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WD 2005/ 079981 PCT/ GB2005/ 000569 1 A CATALYST SYSTEM

wolRgspPh@gent invention relates to a novel cat glategp2005/000569

system a novel carbonylation reaction medi umand a
process for 5 the carbonyl atjon of ethylenically
unsat urated conpounds using ‘a novel. catalyst system

The carbonyl ati on of ethélenicallﬁ unsat ur at ed
conmpounds usi ng car e presence of an
al cohol or 10 water and a catal yst system conpri sing
a Goup VII'l nmetal, eg. palladium and a phosphine

Htigapdesgntan.raldntiophosiplier tyck oabkgl FRESPHEHe sYstem,

aryl phosphi ne, L dyl hqQsphi ne_ or _Dbi tate &

hbsiRincrapagh sEERL BEL e RRIRh Wodlub ARBLY Sorocess for

Rat entss- RatEet appld leicalelyy tsdbuAa 00658 mpounds
Z A- 04489472, EP- A-0106379, EP- A- 0235864, EP-

we 023 47980 VER- fa0399820 SYEPER-0386833, EP- A- 0441447,

EP- A- 0489472, EP-A-0282742, EP-A-022' 7160,

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

R ARABELLA, a tERy- 049 5547y vt c EHR-YA- u0495548 L diks clamounds

t hat bi dentate _phosphi ne, | i gands 20 provi de cat al
<5 CRemeaah BREBFAY oibr PRI DI BE (4] pgloohol o

Pebbevady 67 QaR01RM3E lise 0asd diglol M- IOUALIN metal,
the formof an optionally substituted aryl noiety, :
égnkegaldathiansai @5 HhaAPRRTGRE at'GiEFNA a SHrai 13b| 1kyl

di acent, car Ld an) "Bhek¥ni RSN Byridyl
ﬁ%{jﬁﬁ hE n%?gfggggﬁ %hdéékf%a 5’ t%r eag?#onﬁrét es .ﬁyrl y
¥hbsphane sbgnblideantlte hplghsphindan hialsoseser eviesgsiiped in
di scl osed _and produces little or .no  i. it] r —
RWESERRBORVIEARIE d1a T HyT il F@a&%%&%ﬁ‘gﬁ%ﬁ% eg. EF
ALepssa7khe mRigd digens ks absa-biokedol o HG-0235864, EP-
tertiary carbon atons. i .
A-0274795, EP-A-0409329, EP-A-0386833, EP-~A-0441447, EP-A-
0489472, EP-A-0282142, EP-A-~0227160, EP-A-0483547 and EP-
A-0495548. In particular, EP-A-0227160, EP-A-~043955347 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.
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WD 2005/ 079981 PCT/ GB2005/ 000569 2 However,

&gﬁﬁﬂhhonal nmet al - cat al ysed reacti ons, suchpas/cizineaose
WOgescrlbed in WD 96/19434 tend to suffer fromthe

drawback that the catal yst tends to de-activate over
the course of a period of @ont i nuous operation as the
5 pal | adi um conpound i s reduced to pall adi um net al
Hbkese reontaridrrtt malo mﬁ*@abt%%%twseﬁamq&}qth hguch as

01/1.0 d
chegeeriaadinnad! hyORh B8l gEsET (P BeoerRYtathh the

nmpounds su yneric
dgh§Bﬁbﬁaﬂﬂﬁﬂjntﬁ@ecae&EYsbntenﬂdlUn) dﬁuscthﬁﬂﬁﬁlﬁgﬂim the
the recovery of nmetal which has, 10 been |ast fromithe .,

c:oanfaleystOfsys:?c er®e B 9dhouh C%?%ngfwgﬁst éyl?!?rﬁa jon o 3
{:lﬁé?lcar %ﬁ]{ggunﬁxng' LohfasQNabh e palakid iy dm‘darjg th:Ls

lon  process and permt relatively g
c:ro@mmmim@t & tthebechBondli svediliter ©5tTRe %SRP@? S

3750e Bl Y Bl (AE i a0l y ggesbnmng

fOVI an | nmprove
Kt uis fQuaEara@Oﬂberh@.@lcﬁt Hykerircalits Gnsdthe aredction

corpounds. 20 J Cat, A 204- 205 2003) 3
. Chum LT oBi e be (RE; BaBEVAT I gfr‘@‘i%g #hich nas
concﬁl_d_}sr.atf]:cmn Hoo & & Rutde addition of nore

as a etrlnent I effect on productivity.
S|n1lar results are reported in J.Ml.Cat. A Chem 110

d '
oMb cAR LBoEr  SUEERIB1) P87 (AT bes 5 pFoogd !

ocess
éﬁylﬁl féﬁéﬁﬂﬁ%i@lCﬁtéﬁlxmwyenﬂnrtngletbat m@mﬁﬂnylatlﬁn

ere are disadvantages assocgi ated at rel at,vel
wmm.angam@mm BOLABLTORY  PHOMUTROPE G At Tt TO D°

%f vepi pges 9§fu6xLQ@QaW“héE@hféﬁiQmproved catalyst
‘at TORT EoRditi ons "are corrosive _ .

systemﬁ. Suitably, the present invention alms 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. gimilar results are reported in
J.Mol.Cat A.Chemn. 110 (1296) pgs 13-23 and
J.Mol.Cat.A.Chem. 181 (2000) pgs 4759,

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
pecause high acid concentration conditions are corrosive
and more ligand degradation results from quaternisation

with the acid and the olefinic compound,
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and nore |igand degradation results from

woduRlPbeRhsation wth the acid and the ol efi ml?:@T/GBmaS/mmsm)

conpound. WO 2005/ 079981 PCT/ GB2005/ 000569
WO A- 01/ 68583 di scl oses a prpcess for the

carbonyl ation of ethylenicdlly unsaturated conpounds
usi ng phosphi ne-based bidentate |igands. However,
this disclosure is directed 5 towards the use of

rel atively low.acid_ level I [ t Qnel BWrh lation of
WRehd: M@&ﬁ& avgl%'é:slgaﬁ%r gao EPF%? e%lglrggng: rretralor}%_t o5
¢8h€ 1 oW MDVA- 1S OARHES stonpauids dusthospbolsphine-based

acid:ligand and |igand: netal rat,jos,, 3.0 A- 98/ 45! .
batssicass CHIMIYEL POUETE Feorkiri®, TR Fad g G rected
t%%ﬁ%?ﬁ%ﬂ%}%%@é dgpt at e, pPesPPOLYs hbgandsvelbQuevesding to

aci igand ratios of less than 1:1 are taught. i
1Biwnaldiyd : MR W27 diMaglanssy a thtoddsenorng bl 1Batios
“prepatation of a. 5-¢ valLric ack car haki=Qn 1
age a FLff?(’-flnt eneni@ispf go.\ga)‘;tﬁqe(ﬁc?r%cl g?@r&gag%' nt s@%%%élt%tﬁaé% Low
aditspdviayirRyesd L idsineg rutgh aswitdceancentrations and
teaches towards the use of relatively |low acid |evels.

20 Hence, an aimof the present invention is to seek

0, : a.c V2 S rei givdbhems evebamptisi
“{qﬁ&aﬁg?/algjnddﬁgci éﬁ%tcﬁo\é-%ts yeheaupher ei siydt mph-ising

are relatively high, but wherein the
pdilsadiiant agesmpdunde pnior bddengeted mhSHNESBr e Lapgnds.

-addressed and alleviated, at leas e eXtENE syeht .
e very ﬁ%’r‘vgs@r%arbaeﬁ?g‘lo%e c:'o“%)j %c%s (t)t?]'a}rﬁg‘ ‘present #ug
i nvention. According to the present invention there is

provided a catalyst system process for the ;
vkl at HOnAop 1442687 hy IBMCAAS urbat AFGPEFS for  the

G U500, MR, 4 880, B P EcRBoGRY IR of a
H%e%h%w‘gjb%@négggc% aﬁ‘s.%r ef{érre%l feak?%r es of the

peanvemémitlé. be appBinent @isplosure points  out  the
disadvantages in using high acid concentrations and

reaches 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 procgess 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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t he dependent clains, and the description which

follows. 4 According to a first aspect, the present

i nvention provides a catalyst system capabl e of

catal ysing the carbonylation of an ethylenically

unsat urated conpound, which $ystemis obtainable by
conbining: 5 a) a netal of Goup VIB or Goup VIIIB or
accomauwad ddereoffibita bhﬂeatatetpbosmﬂmntar Sijlﬂ&nL.i.Dn
or stibine |ligand Ereferabl a bldentatf pho $

Hrg’é[ﬁéi‘“ sand 19%}11% acFUSt@Her eFRREF d PT gdrdl- ]svmq the

1';1&11% | gasty @ %L%yﬂaﬁw a6 1§XCeBSaEQRRAESd I&npmmd
sal neta or said netal in said métal, conpound, and

wiidtchs @iy taoi dsi olprdsentl el iyt mmbamg@qs 1 15 to 95. 1
nol ar excess conpared to said |igand. Typically,

conponent b) is a bidentate phosphine, arsine, or

st)i bianeme: 201 Suift ablyup alM1mf oeomangnt g1a) 3t axe) aofcompound
the catalyst systemcan be added in situ to the

FEEEHYNn vessel wherein the carbonylation is to take

233:% QHHQE@QQbvebX05bH?necon99n?ﬂ$s a3t 0: €)p LN bﬁwqand

sequentiallyin"any ofder to formthe catal yst
syrstfemalory ian bsotmm tspyec irficeg hdmder., i c2hdei tet directly
Lgto t he vessel or outside the vessel and then added
t R& W&4&%l . For instance, the acid component c)
may first be added to the bidentate |igand conponent
b), to forma protonated |igand, and then the
wwe& eth 17 gdd@a8sn be BdBEE"Fo ihedhet@azy & 2:1 molar

%H% JJEHGQ£ Leogpppent ak) . %Qdfgkﬂbhh%ﬂ said metal
1yst system ~Alternatively, t he Ti gand conponent
bﬁm&ﬂdnnhtandnrhat said acid is present in the range 5:1

to 95:1 melar excess compared to said ligand.

Typically, component b) is 2 bidentate pheosphine, arsine,

or stikine.

Suitably, all of components a) to <) 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 ¢) 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 ¢) may first be added to the bidentate ligand
component b)), to form a protonated ligand, and then the
protonated ligand can be added Lo the metal or compound
thereof (component a)) te 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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anids thy eabbevinbhon 9F 12%obds t APGUGTHY RHer

conmpound t hereof (conponent a)) can be mxed to forma
wo\é@,%@(ﬁ{ 079981 PCT/ GB2005/ 000569 5 chel at ed P@?ﬁ(ﬁizoﬂsmm,sﬁg
compound, and the acid (conmponent c¢)) is then added
Al ternatively, any two conpbonents can be reacted
‘ogether to forman internediate noiety which is than
either added to the reaction vessel. and the third 5

chednpedente batie¢omppund, f angt Heactawl i dFOMRONERT £ 1 18
conponent, and _t:hen 0 the.reaglhi o NEeSSEhts Acan be
th?ﬁch?‘g&ﬁé'pr eé\étr?t%rin%\ggﬁtgﬁ“gh As irg‘g%ed toﬁéaﬁcat al stn _
reS¥skem whesehar t be tekmt iave indleesmediateemaiatiynghbeh 1s
both 10 the bidentate |ligand and the acid are aj :
thieay e SERAT e xSt of0 t hB8e TAF0E8) et faged oo tniza
co BRI L QRN $indiande; pgexpected Arvaiagesshennird
using the catal'yst systemin the carbonyl ation of
comipyleert @ald ythars addest §¢ ¢bspoumaeticaniesRel -
alleviation or at |east seduction of at |east sonme 15
of the di sadvantages of the prior art systens. In
adafidiyl dhe skt dhventdonl yi6 siistemad thea catalyst
present invention |leads at |least to a npre gt able o 1oen
sysytefenyhe ragh e 498d 5L En RAatBE, ST AL bbRY® °F PO
. turno U | rbpavhaticomnreagti 0RyeQfs in excess
RIS hg}rae/eﬁ?%a %fﬁﬁgg&@u?g?egﬁgzo conpounds. As stated _
ofbeNeset perdvigarsdyi srpriesamd i nleidiog af 9sPUrPFsdmy and

. or precursor, thereto, i,n _such. NLity [ ;

ur@x%?ﬁcﬁi Gﬁlﬁént‘%gféﬁe Y ﬁ%%rgffﬂ %#?e.é%génj‘b%%gnts&%;tesh o

t1eP LOrSOAPLALNbnaky iekhgilengasl hy 2 uhseuiuara treat | @ompounds,
Preferably, the ratio of said l.igand t.o the sa'iid et a

abt 3o ¥ ln‘a ome

he , d ange ivaid Owle QWEN NDELopreherabbystdmihe  1In
o# a(r?{:gl’leer gﬂ%%%o 1000: 1, yet nor e@%r eferably in the
palngeiBad, t the use of a catalwst system of the present

invention leads at least to a more 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 precursoxr thereto, in such quantlty that the
ratio of said ligand to the saicl metal {i.e. component b)
to component a)) 1s at least a 2:1 molar ratio.
preferably, the ratio of said ligand to the salid metal is
greater than a 2:]1 molar ratic, more preferably in the
range 2:1 to 1000:1, even more preferably in the range
2 5.1 teo 1000:1, yet more prefe rably in the range 3:1 to
1000:1, even more preferably im the range 5:1 to 750:1,
more preferably in the range 7:21 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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30 1000:1, even nore preferably in the range 5:1 to
750:1, nore preferably in the range 7:2. to 1000: 1,
especially in the range 8:1 to 900:1, still nore
preferably in the range 10:1 to 500:1, yet still nore
preferably in the range 20:1 ® to 400:1, even nore
preferably in the range 50:1 to 250:1, nost
preferably in the range in excess of 50:1, for

exanpl.e 51: 1 and upwards, r.e specificall 1.1 to )

550805 1or Sdpih TG 21606 27 R dernat el Rt (i ¢ 250:L,

makico gaBrbeabll the range 5ige te 4didespreberabdyr, for

20:1 to 40:1, nore preferably 25:1. to 35:1,. As o

srared cabdvd, @b Wevalrds, presenePERifheacavalyst tp @0:1
st or_p tsor thereta,..:in ch..ol | by

P U T o O B hcra g o B I g {1 gt can be

donpdreentzege 1B: tonporeéntl b)draBaiaklhez ahgeo5:4D:flg more

95:# noljr r%piou P@qqerably, the ratio of said acid

PEetR&a8divd 27 dah@ PS* li'n the range greater than 5:1

to 95:1, yet nore preferably 1.5 in the range greater

than 5:1 to '75:1, nore preferably in the range 10:1,

fi§ 5otatedeviditor e Ubicef aFaBl yi§ n WiIFESdngén 2bha tGrtalyst

sepstiAl mpre pcsterably.in the ronge grsatery than
%3F%eﬁb 4'51g?éf8.”§ -1 t0 40°1, or%%&:Léﬁéﬁﬁés than =~ -
3Qtl)y, areapdebetdbky ithexcess digd0cdl,(iseit ashyponent o)
with 20 any of the upper limts pravided hereinbefore .
Ue. GoRponEhe §)a0 I oF: SO RE b Tort e | B Lat Fatio.
@&%&%&%@I&J'EH@“@@@i@fof3%ﬁ%d)#ﬁid“%@ pref esabl Migand is
excess of "37:1, suitably either with any of the upper ‘
Linnitte provided didrgl defore.l Each of, thRE MinigesPisferanly
A §paragraph, can be used 10y 2p.Conj.ynction WLh-8agh ,
ég ?ﬁ%frrggﬂg ?dgﬁ%fal'ratia'ranaes 'gfsgkbsegﬂ -ELaBLy An
hereirmahove, 041, t®.5¢at} osveh compopertchkitly in the range
%%nponent 8)' , ,

1 to 4031, still mere preferabkly in the range greater
than 20:1 to 40:1 (e.g. 25:1 to 40:1, or 25:1 to less than
30:01), more preferably in excess of 30:1, sulitably with
any of the upper limits provided hereinbefore (e.g. 30:1
ta 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 provided hereinbefore.
Yach of the ranges in this paragraph can be used in
conjunction with each of the ligand teo metal ratlio ranges
disclosed hereinabove, i.e. ratios of component b) to

component a).

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

to acid should be construed accordingly.
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By "acid", we nean an acid or salt thereof, and

o'®éAGRees 30 to acid should be construed periGr2005M00568
accordingly. WO 2005/ 079981 PCT/ GB2005/ 000569 7 The
advantages in working within,the ligand to netal, and
acid to ligand ratios, set out above are manifest in
that the stability of the catalyst systemis
Thrprowedt e s dvi dendeh®yw] Helke ks {hoan tarmstel. end
n ro (% f._t.he I ! oyiL-Rg
i (§ A et G Bt € guryabve pitfdublEsest n, cnat
th2 t Beapanbenyl 8fi otha eagttiadystchegeten keptimpyoved, as

m nimum_ Wthout w shing tq be bound by theory.,. it i
dyddieared Fatincrs e it?{ge G e SR ol 4, the
r.anges ngt egyiehsidy tid 4SSy Ymghe fewad vshatsysten,

e i gand conponent of the catalyst system,is ‘
Hiveotecived cagaiatstl iimdver teabaeralia]ionpdiedation Eohene 1s
i nstances where there is any ingress of air into the

lepdcti%it WHEM®: and the overall stability of 15 the
catal yst systemis inproved, thus keeping the usage of
t he nmetal conponent of the catau¥st sy

st.em t . !
TG AL SOV D3 RO R IR o ot P B gTRg Ehat
[ O d SwiSHIRT L §ENGY ok FREOMRE 1 ol Fa@fgle@Cthotidde heredin,
qyg\a/tgéflgjf %c‘% sLoulg bebsuch that for the 20 i
jparid cabaprbs teat ut Sohnganbasnphey dd gape qaspaneHt of the
aci shoul d, be such _that sphi ar Si +Shibi f8riat
gty SyF5EOnat P AERER D G aRaly € ha Ay as Eh
Slif®otion t tBn Leyehneés! hpand theukd ike amlyovimgums of air
mnimum |l evel, as given by the |i and:netghlﬁ£é¥. ev of
¥rlid obhand aant 8y ef YBFeREs adid sHEUI BYBEAdbovd3Eone by ©F
%ﬁé"éggg%igﬁls {éhrf§pf& r&@ed}h@hﬁ§vﬁée§in%|ﬂ@@du$age of
esen encourage protonation, as given by the .
#icd dnbtghndomplaentatdfd. the catalyst system to a minilmum.
Moreover, the forward reaction rate of the reaction is
surprisingly improved.
In effect, the level of acid should be such that for the
particular bidentate ligand employed, the level of acid
should be such that phosphine, arsine or stibine is fully
protonated. Hence, to show the improved effects, the
level of ligand should be above some minimum level, as
given by the ligand:metal molar ratio, and the level of
acid should be above some minimum level with respect to
the level of ligand present bto encourage protonation, as
given by the acid:ligand molar ratlo.
preferably, the acid is present in the catalyst system, or
precursor thereto, in such guantity that the molar ratio
of sald acid to said metal (i.e. component ¢} to component
a)) iz 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 teo 50000:1, vyet still more preferably 23:1 to



Preferably, the acid is present in the catalyst

wo%ﬁﬁ;{/@]ms 10r precursor t hereto, in such quant Ipbh“/d]ﬁaﬁqm{mn:,(,q

molar ratio 30 of said acid to said netal. (i.e.
conmponent a) to conponent a) |s at least 4:1, nore
preferably from4:1 to 1000 even nore preferably
10:1 to 75000:1, yet nore preferabl 20:1 to_50000; 1,

5080 0stli,| | yeior étéilif S1oast ypagfqratlblwg@és/tévgé%‘ioo 1

PCT/GBZO /0 000 y sty re
e¥rEf er'ih (g 8’9‘%%%”2’6%00 tﬁ) & 1%evercljlolrmorlei pr o7 SF hbI ymore
p4@ELra®»140000011 stmlI?Bﬁﬂﬁz1,prmbeaabpyeﬁefmbﬂyt(izo 1.

25000: 1, nore preferabl 0
zpﬁpgperlamrgprm?qe%f%@%o% et 2590 by ovgt sRiLL moxe
; | Qg2 Mgk sRr € byp550:d54 01 t
By, 2081 (o020 oRb cferstiun g0 ssom. <o
mm@matlveb;z, t leresdiad: rat Fbasan BOGGik he kange 20000:1.
25 1 ta nDre r ef I 0::1 tQ. .4
na&ﬁézfe ydb]%}-‘ rtat 2922:%1 P01 LG Sr%néqe VAL to

Vet™even mor

4@@eﬁprathTQOOpkeEéﬂawléOO ﬁsonpsttpref@hmbly 22%et t onore
75:1

:1. Each of 'these_ _ranges in this para
AR A IS0 Ut | O G2BRLr SHBR 8P SPnBEy S LA Al 20011
10 1!at4@0r?ng@?sg'@%E@%@gbl?eﬁ?ﬁnﬁbQ¥? 3?531 rafia@d ff these

onent t o conponen and/ or each of the acid

Ham gd gatl thuﬁopmamgeapﬁlswhn§@ﬁ esefedd raovEicijiqn with

S adie G angramit 4 R hetarls o %‘?‘%%gdd”’c“md

Held 10fa e f ail@ rmgﬁ@saaﬁl mmpoalahtoﬂo)trtm | ¢gemehent a)
enbodi nents set out in nore detail hereinafter.

aovie enboaFheRt Ghe rﬁéﬁﬁ?e*é%nﬂ-ﬂﬁﬁ’{}@nﬁa&ﬁ" PGS Y 3%%%%6‘1

15 esphns d | gand, 15 of o S&Ner@inddit &) o Rchgdhent b) .

For the avoidance of any doubt,.all of the aforementioned

ratios and ratio ranges apply to all of the ligand

enbodiments set out in more detail hereinafter.

20
in one embodiment of the present invention, the bidentate
phosphine ligand is of general formula (I)
L RB
| 1
R't— C—R
T yat
R . R
i QA (K D)ANE,Z) —Q\Ra
I
R ?MRZ
I I,
25 (1)

wherein:



R-/i_R R\ RII @ A-(KDA(EZ"BQR3 _ x R

_wogg@/cﬁmﬁ{ ~ 25 (z) wherein: WD 2005/079981  pcyigRangsionoses
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/ GB2005/ 000569 9 Ar is a bridging group conprising
an optionally substituted yl nmoiety to which the
phosphorus atons are |inked on avail abl e adj acent

carbon atons; 5 A and B each |ndegendently represettrl:? 11
Arowet2al Kyl eh&idging, EJ%CH%PZ SPEPEHBNPt uett s GPHREE Y

%tm%'t%ﬁ:?’ a\(lx\é{l) b dﬁt}? wﬂgﬂge{?ﬂgnFhﬁsbﬁ@ﬁ:ﬁ%e'&ttom& are

rogen cyano, nitro
10Rk2d OF @&hlaaﬁlecaem@zepth@mpo@Razomam NR23R21C (0)
NR25R2 C (S) R25R26, SR27, C (0) SR27, or ..J @3
(CR13 (R14) (R J) CRIG (R17) (Rl) where J represents
DRierndaM® 180djr2g0Rs et O URWege @ Kyadric;om
ﬁéﬁﬁ?'ﬁb%gﬁﬁlqE tggither ?fth the carbon atons of the
aryl rlng to which they are attached forma further

h rin . j it e
Ig dgucgszf@ en‘fﬁh%&glge?{te% rom olgerﬁg oﬁg(rm and
cﬂd‘wunch’tﬂbmd@ym@ r@pté@ent(ﬁ&@ro@m O)lom ﬁ(lﬂblRZl:}ryl,

0) OR22, NR23R24, C (O 5 S
it QL3 B SYRRS v+ SR P at B P nS0ARIEn T v ROpR oo 0} R
NREdRBgen ¢ | OWEE2SRZ0 aldq;gl r&3l , em?Het, cp@EBE?"abl )or ==

eac |ndependentl gsent ower al kyl, aryl, ‘
PECR'RRY) {BRER e&th M‘i épendeR¥ey rjépré§8ﬁﬁsents lower
a }Qro enr Jover adjacent groups selected from K, %, D and

E togethcr with the carbon atoms of the aryl ring to which
they are attached form a further phenyl ring, which is
optionally substituted by one or wmore substituents
selected from hydrogen, lower alkyl, hale, cyano, nitro,
OR!?, OC(O)R®, C(O}R™, C(0)OR¥, NR¥R™M, C(O) RR*5R?®,
c(5)RPR?, SR* or C(0)SRY; |

R to R!® each independently represent hydrogen, lower
alkyl, aryl, or Het, preferably each independently
represent lower alkyl, aryl, or Het;

2¥® tp R? each independently represent hydrogen, lowex

alkyl, aryl or Het;

R! to R!? each independently represent hydrogen, lower
alkyl, aryl, or Het, preferably each independently

represent lower alkyl, aryl, or Hel;

o, ¢* and @° (when present) each independently represent
phosphorous, arsenic or antimony and in the latter two
cases references ©Tto phosphine or phosphorous above are

amended accordingly, with preferably both @' and ¢
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al kyl, aryl or Het_; 25 Rl to R12 each independently

wo 266 {lﬁ@ﬁ'i‘t hydrogen, lower alkyl, aryl, or Hgkgguaoosmoses
preferably each independently represent |ower alkyl,
aryl, or Fbt Q, @ and CB when present) each
independently repr esent 30* hosphorous, arsenic or
antinony and in the latter two cases references Lo
repoephmuengrppbesbh@nsusm@ﬁ@véraf@fab#Wh@é& of 0%, @° and

é@%dlngﬁ%éﬁﬁg) %%%%%ﬁ%%%é@ %%ﬁsggﬁﬁggeﬁflng

phosphorus more preferably all of QL, @ and @@
(when present) representing phosphorus, Suyitably, ﬁ
Sbitdelilate ko HIHERES L6 phagphAveR: P6nt§1f'?o&lnéren§mn should

pReELELEY BE & ObeDiden e £08ediaahhioho ddethe

oap Goup VITIB netal conpound t her eof
CHOLE Wmf@rahkyupo\ftméﬁpm@mlrw padipdinh thereof, more

srciss b o REAsprp Bp e BAL ) he

respective I1C, D, E or is on the aryl carbon
adj acent the aryl carbon to which A or Bis connected

Poefarabiat, sowhgpacelt, 8 adjBcerf¥a ¥FenmdfFHARFRRC A ~I-

Q( &?&)Z&I%Egy@) Y‘%ﬂ (ﬁegﬁlakagr@ﬁgnkéggéct@e( @RlP, E or 2

iRO i thhé | agy Pxeaypibes afjbieent bhe hrg&n@@rbmmIMQ1whlﬂh A

t hi s enbodi ment i.ncl ude, ol | ow bi I

tors - BRAEREs R o rbt ) Behodi. 28Tbegng; P48 Hlliacent a
RER sphi ponet kyl )A g@ﬂ$ A ahbitv@ﬁftﬁy eddnts -J-
but:ﬁéﬁgﬁ d ﬂgnot Ihp ha eﬁel hb&erthelesgﬂ?th:-g
C§KCRF B KEoﬁ ER e afR %@uld appreci ate that ot her

bldentate | i gands can be envi saged wi thout departing
from

Specific but non-limiting examples of bidentate ligands
within thie embodiment include the following: 1,2-bis-{di-

tart-~butylphosphinomethyl)benzene, 1,2-big-(di-tert-
pentylphosphincmethyl) benzene, . 1,2-bisg-(di-tert-
butylphosphinomethyl)naphthalene. Nevertheless, the

skilled person in the art would appreciate that othex
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
carbocyelic aromatic groups, such as phenyl and naphthyl,
which groups are optionally substituted with, in addition
te K, D, E or ¥, one or more substituents gelected Lrom
aryl, lower alkyl (which alkyl group way itself be
optionally substituted or terminated as defined below),
Het, halo, cyano, nitro, OR'Y®, 0C(0)R*, C(0)R™, C(0) OR*?,
NRPR™, C(O)NR®R*, SR, C(0)SR¥ oxr C(8)NR™R* wherein R

to R¥ each independently represent hydrogen, aryl or
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the scope of the invention. The term"Ar" or "aryl"

woWiewkgd. herein, includes 25 five-to-ten- peiRanesonnsse

preferably, six-to-ten nmenbered carbocyclic aronmatic
groups, such as phenyl and ngphthyl, which groups are
optionally substituted with, i n addition to K, ID E

or Z, ohe or nore substltuents sel ect ed frﬁnk <¥ 11 '
laygst alkyl ((whiieh @ Xyl gRBaPPmiRY t5ef$1hego Cptionally

\gz}.?!tv\;b% ljc'ﬁief’éﬂp%%fﬂrﬁg.&f ataerd'ﬂf@{&ij l‘ﬁeS.Lcﬂﬁf ' ?%rthe&:moro,

nitro,
{1y B2YL (huﬁi)e)t,m@y INRZCﬁRZﬂuﬁ@d( G)OMERZ@; ggowp,Ce.g.
(O) SR27 or C R25 vvher in Ran to RZ7 each
%3% ®aryl or WO
2005/079981 PCT/CB2005/000569 11 | ower al kyl (which

al kyl group may itself be tlonal substituted-or .
Rer riweat eelvas “@efmﬁ*é@llb&fowgmﬁﬂrt nBFe,CrqRe YIgLB” we

palLycygl i ¢ grRQup, %1, , Rh, Os,
%Eﬁiﬁ%%J%%%a |pﬁeny?en§E6rM?hd§He[Q% (kﬁthé’té$h1 ‘a ¥
Tef aptobngr Q"lm VI Brof e filolp, VLhEB'Tl‘L@:\mlSI releudes ettt from
such as Cr,

. Co. N R, O5, . ,
By B o oy Wt e E e ab Ly Sobeb heRh bt Rt pfOF the

éWEHdan&b&ﬁij%h%&ab|¥af&h§n&@balt®8(BﬂnuFommEheoiO VIIIB
avol dance of doubt, references to Go VIB or VIIIB

metals herein showild bes t SREAD &9 neltdiey GEBYPS, %, 8/ 9
Saa2d 19 L0c L, Lndes0. okl odh oo f Al GuapuERCh AL UT o

n used héerern, includes
four-to-twel ve- nenbered, preferably

four-torten-nmenbered ring systens, which rings
contain one or nore heteroatons selected from

ahéf Qfﬁ “QX¥9eNyhsH! RBNE ABFeNht uhesutiBer gohir-apdtwelve-
I C ngs may contain one or nmore doubl e bands or

Memhened preferably four-to-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.
Fach “Het” group identified herein is optionally
substituted by one or more substituents selected from
hale, cyano, nitro, oxo, lower alkyl (which alkyl group
may itself be optionally subsgtituted or terminated as
defined below) ORY, OC(0)R¥®, C(O)R®, C(0)OR™, NRPR*,
C(O)NRZR?S, SRY!, 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, dimidazolyl, indolyl, furanyl, oxazolyl,
isoxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl,
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20 aromatic, partly aromatic or wholly aromatic in

woSh@n@edser . The ring systens may be nonocycl ip@g/Ga2005/000569

bicyclic or fused. Each "Het" group‘identified herein
is optionally substituted one or nore substituents
sel ected from hal o, cyano, r?tro oxo, | ower alkyl

(whi ch al kyl group 25 itself be optlonall )
tstit o vk ed opra e kA FRb el as CRIGHTHEE Yellow) cm’@id%nyl

i el

ntﬁnwwmmﬂu fmdfam‘-ewl aranid orpipawszinyl.
alk (whi'ch alk

t Ly
mm%woﬁtséf’qter%?ﬁapsdsa% HOEPRBEROA T ok ghe Het
S@g@} THelT fhise 'n%ﬁﬁéﬁmaféupsaﬁuﬁhcﬁs optiggpd| yof the

ifuted azetidinyl, yrrolldlnyl i m dazol yl ,
haidet gdtofsr anyl oxazonI |soxazonI oxadlazolyl
t hi azol yI , thiadiazolyl, VD 2005/ 079981
PCT/ GB2005/ 000569 " 12 triazolyl, oxatriazolyl,
bk gk I i a3@by | mapydlslezibeyln thmrﬂﬂm&unfylan ri\yrmmcmnyl
pyra2|nyl qui nolinyl, isoquinolinyl, piperidinyl,
pyrazol yl and plpera2|nyl Substitution at Bet may be

e d %%bonl oM Qﬁ.k%!ﬂe 'ﬂ%tc_n5 Yde REreYHPr Geans € to Cig

approprlate at one nore of the heteroatons. "Het"
gt oubs amdy jalcslordses i methel f oefhgl , a®RrOXirdebutyd, TRENEYL,

Lepm " Louer Ll o uin UBRICNET Sifle P00 sEeck@: RO aliy)

§e8hyk, ma@ﬁXWheﬂﬂdt‘hlﬁby|J.sgr@uaafﬂ.hli.eﬂs oftumdras sef carbon
Speci fied, al kyl groups

aboPbei bRt LADABEr 081 DEAREBRL aPSn%aIfB EPﬂeer ypsaturated,
éan‘?ngJ cbe satay ated,pr dinsat wy%ﬂq% alz@cﬁqcpyclarm/or be
acyclic or part” cyclic/acyclic, and/or substi t uted
subt el ithatedoby tenmigratast e byubehe t u@ﬁt gnore substituents
selected from halo, cyano, nitro, ORY, OC(O)R¥, C{(0)R*,
C(0)OR?, NR¥R®, C(O)NR®R¥, SR¥, C(O)SRY, C(S)NR®R™,
aryl or Het, wherein R™ to R¥ each independently
represent hydrogen, aryl or lower alkyl, and/or be
interrupted by one or moxe oxygen or sulphur atoms, or by

gilano or dialkylsilcon groups.

Lower alkyl groups or alkyl groups which R', R®, R% R’
RE, RG, va Ra’ Rgr Rlo’ Rllr 'Rlz, R13' Rld, R}sr R;GI R;v' Rlﬂ’
R, R, R2, r%2, r?*, R¥, rR*, 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 branchéd, he sgaturated or unsaturated, be
eyeclie, 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 oné or more substituents selected from halo, cyano,
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selected from hal o, cyano, nitro, OR19, OC (0) R0,

W()?(r)@)/rﬁﬁrkl C (0) OR22, NR23R24, C (O NR25R26 pSR&:m2065/000569

R27, C (S) NR25R2e aryl or Het, wherein R19 to
R77 each independently 20 represent hydrogen, aryl or
| ower al kyl, and/or be interrupted by one or nore

oxygen or, suI hur or
Dmtalmcﬂ%l bcB @rgups C @d\ﬁér' af’r@ld%r ou@E”&“m RyP) NR*RS,

pOUPS, Whisehr Rl 26 Rn 50R SetRowh&feiR RR’Qt r?’
C%lp aI&I é% @ﬁwﬁﬂﬁ MI%.% 05178%0 Rl% R20, °

Rh momem REmrews)t RAVINOIAR, r AN 2imylover
represent and with which aryl and Bet nay be
ituted, nmay, when there is a sufficient nunber
of carbon atonms, be |inear or branched, be saturated
or unsaturated, be 30 cyclic, acyclic, or part

3%mﬂl&#h$ycﬁm€ 'h%@morhﬁyeﬁrﬁ%¥Y%%?% Wi Br dorand v
@ﬂboxy quﬁt gyéeéﬁpgg?ogrcoRﬁoﬁhﬁaQﬁ,Qformula 1, when

Tlco ups, r be Substituted by one
&Hedmm@reﬂbstmhuénﬁeeséhet@eamfm@mm@@lGWHGyhn@reVQynded to

2005/079981 PCT/ (B2005/ 000569 t 0]
FHET Lo} FBHES (2 F o 90852 A INPOREY AL oy R D e 18
c%rg@ﬁm% 1def S éS) i NRAR2Ganarydy afs I-‘EIow%uenelhleQ to

each i1 ndependently represent hydrogen aryl or
lower alkyl. 5 Simlarly, the term"|ower alkyl ene"

I #%oﬁﬁauEPaQHt%I &M@ﬁ?mgﬁgs%BE%oLﬁEh%§%Wbd'?ﬁhups may be

for nul used herein, includes
érﬂn@iﬂt@t@cﬁlpmnmrehmanetbdndemmmlﬂ ofbheprfvi eﬂékﬂe%“at bromo
least at two places on the group and is 10 otherw se
i He¥Ci n the sane way as "lower alkyl". Halo groups
wi th which the above-nenti oned groups may be

substituted or term nated i nclude fluoro, ch
Bhene a compound of a formula herein conta: ns an alkenyl

group, cis (E) and trans {2} 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 he achieved
by conventional techniques, @.qg. by fractional
crystallisation, chromatography oxr H.P.L.C. of a
astereoisomeric 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 diastersolisomeric

salts formed by reaction of the corresponding racemate
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and i odo. 15 Wiere a conpound of a fornula herein

woCaid@big an al kenyl  group, cis (E) and trangct@so05600569

i sonerismmay al so occur. The present invention

i ncludes the individual steregisonmers of the
conmpounds of any of the fornulas defined herein and,
20 where appropriate, .the indiviQuaI taut,opmeric forns

Yhel eoft, 5 e wi ity e &G HYPeofAC ik ettt | BRSRF @S

é@éﬁéﬁfgggggners or cis and trans isoners may be
chieved by conventional techniques, e.g. by

fractional crystallisation, chromatography or

BE S SrRA E SRH A TIUE Thd SRR e

b heceek. cAnthadiuizduakonenanti oner of a conpound of
one of the fornulas may also be prepared froma
corresponding optically pure intermnmediate or by

fesehyhi afl. 8MEPeaSaP¥AHER LefosOfskDR188 in the art that
correspondi ng ' racemate using a suitable chiral support

ore pyprpoactdsonaf Eoystidkl ilsandpnfvhcthen as ligands that

di astereoi soner,i c, .sal r by r ion h i
P ERe T T bl B O TR Po B 6 PYOU MR TE Sretal ox
E6xlh EBRA05hRAR2E9 ird et Hoamaui.babld oftd cabtylasti vgstem
acid or base, as ate. Al _ stereoisoners a

P ek UBed NIRAHLAM NG WiGHe ot (e GFHCLYS BF BREUS VITLY
ﬁﬁ/&ﬂt 'm%n-c:drﬁp%ﬂd -Qﬁe@@@feeb]@kgﬂnmegh%e@ﬁ I8 bR nore

e art that e conpounds o ornmula I may function
pisosppandsst hatseodor dnddpe whthmphy atomg WIEBtbe compound
C%0ﬁ§.VI | B.metal or 10 conpound thereof in the
PorhBFT8h%0f "t he catal yst system of the invention.
Typically, the Goup VIB or Goup VIIIB

rreferably, R' to RY each independently represent lower
alkyl or aryl. More preferably, R' to RY each
independently represent C; te Cs alkyl, C@wcﬂ alkyl phenyl
(wherein the phenyl group 1z optionally substituted as
defined herein) or phenyl (wherein the phenyl group is
optionally substituted as defined herein). BEven more
preferably, R* to RY™ each independently represent C; to Cg
alkyl, which is optionally substituteéd 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, lso-butyl, tert-butyl, pentyl, hexyl and
cyclohexyl.

Alternatively, or additlionally, each of the groups R* to
R%, R' to R% R’ to R% RY to R', R™ to R or R™ to RY
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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nmetal or conpound thereof coordinates to the one or

wo'Rife7osfiosphorous, arseni c and/or anti nony aﬁ’@ﬁ.&fuﬁmmmﬁ
the conpound of formula T. 15 Preferably, Rl to R10

each i ndependently represent %omer al kyl or aryl.
More preferably, Rl to R18 e% I ndependent |y

represent Cl to C6 al kyl, Cl-C6 al kyl phenyl (wherein
E%ﬁﬂﬁhenymkyﬁﬂmﬁﬁkyﬁkﬂnoﬁﬁFIyO%uB@FPtuPEd1§§32®TOUPE may

defined here gBYLo( WheLs fud he; @!ﬁ?@yl g% OURCh&d
16%?T% PFy sugi% gdgagod ?%ed heral hy. Even nore
' preferably RlL to R18 each |ndependently represent C1

to C6 a whi.ch is t|o bstitu .

1 i medb LG b P ISR SPP T8 k1 pacpe Present

h‘?@%ﬁé%h REN- SUbstRT uted, 2521@1 ah@ @6 °aldsyh smﬂam@ent the
et hyI n- propyl | so- propyl, n-but

ﬁamebdic.w@r takkybut Wf)e’lpff@hyﬂﬁth@?ylﬁtamﬁs %%fibﬂes%yberemr

}ngldt e%patR%yelRﬁutfgr xad% %talgfe{b s fte &E@Ulémgllcwer

17 R 3 to.
Ql.k{j?lﬁ mﬁl&rtﬂget hmeuwemendeﬁiqu rrhyrt‘-:@nm ayal |¥t3.~ R®,
sgructyures such as,; 1-narborn - -nor bor nagl en

B 1Rl GRmph Bl° SUboSrBECgROpE PncT Ot ¢9aREc *HevL,

%%%’degfr O f %MLP%&‘E%@E\I@Q&O@@%QKQQSMore px:eic:-rably R,
2005/ 000569 15 . Alternatively, one

rbr eRbf R'fle B owpel rPay eﬂ@br seerResansol-he ﬁﬁﬁ§e0uocs alkyl,

d
BreFarPaa=embai it by The b Sk BN ent on’ Af, methvL.
B&hyﬁi? RlP;cc:B% anﬂ58'~ﬁr6§9ﬂl r eprliesent, truesc:@lamﬂeyl tert-

| ower al ky or. Bet m)le as, defd ned hegei
RatyRs, Pﬁ@’f\@ll el g AL %’ﬁ\”r' 3{3 t F‘ RM and

bomﬁacﬁ%ﬂde}ﬁﬁﬁeﬂlﬁekeﬁﬁle@b}itaS:l'QEfsﬂxﬁﬁ f@ﬁg‘ﬁ-@hnalkyl as
defined above; and R?, Rﬂ r?, R, RY™ and RY™ each
independently represent the same Ci-Cq alkyl as defined
above. For example: R*, R!, R’, RY, R and R each
represent methyl; R?, R®, R%, RY, R and R each represent
ethyl; and, R®, R%, R® RY, RY and RY® each represent n-

butyl or n-pentyl.

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

R* to R represents methyl.
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Re R12, R15 and R10 each represent the sane | ower

woéﬂr)lﬂ/d'w-mlo aryl or Het noiety as defined here'PET/d\%%mrmm

preferably Rl, R4, R7, RO, R13 and R16 each

represent the sane Cy-C6 alky particularly

non-substituted C ,-C6 al kyl; such as met hyl , ethyl

n- propyl, iso-propyl, n-but I i so-butyl, tert- but.y

rjaemtw cmcyrm@roéyépﬁﬁew , Fprefera M ¥ Qanémd o’
5 R17 ndent Ly & e 2

%ﬂ%&ﬂ %Fggg F?neEEEbove %ﬁ% Eg?éﬁ@?régsréggﬁhlgagﬁgg ¢ 0

3l egfc hwhiardgpendant )| yrempresds dhvesdareu@y- C6 al kyl
as defined above. For exanple: R, R9, R7, R10, RI13
and RY6 each represent nethyl; R2, R5, R6, R11 R14

%@féﬂ%gﬁch ﬁe%eseehpganat byl romad1aR8, P BREAARE2 (when

8 each represent n- butyl or n-pentyl. In_an
Espechia) | wavtef dndegecadisodirenteriie e phesdft C¢ alkylene

i.ny ntron each R1.toO prese

VEVED" 90 SPRRRhSS, RYG UL LEDIEe ol ELLE WFLn, sox
é&ﬁﬁﬁﬁe Rﬁﬁﬁﬁrawwﬁm eamhyR'gﬂnmp@ltl?repeeabhys tttee lower
same C, to.C6 alk roup

tic
mbhvsemat JEared b ky? ‘Bgc% Zgﬁlﬁgt ﬁ%aengghﬁoprosant

rogyL bSO pRuERl rebiefbwelkUtaliky 1
%E%t@?x ﬁ%§§ELEﬁ cﬁbﬁg%&ihuﬁgstpprefgfgbly Wgach yhene

301 Eh ' At OBRp8dr @pmmf@mﬂ%ﬂﬂflmm@g&ﬁ ~CHp~ or -

/ GB2005/ 0005 In_t ou afer
gﬁﬁrerigﬁﬁié%%%fif f&p gﬁgﬁcé%”?; gﬁ %@esengyhgp prgaent)
SPBes RSt @nefeéahéy 1eaeh Qlk{RenanddB dattiered hereln,
present represents phosphorous. 5 Preferably, in the
edRpbunda Bt Yf 6FHeTa |, A B and J (when present) each
i ndependent |y represent Cl, to C6 alkylene which is
optionally substituted as defined herein, for exanple
ni¢ Betabby, allky Ehegconpeungr effe£asmplat fe WheweK, D, E or -2

does not represent -J-Q°(CR*(R™) (RY))CR*(RY) (R™), K, D,
E or % represents hydrogen, lower alkyl, phenyl or lower
alkylphenyl. More preferably, X, D, B or Z represent
hydrogen, phenyl, Ci~Cs alkylphenyl or Ci~Cg alkyl, such as
methyl, ethyl, propyl, butyl, pentyl and hexyl. Most
preferably, X, D, E or Z represents hydrogen.

preferably, in the compound of formula I when K, D, E and
% together with the carbon atoms of the aryl ring to which
they are attached do not form a phenyl ring, ¥, D, E and Z
each independently represent hydrogen, lower alkyl, phenyl -
or lower alkylphenyl. More preferably, K, D, E and 3 each
independently represent hydrogen, phenyl, C1—~Ceg
alkylphenyl or Ci=Cg 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 ene groups which A, B and J (when present)
worAResst 10 are non-substituted. A particul @eT/GR2005000569

preferred | ower al kylene which A B and J may

I ndependently represent is -¢}-1z- or - Crll4--. Most

preferably, each of A, B and J (when present)

represent the sane | ower al kyl ene as defined herein,

particularly -ClIr 1.5 Preferably, in the conpound of

Eﬁlgé%h%%%i\é)(ﬂg@ﬁ) 5}(1%0%?55 @ﬁéd S?gﬁo?ghlﬁ;?mﬁﬁﬁﬂt K, D, B ox 2
- J- c ,_f, Kr,E or
Bgpnosernap T gon- Dot B K BHART (Bl Gigr And K,
| kyl pheny! , : , , : .
350 BBEY colBERoP BLERTBI plnDly Erofe Zor SRLEREDL ring
SsIofhash GRbhykreethyhchepr dpyhptbdbyl, apehepylamdng, each
hexyl . Most preferably, K D, E or Z represent .
®5 dkogdtr. Br 8P6r dbl SeoTaseht EBRpGHE ofL TR mpdepted fron
?&@{kﬁcg\ena 1Evdnd a@ﬁy?c_,tﬁﬂﬁiﬂer oW tie¢ hg sCadoinad ORBrein;
0

aryl" ring to whic hey are attached do not
pariicubhehyl hydwoossq DBr BCarfes zalkxéh (melepembpairtioplarly

represent _hydragen, | r, al s wer
R e S R i A G

i ndependent|ly represent hydrogen, phenyl, Cl1-C6 30

al kyl phenyl or Cl-C6 al kyl, such as thyl , ethyl, ,
PFoRF a5 But 41, EBReRFIPAIEh y&.orﬁ&gﬁ dosneh B of K, D,
}E’rﬁﬁﬁrﬁth?eﬁhe@’ wEtRNE hel fa8PbRs Qtbmsh@ SaMR: aryl ring to
substituent. Mst preferably, they represent

hlyte b gerh e A0 2005207983 PCIL BB2005P060869 ring, then the

Preferably, in_ the f faormula i )

B Qdelihot 3, i CLOREL LY . SR e RlaT( R 5 more
SRS { Rignht eREBDLcand K frdn drehd Zowegetfduylw twhitche alkyl
carbon atons of the aryl fin%.S to which %hgy are nated
GERR h&d Ydol Hoe 1 f oPf LRINEALYY nguPBELRULES RF pepnate

20d4Z¢5 gREESRN W NE RATE HOMP S@lest edhi E£0M ORY, 0OC (0)RY,
C(O)R?}, C(OJOR%, NR™R?, C(O)NR®R*, SR¥, C(0)SRY ox
C(8)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 substitulted 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 Cp to

C¢ alkylene;

K, D, 2 and B each independently represent hydrogen, Ci-Cg
alkyl, phenyl, C1=Cg alkylphenyl or -J=
03 (CR*? (R (RY®) ) cRIC(RY7) (R'®) where J represents

unsubstituted €1 to Cs alkylene; or two of XK, D, % and E
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hydrogen, |ower alkyl, aryl, or Het as defined herein;
woRassd7ssghar 'y hydrogen or Cl-C6 al kyl (nore  pergBo05/000569
particularly wunsubstituted Cl--C6 al kyl), especially
hydrogen. ].0 Preferably, in1 he conpound of fornula I
when two of K, D, E and Z together wth the carbon
atonms of the aryl ring to which the% are tta.chedt hich
agrei e phehh rt1¥wg,¢% t HEOMHRBAY NS A Yils T1ng to whic
Rt onall v 3ubstdd UE Sy Wat BneRe1 O iRy Gynlich is optionally
@ﬁ%@t??%eﬁFs sel ecte fron?ary?, Iogg{ al kyl (which
aldat i tgtedp npy drieselofr beobpt | Drastitwanst i selegted Lrom

(s, R ey B, e

NR23R2a, C (0) NR25R26, SR21, C (0) SR27 or. C (S)
NR25R26 wherein R19 to R27 each independently 1
Repteseft 20aahdriot@erondeniey HISRACSER cht altgyl Ce  alkyl,

r ou Lt sel - be - 'qgﬁhLy substituted or
E?ré‘?wp]hgzg%dbja?‘%e% Eleiégﬁ'yrhe"i Y.” More preferably, the
phenyl ring is not substituted by any substituents
i.e. it bears hydrogen atong onlLy..25 Rreferrege -
PP TR &R OF hAETHA . IO LidP g those
§§§¥%iggependently represent unsubstituted Cl to C6
al kylene; 30 K, D, Z and E each independently

rFFrefeﬂt hydrogen, C,-C6 al kyl, phenyl, Cl-C6
- L " 3 Rl Y |a 2;
}? Fﬂﬁqgvﬁ eﬁgﬂj ?%Bx‘ésentﬁ(‘:ﬁﬂ ég é%H:;(, la%):)lt@?lcggﬁlah

epresents ufisubstitute

al kyl ene; or two of K, D, Z and E WO 2005/ 079981
PCT/ GB2005/ 000569

18 t ith th b .
81 PhoZamyic M rip € WPRORSRORE) ks A°REPAGHEd DarRoan: CaCs
Qfﬁgxl ringHQMth I's qptionalgycsubstisiuad by ene or -J-
nore substituents s I§gteqﬂfron1 | ower al kyl, phenyl )
o (TRIVER™ Al Wrbh@ﬂyﬁe(ﬁ' y (R*®) where J is the same as A; ox

two of K, D, B and % together with the carbon atoms of the
aryl ring to which they are attached form an unsubstituted

phenyl ring;
r* to RY® each independently represent C; to Cs alkyl;

still further preferred compounds of formula I include

those wherein:

rl to RY® are the same and each represents C; to Cg alkyl,

particularly methyl.

gtill further preferred compounds of formula I include

those wherelin:

K, D, Z and E are each independently selected from the

group consisting of hydrogen or C1 te Cg  alkyl,
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5 Rl to R18 each independently represent C, to C6
wodolyfbrosiphenyl or C, to C6 al kyl phenyl. Furt behr/g2005/000569

preferred conmpounds of formula I include those

wherein: A and B both represept -CH2- or C2H4,
particularly CH2; K, D Z and E each independently
represent hydrogen, -C6 15 al kyl he or Cl- £ th
parkyE ke LY @é@e‘fem%aczfm&f- dspY) B B EgPYgRene the

are th ﬁﬁé@ A werd WRaeh KofD KR and Z and E

&?%betﬁﬁa15€th%% e carbon atons of the aryl ring to

rebirel ariieyhpdecgen ached form an unsubstituted phenyl

ring; 20 R7' to R10 each independently represent C, to

C6 alkyl; Still further preferred conpounds of formula

K keﬁmnﬂéwosmahgﬁmwﬂ(w)mﬁp ) BRTFGRANe(H A same D, 7
and each represents Cl to C6 al ky artlgglar

amet h§ . asﬁlﬁaﬂbrth@ﬁﬂﬁﬁﬁfi@%ééf c%ﬁb%ahaé L9 hiiea PTOUP

Y 0 ddo | Ng D4 and Hieye edahticularl
qmﬁéépgﬁﬁﬁ tf%$s§§ectggﬁfroﬁ1t grgﬁp cgﬁilst?%g of Y
whdeogenthr IC, and GB a¢my¢$ewt)2@@5/@@@@Kﬂr0upr especially

PCT/ GB2005/ 00056 thgularI% where each of K, D,
whetkd B r&pPR ehtrFﬂﬁe ehfre g F5G9  especi al | y wher e

each of K, D, Z and C represent hydrogen; or 5 K
represents -CH2- B (CR 3 (R14) (RL5) ) ' (R17) (R70

Fepg o @ Y1y angrefarsedac KPpRd ﬂé:ndé’rﬁrqf’g?"éc\ggect%é:d fﬂ(ﬂcﬁ%“)la T
Agiégémghose wherein:

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

K, D, Z and & are the same and represent hydrogen,

In a still further embodiment, at least one (CR*RYR®) group
attached to 0! and/or @, i.e. CRW?R®, cr'R°RY, CRTR°R®, or
CcrRMRMR!?, may instead be represented by the group (Ad)

wherelr:

2d each independently xepresent an optionally substituted
adamantyl or congressyl radical bonded to the phosphorous
atom wvia any one of its tertiary carbon atoms, the said
optional substitution being by one oxr more substituents
selected from hydrogen, lower alkyl, halo, cyano, nitro,
ORY, OC(O)R?®, C(O)R¥™, C(0O)OR?, NR#3R%1,  C{O)NR® R,
C(8)R?®R?S, &RY or C(0)SR¥; or if both (CR*RYR*) groups
attached to either or both Q* and/or @?, or Q° (if present)
together with either Q' or @* (or Q%) as appropriate, form

an optionally substituted 2-phospha-
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consi sting of hydrogen or C1 to C6 al kyl, particularly
woWesigodket h D and t represent the same group, per/GE2005/000569

especially where D, Z and E represent hydrogen. 10

Especially preferred speC|flgﬁconpounds of formula I

i ncl ude those wherein: each to R12 is the sane and

represents et

hyl: 15 A and B are the sa nd
tﬂf@ﬁ??@sl@w&B ~Torp- f/fkﬂd Ao ghd ke Phe S hige thereot,

urther enbodi nent, at
east one (d@§ﬁggﬁse%p%ﬁpﬁé%¢¥g%hed to QL and/or CQ,

i.e. CRIR2R3,. CR RSR6, CR7RBR9, or 20 CR10R1111R12,
may i nstead be represented,by the group (Ad) wherein:
Ad each independently q@pr sggt an optionally
substituted adamant RE 0 £yl radical bonded to
t he phosphorous 25 atoniviaTlany one of its tertiary
carbon atons, the sagh@ dptional gubstitution being by
one or nore substituent ct d from hydr ogen,
| ower alkyl, halo, cyage, nitrpse ORI9, OC (O R20, C
(O R77, C(O OR 12, NR23R2a, C (O NO R2 6,
C(S) RRaR26, SR27 or C(O SR27; or if both (CR'RYRL)

$s 30 attached to either or both QL and/or. @, or
%? 2 present) together with either QL or @ (or Q)
RaS aRRHOREH it @adhoriMdaserapinonal kypsabshit byedogen, lower

phospha WO 2005/ 079981 PC / GB2005/ 000569 20

atlgioly cpp[BrBLA. 1{3, 7}] decyl group or derivative
thereof, or forma ring systemof fornula Y Ra9H H
Rya Rte- R53
R%Y 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 axzvyl.
Tn this embodiment, formula I may be represented as:

(Ad) 5 (CRTRPR®) 20%~A~ (K, D) Ar {E, 2) -B=0" (Ad) 4 (CR'R*R%) y
wherein Ar, A, B, K, D, B and 7, @', Q% and Q* and R' to
R?’" are as defined hereinbefore except that K, D, E and Z

may represent -J-Q%(Ad),(CRY¥(R™) (R')y instead of -J-
0® (CRM¥ (RY) (R') ) cRYS (RY7) (R'®) and Ad is as defined above,

It

5 & U 0, 1 or 2 provided that 8 + U 2 1;
1 or 2 provided that T + V = 3;
1 or 2.

T &V
W& X

il i
o o

In addition to the preferred embodiments fer R' to RY, ¢
to @° A, B, J (when present), K, D, E or %, R™ to RY,
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Rya R52 5 wherein RA9, and R54, each independently

wo RREeest hydrogen, lower alkyl or aryl; 10?@5%6290&/000«9
R53, when present, each independently- represen

hydrogen, |ower alkyl, aryl or Het; and Y represents
oxygen, sulfur or N-- RSJ and R55, when present,
represents, hydrogen, Iomer al k roar 15 1in i
nekpedi hereinpsfpiea | akby Ye r%\&r?g\seﬁﬂﬁa q¥. aR %C’ the .
R9 A= ( A+ E, - B ( u .
PR ey o G e R AL B Tand B e I8
D@ 3 cartd @e dal Riwiog #F2so aappldsedlef i ned her ei nbefore
except that K, AL Eand Zr may represent -J-B (Ad),,
(CR'"3(R"'"a) (R") x instead of -0"-- @B (CR13 (R14)
Eﬁ@%-h@r ) @’féﬁ:@éﬁ) £RAPpunnd Askt | Soamudef | Dedirabovis  those
LJp 1 or 2 provided that S+ U>1;, T&YV
er@ml or 2prOV|dedthat Ttv S3 W&X=0, 1or
2. In addition to the preferred enbodi nents for RL to
R'oQ@ 30to @B, A B, J (when present), K, 0, E or
A ankl B ﬂmtmﬁ:em:ﬂﬁﬁ)ﬁlﬂﬂ%bﬁ-’(ﬂz@i%ﬁﬁ@@@ﬁ@@cﬂﬁzi ~CHz-;
not ed herei nbefore, all of which equally apply to the
present enbodi nent where at | east one (Ad) group is

Kor esent , andnes f alal-owingictesricanly eﬁcpﬁeﬁmthleydrogen, C1~Cg
preferred conpounds of fornmula I inclu

alfkarlei BhepyandoB Hortrer epblegentot - cl - ig Adbv 0Ch "SR (R¥) )k
@gé(ﬁ“fgw@hec%gme as A; or two of K, D, E and Z Logethex

with the carbon atoms of the aryl ring to which they are

attached form an unsubstituted phenyl ring;

g to RY, R’ to R? and RY™ to R'™ (when present] each
independently represent Ci1 to Cg alkyl, and the total
number of (Ad) groups attached to Q' and Q* is 2 3, i.e. 8
+ U 2 3, and W and ¥ = 0, 1 oxr 2. |

S¢ill further preferred compounds of formula I include

those wherein:

RY te R}, R’ teo R? and R¥ to R (when present) are the
same and each represents Ci to Cg alkyl, particularly
methyl, and the total number of (Ad) groups attached to Q°
and Q% is 2 3, i.e. 8 + U z 3.

Still further preferred compounds of formula T include

those wherein;

K, D, % and £ are each independently selected from the
group consisting of hydrogen or ¢ te C¢ alkyl,
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10 K, D, Z and F each independently represent

woltepesg, Cl-C6  alkyl phenyl or Cl,-C6 alkybcrRipaoosmonses
-J-@B(ADWMCR L3(R'"n) (R'5) )x 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 which they are
attached form an unsubstituted phenyl ring, 15 R1' to
PREL IR UGS R0, VRRECRER G RES KmhEn pr 384t F cadpresent the
i.ndep tly r Crinla@ O ky d the typt .
e EERt i SBESTRa o ( abad 1 so L REp 198 M
depgesent+ Nydr@erando®W and X = 0, 1 or 2. 20 Still
further preferred conpounds of formula | include
those wherein RL to R3, R7 to RO and Rai to R (when
Wressiide £ L8, &5 Ny crit@achriopr esents G 404C8 are
al kyl, particularly methyl K and the total. nunber of
) Hréependerbledsdleaied Hpemgihes eroyp | censiskipg of

> 3. St urt her p re f L
WW%%ﬁﬁ% %% %h&gg %ﬁe%g%g?’K% %,“% aﬁgﬁgpgﬂEQQgghéth D and
i neepeadent | yheelseatedgioom, t sparioupl conbesei iy o and b
hydrogen or Cl1 to CO al ky| ) 2005/ 07998
I sz‘éh%ﬁ‘%’rf‘c%%?gyémﬁeae La8% 3 « D
Z and E represent the sanme group, especially where

each of. K D, Z and E represent hydrogen; or 5 K
Fagmadsdits PR Bedd) SpereRig( REAPORNPR apf Dfoxrmula I

a ar. ' endently selected fromthe group
5%%%&&% ”ﬁﬁmégQﬁﬁigrggén or C to C6 alkyl,

particularly where both D and E represent the sane
ege{c%UpRl e%gecl:iiaatl Igngh%{?e t‘PcS ﬁgaq‘d&: E‘the same and represents
methyl or the total number of (Ad) groups attached to @
and ©° is 2, i.e. 8+ U = 2;

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

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

Especially preferred specific compounds of formula I
include those wherein Ad is Jjoined te Q. or Q, at the same
position in each case. Preferably 8 2 1 and U 2 1, more
preferably, 3 = 2 and U 2 1 or vice versa, most preferably
8 & U= 2, wherein § is the number of (Ad) groups attached
to 0% and U is the number of (Ad) groups attached to Q.

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

l-diamantanephosphinomethyl) benzene, L~
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represent hydrogen, wherein Wand X = 0, 1 or 2. 10

i nclude those wherein: each R to R3, and R7 to RO
the sane and represents 15 thyl or the total nunber
of (Ad) groups attached to éﬁF and Q2 is 2, i.e. S+
U=2, Aand B are_the sane and represent -CH2--; K
[bdizdamantyipbosrblagme tavd ) renréssiit=Hydr ogen. 20
kal - pr.ef. if4cC conpounds of formuladl—-rert-

bgﬁgﬁégggkﬁéggﬁ&ﬁgpgyAiﬁﬁﬁégﬁanned to Q- or Q@ at@?he
baagephpaphtinoneci:hyéactlcase. Preferably S > 1 and U ~

1, f bly, S =.2.and U > 1 i Sa,._ _
(RscPogrerarishyapal b s I Hentshe sl s he nobadighert
bgﬁgglp%%man@hb%g@qw&ag?d%m Uis the nunber of

groups attached to . Specific but .non-lim-ting
adranpitad pbio sphdasret: e MY RERFLT& thin thi s enbodi ment >~

iqacl.u he £l WaloR 9 (phosoha

e b T Tl

ddlatiadityd phe@@hinomethyl) benzene, 1-(tert-butyladamantyl)-
zg{ @F@&%&?&%@%ﬁ y! phosphi nomet Vi) eZelss 1 %ana 1-r(p-

ent ¢, ut W Adanmpk-ay IRsHN Noet hyd) bppEesphidoRethyl) 1 -
bls(l-- adamantyl tért-butyl.-phosphi nonet hyl)benzene,
ErJ@HmﬁﬂhﬁﬁadamanhﬂﬁﬁhﬁﬁﬂQﬂﬂﬁﬂﬁﬁﬁyﬁh%%%¥%9@)benzene

- 05/.0799 PG/ 5/ e
A R phoSbhi fSiatl ) B (Gt erp. Che  art wouid
Apptnddikaosphi notret bk r) )hiebaenet @ 11(dandsr tean be envisaged
buty. | phosphi nonet hyl )--2- (di congressyl pho [
i SRR LR e, 4 ogS "9k CERY! PROERELBn.

but yl phosphi nonet hyl ) - 2- (phospha-

adamant yl phosphi none' t hyl ) benzene, 1- , ,
In a yet further embodiment, the bidentate phosphine

woBseesbal |l y preferred specific conmpounds of fep@dmodsioeoseo
| S

ligand is of general formula (III).

x4

N
K ?‘”Xﬁ

D1 () 2
X2
ol
= Ar—QF

oA \yi

(Lo

(L1)n
(i)

wherein:

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

independently represent lower alkylene;
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(di adamant yl phosphi nonet hyl ) - 2- ( phospha-

woRRlg®sei| phosphi nomet hyl ) benzene, PCT/GB2005/000569
1-(tert-buty.ladamarntyl)- 2-(di-adamantyl) -
(phosphi nonet hyl ) benzene and41-[ (P 10 (2, 2, 6, 6,
_tetra-net hyl phosphi nan--4- 0| e) PhGsphi nonet hyl) )- 2-
(phospha- adamant yl phosphi nonet hYl ) benzene
Neverthel ess, the skilled person in the art would

zéppig%%foéd@d el-Rer bhdenhte ! igpndsoaly bef hydrogen,
envi saged w thout departing fromthe scope of the 19
laweant iadrky 115 lamya,yetetur thet cenbetirent , nihso, -OR -

QUG RO lgpat s el Lorohape e
d 19)l )R720R¥herSiRA?, A (AIK°A2, ~aBd 883, *B A0 ANd) %E; (when

present), each independently represent |ower
al kyl ene; WD 2005/ 079981 PCT/ GB2005/ 000569 24 K is

el fTs;t egei Q%P%r%ouehsor@%é&bngc&ftsﬁy@m@erbf X iiogen,

al Ky cydano, nitro, - 19
Risr - @J(]Qg)l,RZ]a,ryl(; ( Dt ORTa Lo (REB}IOR24mt@O(,O) ~NR -

@%ﬁ?ﬁ%c@qxgﬁ BB e oL o

(RTT)R28, ~8R?°, -0 (0)SR*, —CF3 or =A.~Q' (X)X

E! is selected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, nitro, -ORY, -
OC(0)RZ®, -C(O}R™, -C(O)OR™, -N(R**)R*, -~C(O)N(R*)R®,
c(s) (RT)RY®, -5R¥®, ~C(0)SRY, ~CFy or -Rs~0° (X°)X'Y;

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

optionally substituted phenyl ring:

%! represents CRY(R* (R), congressyl or adamantyl, X°
represents CR?(R%) (R®), congressyl or adamantyl, or X' and
%% 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 IIIa
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Dl is selected fromthe group consisting of hydrogen,

wdozgmmﬁhkyl , aryl, Het, halo, cyano, nitro, 1’@;}2(1&005‘1000569

(0) RI, -C(OR21,, -C(OOR 22, --N (R23)
-C(ON(R25)R26, - 10 C(S) (Ra7)R20, --SR29, _C(0)SR30,
-CF3 or -A4-QA(Xr)X0; E is selected fromthe group
consi sting of hydrogen, |ower alkyl, aryl, Het_,
hal o, cyano, nitro, -OR79- OC (0) R20, -C(O R21,
-C(O 0R22, -N(R24) ) M{ R25) R26, - 15 C(S) (R27)
Res, -SR29, -C (0) R A5- Q6 (X9) X10; or

cycl opent adi enyl ri
an optionally substituytedphenyl ring: 20 X1

represents CR1 (R2) (R®, cond®¥®ssyl or adamantyl, X2
represents CR4(B5)(R6), C(‘)'n essyl or adamantyl, or.

XI'" and X2 together with &g)rto whi ch they are

3L 3eled Lorm ang ot @0g) |y congstisayned o phekphmda, X'
tricycl 0(93. 3.1 {1§ 7}).decyl, group or derivative | 5
tdyerasndnts ofR' YR ANRRD, t ot tieeSTWih O RENRIGY rhegr X

t.ach for, ' t f | :
ST el SRS BB RSl Y B Hhhls*Osggm o
a;Péﬁ:»naRm}{ R52 (:]I lia) xsneptdsentsi CR~(R)(R5), 2-phospha-
CRIDC L e bht eyt oh) Tafibint GFOUBT XE SR SRt Bt e Te0T
N 1hs QL fiox‘“mgﬁpeﬁ:ﬁ@}f et dached QiR athdy are attached
S

opt1 onafl y su Ituted 2-phospha-
form a ring system of formula IIIb

(l1ib)
x® represents CRY(RM)(R™), congressyl or adamantyl, %5
represents CRM™(RY) (R¥), congressyl or adamantyl, or )
and X° together with 0° to which they are attached form an
optionally substituted 2-phospha~
tricycle{3.3.1.1{3,7}]decyl group ox de.rivative lthereof,
or X° and ¥X° together with ¢° to which they are attached

form a ring system of formula IIYc
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tricyclo[3.3.1.1{3,7}]decyl group or derivative

wolese@ds; or X3 and X4 together with QL to Wﬂﬁzﬂ@%uuw)

are attached forma ring system of forrmula I1l1

RafIHH R4 R50 ..... - - 5 Q R51 R52 (IIIb)‘ 10 X5
represents CRL3(R1l'4) (R 5) congressyl or adamantyl,

6 represents CRL6(RL7) §R18) congre 8
I‘édaﬁ%t?‘we“%’r R éh%é ) KB Bt)oge?‘ﬁ’é?”%? %fqé‘i’lf o agamaptyl, X

Jffbeﬁ{ ! Eaengds f Ff( an ccggfﬂ& Al yosu@amhegl or X
osp tricyclo[3 ecyl group or

atet ixfattioss tiheer ecfth D’ 5L9r WXECandhXB g8GetdHeraohed CBrm an
to whic

they are attache I ring systemo _
?Wrﬂﬂ%ﬂﬂllc Y3 R4gH Filugi%hle red. ng 21 R52 %H"P jpha
ﬁ@g %ﬁgﬁ&ﬂ;fﬁﬂVﬂﬁZQQﬁﬂDO@ﬁéﬁp Zﬁ*XHar&pmﬁﬁﬁnisLhereof
(R32) % , _congressyl, or adamshn
CrI?stes@Iﬁ@sX ageRBey (HES) Lork ' oghﬁd’an%'ﬁ?yﬁfﬁtached

t@&e%%ﬁéi&g{ﬁygﬂfow#@ su st:l\?iufgdt ge%hgggha 5

tri cyclo[3.3.1.1(3,7)j decy® group or derivative

thereof, or X-1 and X@ tapgetper with Qa to which they
are attached form aR¥ sof formula I11d

(llid)

x° represents CR¥(R®) (R*®), congressyl or adamantyl, X'

represents CRYO(R'™) (R'), congressyl or adamantyl, or x°
and X'° together with Q% to which they are attached form an

" optionally substituted 2-phospha-

tricycleo[3.3.1.1.{3,7}}ldecyl group or de:r:iva_tive thereof,
or X% and X%'° together with Q% to which they are attached
form a ring system of formula IlXe

Yo

R49 H &Rm

(Iie)

and in this yet further embodiment,
ol and ©%, and @°) @' and ¢ (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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Y4 RA9H H Rba RA-, R63 R51 R52 (111d) X9 represents

wodoafoo¥d) (R39), congressyl or adamantyl, X1 CH%BNWWNWWW

represents CR40(R41l) (RA2), congressy7, or adanant

or X9 and X10 together with 6 to which they are
attached forman optionally substituted 2-phospha-
tricyclo[3.3.1.1.{3,7}jdecyl group or derivative

t her eof or X9 and X10 together with Qb to which they

HeENbRalL Y seystetnobdfl eyl dhdit £dMonyl.,

| IHt49H F1 R6a R" 53 R51 R52 (11le) and in this yet

ifngietrhdlr QﬂﬂﬁnnhnﬁﬂOUPQﬂ and @, and @B, Qa and @& (when
present) each 20 independently represent phosphorus,
arsenic or antinony; Mrepresents a Goup VIBor VIIIB

et akpeeseRtal eaéi ofr tnktﬁmoﬂ,;,gmaoo&aéaﬁg%f which are
PCT/CBZOOS/OOOSGQ 27 L, represents an optloi al |
kﬂﬂ%ﬁ@QQRQkﬁkycﬁﬁééﬁF§§1en9¥mﬂ NHHERYE s a QVeérouBlkyl'

»432 RS, A, xﬂf’m;wﬂyﬁan@% gqghG)O(wameh are
epe

ent y selected from hydrogen, |ower alkyl,
aIkyIaryI halo, CO P (Rn3) (R4) RA or N (R16)

I§R47)§ﬁgeﬁ??yE@1F1@ ?ﬁﬂ wheﬁop%ééén@be%aeagsfﬂ&epgﬁagntly

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

RY to R* and R*® to R, when present, each independently

represent hydrogen, lower alkyl, aryl or Het;

R", R% and R%, when present, each independently represent

hydrogen, lower alkyl oxr aryl;

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

hydrogen, lower alkyl, aryl or Het;

vt, v%, ¥® ¥' and Y® when present, each independently

represent oxygen, sulfur or N-R*;
n=20 or 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 0.

preferably in a compound of formula III when both K

represents -Az;-0° (X%)%X® and E' represents ~As—Q°(X°)¥*°, then

D! represents =A~Q%(x’)x°%.
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10 represent hydrogen, |ower alkyl, aryl, halo or Het;
woR8s/47904% 3U and RA3 to Roe, when present, eag@ygp2095000569

i ndependently represent hydrogen, |ower alkyl, aryl

or Het; 1.5 R R54 and R', g@en present, each

independently repr esent hy rogen, |ower alkyl or

aryl; R50 to R53, when present, each independently

repr esent hydrogen | ower al kyl, aryl or Het; 20 Y1

re’fe%gébl gﬁia l?ﬂ)oﬁ ﬁéﬁ_@t gagh, lmegﬁfmeﬁm ym R,

represen ‘oxygen, " su R55; n = 0 or 1;
whieth Mprdsdm: 5; paoM|deddepamd@mthn remrehentn1@q@apgén,

0, .and .when gual s 0.t hen egual 0
PEAOHNY, TIPS LR of0 1 1 dgegyRot ceatal 20y, 30 one nyl
BRS8Nt 81 E:A%ﬂ@ﬁ(%& ¥Poapd H b@lﬁﬁ.@ﬁamﬁﬁ ﬁﬁbst;tuted as
Q@(X9) X' t0, then represents -A4-4 &

JREUBAEY7 9be1e PTT/ GERO0E00Dgeshvis ®F e P&‘bﬂly whewré the

SR Tbbiman S DsRas. mbe e atee aﬂé?ﬁ%ﬁﬂf Horein)

FsAdlast m@meedpeammbq:g, akkylt:o cm}b/ aalcky R*phery | R&‘s when

(wherei n the phe roup.is o tlonaIIy substitut

SR IR Y R L R LRV %%re%ﬁ o

aﬁ_ 1, pn@f{hyéh giQueptﬁoﬁmwnaﬁbmwbséﬁt u%e@ie&&rﬁ@‘ iad:in,
eln Even nore preferably, to Rl and R31 to

tﬂdzlum@metm}ésemr @QEhOilﬁajékien%i‘é*ﬁ?TW‘ﬂ%%ﬁiesﬁé‘h‘%nyi Even
lfl?st ecﬂ}ta?b ’dgﬁ nég ai K&/Ad i ) % ORMHA3l ldsent each

erel
independently represent hydrogen, non-substituted C, to Cg

alkyl or phenyl which is optionally substituted with one
or more substituents selected from non-substituted C; to
¢ alkyl or ORY where R represents hydrogen or
unsubstituted C; to Cs alkyl. More preferably, R' to R
and R* to R*, when present, each independently represent
hydrogen or neon-substituted C; to Ces alkyl such as methyl,
athyl, n-propyl, j.$o~p.ropyl, n~butyl, iso-butyl, tert-
butyl, pentyl, hexyl and cyclohexyl, especially methyl.
Mozt preferably, Rl to R* and R to R when present, each
independently represent non-substituted C; to Cg alkyl such
as methyl, ethyl, n-propyl, iso-propyl, n-butyl, dso-
butyl, tert-butyl, pentyl, hexyl and cyelohexyl,
especlially methyl.

Alternatively, or additionally, one¢ or more of the groups
R to RY, R! to R, R’ to R®, RY to RY%, R™ to RY, R'® to
R¥, R¥ to R¥™, R¥M to R, RY 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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‘aé%liﬁc a‘?‘ikyl?{

trifluoronmethyl or optionally substituted phenyl. Even

womeypsRaf erably, RL to Rl and R37 to R42, V\hq,gﬂT%mWﬁmm

each independently represent hydrogen,
non-substituted Cl1 to C6 alkyl or phenyl which is
optionally substituted with 6ne 15 or nore
substituents selected fromnon-substituted Ca, to C6
al kyl or OR19 where Rl represents hydrogen or

A;I'E%mﬁdltx%l‘ip Gl ty 6 aldavlyy MR REefg5R8] ¥ Rhet %roups

RA2, when preésent, each |nde enden ¥ L6
R epnes &t Rﬁyaim@gléh & rod- Rﬂbsﬁ‘{lﬁmh A RE @dallzﬁy;l R

such. as 1h yl sDIOy w LSQpr. pyl 40 a3,
aﬁ‘db[h EYrbCElt an entayf?1 1-}’?exyfﬁ Bng &nd R

2;@@/ camﬁsm%?ealﬂm mttmylthe Masbopr eftemalley whRcht @ hey
R’ an R42 when present, each independently

argpr exEraClivsh- shiviependetlol (806 PRI duckycadc alkyl

butr&?{' terty%utﬁ?l,pélé’%tyl IQSOtE:rQP%" cE‘IPt Ilky;LS%L%%cLura

hexyl cyc exy
sexszmecaal low ortehlexlyl Adrder ngcﬂ.upégxtybr aahdi tRbnaRf,y RGNeR*,

@aof Qegg)d,lps to ,R3, KL i

R0 18 K12 3 Fo Rl R B 18O &ﬁheﬁslptr85ﬁ§§$9 each
1%%@5&1&5%@13(%7 LRt RAO rB’é;e&mV)hen Rresant) alkyl,
together with the carbon atomto whi ch they are

téthidmmam@enaéntwmwsr of:lmfé;i@m calapkyt particularly

S e e 0L PR O npOEBRERR sy

naddiztitonal uyredorie oo @Geraliofl t he groups R1' and R2,
Rl and R, R7 and R, R10 and R', R1'3 and R14, R16
and R1'7, R31 and R32, Ran and R35 R97 and R3 or RAO

I@ﬁdaﬁa%s%ewa@m yPRASEU Iy dDOSHBEH iMe A D, t Ba ctardpnR’at e Rt

y are attached. independently nmay forma
? sttt uPESSEpE ef a9t a resTRSSRY dpdnagen.

S"i'llmktﬂbl%},r ugﬁ&{ean arrangement means o, o, 0 @' and @°
are bonded to a carben atom of X' to X', respectively,

which bears no hydrogen atoms.

Preferably, RY, RrY, Rr7, R, RY, R, R*, R¥*, RY and R¥
{(when present), each represent the same substituent as
defined herein; Rr?, R®®, R%, R, R, RY, R¥, R¥, R* and
R (when present), each represent the same substituent as
defined herein; and R?, RG, RD, r¥?, rY¥, R, r¥, g, R®
and R?? (when present), @ach represent  the same
substituent as defined herein. More preferably R', R', R,
r¥®, Rr¥¥, R, R¥, R¥, R and R (when present) each
represent  the same C1—~Cqg alkvyl, particularly non-
substituted C;~Cs alkyl, such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl
or cyclohexyl, or triflucoromethyl; R?, R°, R¥ RY, RrRY, R,

R*, R%®, R¥® and R' (when present), each independently



478

10

15

20

25

30

such as cycl ohexyl and cyclopentyl, and R3, R5, R%
woRb2s/0796%45 R GB, R33f R36, R39 and RA2 (when RgRafhisnenseo

each 1.0 independently represent hydr ogen, | ower

alkyl, trifluoronethyl or apyl as defined above,

particularly non- substltuteg to C6 al kyl and

hydr ogen, especially _non- substltuted 1 to

CER I O e§5@0|§ﬁm§ pFeres r &d-'ehboditmefEL 18560
L‘ﬁ:‘lﬁ% A t@ﬁ&t 53191 wfen T egent R0 ROt e egéﬁt Rss
abnly,

stich 4&n afrangenent neans QL'
, @heandpfzssexat)e, beaddd tndepariandi vt sapERSKAt the

to X 4, respgecl |veI whi,ch, be 0
SEop e GrabLgr e, Bt gt RpoR 5 otpp PRIGOERERERRY, v

) kWheg!, prg’éeng) Ie‘écfrarrcfpn’ésemhdrhepsamnt) each
Subst’i tuent as deflned hedrelrl,_L R5, R, R ' 4,
IRpresRa, TRIBYIR3 RindR Rak «(dhen Bregdfit ¥, é‘zi’éﬂ“ represent

I t subst nt »as ﬁr erk® (wh
R ! R SRt RS RS YRt ond R B (Whe
fhiem r esent repractene pr-ésdntl tdre rls*@mty“éubst i tuent
as defined herein. Mre preferably Rl, R', Rl, Rl
R1'3, R1'6', OF R3A R37 and RAO (when present) each

TEPARS @3 e@ﬂ%ii?@at@hﬁ@f@ k¥hboRahén€ukachy Rlor:B0R® and
substi tul e al kyl , such as net hyl

B propyl R™ | e:aspopyiwhen hREASENgo- H’tﬁ%}‘ieqe{rﬂ% gty | same
n Y m,Opid #d 40 ”E‘ééﬂ&ﬂw. RR2L R
FEL S o PVes SppEUCURAT R LD, OTRa A AITEY °
DIESRAt )to @AthgrodppersertdanttD 2695/@7@8@1 tO Ce alkyl
PCT/ GB2005/ 000569, 30 epr CSs- k
P | REACABBIET Lor NUT TG GHENy | i Ty f, gh @9
iy R15e 838, R3Prdp3f R39s0apdopgl, (whemtprlesendg-butyl,
each |ndependently represent the
‘tert-butyl, pentyl, hexyl and cyclohexyl, or
triflucromethyl. Most preferably, each R* to R and R* to
R4? group represents non-substituted Cy=~Ce alkyl,

particularly methyl.

The term adamantyl when used herein means an adamantyl
group which may be bonded to @Y, 0%, @' Q' and o,
respectively, in position 1 ox 2.
Pricyclof(3.3.1.1.(3,7}jdecyl is the systematic name for an
adamantyl group, suitably @Y, @ @) @' and ¢F,
respectively, may be bonded to the 1 position or 2
position of one or two tricyclo[3.3.1.1.{3,7}idecyl
groups. Preferably, ot and Qz, and QB, o' and Qﬁ, when
present, is bonded to a tertiary carbon of one or more
adamantyl groups. Suitably, when the adamantyl group
represents unsubstituted adamantyl, @' and 0?, and %, 0
and 0O° when present are preferably bonded to the 1

pogition of one or more tricyelo[3.3.1.1(3,7}1decyl groups
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same C2.-C6 al kyl as defined above, or
wdzﬁrh%v@%omt hyl. For 5 exanple. Rl, R R/, SW‘fll(Rilzﬁwer)
R'6 (V\,hen present) each represent nethy
R, R R', a4 and R eacjlgL represent et hyI (vvhen
present) ; and, R3, R6, R9,77812, R15 and R16 (when
present) each represent n--butyl or entyl. 10 in an
1.espethal |SAPET eBytem eﬁﬁod‘#h%ntadé%ﬁt  JEORP ahgars no
@%ﬁ group (when present) represents the sane
hyg%ggtltue ‘as defined herein. Preferably, each R' to
R18 and R31 to RA2 group represents the sane Cl1 to C6

al ky rou particul arly ngn-su ituted G -C6 .
T KA s S ot Y SO of BB opfP e
y'&lr%'tjte)ﬁ v abk8REDUtMe  oherhobat ¥hibspeBlghtshexyl andd from

cycl"ohexyl , or tr| fluoronethyl. Most preferably, each
LoRar t ;lRel and-8',t o ~OUD) @Eéc/)up bt es et ST O -CO) R,

ubstitut - - Lkyl B | arl 26
C%é t%‘erm ada%gaﬁi ; Ogﬁ uégd h l\P@{En’Eﬁrﬁ;‘é\ns Zln SﬂmantyPR
—oqrsotrm”vm?@h maycter@, bonerwm%am QPOQR*)XQARAND, Q , ~POsHz,
respegtive itign 2
~P(; pﬂq}g) 693’ lé 71, W (3593[1 gec;‘ﬂ“‘ﬂrSLPhg s’ysf{eﬁatﬁlnaﬁé

r2f orpEn ZBsadapBntpde grl%x siyall Yeydho Rnd Bar@d aﬁ&c. as
&, respectlvel Y, gréa onded to the 1 position or
deZ ingokilté ol nf anfe ROt ‘ft'i‘WoR rre@)?»éll d[f@e@eindfn(tél.‘?) [égapsent

ou And @B, O and Qnhen
hy%{r&%n}', |D§J@%{)n%ge%ﬂt’o a- er‘%l ary ‘carbon of one or nore

30 adamantyl groups. Suitably, when the adanmantyl

b d adama
TP S e e R era%aﬁlorr%&

oxt %&P@ H%Rﬁ!ﬂdé?ﬂ,so‘c a@n%éﬁm@?ﬁ €above, preferred
I cycl 0[3 1(3 7}] dec%/ groups WO 200 /07 981 15
smr/i@moa@ow( unsubstitited (,1 to Cag alkyl ~QRY™, -

0C(0)R?®, phenyl, -C(0)OR%¥, fluoro, -SOzH, -~N(R*¥)R*,
~P(R¥)RY7, -C(0)N(R**)R?® and ~PO(R®®) (R*®), -CFs, wherein R
represents hydrogen, unsubstituted Ci1-Cs alkwl or phenyl,
R, R, R®, RM, Rr?®, R? each independentzly represent
hydrogen or unsubstituted C;-Cs alkyl, R°® to R®}, R’® each
independently represent unsubstituted Ci1-Cs alkyl or
phenyl.

Suitably, the adamantyl group may compr ise, besides
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 comprises, besides
hydrogen atoms, one or more substituents as defined
herein, preferably each  substituent iss identical.
Preferred substituents are unsubstituted C1—Cs alkyl and

trifluoromethyl, particularly unsubstituted. Ci;-Cg alkyl
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iansubsorpauad ot t ¢ g ey

31 i.e. the carbon atom of the adamantyl group bears
woos/dvyshiogen atom The adamantyl group may ORCir@ihbdnoseo

conprise, besides 5 hydrogen atons, one or nore

substituents sel ected fron13%omer al kyl, -OR19, --OC

(O) R20 hal o, nitro, - C (0) Rea -C(O OR22,

S el Wit RS A fQ RS g B

o ﬁgrggﬁgnh Ggggéh atQhs" OH 2.0 Wighei 8afnQntR20grBup is
Rea 18 R 24, R25, R26 7 Rte lower alkyl, cyano

' nahdﬁabyklauéeﬁs defined herein and R56 to R62 each

i ndependently represent hydrogen, |ower alkyl, aryl
or Het. Suitably, when the adamantyl group is
peHbskhbuyed whichh mere tiaroromor adawdst v1 ugnbspasis present

defi ned above, h|ghly preferrfd sugstlg%gpta Hgﬁéggup is
%@g L;a,l C(O)(RZZ fluoro, -3036 , N (R29) R24 -P
? ¥ -C(0) N(R21 ) R26 and -PO (R50) (RS9) ,
- CF3, whereln R15 represents hydrogen, unsubstituted

C - lLkyl 1 3 4
o 2y S5 PR 20 SRR S22 1801 SRR gronp
weNS Wi t us ed2Cbhoephal-kdbmaREGLt 0 REp RoGoemed by the
d dent | bstituf ed | k
conbEERisn b WEERST°Th SOSMERLL L BE G AL By ane
gﬁﬁgg%gﬁohﬁdf%%@é adihdit yl0 %H@ﬁ i tyepk@d@s ¥y the
| ve

preferably up to stituents as
coebiined iabowd, Xorad Kf etegebhyrupith 8" dubsihiclentley are

BSPRETS £ S S Shlilfer BEBHETIML S P cne

c%%ﬁih@&ﬁ%ﬁtiﬂﬁsﬁd@ﬁdnﬂa tbgeehar WﬁéheQébﬁy elatdh they are
substituent i identical Preferied substlﬂyents are

aGkeEhed t utted € RRESEMRVAdapRPtYL  group  formed the
combination of X' and X® together with Q' to which they are

41

attached and a 2-phospha-adamantyl group formed by the
combination of X° and %' together with Q° to which they
are attached, wherein O 02, @) @' and Q° is in the 2~
position of the adamantyl group of which 1t forms an
integral part and each of Q%, 0, @, 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 mere substituents.
Suitable substituents include those substituents as
defined hereiﬁ in. respect of the adamantyl group. Highly
preferred substituents include lower alkyl, particularly
unsubstituted Ci=Cyg alkyl, especially methyl,

19

trifluoromethyl, =OR™ wherein R' is as defined herein

particularly unsubstituted C3-Cgs alkyl or aryl, and 4-
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trifluoronethyl, particularly unsubstituted. Cl-Co
\NO@UKM QMﬁ)2005/079981 PCT/ GB2005/ 000569 32 $i§;@B0s/000569
thyl. A highly preferred adamantyl group conprises
hydrogen atonms only i.e. theg,adamantyl group is not
substituted. 5 Preferably, Wwhen nore than one

adamantyl group is present in a compound of fornu
deripcyd® ﬁng{dan%ﬁlt@ﬂ eods Hh@sph&eﬁfiiﬂ?%ﬂ%ygy oty apgludes |

mm%h%‘%gla c%ﬁéc &ﬂ:@éﬁt&ﬂ - pBeFiiaecy! c.g&auraubmlwent is

osp a-adamantyl group formed by t
iclemtyiiratli.on of X1 and X2 together with Q2 to mhlch
they are attached, a 2-phospha-adamantyl group forned
by the conbination of X3 and X together with QL to

%‘f‘é‘h‘bﬁ% afRe atpaskeda-adamphegpharesapmaibylsusmifuted
formed by the 15 conbination_of X5 and_X6 toq‘ther
omi tn€B G WAreh Ahefhar el at3tracfhe6l’r 7 positions with a

d & r U -

P R BT B B BT, W B e Ofhe 2
m@@mmmy& Wammlwut@tbm fegrateddhychehd., 3
Gortynaton,of 00 and 160 ogetber, MBS 8 lflos cne
i rduPodtdon of thee ao@«rmma@hcg*mmnmw&hl afrddp is

orms an integral part and each of Y, Q@2 g?
w(@ e prasgem atytosihds. a%nzqrhleyl skeietmn having no
T}ép ‘%pa EB%SVCH&%ﬁﬂ %% #eggbz } degy Qlﬁﬂ@sﬁﬁéﬁé&éﬁ%htyl
ama

ospha-a roup herein)
pfuondld ysummiltma;i beﬂl deah}ydr@’gerﬂm orﬂs, Gne br and 7

nnre substityent ta | e _subst,i

g Wbt (MRt £h5s 20BNPRBDSREFETATINL ¢ SEpHR Hpcludes
;ﬁcﬂ% agdaamnt y| a@f%tu@rﬂhl pr3@cpapier reseisubstistienkat is
include Iower alkyl, particularly
identical. Especially prefefred substituents are
unsubstituted Cy1—Cq alkyl and trifluoromethyl,

particularly unsubstituted C;-Cp alkyl such as methyl.

Preferably, the 2-phospha-adamantyl group includes
additional heterocatoms, other than the Z-phosphorous atom,
in the 2-phospha-adamantyl skeleton. Suitable additional
heteroatems include oxygen and sulphur atoms, especially
oxygen atoms. More preferably, the 2-phospha-adamantyl
group includes one or more additional hetercatoms in the
6, 9 and 10 positions. Even more preferably, the 2-
phospha-adamantyl group includes an additional hetercatom

in each of the 6, 9 and 10 positions. Most preferably,
when the 2-phospha-adamantyl group includes two or more
additional hetercatoms in the 2=phospha~adamantyl
skeleton, gach of the additional hetercatoms are
identical. An especially preferred 2—-phospha-adamanty.l

group, which may optionally be substituted with one or
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unsubstituted C1-C8 al kyl, especially methyl,

woldibddvgomet hyl ., - OR19 wherein R79 is as defl- 800046
herein part|cularly unsubstituted Ca-C8 aIkthﬁﬂuo,ﬂmﬂﬁ)

aryl, and 4 WD 2005/ 079981 RGT/ GB2005/ 000569 33

dodecyl phenyl .. \Wen the 2-phospha-adamantyl group
includes pore than one subs i&uent pref%%gPly each
mafigst Pepeht RNt g&ft | eatined prefetdp| iiG an - oxygen

a‘?fhoip 3%@&@”%@ y’&he 9IEQUPY | SarfHDSYl ek SKY OB Ofhe  2-
nore o , 7 positions with a substituent

phbﬂﬂﬁﬂﬁﬁﬂﬁﬂ&ﬁkﬂhWSHW@@QI@Yeferably t he 2-
phospha- adanmantyl group is substituted on each of the
1, 3 and 5 positions. Suitably, such an arrangenent

t he k@ rplResphopayspabomiahatil@l groups as defined
2-phospha- adamantyl group is bonded to carbon atons

hereiie adaftityde skel €T HRAA Ty oo - hykdtogete i 2/ 10-

ly, 2- Rdaent yl -
%%bs’ia?{ S{ag{ gEE Bf tm%, 5 and’sl7 txp%i%lnﬁ 9¢10
ﬁM&ﬂkddEméhmmbspha adammﬂqupgroup i ncl washdadphorle 3,5, 7~

t han q1 suﬂolst it ue%yﬁyeiﬁséfgr@/ C{}@i‘:tjk%‘}sﬁtﬁ{e@ engtarrcguspf and 2-

A 1t g eﬁ-ﬁlg Aldorongitth i 4d Wororeidixadamantyl
part|cularly unsubsti t ut ed C1- Co al kyl such as net hyl

PO ef eMabity, Ph%fﬁra%h%sphdiﬁﬁanﬁnPPPqﬁhéu6dﬁﬁéphﬁés
%«?ﬁlgééﬂeo@al h%&ghoato"% 24 lfaﬁ‘sihf 2 PHOSORES LS, 9, 10~

In th hosp et on. SU|tabIe
EmhhﬁadﬂmﬁntmmtgroaPONB:|hephdep@xygénBaﬂwrsm¢phuk 6,9,10~

at ons,  especi.al oxygen atons. Mre preferably, the
B ?ﬁﬁﬂﬂﬂéb rﬁ#h YH* 25 group |ncludes one or nore
addi ti onal heteroatons in the and 10 positions.

Even nore preferably, the 2- pho ha adanan%y %rou
Ryrcfauodsl vn WHENt MOXE HedRer @a@orf ~phospha-adamahtyl group

is present in a compound of formula III, each 2-phospha-

adamantyl group i1ls 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%, ¥*...%*Y, is denoted CR*RYR?, i.e.
CRWRZR?, .. .CRYRYRY, in formula T.

The term congressyl when used hereln means a congressyl
group (also known as diamantyl group} which may be bonded
to @', 0%, O° Q' and @° respectively. Preferably, Q' and
0, and Q°, Q' 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 Q% and Q°, Q' and Q' when present, are preferably

bonded to the l-position of one or more congressyl groups.
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in each of the 6, 9 and 10 positions. Mst preferably,

woMie7ode 2- phospha- adamantyl group includes e Qf2005000569

nore 30 additional heteroatons in the

2--. phospha- adamantyl skel efson, each of the
addi ti onal heteroatons are ‘identical. An especially
preferred 2-phospha-adamantyl group, which may
optionally be substituted with one or WO 2005/ 079981

Rl %&%56%r% QLR SURRlichiaents Qﬁm@ﬁﬁ!é’%d gbeside

‘herein, 'ncludes an oxygern atomin each of ‘the 6, 9
andtob@rposatomwns obnehe @ phovphasubatdbngntskel diwitable

S rel B2 PROSEN 2 AdRIBILNL s 958URE Ahed herein
13r Phesphastl, 35, i@t ranmidnty16, Yrbp it riixadamanisdferred
group, 2--phospha-1, 3, 5-trinethyl-6, 9,10- :

ﬂqﬁﬁct)dd-dm*ﬁrﬁ y LI : yw&gt]eﬁ, 3,(35“,"95_ alkyl groups,
gaaﬁéatfi;(%iﬁﬂw%mﬁhhy' A Or AP dd v on AR MYt 95 P rably,
fhosplergde 8Bt r geonp. f llgor omstbgk)liuéed, 1641d i oxerdawi ses

antyl grqup. Mst preferably, the 2-phospha-adamantyl
RARCERR A S e

2-phospha-1, 3,5, 7-tetranet hyl -6, 9, 10- tri oxadanmantyl
group or 2-phospa--1,3,5,-trinethyl--6,9, 10-- ,
It fcRdnantih ey s QmAPr @t rEBigr e Siieh FtwP thaPresent

Qne Z'Hgﬁﬁﬂnﬁia 19 0 i es b Bs i
J%gn%oun of of%grgﬁ%%*%géag I?-%ﬁ%@pﬁggﬁgggﬁi%%yﬁrouP *
igleoitpidesl i dentical . 20 The above definition of the
term " 2--phospha- t.ricyclo[3.3.1.1.{3,7}]decyl group”
applies equally to the group when it is present in

B flahly butyneher ebAe X o Nmok@r Nkl @g | Idystie®s ¥E Xermula
X3...X10, is denoted CRXRYRZ, i.e. CRWR3, ...
IGREGRITRES, ThIfer Al 10r Ille are present in a compound

of formula IIX, 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 %, @', 0%, Q' and Q° of the ring system
of formula IIIa to IIle, respectively, is not bonded to a
carbon atom bearing a hydrogen atom., Even more preferably,
R to R®® each independently represent optionally
substituted C;~Cs alkyl, preferably non-substituted C;-Cs
alkyl, phenyl optionally substituted with non-substituted
c1~Ce alkyl or OR' where R represents non-substituted C;-
C¢ alkyl, or trifluoromethyl. Even more preferably R* to
R5?  each represent the sgsame group as defined herein,
particularly non-substituted Cp~Ceé alkyl, especially
methyl.

Preferably, where one or more ring system of formula IIIa

to IIIe are present in a compound of formula III, R and
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25 The term congressyl. when used herein neans a
woEagiesayl group (al so known as dlanantyl ghR4YRE
whi ch may be bonded to QI, @, @B, OQ and b R B2005/000569

respectively. Preferably, C%and Q, and @B, O and
@, when present, are bonde o one of 30 the tertiary
arbon atons of the congressyl gro Sui tab

RheE@@hgﬁ@ewren@tea@pw FCPReFBRE| Patggi‘la&y gHE* éetuaﬁa Ca~

61{34 Qt@ﬂtﬁ nhon@g@betaet@@' ¥, -Bondad Wgro thesnyl
> -postifo one nore congressyl groups.
@@ﬁﬁé@@gaﬁleﬁﬁgtﬁBﬁeéal@DﬂﬁG@onssumheltuhgde§hyﬂeg&bhmi or

ﬁélonall gco ri se, beS|de_ dro (i qgccone Tyl

©28bs i 1 UOTHRE S W P MR b Gde? <Y+

EPP@Eu@thﬁé thyents asyefjoned e i préfemam@peqt“‘ofam R
the adamantyl group. H ghly preferred substituents
Imt@@t%ntrnsmwst FEREedd U6 aﬁkﬂe@tms her&iﬂrl cﬁﬁﬁﬁ%ally

é and trifluoromethyl. Mst preferably, the

ssyl group i s unsubstituted and conpri ses

hydrogen atons only. 10 Preferably, when nore than one
con reSSﬁy grou
c

SONOLESEY) Sheupel SiBresenl . 112 Comeund o LLTR rrre

£5 et?tébwe W&Le@,enenenoe Eﬁfl&goﬁh&g oFy Fchrin 10f :rfp_r,mxtlato Yb
11 a, 11lb, " 111C, are present in a

goepotAgn tékaflor mN%ﬂIIPr%W@IelRBS gach of Y¥' to Y°
lnde%e&gfggt IC%%] o esehle %m’uglg@%ut Zrté]éhl:eort,h'gﬁt’cme ring

groups opt 10ha and/ o
&ﬁ@ﬂemabﬁdfaSmde&lmEMahEneInIeSﬂshpaaséﬂtannaagemmpbund of
nmeans t

?%?%ﬁt% tt%ﬂ 96¢§|CLChrE%%§C?§%E$§ [§2§ﬂ%¥§ gged to a

Preferred embodiments of the present invention include

those wherein:

%' represents CRY(R?) (R%), X? represents CR*(R°)(R%, ¥x°
represents CR’(R®) (R} and X' represents CR'(R™) (R");

x! represents CRY(R?)(R®), X* represents adamantyl, X°

represents CR’(R%) (RY) and X' represents adamantyl;

x! represents CRY(R?®) (R%), X? zepresents congressyl, X’

represents CR’(RY) (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 oxr a 2-phospha-adamantyl

group;
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carbon atom bearing a hydrogen atom Even nore

woPipd@hafl v, RS0 to RS3 each independent!y r@pres8ibsmooses

optionally substituted Cl-C6 al kyl, preferably
non-substituted Cl--C6 25 al kyl, phenyl optlonally
substituted wth non-substituted C1-C6 al kyl or

QF"'Q where R19. rgp sents ,non-substituted Cl-

A kWPr%WWFFfICﬁoF% W XEvéﬁW#@nﬁﬁef%#WVﬁao Xo and

part u arf&ﬁ%ﬁ@h%ﬁ.ﬁ“@ﬂw&%ﬁf&f espeC| aqrﬂla ¥ing

SPsvanhyf . fPrefbe ablJh ehex e?miemmhmcéamam;;ﬂsmc&mr
of formula Ma to Ille are present in a conpound of
formula 111, R49 and WO 2005/ 079981 1' C / 682005/ 099569

36 ﬁ%@@@ﬂé ndﬁbﬁm%ﬁ!y KePE S5O cPPs | @aﬂgwssyl ¥* and
substituted Cl- C6 al kyl, preferably non-substituted

ﬁw@wr whighyQ" teptilsidl | 5hesubsts tatleachpd hform a ring

B340 EHLAD LI L 2 SR MBI ronp
trifl uor onet hyI or hydrogen. More preferably R49 and
rese e sa rou as def | her :

Eo et rhl By Oy dr BEEROCPL Ao SBEG SSRFORESBRECHL mor o
ring systems of formula [i:La 10 to Ille are present
in a corrpound of formula Ill, Y1 to Y5 are identical.
Absto preracabipdepsatest Ly fﬁﬁr‘%ﬂnﬁueﬁﬁéﬁ@m&%’éwgen
Preferably, where nore than one ring system of

formula Ilia to Ilse is present in a conpound of
Xoramd &1 26 chedohicpuchiontly sygremdnt: iademtantall. abdl X° and
P;eferred rrbod s of the resent i nv ntlon i ncl ude
: T SRR R TR
represents CR4 (R5) (RG) , X3
%x! and ¥? independently represent adamantyl and X* and X!

independently represent congressyl;

%' and X* independently represent adamantyl, %3 representsa
cR”(R?) (R") and X' represents CRY™(R!) (R'%);

Xx* and X? independently represent congressyl, X? represents
CR7(R®) (R®) and X" represents CRY(RY™) (R™);

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

%' and X% independently répresent congressyl, and ¥X° and ¥X°
together with Q' to which they are attached form a ring
system of formula IILIb or a 2-phospha-adamantyl group;
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20 represents CR (R) (R9) and X4 represents CR10

wdﬂ»*ﬂ)“ﬂ)ﬁﬁ 2) ; X1 represents CR (R2)(R3), X2 meRf@s8idoseo
adamantyl, X3 represents CR7(R) (R9) and XA represents

adamantyl; 25 X1 represents (R2) (R3), X2 represents
congressyl X3 represents (R (R9) and X5
represents congressyl;

1 represents CR%% ééfﬂ
Kézwbr%sé?ﬂ%% WVWR@ ShdIAFD e I @og%*f ghéd form .
Sys %1 %Qpﬁ{ﬂ' sl?_atfp&?{%ﬁ@e 1athached forgha xgotég@eher with

ormu or a 2-phospha-adanantyl
oF ottp; WADL EHOStEé}QQ&ﬂrePC'E/t@Z:O@E/ 0008569 a 3'¥Angl system of
represents_CRI(R2) (R3), X2 represents adamantyl, X3
Bperud@ tolRther with QL to which they are attached
forma ring systemof fornula Illb or a

2--phospha adamantyl group; 5 X~-~ represents CRI(
’ngnd% reqretdean switohgRedsy | Whiah dHeY »are o@*éti%limd form
egsf fi.d

R T S T e R e

t@ Xeleaeh nnﬁgpemd@mthytaepeéseﬁrmmdanaﬁtphpSpha Adamgntyl

X4 each independently represent congressyl; X1 and X2

@BERPT ndependent |y represent adamantyl and X3 and X4

each i ndependently represent congressyl; 15 X1 and X3

i ndependent |y represent adamantyl and X2 and X4 .
fiadeppndenefyrredr esupnedborREessyd ; Boe gpgegent invention

|nd§E§ (gg&Langﬁgégﬁgnt adamantyl, X3 represents 20

epresents CR (R ) (R12) , X1 and

X2 independently represent congressyl, X3 represents
Qﬁsrégieééﬁa and X4 {?Efesengs %E%Qeéent%) éEE%k)(Rﬂ, ¥

represents CR'(R?) Mﬁ) and X! represents CRY®(R') (R'?);

x! represents CRY(R?)(R%), ¥? represents adamantyl, X’

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

x* represents CR'(R®) (R%), X?® represents congressyl, X’

represents CR’(RY) (R®) and X' represents congressyl;

%! to X' each independently represent adamantyl;

¥* to X' each independently represent congressyl;

¥' and ¥* together with 0% to which they are attached form
a ring system of formula IITa, and X’ and X' together with
o' to which they are abttached form a ring system of

formula ILIb;

x' and X% together with ¢? to which they are attached form
a 2-phospha-adamantyl group, and %% and X! together with @'



25 X1 and X2 independently represent adamantyl, and X3

wok /vt ogether with Q' to which they are ?'E*tlﬁ‘iﬁ@&/mmm
a
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forma ring systemof fornmula Illb or
2- - phospha-adamantyl group; Xl and X2 i ndependently
r epr esent congressyl and X3 and X 30 together with

Qa to. whi hey are attace ma ri st.em o
f‘-G’r miR& ey | bk a5 pH'sp ﬁ{“y| a %é{my Jamantyl
%Qg@/p()?g%l PC I’ /GBZOOS/ 000569 38 X' and X2 toget her

Wi t '(§2to which they are attached form a ring system
of forrrula I'1la, and X3 and X4 together with Q to

h they a at t a f rma y m or o
PRI 38 ' PO B Croe B B W R el
atdt arc%eﬁnﬂomn hJae 21ﬁbﬁsmha1a&ﬁmhrﬂ i M@r@upxe&ﬁd:gx?yandrl is
X together with,Q cht are attache or :

e rcEThat GoRimAs Kgr Bpshd0Rti BRFy BreRented And X° is
\‘?ﬁ&%@mm St 9f x1 hgnpr gseng{a 'M&rﬁ”oo%hehnﬁf&%ﬂthoﬁﬁren more

ereln X1 represents CR”(RZ)( R3), X reéepresents L
atHe), X3 taskt cesedﬂrsu@rwl ( R3S Rpyedadabdy, X* to

aoLsienig ot NS o 38 sompain G0

CR7(R)(0) and X4 represents adarrantyl 20 X1
represents CR (R2

resesEht rCR?PRei-%‘Re)GW ré’ re S Cof%rer%’r ssfﬂ Jand x?

| )fjeptx%% achiddependent . H1ERLASENT y@dagRat v X%@present

to X each independently_ represent congressyl ;
ambnmqaﬂgewmtir\mhn@f t5° W@ KT hother epeterbldrepresent

f,0 aénk&a%ngﬁﬁéféiﬁ%g{:s, {(ﬂuér‘?d l)kd afwh%d ﬁe@é@tf( represent

.identical substituents, and ¥X° and X' (when present)

‘represent identical substituents.

Preferably, in a compound of formula III, K representsy -
A;-0% (%) X%, hydrogen, lower alkyl, =CFi, phenyl or lower
alkyl phenyl. More preferably, K' represents -A;~Q*(X’)X°®,
hydrogen, unsubstituted C;~Cs alkyl, unsubstituted phenyl,
trifluoromethyl or Ci~Cg¢ alkyl phenyl.

Tn a particular preferred embodiment K' in a compound of

formula IIT represents hydrogen.

Tn an alternative embodiment where K' does not represent
hydrogen, K! represents =-A;~Q°(x%)X®. Preferably, X° is
identical to ¥X° or %!, and X® is identical to %% or X%.
More preferably, X* is identical to both %% and x!', and x°
is identical to both ¥X* and X!. Even more preferably, -As-
0*(x%)x% is identical to either -A;~0%(XY)X? or -BA,-Q*(¥%)x’



10

20

QL to which they are attached forma ring system of

wo?zgosf/(%mr” a |11b; X1 and X2 together with @ f, ?t)@ﬁz&tﬂroouw
hey are attached form a 2-phospha--adamanty

and X3 and X together with C% WO 2005/ 079981
PCT/ GB2005/ 000569 39 to wh % they are attached form

a 2-phospha- - adamant yl ou Preferably in
Myt o T I T ol 7 BeT @’ K01 45 qefenearals £ RPtihg-Ai-

C?ﬁgﬁ Icg§H§EQ§%c%Q§ &EWbr? gﬂgfigaaLgh gges:nt, and

X2' is identical to X4 and X6, XB-and X10 when
resent Even.nore ; preferably, Xl.to X4 are
Qnt PERIESTRGIY /pribt rABigPen (RYISCFE N &7 fonfPiRuDd ©of
£ 0-52Cch P11z X6 to X10 when present. to Preferably, in
the conpound of forrmula I11, X1 and X2 represent -
i denti cal substltuents X3 and X4 represent

a sthtu eseqt
‘#Teepj? %bt gnﬁhcarég“f%ﬁﬁfgﬁt?g“& 1R ?n )‘Fcprese“ts
4K SSENK) ) K%prayenbgéﬁ |den&nnahlswbstEﬁuenméenand d@ lower
and X10 (when present) represent gﬁngig%b drogen
LBt PReRKL . F"F‘Qteﬁabl’y?e? e LD P8y ur gydrogen,
i+&efK&lE%E Etsphéﬁyﬁﬁefx5%wéﬁ aﬁNﬂI@ﬂ@ﬂyllOM@fDl and R

phenyl or lower 20 a phenyl . More
¢m§¢9h6b|WlLN'Lhﬁﬂﬂiﬁﬁﬂﬂ% m&@thqp(xgiggenﬁagpgggﬁ ring to

nsubag?%%%sgvgy tggg%% #%ﬁ#bﬁh_ %%é%#ﬁ@fﬂylﬁubstltuted

P&k TUlBimgr eMel‘ceeCtJmﬂhmh}:mqnt Bt“ mreparee@mt@unﬁﬁ@ﬂ (x") %8,
25 formula 111 represents In an altg atrve

ydeerfnt BRRPELKL W6s uted” Ci-Ce
LERLesentitn Ads- i), X@thfiﬁf%&@ﬁbiu XButpl, pentyl and

hexyl, or CF;; E§' represents ~As—Q7 X7y x°

, hydrogen,
phenyl, Ci1=Cg alkylphenyl, unsubstituted C;-Cs alkyl such
as methyl, ethyl, propyl, butyl, pentyl and hexyl, or
eF,; or both D' and E' together with the carbon atoms of
the ayclopentadienyl ring to which they are attached form
a phenyl ring which is optionally substituted with one or
more groups selected from phenyl, Ci1-Cs alkylphenyl,
unsubstituted €3-Cs alkyl or —-C¥Fi.

Suitably, when D! and E! together with the carbon atoms of
the cyclopentadienyl ring to which they are attached form
an opticnally 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 ITX, represents hydrogen.
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identical to X3 or X1, and X6 is identical to X2 or

“Kﬁﬁﬂwggwﬁbre preferably X5 is identical. to ﬁ%REééﬁmmmm)

and X1, '‘and X6 is identical to both X and

nor e preferably, -A2- @B(X5) is identical to either
--AL-Q@ (X'') X2 or -A --Q (X3) X WO 20115/079981
PCT/ CB2005/ 0011569 40 Most pr ef er abl - A3- B( X5) X

I8 iedentibarnebipet prbRdinegy (oerer Dandoes A theweqent

&g&hgeg blprgégkepe}mm -BERIASEILS. hyﬁf@@@fhulryaxﬂ is
Prefera Iy, in
i:dﬂpbmn:dloftd okfruba 1%%, ndrBpr ésem@ntmucwyk or X%,

E%F%ﬁ \g{irgﬁgl)@/: “‘re“p‘féék%rﬁagyl }Egg&gg{x al’&i X%, and ¥’

Q¥dr9@6ﬁtn 3911 over yal kahd GF3, phenymeve | QWeferably, -—Ag-
#ky; Qenyl or D and El together W%th t he carbonq (x%) x4

(¥ he ey dﬁ@ﬂ@d—‘raény’w rﬁh@%é T RHX h8y &F emR2~Q" (
b
SR EC 039, o8 onln B gtk BherL gl -

pheoix!, C:hn66ma13k§ﬂ eyl ifupsebenituted C --C6 15

al kyl, such as methyl, ethyl, propyl, butyl, pentyl
and hexyl or CF3; E represents ~ - AS- Q (X9)X

ﬁMd%OCg%}:ucﬁﬂ_&JW' pr&ietbedl KibBRSMShL  UMSUBSL iat l&ﬁ@)ound of
Cl- - al kyl such as nethyl, ethyl, propyl but yl ,

penmyll agdd Iharpiresgnts ogem -bot h DL and El

together with the carbon atons of 20 the

cycl opentadi enyl ring to which they are attached form
anphﬁnyhltengammvehemhqﬂﬂmamﬂﬂWbmsmbEfldUEGdnmulrapnasent

lected f h Cl: C6 .
BVRgPAREny| B RUDET 1 o0 TCTIOR A Ky oPCERsapLips X' Ls

SHbhablkyl whenkbl sandtDl &mekﬁeus\m meﬁmc@@r Benx! or x°.
atons of the cy clqgentadlen ring to which they are

Merac ke@ gl van %o tiénéFiPS}{éGBétlPuth@d:rbﬁ{enﬁmdr ?iﬁg and X’
the MRLAL;: MPT +o %! and X®. Even more preferably, -As-

0% (x?)x!0 is identical to either —A;—Q? (X1)X2 or -A,-Ql (x3)X*.
Most preferably, -As-Q (x")x'YY is identical to both -Ap-
o2 (XM %% and -B.-0" (X)X, and -A;-0*(¥*)X® and -A~-QM (X %® if

present.

Preferably, in the compound of formula III, when D' and E!
together with the carbeon 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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cation thereof is attached to an indenyl ring system

woRod@ossparticul ar preferred enbodinent, D . Pt'?/(ﬂlzuwmm'm
conmpound of fornula 111, represents hydrogen

2005/ 079981 PCi/ GB2005/ 00056% 41 In an alter natrve
enbodi nent where D does not rzepresent hydr ogen, D
represents A4-Q4(X7)X. Preferably X is identical to
Bidylol yXPr ek D6 | @b @REREP £ XPIHIOWAS \Bf etormula ITT

Jg,{giledgbl'ﬁyme g‘g‘ﬂtl cal. to both X4 and X2, and X7

i"denti cal and X3. Even nore preferably,
-Ad- Q (X)X is |dent|cal to either -A -Q@(X )X2 or

(X3) X . _ Most, preferabl A4- X)X is
K elen‘iJq o A6t K4 ep ‘%%5 . g%ggbd exein,
};Pé[:@ﬁ%&hla%Qy‘ th%r@:a‘kll' Cr;f adndp et ere@e@semomymmtgenel

I'n a conpound of formula 111 represents hydrogen. In
an aIternatrve enbodi mrent where E'' does not represent

hegid PR DN DY, B o

é@rﬂb1‘1¥3-oﬁ/bﬂﬁleprej(elabbgmam.enyll d:emrg cab twhibdt hth’.cy are
and X2, and X9 is identical X X3. Even nore
Hr BPER&RI FOIMABN GBS %G)Li)f“%f‘"(‘?q ?rf‘"d’é’ﬁt i"¢&%%t o eit her
-A - QZ (X1) X2 or --A2- Q (X3) X . Most preferably,
--A - (X9) X10|s |% |caI to both -Aa,- gh(?)l
52 pepresent ~pxsy’ (¥ )Xanas ﬁcf@%%y%%ﬁdanm o and
]#1X7 X if grﬁsent Preferably, in the conmpound of
L°7FPT When DL and E' “together with the carbon
at ons of the cycl opentadienyl 25 ring to which they

e attached do not form n o tiaonally substituted
a’heﬁeprp,s,e@ ueac%-(g: fil 43 b a?En g:l ;Slregféﬁ‘t c? D' and E
é%@%&h@# W§H93ttﬂé‘e%tarﬂdh aﬁt@lngercrh@t ke PEpEEbPEHtadienyl

iment, n' and El together
ring o which they are attached form an unsubstituted

phenyl ring;

k' represents =-A;~Q°(X®)X%, D' represents ~A=0 (X7 %% ang ®?

represents -As~Q° (X°)x°

Especially preferred compounds of formula III dinclude
those where both D' and B! represent hydrogen or D' and B!
together with the carbon atoms of the cyelopentadienyl
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 IIXI, A, and Az, and
Az, A4 and A; (when present), each independently represent
¢, to Cg alkylene which 4is optionally substituted as
defined herein, for example with Jlower alkyl groups.

Suitably, 2A; and Az, and As;, Ay and As (when present) may
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30 with the carbons of the cyclopentadienyl ring to

woWdbees hey are attached form an unsubstit ut g R8N
ring. WO 2005/079981 PCT/ GB2005/ 000569 42 Hi ghly
preferred enbodi nents of co unds of formula I11
i ncl ude thosé wherein: K, and C - are identical

_Substituents as defined herein, 5 parti cu]Ig rly 1\:/\,}?erel
irgluge atl reh¥ipl eseAA LR drdbdh; KETPbpredents =ne  ~ower
§ Ag&N, ARdcE "'atogsther mhth ddiere€aiborseof non~
a?ﬁgig‘gﬁqoﬁ%‘gﬁ enyl Cri ng1 to which tgey are _attached
shibstianuadubst peuteduphenpraficrged oldees eptbibprg, which

- A3- QB X5) X6 as defined herein and both.D _; I .
By eppedinihey, TRepmrEnuRs NN P g ete
Mggee?}@f@r@;@y,d t8ch15£t ggeiner Ay tdnd he; cabamndatgngwhen
of the cycl opent adi engl ring to which H1e are - defined
pAEEaONID f FERtEs s ubBei (AR LpHERy| 2 %é‘?“‘f‘(‘ as  celine
reptesent.s - A3- ‘Jep@. D represents --A4-Q4 (X))
heZBity {B&L%l%ﬁif oS _A5-QB( X4) X' Especi al |y
preferred conpounds of forrmula I1l include those

where both D and_E_ repres hydr r ' 2

Iflo&i’%e‘?oﬂﬁ’f’ﬂnahgfcgr‘”ﬁ L& %’o%’dﬁe%q‘{:gybc yop[)zé%@gg? eﬁaﬁd &
223 r'gﬁg tgi Whireh tdiey (Rnenatpachedtforaran the same. Most
‘unsubstituted phenyl ring, particular]y tRhose g
prefpsursy nheracboth Dand afds B 283 pridgent? hydidgep, (when

PRSP roRe R Sopapptalor o 1L, A and 2

i ndependently represent C3, to C6 al kyl ene which is
i e SRorehiaEae by (R IREITLR T REMRLS that
the compounds of formula ITI may function as ligands that
coordinate with the Group VIB or Group VIIIB metal or
compound thereof in the formation of the catalyst system
of the invention. Typically, the Group VIE 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 IITI may be referred to Dbroadly as

“petal locenas”.

Suyitably, when n = 1 and L; 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 1s sandwiched by the

two ring systems. The respective cyclopentadienyl and/or
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sui tably, Aa and A2, and A3, A4 and As (when present)

wOmRYs/M6»sd01} 5/ 979981 PCT/ GB2005/ 000569 43 i n@lyitgizans/nonsee

chiral carbon atom Preferably, the |ower alkyl ene
groups which Al to A nmay repyesent are non-.
substituted. A particular preferred |'ower alkylene,

which Al to A5 i ndependent | e .
G L GRS R ROSEr &F o AR SHad Of ACPhRRRT with
Pepdhd A3, d%bﬁ“@k%ﬁ&(Mbe&hegraﬁwﬂﬁe,Li@ﬂéesaﬂkht&@spect
sane | oner al kyl ene as defined herein, particularly
tacHmch| athpe deppoandvoreferrarate| ps Bﬁ@ﬁem&&aﬁl@a@ﬁeﬂ
Q and @, 1.0 and @B, &4 and @ (when present) are

the sane. Most preferably, each QL and 2, and @3, Q@

ek 1Qba twhehy, preisent i, =edr esedt sLphoesphesgnts t anyl) the
be appreci at ed bgﬁthose skilled in the

9.5
FHPLIPBUNFE of %rnﬁpgePFFQHay“Fﬁhct?%ﬂEQinl|§ﬂ%&§r OnG
{ ARLALBALE Wyt hoddiei heHp1 VB Hep ¥Fl Bich rin
Ct'r?g@]'cfp& con‘pgund t her eo% in tghe fg(ryrrat@: on of the g
ettt mgysp@moaﬁltlh'e bien vapstd i utRghisgaldgscxHeed herein)
up. VIB o Vi met; al d as
Tobr G ebYs chidnitdernoid HBPsReRRREfL bABERRnEed
&&mﬂmédaHMQmmﬂy aEu&&aﬁﬂythewh@mpmund JofaﬁdrﬂMﬂarépxesean
It will preci ated that the conpounds _.of. for
a1y ihcBe (I eRraL (8 Broddly GUTORENA! PodRidH i ig 1t es
E{.8RhY hé@@@ﬂnn s 1139 del 1nepEgserks aro@Rt icmakh¥ metal
substituted cycl opentadi enyl “or indenyl group, the
copounds of forrmula Il may contain either two
cycl opent adi enyl rings, two indenyl rings or one
i ndenyl and one cycl opentadi enyl ring (each of which
Th NG sysdebeBlanhy quidfnatdd lebsuchistantut ed aghe present
descri bed herein) . Such

invention, in a’ compound of formula III, n = 1, In is as

defined herein and m = 0.

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 hydregen, lower alkyl, halo,
cyane, nitro, ~ORY, =~0C(O)R*, =-C(O)R®, ~C(O}OR?,
SN(RZZIRP,  —C(O)N(R*)R?, -C(S) (R*T)R* ~8R%?, ~C(0)8R,
~CFy or ferrocenyl (by which we mean the cyclopentadienyl,
indenyl or aryl ring which I, may represent is bonded
directly to the cyeclopentadienyl ring of the ferrocenyl
group), wherein R to R is as defined herein. More
preferably, if the cyclopentadienyl, indenyl ox aryl ring
which Ts may represent is substituted it is preferably
substituted with one or more substituents selected from
unsubstituted Ci-Cg alkyl, hale, cyano, -ORY, -0C(0Q)R*,
-C(0)R®*, -C(0)OR%, -N(R®)R* where R'®, R, R®, R, R®
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conmpounds may be referred to as "sandw ch conpounds”

wo%twthbtﬁnm?t al Mor netal cation thereof is sapduGhfdhoseo
the two ring systens. The respective

cycl opent adi enyl and/or WO 2005/ 079981
PCT/ GB2005/ 000569 A9 indenyl ring systens may be

substgntially coplanar with respect to ﬁ &h ot her or
ameyRmyewht.w%mmdﬁnﬂééfpe&-pr@&eg&ch gthgpen ot Ca~Ce

a&‘?&ef:ﬁm hxfel‘?'f ef'an*‘Q t r@%e?ﬁﬂ&y takl Q’.@féﬂeébciépentachilc,nyl

ativ (1 represents aryl, ‘
iemroundsoof talm'll nvem.lrugon N’aychontifau n @RYherrepresent 1s

SRS SV ErSBReaPEr e RpERATH:2h WRECB move
ﬂﬁoﬁﬁﬂiﬁ%tﬁers@l@bt@mdfm @ yhbEt DEubiich 4G alkxyl.

optionally substituted as 10 defined herein. Suitably,
when n = 1 and L1 represents aryl then the netal M of

ﬁre é%HH%ymd§¥%£ %grgyl Ikg %ﬁ {E%éﬁ@@ E@@Td@dﬁ%adlenyl

rmo cati on.
m@nﬂm ar;mem;rlef esr ednepbbgi menpt.abneid ypr @@@rﬁuwud as

i nventiqn, in a _conmpound, of rmul a.lll

At ik Wi ey e Bttt fm bRepPYpAPRST S fsbiyay Aoy,
;lmer{ C%&DOUﬁQ?&ﬁyflor nykaubk!, &e 2Q1rmn:5@5fm$ed More
cyclopentadlen I ndenyl or aryI ri ng each of

Hnﬁ@rﬁwroptﬁloﬁweﬁ%&qt@ywww &N Hor e inclenyl or
S f Uel S, S%fctﬁﬂl%n@tﬂm&g%ﬁ | RAduted,  Most

cyano, nitro --C (0O
piefd)arORPz L N¢REB )Mt = @(r@)xmmym@i cm:spp(emwmsyl
--SR29, --C(0)SR30, 25 --C13 or ferrocenyl (by which
we nmean the cyclopentadienyl, indenyl or aryl ring

A Sy i By ¢ epfeasent = anbomdcoﬁpbagtik:y oifo dHee invention

cycl opent adi enyl ring of the ferrocenyl 12:1.11 (each of
' TREY (R FLORSNEEHLABY Lh oA Fing

which ring systems may optionally be substituted as
described herein). 8uch 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 IIL has an 18 electron count. In cother words, when
metal M of the compounds of formula IIT 1s iron, the total
number of electrons contributed by the ligands Lp is

typically five.

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

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

Preferably, when n is equal to zero and m is not equal to
zaero in a compound of formula ITI, L represents one or
more ligands each o©f which are independently selected from
lower alkyl, halo, =CO, -B(R") (R*)R' or -N(R')(R')R™.
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preferably, if the cycl opentadi enyl, indenyl or aryl
worango78éiwhi ch L, may represent is substitutegcirtci28osmo0se

preferably substituted with one or nore substituents

sel ected from unsubstitutedy§1rC6 al kyl, hal o, cyano,

-OR1'9, -CC(O0)R20, -C (0) Rz.i -C (O OR22, N (R23)

R29 wher 9, R?' ' R22 R23 WO 2005/ 079981 g -

iR GBI Bobbe™ ASRIRF R U GREIO) iepenaLRerys cach of

FIERNESEPE RYEEPERACRI 1G] -dB edldy| frdwemmBubetituted €, to

preferably, if the cyclopentadienyl, |nden3L/jI Q5. aryl .

G4 md-lahi chalp mine yeprebanrtyi ehlatpst TEdt ea? (BT RTIR™ ox
@1 aQhy ~awbst W t fusoneg. Or re 5. indn I

%g{st Ft?gejﬁtRs sel {érbtég%qpr omﬁqunsﬁbogt [ ?ﬁt ecF%re C6 igﬂ(c.ﬁgndently

freficrab| Yrowhernydiregdn, Lumegrsadentted C; to Cp alkyl or

cycl opentadi enyl, | ndenyl, phenyl or napthyl

Hipt o2 ¢ %%Hé’t@rrﬂﬁied as defined herein. Preferably,

t he cycl opent adi enyl, indenyl, 10 phenyl. or napthyl

groups are unsubstituted. More preferably, Li )

Sepraskent s thec| Bpéattaddenyt, NafdenyFasgionphehgreodachn the

of which rings ar u ftuted. ef Ly, e
?%W%%%(E?s Jlu%su%sﬁ?#"ui e(kjlf ié{/cl%%entt%ﬁ%anly%% 1}%5@@&& & the
Apdespad t gl enyWhering ()0, the conjogeds zofidiel molety of
i nvention contain only one cyclopentadienyl, or , en

?%eﬁ?@eﬁwhgr%%%ﬁ)oﬂgmw Emg- %S?E}Q—E %&yg if present,
oRijopal lpebe subshitut ed as; £ degiaished .her@'y@%icalith the

conpounds may be referred to as "half sandw c ‘
conpopefsadi el erably , ovhethe evGlopentmdienyl moiety of

CERLSHARRE <0, ST 1SR Alae s, s, wicn

ehdermepalls, whenveret abtidpf bbediogpomoedesof Yorwadra the

1ll_is iron, the total nunber_ of el ectron . \
EHP P BRI BYYE he T GaRds TICTRPOTESHHERITy TRiREY 29T 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 IIL, n = 1, m =
0 and Iy 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
1.

Preferably, in the compound of formula IIL, M represents
Cr, Mo, Fe, Co or Ru, or a metal cation thereof. Even more
preferably, M represents Cxr, Fe, Co or Ru or a metal
cation thereof. Most preferably, M i1s selected from a
Group VIIIB metal or metal cation therecof. An especially
preferred Group VIIIB metal is Fe. Although the metal M as



10

15

20

30

In a particularly preferred alternative enbodi nent of

LG n7Rdsgsent invention, in a conpound of for N :
Oill A 0, L2 is as defi ned herein and m = 3 owiﬁ'lé&'%mwﬂ

particularly 3. 30 Preferabl LY when n- is equal to
zero and mis not equal to Yeroin a conmpound of
formula Ill, L7 represents one or nore |igands each
deff inisicc Hhar el nlepemtent] ya s SPdca-4 r SAEMY odiie i ¥aly it

535 e B 6 B A S 1) e on
Wiepr esenha/opeLoragoder irighmds-each of which are

i ndependently selected fromunsubstituted C, to C4
al kyl, "halo, particularly chloro, -CO -P (R43) (Rnn)

[ﬁﬂ% alM Ra%k ri-Ba7) cBﬁEoMW&ESEi BfR $ok@:RI0 amg include
e

pendent 'y 5 selected from hydrogen, unsubstituted
tBbsto WO@raikyl or aryl, such as phenyl. Suitably, the
nmetal Mor netal cation thereof in the conpounds of
formula I'll is typically bonded to the 10

ayc! opentiagiremenys nchR’SORE)mb pyodzopmp:amfﬂmw GBi’ ¢RY) (R),
of the . indenyl ring(s §|_;)esenl;1l he ar | Q{n (R2)
preseﬁﬁ reaﬁaﬁaﬁttbh R] %a\r{ szufrs%@éﬁ &Eﬁ Y

the %ﬂt égbﬁn)’é rgPgeQr ke j%p&ﬁ{gﬁ@i\?n)ﬁepresenta
rm|etyo e 1 ndenyl ring exhibits a pentahapto

bondi ngamiche: ikivtttedl 5 tCheCsreteﬂJ kpbwever ot ﬁérmﬁéwmwthvlr
nodes betwee e di gpyl.1ring gr2

cycl opt @tﬁ%%ﬂﬁ rm‘l"% %ﬁ S?n eny r?‘ng and J‘t%entlca]"
net al ,e%}m aaslyr|‘haa¢@ cm}dl natt org* a:rce ak¥o represents
enbr ac by the scope of the pres ion.

0
Most prHeETRIEBIEqch G- E@n‘i‘)]dﬁfﬂdfofmf'i)ﬂﬁ‘b‘ &Y meljr%ylf,

m= G andgl '&Qeﬁ:@egmﬁ@fﬁa r@g"rb's‘élrh'tamcmg ;
unsubstii fut e cyc opent adi eny referab

repr esént H* aa@ioﬂjlp ¥EB (tihEVFaElﬂE Nl TPPﬁ%ODt hydrogen or
unsubstituted C:-Cg alkyl , particularly hydrogen;

0! and QF both represent phosphorus;

M represents Fe;

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

(2) %' represents CRY(R?) (R®), X* represents CR'(R%)(R%),
%% represents CR’(R%) (R%), X' represents CRY(R'™) (R');
k' represents -CHp~0*(X®)%°® wherein X* represents
CrRM (R (RY) and X¢ represents CRS(RY) (R');
each of R' to R'™  independently  represent
unsubstituted C1~Cs alkyl or trifivoromethyl,
particularly where each of R' to R is identical,
especlially where each of R' to RY™ represents
unsubstituted C¢;-Cs alkyl., particularly methyl;

B; and A; are the same and represent —CHp-;
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woMobSyed§. Preferably, in the conpound of for

25 other words the total electron count for the netal

l. 4“
TG B IO/ 000569
Mrepresents C, M, Fe, Co or Ru, or a neta f:ba |o{1 ’

thereof. Even nore 30 pref eﬁrably, M represents Cr,
Fe, Co or Rix or a netal cat’ion thereof. Most
prefer%bl y, M IS 3sel ected froma Goup VIIIB netal or
net al Fat RonrdheeshchArepspEEns PROSPHER&Sed G oup

VII1Bgetal  isiFe.. Al thou he_ gt

2011570 B Aoty oaguEs 2 Fsnideedl SR or
be i nmsaddtatiutefocm Cpraafierigblyatticeharl gshydrogen;
essentially no residual charge due to coordination

with M RERPSTEN™ £€7defined herein. 5 Especially

pref erf ed .conpoundgqof for Ml ddehbgl udgycibpsttadienyl,
wherein: (1) X1 represents CR(R2) (R3) , ¥<2

r epr egeEntisl CRACRS) UReP L1t efe presieamantcrgi gy Rojnd m =
X4 repgyesents CR QR11) (R12) 10 wherein each of R

to R1'"2 i ndependently represents unsubstituted Cl-C6

al. kyl or trifluoronethyl, particularly where each of

Rl to R17 is identical, .especiall,y where each of ;
(D RIET GRRERIAES (B (Roh ed % B IAIGHES OR! (R%) (R,

parti G | orl ROANAxAZ, 8k s EBR rgamR I GNd ) (RM?) ;
repr eggn?fe%eg%%fﬂ?é ﬁ%,fg)?r{aﬁq El gr% 'fjhe sang aﬁ(glid R

repr edént depdiesgat sor ~CHas@ber) tit edheredm al¥y| represents
Phospiidr okt U R A Rar B Y, Cahalt T Bpr s ent s
cycl opendiadi esyl , Rrlpar tiocul &*fy unsabseéhtishedy  represent
cycl Opuenngx?lgéteingdﬁadandCT-CE' alkyl or trifluoromethyl,
particularly where each of R' to R ig identical,
- especially where each of R' to R™ represents
unsubstituted C1-Cg alkyl, particulaxly methyl;
A; and A; are the same and represent —CHy—;
Q', 0% and Q® each represent phosphorus;
D* and E' together with +the carbon atoms of the
cyclopentadienyl ring to which they are attached
"form an unsubstituted phenyl ring;
M represents Fe:
n o= 1 and L; represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(4) ¥* represents CR™(R%) (R®}, X* represents CR*(R®)(R%),
%3 represents CR’(R®) (R%), X' represents CR'(R') (R'?),
wherein each of R} to RY independently represent
unsubstituted C1~Cq alkyl or trifluoromethyl,

particularly where each of R' to RY™ is identical,
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(2) X1 represents CRL(R2)(R3), X2 represents

woSHdAPhadR0) . 25 X3 represents CR7 (R) (R9) , PM‘/(“Bzuwuunsrm

represents CR10 (R11) (R 12) ; K ' represents
--Rita-Q@ (K5) X6 wherein X ,gepresents CRI3(R') (R1)
and X6 represents CR 6(R") (R” 8); each of Rl to Rls

i ndependent | epresent uns bstituted C, -Co6 al kyl or
trifl u%?%ﬁﬁ%m Hﬁ%rtﬁéﬁ ar Py er e TR of F@fptrﬁsen‘ﬁ

R7 is ufembientut £5pgcical Mky&)?rﬁaﬁaﬁﬁu%rﬁﬂf bt
represents unsubstituted Ca-Co kyl, particular y

net hyl &1 Ay Ad M@atcbmﬁémgamdan@pr%gﬁwenﬂliaw VO

e ol S LEOT oy o 1

r epr esght r@gﬂemﬂm ohydubgahstdrt utedC aloya) kxﬂamtlcularly
particul @ %/ hydrogen; Mrepresents Fe; 5 n = nd
L1 rep 7¥ cycl opent adi enyI particul arly

unsubspi t ghgd mﬂyclr@?@flﬁéﬁll e apd %aQbogxs)?%(é&q of the

represents CR represents CR4
to X @E‘él@%f@’rﬁ%ﬂ@wl( RrifRo) to Xdhiapr sy s BRI0 attached

R11 X5) X6 wh X5
Eepr)eseaf@ %%tﬁi%%)p%%% resen?;elcgw
(R ' 7)M(RpBisenteade;of RL to RLO i ndependently

represent unsubstituted Cl1-C6 al kyl or
trifludrometh afil narfei chﬁPF?s%E?‘e egé’ﬁil@pema{d@c.nyl

Rl is p@@m&ﬂ%bl)ﬁﬁﬁ%@ m%{?{@p@ﬁt&méﬁg and m =

represents unsubstituted C -Co6 al particu
methyl@- Al and A2 are the sane and represent -CH2-;
QL, @@ and @B each represent phosphorus;

(5) X' represents CRY(R?*) (R%), %® represents CR*(R%) (R,
x* represents CR(R?) (R%), X* represents CR'(R'!) (R¥?);
E' represents =-CHp~0%(X°)%*® wherein X° represents
CRY(R*) (R*®) and X*° represents CRI9(RT) (RY?);
each of R' to R™ and R* to R' independently
represent unsubstituted Cp=Cg alkyl or
trifluoromethyl, particularly where each of R* to R!2
and RY to R% jis identical, especially where each of
R' to R and RY to R represents unsubstituted C;~Cg
alkyl, particularly methyl; ‘

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

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

D' and K' are the same and represent hydrogen or
unsubstituted C1~Cy alkyl, particularly hydrogen;

M represents Fe;

n - 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.
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20 D and El together wth the carbon atoms of the

woSMsdPpspt adienyl ring to which they are attagpeﬂ,%)&z@]mq

an unsubstituted phenyl ring; Mrepresents Fe,

L1 represents cycl opent adi e:}? 25 particularly
unsubsti t ut ed cycl opent adi e iél and m 0. (4) X'
represents CR' (R2) (R3 resents CR4 (R5) .
(6}926) X xepregeedent @R ( r(Fég T@m@ﬁf@pﬁesgﬁt“sm") (R),

R11 0, wh n f 0 .R1® -
|ndep E%?%es?éﬂp?egign ﬁ Lét)?tﬁ I%ggeaaRi']E% Cﬁi R (R12)
trifl wérogephykentpar Cap@ET(RY) m}hemlm ofstl ﬁ@ﬂiﬂonm

is identical, WQ 2005/0¢9981 PCT/ GB20Q%/ 0.
especﬁﬁ{a? SRal\/\)ﬁéF‘e leddH & FAPYSEALS rcgi) p’g

unsubspi t al kyl .. eul t Ryl
A2 ar z)ut h%ggﬁgéggg r egggs%ﬁw-%—& AR W% Apﬁ@gentg

r epr es&At { Iﬁl‘ibiﬁﬁdrwd 4 Krcmm@smcmwraqézn b-r

Clr CG al k articularly d

t oget er #?ﬁg?ﬁ’ékﬁarb{ﬂﬁyﬁ 2%‘5 f t‘tﬂ%‘p’”’ﬁ? £ represents
cycl opgAl agifenyl®)r izngl Ke° wmgm ard’ m*am% form

an unsubstituted,phenyl ring, 10 M prese;}t 7.

and Lea®pr &denfs cyel oli’aent éﬁﬂen?‘l tBar |culj£¥q°“§lpendﬂnt1y

unsubsile et o] apgbath egvba and T 0, A8k 9 Bé)l oz
. X3 tmpfrmmz,( RartiRplarily whpreseacd o 'B° to RY
Ri1 1 %&i( 2Ry g2 ig identical, especially where each
of R' to R and R to R* represents unsubstituted
C3~Cs alkyl, particularly methyl;
A; and A, are the same and represent -CHp~;
0, 0%, %, ¢! and Q° each represent phosphorus
M represenlts Fe;
n e i and Ti1 represents cyclopenitadienyl,
particularly unsubstituted cyclopentadienyl., and m =

0.

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

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

K!, D' and E'* are the same and represent hydrogen or
unsubstituted ¢;~Cs alkyl, particularly hydxogen:

o' and 0 both represent phosphorus;

M represents Fe;

n = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.
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81 represents -CH2-QB(X9) X' ' wherein X9 represents

WO 07(,J§$0) (R39) and X10 represents CR90 (R4ﬂ’}:'l‘f(:§légr)srmr0569
ea

to R.2 and R3' to R7 independent

represent unsubstituted C, - al kyl or
trifluoronethyl, particularly where.each of RL to R12
and R37 to,RQ2.is identical, especjially where each of

t 0 ¥R12X¥AndXR3ando ¥Ra2ndepeedent sy URSRBSERREt @damantyl,
Cl CG I a1bart ri yI 4 2
t he san@el&igll&pr &rgéﬂea %m&h Eb%l)rd@g(g%ﬁg Eﬁg same
represreilatnapﬂmﬂplqcmmsn,, D and K are the sanme and
represgnt drogen or unsubst .k d, 6
part i &l ariSPIRGT Yge “Mire%rgs{é#ts Eg@r%n k:)‘[ aftgd X
L1 r e%@s%@tr@@qﬂmlyo%gﬂeemldaaxnearﬁyp,ul @%\%Mcially where
unsubstituted cyclopentadi enyl, and
2005/ &7 998 1% PoreEXvTE! dﬁ%e@m%@d@s‘yankylr @ﬁ%nt s

CR1 R6
reprr(a é)n?égsc% a(% érﬁggﬁ‘"“%@ﬁrdecgfé é‘g%)en(L s (Rll)
(R12) ¢, 64 aeprEsentcs +6H2eBXSpX6sphereisn X5

represg nts CR13 (R14L (R15 and X6 represents

(RL7) D(Rf)nd 5ED ar&pr BRen e ( KPPXE Sy ehrrd*;@q@n or
repre {R32) an a%"f%ﬁf%iﬂ, SifefRthen;
(R35) %?ﬂ%st@@%%ur epr%egger%al?){l % 91) X1 \/\}wer ei r?%

represﬂemm@mﬁ&( %B) (R39) and XlO represents CR40

(R41) (R42) ; .each Fg;rlg %ﬂg t el d
i ndepéhdent | y T 10%P resént ums *1%5 ﬁ(ﬂﬁ‘d&&malcﬁi?nyl
or trpafﬂmwmmtﬂwlunmaﬂlwmd yyhepereacti afy 1R am@ m =
R1 arbd R31 to R42 is identical, especially where each

(9) x', %%, %x° and %' independently represent adamantyl,
¢specially where ¥* to %! represent the same
adamantyl group:

K'  represents ~CHp~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 —CHz-;

o', 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 = il and L, represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.



of RL to RL and R31, to R42 represents unsubstituted
kyl, particularly nethyl; 15 Al and Az ar
9
woqgurrse(ﬁﬁaﬁ% represent -CH2--; Ql, @2, B, A4 an?a@[gg;éiﬂﬁusm
represent phosphor=us Mrepresents Fe; n 1 and Li
represents cyclopentadienyl particularly

AR TN S0, et Mo,

especd hdyi ey e Hhoto Xﬂflre@éeseﬂt thEp2@YBnt  the same
adamantyl group; 25 Al and A2 are the sane and

repr eX@MANHD-g¥oW1, D and E are the sams and

represe dr n alikyl.,

partlp? %F’]h%*zh%g LRE %ﬂé aCg %’%t%ﬁ“" P epr ¢ esglént’
5 phospghforpust, @ lvbbepr espms.eﬂﬂe praﬂs@hbr&m} LI.

repr eslent s cyc eritadienyl, partl cuI arI
unsuldst %R %’V%olb\écﬁ’i QAT | CHIHRA g‘a“\i{\(ﬁl"cs alkyl,

2905/ lggﬁ;lumfg}' {00569 5l (8) Xl X2, X3 and
X4 in pendent [y represent adarnantyl, especi aI 'y
wher X' apd X' r bpoethar tmé:rsarté'le ad:anta:m ylatgnmaupof the

Kl re X5) 5 and_X

i ndepcgycg‘lzr%%g arc'aélpcfrgéem“&gania%t yl’, lé: e%ﬁgﬁ’l ya‘Wﬁer'E’eLL"l’:“h“?‘:l
10 Xa t ofo¢hn raprzﬂsﬁmsﬂmed@nnntyhggroup, Az and A2

are the sane and represent -CH ; it 2 and B each

repr S5 SPIHSEPHOrR: D' and L1 are the same and

represent- hydr ogehdr 1, represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

g.

15

(11) %% %% %7 and X' independently represent adamantyl;

k' represents ~CH;~Q®(%) X% wherein X% and x°
independently represent adamantyl:.
D!  represents -CH,~Q'(X")%X® wherein %’ and ¥x°

20 independently represents adamantyl;
B' represents ~CHx-Q’(X*)%® wherein X® and X
independently represents adlamantyl, especially where
x! to X! represent the same adamantyl group;
A; and Ay are the same and mepresent -~CHa~;

25 Q*, 0% %, o' and Q° each represent phosphorus;
M represents Fe;
n == 1 and  Ls represents cyclopentadienyl, -
particularly unsubstituted eyelopentadienyl, and m =
0.

30

(12) %' and X* together with Q% t o which they are attached

represents Z-phospha-adaman-tyl;
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10 unsubstituted Cl1-C6 al kyl, particularly hydrogen; M

\Noﬁﬁ@%ﬁﬁﬁ?ts Fe; n =1 and L1 represents PCT/GB2005/000369
cycl opentadi enyl, particularly unsubstituted

cycl opentadienyl, and m= 0Q,_ 15 (9) X1, x 2, X3 and

X4 i ndependently represent Qaarnantyl, especial ly

where Xr to X4 represent the sane adamantyl group; K
repr eg@nasd- XCHD RN wiXd: hetei WhXshagbexeargoattached

i ndependent | y represent adarpantyl,. especially where
X1 torﬁ§rﬁé§¥é§e2tpgﬁgpggngdgﬁghéﬁ%yl group; A, and A2
are the sageaand-d epeeseile QR repr@sen@ -amgd-B each

represent Phospho us; D and E together with %hg

car bo at Brsadt Fhearestlyciapentadi ERPFCFRRG PYIRAFER ©F
they ar t ] I subst.i ey -

M T oprieshr e ERESY CRCL A e RS SO

cycl ogéntadi @hygth paamisiaadrdr Iphosphaubsti t ut ed
cyclopentadieng%, %nq m 30 0. WD 2005/079981
PCT/ CBo 665666866 *52 (10) X, X2, X and X4

i ndepgndent | y 1r eppggent radanpsidd sentespectatl opasiteridd enyl,
X' to X4 represent the same adamantyl group; A, an

2 ar @At codne Landmeahedent edaeycA dbentadhengly @pad m =
bot h represent phosphorus; K represents hydrogen or
unsubst’ituted C1-C6 al kyl, particularly hydrogen;

(13) %' and ¥* together with Q* to which they are attached
represents Z2-phospha~adamantyl;
¥® and X' together with Q' to which they are attached
represents 2-phospha-adamantyl;
K' represents —-CHp~Q? (X%)%X% wherein %x° and X° tegether
with ©° to which they are attached represents 2-
phospha=-adamantyl;
Ay and A, are the same and repﬁesent «~CHa=}
o', 0% and O° each represent phosphorus;
D! and BE* are the same and represent hydrogen or
unsubstituted C1-Cs alkyl, particularly hydrogen;
M represents Fe;
n = 1 and Ly represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(14) X* and %? together with @ to which they are attached
represents 2-phospha-adamantyl;
%? and X' together with Q' to which they are attached

represents 2-phospha-adamantyl;
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D and E together with the carbon atons of the

Wof%‘ﬂlﬂqgﬁ‘m adi enyl ring to which they are attache

10
unsubstituted phenyl ring; M- represeﬁfégﬁgwmwmmm’
= 1 and Li represents cyclopentadienyl, particularly
unsubsti t ut ed cyclopentadren?? and m 0. 15 (11) X ',
X2, X3 and X4 |ndependently represent adanantyl K
r epr eshtrepredande (X318 (whet’eiwhexsiany® xénd X5 together

ol O B ity BRAC, R oo i acReRgsente 2-

repr esgid %mmﬁﬁm} yLEL represents -CH2- (b (X9) M
wherein X9 and X' '0 I ndependently represents

adamamy Rndedpedial Fpenrane axd' repre@ent rephavent the

same t g and
repr ez%an@nééd o %Sﬁ@y@%@nbﬁanﬁﬁfj each
repres@htaphoﬁﬁhotugeth&%remimmemmg Fearlpor latamds Lbf the

oSt TR AT St dighy PO o R0 theg pps) ytrached

and X2rdgalihai i Lat e ialyt g e attached
represents 2--phospha--adamantyl; WO 2005/ 079981

PCT/GBQG%?W @%XB and X4 together with QL to

whi ch t hey. arg att, rep
2 phoshha. adanant i 0 RIPERERpES < afuchpentadienyl,

repr esrerﬂtﬂ(ﬁ;lﬁlﬁmmﬁibatetmhedsammtmim}em and m =
hydroq?n or

(18 %! and %2 together with 0% to which they are attached
represents Z2-phospha-adamantyl;
- %% and X* together with Q' to which they are attached
represents Z2-phospha-adamantyl;
A, and A; are the same and represent ~CHz=—;
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
cyelopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;
M represents Fe;
n - 1 and L1 repre&;@nte cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m'=
0.

(16) X' and X*? together with Q® to which they are attached
represents 2-phospha-adamantyl;
% and X! together with Q' to which they are attached

represents Z-phospha-adamantyl;



10

20

25

30

5 unsubstituted C -C6 al kyl, particularly hydrogen; QL

. bot h represent phosphorus; Mrepresents
woliheP

Fe: n _

1 epresents cycl opentadi enyl, parti EGINHRH)0S/000569
unsubstituted cycl opent adi e\%, and m 10 0. (13) X1
and X2 together with @ to i ch they are attached
represents 2-phospha-adamantyl; X3 and X4 together
with @ kepwhsehtsheyHar@® @) &t heterdimn reprasert’s together
2- phospha-adamantyl ; K1 represents - - (B( X5) X6 -
wher e tR5 @ﬁdt% PioHeR hdheYyi 3 (ﬁtggzﬂﬂ%gdchr%’ﬂ’éﬁﬂ‘a’?‘és 2-
attac%%ggbﬂguga@M§%ﬁ§1;phospha-adanantyl; Al and A2
are the sane and represent --CgQ-;

§ 20 Ql, @ and CB

each mdprepentephssphidiend’ (1 Xandene  eX | ndakp toipther
represent hygrogen or . unsubstjfuted,C a ; -
partigﬁﬁg}lé h% ro%@%?hhﬁﬁgg?e%%htgﬁﬁth%Qﬁ g%ékﬁients 2
r epr egoisprey-cldpenitadi;enyl , 25 particularly
unsubstituted cycl opentadienyl , ggd m 0.%&4) X1 ang 10
X2 t odet heieRiasen®s t o~ ¢h (?{?1)89 ar #DghSdhegd” and X
repre -ph - - afampat yiyn 3@ X3erad X4 do0edheiched
with éﬁﬂ#%jﬁﬂfcﬁé? @y gfenggtachgd re%regents che
2- phosra:estarten t3Hph AR IE0CEI028981 ; PCT/ GB2005/ 000569

o e BT e B M R gt

repr eggnt 82 2-o° phgspha- cAdesmmtydpresent phoaphorus
M represents Fe;
n = 1 and Tn  represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(17) X' and X* together with Q® to which they are attached
form a ring system of formula IITa, X* and X
together with Q' to which they are attached form a
ring system of formula IIIb, wherein Y' and Y? both
represent oxygen, R to R are independently
gselected from unsubstituted Ci~Cs alkyl or CFi, and
rRY and R% represent hydrogen;

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

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

0" and Q® both represent phosphorus;

M represents Fe;

n = 1 and L3 represents ayclopentadienyl,
particularly unsubstituted cyclopentadienyl

(referred to as puc) and m = 0.
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A, and A2 are the sane and represent -CH2-; 5 Ql, @
ch represent phosphorus; D~, and Fl to

a et her ‘
WU%H@%(%WE carbon atoms of the cycl opentadi enﬁ”&%&“‘sﬂ’ﬁ"s“”

whi ch they are attached form an unsubstituted phenyl.
ring; Mrepresents Fe; 10 n2% 1 and L,, represents

cycl opent adi enyl, particul arl;y unsubstituted

@&l opEntadi dhytogandem witl). 01 1%) Wil cdind1Xy taogetadigrached .

W th to which they are attachgd r sent o
2 phoSifh adardnryl - SXSEERd X (HUBRHER Wi {HhQL o end X
whi ch dhpstiane gitrchedror gpResenth®y are attached form a
2- phospha- adamantyl; "A, and A2 are the sane and

r epr eSBNg -gyaen ofy fasuudr BATR, r efeagdm Y and Y? both
phosphor.us; KL r sents h 0 or, NS [

C , -Céoe&iieyﬁe,% pa?}t{f‘g%ﬁ?brlé hy roggﬁ? Dfr%nduﬁééééﬁ&&tly
t oget hayl aidd t heomanbenbatbomatell CheCs alkyl or CF;, and

cyc.l.gpentadignyl. ring to which they are attached
form éﬁguﬁ’%@b’%iﬁi FﬁPé&S&%EnPVdFPﬂ@?' 25 Mrepresents Fe;

sy DAL oo dhniin \DSERCH bt
and sz:'tttd’geliﬁergw tw%ﬁ@t@hméi chre hayttached t fgwad a  ring
Pl PR R o 1 L B Mprasencs
2- phaspharadamit ybo W 200%/ 079981 REAH €82 065/1eRASE0 from
>3 hydrogen, unsubstituted Ci-Cs alkyl or CF; and R* and

RE4 represent hydrogen;

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

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

p* and E' are the same and represent hydrogen or Ci-

Cg alkyl, particularly hydrogen;

M represents Te;

n = 1 and Ly represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

Q.

(19) X' and X* together with 0® to which they are attached
form a ring system of formula IIIa, X* and x*
together with Q' to which they are attached form a
ring system of formula I¥Ib, wherein ¥' and Y? both

- represent oxygen, R to R" are independently
selected f£rom unsubstituted Ci1—-Cs alkyl or CFs, and
RY and R* represent hydrogen;

K' yepresents -CHp-0*(X%)X® wherein X° and X® together
with ©° to which they are attached form a ring
system of formula IIT¢, wherein Y® represents

oxygen, R to R¥ are independently selected from
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K' represents -CH2- B( X' ) X wherein X5 and X6 toget her
to which they are attached represents

“WHW@@H dHadanantyl; DI represents --CH2- Q4 (X?}Tﬁﬂnmﬁmmﬁw’

wherein X7 and X8 together 5 with Q4 to which they
are attached.represents 2- phbspha-adanmantyl; E1
represents -CH2--Q (X9) X10 wherein X9 and X 0O

t oget hgfiswyhdii Qrdd whi-ch ta[l&ylar@ratdliaqhednd R ana r*
represents 2-phospha- adanantyl 10 Al and A2 are the
sane we@m%slafﬁmgm Q, @, @, O and Q each

represgnt, pHas Q%uﬁhe'\/]séxﬁ?r&ﬁ&nﬁépal‘:@seﬂtl engl. L,

represénts cyél opentadi eny particul arly
unsubspit lq:lzeelndyci‘ gt a:chpemﬂantamﬂlmzﬂwnws 0. (17)

X"an X2 t.o h th re .attached
form a ri A§%s % ﬁ?g&#"%mﬁiaﬁ] I FQ% >é g%‘ag ftaor& of" the
t oget hege Wb éh@diéhﬁﬂ] G nlgheyoareniadi ached f awe a2 0ached
ring systemof for a 111b, wherein Y1 and Y2 both

F epr esBRTM oy gems UIREHL i ¢ ek el ddEndent | y

sel ect jtuted CrC6 al kyl or CF3, and R
49 andﬁFgéﬁrepreseﬁ?éhydrogen; Al and A2 are the sane

and represent k CH2id 251K, Bepasdellsar ecyhéopantadhednyl,

present  hyd n or__unsubstituted -C6_al ky| _
partl cﬁ?%ﬂ% L?/gf bg W@“%ﬁ%‘%}f%ﬁ%‘?%ﬁ@%‘eﬁyl' and m =
phosphgrus; Mrepresents Fe; n =1 and L, represents

cyclopentadienyl, 30 particularly unsubstituted
cycl opentadi enyl (referred to as puc) and m = 0.

(20) %X* and ¥X® together with Q° to which they are attached
form a ring system of formula IIIa, X' and Xx*
together with Q' to which they are attached form a
ring system of formula IITb, wherein Y' and Y® both
represent oxygen, R°® to R are independently
selected from unsubstituted C3-Cs alkyl or CF;, and
R* and R* represent hydrogen;

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

Q' and ¢° 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 Iy represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(21) ¥X* and X? together with Q° Lo which they are attached

form a ring system of formula IITa, X° and X°
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WD 2005/ 079981 PCT/ GB2005/ 000569 55 (18) X; and X2

W()flﬁ?%zt her with Q2 to which they are attached

Lo Jform a .
Btemof formula [11a, X4 and X4 . t ogePhEEHEHsH00569

QL to which they are attached forma ring system of
fornula 11lb; wherein Y1 and®2 both 5 represent
oxygen, R5 to R$3 are independently selected from
unsubsidgatted Giitl6 at kyb ehi€R3theayd af4OanhdcRed Fform a
represent hydrogen; Kl represen -ClLI, -QB6(X5) X6 2 .
wher ei 3% %Yﬁ-‘gf@ ‘ngéf’ﬁ@ﬁiavﬁ@h%@ WRH%‘C@ BV af e POth
at t ached, fiana répgedd sy®t emof FOr mila | lifdependently
wherei n"X3 represents oxygen, R50. to R53 are '
i ndeperdattion sbrent sastpsithyadogenCs uaslist ioruttes. and
Cl- C6 .abkyl 54C], nd __R49 4 represent
hydroégn;X%$o%ndrgg%gggnﬁhggggﬁ%gghd represent -CH2-;

15 QL,k'Q2cpne s@neach-omepnteen ik phhephbnuk; ﬂudahﬂﬁcﬁééﬁher
are the sane, and represent hydrogen or Cl- Cg al kyl
hen ad

part | d’l’,illtd]'l 93 hytd? og‘gﬁh":hl\ﬂ Fgﬁwes%‘ﬁgs %L;a ﬁ’aml_l a’ ring

repre yclgepe Leay! r1120 pa{ﬂéféﬁ!r@fiw .
unsubst gﬁ%@d %gclgggﬂgggienyﬁ%pand m=_0. (19)r§8?esen 8

and X2tyagetheR* Wi th @t @nehi thdepeyderelat sadiveged from
EAERATET L UGS BICHENC W R
ring sysiesmait frofdedgerd) | b, wherein Y and Y2 both
represent oxygen, R50 to R53, are independent | 8
sel ect®d FRGRSERSTH st Mo X A1 Cﬁhﬁt’rﬁgl’“ &r E‘:P—é Xangogether
Rog angl fp4 ept 8SeH: Y PGS are attached form a ring
system of formula IIIle, wherein Y® represents
oxygen, R*® to R* are independently selected from
. unsubstituted Cy~Ce¢ alkyl or €F3, and R* and R™
represent hydrogen;
£!  represents ~CHp~Q° (X*)x'° wherein X° and XV
together with Q% to which they axe attached form a
ring system of formula IIIe, wherein Y° represents
oxygen, and R to R™ are independently selected
from unsubstituted C1-Cs alkyl or CFsy, and R* and R¥
represent hydrogen;
A; and A, are the same and represent -CHo-;
o, ¢f, 0%, 0" and Q° each represent phosphorus;
M represents Fe;
n = 1 and L1 represents cyclopentadienyl; -
particularly unsubstituted cyeclopentadienyl, and m =
0.

(22y %', %%, ¥? and X' independently represent congressyl,
especially where X* to X' represent the same

congressyl group:;
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30 X' represents -Cl17-@QB3(X5)X6 wherein X5 and X6

‘”Oﬁﬁﬁﬁhﬁg@stMAth @B to which they are attachedrégéﬂ%@wmmmm,

emof formula Illc, wherein Y3 rep
oxygen, R50 to RS3 are indepggdently sel ected from WO
2005/ 079981 PCT/ GB2005/ 000569 57 unsubstituted Cl-C6
al kyl or CF3, and, R49 and R54 represent hydrogen; A
and A2Amrad He same thadspaogr esdntepgppent CHz2 and
@ eachy repr esent..iph Qr.us; nd 21 together.
Wi th t%e’ gtglr baonndqa or?%%gp‘q}%esangey?\ louge%ipa%?é.%‘%‘; H??ﬁag@n or
t o whi ghstbeyianeeattachedlkiyQ npant LesLHBL it Hiddogen ;
phenyl ring; Mrepresents Fe, n nm1 and L1 represents

cycl opentaifl &hykothi gepzeerpatl RPPSPRAEEDSL t ut ed

cycl opgntadi-gBxhesapd. m 0. (20) X1 and X2 together
W th gg %ggaﬁi%h ?hgg are attached forma ring system

of formul a=lilkh, X3déand D4 IBpregevher wybhl@endadienyl,
whi ch they.are_attached fopr Lin stem of formula _
11Th, BRE LGS kndnqoP Bt htrd o esbTRo Ry BeRn vk 0208 ™ =
R53 arg.i ndependently selected from unsubstituted

Cl-C6 alkyl or CF3, and R 49 and R54 represent

hydrogen; 20 Al and A2 are the sane and represent

}ggf iyt Q xB”§;3Q%nQ°W &ﬁﬂ&géﬁﬂénﬁ’fgs%@%é*g?ﬁwl{ }Eongressylr

presents Hydrogen or unsubstitute
parti cebpetyahjydr ogbrreD ¥nd tRl tdgettearragarht t hehe same
car bon_at ons _of 25 cycl opentadi enyl ring to which

t he
they af@l@rtagkdqyroury

'  represents -CHp~Q*(X*)X® wherein X° and ¥%°®
independently represent congressyl, especially where
%' to X® represent the same congressyl group:

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

Ql, 0® and ¢° each represent phosphorus;

D* and B! are the same and represent hydrogen orn
unsubstituted ¢~Cg alkyl, particularly hydrogen;

M represents Fe;

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

(24) ¥', %%, x? and X' independently represent congressyl,
especially where X' to X' represent the same
congressyl group;

K! represents —CHy~0®(¥°)X® wherein x® and X
independently represent congressyl, especially where
%¥* to X° represent the same congressyl group;

Ay and Az are the same and represent =CHp-;

o, ¢% and @® each represent phosphorus;
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form an unsubstituted phenyl ring; Mrepresents Fe; n
Li represents cycl opentadi enyl, particu

Y A cul arl ,
\Voﬁﬁéwggﬁptuted cycl opentadienyl, and m= 30 GCT{EPEPIF000569

X1'" and X2 together with Q@ to which they are attached
forma ring systemof formul@11la, X3 and X4 WO

20115/ 079981 PCT/ GB2005/ 000569 58 together with QL to

whi ch pheyndr ei’at taghedeforvtn rthag sysbem oftdmer noifa the
Tlrb, wherein Y1 and Y2' both represent oxygen, R50

to RSFUFePReReitrant | indel B8t e ¥FOMGUDSFEL LR BERChed
a-G P&M'aﬁfu%%aaﬂ&tédc%%@d 13t ;f epresent

hydrogen; 1{" represents - - B( X5) X6 wherein X5 and

X6 togéthepresendhs @2to which they are attached forma

ring system formula TTTc, wherein.Y3 1 n .
oxygen, Rao tg{Rsémgye ﬁﬁdepgﬁagn§g9ngele%§§%8§§%%$ﬁbenyl'
unsubsga e @t &3ty Gon abkyt 1 0it &k oy @nsbddOadhen b4 and m =
represent hydrogen; Dl represents -Cl12_Q'(Xr.)X
wherei®r X7 and X8 together with Q4 to which they are
attached forma ring systemof fornula 1110, wherein

Y3 represents 15 oxygen, R5 to R53 are independently

sz pct¥d fHomX’unsdbgfl i fudedemieigsl nl kybresentrgengndssyl,

R49 and R54. resent hydrogen; represents. o
T o eepe gt TR o hRe e S et GO er g n sane
G to wohghetbey @reupftached forma 20 ring system

of formula 11le, wherein Y5 represents oxygen, and RS
to R5Pmredrd duepERdERE FaEE| 8Btlegepresent’ =CHaw;

0* and Q? both represent phosphorus;
K' represents hydrogen or unsubstituted C;-Cg alkyl,
particularly hydrogen;

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

(26) X', %%, ¥x* and X! independently represent congressyl;
k! represents ~CHy-Q®(x%)X® wherein x° and X°
independently represent congressYlF
p*  represents —CHy=-Q"(X")x® wherein X' and %° -
independently represents congressyl;

Bl represents ~CH-Q* (X)) X' wherein X® and %%
independently  represents congressyl, especially
where X' to X' represent the same congressyl group;
A; and A; are the same and represent -CiHz~;

o', 0%, 0% Q' and Q° each represent phosphorus;
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fromunsubstituted C1-C6 al kyl or CF3, and R49 and R54

r t hydrogen; Al and A2 are the sane and '
WU@E{@?@% “CH2-: 25 Q, @, @B, Q2 and & eACH/GBA03000562

represent phosphorus; Mrepresents Fe; 11 1 and Li
represents cycl opentadienyl;®lparticularly

unsubstituted cycl opentadienyl, and m 0. 30 (22) X,

X3, X3v apghXdséndeppadent |y represent congressyl,
especially where X1 to X4 represent the sane s
congr e8syl = gr otip; 5. 2005/ m@f@@f%@i*}ﬁ%Bzoﬁgf‘éﬁﬁ%bad%@“ﬁ’l'
A'Zﬂnbﬁgtf&ﬁl&Pfy?ﬁﬂguﬁggifﬁ@@@sﬁf%loﬁéﬁtédfanyil ad m =

El are the sane arid represent hy gen or

unsubs@ituted C1-C6 al kyl, particularly hydrogen; QL

and 2 both represent phosphorus; 5 Mrepresents Fe;

n 1 and L1: represents cyciopentadienyl, particularly
umsubsgt t utedi cygPopeiadsh@nddntiand mepre@entO (28pmantyl,
X1, X2, X3 and X 1 indepen@entlé represent congregﬁgl,
especi @FPYCWALEE xthegex X epRRdent t hECRERESNT T same

congr§§§§éagﬁg9;gfogﬁ;.represents --CH2-Q (X') X6

wherein I hdependent |y represent .
congr esdyl . repspseits |y GREIR) (RS) X1 sodXe Mépregemiesents

Lne B0 (85 VhedyRHoain U €2 30, S TP w0 anc
phosph¥us; independently  represent  Ci1-C¢  alkyl = ox
trifluoromethyl, particularly where each of R' to R®
and RY to R is identical, especially where each of
R* to RS and RY to RY? represents unsubstituted C;-Cg
alkyl, particularly methyl; _
A, and A, are the same and represent =CHy=;
k', D' and E' are the same and represent hydrogen or
unsubstituted Ci1~Cs alkyl, particularly hydrogen;
o' and % both represent phosphorus:
M represents Fe; |
n = 1 and Lq represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(28) ¥* and %x*® independently represent adamantyl,
especially where X' and X’ represent the same
adamantyl group:

Kl represents _Cﬂnga(xﬁ)XG wherein x° represents
adamantyl, especially where X', ¥° and X° represent
the =zame adamantyl group;

X? represents CRY(R®) (R®), X' represents CR'(R™)(RY),
X% represents CR(RY) (R*®), wherein each of R" to R%,

R to R¥ and RY to R independently represent
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0.' and E1 are the same and represent hydrogen or
unsubstituted Cl-C6 al kyl, particularly hydro

en, 20 M
WORMSIEYEKt s Fe; n 1 and L1 represents cyclopeﬁgﬁﬂﬁﬁﬂvwwmm’

particul arly unsubstituted cycl opentadi enyl, and m =
0. 25 (24) X, X2, X 3 and X42i ndependent|y represent
congressyl, especially where X1 to X4 represent the

azrre ﬁﬁﬁgbgagyht@ﬁougclmdr e@:le:g&nt s orCH, t@if(mb)ckiﬁfthyl,
erein X5 and X6 independently represent conpgressyb,
especi BRIVLGHERELY30bRT S a6 r&orBsef? Rhe Rand® R, ang
congr egsy |y Jrgup;; A 3 AUk 4% B Cadfiec SATEy 2iHe FEPEGSRNLE R
CI—|2l§ élcg %2 &rﬁ lgél‘g:atgﬁa r'ep?e@g%t gﬁ%sph%lr us:; VO

2005/ 07998 R*PCT/REB2068/ 000569an60 M °andoEl R'dgetiepresents

with the carbo t of the .cyclaopentadienyl ring.to
Whi ch' EREYPHPS CHEPAORECs Al PTEI S P e a ol eghaay

ring; M ropesentre fee amd a0 debrdepresents;

cycl opent adj enyl , , parti cularly unsubstituted

cycl opent & ey Q ardch repgesenk) PRESPROTUKS and X4 .

I ndepepdent | ep e o] >SS, [ "

wher e E<1 {atgd&ﬁr e%rggsglthl%&t F}Qghé%an%ﬁdcé% f%%%@l% gillrl%%rp?gc“n oF
Al. andnAbatétthedsapeCard dpr esaritlculid2’ly, hy@kosmed ;

@ both re resen%éphosphor us; K represents hydrogen
1

or unsUb¥EPEGEERLELEEE al kyl, 15 particularly

hydroggn; - 1 and Iy represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(29) %' and ¥* independently represent adamantyl,
especially where X! and X' represent the same
adamantyl group;

Kt represents wCH=0 (%°) %% wherein %’ represents
adamantyl, especially where %', ¥ and %8 represent
the same adamantyl' group;

%2 represents CR*(R%) (R®), X* represents CRY(R™) (RY),
% represents CRY™(R'Y) (R'®"), wherein each of R' to RY,
RY to R and R to RY independently represent
unsubstituted Cy=Cg alkyl or trifluoromethyl,
particularly where each of R' to R% R to RY, and
RY to RY™ is identical, especially where each of R’
to R RY to R¥ and R to RY represents
unsubstituted C;~Cg alkyl, particularly methyl;

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

0*, ¢ and @° 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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D and El together with the carbon atons of the
ring to which they are attached form

U@ﬁglﬁﬁpntadienyl LS .
WOLMNOUHEMst i t ut ed phenyl ring; Mrepresents FECTAERZISD00569

1 and 5,7, represents cycl opentadienyl, particularly
unsubstituted cycl opentadieny? and m 0. (26) X, X2,

X3 and X4 independently represent congressyl; 25 Idl
representspr&dddtsQBEX5) X6 wherein X5 and X6

i ndependently represent congressyl; Dl represents ,
~a12-® (X) XB whéeldi n X7 arfPResstdepefdsiappntadienyl,
represent.s: syl.: I age =k : X "
wher o F b S R R e tont |y P ehr Easnr g ahd m
congre@syl, especially where X1 to X10 represent the

same congressyl group; Al and A2 are the sane and
represent -Cl12r; Ql, @, B, &4 and b each represent

pHOSPNEY US a0 2605/ 07983 RETAEBR00H/ENAGHM L 61 addmantyl,
represents Fe; n 1 and L1 represents cycl opentadienyl,

part i cefBeryadhgubsticnst e cy@nGpert adF8RYESCREd hie sawme
0. 5 ¢ .and l.ndependently represent adamantyl,
especi%ﬁ%?g%ﬁ ?egé%ugﬁd X3 represent the sane

adamanx¥| greppesenfsr epia@ééRt (R4 ( REER ) ®hd Xepresents

oP" SOERIS e 0,0 ks { Tl ke resclt oS s ang
Cl-C6 pikyl Dfidependently represent C1—Cs alkyl or
trifiuoromethyl, particularly where each of R’ to R®
and R to R is identical, especially where each of
RY to R® and R to RY represents unsubstituted (;-Cg
alkyl, particularly methyl;
Ay and A; are the same and represent ~CHy—;
o' and Q° both represent phosphorus;
K* represents hydrogen or unsubstituted C~Ce¢ alkyl,
ﬁarticularly 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.

gpecific but non-limiting examples of bidentate ligands
within this embodiment include the following: 1,2-bis-
(dimethylaminomethyl) ferrocene, 1l,2-bis-
(ditertbutylphosphinomethyl) ferrocene, l-hydroxymethyl-2-
dimethylaminomethylferrocene, - 1,2-bis-
(ditertbutylphosphinomethyl) ferrocene, L~hydroxymethyl~
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trifluoronethyl particularly where each of R4 to R6

0 & B to R12 is identical, especially where /at‘h‘q;f”&_'_‘J
W F%‘ c,“; ﬁé and R'0 to R12 represents unsubst i FHTEF2005/08056

C3,-C6 15 al kyl, partlcularuy nethyl 111 and A2 are

the sane and represent -ClI2- D1 and El are the

sane and represent hydrogen or unsubstituted C -C6

25l kyb i spddiimethyllayimpdretyen,) fQrramen@ bot h represehttris-

psphorus; . 20 M r.epresen n 1 and L1 repres nts. ..
R E R R Ry S R et aed | L1 2bis
QY£LopeBhaghamHosprahdr®t e ) 22 duden¥] and, XB-his- (di-iso-
|ndeEendentI y represent adamantyl, especially mhere
bt s EhﬁgPﬁé@ﬁ&ﬂ&ﬂY#ﬂﬁ?ﬁ§§ﬁﬁﬂm%danantyI group; K ' lr2-bis-

£ é; esents P&
g%g%gé?%ﬁ%ntgH%mﬁg&% mﬁ%re%;? and X5 representl’2 pis
Gﬂlehhy&@hﬂs@danmmm%dhﬂﬂkﬂﬁrrd&éneepresents CR4 (R IJ~bls (di-

epresents R11 R 2) , X6 represent
(B RO 1 ORIV PR O SRR (0 Rb. | RV ¢ obr 2-bis-
Rlfmand yRo@ok@hth ddddeRandetdaedrepr esem -3 - (di-(1,3,5,7-
2005/ 079981 P /GB/OO5 000569 62 unsubstituted O -6

%1ky&meﬁhwﬂrﬁhﬁbﬂ§WéﬂHWXd“%ﬁHHQ&Hh%ﬂ!y'uhere_each of
&ya&gn @%gghg)@%;r R 6 to Rl is identical, $ﬂ%;bis“

espeC|aI each o to R6, Roto RI2 and
tdnﬁﬁthgﬂaeﬁemﬁmtH@hﬂﬁﬂﬂﬁﬁﬁéﬂﬁ%ﬁiﬂﬂeﬁﬁ?kﬂkyﬁpdide, 1,2~
e sane and

ot eLbidroksee MapHasr Bhisnas dor it 12-
1£P§§Hmﬁh%%ph1nomoLhyl)ferroconc, 1,2~bis~o, 0~ (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 from 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,

saild system comprising:

a) a metal of Group VIB or Group VIIIB or a compound
thereot,

b) a bidentate phosphine, arsine, or stibine ligand,
preferably a bidentate phosphine ligand, and

¢) an acild,

wherein said ligand is 'present in at least a 2:1 molar

excess compared to sald metal cor said metal in said metal
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DI and El are the sane and represent hydrogen or
unsubstituted Cl--C6 al kyl, particularly hydrogen; 10
Mrepresents Fe; n 1 and Li represents

cycl opentadi enyl, particularly unsubstituted
cycl opentadienyl, and m= 0.9%15 (29) X1 and K3
i ndependently represent adamantyl, especially where

Xbramaid3 rept édett ddved samed Adapmntyhtgr dopithil range 5:1
reprgsents .-. Cl . 12-- Q2 (X5 6 wherein X5 represents
R By [ g Ry CTEE S S8 S X8 B event

20 the sane adamantyl group; X2 represents CR(R5)

%) , X4 represents CRIO(Rf (t(?}lz) , X6 represents

RE6 () gt R %

ARG 1CheE ePRYe 0l RGNEIRPY tSGaREy that
6 4o RIB4{ ; ent subst.i tut.ed. . -
R G Gl UG T T

each coftaR4 vt @piR,LcRbQ et aoRIt2isardpeRl6 to RL is
identical, especially where each of R4 to R6, RIO to
R12 and R16 to RIO represents unsubstituted Cl-C6

aldedrdipar tieul arl yurehByl ; aAbeand A2nar e tden$ame Bathtion
represent -CH2-; 30 Ql, Q2 and B each represent .
PRESpRGEUS; 2pl BRECELS t oget’her W%t h FRECERVBORLALONsCL  an

Qe rbhen iovghopent adi enyl (ki | cf sontacts
attyghélé fcioS’Pn %n'%hgu%{éﬁitﬁﬁ p%nypoﬁlp%?%{}@ contacting
2005079281 cRCTHGB2GGEA0RAEED @@ oudd epirids entrxdre;manoxide
zr ents cycl opent adi en%‘ljrpﬁ) parti cul arl
n

1 d
GACUS U YO B Ly BF SpOn 0y Neardipaia 27 the presence

of a catalyst system as defined in the present invention,
such as defined in the first aspect of the present
invenlbion. Preferably, the process is a liguid phase
continuous process comprising the step noted above.
Nevertheless, although the process is preferably operated

continucusly, batch operation is possible.

According te a yet further aspect, the present invention
providas a Process for the carbenylation 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 VIIIE or a compound
thereof,

k) a bidentate phosphine, arsine, or stibine ligand,
preferably a bidentate phosphine ligand, and

<) an acid,
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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
represents 10 CRro(R') (R12)_ wherein each of R4, R5,

Rs, Rzo Ru and R12 independe‘?ﬁly represent Cl-CC,

al kyl or trifluoronethyl, particularly where each of
RhaneiR6 sand RiGano RlL2 pscidentiical atespecitaldy2:1 molar

where each of 4 to R6. and R10 to R.2 represents
GASUbSt ictmd‘%peafeé?—tc% s ?a@‘k&‘fﬁ Bar tc"l‘ad'él gﬁ%iwét‘hﬁ%l%meml
anthpAirar,e drie et andirepiesest prelédnt @h and Qhnge 5:1
both represent phosphorus; K1 represents hydrogen or

dis ubstl Oiitled €reeF malaeyiPa Fesartd G@ish 1y asydr-ogen; 20

0" and Rl together with the carbon atons of the

cycl opent _adienyl ring to which they are attached

fforirmadn unstubst hydit &gy phenghpr icogt aNMor.epr eseqtsirfe; im:ludes
=_:Jma:1[nq L1 represents c i .enyl,

DAy GHOTROT | PO B CSCraBaRBad: difizoary Sinst ional
Q. r cDRECifhect b NON-EidN &+ Hgn exanpphes ot hizdantate hydroxyl
ligands within this enbodi nent include the foll ow ng:

Fpctgiona 3@ qadishetehy | 2 RoABERGH) Pér dddeme, B2l biamprises
B St hOT oy P AELy Parc CHomBt kTPt r dEGACEn arvl
B 1Zefpicd s, (diltlern tiait yibphosphohaoiet bybktfieutedemgth one or
R L YIRL YL VO0E RO TES RGP PO0399:  ther,
hale, «<¢yano, nitro, ORY, OC(Q)RY™, C(OJR*, C(0)OR%,
NR#ZRM, C(OYNRPPR*S,  C(5)RPR?®, SRY or C(O)8R™ as defined
herein. Highly preferred alkanols are €-Cy alkancls such
as methanel, ethancl, propanol, iso-propancl, iso-butancl,
t-butyl alcohol, n-butanol, phenol and chlorocapryl
alcohol. Althcugh the moncalkancls are most preferred,
poly-alkancls, preferabkly, selected from di-ccta ols such
as diols, triels, tetra-cls and sugars may also be
ubilised. Typically, such polyalkanols are selected from
1, 2-ethanediol, 1, 3-propanediocl, glycerol, 1,2,4
hutanetriol, Z-{(hydroxymethyl)~1, 3~propanadiol, 1,2,0
trihydroxyvhexane, pentasrythritel, 1,1,1
Lri (hydroxymethyli)ethane, nannose, sorbase, galactose and
obther 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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64 2,3-bis-- (dine thyl am nonethyl) ferrocene,

\VO%ﬁ%M@@&ﬁ'S (di tertbutyl phosphi . ”O”Ethy')fer$8?ﬁﬂﬁm?nm0ﬂw

(da. cycl ohexyl phosphi nomet hyl-) ferroce
2--bis- (di--iso- butyl phosphi,nonethyl)ferrocene,
1,2-bis- 5 (dicycl opentyl pho Bhinonethyl) ferrocene,
1, 2-bis- (dJ:ethyl phosphi normet hyl ) ferrocene, .
ma2- HeEVdi -2% §bp. rassE ks ppe HoaRt hgp) W@r#océﬂaéhﬁmghr it

FdAdy” {dbaTELRYLBROSROLIALPCLIXL) ber Laeane
tgttrane}hylh6 9, 10ftr|oxa 2--phospha 10
{1 ROy | 40 P BT ocaiel | B hmtd] RAAYHSE 1 OF  the

#&ac&l(&ﬂ hy dr B RNOSPNL c BOREL RY IPa ft 85§ OBBBE source of
- bi s(di phosphi nonet hyl ) ferrocene,

anpqx$Lagaouppquqguau@g compmund Used. If water is used

45 SHRETSLINEBDGSPLEILLEn A Rue AT I LA CGSNS: 2RY ena

ﬂﬁbdddmxﬁﬁ ZhEDMMﬁHEHﬁﬂhﬁﬁﬁqyéﬁﬁ%@yy1¢¢ben16newheroas use
Nevert hel ess, the skilled person in the art would

<y arbald%aél@%aprafiﬁ@%bFB@nFQFEQSPPBQHaQ B&hhe

enV|saged wi t hout departing fromthe scope of the

i nvention. 20 According to a further aspect, the
muesédﬂ,iﬁdentiém pp@Mam@§t@dbaﬁhﬂysttg&st@ﬁﬁ@apabl@f the
of cat.alysin ca r f /I enj.gal et
S 28 Re 0. ney (SR SAED f oAttt B having
dﬁmﬁﬂneﬁLéJcpub&ﬂ&imq 6kﬂ@p~thLBosr ab@@mp@uﬂdbglmw those
t her eof , b) a bi dentate phosphi ne, arsine, or sglblne

Figenrd Ppiter 8REHI yr%tjo‘?fijel‘ﬁ‘ét:’e PROShRFfie 19 g¥AdUegndiithin

said ranges claimed during the course of the reaction.

It will of course also be appreciated that the levels of
such components present within the catalyst system may
change during the process of the invention as further
amounts off gome 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
gkilled 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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30 ¢) an acid, wherein said ligand is 'present in at

|l east a 2:1 nolar excess conpared to said netal or

said nmetal in said netal 65 conmpound, and that said

acid is present in the range 5:1, to 95:1 nolar,

excess conpared to said |igard. For the avoi dance of

any doubt, it is hereby stated that 5 any of the

fieatattrre s rangn € Mhedice ntsy desgridethhepgk-abefor encargitaiyst

equal | y applicable to this aspect. According to a
Fdﬁﬁﬁggdgégééﬂ;?%ﬁélﬁresent i nvention provides a

process for the carbonylation of an 10 ethylenically

unsat urat ed conpound conpri sing contacting an

gyl eniircal | Juupizar uk apedt copeupdewientt dansontion provides
onoxi de_ . an dr oxyl. oup_contai ni ng conpound in_
P el e Bp R Voot P (Y Bodntad A ThE TR T Of an
preseRn icaant | onuns suehavsd def iqaaghdund,he fEEs complex
aspect of the present 15 invention. Preferably, the
pr&easeble By cGiPdph&se continuous process

conprising the step noted above. Neverthel ess,

al t hough the process is preferably operated

éont BEnubesty, ofat@hoopeVal onri $rpogsi PEBIB2®r a compound
@%%%%%kng to a yet further aspect, the present

i'nvéntion provides a process for the carbonylation of

an et hykeaheakky pnsapuiatpd £oaPOUNd €ONPIHIING:  1igand,
contacting an ethylenically unsaturated conmpound wth
PAFHER RGN0 e eBRATE RYGEERyNegreUpnEontarni ng
conpaund-kp the presence 25 of a catalyst system

said systemconprising: a) a netal. of Goup VIB or

Group VII'IB or a conmpound thereof, b) a bidentate

p sphi_ne,_arsine r .stibine |jgand 30 preferahly a
lazphine,. arsing, qr stibipe Ljoand. 39 pre Y 2o1ar
@laénfgté%%h sEh?ﬁ88|ﬁghnEF@3%H{ in at QQaLL a _.X molar
excess compared Lo saild metal or said metal in said metal
compound, and that said acid is present in the range 5:1]

to 95:1 molar excess compared to sald ligand.

In a yet further aspect, the present invention provides a
precess for  the carbonylaticon of an  ethylenically
unsaturated compound with carbon monoxide and a hydroxyl
group containing compound in the presence of a complex,

sald 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
gasg such as argon. Small amcounts of hydrogen, typically

less than 5% by volume, may also be present.

The ratic (volume/volume) of ethylenically unsaturated

compound to hydroxyl group containing compound may vary
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c) an acid, 66 wherein said ligand is present in at

t 2:1 nolar excess conpared to said
“Mﬂmﬁﬁ§nmﬁa in said metal conpound, and thatqgiﬂgnggw@"mw

is present in the range 5:1 _to 95:1 nolar excess
conpared to said ligand. 5 Sﬁ?tably, t he hydr oxyl
group containi ng conpound includes water or an

J1: 51073232 30 mldecmianhlm/i pgda hydtehw flbes i dmal thgr otgnge of .

VUt BRal: WPouB iy BE Ry detibaPBr P fear L ditg 112 and up

&PnﬁrﬂﬁQ%el%ﬁﬁbéﬁlﬁﬂ“%yd@a&yuC@ﬁEHD/@bﬁﬂaTﬁ§ﬂg compounds
al kanal , "including aryl al kanol's, which ma

wpan oﬂm | hattanstig wle ihd 6%@3’6%911@%"@{%5?“?%#@5 up to

Palet et ooty P o b un RBHBes:
(0) NR25R7f, C. (S) R20R26 SRWor C (0) SR as

defined 15 hereln referr alkanols are 01-C8
@n%amg;grsgeﬁloag né%% BY%ﬁ%h_ LY pFBpahgrated compound

O%ﬂm@ﬂ%nmkﬁ@ebw%mﬂbwt yh @h@olﬁtﬂlnge 1:1 to 100:1
utanol ., phenol. and chlor.ocap.ryl al coho

xmwehozgghfeh@bhbn@aeak%notba@rel ‘ost e pekf wpredpreferably at
PoLye alkanol s Reelenably . seh eched Tram diooela ghs  most

20 as’di etfa-ol s and sugars
Bt sPebeb Lyt in i sed. rabypd daddy, 3suchopdbyal kanol s are
selected from 1, 2-ethanediol, 1, 3-propanediol.

glycerol, 1,2,9 butanetriol, 2- (hydr.oxynethyl) --1,

@B@rgﬂéﬁﬁg'gﬁ the?, @atﬁlgﬁﬁdﬁﬁ%yhﬁéaﬂ%mentlan used in the
pentaerythritol. 5 tri (hydroxynet hyl ) et hane,

mm1abmmawDW%cpése% edtere sl B unsaturated
%ﬁrﬁ%e&{&d 1 3U98LS c?‘qlt,lilgglsiucgggﬁkanosﬁﬁgée r?gf'dbe obtained

0se speC|aIIy piérerre s are
wingh et hbaadkrabhe, mhhe pmefiart edf alGizamgl VBBneth&ﬁdEB matal

“L moles per mole of

is in the range 107 to 10
ethylenically unsaturated compound, more preferably, 107°
to 107° moles, most preferably 107 to 107¢ moles per mole
of ethylenically unsaturated compound. Preferably, the
amount of bidentate compound of formula I or formula III
to unsaturated compound is in the range 1077 to 107%, more
preferably, 10°° to 107%, most preferably, 107 to 107

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
anizecle (methyl phenyl ether), 2,5,8~trxlioxanonane
{diglyme), diethyl ether, dimethyl ether, tetrahydrofuran,
diphenylether, diisopropylether and the dimethylether of
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30 The ampunt of alcohol is not critical. Generally,

wmﬂ@ﬁ%ﬂiﬁi are used in excess of the amount of ,..cq 00s000560

nically unsaturated conmpound to he
carbonylated Thus the al cohol WO 2005/ 079981
PCT/ GB2005/ 000569 67 nmay sefY%e as the reaction
sol vent as well, although, if desired, separate
dﬁ#@ﬁhﬁkﬁﬂﬁﬂgk&&mﬂbe usederst wi Isacie aﬁpreciﬁbed t leatamp le
t he end rodu 5 reactlonabs dq;ern1ned at

W@%EXLQQFk%ﬁ?f leﬁiﬁgéﬁﬁﬁgqﬁa Ry Gragpre,  dimethyl

%&mﬂﬁ@gdﬁeﬂw&%o%&odé Wahefesb 5 @&@@L &5 EB@ example
ydroxyl group contai ning conpound then the end

@nmﬁnhxla@ﬁtaﬁwiﬁurechW@ﬂﬁgl@aﬂﬁéﬂyﬁﬁ%ﬁ%Cldanﬁher@éﬂﬂthyl
ﬁ ﬁﬁﬂdgﬂ a so gL 4RLOdYGes, gﬁ?ﬁﬁ%ées@ﬁgw'E%e§5?rﬁﬁample

g appreci ate f hé "process

B RSEN 1 $INMEHS & Dl TRy sﬁ@ﬂlsmpﬁbﬁykﬁukﬂnmnesystemulfolane
haV|n conponents provjdi polar ratio e or
R YRS TR AT Dot - SHORLTAL T 05 wi | P PYbeRee iplane,

fé 1 Wit ﬂo;ké S%&xf%ﬁ‘ﬂ?ﬁo@ﬂmﬁbﬁﬁ@ngurﬂ NG COUT 88 2-

e reac I on. course al so be appr eci at ed
mmm:ylh%-wéw:elsubfol@uth c@mw@ﬂcs pEespanndEt hi ninhlaiding

ntldﬁjgik?uP he?ugg %Dﬂg#ﬁha pﬁg&f??“%; :{?iuene,

@ﬂm@éﬁ&m ecagdeehé p mARiyhbain ph&yumtml e digstshaizene,
conponents within the _catalyst system me of the

RO LW 2 ¢ My c Ayt OTIRERANRY ot e of iFkding
ﬁé(fé ey furi Ngs t hee 1 eRRIH Obof NGess aygl, thanelwee neptane,

evel s may need to be topped-up to 25 naintain 1 evel's
2 2 it tdres doy bpdnicanal yswespgtlene Ascklargde and  carbon

PR PP b o PR AL Dl MRS e

Very suitable arxe aprotic solvents having a dielectric
constant that is below a value of 50, more preferably in
the range of 3 to 8, at 298.15 K and 1 x 10°Nm2. In the
present context, the dielectric constant for a given
solvent is used in its normal meaning of reprezenting 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 liguids 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 1n 1985, and are usually quoted for
a temperature of about 20°C or 25°C, i.e. about 283.15k or
298.15 X, and atmospheric pressure, i.e. about 1 x 10°Nm™,
or can readily be converted to that temperature and
pressure using the c¢onversion factors queoted. IL no

literature data for a particular compound iz available,
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may function as |igands that coordinate with the G oup

wo 0%/(3)99 Qr Goup VIIIB netal or conpound, toggﬁﬁ,ﬁ&%@%w

€ present acid, to forma conplex. This c
represent part of the effectjve catalyst in the
present invention and hence y represent part of the
catal yst system defined herein. Thus, in a further
ﬁsqnec:ti,eltdce:tpmsemwitﬁventm@m rﬁrﬁovh:dée\ilaf areemlmexi using

pabl e ,of ta srn the arb tion of an
h%bL Q%ﬁléb %% gﬁ%ﬁe "sai d conpl ex
obtalnable by conblnlng a) a netal of Goup VIB or

Group VIIIB or a conpound 10 thereof, _b) a bidentate
Bow spriRl ¢ ar dihedi ok QETbF rONTigaHd OF pRBLEPABI ySad.3 (at

?éé’?‘t%%d PRISPRE RE Y 'lgaeéheﬁn%) @n acig Ligyherehn ¢

dnd T's resek in af least a 2:1 nolar ~ excess
oohpal ede t s sad dd metal 308 . 3at)d, nef attumyspﬁdtmt:alte is

G820y rFar B Chipar i To sal B | YR Bz’b o

c!lﬂn@tb( acﬂtﬁétﬁ?flrﬁs@e@t (at B Present cbiﬁV@@Ur@hydmfuran is
pr ovi 5rocess for the carbonyl ation of an

%thyKéhr%&ﬁt Khns gfurgtdyloonpoangewiitth 2afbdat 293.2 K).
4¢§? ;yéﬁ@n xyénlggﬁyp cont ai ni ng conpound in
presence o

a conp sai d conpl ex as defined
above 225 In the process accordlng to the present

ve the, carbon npnoxj de ma use
HVERG: Oorbhas R o oy aten g nJr*frgBer‘?‘lkar’Ql
£R2r BpRodlexika venta ppplebegeserf@%tuaﬁ BKOOhe SpBhbtion as
anmount s of hydrogen, typicall'y 30 less than 5%b

Yok unestemy @@ngm@l@t@g@ntproduct of the ethylenically
unsaturated compound, carbon monoxide and the alkanol is

an aprotie solvent.

The process may be carried out in an excess of aprotic
solvent, i.e. at a ratio (v/v) of aprotic solvent to
hydroxyl group containing compound of at least 1:1.
Preferably, this ratio ranges from 1l: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 solverit not generated by

the reaction itself.

The catalyst compounds of the present invention may act as

a “heterogeneous” catalyst or a “homogeneous” catalyst.
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The ratio (vol une/vol une) of ethylenically unsaturated

to hydroxyl group containing conpound.. .
W“\Cfglr@wv%qzoosl 079981 PCT/ GB2005/ 000569 69 be?&égﬂ%\‘/{?%ﬂé"’“”

limts and suitably lies in_the range of 1:0.1 to
1:10, preferably frombetwed® 2:1 to 1:2 and up to a
| arge excess of hydroxyl group containing conpounds
Byherh¢ hecelrat t Bhomegahsoushe cadadlyisén wel vepansuchcagalyst,

,up to 5 a 50:1 excess of hydr.oxyl gro gntai pin
*cSnpdhnﬁ%mP?ﬂ%&nﬁﬁa§§¥%uﬁQ¥%ﬁt% é&ﬁ?ﬁgnﬁéblﬁﬁg Spported
YRS AUk  (imeURE 40 feaklen ifpratiwerl shprekerabldtant s

in the range 1:1 to 100:1. nore preferably greater
ofhakbg: 1cagheRyABitd opr efeprabl9nat {2091 eakhe3: gthylenically

SFRBEEARY Ak, LR baadest Ll Speoting ane
}

cagbalny smoabxtibe )i, nventfenalbbed i Bhesuddadinhy| atalorent as
process of the ethylenically unsaturated 15 conpound

dpg CkdPeE SN Good results may be obtai ned when,
preferably, the anmount of G oup VIBor VIIIB netal is

in the range 10"' to 10"', noles per nole of

Bat yhentesrl v hetsaogeared sComididd sthove preier ablgatalyst,
.10-6 ...t 0 - | es, st i bl .0 2 )
lﬁgreng%ré?é#éugg g? gﬁ%yﬁ%ﬁ%ﬁ%ﬁ?@'u%gégﬁfa%gd£gr%L@d on &
so@geaund. Preferably, the anount of bidentate

compound of forrmula I or forrmula Il to unsaturated
conmpound is in the range 10-' to 10'1, nore

TG, &l AN ¥ d9- B0t @ FrZhetDabpRcef enahh ypr&ent Oinvention
10"2 noles per nole of ethylenically unsaturated

peovislasd. 2 2BrSuesablpr shehedghonon-adsisemt P4l e ttrnically
I.nvent.i th r yl at i op .t et | cal ;

Wﬁ%ék%#%.é% c%%%bﬁ%%ggs Qaefﬁﬁg n%greﬁﬂ¥%§£hbedﬁér8ln the
merdesrared si nconeied norie apkbtithe catalyst comprising a

support, preferably an insoluble suppoxt.

Preferably, the support comprises a polymer such as a
polyeolefin, 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 Ilnorganic oxides and inorganic

chlorides.

Preferably the support material is porous silica which has
a surface area in the range of from 10 to 700 n/g, a
total pore volume in the range of from 0.1 te 4.0 <¢c/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 wvolume is in the range of from
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sol vents. Suitable solvents include ketones, such as

woe%%gﬂ%géﬁxanpl e methyl butyl ketone; ethers, sugR.as;hfoeoses

ani sol e (nethyl phenyl ether),
2,5,8--trioxanonane (diglyne), diethyl ether,
di methyl ether, tetrahydrofufan, di phenyl et her,
diisopropylether and the dlnethylether of WD
3085/Qy 9984 ngeaaaoaimmw@ dareibytesdzgl yicol in the
esters, such as for ex%ng neth | acet at e
n

arreehy?adipabe Zhet HY| 2BEn 2Bkt eOTF meEHiyH Pt nHt % Furtace
%anb% rol,aghane;, M dgg, rsmh B0 f 06 @xamh¥ g, thg pore

net hyl acet am de, nmet hyl pyrrol i done and di net hyl
frotome diez $ol Lo d@ﬂmdoguﬁphmné)&B siieh3ad for/d @&nd the

npl di met hyl sul ph d | |
ammle SLE s ponse, il SGRLBIAET) <o 0

%mrret Bplesubt-el-age, peiet hyizcsulcpmongrplcal porous support
tetrahydrot hi ophene 1, 1-di oxi de and 2-

mettleyfiad-set My sUITF ol dife; %At i &F cohbindd? i kel udiGhy A.
1 hal 9, '%n %lg:g] ﬁu%ﬁt‘ém‘iuﬁ%s 8%d ReRZeNRs an average

toruets, zene o-xyl ene,, mxyl ene, p-xylene,
@mmmme: ofo-fmwhlm dlveidénd,, modi ST slssizekely from

‘I?h"
aI kanes %hgtglt gf%é/ I%a(jz%fv r:{c?ﬁ%wyl ﬁtr}éa;bg@q,%n%hydrate

%@Wﬁ&%cﬁm ki dg apdmparhenrd5 bet ramhorimac to  800°C
nitrites eg, benzonitrile and acetonitrile. Very

suiymdi e dretapr 60 ¢ 4sHOPERts having a diel ectric

constant that is below a value of 50, nore preferably

in the range of 3 to 8, at 298.15 K and 1 x | O5Nn2.
Ismﬂﬂaaenia.a pries enipmorit exty bheféleehbtl:tar P& consitHst #epport,

gi ven ent is u ed in |t Jea
r@é"r eé@ﬁ?iHéY‘?héuplpé’trl 0 b Fﬁg paac y of Qg‘ﬁ%g%%h?g with
Wi thahpsubsd anee  apedi @hwaiddL toft heheapdeiventafon by
t he same condenser with a vacuumfor di el ei.%t“ C.
Ve et cfusys ted Adikaioaey (G GG Stidled in the art

Alternatively, the compounds of the process of the
invention are fixed Lo the surface of an insoluble
support, optionally via a covalent bond, and  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 reactiomm of a
functional group preseht in the compound of formula I or
I1T, for example a substituent K, D, % and E (om k', nt
and E!) of the aryl moiety, with a complimentary reactive
group present on or previously inserted i1nto the support.
The combination of the reactive group of the support with
a complimentary substituent of. the compound of the

invention provides a heterogensous catalyst where the
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25 of comon organic liquids can be found in genera
reference books, such as the Handbook of Cheni,
ww@rw 76th edition, edited by David R Li g@{g{lﬁg@fﬂﬂﬂm
and published by CRC press jn 1995, and are usually
quoted for a tenperature of “4bout 20C or 25C, i.e.

about 293. 15k or 30 298.1.5 K, and atnospheric .
Prmssune, of . he abouentdion 105MEhe DrPRAM: rageli 1inkrd via a

converted to that tenperature and ressure Uusi t.he
EomsR9si BRRadfofl &gg”teé:d. qsfecer?d alnﬁtd%r’atémlen%datqg:#%r keto

@F@@%%icular conmpound is avail able, WO 2005/079981
CT/'G82005/ 000569 71 the dielectric constant may be

readi |y measured using established physico-chem ca

hads.. For..exanp| he diehectLi G L£0f n d of
¢ coraice”ps PRUELohFoY Rr0hy FAEATR Sonpound o
4h3 pabca@®sd. afKkheopresahfoiamentson3td ¢thae 30pperk)depend
of net hyl pentanoate.|is 5.0 at,293.2 K f o
P BRCRYE cERBY L FRLes] LYol 335054 KEa GrnbRng, Apf b pats OuPs
Lp 6.8ndat £83K), Ofct et rafgef ur akehgentsd (auch as
385.2 ké, of nﬁt%yLnonQ%oate ,1s 3.9 (at g93.2 K). 10
dapbefibinbdespl ventl reazhpagleiinidepelfydr BOA gPSAES 3585
cont ai_ni conmpound | a bda8n | CoSOLMERAL + 4
W B& nc'erg%ggdggyn{%h%rar eAact dnlda(‘saa tﬁg&g@f elré : R
gaybpaykapl opepr oduct of the ethylenically 15

unsat ur at ed conpound, carbon nonoxi de and the al kano

is an aprotic solvent. The process may be carried out

hR-BP8X§ESEo0f 5 aPE Qb iCer SO ML, | the abrasedld Oinvention
(VFV) o? aprotic solvent to 20 hydroxyl group
poovadasng:honmpeendodi tHhe | paseessl. obr @y apppecinixt  the
{hRoSBROR LT, dhr chErLRE s OTHSTRERpAPES' B Sz
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 oxr a compound thereof

which may be combined with a compound of formula I or IIL
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(v/v) ranges from1.5:1 to 3:1. 25 Despite the
aforegoing it is preferred that the reaction i
gﬁlout in the absence of any external atfqE{B203/000563

aprotic solvent ie. an aprotic solvent not generated

by the reaction itself. 307Fhe catal yst conmpounds of

the present invention may act as a "heterogeneous”
iﬁ@l?ﬁﬁsta@?aat:hOﬂngE&QUSEadahdiyma. YWo-2008, 07998tinum,
PCT/ GB2005/ 000569 72 By the term "honpgeneogus’ —
ChEPBRYD BORERACT AT a PRy s EUhTP LR o BORDRLHILYr LRELUCS
' tion,:Whi€h is,Ral sSUPRONt edholUtimi S ShaP! Yplatinum.
cggéggéd oPl?%F%éd i B-situ wﬁfh the reactants of the
peafrbaaplyt,i onompamenbn le. §5 the GHOWA eHiléaP| ymetal or a
unsat urat ed corgpoun h ro ai ni,.n u IB
CORROULLy 5 I‘ljr’:gxi Qgﬁc?f%faek?hye\?'abﬁgé i@&ggu% a%l g;‘BBHB %I
me@hients@sh @esosd besdabenei n. pByfétoler mehe Group VIIIB
“het erogeneous” catal yst we nean a cat gl yst 10 i e. c
mette Lc dmpewid agh uph T iy GRIRINAWTDER ¢PS - carlfied &7 Onen
agquj?s[t' THES 26E0T ARG 133yl Urders aspefbouhl® thereof.

resent PRVERt; on provi des a process for the _
sparhony atbopoohdst hyEenswelh | rol® uWMéBt uptt sGLIIB metals
.conpounds .as defined herei.n wherein. t r i ‘o
1 TR S Akt S TR A Y s Ry s U sifprising
wRHeN8r aldab i riated uklel Suppaidei videf dnadd,y, tiheric  acid;
support conprises a polymer such as a 20 poléotlﬂefln,h
spdiopetnyice nec it pbPYSEy rFri@ ol (Her EQubmelasdgrds such as
diviny! en C&P_{% IEBE O a8t Rer SUhRie PALYEB! Such as
%ﬁ§£iQ%o%§P§ng§g no tolthgse skillgh in the art; a
r@igliseen  desiMglionic suchaadda funchilomgisidebonia ca, arid.

e 90 8 SULcene LUPPELG: ety PAIonic acid,

benzene sulphonic¢ acid, naphthalene sulphonic acid,

toluene sulphonic acid, e.g. p-toluene sulphonic acid, &t-
butyl sulphonic acid, and Z-hydroxypropane sulphonic acid;
sulphonated ion exchange resins; perhalic ac¢id such as

perchloric acid; ; halogenated carboxylic aclds such as

trichloroacetic acid and trifluorcacetic acid;
orthophosphoric  acid:; phosphonic aclds such as
penzenephosphoni.c acid; and acids derived from

interactions between Lewls acids and Broensted aclds.
Othar sources which may provide suitable anions include
the optionally halogenated tetraphenyl borate derivatives,
e.g. perfluorotetraphenyl borate. Additionally, ZELO
valent palladium complexes particularly those with labile
ligands, e.g. triphenylphosphine or alkenes such as
dibenzylideneacetone or styrene or
tri{dibenzylideneacetone}dipalladium may he used.

Nevertheless, an acid is present in the catalyst system as
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25 such as for exanpl e inorganic oxides and inorganic

rides. Preferably the support nmateri al .
WO@P‘W"&‘&’“@/\M ch has a surface area in the rangg(*@?‘fngw%ﬁwﬂw’)

10 to 700 n2/g, a 30 total pore volune in the range

of from0.1 to 4.0 cc/g and®an average particle size

in the range of from10 to 500pm More preferably,
setheulniaes isetois, igvdmel f ange0fsé nomes500f 0agben such

n2/ g, the pore volunme is_in the rageof from WO

asZ@b@ﬁ@?@@@f@@?P@Z@@@/ 806868725%"9:5 to 2.5 cc/g and
?‘ng\éeracqﬁa patidche %t&@al.éd' frbfie arf a8ge ofhd ¢ 0mg ﬁ@ pKa

pm Mst desirably the surface area is in
menaaslmg;@cbfirf reon D05 t eoUODLere/al; the poife 1am? ukBaps 4.: pmore

the r e fro 8 to 4 ver a
prﬁgﬁﬁ%q% s?%é‘ E}‘% th:ge r%ﬁ%e o%g??(g)?n .%toﬂi%% Qg‘r%“ 2
sulRQrAver age iy e simewfe t ypihgal podalls suppeted  supra.

materials is in the range of from10 to 1

Qo A
Pridefaraly, Wesugsdtt Aat ePPRI § s RIFIORY Onas?‘%h‘i’l more

P, t. S EﬁE'gim b g &
pr&zg%f%gﬁy ?Pr;(gmq 3@35&{ OQ%%%(Q%% t%uq%fglglgartl cul a?l y one

otthesi rmiﬁam@em/m ateldt becki c‘ahaﬁ @ tehpecgdufacsy the
from 100G 800C a r rom,
ligh térfﬂry“?fﬁen%up%%rt %@1 elrifci ex) e’ orpgk%%&)%odrm acid,
metYRAOT hhosbadnie: | Beakybl euspppett |s<deht edara:hd/mrlphomc

i mpregnated with the conmpounds of the process of the
adifEontd &N BYOTE SOFHT AR e |S‘f<llml1ﬁtfa pfdse WkiqheF non-

cap).{ﬂa ﬁ:rta%:#it e'c‘(:%ldy £i4€ €REPQUNEsE ‘%Ibéxh@ having a

SS” of |nvent|on are fixed to t esurface
pief measunsad ubhe acpxmqm@rts,olop:tucuhaa&ylxﬁ & x&okaeentthan 2,

vah T Sliel] Siene spapLprdBIT s OBLASRAMLY 186U RaPing a pKa
measured in aqueous solution at 18°C of less than 2, still-
more preferably the acid is selected from the list
sonslsting of the following sulphonic aclds:
methanesulphonic acid, triflucrometlianesulphonic acid,
tert-butanesulphonic acid, p-toluenessulphonic 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 usecl homogeneously.

The catalyst system of the present invention is
preferably constituted in the liguid phase which may be
formed by one or more of the reactants or by the use of a
suitable solvent.

The molar ratio of the amount: of ethylenically

unsaturated compound used in the reactidon to the amount of
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nol ecul e to space the conpound fromthe insol uble

support. 25 The conpounds of the invention .
WO??‘EE’&”N) the surface of the insoluble suppz)rf:;l T/%@ZOOSHNM}S())

pronoting reaction of a functional. group present in
the conpound of fornula | or? 112, for exanple a
"substituent K, 0, Zand r, (or: K', D' and El) of

hivReositl pdetdinoM ddmpowedpl s maetargr insactl ven@Omay vary
group present .on or previqusly i rted i the
boEBF WL a8yt fon 260 ReOPEadt Foe 5o Tet/PRE-

SUpPRQLL Mo 6¢MlHdTeBhabyn§uhslbhuadacfidheusing the
compound of the 1 nvention provides a heterogeneous
ldghakly st £ whbee inve mOR0 0% ¥ 7998 BepETAGEZ006r 9B0obBe other
74 conpound of the inventi.on an he suyppalr. res.
Cﬁc’imﬁ’l?&?r\?‘isa BY 134 ag’éusﬁ(%}ﬁ‘easl%g%néf her?ﬁ’g%tvteerr? afrde® An
2ARaR@agd e Ked oprgienp. pbodbeschhite sdigmiddckingly fewer
conditions to link a conpound of th grocess of the

byregestuGty eAFRon LPEMEAe SUBEBPY dEPENT NEpoh¢ hdieed for
@%@We@' 158 IWQFEQJ:C‘%%‘JLBT}Q,@,@J.tQ@pQEQHP@n 8fF the

€ support or ‘exanp reagents such as o
prachadi oS dey, kb e i<sadeohyiditihe dersizal ahasignificantly

processes 10 such as .t e of m. nhydr.j ,

hﬂé’g’&d:t |5\?§'eﬁ%jﬁd‘t i¥on ﬁ%}e&rﬁdﬁfég‘%g%cgogd%%?t%ea othex
dotfdiemtas pactch tdenpisethei puenlysn spsterdediche may be
use of the process of any aspect of the 1.5 inyentio

. ention
ngieercaiad #ed Lok aFguees iy  ReReRe Y orgRchppBF With minimal
X | &Ll ¥, S jt.hg invention may be
”%E’\ri%g‘{(?mélu 1%11; Q’gc‘u e %gaq{a\wle’nsé oup VIB or VIIIB
met @redfferedripguntihe, t herkeohyastieni nesl mwiipd nogt at a

bR AP BB B e P bty o
wescrigred (aal t igodar | yrorefabred 15°C to  140°C, most
preferably 20°C to 120°C. An especially preferred
temperature is one chosen between 80°C to 120°C.
Advantageously, the carbonylation can be carxied out at
moderate temperatures, it is particularly advantageous to
be able to carry out the reaction al room temperature
{20°C) .

Praeferably, when operating a Low temperature
carbonylation, the carbonylation 1s 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™,

more preferably 1 x 10° N.m™%-65 x 10°M.m™%, most preferably



sol vent woul d be the ester or acid product of the
ecific carbonylation reaction e.g. Methyl

s
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‘Noﬁﬁﬁﬁwﬁﬁhte for ethylene carbonylation) and PCT/GB20S/000562
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subsequently adm xing with a compound 25 of fornula

. or Ill as defined herein &kd an acid. The carbon
nonoxi de nmay be used in the presence of other gases

whBeh xan®’i merd>i n t IBspesmicilion. pExfepted of suchl partial
gases include hydrogen | tr.egen, carbon di oxi de and
?ﬁ%ssg@@n%§|§ b%s%@ %u%%ﬂﬁﬁnargon. Suitable Group VIB

or VIIIB netals or a conpound thereof which may be

conbi ned with a conpound of forrmula | or IIl WO
RO6SLDTOVRL PET/ GBR005/ DDEEEYXe75 G¢hehemelablamnt, is  also

ni ckel al | adj_u r I u at J . chrom

ﬁ%V%Bﬁ%ﬁ§ﬁ1an?%ﬁﬁ%ﬁ§ﬁ;$’ prg%éra% gg%ﬁ%ﬁgdgy]ngEIP?ESsure

shekehylpaibadivy chedoupilandopl atd nuarriBdefartabhy, a CO

conponent a) is a Goup VIIIB Wftfl or g 5 c%ﬁg%undz

PREEEBE. IETRtedl P (RetweeRl Ys'la '@ odp ¥ 1 W7, more

ﬁgéﬁ}eraﬁwho% pal ladi usiRhet erably, pEoeeHOLP YL bl Bo 1.5
tal 1s _palladiumor a conpound thereof. Thus,

gohphewt. a) is preferably palladiumor a conpound

t hereof. Suitable conmpounds of such Goup VIB or

VIIIB netals 10 include salts of such netals with, or

CREPEUNYSE0aRI 1§ ngsaveaklydceongionatiedmayi @rs substituted

derived from nitrjc acjid; sulphuric acid, |qwer

QF kRTEHD MRt G oYL i BESReh 35 ASELPFH Ahqhanfor the

PLODh ONi | d; phoni i 1Gh asicaBilanfibstituents

s%?g%omé?égﬁd?béﬁkdrosﬁﬁgﬁgﬁ%§i§¥%, 15 o

fLhuardsubphyhi endcirdylt girolpsr Grietisdde asulgsiemiic ali@lining

FERESRE-SHRCASHRS 46 BauloR oL ob! PUABLERSGLG, guvoen
hnd but¥ogeul. phaniamsicd €, canduBsthydeaxypriogdnele chloride,
g%gﬁgggtc ?3&936 and hydroxy, alkoxy, carboxy, amino,
amido, nitro, cvano, thiol or thicalkoxy groups. Suitable
ethylenicall? unsaturated compounds include  ethene,
propene, hexene, vinyl compounds such as vinyl acetates,
heptene, octene, noconene, decene, undecene, dodecene, etc
up to Cs, 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 c¢hain 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 unzaturated bond(s) may be internal or terminal, the
catalyst system of +the invention being particularly

advantageous in the conversion of internal olefins.



sul phonat ed i on exchange resins; perhalic acid such as
erchloric acid; ; hal ogenated carboxylicgg%kiamﬁmmﬁﬁo
,i,l' . RN
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acid; orthophosphoric, acid;, phosphonic acids such as
benzenephosphoni . c aci d; and ‘4ci ds derived from

i nteractions between Lewi s aci ds and Broensted acids.
25 Ot her sources which may provide suitable anions

i.ncl. ional ly hal.o r t henyl borate ..
AR oRl? AR dRCREE SR RO BRI o O 22
Addbbhoneldnys pero mobdenle pakhatdi um cemhkaxes propene, 1-

articularly those with |abile |Iigands, e.g.

HEBREny IpH0ESHiSe bFORIPkEREs SEAYERES30 heXenes, octenes,
di.genzylidenegggt one,0f . SLykeNe Qet-g-ene, decenes and
tri(di benzyli deneacetone)di pall.adi um may 'be used.
NevertheEess,trinl saghu: ¥ lserpr esebtibnophbenat al yistternal  Ciy

2005/ 079981, PCT/ 005/ 00056 76 t t,
RURERRBer ae "BV IAL obHBIC ot ceton AR vetorcragiene,

thesednatednabovgeahelal senpeesend . alius pdteCi diksiles,
sel ected froman acid_having a pKa neasured in
&qdeoBSnEskuePBnnatri8€-of less than 4, nore 5

preferably | ess than 3, nost prefer ably less than 2.
Suitable acids include the acids |isted supra.

Phef ertdil hgniduel laci dnisgtnoh tadcardmpolnd dsi derebeeably an

preferably the acid is either a sul phonic, aci.d, or
B R e T LAG Ear bomy T Rt AL it o lordsy per
mogette. 10 | iain-Gonsitsingly Ofamerad| osFCc gcidable dienes
phosphoric acid, nmethyl phosphonic acid, sulphuric
aBrdudand Sl phorklombrds, evel tidrdigteter aprjreihyl-1, 3-
L& ackdgo —meCar Boxyl.i,c1agi - A
R B b RO Ao o g oy B ey 214
hapagdeens, soluBi-penéndi2s€, of 1, 8sbenhdnede, particularly

1, 3-putadiene.

Another preferred category of unsaturated compounds
consists of unsaturated esters of carboxylic acids and
esters of unsaturated carboxylic acids. TFor example, the
starting material may be a wvinyl ester of a carboxylic
acld such as acetic acid or propancic¢ acid, or 1t 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
carbonylatioen., For example, the starting material may be
dicyclopentadiene or norbornadiene, to give diesters,
diamides or diacids, ete., which may find subsequent use

as monomers in polymerisation reactions.
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15 yet even nore preferably a sul phonic acid having a

pKa _nmeasured in aqueous solution at 18C of ,
WOQ(,"’SQW‘W nore preferably the acid is sel ect *@'f*@}%&%ﬂ{msw

the list consisting of the follow ng sul phonic acids:

met hanesul phoni ¢ acid, trifl8oromet ho. anesul phonic

acid, 20 test-butanesul phonic acid, p-tol uenes

oD RO CopcCkdab2iibydgoryppopade- @1itbultpromiadadgisd; system
and 2,4, 6- trineagylbenaenesul honic acid, nos

. : ) t F
meaf ePABPy Rhe ReELiGid etha PHIH cfgé‘ioéf.e%poi metal
TR OREd. catakysr sy st ebcbigspr es@iten25When the
I'mventi'on may be used honpbgeneously or , ,
dwatdnogenepasby. 1Preftebhbdd, inha chidridt repstdmn gnediun
used h nequsly. Th al vy, . 0 S
S35 POTBISTISU Y cgTlBuERh i) S cholhe i or e
did drphasevihighngmyr be formed by one or nore of

the reactants or by the use of a 30 suitable solvent.
The nolar ratio of the anmpbunt of ethylenically

nsat ur d Juseq . he JRaCkl 9Pk 0 iRE. ud ]
adpi A P LT R T 90%56%9 &
Tyt ix yte ¢ ovddi mgd tempaupdl yse nbe ¢ksperapnangifaglved in
var between wide limts,, e q...from.O0,001:1 : 100:.
%D1¥%B¥q G?ﬁélﬁFodﬁ@ﬁQﬁpq%¥§%i%ﬁx§%%%ﬁé%#9%e%%%%gnL%pable
c‘};‘éiQQa}Bbfikkﬁén@ Qfoll1Re dianv entsipem sy et sepathckes of the

romthe other 5 conponents by aﬂé)suitqgle“nggns. Ealvst
GowveVl Pt VIIAR mehpdntFgdidk HOTRYUSNt Obr bBEs§atatys
that signifi Ly =pgpducts are forned
%%%#%ﬁyggg%%ﬁfﬁ%bt%éﬁﬁggdc$%$P6€urther purification
after the initial separation of the product as may be

evi denced, by the general |l v significantl. %ﬁ '§$?w for the
E%%éﬂ%%? LR ATt Her %&%ﬁlﬁ} a{g}%gi sg‘tg‘ha t Deﬂé er '

reaction or may comprise one or more of the reactants or
reaction products themselves. The reactants and reaction
products in liguid form may be miscible with or dissclved

in a molvent or liguid diluent.

The polymeric dispersant is soluble in the liquid reaction
wmedium, but should not significantly increase the
viscosity of the reaction medium in a way which would be
detrimental to reaction kinetics or heat transfer. The
solubility of the dispersant in the liquid medium under
the reaction conditlons of temperature and pressure should
not be so great as to deter significantly the adsorption

of the dispersant molecules onto the metal particles.

The polymeric dispersant is capable of stabilising a
colloidal suspension of particles of said Group VI or
VIIIB metal or metal compound within the liguid reaction

medium euch that the metal particles formed as a result of



10

15

20

25

30

conponents which contain the catal yst system whi ch may

‘”O%ﬁHWh§%¥Cled and/ or reused in further reacti99§ﬂwhhgmmmm)

suppl enentati on of fresh catal yst.
Preferably, the carbonylation is carried out at a 15
tenperature of between -10 t%d 150C, nore preferably 0C
to 140C, even nore preferably 15C to 140C, nost
&Hﬁﬁﬁy£@|&e@ﬁﬁﬂi@udﬁ0£reAheEdpenlahhpepﬁabarnedthe liquid .
tenmperature is one chosen begmeen

W%e‘%@%‘;}m fRe BARLOATCAEFERYC gﬁ%‘e ) r%%%%ciﬁ along

Oifﬂ??dfﬁ LSat %we&@b%%ubh s dPaiddisarly for re-use
va ageou to be able to carry out the reaction at

xmomat]-e:nppr druntder( 2q®nu pr @$ ercbl| yatiettoper afhAg r@ﬁtal
| ow t enperature aQny ca on |s

e SRS L R YL (R JiRE A BRBNL AT s g
tHOCG- 4094 5E, - slo@lnﬁoaeem@éep@bitycm £b7é5ﬁ:,LLhwegm larger

nor e preferably 10C to 45C, nost refera? % h
%@ME%@%cuWYy 588 erifed SO%a CRERGe of 18 £4598C 0% the

]g &ydlEEgrSQ?POQ¥EaEH%Brb§dC%&&hBQJQ#ts&&fébéx%r the
pressure of between 80 x 105 Nm2 90
rﬂ@t&M mr@:,rtﬁtdre@ pwhﬁéﬁ‘abliylel xempbnNen 2065 Ghe dispersant

“n£%%5£g%%g§ ggégopQrg Qf{§7§§§& E%gcbglfhe ligquid

QééiﬁiéﬁdmbaiamCEhﬂa&hl&mlspm&qsuﬂﬁaoilépénb@@ Eroup VI or

N.m2. Preferably, a | ow pressure carbonylation
%111‘;@13 BesAVi Wcmfﬁ%bpyabﬁéﬁ%&%”@ 5fbhr-ing on

B PLIONA SoRRANe BTl Ln e g anc
i@&ﬁhﬂtzrom&ag poefleralrhy e, 2t gugtad 1PBRERERes nphich may
§£5&69¥”3%111510n og particles and eventually coagulate.
Some  agglomeration of particles 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 peolymers 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.
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Particularly suitable substituents include al kyl and

aryl groups as well as group®Zcontaining 15

het eroat ons such as hal i des, sul phur, phosphorus,

XY G s LA 1 L0 gaThb IEiARplies mefarsu hsiatt twet priedipidat lon
chloride, bromde, iodide and h droxx aIk?x¥“ :
odr B8y, CeaRMoY L AR H%?I%i’ﬁl‘%?lc%éﬁ& pgi gplgtion phase is
t_hi.Qal d I ' i table ethylenically unsaturated
5%%%@ﬁh S%F%éf3§§”é§¥%ne, 20 propene, hexene, vinyl
conmpounds such as vinyl acetates, heptene, octene,

nonene, .decene, undecene, dodecene, .etc -up t 0, .
RSy oRFSLEEeas ATEERTaEnnE Sty Bhi3” purpose
LinaaOr sianehedr cyekie Opoupayeli cimelyphing Cyetbaxylic
and in which the double bond nay take any suitable 25
posids,on $w.phentar bafidkai n 2HA%%NI AP ncfddes g such  as

SEﬁF%éﬁ?ﬁEﬁé he%ﬁpf'hQQ5§8¥gEieEhe posel Bl £ty nitrogen
0 nd “ay

ou ave one or nor unsat ur at ed bonds and
tthayeafoane; 1 d,0r exhaplentetde padgeiofyl 30pelynpeedni cakiop as

unsat ur at.ed conpounds extends .to di enes. .The . .

AT e P BARICSO oy b & ARAIIERS G (P mAta=eaais
catal yst system of the invention being particularly

advant ageous in the conversion of internal olefins. WO
F00B1IR508 0 IPGINEB 2 (B5/0B0B69 dFgPpARRNER| dtdY be selected

R
s lene; rZ-dnittenele i sobut epéyepbytiendginkexenes, polyglycine,
Saaey i 9 23,7 OG0 PRt it iG1i e %S poly(a-
hydroxybutyricacid), poly-L-leucine, poly~L-methiconine,
poly-L-proline, poly-L—serine, poly-L-tyrosine,
poly(vinylbenzenesulphonic acid) and poly(vinylsulphonic

acid).

preferably, the polymeric dispersant incorporates acidic
or basic molieties either pendant or within the polymer
backbone. Preferably, the acldic¢ moleties 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

pK, being measured in dilute agueous solution at 25°C.

Suitable polymeric dispersants, in addition to being
soluble in the reaction medium at reaction conditions,

contain at least one acldic or basic moiety, either within
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dodecenes, triisobutyl ene, tripropylene i nternal Cl4
ol efins, and internal C15-C10 ol efi ns,

WO gAY boct adi ene,  cycl ododecene, nethyl peht B EA1Ig/000569

and pentene nitriles, e.g. pent-2-ene nitrile. 10 The
et hyl enically unsaturated catpound is preferably an
al kene having 7. to 3 carbon-carbon doubl e bonds per

t%%L%%&é{%@h%c%]{H@r}é G AP Rs RhtsSyiroakl.e dienesre found

owng. 1, 3-butadiene, 2--nethyl--1, 3
an@tmgﬁ AOjeaes 1naampolramnad aicérle,ant MBS oRELEE-Efe, SUCh

d@arppéﬁpgggégggoéimgapadIQﬁgﬂ'iﬁﬁ?hémﬁaﬂﬁ?gﬂ. gﬁa such as

ﬁgﬂ Yiiof WRsat ursied @wolumﬂmananmsusamam; The
aturated esters of carboxylic acids and tb §
rrm:mmﬂraaft etmexzfalnfboaijl taeappd¥merorhéghnpPe Sut‘rT ¢ for use

a‘%&txéﬂgﬂvgg ég&l r&% auﬁ/drpyilhfgsﬁﬁ{:u% %ﬁ&%@xﬁ’ééé‘tlon

propanoli c acid, or it nmay
n@‘;ﬂuﬁﬁ‘ aﬁhdﬁ%h@sﬁﬁlu@il:ﬁﬂy umlﬁ athe gpetvrezy dchepehn as Thehave

25 or ethyl ester of acrylic.ac
IﬁéCFVEtCWﬂTM§L;NfHﬂQh%VeB?%QePPgﬁc%% gﬁ¢q§t is less

¢ asl?ti'éé‘t ﬁ@'o Conp?@ﬁg§db§?nstﬁéSd@ér@cy@|r@@lckadleneﬂelght is
w il ordinaril use carbonyl atiaon Egr 00
Bxammmarmh@esﬂa@@@ng"nﬁﬁéwpgplﬁﬂp%% ggeferably, 5,000 -

cy pent adi ene rn |, Lo @V@Q@II esier SMw is
%nﬁ@@s JrOHF aé”ﬁ%eﬂﬂﬁﬁgp ﬁ@ ﬁ may find subseqégnt
SE£F o A8H IHNARENSd nxm@!n‘&ﬂl,ﬁaﬂl on &%e&ﬁq onserg\opreferably
005/ 079981 PCT/ GB2005/.000569

f
200090 i A @QﬁpHHﬁHSPMFtHStHQEga?Q yg gy%t&ﬁger gF 1,000
a'f@ BﬁobﬁﬁePhE'ébsbno?"PﬂﬂVIng recovery of netal

een lost fromthe catal yst system Wen the
The effective concentration of the dispersant within the -
reaction medium should bhe determined for each

reaction/catalyst system which is to be used.

The dispersed Group VI or VIIIB metal may be recovered
from the ligquid 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 cilrculated
through an external heat-exchanger and in such cases 1t
may be convenlent to locate filters for the palladium

particles 1in these clreculation apparatus.

preferably, the polymer:metal mass ratio in g/g is beltween
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 up to 1000, more

preferably, up to 400, most preferably, up to 200.
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catal yst systemis utilized in a liquid reaction

medi um 5 such stabilizing conpounds nmay assi st

recovery of the Goup VI or VIIIB netal. Preferably,

therefore, the catal yst systenllncludes ina liquid

reacti on nedium a pol yneric @lspersant di ssol ved in

10 a liquid carrier, said polyneric dispersant being

capalrkienof tst abifhirsiheg ascheldtoitd&lmsd&pe:rmivci@e@f a reaction
articles of the Goup or VII1B net

g W1 T Rk BRPo" SYOEEmIEERER tEhe 31 Gusd catalyst

LKAl colprifeny, quid sieaeih om oegy URLRBYRRRGR at least a
solvent for the Treaction or nmay conprise one or nore

6f-ovive \FehcPBnlS 18 melatt | OF am«guctcsommww vas bifigatate
E}%%%&a%%% a{‘%ré?ﬁ‘&“ - F%“rqg}i'%‘ia 511&1‘“ dzﬁqor%”gé(c,f’cﬁ as

or df ssolved “in a so vent
dmuuaﬁﬁ h2@elhe poleypran &adids fersat uq;gﬂﬁqMMte1mnamhdeast
action nedium but shoul.d not

dr ni ficantl ,
T da b tie CAESCod T R e RRICt T e dud  gtat i

W@MdWﬂb@@l“@%h@o@%d defid rentals 401 e3¢t iGN dﬁ%ﬁpsnn the
or heat transfer. The 25 solubility of the di spersant

iranEige i ilqgied 9%edi ErcEsdeconpRE cfo 6t Ben dcdadirtifens of
tenperature and pressure should not be so great as to
deter significantly the adsorption of the dispersant
Frledeuled yont o4 he neéattmantimkﬁﬁmmﬁo The pol yineriigi-phase
dlspersant is capable of, stabilisin col | oi dal
£G&pEnsion &ﬁdﬁﬁﬁ‘h cl d8°b¢ saPdeErsap’ Vl of VIjygid-phase

Rl 10k uTel:s ceapeurd iwrt iR khe |iquid reaction
medi um such that the netal particles formed as a

Pasdler agf YWO 20051079981 PCTACB2005/000569, &he amount of
l(f?a:%: )él%tldd%g're%%%ttl R, ah% '?&Jcﬂ dnﬂ YR rHSfJ oeﬂ:lcp \Jhri%h is not
directly combined with the phesphine ligand, 15 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 combkining components a), b) and <) as
defined herein, preferably in the afcrementioned ratios.
According toe a yet further aspect the present invention
provides the use of a system comprising, or obltainable by
combining:

a) a metal of Group VIB or Greoup VIIIBE or a compound
thereotf,

) a bidentate phesphine, arsine, or stibine ligand,
preferably a bidentate phosphine ligand, and

o) an acid,

wherein said ligand is pregsent in at least a 2:1 melar

gxcess compared bto said metal or said metal in saild metal
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reacti on nedium and are di scharged fromthe reactor

along with the liquid for reclamation and optionally

for re--use in making further quantities of catalyst.

The netal 5 particles are normally of colloidal.

di nensions, e.g. in the rande 5 - 100 nm aver age

particle size al though larger particles may formin
sompocasies anforthsanss adfd tdreld pod ypeesendi sper saert range S:1
adsorhed onto the surface of the, netal particles

Rt D20 Ehelp Skl naBFosT ¢ HE"BR Edr kb b0l Ay a8 @
cermipsat | east vparti@hiyospl yaied byt heahi quitthylenically
reaction mediumand in this way the dispersed G oup Vi

o s AYNERBefet al it es améﬁg@é®$leedlé§aln§PqU1d phase

g%&%%h QaQQDnthgfm@h{seeﬁ ﬁgﬂlbg%q oru95a£¥r5F§$t%%qﬁound
ea aces "and I nst formmn es’ 0

pattzi Cl @ere\ﬂmroah)lryay 151egr O\NbeJlG:bhdhasann 0:fOI'pZﬂthUC[IJE@$y‘3LCm

and._eve tuaIIy oa ul at e ag Ioneratlo

SACPOENAS ey Slcdr ETeN FR G L pasanvs Gfacompound.

sui tabl e d|spersant but when t he di spersant type and
concentration is optimsed then such aggloneration

shaul thde 2aridanekrativebyyl clptievel cang tdel 26very feature

%%%qu% %t%%&%Q%be%%QEOQEyeh%%j%g%eﬁgth%&l%h%% gﬁ§h2% all

broken u t'he particles agi tat’i
Tite thel yzrai&nmzsdlmmﬁcsantom&yla molasden thanpEoltyirer s Orset out

opol yners ncludln pol ymers such as graft copol yners
SR hs S 5bl i TBEER e abl 9L t NS GRIHIELE TWELE the

%b%@%ﬁ%@%& G%%o%@fhkch%ﬂth%muaéqydb%thsQ@%lC
unctionality to substantially stabilise the

col | oi dal suspension of said Goup VI or VIIIB netal

30 or netal conpound. WD 2005/079981 PCT/ GB2005/ 000569

82 By substantially stabilise is neant that the

pheci prlabiwvong examples further illustrate the present

invention. These examples are Lo be viewed as beling
illustrative of specific materials falling within the
broader disclosure presented above and are not to be

viewed as limiting the breoader disclosure in any way.

Example 1

Preparation of 1,2 bis(diadamantylphosphinomethyl) benzene
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10

of the Goup VI or VIIIB netal, fromthe sol ution

woRheSeedsg Substantially avoided. 5 Particul aﬁ>b¥‘fcanusﬂumsw

preferred dispersants for this purpose include acidic
or basic polyners including boxylic acids,

sul phoni ¢ acids, am nes and am des such as

pol yacryl ates or heterocycle, particularly nitrogen
het er ocycl e, substituted [
10 polyvinyl pyrrolidone
af oresai d. Exanpl es of si
be selected from polyvi
pol yacryl am de, pol yacr , e ~pol yet hyl eni m ne,
pol ygl yci ne, 15 palyacrylic ~ pol ynet hacrylic
acid, poly(3- hydroxybutyricac¥Fd), poly-L--1Ieucine,
pol y-L-met hionine, poly-L-praiine, poly-L-se.rine,
pol y-L--tyrosine, pol ytw.nylbehzenesul phonic aci d)
and poly (vinyl sul phg acid). 20 Preferably, the
pol yneric di spersant i prates acidic or basic
noi eti es either pendan L.thin the pol yner
backbone. Preferably, the aci tig noi eti es have a

di ssoci ati on constant (pK") of\less than 6.0, nore 25
preferably, less than 5.0, nogt preferably |ess than
4.5. Preferably, the basi L.l es have a base

di ssoci ati on constant (j
nore preferably less th 3
| ess than 4.5, pK, and in

aqueous sol ution at 25¢7 3 Aﬁﬁﬂ- g pol yneric

di spersants, in addition to being soluble in the
reacti on nedium at reaction conditions, contain at
| east one aci di ¢l Diis(liasnaniphabyinonedtiyh @enzaws hi n

s of the

f less than 6.0,

O
st preferably
0 isured in dilute

{(Method 1)
The preparation of this ligand was carried out as follows.

1.1 Praeparation of (1-Ad).P(0)Cl

Phosphorous trichloride (83 om®, 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 vyellow-orange suspension was
formed. The reaction was refluxed for a total of 6 h. The
excess PCl; was removed by distillatlion at atmospheric
pressure (BP 75 °C). On cooling to ambilent temperature, an
orange solid was formed. Chloroform (250 cr’) was added
yielding an orange suspension, which was cooled to 0 °C.
Water (150 cm®) was added slowly: initilally the suspension

viscosity increased, but on full addition of water the
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WD 2005/ 079981 PCT/ GB2005/ 000569 83 the pol yner

wobagipeng or as a pendant group. Ve have foungcriciabosionse
pol ymers incorporating acid and am de noieties such
as pol yvinyl pyrollidone (PVPy-and pol yacryl ates such
as polyacrylic acid (PAA) are particularly sui tabl e.
The 5 nol .ecula,r i ght of the el which is.
GUFERBREYT e qsed s FREM riUh | B A p&hds e was no

nahy é@ Qfeptth%ﬂcﬁﬁcté@natﬂ@%h@@ngftﬂ@ s@hubishist¥nehion was
the pol ymer therein. We have found that normally the
Byehngs mﬁk&ﬂﬁ&ﬂdmekghtﬂamQW%s theanyeddopoorange solid

FAE b 1Y 2631B6RE TRuT i B o Gpobsle’ Msven.

note pre er

08, mﬂheﬂﬁﬁﬁa@@EQEEa@apaﬁHLdﬂﬂhéﬂﬂ@)QOQE@agatWWQifunnel,
referably in the range 10, 000 - o@ggo, gore

Gg%f:@r aV8F Mas@o@End Bechber whbhtpved s TheedodRdidpes were

LR HHer 15090 S idh t herepss inBAMy h-vacuo,
T eoe géé%?%e goncgnt9§%7on of the d§s grséﬁt mﬁ%h h vjcis
affordéact i am mémﬂwthmude@@rdmﬁmﬁﬁ eé5f8r9%mﬁ9 % . P

[\g\?gctl 0[1./ tg}l s;{/lgr?%%t %imlrlﬁs mat 3%% k%% used. 20 The

pePsed nay Be recovered
fron1the liquid streamrenoved fron1the reactor e.g.

filtration an 3 |tger di sposed of or
%f303§§83rﬁﬁﬁ°q' “2)gPHat al yst or ot her
applications. In a conti nuous process the liquid

stream may be circul ated 25 through an external |
lIneal HexdRahdew,arfd ith mueh) casesafdedmayele *Pomvienites to a

to |ocate fil fo X | es i
QRba2od et T solut hen ot padrdm PO £l 11080 g, 28.3
n@gg%vﬂlnﬁ&h?ﬁ* Mepsr &P, | fng/ gehém@hw@% a%qoheh al warm

1, nore preferably, between 1:1 and
to ambient temperature then stirred Eor 20 "h. The grey

3 &, HCL in

suspension was coeled to -10 °C, HC1 (ag., 5 cm
50 cm® degassed water) was added slowly via syringe
(initially wvery slowly due to exotherm of reaction),
yvielding a two phase system, with some solid material in
the lower phase. Further HClL (~ 5 em® . HCl) was added to
‘ijnprove the separation of the layers. The upper phase was
removed via flat ended cannula, dried over MgS0; and
filtered via cannula. The wvolatiles were removed in-vacuo
affording the product as & white powder, isolated in the
glovebox. Yield 6.00 g, 70 %, 1p NMR: ®= 17 ppm, 100 %

pure. FW = 302.44.
1.3 Preparation of (l-Ad)PCl

A solution of Ad,PH {10.5 g, 34.7 mmol) and DBU (6.12 on?,
40.9 mmol) in toluene (250 cm’) was chilled to -10 °C,

Phosgene solution (30.0 cm?, 56.7 mmol, was added slowly
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nost preferably, between 1:1 and 200: 1. Preferably,
wotbeso7pshymer :metal nmass ratio in g/g is up tect@@eosnonsey

nore preferably, up to 400, nost preferably, up to

200. 84 According to a furthgr aspect there is

provided a reaction nedium conpri sing one or nore

reactants, and in catal sten1co r|S| ,

v@m aF ARBI4 2y lc*@ﬁoﬁﬁm@iyn%\t vidad BESQGH WELpder. This
dfﬁg@tal Ory h L, coppaunds a QE@entféfiéh susponsmon
hosphi ne arS| or, stlblne Ilgand and an acid,

P;die;fmtnecninhbr emﬂ,uwmr e(llrﬂ(lsalcm 1i gl peldsdesehd m‘mrgtula to

| east 2:1 nol ar. exces a d t t

165 S e LUP. IRCD O it Ceoupouity, SSEEEERET Bhegreaction
waG Ot $tBLeseRt d Ndtifald wﬂﬁoﬁdﬂn@ oa%allewc@isltrate The
conpared to said ligand. 10 Preferably, said reaction
medide i wag |vaghed phath ald@iéémﬁéwlneimmﬁﬂﬁmﬁg x 100 cm®)

BE LS bRt e, SopLi DUGUSLSUSHEM 18Asi0n . e

R0 | 8 wgiérﬁﬁmaebdlﬂﬁ%ﬁﬁ&uénatherHEdgwn phat iyellow
acid which is not directly conbined with the

adﬁos:phlwhlbhgaad washgrdeatidth pevdRIBO0phr Horen’, washings

pref erab eat e han pp fe
thrae‘?a‘f’e?a GZg]di’)‘b’fJJ:ﬁ cto&gﬁ ng’¥§8‘é£?u${%er&ggﬁéctin vacuo
ddre |Jr$\(ﬂrgmq;n RhOViKIES yaovéBoRr asesa fsma epatilng t;ttﬁ»:dur
catal yst systens of the invention conprl ;
"@@rbcﬂm/n@'ﬂc@n'p&ﬁerﬁs 3§ NKR: afd=c)38s PPt |9r?g‘d hePEH Gy, TW =
el ? ably in the aforenentioned ratios. According to

bse further aspect the present invention provides
the use of a system conprising, or obtainable by 25

L Nni ngraglaa metal of Group M B or Goup V'i!:?-wlg’;fsﬂii-lm ,

‘adamantylphcsphinamﬂthyl)henzane
1.4.1 Preparation of DI-SODIO~ORTHO-XYLENE (DISOD)

BuPLi (2.5 M in hexanes, 11.28 cm®, 28.2 mmol) was added
dropwise via syringe over 15 minutes to a stirred
suspension of NaoOBu® (crushed, 2.71 g, 28.2 mmol), o=
xylene (1.15 cm®, 9.4 mmol) and N,N,N',N’ - tetramethyl
ethylene diamine (TMEDA) (4.26 cm’, 28.2 mmol) in heptane
(100 em®). 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 en’®) and dried in-vacuo, 90 % yield

azsumed, 8.47 mmol.

1.4.2 Reaction of DI~SODIO-ORTHO-XYLENE with 2 equiv (1~
Ad) 2PCL
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ligand, and 30 c) an acid, wherein said ligand is

present in at least a 2:1 nol @s excess conpared to

said nmetal or said netal in said netal. 85 conpound,

and that said acid is present in the range 5:1 to

95:1 nol ar excess conpared to said ligand, as a

¢at ghypeniaiarhecLabB6OP atd oIV ohmab) etihy| EBjCakiyo cm®) was
unsat urated conpound, preferably the |iquid-phase 5
CHBOMYEAL Pon ofS ait et hyFEAPERELYDUSSAt ARG (5.70 ¢, 16.9

ungd, _nofe ferably the I|iquid-phase
%%%?f%u%ﬂsygéésﬁgéﬁ égfgo Pat ort Rt RY efibcallBy °C and
dRSRdIr al.ad WIPYEIG csﬁ%uwet_@V%'h%aflﬁfsg%egggggﬁg%n. The

each and every feature 10 described here

EG@A F3PppRisc abl ovasl ahp orora | toonitientar teserature and
? o] heq pr. es .Avention as set _out  herein, ,
SRae et TR P R L bR e PR 280RH il Sorucion.
Partdculdegasped; doCaren nit ualitiyd exalusianuld IBEording a
f.ollow n exangles further illustrate the present

FAVerit 1ot THesE exdhphed @Fe2todselvpéwwBiss Belag present
i bhustucd)i veusf tepeskfl n¢wmalanal | LEngpyethbp.the
b?oader di scl osure preseﬁ?gﬁﬁéggegiéﬁd$%rgh%%tmkge%gal‘ The
POPAR VR ae |(Efk@l ngashe dorwoeder vila s claosurle i mianysolid in

%ﬁ&-é@ﬁggﬂ§aﬂhase was extracted using dichloromethane (200

erdpar diaimimof tlo2 ddis(di pﬂ@aagnLyﬂk@owmaeagﬁta%é ) (CHaCLy)
henzene V[)5005/079981 PCT / G B2005/ 0005(19 F; T
was removed via cannula and combined with the original
Et;C phase. The volatiles were removed in-vacuo vielding a
slightly sticky solid. The solid was washed with pentane
(200 cm®) with attrition being performed, the washings
being removed wvia 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, 24,
Ar-H), 7.09-6,99 (m, 2H, Ar-H), 3.01 (d, 4H, 20m = 3.2 Hz,
CHz) , 2.07-1.57 (m, 60H, CioHis) ppm.

Yo {(*H} NMR data:- (100 MHz, CDCly, 298 K) & 139.4 {dd, Jpe
= 10.7 Hz, Jpc = 2.3 Hz, Ar-C), 131.0 (d, Jpc = 16.8 Hz,
Ar-€), 125.0 (s, Ar-C), 41.1 (d, %Jpc = 10.7 Hz, Ad-C?),
37.2 (s, Ad-¢Y), 36.9 (d, Y = 22.9 Hz, Ad~cl), 28.8 (d,
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P cwz H2 )OP 1,2 bis(di adamantyl phosphi nonet hyl)

woleoszenes (M-, Nthod 1) The preparation of thipgritigassthonsse

was carried out as follows. 5 1.1 Preparation of
(1-Ad) 2P(O C1 Phosphorous trigghi ori de (83 cnB, 0.98
nol) was added rapidly via cannula to a conbi nation
al ugi pi wm chl or jde 2 g1-0. 7, )y and; _

g&%nﬁn?‘éﬁe (27 géj?qo'. 2#)rr(§) ?d% af 1% di gzgfgé t%\%’ Jee = 3.1
Byspemsi.on. The reaction was heated to reflux. After
10 m ns, a yellow orange suspension was forned. The
reaction was refluxed for a total of 6 h. The excess
= Was, renoved by distillation at atnospheric 15
T#%@%ure—(BP 75 C). On cooling to anbi ent tenperature,
Rneparanges sof | H, GadikddiedarGitorlghomph(i28hediB)] wasenzenea
addgd yéelding an orange suspension, which was cool ed

S 2t er (150 cnB) was added slowy: initially
the suspension viscosity increased, but on ful
addi tion of water the WO 2005/079981 PCT/ GB2005/ 000569
3: ¥ R skoadamaniggl eelgo sphbniehi shperhfet heas ekt ¢pnred in
YRSo A9 nONGR KERL Magﬁpdaefahgﬁﬁgﬁ%r%.Qﬁ Ar. The
suspensi on was uchner tiltere renove the
yel l ow-orange solid inpurity. The filtrate consisted

f two phase system 5 .The |ower phase separ at ed
£ ht PR EYT WheRRt o, U ofePTRGSs! And Sototdance
Buehnete fud {9 do £ Theamphat it @s were renoved via

rotary evaporation, drying finally in-vacuo,

2.3 (Di~l—adamantyl phosphine) trihydre boron. Borane
(THF) adduct (10 on®, 10mmol) was added to stirxed
solution of di-l-adamantyl phosphine (l.36g, 4.5mmol) in
THF (30em®). Stirring for a further b5hrs afforded a
slightly turbid solution. The wvolatiles were then removed
in-vacuo to yield the product as a pure white solid.
Yield: 1.39g, 98%, 99% pure. EW: 315.25. P NMR: & 4lppm
(d, Jep €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, Yo a
stirred, cooled (~78°) THF solution (60cm’) of di-i-
adamantyl phosphine trihydrobhoron (5¢,13.Bmmol), Was
slowly added (via syringe) **“Buli (12.3cn’, 16.6mmol}, upon
full addition the solution had a noticeable vyellow
colouration. The solution was stirred for 30 minutes at
~78% and then al lowed to warm to room temperature and stir

for a further 120 minutes. The solution was then cooled to
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affording an off-white powder. Yield 35.0 g, 99 % 31P

woNYRE /07> Ppm 99 % pure. FW= 352.85. 10 1. ?*C'r/cﬂzu?s)/ooosm

Preparation of (1-Ad) 2Pl L.1A1H4 (2.54 g, 67.0 nmo

was added over 90 m nutes to9 chilled (-10 O

solution of (1-Ad) 2P (O d ?10.00 g, 28.3 15 nmol)

in TI"IF. (120 cnB). The reaction was allowed to warm
A1glandi@nt tBipesaluteéonhe i’ r enf f oo 20i¢hlFhe greylene

suspensi on was cooled to -10 C.. aq., 5.cnB c, . MC1.
Waf  80dens degasinnt teﬁﬁ%‘%@%@%‘ssﬂa\ﬁd 3*%}?%_ allowed to

W N9 ChBit | fhhYe¥EEYrs!l oMy du4a e ®Xgblier Mofhrs, The
reaction), 20 yielding a two phase system w th sone
woldtdl g evhatre | thephedmowsd phas@cur ther THETher york up
cnB ¢, HCL ad to__i,mpr he i O f .
e Irﬁgéi']sl?e#ﬁ%ﬁupgg?lphggg vv%’gc\’(g‘?éeno?/%% wgéflegjf@ removed
Qandady cannul e r st ¢ etli oneprdgSunadyiblbiten80%viBds pure,
cannul a. The vol atiles were renoved .in-vacua 25

af f OFBi htf k HBiFor &Gt s 40 B WM tlslpdderdl it at ed in

the gl ovebox. thld 6.00 g, .70_% %1P NVR. 6= 17 ppm
3053 r

100 % Bplrid} Mg 41 (@ plepdfatiZdn o (1- Ad) 2PCL

30 Agsplutio -;Ad2P. . 34, T a Onpe

(6. 12§“2n@{"ﬂ‘ szﬁa‘lﬁﬁol 'é%Pt §| ?e‘n%%'z%m% mﬂgégg Ar-H), §
chill-eds§.07 -39 Gpm PRsgene aolutiors (3030 w8, (86. TcH,), 8
mol , was added Sl owly WO 2005/ 079981 PC

| C13200%+ DOD5GIM 88, vEaHaahnul a, transferring via a
measuring cylinder. This afforded a highly viscous

pal e yel | ow suspension. Additional toluene (100 cnB)

o5 dfdetkyifa cannula to |esagn the viscosity ah®~bis (di~
ease the stirring. The reaction ] ,
adamantylphosphinomethyl)benzene via deprotection of 1,2
bis (di-adamantylphoaphor (borane)methyl) banzene  with

HBF,; O (ME) 5.

Tetrafluoroboric acid dimethy.l ather complex (o
equivalents, 12.5mmols, 1.5cm’) was added slowly via
syringe to a cooled (0°) stirred solution of 1,2 bis (di-

adamantylphosphor {(borane)methyl benzene (70 cm?

dichloromethane). The solution was stirred at 0% for 1
hour and then allowed to warm to ambient temperature and

stir for a Ffurther 12 hours. The reaction mixture was then

added to a cooled (0%) saturated solution (degassed)
NaHCO; solution (5* excess NaHCQ;) 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 MgS0;. The

volatiles were then removed in-vacuo,
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5 was filtered via cannula affording a yellow
wofbégredse. The residue was washed with addit ipem@lBzoosoonsey

toluene (2 x 100 cnB) and the washings conbined with

the original filtrate. The wjatiles were renoved

i n-vacuo affording a pale yellow solid, which was

washegh p ape, (2 x 30 , washi ngs 10
practlé%1¢9}cgﬁgugl%ésﬂ pﬁﬂe%ngoduct was dried
in--vacuo and isolated in the gl ovebox as a | enpn
yel |l ow powder. Yield 7.84 g, 67 3. 312 NVR 5 nm 139

gbnmmg{cwg:pw 2968w & 73861 8% (kh Nu-Wrefiar RidHof, 7.0

b1 {5 52t Pon o1 017 SCDr ol ORARD b BRE( BR800} - o021 ppm

@M"brlcggh@ Min hexanes, 11. 28 cnB, 28.2 mmol) was

added dropMAse via syringe over 15 mnutes to a

stlrred suspensi on of NaOBut (crushed, 2.71 g, 28.2
ANDl) 1 o0 xylene (1.15 cnB, 9.4 mol) and NNN,N , N -

tetr et hyl ene di am ne (TMEDA) (4.26 cnB, 28.2

Rn@ﬁaranlhﬂptane 25£100 cnB)1,dhe reactiho®m was heat@d-3, 5~
t 60 C f8 h, . then allowed to cool [/ settle,
&BB&MMGMLM ( hﬁwwmqﬁ 2)

yel | ow sol ution. The sol ution was renoved via cannul a

filtration and the solid washed with additiona

hept ane (50 cnB) and dried Iln-vacua. 90 %yield 30
assunmed, 8.47 mmol . 1.4 2 Rdacli
Dl - SOOI O ORTHO- XYLE A
2005/ 079981 PCT/ GB2005/
D.1SOD (8.47 mmol) in

- Ad) 2PC1 WO
Fspensi on of
was prepared at

-78 C. A suspension of Ad2€ ) gn 16.9 nmmol) in
Et 2C (120 cnB) was stirred PA\' -78 C and
g
L

1.2-bis(di-1-(3,5-dimethyl-adamantyl) phosphinomethyl) benzena

3.1 Di-1-(3,5~dimethyladamantyl) phosphinic chloride was
prepared in accaraance with the method of Example 2.1
except using 1,3 dimethyladamantane 21.7¢ (0.132 mol)
instead of adamantane, and AlCls (18.5gg, 0.14 mol).
vield 23.5g FW: 409.08.. *'p 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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5 added via w de-bore cannula to the D SOD suspensi on.
wobhes/7veact i on was allowed to warmto ambi ent pCT/GB2005/000569

tenperature and stirred for. 18 It, affording a pale

yellow turbid solution. Wateg (degassed, 100 cm 3)

added via cannula affording a two phase system wth

. 9reat . de l.i.d .pre (P t), dug . ..
o SR el T EPoSPHRY P rife' FRPRERY F a1
Adasen C L 20hovpison ooyRUoviidecaniwial THhey sgl i dwi:n 358,58, ,
t he agqueous phase was extracted using dichl oronet hane
3(1201‘JMRGIT§) 1€or‘mirqg {(¢Wo cl ear phases. The | ower phase
(CH2A 2) was renoved via cannula and conbined with
the original 1.5 Et20 phase. The volatiles were

3 IOV 10¢ Y pE-etlinye €l dlrlan 8y 1 pht | pleddpdinepl | d.trihydro
The solid was washed with pentane (QnOO cnB) with
hoxont WA BECRGLEEr oo R Fﬁ@%@h. gj’s ﬂllb%V‘F\geF{@ﬁB\Fedlsmg

i’é?ocgg%'ial ffﬂﬂﬂlﬁ(}h%ﬁ%‘gﬁ% %/ggox I i r%fagﬁstﬂead of

.1 n-vdcuo ahd 1'sol at
20 Woh # EmPOWRphdéeh tha. 5 91.eb8 % 5FY ="0%MHE: &1p0. Sppm
"HHNMR data:- 8 24 ppm 1H NWR data:- (400 MHz,
8, 298 K) S 7.59-7.50 (m 214, 25 A r-k!),
7.09-6,99 (m 2H, Ar-H), 3.01 (d, 4H, 2Jm = 3.2 Hz,
CH3), 2.07-1.57 (m 60H, C 0H15) ppm 13C (''FlI) NWR
3ad a: SydtiiD9siHz, «GDCL3,, 298bi): 8 X8d -8 ,(Gordlimi gy ladamantyl

0.7 Hz, JPc = 131.0 J =,16.5
Spiproyne e pentdpe oy pepiarornacouF chy ““eilti and
ﬁ%:g%@n3a1%h( Soo AdiCplloro 38~ %ir(l.gnea vJ3§ prepard® as per

28.8 (d, WD 2005/079981 11C
N:A20054 0Q086%Rb@B® 3drcenmin TBirHy, eﬁ\da.m&)ar, Zodn{sldpf di-

i}%—f’cii@%ﬁé}l O iBrantsf prysbniny SiNdarob5aMR! §1dt2ad of

di-l-adamantyl phosphine trihydroboron.

3.5 Synthesis of 1,2 bis (di-3,6-
dimethyladamantylphosphinomethyl) benzene wvia deprotection
of 1,2 bis {di-3,5-dimethyladamantyl
phosphor {(borane)mathyl) benzenae with HBF;O(ME), was
prepared as per 1,2 bis (di-l-adamantylphosphinemethyl)
benzene (Example 2.5) above except by using equimolar
amounts of .2 bis(di—3,5~
dimethyadamantylphosphor (borane)methyl) benzene instead of

1,2 bis{di-adamantylphosphor (borane)methyl) benzene.

Erample 4
Preparation of 1,2 bis {di-5~tert-

butyladamantylphosphinomethyl) benzene (method 2)




aration of .L,2 bis(diadamant Ylplosp | nonethy )ben ..
wo(sidrosk12) 2.1 D -1-adamantyl phosphini c chl etirdas2u@mnnsee

prepared in accordance with the nethod of Exanple

[.1. 10 2.2 D -|-adamantyl p@ sphine was prepared in

accordance with the nethod Exanple 1.2. 2.3

(Di -1 -adamant yl phosphi ne) trlhydro boron. Borane 15

(THE') adduct (10 cnB, 10mmpl) was added to stirred

sol ution of di-I|-adamant e (1.36g, 4.5muol)
in THE (30cnB) . Stirring f.g Ir ther 5Shrs
afforded a slightly t i H 1 Op* e vol atiles
were then renoved in- | T 8 g/d._the product as a

pure white solid. 20 Y .
315.25. 31P NVR S 41ppm B o4 Hz) . 2.4
Synthesis of 1,2 bis (di- alment yl phosphor ( bor ane)
net hyl ) benzene via deprot@dtion 25 with SBuLi and
reaction with as | or o0- xyl ene. To a stirred,
cooled (-78) TI3P solution (60cnB8) of di-1- adamantyl
phosphi ne tri hy¢droborpn (5g,15. StTmol ), was slowy
added (via syrin CBuktj (12.3cnB,16.6mmol), upon
full addition the solutionfhad a noticeable yellow 30
col ouration. The solution/was/s{ixred for 30 m nutes
at -78 and then allo 0 roomtenperature
and stir for a furthef \ SS~~The sol uti on was

di chl oro
. Sp, lution was

-78 and a TIIF solutio
o- xyl ene was added vi a*Tannu a
then allowed to

1,2-bis(di-1-(5-tert-butyl-adamantyl) phosphinomethyl) benzene

4.1 I):i.—-l—(B—tert-butylladmnantyl) phosphinie chloxide was
prepared as per Di-l—adamantyl phosphinic chloride above
except using tert-butyladamantane 25.37g (0.132 mol}
instead of adamantane, and AlCla {(18.5gg, 0.14 mol).

Yield 22.6g FW: 464.98.. *'P NMR: &: 87ppm (s).

4.2.1 Di-l~(5~-tert-butyladamantyl) phosphine was
prepared as per Di-l-adamantyl phosphine above except
using 13.5 g Di-l1-(S5-tert-butyladamantyl) phosphinic
chloride dnstead of di-~l-adamantyl phosphinice chloride.

Yield 9.4 g FW: 414.48.. 'p 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-l-(5-tert-butyladamantyl) phosphine
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warmto roomtenperature and stirred for .15 hrs. The

wovobzatrivises where then renoved i n-vacuo. No fuptherg2wsriosso

up 5 was required as LiCl and excess organics are
renmoved during the deprotecgd on procedure. Yield: 100%
85% pure. 31.P (''"H NMR (CDClS 298K) 8 (d, br) 41

1 4 p p 44 31
TR eedchs Shak tagtyPEghplanthb] MUl o15e e
ﬂMﬁgg;?/ppwm(m pr Ar--H) , 833ppm(d CH2), 8
2.2-1.2 ppm(m CloH15) 2.5 Synthesis of 1,2-bis(di,-
adamant yl . phosphi nonet hyl ) benzene vi a deprotectlon of

15 damant I hos bor apy net hyl
% %zene %’?ﬁ(éjﬁ4 O ( p . |[HF’C%EafI uor%'z) orlz a%lln”d5 tort-
mmwmgﬁhpxpmwm&ammmmt s, 12 dmnmsns via

1.5cnB) was added slowy via 20 syringe to a cooled
c@@m;o's@mtmns‘oim.“?ﬂ@m 1amd rw@q@m with ao dichloro o-

mantyl spha. r ane) net hy benz (7
’8? r on@?‘%ane)preéfh&‘iol ufon eg sti ?I’gd a?bJO% for (di-1-
dd alontt y Btk & fed: abd Savesh mar Enm t Deamkirant abave except

tenperature and stir for a further 12 hours.

ek | ETHIRR R RESUEN 95 a%*e]w{%-*‘a%‘éam&y@@@)amanwi
S M ed Sotyagggressgeﬁsedhns%@gﬁm %f%u“ 9'1-(15adamanty1

excess NaHCG3 stirred vigorously r 50 m nutes.
At oln e T phadechvesen hen extracted with 2*30 cnB
portions of diethyl ether, and added to the DCM
extract. The organic | ayers were then washed with 2 x

803 Wywiesnd t i ons @ degassep wat er paG dried QE~S~tentw
MySO4. . The volatiles were then renoved in-vacuo. WO
brplsl adarom ty i ephiremeimbe pengene  via deprotection of

1,2 bis (di-4-tert-butyladamantyl phosphor (boranae)mathyl)
benzene with HBF,'O(ME), was prepared as per 1,2 bis (di-l-
adamantylphosphinomethyl) benzene above except 1,2 bis(di-

S-tert-butyladamantylphosphor (borane)methyl} benzene was

used instead of 1,2 bis(di-
adamantylphosphor (borane)methyl) benzene in equimelar
amounts.

Bxample 5

Preparation of 1,2 big(l-adamantyl tert-butyl-

phosphinomethyl) benzene (method 2)

5.1, l-adamantylphosphonic acid dichloride, This compound
was synthesised according to the method of Olah et al (J.
Qrg. Chem. 1990, 55, 1224-1227).

5.2 1l-adamantyl phosphine. LiAlMy (3.53g, 74mmol) was
added over 2 nrs teo a cooled sgolution (0°C) of 1-

adamantylphosphonic acid dichloride (15¢g, 59 mmol) in THE
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312 (1H NVR S 26.4 ppm(s) Il 1 NVR (CDC13, 298K) 8

wolaoDdoRm (g, Ar-H JHH 3. 4 Hz) , 7.0 ppm G’ﬁwo"}{zmﬁgmusfm
m or

ass 3.4 Hz) , 3.0 ppm(d, br CH2) 1.6-2.1 ppm
C10Hy5) Exanple 3 WeMNM|06M 1,2 bis (di--3,5-
di met hyl adamant ylphosphin <)nethyl) benzene (nethod

4 1,2bis 3, 5-di net hyl - adanmant yl
b%\é@ph‘i‘rﬁdrret ﬁ%e) B& Hféﬁ@‘gS Was n% ny ?Llowed 1‘20 warm to
Diplaf8 sedb@ebhvh-adamantyls phospid ni&rchterJg@ V\@ﬁe grey
prepared in"accordance with the nethod of anmpl e
dhspxgepdn usiasg thed mdm&khiyMHdananﬁamEH21(7g tﬁﬁ;SZM) was
not) instead of adamantine, and 11.7.013 (18.5qgg, 0.14
FOPYLlY Wosied 2¥isg SpWAngBe. O . 2EEprine %W%ﬂalw%s)wswm
w424 Ol cn?m:,( %;orllcﬂ %é%ﬂ@dﬁfﬂa%x' )Lo%‘%s&!}?d‘?@m%oncentratcd
pr epar ed as per 'e 2.2 above except using
HGJ.O (Gcbi , 11@31)5%@ moa@@@d PCT/LEGR200%/ 000668 epa3ation

hyl.ad hi hL tead of
o TEh Y e T o R P ey £ FRE SRabR” wes , Shnpypa via
3518n15§a P NMRied 16vdPPMo{sSynesimmd. 3sulphate. After

- Di-1-(3,5-di nethyl adamantyl ) phosphine) trihydro

Bbibﬁahhgnpﬁ@ﬁhrédnﬁﬁlﬁertE%hnﬁPéaﬁléeﬁde%r@xc%%mﬂved in-~
0 9 di met hyl adamant yl )
ﬁ%@%h?%ea?ﬁgféaﬁh &ro&é?éadanantyl phosphi ne. Yield
9.5 g 31P NMR S. 40.5ppm (br). 10 3.4 Synthesis of

g’ 5 P:l. Sa&amantyl dLQF‘[‘ rgm?ydf naph%sphine) trihydro boxon.
nBulLi (20 cm3, 32 mmol 1.6M soln) was added over 1 hour to
a cooled solution of l-adamantyl phosphine (5.0g 30 rmol)
in THF (100 cm’). The solution was allowed to warm to
room temperature and stirred for a further 2 hours. The
solution was recocoled to 0° 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 am®, 30mmol) followed by removal of the
solvent. The material was lsolated 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-
adamantylphosphox (borane)methyl) benzene above axcept
equimolar amounts of l—adamantyl-tert-

butyl (phosphine) trihydroboron were used instead of the di-
l=-adamantyl phosphine trihydroboron.



(borane) met hyl ) benzene via deprotonation with ... BuLi
woangkneaction with as dichloro o-xylene was peeraeskooseo

as per. Exanple 2.4 above except using equi nol ar

amounts of di 15 3, 5-di net hyk7adamantyl phosphi ne

tri hydr oboron instead of di-I--adamantyl. phosphine
ween. 3.5 nt hesis of bis (4L — -

d| rre%l adamant yi pr:f?s/phl ﬁ%rr_zg'f ‘hyt %%enzene Vaﬁaﬁlantyl texrt

wmwmmomhmln Pengzenedivid, Bi@pmémty&mtanaﬂtyl 2 bis

pr epar eé‘(tg'g- Dar h%y% be%enit?aﬂghh o S I éh'v%).) enzene

ﬂbhosthBBmﬂ(hW))g benzm;e (Expapl e 2.5)2 abovq;,Leqxcept (di-
usi ng equi rnol ar anDunts of 1,2 bi.s (di- 25
5 amémt @@%WPW%%# (BOnEARE) eﬁﬁephyll)?ibénzétﬁelmolar
faRingad 1.4
Llbls(dl adamantOyI phosphdr(borane}jrret I%ya)daglgﬁ%:gnetert butyl
plo spdrp] @Malﬁmép@ﬂdwbh dferlzeéheni dn@dieal- teft-1,30 bis) (di-

RS TRl RSB RREA L LgBeggene (et od 2

1,2-bis(di-1-(5-tert-butyl -adarrantyl ) phosphi nonet hyl)
. benzene 4.7. Di-1l-(5-tert-butyladamantyl) phosphinic
10 Exampdiedé was prepared as per Di-Il-adamarrtyl

pRR %;Ela't@.'oﬁ chlpride gabo}:l,g? (é(; Q,ytgggtamga}tﬂgegpo3Bhipomethyl)

badarast.| n8ianadtAnE o (dBiSggss@nd4d mol ).  Yiel d 22. 6g
>W 464.98.. 3"1P NVMR 3: 87ppm(s). 4.2.1
Di-1-(5-test- butyl adamant yl ) phosphi ne was 10

prepared as per, D -1-adamap phosphi ne above except
using 13.5 g D|--1(5--t | adamant yl)
phosphi ni c e
2
C
p
1,2 bis{dicongressylphosphinomethyl) benzene
15
6.1 Diamantane. This was synthesised according to the

method of Tamara et al. Organic Syntheses, CV &, 378

6.2 Di-1-(diamantanex) phosphinic chloride. Prepared as

20 per Di-l-adamantwyl phosphinic chloride except using
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chloride instead of di--I--adamantyl.. phosphinic

wockhhormege.  Yield 9.4 g FW 414.48.. 31P NVR pET/GB2065/000569

18. 62ppm (s). 15 4.2.2 Di-1-(5-tart-butyl adamantyl)
phosphine) trihydro boron wgs prepared as per
Di..-1-adamantyl phosphi ne above except using 10.0 g

D-1l-- (5-test:-butyl tt hosphi WO ‘
208570588 ) B O0R QUb6US Lhs IR ddisr (16.0g, 0.12
di - | -adamgntyl ogphipg. Yeeld 9.8 NVR: 55
PR AT SO K LA IR A g S

but yl adamant yl phosphor ( bor ane) net hyl ) benzene vi a

depr .ot onat i on mﬁth‘QéSu i agd reactjon mﬁtg as D~
i T (A ARAR AR o PBPERAFER - aq BEFPATSUp AR (BPF1 0L
Vi %Hé@ﬁ@ih&beggeg}ﬁ%m@ 2360z enep Aoy ed BxkAan )

usi ng equi ol ar anoun

shodplfierthibpigbadadrtiyl )i 41.00 cohosiphi A86.. *'P NMR: &:

tri hydroboron instead of di-I|-adamantyl phosphine

16 i MRIM obdron. 4.3 Synthesis of 1,2 his (di-5-tert-

but yl adamant yl phosphi nonet hyl ) benzene vi a

deprotection of 15 1,2 his (di-4-tert-butyl adamantyl

6 hb Sphrok | bbvaamas) bendly | Dhoephaael (bbb Bygay 2 Wakepared
repared as per, 1. 2 hi.s [ :

Biarkitn yiBnosg sk Pisethine absinvdrecpporon, oxeept

W B4l 15,0 g Di=~1~ (diamantane) phosphine. Yield 14.5 ¢

5--tert-buty..|.adamantyl . phosphor (bori ne) net hyl)

Yenw¥Re SasiZudppni feread of 1,2 bis(di 20

adamant yl phosphor ( bor ane) net hyl ) benzene in equi nol ar

anounts. E;xanple_ 5 Preparation of 1,2 bis

¢ 15 -spaeradyd tent- gt yl - 251 phosphi ntwimt hyl ) bédiamantane
(method 2) 5. 1. 1-adanantgiphosghonlc a&id chhI ride. .

m@]&we)methyl) enzan via eprotonation with

seCpali and reaction with oo dichlere o-xylene. [Prepared
as per 1,2 bis (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 (diamantanephosphinomethy 1)
henzene via deprotection of 1,2 bis (diamantane
(borane)methyl) benzene with HBF;'O(ME).. Prapared as per

1,2 bis (di-l-adamantylphosphine methyl) benzene except
using an equimeolar amount of 1,2 bis diamantine
phosphor (borane)methyl) benzene instead of 1,2 bis (i~

adamantylphosphor (borane)methyl) bhenzene.
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was synt hesi sed according to the nethod of Aah et a

wOo(2d05/0708g. Chem 1990, 55, 1224--1.227). 30 S5p2r/GB2005/000569

1- adamantyl phosphine. Li AlFl4 (3.5g, 74nmol) was
added over 2 hrs to a cool edgsol ution (0C) of 1-
adamant yi phosphoni c acid dichloride (15g, 59 mmol) in
%g@himg 2005/ 079981 PCT/ G32005/ 000569 96 (250 cnB)
ion was then allowed to warmto anbient .

reaperatipe and ews st iirrethiterd2@ehtbut Yhphgspiinomethyl)
susgension was then cooled (0C) and HCL (/5 cnB, 1M

288Fowl y added via syringe, to afford a two phase
system 5 with sonme solid present in the | ower phase,
Concentrated [iCl (8cnB, 11M was then added to

i nprove the separation ofz%he tawp | ayers. The (upper)

THF phase was renoved'ﬁFa\ canndl cand dried over
magnesi um sul phate. Aft i Lt€qtion via cannula, the
volatiles were renoved’in- 1& vactouto afford the
product. 5.3 (1-adamantyl-tert-butyl phosphine)
trihydro boron. nBulLi 3, 32 nmmol 1. 6M sol n) was
added over 1 hour to y#ed sol ution of 1-adamantyl
phosphene (5. Qg 30 5in THE (100 cnB) . The
solution was all owed %g mto roomtenperature and
stirred for a further 2 e Tne  solution was
recooled to OC and tert-butyl hl ori de (2.78g, 30
nmol ) was added and stmmfing ontinyed for a further

16 hours at room tenperatJge. erial was 20

i sol ated as the borand&dduct b “addi tion of Borane
(THF) - adduct (30 cn8B, SGMhDI)HaoIIoMBd by renoval of
the solvent. The material was isolated as a white

solid which was a m xture of isoners.
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

Praparation of 1,3-bis- (di-1~adamantylphosphino)propane
(2)

8.1 Preparation of (1l-Ad),PLi

Bu®Li (2.5 M in hexanes, 42.02 cm®, 105.1 mmol) was added
dropwise via syringe to a stirred sclution of Ad,PH (10.5%
g, 35.0 mmol) in THF ({150 cma). This resulted in a
darkening of the solution to yellow and the prgcipitation

of a large gquantity of yellow solid, in a mildly
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25 5.4 Synthesis of 1,2 bis (1-adamantyl-tert-butyl

wohespoenn  (borane) met hyl ) benzene via depr ot eaatdm2005/060569

with flBuLi and reaction with as dichloro o-xyl ene.
The synthesis was carried quip as per 1,2 bis (di-1-
adamant yl phosphor (borane) nethyl) benzene above except

' ar, S 1'9999@ﬂ5 l-tert- . .- -
gg?gﬁ%%ﬂgépﬁfhg%#?%ﬁy ﬁg%oron méﬁg ﬂégdsﬁﬁgﬁgﬁ% %ﬁ ??@Fent_
tempéradamantylr phosphiee tolidnidresboran: MWnoved in-vacuo,
2005/879981 PCT/ GB2005/ 000569 97.5.5 Synthesis o 1,2
affording a veqys QAL SpEie: THe solid was washed

but vyl Lnopet hy~ 1), henze ' rqt.ectinpn of .
A PSR Tk Y0 ooy bt B SRR B B e o etng
bengrseiswibhibBFarQa (W)l t@ pokdepelwdsRibys 6dbnde) which
adamant yl phosphorin QnethyIL benzene except using
BaEi AbF-8F 1ETHEAES- of Pe, prebilstar - byhfaAt§P- vREr fSsumed to
u r 0 Yd¢ ) p PRz st fments
??2&%%“§?F§??bgaaﬁgnfﬁgf%ﬂ%%%h%ﬁ(%'aréﬁ@f %@?h%ﬁ%gf&mcnt '
benzene. 1.0 Exanple 6 Preparation of 1,2 bis

SR AR Lﬁg&@@%ﬁ%ﬁ%&"@’%ﬁ )df%‘?”%e%%w (1-Ad) oPLi
D;sédmaagapss%h@@osmgmml L.henzend, is7 % lmmol) was

Diamantane. T IS was synthesised according to the

ARSI DHOPIEER a Ve aPYTHREANIT® SPntHebeEed Oppegpgon of
R Y S S e B L L A AR
Usingally a yellow solution was formed, then a great deal
of white solid crashed out (product). The volatiles were
removed Jin-vacuo and dichloromethane (300 cm®) added via
cannula affording a turbid seolution. The turbidity was
lost on addition of water (degassed, 100 cm’), a two phase
system being formed. The lower phase was removed wvia
cannula £iltration. The wvolatiles were removed in-vacuo,
affording a white powder, which was washed with pentane
(100 cm®), dried and isolated in the glovebox. Yield §.45

g, 57 %. P NMR: 3 = 24 ppm, 95+ % pure. FW = 644.94,

Preparation of 1,2-bis=-{dimethylaminomethyl) ferrocene

n-Butyllithivm (Aldrich, 2.5 molar in hexane, 24 ml, 54
mmol) is added tol a solution of
(dimethylaminomethyl) ferrocene (Aldrich, 13.13 g, 10.69
ml, 48.87 mmol) in diethyl ether ({80 ml) under nitrogen at
a temperature of 25°C and the reactlion mixture stirred for
4 hours. The resulting red solution is then cocled to

approximately -=70°C in a dry 1ilce/acetone bath and
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WD 2005/ 079981 PC | 7GB2005/ 000569 98 d. i anaht ane

wozﬂn%i)ﬁfﬂ 106 not) and Ai C13 (16.0g, 0.12 ”Dll*h/(\ﬁzﬁJH‘?tintHﬁ*)

5g LW 456.5.. 31P NMR. S: 87ppm (s). 6.3
-I-(dlanantane) phosphene.igr epared as per Di--1 5
adamantyl phosphi ne except using 25.0 g

i .-l -(dj apant a | or de Yleld 4. .

B2 ¢henpibelE  H 1R L AR TpT e dEhTE 10" 6, st unc) 1

Afddd (di arrmiaaneﬂea)éwn ngs taibydea b%on waF%rnepaﬁced room

10 as per Di-l--adamantyl, phosphine trihydro boron

eeRpralysf ngnd ssbigret- avernd Svdant i ne) phosphi ne.

Yield 14,5 g 311> NVR 6: 42.1.ppm(br) . 6.5

Synthesis of 1,2 his (diamantine 15

Phe ogpmri(izoranepiet:hiph) benzeeachied deptivt @xatsisan aqueouq
as di chl oro o-xyl en

%Q%bgmeaygggxband r%gﬁ%vgﬁéﬁé cing product ext acLed with
dféthyadagnaty| Ehosphor bher angkeeiduds) a m\ﬁe@s\e XESRES Lum

using an eqU|nDIar amount of di amant ane osphi ne

wm@*@@obérldrtﬁr@ﬁ eavebf c@itikeadatrcht ypla dlpRogpmioved in

h d
%gﬁ%%a% osp |none%% §§§ﬂbenzeﬁe Vi a &%prole B oprange

myai,mhme(chcalmaml e (bnua@e)wmﬁdlyciﬁ kie;nzeeerwtemllsed
BFQ O NE Prepared as _per 25 his (di adamant
g%%ﬂos ﬁgﬁ% A9 beHZEfRe &ﬁﬂﬁﬁn ustfg aﬁ7eGU|mﬂ the

Bt 91 1 s 2l hma@m@famﬂ@m phesrhas{or gaer-Ret Y )yle1 d
benzene instead of 1,2 bis(di

Hranbht§ ¢ pROBBREAEDE Sr mé)aammmamzwdvﬂ?» 2 g, 74%).
5/ P 08200 9
SRS PO OO B RN o

give 8.5 g (52%) of the title compound (mpt 74°C),

H NMR(250 MHz: CDCls):54.23(brd, 2H); 4.11-4.10(t, 1H);

4.04 (s, 5H); 3.43, 3.38, 3.23, 3.18 (AR quartet, 2H):

2.22 (s, 6H).

o NMR (63 MHz: CDClg):883.81; 70.40; 69.25; 66.84; 57.35;

45.23.

EBlemental analysils: 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 (dimethylamincmethyl) ferrocene (Example 9, 0.5 g, 1.66

mnol) in anhydrous acetic acid (100 ml) under nitrogen and
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benzene H CH HIC/ CH. Hc P "CH3 CH CH2 H3C

woNoh oy H3C CH3 H3C H3C 5 PCT/GB2005/000569
1, 2-bis-(di-tort-butyl phosphi nonet hyl) benzene The
preparation of this |igand carried out in the
nanner di scl osed in WD 99/4 8 in accordance with
18. 10 Exanple 8 aratlv Proration oC 1
t ebFe€8lt&H§nﬁ‘P§ﬁ8§ﬁhFﬁoft FB n@t ?’Pe%)aiﬁg{-"i b Bpurs. The

ahhFdRbss( qbeltiadaaaat xbpbeﬁ@%aow 9@@&3 akSaprchkihately
Preparation of (1-Ad)2PLi nuJai (2 M in hexanes

7&2¢02@cﬂ36lﬁ(HDQLcnuﬂﬂ)LM%@-ammﬂptwr@@mﬁseovamgn/yellow
SBULHTO%E BrEbhLGRARLLon AL R (10,53 2P Scnanon

wilahk enioig rof tbe—SOPatlmmﬂuhﬁ&ﬂ|@Mdamﬁ@chlthﬂ;e washed
preC|p|tat|on of a large quantity of yellow solid, in

ACHi G \iS Roes) O‘?@98’i@ﬁ>€‘ 5 1500b%/ 6oBBEYNC 1665 & pale

y@KQFEﬁéﬁlﬁdr?@Cngng,TW@ﬁ eggblpn was stirred at

‘W NMR (250 MHz; CDCLs): 64.4 (2H, d, J = ZHz); 3.95(5H,
s)y:; 3.75 (lH, t, 2Hz); 2.8 (2H, dd, 12Hz, 2Hz):; 2.6 (2H,
dd, 12Hz, 2Hz); 1.1 (36H, m).

YC NMR (63 MHz; CDClz): ©886.73 (d, 5.46 Hz); 70.08 (d,
4.41 Hz); 69.4665(s); 63.75(s); 31.80 (d, 2Hz); 3B1.45 (d,
1.98Hz); 29.8B9 {(d, 1.88 Hz).

P NMR (101 MHz; CDCls): 315.00 ppm.

Elemental analysis: Found: C:66.79%; H:9.57%
Calculated: C:66.93%; H:9.63 %

Bxample 11

Preparation of I-hydroxymethyl-2-dimethylami nomethyl

ferrocene

n-2utyl lithium (Aldrich, 1.6 molar in diethyl etliexr, 5.14
ml, 8.24 mmol) is added to a solution of 1w
dimethylaminomethyl ferrocene (Aldrich, 1.0g, 4.1Z2mmol) 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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20

tenperature for 3 h. The volatiles were renoved

woi2ny@6a9, affording a very pale orange soli gcrthiRaeosmnnses
solid was washed w th pentane (2 x 50 cnB) to renove
excess BunLi, resulting 5 ipythe isolation of a white
powder (washi ngs orange) whic was dried in-vacua.

The yield for this ste dto be

Tcswanw%%ﬂ% Lgn AR HETEHAS of oFei otig bR extracted with.

@@%{L};ﬁ%\zmr, 842; Beasté Puiod, 3ol briarmyQpanemiddlite.
equ.i1v (1-Ad)2PLI 10 1, 3-di brorm pr opane &élegassed

The7 8 soi®enty. SSrrrmﬁﬂytOm iaddedcdpopip s@lgld sgEufge title

to a st%rrgld%s)g\sfp |on %deA82Er%) ggg PE,?TTUI_ a neutral

aﬂﬁlxmm S@b Utnh®) W@scho&@emuthan Wl tr q:mmd:ela'fd.l ectfhyl ethar
white solid crashed out (product) The vol atiles., V\ﬁre 1
1% ¥ erréf‘@édq n- - YAcud Ty i chP8r ontthandq 1%05“5‘(9'?@)l =
C?HH%. CHY @rﬁ@l’fjljlg 1 kb RLd] kBged i cb Bahyt Ean.enBie eluted
on ad Ition of water (degassed,
ﬂ¢KH)snB$taatummlgh@$ae gﬁhm&n&m&t@ﬁ¢otﬁe@lUtﬁeﬂhﬂmﬁitle

hase nmov annul,a filtr

Somtae hEFoethuh, Ba-tat0unta 2ot B oy, Tlfuoy g pyield
pavder ¢ 1 whi shodasaZashed adidy et pnery {300l coB)mass .
dried and isolated in the glovebox. Yield 6.45 g, 57
% 31P NVR 6 = 24 ppm 95+ % pure. FW- 644.94. Exam

lpé\ﬁﬁ? %?aﬁn‘ﬁ&%?t%@ﬁgn@@ll};l)f%rrocelnl 62.735 ({a, L H

Byt y| F;Sh' B gé'gdfdaCh .1 245 WBl 802l mAexame. 9824 Md, 1 H,
s ad to 'a solution of

pgdlg;r@t Iy ., andnayEs hyk) f e rigcenda (HEdrichi, 18. H3 ¢ .136 Hz)

10.69 30 m, 48.97 mol ) in diethyl ether (80 mz

dmndErl n|ﬂrogemfatIEaZQ"én’@mat&ﬂelbﬂ 8¢ aianH)t:he8 73

reafé %1 nh ure stirred for 4 hours. The resultlng

Hedlsof Ul i 8% ts then' cooled to approximately -70C in

a dry icel/acetone bath and WD 2005/ 079981

P(: 776132005/ 000569

e NMR (61 MHz; CDCls) 67.688, 884.519, 870.615, 568.871,

.I'

§68.447, 865,369, 860.077, 858.318, 644.414

COSY 2D *H NMR

Partly obscured doublet at 4.07lppm and its coupling to
the doublet at 4.73 ppm confirmed.

Infrared spectra (CHCLi) (c.a. 0.06g / 0.8mL)

2053.8 cm'l, 2860.6 cm’l, 2826.0 cm™, 2783.4 cm™, 1104.9

em™t
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101 Eschennobsers salt (]Cl17Nwvez) (Al drich, 10 g, 54

woehedis added. The reaction is all owed to pyfcRab#nonseo

room tenperature and stirred overnight. 5 The
resultant solution is quenchgg W th excess aqueous
sodi um hydr oxi de and the resulting product extracted

wth diethyl ether (3 x 80 m) dried over anhydrous
Béﬁﬁgéﬁuﬁé sulfate, filtered over celite, and-
¥pbohbhesoheaBvedaip s v agiits Hob Wi el shd dieh crsee iy 1) @ rrocene

conpound as-a I'ght orangée 10 crystalfine sofid: The
crude product is recrystallised fromlight petro

n 7 an t recpystal |l {se d .
U cFiahPOrERSehBap Rt o lihen G By BA% i P e S EOHER D) 15
asdadl i ghttcor ange SOIBdL@ﬂ$oﬂ g, &%) . lIhedeorpoetityl-2-
can be further Eurlfled by sublimation tqo_ 15 give 8.5 _ .
dipsdhy lagpippeetivl e fCGHOSERE (PpfaREs . i NARf 290 0.733
M:ﬁ_};i) CDEL3) a%ﬁg%é%ﬁrd’ agihict hbih 10(1s ]ﬂfﬂ)ﬂ &nd4(Scetic
5H); 3.43, 3.3 3.23 .18 (AR quartet, 2.22(s,
5nhyd2©dc3cx®mm5@63mwyt CDCE3) ; 583081 ; aﬂ@ 4@he69r@5ulting

66. 84: 57. 35: Iysi.s. Found:
BSxBike i ovri fRebete ROE R A KRLES . HobHK] afhygrous
N9t #80 abianple Adhdreapaiat vapudf at approximately 70°C to

1,2--bis-(d. |tertb 1 phosphi nonet hyl)ferrocene, 30 ,
me%@rm@m DRI RAE (RFORRER 96 GT6 MTANGS Ge bkt ) solid.

'15"\@ tgﬁ:c%lustﬂ! Ug_honr@érﬁs@alln.sed from ethanol with
s(dlnethylan1nonethy )ferrocene (Exanple 9, 0.5

aoesangnmk» Th/ahhydnéusradewmd athe EL0GLaite Uﬁﬂﬁgﬂi with
o%q:rhanodl V\Qozoo'sclloc?g%g lcill%%%% 9191%15623 an orange

solid (0.23 g)

1 NMR (250 MHz; CDCls) 84.351 (d, 2 H, 2Hz), 84.022 (s, 5
H),83.827 (t, 1 H, 2 Hz), 82.858 (ddd, 2 H, Ju 15.869 Hz,
Jur13.320 Hz, Jpep 1.831 Hz), 82.679 (dd, 2 H, Ju 15.869 Hz,
Jur 2.441 Hz), 81.166 (d, 18 H, 12.817 Hz), 81.123 (d, 18
H, 12.512 Hz)

FITIR (Chloroform, NaCl plates)
1104.1 em™, 2863cm™, 2896.0 cm™l, 2940.0 cem™, 2951.8 cm™

3p NMR (101 MHz; CDCLs): 815.00 ppm.

Blemental analysis: Found: C:66.5%; H:92.6%
Calculated: C:66.9%; [1:9,6%
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102 the resulting m xture is stirred at 80C for 72
wohsgeegThe anhydrous acetic acid is renpvedpClGHaAMSA00569
at approximately 70Cto yield the crude title product
as an orange/yellow solid. dhe crude product is
recrystallised from- ethanol 5 with cooling to -1.7C
filtered and the filtrate washed wth cold ethanol to
%ﬁﬁmﬁ#@P&Btitle conmpound as a pale yellow solid
%@#@&&oﬁ% B4R d bR 11250 IMizis-CDCL3) : 64. 4
73U 95 (sT-1,7 10 s), 3.75 (1H, t,
@Hme tipy Bangiome eyl ) 1’@4@:@&%@ 2.6 (21-1, dd, 12Hz,
2Hz); 1.1 (36M ). "3C NWR (63 MHz; COCl3) : 686.73
(d, 5.46 Hz); 70.08 (d, 4.41 Hz); 69.4665(5);
Eﬁ(ﬁ%ﬂJﬁiﬁBOs©QuL2Hn) 0B81.1 AB-¥ik~ (dbmdth@BHrinomethyl)

29.89 (d, 1.88 13 5.

ww@%?reﬁ%ﬁma@ ysi 0 Mhsah -2 g % ) sliekilip ethes

gaé%}naz edinda864 %g%h H 9. 631d6a BExamp! eqlitalents n-butyl
reparati on of 1- hydr oxynet hyl - 2-di . nethﬁlan1 nonet hyl

IfﬂhxmmnéAZErmchBuﬂyﬁ5mﬂbhﬂu@%}ﬂ@rﬁéﬁt 116@#§P§ﬁ|Q?d the

dJet her 8. ded .
Y o Sb E12 e A1 Sy o1 YrBtens (A GroRREon
'ﬁhe Oﬂeaétioﬂnﬁmk):ure 1d| E:bb)lledemmera (&ﬂyn_;cwmicemtone bath,
argon. The reaction stlrr g é 3. hours and
Thpd PaadaER detude  afdedorit anl | SN gRayy and the

bceét%.qﬁfé?ﬁe path, Calecrh};!i@fjaiﬂﬁf@ overnight.
ornggﬁhﬂy lQ%%r247g 2 tln%s ékgggs) added and the 7

Tles ultiantum xtigr eqeenehed oudmni ghtedt #p@dmextracted with

SEOPRLA YL Rer WOraQ0RLAL2R8T L ETAGK 1211400 ugso,,

£ilrered over calite 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.

14y NMR (25%0 MHz; CDCls) & 2.133 (s, 6 H), & 2.171 (s, 6 H),
§ 2.910 (d, 1 M, 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)Y, & 3.99 (d, 1 H, 12.207 Hz) (partly
obecured by large cp-ring peak at & 3.962), & 4.068 (d,
H, 82.136 Hz), & 4.125 )d, 1 H, 8 2.136 Hz), & 4.747 (d,
H, 12.207 Hz}

¥o NMR (60 MHz; CDCls) 844.529, 845.244, 855.798, 857.906,
§60.27%, 567.944, 868.277, 869.612, 884.850, 888.322

Infrared spectra (CDCls / thin film NaCl plates )
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103 The reaction is then quenched with water,

W(ﬁj@h{f@ﬁbﬁd wth diethyl ether, dried over My X 'fclﬁﬂgsmﬁnsw

iltered over cclite. The solvent is renpved I n vacua
to yield crude title conpo . The crude product is
applied to a'neutral 5 alunina colum, which is eluted
wi th Eetroi/dleth et her ratio) to repove, the i

%%3%91- nGTmat EPF | 2932 A h)H“ém fAbHet Ry P err otme: 9 on

E colum 3 Schhen ghut eﬁ35:wh ﬁﬂbsmntlﬁibx PUBR™  (m),
acetate to elute t he t|t conpound. The et hyl

a@éBaBecms r emoved 40 \Bacoa t(oB)yl eld 10 the title
conmpound as an orange oil/crystalline nmass. 1H NWR
(250 MHz; CDC13) 62.131 (s, 6 H , 82.735 (d, 1 H 12
rdddehithl, 2831983s(d, ﬁo&hdlZ EiZGQEBwu @G 98%%Ld® B.83
H, 2.156 Hz), 64.035 , 5 H), 64.060
2.136 Hz) 15 54.071 ( ahﬂ@atﬁd 2@7%)8%'54‘t 175490(rmN B .5%
H, 84.73 (d, 1 H, 12.207 Hz). 13C NWR (61. Miz;
CDC13) 57.688, 684.519, 670.615, 668.871, 668.447,
BebnBH8, 1860. 077, 658.31.8, 544.414 20 COSY 2D "H NWR

artl bscur d doublet at 4.071lppmand its coupling

at 4.73 ppm confirnmed. Infrared

§PQ?BL@rQ§H¢a3le&@b@ty@pﬁ@gpﬁiQ@ﬁﬁthy25f895§c§n§n1,
28606 ¢cm I, 2826. 0 ¢chcli™, 278374 cm "1, 11049 cm
1 WD 2005/079981 PCT/ 61 32005/ 000569 104 Exanple_12

F e ti S- ertb l..:hos
Eér?%%gnEGQ EP%E Hb Aﬁ@r1“hﬁe (%$ﬁr:%h 13 ggnﬁ&gli and
2co8imoéhhydride (O £4 mL, 2.33 mmol) is added to a

solution of l-hydroxymethyl-2, 3-big-

(dimethylaminomethyl) ferreocene (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 wvacuo 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

vellow/orange powder,

ly NMR (250 MHz, CDCLli) & 1.12 (dd - pseudo triplet, 36 H,
12.1 Hz), 81.26 (d, 18H, 10.7 Hz), 82.68 (d, 2 H, 17.7
Hz), 82.9% (s, 2 H), 63.07, (m, 2 H), 54.01 (s, 5 H) &
4.33 (s, 2 H)

Infrared spectra (CHCLy / thin film NaCl plates )
1365.5 cam™, 1470.3 em™, 2357.1 com™ ,2862.8 cm™ , 2896.7

em™ , 2939.1 cm™?
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5 added to a solution of 1-hydroxynethyl -

woCE(){i@(htham nonet hyl ferrocene (Exanple 11, 0P?frﬂmzuosfmmsm

nmrcl) in anhydrous acetic acid (15 nl) and

acetlc anhydride (0.753 nnqgh under argon and the
resulting mxture is stirred at 80C for. 72 hours,

The aphydrous 10 acetic acid is renoved in vacuo at
%ﬁi@ﬂiﬁniéely 70Cto vyield the crude title product as
BPQE2RgShnY el | ew sol ido-_The( &:{W@l@ﬁ@ﬁygphbgphinomethyl)
recrystartised from et hanor W th™cooling to --1 7/C
ferreredeand the filtrate washed with cold ethanol to
yield the title conmpound as an orange 15 solid (0.23

g) 111 NWR (250 MHz; CDC13) 54.357. (d, 2 H 2Hz) ,
Bde 0225 TombpuBd. 82¥s (brebatkd? ikiz) accb2d8h8e( dddh the
2 H JIi5 15,869 Hz, JHel13.320 HHz, Jrlez_ 1,6 831 F%), .

BPOEEIurad, ©F ﬂ%xaﬁmelslﬁﬁg"“lﬁzlwé@% #ipyslahexpgphosphine
Eé;%g% (Fgﬁt Cfﬁ 11: %L%ELH&WL&& 123, fﬁﬁonw Ux"htéc@ ﬁ%ﬁgdom

OM(Nm NaCl Mes
28630m1:»c}2896 0 chdl, 294@30 cni' 13 951.8 mlmwl .2~

1P 101 NVHz; 13) . WD PRME enent a
Ghalfere hEa nopsea Al Ee R 808 (i cul 4t ed o6 é%‘.‘%]o)o
Hh Ay 8%0u30 aWer2005404998 D0PRT) GR2D68DA001A569g1. 05
Exanpl e 13 1.>reparation_of 1-hydroxynethyl -2, 3wbi s-
(dinethylaninonethyl)ferrocene 5 To a stirred
gﬁxm hanq@f 1,2-bi.s--(di.nmethylam nomethyl) ferrocene

0. 70 2.32 mmol ) in diethyl ether
Prcparatamn 1,2=bls-{di-iso-butylphosphinomethyl)

ferrocens

The title compound was prepared in accordance with the
procedure of Example 10 employing di-iso-butylphosphine
(Strem 486 ng, 3.33 o), 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-{dicyeclopentylphosphinomethyl)

ferrocene

The title compound was prepared in acgordance with the
procedure of Example 10 employing dicyclopentylphosphine
(Strem 566 g, 3.33 mreol) , 1,2~
bis (dimethylaminomethyl) ferrocene (0.5 g, 1.66 mmol) and
anhydrous acetic acid (100 ml). Yield 0.432 g.
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(15 onB) under argon is added 1.2 equival ents n--butyl

wol2oddiem (Al drich, 1.75nL, 1.6Min diethyl etbeg); rﬁﬂ&mrmﬁm

the mxture stirred for three hours to yield a

solution. 10 The reaction mpture is cooled in a dry

i ce/ acetone bath, calcined’ parafor mal . dehyde added in

2 1 excess, and the resultant mixture stirred at room
e overnight. The mixture is quenched with

Eggﬁﬁrﬁ@goﬁxﬁgafiEdbyélhdl gﬁ!q%oiﬁﬁﬁﬂomc?¥¥f¥fE%f%Hane

and the solvent renoved |n vacuo to yleldthetltle

T oRitaa Dapfbofgs bl Totaared agr oo RIERS| bign the
ﬂ%am3bf3 i-é’ca {;i% (§Es! eﬁn};ﬂ)oy:@cﬁ diZde sl po dPhhind®0( St rem

2.910 (d, 2.817 Hz) 2.998 (d, 1 H_ 12.59.2
mgg 3 432% mra@lha HE » azbgq’rdr-rﬁth@ F g vy) fprrocene

399,
8 2 3 :
0508115y (8arti LR BlVRs oS o2 6h % i g e ™
BiLLO6R)258 ¢.068 (d, 1 H, 82.136 Hz), 8 4.125 )d, 1.
H 3 2.136 Hz), 8 4.747 (d, 1 25 H, 1.2.207 Hz) ''3C
NVR (60 MHz; CDC13) 844.529, 845.244, 855.798,:
Bodm 908, ]9860 271, 867.944, 868.277, 869.612, 884. 850
388732230 Infrared spectra (CT)C1l3 / thin film Na
W%m@gaw@nnnm (70931 br%bmarbdn;rnmmqpvhmoanhhmnmethyi)
£ Prd, 2955.7 cm1 (m), 2862.6 cm1l , 2825.9 cm1
774.3 cm1l (m, 1353.5 cm1. (m, 1104.9 cm1
(rr) 1038 9 cm-1 (rr) 1006 8 cm‘l (s) 5 El enent al
nal ys Found: C. 3%
i ok SeRBpugY, i bogPREadson . RaGRI4RCE, With the

procedure of Example 10 employing dl iso=-propylphosphine

(Digital Speciality Chemicals 3%2 mg, 3.33 nmmol), 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 8peciality Chemicals, 206 mg, 3.33 mmol), I1,2-
bis (dimethylaminomethyl) ferrocene (0.5 ¢, 1.66 mmel) and
anhydrous acetic acid (100 ml). Yield 0.285 g.

Example 21

Preparation of 1,2-bls-{diadamantylphosphinomethyl)ferrocene-

bis-methanesulphonate
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Preparation of 10

wobsodoze@nt ris- (di " tertbui hos}hi nonet hyl ) f er r ogeRgsR2005/000569

Di-tert--butyl phosphine (Aldrich, 2.60 nL, 13.98 muol)

and acetic anhydride (0.24 gL, 2.33 nmol) is added to

a solution of 1-hydroxynmethyl-2,3-bis 1.5 (dine

t hyl am nonet hyl )fe.rrocene (Exanple 13, 0.70g,_ 2.12 ‘
Rrioiad anprdeBe Sh dh g f iesmared SGaqred ey & Aodt-iceexlich,

@«’!@%&ﬁ&%ﬁéﬂﬁ"ﬁhéagwgﬁé aLaQRur The SO L1 by J S15B8N 102,
stirred at 80C for days, during which tine the

SAllutdldn Aeduwed dafamelor arige acslagurto Phaosloibiem ofs 1,2~

h . ' d Ll i
DS AR AR S 00 20,y og 05
21176 ovei v Bbilis t @c¥t ebdactibe (L0V] l¢ompdwrd n(@réJen and
0.7 mol, 31% as a _yell ow orange powder. 25 'H
%hﬁ EE NG e e g8 19k idred ad's&fg’& tha%pl e hoygs. The
1 1 - L T H . an
Prarife [pP¥hes gp?0gt By rqthy iy Bhen? B, (Fiifefd and

Gsichl 1id) vecub 3% (sppRokim3telnf 74PEd tspepiedd (EHELZ itle

/ thin fjlmNad plates 1365.5 1470.3.cm 1, ,
seapopnd 148 S5eaBafbEyatidusaf vy, e 45der comppund 1s
WRs2008/1%/ 9981 BCT/G34R056800869an107 sExeapte Lgndreit is

aration of 1,2 bis (dic clohex has h.inoneth [)
faeredate 5 Therified coMoundFvEe Hiiear edtPn the  bis-
r GE W ddhe 9gedur g, of Exanple, 40 enploying, ..

@%%&&q?hlexﬁﬂpﬁw%sp ine@d?%trem%gf 48 H?gk tree?&?t Mhoess
Oewdlane sRoydtaom, ¢ Uacldd td ngdosth8G81S@AMGS9 of, tBe33:rude
g@g&hct¥“2'This resulted in complete dissolution of the
product salt which - was then isolated by removal of the
methanol in vacue followed by washing with ether and
drying t¢ give the title compound as a pale vellow solid

(14.0g, 54%).

4 NMR (250 MHz; CDsCN): 54.57 (2H, d, J = 2Hz); 4.35 (54,
s); 4.27 (lH, 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).

“Ip NMR (101 MHz; CD;CN): 326.58 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:



bi s(di met hyl am nonet hyl )ferrocene (0.5 g, 1.66 mmol)

wo3hgkn7ddanhydrous acetic acid (100 m) . Vi ebgeRibddsnnossy
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g. Exanple 16 Preparation of 1,2 -bis-

(di-i. o--butylpholehinonreif 1M ferrocene 15 The
title conpound was prepared in accordance with the
procedure of Exanple 10 enpl oyi ng

di --i.so-butyi phosphine (Strem 486 ngy, 3.33 nmol),

2a b l {. I 0.5 g, 1.66
492 1 'Sg%%rfawoﬁ%@%M;ﬁﬁéf@f?ggo(m) 9%, Lo

0.372 g. Exanple 17 Pre aration of . 1, 2-bis--

di cygl, o; €, phi nonmet h rrocene. 5 The
bl oSt ansataRey Loy RarRl L achErhtEe WY, Wiepared in
9&96%@&h%eofm@mrmiaem&rﬁfmIWIMm le 1. 1

di cyci opent yl phosphine (Strem 566 ng, 3.33 mol),

1.,2-- b.is(dine thyIan1nonethy|)ferrocene (0.5 g,
2 1 hyar.Q pgetic acid (100 nl).

G ofeo-As 558892587/ 0132005/ 000569 108
Exam | p. . e 18 Preparat|on of 2-bis (dieth 1 hna

hi nontt h ferroiegg1 WH_t itle co ound(ga d
E‘r’lépa%a ﬁdaﬁéﬁ}‘é{ WRH The"458 p}? oft accordance
ﬁ&@ﬁplL%elQne&!McPwm%}EHn%h@'lD@Sphl ne (Strem 299 ny,

, 1,2-bis(dinethyl.am nonethyl)ferrocene

(O 5 g, 1 66 nmol ) and anhydrous acetic acid (100 m).

yhehd 0.234 4. 00 Fxanple 19 ¢ 1,2-bis (di-1-

adamantyiphosphinomethyl) ferrocene-big-methanesulphonate

The title compound was prepared in accordance with the

procedure exemplified in Example 21.

EBxample 23

Preparation of 1,2-bis{di~1-(3,5-dimethyladamantyl)

phasphinomethvl) ferrocene-bis-methanesulphonate

23.1 Di~1-(3,5-dimethyladamantyl) phosphinic chloxide

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 1l,2-bis~(di~1-(3, 6 5-dimethyl-

adamantyvlphosphinomethyl) ferrocene-bis-methanesulphonate

The title compound was prepared 1in accordance with the

procedure exemplified in Example 21 except using di=~1-
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Praaration of 1,2-bis(di-i.sopxapyl phosphinonmethyl)

woRlgpeene The title compound was pr epar ed '”pcncnmmwmmmw
accordance with the 15 procedure of Exanple

enpl oyi ng di-i so- propylphoquhge (Digital SpeC|aIity
Chem cals 392 ng, 3.33 nmol)
bi s(di. nethylan1rronethyl)ferrocene 1.66 mol)

(0.5 g,
2 Jaﬁlﬁm@ﬂ’é“@éﬂ@ma@t&lfdi PhEEmh RS | (FPeld’ 032620 906@0 mol)
HP%QE % ggphlnomﬁﬂ%W%eﬁ?ggé%e frie title

conpound was prepared i n accordance with the

&nfcedure of Exanple 10 enpl oyi ng di me thyl pho, 5phi ne
Rlgi 4 Special ity Chemicals, 206 ng, 3.33 mmol.),

ér@pa@a%(n%”ﬁ hyd s anm nprethyl )4t {.0¢enes {0150 Gy 1 JaBfnant y1)

nmot-y=and—arnhydrous Feetieact d (100 M) . Yield 0,285

moﬁ}gklade@QWB@WﬂW'@ﬁELhane&Ulphoﬂdte

1, 2- bi s- (di adamant yl hosphi nonmet hyl ) . fe. rrocene-

bis-nethanesulphonate WO 20(15/079981

211 G 32pA5100G>E2 10 thi ' ipteinic  chloride

(prepared according to J. R Goer R. Schrut zl er;
o s PRGIPFS &Sl 185h e Ta kg agih & dhr L 133@3"9102 211- 215,

20.08, 0.066 nol) was added to a solution of 1, 2-
bi s(di. nethylan1nonethy|)ferrocene (Exanple 9, 10 g,

nitraogen and the resu ‘ stfrred at 80C
¥3F PERARE *hmEh orie#nqgnlgﬁqaeﬂ ?w%ﬁ%%%pl tate which
forms is filtered and dried in vacuo at approxi mately
70C to yield the title oynd as a /yel | ow
4430 el M%%&&ﬁm&myr ange
@Eo%ﬁ%ﬁio@néﬁ#}?m&ﬂ%éﬂeiﬁislrﬁ@ﬁﬁiﬁéﬁngﬁéxﬁéﬁé by

The title compound was prepared in accordance with the

procedure exemplified in Bxample 21 except using di=l-(4-
tert-butyladamantyl)phosphine (27.39% g, 0.066 mol} instead
of cli-adamantyl phosphine. Yield 14,52 g.

Example 25

Preparation of 1,2=-his=-{l-adamantyl tart=bhubkyl-

phosphinomethyl) ferrocene~bis-methanesulphonate

25,1 l-adamantylphosphonic acid dichloride

This compound was synthesised according to the method of
0lah et al (J. Org. Chem. 1980, 55, 1224-1227).

25,2 l-adamantyl phosphine
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nmet hanesul phonate salt by addition of excess

w()rg%g)@?g@,ﬁul phonic acid to a nethanol slurry °f"gg‘fbﬁ}2."%“#""’5‘*9

crude product. This resulted in conplete dis

of the 15 product salt which €2s then isol ated by

removal of the methanol .in%vécua foll owed by washi ng
wWth ether and drying to give the title conpound as a
paRéHtyellBoW gol 74 mpd.)0ga 5 aRde@VarH ANVR Y250 M  cooled

%?i&?ﬁop;sggg§?(%? 4QCﬁﬁéW§%%Q%£q%%§§$§$%’?§£9.é%fghloride

21%8 of 1869bmnio1d. 16n - 2HE (B dn));. I1TI9R- rkadRipR4Mas then
bri. _41P NVR (101 MHz; CD3CN): 526,58 ppm 25 _

ELeRERCAIE R MANSI L auiRnt G HUPaBRRuE Alggoyas stirred fox
@@‘HB&%@g:Thg:@%%?m@ugbénngnEﬁ@Hﬂ@hég é@olﬁd (0¢C) and

Preparation of I, 2 bis(di--1-adamanhosphi noneth
HELr dIénenti, s-1idt rawve ssiewiho reices drhed gorasparg¢ ontefatford a

his |jigand was. carri.ed out as fal.l X 005/ 079981 -
beo7 8805 D006 With o8on8° sl abraNcaf tho EAL Lover
phabd). 2R{ENEdnTher dil- -He)- adanent’yl phosphiare €hber adeled to
was prepared in 5 accordance with the nmethod of "
ERBEPVE 1-Me 9erarahepar afi SRCof-WeL-AYTPH T (upper) THE
ghatsz-za%&ﬁn%m PHige PEEPALRD dP ASCRAANCRagnesium
O wth the nethod of Exanple 1.2. 22.3 Preparation %?
fulpbesedi Afteaddmitrdtihws Waopetiila, the volatiles were

ferrocene-bi s- met hanesul honate 15 The title conpound
SRR R I, 2 At W RARR T ocedur e
exenplified in Exanple 21

25.3 l-adamantyl tert-butyl phosphine

nBuli (20 cm®, 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 mixiure was

+quenched with water and the aqgueous phase extracted with

dichloromethane (2 x 50 mwml). The organlc phase was dried
over sodium sulphate and evaporated in-vacuo to yield the

title compound.

25.4 1,2+bis-{~l~adamantyl tert-butyl-phosphinomethyl)

ferrocene~bis-methanesulphonate

The title compound was prepared in accordance with the

procedure exemplified in Example 21 except using 1-
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Exanpl e 23 Preparation of

wolmé’mpibsﬁ;ﬁd' I--(3, 5-dimethyl adamantyl ) 20 hpPLT/(.«BZ()U'-?/()O(H(:‘)
osphinoneth |) ferrocene-bi ss-nmethanesul . phona"te 23.1
Di-1-(3 5-dineth | adamant 1) ]%s hi ni c chloride vvas
prepared in accordance vvithjt e nmet hod of Exanple 3.1.
25 23.2 D .-1-(3 5-di neth | adamant has hive wa
ageapared | - artobdhlite ROPHPPRESEL Hd’u '?c?r Ekanp! e0§62 mol) .

bissr( adaang b, §es

lﬁ%rjfgér?e %f %Te%%%%ééyg @ﬁ%lﬁ%}ﬁ%sul honat e % The
title corrpound was prepared in accordance with the

rocedure exenplified in Exanple 21 except using di-|I
ﬁ@%ﬂ’ 79981 PCT//132005/ 000569 111

el Rt hyl fadaﬂf’?‘,nt]éh_slﬁBQsﬁhkﬂmﬁm@ﬁ%y@%h@spﬁj_ﬁﬁﬁmthyl)

Moty Tnstead of di - adanant yrpAosphi ne. Yield 1.5°§.

fexannslem 215 Preparae s ehphenate

1K2- bi s(di-1-(5-tent-bu'tyi-adamantyl)

phosphi nonet hy. | ) f errocene- bi s- nmet hane sul honate

2417 . Dbiix%ﬁﬂm- but yl adamantyl ) phosphini o chloride

was prepared as per Exanple 4.1 above. 10 24.2

D -1-(5-tent-but | adamant |) phosphine was prepared

l?ﬁ_aoeﬁasEx ﬁe%L%e@b%\éﬁror%r% Lo ZtRéSmchéd of Tamara et
| -adamant |) 15 hos hi noneth

#ler roupmdchi SymwehtanesufVhenaBésThe title corrpound was

prepared in accordance with the procedure exenplified

i n Exanple 21 except using di--1-(4- tert

duityy | adadedt-y {dpaesphane) o38hdnib. 668omdte i nst ead

0 I -adamantyl phosphine. Yield 14.52 g.

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:

8: 87 ppm (s).

26.3 Di-1 ~ {(diamantane) phesphine

Prepared as per Di-l-adamantyl phosphine of Example 1.2
except using 25.0 g Di-i-(diamantane) phosphinic chloride.
vield 14.0 g FW: 406.. *'P NMR: §: 16.5 ppm (s).

26.4 1, 2-bis-(di~l-diamantylphosphinomethyl) ferrocena-

bis-methaneswulphonate

The title compound was prepared 1in 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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Exanpl e 25 Preparation of 112-bis-(1-adamantyl -_

wolBédo/sgLr1 - p hosphinomthy)ferrocene PCT/GB0S/000569

bi s- met hanesul phonate 25 25.1 1-adanant 1 hos honic
acid dichloride This conpou pas synt hesi sed
according to the nmethod of Qdah et al (J. Og. Chem
1.990, 55, 1224-1227). 30 25.2 1-adamant| phosphi ne WD
BauRl®rdbB1 PC77GR20051 000569 112 Li Al H4 (3.5 g, 74

%@@%wddedo@ver 2,bouis-495a(¢0al 8d7-gQkWei@Rny1-6, 9,10~

Y,
159 oneol -pho TeiFacagomenBylmeThel ) pderirogenas t hen
allowed to warmto anbi ent tenperature and was stirred
for 5 20 hours. The grey suspension was then cool ed
1,00)5 andcetiy &ledth¥5-cn8, s1Mivwas-s-pub¥paddedariaatane
syringe, to afford a tw phase systemw th sone solid

dgeiited nfrwam | GRBEC, pHdsd 9 .Cobelhfr idd MeRS(gddgegl to a
; he d . l=Qt.J t

5 4Peg, 20fed Lo i Qe AE AT AR Al S

Tanhll .@, and 03 edodyerimagnayidumiss hphiate. sAfider (100 ml)

filtration via cannula, the vqlatiles, were renoved
e ABAO PG STt { OPA (HS prOAUGE I HBL D85S foqRmAFed at
gdod ardr but yholika- SpndS aRBydColua( 2@e&iB 232 d riMlrdkadMd in

soln) was added over 1 hour to a cooled solution of .
dacamartt yReFHsspae . 04 C 369 nifdf)di ntiFep ¢lede title
T ug, oRagb Ly var fnild {00Washed with
éé}[@pueﬁtat %ge%g{ndbggﬁgyzgeﬁgﬁ%a“ ulrltq%er ?hhlour s” The o ¥ t
hot methanol to give the product as a mixture of isomers

as an orange solid. (12.0 g, 58%).

1 NMR (250 MHz; CDCls): 54.25-3,95 (8H, br, m); 3.46 (44,

bry; 1.57-2.0 (B8R, br, m); 1.43-1.23 {(24H, br m).

Mp NMR (101 MHz; CDCls): & =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)ferrocena-bis

methyl lodide

Mathyl 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



20 solution was recooled to OC and tert-butylchloride
W()(z?nv?&sm:ﬁ 30 nmmol ) was added and stirring Corl"%?‘lﬂ}iﬁ%snu)usm

for a further 16 hours at roomtenperature

reaction m xture was quenchﬁg.mnth wat er and the

aqueous phase extracted wth “di chl or omret hane (2 x 50

m ). The organic phase was dried 25 over sodium

zanpred ebandfavagatacsd | masaRdo Wdlyi etherheand (diled to

d ntyl

ef?'ﬁfaob%lfeyl&i‘%osp i bﬁng h@ 8GR

ferrocene-bi s- nethaneSU|phonate 30 The title conpound

VVaS r epar ed n 'a(;'(.lor nce. w oce e
S P REeo] PR ed O ST O, 4 60
201) 5/ 079981 PCT/ GL12095/ Q00568 : 4B RdeBAMYE . 2%; N, 4.8%

tert-butyl phosphine (7.9.78 g, 0.066 nol) instead of
di -adamarityl phosphine. Yield 9.80 g. Exanpie W6 5

E&ﬁ%ﬁfﬁ Io? o%érr%’ge%g (db?%s*gl aﬁ% JSS‘Bloéﬁéngfge oTL-77,

(%% ]24D| ape <10, Tgm s was synt hesised according to
Tanara et al. Organic Syntheses, CV 6,

378. 26.2 D 1 - (di amant ane) phosphinic chloride 15
Prepared _as per Di-|-adamantyl phosphinic chloride of
21 except using diamantane 20.0 g (0. 106 not)
@ﬂ%as (é@ 9,9-0951d1iAPb} oxYhekd vAPho s HiWome thyl )
S“PNVR87 8. 7 ppm (S) . 207263 DT
gxﬂqﬂﬁwﬁane) hos hive Prepared as per Di--1|-adamantyl
phosphi ne of Exanple 1.2 except using 25.0 g Di-1-
(di amant ane) phosphi nic chl ori de.
Potassium hydroxide (8.52g, 0.152 mol) is added to a

solution of tetrakis(hydroxymethyl) phosphonium chleride
(Aldrich, 38.54g of 80% w/w aqueocus solution, 0.162 mol)
in degassed methanol (40 ml), and stizrred at room
temperature under a nltrogen atmosphere for 1 hour. The
resultant mixture is added dropwise to a degassed solution
of 1,2-bis~ (dimethylaminomethyl) ferrocene-bis-methyl
iodide (Bxample 28, 19.98g, 52.2 mmol) in methanol (40 ml)
under nitrogen at room temperature with stirring. The
resultant mixﬁur@ is refluxed under nitrogen for 20 hours,
and the solvent removed in vacue 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 '
agueous layer is removed and re-extracted with diethyl
ether (2 % 30 ml). The gombined ethereal extracts are
washed with water (3 x 20 ml) dried over sodium sulphate
and filtered. The'ether is removed in vacuo to yileld the
arude title compound (14.33qg, 94% yield) as a

microcrystalline orange solid. The crude product Iis
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Yield 14.0 g FW 406.. 31P NVR S: 16.5 ppm(s). 25

\Nu%ﬁmﬂw$m? his- (di-1--diamant 1 hos hinometh FCTKH%mmmmmm)
roceve- bis-nmethanesul phonate The title cohpound was

prepared in accordance with Hhe 30 procedure

exenplified in Exanple 21 exclept usi ng di -

di amant ane phosphine (26.79 g, 0.066 nn%@y |nstead of

mer vatadntyfid phdgphi ned Yi BRgM12. Slghohprnpbhanzgngihancl .

9
LT Mg 0 i fon SR F PR &reqlipun ggd gooling
fige yJ:eJtcEttMn LlLle compound (10.69g, 70% yield) as yello-
tri oxa- 2- phospha- adamantyl . met hyl ))ferrocene 5 1, 3,
Oy, ang§ &ty I-2, 4, 8-trioxa-6-phospha-adanmant ane
(obtained from Cytec, 14.0g, 0.066 nol) was added to a
sol ution of 1, 2-bis(di rrem%l am nonet hyl )ferrocene .

Hlewengisl @alneis: 0. 689800 4P dfiydrivus. Bret ik Gcdd
(100 nl) under nitrog%quﬁ%ger&e resu&t%ggzmjxture §1 02%;

stirred at 1.0 80C fo ours.” The anhydrous aceti'c
acid is renoved in viNgguesat approximately 70C to
yield the crude title product as an orange/yell ow
solid. This is washed with hot nethanol to give the

qeHet g8, r/gm ($LUIE)0f BIOTBr Sacas anuorargp 28lpduz,
1zog 58% . 15 1H KMR 2;0?5Hz 395
§84.Hz2) brdziny ;(dd,4€ (HlH J dar LA .2, 557?,2 @rr@8i ? Hk#r 83.71

; 1.43-1.23, ( ( 3)
[, sl oy 2 S0P o 255 5o %8 “é'p%raﬂwfﬁ‘ 8, o
£ grant 1) @.rr&rymsarmund C. 57.80% 1- . 35%
Cal cul at ed:
1p¢3lp} NMR: &1.75 (s, br), 82.70 {(d, 14.3 Hz), 52.85 (4,
14.3 Hz), 54.04 (m, 1 H), 834.06 (s, 8 H), 54.08 (s, 5H),

94.1 (m, 2 H)

B3¢ NMR: 523.7 {d, J%c 15.6 Hz), 563.0 (d, J% 15.6 Hz),
566.0 (s), 867.2 (d, Jpc 9.2 Hz), 569.6 (s), 582.6 (d, J%
14.7 Hz)

Fp NMR: 5-~14.7
Infrared spectra {CHCly / thin film NaCl plates )

3337.8 cm*(st, br), further peaks 1104 cm™ 2929.0 cm™,
3603.7 ot ,3683.7 cm.

Example 30
Preparation of 1,2-bis(diphospihinomethyl) ferrocene

1,2-bis (dihydroxymethylphosphinomethyl) ferrocene (Example
29, 5.45g, 13.70 mmel) and sodium metabisulfite (5.21g,
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0:57.87% 1.1:7.40% 25 Cxanple 28 Preparation of

wojzim%(}%;ﬁ dime' [ h am noneth 1 ierrncene-bis pﬁ?kgﬁibwooow

od

solution 30 of 1,2--bis-(di
t hyl am . nonet hyl )ferrocence 1E@xan‘pl e 9, 20g, 0.082
nnlg i n degassed nethanol (100 m ), and the m xture

&tifremmat) rodh t BAPEHat % thdet"a RRAFdgefclvent system
€ ng C e

et ooB 1 P s B0t O e bses . 1407 2 e RbpE Bottorcun

{60 tmal i ofthewadrédrwi tie et ®Bluaed dpredthpugdeid ahe. The

t|tIe conpoun 43. 0g | e na Foun
e it HRBPAYEE i bRed o il s o 3o diBtus layer
tdiSvddy thd. 8% ?aﬁ@@ N e(D2R (wBHBe R 7wiBR3d2Ei833d water
15, 864 .68, 87 573.24, 874.13, 874.95 10
@@Wf@ gtwnbgrﬁquﬁ removed in vacuo to yield the

2L St ory iy POl a9 B, LSt yacatin

461sdl ution of tetra k.i. s(hydroxynethyl) phosphoni um
chloride (A drich, 38.54g of 80% w w aqueous
solution, 0.162 nol) in degassed nethanol (40 nl),

@ﬂﬁnéﬁtéieﬂnﬁlyéPQWW trnped AtQl ®1 USSeF @: Blysegen
at nosphere for 1 hour. The resultant mxture is added

dropwi se to a degasse@@dF%iﬂ'o‘#iQOCoWlB@%bl H: Pl

thyl . ami nonet hyl ) ferrocene-bis-methyl iodide (Exanple
28, 7.9.98g9, 52.2 mmol) in nethanol. (40 m) under
TH tNORer( 280 roidm t EBPARAL urke aAﬁhzsaurhmmg4HThe 5 3.17 (m,

%Ighflsta@tlén XhUrgf s £ehlypedundy BLY o9 0" £% 09 (g,

BH, Jwp 0.4 Hz), & 4.13 (d, 2H, U=2.54 Hz)

e Met hyl iodide (23.28g, 0.164 nol) is add

3p NMR (101 MHz; CDCls): & 130.0 (t, Jur 193.0 Hz)

Be NMR {60 MHz; CDCl3): & 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 om™ (strong)

Mass spectrum; Found m/z: 278.0088; Caleoulated m/z
278.0077
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20

and the solvent renoved in vacuo to forma red 25

\NO?ﬁﬁﬁb Jghate. \ater (30 m), diethyl ether (8pcflok@Rfooseo

riethylamne (35 m) is added to the precipitate an
the solution stirred at rogggtenperature for 1 hour.
The aqueous | ayer is renov and re-extracted with
diethyl ether (2 x 30 M) . The conbi ned et herea
Ieveirpelet SSlare 30 washed with water (3 x 20 m) dried

over sodi um sul phate nd filtered.,_ The ether |.s
D1 L (P2

HremasaE el vacuo oyl he. 2,6,6,~

Lie% ‘k%@ H%@&é@ﬂar@&%ne@)ﬂcﬁh@ﬁﬂﬁiﬁ%i:i‘cﬁ@eﬂé ange

PCT/ (: 112005/ 000569 116 recrystallised froma warm
di chol or net hane/ net hanol . solution with the addition
of light petroleumand cooling to yield the title
compound (10.69g, 70%yield) as yell or ange
crystals. 5 Elenentalf anal ysis: Foung; C 48.44%

H: 4. 12% NLQ. : . ~g. |
0.0% 10 114 - 51.Y5 (s, br), 52.70 (dd H J2ItH
14.2 Hz, J211p\ 6.6 Cle2. 85H,CddT” y2 H11 14.2

. ] \2.
(m 8 H. 15 1H 1 NVR: (s, hr), 62.70 (d,
14.3 Hz), 62.85 (d, 14.3 54.04 (m 1 H) , 54.06
(a, 8 H , 64 .08 (s, 5H) , Fe64.1. (m 2 H) 13C NWVR
523.7 (d, J'nc 15.6 Hz), 664.Q (d, J1PC 15.6 Hz), 20
666.0 (s), 667.2 (d, J3pq£:;;:kt), 669.6 (a), 682.6
(d, J2Pc 14.7 Hz)

1,2-bis- , «(P=(2,2,6,6,-tetramethyliphosphinzan-4-one))dimethylferrocene

2, 6~Dimethyl~2, 5-heptadiene~-4-one (14.6g, 0.106 mol) is
added to 1,2-bis-(diphosphinomethyl)ferrocene (Example 30,
14.7g, 0.053 mol) and the mixture heated to 120°C underx
nitrogen for 20 hours. The reactlon mixture is cooled, the
crude title compound removed by f£iltration, 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 P NMR and mass

spectrum.

1y NMR (250 MHz; CDCla): d 4.32 (LH, br); 4.08 (5H, br);
4,02 (1H, br); 3.94 (1H bx); 2.84 (4H, br); 1.8-2.5 (8H,
br); 1.08-1.4 (24H, br,).

p NMR (101 MHz; CDCls): s 4.15 ppm.
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31P NVR 6-14.7 25 Infrared spectra (CHCI3 / thin film

woNdbdn7Rdsqt es 3337.8 cm ' (st, br), further peakgchbifsoonses

cm1 2929.0 cm"Y 3603.7 cm1 , 3683.7 cm. Exanp le
30 30 Pr aration of 18
1,2-bis(diphosphxinonethy?.}%errocene 1, 2-bi.s

(di hydr oxymet hyl phosphi nonet hyl ) f errocene _?Exarrpl e
Hlena Ul 130%0 il ) Fanddsod il et @it sdi T 1893
daﬁ&%ﬂaté@ 20054079881 RBCH G32005/ 11011569 117 27.4
mo.[.) 1s added to a two-phase sol vent system
consisting of distilled water (60 nm) and |ight

etral e—& (60 M) . The mixture is refluxed for 3
%ﬂ%ﬁﬁ ir. The resu.l..tant mxture is cool ed
sidddet o t her aqueppisnd Vel 5 reppyedieThanetgani-¢, 9, 10~
Mayer 1s washed with distiTTed water and the organi ¢
ool e 2 TieesipeR 1 atlapin fy e biiyd) d BeZeR€ t | e conpound
(2.66g, 70%yield) as an orange crystalline solid. 10

El emental anal ysis: Found: C: 51.65% H:5.75%
Tad cplrapadat@onl. 80%;:his5. V66 NV ( 25Qxidz; GDC13)n the

. 6 2.7-2.8(m 4H), , 6 3.7 H,. 5318 (m “

MARHIE T ﬂzso&zfﬂl(ce%%h.lﬁ ?92%2%?@38%4.6@(&,“0{%1“@# with

ML 4 HZYhefefn 13 (d, 2H, J=2.54 Hz) 31P NMR (101

Mdz; CDC13): 6 130.0 (t, Jirp 193.0 Hz) 13C NMR (60

MHz; CDCl3): 6 12.9, 6 65.6, 6 67.3, 6 69.4, 5 20

%ag PT NVR (CDC7.3): 6 12.9 (CH2), 6 65.6 (CH),
%-E%-%E) 6 69.40 (5 x CH 25 FTIR (Chl oroform

NaGlamaies) af 2R08h§lcmpiodaicong) Mass spdctkems, carbon

mFoonuonxdi eZ:anz SmOe%%%.hofal Séj--ﬁg‘?éje@ Zby 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 ratioc 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 (l.44 =x
10™° noles), 1,2-bis-(di-tertbutylphosphinomethyl)
ferrocene of Example 10, (7.6l = 1078 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/methancl
(70 wt% methyl propancate). The autoclave was heated to
100°C and when at that temperature, ethylene (8 x 10°Nm™?)
was added on top of the wvapour pressure of the solvents

and immedlately an equimolar mixture of carbon monoxide
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278. 0077 WO 2005/ 079981 PCl' / GB2005/1 00569 118
Wo%m# ?ﬁ 3l 1'?re aration of 1 2-bi.s a,a (PA’E%&%IZHJ“;@IU(HGQ

ramet hr 7. phosphi nan- 4wone) ) di net hl fer
00 Fe Fe 1,2-bis-

_(F-(2,2,8,86, tetranethylphé%%lt.nan 4-one)) di met hyl f e

rrocene 2 6-Di neth I-2 5- hept adi ene- 4--one (14. 6q,
&Dﬂ.eﬁhﬁéﬁﬂ? i@ xmdHEdmd added to the system through a

1.2-bis-(di.ph hi no )L LT eceng, (}exg 23 0
présdlre (SLANoRRIROOTRG )It T RECTR) (ko LP] S0t the
stesn i tueger f pre2Bubeur sSuiliebIgacttiben moltawr eregio of
cooled, the «crude title coggound renmoved by

FERYFAY on, thasKEEDRIL h MBBRELAS (2%)“n1)t}é‘ﬁd dFeeater  is

| d.the I as,@a yeld o e
SRR Sy HLbL RoRTOLBS, S50 Kol oMagLatee vas
nﬂmntmimmdsedtbyIQQPCNMQHﬂmimmssthSpemﬁﬁmhlqm4 NVRceeded

oﬁdz%lz“c%aﬁ Berstn sngadiifel frl Shltens fpb 4dd fon an

moP&r bbhsid) 0%hsdudi?4thebm)es SR NWBSUIGE iME; Tescom
13) : s 4.15 ppm WD) 2005/079981 1307G132005/ 009569
ﬂﬂ@V@He%@wﬁ%ﬂa¥ﬁﬁﬂ)Rﬁ@?ﬂﬂiﬁﬂﬁiﬂn:WﬁF:R@%EQVQ.7 883
Cal cul ated: C:65.03% H:7.94%%6 Exam| 32 5 Preparation
of 1,2-bis-(di-1 3 5,7--tetraneth |-6_,n®~, 1D
Initial reaction rates measured in moles of methyl

propancate (MeP) per mole of palladium per hour and
turnover measured in moles of methyl propancate 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, aa#uming ideal gas behaviour and 100%

selectivity to methyl propancate.

Table 1 shows the effect in increasing the relative acid
concentration compared bto phosphine ligand concentration
{and metél concentration) for a hateh 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 propancate (MeP) per mole of palladium per hour
and TON is measured as moles of methyl propancate per mole
of palladium. For both TON and maximum initial rate,
values are significantly increased passing from condition
1 to condition 2, 1i.e. when increasing both the
acid:palladium and acid:ligand ratios at constant

ligand:palladium values.



tri.oxa-2- phospha- adamantyl net hyi ) ) benzene The
ion of this ligand was carried out

WOﬁgﬁﬁerﬁﬁlsclosed in W- A—-03/O7037O in accorggﬁgﬁmm”ﬂHW““

1.0 Exanple 4 therein. ﬁ 33 Preparation of

met hyl propanoate fron1ethy|@ e, carbon nonoxide and

nmet hanol catal ysed by a conpound of the 15 present

invention Condition 1 ratio of |igand: pall adi um

5.2::1., ratio of acid:p iym 160:1 and ratio

acid:ligand .- 30:1 20 Co% h g i 2 ratio of

ligand: palladium= 5.2:1, ratio of acid:palladium=
480: 7. .and. ratio-acid:ligand.90.1.A mechani-cal-ty

i Ot

stirred autoclave (Hastelloy] of Mpxipipe capacTP§n®§§r

evacuated of air and then charged. Wi h & 2p ﬁ@ﬁgg&o%fter
of t:ri (dibenzylideneacetong¢) dipalladium/(1

10"'5 noles) , 7., 2-big- {moles 1 hour (moles
(di -tertbutyl phosphi nonet hyl ferrocene of | e
10, (7.61 x 10" noles) and nethaﬁ%ﬁﬂgﬂp onicﬁgggzmﬂle bd)

(2.30 x 103 noles condition 1, 6.88/X10-3 |noles
condition.2) in 300 o .of nefhyl.propancat.elnethangl

BEPfW@Bvﬁﬁnﬂ%¢ﬁ?T propanoate). Thébdlocl ave was 20786
that tenperatur¢, ethylene
g&fg%éﬁ%Qégg %gg&ggggﬁdon top of the vapour pressure

o# ¢tedsolaens and i nmedi ately an equi nol ar m xture
of..—car bon.sqmpnoxi-de WD 29005/ 079981..RCTL 6132005000569

TroTrto7eiorS VW U UJIT UT o0 \J_I-UL\J\I\JI \"A A%}

Q@“%h%"é@hy@%ﬁ%”(Z X 105Nm 7) addd %% t he systeﬁ?ﬁg?

Mo 8ok PhESSHE 6L SO &b e N0 val ve set to0}10 x
fﬁ?zog%éve t he fs&lvent vgpour pressure. {Suitably,

the nv+a¢0mélt©0@f1 ethylene to carbon nonoxide in the

S-approxtmatety 9 —Fhg denperatrure—okg st
ie% ?%? &g% reper 614 957 62639
butylphosphinomethyl)benzene

- gondition 2

1,2-his={di-tert- 45421 29465
butylphosphinomethyl)benzene

- condition 1

1,2=-bis~ (di-(1,3,5,7~
tetramethyl—-6,9, 10-trioxa~-2- 55799 _ 51987
phospha-

adamantylmethyl) ) ferrocene -

condition 2

1,2~pbig—{di-(1,3,5,7~ 8490 4814
tetramethyl*6,9,lomtriokamzm
phospha-
adamantylmethyl) ) ferrocene

- atandard

1,2~big-oo-(P-(2,2,6,6,~

tetramethylphosphinan-4 - 29839 - 24270
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nover

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-big—
methanesulphonate -

gondition 2

67599

68141

1,2=-bis{di-1~
adamantylphosphinomethyl)
ferrocene~big-
methanesulphonate -

condition 1

41167

33798
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(moles 1 hour (noles MeP/nole MeP/nole Pd) Pd/hr)
wokodbdin (di -tert-- 66261 50786 PCTIGB2005/000569
but yl phosphi nonet hyl ) benzene - condition 2 1, 2-bis--
(di-test-, 421.03 32397 bysyl phosphi nomet hyl ) benzene
- condition 1. 1, 2-bis- (dl--tert- 94957 62635
butylphosphlnonethyl)benzene condition 2 1, 2-bis-
E&@mﬁhaw3 45421 29465 butyl phosphi nonet hyl ) benzcene
dibi % %m&b@ sabdi tht 3Ssdactive phosphine ligand
tetqgnetgﬁg 6--tr|oxa 2- 799 51997 g%ospha J
(Oa&amuhhylw&thymp}gbﬁdrﬁﬁénéll ebrditnen: 2atmosphere glove

1 2?3%@t£€¢o%ﬁ BOFrlox24%g §%ﬁxnn flasks., On removal,

BO@QQHaﬂfyhgghbﬁbﬁ)MQDHOQ@BE add&kﬂﬁﬁaﬁdthc mixture stirred
2-bis-a,a-(P-(2,2,66,6,- tetr. anethX Bhosphlnan 4-
:ﬂﬂ@839h@4270Tmotﬁ@OSKGWQQ@n PETiTB2068/000869¢ arpzl (640ul,

ongledlﬁgéhgdéerr %Q%mught of the catalyst solution was

taken. "The autoclave was chargeed with the solution and
heated to 100C with stirring (3 .0 barg vapour pressure).
The reaction . was started by the introduction of
co/ethylene (1l: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 wunit cooled to room
temperature. The depressurised unit was emptied and the
final weight of the solution takesn.

Ligand 1 = 1,2-bis(di-tert-butylphosphinomethyl)benzene

1,2=-bis(di-tert-putylphosphinonethyl) ferrocene

1

Ligand 2

Ligand 3 = 1,2-bis(diadamantylphosphinomethyl)ferrocene

Ligand 4 - 1,2=bis(diphospha~-

adamantylphosphincomethyl) ferroceme

Ligand 5 = 1,3-bis(di-tert-butylphosphino)2-methylene-
propane (comparative), prepared as in WO-A-03/040159
(EBxample 1 therein).



condition 2 1, 2-bis-a, a-

\VOQmﬁﬁﬁWertranethylphosphlnan 4 one))
.methyl ferrocene -

3 5, 7 tetranet

hyl -

6,9, 10-11]

(P-

(2,

2,

condition 1 7.

oxa-

2_

phospha- adamant yl met hyl ) ) benzene --
tetranet hy -6, 9,

(di-(1,3,5,7-
mﬂ?iﬁ% R ALGh §

:

condition 1 1,2-bis-(di-(1,
tetramet hyl -6, 9, 10-tri

(di -1 adamant yl phosphi
ferrocene-bis nethanesulphonate -

(di 1w -

2041 ,11444
pHE- - na&&ﬁaﬁﬁPl?SWP@HQW})benzene - -

3,

6, 6, - 21591

. PCT/GRIGBS000569
2-bis- (di- (1,
29839 24270
condition 2 1,2-b

. oxa- 2- 20177 1667.0 phospha-
adamant yi net hyl )) benzene Tabtenglition 2 7., 2-b Ls
.nomet hyl) 67599 68141
condition 2 1,2-bis

OERALNOMERDXT )it
condition 1

agan

y

ferrocene- bi s- nethanesulphonate

Pd:Lig:Acid (g} Gain (g)
1 1:5:1.00 268B.65
1 L:5:100 244 .47
1 1:5:100 258.98 257.304
1 1:5:100 252,13
1 1:5:100 262.29
5
Table 3
Ligand Ratio Wt Gain ~ Avyg. Wt.
Pd:Lig:Acid (g) Gain {(q)
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
10
Table 4
Ligand Ratio Wt gain Aveg Wt
Pd:Lig:Acid (g) Gain {(g)
3 1:5:100 364,97
3 1:5:100 340.18 347,54
3 1:5:100 345,185
3 1:5:100 339,88
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wolBl¥6ds3( 220, 0. | ol ) - and the respective ph???ﬂnﬁﬁﬁmmwm>
I'igand  (0.5mmol ) were weighed out in the ine

at nosphere glove box into Sggnt 3- neck round bottom
fl asks. On renoval, 5 300ni! degassed MeOH were
added and the m xture stirred for 1 hour. To the

sol uti on met hanesul phonic acid (6401, 10nmol) was
added. The wei ght of the |yst solution was taken.
The autocl ave was chargedﬁmégﬁhéhe sol uti on and
heated to 100C with stirring (3 .0 barg vapour
pressure) Q.. Lhe..L.Leactian was started by .1the

i nt r oduckiganef CORaERPI ene (thsa%ﬁweou@@ﬁ1Wture to
the autoclave. T tal.. ressug th t ave
was controll ed b?aaL%%S%Eﬁﬁ (9.8 %Erg) 8§%H ?gLsulted
in a 9T TgTo of efyIse oy he-temperatore and
pressure were maintai'ned 3 hours 28 i% duri ng which

peri od thede val ued: ﬁeﬂ@Orecordﬁd 2The gases were.

i solated a d the u ed tQ. ro tenperature. The
depressur| ed unltqmésigﬁptled §ﬁd%ghe final, weight

of the sol ution taken;38Q LigangileT Av 1:5:300
1,2-bis(di-te.rt-buty hosphlnonethyl)benzene Li gand
2 = 1,2-bi &di. -te#ﬁﬁbs . phé$ghitdonet hy#$£ €Fr ocene
25 Li gand : 281.81

1, 2- bls(dladananttylphagphi.nonegﬁyl)ferrocene Li gand
4 1,2-bis(d& phospha<5:300 233.99
adananbyLph9sph—L—n9naLhyL}Le&ae&anan_aa_LLgandHEM-
1,3-bi.s(di-tert-b utyl phosphino)2-nethyl ene propane
(conparative), prepared as in WO A-03/090159 (Exanpl e
1 therein) WO 2005/079981 PCT/ 6121105/ 0005(9

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
38 5 165.1 1 : 1 : 2
48 5 235.97 1 : 1 : 4
5% 5 82,53 1+ 6 + 4

a) run at 3 x palladium concentration {67.3 mg Pd(0Ac),)}
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wo?ztgyésinpf?-fk? Ratio W Gain Avg. W Pd: Lig:Acid %@lnﬁmmﬁw

5:100 268.65 1 1:5:100 244.47 1 1:5.
258.98 257.304 1 1:5:100 252.13 1 1:5:100 262.29 5
Table 3 Ligand Ratio W Gai #®%vg. W. 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 10

FEa 15 LA o i G S oty g hepni Go) 27 mey i erie-
p%gga;l@o UShhad §)5 1091889,80 WAQA0H/ AP L or wihout

/6132005 000569 125 Table
excess aclid resultg in a drop in catalyst performance.

The optimum conditions of low ligand and acid, e.g. Run
Nos. 3 and 4, result in the highest catalyst productivity
under the conditionz studied. 2Addition of excess ligand
at high acid ratio aa in Run No, 1 results in a
significant drop in performance, as does addition of

exceas ligand at low acid ratios.

The followlng two tables contain data for the ligand 1,2-
Big(di-tert-butylphosphinomethyl) benzene, The data was
collected at 80C hence the rates and turnover numbers are
lower than the data we have already included. However,
the data shows that at constant acid:ligand® levels, an
increase in ligand:Pd ratio provides large increases in
initial rate and TON values. This data also used the
preformed catalyst [(L-L)Pd{(dba) (for details see bhelow)
and adds the ligand excess as the protonated salt., The

experimental detail 1l provided below.

Table 7
Ligand Ratio Ratio Initial TON after
Pd:Lig:Acid Acid:Ligand® rate 4 hours
1:5:36 10.9 5000 12000
1:5:72 20 170040 25000
1 1:5:143 37 22000 30000

P in this ratio the “acid” includes both the acid from the

protonated phosphine ligand together with the additional
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25

Li gand Ratio W gain Avg W Pd:Li.g:Acid (g) Gin (Q)
oRd 126.31 4 1:5:100 165.21 4 1:5:100 389 (
WO o6 AV 1 5. 300 4 1-5: 300 201 28 BGhGEIRswse
1:5:300 281.81 4 1:5:300 233,99 5 Table 6 Run No.
Ligand W gain Ratio (Q) P&?Eig:Apid 1533.31: 5
: 100 2583.161: 1: 100 3a 5165.1 11 : 4 4a5
agrgigl ggdded 1(i.e, 5'Brey 58cid) end Hhe yhigend xs simply

l.adi i.Qn, (67, Pd(QAc)2,} WO
*%%%g?%#%gk§9%%ﬁ%$%%§88ﬁgﬂgéﬁgggg 126 For the |igand
1, 3-bi s(di-tent-butyl phosphi no) 2- - net hyl ene- propane
(ligand 5) additional ligand with or w thout excess
acid results in a drop i nI2RL&L8st performance. 5 The
opti mum conditions of low |ligand and acid, e.g. Run
Nos..3.and 4 result in the highest catalyst
prbdgentvity uRdeiothe condiRatohs studiedtiAUditowhiter
of excess Ilga at high acid ratioggas in Run No. 1

results in a"“S$PyRF LNt LGRSt or RRTGe, adt days

addi tg on of 1Y, g5CE6S TTUand gt ol oW acT 855857 05T 35550
1 1:10:182 20 33000 52000
1 1.:10:352 37 41500 71000

The number of moles of palladium iz egual to the number of
moles of LpPd{(dba).

The work described in these examples was carried out in 2L

capacity autoclaves. In each test 10mg of I Pd(dba)

catalyst and 32mg (4 equivalents) or 72mg (9 equivalents)
of protonated phosphine were added to the preparation
flagk in a nitrogen purged glove box, 175nL of azeotrope
preduct consisting of 50:50 wt% methanol and methyl
propancate and 125mL of methyl propancate were then
degassed and added to the flask to provide a reaction
golution which was close to 70wt%  methyl propancate.
After addition of the required gquantity of
methanesulphonic acid the solution was transferred to thé
evacuated autoclave and heated to 80°C im vacuo. During
this period and at all subseguent times the autoclave was
gtirred 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
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The follow ng two tables contain data for the |igand

wobodsneeg (di - tent - but yl phosphi _nonet hyl ) benze T80s 00056:
ata was collected at 80C hence the rates a%gTKﬁﬁﬁy”mnﬁ)

turnover nunbers are 15 |l ower than the data we have

al ready included. However, 12Re data shows that at

constant acid:li.gand"' levels, an increase in

T4 Hafde Paurht ithagr dihele§otal g®LATRESEs 62§ n~1HhpY| and the .
rate and TON val ues. This data al so used the |

headepaee Caial§Rtratie 1YeH(Yph) (Aorehetnd i only the
bel ow) 2.0 and adds the |Iigand excess

h
brbt &Rt e¥agalfed ThE EiPerIVi™l et e i’%%t& ovhdel was
b H d . . ) , . . ]
Shted bl PRRCHERHLRL B Al Ul AN Shpocanc.

RO 13000z tde 1ahd 72220114000 0BE0M el kilamnii4: il from- the
22000 30000 25 in this ratio the "acid" includes both
thiee aoifd Hamsalheof paasorfaiaitl PR®sERRAe Y9RHVPLr assuming

h i t.h the., addit| I 20
%@%gi62&%%%;%ﬁéﬁi%ﬁhﬁé;a§ ?dlég%edg%igéeg§f?¥eeﬁogci ?thyl

iheatbophend8ish Pl y the protonated phosphine
Igand. Table 8 5 Ligand Ratio Ratio Initial TON

after Pd:Lig:Acid Acid:Ligandu rate 4 hours 1

1:10: 90, 10.9 22000 42000 1_7:10:182 20 33000,52000 1. .
Hrepanabiany 47 500 71000 of 1789895 (di-1

adamantylphosphinomethyl) benzene palladium (dba)

THF (100 cm®) was added to a combination of ligand (2.05
g, 2.90 mmol) and palladium dba (1.6l g, 2.90 mmol [Pd])
affording a deep red-orange turbild solution. The reactlion
was stirred for 3 h. The reaction was filteréd via
cannula, yielding a deep red-orange filtrate and a small
gquantity of [Pd] residue. The volatiles were removed i
vacuo affording a deep red powdery solid. Pentane (50 cm®)
was added wvia cannula and attrition performed with a
spatula, resulting in an orange powder separating out. The
amber  pentane  washings were  removed  wvia cannula
filtration, and the solid washed with Ef;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 %. **P NMR:
5 = 46, 42 ppm {(l:1 ratio), essentially phosphoxrus pure.
FW = 1047.73.

Preparation of 1,3-bis-(di-l~adamantylphosphinec)propane
palladium (dbka)
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The nunber of noles of palladiumis equal to the
wonWERedespf 10 noles of L2Pd (dba) . The wor kpdpg@hiBRitses

in these exanples was carried out in 2L capacity

aut ocl aves. In each test 10@2 of L2Pd(dba) catal yst

and 32ng (4 equivalents) or %ng (9 equival ents) 15 of

pr ot onat ed phosphi ne were added to the reparation

Ad agkovh a %ﬁqqmeﬁsaaﬂgehlm%@e Box® 1F5M2 -G mmel) and

gl%tal  ABLOqUCoCanST SLHRTRRL1SUER W Ih MRRANGl) ont) .
propanoate and nm. of nethyl pr opanoat e
AMH&rtmem tlegadsed aad“addBQEt@O&h@lbhathtdqmﬁiM(ﬂﬂrde

a reaction 20 solutio j ch was. .cl ose t 70wt % ne
B OB RRGACENCOAT L8P ARHL T o Phqul Ty Hadn FRgvd to
f%i‘rtﬂ??ﬁ hanesyl phorhe FEidhddie, sDhalt keacYasnt kasfesfiesi-up
to the evacuated autocl ave and heated to 80C in
am AV OUre¥RERE hike periCdvaid et wiis Pafsediachtat jafzlent
t he au av S t e 0 WieR, Lhi
E%g era J%% ﬁ% b%éﬁlérgé%hggg?ﬁéégo?gltgﬁeéghre 6%Jl$% *h
Sy ShErdams meceaxemm@, g9bar {Pr oiMRt:hé apdyr 38 ppm
ressur e, basel of -1 qﬂ%gﬁﬁ¥ the addition of
iy | EHel @ dh e 1 dpp h 2bar of 1:1 WD
2005/ 079981 PCT/6132005/000569 128 C2H4/ CO such t hat
the total pressure was -llbar and the headspace
K2t/ GOer at'Boudasso; on Afher Bediladdiume Qﬁwltfﬁ@d | Mgthoxy-
e at t e .
é%ghﬁ9i}g§l° olégthzgéﬁggéure %ﬁﬁﬁ?ﬁ tﬂ%”%E% ko the
OOiRsd 08 Ly SoRedittrham mat es. mndmaathhmsﬂ199mds w@mm details
cal cul at ed fron1the renn val gas fromthe
PeddG SVRRAN LY R r@?‘%( 3 &é’g‘%sﬁsx?. our and 100
selectivity for nmethyl propanoate' formation. 10,
Preparation of 1,2-bis(di-
Example 35

Preparation of methyl propancate 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 liguid phase, in the presence of a
catalyst system, to generate the desired product, methyl

propancate.

The reactlon 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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adamant yl phosphi nonet hyl ) benzene pal | adi um (dba) THP

( ) was added to a conbination of |igapd, ‘
\NO&}&%&%§$ 2-9895§%?&%ﬂm05w

nmol ) and pal | adi um dba (1.61 g,
[Pd]) 15 affording a deep red-orange turbid sol ution.
The reaction was stirred for®3 h. The reaction was
filtered via cannul a, yieldin%ugldeep red- or ange
ddfdIate andcatshest sysben ty qodieqwsi erika Lk, which

vol ati] e re renoved i n--_vacuo,aff in r
et L o) RS bETRY S et alES OB S bR AR "Ry
Gaendiattné tioqupergiaraed with a spatul a,

resulting in an orange powder separating out. The
anber pentane washi ngs were renoved via cannul a

iLirat] . h . S o G -2 =
Pt AG LS R0E 18pRTak BoEPRAD KR ITME idonriiedd, at a
4 Dow vaato 2beady irsdleat ethd nwhke rgirdveetsok . bYi edldiling8fresh

g, 88 % 33p NVR 6 46, 42 ppm(1:1 rat|0)

Sasehyosl 19 phesphotasopuienEERyd: [phTthE) product, methy)
Fr&Pah8ht @nr8fudes; his- (di-1-adamant yl phosphi no)

propane 30 pall adi um (dba) WO 2005/ 079981

| CT/ 6B2005/ 000569 129 As above, except using |igand

1.9 .3..0 ) de. | a : 4
@ﬁ%ﬂ Qf%a}?fiﬁe (vggcﬁé??%?\?%%“?” %‘Qh?&%ﬁggggépéng also a
heshor afgecsalidwmiviasy f e | ynreabtdd igasappeat amedlected
an addi tional 50 cnB TI3E was agded tocgsfurtgﬁr unreacted
0 sERFVEPPRE PPRHRBRCOCTRESPEL HOR HBECHBFked (S URE
g@@}/%mﬁxqﬁﬁt tdiec B 2Ovieashi ngevasppeel oWiEGttwas made up
nbient tenperature. The solid was isolated in the
of owebbxtuseanl ethigenpontidr cavbandmonggige cyasgy rgfprned

%%ﬁ%iguéuéfy §§ 988’r&é&%o£abk9’aﬂoéﬁ¥}9 biﬁ@:a%sﬁhQGbase,
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. In this way
the ethylene and c¢arbon 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, Frash
methanol was also added continuously to the reactor
vessel, in ordexr 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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Al so see "Studies on the Pall adi um Catal ysed Met hoxy-

woSbdpmg ation of Ethene", thesis submtted tﬂFgﬁﬁnmmmmmmr

University of Durham by G R Eastham (1998),

details on the preparation qof L2Pd(dba) conpl exes. 15
Exanpl e 35 Preparation of | propanoate from

et hyl  ene, _ carbon nonoxide and net hanol . catal ysed
bytalgehpobndngf at bellpddvensalbvent PoRogphine ligand, and
cont us pr ss exenplified invol ved the reaction

LPrBris ts
?f SPuPPPIal 8tf&ans of carbon nonoxide, ethylene and

met hanol in the liquid phase, in the presence of a
catal yst system to generate the desired

duct .
Fat gFdeps b opiifteE  ¥he rRaetioh W%}@: ?i%lﬁﬂﬂ%ﬁ a
%g?gﬁfa“%ﬁt -l & Al %iﬁm%ﬁﬁ iﬂaéil?ﬂ{ﬁéﬁwﬁu&%ﬁ?' out of

e catalyst systemwas nmade ‘up o ree
thaposentsy beidngnta phkl ddetilsatronacphogphi ne
| igand and an acid. The three catalyst conponents,
when conbi ned together and dissolved in the reaction

hit H58£139A%tUe 1uhe, r eaghiyon ¥WOn30@S5B49@8T flash’ type
PCT/ CB2005/ 000569 130 catahyst or catalyst_system a

AbAbgehasiencaralyse; WHiTH d&bnier PEANE| s8bI VRRParating a
: S 10 { : t £ T IRANRBEB AN 1T RY ot
F?%%&ggghgggﬁiggﬁﬁé?ﬁ%fc%ﬁ§$%%%%§@operation? t he MPOHERLS
odt dlyst rdacoiposed. siuze Skow Hite steadyoiatéleamtd ssolved

BarardBtor TIPYNE b baudis e kg1 SopReysRodte veRugesing
fraction of the reaction mixture as it pagsed through the
flash column. The part of the reaction mixzture which
remained as liguid 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 propancate product was required iree of
methanol, a second distillation column was required. In
this case, the vapour stream from the flash column, which
is a mixture of methyl propanocate and methanol was passed
into the second distillation column, where the pure methyl
propancate was generated as the heavier product, and taken
off from the base of the column. A low bolling 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 propancate was returned

continuously to the reactor vessel.
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10 The reactor vessel was fitted with an agitator, and
woPhER7dgmeans of re-circulating the unreact egcgashikdosey
collected in the upper headspace area of the reactor.
The unreacted gas fromthe ctor vessel headspace,
whi ch was made up of a m xturée of ethyl-ene and carbon

nmonoxi de, was returned 15 continuously to the reactor
dfaean HEY PPpefat thhecBREENIOLHCH HIAOCT HE s When the
@?%i?@&”&&ﬁgogghghﬁﬁrﬁﬁﬁgh'@@'Hégﬁﬂp %féﬁﬁﬁQQQQshﬁg been
pon entering rnto the reactor vessél the gas was 2
dichpevsed by pthvecagi tcelt grradued. friedechiloll ef. the tisies! rates

way the ethyl ene and carbon nonoxide were dissolved
B3 the Sedadtistn GrponeRian w2t FERE ARG Car bon
nonoxi de gases were added to the 25 re-circulating
gas to nake up for the amount of the two gases that
Raveohden used AWs RN hdhpeakdbon OIFr GSRETABLRENOPE warethy L
al so d copt | nuo e.Leash ol nessel s ¢l
Bfggﬁ%ggﬁg%p gcg%%hgé%% %%%d? %Eat rgg‘lgen'%tsggﬁh%ce the
baltlbelineact icartal3®tThe geegeinentyessdlidiel d wase buldst  to
l.iquid reaction mixture, along Wth the three .
EBAEBIRITIS 1611 { HEL Hbm sy B So08k oy abgn S rate which
BGTaE820024Q0058% Jk3h at.al yst, being a palladi um
salt, a phhosphine Iigand, and a sul phonic acid. In
order to recover the product nethyl propanoate, a 5

rream af yeagtion g xture was..passe i nugys!ly ‘
g%’mt he(lreéd;;\ct gLrO andﬂ}é(nt 0 %%ht}é@‘g‘llg)?fl I girl&%tr? col um. e nding
diositddtataitdreol afmeabal pgt acsinnghenstape cafreastvn shapee for

distillation colum, proyided a ns of separating a
a glven rate of gene agXon of mg%%yi propé%oa"e, %nd 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 peint conditions, the palladium

turnover number (TON) was calculated. This is defined as

the number of mol of methyl propancate generated per hour,

for each mol of palladium consumed by the decomposition

precess per hour.

Upon reaching a steady rate at a pre-determined set of
control conditiens, 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.
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non-vol atil e dissolved catalyst conponents. This
achi eved by vaporising a fraﬁél on of the reacti on
m xture as it passed throught flash col um. The
part of the reaction mixture which 15 renumined as

I |qU| d after passing through the flash columm, and

W0l St laqeontg opd uBElul SRUALYSLs PERANENS IR gand

ret e react or vessel "so t‘%at the ta
conRpoeentis podkdntakin pahte | nehbeion- g;mmtgmeeaohl aralladium
20 If the net hél pr Oﬁanoate r oduct ?‘ﬁﬁrﬁqm red free

FHrNARanBIP e s e Bdrid WS FPHSR | BRT R0 dghstant  except

QI 5%%gf@un&h&§v%§§e@ﬂrmh éﬁ@uénétﬁﬁﬁﬂ1fhomﬂé“%eactmon
flash col Um, whi is a mxture of nethyl propanoate

avicktvetehanol T\Kw%as[ﬁwlﬂi ntgehe csaserd dbsgt i hakingn small

SiThonl' GF FHERILERIBLAKS €8 RIS ikiaseat via a

et iageOf thhe cohdmpurd imw bestémg M Xier edefi t; cms. were
rret hanol and rret hyl propanoate was generat ed as th

d 28 WeRLFERDYeddEbRETMRbusPy fFb®n t%talyst
a%qllpéldrhefe@@' fawrté | £ALE QP G0] M 1nd DT fed e t];Sbsn.tLon

I se the nmethanol 30 as efficiently as possible in
the process, the low boiling mxture of rret hanol and

T 55 EeBE T 0 Bobibrobel sEicabbts: dlivsgo Uisbecting

Afdtt siedrt aix ofoft heacﬁmmmuwnrtea@ma, uhht, whenem was
the desired rate of generatio E‘St hyl pr op@%ﬁt e,

HEF e W hRePERY+AUFr 58 f‘jcﬁ n& dficthons of 0 any
tdFifE%Hbr@ﬁeﬁeLQBrhﬁ%d¥ﬂﬁﬂﬁ6¥eCﬁﬁ@%ﬁ@néﬁ WaS the next set

undertaken. 57in order to sustain the rate of
geheraqtdgmait bt dgnditions,

In this way, comparative sets of results were drawn up
which showed clearly the changes to catalyst stability
that were c¢aused by the wvariations in the background

levels of phosphine ligand and acid levels.

The amount of palladium in the feed té 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 tranzfer to the catalyst feed tanks for palladium
content. TFurther 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

fead system.



propanoate it was necessary to continuously replace

wol206s079a | adi um cat al yst conponent whi ch was 'pngclﬁz@osmoom
| C
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deconposition with fresh palladiumat a rate
1.0 balanced the rate of |o0s334This led to the
situation where the standing concentrations of

| yst, c onent.s be%%pe constant, -for. ..a given rate
g%&gé%epatggﬁw%f %%?hfﬁ 6¥%baﬁ%atégjﬁﬁf‘?%stufgogﬁFe number
t@cayst aitterd | ofnsheesingacthon a&id: L dgandidi eot £ bynd the
constant concentrations of carbon nonoxi de and
diarshds il (¥t ieadspace area of the reactor vessel
This was called the bal ance point, because under
these conditions the rate of palladi um deconposition
Was el anEednpkact tpebyacike w2 nate mftlagtesulbphaiic acid,
fresh pal)adium Fromithe rate of addition of fresh ,
S ad 58 CORBORRIRS undel - $dnce tRF Nt L 2bis-
At 1S: v Lo H5th 1 Betheth y T s dtoMEHe Numhgd (KON wWaslladium
calculated. This is defined as 25 the nunber of no].
SoMRSIHIA Yo plaiie e D ge et ki ente et dsurd L p# oka dlgh. ol
of pal |l adi um consuned by the deconposition process
per hour. Upon reaching a steady rate at a
pre-determ ned set of 30 @amtleol? conditions, the
I nst ant aneous val ues of all of the variables were .
recorded, and used as representative data to show the

Perigsn@aneg Of LB&ARNOeR%s UNUBFed N3 LONWI [ MO dvbr Number
use at the tijre. WD 2005/ 079p81 PCT/ GB2005/ p00509 133

Tnght heFidata omolhgadfiect| sRaFEQsl $PAM) phosphi heoles
ligand and id present in fhe reaction m Kt . \
pal | adi um turnover nunber, all. variables meﬁégﬁéﬁk%ea Pd)

constams except 5 theabackgrpund | é7él s of |igandoane 10°
Aci.d..in the. r apfinn
10.33 13,38 988 3.30 x 10°
13.49 21,73 1682 3.41 % 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

sysltem,

Figure 2 shows TON wversus amount of methanesulphonic acld
present fFfree in the reactor. Clearly, as the level of
acid increases, there 1s a large increase in TON for this

particular catalyst system.
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m xture. These | evels were changed by maki ng snmall

“Mfﬁmﬂﬁﬁﬂﬁs of these conpounds to the reaction ¥ gga8hosmensey

via a edi cated tank and punpi ng system The

additions were then followed,by careful adjustnent of

the catal yst "10 solution feed"fate to re-establish the

bal ance position. The experinmental design was such
FHART @f t2r SBEMSecPin@GeHEh ABw SRkuigothaVaREaSpoitkqunt  of

Conrganégslaxm@ mgé%dretuw%g 3?. a apée\e QUS 18661070 acig

trons to chec or an fting o performance
befoeasapyi ntheam:t dst ha ru:@x:treaeta i é&hperamenthl of Pd in

copdjtions. in this way, conparat ets of resu .
SORet P Rnoiy ChF cROChFUa e SR e Srerghe thilst the

pabetysh stabd | iddhaid t Bohsvehe, causedRY chBe working at

variations in the background |evels of phosphl ne

tﬁl@%ﬁd gAgvadiad | epeld. TREedmountredictisan adtakes n eae  be
§fr9|t.£9néae nc%x?c—?}?t As ?hecrpléa%l%?lu'i £8LEYL At QM- Qe The

tirnovel resul Surance on the rate
éd%ﬂLag&al Wst hiedwngofedhico defientdyst eroswasofr c!:\vued@mm)adium
anal ysi s of each batch of catal ior to transfer
SorpgRoRnr afy Eher E2uoymts SHSEearpabi AT -cont nt

Furt her assurance was gai ned by determ nation of the
actual feed rate of catalyst fromtimng of the fall
Bbthoughe d@iel prafgredetanbodiniarH:-9 shpaet pfen hahown and

SRSk, 380,50 S YR POOBLEIORE proge sviniea 1n e

@;atl athiagm dam DOver chuabes a(n‘ﬂd\i)ommammsmmght hee made
aci gnd ratio dth ratio.
ok oanPartihg 00 ey b arat ahs (i G (gt ion,

sheqbidrptiate RRASERAAJd0aNd was 1, 2- bi (o

Attention is directed to all papers and documents which
are filed concurrently with ox previous to this
specification in c¢onnection with this application and
which  are open  to  public  inspection with  this
gspecification, and the contents of all such papers and

documents are incorporated herein by reference.

All of the features discleosed in this specification
(including any accompanying claims, abstract and
drawings), and/or all of the steps of any method oz
process S0 disclosed, may be combined in any combination,
except combinations where at least some of such features

and/or steps are mutually exclusive.

Each feature disclosed in this specification (including
any accompanying claims, abstract and drawings) may be

replaced by alternative features serving the same,
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10

(ditert-butyl phosphi nonet hyl) benzene, and the

““pﬁh#@gbﬁnw conmpound was tri (d|benzyl|deneac%kqﬁghmwmmﬁm,

dipalladium 7.0 Table 9 I|gand Pd aci i ga
acid in Turnover Nunber é@tlo nol ratio reactor
(ppm (noles Mel ?/ males Pd) 29 9.93 676 2.02 x 106
10.i3mn 13.38- 988 3,30 x 10 13.49 21.73 1682 3.41 X
UiV lEs 34065 2HBAIBT APUCDGE, 1 RIIESP, 4@XBB?551EO stated
%9?1&%%%@% t’fl‘:ﬁggf’ ﬁthﬁe%% F}{ @&Lﬂfeﬁtglté tth%%m,se, each
acconpanyi ng I gures. gure I s versus
aehdulriega:hcbaﬁmqercaum oﬁ]beaxbgaploas:nﬂlye ca",mad dergand: series
ti o i,ncreases above .abo there is a Iarge
B PRI AR G AR cat al yot —syet em
20 Figure 2 shows TON versus anmount of

met hanesul phonic acid present free in the reactor.
@@ariyvea‘élpﬁe Jl%v@lﬁtofr@%@fﬁuf—%@r dsekhet iigtils qof the

GeBEe 5L BPs o oot pdtP, A33b0E 60060 0ReE to any

Ebg&ﬂ,e 3n&|}lOV\BrPddﬂp’DUﬂ‘IV&]ﬂ seinitiine: iver sus:famauat Dfatures

met hanesu| phopi ¢ acid. C earl as the IeveI cid
TReriaced Pihre | Entsgec, enedt rECehiSamurtina g, any

?%E%ﬁb@i@ly“i@{q tBh g RaNti Sy @Fagat ahst as¥al 8Bk )WidiSt to any
novel one, or any novel combination, of the steps of any

method or process so disclosed,
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5 reaction rate remains constant. Therefore, working
at these elevated acid levels, reaction rates can be
mai nt ai ned even as the palladiumlevels decrease. The
advantages in view of the relative cost of the
pal | adi um conponent of the catal yst systemis clear.
10 Al t hough sone preferred é@#bodi nrents have been shown
and described, it will be appreciated by those
skilled in the art that various changes and
nodi fications m ght be nmad€LAEM3hout departing from
the scope of the present invention, 15 as defined in
t he appended clains. Attention is directed to al
papems anatamyunentSymhbmh aspabibed epncufdedliyying  the
wi th el pre us to this eC|f| ation in_connection
¢ ETFBRABRIER D orf Eind 3B whFERIAEBI6HRAY: o Sutiatrated
i NS peeckipomnd,t Ritikis = apeed fllsc &Dﬂtﬁﬁmaﬁl@ the cRdients, .
of all such papers and docunents are incorporated
herein by reference. All, of the features disclosed in
h'f” S aSPg&tdL Cald 0Brods (el ydi RE-REY RECOf Qﬁy' Eg compound
clai ms, abstract and draw ngs), and/or al
step§h@ﬁ¢@ﬁy met hod or process so dlsclosed may be

mbizn ept (o .
SRS AR SO BRI o UREPTe. SIS HBang,  ana
frut uall pcexicl usi ve. 30 Each feature disclosed in thls
speci fication (including any acconpanying clains,
abstract and drawi ngs) may be replaced by alternative
f eat wheseder waig UJigaW&s WR 200/ AW least a 2:1 molax
PCT/ GB2005/ 000569 eqy|¥flent or S|n1I%{ pur pose, o
unle§§C3§ﬁréﬁﬂﬁﬁ¥ﬁct58 aid metal or said metal in said

metal compound, and that sald acid is present in the
range 5:1 toe 95:1 molar excess compared to sald
ligand.

4. A catalyst system ag claimed in claim 1 wherein the
ratico of sald ligand to said metal is in the range &:1
Lo 750:1.

3. A catalyst system as claimed in claim 1 wherein the
ratio of said ligend to sald metal is in the range
10:1 to 500:1. ’

4. A catalvet system capabla of catalysing the
carbonylation of an ethylenically unsaturated

compound, which system is ohtainable by combining:

‘a) & metal of Group VIB or Group VIIIER or a compouhd
thereof,

b) & bidentate phosphine, arsine, or stibine ligand,
preferably a bhidentate phosphine ligand, and
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ot herwi se. Thus, unless expressly stated ot herw se,
each feature disclosed is one exanple only of a
generic series of equivalent or simlar features. 5
The invention is not restricted to the details of the
foregoi ng enbodi nent (s). The_jnvention extends to any
novel one, or any novel conﬂ?hation, of the features
di sclosed in this specification (including any 10
acconpanyi ng cl ai ns, abstract and drawi ngs), or to any
novet)onan sacidpy novel conbination, of the steps of
any nethod or process so disclosed. 137 CLAIMS 1. A
cat al yst System capabl e of catal ysing the

car banakainonh@fmm@t Byl eaiaalllkyakas aucalied me®a) or said
conmpound, which s sten1|s obt ai nabl e by conbi ni ng; a)

a meRaFabs 2@ otipt Y BeEALGERPOM] 41310/ he chpgung: 1 to
theregh. lb)aﬁdbhﬂﬁﬂt%EgdPE%%Eh%ﬁepﬁ@ﬁ%h%eanP%t least a 2:1

st: Lhi, i gand, and c) an acid, wherein said
Ilgaﬁﬁlﬂ§ 9¥§§§ﬁtcpﬁpaﬁﬂﬁea§t5alﬁ 1igsndr excess
conpared to said netal or said netal. in said neta

conmpound, and that said acid is present in the 15
bangé Srdtaly9s: bywmilenr axcesdicgonpar edliabmsdl dwherein the

Ilga A calal ysi. system a in.cla
%%ln the r&?#o *é é&db?} aﬁ%q?ggsér IEEtQF Fange 5:1
,s |ﬂatﬁé.nange 5:1 20 to 750:1. 3. A catalyst system

as clainmed in claiml1 wherein the ratio of said
ligand to said netal is in the range

6. A catalyst system as claimed in c¢laim L, 4 or 5
wharein the ratio o©f said ligand to sald metal is in
the range 20:1 to 40:1,

7. A catalyst system as claimed in any of the preceding
claims wherein the ratio of said acid to said ligand

is in the range 20:1 to 40:1.

8. A catalyst system as claimed@ in any of the preceding
claims wherein the molar ratio of saild acid teo salid
metal is in the range 10:1 to 75000:1.

9, A catalyst system as claimed in any of the preceding
claims whereln the melar ratio of said acid to gaid
metal is in the range 100:1 to 25000:1.

10.: A catalyst system as claimed in any of the preceding
claims wherein the molar ratic of said acid to said
metal is in the range 200:1 te 400:1.

1l. A catalyst system as claimed in any preceding claim

wherein gsaild ligand is a bidentate phosphine ligand.
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10:1 to 500:1. 25 4. A catal yst system capabl e of
catal ysing the <carbony.lation of an ethylenically
unsaturated conpound, which systemis obtainable by
conbining; 30 a) a netal of Goup VIE or Goup VIIIB
or a compound thereof, b) a bidentate phosphene,
arsine, or stib:i.ne I|gand eferably a bidentate
phosphi ne |igand, and 138 c)*gh acid, wherein the
ratio of said :ii.gan.d to said nmetal or said weta
in said nmetal conpound is in the range 5:1 to

0: d. 1.hat I.d acid i n
égla}ké%%% %y%%n%gfggatoqéa? $§§n3115m§} b ?EP é cladim
Syst emeaecor diangl ti0 ¢eral msd cam%r@maratme:oxnmuao {af) said
acid.to said ligand is in the range 5:1 10 to 95: 1.
6 catal yst systemas claimed in claim1, 4 or 5
in the rati o of ;QFH Figand to said netal is in.
thej?a %QD%NL§ 40:. R'15 7. A catal yst system as

i1

cl air i'n‘any o écedlng claims wherein the
ratigo of said acid to .dﬁllgand is in, the range
7.041 to 40:1. 20 8. q@talyst systemas claimed in

any of the preceding clainms wherein. the nolar ratio
of said acid to said netal is in the range 10:1 to
75000--1 9, A catalyst systemas clained in any of the
preceding 25 clains wherein the nolar réatjo of sa,;id
acid AT sald
Ar iz a Dbridging group comprising an optionally
substituted aryl moiety to which the pliosphorus atoms

ara linked on available adiacent carbon atoms;
A and B each independently represent lower alkylene;

K, D, E and 2 are substituentes of the aryl molety (Ax)
and each independently represent hydrogen, lower
alkyl, aryl, Het, halo, cyano, nitro, OR'Y™, OC(O)YR®?,
C(O)R™, C(OYOR¥, NR™R™, C(O)NRR*, C($IR®R™, gr?,
C(OYSR*, ox ~0-Q% (CrRP (M) (R¥PyoerM (rRY) (YY)  where U
represents  lower alkylene; or two adjacent groups
salected from X, %, I and E tocgether with the carbon
atoms of the aryl ring to which they are attached form
a furcher phenvl ring, which is optionally substituted
hy one or more substituents selected from hydrogen,
lower alkyl, hale., <yano, nitro, ©ORY, O0C(0)R®,
C(O)R*, C(0)OR*, WR¥R*, C(O)NR**R*, C(S)R™R*%, SR or
C(0) SR¥;

R? to R'Y™ each independently represent lower alkyl,
aryl, or Het.;



10

16

20

25

30

metal is in the range 100:1 to 25000: 1. 10. A catalyst
systemas clained in any of the preceding clains

wherein the nolar ratio of said acid to said 30 netal

is in the range 200:1 to 400:1. 11. A catal yst system

as clainmed in any preceding claim wherein said |igand

is a hidentate phosphine |ligasgal. 139 12. A catal yst
systemas clained in any precedi ng clai mwherein said
ligand is of general formula (I) RN CRn 9,~ z 4" X
19~QrA? (16 d}Ar pERh- ingep@nRant lyRrepraseRe9 hvidrood), lower
wherei.n: -Ar is.a bridging group conprising an

opti%&%?ﬂy S SSFVT E%d aryl noiety to which the
phosphorus atons are |inked on avail abl e adj acent

carbgp atong;, 10 FE and each independently represent

| one aILI?yFEne;mcF{’ [in‘%pé*‘ﬁ’dief"t&rye §EEB§{5"F’{%‘§N OWFE t [ekly L.
aryl arfi ety @A1); and each indeaendent:ly represent

hydr ogen, |ower 15 al kyl, aryl, Het, halo, cyano,

nitro, OR 2, OCC(OR20, C(0)R21, C(OOR2.2, N 23R2n

C(0) WR ' Fbl6, 2hS) B25RRGNSR2T 1 r B0} SR Lac®  independentl
A-J-QB(CR?s()?") (% R)20R76(Rf’7:53_(mg) T
r epr ESPHES STGWSN A RYA e,  BF S eNBC adfaceHiimrpupsnd in the
sel eqhed b QRK colesD R tﬁet Ll s f;ﬁﬁﬂ-

20 at orrBLof t he Car ﬁs ring lt gl i c%w}’etphlef&alrﬂe&gtofxg ed”};ﬂ['?m"uS
f or mebgvieypriveanseled adonrdisgloh iwidptposbetably both QF
Subs%xhhubedrepre.:manting phosphorus, more preferably alli of

Q', @ and @' (when present) representing phosphorus.

13. A catalyst system as claimed in claim 12 wherein at
least. one (CR™RYRY) group attached to Q' and/or ©F,

i.e. CRjR?R$ , CRQRERE , CR'?RBRS s CRl OR_ll R_'l A , CRIE‘.RldRJ.'.D , or
cR™RYRY, is represented by the group (Ad) wherein:

aAad each  independently repraesent an optionally
substituted adamantyl or congressyl radical bonded to
the phosphorus atom via any one of its tertiary carbon
atoms, the said optienal substitution being by one or
more substituents selected Trom hydrogen, lower alkyl,
nalo, cyano, nitro, or', 0C(O)R™, C(0)R*, C(0)ORM,
NR*R™, C(O)NR¥® R™, C(S)RPR?, orY or C(O)SRY; or
both  (CR*RYR") groups attached to either or both !
and/or @, or @’ (if present) together with either o
or @ (or @) as appropriate, form an optiocnally
substituted 2-phospha-tricycle (3.3.1.1{3,7} 1 decyl
group or derivative therecf, or form a ring system of

formula
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by one or nore substituents selected from hydrogen,

| ower al kyl, halo, cyuno, nitro, OR19, OC(0)R20

C(0)R21, C(O OR22, NR23R2a C(O) NR26R26 C(S)R4' R26 SR27

or 25 C(0)SR27; R13 to R 9 each independently

represent |ower alkyl, aryl, 18t Het; 140 R19 to R27

each independently represent hydrogen, |ower alkyl,

aryl or Het; Rl to Rae each independently represent

| ower alkyl, 5 aryl, or Het; 01, @ and @B (when

present.:) each independentl @Fpresent phosphor us,

arseni c or antinony andri® Akder two cases

references to phosphi ne of” phoS horus 10 above are

amended accordingly, wdh preferably both Q and Q

representing phosphorus, regpref éfably all. of QL,

Q2 and @B (when present) gw®presergsng phosphorus. 13.

A catal yst systemas claimed in claim12 wherein at

15 | east one (CRXRYR ) group attached to QL' and/or

CQ . CR'"R2ZR3 , CRRB5R6 , CR7RR9 , CRICR1] 1'R
Cﬁ%&ﬁfﬁﬁ& CR16R17R18, is represented by the

gr oupr tAd)anmeRé‘i n: eAdhegciadprderendant kyprepeaseny@bgen,

opt i na%ﬁy 0 ubstltuted adamantyl or congressyl
rad| oﬁﬁéa k &% 3% Phosphorus atom via any one of
its tertiary oarbon atons, the said optiona

subst it uti on,pei one or nore substituents
sel edt edtPr 8m hy‘eﬂ‘g%@eﬁr%smér SRR Indenesidesydo, repraesent

1QuR2 a0 ot 2 3R2
?:I(E); %ﬁg&%a &9 R25R%@F?ﬁ§ orﬁ((%()cc)ﬂggf” %A\Jﬁgot +

(CR'RYR ) groups attached to either or both Cﬂ and/ or
@, o @p£égeHEgse&QqérﬁjgeLG§rqu theeid I?{eﬁ anid R%%, when

present, represents hydrogen, lower alkyl or aryl.

14. A catalyst system as claimed in elither of claims 12

and 13 wherein said llgand is represented as:
(Ad) ¢ (CR7RPR®) 20 -2~ (K, D) AT (E, 2) -B-Q" (Ad) 4 (CR'RPRY),

wherein Ar, A, B, X, D, E and %, ¢ ¢°, and ¢, and R
to R” are as defined in claim 11 except that X, D, E
and Z may represent -J-0° (Ad), (CRM (R'™) (R¥®), instead of
-T-0% (erM (RM) (R*)) erM(RY) (R'®) and Ad 'is as defined
in claim 11,

S & U =0, 1 or 2 provided that 8 + U & 1;
T &V e 0, 1 or 2 provided that T + Vv £ 3;
W& X =0, 1 or 2.

il

15+ A catalyst system as claimed in any of claims 1 to 11
wherein saild ligand is of general formula (III):
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or Q@ (or B) as appropriate, forman optionally
substituted 2-phospha-tricyclo[3.3.1.1(3,7))decyl 30
group oxr derivative thereof, or forma ring System of
formula 141 Y R{49R-~, H R50..... ,, Ress R 1 R52
wherein 49, 54Rand R each i ndependently represent
hydrogen, 5 lower, alkyl or aryl42 RSO to R53, when
present, each independently represent hydrogen, |ower
al kyl, aryl or Hot; and 10 Y represents oxygen, Sulfur

or

in either of clainms 12 and 13 whe

N-R15; and RS5, when present, represents hydrogen,

| oner al kyl or aryl. 14. A catalysbgsysten1as cl ai ned

in said ligand is

represented as: 15 (Ad), (CR7R8RO) T@g—R=

(K,P)Ar(E, Z2)-n-QL"' (Ad) u( CR1R2 wherein Ar, A B, X

Db Eand Z, @', @, and , and Ra ,to R21/ are as
Bt nate b,

defined in claim1l excep
represent -J- Q(Ad)wW CR13(R14
-J-B (CR3 (R4) (Ra))CR-6
defined in daim1ll., S &HEI =
S+U~1, 25 T&V~0, 1qr
c

3;

claimed in any of clains ﬂﬂ9® 1

20 and z may
5)x i Rgt ead of
(R18)y and Ad is as
, A7orC2 provided that
“E provi degathat T + V 4

W& X ~ 0, | or 2. 15, .A catal yst system as

wherein:

Ay and Az, and Ay, A and As (when present), each
independently represent lower alkylene;

K' is selected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, nitro, -OR"?,
OC(O)R*, -C(O)R™, -C(O)OR®, -N(R¥)R*™, -C(0)N(R*®)R*,
~C(8) (RT)R*, -8SR™, ~C(0)8R*™, -QF; or -a;-0QF (X5)XS;

D' is selected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, nitro, -0R'?,
OC(O)R?®, -C(O)R®, -C(O)OR*, -N(R®)R?, -C(OYN(RS)R,
~C(8) (R¥T)R*®, —grR™, ~C(0)8RY, -CF, or -A.-Q!(X7)x%;
E' is selected from the group consisting of hydregen,
lower alkyl, aryl, Het, halo, cyane, nitro, -QRY, -
OC(O)R™, -C(OIR™, -C(O)OR™, -N(R™)R®, -C(0)N(R?®)R%,
—C(EY (RT)RM, -gr™, -C(0)8RY, -CF; or -Ag-0%(x7) %,
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wherein said ligand is of general formula (111): 30

142 X4 KI ~t....x3 x2 \xi i)n (1ll1) wherein; 5 Al

and A2, and A3, A4 and A, (when present) , each

i ndependently represent |ower alkylene; Kl is selected
fromthe group consisting of hydrogen, |ower alkyl,

aryl, Net, halo, cyano, nitro, - 9, - 10 OC(O R20,
-C(0)R21, -C(0)oR22, -N(R23)R24, C(ONR25)R2.G -C

(S) (R27)R211-SR29f _C(O)SR3tl, -CF3 or .I#3-Q@(XS)XG

Dl i srsébech el f podh tite wrargheonsi shi nipeof cdysswganeons of

Lo al , . hal o ang,. nitro, -OR19, - .
15°0EpG) o Sy By R S5 s vl B pyeacies
N - CES)m( Bhad}Ra onGRAY «GlAkSRutedChBieefyl ring:
--AL--QA(X7)X; E1l is selected fromthe group

corxsisting of hydrogen, |ower alkyl, aryl, Het,

hal 0x! cY¥eil@ st I@* (RP R, - coBPr X , v, x
QO ReL, _cgd_b)“oﬁaz ) G G
() sj TRREGSEnSR7 S RGOy BR30, comypediyt ABr QeRopxtyl, or X
143 @k bgth Ad-1 L pggt her, with.th bon_at.

of ?he cycl ggéﬁ?a rerﬁ;‘lu?i _%g t%c? mllt]{':]ﬁﬁtﬁ%%rgye dtfhched
att aéRE®  foram an opetemakliyysubseubetéetdupkenyl rddmiospha-

5 X1, S - (R2) . Langressyl_or adaman )%)1 e
X2 rgg?@gg’?éﬁ&%'?ﬁd ,Cg;ciongr %&s’@ﬁ oroﬁdan'é%%/ V,‘at'lw”
or Xthereof, or ¥' ang x2 together with Q? to which they

are attached form a ring system of formula IIIa

Y1
H‘E?f:'\’ l L‘ HFM
£ E [R5
|
R51 R52
(1)

x* represents CR'(R%) (8%), congressyl or adanantyl, x*
rapresents CRY(R™) (R'?), congressyl or adamantyl, or
X' and X' together with Q' to which they are attached
form ax. optionally substituted 2-phospha-
tricyclo[3.3.1,1(3,7}]1decyl group or derivative
thereof, or X’ and X° together with Q' to which they
are _attachﬂd form a ring system of foxrmula IIIb
V2

Rl “ A psa
ReO L 53

(Ilib)

5
X represents CR™(®R'™)(R'), congressyl or adamantyl,

X° represents CR!®(RY) (R'®), congressyl or adamantyl,
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and X2 together. with Q2 to which, they are attached
forman optionally substituted 2-phospha-
tricydo[3,3.1.1(3,7)]decyl group or derivative 10

thereof, or XI and X2 together, with Q2 to which they

are attached forma ring systeﬁwgf formula ilia Y1 R50
R55s M' R52 (llia) X3 represe #5 cry (R8) (R9) ,
congresssyl or adan ane.yl, X4 15 represents

CR13(R11) (R12), congressyl or adamantyl, or X3 and X
togebhrerxw tandl % mh&_;éhh&heywaﬁe aj't agbedwhioi Mmaey are

optl ona ubstituted hos

Ot Arershet. T0RRS. 95 dRRSIOUR bl CRURR e d e 2-PhoSDha-
t her eeficyenof3 .and k3t agqtdaer, Wi t hy dud 0 Whi-ch t«i&ﬁ:}&vatwe
20 are attached foam a ring system of forrrula 1XzZ

Rti) thermef Reye R@oa@yx RECORSRepWMAdth b)) be wln ch they
repr n R essyl a I,
oGS s o TR B CRrey Yeas: Saac e T
adamantyl, 144 or X5 and X6YPoget her W|th @ to which
they are attached formaRn o tlpnally substi tut ed
2-phospha- tricycl of 3. 34, LS, 7E-d¢¢yl group or

derivative thereof, or X5 and XG together with @ to
which they 5 are attacﬂé@m.o(rjm rpeg system of

formula Jlic 1Y3
= 152
(Il¢)
X' represents CR* (R®*?) (R¥), congressyl or adamantyl,
X' represents CRP(R*®) (R'), congressyl or adamantyl,

or X' and X® together with Q! to which they are
attached form an optionally substituted 2-phospha-
tricycleo(3.3.1.1{3,7}]decyl group ar derivative
thereof, or X' and %° together with @' to which cthey

are attached form a ring system of formula IIIG

V4
H""». L —_— Rsa
me
[R5 RS2
(lild) )

%7 represents CRY(R¥)(R%), congressyl or adamantyl,
¥ represents Cr(R') (R'), congressyl or adamantyl,
or X' and XY together with @ to which they are
attached <form an optionally substituted 2-phospha-
t:x:icyclo £3.3.1.1.{3,7}]decyl group or derivative
thereof, ox X' and XY together with ¢° to which they
are attached form a ring system of formula IXTe
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R411,H I ... Hr.Rrn p54...Y.... a~ RG3 R51 R52
(I'1lc) x7 represents CR31(RR32) (R33) congressyl or
adamantyl, X represents CR34 (R35) (R36) , congressyl
or adamantyl, or X7 and X8 together with 4 to which
they are 10 attached forman optionally substituted

2- phospha- tricyclo[3.3.1.1{§47}}decyl group or
derivative thereof, or X7 and X3 together with 4 to
which they are attached forma ring systemof fornula
I11d y4 .a9 R /. .R54 (snwy& R51 B52 (Illd) 15 X9
represents CR37(R38) (R39 jfn essyl or adamantyl,

X' represents CRAO(RAL)RPRA2) conmgmessyl or

adamantyl, or X and x1 togethgr with Q- to which
they are attached :Cbgﬁu 1 optjonally substituted

2- phospha- tricycl o[ 3. .1.1?{??%}] cyl group or
derivative 20 thereof, orgeX' and ¢80 together with b
to which they are attached forma ring system of
formula Inc 145 I(115 R49 ). H 5a R51 ¢ R$2
(I''le) QL and Q7, and B3, X4 and & (when present),

each . N
F and Q°, and @°, @' and Q" (when present),

independently rapreaant phosphorus, arsenic

antimnony;

each

o

M represents a Group VIE or VIITIE metal or metal

cation thereof;

Ly represents an optionally substituted

ayclopentadienyl, indenyl or aryl group;

L; represents one or more ligands each of which

are

independently selected from hydrogen, lower alkyl,

alkylaryl, hale, €O, B(R*) (R*)R' or N(R%) (RY7)R"E;

R* te R¥® and R to Rr'™, when present,

cach

independently represent hydrogen, lower alkyl, aryl,

halo or Haet:

R? to R¥™ apnd R to R, when present,

each

independently represent hydrogen, lower alkyl, aryl or

Het;

R, R and R*™, when present, each independently

represent hydrogen, lower alkyl or aryl:
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i ndependently represent phosphorus, arsenic or S
antinony; Mrepresents a Goup VIE or VIIIB netal or
netal cation thereof; 10 L1 represents an optionally

substituted cyclopentadienyl, indenyl or aryl group;
L2 represents one or nore Ilgand each of which are
i ndependently sel ected from hyd1r gen, lower alkyl, 15

al kylaryl, halo, CO P(R4 ) (R4AA)R4A5 or N (R46)
(RA7T)RAH, R1 to R18 and R31 to R47, When present, each

i nde dest InP3re e 0!
hal oag‘tr‘? RF W%?og%%tgg%%c% oﬂﬁgeﬁ‘é vﬁ%%ntﬁésgﬁ?resent

Het ;
each hY‘?‘Fﬁ%%"e%de%?W?rr@bk\é%en@rﬁgfmng%m, : Lower al kyl ,
aryl or 1-let , 25 R49, Ra4 and RS5, when present,
each |nde endgntly represent hydr ogen, | ower al kyl or
aryl ;¥ t% RB3} Viherwhmreserasemacheach independently

|nde r nt [0 e pwer al kyl, aryl
or |, Yr2 &%&é@ di%gr ‘aﬁ résent, each
independently a represent oxygen, sulfur or N-R55; n
=0 g 1, m=0to 5, 10 provided that when n =
1 then mequals 0, and when n equals 0 then m does
not equal 0. 16. A catalyst systemas clained in claim
nif, 15 é)oth K' represents -A3-Q@3(X5)X6 and
El rea%egen‘ts ‘

provided that when n = 1 then m equals 0, and when n
equals 0 then m does not equal 0.

16. A catalyst system as claimed in ¢laim 15 wherein if
1
both K' represents -2;-0Q°(X°)X® and E' represents -Ag-
Q% (x*)x'®, then D' represents -As-Q% (x7) x8.

17. A catalyst system as claimed in any of claims 13 to
16, ° wherein adamantyl represents unsubstituted
adamantyl or adamantyl substituted with one ox more
unsubstituted Ci1-Cg alkyl substituents, or a
combination thereof.

18. A catalyst system as claimed in any of claims 13 to
17, wherein 2-phospha~tricyclo(3.3.1,1{3, 7} 1decyl
group ox derivative thereof represents unsubstituted
2-phospha- tricyclo(3.3,1.1{3,7}]decyl or a 2-phospha-
tricyclo(3.3.1.1(3,7}1decyl group substituted with one

Or more unsubstituted C;-Cg alkyl substituents, or a
combination thereof.

19'. A catalyst system as claimed in any of claims 13 to
18, wherein the 2—phospha—tricyclo[3.3.1.1{3,7}]decy1
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@(x9)xg0, then D represents -AA-Q (X)) Xe. 17. A
catal yst systemas clained in any of clains 13 to 16,
wher ei n adamantyl represents unsubstituted 20
adamantyl or adamantyl substituted with one or nore
unsubstituted Cl-C8 al kyl substituents, or a

combi nation thereof. 18. A cHtal yst system as cl ai med

in any of clains 13 to 25 17, wherein

2-phosphor-tricyclo[3.3.1.1(3, 7}] decyl group or
der i @&LMRPe Ph"er@@fsVépwgentrsﬂ*nm@bs:tncﬂww one or more

2-ph tricycl 1, 1(3, decyl a 2-pho _
trlcghﬁgi 531 1(%#%T%Hecyl gg%%p subs?{ uted mﬁ?ﬁ%%ﬁgpha
or WMWecun§@H§LBLaLédBCW}¢$anKyEkgabsmmiuents, or a

30 conbi nation thereof. 19. A catal yst system as

clainmed in any of clains 13 to 18, wherein the
29phaspharalyscyeiordn3d ak ]s(‘&ﬂﬁ)e]d}lei:xyl ,,;:1:14;7 cfrobpi@s 13 to
deri t|ve %hereof i ncl udes one or oxygen 1£DQ§

int HoSpRAT t r FRYET <273 3. 1“"‘9Pr%*’*‘?7‘}’?r“aec;}’5‘5 stituted
skeleb@@ra&;&&. A catal yst systemas clained in any of
claims, 13 to 19, wherein congressyl represents
unsuhstituted congressyl. 21. A Catalyst system

accondi A By Y spiacadi A8cekaimy 1 waekrei ]Brébédﬂﬁ&mclaim
or coggound thereof is palladium_ 22. A cataly

syst¥ E@EBrHPHngGaéIQFnPQTPRH@ﬂeFH‘Fﬁéf ﬁélpééﬂéﬁﬂu@

in the netal form 15 23. A catal yst system accordi ng

to any preceding claim wherein the catalyst system

Ehel BdERyal e | gyik e ag@orsi nwediamcd 38l yaer Wherein the

d'Spﬁaiﬁathh5§Q|&%dthE Rethiagbdncarrier, said
pol yneri c di spersant bei ng

23. A catalyst system according to any preceding claim,
wherein the catalyst gysgstem includes in a liguid
reaction medium a polymeric dispersant disseolved in a
liguid c¢arrier, said polymeric dispersant being
capable of stabilising a c¢olloidal suspension of
particles of the Group VI or VIIIE metal or metal
compound of the catalyst system within the liguid
carrier.

24, A process for the carbonylation of an ethylenically
unsaturated compournd comprising contacting an
ethylenically unzaturated compound with carbon
monoxide and a hydroxyl group containing compound in
the presence of a catalyst system as c¢laimed in any
preceding <laim.

25, A process according to claim 24, wherein the
carbonylation of an ethylenically unsaturated compound

iz performed in one or more aprotic solvents.
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capabl e of stabilising a colloidal suspension of 20
particles of the Goup VI or VIIIB netal or netal
compound of the catalyst systemw thin the liquid
carrier. 24., A process for the carbonylation of an
ethylen,.i.cally 25 unsaturated conmpound conpri sing
contacting an ethylenically un urat ed conpound with
carbon nonoxi de and a hydroxyl group contai ning
conmpound in the presence of a catalyst system as
claimed in any preceding claim 30 25, A process

cordi cl ai erein.the carbonyl ati on of
gﬁ ) e%‘hﬁ%xée%’csal %9%%@%{1%3%%(1@&%&5&,&? Fggb'é‘ﬁf orhefind 25,
i n owkepeindrarapielé C et iT21148 udbardrBE 88 STHmpounds

accordtgg to %%%Qer of clainms 24 and 25, wherein
sui t aBFEUERh TSRSl IRF WD ur BERERR onPeliKds CORpBELnds such

et heag, WMQPENaccfOXBBe, NEPYLNEOTMRRURES SUGHNaRe8S jecene,
vinyl acetates, heptexle, octene, nonene, decene,

undeE@ﬂ%FeH@de@§ﬁ§P&@ﬁp fFEQ 0UE30¢ Cre. hawi nhaviom Zrom 2
to 39&@@%&&{%{%%@% Ch  fBY:0&, ) nﬁdtalr ]ﬁi)%ﬁ?%ﬁ%?rﬂgadranched,

Cyclic or uncyclic or part cyclic an
doubfechbfid armyubekel any sui Pabke qosliitd oanin irthewlt@ch the

carhb, i %Qy i, ch, iLngl u al l..stereisomers .
thergg?ﬁbg7ﬁ) re§@Lioﬁhﬁ%digﬁfcdﬁﬁﬁ%gﬁﬁb BREYGP CHorEt  the
reactanpsn ahdia cahdl yshiisyst dmcdodies Sialg, Ftereisoners

obt a, by 75 conmbining, at least a Goup VIE or
v:|?+ﬁ§£%§fal or netal conmpound, a bidentate

phosphine, arsine, or stibine ligand, and an acid,

%@?rgl@éggéﬁéﬂggg ibﬁ comprising one or more reactants,
and a catalyst system comprising, or obtainable by
combining, at least a Group VIB or VIITR metal or
metal compound, a bidentate phosphine, arsine, or
stibine ligand, and an acid, wherein said ligand is
present in at least a 2:1 molar excess compared to
said metal or sald metal in said metal compound, and
that said acid is present in the range 5:1 te 95:1

molar excess compared to said ligand.

28. A reaction medium comprising one or mere reactants,
and a catalyst system comprising, or obtainable by
combining, at least & Group VIB or VIITE nmetal oy
metal compound, a bidentate phosphine, arsine, or
stibine ligand, and an acid, wherein the ratio of said
ligand t¢ said metal or said metal in said metal
compound is in the range 5:1 to 7%0:1, and that said
acid 1ig present in at least & 2:1 molar excess
2ompared to zald ligand.
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present in at least a 2:1 nolar excess conpared to

said netal or said netal in said netal conpound, and

20 that said acid is present in the range 5:1 to 95:1

nol ar excess conpared to said ligand. 28. A reaction.

medi um conpri sing one or nore. reactants, and a

cat al yst system conprising, ori48btai nable by 25
conmbining, at least a Group VIB or VIIIB netal or

nmet al compound, a bi dentate phosphine, arsine, or

8bi. binerdagahsh aadiam ammbrinttatgel onthexrr atb@eofr&aitthnts,
ligand to said.retal or metal in said netal

conp@ﬁﬁﬂ q FRTRINRE 2 %ﬁ% ﬁgtﬁ aysed 1 10 pgYt e &f fFlaims
30 aqi dd 23present in at least a 2:1 nolar excess

conpared to said ligand. 149 29. A reaction needi um
conprising one or nore reactants, and a catalyst

gyst ﬁmr@%c(ﬁ'l@h”%dﬂﬂmﬁ% aes et B r@ny okO ca%mé ?g@
A reaction nediumas claimed in any_of clains

wher UPR¥EhE ERBuURMBMY el R @‘Fé@eﬁFeFﬁnﬂ-hér’rTéd%rﬁﬂdlum

is grgahekatRantB@LPREL31. use of a system
conpri sing, or obtainabl e by 10 conbining: a) a netal

of Group VIB or G oup VIIIB or a conmpound thereof, b)
9,01 el atgy phgspmpmﬁr&agﬁ?ﬂ@ﬁig |bing li %%@%grx%aiﬁe by

pre erably a bidentate phos and, “and

aci dconrdmdingy:said ligand is present in at least a 2:1

nol ar excess conpared to said netal or said netal in

said 20 netal conpound, and that said acid is present

ah the metal of Group VIB or Group VIIIB or a compound

thereof,
b) a bidentate phosphine, arsine, or stibine ligand,
preferably & bidentate phosphine ligand, and

<) an acid,

wherein said ligand is present in at least a 2:1 molar
excess compared to gald metal or salid metal in said
metal compound, and that sald acid is present in the
range 5:1 to 95:1 molar excess compared toe said
ligand, as & wcatalyst in the carbonylation of an

ethylenically unsaturated compound.

32, Use of @& gystem comprising, or obtainable by
combining:

a) a metal of Group VIB or Group VIIIBE or a compound
Lherveaof,

) a bidentate pheosphine, arsine, or atibine ligand,
preferably a bidentate phosphine ligand, and

c) an acid,
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range 5:1 to 95:1 nol ar excess conpared to said

ligand, as ti catalyst in the carbonylation of an

et hyl eni cal ly unsaturated conpound. 32. Use of a

system conpri sing, or obtainable by 25 conbining: a)

a netal of Goup VIE or Goup VIIIB or a conpound

therreof, b) a bidentate phosphi¥, arsine, or

sti.bine ligand, 30 preferably a bidentate phosphine
ligand, and c) an acjd, 150 ereln the rat

|1 e s S ot S T 1A Rl P sasa

compoyichll SihNghihel nangel 5cémb@unci5@usl,1ranﬁhé hatnga d¢:1 to
acid is present in at least a_2;1 nolar excess

conpatalt ko 2 T, Y, 3aEC ol SR EFYERE | HRisREhkeast & 2:1
car bqpy ﬂs%&%s bl ﬁé&nﬁgaé$¥dun§@&ﬁ'&atég a c.atf:alybt in

conpoun catal'yst system accordi ng to any

cl ai nshd- Z&mﬁﬂﬂxﬁﬂ%y@menwﬁonﬁmls@thQﬁﬂh9dblﬁEtﬁﬂ spfurated
G oup V1 ‘”ﬁ Goup VIIIE or a conmpound thereof, b) a
bldeﬁfr? éphine, arsine, or stibine |igand,

preferably a bidentate phosphine ligand, and c) an

a6l dp. 43ebulRer chpssahd digandids ReeseRl 14y alikaant 1-23
exces conpared to said netal or sa

rret alwliirchs &y tamtadnpciongpdund, and that said aci d S

present in the range 5:1 to 95:1 nolar, excess

conpared to said 20 |igand.

a) a metal of Group VIBE 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 & 2:1 molar
exoess compared to saild metal or sald metal in said
metal compound, and that said acid is presgent 1in the
range 5:1 to 95:1 molaw excess compared o gsaid
ligand,

34 A ecatalyst system according to any of claims 1-23

which system gomprices:

a) a metal of Group VIR or Group VIIIEB or a campound
thereof,

) a bhidentate phosphing, arsine, or stibine ligand,
preferably a bidentate phesphine ligand, and

G) an acid,

wherein the ratio of said ligand to said metal or said

metal in said metal compound is in the range 5:1 teo
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34 A catalyst systemaccording to any of clains 1-23

whi ch system conprises: 25 a) a netal of G oup VIB or

Group VIIIB or a conmpound thereof, b) a bidentate

phosphi ne, arsine, or stibine ligand, preferably a

bi don. tate phosphi ne |igand, ang c) an acid, 30

wherein the ratio of said Iigéﬁ to said netal or said

netal in said nmetal conpound is in the range 5:1 to

151 ' 750:1, and that said acid is present_in at_|east

a 2; 750l ANdXEaRE Thparetit bt sa e Flgahy, 25 Beast g 2:1

procegsy d0retdesSaEbenytad i o8 of;an ffdd enical 'y

unsat urated conpound according to any of clains 24-26

said systemconprising: a) a nmetal of G oup VXXS or

Goup VIIIB or a conpound 10 thereof, b) a bidentate

phosphi ne, arsine, or stibine |igand, preferably a

Bicdert aPEcpRESpHige thgareriony et iam aefd arSenhetenncally

said .l i r ] I a, 2: I XCESSm, -

conpé%é io %%ﬁ% ﬁ%@g u%? ggFggﬁé#glt%n%%ngggn%?%fﬁg 24-26

conpoimid] sywtematomaridsancgd is present in the range

5:1 to 95:1 nolar excess conpared to said |.igand. 20

36. A process for the carbonylation of an

etih. W emecal | ywE uggatpr arssl ecenpattng: avaardi Nngrt @ adynpound

of cﬂéﬂég%&%{-26 sai d system conpri si ng;

bk} a bidentate phosphine, arsine, or stibine ligand,
preferably a bidentate phosphine ligand, and

¢y an acid,

wherein sald ligand is present in at least a 2:1 molar
excess compared to sald metal or said metal ip said
metal compound, and that said acid is present in the
range 5:1 to 25:1 molar excess compared to said

ligand.

36. A process for the carbonylation of an ethylenically
unsaturated compound according Lo any of c¢laims 24-26

said system comprising:

a) a metal of Group VIE or Group VIIIB or a compound
thereof,

k) =2 bidentate phosphine, arsine, or stibine 1ligand,
preferably a bidentate phosphine ligand, and

¢) an acid,

wherein the ratio of said ligand to =said metal or said

metal in said metal compound is in the range S:1 to
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25 a) a netal of Goup VIII or Goup VITTB or a
conpound thereof, b) a bidentate phosphi ne, arsine,

or stibi.rze ligand, preferably a bidentate phosphine
ligand, and c) an acid, 30 wherein the ratio of said
ligand to said netal or said petal in said neta
conpound is in the range S: 1 t 2452 750: 1, and that
said acid is present in at Least a 2:1 nolar, excess
conpared to said ligand. 5 37. A catal yst. system
accor dPhg- t BRanyhaf epdicmgcidods present drcopl@ast a 2:1
reprRsenkseRakblsoboklarcat abyshiasystgms . 38. A process
for the carbonylation of an ethylenically 10

unsat urat ed conpound according to clains 24-26 wherein
the process is in the presence of a conplex, said

conpl ex as defined in claim37.
37. A catalyst system according to any of claims 1-23

wherein a complex represents part of the catalyst

systean,

38. A process for the carbonylation of an ethylenically
unsaturated conpound according to claims 24-26 wherein
the process is in the presence of a complex, said
complex as defined in c¢laim 37.





