\llﬁ\&e)%eo%cpoég;e%a%gé o cﬁgdttlglg) S{éﬁe&%%&?i ng systens.
The ecespeninde efclkopeniadilanymaandiwrc¥i®08s/ 01998ds that

Eg;r/rc(i;j?%%qcse/ 0909.%%9 tI'Afe4 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
of formula IIT may Dbe referred to broadly as

“metallocenes”.

Suitably, when n = 1 and Ia represents an optionally
substituted cyclopentadienyl or indenyl group, the
compounds of formula III may contain either two
cyclopentadienyl rings, two indenyl rings or one indenyl
and one cyclopentadienyl ring (each of which ring systems
may optionally be substituted as described herein). Such
compounds may be referred to as “sandwich compounds” as
the metal M or metal cation thereof is sandwiched by the

two ring systems. The respective cyclopentadienyl and/or
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i ndenyl ring systens may be substantially coplanar
Wth respect to each other or they may be tilted with

WO e®peTes1 t o each other (conmonly referred to BST/B8RG05/000569

netal | ocenes). 5 Alternatively, when n = 1 and L1
represents aryl, the conpoungls of the invention may '
contain either one cyclopentadienyl or one indenyl

[l ach. ' | n S e i ppald th
R R DRl b oy e ERn Bk gl dop e wich
wekpBdts opt kanal loxheuabsin tthey msyl®eddfilferl heibhnrespect

Suitably, when n = 1 and L1 represents .aryl then.the
Eor 8P oM GCHTe (ABERINGS IR  179 SeTt dUPTABHOCenes) -
herein is typically in the formof the netal cation.

15 In a particularly preferred enbodi nent of the
pilesemativadent | olen nna codpodkd df fHeREFECREF, aryl, the

1, L1, is as__.defined {0 d = 0. .rab

ﬁﬁ@ﬁoﬁuéﬁi iﬂfthgnﬁmnéﬁﬁé$%}g¢orﬂéya ﬁéa%%ﬁg Z%Xther one
G?EQ%Eﬁﬂﬁhdi@ﬂymeata@hénwndéﬂyhnyingr(&aﬂhrdﬁgwhhch ring
0 iCc

h rings are optionally substituted by on% ar .
AUEE CTRFLTRAY t QR Q0% Béc‘?%dSF%%HEk}H?Sgéﬁ, de5R&bed herein)
I al cyak ' - . .
Sheh ! Sy g WALy BTSP SR Mg euted =
dEfShR2AprERN28 SBRAOLY O( @hSR 30 25 1CRdr i represents

ferrocenyl whi,c an, th cl t adi :
iaﬁérény‘fh%‘? %% I‘}%tﬁg Y o Eﬁen%f%&?%%”en?gi ggﬁlé‘ﬁjdédln as
dieracidy e ddigy cyel opgptadiepylin i nheof foke of the metal
ferrocenyl group), wherein R19 to R30 is as defined
laitdian - More preferably, if the cycl opentadienyl,

i ndenyl or aryl ring 30 which L1 may represent is
substituted it is preferably substituted with one or

mor easupsitrittiveritas lyel peeéd ricedm enhedbmentut e CGihep present

a5 L G et? 2 Bl B 5 g o as
R23 1 WR 20054 H799844 RETL GB2005/ 000569

Preferably, when n = 1 in the compound of formula III, I,
represents cyclopentadienyl, indenyl or aryl ring each of
which rings are optionally substituted by one or more
substituents selected from hydrogen, lower alkyl, halo,
cyano, nitro, -ORY, -0C(O)R*°, -C(O)R%, -C (0) OR*?,
_N(R%3)R?, -C(O)N(R®)R?®, -C(S)(R*)R*® -srR®, -C(0O)SR®,
-CF3; or ferrocenyl (by which we mean the cyclopentadienyl,
indenyl or aryl ring which L; may represent is bonded
directly to the cyclopentadienyl ring of the ferrocenyl
group), wherein R to R3® is as defined herein. More
preferably, if the cyclopentadienyl, indenyl or aryl ring
which Li may represent is substituted it is preferably
substituted with one or more substituents selected from
unsubstituted C;-Cg alkyl, halo, cyano, -OR'?, -0C (0)R??,
—C(0)R?!, -C(0)OR%, -N(R®®)R* where R, R?, R¥, R?, R*
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45 and R24 each independently represent hydrogen or
Cl-C6 alkyl. Even nore preferably, if the

weywsopest adi enyl , indenyl or aryl ring whi chp@I/GBa0p5/000569
represent is substituted, it is preferably
substituted with one or nore4s5 substituents sel ected
fromunsubstituted C1-C6 al kyl. Preferably, when n =

fiepf esent, e yl,-0r
T G e Sl R A
g’m{,gr abl gyehhenayee| opent achlely) , difndehgl C}l@lcpﬂ’@m’y&dlenyl
napt hyl groups_are unsubstlt ted. More eferabl%t
Lmdﬁéwﬂeséﬁﬁs é?%*opeﬁ%ﬁaleﬁv} ndgﬂylvﬁﬁ phi&RYESE 1S

SQBPtQEB?QHCh i£i ngs é%éﬂﬁﬂgﬁﬁdﬁgﬂ%kuﬂéﬁﬂw1th one or more

prefera L1 représents unsubstituted
sybbopéu&adseaglecﬁﬁdAﬁm@mnwnsm@%FlHMﬁﬁﬂlﬁr'c© a%hﬁl
conmpounds of the invention contain only one

cycl opent adi enyl or indenyl ring (each of which ring

§¥§E%&§bm§y qpidronal | ¥ he supstrepiteednas dyetopbadadlenyl
her ei n) Such conpounds may be referred to as, " %
saddnyeh cORBBUAISDT PIEFRIFEG v, ORFENRLLY FH%ﬁtH:E ed as

re A n 0 h t AYPoURd8enyl,
FEEERLtT RrS e b e o e ot R SR E aseny
p@@dyl when metpah %l of dimumgonpeurals ohstshiltabged. More
Is iron, the otal nunber of el ectrons i but
PREPEgRAds Lt FoRGRRERIPy FYvoopsairaigivt,  1FABYL or
E%hyqul aghynpr @Eer radh & t eF e s veagabodnaabrstmtutba Most
resent invention, in a conpound of forpula |I
prelfzrabd Yas LdefG0ied SRALS] MNGHE St uf o6t Wclopentadlenyl
particularly 3. 30 Preferably, when n is equal to zero
and mis not equal to =zero in a conmpound of fornula
hikerh2tieplgsemherone er 0, nminhe |dgeraisnasichf othehileiwention

S cIaeRenset st ected Ligmd ouer sy 0908 (cach o
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
metal M of the compounds of formula III is iron, the total
number of electrons contributed by the ligands L is

typically five.

In a particularly preferred alternative embodiment of the
present invention, in a compound of formula III, n = 0, ILg

is as defined herein and m = 3 or 4, particularly 3.

Preferably, when n is equal to zero and m is not equal to
zero in a compound of formula III, L, represents one oOr
more ligands each of which are independently selected from

lower alkyl, halo, -CO, -P(R®)(R*)R* or -N(R') (R)R™.
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WD 2005/ 079981 PCT/ GB2005/ 000569 46 More preferably,
L2 represents one or nore |igands each of which are

w0 pabepersent |y sel ected from unsubstituted Cl POI/G82005/000569

al kyl, halo, particularly chloro, -CO -P(R43) (R44)
R45 or -N (R46) (RA7)R 48, wwerein R43 to R48 are
i ndependently 5 sel ected from hydrogen, unsubstituted

koAt g AT R e L e b o

ereof 1 n the
fanedl ardd lindedetpiertly bendedetio firom uhbubstltuted C; to

cycl opent adi enyl ring(s), the cycl opentadi e i tay
6t @hEY1ndEﬁ§fPrrPﬁ§(t§FWlia Ye MO Yrhe” 'ylné % % JR™ or

pﬁga 1apal or (the l{ ganggs L2¢bf peesentre Tyh‘?haébleﬁdently
yg?openfadlen it ring or the cycl opentadi enyl
meil ety caf thdsme hydemwgerr,i ngnexhebitstadpént abaptls alkyl or
bon |n%8g%g h 1 the netal; however other bonding
&f PRE™Ydycl opent adi enyl ring or

cyclopentadlenyl noi ety of the indenyl ring and the

metal, such as trihapto coordi nation, are also

Smbitabdd bythae Relope df e wﬁégémc%wat.f&her%f in the

%E%ko%%%fer%?lyfogﬁﬁg O&EqunQSOft§9&€Hh§yl|bodaed.1¢o the

and ned herein, particularl
wysllbpknttatdednydy ct bpeitadi arhd . cycébpeabaydlﬁmyl moiety of

represents a G oup VIB_or VIII et a

R IR o A Bk 1 £ 5 PESTRP o Tha ek af TREI 4T pgesents
n%y%&ablyhe'n]ﬁE@nﬁﬁﬂpo%Qd aff fopﬁﬁbéntl| T&plcally, the

represents Cr, Fe, Co or Ru, or a netal cati on

tdye:rl@@fenta\ﬁe@nl’ydr ering peef é:m@m gychppepEedéppylomoiety of

%Q@ ﬁQEtOM%%ndln mode with
éiﬁeﬁ%é%%fwals s€ g@t gﬁ% ér p VIT1B netal or

rieal metdIon thereobr Ant@spembﬂdqﬂngnemedesd Getween the
VITIB nmetal is Fe. Al though t net al as .
cyclopentadienyl ring og 1cyéiopeﬁ%a4%enyl moiety of the
indenyl ring and the metal, such as trihapto coordination,

are also embraced by the scope of the present invention.

Most preferably, in a compound of formula III, n = 1, m =
0 and 1; is defined herein, particularly unsubstituted

cyclopentadienyl.

Preferably M represents a Group VIB or VIIIB metal. In

other words the total electron count for the metal M is

18.

Preferably, in the compound of formula ITII, M represents
Cr, Mo, Fe, Co or Ru, or a metal cation thereof. Even more
preferably, M represents Cr, Fe, Co or Ru or a metal
cation thereof. Most preferably, M is selected from a
Group VIIIB metal or metal cation thereof. An especially

preferred Group VIIIB metal is Fe. Although the metal M as
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WD 2005/ 079981 PCT/ GB2005/ 000569 47 defined herein
may be in a cationic form preferably it carries

we@s®entdosl | y no residual charge due to coordi nBECT/GB2005/000569

with L1 and/or L2 as defined herein. 5 Especially
preferred conpounds of formuia Il include those
wherein: (1) X1 represents CR1 (R2) (R3) , X2

o N GRSt

gashiet BistatRi21indepesdedidy cepresemiue to coordination
unsubstituted CL-C6 al kyl ar_ trifl uoronethyl,
paEhi Bul a3 4PHer @Se S 10eIRICESRI2 i s i denti cal ,
especially where each of Rl to R12 represents

unsubstituted C1-C6 al kyl, particularly nmethyl; 15 A
BedeARadiig theeSanmeedndcomgrursbat ofHformulap I5Rd Eaclude
are the sane_and represent hydrogen or unsubstituted

Er0o88 YPRYFL%particul arly hydrogen; QL and Q2 both
represent phosphorus; Mrepresents Fe; 20 n = 1 and

L1 represents cycl opent.adi enyl , rticularly
(b UbSKT ¢ HERACEPBEp G AB ki)« afid FERTegeNEs SR (RY) (R%),

repr esig?%éﬂgsérfzgg éﬁh&jjﬁ@ I epr eS8 Ss s (BR) (RYM) (RY) ,

(R6), represents (R8) (R9) , X4 represents
CR10 (#hpreRh2)each Klofr nie? - ChidegRNERBI Y6 represents

eRT &se
wherein X5 represents 3 ( (R15)_and
represéﬁ?&béﬁgéu% 7) Fgﬁéb ;8 of totéﬁgluoromethyl’
i ndepepdentby1bepyesaiire Uassbstdt uREA LG, -I08 alkylidentical,

trifluoromethyl, "30 particularly where each gf Rl to
R18 i sesgentipddly, edwad aldafhwhepé efch &° RR{o REBresents

‘v Lifiﬁ%%bs%@%‘d?%hi tyted Qi 9, abdyl i cRRELiGukathy;
A; and A, are the same and represent —CHa-;
g, pt ahd E! are the same and represent hydrogen or
unsubstituted C1-Cg alkyl, particularly hydrogen;
o' and Q? both represent phosphorus;
M represents Fe;
n = 1 and L1 represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

0.

(2) X' represents CR®(R%) (R’), X? represents cr?(R%) (R®),
x3 represents CR’(R®) (R%), X' represents CRY (R (R'?);
K! represents -CH;-Q*(X°)X® wherein X® represents
CR13(R14) (Rls) and Xx° represents CRlG(R”) (Rls);
each of R' to R'¥® independently  represent
unsubstituted C1-Ce alkyl or trifluoromethyl,
particularly where each of R' to R'® is identical,
especially where each of R' to R' represents
unsubstituted C;-Cg¢ alkyl, particularly methyl;

A; and A, are the same and represent —-CHzx-;
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A, and A2 are the sane and represent -CH2-; WO
2005/ 079981 PCT/ GB2005/ 000569 48 Ql, @ and @ each

w0 eser®st phosphorus; D1 and El are the sane BEIGB2005/000569

represent hydrogen or unsubstituted C -C6 al kyl,
particul arly hydrogen; Mrepggsents Fe; 5 n =1 and
L, represents cyclopentadienyl, particularly

unsubst it uted cyckopent adi en 3) X1

repres ué d{éZ)g %)rep%erne%pésen?s %ﬁg(RS) (R6)

,( Rlig) %;Bm%g@r E}:gijengg_se Cilhe( R8Im¢ RYnd XéprepreesenhydCBfen or
represents_- - X5) X6 wh n X5

repr es@ﬁﬁg??st:mgt?@l%“c(@ié)‘yéndP% é)blr%}f 3‘36%551

(R17) R% % ﬁgg p Rl to R18 i ndependently

represen GREubsti t ut ed C -C6 al kyl or

}'?rllsfl Uﬁrgrret hyl, 4&d parli cutraphgesmé?rSe eabmlﬁp@ltd@lenyl
is identical eci a re_e ch of
repr esEﬁFgchigﬁﬂagt Pgﬁ]ﬂ]@#g E%Salck'f pélfctai%(]:iﬁng?]l 'y “nd m =

met hyl 5 Al and A2 are the sane and represent -
Q, @ and. @B each represent phosphorus; 20 D1 and E1l
toget her with the carbon atonms of the

pent adi_en in th o d
45 opent adiendl LLNgeiRanl £ (Y 66 Aicitheden! e (=S,
and L, XFepépﬁ@@éﬁt@y@ﬂwﬂémnﬂl,emﬁ reggfemt$ c@R’é’ R}l{l) 12

unsubstituted cyclo entadle
r epr esggt srﬁﬁﬁe??@’ﬁg BY&s es@ﬁ?’éetﬁ4 ?RS) TeRBpsents

’ REPIESLPRE CBKd(BB) e(p%% . Xdsr eptegens sREREO
(R ) (%1 i ?g \B\her ein erachlaosfeRlst 0 %( He
i ndepeadem | y afepr @sentto R :Lndependently represent

unsubstituted C1-Cs¢ alkyl or trifluoromethyl,
particularly where each of R' to R'® is identical,
- especially where each of R* to R'® represents
unsubstituted C;-Cg alkyl, particularly methyl;

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

o', @% and 0% each represent phosphorus;

p! 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 L, represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(4) x' represents CR!(R?) (R®), X*® represents CR* (R%) (R®),
%3 represents CR’(R®) (R%), X' represents CR?®(R) (R1?),
wherein each of RY* to R independently represent
unsubstituted C1-Cg alkyl or trifluoromethyl,

particularly where each of R' to Rlz is identical,
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unsubstituted C -C6 al kyl or trifluoronethyl,

particularly where each of RL to R12 is identical, WO
wQeSHPeON81 PCT/ GB2005/ 000569 49 especi al | y MIEGB2005/000569

each of RL to R12 represents unsubstituted C, -C6

al kyl, parti cul arly met hyl; A9 and A2 are the sane and

represent -CH2- QL and CQ bot h represent phosphorus;

5 KL repeenllayhygreaen o dil- Qr al ky! ear&zﬂ@ule&bxesents
hydr ogen; D1 ang El together with the carbon atons

t he cymsaweﬁtlﬁateﬁlyplr%@lﬂwhmmﬁrttlweyl@rley ame‘ahhbd

form an, unsybstituted phenyl ri fEpresents Fe;
n=1 arAd ﬁH 2 prre%se cycﬁ oﬁlent%ae&)reﬁﬁ &Rz

parti cuylashy Q%de:rst Iﬁé-ﬂ:ﬁﬁse}y@| m,yl and m =
0. 15 () Xl represents CR1 (R2) C%G% represents
CR4 (REY (M@resenks3 hygy %%lht Qr R3P lq;z@), Rarticularly

represeﬁkﬁ:ggh .(R'") (R12) EI1 represents -CH2-@ (X9)
X10 wherei n "X9 represents CR37 (R38) (R39) and X10
r epr esdéit saiGR4B* (F?4o]g)et(1m2) witbacthef dRirlbon REraml of the

R37 to R42 ind ndently .20 represent unsubstituted

.| o SRR CRRF TN got BRAThYIC BERATCUIYy GHiér onttached
each offd?h e RidubandtRBéqt QhBﬂgrll $ihdgnti cal ,
especially where each of R to R12 and R37 to R42

repr es&htt&PERSEPEEI Fefed C - 06 al kyl, particularly

met hyl ;, 25_A, and Agjarerthe epr
A, @ “and (03 eachér%epr esent “phospho ?Cugs ‘gﬂépeﬁgdlenyl

t he sa@eranctuﬂeplgsansubysdumgeedocyc&m@msttadmreﬁl, and m
C -C6 %I kyl, particularly hydrogen;

(5) xt represents CRl(RZ) (R3), x? represents CR4(R5) (R6),
X? represents CR’(R%) (R®), X* represents CR!?®(R!) (R'?);
B! represents —CHp-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-Ce alkyl or
trifluoromethyl, particularly where each of R! to R¥?
and R¥ to R* is identical, especially where each of
R' to R and R¥ to R*? represents unsubstituted C;—-Cg
alkyl, particularly methyl;

A; and A; are the same and represent —-CHy-;
o', 0 and Q° each represent phosphorus;

D' and K! are the same and represent hydrogen or
unsubstituted C3-C¢ alkyl, particularly hydrogen;

M represents Fe;

n = 1 and 1, represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m
0.
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Mrepresents Fe; 30 n = 1 and L, represents
cycl opentadi enyl, particularly unsubstituted

weywsopest adi enyl, and m= 0. WO 2005/ 079981 PCT/GB2005/000569

PCT/ GB2005/ 000569 50 (6) X1 represents CR1L (R2) (R3)
, X2 represents CR4 (R5) (R630, . x 3 represents CRY
(R8) (R9), X4 represents CR (R') (R12) ; Kl

resents - 4
B0t o fhgin R R\ RS S bR aseTR () (),
5 D rgbr@%%u@ntﬁmmwmf’ %8 Mheept as Tt s e@R]eos(eRﬁl$ R'?);
CR31 (R32) (R33)-and X8 repgesgntb.s

E1l repKeserRRresgwesr 158y 18 Wher ¥ ﬁr?g re%#esﬁr%?esents

CR37 (R3B)/b 1sang, X106 r s GRAOH{IRALRI)R42) ;
each o& (R 83 ? Q R%l I%?I%}?ﬁt%dependeﬁl%x 10
r epr espht mmntsut eeCIGl-Qé&X%)IXfyI wherein represents

trlfluorgmet3 ssparti.cys arl V\,here eh, 0k RRisd)0. R18
and R3%Rtd W!R P| ABA¢ caqef}/resspeélm al ? (Afﬁ eddh  of
R to 18 @tq:e%ﬁqﬂg) R@{ZLQE)()e"S)Q@?S m‘mtdisi i t)i?t ettepresents
C -C6 al k7y gpargicularly nethyl; danql @re t he
same afB’ T(@&3Hen a(HiIZX @Pr@en@ C& édch

repr esen% phgjs_phgr us. o MgiepresgntiFe; o n 15421 @B@lé-pendently
represents cyclopentadlenyl particularly

unsubsteputedneycl opnennd;lablsientydlte@nd mCz-C20 O. 5(17173/)(1, or
X2, x 3 and X4 i ndependent repr t adarran 1 18
especi EFWlHﬁéP@ef(lfﬂgio Rﬂr%fi}lggﬁﬁ nliﬁ%rgaﬁ%c of R” to R
adamangyly @0Upo %52A| 1@ncid‘é3”xiﬁrc%lt he Sa® Ay where each
represent -CH2-; K, z%[l]d El gre the sanme and
r epr esefit Rﬁydqoogl@ls @.nd R3' to R represents unsubstituted

C1-Cg¢ alkyl, particularly methyl;

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

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

M represents Fe;

n = 1 and I, represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

0.

(7) xt, %%, x* and X! independently represent adamantyl,
especialiy where X' to X! represent the same
adamantyl group;

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

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

o' and Q? both represent phosphorus;

M represents Fe;

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

0.
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unsubstituted C -C6 al kyl, particularly hydrogen; QL
and 2 both represent phosphorus; Mrepresents Fe; 30

wm260507@80 L, represents cycl operitadienyl, PCT/GB2005/000569

particul arly unsubstituted cycl opentadi enyl, and m =
0. WD 2005/079981 PCT/ GB20056000569 51 (8) X1, X2, X3
and X4 independently represent adamantyl, especially

x\ggr esgr{t s”- )éég ?ﬁ{ofgm%%er el n %W&e&%owém}éktyl’

I ndepesgpatiyligpr ebetrk addnmanbyl X'espepiralseptwherlee  same
X1l to X6 represent the sane adamantyl group; Al and A2
are thedaBartyhdIFepPesent -CH2-: Q, @ and @B each

represgnt phosphanys, DlognéElare thigeser® and  and  x°
represgnt E %rogen or 10 unsg%stltuted C -C6 aIkKE{ N
where

partlcmhdepgndgdtbgemepMeﬁ@pte§€WM§n¢€ln1eﬁEﬁ

noubsti (5 & GFORapERaarensPRenReir BELY oggupe) v

X2, X R 8errdj>§z€2 Ia&@emel@d%@tnleyahaprepeeseadamam,yl
especially where X1 to X4 represent the sane

adaman®yl Yr et R1epepr 69RAEECDTHIIPIBIS X6 wher ei n
X5 andpX6 ., 20 Emd§§§ qﬁﬁ&'¥aﬁ§pﬁﬁﬁﬁn£eﬁgéggﬁﬁylhydrogen. or

espeC|aIIy ere 6 represent the sane

adananbeugstputéd apeCA21ldye, t hersanvlandyr bydeogmn;
M epresengd EB each represent phosphorus;

n = 1 and Ly represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

0.

(9) Xl, X2, x3 and x! independently represent adamantyl,
especially where X' to X! represent the same
adamantyl group:

K' represents -CHy-Q°(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 —CHp—;

0!, 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.
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D1 and E1 together with the carbon atons of the 25
cycl opentadienyl ring to which they are attached form

w@eoosnswkst i t uted phenyl ring;. Mrepresents FeCT/GB2003/000569

and L, represents cycl opentadienyl, particularly.
unsubstituted cycl opentadiengl, and m= 30 0. WO
2005/ 079981 PCT/ GB2005/ 000569 52 (10) X1, X2, X3 and

(X6)i ngeperdenkPy ahapkes enticperdBMy r&SPESEAL! Yidamantyl,
where X1 to X4 represent tlhe same 4adamantyl group; A,
and AZspe€igddysarheed rEpr égent X CHXepre&sedt anthep same

both r t horus; Kl represents hydrogen or
unsubgt%f@lgngl?lg&lcg-}%glgél kyl, particularly hydrogen; D1

and EX,tagét herawé tihd aneanhon reépresehtt heH,-;
cyclopentadi enyl ring to which they are attached 10
form 2n ¥RSUBstRALh SERATSHAE PhRRSPIMPERBF esents Fe; n

=1a n p | s 1 tRAdd cul_ar |
unsubgtdi %Spqe:ge%)%%?oglgﬁgcg !egns)l&l, qghguﬁsglt%ietﬁc‘?llgs ¥lkyl,
X1, Xparx3caddrX4 hydepgrdently represent adamantyl ;

KI represents. -, CH2- X5) X6, wherein X5 and X6

i ndep ndearﬂcF y Er ep‘i’oegse_ (erad‘éﬁ‘rght y%?lech?EBPgse%%ng of the
- CH2- @ﬂrcﬂ.Xﬁan&d\Mé@F/QI Nr ¥%lg a®d X8yh2én i NGei | ¥ttached
represents adamantyl; El represents -CH2- (X9) X10

wher efRTRO 28nYNRIG St RHERENEBARYY rEgt®isent s

acamap vk, £388¢sakky where

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

0.

(11) x', %%, x® and x! independently represent adamantyl;
K! represents —-CHg—Q3(X5)){6 wherein X° and X®
independently represent adamantyl;-

D! represents -CHp,-0*(X’)X® wherein X’ and X8
independently represents adamantyl;

E! represents ~CH,-0%(X°)<!° wherein X® and X
independently represents adamantyl, especially where
X! to x° represent the same adamantyl group;

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

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

M represents Fe;

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

(12) x' and X2 together with Q? t o which they are attached

represents 2Z-phospha-adamantyl;
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X1 to X10 represent the sane adamantyl group; A, and
A2 are the sane and r=epresent -CH2-; 25 QL, @, @&,

w@200800986 each represent phosphorus; M repr eBENGB2166/000569

n=1and L, represents cyclopentadienyl,
particul arly unsubstituted cygl opentadi enyl, and m =
0. 30 (12) X1 and X2 together with @ to' which they

are atiache represents. 2-phas - . ;
2005/ SR acrFREsEBaronssRo o RS MR (e bl 3hec prached
with Qleppeubined 2-hsiyoapiea-addandietyl r epresents

2- phospha-adamantyl; Al and A2 are the sane_and

r epr es@ntandcile- arg1thpr sapg grdarePfRES8hneCHad

repr esgnt I gggﬁgi M e Gra | K
particglhr$3q%§gﬁgg%ﬁs %ﬂﬂgn Q %oth ré%?%%%ﬁt y&rogen o
phosphanssbstMuepd ederts aféyln pattiandlierlyepydseden;

I ; . :
Cyel opBntaith diyPothndenreseds BhoppiBElet and y,
toget hgr »wpt-Bs&RtEorpahi ch they are attached
represents 2-phospha-adanmantyl; X3 and X4 together

with Q to=whikth t#Ry arle at T&PFESSNLS r ef¥EIORERad1IenY],

2- phospha: l; t sz = =
whor o ROXbL G X6Vt S3PREFRE R ER ByToPan oh thay a” ™
attached represents 2- phospha-adamantyl; Al and A2
are the sane and represent -CH2-; 20 Ql, @ and @B

each represent phosphorus;
(13) X! and x2 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; _
K! represents —-CHz—Q3(X5)X6 wherein X° and X°® together

with Q°® to which they are attached represents 2-

phospha-adamantyl;

A; and A, are the same and repiesent —-CHy-;

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

D! and E! are the same and represent hydrogen or

unsubstituted C;-C¢ alkyl, particularly hydrogen;

M represents Fe;

n = 1 and L represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

0.

(14) X' and X?® together with 0? to which they are attached
represents 2-phospha-adamantyl;
X3 and X! together with 0! to which they are attached

represents 2-phospha-adamantyl;
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D1 and E1 are the sane and represent hydrogen or
unsubstituted C -C6 al kyl, particularly hydrogen; M

woeEser®sts Fe; n = 1 and L, represents PCT/GB2005/000569

cycl opentadi enyl, 25 particularly unsubstituted
cyclopentadienyl and m= 0.54(14) X1 and X2 together

W th to which they are attached represents

2- phos X4 1 oget 5

whi ch ?ﬂeyéggg§§b¥gch§g reprgX Wﬁ IP%E‘%&J1§3L€6§ether
2- phosmhahadahanbylwhimml2@@5&0%&981aﬁ@ﬁbﬁﬁﬁOOﬁéﬁﬁ@§éﬂts 2~
54 K1 r pre ents, - - (X5) X6 wherein X5 and X6

t oget hé&f© Rﬁ?ﬁaésmﬁ i“ch they are attached

represent gnd- APW%@mta\ﬂd Alprand A2 ag-t he

same an resent QL Cﬁ)and @3 each’

r epr esént @gdgphd?u§aCD1r@@deEﬁnﬁo@épﬁéhompﬁh t he

car bon jat olfey Ok e el ot adi ey! LIAGL0oBREh o e

they are a ©rm an unsubs ute enyl ring;
M repregenb@eﬁeadlanwl— tiagd td m&ﬁkﬁseﬁhsy are attached
cycl opentadi enyl, particularly unsubstituted

cyclopéﬁF&dP@nVPsugﬁ&lﬁPiedopthgﬂ XiPdnd X2 toget her

with Qg t@ W@b%ﬂt%h%% are attached 15 represents
2- phospha- adananty X3 and X4 together with QL to

whi ch mhey=ar elatt avbHed Liepresmrgsents cyclopentadienyl,
2-phos§ha ada Al . and

r epr es @Rt t2 ?&¥Efn5%E%5§‘A§t r%@%ﬂggéﬁggfﬁ%%ﬁﬂdrﬁﬁd m =
20 K1 mepresents hydrogen or unsubstituted Cl-C6
al kyl ,
(15) X! and X2 together with 0% 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 -CHx—;
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;
n = 1 and L1 representé cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(16) 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;
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particularly hydrogen; Dl and El together with the
carbon atons of the cyclopentadienyl ring to which

wao b@p/ozaoel att ached form an unsubstituted phengdT/GBR@S/000569

25 Mrepresents Fe; n-= 1 and L1 represents
cycl opentadi enyl, particulagby unsubstituted
cycl opentadienyl, and m 0. 30 (16) X1 and X2 together

W th 1to whic ey & rese p
2. Pho%hareapd%e eqé%] Cﬁ%%agg )Qght%ggé:{e gr%s\n tg A X i & together |
whi ch &hey ag’e @&taﬂhﬂﬂl tkepyesart sattached represents 2-

2- phospha- adamant yl ; WD 2005/079981 PCT/ GB2005/ 000569
55 K1 Ph@?@%éﬁ@@aﬂl@m@ (X5) X6 wherein X5 and X6

toget hgr 5%%{ {?Ego o) thMBQm%r%ﬁbagﬁe@nd X® together

represent pha- adarranty D1 represents -CH2-

(i‘<7) X81 hergi ntO(?WhXSthegetdr@r abtarhadQUrerr & 2=
ey are at ach dre sents 2- phospha-adamantyl; El

r epr esBRPEP B %ﬁaf’ﬁﬁ‘; X10 wherein X9 and X10

t oget hgt vmrggr@ehgsv\hl_cdnzt-tgéyx%lxé‘) atynephedn x° and X%
represents 2-phospha- adasrra [; 10 Al and A2 are the
sarme- ahdgﬁébﬁésemlUU—IZ Qlo QrhieB, ®heshd eBeeadfrtached

represgal, g0gapRoLL hakgasagaaﬁaﬁe yfer n =1 and L,

represénts cyc Open nyl, parficularly
un(sjubsAhtattcﬂedAﬁysodeopmﬁ athirenydnd aegresentl5A-¢17) X1
and X2 gogezther3vm§h $ which they are h
form aQri g rsystefh o‘?%oﬁsmﬂaé:hl R ?ng’né)%f il
M represents Fe;
n = 1 and L represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(17) X' and X* together with 0®> to which 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 Y? both
represent oxygen, R® to R®® are independently
selected from unsubstituted C;-C¢ alkyl or CF3, and
R*® and R®* represent hydrogen;

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

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

o' and Q? both represent phosphorus;

M represents Fe;

n = 1 and L represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl

(referred to as puc) and m = 0.
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together wwth QL to which they are attached forma 20
ring systemof formula Illb, wherein Y1 and Y2 both

w0 epserest oxygen, R50 to R53 are independent | RCT/GB2005/000569

sel ected fromunsubstituted C -C6 al kyl or CF3, and
R49 and R54 represent hydroges; Al and A2 are the sane
and represent -CH2-; 25 Ki, D1 and El1 are the sane

epi esent n LHied €n Kyl hed
Eig C(QH ar’i%] ﬁ:doo%) lgﬁld%%zﬁéotﬂ rgepi':eseg(saﬁaLJe Yttached
phosph@bh_a‘ﬁr, aM £ bpg esepéiserbe ofn Tormaid LIIdepre¥dntand X°
cycl opent adi enyl 30 particul unsubstitute

cycl opERESEPERY WLt @ ertedvh e S¥BEX) aird a}ﬁta%e@@form a
2005/ 01%3%1 sﬁ%@ﬁ@@%@ﬂ%@ 156 ( 18heX218NGX2nd Y2 both

t oget her ovvhlchthey are attached, forma
ring syspemsehtf oromygen,| | R°°X3tand esget Haydagengdently

QL to which, t are attached for _

f or mul gellppe}e%o& YRR YA tﬁl 566r gaqlr;r]g%en?@ ¥rs, and
oxygeng*Rethd ®5R5§e§f§seﬂﬂap§e&u@k@g’éﬂy sel ected from
unsubstituted C -C6 al kyl or CF3, and Ak R4 and Ro4

r epr es&nt rﬁyéeégehs KF:HE‘é‘B)r &3 Bht svheaplngt xsi)f)és X" together
wher ei g, &%EO %ta%gg%gerth¥§tnu£§ LR whineh t@§¥mar§ ring

attache arln syst'em of forrrualll
wher ei By\éxeneprce“senfsrmlxyegenIIRao t ghRBRiare Y° represents

i ndependent |y oected _gyom hyd subst it

Cl- C6 SRR or %FB Yhd RRa9?HRd “r%ge%e 55 qﬂeynt 3LALREES £rom

hydr 09§ dr/ége@nduﬂ%u%rs&ﬂch@eaaa@—@pmﬂqm eSEertFy @& R*® and
5Q, each represent phosphorus; Dl and El

are t h& sal’rmor%?rﬁi‘-’fr dpF@BIAn ‘hydr ogen or Cl-
A; and A, are the same and represent —-CHz—;

o', @* and 0® each represent phosphorus;

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

M represents Fe;

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

0.

(19) X! and X? together with 0% to which they are attached
form a ring system of formula IIla, X3 and X!
together with Q' to which they are attached form a
ring system of formula IIIb, wherein Y' and Y? both

- represent oxygen, R® to R’ are independently
selected from unsubstituted C;-Cg alkyl or CF3;, and
R*® and R represent hydrogen;

K* represents —CHQ—Q3D@)X6 wherein X° and Xx° together
with Q% to which they are attached form a ring
system of formula IIIc, wherein Y3 represents

oxygen, R to R*®® are independently selected from
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C6 al kyl, particularly hydrogen; Mrepresents Fe; n =
1 and L1 represents cycl opentadienyl, 20 particularly

wap®shest ut ed cycl opentadi enyl, and m= 0. (RC)/GE1005/000569

and X2 together with @ to which they are attached
forma ring systemof formulg7yllla, X3 and X4 25
together with QL to which they are attached forma

ring systemof. formula 111Db rej and .Y? bhesh 54
represéﬁfug§3égﬁgeggdit§%R5%1%$E ?ﬁgegéﬁﬁenﬁrg-%' and R
sel ect edpireg@ntindybsbyett ed C1-C6 al kyl or CF3, and

R49 and R54 represent hydrogen; 30 K1 represents

- CH2- Q@1 (X85 &6 affferdih SRECaRd IXE SPEFEHEr ~Mefh @B to

whi Ch@geygaraen tgsaghegd E@gﬁb@ehtnﬁho%%%{l‘s?‘c formul a

Ilic, eréin F epr esent oxygen, O to R53 are
i ndepemderdid &l ewiget HeronwiNoh2005¢ 078edbn atoms of the

PCT/ GB2005/ 000569, . 57 -unsubsti t uted .Cl- kyl_or ’
CF3r afd© e&%@dﬁgﬂylreﬁ+%%en(Dhygﬁgéeﬁ?h§& a%ﬁgAfttaChed

are thecsamnane shertesankd- phidnyl @lng@2 and B each
represent phosphorus; 5 D1 and E1 together with the

car bon Matrepg egfentie Fe¢ycl opent adi enyl ring to which

they are attached _fgrman u dditted phemdoddiiienyl,
Mrepresents Fe; n =1 antd LI epresents

cycl opentradicenydr,ly 16 spistiicultad wyedspesttiaditenyl, and m =
cycl opentadi enyl, and m= 0. (20) XI and X2 together

Wi th ‘to which they are attached forma ring system

of formula Illa, X3 and X4

(20) x' and X? together with 0* to which they are attached
form a ring system of formula IITa, X3 and Xx*
together with Q' to which they are attached form a
ring system of formula IIIb, wherein Y? and Y? both
represent oxygen, R°® to R®® are independently
selected from unsubstituted C;-C¢ alkyl or CF3, and
R* and R® represent hydrogen;

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

o' and Q? both represent phosphorus;

K! represents hydrogen or unsubstituted C;-Ce¢ 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 L, represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(21) x! and X2 together with 0? to which they are attached

form a ring system of formula IIla, x® and ¥%*
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15 together with QL to which they are attached forma
ring systemof formula Illb, wherein Y1 and Y2 both

w0 epserest oxygen, R50 to R53 are independent | RCT/GB2005/000569

sel ected fromunsubstituted C1-C6 al kyl or CF3r and
R49 and R54 represent hydr ogese, 20 Al and A2 are the
sane and represent - and 2 both represent

phosphorus; . K e h e u i ‘
Cl- Cb %PEethe% %Tpcrh (sgrify vﬁy%c?l%ggﬁg%%ﬁ% ﬁﬁéé’ﬁ&ﬁj form a
t oget h@ﬁn\gn tstystﬂm ot bosrmi barsI0fbt hehe26in Y' and Y? both
cycl opent adi eng ring to whigh they age attache

d

for
an unsEREREEREd FHEMARri My, MtPepresenf&Cre:t nﬁiepefc{nntly

and L1 repre antﬁd%a/%ﬁméﬁﬁt@wé clp@gtapu%@r by CF3, and
unsubstltute XC opent adi enyl, and m= 30 (21) X1

and X2Rtbgethe’ vu:epr@em’o h\thimgftmiey are attached

forma_gin ste r bl
005/ 0 FoBee BEAT EBB 008 SUSEES) KgMBtERes i o fogethes
whi ch they ape ald aezh@dhf OFfe@ dreng asytsictisdof fbommuba ring

[11b, wherein Y1 and Y2 both__represent oxygen, R50 to
R53 ar @YSﬁGé‘peerentf‘yrm‘éJeQ‘ ecFE@Cf r oMBgASEPSst |¥ ut dfpresents

£§G {63, angls3 5 drifi£SEBlected from
hydroge RE represents - Q3 (X X6 wherein X5 and

X6 togetrﬂ%elbst\Mtute@% Co-Whi ehkyheyonr €Fai t azheéd Hor mnd R
ring system of fordgul alllc, wherein Y3 represents
oxygen FeREE S tREYEHOIMidependent | y sel ected from 10

UnSUbSﬁﬂtHéggegengé alchyloorx’¢k8, wasde R49xansgn ®54® together
repr esent hydr ogen; .
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 CF3;, and R* and R*
represent hydrogen;
E! represents -CH,-Q%(x°)X'® wherein X° and X%
together with 0° to which they are attached form a
ring system of formula IITIe, wherein Y® represents
oxygen, and R® to R are independently selected
from unsubstituted Ci-Cg¢ alkyl or CF3, and R*® and R*
represent hydrogen;
A; and A, are the same and represent —-CHz-;
o', 0%, 03, o' and Q° each represent phosphorus;
M represents Fe;
n = 1 and Ls represents cyclopentadienyl; -

particularly unsubstituted cyclopentadienyl, and m =

0.

(22) %%, %2, x® and X' independently represent congressyl,
especially where X! to X* represent the same

congressyl group;
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Dl represents -CH2-Q4 (X7.) X8 wherein X7 and X8
together with Q4 to which they are attached forma

wo 2wg/07®§st em of formula I11c, wherein Y3 reprESEGB2003500569

oxygen, R50 to R53 are independently selected from
unsubstituted C -C6 al kyl or €3, and R49 and R54
represent hydrogen; El represents -CH2- (X9) X10

uher e i X3ndng, 0o LogeLARE Md N dRathi ey they are

attached form a ring systemof tormu
wher ei ’K'Y5 D'epnds &Mt srexyhen saard aRB0 reprRs@rar ehydrogen or

i ndependently sel ecte from unsubstituted C -C6. al kyl
or CFS,H%J}%ZP&%# FSgZCGr%gff%j;’erﬁa%‘i}gaé?ﬁy Y Sre R
are theylsapg afdobER’ £SERE sek¥BhosPhddus R, B, A

and b each represent phosphorus; Mrepresents Fe; n
= 1 and! ILeprgrassentBeicycl opent adi enyl; particularly

unsubstj tuted cycl t adi eny = 0 .
X1, X2," X3 _anqu4 %%?;peg’&ent%?/pfée]%?@%nt %%‘%?é%@?‘?lenyl'
especi ddnt iverar X1 drasukk tiepresedydlvwesaiiienyl, and m =
congressyl group; WO 2005/079981 PCT/ GB2005/ 000569 59

A, and %2 are the same and represent -CH2-; K, Dl and

El are the sane and represent hydrogen or

unsubstituted C -C6 al kyl, particularly hydrogen; QL

a8 ) ot K2r ef esrdt X phsgewendent Iy Mewprseeht corgressyl,

n =1 and LL represents cychopent agikenyl
parti cA9Y ubs‘f'lil?ﬁ?ed%cycﬁ%pe%t ad%gﬁﬁle,segﬁcd e same

congressyl group;

K' represents ~-CHy-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 —-CHz-;

Ql, Q2 and Q3 each represent phosphorus;

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

M represents Fe;

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

0.

(24) %', x2, %} 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 —-CHz-;

o', 0% and Q® each represent phosphorus;
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0. 10 (23) X1, X2, X3 and X4 independently represent
congressyl, especially where X1 to X4 represent the

W@ 2008/07998Ngr essyl group; Kl represents - CH2- QBPCTEB2046/000569

wherein X5 and X6 independently represent congressyl,
especially where 15 X1 to Xgorepresent the sane
congressyl group; Al and A2 are the sane and represent

-CH2- 5 ear%c%Egggkc%etgﬁeq] REQBGS&% RIgsRhor H%bm@l of the

and E1~ar fepresent drogen or

unSubSbybub@@nﬁadﬁ@nQUkykln@ankjcwhabhy hydyog@ne 20 Mched
represents Fe; n = and L, represents

cyclopé@FﬁUﬁ@n%nsuqﬁﬁﬁﬁqﬁﬁﬁappﬁnﬁﬁsEbggrtuted
cyclopgp&g%r%ggntgmy% m= 0. 25 (24) X1, X2, X3 and

X4 i ndepéndéntly représent congressyl, espeC|aIIy

where X1 te X4 1r epresient Li he mseumﬁgr eﬁwl@@u@dienyl

K1 X
| ndgggrﬁgz%ﬁm 3 %ﬁggayeﬁhi(u c") e|rc(§/| g a%aalqﬂ?n\kﬁe!r and m =

30 X1 tpo X6 represent the sane congressyl group; Al
and A2 are the sane and represent - - QL, @2 and
@B each represent phosphorus; WO 2005/079981

Pg‘%GB%@OS&@OO?ﬁ gOX‘D]][ anH g’ ? herp i 4 hc?ongressyl
u

on“af ofts’ 0 opent adi en ri‘ng to
t hey akspaictiadisd wm$neanxhnsu©stx t edppherplt rithyy same
Mrepresents Fe;. 5 n =1 and Li represents
cycl opEPERSSTHML IURi cul arly unsubsti t ut ed

cycl opgnt gdieRy! ar@nehé same and represent -CHa-;

0* 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 Iy represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(26) xt, x2, x® and X* independently represent congressyl;
K? represents —CHZ—Q3(X5)X6 wherein X5 and X°
independently represent congressfyl;

D! represents -CH,-Q*(X")X® wherein X' and X°-
independently represents congressyl;

E! represents ~-CH;-Q°(xX°)x!® wherein X’ and X'
independently represents congressyl, especially
where X' to X!° represent the same congressyl group;
A; and A, are the same and represent —-CHz-;

o, 0%, 0% ! and Q° each represent phosphorus;
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0. (25) X1, X2, X3 and X4 independently represent
congressyl, 10 especially where X1 to X4 represent

W b@spzayel congressyl group; Al and A2 are thePGEHGB2@ALI00569

represent -CH2-; QL and 2 both represent phosphorus;

K1 represents hydrogen or unsgbstituted C -C6 al kyl,

15 particularly hydrogen; Dl and El1 together with the

car bon_at ons_ of theF cycl opent adi enyl ring to which

they alle "&PFEGRETS £6¢m an unsubstituted phenyl ring:
Mrepresents Fa, 2@nd = 1,andrdprespiesentcyclopentadienyl,
cycl opentadi enyl, particularty unsubstituted B
cycl opPRIAGICARAL L vai siks t i utesis cygilopgatags ey rxpnd m =
i ndependent|y represent congressyl; 25 K1 represents
-CH2- @B '(X5) X6 wherein X5 and X6 independently

represent congressyl; D1 represents -CH2-Q4 (X7) X8

wher ei n,;X7 and X8 ; i ndependent | y.represent
dérgr esy! ;a%g r ebr eséﬁtﬁgp_e ?&y( nge%%gﬁﬂiérei%d%antyl,

and X1Q s 30-iindapengdanid y xepresents® corngimeasslt  the same
especiall'y where X1 to X10 represent the sane

congr essygmagydulp;9roMPiand A2 are the sane and
e B o AT (D0 SRR Fipesencs
repres@R'd (F¥) (B'Y nlasrein espnesénkd, R°, R°, R, R' and
gzg: 882?2% gg: g%yﬂlepegﬁg%%:lgm S_rrleypruensse%ki:St ! téllt-—eéjs alkyl =~ or
trifluoromethyl, particularly where each of R* to R®
and R'® to RY is identical, especially where each of
R? to R® and R to R'? represents unsubstituted C;-Cs
alkyl, particularly methyl; '
A; and A, are the same and represent —-CHz-;
K!, D' and E! are the same and represent hydrogen or
unsubstituted Ci-Cg alkyl, particularly hydrogen;
Q' and Q? both represent phosphorus;
M represents Fe;
n = 1 and I, represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

0.

(28) X! and X3 independently represent adamantyl,
especially where X! and X?® represent the same
adamantyl group;

K represents —CHz—Q3(X5)X6 wherein X° represents
adamantyl, especially where X!, %3 and X° represent
the same adamantyl group:;

X? represents CR*(R®) (R®), X' represents CcRrRY (RY) (R?),
x5 represents CR16(R17) (R*®), wherein each of R? to RG,‘

R¥® to R and R to R independently represent
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5 (27) X1 and X3 independently represent adamantyl,
especially where X1 and X3 represent the sane

w@eomsarmogl group; x 2 represents CR4 (R5) ( R6)PENGBXH5/000569

represents 10 CR10 (R11) (R12) wherein each of R4,
R5, R6, Rio, Rl1 and R12 indgpendently represent
C -C6 alkyl or trifluoronethyl, particularly where

each of {?u%ﬁ f%ht@@d OC%A Fézﬁgﬁand El Ekiﬁﬁgoromethyl,

especi ar ere each o

repr esqyﬁ:stimh@slytuhedeCeaeﬁ a5 ®il kyd | R"’parRll°cmbarH1§/ and
met hyl; Al and A2 are the sa and repr sent 4
K1, D1 Bindtel Rir e ifhe deitd SRSt M%@%neﬁ?h of R

unsubst%cg ut d C, rO6 akkyl piparihgul arfy hydregen; r%resents
and @ both represent phosphorus; 20 Mrepresents

n=1 andsmbst:e‘pu‘es@n@s-%yalldmémt paicgaghlarly methyl;
partic arI substl uted cycl pent adi I, nd m =
b 25 (58P g s T HASSERIERE] § oPSor Sbkn; CF

adamantyl,, g?especical éé{cmhﬁépré@eﬁﬂdp%sple@fﬁent t he .
sane a rmntyl group; Kl represents -CH2- QB( X5) X6
wher ei P'X5andpriEsents tdanaAlg| anskp&EPAEFEIThdiinegen or

e L R T R R
(R12) X fepepseseantBefR16 (R17) (R18) , wherein each

of R4 to RS, 0 to RI2 and R16 to 8 i ndependen
represéht VD 2005/ 079981 @CT/ E8P5GS 69° Y%? geltatienyl,
unsubstpd it £y CAr06 ahkubserthitbll vgrospehybdienyl, and m =

0.

(29) xt and x3 independently represent adamantyl,
espeéially where X' and X® represent the same
adamantyl group:;

K represents —CHZ—QBOé)X6 wherein X° represents
adamantyl, especially where x}, x® and X® represent
the same adamantyl group;

X2 represents CR*(R%) (R®), X! represents CR'(R') (R"®),
X6 represents CR'Y©(R') (R'®), wherein each of R' to R,
R?® to R'¥? and RY™ to R'® independently represent
unsubstituted C1~Cg alkyl or trifluoromethyl,
particularly where each of R* to R% R! to R, and
R*® to R'® is identical, especiaily where each of R*
to RS, RY to R¥ and R¥® to R represents
unsubstituted C;-C¢ alkyl, particularly methyl;

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

0', 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;
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particularly where each of R4 to R6, Rl to R12, and
R16 to RIB is identical, especially where each of R4

W 200R0799R1L0 to R12 and R16 to R18 represents PBCT/GB2005/000569

unsubstituted Cl1-C6 al kyl, particularly methyl; A and

A2 are the sane and representgzsCH2-; QL, @ and @B

each represent phosphorus; D1 and E1 are the sane and
represgpt dro n of.. unsubstituted Cl-C6 al kyl,

partic @% rogen’ 10 Mrepresents Fe; n = 1 and

L1 repmesents quIQ@ﬁﬂtadhenykepreaehtsulam?glopentadienyl
unsubstituted cycl opentadi enyl, an

and X3 DaFdeFaHganty YREpr ke rt%ﬁaﬁﬁ%en%@w&ﬁr |§/“d m =
wher e and X3 represent the sane adamantyl group;

Kl represents -CH2-@ (X5) X6 wherein X5 represents
adamantyl, especially where X1, X3 and X5 represent

20 the ane_a | .group; epresents
(#5) - %3 r8Bfocoht s dReRHRpderas) BR8P oschrbantyL,

: CR16 ( i@e&fgii wherei nxtachn@f k4 teeesefdO the same

R12 and 6 to 8 i ndependently represent
unsubstadamat 1 -OcwP kyl  or trifluoronethyl 25

particuylzarly gach o o to Ri2,
R16 tog£18 isﬁggéﬁilcal er k) qﬁy rafld ﬁl 2@Presents

especi'a wher e each ofuﬁ 1
to R6, 0RO (RY)REPZpndhBE6ihoeREB odpidse®s R, R , R and

unsubstlguted Cl- C6 al kyl part|cularly t hyl ; %g
A2 are Rhe samdenmd Bent FERERSSNL 39 i af %Q or

each rQﬁ&ﬁ§§@$r&ﬁ@§@§PrUFarE&camgrE§ Wﬁ@@%h@bdﬂtdftﬂﬂéto R®
carbon atons _of the "~ cycl opentadienyl ring to which

they arancatRected R'f ot dfenhsapkt i eapeaiphéiyMherfgeach of
R? to R® and R to R'? represents unsubstituted C;-Ce

alkyl, particularly methyl;

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

o' and Q? both represent phosphorus;

K! represents hydrogen or unsubstituted Ci-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 Fé;

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

0.

Specific but non-limiting examples of bidentate ligands
within this embodiment include the following: 1,2-bis-
(dimethylaminomethyl) ferrocene, 1l,2-bis-
(ditertbutylphosphinomethyl) ferrocene, 1-hydroxymethyl-2-
dimethylaminomethylferrocene, : 1,2—bis—t

(ditertbutylphosphinomethyl) ferrocene, 1-hydroxymethyl-
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WO 2005/ 079981 PCT/ GB2005/ 000569 63 M represents Fe;
n =1 and L, represents cycl opentadi enyl,

w@2005i07998ar | y unsubstituted cycl opent adi enyl, BECTGBROS/000569

0. 5 (30) X1 and X3 independently represent adamantyl,
especially where X1 and X3 represent the sane
adamantyl group; X2 represents CR4 (R5) (R6) and X4

S gy U A PR, cochof B gemto-

dbkiiie otbutyiphasphiebhgkthypafercataney where each df, 2-bis-

R4 to nd 0 to.R12 is identical, 1y .
& en SRy DR b B Re T hRY R et ESREES  apr deanbd s- (di-iso-
%H&Eéhégﬁﬁﬁngﬁegﬁyl;§e@E5MénePart'CU|ar|y met hyl ; 1Alb-pis-

are the sane and represent -CH2-; QL and C2
Udtzkcycemre@@hvlphggph@ngme kyl} épreseans, hydrogen orl,2-bis-
ul arly hydroge _
%éﬁ?%ﬁﬁ%%%%ﬁ%g§ﬁﬁ?bﬁxbﬁgrgﬁ?ééﬁ atons of the 1, 22%18 di
Qﬁ&kﬂp@pﬁﬁ@h@ﬁphlhbmgthglwhéehobba¢,are attached fdnm—bis—
an unsubstituted, phen ing; Mrepresents Fe; é 3.5 7

Aﬁdtrmetméwég%ﬂbénev#wéhfaareﬁﬁper 28/ &amscmdaﬂ

%a%éﬁwgdacych@pegaeghewgho@{aﬁam— 0. Specific
but non-Tiniting exanples of bidehtate |igands within

amam&nmmimﬁEhlehéEudeCEhe,folIOMAng 1,2-bis- 30 1,2-bis-

Q@iﬁ%€ﬁ&f§%98§%&@%§l§ é&%ggggé—%iémgkﬁyl 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 aﬁpreciate that other bidentate
ligands can be envisaged without departing fibm the scope

of the invention.

According to a further aspect, the present invention
provides a catalyst system capable of catalysing the
carbonylation of an ethylenically unsaturated compound,

said system comprising:

a) a metal of Group VIB or Group VIIIB or a compound
thereof,

b) a bidentate phosphine, arsine, or stibine ligand,
preferably a bidentate phosphine ligand, and

c) an acid,

wherein said ligand is present in at 1least a 2:1 molar

excess compared to said metal or said metal in said metal



(ditertbutyl phosphi nonethyl) ferrocene,
1- hydr oxynet hyl - 2- di net hyl am nonet hyl f err ocene,

wa 257981 (di t ert but yl phosphi nonet hyl ) f er r ocenBCT/GB2005/000569
1- hydr oxynet hyl WD 2005/ 079981 PCT/ GB2005/ 000569 64
2, 3- bi s- (di net hyl am nonet hyl )§serrocene, 1,2, 3-tris-
(ditertbutyl phosphi nonet hyl )ferrocene, 1, 2-bis-
di cycl oahexyl phgsphi nomet ferr : .
oBP Pg%(di}nggh%%ti?%ﬁog%%%ngée %%F%ngeﬁpbégﬁéfaSt a 2:1

Ao2aki exz sl amippent Wohesphiligeeicy! ) f err ocene,
1, 2-bis- (diethylphosphi nonethyl)ferrocene,

1,2-bis(di- is opropyl phosphi nonethyl) f errocene,
%b%: %l"ge: (%{?{)ﬁgg%%pg?sﬁg‘iﬁ?%ﬂw )ierracengeby stated that

aagebify lth Fddtureoxand-ghospirenos adesani hedehayeinhefore
f errocene, 1,2-bhis- .

PAENEORAEY ARRAEAN TS R BREhyI i odi de, 1, 2-

bi s(di hydr oxymet hyl phosphi nonmet hyl ) ferrocene, 1, 2-

bi s(di phosphi nonet hyl ) ferrocene, ) )
.AQZOmﬁgiﬁlaiﬁP-@Z, pgp@pr aspect, the present invention

bELLATRINY! BhosBhLRaYs4- 08gY) didiRt Y IR of  an

bicary(ldinikad, By 7uhehtamatkyl - 6Bpd0nd r iapup2ipius phantacting

sdomn 1)) Pezerc, DeverUielg5s. 08 BLL S mononice

' %E@CQiaB§drb&9§nQ?xﬁﬂﬂ 86n €AV SRgedonipbhipd epahéi pgesence
(0]

romthe scopé the invention, 20 According to a .
foufr tehezababpst, synsepr ésetefiimachtinnthpr ypgestainvention,

%at lyst SYdSetfimeCc?pa}L | eﬁ%fe cal s\fzSi gJd& o the present

on)?lsatlon of an et hyleni ca y unsat urate
GORReIHIthn . Sai Hreysreblgpnpthsi mpro@sa) is net aliqfid phase
Goup VIB or Goup VIIIB or .a,co nd
conéinuous procgss compri51n£nx%ﬁe step noted above.
Nevertheless, although the process is preferably operated

continuously, batch operation is possible.

According to a yet further aspect, the present invention
provides 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, said system comprising:

a) a metal of Group VIB or Group VIIIB or a compound
thereof,

b) a bidentate phosphine, arsine, or stibine 1ligand,
preferably a bidentate phosphine ligand, and

c) an acid,
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thereof, b) a bidentate phosphine, arsine, or stibine
ligand, preferably a bidentate phosphine |igand, and

w@o0sp7e81 aci d, wherein said |igand is ' preseneCT/GBai05/000569

| east a 2:1 nolar excess conpared to said netal or
said nmetal in said netal WO 2605/ 079981
PCT/ GB2005/ 000569 65 conpound, and that said acid is

t in.at 21 ! ¢
BREEETH A - bOERS" 5 pa RS, USSR SO % 11 moiar

beeeby sbapedaidhalo Sabdymetalherf eativr estaid in said metal
enmbodi nents descri bed herei phefore are. e

|
eppPPEas) e2P8 tHial a3pktt 2L cOPdPRFSEE a At deast a 2:1
@ﬁESEteE&Q% g%:_%% L ddRNHQY R des a process for

e carbony ion of an 10 ethylenically unsaturated
conpound conprising contacting an ethylenically

unsat ur at ed, conpound with carbon noxi de .
HUREORYY" oFbiip BURTSh ng=eBRo g o iie ofladhy ippiudes
fatatabystnsystganas fefieradel maviegresepironyenfunotional
such as defined in the first aspect of the present 15
gmowvpt | BrefPrefeknbl Yhet REIpRSCeTOLaCH q iR P prasBydroxyl
ont Lk I § a e ;
R R N
aperaAtkatholgonbantdasilyr liyata hCopepataild@niod ,pobs¢ biding aryl

20 According.tq a yet further aspect tqf. resent.
PhFERPI8Nn Wgﬁé&?dggyabﬁr88§§§nﬁ %rﬁ?@ﬁaﬁéﬁﬁﬁ;uW%%ho?ne or
ABreetdi BNiGabhy s Unsatddrd £ d feefp oLtk € OBRKkiySl, Naryl, Het,
contacting an ethylenically unsaturajed compoypd with _ .,
balbon wyaoride nhhEca hQBr oxylOGFOUR conCdiiifng  C(O)OR™,
und i SRAES 2g20f gpwatal el o$uREeM s defined
gg?ﬁ*sysgéﬁ?ggﬁpgiéiﬁg&gg§ 8 fetal of CIoEp§VlB or
GeeupnVl | HBgtrly ppapeundd alkanols are C;-Cg alkanols such
as methanol, ethanol, propanol, 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 sugars may also be
utilised. Typically, such polyalkanols are selected from

1, 2-ethanediol, 1,3-propanediol, glycerol, 1,2,4

butanetriol, 2- (hydroxymethyl) -1, 3-propanediol, 1,2,6
trihydroxyhexane, pentaerythritol, 1,1,1
tri(hydroxymethyl)ethane, nannose, sorbase, galactose and
other sugars. Preferred sugars include sucrose, fructose
and glucose. Especially preferred alkanols are methanol
and ethanol. The most preferred alkanol is methanol.

The amount of alcohol is not critical. Generally, amounts
are used in excess of the amount of ethylenically

unsaturated compound to be carbonylated. Thus the alcohol
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thereof, b) a bidentate phosphine, arsine, or stibine
ligand, 30 preferably a bidentate phosphine |igand,

wa@paso)998n aci d, WO 2005/ 079981 PCT/ GB2005/ 000BGRGBa®5/000569

wherein said ligand is present in at |least a 2:1 nolar
excess conpared to said netalepr said netal in said
net al conpound and that. said acid is present in at

glg?t asb? % Oxyﬁéﬁﬁoﬁo%%%‘i‘ltt 0y sajdih 93%’ﬁth§ugh if

group contai ni ng conp
d@ehméds swﬁnaﬁauy &ﬁiﬁﬁqﬁnumaynﬂkxnnherwmemg a
hydr oxyl functional group. Preferably, the organic
nol ecul e having a hydroxyl functional group may be

hranghed Obe" nec%%éaomwa%esda@ aenal kgRelduct of the
particularly a CI-C30 al kanol, including ary

akkahobs, ivwhi dhteamibedopti oreedly bubBeFtutsd Wie hsewsce of

o0, BT LA, L, e wons
&s( @hmgfdrc%&.@ %26u§52@oﬁﬂaﬁ81WR,co@;(cﬁJ)nd\lRﬁRenC the end

(S) RR, SRor C(0) SR as defined. 15 herein, Highl
prefefited sal klaﬁopgréﬁépen IEBIal0RHRPY e Actd,  WheTeas use

Tt angllka‘litﬂa AP IS0 ARG ester
I So- but ano y al cohol, n-butanol, phenol and
chl or ocapryl aIcohoI Although t he nonoalkanols are

fer alkano refer selected
orihi-LocedSE) sPBLHPBECaLaERY B e A PGS o e
@&@sé%@arﬁnﬁ’@)’tﬂ)ﬁomb9 stibirki seth @pd:@’@él}’stssgbtem having
pol yal kanol s are selected from 1, 2-ethanediol,

posnpgp@péﬁedpépwglwl@errapla& xaf 1qft AWM opr below those
%lg HOXY tr@’t!tc)h ’r%'tﬁro%paﬁfgimpro]q]?esﬁs to values within

i roxy exane, pentaerythritol’, T,1,1
sald 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.

As stated hereinbefore, it will be appreciated by those
skilled in the art that the phosphines described herein
may function as ligands that coordinate with the Group VIB
or Group VIIIB metal or compound, together with the
present acid, to form a complex. This complex may

represent part of the effective catalyst in the present
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‘egcess compared to sa

25 tri (hydroxyme thyl)ethane, nannose, sorbase,
gal actose and other sugars. Preferred sugars include

wGeomso®sl fruct ose and gl ucose. Especial |y pre¢EGB2@5/000569

al kanol s are nmethanol - and ethanol. The nost preferred
al kanol i1s nethanol. 30 The agount of al cohol is not
critical. Generally, anpbunts are used in excess of

LR STRAR, 1, SHEULETLERL Yo RS e aTouR toncanyan
83 6828051 A88568refi7. may serve as the reaction

sol vent as well, although, if- desired, separate
solvents may al so be used. It will be appreciated that

en Dfodfiﬁiufg theoe St ! ALl PR cistrdetiafvBierbRt provides
f@ggt ?ﬁ Sart y fhggggarce of %ggfofyljgroup . P
gorbaiplieny cappolemdofisedatalysdngr the usagbonylakéon of an

hydr oxyl up contai ni ng_conpound then.the

%g%ﬁﬁﬁgngigﬁe chFEQﬁéﬁ%Fﬁﬁ cafﬁ@%VvF%Lacid%g%ﬁ%reagomplex
gs€ainbpae g%kgaﬁbi@iﬁggces the correspondi ng ester

10 It wll also be appreciated that the process of the

present invention may start with a catal yst system

havi ng opent ovididng, pol g1 At 95 raboye of d
%glo%/f%%%gp g?af%%.Fbuéﬂgﬂcﬁg?é?%%§§myﬁﬁ progress Fgmpoun
vAkuvestfwi thin 15 said ranges clainmed during the

course of .the geaction. L.t will of course al

0, be _—

Bbpraci ateentAkLE t?ﬁ??@@ép§'ofar§ﬁ?ﬁ’coﬁﬁon8§f§lne_ 1igsnd,
gfsgsﬂsbwyt hi BibBAtseEA s g iRhd Change during

he process of the invention as further 20 anounts of
sbneanraghfl, of the conponents are added to nmaintain
the usable | evels of conmponents within the catalyst
system Sone of the conponents of the catal yst system
wayrdiap saitd ol ighed syist eprdsentg itheateakdasnh a 2:1 molar
process and theref oreigvgle%aga%rnes%cié ?neq:eaf oggegégg metal
compound, and that said acid is present in at least a 2:1

molar excess compared to said ligand.

In a yet further aspect, the present invention provides a
process for the carbonylation of an ethylenically
unsaturated compound with carbon monoxide and a hydroxyl
group containing compound in the presence of a complex,

said complex as defined above.

In the process according to the present invention, the
carbon monoxide may be used in pure form or diluted with
an inert gas such as nitrogen, carbon dioxide or a noble
gas such as argon. Small amounts of hydrogen, typically

less than 5% by volume, may also be present.

The ratio (volume/volume) of ethylenically unsaturated

compound to hydroxyl group containing compound may vary
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25 maintain levels within the actual catal yst system
As stated hereinbefore, it will be appreciated by

wao bwse7998ki |l 1 ed in the art that the phosphi nesPCT/GB2005/000569

described herein may function as |igands that
coordinate with the G oup VIB930 or G oup VIIIB netal
or conpound, together with the present acid, to form

ompl ex. . Thi s, | e A § ent, _part . of e
BFAEE, o but ary BT Ton T kSR OTI605) bools S ranae of
PCH/. EB2RD5I 00D560re Hfraiventirem ardwemce2nhyto 1:2 and up
represent part of the catal yst. system defined herei

FRUS 1Rrect GREREP RSpdYCr el pPESERL GHVETHAH Sompounds
M‘xg\é' Q:%]% 12t2e507R! 8% s62PAk & Lfc1GalRl ¥$I vht hSuch as up to
carbonylation of an

et hyl eni cal l y unsaturated
aoBpolnexceaisd ofohpierxybbuaiongblconiya icams reorpounds.
netal of Group VIB or Goup VIIIB or a conmpound 10
thereof, b) a bidentate phosphine, arsine, or stibine

rhganb1adreferabdy endi dentaleaiphasghivtesdt @edted aBdmpound
c) an acid, 15 wherein said ligand is present in at
tease oz momsikdde égcessLt Yd-® otk BeRgeal 1 or to 100:1

sai_d ' [ t und, sai j
184, Teldh g LR, oraPauny, ot Lisle pidsaithy
gaihdtl | g, 28specialkt f firomer Aspecte t 19 dresemtd most

R <A G (e GASAPUTEERS TomgdUrks Wt h carbon
nonoxi de and a hydroxyl group containing conpound in

the presence of a conplex, said conplex as defined
Theveam@En nof hahgr sedss vark oPdi idie ol pHENpreBetsed in the
Icg\é%%tniy %’titol;ﬁe process of the ethylenically unsaturated
compound is ﬁot critical. Good results may be obtained
when, preferably, the amount of Group VIB or VIIIB metal
is in the «range 1077 to 10! moles peri mole of
ethylenically unsaturated compound, more preferably, 1078
to 107? moles, most preferably 1075 to 1072 moles per mole
of ethylenically unsaturated compound. Preferably, the
amount of bidentate compound of formula I or formula IIT
to unsaturated compound is in the range 1077 to 107!, more
preferably, 10° to 1072, most preferably, 107° to 1072

moles per mole of ethylenically unsaturated compound.

Suitably, although non-essential to the invention, the
carbonylation of an ethylenically unsaturated compound as -
defined herein may be performed in one or more aprotic
solvents. Suitable solvents include ketones, such as for
example methylbutylketone; ethers, such as for example
anisole (methyl phenyl ether), 2,5,8-trioxanonane
(diglyme), diethyl ether, dimethyl ether, tetrahydrofuran,
diphenylether, diisopropylether and the dimethylether of
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carbon nonoxi de nay be used in pure formor diluted
wWth an inert gas such as nitrogen, carbon dioxi de or

wW@2008t9®81 gas such as argon. Snall anounts of PEYHGBY®N000569

typically 30 less than 5% by volunme, may al so be
present. The ratio (vol une/voloume) of ethylenically
unsat ur at ed conpound to hydroxyl group contai ni ng

%gggggﬁgﬁPSe x MD 200 079981 &WAGBZQSS/Oq9%§9 %Qample

£& anfXUitHoly P i n°Fhe range o

i!n'th 1beetall, niaherapl yaipatebetawmean 2béntz0a3:e2 adittnethyl

0 a |large excess of hydroxyl group contai ning
@bﬁb@&ﬁ§§ AHbrbE RETP BAEEPNPE AEGTthe $Uakt fen for example

éir%'gl‘é%ﬂ&%%%%t&aﬁ&d%p toN—ﬁ:g%ﬁ%%yf%?f;‘?éoﬁé hy%rrﬁi(yl dimethyl

nt'ainihg ¢onpou ratio of th
QbhmbﬁﬁuemIaulﬂvxﬂdmateddcmmiphuheam)@@mboaanﬁmmwdeample
referabl¥€|n t he ran

SREPEABEy LGPEHIEF 1t han S1TLSEPERPHDPLIBPENEr abl y SELECLane

%Qek%@ gd§o%h1 esheskabl ¥ iRl t o 50: 12-asghyostilfolane,
prefera int e range from3:1 t'o 15:1. The amount

@ifletthe'lcamalgmn@,f th@nammténqﬁ@dlq nlthgdioxide and 2-
car l,ation R f, th t
TR IR R R ool T Ak Eas DDA, #hBTuding

Qﬁﬂ@l nedrnhfbs pds;ef eadt v, cdnipewamrinte gof @emzpan%l,B tpluene,

VIIIBnetal is in_the range 10-7 to 10-
g Lofoengemp enryAieny S TR B ﬁoﬁ%ﬁ%ﬁr fBpgEobenzene,

Qar & %ﬁﬁ%lr%be%ge%e t 0104 2 hTRr@SHertse :Pr 8 Raaklsy, 19n21luding
nol es per nole 20 of ethylenically unsat ur at ed

d@ﬁpoundrl§n£5eraﬁlysuche camporndsf BPdenhgxane, heptane,

o e T PRECPRge 10° 7Y bohp. 1 TGHAY TAET carbon

Heafracabloyi dbl- G itteiles? eqHerpaierabley , ardd-dSceébonitrile.
10-2 noles per nole of ethylenically unsaturated
compound. 25

Very suitable are aprotic solvents having a dielectric
constant that is below a value of 50, more preferably in
the rangé of 3 to 8, at 298.15 K and 1 x 10°Nm™2. In the
present context, the dielectric constant for a given
solvent is used in its normal meaning of representing the
ratio of the capacity of a condenser with that substance
as dielectric to the capacity of the same condenser with a
vacuum for dielectric. Values for the dielectric constants

of common organic liquids can be found in general
reference books, such as the Handbook of Chemistry and
Physics, 76™ edition, edited by David R. Lide et al, and
published by CRC press in 1995, and are usually quoted for
a temperature of about 20°C or 25°C, i.e. about 293.15k or
298.15 K, and atmospheric pressure, i.e. about 1 x 10°Nm™2,
or can readily be converted to that temperature and
pressure using the conversion factors quoted. If no

literature data for a particular compound 1is available,
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Sui tably, al though non-essential to the invention, the
carbonyl ati on of an ethylenically unsaturated conpound

w@sgoosgdefosned herein may be performed in one orP@DGB2005/000569

aprotic solvents. Suitable solvents include ketones,
such as for 30 exanpl e net hyhbhutyl ket one; ethers, such
as for exanple anisole (nethyl phenyl ether),

9, 8-tr nopane er yl o
b8, CatELguanoneney, (AL VUL, 0L PUDCTneBLELY usng
%@&ebla%@euh@h@sﬁ&bhﬁhemhealoﬁevwbaQOS/079981
PCT/ GB2005/ 000569 70 di -et hyl ene-gl ycol; esters, such

as for exanple nethylacetate, dinethyladi pate nethyl

ReNZ QG 1 'T%*éy'dleﬁfété%%%t %8ﬁ@gam’!t YOl ACt s is 4.3 (at

n1des uch as for exanple I met hyl acet am de,
NemthpryrroflmmnihﬂkichMmmhthS £ 0B martide; 293.2 K), of

sul.f oxi des .an hon h as .for. ex e .
SO S a de 1 SM3on: Byt 261 BREE R frapaake s 5.0
(ta%t rza@ydz 0t<|5ll ORf¥eng@ighdndioxhéle) is2-31ey hyl=sul peBane k), of
|eth sul hone tetrahydrothlophene 1, 1-di oxi de and

|ad4@efcﬁy|l§u|6f 8 deé; 28Boraki ¢ @ﬁwp%%hydrofuran is
”%' Lk%ﬂ“gzté'ﬁo Nalo V@f'agﬁg%ﬁlioé%&e@npgued% St 293.2 K).

benzene uene et hy nzene o-Xxyl ene, mxyl ene,
P- Yyledee rechlsolokeanz éise anigodliechl or obenzene,

m di chl or obenzene: al kanes, including halo variants
of such conpounds eg, hexane, heptane,

4£2,t31d rhﬂ@%@ﬁ(ﬂ/pea&@ae dethyheng Wun@/daedang cad belkanol,
15 tetrachloride; nitriles eg. benzonitrile and
acetapieti¢ esolvery suildathe arReBpEedi dgolthentteaction as

33 1R IRty Al | 3e0F e ® YebSeRicalny

nore prefera e “range of
Kinaaa uk ax B0 S ourd t hea 2Boipr msankldentalxd:l, tihlee alkanol is
di el ectri,c constant for a given solvent is used in
iB0s 2RSAFEC POANERG -of representing the ratio of the
capacity of a condenser with that substance

The process may be carried out in an excess of aprotic
solvent, i.e. at a ratio (v/v) of aprotic solvent to
hydroxyl group containing compound of at least 1:1.
Preferably, this ratio ranges from 1:1 to 10:1 and more
preferably from 1:1 to 5:1. Most preferably the ratio
(v/v) ranges from 1.5:1 to 3:1.

Despite the aforegoing it is preferred that the reaction
is carried out in the absence of any external added
aprotic solvent ie. an aprotic solvent not generated by

the reaction itself.

The catalyst compounds of the present invention may act as

a “heterogeneous” catalyst or a “homogeneous” catalyst.



10

15

20

25

30

as dielectric to the capacity of the sanme condenser

with a vacuumfor dielectric. Values for the
walec@beteesi ¢ constants 25 of common organi ¢ | i gedHEBR@S/000569

be found in general reference books, such as the

Handbook of Chem stry and Physics, 76th edition,

edited by David R Lide et al, and published by CRC

re in_1995,,.and are usyal ly, guoted_ for
PenpBea brohof SRR 26t or SHEELToE. ol ba 2 spkpLYSE
8Q 298. tanfowand &t resphenirenpieasuBidh eisabmd dupported
105Nn2, or can readily be converted, to that

hwppes as brelinadmpredsar efaspag iAeSLBRy Rt hacEpRstants

ot I |4 ur . or; .a par tydycul :
L

RGH €B290540606068und]l the Wyeékeryii conbadindmig negmbeund and
readi |l y measured usin

est gabl i shed_physi co; chem ¢
GRTORS TP EHahp) EF 55 Hhid) eL0ri® CORSEaRM Cof SoLvent  as
3k SPl BeSnédrdihat 5 294.2 K), of diethyl ether is
4.3 (at 293.2 K), of sulfolane is 43.4 (at 303.2 K),

of nethyl pentanoate is 5.0 (at 293.2 K), of

i phenyl.et her 3. ; ' | adi
g% gﬁ@ 6§Fj%gsh§t§§;g%$é?§$raé?gréyggaﬁﬂ%gﬁgg¥5q%a?§£gly5t'
295, 2tKp, celnpminhy|ofongrwatrevdrst b)), (whi2B3i% Karrddd on a
A preferred solvent is anisole. If the hydroxyl group
gwPPar ki ng conpound is an al kanol, . an aprotic solvent
wi Il be generated by the reaction as the ester
carbonyl ati on product of the ethylenically 15 _
Thsat acatedicgnpoura, featien aspost dethsd aresankaasvention

BogfReilou S Ely o, 108, BERSERLERSRE 2 pLedaeHtcar,

(iMs¥}uehtapr otddinpinindgent 40 @HF hyelt oxpiergrioup wherein the
cont ai ni ng conpound_of at least 1:1. Preferably, this
PEPFBSPantes Faigmed fufo WtR ¢ ngré&alyst ‘comprising a

support, preferably an insoluble support.

Preferably, the support comprises a polymer such as a
polyolefin, polystyrene or polystyrene copolymer such as a
divinylbenzene copolymer or other suitable polymers or.
copolymers known to those skilled in the art; a silicon
derivative such as a functionalised silica, a silicone or
a silicone rubber; or other porous particulate material
such as for example inorganic oxides and inorganic

chlorides.

Preferably the support material is porous silica which has
a surface area in the range of from 10 to 700 m*/g, a
total pore volume in the range of from 0.1 to 4.0 cc/g and
an average particle size in the range of from 10 to 500um.
More preferably, the surface area is in the range of from

50 to 500 m?/g, the pore volume is in the range of from
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preferably from1:1 to 5:1. Most preferably the ratio
(v/v) ranges from1.5:1 to 3:1. 25 Despite the

wat@segesng it is preferred that the reacti on PCEGB2005/000569

carried out in the absence of any external added
aprotic solvent ie. an aprotig solvent not generated
by the reaction itself. 30 The catal yst conpounds of

t he present. i nventio act _as a_"heterogeneous” .
Saal Y81 20P &/ Foriblntbus e ELR APy SPT WDLS00S Grobey I the
RGH(&B28@5/{30@b65 ¥& BYd hgm! eMdsthaigienasus” the surface

catal yst we nean a catalyst, i.e. a conpound,of the

ianeent Len innikeh ranget oFuppom ed00ple 50| mpfyr the pore
adm xed or f.or Ip-sifu wt eyreacta h th
ca ?/I abi olgl ;Eggect?%ﬁé%e.o\g t Otéthe h§| g%i c@dl ygé/é Sind ©

wistdfat pdreogpoundzet e hiydr oy | rengeaiofi nfraonpounde 100
and carbon nonoxi de), preterabl¥ in a sujtabl e N
g8t verfhas 2WRESS bRATRer 8RS Byt hEYREFHT Porous suppor

't}ﬁaeéeefpgfgleoyg' £Rtalyst wengeancg catahysto * i.€900 A.
e

conpound of the invention, which is carried on a
sppirtabThusa sompad hgnaterlflurisherses gddat hag an average

resent.inventio rovi des es e :
gpacfrbeon AT o o‘?P eftxﬁ%ﬂl eénclsjgta? Iasy(Pd %%’ uafl%éa%?%;%esuably Erom
copesinglso ak . def imed hersd ne wher £t Ty tdes jpraicbsstd sde hydrate

carried out wth the catal yst conprising a ort, R
g ersbliCan dths @ ubFBPSERSEFE. Plef EF%IBI ylablﬁg to 800°C

S 0 j I such as a 20 pol yol efin,
pagr%@'t(érg FPSh S£5 & DO B s

yrene or polystyrene copol yner such as a
di vi nyl benzene copol yner or other suitable polyners

or.,. copolypers known to_thpse _skil. in the arit;
s?tf%tc%%fydegﬁ%aﬂl?/%ogﬁc]ﬂagsgg f%ﬁé%#%%aﬂ%e% %ﬁlf%a,gugport’
Stihd CORBOANb1a SHgpute fybkeated oidgsr pdmpusgnated with
particul ate materi al ) .

the compounds of the ©process of the invention by

techniques well known to those skilled in the art.

Alternatively, the compounds of the process of the
invention are fixed to the surface of an insoluble
support, optionally via a covalent bond, amnd the
arrangement optionally includes a bifunctional spacer

molecule to space the compound from the insoluble support.

The compounds of the invention may be fixed to the surface
of the insoluble support by promoting reactionm of a
functional group preseht in the compound of formula I or
III, for example a substituent K, D, Z and E (or K!, D!
and E!) of the aryl moiety, with a complimentary reactive
group present on or previously inserted into the support.
The combination of the reactive group of the support with
a complimentary substituent of the compound of the

invention provides a heterogeneous catalyst where the
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25 such as for exanple inorganic oxides and inorganic
chlorides. Preferably the support nmaterial is porous

W@ 200502098hi ch has a surface area in the rangePCf/GBR@I1000569

10 to 700 n2/g, a 30 total pore volunme in the range
of fromO0.1 to 4.0 cc/g and g average particle size
in the range of from10 to 500pn1 More preferably,

#E)]?ng%%t LT Tl 'ns(renqzlol?le u@b%?]tf 3Bet S\bﬁq@d via a

pore val R e ran

ZQ@lﬂa@-éQQﬁﬂcl'P(El'sl CﬁO@SﬁQﬁDSéQteYS @m5dep 2m5ne¢/ graad keto
the average particle size is in the range of from 20
9&F2H0 pm Most desirably the surface area is in the
range of from 100 to 400 nR/g, the pore volunme is in

the range of fromO0.8 to 3.0 cc/g and the 5 average

Tt | chel o zefl seaarttilmn reeydibions ofr. 3dnko a0gompaund of

T BV, R ST B R P8 Y foore copens

RrRine realdd )étk@l%@ﬁ@ﬁﬂllﬁ&irﬁidt&irdt?edﬁ:eﬁpblm&ﬂ hasl ahe groups
averag pore di aneter of fron150 to 500 A, and nost
&dsi r &by fﬁeﬁpeetn t 8O850 2XaFplemy LE3RFYGTul aTIGR  2s

N %g.d.%lltd%sdehyﬁrft 23 AP d i GR Bz A o, eNMPERAt Ui e sses

rom to 800C "anywhere from3 to 24 hours.

Suichabd g/, thbe useppot tmiregd benhiydxiBee, oredurctgiveé amination
up z;t 5 the i nsol ubl e support is coated and/or

Pﬁﬁp t he conpounds of the process of the

I nvention by technlques wel |l known to those skilled

inthe art. Alternatively, the conpounds of the

Broseasingf the a20TRAVERE] oRSBPELT | xERF t PRARERur flgention

ongﬂderéso%ﬁgl qlseSuBEorEheo? = ona% o¥' C@é@'e%‘%t of the

and arrangenen l'y includes a
mﬁmmaﬂha@a‘mmhmmwu dsspacechked tomposmgport.
fromthe insol ubl e support.

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
carbonylation) and subsequently admixing with a compound

of formula I or III as defined herein and an acid.

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

noble gases such as argon.

Suitable Group VIB or VIIIB metals or a compound thereof

which may be combined with a compound of formula I or III
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BegzenBt hydu iRt idhat 8Ct8r et

25 The conpounds of the invention may be fixed to the
surface of the insol uble support by pronoting

wo e@sniwesl of a functional group present in theCT/GB2005/000569

conpound of formula I or 111, for exanple a
substituent K, D, Z and E (opsKl, D and El1) of the

aryl noiety, with a conplinentary reactive 30 group

resent on revij in Lnto or :
TSR0 RaBRoR of "PhBSYeacPryeraraly of eneHRE ppbrpEinam,
¥hibmiamgonpbl yeacany subdt i turgstef, t herebeapabhd oinclude

the invention provides_a heterogeneous catal yst ere
ena VD 20081679581 PEF&AIES/ 000561 7 cofp undffg?hnum.

FPQE&PXBT io%&%ﬁé}%s%poﬁ.g af edrbkedvyYi®pa metal or a
I hkage such as "an ether, ester, am de, am ne, urea,
kehpougdotiperboThe dirmfseradfly,eddis oretedndis i angrewp VIIIB

PRbBAL | GRD. Pe RO 1 Boporif Ipgh e CHE Group VIIIE

fthyhenscabhYaunsat drabedoapopadndhandothe ghaspscombponent
the support. For exanple, reagents such as

ahr bddi | rpeREerably - cRPBSAJLEN nPdazd e, CHPRCPRBcesbegeot.
Q. as of 'églcé n Ld r eduChiMe tal

éﬁ%ﬁggggn C%@§o§§ginﬁ?%;e .}ﬁcg%?ang§%% a further merans

arpeale thetpr efestichnwenkilenwiphevpdesompeounds ebmphrdésing

process of any aspect of the 15.invention wherein the .. ..
bapkiyer crotdpAEREA A8 8 SupgBRL S tonvERTent 9 Cife Soid
RLPpRES 18l Qi NVed+oR1kBYODE qapr it coYt dids such as

di ssolving the Group VIB or VIIIB netal or conpound
ahetéof sl dethdedrodrieindd naaldui pAbPROBSFY AL chuch as

as. 20 _gne of_ t wdr oxyl gl QuUP copf 8l RLRG1 SRIRPENAS acid
BPtapP5ti c %?&E%%ﬁ g!prev?ous1y descrlﬁed %g ’
patbiresuaphynpeef actied salivénbresekbabe tselesosadcor acid,
aci d product. of the specific car?oqylation {egction .
ene 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

interactions between Lewis acids and Broensted acids.
Other sources which may provide suitable anions include
the optionally halogenated tetraphenyl borate derivatives,
e.g. perfluorotetraphenyl borate. Additionally, zZero
valent palladium complexes particularly those with labile
ligands, e.g. triphenylphosphine or alkenes such as
dibenzylideneacetone or styrene or
tri(dibenzylideneacetone)dipalladium may be used.

Nevertheless, an acid is present in the catalyst system as
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car bonyl ati on) and subsequently adm xing with a

conpound 25 of fornmula | or |11l as defined herein and
wW@ro0ao7a¥s1 The car bon nonoxi de may be used in tPEI/GB2005/000569

presence of other gases which are inert in the

reaction. Exanples of such 7gases include hydrogen,

ni trogen, carbon di oxide and the 30 noble gases such

as argon. _Sui G VI.B 0 I l.s ;
S BB d T Rer LET O Syt p& i oA i th &f hion such
a§onpeyBdnoetelionBuiva hroralsd P25/ 079981
PCT/ GB2005/ 000569, 75 include_cobalt, nickel, .
pal TABFunmthengdiidn 1l se+eered ERPBNPEM 2rbfybferdiy @ pKa
mQQ?P}:ngﬁke%ﬁ[ IRfL TR siIdACl4d€ g @0kt 1 JHLKEhan 4, more
pal 'adium rhodium and platinum Preferably,
peefippabhy aless acl@wuB,VI nbBtnepréierakly cdeggsunghan 2.

t hereof . Pref erabl he net is a Goup VIl
SHLEAPLesuCHCAE pal LRATIAE Pr BPEr abRssihe &F bRed: 1| BPEa-
pPBEakabsypal tadi ugros aigomsund t keresdbxyIhus, acid, more

conponent a) is preferably palladi umor a conpound
pragesably Shia abfedcéfp Lofa sGERPGIF VRELGy or some
oYhiLBy t—%'a%b%gcyjlrig %@é%'&cﬁl ofs SUpds BRtRl S WA £P5m the
conpounds conprrsing weakly coordi nated ani ons
ldleti vednEiemingi t bifc aeirdhlosikbphecid,aciphofpheric acid,
al kanoi c

to,.Cl2). acid h . i i d ,
 uBEbR orPRO8BNRLEul FROH ¢ S B Rt e dhet AdFe Suiphonic

aé¥hphoBienagbde %&!e@%@%b!l?h@nisﬁl@ﬁbﬂiclflacid or other non-
fl'l'orosul phonic acid, trifluoronethane sul phonic acid,
capbbazyhécs@pitbnil eederbedndpithdilthel #ithhekiryeacikpving a
ol uene sul phoni j -t ol.ueneqsul i ci

ok8' BEES IR phbnfatials Salyelohy qtoarspate tead ctlan 2,

yéul phesti cmaekd;preafd pidnat ed sulphexdhangeirdshaying a pKa
perhalic acid such as _20 perchlori¢c acid; ; -

mRaPBEEAat Bd 20HFOGRY 159 Ol 28,8688 M o BaBefr c StiLL

mBckd dpdrbrhbhyor eaeet heidCids selected from the list

consisting of the following sulphonic acids:
methanesulphonic acid, trifluoromethhanesulphonic 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.

As mentioned, the catalyst system of the present
invention may be used homogeneously or heterogeneously.
Preferably, the catalyst system is 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 amountt of ethylenically

unsaturated compound used in the reaction to the amount of
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ort hophosphoric. acid; phosphonic acids such as
benzenephosphoni ¢ acid; and acids derived from

WO pa0s02098i ons bet ween Lewi s aci ds and Br oenst ePCEHGBO®S/000569

25 Ot her sources which may provide suitable anions
include the optionally hal ogenated tetraphenyl borate
derivatives, e.g. perfluorotetraphenyl 'borate.

BETEPEIE 'xydv ALY SRS Pall ALY CITEXTSang may vary

bétpb@ﬁyh@h&sphmmeSoreabkeﬁeSmSOCGOlesﬁo 100:1 mol/mol.
dlbenzyl|deneacetone Qr styrene 0

tri (AhBeBATHEneaE ettdite) B?E%P?&H?W%fe&éﬂi}so@d using the

éSBBh%iesﬁhea'i‘.n%h@ﬂoﬁ éasyse@é saphkatedt # ¥ the other
system as WO 2005/ 079981 PCT/ GB20057/ 000569 76 set out

bemponbeterebyevgnf|Su0thbﬁeson¢@@$ of ﬁnM@Negu0hita§s an
ose, note ve are al.so present .aci [

SAPREEREeT o ale At T R Rt h A b Sirba A AGhE LY Sever

Bg“?@bﬁu&@EUt he8 atod@&dofthesshy hateducimy e te need for
erably less than 3, nost prefer-ably |l ess than 2.

Suirta@lre pabqlcfslqmqmeaiw athas inidied sigparation of the
-5 SE@ ﬁ%& aCI (\jr.l'd%n?:gh %yC%'hg )éln'e“ra@‘iéfjasfgﬁl%lcantly

re erab either “a sul phonic a
ﬁmgheroBEQECmdnitgrbokyﬁumthemdaguahtageth@s¢h@¢IehEe@ther
fromthe 10 li,st consi sti erchloric

SROSBRERFE MG CHBNRIN dH g Y ale) BYSERPphiFh may be

3ekYci1and a'ﬁtl/pﬁoni:é:usé’&' EY ﬁ‘ﬁ:‘l‘le&oﬁ.@eﬁ@i&ﬁébh){tﬁ minimal
sul phonic acid or other non- carboxylic acid (selected

tupmlenentiastdoabefefreaki agtalypka nmeasured in aqueous

sol ubrg @gbi c O{ﬁhéeséafglgﬂﬁzatl]o% yq_t exgh JJrhLe out at a

prefera Ol phoni ¢ acl aving a pKa measur ed

aqmpeuat&@butdﬂ)nbatwéeﬁt efl 0l ess 15\&?(3,2 metéel Iprermmably 0°c
refera@ly the acid is selected fromthe |ist o

BBns 40 fig ofVERe mr]eowpﬁgeffﬁﬁ%m %& dfe  140°C, most

preferably 20°C to 120°C. An especially preferred
temperature i1s one chosen between 80°C to 120°C.
Advantageously, the carbonylation can be carried out at
moderate temperatures, 1t is particularly advantageous to
be able to carry out the reaction at room temperature
(20°C) .

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™?-90 x 10°N.m™

-2

more preferably 1 x 10° N.m2?-65 x 10°N.m™?, most preferably
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met hanesul phonic acid, trifluoronetl 7aanesul phonic
acid, 20 tert-butanesul phonic acid, p-tol uenesul phonic

wW@eiod/07P®81 hydr oxypr opane- 2- sul phoni ¢ aci d, andPQr/¢B8605/000569

trimet hyl benzenesul phoni ¢ acid, nost preferably the
acid is methanesul phonic acitg As nentioned, the
catal yst system of the present 25 invention may be

ech h engopsd y or : ef er abl .
e AR aracy Rt ) AP i Yen g dA CIEL W00 partial
qated siste yBtermof2@ he I8 .980t i nvention is

. preferably constituted in the |iquid phase which may

be forned by one or nore of the reactants or by the

use @l ra180 sui taphf sob¥esburdhe JHRInyIatd;OPf tRe a1s0
amount of “ethyl eni cal | iiﬂ unsat urated conpound used in
tewisaaad. on Poefhzalnunt woen WORHIOB/ ORDOG1 low pressure

PcCT)éb Oaﬁ:/'oo%05gge 7Jaf}y£{)%§¥t%i&{ O\j_'s_d'd@%ff O%r&(% ' a co
not~critical and fay vary efween"wi de Timts, €.(g.
fgaoma00brkstsart006f mdtwedn OTHe poodsictx ofiofhem™, more
carbonyl ation reaction using the |igand of the

iBRARR G M Yl DetLeparat@dNf Pom 196 otHgfepbly 0.5 to 1.5
GOMPRERts, by any suitable neans. However, it is an

advant age of the present process that significantly

fewer Dby-products are forned thereby reducing the

ed faor . further purification after the initjal .
o ridaiy RiaE o Syeeddr Pk e bubagituted
genenahtyuskgnthiteantdiyt hlOghbgper asel @stivéd YabBve for the
further advantage is that the other conponents which
comtdt'n OKEUBat3SNER - sysTRRt WRRERT hay The tatd@y cpelgstituents
! [ r [ v § h, o pj -
?%p edﬁ%%izﬁﬂonghoé L%%@ghg%g?%% yg%]%wg\PﬁrLief %ga Tlcg,ai)tshgontalnlng
derthomd tadnisons ush c arsr | leall bde s at salphbirt, ergersgphominf oxygen

lﬁ%&“ﬁﬁkf&éggp 1E95ﬁpﬁggeJ%*ﬁéﬁé%ﬁéﬁéﬁ%s include chloride,
bromide, iodide and hydroxy, alkoxy, carboxy, amino,
amido, nitro, cyano, thiol or thioalkoxy groups. Suitable
ethylenically unsaturated compounds include ethene,
propene, hexene, vinyl compounds such as vinyl acetates,
heptene, octene, nonene, decene, undecene, dodecene, etc
up to Czp, 1.e. having from 2 to 30 carbon atoms, which
may be linear or branched, cyclic or uncyclic or part
cyclic and in which the double bond may take any suitable
position in the carbon chain and which includes all

stereisomers thereof.

Moreover, the unsaturated compound may have one or more
unsaturated bonds and therefore, for example, the range of
ethylenically unsaturated compounds extends to dienes.
The unsaturated bond(s) may be internal or terminal, the
catalyst system of the invention being particularly

advantageous in the conversion of internal olefins.
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Advant ageousl y, the carbonyl ation can be carried out

at 20 noderate tenperatures, 7% is particularly

advant ageous to be able to carry out the reaction at
roomtenperature (20C) . Preferably, when operating a

| ow tenperature carbonylation, the carbonylation is
cRartieenianl hepwmederrezs 30€ vdefdCs rmelpy effevably, to 22
-10C t still nore preferably 0C to 45C even

BT FIPHS: P CILD SRS TOREY phet THliTyEneETpgene, 1-
458 erzspeei-Blkynpr ef eddinet dise 2 peabeeedf hoexe@ed5C o0dPenes,
Preferably, the carbonylation is carried out at a CO

pardi al Priesiine of Etiwee®n®/80 RCE04-RRfAY 2- 9degenes  and

1050 NDE. e . 1 X ' 65 X,

PSS el or by 0B S06LR 0706817 0o/ ObUSBEIAT  Ci
BLeE30s ,x 408 NntrRrnBipeisaClsy dqireefievs,edl j $-@yéldoctadiene,
part.ia ressure qf to 20 x 105N.m 2. Preferably, a
I%lpqée%ds{)ﬁ’eélec'ar B"ti%hy i SFNEIRRLE Gnénng%B%ﬂ? nltriles,
Rx ef erpdi -2 -vhen iper@atd ng a | ow pressure

carbonyl ation the carbonylation is carried out at a CO
partial pressure of between 0.1 to 5 x 105N.nR2, nore

. 2 ly.0..5_t
o el igh 042 PR I, RSP LELECRY) K2 B8 an
cirkEoundaveyndoe Isulst | But edrbon-oapbsubstiotivled Mohdls per

rqups .as defiped aboye for the "aryl" group above.
%é?gt%)%earl y sﬁ??égF@lgﬁﬁgt i egeRPLes| nofudesHiidRleangdienes

amd1udfeoupEhas Webh18%i8GQUPSICOMbREMMghe, 2-methyl-1,3-
butadiene, 1,5-cyclooctadiene, 1,3-cyclohexadiene, 2,4-
heptadiene, 1,3-pentadiene, 1,3-hexadiene, particularly

1,3-butadiene.

Another preferred category of unsaturated compounds
consists of unsaturated esters of carboxylic acids and
esters of unsaturated carboxylic acids. For example, the
starting material may be a vinyl ester of a carboxylic
acid such as acetic acid or propanoic acid, or it may be
an alkyl ester of an unsaturated acid, such as the methyl

or ethyl ester of acrylic acid or methacrylic acid.

A further preferred category of unsaturated compounds
consists of cycloalkadienes, which will ordinarily refuse
carbonylation. For example, the starting material may be
dicyclopentadiene or norbornadiene, to give diesters,
diamides or diacids, etc., which may find subsequent use

as monomers in polymerisation reactions.
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15 heteroatons such as halides, sul phur, phosphorus,
oxygen and nitrogen. Exanples of substituents include

w@hdosoieel brom de, iodide and hydroxy, al koxRCT/GB2005/000569

carboxy, am no, amdo, nitro, cyano, thiol or

t hi oal koxy groups. Suitable ggthylenically unsaturated
conpounds i nclude ethene, 20 propene, hexene, vinyl
conmpounds such_as. vi acetate t

ﬁBﬁeH@e ehe?PihtR %%ecoﬁ%ﬂéé%%éwrgﬁcgﬂgpcggg t system

ABY6NGHd r @n2 /i@ 3@ caf bampaiosiithg Wakebvergy be metal
Ilnear or branched, cyclic or uncyclic or part cygli

ahdchn ks cheeRe h@@%l ér@@nCFh?ayci‘ER%Yéﬁy SYA eIy ewbgn the
§F§F;¥%2n;$%§$%lécar baft ohaidy afy ﬁg'lclr% dNe! E‘ggétgbh medium

reof reover, aturated
@Qpoustdapnyibhavig ooempmum@genmunsassuatedrbondsrandof the
therefore, for exanple, the range of 30 ethylenically
GroRPuVAt OF JIRIGuMES3dxt ends to di enes. The
unsaturated bond(s) nay be internal or term nal, the
catal yst system of the invention being part|cularly
achedetradgpdous tietdBorenvehei eatefvisikt eryfdiers| éprhydegpin a

IS AT TR L B T AN v o

aving fom 2 to car bo
at anFEpiel Rt ecet g, saudhpaiyﬁéhxbnedlppeprsa@,t Tpelng capable

but ene, 2-butene, isobutene, pentenes, Xen
ngteqi@éoﬂg.seugg @Cpoél@hgaloe sge%ﬁ%onoeg aéﬁfelcles of the

Q'ﬁ»%%%e%/ﬁ@r @If’fjfﬁeﬂgﬁalt biri %8RHLY eRBoulnd RIOPYAENEatalyst

internal Cl4 olefins, and internal Cl15-C18 ol efins,
hﬁ#mwmhndﬁUadﬂﬂneliqnmﬂ(ﬂﬂﬁmm%he, nmet hyl pent enoat e

and pentene nitriles, e.g. pent-2-ene nitrile. 10 The

et hyl enically unsaturated conpound is preferably an

alHeene 1BaYdNgréateidncanbepusarzon deublae bBoddenger for the

reaction or may comprise one or more of the reactants or
reaction products themselves. The reactants and reaction
products in liquid form may be miscible with or dissolved

in a solvent or liquid diluent.

The polymeric dispersant is soluble in the liguid reaction
medium, but should not significantly increase the
viscosity of the reaction medium in a way which would be
detrimental to reaction kinetics or heat transfer. The
solubility of the dispersant in the ‘ligquid medium under
the reaction conditions of temperature and pressure should
not be so great as to deter significantly the adsorption

of the dispersant'moleculés 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
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nol ecul e. Non-limting exanpl es of suitable dienes
i nclude the follow ng: 1, 3-butadiene, 2-nethyl-1,3 15

wheadiese, 1, 5-cycl ooctadi ene, 1, 3-cycl ohexadP@neB2005/000569

2, 4- heptadi ene, 1, 3-pentadi ene, 1, 3-hexadi ene,
particularly 1, 3-butadiene. gAnother preferred
category of unsaturated conpounds 20 consists of

unsat ur ated esters. of carho ic agi este (o) AU
Gl sl R Ean e K Guiefifopnibtthe Liquia
Heallide FdEhinglan@Yabe aiythiytgest eromf thecardaexyli @long

acid such as acetic acid_or propanoic acid, or it nmay

wé tharbhe Kyiqekd efonf rapl ¥nabion afRd SBLdONSddN £9%t Fe—use
methyl, .43 © & i ACTWel Ccaehd @k,  Th tal
rJré’thééﬁﬁlgc gg?%ﬁgh f%‘ﬁﬁtel{r)élpe?ééferreg catdgory of = "o @
pagAtWlaiseda conpoundd 1ycomSi sbdlofdeycldimidkesiiemes, e.g. in

which will ordi ily refuse carhonyl at.ion._JFaqr

SpeHPRoa e St i) AR IPAR e 30.2¢ although larger

g:ia%‘?ﬂc%%m aeNe R NORDOEPALI edgses 0 Ui VRoBE BOLEr Sof  the
iam des or diacids, etc., which may find subsequent

ped yres irprdepersantpolt yeerdserhen prhet thfs sugpace of the
%r{oeg%/ﬁorglg%%:Lgo?ysGBv?hgl%sé@OQggg r &4l e 1SR Of the dispersant

g nmpounds W th the catalyst system may
e E fenefnimlat rdagy @ang aldoowerwafedrdtalthe liquid

whi ch has been |l ost fromthe catalyst system n th
GRS SYRLE (ST R ok Fhour SFEIA DD VT ox

'ﬁ%fﬁnrﬁet?‘é'fhﬁﬁtrﬁgbh.béi NG C OSPUHOSs Y 2888 hst settling on
recovery of the Goup VI or VIIIB netal. Preferably,
tither efat s tdfe Thae alrpectoystam Lnclngdeddm deaflj gpieges and

reactign dium a_pol yner| I spe ' I iR s
AR | 8L SHFE Bt ey e s P iy e e
I8y ok ogtiabiibnsidfy patoltbéslabnduspemsiwllof coagulate.
particles of the, Goup VI or, VIIIB netal. or netal ,
éﬁwgbuﬁggépnpﬁ@tégpa|9gtp@rtlcles may occur even in the

presence of a suitable dispersant but when the dispersant
type and concentration is optimised then such
agglomeration should be at a relatively low level and the
agglomerates may form only loosely so that they may be

broken up and the particles redispersed by agitation.

The polymeric dispersant may include homopolymers or
copolymers including polymers such as graft copolymers and

star polymers.

Preferably, the polymeric dispersant has sufficiently-
acidic or basic functionality to substantially stabilise
the colloidal suspension of said Group VI or VIIIB metal

or metal compound.



systemw thin the liquid carrier. 15 The liquid
reacti on nmedium may be a solvent for the reaction or

wOoreosompr i se one or nore of the reactants or PCEGBR106/00569

10

15

20

25

30

products thensel ves. The reactants and reaction

products in liquid formmy bg,m scible with or

dissolved in a solvent or liquid diluent. 20 The

pol yneric djspersant js.soluble in the ljquid reactio .
"84 BrpSEARtLROLY Ao FBPL LRI T ORRERY [REFenbg PRecipilation
vigceakt ¥refipt Ra rgactiom medidim fFom Mey ¥6iehivRUbHase is
be detrinental to reaction kinetics or heat transfer.
Thebgtasbiablyi ayobdfledhe di spersant in the liquid
medi um under the reaction conditions of tenperature

and pressure should not be so great as to deter
spgptftenatly t hereddaaret i ciispérsdmetsi sfiersanthis purpose
nol ecul es onto the nmetal particles. 30 ,The pqlymneric .
di8perdant 2F5dtapadr e RAS TSt ARSIy &ncgb‘ﬁll&gdalcarboxyllc
syspgesi oAb RALl clesi &f, saifi £8uUpa¥l OlamiMdd B such as
metal or netal conmpound within the liquid reaction
nedivacsuthtebat ohe retdrqraralal es peaitsglagly nitrogen
result of 2005/,079981 PCT/ 5/ 0005
cg?gF§8Fy8¥%1adé?%%ﬁ?é%ﬁ%%ﬁel&ggﬁgghgggnsﬁg%yﬁ%rﬁhe such  as
| hauidinyl epgkironiaefeusrasdpal gmdrscharged hfopeshed.
reactor along wth the liquid for reclamation and

~optionally for re-use in making further quantities of

g%%‘?%‘%%é? gc%?ne@%_tc"fll gogﬁgé}:fé ey 1l N | Maggobenmselected

nsi ons, In the range 5 -
agepmge particbelyviaydbymooghdbaeger parti plodyacaylamide,
formin sone.cases. Portio f tge . paol ymeric .
dPepEPSERECTHE AR br bed dRTTTHY KBS or ¢ he POREAY Cines
PBbLysLEF1 MBI | Stathe, r emaidideie tadhiel 1k sperasant, 10 poly(3-
nol ecul es remain at |east partially solvated by the = |
|hq@pgxybutyrlcac1d), poly-L-leucine, poly-L-methionine,
poly-L-proline, . poly-L-serine, poly-L-tyrosine,
poly(vinylbenzenesulphonic acid) and poly(vinylsulphonic

acid) .

Preferably, the polymeric dispersant incorporates acidic
or basic moieties either pendant or within the polymer
backbone. Preferably, the acidic moieties have a
dissociation constant (pKa) of less than 6.0, more
preferably, less than 5.0, most preferably less than 4.5.
Preferably, the basic moieties have a base dissociation
constant (pKp) being of less than 6.0, more preferably"
less than 5.0 and most preferably less than 4.5, pK, and

pKp being measured in dilute aqueous solution at 25°C.

Suitable polymeric dispersants, in addition to being
soluble in the reaction medium at reaction conditions,

contain at least one acidic or basic moiety, either within
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reaction nediumand in this way the dispersed G oup VI
or VIIIB netal particles are stabilised agai nst

w@edaosioraegt on the walls of the reactor or in rReGBR005/000569

dead spaces and against form ng aggl onerates of netal
particles which may 15 grow By collision of particles
and eventually coagul ate. Sone aggl oneration of

particles may occur even in the resence_of
shiet Rblamgis REEHQE WHFe R Pﬁenggpngﬁﬁr ?’?p&agﬁd found

ncent ' i L g1 hgpjgu e pirepati keles such
R N N e g s
aggl eyat gl ppyol bidonal y BVEdsedyd spolvacryia@kasaySheh as
broken up .and the particles redispersed Is han.
PREVBELY S c28FSpe v REY G UdE aornlg%o?%rlrté%%l%r' The
ﬁﬁggbgﬁ%&sdéﬁéﬂ%NJE P9 YPBI $m&HIClih 86h 91 8f sudepblgmdior use
an 5 star polyners. Preferably, the polyneric ,
dins pgres am vémsienf fepeads| ywroRcitdic atde’i et the reaction

fungtional jty to sulkst ' t abjqlij :
Eﬁﬁlm zf‘lnds L%bee nssolslé1 ﬁ]lz)sioj’fa"i'nf‘tgjaiagdf'l éh%u g’@\}lyn%fr \J/E}Hﬁelerléa Tetals have
30 Metat serpaudd. the 2005/:020984]l RATIBB20050000369 less

sreet UGG | AT ol W RS SR 9T gigiont is

the sQLULIQR PhasEobsS - Subst 80d | akloyeavoisiesicably, 5,000 -
Partrcul are\q{;[ preferred dispersants for this purpose ,

i 106, Wi ,acindist oprbasicebpsl ynb? s09hcludi4fyg b&x@l-i cMw 18
aci ds, | phoni ¢, aci d am nd ' S S
&ﬁe%ﬁ%we%no%hﬁetrgﬁi&eyggﬁe&pgrt i gm g??)’/ %%g%ﬁeferably
het eracyc| &0, GomSHtidit B pbs ywsery | ampb| gfrertse soctiensof 1,000
10 pol yvinyl pyrrolidone or copolynmers of the

af Q. TEXHD| @SOS U@ pol yneri ¢ di spersants may

be selected from polyvinylpyrrolidone,

pol yacryl am de, L

The effective concentration of the dispersant within the

reaction medium should be determined for each

reaction/catalyst system which is to be used.

The dispersed Group VI or VIIIB metal may be recovered
from the liquid stream removed from the reactor e.g. by
filtration and then either disposed of or processed for
re-use as a catalyst or other applications. In a
continuous process the liquid stream may be circulated
through an external heat-exchanger and in such cases it
may be convenient to locate filters for the palladium

particles in these circulation apparatus.

Preferably, the polymer:metal mass ratio in g/g is between
1:1 and 1000:1, more preferably, between 1:1 and 400:1,
most preferably, between 1:1 and 200:1. Preferably, the
polymer:metal mass ratio in g/g is wup to 1000, more

preferably, up to 400, most preferably, up to 200.



pol yacrylonitrile, polyethylenimne, polyglycine, 15
pol yacrylic acid, polynethacrylic acid, poly(3-

whyasoxgRut yri caci d), pol y-L-1eucine, PCT/GB2005/000569
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pol y- L- net hi oni ne, poly-L-proline, poly-L-serine,
pol y-L-tyrosine, poly (vinylBénzenesul phonic acid)
and poly (vinylsulphonic acid). 20 Preferably, the
pol ynmeri c di spersant incorporates acidic or basic
noi eties either pendant or within the polyner
Uam&bnﬁéngpteferébkyhethesaebdithﬁnéeiseprhaided a reaction
dIS oci ati on const ant épK%) of |ess F n 6.0,§£Pre 25t 1

ST EEbIGP MRS 1haRi"8. §F AETE pFePerabrsy | 88 thaffatalyst
43355texﬁ’r ebRpbablsYngt, h%rbaﬁdtfélﬂﬁbﬂte' V@Mﬁaﬂlﬂ%ﬁ at least a
di'ssoci ati on constant (pKb) belng 0 | ess than '6.0,

d

n@r@lmr LSy F yVI Hgs st 5 on MESMDOUEKr ad| pidentate

S T v S R B I R

dﬂépfméanhsrenn adtletriedn tailieihgandolisbpeespnthén at least
i dium at reaction _conditi ontain

react] on S, .at .
I%a%ilolﬁgfga 8KESSF GREPETRBi EPysaégt ReFaw PRi F2p@ metal in
20054 042981 %Qﬁ&@ﬁ%Qp5/QQ@5@Qat8§a§Bea@QHYG§§ paskbonein at

or as a pendant group. W have found that folyners
i hevstporal i hgradpd ardeani demparedi be sat@ ligand

pol yvi nyl pyrol | i done (PVP) and pol yacryl ates such as

pol yacrylic acid (PAA) are particularly suitable. The

5pref @calb By , weisglitd of rédet poi ynredihich iiss sai talilqald phase
for use in the invention depends upqn the nature of

tHRAG R i onMeREH UM afPithe FOIMRTIRYY of Ehe poiisiphase

t @&ﬁho&§—59¥€emfQHQétibﬁtspgﬁgﬁl|y the average
nol ecul ar weight 1s less than 100, 000. Preferably,

t Pree Bamelabe, notidchdar swgplghxeacstlon 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.

According to a further aspect the invention provides a
process for ©preparing the catalyst systems of the
invention comprising combining components a), b) and c) as
defined herein, preferably in the aforementioned ratios.
According to a yet further aspect the present invention
provides the use of a system comprising, or obtainable by
combining:

a) a metal of Group VIB or Group VIIIB or a compound -
thereof,

b) a Dbidentate phosphine, arsine, or stibine 1ligand,
preferably a bidentate phosphine ligand, and

¢c) an acid,

wherein said 1ligand is present in at least a 2:1 molar

excess compared to said metal or said metal in said metal
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5,000 - 100,000, nost preferably, 10,000 - 40,000 e.q.

woOwose7998r ef erably in the range 10, 000 - 80, O0PCT/GBR@®S/000569

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

the order of 1,000 - 10,000g4sn the case of PAA 15

The effective concentration of the dispersant Wit hin

the reaction di um shoul d, be, deternrn for
eeRRPHBAN c A yis1a Y33t AR <nt T sP F%S%% uséd? ZS%QSt a 2:1

b$Rer %%egso%m\ﬂaﬁd Md |Riretalgamy, ke rém/tfarlqut in the
romthe liquid streamrenoved fromthe reactor

g.
by rbbnlythedtiicon afid étﬂherﬁtérmlﬁérlc@lléﬁos%ﬂs%?uéﬁted ‘compound,

for [ e-us yst £
BrREreabione. Tiea chariBubiete)occdiobhlipriony of
éEh?&@%ﬁﬁ@éﬂl@*Cun&uka&edeaS ¢ompugid an mexteer pakferably the

heat - exchanger and in such cases it b convenlen
L4 a3 EaPdaSe t ereOROF Y I H um %3?%5& ¢ an

g@@ie?r re“atr LA ARPA %o /ﬂcﬁfn%famy, t he

nass ratio in g/g is between .30 1:1 and
1000: 1, nDre preferably, between 1: 1 and 400:1, nost

preferably, bet ween 1:1 and er Y,

EGI emﬁvaql %ergtfl &% égg IS u h %ﬁg evte|}$1 feature
Bl%%fc%rﬂ:@d/ héh {0 d0re NDStequEl By adpgllcnqsb:t@ 2O0nW®>r all
2005/ 079981 PCT/ GB2005/ 000569 84 Accord

fodr tier ERpERES t HEPRcES %?69¢%eﬂr%F?%%c%?%%nth%ﬁl i set out
%or{:%ln,' NY Q& Or sBLhE %eeﬁﬁr%@ Sarandi csmbat¥Ste with the

systenrconpr|5|ng or obtal nabl e by conbining, at
heasti culm S aspe it Booraié ImBwetky erchiesdve conpound,

a bidentate phosphine, arsine, or stibine |ligand, and
an acid, as defined herein, wherein said ligand is

@flq_sen&obﬁméhtlseaﬁﬁen@l&éd mh@femce&&econnmcﬁcbdmted by
sald netal or said netal in
reference thereto.

The following examples further illustrate the present
invention. These examples are to be viewed as being
illustrative of specific materials falling within the
broader disclosure presented above and are not to be

viewed as limiting the broader disclosure in any way.

Example 1
Preparation of 1,2 bis(diadamantylphosphinomethyl) benzene




said netal conpound, and that said acid is present in
at 10 least a 2:1 nolar excess conpared to said
wo p@ansPr ef erably, said reaction nmedi umis aPCT/GB2005/000569

| i qui d-phase reaction nedium nore preferably a

l'i qui d- phase continuous-systee reaction system 15
Preferably, within said reaction nedium the anmount of
free acid present in the nmediu that is acid which is

not directly conbined w g pi ine ligand, is

greater than 500ppm nor : 7 /reater than
1000ppm nost preferabl 3 2000ppm 20
According to a further aspect Avient i on provi des a

process for preparing the es /stens of the

i nvention conprising conbi ni nONg6nponents a), b) and
c) as defined herein, preferahly in the

af orementioned ratios. Accordgfg to a yet further
aspect the present inven 5 provides the use of a
system conprising, or pbtainable by conbining: a) a
metal of Goup VIB or [roup [VIIIB or a conpound

t hereof, b) a bidentat eNpBFSPRIi ne, arsine, or stibine
ligand, 30 preferably a bidenﬁ%&e phosphi ne |i gand,
and c) an acid, wherein said lijgand is present in at
least a 2:1 nolar excess conpaxked to said netal or
said netal in said netal WD& 0981

present in at |east a 2:
said |ligand, as a catal

; p preferably the
| i qui d- phase carbonyl ati on of hyl eni cal | y

unsat urated conpound, nore preferably the
1,2 bis(diadamantylphosphinomethyl) benzene

(Method 1)

The preparation of this ligand was carried out as follows.
1.1 Preparation of (1-Ad).P(0)Cl

Phosphorous trichloride (83 cm3, 0.98 mol) was added
rapidly via cannula to a combination of aluminium chloride
(25.0 g, 0.19 mol) and adamantane (27.2 g, 0.20 mol)
affording a tan suspension. The reaction was heated to
reflux. After 10 mins, a yellow-orange suspension was
formed. The reaction was refluxed for a total of 6 h. The -

excess PCl; was removed by distillation at atmospheric
pressure (BP 75 °C). On cooling to ambient temperature, an
orange solid was formed. Chloroform (250 cm®) was added
yielding an orange suspension, which was cooled to 0 °C.
Water (150 cm®) was added slowly: initially the suspension

viscosity increased, but on full addition of water the
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| i qui d- phase conti nuous-system carbonyl ati on of an
et hyl eni cal | y unsaturated conpound. For the avoi dance

w@booanypspubt, each and every feature 10 descpP@¢be®#2005/000569

herei nbefore is equally applicable to any or all of
the various aspects of the prggsent invention as set
out herein, unless such features are inconpatible

Lth th ticul : . '
{3 95 DS FSREEY 887 VALY SEUEUEL s e

LefrRfeanceephengtior Ehe dtaddsphiorg et esTher shepension was
illustrate the present invention. These exanples are )
PR ASE ewEH1ESTEEI ndFO 20T PIPUSE r #ve WL LPEGFFRIe  solid

gﬁépq{fﬂe% fabli ng; Wi D thesheeader,di $Chdurthase system.

resent above and are not to be viewed as I'imting
The bt owder pliasel osas esepaaayedaysinBxanpsepdrasing funnel,

Pre ti f 1,2 bi.s(diad yl.phosphi thyl).
T iRthcoveF 298P 398: St Gl oa GUGkh0 T8 B Lefbles were
CHZoed s 2iRi sdoti adamashybrResBh nevstify ) £ beazEpe in-vacuo,

(Method 1) The preparation of this Li%and was carried 31
sifard¥ng | gms. of 5-whiter apndas onYdele1-3vP0 28, (F30%- P

RRgsPhorouss t 'Iﬁh'%ige%&?é.cﬁ‘ﬁmoy,%, |) was added

raprdly via nula’to conbi nation of al um ni um
chloride 10 (25.0 g, 0.19 nol) and adamantane (27.2

iéép.20£§¥ Eﬁﬁécggl?g_gdgﬁﬁisuspension. The reaction

LiAlH; (2.54 g, 67.0 mmol) was added over 90 minutes to a
chilled (-10 °C) solution of (1-Ad),P(O)Cl (10.00 g, 28.3
mmol) in THF. (120 cm®) . The reaction was aliowed to warm
to ambient temperature then stirred for 20 h. The grey
suspension was cooled to -10 °C. HCl (aqg., 5 cm® c¢. HCl in
50 cm® degassed water) was added slowly via syringe
(initially wvery slowly due to exotherm of reaction),
yielding a two phase system, with some solid material in
the lower phase. Further HC1l (~ 5§ cm® c. HCl) was added to
improve the separation of the layers. The upper phase was
removed via flat ended cannula, dried over MgSOs and
filtered via cannula. The volatiles were removed in-vacuo
affording the product as a white powder, isolated in the
glovebox. Yield 6.00 g, 70 %. °'P NMR: &= 17 ppm, 100 %
pure. FW = 302.44. ’

1.3 Preparation of (1-Ad),PCl

A solution of Ad,PH (10.5 g, 34.7 mmol) and DBU (6.12 cm’,
40.9 mmol) in toluene (250 cm®) was chilled to -10 °C.

Phosgene solution (30.0 cm®, 56.7 mmol, was added slowly



reflux. After 10 mns, a yell ow orange suspension was
formed. The reaction was refluxed for a total of 6 h.
wab®s/omesess PC13 was renoved by distillati on BET/GB2005/000569

at nospheric 15 pressure (BP 75 C). On cooling to

anbi ent tenperature, an orangge solid was formed.

Chl orof orm (250 cnB) was added vyielding an orange

suspensi on, whi ch s cqoled to O C.__ Water (150, c .

Whd &RULT owtyFansheritandy e SudSassitdnd v‘fglg%%‘?r‘m%/ This

ég%ﬁ%@%@g’ Rut %ﬁl‘%' Fddidduan opavet erydlNew\D suspension.
05/ 079981 PCT/ GB2005/ 000569, 87 viscosity | essened.

Eddttilirsa lpoitel ueme r ¢260i oBmlasA6 ROABEr Wept S@mderla to

n at nosphere.of Ar. _ Th u Si n .
??fstsgrned S Vemses e a)?lecfl%gﬁ%rgﬁge\%ﬁﬁ%?'n%ﬁtjeaCtlon
The filitetedconai shedudt affvrdimase systkow SiTheate. The

| oner phase was separated using a separating funnel, 3
desediuey eva i $8shadd Budhneddifieapdd tofmengol b i Xed00 cm’)

. Vi t ar. t.d,on, ' ficE
FREY i v piBRS: RoMBihsRy SN 0, o L4 KRBk ee. The
00122 i%e Bl rAVRehoFe 85 ippMacl® % PioedikyV a 3p2185yellow

10 1 . 2 Preparation of (1-Ad) 2PH L1A1H4 (2.54 g, _
6310.dmoi)ivlaswasdedshedr wdbhnbenteset d2a * it I9ned washings

s e

3) € reacti on was a
LRAaf Bbl atanbi ent thenpglavslext hen st ilemed fpelPOwhpowder.
The gre suspensi on yas cooled to -10 C. Hgl (ag., 5 3
¢ie lel dig, 60 &ns dedi¥ked vattP) RBR: addddssPoFey FW =
\éé% %i nge (initially very slowy due to exotherm of
reéaction), 20 yielding a two phase system wth sone
solid material in the | ower phase. Further HC1 (- 5
cnB ¢. HCl) was added to inprqoye the separatign p0f . _—
thé Ipdifé?%z.aﬁ"n%nupper phase Wag§é ¥, Pois(di-1

adamantylphosphinomethyl)benzene
1.4.1 Preparation of DI-SODIO-ORTHO-XYLENE (DISOD)

Bu®Li (2.5 M in hexanes, 11.28 cm3, 28.2 mmol) was added
dropwise via syringe over 15 minutes to a stirred
suspension of NaOBu® (crushed, 2.71 g, 28.2 mmol), o-
xylene (1.15 cm3, 9.4 mmol) and N,N,N’,N’ - tetramethyl
ethylene diamine (TMEDA) (4.26 cm®, 28.2 mmol) in heptane
(100 cm®) . The reaction was heated at 60 °C for 2 h, then
allowed to cool / settle, affording a bright orange solid
(DISOD) and pale yellow solution. The solution was removed
via cannula filtration and the solid washed with
additional heptane (50 cm®) and dried in-vacuo. 90 % yield

assumed, 8.47 mmol.

1.4.2 Reaction of DI-SODIO-ORTHO-XYLENE with 2 equiv (1-
Ad) ,PCl



renoved via flat ended cannula, dried over MJSO4 and
filtered via cannula. The volatiles were renpved

WO peogaraeel 25 af fordi ng the product as a white POmi8e05/000569
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isolated in the glovebox. Yield 6.00 g, 70 % 31P

NVR: 5= 17 ppm 100 % pure. RB¥= 302.44. 1 . 3

Preparation of, (1-Ad) 2PC1L 30 A solution of Ad2PH

(10.5 g, 34.7 mmol) and DBU (6.12 cnB, 40.9 mml) in
toluene (250 cnB) was chilled to -10 C. Phosgene

sBI RYPERIDOD B, DEPT el wpladded Hte@® (MO cm®) was

05/ 079981 PCT 2005/ 000569 88 via_cannul a,
tzgléﬁgfagfeﬂgn%tvi_ggg &a@ur?‘?ﬁé’w}r%ei’f 328CL af(Por’ e, 16.9

LeRl v Vi S e [ S nsi,on._ .Addi ti.on o
?g%gr)leyl(llo%&gywespagscégde%i §§§§HES‘| a %o yesasten_ak%e C and
vaddesli tyiandidaskotrée cahinillianGo Thige r @AGODO &S ion. The
filtered via cannula affording a yellow filtrate. The
r%%?&%éoﬁasw%%s ﬁégo\‘ﬂﬁﬁ‘h LRIdVRFBndlo t 3nbépet ( ompEORture and

C&8) rrand rhe 1washi ngs Horiged Yt S48 QLT giRg ¢ solution.

filtrate. The volatiles were reélr!ﬁved’;l n-vacuo
daeedi ngengrded yel 00wensd) i ddded chiaasanasied affdrding a

a cnB, .washings 10 practicall ,
Q%F%ugﬁgé_é) )é.y B o g £ \ﬁgfseaéilcge@ i rﬁéa‘%"ﬂ%te apftid present
| qetatiedt) n duke 1@ oMedHOXoRSs81LiBARAN LYl OWHIMIR terial. The
Yield 7.84 g, 67 31P NVR b = 139 ppm 99+ % pure. FW

UPR]E. ggasts (Edr dfas atrBAVes Viz begenla. The solid in

adadeatyLBRas Rk %V'%%%l)g - r eparat i on of

DI -BSCD%O O S eERE DB oDy I il AR Andthaie (200

hexanesfotming cnd; 28edrmmilgsems AHded owlOPBhSSe Vi(@H,C1,)
gver,15.mnutes 1o a stirred, suspension_ of

ﬁgazlﬁﬂt%ee(n&vues%eg’laz_c*7a_|_nrb1,’1£328§§1dn.n5@1)1]’0116§d with the original
Et;O phase. The volatiles were removed in-vacuo yielding a
slightly sticky solid. The solid was washed with pentane
(200 cm®) with attrition being performed, the washings
being removed via cannula filtration. The white solid was

dried in-vacuo and isolated in the glovebox as a friable

white powder. Yield 3.5 g, 59 %. FW = 707.01.

'p {'H}NMR data:- & 24 ppm.

'H NMR data:- (400 MHz, CDCls, 298 K) & 7.59-7.50 (m, 2H,
Ar-H), 7.09-6,99 (m, 2H, Ar-H), 3.01 (d, 4H, %Jpy = 3.2 Hz,
CHz), 2.07-1.57 (m, 6OH, C10H15) ppm.

“C {'H} NMR data:- (100 MHz, CDCls, 298 K) & 139.4 (dd, Jec
= 10.7 Hz, Jec = 2.3 Hz, Ar-C), 131.0 (d, Jpc = 16.8 Hz,
Ar-C), 125.0 (s, Ar-C), 41.1 (d, 2Jpc = 10.7 Hz, Ad-C?),
37.2 (s, Ad-C'), 36.9 (d, 'Jpc = 22.9 Hz, Ad-CY), 28.8 (d,
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xylene (1.15 cnB8, 9.4 mmol) and NN, N , N -
tetranethyl ethylene diam ne (TMEDA) (4.26 cnB, 28.2

worneb)79981 hept ane 25 (100 cnB) . The reacti on RMBEGB2005/000569

heated at 60 Cfor 2 h, then allowed to cool /
settle, affording a bright oremge solid (D SOD) and
pale yeIIOM/sqution The sol ution was renoved via
nnuI at jan d e nSo vashed wht =
tlon(% %‘;ébt%%hec(a Otg%ﬁ)oad H@%I i n- va?uoHZgO g = 31
wueldﬂzso assuned, 8.47 mmol. 1.4.2 Reaction of
Dl - SODI O- ORTHO XYLENE with 2 equiv (1- Ad) 2PC1 WD
2005/ 079981 PCT/ GB2005/ 000569 89 A suspensi on of
8,47 mmol) in Et20 (100 cnB) was prepared at
Egggggg%gsuspen3|on of Ad2PA (5.70 g, 16.9 mml) in
Br2faib20oon®)f Was2 shis (étadapadtylphospBitomaghfl) benzene
dd%% vi @ W de-bore cannula to the DI SOD suspensi on.
%Hﬁl—ﬁgagﬁion was allowed to warmto anbi ent
tenperature and stirred for 18 h, affording a pale

yellow turbid solution. Water (de assed, 100 cm 3) )
é’dée&lvllaaéaﬁ'ﬁartdlaf EHASBRETLS { RHIATGE s J@mparbaed  in

RS HREarSe Lo tie oo & PBFRe R R L er

phase (Et20) was rennved via cannula. The solid in

h t t ed dichl o th
280 Pl gy SRR Ty PG EPRRE pHAScaor hE Fouan praggrdance
WeHACE2): measonedy etkatisl £apel a and conbined with

the original 15 Et20 phase. The volatiles were renoved
i n-vacuo yielding a slightly sticky solid. The solid

bEIngﬁihgdaﬁ%&%nﬁsﬁyaaghﬂéﬁﬁgnggg)'aﬁfﬂ&éyérlﬁbggn Borane

per forme ing rénoved via
oammyl a afdidutatat i @O Thm3mm|1@mn@ljd vas ddded to stirred

|n vacuo and i solated i 0X _as |able 20 .
&mqf b P g ems ey Ie PGy BR IS0 o 369, 4 omiL)  in

THF (30cm®) Stirring for a further b5hrs afforded a

slightly turbid solution. The volatiles were then removed
in-vacuo to yield the product as a pure white solid.
Yield: 1.39g, 98%, 99% pure. FW: 315.25. 3P NMR: § 4lppm
(d, Jpp 64 Hz).

2.4 Synthesis of 1,2 bis (di-1-
adamantylphosphor (borane)methyl) benzene via deprotonation

with °°°Buli and reaction with oo dichloro o-xylene. To a

stirred, cooled (-78°) THF solution (60cm®) of di-1-
adamantyl phosphine trihydroboron (59,15.8mmol), was
slowly added (via syringe) °°°BulLi (12.3cm®,16.6mmol), upon
full addition the solution had a noticeable yellow
colouration. The solution was stirred for 30 minutes at
-78° and then allowed to warm to room temperature and stir

for a further 120 minutes. The solution was then cooled to
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31p {1H}NVR data:- 8 24 ppm 1H NMR data:- (400 MHz,
CDC13, 298 K) 6 7.59-7.50 (m 2H, 25 Ar-H), 7.09-6,99

W@ 205a7998Ar - H), 3.01 (d, 4H, 2JPH = 3.2 Hz, Qr2I/GB2005/000569

2.07-1.57 (m 60H, Clol15) PPM 13C {1H} NMR data: -
(100 MHz, CDC13r 298 K) 8 13%34 (dd, JPC 10.7 Hz, JPC
= 2.3 Hz, Ar-C), 131.0 (d, JPC = 16.8 Hz; 30 Ar-Q),

125.0 (s, Ar-Q), 41.1 (d, 2JPC 5 10.7 Ft,ﬁﬁg- 3 , 37.

2788, and- &) THF3g @l ylon jjglemp of 9o C@%Z Lo pgrxylene
8_(d, 0] 0 PCT/ 0 9 =17

Bk PRSP AT SRRSO 80 s Siofea vo
HarmCHZ) .rdoamtlespe ratRreparatl oatbfrkd2 for 15 hrs. The

bi s(di adamant yl phqsphi nonet hyl ) benzene met hod 2
703 AL IF S T ShoLHERFE. ERPSAES vl prieeh el 1Rk up
%%%Frgéaﬁ§r$hthaﬁheLf@irKHh&ﬁ R e okgbnitd 2a2e removed

-adanantyl phosphine was prepared in accordance
viatrh ngh&hee thod odfe cbiampipracedune Iy d] -HipaheyIpure.

phosphi ne) trihydro horqn. Botan 5, (THF). _adduct (10

cns, pfllb . I N{&s (g%ﬁdrgg%t?i E’rég’ éal) utzﬁlo%?pgf'

di-l-a t.y phi-n . 360,+ 4. in THE
(BOan%a.nP%t}i l}\nr\q%%gf %r3 ij%r erJBEhL?ngaor ded a

sli ght}y \u#r bi@peel ut besx)The vobatilses yehe @her Ar-H), §
renmoved in-vacuo to yield the product as a pure white

sol i d7.20-Yi.elod: pgm39gn, 98% R9Wpuré. FW BDH 264, 3CH2), o
NVR: S 41ppm (d, JPB 64 Hz) . 2.4 Synthesis of 1,2

bis (&i-21l-Zd&REht YpHosPHdr (bor ane) net hyl ) benzene

via deprotonation 25 with 3CGCBuLi and reaction with

as dichloro o-xylene. To a

2.5 Synthesis of 1,2-bis(di~

adamantylphosphinomethyl)benzene via deprotection of 1,2
bis (di-adamantylphosphor (borane)methyl) benzene with
HBF,"O (ME) 2. |

Tetrafluoroboric acid dimethyl ether complex (5
equivalents, 12.5mmols, 1.5cm’®) was added‘ slowly via
syringe to a cooled (0°c) stirred solution of 1,2 bis (di-
adamantylphosphor (borane)methyl benzene (70 cm’®
dichloromethane). The solution was stirred at 0°c for 1
hour and then allowed to warm to ambient temperature and
stir for a further 12 hours. The reaction mixture was then
added to a cooled (0°) saturated solution (degassed)
NaHCO; solution (5* excess NaHCO3) and stirred vigorously
for 50 minutes. The organic phase was then extracted with
2%*30 cm® portions of diethyl ether, and added to the DCM
extract. The organic layers were then washed with 2 x 30
cm® portions of degassed water and dried over MgS0QO4. The

volatiles were then removed in-vacuo.
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was then N /

stirred, cooled (-78) THE solution (60cn8) of di-
adamantyl phosphi ne tri hydroboron (5g, 15. 8mmol ), was

w@k@aloypoadded (via syringe) secEuLi (12.3cnB, BGI/GB2005/000569

6mmol ) , upon full addition the solution had a

noti ceabl e yell ow 30 col ouratisan. The sol uti on was

stirred for 30 mnutes at -78 and then allowed to

war m tapr t re for a further 120
nlnutes g%Ts sig%yﬁkgﬂgﬂ iécooled to WO

2005/ 079981 PCT/ GB2005/ 000569 91 -78 and a THE

sol ution (20cnB) of as dichloro o-xylene was added

vl 'a NEhn(FRC1Th&98)utd dn Sésppierdal IAG\Néld tm Wardmizo , 7.0

np ure and ST d for
J%fatf?esggﬁ%fes?ﬁgﬁ r%%%v@d i -eggugd S?Pﬁeﬁ“ﬁbﬁkl bpm
un,omeaS cHequi red as Li G and excess organics are
renoved during the deprotection procedure. Yield: 100%
85% pure. 31p {1H NWR (CDC13,298K) 5 (d, br) 41 ppm
BB ok 3\II\/R 8 -43 ppm (d, JBp 44 Hz) 1H NMR (CDC13,
8-7.50 ppm (mbr Ar-H), 8 10 7.49-7.00 ppm
(Rnegaranlam 8 3.3afpm (d, CH2)2 8 2.2bl«2 ppm (m(di-3,5-

1 2 15 hi s (d| adanantylphosphor(borane)nethyl)
benzene with HBF4'O (ME) 2 . Tetrafl uoroboric acid

di met hyl ether conplex (5 enU|vaIents 12. 5mol s,
1.5cnB) was added slowy inge to a cooled

di chl oronet hane) . The se&lut| rred at Oc for 1
hour and then allowed to [
and stir for a further 12

Z N\

1,2-bis(di-1-(3,5-dimethyl-adamantyl) phosphinomethyl) benzene

3.1 Di-1-(3, 5—dimethyladamantyl) phosphinic chloride was
prepared in accordance with the method of Example 2.1
except wusing 1,3 dimethyladamantane 21.7g (0.132 mol)
instead of adamantane, and AlCl; (18.5gg, 0.14 mol).

Yield 23.5g FW: 409.08.. 3P NMR: &: 87ppm (s).

3.2 Di-1-(3,5-dimethyladamantyl) phosphine was prepared
as per Example 2.2 above except using 25.0 g Di-1~(3,5-
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25 added to a cooled (0c) saturated sol ution
(degassed) NaHCO3 sol ution (5* excess NaHCO3) and

wa@riosoedsyi gorously for 50 minutes. The or ganPCI/GBa®e/000569

was then extracted with 2*30 cnB portions of diethyl
et her, and added to the DCM @&xtract. The organic
| ayers were then washed with 2 x 30 30 cnB portions of

gﬁgn%st a\é@m%rntggq. dﬁﬁ@g%g?(ﬁ%wg%%?rﬂi@ i\ﬁg’@éaixclie%f di-1-

wer e thHen renov i n-va 079981

RABNGEBAGAS /DN i92 GIRKiIldE NYRe5d26.54 7pmm (BW:. 3b8.58..

NMR (CDC13, 298K) 5 7.54 ppm (g, Ar-H JHH 3.4 Hz) |,

770 N g, LoA7HR™ Ji$ 3. 4 Hz) , 3. 0 ppm (d, br CH2)

1. 6-2. 1 ppm 5 (mbr C OH 5) Exanple 3 Preparation

of 1,2 bis (di-3,5- dinmethyl adamant yl phosphin

a1t hydi)- 14137 S imethiydd ddmaktyl) phosphine} trihydro

1, 2-bi s(di-1-(3,5-di net hyl -adanman I% Bho hinonethgl) )

Do o8N ar IDEFDATER 55 4P HAIBHanEy ) SHRIEHFEFEDt using
i de — (Ar epar t ok

o S B R Db nraread of

4l -1g k32 yIophospsitiead ofyiadadrei®ne, HBRINMRC1S: 40.5ppm

(18.59g, 0.14 nol). Yield 23.5g FW 409.08.. 31P NW\R

5brdZppm (s) 3.2 Di-1-(3,5-di nethyl adanantyl)

phosphi ne was prepared 20 as per Exanple 2.2 above

except using 25.0 g Di-1-(3,5 WD 2005/ 079981

BCH GBROGHeEEE5690£93 i Bet hhiadambdiyB) SpHimelthyiladamantyl

chl oride instead.of di-1 _adamantyl. phqQsphonic.. sec .
heBtansd me BT Sy v SRS SR o OB AT R WEPh ““"BuLi and
Jﬁ:%'a B Skithd o Sabbnioks: SodkyBihy! afdaept¥bhred as per
phosphene} trihydro

Example 2.4 above except using equimolar amounts of di-
3,5-dimethyl adamantyl phosphine trihydroboron instead of

di-l-adamantyl phosphine trihydroboron.

3.5 sSynthesis of 1,2 bis (di-3,5-
dimethyladamantylphosphinomethyl) benzene via deprotection
of 1,2 bis (di-3,5-dimethyladamantyl
phosphor (borane)methyl) benzene with HBF,; O (ME) » was
prepared as per 1,2 bis (di-l-adamantylphosphinomethyl)
benzene (Example 2.5) above except by using equimolar
amounts of 1,2 : bis(di~3,5~
dimethyadamantylphosphor (borane)methyl) benzene instead of
1,2 bis(di-adamantylphosphor (borane)methyl) benzene.

Example 4
Preparation of 1,2 bis (di-5-tert-—

butyladamantylphosphinomethyl) benzene (method 2)
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boron was prepared as per Exanple 2.3 above except
using 10.0 g Di-1-(3,5-di net hyl adamantyl ) phosphi ne

wo pwsezdsof  di -1 - adamantyl phosphi ne. Yiel d 9p&I/GB3MF000569

NVR S: 40.5ppm (br). 10 3.4 Synthesis of 1,2 bis

(di -3, 5-di net hyl adamantyl (lar ane) net hyl ) benzene Vi a
deprotonation with 8e0OBuLi and reaction with as

di chl oro o-xyl ene was prepared as per Exanple 2.4
above except using equinpl ar/ anounts of di 15

3, 5-di et hyl adamantyl pho i ne tr\hydroboron instead
of di-I|-adamantyl phosp) ihydroos on. 3.5
Synthesis of 1,2 bis (d :

deprotection 20 of 1,2 bis I met hyl adamant yl
phosphor (borane) nethy pe 'th HBF4' O (ME) 2
was prepared as per 1,2 bhks ‘
(di -1 -adamant yl phosphi nonet By1) benzene (Exanple 2.5)
above except by eggyﬁolar amounts of 1,2
bis(di-3,5 25 di£e t hyladamant yl phosphor (bor ane) net hyl )
benzene instead |of 1,2

bi s(di -adamantyl p or(Borane)nethyI) benzene.
Exanpl e 4 Preparation of 1,2Qis (di-5-tert- 30
butyladanantylphosphlnone yI zene (method 2) WO

1,2-bis(di-1-(5-tert-b
hi nonet hyl ) benzene 4.
phosphi ni ¢ chl ori de was 3
Di -1 -adamantyl phosphini € ¢ Io i d€ abyve 5 except
usi ng tert-butyl adamant ane-25-~37g (0. 132 nol)

1,2-bis(di-1-(5-tert-butyl-adamantyl) phosp hinomethyl) benzene

4.1 Di-1- (5—tert-buty1e,damantyl) phosphinic chloride was
prepared as per Di-l-adamantyl phosphinic chloride above
except using tert-butyladamantane 25.37g (0.132 mol)
instead of adamantane, and AlClsz (18.5g9g, 0.14 mol).

Yield 22.6g FW: 464.98.. 3'P NMR: &: 87ppm (s).

4.2.1 Di-1- (5-tert-butyladamantyl) phosphine was
prepared as per Di-l-adamantyl phosphine above except
using 13.5 g Di—l—(5—tert-—butyladémantyl) phosphinic
chloride instead of di-l-adamantyl phosphinic chloride.
Yield 9.4 g FW: 414.48.. 3P NMR: §: 18.62ppm (s).

4.2.2 Di-1-(5-tert-butyladamantyl) phosphine) trihydro
boron was prepared as per Di-l-adamantyl phosphine above

except using 10.0 g Di-1-(5-tert-butyladamantyl) phosphine
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i nstead of adanmantane, and Ai C13 (18.5gg, 0.14 nol).
Yield 22.6g FW 464.98.. 31P NVR 5: 87ppm (s) 4.2.1

wWORe03H(Ps8Tt ert - but yl adamant yl ) phosphi ne was 1BCT/GB2005/000569

prepared as per Di-Il-adamantyl phosphi ne above except
using 13.5 g Di-1-(5-tert-butogl adamantyl) phosphinic
chl oride instead of di-I-adanantyI phosphi ni c

Bty o A T B A ing oty 3300 T

@ﬂ@@pm nay . %bFﬁNdb@ ) .boron was prepared as per
Di -1 -adamantyl phosphi ne above except using 10.0 g

Di -1-(5-tert-butyl adamantyl) phosphine WO 2005/ 079981

P 20 95 t d di-I- tyl
Cgégﬁlne n$%%%g% I - 25I 41q%g%ﬁ?(%r)(dl ~S-tert-

b&ﬁaﬁaﬁdiﬁ@ll@}xﬁsphc} (huo&-a.@él) mEthyM 5 benzene via
butyladanantylphosphor(borane met hyl ) benzene via
depusttaration With SEBERH; reagdioon Wit @@ dichloro o-
d| hloro o-_xyle repase er 2, bi s (.dj a
& g‘tl'rmr?t yl p‘ﬂ%%pho?’?ﬁ%%ﬁe metahyl )aﬁggzenéla ove belxcept (di-1

GSiafG rAgliphlsih cadHah eQmedthylly ( 5-benzene  above  except
ert-butyl adamantyl) 10 phosphine tri hydroboron instead

&S idg. | ea&aﬁ!aﬁna@ﬂ 2PABEAI r@ftrqlh}m(éb&%t-lauéyladamantyl)

?ﬁrbt ?rﬁﬁ 1?1 kgcgllor? teffstead di-l-adamantyl
utyla ananty phosphi nonet hyl enzene V|a ‘

geéywspthecte dir idfydritokcd.bis (di-4-tert-butyl adamantyl
phosphor (borane)nethyl) benzene with HBF4' O (ME) 2
was, prepared as per 1, 2 bis (di-

ad @reRinthieizasphi noneshyl ) benzene abovieiexcept 1(di-S5-tert-
bi s(di-_ 5-tert-butyl adamant _yl phosphor (borane) nethyl)
&9%&%%§4M§?tﬁkag9ﬁRhﬁP@&@t§N1¥ geﬂF§P& Vip deprotection of

éal‘rjf?l]ﬁit% é’ ! RHQSEU%Q:Q%%?}ZLQHEHXLI-_yE A Eoh O $88L IRL e thyl)
benzene with HBF, O(ME), was prepared as per 1,2 bis (di-1-
adamantylphosphinomethyl) benzene above except 1,2 bis(di-
5-tert-butyladamantylphosphor (borane)methyl) benzene was

used instead of 1,2 bis(di-
adamantylphosphor (borane)methyl) benzene in equimolar
amounts.

Example 5

Preparation of 1,2 bis(l-adamantyl tert-butyl-

phosphinomethyl) benzene (method 2)

5.1. l-adamantylphosphonic acid dichloxide. This compound
was synthesised according to the method of Olah et al (J.
Org. Chem. 1990, 55, 1224-1227).

5.2 1l-adamantyl phosphine. LiAlH; (3.5g, 74mmol) was

added over 2 hrs to a cooled solution (0°C) of 1-

adamantylphosphonic acid dichloride (15g, 59 mmol) in THF
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Exanple 5 Preparation of 1,2 bis(1-adamantyl
tert-butyl- 25 phosphi nonethyl) benzene (nethod 2)

wG2m5/01998danmant yl phosphoni ¢ acid di chl ori de. TPCBHGB2005/000569

conmpound was synt hesi sed according to the nethod of
Oah et al (J. Og. Chem 19%0, 55, 1224-1227). 30
5.2 1 adarmntyl phosphi ne. LiAI HA (3.5g9, 74mol) was

g tpeﬁct% %0| y éﬁn %99%%% 1°co warm to

a amanty E)hosp%om C aci d| ¢hor rde (1

Hrifo 140 {2 00EN D B8 r PCINEBRAB S sBARBTEE foc (2(50hm1§3.) The grey
The reaction was then allowed to warmto anbi ent
tsorgperetione vl Whenseppied fBFCR0ARASHCYh Tt egm’, 1M) was

S I L 90188, (59 LI (BTl oyscon

SMS:ther@&né!VI tsblidl'f@r‘é@elnd presed  1owéhephawe. pbaﬁeentrated
Concentrated HCL (8cnB, 11 was then added to

IHf?di’ ol&Hhe LEpar Hﬁﬁoﬁheaf % Wi | BPRFQVE TH& ' uppRAyation
S€wé§ﬁﬁ. FY%ECQVE‘% ;{p@mu'ﬂl@ noh il e QVefemoved via
pha t er I t he

nragne3| um su tration via cannul a,
vaHratullees wede rénbgeéd |aneJ:LO magueswmaff@udlphlaé:e After

d 1- ad -but yl. phosph
Bt Bor Be TRULLA20 "Bk, YA TS 1760 SoMaEe 1™

agdgerd qweradrdircHeo p@cﬁﬁﬂj ed sol ution of 1-adamantyl
phosphl ne (5.0 30 mol) 15 in THE (100 cnB). The

sol utlon was allowed to warmto roomtenperature and

relcscrxr) ag'é"f o#&rert dt}?i c%}l-'rorl de (t2I %8&\&%? boron.

mBdI)L V\(HED acdnfed 3&natmsﬂj rr. |6Mg sodmt) i waesd afd@iech oﬁert hehour to
16 ho oomte ter

t
ot ato L RE b Ghe aodatenbyL aRRPEPBATS  Bor Q30 mmol)
(R HE (100 Cm). The solution was allowed to warm to

room temperature and stirred for a further 2 hours. The
solution was recooled to 0°C and tert-butylchloride
(2.78g, 30 mmol) was added and stirring continued for a
further 16 hours at room temperature. The material was
isolated as the borane adduct by addition of Borane (THF)
adduct (30 cm3, 30mmol) followed by removal of the
solvent. The material was isclated as a white solid which

was a mixture of isomers.

5.4 Synthesis of 1,2 bis (l-adamantyl-tert-butyl phosphor

(borane)methyl) benzene via deprotonation with °°*°Buli and

reaction with oo dichloro o-xylene. The synthesis was
carried out as per 1,2 bis (di-1-
adamantylphosphor (borane)methyl) benzene above except
eqguimolar amounts of l—adamantyl-tert-

butyl (phosphine) trihydroboron were used instead of the di-
l-adamantyl phosphine trihydroboron.



adduct (30 cnB, 30mmol) followed by renoval of the
solvent. The material was isolated as a white solid
wokiosh799sms a mi xture of isoners. 25 5.4 Synt hBGI/€BoG05/000569

1,2 bis (1l-adamantyl-tert-butyl phosphor

(borane) net hyl ) benzene via d&protonation with 3ecBulLi

and reaction with as dichloro o-xylene. The synthesis

9as5 sgatheeflsout asf£per 1122bis (Hisl! - (1-adamantyl —tert-

adanantylphosphor(borane)ne_ﬁyrf‘benzene above except

BytgiphRsPaingRstiiyd)orbénzenp nihay Hepaptection of 1,2 bis
L L L obo L f th

e L B o PABEYRLE (HSEHnet1' 'Bnzene

eoob/ 0799&F4F’QWIE§32005/ 00R569 $eb.5 Syntthesisbak 1,2 (di-

> E‘é%%gﬂéil’%sggﬁ E%Jlr‘é eIﬁgﬂ_yolfb UtPYQZP 5% hégggp?’é helléllr)lg equimolar
frhoaflepantyl -tegt-b-utyy @hosphorbi@@lﬂ@&éﬁ&ﬁ%ilgert —butyl
bi

benzene w th HBF4' O (NES . As per
pasaRey (babapdbne hhoret hSDE)lZBEﬁZenles’eet@@ptomsﬂng bis) (di-

L e SN R

s) (di - adanmant yl phosphor (b orane) nethyl) benzene. 10
Exa e Preparation of 1,2 bis (di-I-dianantanephos
10 iﬁﬁggL%Lgyl) benzene. Di amantane = congressane Cl-1 P
Brd Qﬁ{géﬁong)nfess]yl phosphi peret hyl Anberze Prdmetnyl)
amant ane.
e hewle of H%@m@%t%neaF.qgggyﬂasaﬁﬂnheses, CV 6, 378
6.2 D -1-(di amant ana) phosphinic chloride. Prepared as
20 per D -1-adamantyl phosphinic chloride except using

2C/P

1,2 bis(dicongressylphosphinomethyl) benzene
15
6.1 Diamantane. This was synthesised according to the

method of Tamara et al. Organic Syntheses, CV 6, 378

6.2 Di-l-(diamantane) phosphinic chloride. Prepared as

20 per Di-l-adamantyl phosphinic chloride except using
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WO 2005/ 079981 PCT/ GB2005/ 000569 98 di amant ane 20. Og
(0.106 nol) and AIC13 (16.0g, 0.12 nol). Yield 25.5¢g

wWOo0sAFe86. . 31P NVR S: 87ppm (s). 6.3 PCT/GB2005/000569

D - 1- (di amant ane) phosphi ne. Prepared as per Di-]- 5
adamantyl phosphi ne except usgng 25.0 g

Di -1-(di amant ane) phosphinic chloride. Yield 14.0 g

FW  406.. 31P RS Y | pp s)... 6.4

Di -9 3R LM a%oﬁnoéshgﬂg} I?g?fl)hygrng boT G 1e6p'69rgéd 0.12
10 gs per Hig NNt Yiby PhEsPRY ne 3tp i iyl B DFRpm (s) .
exé@%%)'uéf%iéqgg%mgyu - 1- (di amant ane) phospml{{}?b

Yield 14.5 g 31P NVR 6: 42.1ppm (br). 6.5 Synthesis

of 1.2 his (diamantane .15 ghosphor (horane hyl C A

&&Eﬁ@kﬂ‘&ga@;‘a‘f* Bﬁgti%l?ﬁ° Jﬁ"eo‘gec ui?p%arngﬁégctﬁz%% Di-1

%&ﬁaﬁ%g@ HHAUEh QreX Vd eddp t RiePpag edls . @sgperi-1-A ddlamantane)
I -1 -adamant ylI'phosphor (bor ane) net hyl ) benzene except

pHioB@hdn iequilini mrdeamountedd i abagt amd: pHsphi 1@ NMR: &:

trihydroboron instead of di-I|-adamantyl 20 phosphi ne

t.6i- RPBFodSP on. 6.6 Synthesis of 1,2 his

(di amant anephosphi nonet hyl) benzene via deprotection

of 1,2 bis (diamantane (borane) nethyl) benzene with

6BR4DO-LMEYizmantepe) c phesphineds tyihygre boron. Prepared

di - 1- adapgan l,phosphi no b c
S nAn Dur rararoabltn pEFb e TR Ciron  except
RResIBhAS.worqane) Akt (Yiimbetaese phesplathef 1Y2ebdsldi.o g .
adamant yl phosphor ( bor ane) net hyl ) benzene. WO

SINROIB1 4PCTVEBR0(87)000569 99 Exanple 7

Preparation of 1,2-bis-(ditertbutyl phosphi nonethyl)

benzene

6.5 Synthesis of 1,2 bis (diamantane

phosphor (borane)methyl) benzene via deprotonation with
secpuLi and reaction with oo dichloro o-xylene. Prepared
as per 1,2  Dbis (di-l-adamantylphosphor (borane)methyl)
benzene except using an equimolar amount of diamantane
phosphine trihydroboron instead of di-l-adamantyl
phosphine trihydroboron.

6.6 Synthesis of 1,2  bis (diamantanephosphinomethyl)
benzene via deprotection of 1,2 bis (diamantane
(borane)methyl) benzene with HBF;"O(ME),. Prepared as per
1,2 bis (di-l-adamantylphosphino methyl) benzene except
using an equimolar amount of 1,2 Dbis diamantine
phosphor (borane)methyl) benzene instead of 1,2 bis(di-
adamantylphosphor (borane)methyl) benzene.
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HBCCH3I CH3 /CH3 C H3CPNCH3 CH2 CH2 H3QCJ
/CH3 H3C 7 "' ~' CH3 H3C H3C 5

wa2@shbres(di -tert-butyl phosphi nonet hyl ) benzenePCTE82005/000569

preparation of this |igand was carried out in the

manner di sclosed in WD 99/475%8 in accordance with

Exanpl-e 18. 10 Exanple 8 (conparative) Preparation of
L3 sd df adamant yl phosphi no) propane Preparation of
E3=ors=(di - | - adanmant yi phosphi no) propane 15 (2) 8.1
Pepsrediioon of  (©£Ad) 2PLi 2 Bohd i (2t Seipu iy hehxesmsinomethyl)
2.02 cnB8, 105.1 nmmol) was added dropw se via syringe

¢ rred solution of Ad2PH (10.59 20 g, 35.0

nmmol) in THE (150 cnB). This resulted in a darkening
of the solution to yellow and the precipitation of a
| arge quantity of yellﬁg ngFd, Cha mldy WO

2005/ 079981 PCT/ GB2005 69 100 emot hernic
reaction. The reaction %@5£S(ipf at anbi ent

- tenperature for 3 h. TH% vol afi | es a&re renoved

i n-vacuo, affording a very pale orange solid. The
solid was washed wth tangcH;2 x 50 cnB) to renove
excess Bu'Li, resulti

[
HsC 5
\\c//'\\_//CHa
mc/// C\\
/ CH,
HaC Hol

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.

Example 8 (comparative)

Preparation of 1,3 bis(diadamantylphosphino) propane

Preparation of 1,3-bis-(di-l1-adamantylphosphino)propane
(2)

8.1 Preparation of (1-Ad),PLi

Bu”Li (2.5 M in hexanes, 42.02 cm?, 105.1 mmol) was added
dropwise via syringe to a stirred solution of Ad;PH (10.59
g, 35.0 mmol) in THF (150 cm®). This resulted in a
darkening of the solution to yellow and the precipitation

of a large quantity of yellow solid, in a mildly
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5in the isolation of a white powder (washings orange)
which was dried in-vacuo. The yield for this step was

w@as®anedst o be quantitative, on the basis of PCEGBRWS/000569

NVR experinments. 8.2 Reaction of 1, 3-dibronopropane
with 2 equiv (1-Ad)2PLi 10 11@edi br onopropane
(degassed, 1.78 cnB, 17.5 nmmol) was added dropw se

Vé%ﬁﬁ@fn{?&e }9:28: 854 T ofe SL}.%%%%%%H” s §é§€ La(3%. %mblent

, prepared as above) in THE Inirtiall
a:emplelrca/tu;sm ufoon3 Was ﬂ?herredlathéﬁsawglreatred@ailed ofn~ vacuo,

B o i 7 5805 aa THAERForiranth 388 ¢aya. washed
tu;tbd Vér@carfean 2 53 fc%si'es Betdf bi Qxégggtgefm?g&sumng

ty was ost on addition wat er (degasse
100 ttrB)i sal dtophas e v&;asﬂeerpdmielg fvargteichgsTherdrogeer which

phase was_ renoved via an iltratio The
GRS vv}e’?e"?‘éqﬂw%q J\Fj&ﬁogorztihéfsf Gt hg'as viigured to

RRWARIan 4 81 W8S heshed paidi RENHARY 1 MO AMN®xperiments.
dried and isolated in the gl ovebox. Yield 6.45 ¢, 57

a . 31P NWR 6 = 24 ppm 95+ % pure. FW= 644.94.

arat . . .
By Bebticn g ﬁaﬁ#&%ﬁ%ﬁ&?& BAEh 2 B AT
(MN3#dﬂHEOMbﬁidﬁHﬁﬁ’ (dcbexand, 24.7¢, &F, miol.p i@mol) was
added to a sol ution of (.di met hyl am nonet hyl ) f errocenpe
@ARS cArOPYLES §via0.59F 39S tos & 9?%9)0‘ qugPeRRypPn of
%gﬁtl( 8910 MRS WAJRGY s apberper Al umgof 1255)0 cm®) .

the reaction m xture stirred for 4 hours.

Mesiditeildy redysblom i @qnluislcomewasoébemetio then a great deal

xi mat el 70C i etone tha
é%g %]7‘-9% éﬁ‘?‘/ @5‘5’3?%0&%69? %‘% %%chenrmsers astgftes were
(rle@ld%MhEZin(-AhdﬁbCbndeiJg:hlifkdiﬁHﬂh)aneS (addedm®*Thedded via

reaction is allowed to warmto room terrperature and
§PPPP@@-O§§#HF&H99 a turbid solution. The turbidity was

lost on addition of water (degassed, 100 cm 3y, a two phase
system being formed. The lower phase was removed via
cannula filtration. The volatiles were removed in-vacuo,
affording a white powder, which was washed with pentane
(100 cm®), dried and isolated in the glovebox. Yield 6.45
g, 57 %. P NMR: & = 24 ppm, 95+ % pure. FW = 644.94.

Example 9
Preparation of 1,2-bis-(dimethylaminomethyl) ferrocene

n-Butyllithium (Aldrich, 2.5 molar in hexane, 24 ml, 54
mmol) is added to a solution of
(dimethylaminomethyl) ferrocene (Aldrich, 13.13 g, 10.69
ml, 48.97 mmol) in diethyl ether (80 ml) under nitrogen at
a temperature of 25°C and the reaction mixture stirred for
4 hours. The resulting red solution is then cooled to

approximately =-70°C in a dry ice/acetone bath and
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5 The resultant solution is quenched with excess
aqueous sodi um hydroxi de and the resulting product

wexaosareoed with diethyl ether (3 x 80 m) driRCI/GB2I05/000569

anhydrous magnesium sulfate, filtered over celite,

and volatiles renoved in vat@b to yield the crude

title conpound as a light orange 10 crystalline solid.
ER@hede s0duet ¢ | %ICEENNI&} yal |[Asesh ey omp! igghts pefuhgh) is
with cooling to - d the recrystalllse pr oduct
wasleeld wi t thel drpét:mpntolysu eladlavwesd t i €0 e gompoulie@ room

s _a I| 749@ . The conpound
%gﬁpﬁg er purﬁg! %‘%é%gﬁ |nat|on to 15 give 8.5

g (52@6 of the title compound (npt 74C) . 1H NNR(250
MHz; i& 54.23 (brd, 2H); 4.11-4 10(t
Fhgs(sesBlfany soluthy aszsqueanqlse?A@%r%?esmaqueous

TS oA PSR LB B it

drnalthsils etformnd{3 Cx6307%1 H SrDed Nver5Enhgslrous magnesium

0 0, 0
ﬁP&%%&%%Fgﬁlg%ere Aovids® C:‘!'e'ﬁ?lte, Ay BRMRE D removed in

VaZuld s=d dji€rd bty pheseht neret Byhpbanaoaena 13¢ht orange
D -tertbutyl phosphine (Aldrich, 0.616 m, 3.33 mmol)
Wgyst@ddé@etosglég|utTQﬁ,(grqgez product is recrystallised

% %&.d' ”ﬂg{;li/ﬁ amp%% hy'v):ftq{roé%fl& 785 9nd  the

in an rous aceti c aC| 100 m under
mebmg@&mh&ﬂi@ﬂ)ﬁﬂ@&ﬁ@ﬁg9&3h@@WWIﬂmOEbQGO@&%rdDthh@ield

sul t.i mxture is stir t 80C for 72 ho The

bRy drie Mg ad) & FERaleatriosaced s 1132 617 T4n).
GRRr OXbHBO@hY cHIC be YhfltthdrhepGrudeeti tdye Bﬁﬁsﬂyﬁét@én to
an orangF/yeIIOMI solid. The crude product is

gavey $t-al i & r of tdehdddile compound (mpt 74°C).

H NMR (250 MHz; CDCls):84.23(bxrd, 2H); 4.11-4.10(t, 1H);
4.04(s, 5H); 3.43, 3.38, 3.23, 3.18 (AB quartet, 2H);
2.22 (s, ©6H).

3¢ NMR (63 MHz; CDClj):883.81; 70.40; 69.25; 66.84; 57.35;
45.23.

Elemental analysis: Found: C 63.7%; H 8.9%; N 9.5%
Calculated: C 64.0%; H 8.1%; N 9.4%

Example 10

Preparation of 1,2-bis-(ditertbutylphosphinomethyl)ferrocene

Di-tertbutylphosphine (Aldrich, 0.616 ml, 3.33 mmol) was
added to a solution of 1,2-
bis(dimethylaminomethyl) ferrocene (Example 9, 0.5 g, 1.66

mmol) in anhydrous acetic acid (100 ml) under nitrogen and
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5 wth cooling to -17C, filtered and the filtrate

washed wth cold ethanol to yield the title conpound
w@sz008/0paBe  yell ow solid (0.365 g, 44% 84C). REI/NEBR05/000569

(250 MHz; CDC13) : 54.4 (2H, d, J = 2Hz) ; 3.95(5H,

10 s); 3.75 (1H, t, 2Hz); 2182(2H dd, 12Hz, 2Hz); 2.6

(2H, dd, 12Hz, 2Hz); 1.1 (36H, m. 13C NVR (63 MHz;

7 4
a0 S eS8 %‘@rr 048 dtbe, oyt Hoges. e
anifitgus 2089 ¢ gecild 8183 Hza)moxﬂe]d:’ NMVR i d%%pp@%iﬂmately
: 515.00 g Ehement ana&y5| S: Found C. 66. 79%
1€ 5579 g &IE Paftidectablo3nFofusteds, A ARing g {yellow
JY18RAY atrhen afude hyds@xyretiy| »2o.d) sethyd suh n@ﬂ@hhylethanol
ferrocene 25 n-Butyl lithium (A drich, 1.6 nolar in

witdt hgposingr to5.1U7°Gd , £8124radplang stkeldédltsan e washed
ut | of . 1- di thyla opet hyl, ferrocene drlch

Gt 800 R e T B R 28 et o Gore. Pale
y'Ble.dv»eafdllaﬂ i3 3965 rg,edi 430, feored .hours and devel ops a
reddi sh colour. The solution is then cooled in a dry

i ce/acetone bath, calcined para- formal dehyde (0.247g,

14 hvEES %@eﬁﬁ% a%@:@ pndshhe (mesuldany o X t1{‘&)(5793895(5111

stlrred over ni ght “at roomtenperature WO 2005
S?GT/I;B’QS)OMEDDO%Q 2H¥03 TPhe rdttidd, i $2Hhen2§uénch2dé (2H,

ter xtra th, diethyl ether, dried over
‘ﬁgs ndzq‘%e) ;]d %\ﬁyr @iite. The solvent is
removed in vacuo to yield crude title conpound The

.grude product is applied to a neutral 5 alum
ol MR, (i CHES Gl :vi 38 PO r 66 dBedityl Hat he 0.08  (d,

4.41 Hz); 69.4665(s); 63.75(s); 31.80 (d, 2Hz); 31.45 (d,
1.98Hz); 29.89 (d, 1.88 Hz).

3lp NMR (101 MHz; CDCls): 315.00 ppm.

Elemental analysis: Found: C:66.79%; H:9.57%
Calculated: C:66.93%; H:9.63 %

Example 11

Preparation of 1-hydroxymethyl-2-dimethylami nomethyl

ferrocene

n-Butyl lithium (Aldrich, 1.6 molar in diethyl ether, 5.14
ml, 8.24 mmol) is added to a solution of 1-
dimethylaminomethyl ferrocene (Aldrich, 1.0g, 4.12mmol) in
diethyl ether (20mL) under argon. The reaction is stirred
for 3 hours and develops a reddish colour. The solution
is then cooled in a dry ice/acetone bath, calcimed para-
formaldehyde (0.247g, 2 times excess) added and the

resultant mixture stirred overnight at room temperature.
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(9:1 ratio) to renove the starting material, 1-
di met hyl am nonet hyl ferrocene. The columm is then

we@basehIsvi t h substantially pure ethyl acetat eP€DGBRWEB00569

the title conpound. The ethyl acet ate is renoved in
vacuo, to yield 10 the titlgxonmpound as an orange
oil/crystalline mass. 1H NWVR (250 MHz; CDC13) 82.131

ot 9, 25, g b2 g5 S50 Lol

H'letﬁ%lo@(&he(tdd,drldd. oRrel:3®Ig|SZ)); 15n84fﬁ)Iﬂ:e(:éd ibvlelr celite.
12.20 84.154 (m 1 H), 84.73 (d, 1 cgel
. s_gbevR (d63 M%IOV€§C181? A BB, L8845 at 8%1 gtitle

44 5. 0.077,2,858.318,t $44 4%butral
Egr%ggé#d é.EI nggtléisg%s%gr e%gdoau%ﬁet&gt tC8 ahra
éleﬁippmw’idlmri s wioigd | hy ¢butedewilbbbpetral /dizghypmether

conflrrred frared sp ectra 13 0. 069, /..
398hL) B3t 5055, o FOTB R0 dtm %tg%é&% dhrgerial, 1
Af83+ gqgfn&nronél:@ﬂ/lg f&Modend 2006/ @6998h is then eluted
PCT/ GB2005/ 000569~ 104 Exanple- 12 Preparation of

mzhbusazt(s;naretrntmw Bﬁb@pﬁthﬁﬂretaﬁ)ﬂt)aft@r gtepeute the title

SR o AL U b 6F Ayt oxgiat i 15 2cHEY kd Yiela

gne H:li)ﬂl@ndwmﬁlmd deemanooeae geboaiy Iceykft,a 10.idegmass.
0.753 nmmol) in anhydrous acetic acid (15 nl) and
acetic anhydride (0.753 nmol) .under argon and the

ﬁﬁﬁ;ﬁg«ﬁz ”gzsl(g"ﬁﬁé‘[ecnﬁlﬁd' {1 55efzpt (BOCH ai) 728?W§§ (&he1 m,

aceficac IS rermved In vacuo at

apPRaxi atel Vs 06530 (qyi el ¢t he gudent) || 83ppodugdas 1 H,
an or ange/yel | ow solid.

2.156 Hz), 84.035 (s, 5 H), 64.060 (dd, 1 H, 2.136 Hz)

54.071 (d, 1 H, 12.207 Hz), 84.154 (m, 1 H), 84.73 (d, 1
H, 12.207 Hz).

3¢ NMR (61 MHz; CDCls) &7.688, 884.519, 870.615, 0868.871,
568.447, 865.369, 860.077, 858.318, d844.414

COSY 2D 'H NMR

Partly obscured doublet at 4.07lppm .and its coupling to
the doublet at 4.73 ppm confirmed.

Infrared spectra (CHCl3) (c.a. 0.06g / 0.8mL)

2953.8 cm™, 2860.6 cm™, 2826.0 cm’,  2783.4 cm™, 1104.9

cm™t
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The crude product is recrystallised fromethanol with
cooling to -17C, filtered and the filtrate washed with

w@ododoeoBanol to yield the title conpound as aPCDGBRWE/000569

15 solid (0.23 g) 1H NVR (250 MHz: CDC13) 84.351 (d, 2

H 2Hz) , 54.022 (s, 5 H) 88osa(t, 1 H 2 Hz) , 82.

858 (ddd 2 H  JHH 15.869 Hz, JHP, 3.320 Hz, JHP2

%:x ] |é|Z)12, 62. 679 (dd, 2 H, JHH 15.869 Hz, t 20 JHp
45 +#)y— 51. 166 (d, 18 H, 12.817 Hz), 51. 123‘(d, 18

e ebd X2l dir Jo 1 R -(G-gudfertpbulgCohplsphé spmbi®41] ferrocene

cml , 2863cm1, 2896.0 cm1 , 2940.0 cm1 , 2951.8 cm
-1 25 31P NWMR (101 MHz; CDC13) : 515.00 ppm

u 59 9:8% 2.93 1) i
%Ja 31 cul at eﬂl%!%%gpgl%feo gﬂ%&&gg \Abézéglosf‘gfggsl mmol)  is

E@He@?:ZOOStOOOSG@ 105solExaimpt e 130Pr eparlathwsiragfymethyl-2-

AR e FeFrocens Exprieg Fhred-2 o0 0.753

%erdltlorh.rpf énﬁy@réuédlé@éby&a%ﬁﬂﬁt hyb) fenrocere acetic
(Exa 9, 0.70 2.32 mol) in diethyl ether (15

mh)Y d%oidd smagded UndeEquRvEPRNtANY- biitgy| resulting
:J}pc'ul'}:@ (ALdrdahyr e 7 9’1—80]’0624%{‘ ‘#Qetmﬁﬂrset hep) ad?ﬁiydrous

mxture stlrred or thre ours to yield a red
smdetﬁma)mcjlcﬁ) The reeavtdonnmi viane as applredlmataldryo C to

agetone bath, cal cined paraf ormal deh
A2 G CURE B i TFORITTURT o Gpe CEAMBRLd at ogifid-

tlefperadee gy8HNLENtis TRRMisthureg desl qtﬂeamhestmﬁbl with
wat er and extracted with
cooling to -17°C, filtered and the filtrate washed with

cold ethanol to yield the title compound as an orange

solid (0.23 qg)

4 NMR (250 MHz; CDCls) 64.351 (d, 2 H, 2Hz), 64.022 (s, 5
H),83.827 (t, 1 H, 2 Hz), 62.858 (ddd, 2 H, Juw 15.869 Hz,
Jle3.320 HZ, JHPZ 1.831 HZ), 92.679 (dd, 2 H, JHH 15.869 HZ,

Jgp 2.441 Hz), 81.166 (d, 18 H, 12.817 Hz), 61.123 (d, 18
H, 12.512 Hz)

FTIR (Chloroform, NaCl plates)
1104.1 cm™®, 2863cm™, 2896.0 cm™®, 2940.0 cm™, 2951.8 cm™

3lp NMR (101 MHz; CDClz): 815.00 ppm.

Elemental analysis: Found: C:66.5%; H:9.6%
Calculated: C:66.9%; H:9.6%
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di ethyl ether. The ethereal extracts are dried over
MySO4r 15 filtered over celite and the sol vent renoved

w0 poogareel to yield the title conmpound (0. 7g, PCI/GB2005/000569

mol, 91% as an orange oil., which partially
crystallized on cooling. 1HNWR (250 MHz; CDC13) 6
2.133 (s, 6 H , 6 2. 171 (s, 6 H , 20 6 2.910 (d, 1

12.817.Hz), 6 2. 998 (d, 1 H 12.512 Hz) , 8 3.425
Eé—&ﬁ—iz 817 Hz), 6 3.812 (d, 1 H, 12.512 Hz), 8
3r86drakion ') 1-6ydrd%yidrhlHy, 320267 Hz) (partly

obscured by Targe cp-ring peak at 8 3.962), 8 4.068
(dimethylaginpyethyl) fgrxogsaeyy 1 H 8 2.136 Hz), 8

4.747 (d, 1 25 H, 12.207 Hz) 13C NWR (60 MHz; CDCL13)
644.529, 845.244, 655.798, 857.906, seq.271, 867. 944,
668. 277s5t869e6125088d1880,0888., 22130 (difmefrhad asarmethyl)

CDC13 / thin film tes 2005 9981 ..
SPFe 2055/ HOSRILE 196 858807 620 ULB 1) L S48EhYLy geher
-(35( dm3) 2%@%6r6 @Eién,:&BZSdae@W¥l 2(néqu2€3ﬂeﬁksnnﬂkbutyl

n), 1353 cm 1l 1104.9 cm 1 g% 1038.9. cm 1
(an)thlwocs(lsl@mth( e endnfldl ianatiRtayl Fehher) cand the

g%ég é%ﬁ' 25 g %%}egahgﬁlthQn %ﬁ@ﬂd8%3r%d7§%lutlon

reparation of , 3-tris-
mmae%dinﬁ@dnﬂmmxﬁur&nmﬁhgb¢lédemnoeemey ice/acetone bath,

B S DR A Tl 430 ) by e

%e§ﬁ¥ﬂgﬂﬁnh&§t&rQYQEQ&¥E§tQMJ - PZodmbkemberature overnight.
(di met hyl am nonet hyl ) ferrocene (Exanple 13, 0.70g

The2 mmx@myeu niacerenchsdd viEbsHatenr s@nd eaXFFaﬁFed with

t 5 The, 84!
S N s W 0 B8 o

tﬂﬁiﬁﬁﬂddldWEr celite and the solvent removed in vacuo, to
yield the title compound (0.7g, 2.12 mmol, 91%) as an

orange oil., which partially crystallized on cooling.

4y NMR (250 MHz; CDCl3) & 2.133 (s, 6 H), & 2.171 (s, 6 H),
§ 2.910 (d, 1 H, 12.817 Hz), & 2.998 (d, 1 H, 12.512 Hz),
§ 3.425 (d, 1 H, 12.817 Hz), & 3.812 (d, 1 H, 12.512 Hz),
& 3.962 (s, 5 H), & 3.99 (d, 1 H, 12.207 Hz) (partly
obscured by large cp-ring peak at & 3.962), & 4.068 (d, 1
H, 82.136 Hz), & 4.125 )d, 1 H, & 2.136 Hz), 6 4.747 (d, 1
H, 12.207 Hz)

13¢ NMR (60 MHz; CDCls) 844.529, 845.244, 855.798, 857.906,
§60.271, 867.944, 668.277, 869.612, 884.850, 6888.322

Infrared spectra (CDClz / thin film NaCl plates )
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beconmes a dark orange col our. The solvent is then
renmoved 20 in vacuo and recrystallisation effected

w0 e@s07981 uxi ng et hanol together wi th cool i ngp€DGBLIE000569

overnight to yield the title conpound (0.43 g, 0.7
mmol, 31% as a yellow orangespowder. 25 'H NWVR (250
WMHz, CDC13) 5 1.12 (dd - pseudo triplet, 36 H 12.1

i L. 1( 8H }; 117
Egeo% cég gbr% H§9%§3? g@ i 2%%6@ 5&25 9 cm™
Sm)4. 33714, 32cl-rl)'1 30 (hif r 4368 .Spentt a m&maom t9h|a:m"1 (m) ,
filmNaC _plates ) égQS 5 Qﬂ}l 1 1470 3 cml1, 2357.1
29381 S OBy gmbm 140 g , 2939.1 cm -1 WO
2005/ 079981 PCT/GBZOOS/000569 107 Exanpl e 15
Preparation of 1, 2-bis-(dicyclohexyl hosphlnonethyl)
fFdremerdresl Srfheysigd e EOﬁpdund Was ot epar eld:ih-8%; N: 8.8%
accordance with the [ f e.1 Loy n o
dicyclohexylphosphine §a§8§ 4§x§gp? Stgezrg N78. 55
Owell, Royston, United Klngdon1 SG8 SCNV 659 ng, 3.33
mmol ), 1, 2- bis(dinethylam nonethyl)ferrocene (0.5 g,
4 and 10 anhydrous acetic acid (100 m)
' Exanpl e 16 Preparation of
E%%C%{?é%ﬁqggi but yl phosphi nonet hyl ) ferrocene 15
The 131 =l sohgbuad: wasy Interarhad ame thgdd ridanseeana h t he
procedure of Exanple 10 enpl oyi ng
di -i so- butyl phosphine (Strem 486 ny, 3.33 mmol), 1, 2-
tﬂiz(t@ﬂmiww&mmi%)tﬂdm,e £066 81L,1.166 99Mainol) and
an

acetic anhydride (0.24 mL, 2.33 mmol) is added to a

solution of l-hydroxymethyl-2, 3-bis-
(dimethylaminomethyl) ferrocene (Example 13, 0.70g, 2.12
mmol) in acetic acid (freshly distilled from acetic
anhydride 25 cm® ), under argon. The solution is then
stirred at 80°C for 7 days, during which time the solution
becomes a dark orange colour. The solvent is then removed
in vacuo and recrystallisation effected from refluxing
ethanol together with cooling to -17°C overnight to yield
the title compound (0.43 g, 0.7 mmol, 31%) as a

yellow/orange powder.

4 NMR (250 MHz, CDCls;) & 1.12 (dd - pseudo triplet, 36 H,
12.1 Hz), &1.26 (d, 184, 10.7 Hz), 82.68 (d, 2 H, 17.7
Hz), 82.95 (s, 2 H), 83.07, (m, 2 H), 84.01 (s, 5 H) &
4.33 (s, 2 H)

Infrared spectra (CHCls / thin film NaCl plates )
1365.5 cm™*, 1470.3 cm™, 2357.1 cm™ ,2862.8 cm™ , 2896.7
cm™ , 2939.1 cm
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20 anhydrous acetic acid (100 m). Yield 0.372 g.
Exanpl e 17 Preparation of

wa 25781 di cycl opent yl phosphi nonet hyl )  f er r oRENEB2®5/000569

The title conpound was prepared in accordance with the
procedure of Exanple 10 enpl @y7ng
di cycl.opentyl phosphine (Strem 566 ng, 3.33 mol),
Jr_.:I %- Blies(ﬂ nmet hyl am nonet hyl )ferrocene (0.5 g, 1.66

30 anhydrous acetic acid (100 m). Yield
@répa p t M 20056079981, PO/ GBS/ 1 i@ phinomethyl)
Exanpl e 18 Preparation of

= = tdi et hyl phosphi nonet hyl) ferrocene The title

conmpound was prepared in accordance with the 5

procedure of Exanple 10 enpl oyi ng diethyl phosphi ne
(ﬂmaennzgg|qpm§pandnwgs)prepared in accordance with the

bR e DereUy | LESTo0e88e B dhedy Bhosphnine

: QXStleénEXaﬂ'pM(B 19 Jf eparsdt oprwéll, Royston, United Kingdom

b|s(d|-|soprop% Bhosphlnonethyl) ferrocene The
t~°1Gt81 e con%@‘@nd was °p epar eB9yn accdrddnce witWlihe 15 1/2-
e dME (0.5 g, 1,66 mmol) and

g:{-l So- pr opylgﬁosphl ne D| gital Speciality Chenicals

&mhnyo&B1ﬁh¢ﬁm¢)acﬂd2¢100 ml). Yield 0.421 g.

bi s(di met hyl am nonet hyl ) ferrocene (0.5 g, 1.66 mmol)

and anhydrous acetic acid (100 m). Yield 0.262 g. 20
%= 206 Prepar ati on of '

I, Z-Drs-(di nmet hz@ghospm nomsth I)ferrocene The tjtle
@cﬁﬁﬁﬂm red SRt ¥ Hphosphinomethyl)

raaedur e, of Exanpl e 10 enpl oy| ng di met hyl phosphi ne

The title compound was prepared in accordance with the
procedure of Example 10 employing di-iso-butylphosphine
(Strem 486 mg, 3.33 mmol) , 1,2-
bis (dimethylaminomethyl) ferrocene (0.5 g, 1.66 mmol) and
anhydrous acetic acid (100 ml). Yield 0.372 g.

Example 17

Preparation of 1,2-bis-{dicyclopentylphosphinomethyl)

ferrocene

The title compound was prepared in accordance with the
procedure of Example 10 employing dicyclopentylphosphine
(Strem 566 mg, 3.33 mmol), 1,2~
bis (dimethylaminomethyl) ferrocene (0.5 g, 1.66 mmol) and
anhydrous acetic acid (100 ml). Yield 0.432 gq.
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25 (Digital Speciality Chem cals, 206 ng, 3.33 nmol),
1, 2- bis(dinmethylam nonethyl)ferrocene (0.5 g, 1.66

wornwsp7esd anhydrous acetic acid (100 m). YiRATHGB208500569

g. Exanple 21 30 Preparation of
1, 2-bi s- (dladanantylphosphln@ggthyl)ferrocene-
bIS nmet hanesul phonat e WO 2005/ 079981 PCT/ GB2005/ 000569
§09 D|3 aﬂ%ﬁant yl phosphi ne (prepared according to
, R Schmut zl er; Phosphorus Sul phur and

Birkbeet it mf 102 - bﬁl—ﬂc&hﬁ;hy&@h@gphane&ethgu) W@srocene
added to a solution of 1, 2-

bi s(di met hyl am nomet hyl ) f errocene (Exanple 9, 10 g,
Q@33 by frBl épd Ay dy, ys dieiCifl GHQMahdddgith the

nitrogen an e resu g mxture is stirred at 80C

b@bc‘éZidmr@f FRampbe aihge eyt@llbcywnpr ediephyapdonphdme (Strem
r 1 RS er ed [ ed acy t, I
LSl b S 2 L S Al BB cene

S(@' isd. g The, tdd | @me 0P awad aﬁhﬁ@mmohubtecu nical.d amgeo ml) .
of organlc solvents and it is therefore purified by
yomder .3494 J+ he bi s- net hanesul phonate salt by

addi ti on of excess nethane sul phonic acid to a

met hanol slurry of the crude product. This resulted
Exag@ia €% di ssolution of the 15 product salt which

was then |soI ated by r eno I. o{ the rreth IolrhvacuqCh 1)

tfietllre)&qm)ound as a pal e yeI I ow sol [ d (14 08 549 .
20 THNWR (250 MHz; CD3CN) : 54.57 (2H, d, J = 2Hz)
4.35 (5H, s); 4.27 (1H, t, 2Hz); 3.34 (4H br); 2.6

it §E53e Tidibofid “uir Ry e dgigree wien the

RN 025 Example 10 employing di-iso-propylphosphine

(Digital Speciality Chemicals 392 mg, 3.33 mmol), 1,2-
bis (dimethylaminomethyl) ferrocene (0.5 g, 1.66 mmol) and
anhydrous acetic acid (100 ml). Yield 0.262 g.

Example 20

Preparation of 1,2-bis-(dimethylphosphinomethyl) ferrocene

The title compound was prepared in accordance with the
procedure of Example 10 employing dimethylphosphine
(Digital Speciality Chemicals, 206 mg, 3.33 mmol), 1,2-
bis (dimethylaminomethyl) ferrocene (0.5 g, 1.66 mmol) and
anhydrous acetic acid (100 ml). Yield 0.285 g.

Example 21

Preparation of 1,2-bis-(diadamantylphosphinomethyl)ferrocene-

bis-methanesulphonate
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El enental anal ysis: Found: C:64.15% H:7.88%
Cal cul ated: C.64.29% H.7.94% Exanple 22 30

woe@paresi on of 1,2 bis(di-I-adamantyl phosphi nEeEGB005/000569

ferrocene- bi s- met hane sul phonate The preparati on of
this ligand was carried out agdollows: WO 2005/ 079981
PCT/ GB2005/ 000569 110 22.1 Preparation of (1-Ad) 2P

d,_The, di-|-adamantyl ph [ .d s .
ket Bh g SE R R e B REH G EPREhL oFe R eerLich,
IR lscRRuz Peepamaidsphorfus 1sihhi2PHatie sdililcoadanesgy| 102,
phosphi ne was prepared in_accordance_ 10 with_the
methodlel ERaRfre01056 pola prepafdeflohoof Solution of 1,2-

I 25 &%ng%gaﬁ\‘iEBBBEME;FEE%EEBEQH@ Qkﬁlthp_le 9, 10 g, 0.033

ferrocene- - met hanes onate 15 The title conpound
was) pr épared yidr oase aratdnice agitch (HE prbeduder nitrogen and

exenplified.in Exanple 21.  Exanpl e, 23.PrLeparation of

S brepbEtthgnaRiRre: fgi skhaRByRF o30C Eor 72 %Hofks. he
PESSH éng;@iiwda) grfdgeene-di shaehhapesys phionatrd 122 xkd  and
D -1-(3, 5-di met hyl adamantyl ) phosphinic chloride was
plebeded ] nvaceor dancPrianadte ivet hOWC of OBV Bhe, title

2 i - 1- (3, 5-.d] | i .
TR 88 AP BRI b 1 The 1 Tod B Excipl cogrgund io
28nSoluBibi sifidi al-£3ndedi ot yganic solvents and it is
adamantyl phosphi nonet hyl . .

fEhe BEERELD o Bt f i)}%nat EON¥ETFAEY j t 1% conblfind P1s—

RSt RE8R3LEEhbRaRECOr d3ate W thyt he adiaceMire of excess
exenplified in Exanple 21 except using di-1 WD

20051979981 PPOTACBZI0IB] 000569 methanol slurry of the crude

product. This resulted in complete dissolution of the
product salt which:- was then isolated by removal of the
methanol in vacuo followed by washing with ether and
drying to give the title compound as a pale yellow solid

(14.0g, 54%).

H NMR (250 MHz; CDsCN): 84.57 (2H, d, J = 2Hz); 4.35 (5H,
s); 4.27 (1H, t, 2Hz); 3.34 (4H, br); 2.6 (6H, br,); 2.35-
2.18 (18H br); 2.16-2.0 (18H, br); 1.92-1.72 (24H, br).

31p NMR (101 MHz; CDsCN): &§26.58 ppm.

Elemental analysis: Found: C:64.15%; H:7.88% Calculated:
C:64.29%; H:7.94%

Example 22

Preparation of 1,2 bis(di-l-adamantylphosphinomethyl)

ferrocene-bis-methane sulphonate

The preparation of this ligand was carried out as follows:



111 2(3, 5-di net hyl - adamant yl ) phosphi ne (23.69 g, 0.066
nmol ) instead of di-adamantyl phosphine. Yield 15 g.

wEx@sprese4 5 Preparation of PCT/GB2005/000569
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1, 2-bis(di-1-(5-tert-butyl-adamantyl)

phosphi nonet hyl ) f err ocene- bi styget hane sul phonate 24.1
Di-1-(5-tert-butyladamantyl) phosphinic chloride was
prepared as per Exanple 4.1 above. 10 24.2
D-1-(5-tert-butyl adamantyl) phosphine was prepared

R per Exer@bardtlonbefe (128dB3P (0)Cl
I7Z-brs(dr-1-(4-tert-butyl -adamantyl) 15

phosphi nonet hyl ) ferrocene-bi s-net hanesul phonat e The

tat | e 0 r | M @ r ' t ;
s et o ooy B P B L, g e, Yo ptepared in
dicdofdanter withbthgl mdahadt pf) Epaoephi hel ( 27. 39 g,

0.066 nmol) instead 20 of di-adamantyl phosphine.

Yield 14.52 g. Exanple 25 Preparation of

- 1a2-Pi s- (ﬁr%saﬂ’aawh ber (1baayipu pho
errocene- bi s- net hane sul phonate 25 25.1

1- adamant yl phosphoni ¢ aci d di chl ori de This conpound

5 U LA A0, 1 B0 3 St
1y BelaMBné yhephospbifnExWhp2@0%/. 079981 PCT/ GB2005/ 000569
112 LiAlH4 (3.5 g, 74 nmmol) was added over 2 hours to

~a cooled solution (0C) of 1-adamantyl phosphonic acid

dpsghiori dprepdPalion? Nl ) in THE (250 cnB) . 1lfw-bis(di-1-
reaction was tnen
adamantylphosphinomethyl) ferrocene-bis-methanesulphonate

The title compound was prepared in accordance with the

procedure exemplified in Example 21.

Example 23

Preparation of 1,2-bis(di-1-(3,5-dimethyladamantyl)

phosphinomethyl) ferrocene-bis-methanesulphonate

23.1 Di-1-(3,5-dimethyladamantyl) phosphinic chloride

was prepared in accordance with the method of Example 3.1.

23.2 Di-1-(3,5-dimethyladamantyl) phosphine

was prepared in accordance with the method of Example 3.2.

23.3 1,2-bis-(di-1-(3,5-dimethyl-

adamantylphosphinomethyl) ferrocene-bis-methanesulphonate

The title compound was prepared in accordance with the

procedure exemplified in Example 21 except using di-1-
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allonwed to warmto anbi ent tenperature and was stirred
for 5 20 hours. The grey suspension was then cool ed

W@ Q@p/0za981 HCL (75 cnB, 1M was slowy added VvPEI/GB2005/000569

syringe, to afford a two phase systemw th sone solid
present in the | ower phase. Ggncentrated HCL (8 cnB,
11M was then added to inprove the separation of the

| ayers.. .Th er). THE 10 phase ed i
i R Yt BOER  braa R RS0 R8P e e 0" 0%6 o)
f hktatd onf viia-saamsth Byl phesyrl aé il | eseberes genoved
i n-vacuo to afford the product. 25.3 1-adanmantyl
tert-butyl phosphine 15 nBuLi (20 cn8, 32 mmol 1.6M
igggg:m@szsdded over 1 hour to a cooled solution of

phosphine (5.0 g, 30 nmmol) in THE (100

erBpaddeisol uti ofi was lalHoied die Iwdidmt et —bogml -adamantyl)
t enper aj
BHPHERY

(2.78 g, éé nnﬁl) was added and stirring continued
for a further 16 hours at roon1tenEerature. The .
Rdadi i on PAxinte-tent-bukyiadamaptylha: phosphipge chloride

AR HiePare 8 RREETANRAG 45 3000 cadtum

sul phate and evaporated in-vacuo to yield the title
59 ?und' 55 f r 'bE%5&§%123§H§H£¥E) phosphine

. ‘..I]Il .

fvakr 9ceOsa bL§- g8t panepubppoBayes 38ovBe title conpound
was prepared in accordance with the procedure
exenplified in Exanple 21 except using 1

@hosqﬂ@ﬂﬁamgthﬁhDSﬁbkaecéﬁéebAng&&hgnesulphonate

The title compound was prepared in accordance with the
procedure exemplified in Example 21 except using di-1-(4-
tert-butyladamantyl)phosphine (27.39 g, 0.066 mol) instead
of di-adamantyl phosphine. Yield 14.52 g.

Example 25

Preparation of 1,2-bis-(l-adamantyl tert-butyl-

phosphinomethyl) ferrocene-bis-methanesulphonate

25.1 l-adamantylphosphonic acid dichloride

This compound was synthesised according to the method of

Olah et al (J. Org. Chem. 1990, 55, 1224-1227).

25.2 l-adamantyl phosphine
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Exanpl e 26 5 Preparation of
1, 2-bis-(di-I|-di amantyl phosphi nonet hyl) ferrocene-bi

wa@20enmsesul phonate 26.1 D amant ane 10 Thi s wWeSI/GB2005/000569

synt hesi sed according to the nethod of Tamara et al.
Organic Syntheses, CV 6, 378.1126.2 D -1 -(di anant ane)
phosphinic chloride 15 Prepared as per D -I|-adamantyl

A s S0 1 Cotbh HaT) 2Gage ' afRE 5P 1R IY roga sooted
By Jutidhel 25 5o FMadstahtylBABspMRIic5:add ppiichloride

(&Z 20 26.3 D -1- (diamant ane) phosphi ne Prepared as
5 DI/ | et afEat | lﬁ‘h&f%l hé~8F CBxhnpll8e] Zeaekiptwas then

1¢4d h
LR G0 By S Ao BROAED S e o

28 4hdp2sbi éfk(edi gtedi atmpqdqgfwspﬂmaﬁoﬁbenqu¢@le®céﬁéc) and
bi s- anesi honate The. tit onpound_was pr I
HELCEbs e WL Wehes 19611, Budats Thaxanp L pea] ton 2 ford a
ExadTp a%Je eéggebmuabm disolre dsamaat Preqdrasphinnethe lower
(26.7 , 6 nol) instead of di- adanmantyl

s n@onxqeé1tdraf;ed5> §Clwd ®0ew/ 0734441 was then added to
S BROIPh0FeBYral ton BRIMNE Sl PLEPEES) | e (ubper) Tar

tet ranet
tph e - &arshospinavadarmm y caenhhy B) a)ndi elrriecenevér magnesium

1,35, 7-tet t 6- damant,a
gt it TR
Spém&»@@ 9h- afaauel %%E’Eb??z&' aRknpwellyk). ferrocene

Exanple 9, 10 .033 nmol) in anhydrous acetic acid
(100 m)
25.3 l-adamantyl tert-butyl phosphine

nBulLi (20 cm3, 32 mmol 1.6M soln) was added over 1 hour to
a cooled solution of 1—adamantyl phosphine (5.0 g, 30
mmol) in THF (100 cm®) . The solution was allowed to warm
to room temperature and stirred for a further 2 hours. The
solution was recooled to 0°C and tert-butylchloride (2.78
g, 30 mmol) was added and stirring continued for a further
16 hours at room temperature. The reaction mixture was
‘quenched with water and the aqueous phase extracted with
dichloromethane (2 x 50 ml). The organic phase was dried
over sodium sulphate and evaporated in-vacuo to yield the

title compound.

25.4 1,2-bis-(-1l-adamantyl tert-butyl-phosphinomethyl)

ferrocene-bis-methanesulphonate

The title compound was prepared in accordance with the

procedure exemplified in Example 21 except wusing 1-
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under nitrogen and the resulting mxture is stirred at
10 80C for 72 hours. The anhydrous acetic acid is

WO 20960e¥8i N vacuo at approximately 70C t o yi ePdI/GB2005/000569

crude title product as an orange/yellow solid. This
I's washed with hot nethanol 119 give the product as a
m xture of isomers -as an orange solid. (12.0 g, 58%

15 1H 50 ,VHz: 13) . 54 25-3,95-48H,. br, -
Samthi bA-C T pepthd 7 0 0 P mon)
bhsfad33dP AVRaCEEnMYZ: pHISkH)ine .5 ViZA U D (89 )g .,

-29.01 (s) , -33.9 20 (br) ppm Elenental analysis:
Found: C.57.80% H 7.35% Cal culated: C.57.87%

L 1:,40%0 5,25 Exanple 28 Preparation of
gl—iﬂ%—s—%-d, =—{di et hyl am nonet hyl ) ferrocene-bis nethyl
podpdeadbomyl icodi del (230 P8eg(dD- 16di sk ty kphaosedineongthyl )
solgtlorr; O of

3FENE P hE it , &t rocence (Exanple 9,
20g, 0.082 nol) in degassed nethanol (100 m), and the

m xture stirred .at roomtenperature under a nitrogen
2fnbsphebtamantadenours. The resulting precipitate is

WD 2005/ 079981 PCT/ GB2005/ 000569 115 renoved' by
filtration, washed with ether and dried to vyield the

trht ke waeneguitthd 48s &) acEbedentalt cartdley suessthdebuntl: Tamara et
C.36.8% H5.1% N 4.8%5 %al C ted: C37.0% H:. 5. 2%

Rl4. Byganse RVREARS 6537 X7, 21, 853.15, 864

671.77, 873.24, 874.13, 874.95 10 Exanple 29

Preparation of 1,2-bis(di hydroxynethyl phosphi nonet hyl)

26.2 Di~-1-— (diamantane) phosphinic chloride

Prepared as per Di-l-adamantyl phosphinic chloride of
Example 1.1 except using diamantane 20.0 g (0.106 mol) and
AlCls (16.0 g, 0.12 mol). Yield 25.5 g FW: 456.5.. >'P NMR:

6: 87 ppm (s) .

26.3 Di-1 - (diamantane) phosphine

Prepared as per Di-l-adamantyl phosphine of Example 1.2

except using 25.0 g Di-1-(diamantane) phosphinic chloride.

Yield 14.0 g FW: 406.. °'P NMR: &: 16.5 ppm (s).

26.4 1,2-bis- (di-1l-diamantylphosphinomethyl) ferrocene-

bis-methanesulphonate

The title compound was prepared in accordance with the
procedure exemplified in Example 21 except using di-1-
diamantane phosphine (26.79 g, 0.066 mol) instead of di-
adamantyl phosphine. Yield 12.5 g.
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ferrocene Potassi um hydroxi de (8.52g, 0.152 nol) is
added to a 15 solution of tetrakis(hydroxynethyl)

w@b@sprosi um chl oride (Al drich, 38.54g of 80%@¥/@B2005/000569

aqueous solution, 0.162 nol) in degassed nethanol (40
m), and stirred at room tenperature under a nitrogen
at nosphere for 1 hour. The resultant m xture is added

grogmhéeggo a degassed sol ution 20 of
i met hyl am nonet hyl ) f err ocene- bi s- net hyl

P@epaea(cﬁzzoanpl e @B, 191 98giS2(Ri i3, $ /17 reehaanbthgd-6,9,10-

m ) under nitrogen at room tenper éure wth stirring.
traoxasggPhesPhasadaneny g ihildd LETHQCeRe r ogen for
20 hours, and the solvent renpoved in vacuo to forma
red 25 precipitate. Water (30 m ), diethyl ether (85
id, B, ana tetremEWhyﬁ1ﬂa{;ﬁ%tﬂjoXQrannmbpmathéamantane

te.and t sol n stir oom
Q@ES@E r & ¥ g1 fgﬁb ¥he8 aq§£éﬁggl 5 %% eROPEY to 2
%BQuﬁQD@XbEaQﬂﬁZLﬂﬂétdihé%ﬁ&iamfﬂ&ﬁétﬁﬂlXfé@rﬂbbne Thgample
conbi ned ethereal extracts are 30 washed with water (3

R:20L0d PrdrQ eB38verokbdilim anhyheRes a5¢Hiq t aFéd. PP ml)
I.Sa d.invVv 0 t e;title

SHAS, 5 OAES AR Ll psnile s i erea o

610ang€osol’ed hdlthes criive privgdcous sadME 2008£0A9981 removed in

PCT/ GB2005/ 000569, 116 1] sed, f
TFEHET o ot HAREPRAFREANY. 4ot 1on W T1E T HESaddsn title

ofobught Het éﬁ' Q&!ﬁﬁr@%‘@/f@.@ié@gsoﬂﬁdyl el ghtibe itd th&shed with
conpound (10.6 70% yi el d) as yello- orange

@pgzsmtélar@la éﬁe@tléne drig yeredufpupd: acigilyayg of isomers

B4 A2 N8 G G cH A6, G 24% H4.02% N

‘1§ NMR (250 MHz; CDCls): 54.25-3.95 (8H, br, m); 3.46 (4H,

br); 1.57-2.0 (8H, br, m); 1.43-1.23 (24H, br m).

31p NMR (101 MHz; CDClz): & -27.41 (br), =-29.01 (s), -33.9
(br) ppm.

Elemental analysis: Found: C:57.80%; H:7.35% Calculated:
C:57.87%; H:7.40%

Example 28
Preparation of 1,2-bis-(dimethylaminomethyl)ferrocene-bis

methyl iodide

Methyl iodide (23.28g, 0.164 mol) is added to a solution

of 1,2-bis- (dimethylaminomethyl)ferrocence (Example 9,

. 20g, 0.082 mol) in degassed methanol (100 ml), and the

mixture stirred at room temperature under a nitrogen

atmosphere for 24 hours. The resulting precipitate is
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10 1H NVR 51.75 (s, br) , 52.70 (dd, 2 H J2HH 14.2
Hz, J2HP 6.6 Hz) , 52.85 (dd, 2 H, J2HH 14.2 Hz, 2

woiR003/079981 Hz) , 53.71 (t, 1 H, JHH 2.44 Hz) , BGI/682(08/000569

5H , 53.98 (d, 2 H JHH 2.40 Hz), 4.06 (m 8 H. 15
1H{31P} NVR 51.75 (s, br) ,153 70 (d, 14. Hz)
52.85 (d, 14.3 Hz), 54.04 (m 1 H), 54.06 (s,

Penogefp )by He Pation) | Sdhet el é@%z%%’ D gmed =

186d. 2hedri#3ARC bmpdim)d GER. 0y )(.S) , 582.6 (d, J2pc
¥4.7 Hz) 31P NVR 5-14.7 25 Infrared spectra (CHCL3 /
thin filmNaCl plates 3337.8 cm 1(st, br), further

4 26M1vk 12929, @oomul, ¢:360827 @msl 19,3683 Bem
EEQKEQ%%Q ah Oséb Prepafatlon of
1, 2- bls(dlphosphlnonetﬁyﬂpﬁéateden@ B7.D%5i 41:5.2%; N,4.8%
(di hydr oxymet hyl phosphi nonet hyl ) ferrocene (Exanpl e
29 5. 45q, 13 70 mmol ) and sodi um netabi sulfite
/0789§124?CT/@2%5/ 0895695, 11362764, 571.77,

&gls ad to a two- phase sol'vent system
g@gSQ@§|5@4013d|§vulbgd mater (60 M) and |ight
petroleum (60 m) . The mxture is refluxed for 3
hours in air. The resultant mxture is cooled stirred
%nd tE% agueous | ayer 5 renoved. The organic layer is

distilled water and the organic sol vent
Peebwed tilbny aciid. t2-lyi e|di hydrotyhé eh gbppospdifdmeéyyl)
7096y|eld) as an orange crystalline solid. 10
€ anal ysis: Found: C:51.65% H: 5.75%
Cal cul ated: C:51.80% H:5.76% 1H NVR (250 MHz; CDC13)

: 52.7-2.8(m 4H , 5 3.17 (m _
Potassium hydroxide (8.52g, 0 152 mol) is added to a

solution of tetrakis(hydroxymethyl) phosphonium chloride
(Aldrich, 38.54g of 80% w/w agueous solution, 0.162 mol)
in degassed methanol (40 ml), and stirred at room
temperature under a nitrogen atmosphere for 1 hour. The
resultant mixture is added dropwise to a degassed solution
of 1,2-bis- (dimethylaminomethyl) ferrocene-bis-methyl
iodide (Example 28, 19.98g, 52.2 mmol) in methanol (40 ml)
under nitrogen at room temperature with stirring. The
resultant mixfure is refluxed under nitrogen for 20 hours,
and the solvent removed 1in vacuo to form a red
precipitate. Water (30 ml), diethyl ether (85 ml) and
triethylamine (35 ml) is added to the precipitate and the
solution stirred at room temperature for 1 hour. The
aqueous layer is removed and re-extracted with diethyl
ether (2 x 30 ml). The combined ethereal extracts are
washed with water (3 x 20 ml) dried over sodium sulphate
and filtered. The'ether is removed in vacuo to yield the
crude title compound (14.339g, 94% yield) as a

microcrystalline orange solid. The crude product is



10

15

20

25

30

2H) , 53.18 (m 2H) , 5 4.04 (t, 1H J=2. 54 Hz) , 5
4.09 (d, 15 5H, JHp 0. 4 Hz) , 5 4.13 (d, 2H, J=2.54
WoRsBIPSNVR (101 MHz; CDC13) : 5 130.0 (t, JHRCIBB2®5/000569
Hz) 13C NMR (60 MHz; CDC13) : 5 12.9, 5 65.6, 5 67. 3,

569.4, 5 20 86.9 13C DEPT mwsz (CDClS) . 5 12. 9
,565.6(CH),5673 , 5 69.40 (5 x CH)

(CH2)

- of o )
e e 1, ) 8 S e methoncs
QBHQuhahemlmhztﬁéﬂhdﬂﬁﬂiwﬁ)@ﬁOEAQK@Q&btroleum and cooling
gggézggzoog %?%516%.29 10%%%521(%@ §03%9gr'epl%rat§}loer}l_c?) ag yello-

hylphegphi nan- 4-one) ) di nethyl ferrocene 5 O o
Iﬁé&@%%s Fe 1,2-bis- |,

(P (2, 2,6, -tetranethylphosphlnan 4-one) ) di net hyl fer
f@gnﬁgﬁ)apg&ggggég ZFouHSQtEd'%”%4 %34(£$ GgN 0.0%

1, 2- bi s- (d|phosphunone@ﬁybhﬂetéaeene (e e 30, 18:4.02%;
14 79, 0.053 nol) and the n1xture heated to 120C under
nitrogen for 20 hours. N7ReOReaction mixture is,

cool ed, the crude title conpound renoved by

flltratlon washed with pentene (20 M) and dried in

VAC NMRE O Q/Jl &5 téhe bidle d2ohpoudd,a aHyelfewlof dhgéz, I’

B G P (A b RvB il Aetd- 2 Hae, SR LS T 8371
(250 1M1z, @QClz3)44 u%)4. 383(b8l, (kr) 5 ) P8565H8 hid), ;2 H, JTm
2.40 Hz), 4.06 (m, 8 H) .

y(3'p} NMR: &1.75 (s, br), 82.70 (d, 14.3 Hz), 82.85 (d,
14.3 Hz), 54.04 (m, 1 H), 84.06 (s, 8 H), 54.08 (s, 5H),
§4.1 (m, 2 H)

13c NMR: &23.7 (d, J% 15.6 Hz), 863.0 (d, J% 15.6 Hz),
566.0 (s), 567.2 (d, J%sc 9.2 Hz), 569.6 (s), 582.6 (d, J%c
14.7 Hz)

31p NMR: &8-14.7

Infrared spectra (CHClsz / thin film NaCl plates )

3337.8 cm*(st, br), further peaks 1104 cm™t 2929.0 cm™?,

3603.7 cm™ ,3683.7 cmt.

Example 30

Preparation of 1,2-bis(diphosphinomethyl) ferrocene

1,2-bis(dihydroxymethylphosphinomethyl) ferrocene (Example
29, 5.45g, 13.70 mmol) and sodium metabisulfite (5.21q,
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4.02 (1H, br); 3.94 (1H br); 2.84 (4H, br); 1.8-2.5
(8H, 20 br); 1.05-1.4 (24H, br,). 31P NWVR (101 M;

W@DH03879981 s 4. 15 ppm WO 2005/ 079981 PCT/ GB200BCDG82®9/000569

119 El enental analysis: Found: C: 64.26% H 7.880
Cal cul ated: C:65.03% H: 7.94%Exanple 32 5 Preparation
of 1,2-bis-(di-1,3,5, 7-tetranethyl-6,9, 10-

i gxa ospf t hyl T
%pegargﬁ 02 of th?%&%@cgangge & ReAERAS '%Y;%nt system

was carri out int
rensds tdingc lods et § il M@ A\- 93t 670380 imd ) aexmﬂ dbx@letv\pebroleum

10 Ex le 4 therein 33 aration of meth

IB00 Aot Tt GRTEENDE ons. MEfked vy aboRrg 1F a¥T. The
FRishareh tCatiadsed fy é‘o@P@HOHEQeredt I&%d ]t5lepr§<§§é"ct>us layer
invention Condition 1 ratio of |igand:palladium=

Fepovedratlihe cﬁrgmmj baveadigmwasheg widdd dastolled water
aci d a di r

aﬁnélan%}ll%aﬁ%gc? um _sé?gg%@. Iggvé G%{CI gQEuP| a%o %leld the
48@1% anthpoaind (@ciekd,i grot ylélﬂﬂ.fsnamh@ﬁaﬁ@élyrystalllne
stirred autoclave (Hastelloy) of 2 litre capacity was
SPaddat ed of air and then charged with a 25 solution

of tri(di benzylideneace tone) dipalladium(1.44 x 10-5

nol es), 1,2-bis-(di-tertbutyl phosphi nonmet hyl)

fEdemendad ehalbvaipl:e 18ouf?:6L %1165 /mdl:es)’ Tnd

590 10°3 ol o conSPECAN=SFt n Cig0 A1 Tt T

pr opanoat e/ net hanol 30 (70 wt % net hyl propanoate). The
autocl ave was heated to 1000C and when at t hat

{BnpBat (20 MHEy| PREED % 205N - 8 wdBr adHélr off tdpt7  (m,
o)t he wap@urPresgure of ghe(sol ¥ent§=2 s4 Hz), & 4.09 (d,
5H, Jup 0.4 Hz), & 4.13 (d, 2H, J=2.54 Hz)

31p NMR (101 MHz; CDCls): & 130.0 (t, Jup 193.0 Hz)

3¢ NMR (60 MHz; CDCls): & 12.9, & 65.6, & 67.3, & 69.4, &
86.9

13- DEPT NMR (CDCls): & 12.9 (CH?, & 65.6 (CH), & 67.3
(CH), & 69.40 (5 x CH)

FTIR (Chloroform, NaCl plates): 2298.5 cm™t (strong)

Mass spectrum: Found m/z: 278.0088; Calculated m/z
278.0077
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and i nmedi ately an equi nol ar m xture of carbon
nonoxi de WD 2005/ 079981 PCT/ GB2005/ 000569 120 and

werdoplozael (2 x 105NM 2 ) added to the system tPECDGHR00&/000569

pressure regul ating valve set to 10 x 105Nm 2 above
the solvent vapour pressureyigSuitably, the nol ar
ratio of ethylene to carbon nonoxide in the reactor

is b5 pr,oxi mtely 9:1. The tenperature of the reactor

EééEEigLégained at 100C and as the reaction proceeded

additi-gnal,carbon nonexi de and et hyleng wap @dged (£09,6,6, -
I'ng

Teseanme thyllpboshbinanakdysnepi dbhpthgtlifmrnesenshser ved.
10 I'nitial reaction rates nmeasured in noles of nethyl
propanoate (MeP) per nole of palladi um per hour and
turnover neasured in noles of nethyl propanoate per
nol e of palladiumwere deternmined for the catal yst.
This may be 15 acconp]ished by an analysis of the

total anounto
assum ng i deal
nmet hyl propanoat\e.
increasing the re
to phosphine liga

concentration) fof a batch i cess on both the
maxi muminitial rate and the{turnover nunber (TON)

after 1 hour, wherein initi reaction rates are
nmeasured in noles 25 of ne propanoate (MeP) per
nol e of pall adi um per hou TON i s nmeasured as

nol es of nethyl propanoate r nmole of palladium For
both TON and maximuminitial rate, values are

signifi cang L’ lﬁs-' [tﬁ-r(ﬁi?@@-@trQﬁ&ﬂbl{bgahfnﬁ%oﬁé})’dmefhblﬁdﬁrocele to
condition 2, i. when i ncreasing both the

2,6-Dimethyl—-2, 5-heptadiene-4-one (14.6g, 0.106 mol) 1is
added to 1,2-bis-(diphosphinomethyl) ferrocene (Example 30,
14.7g, 0.053 mol) and the mixture heated to 120°C under
nitrogen for 20 hours. The reaction mixture is cooled, the
crude title compound removed by filtration, washed with
pentene (20 ml) and dried in vacuo to yield the title
compound as a yellow-orange solid (24.9g, 85% yield). The
title compound was characterised by 3'p NMR and mass

spectrum.
ly NMR (250 MHz; CDCl3): d 4.32 (lH, br); 4.08 (5H, br);
4.02 (14, br); 3.94 (1H br); 2.84 (4H, br); 1.8-2.5 (8H,

br); 1.05-1.4 (24H, br,).

3lp NMR (101 MHz; CDCl3): s 4.15 ppm.
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30 acid:palladiumand acid:ligand ratios at constant
I i gand: pal | adi um val ues. WO 2005/ 079981

wWEAIDSGBRODS5/ 000569 121 Tabl e 1 Maxi mum Tur novRECT/GB2005/000569

Initial Rate Nunber after (noles 1 hour (noles
MeP/ nol e MeP/ nole Pd) Pd/ hr)idl, 2-bis-(di-tert- 66261
50786 but yl phosphi nonet hyl ) benzene - condition 2
G di AR 103 7 s, . o
LERBRELoh: AORTAL boro e _CghaRfiin 17 00
ta2chilatedi:-t €r:65.93957 B2B354%
but yl phosphi nonet hyl ) benzene ~ - condition 2
1,2-bis-(di-tert- 45421 29465
ggéxo@gogghlnonethyl)benzene condition 1
brs=(di -(1,3,5,7- tetranethyl-6,9, 10-tri oxa-2-
Bségsratggn phdéphd,éd@nﬁntdﬂnéb@w5ﬁW1#¢tmﬁmﬁ¢hyl 6,9,10-
ELi d%' tﬁ' 20 ;2;% g‘p%a mg t&fn;etﬁgiu é%%e%se“'

Y 5 .L\.l pPoSPT

adanantylnethyl))ferrocene

The preparation of this ligand was carried out in the
manner disclosed in WO-A-03/070370 in accordance with

Example 4 therein.

Example 33

Preparation of methyl propancate from ethylene, carbon

monoxide and methanol catalysed by a compound of the

present invention

Condition 1 ratio of ligand:palladium = 5.2:1, ratio of

acid:palladium = 160:1 and ratio acid:ligand = 30:1

Condition 2 ratio of ligand:palladium = 5.2:1, ratio of

acid:palladium = 480:1 and ratio acid:ligand = 90:1

A mechanically stirred autoclave (Hastelloy) of 2 litre
capacity was evacuated of air and then charged with a
solution of tri(dibenzylideneacetone)dipalladium (1.44 x
1073 moles), 1,2-bis-(di-tertbutylphosphinomethyl)
ferrocene of Example 10, (7.61 x 10> moles) and methane
sulfonic acid (2.30 x 10™® moles condition 1, 6.90 x 107°
moles condition 2) in 300 ml of methyl propanoate/methanol
(70 wt% methyl propanoate). The autoclave was heated to
100°C and when at that temperature, ethylene (8 x 10°Nm™2)
was added on top of the vapour pressure of the solvents

and immediately an equimolar mixture of carbon monoxide
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- standard 1, 2-bis-a,a- (P- (2, 2, 6, 6,
t et ranet hyl phosphi nan-4- 29839 24270 WO 2005/ 079981

weEADSABR05/ 000569 122 one)) di met hyl f er r oceP@I/GB2005/000569

condition 2 1, 2-bis-a,a- (P- (2, 2, 6, 6, - 21591
1767 6 tetranethyl phosphi naaedd one))
dinethylferrocene - condition 1 1,2-bis-(di-(1,3,5,7-

G AB G, 92 10 LRt 22 RABBOL 24200 RPOSBRAthrough a

pr%slsnﬂe( dieqdl & F§- va2041 sktdddo 10 x 10°Nm™? above the
tetraneth§%é6 9, 10-tri oxa- 2-

h .
SodTaRty | NRPRUF) BUE - SURGPDIgn 1the smglar (pRtio of
@Jchyaen% 7ebet 1 agBbi| - GahdOrdd | O%ar 2- RITT ABSIGor  is

phoSpha adamant yl net hyl )) benzene - condition 2
apprigixdfrditely a@lahant’@hqah@@p\met:r@mrhzyl 9>f6715199 68ddg¢tor was

%%E% alg%dbls nEtP@&§§U|398na -,&%le égctlon ?roceeded
additional carbon monoxide and ethylene was added (on an
equimolar basis) through the pressure regulating Tescom

valve. No catalyst precipitation was obserwved.

Initial reaction rates measured in moles of methyl
propanocate (MeP) per mole of palladium per hour and
turnover measured in moles of methyl propanocate per mole
of palladium were determined for the catalyst. This may be
accomplished by an analysis of the amount of gas consumed
per unit time (rate) and the total amount of gas consumed
during the reaction, aésuming ideal gas behaviour and 100%

selectivity to methyl propanoate.

Table 1 shows the effect in increasing the relative acid
concentration compared to phosphine ligand concentration
(and metél concentration) for a batch process on both the
maximum initial rate and the turnover number (TON) after 1
hour, wherein initial reaction rates are measured in moles
of methyl propanocate (MeP) per mole of palladium per hour
and TON is measured as moles of methyl propanocate per mole
of palladium. For both TON and maximum initial rate,
values are significantly increased passing from condition
1 to condition 2, i.e. when 1increasing both the
acid:palladium and acid:ligand ratios at constant

ligand:palladium values.



1, 2-bis (di-1- 41167 33798 adamantyl phosphi nonet hyl)
ferrocene-bi s- net hanesul phonate - condition 1 WO
wQeeSHPeN81 PCT/ GB2005/ 000569 123 Exanpl e 3BCT/GB2005/000569
Pd( QAc) 2(22ng, 0. I nmol ) and the respective phosphine
ligand (0.5mmol) were weighegh out in the inert
at nosphere glove box into 500nL 3-neck round bottom
flasks. On renoval, 5 300nL of degassed MeCH were
added and the m xture stirred for 1 hour. To the
sol ution met hanesul phoni c 2shte (5401, 10mmol) was
added. The wei ght of the catal yst solution was taken.
The autocl ave was charged with the solution and

heated—toT00Cwth s,tirringVJ,a 2 PERS VaPqQUT  Tyurnover
pressure). 10 The reaction. s started by tihe

introduction of CO ethyl ene |( Erttigds@ads ni Xumeeroafter
the autoclave. The total pressure of t he auyt 8 %ave
s

a
controlled by a TESCOM (9.8 bargﬂ ol&Si s rd Q&S n (oles

a 9:1ratio of ethylene to JO T /eareratunemigdole Pd)
pressure were mai ntained 3 hours 15 durlng whi ch

perlod these values wer e recorded Paphe) gases| wer e,

tea alu 11 ti-t—cooted—to—To errper ature:
&e3r§ ur@ uﬁit was enpti ed andg%ei flnql wei ght

%&t@h@h@@pﬂmmmméﬁwyanbe&&eMmgand 1=
1, 2- bls(dl-tert but yl phosphi nonet hyl ) benzenel Ligand 2
=-1.cp %&%ﬂn rt-butyl phosphj nonet hyl )ferrocene 25

LS 42103 32397
A? % %&S nganantylphasphlnonethyl)ferrocene Li gand 4

buhy&ghqﬂquMngﬂMyl )benzene
adanantykph%ﬁgblnoqethyl)ferroceale

1,2-bis-(di-tert- 94957 62635
butylphosphinomethyl)benzene

- condition 2

1,2-bis—(di-tert- 45421 29465
butylphosphinomethyl)benzene

- condition 1

1,2-bis-(di-(1,3,5,7-
tetramethyl-6,9,10-trioxa-2- 55799 L 51997
phospha-

adamantylmethyl) ) ferrocene -

condition 2

1,2-bis-(di-(1,3,5,7- 8490 4814
tetramethyl-6,9,10-trioxa-2-
phospha-
adamantylmethyl) ) ferrocene

- standard

1,2-bis-a,0- (P-(2,2,6,6, -
29839 24270

tetramethylphosphinan-4-




W@ cwspz098t i ve)

30 Ligand 5 =

1, 3-bis(di-tert-b-utyl phosphi no) 2- net hyl ene propane

prepared as in WO A-03/ 040159 PCESEBAEM00569

1 therein). WO 2005/079981 PCT/ GB2005/ 000569 124 The
results are shown in the tabhgs bel ow.
Ratio W Gain Avg. W Pd: ng Aci d (g) Gin (g) 1

[aVWala) ol wi

Tabl

e 2 Ligand

SR G LTG0 SES 13 1 1
ligand iRatin W Gain Avg. W.
q(g) 2 1:5:100 302.64 2 1:5:

AT 1+—15-100—72
5:100 262. 29

Pd: Lig: Acid (

00_306.84 2 1-5

5 Table 3
g) Gain
100 293 .4

3.9@.-9)is2-oﬂ,a5:(129(1)233609 2 1.5

and Ratio W gajn Avg W
TeMERhasplsinas- 400 34

%411'15'3)]) 1me]thy1]ioeorx303c9ene8 -

condition 1

100 298954 10
Pd: Lig: Acid (Q)
0. 18 347.54

3

Tabl 8747 6
Gin (9g)
1: 5: 100

1,2-bis-(di-(1,3,5,7-
tetramethyl—-6,9,10-trioxa-2-
phospha-

adamantylmethyl) )benzene -

condition 2

29839

24270

1,2-bis-(di-(1,3,5,7-
tetramethyl-6,9, 10-trioxa-2-
phospha-
adamantylmethyl))behzene -

condition 1

12041

1144 4

1,2-bis-(di-(1,3,5,7-
tetramethyl=-6,9,10-trioxa-2-
phospha-

adamantylmethyl) )benzene -

condition 2

20177

16610

1,2-bis(di-1-
adamantylphosphinomethyl)
ferrocene-bis-
methanesulphonate -

condition 2

67599

68141

1,2-bis(di-1-
adamantylphosphinomethyl)
ferrocene-bis-
methanesulphonate -

condition 1

41167

33798
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WD 2005/ 079981 PCT/ GB2005/ 000569 125 Table 5 Ligand
Ratio W gain Avg W Pd:Lig:Acid (g) Gin (g) 4

wa28sa%98P6. 31 4 1:5:100 165.21 4 1:5:100 189P@BGH2005/000569

1:5:300 221.61 Av 1:5:300 4 1:5:300 261.28 249.67 4

1:5: 300 281.81 4 1:5:300 232099 5 Table 6 Run No.

Ligand W gain Ratio (g) Pd:Lig:Acid 15 33.31: 5
583161:1:100 3a 5165.11: 1: 4 A4a

- 10

eganBlen34) 07110 4 o b gas3t o 6 4 a) run at 3 x
paabhadbuMmgnOemmmal oand 6Zh& ngszsh(c(mb)éz}pmphine ligand
2005/ 079981 PCT/ GB2005/ 000569 126 For the |

Q émﬁlpé()duweil”e?tW%m hBY¥bhitRo) R FretMAtdneat 858%\%%8 glove

gfﬁ@os)SOQﬂﬁ.. thonabk | i-gand WA Rtem WeihoKE. extessmoval,
aC| results 1n a drop in catal yst performance 5 The

30pmmefi obegh ¢ $ehMePH | ware i @@mdarm‘l@cﬂ@le Bigturgnstirred
Nos. 3 and 4, result in the hi hest S

fﬁFoéudVW%FtyTouﬁB%rSPEBtéBHdW? €h§h§b1%08F9904640”1
1%Inm%?ﬁe§l|%§ gand. ath iR e S atho agchMyBUN MAutlion was

resu
taken. The autoclave was charged with the solution and

heated to 100C with stirring (3 .0 barg vapour pressure).
The reaction . was started by the introduction of
CO/ethylene (1:1) gaseous mixture to the autoclave. The
total pressure of the autoclave was controlled by a TESCOM
(9.8 barg). This resulted in a 9:1 ratio of ethylene to
CO. The temperature and pressure were maintained 3 hours

during which period these values were recorded.
The gases were. isolated and the unit cooled to room
temperature. The depressurised unit was emptied and the

final weight of the solution taken.

Ligand 1 = 1,2-bis(di-tert-butylphosphinomethyl)benzene

Ligand 2 1,2~bis(di-tert-butylphosphinomethyl) ferrocene

Ligand 3 = 1,2-bis(diadamantylphosphinomethyl) ferrocene

Ligand 4 = 1,2-bis(diphospha-

adamantylphosphinomethyl) ferroceme

Ligand 5 = 1,3-bis(di-tert-butylphosphino)2-methylene-
propane (comparative), prepared as in WO-A-03/040159
(Example 1 therein).



significant drop in performance, as does addition of
10 excess ligand at low acid ratios. The follow ng two

wao alvse98pnt ai n data for the ligand 1, 2- PCT/GB2005/000569
Bi s(di -tert-butyl phosphi nonet hyl ) benzene. The data was
coll ected at 80C hence the raisges and turnover nunbers
are 15 | ower than the data we have already i ncl uded.
foeeYELu1 ke A2l AahOYR Lﬁgtgggjdg Lgy acid:|igandb

eve ncrease in | |o pfovi des | arge

increases in initial rate and TON values Thi s data
al so used the prefornmed catalyst [(L-L)Pd(dba) (for
details see bel ow) 20 and ZRRIE tdhe I i gand excess as
the protonated salt. The experinental detail is
provi ded_bel ow. Table 7 Ligand Ratio Ratio Initial TON
after PdLiggndci d Axathidi gandbtraaeénd hoaws. wic 1:5: 36
10.9 5000 12000 1_1:5:72 20 17000 25000 1 1:5:143 37
22000 30000 25 bPCirPJt%%CJr%tu o {8 "aci &"alrlndaudes
bot h t he™aci{d 14 e '
t oget her Mﬁth t he addltlonal f 200 /079981
PCT/ GB2005/ @00569 U25: B0 d adceldt (47 e., "free" acid)

and the ligagnd is sjnpl t he roto ated s hi ne
| i gand. Tabﬁe 8 5 iﬁg%%H)Ratl In|£$g1
after Pd:Liig: Aci d Aot di do gand@gzatleg 4 hours 1

1:10: 90 10. 9 22000 42000 1 1:10:182 20 33000 52000
1:5:100 262.29

Table 3
Ligand Ratio Wt Gain -~ Avg. Wt.
Pd:Lig:Acid (g) Gain (g)
2 1:5:100 302.64
2 1:5:100 306.84
2 1:5:100 293.4 300.9
2 1:5:100 303.09
2 1:5:100 298.54
Table 4
Ligand Ratio Wt gain Avg Wt
Pd:Lig:Acid (9) Gain (g)
3 1:5:100 364.97
3 1:5:100 340.18 347.54
3 1:5:100 345.15
3 1:5:100 339.88




1 1:10:352 37 41500 71000 The nunber of noles of
pal l adiumis equal to the nunber of to noles of L2Pd
W@ aiwa)p7998iThe wor k descri bed in these exanpl es RMBEGB2005/000569
carried out in 2L capacity autoclaves. In each test
10nmg of L2Pd(dba) catalyst awd 32ng (4 equi val ents)
or 72ng (9 equival ents) 15 of protonated phosphine
were added to the preparation flask in a nitrogen
purged gl ove box. 175nL of azeotrope product
consi sting of 50:50 wt % natdmrols and net hyl
propanoate and 125nL of nethyl propanoate were then
degassed and added to the flask to provide a reaction

20 soIurrq5ﬂgE1ﬂrwwE:?1gEmrfv-iﬁgﬁggpefh¥r—--—~
propanoatlé.a fter addrtion of % requirea@ﬁdghtity

of methanesul phard cL.igizkide sol(df)i on wesaid aggf erred
to the _evacuated autoclave and heated to 80Cin
vacuo. Duri#g thisiper2ed and ate6atl subsequent tines
t he autoclaxe was 25 stirred at_-1000 r.p.m Wen this
t enper at ur e*had beeh:®7E%hed tH8 >ttt al pressure of
the systemygas increasefdhdo 9 Pgs g5romthe vapour
pressure baseline of -1 bar) by the addition of

et hyl ene anl t hen tbpped0Up wi t A22b&F ofAV1:1: 58300
2005/ 079981, PCT/ GB / 569 H4/ ch, t hat

t he total p%essurezgg§:§QQbar a%§§t%% hgg%é%ﬁgé

C2H4/ CO rat4o was A ids:Fdver thpsitsoe only the 1:1
gas was fed to the systemat the rate which was
required tothol d thkiDirdeure wPehi Pt he system
const ant= '

calculated fromthe rate of renoval of gas fromthe
feed reservoir assum ng ideal gas behavi our and 1000
selectivity for methyl propanoate' formation. 10
Preparation of 1,2-bis(di-1- ‘

Table 6
Run No. Ligand Wt gain Ratio

(g) Pd:Lig:Acid
1 5 33.3 1 :5 : 100
2 5 83.16 1 :1 : 100
32 5 165.1 1 :1 : 4
42 5 235.97 1 :1: 4
52 5 82.53 1 :6 : 4

a) run at 3 x palladium concentration {67.3 mg Pd(OAc),}
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adamant yl phosphi nonet hyl ) benzene pal | adi um (dba) THE
(100 cnB) was added to a conbination of l|igand (2.05

w@200202098nmol ) and pal | adi um dba (1.61 g, 2. 90PemGB2005/000569

[Pd]) 15 affording a deep red-orange turbid solution.

The reaction was stirred fori53 h. The reacti on was
filtered via cannula, yielding a deep red-orange

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

vol atil es were renoved in- vacuo affording a deep red
pondeny 39bkdd Restane (030ten8)bdlyVpEogdlEfoybamethylene-
cannul a and attrition performed with a_spatula,

prapReng (1 #9aRd orahgedbiidamade paigerdy U&Fh TRe without

SRbebPELAN HBELBUS Mot LIPS VB SO Ber rormance.

Rhe 5@ptrfijum Tdmadﬂsibrtsanbfoﬂmgel:rgmﬂbranﬂs axd:r:ujcbd e.g. Run
in- vacuo 5 and |s |ated in the gl ovebox.

l&osss 3 #BINGR: reés 461n4t2h%p}|1[+g€ eﬁtr%il;%%yst gr%d8§t1v1ty

GR8EPT iakl YC&{&%@{éJSs@Mfed FWAG31046n/3f excess ligand
Preparati on of

at 3-bigh( declidadaabhey| prosphi nBypr oane 130rpauﬂ§§|uwn a

dba 2005 981 P 2 005 9 ,
B Gag e 1 W B ) SRR parTaGT of
dﬁaeéé.5Qggnd3a94wwohcwdicatwsTHE (70 crrB) After 3

h, the deep red-orange solution was fairly turbid in
appear ance; an additional 50 cnB THE was added to 5

irﬂéths&lewgﬁgl Yot RRHATRAU Nt 2FRE dRACLEON YRS ligand 1,2-

wor ked-up aS above, except the Et20 washi ng was
besﬂd;HEdratbahblphosphenpmeehulbbeﬁhensol|dfMHs data was

isolated.in,t ovebo 85 an ora powder

SSPELE 0%, PDEDTRIRS S S o i SR PG figrotrs are
D8WEY) thaW %i85486a 1R Alhé@e sa@r =Stydiies1addde  However,
Pal | adi um Cat al ysed Met hoxy- b

the data shows™ that at constant acid:ligand” levelsg, an
increase in ligand:Pd ratio provides large increases in
initial rate and TON wvalues. This data also used the
preformed catalyst [(L-L)Pd(dba) (for details see below)
and adds the ligand excess as the protonated salt. The

experimental detail is provided below.

Table 7
Ligand Ratio Ratio Initial TON after
Pd:Lig:Acid Acid:Ligand® rate 4 hours
1 1:5:36 10.9 5000 12000
1:5:72 20 17000 25000
1 1:5:143 37 22000 30000

b in this ratio the “acid” includes both the acid from the

protonated phosphine ligand together with the additional
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car bonyl ati on of Ethene", thesis submtted to the
Uni versity of Durham by G R Eastham (1998), for

wa@ledoaior®st on t he preparati on of L2Pd(dba) conpP@&re82003500569

Exanpl e 35 Preparation of nethyl propanoate from
et hyl ene, carbon nonoxi de apgh nmet hanol catal ysed by a
conpound of the present invention 20 The conti nuous
rogess |ed“ voIved t e reactian of r|f|ed
% réaﬁ§k%$§gg#b%n no 5 Pde, 2 EtHy | 2 gh& %ﬁﬁ oFslﬁlmply
the birattiothatleds @hokphti he mﬁgagace of a catalyst
system to generate the desired product, nethyl - 25
propanoate. The reaction was carried out at 100C and
at 12 barg pressure in thg ggacfor vessel. 30 The
cat al yst system was nade up—ﬁg—#iree conmponent s, being
a palladiumsalt, a phosphlne l'igand and an acid. The

di SEEF3R4 i n th@%téé%tl on m xtf"u"\téo constiRifiEal hdON after
reacti on WO %g9§§3¥9§§&1PCK@@EZEQQ%QQESGQ al30 4 hours
catalyst or catalyst system a geneous cataly

whi chl convert ed: di s<Hbl ved reatbants toiﬂun¢uoducﬂ2ooo
nmet hy pr opan in.the liquid phase. 5 Dur

conti fluous ope a@Soﬁ 82t he cat al 98t deconﬁ%ggH)at a 52000
sl ow hut steady.igtggzand was repl aced by,pggh ng f A%k
catalyst. or the rate of generation of the product,

nmet hyl propanoate reduces. 10 The reactor vessel was
fitted wwth an agitator, and also a neans of
re-circulating the unreacted gas that collected

The number of moles of palladium is equal to the number of

moles of IL,Pd(dba).

The work described in these examples was carried out in 2L

capacity autoclaves. In each test 10mg of Lde(dba)

catalyst and 32mg (4 equivalents) or 72mg (9 equivalents)
of protonated phosphine were added to the preparation
flask in a nitrogen purged glove box. 175mL of azeotrope
product consisting of 50:50 wt% methanol and methyl
propanoate and 125mL of methyl propanocate were then
degassed and added to the flask to provide a reaction
solution which was close to 70wt%  methyl propanoate.
After addition of the required quantity of
methanesulphonic acid the solution was transferred to thé
evacuated autoclave and heated to 80°C in vacuo. During
this period and at all subsequent times the autoclave was
stirred at ~1000 r.p.m. When this temperature had been
reached the total pressure of the system was increased to
9 bar (from the vapour pressure baseline of ~1 bar) by the

addition of ethylene and then topped up with 2bar of 1:1



10

15

20

25

30

in the upper headspace area of the reactor. The

unreacted gas fromthe reactor vessel headspace,
wobkiosi7oass nmade up of a m xture of ethyl ene aPdI/CRR®65/000569

nonoxi de, was returned 15 continuously to the reactor

via an entry pipe at the basp;g such that the gas

passed up through the reaction m xture ‘continuously.

o FOL P HERE S, G oY E888 e WRsD Y 0, 2l ehe
g%g@ﬁ?g%%ﬁgyé@g@mégi 1BA4RAN JTaNox i e rtm'b $9Qlvediy the

ét'hyl ené and carbon

oxi de Ses re.ad t r jr t 10
33 t%aﬁagk%‘sﬁpfﬁgr ?‘ﬁedcgrﬁeou%?’tsgg mtﬁétt\%gfé ggéggt Ao was
ha

¥RiReRN s atb 1P the theeseacs i withEneshe spihanolcomstant.
al so added continuously to the reactor vessel, i

Redert iton nepiest enchecawd Haplo| TONat WAHES Sééﬁulaéééne?gom the
i O RETPEAL Ok (FE° FAPBg A R he EReELBiE dbsuming

g qneg%as.s Ofp RS IR IGRROUS OR 2QR5/(eM39%8ky for methyl
(B2005/ 000569 131 catal yst, being a pall adi um

saldparmatfehdspiniatd dni.gand, and a sul phonic acid. In
order to recover the product nethyl propanoate, a 5
stream of reaction m xture was passed conti nuously out

t egctor and into theggistillation col wm-pie(gi-1-
g%ﬁﬁ%#%ﬁﬁ%h colum, being a single stage flash' type

chidizimialr] tat lipho spdl imome tinydy) bdadenempadd agiure fgba)i ng a
10 fraction of the nethyl propanoate and net hano
conmponents of the reaction mixture fromthe

Ao Vel @b i ka3 i §89! ¥adedCalal ¥ StorpiIReBeshs of Thiigyams (2.05
achi eved by vaporising a

g, 2.90 mmol) and palladium dba (1.61 g, 2.90 mmol ([Pd])
affording a deep red-orange turbid solution. The reaction
was stirred for 3 h. The reaction was filtered via
cannula, yielding a deep red-orange filtrate and a small
quantity of [Pd] residue. The volatiles were removed in-
vacuo affording a deep red powdery solid. Pentane (350 cm’)
was added via cannula and attrition performed with a

spatula, resulting in an orange powder separating out. The
amber pentane washings were removed via cannula
filtration, and the solid washed with Et,0 at =10 °C (3 x
50 cm®). The resultant orange powder was dried in-vacuo
and isolated in the glovebox. Yield 2.68 g, 88 %. 3lp NMR:
& = 46, 42 ppm (l:1 ratio), essentially phosphorus pure.
FWw = 1047.73.

Preparation of 1,3-bis~ (di-1-adamantylphosphino)propane
palladium (dba)
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fraction of the reaction mxture as it passed through
the flash colum. The part of the reaction m xture

wakiosh79b81 remai ned as |iquid after passing threCmyoBRiv8/000569

flash colum, and which still contained useful
cat al yst conponents, was reisgned to the reactor
vessel so that the catalyst conponents could take

a i n_the an n reactlon fokh hwl

%P Bt e 6?%ﬁ%ﬁ% gﬁéngeqLuqan 'frge %f%Jne?hééolmmOl and
%%QQB@l@mStdBal a{iopocel,um, ovasmmequi[ped) lim THES (70 cm’) .
case, the vapour streamfromthe fl|ash col um, whic
AEtarmiXtiur kR FeeRyrefropandat ECARH ARt Haﬁmfa\?ﬁéy turbid
%Sssgg?hﬂgﬂg{ghe S U4 Nl ashone kOl wim,  Yher & ddgs  to
pur e propanoate was generated as the heavier
Fuedhetr, camlsma#eenthef prbdomtt. helHmseeatt ide welsumerked-up

|OMIbOI|In n1xtur t hangl and neth anoat
2BaErat it waahonga s e e Ao drbient

%%ﬁbb&%%%&%y ﬁ%@médﬁidCWHQflﬁbEaté@Fi@Uthél@Qbh@box as an

colum. In order to utilise the methanol 30 as

@frhm@eerptdwsﬂeés ﬁdﬁl%l%qf?n 3hebdrocesB, NMRe Pow 42, 38 ppm

b I|n f hangal nmet hyl propanoate was

( Eﬁ usE@tto@gﬁe%%gactor vessel . WO

2005/079981 PCT/GBZOOS/OOOSGQ 132 Adter start up of

t he contlnuous reactor unit, éEﬂathe S|r

Ger aBPEn SFCRLRS| Bt opdifoat 8INAHL BBers HEbY B R Mef hoxy-

Q:ra% 18fe i@radugk 1 edufddon of +hheifeedumtiascedf tBe the
cat al yst conponents was undertaken. 5 In order to

sumwlttrye ofat @ubha@ebéir &-fon %@S*ﬁﬁﬁlhyl 19BBdparfeat gletails
s necessary fo ghy t he
;?é]l WZI(? &h e S) ys(?tn ggcon'p K?val)w Cﬁﬁgag%gost to

deconposition with fresh palladiumat a rate which 10

bal anced the rate of | oss.
Example

Preparation of methyl propanocate from ethylene, carbon

monoxide and methanol catalysed by a compound of the

present invention

The continuous process exemplified involved the reaction
of purified streams of carbon monoxide, ethylene and
methanol in the 1liquid 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
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This led to the situation where the standing
concentrations of catal yst conponents becane constant

w0 0005/02098i ven rate of generation of methyl propEnGa2@®5/000569

and just 15 able to sustain flow sheet reaction rate,
as indicated by constant copggntrations of carbon
nonoxi de and ethylene in the headspace area of the

reactor vessel S vas called l.anc .
K&t g§€tuﬁﬁéF%ﬁ#i¥§(xﬁ%ﬁ s PﬁkggaEQOQ%f% gﬁf which
deeerpasid i ol swsl vl angescexacd | yedy the g&ordaice; Ofmethyl
addi tion of fresh palladium Fromthe rate of addition

pfcopeesiz tgalinadihemldatuld $hasgonponent under bal ance
poi nt conditions, the palladium turnover nunber (TON)
was cal cul at ed. This is defined as 25 the nunber of

mMrrmgrﬁﬂﬂndnqnuxxwpematgmmeram@dcpbalthrdecbmpoamdwat a
of palladlun1consuned t he dec osi t,i on

ﬁrl(S’é“esEuEerStr‘?@t?ry bf ré’é’ﬂx hiiv arngng 3, K¢ afding fresh

RIa%A ﬁ}secr md]:edckﬁ,ftrapcfe 503 f&’l’@fﬂa‘ﬂlo@p'@ﬁi tt'HH‘Sprchﬁ@ct methyl

i nst ant aneous val ues of al the variables were
recmedef tearmedyssd .as representative data to show the
performance of the process under the conditions in

use at the tinme. WO 2005/079981 PCT/ GB2005/ 000569 133

T gatdwrt datvwe et hea of f Bctedfwildvears afitphosphemed also a

ligand and acid present in the reaction mxtyre on
6@3%&“%%1rﬁuFﬁ6§€Faﬁ&H§eﬁ %MTnR%ﬁ?%%fegaﬁeﬁg“ﬁélEOlleCted

j:[ e e Ry d e dagkay nd HevRlscidr | 1 0PRE @Rdeacted
am

I n the reaction mxture. These | evels were
qhﬂngédomythakmﬁ@QQQﬂIVS%ﬁﬁhth@ﬁ@ﬁRﬁCQhegbl@bnﬁﬁﬁhd%ade up

Stk St Frathat Tl SRR i ppetusned

Ccaﬁﬁj‘lu{uamlqﬁtﬂaerﬁh@frém@atﬁa/stn ]éhtsq}' b 1 e é’ee’dhe base,
rate to re-establish the bal ance gosgti%n. _ ,
such that the gas passed up through the reaction mixture

continuously.

Upon entering into the reactor vessel the gas was
dispersed by the agitator into fine bubbles. 1In this way
the ethylene and carbon monoxide were dissolved in the

reaction mix.

Fresh ethylene and carbon monoxide gases were added to the
re-circulating gas to make up for the amount of the two
gases that have been used up by the reaction. Fresh
methanol was also added continuously to the reactor
vessel, in order to replace the methanol that has been

used up in the reaction.

The reactor vessel held the bulk liquid reaction mixture,

along with the three components of the homogeneous
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The experinental design was such that after collecting
each new set of bal ance point data, the system was

WO 2d0a/07998l1 t 0 a previ ous set of conditions to cPEDKEBR@S/000569
any 15 drifting of performance before noving on to the
next set of experinental cogditions. In this way,
conparative sets of results were drawn up which

showed cl e t he ch S to tal yst, .sta Jlty
AR ARG ByST AR G e T PR bidgpd, and
%ﬂgﬂl Hgnf@Q§gh§ne i gand and aC|d | evel s. The anount
palladiumin the feed to the reactor is <critica

to cal cul ati on of, turnover nunber results 25

suran on th e |y
ﬁﬁb S gnrﬁée %?8§5§e @éa§§F§§%§ oﬁk g%%%ah?ate' a
Gatdatet of preacttiont manshee Wast@eseaﬁquntﬁnumhsbmk@ut of

for palladi um content u I Suran was gai ned
BheleteA P Mat 8% HALO tiHRe é{%{}all Ud‘tntat al yst

fromtimng of the fall 30 in the IeveI in a burette,
which is part of the catalyst feed system WO
zuﬂsslcwsaesllwcﬁrrsm@mmode@mg Bssimple stagewstipgh’ type

I ec] al I adi.um t ur nover nber
i‘{ﬁﬁ BP The FeTHM ggna%rlgtglao %ndm%%}g\bl | ga%&paratlng a
redd&idn | 8ft khe Meamylle pridpanzeite usedl mashanol components
met hanesul phoni ¢ acid, the_bidentate phosphine I| and
RE ENP. FE3CTHPR oPEBGEFEp HIIhi FRReON ek dngsolved

téﬁ?%ﬁ¥%@db% cTRPRQUNd ¥B$s was achieved by %Fporlslng a

enzyl 1 deneacet one) di pal | adium 10 Tab
| £ xopmantcti Gl afldhblgaa@tﬁpeemmxbmnenaEUHﬁDVBaS%Eﬂbéhrough the

g*gll)asrl?t ICOOlrITJDI“[lIn rat I'ﬂ'l { eac %r cgppn)ne( nz?legétiygplm{euqre which
remained as liquid after passing through the flash column,
and which still contained useful catalyst components, was
returned to the reactor vessel so that the catalyst

components could take part in the on-going reaction.

If the methyl propanoate product was required free of
methanol, a second distillation column was required. In
this case, the vapour stream from the flash column, which
is a mixture of methyl propanoate and methanol was passed
into the second distillation column, where the pure methyl
propanoate was generated as the heavier product, and taken
off from the base of the column. A low boiling mixture of
methanol and methyl propanoate 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 propanocate was returned

continuously to the reactor vessel.
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6.29 9.93 676 2.02 x 10 10.33 13.38 988 3.30 x 106
13.49 21.73 1682 3.41 x 106 17.16 34.65 2834 3.42 x

wa 0527986 7.40 837 5.00 x 10 Further trends aPET/&B20V5/000569

in Figures 1-3 of the acconpanying figures. 15 Figure
1 shows TON versus acid:ligangono.l ratio. Cearly,
as the acid:ligand ratio i ncreases above about 10,

there is_a,large increase in 0 L S..paLticul
taefflsf%as%/cst mOEO |egu?%ﬁgr§hg§v\% {\:/éFsﬁgl&lgﬁDun en the

He st baneasel Pongen@catiomr esencthyde doopawate had been
reactor. Clearly, as the level of acjd increases
taeheveda PaPERCPAEr BAsETRAVFNCFIRCERPR ObaFhpchipgd rates

ig@a@(ét c§’¥%§.§ﬁ% méémp%@g@x@@él 92@%5@&@%905/ 000569
of

i gure mount 1 n solution versus anmount
nmet hanesul phonic acid. Cearly, as the level of
acid inpcreases, t?ete iS a degreas in the.@nnuntt f thyl
P i RTEH ufiConSPBF2ERi stHar AT af T cal T T &8t & methy
Sinbhiee 5 ieagh s OmdRsB ar§ M NS c6aRshaBlisly replace the
her'ef or e, morklng at these elevated acid | evel s,
Y

reakladhumat esatahybe napmparpell evehigh thwas lost  to
RO UL EYE < SER EAsRoy IEp RO, | 1 ST wicn
God Bhiysédsyseennts oFedossl1l0 Al t hough sone preferred

enbodi nents have been shown and

This led to the situation where the standing
concentrations of catalyst components became constant for
a given rate of generation of methyl propanoate, and just
able to sustain flow sheet reaction rate, as indicated by
constant concentrations of carbon monoxide and ethylene in
the headspace area of the reactor vessel. This was called
the balance point, because under these conditions the rate

of palladium decomposition was balanced exactly by the

rate of addition of fresh palladium.

From the rate of addition of fresh palladium catalyst
component under balance point conditions, the palladium
turnover number (TON) was calculated. This is defined as
the number of mol of methyl propanocate generated per hour,
for each mol of palladium consumed by the decomposition

process per hour.

Upon reaching a steady rate 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.



described, it will be appreciated by those skilled in
the art that various changes and nodificati ons m ght

wheoosar®st wi t hout departing fromthe scope of PEEGB2005/000569
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present invention, 15 as defined in the appended
claims. Attention is directed;4® all papers and
docunents which are filed concurrently with or
previous to this specification in connection with
this application and 20 which are open to public

i ISP §th@B vhth bhi $hespegielitcaifi dBveaBdofhghospheéntks Ligand
of a such papers and docunents are incorporated

Ry racwi r SrasEide. 1A 1the meaatdonurBEXbrER| d¥bdPRd ladium
Pu?né@gg' [ G@dON 2 PP QEQSBBQEQQ % QQgﬁfpégﬂéegnt except

abs ract ‘and ~ dr awi ngs) [ or
stRQSbabh@npunﬂrkEhe&s pfodesandoa@ﬁsakusbdrnnhyebeeaction
copbi ned in an conb nat exce t i nation

RLFEUEE | cact¥eShn brvehen velf or ) O L flking o small

”H&él!ﬁtwn§x®fu%h\é%e ?ébn%ﬂ;dhciﬁawr@héhgéé@egsn! RebbBes via a
speci fication (including any acconpanylgg cl ai ns,

a@sdm@tedndtmlawa@gls)pmglm sysesiced B\real 2addhbiene were
P ture%Béﬁé&%@ %@B @%fdﬁo é%g%@nggﬁl of the (gatalyst

qui val or simlar purpos
UBbEﬁﬁleane&@lyaSEa&edreebB&BMﬂSBh Thespbalirhessposition.
expressly stated otherw se, each feature disclosed is
one exanple only of a generic series of equivalent or

SpAL! %xggﬂzwéﬁeal 5 JEhe drvaBki 0sudis RAktr estEé st ebllikecting
the details of the foregoing enbodinent(s). The

i ageht i pavexsehdsofo bayanaevepobhle, @#t%my‘ﬁ@©e|system was
Sﬁggp?%%g?? Ofr&p%,fQQQU£g§ 09|§8h8§§9059 Eg'%heck for any

|nc
drifting of performance before moving on to the next set

of experimental conditions.

In this way, comparative sets of results were drawn up
which showed clearly the changes to catalyst stability
that were caused by the variations in the background

levels of phosphine ligand and acid levels.

The amount of palladium in the feed te the reactor is
critical to <calculation of. turnover number results.
Assurance on the rate of fresh catalyst being fed to the
system was provided by analysis of each batch of catalyst
prior to transfer to the catalyst feed tanks for palladium
content. Further assurance was gained by determination of
the actual feed rate of catalyst from timing of the fall
in the level in a burette, which is part of the catalyst

feed system.
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PCT/ GB2005/ 000569 137 CLAIMS 1. A catal yst system

capabl e of catalysing the catbbnylation of an

ethylenically unsaturated 5 conpound, which systemis

obtgi 8aby e JHowwPMRinRI NgEfagt a Jret ?bméd@aau PeVBoPér number

Goup VIIIB or a conpound thereo b) a bidentate :

phﬁ@ﬁhun@hearsum@raasaannhh@||a§aﬁdlla@@d 1@ad)ican and the

n% anghsgag& §%%9J igand is present in at least a 2:1
éXCesS conpared to said netal or said netal in

said nmet al conpound and that said acid is present in

at 15 least a 2:1 nolar excess conpared to said

IF@aﬁBlSZE%ﬁqﬁ&%dy%?es?§%@nP§§dcWé?n@@ﬁh@ﬁﬂ%ﬁ%ﬂthlc acid,
ein katdo of i-gand t id me is i -

V\‘Egéran %ng?t%kb 750§ﬁ%%%ﬂ%§g3\ca?a$§§? sy§?%}1asl 2-bis

cIamnedtbntgﬂ@hm&DhMmmm&h@y&h@enzaneo oﬂngaldthegammlladlum
sai d ta IS d he r %ﬁ %} &

cS?ﬁP%P V?tseﬁ:\r&s 61 nER&eCLS éPé

ratio of said |igand to sald metal is in the range

20:1 to 40:1. 5. A catalyst s%sten1as clainmed in any

of the preceding 30 clainsl n the ratio of said

acid to said ligand is in the range 5:1 to 95:1. WO

2005/ 079981 PCT/ GB2005/ 000569

ligand:Pd acid:ligand Free acid in | Turnover Number
mol ratio mol ratio reactor (ppm) (moles
MeP/moles Pd)

6.29 9.93 676 2.02 x 10°
10.33 13.38 988 3.30 x 10°
13.49 21.73 1682 3.41 x 10°
17.16 34.65 2834 3.42 x 10°
17.16 7.40 837 5.00 x 10°

Further trends are seen in Figures 1-3 of the accompanying

figures.

Figure 1 shows TON versus acid:ligand mol ratio. Clearly,
as the acid:ligand ratio increases above about 10, there
is a large increase in TON for this particular catalyst

system.

Figure 2 shows TON versus amount of methanesulphonic acid
present free in the reactor. Clearly, as the level of
acid increases, there is a large increase in TON for this

particular catalyst system.
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138 6. A catalyst systemas clainmed in any of the
preceding clains wherein the ratio of said acid to

w@200d/0799gand is in the range 20:1 to 40:1. 5 FCT/6B2005/000569

catal yst systemas clained in any of the preceding
clainms wherein the nolar ratiigsof said acid to said
nmetal is in the range 10:1 to 75000: 1. 8. A catalyst

st em as claled t. r i.ng ai

S8 Bnco oy A, UsRt Y Bttty rePefa guge or
infe thiag g arigegh dDe 1 dcd R5000CIeafly A aat akhst byséEmods acid
clained in anX1 of the precedi cl.ai ns, wherein the

FPICHE AR 0 GPeSR i Bcifd HECEERES 18 nEbs) FOYH tfe Pd in
RN 1280: #6140 40 1o 405 f&&@téé¥§%y?¥5%?§ﬁghfﬂﬁﬂﬂﬁg: the

in any preceding claim \NIC‘IETEI n sai igand is a
hiederttiaire plhdspheasalingamchnstztl. Alherafgse, sysinking at

clained in_any precedi c] ai m wherei.n_sai d .l igand
B oREPHRERE AT | ) LopeL R RSCEIn®) fage e’ Kan e
BAHIHIA eed) - 8s QkHR Balladlur 1RVE1E RieBfeRde.  The
(I wherein; 25 Ar is a bridging group conprising an ‘
@&wmq%ﬁ spbtietuteld Brg| r%agwet GO @f t Blae palladium

CPRRARIE 2t s D05 br6eT BT Bacbr Bbosee 130

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
specification in connection with this application and
which are open to public inspection with this
specification, and the contents of all such papers and

documents are incorporated herein by reference.

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

and/or steps are mutually exclusive.

Fach feature disclosed in this specification (including
any accompanying claims, abstract and drawings) may be

replaced by alternative features serving the same,
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A and B each independently represent |ower alkylene;
K, Db E and Z are substituents of the aryl noiety (Ar)

w@nwsezoBl | ndependent |y represent hydrogen, | oR€r/GB2005/000569

al kyl, aryl, Het, halo, cyano, nitro, OR19, OC (0)
R20, C (0) R21, C (O OR22, 1NR23R24, C (0) NR25R26, C
(S) R25R26, SR27, C(O SR 27r or -J-@B (CR13 (R14)

V\:h
TR ) AR Bl LS ARy, taces

Bt&mhﬁﬁ@gemhars widnldde eapbensly attaitedfotheratyd, each
enag:to which_they are attached form_a f]grther phenyl

ukhi ¢hSFE08pHi aRalon? SIBEEUUtUHY bY oﬁegSPeﬁbFeserles

%ﬁO%qdyménée&fcgfﬂliwnf@a(@lﬁﬁggn | over al kyl,
cyano, nitro, ORL9 R20, 21 22 2s24 2526

2526 27 C(O) R C (0) OR NRR C(0) NRR C (S) RR

T cABRENORE AFKVICT APYEE 16 Fot ORIGY oORoT HCIPT the

ﬂlﬁ%‘lﬁﬂﬂ%“éﬁ%@@ir@é@mshydrwn,lﬂmloﬁo attdetlds to any
aryl t; RL to R12 each independently rq;gresent

|rmmerl alddg, ca yRnvor npEel 2somiingpigRd (Ve features
gegaCh i ndep@l@ijgnt ! %pec?&rl%%etﬁt rphos?fﬁéfﬁ'&lng any

arsenlc or anti Imony and in [atter two cas
reef esngreepl h @ mmm,neabstrphmspmaomaabmgs a,reor to any

| a”E@%Eﬁﬂ%%zg%%LS%a%o?ﬁ 1 568481 BoF tber é€ﬁ|s€?§%nof any

@r(#‘B@Be@éeé}@n&lsciéﬁéﬁsent| ng phosphorus.
2005/ 079981 PCT/ GB2005/ 000569 140 12. A catal yst

systemas clained in claim 1l wherein at
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| east one (CR'RYRZ) group attached to QL and/or @,
i.e. CRIRRR3, CR4R5R6, CR7R8R9, CR1OR11R12 ,

WERD3BIMRLS , or CRLI6RL7R18, nmy instead be PCT/GB2005/000569

represented by the group (Ad) 5 wherein: Ad each

I ndependent |y represent an optionally substituted
adamantyl or congressyl radical bonded to the
phosphorous atomvia any ongy@hmsts tertiary 10 carbon
atons, the said optional substTtution being by - one or
more substituents selected from hydrogen, | ower

al kyl_, halo nit O 0,

&-0 &R 22°at?¢%§€ez4 PRR 2‘iapa*%%( : é’z alvgtigy the
27 Ol 56O §Ra8{onor 'dcf bOth(CReBﬁﬁ)enQEQQE@ at taghetrated
to 15 either or both QL and/or @2, or B (if, present)

t ogetdmenpeiing, ewhheh eyvséem dm (o@ta@ge)abd@ é?fyplc@p\bulatl@g
form-an optionally substituted 2-phospha-
tricyclo[3.3.1.1{3, 7}]decyl group or derivative

ther eof metal obih aGrowmy SME esr ofcdoarpmul’al2d Ybr @9fddrhpound
R54 R :V R51 R52 wherein R49, and R54, each
|nde§eﬁﬁeﬁ9¢y represent hydrogen, 25 |ower al kyl or

Yyl ia @QdERtB%é p%%?hﬁh%se%tDSﬁ@hdrn%H@lwtﬂ and, and
represent drogen ower al kyl, aryl or Het; and WO

2005&379981dPCT/GBZOOS/000569 141 Y represents
oxygen, sul fur or N-R55; and R55, when present,
represents hydrogen, |ower alkyl or aryl. 13. A
cat alytst reyat egnds 1élhaned s preiddiar iof o digsstllh 2:1 molar

excess compared to said metal or said metal in said
metal compound, and that said acid is present in at

least a 2:1 molar excess compared to said ligand.

2. A catalyst system as claimed in claim 1 wherein the
ratio of said ligand to said metal is in the range 5:1

to 750:1.

3. A catalyst system as claimed in claim 1 wherein the
ratio of said ligand to said metal is in the range

10:1 to 500:1.

4. A catalyst system as claimed in claim 1 wherein the
ratio of said ligand to said metal is in the range

20:1 to 40:1.

5. A catalyst system as claimed in any of the preceding
claims wherein the ratio of said acid to said ligand

is in the range 5:1 to 95:1.
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5 and 12 wherein said ligand is represented as: (Ad)s
(CR7TRBR9) TQ@-A- (K, D Ar (E, 2) -B-QL (Ad) u

W@ gRie2P@8) V wherein Ar, A B, K D E and Z, PQUGBZD5/000569

and 3, and R1 10 to R27 are as defined in claim11
except that K, D, E and Z mayiggpresent -J-QB (Ad) w
CR13 (R14) (R15) R instead of -J-@B (CR13 (R14)

(

5).) 7 ).and-Ad_j i n ' : .
Gai 18R e LD 3808130568, 088 sthey progeding
V = Ogldims han@adirdechd hadtTo+o¥ €aidl adi/® Xo=s@idl ligand
or 2. 14, A catal yst systemas clainmed in any of
cl ai kS 11RotRE r8898heléiln teaifd *fLirgand is of general
formula (I11). X4 \ '~ 3 KL D12 X2 7 MA El 4
(L2)m (L1)n (111) wherein: WO 2005/079981
FCT/ GB2085A03G56 Sy dum Aas andaAredand A8y AdfatieAFreceding
(when_present each,_, i ndependent.ly represent | ower .
) kyl ehafhE dnan Rt 'ent oaSREE Thder ShL SR afify to said
of hydeegenis hLawehealiylge awnyl, tidet7solbal:q,. cyano,
nitro, -OR 19, - OC(0)R21, -C(0)R21, -C(0)OR22,

-N(R23) R24, - C(0) N( R25) R26 :
8. A catalyst system as claimed in any of the preceding
claims wherein the molar ratio of said acid to said

metal is in the range 100:1 to 25000:1.

9. A catalyst system as claimed in any of the preceding
claims wherein the molar ratio of said acid to said

metal is in the range 200:1 to 400:1.

10. A catalyst system as claimed in any preceding claim

wherein said ligand is a bidentate phosphine ligand.

11. A catalyst system as claimed in any preceding claim

wherein said ligand is of general formula (I)
(]

5

T
(l)—-R
4
Q*-A—(K,.D)AIE,2)—B—Q' R
9 ' ! 3
R/ NG
R™—cC c—R?
R Q

(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;
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-C (S (R27) Rte, -SR29, ,-C (0) SR30, -CF3 or -A3-@3
(X5) X6; 10 D is selected fromthe group consisting

wo@Rookpdoegen, | ower al kyl, aryl, Het, hal o, CB@ENGB2005/000569

nitro, -ORL9 - OC (0) R0, -C (0) R21,”-C (0) OR22, -N
(R23) R24, -C (0) N (R25) R2G39 -C (S) (R27) R28,
- SR29, -C(O) SR30, -CF3 or -Ad-Q4 (X7) X8: 15 El is

STy Shd P Bant SARHPeOERLEY P Olo OXET 08R8: ol RYELne;
R20, -C(O) R21, -C(O) OR22 -N(R23) R24, -C (0) N

(R25) R26, -CS( 7) g)SR30-
or -K5-@5 (BXPRK1H: 39 %\ab%%hu@ltanafe‘i ?o@éﬁ’llreF‘O\Merf (Ar)

the cgr oneggfpmslg&eﬁ*egﬁ gﬁ(gseé'ﬁ/t! rhP8rb8en, lower
whi ch they are attac ptionally

substiltkitled atehy| Hetng: haGlor eplye@@nt sn:oFuo( RQB UR39C (0) R,
congr es or %YI 25 enis (

(R6) ﬁﬁ?(esg?g%@ atiahen 24 %ﬁfﬁ:‘%ﬁ 'X2 )glgé#er' SRm'
Wi th cQ)tgr?Mi chirt hey-aP @C§I3t @énepglf’nghﬁ @ngzi%nalwmre J

substltuted 2- phospha- "tricy cI o[ 3.3. 1. 1{3, 7}] decyl
gr oupfaﬂrQﬁﬁﬂt\ﬁat ihawex heﬂf]é@fleftﬁr XPrandWe esgedeat groups

with (‘;21 or rru O}ﬂh? 2\3;‘0 gogggoﬁ;;g%’%%gkpéfn #1fh"9he carbon

syst &M of
PCT/ GB2005/d005E0 addB ridgR4OHhiBR4thRyRaZe REtakh2d form

|1 X3 t R8 |
Gaman AL ERe AL ohLad R fh 1} o RES] Oned Iy sabsi tuted
or agamaphyl or0rmo¥e3 ANk P¥: tOgES h%%l\é‘cittéoﬁ?lfi&n"\ﬁh'y@tiogen,

they are attached 5 forman optionally substit 20
2- phdsyer  talleykl o] 3ador. 1{FaqdecplitgPeup G "+ OC(O)R

derl\éa(td \ﬁel C(0) OR??, NR®R%*, C(0)NRZ®R%®, C(S)R¥R%, SR? or
C (0) SR*";
R“ to R® each independently represent lower alkyl,

aryl, or Het;

R'® to R?’ each independently represent hydrogen, lower

alkyl, aryl or Het;

R! to R! each independently represent lower alkyl,

aryl, or Het:;

@', @* and @ (when present) each independently
represent phoéphorous, arsenic or'antimony and in the
latter two cases references to phosphine or -
phosphorous above are amended accordingly, with
preferably both o' and Q? representing phosphorus,
more preferably all of QF, 0*> and @Q°® (when present)

representing phosphorus.
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thereof, or X3 and X4 together with QL to which they
are attached forma ring systemof fornmula Ilib Y2

WORABEI0HIRE4 R Q R53 R51 R52 (I11b) 10 x 5 r eptBE8R10S/000569

CR13 (R14) (R15) , congressyl or adamantyl, x 6
represents CR16 (R17) (R18) ,14oongressyl or adamantyl,
or X5 and X6 together with @B to which they are

it a%{]eg i%@gfg@‘%ﬁﬁg%éy AU ufﬁdcgaﬁﬁoslﬁhawhereln at

tri‘cycl o ecyl group or derivative
t her dofastor oX8 AR R by ey heup witticaQhetdo whi ofr tbagt/or 0?,

are attach r3M ingessystemsof f 2l 1 e, Y3 14-15

ROH H 54 89&12 3 %%‘%P}ggz atﬁghlg %méélg%g%l RTR™, or
PCT/ H26REROD0%RY k294 rl@@rﬁéﬁﬂé§e1@l§§é bgghe( %%hp (Ad)
, congres syl or adamantyl, X8 represents 4 (R35)

( R36wWherssiyr es syl or adanantyl or X7 and X8

together with 4 to which they are attached form an
optionally substituted 2-phospha 5

tricya of 2azhl. 1{3dEdedeiytt Igf Oupreprabsnty at iate optlonally
thereof, or X7 and X8 together with 4 to whig¢
arezﬂ%QﬁﬁﬁiP??ﬁrﬁ%@mﬁﬁﬁyéy§FéﬁQﬁg?§ﬁ?ﬁﬁar?@¥8a¥4b°nded to

RA9 HH R%ﬂuos%h@rléu%s?’atom via any one of its tertiary

carbon atoms, the said optional substitution being by
one or more substituents selected from hydrogen, lower
alkyl, halo, cyano, nitro, OR19, OC(O)RZO, C(O)R21,
C(0)OR*, ©NR®¥®R*, C(O)NR**" R*®, C(S)R**rR*®, SR* or
C(0)SR?*’; or 4if both (CR*RYR?®) groups attached to
_either or both Q! and/or Q2, or @° (if. present)
together with either o' or Q? (or Q) as appropriate,
form “an optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]decyl group or derivative

thereof, or form a ring system of formula

R49H H R54
R R53
R51 R52

wherein
R*°, and R%*, each independently represent hydrogen,

lower alkyl or aryl:;

R to R*), when present, each ,indeper‘ldently represent

hydrogen, lowexr alkyl, aryl or Het; and
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R51 R52 (Ilid) x 9 represents CR37 (R38) (R39) ,
congressyl or adamantyl, 10 X10 represents CR40 (R41)

w@ Rap7998congr essyl or adamantyl, or X9 and X1BCT/GB2005/000569

together with @ to which they are attached form an
optional ly substituted 2-phogpha-
tricyclo[3.3.1.1.{3,7}]decyl group or derivative

thereof ., or X9 and X10 together. wt t@ms whi t hey

15 s SPPRERGRET o R g "t OF Forton & R ™ wnen
RA9 HidSfHd, RPESEInRYE RaPrdddn £)lowdr aantk ¢P, oandryl.

@&, and @ (when present) , each independently

represent phosphorus, arsenic or 20 antinony; M

Heprese oupsYLR Ofs VEh ot nBamBltAl e DEn8BL &F claims 11
O b Ea Tt ey b A obb7 B dpooe BogsaE ua™e

L1 r epreesientweheare igptsaddl 1 ygaudst § t teedesented as:

cycl opent adi enyl, indenyl or aryl group; 5 L2

represents one or nore |ligands each of which are

i ndepengdgnt br’s%eced £ (o e (ogen: B+owerd al (0R'R*R3)

al kylaryl, halo, CO P(R43) (R44) R45 or N (R46)

(R4A7)R 48; Rl to R18 and R31 to R42, when present,

each |.ndependentd y geppesgnt  Rydrogen, ot owery o3 d r!
al ky|w,}{le§“§éﬁq‘, e, Kt Ppyf PRaYEL B s Rag, 2"
when tar ntreeach defdepdnitentlyimepilessmey delogenk, D, E
| oweranacl kglrﬁayarglelproersent —J—Q3(Ad)w(CRl3(Rl4) (R¥); instead of
-J-Q% (CRY¥ (RY) (R¥) )cR'®(R'") (R'®) and Ad is as defined

in claim 12,

S & U=0, 1 or 2 provided that S + U 2 1;
T & V=0, 1 or 2 provided that T + V 3;
We&X=20,1o0r 2.

IA

14. A catalyst system as claimed in any of claims 1 to 10

wherein said ligand is of general formula (III).

= " A—Q?

(Lo
(L1)n
()

wherein:
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15 Het; R49, RS54 and R55, when present, each
i ndependently represent hydrogen, |ower alkyl or

w@roos/07@81 R50 t o R53, when present, each i ndepr@deBR00§/000569

represent hydrogen, |lower alkyl, aryl or Het; Y1, Y2,

Y3, Y4 and Y5, when present, 1gach independently

represent oxygen, sulfur or NNR55; 25'n = 0 or 1; and
m=0to 5; 30 provided that when n = 1 then m equal s

0, and when n equals O then m does not equal 0. WO
2005/87988d RGT/ GBRO0HN:000™69and46A1S5. (vherat @resdent), each

syst em s clainmed in claim214 wherei both K1
repr ese ?@eng%n%y(%r%%éoﬁe%’ e?)f]éﬁi:‘ﬁ? -A5- B
(X9) X10, then D represents -A4-Q4 (X7) X8. 5 16. A

catal yst systemas claimed in any of clainms 12 to 15,
wher éf n lstlapehegted epreasehbs anmstqqrtﬁlesjtlla@arvﬁnMdrogen,

or a stl t.ed th on
unsug%%('??} ééig? gll PYgsUbslf“at‘%ué:ntsyarbcf’ ahitro, -ORY,

combioatd omF helce{o)ﬁ RZlJ,O 47(0)AR%E!, al-ys(R?3yst‘em-as(0) N (R?°) R2S,
clainmed in B(rﬁ 12 to J16, wherein 3 5 o6,

2- phodph- Hia t'yI SlRepreéb(r?c SR Unsub&si o4t afs—Q° (X°) X5;

2- phospha- adamantyl or 2-phospha- adamantyl

substitut ed with one or nore unsubstituted 15 C1-C8

al kyID'suilsst s ¢ lrcttad i)lrora thebg natiporcdrereoing 18£ Aydrogen,
cat al VSt SY of clainms 12 to

s | n an 17
wher & - pﬁ%ﬁgpﬁa 555 n??ﬁ d nl?:‘—f1 Bes OfEIYr Rore®r —ORY,
OXygest @ )RR, i Rt(berZ- phaswharddamant (W23 sk, etanco) N (R?%) R?S,

-C(S) (R*")R?®, -SR?°, -C(0)SR3°, -CF; or -A,—0Q*(X")x8;

E' is selected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, nitro, —Ong,
OC (0)R?%, -C(0)R®, -C(O)OR?Z, -N(R®)R?, -C (0) N (R*°) R?®,
-C(S) (R*)R*®, -5R*?, -C(0)SR3°, -CF; or -As-Q°(X°)x%;

or both D! and E! together with the carbon atoms of
the cyclopentadienyl ring to which they are attached
form an optionally substituted phenyl ring:

x* represents CRl(RZ) (R3), congressyl or adamantyl, x?
represents CR4(R5) (RG), congressyl or adamantyl, or x!
and X*® together with @ 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 IIIa
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15

20 19. A catalyst systemas clained in any of clains
12 to 18, wherein congressyl represents unsubstituted

w@omwgoessyl . 25 20. A catal yst system accor di nBCT/GBa0v§/000569

preceding claim wherein the nmetal or conpound t hereof
Is palladium 21. A catal ygtazsystem according to
claim20 wherein the palladiumis in the netal form
30 22. A catal yst systen1acqgrding to any precedi ng
claim wherein the catal ystjjsystemincludes in a

liquid reaction medi ugy rhé%dispersant
di ssolved in a WD 2005/ 2005/ 000569 147
c (di spersant being

liquid carrier, said poly
R®uspensi on of

capabl e of stabilisind
particles of the Goup VI B netal or netal

0
conpound of the catalysthysten15W%hin the liquid 5
carrier. 23. A process for gng carbonyl ati on of an
ethylenically unsaturated on%ound conpri si ng
cont a2t i-BgraBenes hYREMBAIR’Y ,unsaigir ad evll comrpadenantyl, X*
carbon 10 nonoxi de,and a Q%droxyl groug cont ai ing
conp8ERAePANLENERr BRehdR Of aCRRPAPFSY1s\RY eAfiglantyl, or
cl ai ged | ny i | gdtm PreEE€YS are attached
acco?giﬁgat% chgﬁﬁggg &Egﬁeﬁ% sﬁ%4w%éccarbo§ylation
of afioethyl emincal | yopirisataiday ed ceupstagutiesl per fhrehespha-

e coPairycta ar ehbr tof - 2T MiREYEs artr G OvBEre; flerivative
sui t ahkeeeEhylgnixialdnd unsat ygatad rcanpaundd t30 which they

i ncl ude et hene, propene, hexene, vinyl_ conpounds s%gh
are attached form a ring system of formula III

Y2
R#3 H H R54
R R53
Q
R51 R52
(Iib)

x° represents CR13(R“) (Rls), congressyl or adamantyl,
X® represents CR!?(R'") (R'®), congressyl or adamantyl,
or X% and X°® together with 0® to which they are
attached form an optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]decyl group or derivative
thereof, or X° and X°® together with Q® to which they

are attached form a ring system of formula IIIc

Y3
R4? H H R54
R R53
Q
R51 R52

(llic)
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CarsifE, & &9 blxne FPgarer atiitdh i dt©wh

as vinyl acetates, heptene, octene, nonene, decene,
undecene, dodecene, etc up to C30, i.e. having from?2

w0 20030798r bon at onms, whi ch nay be |inear or breeyo8eg05/000569

cyclic or uncyclic or part cyclic and in which the 25
doubl e bond may take any suiiseple position in the

carbon chain and whi ch includes all stereisoners

t her r.eac n. dj co ne _or

e fantaetresfTih RPN COTBRESLRL LIS o8 Mdfanty1,
obt alxﬁabi@ﬂQSerﬂm*rbCR?‘*r(g{?s a(tR3Fpastcoag@eeL£|wNI Broradamantyl
VIIIB netal or ngtal conpound,, a b|Qentate8Bhosph|ne

&Ch skhgy are
i gand d.3.n8Q 299%07988%%6@395/&%%&6& 2 -phospha-
present in at |east nol ar excess conpared :

sai d trEtaiclor[3s&i.d . rlétBaI7 h]mle@aﬂld mgtrgiuconpeund, aﬁmvatlve
t hat said idis,presentgin at |east tar

excess S EGgdr e%lrt)(s 35“3 %‘lgaﬁge %eﬁf'”%hf éctl §n which they
medi WA QREcHD Ot QF rIRIE shekehaBES Fomdia I11d

catal yst systemas clained in any one of clains 1 to

22. 10 28. A reaction mediumfas clainmed in either of

clains 26 and 27 wher '4g|-|th appunt of free acid

present in the medium R°han 500ppm 29. Use

of a system conpri sing, i nable by 15

conbining: a) a netal R s%k Goup VIIIB or a
conpound thereof, b) a byde phosphi ne, arsi ne,

or stibine ligarid, 20 p5eferabRy2a bidentate

phosphi ne | i gand, and (llid)

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

X% represents CR*®(R*') (R*?), congressyl or adamantyl, |
or X° and X'° together with Q° to which they are
attached form an optionally substituted 2-phospha-
tricyclo[3.3.1.1.{3,7}]decyl group or derivative
thereof, or X° and X'° together with Q° to which they

are attached form a ring system of formula IITIe

Y5
R4 H H R54
R R53

Q
RS51 R52
(Ille)

o' and Q% and Q°, ¢! and Q° (when present), each
independently répresent phosphorus, arsenic or

antimony;

M represents a Group VIB or VIILB metal or metal

cation thereof;
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c) an acid, wherein said ligand is present in at |east
a 2.1 not ar excess conpared to said netal or said

worea0al79981 sai d 25 nmetal conpound, and that saPdr/asR@s/000569

is present in at least a 2:1 nolar excess conpared to

said ligand, as a catalyst i145the carbonylation of an
ethylenically wunsaturated conpound. 30. A catal yst

system substantially as described herein 30 with

reference to the exanples and figures. WO 2005/ 079981

PCT/ GB2005/ 08P2E8ent49 31.ah procgssi agididtyant i al sybasituted
descri bed herein with reference to the exanples and

fi guretclopentadiefst) ol MRS YUMCSUBLY A OFNRY as

described herein 5 with reference to the exanpl es and
figures. 33. Use substantially as described herein

W t h Inefsrpereeentts the erampmes bbhdafdgueessh 10£34hixh are

car oL AR IO Tan SERAREA CAPPY UK traped over alkyl,

- conpaungs1238i1d, st e,y (PN pRr*a ore e R6F (RFHUS ;

VI B or oup VI1I1B or a conpound 15 thereof, b) a
bi dent at e phosphi ne, arsine, or stibine |igand,

pr ef q{lablty) a Ilg]iader%@t e Qhosglg neRdzi,ga%erpndlpgzl)esaé}lt,a each

acid, 20 wherein said ligand 1s present 1 n at |east

2: 1 nioldapersiarasisy coapaesdnt o hyairdgeet allavesaiadl ket al aryl,
in sai net al conmpound, and that said acid is present

in at?@hefE MY 1 nolar excess conpared to said

ligand. 25 35. A process for the carbonylation of an

et hyl enical ly nsat urated conpou conpri si ng
contéﬁfin@oanf9% and R';q to Igg, 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®3, when present, each independently represent

hydrogen, lower alkyl, aryl or Het;

vy, v?, ¥, Y* and Y°, when present, each independently

represent oxygen, sulfur or N-R®°;
n=20or 1;
and m = 0 to 5;

provided that when n = 1 then m equals 0, and when n

equals 0 then m does not equal O.
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et hyl enical ly unsaturated conpound. wi th carbon
nmonoxi de and a hydroxyl group containing conpound in

wao b@spresence of a catal yst system said syst ercT/882005/000569
conprising: a) a nmetal of Group VIB or Goup VIIIB or
-a conpound thereof, WO 20054§€79981 PCT/ GB2005/ 000569
150 b) a bidentate phosphine arsine, or stibine

§aqg caggﬁggEa@ sf% §§n%fgfm@ oiﬁmdfgl g?Edwﬁggéln if

an” acl wherei n sai d I S presen
Ieastbcatkz Klrrmleglreseneesszagegi)aﬁ)aﬁstanﬂalﬁd ned@ple9énts -Ag-
sai d t@ said _.,netal conpound, nd ,that said
aci d Qs LIRS sentthieﬁ1 D3t TePERSENES 2“214'190I 1) %xcess
conpared to said ligand. 10 36. A conplex capabl e of
catal ysing the carbonylation of an ethylenically
uresatAir aaedlyenp@lmdtensaisj cbhaphek iobwaiynabfechbyims 12 to
comnbi a et al p VIB or G VII1B a
conp 1‘%1)1?5%Jr%of a‘%ﬁmae{lth entaecerepsr%%p% neuns":‘]gs{:Ltuted
ar si r@dax@énﬁyl biore aldag@‘rd-,yl psebef pblve@ WideNtEd& or more
phosphine |igand, and c) an acid, 20 wherein said

i gaﬂm$%b§)*?b’é‘é¢ﬁdl n Gt-JeeasBliy?: 1 suiostitaiendss or a
conpaé&goirg%%f\%]ﬁ r said netal in said netal

conpoun sal aC|d is present in at |east a
2:1 nol ar excess conpared to said Iigand 25 37. A
process

r.th car latio n.eth enl al .
ity oA IR R AR R B Wt gi¥ims 12 to

hydroxy] or 0%@9&@ ni Ngp SORBM- 4 rﬁehecﬂ esencfeﬁﬁresents
a conplex said conplex as defined in claim3
unsubstituted 2-phospha~adamantyl or 2-phospha-
adamantyl substituted with one or more unsubstituted

C:—-Cg alkyl substituents, or a combination thereof.

18. A catalyst system as claimed in any of claims 12 to
17, wherein 2-phospha-adamantyl includes one or more

oxygen atoms in the 2-phospha-adamantyl skeleton.

19. A catalyst system as claimed in any of claims 12 to
18, wherein congressyl represents unsubstituted

congressyl.

20. A catalyst system according to any preceding claim

wherein the metal or compound thereof is palladium.

21. A catalyst system according to claim 20 wherein the

palladium is in the metal form.

22. A catalyst system according to any preceding claim,
wherein the catalyst system includes in a liquid

reaction medium a polymeric dispersant dissolved in a
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23.

24 .

25.

26.

147

liquid carrier, said polymeric dispersant being
capable of stabilising a colloidal suspension of
particles of the Group VI or VIIIB metal or metal
compound of the catalyst system within the 1liquid

carrier.

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 claimed in any

preceding claim.

A process according to <claim 23, wherein the
carbonylation of an ethylenically unsaturated compound

is performed in one or more aprotic solvents.

A process according to either of claims 23 and 24,
wherein suitable ethylenically unsaturated compounds
include ethene, propene, hexene, vinyl compounds such
as Vinyl acetates, heptene, octene, nonene, decene,
undecene, dodecene, etc up to Cizy, i.e. having from 2
to 30 carbon atoms, which may be linear or branched,
cyclic or uncyclic or part cyclic and in which the
double bond may take any suitable position in the
carbon chain and which includes all stereisomers

thereof.

A reaction medium comprising one or more reactants,
and a catalyst system comprising, or obtainable by
combining, at least a Group VIB or VIIIB metal or
metal compound, a bidentate phosphine, -arsine, or

stibine ligand, and an acid, wherein said ligand is
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27.

28.

29.

30.

148

present in at least a 2:1 molar excess compared to.
said metal or said metal in said metal compound, and
that said acid is present in at least a 2:1 molar

excess compared to said ligand.

A reaction medium comprising one or more reactants,
and a catalyst system as claimed in any one of claims

1 to 22.

A reaction medium as claimed in either of claims 26
and 27 wherein the amount of free acid present in the

medium is greater than 500ppm.

Use of a system comprising, or obtainable by

combining:

a metal of Group VIB or Group VIIIB or a compound
thereof,

a bidentate phosphine, arsine, or stibine ligand,
preferably a bidentate phosphine ligand, and

an acid,

wherein said ligand is present in at least a 2:1 molar
excess compared to said metal or said metal in said
metal compound, and that said acid is present in at
least a 2:1 molar excess compared to said ligand, as a
catalyst 1in the carbonylation of an ethylenically -

unsaturated compound.

A catalyst system substantially as described herein

with reference to the examples and figures.
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31.

32.

33.

34.

b)

c)

35.

149

A process substantially as described herein with

reference to the examples and figures.

A reaction medium substantially as described herein

with reference to the examples and figures.

Use substantially as déscribed herein with reference

to the examples and figures.

A catalyst system capable of catalysing the
carbonylation of an ethylenically unsaturated

compound, said system comprising:

a metal of Group VIB or Group VIIIB or a compound
thereof,

a bidentate phosphine, arsine, or stibine 1ligand,
preferably a bidentate phosphine ligand, and

an acid,

wherein said ligand is present in at least a 2:1 molar
excess compared to said metal or said metal in said
metal compound, and that said acid is present in at

least a 2:1 molar excess compared to said ligand.

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, said system

comprising:

a metal of Group VIB or Group VIIIB or a compound

thereof,
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b)

c)

36.

a)

c)

37.

150

a bidentate phosphine, arsine, or stibine ligand,
preferably a bidentate phosphine ligand, and

an acid,

wherein said ligand is present in at least a 2:1 molar

excess compared to said metal or said metal in said

metal compound, and that said acid is present in at

least a 2:1 molar excess compared to said ligand.

A complex capable of catalysing the carbonylation of
an ethylenically unsaturated compound, said complex

obtainable by combining:

a metal of Group VIB or Group VIIIB or a compound
thereof, A

a bidentate phosphine, arsine, or stibine ligand,
preferably a bidentate phosphine ligand, and

an acid,

wherein said ligand is present in at least a 2:1 molar
excess compared to said metal or said metal in said
metal compound, and that said acid is present in at

least a 2:1 molar excess compared to said ligand.

A process for the carbonylation of an ethylenically
unsaturated compound with carbon monoxide and a
hydroxyl group containing compound in the presence of

a complex, said complex as defined in claim 36.



