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_ The present invention relates to a novel catalyst

system a novel carbonylation reaction mediumand a
wWOoR003/e9981f or 5 the carbonyl ati on of et hyl eni P&ITIGB2005/000569

unsat urated conpounds using a novel catalyst system

The. carbonyl ation of ethylemnically unsaturated

compounds usi ng carbon nonoxide in the presence of an

al cohol or 10 water fr&g%ﬁl%ﬁystem conpri sing
a Goup VIII netal, a phosphi ne

| igand eg. an aIkyI phosphi ne cycloalkyl phosphi ne,

S Rnosell e B IOSPIDE, ot DLODLRLS e aysten,

£2459%5, SHOROA B0, AGHOTE, AL dha Db o

5 maeozanyﬂammggs2@trﬁﬁem@386833unﬁtmr@md4wmpounds
EP- A- 048947 Egﬁyoiszmg EP- A- 0227160,
USE.0U 03988% 9L 2R3 64558%8. In particul ar,

EP- A- 0227160, EP- A-0495547 and EP-A-0495548 disclose

t hat bi dentate phosphine Ilgands 20 provide cat%
Byet eerbamvdietdiegb efhigierl endsedilon Ursrberebe ecompounds

lf‘sgi“ﬁcf"%%r ol 9&6&8&%&‘% PRES A VI NGF 9@PPat Bohol or

ormof an optional substituted aryl noiety,
10 vatkedahd hhea&aﬂ@stZBymh@@ph@m@mssangn§ Groupy Midbmetal,

adj acent . carbon ato on t i,d_ar noi.et Su a
¢gganaa§%aﬁﬁP@rst385§ andP °3§§§n90 ¥é§@ i"on s ates%tﬁ alkyl
}‘éﬁ%%?hﬂfl@ Sd:)%‘l(ﬁé.ﬁ]@ﬁl' oHisHEme,t habyl hogitogpsieimepsipyridyl

osed and produces little or no inpurities for
pivesphibenytat boAepbasehphai@bingh Bespheshofggsribed in

R BBl KO AR e cone, . -
15 ﬁIEWSEQms5/Qﬂ@&ﬁ®4489472, EP-A~0106379, EP-A-0235864, EP-

A-0274795, EP-A-0499329, EP-A-0386833, EP-A-0441447, EP-A-
0489472, EP-A-0282142, EP-A-0227160, EP-A-0495547 and EP-
A-0495548. In particular, EP-A-0227160, EP-A-0495547 and
EP-A-0495548 disclose that bidentate phosphine ligands
20 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
25 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
30 phosphorous atom in the said ligand is also linked to two

tertiary carbon atoms.
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2 However, conventional net al-catal ysed reactions,

such as those described in WD 96/19434 tend to suffer

fromthe drawback that the catalyst tends to
WwOQeesaJeIsvat e over the course of a period of FEAIGHAIBUYIS69

operation as the 5 palladi um conpound is reduced to

pal | adium nmetal, this contrgbuting to the economc

viability of the process. WO 01/10551 addressed this

problemvia the use .of abi I si 0 ch _
Nl o ik
t%xHEéOVdéQ:ﬂirbécheiheqm/eBB/D94B”et alendi tb hasf£40 Homm the

ost fromthe catal yst system AIthouah ca%al t th
dspsbemk HdaE beles gatalypbd LRRASh txHAFBRE Fééi(?ha%‘f%r €
stability duri Cc on [ r oGRS ANbPerakt th
CPBEZE v&%y % g&g?%i;%?i gé]Pr a%{%?%%ﬁggew achi eved, .e
phhekaishi | tomposhd asneeddhoed, npe owed lgat iy smetal, this
systens. Suitably, the present invention.ai
consvibatizg itr?prtg\?ed’ctf’é’togﬁ‘;stv Jrf'a)bo%fyﬁ%@négocess' wo
t hykeni caly ARG plemP euitdssheOude ME. €akbAlising
Ogdibggg %?816 SS[{%E%%SS 03 suggests that a, relative )
conppeads | suche asi geobyrerncendiapes$ats dRanphe THpction
the addition of nore |igang,  h i f{;88kn n
e L IR TR 9 ot r g5 PE Ry EE e I hdtes =
HeeMbll o83t fAcRhaRe thtall2%6kysgen3- 23 and 25
J. Mol . Cat. A Chem 151 (2000) pgs 47-59. Moreover,
WO A- 01/ 72697 describes a process for the

( | at 0f s Pen Ohi 1 hevhut deaachegetBabpkher arhich
A@%é%%%sa vézigrlétl SétEs) aég%?:i at ed a? relatively hi ghp

cxbiithifal Irdisoma0 e atstabi Mty audwoirgst Ghe t Karbopylation
di sadvant ages ocgur caus [ ci t raty to be
RESRAS GHRSaPE Lt BT UL et et | GRRaC B adar on

J 83 We,f i svag el i sakiots Wi nleddefari dmpmdviede catalyst
ol ef i ni ¢ conpound. ) . . .
systems. Suitably, the present invention aims to provide
an improved catalyst for carbonylating ethylenically

unsaturated compounds.

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

Moreover, WO-A-01/72697 describes a process for the
carbonylation of pentenenitrile but teaches that there are

disadvantages associated at relatively high acid:palladium
ratios. The authors state that the disadvantages occur
because high acid concentration conditions are corrosive
and more ligand degradation results from guaternisation

with the acid and the olefinic compound.
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WO A- 01/ 68583 di scl oses a process for the

carbonyl ation of ethylenically unsaturated conmpounds
woxiosg7opsiosphi ne- based bidentate |igands. HoviBYBGB2005/000569

this disclosure is directed 5 towards the use of

relatively low acid |l evels, keading to |ow

acid: ligand val ues. Moreover, the ligand: metal ratios

are low. WO A-03/040159 simlarly discloses | ow

acid:ligand and ligand: metal ratios. 10 WO A-98/ 45040

H-SCl P Ass Cfd al i$d1 S36d Mp £ d SidYy cidl dash ofylation of
conpound and bi dentate phosphorus |igands. However,

ettiyd énigzatily athestorateds coppaunds sdndy RiMe Sphine-based

Fi pal | . A- 01/ 726 i.scl osges. ; r e 4k

ER R CTIER  Le O oI e e SR M
s HuHcdPephenaset bifl eclihé veilycllosureipbilwwelou fheding to

di sadvantages in using high acid concenfrations an .
Lasmoneiit bute YAR e OIOFERETvaliF DRSS RFesy Fatios

20, Herit% . an ai ghok-§PLOPFESENt JiRMaRkilqN | aikrIaeks low
¥9° establish a cata yst system wherein the | evels of

dd gt gamd awed dlbgand sheitd vetakitigh, but wherein the

di sadvant ages of the prior art noted herenbefore are
addressed and alleviated, at least to . sone extent,

10 Héer-89/ab0L@saidhi hgidikone caljadgistof Bhetpmesentomprising
Invention. According to the present invention therﬁsis q
pabladibgua cemparpdt sk eI Ces PHOTPRPEUS Ligands.

;g%%‘g%%a%%: fi?gﬁ]d fé?&@%faiéé’s Wisat U at edre taught.

a reactiron nedium and 30 use as set forth
in the appended clains. Preferred features of the

invention w| | ent,fram _ the dep t_ ¢l ai-ns,

B Lh dedorPER2RA c: IFISTIARE Vb 2B0BF0T0e1Tcr  £he
15 Egﬁé:ﬁg@@éﬁ09@5595—cyanova1eric acid by carbonylation of a

pentenenitrile. The disclosure points out  the

disadvantages in using high acid concentrations and

teaches towards the use of relatively low acid levels.

20 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

25 aforesaid being one object of the present invention.

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

30 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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4 According to a first aspect, the present invention
provi des a catal yst system capabl e of catal ysing the
carbonyl ati on of an ethylenically unsaturated
woeeBpewerl, 5 which systemis obtai nabl e by ceabIGE20a57000569

a) a netal of Goup VIB or Goup VIIIB or a conmpound
thereof, b) a bidentate phosphine, arsine, or stibine
ligand, 10 preferably a bidentate phosphine |igand,

and c) an acid, wherein said ligand is present in at
least a 2 : 1 nolar excess conpared to said metal or

Asgggdmal dd) si deppi@l adSe6ONPOURE, pidsthat daidention
S6Pd T s present  in at least a 2:1 nolar_excess X
peewpdeed ho satdlysgandystspi capableoffon&ittahyging the
bi dent at e ,phosphi ne, arsi . ti.bi it

carpogy L& ﬁﬁ@neﬁ?s %5 te’é:%g?.%g% c? ?i%ia% ys‘il]?é)ts?/?ésllt ecfn&g%ﬁund'
wlﬂgcgdgg,gtieﬁl Sist bHLR i@ e dgt combiadsgl: wherein the
carbonylation is to take place. Alternatively, the
conponents a) to c¢) can be added sequentially in any

rder 25 tp f C Y§F HATHM VOLIBN cOMB  compound
agpeéi fIF%%a:gr g?bigﬁ?hgﬁdi rectl yui%r?to t he vessel or
ter@iofs the vessel and then added to the vessel. For

i nstance, -the aci C onent _c). may fjrs . addeg :

hlo ehebdidgeteiete P?‘Qﬁﬁ’g‘%&np%ﬁg%?eb) ,&fo %%#‘%129 figand,
4 igah e A ghipHike 30 gamal,oraided | i gand

pg(%nebe%al(éged to the nmetal or conpound 't her eof

d)comporeritd,a)) to formthe catal yst system

Alternatively, the ligand conponent b) and netal or

conpound t hereof (conponent a)) can be mixed to forma
MR.2005/ 879881 IRGHCB2H0D@8@569 in at least a 2:1 molar

excess compared to said metal or said metal in said metal
compound, and that said acid is present in at least a 2:1

molar excess compared to said ligand.

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

or stibine.

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

compound thereof (component a)) can be mixed to form a
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5 chel ated netal conpound, and th-e acid (conmponent c)

) is then added. Alternatively, an:y two conponents

can be reacted together to forman intEBrnediate
womogdweswhi ch is then either added to the reait/GRWOS/000569

vessel and the third 5 conponent added, or is first

reacted wth the third conponent and then added to

t he =eaction vessel. As such, the present invention

zis directed to a catalyst ,systemwherejn the ,
chediahiqd eMRbRAr CIRCEREr at3Wh 1\{@? bﬁ?ﬁg qERonent c)) is

trtélfrfjt et | | 9ot anth iR 1351 - Bndf e tab | @&Sﬁb&nleﬁht%XC@éiﬁ be

ose previously enV|saged -1 eading to surprising
r@u:tedm’e&gethed 4oy fioragen whehedgiadjatsanehe yymhlch is

RLET B PR MR B LS BRLET ldha the eniza

cér@;ﬂﬁeﬂ@dtﬁdw, oforat ilseaghrsene ddndfed hevith the third
di'sadvant ages of the prior art systens. In

corpranenit sand t HeeyskAGHd £ e E?a%%%m"&ﬁ Serte
present invention |leads at |least to a nore stable
system increased reaction rates, and inproved

Ad usooNer theneresdnt icardidrdratiion disseciehstof a catalyst

et hyl enj cal |, saturated 20 ounds. d

SEHR. WPRESPodiF 1S8Te R RO LTT (HEIGGR APy EEone Of both
t15Y Sb£AenPE LBl €EHRRAr ahBeERROacild §ﬂ§haﬂuafetvlé]ys titatexcess
the ratio of said ligand to the said netal (i.e
o:&ohbgnentpnnga c@ﬁﬁeﬁrﬁérﬁd:a)%aéiﬂét9|%as§ustfpzﬂflng and
nol ar a t [ f a
ul%?(epect m%ldva%"t% Sér Bllg%/eélr ?ﬁjé%%ta ng@ ﬂ}k%?l %98%:%m in
tmareapbeﬁyﬁahhynlnftm¢hymmmys&Lﬂytunsemﬁxﬁtaﬁuﬂpmpoundsf

by, bt SPELAGLOR Thert arg 5. Bo30 Todtr AR some

of Olh Pr &f B Ay anddyde dﬂin%eS lptDod50att SPEEems. In
preferably in the range 7::1 to 1000:1, especially in

patislewhye, 8thet RPORL, asGata et FYEE@MbPE iThe Heresent

it 98 on 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 precursor thereto, in such gquantity that the
ratio of said ligand to the said metal (i.e. component b)
to component a)) is at least a 2:1 molar ratio.
Preferably, the ratio of said ldigand to the said metal is
greater than a 2:1 molar ratio, more preferably in the
range 2:1 to 1000:1, even more preferably in the range
2.5:1 to 1000:1, yet more preferably in the range 3:1 to
1000:1, even more preferably im the range 5:1 to 750:1,
more preferably in the range 7:1 to 1000:1, especially in
the range 8:1 to 900:1, still more preferably in the range
10:1 to 500:1, vet still more preferably in the range 20:1
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10:1 to 500:1, yet still nore preferably in the range

20:1 WD 2005/ 079981 PCT/ GB2005/ 000569 6 to 400:1

even nore preferably in the range 50:1 to 250:1, nost
wopéwsfosspl y in the range in excess of 50:1, f®8CT/GB2005/000569

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

250:1 or even to 1000:1. Alt(ernatively, the said

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

20:1 to 40:1, nore prefer H to 35; SgAgt ta%%% 01,
tabdP8: lyhevan Jore @r@gf@ﬁta% Ny eﬁle FAPGE 3%
mgff-:. gpgg%e'rgsgL 04 I Ne1pdICH fignt I;Ltny tata@testsheof 1CBU-ant,J 0 for

aci e sald ligand (i.e. nEonent c)
ceampareril &) Jand @wamx mope 1sp@paf1¢aﬂ~ p.51:1 bo %5011

Pr ef er abl ati sai "t h [ a
Of’'s e‘@?’éa?érlbﬂgni c':r'F'tﬁnglrt ra |d Lﬁr-loér eg?)ffs&elf g?g%? %%rr]l be
1h"&nd apgRge: 15t e 1;%0.413 1§V e amseaiplef 20 abl yoi r40t:ae more
range 4:1 %5 to 100: yet nore preferably in the
pmamgsablvt2§ g5:tp, 359ﬂ||| more preferably in the range
greater than 5:1 to 95:1, yet nore preferably in the

range greater than 5:1 to 75:1, nore preferably in

akhestanga 1£)bdvép Gihel, aevedn hor @rgsaiter dbl ytha tdrtalyst
range 20:1 to 40:

1, still e 20 prefer
suaRga gr @Rt S SCHEROF0: RTEE Ay 15 e YO8 DBty o fat the
t s aR o30:He , samd e1pfehar afil.y . icompxeese c)
I%Flgﬁ %f §3F§a3°§amfih any %f t he gpper limts )
umwnmmmyomem9|nbéforés(e%} Jeeas€o 80: £:lor Myafr, ratio.

et Cﬁ %’i re Leterabl fsaé_gl EXCEE5t 8 t8r’ kool d r?d is

Fn 8xcess o suitably either w
tﬁérthﬁanpmerz :1i mdlsamnpr satiled Wers npeéﬁe:eabEach.n the

&éq‘]ﬁ%ifil SwHb: bachveh Fde PRedRd Py rare Haiaoe 4:1
JaNgEs . di Sg)e%s%bfbef giosbeyslyi i@ tHet kghgef 5:1 to 95:1,

Conponen to conponent a).

still more preferably in the range greater than 5:1 to
95:1, yet more preferably in the range greater than 5:1 to
75:1, more preferably in the range 10:1 to 50:1, even more
preferably in the range 20:1 to 40:1, still more
preferably in the range greater than 20:1 to 40:1 (e.g.
25:1 to 40:1, or 25:1 to less than 30:1), more preferably
in excess of 30:1, suitably with any of the upper limits
provided hereinbefore (e.g. 30:1 to 40:1, or 50:1, etc.).,
or more preferably in excess of 35:1, yet more preferably
in excess of 37:1, suitably either with any of the upper
limits profided hereinbefore. FEach of the ranges in this
paragraph can be used in conjunction with each of the

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

ratios of component b) to component a).

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

to acid should be construed accordingly.
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30 By "acid", we nean an acid or salt thereof, and
references to acid should be construed accordingly.
WO 2005/ 079981 PCT/ GB2005/ 000569 The advantages in

wowoidegsiWi thin the ligand to netal, and aci ®ctraGB2005/000569

l'igand ratios, set out above are manifest in that the
stability of the catal yst systemis inproved, as

evi denced by increases in the turnover number (TON) of
the 5 netal. By inproving the stab

Toet AGEANRGRSMD WW%%gElB?l%F Hgiﬂﬂ% 08 metal, and
a\ﬁ%‘tcﬁwlﬂé% ?&{%en S&PepRti 8bokBPhrEOmaniiF@sAUAL that

bound by theory, it is believed
Hhleat sthﬁlhﬁt\yorbfngtlmt matalh@ts,p@mstem rh‘il oimpiingead, as

notedh I S surprisi
eéi)ﬁ?y rfémret?fset&hel il “%/nosvystem S pr@?Ngt SF the
rr?e&aa!lnst By adys¥dinlg aaid adtand gl ich Hten danstlantesysten,
where thére i's any 1ngress of air into the reacti
f;!;:gqe is

thestergge ahdiatre dverdle caEpnYiabion meadtd Ahea
]?%staecm | S [ TR %ed t hus keeping the usage of the

corrponen of the catal yst systemto a mini num
Moreover, the forward reactlon rate of the reaction is
surprl Si ng nproved ffect, the ecvel Ci

4P %&?O‘ifh bléotlb%ﬁzrtyl’rc oee'ﬁtevded that

ate

9999% |Q¥€ﬁ1nthﬁe|%b%bl@ﬁca%ailos&@%bésbﬁdﬁﬂdWhereln,
p

osphine, arsine or stibine is fully
Jpr oimnaueyrl#‘rlen@by feusfdoihelke hh?prléﬁéﬁdePPmethé’f the

'e,ivﬁglrchy dand Shourg,gok&%c%@ave DffF BhOWRL L, ferial

and tal” nmol ar atl 0, the [ evel
i P s d(ﬁﬂﬂOﬂhﬁtbﬁc@bowhesemhmal nﬁmalneveingmetSIs of air

respect to the level of gand pr.esent to Qu e

v oRfei Gre o) SEACEY) ¢ nEndk A | GERHERDI G PAtY Of
’glglegfc?ﬁ@é’i)‘rr’stt%@éiﬁ did SiRELSEA, | fhidekdaiidly sthe usage of
the metal component of the catalyst system to a minimum.
Moreover, the forward reaction rate of the re_actlon 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
jevel of ligand should be above some minimum level, as
given by the ligand:metal molar ratio, and the level of
acid should be above some minimum level with respect to
the level of ligand present to encourage protonation, as
given by the acid:ligand molar ratio.

Preferably, the acid is present in the catalyst system, or
precursor thereto, in such quantity that the molar ratio
of said acid to said metal {(i.e. component c) to component
a)) is at least 4:1, more preferably from 4:1 to 100000:1,
even more preferably 10:1 to 75000:1, yet more preferably
20:1 to 50000:1, yet still more preferably 25:1 to




precursor thereto, in such quantity that the nolar
ratio 30 of said acid to said netal (i.e. conponent
c) to conponent a)) is at least 4:1, nore preferably
- wofzomrordasi t o 100000: 1, even nore preferably POTIGH2005/000569
75000: 1, yet nore preferably 20:1 to 50000:1, yet
still nore preferably 25:1 tpo . .... ..... WO
2005/ 079981 PCT/ GB2005/ 000569 8 50000: 1, yet stil
nore preferably,30:1 to 500 1 et,.e
SGaf elapiF aostith ReEg0- R e R ARt ? R Y phel ey (B9g: s vet
eddR: 1rﬁc9:ez5og9e§er%1§ pragf;ar ably 1400dot:q, 259@9].]1 more
nore preferably 140:1 to 25000:1, yet still nore
ppeééeaa&yy 200: 11 tt 2860002 1, noserer &1 NP EH0: 112%1 to

223080 P SIS AT R L e ceint e

5 piéPetably 4@6011 Y e 251080e Labl jod60: gréfertifil ¢, 501 to
nore preferably 175:1 to 425:1, yet even nore

2pPePelabl y TW0: 19¥8aEEX400: tﬂ‘a%st 2BP8f dr abl P 2252P G001 .
- aP{RrhatEYER O thaeésldf 20998 Egnt Béslaaﬁ;ﬂgr %Q'i‘xg‘éaﬁ.zt;%el to

usea N conjyunct | ON eacC he |gand to netal

4Batlp ramges dpsefeseﬂlyheﬂémnabovep i 490:dati ogvert more

OREFREPBLY: QAL 48 G4 nized ¥ <R TLclPT8 ReFerRabEYe 2002

10 tb- @og:al %oéa{ SRSRORERNT v C22% 01 CEBP TS .b) . EaEﬁrotthese'
avoi dance of any doubt, all of the aforenentioned

rangess iand i | A¥aGERRD aBply beo UAgd oknt RENPEGSRGCD with

nROdl nE%eseﬁlggbﬁ'n gDrEEGQialkaﬂggelqg A9 & osed

dhe e ment e present 1 nvention, bldentate
hphespbbbeel, i dared irstdiosgene radmdareni abI I ):oRcbmplanenR a),
11 L

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

15 hereinabove, i.e. ratios of component c) to component b}.

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

embodiments set out in more detail hereinafter.

20
In one embodiment of the present invention, the bidentate
phosphine ligand is of general formula (I)
R12 RG
: L,
R'—c¢C C—R
I 10 / [ 4
R R
> A—(K,D)ArE.Z)—B—Q
) RB
| \ I
RY—C c—R?
R R
25 (I)

wherein:




14 R R9\0 Q-A(KDA(EZ2-BQ 3 RR Ix\12
R8- CCR 17 11 R R 25 wherein: WO 2005/ 079981
PCT/ GB2005/ 000569 9 Ar is a bridging group conprising

woanospdsinal |y substituted aryl noiety to whipCh/dmees/000569
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phosphorus atons are |inked on avail abl e adj acent
carbon atons; 5 A and B eachgi ndependently represent
| oner al kylene; K, D, E and Z are substituents of the

aryl noiety (Ar). and each independent.ly represent. .

Pﬁydrééenﬁilo&EFdQPwﬁl, S PHP Ii%ﬂpﬁﬁﬁ%gﬁ cygﬁo, #§?%%ﬁall

%ﬁ§§%&é§g%§F§r Ll Bt t & R 22he1@nBRROBUM (Edy are
26 C(S QIZSR 21, SR27 C (0) SR', or -J- B3 (CR13

(iRKked dn RYE)1aERES (dIEREN(REGEDMe P& OPSiepr esent s

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

K, Z, Dand E together with the carbon atons of the

Ald B idHLHR 0 ndisdhddiey arep rdstearthdebvieor mlkyfiarterer

phenyl ring, which is 15 optionally substituted by one

or nore substituents selected from hydrogen, |ower

%1% ()R 5 AR IR AT S S (S e R end
SKP Dnd€pénYeSRLY 7reRresantohRUSogenh iLekegeriba}y aryl,
{28 SRR, MU NET o, s ¢ Sl o1
REPR? O HEIFNRPR?S, C(S)R®R*®, SR?, C(0)SR*, or -J-
0% (CR* (RY) (R¥®)CR*®(R'") (R'®) where J represents lower
alkylene; or two adjacent groups selected from K, Z, D and
E togetﬁer with the carbon atoms of the aryl ring to which
they are attached form a further phenyl ring, which is
optionally substituted by one or more substituents
selected from hydrogen, lowef alkyl, halo, cyano, nitro,
OR1®, OC(O)R?, C(O)R¥, C(O)OR?, NR*R*, C(O)NR*R*,
¢ (S)R®°R?*¢, SR? or C(0)SRY; |

R13 to R!?® each independently represent hydrogen, lower
alkyl, aryl, or Het, preferably each independently
represent lower alkyl, aryl, or Het;

R? to R?’ each independently represent hydrogen, lower

alkyl, aryl or Het;

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

represent lower alkyl, aryl, or Het;

0*, 0% and 0*® (when present) each independently represent
phosphorous, arsenic or antimony and in the latter two
cases references to phosphine or phosphorous above are

amended accordingly, with preferably both o' and o?
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R19 to R 27 each independently represent hydrogen,
lower alkyl, aryl or Het; 25 R to R 12 each
i ndependent|y represent hydrogen, |lower alkyl, aryl,

WO 9dosloedoss pref erabl y each i ndependently repr eperiGE2005000569

al kyl, aryl, or Het; QlL, Q2 and B (when present) each
i ndependent |y represent 30, phosphorous, arsenic or
antinmony and in the latter Two cases references to

phosphi ne or phosphorous above are nd |
reprofankang, p@pﬁaﬁaﬁaﬁ er BBK§ Baﬁﬁ%@ﬁn&% qfp?', ©° and
20 %%g]%’:‘gé}&q enting
Qph sp%g?ﬁgés%gﬁé prefera ﬁlﬁ%ﬂ%f@@ and @

(when present) representing phosphorus. Suitably, the

bi dent at e pho i nes_of the jnventian _should .
Soh ERBLb| §OBo bLABRERESoPIEFRBATSRe CEo b HAVERT 1PB FReLa
p%E&Paﬁ'lg Obe GeapRbYk! | 8 Mfidlerflateonpourdihbeneal ,to the
nore préferably'to the preferred pall adium

GRoepe VAR yor wWieenK, VDIIE Setzls & es@pPound (iherees, wore

oGRTANAT B, by SRt L e T espoct e

e ary on adj acent the aryl
carbon to which A or B is connected or, if not so
adj acent, is adjacent a remaining K, D, E or Z rQup _;
PRREeKabiYel f WBBReselts -B: oF (CRIB (Fi4) 12%1’5‘35%5“ i
3(,Bi#y) (A1 16 (p %7 y fic t kb D, B or %
Qge:ﬁgl?rlpl((gi %g_i ?g%%t (:(IFG )F(I@S?nd's ti\?Lvlét ﬁi@ﬁﬁ?—ﬁ S enblkgdi ment,
iknohudhd hec¥bldationy:adjaceits- ¢he- aryl carbon to which A

tert-putyl phosphi.nonet h enzene, -bis- (dL-tast.- _
OFert v PhEHRERGRE: A1) i AE B f%?%c%'lé? { b fjhrent =
rBubY heRes phi norek hyk) Zapftidig) eneichetestidl espreskats -J-
skilled person in.the art ,would appreciate that other
OBIERHLER® (B ghheR ™ dBn )o& ehvi saged wi t hout departi ng
from

Specific but non-limiting examples of bidentate ligands

within this embodiment include the following: 1,2-bis-(di-

tert-butylphosphinomethyl)benzene, 1,2-bis-(di-tert-
pentylphosphinomethyl)benzene, ‘ 1,2-bis-(di-tert-
butylphosphinomethyl)naphthalene. *  Nevertheless, the

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

The term “Ar”’ or “aryl” when used. herein, includes
five-to-ten-membered, preferably, six-to-ten membered
carbocyclic aromatic groups, such as phenyl and naphthyl,
which groups are optionally substituted with, in addition
to XK, D, E or %, one or more substituents selected from
aryl, lower alkyl (which alkyl group may itself be
optionally substituted or terminated as defined below),
Het, halo, cyano, nitro, OR*, OC{0)R%*, C(O)R*, C(O)OR*?,
NR®*R*, C(0)NR®R®*, SR*’, C(0)SR?’ or C(S)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 "aryll
when used. herein, includes 25 five-to-ten-nenbered,
preferably, six-to-ten nmenbered carbocyclic aronmatic

woghesMeesisuch as phenyl and naphthyl, which groruEsz0es/600569
optionally substituted with, in addition to K, D, E

or Z, one or nore substituenfs selected from aryl,

| ower al kyl (which alkyl group may itself be 30 A
optionally supstituted of term nated as defined bel p

V(e naLEY Loy G Ch £1 Y1 CHEORD iRy 0f CRBEE B8 g ragRally

s&ﬂ%%%%%%%ﬁnﬁ%d O dé PDRES blT. A RS rmore,

erein lzl-g to R 2? each .
t lneleparydennbye tppmegenbe hyalr fysed apgdyewchM@ group, e.g.

2005/.079981 PCU%?ZO / 000569. ower al kyl (which al kyl
AR AL G t S8 Wolgefﬂ? o%llrrilée%\%bstitﬁt et(j o:r -

term nated as defined below). Furthernore, the aryl
noi ety may be a fused polycyclic group, e.qg. : "
Biaplieal tasn Bﬁ%h@ﬁ?ﬁéné’%rémlﬂ@ng‘ﬂ% By t‘%"eo"[‘%rﬁﬁmém we

net al . of o] upmMl | EB" ichprde t

e S T e A U i T

Pd, Prefewaldd. theeferabbyar theelmetiedd fangmselectrd from

and Pd. re preferabl th tal,is Pd, . For el

Bioj %Bn%]ggo?ddou%?lfer%%{%f%ﬁ%% Y¢ ol:@olﬂf)geljr Bl%rﬁall I Igor the

%‘F&ﬁ&%n@@feéf‘ seukd beetakeActe i 86! Wheouy onIB 60r8, VIIIB
an

10 in the nodern periodic table nonenclature,
m6tahe hersinHanoulghdre usalicRert® ninGHegodegouprs 6, 8, 9

- fourztoxt e- - f Y, lature.
#0810 oTp o SroBE YL odl € L8P Inomenclature
contain one or nore heteroatons selected from
ni trogen, oxygen, sul phur and m xtures thereof, and

which rings may contain one or nore double bonds or
@ﬁenﬁgrﬁo“ﬂée@t hRenPaktiynatemat i éneluvbel Fyueresativelve-

I'n character. The ring systens may be nonocyclic,

nenpetred, orpfefeepbly four—-to-ten-membered Tring systems,
which rings contain one or more heteroatoms selected from
nitrogen, oxygen, sulphur and mixtures thereof, and which
rings may contain one or more double bonds or be non-
aromatic, partly aromatic or wholly aromatic in character.
The ring systems may be monocyclic, bicyclic or fused.
Each “Het” group identified Therein is optionally
substituted by one or more substituents selected from
halo, cyano, nitro, oxo, lower alkyl (which alkyl group
may itself be optionally substituted or terminated as
defined below) ORY, OC(O)R®, C(0)R*, C(0)OR?, NR®R,
C(O)NR¥R?, SR?’, C(0)SR¥ or C(S)NR®R®® wherein R'® to R*’
each independently represent hydrogen, aryl or lower alkyl
(which alkyl group itself may be optionally substituted or
terminated as defined below). The term “Het” thus includes
groups such as optionally substituted azetidinyl,
pyrrolidinyl, imidazolyl, indolyl, furanyl, oxazolyl,
isoxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl,
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Each 'Het" group identified herein is optionally
substituted by one or nore substituents selected from
hal o, cyano, nitro, oxo, |lower alkyl (which alkyl
wo S603/dPoogp may itself be optionally substitut eBCoGB2005/000569

termnated as defi | ned below) OR19, OC(OR', C(ORn

C (0) OR 22 NR 23R24'" C(ONR 25R26 I SR 21 r C (0) SR
21 or C(S) NR 2'R 26 wherein R19 to R 27 each

i ndependent |y represent _hydr yl ~or. | ower al

..aryl I
it k| e ancdatl e s Py iy,
o holiiY, O yERiIanaed as gethaedybel oW . quieolinyl,

't hus des ~ groups-Such aS optionally
sSRstiiddtied 13z et iiendldinylyr r @yimizaly) | Mnghzdpiperazinyl.

ol e 2ty X0 VL k220l WS 280! Wre et

RCT/ GB2005/ 9 aphdpiiand Yyl atoxadd azet ylmore of the
%t ridzol yl, pyridazinyl, norpholinyl, pyrimdinyl,
HateaZddtydms qui nol i nyl , i soqui nolinyl, piperidinyl,

pyrazolyl and piperazinyl. Substitution at Het nmay be
at a carbon atom of the Het 5 ring or, where
QR OPE RIS iy WEs®rbatoire e tiwerm et erodl omside Het
groups  may al so be in the formof an N oxide. 10 The
term"lower al kyl" when used herein, nmeans C, to Cl10

| kyl _and e hy t PhePYin, bledns Ci to Cio
1%leeht I hel%ﬂe%gn%lﬁ}bt ylkqhgrﬁoﬁigs?d Unl ess ot herw se |
asge?j_fiaﬁd, ialddylde sgroeipsy hayethidén PFepyl,s Butyl, pentyl,
sufficient. nunber of carbgn, ato «LLN ;
hrarbnea BEDHL uTLPRR or CORERY PR eae 16 BEeSTaegy el
@f@!@ég cmgg,, pafdertYehégbaaycld csupfiébenbe nusakizst i 0 fit edrbon
r rmnated by one or nore substituents  select e%&rated
froms habe, Linaad, oni brancrda. ber sepufgyeR O unga !

Fo? S the B AR Ee ) AR ABLICANRIAT R /G be
substituted or terminated by one or more substituents
selected from halo, cyano, nitro, ORY?, OC(O)R™, C(O)R*,
C(O)OR?, NR¥®R¥, C(O)NR®R?, SR*’, C(0)SRY, C(S)NR”R?®,
aryl or Het, wherein RY to R?? each independently
represent hydrogen, aryl or lower alkyl, and/or be
interrupted by one or more oxygen oL sulphur atoms, or by

silano or dialkylsilcon groups.

Lower alkyl groups or alkyl groups which r!, R?, R% R,
R®, R®, R!, RY, R®, RY, RY, R!2, RY, RY, RS, R, R, RS,
R, R%, r2l, R¥2, R, RY, g?, 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, be saturated or unsaturated, be
cyclic, acyclic or part cyclic/acyclic, and/or be
interrupted by one or more of oxygen or sulphur atoms, or
by silano or dialkylsilicon groups, and/or be substituted

by one or more substituents selected from halo, cyano,




R A

aryl or Het, wherein R19 to, R 27 each independently
20 represent hydrogen, aryl or- |ower alkyl, and/or be
interrupted by one or nore oxygen or sul phur atons, or
woes/Eob@ano or di al kyl sil con groups. Lower al lpdr/ 8200860569
or alkyl groups which Rl, R2Rr R3 1 R4, 25 R5, R
6, R?r Ra, R9, Ro, Rllé, R 12 r R13, R14 f R15
FRG-R17 1 Rsr R19 , 20, R21 f RR2 f R 23
R24 , R25 R 26 7.1 Ko D 2Z [MBYs.kep 254,26
reiric- ond t@Rl\%/hi @ﬁ@ﬂ?lzo‘?gﬁo‘%ﬂmcﬁf@e ubsggtdqteclrﬁ‘?érg@{,Q R ’7
en 28 a hoizent ebrofdar frarat Mg beo Rr?
néawg)%&ahcﬁzg?ﬁﬁeksa't u?a edbor unsat urated, be 30
a6 | cindeyehdentoly parepryadritc/ deyddaen,andieyl beor lower
interrupted by one or nore of oxygen or sul phur atons,
kY]b'y silano or dialkylsilicon groups, and/or be
5 Substituted by one or nore substituents selected from
hal o, cyanO WO 2005/ 079981 PCUGB2005/ 000569 13
sinrlariR 13he czyw) "Royer alkylene] i) ér B and J
3R24, C 21.r C 3 ( n
i e e
isslepeagdenh| y inepudesnt, hydr 6genyroapyg wridlowere bonded to

Ikyl. 5 Simiarly, the term"l | kyl ene” whi .
bk TOLERRER BEOLERET PEpPHCeRorR S, Fhiinareis 4hd is
10 éﬂﬁéQ%ESm#'dé‘@fﬂeduﬁdtl{@r@érﬁb Wl diles] Gt ca TROL” . |

groups ich are bonded to other noieties at |east at
two places on the group and is 10 otherw se defined

I n the_same way.as ."d I e ; p e
@\ﬁ[’h'%hgf:ﬁélpgbo )éﬁ-hrre"f}lﬁ one%hé@lr éﬁ%‘s’en}g?/h ]e*ghgtibz%ﬂi/% l}{%edmay b
Qb el Fhpatedd ntépdendtedr dncdhider of Lbooop  cinkbrcodobromo
15 Where a conpound of a formula herein contains an

and ehdlo - '

15
Where a compound of a formula herein contains an alkenyl

group, cis (E) and trans (Z) isomerism may also occur. The
present invention includes the individual stereoisomers of
the compounds of any of the formulas defined herein and,
20 where appropriate, the individual tautomeric  forms
thereof, together with mixtures thereof. Separation of
diastereoisomers or cis and trans isomers may be achieved
by conventional techniques, e.g. by fractional
crystallisation, chromatography or H.P.L.C. of a
25  gstereoisomeric mixture of a compound one of the formulas
or a suitable salt or derivative thereof. AaAn 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
30 corresponding racemate using a suitable chiral support or
by fractional crystallisation of the diastereoisomeric

salts formed by reaction of the corresponding racemate
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group, cis (E) and trans (Z) isonerismmy al so occur.
The present invention includes the individual
stereoi somers of the conmpounds of any of the fornulas

wog@g;ﬂ?@gl herein and, 20 where appropriate, thpCT/(;Bzooam(ms(,g

I ndi vidual tautoneric forms thereof, together with
m xtures thereof. Separation pf di ast er eoi somers or
cis and trans isomers nmay be achieved by conventional

t echni ques, fract naI st al lisation,
wiPonER ogPRFELE (IOPLCRL TS 2SSEVE ariiborth | Paser  as

e @ conpound one of the fornulas or a

arsgtﬁ&{dﬁfle §alt or derivative thereof. An individual

enanti oner of a conpound of one of the fornulas may

also be pr paredfromac po 0 ca ur
Bld; ePEAR2AETESy PER oGS e%su‘gghggan:t IS"EXE:Q Cff the
gAte3s COf respoDsvagtiégemt e using a sui tabl e chiral
support or by fractional crystallisation of the

di astereoi soneric salts formed by reaction of the

or [ e oK 2098/-07 99811 PRYUCEROGHDAPBET chat
]:clt ?E a sug?égggf%%‘tg?z\gyl 3'%2{:5% ve acid or base,

aRpr eprnpauadsAldf sferrolsofemsar éunqtllade@a/\n .'thq;anqlanethat
scope, of the

process of t i nvent on I
A kb0 R hEBE. Gnda ViR (o Groun, Ly TR, Wetal or
&&lﬁ?tg%@stﬁfer%?fmra {hdBy o FMAELbAN oS tl@angsal et system
coordinate wth the G oup VIB or Goup VIIIB netal

db chepoonentheneoflvipdcedd viotie i@iPw? YHR @&t §F9§P viiies
tfé]gm%ﬂcgtm%el%ultnravetrﬁéfgof Té.(g {Hﬁhgte%hcoor HE 8F more |

conrpoun er eo nat es to
PHEs PNEr Ol 0& esephas phay odsanbimeniyc adomso pfamhenunylpound
atons of the compound of fornula I. 15

of formula I

Preferably, R' to R' each independently represent lower
alkyl or aryl. More preferably, R' to R¥  each
independently represent C; to Ce¢ alkyl, Cl—Cs_ alkyl phenyl
{(wherein the phenyl group is optionally substituted as
defined herein) or phenyl (wherein the phenyl group is
optionally substituted as defined herein). Even more
preferably, R* to R' each independently represent Ci to Ce
alkyl, which is optionally substituted as defined herein.
Most preferably, R' to R' each represent non-substituted
C; to Cg alkyl such as methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, tert-butyl, pentyl, hexyl and
cyclohexyl.

Alternatively, or additionally, each of the groups R' to
R}, R' to R%, R’ to R’ RY to R, R™ to RY or R' to r1®
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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Preferably, Rl to RIB each independently represent
| ower alkyl or aryl., Mire preferably, Rl to Ri o each
i ndependently represent C, to C6 alkyl, G.-C6 alkyl

woRBEMbes1 (Wherei n the phenyl group is opti onalplct/ge2005/000569

substituted as .20 defined herein) or phenyl (whereirr

t he phenyl group is optlonalgy substituted as defined
herein). Even nore preferably, Rl to RIB each

i ndependent |y represent C,_to C6 alkyl, which is

gnally\lmmﬁmeéﬂrasoﬁéfl%dm?éreelﬁ Wpgt groups may
referab ga S bsti gdhed.
SSEFEPRtls aphyfl EhenCals LRRGR oh JPoanu ey bt
i so- propyl, n butyl, iso-butyl, tert-butyl, pentyl,

hexyl and cyclohexyl tern t|v I addj ti.qnal
Bache ofPatel GHARSY ofipghk 605 ip ¢ k*esent

R RO #3212 g4, R'R’t 0.gRL5 Rﬂa B'n@l tRRiddcH ogephesent the
|ndepen8ent [y may forn1cycI|c structures such _as
éamértlmww wlkﬁlnolawanm eHgE. wleﬁwerafexgﬁé%%d fperein,

PPOsi t €5 gr Qups incl_y cI| geg lower
BercmB B 2B, Froe st Y Gasthe iy, LA P Rane Lo

?&”aﬁﬁyEYorOH@tOMdﬁ@ﬁy(ﬁstﬁefgnedphemayn, and R?®, RS,
esent ﬁisolld ase to which the gand is alkvl
a t aBﬁed R™ rand pBrt i RAFRr FFPERPEFBET é:aleew%?fﬂﬁ’ mefRless alkyls

the prers 5T6f%€§]t LONgBEi nBdA nefeinR Mo @skdYably R,

represen same | ower al kyl, aryl or Het
m%; eRi/, &5l°deRF‘3nahdleR1& mach2rspgesantather 6pRes EarCe Hetkyl,

Rl el PR S Yo o,

t@y&5 aﬁdpgoﬁﬁleacmsbepﬁa§gmg t hebatye, | oo~ bmtyl tert—
§ moi ety as defined herein. SNbés g, Rl d
pu@w@r,ame;zwl,me}wb or pFyclonedgl i REs 7 e&ch an

o, Sa60: (1o tfyk%e“tpa‘mé iy, CC amat 22

such as neth
18
defined above; and R, R{m, %415 and R!® each

independently represent 'the same C1-Cs alkyl as defined
above. For example: RY, R! R’, RY, R® and R each
represent methyl; ®?, r®, R?, RY, R! and RY each represent
ethyl; and, R?, rS, R%, R'?, RY and R' each represent n-

butyl or n-pentyl.

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

R! to R'® represents methyl.
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ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-
butyl, pentyl, hexyl or cyclohexyl; R2 RO, R8 , R',
R' and 15 R 7 each i ndependently represent the sane

Wog)agﬁgﬁh kyl as defined above; and R 3 O O‘PBT;k;%za%%m@

R18 each independently represent the sane -
al kyl as defined above. For1 xample: R, R4 1 R7 I R
10 r R 13 and R 16 each represent nethyl; R 2, R5 R8
, R11, R 14 and R 17 each represent 20 ethyl 2
3 rthe Gqmppun® af fRmuadi R anse%%ﬂbhép%%lén@ m 1% Bna o

t ln a e h
G TR Mo WAL YoREBLBRRRY, epct o, O
HPYP [(GRESS PHesdty SRprdsents pzﬁs@lquousaryl or
Het noiety as defined herein. Preferably, each RL to
R18 represents the same G to C6 al kyl group,

I d
é%ﬁ%ﬂfi}ylﬂogﬁégggp %Hﬁ?s%f%$%€$§+gyt u?gf? 8fid J (when

pr_ﬁéikebiﬂ)yl ealoly t 1naapgzhdeptehyylrepmqﬂntan§1 C el oﬁexyﬂkylene

oSt Pref erabl ¥ 835N 530 Bl K8 CRLEPSONS WM,

;8545?@0%/@905@%@165111&@ t e oe@ROUPHe 66 rabLyyl aHe lower
referably each Qi, éﬁéﬁ (when present) are
alkyﬁﬁﬂﬂéchEpSpM@ﬂ@haQQ/B O1{wegn BEESERT) wheRTesent

grfﬁfnt egﬁ%fﬁg%g_Pgoggggﬁgﬂgaﬁ FEE?E%%@Q'XOW@@ BR&yiene

when present) each
whependent hmdrepmager:LMd@;peMdeﬁ&larl leploees endhiich -G~ or -

optionally substit ted as define exanol
S ot Hrstetabins Seret Py ¥ il §olpH Bletent)

%ﬁé%’@t OroNes whheh ﬁw@r ar&ik]y](é/mfn a4y es@yHined herein,
esent are non-substituted. A particular preferred
pawtﬁcw&&ylﬁneCHmh4ch A, B and J may independently
represent is -CH2- or - C2H4-- Most preferably, each

of A, B and J (when present)

Preferably, in the compound of formula I when K, D, E or .2

does not represent -J-Q%(CR™(R*) (RY))CR*(R') (R"), K, D,
E or Z represents hydrogen, lower alkyl, phenyl or lower
alkylphenyl. More preferably, K, D, E or Z represent
hydrogen, phenyl, Ci-Cs alkylphenyl or C;-C¢ alkyl, such as
methyl, ethyl, propyl, butyl, pentyl and hexyl. Most
preferably, K, D, E or 2 represents hydrogen.

Preferably, in the compound of formula I when X, D, E and
7 together with the carbon atoms of the aryl ring to which
they are attached do not form a phenyl ring, K, D, E and 2
each independently represent hydrogen, lower alkyl, phenyl -
or lower alkylphenyl. More preferably, K, D, E and Z each
independently represent hydrogen, phenyl, Ci1~Ce
alkylphenyl or Ci-Cs alkyl, such as methyl, ethyl, propyl,
butyl, pentyl and hexyl. Even more preferably, K, D, E and
7 represent the same substituent. Most preferably, they

represent hydrogen.




represent the sane | ower al kyl ene as defined herein,
particularly -CH2- 15 Preferably, in the conpound of
formula | when K, D, E or Z does not represent -J-Q 3

wolfebddebdtl4 ) (R 15 ))CR 16 ( R 17 ) (R") , IscréB2065/000569

or Z represents hydrogen, |ower-alkyl, phenyl or |ower
al kyl phenyl . More preferably;+4K, D, E or Z represent
20 hydrogen, phenyl, G -C6 al kyl phenyl 6r C3.-C(5

al kylt such as nethyl, ethyl, propyl, butyl, pentyl
and hexyl . Mst preferably, K, Db Eor Z represents

P I
ENERCREBYy SR Re opbBubal °£?@?f?‘ﬁ%‘°§&1§§?§”onm Do 7 ”

@bes heotr ytepregeno vrﬂr-@ﬁ(CR]IEéﬁt Ar @ 3tk éB do{Rndt @nd K,

m a phenyl r n a d n
Pep?e@gﬂt Z%}&:,ggé:gﬁr w&\%&r %5'1 %Frboﬁe%)t/&IOh% %&er%%% a1 ring
5 AbkyhPBeNtheyMare RReERINRIN Yo KotDfokmard pheeﬁ,dh ring, each
|ndependently represent hydrogen, pheny

afkwrprfényﬂ @ndQZCGeEFWPntS 5§ a%anr?et%wl%etsﬁ;lﬁcted from

PeRtyy an XYlor BYSD Y €defined h ;
EY%?%?SBI’ %ef) %Ekﬁ)l %?gprggent t he sarree +he srein;
ﬁébﬁibhmaﬁuy Migtirpgeherabl £1-Cheplkyépr ésene particularly
drogen. WO 2005/ 07998 PCT/GBZOO Q0056
pf@ﬁ%ﬁa%wtedn Cﬁﬁ%“ébﬁﬂé{) Eﬁ“uﬁ %??%/}?e%e% D, E
10 or Z does not represent -J- QB(CR 13 (R14) (R5) )

CR16 (R 17) (R 18) and K, D, E and z \%h%ether wi th _
Phefeanbdy, atiomihsf companng off fPrpula hitien &fe K Dy

gt ta hgd&og ?{erf QP tq{ée%rﬂdf%to%%c Rf Q'.fhé< aIQ‘l E‘lng to

t hé Sane group selected from

Prdengetheyovere alagtacteed/| foom Het wheerdelf | médioherehen the
articularly hydrogen or k
SAmpALY MoabetpRaty (ﬁ‘mébt%/’ﬂ%g%) wEEBeding 1 §* mOTe

15 Qﬁggeg%ﬁer&g selected from aryl, lower alkyl (which alkyl
group may itself be optionally substituted -or terminated
2s defined below), Het, halo, cyano, nitro, ORY, OC(0)R*?,
c(0)R%, C(0)OR®, NR?>R¥, C(O)NR®R*®, SR, C(0)SR* or
C(S)NR®R?*¢ wherein R* to R*’ each independently represent

2¢ hydrogen or lower alkyl (which alkyl group may itself be
optionally substituted or terminated as defined herein).
More preferably, the phenyl ring is not substituted by any

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

A and B each independently represent unsubstituted C; to

C¢ alkylene;

30 K, D, Z and E each independently represent hydrogen, C;—Cg
alkyl, phenyl, C1~Cs alkylphenyl or -J-
0% (crRM3 (RY?) (RY%) ) CRYS (RY) (R*®) where J represents
unsubstituted C; to Cg alkylene; or two of K, D, 2 and E
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Preferably, in the conpound of fornmula I when two of
K, Db E and Z together with the carbon atons of the
aryl ring to which they are attached form a phenyl

woRb@d@redshen the phenyl ring is optionally subpgiridasoesooosso
wth one or nore 15 substituents selected fromaryl,

| ower al kyl (which al kyl gr pgip nay itself be

optionally substituted or terninated as defined

bel ow), Het, halo., cyano, nitro, OR

togetRer Gribh GRexZTarbgR JERems c°€0)thﬁR ?éln%Rt%Wthh

SR, | e3RRP i0idh 21 se@pRionall
tlhf?dfep%%ﬁei‘.i'e:ltﬁ1 Peegr ?ic,%% R%Opﬁggyggenl or | ower 3lsky 1 Y
oM Gt & | Hy(ﬂamenawrltmeté bfubapitmﬂat$y seléected from
substituted or term nat

f as df{% F‘ g e| n). Mre
Yowsferabiyl, tPREPRENGF +PHGTi L A¥EPEGBY Ttuted by any
substituents i.e. it bears hydrogen atons only. 25
Preferred conpounds of fornula I include those

rihetei rR*A amth Jeaiﬂpamtferpi’ehdemelﬂrers@mtes%t to Ce¢ alkyl,

unsubstltute I ene; K, Db Z and E
R+ nifepeh Cf‘y aI'I'eﬂg’}rig?‘eMlhydr ogen, Cl-C6 alkyl,
phenyl, Cl-C6 alkylphenyl or -j- (R (R18) where
represents @ (CR 13 (R14) ) 6 17),
Rnsthst | mrefieged oceepm@ﬂsen‘ég o% ]f%ll%f &K, ipclydg, fhose
WO %905/079981 PCT/ GB20051000569 together with the
atons of the aryl ring to which they are

attached forma phenyl ring which is optionally
substituted by one or

subst ent I
Aowed BIRGFD BRBASESBF Touer Sf kGHHem s SOy (8
each i ndependently represent C, to C6 al kyl, phenyl

or CG3. to C6 al kyl phenyl. Further preferred elgpounds —c.
®f DprAulaad B rrdchicin¢erendanthierepgesent rogen, C1=Ce

alkyl phenyl or Ci1—Cs alkyl or -J=-
0% (CRY (RY) (R*®) ) CR* (R'7) (R'®) where J is the same as A; or
two of K, D, B and % together with the carbon atoms of the

aryl ring to which they are attached form an unsupstituted

phenyl ring;
R! to R*® each independently represent C; to Cg alkvyl;

still further preéferred compounds of formula I include

those wherein:

r! to R are the same and each represents C; to Cs alkyl,

particularly methyl.

gtill further preferred compounds of formula I include

those wherein:

K, D, Z and E are each independently selected from the
group consisting of hydrogen or C1 to Csg alkyl,




A and B both represent -CH2- or C2H4, particularly
CH2; K, D, Z and E each i ndependently represent
hydrogen, C -C6 15 al kyl phenyl or Cl1-C6 al kyl or -j-

wo Shodnbdoks 13 (R14) (RL5) ) CR16 (R 17) (RIB) wherslodshoosso
the same as A; or two of K D, E and Z together wth

the carbon atons of the aryjgring to which they are
attached form an unsubstituted phenyl ring;, 20 Rl to

RI B each i.ndependently_repgesent | Kk
pauﬂ%@ﬁaﬁrlé’f SYREER c@ﬁﬁ&unﬁé h m,zrl arl‘% gcl%ecyre% de the
.% %ﬁ ei nes%éc&li RlBeate thensase ad @ichz and FE

epre ent particularly nmethyl. Still

répré@emtprmgfdamg@dhcmxpounds of formula | include 30
those wherein: K, D, Z and E are each independently
sel ected fromthe group consisting of hydro en or C,

5 k! OrdBrakkyis \Mtagcxﬁ(@wéea“?ccweam‘é/(a 05®S°) 1@nd D, 7
particul arly where each of K, _ D, and E represen

asdnel gr 84pr %%‘E)%Clwcieipm?%tjelécrﬁ%#e%e% Zroé“ na‘hﬁ group
rept esent 5 4 1 p- resepts x1GHA , BatERdBlarl
f’ %ﬁ?’ﬁ %%Rq%g&i?@% Fé% agd D, Zts and 'E a% each Y
wh@d@pa@dﬁnt IDy aed eEt m@ﬂrmnmetgeowma:o@m%m ngspecially
hydr ogen or to C6 al k rtlcularly where both D
WARESE &@%tE tl’r?é’%%?ﬁs%f;r%‘g Ce&Pecially where D, Z

10 and E represent hydrogen. 10 Especially preferred

speci fic conmpounds of formula | include those
Especéially preferred specific compounds of formula I

include those wherein:

each RY to R¥ is the same and represents methyl;
15 A and B are the same and represent —CHy—;

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

In a still further embodiment, at least one (CR*RYR?*) group
sttached to Q' and/or @2, i.e. CR!R?R%, CR'RR®, CR'R’R®, or
20 CRYRMR'?, may instead be represented by the group (Ad)

wherein:

ad each independently represent an optionally substituted
adamantyl or congressyl radical bonded to the phosphorous
25 atom wvia any one of its tertiary carbon atoms, the said
optional substitution being by one or more substituents
selected from hydrogen, lower alky_l, halo, c¢yano, nitro,
OR!®, OC(O)R*, C(O)R%, C{0)OR??, NR¥R*, C(O0)NR® R?®,
C(S)R?°R?S, SR?’ or C(O)SR*'; or if both (CR'R'R®) groups
30 attached to either or both Q' and/or Q?, or Q° (if present)
together with either o' or 0% (or Q) as appropriate, form

an optionally substituted 2-phospha-
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each RL to R12 is the sane and represents nethyl; 15
A and B are the sane and represent -CH2-; K, D, Z and
E are the same and represent hydrogen. In a still

woldéddiedgienbodi ment, at |east one (CR RYR ) OricB2005/000569

attachedtleand/or Q2f i. e. CRR 2R3 . CR4R5RG.
CR7 RBR, or 20 CR 10 R 11 12 may instead be
represent ed by the group (A wherei n: Ad each

i ndependent|y represent an_optionally substituted

tadayvedoyl3 of - l:oh&e%éwe%%u SHOWHnEEd d8rkftive thereof,
or.o 5 a e of its tertiary

oga%sggﬂu a ;Frrlﬁn& %}Zggé%dgf %%a gsubst itution being by

one or nore substituents selected from hydrogen,

| ower al kyl, halo, cyano, pitro, OR 19 r OC (0) R 20,

C(0) R21 C(0) OR 22, ', C(0) NR25 R26r C

(S) R 25 R 26, SR 21R4f Rs27 ; or if both

(CRWRz) groups 30 attac either or both QL and/or

@@, or @B (if present LR th either QL or @
[ arrroptional |y

substltut ed 2-phospha R ""'R52 - - - -
2005/ 079981 PCT/ GB2005/°000569 20
trtcyClO[3.3.1.1])3,7}]decyl group or derivative

thereof, or forma ring systemof formula Y R49 HH
whexeiR VR53 R51 R52 5 wherein R49 . and R 54 each

|mde deystl y I 6 aef@é 8l kYlarQgen, 1 '
Ra ar'yl 8f 0%{3{50 e%%ﬁ mn%lggnt relgch Eiarrlldepéﬁdergljtelny wer

a&kmlemtaryl

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

hydrogen, lower alkyl, aryl or Het; and

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

present, represents hydrogen, lower alkyl or aryl.
In this embodiment, formula I may be represented as:

(Ad) s (CR'R®’R®) ;Q*~A~ (K, D) Ar (E, 2) -B-Q' (Ad) 4 (CR'R®R?)} »
wherein Ar, A, B, K, D, E and %, Q', Q% and @Q°, and R' to
R%?’ are as defined hereinbefore except that K, D, E and 2Z

may represent -J-0°(Ad)«(CRY?(RY™)(R'®)x instead of -J-
0? (CR¥ (RY) (R*®) ) CR® (RY") (R'®) and Ad is as defined above,

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

W& X=20, 1o0r 2.

In addition to the preferred embodiments for R* to RY, ¢!
to ¢ A, B, J (when present), K, D, E or %, R* to R%,
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hydrogen, |ower alkyl, aryl or Het; and Y represents
oxygen, sulfur or NNR 55 and R55 when present,
represents hydrogen, lower alkyl or aryl. is In this

,w0?§%ﬁg§ nt, formula | may be. represented aspCrT/GB2005/000569
s(CR' R R3

R8R9) TR- A- (K, D) Ar (E, Z) - B- Q'(Ad).(CR'-
20 wherein Ar, A B, K D Bjand Z, , @, and @B ,
and RL to R 27 are as deflne&'herelnbefore except that

ndued(ﬂlqglf)bﬁﬁg?éaae%fs%% Qﬂé géR é‘g %h{lqaf(‘ 15)tc> the .

R S detired @a@ve (B& &0 :
Preﬁen& o %r Rboft wfifres 82 ug%a% =0, 7, Sgfolp is

gégghdedthbaﬁeﬁlbwdﬁg alWeg appl iGs .1 or 2 In addition
to the preferred enbodinments for RL to R18, QL 30 to’
, A, B, J (when present), K, DL Eor Z, R19to R

ﬁl-ti@@:zoﬁééﬁé%%%a PCdhisH2085/ 30569 rmilanol ed.nclude those
erel nbefore ich equally apply to the pres
whetreénmbodi ment mhere at least one (Ad) group is

present, the follow ng also applies. 5 Further

preferred conmpounds of formula I include those
awaake BN pohhantk gt st refiesent ~GHe-, oparChemlarly —CHp-;
particularly -CH2- 10 K, D, Z and E each

independently represent hydrogen, ¢ -C6 al kyl phenyl

o ZCBaI‘?c!lk% eBkh JindR nWl(ﬁFi':e;(féééﬂt (hﬁﬁi&)ex), C1~Cs
He J1s

e sane as or two of q3 1 5
allegdt hphenwi t horheczc-&sbomllsybn@rof —tTHQ é?a?? 99 (o) (R7) )«

whi ch t he ttach b t gt
LD JIRHE o, SEr 0 Yoo o

wiiesed €afbonl I’adﬁﬁ@’lctemtlyerapyésmgj ta owkmcm khpy are
and the total
attached form an unsubstituted phenyl ring;

R! to R?), R’ to R% and R® to R'Y™ (when present] each
independently represent C; to C¢ alkyl, and the total
number of {Ad) groups attached to Q' and @* is 2 3, i.e. S
+ U223, and W and X = 0, 1 or 2. '

gtill further preferred compounds of formula I include

those wherein:

R* to R}, R’ to R® and R¥ to R (when present) are the
same and each represents Ci; to Ce alkyl, particularly
methyl, and the total number of (Ad) groups attached to Qt

and 0% is 2 3, i.e. S+ U 2 3.

gtill further preferred compounds of formula I include

those wherein:

K, D, Z and E are each independently selected Irom the
group consisting of hydrogen or Ci to GCs alkyl,

T
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nunber of (Ad) groups attached to Q1 and Q is 3,
i.e. S + Uk 3, and Wand X =0, 1 or 2. 20 Still
further preferred conpounds of formula | include

wot %%QMerei n: R to R3f R7 to RY and R 13dR:83ha5/000569
6 en present) are the 25 same and eac; h represents

Cl to C6 al kyl, particularly,,nmethyl, and the total
nunber of (Ad) groups attached to QL andQ@is~!'3, i.e.

S+U>3. Still further preferred conpounds of fornula |
panthicyd ardy tWereewradi nofkK.p Pz #ndakdafe E§EReSent the

i ndependent |y r e up,gongi st ypng of
SATEr 0g&ERUEY c?g%%%%ﬁ%iyl%@e% 250EP0785g1 o DA0 B and E
BETEER2A0H RSN ; 22 particul arly where each of K, D

Z and E represent the sanme group, especially where
each of K D, Z and E represent hydrogen; or 5 K

_ , 1716 D q
%%ﬁ%&se%?%m@«@ﬁ AR 6??(11@),‘(81@ @NdzDand E are

I ndependent |y sel ected fromthe group
caehsi stdependentiyyr cpdieadiedC fxemoshg kgFoup consisting of

~.particularly ere_bot h, D.an I enr t S
hé'%ﬁ’ﬁ,enes%rec?m?/ %ﬁe?gkﬁ,l’zggﬁg ra:%ﬁgs%%tgge BBEh D and
BYsieefenthenei isaMangrdup, 0. esberil1gOwhepecinl [ § and E
prefierred specific conpounds of formula | _ include
nepass efffetsidrodeibh efelR W and R 7 Do koo Zhe
same and represents 15 nmethyl or the total nunber of
(Ad) groups attached to QL and QR is 2, i.e. StU=2; A
mipdd3 arley t hrefEneredd sppeifbat cOmpounds DofZ dwrmula I

‘are the same and refresent hydr ogen.
include those wherein:

each R* to R’ and R’ to R’ is the same and represents
methyl or the total number of (Ad)} groups attached to Q'
and 0% is 2, i.e. S + U = 2;

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

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

Especially preferred specific compounds of formula I
include those wherein Ad is joined to Qi or Q; at the same
position in each case. Preferably 5 2 1 and U 2 1, more
preferably, S = 2 and U 2 1 or vice versa, most preferably
§ & U =2, wherein S 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 following: 1,2
bis(diadamantylphosphinomethyl)}benzene, 1,2 bis(di-3,5-
dimethyladamantylphosphinomethyl)benzene, 1,2 bis(di~5-
tert-butyladamantaylphosphinomethyl)benzene, 1,2 bis(1-
adamantyl tert-butyl-phosphinomethyl)benzene, 1,2 bis{(di-

l-diamantanephosphinomethyl)benzene, i-




20 Especially preferred specific conmpounds of fornula

I include those wherein Ad is joined to Q or Q@ at

the sane position in each case. Preferably S ~: 1 and
woWogse7desimore preferably, S = 2 and U ~~ 1 oPCTIGB2005/600569

versa, nost preferably S & U= 2, wherein Sis the

nunber of (Ad) groups attached 25 to Q2 and Uis the

nunber of (Ad) groups attached to Q Specific but

s Rere PR Pl T s L
bggbggﬁ%%%&#h%ﬁgt SR NeERiae), benzene 1 2 bis(di{3i5tert-
e

aman yIphosphlnonethyI) benzene, 1,2 bis
b@&yl@hds@hnmom@tywlédéhant ayl phosphi norret hyl )

benzene, )
‘fﬂérc?n&ﬁ%ﬁSﬁ'ﬁﬁ%@sﬁhﬁ&%ﬁ@ﬂ%ﬁﬁe@%eﬁef 12 bis(gi 7 dimEert

5 E?Fl gﬁﬁt (pHostrenzene, 1 WO 2005/ 079981
PCT/ GB20 000569 23 (dladanantylphosphlnonethyl) - 2-

a@amanﬁﬁlphﬂﬂﬁﬂﬁﬂﬂ&%ﬁﬂXﬁﬂﬁﬁQﬁﬁB?benzene 1-(di-tert- 1-
t ——

( g%ﬁéﬁ%@&ﬁk qﬁ%ﬂﬁ%ﬁ%yl)be%ﬁgﬁgh% di-tert- 5

éawmdrpiwmsmim‘tduydt)hﬁl \gproese, 1- (tert-butyladamantyl)-

adamant |no th enz - -

b SRRARRTCE Benzepe. and L2

@Q 4¥E¥¥§uﬂéﬁﬁ¥ 65§ﬁiﬂ£@€4 one)phosphinomethyl)]—
(tert butyladanantyl 2- (di- ada nt I% -

Iphesptphreoradanant ydé?ﬁ%%hwa ¥%—> n%?,ez, 6, 6,

AN { iyl ph n phijponetiy| ) ar2- would

NgHos an dhan?ggphosp ﬁﬁ%ﬁet 3?§Q%enzene

Aepresd el esshat hetdleir |eidgerabn ldgemelsareamoied envisaged

appreci ate that other bjdentate |iga
Sl A HSLE B at B nee PP 8P el So 0t 10Rs
15 invention. 15 In a yet further enbodi nent, the

bi dent at e phosphi ne . .
In a yet pfuJ%her embodiment, the bidentate phosphine

10

ligand is of general formula (I1I).

x4
\ 1i—
K T’ X2

D4 () 2

X2
\; ’
El AT—Q

/M \x1

(Lﬁ)m

(Lo
- ] (ny

whereilin:

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

independently represent lower alkylene;
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ligand is of general formula (I1l) . X~ K t_X3 D12
E1=12 X2 | A4 xi (LOMOn 20 wherein: A and A2,
and A3, - A4 and A5 (when present), each

wo bdvdepeagdent |y represent | ower al kyl ene; WO 2009/dB26Babo569
PCT/ GB2005/ 000569 24 Kl is selected fromthe group
consi sting of hydrogen, |owgr alkyl, aryl, Het,
hal -o, cyano, nitro, -OR19 1 - OC (0) R21, -C (0) R21
I C(OOR 22, -N(R21) R4, -C(0) N (R25) R?, - 5
CS)(R17) R21, -SR 29, -C (0) SR 30, -CF, or -A

K1 X zséll'ec@'ed Sfﬁ&lneaérﬁéi f;&@iﬁ&h%o@rsﬂmlwsb‘ﬁlHgdﬁbgen,

rogen, |ower alkyl, ar hal o, cyano, nltrolg
10@19 hlky(DC (Q)CYR.Zl Hetg (G)al:pel QYaIEO(O)nUQIQr -~PR -

21 N R21 & (S
oLRN Zhep D) DA Py oS, e (s, -
cft%l)fﬁmcwwﬂswe gq0p Sedhsi-SC N 0i- Ay OBEK®; | over

ary Het, halo, cyano, nitro, -OR 19 1 -
OC(O)R201 C(OR?Z21, -C(0) OR 22 N(R21) R21, -C

g R ol S s, o e,

1berget helkwil,h thglg¢arben, atlondooef cyeno, nitro, -ORY, -

I d by 6 -
O%ﬁc)ggtt?ﬂngﬁg: Fnkuggpgt(hgggﬁphenW| ﬁ%ﬁ atté?a?ﬂ ﬁ&”ﬁ

c(s) (R¥)R?®, -SR?®, -C(0)SR¥, —CF3 or -A,~Q*(X"}x%;

El is selected from the group consisting of hydrogen,

lower alkyl, aryl, Het, halo, cyano, nitro, =-ORY, -

oC(0)R?®, -C(O)R*, =-C(0)OR?, —N(R23)R24,_ -C (O)N(R?*®)R?®,
c(s) (RT)R?®, -sr®, -c(0)SR*, -CFs; or ~Bs—0% (X°) X9;

or both D' and E! togethér with the carbon atoms of the

cyclopentadienyl ring to which they are attached form an

optionally substituted phenyl ring:

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

form a ring system of formula IITa

Myt i e
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15

20 X1 represents CR (R2) (R 3), congressyl or
adamantyl, X2 represents CR 4(R5) (R6), congressyl or
adamantyl, or X1 and x 2 together with Q 2 to which

wol2d6fo8s8s attached f orman optionally substipCrutEes/000569

2- phospha 25 tricycl o[ 3.3.1.113, 71] decyl group or

derivative thereof, or X1 gwd X 2 together with @ to

which they are attached forma ring systemof fornula

[11a WD 2005/ 079981 PCUGB20Q05/ 000569 25 Y1 R49H H

R54 R R53 R51 R52 (ili x 3 represents CR 7 (R8)

(R9) , congressyl or aéh tyH, X4 represents

CR()(R") (RL2), con Bﬁ“amantyl or X3 and

X4 together with QL to ichithey are attached f orm

an 5 optionally subR pha- :

tricyclo[3.3.1.1(3,7)] dec oup or derivative

thereof, or X3 and X4&R%oget hdR52W|th QL to which they

are attached forma rlngiﬁ%gtem of formula Ill1b Y2

RAOH H R54 RI: Q R53 R51 (111b) 10 x 5 s

3epr £ 13 R0 RA)R% R1S)konge@REWESSWr Oladamantyl, X
%ﬁ;ﬁ:%ls%% rggr ?éacjgngRsQCR )g(R 17)iR18) congr essyly 3

ﬁpw@emsyml%m%m’am XBORGERBHEL ¥ h 28eBanE Vidhi cRT ¥

%ﬁcgﬁ%ﬁgfﬂgaééhaecrh%dlgfrdm 0, ARLPENALdY SHBShEtYERdd form an
optionally substituted 2-phospha-

4

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 IIib

Y2
ReeHl H RS54
R R53
Q
RS51 RS2
(1lib)

X® represents CRY(R'Y)(R™), congressyl or adamantyl, X8
represents CRY(R'7) (R?®), congressyl or adamantyl, or x5
and X° together with 0® to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]decyl group or derivative _thereof,
or X5 and X° together with Q° to which they are attached

form a ring system of formula IIIC

Y3
R49H H RS54
R R53

Q
R51 R52
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tricyclo[3.3.1.1(3,71] decyl group or derivative
thereof, 15 or X 5 and X6 together with Q 3 to which
they are attached forma ring systemof forrmula,lllc

woYebsnofdgy H R R54 R I Q RS3 R51 R52  (111C) p&)GB2005/000569

2005/ 079981 PCT/ GB2005/ 000569 26 x 7 represents CR 31
(R 32) R 33) congressyl or ggamantyl, X8 represents
CR 34 (R35) ( R36) , congressyl or adanmantyl, or X 7

nd X8 together 50 Wi ch the are at L a h f 8
xbr memesea%n%w;l R P GP A5 5haF ey, x

I 3. A A 3§ydecybngreypyor diera\tmma/;et 1, or X'
ngggégg éh)é% z(ﬁ to g?her %tr1 4 tO\Mﬂ%h
ahhey® ategatha:hedthfﬁrnththgbsyh@bnﬁ%ﬁ fétaghed (ferm an

Y4 49H HRm R QRS53 (111d) x 9_ -
opEpPBELAYs CR 37 (R 38)°% %%%eﬁ?congressw orgz phospha
t2qagrabyh., 3x11Q{397|}§3§é©§Entg&cﬁ® 46r ( REDi(Rt42p ,thereof,

con essyl or adamantyl , 10 to et her
o6 X' 0 awmidi CF (rgptder a‘t’%%’&h@zd( For Mh&ﬁé PENATSY #ttdenea

substltuted spka ctefd 3. 1. 1.3, 71] decyl
£9FBup &7 defi ?ﬁvggt 8%gg$¥ or X9 and X10 toget her
with @ to mhlch -they ar¥4attached

R R53
Q
R51 R52

(ld)
x® represents CR¥(R*®) (R*), congressyl or adamantyl, X0
represents CR(R™) (R'?), congressyl or adamantyl, or %2

and X* together with Q° to which they are attached form an

" optionally substituted 2-phospha-

tricyclo[3.3.l.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 IIle

Y5
R49 H H R54
R R53
Q
R51 RS2
(lile)

and in this yet further embodiment,
o' and 0%, and @), Q' and Q° (when present), each

independently represént phosphorus, arsenic or antimony;

M represents a Group VIB or VIIIB metal or metal cation

thereof;




15 forma ring systemof fornula Ille Y5 49H H R54

RRR QR53 R 1 R51 R52 (111le) and in this yet further

enbodiment, QI and Q2 and Q3 Q4 and & (when
woReIegy, each 20 independently represent phposrB20855000569

arsenic or antinony; Mrepresents a Goup VIBor VIIIB

metal - or netal cation therpegof; W 2005/079981

PCT/ GB2005/ 000569 27 L, represents an optionally

substituted cycl opentadi enyl, indenyl or aryl group;
5 L2 represents one or nore |igands each of which are
Thnde tlsy £el epteendI Dy bydsogented| opel apdntiadienyl,

alky aryl, halo, CO P(R 43) (R 44) R 45 or N(R 46) (R
Lmﬁep814@r Rryilo g®OsPind R 31 to R 42 . when present,
each i ndependently 10 represent hydrogen, |ower
al kyl, aryl, halo or Het; R19 to R30 and R 43 to R 48,
5 Igheﬁepféseﬂts esrod) MndemenﬁentkgandepreSQMtthﬁdr@@enh are
I ower aIkyI R.54 and

ar%aéssﬁa nt |%r%pr Bydppae ﬁwrglggwerl SRS
. I%t afo Re® @ (R83) (WHERISPEeSRNRAS)a®AT ) RYS;
en

y represent hydr ogen, |ower al kyl, aryl
or Fbt 20 Y1 Y2 Y3 y4 and Y5 . when present, each

%nggp%{ldeanﬁéyf{glr o6 ei&r}t %é&ge}_@re§éﬁll{yr egEhN'ﬁ'xééPQnaentlY

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

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

represent hydrogen, lower alkyl, aryl or Het:

15 RY, R% and R%®, when present, each independently represent

hydrogen, lower alkyl or aryl;

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

hydrogen, lower alkyl, aryl or Het;

20
v, v%, ¥%, Y' and Y°, when present, each independently
represent oxygen, sulfur or N-R*};
n =20 or 1;

25
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.

30

Preferably in a compound of formula III when both K'
represents —A;-0° (X°)X°® and E! represents -As;—Q° (x°)X*?, then

D' represents -A;—Q*(X")x%.
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25 and m= 0 to 5; provided that when n = 1 then m
equal s 0, and when n equals 0 then m does not equal
0. 30 Preferably in a compound of forrmula Il when

woB8Ish746s: represents -A3-Q 3(X5) X6 and El reppesaiB2905/000569

-A5-(B(X9)Xlo, then D represents -A4 -4 (X7) XB. WO
2005/ 079981 PCT/ GB2005/ Oooggg 28 Preferably, in this
enbodi rent, R to R18 and to R 12, when present,
each i ndependently represent hydrogen, optionally
substituted C, to C6 alkyl, C-Cr, alkyl phenyl 5

p{LBerebi LS PNERYL SL8UBLLS,PP! snald YrIsubstd t gpeck Asr??,

oronet hyl or phenyl (wherein

whB8 premdntgr ougadls opmi@pethd@ln’sldostrepredeat délﬁﬂdmenf
her ei néﬂ} Even nore preferably
Y

ORELOBARY (TR CU RS TRy EHABHET) 1 SprEe Rty Phenyl
1 I halopt i @mBktytuted

(QXgE%gsute asél%r&ﬁn rﬁlédfs)élmns WBF;EPL?I uorgmsthyl jéi;‘ue 2

depthedal hyreimysi i tutidd uswempthyivear BHEBYgr elvkerpiy, the

Rl to R" and .R 31 t.0 nt. _e
PhRBY e AEEHA V-5 é)@te’s é’ﬁtﬁ%ﬁf Wg’%gﬁ%lﬁ%ﬁ Tsagb;ﬁt‘é!aftlned hgrez.n) .
Etv@n ComoakkybrakephBNY| V\M chol sRODt iamal RY* sutrst iR'%)t edvhen

th one 15 or npre substituents sel ected. from
pm@ﬁeQELbstﬁ!Q@n e@neepﬁadeeﬁléﬂ RPPLSSERE 19VGRRPENRIGr O Ce

Cast
BTSN U B o\ IRBLEL P Gt o e

tl&ﬁ_ﬁab&,on@amyh nebecpenpémphgllgpr-‘é@bﬁtlt%’%‘ﬁ ogeleryl. Even
I T e
Jn%r ?en*atétrbﬂl,yt %ﬁ%éseﬁtgﬁwd%lgﬁmy%w?ﬁue?g athgL yto Ce
a/m:qﬁ. pizegphznygragmlecrha 1sy’opt3.on?ally gubstltuted w:Lt% one
or more substituents selected from non-substituted Ci1 to
cc alkyl or ORY? where R' represents hydrogen or
unsubstituted C; to Cs alkyl. More preferably, R' to R18
and R® to R%?, when present, each independently represent
hydrogen or non-substituted Ci to Ce alkyl such as methyl,
ethyl, n-propyl, iso-—p.ropyl, 'n-butyl, iso-butyl, tert-
butyl, pentyl, hexyl and cyclohexyl, especilally methyl.
Most preferably, R' 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, iso-
butyl, tert-butyl, pentyl, hexyl and cyclohexyl,
especially methyl.

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

such as l-norbornyl or l-norbornadienyl.




i ndependently represent non-substituted C, to C6 al kyl
such as nethyl, ethyl, n-propyl, iso-propyl, n-butyl,
:Lso 25 butyl, tert-butyl, pentyl, hexyl and
wo%ﬁ/@p@)fw , especially nmethyl. Alternativel YwcTatB2005/000569
additionally, one or nore of the grc)ups R to R3 1
R4toREFR7to R, R t%Rl-Z, R13 to R15r R
16 to 30 R18 1 R31to R §FR34to R 36 , R37 to
R 39 or R40 to R 42 (Twhen present) together with the
carbon atomto which they are attached independently
L £.Qr | &2l ¥l LW eSonSUSH @ASrd- BEr Raenyroups
Ag%%fk%cg(ﬂové%iﬁ)édicoerﬁyﬁ&.ydlv%i%%%%/lyd79g§l PCT/ GB2005/ 0005)(%5’_I pla
r292AHt @ paRrf vahg, Rhr Riddind ®lal Ry &k Br nBre &1 ther R

grou R an 2 ,.sR 4_andsfR5, R ® . _Rpe@n 11

ajRd, 1%§:aﬁﬁl F&'Zf,g %6 I%13no|""f3<81%‘31' @312“'5% 3P% B g B

5 @RSRBARRA) ahdiR ot mnEatbbh Simheaw which they

present) together wth th&/}({:ﬁ;@?gg a%ggmt O@}mi&%& t.hley alkyl
aare attbadhed | HadpReriden or Tcyc€li

| a““&{q“}{e}s: Sﬁéﬁ]gg;ggi 3 @ 4Q &, C¥ptlecaliKyl structure

as cyctl ohexyl and cycl opentayl, and ES 12
JudR 6ak Ry&1bhexid ran®k tycRopenRy33 RIBbE R 39RandRR R,

(when pregent) ;each_ &0 indepepdently repr
Mo oo, |1 baer Bl Rt r FPruorbwet HYHS: Eipens)  each

10 i%ﬁéﬁ%ﬂ*ﬁi;@' Pardg i Y Nepsstat,it ut elbi@rto GAlkyl,

rogen, especially non-substituted C, to 1
166 Hldotomahyl @ espEdi A% y Jiéf@d e@PeNBodi Rt CuLarly

each of R L to,RL8 .and-R3 R FoReeS Nl spdi®iall
rfﬂ}"t—sf‘%ﬁ%%%ﬁe%%?o&g)n. Ce Séllﬁcgkl)l yaj‘i?%uc ar?lagr r angseprrental Y
AEANSKIE 1 €2 ed;; @ agdallylare bonded to a carbon

atom of X1 to X10, respectively, which bears no
hydr ogen atons. 20 Preferably, R1 R4 1 R7 1 R10 r

15 Thl3nf Biedid8Y pFefdrre® 8fb38EmBne) each of R' to R'®

‘and R¥ to R*, when preseﬁ't_, do not represent hydrogen. .

Suitably, such an arrangement means Ql, QZ, Q3, Q4 and Q5
are bonded to a carbon atom of X' to X', respectively,
which bears no hydrogen atoms.

20
preferably, R', RY, R’, RY, R, RY, R, R%, R* and R*°
(when present), each represent the same substituent as
defined herein; R?, R°, R%, R, RY, RY, R%?, R¥, R*® and
R* (when present), each represent the same substituent as

25 defined herein; and R}, R% R?, RY, RS, R, R%®, R, R¥
and R** (when present), each represent the same
substituent as defined herein. More preferably R', R, R’,
R, R, R¥, R¥®, R¥™, R and R' (when present) each
represent the same C1-Ce alkyl, particularly non-

30 substituted Ci-Cg¢ alkyl, such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl
or cyclohexyl, or trifluoromethyl; R®, RS, R%® RY, RY, RY,

R, R%®, R¥® and R' (when present), each independently
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(when present) each represent the sanme substituent as
defined hereinj R2, R5r R8r R11 1 R 14 F R17
R32, R35, R3 aand R 41 (when present) , each

worzg%},y@%pt the same substituent as 25 defi nedpa-q\y@ﬁ%mma@
and R3

Il R6f R91R12f R15, R18, R 33, R 3
39 and R 42 (when present)soeach represent the sams
substituent as defined herein. Mre- preferably R11R
4 R7 R10R13R16R31R34R37andR40 g
rppeseah} ebbh $e$¢e36m06t haldite @8 - épﬁﬂ above, or
par i cul ar on bstyet ut,ed Gpz al kyks sgwh 6 38
?EVPIOQ?%VE aﬁ‘r 03*1 " (stci){ broﬁpyIC%n bﬁtyl HEY &% R

ahgo-grat ytlwheherﬁréhéryﬁ): peat:hl 1dthagdndemrtlwcrepea§rent the
or trifluoronethyl;

R 2
s3meRC3ISCR @@c%oap ‘iﬁf%%@nabi’g?enf’f th:égiHbromelhyl For

|nde t | yo A0 0054079983 RCH GREOOGRHR0569e 38t h
ggénfﬂlfthéan%OQ%Oé gi:gkylaqgs deflfﬁwed ag%vgs or) =ac

r*e Irfe|sl¢tﬁltomeﬁ:hyﬂ, ahd ®,3 R®,RR&Ys M'oandmRY2ead gepresent
8, R33r R36 ,.R 39 d R42 ( 10 n eac
eltﬁd’épe(r‘l’(%ﬁt IpfeP?BFéSeﬁ‘Pdt’h% Ré lgq & g}ld R®2{Uihen

%% i akewe repireblint hubuerilelly - pEﬂlty5 exan‘pl e:

R71R101R 13 and R16 (when present)
each represent nethyl; , R8, R11 , R 14

d R17 each | =1a B
FE LERAISY PR DR i) i, £
RPEpresenk?an- ubyb or(whepentpreser)l n raprsg,@gdq% Ijhe same

f d embodi nept h Rl t RY i
<GS (o 55 LB T oBRESEH s THd LAY s joaeh (Bonfo X

dg fl' her efRoupr Heir@ient £aehe Rsame R1§ tandeR alkyl
to group represents the sane % to al kyl
q;:rcmm partl@lull@rly mer-sihstititted gy aa]flklﬁ such as

1 net hyl ethI r opyl . ro but ~
tyF Y o PR lepezg% ?kﬁg@’ BXbut§10ut ¥do-butyl,

and cycl’ oheR{
-@rt_tudﬁquoronptamtlﬂ Most hpxefler abbyg eacty®BohexRLS ox

%nfﬁglcgq%qgﬁt%yl Mosgcr Oul_pe Pabefem Sa Q0N BURSAIsULER g3t to
R? group represents non-substituted C1-C¢ alkyl,

particularly methyl.

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

position of one or more tricyclo{3.3.1.1{3,7}]decyl groups
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particularly nmethyl. 20 The term adamantyl when used
herei n neans an adamantyl group which nay be bonded
to Ql, Q2 Q3Q4andQ5r respectively, in position

wo doddlo7dbgr Tricyclo[3.3.1.1. (3, 71]decyl is thepcT/GB2005/000569
systemati c nane for an 25 adamantyl group, suitably Q

rQ2r Q3 r &4 and @, fspectlvely may be bonded
to the | p03|t|on or 2 p03|t|on of one or two

i. ;L:jci%g:elgo[c?éd:?ﬂ;)@%l ge%’grou%gt f inr"ﬁ% gbegr% no
hy§ gra tertlary carbon of one or nore 30

nty groups. Sui t ably, when the adamantyl group
represents unsubstituted adamantyl, Q1 and 2 , and

Thgﬁea%mﬁggw.% ﬁ%ﬁ%oﬁrglgzz?n:rgéﬁgngﬁ.f;er @g{nﬁrﬁ_oélged b@sides

hyé%#?ég 0} Boms 1. Hnd 7&;}:d&@<yie geaupsitd=R0685/023e8ted from
2005/ 0005699 3l i.e. the cg_@ﬁon atom of the C(O)R“
lomeamaridylgr o- R Dear sORO) By dr odétat o+ Fhe

Cﬂ% aiyl grogplonray ogiggnal | v \qerptse, besi@aw (R25) RS,

gen at 61, “6ne or re substltuent§ sel gt ed from
_J(@IERBIEY| - CBEY, - oe(ma" 2357hal o—Pﬁ (R JofR O(O)Rzlioaﬂz,

2 (o ano C 23
—P,@s%ﬁ)e% 32611 5 %&E%GR 2§P‘I ?3‘56 ?R)'57 1’ K
R24 POR(5R5' 6( RR5’9) RZB PQ3Her alﬁi@/l(,OR@&)nd GRig, amyl SG?Q as

wher el n R19f§20 1..M21 1 R22 r

deFflaezB heRzgin Rad 1R°R &8, kY’ oﬁéfshawﬁlﬁpee?&ﬁg:imd re Fﬁsent

ef rei ng,,Ryett 0 R 62 each
hy%:ﬁ:(?@&é]ndg‘rﬂwﬁry ésentﬁ' S}Jydrggen | ower al kyl, aryl
or Het. Swtably, vvhen t he adamantyl group is
substitiLited W|th nore s a
Suddfaldat atsre the gal Wsjef%ﬁoruéjd%ssuggs%gi{lﬁitﬁd with one

or NEbHde shstiditedal, deriGedaldiond, - BRgly preferred
substituents include unsubstituted C; to Cs al.kyl,; -0RY?, -
0c(0)R?®, phenyl, -C{O)OR¥, fluoro, -SOsH, N (RZ)R??,
_p(R®) R, -C(O)N(R®®)R?* and -PO(R*) (R*°), -CF3, wherein R*®
represents hydrogen, unsubstituted C;-Cg alkyl or phenyl,
R?°, R?, R¥, R™, R®, R® each independently represent
hydrogen or unsubstituted Ci~Cs alkyl, R* to R, R®® each
independently represent unsubstituted ¢;-Cs alkyl ozx

phenyl.

Suitably, the adamantyl group may compr ise, besides
hydrogen atoms, up to- 10 substituents as defined above,
preferably up to 35 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 Tmore substituents as defined
herein, preferably each substituent is identical.
preferred substituents are unsubstituted C;—Cs alkyl and

trifluoromethyl, particularly unsubstituted C;-Cs alkyl
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OC (0) R20, phenyl, -C(OOR 22 r fluoro, -S0311, -N

(R23) R21, _P(R56) R', -C(0) N (R 25) R26 and -PO

(R58) (R59) , -CF:3, wherein R 19 represents
woleN9syi, unsubstituted O -Cs al kyl or phenylpcE€sI802600569

rR22f R23 f R24 1 R 25 1 R26 each independentzly

represent hydrogen or unsuhstituted G -C8 alkyl, R 56

to RB3 , R 56 each |ndependently represent

unsubsti t ut ed 5 Sui t abl t he
sudammAy| TEESY Gl o PReEY e SHaRiyL | Mroup

p Slétt%ﬁdt t de{héeﬂdéﬁ@h% 1 group is
%&éﬁ?%gl h&&rc%%ns subégt :t?{}g?}tjgszs defi ned- abgveg P
nﬁﬁrEubptetetaﬁly up to 3 substituents as de fined
above. Suitably, when the adamantyl group conpri-ses,
besi des 30 hydrogen atons, one or nore substituentEc.
Pﬁéfgfgbm?d wheheimbrorafaf ably gashastpst ivwaid is -present

denti ca Preferred substituents are unsubstltut ed X

1§81 acgcamppungndott rfqrmydronb hy|  e3¢h t @M@yl group is
lg bs% tuted- Cl-C8 al kyl WO 2005/ 079981

05/ 000G 69 32 such as nmethyl. A highly
preferred adamantyl group conprises hydrogen atons

B g 2GR CAoSAnPRY e SURLE DA, 000 2105y uRlv1 group

wBl E§RHn -ad 90%%%%0&&51%&&5@ | Ijvowgachtagagant Wy the
group| als identica By the term

camphoaphant pifc 2| spd. &° 1tagethem | ekl Qfteugvhiieh jghey are

2- ph t f b
aEEROPRGE: o o2 SPRC s EpL °5€§?ﬂ Lgftheg, by the
cbﬁemarceonabtfaod%edndaxz ph@emin@r aghian@Y |t agrehck othed are

y the conbination of X an 4 together wth Q
a\%ﬁﬁ@he@hey ar & %1??%%1?%0& spﬂg OUBandritIeGr clﬁ% he

bABTRAthY¥nt BE %3 and xS together with Q® to which they are

ot

attached, a 2-phospha-adamantyl group formed by the
combination of X’ and X® together with Q! to which they are
attached and a 2-phospha-adamantyl group formed by the
combination of X°® and X' together with Q° to which they
are attached, wherein Q*, %, ©@° Q% and Q°® is in the 2-
position of the adamantyl group of which it forms an
integral part and each of @', 0%, Q’, Q' and Q° represents

phosphorus.

The 2-phospha-tricyclo{3.3.1.1.{3,7}ldecyl group (referred
to as 2-phospha-adamantyl group herein) may optionally
comprise, beside hydrogen atoms, one Or more substituents.
guitable substituents include those substituents as
defined herein- in. respect of the adamantyl group. Highly
preferred substituents include lower alkyl, particularly
unsubstituted C1~Cg alkyl, especially methyl,
trifluoromethyl, -OR' wherein R is as defined herein

particularly unsubstituted C;-Cs alkyl or aryl, and 4-
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1~ conbination of X 5 and X6 toget her with @ to which
they are attached, a 2-phospha-adamantyl group forned
by the conbination of X ? and X8 together with 4 to

woWisihodghey are attached and a 2- phospha- adaremiGp2005/000569

group formed by the conbination of X9 and X10
together with @ to which tggy 20 are attached,
wherein QL, @@, B, &4 , and is in the 2- position
of the adamant group of e _
dpaecyéﬁheéaéh ﬁbe hppo- &%ﬂseﬁ %ﬁg’%gﬁ‘é " grblibeheludes
hosg@gﬁu jtuent, preferably each substituent is
%rlcyc 3.3.1.1.13, 71] decyl group (referred
1aen@§caiphospha adanantyl group herein) nmay optionally
conprise, beside hydrogen atons, one or nore
substituents. Suitable substituents include tz&%et't ted
| tsrias 208hibBpHabhedakantpnl rgasmr,tiaf gtitute
P§§§%§ﬁ?§?ng?%up Fthlg 30 pref red bstlt 3@ with a
onnchuele drowseral kA | tbﬁr thcuParl bﬁOSl e

al kl¥_l gspeclally, ﬁ Beﬁgg_hfl wfgreblggf,eramw the 2-
ei I ne

3 as erein particularly
RS RS-iald it te1- G oaipk yils @ubsityitutgsd op eachl of the 1, 3

dile nsy / a e
Aty PRRERY PRV S ERBL, p Oun A AnBAR o e Heahd ¢

a- adanan
pglr osﬁjq1 é,ld%ston{n)rﬁ t hate orge-;ﬂidmjhat—tmiumarpne]f erga:tﬂqp is
ach substituent is identical Pr ef er

ol - SREITID OTA O 535 SRR C KB Tgving no
more of th

Fagdza%qqrhea%ﬁléuls ai A ’Mo %Zeggféﬁi 1ns t‘!‘l‘et h2aph§sllb§é+at¢gﬁmntyl

preferably, the
%mgphqumttwtug;redupons sabktielt e‘l'ch%n Jeacﬁ‘"rofSt hand 7

mmri'slc;g‘g ?dfoy ! Onsoasuhpgﬁbéf %ﬁﬁn@’ﬁar (RBEEMBMcludes
r[u#) %ﬁlﬂi aﬁﬂ@{ﬁ%lw@w &efb@ﬁﬂﬂig teachr bubsgisment is

anmant skel eton havi ng no )
1dent3.cal . Espec1ally prefegrred substituents are
unsubstituted C1-Cs alkyl and trifluoromethyl,

particularly unsubstituted C;-Cg alkyl such as methyl.

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

group, which may optionally be substituted with one or




hydrogen atons. Mst preferably, the
2- phospha- adamantyl group is substituted on each of
the 1, 3, 5 and 7 positions. Wen the

wo2uinasgha- adamant yl group i ncludes 15 nore t haft/dp200s/000569
substituent preferably each substituent is identical.

Especially preferred substitjjents are wunsubstituted
Cl-Ca alkyl and trifluoronethyl, particularly

unsubstituted C -C8 al . such,as methyl. 20
T CRUBP L TR S GRosHR E SRR nBRE gy ST ,8g oxveen
Addi tianaladiet exoakioss 6,0t beraddian ot heo2: plwsph@oughe 2-
atom in the 2-phospha-adanmantyl skel eton. Suitable
radsiphisoralamandgvdr gdedied-Amcl ude oxygen and sul phur
atons, especially oxygen atons. More preferably, the
2- phospha- adamantyl 25 group includes one or nore

5  Hd op@bfb@?@ﬁogfephoﬁphghadﬁﬁanﬁylagdrd@psFsésiom§fined
Even nore preferably,_ the 2- ospha- adamant rou
hergliddes dMAIHR | ona@“ﬂ’?é?%ﬁ’ltﬁgﬂong' 1:’n7a'eta%q'¥%¥e?l%3é1%€' Y 10-
LU RANLI0NS o MRS! PrEISHAiYa—1 WAL {hihethy1-6, 9,10~

-phospha-adamantyl group includes two or nore

tadidix=idamain thydt er oat ons igradme 2- - ophospher=pivsmpim -y}, 3,5, 7-
skel et on,_.each of -t | tional, het eroat.Qns are _
S U E LR OBR I 1Y o st e e S R 2
10 %dy?%mmm @it fanad domdid yaubsd i 4, utted Midxla i@ raryl
005/ 079981 PCT/ GB2005/ 000569 34 nore substituents
groupef | n¥asker e?reieraPlides dhexyderhogPBaTrABaRRYSf 1S

t he 8, and 0Si t4 - = I -
SseIELe cgctec?(r)}. 5 E#gﬁloy prie_%e]l?(?%c}'1 %{%hgé%m%w 979,10

grixeslaam ndsfli ngdoupera N2 +pledspe—-1,3, 5, -trimethyl-6,9,10-

2:pho%Pha- ,§b5,7-tetranethyl-6,9,10- tri oxadamant yl
YroOFS, aﬂ%ﬁé’ FFCHEP3, 5-t ri met hyl - 6, 9, 10-

15 trioxadamantyl group, 2-phospha-1,3,5,7-
tetra(trifluoronethyl)-6r9rl O trioxadamantyl group
Pyeferably, when more than one 2-phospha-adamantyl group
is present in a compound of formula III, each 2-phospha-

adamantyl group is identical.

20 The above definition of - the term “*2-phospha-
tricyclo[3.3.1.1.{3,7}]ldecyl group” applies equally to the
group when it is present in formula I but wherein X" in
formula III, i.e. X*, %2, x3...%', is denoted CR*R'R* i.e.
CRIR?R?, ...CR'™R'R'®, in formula I.

25 |
The term congressyl when used herein means a congressyl
group {also known as diamantyl group) which may be bonded
to O, 0%, Q%) 0O and Q° respectively. Preferably, Q' and
0?, and @), Q' and Q° when present, are bonded to one of

30 the tertiary carbon atoms of the congressyl groups.
Suitably, when the congressyl group is unsubstituted, ot
and 0%, and o}, o' and Q° when present, are preferably

bonded to the l-position of one or more congressyl groups.




10
phospha-1, 3,5-tri (trifluoronethyl)-6,9, 10-tri oxadamant
yl group. Most preferably, the 2-phospha-adamantyl is

woBksaBiRd from 2-phospha- 1, 3, 5, 7- t et r anet hyl - ciGH2005/000569
tri oxadamantyl group or

2-phospa-1.3,5,-trinethyl-6.58, 10- trioxadamantyl
group. 15 Preferably, when nore than one

2- phospha- adamantyl group is present in a conpound of
formula 111, each 2-phospha- adamantyl group is

pdentd Th ﬁ%%?yen%?i jpitii@Ma0h vt heoniphfilBe,  besid
fﬁ%—pﬁ%@%ﬁ§¥%$ﬁlc$% o[3.3. .1@ 3?$?fgegt[ grour?-"'e ‘e31 ©
HBikildgeh eqaiabhy, t oonke qy(nmpnmensubs¥étpﬁé§éntiSﬂltable
formyla | but, wherein X' _in N R ;
s L chsRtRy, 11l or Ra trbbRr (Ehéhts  pe' g Herein
5 i3 resgRcd RA7 RS, ddard0rtill a grouph TiEGHEINM preferred

congressyl when used herein neans a congreszyl roup
Sl sdd dusovirs asi i ladent MR SHRSES F kP h Caals b ldaﬁgeos oups,

to ' I el y. f
R i 13 Mgyl T Al G PR ol Srpedaniy,
e hontletesoybnegpbupl tibe wmesubsatytuiebon apdbnscoiprises
the congressyl groups. Suitably, when the congressyl
hrReeTs k¥rted, @B, and Q2 and Q 3 Q& and

10 Q9 when present, are preferably bonded to the
| -position of one or nore congressyl groups. WO ,
RSO 020981 WIET CBRIDSHBDDSEE NIHRS Thh R | 1grBtpsent

may optionally ¢ ' eside ro is
B Ao tingt] « Sence e T ab & SObR | TrasreorR Hier
idase sibstituents as defined -herein 5 in respect of

t he adamantyl group. Hi ghly preferred substituents

i ncl ude unsubstituted G -C6 al kyl groups,

15 @f’é#éféft}]ﬁ{)yvmétx@/lonén%frhﬁkéorﬂfﬁﬁéh)ﬂysﬁ% of formula
Ipéfa,?r:?IIb,’ TIIc, IIId or IIle are present in a compound
of formula III, R®® to R®™ each independently represent
lower alkyl, aryl or Het, which groups are optionally
substituted and/or terminated as defined herxein. Such an

20 arrangement means 0%, OY, Q° Q' and-Q® of the ring system
of formula IIIa to IIIe, respectively, is not bonded to a
carbon atom bearing a hydrogen atom. Even more preferably,
R to R  each independently represent optionally
substituted C;-C¢ alkyl, preferably non-substituted Ci~Ce

25 alkyl, phenyl optionally substituted with non-substituted
0;~Ce alkyl or OR'Y where R'® represents non-substituted Ci-
ce alkyl, or trifluoromethyl. Even more preferably R* to
R each represent the same group as defined herein,
particularly non-substituted C;~Cg alkyl, especially

30 methyl.

Preferably, where one or more ring system of formula Illa

to IIIe are present in a compound of formula III, R? and
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the congressyl group is unsubstituted and conprises
hydr ogen atons only. 10 Preferably, when nore than one
congressyl group is present in a conpound -of formula

wobhbdsi7@m¢h congressyl group is identical. 15pcT/GB2005/000569
Preferably, where one or nore ring systens of formula
I1l1a, I'llb, I'llc, I'lld or llj. are present in a
compound of fornula |11, Rg to R53 each
i ndependent|ly represent - | ower_al k

I | or, Het
Rﬁqie;arplgrbﬁé@panéeab%roﬁ%w?se%b%?ﬁ%?%ﬁfénﬁsﬂag%tuted Cam
er_ni,nat ed i | —@fr Ntphenyl
Crodndbf) 5 PR LeaIT, NP e AL O e A hen
Joarimwad Iy | subotitdesd respecronvesybstEtnbed borded alkwt or
cqr bon at om ring a hydrogen_ato r
(EggféW%%F?, R%@Oﬁéir %Sic%npﬁagﬁgﬁégﬁgﬁfﬁgeg%ég%ntalkyl'
tORLEIRA dYe t IBHPSbirt W@ oglenC6 MU/ | procetanaply R* and R
non- substituted G - 25 al kyl, phenyl optional

reprstsantt edhei t HARS NSt | it élfflcqedcehsrfﬁfrprorg%?@%ally
where R19 represents non-substituted C. L- C6 al kyl, or
h¥4%qqﬁﬁtmethyl. Even nore preferably R50 to R 53
~each represent the sane group as defined herein,
particularly non-substituted Cl-C6 alk¥l es egiall¥? ITTa
BELAaRAY, PIRIER S, OWTRE P DrSHord™s iy 951
| | nR8eBE FBrawcamraund vf to ¥°
ARG s DEggent h1 & BbRpBRaCEl OB e .
RET/ GB2ENEL080569 Mgd: PpoxfenihlYndepefllendy ¥ to ¥

represent optionally, substi.tysed £ - y .
rianains “Rwoelh m TRy cpnlipEe i pan one ring
Spitanadt yrsrbslat i ed w6 t T Twnt s upsésent etin G- G@npound of
alkyl or OR 3.9 where R9 represents anaggggiituted

feggda af kgl | each such ring system 1s identl

preferred embodiments of the present invention include

those wherein:

%! represents CR!(R?)(R®), X? represents CR*(R’}(R%), x3
represents CR’(R%) (R’) and X* represents CR (R*) (R*?);

x! represents CRY(R?) (R®), X? represents adamantyl, X3

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

x! represents CRY'(R%) (R}, X® represents congressyl, x3

represents CR7(R®) (R?) and X' represents congressyl;

x! represents CRY(R?) (R®), X? represents cr*(R%) (R®), and X3
and X* together with 0! to which they are attached form a
ring system of formula IIIb or a 2~phospha-adamantyl

group;
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5 trifluoronethyl or hydrogen. Mdre preferably, R 49
and R 54 represent the sane group as defined herein,
especially hydrogen. Preferably, where one or nore

wohkbiR@rsegst ems of formula I'lla 10 to Ille arepor&Bends/000569
in a conpound of fornmula Ill, yl to y5 are identical.

Most preferably, each of vyl st—,o y5 represents oxygen.
Preferably, where nore than one ring system of
fornulalllato}hlle s . present in a

d of
Formanzesants caBHRIAR H n§ Sy SPERFFatPadiEntyL s X° and

e
 SEFAL SR s ghiche oy i il wiing

Jyaiteas enf SERwdl  RB)IH RE) 3 XPphomphemdananty ICRrpup;
R8) (R9) and X4 represents CR10 (R11) (R12) X1
represents CR3-(R2) (R 3), X2 represents adamantyl, X3

HeR/ ent§ @RWRGR(W)(,R%Z Qfé?bﬁése’retm esemgsessyl, X* and
ada ntyl ; represents CR |

Ko oty g, K oy ééteé/sérﬁes %ﬁr‘éaigfter‘ib)lg‘{%)a ring

%ﬁX4 r e%%@ese%ﬁ,géﬁs?(ﬁgﬁ( , and X3 andr(o)%:)

together with QL to which they are attached forma 30

temof fornula L|1b 2. tyl
6 6o R R Bb0S RO DOBICPEH CESBEBPODDSReR A Y

represents CR (R2) (R3), X2 represents adamantyl, X 3
and XI together with QL to which they are at t ached
torto &% eagh dysependentdvntieRIEFEBtoECRIressYlL;
" 2-phospha-adamantyl group; 5 x 1 represents CRL(R 2)
(R3) , X2 represents corigressyl, X3 and x 4 toget her
W tdh Ik @Al Ghhdelpen dane 13t trmplreeehar mdemeintyl epsh éh and

B(I4 forrrula [11b or a ZE%ﬁsEhﬁ-adarrant%/ lg,roup, *1 to

x! and X° independently represent adamantyl and ¥?® and Xx*

independently represent congressyl;

x* and X? independently represent adamantyl, X’ represents

cR?(R®) (R®) and X! represents CR* (RM)(RY?) ;

x' and X? independently represent congressyl, X’ represents

cR7(R%) (R%) and X' represents CR' (R (R?) ;

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

¥ and X°® independently represent congressyl, and X* and X*
together with Q' to which they are attached form a ring
system of formula IIIb or a 2-phospha—adamantyl group;

ko)
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10 * 1 to X4 each independently represent congressyl;

* | and X 2 each independently represent adamantyl and

X 3 and X4 each independently represent congressyl;
wolusn7desand X3 independently represent adamantpyh@ddoseboseo

and X4 independently represent congressyl; x | and X2

i ndependently represent ada tyl, X3 represents 20

CR7 (R8) (R ) and X4 represents CR~-O (R')-(R 12) X1

and X2 |ndependently represent congressyl, X3
Xepngs &it $09eRNSERWLEIRY &Rd W%lql"eﬁ‘j"@éy e HHded) form

(R,12 e en epLgae * her with
s R AR R e i

dtheyocarghath acdtesy f aarem attaobedsyfoem of frt:mml &YyBEER of

or a 2-phospha-adamantyl group; X1 and X 2

foraaplendent?d represent congressyl, and X3 and X4 30

together with QL to which they are attached forma

ring systemof fornmula I]1b or a 2-phospha- adanant '

)d'remmt RO t20@5/HEH IS PCY CB20UE/TDIHEY eﬂeem ﬁﬁh%é form
th t ich th

§ DRSSt b T, o £ G0 e waen @

Wt hhi@h t @nely cArbheytedched t athad for m-phospgasyslamﬁntyl
of formula ITIb; 5 X1 and X2 together with @ to
guowpy t hey are attached form a 2-phospha-adamantyl

group, and X3 and X4 together with QL to which they

are attached forma 2-phospha-adamantyl group;.

Hehly pedteret ersgebdismns of ahe tr‘a‘aees@mesieﬁ\ﬁentlpﬁﬁmtlon

i nc]l ude t.hose erejn:
include those wnerein:

x'! represents CR'(R?) (R%), x? represents CR*(R®) (R®), X3

represents CR’ (R®} (R®) and x! represents CR™(R') (R*?);

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

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

x! represents CRY(R?) (R®), X’ represents congressyl, x3

representsVCR7(R8)(R9) and X’ represents congressyl;

¥! to X* each independently represent adamantyl;

%! to X! each independently represent congressyl;

x* and X® together with @? to which they -are attached form
a ring system of formula IIIa, and ¥ and X! together with

o' to which they are attached form a ring system of

formula IIIb;

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




X1 represents CRL (R2) (R3), X2 represents CR4 (R5)
(R6) , X3 15 represents CR7 (R8) (R9) and X4
represents CR10 (R') (R12) ; xi represents

woShikloPRdst R3) , X2 represents adamantyl, X3 repre&snbes/o00569

10

15

20

.25

30

CR7(R8) (R9) and X4 represents adarrantyl 20 X1
represents CRL(R2) (R3), X2 - spepresents congressyl, X3
represents CR7(R8)(R9) and X4 represents congressyl;
X1 to, X4 each independ ep nt_a - 1
3’(? t%hé(ﬁhea?ﬁ Yn G'emfi’e c\ﬁ rep?gglgnt cf)jzr?:gﬁl %ﬂl}a @ anty
dug2 together with 2 to V\,hl ch they are attached
a ring systemof fornmula Illa, and X3 and X4
together with QL to which they are attached forma
mQ T | Bordfly #Nd1X2 k806N dentical
&\FP% %%(13’ I]; %&%O?rﬁgaa#t apcl?ted form 4 .
%opbc?smﬁdackarram yidgnbiipaland X3 .artboel pogétem@bl\m,t ' is
QL WD 2005/ 079981 PCT/ &B2005/ 0005969 . 39 to which they 2 .
adengticachelP f r ma%g-Zr phogph‘é';\mgldgma\Wtqu1 PIFSTH: ¥ e s
Prefesahly 1%6‘ 2 conpound oF dner miPawhkh, p>ﬁbslemt Even more
entica toX3ancfX2|S|dent|caI to X4,
@rxefferxwﬁlw, X ito ¥'demd cdentd ord -attPss, PWf%ﬁ%P%@) X' to
when d. X epticalytoo, X4 and X6+ X8
a(nda;( aﬁel%iﬁ?g e:ﬁt e \I/Ier?(%rrgr eegp% ef gr alk}l 9 eX il to X4
are identical. Mst preferably, X1 to x 4 are

identical to each of X 6 to 0 e resent 2
FPrr@ff@r@dﬂWr i 40t hEh %orﬁﬁwréfl Pghnﬁ?%mtlf an§ xprd X
£ qb d@féaﬁubamgﬂteme%tgg 33ndaXd T &Ar esepkesent

nt| cal substituents, d X 6 (when present)

rlemre:smal sw@smtmn’sabsxu tam,fht?é HhPOEFEFMRenrepresent
present) represent 15 idepii
P TR T kRS B SR T g P SseEfl Fepresent

l&&%ﬂﬂdﬁnt%ubstltuents, and X®> and X' (when present)

‘represent identical substituents.

Preferably, in a compound of formula IIi, K! represents -
A;-0? (X5)X®, hydrogen, lower alkyl, -CFs;, phenyl or lower
alkyl phenyl. More preferably, K' represents -A3-0° (X°) XS,
hydrogen, unsubstituted C;~Cs alkyl, unsubstituted phenyl,
trifluoromethyl or C;~Cg alkyl phenyl.

In a particular preferred embodiment K' in a compound of

formula III represents hydrogen.

In an alternative embodiment where K' does not represent
hydrogen, K' represents -A;-Q’(X°)X°. Preferably, X5 is
identical to X® or X!, and X® is identical to X? or x4,
More preferably, X° is identical to both ¥® and X', and X®
is identical to both X? and X'. Even more preferably, -As-

03 (x°)X® is identical to either ~A;-02 (X)) X% or -Rp-QM (X X‘.
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Preferably, in a conmpound of formula Ill, K
represents - A3-Q 3(X5) X6, hydrogen, |ower alkyl,
-CF3, phenyl or |ower 20 al kyl phenyl. More

wopnesiemsdll y, K 1 represents -A3 -@B (X)) X6, huaORR#s/000569

unsubstituted ¢ -C6 al kyl, unsubstituted phenyl,
trifluoromethyl or C-1-C6 al kgl phenyl. In a
particul ar pr ef erred enbodi nent K i n a conpound of

25 f ormil ¢ 1] repres Q ydr p en n.an al t er nat
¥ K pdo@s %3?‘ Jtﬁ?d"ro g JC? “Aa-

fgéngﬁd AR, - 6B ]) X6. Preferably X 5is
ical to X3 or X1, and X 6 is identical to X2 or

X4. 30 More preferably, X5 .is identical to both X 3

AN R I ——

©hiera - ArTQR( XI) X’) or -A, _Q (X3)X4. WO 2005/ 079981
PCT/ GB2005/ 000569 40 1,jost preferably, -A3-Q 3(X5)X6"
is identical to -both -A3.- Q 2(XI)X2 and -A2-Q (X3)

B s P gr eflneriﬁ'@ or@&uﬂ@%fsfakﬁumﬁd@qqen B Rpresents

compoun forrru alll. Preferably, in
-mna@dwﬁa %f, fhlydnrlogehl,l ldgr eplbyént §F31Aphe@1x(b< PR lower

SRS o o Flee Y, Sk DR myarosen,

Nyl 0080xy 10 b@%ﬁrpﬂényl~&£ 1&6k38r Bbrpyphenylower D' and E!
al kyl phenyl , and El together with the carbogns
qufﬂée%yb’ﬂ-&berﬁl@jl@ﬁhorﬁ r@ft’éhemﬁb’ﬁi"ro?ﬁéfraﬁlﬁé’nlfl ring to

THAF TP B APEhshl eoubouil Siogheny) ibibbicuces
mcggiglrﬁwnybregngﬁf?eimmhegﬂq ,re@mbzsrm:st umtm (X" x°,
fb%@ﬁ?ﬂe%ng é‘ﬁ%%fu 2‘}%153 "Eyiil% ont %O‘%ftdb%l ) C1=Ce

e P, h)é@rc@geas mhernl,, &y P @Irlsmwberwtyl pentyl and
unsubst i t ut ed C6 .al kyl such as net ag 5{9

ol | @erty|CFs¢ent1§/’1 ARPURSAALS or —Bs—
phenyl, Ci1-Cs¢ alkylphenyl, unsubstituted C;-Cs alkyl such

"hydrogen,

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

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

cation thereof is attached to an indenyl ring system.

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

formula III, represents hydrogen.




CF3; or both D and El together with the carbon atons
of 20 the cycl opentadienyl ring to which they are
attached form a phenyl ring which is optionally

WO SHE: 7?48 yted with one or nore groups. sel ect edTigs2005/000569
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phenyl’, G -C6 al kyl phenyl, unsubstituted C -C6 al kyl
or -CF3. 25 Suitably, V\,hen Djqand El together with the
carbon atons of the cycl opent adi enyl" ring to which

they are attached for an _op i.gnal | y.su | t d

PhCHP £ HBE R RV SHPOURBPRC ATIAT | oy dape | L€ £epresent

%ﬁ&?é‘sg%ﬁ topan kﬁg%%nﬁbng ﬁysé"e(m’)ﬁﬁ) |nPﬁefJ@;f:iblqu| A is
red enbod

conpound of fornul a 3
1déntiepiesent ¥ hpdr dden.anD $hoss0AghItical to X' or X3,

PCT/ GB2005/ 000569 41 I n, nay i od 2 7
MpEFe PHe f%cf@g’qﬁ’dt rlesprlecgeglnﬁéahydr 1¥8tﬁ‘ rélelggrr?(rebtsent%nd %
§\4 1@ XEx1 X80 Rrefgnably?. X Even m:term cxefegally, -As-
X72. and X7 is identical to X ore( 2 More 2 X3 x4,
@f@ﬁér}%\bl%ﬁ RT sl Gajer? cal LRBT hohH X & Mid 9 2 R ¢
| |t op XlgsqRd ve {-_gcmeff_e;r aBb¥h -A,-
f%%g%bgg [ den‘u Cng )t%@elltghe?d?% Q(XI') Xl or ?
mmrx%s)am ~avbot (phefPeidbpyesent . U(X ) X1 is
|dent|cal to both -A2- Q(X3)X , and -A3-Q 3(X5) X6 if
present. 10 In a particul ar preferred enbodi nent, El

4| %%’P@i’@ﬁ'ﬂ.é’f feravkadl bhboaprenent T hydr egeromgaund of
an al ternative en%odl ment where E3' does not represent

Fpamuden IH repnesseiis hydragei(-x9) Xl o. Preferably X10

is 15 identical to X4 or, X2, and X9 is identical to

X1 or X3. More preferably, X() is |dent|cal to both

X4 il X2terandixe anﬂaocﬁBIEtntcaWheDeXS! an@$ex3 ny gfepresent

nore preferahly, X1@ 5 L ent :
Qyﬂ;@%e_qq @q(g/(rewe%e 5|JQ(>Q5( }§X 4 bgé‘ﬁ% %}Qly X is
?gl)%élly to AR QX X% bﬁdl denticajdenthosh +a& 30 or X3,

and - A2- X3) X4 , and - 5) Xl d '
MareQrve fougbky, Xlg :1.(5; :L)dent:_cal to %Dot(gg()s R %2¢ ana x°

is identical to X' and X’. Even more preferably, -As-
0% (X)X is identical to either -M-Q*(X')X* or ~Be-Q"(X’)X‘.
Most preferably, -Bs—Q°(X*}X'® is identical to both -A;-
Q? (x11 %2 and -A.-Q' (X*)X!, and -A;-Q*(X°)X® and A0 (x") X% if

present.

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

identical substituent.

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

they are attached form an unsubstituted phenyl ring.
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present. Preferably, in the conmpound of forrmula III,
when D and EI together with the carbon atons of the
cycl opentadi enyl 25 ring to which they are attached

woOoosamegior m an optional |y substituted phenyl lfmm@mm,mowg

each of Ki I D and El represent an identical

substituent. In an alternativg preferred enbodi ment,

DI and El together 30 with tqhe carbons of the
cyclopentadienyl ring to which they are attached form
Hohhyubsiahaniad ppebedipepgs of compounds of formujdg III

l%%fég@%?g,sg%g@gggs/ 000569 42 Highly preferred
enbodr e

of compounds of formula Ill include those
wherein: Ki, D1 and El are i denti cal substltuents as

Iggg:rqggd{ﬁe[@hg&&e& art | ar | % vxlqere K' ' nd c'l:';];lh%rein,
p':alrt_@eam%&y%hlarbhgl cp¥ t&t@ g r‘e'@%e%)éﬂtol?t%/@h%ije@ﬂw

ring to which they are attached form an unsubsti'tuted
phenyl ring; 10 K represents - A3- B( X5) X6 as defi ned

erein_and Qt PLES 1 K ent,
I{iA:% f §) hh-‘éd]fg(ﬁgré her edle n{)angﬁ%' |T-:‘LanolK" cé&?t&gf With the
daogiebhsr of t Rhichecpat hivenshaienyl thimccytbopanictdi ehely are
ring to which they are attached form.an unsubstituted
E&Te%?hefil AGEMK Py @Bﬁ@%mut&é Bhepys) TEgip

represents -A4-4 (X ) X8 and E1 20 represents -A5-(b
(1X9) X '0. Especially_pr eferred conpounds of formula

Kl Irepce sriet s t has K2 ¥° bot defined erebprasdnboth D' and
Egydrer%_en or qé and EIl together with the carbon atons

f 4 bpeht adi enyl

K' represents -A;-Q°(X°)X°® as defined herein and D' and E'

together with the carbon atoms of the cyclopentadienyl

‘ring to which they are attached form an unsubstituted

phenyl ring;

K' represents -A;-0°(X°)X®, D' represents -2,-Q*'(X")X® and E?

represents -As-Q° (X%) x*°.

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

and E! represent hydrogen.

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

Suitably, A; and A, and A3, B4 and As (when present) may
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25 ring to which they are attached form an
unsubstituted phenyl ring, particularly those
conmpounds where both D1 and El1 represent hydrogen.

Bosd@oak! ¥, in the compound of formula |11, Actaiudee’doeseo
Woazpﬁ; go A3, A4 and As (when present), each

i ndependently represent C, to C6 al kyl ene which is

optionally substituted as defined herein, for exanple
wi th |ower al kyl groups.

Suitably,_A .an , apd_A3;
iAdlade As? (whlekt esﬁ§°%yaW2oo%¥%§§§%iﬁ§ ; 2PfleM1over
GB200 69. . 43,1 ncl u hinkgl £apboert omr n-
aggé‘gfh%l ,rq}ql%% Ig%réh %ﬁ(yﬁgn?{ grgups@v\hi ch Al tc()e m,)
AP sHAM HERd eSRNbaatécndar ulssiarnag ckOWer pat kVéeRg, which

preferred | ower alkyl ene,. whjch 0 - - -
B n@epehsleRely lrr@;ﬁ'pé%@rﬁ“,eﬂiys g%?é%?{f C@Eél Lz VDSt Cafta
Mg S;J]fa?k¥raﬁﬁﬂ‘ ghchA o@ng, AZndang, ASnd A arkl And Wseriwhen
present),

represent the sane | ower alk Igng as defi e%ined
dreseint; ) partepmgsanty thpp-sane tweebn%& Ha=BF 3t M

I11, preferably.ea and @, 10 and Q3 Q4 and Q

e TEiTen ?)?;Eg%ﬁ%{ ag?@ %iéz same. Most preferably, each

Ql and @@ and B3, &4 and & (when present),

represents phosphorus. It w be a LAt e h 2
Tkitthed cPAPEHECa Of tfr?aimulﬁft c%%%%%ﬁ%%ﬂ%fg?%ngl o
| ] f yact | | iigaRds phakenepor dicsat ehai tdade Most
a&douﬁl Bl';brg 2 v | bpaken

or oup VI1'1B netgl or conpound thereofsin
phecdwmbhti, oneatht he' cand yé&arsygfiém Oof e and é {when

RRASAN G - SRRt HePRar P e d nat e to the one or

nmore 20 phosphorus, arsenic and/or. antinony, atoms of
e sl bbb BB bRy e
g'rxgaggﬁp%%nd'mﬁl FORGENESITT may function as ligands that
coordinate with the Group VIB or Group VIIIB metal or
compound thereof in the formation of the catalyst system
of the invention. Typically, the Group VIB or Group VIIIB
metal or compound thereof coordinates to the one or more
phosphorus, arsenic and/or antimony atoms of the compound
of formula III. It will be appreciated that the compounds
of formula III may Dbe referred to broadly as

“metal locenes”.

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

two ring systems. The respective cyclopentadienyl and/oxr
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25 Suitably, when n = 1 and L, represents an
optionally substituted cycl opentadi enyl or indenyl
group, the conpounds of forrmula IIl may contain

woSbisiBbesiwo cycl opent adi enyl rings, two i ndemyhy¢i68000569
or one indenyl and one cycl opentadi enyl ring (each of

which ring systens 30 may opgjonally be substituted as
descri bed herein) . Such conpounds nay be referred to

as "sandwich conpounds” as _the netal

M ar. et al .
igskarghl ¢ Femgbf SYSTERRA dMiadhete by WiRE2 HER A ngoplanar with

(RUE- £Ih P&Gd Y oY wiadi oyl ; 288401 th £
PREHSER: 8B BP AN ColY ShBRS AL e L 180800t respec

dondergih othersystmmenimyrbfesubdt &nt B8l bpngopledirdd ocenes) .
with respect to each other or they may be tilted with
respect to each other (commonly referred to as bent

ARl DEHES)Y, 5 whder nativel y andhen, nrepkearthils aryl, the
represents aryl, the conpounds of the invention may '
aserpreand @i t oHee cyBVEPERPRI SIRH OoFCBRBIRnd&HHIeT one

ri i ri ; fg%§ opt i anal,ley :
cfgg}é‘%ﬁ?gggégvgeg%ri%%% ﬁé%{%{lg?‘s an oﬁ%eé(g?y}ofr ivﬁ%Ch tng
%gﬁﬂ&m$8maptbgnabhyligbbbimeedﬂrntamcﬂ#idﬂﬁbtﬁh@ﬁrherein)
uitably, when n =1 and L, represents ryl _then.th
Fhst alon of2% e dﬁﬁﬁbuﬁg§cbf Fﬁrnﬁ?gl?PPlig ﬁggﬁﬁééuged as
{%ﬁié‘di hddPical kypiicAptihe fhan o the mepall Tatidfresents
n a partlcularlf preferred enbodi nent of the
presetheni mfentherali ¥ gfcdhsouremerunds nffa fogmulg LII as
Ll. .is as .define rei ngd_mgz 0. erabl
%d: e?%l?helsco% g'r?gllcﬁ)'fyaf %Prru aQI If‘gﬁﬁ &]%O¥he metal
dHpresents cycl opentadi enyl, indenyl or aryl ring each
of which rings are optionally substituted by one or
nore substituents sel ected from hydrogen, | ower

ﬂ{kﬂ’ﬂ}ﬁlﬁcularly preferred embodiment of the present
‘invention, in a compound of formula III, n = 1, L is as

defined herein and m = 0.

Preferably, when n = 1 in the compound of formula III, Ia
represents cyclopentadienyl, indenyl or aryl ring each of
which rings are optionally substituted by one or more
substituents selected from hydrogen, lower alkyl, halo,
cyano, nitro, -OR?, -OC{O)R*®, -C(O)R*, -C(O)OR%,
“N(RZ3)R?*, -C(O)N(R®)R?*, -c(s)(R*)R®*® -srR®, -C(0)SR*,
-CF3 or ferrocenyl (by which we mean the cyclopentadienyl,
indenyl or aryl ring which Ii may represent is bonded
directly to the cyclopentadienyl ring of the ferrocenyl
group), wherein R to R*® is as defined herein. More
preferably, if the cyclopentadienyl, indenyl or aryl ring
which I, may represent is substituted it 1is preferably
substituted with one or more substituents selected from
unsubstituted C;-Cs alkyl, halo, cyano, -ORY, -0C (0)R??,
~C(0)R?*, -C(0)OR?, -N(R®)R** where R', R*®, R¥, R%®, R%




cyano, nitro, -OR19F -OC (0) R20, -C (0) R21 1 -C (0)
OR22 1 -N(R') R21, -C(0) N(R25) R26, -C (S (R
27 ) R28 -SR 29 -C (0) SR', 25 -CF3 or f errocenyl

h we nmean the cyclopentadlenyl | NdBpYicE2605/000569
Woémé"msﬁg which L, may represent is bonded di rectl; )

to the cyclopentadlenyl rin f the ferrocenyl
group), wherein R19 to R30 is as defined herein. Mre

preferably, if the cycl opentadienyl, indenyl or_ ar _
JHNgRE0  whrbh Lndmynd@prcéyenrepeeee% Rutsaderti g or-ce

et o 9 PERRubRELFOFEALOr - (5 ey Y harp caueenyly

hal o,

%@ﬁ? r19 arryioc (@hoR 26hich- C0) RaPl Tep@eE®nt is
1 -N (R 13 where R 9, R 2
2B SO t20ESY, O?—QLQSE) e A ER0LY DHRBGS %ﬁgegnﬁlkhzﬂgeacﬁ&“ore

i nd td % of 0805 ¢ DEu€hd OG- lekyl .
5 es%nlqn%l%g&pslre ejz'r%gb Y, rEll%c;}%{he cyc?ope%t adi enyl ,

i ndenyl or aryl ring which Li may represent 1ls
substi tut ed

f
S L MR oo

rrom unsubstit ut

ci@[/rl | y,ojt\heﬁaptﬁyl bptlieplaéﬂ@’nt subst;:.tuted as
entadlenyl |nden¥ ghenyl
Yr d

mlmm@rmstﬁrﬁieaa% Fﬁn&}’ n& %é,eaygram;ienyl,

| t , 1 h dl . M
o R LI, e o

pRPESEANIY, C)Gl opeptadicerhd , dyrdernanto? digmehy| indgwl or
of which rings are upsu stituted. L,
pReRBbent@2¢ths st i Y"B cyePdpent % enyrfgueg&ﬁ{la\l'q‘{@é{jl Most
ﬁéféf‘%i)}' ely, reperedertd, uidebsoipotedscpélopentadienyl.

nvention contain only one cyclopentadi enyl or
i ndenyl ring (each of which ring systens nay

15 o g ona%)s‘y%gf Subshi tuted, asthge%%fnbgﬁ‘ﬂdﬁeroﬁi Nhe iwedntion

bé Teferred to as "half sandwi ch
é@ﬂ@@ﬂﬂd@ 1y Rowd ersblppewttedienyl0 atheémdrn o ring (each of

{gggégﬁﬁgégg} é}?st?er%g tpn%ty the tlrgitaaj.lyMl% td®stituted as
described herein). Such compounds may be referred to as
“half sandwich compounds”. Preferably, when n = 0 then m
20 represents 1 to 5 so that the ‘metal’ M of the compounds of
formula III has an 18 electron count. In other words, when
metal M of the compounds of formula III is iron, the total
number of electrons contributed by the ligands L, is
typically five.
25
Tn a particularly preferred alternative embodiment of the
present invention, in a compound of formula III, n = 0, L2

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

30 Preferably, when n 1is equal to zero and m is not eqgual to
zero in a compound of formula III, L, represents one or
more ligands each of which are independently selected from

46 47 48
lower alkyl, halo, -CO, -P(R®) (R R*® or -N(R'®) (R*})R™.
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formula Il has an 18 electron count. In other words,
when netal M of the conpounds of formula Il is iron,
the total nunber of electrons contributed by the

wol2b gggiL2 is typically five. 25 In a parti g¢@Ekabes/n00s6o
preferred alternative enbodi nent of the present

i nvention, in a conpound of Egrnula 11, n=20, L2 is
as defined here:in and m= 3°0r 4, particularly 3. 30
Preferably, when n is equal to zero and mis not equal
Mare zereférakl oo HRPEFSTHTIARE | PF  MPPe, i&ﬂ@é’é’rﬁ gach of

ne .or s e 4l c f i.ch i
Bl anf TIPSR SR e Al LRSI, 1 o
Q,Radkyar, MNUR brt{duUdrIR dBLYEDL 2006007998RY) (R*)R* or
PCT/,(B2005/ Q00569 46 NMbore preferably L2 represents
SRS (RETEM i qanBSTaadn A wikdn Bre | aHRpoidARsndent 1y

| Ly ut | kyl ; ,
gpe%%etﬁ%éjfa?%;gmcwg?é%% %S?gsat%)tu(@%cﬁ 4& I%‘Op'atgr alkyl or

a(IR 48)cK RalpheruB; wherein R43 to R 48 are
independently 5 sel ected from hydrogen, unsubstituted
Cl to C6 alkyl or aryl, such as phenyl. Suitably, the

dEt@abiN Or tiR! ahetalli on tder eeftdin theiomomphendsfof in the
formula 11l is typically bonded to t, '

he _Jic
CIRRVPEH adilenyiomiHeR (K11 e dpRiGfintkdiRepfed to the
@él%ﬁ'efﬁa&f&r#lndﬁgﬁ% (rsi)rlg(i§ﬁe! fcy@’l%%ﬁbadi%ﬁi ytknoiety of

rfing 11 prese /'of 'the ligands L2 if present.
fhepi Cadéyylt hing ¢pel ofepraticantyl thegaoylt kdng if present,

C opent adi enyl] noi,ety of the indenyl ring_exhibits
%f%y ah%&eo %4 modi WiJ[;T‘]I 1?rteﬁ§¥lr¥‘ét al Py oW \S'é'ly' the

@é@p&%@di&'gf@d&ir@e? weercHde cyeyebepeniddinny| moikgy of
or cycl opentadi enyl npiety of the _indenyl ring and .
thre hedanylswdhgasexhilibpt o2c endiaheiteh, Popfég) fpde with

sibraged. Py tH6,862R YrHdle RS&ESEMg ! MHBRELON between the
‘cyclopentadienyl ring or cyclopentadienyl moiety of the
indenyl ring and the metal, such as trihapto coordination_,

are also embraced by the scope of the present invention.

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

cyclopentadienyl.

Preferably M represents a Group VIB or VIIIB metal. In

other words the total electron count for the metal M is

18.

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

preferred Group VIIIB metal is Fe. Although the metal M as




20 Most preferably, in a conpound- of formula IIl, n =
1, mO and L, is def ined herein, particularly
unsubstituted cyclopentadienyl. Preferably M

wogeEssRts a Goup VIB or VIIIB net al. In 2pcoidB2605/000569
words the total electron count for the netal Mis 18.

Preferably, in the conpound,ef formJIa 1, M

represents Cr, M, Fe Co or a metal cation

t hereof. Even nore refera Mr sent

ded 1nGs! ohemllérmaynétem LSO b"t‘yh‘?a‘?Je%f PBEfer Bletdrably it

c%%erf t&{é’sed‘ﬂ LRetediuam a:ha@fgwpdﬁ/élta gebeliaation
I on t of An especially preferred Goup

wMlith B_.lnahdl/ou:sLEeas Aefimeh hetreeb®tal M as WO
200' 5/ 07" 81 PCT/ GB2005/ 000569 47 defined herein may
be in a cationic form preferably it carries Lud
E?gi%‘:dht Y d1@ f@sieduakombatgd sdueft o foaosudianatilgn include
> W't La“ga}“al}hd/]g%?13 L2 as defi Eed he-rein. 5 Especially
tireefee whesk €lohpounds of fornula 111 include those
wherein: (1) X1 represents CRL (R) (R3) , X
represents CR4 (RS) (R6), X, 3 represents CR7 (Re) 6
(R9), 4 repressrits cm‘ux FR'(B (R BF) renxeserkEei FRoARR) (R°)

G - 08 1 IpPiam PR Fol Oyl & pAPPFEACArEy hele ),

10 €ach q{hﬁ-eir? BalR isfi @ként;bc&klz jﬁs:tmemiéxytlz\yemepresents
each o R 3.2 represents unsubstltute

oyl opmos cibuned minge: LAY landoRe afe iHAERREthYL,

and represent | gpd & %eR@helgaq@@{@lcal _
repres ‘—ilﬁt:}'ﬁ/%laﬁg% Whg(r%n;e&glsjt ituted C.L-C6 a {yl '
parti caggetyahydr ogeare Qleacl QRfhotH re“p?es%n represents

phOSphgxgggbstM&tegé e&gr&tﬁ afky.'i., particularly methyl;

15 A; and A, are the same and represent —CHz—;
k!, D' and E' are the same and represent hydrogen or
unsubstituted Ci1-Cg alkyl, particularly hydrogen;
o' and Q? both represent phosphorus;
M represents Fe;

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

0.

(2) X! represents CRY(R?) (R®) , X? represents CR*(R%) (R®),
25 X3 represents CR’(R?) (R%), X! represents CRY(R™) (R*?);
K* represents —CH,~Q° (X°)X® wherein X° represents
CR¥3(RM™) (R*) and X°® represents CRY¥ (RY) (R*®) ;
each of RY to R'™ independently  represent
unsubstituted C:1—Cs alkyl or trifluoromethyl,
30 particularly where each of R! to R is identical,
especially where each of R' to R*® represents
unsubstituted C;-Ce¢ alkyl, particularly methyl;

A, and A, are the same and represent —CHz—;
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20 n 1 and L, represents cycl opentadi enyl,
particul arly unsubstituted cycl opentadi enyl, and m O.
(2) x 1 represents CR(R) (R3) , X represents CR 4

wobkfRsmydsRS) . 25 X3 represents CR 7 (Re) (R9pct/Q#Ro0s/000569

represents CR10 (R :L) (R 12) ; KL represents
- CH2- B(K5) X6 wherein X5 repgesents 13 14) 17) CR (R
(R s) and X6 represents CR R (R8) each of R to Ris

i ndependenf |y represent unsubstit CI B, aI kyl or
trifl @or o@r;et é} 89chaFePEGT SR yp\%ﬁ RL to

R38 1 g1l %‘?{H'ﬁm SSP&&' akhje WNehg Qﬁéﬂ‘r@éeﬁﬂ tlﬂzcﬁé@gen or

represents unsubst ituted g -C6 alkyl-, particularly
met hy unsAbsaidui2daCe-Ghelsais andrtmmb@,éhv hgAzogen;
---------------------- WD 20051079981

pcT/ 28681666568 F88 Q 11 Q 2 and @B each represent

phospRorus; Dil apddE Inare @@&@@@i@tﬁnd tgplegentadienyl,
hydrogen or unsubstit uted qc al kyl, particularly

hydr ogentidulesles spsgbpeitgtady Cafrdlmefé%%eems and m =
cycl opentadi enyl, particularly unsubstituted

cycl opént adi enyI, and m 0. (3) X1 represents CRL (R

2) (R3) X2 represents CR 4 (R5) (R6) , 10 x 3

repres nts CR7(R8) (R9) yepresents CR R 2 6
B cpnrsanes. Gt (BB BN MnorhrsestEp, SRottel ().
R 13 RedfkoGEnE) ORUIRXD (kEp) ertntspEBReBARSICR () (R) ;
each o to RIS mdepergde resent c
unsubdti t repdesents at®i-PrX H?( I ub‘ eeimy| X° 15epresents

parti guharly, whme .gachs of o e LALBIBRIS (ATG R

each of R to RY™ ° independently represent
unsubstituted C1-Cs alkyl or trifluoromethyl,
particularly where each of R' to R'™ is identical,
- especially where each of R! to R represents
unsubstituted C;~C¢ alkyl, particularly methyl;

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

0.

(4) X' represents CR'(R?) (R’), X® represents cr? (R?) (R®},
x? represents CR’(R®) (R®), X' represents CRY(R') (R'2),
wherein each of R! to R!? independently represent
unsubstituted C1~Csq alkyl oxr trifluoromethyl,

particularly where each of R' to R is identical,




especially where each of R to R18 represents
unsubstituted Cl-C6 al kyl, particularly nethyl; A, and
A2 are the sane and represent -CH2-; QI | Q2 and Q

wo%oo%ﬁ?@si epresent phosphorus; 20 D1 and E 1 pogeBhers/000s69
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, carbon atons of the cycl opentadienyl
ring to V\hlchthey are attacfzed forman unsubstituted
phenyl ring; M represents Fe; n 1 and L, represents

cycl opent adi ar nsubst i tuked |
czcl oIo a@%’l We{hedréo %A&% Biy iF‘(eprkél‘s%fenI%l F esents
(R 3) &Qsﬁkﬁiﬂlm@fds CCRe ¢ (£By Y ,R @rt:}«:ﬁlaepyemmhylﬂ%‘
(R8) (R X represents CR () (R1l) R 3- Zéﬁé

sént

wher eifu @é!éihA@falF& the reame | 3k
unsubs, jt e %?}% th I
parti ctl &Y mrgegécéﬁ/ ?% I%hé 12 1iqgs | dentl cal ,

WD 2005 Ofé)ﬁﬂ&lsd?ﬂi'a GBPAO54600589 C4Tsespekyh) | pamgrcellarly

each of Rl to R 12 represents wunsubstituted Cl-C6
al kyl ,PY3¥e9® arly methyl; A and A2 are the sane and

represgnt o GHAL £ &ydtRed Q@ thpt BneepEaseBh atoms of the
phosphorus; 5 Ki represents hydrogen or Cl-C6 al kyl,

parti cayalonentaddesgdn; rHng ahd BF Jt%tget"h}é?YV\n ¥ t REtached
car bon_at ons_ of £ lng to which

t hey aF% ht1t c%nsg‘l t&ﬁ%{ngé%jﬁmeq’g}st rkt)ﬁ'ut d phenyl ring;

10 M reptesesdentfse;Fer 1 and Li represents

cycl opent adi enyl , part| cularly unsupstit ut e
cycl opnt &di eﬂyl met0 e%resen? ﬁopentadlenyl

particularly unsubstltuted cyclopentadienyl, and m =

0.

(5) X' represents CR'(R?) (R®), X? represents CR’(R®) (R%),
%3 represents CR7(R?) (R®), X' represents CR™(R') (R**);
El represents -CH,-0Q°(X°)X'® wherein X° represents
cRY (R®) (R¥) and X!° represents CR'(R') (R*);
each of R' to R¥ and R¥ to R* independently
represent unsubstituted - C1-Cq alkyl or
trifluoromethyl, particularly where each of R! to R™
and R¥ to R* is identical, especially where each of
R! to R and R to R*? represents unsubstituted C;—Cg
alkyl, particularly methyl:; _

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

o', ©® and Q° each represent phosphorus;

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

M represents Fe;

n = 1 and L1 represents cyclopentadienyl,

il

particularly unsubstituted cyclopentadienyl, and m

0.
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15 (5) X1 represents CR (R2) (R 3) , X2 rep-resents CR
4 (R5) (R6) , x 3 represents CR7 (R8) (R9), X4
represents CR QR') (R1-2) ; E 1 represents -CHz

_®
wolido79s® wherein X9 represents CR 37 (R 38) fcia92086bosso
X10 represents CR40 (R 41) (R 12) ; each of Rl to Rl12

and R37 to R 42 independentlgy 20 represent
unsubstituted Cl-C6 alkyl or " trif |uoronethyl,
particularly where each of R, to R 12 and R 37 tp R

(£ isﬁﬁgdé?ﬁﬂrcﬁﬁ%nt@spg%i &P yRuher & eRERTEFENRE. (F RH2 (R%), -
and R3% PRRS% ansSuPstidytealed -0 (R (RY?) ;
al kyIR,% p%gP%é%g? ybgefﬁ/)ls(;R g's % and A2 are the(sarr)e( )
and r ePr ezeptresEhs; -QHI-Q® (@ 2XAndwiGBretich Xepreepnesents

phosphorys; l,and K _are the sa @gﬂ; r esent

hydr o&gf% b‘?‘l‘;%ﬁéﬂbﬁnﬁ feaei’f?ﬁgn FryT, (Bgﬁt ﬁ:?u arly
hydrogen; (Mregeasant sche-0B8&'nxt amtetdin epxesentpresents
cycl opent adj enyl3, particul arly unsubs%;i

t yt ed
cycl of&At ERFenir’) andl K° gepre3ents 260 /(6%9@136):
PCT/ 005/.000 50 : .CR (B2
X re es]éﬁP]s:e%%-gzs( Rggjﬁ%_%;mg{(ﬁ? f@gggééﬁskm#%%%se““
() e tmandaet) pmetin sk e
- CH2- erein represents .
(R 5) €&%d x4 e&lesgﬁt sngFg TG%?R%%) Ry glgcgﬁape%dently

repr e%%%tx% AR A ulubktX8unker ei n XLg.epresgnksl CR  or
31 (R 32) (SR33 ) and X8 represents CR 34 (R 35) é ) 18
36) ; Exiflepneseithyl, CHarideuiandy wiisaeiaron of R to R

R s RO (P e e AR Py cacn
i ndepeyrdett |40 RY repd erEnttungtfbstdpretseti t@ - Ghsabkylituted
of C4-C¢ alkyl, particularly methyl;

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

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

M represents Fe;

n = 1 and 1 represents cyclopentadienyl,

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 -CHy—;

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

o' and Q? both represent phosphorus;

M represents Fe;

n = 1 and L1 represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.
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trifluoronethyl, particularly where each of RL to R 18

and R 31 to R42 is identical, especially where each

of R to R and R" to R 42 represents unsubstituted
woShasfdBodgh Kyl , particularly nmethyl; 15 A and peramBaodsieosso

same and represent -Cl42-; QL, @, B, 4 and b each

represent phosphor-us Mreggesents Fe; n | and L

represents cycl opentadienyl, particularly

unsubsti tuted gycl opent adi.en 20 0. . (7). x .1

2. X3 and xa%§ naepenaentisrtassnli, Fandranpy dathaiey,

eSpeCiallouiane Yledd X 1Ry eopNt ddiixaaumee  the  same

adamant grou A, and A2 are the sane and

repres@nmanewa grbup, D I and E1lare the same and

represgnt hydrogen or i uﬁgs ¢ed CLobpal kyd, ng  x¢
parti &ul ar‘T%prhe;%e r]ijsg %1 bot' r epr esent

phos pheidésre n d¥nitaRr eﬁ@’ﬁﬁeﬁsé‘?ﬁ; Sfamardtwhnd &speeprbbgntghere
cyclopentad| nyl, particularly unsubstituted

cycl oﬁentad?{enﬁﬂﬂ’re%ﬁmt she Safs SEEERGFYdg Brours

PCT/ GB200Q5/,0Q0 ( Lind® réeptedeitd X1,
|nde§2‘dgﬁ?lg %g%rééé%tﬁﬁggnéhtyl espeC|aIIy mhere

X1 too¥4 gepawdelt eauh wmesauanahpyphgruap Ki

ts - X__wh Y
o i S S 2 Ol TN DA 1 cen o
X, 10 g6 SHSRREIY diPe, Sﬂmqudqjmlwu]ggﬂw hy{ﬁﬂom

A2 are the sane and represent - Ql I Q2 and Q
3 each myprEsaEnt HHASSphor us;
n = 1 and Ly represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

0.

(9) xi, X2, x® and X! independently represent adamantyl,
especially where X' to X' represent the same
adamantyl group;

K* represents —CHp-Q*(X°)X° wherein X° and X°
independently represent adamantyl, especially where
%! to X°® represent the same adamantyl group;

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

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

D' and B! 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 Li represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.
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D:L and El are the sane and represent hydrogen or 10
unsubstituted G -CG al kyl, particularly hydrogen; M
represents Fe; n 1 and LI represents cycl opent adi enyl ,

woBddslg769ghar | y unsubstituted cycl opent adi enyl , paAg:EBooflenoseo

15 (9) X1 F x 2 1 X3 and X4 i ndependently represent
adarnantyl, especially whese XI to X4 represent the
same adamantyl group; Kl represents -CH2 B (X5) X6

SRR R R ——

same egpemidyly grehpre A, Xhndtd2 axe thepsasenand the same
represent -CH2-; Ql, Q2 and (B each represent
phospHARARTIS HFRPME together with the carbon atons

of the 2% Agyakepeaéa%éx&@vclmd ideg R qahlich dhey, are
attac eg forman unsubstitute pﬁ)enyl rong;.< M
repr &enansl Bé; both meprésentplesspheormssl opent adi enyl |

parti_gul arly, unsuhstituted cycl opentadjenyl, and-m
50 0 s ERss oo db o R A0S 15atedofinge alkyl,
X2, XYaritka¥ 1 n;y represent adamantyl,

% f&ﬂ&%ﬁﬂﬂgto

especi.al |y where X 4 represent the sane
adanmght yangr dup; tagetpelr AW he sgegkand iatoms of the

phos prerEeiEatherbcs 308 i otielr ERRRLnarr: kohed
Cl- CEadnk\dn urmaiid icithetddy phgagopgening; ‘ .
M represents Fe;
n = 1 and L, represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(11) X', %?, X and X! independently represent adamantyl;

K' represents -CH,-Q*(X*)X® wherein x* and Xx°
independently represent ada.:mantyl;‘ _

D! represents -CH;-Q'(X")X® wherein X' and X°
independently represents adamantyl;

E' represents -CHy-Q°(X°)='® wherein X° and x'°
independently represents adamantyl, especially where
X' to X' represent the same adamantyl group;

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

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

M represents Fe;

n = 1 and I represents cyclopentadienyl, -
_particularly unsubstituted cyclopentadienyl, and m =
0.

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

represents Z-phospha-adamantyl;




DI and E 1 together with -the carbon atons of the

cycl opentadienyl ring to which they are attached 10

form an unsubstituted phenyl ring; Mrepresents Fe; n
woho@dedsg. represents cycl opentadi enyl, partPCOGBRIOS/000569

unsubstituted cycl opentadienyl, and m 0. 15 (11) Xl -,

X2, X-' and X4 independent!| y3represent adamantyl; K

represents -CH -Q (X ) X wherein x 5 and X6

i nd dent | t tyl: D,
B R e oy R S
repre&%&?%es%ﬂtéﬁé%nbspﬁé-aamgﬁeyls -CH2-Q (X9) X10

wherein and X10" independently represents
acl amaat ghd Bspers dihey samer andxrepgeRsoty sfesént the
sane adamant yl . group; n %ﬁg tBgragEBtah¢drogen or
repre%n%-é@@;ézgﬁl&@,g , %&Sandsg}S eachq s
5 I epresgiduyitatpiedus; -CMaldyles gratrs ikerlar ly dntdinoigen;
represents Céglopentadien |, I:H_:articular.ly
unsubLY'i endel’ BRHD gEREA Y PRAERIRYSYY. " 30 (12) X
and 't Lo th.Q2 to which they are attached
o §§§¥§ﬁ3n§?LFQ'

represen ha- adaman-tyl ; WD 2005/ 079981 , i
PCT/ GBR0054 000569an83 xL3 arkEpdeddiet hercyftepaytadienyl,

whi ch they are-attache r.epy; Qé{,% opentadienvl, and m =
2'ph0ﬁ?ﬂg¥%§7ﬁﬂ'tyyl%ns %Sé:r%%%/&%%gr T8 Caims and
10 represgnt -CH2-; Kr DI and El are the same and
represent hydrogen or
(13) X' and X? together with 0? to which they are attached
represents 2-phospha~adamantyl;
% and X! together with Q' to which they are attached
15 represents 2-phospha-adamantyl;
K! represents -CHz-Q*(X°)X°® wherein X° and X® together
with O® to which they are attached represents 2-
phospha-adamantyl; ‘
A; and A; are the same and represent —CHz-;
20 o', o® and Q° each represent phesphorus;
| p! and E! are the same and represent hydrogen or
unsubstituted C;-Cg¢ alkyl, particularly hydrogen;

M represents Fe;

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

(14) X' and X’ together with 0% to which they are attached
represents 2-phospha-adamantyl;
30 x® and X' together with Q' to which they are attached

represents 2-phospha—adamantyl;
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5 unsubstituted C1-C6 al kyl, particularly hydrogen; QL
and 2 both represent phosphorus; Mrepresents Fe; n
1 and LI represents cyclopentadienyl, particularly

wounssuegsitt ut ed cycl opent adi enyl, and m 10 0. PChER)B2¥85/000569

and X2 together with @ to whi ch they are attached
represents 2-phospha-adamantyk; X3 and X 4 together
with @ to which they are attached 15 represents

2, DMoSe AR PR i IR SRR 18 ogeuner

at t achecth eQF esent shzchphnmaaaéama/d:hed\h@i@sé&ts 2-
are the sa and represent -CH2-; 20 QlL, Q2 and B

each R Taé%W%£ Us; D1 and El are the sane and
represjtg]ntan@yggoafa Phe H9ﬁ8b§ﬁatféﬁﬁe§4n€5—é‘ﬁkw

particu arIy yd rogen M represents Fe; n | and L3

r epr es¥nt €° cyntl opt ach em;p:;esaﬁt gmqsphmarda/

unsubstii t ut ed chE-P ept adi en 14 an

X2 todet h%rrlg E? g F% W:%tqh ?7 ar®?h ?é\ tge s 20¢ the
" epr e operiiesidiayadaimyt Yeo 3hicE améyX4atrageiPelched
Wi th to which they are_ attached  represents

2- pho adarkityls ti s ed adyeando L BET/ GB2005/ 000569
54 K Q@( X5) X6 wherein X5 and X6
R e

t oget her to ‘which they are attached
represent s 2- Iphosmta- adamantgpresents  cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =
0.

(15) x' and X® together with Q° to which they are attached
represents 2-phospha-adamantyl;
X? and X! together with Q' to which they are attached
represents 2-phospha-adamantyl;
A; and A; are the same and represent —CHp~;
o' and Q® both represent phosphorus;
K* represents hydrogen or unsubstituted C;-Cg 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 I represents 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 Z2-phospha-adamantyl;




A, and A2 are the sane and represent -CH2-; 5 Ql, @
and B each represent phosphorus; D and El together
with the carbon atons of the cyclopentadienyl ring to

wo%ﬂ:ﬁ%ﬂs?ey are attached form an unsubsti tut pdr@iseeuslooosse
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ring; Mrepresents Fe; 10 n 1 and LI represents
cycl opentadi enyl, particul gcly unsubstituted
cycl opent adi enyI, and m O. %15) Xl-and X2 toget her

with Q2 to which they are attaghed 15 rgpresenfss

2- pho¥phacnuasents| - &g%& M OERHEY Wi ‘%@E -fggsther
which they ase.gtt theRr 6@t Sttached represents 2-
2- phog' ﬁg’ a(ga;\maﬁty and9A2 are the sane and

repre@a@tsph@Hadama@tyamd @ both represent phosphor us;

20 K I .represents hydrogen g U s t S "

al kyl ] D' ESPFPEEPEFI y%hﬁdﬁ GQLX [yrh d”iE)ErI etﬁ Yogether
wi th thepcagbopcatgnbelf they Lyl ameabaéldenyépreslgnts 2~
whi ch they are attached form an unsubstituted phenyl

ring; pzﬁsmdl”rae@d@@@mbéllpe n 1 and LI represents

cycl op@_nt adi e art Lgul Y, substiduted x° ana x'°
cycl o ér%]/ﬁé ta‘J’?}d rr?ﬁ’f) Qaé% )( 6) X1 and X2 t oget her

wi th @egte(tn@“ﬁ Chwihley afe aot acthdcth r epregentage attached
2- phospha- adarrant X3 and 8%3’? her with QL to '
whi ch Itﬂié%’aseﬁré’—sat é’fﬁé‘@?

2. phosphasadagantyl ¢nd0s 2005407 H: SUEH CBAE/,000569
55 K | %rgggeggﬁ%s - -Q§( 5) X6 wherein X5 and X6
toget g, 02, @°, Q' and Q° each represent phosphorus

M represents Fe;
n = 1 and L; represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

0.

(17) X' and ¥*® together with 0® to which they are attached
form a ring system of formula IIla, ¥} and X!
together with 0* to which they are attached form a
ring system of formula IIIb, wherein y! and ¥? both
represent oxygen, R> to R*® are independently
selected from unsubstituted C;-Cg¢ alkyl or CFa, and
R*? and R represent hydrogen;

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

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

o' and @ both represent phosphorus;

M represents Fe;

n = 1 and 1 represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl

(referred to as puc) and m = 0.
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with Q3 to which they are attached represents 2-
phospha-adamantyl; D 1 represents -CH2 Q4 (X7) X8
wherein X7 and X8 together 5 with Q4 to which they

woaes/Epesached represents 2- phospha- adamant yl ;pdy/dB200s/600569

represents -CH2-Qd W X10 wherein X 9 and X10
together with @ to which thgy are attached
represents 2- phospha adarrantyl 10 A, and A2 are the

@@gﬁ gp %Ehef/l VJG&‘ e‘%e%j “‘%‘ ?ea%da%? S€lached

repres_eﬁtns <‘ayC|rQﬁ9nt adeam!  of pafdil@r l¥y11a, %3 and X!
unsubstituted cycl opeptadi enyl, and m 15 O. (17) Xl
and XEQGsFETe i hoLR Lo o Wik WSy a¥e attached form a

form a, d

t oget %er %g%iy%f? fwﬁggﬁﬂ‘%e%&grbé 5%1{ eir}l %ﬁgrﬂ% 50 both
ri ng systrement f asogpden) | Iﬁ;’ V\,rtererrfjw aaarw l\(lﬁd@;@élli\dently
represent R' to 13 are.i ndependent
seFec@@geﬁ%t%“gMSPPFHP%El@it%ﬁ SLRYys EP‘kEﬂ:S orfeFaR and
41 an@y@%r;@pregﬁggsgﬁgrgggﬁiﬁ and A2 are the

same and represent D and E | are the
same &lidreppeesshs hideogeiX dK® wmeubbni Kit@uld CX® Gbogether

al kyI rtieularly.hydro
represen% hosrﬁworﬁ"g 1l Eﬁ%’(ege’rﬁ %&%P%& af®T® 2 ring
represw&%nﬂyﬁiﬂ)peﬂbﬂlﬂuww ITI8) pahbiredlmrly* represents

unsubsti t ut ed c%cl openggdl enyl (referred to as puc)
and mPXygen, R to K VEFroodsErPeggiently selected from

PCT/Gﬁ%@Q@@Q995§%subst1tuted C1-C¢ alkyl or CF; and R?° and
R* represent hydrogen;
A; and A, are the same and represent -CHy-;
o', 0% and Q°® each represent phospherus;

- D! and E' are the same and represent hydrogen or Ci-

Cs alkyl, particularly hydrogen;
M represents Fe;
n = 1 and 1 represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

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

- represent oxygen, R® to R® are independently
selected from unsubstituted C;-C¢ alkyl or CFs;, and
R*® and R* represent hydrogen;

X! represents —CH;-Q(X°)X® wherein X5 and X°® together
with Q® to which they are attached form a ring
system of formula IIIc, wherein Y represents

oxygen, R*® to R are independently selected from




56 (18) X1 and X2 together with @ to which they are
attached forma ring systemof fornula Illa, X3 and x4
together with QL to which they are attached form a

onbd%ﬂnsﬁ)ﬁ?tem of formula Il1b, wherein Y' and periaettosmeoseo
represent oxygen, R50 to R' are independently

sel ected fromunsubstituted g -C6 alkyl or CF3, and R
49 and R54 represent hydrogen; K represents -CH2

- B(X5) X6 wherein X5 and X6_!oget her ith 3 140 54
whi ch unseypsddd wedached e O?Hlégri% Cflg'sy%? mipf and R
formula 111 Ide$3 represents oxygen, R50. to R

53 ar erE'Ipr1llc?esc|cg:'jenneél\g1 ﬂ%lf%seel ected from hydrogen,.

unsubst,i tuded, Chr&btlad ksdmeorar@h-3epwe Faryt arfeHz-R5!

e PLapIoE gy T B B

€ represent
g  Phosphorug,gD gt apdg&neé¥ e wihe sene acsrbepr essots of the
hydrogen or G- C6 alkyl, particul a‘rlk}é hydr ogen; M -hed
r epr eseynt sopentadilersrdd  ERngepk@s et yé-lx’t?é'e £E6i edyiac

20 particul arl S ' I Adienyl, and m

0. (19°% %’M‘XS&LUI?%%%;& %ﬁ%qﬁg{&v\hl ch they are

attachedreppssemcs ifey systemof formula Illa, X3 and X

4 25 together with QL to which the re :

a ringtsystembf &l z%l"ll I |5‘?Pﬁﬁ%?%‘ﬁ% Yi ég%ggggggéta?i%yl'

repre B R b dr ey Neieprbddnehyl, and m =
10 sel ecfé%??%%gﬁﬂ%%&l?ﬁ ut eld CI-OB@%I kyl or CF3, and R

49 andOR 54 represent hydrogen; 30 K I represents -CH2

-@B (X5) X6 wherein X5 and X6 together with @B to

whi ch they are ‘attached f orm|

(20) X' and X® together with 0? to which they are attached

form a ring system of formula IIIa, x* and X°
15 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 C;-Ce¢ alkyl or CFs, and
RY® and R*® represent hydrogen;
20 A, and A, are the same and represent —CHz-;
o' and Q® both represent phosphorus;
K! represents hydrogen or unsubstituted C;-Ce¢ alkyl,
particularly hydrogen;
D! and E! together with the carbon atoms of the
25 cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;

M represents Fe;
n = 1 and Ly represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

30 0.

(21) X* and X* together with 0? to which they are attached

4
form a ring system of formula IIIa, ¥3 and X
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aring systemof formula Illc, wherein Y 3 represents
oxygen, R'50 to R 53 are independently selected from
WO 2005/ 079981 PCT/ GB2005/ 000569 57 unsubstituted

woGhosiom kyl or CF31 and R 49 and RS' represespiricB2005/000569

hydrogen; A, and A2 are the sane and represent -CH2-;
Ql I Q2 and B each represgnt phosphorus; 5 D1 and
El together with the carbon atons of the

cycl opent adi enyl ,ring,to which they are attache form
an unsisaihes e‘dlbhe%;I toi il r ebtBsénts a,fé:’acg‘xe,d ahgrm 2 -

LI re n | gpeiag I+ 0 oAl &k | 2
unsubg{ﬁtﬁftée sg%lgl %gent adlugﬁél:t,na{%'d ‘?nﬁé%éﬁ?zg) %(adagd both
t

X 2 t agaitesenti t hogggen, waikch they Bie aiteichéudepengently
a ring systemof formula,lll. X3 d X4 .15 .together
with C?fslt%mi/ﬁl“ﬁ c%r?ﬂeynfﬁgsﬁ%ggﬁgdaﬁgr% L%y %ys?g‘?ﬁ and

of forgal anl kY, r\%ﬁre%ieﬁhtY%-yd&@ge\ﬂ; both represent
oxygen, R 50 to R53 are ipgdependently selected from

unsubgti rerEesentes ey’ 6K I3 wher@inrXlgandd R sggeﬁher

repr esent,. hydr n;. 20 A re g:qﬁ. .
reprez'glmh-gﬁ??g @T%acnkd'lA @%%o?érraep?%‘g%%l?&gﬁosp orl?s; ting
K repnestesmis dFdr dgemuda urkiiust i twhedelh - Cr? akkplresents
particul arly hydyogen;_ s 1 and, E3- together with the
Car borPSHEH iy of L hES 5l bpbRUABFBAFTLLY ng PG Ln from
they aifsd@chackd f @noean dngubshirt ugegd phery! r#9 ngng RS
M represents Fe;

represent hydrogen;

D' represents -CHp~Q*(X")X

with Q' to which they are attached form a ring

® wherein X’ and X® together

system of formula IIIc, wherein Y represents

oxygen, R to R are independently selected from
- unsubstituted C;~-Cs alkyl or CPF;, and R*® and R

represent hydrogen;

E' represents —CH~Q%(x*)X'® wherein Xx° and X%

together with Q° to which they are attached form a

ring system of formula IIIe, ‘wherein Y® represents

oxygen, and R* . to R are independently selected

from unsubstituted C;-Cs alkyl or CFs;, and R'® and R*

represent hydrogen;

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

o', 0%, Q%) Q' and Q® each represent phosphorus;

M repreéents Fe;

n = 1 and L represents cyclopentadienyl; -

particularly unsubstituted cyclopentadienyl, and m =

0.

(22 %%, %2, X3 and X' independently represent congressyl,
especially where X! to X' represent the same

congressyl group;




n 1 and Li represents cycl opentadienyl, particularly
unsubstituted cycl opentadi enyl, and m 30 0. (21) X1
and X2' together with @ to which they are attached

5 ring systemof fornmula Illa, X 3 andpg#/Gibos/000s69
wo s8R
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981 PCT/ GB2005/ 000569 58 together with Qto
which they are attached f orgya ring system of
formula Il1b, wherein Y1 and y2 both represent
oxygen, R50 to R 53 are independent | sel egted from
unsubgii %&2@3—’66tg?k§?m8rg&asfe%ﬁ%se%tR §g2 ahd R 54
represgnt dydrpoeit Kel HIRPragRNtEhd Giprdde®t XBydrogen or
V\hereisiﬁrlXS and X6 tc?get her with B to which the%,/ ar%eI
at t acheustilos i butédgCi$Sssndkyds Perbiralarly hyHspern/
Y3 represents., oxygen, R t [ ndependent |y
sel ect dafnr%rﬂ 130)& sﬁﬁ??ﬁ%%%gdgasgsla%{g?kyl or CF3,
and R9vapg-Resentgpresent hydrogen; D 1 represents
-CH2 4 (X7) X8 wherein X7 and X8 together wth 4,
to whith they hre a®facHad f SERFESERRY sG¥CipPeptadienyl,
f or mul e| sgnt OXY88NenR190ahA m =
R- 93 %#%g%%g%ggn?ﬁﬁggfgg?gd fr%?nﬂé%nsubstf?gt éda
g-C6 alkyl or CF3, and R 9 and R' represent
hydrogen; El represents -CH -Q (X9) Xl o wherein X9 and
X 10 together with @ to which they are attached form

22370 %I hggBystiemnef ohadepeMdentMpergphe¥bnt congressyl,
represents oxygen, and R50 .to R53 gre independent|

sel ect espetiamitins wheriet uted G Célal KSAPERSTES, E%B Rsame

sane an
K

independently represent congressyl, especially where

49 andcglnggsrségg:ﬁig%t]?/dr ogen; A, and A2 are the
1

represents -CH-Q*(X°)X® wherein X° and %8

%! to X° represent the same congressyl group;

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

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

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

M represents Fe;

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

0.

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

k! represents ~CHy~Q*(X°)X® wherein X° and X8
independently represent congressyl, especially where
x! to X° represent the same congressyl group;

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

0*, % and Q® each represent phosphorus;
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25 Ql, @, @B, Q and @ each represent phosphorus; M
represents Fe; n | and Li represents cycl opentadi enyl;
particul arly unsubstituted cycl opentadi enyl, and m O.

woHosigeds X! . X2, X3 and X4 independent|y repr §g&aiga00s/000569

congressyl, especially where X1 to X4 represent the
sane congressyl group; \/\0296)5/ 079981

PCT/ GB2005/ 000569 59 A, and A2 are the sane and
represent -CH2-- KI, D and El are the sanme and '
repr edent ahgddrgehiogethaas ubidt t §hed €prbens aAtgms of the

parti cul ; : d r e
phosp hco\f%g%geljggﬁf%?pﬁés g}ltn F1(—5,<;92 nmé\}}} d eSS r gtf):rees%ﬁ{t g ched
cycl opertmdienyhsubpat tiaicad gHenwinsuss;i t ut ed

cyclopentadienyl, and m 0. lo (23) X, X2, X3 and X4
i ndepdhdeR¥§SPeF 8Nt congressyl, especially where

X3. 1q, X4 represenindhe game 50896868y 87Y¥Bpektadienyl,
represents -CH2-Q 3 (X5) X6 wherein x5 and X 6 : :

i ndeperatent ¢yl aehy esraubsobignead yyckepertaiignyher and m =
15 X1 to X6 represent the sane congressyl group; A,

and are the sane and represent -CH2-; Ql, Q2 and

@B each represent phosphorus; DI and El are the sane

and re)greseznt hydrogen or ~unsubstituted Cl-C6 al kyl,

i Kilady Kdedfert 20pAfRpeRipRtEnt EeRESSANE SRRIEPSSYL,

represgal s, CYL] Prephadeen®t, to x* represent the same

congressyl group;

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

0! and Q? both represent phosphorus;

K' represents hydrogen or unsubstituted C;-C¢ 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 = 1 and L; represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

(26) X%, %?, x® and X' independently represent congressyl;
K® represents ~-CHp-Q*(X*)X® wherein X° and X°
independently represent congressj;l;

p! represents -CH,-Q*(X")x® wherein X' and X® -
independently represents congressyl;

E! represents ~CHp-Q°(X°)x'® wherein X° and X'
independently  represents congressyl, especially
where X' to X'® represent the same congressyl group;
Ay and A; are the same and represent —CHz-;

o', 9% ©° @' and Q° each represent phosphorus;




particul arly unsubstituted cycl opentadi enyl, and m O.
25 (24) X1, X2, X3 and X4 independently represent '
congressyl, especially where XI to X4 represent the

WO SGER7998PNYr essyl . group; Ki represents - CH2-£8r/GXbjos)60s69
wherein X5 and X6 independently represent congressyl,
especially where 30 X1 to represent the sane
congressyl group; A and A2 are the sane and represent
- CH2-; , @ and B each represent phosphorus; WO
2005/ o7 9EPE B ERI5/ 000569 60 D 1 and E3- toget her
w th the carbgn at of. th apent add bpéntiishyl,
whi ch ™ hey argL at taglg]ﬁed&'lf orerrr?%&%nsubst ic%ﬁmédpphenyl Y
ring; perteipmeserntys dresulps i thiteed ddcloperdsshitenyl, and m =

cycl opent adi enyl, particularly unsubstituted
cycloﬁbntadienyl, and m 0. (25) X1, X2, X3 and X4
5 i ndependent|y represent congressyl, 10 especially

where X1 to X4 represent t he sane congressxl gro#%;rl -
®7)ank A2 and t h¥ sad@depenodgptéyent TeRFPSeNtgl 3PRMAPLY-Ls
both represent, pho [ USy1 Ky JEPrEs ety Iyl Dgend  same
unsubst R%%%{H-d%?gg%kyf afg?pagtsi cularly hydrogen;

D anhdR&lmdwgel herowpi h the carbon atons of the

o UnGKs TRy | PRI (R dih s Rer openEyats
10 and Licgmepgesenis) cyglppent adernyl, rY, R°, R®, R, R' and
R!2  independently  represent C;~Ce¢ alkyl = or
trifluoromethyl, particularly where each of R* to R®
and RY to R is identical, especially where each of
R? to R® and R to R represents unsubstituted Ci1-Cs
15 alkyl, particularly methyl; .
A; and Az are the same and represent —CHz=;
k!, D! and E! are the same and represent hydrogen or
unsubstituted C;~Cg alkyl, particularly hydrogen;
o! and Q° both represent phosphorus;
20 M represents Fe; 7
n = 1 and 11 represents cyclopentadienyl,

particularly unsubstituted cyclopentadienyl, and m =

0.

25 (28) X* and X® independently represent adamantyl,
especially where X' and X* represent the same
adamantyl group;

K! represents —CHz-Q° (x5)X® wherein X° represents
adamantyl, especially where X', X® and X’ represent

30 the same adamantyl group; '

X2 represents CR*(R®) (R®), X' represents CR¥ (R (R¥?),
x® represents CR'®(R') (R'®), wherein each of R? to RS,

R +to R¥2 and RY¥ to R'® independently represent
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particul arly unsubstituted cycl opentadi enyl, and m O.
(26) XI, X2, X3 and X4 independently represent
congressyl; 25 KI represents -CH, _(@B(X5)X6 wherein x5

wO65/0%09811 ndependent |y represent congressyl; QCT,GBZMS,OOOS(,Q

represents -CH2-Q (X )X wherein X? arnd X8
i ndependently represents congyessyl; El represents
-CH2- B (X9) X10 V\/nerel n X9 and X O 30 i ndependent |y

represents. congressyl, Eem al | where X1 to X10
r epr esBRFUPRELIENLE on syl Hrloth: HF arfdiflugremethyl,

the sapp,aRdyiaRI¢SqHerdHsch @ rROL¢ QRS Qhi@ 12
each r reseﬁt hg: hoerrus O 2005/ 079981 "o &2, and

PCT/ GBRODS¢ ®0BS569L s 6Jldem¢1@@leseﬁpscﬁally tvhame leach of R*

represents o,;ycl gnt adi enyis, e ti g;larl
unsubstPt ufed I'op%ﬁi 'enyl ad;a 3/5 %27) rgpresents

and X3uthBB@ﬂd@'&ka chepf esiantl a(iﬁmfﬁ.tddlarl%ﬁl@@ﬂh%‘l Y
where X1 and X3 represent the same adamantyl group; X

2 repr@seitd BRaYRAHhY Fag)e AN %Qprr%ﬁiﬁfetsaﬂ%a"rlo
RO (Rl RZ Waehein cachiol jBedh B.8,1 ROT R

10 r R711 epe ent epr sen '
al kyl D’r amehoamthtyé srametlanﬁarﬁapmm: ehpdﬂroﬁen or

R4 to to R 12 i.dentical C|al
Thor ¢ BASHES RS ERE oH0 CReCa A0 Hay i st aalar doistras

unsubsyi +abedsEht§CGrel5 al kyl, particularly nethyl; A,
and A2 are the sane and represent -CH2-; K1, D and

El arent he=sanmd and@nflepr bsentraprisRpds or cyclopentadienyl,
particulérly unsubstituted cyclopentadienyl, and m =

0.

(29) X' and X*® independently represent adamantyl,
espe.cially where X! and X° represent the same
adamantyl group;

K' represents -CHy-Q°(X°)X°® wherein X° represents
adamantyl, especially where X*, X’ and X° represent
the same adamantyl groupr

X2 represents cr* (R%) (R®), x* represents CRI (R (R¥?),
X® represents CR!®(R'?) (R'®), wherein each of R? to RS,
R to R™ and R'® to R' independently represent
unsubstituted C1—Cs alkyl or trifluoromethyl,
particularly where each of R' to R%, R} to R!2, and
R® to R is identical, especially where each of R!
to R R to R¥ and R to R represents
unsubstituted C;-Cg¢ alkyl, particularly methyl;

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

Q', ¢? and Q° each represent phosphorus;

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

form an unsubstituted phenyl ring;




unsubstituted C -C6 al kyl, particularly hydrogen; Q
and @2 both represent phosphorus; 20 Mrepresents Fe;
n 1 and Li represents cycl opentadienyl, particularly

ituted cyclopentadi enyl, and m 0. 25p{2@B2065/000569
wog@g}d@ki
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I ndependent |y represent adamantyl, especially
where X1 and X 3 represent tgi same adamantyl group
K 1 represents -CH2 @ (X5) X6 wherein X 5 represents
adamantyl, especially where X I | X3 and X5 represent
30 t heM scawreasemaft ¥/ group; X2 represents CR 4 (R9)

(R6) , X4 represents, CRQ(KR X6 88B8h8ienyl,
CR 6(R7) '(R18]}e, vﬁ‘fz?ei nﬂeackeg?eégéttso chelr%gR" to Y
R' and,RtieuRiS1yndagabdentiyed epyebepeny@iienyl, and m =
2005/ 079981 PCT/ GB2005/ 000569 62 unsubstituted Cl -C6

al kyl & trifluoronethyl, particularly where each of
R4toR6, R toR12, and R16 to R18 is identical,
especially where each of R4 to R6/ R 10, to R 12

aoelh R 26 1 @riB, 8 X epr esdependentukis ubRERIRSERTC3. 2ggmantyl,

al kyl, particularly.nmethylh A__and, A2 a nd
repres%ﬁPegEféiy épfrf Qxb aﬁ&8C)§ eagﬁsféggggegﬁh% same
phosphogisanby1ageolb;are the same and represent

hydrogen or uUnsubstituted,C3, - CG, al kyl . partd cul arl
hydr ogéﬁ; leemresphEsent §Rl%é,RB)n(Rl)and%E‘Id reﬂ{ eserﬁesp]'yesvants

Vel SOERIAPET A A o Jopun g, %, K ans
i ndepentfent | yndeperdentlgdangspyesent C1-Ce alkyl = or
trifluoromethyl, particularly where each of R! to _RG
and RY® to R!? is identical, especially where each of
R? to R® and R® to R'? represents unsubstituted C;—Ceq
alkyl, particularly methyl;
A, and A; are the same and represent —CHp—?
o' and Q® both represent phosphorus;
K! represents hydrogen or unsubstituted C1~Cs alkyl,
barticularly 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 Fé;
n = 1 and T represents ‘cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =

0.

Specific but non-limiting examples of bidentate 1ligands
within this embodiment include the following: 1,2-bis-
(dimethylaminomethyl)ferrocene, 1,2-bis~
(ditertbutylphosphinomethyl) ferrocene, l-hydroxymethyl-2-
dimethylaminomethylferrocene, : 1,2-bis-—

({ditertbutylphosphinomethyl) ferrocene, 1-hydroxymethyl-—
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espe cially where X1 and X3 represent the sane
adamantyl group; K represents -CH2 -@ (X5) X6
wherein X5 represents adanmantyl, especially where X1,

woSfsandg 9 represent 20 the sane adamantyl gbgkﬁnogﬂmmﬁg
represents CR 4 (R5) (R6) , X4 represents CR10 (R11)

(R 32) X6 represents CR' (Rgzy (R') , wherein each of
R 4 to R6, R0 to R 12 and 6 to R 78 i ndependent |y

resen tituted Cl -
T LAT bHPALR Y SB L BaR e B AP Py SOHEPE cach of Fi@rdrtris-

i denti cal, -
%%%g?ﬁﬁyvfﬁﬂelggpggg@meghkﬁ)FE@E':: ek (oM O 1 dufois

(Riitcy ol B exyéphesphigometbybs feruoeene) - C6 lal dkltis— (di-iso-

cul ar and A2 are the sane and .
QQkﬁiB% L%Pﬁmﬁgﬁga)%ErIEEegﬁd @B each represent 1,2-bis-

pépéntgalpaedpﬁanoh@gﬁymEewﬁd&ehbe carbon at omp2-bis-

(of cloggntadlené ring to which they are
(aitac%aéméap PEPHLBATGHE étfPFEPé?&n&henyl ring; Wols2-bis(di-

W5 039981 BCTL CBRAOBLO00563 B M repr esents Feiy py s o
Skt e S

ents cycl openta |enyI particularly’
(unﬂmﬁsmylphedphynbmp&hyadfemybpeaﬂd mlAE -5 £-3Ji-%1, 3,5, 7~

and X3 |ndep nge I resen mantyl, especially
Fﬂﬁﬁ%@%@qyg g gb'éﬁ %@ P 85 %ﬁe adamantyl group;
aﬁa%néﬁ@j}ﬁﬁéﬁh?l?ﬁ‘feﬁ:gobeﬁ@) and x4 represents | R F2-pis-
CR Q(R 3-) (R3.2) where in each of R
(diygﬁhyﬂqmlnomethyl)ferrocene—blsmethyl iecdide, 1,2-
bis (dihydroxymethylphosphinomethyl)ferrocene, 1,2~
bis (diphosphinomethyl) ferrocene, 1,2-bis-o,o-(P-(2,2,6,6,-
tetramethylphosphinan-4-one})dimethylferrocene, and 1,2-
bis-(di—l,3,5,7—tetramethyl-6,9,10—trioxa-2—phospha—
adamantylmethyl) )benzene. Nevertheless, the skilled
person in the art would appreciate 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,

said system comprising:

a) a metal of Group VIB or Group VIIIB or a compound
thereof, '

b) a bidentate phosphine, arsine, or stibine ligand,
preferably a bidentate phosphine ligand, and

c) an acid,

wherein said ligand is present in at 1least a 2:1 molar

excess compared to said metal or said metal in said metal




R 12 independently represent Cl-C6 al kyl or
trifluoronethyl, particularly where each of R4 to R6
and R10 to R12 is identical, especially where each of

dobsdhsR6 and R10 to R12 represents unsubst i paireB2005/000569
wo@.f?% 15 al kyl, particularly nethyl; A and A2 are
the sanme and represent -CI—I2-{;j Q1 and Q 2 both

represent phosphorus; Ki represents hydrogen or

unsubstituted C-Cr, alkyl particul arly, hyd{_ g st
clomp carndl £l andgehabr SM{ihaFHQ &8 BT SANE b2 E hés?

cl opent adj e i gh {heysare attached form
“@ﬁad:ns%%ef? ?g&‘op y%grlg\é]ng M(?epresents Fe; n | and
LI represents cyclopentadlenyl 25 particularly

bstituted | t ad t
R

' | W8 bhBofohkavsngestribkids-hel@inbefore
> a(rg} nefr@ﬁ?%mgﬁgﬁg%ﬁé )errrocgne 1, 2- bles

e texqedliy| phptphabbeetaythier 2 6EeRE:
1- hydr oxynet hyl - 2- di net hyl am nonet hyl f err ocene,
1,2-bis- (ditertbutyl phosphi nonet hyl)ferrocene,

%éla/f’di% et By | a W REHHH 079081 RGT/ GBRO0TBO0SEY igwention
3-bi s= (di net hyl am nonget hyl errocene

PEQ‘Z@GN i sa ( AEYETDHut fl%hos%ﬁ?non%?’ﬁ???y?’aﬁ‘ocene an
10 rgygeﬁlfé? #'SO- %Jt\?{%élifgwsEBhﬁ%ﬁ%HhY&émﬁrﬁéiﬁgemﬁmtactlng

phosphi nonet hylz f errocene g
én2ebh§16n(ld:aild.ycIunpemlyrlapbﬁdsg it c*eq;lfkggleﬁngmoxz. e
=¥y bls det@_/ hosph no b ln??e in the presence
219 8 R <orel o ORI GHOSHT MO TS or FBoche, °
d£2aPicktalyst system as deflned in the present invention,
such as defined in the first aspect of the present

15 invention. Preferably, the process 1s a ligquid phase
continuous process comprising the step noted above.
Nevertheless, although the process is preferably operated

continuously, batch operation is possible.

20 According to a yet further aspect,- the present invention
provides a  process for the carbonylation of an
ethylenically unsaturated compound comprising contacting
an ethylenically unsaturated compound with carbon monoxide
and a hydroxyl group containing compound in the presence

o5 of a catalyst system, said system comprising:

a) a metal of Group VIB or Group VIIIB or a compound

thereof,

b) a bidentate phosphine, arsine, or stibine ligand,
30 preferably a bidentate phosphine ligand, and

c) an acid,
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(d. i nmethyl phosphi nonet hyl ) f errocene,
1,2-bis-(di-(1,3,5 7- tetranethyl-6, 9
10-trioxa- 2-phospha 10 adamantyl methyl) ) f errocene,

wo decdées1 (d. i met hyl ami nonet hyl) ferrocene-bi %@ﬂdm'oo:/oom@
i odide, 1,2- bis (dihydroxynethyl phosphi nonet hyl)

ferrocene, 1, 2- bIS(dehOSph €onethyl)ferrocene
1,2-bis-a,a-(P-(2, 2,6, 6, ranethylphosphinan- 4
-one)) dinethyl f e rrocene and 1, 2-
wbezelfi -s2i8l 5 1igand okt MASHRS 180y ﬁ"ox%e%s}'ahé‘sp%al molar

eﬁg%ggn%lmg%%@/&)%Qagéﬁgeme@%\ieréf‘eé&?@ mét‘@ls.ik.hl kgdd metal

rson in-the ar appr eci ate that other
cbingenhal, e andi geinals. sandbecédviisagetesdntholn adbpieadhga 2:1

fromthe scope of the |nven$n€ g According to a
mPéPFh@FC§§§eE¥”mQ?E9 e et 1E mve®28n  provides a

cat al yst system capabl e of catal ysing the
carbonyl ati on of an ethylenically unsaturated '
Scuartrpbtlm;l thea- hytdepsyemorsiR | epRgainbng) campepap dncludes

VI B €1 V e9f.
BEGInCh DiIRRe "are s JFTPRE R P EERRY Y fihctional

I'ne, arsine,

E)era;*ﬂe)fe'rébﬁ?nt ahe Wrgﬁﬁﬁmanbl@amﬂe hadifl§ e) hamiroxyl
aci wherein said ligand is sent in at | east

EBACTAORA] GHRER STEUNDE GF U] (ORelAPoOF / sER FeIgTises
ag SAkLh %%a%@i%%¥QEQE99§1C?£E£§£8P@§$@PO5@ﬂclﬁalng aryl

compoun that said™acid is present in at |east a

azkhnomsl,ammmd@smayo&vparm:t@asbm bugakytuFed whth one or

av0|daq$e of an% dou
P

h
FeltadPlrateiartod T PRUuEES M argt, met,

h*&%el nkefdis nitro, ORY®, OC(O)R?, C(0)R**, C(O)OR?,
NRPR?, C(O)NR¥R?*®, C(S)R?*R?%, SR?’ or C(0)SR?*® as defined
herein. Highly preferred alkanols are C;-Cg alkanols such
as methanol, ethanol, propanol, iso-propanol, iso-butanol,
t-butyl alcohol, n-butanol, phenol and chlorocapryl
alcohol. BAlthough the monoalkanols are most breferred,
poly-alkanols, preferably, selected from di-octa ols such
as diols, txriols, tetra-ols- and" sugars may also be
utiligsed. Typically, such polyalkanols are selected from
1, 2-ethanediol, 1,3-propanediol, glycerol, 1,2,4
butanetriol, 2- (hydroxymethyl) ~1, 3-propanediol, 1,2,6
trihydroxyhexane, pentaerythritol, 1? 1,1
tri (hydroxymethyl)ethane, -nanhose, sorbase, galactose and
other sugars. Preferred sugars include sucrose, fructose
and glucose. Especially preferred alkanols are methanol

and ethanol. The most preferred alkanol is methanol.

The amount of alcohol is not critical. Generally, amounts
are used in excess of the amount of ethylenically

unsaturated compound to be carbonylated. Thus the alcohol




are equally applicable to this aspect. According to a
further aspect, the present invention provides a
process for the carbonylation of an 10 ethylenically

wolissilbysqt ed conpound conprising contacting apcT/GB2005/000569
ethyl enically unsaturated conpound wi tth carbon

nmonoxi de and a hydroxyl gro cont ai ni ng conpound in
the presence of a catalyst systemas defined in the
present invention, such as defined in the firs

REsheBeTBP tHe BPEsHIRACEAThvETBRT PlefW? 1y?5ttﬁé>ughr 1f
cgésoicreescf,. '§e?ﬁkég%' Qo@t}éﬁgs QD ENEUGUB P86 SS
onprisi ng e step

not ed above. Neverthel ess, .
al t hough the process is preferably operated

continuously, batch operatigon is possibl

Fecording S AHRTSPbRERer Bipbcthe: ey ditoguct of the
5 WA PN sPlRtlesi e dr EC3Baber ibhg st bopy khlei eowfce of

an ethylenically unsaturated conpound congrising -

Iydnteryd ngrodn Sompadsiad |SoRRAMArATed- cdhpsdtdnith vsed

car bon npnqgxi h qels JNi
LErpBand Y L PRE  pribafl o LS AP RoRPBLALT fien the end
SEbEuSY si emitenrd st egpom)ieg neasbopyltcoapiv, B wirereas use
Goup VIIIB or a co oung t her eof g& a bidentate
of A Hea gL sPREJUGRSsHfi FEXFEFRAGT" S0 S5 &terably a
1p Pidentate phosphine ligand, and c) an acid, WO
2005/ 079981 PCT/ GB2005/ 000569 66 wherein said |igand
Is pridsentalsp atbd egppreciptedplthat ekbessPESFFEFedot the

to said netal .qQr._saj i N sai t-aly ;GO havi
BRESEhat l%arie&t&andq(}agr g%%%%tntegfﬁﬁag I@éast 3 2%9% arc g
4t soFPaseslvi@inai thdligandatioSui alabvy, dthebelow those
hydr oxyl _group contai nin cqqﬁpund I ncl udes s

c}./aime but such ratiecs wi progress to values within

15 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 duxring the process of the invention as further
20 amounts of some or all of the components are added to
maintain the usable 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

25 maintain levels within the actual catalyst system.

As stated hereinbefore, it will be appreciated by those
skilled in the art that the phosphines described herein
may function as ligands that coordinate with the Group VIB
30 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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wat er or an organic nol ecul e having a hydroxyl
functional group. Preferably, the organic nol ecule
havi ng a hydroxyl functional group may be branched or

wo'(z:{)d%%s‘sland conpri ses 10 an al kanol, parti culpgiloB280s/000569

-C30 al kanol, including aryl alkanols, which may be
optionally substituted with e or nore substituents
selected fromlower al kyl, aryl, Hat, halo, cyano,

nitro, ORL9 OC (0) R 20, C (0) R 21, C (0) gRt%i’

iNREBRiZA rammi (DPTRR TIRY6, T RPYLFER 2PRIS e gcatalyst
nl5 herein. Hghly preferred

s§?§%ﬂ§%§f§?§% %? élkanols,such as met hanol ,

et hanol , propanol,- iso-propanol, iso-butanol, t- butyl

al cohal n-but anol enol chl oroc alc
ThPﬁho&ﬂw%féﬁFéh%%.£%HSF§'agiqngﬁeiﬁ€€e¥Pgan% i provides
apcg ﬁiéﬁ?nekﬁab@éefo@ ablatalyalief eché r elrdoriQlat ids of an
ols, triols, tétra-ols- and' sugars may
eahydielmecadihyl i sel@tnsal'gfpréaleldy, sgenppBndal kan®rkd ar e complex
sel e 2= et hanedi ol , 1, 3-propanediol,
offpiarae B0 AMRITIREL T ol
2- (hydroxynethyl) 1, 3- propanediol 1,2,6
tri hydr oxyhexane pentae thritol, 1,1.1 25t
a) hyér ox§¥@t hyf) GEPRRe %nﬁ&se@rek}?béggl%alo&ct%sé’ompound
ggge gt her sugars. ‘Preferred sugars include sucrose,
Fuctode and gl ucose. Especially preferred al kanols
var earreblidenrtatandphoh@ﬂmlne,Th@rrﬁ:me:pr éfer sédikit@ancligand,
is methanol. 30, T e ann flgéc Lnds g?ﬁ critica
PEBAELA & h exc §S 6f “t he arpunt
el ghhyélcqm cally unsaturat ed compound to be
carbonylated Thus the al cohol WO 2005/ 079981
PCT/ GB2005/ 000569 67 may serve as the reaction
i‘o' ¥ rﬁt §§1&\B|ll 2 lyt @Hggarégen@eihr‘iﬂ: jepakat® 2:1 molar

s may a e use It wll be appreciated t hat

‘e&b%s%nd:qmmmi torﬁ gid metedctinnsabd dwedrdi dad said metal

clo%%sotun paanr tbrYathsea:E %%?’LdOfls present in at least a 2:1

molar excess compared to said ligand.

In a yet further aspect, the present invention provides a
process for the carbonylation of an ethylenically
unsaturated compound with carbon monoxide and a hydroxyl
group containing compound in the presence of a complex,

said complex as defined above.

In the process according to the present invention, the
carbon monoxide may be used in pure form or diluted with
an inert gas such as nitrogen, carbon dioxide or a noble
gas such as argon. Small amounts of hydrogen, typically

less than 5% by volume, may also be present.

The ratio (volume/volume) of ethylenically unsaturated

compound to hydroxyl group containing compound may vary




hydr oxyl group containing conpound used. |If water is
used as the hydroxyl group containing conpound then
the end product is the correspondi ng carboxylic acid,

Wo‘%lﬁfo%% use of an al kanol produces the correspesdo’Hoosco
ester. ﬁo It will also be appreciated that the process

of the present invention mgy start with a catalyst
system havi ng conponents providing nolar ratios above

or below those «clainmed but such ratios w.ll progress
beaweaduewidet Bimits sapd r3RyeRPLY ailtdtP dif nglj? pgange of .

cqur.se_of . t r ' |t weur se:al $o be 2 d
H&pﬁegﬁ%t%dfﬁhagegtﬁ%??%%/%l gﬁ‘&’gfn{ kg%%h conponents an‘ o
¥ esenhryet kixeeble ofattatdisox gy s gaoupaycortiyEngduFPRgounds

e 1S LT (o A DOTA LSO 3F b SMoRd TR At e P 0

5 algus J v S0l QTP Whritiinibe compatyds.
systeém Sone of the cofponents of the catal yst system
may drop out of the systemduring the reaction

rocess_and thereto I ; d- 4
The Hoin AEEER POVERS SreHr e Say Al e arEvan céfpoun
Y OB orSmSi it ik hey greénalelyi inwche bengppiedi &ced00:1

by those skilled in the art that the phosphin
ntwee r phede heb Ly noreale¥ ukRefon - |‘?‘§%‘ﬁd§°?ﬁap-efseferably at

oordingte w up 30391 Gieup 304{1B mahal most
10 ]g?a%:tgnpgl]%, %%E%?Eé‘?i%tﬁ‘ﬁé present acid, tBo form
grebephieky fini sheompiasx fregm 3epresehP:part of the
effective catalyst in the present WO 2005/ 079981
PCT/ GB2005/ 000569 68 i.nventi on and hence i nay

TRO’ aaBRhtPas ©fe t BetaRvalkydf shst émwheftimad heedi in the
et S, EePecty e PSSR CANER Onsatuzates
15 ggﬁggggﬁatiisonngé aitical. Good results may be obtained
when, preferably, the amount of Group VIB or VIIIB m.ertal._
is 1in the range 107 to 107" moles per mole of
ethylenically unsaturated compound, more preferably, 1078
to 10~2 moles, most preferably 10 to 107 moles per mole
20 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, 107° to 1072, most preferably, 107 to 1072
moles per mole of ethylenically unsaturated compound.
25
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
30 example methylbutylketone:? ethers, such as for example
anisole (methyl phenyl ether), 2,5,8-trioxanonane
(diglyme), diethyl ether, dimethyl ether, tetrahydrofuran,
diphenylether, diisopropylether and the dimethylether of
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et hyl eni cal ly unsaturated conpound, said conpl ex
obt ai nabl e by conbining: a) a netal of G oup VIB or
Group VIIIB or a compound 10 thereof, b) a bidentate

wopbisapdusne, arsine, or stibine |ligand, prefepghlob2Bososeo

bi dent at e phosphine |igand, and c¢) an acid, 15 wherein
said ligand is present in at,least a 2:1 nolar excess
conpared to said netal or said netal in-said netal

qon@ und, an thiﬁ sad acid is present in at |east a '
di-g Che"HIESS icomBF ¥ o safdChi gadf 20fPR a pEgmple

lccASReCt , At o k-RV ' p i13§§ :

ngﬁggggngor fhed%§§%%%§§§? gﬁao?ﬂ%%ﬁ@%h$¥%hlcaﬁ$& dimethyl
pirtbatiatst eznd ohpoyndlactbnear bowi demoxsdehams afor example

dr oxyl roup,_cont aini ng, conpound,i.n the presence,of
SR et BiRe Comr e B SRV EREU 8BB00. D ¢ Rémethy?
recesdiedCcaIidides t BadPIREGHonEW,eNELER. adefor example
car bon _nonoxi de may be used in pure formor diluted
dimef hyadsulphoxiges suchdas isppregyd sudaieds di oxi delfplane

. S »ar. . | amountg_ rQgen

by R e T e, eS8V pe82E81ame,
die¢hgit .sdhshomd, otévaabyeinathiropheafe el hyk-dibgabky and 2-
unsat ur at congpound to hydroxyl group containing ,
ﬂ%ﬁg@uﬁaé l@&iﬂ@ﬂ?@os/ %17%% TBCTAEERSBIH00569ncéyding
nRgbweearyhfes! i t s RM LdnfRRinad | @%.1 NbbRgend,2N¥81uene,
of 1:0.1 to 1:10, preferably frombétween 2:1 to 1:2
efhilupengeng caxrydedreedt Xflanalr dxyyigeep cbhtabhengene,
cqe the | at ' t he ction .
oG BT BL P S Oghel e b Rlos b RhERabde §ERED RS, inoLuding
hgloupvapihhathai ngf compohndsompounds eg, hexane, heptane,
2,2,3-trimethylpentane, methylene chloride and carbon

tetrachloride; nitriles eg. benzonitrile and acetonitrile.

Very suitable are 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°%Nm. In the
present context, the dielectric cbnstant for a given
sclvent is used in its normal meaning of representing the
ratio of the capacity of a condenser with that substance
as dielectric to the capacity of the same condenser with a
vacuum for dielectric. Values for the dielectric constants
of common oxrganic ligquids <can be found in general
reference books, such as the Handbook of Chemistry and
Physics, 76™ edition, edited by David R. Lide et al, and
published by CRC press in 1995, and are usually quoted for
a temperature of about 20°C or 25°C, i.e. about 293.15k or
298.15 K, and atmospheric pressure, i.e. about 1 x 10%Nm™2,
or can readily be converted to that temperature and
pressure using the conversion factors gquoted. If no

literature data for a particular compound is available,




The nolar ratio of the ethylenically unsaturated

conpound to carbon nonoxide is preferably in -the

range 1:1 to 100:1 nore preferably greater than 1:1,
woewsm7sgie preferably at 10 |least 3:1, especi PCTAGBRo0HNSE

3:1to 50:1, and nost preferably in the range from

3:1 to 15:1. The anpunt of t;Re catal yst of the

invention used in the carbonylation process of the

Y L S g TSAA ML ERRY e? BRTPOU NS MRbasured using
dyeharadiag ﬁ%i@auweﬂca@r pephy¥bB.or VI11B netal is

In the range -7 to 10-1 nol es per nol e of
et hyl eni cal |y unsaturated conmpound, nore preferably,

0-6 10 .10- | &s . preferably (10- -
e e e R
5 2TOMPOW)J. Bfefe@iabhyl tdehemntsnt 40B bildent 298.2 K), of

compound of farmula | or foryjula JI11  _to unsaturafed,

%Hn'%&tﬂfbeilss i43 theldamye 05 1t &%&efflm%ntama €'is 5.0

%@fﬁébky,z{;lﬁ-&ft QipBedylehRel RlefErabl yar 1083 .20 K), of

-2 noles per nole of ethylenically unsaturated ]

diowgithyrkh d X5 tBuiltsalf 48 AT KA Kon- edscherprhydrefuran is

j nventio t carbo [ et hyleny c y

1 alah df2 atboona RetRyLROnhodls oF BV EY Pit20s.2 1.
10 Meiffdmebd sl imramiapleti ¢ sol vents. Suitable

sol vents include ketones, such as for 30 exanple

nmet hyl but yl ket one; ethers, such, as for exanple

i sple heny &elihing SdidbhAYangae alkanol,
%%i%?éngyg?gg¥gthyl et her, diﬁ%%%yfﬁg%her, : 'ano
dret aphygtiiof sodnentdiyiiighybet benperdtedsopy ol ex¢rgtion as

nd t he di net hyl et her, .of 07 1 .
| @S Gy A Hn (BRI B0 tne  erhylenically

15 @Ssdfirat@npbpolied hy cagebat mondiatdehyhadi patee aEkdybl is
benzoate, dimethyl phthalate and butyrol act one,
afhi Aotk P l@e™or  exanpl e

The process may be carried out in an excess of aprotic
solvent, i.e. at a ratio (v/v) of aprotic solvent to

20 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.

25 Despite the aforegoing it is preferred that the reaction
is carried out in the absence of any external added
aprotic solvent ie. an aprotic solvent not generated by

the reaction itself.

30 The catalyst compounds of the present invention may act as

a “heterogeneous” catalyst or a “homogeneous” catalyst.

T T T
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di met hyl acet am de, N-nethyl pyrrolidone and di nethyl 5
formam de; sul f oxi des and sul phones, ~such as f or
exanpl e di net hyl sul phoxi de, di-isopropyl sul phone,

wo2isfeobaane (tetrahydrot hi ophene-2, 2- di oxi de) pcr«:B2005/000569

2-met hyl sul f ol ane, di et hyl sul phone,
tetrahydrot hi ophene 1, 1-digxide and 2-
nmet hyl - 4- et hyl sul f ol ane; aromati c conpounds, incl uding

10 hal o variapnts of such conpounds eg. benzene,
BY oltdtshe LeT8 hyPOBRIRRERI D xFRERE Y Sih %?eﬁ%?aﬁ-x%/l‘ cpgalyst,
1 |°r°q_-er51-ﬁﬁélfnd 8rdihBl aLQRARAGRS, WHidkEhLQr oheRZengnort
T3 kaﬁés, incl uding hal o variants ofléuchlconpoungsipor ed
bey, ihesamplyhedmdxed o2, Zo3med netisgipentiiie, the reactants
thyl ene_chl oride.and carbon 15 fetrach]oride; .
o (TP oCaEPOBEh S Ehh T i TGP hoel i 111 FRS  GGpylenically
ugthiiabhecdr ecapoRhnid; £8kVERHSCRFL RGna ikt Eofipound and
constant that is below a value of 50, nore preferably
capbonhempnagedel , 3 Repfprahlpodnisak grdtable solvent as
d%gg%$g§FZPeE%iBh? 20 present context, the dielectric
constan of & given solvent is used in its nornal

meani ng of representing the ratio of the capacity of
a condenser with that subspance .as dielectric to the

BYapAS tYoHR  RECEARBCRBAURNser Wi ta WSalR@R f 8r catalyst,

1dbel eqlf icomp@lieSof Ond henel el £64 ) I fheemstialt 822818k on a
common organic |liquids can be found in genera

- supper&nce books, such as the Handbook of Chem stry and

Physics, 7 6th edition, edited by David R Lide et al,
and published by CRC press in 1995, and are usually
THUS! @d dodidindy tenper Blititiee Of agpout, 28h@ osr@befit in®ention
about. 293. 15k or 30_298.15 K, and atmyspheric .
PEPESEERe @ iPEPCeHOUEOT Y9 05RFPONYLBF 104 QRadithyseically

uhOMVELEeEdt O ddilodrRIEPeraAf Urfe fdeqd Pr eSS USKAErERE the
conversion factors quoted. If no literature data for

paopeassti cub arcaspnigslinduks wi/h | dilee, c0a20087 0r99girising a
sﬁggéﬁ?o%?c/e(%%%%%%y Z.;i insoluble support.

Preferably, the support comprises a polymer such as a
polyolefin, polystyrene or polystyreme copolymer such as a
divinylbenzene copolymer or other suitable polymers or
copolymers known to those skilled in the art; a silicon
derivative such as a functionalised silica, a silicone or
a silicone rubber; or other porous particulate material
such as for example inorganic oxides and inorganic

chlorides.

Preferably the support material is porous silica which has
a surface area in the range of from 10 to 700 mz/g, a
total pore volume in the range of from 0.1 to 4.0 cc/g and
an average particle size in the range of from 10 to 500im.
More preferably, the surface area is in the range of from

50 to 500 m?/g, the pore volume is in the range of from
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the dielectric constant may be readily neasured using
est abl i shed physi co-chem cal nethods. For exanple, the
di el ectric constant of anisole is 4.3 (at 5 294.2 K),

WOZ%GS&H@SW' ether is 4.3 (at 293.2 K), of supbfpicasamsiosrseo

(at 303.2 K), of nethyl pentanoate is 5.0 (at
293.2 K), of diphenylether is, 3.7 (at 283.2 K), of
di net hyl adi pate is 6.8 (at 3.2 K), of
tetrahydrofuran is 7.5 (at 295.2 K) ,, olf ) . , H
WES hybnéhdnozt/y | and. the( averager RRJrticly izg of &y by the
sol vent Jjs_.ani sgke, |f: e, Ay dneuen! t @nRi NGurface
MR Dﬂfd f‘%onbnggl %gno%qé] N aproti c@égilzlgaeﬁ?ﬁvﬁhle bgu
gener atedi bythberaaget ich fsomt heOedtcer 4@ar wéhgl atkom pore

product of the ethylenically 15 upsatuyrat conpound
valwoe rdenodd dehandanae AfkaAm | Q,Qa ap g‘%i g@g and the

sol vent. - c meys ben Canki @G of 8R0AXBOSSto 100
BYShPP ot ip;:g}%slgﬁ\gle%?,%ei ‘e at arati (?@lﬁ// v) of aprotic
gRl VeDhet Oavefhdydpexd gieep ofnt AYRLAGLcORPEARE ofuUPPOTT

at least 1:1. Preferably, this rati g fr 1q .
ratenialindiforé® p g‘?er Blln)?efrc?%t 1&%0?% gfol %g]stl obo A
%ggégraggw bheuppbio mévévial abgessédonhatShdstan 3aerage
spité the aforegoing it _is greferred Ehat 1‘.heb1 from
peaet doameitercafr feamopf FA PHE ApsdRdeMBPLafifsirar Ly
ter nal. ,adde of,L.C ¢y 8BsAPEBLECLEOHMENdrate
ﬁét %8e§groagédg%yﬁ8?hébr822#%’(%&&?%2& f. SBO The cat al 32{ -

gampounds caf &he preasmperdtnt icdh dEPmactl0QSC atc 800°C

"het er ogeneous” catalyst or a "honogeneous" catal yst.
myzb%ﬁoﬁ%ﬁp%ﬁ’/%%2%8%?%00569 72 By the term

"honbgeneous” catalyst we nean . a - catalyst, i.e. a
conmpound of the invention, which is not gugpotte
the

; g but .+
Smisiillyy ddvei 6e@portt @veda nt kPR t AF t ReTrPAC BitRPOT T

the insoluble support is coated and/or impregnated with

the compounds of the process of the invention by

technigues well known to those skilled in the art.

Alternatively, the compounds of the process of the
invention are fixed to the- surface of an insoluble
support, optionally via a covalent bond, and the
arrangement opticnally includes a bifunctional spacer

molecule to space the compound from the insoluble s upport.

The compounds of the inventibh may be fixed to the surface
of the insoluble support by promoting reactiorn of a
functional group preseht in the compound of formula I or
TII, for example a substituent X, D, 2 and E (ox k!, p!
and EY) of the aryl moiety, with a complimentary reactive
group present on Or previously inserted into the support.
The combination of the reactive group of the support with
a complimentary substituent of the compound of the

invention provides a heterogeneous catalyst where the
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of the carbonylation reaction (e. g. the ethylenically
5 unsat urat ed conpound, the hydroxyl containing
conmpound and carbon nonoxide), preferably in a

woisialse sol vent as descri bed herein. By thq,dﬁéﬁaooamgomg

“het erogeneous” talyst we nmean a catalyst, 10
t he conpound of the invenzio which is carrred on a
support. Thus according to a further aspect, the

present in [ rovi des rocess for the
SRRSO 452 LOH o EPHOL i 20 | $hS 1S00RRE A58 ebinked via a

ﬁ%’é‘d%% def b.ﬁe@tlﬂ%rre' R MRGT 1 dhildee REAGRSS rh:;sea, keto
carried out with the catalyst conprising a support

qraafper ably an i nsol ubl e support. Preferably, the
support conprises a polyner such as a 20 polyolefin,
pol ystyrene or polystyrerfe copol yner such as a

/i aibheszesre £opot yo®r cehd@thehssuid ablgk pal Yolgfoudd of
copol ymers known to those skilled in the art; a

g9 |rbla?f:e%r%rﬁaiﬂr%ep%%w%\slravwﬁ’ew oFal the S upPeEh dgpend

é%gﬁef r

%arr{ icu ate Petlgirtrgéa suc & 85 rrplf)de %r%%%i%r"ups
m&rdeﬂmandsupmqymm c Edm oreﬁampl@neferabggnthe such as
SUppor.t. erial z por us s' | i ca,which has

‘?f&%ﬁ%@' in tlh TS er‘H%%Z%evooaHE/ g, PEecesses
SHH 048l tRer &g¢ol @fmmmeahenh%mdefs,f RSt ¢ dmbhation
cc/%ﬁfnd an average particle size in the range of from

dwre preferably, the surface area is -in
t he range of fronr 50 to 500 m2/g, the pore volune is
int he range of from WD 2005/079981 PCT/ GB2005/ 000569
MErdrding b ac/ guantietrheaaperage phetipresshze ivvémtion

the . range of from 20 ~m Mbst _desirab
R Epéa $3S P hﬁg?arﬁg@%ﬁsrr% 1%&@55&%?%735 the
inkrdrt iR &herein the catalyst is attached to a support.

Conveniently, the process of the invention may be carried
out by dissolving the Group VIB or VIIIB metal or compound
thereof as defined herein in a suitable solvent such as
one of the hydroxyl group containing compounds or aprotic
solvents previously described (a particularly preferred
solvent would be the ester or acid product of the specific
carbonylation reaction e.g. Methyl propionate for ethylene
carbonylation) and subsequently admixing with a compound

of formula I or III as defined herein and an acid.

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

noble gases such as argon.

Suitable Group VIB or VIIIB metals or a compound thereof

which may be combined with a compound of formula I or III




volume is in the range of fromO0.8 to 3.0 cc/g and the
5 average particle size is in the range of from.30 to
100 pm The average pore size of typical porous

wo ekt materials is in the range of from 10PCTYGBR@B/000569
A. Preferably, a support material is used that has an
average pore dianmeter of frgm50 to 500 A and nost
desiraboly from10 75 to 350 A It may be particularly

LS DY Rt enL BbBIBRLC! 1 hun,

cRibhdBhy EnB?E sUBAGM! EBW beuhbsxikh| e prederbbilg include
support, %( he i nsol ubl e support |$ coat ed .and/

cbbpil egnat fneakwlbh Phé ladipBunds THPILHB pr 8REss B?af.ﬁgum.
[ b [ k
PFﬁ¥gE@b&§? %&g{\}é gﬁ:vé MRS WL OVﬁ:l.qLQﬁe ﬁl‘téi ey a

the conpounds of
5 cBhpetns athereer.20 Hﬁé/ﬁntakmly,arimé ma@dal ois he Gggupa(YéIIB

of "an insoluble su opt V|a RGOV,
mgbad, aPdCRhés aﬁ’?]afn%gh%‘ﬁ }% ﬁ Yncl u&eseﬁgu ViLIB
, blf n ly br B0!8% o%n'%:lotﬁhléaéﬁﬂ he TeigyotBehponent
rg%t e%ﬁsom%ﬁgogupport 25 The conpounds of_ the

ed)nvelrﬁl opraﬁyrbblfn xpdllading s acek 6pmpRENd thereof.
|nsol e support, Dy n ct i tal
aFoﬁlgg By e8 ntsn&hl‘t%’err g%rrpggﬁd g {VIIIB  metals

formu-1la |
10 191rclu'd|e| isale:rs Q?ﬁilmicﬂ: aeigisd intitdnt o, compdemts Eofprising

and E3) of the aryl, K noie th a
h@@ﬁqjm SRt O T i b SO gfLtric  acids
\‘W%lisé Ya merig\gekna?ﬁal?l%l@"pwtto Bﬂf} C@@bﬂﬂabu&h as
o

reactive group the suppc rt wth a
a@ﬁfﬂld n&ﬁiar)ranslui;sm}_:tmn:tc oficide @@@m@ cofa§hegs such as

mRShES  07 SN SE2008F 000560 I CEoRuabag aF {he ToL”
15 1N opm d hadwnporir iaf lad toneddhariea EBlllphOIllC ac:J.d,
‘benzene sulphonic acid, naphthalene sulphonic acid,
toluene sulphonic acid, e.g. p-toluene sulphonic acid, t-
butyl sulphonic acid, and 2-hydroxypropane sulphonic acid;
sulphonated ion exchange resins; perhalic aclid such as

20 perchloric acid: ; halogenated carboxylic acids such as

trichloroacetic acid and trifluoroacetic acid;
orthophosphoric  acid; phosphonic acids such as
benzenephosphonic acid; and acids derived from

interactions between Lewis acids and Broensted acids.
25 Other sources which may provide suitable anions include
the optionally halogenated tetraphenyl borate derivatives,
e.g. perfluorotetraphenyl borate. Additionally, Zero
valent palladium complexes particularly those with labile
ligands, e.g. triphenylphosphine or alkenes such as
30 dibenzylideneacetone or styrene or
tri(dibenzylideneacetone) dipalladium may be used.

Nevertheless, an acid is present in the catalyst system as
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et

| i nkage such as an ether, ester, am de, am ne, urea,
keto group. 5 The choice of reaction conditions to
link a conpound of the process of the present
WO 0WFesAN to the support depend upon the  pCT/GB2005/000569
et hyl eni cal ly unsaturated conpound and the groups of
the support. For exanple, rgagents such as '
carbodiim des, 1,1 -carbonyl diim dazole, and processes
10 such as the yse of m xed ang drides, reductive ,
semiotil | BRECHRgeERTENpPEYRALE ABEBFI G YECSST O ririon such
aPHRHe A PrASEH Ay eNldPprayeti des the use of the
process of any aspect of the 15 invention wherein the
caffhlusst the agtiddhds tselgctedpdinom Gomnvatiaht hpvinge a pKa

f the i tion, =i ed b -
nRR55G Fy tnEeeP R RO LRI SR 1B b S eokism s more
pridTenen1s 1¢efd nedaher 8j n ndstd paiefalt £59! vEBEsSUERan 2,

as 20 one of the hydroxc{ﬁll group cont ai_ni ng conmpounds
Sugrtadprent | RCEKIF ventReHIHi oddl® dA&HFBed (eisted  supra.

tigul.arl efersred; SO nt _, Wo fﬁsgg; es or
Pl%ge$a§i&§uc%€% t eldsepé'csi flhéé€ C%r b%ér‘}y at |%lnrh'e? ea%:ﬁ%h more
preferdfihyther egicghate édthet hpl enelploanionydaidpnlor some
nd subsequent|y adm xing with_a ound .25 of
O RFEIOR TORTOTFYLES Bt neticher el fORRE aneAERE Sorfrom the
1iG3 b gle ey eersghdit t iRl esept Bhiter acid,
gases which are inert in the reaction. Exanples of )
medhotl  FhssPhardlud@digdr o§BAPRREEEogR i bar b di Bid Rleonic
a t I OASES I -~
a%%’o%iﬁrﬁq@}'on%téfs or a&?wﬁr@{@ﬁgeg 1%1&0%”1—%:? non
cardosolicnedc it N s leatpauntrad themiliast afovd) WAving a
20051079981 PCT/ GB2005/ 000569 75 in Iggﬁtgﬁrilt, '
PKS dRASurRt| 48 GAUSMSdi U%Oé’ti%n_ig i 4RSS than 2,
vl ¥hgrnypandplupashely B ed@rERbyid NCAEE8 having a pKa

measured in aqueous solution at 18°C of less than 2, still-

more preferably the acid is selectted from the list

consisting of the following sulphonic acids:

methanesulphonic acid, trifluoromethanesulphonic acid,’

tert-butanesulphonic acid, p-toluenesulphonic acid, 2-
hydroxypropane-2-sulphonic acid, and 2,4,6—
trimethylbenzenesulphonic acid, most preferably the acid
is methanesulphonic acid.

As mentioned, the catalyst system of the " present
invention may be used homogeneously or heterogeneocusly.
Preferably, the catalyst system is used homogeneously.

The catalyst system of the present invention 1is
preferably constituted in the liquid phase which may be
formed by one or more of the reactants or by the use of a
suitable solvent.

The molar ratio of the amountt of ethylenically

unsaturated compound used in the reaction to the amount of




cobalt, nickel, palladium rhodium and platinum
Preferably, conponent a) is a Goup VIIIB netal or a 5
compound thereof. Preferably, the netal is a Goup

wo\ﬂ)db}o%gsifet al , such as palladium Preferably, pCite&BC0031000569
IB netal is palladiumor a conpound thereof. Thus,

corrponent a) is preferably-palladiumor a conpound
.thereof. Suitable conmpounds of such Group VI B or

VIIIB nmetals 10 include salts of suc

ST EOTRRARy e 0008 e B G ofibd ha¥ very
d . fir stidd C ea6i d; lploni:a ae dod:aWabl /mol.

bﬁ%ﬁJae\r%gll gjl(%nltlgdl(%rlé’é) eag: dgrgﬁgh as acetic acid andmo

. pr ogiheni pradud; sl ptivhi caabpaylgﬁéﬁnasremmeusmg the
sul phoni id,, chl rosul haon
]fi'i‘?lﬁ’é’rdos‘af %g’ﬁ A8 ‘?‘?go%)%ms ane 5t gﬁrlnctlz}g d)ther
5 @?Onéﬁ a@ﬁtdlﬂ@t hakase suIHﬂme:r,acn,d is an
tolfuene su onic acid, e.g. p-tol F‘éne sul ni c .qcCi df
advanftage s phl@w@raéﬁat aﬁaCESﬁy Mﬁrﬁ'—cant y tewer
Su'rp& 'cftsac e %%'rﬁegna‘cﬁgrbpg} ef@aaagﬁgreﬁhes,need for

IC aCI such "as 0 perc oric acid ;
ﬂmltcrmapeﬂlﬁacmmﬂu afaerdshsuctnilsial r sepRapsaoRt of the

acid and triflyoroacetic agi.d; ortho r.c
RSB HO AT TBRY RE [ EEe et?&ewéeprﬁ)e %%P&am cgantly

ded yedhi 1 'K‘tﬂMé:@Qﬁde i§V\t1$a’ﬁCtil'd§ other
10 ﬁ%&% oenst ed alc%s 25 O her sources which

qonporden i vabtle aehbabni BBpugatallEtoSMsteR W‘l"h may be
hal o ted tetrapl or |
HRRATIOR of BB/ BB e chor'al - AT SOy Serp s mninal

é’@éﬂém@@&éaﬁbmmf:omﬁﬂxeiawystwl arly those with

labile i ands e. he hosphi ne_or_al kene
sucHPrafen e'lgdgﬁﬁ E%t%p gﬁ/rechae %Jreg dit at a

15 tf\é\}ﬁ %@LF':E 'b@e%@e%ne-)m pabl adjorm, mayo ke yijéﬁerably 0°C -
ert ess, an acid is present_in thg catal yst .
qutb#rﬂ%(s,--even--more- preferably 5°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 carried out at
20 moderate temperatures, it is particularly advantageous to
be able to carry out the reaction at room temperature
{20°C) .
Preferably, when operating a low temperature
carbonylation, the carbonylation is carried out between -
o5 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.

L 30 Preferably, the carbonylation is carried out at a CO

partial pressure of between 0.80 x 10° N.m2-90 x 10°N.m™?

-2

more preferably 1 x 10° N.m™-65 x 10°N.m™®, most preferably
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aqueous solution at 180C of less than 4, nore

preferably |l ess than 3, npst refer~ab|y | ess than 2.

Sui tabl e acids include the acicls |isted supra.

Pr fer ahl he,acid is not alcarlooxyll acid, nor

eﬁaﬂ#ﬁ thd aci d |%S@??h%% % BEPBERSRAC lakid, C@rpartlal

égggsugéhgf g0psCcapbexyhkg geid such as those sel ected
romthe 10 [ist consisting of perchloric acid.

phosphoric acid, nethyl phosphonlc aci d, sulphuric

gci agf sul phon& aci ds, en nore 8

BEPPREAPLY aci of or 6?herpﬁgﬁsu53rbo§§F? n¥ ? 1?§e|e%?edalso
Enoiribedli - steraiFanelbINAYi Rled BKarHeaRYI €8 iTow pressure
aqueous_solution at I VC of |ess than 2, 15 yet evén
ARFROPYLAELAD| e SOPFREAVE2EEPE Hevi Agraipka out at a CO

d QQHEQU 0 atp 1 E Ie S
é@é“é#éfn&% pr e er?gfybt&ﬁggggl dolg sge ectzed rom more
preferabhpi 6t 2ngooR2 thel 6°M.mo% nyosul phefitraltizds. 5 to 1.5
neig esylphonlc acid, trif |uoronetlaanesul phonic
2 tert- butanesulphonlc aci d, p-tol uenesul phonic
acid, 2- hydroxypropane- 2- sulphonlc acid, and 2,4, 6-
tr|nethylbenzenesulphonlc aci d, nost I)referably t he
%h¢dethxlﬁﬁtﬁahbxuupﬁ@hugaﬁeﬁdcomsonadsumnEdbetm@bstltuted
t S 5 (e)Y, ntl

GEFotS BT TRl (PIEL 8780ba S (EEThRET gy ror the
‘ceheyb'at @Irmtp Sa!}sbeml S Baecnchmmggnm&ama heubstituents

ca ¥% f th r4esent |nvent|on is
NS VR Td et il BrotRs ReqlPdLoRes ¢ ampen chagaining
@@tef@éf@ﬂls byuene £ ARLE4RE, t RYILBARL ANE S0 95 nB¥ul Ne oxygen

use of

~and nltrogen Examples of substituents include chloride,

bromide, iodide and hydroxy, alkoxy, carboxy, amino,
amido, nitro, cyano, thiol or thiocalkoxy groups. Suitable
ethylenicallj unsaturated compounds include ethene,
propene, hexene, vinyl compounds such as vinyl acétates,
heptene, octene, nonene, decene, undecene, dodecene, etc
up to Cz, i.e. having from 2 to 30 carbon atoms, which
may be linear or branched, cyclic or uncyclic or part
cyclic and in which the double bond may take any suitable
position in the carbon chain and whicﬂ\ includes all

stereisomers thereof.

Moreover, the unsaturated compound may have one or more
unsaturated bonds and therefore, for example, the range of
ethylenically unsaturated compounds extends to dienes.
The unsaturated bond(s} may be internal or terminal, the
catalyst system of the invention being particularly

advantageous in the conversion of internal olefins.




30 suitable solvent. The nolar ratio of the anmpbuntz of
ethylenically wunsaturated conpound used in the
react.on to the amount of WD 2005/079981
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not critical and -may vary between wide limts, e.g.
fromO0.001:1 to 100:1 nd/ Q72 The product of the
carbonyl ation reaction using the |ligand of the

i nvention may be separated fromthe other 5
conpanents by any _suitabl e neans,,K However, it _is an

&Wéﬁ%@%ﬁ’ tPES PR EERMt Aokt inmt havdner i teom| ¢ to 22
W%ﬁ: XE?% Eﬁﬁ? a5 £ EQEQEdshEﬁrggy %@%ﬁbngééfﬁbene, -
nee or ur

pur| |cat|on after the init
Serranat, i oZHmitarh@, psobucenas N e esyi dbemenieby ek enes,

ener al | gni ficantl O _higher_selgectivity., A

%urgt herogavgn?ﬁae i s° ﬂ\{l % ~BRE’ ot AL fo?ﬂ)%nentdseciﬂﬂecgn and
G ekhe cot il yShusyBsded) WhkehphBYybene! ¢ eC)iQit%d:nal Cus
and/or reused in further reactions with m ni nal

mmfll@ﬁentaa'td obnberrebshicdhal 9sefippef dndbioycliopetadiene,
I i f__.
SHAURER | SRBRRh ChBiteRbefe M S Sptlirises,

@v.@n pene-preher alltyi18QC to 1400C, nost preferably
200 Cto 120'C. An especially preferred tenperature is
one chosen between 800C to 1200C. Advantageously, the

%reboé‘ﬁ’lllyaiéﬁ‘c&mb%n%@lpcﬁh%dze@mc Ahd04er b faferably an
tenperatures, it _Is particularly advantageous to be

aidkeneo bawygoui t he r%ac@ﬁimpratcarnhﬂnteimréﬂa ubends per
(996,12 ef er bl GNy ber kLo 4, | 04t CURGEALYES gienes

carponylation car | S cafrie
helieee - EEeSOOfblbovdﬂﬁ)@. mar S{nefetiahle,, - Lemethgl-1, 3-

R sSuntob, | DE Lt O 19,4200 HEL LS, 5, 4

heptadiene, 1,3-pentadiene, 1,3-hexadiene, particularly

1,3-butadiene.

Another preferred category of unsaturated compounds
consists of unsaturated esters of carboxylic acids and
esters of unsaturated carboxylic acids. For example, the
starting material may be a vinyl ester of a carboxylic
acid such as acetic acid or propancic acid, or it may be
an alkyl ester of an unsaturated acid, such as the methyl

or ethyl ester of acrylic acid or methacrylic acid.

A further preferred category of unsaturated compounds
consists of cycloalkadienes, which will ordinarily refuse
carbonylation. For example, the starting material may be
dicyclopentadiene or norbornadiene, to give diesters,
diamides or diacids, etc., which may find subsequent use

as monomers in polymerisation reactions.
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nost preferably 150C to 450C. Especially preferred is
a range of 15 to 350C. 30 Preferably, the
carbonylation is carried out at a CO partial pressure

WO 2005[9299%ken 0.80 x 105 N m2-90 X 105 N. m 2, PCR§HB005/000569
preferably I x 105 N.rC -65 x 10'N.m 2, nost
preferably WO 2005/ 079981 P@L GB2005/ 000569 78 1-30 x
10" N.M'. Especially preferred is a CO partia
T%Fessuremg_af gabg}gglﬁ 1951}!5!31%35 RieheraRl ycai?aiﬂ”é system

essur e” car bonyl a 5 envi saged

I&ﬁﬁfanaH)Memh&meﬂmnmﬂJngnaimpmmnns;um@covery of metal

car bonyl ati on the car bonyl at.i on [ arried t _at

whdioly alhapr Le8R 18T bé?%éb % §t1o%XFﬁ$§ ﬁ@@@ the
f | t , ef 0. rhed]

FETET Hy e ‘%Sﬁ-*t.ll%’z%?%t 2 eeafn P R el Redium

suiedat stabéd izdmgoundepeundpe mAlstasitsdd recovery of the
non- s tit oups as defined above for the
Grap R’%r‘b‘ﬁg}w&%tl cularly suitable substituents

i nclude al kyl and aryl groups as well as groups
cont ai ni ng 15 heteroatons such as halides, sy

Retefeptadrlas,  BR9FEAOTANd thiet F@&é%Y%(a%?Egmofmc ides in a
tq ¢ é*&*f.E & Nl 5 jbéocm s9dt dgi 88dived in

qg‘?léixy%%%oé)?@%car oXY, a%n&}?or ??rmtro lcyano

& hiodquiod thrnabkoxysagdommdymSmntcakdleﬁpeatm‘fenb%aM nyﬂpabl'e

unsat ted, co oun ude ethene

HortrAB LU RS CBnBOIaL S8 te HISEoPEIPT Selb fe Cles O the

SRR NEs 8§t?m§IBnﬁ@ea$ odeartel wwigeane] slodekeneatalyst

etc UP to C301 i.e. having from2 to 30 carbon atons,

Sy tsim Wﬂﬂh#ﬂaﬁh@n%#q%#dtﬁ%ﬁﬁﬂﬁ§} cyclic or uncyclic

or part «cyclic.and in which the double bond may take

any suitable 25 position in the carbon chain and whi cA

el udemial | reaction medium may be a solvent for the

reaction or may comprise one or more of the reactants or
reaction products themselves. The reactants and reaction
products in ligquid form may be miscible with or dissolved

in a solvent or ligquid diluent.

The polymeric dispersant is soluble in the liquid reaction
medium, but should not significantly increase the
viscosity of the reaction medium in a way which would be )
detrimental to reaction kinetics or heat transfer. The
solubility of the dispersant in the liquid medium under
the reaction conditions of temperature and pressure should
not be so great as to deter significantly the adsorption

of the dispersant'moleculés onto the metal particles.

The polymeric dispersant is capable of stabilising a
colloidal suspension of particles of said Group VI or
VIIIE metal or metal compound within the liquid reaction

medium such that the metal particles formed as a result of




sterei soners thereof. noreover, the unsaturated
conpound may have one or nore unsaturated bonds and

therefore, for exanple, the range of 30 ethylenically
WO RMSArMsat ed conpounds extends to dienes. The CT/GB2005/600569

unsaturated bond(s) nay be internal or termnal, the
catal yst system of the inverdl on being particularly
advant ageous in the conversion of internal olefins. WO

200 0793§ 4% %(Qoﬁéﬁa Jjgsﬁé? h%lilo%r |J)h the liquid.

aving from2 carb
J?éﬁ@l&@rmﬁﬁiﬁﬁuhﬁd snehdaschbahgné, fprp@rpéﬂ'@ J:leactor along

&éﬂé@azg%ﬁgefsgf %gué%glgtaggn%% dptl({(neaZﬁé[n for re-use

decens deGenggantt i sobUsy| entalydtpr opyfeae, metal
. Jrnterﬁ&lrﬁ%lfqul efi ng aIz;lmd internal C15-Cl 8 ol efins,

5 ﬁaﬁtm’bésomdlmmalhycbﬁdmééé}#@a%@hwnﬁéﬂ?%no&é’ in
and penten | es, e r T:
30 PEETE, 7 6050, Bl R B S b L e zer
@%J[‘ i‘@l@@vhﬂsyl #Or8 Gar beonear b:atse&oubl ePootidonper of the

ecule. Non-limting exarrple e di epe
potynesiechdiFpRFSANEgaTE, §dl§89f en‘Pé1 afﬁie“t h§/‘1‘r€ ‘% 13F the
buéafl gs%e.rtdfcﬁscy hoectadigne rehadnee! 08exatiengispersant

I ene 3 pent adi ene, 1, 3- hexadi eng,
10 ﬁ@léd:ﬁ]uéar kgmain3abuledstnparphal her spiepepfleRy the liquid

cate of unsatur.at.ed 20 f
h f StSL8 @foup VI or
ER3E i’JP t B§9gIPe pEYFR cg:hol?)z %qgstac gﬁdf esters of
YospaULRIed Cadboddlds @ﬁédstaﬁdlflle)edrmigalrtﬂe settling on
starting material may be a vinyl ester 3 .ca box%%l and
abed walds asfaddE crRIePHr Opr %hnﬁ?%cﬁefd Eﬁd Al
ﬁg?hg)ﬁtalfl&:lml%%t g Alondt 4RI Ghéxh RChArt $6LBs aGhibR may
15 grow by collision of particles and eventually coagulate.
Some * agglomeration of particles may occur even in the
presence of a suitable dispersant put when the dispersant
type and concentration is optimised then such
agglomeration should be at a relatively low level and the
20 agglomerates may form only loosely. so that they may be

broken up and the particles redispersed by agitation.

The polymeric dispersant may include homopolymers or
copolymers including polymers such as graft copolymers and

25 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

30 or metal compound.




2b or ethyl ester of acrylic acid or nmethacrylic acid.
A further preferred category of unsaturated conpounds
consi sts of cycl oal kadi enes, which will ordinarily
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mat eri al may be 30 dicycl opent adi ene or norbornadi ene,

to give diesters, diamdes @2 diacids, etc., which

may find subsequent use as nononers in polynerisation
react i, ons, 5 PC 2005/.0005 80_The . .
A sgijfbss éébtnglglg’ggg%ao%%n%%%ﬁ d sqg Wi th etq}:aa %%%tpg?/%}%ﬂ:atlon
By tHes Gheupevief oei RITIR nepadvifen ety eol tiidetghase is
whi ch has, heen | ost fromthe catal yst system Wen the
st iRlde A dfd- i zed in a |iquid reaction

medi um 5 such stabilizing conmpounds may assi st

recovery of the Goup VI or VIIIB netal. Preferably,
tPeertdforlariyhe paeheysed sydiepeirsanides for a thigui dpurpose

SR A ML PR LSS M oms

Gndel,e ofubpebiid si Reiasfol haiigdls SuUsReNsk/NdeE such as
particles of the Guoup VI or VIIIB netal or nmetal
PoHye@rY gt ashe €&t al HSEeraGEehen wi tPRFti¢elardyi d nitrogen

nrier The,_ L g ct| L4m
glo t\%ﬁ’tcy o%'t heSIBﬂ?%g%?'T‘%%&orb%gﬁg#gri @]@%ge%? rmslrué:h as
@b ltylvd nivdagtyantcd idioner eactbpb lgtedisctof tthemed omssa ithe

reactants and reaction products in liquid formmay be
m scible with or dissolved in a solvent or liquid

Fixan@les 205 ThaudI0! YERGIE r Ui S RE! §38E st $ 0} € pkn %@fected
I tquid reaction nmedium but should not significantly
ifromease the pAlspogivlpysirofhglangacti on nedired yacmylanide,

g?ﬁﬁéa%%?F§%§|g}g?Thgetrﬁé@?@éﬂyigniﬁfﬁélon kir5%£§§iycine,
polyacrylic acid, polymethacrylic acid, poly(3-
hydroxybutyricacid), poly-L-leucine, poly-L-meéthionine,
poly-L-proline, . poly-L-serine, poly-L-tyrosine,
poly(vinylbenzenesulphonic acid} and poly(vinylsulphonic.

acid).

Preferably, the polymeric dispersant incorporates acidic
or basic moieties either pendant or within the polymer
backbone. Preferably, the acidic moieties have a
dissociation <constant (pK,) of 1less than 6.0, more
preferably, less than 5.0, most preferably less than 4.5.
Preferably, the basic moieties have a base dissociation
constant ({pKy) being of less than 6.0, more preferably -
less than 5.0 and most preferably less than 4.5, pK, and

pKp being measured in dilute aqueous solution at 25°C.

Suitable polymeric dispersants, in addition to being
soluble in the reaction medium at reaction conditions,

contain at least one acidic or basic moiety, either within




25 solubility of the dispersant in the |liquid nmedium

under the reaction conditions of tenperature and

pressure should not be so great as to deter
wogbgviToistant |y the adsorption of the di spers&ZRT/GB2005/000569

nol ecul es onto the nmetal particles. 30 The polyneric

di spersant is capable of stgilising a colloidal

suspensi on of parti cles of said Group VI or VIIIB

nmetal or netal conpound within t | re i

el ek v RARTR Gordh DAREIRSs Stk Me fve found

re uI 0?&(13!932391@ 9589%%18@7@29%{&0%6843 Qdoieties such
egradation are held in suspension in t he

dd qpbclyvuaqdpyumlﬁedoum ahWPdreaEFls&Pélrig%‘arY T hé;uch as
reactor alon t | j.qui gat ok | Th
. RtV G + Jy‘cf%’:l\rge E@Fl né%akﬁa]‘:e ﬁl?tf er quéaﬁjilztl es of ©
5 &@#%gﬁér Fbegnet 8k Ehpalptdloﬁnes arh&chommlﬂlylmble for use
ol dal di nmensi ons, e, in thera gg %actlon
fvethge iparemitdioa ﬁ%@rﬁjﬁt HeRRfh T'%?g@? 5§rt %

formin s a 0 t 81 vkt YaRErE i We have

medhersah nglrlé 3 2%’?%9%‘2%92 ?{11% }gﬁr%’r@%e of thfe-n al
P@uﬁaclthsatwmcbmaume treraknetagof MOhECHlFe MBI tlols less

nol ecul es remain a t I t

Fhap: 406, 8kBr oRTRERFARTNAGCTS RRpbads MBRSETes ReLgne is
10 G ouR M 9hge VI 0B gret al2 gugrowiog | emmepsteé@:dal:sled 5,000 -

agalnst set?llng on the walls f the r '

n.eag:ooa demdst pawrsf enrblagai rQS %o i n ggbm%r%t oM is
) | reffer
Bg?gg t’égg:?‘é{ CLies Ml}l?g "_I%yoéﬁ o o9 o Ep! hbgeoprefferably

eventual fy coagul ate. Some-
2gybouer-atiogin 00f whant PMPessrmyedcggrd edeirhien quger of 1,000

presence of a_suitable ? ersant but when the
di $PePOSNED E£f5eC3RE 8d:m ration is optinised then
15 such aggl oneration should be at a rel ativel y | ow

| evel and the 20 aggl onerates nmay .form onl sel,
Thet |Eﬁfet¢wera90!b@enb¥@kéﬁnuﬁfaﬁ&eu@ %/? g wifthin the

rr%%'c l%rnsed bé/d %g(l t atél%‘uld be determined for gach

reaction/catalyst system which is to be used.

20 The dispersed Group VI or VIIIB metal may be recovered
from the liguid stream removed from the reactor e.g. by
filtration and then either disposed of or processed for
re—use as a catalyst or other applications. In a
continuous process the liquid stream may pe circulated

.25 through an external heat-exchanger and in such cases it
may be convenient to locate filters for the palladium

particles in these circulation apparatus.

pPreferably, the polymer:metal mass ratio in g/g is between
30 1:1 and 1000:1, more preferably, between 1:1 and 400:1,
most preferably, between 1:l 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.




The pol yneric di spersant may include honopol yners or
copol yners including polyners such as graft copolyners
and 25 star polynmers. Preferably, the polyneric

woadneygpeant has sufficiently acidic or basi c PCHGB2005/000569
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functionality to substantially stabilise the

col |l oi dal suspension of said & oup VI or VIIIB netal

30 or nmetal conpound. WO 2005/079981 PCT/ GB2005/ 000569

82 By substantially stabilise is nmeant that the

precipitation of the Group VI or VIIIB netal from

Abeozdlimd dip phaberther s«mmcamrmmy wprsgided a reaction

Par.ticul ar| referred di grsants f t.his pase

PR e SCTRFEEPIn%: Bhi JRbrs T9R Iy caP oyl Fatalyst

8¢sdem %&r@ﬁb:@n%pl 8%, oBEhDRShBBdbgNcdaDisuely A%t least a
eterocycle, particularly nitrogen

pol yacryl ates or

ﬁépépoc‘z%’? eOLsipEEIR u@éﬁaﬂaolofvrwabowrﬂﬁpgnéucha dgidentate
|nyI L@l id ol of

B P e e mir PEdr sperdarts RS S

Bef&abﬁbﬁﬂxtefnxnwnnﬁgdmrgdx@ukxganﬂnms present in at least

pol yacryl am de, ol yac |tr|Ie po | eni m, ne .
BoPy o1 PE ‘ool AERATE TR b yPrid Metal in
aaid, rRalan 3coﬁ¥6ﬁ9&¥bﬁh)ﬁr It@@el ds)alcpoéala keugM®ent in at
poly-L-nethioni ne, poly-L-proline, poly-L-serine,

peRgtL at Prdsimedar myge s iqepineaets fes At dioard d)

and poly (vinyl sulphonic acid). 20 Preferably, the

pol yneric di spersant incorporates acidic or basic
pere€bira®lei,t hesapéndarizchrion t medide pobyner liguid-phase

backbone. Preferably, the acidic _noieties have a, .
AESEBAPE: | o tHStant POKS) oPTRESLeBNn 6%, rpigiid-phase

continuous-system reaction system. )
Preferably, within said reaction medium, the amount of
free acid present in the medium, that is acid which is not
directly combined with the phosphine 1ligand, is greater
than 500ppm, more preferably greater than 1000ppm, most
preferably greater than 2000ppm. _

According to a further aspect the. invention provides a
process fof preparing the catalyst systems of the
invention comprising combining components a), b} and c) as
defined herein, preferably in the aforementioned ratios.
According to a yet further aspect the present invention
provides the use of a system comprising, or obtainable by
combining:

a) a metal of Group VIB or Group VIIIB or a compound -
thereof,

b) a bidentate phosphine, arsine, or stibine ligand,
preferably a bidentate phosphine ligand, and

¢c) an acid,

wherein said ligand is present in at least a 2:1 molar

excess compared to said metal or said metal in said metal
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25 preferably, less than 5.0, nost preferably |ess
than 4.5. Preferably, the basic noieties have a base
di ssoci ati on const ant (pr) bei ng of |ess than

6.
WO papso7998ef erably | ess than 5.0 and nost pref EFE/GIBQO"?”OO%@

| ess than 4.5, pK, and pr be| ng neasured in dilute

aqueous solution at 25'C. 3®s5Suitable polyneric

di spersants, in addition to being soluble in the

reaction nedium a tLonyceopdi 'i:'e@@%t GO TRt a 2:1
cperetihe 39 d % glgél %82& gtg b el ther ‘within WO

- mp3e¥ %M%Pgrﬁm%c&g&ﬁ:ﬁ& l?&md{tjue Do qn@qnl:@mom the
Of as a pendant grou ave faun me

combomyat10m | & daBnE S R A cuneg i el et Ednpound,
P%?ﬂl%v%fyrokh don &BYHLpaagepol yaehdratles isich ast an

c aci are particularly suitable. I_jL h
H}ﬂﬂeﬁﬁltti@llyelmamfraﬂw pobypeRndhi AT SRALEEPRLY the

for use in the invention d s u 19atyre off an
IIJJ@H{CE'&?:IW%% nEarER AR St?r‘ég erIqubl ???Bfg? t he pol yner
aNfsatQusded hesmpoumal | y t he average

o %{elgéu a?é[fwjé ghts?s ess than 100, 000. Preferably,

t he average nol ecul ar weight is 10 in the range 1,000

- 200,000, nore pref @0 4O 0QRha n@ﬁéry feature
EQ%f &P&Hl §V°1 Saﬁg o%g-?%%()d%u% Mvis preferably in
dde- £ apee hBre9apetdRs008, er.{uaélpr ep@ﬂ.as:aplez@ooeey or all

60, 000 when PVP is used and, of the f 3,00 £ out

40,000 FAFiRbSCASEeGLoPAL (IS FRECENedlTOE o o Bek o

conce tr f St;{gg] dfggeﬁga@t amd hincompatibdet iwith the
ulgrfsﬁ‘tcl)ljtlj S% eterm ned for_each

lss@ﬁicommaaapwt sysesm WHEERLLY E5CH8Sd¥Ed. 20 The

di spersed Group VI or VI-11B netal may be recovered

fromthe liquid streamrenoved fromthe reactor e.
RY1  documents mentioned herein are incorporated by

reference thereto.

The following examples further illustrate the present
invention. These examples are to be viewed as being
illustrative of specific materials falling within the
broader disclosure presented above and are not to Dbe

viewed as limiting the broader disclosure in any way.

Example 1 ,
Preparation of 1,2 bis(diadamantylphosphinomethyl} benzene
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filtration and then either disposed of or processed
for re-use as a catalyst or other applications. In a
conti nuous process the liquid stream may be circul at ed

wOo2R0eMIgh an external heat-exchanger and i n BIRGEB2005/000569

cases it my be convenient to locate filters for the
pal | adium particles in theses&ircul ati on appar at us.
Preferably, the polyner:netal mass ratio in g/gis
between 30 1:1 and 1000: 1, e preferably, between
1:1 and 400:1, nost prefera . en 1:1 and’
200: 1. Preferably, the ass ratio in
g/g is up to 1000, nore
preferably, up to 200. W
PCT/ GB2005/ 000569 . 84 Accd 2
there is provided a reaction di um conpri sing one or
nore reactants, and a catalystf system conpri sing, or
obt ai nabl e by conbining, at |east a 5 Goup VIB or
VIIIB netal or netal cornpapd, a bidentate phosphi ne,
arsine, or stibine lig and an acid, as defined
herein, wherein said | is present in at least a
2:1 nol ar excess conparsg-tossaid netal or said netal
in said netal conpound, and tat said acid is present
inat 1o least a 2:1 nolar eﬂcess conpared to said
ligand. Preferably, said reagt™hon mediumis a

| i qui d- phase reaction j 5

| i qui d- phase conti nuous eaction system 15
Preferably, within said pr\ nedjum the anount of
free acid present int Rl is acid which is
not directly conbi ned™w i osphine ligand, is

greater than 500ppm nore preferably greater than
1000ppm nost preferably greater than 2000ppm 20
According to a fh#hkisidiadamaphdphosphieometiyl) Benzeesn provi des
a

(Method 1)

The preparation of this ligand was carried out as follows.

1.1 Preparation of (1-3Ad),P(0)Cl

Phosphorous trichloride (83 cm3, 0.98 mol) was added
rapidly via cannula to a combination of aluminium chloride
(25.0 g, 0.19 mol) and adamantane (27.2 g, 0.20 mol)
affording a tan suspension. The reaction was heated to
reflux. After 10 mins, a yellow-orange suspension was
formed. The reaction was refluxed for a total of 6 h. The -
excess PCly was removed by distillation at atmospheric
pressure (BP 75 °C}. On cooling to ambient temperature, an
orange solid was formed. Chloroform (250 cm’) was added
yielding an orange suspension, which was cooled to 0 °C.
Water (150 cm®) was added slowly: initially the suspension

viscosity increased, but on full addition of water the




process for preparing the catal yst systens of the
i nvention conprising conbini ng conponents a) , b) and
c) as defined herein, preferably in the

woabesweoasnt i oned ratios. According to a yet fBETKEH2005/000569
aspect the present invention 25 provides the use of a
system conprising, or obtainghle by conbining: a) a
nmetal of Group VIB or Goup VIIIB or a compound

t.hereof . b) hi ta h [ L SkRe, iy n
w:@aﬂa?ti’3o‘eﬁsrse%n§efd§b| EEoRy 28 2 oS nlgﬁcig%lﬁd,ﬁas ne
1@1@?& aRpaCithder’ aheshospiesxk | 6fahd. | Shpr evepension was
at

east a 2:1 nolar_ excess conpared to.said netal or__ ..
Bxchnagst alfikfessd nkeal r\moy@osl%%gsxeliow ordnge solid

2T F82005/:8005691 ¢ 83t gommIG tANdot hat §@ dphakd isystem.
present-in at least a 2:1 .nolar excess conpared to
5 Taed ldwyandphase aweat slepsirated hesingr pospParpdingf fmpnel,

et hyl eni cal | satu ed conp re a
Fropra S DG ATONer Lh besely  aipeaytites ere
f]@ﬁéﬁfﬁﬁatﬁ% CoRRauRd eV Jyivigr adityindie finally in-vacuo,

| qui d- phase conti nuous-system car b_orpéjoag%oE of ag 8, 31p
4 £ Enyrénigcart y afifsathiri eBOU8RBound-SFor 3hl i ddnce:
%Fan% douht p_p%e}ctggar%d eMer Y reat use  gk0 descri bed

éi nbefore*i's 'equal |y applicable to any or all of
10 the various aspects of the present invention as set

out _herein, .unle uch..fgatures are inconpatible
JvW?hPFﬁ?arﬁé‘Ff’F‘c&%Zraag‘&éE?aor are nutual Iy excl usi ve.
15 All docunents nentioned herein are incorporated by
reference thereto. The foll ow ng exanpl es férthe,r

L1 Rd8ur dRe SEha prdechtmmeh) eft§ oAddFRe ST EX FPp IS o 2
19,88 v epedy a5, Pelnd s on of (1-Ad),P(0)CL (10.00 g, 28.3
15 mmol) in THF. (120 cm®). The reaction was allowed to warm
to ambient temperature then stirred for 20 h. The grey
suspension was cooled to -10 °C. HCl (ag., 5 em® ¢. HC1 in
50 cm® degassed water) was added slowly via syringe
(initially very slowly due to exotherm of reaction),
20 yielding a two phase system, with some solid material in
the lower phase. Further HCl (~ 5 cm’ c. HCl) was added to
improve the separation of the layers. The upper phase was
removed via flat ended cannula, dried over MgSO; and
filtered via cannula. The volatiles were removed in-vacuo
25 affording the product as a white powder, isolated in the
glovebox. Yield 6.00 g, 70 %. *'P NMR: &= 17 ppm, 100 %

pure. FW = 302.44.

1.3 Preparation of (1-Ad):PCl

30
A solution of Ad,PH (10.5 g, 34.7 mmol) and DBU (6.12 cm’,
40.9 mmol) in toluene (250 cm’) was chilled to -10 °C.

Phosgene solution (30.0 cm’, 56.7 mmol, was added slowly
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20 illustrative of specific materialLs falling within
t he broader disclosure presented above and are not to
be viewed as limting the broader disclosure in any

WORAs/0798Btanpl e 1 25 Preparation of 1,2 PCT/GB2005/000569

bi s(di adamant yl phosphi nonet hyl ) benzen WD 2005/ 079981
PCT/ GB2005/ 000569 86 P H2ggH2 1,2
bi s(di adanmant yl phosphi nonet hyl ) benzene (Method 1)

B S o R T R
PSR O0US t I heBhaki dev{ S8o€sB, 118 npe)llvms aslitgsknsion.

rapidly via cannul a to a conbi nation of alum nium
Aclalidrioeal 10t¢bsene g, (1000 ool ) Wl adiesht ¥ie (oFnpula to

0. 20 [) ng t u S r ti :
e HELEE 15 S el PR RS heLxr E | T2, Sfction
WS peDsterewasrid aramihl dhaf fendingnawys liefl Ukicd fadre. The
a total of 6 h. The excess PCL3 was renoved

rétissitdde awiadn mﬂsm%ybﬁbr |aéid1511mr@§suf?%1‘€glre 75)é « ) . 1% cro®)

P R WA s BRRA ey Ble 01AUYGAN0 4 thRe. The

V1HEE] 84S pRIYSd Oﬁemwhledh mm@edﬂforal’h@ aV\@taée yellow
(150 cnB) was added slowy: initially the suspension
solsiobsi whirhcwessedshast Wil Bentans t (dnx ofOwnalter Washings

981 PCT/ GB2005/ 0 69
Hr&%z%h%ﬁ. ¥r ocfﬁlt?ﬁné %%S'r t %% ;e> %u(\.‘f %?aossln@f::l.ed in-vacuo

the r ron wa
and isolated in the glovebox as a lemon yellow powder.

Yield 7.84 g, 67 %. 31p NMR: & = 139 ppm, 99+ % pure. FW =
336.88.

1.4 Preparation of 1,2-bis(di-1- -
‘adaman tylphosphinomethyl)benzene

1.4.1 Preparation of DI-SODIO-~QRTHO-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 NaOBu® (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 cm®). The reaction was heated at 60 °C for 2 h, then
allowed to cool / settle, affording a bright orange solid
(DISOD) and pale yellow solution. The solution was removed
via cannula filtration and the solid washed with
additional heptane (50 cm®) and dried in-vacuo. 90 % yield

assumed, 8.47 mmol.

1.4.2 Reaction of DI-SODIO-ORTHO-XYLENE with 2 equiv (1-
Ad) ,PCl




| onger kept under an atnosphere of Ar. The suspension
was Buchner filtered to renove the yell ow orange
solid inpurity. The filtrate consisted of a two phase

woyastomse1 5 The | ower phase was separat ed usi n§Ca/GB2005/000569

10
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20

25
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separating funnel, dx7ied over MySO4 and Buchner

filtered. The volatiles were 8Penpbved via rotary
evaporation, drying finally in-vacuo, affording an
off-white powder. Yield 35.0 g, 99 % 31P NWR 5 = 85

pm 99 %pure. FW= 352.85. 10 1-2 Preparation_ of

1- AUPRPASHonA ¢f PZSOR o(8 @7 onmed) ) imasEkaRiedldVecm’) was

BRATort” T 00 of géségn;g s A (%) g 6.9
Pl afn BReRLq 120 BE) PUS7 ARG RE COL 75 o ana

adshehsvoa wasieso@red ¢anndlh *€o HEE (BOSOD ~sﬁﬁﬁeﬁsion The
HCL in, 50 cnB degassed water) was added slowy

SPAFGEPD (FRSt i 2FFeEr FOsI'GHT HRe AW 1SRt hE?rﬁp%lrature and

0;y1g! dj h syst
SEAT RN Iof V8 ChREoRaiHg RIBATeSYENTO tlicpld $pThcion.
Yat ax mgamedadd@wtm ?)npaddedt Waaseq:)mmnlmnaﬁfording a
ers (., phase_wa re v i,a flat,
EGdhat e P A Eat o bBor R5eah dRAL PE. Miatey Sprid present

q wet )Tha@u¥olat ithes 1wRY & dIrmMEt y nofaeuQsZEnaterial. The
at f ordi ng the product as a white powder, isolated in
gpPe| BYasex. (B8) d Wasoorgrovar oyis pagwrlas= e ppalid in

4 af
HIR ol ML5e 2 e g S BRI Mot popmppge (200
anﬂ)DBLfcéﬁnMgcmo =@ npbhyesn tmimemewezsq:tc;m@ (CHgClz)
was chilled to -10 ' C___.Phosgene Ut
B3 RaBP Y oovidia Sa DA S SeTR AR LN the Sriginal
BETOCR2RR% 00869 volatiles were removed in-vacuo yielding a
slightly sticky solid. The solid was washed with pentane

(200 cm®) with attrition being performed, the washings
being removed 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 [{IH}NMR data:- 8 24 ppm.

'H NMR data:- (400 MHz, CDCls, 298 K) & 7.59-7.50 (m, 2H,
Ar-H), 7.09-6,99 (m, 2H, Ar-H), 3.01 (d, 4H, %Jw = 3.2 Hz,
CH:), 2.07-1.57 {(m, 60H, CicHis) ppm.

3¢ {*H)} NMR data:- (100 MHz, CDCls, 298 K) & 139.4 (dd, Jsc
= 10.7 Hz, Jp = 2.3 Hz, Ar-C), 131.0 (d, Jec = 16.8 Hz,
Ar-C), 125.0 (s, Ar-C), 41.1 (d, 2Jpc = 10.7 Hz, Ad-¢?),
37.2 (s, Ad-¢'), 36.9 (d, Jpc = 22.9 Hz, Ad-C'), 28.8 (d,
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88 via cannula, transferring via a nmeasuring cylinder.
This afforded a highly viscous pale yell ow
suspensi on. Additional toluene (100 cnB) was added

WOZ085/7a4%ul a to | essen the viscosity and ease@eQIEB2005/000569

stirring. The reaction 5 was filtered via cannul a
affording a yellow filtrate. 9fhe residue was washed
with additional toluene (2 x 100 cm 3) and the
washings gceabi Resl @izt h ey of s gi na? fidtyate 'FrheaJ = 3.1
véfatiles were removéd Tn-vacuo’ aftording a pare = .
Y=zl |1@Hy) .sol i d, which was washed with pentane (2 x 30
cnB, washings 10 practically colourless). The product
was dried in-vacuo and isolated in the glovebox as a
P &ellow powder. Yield 7.84 g, 67 % 31P NW\R 5 =

99+ % pure. FW 336.88. 15 1.4 Preparation of
Hrepasiatidin |of at | Znbasydpadepantiydphiopiph inomediiey1l). bdnzene
Ergggrgté’EOn of DI -SODI O ORTHO XYLPNE( DI SCD) 20 Bu' Li

hexanes, 11.28 cm 3; 28.2 mmol) was added
dropwi se via syringe over 15 mnutes to a stirred

suspenS| on. of NaQBut (crushed, 2.71 g, 28.2 nmmol ), o- ]
e -rdemaayl o PhoFRRINLRg PhleRidey was piepared in

c{!)éﬂ'fﬂ'f |1 18 h&'ﬂl@ﬂ?ef’h@&" 8? ﬁ!; 5.4126 cnB, 28.2

Py}
=

ept ane 25 (100 e reaction was
heat ed at 60 OC for 2 h, then allowed to cool /

ordi.n I, orange solid | SOD)
29 Ve AR o S 2008 SPLLS (RS A0 ence
wlaimlﬂr@ fméﬂ}foail@ﬂ Exgmphe sp2id washed with
addi ti onal heptane (50 cm3 ) and dried in-vacuo. 90 %
y| eld 30 assuned, 8.47 mol. 1.4.2 Reaction of

799%@%@?&%?—15'\' % ghgngﬂu' Veditiyd¥B 2PEL-YR.  Borane

200 B200 569
(THF) adduct (10 cm®, 10mmol) was added to stirred

‘solution of di—l1-adamantyl phosphine (1.36g, 4.5mmol) in

THF (30cm®). Stirring for a further 5hrs afforded a
slightly turbid solution. The volatiles.were then removed
in-vacuo to'yield the product as a pure white solid.
Yield: 1.39g, 98%, 99% pure. FW: 315.25. 3P NMR: & 4lppm
(d, Jpp 064 H=z).

2.4 Synthesis of 1,2 bis (di-1=
adamantylphosphox (borane)methyl) benzene via deprotonation

with *°Buli and reaction with oo dichloro o-xylene. To a

stirred, cooled (-78°) THF solution (60cm®) of di-1-
adamantyl phosphine trihydroboron (5g,15.8mmol), was
slowly added (via syringe) **°BulLi (12.3cm’,16.6mmol), upon
full addition the solution had a noticeable vyellow
colouration. The solution was stirred for 30 minutes at
-78° and then allowed to warm to room temperature and stir

for a further 120 minutes. The solution was then cooled to
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89 A suspension of DI SOD (8.47 mmol) in Et20 (100 cnB)
was prepared at -78 'C. A suspension of Ad2PC (5 70

g, 16.9 mol) in Et20 (120 cnB) was stlrred r
wWO0a005/407®81 C and 5 added via wi de-bore cannul a Eﬁ’éo 5/000569

DI SOD suspension. The reaction was all owed to warmto
anbi ent tenperature and stigred for 18 h, affording a
pal e yell ow turbid solution. Wter (degassed, 100 cm

added a _cannul a, af for h _ _
'\76|)3t°h aé“brggtTH@ea’PgiPtMPt &502:]%\8‘ é,\el(s)‘(g.\dr}llt ac%() k?%cr?%(gmo xylene

d“e 38 %»EJET ;Qw Sohbid it ynaf gdtuxﬁclrmt ewhal .tHere ahbpeed to
ase c(i 20) was renoved via cannula. The solid i
- The

viél@n aqu:eoneo:phalsmmsa’euw acnsy @:’ﬂlﬁgeﬁ cEP&r ofet

200 , C\B),. for clear ;phas Thes | as@rk
‘(Cél*ﬁ'éllﬁs WRers ghﬁ% i a‘%gnnu 2 ang cgﬁo‘ol %glg‘:\l/lmg? e oup
e Ydgiinalg 1 skt Z,chhaaﬁd Thecoos atotgmnies e awowrenoved

| di l'i ghtl tick I Th I
s Vﬁé!&e%'e?m%%%%va%@'%m%d@% el aipphi Bk blite.
b f d,
cannePRU O | (ROCTETT® (o) BT iy ©

I N-va@yo te hheaolpvekaxyas a friable 20

white %oﬁ? ﬁ@? 23 g%'g @% FW 707.01. 31p

LR daka:criziRg PpIBKLHONTR 031 260 £900 bbb Ar-E), B

CDC13, 298 K) 8 7.59-7.50 (m 2H, 25 Ar-R), 7.09-6, 99

(m 2H, 497 HQ :ppm ((m, kit 2opR) = D 2343, prE)d, CHa), B

207157(m 60H PPM 13c f3-H) NMR data: -

(100 #&-1 cHERT $8g EHJE@ 5439.4 (dd, ipc = 10.7 Hz,

Jpc = 2.3 Hz, Ar-0), 131 0 (d, ipc = 16.8 Hz, 30

Ar-C), 125.0 (s, Ar-C), 41.1 (d, 2 Jpc =*10.7 Hz et

2ds 88ynBegigs, Ad-C) . 36.9 P8, ' Jpc = 22.9 Hg, 1/2-Pis(di
g CU@ZQ 26085690n90f 1,2

g?ﬂ&ht}fﬁgﬁgéghké@g%%%@ﬁ%?%&ng £ e Z i pe -

Bid - 1 (di- adamantylphosphor (borane)methyl) benzene with

HBF, O (ME) ».
Tetrafluoroboric acid dimethyl ether complex {5
equivalents, 12.5mmols, 1. 5c:m ) was added slowly via

syringe to a cooled (0°c) stJ.rred solutlon 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 further 12 hours. The reaction mixture was then
added to a cooled (0°c) saturated solution (degassed)
NaHCO; solution (5* excess NaHCO3) and stirred vigorously
for 50 minutes. The organic phase was then extracted with
2%#30 cm® portions of diethyl ether, and added to the DCM
extract. The organic layers were then washed with 2 x 30
cm® portions of degassed water and dried over MgS0s. The

volatiles were then removed ip—vacuo.
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Hz, CH2) Exanple 2 5 Preparation of 1, 2 bis
(di adamant yl phosphi nonet hyl ) benzene (nethod 2) 2.1
Dl - 1- adamani tyl phosphinic chloride was prepared in

wWOo200%47d2ce Wi th the nethod of Exanple |.1. 10PQI/@B2005/000569

D: L- 1- adamant ~yl phosphi ne was prepared in accordance
with the nethod of Exanple 1.22 2.3 (Di-I|-adamantyl
phosphi ne) trihydro boron. Borane 15 (THF) adduct (10
gm 3 BigOpmpl Ny dgdp%j%, {farred sol ution of
-1 -adamantyl osphl ne 3 4.5mmol) in THF (3
Stirring for a further Shrs afforded a

sghggtly turbid solution. The volatiles were then
Rd (CDR1pacdB8Kb §i ér &4 rermr b@ucf\ragfaJ;wré dhiize , 7.0

RO gt (e 358%5 e -0 SRR oS 6351 °3- 57271 pom

bmsbtdcyﬁﬁshdanantylphosphc>r(borane)3nethy|) benzene

via deprotonation 25 with ... BuLl and reaction with

aa dichloro o-xylene. To a stirred, cooled (-780) THF

§QLMEL @Nn3(60CMB) of di-| - adanantyl phosphi ne

TTTﬁ%UTUbDron (5g9,15.8mvol ), was slowly added (vi-
Evepngémon BuLi (4. 3cn8, 16l6ﬁmal) . _Upds full (d1 3,5=

EEasthalabafa Rt b SRp TR ettt B SBefhon a1

at -78 and then allomed to warmto roomtenperature
and stir for a further 120 m nutes. The sol uti on was
t hen cooled to WD 2005/ 079981 PCT/ GB2005/ 000569 91
--780 and a THF solutlo 2 ta dichloro

o- Xyl ene was added vTa -s@ ution was
then allowed to

1,2-bis(di-1-(3,5-dimethyl-adamantyl) phosphinomethyl) benzene

3.1 Di-1- (3,5-dimet_hyladamantyl) phosphinic chloride was
prepared in accordance with the method of Example 2.1
except using 1,3 dimethyladamantane 21.7g (0.132 moi)
instead of adamantane, and AlCl; (18.5gg, 0.14 mol).

Yield 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~




warmto roomtenperature and stirred for 15 hrs. The

vol atil es where then renoved in-vacuo. No further work

up 5 was required as LiC and excess organics are
wOReF9I¢81 during the deprotection procedure. YPEFEB2IHHMPS6O

85% pure. 31P {1H) NWR (CDC13, 298K) 5 (d, br) 41 ppm

"B 11H NWR 5 -43 ppm (d, JBp344 Hz) 1H NWR (CDC13,

298K) 8 7.8-7.50 ppm (mbr Ar-H), 8 10 7.49-7.00 ppm

i . iGhi 2da 1iR i—1~ .
%%’é}%g%éég&asr;%ﬁgs%h@@?ﬂ}gl’duccl"&hi_or iRspped(mf di-1

I's o 2-bi 3&;’ -

adtamant yl ppoepphombaeehy Py ifenzeiedd al depr 8t ed ot - 58 - -
,2 15 his_(dj-adamantyl phosphor (bor ane) et hyl)

%Bn%ﬁé tﬁg'm' &S?NE) 2 Tetrafl uoroboric acid

di met hyl ether conplex (5 equivalents, 12.5mmopl s,

1.5cm 3 was added slowy via 20 syringe to a cooled .

5 3c)Ditlr (35 sdinethyladlanaptyl} (diphosphine} trihydro
adamant yl phosphor (bor.ane) net.h n m :
bezer o?‘%ﬁeﬁ?&%@)re.% Tie %%Fu f{)éknpa%szzg'tr? r%égvgt CEER Y
io. Hoyr @ﬂdllt@d;sa&imeymdmmym) adiiesghine instead of
tenperature an stir for a further 12 hqurs. The
dbartadamankylrehosghimen 25iedded-foJa CodIMER| P¢)40.5ppm
saturated solution (degassed) NaHCO3 sol ution (5*

BREbss NaHC03) and stirred vigorously for 50 m nutes.

19 The organic phase was then extracted with 2*30 cnB

portions of diethyl ether, and added to fhe.

3x4r afynthpeisr gk ¢ Tafer s Rt e t@f’én'%/\ﬂé'ffi’_c?’%ﬂ‘%lidﬁma“tyl

%%gonggﬁegﬁ%q ORan2EndeaASS CheNBl £5naRHod WaEHO\efBuLL and

7 e ol atiles were then removed in-vacuo. WO

2095938984 RCTHEB2HUHIWOS - 69 xyA2n] Rab Mpiephfed2 as per

6. 4 ppm(s) H1 NWMR (CDC13, 298K) 5 7.54 rppm ga ,

PrampleTHH43. @bepg , excgpt using equimolar amounts of di-
15 3,5-dimethyl adamantyl phosphine trihydroboron instead of

di-l-adamantyl phosphine trihydroboron.

3.5 Synthesis of 1,2 bis (di-3,5-
dimethyladamantylphosphinomethyl) benzene via deprotection

20 of i,2 bis : (di~3,5~dimethyladamantyl
phosphor (borane)methyl) benzene with HBF,O0{ME), was
prepared as per 1,2 Dbis (di-1-adamantylphosphinomethyl)
benzene (Example 2.5} above except by using equimolar
amounts of 1,2 - bis(di-3,5~

25 dimethyadamantylphosphor (borane)methyl) benzene instead of
1,2 bis(di-adamantylphosphor (borane)methyl) benzene.

Example 4 |
Preparation of 1,2 bis {di-5-tert-

30 butyladamantylphosphinomethyl) benzene {method 2)

T ST
L sy T T oo o (oL e TR o, TS SRR T TRyt o ag Y b Sl g e [



ppm (q, Ar-H, JHH 3.4 Hz) , 3.0 ppm (d, br CH2)
1.6-2.1 ppm 5 (mbr A OHL!5) . Exanple 3 Preparation
of 1,2 bis (di-3,5-
WOgoe7BIBt adamant yl phosphi n<: ) net hyl ) benzene (REIVCERRIONY00569
10 ipo 1,2-bis(di-I-(3,5-dinmethyl-adamantyl)
phosphi nonet hyl ) benzene 3. 194
D -1-(3,5-di met hyl adamantyl ) phosphinic chl orl de was
prepared in accordance with;the nmethod of Exanple 2.1
15 except using 1,3 di nethyfadamantane 21.7g (0.132
nol ) instead of adamantane;fTand Al Gl3 (18.5gg, 0.14

nol). Yield 23.5g FW 489.1087. 31P\NMR 8: 87ppm (s)
3.2 D -I-(3,5-dinethy1¢A!!Eﬁﬂ§ phgSphi ne was
prepared 20 as per Exanple . except using
25.0 g D-1-(3,5 WO 20 7 2005/ 000569 93
di met hyl adamant yl ) phosphir i de i nstead of

di -1 - adamantyl phosphoni 2 Yield 15.7 g FW
358.58.. 31p NWR 5: 15-7ggpgim (s) 5 3.3
Dl -1-0,5-dineth ant phosphi ne) trihydro boron

was prepared asfjper Exanple 2.3 above except using .
10.0 g D -1-(3, §-di Lh¥L§ganantyl) phosphi ne i nst ead
of di-I-adamant osphige. Yield 9.5 g 31P NVMR 8:
40. 5ppm (br). 10 3.4 Synthes{s of 1,2 bis

(di -3, 5-d: Lnet hyl adamant yJ poxage) net hyl ) benzene
via deprotonatlon wth

di chl c>ro o-xyl ene was , Exanple 2:4
above except using equy xqounks of di 15

3, 5-di mret hyl adanantyl >R N {iydr obor on i nst ead
of _

1,2-bis(di-1-(5-tert-butyl-adamantyl) phosphinomethyl) benzene

4.1 Di-l—(S-tert-ﬁutylgdamantyl) phosphinie chloride was
prepared as per Di-l-adamantyl phosphinic chloride above
except using tert-butyladamantane . 25.37g (0.132 mol)
instead of adamantane, and AlCls (18.5gg, 0.14 mol).

Yield 22.6g FW: 464.98.. 3'p NMR: 8: 87ppm (s).

4.2.1 Di-1-{5-tert-butyladamantyl) phosphine was
prepared as per Di-l-adamantyl phosphine above except
using 13.5 g Di—l—(5—tert—butyladémantyl) phosphinic
chloride instead of di-l-adamantyl phosphinic chloride.

Yield 9.4 g FW: 414.48.. 3P NMR: §: 18.62ppm (s).

4.2.2 Di-1-(5-tert-butyladamantyl) phosphine) trihydro
boron was prepared as per Di-l-adamantyl phosphine above

except using 10.0 g Di-1-{5-tert-butyladamantyl) phosphine
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di -1 -adamantyl phosphine trihydroboron. 3.5 Synthesis
of 1,2 bis (di-3,5- dinethyladamantyl phosphi nonet hyl)
benzene via deprotectlon, 20 of 1,2 b:Ls -

WO 50981 d: Lnet hyl adamant yl phosphor ( bor ane) nB¢H§B005/000569

benzene with HBF4'0 (ME) 2 was prepared as per 1,2 Us
(di -1 -adamant yl phosphi nonret Bl ) benzene (Exanple 2.5)
above except by using equinolar anounts of 1,2

- i sHHa 308 %ﬁqu@&mﬁ@mnph{ém@s@@or (berane) metbylg  3'p

benzene i nstead of

Nirs( di:- adammmmyHmHOSphor(borane)nethyI) benzene.
Exanple 4 Preparation of 1,2 bis (di-5-tert- 30

but yl adamant yl phosphi nonet hyl ) benzene (nethod 2) -

£7-3- ggn\@e%qo;/ 07998% PCT/ @82005/00B3@9 94 (§POs-RBert-
1, 2-bi s( (5-tert-butyl - adananhil) phosp

Hutxﬁﬁﬁaqﬁgtﬂinhgan&ax(hpqanEIme@by rt-but PenEenentyl ) via

GRS C%ﬁﬁ%q“ﬁaeﬁ SRRGT B ts agcgpphlore o

| terfs Quty&ﬁgﬁﬂﬁgkp 25. 3ég¢ (0.132 nolpj di-1-
:#ﬂggg%d ofaadanantane and %JC13§(18 Sgg, 0. 14J#EI) (i
a\daeﬂachmlzeg:@mmmme) nexhyp) NNRbeezesmppma@)ve except

4.2.1 DL (5-tert-hbutyl adama tyl 10

5 sk STUTNEF DRI it y TG T er B0 5V EadapntyL)
piddithikd 5 geBihdréSoi@it - bitytedanantof ) pl‘iﬁ)smhaﬂaﬁtantyl
chloride instead of di-I|-adamantyl phosphinic

o sahife trdhydraborQR-FW 414.48. . 31 P NMR  5:

18.62ppm (s). 15 4.2.2 Di-1-(5-tert-butyl adamantyl)
phosphi ne) tribydro boron was prepared as per

i3 [syddesmitsyl phosphi ne abdué@ bis {(di-5-tert-

butyladamantylphosphinomethyl)} benzene wvia deprotecti.on of
1,2 bis (di-4-tert-butyladamantyl phosphor (borane)methyl)
benzene with HBF,;"O(ME). was prepared as per 1,2 bis (di-1-
adamantylphosphinomethyl) benzene above except 1,2 bis(di-
5-tert-butyladamantylphosphor (boranejmethyl) benzene was
used instead of i,?2 bis(di-~
adamantylphosphor (borane)methyl} benzene in equimolar

amounts.

Example 5
Preparation of 1,2 bis(l-adamantyl tert-butyl-

phosphinomethyl) benzene (method 2)

5.1. l-adamantylphosphonic acid_ dichloxide. This compound
was synthesised according to the method of Olah et al (J.
Org. Chem. 1990, 55, 1224-1227).

5.2 1l-adamantyl phosphine. LiAlH; (3.5g, 74mmol) was
added over 2 hrs to a cooled solution (0°C) of 1~

adamantylphosphonic acid dichloride (15g, 59 mmol) in THF
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except using 10.0 g D-1-(5-tert-butyl adamantyl)
phosphi ne WD 2005/ 079981 PCT/ GB2005/ 000569 95
.instead of di-I|-adamantyl phosphine. Yield 9.-5 g 31

WORZ003AR9813:  41. 6ppm (br). 4.2.3 Synthesis of 1PQI/GBL®S/000569

(di-5-tert- 5 butyl adamantyl phosphor (bor ane) net hyl )

benzene via deprotonation wggh ... BuLi and reaction

with aa dichloro o- xylene was prepared as per 1,2 bis
(950! - cRzAMaYd pl oL, 28¢) EBLAY A1 RAIZANe £8P WEm o
except usling equinolar anobunts o —

dimbie(5- ttempdnatylmdaaraht vy 40iphedplibme 20 hrs. The grey
tri hydroboron instead of_ di-I|-adamantyl phosphi ne
SUPRBFARBr MRS AhErsyerekad s(QiC)1 andy HEL ( §{75-emnt -1M) was

day i osphi th ne, Vi
gg%%% eg#c%%i g%’eglﬂié,l% i’s %Ja) & -té:at -Ebutty %dgrlrlﬁ‘ﬁteyl system
phespome( wsbhe) peebyhy banztre Mividr HRfdS (V)G d@Strated

reparedias per 1,2 bis (di-]|- , )

Eaénéﬁf»‘m phdsphi iRt FYeY BEASEn&CaddREaB& effirel 3eparation
Biesthlle- Bed e1dgbrsy! @H@ng%;behom!ﬂo?gl%%reanﬁggetﬁaﬁ{aved via
benzene was used Instead of 1,2 bis(d 20
agdanmahey| phnd phaigised aneyeet hyhjgbesirzeme isukpbatel ar After

mopunts. Exanple 5 Preparation of 1.2 bis (1-adamantyl .
PAPE PR T oR BB DR iRa ot k| POEIARE (WELHog CoROvEd in-
baduoltadamastyl phespheauetaci d d: Lchl o=:Lde. This

conmpound was synt hesi sed according to the nethod of
AOah et al (J. Og. Chem 1990, 55, 1224-1227). 30

5.3 |12538R0h¥}10Re500b0Ey1 L hinay, S
addeg over 2 hirrs to a cog¥ed ?ig-g%gt ?Sng(o‘?:?gg%hfga boron.
nBulLi (20 cm®, 32 mmol 1.6M soln) was added over 1 hour to

a cooled solution of l-adamantyl phosphine (5.0g 30 mmol)

in THF (100 cm3). The solution was allowed to warm to

room temperature and stirred for a further 2 hours. The
solution was »recooled to 0° and texrt-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 cm’, 30mmol) followed by removal of the
solvent. The material was isolated as a white solid which

was a mixture of isomers.

5.4 Synthesis of 1,2 bis (l-adamantyl-tert-butyl phosphor
{borane)methyl) benzene via deprotonation with °**°Buli and
reaction with oo dichloro o-xylene. The synthesis was
carried out as per 1,2 bis (di-1-
adamantylphosphor {(borane)methyl) benzene above except
equimolar amounts of 1—adamantyl-tert-
butyl {phosphine)trihydroboron were used instead of the di-

l-adamantyl phosphine trihydroboron.




R et f e e T P e B R SRR

adamant yl phosphoni ¢ acid dichloride (15g, 59 mmol) in

THF --------- ----- WD 2005/ 079981 PCT/ GB2005/ 000569

96 (250 cnB) The reaction was then allowed to warmto

woanizigmsit enperature and was stirred for 20 hPET/GR805/000569

grey suspension was then cooled (O C and HCl (75

cnB, 1M was slowy added vPa syringe, to afford a

two phase system5 with sone solid present in the

s . enveynihesds Concew rat ed ,2HC1 (&dm-, 1IN -edawaheyl —tert-

added .to inprove_the separatlon of ,.the two | ayers.
npmethwakl REBZeBROVER \HAPTEAFRACR P 1,2 bis

(e SCnRA IRBIR LY DIEps GondAd MAULD) V! Benzene

wdfthor d t HBFprOO@MEQL.. S. 3 AEl- adapamtyl-tkrt butﬁhs (di-
phosphi tx Lh dro bo cm 3 nmol
5 apanggiyhe BheD) 1oRBGFhe s eRgeBhopsng Sdh tnoLax

idon of 1deaminty|l Jghosphi ng ;651 -Qaad@n |—)te}.%—butyl
In THF (100 cm 3 ). The "sol ution was al | owed war m

s phsoNbampe) Tel ey bhd hRnzengl fosteadr eferl 2 bis) (di-
et Rast sk G20 88 BEERTLRb AR, "Tidea and

stirring continued for a further 16 hours at room
tenperature. The material was 20 isolated as the

10 Exgmde fiduct by addition of Borane (THF) adduct (3 O
B 3R ) 621 | ouesl byisqapval 49bmbhe areehvephinbifethyl)
materral was 1sofatedas a WhitTe sol I d which  Was a
beinziemes oPiagwpden e 25 songsypsheeis of 1,2 his
(1-adamantyl -tert-butyl phosphor (borane)raethyl)
benzene via deprotonatlon with ... BuLi and reaction
with aa dichloro o-xylene. Ahe synthesis was carried
out as per 1,2 bis (di-I-
adamant yl phosphor ( bor ane)

benzene above except

1,2 bis(dlicongressylphosphinomethyl) benzene
15
6.1 Diamantane. This was synthesised according to the

method of Tamara et al. Organic Syntheses, CV 6, 378

6.2 Di-1-{diamantane) phosphinic chloride. Prepared aé

20 per Di-l-adamantwyl phosphinic chloride except using
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30 equi nol ar anmounts of |-adamantyl-tert-

but yl (phosphi ne)tri hydroboron were used instead of the

di - 1-adamantyl phosphi ne tri hydroboron. WO
WORoBr9f3081 PCT/ GB2005/ 000569 97 5.5 Synt he PATIGB20B5/000569

1,.? b:Ls (l-adamantyl-tert- butyl phosph: Lnonet hy-1)

benzene via deprotectlon of dg2 b:Ls

(1-adamantyl -tert-b-utyl phosphor(borané) et hyl)

benzepe. .wi.th F4' 0 - p 1, i S [
adgﬁglr?sw%ﬁ%sp?@h&ﬂoném?f b&n engﬁcéxcpglp(?lsusi((gg'ég' 0.12
e%bmz'.ar yigmeunts sgf b2 1258, 61- adipamiyl ‘8t:e'8t7p§hit ilsy .
phosphor (borane) net hyl) benzene instead of 1,2 bis)
(di - adamantyl phosphor (b orane) nethyl) benzene. 10

o BB RS  PhoRefibh)  LBRSRAESID WaRPEnePi 1

£ONHASFANShdsBh bhé ( ekbepronesay Prasphy nopet byddamantane)
benzene @6% D amant a%e. rhis was synthesi sed -

ploespidimios - ¢iol ohide et Ndéldf 1tafarea efWal 406 gadtk NMR: &:
S%:n heseés, Cv 6, 378 6.2 Di-1-(di amantane&) phosphinic

i e g Prepared as 20 per D -I|-adamantyl

phosphi ni c chl ori de except using WO 2005/ 079981

PCUGB2005/ 000569 98 di amant ane 20. Qg (0.106 nol) and

& £ P ~ArelHggmantane) mhigsphined toihydye hrome. Brepared

"p - 8. 87 Lo |- (di e)
apshogﬁ nz).l r_%@%?tgs} pg’?ﬂ %B&X:J'EGS Eggﬁg{#& %ﬂgg%hi%}écept
eiarpt1 st ng Bi-0-ddDambnEdna)yraphasphinphosptiiglidc 14.5 g .
chloride. Yield 14.0 g FW 406.. "P NVR 8. 16.5ppm
F&)NMB; 45D 42 - Ippmnthit hne) phosphine) trihydro boron.

Pr epar ed

6.5 Synthesis of 1,2 bis (diamantane
phosphor (borane)methyl) benzene via deprotonation with.
*°BuLi and reaction with oo dichloro o-xylene. Prepared
as per 1,2  bis {di-1l-adamantylphosphor (borane)methyl)
benzene except using an equimolar amount of diamantane
phosphine trihydroboron instead of di-l-adamantyl

phosphine trihydroboron.

6.6 Synthesis of 1,2 bis (diamantanephosphinomethyl)
benzene via deprotection of 1,2 bis {diamantane
(borane)methyl) benzene with HBF;O(ME).. Prepared as per
1,2 bis (di-l-adamantylphosphino methyl) benzene except
using an equimolar amount of 1,2 bis diamantine
phosphor (borane)methyl) benzene instead of 1,2 bis(dj..—.

adamantylphosphor (borane)methyl) benzene.



10 as per Di-I-adamantyl phosphine trihydro boron
except using 15.0 g DI-1-(di amantane) phosphi ne.
Yield 14.5 g 31P NVR 8: 42.lppm (br) . 6.5 Synthesis

woaboshyssb: Ls (di amant ane 15 phosphor ( bor ane) RET1GB2905/000569

10

15

20

benzene via deprotonation with 88CBuLi and reaction
with aa dichloro o-xylene. PBepared as per 1,2 bis
(di -1.-adamant yl phosphor (bor ane) net hyl) benzene except
nyequi mol ar anmount of di amantane phosphine
g%ﬁﬂg%guboron i nstead of di-I|-adamant 20 phosphi ne
prépydabbonon. &b synﬂh@sbgsoﬁd;tgrbggtylphosphlnomethyl)
(Hlanantanephosphlnonethz 1) benzene via deprotection
n €his (diaraantane (borane)nethyl) benzene with
HBF4*O(NE)2 Prepared as per 25 1,2 bis
(di-I-adanantyIphosphino nmet hyl ) benzene except using
an equi nol ar anount of 2%'Bi s dHanmant i ne
phosphor(borane)nethyl% be zene ,p$$ead of 1,2 bis(di-
adamant yl phosphor ( bor \Qenzene WD
2005/ 079981 PCT/ GB2005/ 00056 99 Chaxanple 7
Preparation of 1,2-bis-(ditertbutyl phosphi nonethyl)
benzene CH3 CH H3C -1] H3C P CH3 CH2 a CH

H3C/ N C-P-,, ~, "I C'"~ CH3
[
HaC
NN e
Hc’/l AN
: [ ew,
HC

1,2-bis-(di-tert-butylphosphinomethyl)benzene

The preparation of this ligand was carried out in the

manner disclosed in WO 95/47528 in a_ccordance with Example

18.

Example 8 (comparative)
Preparation of 1,3 bis (diadamantylphosphino) propane

Preparation of 1,3-bis-(di-l-adamantylphosphino)propane
(2)

8.1 Preparation of (1-Ad).PLi

Bu"™Li (2.5 M in hexanes, 42.02 cm®, 105.1 mmol) was added
dropwise via syrinrge to a stirred solution of Ad,PH (10.58
g, 35.0 mmol) in THF (150 cm®). This resulted in a
darkening of the solution to yellow and the pr_ecipitation

of a large quantity of yellow solid, in a mildly




H3C H3C 5

1,2-bis-(di-tert-butyl phosphi nonet hyl ) benzene The

preparation of this |igand was carried out in the
WORMMEPI8i scl osed in WD 99/ 47528 in accor danc ®CIGBR005/000569

Exanple 18. 10 Exanple 8 (conparative) Preparation of

1, 3 bi s(di adamant yl phosphi ndP0pr opane Preparation of

1, 3-bs-(di-I|-adamantyi phosphi no) propane 15 (2) 8.1

Sepesani enrebctioAd) 2Md Akdiide- Ral ItRPANES: ambient
42.02 cnB, 105.1 nmmol) was added dropw se via syringe i
tempexatvrediesl gt hon Ide AwdeiillEs 3eroOremodsd0in~vacuo,

' ' dj darkeni f
Lol TV ), et 99 0 TS B
W ahidhé t Y2 0f 3/l diPW £l kdmolyd 3xWels@! Bu¥D: | resuiting

2005/079981 PpT/GBZOOS/ 00569 100 exothermc
5 ireddte ohsoThbioraet i arwhnkise spéwded &tvasinbhgst orange) which

temperature for 3 h...The v tiles_were renoved

A5 B S Phel nomis vel L et o o A heo L Hee rpgsumed o

ol quh et aesRed o dite peld N A o 2ewibiid INMP é:@ﬁm%a/it%nents.
Ite

excess BuRLi, resulting 5 in the isolation of a
powder (washings orange) which was dried in-vacuo.

g Rt P o d N ,%%iﬁ&é:dé@o%x%i:%%&e%it& @%quiv (1-Ad) ,PLi

guantitative, on the si s of “previ ous
10 lexeliitmemopromir® Rddegassed, 1137di berahopidp@nemeblh was

2, eclulv (1-Ad)2PL: L 10 1, 3-di bronopr.opane (degassed,
il CREbeIsE LT, S nGs b8 o ORI A @ SepbERagon of
HQraist{IF a0l GMePPNYrepadfed ARPhibdkRy. OiiMkr (150 cn®) .

repared as above) in THF (150 CMB) Initially a
f;mlé\ﬂaléfowty%l%ss@bmm vaenfargedat theal a ofreat deal

i 50 A1 £62308d nlt ¥ Oflduct TNerhe! Fd1 G319 Svere

15 removed in-vacuo and dichloromethane (300 cm®) added via
cannula affording a turbid solution. The turbiciity was
lost on addition of water (degassed, 100 c:m3), a two phase
system being formed. The lower phase was removed via
cannula filtration. The volatiles were removed in-vacuo,

20 affording a white powder, which was washed with pentane
(100 cm®), dried and isolated in the glovebox. Yield 6.45
g, 57 %. P NMR: 5 = 24 ppm, 95+ % pure. FW = 644.94.

Example 9

25 Preparation of 1,2-bis-(dimethylaminomethyl)ferrocene

n-Butyllithium (Aldrich, 2.5 molar in hexane, 24 ml, 54
mmol) is added to a solution of
(dimethylaminomethyl) ferrocene (Aldrich, 13.13 g, 10.69
30 mi, 48.97 mmol) in diethyl ether (80 ml} under nitrogen at
a temperature of 25°C and the reaction mixture stirred for
4 hours. The resulting red solution is then cooled to

approximately -70°C in a dry ice/acetone bath and




15 renoved in-vacuo and di chl oronet hane (300 cnB)
added via cannula affording a turbid solution. The
turbidity was |ost on addition of water (degassed,
WO 2@B/0c998) , a two phase system being forned. PAEGBZ(ES/000569
phase was renoved via cannula filtration. The
vol atil es were renoved in-vaBlo, 20 affording a white
powder, which wa& washed with pentane (100 cnB),
et isobat ed (TCHNRedl OyRbAxicl] elld 6y AS54gmu®d) is.
~0 31 P NWR (5 = 24 ppm 95+ % pure, FW= 644.94.
HBcarbl e 9 Thepr gsAEiBN oS allowed to warm to room
1, 2-bis-(di Y. L NOATES f ocene n-Butyllithium
R%ﬂ&ﬁ?%ﬁéfgggﬁékéégglr1tuggggiéﬁgflﬂ , 54 mml) is
added to a solution of (dinethylam nonmethyi)ferrocene
(Aldrich, 13.13 g

10.69 30 nm, 48.97 1) _i.n _diethyl
Theheresyd tARE URALREAPE dggenqﬁ?ncgeaerﬁfeﬁﬁt grEesr 2%%‘(];80“8
§g534£¢hg§§8§i85 Hihit $he Hdsuied dpprdidetiréxtddeted with
resulting red solution is then, cooled to

dipprioxd netkey -(202C 8 @lYr fried) KRveornbd Fowhggnesiun

I T

v83551 08 iseall ahed dradsarmitile remmouretpes at uk églindorange
stirred overnight, 5 The resgltant oluti,on is

epieplonblLRR t 1P Bhicbss TaGueBHLTS s Gt A Hy dridxi GECEKEPhE* <
gyg&h”“lggh@og&éﬁr@“@%ﬁd Wddlird ethyl etirer (and  the
Vv

m ) Ied er anhydrous magnesium sulfate, ,
féttesedl hised c@riadectandaskr it Wish reabdedetgolyfoyield

to yie the crude titl e .cogpo i ght ange 194z .
EP?/SF&LE%EOEBPP % Fi¥e %ric p%@qﬁe ?ssé)jr'%%]rg?é?l gée34 )
FROMddn@iduriet £ah Wd hfaeeheng guri-fi&dC byd duislimation to

recrystallised product washed with col.d petr
91@4%8.5 o (595 S Ehe "EETEE Compotina® (RSt  Fa°Lf.

ly NMR (250 MHz; CDClj3):84.23(bxrd, 2H); 4.11-4.10(t, 1H) ;
4.04(s, B5H); 3.43, 3.38, 3.23, 3.18 (AB qguartet, ZH);
2,22 (s, 6H).

13c NMR (63 MHz; CDCls):583.81; 70.40; 69.25; 66.84; 57.35;
45.23.

Elemental analysis: Found: C 63.7%; H 8.9%; N 9.5%
Calculated: C 64.0%; H 8.1%; N 9.4%

Bxample 10 _

Preparation of 1,2-bis-(ditertbutylphosphinomethyl) ferrocene

Di-tertbutylphosphine (Aldrich, 0.616 ml, 3.33 mmol)} was
added to a solution of 1,2-
bis(dimethylaminomethyl) ferrocene (Example 9, 0.5 g, 1.66

mmol) in anhydrous acetic acid (100 ml) under nitrogen and
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the title conpound as a |ight orange solid (13.2 g,
74% . The conpound can be further purified by
sublimation to 15 give 8.5 g (52% of the title

WO (npt 741C). 1H NVR(250 MHz; CDCL3): RCT2GEI905000569

2H): 4.11-4.10(t, 1H): 4.04(s, 5H): 3.43, 3.38, 3.23,
3.18 (AB quartet, 2H); 2.20(5, 6H. 20 13C NWR (63
MHz; CDC13) :583.81; 70.40; 69.25; 66.84; 57.35;

n I i d...Co@3~7
tgé zgsggk%aﬁscﬁggfgga %§6§t6§)9aa tlo%@ c gbfo/'i% ﬁéu# The

aﬁﬁy@repar atebhncofcid is removed in vacuo at apprc:xa_mately A

éf Pt Q{ dl ter %@gw@e??%%negrﬁ%%x%%f err oggnggaﬁgﬁﬁyellow

s¥@sd. acdded &@u@es Plrididuen of s 11r%crystalllsed from ethanol
bi s(di met hyl am nomet hyl ) ferrocene (Exanp 0.5

WEER6 LGN LvD iy APwust e sand (180 i jtistder washed
LT R A0 020D 07588, FCT| CERD0S) 000 1027 bt

resultrng mx &ire 13 I'fre C30rs.
ydhkowasb¥ddoys. a6t yc addd 84°Cenoved in vacuo at
apprcDximately 70'C to yield the crude title product
as an orange/yellow solid. The crude product is

1y agiysiakbi 389 ;f reddil)et hanal i th cgol—tnﬁaﬁﬁan@ 9%(5H

filtered and the filtrate washed “w fh col d et
syi eBd7bhd 1t t Ite c%fmbun%l 8s (aHpaldsl, ydHzw 2Btid 2. 6 (ZH,

0. 435 4 Qyedt (250 MHz; CDC13) : 54.4
d‘%zrigg‘gz'\] f 5& 10 s); 3.75 (1H t, 2Hz):
5.8 (2H dd, 12Hz oHz); 2.6 (2H, dd, 12Hz, 2Hz): 1.1

3 13C NVR (63 MHz, CDC13): 586.73 (d, 5.46
13I(-Ilz)l\“‘iR7o(6§ Ciz7 4C GLl3ks) ; 586: 1%6?3‘(‘%) 56@67%‘(@)’; RQ-86 (d,

1(h BEY): 6314885(Y); 63.75(s); 31.80 (d, 2Hz); 31.45 (d,
1.98Hz); 29.89 (d, 1.88 Hz).

3p NMR (101 MHz; CDCl3): 315.00 ppm.

Elemental analysis: Found: C:66.79%; H 9.57%
Calculated: C:66.93%; H:9.63 %

Example 11

Preparation of l1-hydroxymethyl-2-dimethylaminomethyl

ferrocene

n~-Butyl lithium (Aldrich, 1.6 molar in diethyl ether, 5.14
ml, 8.24 mmol) is added to a solution of 1~
dimethylaminomethyl ferrocene (Aldrich, 1.0g, 4.12mmocl) in
diethyl ether (20mlL) 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, calcined para-
formaldehyde (0.247g, 2 times excess) added and the

resultant mixture stirred overnight at room temperature.

L e
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15 1.98Hz); 29.89 (d, 1.88 Hz). 31 P NWR (101 MHz;

CDC13) : 515 - 00 PPM El enental anal ysis: Found:

C. 66.79% H 9.57% 20 Cal cul ated: C:.66.93% H:.9.63%
WOBMSHI9981 11 Preparati on of PCT/GB2005/000569

1- hydr oxynet hyl - 2- dlnethylan1Lnonethy1 ferrocene 25

n-Butyl lithium (A drich, 1i@nolar in diethyl ethier,

5.14 n1 8. 24 nnDI) is added to a solution of I-

t f 0Q,; _
%elfﬁﬂ ﬁyayoﬂgdle Q£g$ﬁg?§%g§%€§'ﬁﬁgg% a%xtraqﬁig with

dikatlilorethers, Scht:tesdado@ﬁrfl‘dns@a hauds fidd | TRF gLelite.

reddi sh colour. The soluti,on is then c i ry.
Thee/ GOLVERE bAPh, TTHETT add p‘é?ﬁ”"fgcrrral eﬁ% Brad Veitle

c(er;P% Kh. 2 'ItHéTE%ﬁf&%esia)x:o@ﬁdﬁd agd hbplléesutbani neutral
ture St irred overnight at roomt enper at ur

ZORE/0T 9OBLuRGT/ @Bzcns ao&@@gedw@thw@%fé&fwt}wl ether
t hen quenched ct di I 1-
et Her , r&itllé’g o% , and {llél tg%#%iv}ér cg\ta@érlal

J{i@eﬁglvlfaﬁmnmeﬁwpveermcmeuom yeelahmr Gee ttherl eeluted

conpound. The crude product i ed neut r
wil Ui AP EBRDRH2 LN BHISs eéﬂ’t)ft]eoa‘g%%t%e%?ol SRt h@?e title

%@I{L‘P:@ﬁn 4> 'i‘héata'tﬁ)y,rll gc(e%&%eﬂshe_-eitca;retd Nth M eabAl tolyield

am nomet errocene. The columm is then
ﬂhéltieﬂtla\/l tompsoirsd ans | @k | grange eth{Fragedht e gnat it e
the title conpound. The ethyl acetate is renoved in
vacuo, to yield 10 the title conpound as an orange

Qyﬁ%‘iy?&%b Wégﬁxi’l%"'ﬁ'\/%(l%&w HEDCE3). 732. 134, 1 H,

12.512 Hz), 53.853 (d, 1

’_rb é?25ﬂi%)HZ)53 833984, (dll, 51 1 .522156)h)33 .880361¢s, 1 H,
,784.060 (dd, 1 H 2.136 Hz)
2 156 Hz), 64.035 (s, 5 H), 54.060 (dd, 1 H, 2.136 Hz)

54.071 (d, 1 H, 12.207 Hz), 84.154 (m, 1 H), 84.73 (d, 1
H, 12.207 Hz).

13- NMR (61 MHz; CDCl;) 87.688, 884.519, 870.615, 868.871,
568.447, §65.369, 860.077, 858.318, 844.414

cosY 2D 'H NMR

Partly obscured doublet at 4.071lppm -and its coupling to
+he doublet at 4.73 ppm confirmed.

Infrared spectra (CHCl3) (c.a. 0.06g / 0.8mL)

2953.8 cm™l, 2860.6 cm™, 2826.0 cm™', 2783.4 cml, 1104.9

cm™?




10

15

20

25

30

15 84.071 (d, 1 H, 12.207 Hz), 84.154 (m 1 H), 84.73
(d, | H 12.207 Hz). 1-3 C NMR (61 MHz; CDC13)
57.688, 884.519, 570.615, 868.871, 868.447, 865. 369,

WOog8e/?98t 858. 318, 844.414 20 COSY 2D 1 H NVR FRAVGB2#05/000569

obscured doubl et at 4.071lppmand its coupling to the
doubl et at 4.73 ppmconfirnmed4 | nfrared spectra
(CHC13) (c.a. 0.06g 0.8nL) 25 2953.8 cm 1, 2860.6 cm1

%g%%m 1, 2783.4 cm1r 1104.9 cm----------- WO
1 PCT/ GB2005/ 000569 104 Exanple 12 -

Preparation of 1,2-bis-{ditertbutylphosphinomethyl)ferrocene

, 2-bi s-(ditertbutyl phosphi nonet hyl ) ferrocene
Di -tertbutyl phosphine (Aldrich, 0.54 m, 2.93 muol) is

§1a€é§9baey§pﬁelsﬁhhﬁ@ ofatla sl OXOTBUNYR12 2,93 mmol) is
di met hyl am nomet ferrocene (Exanple 11, 0.2

.20,
&ddsd nmdl9 in anhydsgéyta@étuc &t d (15-hyprakgmethyl-2-

scet|$¥%§mhégx |s stlrre§) ?EgSBEi%gﬁﬁ7 ﬁour 0.753

nfel pnhydr ouaslhwrmetl @cagii¢ | BIRDVEL | nYRCUBnAL acetic
apprOX|nateg¥ 70'Cto yleld the crude tit]e product
y

S angtd yErR o ! remize. @SS pratictars. Fesulting
1? rystalild sed; £rom afchagipdc Wiebh  £90hb0gst 0 THe gnh%/grous

fered and the filtrate washed with cold ethanol
yeetict heid tise rewpmddiasvanuor atgeapmosiohdtel0. DB°C to

e %%ZthR ‘%25‘% M%%”éiﬁls&“ 8% "1(%d)°l2a’g‘%e§%%i](%l’&ds°lid

Phél, chhldd 1pr@efhdtz, 1sJkr@cﬁy§££)1rzsedef2rdm8%thuzlbL with

52. 679 dd 2 H JHH 15. 869
cooling to -17°C, filtered and the filtrate washed with

cold ethanol to yield the title compound as an orange

seolid {0.23 qg)

'y NMR (250 MHz; CDClis) 84.351 (d, 2 H, 2Hz), 84.022 (s, 5
H),83.827 (t, 1 H, 2 Hz), 62.858 (ddd, 2 H, Jm 15.869 Hz,
Jup13.320 Hz, Juz 1.831 Hz), 82.679 (dd, 2 H, Jus 15.869 Hz,

Jee 2.441 Hz), 81.166 (d, 18 H, 12.817 Hz), 81.123 (d, 18
H, 12.512 Hz)

FTIR {Chloroform, NaCl plates)
1104.1 cm™}, 2863cm™, 2896.0 cm™, 2940.0 cm™®, 2951.8 cm?

3lp NMR (101 MHz; CDCl;3): 315.00 ppm.

Elemental analysis: Found: C:66.5%; H:9.6%
Calculated: C:66.9%; H:9.6%
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20 JHp 2.441 Hz), 81.166 (d, 18 Hf 12.817 Hz), 81.123

(d, 18 H, 12.512 Hz) FTIR (Chloroform Nad pl ates)
1104.1 cm', 2863cm:L, 2896.0 cm1, 2940.0 cm1
W02060788¢m 1 25 3' P NMR (101 MHz; CDC13) 515PEB/GRIAGS/000569
El emental anal ysis: Found: C: 66. 5% H: 9. 6%

Cal cul ated: C.66.9% H:9.6%030 WD 2005/ 079981

PCUGB2005/ 000569 105 Exanple 13 Preparation of

g-hégioxiget hyl - 2, 3-bi s-
mnorrethyl)ferrocene 5 To a stirred

}_Sﬂépaj:@ﬂloﬁ dfﬂmﬁdiai{mﬂmla-rﬂ ARorptsTyl ) ferrocene

. in di ethyI ether (15
] @l e6—t—2 equi val ents n-butyl
I|th|um(A|dr|ch 1.75m., 1.6Min diethyl ether) and
the mixture stirred for three hours tqo,yield.a red 1
Bol U | cmt:lmfbdl' h@qléﬁé-tqnon ofi xtuéebig- é@b%@BhY%aﬁl?j?’QEthy )
i cel/ aceton pas ator h @adgtets1 Nether
%eﬁr‘égi%‘égse( DfLﬁe reszﬁﬁgan?é m§>£<)t ﬁfﬁgqgt ?i?l?ed at room

{E9PRLAY Ur en@yer rixgftin  iSheaddedurle. 4 s agmw@ﬂ@@tm m butyl
wat er and extracted et,her, h t
kxtha@ms(éﬂéraPPed303%¥£ﬂ@gﬁi#P1% of iRyl S A che
Qtﬁ@g SGiveRl rPviadrdd NeEHS, tho yidiel ch thedt Bb[LatJ.on
ound (d’ g, 2.12 mmol, 91% as an_ orang
T\hecheramtmom mj xEyret Al jcasd esh bt | AGY }Fﬁiﬂﬁeti%é bath,

gaggeggg' 3}} J.Fj‘-xgql %lcgfsl}%c? H)agdé Q%Jl&(sl gxb%gs 2y the

'f'é},ulta%t3 iRE s dttkrdd. 817 ddom  t&mBesdute, onvepqnlght
1{-‘&;)3 (rga;%]).lyé 185 nggrzlc ed w:mh wa%e 9 ggd 1ex'ira]t%:e2é)7w1th

diethyl ether. The ethereal extracts are dried over MgSOqg,
filtered over celite and the solvent removed in vacuo, ToO
yield the title compound (0.7g, 2.12 mmol, 91%) as an

orange oil., which partially crystallized on cooling.

'H NMR (250 MHz; CDCls) & 2.133 (s, 6 H), & 2.171 (s, 6 H),
5§ 2.910 (4, 1 H, 12.817 Hz), 5 2.998 (d, 1 H, 12.512 Hz)},
§ 3.425 {(d, 1 H, 12.8L17 Hz), & 3.812 (d, 1 H, 12.512 Hz),
§ 3.962 (s, 5 H), ® 3.99 (d, 1 H, 12.207 Hz) (partly
obscured by large cp-ring peak at & 3.962), § 4.068 (d, 1
H, 82.136 Hz), & 4.125 yd, 1 H, & 2.136 Hz), 6 4.747 (4, 1
H, 12.207 Hz)

13 NMR (60 MHz; CDCls) 344.529, 845.244, 855.798, 857.906,
560.271, 567.944, 868.277, 569.612, 884.850, 888.322

Infrared spectra (CDCl; / thin film NaCl plates )

T T




obscured by | arge cp-ring peak at 8 3.962), 8 4.068

(d, I H 82.136 Hz), 8 4.125 )d, | H 8 2.136 Hz), 5

4.747 (d, 1 25 H~ 12.207 Hz) 13 C NWMR (60 MHz; CDC13)
WORUASEIR1 845, 244, 555,798, 857.906f 860. 271, PCHBGBINAD00569

568. 277, 869.612, (384.850, 888.322 30 Infrared

spectra (CDC13 / thin f il mNed plates WO 2005/ 079981

PCT/ GB2005/ 000569 106 3380. 6 cm1 (br) , 2955. 7

§§hé 6"1:n?86§% b, Ci@s"5 (7%%%5 61%)0”‘2%;62(@’)(%m 2774@@23 9 cm™
¢m1 (zmu mom@ cmn!) [ s}353 B epmnt almanal §8#s9 Fmihd: (m),

3% -H  7.8% 8- 0 | cul ated: C:.61.8%
EP 93/0 ?{|8 559‘) :ﬂrﬁg 8 prepHration of 10 1, 2,
3-tris- (ditertbutyl phosphi nonmethyl) f errocene

D -tert-butyl phosphine (Aldrich, 2.60 nL, 13.98 mmol)
5 Bhemenadi anaANGdsi de RO n, & 38R0l Hi S dRfdedit B.8%

a solution of 1-hydr S glo o
(dinethylaninonethyl)q#%rrocene Ké&gﬂﬁle'1§?:61%b@,N'8‘5%
2.12 mol) in acetic acid (freshly distilled from
acet i ? hydri de 25 cnB ), under argon. The sol ution
Eé_ﬂﬁiﬁ_iiirred at 800C for 7 days, during which tine
§§%§ggggbgn ofbecones a dark orange colour. The
' n renmnoved 20 in vacuo and
10 ie2rystalibirdditentbitetphdsphbnemethyk) fgrrechagol

together with cooling to -170C overnight to yield the
title conpound (0.43 g, 0.7 nmol, 31% as a
MELt@thbaﬁgethEﬁHine25AldrNNR (23@G0oVHz,, CDS183 Bmol) and
12 (dd - pseudo triplet, 36 H __12.1 FE) 61.26 (d,
i‘B‘?—Fl‘?LO arnlilﬁslrl@% B8 44, ™y 2133, mEoly) is) adigd) to a

Sothri8i- 07, (m 2 Hye, 54. 01 (s, 15h§Er§xymethyl -2,3-bis- -
15 (dimethylaminomethyl)ferrocene (Example 13, 0.70g, 2.12

mmol} 1in 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
20 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

yellow/orange powder.

25 *H NMR (250 MHz, CDCls) & 1.12 (dd - pseudo triplet, 36 H,
12.1 Hz), 81.26 (d, 18H, 10.7 Hz), 82.68 (4, 2 H, 17.7
Hz), 82.95 (s, 2 H), 83.07, (m, 2 H), 84.01 (s, 5 H) &
4.33 (s, 2 H)

30 Infrared spectra (CHClz / thin film NaCl plates )
1365.5 cm™}, 1470.3 cm™, 2357.1 cm™ ,2862.8 cmt , 2896.7
cm™! , 2939.1 cm™?



4.33 (s, 2 H 30 Infrared spectra (CHC13 / thin film
NaCl plates 1365.5 cm1 r 1470.3 cm 1, 2357.1 cnil
2862.8 cm1 , 2896.7 cml , 2939.1 cm1l W
wo208%789981 PCUGB2005/ 000569 107 Exanpl e 1BCEIGE3805400569
of 1, 2-bis-(dicycl ohexyl phosphi nonethyl). ferrocene 5
The title conmpound was prepd&d in accordance with the
procedure of Exanple 10 enpl oyi ng
gicg§#8h25ylphosphine (Strem of 48 High Street
; yston, United Kingdom SG3 5QN 659 Myt 3. 33
pPr@biratizn bi sodi met hyPabisohdicytlokexpiphesphimopethyl)
166 mvl) and 10 anhydrous acetic acid (100 ni)
SRBrecAng21 g. Exanple 16 Preparation of
1, 2-bi s-(di -i so-butyl phosphi nonethyl) ferrocene 15
The title conpound was prepared in accordance with the
5 whecmﬁﬂkeoboﬁmaﬁpﬂeWRﬁeﬁﬁ?%@¥ﬁ@ in accordance with the

di -i sq-butyl ph hi tr t .
BFeEaPMEChY? nﬁﬁgﬁ%?%y|§ ef%g%gﬁgjlO.g§8§é%$ggk%%%%$gphlne
- 28dreR0 ghyglr pughaserbetadirde( 100 Ruystonyi elnibed7Kingdom
g. Exanple 17 Preparation of _
$G9- bi s- (@bycl opem¥| phodthi nonethyl3  f erFBR&Me 25 1,2

Lhg E‘ii'He%h??%ﬁﬂ%ﬁe‘ﬁ’ﬁ?l@?@@@é@énén @C.EOr §anqe 68 timd e and
proée&ure Exanpl e 10 enpl oyi ng
10 dhhydropentypeshios plilde (108t mé% 586ekgt 03433 Fnpl ),

Example 16

Preparation of 1,2-bis-(di-iso-butylphosphinomethyl)

ferrocene

15
The title compound was prepared in accordance with the

procedure of Example 10 employing di-iso-butylphosphine

(Strem 486 mg, 3.33 mmol) , 1,2-

bis (dimethylaminomethyl) ferrocene (0.5 g, 1.66 mmol) and
20 anhydrous acetic acid (100 ml). Yield 0.372 g¢.

Example 17

Preparation of 1,2-bis-(dicyclopentylphosphinomethyl)

ferrocene

25
The title compound was prepared in accordance with the

procedure of Example 10 employing dicyclopentylphosphine

(Strem 566 mg, 3.33 mmol}, 1,2~

bis (dimethylaminomethyl) ferrocene (0.5 g, 1.66 mmol) and
- - 30 anhydrous acetic acid (100 ml). Yield 0.432 g.

P ——



bi s(di met hyl am nonet hyl )ferrocene (0.5 g, 1.66 mmol)

and 30 anhydrous acetic acid (100 mM). Yield 0.432 g.

------ -- I T WD 2005/079981 PCT/ GB2005/ 000569 108
WORReNTPEB118 Pr epar ati on of PCT/GB2005/000569

1, 2- bi s- (di et hyl phosphi nonethyl) ferrocene The title

conmpound was prepared in accgredance with the 5

procedure of Exanple 10 enpl oyi ng di et hyl phosphi ne

Str 2 ng, 3.33 nmol),
éﬁ%ﬂéi%{ggnethylan1nonethyl)ferrocene (0.5 g, 1.66

FEEYd ratdoanby dl pasbasel dte ticy HofidSPh hyme thy ) dfErPSdene
10 Exanple 19 Preparation of
1, 2-bi s(di-isopropyl phosphi nonet hyl ) ferrocene The
Tid | € ;69npoug, Eﬁlﬂ@ﬁdprﬁa@;ﬂrEgebﬂré‘ﬁcQ.rr{jaﬂééoi“&iéﬂcbh%ut@ the
procedure o anpl e 10 enpl oyi ng
5 pitedsdupeopyfl Fxesphliend O (ahmiawingpétehyighchphiceal §Strem

3 RERCH mol| 1,25 .. . . ,
392 ﬁ%?’@%ﬁ%ﬂ&%& nbi 77EP(RERE ERELaninoqe BBV Ry SpFrocene
g anhydr egs maeali carddi dnbFA@oulks) .acbdwild 8c262 QLOROmL) .
Ie 20 Preparation of
ﬁ;@qg @-29fngt hyl phosphi nonet hyl )ferrocene The title
conmpound was prepared in accordance with the
procedure of Exanple 10 enpl oyi ng di net hyl phosphi ne 25
10 Eﬁhmplallgpe0|allty Chemi cals, 206 ng, 3.33 nnnl)
hyl 0.5

ﬁbrgggg@ée 21 30 Preparatl on_of
T, 2=biS-(di adamant yl phosphi nomet hVl ) f er r ocene-

bi s- met hanesul phonate -----------
The title compound was prepared in accordance with the

15 procedure of Example 10 employing di-iso-propylphosphine
(Digital Speciality Chemicals 392 mg, 3.33 mmol), 1,2-
bis(dimethylaminomethyl) ferrocene (0.5 g, 1.66 mmol) and
anhydrous acetic acid (100 ml). Yield 0.262 g.

20 Example 20

Preparation of 1,2-bis-(dimethylphosphinomethyl)ferrocene

The title compound was prepared in accordance with the
procedure of Example 10 employing dimethylphosphine

25 (Digital Speciality Chemicals, 206 mg, 3.33 mmol), 1,2-
bis{dimethylaminomethyl)ferrocene (0.5 g, 1l.66 mmol) and
anhydrous acetic acid (100 ml). Yield 0.285 g.

Example 21

30 Preparation of 1,2-bis-(diadamantylphosphinomethyl)ferrocene-

bis-methanesulphonate




WD 2005/ 079981 PCUGB2005/ 000569 109
Di - adamant yl phosphi ne (prepared according to
J.R Goerlich, R Schmutzler; Phosphorus Sul phur and

wWOSnes/agest 1995, 102, 211-215, 20.0g, 0.066 nBCE/GHERE05/000569

10

15

20

25

30

added to a solution of 1,2-
bi s(di met hyl am nonet hyl ) f err eaoene (Exanple 9, 10 g,
0.033 5 nmol) in anhydrous acetic acid (100 m ) under

iit_ggggﬁéﬁe;gpﬁﬁ}gﬂiw L%déﬂ‘%a@e’&t W driHld M d &, r?mqich,

or ora el | ow precipitate whic
Rosehmus: Alid 1t er Boospldords | 6édlphuvacus a8ibpenxi ABLELy 102,

70'C to vyield the tjtle _conmpound, as, an ofr ely.ello _

S3nrarbuditd e Lolfomel SR H9E3) o & PP 1.2

Bfi sQHI & th P nie Hnfe @1RA )i fe i cdreer @haampurdfi ed by 0.033

conversionto the bis- nmethanesul phonate salt by

addilt iion dthydeess aﬁ@thgnéga@pméﬁpcm&éi@nﬁgranltrogen and
t hanol sl.urr e G ta o obhi I

i ec&r?pﬁuélt%eln érélo td'{]%onl%f J:er%r fgdﬁt){-“r:o‘c'}dpulzg1 f?aﬁr mrfogﬂ:s The

Wasnigeen yviedaloat egrbyiptonval wifidhhe foretshamsl fhlvecred and

fol l owed by washing with ether and rying to give.the_
dirdied cHRpF@Foastta ?)BPEO%‘F‘?B%\fgoFiOgCy (E%.ﬁéb?géﬁéw title
5 : . 5 i 4] 2, T i
b e gty e SIS S *
Angcl6Hldr in ; 2. 35ng2 18f( 18FUBR}C 2sebvenps(ispg 1t 1is
r); 92-1.72 (24H .br - 3 : : DRt ae
g’ﬁ%. D 28“%?@?1%% al) ®¥hal %Mlul%é: NEE%4 1@5}1& bls
HetmdteLalpndaitesd: G4 29%yH: 7. d&iEianpl e @2 30 excess

Preparatio of 1,2 bis(di-I|-adamaptyl phosphi nonmethyl)
metheaafil i Renit hafeds Hphd Btk ?ﬁ@gpr%{éﬁ%{i e crude

Yictddand Mass CaekhedeaUli ASchbAbl@We: dissolution of the
product salt which: was then isolated by removal of the :
methanol in vacuo followed by washing with ether and
drying to give the title compound as a pale yellow solid
(14.0g, 54%).

Iy NMR (250 MHz; CDsCN): 84.57  (2H, .d, J = 2Hz); 4.35 (5H,
s); 4.27 (1H€, t, 2Hz); 3.34 (4H, br); 2.6 (6H, br,)s 2.35-
2.18 (18H br); 2.16-2.0 (18H, br); 1.92-1.72 (24H, br).

31p NMR (101 MHz; CDsCN): 826.58 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:




WD 2005/ 079981 PCT/ GB2005/ 000569 110 22.1 Preparation

of (1-Ad) 2P (0) C1 The di-I|-adamantyl phosphi ne

chl oride was prepared in 5 accordance with the method
WO Q6058%998pl e 1. 1. 22.2 Preparation of (1-Ad) 2PATIHR005/000569

di -1 -adamantyl phosphi ne was prepared in accordance
10 with the nethod of Exanpl®ld.2. 22.3 Preparatlon of
1, 2-bi s(di-I- adamantyl phosphi nonet hyl)

ferrocene- bi s- met hanesul phonate 15 The title conpound
was prepared in accordance with the procedure
gzenpllfpﬁd apaEieanpbf 211-A8X XCP3 Preparation of
- (3, 5-dinethyladamantyl) 20
phosphlnonethVI) ferrocene- bi s~net hanesul phonate 23.1
‘Hlel §8-9= Qaéﬁémég@daﬁﬁa& hin@hoéﬁi‘bﬁi@echb@él dﬂ@rey\ﬁlﬁed in
prépared i n accordance w h t he nmet hod of Exanple 1.
5 ﬁécaﬁdanbe wiB, Shei methpdagdz BxeyplepRodphi ne was
prepared in accordance with the nmethod of Exanple 3. 2.
23.3 1, 2-bis-(di-1-(3,5-di met hyl-

adagant ybphpaphicaene by (L -Ad) ,PH |
ene- ol s- met hanesul phonate 30 The title conmpound

was prepared in accordance with the procedure

B85 0y oberpRATEE O eE GRIEES Py  Ptbstzda lin accordance

10 wfBh5tHkemaisnpodaddmindayiplehdsg,-hi ne (23.69 g, 0.066
nmol ) inst:ead of di-adamantyl phosphine. Yield 15
Exanple 24 5 Preparation of
223bi s( Brebatathiont - butyl -adanssg yl ) phos 1l,2-bis(di-1-
%rnUnEFHVrTbF_érrocene-553 - met hane sulpho te 24

[fernoasng s -mg IpLhonate

15 The title compound was prepared in accordance with the

procedure exemplified in Example 21.

Example 23

Preparation of 1,2-bis{di-1-(3,5~dimethyladamantyl)

20 phosphinomethyl) ferrocene-bis-methanesulphonate

23.1 Di-1-(3,5-dimethyladamantyl) phosphinic chloride

was prepared in accordance with the method of Example 3.1.

25 23.2 Di-1-(3,5-dimethyladamantyl) phosphine

was prepared in accordance with the method of Example 3.2.

23.3 1,2-bis~(di-1-(3,5-dimethyl~

adamantvlphosphinomethyl) ferrocene-bis-me thanesulphonate

30
The title compound was prepared in accordance with the

procedure exemplified in Example 21 except using di-1-



was prepared as per Exanple 4.1 above. 10 24.2
D:L-1-(5-tert-butyl adamantyl) phosphi ne was prepared
as per Exanple 4.2 above. 24.3

WOLR0Es/4Toexidi - | - (4-tert-butyl -adamantyl) 15  PCT/GB2005/000569
phosphl nonet hyl ) ferrocene-bis-net hanesul phonate The
title conpound was prepared iplLaccordance with the
procedure exenplified in Exanpl e 21 except using

sl He% 1R AYATRNOEh SROSRASNG( 24, 3% B66  mol)

st 6 “adamant yI phosphl ne.
mse&aamo&z Q. ~aRantanyd pho spihdpar ati il b5 ¢.
1, 2-bis-(l-adamantyl tert-butyl- pho sphinonmethyl) f
errocene- bi s- met hanesul phonate 25 25. 1
%% ﬁﬂpgﬂ phosphoni ¢ acid dichloride This conpound
Ehﬁ?j%ﬁﬁ+m5|sed according to the nethod of Jdah et a
5 mﬁep@x@tlcamm 1900, 5‘6‘21122&(6122371!53@61215-1@7&:371 adamantyl)

000569
. St : - °%%érs to
a cooled solutlon (OlC) of 1 adanantylphosphonlc acid
di chloride (15 g, 59 nnol F . .. The
2443t opDird erf : phinic chloride

t f Th
e cooﬁ{“‘e%‘de( o"i% 5%‘%‘%’@&%&3(75 o, 1M

10 Wwas slowy added via syringe, to afford a two phase

LaRr \i%ﬁah?ecﬁ%har;%ﬁ @ké&ﬁpl&@l%ﬂ)@@’@rs The (upper)
THF 10 phase was renoved via cannula and dried over
magnesi um

24.3 1,2-bis(di-1-(4-tert-butyl-adamantyl)

15 phosphinomethyl) ferrocene-bis-methanesulphonate

The title compound was prepared in accordance with the

procedure exemplified in Example 21 except using di-1-{(4-

tert-butyladamantyl)phosphine (27.39 g, 0.066 mol) instead
20 of di-adamantyl phosphine. Yield 14.52 g. '

Example 25
Preparation of 1,2-bis-{l-adamantyl tert—-butyl-—

phosphinomethyl) fe rrocene-bis-methanesulphonate

25
25.1 1-adamantylphosphonic acid dichloride
This compound was synthesised according to the method of
olah et al (J. Org. Chem. 1990, 55, 1224-1227).

30

25.2 i-adamantyl phosphine




10

15

20

25

30

sul phate. After filtration via cannula, the volatiles
were renoved in-vacuo to afford the product. 25.3
1-adamantyl tert-butyl phosphlne 15 nBuLi (20 cm 3 ,

wWO2005/194811. 6M sol n) was added over 1 hour to ERCT/GER30831000569

sol ution of 1-adamantyl phosphine (5. 0 g, 30 nmol)
in THF (100 cm 3) . The solutign was allowed to warm
to roomterrperature and stirred for a further 2 hours.

Th | yti.on o] d
{‘Jeg §r§hpbr7ga&?ég§ ‘R:Ia% ?gjeg)ﬁv?}dwazs %% e%l %%da cooled _
§blﬁthbg coofChuesk f QF—aalafmamttJyalphok@Hmlﬂcs alcirbodichloride

terrperature The reactjon ure quenched with
WP ed rane?t FBCAduedlsT Bﬁas@‘r’@xt?@?t edT}i}\?tI‘?eaCtlon was then

gif%eg‘)%t hats (2 e dlY teriher HFOAD £n@NASS WBSrred for

rre 5 over sodium sul phate and evaporated in-vacuo
20 ynicelms t h@het |gu:1ear cmpendlolzsms then cooled (0°C) and

fef: 1o ok TRTRRH, VRS PR OTRAEY o o o

a8 Hil?@@ée%yd’i:e&ﬁcﬂﬁ.dﬁm@omt%dlﬁ@ preeedu:tr ein the lower
exenplified in Exanple 21 except, usj 1 WO

phase 07 JoeCET Ty Ep8 05000489 1’13 hamaﬁ then added to
t 4,¢8 6

P

prepar atasn r@ﬁnolreﬁ- bvsa( diarinuliamanty | ghbsphigoaret hgphesium

f er_rocene n.e | phonat e 26. 1, Di anc-Lpt ane

38 AP Sy s AT (DA LR OP A Rt e WREnBgLgPL 188 were

I@fﬁa{rédetln—a)acu@’@:@macff%ﬁﬁrt@fee rdaads . 378. 26.2

D -j- (di amant ane) phosphlnic chI orl de

25.3 l~adamantyl tert-butyl phosphine

nBulLi (20 cm®, 32 mmol 1.6M soln) was added over 1 hour to
a cooled solution of 1_—-aciamantyl phosphine (5.0 g, 30
mmol) in THF (100 cm®). The solution was allowed to warm
to room temperature and stirred for a further 2 hours. The
solution was recooled to 0°C and tert-butylchloride (2.78
g, 30 mmol)} was added and stirring continued for a further

16 hours at room temperature. The reaction mixture was

‘quenched with water and the aqueous phase extracted with

dichloromethane (2 x 50 ml). The organic phase was dried
over sodium sulphate and evaporated in-vacuo to yield the

title compound.

25.4 1,2-bis-({~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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15 Prepared as per D -1-adamantyl phosphinic chloride

of Exanple 1.1 except using diamantane 20.0 g (0. 106

nol) and AIC13 (16-0 91 0.12 nol) . Yield 25.5 g FW
wo206s/w98131 P NVR: 5 97 ppm (s 20 26. 3 Di - | PCT/GB2005/000569

(di amant ane) _phosphi ne Prepared as per

Di -1 -adamantyl phosphi ne of {gxanple 1.2 except using

25.0 g D -1-(di anmantane) phosphinic chloride. Yield

14.0 g FW 406, . 31P NVR_8: .16.5 pp ) o 2502 A
afla ¥ (Wftibﬂggiangﬁloﬁﬁggé% noﬁg{nhéf) 'errg'éggg- mol)
BBt hanestll siamaiey Thenbbbhenaonpbend Bag0pgepar ed
in accordance with the 30 procedure exenplified in
Exanpl e 21 except using di-Il- di amantane phosphi ne
26.79 d,. 0. 066 nol) instead of di- adamantyl
éﬁ%&ﬁe. Yield 12.5 g. WD 2005/079981 .
R £R2005/ 000669 1]12-bExanglie 1201 amegigriatiagpdmomethyl)
-DTS- (di- (1, 3, 5, /-tetrapmethyl-6, 9, 10-
feﬁmwmﬁﬁﬁﬁhﬁﬂﬂﬁﬁﬂgﬁaﬂgwgyl) ) ferrocene 5 1,
3,5, 7-tetranethyl-2, 4, 8-trioxa-6-phospha-adamant ane
(obtained from Cytec, 14.0g, 0.066 nol) was added to a
3] 1t i orDigmanRabhes(di net hyl anmi nonet hyl ) f errocene
TkExanmple 9, 10 g, 0. 033 nol) in anhydrous acetic
acid (100 m) wunder nitrogen and the resulting
ﬁil]{iguassi syShidatet! 4EcHMAndoto72hkomeshotheof Tamara et
anhydrous acetic acid is rem)vgdaci n vacuo at
abproxtamiel Synsbeses vy ®rt i %rude title product
as an orange/yellow solid. This is washed with hot

met hanol to give the product as _a mi xture of isoners
26.2n oreke—qdippantan 151 pi e chloride

Prepared as per pi-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.. 3'p NMR:

5: 87 ppm (s) .

26.3 Di-1~ (diamantane) phosphine-

Prepared as Pper Di-1-adamantyl phosphine of Example 1.2

except using 25.0 g Di-~1-(diamantane) phosphinic chloride.

yield 14.0 g FW: 406.. *'P NMR: 8: 16.5 ppm (s).

26.4 i,2-bis- (di-l-diamantylphosphinomethyl) ferrocene-

bis-methanesulphonate

The title compound was prepared in accordance with the
procedure exemplified in Example 21 except using di-1-
diamantane phosphine (26.79%9 g, 0.066 mol) instead of di-
adamantyl phosphine. Yield 12.5 g.
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-1H NMR (250 MHz; CDCl3) : 54.25-3. 95 (8H, br, m
3.46 (4H, br) : 1. 57-2. 0 (8H, br, m : 1. 43-1.23
(24H, br m) . 3'P NVR (101 MHz: CDCL3) : 5 -27. 41

wO(200507998129. 01 (s) , -33. 9 20 (br) ppm El exantedeos/000569

anal ysi s: Found: C:57.80% H:7.35% Cal cul at ed:
C.57.87% H 7.40% 25 Exanpl ex28 Preparation of
1, 2- bi s- (di net hyl am nonet hyl ) ferrocene-bis nethyl

} odi ﬂe ﬁi}hyl i odide (23.28g, 0.164 nol) is added to a
i 30 of ’

By et S sk et hglkam napethyk)}flairaeeses , (Examdndthyl-6,9,10-

209, 0.082 nol) Tn degassed nethanol (100 nT), and the
boxAT2 9o FRAasadaRamtydRaEhYL )Y ACHRAELNE ni trogen
at nosphere for 24 hours. The resulti ng precipitate is
WD 2005/ 079981 PCT/ GB2005/ 000569 115 renoved by

1,3 19 &+ tovk r amehbg 1wt K, 8t-heloaa:- Gﬁgihos@rhiaeﬁhdamaryﬂa‘ﬂai

th titl d (43.Q |
(ot S LE5 O, CRER S0l Qe (DaDBR: MOy B 1o, to 3
DB 15 ﬁW—B@%QH:ﬁé@h@Iam@ﬁ%ﬁ%hﬁﬁ%e]xﬁsoc?@r?e 6fsxanple

873. 2 Exanpl e 2
SRr efgaram of - &331 @oﬁu)s(m hyahaﬁy@@ﬁhya%ﬁbsghumt K§PO ml)

ferrocene_ Pot ass oxl

dpiiean PotabOleRr Sa, [RE O eBl blpRC i R d0E ) prred at
mp‘.rmimnnbh@m dE'he( Ahﬁyd(rbusi%&ceﬁég: mfc18:0%3/v/n/émoved in
aqueous sol ution, 16 iin degassed ﬂeth anol
‘(azmrcm)a aﬁE’Psrt‘?’?Jr‘%t%]tYrJ&mctéﬁ’peygFi tRfercpude title

ug:&enaét @?pBﬁéﬁgfe%rellBﬂursoﬂi@ r QQHM apk Wa%hee with
| S a dropwi se to degassed sol ution
hot methanol to give the product as a mixture of isomers

as an orange solid. (12.0 g, 58%).

-l NMR (250 MHz; CDCls): 54.25-3.95 (8H, br, m); 3.46 (4H,

bry; 1.57-2.0 (8H, br, m); 1.43-1.23 (24H, br m).

31p NMR (101 MHz; CDCli): & -27.41 (br), -29.01 (s}, -33.9
{br) ppm.

Elemental analysis: Found: C:57.80%; H:7.35% Calculated:
C:57.87%; H:7.40%

Example 28

Preparation of 1,2-bis-(dimethylaminomethyl)ferrocene-bis

methyl iodide

Methyl iodide (23.28g, 0.164 mol) is added to a solution

of 1,2-bis- (dimethylaminomethyl)ferrocence (Example 3,

. 20g, 0.082 mol) in degassed methanol (100 ml), and the

mixture stirred at room temperature under a nitrogen

atmosphere for 24 hours. The resulting precipitate is
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20 of 1, 2 -bis- (dinethylamrronethyl) f
errocene-bi s-nethyl iodide (Exanple 28, 19.98g, 52.2
nmmol ) in nethanol (40 m) under nitrogen at room
wobempesmiure with stirring. The resultant m RETGB2905/000569
refl uxed under nitrogen for 20 hours, and the sol vent
removed in vacuo to forma nad 25 precipitate. Water
(30 m), di ethyl ether (85 m) and triethylanne (35
|s agdded_t eci h [ u Ndried to
¥ rgﬂiﬁwtﬁcg%g{r-‘ét u‘?éég}?éf ?ﬁﬁgﬂr%ﬂl}%g £<':1ic11geou3
3}@1@{ ire rnenpyedcampoted exd3atgked with diethyl ether
(l x 30 m) . The conbi ned ethereal extracts are 30
washed with water (3 x 20 ml) dried over sodium
ere 5% . 85; 'eMpYEd; i N, ¥aB%0
Etsloer% Q{agL %51—91& ge tﬁ?u-gtgoﬁjpound (14 339 94% i el dl o
as a microcrystal |iralruafedol§d7 T@lE'CITIU e2 4 8%
product is WO 2005/079981 PCT/ GB2005/ 000569
recrystallised froma warm di chol or net hane/ et hanol .
Ssal ution w,that he i on tghtggmetye) edeuand, &71.77,
goll{\]‘”\h159 éb P [d ?%g 2:7: “t ggﬁc’:o%rpgund (10. J69g, 70%

HEID, @yeljo ST agwe crystals. 5 El enental
ana'l ysis: Found: C 48.44% H 4.12% N, 0.0%

Cal cul ated: C:48.24% H 4.02% N, 0. 0% 10 1H NVR
51.75 (s,,br), 52.70 (dd, 2 H J2HH 14.2 Hz, j 21, P
Mﬁ&é—gzss(dd 2 H J2RH14.2 Hz, j2 Hp 7.
PEdpar&BioR lof( L, 2EbHs ( ammdzmmezhymlowh@omemyl)
53.98 (d, 2 H_ JHIf 2.40 Hz), 4.06 (m 8 H) . 15 1H
feIppc8M® (31.75 (s, br), 52.70 (d, 14.3 Hz), 52.85
(d, 14.3 Hz), 54.04 (m | H), 5406(s 8H), 5408

(s, 5H, 64.1 (m 2 H 13 CNVR_523.7 (d 5.6
borassh6B. Byfdoxddsc 8. S%gkt)o 152 mol}’ dé d to a

solution of tetrakis(hydroxymethyl) phosphonium chloride

(Aldrich, 38.54g of 80% w/w agueous solution, 0.162 mol)
in degassed methancl (40 ml), and stirred at room
temperature under a nitrogen atmosphere for 1 hour. The
resultant mixture is added dropwise to a degassed solution
of 1,2—bis—(dimethylaminomethyl)ferrocene—bis—methyl
iodide (Example 28, 19.98g, 52.2 mmol) in methanol (40 ml)
under nitrogen at room temperature with stirring. The
resultant mixfure is refluxed under nitrogen for 20 hours,
and the solvent removed in vacuo to form a red
precipitate. Water (30 ml), diethyl ether (85 ml) and
triethylamine (35 ml) is added to the precipitate and the

solution stirred at room temperature for 1 hour. The

aqueous layer 1is removed and re—extracted with diethyl
ether (2 x 30 ml). The combined ethereal extracts are
washed with water (3 x 20 ml) dried over sodium sulphate
and filtered. The. ether is removed in vacuo to yield the
crude title  compound (14.33g, 94%  yield) as a

microcrystalline orange solid. The crude product is

SRR R E

T

i
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20 566.0 (s), 567.2 (d, j3 PC 9.2 Hz) , 569. 6 (s) ,

582. 6 (d, J 2 PC 14.7 Hz) 31 P NV\R 6-14.7 25

Infrared spectra (CHC13 thin film NaCl plates 3337.8
WORAS((78981 br), further peaks 1104 cm 1 2929. 0 RIMGH2005/600569

3603.7 cm' 3683.7 cm 1. Exanple 30 30 Preparation of

1, 2- bi s(di phosphi nonet hyl ) f d&rilrtocene 1, 2-bis

(di hydr oxymet hyl phosphi nonet hyl ) f errocene (Exanple

4501 70 ) gnd pum i [

l%%.r 9. 1ok TD STeRL) By Basht T BREBE Stk e methanol

sopltidrs widdedthe addibiphasod dolglentpeystbeum and cooling

consi sting of distilled water,. (60.41) | i ght

ﬁﬂﬂ¥%§2§nﬁb?65L § 9$Wﬂguﬁ9xﬁ&&éqégwéﬁ&€u¥égyﬁéra§ yello-

J¥ede idry@talslhe resultant mxture is cooled stirred

and the aqueous | ayer 5 renoved. The organic layer is

washed with distilled water and the organic sol vent

[ t.o yiheld the gtitle C (2,600,
}f}%ﬁé ;l%ld)%n\ég %}aé(%sd r angguglrd yst% eil4ltg| 'nde& 's %FF%UP%)’ N, 6%s
El enental anal ysis: Foaldul@tel:65% ¢t 587544 ; H:4.02%;
Cal cul ated: C:51.80% H5.76% 1H NVR (250 MHz; CDCL13)
5 2.7-2.8 (m 4H) 98503087 (m 2H), 5 3.18 (m 2H),
5 4.04 (t, |H J=2.54 Hz), 5 4.09 (d, 15 5H, JHp 0. 4
Hz) . 6 4.13 (d, 2H, J=2.54 Hz) 31P NMR (101 MHz;
BDOMB): 55U3h 081, bIHP 183. T0 HAPALI3@ NWR (B MHE; 2 Hz, J2%

5 . , 65 567 3 69. 5 0.86.9
22 é@dzp%ﬁi?( 3f B 5 1A EER g-?cﬁ)z?, 53.71
&7.3 HCHyw 2.9 42)(,5 83CHB 2%,FH Rif Chiseroform, NaCh, I
P 5 2588 @, (3o

"H(*'p} NMR: 51.75 (s, br), 82.70 (d, 14.3 Hz), 52.85 (d,
14.3 Hz), 354.04 (m, 1 H), 34.06 (s, 8 H), 54.08 (s, SH),
6d4.1 (mr 2 H)

3C NMR: 823.7 (d, J%c 15.6 Hz), 863.0 (d, J%c 15.6 Hz),
566.0 (s), 867.2 (d, J°pc 9.2 Hz), 569.6 (s), 82.6 (d, J%m
14.7 Hz)

3p NMR: &-14.7

Infrared spectra (CHCl; / thin film NaCl plates )

3337.8 cm*(st, br), further peaks 1104 cm® 2929.0 cm™?,

3603.7 cm™! ,3683.7 cm™t.

Example 30

Preparation of 1,2-bis(diphosphinomethyl) ferrocene

1,2—bis(dihydroxymethylphosphinomethyl)ferrocene (Example
29, 5.45g, 13.70 mmol) and sodium metabisulfite (5.21g,




Mass spectrum Found nfz: 278.0088; Calculated mz
278. 0077 WD 2005/ 079981 PCT/ GB2005/ 000569 118
Exanpl e 31 Preparation of 1,2-bis-a,a-(P-(2,2,6,6, -

WO teisoaest hyl 2hosphi nan- -one) dinet-hylf er PEE&HR0C5/0§0562
0 p,CH2 H2C~- P 4(1 T4 Fe 1,2-bis- ,
-(P-(2, 2,6, 6~tetranet hyl phdgghi nan- 4-one) ) di net hyl fer
rocene 2, 6-Dinethyl-2, 5-heptadiene-4 -one (14.6q,

2?] 106 aply)y i Si5addggedi0 to 2ubi wd-HHMSPhisLEFRABY! Bysten
errocene (Exanple 30, jo 14. 7%t 053 nol ) and the

dongilstcachesf msmllmwahggr (150t mddernmidr 1 2ghkoped.roleun

The react ture.is co t r t
&bt JF‘%%m%ﬁ%Ewef i, bR dagfa Sl qﬁlfépe#ﬁ{? Rax: The
Qi anand driesl 19 veeuedt @t)ilredeﬁﬂ tahed tihd eaqueous layer
conpound as a yel |l ow orange solid (24.9g, 85%

5 mmesi{uﬂ% eoupoLAdl AMSIc & ariad ot by 43P Nﬁf&ieéﬂnd“ater

Pl B e Nk S5 Ecla cho

tbiﬁle cz’ozﬁzﬂomm (ZbIE)Gg, 1708-2181¢BHas aﬁ brEnge @BJ.yj_s_tzalline
(24H, br,). 31P NMR (101 MHz; CDC13) : s 4.15 ppm WO

E'26@70159’1079981 PCT/ GB200. 5/ 000569 119 El enent al

anal ysis: Found: C:.664.26% H 7 .88%

10 Elemental analysis: Found: C:51.65%; H:5.75%
Calculated: C:51.80%, H:5.76%

Iy NMR (250 MHz; CDCls): & 2.7-2.8 (m, 4H), & 3.17 (m,
2H), &5 3.18 (m, 2H), & 4.04 {t, 1H, J=2.54 Hz), & 4.09 (4,
15 5H, Jsp 0.4 Hz), & 4.13 (d, 2H, J=2.54 Hz) -

3p NMR (101 MHz; CDCls): & 130.0 (t, Jse 193.0 Hz)

13- NMR (60 MHz; CDCls): & 12.9, & 65.6, & 67.3, 5 69.4, 3
20 86.9

13- pEPT NMR (CDCli): & 12.9 (CH?®), & 65.6 (CH}, & 67.3
(CH), & 69.40 (5 x CH)

55 FTIR (Chloroform, NaCl plates): 2298.5 cm* (strong)

Mass spectrum: Found m/z: 278.0088; Calculated m/z
278.0077
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Cal cul ated: C:65.03% H:7.94% Exanple 32 5 Preparation
of 1, 2-bis- (di-1, 3, 5 7-tetranmethyl-6, 9, 10-
tri oxa- 2-] 2hospha- adamant yl met hyl ) )benzene The
WOoMEPiLi on of this |igand was carried out i PGI/EB2005/000569
manner di sclosed in WO A-03/070370 in accordance with
10 Exanple 4 therein. Exanphes33 Preparation of nethyl
propanoate f rom et hyl ene, carbon nonoxi de and
net hﬁnolggcat al ysed by a conpound of the 15 present
Condition | ratio of ligand: palladium =
é%é%é&aﬂfﬂﬂﬁ of aci dypal | adi um =3 1601 sapq of-at8-0(2,2,6,6, -
getr o TTgand—=—307 1T 20 Condition 2 rati o of Iigand:
Heed vaank Uy Fpho gphiinawt 4 vond) ) dsied: byl Fadirgrened80: 1
and ratio acid:ligand = 90:1 A nechanically stirred
autocl ave (Hastelloy) of 2 litre <capacity was
evacuated of air and then charged with a 25 solution
of tri (dibenzylidenea ce tone) dipall adium(1.44 x
- 10-1 noles), 1, 2-bi (di -tertbutyl ghosphi nonet hyl )
ferrocene of Exa (7.61 x
nmet hane sub j

The autocl ave was 00C when at that
was added on top
of the vapour preéessure of solvents and

I medi ately an equi nol ar m Rture of carbon nonoxi de WO
2005/ 079981 PCT/ GB2005/ 000569 120 and ethylene (2 X
105 Nrli-2 added to the s -through a pressure
regul ati ng val ve set to 5 Nnv 2 above the

sol vent vapour pressure. Sultably, the nolar ratio of

1,2-bis- , «(P-(2,2,6,6,-tetramethylphosphinan-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 under
nitrogen for 20 hours. The reaction mixture is cooled, the
crude title compound removed by filtration, washed with
pentene (20 ml) and dried in vacuo to yield the title
compound as a yellow-orange solid (24.9g, 85% yield). The

title compound was characterised by P NMR and mass

spectrum.

ly NMR (250 MHz; CDCls): & 4.32 (1H, br); 4.08 (5H, br);
4.02 (1H, br); 3.94 (1H br); 2.84 (4H, br); 1.8-2.5 (8H,
br)y; 1.05-1.4 (24H, br,).

3lp NMR (101 MHz; CDCls): s 4.15 ppm.




et hyl ene to carbon nonoxide in the reactor is 5
approximately 9:1. The tenperature of the reactor was
mai nt ai ned at 100' C and as the reacti on proceeded
woachdioreesnal car bon nonoxi de and et hyl ene was BEAEB20¢¥P00569
an equinol ar basis) through the pressure regul ating
Tescom valve. No catal yst precipitation was observed.
10 Initial reaction rates neasured in noles of nethyl
0 anoaf e (MR dﬁesr myo%ngf pal. I@@lgjgapethpugggnd
SVETT measur ec of methyl propanoate per
ol l afedpal Icazﬁﬂjmmrel-ﬁét &dfki ned for the catalyst.
This may be 15 acconplished by an anal ysis of the
amount of gas consunmed per unit tinme (rate) and the
nt of gas consunmed during the reaction,
gé%é@##%gggdeal gas behavi our and 100% sel ectivit
5 Bmtpgagatprapancate. 202l e(dishodros Retetrame thy 6 9,10-
ng t qlra_Jﬁégi ( Lon Fonpared
0 ' —cotfcet atof Pt a
concentratlon) for a batch process on both the
maxi muminitial rate and the turnover nunber

e ePrePaFird onnnef eithisni 113An¢ e 825 ofF aggl)c in the
I{” i eddi ﬂsgléeeé 4% OWOURLBEVOI?WOQME GWRRrdfice with
e of Ium per hour and TON is neasured as
10 mpﬂ®f4nem®y¢1@ropanoate per nmole of palladium For .
both TON and maxi muminitial rate, values are
- significantly increased passing fromcondition 1 to
E&Hﬁf1é0®32 i .e. when increasing both the 30

palTadi um and acid:ligand ratios at caonstant
H’rm%mmamﬁmwzm&q pPXgpanRRl@7obngm ethylene, carbon

moné@ggo%rpcpoig%ha%& Tabl £1 Jsdaxi gym JuroomSbund  of the

15 present invention

i

§n

Condition 1 ratio of ligand:palladium = 5.2:1, ratio of

acid:palladium = 160:1 and ratio acid:ligand = 30:1

20 Condition 2 ratio of ligand:palladium = 5.2:1, ratio of
acid:palladium = 480:1 and ratio acid:ligand = 90:1

A mechanically stirred autoclave (Hastelloy) of 2 litre
capacity was evacuated of air and then charged with a
25 solution of tri(dibenzylideneacetone)dipalladium (1.44 x
1073 moles), 1,2-bis~{di-tertbutylphosphinomethyl)
ferrocene of Example 10, (7.61 x 10™° moles) and methane
sulfonic acid (2.30 x 1072 moles condition 1, 6.90 x 1073
moles condition 2) in 300 ml of methyl propancate/methanol
30 {70 wt% methyl propanoate}. The autoclave was heated to
100°C and when at that temperature, ethylene (8 x 10°Nm™)
was added on top of the vapour pressure of the solvents

and immediately an equimolar mixture of carbon monoxide
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Initial Rate Nunber after (noles | hour (noles
MeP/ ol e MeP/nmole Pd) Pd/hr) 1,2-bis-(di-tert- 66261
50786 butyl phosphi nonet hyl ) benzene - condition 2

WORNeS/TPI(di -tert- 42103 32397 PCT/GB2005/000569

but yl phosphi nonet hyl ) benzene - condition
1,2-bis-(di-tert- 94957 626320
but yl phosphi nonet hyl ) benzene - condition 2

dnd- Biayidhet qnt -x 4p¢Hn2P4G8ded o th |
bUtylphOSphﬁng”Ethy )benzgne SondiY i 5he Systen .through a

Hresduse (diegulating, Makws ragkt hd - 509 x1010PKna-&sove the

55799 51997 hospha adaman ))ferroce

SRR o 2o BESReArEl T ST i FLE: ratio o
éﬁﬂjﬁ%ﬁéhYHxﬁ 9,cHidr OxXandoxRBeSPhdn  the  reactor is
adamantyl nethyl ))ferrocene - standard 1, 2 -bis-cc, a-

qEprqpingtely” §:1.t eThanctaReTRERhe nart 4-£1R983@amIANY was
onéﬁ%%ﬁ%%%hy PEB/G%ZOQQ&pOO:?69the22reactlon proceeded

errocene
additional carbon monoxide and ethylene was added {(on an

equimolar basis) through the pressure regulating Tescom

valve. No catalyst precipitation was obserwved.

Initial reaction rates measured in moles of methyl
propancate (MeP) per mole of palladium per hour and
turnover measured in moles of methyl propanocate per mole
of palladium were determined for the catalyst. This may be
accomplished by an analysis of the amount of gas consumed
per unit time (rate) and the total amount of gas consumed
during the reaction, aseuming ideal gas behaviour and 100%

selectivity to methyl propanoate.

Table 1 shows the effect in increasing the relative acid
concentration compared to phosphine ligand concentration
{and metel concentration) for a batch process on both the
maximum initial rate and the turnover number (TON) after 1
hour, wherein initial reaction rates are measured in moles
of methyl propanocate (MeP) per mole of palladium per hour
and TON is measured as moles of methyl propanocate per mole
of palladium. For both TON and maximum initial rate,
values are significantly increased passing from condition
1 to condition 2, i.e. when increasing both the
acid:palladium and acid:ligand ratios at constant

ligand:palladium values.




condition 2 1,2-bis-a,a-(P-(2,2,6,6,- 21591 1767

t et ranet hyl phosphi nan-4 one)) di net hyl f err ocene

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

wo ba@snaset hyl -6, 9, 10-tri oxa-2- 29839 24270 phBEPEB2005/060569
adamant yl net hyl ) ) benzene condition 2
1,2-bis-(di-(1,3,5, 7- 12041141444
tetramet hyl -6, 9, 10-tri oxa-2- phospha
adamant yl met hyl ) ) benzene - condition 1
1,2-bis-(di-(1,3,5 7- tetranethyl-6,9, 10-tri oxa- 2-

20177 16610 phospha adangabyénkt hyl))benzene

condition 2 1, 2-bis(di-Il- adanantyl phosphi nonet hyl )
67599 6814 1 ferrocene-bis nethanesul phonate
cendrtton—2—1-2~ IL)Fb((]l 411067 ﬁaéfiﬂﬁum TUurnover

adamant yl phosphi nonet hyl ) fefrocene-bi s-
net hanesul phonate condi ti on} 1Initial Rate.| Number after

{moles 1 hour (moles
MeP/mole MeP/mole Pd)
Pd/hr)
1,2-bis-(di~-tert- 66261 50786
butylphosphinomethyl)benzene
- condition 2
1,2-bis-(di-texrt- . 42103 32397
butylphosphinomethyl)benzene
- condition 1-
1,2-bis-(di-tert- 94957 62635
butylphosphinomethyl)benzene
- condition 2.
1,2-bis—(di-tert- 45421 29465
butylphosphinomethyl)benzene
- condition 1
1,2~bis—-(di-(1,3,5,7-
tetramethyl—G,9,10—trioxa—2- 55799 _ 51997

phospha-
adamantylmethyl) ) ferrocene -
condition 2
1,2-bis-({di-{1,3,5,7- 8490 - 4814
tetramethyl-6,9,10-trioxa-2-

phospha-
adamantylmethyl) )} ferrocene

- standard

1,2-bis-o,a- (P-(2,2,6,6,-
29839 24270

tetramethylphosphinan-4-




WD 2005/ 079981 PCT/ GB2005/ 000569 123 Exanple 34
Pd( OAc) 2(22ng, o. | mmol ) and the rE~spective phosphi ne
ligand (0. 5mol) were wei ghed out in the inert
woaberspser e gl ove
flasks. On renoval, 5 300nL of degassed MeCH were
addetd and the mixture stirrie@ for 1 hour. To the
sol uti on meti nanesul phoni ¢ aci d (640gl 10nnol ) was

box into 500nL 3-neck rounddIvGB2005900569

7$%5q&“iﬂﬁ??ﬁﬁ@gg_gE"EhE"CafT1ybl SO utTom Was—taker:
2 AUt ocrave was ¢ argd4ed with the solutiop and’

bsaipdise 200C with stirring|(3 .0 barg vapour
pressure) 1Q The reaction Wwas qtartpd_hv fhe

iy +letisedjoon Bof (2 G etdwd ene| (1: 1)21§Heous i xt urkl 856
the autoclave. The total pressure of the autocl ave
tekreeREy PhedPhynanTEScoM | (9.8 barg). This resulted
of ethylene t¢ CO The tenpgrature and
?H%ﬁ% %%£§¥#geﬁ£93?3 ned 3 hours 15 during which
égﬂ'fg&%ﬁe§e val ues were rec¢rded. -- The gases were.
Isolated and -the unit cooled to room tenperature,

=4

ﬂ}&%ﬁ&m*é&sa(lsédSuﬁrt was efptied and the finm
ht of tpon tak n. nd 1 1, 2:-bi
Pk e g8, oM ERIRARE LTS D" ana 221D
ﬂhggﬂh§4d|-tert butyl]phosphlnonethyl)ferro ene 25
Ligand 3 =
adaman sy bmaeavhht Yeprensphi npnet hyl ) ferrocepe Ligand 4

hospha- adamantyl phosphi nonet hyl ) f
Sorfd LA Ligand 5 1, 3-bi

1 B-Best ¢houly] BhosPRI no) 2- et hylaterl propane 1144 4
(conparatlve preparE--d as|in WO A-03/040159
ehiamt 1T Rhe? el P ETHR%2085{ 079981 PCTI GB2005/ 000569

predkpha-
adamantylmethyl) )benzene -

condition 1

1,2-bis-(di~-(1,3,5,7-
tetramethyl-6,9,10-trioxa-2~ 20177 16610
phospha-

adamantylmethyl) )benzene -

condition 2

1,2-bis(di-1-
adamantylphosphinomethyl) 67599 68141
ferrocene-bis~

methanesulphonate -

condition 2

1,2-bis (di-1~ 41167 33798
adamantylphosphinomethyl)
ferrocene-bis-

methanesulphonate -

condition 1
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The results are shown in the tables below Table 2
Ligand Ratio W Gain Avg. W Pd:Lig:Acid (g) Gin (9)
1 1:5:100 268.65 1 1:5:100 244.47 1 1:5:100 258.98
WO02605/3%381 1 1 :5:100 252.13 1:5:100 262.29 TEBFE&B3005/000569
Ligand Ratio W Gain Avg. W. Pd:Lig:Acid (g) Gain
(g) 2 1:5:100 302.64 2 1:32300 306.84 2 1:5:100
-293.4~ 300.9 2 1:5:100 303.09 2 1:5:100 298.54 10
E Ta Ile Aigand Ratio W gain Avg W Pd: Lig:Acid (9)
—"éé&a—f(—g‘;— 3 1:5:100 364.97 3 1:5:100 340.18 347.54 3
PAl{ R A)0Q 224, 16. 315 : 200 338 g8=veegtoveophogphine ligand

PCT/ GB2005/ 000, 569 25 Tabl e [ i i.n
(AL) PHCERq R (BT SRttt glove
box into 500mL 3-neck round bottom £lasks. On removal,

300mL of degassed MeOH were addeed and the mixture stirred

for 1 hour. To the solution methanesulphonic acid (640pl,
10mmol) was added. The weight of the catalyst solution was
taken. The autoclave was charged with the solution and -
heated to 100C with stirring (3 .0 barg vapour pressure) .
The reaction . was started by the introduction of
CO/ethylene (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 unit cooled to room
temperature. The depressurised unit was emptied and the

final weight of the solution taken.

il

Ligand 1 1,2-bis{di-tert-butylphosphinomethyl)benzene

1,2-bis (di-tert-butylphosphinomethyl) ferrocene

Ligand 2

Ligand 3 = 1,2-bis(diadamantylphosphinomethyl) ferrocene

Ligand 4 = 1,2-bis{diphospha-

adamantylphosphinomethyl) ferroceme

Ligand 5 = 1,3-bis(di-tert-butylphosphino)2-methylene-
propane {comparative), prepared as in WO-A-03/04015%
(Example 1 therein).
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4 1:5:100 165.21 4 1:5:100 189.83 4 1:5:300 221.61 AV
1:5:300 4 1:5:300 261.28 249.67 4 1:5:300 281.81 4
1:5:300 233.99 5 Table 6 Run No. Ligand W gain Ratio

WO(29)5/Pdesti g: Acid 1 5 33.3 1; 5 : 100 2 5 8PCIEGE2005/000569

100 3 a5165.11: 1: 4 4a5235.971:1: 4
E;a 582.531: 6; 4 a) run2at 3 x palladium
concentration {67.3 ng Pd(QAC)2) WD 2005/ 079981

@%/% %5 %%&“;fgh{%’ﬁ E%Sﬂge%g?%ﬁogﬁe- pr opane

(ligand 5) additional ligand with or wi thout excess
acid results in a drop in_catal yst performance. 5 The
opti mum condi ti ons of | omgégéﬁné and acid, e.g. Run
Nos. 3 and 4, result in the highest catalyst

product i_vi t under the conditions studied. Addition
of excesddgayaeind aRahkigh aci ditr a@dim as ArgRumtNo. 1
results in a significant .drop in perforpance, as does
addition of o g&éé‘%@ﬂ%&nd at&f)ow aci 1t [95. The
fol |l owi Ng TYWO Tabl §SsCq@hal A3l € 11 , 2-
Bi s(di -tert-butyl phosphi nonet hyl ) benzene. The data was
col lected al BOC hdnbelCR4 rat244aAd turnover nunbers

are 15 Iowei t han tllgg:q%iba we Egggggl rea%%.?i_g%l‘luded.

However ,

1 1:5:100 252.13

1 1:5:100 262.29
‘Table 3
Ligand Ratio Wt Gain -~ Avg. Wt.
Pd:Lig:Acid (g) Gain (g)
2 1:5:100 302.64
2 1:5:100 306.84
2 1:5:100 "293.4 300.9
2 1:5:100 303.09
2 1:5:100 298.54
Table 4
Ligand Ratio Wt gain Avg Wt
Pd:Lig:Acid (g} Gain (g)
3 1:5:100 364.97
3 1:5:100 340.18 347 .54
3 1:5:100 345.15
3 1:5:100 339.88




the data shows that at constant acid:ligan(:P |evels,
an increase in ligand:Pd ratio provides |arge
increases in initial rate and TON val ues. This data
woanesw79sed the preforned catal yst [ (L-L)Pd(dB&¥/QqB28¢5/000569

details see below) 20 and adds the |igand excess as
-the protonated salt. The ®®erinental detail is
provi ded below. Table 7 Ligand Ratio Ratio Initial TON
after Pd:Lig:Acid Acid:Ligane rate 4 hours 1 1:5:36
10.9 5000 12000 1 1:5:72 20 17000 25000 1 1:5:143 37
22000 30000 25 b in thisTalat¢osthe "acid' includes
both the acid fromthe protonated phosphine |igand
together with the additional WO 2005/079981

' PCT/GBZQF?' 569 sAacl d a in €., aiv&ere acid)
and the |%§ﬁ% IS s#ﬁ%%s theqﬁﬁoi%ﬁgted %ﬁ%s@%ine
|l i gand. Tabl e 8 Pdgamnd:Ratido Rati® | niti@kimONgafter
Pd:Lig:Acid Acid:ligane rate 4 hours 1 1:10:90 10.9
22000 4200@ 1 1:10L:B2%0 33008652000 1 1:10:352 37
41500 7100Q The nu r.qf. nole f ,pal l adiumis equa
to the nunber of Eggﬁ%ﬁgs of Efgdegba). The work
descri bed ign theseiexanmpbes wagsgasei ed out in 2L
capacity autoclaves. In each test- 10ng of L 2 Pdgdba)

catal yst arkdl 32ng 245&8QPval en2e) -8 72RY §95:30

equi val entg) 15 of ;peokgRat ed phasphi ne wepg z7added
to the preparation

4 1:5:300 281.81
4 ' 1:5:300 233.99
5
Table 6
Run No. Ligand Wt gain Ratio
(g) Pd:Lig:Acid
1 5 33.3 1 : 5 : 100
2 5 B3.16 1 :1 : 100
3@ 5 165.1 1:1: 4
4% 5 235.97 1 :1: 4
52 5 82.53 1 :6 : 4

a) run at 3 x palladium concentration {67.3 mg Pd(OAc).}
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flask in a nitrogen purged gl ove box. 175nmL of
azeotrope product consisting of 50:50 w % net hanol
and nmethyl propanoate and 125nL of nethyl propanoate

WOers@7998en degassed and added to the flask t®CIERZA0H000569

a reaction 20 solution which was close to 70wt % net hyl
propanoate. After additionmz®f the required quantity

of met hanesul phonic acid the solution was transferred

to th e evacuated autoclave and heated to 800C in

vacuo. During this period and at all subsequent "tines
rble thd Qclomndl Iig3 —Eﬁ.as@dﬂ#tmi:taﬂnuﬂyﬂ@ﬂldsghlmo \\thete it sene -
tenperature haq been reached the t % pressure of
DERPaBESt diAARY} net eadEditional ba}l‘i"?‘l‘ et vpfourwithout

S f r n

egeﬁggengcg%d?teﬁg%tt% op%%d%ﬁpaﬁm h .1_219 a(rzéggl%%g \%rformance.
Th&OEi;ﬁ:?:ﬁﬂﬂd EEAAB2005/ @F056W 12@a@|—|¢/ﬁ©0$®:b@ tkag. Run

t he total pressur vvas -1lba he pace -
NeSru Pad ] o TeRTLE A EhE b AR ek Ba ATt tifoduqriviey
WBAS RS d e6ok@i ¢ fensystaaial. t hevdate i 6h Wagess ligand
required to hold the pressure within the system

a@onb@-&#ﬂt asifea@Bitd® r @ses iand Ram allpst FONSSMatlEs 1n a
f th val _ of fr
M R S P A
exekeest libtydf at rretnh)aJc:.qomp&nsat e' formation. 10
Preparation of 1,2-b:Ls (di-
adamant yl phosphi nonet hyl ) benzene pal | adi um (dba) THF

| Théo%o@'i@w ilackiitea. coMbADA! HaBaOFok ehed il 1,2-

. nmol”) and pal | adi um dba .61 g,
B[lad}i)L tﬂtabu@wélph@swfd@@plerc@arld neur bi dThel liaen. was

oPlTeERRG R S UL Ol 0LaBel oRHE LSAEVEN Mibers are

cannula; yielding eep re - of ange

1ot aﬂfaranﬂha slamlal weuhBtet mlofea[@d] inebideé. TiHowever,
volatiles were renoved in- _ .

the data shows that at constant acid:ligand” levels, an
increase in ligand:Pd ratio provides large increases in
initial rate and TON wvalues. This data also used the
preformed catalyst [(L-L)Pd{(dba) {(for details see below)
and adds the ligand excess as -the protonated salt. The

experimental detail is provided below.

Table 7
Ligand Ratio " Ratio Initial TON after
Pd:Lig:Acid Acid:Ligand® rate 4 hours
1:5:36 10.9 5000 12000
1:5:72 20 17000 25000
1 1:5:143 37 22000 30000

b in thig ratio the “acid” includes both the acid from the

protonated phosphine ligand together with the additional
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vacuo affording a deep red powdery sLolid. Pentane (50
cm 3) 20 was added via cannula and attrition perforned
with a spatula, resulting in an orange powder
wogeparesi ng out. The anber pentane washi ngs RET&B2005/000569
renoved via cannula filtration, and the solid washed
with Et20 at -10 OC (3 x 582¢em 3 ) . The resultant
orange powder was dried in-vacuo 25 and isolated in

%8%5 OX(:L g' el d‘f.?r %8' I?yﬁého/ n" P@IIMQ gaégp\}\%z simply

Fatio), 'essentla
ﬂ%@rﬁoﬁmﬁ rpiidsphicfe ligand.
1, 3-bi s-(di -1-adamant yl phosphi no) propane 30 pal | adi um
(dba) WD 2005/079981 PCTI GB2005/ 000569 129 As above,
except using ligand (1.96pgp18-84 mml) and pal | adi um
dba (1.69 g, 3.04 mol [Pgj)~Tm TRF (70 cnB). After 3
h, the deep red orange solutron was fairly turbid in

phospnorus pur

..... Crere O Vel CLGA U

fu FH@Pddr ssol v@aFﬁ‘é product Ral*ﬁ’eoreact'ﬂi‘rtrkﬁ TON after
worked-up  ap3aReyeacLA CeReildle. a2 @ Wasidi® Was 4 hours
performed at anbient fenperaturée. The solid was
isoldked in the:j0e9ebox as aAl.8range pdkAEP. YietzD00

2.08 69 % 6 = 42,..38 ppm rati

noi sy’)g @8’%106'61%%0 Al so 538 " St udi eé%géo 052000
Pal | adi um Cat al yiseddvet hoxy- carbonyl ati enso0b Et hengdoo
thesis subnitted to the University of Durbamby G R

East ham (1998), for details on the preparation of
L2Pd(dba) conpl exes. 15 Exanple 35 Preparation of

net hyl propanoate from et hyl ene, carbon nonoxide and
nmet hanol catal ysed by a conmpound of the

The number of moles of palladium is equal to the number of
moles of L.Pd(dba).

The work described in these examples was carried out in 2L
capacity autoclaves. In each test 10mg of L,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. 175mL of azeotrope

prooluct consisting of 50:50 wt% methanol and methyl
propanoate and 125mL of wmethyl propancate were then
degassed and added to the flask to provide a reaction
solution which was close to 70wt% wmethyl propancate.
After addition of the regquired quantity of
methanesulphonic acid the solution was transferred to the
evacuated autoclave and heated to 80°C in wvacuo. During
this period and at all subsequent times the autoclave was
stirred at ~1000 r.p.m. When this temperature had been
reached the total pressure of the system was increased to
9 bar (from the vapour pressure baseline of ~1 bar) by the

addition of ethylene and then topped up with 2bar of 1:1
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present invention 20 The conti nuous process
exenplified involved the reaction of purified streans
of carbon nonoxi de, ethylene and nethanol in the
WO 200f07898hase, in the presence of a catal yst ByRGBIN05/000569
to generate the desired product, nethyl 25
propanoate. The reaction wagpgarried out at 1000C and
at 12 barg pressure in the reactor vessel . 30 The

RGP TP e kRt mol iR £ RS Sabpe 8 ene

thngsg?&éé aé%ﬁ%he "ROEN Das 100D, CORPLOPILRAGOLIRL BAy the

ved fon nmiXxture, constitute

f eACkian Y0.2005 079081, ECTLERA00SIA006A e wiich was

yst” system onogeneous caf al yst

i“ékyl@:th:e& opyehbed dhes @ire@@ummmﬁm ttche heystesuconstant .
nethyl propanoate in the I|& uid phase. 5 During
E&ﬁmth@@usaéﬁéraﬂﬁoﬁatﬁﬂ¥5@a Qﬁﬁﬂwﬁﬁﬁxﬁﬂ%ﬁﬂ%ﬁ%@dafrom the

sl ow but steady ra I f

&l 95t TP FHe 7 étga qa%%i go%%og't e pr&%%%téggnmlng
f&‘éml £ 0P ol £duges. 18o%h eséE@@tQ’O’lti?SSEbrWaﬁlethyl
fitted mnth an agitator, and also a neans o

peopancateat fogratbomnr eacted gas that collected in
t he upper headspace area of the reactor. The unreacted
gas fron1the react or vessel headspace, which was made
gl dgxture of ethylengeand carbon nonoxyde pYe8di-1-
ré?%rne 15 continuously to the reactor via an entry

plamnty lpleospisionastivhl Ybenzene patladiteed(dipal hr ough
the reaction mxture continuously. Upon entering into
the reactor vessel the gas was

THF {100 cm®) was added to a combination of ligand (2.05
g, 2.90 mmol) and palladium dba (1.61 g, 2.90 mmol [Pd])
affording a deep red-orange turbid solution. The reaction
was stirred for 3 h. The reaction was filtered via
cannula, yielding a deep red-orange filtrate and a small
gquantity of [Pd] residue. The volatiles were removed in-
vacuo affording a deep red powdery solid. Pentane (50 cm®)
was added via cannula and attrition performed with a
spatula, resulting in an orange powder separating out. The
amber pentane washings were removed  via cannula
filtration, and the solid washed with Et;0 at -10 °C (3 x
50 cm’). The resultant orange powder was dried in-vacuo
and isolated in the glovebox. Yield 2.68 g, 88 %. 3'P WMR:
& = 46, 42 ppm (l:1 ratio), essentially phosphorus pure.
FW = 1047.73.

Preparation of 1,3-bis-(di-l-adamantylphosphino)pzropane
palladium (dba)
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20 dispersed by the agitator into- fine -bubbles. In

this way the ethylene and carbon nonoxi de were

di ssolved in the reaction mx. Fresh ethylene and
wocenstassshonoxi de gases were added to the 25 PCT/GB2005/000569

re-circulating gas to make up for the anobunt of the
two gases that have been uged up by the reaction.
Fresh nethanol was al so added continuously to the

reacfor._ ve [ r pl ace et hg, mes hpnokmbhat and
AfasaBedR J%%?Eab Betre %%giﬁgon@'SO The react or i
yesseli el dbahg hdk ¢, qBi.04r eastli ofPdiliixt ike THE bA ) -

wth the three conponents of the n .
POesy 079981 thETARS oé@%ﬁ@&@é’é’e %E:Eg?’a %U‘“‘s %%%195’  turbid

al Ladium sald;, anphhesphiegali GOdemdndrBR sudsphedded to
¢i &5 order to recover the pr oduct

met hyl

piseewatiéssalvs §ﬁﬁe£ﬂ@ﬂu¢%ac?h6nrﬁ?ﬁF&Pé VRS pBetkgd-up
conti nuousl y out r [ mbient
%ﬁs@@??ﬁti%%C%%Fu E? %Eg3d§§€$f$%?@%%lg%giﬁﬁse%e?%gaa ren
@é&§%§a§ﬁ§gg rheaghlitlypes disstlidted ion We uwheovebox as an
provi ded a nmeans of separating.a, 16.fr lop of ,1he
oBdhye p@@éﬁﬁoaYéeéﬂdzn@?hgnoggcéhpo&£$ﬁ§ibfgtﬁe4£’ 38 ppm
gg_ t%gﬁig%xﬁg{ {[ogwtgegggnggplatile di ssol ved

talys

conponents. This was achi eved by vaporising a
fraction of the reaction mxture as it passed through

the flash cqlum. The p ctd ) r -
MhPen 965 T CTHHEF s o1 (EPS ATt aLa; K6 Thrsian Ry
Eééﬁpn&}%!&%n o¥ Wethbneti || tosmtis nedubmétyled to the
catal yst conponents, was returneq.to the act qr .
Unssekssbyt odt Qu@l%twy&-l"'c&?p‘gﬁ‘éﬁ‘t splc%%qe)d'tgf%’é details
Al Lokl gk BaPAr 00hNGLT 2641 @) 200k dibes et D!
PopBRoBFEPRT

oduct -was required free of

Example 33

Preparation of methyl propanoate from ethylene, carbon

monoxide and methanol catalysed by a compound of the

present invention

The continuous process exemplified involved the reaction
of purified streams of carbon monoxide, ethylene and
methanol in the 1liquid phase, in ‘the presence of a
catalyst system, to generate the desired product, methyl

propanoate.

The reaction was carried out at 100°C and at 12 barg

pressure in the reactor vessel.

The catalyst system was made up of three components, being
a palladium salt, a phosphine ligand and an acid. The
three catalyst components, when combined together and

dissolved in the reaction mixture, constitute the reaction
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met hanol, a second distillation colum was required.

In this case, the vapour streamfromthe flash

colum, which is a mxture of nethyl propanoate and
wOzeasHaMmslt was passed into the second distil | RKTEFB2005/000569

col um, where the pure nethyl 25 propanoate was

generated as_the heavier pradgct, and taken off from

the base of the colum. A |ow boiling nixture of

LTV JBIP Y PAOURER o paEsl g, i

doapreftddie dMePopuedf i eabiceants| utm. Itheor derodoct methyl
utilise the nmethano| 30 as efficiently as possible in
Ryl sin tihe | bhapbt | PRSS ni xt ure” of met hanol and

met hyl propanoate was returned continuously to the
reactor vessel. WD 2005/079981 PCT/ GB20051000569 132
Aitiig stantimpoos tperesivhputbe ceietlysturecomppeed at a

t he ired r te of gener ati.on of th r.opanoat e

g’é‘ %fcqﬁl ALE 7o r PALs¥eBr 1§ aﬁyd rgg &gr{l%f fresh
éJEéif@ f@ie@heOfatéeoeagahaﬁétﬁ@mp@ﬂeﬁhé p@aduct, methyl
undertaken. 5 In order to sustain the rate of

meoranea oy BEdpeedyl propanoate it was necessary to

cc ntinuously replace the palladium catalyst

conponent which was |lost to deconposition with fresh

T | pchtiroat vessal ewnhi €httdd wathnzedaghbatare ehd also a

| This led to the situat wher e .t he st
%%%npﬁéé%%iré’u@ﬁg%sta%éﬁﬁsﬁaﬁ{cédbg%gfm 8o Boiected

ﬁrth@-ﬁﬁ% ﬁ@é&sﬁécgeﬁgéatbﬁnt@é FBAbYbr Pr opakoangeacted
] ust e to sustain fl ow sheet reaction rate,

g@suﬁuomam@@lgpaqkﬁ%tﬁﬁ58@bnb@ﬁ@ﬁaepenswaﬂC@aﬂﬁﬁh made up
d h h
gc-gtxr'g};é-‘vesg $£ éﬁ%ﬁgiehg aL{al e%fﬁgﬁpﬁlgﬁ?éi&@ Ofwats Seturned

was ca ance
&5ﬁt&hmbwmﬂﬁrt¢hese ceadtbronsatéme eatey plpe at the base,
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 carbon monoxide were dissolved in the

reaction mix.

Fresh ethylene and carbon monoxide gases were added to the
re-circulating gas to make up for the amount of the two
gases that have been used up by the reaction. Fresh
methanol was also added continuously to the reactor
vessel, in order to replace the methanol that has been

used up in the reaction.

The reactor vessel held the bulk liguid reaction mixture,

along with the three components of the homogeneous




of pal |l adi um deconpositi on was bal anced exactly by the

20 rate of addition of fresh palladium Fromthe rate

of addition of fresh palladiumcatalyst conponent
woungaredsal ance poi nt conditions, the pall adi uRCT/GB2005/060569

turnover nunber (TON) was cal cul ated. This is defined

as 25 the nunber of nol of neihyl propanoate generated

per hour, for each nol of palladiumconsuned by the

P i he pal | adi caby
sreatySEar BoAROR pPELNBREP REU ool BF O LA% fspands and

%oggi%bgﬂ§c thegdi.nstant aneous val ues of all of the
arrables were recorded, and used as representative

data to show the performance of the process under the
condi ti,ons in use h [ 0 8 e, a
ﬁ@?/%iﬁ%ﬁS/%%Oé%ﬂxg%ﬁé $g%gg?ﬁ%¥g%§tgéﬁﬁ¥ he%%ﬁ?%iﬁoiﬁ '

5 Leyebs off phosphice mixand wasl passegreeshinbaushy out of
reaction m xture on pall agi,ugm (tl:u nover EH%‘Rer, al |
thei aBBES e r®hdnd o bhet FHTEx @éi“’% tRe"Backgr ound
| evel s of ligand and acid in the reaction mxture.

These | evel s were changed by naking small addigionﬁy
ohet Bast iddmrdurd salomihe bedagt foH1RgdEelStRAe o flash’ type
dedi cated .t ank _and punpin e ddj ki 0ps,NEL €1 a
faeh idAthity Eﬁagggéfu?r%%?%%§ng%taggn?he catal yst 00

10 $hlihiem feedirat methyl epespahbash thé meitiweeel components

position. The experinental_ design was suc hat afte
ofl | gt | Agacdan Heik kRt of *B| EBPnY"gS%Cé?Let i sdolved
system was (1o @i ey oUS chelveid diidperssing a
f%ﬁ@ﬁégﬁ@f%? g%gégggdriff?ng of perfo[nancgggefore

FREdtd can 6D the neattien mBKtexperfnifit MaSEGMi Higmgh the

In this way, compgrative sets ofylesulls Wal endsdWBeUPinich
WHiagh sABwER™c| earty tha" hé%ge{éh 0 ca C:ﬁlyst stability

15 remained as liquid after passing through the flash column,
and which still contained useful catalyst components, was
returned to the reactor vessel so that the catalyst

components could take part in the on-going reaction.

20 If the methyl propanocate product .was required free of
methanol, a second distillation column was required. In
this case, the vapour stream from the flash column, which
is a mixture of methyl propanoate and methanol was passed
into the second distillation column, where the pure methyl

25 propanocate was generated as the heavier product, and taken
off from the base of the column. A low boiling mixture of
methanol and methyl propanocate was generated as the light
product, and was removed continuously from the top of the
MeP purification column. In order to utilise the methanol

30 as efficiently as possible in the process, the low boiling
mixture of methanol and methyl propanocate was returned

continuously to the reactor vessel.




20 that were caused by the variations in the
background |evels of phosphine |igand and acid
| evel s. The anpunt of palladiumin the feed to the

woReRserBlis critical to cal cul ation of, turn®CEGB2005/006569

io0

15
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nunber results. 25 Assurance on the rate of fresh
catal yst being fed to the sysizem was provi ded by
anal ysis of each batch of catalyst prior to transfer

Pripe St vsh beeddankonloru ol | 3l COENt yhen the
assurance was gal he et erm nati onof’
d@éﬂﬁédf&mﬁaeﬁ@ géneﬁaaigstofrmmﬂhyhrpxmﬁaﬁé&téahhd been

30 in the level in a hurette, h is part of t
%%.beﬂawgg PeBHOSHSEeRT srattal "Telgpl oBonro Fhentoed rates

g;Jfﬁ§299§5999§680$§6ne399|ﬁag §H8@§t£ﬂ@neffe0t on

adi um t ur nover TON) when I ncreasing the
acid:ligand ratio and the I|gand netal ratio. In this

anpl the acid ed net han | phonj
Fh e Bt d0e BHEEARFnetRE ghar Sagts SeBPERtidn®Be" methy
pEbb£RbRYEYiRh0SRBI nyRId¥ry b@@Z@@@tléhlm@utsﬂ% replace the

pall adi um congound was
p3lfatbenzy| FaeAtdEEt onEPAPRRFTAdI UWPIED TapRe 9 lost  to

d: Li d .
S40000PReiu gt s <l i rover et wnscn
Hal) abc@8 BhelBab&60f. DAsx.106 10.33 13.38 988 3.30 X

106 13.49 21.73 1682 3.41 x 10" 17.16 34.65 2834
3.42 X 106 17.16 7.40 837 5.00 X 106 Further trends

P £s S€efeln FLEUregnd- 3 githhALidACOMRARYENT the standing
concentrations of catalyst components became constant for
a given rate of generation of methyl propanocate, and just
able to sustain flow sheet reaction rate, as indicated by
constant concentrations of carbon monoxide and ethylene in
the headspace area of the reactor vessel. This was called
the balance point, because under these conditions the rate
of palladium decomposition was balanced exactly by the

rate of addition of fresh palladium.-

From the rate of addition of fresh palladium catalyst
component under balance point conditions, the palladium
turnover number (TON) was calculated. This is defined as
the number of mol of methyl propancate generated per hour,
for each mol of palladium consumed by the decomposition

process per hour.

Upon reaching a steady rate at a pre-determined set of
control conditions, the instantaneous wvalues 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.




figures. 15 Figure I shows TON versus acid:ligand nol
ratio. Clearly, as the acid:ligand ratio increases
above about 10, there is a large increase in TON for

WO2D307pit i cul ar catal yst system 20 Fi gure PCIHeRO5/000569

10

15

20

25

30

TON versus anmount of methanesul phonic acid present

free in the reactor. Cearlyji3as the level of acid
increases, there is a large increase in TON for this
particul ar catal yst system 25 WO 2005/079981

PCTI GB2005/ 000569 135 Figure 3 shows Pd anount in

o Wdtreweists cmnhmte ffecteehabevels phbmpirosphihe ligand
Clearly, as the leve] of acid in['lcreases t here i

Gt BB PERESHRDU  GPOPAtPACTLOR uERGH S, ORi 1ladiun
R Rl nGRbakY Sty 19V SkfM adiid Shietdenal B Hanat Except

remal ns constant. Therefore, working at these .
eltey do@ck@rodntiedevs)sr sefct}igrndt @kd cafidein the reaction

TULATC! OUa 0 YIS AT LEYEBaCoEy 208 Th° smay

Raldiadidie €PnpRASEt cofipbhadeatal e wymictrhars Wessl via a
10 Al'though sone preferred enbodi ments have been shown
ahrfi i egk i andi PUMBdngopF¥etefed biig hfgdlitions were

ﬁ%{cér* e d 1 diha 31?# L@é‘ie%@i oygichanges a8l the catalyst

i cattons m be made w thout departing from
tdvel soiopre Dded heape esentet+eweairl bsh ths heslatede neesipion.
the appended clains. Attention is directed to all
papers and documents which are filed concurrently
WHd QkpRreviedslt 0dkbign was such that after collecting

each new set of Dbalance point data, the system was
returned to a previous set of conditions to check for any
drifting of performance before moving on to the next set

of experimental conditions.

In this way, comparative sets of results were drawn up
which showed clearly the changes to catalyst stability
that were caused by the variations in the background

levels of phosphine ligand and acid levels.

The amount of palladium in the feed to the reactor is
critical to <calculation of, turnover number results.
Assurance on the rate of fresh catalyst being fed to the
system was provided by analysis of each batch of catalyst
prior to transfer to the catalyst feed tanks for palladium
content. 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

feed system.
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the features disclosed in this specification 25

(i ncl udi ng any acconpanyi ng é&B4i ms, abstract and

drawi ngs) , and/or all of the steps of any nethod or
PLBCESS9SOslhwe | agrd, effiche ewwnpaldddiuimdnyYurnover number
conbi nati on, except conbinations where at |east sone
¢TONNch whest urerreaming  sihds afed mhidpnd y Bki@siyed the
go'gﬁ%hﬂé¥§f“£%é¥ém'osed in this specification

i udi ng "any acconpanyi ng cl ai ns, abstract and
draw ngs) may be replaced by alternative features

serving the same, WO 2005/079981 PCT/G%?%QS/OQ&éSQ . .
196 thdi VEXTMRLDr EPAi RS IS56s &2 MERansGH Rt c acid,
g.%l%t ed Wthelse. ThuSospiimss expigssdy stgded 1 2-bis-

erw se, each feature disclosed is one exanple onf{ _
dBi&egdhertiyd pherspdsi nayfe gyl Negnegener sipf| arthe  palladium

features, 5 The . nventj IS not i ot to.4
GerRAEma - OF o Ag: iR o R on
extends to any novel one, or any novel conbination,

of the features disclosed in_this specification

(i ncluding any 10 acconpany@RgScFai ms, abstract and
drawi ngs), or to any novel one, or any novel .
conbination, of the steps of any _nethod or _process so

dilsicjzosddPd WO 28054079288 1dPCT/FERZOGE/ 000569 TIBhover Number
C%ﬁngiatio mol ratio reactor (ppm) {moles
MeP/moles Pd)

6.29 9.53 676 2.02 x 10°
10.33 13.38 988 3.30 x 10°
13.49 - 21.73 1682 3.41 x 10°
17.16 34.65 2834 3.42 x 10°
17.16 7.40 837 5.00 x 10°

Further trends are seen in Figures 1-3 of the accompanying

figures.

Figure 1 shows TON versus acid:ligand mol ratio. Clearly,
as the acid:ligand ratio increases above about 10, there

is a large increase in TON for this particular catalyst

system.

Figure 2 shows TON versus amount of methanesulphonic acid
present free in the reactor. Clearly, as the level of
acid increases, there is a large increase in TON for this

particular catalyst system.




1 A catal yst system capable of catalysing the

carbonyl ation of an ethylenically unsaturated 5

compound, which systemis obtainable by conbining: a a
woO'2005178d810f Group VIB or Group VIIIB or A conB6EAE2005/000569

thereof, b) a bidentate phosphine, arsine, or stibine

ligand, and 10 c) an acid, werein said ligand is

present in at least a 2:1 nolar excess conpared to

esent in at |e ol 2 |
FRatreas aher cParanodd! 38 Sqffyfn FORRST afifine of

RXERSAesalpabeadct oashdd | i Gardrl?, Aes: dthed ydeveystefn acid
as clainmed in claim!l wherein the ,ratio of sai

ingEAASES, s RETRL 45 i3 (HPTRESCanyR 5D ?’809‘3%: pf oBd in
go%@tﬁéﬁmﬁﬁg FH§§eﬁh%%ﬁﬁﬁh¥EQﬁﬂhI¥éﬁr%?sﬂ@ﬁfehﬁihﬁe the

atro of sald [igand to said netal is in the range
5 #@actibpn 500td. r2mainsA canatbgst.sysfTaerafodien negrkiang at

claiml erein,the . ratiiQ sai j qa to '
HResf | ShSVahRd rafged 2 :ev%flts 4 48141‘4&%% c’éggngt can be
syshepiasdc! @ramd dsh eRy altlhelipmeckdirays Jectaises.  The

wherein the ratio of said acidto_saidligartld isir}L .
aHvankagess:ing viewsof) thip ty@fyipRoaqst of the palladium

PCT/ 5/ 9 t Aveabal ¥St wslyrem as cl ai ned
Fﬁmg%?%g P%(e)%%l%eggé—%ﬁ'g% cl gi%ms wherein the ratio of
10 Said acid to said ligand is in the range 20:1 to

40:1. 5 7. A catalyst systemas.claimed in- f

plebedshy ST ﬁ‘f%&r‘fﬁy ?’%O‘iﬂt}?%?{sra |ag% ofaﬂ %(%‘?d‘dié‘??’é‘ and
hess@ifled, it will be appreciated by those skilled in the
art that various changes and modifications might be made
without departing from the scope of the present invention,

15 as defined in the appended claims.

Attention is directed to all papers and documents which
are filed concurrently with or previous to this
specification in connection with this application and
20 which are open to public inspection with this
specification, and the contents of all such papers and

documents are incorporated herein by reference.

All of the features disclosed in this specification
25 (including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination,
except combinations where at least some of such features
and/or steps are mutually exclusive.
30
Fach feature disclosed in this specification (including
any accompanying claims, abstract and drawings) may be

replaced by alternative features serving the same,




i0

nmetal is in the range 10:1 to 75000:1. 8. A catalyst

systemas clained in any of the preceding 10 clains

wherein the nolar ratio of said acid to said netal is
wo2onstohesst ange 100:1 to 25000: 1. 9. A cat al yst PSTHGR2G03800569

claimed in any of the preceding clainms wherein the

nmolar ratio of said acid to s d 15 netal is in the

range 200:1 to 400:1. 10. A catalyst systen1as cl ai med

%?%‘eﬂ 1Bhe hgceging, « %ﬁ]am ﬁ%%%',?% iahﬂ 'sgang E?.egs]é o Stated

phosphi ne cata

@ﬁh@f@iﬁed|mhw§w'pnbesdlmgpmbmshw%mt&tadsmuhdm@aed each

is of general formla ( R Rl C U—RS

FeaCerS ANREBPARE B %y SRS ORIV, O Fa GeRSTES series

& d ?&}vgleﬁee6§'Qimgﬁaérfbﬁtﬁrﬁ%'dg'ng group

conprising an optionally substituted aryl npbiety to
whi ch t he phosphorus atons are |inked on avail able

dj aqent car bon .at ons, 005/,079981
GEVRIE Hhs45 136 AS Sﬁt lé{teeacg % PndEBendifidys of the
fé%% SenG | eMBbdahkiit eBe.. ﬁhefllﬁﬁéﬂﬂlanaféxtends to any

substituents of the aryl noiety (Ar) and each

noeheneedt | YOF e e ROVIRIr 6§BRINEGHOR, ©of the Tfeatures
disclosed in this specification (including any

accompanying claims, abstract and drawings), or to any

novel one, or any novel combination, of the steps of any

method or process so disclosed.
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5 al kyl, aryl, Het, halo, cyano, nitro, OR 9,
OC(OR2', C(ORZ21, CCOOR22 1 NR23 R24 f C(0) NR
15 R26, (S R 2-1 R26 f SR27r COSR', or -J-Q3

wO(2063/07898iR 14) (R 5) CR 6 (R 7) (R 18) where JPCT/GB2005/600569

represents | ower al kylene; or two adjacent groups
selected fromK, Zf D and E tagether with the carbon
10 atonms of the aryl ring to which they are attached
form a further phenyl ringgprxdggh is optionally
substituted by one or noresSTDSTituents sel ected from
hydr ogen, |ower alkyl, halo, cyano, nitro, OR19,

OC(O) R 20f (0 R, 0) R 12 f NR :13 R 21.F._.

& O AR 2@@3@% (&Y 26,"3@%%%73 or °f15 Ealz'ﬁ)lf*’%ﬁz“? the
R 13c5%k§gx§¥.'§ﬁcirbﬂ ndegendentd y repheseMtcaDer abkyhturated
aryl, or Het; R 19 to R 27 each independently

r epr esepolyds ogeich | av@Eem2ps apRpinabie By epbiping:

to R12 each independently represent |ower alkyl, ‘

aryl, or Het; 25 QI f Q2 and Q 3 (when present) .each
bpdepengemtlly of egresgnt VPposphoGausp ArXEIR coor a compound
antinmony and in the latter two cases references to
phoshEReE®E, phosphorous above are anended

Bzcoﬁdmantél‘%é k%h@éﬁlf:iﬁéabhi‘sQﬁblﬂ & apdpihé licf;and, and
r phos
3

presenting horus, 30 nore preferably all o

-, a@2 amild B (when present) representing
phosphorus. WO 2005/ 079981 PCT/ GB2005/ 000569 140 12.
A catal yst systemas clainmed in claim1l -wherein at

| eastynenes { CREMR liginapist paebedtt anQhtandast @2:1 molar
i.e. (RRR Rr CRRR. CR7R8RO1CRI0RIIRI2 ..
r CRe3qead RomBaged @ eRAFIRBELAIay T nSPddy MiFatl 1in sal

repreaed £ BypbRag" it (At SaMer&édd is present in at

least a 2:1 molar excess compared to said ligand.

2. A catalyst system as claimed in claim 1 wherein the
ratio of said ligand to said metal is in the range 5:1

to 750:1.

3. A catalyst system as claimed in claim 1 wherein the
ratio of said ligand to said metal is in the range

10:1 to 500:1.

4. A catalyst system as claimed in claim 1 wherein the
ratio of said ligand to said metal is in the range

20:1 to 40:1.

5. A catalyst system as claimed in any of the preceding
claims wherein the ratio of said acid to said ligand

is in the range 5:1 to 95:1.

e N NS

TSR



Ad each independently represent an optionally

substituted adamantyl or congressyl radical bonded to

t he phosphorous atomvia any one of its tertiary 10
wOeanseo98at ons, the said optional substituti onPEEIGRROERH000569

one or nore substituents selected from hydrogen, | ower

al kyl, halo, cyano, nitro, OR389 r OC(OR O C(OR 21,

C (0) OR', NR23R 24 C(O) NR' R 26, C(S) R25 R 26 1

S e ST Flrath o ST oG, proceaing

present)imst Q@ﬁ:h@;tn wkhé eflattlier dfl eaid Cﬁc@.dr t@®B)sasd ligand

appropriate, form - opti o y substituted
2-phdsSpha- Hhe BRI gaog I?E}%'decyl group or
derivative thereof, or forma ring systemof fornula
20 Y R49 HH R54 R R53 R51 R52 wherein R 49 and R'.

5 ‘kachAi m&mtsystepr egemlalvis}mcbgbm angs dfpvighe abkgfeding
or ar R50 to R 93 [ esen h._ . . .
e LRIER YT ERY B Ehe N b GaR L Poddr S7AgI 2k o said
or Habkraand SO G Ga9fl 1Fa:T31 CBQOIBGMDI)D%Q 141 Y
represents oxygen, sulfur or NNR 55 and R5,5" when

present, represents hydr ogen, |ower al kyl or aryl. 13.

£\ ca al g}@ﬁf_‘fﬁl QiR i LDRT o gr g@'f‘ﬁe ]fareéedlng

and Igand I's represente
10 (CR' E?lE'l)nsTQJhas\re:(IK tD)e Mo, EntiB- ©f (M:}d a01d to said

and 1@53& Whereltr}le rartge T0dv1 Bo B4 . A @&

9. A catalyst system as claimed in any of the preceding
claims wherein the molar ratio of said acid to said

15 " metal is in the range 200:1 to 400:1.

10. A catalyst system as claimed in any preceding claim

wherein said ligand is a bidentate phosphine ligand.

20 11. A catalyst system as claimed in any preceding claim

wherein said ligand is of general formula (I)

12

: Fr
R*—C c—R*
! 1
::\Q"—A—~(K D)Ar(E,Z)—B—*Q1/::
e A
R—cC C—R
R R
(I)
wherein:
25 Ar 1is a bridging group comprising an optionally

substituted aryl moiety to which the phosphorus atoms

are linked on available adjacent carbon atoms;




10 to R 27 are as def ined in claim11l except that K
D, Eand Z may represent -J-Q 3(Ad)WCR 13 (R14)
(R15), -instead of -j-Q3 (CR 13 (R 14) (R 15) ) CR16
wo@@;@@gg( R18) and Ad is as defined in claim ReT/GB3005/040569
O, 1 or 2 provided that S+ U> 1;, T &V=0, 1
or 2prOV|dedthat T+ V-~93 W&X=0 1o 2. 14.
A catal yst system as clainmed in any of clains | to 10

G (o s Gachy L 88REehaeRl §TORE skt el koyne;

2005/ 079981 PCT/ GBZOOS/ 000569 142 A, and A2, and A3,

A4 and As (wh t h ind tl

fepribnchs Bowsd B RpPoRbbstiRMSRS L QTode) AT YmTHety (BT

B Het

%;logé) %Sg%é?‘h' 4 rpée%%gﬁy CI:}: %’)FésRéizllfy h&%lﬁ:\dgen 1ow:;r
5 T C‘aiﬁjtlg?a?.&ll “BEER B2Alp, Rmno.c p@):rm,(mz‘ )OR(O)R

26, -C sz 29 - £3 (-0 3

o RO GEORTD DYREE e GLOMNET R 1 Ra SR SE

cons 20f r 14g1(k}A),CREF R"’ £8) hattes 7
cyan%%éL?tg'ro w %Cdfﬂw 7y yfl_c 0¥ ;d? ) e

- C(epzasenhl R23o)6Rr21alk ?ng)a N 9R211):WR 2%@.]&%91{1‘5) groups

(57)237. %ecteg e R, 26 a3 toGEBnE With-@he carbon
10 atoms of the aryl ring to which they are attached form

a further phenyl ring, which is optionally substituted

by one or more substituents selected from hydrogen,

lower alkyl, halo, cyano, nitro, OR'Y, 0C(0)R*,

C(O)R¥, C(O)OR?, NR®R*, C(O)NR¥R*%, C(S)R™R®*®, SR” or
15 C (0) SR*;

R to R¥® each independently represent lower alkyl,

aryl, or Het;

R!® to R?? each independently represent hydrogen, lower

20 alkyl, aryl or Het;

R! to RY¥ each independently represent lower alkyl,

aryl, or Het:;

25 0!, ©* and @’ (when present) each independently
represent phoéphorous, arsenic or antimony and in the
latter EWO | cases references to phosphine or -
phosphorous above are amended accordingly, with
preferably both o' and Q? representing phosphorus,

30 more preferably all of Q' Q* and 0°® (when present)

representing phosphorus.
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15 El is selected fromthe group consisting of

hydr ogen, |ower alkyl, aryl, Het, halo, cyano, nitro,

-OR19 1 - C (0) R21, -C(0) R, -C(0) OR22, -N (R23
WO 2085/@4981-C (0) N (R 25 )R 26, -C (S) (R27 ) FCEEB2005/000569

-SR29, -C (0) SR30' -CF3 or -A - (X9) X10; 20 or

both D and El together, w th4abhe carbon atons of the

cycl opentadi enyl ring t:o which they are attached

h9r myan.aniy ”s% %@HStagé ucisﬁm@Be;}%ﬂ ELROm X4 z]lher)'&ln at

represents , congress or adamant
25 répwae$en®seCR4:P( R* )(R@ﬁougaongtéashledortadaﬁarmydi/or Q?,

or X1 and gget har s h they are
at t ath&d ‘F%%r?‘ ﬁ%ﬂau‘y‘ t’|t¢1§ CphoHhaR“R™,  or

tri cyele{i3r®, lndy 3; Akkdaey bedr@pr & r@k?éa | VB
thereof, or Xl ma%diLXZ toget - - her Wlteh Y%m.%r]grc’u? (Ad)

30 awkeaetached forma ri ng syatem of for mula I'lla
---------- WD 2005/ 079981 PCT/ GB2005/ 000569 143 Y1
RAOH H R54 R R53 R51 R52 (ilia) Xl represents CR7

(R8) A6R9) eachongilﬁdépbndénadgﬂanhébreﬁéntr epéﬁsenbﬁtlonally
CR30(R congressyl or adamantyl, or

X 4 FHBéFFr@Pt\%idt RAGRAR: i &R Fﬁ@grgrséya{ RHARL honded to
ormeaeopfihegﬁhbyoé)gb%t&fdte&; PO PNase L IJELYALQ  tertiary

[3 decyl group or” derivative
t her getboor axoBisand-hél sapdt hptiwnal @ubskithiichon heging by

are ahlaghed [or 013, Jiina S B PLcd Q8 PLan hYA%odZn, tower
alkyl, halo, cyano, nitro, OR®, OC(O)R?*, C(0)R%,
C(0)OR*?, NR*R*, C(O)NR** - R?*¢, C(S)R®®R?*, 3SR¥ or
C(0)SR?"; or 4if both (CR*RYR®*) groups attached to
-either or both @' and/or Q?, or Q° (if present)
together with either Q' or.Q? (or Q3 as appropriate,
form " an optionally substituted 2—-phospha-
tricyclo[3.3.1.1(3,7}]decyl group or. derivative

thereof, or form a ring system of formula

R H RS54
R R53
R51 R52

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

lower alkyl or aryl;

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

hydrogen, lowexr alkyl, aryl or Het; and
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15

20

Rl Q R53 R51 R52 (111b) 10 X5 represents CR 13 (R 14)
(R 15) congressyl or adamantyl, X6 represents CR 6(R
17) (R18), congressyl or adamantyl, or X and X6

wobtop@rdess with B to which they are attached PEGGR28§5/000569

optionally substituted 2-phospha- tricyclo [ 3.3. 1. 1
{3, 7) 1 decyl group or derimative 15 thereof, or X 5
and X6 together with B to which they are attached

2 S MG S A MO L Fanen

144 yrdssepf eoepissSidd hiRiBayehR3Bpweongiléylsyir aryl.
adamantyl, x 8 represents CR 34 (R 31) (R3) , congres
syl or adanantyl or X7 and X8 together with Q4 tcD

i;‘% ey afdashedsf AR OPLAORAldher of claims 11
bstltute phos ha 5 tricyclo[3.3.1.1f3,71] decyl

grouandrlﬁewheaelwesaiﬁe&egﬁndoﬂSXIGQﬁ@Sﬁg &ter
with 4 to which they are attached forn1a ring system
of formula Illd Y4 R R R51 R52 (111d)

repr e%ﬁaf $(ERR3H°)L0oR38Y (KRBYAL,(ECAngBe’ wﬁ) @tCR1R2R3
adamant y
wherein Ar, A, B, K, D, E and 2, Q', ¢*, and Q°, and R
to R’ are as defined in claim 11 except that K, D, E
and Z may represent -J-Q°(Ad).(CR™(R™) (R*®)x instead of
~-J-0° (CR¥ (RM) (RY) ) CRMS(RY) (R'®) and Ad is as defined

in c¢laim 12,

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

T & V
W&a&X=0,10r2.

14. A catalyst system as claimed in any of claims 1 to 10

wherein said ligand is of general formula (III).

. (1)

wherein:
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10 x 10 represents CR 40 (R 42-) (R 42), congressyl or
adamantyl, or X9 and X3() together with @ to which
they are attached forman optionally subst-ituted

w0 2005H00%98ha- tricyclo[3.3.1.1.1f3, 71] decyl gr oupPCI¥GB2005/000569

derivative thereof, or X9 and X10 together with b to
which they 15 are attachedisarma ring system ¢f

formula Ille Y5 R R4 R QRI3 R51 R52 (1l1lle) Q@

and @ and @B, &4 and @ (when present) , each

i ndependent |y represent phosphoi 7us, arsenic or 20

ant i ApngndM Aepr esdntAs,a B oamcVl Bsor (WhehB petaknén, each
nmetal _ .catiqn ereof ; ---- 2005/ 079981

pCT/ ERIGREPERDESS Fenbesent Loy ke A iIERR | onal |y
substituted cyclopentadienyl, indenyl or aryl group;

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

i ndefent@nsp}estpdctagmt toe Bydrwpeaonsdabing kyf  hydrogen,

al ky , , P(R) (R R N (R 46) (R 4

)R 4%8%%%[ t'agl ISC%?’dl’RS%%'o ga)lillo' V\ggﬁnﬁf es%h%’fé'eaEZ?Rw'

10 i odepertfentdy/(0)®3t esentoyriFggeny uk%?\wa?’: Al 1&&'(0) N (R¥) R?S,
(0] e

aryl, . hal o,0r,4et; RB;19 to R and R 13
pr es'é‘ﬁf,seéﬁf:ﬁ R* maeendett 19 $epreséits Rydrdgel &@o)\/@ér:
al kyl, aryl or 15 Het; R 49 r R' and R55 when

present, each independently
D* is selected from the group consisting of hydrogen,

lower alkyl, aryl, Het, halo, cyano, nitro, -ORY®, -
0C(0)R*®, -C(0)R*, -C(0)OR*3, -N(R¥)R*, -C(0)N(R®)R2S,
-C(8) (R*)R®®, -3R%®, -C(0)SR3?, -CF3 or -A,-Q*(X")X5;

E' is selected from the group consisting of hydrogen,

lower alkyl, aryl, Het, halo, cyane, nitro, -0OR!?, -
O0C({0)R*®, -C(O)R¥, -C(O)OR*%, -N(R®)R?*, -C(0)N(R®)R2,
-C{S) (R*")R?*®, -3R*®, -C(0)SR3°, ~CF; or -As-0°(x%)x%;

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

x' represents CR'(R?) (R’), congressyl or adamantyl, X2
represents CR*(R%) (R®), congressyl or adamantyl, or X
and X* together with Q% to which they are attached
form an optionally substituted 2-phospha-
tricycle[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




represent hydrogen, |ower alkyl or aryl; 20 R50 to R

53, when present, each independently represent

hydrogen, lower alkyl, aryl or Het; YI Y 2 Y3 Y 4 and
WOY0B/079%hen present, each independently . repr BEEEB2005/000569

oxygen, sulfur or NR55. 25 n=0o0or 1; and m= 0 to

5; 30 provided that when n1#31 then mequals 0, and

when n equals 0 then mdoes not equal 0. WO

2005/ 079981 PCT/ GB2005/ 00059 146 15. A catal yst

systemas clainmed in claimiad4 vherein if both K"

represents -A3-Q 3 ( n ER5r4epresents - A5-

Q (X)X, then D repre 4 -4 (X7) X8. 5 16. A

catal yst systemas claingd injany of clains 12 to 15,

wher ei n adamantyl re uBS$tituted adamantyl

or adamantyl substitute 1vvi h opg,or nore

unsubstituted Cl-C8 al kﬁ? subst ffuents, or a

conmbi nation thereof. 10 1791|é)cat al yst system as

claimed in any of clains 12 to 16, wherein .

2- phds phapredemast YR'{Re(R’dsencenguaseldt iawit @damantyl, X

2- phospha- adamantyl _Qr, ,21phospha- nt
subﬁqﬁﬁﬁ%@t\ﬁ% ong Ar&nﬁr’e ﬁ’%ﬁ%%?sg& e#l?cl&n\f}%gl’ or
al k¥13 SIS it YeRbEhe@! 1A tRONDH NEd i RRitherdefy d8: #ttached
catal yst systemas clainmed in any of clains 12 to 17,

5 wherfsimm 2- phaspha-eRfaheRald Vi ncl §3es o t6d nor e2-Phospha=

oxygen. at he (2- nadangpbyb skelet ongefvative
19. g%’tca}{c%%?s%‘%ét)}é?e{%’ggqgggﬁmd i an%/) of clains 12
to thereof, or X® and X' together with Q' to which they

are attached form a ring system of formula IIIb

y?2
Reo' H R54
R R53
Q
RSt R52
(llib})
10 X® represents CRM(R!)(R'®), congressyl or adamantyl,

X% represents CR'(R'Y) (R'®), congressyl or adamantyl,
or ¥° and X°® together with ©° to which they are
attached form an optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7} ] decyl group or derivative

15 thereof, or X° and X°® together with Q° to which they
are attached form a ring system of formula IIIc
Y3
reH L H ol
R R53
R51 R52

(lllc)
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18, wherein congressyl represents unsubstituted
congressyl. 25 20. A catal yst system according to any
preceding claim wherein the netal or conpound thereof

WO0i28039HP?8di um 21. A catal yat system accor di nGIoGRAI/9P0569

20 wherein the palladiumis in the metal form 30 22.
A catal yst system accordi ngi#a any precedi-ng clai-m
wherein the catal yst systemincludes in a liquid

reacgi o i 3y h GrEHySpe LSS0l yed

0o oofsTE s tHLE RAY IET) SRT0gE “1‘4“;!?.933% 4t pdintintyl,
sai diKboryneesentssER’SERT ) KBTIy copesgl or adamantyl,
stabilisj-ng a ,col4 oi uspensi ti.cles of

dal n par
the @ oup VADGr 1118 ot taﬁg)J EStpdlihecRs thry are
cat a) yehchySt e t i e ibhadud sdb§ahiti@led 23-hospha-
process for the carbonyl ati on of "an ethylenically
unsattiayedo Ldnpolint{ Tohpldesny coBit@éPi ng @  derivative
et hyl.eni |y _unsat ur i catsdpon 10, .
rmno&lil%llég‘g%ﬁ ggh?‘gr olé)?%t e)gr gtﬁé;?%)wn a%l%% %n’p%%nghllﬁh they
t he Ppresercecioéd af shh ad yBingysyetemo £l BorRd lian TdTA
preceding claim 24. A process according to claim 23,
wherein the 15 carbonylatidn of an ethylenically
unsat ur at ed conpound &é, in one or nore
aprotic solvents. 25. s ; '%brding to either of
clainms 23 and 24, wherei abl e ethylenically
unsat urat ed conpc)undR¥L2Y_i nckudwset hene, propene,
hexene, vinyl conpounds guckl'as\vi nyl acet at es,
hept ene, octene, nonene,Rdecene,R%2undecene, dodecene,
etc up to C30, i.e. having émﬁonlz

x° represents cRr3’ r'R38)(R39), congres syl or adamantyl,
%10 represents CrRY?(R*) (RY?Y), congressyl or adamantyi,
or X? and X' together with @° to which they are
attached form an optionally substituted 2-phospha-
tricyclo[3.3.1.1.{3,7}]1decyl group or derivative
thereof, or X° and X0 together with 0°* to which they

are attached form a ring system Qf formula IIIe

Y5
R49H H R54
R R53

Q
R51 R52
(lile)

o' and ¢% and Q%) Q' and ¢° (when present), each
independently represent phosphorus, arsenic or

antimony:

M represents a Group VIB or VIITIB metal or metal

cation thereof;




to 30 carbon atons, which nay be |inear or branched,
cyclic or uncyclic or part cyclic and in mhicli the 25
doubl e bond nay take any suitable position in
woaessmosschai n and whi ch includes all sterei s(WE’P@Z"“""‘““”69

thereof. 26. A reaction nedium conprising one or nore
reactants, 30 and a catal ygtssystem conpri sing, or
obt ai nabl e by conbining, at least a Goup VIB or
VITIB netal or netal conpound, a bidentate phosphine,
arsine, or stibine ligand, and an acid, wherein said
l'igapd is. w@p&wﬁm%l BET/ GB20p5LO0BELY 14gsubstituted
present in at |east a & Lar eXGESS, G ared to
sai doyelapepiadaeiYhet SRAPWEHT el a9 SoMpound, and
that said acid is present in at least a 2:1 nolLar
excess conpared to said ligand. 5 27. A reaction

5 medi um c:eprpessnhg ome ovr nBpeer dd@RRABs Saghg of which are
cat al yst as cl ai - 1t
o2l YabuBiALETLGS, SAEAER, | A, R0Reberl 2 fher ot 2 vt
cl ai ggy @ar?!ﬂg gZ1whecej np(k®) ARBUIRE obr i ¢B* Heiri™) R
pr esent mediumis greater than 500ppm 29. Use
of a systen1conpr|5|ng, or obtainable by 15
COﬂbgmlng aj18 ”Eﬁ% @b G pyp WHB orykkAup présénel aeach
conpound thereof ) a bidentate phosphlne ar si ne

10 oOr S&hhepenﬂegm@ réfrqresfteraydyogemi dépwae alkyl, aryl,
phosphi ne-1iga and c) an acid, wherein said |igand
i s pped @nPrlﬁe§f least a 2:1 nol ar

R® to R® and R*® to R*¥, when present, each
independently represent hydrogen, lower alkyl, aryl or

15 ‘ Het;

R, R and R®, when present, each independently

represent hydrogen, lower alkyl or aryl;

20 R%® to R%3, when present, each independently represent

hydrogen, lower alkyl, aryl or Het;

¥:, v?, ¥), Y' and Y°, when present, each independently

represent oxygen, sulfur or N-R¥;

25
n =0 or 1;
and m = 0 to 5;
30 provided that when n = i then m equals 0, and when n

equals 0 then m does not equal 0.

L o A S N g ke e S S S
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excess conpared to said netal or said netal in said
25 nmetal conpound, and that said acid is present in at
| east a 2:1 nolar excess conpared to said |igand, as a

WO M1 i n the carbonyl ati on of an et hyl eni GI1/GB2005/000569

unsat urated conpound. 30. A catal yst system
substantially as described hereein 30 with reference
to the exanples and figures. WO 2005/ 079981

/ 2@5)@% 6 . FRGE ant4 al . .
ggc?bed g}?%?ngﬁsgﬁﬁ r%éf ecr&eaﬁce tzﬁﬁgeéé'glnp 4(ri_\lsl”}fg\'ln sin if
fi gubeth 3 repmsmdrton ARMHOIKINStandi & | yegresents -As-

descr.k }r ej 5 wth reference to, gxanpl es and
fi gupez}.%%?gl. ’ UggeEuBstraﬁﬂrieflelnypsaé'%dégc{%éﬁ *herei n
with reference to the exanples and figures. 10 34. A

catal yst system capabl e of catalysing the
tar badnyahidystof spaten hpbesiledmeg Unsagoryatcdd claims 12 to

compognd, i d _system,co ising. _a) a nmetal of G.oup,
B 080G obeihe oPgmaREkT nareBkefrbEeor Hpypupsfitutea
bi deataimaneas phit Nnadanafitfe, sabsttiithiteel | wg8Ad.one or more

preferably a bidentate phosphine |igand, and c) an .
aci dunsgbRtditaitfdsai f1rryan®iy or estWPSEALUENEast P @

2:1 EBg:E&na%’i%%S%h‘éQ@B red to said netal or said netal

in sal nmetal conpound, and that said acid is present
in at least a 2:1 nolar excess conpared to said

Lgagd. 25 35. A process for. _the carbonyl ation of ,an

Py Peria TREt (REREER aea ChaTHEth ATt oAb, Sihgele il 12 to

cont aet i ng amhekhyl eni cakpMobpratHAahad t§ANPOUNG-epresents

w th carbon nonoxide and a_hydroxyl group containing

Con-pggﬁgbisﬁltuted 2-phospha-adamantyl or Z-phospha-
adamantyl substituted with one or more unsubstituted

Ci1—Cg alkyl substituents, or a combination thereof.

18. A catalyst system as claimed in any of claims 12 to
17, wherein Z2-phospha-adamantyl includes one or more
oxygen atoms in the 2-phospha-adamantyl skeleton.

19, A catalyst system as claimed in any of claims 12 to
isg, wherein congressyl represents unsubstituted

congressyl.

20. A catalyst system according to any preceding claim

whereiln the metal or compound thereof is palladiun.

21. A catalyst system according to claim 20 wherein the

palladium is in the metal form.

22. A catalyst system according to any preceding claim,
wherein the catalyst system includes in a liguid

reaction medium a polymeric dispersant dissolved in a




the presence of a catal yst system said system 30
conprising: a) a netal of Goup VIBor Goup VIIIB or
a compound thereof, WD 2005/079981 PCT/ GB2005/ 000569

WO L8/009%81 bi dent at e phosphi ne, arsine, or sti bP&d/GB2005/000569
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l'igand, preferably a bidentate phosphine Iigand, and
c) an acid, 5 wherein said hitgand is present in at
|l east a 2:1 nolar excess conpared to said nmetal or

said petal in_sai.d_ .netal,co .and i 4 pei
aci dl?gub?esé:ﬁﬁrilﬁ.r’at ééfaie%stggggﬂ%rﬁgl ardtl%?ceel:}?n eing
conpasgdble safd bigantising36a Acobhplexl capaspension of
catal ysing the carbonyl ation of an et hil eni cal

S aparhL SHeB oS SHANR NG o JLAPndls Gaby or metal
combln| ngﬁi@) tﬁfem% | g%tgﬁ.gﬂe VL Bs Qm Ghuh i | kBeOr 1@ quid

80111 ; :
conpoun r eot, I dentat e phosphi ne,
arsi perroersti bine ligand, preferably a bidentate
phosphi ne Iigand, and c) an acid, 20 wherein said
ligand is present in at least a 2:1 nolar excess

S8Tpar 2%:5(9355@ dopetidle Ofa by T@EBbn | BEsaird efbydenically
conpound, and that said acid is present in at |east a

2:1 mobatuseteds coepRosdd o SARPTIPMY. 28CBYACHIngG  an
br chgigﬁghitg%%lgar bgﬂg%ﬁhkgggaf agoﬁgzieiﬂhan' Caikh  carbon

unsa mpound ~w carbon nonoxi de and a _
hydr gasyioxgEieup b ahpingxgbmpeong | gorttrl nhmes eacepeind  in
2 Cot leexﬁressaéndcecoggl gx C%Sta e}}tsltnegylsgeﬁl glsmc?fpaimed in any

preceding claim.

24. B process according to claim 23, wherein the
carbonylation of an ethylenically unsaturated compound

is performed in one or more aprotic solvents.

25. A process according to either of claims 23 and 24,
wherein ' suitable ethylenically unsaturated compounds
include ethene, propene, hexene, vinyl compounds such
as vinyl acetates, heptene, octene, nonene, decene,
undécene, dodecene, etc up to Cip, i.e. having from 2
to 30 carbon atoms, which may be linear or branched,
cyclic or uncyclic or part cyclic and in which the‘
double bond may take any suitable position in the

carbon chain and which includes all stereisomers

thereof.

26. A reaction medium comprising one or more reactants,
and a catalyst system comprising, or obtainable by
combining, at least a Group VIB or VIIIB metal or
metal compound, a bidentate phosphine, -arsine, oXr

stibine ligand, and an acid, wherein said ligand is
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27.

28.

29,

30.

148

present in at least a 2:1 molar excess compared to.
said metal or said metal in said metal compound, and
that said acid is present in at least a 2:1 molar

excess compared to said ligand.

A reaction medium comprising one or more reactants,
and a catalyst system as claimed in any one of claims

1 to 22.

A reaction medium as claimed in either of claims 26
and 27 wherein the amount of free acid present in the

medium is greater than 500ppm.

Use of a system comprising, or obtainable by

combining:

a metal of Group VIB or Group VIIIB or a compound
therecf,

a bidentate phosphine, arsine, or stibine ligand,
preferably a bidentate phosphine. ligand, and

an acid,

wherein said ligand is present in at least a 2:1 molar
excess compared to said metal or said metal in said
metal compound, and that said acid is present in at
least a 2:1 molar excess compared to said ligand, as a
catalyst 1in the carbonylation of an ethylenically -

unsaturated compound.

A catalyst system substantially as described herein

with reference to the examples and figures.
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31.

32.

33.

34.

a)

b)

c)

35.

a)

149

A process substantially as described herein with

reference to the examples and figures.

A reaction medium substantially as described herein

with reference to the examples and figures.

Use substantially as déscribed herein with reference

to the examples and figures.

A catalyst system capable of catalysing the
carbonylation of an ethylenically unsaturated

compound, said system comprising:

a metal of Group VIB or Group VIIIB or a compound
thereof,

a bidentate phosphine, arsine, or stibine ligand,
preferably a bidentate phosphine ligand, and

an acid,

wherein said ligand is present in at least a 2:1 molar
excess compared to said metal or said metal in said
metal compound, and that said acid is present in at

least a 2:1 molar excess compared to said ligand.

A process for the carbonylation of an ethylenically
unsaturated compound comprising contacting an
ethylenically unsaturated compound. with carbon
monoxide and a hydroxyl group containing compound in
the presence of a catalyst system, said system

comprising:

a metal of Group VIB or Group VIIIB or a compound

thereof,
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b)

c)

36.

c)

37.

150

a bidentate phosphine, arsine, or stibine 1ligand,
preferably a bidentate phosphine ligand, and

an acid,

 wherein said ligand is present in at least a 2:1 molar

excess compared to said metal or said metal in said

metal compound, and that said acid is present in at

least a 2:1 molar excess compared to said ligand.

A complex capable of catalysing the carbonylation of

.an ethylenically unsaturated compound, said complex

cbhbtainable by combining:

a metal of Group VIB or Group VIIIB or a compound:
thereof, 7

a bidentate phosphine, arsine, or stibine ligand,
preferably a bidentate phosphine ligand, and

an acid,

whereih said ligand is present in at least a 2:1 molar
excess compared to said metal or said metal in said
metal compound, and that said acid is present in at

least a 2:1 molar excess compared to said ligand.

A process for the carbonylation of an ethylenically
unsaturated compound with carbon monoxide and a
hydroxyl group containing compound in the presence of

a complex, said complex as defined in claim 36.




