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METAE éﬁﬁbgﬁiﬁg @5&‘H%EOEN‘?ﬁ@yééﬂ%bﬁéﬂﬁT¥oﬁ”B%aE&ﬁi%EﬁfbALLY UNSATURATED

conmpounds and to their ghgpagsd ! on. The present
invention also relates to novel catalyst systens
i ncorporating such conpl exes. The carbonyl ati on of
et hyl eni cal | y unsaturated conmpounds usi ng carbon
nonoxi de in the presence of an alcohol or water and a
catal ysEessydt emcompidsi mglatgsoupe 6sfa®le nerallQcomplexes
nesafyulf an exempterbpalladiom odndetahphosipdahey | bgandprated
f oomexanps eaan ab kyhe phosphpaeat tyel oal kyl phosphi ne,
aryl phosphi ne, pyridyl phosphine or bidentate
phesphbeschias feamdescriled | rnumIous Euhepean catalyst
pa §@é§saﬂﬁc&§%§ﬁét§@@|é&éﬁ'@@@plé?@sexa”p|e

A- 0055875 P- A- 04489472, E 0106379

g%héé9%§%%% ia%Pan%%E7éé%§leZ§8A %493§%9é?1Zgglégcompounds
b o o571, K iteniy g €6 AGasestn o,
& 5 1§ stﬁbll qyf §§ group 6 8, 9 or
A Lheplar oBh 0sgriet. ] L %% BPHEPP% Snddoand,
p?%@u%éa%%%%l§%ta% %%eﬁEOﬁBP&ﬂeenaﬁFéoﬁﬁbg rBBSFP pne, aryl
rREeIPRPe REALEVEd PEFRINGA BFi dJESBettRedrR iR ine, has
ph%%@hékﬁﬁ@ﬂéﬁﬁhslaréﬂé%@%pw$fﬁ@@op@aEpoz@B%mBs and patent
t agiet heat whnh, t 8oti axgmbleyFPsab80pbbéht sEBnAtHE489472, EP-
pho8pho? d2s EPWED62 19384, stibsaqaitiySdi BEFased90Rap, aEP-A-
p@as &6 eBB ar FE-Gu 4afl ddildenERtB-phesphb ne Rrompatdsl 42, EP-A-
hawt nys @, swrsiz-toutoed sar yhnbr imlge-qoudsb 49r.0ovi den  particular,
remas kabb y1 st pbke-sababygsts whicchEp-egui 485444 thesOro88 that
f@P&@ﬂtabgﬁﬁﬁ@sﬁﬁﬁﬁeU§§g9ﬁd§UﬁhobhggnEaE§19§Eagy§t§ms which
| eags 1é0kh§ﬁPtk%%cE§b%S %Qt&@ A& $eonikEheapthy hi gher 51y
tB@Dd QQS%eE%%%hO sand that ldtile, 01 POy ip

qﬁ@% %%Eg epﬁg u%ees # §Ogvgy§lgngst uev&f on the

oses ra same” pr ocess
34" %ﬁ%h used for hlgher alkenes and when in the
presence of an externally added aprotlc sol vent ,

Ef949552881 5P9é§qaﬁ“*é9<§rrﬁ11§%f>s\?idnﬁ adcet aparticular group

caf bohyratfbr RRPFBYIng FABPCINBFI BgBd BhasphPagituted aryl
| bBbjige could provide remarkably stable catalysts which

require 1little or no replenishment; that wuse of such
bidentate catalysts 1leads to reaction rates which are
significantly higher than those previously disclosed; and
that 1little or no impurities are produced at high
conversions.

WO 01/68583 discloses rates for the same process as WO
96/19434 when used for higher alkenes and when in the
presence of an externally added aprotic solvent.

EP0495548B1 gives an example of vinyl acetate
carbonylation employing the C3 bridged phosphine 1,3bis
(di-tert-butylphosphino) propane. The rates quoted are 200
moles product per mole of Pd per hour and the result is
the production of 1 and 2 - acetoxy methyl propancate in a
ratio of 40:60 (linear:branched).

WO 98/42717 discloses a modification to the bidentate
phosphines used in EP0495548 wherein one or both
phosphorous atoms are incorporated into an optionally



(di-tert-butyl phosphi no) propane. The rates quoted are
200 nol es product per nole of Pd per hour and the
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propanoate in a ratio of 40:60 (linear ibranched) . WO
98/ 42717 discloses a nodificatjon to the bidentate
phosphi nes used i n EP0495548 erein one or both
phosphorous atons are incorporated into an
o%lf%%ﬂang%@b%rplfl%@aaztﬁh%gﬁhﬁi@r?c:%/citéﬁ[ 3} 1gecyljiggoup or
a 7Ppdery igrohased deri VALChe altfer @of MPRewsifchtismecarbon
ort@ms e ofet heeparbon abvnshatrerpepbagétZbyr” group). The
hexenpht e NCl2dePAY group)r. Fhe sedamples-hargllede cans of
neriene of ad ey arbany kateonisi giic et heneyipprlopemel andternal
sonef tihghernt esadinal oand Hyntrerfaimyalsafiidds. okn vinyl acetate
agldyth@na hydiofharnyl abéon efoviyl acetatergini:ng s also
b ancheskq ! i R8ARLPLOduEt ald:g, ofr 10ydrbSyabsPronylation of
d$§gyps§getgpéapéydlggl@ég@xy or hydroxy-carbonyl ation

I vinyl acetate is disclosed. WO 03/070370 ext ends

tﬁ@ teaghy 7(9f é’ﬂe%%{ 427&17 tozbeﬁﬁu fph%phb%?%mw to

Véi%%été %%%g g % dﬁ %uteé ryl bridges
syp@ <t Jeoas% yef 08 RIS TR Ty papie otetin
v%fﬂ ous? 5ubst F-FE Resa H6Fy ST defiss A elthgt various
newes ohede el ¢ herV Qﬁﬁﬁﬁ¥ﬂl Gl é%ﬂﬁ?@élﬁfe wpot mentioned
0%%@@%94@9@%§%¥1%e%rb%@%c%ﬁécﬁb e types of |igand
bri dges as useful for butadi ene carbonylation and WO
050 082830 *feldcr dbesrabsel eetilon tdfe WO00#£103948s wher el 1gand
theideesi ary cavdonl surst | tuentds carce  diafrfoemgnitatdont hend WO
respectdyve pbesphpesus akoretiNevers hed ess/1 @948 hehere the
a@@]y@l@y}stem&rrbwuir@ubgelpu@ﬂugtimeof thergetat on the
| i gapd-compl exofpemdhe digand and the netal or netal
conpound under carefully controlled conditions as the
@éggthe é@l Pﬂp£ﬁé é§0985599£8ménr@ ﬁlrgb%ﬁ¥e£rod ction
the Usg aqat o @&O‘ﬂ an PJOV' e&af’f‘d pgﬁ§”£hé‘ metal

source, o pOISO cogd ro ag\haz glt ons as

pr]ﬁ%dndci C?%O é\fnoﬁOﬂlgg rre{gaiu n| on %I}or Sa n

tAPE%agent pr ovi dBHl-a"8 SbI'¢ sot celgrevers
tHeS mdteAl _Bhi IdS U | ASthe CATEIYNKISyRFeHiaRd meellgtontial
t%o%%c%e??oﬂ@E%iY r%ﬁﬁ%@ﬂlnqh%rpr@Eeﬁﬁa?ﬁveﬁtWéﬁte product

sbhveset Apsmppébitam B torlovdrndiaty andteabl 2 Eat alystime, this
W@g@mtcgﬁpkéy bRsh provided a stable source of the metal

builds up 1in the catalyst system and needs to be
periodically removed. The present invention solves this
problem by providing a stable catalyst metal complex with
easily handleable by-products.

According to a first aspect of the present invention there
is provided metal complex ML,X,, where M is a metal of
group 8, 9 or 10, L 1is a ligand, X is a halide, HCO;,
NO; , co£* or carboxylate, n 1s a number egual to or 1less
than the coordination number of the metal, m is 1 or 2 and
is equal to the oxidation state of the metal.

For the avoidance of doubt, references to group 8, 9 or 10
metals herein should be taken to include Groups 8, 9 and
10 in the modern periodic table nomenclature. By the term
“ Group 8, 9 or 10" we preferably select metals such as
Ru, Rh, 0Os, Ir, Pt and Pd. Preferably, the metals are
selected from Ru, Pt and Pd. More preferably, the metal is
Pd.



easi |y handl eabl e by-products. According to a first
aspect of the present invention there is provided

woreaoaiiwenpl ex M.nXm where Mis a netal of greCpG82007050189
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or 10, Lis aligand, X is a halide, HCO3 , NO3 , CO3

2 or carboxylate, nis a nunb equal to or less than

t he coordi nati on nunber of the netal, mis 1 or 2 and

is equal to the oxidation state of the nEtaI For the

avoi dance of doubt, references to

YRt S heY ei S howiaeher téReHeFﬁe?%cFuge @969 Eyélcaélyr 1=
ahd E6PPRiEHéYnDdePh peri®fic £aBFEIAdhENnc|Zat uZFré eBij’eClallY
thecferned @oup 8oTPOoLHrizooneliprehéfhbryesamepia groups
ned e sbsgeh ranaRigd RSB 1309 Pt and RpnvRrefegrtabl,y,it has
thecmefalisdackaseltddtsed sf momRpl<Ptwlagmd Partivor eheating the
pidefleydabbyenthebometiad comPieXy piucdlnoy,cdnirel exatbiern nwith the
bet¢ween 1I+6,wawr eotiypi aaldty, aflted heespeeialdtye 1dorhzdrogen
, &b &n £8P 1ex 2may AN respeciialy yrpreterhgd nef abenerate
COMRbEXuhS ©RepbRaVAI CRatthe amPNi@, Or oYpge hayeebeeBrponate
r@ﬁ&é’ﬁé’s S%%h%'a@%)ﬁs%d GaMvenL et Yesi kRS DELN complex
dl@H éﬁ S5 'a? POFSL0l & V‘é‘&f‘bé%%é‘efjr%&%'%dtﬂeﬁ and n

e

e conplex during conplexation wt
t was found that after heatlng, t he

di hy r.0 en c rbonate £ may intern

@1 { % ﬁ r %%%§$%m%ﬁ H%?%%ﬁ t the
b?%@% at %a? %&1% sb%c‘?es PAGYR %%@eoa FyP PﬁP l“e may be
p? 0dUEBSIERE 2Bt al°Tconpl ek 'NERX er &% SR1A % dent EET1aTY
cRrporat et i gaht aRYSKPET&Ad mP&re def i e Het@i n. tThethose
| ygamaa 11y s opr eferabl s a (FlosphVhe sy aiat nhg De selected
conphexi ng conpoupdenglphphpsphéne. The phdsphi-Resmiays (3,5-
b1 me nionbelesn At eoloe sph bidient at e-lphosphimel ; Terti ary 1,4~
phos pibl H1€3, B @1 eh ef pleeh andph é splatkds T henath®; t hose 1,2-
generial & y3 of-d ofeuh @spidny : (Moheh ehd) ctynde sehecbed (3, 5-
fcﬂ@rﬁéﬁlﬁ Ph@l&@@ﬂ)lﬁ‘ﬁnoﬂne@han@‘s [bis (31,5-Bis[bis(3, 5—

d&ﬂﬁé@ﬁ( { RQ] o alne bi napht hyl > 4;4 bls(3
B 5. M@@mé §§§ ?p i pol bl aney. 1, 2
§s %5:( 3 % ﬁ;;;él?lﬁi angi B, 1

L lsghf 3—5% e s

"tri(tert- butyi)phosphlne 1,2- blS(dl—

tertbutylphosphinomethyl)benzene; 1,2-Bis(di-tert-
butylphosphino)benzene; 2,2"'"-Bis(di-tert-
butylphosphino)biphenyl; 1,4-Bis(di-tert-
butylphosphino)butane; 1,3-bis(di-
tertbutylphosphinomethyl)propane; 1,3-Bis(di-tert-
butylphosphino)propane; 1,2-Bis(di-tert-
butylphosphino)ethane; 1,1'"-Bis(di-tert-
butylphosphino) ferrocene; Bis(di-tert-
butylphosphino)methane; 1,3-Bis(di-tert-
butylphosphinomethyl)benzene; tris(p-tolyl)phosphine;
tris(o-tolyl)phosphine; tricyclohexylphosphine; 1,2-
Bis (dicyclohexylphosphino)benzene; 2,2"'—
Bis(dicyclohexylphosphino)biphenyl; 1,4-
Bis(dicyclohexylphosphino)butane; 1,3~
Bis(dicyclohexylphosphino)propane;l, 2-

Bis(dicyclohexylphosphino)ethane; 1,1'-
Bis(dicyclohexylphosphino) ferrocene; 1,1'-
Bis (diisopropylphosphino) ferrocene; 1,2-
Bis(diisopropylphosphino)benzene; 1,3-

Bis(diisopropylphosphino)propane; 1,2-



ditrif | uoronethyl phenyl )phosphino] -1,1" -binaphthyl
7 1,4- Bis [bis (3, 5-ditr ifluoronethyl phenyl)

W@b@SpHion] butane: 1,3- Bis [bis (3, 5-ditr PCT/GB2007/050189
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i fl1 uoronet hyl phenyl ) phosphi no] propane; 1,2-Bi s [bis
(3 ,5-ditr ifluoronethylphenyl ) phosphi no] et hane; tri

(tert -butyl) phosphi ne; , flbis
(dltertbutylphosphlnoneth benzene;
| BDs Bl &1 #PRY er Y bk 9Fiph %@ Nenzene; 1,4-
2BQS£<B$I§6€@EW%@W%®1@W®H@@W%) bi phenyl; 1 , 4-Bis 1,3-
(i s { @indut yl phosipini mo)e buy aheenzene; 1,2-
| B Bs bil siieli h et pihos yh phosiphn nenet hyl ) propane; 1 ,3-Bis 2,2'-
(Bl s t @t hdotit y1 phospil mo) b pplopane; 1 , 2-Bi s 1,3-
(Blisterhdtnyl phosphi fho)pedtbane; 1 , 1 '-Bis 1,2-
(8l s t@erhdut yl phosphi Ao) e tigiiocene; Bis 1,1'-
(8 5 t@rhout yl phosphi RY) r ot hangs; 1 , 3-Bis 1,4-
(8 5 t L hout ¥ ph &’éﬁtﬂiﬁ‘(?f@&@é{rké P%@D@(di“ s (p-tolyl)
éﬂ?hjr&ﬁ: ¢1ﬁ§mﬁ@ Lol yhd g Sphi ne. ,3-
(%%CYé mom t%% Ebenze%e2 . Bis 1,2-
(Jr% Jr%‘ﬁ %%%Hl% ]ill’nl 1,4- Bis 2r2’-
(%%%%J%‘ﬁ%& A R R
(ot e {2t ohex ?%%%%%h@%b§r%?%%%ne 1,2- Bis 1,2-
(Bt e (et oRexyPphoRphi abj tlettahe; 1,1'- Bis
(Hi Eychohesypiphos pbih pedh fee k beenesersl' - Biagd 1,1'-

(el $ sdpe Opyl phosphi mo) f¢erooeene; 1 , 2- Bis

(di i sopropyl phosphi no) benzene; 1 3- Bis
(dspsoprbpy| phesphirad) ipr ogane; tile 21Bgsnd L is a bidentate
(1ot & sEPpt Py l1pkesphi napret kasresciblly4- aBilsidentate phosphine
(digetidybphesphiune) dutanerr)l, 3¢1Bty, (Iv) or (V) as will
(Qénﬁbh¥|@%Q%ﬁ%bﬂ%&ﬁ@hﬁkﬁ)Qﬁﬂ@eﬂérelnz Bi Saddition, as set
(gﬁﬁe%ﬁﬁkﬁboth&ﬁﬁ%:Qﬁﬂ%ﬁﬂ_ grgfer b8 bidentate phosphine
9i8§$ ﬁhgﬁp 98%t@£9h§QyML ﬂx whgké L-L is the bidentate
%ﬁﬁg% @h9§ hBO OR%” 11 %et.l and X 1s a bidentate
clr ghoi Ino eg¥1 ré% rred, mgtal in this context
di ne? hos phi err cé% i % Br§

oy e g?%h%@phlno) butane; 1, 2-bis
dlphenylphosphlnonethyl ) benzene; ,3- Bis . .
MRy phodpshi Aonet B9y Bemesite; of, 2thei present invention
(@$@@%yﬁﬁho§gﬁwﬁ§pdbeﬁzepéocgsg fqﬁs'the carbonylation of
(eliley hyth phosphi no)sdtiypheisd  ;corgounds  comprising reacting
said compound with carbon monoxide in the presence of a
co-reactant having an active hydrogen such as a source of
hydroxyl groups and of a catalyst system, the catalyst
system derived from a metal complex according to the first
aspect of the present invention.

(
(
(
(di
(
(
(

Advantageously, such complexes have (1) no heavies build
Up, (2) no air Sensitivity and (3)reduced catalyst
preparation time.

1. NO Heavies Build Up

In a Pd(0) generated system such as Pd(dba) catalyst
system the dba is an innocent ligand. It plays a role in
the stabilisation of the palladium zero precursor but has
no function in the catalysis. Activation of the catalyst
employing a sulphonic acid leads to the liberation of the
dba into the process solution. The concentration in the
reactor builds up and ultimately a purge of the catalyst



Bi s (diethyl phosphi no) propane; 1,2- Bis
(di et hyl phosphi no) ethane; 1,1 '-bis

w@ diopheryd phosphi no) ferrocene; and 1,1 - Bi s PCT/GB2007/050189
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(di et hyl phosphi no) ferrocene . Especially preferred is

when the ligand L is a bidentate phosphine |igand,

nore especially a bidentate phosphi ne |igand of

formul a (I%, (rr), (ree), %I\O or ( as wll be nore
p%?fY%b¢a$ yeaBt Lput et PR, tPnShedi tFBALSalusétiipgt up to a
abovet @hpaetikeyaphyeprefletebdrbpdenchfecphesphiperrocess.
| Tand-imbitgd contlediun Midaxdvherdtls- L (sperchéically the
b dent latea phospheneohbgand acktieset hermet ala@rmkbe) | sda  not
bydent ate eameenagt ecompprespecoal by tpreftevnediimet abh Enitable
thi sd contiexdsi 8 palpadhum aAcgor drng hosa peedBdred options
aspect tpE bheaphesent idventdafbdhes esh st Provhdedta co, and
process ohoradihe, garhonybati en ofn &ihyhgninGal | ynterfere with
upsat ur at eds compeunds,, copprih sing: £eacti Nges@i d envisaged.
conpound w th carbon nonoxide in the presence of a

cg;re@gtgﬁ# @ggépgi@p%gctive hydr ogen such as a source

of hydroxyl groups and of a catal yst system the

catal yst _.system derived froma .netal conple ccordip
(B EhET s FRL SER0E wBCene R e S HELE Y ve 4
A%l%?&%ﬁ%ougFgP E@thCRonplEXEE have () Tb nedvi est9and  1s
bEP T gt F2¥Rng &l iSkhisitivity and @9 g being fed
catalyst préwarcati on Thfre. PAOSPING Heald €3 Bui |1d Uphen above
angelf Qyne@dner aped asys PEMCSEcle sas R (etba)ereat al §sr sensitive
syst em theodbands remdamnioecenv ol figamdantedpl ayislad ¥l eof the
i pho deh shabihliichdtyi on defgadredpakbadenns zerre prequised. The
baif £ hasemo tamnet-adnoifn okeetatfalonsi scgahctd veédbiemod down to
t fige catiBl yoin enpleopd Ngequ stkPhenic sadisédueads datheis is a
liheradhon af the dbasdto, t henpr 0cegsi vl Ul ®fhd TB811adium
CQ@P€§t59t%?%'§}%i5§559§%@ﬁt9&ﬁ|9§e“%d¥“%ﬂﬂté@§ff{¥ve and
|
Top Tevel 5 Bal Tai bg b To & o bt aner & they Pave o
del eteri e ) conbi ned
ﬁgllgg%%ﬁ? ?g%%§£%%$?s§€§%£%?§fggl iﬂ he bi carbonat e,
carbonat e, acetate and. | actate) .do not_ generate a
Uy CUgbmEnt - 6h 4t vati'o Wt a Sui fabf e (4di goeaerated
B a Hit'phodiSc aéi d. FFHEPHbst Gictariled SptsiteHs takes

sth

approximately 48 hours. During the first 24 hours of this
process there 1s free 1ligand present and the system 1is
sensitive to oxidation. The catalyst solutions employing

the combined palladium ligand salts of the invention can
be generated in 1-2 hours simply by slurrying the complex
in MeP/MeOH and adding a suitable acid such as a sulphonic
acid. The catalyst species formed in this process 1is
identical to that formed from the Pd(dba) catalyst system.

The metal complexes of the present invention have also
been found to be more air stable than the equivalent metal
dba complex and also exist in the catalytically active
state whereas the metal dba complex 1s in the non-
catalytic oxidation state. A problem with the prior art
catalysts is the necessity to add the phosphine ligand
separately to the reaction chamber 1in the presence of
degassed solvents. The phosphine ligands are highly air
sensitive so the solvents used in a continuous process
must be thoroughly de-gassed Dbeforehand so that the
phosphine is not oxidised prior to metal complexation. If
the phosphine ligand is oxidised then the ligand becomes



i.e. the bicarbonate and carbonate salts generate CO2
and water on activation both of which do not interfere

WORam11402 process chenmistry at the potential |RVEGS2007/050189
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envisaged. 2 . No Air Sensitivity In any full scale
process design there would ne to be a catal yst
preparation systemin which the ligand is conbi ned
with a palladiumsalt and acid before being fed to the
re%%@%%veTﬁembh%ébhlﬁeﬁ1|@@ﬁﬂ%eﬁnT%hetﬁﬁoﬁeﬂﬁ%htF@néE”“1 an
prioivar capedréssetar Ecext negndlne afkalkepsicompdeixgs of the
sotret¢on amdehehee, t ot avei dhaneanredroxésdat eohoofivbhe these
phdsphi oea hi ghtysdégassed wsal wentsatar ey stequmr ede Theustrial
epfocéemesrenoval of oxygen from organi c solvents down
to the sub ppm|levels required and subsequent anal ysis
| scaochahd enge at thargerscakpecThecoghenedddgandinvention
pahdadi umsal s efideie presenitinyent i oy e NOea@alble  of
S@éﬁ§ﬂ>c§ﬂ1y§a@ﬂ%caﬂ *éeh%%%ell\é%q%;édrﬁs%dﬂmuewpound the
gts‘%l \Lents. cém rBoe @AJ}ISEOBH.E@@ a&d&ﬂfdlng to
£ €0 5&‘@%9%1@8 %é%ﬁfgt I(N}]e d(O
taTyst system

generated syst em such

tggeg gfgrOX|QE;elg 48%€ours rlngﬁ&h esent
hour sof -t Ki's ere s ree rese

w&&%%pﬁww%é pondaci hs S ale.
sOF T onSCenpr ofithg tEh& Sl Ghibi B Ad % %r alkanoic

saf® stef Cehe @%V%%t?%ﬁhcéﬁ @€e§éﬁeﬁéﬁéh @%jlpﬁoﬁbﬂ?éc acid;
sFHPPYOBYC sl BFYiNg thEonpisex MeREPAVe OFUaRE CdEI ngacid,
aCiprapherkerdc such agcadsul phonféuvacpdulrhengat al yst acid,
spect bgofoneldane shilphpnocesscid, | denziecal Fwlphatic acid,
foapedhd Tone t helBdodba) xatdl ysbvlsystemulbheniet adcid, e.g.
conpdb exese obullbaoptiesentid, nveabnionl havepabsacbeend, and 2-
f19pknelo £ Pobep Al € Allprsiak] eathan thel egehn yadenti diet akchange
dbas coaPl @xnandaahso exi:st haithe 1catal ytdeablynacti ¥esins)

@%@a?@@re%§lbhesﬂﬁﬁ@| dba comhexdis i idNe,  halogenated
n@é‘f}%@y fic %’81%1%“ op,sfhat &g A QEQQQ %&Etwe R4 and
a&!lfﬁﬁ é!g&a?%if %&@eceé?%%ﬁ?%sgﬁ 9@0 ' Bfiosphonic

and separa
fesence U5 asse SgPVQ 1ds derived

%O%.b%?@r%$? ot St s ?%bss%$§%%t NN R

conti nuous process nust be thoroughly de-gassed
bé@o@@hgﬁ&oggceﬁgpngﬁétlon reaction, the acid may have a

pKa measured in aqueous solution at 18°C of less than 4,
more preferably, less than 3. Suitable acids include the
acids, other than unsubstituted carboxylates, listed supra

In an hydroxycarbonylation reaction, the acid may have a
pKa measured in aqueous solution at 18°C of less than 6,
more preferably, less than 5. Suitable acids include the
acids listed supra.

In one particular preferred embodiment, the acid in the
hydroxycarbonylation reaction may be derived from a
carboxylic acid. The carboxylic acid 1s preferably any
optionally substituted C;-C;y organic compound having at
least one carboxylic acid group, more preferably any Cl to
Cl6 organic compound having at least one carboxylic acid
group.. The pKa of the acid 1s preferably greater than
about 2 measured in an aqueous solution at 18°C. The pKa
is preferably less than about 5.0 measured in an agueous
solution at 18°C. The organic compound may be substituted
with one or more of the following: hydroxy groups, C;-C,



phosphine is not oxidised prior to netal conpl exation.
If the phosphine Iigand is oxidised then the |igand

whewome®inacti ve and will not conplex to the neCHGBR@7/050189
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forman active catalyst. By formng the stable

conpl exes of the present |nveq1|on it is therefore

possible to avoid these additi'onal steps in the use of

catalyst in the |ndustr|al rocesses. According to a

f b prey éﬁﬁé&FSOﬁUF e presdiftt | AVERPLEN tARFRO¥E; amine or

provPdelde catlypst Syishenpgapatle eXag@risonylatihgaaw Br.

eixyheht s cafl pudhsat ar abethocorpournd;idshel rcatalg/ shut are not

systien conpr itsi npeazmetal aconpl exulactordiey teertdoec acids,

facstiaspedt, ofpridre priesesmtid hvealleonc Suiitdgblleuaeheisc acid

foyclhieccatat ystosyst emiaf, the pr,esent 4 nvemdrerariec acid,

thosei know & 0ot heoskhdl edapegson. Suitable acids

include nitric acid; sulphuric acid; |ower alkanoic

(tParh91 & 1 8) @%h@%b§%0@5¥%ﬁ%§¥ﬂ§3KE%&E§€@ PELRLRPL € acids

a&ﬁg@hs%kﬁhoﬂéc1ﬁ§&931%ucbh S FRLAANS SUARANIG A1 eaction
%]%@lﬂotf'y@£9§géag9nu&>a%%%ml 11g hindered

'gg@ gﬁ nine I phopl &, g¢] d, Denzene Splphpni € acidy o1y

ene sul ho Yo qu
e Sene %%f i CHCE ?C% h ﬁFémB%Fd 2,6-
%@ AL opae s PRROR! & écu%?meﬁbﬁﬁoﬁa?aaOﬁsn acid.

e&%%%%g% F%sﬂﬁ§lPﬁﬁdﬂxﬂﬁﬂ§ﬂ(ﬁﬁgﬁﬁ%Fq %H%n?%lds such
r@%an§PIpe?ﬁamPéeacﬂEﬂ§Ucha@§-p@@%ﬁhb@?%xé%$@2010 acid and
hat bgenatledlt chvbosyberzatct decsdehsasht abehfForoasanpée, 2,6-
atitlamdobenfol coroated¥ c2 ati o L orvhophlosphot ¢ caacd d;
phosphoni ¢ aci ds such as benzenephosphoni c acid; and
aeaxisiceraved fromefdreratti onssibet weenr drewies saci dsor an
antk & pensh ety et tsn  hncamhal kaxyearikonyd add oAind sulfonated
reagt beBhahhe aekdnpayibave aupka .Measw et N1&GYEONSid ion
soksihh9fe atr k8 IC hakessay hak duschOrer P&t £E 8Pl Yorovide a
| ess1 hanr 3S®3H$liﬂci aple;aciids {nel ude thenacids;atheran 35
tH@P/MQbesﬁbfi r&PéPQ%Y atesssl i 8Le SEEVambﬂ/ﬁel most
AL pxyeaf bony Qt %%nr%’t QP/TJSEG agy ffli%esg?z? easpﬁé‘r the

n n % in ran

ce (? es ange

"? %%preéfﬁﬁie%dsﬁs |BY8h%a§E¥t.?u% bRk ie&*§ most
HFfreht , SThe Bet ?h ke hydroxycarbonylat|on

reactlon may be derived froma
Preferably, in an  hydroxycarbonylation reaction, the

solvent may be an acid having a pKa less than 5, more
preferably, having a pKa greater than 3 and less than 5.
Suitable acid solvents may be selected from the acids
listed supra, more preferably, the lower alkanoic (up to
Ci2) acids such as acetic and propanoic, most preferably
acetic acid.

In an alkoxycarbonylation reaction, the quantity of acid
present is not critical to the catalytic behaviour of the
catalyst system. The molar ratio of acid to Group 8, 9 or
10 metal or compound may be from 1:1 to 500:1, preferably
from 2:1 to 100:1 and particularly from 3:1 to 30:1.
Preferably, the ratio of acid to group 8, 9 or 10 metal
is preferably, at least 1:1 mol (H')/mol(C?) and
preferably, less than at least 5:1 mol (H')/mol(C’’), more
preferably, the ratio is at least 2:1 and preferably, less
than at least 3:1; most preferably, around a 2:1 ratio is
preferred. By H' is meant the amount of active acidic
sites so that a mole of monobasic acid would have 1 mole



carboxylic acid. The carboxylic acid is preferably any
optionally substituted G -C30 organi c conpound havi ng
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any C| to Cl6 organi c conpound having at |east one

carboxylic acid group.. The p of the acid is

preferably greater than about nmeasured in an aqueous

solution at 18 OC . The pKa is preferably |ess than

abbuf! SWGGH%%§uﬁe@qlﬁ éﬁpdéﬁ%%%%cséFaglOWQﬂlQH#%N? 2 moles

The of gariiied compbrmt yaQ%ﬁ%ub%¥¢tuF@@U%ﬂthbéneléﬁerpreted

rmw@ptmlm%byfolIoﬁum}ldnkumxgygeoum§ ME@mMamkb%y of metal

groupsg sach asat foriexanptes set hidvey; fam Né orons the ratio

hat ogeri destgrbupstsuah sasulforbexanpgheted, dcantiBigly. For

Exaambes, ohnsuit abt eocashoxyli ®ecadiadsn nod udevbuy are moles

net tesbeichedet grbenzoi c acid, substituted benzoic

acids, acetic acid, propionic acid, valeric acid,

byt aggi gya%giy%@ho@h%ﬁlt%apIr%lo@;l%@ﬂ datk?e qéantpt{y 4of acid
pé@@&tclg%et a 'le'l%aqc't% QI NONANO] b EX80PL €55 the
of, syl fapl e §E&£' ¢ ﬂéf&'@rggt%? {39%&58 f? éz?ou gh o or

I.on
cI%%g E gy §u§8 trlc?e |ca§§f h|nd 5erably
b hoBi ¢ et st VY u gp Fotcd h ar k
substi t ut ed benz C|ds such as for exa I 2,
Gt Ry POERRar argend Lo iom: Tacty ! o ghe Tatio
a%?dbl@ﬁ€§ét§I§§9@ﬂﬁuH% ﬁVHFbx&Ssé&ﬁ%%%ﬁ%dlbénf&¥¥m01(H
e dsPEaERAT a8 LY f oFNexanplie, afetd-daaidite llgand to group 8,
par ahy drOxyBeRZoiis aekd l@sdtot het swBgmotlUCéd beRzeferably,
achels Sucteras, feor exanpbsre2s6- aif Mesedbenzol tmaki@ ) and
opreferdoly 64itr idwonpbenzoiac agido Bdrticul aplymol (H') with
pties eracaidi .acEscpsenol fsnd ori sanadlvkaxygaphenydat itte 1ligand
areséhe salf gptcaachdpaard sulfionmaded HONEXCha®PEls in the
reshpsibih stath sypkdenthegkgwaligyebnachd iQmexehangeon the
r §shos ﬁgﬁé RY Qﬁeyéﬁéep6§f§£§g|Xc@&@MtQ§ ankeyehbcof on mix
SOV B, { %H&‘ t&‘@efﬁf‘ftf {) 'P(?a?c 35 mol / nol,
nor e preferabl ?ess nmost ~preferably
| ess h a f
ngc%ﬁ §é§ﬁ§8%%§?%§1§%95§ Legégggﬁ gEe%Q? §§§%K;2Fciii;o
plca

t (?c]gf eéa}ﬂg-‘/rm ﬁmfE Eef Oﬁerﬂ%f to group 8,
hydPoxyartoriyt at itén arfea%%%*h LtH e%%ﬂt(%y §raﬁerabl%

e h%%ﬁﬁ&ialﬁKalPes%X?%%% 5”5 feitg@l mol/mol(C”). Excess

ligand may be advantageous as the ligand itself may act as
a base to buffer the acid 1levels in the reaction and
prevent degradation of substrate. On the other hand the
presence of acid activates the reaction mix and improves
the overall rate of reaction.

According to a further aspect of the present invention
there 1s provided a process for the carbonylation of an
ethylenically unsaturated compound comprising the steps of
reacting said compound with carbon monoxide and a co-
reactant having an active hydrogen in the presence of a
solvent system comprising a carboxylic acid, preferably an
aromatic carboxylic acid, a catalyst system and,
optionally, a source of hydrogen, the catalyst system
comprising a metal complex according to the first aspect
of the present invention.

The co- reactant of the present invention may be any
compound having a mobile hydrogen atom, and capable of



preferably, having a pKa greater than 3 and | ess than
5 . Suitable acid solvents may be selected fromthe
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al kanoic (up to Cl12) acids such as acetic and

propanoi c, nost preferably acetic acid. In an

al koxycarbonyl ation reaction, the quantity of acid

present is not critical to the cat al ytic behavi our of
tlh%a%%&%ﬁyéﬁ @ﬁ%eoﬁ@]rﬁ)l atthaths ofiedd drdcer 6apalytic
gcondipiony. netldl orchdtipgound Payube fodm 1EMe t pco-reactant
500t drmpres ertdlsl ytipem @f 1 trodl@d: 1fandegart i &l apbpecially
fadvaBt dg¢oul0: 1.cdr ef ereaitygntt he rati o ofataci d teo that
gt pdpoBcarPowy 1 401 ot aki si s geneefcaradhlly, @tetfeasdd l: 1However,
nthéH +)domlea(Ca2its) andepr efes@bl poslsess et hasinat may  be
| gasinaded®s GHch) /40| 2 (€aZboky 1HBr & PIEf ex8bbye1 f hemmonia
rati ani Sindihd east t2;d1and pref saslapwath&sstm@@o@t If the
l@@§fe§c@an@D%ﬁ p&§E§E3b|Hhea&HHﬂﬁl o%t%@hb@.'ﬁlll be an
PLeL 2Lt e t% yé‘a”rﬂo%grﬁacm bl ntthf 8§%év%fa%%kﬁoxyllc

bragle mronssie. aEn2ELeal AV&e an

SI 1 e&
ik %4&’ el ot ST BB T Sl N 2

i At erpreted accordingly. Sinil arly, by C2+ is neant

nol es_ of netal having a 2+ cationic charge so that for

MHTHh3T the rtal%e‘rouog‘ t e met' 8P cat | ONHshould e Primary or
a?if e @Y B edrdengt yNHFoPre%nﬁ &H gnl Mr eaPreReshvul gnide,
bend aken aschafi iy UI—EOlmlRe§Hole@2+ Qrerdunst eaothMPeSter In
| phanahyde oty Eanbonybatiotanéact iRoh, Rt henguant iR’y ofpresent
aclldy pr eséheniy$ mot xryl i gabupe Whechatrrwlwtbee unsubstituted
behavipube ofubbeitatallyst syst em mdhe Bubatritath@sokelected
att@nt 8aGoOuUR vBno,9 ort 4D, mekél,/ canouid, mayobe’f,r amo) or??,
Lyd ke, 10900 R Rref erabl yo {4 pR2; 1og) $06L, andy1 or Het
p@%éf&g&&fhy9frggl3 1 t%r%oo(éefi@aﬁn hereln, and/or

al%%}/f@@p?@ybet bR Leactian,, SR &98 or by
b I t 1 2
a%gf%{l(gfera ?Qp&%%?ga 31[0 [ d:ﬁfat e I i gand ti%gr oup

rretal |s at

or o eplir g thechigkaar et et Bgr e of co-
(Y bR pr &F fasﬁ§ iéesascl&f Sl FE LIS Con o
moP ol 2T AW A t f ‘fi %Fc?rd ExCB8§8CfPgand 8 the case of
a%j[(}%‘h@la@e%sa%-’sn?h%oﬁ%j%%la%%el fahey BEtPE’SAbase to
buffer the acid levels in the reaction and prevent

deye befath bn thesubstlhatel inagchgd co-reactant has the same
number of carbon atoms as the diene reactant, plus one.

Preferred amine co-reactants have from 1 to 22, more
preferably having 1 to 8 carbon atoms per molecule, and
diamine co-reactants - having 2-22, more preferably 2 to
10 carbon atoms per molecule. The amines can be cyclic,
part-cyclic, acylic, saturated or unsaturated (including
aromatic), unsubstituted or substituted by one or more
substituents selected from halo, cyano, nitro, ORM,
OC(0)R”®, C(O)R?, C(O)OR?", NRR™, C(O)NR”R?, gR”

C(0)sSrR’®, C(sS)NR’'R*®, aryl, alkyl, Het, wherein R' to R
are as defined herein and/or be interrupted by one or more
(preferably 1less than a total of 4) oxygen, nitrogen,
sulphur, silicon atoms or by silano or dialkyl silicon
groups or mixtures thereof

The thiol co-reactants can be cyclic, part-cyclic, acylic,
saturated or unsaturated (including aromatic),



ot her hand the presence of acid activates the reaction
m x and i nproves the overall rate of reaction. In an
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of bidentate ligand to acid is at least 1:2 nol/nol (H

+) and preferably, the ratio 9@ bi dentate ligand to

group 8 , 9 or 10 netal is at teast 1:1 nol/nmol (C 2+

). Preferably, the ligand is in excess of netal

nol 7 wobt 1 e193d ) orpdegEs 1ugat ay °be d%@%%eé@@séétuents
t¥eletgand fregelfalitay acinas albé§e R uf@@ﬁoﬁﬁeradFGJ

| @@l @Ri’'n t NB" Réact iGid)amd” 1i§r eveAR’ degﬁa@atSERon ofC (S) NR*'R*
subgtratkkyDn the, omhemehandi?heopReseneE of @efdned herein
agid vat elset heteeachton by Xoandornpbovespirhéecoubial less than
rat eoohlr eacuijonxyAeeqr diing-dgz=rg faultderr aspecicofi &bems or
P eSent ahBVeRt | O LINEr esi $1 pEAVigdedpd RI0Cesstifdst BRereof.
carbpoylabi enieh an-ethylenical Jye upsapyrat ed wgampoungitn 1
cogprisi ngthe steps,9fileagting ;said conmpound W th ons  per
Cﬁéf’@é‘uf@r‘ox' %a”%ﬁ %E%?Ct a&!& havi ng %@?“‘éezz more
C%drggenb e _pgese ﬁ;on ata so vent “system

gya c

arboxy?lc aci d, pr%?era% y-an” aromatic

c boxyllc aci aly em ptlonally,

b ce,of ﬁ@?gaaﬁ S sRSE et %ﬁp‘jo tibn the
netar co [y €97t hE3fi ral £ tﬁ osen such
p?%%%ntaanEﬁF% eeTh@m@EPtreéH%an¥r%$ t R€ 1fr eskht Present.
| ARRRE 7 bhY ma§ er%ﬁyseeﬁb@ﬁn@fhﬁ@#ﬁgoﬁeﬁobhﬁecﬁyaﬁégéﬁnt is
apopt caned cdpabl @ oifie eathingeds- ar paet eophideesi th t he
di ene under catalytic conditions. The chem cal nature
ofh¢ heaclooxehct antideteedi hesthhe aypecof oprodacthe present
f onvedt 1 dm espeloe abhy advantayepusubstieacedntC:+&:o compound
waietrngpo thatadwdriexgardonytast onnies especdvaliy acid group,
prefer pedreHoweyernnyotthet 0Cco-y eagi@niisd af&r a$0at least one
p@§§b@§<fl§@da8§é{ Beoagdvantiageiis sMch. @S A-€ar boxykk€erably
a&f@at cehah éﬂ&mm'? RE=80-871 R, & ol ag &%o@% solution

opbi pati opy Ehg retf'%efa%qs;[ eactantyl$ *\E 6 R€asured
p{n‘?déj!‘f u{?gt %ﬂ Qu\é" fsol%%l%% %”c %é”cat e‘%‘ééﬁ PXY %‘f suitable

a?adboa urGt ed anRydri de a?cd% coSP§§ ﬁgﬁ ed C1-
@éaE?aaa&F o  Sarbors |aﬁ<f%1l<fsaah est dpropLonic’ acids
S S oS! 2 g o nonanoic

acids; Ci, alkenoic acids such ‘as propenoiC acids such
as acrylic acid, butenoic acids such as methacrylic acid,
pentenoic acids, hexenoic acids and heptenocic acids;
lactic acid; which may all where possible be linear or
branched, c¢yclic, part cyclic,or acyclic and apart from
that they may be interrupted with hetero atoms may be
unsubstituted or substituted with one or more further
substituents selected from aryl, alkyl, hetero (preferably
oxygen), Het, halo, cyano, nitro, —ORM, —OC(O)R2O
C(0)R*!, -C(0)OR**, -N(R*)R**, C(O)N(R*)R**, -SR*’, -C(0)SR
, -C(S)N(R?")R?® or -CF; wherein R - R?® are as defined
herein.

A particularly preferred carboxylic acid 1s the acid
product of the carbonylation reaction.

The aromatic carboxylic acid used in the carbonylation
reaction such as a hydroxycarbonylation reaction 1is
preferably any optionally substituted C(C;-Csy aromatic
compound such as those based on phenyl, napthyl,
cyclopentadienyl anion(s), indenyl, pyridinyl, and



secondary amne R NH2 or RR NH will produce an am de,
and the use of a thiol R81SH will produce a thioester.
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represent alkyl, alkenyl or aryl groups which nay be
unsubstituted or may be subst uted by one or nore
substituents sel ected fron1ha| cyano, nitro, ORL9,

OC(OR 20, C(OR 21, C(OOR 22 , NR23R24, C(O NR 25R26
PE#@blY%X@¥SRP§OEHG(SPNP1297R§8 1%@%¢ @PQ*ﬁarQﬂﬁﬁ%ﬂ% acid
RIOER RﬁgoéﬁétééﬂWﬂﬂﬁrﬁﬁ%lﬁroﬁﬁéﬁérHﬁ?9wn@@¥@ppé§ferably
bynoneCor twor €1 0x ygemadri s ulgeprotadomsavancby agi | arest one
oradbakkylsi bcdbd groups. [Theamioniet orhamknes asepreferably
enpoyed, taasamaldoypor i eaasfired neactianitse whdihes@actolution
wit h1@ecd presepkai Dstheereasbionlésosf onamanbantde asdsured

vat egi1dber aboeeusi Rolibe ieaseof 1 @Dh@ & preferably, less
am ne-€o-reactants, water is present. Preferably the

carboxyllc acid co-reactant has the sane nunber of

%’OQa%Q f‘é 59?01 Jg;‘?&‘ rﬁé‘%ﬁé‘”éﬁg%ﬁ §98§§ and this may

SLLE ?Ve 1ng t e aromatlc

r
“‘”erﬁﬂin@ %'&ﬁ%@y i L CATEDN BT BT Calfn to the
pr EfSr aBPy ©2 B¢ i Xbo%l‘é]?%ﬁsa &R CRGPectt e31 THe carbon or
aft Fest banthe Wifcl ¥ €19 pafPsty AL e rabHvirc, 2ot elret e irect ly
oFC urdatTta¥ed (including aromatic) , unsubstituted or
substituted by one or nore substituents selected from
hElh®, 2az9aablcnirenpOUOR1 92 YOREO)RIZD, I ttGR with @) OR more
22f, NR2IRXL 1 GIAONR Z5R26L , o3R2P;s ;C( @FSR 30 0oCPSy NRhgdroxy
18 28ypar yhlkakkydrotiet , swbieresn Ri9 evaRB0ear re@Boxy; amino
defsmed ber eial canglf @fpdbestioherrsypted: byxanelor FRorE, I and
(preferably less than a total of 4 ) oxygen, nitrogen,
sul phur, silicon atons or by silano or dialkyl silicon
gredIPa rBha il Xt Wiesy tder ept Thepbhiak ccordepchant suealituted
Q%qcﬁ%"%véEﬂébEQCEEQboﬁcﬁhkﬁw Sab%%§%§gbq?§; the aromatic
1ed

U'&ét %%%”C&Pd'dﬁg arangt tCL) AnsubsL ] suitable
éEP&e 197 qii% ﬁagusg 38% %ghthom
Z% ﬁe erred
7%&% S% E/Flt%F rP@?“ﬁhéFé n’ Ri@ Bd#@@ roé ample' Cl‘
def i riekher eF P EHFBFe%e Pﬁpépﬁﬁ téﬂ3 roneS Y nof@ 2 4

(Wje‘ﬁ%?%%]ryb?%@lf?ha‘ar?l&rt ol 2of @l}ﬂeé yg ekt ogentd and
satphlinicsi #¢€dn &foRstby Ll byPsinFans oRcdial kyP-Bilkresanzoic
groups oré mhktanes tesrheofolbenzoic acid, 4—aminobenzoic
acid, 2-chloro-6-hydroxybenzoic acid, Z2-cyanobenzoic acid,

3-cyanobenzoic acid, 4—-cyanobenzoic acid
2,4dihydroxybenzoic, 3-nitrobenzoic acid, 2-phenylbenzoic
acid, 2-tert-butylbenzoic acid, 2-napthoic acid, 1-
napthoic acid, 2,4-dimethylbenzoic acid, 3-methylbenzoic
acid, 3,5-dimethylbenzoic acid, 4-hydroxybenzoic acid, 2-
fluorobenzoic acid, 3-propoxybenzoic acid, 3-ethoxybenzoic
acid, 2-propoxybenzoic acid, 2,2-diphenylpropionic acid,
2-mevhoxyphenylacetic acid, ortho-anisic acid, meta-anisic
acid, 4-tert-butylbenzoic acid and 2-ethoxybenzoic acid.

Preferably, the aromatic carboxylic acid is substituted by
only one group 1n addition to the group bearing the
carboxylic acid. Preferably, an alkyl group substitutes
the aromatic ring of the carboxylic acid. An especially
preferred compound is o-toluic acid.



Preferred thiol co-reactants are aliphatic thiols with
1to 22, nore preferably with 1 to 8 carbon atons per
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preferably 2 to 8 carbon atons per nolecule. If a
co-reactant should react with %he acid, then the

amount of the acid to co- rea& ant should be chosen

such that a suitable anmount of free acid is present.
G%ﬁ%?%#@?lya W%?@et%%r%Phge%F AEF HeBVEPMPReSes a carboxylic
co-r@aetanstefiigqst etlerved (BuefrE2bhE @fhameeratic carboxylic
react] onat atesst Thee capboxyVeet acsdalsedupadt hi Suitable co-
aspeceniod itheltde preseaptoihvesntlosnpayndet amyed herein.
optionally substituted Cl-C30 conpound having, in

attk tpodseat |easht 0ve gasboxyhteraei dhgrpuppapBteon of the
phet 1 abkloyhpary,C int @akl6 ceoapoundphavi Bgsatmdieast pABephine
casRoxyki c acid group. The pKa of the acid is

preferably greater than about 2 neasured in dilute

aﬁ#@@i’éu§°' yeton at &%kggonay%% PKadis pref é?lé(dl@a%s (II)
Lha0 00U, 5 1 sutes Loed T4 yaaieouse el il T o gl ol
g 5 EXATDT €5 % St abl e carboxylbe, et 05 [ BELUdS: 110 o

such as
8 ?tﬁlgagmgf %ﬁ rom palladium
ht hnéitd C&dicds i he§8ﬁ0|e€<a§[@]€s nofdBcfgglescribes a
Cﬁr%ﬁ?s%lkéﬁﬁﬁ¥%ﬁﬁ%% s&%ﬁséévﬁp&'engﬁg aci d¥ suéh asomplex
aeryrieh here;, maldmsiicadd dénsu%ﬁj%%c%%@%h%ryﬁﬁéLacFQaCtlng
peint ersise! ladinds, shéxenehc vakids aandaheptedidi csaeildgiometric
| @oo et acifd;aosttivdlorayral,| sthierelippsshbl eibsulrendar @rclear
bsanchidy, cycéncadpastioyckhe, por tacyfcldne ando apaby gradual
faam thet dheyghayubeainbtet rupted wythokhetier osabapsting off
Meye beruasghsticbut ety orr )subseétyubedtwhbbepnendr #@$ing and
faryhey substituents selected fromaryl, alkyl, hetero
(preferably oxygen), Het, halo, cyano, nitro, -OR 19,

%C }Ya acs ano C ac

- % go%@ssqc@ RRd, i7 %Q)c%nzép ovil\éfé?s 23 ‘bes@ (8dr the
%ﬁ rﬁlgtal 0 whlc% g ?I t elﬁse metal
ar cuIarFyfpre rre é%rbo |c aC|dr{§§ sfﬁbn ii

Re® {

c%$B%§ |%%O%%?dcﬁggﬁn¥%3tk@QCQF%%ﬁéfg?.OWlF aggﬁ Riine and
% %ﬂr%&&%ar%@%y?%?lﬁﬁ FB&cPFBREFS BFeFB?aB Xe“tlon
a%‘{/%%% i onal'f§SsubstPittedacl- C3T o5cdivat i cSteps has

environmental benefits.

It is an object of the present invention to provide an
alternative process for the preparation of precious metal
complexes such as precious metal phosphines.

According to a further aspect of the invention there is
provided a process for the preparation of a metal complex
ML,X,, where M is a metal atom, L is a ligand, X 1is a
halide, HCOs , NO;, COgZ’ or carboxylate, n 1is a number
equal to or less than the coordination number of the
metal, m is 0, 1 or 2 and is equal to the oxidation state
of the metal, comprises reacting an ammine compound of
metal M with a complexing compound.

When M is palladium, it may be Pd(II) or Pd(0). m 1is
therefore 2 or 0 in the <case o0of Palladium complex
production.



conpound such as those based on phenyl, napthyl,
cycl opent adi enyl anion(s), indenyl, pyridinyl,

wW@rwpstwrd yl groups and having at | east one car@D&BR10¢/050189
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acid group associated with the aromatic ring, nore
preferably any Ci to Ci ar ot tic compound havi ng at
| east one carboxylic acid grou The pKa of the acid
is preferably greater than about 2 measured in dilute
ag%o@§t§él&Wmﬁﬁ“htCQ%P@Eﬂj ThE pka 313 PP@#@réﬁW&xﬂ%§§ in
S abdBt, 6theaguied s dinafier dyue soted i bromtalgalide
0@ reher&o py efletablgs) lebscahhﬂnste,Therbanbbﬂylperboxylate
ace do gr eaptaeans lact@OBHogr aup rartek )t,hisr naytbete. Suitable
apd achedudi r echhyihe® a cychpoundsg at oncofidehe Pd(NH;),.Cl,,
ar@miti)C (HCDg) hut nmay BbispHbDE (@Htached to an ®ANH:) . (NOs) ;.
ced bom,)t,o1t he rHn@ve-NDIECENEf er ably eptiher. pticached) Lo are
a@aﬁtgéﬁpgplyrpgéf@ﬁé& rﬁé’tzﬁf‘eaﬁﬂlﬂg@ aBaboRRes er abl Y,
attached directly to the ring. The aromatic conpound

'@%&@fcéyg§f't5E%%eWE%ﬁ one Qﬁem%é%égl&ﬁeOEoHd%NH%h(HC03
%r OY anéryal IHQYRS =g ér_oﬁ IQURS; 2@l KXY 1:igentate

ox ), grQup
a%é% rou oSt sb o exarxg} ?ff@da% nd FLifge coe
? g argggy? act i Pay t56bs C%%?%g 3)
%O%% e%vé?l P&l€§ B6n Satlom” PFEF%}a%?ymeY%%“%}oﬁ% peated

rf g §§Vﬁ6ﬁé Ui~ SUBSERt UY edOTExdptes2 o O3St st 1ess
a?%@%tﬂézCapﬁéﬁyll%o%%ldéqﬁﬁ@ﬂddé bén26ié-aci dris extended
napht hol c aeides ahdecyklidpehthdenghrhendse to form with
pailbécat aehy Ppf efEre edinarce isubsttiviautced lar ompst | ¢haci dsynonium
i meduoyey ferbexanpl.e, Tie EAmahkyh Syhstddeut echrbonate may
bewzaieracids, ssuehi @s 24i1416- pkechptbyk ibenzef ¢ taed ddesired
Ohe2a B- didiilng kenzeiag aped addo=dolwy C vaticd washing or
(= eibyl ohenzoi £, fLi dhe ?ﬂh&ﬂﬁﬁﬁnz%@@r%@%%. carbonate 1is
65 Ghhi91 ©- 27 MeL hyl ol benzohca86b0s14; amhpebebzohesachdron for
s&@%oﬁ%tglh%@%_ %%Z%é%éﬂ3é%n2f8Mﬁ&0 BAZQG AGIH, pe due
tgy g@%@ am%ogygno e@%@'flﬁgi etal complex.

2, 4di hydr oxy en20|c enzoi ¢ acl

2 hen OPgngglc aC|d 2 tert butylpen%gé lﬁgﬁgg of the

4:@6?1%%? yjr%‘é%%%%“ac?%g A et S Batebing ol igend <o of
, B Ret hyPHRMLDI € Theid, 4- hydr oxybenzoi ¢ acid, 2-
quorQben20|c acid, 3- propoxyben20|c aci d,

3- etﬁoxyben20|c

e ¥

Q%*A—(K,D)Ar(E,Z2)—B—Q'

R® R’
\/// \\J
¥
R

R®

c—R?

7 ‘ 1

R

(1)
wherein:
Ar is a bridging group comprising an optionally
substituted aryl moiety to which the phosphorus atoms are
linked on available adjacent carbon atoms;

A and B each independently represent lower alkylene;

K, D, E and 7Z are substituents of the aryl moiety (Ar) and

each independently represent hydrogen, lower alkyl, aryl,

Het, halo, cyano, nitro, ORM, OC(O)RN, C(O)Rm, C(O)OR22



acid, 2-propoxybenzoic acid, 2 ,2-diphenyl propionic
aci d, 2-neyhoxyphenyl acetic acid, ortho-anisic acid,

wWoreioaasorsi ¢ acid, 4-tert-butyl benzoic acid anelCT/GB2007/050189
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2- et hoxybenzoic acid. Preferably, the aromatic

carboxylic acid is substituteq by only one group in
addition to the group bearing %he carboxylic acid.
Pref.erably, an k grou bstitut the aro iC

ThGRoh tq%%@lfg%ﬁ%r. D R espets al 1 (B0 forr ecor -
COMBBUNER T $ (8- DGIRIT ERaci(8. Pref ehabPy, dher ciessoltfent Lower
s@lsheh@@@np@rs@@oaa@aa©©aylgcoapsdsaéedeédnédombﬁvez D and
(predgeaty antlar omat ceroanbakyhscoactdy, aavll edsy bnewhich
cohspl vwent astatised usedm Sui tablk@cecosadiarent sriingl, udehich is
the: aprioli¢ selwentsunenti aned beeei pr Theops esedbstituents
| fyeatton akse GORGRIRs,t heopsepanation Hafld hecm@u nitro,
corpl, ex,od paErti cu @) R'silpr eci @yprret al nphgsphi ne: (o) NR*°R?C,
C@p§j§% 26nggnog S Fehpbr -di ket onat es such’ as

p%' a@é“'ﬁlé' 'e)a&lce&xh@gshagmgfaffeyé@ew '?ig)?%oge , lower

e al progesses_ as

Y Biyl %n % dﬁgendently
Ca A %% %Eag?‘ﬂ? If %W g:l af Y chloride.

chlorlde. For

rrp ?, B R 58@@98 8erihed %%% cOricdiGy  tower
d@%%%lV|%@Y¥wQ¥ 2 a conpl ex tetrachloro-
pal l'adinate in hydrochloric acid, reacting the
resubei ng “sctarh onindadenarerdtly e ASPISEGiINGhi berPigen, lower
amblunt , of aaget yl acet olet, st ipreifpgaiie medar e ttodapendently
ctearesahut i oner thely bdj arsy 1 ngot higeppH to from7 to 8
by gradual addition of aqueous al kali netal hydroxide,
separ@t i gy obhf (heepr eeiepichal ek R | 1jdependently represent
aset ybaseb enat e sand Mashi neranhdr Yhng 1itn - tHBe latter two
p&9§§§5:6¥féﬂ@%de@NeEB'%ﬂuﬂﬁ9¥Hﬁ§so§ PERSESSoEMst R ove are

r@i 5t al complexyhich dogs %%tt US&' an
”Ejégx Pfr‘?% hS‘rﬁéa{nﬁlOQQ i%lek%lx 'i‘igg’\f%q' Soe anQd
es n n ci’l Sg uct 6n
ﬁ §b etfoll &*%Q: é% 1O Wt chl ori ne and

droch] oric acid, the use of the grocess of the

%‘h@%ﬁh aldf de ¢ pRERt ada P FRRATE BEes8CestBPSNRAQn Should
h%%e%%@%&lm@rﬁ aF2Beheéfi t&f Phdegtancobfee¥dopathen to the
present VI Rvert iGrPud P byB dBchn lalotrerdrati s Gr bleesgof, more
fioreférealplepae athioncot f oreed ool had apm.

Preferably, when K, D, E or Z represent -J-
Q% (CR”(R™) (RY))CcR™(RY) (R'®) , the respective K, D, E or %
is on the aryl carbon adjacent the aryl carbon to which A
or B 1s connected or, if not so adjacent, is adjacent a
remaining K, D, E or Z group which itself represents -J-
QB(CR13(R14) (R15))CR16(R17) (R18) .

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 1n 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



conpl exes such as precious netal phosphines. According
to a further aspect of the invention there is provided

w@2procwss for the preparation of a netal conpP@&XKGB2007/050189
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M.nXm where Mis a netal atom L is aligand, Xis a
halide, HCO3 , NGB , CO3 2 or ﬁarboxylate, nis a

nunber equal to or |less than 9 e coordi nation nunber

of the netal, mis 0, 1 or 2 and is equal to the
o&@ﬁ%@?bﬁlé?a@éo@ﬁtfﬁegﬁéﬁgﬁ é%%%%ﬂ%%spﬁ%%&ﬁlﬁ@daﬁaphthyl
ard ple @bﬁpﬁanér@fqmﬂ%ﬂnﬂwhmtﬂﬂhﬁﬁﬁﬁﬂﬂﬁﬁuW&FQonb@uﬁddltlon
WenKM iDs pal badiZzumong aaymbeePdUdgt igruePd § 03¢ lasised from
tdvey Bf orkoRenr 8lknlt héwcaske oflPall adronpcompyexitself Dbe
psoiduct & Dhy . Fue siettalt camo ne teompowddry sbelaahi icani below) ,
coappundlol n dkirs , cases rd heort, orod @ )pr?éf ecabl g?t, c(0)0R??,
sek€eted d romee hal,i ds?( pr @f(@mial”y cﬁhl@(éﬂef)% ?* wherein R
bi Sardionat g.r, Car Roat &ie.0a1 P 0% REIRLL, aryl or
| aglat e ;0% QJt(ﬁHthoalE %& b'%s%@%'%%éugbtlo ally
(g&ﬁ%&ﬁ’%@ ‘%% fﬁ%ﬁ;@ AR
b%‘? Jg %}ijeg Ourpé ©-9-
parR i et aT iy pPerierre %%t%f é %% conpounds

Particularly preferred is the reaction of Pd (N 9 .
(FooBie g a i §atd lasCidefTned ﬁgﬁbﬁﬁfsﬁéﬂuﬁsViﬁéB in a
bt ereptate ¢f ﬁﬁﬁ@uk%t ot berbwle|Reh2ppeferheds Cr, Mo, W,
rieact Fon, Ntlhe BideRfbat €sli gand ¥ pedcted wikheidwealpdy, the
(mkeaﬂs(a{EBﬁeleonpdeirbm &isuiRtaldrel sof ventlosechragerably,
nebtdametadndsheat.ed For séveraaloilurcs, dfpicabty meferences
than G2 oheursimndr| essl Tthane 121 Boles e inDr ehdypdl cadkl ysaken to
4: Bhrsde Thisupxt ended heahéingocabseset heabirdeptatedic table

cashonat ertpformwi th |iberation of the amoni a,
typically as the annoniun1hydrogen carbonate. The

”té%hyﬁéﬁ’@enwﬁ bQ ahenppy;he Let uh@s BHE' PB-twelve-
mﬁé @E&&'m fgf q?%Jr% ﬂﬂﬁe %‘ xtems,

Ion ed from

eh (E er t e
anndﬁlu ﬂ arg &ar ate | soI % 3%& ?
ALV EnT & bu%i‘ §8§€ﬁt &% UfroerS sEP:EFF%?'al and which
c%h%‘l?%x Yhav “B% foéiﬁwdoﬁn&“qu‘ﬁ s9fEp I Be UES 0OFhPe non-
absehee!l of %ﬁﬁ%h?a@?%m%ﬁécfPﬁawhﬁé%élaé@WﬁFéi ipgcharacter.

meRt | GAEd hey e eS| maghebs ethasfo@rfdddi-meRt sveft i€heor fused.
Each “Het"” group identified herein is optionally

substituted by one or more substituents selected from
halo, c¢yano, nitro, oxo, lower alkyl (which alkyl group
may 1itself be optionally substituted or terminated as
defined below) ORY, 0C(0)R*’, C(O0)R?!, C(0)OR**, NR*”R**,
C(O)NR?’R*®, SR?’, C(0)SR?’ or C(S)NR*R*®* wherein RY 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,
triazolyl, oxatriazolyl, thiatriazolyl, pyridazinyl,
morpholinyl, pyrimidinyl, pyrazinyl, guinolinyl,

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

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



present invention, the bidentate phosphine ligand is
of general formula (1) (D wherein : Ar is a bridging

WQ@e@ap1wonpri sing an optionally substituted arpdT/GBR@UPS0189
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to which the phosphorus atons are |inked on avail abl e

adj acent carbon atons; A and ? each i ndependently

represent | ower alkylene % E and Z are

substituents of the aryl nnlety (Aw) and each

i ndependent | y represent hydrogen, |ower alkyl, aryl,

Hets halrs, ‘chairy, alkyo, OGREY, wxgd)F&QQlDC(@ﬁanl<h to Cio
CIOOR 22d, NRZ3RZ: s QLIINR 25R2BY L, C(B)RY25R26ut v BR2pentyl,

The( D) SR 2hFptot 9dBrf CRIBLERs 1dthefRi 36 POREGI(RI, alkyl
1Yo 18a)y , wheren Jthepeedents bonet cabkyl enelbear dfwcarbon
aglf agentbgr oupsasebecbedntnom Koe Zarubassd Ertagetberated,
whé h ¢hel caf bartptioe ofr t el yleyiding /e yehiieh thew/or be
arepat tached for ma funthen phenybneing, whi-¢h bﬁbstltuents
0@&18@@ééyf§695%kﬁHJedc?&nQHGnQErBDr%ﬂ§@b5bbké?§¥@ C(O)R

S@k(g)c(t)}gzd fromhydr ogte@) 1\}&) 1o al l:gx g %{z%ﬁ%yaNRgsﬁﬁyR%Rzg

%E%g R’ 2 b CQg» dently
%S%%%h P%Q%ES%Hentg%y}epfgéeﬁf”h dr o 1om% Or be
a}% FLOGRYT éfalf) Q§ﬂﬂP ‘enttgms, or by

rep %%%n?rI%h%%k%}%ylco%r?¥ou%$ Het; R19 to R2 7 each
i ndependent|y represent hydrogen, | ower al kyl, aryl or, ,
I%wwe$naﬂbymlznﬁﬂﬁﬁ|ﬁae@éﬁ&émﬂ§pW@$rééeﬂb ﬁydrégenR R,
| BwerR al /L, RaryR,, ok ‘HelR' prefer &fy RdachkR'>, R'®, R/, R,
imdepertierkly Répr e%zént RFoweral k1, Byl K, oM, Het : ‘ai@l, 7 may
@epnds €8t (whenwpeasent-heaaly 1i ndepensdentd y bepeebenﬁtuted
phospheronstharsens Caosuant EMeAY Aandfbeh bhechabbaer atvls, be
cg@@éafef@fen§§§n&@e@hOSEQIn@a@ﬁrQheéthEOU§n§B@M@a@é@ be
agended, aC%QﬁQhHQJy'oﬁﬂt aﬁﬁ?f9599hEﬁ?Q&QcﬂEcandléEé/or be

repres E@@ Qoéﬁgo anmﬂ%r% fgl Qae , or
tg% r%ﬁ%ﬁ &ls%ﬂ %nk% %? ‘be substltuted
?d p fe? 3 % % '% nge t ql ya O’
e 5%% el E@@m& o)
reof ﬁgﬁl to @ﬁ@ Ipr&t ellfbd P&l qg%ﬁlﬁn to R

each 1ndependently répresent hydrogen, aryl or lower
alkyl.

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

Halo groups with which the above-mentioned groups may be
substituted or terminated include fluoro, chloro, Dbromo
and iodo.

Where a compound of a formula herein contains an alkenyl
group, cis (E) and trans (Z) isomerism may also occur. The
present invention includes the individual sterecisomers of
the compounds of any of the formulas defined herein and,
where appropriate, the individual tautomeric forms
thereof, together with mixtures thereof. Separation of
diastereoisomers or cis and trans isomers may be achieved
by conventional techniques, e.g. by fractional
crystallisation, chromatography or H.P.L.C. of a



Preferably, when K, D, E or Z represent -J@B (CR13
(R14 ) (R15 ))CR16 (R 17) (R 18 ) , the respective K

W0 207/119870r Z is on the aryl carbon adjacent tPEr/aB007/050189
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carbon to which A or B is connect ed or if not so

adj acent, is adjacent a renai nz:Rg , E or Z group
which itsel f represents-JCB 3(R 14) (R 15

))CR16 (R 17) (R 18 ). Specific but non-limtin
e&%%ﬁ?%és%fﬁe]b%%leﬁﬁétterﬁl é’afno% ﬁPWEPH“@hP@eer?d%defh%nformUlas
i el adestHe 51t | BMlAg.orl depippsivedithereot. An individual
bert yhphosphi ndnet mdnecdyertz ede, ole, o2- hihe formulas may also
(o - t ertgreatsd phospin noreet h)do)rrba@rppequie,ngl , 0Rtbicslly pure
(thtdenédlsyd pbosphi memet iyli pnpaphidmalaeneoy H.P.L.C. of the
Never ¢ Hebessngt hecskibtbedspagsen dur ddig aardh woall dsupport or
appr et ate dhat ot ablldiﬁé'gt:a_ﬁcﬁl l iggandscCcanibB8tercoisomeric
e@é{lt%@g%ﬂMetohOHE/ i forfomtl@e SEReERIdihe racemate

'ﬁ¥€ﬁt'9n The beem ‘A 1c%ﬁlga criwen used hereiPase, s
uges: gni et o- ten-nenbere preferably, Six-to-ten

eredcar ocyclic aronatlc groups such as phenyl

whi ch rou S A 0 t|o II ubstltuted
3??% R ot SR AP SOPRY GERiBE e che
SOt FE Ten t%%le%Y%% r?%nwaryl | ower al kyl (which

al kyl group may itself be opti onal |y substituted or
t €F ni'Rat edPas2iRT ¢ et el 6W) tha%et , Shbl b2dcyand e art that

nEiE¢ 0 COORPYNASC(Q) RE 20U OIR 1Ly, C@@?CPOQZaS NROBERXZs that
L ONRI2HR26 w1tBR2tEe CrOBR ZIB ovr CGPNR 2BRRBB metal or
whenedomnd®R19htoeR2 ZAreddie | Adependent by rEpr esemdlyst system
hytlr ogeninaeykion.| awerncallkyl, e chralkyrIgroeupchrayp VIIIB
nﬁ@eehi be eptripenaldl ytrseﬂzsdﬂt@@@ﬂdpﬂiateﬁnteattel@ ashe or more
b P&hOW) ax sEMI E NERAPE L, ahhemahY! a B8t ¥ MBYebBoRPound
f(grrse pfguygygl i c group, e.g. naphthal ene, biphenyl ene
or |ndene By the term"™ a nmetal of Group VIB or Goup

Vﬁ%%@éré@i}" conp %”dia_@f %F“Hﬁd%@’ﬁﬁ%ﬂ% deﬁeﬂ&‘%esnt lower

F%I r ef &1 b he me? elejg fro

AP E 1%rarerasr B3, SEC FOrSineg FRom N B oncoys
abBreante 6f edoBBF“Yref%rrcerFteést oO@b%aHfB oAy gited  as
et B B2RhelEitif SHouPl B aken (TRSTAEN udd G BOBSY 6 Jgup 18
O@th%@aﬁbylnsﬁh%th%@@$% p@ﬁlo@?Elﬂﬁﬁlehﬁéﬁéﬁ IatEV@n more
meefemblﬂhletR wheh usedhhémeiepenideeitides epresent C; to Ce
foalkvip- WM@thenenbeﬁe@naﬂd@famﬂﬂthuted as defined herein.
floust t preénrabier &d ricngRSysieens, represent non-substituted
C; to Cg alkyl such as methyl, ethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, tert-butyl, pentvyl, hexyl and
cyclohexyl.

Alternatively, or additionally, each of the groups R' to
R°, R* to R°, R’ to R’, R to RY, R" to R' or RY to R
together independently may form cyclic structures such as
l-norbornyl or 1-norbornadienyl. Further examples of
composite groups include cyclic structures formed between
R'-R'?, Alternatively, one or more of the groups may

represent a solid phase to which the ligand is attached.

In a particularly preferred embodiment of the present
invention R', R*, R’, R'Y, R and R'® each represent the

same lower alkyl, aryl or Het moiety as defined herein,

R’, R°, R®, R'', R' and R'" each represent the same lower

alkyl, aryl or Het moiety as defined herein, and R?, Ri



whi ch rings contain one or nore heteroatons sel ected
fromnitrogen, oxygen, sul phur and m xtures thereof,

wW@e@7Mkboch rings may contain one or nore doubl BCHGBA®7/050189
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or be nonaromatic, partly aromatic or wholly aromatic

in character. The ring systemi: may be nonocycli c,

bi cyclic or fused. Each "Het' %roup identified herein

is, optionally substituted by one or nore substituents
sRlrecked ffonPhEl & cfans, TG Sk oL NP o el kfer alkyl,
(why Ehoal Kgl goosp ymep idsklfebeloptipnallpye preferably R,
sRibsth 't uRed ot 't enfi Rat ethcds whafiareth thellow)saR19;:1-Cs alkyl,
Q{0 RR0ar G OnRn2pbECOr0Re22 G -NR23RR% L, C(sOIWR 25R26thyl,
,elSR21 7, [CIER 2, 7 ioro-GrSNR ,25R2Gumyar,ei 1 sRI®utt9 1IR2 tert-
Toeagh, i pdependentkylr epr esenbnbygnogen, =&ryIRQr Rfowex'* and
akKyledoahi eRaabkibegt oup ddiseldedmycthe eRldeon@ldyt alkyl as
Sybsthd yt e&b@&etere{watf@ﬁd agcdefgned oel ow)'s. Jhe tRrm cach

"fﬁéé é@&éﬁﬁ l %% qp5t§@°@wﬁ§s°@tugpaghy 1 as defined
sg}g)g,%ét uted. azeg{a! %yl , prr rEQJ I di nyl Jlom da 7301\/ R  each
fura oxaz sl S maz dlazoﬁyrépresent

t hiaz ?éﬁl Ifl%l a,%ll %ol lb, "t azgl=yl X 8r|az

‘f%¥f1 o251 Spurla hyItR ok ph amcﬁ G ST iprgroent n-
p?/ Tyt “q]i?ﬁE nyI i soqui nol i nyl, piperidinyl,

razol yl and pi per a2| nyI Substitution at Het may be

{ a%%rk%??%ﬁlcﬂfﬁ]o‘zf f@%rqq ngerdigey'e of the present
appyopk L at ecagh dhe tcﬂ Ror 907Ul heeheeeepaBofEle, SMeg " lower
g& blups, mayyal sorbéeitn ntdhetfyoran ofe aimddl okedeiThePrefarably,
"¢ovier Ral kyl "R Wherpusednher eilre  geaas CC itot oC O allay kKybroup,
apalr t heh ugesy mebhykpbethybirepgr apylts bukyl, penttylas methyl,
hexyy1 anch-hepigtl gr aups-pAdpass et-erwilse specihiced, tert-
aﬂ)wﬁgr@@@@yﬂayhewgnameégcn@h@x§yffM@s@npr@@@bgblw each
CRY QN rat ofB, - beh i NEAL 19y 1 branched, be saturated or
unsat urated, be cyclic, acyclic or part

Cy& Jd% a&é{ﬁﬂ;&égagg/ %ﬁslguias;s}ggsgag g sg%ngt edgzbyand 0’

s L S

f%JF?QZG , aryl

or Het wherein R19 to R2 7 each i ndependent | y

%{ﬁife%]”e%]@l% dtegehe %@wowd|%ﬁe?oaw$ﬁ Tantif of ped J (when
| P @7 ¢ Ut ed?aW oh@d@]?eﬁ%?@tb)(ygfeﬁpr(ﬂs%m phur t&t obs, adrylene
byhs¢h ane oprdiahkylsi | sdrstgrioups] kewede bl kyd gremmsm for
oexahkyd grigipslwhech RkyR2grRupsR4, Preferably, the lower
alkylene groups which A, B and J (when present) represent
are non-substituted. A particular preferred lower alkylene
which A, B and J may independently represent is -CH,- or -
C,Hy—. Most preferably, each of A, B and J (when present)
represent the same lower alkylene as defined herein,
particularly -CHy—.

Preferably, in the compound of formula I when K, D, E or Z
does not represent -J-Q°(CRY(R'™) (R'))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, C;-C¢ alkylphenyl or C;-C¢ alkyl, such as
methyl, ethyl, propyl, butyl, pentyl and hexyl. Most
preferably, K, D, E or Z represents hydrogen.

Preferably, in the compound of formula I when K, D, E and
Z together with the carbon atoms of the aryl ring to which
they are attached do not form a phenyl ring, K, D, E and Z



R5, R 10, R R RO, R213r Rl1, R R4, RL 5r
R16 ,, RI17 r RI8 , RI19 . R0, R21 3 r R2 , R2 r R24 ,

WORB7TRIP7% R2 7 , K, D, E and Z may represent BCHGBRG0M050189
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whi ch aryl and Het nay be substituted, may, when there

is a sufficient nunber of cari n atons, be linear or

branched, be saturated or unsaturated, be cyclic,

acyclic or part cyclic/acyclic, and/ or be |nterrupted

b2 Ohel BienprecE L Hx @@ﬁe%?nguhp%@g%@on%owgr pykyl, phenyl

spT ahover dlavkphsiviicoNogeowys feamdlor Be Jubstituded each

bindslecmicemble substpteean’s sellerdedsérom hatlsneyano, Ci-Ce

nlkplpIORIP] OC( Q)R 26,110 R, B SR 2D, , eNR2BR28ropyl,

COONR 25826y]1 SR2 Hex T O BR=2 mor & Sr&Re28R26, , Karpl, E and

or Heprehene ntil9stecR%subeachudmdependentdnyeferably, they

r@@@@@@@rﬁt hygds ogesn . aryl or lower alkyl. Simlarly,

the term "Il ower al kylene" which A, B and J (when

PbESEOL A1 [ §PF BSEMt e | Bg ggﬂ@ogﬁdfgﬁmupgnyl@hén,Kwh@n E or z

U&&QS h%%' % Jfgldigdes_ t&ﬁw&&am cME gl f}“(ﬁl@ rand X,
er le etllgha eastbat two El aces, on arﬁ ring

rou g%képey @ﬁ%gﬂ e defamﬁ?hnaﬁ Rrph% p%@%y? ring, each
a‘B vé! t ifondd%gro UbsCAEGt &f B Selected from
t%Y%?fé?%d ilRe1edded + Fubr o,aré/H1'or%F Bromoeandsiodied herein;
VipeF el @1 EDRPOURY BTO%LTT oPRUl @ ter et Pk cbnt@laxe aparticularly
alkenyst grotpd €i<o( E)kand, t paRsSCZ) liysbrerPganray
al so occur. The present invention includes the
| Prce /¢ dalal v st &n eohsonengoofidt hé €ompolads eheanywof of K, D,
theafior nut age tied+ nedt het ke ncandon wheoes appr opei akgl ring to
thei tmdinHeduabrtavt opeehedf ordn t her ppénytogethes wHdh the
nbixd oy €S tiher eof. prpamatiign ehpdt asheegoISANRr Sn8l or more
Cé@b@@?’tﬁéﬁ@§ LSOOBE Sy MY ohe achi eved,lly conyentiepal a1xy1
QHES: %é@L@ybér@ﬁEHBHth%rXQ&@H'5ﬁ¥éé”br termlnated
%919 gp Y197, H Lha?o {, %%te%‘i%'r%ow%”l@, OC(0)R

ﬂp;o nd_ofe é gu& assg{ 0) SR or
(o73F g EPHIF. A { dual?

n%i«{ %ﬁ&?ggo e mBund bf %neeao%%th% PRI AS f‘wepresent
a %%r%%e?l 85ar1é)d]efrr Gh'a cof Flespdnai hy L ofticca 157 put eSS De

optionally substituted or terminated as defined herein).
More preferably, the phenyl ring is not substituted by any
substituents i.e. it bears hydrogen atoms only.

Preferred compounds of formula I include those wherein:

A and B each independently represent unsubstituted C; to
Ce¢ alkylene;

K, D, 72 and E each independently represent hydrogen, C,-Cg
alkyl, phenyl, C1-Cs alkylphenyl or -J-
Q7 (CRY (R'™) (R?®) ) CR'™(R!7) (R'®) where J represents
unsubstituted C; to C¢ alkylene; or two of K, D, Z and E
together with the carbon atoms of the aryl ring to which
they are attached form a phenyl ring which is optionally
substituted by one or more substituents selected from
lower alkyl, phenyl or lower alkylphenyl.

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



internmedi ate or by resolution, such as by H.P .L .C.
of the corresponding racenmate using a suitable chira

waeppatd7or by fractional crystallisation of tPE/GB2007/050189
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di astereoi soneric salts forned by reaction of the

correspondi ng racemate with a $U|table optically

active acid or base, as appropriate st ereoi soners

are included within the scope of the process of the

i hventeBn Paatamiad becappredfat@d Byrihdse Skiinddden those

tWeca®?int hat the conmpounds of formula | may function

as ligands that coordinate with the G oup VIB or G oup

A | 481 netlad tlor r epnpoemd tGRreafr iMHL hepdor hatlanl fCH;;

the catal yst systemof the invention. Typically, the

G pup, VEBaat & eudphVlilndBpmicaintary copaisuwht hefeofgen, C,-Ce

cUK @i nat esphenihe onecer nore,pbosphorousy1 arsenge —J-

afd/car'® gty MRAY) Lo ApR Of) (R campaungd ot oMy ad -as A; or

PE £ eafeﬁ;y DR:rLEthlfl ﬁ/g@g&hggemﬁe@hgycggeeﬁsg%ms of the
%gf A %t?Q WAL ¥h - + NRE aPé ?E% a%ﬁ F& %I gé a?gﬁ?tltuted

gef € y represent

mhe?eln t he phenyl group i's optlonally
supstltqged s defined herein) or phenyl Qﬂ)erel the
pheryl Tyr otp©h l%%??%%%?%l% ST Eted %]s efienéd<y

herein) . Even nore preferably, Rl to R18 each .
|%Hébbné%ﬁﬁmﬁrreBF@§@ﬁFe@|CQWPQEPQﬂk§ﬁ’ preplas I include
opteemarihgreubstituted as defined herein. Most

preferably, Rl to R18 each represent non-substituted C

iRt aoClR'al kyk sbeh samenetiyleaet hybpraspnopyl; to Ce alkyl,
i sorpropyirlyn-haetiydy].i so-butyl, tert-butyl, pentyl,

hexyl and cycl ohexyl . Alternatively, or additionally,
eaeh: of tihe rgroupse R t8aRI oot S0 0 tR7ePmiRBa R10inciude
ton R, 1Rd3-10. R15 or R16 to R18 together

i ndependently may formcyclic structures such as

L norDborfy' n@r pl-BLbor %d' ﬁw%penmﬁg\g s%;i%@e' 85 Plom the

élte %rou%s |nclu e alkyl,

%6
g%ﬁ H%ff 2 pgan L0 ?%ﬁ %rv\?ﬁl%hEt r%effﬁe%qa%t the
i S35 ’ Iﬁﬁfﬁﬁﬁﬁ-%@I&P@feprﬁﬁéprea enboditrent? ofnd E
t]h%%%%%thy%%%%onom R4, R7, R10, R13 and R16

each represent the
K represents -CH,-Q°(CR™(R') (RY))CR"(R')(R') and D, =2

and E are each independently selected from the group
consisting of hydrogen or C; to Cg alkyl, particularly
where both D and E represent the same group, especially
where D, Z and E represent hydrogen.

Especially preferred specific compounds of formula I
include those wherein:

each R' to R is the same and represents methyl;
A and B are the same and represent —-CH;—;
K, D, Z and E are the same and represent hydrogen.

In a still further embodiment, at least one (CR*RYR?) group
attached to Q' and/or Q?, i.e. CR'R?R’, CR'R°R®, CR'R®R’, or
CR?%ﬂlRu, may 1instead be represented by the group (Ad)
wherein:

Ad each independently represent an optionally substituted
adamantyl or congressyl radical bonded to the phosphorous



same | ower alkyl, aryl or Het noiety as defined
herein, R2, R5, R8, Rll, Rl14 and R1l7 each represent

wo b@7as2 | ower al kyl, aryl or Het noiety as de¢T/682007/050189
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herein, and R3, R6,R9, Rl12 , R15 and R18 each
represent the sane | ower alky%1 aryl or Het noiety as
defined herein. Mre preferabfy Rl, R4, R7, R10, R13
and R16 each represent the sane G -C6 al kyl,
p%‘?‘?mcﬁllérlexflyno‘?ﬁ%u%t it e Loy apﬁypons@d}?% the said
n@@hquabt ﬁyhstﬁiplrt@mm be¢ ey pRgpydre noBut®are substituents
i SoLdut fremt butdroggyent ydweherykvdr OhexydnoR2nitro,
R3R RS, %@mo R°R14 @ %97 Zam ) DRtfepentdenki’y %ynow@ﬁi R,
thes srB’ G - (ﬁ@él kylk as (dekRABd abovepoiamd RIR*IR®”) ROgroups
Ri2tacdb ansl RlB-weach dmndependent’l yanepoeseqt, th:ﬁf Q°  (if
S@B@s&tm alekyh asadef bpedoabove. Foipexanplel RR-phospha-
c18{l§),3%;l319ﬁ1d7ﬁ1<§e@99h @%@b@sentar@& hykerRRa a  2-
g%: R%} y?n é? %thybr angerlvatlve
T 5 B%%e’g%%% %r rﬁg?%ﬁn£¥%gy 8£ form

n- pghE% svsi o al-espec erre

eh% |nvent|on each Rl to R18 group represents
the sanme | ower al kyl, aryl,  or Het noiety as defined
herein. Preferably, each Rito R represents the sane C
i to C6 al kyl group, B ‘ R50non- subst it ut ed
C -C6 al kyl, such as net hyl, n-propyl,
i so-propyl, n-butyl, gpgo- Fg{)tbutyl, pentyl,
hexyl and cycl ohexyl. Most eferably, each RlL to R18
represents nethyl. In thg conpogsd of formula I
preferably each QL, 2 and B (when present) are the
same. Mst preferably, each QI, @ and B (when
plesent’) represents phosphorous Preferably, in the
conpodid dt  f oFAtFa NICEAASE t QGRWP% Ryghpyen, lower
eathY + nfepehident |y represent Ci to C6 al kyl ene which
|s optlonally substituted as defined herein, for
e&an‘pt@ Rth | oen ab kg et oupictPr ef@@@l@lnﬁenﬁhef | eReresent
ah kyt epen gr oopsr whllchl A arBl amd Hei mhemd pr esent )
represent are non-substituted. A particular preferred
| owercptkybene wbkebed, , BuandrJ pmry Nndependert| yrR’>, when
repEesent FSpr&kintOrnydtadidn, . 1Mpst preferabl yryeach
of A, B and J (when present) represent the sane | ower
ahmﬁhg At dethaed, hfas@fholapﬁrrﬁé§%@r£apr&gnted as:
Preferably, in the compound of formula , D,
Eor Z

(Ad) s (CR'R'R”) 1Q°~A- (K, D) Ar (E, Z) -B-Q' (Ad) 4 (CR'R’R’) y

wherein Ar, A, B, K, D, E and Z, Q', 0%, and Q°, and R' to
R’7 are as defined hereinbefore except that K, D, E and 7Z
may represent —J—Q3(Ad)w(CR13(R14)(R15)X instead of -J-
Q7 (CRY (R') (R*®))CR*™(RY) (R*®) and Ad is as defined above,

S & U =0, 1 or 2 provided that S + U 2 1;
T &V =0, 1 or 2 provided that T + Vv £ 3;
W & X =20, 1 or 2.

In addition to the preferred embodiments for R’ to R, Q'
to Q3, A, B, J (when present), K, D, E or 7, R to R?’
noted hereinbefore, all of which equally apply to the
present embodiment where at least one (Ad) group 1is
present, the following also applies.



does not represent -J-Q3 (CR13 (R 14 ) (R 15 ))CR16
(R17) (R18 ), K, D, E or Z represents hydrogen,

wo owen1|rkyl , phenyl or | ower al kyl phenyl . NOPE&I/GB2007/050189
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preferably, K, D, E or Z represent hydrogen, phenyl,

G -C6 al kyl phenyl or G -C6 al g%l , such as nethyl,

ethyl, propyl, butyl, pentyl d hexyl. Most

preferably, K, D, Eor Z represents hydrogen.

Preferabl wroafeinse c6APBAREIsf Flor AGFEVL anwhén Cclyge those
Eﬂla%elzﬂtoget her with the carbon atons of the aryl

ring to which they are attached do not form a phenyl
ringnad KB, b@rh EepndsZeachCiindependedtty pepréesehdrly -CH;—;
hydr ogen, |ower al kyl, phenyl or |ower alkyl phenyl .

Moy eppr ef enably ealkh, iBdederanthtd eacdpdddependentdyen, C,-Ce
r &Pk eseMndiydr ogen, cplenyiix £ - G akabbhzecmw(c@r”@aMWRw
alkyte SUCH @8 MBLAY| asehhyby qu@partc kbubyl & BEAt ¥l togetner
apd. hexyl c.Even nor wr@éet m@ & anth & they are
FePL 25804 %(p]gr?szgﬁreuﬁ % H@F&d PH?L‘? ably, they

represent ogen fie conpound of

f n E ng es hot represent -
3’%&?& ;R 1‘% R‘% (R%f7 19 R 180 ar?o“eﬁe“tg each
to terQTP%tSt tthéjlcatr%o fat %Hﬁ%f JtHE a rtgte total
rli1 o Whi EAdt heyoare attached 86 ﬁ?ot aR@r fh al phenyt 1-©- S
“eachts K an®d X £ @ndl Z2Fepresent the same group
seI ected from hydr ogen, |ower alkyl, aryl, or Het as
def i hed fvertéian; paefEcuEarlqomgﬂdrmn odr ﬂm@@lal Kyl include
(oo e paln¢reithar |y unsubstituted G -C6 al kyl),
especi ally hydrogen. Preferably, in the conmpound of
for nub arF, wreén tiowrofadd , RD , t & &nd Zwhegetherseanithh are the
t@@me@arahﬁﬁ atems obptheecatyl ¢i ngot OCé’\h|aq|}ytlher§E@10ularly
ahd &ey ?d £1%tmc§ep98€¥h h{:Rgert B%n (ahe pBhenyls HiRYHSd to o
Qr{r g?:a ubstii tuted with one or nore su stltuents
ec dlfrom aryl l'ower al Kyl (which al kyl group may
se L onaII subtltutedo term at ed, as
gefnea Baldlh Her T<RAD. o Fo GRE% Epg protuae
2010 IS o 0 R 22 ., NR23R24, C(O) NR 25R26 , SR2
7, OSR 2 7 or C(S)NR 25R26 wherein R19 to R2 7 each
i Rdependentl§ repfeSet Ry diggercpictoler SallRyltcCnwhfetn the
aVkYUP gr 6P sidy: inGsel ¢ be hopricswal | yosubsti t ttced ¢ alkyl,
teani hatkar s dékirrededer ePh) K, Mbr e Zprafi@r &bl sgpidrent the
phany| grigge, s awgtecsiddsltyi t whedebyeanyr sobstXtuentsZ and E
i reprétebeangdhygkeogenr at ons only. Preferred conpounds
of formula | include those wherein:
K represents -CH,-Q’(Ad).(CR”(R') (R'”), and D, Z and E are
each independently selected from the group consisting of
hydrogen or C; to Cg¢ alkyl, particularly where both D and
E represent the same group, especially where D, Z and E
represent hydrogen, wherein W and X = 0, 1 or 2.

Especially preferred specific compounds of formula I
include those wherein:

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

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

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



A and B each independently represent unsubstituted C i
to C6 alkylene; K, D, Z and E each i ndependently

w0 epras®ms hydrogen, C -C6 al kyl, phenyl, G - G8CT/GB2007/050189
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al kyl phenyl or -J@B (CR13 (R 14 ) (R 15 ))CR16 (R 17)
(R 18 ) where J represents unagbstituted Ci to C6
al kyl ene; or two of K, nd E together with the
carbon atons of the aryI rlng to which they are
at tRRfed $or nPae Fenyt r?lﬁ@%ﬁ%%h femBpEienal py formula I
substvdeit edopy vherornmbelsubstiintdentos (SePectledatrbhie same
|pweit abkyln phehylcase .| overeadkahghedyF. IREndo (R1B 1, more
eachf ¢ nalependent| ¥ aeprésent Cri vioeCéeabkyl mophepykferably
08 £ U +026whatkyliphenyk. Euet henbprebéer rad) cgnpopedsttached
ofofot mia U isndrdeninese atherzei)n grAmnadB otdy to Q.
represent -CH2- or C2H4, particularly CH2; K, D, Z
&Ele@@h wu%dehqeﬂdfmqwlﬁepr 1y dpegenqSirGe ligands
Rhenryl; Or Ghr G ahkyt or d CRLB (RAM(RIRy: 1,2
)% &ﬁ LT dgg gpm%ﬁee 'f%ygeﬁ (SATF 88 A QiU 3, 5
h adaman & Cgﬁ on %. is(di-5-
t%lmet ey a i ed form’ aT
el Dt ipﬁl%%“ s AL R
@pehidént |y repPESeRttL!T PPBS%laPWthé%P?P PUfther 1-
P& S TB 6 MIOOBSL G B Tl 521 (4 ik Ule- ¢ hose
whiek el pho Fok o e ley t Heesam@e and each representslc(fii-tert-
tlou'Calplh kyhh ipametilewl brdy methyl. Still further
pt @i evnede sonpounssh of ofiorimyl Bbéniect ude those 1-(di-tert-
vbet el ph o oh 1 hme Zh ahd-E- apleo spicd- aadependent + y
sed elcy epdod i oemde helgrnatipdennst stipngsphihyadeegen) ep-Cohospha-
toaLhat Kylp-pathycubartynahere each of K D, Z and(tert-
Eoﬂi@@l@@@fﬂéngﬁpﬁ@g@h%&h@th§§Pﬁgl ally where each of K
» adhimardt % % > Or P&ofepws?r@bsé
'% %ﬁhf@ﬁi D M R 44 ]Q (&q spha—
2{%%‘ @r‘%‘? éc‘} 8? 8“‘5‘ b BH}J 82850017 s

OthSI Stl

m l 6,9,10-
o xadea@'%% é%ﬁ@%éh é%fé s

antvyl, 2-p ospha— ,5,7 te ra(trlfluoromethyl)
9 O trloxadamantyl 2-phospha-1,3, 5-
trl(trlfluoromethyl) -6,9,10- trloxadamantyl. Nevertheless,

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

As mentioned herein, in a yet further set of embodiments,
the bidentate phosphine ligand is of general formula (II).



Especially preferred specific conmpounds of fornula I
i ncl ude those wherein: each Rl to R12 is the sane and

W(Dap)r//ewMS methyl; A and B are the sanme and reQr/esemr/050189
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-CH2- ; K, D, Z and E are the sane and represent
hydrogen. In a still further Ebodlnent at | east one
(CRXRyRz) group attached to CE and/or @, i.e.

CRIRZR3, CR4RSR6, CR7R8R9, or CRIOR11R12 , nay instead

be represented by the roup (Ad) wherein : Ad each

I ndependent |y péprese an optionally substituted

adamantyl or co radi cal bonded to the

phosphor ousat om v one of its tertiary carbon

atons, the said o titutign,béing by one or

more substituents ed fraﬁTﬁydrogen, | ower al kyl ,
hal o, cyano, ﬁgz 9, OC (O c (0jIR2 1

(O ORrR22 , 38227C(O) NR25R26C(S)R25R26 SR2 7

or C(O SR2 (L) bot k., (CR RVRZZ gxbups attached t o
either or both Qilahd/ of™~g2—+4 B (i f present),

forman optionally substitited 2-phosphatricyclo [3 .3

.1 .1 {3, 7 }]decyl group also termed a 2-

phospha- adamant yl &Bup (2-RA-group) ) or derivative
thereof a s nore particularly defined hereinafter, or
fOrPTal®i ng system of fornula wherein R 4499 |, aanncd

R 54, each independently represent hydrogen, |ower

ahkylengr apyl; aRA502:, 0 R.e53andwhén pfesent , peagdnt), each
I Iclepeaddat t v represeatt hydregen] ky bwes; al kyl , aryl or

Het; and Y represents oxygen, sulfur or NR 55 ; and R

55", iwhegepeeseat . ch@pr esent srbygr agaisidoowey altkyhy@kogen,
al¥her | a1y s, € 'nemkﬁ:foﬁﬁﬂba | cHBviob enltro, -ORY, -
reprepent ed @ss) (Ad) s{ QR FR8R Q) 1 (EQy e, (K.c y&\ga% B2,
(@béy%z@ %25(Ad)s%9(c% ko3 Srrher clg./ Ayx , K

ﬁ%§wdegrg§§%§§é§ n efor excegépéganﬁgﬁfsl $2igﬁ)hydrogen,

ehd b ’13 EX § Zﬁ)i% %26
,s déf égaabovéqﬂé U= OIN
ﬁ?b l@%d Bhat‘§R+iJ ~G(0) R g, v-SFp o 1~ D (§r biided

that T + V< 3 ;
E' is selected from the group consisting of hydrogen,

lower alkyl, aryl, Het, halo, cyano, nitro, —ORM,
OC(0)R?Y, —C(0)R?*!, -C(0O)OR??, -N(R?’)R?*, -C(0O)N(R?*")R?®,
C(s) (R?1)R?®, —-srR?’, -C(0)SR*®, -CF; or -A:—Q°(X°)x'%;

or both D' and E’ together with the carbon atoms of the
cyclopentadienyl ring to which they are attached form an
optionally substituted phenyl ring:

x? represents CR?(RZ)(R3), congressyl or adamantyl, X?
represents CR4G§)(R6), congressyl or adamantyl, or x' and
X* together with Q* to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]decyl group or derivative thereof,
or X' and X? together with Q° to which they are attached
form a ring system of formula IIIa



In addition t o the preferred enbodinents for R1t o
R18 , Qi t o @B, A, B, J (when present), K, D, E

wW@er00Z/1190R 19 t o R 2 7, noted herei nbefore, alPCDB2007/050189
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whi ch equally apply t o the present enbodi nent where

at | east one (Ad) group is pregsent, the follow ng al so
applies. Further preferred cong unds of fornula I

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

or -C2H4- , particularly -CH- ; K, D, Z and E each

i ndependent |y represent thydr ogen, Q C6 al kyl phenyl

or Cl-C6 alkyl or -J-8° 3 (R14) (R 15

))X where J is the same as A ; or two of K, D, E and

Z together with the cgso iz the aryl ring to

whi ch they are attached unsubsti tuted phenyl

ring; RLto R3, R7 to RBst and RRZ to R15 (when

present) each |ndependentlé represent Ci to C6 al kyl,

and the total nunber of (A broups attached to QL and
@is 3, 1i.e. S+U 3 ’ and Wand X = 0O, 1 or 2.

Sti | Ir efuretsheert pr €fReK REM( RO oy refs shor mara ladamelnide , X‘*
t hosee sdiet i ICR'RIRT 0 (RY,) ,R7cbogREsantl RE3 boaRbSt{whenor X°
piesext )t arecide st @nd eaahi sreptiesensise Gtta6h&8 form an
abkylon®aryicul arly met hyupsandddeel total nunber ofphospha-
(‘A@Qc &P&P§ attached;t oLy and Qg Sor3 dedivirt i¥et Yhereof,
Sor i Lhdf %t f&%rge%%frermaq cgnpegn%l%fn flofdl &-d  attached

hose ein: E are each
|nd%pend%nt y %ctgd fé &ie group consi sting of

hydr ogen or C i to C6 al kyl ,jjparticularly where each
of K, D, Z and E reppg %gne group

especi ally where each of ; . and E represent
hydrogen; or K represents -CH2-@ (Ad) w (CR13 (R 14 )
(R 15 )x and D, Z and? e R¥dependent |y

sel ected from the group ondfsting of hydrogen or C i
to C6 alkyl, particularl§™where B6th D and E represent
the sane group, especially MﬂS e D, Z and E represent

hydr ogen Ssm%reww ia el Ebeclalidoeny, x
p%ef er & I1£ é un%ong GE n‘E ongaglgmfag or X’
; tﬂ”g@r w1th to whi ﬁq e;E Oare attacheg ?Erm an
optlonally substituted 2-phospha-

tricyclo[3.3.1.1{3,7}]decyl group or derivative thereof,
or X° and X° together with Q° to which they are attached
form a ring system of formula IIIc

el

R R53

R51 R52

(llic)

X’ represents CRBl(R32)(R33), congressyl or adamantyl, X
represents CR34(R35)(R36), congressyl or adamantyl, or X’
and X together with Q* to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]decyl group or derivative thereof,
or X' and X’ together with Q% to which they are attached
form a ring system of formula IIId

8



met hyl or the total nunber of (Ad) groups attached to
QL and Q@ is 2, i.e. S+U=2; Aand B are the sane

waednepresent -CH2- ; K, D, Z and E are thePGHOB2@IMIS50189
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represent hydrogen. EspeC|aIIy preferred specific

conmpounds of fornula | includg.those wherein Ad is
joined to Qi or @ at the sa position in each case.
Preferably S| and Ul , nore preferably, S =2 and U

%Iy S&U=2, wherein S
atfjached to @ and Uis

Bt o QL. Specific but
|dentate ligands within this

1 or vice versa, nost prefer
I's the nunber of (Ad) %&gmps
t he nunber of (Ad) gro
non-limting exanpl es of
enbodi ment incl ude theR Hs32 bis

(di adamant yl phosphi nonet e zene 1,2 bis(di-3,5-
dinethyladanantylphosphim@nethyIRﬂbenzene, 1,2 bis

(di-5- tert- butyladanantylp ﬁa hi nomet hyl ) benzene,

1,2 bls(ladanan stert-but ghosphlnonethyl) )
benzefBregen a.gﬁb Rt Nﬁhdgphpﬁ8ﬁ§?ﬁ§V} -@L adamantyl, X
(@¢P¥%$@®D$yK%hoé% ﬁBnébhyF?nﬁéﬂiéMé qr adamantyl, or X’
(@mdtértb@gﬁtbﬁ@smhmho@ethylwleh they are attached form an
(opcomga Ssy| phosphi nonetswds)t iferizene, 1- 2-phospha-
(dr:itectdlt yB phosphd noneddyy) g2eoup or derivative thereof,
(phogphanadanant yde Pt hyk thbehrzenewnlich they are attached
(b adamant yd phesphhnofet fhu)a 2s1{®hosphaadamant y! -

P-met hyl ) benzene, Y5

I-(tertbutyladanantylphoaghg thyl) -2- (d
adamant yl phosphi nomet hgk9'{ b egand 1- [(P- (2, 2,

6 , 6 ,- tetra-methyl phos <4-one) phosphi nonet hyl

)]1-2- (phosphaadamantyl. P-nethyl) benzene, wherein

0

"phospha-adanantyl" i se rR%h 2- phospha-1, 3,
5, 7-tetranethyl - - trggéadanantyl,
2- phospha-1, 3 ,5- trlnetﬁyl 10 tri oxadamantyl,

2- phospha-1, 3, 5, 7- tetraué}ri% | uoronethyl) - 6 ,

9 , 10- trioxadanantyl or 2-phospha-1, 3 ,5- tri (trif
{PAQ, 78 910l 1 Oxadammaty! . Neverthel ess,

gﬁ pers n gﬁ th84ar% ubd apﬁﬁggl ?e%QQE cach

11 e gﬁgenffte esggtc enVISa egeﬁﬁt or antimony;
depar ¥rom THR scope Bt°the i iventi on.  As !

nentloned herein, in a ¥et further set of _enbodi nent

t%erﬁpagﬁFSFé phosphime I Pgattd V5 bF @@ﬁ@FaF”TdF%E?% cation
(th§rewherein : Al and A2, and A3, A4 and A5 (when

present), each
I represents an optionally substituted cyclopentadienyl,

indenyl or aryl group;

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

R' to R' and R’ to RM, when present, each independently
represent hydrogen, lower alkyl, aryl, halo or Het;

R” to R’® and R* to R*, when present, each independently
represent hydrogen, lower alkyl, aryl or Het;

R*”, R”* and R°°, when present, each independently represent
hydrogen, lower alkyl or aryl;

R’ to R’’, when present, each independently represent
hydrogen, lower alkyl, aryl or Het;



i ndependently represent |ower alkylene; K1 is selected
fromthe group consisting of hydrogen, |ower alkyl,

w@eopl7/11982¢ , hal o, cyano, nitro, -OR, OC(O R 2BCT/GBL@yM50189
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21, -CCOOR 22, -N(R 2233 )R24, -C(ONR 25 )R26 ,
C(S) (R 27, R8 -SR29, -C(O -CF, or -A3-@B (X
5)X6; Dl is selected fromthe“group consisting of
hydrogen | ower al kyl, aryl, Het, halo, cyano, nitro,
OC()R C(O)R" ) -N(R 23 ,)R 24
&O)N% z@qct( gf (Cﬁq@rRZBrengQ,_@(e@h SRedependently
JGFBr©$emA4©EQ496€IX, 7sulfEl ¢s NekRécted from the group
consi sting of hydrogen, |ower alkyl, aryl, Het, halo,
cyano) ertrp, -OR19 OC(O R 20, -C(O)R 2 1, -C(O)(R 22
, -N(R 23 )R24 -C(O0)N(R 2z50,)R26 C(S) (R 2 Rz -SR29,
-HOBR-30,t0CF3 or -A5-QB (X 9)X10 or both D and E
together with the carbon atons of the cyclopentadienyl

bR 1@eanleh.t Neyoar & aLt achedeh onm 89, 9pL! Qhal k¥ when n
%&ié“& eehNeRYL oL ;@otgﬁﬁgpr@sents CR R2M

ressyl or a amant epresents CR (R) (R

congr ess or, adamant or, X1 _an ogether wit
fg’r%? ffi%eyl%r aft%“@%&df orh ahcof fnat fy witd " B
sﬁ%l%lf?%%ﬂ%%l 22910 gtg rseprse ‘:5‘1{3’3*5 Q7ﬁ<d)e>&yr then
g?o&r?ﬁﬁescféﬁsvétpi‘lv %érxeof or X1 and X2 toget her
with @ to which they are attached form a ring system
Frébenubbyi | iia( 1) Xopepiverht s RCRtO(R0 prdRy to R
congr espyesentadaracty| | irXklameprasents CRedfeRedd )herogen,
12o)ionezbhygr esbylk iontadamanttd ,CoraXcBl and;>XC4 alkyl phenyl
t oget hern witthe Qoliehiyd wWhit@lp t hey apeiahtachedforuntarted as
cw%fpﬂ@ﬂlmsﬁgﬁﬁituteﬁfzu@h@ﬁ@hﬁyliQMclphé8y13(wheﬁbln the
enyl}iﬂ@@ﬁl1§r@§91@ﬁagf§|¥§bé¥@tﬁh§ﬁegg deFiXed 8Bdecin) .
&eﬁogfﬁ‘éﬁ@f éfher%bw Ofém'e!? they ang agtiachgd gorm ,pen

Iy §VSE%%O ind Jﬁ& Ls¥nkeny &, CR-13 6
%1%? {3 %%%%nl of, M‘Jor X ﬁf%ﬁs&t Bercin,
‘é 01 ¢ %1{‘ % Ca %eﬁ aioth C|¥l Even
B ahr opt] el ook Ostuufi ad A oehchy cach

4ndgpends “"71¥]H%B?quhBuBYQFOSEPvvéltolnvéuﬁ%érléblFedoﬁlxto 6
52 HRGL XOB 30PteOWRILAH tHEYEtdrieited with one
a®¥ abfkse substltuents selected from non-substituted C; to

Ce alkyl or ORY™ where RY represents hydrogen or
unsubstituted C; to C¢ alkyl. More preferably, R' to R'
and R’ to R*, when present, each independently represent
hydrogen or non-substituted C; to C¢ alkyl such as methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-
butyl, pentyl, hexyl and cyclohexyl, especially methyl.
Most preferably, R' to R and R’ to R* when present, each
independently represent non-substituted C; to Cs alkyl such
as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-
butyl, tert-butyl, pentyl, hexyl and cyclohexyl,
especially methyl.

Alternatively, or additionally, one or more of the groups
R’ to R’, R* to R° R’ to R’, R to RY, RY™ to RY, R' to
R, R to R, R™ to R, R to R” or R' to R* (when
present) together with the carbon atom to which they are
attached independently may form cyclic alkyl structures
such as l-norbornyl or l-norbornadienyl.



forma ring systemo f formula Illc (lIllc) X
represents CR3 1 (R3 2 ; (R33 , congressyl or

waommamoyd , X represents CR 34 (R 35 ) (R 36 )PCT/GB2007/050189
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congressyl or adamantyl, or X 7 and X 8 together with
Q4 t o which they are attachg? forman optionally
substituted 2-phosphatricyclo™f3 .3 .1 .1 {3, 7
}%decyl group or derivative thereof or X7 and X 8
Jg‘é@h%@twﬁﬁ Q 4rt aéd\M’jll@Hatll% y F@ att dighed ?%rﬁlﬂ% gfoupli
argﬁstFE emPo finﬂoaruI & land|g(Ni %09 Repr e%enﬁ@dCRﬁ? R
3a7d(R'3 &) ERI3RY’; Bongreksyl’, oR’adandnRyl ,0xx 8°0 and R
r eépreseptssEhR 400¢RUdr ; wih t]Recoagbessytomrto which they
astaranaytacbedX 9namgeXdtOtiiggetagr wWiddm QH tcocWhechalkyl
t beyuareras | aphedet-apmyars opt i onald,y csuthstd tatiedl structure
2sphwspRatdy Cyeh B add. kychodehty 1], }hdacw’, greoyp 1, Rr'?,
d}@1r5| vatgive thereofgcor X°9 angh X A0 toggtder &é@e&ﬁ each
l@d é&ﬁ‘eﬁ@ are-abiached formarping systemherl - aixyl,

@01! ) o%ndalrglt héé@? fglfﬁgcg %bf?ggomﬁgggi larly
% %n ) (er dlen?llﬁy r presgenr{ cially
prlln% p%% 1? (F]c or éntal %’gﬁ M represents a Group
VI B or VIIIB rretal or net al catlonthereof L i

r &pr é8erft Y OREPT 5L 58D EMPGPeAE el difsiit adf edyl tO R
| ey oFOarRy grBEp; HI < epr e3ent’s torkCioe iitle hydrogen
| $gahediel eacRuehf awhi @t anrgeneniependeat Iers@I ected £roand Q’
hyde ogendelovier al kydzbal kytanylof hal o0 C®, ° P( Red4BectRvely,
4ii4igR M&a0s N RndAdrogemratdds.)ir R1t o R 18 and R

31t o R 42 when present, each independently represent

hyek ogeseo1{ ower, akRkyl r7ar w9, hat’o ar’*Her’ R £9,t ®'Rand R*°
3%@@1@ AFdnt9 R 48ch Wl - 8seNtneaghime substituent as
| ndepe eﬂéhélheerese@? hydrogen, kovergial k)ﬁ'” aryl Qrs ang
Het, Bn4n9 R %% /nd %51 ’ré/g@bé%te ’sé%ﬁé: substituent as

33 36 39

| ndepen e%ﬁélﬁep %%6%3 r®, rR?, RY, RrR'>, R, R, R, R

and R*? (when present), each represent the same
substituent as defined herein. More preferably R', R*, R/,
rR'Y, RrY, R, R, R, R’ and R* (when present) each
represent the same C1-Cg alkyl, particularly non-
substituted C;-C¢ alkyl, such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl
or cyclohexyl, or trifluoromethyl; R?, R°, R® r'', r', R',
R*?, R, R’® and R' (when present), each independently
represent the same C;-C¢ alkyl as defined above, or
trifluoromethyl; and R’, R®, R%, R'), R', R', R, R, R*
and R* (when present), each independently represent the
same C;-C¢ alkyl as defined above, or trifluoromethyl. For
example: R', R* R’, R'", R and R'® (when present) each
represent methyl; R?, R’, R?, R', R'" and R!'" each represent
ethyl (when present); and, R3, R6, R9, R12, R'® and R'° (when

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

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



hydrogen, |ower alkyl or aryl; R5 0t o R when
present, each independently represent hydrogen, |ower

w@kMyl190z29yl or Het;Y 1, Y2 , Y 3, Y 4 and YPGI/GBMI50189
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present, each independently represent oxygen, sulfur

or NR55; n=0o0or 1; and =0t o5 ; provided

that when n = 1 then mequal s , and when n equals O

then m does not equal O . Preferably in a conpound o f

fBr mul ETPUP WhérTBEIR IR SL 1 FE8ppriseEsisedfit t s<€-LaA 3alkyl,
P B B methisl aanncd E 1 represents -A 5-Q 5 (X

9 )X 10, then D1 represents -A4-Q4 (X 7)X 8 .

Prie¢ ertgblny, adamahi gl endbedi nestd Relrdiro RedBsarsh Ra8imantyl
tgoo®d 42vhiathemapr event poedel i ndepgndent)y ag'epr ederdnd Q°,
hydsogeni vepy) onal | yisubstitpbedtCon t o C16 al kyby 2.
Crrefond kyl3phenyt3x\7\fnﬁ<ﬂ@¢@1th§ ’@H@nﬂ/sgéﬁéﬁlt Same for an
oph.enal |y sg%b tuted e spdefined hepein)os tréf  ang o
lP@é @@{%& y béVWBHHHéat'%% pQ§ﬁyllgr%%@1E1%n or 2

STFE?(E P{]J@%%ly % bs%r‘ié‘ot ;‘3 g ch f'g?tcg)‘éﬁ 33)3 1\/\“2‘9?3”‘?@%@@1

sepﬁ% eaeheratézﬁéﬁ%g g nt Iy re r’esen hydr oge . When

HE rgug | %ﬁe o e or more
d% ‘?Iﬂ%%l Frer eP OV i f F%% Y hyl B?“opF 8naPP1%ma“tYl group
sﬁ%%%?%@@‘é% BﬁéH?ﬁthéﬁdnﬁd@ TeferabPy, 2 1%t - oalfkdlég Q
amed R @1 theIR @Zese\ﬁ)ﬁenaﬁlees@ﬁ?féé@ﬁ’and@ﬁéﬁéént e the 1
repesent dydeogenr monestbscivelpéd-C-iL-t{6, Clbdarkyl groups
or . pheryle waeckhon sabpti onal [typesubgeintnted widuwnédesrs no
noyér sgdastatoent s sel ected from non-substituted Ci t
o C6 alkyl or OR 19 where R 19 represents hydrogen or
unissibsidénieey C i gto@pC Badl kybribbrelpretempbliye, R besides
theaFoddnand A3l bne RAZmorwhegupsesentnt 8att1ected from
'P&'v@@lendg@k y, reppesent hydrfogen or naan;,substdtyted £o)r
_& (&) &Rﬁ a ky éﬁ'ﬁ?h a s, ELhyl, _gthAyd, 'Rm prop)@(o N (R”)R 26
|S@( %zw uty i SO- gRyet 5t7ertbu%¥I , —P03H2,
&geﬁl ohex;_(l ?SQ@CI a1y et h R R
abl 2R ]%25 0 E% '
p eSer]lqt ' e8ch  i'hdepBnde Cfvﬁ/eize?) E¥ent Cﬁéﬁosﬁﬁ@tlaﬁ}f]edare as
Cj?f%“%dch%r%w Prguch atS” Ret HASH et RYFPCRIprbpy| Fepresent
i 35 He Py | l‘hw%t%/]rkyjrso%l’lylor Het.

Suitably, when the adamantyl group is substituted with one
or more substituents as defined above, highly preferred
substituents include unsubstituted C; to Cg alkyl, —ORM, -
OC(0)R*°, phenyl, -C(O)OR?’, fluoro, -SO0sH, -N(R?)R*,
~P(R)R’!, -C(O)N(R*)R*®* and -PO(R"7) (R’’), -CF;, wherein R"
represents hydrogen, unsubstituted C;-C3; alkyl or phenyl,
rR?Y, R??, R?”, R?, R?, R’ each independently represent
hydrogen or unsubstituted C,-Cg alkyl, R*® to Rw, R°® each
independently represent unsubstituted C;-Cg alkyl or
phenyl.

Suitably, the adamantyl group may comprise, besides
hydrogen atoms, up to 10 substituents as defined above,
preferably up to 5 substituents as defined above, more
preferably up to 3 substituents as defined above.
Suitably, when the adamantyl group comprises, besides
hydrogen atoms, one or more substituents as defined
herein, preferably each substituent is identical.
Preferred substituents are unsubstituted C;-Cgz alkyl and
trifluoromethyl, particularly unsubstituted C;-Cs alkyl



tert-butyl, pentyl, hexyl and cycl ohexyl, especially
methyl. Alternatively, or additionally, one or nore o

w0 200ne199roups R1t o R3, R4t o R6, R 7 PCDOGB2®;7/050189
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R10t o R12, R13 1t o R 15 , R16t o R18, R31t
oR33, R34t oR36, 5toR390rR40toR

42 (when present) toget her Wi ?1 the carbon atomt o

whi ch they are attached i ndependent| y a/ formcyclic

ab kGt stPuchEreylsuch a sL9lnor Horhyt adamantyl group
1comp bt padnEAyPICAl BEPAAL iOVElYY,1 -6Y- atdftﬁt@@@imm‘wl ofigoup 1is
oroposebofitiecdr oups R1 and R2, R4 and R5, R7 and RS,

R10 and R11, R13 and R14, R16 and R17, R31 and R32 ,

R34e tunda1RBD, , wRdn7mand RBBnororlR4GhdmthiRA41] (yheme is present
present yohpgehheromi thrinheacarbon atem tadwhecbyt heyroup is
arg-@att aghed i ndependently may forma cyclic al kyl
structures, preferably a C5 to C7 cyclic alkyl

Sh{ UGHr eté}:'l‘ah kPahea&ylcyadl% [Csycé O_Lpf%Lnt%‘ 7 Qﬂec@ group

Rﬁi Bﬁ the

pre ent eagh n ﬁpe r sen? ﬁg ggen QM%E are
d

OFO

p%‘f*ry %la %n 7 ”5 fﬁl@ 3 @tg fba%éd by the

% %18 é%F t% OB 4fRyfhey are
|%t%%c %%ecu él |;¥ ﬁP@ﬁ@Pﬁe&déﬁﬁa&ﬁ/&entgroé@th ffﬁrﬂF@% R the
apemimBnat HoR4R1f | X\Mﬁfﬁipﬁ edotethgy notthy ébr*'e@eﬂlﬂlCh they are
hydt ageed . Suit a@lyhow@hl -anagengnge mermoureanso@led by  the
@omnantoeo ir &’ bontled togetoarben tht @ ob Xhitb they are
XA0; ackespectidvehy, 2 whi adplireaadamon thyldr ggenpat bosmed by the
Prefier abt yon Rbr B, &g RI0, tRIStheR1Gi£hRIL, tRB34yh R they
7Tapad aR4Qchweben wrasent ) ,eagh represenind he’sage in the 2-
spbsit i sentoras cdef | pegmhsr el ngRRip R RBniRALl, iRl4orms an

Rl{y e d821, pR3P anB382nd 41 when Efesﬁﬂtgnde@@hrepresents
%k%%ﬁ&u he sarre substituent as defl ned herein; and

, RilkS , R18, RBBIE;? , R;g and R42
en péesent teac t.t % stltuent a§erred
?ned E%F Ep gg?é'gﬁgfgiog éﬂ%ﬁ Eﬁg 5 gg@h opglonally

r%%TPJ%%Je%? tlﬂ%s%%%eht?r@%ﬁlk% arPP%uPﬁr ppre substituents.
nonsbbatF t uEESELLesN&iSky| 1NGHE as theRy| | SWiyltuents  as
rﬁ@ﬁb@@@ h?§@lﬁrdﬁyﬁeﬁpQﬁﬁfo iL§6- @ﬂ%ﬂan3%%t9¥ﬁﬁgl Highly
pent ¢ 1 ré@x plubsit iIcyensisexi ¢ lwte t diofvelruor ot rhyparchularly
RoansiR8st RldtedRl4, R17¢C: R32 al1R85,, R38ésamj:m1l3(v\henmethyl
ptESEhmdro@@tMylndeﬂEﬁ&emﬁeweln. R'” is as defined herein
particularly wunsubstituted C;-Cs; alkyl or aryl, and 4-
dodecylphenyl. When the 2-phospha-adamantyl group includes
more than one substituent, preferably each substituent is
identical.

Preferably, the 2-phospha-adamantyl group is substituted
on one or more of the 1, 3, 5 or 7 positions with a
substituent as defined herein. More preferably, the 2-
phospha-adamantyl group is substituted on each of the 1, 3
and 5 positions. Suitably, such an arrangement means the
phosphorous atom of the 2-phospha-adamantyl group 1is
bonded to carbon atoms in the adamantyl skeleton having no
hydrogen atoms. Most preferably, the 2-phospha-adamantyl
group 1is substituted on each of the 1, 3, 5 and 7
positions. When the Z2-phospha-adamantyl group includes
more than 1 substituent preferably each substituent 1is
identical. Especially preferred substituents are



represent the sane G -C6 al kyl as defined above, or
trifluoronethyl; and R3, R6, RO, R12 , R15 , R18, R33

WQ 2R361907R39 and R42 (when present), each i ndeP&rG8aaPs0189
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represent the sane G -C6 al kyl as defined above, or

trifluoronmethyl. For exanple: El R4, R7, R10, R13 and

R16 (when present) each repreg nt met hyl; R2, R5, R8,

R11, R14 and R17 each represent ethyl when present) ;

aRS RS 1ReEe®ky, REZCe R15 it/ IR18 (Whén pr&3eAL)CBaBRTNYL,

r@@#@%@%&aml%uw@$ub$tht@@©@y¢1Chlﬁléﬁle§pééuaﬁlwethyl

preferred enbodi nent each RL to R18 and R31 to R42

groepe{abhen, presenat ) Pephesehtsatheasape subsbibuentncludes

asddet 1 medl hiesesnoaPres erabhyyr eaeh Riet 0-Rh8sphdrB3% atom,

t On R42egr ouph ¢ et £sedmsad el Sare1€tont. 0 6 dikKyd additional

gﬁ@@@koﬁﬁéﬁécdh@&hMenQﬂ< thhat e 166 addyd, sUpBcially
LAYl ar SEDY] MdVPr @R Fe d30~0 ORYE, B- {@be ha-adamantyl

H@ﬁ tyo or more
p%%@%?b‘hn@llor ?eteiFP?E%lfso [3”13 t1hel {23PhO?PP6e€9Pma“tYl
| skeheteyst ef@Glc n&fe fbRSan ad%%ln@rﬂ% gr e eroatoms  are
smet@bi@/atgl e, eBpeCadhd (Brefespedti vebPposphp-bdamantyl
bonded, t oltilvd Imppsiddtdmrerl 1 pbsi t9udrstoft wireel ovitiwo one or
tmocy clsobs3 itdents. las { 8efinkpdéoytegroupscludes an oxygen
Preder abl yeah aftl QRe add @B, afd and osivhens of the 2-
prlesEt a - 4Sahoneed $ocBeteftiary carbon of one or nore
adamantyl groups. Suitably, when the adamantyl group

rﬁP@@ éﬁ@%ﬂéﬁitéﬂﬁﬁgéﬁkﬁﬁgﬁ antQl angd (Bs and Befined
Ff ‘MﬂﬁglﬁﬁgsentZaﬁﬁogﬁﬁFeﬁag ¥ 909969 }n@thi)? &,9,10-
1&9@&%9 ne or rhCye % ; Hiern Fgfr 2120
% e car om b p%\ ﬁ 3 5 7-
The, adarmnt

%%%i%%w&%% M

e e Sy DepL e el o e e nanty1
R 200K al oPTREEFBPLY Q( yﬁﬁ@zl 2 S@ﬂ@az*zidamantyl is
c%h%Ct%ﬁyl MR 23 ) R2ghosgheoy &lréR 25@}%@@1:@@:(9 9,10~
(R RoF3R2BNECF3 groRER &6 PRBNPSPaPO, BROGSLY 1(REBYL) 6, 9, 10~

-POB¢Radamantyl group.

ok }?hcl%@é% Qﬁklerpﬁg%%éadBEFangg g 1in the

5%1%%%%%%ﬁ$ﬁ§§%@QJMf

a?%y?p i Ea¥} ? SSartH 43 VVheefero;lom

u %d é: n’g S an 5%/?%1%;? gl\m| ¢h ?,3/ bgre erably,
rPé

Preferably, when more than one 2-phospha-adamantyl group
is present in a compound of formula III, each 2-phospha-
adamantyl group 1s identical.

The above definition of the term “2-phospha-
tricyclo[3.3.1.1.{3,7}]decyl group” applies equally to the
group when it 1is present in formula I but wherein X" in
formula III, i.e. X!, %%, xX°...x'°, is denoted CR*R'R?, i.e.

CR'R’R?, ...CR¥R''R'®, in formula I.

The term congressyl when used herein means a congressyl
group (also known as diamantyl group) which may be bonded
to Q', 07, 0, 0% and Q° respectively. Preferably, Q' and
Q2, and Q3, 0" and Q5, when present, are bonded to one of
the tertiary carbon atoms of the congressyl groups.
Suitably, when the congressyl group is unsubstituted, Q°



-POCOR 60 ) (OR61 ), or -SBR62 , wherein R19, R20,
R21, RR2 , RR3 , R4, RR5 , R6 , R2 7, R28, | ower

wa@kwyli19oeyano and aryl are as defined herei n aPdl/EB&00r©50189
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R62 each independently represent hydrogen, |ower

al kyl, aryl or Het . Suitabl Yy when the adamantyl

group is substituted with one % nore substituents as

defi ned above, highly preferred substituents include

UMSGbS rt i €0 tb @Al Ryl Whepripresepg QR opreterably

phenyed t@(@)@i?@%l?—%%r@% QIBERH , MONE REQBIFFREy L groups.

-P(R56 )R5 7, -C(ONR 25 )R26 and -PO (R 58 ) (R 59

)The CRongvhesevh RiBowepresent schydnagén, comprise, beside

umsdbsdéet ut edofis, C8 @alkyl oor phenryl , sB20; 1 R2Nt; s R23Spitable

R2dh s R25uen 261 rathdendeperdenidst ire@raser s hydr ogefd herein

ofnunssiPsétt uted Gn&B abikyhnt D6 §00RE3  HR§B1@aChreferred

| ndependentiy represent unsubstituied G-@8 abkyl10r groups,
§P&’icu1§f‘i§ar9é&’h t he adappntyl, o OLQUPLIRY GBEPI LSEferably,
édegoH%E’éQQ?@ a 9%& up & o 190, LA HUSNt S8 comprises

gh hhed above ~preferably up to 5 substituents as
efined s above m)reypreferably up to 3 substltuents as
defi ped apove. Suita when t he adamant ?r oup

%%??%%}%lybe@%l%smﬂ %IrBﬁ%lﬁ 8?%WEOD%ESBY gup 1s present
stibsEi t HOMERURE Qéf i He? eilh L prefgeh abPyoggeRvyL group 1s
stbetFteeht is identical. Preferred substituents are
unsubstituted C -C8 al kyl and trif |uoronethyl,

parefevdlal vy wisulsst phet edr CGmaC& akkybsushs gems netthyformula
IR ghtybpr éflérr ed Iadanant YLIgr aup ¢omyerngesin a compound
hytir agemudatzonsIonl \R7 . eo t he' adasantiHdagreoiterit 1S, nekpresent
subsdtt utied:1,Pretenabdy, neiign waient harowne adanmebbyhionally
g5 QP { SuPLESEnl /bR & GANRRURG 0a£ B@FEE‘HE@ |He|r,e1@ﬁChSuch an
agdarBnt &he 9F OMPahsS Pdegf'céi Mhe ring system
oPh9§PH§15r ?XE'QO edﬁivel %gﬁcﬁétgﬁQH@e&/to a

\Aﬁ%‘%l natf o 5919%&%_‘(%1& "ﬁ%iﬁ&ggﬁo Fer Wit referably,

i ch Fach go% adanantyl - r8 pronally
f%?%ﬁl%u%/e‘?hg %ﬁb?ﬁgt‘/%n %@%dnﬁzn s g ed Ci-Ce
V@%Wﬁ%}lp €BYwh qg?¥%§§ §r§9ﬁ%9ﬁﬂﬂﬁF gvith non- substltuted
ZCJpT?@sﬁl%ﬁe‘/édé’#aﬁﬁll HroUp Ror #@@rﬁsﬁnttﬁe nOGMBIRE e T 9, C1-
fCx Blant XOB tadather ofiethvd-3 Bvey wheh Phejeapdly R’ to
aktached) argrphospha-dtanmiyd growe f eenedelfipetheherein,
coabi hatlanly f X7t Bittaghet BerCwi t R1QYv4 ,t oespecially
whechy i hey are

Preferably, where one or more ring system of formula IIIa
to IIIe are present in a compound of formula IIT, R* and
R’* each independently represent optionally substituted Ci-
Cs alkyl, preferably non-substituted C;-C¢ alkyl, phenyl
optionally substituted with non-substituted C;-C¢ alkyl or
OR' where R' represents non-substituted C;-Cs alkyl,
trifluoromethyl or hydrogen. More preferably, R*” and R
represent the same group as defined herein, especially
hydrogen.

Preferably, where one or more ring systems of formula IIIa
to IIle are present in a compound of formula III, Y' to Y’
are identical. Most preferably, each of Y' to Y’
represents oxygen. Preferably, where more than one ring
system of formula IITIa to IIIe is present in a compound of
formula III, each such ring system is identical.



attached and a 2-phospha-adamantyl group fornmed b y
the conbination o f X 9 and X 10 together with Q5 t o

wokiochidoney are attached, wherein Q 1, Q 2 , Q@GI/GBE04/050189

10

15

20

25

30

35

40

45

and Q51 s in the 2- position o f the adamantyl group
of which it forns an iinnttegggrraall ppaart and each
of Q1, Q2 , Q3, Q4 and 5 represents phosphorus

The 2-phospha-tricyclo [3 .3 .1 .1 . {3, 7 } ]decyl
gro (referredt o as 2- phospha adanantyl group

PRy VPADRENEE cOfprFie, Wesidie hydvegenon include

at@@se omereinnore substituents . Suitable
substituents include those substituents a s defined
het eirepire scespecCRO (R )t () adamantydpggoupe s Hiapfl(g®) (%),  x°
pr &b es & ede subst (R°yuenrt 5 dnel xde-dpowerera KYIR!? (RM) (RY?) ;
particul arly unsubstituted G -Cs alkyl, especially

et hylg ﬂééénﬂéior@mtahr y,OR &9 whey, r@srén%sw a'da%ta@ltsyl X3
d@ttln@gp hes ebn pas il %ayxu%pqggéw§ Q-G8 Al Kyl
or aryl, and 4- dodecyl phenyl When th

substituent y e éh4sub§E| 1
r%%?%?%%y, o%fb ac ao“aer%?tiﬂ ggr ocij’ﬁlgi e§sy
substituted on one or nore o,f the 1

p%5|§?@ﬁ%§%ﬁ§% %Rsﬁ%éﬂPtUen¥ a?%pﬁ%$?%%% Egréﬁﬁ(RNbreand X’
pted eXabl 99ether 2v1ipRoSphhoadamaht WRegr g iastached form a
sbRy i tef Eeeon GacH arfultthe ILLo 3oandas goghPpphg -adamantyl
Surdapl y, such an arrangenent neans the phosphorous

atomo f the 2-phospha-adamantyl group i s bonded t o

car bosp et oamt & NCRherQdaTRNt W2 skelretemtavidgnainoyl, X° and
hydriagen raf:onei t Vost 4oy efter@bl dhest here attached form a ring
25 phoshhar agarmnt ¥ 1 91OUPr i a 325%§§£¢E&1§@a@£n@@£hg@oﬁp,

ZXpho%pha ad%niﬁiéiég i nc udes eI ﬁ{gﬂtc%ﬂgﬁes%ﬁl %3

the 1, 3, 5 and 7 positions en the
ZXD 629r§uP 'ch §e§@5€stgéﬂ }e S and
S bsct gtucl s wﬁ?f 5 fg& AELEA A 1 ing
eC|§? réte Subs uent s areu %s? ed
%% aI% %HH {?I f%o?on%t y$ r |dﬁ?a y group’

un§ubst|tuted Ci -Cs al kyl such as nethyl . Preferably

the T2 %o%ﬁﬁ AB4RBRAPGFNGLEUp SPREFGAES agéﬂl@flltéiﬁal

het eroat ons, other than the 2-phosphorous atom in the

ZXpﬁﬁsﬁhaeaéénﬁﬁﬁ?99§ﬁépéﬂ§nreBQE@QBFecﬁﬁéﬁﬁﬁéﬁéh

heteroatons i ncl ude oxygen and sul phur atonmns,
eamhbtye@x@gemd&p@muenwbwerﬁme%eeamlwﬁamm@tyl and X’ and
2X plaspha-rataraanteyd t lgr ayp rarenides rgnes sory INor e

addi tional heteroatons in the

X' and X’ independently represent adamantyl and Xx* and x’

independently represent congressyl;

X' and X* independently represent adamantyl, 'S represents
CR7(R8)(R9) and x* represents CRéoﬂfl)(R12);

X' and X° independently represent congressyl, 'S represents
CR7(R8)(R9) and x* represents CRéoﬂfl)(R12);

X' and X* independently represent adamantyl, and x’ and x*
together with Q' to which they are attached form a ring
system of formula IIIb or a Z2-phospha-adamantyl group;

X' 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 Z2-phospha-adamantyl group;



6 , 9 and 10 positions. Even nore preferably, the 2-
phospha- adamantyl group includes an additiona

waoeaenomrom in each of the 6 , 9 and 10 positiBPCIEGBMIZNS0189
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preferably, when the 2-phospha-adamantyl group
i ncludes two or nore additiong% heteroatons in the
2- phospha- adamant yl skel et on, “each of the additiona
heteroatons are identical. An especially preferred

phospha- adamantyl group, which may optionally be
s%fbsitfi UF ed- adiatheoner orh midr & G ubsiah u@?ﬁ% ase deffFaeged form
hereing bnetemesfafnooxygen Idtlom iamdeachaofl Khet6gether with
and t0 pekithonshef tdhe 2atphodpla- adamant ylriskel etyorrem of
HE ghtyl prefeny ed 2- phospha- adamantyl groups as defi ned
herei n include 2-phospha-1, 3 5, 7-tetranmethyl-6, 9
» x1Qind YXQO&Q%E&T&WWJ%}Q%?, 2 mhpﬁdmauhey 3are attached form
§ zrmsm §@1a§ant99 gl shoxagdagant Yalncgrﬁu%ogether with Q'

t@ Qﬁﬁﬂﬁllth%y’ Qre at%géﬁéﬁ(tfdﬁnl%Pr9n§EB¥£ a Qda%antyl
[1 oxadamantyl group, and 2- phospha-

(?r|¥§1uoronethyl) -6,9, 10- trloxadanantyl gr oup. Nbst

2£Efe£ab§&e%%¥re%ph%¥ﬁi; nan&# selected frgnventlon
t 71 OX& n%%??? @?%ﬁ%l%r 2- phospa- | 3, 5

,-trimethyl-6, 9, 10; trloxadgnantyl group

P¥ ef éﬁé’m%e%encﬁnf% )t(ﬁ’aﬁrong 2-Hospien ? Mt( ) 2(R X
g eRIpE $ &N PP eSRNR ") HRa) c@mbo&ndrajﬁref&ﬂnﬁﬂ ERTIR e48A)

2- phosphaadamant yl group Is identical. The above

def i nidrirerseoft ¢ heR'&RM (R2)phosphatreiccyslentfd @anbntyl, X
{Spred}hdecyr’ GoUp") a@@dilze% regualdantiso dchenegroup

when it is present in formula | but wherein Xn in

for mileay eldlentls. € cRXIR? R) K3 %7 . %ggggsé@tgeﬂﬂh%Qessyl X’
C%@ﬁyégenﬁseCRtﬁ@BQBa% and - td RdRBiS ;-

The tern1congress I en used herein nears a i o
iy 50 Thonded (o eh B OO B R s ettt el

P“efstgon?@' LpeMRleatH o BNe v orPRESEB t (g Y CarKod

atonms of the congressyl groups. SU|tany, when t he

chNGTES SY) THRaTs Urdubst i tut e é?reaﬁﬁt gghed form
(4 BAEI CBYGheR pF eSentilar éléﬁef@n@bw poAdEd E@gEhBer with
19 posict i ohioh obeevr ansr e adoaghesisyFogmoups.r e system  of
coomgnessyl Igppup may optionally conprise, beside

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

groupy;

Preferably in a compound of formula III, X  is identical
to X° and X? is identical to X'. More preferably, X' is
identical to X° and X5, x’ and x° when present, and X? is
identical to X! and X%, x® and X' when present. Even more
preferably, X' to X* are identical. Most preferably, X' to
X' are identical to each of X° to X'° when present.

Preferably, in the compound of formula III, X' and X?
represent identical substituents, x> and Xx* represent
identical substituents, X° and X° (when present) represent
identical substituents, X' and X° (when present) represent



hydrogen atons, one or nore substituents . Suitable
substituents i nclude those substituents as defi ned

waoerogitmorn respect of the adamantyl group. Hi ghCHGB2007/050189
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preferred substituents include unsubst ituted G -C6

al kyl groups, particularly rregg and trif

| uor onet hyl . Most preferably the congressyl group is
unsubstituted and conprises hydraogen atons only.

PE@PRr BBy, THeR hoi¥lthan congPBSsyK gr dl‘ﬁ%eiﬁs present)
presenteih aleonpouhdsePstormemesi ||, each congressyl

group is identical. Preferably, V\,here one or nore ring

sys¢ eesaloly f of muba comip@unidHn £ | Heymdld dIoF, | Ke mepresents -
pEesSENK’) x°,a coapoyad, of oferma Bkl , REQ,t@hBﬁ&leaﬁm Lower
i adlepengdashky .r eprresentefonasl @) kil , rapylesehtlslet—A3 Q% (X°) X
mm@bo@é@ypﬁnaﬁ@s@@tugaél kty- @ybes;t_wyt ednafdbortuted phenyl
t@fﬁﬂ@&ﬁ@lm@@h%% bhed, J@gr ghRy1S ﬁ@n?fﬂ arr angement

means @, Q1, Q@ of he ring system of

formyl g llds: acbtl%rj ﬁ@refﬁ?ff&%%ﬁ&é{méﬁ&”%ﬁ %”ddedcéﬁp@und of

calbon at? ear | Dy (%gen atom Even

pr Bf'er a%l Y, R%%p‘¥o ?%% |%drépendent Iy represent

0 |onaIIy substltutedO C6 al prqferaly

b Siibet TS G ARy haﬁﬁ Slig yrot represent
st PEeR ed K/vltlieﬁéﬁS@ 6§t|fﬁ@ )éG al]% f@ofrak@m X s
wHeP et Fa®! r &pr eserts P‘?on §@§st>ftu3t%dl@?flt®saél Kyl , Xor or x*
t¥p¥e | poebaeehyy, . XEven mﬁﬁétpﬁéﬂefﬁz@blka@t%o(t@nl%:?( and x°
ea&:hlde?teseht tbheosanx gaodpxés aeénn@@rhemerferably, Aa—
pat ©i°ouf at by identsubst butead hair G abkyX') séspeci-al,kg’ (x7)

med &yl ordreafaorabl y-awhet @°omé airs nﬁﬁ@mtllmglsysbem@tfh —Al—
formiha®liha to lHexare* present in a conpound of

formula 111, R49 and R54 each independently represent
OpL&on EE¥e§HQ§§' t lktleqfe@res%@ltaﬂ Ky dr@c{;@rﬁeﬁﬁblay compound of
nenzSyUPst | § it G -06 al'kyl, phenyl optionall
su stltuted W|th non- substltutedO OBaIkyI or OR19
9, repres ts non sub I kyh, trif
m@r?gﬁg% Y O%n piﬁbre rm% %C?ﬁz % rﬁgﬁeients
%ﬁ% e 84 S5 <Fert Hoh. BBehidi Ay Lover
? EDY Pr of @ bI? v&?é‘f]”ee%%fé %r systéﬁﬁéroge“'
OFRF nrkay H i & o AR Y & prievEt ar]rhél Pofb” and E

fordeiter I vityithge yerbons of the cyclopentadienyl ring to
which they are attached form an optionally substituted
phenyl ring. More preferably, D' represents ~2,-Q* (x7) x°®

hydrogen, phenyl, C;-C¢ alkylphenyl, unsubstituted C;-Cg
alkyl, such as methyl, ethyl, propyl, butyl, pentyl and
hexyl, or CF5; E' represents —AB—Q5O@)X1% hydrogen,
phenyl, C;-C¢ alkylphenyl, unsubstituted C;-C¢ alkyl such
as methyl, ethyl, propyl, butyl, pentyl and hexyl, or -
CFs; or both D' and E° together with the carbon atoms of
the cyclopentadienyl ring to which they are attached form
a phenyl ring which is optionally substituted with one or
more groups selected from phenyl, C;-C¢; alkylphenyl,
unsubstituted C;-C¢ alkyl or -CFi.

Suitably, when D' and E' together with the carbon atoms of
the cyclopentadienyl ring to which they are attached form
an optionally substituted phenyl ring, the metal M or
cation thereof is attached to an indenyl ring system.

In a particular preferred embodiment, D' in a compound of
formula III, represents hydrogen.



are identical. Mdst preferably, each of Y1 to Y5
represents oxygen. Preferably, where nore than one

WO 200g/18993¢ em of formula Ilia to I He i s presentPCHGB2007/050189
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conpound of forrmula Ill, each such ring systemis
identical.Preferred enbodi rrenﬁﬁ of the present

i nvention include those whereirn: X1 represents CR1L R
2)(R3) , X2 represents CR4 (R5)(R 6) , X3 represents

CR7 (R8)(R9) and X4 represents CR (R11 (R 12 ) ; X1

r Epr é8eritls TR FZMERIFMDOKDNe lHr esenes Dadalratt yrot xgepresent
rlepieseat s OR7 (IRB)RIP)S anoMXKD £ Bpres ents eddamnd tyl X
Xildempi eskents CRL ¢R 2j( Rad)l ,X'X2iseprdesentsl to X' or
coogk essyfer XBlyepresent $d€Ril(3818ﬁ©Rb@)tmnd ¥hd x* and %’
r epr esenttsi cangressyt ; aXt r gpr esenrins ﬁRrBZI\@]F@ﬁera@Qy, —A,-
represent ss CRAc(Ri 81 ( RtB) oitarg X3\, and (X4 st*oget her,—o* (x°) x*.
Wid b Qotor whiroly they,, ap e atkached forma Jinge SySEOm  —a,
oh: fxon pul a; ) bib_or_ %% %@%@%Mtyl group; X1
represents CR R2 R2M ) , X2 represents adamantyl, X3

d X4 toget h§r Wi_t ref V\,hl ch the arhel a,ttacheglmpoumd of

fPrma Pg %%]% frre emkicﬁb

COHBSphat htlahent v e @?% 5@ ?%presents CR RRM R3) ,
X2 represents congressy X3 and X4 together with QL
t%nmﬁpcr?]ttr?e’%@&rlé’%t%%%b‘“?%‘%rﬁWBeF?ngg Syt ot represe“t
fOY P AP BRBSPHRa abarrity | Xgr- ouprexereglxa X is
eb@¢n| hdependent | yor eﬁreséﬂﬁ a?@anﬁaﬁtyﬂenﬁ(lcﬁé X eéchor X
i Nolepepdentt got epr BSerits dormgrtassyil ;t Xbard X2 seachk’, and X"
i helepiefedenitdaji r eépr esentnaddarant WVeazndm&(Beamziré@eJeamm, -
i pdeperdentd yi depriesantt congrressyts, Xt (ahdk X3dr -a,-0' (x7) x*
i melependettdrnyienr esentoaddmant yh s andiekd afdl X4o both —A;-
| (rdeperdentd y-£epriesent: cong essylo? (X1 #nen¥2 —a,-0* (x7)x° if

'% endently represent adarmntyl X3 represents CR7
( 8)(R 9) and X4 represents CR (Rll (R12 ) ; X1 and

% gggfi(‘sgf” 111yt Spr&% %n&"%%r %é% X%(IFfpr e%”t% and E
%g pgn adienyl

Fy ep a a € afdx
S $9gh ?h@geﬁﬁt e, £ SeHRdAF o R A0naL LY
r%@s%%/%%?ﬁio? %%uJFh“‘FHbe%?h 5hos%h§“§d§naﬁ?9ifese“t an
gtoeptisal angos@itpeiependent |y represent congressyl,
and X3 and X4 together with QL to which they are
aft achedlforneaivingrsystrendokrbodimeat) HP opnd E° together
2w phios (iha- adameoty| ofr otpe Xkyandpdh ttaagetrher with @@ which
tohawi he t heya@ned at bached foswbstituted phenyl ring.

Highly preferred embodiments of compounds of formula III
include those wherein:

K', D' and E' are identical substituents as defined herein,
particularly where K', D' and E' represent hydrogen;

K' represents hydrogen, and D' and E' together with the
carbons of the cyclopentadienyl ring to which they are
attached form an unsubstituted phenyl ring;

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

K' represents -A;-Q°(X°)X° as defined herein and D' and E!
together with the carbon atoms of the cyclopentadienyl



a ring systemof fornmula Ilia, and X3 and X4 together
wth QL to which they are attached forma ring system

w@Roofotgend a | Hb; X1 and X2 together with Q to REN/GB2007/050189
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they are attached form a 2-phospha-adamantyl group,
and X3 and X4 together with to which they are
attached form a 2-phospha-adaiantyl group; Hi ghly
preferred enbodi nents of the present invention include
those ﬁherePﬁChXIt?%brégéht§téﬁﬁhﬁd2)f?¢®3EHX unsubstituted
repeesbnt 5SNCR (R : R X represents CR7 (R8) (R9; and
X4 represents CR (Rll R 12 ) X1 represents CR RZM
RS) nept®sepresehi© ddanknt yi', @ reepresentis -ORMX (R'8pnd E’
(R9) e sl X4-xe@ egents . adanantyl X1 represents CR1
(R 2) (R3) , X2 represents congressyl, X3 represents
é&éﬁh;&R et repiesems cangressitia Xk to Mclude
s& ngependepthy of ephesent radagBahyl hy¥lob@nX4reathang &'
@@k@é’@n%ﬁtﬂ eEBQSGéHr&‘&{‘g 283! 5 o X1 and @cﬁ%%‘a%lenyl
Q% t° cﬁh E X%r% agkﬁ%ﬁgdf Ofc%ﬁ‘ ah ﬁ%ﬁk@?‘ltuted

taget her
g%é a¥o¥n1a rlngcomg?en1of gﬂﬁhlbOth D'
| b SMth Q@ to which they are

attached forn1a 2 phospha adamant yl group, and X3 and

YXAr ¢ oget by WEhtEE £68TRAFER Pﬁe;f%éi“@la% tiddhed f 6rfh &2, and
28 phaspdchdaneditifdn gHRARR Preferabl yRiAranéonpoungepresent
for mica FEl,aMlvieng demtidal itso XPtamdaXdyi s siudentitvaed as
tde Xdnedbrieepref er ablry, bngslg denttiicall owerX3 adhg LX5groups .
XFuanab X9, waenapdegent anandisX2 A,s aindertsi cathdro pdesemt) may
XbncX8danda X16hwheh pceseot. &ven.nopecpeetpiapl ythXl lower
t@l%ﬁ@ﬁ@ igenidcalvhivastapr eberabl yayXlrd®rede@dt € are non-
| gdepticaltdio. eﬂi%g?&i&@lb@ XEQ Aehen Preseit . alkylene, which
Prefesall ypaln it p%QﬁRQH;%zO%e§§%§@$@ I LL, —%ﬁianQNQQLC2Hy—

é@é@s PTféQﬁBHC%aéHbék' hyepts. A Al X4 HEPLEReAL (when

CELLE, DUBRLISAE! oo nsS 28, X UL

resen
pr s%nt) ?ep?e%en?ld%nt cal” substltuents and X and X
(when resent) represent |dent|cal substituents.

Pr 1 R pFYTPRNE 85@686%‘ 8f fidr mirg 1AL €ach O and o7,

r@%ﬁ <ent sQ-  and (when present) are the same Most
preferably, each Q and Q , and Q , Q4 and Q (when
present), represents phosphorus.

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

Suitably, when n = 1 and L; represents an optiocnally
substituted cyclopentadienyl or indenyl group, the
compounds of formula ITT may contain either Lwo
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



A3-@B (X 5) X6, hydrogen, |ower alkyl, -CF3, phenyl or
| oner al kyl phenyl. More preferably, Kl represents

WO 287K 5) X6, hydrogen, unsubstituted G - CoPE/&kBRG07/050189

10

15

20

25

30

35

40

45

unsubstituted phenyl, trif luoronethyl or G -C al kyl
phenyl. In a particul ar pref egéed enmbodi nent K1 in a
conpound of formula Il represents hydrogen. In an
alternative enbodi nent where K1 does not represent
hyle? o@@*ﬁalKi4 rEpriesient SCQ‘ABQQBtPRrﬁP%lS Ffraé'f%”éﬂll%ij by the
X&7p s Tildentixsdicns XBher reBpeand VX6 ¢5Ciekentadienpl xand/or
orng@ny More ngr ef estably, mX§ ilse i dehsiceakied lbotdrXFremd with
Xdespadt X6oi saictterttlcad ¢ both M2varme Xl ltEenwioherespect
pt ef esabl ythe A3¢ cQBnXl p) Xb6f ¢ srédend | €al béwot endherleodenes) .
-Q2 (X 1)X2 or -A2-QL (X 3)X4. Most preferably, -A3-@3
(X163 X6t svedentivgaln te both -Aig @ (XeddXledpd aryl, the
-#2nfuks 3) ¥4 Mot preferabby, Jﬁé rem&&%qtns either one
hayépgg&t@d@eﬁyﬂpeyn%n%f {01401} 2 %er@éowmm ring
&ﬂ?dﬂé‘ g9 t{&’ﬁgfﬂg t:zél s@%@i@ﬁ%&éeﬁ&sdeﬁ‘ér §Xnerein)
and QUE' sent Aﬁﬂﬂgy tltuted as
hg%i’bﬁ%ﬁ Ywegw al L, represents
t pheR§I “06r “Sf%d”éi tB tﬁ@PP\%uPﬁSt FPJ Catgdhs® of 1T as
Jc%qioﬁ?rﬁed-d} enyl FYR§CEOIWNidh théy APEMattlaché® metal
f%@‘?ﬁ% optionally substituted phenyl ring. More
preferably, D1 represents -A4-Q4 (X 7) X8, hydrogen,
pheny , pGriCeudlekytliyphengferuagubstbodireniCi -a@6 dalhley| present
suchemsi ot hyh, aetdoplpouyrcopyt , fhutyla peatyh andl, L, is as
hex§ylned®rh&F3in EAnd epresents - A5- @ (X 9) X10,
hydr ogen, phenyl, G -C6 al kyl phenyl, unsubstituted
@r@ﬁeﬁé%y , SWeanag oetihyln, etdybeompsoRy! o£bebyhula 111, L,
Yds s hey ¥h® 85tad§§§ 101 19%'& @1 And.Eh @ﬂ%hgéch of
%ﬁ  he sboer@ 5% ﬁcy Hﬁ(yqengg 9 19 more
LGB iy Are i ag g i oo

I ona ub i tut q{zo I'e
gY 2jrgtrn o0 %CGO Bnyls, C%s tltu
TNE% ggkf\)//ﬁ opqg&@é% |tab1%; \l\ﬁg ) 1 and g%i
%W?W%a?%nw%%%w%fm?% EYel SkSEHPBSPEﬁS}Fenyl
r%%eftlﬁél \Mﬂrchaifﬁéy B9 aftachedl f oFlﬁlyanr%@fﬁf%%ﬁ VS bonded
s¥bet ¢ LY ed Ophiehy | cypﬁ@pepﬁédn@pml M o9 cafi dme hépsspcenyl

i $r @f® bc hed e ign Rndert)@I Ri ngl§ys@@mdeflned herein. More
preferably, 1if the cyclopentadienyl, indenyl or aryl ring
which L; may represent 1is substituted it 1s preferably
substituted with one or more substituents selected from
unsubstituted C,-C¢ alkyl, halo, cyano, —OR?% —OC(O)R2O

—C(0)R?*', -C(0)OR?, -N(R®)R?* where R'?, R?’, R?, R?, R?
and R** each independently represent hydrogen or C;-Cgq
alkyl. Even more preferably, if the cyclopentadienyl,
indenyl or aryl ring which L, may represent is
substituted, it is preferably substituted with one or more
substituents selected from unsubstituted C,-C¢ alkyl.

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



In a particular preferred enbodinent, D1 in a conpound
of formula Ill, represents hydrogen.ln an alternative

weewodisent where D1 does not represent hydr ogeeil/GB1007/050189
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represents -A4-Q4 (X 7)X8. Preferably X8 is identical

to X4 or X2, and X7 is |dent|§6\ to X1 or X3 . More
preferably, X8 is identical both X4 and X2, and X7

is identical to X1 and X3 . Even nore preferably, -A4-
(ﬁl@(“?%@v?%yr dehencal —té)rertth?erCQ%lQl@df{ x°08) Rg €ppnvention
- PEDIG L XOBY X4onRbSY C pelet ek aBl ynv 1 Adr Qingdxny) X8ing (each of
identhcatint® boyhten2- @My3 XerioandlyA3bEB EXoBERXeubfd as
pitesentbed nharpant i.carh prefieprrnedsemzodi bentrefEr rienl ato as
compotindaofiwt oh maloanplolundrsepr esentes-dtyldr,ogemenl n ah 0 then m
atéeraadhve enbedonent twhaer e el naesl notof epresebhpounds of
hyeregen, TEL hepresentse: A6t dn (XoMX101n Prekber abk¥s, when
X10: i udentigal cbQoXdnQs X2, raPguX® is1identieal tAe total
Xhafbe3 o Mute prehier ablne X0 oy | dent Loal Hé%é@& L, is

X9 is identical to X1 and
Xél}rg{]%re g?e: -:AS IQS (IX 9) X10 is |dent|cal to
orbrEr BEF 19%2\% % %fA%] 211 ﬁeeﬁﬂaft S%Ceréﬂne% of the
Q@r? z R e il % RROUBRICI AZO 5Y%6 and O+ 12
- (€ 7)S@ Wr%r%sfe?ﬁ m Prf @F abl yparnl@hjearly 3
corrpound of formula 111, when D1 and El together with

t e Ear Hohy at ohen of ﬂﬁeeerylellorr@nﬂ@aficerﬁﬂd m nigs teowheahal to
theyoare & tachedudd rdt fommlaen OpLi ohdal Inppresents one or
subst | 1 igaddpheayh of nghieachref iKdep®idandlElselected from
representlkan ,i deat b cal-csybstPtrENt(R*fYRAN & t exnatijve*’) R*®
et erpedr enbody ent , rdP¥ragwhl dogetheromet hifhgds each of
Cah bONS a0t tiheecpyelepentadiemdtdd ngr-é® wWhkehsthevtanec, to
attached farman wﬁ*&ipéﬁiéﬂfdcm@ﬂy' L&Hg. if"(ﬁm YR*)R* or
Pﬁ@f}%‘m?ﬁ rﬁwoﬁ men % qfn cogpoun! OMOGQJA Lhaependently

fgfue %%%Hl d%f ’ uR%u%@ %%t%re é QEIQ?l %ﬁ%yl or

2 in, artlcu
and BL© re%?e% ydrogen Kl represents hydrogen,

and D1 and E1 to ther with the carbons, of the
cy'etopeht adi€ify | TRFAg t8 Wit cHStRey arelapt ddheFtormn the

aPOTRSERSE i tUt ed filly; 1 Fepriesents basdeg (%o the

SQWBl%Be@@@@h%@Yheﬁépﬂ(ﬁﬁd U@ﬁh Dycéﬁ@eEIaﬁéﬁﬁ§éeﬁW3}$tY of
:the indenyl ring(s) if present, the aryl ring if present,

and/or the ligands L, if present. Typically, the
cyclopentadienyl ring or the cyclopentadienyl moiety of
the indenyl ring exhibits a pentahapto bonding mode with
the metal; however other bonding modes between the
cyclopentadienyl ring or cyclopentadienyl moiety of the
indenyl ring and the metal, such as trihapto coordination,
are also embraced by the scope of the present invention.

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



Kl represents -A3-3 (X 5)X6 as defined herein and D1
and E1 together with the carbon atons of the

weywropem adi enyl ring to which they are attachedr/G8eer/050189
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an unsubstituted phenyl ring; KLl represents -A3-@B (X

5) X6, D1 represents -A4-4 (X,7) X8 and El represents

-A5-B (X 9)X10 . Especially 6 ef erred conpounds of

formula Il include those where both D1 and El

r epr eeentt R Ggentor L DIPEREE EP together Swi kil ¢fecd from a
cardan At bh8 BEtehe oty EleFdnterdi ey thierRPt o whilchspecially
tireyf arecat Gached VILddm aretmisubst Feut ed 1phemgh rtilg, metal M
pas tidefil aed ynéhose mappbeands whemeiboih DiramndpE&ferably it
r epresent e hydnogenly Pref ecabliyali ahbhgecanpoundcobrdination
foroml g 1ddd/ o in,and A2fiand AdreAd.and AS (when

present), each independently represent Ci to Ce

at kyd eng1 wWhi cftkéﬁel%d onal o sltpst idaut ed as1def ithed inciude

h@rﬁ@é@,wﬁ&fe%am e with lower alkyl groups. Suitably,
I and A2, and A3, A4 and A5 (vvhen present) may

or CZH&“SUb%Jst% g%fer%lblc)@ eé@:%yéf ACF an@rﬁluﬁﬁamethyl
A3, A4 Ravd KB present9acty eB?e%nttq h@ sahfe LemBEical,
al kyl eresrec definedvherei neaphr t iodul dF 1 y toCHR ~. FApresents
t he compotwios tof tdoradnda Gl alkpﬁefEaabhyuéachy@eahal;

@, andrQ@ndQr.andeBhéwhenepredentprasentheCyane.

Most priefermablayd eachral tard Rye anth BepfHAsamd Kbdrogen or
(when piesem)it et esent.Saphosphpausiclitawill nberogen;
appr eci @t eghaby,’t Besg §l§%}kl€§gntnphbgpﬁbkughat t he

corrpouq@lsré)fgrgé)ém may function as |igands that
co dinate W1ht % B, M Brg rCLaup "EE bahthienyl,
syst em Q?.E{héfP §u£ ICa @ 8 %% 3 %& and m =

G oup 11 B net al or corrpound ther eof coor d| nat es to
t he one .or nore hosphogus ar.seni ¢, and/ or anti nmony
atohs of tHEPED %dcsﬂ rﬁﬁm a IF1 TIRESFTICHeCR gfj ) <sz>
appr eci ‘At EGPERAC e CEokp h?@ roft 't 6PRHFECTFF %ﬁy e ) (R7);

referr t é%r@@cﬂrgt%s *'%r ($deheswherein represents
(Rlﬁ (R”) and x° represents CR?6ﬂfj)(R1% ;
each of R to R*? independently represent

unsubstituted C1—Csg alkyl or trifluoromethyl,
particularly where each of R' to R'® is identical,
especially where each of R' to R' represents
unsubstituted C1-C¢ alkyl, particularly methyl;
A, and A; are the same and represent —-CHz—;
Q' Q0 and Q° each represent phosphorus;
D' and E' are the same and represent hydrogen or
unsubstituted C,-C¢ alkyl, particularly hydrogen;
M represents Fe;
n = 1 and L1 represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.
(3) X' represents CR'(R?) (R’), X’ represents CR*(R%) (R%),
X’ represents CR'(RY) (R’), X* represents CR'V(R'!) (R');
K' represents -CH;-Q(X°)X° wherein X° represents
CRLBG@A)(R15) and x° represents CR?6ﬂfj)(R18);



Suitably, when n =1 and L i represents an optionally
substituted cycl opentadi enyl or indenyl group, the

weorpoweds of formula I11 may contain either tRI/GB2007/050189
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cycl opent adi enyl rings, two indenyl rings or one

i ndenyl and one cycl opent adi en ¥I ring (each of which

ring systens may optionally bé substituted as

descri bed herein) Such conpounds may be referred to

as "sarfififfieh c%ﬁpouﬁds" st heR et al "¥FoPRARREBLY cat FERTSSEent
t her eoful sulesnoiieded by the t @bk¥Filn @ysteﬁﬁlfiﬁéromethyl
r espectiaet tyel opent aticenyleaarid/ of ﬂwde:nlerl identical,
syst enseswyc bel substvaatéal bycboplognak 'wi ttho r 68 nEZCtepoesents
each othefulst ttheyedrayy,toe dikyed wethicespetty nhoteath

ot her (xonmmenlzy retetnedskmeasnbentppetahkoeenes) .

Al ternati velyanwheh duch Irafebddnt epiesemdsugy yl, the
CO”DOUHQS Qﬁdthﬁ'|BM§BEh@9 NRY:iContal Ncek-bhgr &%6%3 of the

?Yﬁgog %a&&e@@ﬁgﬁﬂgﬁgﬁfor'ﬂgl ﬁaggugi @Q% attached
descri he 7ei n §%?é@one %% £ %%H%h |s

optlonall e%ﬁ ute def i ned ?%@ﬁ @8?9 aftienyl

when n 't 1 an t he * ’
the co Joﬂ”f“f%ae:&%%b?ﬂt%‘é %eﬂ’?ﬂeﬂp%ﬁghe?%l and m =

typicalty in the formof the netal cation. In a
particularly preferred enbodlgent of the present

| h¥ent i%n, T ¢9r @s@oRpoGRd (B1) ffop mulX 11d9presents , CR1(RY (R)
as def i ed dpersiom tan@Rh(2° (R )Pr ef erabrysenhenCh' X&) ) (R,

i n the wompoind eafcH opul &' 1+, B'1 riepresentesit 1y represent
cycl opent adh eyt ytéddenyl-ar aeykynlngoeacht@ﬁfwhbebmethyl,
ri ngs aseroptional § ywsubst idddredoby rOne Orrifores identical,
SUbSt'té@ﬁ@éﬁé@ﬂ§0t@ﬂeféonbﬁﬁﬁrOg@n Iﬁomﬁk>ahky|arepresents

hal o, o) agglcugﬁgh %é
c<0>0%2% ngsr@ %ﬁm gﬁ%& K

&E 2h7) bot gg - ?sBEof rocenyl (by

ic clopent a |e roar

ring H %% ?%pr &ntci's Iy %bdﬂﬁl?%%¥fy 98¥Fﬁ8ularly
cycl op ring of the ferrocenyl gr oup),
mherelHDngngoIﬁBOtPgeégeHefWh ' Heéfei faTNBPe atoms of the

pref er abl §L RN EHEL YL operittadi-enyll L FhdeiAY o rgr ypttached
ri ng whi @ LN i#ys Hepk eserd igheubstftided it is

pref er dbl sewubstntutiees; with one or nore substituents

sel ected from unsubstd t utted Cte@Beakkyb, halolopyahedienyl,
-OR19, pAX )R 201y unsubstituted cyclopentadienyl, and m =

0.

(5) X' represents CR'(R?) (R’), X’ represents CR*(R%) (R%),
X’ represents CR'(RY) (R’), X* represents CR'V(R'!) (R');
E' represents -CH,-Q°(X’)X'" wherein X  represents

CR37(R38) (R39) and x'° represents CR4O(R41) (R42);

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

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

Q' Q? and Q° each represent phosphorus;

D' and K' are the same and represent hydrogen or
unsubstituted C1-C¢ alkyl, particularly hydrogen;

M represents Fe;



-C(OR 21, -CCOOR 22, -N (R 23 )R24 where R19, R20,
R21, R22 , R23 and R24 each i ndependently represent

wosarogem or Cl-C al kyl . Even nore preferably, PCT/GBR@®7/050189

10

15

20

25

30

35

40

45

cycl opent adi enyl, indenyl or aryl ring which L1 may
represent is substituted, it hé preferably substituted
with one or nore substituents 'Selected from
unsubstituted Cl-C6 al kyl. Preferably, when n = 1 , L1
represéht s tycl%peﬁﬂébleﬁyl FRBERYPICBhenglk céprentadienyl,
napt hy|Papt i Ghbd ] v subsehdut bdtad defieopenhedépnyl, and m =
Preferably, the cycl opentadi enyl, indenyl, phenyl or
napt hyl groups are unsubstituted. Nore preferably, L1
r epr esent sreyce opent adrenyd), (A'ndenyl wospphenylts erétr’) (R®),
of whi cb’ riepgs same sunsubst ) tRﬁt)ed.x‘*Nbepr@eeﬁeeabR%P,(RIH) (R') ;
repreSQﬁtSr%ﬁ&%ﬁﬁ%ﬁk#ted}{ -Q°(x°)x® wherein X° represents
cycl opent'adienylz'A tornatd velyhe Jahen e fRY) t(ﬁee
CO”pOUQQS qf r@%e&ﬂ%@ntkﬁﬂ ®@@§35@ O%%%r%ﬁ% X’ represents
cycl opent :a eﬂylao f% %@V';S Jgach of ( 5?E;d|ng

y

ﬁyste %%%% @E u?ed /88 scgpberFPresents
SZLSLW? s e

r epr esetft %hl ? éasotphaﬁ'thé' M? the cbﬁﬁSQﬁBQently
of forMfRETT9has atrrgls Urtc?r?lcoumc1 tn ot hetkvl or
wor ds, ?ﬁﬁ%ﬂemﬂiﬁ t?@?%b@%b@%b% BreForaafa PFIRi sto R
iron, t#edtB tqulber of érestigns  commedutldd byhete each
IlgandsoiZRlstoyﬁlcaah@ Ri'Vetol R“a paptéseihias | ynsubstituted
pref erredCal aekpati perembodentnt meftht'he present

i nvent ion,andn 2a eegponadsefhef antdukapkékenn =CcA,5; L2 is

as defigied dfier ef N @ndin® ©°3c@bhdreppakbheubBbk¥hdrus

Pref erabl yopmhes s ise gqual to zero and mis not equa

to zeronl n ﬁ C n’poud}gj of if,or kg, bkbnik? r@?&%ﬁ@h%adlenyl

o e 2 & € chands W@{ M@&&@ %@16%%@9&@9?9% LY gna m -

YR4A5 or “N(R 46 ) (R 47)R48 . More preferably, L2

) f whi ch
| Plkportientry <61 dEPba’f rOmRY ei{%fvuta%ﬁv%e%grﬁﬁ gganantyl,
Akl FE bart | cURaFPy Ghl of, G0, “IRIEY (Rag sane

) R45 or2dN(R Y61 )IYRIZ7) R4S, wherein R43 to R4S are
|ndepe#ﬁe@@@yﬁseﬁéétéhefﬁéﬁ?h?ﬁﬁo@@ﬁreaﬁeﬁbsﬁﬁtuted C
i to CoKal Kyl aod & ylkresudle asmshenyd . rSuieabhy, hyfieogen or
met al Mmosulnet atutcad | @+ heltkpt , | parhécobapoundgdobgen;
formul &'l land ©°t pptbakkyprbeadedphospherus;

M represents Fe;

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

(8) X', x?, X’ and X' independently represent adamantyl,

especially where X' to Xx* represent the same
adamantyl group;

K' represents -CH,-Q°(X°)X° wherein X° and X
independently represent adamantyl, especially where
x' to x° represent the same adamantyl group;

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

Q' Q0 and Q° each represent phosphorus;

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

M represents Fe;

6



cycl opent adi enyl ring(s), the cycl opentadi enyl nviety
of the indenyl ring(s) if present, the aryl ring if

wW@e@3amo79 and/ or the ligands L2 if present. TypiaBReo7/050189
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the cyclopentadi enyl ring or the cyclopentadienyl

noi ety of the indenyl ring exhibits a pentahapto

bondi ng node with the netal; ﬁ wever ot her bondi ng

nodes between the cyclopentadlenyl ring or

cycl opeht adi enyl noity dft t hESPRBERPLSri ngYahaPeReadienyl,
met al , Buchl &g Qlflmalpm%ulé%b¢w¢1%@|@fﬁcl@]@@nb@@benyl and m =
enbracdb by the scope of the present invention. Most
preferably, in a conmpound of formula Ill, n=1, m=

O(and Lxi, ix,defli nedl het eimjeparddrcullsar typresent adamantyl,
unsubstd ¢t €t Tyel opeatadi enyl to Pref eraldnednt  the same
represedsmanGoup-MEB or VIIIB netal. In other words

the tot@al elegteganequnt_d Qt3m5 et al yMisid8. x° and x°
Prefera@ﬁ&é éﬁﬁéﬁ%ﬁ oppguA eQE Qﬁﬂ%! ﬂl’eéﬁe01ally where
repres%E“E r&Se EF Ry édémgﬁ‘ch ?Ehg”
t her eof ven 5 §p£ P ﬁa Ly. re resen 9_
or Ru of; a qet cati ereo era M |s
selecté%{fé%n?EQQﬁou ?i Tation

t hereof? AR"Especi APP§ ?%féW% C@F PB met@lrsi & the
Fe. Al t%b@??rh%a%%ﬂl Mra%sngdef:ioneﬁdhh%]?eltrh%y P& i atached
cati onikC¥bran preflerabiyted rRRgRYesrEsSentially no

resi dud!l edargeedue 9/ coordination with L1 and/or L2

as defimed #herel n. &Especilal | yrpereteenegd conpolngsnpbdienyl,
formul apdttdicucdude thoseswheneed: cyd)opdntepieseht sand m =
CRLR2)(R3) , X2 represents CR4 (R5)(R6) , X3
represents CR7 (R8)(R9) , X4 represents CR (R11 (R

1210) , xhergi n achofx Rl 4 g@@éM%peﬁQ@ﬁééant adamantyl,
repres%% éﬁ@ﬂ tifyred CiC6 @l kyls 0&%%Fésent the same
IuoronE t rIy mhere each of

|dent|c Rec

represe 5 ungﬁbggé ?;fé%g gghggpﬁésggFlcéﬁér1y

th |,1
KL, D1 Sind B S ihe” %%%g%fﬁdoremy@ﬁt rEsgd 6 alkvl,

unsubstRA Ut G ks BIKYAISBarti cul arly hydr ogen;
and @ bot ANflept esEAT P 65 photUs; Tﬂﬁ%eﬁﬁéé@ﬁtsa¢%ﬂs of the

cyclopentadieny ring to which they are attached
form an unsubstituted phenyl ring;
M represents Fe;

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

(11) X', x?, ¥X° and X' independently represent adamantyl;

K' represents -CH,-Q°(X°)X° wherein X° and X°
independently represent adamantyl;

D' represents -CH,-Q*(X")x? wherein X' and X°
independently represents adamantyl;

E' represents -CH,-Q°(X’)X'° wherein X° and x'°

independently represents adamantyl, especially where
X' to x'° represent the same adamantyl group;

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

Ql, Q2, Q3, Q4 and Q5 each represent phosphorus;

M represents Fe;

n = 1 and L1 represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.



n =1 and L1 represents cycl opentadi enyl, particularly
unsubstituted cycl opentadienyl, and m=0 . (2) X1

woepras®mt s CR R2M R3) , X2 represents CR4 (R BQ)T/RB3)07/050189
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X3 represents CR7 (R8) (R 9) , X4 represents CR (R11
(R12 ) ; K1 represents -CH2- (X 5) X6 wherein X5
represents CR13 (R 14) (R 15 ) "and X6 represents CR16
(R17)(R 18 ); each of Rl to R18 independently
r gresent unsubstituted C1-C6 alkyl or trif

2 bk hynd par tPeakaeky mifier 8 ebehvbicR tBeR pse attached
| dent i cagprespecs al tghaviere sdohofyRL to Rl
repr esefit sunsUbsbioethed @1£G60al kyl whpant tbayarky attached
met hyl ; r&dransh ™R arehd heh saaearende y epr esent - CH2-
Ql, Q@ mndnPB reacher epeesent phespbprusenbl-angd- El are
the sang' ,angd repr esent-chycogemOrapmsubsté st €dnGdr&fen or
al kyl, partheul aid og hydicogeni y M rﬁereeerﬁarfe nParoden;

and L1 drepresent %oEM%@B?QE@HteEM spH@EhéCU' arly
unsubstj t ut % Iadl enyl, " and m= 0 . (3) X1

represents « éz re@resents CR4 {: &E} EE dien 1
X3 represents S £e i Y i
(R 12 )P RV ED G AGEN RICNE ?%p%%?%r%n and m -
represe(hts CR13 (R 14)(R 15 ) and X6 represents CR16

(R 17) (R 15@‘% gach of Rl to R18, i ndependent|y

r ept bseht dbstreatearcrich @fkw Bpiehi fhey are attached
| uor omett ¢y § S Prar e i cuthwsghavrdanazehl of Rto Ris

i dent i cal arespeciabbyhwhere tdach 0b Rlitb RhPy are attached
r epr esemntsremsubst 2 -ttt etb!Gl-Coharedkyy ] ; particul arly

met hyl ;K'Ak eane & tar e-dihe oS an® @ndiheepriesenit an@HXS rogether
Ql, Q@ anth Q@ each waprasetephesphosusacMdantdgzesents 2-
t oget hesh yi i thea kafbpn, atons of the cycl opent adi enyl

ring t OAV\'%Jn‘Eih At2h§¥eaEﬁeaE5ﬁ§hggdf QeﬁkéBeHE‘SU@ﬁE“ ut ed

phenyl @u n epr esL e presents
cycl Ople']I %8 yE‘F J%tlt%g aﬁr}{eu%%lgjs£e£‘>¥égft hydrogen or

CyC|0pe£%§h §%f%ute£u%1 Ce alkyl particularly hydrogen;

M represents Fe;

n = 1 and L1 represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(14) 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;
K' represents —CH2—Q3O@)X6 wherein X° and X° together
with Q° to which they are attached represents 2-
phospha-adamantyl;
A, and A; are the same and represent —-CHz—;
Q' Q0 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 L1 represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

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



(4) X1 represents CRL R2MR3) , X2 represents CR4 (R
5)(R 6) , X3 represents CR7 (R 8 (R 9) , X4 represents

WER(RIMDT{ R 12 ) , wherein each of RL to R12 PCT/GB2007/050189
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i ndependently represent unsubstituted Cl-Ce al kyl or

trif luoronethyl, particul arIéSWhere each of Rl to R12

is identical, especially where“each of RL to R12

represents unsqbstltut ed Cl-Ce alkyl, particularly

met hyl ;X ABI&h& ABOSFEDERe WdaRe QantCr BBt 68ehbey cppe attached
Ql and EPRIH T pt eeprPphoaspierusy L K1 represent s

hydr ogeln emdCE-Caral ki, spaet podl aebyehgdtogel;— D1l and

El t oged hemdwid hbbhe capbereatopboephbhes;

cycl opent adimerydernti Nghyor ad e horhey sabe tatttaekhied formalkyl,
an unsulbsti il et phemydrsdag; M represents Fe; n = 1

and L1 uﬁlepéﬁeeni.ls eygkepent agi enylchepactireBhardyoms of the
unsubstd %w&éwﬁ a%e{@/l ,toan\ghﬁbh Oche 5)ar>é1 )attached

repres &}?Pt& 5)(R ,
X3 reprbesre - {R3 (R 9) epresents CR (Rll

(R 12 ) ejgreser%s -CH2 X b}é wher e ienyl,
represent l Jé% %Lg 39% if lre(g £ (gnf)g §nd o
(R 41 (B 25y St bt it Ghal BT Tt et

i ndependent|ly represent unsubstituted Cl-C6 al kyl or

trif luoronmethyl, particularly where each of Rl to RI12
ahHo R3 ¥ RES £8IFEBREI ¥alkh &speei ahighwhepE aaehagfached

Rl to RIEMERGS ﬁt@ﬁ@ﬂﬁ?ﬂ&e@ﬁ@@@h&@&msubstutut ed

Cl- 06 afkynd par tbgekaeky wiehhygl ; tAlwandhARhayeatheattached
sane andeprepresent2- @@spha{mammﬂ b each

repr esent rphosphortss;-dL-andxKik‘anectre nsaite aafdd X° together
representthydrogen anidvAsubssyt ured &1t LBhabkWepresents 2-
particubsdynhydipgen; M represents Fe;n = 1 and L1
represeft s Luel Qpent f{%ﬂ)@"*(xmﬁ 'wcl;llélr%rllnyx and X° together
unsubst fut egy:cycl open d'@my » o8R0 ME0neg (?)pé%sents 2-

repres o represents CR4 R5) (R

?%?121_ z(%gr ebgeegreensents BH )éﬁx% xio XA fepresents CR 4y
oge hér with Q° to which they are attached

represents 2-phospha-adamantyl;

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

Ql, Q2, Q3, Q4 and Q5 each represent phosphorus

M represents Fe;

n = 1 and L1 represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(17) X' and X? together with Q? to which they are attached
form a ring system of formula IIIa, X’ and Xx*
together with Q' to which they are attached form a
ring system of formula IIIb, wherein Y' and Y? both
represent oxygen, R to R’ are independently
selected from unsubstituted C,-Cs alkyl or CF;, and
R*” and R’ represent hydrogen;

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

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

Q' and Q° both represent phosphorus;

M represents Fe;

n = 1 and L1 represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl
(referred to as puc) and m = 0.



Kl represents -CH2-@ (X 5) X6 wherein X5 represents
CR13 (R 14)(R 15 ) and X6 represents CR16 (R 17)(R 18

W0 200D11908pr esents - CH2- Q4 (X 7) X8 wherei n X7 reQr/eseirs50189
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CR31 (R 32 )(R 33 ) and X8 represents CR34 (R 35 )(R
36 ); El represents -CH2-(®b (4 9) X10 wherein X9
represents CR3 7 (R 38) (R 39) "and X10 represents CR40
(R41 )(R 42 ); each of RL to R18 and R31 to R42

|ndependentl represent unsubstituted G -C6 al kyl or

t618) 1 ver @rﬁ@{ﬁﬁll togathisulathy Qwhep eveaeh bherlare, Rtgached
and R31f¢wnRAR isinalentiscam edpedialinyanhéiéaeack’ ofand X
Rl to Ri&yandeR3tithb B&Ztloeprrkesréntshemsabst idtuteethed form a
G - C6 atkyd, spatemcuolfariopmitahyl 1114 i waade A2 #@f eahbieY? both
sane antepepresent ox@en,; Q7 Qo QB Glavad Qhdepehdently
represesd1 phaspherds Mosepiesenttedres, t,=ahand dricr,, and
represefits sgyckopentadienyl nyparddeeul arly

unSUbStKi %?%é%%ﬁh%peﬂf dbe@X$ 6a%%eqbln % %Eb &i together
X2, X3 Sk 1 tO cgg %hr rg§gnt @'gggﬁgéydform ring

especi a V\,here the Sane amant
gr oup: %yg and 2&03 o fﬁ wh % 1n rep esents
K

e
S]
r
4Bl GRPEY are he (;;\gneaa]ﬁﬂe Fagrectl ﬁgaroscﬁecﬁed@from
unsubstkﬁgf %%erO I@%T%Wltlbta? i Calar Py“KydPogeh: ¢ R and
and Q2 ot RPEBFEEENRYPREYBROr us; M represents Fe; n =

1 and A a@@pﬁeséﬁ?sﬂf@cﬁé@@nﬁaél eAYFESpREt reliar |y
unsubstQtrutCéda@QCQop%@ﬁYadE@@mSefamdoh@&PY@)OrU%8) X1,

X2, X3 &ndX4 8 'ndeperident $yme e@m@seapradananhyﬁrogen or Ci—
especi atd ylwydr, e pék tticuid mlgphgsientgeirthe sanme adanmant yl
group; Nilreepsesemnd Sfe CH2- @B (X 5) X6 wherein X5 and X6

I ndepenglentdy repregent adamaptyplesespeci aklyivwpeneadlenyl,

to X6 representat e sadeoadamanty| c g ouPenfadii @it A2and m -
are theysame and represent -CH2- ; Ql, @ and B each

represent phosphorus;

(19) X' and X? together with Q? to which they are attached
form a ring system of formula IIIa, X’ and Xx*
together with Q' to which they are attached form a
ring system of formula IIIb, wherein Y' and Y? both
represent oxygen, R to R’ are independently
selected from unsubstituted C,-Cs alkyl or CF;, and
R*” and R’ represent hydrogen;

K' represents —CHz—Q3O@)X6 wherein X° and X° together
with Q° to which they are attached form a ring
system of formula IIIc, wherein Y’ represents
oxygen, R to R> are independently selected from
unsubstituted C;-C¢ alkyl or CFs, and R* and R
represent hydrogen;

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

Q' Q0 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;

(D
';5(D

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

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



D1 and E1 are the sane and represent hydrogen or
unsubstituted G -C6 al kyl, particularly hydrogen; M

woepres®m s Fe;n = 1 and L1 represents PCT/GB2007/050189
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cycl opent adi enyl, particularly unsubstituted

cycl opent adi enyl, and m= 0 %9) X1, X2, X3 and X4

i ndependently represent adarmﬁ especially where X1

to X4 represent the same adanmant group; Ki

represent’sd - THRLEB X é)ox@ @yﬂorxsw pEeXs Y and Y© both
|ndepenmﬁq?%/efﬂépr@%ﬁﬁnadaﬁant yEo eBpem%ﬂFﬂ?y whépperdently
to X6 represernd fhemsams vddamamodd ¢folp; aAkylandr AQFs, and
are thek'samedaRd represemt h@d2ogen@l, @ and @B each
represent sphogpharasthBlsand Ehdt egetheenw thHt-he

car bon @t en®l gf bbencyebepeshadpeBybhbir-ng;t o which

they arg %é;@&é’%ﬁ@rm@ﬂo@l@rsubﬂ hihghed tpheryld rd.pg; Mxyl,

represemd s: £&;14r 5y ]h . represents

cyclopqﬁtaghgnyél EEH ar%ftﬁnﬁﬂﬁ§tb5958g atoms of the
cycl ope Q& ad %h t ached
i ndepen ent re ruebs n{ tl?tdlqﬁbrh%/ lespem a E

to X4 r preset ny3f ou [ andA2

are th %nse eesent - er dQZE

repr eserht p”hos dk1 lrep ré§85?§eﬂ dr ogecoppentadienyl,

unsubstR31it e J% %n%WSth%W?%u(Fé? 9P%9E?%b%1ﬁylma“d m =
and E1 Together with the carbon atoms of the

cycl opent adienyl ring to which they are attached form

ah2 Uhsubstancutéd tphenypkrr ingh K represéntstFey are attached
and L ifoepresentiscydyepent adifenybrmpaet i colfarl yx° and x*
unsubstidaete cyel opent adioenyt i cranthay =a@e. tkbch¥l form a
X2, X3 @y X4y i pdeperdenidmnrepresent viadaamnt vl ; aKd v° both
represefdSreddi?e BokFKgOhX6 whereip X andaX6 independently
'ndepené’@ﬁéﬁ’ecﬁeﬂ@%em Rdamantyles c,-cc alkyl or CFs, and

R*” and R’ represent hydrogen;

K' represents —CH2—Q3O@)X6 wherein X° and X° together
with Q° to which they are attached form a ring
system of formula IIIc, wherein Y’ represents
oxygen, R to R> are independently selected from
unsubstituted C;-Cs alkyl or CFs, and R* and R
represent hydrogen;

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

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

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

Q' Q2, Q3, Q* and Q° each represent phosphorus;

M represents Fe;

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

0



Dl represents -CH2-Q4 (X 7) X8 wherein X7 and X8
i ndependently represents adamantyl; El represents

WO 2474 X 9) X10 wherein X9 and 1 0 i ndependeP@T/GB2007/050189
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represents adamantyl, especially where X1 to X10

represent the sane adamantyl gg oup; Ai and A2 are the

sane and represent -CH2- ; QL @, B, 4 and b each

represent phosphorus; Mrepresents Fe; n =1 and L i

ré%?bséﬁtrs Xyc pehtadi eh?@%P%%@?@EQYaF?Qresent congressyl,

unsubst$3Rg @t ¢l opearadi ényl foand m FPLYEEAL Xithamd same

X2 togetherrawshl Qrewe mhi ch they are attached

repr eseht 2k phosphathdaramtyhndX8epndsXdtt oget-her

wi th QIK't,0 DAhiachkl tFHeyrar e hat tsachedn@preseatsnt hydrogen or

2- phosphasasainenitydq ALcand1AZ1ar eatbecsaaelandydrogen;

represemt ov(dHd” boKd, rBirapenElpabephbeusane and

repr esent, &yee ogens ofe unsubstituted G -C al kyl,

gﬁggbﬁqharL{y?ypr09§ni C&Jahdrg%rgggﬂﬁgepr@?@@Epenﬁ?dienyl,
gEEérﬁzthll en{/ﬁ’fyﬁ &ML 8o @11}&(;@1 @ o%reﬁt%&?éﬁ?f, &nd m

cycl opent articularly unsubstitute

cycl opentadienyl, and m= 0 . (13) X1 and X2 together

Wi @ to which th are attached represents

b dmmint The. %, R Ba T ehel RorSor PRoEE pgRazessyl,
whi ch th&REGFel Bf t athedSr epreséft s X represent the same
2- phosphR @cRimEnt Y95 O/ represents - CH2- QB (X 5) X6

wher ei rK'’X5 apErX6enbget hetHamx hXQ %o whihehethey ¥are and X
at t achethdepresent by 2-rcphospha- adagantyyl; Aspeandl A2 where
are t hex’same XindepepsesentheCrlme; cQigrERsandg@Bupach
represent sphogpherdsthPlsamnd Ehdareptbeesanecapd;

represemt, hydeogeq’ osadmstisiddat©brdskhatly | _
particubarbyqhydr ogen; tMer epsgsents FeepPesedtaM;drdgen or
repr ese $,16y/¢ Opaiy @'—@SYEMF%%QHE%EXarly hydrogen;

adi enyfl , d m=0.

6

unsubsty; t ut ed cycl opent an
n = 1 and Lq represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(24) X', %X?, X’ and X* independently represent congressyl,

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

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

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

Q' Q0 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;

6

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

(25) X', X?, X° and X* independently represent congressyl,

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

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

Q' and Q° both represent phosphorus;



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

woogettimro with QL to which they are attached rPREr/Ee82007650189
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2- phospha-adamantyl; K1 represents -CH2-@B (X 5) X6

wherein X5 and X6 together w S @ to which they are

attached represents 2- phospha-adamantyl ; A i and A2

are the sane and represent -CH2- ; Ql, 2 and B each

repr eséht Gs; YT adiel E2 Tt Sgetvst Wvtet e —Ce alkyl,

car bon RAOWEC Wi he eyl epeht adi enyl ring to which

they arle aghdchied fogatharunsubst itthgt edaphenylatimg; d the

represerisldesntadidnand ding r épr eskentls they are attached

cycl openimadi @nyhn sydadt 1 ttut &t | yhamgubstidg ut ed

cycl opaentasthesydntamnkem= 0 . (15) X1 and X2 toget her

wWth Qnto which they are, att achedseapksesentslopentadienyl,

2- phos pha-adamBiit ¥ ; X3s @pshk Xdut 09et Pt opbtPalledP1, and m =

whi ch they are attiached represents

2- phospha-adamantyl; Ai and A2 are the sanme and

r sent - CH2: 5, d both _represent phosphorus; .

P Eorhserte. y fidaeh of ey ettt STEe BT e

particularl YR é?% gﬁ; 51C1§ﬁ§2 Yoget BRFE @ th the 209 X

car bon St GHeS B tgo?%rh;%fe??%]g’ to which .

they ar® at FaER88°RBPmM arftinSubdtlit ut eti*phehyl rfng; @M X

repr eseﬁl’t%eﬂ%f;ld@fl@ifl WQLSEFDE%%?@%%W%SYM "

cycl opeht adiemyesenas t i cGHarQyungubst vhatedn X  and X

cycl opemcédebheamgnt and mepresen(tks) XbrngmesXZltogethpepcially

with uteranichc Bey mreratdmchete represemgressyl group;

2- phospha--adamantyk; t X3 aagle Xdntlogebhesewtt hC@L- 1 0

whi ch tdvey car eqat t@ched repeesBNt8present phosphorus;

2- phospha-ashan@antyd ;rdl represents -CH2- Q@B (X 5) X6

wher ei n, X5 .and X6 together w th Q.tanwhi chotheypaheadienyl,

attaCh%%d%¥%&%§¥ﬁ§ @ﬁs@@gépggﬁégag§@£Mﬁehtadienyl, and m =
0.

9

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

X? represents CR*(R”) (R®) and x* represents
CR?OG@l)(Rlﬂ wherein each of R4, R5, R6, R?% R and
R independently represent C1-Cg alkyl or
trifluoromethyl, particularly where each of R* to R®
and R to RY is identical, especially where each of
R* to R® and R' to R represents unsubstituted C,-Ce¢
alkyl, particularly methyl;

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

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

Q' and Q° both represent phosphorus;

M represents Fe;

n = 1 and L1 represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(28) x* and 'S independently represent adamantyl,
especially where X' and X’ represent the same
adamantyl group;



Dl represents -CH2-Q4 (X 7) X8 wherein X7 and X8
together with Q4 to which they are attached represents

wQ200pho®pha- adamantyl ; E1 represents -CH2- 6 POI/GBXD0/050189
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wherein X9 and X10 together with @ to which they are
attached represents 2- phosphdiédarrantyl Ai and A2

are the sane and represent X @B, M and

Qb each represent phosphorus.Mre resent s Fe, n =1

and L iKreprss@ncditeycl c?ﬁ*en@aél?(e)r?& Wﬁ&rrtellélul d&r| yrepresents
unsubstidanaet ticl eéem:aarléiﬂylwhe&r@d =% .aqd7X Xiepresent
and X2 tlogetdes adarhaQRyt oywhieh they are attached

form a X¥i ngrsysteernsoflCR ORMUI R )I,| iXd, rXB8randnX4 tBYeEier (R'7),
Wit h QIX% aephicctertthe\Craf erd) t@EHed Wfrormaian rdangh sysStEmto R,
of formd’a t&b,R"Whesei nRY1 and ¥2° bathkiepepresenty represent
oxygen, ufdib410i Rodedr e ¢ pdependeniyhy selkectedifnaBromethyl,
unsubstpd.ut £d, Q- Gp ahkylt encEF3r afd RA%REn&kR4, Rr'?, and
repres@@% Q%dﬁpgeﬂs dbn%@@aﬁz %&%@dﬁ%fﬁy“%ﬁ%¥k each of R*

represent - 1, are the nd

represent hgdro en Cgl)r %%ub %t ed ﬁ Jal Fﬁa?\etii]—f{fesents
artic re

Shosph 1u h‘rz EF EH?SSEQG A “Bhd°t % E fesents
D oD Do 1 e Bt TR

cycl opéht a%ﬁ“ényﬁ (3%% elf&d %%m%s IGc) TaREC AR 0 hydIrggen or
X1 and W2swoyet Here @hc@za%ym BRTthEylarévatvaEnean/
forma MirgPeysteny dfeformula Ilia, X3 and X4 together
with QInto =hi ch theyd ar éqatt achedstotm a riyngopystedienyl,
of formdatidl amherenrsulydt andt&@ bpthopepteseatyl, and m =
oxygen,0 R50 to R53 are independently selected from
unsubstituted G -C6 al kyl or CF3, and R49 and R54
repseseqt hydroger; KL JRpeseMts v CH2e@B «6Xn®) X6adamantyl,
wher ei no X3 anch ¥6 tpgetber yw th,Q t23 whigh - Lheyr arene  same
attacheg f.orma ri géystem of formula I'Hc, wherein Y3

0

represents f@ﬁ%@%@néﬁ %91R63(§T%@|n%%%?%q%nt&y represents

eleCted fr ntyl especially where X' X’ and X° represent
the same adamantyl group;
X’ represents CR*(R%) (R®), X* represents CR'C(R') (R'?),
x° represents CRM(R?U ﬂﬂS), wherein each of R* to Ri
R to RY and R'Y™ to R' independently represent
unsubstituted C1-Cs alkyl or trifluoromethyl,
particularly where each of R* to RQ R'Y to Ru, and
R'® to R'® is identical, especially where each of R*
to R?, R’ to RY and R to R' represents
unsubstituted C1-C¢ alkyl, particularly methyl;
A, and A, are the same and represent —-CH;—;
Q' Q0 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 L1 represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(30) x* and 'S independently represent adamantyl,
especially where X' and X’ represent the same
adamantyl group;

X? represents CR*(R®) (R) and X* represents

CR?OG@l)(Rlﬂ wherein each of R4, R5, R6, R?% R and



hydr ogen, unsubstituted C -C al kyl or CF3 and R49 and
R54 represent hydrogen; Ai and A2 are the sane and

wo eprasemt -CH2- ; QL, Q2 and B each represenkCT/GB2007/050189
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phosphorus; D1 and E1 are the sane and represent

hydrogen or G - C6 al kyl, parI%'LcuI arly hydrogen; M
represents Fe; n =1 and L i presents

cycl opentadi enyl, particularly unsubstituted

cycl opeht adi émMPIEPEARE ¥RlY 0 A9 St andOxL 4 ogetherl  oF
Wt h @tltbflfwwetﬁ@ylrar]@aﬁﬁ@l@h@ﬁl?owhﬁ?ﬁer ﬁﬁghs;@ét@fn to R
of formid R1’i &0 X3" ahd Xetogethereswpehi@lly ovreheach of
they ark® atd e&kheddf of'm aor Ry rsysteemmrofs furmibst it ed C:-Ce
wher ei na My ando a2t boi hat epresengl oxygen, R50 to R53

are i ndepemdent,| yrseteet edmér anunspbstehut eduG ;- C6

al kyl of' Gnd, cAndoRA9rapdeRB4+r pphepaptublydr ogen; Kl

repr esegit sfe&h&&%é >ﬁq§ P meagl %né%b%%qt&ebogﬁtbgralkyl
with Qgto mwhich the tached forma ring system

of formyla,} g'c,Emh%F (o reprgsents axygen, %%ngoof the
R53 are LD en egl]t el ect ed rom unsu tltute attached
- C6 % %ﬁd € rese >ﬁy ro

R L A %Seﬁg%we T rehp%%%nlf’ S e e

and @B actPrepriesent® phosphorus; D1 and El toget her

with the carbon atc?d%jof Itlhe g@é’l’f@ﬁéﬁflédl efAyFLIPPAGEEEICNYL,
whi ch tRReyt Beel 3 tached P of bt @ @n@ﬁ%k@?‘?m@@l%ﬁfé |and m =
ring; Mrepresents Fe; n =1 and L i represents

cycl opent adi enyl, particularly unsubstituted

cyet opeint adivenyhonahtmit in@ .exa2@1leél and PRidrogatdhel igands
wiith{R toaiwhi e@hbddiayent e (atrt ached dax mcaer ingl sypstrem 1, 2-
obi §-orauhachyiami XSnangy XAréogetdes, with QL to which, 2-pis-
tt@i/t@f@b@ht/@@h@%olﬁ%%@%@g ) BYSt &P Qe f fQLHyb@okljhethyl 2-

W@fﬁ@ﬁ@yfﬁ&l 1pothrepresent oxygen, R 50 t 09Ry pig-
f‘i t 85‘5 i/nérﬁé&%?ﬁféf]%‘&é‘r@é“bs“EUE%{ererthyl—
%i dl eéhylgﬂgnomethyl)ferrocene, 1,2,3-tris-
(dltertbutylphosphlnomethyl)ferrocene, 1,2-bis-
(dicyclohexylphosphinomethyl) ferrocene, 1,2-bis-(di-iso-
butylphosphinomethyl) ferrocene, 1,2-bis-
(dicyclopentylphosphinomethyl) ferrocene, 1,2-bis-
(diethylphosphinomethyl) ferrocene, 1,2-bis(di-
isopropylphosphinomethyl) ferrocene, 1,2-bis-

(dimethylphosphinomethyl) ferrocene, 1,2-bis-(di-(1,3,5,7-
tetramethyl-6,9,10-trioxa-2-phospha-

adamantylmethyl) ) ferrocene, 1,2-bis-
(dimethylaminomethyl) ferrocene-bismethyl iodide, 1,2-
bis (dihydroxymethylphosphinomethyl) ferrocene, 1,2-

bis (diphosphinomethyl) ferrocene, 1,2-bis-c,c—(P-(2,2,6,6,-
tetramethylphosphinan-4-one) )dimethylferrocene, and 1,2-
bis-(di-1,3,5, 7-tetramethyl-6,9,10-trioxa-2-phospha-
adamantylmethyl) )benzene. Nevertheless, the skilled
person in the art would appreciate that other bidentate
ligands can be envisaged without departing from the scope
of the invention.

As mentioned herein, in a still further set of embodiments
of the present invention, the 1ligand L 1is a bidentate

ligand of general formula (IITI)

(IIT)



R 49 and R 54 represent hydrogen; A i and A 2 are the
sane and represent -CH 2- ; Q1 and Q 2 both represent

Webesporus; K 1 represents hydrogen or unsubsePCT/GB@7/050189
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C-C6 alkyl, particularly hydrogen; D1 and E 1

together wth the carbon atorrg of the

cycl opentadienyl ring t o whi ?1 they are attached form

an unsubsti tut ed ghenyl ring; .Mrepresents Fe; n =1

ahd ) im Reprelent3 cyct opent adilényl, particularly

unsubstituted cycl opentadienyl, and m=0 . (21) X 1

amdepxePnt ogether with Q2 t o which they are attached

forma ring systemo f fornula Ilia, X 3 and X 4

togetder ardha® defiwmeahich fdeyubnse(av) acked fiof tea

ring systemo f formula IHb, wherein Y 1 and Y 2 both

I e pr €5edt c 0Xy gen, ok 56nd1 oy RRdBsaf eut ddepententkyl moiety

sed esh eeh f £ emsiestg’t vt easCare akkykaobnChv3dilagnd R

4§d§a§9e&56y&§p&eé§%omgwg§p: K1 represents -CH 2-Q

3 (X5 )X 6 wherein X5 and X 6 together with Qt o
é‘h@(%%% .sar§,at§mh>%d Logmea rng %%S‘d%'%‘ige@ PSR, 1 s

_I 7) WL |]]111a téepr’esents oxygen, R t 0 R53 are

[ dependren% y sefected from unsubstituted G -C 6 al kyl

or, CF 3 and R 49 and R 54 represent hydrogen; D_1
r%lpraééderqzsaifél—laﬁ- éeﬁl(lid7%5(r8%%ﬁ@}1 Pn (iyfg B%Heknéfter°
together with Q4 t o which they are attached forma
rimg Wypst ehPvef formtga (A1) wheh €8RS Y irehred@st sotherwise,
ook yyggersny,, RK5500 endoXR 5533 aarde Bindepertent| R° are as
sé¢eched foond aumnbzulbbssher¢tnuutteedd CCi--QC 6
alkyl or CF 3, and R 49 and R 54 represent hydrogen;
Brie fepalebent $heCHc2e Q051K X1 9 mod 0y whesei frotn 9 3andp X to 20
10y t dyet heronwd ,t hmQre tpoebiebl{ hesrar e 4at tached figr mcyclic
aatbhg, syskemufrdrammil artbie, awWigy etd Y25 deprieset Sms and
oxygen; aangd R 50 ts o- R B3 argcbndependent) Yosehesb&fc1ic or
Li@ﬂ%@@éypét'tﬁﬁﬁdc§k1§c6 A kY M CFd AR 43 apdiero,
ééréf@rQ§§ngéB&Q&pg%%; hetero herein are references to
sulphur, oxygen and/or nitrogen. Typically, the cycloalkyl
moiety has from 2 up to 20 cyclic carbon atoms, more
preferably from 3 up to 18 cyclic carbon atoms, most
preferably from 3 up to 12 c¢cyclic carbon atoms and
especially 3 to 8 cyclic carbon atoms, may be monocyclic
or polycyclic and may or may not be interrupted by one or
more hetero atoms. Typically, when the cycloalkyl moiety
is polycylic it is preferably bicyclic or tricyclic. The
cycloalkyl moieties as defined herein may include
unsaturated bonds insofar as the said adjacent cyclic
carbon atoms are saturated and references to unsaturated
cycloalkyl moieties should be understood accordingly. By
cyclic atom is meant an atom which forms part of the
cyclic skeleton.

The cycloalkyl moiety, apart from that 1t may Dbe
interrupted with hetero atoms may be unsubstituted or
substituted with one or more further substituents selected
from aryl, lower alkyl (which alkyl group may itself be
optionally substituted or terminated as defined below),
hetero (preferably oxygen), Het, halo, cyano, nitro,

—-OR'?, -0C (0)R??, —-C(0)R?, —-C(0) OR??, ~N(R?*)R%*,
~C(O)N(R*’)R?®, -SR?’, -C(O)SR’®, -C(S)N(R’)R?® or -CF;
wherein R - R?® are as already defined herein for formula

(IV) below.



Ai and A 2 are the sane and represent -CH 2- ; Q1
@, @B, Q4 and Q5 each represent phosphorus; M

wWoepres®m s Fe; n =1 and L i represents PCT/GB2007/050189
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cycl opent adi enyl ; particularly unsubstituted

cycl opentadi enyl, and m= 0 552) X1, X2, X3 and X4

i ndependently represent congr&ssyl, especially where

X1 to X4 represent the sanme congressyl group; Al and

A2 are the sane and represent -CH2- ; K1, Dl and El
a?@etﬁéCé@ﬁékaﬁdIWEba@gem@Yhyﬁwo@@he©te@n§@B@1|t@Vééohexyl
Gy Coordkyy 1, paraycdlartyl hydrogamperQbvdnd 2 bevhloheptyl,
repe esent y phosphkecusnobyrlepr esentsy #eqdecyl 1 angibgéridinyl,
repreisent sy tycl opentladirgny,l , parstoneuloaning 1, norbornenyl,
unsehst b thedy Ty cl opartvadicgmnyl, candtunls 0 . tE23ph¥drofuryl,
X2ioX3npnd X4 inde@eﬂdgnﬁEMpE@@&Q&@@heCQngL@ﬁﬁybroxy ethyl,
ESPECh ﬁyaw@@yf X1 10 X4 eMB888MnINe Same cyclopentenyl,
congr 8ssyL n@IOUP’ KL represents ;1B (X 5 éyclobutenyl
“@%GCIa Tﬁ§¥%ﬁ '”%g%;@%%%%h%ng%presﬁﬂﬁa&§W@§fssy furans,

re qu nt .t he sane
ne, oxocene, 7—

ess an
%% ¥1O B o4Pi n? A e e e, 1,

sphorts: Tpf SrdER andCrepFesahtyrolactone,
h@ﬂ?%@%n orsﬁﬁ%h%é?ltu§%ﬂy@$l@?alkyFlSparﬁpéulaFF9“S 1,2-
h?ﬂ?b@%%xamﬁ@é%@%@%ﬁY%l¢e aphydrighd L 914epresentshydride,
cyctopehdaek enyl , pariveid sy unsubstintigiegdle, 1,4,7
chi@p@myeb®emw$meand m= 01l,,24) Xl, X2trX3zangcXddecane,
I idepeadentd 1 yne eprigsiento lciahigrees sy, 5 -espéecnall-wllehexyl, 4
Xdrt 6 -¥Aehepresenbhieke 1sane, sanghresisyl -gyolghesll, 4 or 5-
repriesedy slokdy B (X 9),X6-awheneiny1X5 and2X6,3a,4,5,6,7, 7Ta—
| fele ety 1 epsesent - §pngressgb,4e§p@cnahbyh@@gh9dro 1H-
Xdn & on éB?IeSQnt:ih@rsénﬁmgﬁﬁﬂfgﬁﬁy|49$°@P7 Pl ne8ldnydro-
A@HafﬁdékeSS@nFlandtE?ﬁE@ﬁ?@EneCH%orbonanyl 3a, 4,7, Ta—-
tetrahydro-1H-inden-5,6-y1, 1, 2 or 3-dimethyl -3a,
4,5,6,7, Ta—hexahydro-1H-inden 5,6-yls, 1,3-
bis(trimethylsilyl)-3a,4,5,6,7, 7a-hexahydro-3H-
isobenzofuran.

Particularly preferred combinations in the present set of
embodiments include those wherein:-

(1) x> represents CR"(R®) (R?) , x* represents
CRN(R?H 692), x* represents CRlﬂg)(R3) and X2
represents CR*(R%) (R%);

A and B are the same and represent —-CH;—;
Q' and Q° both represent phosphorus;
R represents cis-cyclohexyl.

(2) x> represents CR"(R®) (R?) , x* represents
CR'“(R'") (R'), X' represents CR'(R?) (R®) and X?
represents CR*(R’) (R%);

A and B are the same and represent —-CH;—;
Q' and Q° both represent phosphorus;
R represents cis-cyclopentyl.

(3) X’ and X* together with Q' to which they are attached
form a 2-phospha-adamantyl group, and, X' and ¥X°
together with Q° to which they are attached form a
2-phospha-adamantyl group;



QL, @@ and @B each represent phosphorus; Dl and El
together with the carbon atons of the cycl opentadi enyl

WO 209g/1197%hi ch they are attached form an unsubBCT/GBR@d/050189
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phenyl ring; Mrepresents Fe; n =1 and L i represents
cycl opent adi enyl , particularlg unsubsti t ut ed
cycl opentadi enyl, and m= 0 . f25) X1, X2, X3 and X4
i ndependent|y represent congressyl, especially where
X1 to X4 ¥Epriesert the THife TUhgressyIeyr ougi- A i and
A2 are ¥hénshafe Babhreppesennt- crpsphogisand Q@ bot h
r epr esehtr ghosphor uss K- ¢ epraEsent k. hydrogen or
unsubstituted G -C6 al kyl, particularly hydrogen; D1
and E1 together with the carbon atons of the
cy@jopenbddieﬁylxriamntxf\M@pﬁesbhaya@bﬁ@@twaohed form
an unsubsind ut eg-pheny|sdhdgind ¥ &pF £5eNt S- &g, ;n
and L1 glepresent goerere@eegeﬂteﬁMbspHerhgcul arly
unsubst tuted cyel opent adi enyle,and m=0". (26) Xi,
X2, X3 and X4 |ndependent y represent congressyl; K1
represents t%}@ 5 6 mhereln X% and X mula  (IIT)
|nde end gp eg%eseﬁ% congress il represen?

%%?8 Breih X7 and X8 independent |y
represenbs congressyl; E1 represents -CH2-@ (X 9)X10
wiher'e? nR X9 adivd e 4 ndfeperdently rePieseit sereferably, each
COPIRIFRSSYIS especital Py iiher BaXE 18 IXIOYr BFEEEEnt the
same congressyl group; Ai and A2 are the sanme and
reppresent Ly Cezefeprogd e icdcando@ddeactt rigpresent (I11)
phoshhde ushodb reperesemts Fe; n = 1 and L i represents
cycl opent adi enyl, particularly unsubstituted
cystioperntadrenyls tard dane Gind (Z2Hreoserand & hyl;
| ndependentd yekeps gsenin@daspnt yint especial |y where X1
a@dré§ré§@ﬁ€§e@t t@fmé@ﬁ?l cis-1,2-cyclohexyl.

Examples of suitable bidentate ligands of formula III are
cis-1,2-bis(di-t-butylphosphinomethyl)cyclohexane; cis—
1,2-bis(di-t-butylphosphinomethyl)cyclopentane; cis-1,2-
bis(di-t-butylphosphinomethyl)cyclobutane; cis-1,2-bis(2-
phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-
adamantyl)cyclohexane; cis-1,2-bis(2-phosphinomethyl-
1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl)cyclopentane;
cis-1,2-bis(2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-

trioxa—-adamantyl)cyclobutane; cis-1,2-bis(di-
adamantylphosphinomethyl)cyclohexane; cis-1,2-bis(di-
adamantylphosphinomethyl)cyclopentane; cis-1,2-bis(di-
adamantylphosphinomethyl)cyclobutane; cis-1- (P, P-
adamantyl, t-butyl-phosphinomethyl)-2-(di-t-
butylphosphinomethyl)cyclohexane; c¢is-1- (P,P-adamantyl,
t-butyl-phosphinomethyl)-2-(di-t-
butylphosphinomethyl)cyclopentane; cis-1- (P,P-adamantyl,
t-butyl-phosphinomethyl)-2-(di-t-
butylphosphinomethyl)cyclobutane; cis-1- (2—-
phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-
adamantyl) - 2 - (di-t-butylphosphinomethyl) cyclohexane;
cis—-1- (2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-
trioxa—-adamantyl) - 2 - (di-t-
butylphosphinomethyl)cyclopentane; cis-1- (2—-
phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-
adamantyl) - 2 - (di-t-butylphosphinomethyl) cyclobutane;

cis-1-(2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-



adamantyl group; X2 represents CR4 (R 5)(R 6) and X4
represents CR (R11 (R 12 ) wherein each of R4, R5, Re,

WGR1®7/1RD19 and R12 i ndependently represent C - (PEl/kBR006I050189
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trif luoronethyl, particularly where each of R4 to R6

and R10 to R12 is identical, Sipeci ally where each of

R4 to R6 and R10 to R12 represeénts unsubstituted G -C6

al kyl, particularly nmethyl; Ai and A2 are the sane

el PEPTeS®AINLICH2. ; K1, DL and EL are the same and —2-
ré@%@e@@ﬁ@nww}@@%ﬁﬁhb@o%%%%t¢Y®%@@6@D% al kyl, cis-1-(2-
pair ¢ $elul mehsgthytr bgeny , Qlt adar@et it ho r @pk @sentoxa-
phosphot us) - M (@preésent sy Fehosplridomaidh 1 | cy epresendse ;
cyct-opent adhemyh i npasth e By B y5 unstdst anertiedl -6, 9, 10—

cyel opensaghemnyyl1)and m= 0 . (28) X1 and X3 -2—
| ndependent | Yok epbesedhe ARy ¥l opespes) al |y whese1Xlai-t-
a@@t%ﬁpm@m@meﬁ 1 pape adamantyl group; K1
r?@{&égﬂgéty£$ﬁo %5ééereyg§y@1@hg§aﬁx§resentéis-1-<di-t-

X3 and repr esent

% amant}ifﬁ%ﬁé iﬁug%kﬁ;%&reg{esentrz R4 (R 5%&? Q)(di—t—
pr esent s
(*ﬁ@é”? i%hno ch of R4 to R6, R10 to R}
ahd" m%%t %h?%%% SRERTY) TR SO T houbs ErFuted DL (2-
Lotk ! Sor” *Hﬂrlfle*ﬂ%% o% hy? tl@la@%%m%ywo\mﬂe
ehehs of - RS t 6] ReCRIDCY Sl FPxanand R161601RE8PILS (2-Phospha-
|beiﬁltfﬁdalr}m%@pmh@l9y1©\h@¥éoéathl©icm—to R6, R10 to
RL2. and. R1%. 7 b} A8y I epy ebept st aimsubst btatédZGbi@( 2-phospha-
al kyl 5-parthechy aré yo ned-hyt joatrangc A @-are the sane
ansgl. zepresent] y&FHRy1 ) c@d] ok amned; QB each repsesent-phospha-
phos phot tsine Py angl, 11 @rer i hea saneyane-r epr esent
hygjrpggnl of . wunsabstifutedy G C6 al kyl, particularly
MI@&E@@WI%F@lok‘i‘exaéeanchsthQﬁtﬁﬁg%ﬁa 1,3,5-
C%_CF? f‘dé; e@)’i@ P@Iék&%‘%%yé’l&‘”?ﬁ‘b§titﬁ§ 7] }decyl) -2-
CX& QPE @Qiﬁﬁg ph?@gmg%hyp ) cyclopentane; cis-1-(2-phospha-
1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(di-t-
butylphosphinomethyl)cyclobutane; cis-1-(2-phospha-1, 3, 5-
trimethyl-6,9,10-trioxatricyclo—{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl)cyclohexane; cis-1-(2-phospha-
1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl)cyclopentane; cis-1-(2-
phospha-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl)cyclobutane; cis-1,2-bis-
perfluoro(2-phospha-1,3,5, 7-tetramethyl-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}-decyl)cyclohexane; cis-1,2-
bis-perfluoro(2-phospha-1,3,5, 7-tetramethyl-6,9, 10—
trioxatricyclo{3.3.1.1[3.7]}decyl)cyclopentane; cis-1,2-
bis-perfluoro(2-phospha-1,3,5, 7-tetramethyl-6,9, 10—
trioxatricyclo{3.3.1.1[3.7]}decyl)cyclobutane; cis-1,2-
bis- (2-phospha-1,3,5, 7-tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)cyclohexane; cis-1,2-
bis- (2-phospha-1,3,5, 7-tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)cyclopentane; and cis-
1,2-bis- (2-phospha-1,3,5, 7-tetra(trifluoro-methyl) -
6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)cyclobutane and
including all cis enantiomers of the foregoing where such
enantiomers are possible.



(29) X1 and X3 independently represent adamantyl,
especially where X1 and X3 represent the sane

wa@eoaramoyd group; Kl represents -CH2- @B (X 5) XBCTE8@i7/50189
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X5 represents adamantyl, especially where X1, X3 and
X5 represent the sane adamant é group; X2 represents
CRA (R5(R6) , X4 represent5"CR (R11 (R 12 ) , X6
represents CR16 (R 17)(R 18 ), wherein each of R4 to
R6, R10 to R12 and R16 to R18 independently represent
URsuPRl ¢ ¢ Ut Bdnorbosnal Kyridgedriigrnds okt hyds: -
particularly where each of R4 to R6, R10 to R12 , and
R16 to R18 is identical, especially where each of R4
to R6]\ R10 to R12 and RL6 to R18 represents
unsubB t ut ed&=CEBakkyl, particularly nmethyl; A

: =~+tNe sane and represent -CH2- ; Qi, CQ and
or esent ¥hosphorus D1 and E1 together with
s ons U2 he cycl opent adi enyl ring to which
they are attached form an unsubstituted phenyl ring; M
represents Fe; n =1 and L i represents
cyetewent adi enprexparbicywrdelly . dndlbsrtaneed, 3-bis (di-tert-
clyet phelne splh emythetlapt) m = 0 . (30) X1 and X3
i ndependently represent adamantyl, especially where X1
and X3 represent the sane adamantyl group; X2
repregents CR4 (R 5 (R 6) and X4 represents CR (R11 (R
in each of R4, R5, R6, R10, R11 andR12
|y represent G -C6 alkyl or trif
: ~-rt|cularly where each of R4 to R6 and
is | dentidal, especi al |y where each of R4

al kyl , part iy, methyl; Al and A2 are the sanme and
represent -CH 2- ; QL and @ both represent

qsuséﬁééus K% éﬁ@B?SSEE§ch¥gﬁoleﬂ]ﬁ%ﬁHEﬁHb§tBLBEEle—tert—
é&ﬁé& 5%&& prly hydrogen; t oget her
e car on at of the

Examples of substituted ligands include:-

H,;C

_,\\\\\\\\ PBUtg

",
HsC ——PBU,

cis-1, 2-bis (di-tert-butylphosphinomethyl), 4, 5
dimethylcyclohexane

ity PBUtg

.,,I,,/
HsC & PBU,

cis-1, 2-bis (di-tert-butylphosphinomethyl), 1, 2, 4, 5
tetramethylcyclohexane



cycl opentadi enyl ring to which they are attached form
an unsubstituted phenyl ring; Mrepresents Fe; n =1

wWarw7i190repr esent s cycl opent adi enyl , parti cul aP¢THGB2007/050189
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unsubstituted cycl opentadienyl, and m= 0 . Specific
but non-limting exanples of ?kdentate i gands w thin
this enbodinent (I11) include e followng: 1,2- bis-
(di met hyl am nonet hyl )ferrocene, 1, 2-bis-
(ditertbutyl phosphi nonet hyl) ferrocene,

A xymet hyl - 2- di net hyl am nonet hyl f errocene, 1
i t ert but yl phosphi nonet hyl )ferrocene,
1+ hydr gxynet hyl - 2 |, 3-bi s- (di met hyl am nomnet hyl)
, 1,2, 3-tris- (ditertbutyl phosphi nonet hyl)
ferry , 1,2-bis- (dicyclohexyl phosphi nonet hyl
)ferrfocene, 1 , 2-bis- (di-isobutyl phosphi nonethyl)
ferrqgcene, 1 , 2-bis- (dicyclopentyl phosphi nonet hyl
) £ef T Osengasw\I——RBWi s- (di et hyl phosphi nonet hyl
)ferrocepe, 1 , 2-bis (diisopropyl phosphi nonet hyl)
, 1,2-bis- (dinmethyl phosphi nonet hyl)
w, |, 2-bis-(di-(l,3,57- tetramethyl-6, 9,
10- briOxa- - 4phgsnhgadanantylnethyl) )ferrocene, 1,
4- (di nmethyl am nonet hyl) ferrocene-bi snethyl
i odide, 1,2- bis (dihydroxynethyl phosphi nonet hyl

) f ene, 1,2- bis (di phosphi nomethyl) ferrocene, 1
, [ c,c-(P-(2, 2,6,6, -
t gt yIphosphlnan 4-one) )dinethylf errocene, and

(di-1, 3, 5, 7-tetranethyl-6, 9 ,

¥'Oxa- 2- phosphaadamant yl net hyl ) ) benzene .

Neverthel ess, the skilled person in the art mould
appreciate that other bidentate | i gands can

erv$shged WPHSUL &@faatFrhgbwbhphnép%eeg@e%hy%he 3, 6
i dvphenynhcyabohex@nened herein, in a still further set

of enbodi nents of the present invention, the ligand L

Is a _bidentate |ligand of general formula (I11) (111)X1
Awm-R—BBu, QL - X3 (X 4) wherein : A and B

efined for formula (1V) hereinafter

. ull/ 7, ///

PBu',

cis—- 1, 2-bis (di-tert-butylphosphinomethyl) cyclohexane

PBU',

PBU',

cis-1,2 bis(di-tert-butyl (phosphinomethyl)-4,5 diphenyl
cyclohexane



R represents an optionally substituted cycl oal kyl
noi ety to which the QL and 2 atons are |inked on

wararhgdore adj acent cyclic carbon atomns; the grOUESB2041/050189
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X2, X3 and X4 are as defined for fornmula (1V)
hereinafter; QL and 2 are as_gdefined for formula (1V)
hereinafter. In the above forttula (I111) unless
i ndi cated ot herwi se, the groups X1, X2, X3 and X4 ; A
and B; and QL or 2 are as defined for formula (1V)
her% Mﬁ Preferably, the cycloal kyl noiety has from3
up tjo 5 cyclic atons, nore preferably from4 up to 18
cyclfic atong, nost preferably from4 up to 12 cyclic
S Q 8 cyclic atons and may be
n, ocycllc or polycycll Y2 The cyclic atons may be
wherein references to hetero herein
0 sul pPBY'; oxygen and/or nitrogen.
dal kyl noiety has from2 up to 20
cycllic carbon atons, nore preferably from3 up to 18
cycldiegar bon atons, nost preferably from3 up to 12
cyclic carbon atoms and especially 3 to 8 cyclic
carbon atons, nmay be nonocyclic or polycyclic and may
ocismy, frobibedint ert tiptedl hyo oplel momerinel het e30 at ons.
Typs cat 1 e t mheni 1he) €ye] oab ky) 7 noa-etyxalsy@podycybie it
i ssppehesabtynbi cyclic or tricyclic. The cycl oal kyl
noi eti es as defined herein may include unsaturated
b?@d§1H@SQ£ﬁra§§ré®§a§§ﬂdb§dhﬁﬁﬁ¥§ Sy£liLacanban At oNs that
af & Sab iy 85 FELer ences) to Unsat yg &?d ¢yl o !kab
uﬁ&legn TQ% &gyn £ §tg8?r§%88£9'{39 g{ F% E¥8hbCs, 5 or

6) % [[E mpo orm r use in
ele? ﬁ8 EyEfoa apar%
bérﬁvr?tnécrlrolﬁgt cd A eroga% 10 metal

unSupstitutedt t@%b@??tﬂ%e@oﬁFtﬂh8ﬁ8h8FoHﬁreaFE?Phéra“d/or
s%‘é%m‘?@ént%t% eGfedthPonraryPunfover dldapvi@nhildn,  (I1),

alk¥¥) gr o) ma§ri tSkt f be optionally substituted or
tern1nated as defined below) , hetero (preferably
okygemtjomed , hdabon, cyane, shiltofurORet9set OCEOpRLR0,iments
-& OtR21pre &6 ORB2nt =d¥(,R 28e) RR4gandC( Q) N{R 25 pRZ6ntate
1SR @% -SSR 30orm@ { SYN/(R 2 7) R28 or -CF3

(IV)
X1(X2)- Q* = A - R— B - Q' - X3(X4)
wherein:
A and B each independently represent lower alkylene;

R represents a cyclic hydrocarbyl structure having at
least one non-aromatic ring to which the Q' and Q0 atoms
are linked on available adjacent cyclic atoms of the at
least one ring and which is substituted with at least one
substituent on at least one further non-adjacent cyclic
atom of the at least one ring;

wherein each adjacent cyclic atom to the said available
adjacent cyclic atom is not substituted so as to form a
further 3-8 atom ring structure wvia the other adjacent
cyclic atom to the said available adjacent cyclic atoms in



wherein R19 - R28 are as already defined herein for
formula (IV) bel ow. The cycl oal kyl noiety nmay be

wa g1 f rom cycl ohexyl, cycl opentyl, cycl obREH{GB2007/050189
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cycl opropyl, cycl oheptyl, cyclooctyl, cyclononyl,

tricycl odecyl, piperidinyl, ng%pholinyl, nor bor nyl ,
isonorbornyl nor bor nenyl , isbnorbornenyl, bicyclo [2,

2 ,2]oct tetrahydrof uryI di oxanyl, o-2,
3t¢%o%Foé?ﬁﬁaeﬁéﬁzrlQQdPﬁdeékyﬂéﬁ$wmlad]ace“t to the said
cyehoperd anonyt , 2ye| bhlexanbpidls ejel dpehteny|one ring;

cycl ohexenyl, cycl ohexadi enyl, cycl obutenyl,
c@h¢og§ﬁﬂ€hﬁnyﬂy c%ébohé&eﬁﬁh&lRﬂhdémdﬁPVMQeﬁ@dans;epresent
pymans]edt 3 rdidoxanes, Wp4 th oX@nest oxochre,ing- at least one
oxabt cycy 0 d2rbéh . Hthept ame, Xpentaget byl eneld sat phizdeand x4
1t Sg et hdu aneyrmladpdivbhieane raucanons, Jd@ct®ne) atoms having
bait yriolaot orgso PYEREar§UCEhAbEn a4 deshdiesirandach said
thansale2e ¥ychobexanedi-garbaxyliisc anhydride, ghul aétcleast
a&hé(drdrde’tmﬂyr %E‘t%@ PLPELAZI Neymd Mydazol &5 b4, Tto  the

t%¢§%§§yﬁo€|ﬁe ne, Q ' %ftrggéacyclodecane

t hi azol idi ne,

nylzcyclo exyl e -C cIohexy
i Pty ¢ Eeandefe&ﬁ%lt%t AT Shexy Phogehorous,

%rﬁ%%le Ia Zlmo%y 3a, 4, 5, 7, 7aoctahydro-
| Hi nden- 5 6-yl, 3a, 4,56, 7, 7a hexahydr o- | Hi nden-
5By 6LYE, tfrm QD@rfyiﬁ@ﬁﬁymﬁﬁfadﬂ%FqPW’Q%Fh%&aﬁyﬂmoFFLmeant
|<m@%nf5rtlaeyl cYELipetliphend rdrshbondry|whBa) is not adjacent
41 F, Patvet pabydrio- SBEMJn@@mﬁzﬁblﬁyﬂadjﬁcenz ofyclic atoms to
3wldi ciet Hyd Q3andd Q° Btom6 ar# lidaeHexahydro-| H-inden
5,6-yls, 1,3- bis (trimethylsilyl) -3a, 4,5,6, 7,
ZHd%@me@gamwsBYﬁsobenzﬁﬁmaw&nrucﬁanai@ﬁlahbyfbnﬁmﬂnqeﬂn the
cordiaat | ongehhidheppeesent setluof r egbadt pehtysavvncliude ring
t hosecwhesei N 6r : brideeresenhso ORYAKRB) (IR9; Xyclic  atoms
r eptesent 81 LRI  Rddt Rld22he, sXiarepresents &RIaR3nt cyclic
andonX2 6§p£e§§ﬂi§1ﬁgma£5%5%&ﬁééémtA apdsBcar eathecsamcoms.
aﬁg §P£§§ C}@he' an@ gt&ESbOtHa5 Pregedltovered that

'SP &ﬁ&?ng ESE&?%?”E§H§J31%¥CLQHSX% ructure so close to

the active site 1s disadvantageous and that beneficial
effects are observed through more flexible steric
influences (supplied by appropriate ring substitution)
than through further proximate rigidity in the ring. This
may be due to the relatively flexible constraints supplied
by steric influences compared with inflexible ring
rigidity. Such flexible steric constraints may allow the
incoming metal atom to adopt the most favourable
interaction position which would be denied by further ring
rigidity «close to the said available adjacent cyclic
atoms. Accordingly, excluded from this aspect of the
invention are norbornyl type bridges at the ring atoms
adjacent to the available adjacent ring atoms or the like
such as 1,8 Cineolyl. These structures introduce too much
rigidity into the ring close to the active site.

Accordingly, the c¢yclic atoms adjacent to the said
available adjacent cyclic atoms may be themselves
substituted as long as they do not form part of further
adjacent ring structures as defined herein. Suitable
substituents may otherwise be selected from those defined
for the said at 1least one further non-adjacent cyclic
atom(s) defined herein.



X represents CR (R :i Xrepresents 12, CR1 (R 11 ) (R
X1 represents CR RRM R3 and X2 represents CR4 (R 5) (R

W®2007/11997and B are the sane and represent -CH PET/GBEID7/050189
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and @ both represent phosphorus; R represents
ci s-cyclopentyl . X3 and X4 tgget her with QL to which
they are attached forma 2-phospha-adamantyl group,
and, X1 and X2 together with @ to which they are
attached forma 2- phospha- adamantyl group; A and B are
ther shhe %ﬁﬂl?%%?%s@ﬁtdo@ltZ r@f@ie%ﬁﬁsiobélﬂﬁ cyclic atoms
repiecent pRosphor 681AR aveprleddmt sadigceyk| ehexdylc .atoms or
(dhe X11kX2 1sXBoandl e ndsgst esentrebdantant ople; X aneke Bsaid two
aaeaihebseatneaaﬂldceepr esgntlicCHazoms QlambeaPdzoth  As  an
repaeseal phosphorasexR represenisimdd- ayel eghexyl . atom  via
Sposicfamt her opr eteer edisgnpounds;fndor mel aa(lp1) atom via
| Ped tdeoh hosenwherei Mindlnbe RS ae @l ke ase hhgacent
sapel pndapraterablisr ieaeh Jepr esenbssCrhoh0 4C& Rl kYl and two
p@ﬁﬂé@@ﬁ@rh cﬂEEh%EOH§5H§9'§Eeys@ %f%ﬁﬁﬁﬁiﬁﬁﬁg'éy&llc atoms
%%gpgg%gglg % (rrr) incl ude t hose wherein: each

s the sarre and represents nethyl; A and B
t ae nd re sent_ - resents 4
Sfﬁ%t F% r%% g.d%i%)e %ng %ﬁahsltkggf%élltéb lgast one
b HEft étoe or it aCh) Frafe €5 1195 52 B & 2
(]a?s]i’e% t ? osp an NORRT AY P2 YTt oheRanea gt li “should be
2L BRI R R ?dblﬁﬁﬂa&rﬁ’spﬁpnoﬁ%? W? %oﬁ@ﬁﬁ/an% péqeél-yll Lype
2STHESL YRS - Pﬂﬁut%fﬁ%sﬁhpﬁémw )3%9%41*%%%%1}‘@ SUEhs- gs that
2 pipd (20 phesphicAeperhpldienyd rigg ot tetramethyl ebut, in
9ar,1y10atsei,o>d@@<$arrmﬂyeb;zcty@eohemlne;icciSS}bls,tiZC-Ltﬂ'rs:s on this
(e phosphanomedhyleadt 3o 7itegtranmethyl -6, 9
10-tri oxa-adamantyl) cycl opentane; cis-1, 2-bis
(R=phospdée pofet ythileBicably dntetuaaethylcdnp@inddOherein
t $h OB adamaaktyh) t 6ychebutanghycbse lor2mbk8 unsaturated C-C
(dbadasmnt yhphosphd norebhyl ) exelohexane;atistds, 2- Bigynes,

(géﬁ y! phesphj J@QﬂaﬁyQ%Qﬁﬁﬁian%un%%%o%al alkenes
di adanmant yl phosphi nonet hyl)” cycl obut ane; ci s- 1-

(P Padarrant yl,

The substituents on the said at least one further non
adjacent cyclic atom may be selected to encourage Jgreater
stability but not rigidity of conformation in the cyclic
hydrocarbyl structure. The substituents are, therefore,
selected to be of the appropriate size to discourage or
lower the rate of non-aromatic ring conformation changes.
Such groups may be independently selected from lower
alkyl, aryl, het, hetero, halo, c¢yano, nitro, —OR?% -
oC (0)R?°, -C(O)R*}, -C(0)OR??, -N(R?)R**, -C(O)N(R*)R**, -
SR*°, -C(0)SR* , -C(S)N(R*)R*®* or -CFs;, more preferably,
lower alkyl, or hetero most preferably, Ci1—-C¢ alkyl.
Where there are two or more said further non-adjacent
cyclic atoms 1in the at least one ring they may each be
independently substituted as detailed herein. Accordingly,
where two such further non adjacent cyclic atoms are
substituted, the substituents may combine to form a
further ring structure such as a 3-20 atom ring structure.
Such a further ring structure may be saturated or
unsaturated, unsubstituted or substituted by one or more
substituents selected from halo, cyano, nitro, ORM,
oc(0)R?°, C(O)R?!, C(0)OR??, NR*R*!, C(O)NR?*R*®, SR”

C(0)SR*?, C(S)NR’'R*®, unsubstituted or substituted aryl,
lower alkyl (which alkyl group may itself be unsubstituted



t - but yl - phosphi nonet hyl ) -2-
(di -t butyl phosphi nonet hyl) cycl ohexane; cis-1- (P
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(di -t butyl phosphi nonmet hyl ) cycl opentane; cis-1- (P
P- adamant yl , t-butyl-phosphingrethyl) - 2-

(di -t butyl phosphi nonet hyl ) cycl obut ane; cis 1 (2-
phosphi nonethyl -1, 3 , 5, 7- tetranEthyI ,
1@Itr?6§§éaéﬁgﬁ@ylPr 2erWH%aH¢QMﬂ%ﬂ @ﬁ??}“ or
cyles ohekhpete@i §r1-sYBE oS ndwet hyﬁerfela R each
7inetpanithyl v 6, errqsentrlohadadgﬁantylynsuQstltuted or
(sl bit yt phosphilnowet hyhjubychopeatans; cupst-dt2ed lower
phoisphj namet/byl -ds 3ntebrupletietavanetdylor6,m@¢ (preferably
10=¢% i oxaadamant ¥l ) of 2) - okdyet; butykphesphsnoprthyl yilicon
cyebmbubane;y iSrakro (& phesphRinorBtRHoT ,grhupd or mixtures
Teteteapethyl -6, 9 , 10-trioxa-adanantyl(% -2-
(diadanantylphosphinonethyl) cyclohexane cis-1- (2-

h| ’
e
5? @ p |ho 1S§p?ogy, pueny
7¥ tra %ﬁ flo anan 0_pand Carboxy

AL UL gmﬁmane §fs. f¥o or more
(%yr¥%%¥ m%%o%%ﬁ@ﬁ%ﬁ%tﬁyF¥lCZa oms are substituted are x, V-
(@%%ﬁ%@ﬁﬁtyl5h§§§ﬁﬁﬁ@ﬁéﬁhyl§ cytlotexahe; & §-¢i-isopropyl,
(di Yt Biyephbsphi norey hpethy/ethyl, x,y-methyl/phenyl,
(shadeneed y| plrosphinretetrbykEl cycyopertanel, ci saturated  or
(dis dbut yt phosphilobretfiyl )1 ,-2- substituted or unsubstituted
(Uj adafmnyy) phosphbaonetbyd) ceytbobutanex, ¢i-sxd/e2hbls x, y-
(@xo phosha; 1didubbtielifebAYlatb,a 9single ring atom is also
1@h$£é9§@§r|@ﬁﬁﬂbaﬁ 3x,k-1bwkd - did1k ECV|)More typical
Cyghohexane; s Ch$eliy ﬂyﬁ (2P QSp%a'r% , 1so opyl, n-
sba{yfetw& 8,8 10ats 10X§£fb 394 2?5 (3e1c11] |3 3Lty o

el sastaibntade Sl e gy e

}%%cy?) %yc?%%ut%%% T8 1t (Eh %p%

Otrlox tH l.0- {3 1 %3 7]
é Ydl-tgﬂfi ﬁospﬁl %gl) cycﬁﬁ%ex cyclic
C@%dﬁp @b ho§ KFECturg I3 ppl ﬁaéd gnellable adjacent
1@6{%@%@@%&% W{hachs Sapde[saﬂd j decgkpmsp.are linked.
(H@etcb®¥¥¢phb@bﬁ¢ﬁ@hﬁ%h%F}U@?@¥©p@ﬁYah@ sgpgtituted at one
(Qrph@g@haald further cyclic atoms of the at least one ring
but is preferably substituted at 1, 2, 3 or 4 such cyclic
atoms, more preferably 1, 2 or 3, most preferably at 1 or
2 such cyclic atoms of the at 1least one ring. The
substituted cyclic atoms may be carbon or hetero but are
preferably carbon. For instance, 1in a ring of cyclic
atoms wherein the Q' and Q° atoms are linked to cyclic
atoms 1 and 2 respectively, substitution is preferably at
one or more positions 4 to n-1 ie. positions 4 and/or 5 in
a 6 membered ring (position 6 being n), positions 4, 5
and/or 6 in a seven membered ring and position 4 only in a
5 membered ring etc.

When there are two or more substituents on the said at
least one ring they may meet to form a further ring
structure unless excluded herein. However, it is
preferred that substituents attached to said adjacent
cyclic atoms to the said available adjacent cyclic atoms
do not meet with substituents on the other said adjacent



1,3, 5-trinmethyl-6, 9 , 10-trioxatricyclo- {3.3.1.1
[3.7] }decyl)-2-(di-tbutyl phosphi nonet hyl)
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, 10-trioxatricyclo- {3 .3 .1 .1 [3.7] jdecyl) -2-

(di adamant yl phosphi nonet hyl )égclohexane; cis-1-

(2- phospha- 1,3, 5-trinethyl , 10-trioxatricyclo-
{3.3.1.1 [3.7] }decyl)-2- (dladanantylphosphlnonethx
)%&%1b%e%@aﬁ%rmcf§r he{zrl%ﬁo§bﬁﬁciur%s gLt pihefRAyFRESE may
grend@r tihoxattieycsbte {803.1191¢ 3. 7] }decyl) - 2-

(di adamant yl phosphi nonet hyl ) cycl obut ane; cis-1,

2Pbe Spealhly uorohd 2-phosiphaHydrdcar®yl 7-sttetucametehylwhéch is
IsubdOittitedxayr cpeldoff3.683 1ad{Bla1g - detytgnt positions on
cyied ohexapngst cose lridg has- peelistlueparbtZmphbosphaikh Bespect
& whd-tet&aaet hylc6ic PondOandriwxatrigyck of o3t dedents.
[3.7] }decyl) cyclopentane; cis-1, 2- bis-perf luoro
(ﬁr@f@§@@§ylat§eac c1id-hetrapBthyl - 6¢r8ctud®-has from 5 up
t{é%@téﬁ/&y%%@o 1. ﬁlfo{fé le}_gf?%h} E}!&lnobzu fn'éo 18 cyclic

C , mo ES %g%?ﬁ 1c tomns and
if&? onoy . 9 L %Xat 'gy § 43
c o c 2-" bis- )
r%ﬁé?ﬁ or6 é ﬁ% yc 1c The cycllc
t??%@%tﬁWE&cl@ {gargonl o} [ t%m?,J(ﬂﬁﬁﬁgln references to
Yol ehentEiE tandrei sce AT eyt s FOo( 25 phdpha- 10X ¥gen sand/or
,N7L¥ey?a- (TFPLFRLOY O ImgjﬂmglLC(ﬁydqpcarbyl structure has
10cemi axapr iteycllocyd icl.cafi@n Ajomecyhyreyerebarapéy from
ahdup nebudBngyallli ccics réavanta tomer,s rofstt herd oregol ngfrom 3 up
wher 82 sughl enandrooer stane possi bhenExanpkbgsloft, especially
ner bay Nyl brtdged tagends dgwludend (2- exQy F@x0) may be
-bEYEVOLL 2. 3r . ol heptane- 2nd 3mbiySor may not be interrupted
(Q& bﬁétQQIWRQQQQﬁQkﬂQﬁE&BMhS) (QE%HQ%ll%'em%QD the cyclic
L GY&E Q-2 2 s%rh@@gkénel% ic referably
(fleferibilylhosybl pore iy %;cE%énpga§oegrﬁypsgtfakﬁgre o
&@9?9 ?' % % Hﬁ %n Tu | nsaturated bonds insofar as
Qhe Er \y H_ <9nEt t)c CllC atoms to which the Q'

C 0 exane CI
Pt s % @f saﬁu¥a5ed @nd references to
t%ﬁ?%ﬁ&%% ?% cPéﬁé%&ne&Pghf 2? StrUCtureS should — Dbe
(@@d%%%¥0%%t§F5H6§bﬂgﬁ6netﬁv1)CYC%lC étom is meant an atom
diphenyf eyes ohextanet ci scyqlic 2skpgbketon.

(di-tert-butyl phosphi nonet hyl ) cycl ohexane cis-1, 2

bTlse ( dict et Thetnpca@pivds pHi Mottty ) apart 5 fdgiophemat it may
be interrupted with hetero atoms and, subject to the
definitions herein, may be saturated or unsaturated.

The cyclic hydrocarbyl structure may be selected from 4
and/or 5 lower alkylcyclohexane— 1,2-diyl, 4 lower
alkylcyclopentane- 1,2-divyl, 4, 5 and/or 6 lower
alkylcycloheptane- 1,2-diyl, 4, 5 , 6 and/or 7 lower
alkylcyclooctane- 1,2-diyl, 4, 5, 6, 7 and/or 8 lower
alkylcyclononane— 1,2-diyl, 5 and/or 6 lower alkyl
piperidinane- 2,3-diyl, 5 and/or 6 lower alkyl
morpholinane- 2,3-diyl, 0-2,3-isopropylidene-2, 3—
dihydroxy-ethane- 2,3-diyl, cyclopentan-one -3,4-divyl,
cyclohexanone-3,4-diyl, 6-lower alkyl cyclohexanone-3,4-
diyl, 1-lower alkyl cyclopentene-3,4-diyl, 1 and/or 6
lower alkyl cyclohexene- 3,4-diyl, 2 and/or 3 lower alkyl
cyclohexadiene- 5,6-diyl, 5 lower alkyl cyclohexen-4-one-
1,2-diyl, adamantyl-1-2-diyl, 5 and/or 6 lower alkyl
tetrahydropyran-2,3 diyl, 6-lower alkyl dihydropyran-2,3



cycl ohexaneci s-5, 6-bis (di-tert-butyl phosphi nonet hyl)
-1, 3- bis (trinmethylsilyl) -3a, 4,5,6, 7 ,

wQ 200ngx@hydr o-1, 3Hi sobenzof uran . It will bePCT/GB2007/050189
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appreci ated by those skilled in the art that the
conmpounds of fornula (1), (Ilé (rer)y, (rv) or (V) may
function as Iigands t hat coor ?nate wth the Goup 8 ,
9 or 10 netal ound to formthe netal corrpl exes for
@& Tn CnaciRvent Lot Typi CHIT¥A0E he G oupE b 950y or 6
met &P coor Hinht es4t o @h@xélﬁ@ or- ﬁo?edphéspho?owwer alkyl
apsepine dngd] ore antdudaryi s omst,&f-dihd ,congodndesf alkyl-1,3
foroulang+)5, ¢+1div{l12)and(o¥W)3-1lovetValkyAsl, 4 dithiane -
nentd +ohed, hereinghydra Stndd-Furtdher4set-dafyl, delta-valero
enhoedbment g, efdihe, pr esanta-onegailertdnke |1 gand-&iys, 2H-
ad bh flent g €ohd 9N G ofi ygenepalichor Bul i idd V3 X ddiyl, 1-
(Xer Rk A -pRroBriafhe- X3 (X4)ipherein 3 A ands.B alkyl
eache 1 ndependen Iwl@qpre§695wépmeﬂighkya9 AarR imidazole -
represenis a C¥CE'% hydr.acary! StéUCtUES ?V'”g kyi-1,4,7
| a5 orie ofratic £Lng, {0 mchj hg S apd @Q%
ai %CFQD(ﬁna ai | aﬁﬁ % [

ours, e LK Py e fé Su%%fﬂﬁtut i hPURTa ot
| B35t O  Subkti fdeft Sh-at | east™Bhe Fdrthert hiazol{line -
n‘(l_m5 a‘ileLféthenfl éyéppeeavén%f:l%@xafle| edst’ Gri& lri rfy; and/or 5-
WhiePRY h-@dehoeifaeent s ¢y&iy € at om oot Heémsald Ll - cyclohexane-
avalt@by & adj acent Scypekhglaverrhsxape-substidiured so 3, 4
asnd oof orm a flumtsher 3-8 yat-omceihyg ronepbtbee eviea t Re9-diyl,
adbvheychd] acent] cyodrianeatm t dityle saed4a®abl dblle-hexahydro-
atfacemdn€ych+eiat pnel i ntheaatl/beast arehrniln@aQ9r v, 8,6, 7, 7a
ae 24 10731 8¢} Bigentd¢0-4 he-say d, ot beraadpaeent-gtomiwthano -
outgéele therayileassapne, ring-ttheagraupsi¥linden-X36-diy1,
apd X %nbﬂ@%p%mﬁﬁﬂéﬁhJﬁpI§§enh gnival entnheadihcaks-YR-inden

i gtoms having ay | g@%é%g 35y y$RL00N43508) 7, 7a-

b| vg%lg%?fra%gc %1 &qua 0 a ons forma

Vi ng at least two

tert] arc%é ¢arhon t?ctu%%r\’é@erefen gpeh, sald univalent o, .,
bl Val en py,aﬁ) casl ISaJ 0i ﬂg Vi a salla at ~Pdast “one ‘or o
tWo terttar égﬁgct Vel y'§o $HE ©vay as ©

a%%p%5+;%?% at%ﬁwdﬁ“ﬁr .%ﬁﬁf one ~ further non-adjacent

cyclic atom above but may also be hydrogen, or represent
the hetero atom being non substituted if linked directly
to a hetero atom and may be the same or different and
wherein at least one R’ atom 1s not hydrogen or
representing the hetero atom being non substituted if
linked directly to a hetero atom. The diyl methylene
linkages to the phosphorous (not shown) are shown in each
case.

o=

4 and/or 5 substituted cyclohexyl 4 substituted cyclopentyl

of LEV1-



QL and @ each independently represent phosphorous,
arsenic or antinony. By the termone further

wawratjoacent cyclic atomis neant any furtherPCHGBR®7/050189
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15

atomin the ring which is not adjacent to any one of
sai d avail abl e adj acent cycliﬁ atons to which the QL
and 2 atons are |inked. Adva %ageously, the ring
structure of the R group in the present invention
prevents undue rigidity by avoiding ring ructures or
bridggs involving the cyclic atons i mmedi at
' ai | abl e adj acent cy
adjacent to such Fad

stericA nfl uences (supplled by appropriate Jing
substatutlon) than through further proximat/e rigidity
in the rlng This may be due to the relatifvely

chRRATRP SRR PAPIBRPEN o 1§ nd: Tearitnt | Soeellehd FREER o

steric cqpstralnts may allow the incom ng netal atom
to adopt the nost favourable interactiongposition
whi ¢ woul § be denied by further ring rigidity close

to the\sa \| abl e adj acent cyclic atopns.

Accor di 0 fromthis S

i nventifon are nor type bridges Jat theJring affons
adj-aeeqt to the avail abl e adjacent

like s eolyl. These str

too nuc I gidi i MO the ring clo

gly, the cyclic at ofts adj agent to the
saldRavallanIe adj acent cyclic atonms maylbe thensel ves
substitutedgas long as they do not formpart of
further adjacent ring structures as defined herein.

3U5 B@Qh@/oﬁ@&%&t‘it&té’@&k%n&@y 03 ek saub&ises d%éhﬁ;?bréﬁéﬁﬁ‘thalene
those defined for the said at |east one further

non- adj acent cyclic aton(s) defined herein. FOR"'t he
av0|dance of doubt, references to the cyclic tons

ai | abl e adj acent cycli ¢, at ons
intended to refer BT jC
Rll
5 and/or 6 substituted piperidines 5 and/or 6 substituted morpholines

R' O
R'_ O I
R' O

1- substituted furans 5 and/or 6 substituted 1,4 dioxane



avai |l abl e adj acent cyclic atons thensel ves. As an
exanpl e, a cyclohexyl ring joined to a QL atomvia

wWeo®ni®m 1 on the ring and joined to a Q at onPI/&B2007/050189
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30

position 2 on the ring has two said further non

adj acent cyclic atonms as defiggd at ring position 4
and 5 and two adj acent cyclic atons to the said
avai l abl e cyclic atons at positions 3 and 6 . The term
a non-aromatic ring neans that the at hsast ong ring
to which the @ atomare |linked vikNg B

r d¥gect i ve IS non-aromatic, and aromatic Jshoul d
inte eted proadly to include not only a
stru e buf other rings with aromaticity
that foup he cycl opentadi enyl ring of fe
but, in any cas®; es not exclude aromatic
substituents on this non-aromatic at |east one ring.
Ref eren to ethylenically unsaturated c d
H%&%Fﬁeéﬁgﬁﬁd be taken to include an%’S%@ﬁgggﬁgfgmama
unsaturated C C bond(s) such as those found in

. aubstituents are, therefRbfe,
to be of the appropriate size to discourage or |ower
the rate of non-aromatic ring conformation changes.
Suglopgntawps may be i ndependent | y 6s@ibeitiitedlcyicloberahawer
al kyl, aryl, het, hetero, halo, cyano, nitro, -OR19,
OC(OR 20, -C(OR 21, -C(OOR 22 , -Nﬂq'R 23 YR24, -C
(0) N(R25) ——SR29, -C(O SR 30 , S) M

nore preferably, |ower alky
C-C6 al kyl. Where there afe two

hey may each be i ndepengds
substituted as ™tatted herein. Accordingly, where two
such further non adjacent cyclic atons are

L TRl TR Rt ir e such as & 890 Lo i g oReen

structure.

X X

2 and/or 3 substituted cyclohexadienyl 2 and/or 3 substituted 1,4 dithiane



Such a further ring structure may be saturated or

unsaturated, unsubstituted or substituted by one or
woreeg/1s0bst i t uent s sel ected from hal o, cyano, PECT/G82007/050189

OR19, OC(OR 20, C(OR 2 1, C(OOR 22 , NR23R24,

C(O NR 25R26 , SR29, QQSRSQ C(S)NR 2 7R28,

unsubstituted or substituted @y | oner al kyl (which

aIkyL group may itself be unsubstltutedor substituted

1trogen, sul phur, silicon atons
or by silano or dialkyl silicon groups or m xtures

Particularly preferred fur her

{)c?”g?:mﬁ?do%r(gﬁﬁstltuents are nethyl, éprtugﬂqgjﬁ@ﬁ'ane
I sopropyl, phenyl, oxo, hydroxy, mercapto, am no,
cyano andqcarboxy. Particularly preferred substituents
when two pr nore further non adjacent cyclic atons are
substltut d are x,ydinethyl, x,y-diethyl, x
|-|sopropyl X ,y- drphe
|, x ,y-nethyl /phenyhh_saN rated| or
unsat yr at ed yclopentyl saturated or unsyturatled
3 substituted or unsubstitut
: ubstituted cyclohexyl, x ,y-oxo/é€

X, yoxo/ t hyl, bstitution at a S|ngle ring atom

is also e V|saged typically, x,x-lower dialkyl. Mre

t ypi cal stbstituents are methyl . ethyl, n-propyl,

I so-propyl, nbutyl, isobutyl, t-butyl, or oxo, nost

t a ethyl, or ox Y,
10 y? 3 Aé&)ﬂﬁégébmgkﬁd y st and fo? g@ﬁLm%ﬁg 58@%5

t he at | egst one ring. Preferably, further

substitut|on of said cyclic hydrocarby\ structure is

ngt on sgﬂd avai | abl e adj acent carbon akons to which

ons are |inked. The cyg

ructure may be substituted at oNe or

hydr ogar byl

eferably substituted at 1
nmore preferably 1, 2

yerd
preferably at 1
one ring. The

15 1, 2, 3 substituted thiomorphiline 5 substituted cyclohexen-4-one

20
bicyclo[4.2.0] octane bicyclo[4.3.0]nonane



substituted cyclic atonms nmay be carbon or hetero but
are preferably carbon. For instance, in a ring of

W@ itz ons wherein the QL and @@ atons are PCTKBA0TO50189
cyclic atons 1 and 2 respectively, substitution is
preferably at one or nore poiézLons 4 ton-1ie.
positions 4 and/or 5in a 6 ered ring (position 6
being n ) , positions 4 , 5 and/or_6 in a seven
menbered ring and position 4 only Tha 5 nenbered ring
etc_~A¥en there are two or nore subst s on the

¥ east one ring they nay neet a further
r cture unl ess excl uded ferei r, itis

pfefe d that substituents attached\to sai pacent

cys™d ¢ to the said avail abl e ad\acen

atons do Wi th substituents on the er said

adj acentcycltc to formfurther ring structures at al
as these may render the active site too rigid.
GBI 2 4e cyclic hydrocar byl SFFW‘EL{E?@%PMOPEG‘”
substituted by A and B at avail abl e adj acent positions
5 on the at |east one ring has a cis- conformation with
respect to the relevant cyclic bond and the A and B
substituents Preferably, the cyclic hydrocagbyl

structure from5 up to 3 0 cyclic at

preferaply frgm4 up to 18 cyclic atons,

PR up to 12 cyclic atonms aphd when
nonocy 5to 8 cyclic at any

case, nonocyclic or polycycli & The cy€lic
atons may be carbon or hetero, wherein references to
hetero herein are references to sul phur, oxygen and/or
10 nSubstiyesd diigpomyabh y, t he cyclsulsstitytdd peatalmgthytine watphide
has from2 up to 3 0 cyclic ¢substinteattotmshydnmthiopyran
preferably from3 up to 18 cyclic carbon atons, npst

prefera f to 12 cyclic carbon and,
when [ especially 3 to 8 cyclif carbon atons
af may be nonocyclic nd
may or i nterrupted by one or

at ons. f@pically, when the cyclic hydroca®
structure is polycylic it is preferably bicyclic
tricyclic. The cyclic hydrocarbyl structure as defined
15 hietrahydrorflyan-Bedngde unsat ur at ed boaidsvalewdacionad,Sidig
sai d avail abl e adjacent cyclic atons to which the QL

o) o) O

20
gamma-butyrolactone glutaric anhydride



and 2 atons are |linked are saturated and references
to unsaturated cyclic hydrocarbyl structures should be

wa@eeenstoaod accordingly. By cyclic atomis nmeaP@T/@B2007/050189

10

15

atom which fornms part of a cyclic skeleton. The cyclic
hydrocar byl structure, apart Bé0n1that it may be
interrupted with hetero atons subj ect to the
definitions herein, may be saturated or unsaturated.
The cyclic hydrocarbyl structure may be sel'gcted fgom
4 and/or 5 | ower al kylcycl ohexane- 1, 2-diyl,
al kyl cyclHopent a . 2-diyl, 4 , 5 and/or

al kyl cyc ne- 1,2-diyl, 4, 5, wer
al kyl cy€l ooclfane- 1,2-diyl, 4 , 5, and/ or 8'NH
| Bwer kylc cIononane- 1, 2-diyl,

al kyl pi \hane- 2, 3- d|yI 5 and/ or | oner al kyl

la iyl, 0-2, 3-isopropyl\dene-2,
di hydr oxy- ethane- 2,3-diy|, cycl opent a - 3,
cycl ohexanone-3, 4-diyl, 6-1ower alkpl N
cycl ohexanone- 3, 4 diyl, 1-lower alkyl H
cycl opentene-3, 4-diyl, 1 and/or 6 |ower alKkyl
%l@lstbﬂ#@ﬂéﬂwdr@md@ﬁoiﬂ 2 and/ or 3 | owtbstiutrgl.4,7
cijiarashelraenagge- 5, 6- di yl, 5 lower alkyl

cycl ohexen-4-one- 1, 2- d|yI, adamantyl -1 -2-diyl, 5
and/or 6 | ower al kyl tetrahydropyran-2, 3 diyl,

6-1 ower al Ryl dihydropyran-2, 3diyl, 2-lower alkyl 1,3
di oxane - 5\6-diyl, 5 and/or 6 |ower alkyl-1,4 dioxane

-2,3-diyl, al kyR' pent anet hyl ene sul phi de

4, 5-divyl - | ower |-1,3 dithiane- 5,6- diyly 2
and/ or §”10mer al kyl\1,4 dithiane - 5,6-diyl, N
tetrahydfo-f uran-2-dne -4,5-diyl, delta-valeyo

| abtone , 5-diyl, ga ﬁtyrolactone 3R ,

2Hdi hydr §pyrone 5,6-gdiyl, glutaric anhydrlde 4- dild
1- kyl i di ne -3,4-diyl , 2,3 di-l¥wer

, 6-Ykyl, 2-1ower alkyl dihydro

i m dazol e diyl, 2,3,5 and/or 6 |lower alkyl-1,4,

7 tri cl ononane -8,9-diyl, 2,3,4 and/or 10 | ower

al kyl- 1,5,9 triazacycl odecane 6, 7-diyl, 2,3- di-Iower
al kyl thlonDrphollne -5,6 -diyl, 2- Iomer alk | -

twbﬁﬁté i »8 tmazgcgquwpnegf , 5-di pherﬁwpswy@ﬁo‘ﬁ@zawe

-1,2-diyl, 4 and/or 5- phenyl-cycl ohexane-1, 2-diyl, 4

. 5-di met hyl - cycl ohexane- 1,2-diyl, &\or

5- met hyl cycJ ohexa 2-diyl, 2, 3 ,\4

Rll

Rll
3a,4,5,6,7,7a-hexahydro-1H-indene substituted 3a, 4,5,6,7,7a
hexahydro-1H-indene

o=



and/ or 5 | ower al kyl -decahydronapht hal ene 8, 9-di yl,
bicyclo [4 .3 .0] nonane-3,4 diyl, 3a, 4, 5, 6, 7,

wQq 200ngx@hydr ol H i nden-5, 6-diyl, 1 , 2 and/ orPGI/GB2007/050189
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nmet hyl -3a, 4,5,6,7, 7a hexahydro-| Hinden-5, 6-diyl,
Oct ahydro -4,7 methano - |ndeB 1,2-diyl, 3a, 4, 7,
7a- tetrahydro | Hinden-5, 6-d §I , 2 and/or
3- dlnethyl -3a, 4, 5, 6, , 7a- hexahydro IH-|nden
1,3 -bis étrlneth [)
ﬁctabgﬁ@ﬁaﬁyaﬁt@nmn SEbensoPeut e tefsaf@/dm yi ndshite
typi cal structures are shown bel ow wherein R, R ',
R'', R"'"" etc are defined in the sane way as the
substituent on the at | east one further non-adjacent
cyclic atom above but jyay al so be hydrogen, or
represent the hetero atom bei ng non substituted if
I|nked dlrectly to a hetero atom and nmay be the sane
gin at least one R' atomis not

hydrogen € g the hetero atom being non
substltut»d i f gitecftly to a hetero atom The
di yl y \agfg to the phosphorous (not shown)
are shown i m™~each case . 4 and/or 5 substituted

cycl ohexyl 4 substituied cyclopentyl, 5 and/or 6
substituted cycloheptH 4 , 5, 6 and/or 7 substituted
cydistituded/Ba, 430,6.7 7 adrekabydrg- 16kibgene ut ed cycl ononyl

2,3,4 and/or 5 substituted decahydronapht hal ene and/ or
6Isubsei tautred tpirger | denesn 5, andieore Gtlsest isutede than one
not phol s resr c sudlstr tpdedibueansls andibr fereoisomers are
subséhded ed AodedbpxanesubspireobedoDOPhadt-the at least one
sybstt tthedk 103 dioxangseycdopent.anane Grosubsidddntedeyclic
cyebphexanene,d 1e§§@55héukfﬁgc¥§£9958t@Hyb irand/ @irbetion
w§w%’5£é£}5‘é@9 cygl ohexgnyla2cand/ 9 o sUbSELEULED outwardly

x / u tuted 1,4 dithiane3 -
s% s??%utedg%%é%n%s % o §%§t$§% ed 1, 3 dithiane 1, 2

bstltuted ine 1 s :

Sf e dhe 1t CraPiBiky i %ab¥f EphEfppgssassoctatea
b%@l%u? By Ao HdMer 48 ¢ i cYct of 4° ? BPCoEPAnesStructure

b‘P]&yc%[é’s“g OPfABnafreAd drtdmt y‘%es-pelctz efi t’rh%u%%@@tia%ween the

t%W?aﬁyaﬁéﬁziﬁnagd@§€@¢uﬂéﬂﬂdﬁhy®?@ﬁ?rg A ghpshi futdy B are

pentRaet hye eneasud phede (substituted

t et rahydro-t hi opyran tetrahydro furan- 2- one

deypacybalero kEhet omeodips- di yK ganﬂBr@@@Wt@Iaéﬁoﬂ% X

gi@pa¢$@nemhyﬁfud@$uB%XAtufedrdphgdeotsn1©®z@1e(R.) and x*

Substéteitesd ARY, (R'tr imZacyehenenan®&’stbstr't utedrdsén® lower

tsiazacystpdesane=substituted thiazolidine

3a, 4,5,6,7, 7a- hexahydro-1 Hindene substituted 3a,

4o 5r 61 du V@r DeXphydeorigtHindeneOct aby dkgard o/ J@idno  r* -

-r1 ndengc3ar’4, &7anetyahyadro- R’ bpdeng cernatively, R'-R°
and/or R'-R' when associated with their respective

tertiary carbon atom(s) form composite groups which are at

least as sterically hindering as t-butyl(s). Steric
hindrance in this context is as discussed at page 14 et
seq of "Homogenous Transition Metal Catalysis - A Gentle

Art”, by C Masters, published by Chapman and Hall 1981.
These steric groups may be cyclic, part-cyclic or acyclic.
When cyclic or part cyclic, the group may be substituted
or unsubstituted or saturated or unsaturated. The cyclic
or part cyclic groups may preferably contain, including
the tertiary carbon atom(s), from C;-Csa, more preferably
Cg—Cs4, most preferably Cip-Cyy carbon atoms in the cyclic
structure. The cyclic structure may be substituted by one



Substituted 3a, 4,5,6,7, 7a- hexahydro-1 Hindene In the
structures herein , where there is nore than one

wer@rei®oneri c form possible, all such stereoi BONEB2007/050189
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35

are i ntended. However, it is preferable that the at

| east one substituent on at 2 st one further

non-adj acent cyclic atom of t at least one ring

extends in a trans direction with respect to the A and

of " B&t"6m ﬁégsékt:éﬁa*ésou%%%tl%ﬂ oﬁrloﬂgg @% posi tcé/aé}cﬁ% nltror

dPRthe GG (1Y.R PrefePably, €he)eycli dhyBrocaf BYINR R, SR™

SErALSRIFe G SASBOCR At edirwilt hotA Aatl, Bvasrehe di's- Lo R each

2i nyependhydr pcardpde struchyde ogen, i naany case,logies alkyl,

whhd)/ s espect itoetheotendthetoveen otrthendwd awapkable sulphur

aglf agentocyiey i €1 Bddsot od il kel Al Bdsh Byas€ps .

respectively attached. Typically, the group X1

repr esent scORlr R 2)ndiR yc163 represent s xCRAaLR/8) (R may

Gerr@@%ﬁ@pr%§%_f%§a§a (R §%r£5& 1and X4 Jepreseitshyl  or
&BATMB 1gr)X’ gmrg* N R 1{1@p@es@<§]twll19¥‘§rthey are

a% ayl grhe artlsglh 5%19%&“ &%a@& Bug 20

tRT»Zl r@f@;g Mgpﬁg RD) R é 9 R0z rect,

20 ol o TR “é%%a B0 AR WD ore avtached

%ﬁTs§ ?b?%w%%ﬁ%%@l?% 52 which are at |east as

sterlcally hi ndering as t-butyl (s). Steric hindrance

in this context is as discu¥sed at page 14 et seq of

"Honpbgenous Transition Mgtal Cgtalysis - A Centle

Art", by C Masters, puBfiis Fapnman and Hal

1981. These steric groups|may be cyclic, part-cyclic

or acyclic. Wen cyclR glic, the group may

be substituted or unsubsti or saturated or

unsaturated. The cyclicper part geyclic groups may

preferably contain, including the tertiary carbon

aton(s), from C4-C34, nore(pReferably C8-C24 , nost

preferably C i0-C20 carbon atons in the cyclic

structure. The cyclic structure nay be substituted by

ofizot lamt e, sibstintuent st seteceed wirtdm hal o; oyand, they are

nit tach©@R19I mayOC fIMR2GrC( OpR:24naCl @) OR WXt INRRIRR4, 2-01 -

Oiﬂ&ﬁ:ﬂ@@ﬁ}.ﬁl:\’?%, T (@ cHR Growp ) oNR2AHRRG taryd  ehereof,

Het , xwhehei X*REQ @ nR30 waah Ohdependentl \Hepresentttached

hygly ogenn aryin®rsyomer &f kybyma@ng/ o be interrupted
by one or nore oxygen or suyphur atons, or by silano

or dial kyl silcon groups.

R4e H ‘ ‘ H R54
R R53
Q
R51 R52

(1b)

Alternatively, one or more of the groups Xl, X2, X” and/or

X* may represent a solid phase to which the ligand is
attached.

3

Particularly preferred is when X', x?, X’ and X' or X' and

X? together with its respective Q° atom and X° and Xx*
together with its respective Q' atom are the same or when
X' and X° are the same whilst X° and X° are different but
the same as each other.



In particular, when cyclic, X1, X2, X3 and/or X4 may
represent congressyl, norbornyl, 1-norbornadienyl or

wa@eoaramoyd , or X1 and X2 together with Q2 to wWETGBRWEYS0189
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are attached forman optionally substituted 2- Q-

tricyclo [3 .3 .1.1{3 , 7}]de?¥ group or derivative
thereof, or X1 and X2 together with Q2 to which they

are attached forma ring systemof fornula la ( 1 a)
Simlarly, X3 and X4 together with QL to which they

ate tat tAcChedardy FererardoptlvnakPyesanst ilanead azlml aryl
te¥cyetn [3 .3 .1.1{3 , 7}]decyl group or derivative

t hereof, or X3 and X4 together with QL to which they

arR€ ats ached amyh f anfdeacnbipgtiyst eapoésdor milyvalddyen,l lower
bA1 A1 er nayively Heonearad @y ebef ihherguewps Xk, K&k &8 more
angy @kn X4 Ryl grepreseptiacsal | hiphase torwhigh thelano  or
I&Q@%l&@&@&@ﬁ@up?a&fI&yi@ﬁwspf@é@é&ﬁd is when X1,

X2, X3 and X4 or X1 and X2 together with its

respegti ve (dx-at om and, X3sand, X4, él@gﬁtlcﬁl&gaﬂ\%%rgt%srepresent

r or when

kﬁ%&g(g\ o %%)éi@%f %]4 arg different but the sane
5Oe ch_ether.Rl to Rl each ei{gendnégearryl reerperseesrétnt
ﬂ‘@%@nﬂ%}y%}e%%n%eEydrogen | ower al kyl, aryl or

Het and may be interrupted by one or nore oxygen,

s‘(l]lrpﬁ%v Ysi | Y comchtons "h6F B j?e§iepémoeéﬁhdllaﬁﬁy?@ﬁ?@éﬂry

grepmes ort nhxtares $hbfenfor RIR R5AhangiR5B ., n@raresents

predepyen catbwendepentent | Fry epresent hydrogen | ower

al kyl or aryl; R50 to R53 , when present, each

i Fdependent ) yRﬁepzroeslth daovter iabkpendanyll vorrddetesefl, lower

Y21kYB, ¥4 andy5, wheMopkeseahntsf@eaahl ¢ ndependent | R'* each

r epiesenic OXygehepstkidt af NoRcB5aikwher €, ncR581kyl phenyl

r epresent s thedr ggensy 1| nyedu;ﬁl Kyl eprabyhiilPrefablotted as

Rlc £ on 812 neach yndgpeng Hé?é@ﬂt drwernahkyl @roup is
aryt i o MO F’ESESE% h¥e§ % gach icndependentily  gyen

rﬁ f@SSPE rébﬁ? k y%@2 agﬁ ? 5¥£e8 89¥hy represent C;

to Cg alkyl, which is optionally substituted as alkyl 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, especially methyl.

In a particularly preferred embodiment of the present
invention R', R*, R’ and R'’ each represent the same lower
alkyl, aryl or Het moiety as defined herein, R?, R5, R® and
R'" each represent the same lower alkyl, aryl or Het
moiety as defined herein, and R3, If, R and R'? each
represent the same lower alkyl, aryl or Het moiety as
defined herein. More preferably R?, R4, R’ and R!° each
represent the same C,1—Cs alkyl, particularly non-—
substituted C;-C¢ alkyl, such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl
or cyclohexyl; R?, R°, R° and R' each independently
represent the same C,-Cs alkyl as defined above; and R%
R6, R’ and R' each independently represent the same C;-Cgq
alkyl as defined above. For example: R', R*, R’ and R"

2 ® and R'!' each represent

each represent methyl; R*, R°, R
€ ° and R'? each represent n-butyl or n-

ethyl; and, R?, R, R
pentyl.



(wherein the phenyl group is optionally substituted as
defi ned herein) or phenyl (wherein the phenyl group is

W@pio7ormard y substituted as aryl as defined herBCTB2007/050189
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Even nore preferably, Rl to R12 each i ndependently
represent Ci to C6 al kyl, %h Is optionally
substituted as al kyl as defln herei n. Most
preferably, RL to R12 each r(fresent non- substituted C
il%0 TB aef%@ﬁf@s%]c]fy aé’ﬁ?éﬁ(qﬁﬂe diggrdpylcf the present
| vy, cAcButR/l ,tq sB- buﬁﬁﬂupté?PrBa?yFS pért ybame lower
hekyylangreycl @hebigt mesperi abl Veﬁ"enhw herpia. Preferably,
pen¢ih callay L ygpoeper redcenBodient obptrheepresene same C; to
i oweatkph BrouRd, Rétaind R eachnsepbesenttétie csaoe alkyl,
| oneli @ kyétharyl eohyHet naprepylasideftpnedyher abputR2, iso-
RSut {8, and Rl each rephesent tde, sampd ovee1ah&yy1.  More
apyd £ OFa ey, r@é@EYRaStcdqffl'zn?gpP@E@hﬂs 2BEnt3, RO eR8 puty1,
qggsgl}grgggpa}g r esent {he sane | ower alkyl, aryl or
Het noi ety as flned herein. l\/bre preferably Rl, R4,

U %Qﬁﬂmre ﬁ?ﬁ%ﬁ Ih dabk%%!resent in a

gk s

Pgnﬁ g tUtﬁgn clu es C; to Cqp

I%% rFa (§| PE@ Cfghe g .group to
R%Oaﬂﬁcﬁ1i @a@ﬁoPﬁd eﬁ&eﬁ%l Jerd ¢ and is
S%%%efyl%% %?ﬁyPe%slaeFPﬁe&fﬁﬁbVEW' ROWEp, 2RY dngPelow.

Rigverkhe | peiepentient + §¢ ept e8ent J@lh%f%@ﬁ%do C6 al kyl

as defined above. For exanple: Rl, R4, R7 and R10 each

repe eSent freehglk; apzZleS,orRS‘aaldwlF?ilwmhw%@rbgéﬁ@n, means

ethykp afd, R3kyR6, aRE andcRt@eeacherbplesenthplbut gkhenyl,

opropeht ypropanah espedi, aldut gpnef,erpeatkt enbodemeaty 0f hexyl,

thex@iesenhd nvent y bngeactbsRl t OnRE2sgraiiperemesepesified,

thek paMenkoweingl Kidwerar ¥l kyor odefupipiely, aghdef ivtede is a

her ef Ne 1 Eref guabby, Mhermaldy! a96QYPS peeaCh R tOr Rb2anched

repsesent sathe saneLred 0pCaabkyl 9OUPys PaHdIGHAr kY puty 1

nQ@dSH@%%&% %@ Q @5%%Eatﬁﬂchm?suggggﬁkatgﬁ yha cyclic,
h %ﬁ%ﬁ a]\%/sc Qui vl fert o Rutyl e 5ihreq,
ex(X cexécl 0 %@ﬁ re %)r’eferablr% eac

sti uents

presen ) rt 5 MD
s %?% £ OrTh%v?ré Shia e ﬁémﬁ D HOE
g HO)BD]?%p%/e@g%R in %m d’of ° ?ér'rmlcéol vme:ﬁ:c(@w

hereipst i el edeC |SUP§tetU@e§g ofp¥.whjCh eawupstituted or
boweedl Beteto Bt aces e title §r ouppt ok~ each independently

represent hydrogen, halo, unsubstituted or substituted
aryl or unsubstituted or substituted lower alkyl, or, in
the case of Rm, halo, nitro, cyano and amino and/or be
interrupted by one or more (preferably less than 4)
oxygen, sulphur, silicon atoms, or by silano or
dialkylsilcon groups, or mixtures thereof.

The term “Ar” or *“aryl” when used herein, includes five-
to-ten-membered, preferably five or six to ten membered,
carbocyclic aromatic or pseudo aromatic groups, such as
phenyl, cyclopentadienyl and indenyl anions and naphthyl,
which groups may be unsubstituted or substituted with one
or more substituents selected from unsubstituted or
substituted aryl, lower alkyl (which group may itself be
unsubstituted or substituted or terminated as defined
herein), Het (which group may itself be unsubstituted or
substituted or terminated as defined herein), halo, cyano,
nitro, OR', 0C(0)R*", C(0)R*", C(0)OR**, NR?’R**, C(0)NR*R?

SR?% C(O)SR3O or C(S)NR27R28 wherein R to R each



t hereby connect the group QL or @ to the R group, and
is otherwise defined in the sane way as "l ower al kyl"
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term"lower alkyl" or "alkyl" when used herein, neans
Ci to Go alkyl and includes gethyl, et hyl, ethenyl,
propyl propenyl but yl , buteny pentyl, pentenyl,
h , hexen and heptyl groups. Unl ess ot herw se
???%@e“ f%yl FRRT e Rl | oBFraPRYt gr BOPpSLARYLtUted or
@@S¥h@W@e¢sEﬁﬁ@uf©¥cﬂéﬂ%ﬂhuﬁﬁévlofV@ﬁ#ﬁbnaékﬁhs‘gﬁﬁ?p may
| i neatf obehranshest {pared colrardyoprefwreddobr ancheidhated as
glofipsed ndleude i), bubyl and it&epropyd) ,otbeRsat updtiédionally,
umsab urat edo, beyayel o, amcyel i ¢ or part
cyclic/acyclic, be unsubstituted, substituted or
tena nadad by 1onear’ mihersubskidt uretsisel eatedsfromto Cyp
hal BenEyafQd NhElde ORAONOA O Br8§en§;ip) Bu2dny & ObRteny1,
25%1@1 NR23R24, SLOIDNR 25R26. o5 SR28erHX O SR 30 i G NRaZkeny 1
y”%ﬁ StHﬁﬂ&@dtﬁér§UQ%tHiugﬁgf§5¥gnto number of carbon
U9§ﬁ£§t' 4 f9n8%¥SHPSE£5HEﬁ aHef. whepel E ﬁlgrtﬂngﬁgurated
enden % rﬁpreseq) ogen, 2 11c be
b? u gd or % N % arﬂé gﬁ { %% !
s%%&l tut B4 dne L gl - g &8& oor mofge
n‘?’T lm%%sanae @g* b a @ge;ﬁm@ ﬁp A

g&;efer o] g§s 'su

s¢ @b at@ﬁﬁ IbyrsPP%%%S%Ft@F k?FsﬁP@éﬁl§P5aﬁsarY§ or
omnwmm@@t%epéofsu%@mﬁr@ﬁl Bet, orvitensidn Rhentas are
heeeimedi sl Ddesaikyet @bovenanenber bd, iprefennabey biyvene or
anosé X (oretferramdnbeiteds cardocydl | cxagemat ismilgrhipseuddlicon
asormi ) cogr aypssiksuch as phenyllseycbopertadiesnydbr andxtures
i tekeryd £ ani ons and napht hyl, which groups may be
unsubstituted or substituted with one or nore

stst itarant 3/ sedectied fahem unsebst heuked, Ofrmeans C, to Cip
salbsdh § Ut 6 at Yk uheveeral kyl (p&abgpngnpuauﬂwymsgbﬁtynyl
bgn&n%léasjwytlut Qo s SUbsTIdA ed E LeEM NA&S A@%a, alkynyl
d E Beﬁ&h'%hzgrgHEfHE¥eh£s%hﬂl & of carbon

ul}s sc‘t'lgé'? né’érséﬁ' SELLYL R, Or E grated
2 o Efaﬁz e, T %%i %ﬁi&

5 R &
th%%ﬁﬁd *a% oF l?%%—@g%cg; P&géﬁ%;@;ﬁ& %%%gor glfflge
€ nt Py seh d 24 tit 'or
e s e § oyl (i e al KA0IgEo D ey B
|@é%]$R%e sy Btﬁ?ute@n%?b§9b§PF?@t@€ éPbﬁéﬁﬁPﬁﬁﬂeérYl or

asnsubstituted or substituted Het, wherein R” to R are
defined as for alkyl above and/or be interrupted by one or
more (preferably less than 4) oxygen, sulphur, silicon
atoms, or by silano or dialkylsilcon groups, or mixtures
thereof.

The terms “alkylene”, *“aralkyl”, *“alkaryl”, *“arylenealkyl”
or the like should, in the absence of information to the
contrary, be taken to be in accordance with the above
definition of “alkyl” as far as the alkyl or alk portion
of the group is concerned.

The above Ar or aryl groups may be attached by one or more
covalent bonds but references to “arylene” or
“arylenealkyl” or the like herein should be understood as
two covalent bond attachment but otherwise be defined as
Ar or aryl above as far as the arylene portion of the
group 1is concerned. References to “alkaryl”, *“aralkyl” or



defined herein) , or, in the case of R21,
additionally, halo, nitro, cyano or am no. The term
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and i ncludes ethenyl, propenyl, butenyl, pentenyl, and
hexenyl groups. Unl ess othermk?e speci fi ed, al kenyl

groups may, when there is a sufficient nunber of

carbon atons, be linear or branched, be saturated or
u%%%th%%%eﬂho%édc?%lF%ke%c9élF%f%FeB§?§ to Ar or aryl abOYe
cyel i Eacyas i chode Ahsulist iditled PosliBsii t ¢fedtde group is
termieated. by one or nore substituents selected from

hal o, cyano, nitro, OR19, OC(OR 20, C(OR 2 1, C(OOR
22210 NR28R24, wC(tO) NR28R26he SR29c-GLOLIRNB0, JZ(HB)INR Ray be
TR28s t Unstdast ictrut edroi nsubgt iilndlediaar ylpood, chloro, bromo
umsabsédid ut ed or substituted Het, wherein R19 to R30

are defined as for al kyl above and/or be interrupted

bynh@ner ©Fm moree{/pr efgrabl yadeess Hhan g ) iexMgers four- to
St PDYE  mShibd £00, at&@fe@a{bw Sﬂd@fﬂo oo dic@hkylbsike@d ring

gé;%"@ or Mi(&lr'r &si 4 r %Hntalﬂ]e S moral 5&5@%' h%@?oatoms
u§ﬁge é&lnfrgﬁan%lgr yl PC ?S mixtures
nyl ¢ prgayn butfhgl ent. nyI an ex xynyl hore double

unfess

Cl yn rQups

Ay vhgn CHer egﬁs %%&frroﬂ%%& iberY f%@éﬂ% or wholly
at %%a be | tRearcitit Bridtched, H%K%atﬁ+%?egsgﬁ ems may be
dﬁ%%?%Y%JtJe%I' ]%Jecié%lr?coraé%?% brCpartet” group identified
cyeF ¢ €7 aBYE| Pe, UbE URRSBSTrfutcdd, SuWifistitiacedoprone or more
t e lpg bl edn by BRee oE eADEE oSty ueTita el BEted, fpom Llower
halloy 1 cyahochnidii;l ORLOPOTEQ) Rl 28e 1 C( OpR hyb (P QRd or
22ubs NR23Rd, & O)tNR25RAGd SR29deEi @SR BOreCH ) NRJR” -
76R28)) risubst(ioh mf ed -or (Gutrst’), t ut edi @y R*“pr —-C (0) N (R*°) R”
ugisUbst ¢ ud egrOr substd tutedk?Het?® whesed i REO° t @ R38°° each
a:[r@d@@&hcﬁ‘@ﬁtﬁ? fofe%cgé’én@bOVﬁy@PQé@ﬁ be LALEREHPtEEed  or

gu@§€19ﬁt@@r§r§@r eﬁ%@%&'dﬁ%&ﬂ'ﬁ%ﬁf&ﬂ XY anroup itself
%ggh%e Edgi&?s;‘cﬂi s ﬁr %?1 by Iiltqt%glré%rsd dloglk ?Eeggu?l%@ed as
& tro, min

fﬁ - E% r%f %% / ﬁ ? (zuSL az

| kyT™ Lhe
fourd ARSI AP le WG,
BT “a%#f% he ¢ %333%3&&22 Wit it e dePYhFEro -0
ot ARyt Las MUY the AWM Yr al K*PGFEYdNn of LERE3ZOLY L,

g@%@%l¢§o%bhcerneahlazolyl thiadiazolyl, triazolyl,
oxatriazolyl, thiatriazolyl, pyridazinyl, morpholinyl,
pyrimidinyl, pyrazinyl, guinolinyl, isoquinolinyl,

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

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

The term hetero as mentioned herein means nitrogen,
oxygen, sulfur or mixtures thereof.

The adamantyl, congressyl, norbornyl or l-norborndienyl
group may optionally comprise, besides hydrogen atoms, one
or more substituents selected from lower alkyl, —ORM, -
OC(O)RN, halo, nitro, —C(O)Rm, —C(O)ORH, cyano, aryl, -
N(R?7)R**, -C(O)N(R*)R*®, -C(S) (R*")R?*®, -SR?”’, -C(O)SR’® ,-
CFs, -P(R)R’’, -PO(R’) (R”), -POsH,, -PO(OR’) (OR®Y), or -
SOﬂf2, wherein RM—Rw, lower alkyl, halo, cyano and aryl
are as defined herein and R to R each independently
represent hydrogen, lower alkyl, aryl or Het.



The above Ar or aryl groups may be attached by one or
nore coval ent bonds but references to "arylene" or
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as two coval ent bond attachnment but otherw se be

defined as Ar or aryl above a? far as the aryl ene

portion of the group IS conce ﬁed. Ref erences to

"al karyl", "aralkyl" orthe |ike should be taken as
references to Ar or aryl above as far as the Ar or
a?yitpolyi onher the geupnislcopeesredsyHal ongrbapsyl or 1-
wirehboidhetrhe abaveurentisonedbgroupsednayvber one or more
ssibstitutedt ®r t esm nateddnienlc| uddodidajor o, hthihby o, preferred
bg et Andehosoindheds ennslibet it tunbencused bereinyl, -0R'YY, -
i ocloge?, f opient D, t wat Me-orefbered oy ef ersably f-aurr®’ta%*, -
teRITBRDEr et [ NY(FY $REManhieh (Ki°ngs°9ont-adm, , ORg ein R’
”Pé - Deler 9aLoRs osehect 8 JIQM I DIeN.C.OMIEN. or phenyl,

of urgrand gisxt uges t@@reoi% a@&bNW1‘H&éﬁéﬂﬂ%ﬂ%ﬁ@lakgpresent

| 59
Stk b i S bR L

rn % i or fused. Fy1
% ibt g?%u ﬁfF ég %Yelﬁrﬁg rB% embodiment  the

u%%%%"s%‘ﬂl%ﬁl s&bst‘iclu 2d2bHyY o ne“l?rrewn?]”eeferablyr methyl
stbskt i ttehtendelect ed et Mal c2de&yamby i nitro, oxo
| ower al kyl (which al kyl group nay itself be
unstiba® 1Y ut edhor @@%@@P?ﬁged ePnPEP AP At edn@sPEERY hedor 1-
hepebednd CRIQ. OCP@WPRIRE, CAO@)IRQ1,be @O PRrogen( Rtoms,
230 ) R2410- P9y iN¢ R 2523 R26f i ned SRROye, QPOpSR-3D1prup to 5
- S) N 2s 7eR28dahenei n aRbYet,0 R30eeaoteferably up to 3
| salependentty repr esefit nbydr egere .unsubsiitabed, orwhen the
sy@@ﬁéﬁweﬂ abybrekshowenoaldoyhnyiwi€hl ahkybo@i@Udnyl group
torbfismy, be yasubst it uhedro5esubshtbited Obne or more
t@ﬁ@%@?ﬁ@@n@§ defisned Jaerieich) Oﬁmeﬂéhﬁﬁe Cﬁ%@f@ﬁaﬁ?} each
h@u st{%ﬁéﬁﬁ fﬁ@'“&é?’ﬂ%%%ﬁ? Th%r%%%@%e@?tsu%%%%tuents are
§§l€£ S SU& _@as OpEiqgﬁ!'y sypstituteder orometnyl,

aze pyrr n ndo
artl rl ubs% %#% % SPC tﬁfﬁfﬁtqyl A

oxa
I L B oR2or bl s R st atol el
p@??%%%?%? nYhD?ﬁ%%Pl 9mprb§??n@8?ﬁ FenpﬁFQQFn9PlY l €. the
qUHEP R RYT | CosggaERa nylOT i per dPfyl L gty group
p%%e@%ilﬁv@StEh%%@ﬁtutlon at Het may be at a carbon

atom of the Het ring or, where
Preferably, when more than one adamantyl, congressyl,

norbornyl or 1l-norborndienyl group 1is present in a
compound of formula I, each such group is identical.

The 2-0” (or Q') -tricyclo[3.3.1.1.{3,7}]decyl group
(referred to hereinafter as a 2-meta-adamantyl group for
convenience wherein 2-meta-adamantyl is a reference to Q'
or Q7 being an arsenic, antimony or phosphorous atom i.e.
2—arsa—adamantyl and/or 2—-stiba-adamantyl and/or 2-
phospha-adamantyl, preferably, 2-phospha-adamantyl) may
optionally comprise, beside hydrogen atoms, one or more
substituents. Suitable substituents include those
substituents as defined herein in respect of the adamantyl
group. Highly preferred substituents include lower alkyl,
particularly unsubstituted C;-Cs alkyl, especially methyl,
trifluoromethyl, -ORY wherein R is as defined herein
particularly wunsubstituted C;-Cs; alkyl or aryl, and 4-
dodecylphenyl. When the 2-meta-adamantyl group includes



appropriate, at one or nore of the heteroatons. "Het"
groups nmay also be in the formof an N oxide. The term
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sul fur or mxtures thereof. The adamantyl, congressyl,

nor bornyl or 1-norborndi enyl 2§gup may optionally

conpri se, besides hydrogen at one or nore

substituents selected fromlower alkyl, -ORl9, OC (0 )
Rore, LhaloClfi 596 LAELOFR ZJPrefcer(E@]@?Z?aCh c?lé]ﬁ%tltue“t is
a—’r@'ﬂfnthM(RZS JR2 -C(O N(R 25 )R26 , -C(S) (R27)

R28, -SR 29, -G;OSR30 ,- CF3 r -P (R 56 )RS5 7, -PQ(R
5%r¢§61($%3359, ) the-ma}—a@@limﬁlo yre@R6Ls) sulprtit®@®@d on
201386 or wheres n oR194R80, 1|, ower ab kydr , ‘halesitdyarso with a
andbat ytuane as deffiinedd heceehinand R56et orRG2readky, the 2-
| nctlependenihyy I ep-esenti hysnogentuteneonaldydn aryltner 1, 3
Heta Sei babhyiowhen the ragarBntyicn coNgiessydement means the
nor REERY o for Hls  NoRbOL Nelh AYh £ @1 O oh§ S_Lléb%dﬁdgd‘v‘dto carbon

E%Efmgggnoghgnif¥ﬁ%g§ ﬁt%ﬁﬂﬁgﬂﬁﬁh HP H drg %H%%toms
d ituted

T R S E
IE&% %’6 FR 5%“)C E €59 )mo vﬁﬂere ltuent
r]%lf) %]é Yhy8?8 en SURSdBSERT ute]dSOl bt kgt ESPeClallY
@@Osuﬁggltuﬁg§s T URSH StRﬁ@tggch 8 alkyl and

|]%1@I3e<b@‘ﬁiﬂ3e$1tli}’aﬁéﬁaﬁéééﬁtlyhymsé@éﬁjﬁl&ruqﬂ@su%sﬁt @tlé@/l such as
Ghe'd8y bl kylandRs6 tfd URB9 redctt | ndépefdent [atkvdpr esémtch as
unsubstototedhCl - Cs al kyl or phenyl. In a particularly
preferred enbodi nent the substituents are Ci to C
abkytferaple, prlefrertablaylamzettiwll sepcheasntounthdubst,i3uted 2-
dhares hyd amganant yt . 2 Sueét abhyaméheyadamast ytuted with one or
canes essylisugyribarayd  oc,le, nosbapndi esybs @ Oupnt®Y or a

COBMb15&: i HEStlesc bydr ogen atoms, up to 10
substituents as defined above preferably up to 5

£ gis @ﬁed§fh89 QMgmt g£§f?&29hae a58i§ional
%y}e 5 as egn% oY ‘z“ a G 2omota
aQ@ §or o t%dgg{bor H l roatoms
O en atons, .0
sb%%flﬁi?grﬁ%%g%% o |ﬁ%§p]ﬂ%¥e pom re?apasgﬁxcﬂxygen atoms .
IPRT | PREAFIPL I dortiSal . MPrer A7 FBaR Llibs BFClEh i Gt edes one

UNSULBET ¢ ut 3L L @82 Al KYPEGRE2EPTF | 4Br oRBENYP; ¢ and 10
partieidPasty uAsebstNPutedGiiTR Al kyl t@@ch2a@eﬁ@rﬁ9amantyl

Agroup includes an additional heteroatom in each of the 6,
9 and 10 positions. Most preferably, when the 2-meta-
adamantyl group includes two or more additional
heteroatoms in the Z2-meta-adamantyl skeleton, each of the
additional heteroatoms are identical. An especially
preferred 2-meta-adamantyl group, which may optionally be
substituted with one or more substituents as defined
herein, includes an oxygen atom in each of the 6, 9 and 10
positions of the Z2-meta-adamantyl skeleton.

Preferably, the 2-meta-adamantyl includes one or more
oxygen atoms in the Z2-meta-adamantyl skeleton.

Highly preferred 2-meta-adamantyl groups as defined herein

include 2-phospha-1,3,5, 7-tetramethyl-6,9,10-
trioxadamantyl, 2-phospha-1,3,5-trimethyl-6,9,10-
trioxadamantyl, 2-phospha-1,3,5, 7-tetra(trifluoromethyl) -
6,9,10-trioxadamantyl group, and 2-phospha-1,3, 5-

tri(trifluoromethyl)-6,9,10-trioxadamantyl group. Most



hi ghly preferred adamantyl, congressyl, norbornyl or
1- norborndi enyl group conprises hydrogen atons only
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1- nor borndi enyl group is not substituted. Preferably,
when nore than one adamantyl ﬁongressyl nor bor nyl or
1- nor borndi enyl group is presg in a conpound of
formula | , each such group is identical. The 2-Q (or
Q@yeterepeyo [the 32-ghogprhezadamanyre beréﬁbeCted- from 2-
(Pt epihadl t & hel ei pbf deetlgl ao 22 @atlaa@m@rwn@ybu@roup or
f orrlcoswent nged wher ahat 2y het a2 abdanent yxadanantyl group.
reference to QL or 2 being an arsenic, antinony or
phospdoziols, atvoeni mere?-ansa- adamsnindt aarsdleorantyl group is
Zeps¢ s dae adamanicpimpandboro 2-f phasiphar adasant ghpeta-adamantyl
piedes abd yidenphespha- adamantyl ) nmay optional ly
conpri se, beside hydrogen atons, one or nore
spbst » tepd Saq Suhhabl e 8ubSt ik WeptSpiaghyde bhosecnods well
SM@@%htH@nE%o%% Qﬁﬁﬂﬂ%ﬁihﬁﬁetﬂe'BrEeSpQ§JléHbI$e certain 2-
yla gL o0p: J;M]?Qu%@”ggesu%%wgﬂié '@%Mdecwec
| QUELaa! ky c,parcﬁh%a rTy um&&&té%u e éf;' ' 2-meta-
@eﬁa y n% hglhﬁérlf Iuoroq%t Y ?B? ned from
d % SArti-Eul'arly. uhsubst d
e, F ok oo oF SRR EL Sl en o MBSl LI
2- et a- adanantyl group includesnore than aone
STPRE ST URNt STP1EHEIAly @dcht8Bbsti Tt i Vicdértoncafnclude
t?@%@ew%%ﬁ%lnthe 2-net a- adamantyl group is
substltuted on one or nore of the 1, 3, 5o0or 7
posi tepnssanth LRUBST ( RUent Xas rdefriesed thver @RN.(RMr&R'”) , X'
prepecabhys Che(R?) (ReL aamdanantedregraoups iGR'S@bstRY)ut ed
on each of the 1, 3 and 5 positions. Suitably, such
an’ arspngesend oRAM )t{rE) Q at'omefrddats Cr'Y(R') (RY), and
2z et agdarmiyatingr oup i SQQb(HBj%lt&l CahdPna Bt 0Bt hBhed form

the, aganant y1- skeh et on Hay no hydrogen atoms. Most
pr ef er abl'y, t%e 2- fa %daﬁggtyl group is substituted

Ahe L7 a S~V
_ﬁEtEH? n@ﬁ?SCiéroup(Rﬁé 39 Ze Eb%g ¢ ﬁﬂs{ uéhtanﬁn
preferabﬁy f g n{ |s |dent|caY %%peC|aT?y
pt ef 17 e SubBt? %?@u Uhsubstituted G -C8 al kyl
and hal oakyl s, part|cularly unsubstituted G -Cs al kyl
such as nethyl and fluorina¥éd G -Cs al kyl such as
trif |uoronethyl Reo ‘

'S represents CR7G§)(R9), x* represents adamantyl, and x?
and X° together with Q° to which they are attached form a
2-phospha—-adamantyl group;

'S represents CR7Gf)(R9), x* represents adamantyl and x?
and X° together with Q° to which they are attached form a
ring system of formula la;



Preferably, 2-nmeta-adamantyl represents unsubstituted
2- neta-adamantyl or 2-neta-adamantyl substituted with
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a conbination thereof. Preferably, the

2- met a- adamantyl group incIud; addi ti ona

het er oat ons, ot her than the 2-€}aton1 in the

2- met aadamant yl skel eton. Suitabl e additiona

het er oat ons i ncl ude oxygen ®hd sul phur atons,

especi al | y oxygen atons.Mre preferably, the

2- met a- adamant yl groufiR*ncl or nore additiona

het eroatons in the 6 , positions. Even nore
preferably, the 2-netgsadamant %&pup i ncl udes an
addi ti onal heteroatomin/e he 6 , 9 and 10
positions. Mst preferalpsy, whemsthe 2-netaadamantyl

group includes two or nore additional heteroatons in

the 2-nmeta-adamantyl skel e(d®), each of the additiona
heteroatons are identical. An especially preferred

2- net a- adamantyl group, which may optionally be

sxibs trietprtest it h GREROY (ROre sUbstricpuenststas defamedyl, X'
heset dsenhhel CRIER‘ANROXygen at amadre seaatys afR‘t(he) 6r5) ;9

and 10 positions of the 2-neta-adamantyl skel eton.

Pref.erabl yondhect ey aradamant ybpi 866 HEEScONGrOESHBI € and X*
OXygeR” at N dy ther2- get@s agamant YheskelQt oft+ HG Yeorm a
ps efer £ & 25 Bt -@?gngp&y%;groups as defined herein
i ncl ude 2-p%osp a-1, , , 7-tetranethyl-6, 9 , 10-

tyi oxadamantyl, 2ephosphanl. 3¢ S:ALiIBVL- Q.00 A0y
1} X0 és Fzg@?p@' S %gfféci i

['u one?%y?) - , 40 tTi oxadarman fi gr oup, aHd
2-phospha; 1, 3 ,5- tri_(trif luoroneth I% -6, 9., 5
19- 137 OxAdandity i I Yroup, MRt preter aBpyathe, and X and X
2L phRsipPa- dddrantyl tP s"REFRCtEG Y r d1F 22 tHRGdpa- ior8 2 2-
,PBOsPl7ateiemmeEhyl 960UD/ | 10-tri oxadamantyl group or
2-phospha-1, 3,5, -t rine thy 1-6, 9 ,

10- temidoxéd dmarsoEndprouyy . r eveferab| golambeny hor entth&n and X°
oneg et et awadansnit Wo grbuphi thepr esent at haahednpgound @ ring
fsfotaml @f | formach Pajpeta-adamantyl group i s

identical. The 2-nmeta-adamantyl group may b e prepared

b y nethods well known t o yhose skilled in the art.

Sui tably, certain 2- phospha-adamantyl conpounds are
obtainable_fron1cytecfghﬁad IFEF¥£anada. Li kew se
correspondi ng 2-net aada

R

R53
R51 R52
(1a)

X’ and x* independently represent adamantyl, x? represents
CR?(Rz)(R3) and x? represents CRA(R5)(R6);
2

X', x?, X and X* represent adamantyl;

X’ and x* together with Q' to which they are attached may

form a ring system of formula 1b



conmpounds o f fornmula | etc may b e obtained fromthe
sane supplier or prepared b y anal ogous net hods.

were@iatsoed enbodi ments o f the present i nventiBEI/GB2007/050189
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i nclude those wherein: X 3 represents CR7 (R8) (R9
) , X4 represents CR (R 11 (R,12 ) , X 1 represents
CRR2 MR3 ) and X 2 represents CR4 (R5) (R6)

X 3 represents CR7 (R8) (R9) , X 4 represents CR
(R11 (R 12 ) , and X 1 andYX 2 together with Q2 t o
whi ch they are attached morw1aH2-phospha-adanantyI
group; X 3 represents 7 R¥R 9 ) , X4
represents CR (R 11 (R 12)) and X 1 and X 2 together
wth Q2 t o which the ﬁ@d forma ring
systemo f formula Ia; 3 represents CR7 (R 8
) (R9) , X 4 represengst adamaprtyl, and X 1 and X 2
together with Q2 t o which they are attached form a
2- phospha- adamant yl group;(B@XB represents CR7 (R 8 )
(R9) , X4 represents adamantyl and X 1 aanndd X 2
ttooggeetthheerr wMitthh Q2 ttco which they are
att@cKedahdr ¥ atppagheysweéimho F fter niligh a&iENl aye Xagtached
represent SnCRYs{Rn 8o f®RMBula,1; 4 represents
adamantyl, X 1 represents CRR2 MR 3 ) and X 2
represents CR4 (R5) (R6y) ; X3 represents CR7 (R
8) (R9), X4 represeﬂts copgressyl, and X 1 aanndd
X 2 ttooggeetthheerr it t hh stt oo which they are
attached form a 2-phosph ntyl group; X 3
represents CR7 (R 8 X 4 represents
congressyl, X 1 represent/s 2RRM R 3 ) and X 2
represents CR4 (R5) ; 3 and X 4

i ndependent|ly represent adamantyl, and X 1 and X 2
together with Q2 t o whicktahey are attached forma
2- phospha-adamantyl group; X 3 and X 4 independently
represent adamantyl, and X 1 and X 2 together with Q 2
t o which they are attached forma ring systemo f

fﬁ“ﬁﬂkﬁ>Uaé§@e%e%he%fi 'yé %%%% d%%ﬁ%ﬁ%ﬁ%@éi%%gkﬁ%gn%nd X?
h t fo a 2-

&;g{ﬂ % f‘ a”x"

ré@réégﬂig% ant %P and X 4 together with 2?1 t g

which they are ttach d m
i ané y togegker w?th Qy to which they are attached may

form a ring system of formula 1b

R49H “ R54
R R53
Q
R51 R52

(1b)

and X' and x° together with Q2, to which they are attached
form a 2-phospha-adamantyl group;

X’ and x* independently represent congressyl, and x?
represents CR'(R?) (R’) and X’ represents CR*(R’) (R);

X’ and x* together with Q' to which they are attached may
form a ring system of formula 1b



forma ring systemo f fornula Ib( 1 b) and X1 and X2
together with Q2 to which they are attached forma

W0 200g/18993¢ em of formula la; ( 1 a) X3 and X4 PCT/GB2007/050189
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i ndependent|ly represent congressyl, and X1 and X2

together with @ to which the% are attached forma 2-

phospha- adamantyl group; X3 a % X4 together with QL to

whi ch they are attached may forma ring system of

formula Ib (1 b) and X1 an¥® X2 together with @, to

whi ch they are attached morjtaH2-phospha-adanantyI

group; X3 and X4 inde e t esent congressyl,

and X1 represents CR1 R 2)(R 3) and X2 represents CR4

(R5(R6) ; X3 and X4s

are attached may forma rinQ@ systemof formula |b(1b)

X1 represents CRL R 2) (RsB3) andrx2 represents CR4 (R

5)(R 6) ; X3 and X4 togethzﬁgmrth to which they are

attached form a 2-phospha- mantyl group, and X1 and

X2 together with Q2 to which they are attached forma

2- phospha adanantyl ,group Hi ghly preferred enbodlnents

of " tirensrsezem GRvVEnNL (dn ianel dderehosecwher BRN{RXIR)

Izpresents CR7 (R8)(R Y9 X4 represents CR (R11 (R
)aijK4ﬁenﬁﬁﬂentamﬁﬂlRﬂwﬂ%ﬂwhﬂuh)ﬁheppaeeeatSaéﬁéd form

(R 5} 6pha-—espeshall ygnbepe RA<dRY2 are Afethylerher with Q7

Ft@fanahhy ithed coppouse &fnd@rmian | ¥, X-psokgeRtkBahantyl

Xpand/or X1 is identical to X2. Particularly
preferred conbi nations in the present invention

g% tg%é%%ﬂ%@HEﬂéhbodﬂﬁeﬁg%" e%@ﬁgsggggegg 8lggentlon

ent (R11 (R 12 presents
£§§ rep?%g%nts CR4 (R5(R6); Aand B are
he sane and repr bot hio 12)
Sp: ESEE: Bl iRt 9%& R, “

O Tt %ﬁihgr K5 pre%fé?{tsxl 2 -5, 216-91 net it

C?%?%%é&% y where R'- are methyl

Preferably in a compound of formula IV, X° is identical to
X' and/or X' is identical to XZ*.

Particularly preferred combinations in the present
invention include those wherein:-

(1) x> represents CR7(R8)(R9), x* represents CR?OGfl)(Rlz),
X represents CR' (R?) (R?) and X? represents
CR*(R") (R%) ;

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

Q' and Q° both represent phosphorus linked to the R
group at ring positions 1 and 2;

R represents 1,2 cis-5,6-dimethyl cyclohexyl.

(2) x> represents CR7(R8)(R9), x* represents CR?OGfl)(Rlz),
X represents CR' (R?) (R?) and X? represents
CR*(R%) (R%);

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

Q' and Q° both represent phosphorus linked to the R
group at ring positions 1 and 2;

R represents 1,2- cis—- 5 -methyl cyclopentyl.



(2) X3 represents CR7 (R8)(R9) , X4 represents CR
(R11 (R 12 ) , X1 represents CR R2ZM R3) and X2

wo epres®m s CR4 (R 5) (R 6); A and B are the saper/aBe007/050189
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represent -CH2- ; QL and 2 both represent phosphorus
linked to the R group at ring POSItIOﬂS 1 and 2; R
represents 1, 2- cis- 5 - net hyf3 cycl opentyl . (3) X3 and

X4 together with QL to which they are attached forma
2A3phospha2adarant 9P ReBpYLERAY X1° afi X2 EogEt AEP attached
with Qfewnwhsi ch Phé?Pﬁﬁeaéﬁmé@ﬁéé ferpwm, and, X and X’
2- phosphesedeemntythgbupe Altainh Bihee the sarrecimdl form a
r epr eseitph@2ra - ad@mandy XPybatt; repr esent phosphorus

i nked A cartdneB Rigs oilpe adamd nghPposéprensntl amd2 ; R
represent sanlg 20CiSot 19, bepdesBhbybneyphohexyllinldd Xl the R
X2, X3 @nsligXdat epresents adasmat: yisg A and B are the

same and represents - GHe-c s Qls and &bt represent, .

phosphorus 1Tinked to the R group at ring positions 1
and 2 ; Rrepresents 1,2 cis-5,6 -dinet hyI cycl ohexyl .

Eferabl% |Xm t e a@fpd'rggﬂu}% r%f nt%r %Ié j\&?A and B

r ne whi ch
Tharba T RS gt s
exanpl e*wit Otal?k ? %uo Pcfp Pﬁﬁlsy, RE] dvier the
al kyl en%r%ﬁl%u% %? t are
non- sub%tlf?%lf%%e“%r]tﬂ%ﬁjaﬁ 3 re‘fUéP?te%IY}r oWET L I bne
which A and B ma mdependently represent are -CH2- or
W@rab%stlﬁrghéréﬁﬂ‘i}’w@%hoéf RTAND B epr sempd B each
t hedeedeowey arRyrenents defined hereialkylene which is
particuk by ysulgHitutSti a4 flafthed peeeenrefiocoapounds with
ofofver nullayl - yroumet udePthoseabher ethe Riwep RlRvaeee groups
akkyth andaad eBt hepsagenandrpr eberabbytieachdr eppasentslarly
Goretorfbd al kybr pantyleweardtyi dret AylbndEspegaal kydependently
prepesseek spesi fta, coppounds,-of frdul@-dtdMabne) udgch of a

thosesWher el Ben€athe Rlahe RigeisathRe188B8Ndefined herein,
rﬁ&f@f'@mérﬂ?t hyl;_ A and B are the Ssane and represent

; represents 4,5 di net hyl -cis-1, 2-cycl ohexyl

"Still further preferred compounds of formula I-V include
those wherein:

R' to R'? are alkyl and are the same and preferably, each
represents C; to Cg alkyl, particularly methyl.

Especially preferred specific compounds of formula (IV)
include those wherein:

each R' to R' is the same and represents methyl;
A and B are the same and represent —-CH;—;
R represents 4,5 dimethyl-cis-1,2-cyclohexyl.

Examples of suitable bidentate ligands of formula IV are
cis-1,2-bis(di-t-butylphosphinomethyl) -4, 5- dimethyl
cyclohexane; cis-1,2-bis(di-t-butylphosphinomethyl)-5-
methylcyclopentane; cis-1,2-bis(2-phosphinomethyl-1,3,5,7-
tetramethyl-6,9,10-trioxa—adamantyl) -4, 5-

dimethylcyclohexane; cis-1,2-bis(2-phosphinomethyl-
1,3,5, 7-tetramethyl-6,9,10-trioxa-adamantyl) 5-
methylcyclopentane; cis-1,2-bis(di-

adamantylphosphinomethyl)-4,5 dimethylcyclohexane; cis—
1,2-bis(di-adamantylphosphinomethyl)-5-methyl
cyclopentane; cis—-1- (P, P adamantyl, t-butyl



Exanpl es of suitable bidentate |igands of fornula IV
are cis-1, 2-bis (di-t-butyl phosphi nonethyl) -4, 5-

walzevetLiopro cycl ohexane; cis-1, 2-bis PCT/GB2007/050189
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(di-t-butyl phosphi nonet hyl) -5- nethylcyclopentane;

cis-1, 2-bis (2-phosphinoneth§% 3,5, 7-

tetranethyl-6, 9 , 10-trioxa anantyl) -4, b5-

di met hyl cycl ohexane; cis-1, 2-bis (2-phosphi nometh I-

PO SO Y PBeF Akt hyT (B1—9-DUTOLRh XAl Befrert Y1 745

n@;mgt@y%¢b@b@@%§@net|s q;siitns (P, P adamantyl, t-butyl

(el @skiameyd pips phi nodet hyhyty Yohgsphinomethyl) -5-

dheett Wyt cytdohexamne; ci seig-]1-2-WEsphosphinomethyl-1,3,5,7-

(1ckt £ Bataseny Y+ phosphv tiohet iydddmbatet hyl eycl gpent-ane; (di-t-

cb@t;llpm&splﬁ@@imr&mwm,!o butiykphesphicnomethyk ;) -2rs-1-  (2-

d@h ﬂﬁ&ﬁ@@@?Phlﬁ@ﬂ®Ihyiétrémeﬁhyl 6,9,10-trioxa-
iﬂ%&YF|0heX§ﬁe ~Ci gal=¢ But§1éﬁéggﬂaxbmeth§ysyb methyl

p SPHS0PEL by |) - 2- (d"tc9HL¥|REQ RhspareLhxtE y151 205 7—
P¥£ﬁ¥§ﬁ§£e ? - %%o —é&aﬂ@8§ nonethy -
1%% T d% {I Xa dafa clo ﬁ%n%i cis-— 1—
y %hp% %% g té am%thyg eX?Q%
ga aq@n ¥}bx ﬁ%%? osphlnomethy l '
(VS oBRR Y PRDS h|nonethylY1551né@ﬁ¥PO§QEFBB@ﬁF5ﬁé 1,3,5,7-
c¢%tqam th D@pgah%n%¥h ¥atadgngnyvlietranethyl -6, 9, ~2-

1odt@d@&@m@ﬁhm®@$@m§n0@etmﬁlb@@ﬂh@bwt@m@Sphunon@@ﬁyﬂy(di—t—
-Bamet plyd selychoheklane) -2+ s- 1- (21ipHesphimépbbhphihpm8thyl) -
,46555dimeethyanmet hyl - 6, 9cyclOhérbaoxaadamantyl) e2s-1-(di-t-
(Hﬁﬁﬁﬂ@ﬁ@éﬁhpﬂ@ﬁ@hﬁﬁbnﬁihyl Yehatembytytpabepanhanerhyl) -5-
chstiyl ( 2- phaspibiaramatdyl -1, 3, 5ié-1t etpapebhphobpn-1, 3, 5-
1@k1mé@%@qa@agaﬂ®ytﬁlozat£ﬂ¢@@@@30§yﬁpD0§p®Impﬂ@ébyi) 4,5-
obyyane; ck ciohégénébUty|pEQ%D@'QQHEEQYL bhodpha-1, 3, 5-
(@f ﬁ@ﬁ@iyép@0§@htp£§§£@%i % 3d3“Ft E Y bdgoyl) -5-

é 9d}6 Sygﬁ!vé %tnggé by E;lx E 95;%% 3@955 tpgmechyi-

i%uY¥?%§%i$?% %?€%§ 1 3&@; A ex@feB cis-1-(2-
dP et 1 oRekHRe: %t 5219, BB sl 2 b%b%%o 3 ,5-

t k¥ net H%7b“£@ﬂh%d@h?@@%ﬂ@®m@ﬁ@@t%Dﬁ
1HRENY) czclpgehyRneycl opeAtaneé; (érghespha- éhés harfmethyl-
36,510t eitydtrecOc1dotdrPokat idcytldecyBl-3-.1.1

[ 8l 73dadenyy )ph@splf dhendtiyl phésphi hoeet hy ) -4¢YClohexane;
5e ds At hytployebloheXabe’ -t smdeh{ P-6 phosphar lox8tricyclo-
,B3t3imet hyl 76} dOcy1 102 ¢ (d Dx@dmd Y€l ®hosphinomethyl) -5-
methyl cyclopentane; cis-1,2-bis-perfluoro(2-phospha-
1,3,5, 7-tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7]}-
decyl)-4,5-dimethyl cyclohexane; cis-1,2-bis-perfluoro(2-
phospha-1,3,5, 7-tetramethyl-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-5-methyl cyclopentane;

cis-1,2-bis- (2-phospha-1,3,5, 7-tetra(trifluoro-methyl) -
6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-dimethyl
cyclohexane; cis-1,2-bis- (2-phospha-1,3,5, 7-

tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-5-methyl cyclopentane;
and including all cis enantiomers of the foregoing where
such enantiomers are possible.

Further examples of substituted ligands include:-



{3 .3 .1.1[3 .7 ] jdecy

1) -2-
(di -t-butyl phosphi nonet hyl

) -5- nmethyl cycl opentane;

W@ e®71190(®- phospha-1, 3 ,5-trinmethyl- 6,9, PCT/GB2007/050189
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10-trioxatricyclo- {3. 3 .1.1 [3.7] jdecyl) -2-

(di adamant yl phosphi nonet hyl )-g, 5- di et hyl

cycl ohexane; cis-1- (2- hosphg I, 3 ,5-trinmethyl-6, 9
, ,10-trioxatricyclo- {3.3.1.1 [3.7] }decyl) 2-

ohosgthoqg;hyl) -5- methyl cycl opent ane;
| uoro 2 phospha- 1, 3, 5,

7-tetr 10- trloxatrlcyclo {3 .3 .1.1
[3.7] ) -4 5-di met hyl cycl ohexane; cis-1,

2p s~ p ordwxz %B gspha-1, 3, 5,

7- ?etranethyl - trloxatrlcyclo{s 3.1.1 [3.7]

dec -5-neth c ci.s-1,
23;@“ HBLY g A S
‘6‘??3{%&%1&?%‘ WRio {3. 3.1.1[3.7] }decyl) -4,
5- dlnethyl cycl ohexane; cis-1, 2-bis- (2-phospha-|, 3
7- tetrg{trif luoro-nethyl) -6,9, 10-
t I
c@é?

xatricycl &3.3.1.1 [3.7] }decyl) -5-nmethyl
f or egoilng wherle such enantioners are possible. Further

anew+retreli,ng all cis enantionmers of the

(di-te phosphlnonethyl) , 4

diyneet hyl Cyret’o -xﬁne_cpgwg, 2-bis
(dr-tert-butyllphosphi nonethyl) , 1, 2, 4, 5
tetranet hyl cycl ohexane cis-1, 2-bis

(cistkrt 2odtiysl plidsphbenbrbubylphosghinémetblyphenyl,- 42,5 4,

dt eetdydtloyTépbbolaseans- 1 , 2-bis

(di-tert-butyl phosphi nomethyl) 5- methyl cycl ohexane
cis-1,2 bis (di-tert-butyl (phosphinonmethyl )-4, 5

di phenyksycl ohexane cis-5, 6-bis

(di - tert -wutyl phosphi nonethyl) -1, 3- bis
(trimethylsillyl) -3a, 4,5,6, 7, 7a-hexahydro-|,

3Hi sabenzef Juran . In a yet further set of enbodi nents
the ligapd”L is a bidentate |igand of general formula
erein : Aand B are as identified in fornula
(1v); epresents a hydrocarbyl aromatic structure
hawi ng _a easg“gne_ L& matic ring to which QL and
are g8 k&d, via tHe respective |inking group, on

III/////

PBU',

cis-1, 2-bis (di-tert-butylphosphinomethyl), 3,
diphenyl-4,5 dimethyl-cyclohexane

5



waustnigeent (s) Yx on one or nore further
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adj acent cyclic atons of the at |east one aromatic
ring and which is substituted with one or nore

ar oPeX/G82007/050189
cyclic aton(s) of the aromatic structure; wherein the
substituent (s) Yx on the aroggtic structure has a
total x=1 nStYx of atonms other than hydrogen such that
Xx=1 nStYx is 4, where nis the total nunber of

subsg i (saw¥x—apel't Yx represents the total nunber

subst|i tuent |Yx; the groups X1, X2, X3 and X4 are as
defi [ ornula (V) ; and QL and @2 are as defined
in for (IVVLF_Im@ugbove novel bidentate |igands
have been found to have surprisingly inproved
Séﬁ§L|1ty2¢B1§a(@Qﬂﬂéﬁélﬁﬁtﬁfﬁﬁﬁéﬁﬁﬁnoﬂaﬂh§ﬁi|y+ the
HEPIRY BEy BLERELahd ON) (ol es ‘of netal / nol es of
product)” for the carbonyl ation reaction, especially,
hydroxy - or al koxy-carbonylation is close to or

el than that for 1 , 3-bis (di-tbutyl phosphino)
eacted under the sanme conditions, nore
greater than 1 , 2-bis

) benzene reacted under the
é,tsuch conditions are in
~'but bRBER reactions will al so
when there is nore than one
afterpsl'so referred to as sinply

there are 10 Y groups ienis 1 to 10,

pret erably there are 1-6 Y groups, nost

prefefably 1-4 Y groups on the aromatic structure and,
especially, 1, 2 or 3 substituent Y groups on the
aronatlc structure. The substituted c clicaromati

at oE. mayPbe (Chr bont oPU Het &80 it LA W%%br%b?ydlphenyl
carporReXPref erably, x=1 nStYx i s between 4-100, nore
preferably, 4- 60, nost preferably, 4-20, especially
4-12. Preferably, when there is one substituent Y , Y

- ts a group which is at least as sterically

hi ngering as phenyl and when there are two or nore
subgtituents Y the

Si(Me)s

cis-5,6-bis(di-tert-butylphosphinomethyl) -1, 3-
bis(trimethylsilyl)-3a,4,5,6,7, 7a-hexahydro-1, 3H-
isobenzofuran.

In a yet further set of embodiments the ligand L 1is
bidentate ligand of general formula (V)

(V)



are each as sterically hindering as phenyl and/or
conbine to forma group which is nore sterically

whepederdony t han phenyl . By sterically hinderiPgr/GB2007/050189
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herein, whether in the context of the groups Rl1-R12
descri bed hereinafter or the ggbstituent Y , we nmean
the termas readily understood”by those skilled in the
art but for the avoi dance of any doubt, the term nore
sk ically hindering tha >phenyl can be taken to mean
havi Ng*>-a—owerRdegpee substitution (DS) than PH Ph
WR PH2Y (repfesenting group Y ) is reacted with
Ni (O (CO 4 | ei ghtfol d excess according to the
condi tions beIoW Simlarly, references to nore
sterlcally hi nderi ng than tbutyl can be taken as

erehites to DS val ues conpared with PH2t-Bu etc. |f
tmo Y groups are being conpared and PHY 1 is not nore
st ern@af | §r hi atlet @t hbicd hen referehee(theh PHY 1Y2
shoul d be conpared with the reference. Simlarly, if
ﬂhreepYe@eomﬁszar@yuepngrbgﬁpaammm&ﬂur:PHYrmccmr@FNhavmhg' at
areanot ale eadyrndetier mried t oobewimbrle Sti'er bodl |§° are each
hi ndlesed than the steanseardiidheniR¥LX¥3Y3gshay) d e available
catpacetk Lkl cther exame norethikamd hreesY @meupsréheyic ring
shoyl dnbent akens s tbec it st eni eakl whindes edubBaNtuent (s)
thq&¥|on§t%r'%ﬁYé“¥é¥¥ﬁbfnaEBﬁa998t%?Equtég%m%s of the
"%bgﬂé{?g Q@f@&@ufé di scussed on page 14 et seq o

nogenous Transition Metal Catalysis - A Gentle

Art” Nhsters ubl i b nan an
bzt %%b%%i%(if nd %%E el pazucture
L Ty Eéﬁ AaRthRbl bhrtr nEfeppEn stch that
Eff ects", Jdurnal of AMRSTTanChéfi cal Q&xﬁ%ﬁ%ﬂ ggumber  of
19705t 29882 2085) Yhageorcl udetP iRl tthet pPoperey oﬁiumber of
t#eons gardsr whheh Prinegeh yoret epai nbsutfe selabilfegnt Y-
of the Ni (O conplexes is their size rather than their
etleetgomies char act ek, Jiod det erm rees toheef imeddatiiny & cetrerliac
hindr aneedof a group Y the nethod of Tolman to
deternmine DS may be used on the phosphorous anal ogue
of they grodpet asbacdetenninedoasusat (out .above
. Toluene solutions of NN(CO 4 were treated with an
Qgté Ld-exeess %Ed%%%%&%or @%mﬂQQQRme%%$%'f h®Nto have
y; Ligand vag, f.old oned by, reans of the cagbanyli.cion
Sreactlon Typically, the turnover number (TON) (moles of
metal/moles of product) for the carbonylation reaction,
especially, hydroxy - or alkoxy-carbonylation is close to
or greater than that for 1, 3-bis (di-t-
butylphosphino)propane reacted under the same conditions,
more preferably, greater than 1,2-bis(di-t-
butylphosphinomethyl) benzene reacted under the same
conditions. Preferably, such conditions are in continuous
reactions but batch reactions will also benefit.

Typically, when there is more than one substituent Y~
hereinafter also referred to as simply Y, any two may be
located on the same or different aromatic cyclic atoms of
the aromatic structure. Preferably, there are £ 10 Y
groups ie n is 1 to 10, more preferably there are 1-6 Y
groups, most preferably 1-4 Y groups on the aromatic
structure and, especially, 1, 2 or 3 substituent Y groups
on the aromatic structure. The substituted cyclic



vibrations in the infrared spectrum The sol utions
were equilibriated by heating in seal ed tubes for 64
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74hrs did not significantly change the spectra. The
frequencies and intensities og t he carbonyl stretching
bands in the spectra of the e %i l'ibriated solutions

are then determ ned. The degree of substitution can be

3T Phat€d IEATGUBAYi P&t IGPEIRPTF rom i@l gt vere preferably
i p2ePeities and the assunption that the extinction
coefficients of the bands are all of the sane order of
negei ¢udel v Fof  éxanpl es ibetiieencakel Of, R(@ SHpyeBethlely, 4-
A0, bangt opr NECCP1 3L @andd t hesBecidband of 1N (CO 2L2

are of about the same intensity, so that the degree of
seibstétalbi PN WBeRStheREed salonk Sulddt i ©XPErvMeBbresents
fails 4 digticpgui sh 4ihe jespectbvesdd gands $ hen {8 ing as
di@gﬁyylaHHO§HQ9rQH%rBP%r%HﬂWb(%ftm$¥gyéu@§9§@@@ﬁ9§SY they
shoul 9a9§ %g”%%%qc‘a‘iltyhﬁu%hé?e'ﬂiﬁ%“'é’f'a@{‘énff LA8/68S€ombine
g&g Q%rm,e% %ﬁggﬁFg%ﬁghl:Hg ﬁ?ﬁg %%ﬁréééilgo]ﬂ' ering than
[ Stinguis e Tigands then € or (JBrff)i%l

17324 shoul d be conpared to PY3 , as the case may be.

Such further_experinmentation may be required with

sl Ft?FbéﬁH%E{ EBHGHPH heglhatirt phe v Nift ggje 4context of
colpl 8xOUTRe Rgribup A Sway Paids a1 e derfitied &Y FefepBRegituent
to i te tone Bngl ecwhi eh taadbevdenilaedtpadt he tbasexskilled
ofnt heei mrenthon &asrt hbecaperoiatmgie obf aacyl idwdrtitcal the term
comee cener edaaty thendedpognthefi phenal omati ber tagenByo mean
M gpondit ai SoreAantiegrpoi bE kobthetpkane qbshhehmnn@H,Ph when
whiii oh (S dtisstrantt e ogrdhe eyclikCrebB@edt @IBH Ni (0) (CO) .,
Pref eriaplofotthecgengsangt @ fithe tat tgastc e rQup ¥elow.
0 i h e S Of c FDE-CONE BPTLES Ok LWO- 91 1 POREN N OE AYPShan -
'§u§§ll%@§ﬁ QQ,t%Q%% Q&§f§E%QE$nc@E |<§S §2QEJE%§ compared
el pr B0l y.pAlod gast 90y (one angle. should.be, EgguLedy ana
§§Hdlgﬁ ! t%grnEttOd'oal ol P §;<$ th %(ﬁﬁp eggrence
%ék\{' 77 75‘ ]jf-fzfé exézlerk% That rﬁ} S‘peg a%gF%

of 'the cOne'is HOW tentPed &CPRESH dpbit of 'fhefeierence.
ar ot e ¥i ngt FHITEShodi #T 8P s 87 6f %%ncm%r%%gﬁeg PHY
hes beeén’ used iW%tW%t%ﬁW%‘iﬁ eP3tBpre sterically
ef feetscduehaastbhoseanfdaegcrbpenbadl enypheit @ ohpuppPmprared.
et heheepol yneringaei bhacathrgst ¥ groups they should be taken
to be more sterically hindered than t-butyl.

Steric hindrance in the context of the invention herein is
discussed on page 14 et seq of *“Homogenous Transition
Metal Catalysis - A Gentle Art”, by C. Masters, published
by Chapman and Hall 1981.

Tolman (“Phosphorus Ligand Exchange Equilibria on
Zerovalent Nickel. A Dominant Role for Steric Effects”,
Journal of American Chemical Society, 92, 1970, 2956-2965)
has concluded that the property of the 1ligands which
primarily determines the stability of the Ni(0) complexes
is their size rather than their electronic character.

To determine the relative steric hindrance of a group Y
the method of Tolman to determine DS may be used on the
phosphorous analogue of the group to be determined as set
out above.



(Journal of Mol ecular Catalysis: Chem cal 188, (2002),
105- 113) . The substituents Y are selected to be of
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respect to the active site between the QL and @

atons. However, it is not kno whet her the

substituent is preventing the tall eaving, directing

its incom ng pathway, generall g providing a nore

stabreneat &Pytitd °86nf itihmt NorCO br atttfg StRétRidse Wit an
pakdihete bd | §xpres epf eahPrganEocRsSsligand/ waehsyitution of CO
riepr esentd wSR YORLIIRI 9Py whesaesnoS tepr esehbsydi st€efching
N ib&Sti@nor iar yheanhR ORI 9¢ReO2rane a Thadefdhedions were
heqel nabt extedr éfyer abhyiegchirY amdfiern coumbdsnatfioan 64f hr at
twooor roiechegrioegsing Saat 1beastod snshenicabhyl 74hrs did
hirsieles i g 81 Saht Bt yhandbrenpr eperably, whenrthgtenktisSs and
ONh¥e QD€ SMbsthtuepte Y calbohy$ akcl€88hiAgS bands in the
sterically &fﬂdedfﬂé“g XS oR tll@‘ﬁ]]}é!te%er eas here there  then
acﬁ&t&“ﬁ?u%dmf% Eé‘&”&% !ubstt %t@fﬁ %%34“ ﬁé estimated

se 1 uamts er|ca In qglng 1 t ve d
con I er

a rca erl n % a

%ﬁf’% g%ﬁ@ gﬁﬁ Pyt ien S Lok codpldercd. o Rbam,is
gﬁr%n 3 | T e‘ﬁ % Wﬁ&déHdeal k Or %@I@P 1o
X gape( vitler BilheiB 2 ,3Xt§ea >@a4“dar@ a N ¢&Pichedhd fhe =,
hered ncanti¢F8) ils adef iHedPWt GI° of o 21above}ty, so that
phospegoas, cdr Hubsriyludnen al kaegtimargfienal KylS. If this
atkeawylneat kyip/lls héeo, deseioguhaho,tloyanesmridtrioe - ORgands
18hen - OBHE) R 20phen@ O) BIRIsghor(u@ ORPPR.H - NGR 28i)R-butyl
28hosthdBudN 6Ro2dd) R26compai SRl 290, tHe( SR 3guivalent as
-ES) NeRe2 vfdR 228., s€F18 fur9Rr/1RiF2RhAF OBlso fails to
adikytp[h@@pmr U . 1Bgar9d8 30ehn echer e, whepgrBy MY 1igand
M@?ﬁcﬁ‘d%@ Yoo £raenepaldy, sel ect ed & r omsbydrpgene . Such
oﬁéftﬁﬁﬁgrfﬁe§99§ibﬂg@§g ﬁéyLeQQ 5&§ w1th small ligands

ZWP%? N a%d%%%%%@é% 01%1 Lcc?nﬁt ro e e

ﬁo amno or
tnlo.

Pr efe R 90
N A ey eﬂﬁéh?? “hyacs eeﬁe%%% 0 IS cone
p%%lp%ow%%h %wbea%ré el LIKERSI can Kkypf the' invention
aty| GRSl KGRSX aPREAGI Ofal Ry YL ITKEt CeHet @P0¢ KaPGred at the
Cryhcﬁ]@omaﬁtpg LR @gomat@( @)1|:Q1<_:2.0 , B.yc(r@cppqg_nt is meant a

point in the plane of the ring which is equidistant from
the cyclic ring atoms.

Preferably, the cone angle of the at least one group Y or
the sum of the cone angles of two or more Y groups is at
least 10°, more preferably, at least 20° most preferably,
at least 30°. Cone angle should be measured according to
the method of Tolman {C. A. Tolman Chem. Rev. 77, (1977),
313-348} except that the apex angle of the cone 1is now
centred at the midpoint of the aromatic ring. This
modified use of Tolman cone angles has been used in other
systems to measure steric effects such as those in
cyclopentadienyl zirconium ethene polymerisation catalysts
(Journal of Molecular Catalysis: Chemical 188, (2002), 105-
113).

The substituents Y are selected to be of the appropriate
size to provide steric hindrance with respect to the
active site between the Q' and Q° atoms. However, it is
not known whether the substituent is preventing the metal



C(OOR 22, -N(R23 )R 24, -C(ON(R 25 )R 26 , -SR 29
, -C(OSR 30, C(SYN(R2 7)R 28, -CF 3, -SiR 71R 72R

wq 2007/10007al kyl phosphorous wherein at | east oneP@I/GBRI07/050189
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90-R 92 i s not hydrogen and wherein Ri9 R 30 are a s
defined herein, ; and R 71-R é% are defined a s R 90-R

92 but are preferably G-C4 kyl or phenyl .

Preferably, i s Si, Cor aryl. Hovvever N, Sor O
n%%a%}%%rb é“ﬁ%%ﬁéﬁﬁbd ats onk@fMhR¥e GAiRY Yy generally
gpopsding centiched s¢rble tdraclasel © FOomil tigl g0y, or acting
geoupswisor the avoi dance o f doubt, a s oxygen or

sul phur can b e bivalent, R 90 _ R 92 can a S o0e

]2 operpacusar Py epec bl yedi higddit i enfoundgwbep Y rephesents
aroRERI RSt yuctuie PRycpresunskebstit ut,edi,ors, whesr aryl and
pessrhi’e hre fust hersubst i hutednwrtlrgroupseselest @d cach v
f 2.0y Ir (88nb D82 PORART QFBLLE GYChidGAtOMB)oudd Kyl . a8l Yhast as

aé&’é@f@alf‘y Kl Yher 1R kYl —BEyd enal kyl', al kenyl ,
kynyl , het, hetero, halo, cyano nitro, -

)Rzg %O)Réﬁggt%% 0R22 @(Rziél%i EuentY it

S BYTRYSRY gph }%Hgd_ whereas
?%?n Eﬁ@eRéﬁeaFgoaQrdgFFﬁé§; l%ﬂ%hﬁf hecgagge cach
ot YL®7Sh @F oBipSFuF#i1Yi RgNEREIUST P Pb%ﬂ%f alﬂl’dofﬂtt hgast as

f3refiaapect Nt Recal Pachent S vilo I Momsidrugt as a single
avomadi c atom of the aromatic structure; and R71-R73

are defined as R90-R92 but are preferably Cl-C4 al kyl

aprphenybly) n addinti oh, the atrylleastR’Ope & bmabhd riRlg are
cand dee padih t Of aymeb@bhocmpbnpm@, —fox‘) nstvaneein B, x3
whed R isra gychepentadhenyhnoanindeényk ameifafedt away' or Q°
f%@%@ﬁftr%séhﬁ%als , conphex sucheas feregeenyl aryienalkyl,
réﬂ}@&ﬁ‘ﬁfy a1W0hYy @de%%%en%et%rd ndenyl, eayibval entisro, -or'?,
SuGh SPRP| exes '@%9 si der gdpa§ par omaLi6)  (r7°) R7,
s§}5mcture§ %toﬂ the g& §t7 q{zgthe p&esent s@ efﬁﬂzgﬂs or

'ude

f\ OS rmre than one’ar omatic
]?]?1 W?Uent (s) Yx may be on the sane
arlgmadc rlng as that to which the QL and (2 atons are

IRnkEd ofSEFUFthér drdaltt cm?Ynd%eptelﬁ]éie&trlchtkﬁﬁ egenerally
Fo? L ¢St @néeom hYFREIEAs e WISUR STettalisst etre, S‘tﬂﬁ%tlwted aryl
s%svmﬁw]@ﬁtlwtﬁﬁyobeSéi@séﬁyuéﬁé & kigr e imi mgiligfi arhR”’ may
net a1 oeenehsteuctieo apid tihis. nay be the sane or a
different ring to which QL and @ are

Preferably, when S is Si, C, N, S or O, R’?, R’ and R’ are
independently hydrogen, alkyl, phosphorous, aryl, arylene,
alkaryl, aralkyl, arylenalkyl, alkenyl, alkynyl, het,
hetero, halo, c¢yano, nitro, —ORM, —OC(O)RN, —C(O)R21
C(0)OR™, -N(R”)R”, -C(O)N(R”)R?®, -srR”, -C(0)SR"
C(S)N(R*H)R*®, -cF; , -SiR™R™R", or alkylphosphorous
wherein at least one of R’°-R’® is not hydrogen and wherein
RYY-R*® are as defined herein,; and R''-R"® are defined as
R’-R%” but are preferably C,-C; alkyl or phenyl.

Preferably, S is 8i, C or aryl. However, N, S or O may
also be preferred as one or more of the Y groups in
combined or in the case of multiple Y groups. For the
avoidance of doubt, as oxygen or sulphur can be bivalent,
R’ - R’ can also be lone pairs.

Preferably, in addition to group Y, the aromatic structure
may be unsubstituted or, when possible be further



l'inked . Suitable netallocene type |igands which may
be substituted with a group Y as defined herein w ||
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defined in WD 04/024322. A particularly preferred Y

substituent for such aromatic émi ons is when Sis Si.

I n general, however, when S ig aryl, the aryl may be

further unsubstltut ed or substitut ed with, in addition

t BURYPL tRad RoiFh gﬁ)PUd?rStﬁ@l?GF?ﬁerféﬂlﬁsthu(éiﬂsthe non-—

def PRl ¢ orCcHe Gar ervalise + st AUEY Ur e @biove. aWbrlene, alkaryl,

preferyed arsubsaituentslkanyhe piegent,i heent hehepay halo,

beysed ect edtfoom H)almkyl OIC (0) &Kyl , —ar(@I ) RSuch ai;“s(O)OR22

-0 ¢t gF*,or - Q¢ phe g1 prOp- 2- ° - Sid®),s rR°phengl(s)N(R*")R?®, -

atky|l phey'r“rRohenyt a&kwipmssph@smt nwaékyhn 3&%4R335are as

phosphédmonetbyh anBreherakl yaseheyy S isr Sh §Fopaldifilling

ONEe 0K e ADF €r P5n RAG- R9Z rane hydrogen s @4 egst 9Pealhment is

R%Q ggégﬁhgg QIQE!%HQﬁb%'%n%hﬁgpgﬁgytﬁﬁ 9£¥ﬁaEb§ structure;
90

pfqgeﬁabﬁ§ %Eg H@a s? R Eg f 8§e eferably C1-Cy

0S hOfO ogghan% LLALY sromatic

SR g -baerar%r oF t%rrriﬁrlgrﬁw e %w yioF panstance
bcBr b§l Cardratredefderire Hasind %31 dithgP? 1t may form
s@%‘%r Pdert sSPCFAEMBPT- 0 S?’@)C]&yéllsr cfealflb‘h%e“ih;br eruthenocyl,
pret ePabr9ceny t 0ROl RYeIY £ atohB2 oSt - preferably,
5-22 cyclic atons, especially 5 or 6 cyclic atons, if
notcla u@nralda:@eeneh@@hqbl bx. cPnefeeabllyast heompbiat ktructures
hydtlocar bye sbnuekor e fmayhebe gy cincerori ol yeychat, when
Thiee gycl icc Brddrat intoad onschmay berear beroarathet er @ing, the
whet et Ntieher ences oy hel eso hies esanar eroebeiencesgt 8s that
st phricroxygen @ndhigy niirogens Howevehinxiel i6r a further
prefest ed that the (A §Bguggu§eonBFéfelhbﬂgﬁgetoln the case
ayaiLapbe.adhacent exel i, carn géx,nact n%f the @t Leastne or
qgg gfgqg € J :éng? ¥%E%%l%%ED %ﬂn; C'éﬁ Hﬁls may be
drocar Fstruc r]ef rp C Ce ¥ o
bfc e3¢ r © SHHE fur]T er 8ches in gand Q@ are
£7 ¢ structure rray or may not thensel ves be
aromatic and aromatic structure shoul d be understood
a%%b?%i@h%lWet#h%%@%?oﬁﬁl??clé%ﬁﬁj% WFH@ syadsPaefiregituted
e el n anegr owe | dde2 unsafarated donds. "By loyed | énawgmto the

i skhehed apeatsom whiked are extensively defined in WO
04/024322. A particularly preferred Y substituent for

such aromatic anions is when S is Si.

In general, however, when S 1is aryl, the aryl may be
further unsubstituted or substituted with, in addition to
R, R’, R%, any of the further substituents defined for

the aromatic structure above.

More preferred Y substituents in the present invention may
be selected from t-alkyl or t-alkyl,aryl such as -t-butyl
or 2-phenylprop-2-vyl, -SiMes, -phenyl, alkylphenyl-,
phenylalkyl- or phosphinoalkyl- such as phosphinomethyl.
Preferably, when S is Si or C and one or more of R79-R?
are hydrogen, at least one of R7O-R%? should be
sufficiently bulky to give the regquired steric hindrance
and such groups are preferably phosphorous,
phosphinoalkyl—-, a tertiary carbon bearing group such as -
t-butyl, -aryl, -alkaryl, -aralkyl or tertiary silyl.



fornms part of a cyclic skeleton. Preferably, the
bridging group -R(Yx)n, whether further substituted or

woelenwose preferably conprises | ess than 200 BEDGB2007/050189
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nore preferably, less than 150 atons, nore preferably,

| ess than 100 atonms. By the tg m one further aromatic
cyclic atomof the aromatic structure is neant any

further aromatic cyclic atomin the aromatic structure

whi ch is not an avail abl e adjacent cyclic atomof the
Atr¢EastPbne aicdrat i &Yd eptley Whi éHOoMAE 101l oFt QI atos has,
arecludgked, svbat t leeh i mki hygoyr bupe. tAs 7heavicdnedatoms, more
aboveeralhey i mrediat é0adjvadent aychsc atoms wrefdtdigry, 5-22
stdel of thensai kavaiiable adjacedt «gydliicc atons, ai€ not a
ptief £1 abtyndotompbsti t uted. As an exanple, an aromatic
phenyl ring joined to a QL atomvia position 1 on the
rw&@%mm®@0&ﬁ%mmw&&w dii10n <2 QRthe may be
rhBg,bas, preter ably, c%qler MOF e Sakd ) fiur thel, ALQMBLi Gns nay
oYET LG BLATS S%fezéé dw eghgzemngeeg%'ewcg@ 4EMLOLS herein

t sa
arel Ffer |'ace tq; | E ﬁgr > a t ? F tnltrogen
et abre R sbon el e ndf B Ty branocoenr

sjub%lf? u%?uta‘é?%%\ﬁl“g’ae?reﬁ@%ﬂ%nEuBESFHEtF%ﬁ%%ﬂl Frgs of the at
ptR#EF orf B PTG LIS oF L8Kanpl el YR5CHoSSi bl"&erThéfer fyclic
Ar OB RY hg FeERSTERAt fie 410 Uveast onelt i n@s t opreferably
whiercthe @1 *amlcml:aft:om dhe finkedrvidcBe& An the aromatic
respectivel yiasy aromatiiay, and artdwatsied veisoulbg aromatic and
paedrenabt y shevictterpr@t@dl dr dbadl ynder stnoddidecrotdanby v . A
an phemybmatcyel opebt adirenyl( saniagn,dgyiradd Yergwt i danybinclude
typea StFaetdir esnut obRercyidings amdnh & onedici 4y s”6R which
asotR@tpdounds i f any11éngkaishoglel ocalised Pi

el ectrons able to nove freely in the said ring .

Pﬁée@f%eror@e Cpbiip ,SLDE% VeSO & @tons 'mﬁ]lettl?l%r” RO ther

@3 Pﬁ ann E%ggf C}rf%'}%bﬂrye ggﬁﬁ Qggg qtess .
rdlocdi b slfdecu
n

eysel ec% ed %ﬁaom §5 anc‘iai of'g  More
1 2 d|yI 4 and/or 5 phenyl benzene I, 2-diyl,

2t 1Yt phenyl - benzene -
4Bg dﬂ“%bGﬁle @@ﬁzeﬁgrt@eg de?@magl%r cyclic atom of the
5a¥o®@¥y¢b§ﬁ2@§§urf 21@|ypant any further aromatic cyclic
atom in the aromatic structure which is not an available
adjacent cyclic atom of the at least one aromatic ring to
which the Q1 or Q2 atoms are 1linked, wvia the 1linking

group.

As mentioned above, the immediate adjacent cyclic atoms on
either side of the said available adjacent cyclic atoms
are preferably not substituted. As an example, an
aromatic phenyl ring joined to a Q' atom via position 1 on
the ring and joined to a Q° atom via position 2 on the
ring has preferably one or more said further aromatic
cyclic atoms substituted at ring position 4 and/or 5 and
two immediate adjacent cyclic atoms to the said available
adjacent cyclic atoms not substituted at positions 3 and
6. However, this is only a preferred substituent
arrangement and substitution at ring positions 3 and 6,
for example, is possible.

The term aromatic ring means that the at least one ring to
which the Q' and Q° atom are linked via B & A respectively



2, 3, 4 and/or 5 t-al kyl- naphthal ene- 8,9-diyl,
| H nden- 5, 6-diyl, 1, 2 and/or 3 nethyl-I|Hinden-5,

WG2@i7Ath9079, 7 met hano -1 H indene -1,2-diyl, 1 PCRGB2007/050189
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and/or 3-dinethyl -l1Hinden 5, 6-diyls, 1 ,3-bis
(trinmethylsilyl) - isobenzof fan - 5,6-diyl, 4-
(trimethylsilyl) benzene-1, 2 4- phosphinonethyl
benzene -1,2 diyl, 4- (2'- phen Iprop ' benzene

-19, @r@m@¢104 a@@n%%ﬁ@@%%FyFB@H¥%n@r§fGQéP§V e interpreted
4b@@a@l%uﬂy1 1retAgPsinGglt banzena- Phezdilyl cgclopentadienyl
(2rbotyl c@mhwls,l | yﬁy)rldolemlene-t]ypeZdlsytlructures but other
4£tn@ﬂtwisblyt@MQn2en9yl$quiys that (found- but yhsi kyhy with
-ddenzehesdd, Pdi yllecd+on2 zﬂimqtt®umybprdme%1y=wh1 the said
) bemngene- 1 2 diyl, 4- (2" , 2 , 3 4'

pentanethyl pent-3 '-yl) -benzene- 1 , 2d|yI 4- (2
'pRefefreddarbBif 8RB NYds Bavelsbytyk- REBhs3in- the ring but
yf)n@@”%?@ﬁ %D’Z-QEyﬁl éle&@Eoﬁs)%rélQﬂ§06¥6§§¥%¥% such as
[?4{3'5{111?@% P@F”%%&l&ﬁ%o&@@e" -diyl, 4'(

phen errocene- 5-di-t- butyl

rocene rroce

Ropmagie %¥&100fr v ﬁ%ﬁﬁfﬁ§.|y%%>%§%?o%%ﬁ%c jed pfrom 4
d?%@?og 5 5raf LYt ocernedtal n%%??enzene B
4l ¢ lﬂl éﬁylﬁr e@Y PEOFeRgrlolefid vl 1] é 5-di-t-
dwwlztbe%@nq* demetHyl si4l yF %T oeehelacnzepyt 1, 2-diyvl,
42 (03,1 ' fdiattbisy| O netdikslt ynadithedene1, 8281r§liyl 1H-
4im@ﬂn+5)6fdbwlyldhneﬂhy$@mlg¢ 3 f merbgénéHiin@dnyb, 6-diyl,
44, {omefthatbutyHsi Lyldenke erlr,acenerll, 2di ¥l and/ofoB-dimethyl
)-(#+indebutyl sil H,)o--difyars,ocene-1, 12dipls (drifieehfisilyl) -
(2sopéerdrbudyl prop; 8-aivyl) 4-erdgroeenaril §i2 i)yl benzene-1,2
4d;(§9;[ 1' ) {210 mr%mefﬂh A paammt hyl-pent - %{1y1y|) 4- (27—

@f &Elz' yl, 45,010k ) (25, 2%, 4-
4dl§£é(i§lf§ Mbeézené butyl ;pent -3 aﬁhlt bﬁ@gﬁ%g%y}snyl

' Be JEDET Ope gnrkfxfldamgﬁg ngggQ She-1,2diyl,

t her

sub%???%% % %r fer %a¥ |c éF UERS gsilvl) -
LI g5, T cg (frat g, PHib 4R 60 3?Eﬁspéene 1,2
stbsti t uénf 8’ nay; éspéci yP%EﬁmSEhﬁéu aﬁ%u?.n ~benzene-
c%c?@%yhronatﬂc(éto 4coﬁb| hetrameehimtasf uFthe Yﬁlﬁgnt 3'-
sY%ht@@@ée%@thr%sth%ycﬂoéP¥pﬁaﬂFcaikﬁéfgfraéﬁaﬁe 1,2-diyl,
Stuch-¢yehoalrl phatiecenag strluctwiesl may He (9at ur at édphenyl-
of etmsat e at et dbyl dgédSediunbbidgedfesubseéneut éd2wilihl, 4-

at &yl , 1’)t-butylferrocene- 1,2-diyl, 4- (or
17) (trimethylsilyl) ferrocene-1,2 diyl, 4-(or
1’)phosphinomethyl ferrocene -1,2 diyl, 4—(or 17)(2'-
phenylprop-2/-yl) ferrocene - 1,2 divl, 4-(or
1’)dimethylsilylferrocene-1,2divyl, 4—(or 17)ydi-t-
butyl,methylsilyl ferrocene-1, 2divyl, 4-(or 17) (-
butyldimethylsilyl)-ferrocene-1,2diyl, 4-(or 17)t-
butylsilyl-ferrocene-1,2diyl, 4-(or 1') (tri-t-butylsilyl)-
ferrocene-1,2diyl, 4—-(or 17) (2’'-tert-butylprop-2'-
yl) ferrocene-1,2 divl, 4—-(or 1)y ((27,27",3",4",4"
pentamethyl-pent-3’-yl)-ferrocene-1,2diyl, 4—-(or

17)((2’,2",4’,4"-tetramethyl, 3’'-t-butyl-pent-3’'-y1) -
ferrocene-1,2 divyl.

As mentioned above, 1in some embodiments, there may be two
or more of said Y and/or non-Y substituents on further
aromatic cyclic atoms of the aromatic structure.
Optionally, the said two or more substituents may,



Y groups as defined herein, aryl, arylene, alkaryl,
aral kyl, aryl enal kyl, al kenyl, al kynyl, het, hetero,

whae/11%yano, nitro, -OR19, -OC(O R 20, -C(O RQIGB2007/050189
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-C(OOR 22, N(R 23 )R24, C(O)N(R 25 )R26 , - SR29,

-C( O SR 30, -C(S)N(R27)R2§ -Si R 71R72R73

or phosphi noal kyl wherein % present at | east one

of R90-R92 is not hydrogen and wherein R19-R30 are as
detPeet? her ei'iefand@ R PRIGPRCHEI PRedCEE - R tdice 2toms,
prefieiad| Yy ol Ky Torr iiiseny I iawd/ ot e tivacer pyptedas  a
byy ohea biplhdt eC (pref esabligtiess than a total of 4 )

oxygen, nitrogen, sulphur, silicon atons or by silano

osudchh alckyll osilliict@n igr otijasg ok truxtures tiwey ebk. saturated or
Exaspt €sa0dd sushi sedict ur esbrnebude pupetiduved with alkyl,
Pyr i g eps Mo phokt nenegychohexane, agycl ohgp aaﬁe, alkaryl,
cy§£ tangyy € ¥§£P@9Dan§lkéH§§n,a@k?%?ﬂe natkyhetero, nalo,

ut ﬁgtﬁ)(}) %ngal kylosubstt ut ed 3, 32di oxang,) or??,
F‘%{npgm ano&a IIW%M) ee<ano§1£§9,9 cyg{ ene (s VN (RY)R 8,
@ 0 It hi.an

exalen 1ﬁklwhr r|2|ne

p%{%'gl | %ne fo bp Q| | hexenone ’b| %% %ent
o cg% n%iﬂ%%%ﬁ ada F}%n gem
t%]f?a dr teﬁah dFot folﬁ“fr

t'e¢F ahyBF o- PrﬁﬁgﬁanBnecld@lta@ roq)%ct]%]ﬁ%n and/or be
ganhal PR ye 0| AEt oRe, Cd?dﬂ%ﬁc(ﬁﬁﬁ%ifﬁﬁé}’ less than a total
dvhydtoi mixdagsl e, nﬂtﬁ@ﬁé@ycl@ﬂbﬁbﬂ@; silicon atoms or Dby
t $i bzacyet odezdne] $hl aczohi i meps hex ahyxror ¢+ i ndepert .

(5,6 diyl), octahydro- 4,7 nethano-indene (1,2 diyl)
angdael ¢ ahydr gulcH istdena (re6 thylydal bipérnbied, mneyridine,
beo tisIsebsh4 | ut edyen osiklshict ut ed-ws1 lefp e f or agpyhooctane,
hey el &in o iioney erru rehet het ok onral NG 16gNbi Beds gk eUPSJ0mIOP, 2-
zS LW se, su}Bst§t@£§cﬁe”eﬂ ghat &B@xbﬂgﬁd' at @yé@b@%ﬁ%none,

@?& < &Y & éc a %ﬁ% eﬁ%e%%thgf né €c % h hexadiene,
ai’aif @h? Ce” § n8t°”§ %g § rBh81ine,
T “% %ﬁ%/% ‘B? 6§F PG jgonane,
e %n”t he at Eaé %ﬁ%ra%ﬁaméc ring RATIHE ey

et Sehiiey %“P‘hh%‘h]%y]é?%natl c E?FE%W%O\AE%W%% %P%matl ¢ delta

sY# ¥ et @Ceonpr | seaMRBrevEthan! ereCAaPoma Pl BLAFAG apghydride,

t%bhb@@@bm¥@@z%b%dtl(ﬂ?%ﬁzQﬁﬁﬂﬁQﬂQPaWESubsFFﬁaéﬁ?§ClOdecaner

shioid do bed umeler stegad: vaeoorldirigidend n(pob madia Ua &pbtahydro-

aboVe mepgrasentndgngr oups? X8liand X4nor Xétrahydro-lH-indene
(5,6 diyl) all of which may be unsubstituted or
substituted as defined for aryl herein.

However, whether forming combined groups or otherwise, it
is preferred that the immediate adjacent aromatic cyclic
atoms, on either side of the said available adjacent
cyclic atoms to which Q' and Q° are linked, via the said
linking group, are less preferably substituted and
preferable substitution is elsewhere on the at least one
aromatic ring or elsewhere in the aromatic structure when
the aromatic structure comprises more than one aromatic
ring and the preferred position of combined Y substituents
should be understood accordingly.

In formula la &lb above representing groups X’ and X* or X'
and X° together with the Q' or Q° atom, group Y' or Y?
should be substituted with the groups YY' or YY?
respectively.



and X2 together with the QL or 2 atom group Y1 or Y2
shoul d be substituted with the groups YY1l or YY2

WO e@patorvely .Y Y 1 and Y Y 2 , when present, PEHGB2007/050189
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i ndependent |y represent ooxxyyggeenn,, ssuullffuurr or
N-R 55 , wherein R represents_hydrogen, alkyl or aryl

Particularly preferred conb? ations o f formula Vin
the present invention include those wherein:- 1 X3
represents 7 R8 RO , X4 represents CR1I0 R 11MR12 X1
répr egeft sv RPVRP AT X2 r epFeseidCCRARE Re represent
amvdy Brar e sthéusams aidRtepresamin CR 2-repi@denmnd Qvdrogen,
bothy t epr ezent . phosphorus linked t o the R group at
ring positions 1 and 2 ; R represents 4-
(Patrethydsiy ybrefbenzeneoihidati yhs (2 HoBmliBpresemtshe
GRdséit 8invdit fon inX ddé epresentise R (R 11 MR 12 )
, X1 represents CRR2 MR 3 ) and X 2 represents CR

53 (RbBJsentA and (B ane )t hessape.-andnr ePERSEE ) (RYY)

4{

'é}ﬁz' s Qe and R2 hothzy gpresen °§§B?ég§nkg”ked

t o theC el Eg)a,t ring positions and ; . i %
an

= @ oY
represents 4-t-butyl.-benzene-1, 2-diyl .. (3).X.
4 toget e?‘n%]%ha]ff 1°9° T 'S He %%/Seerétit_%%d forma
2- phospha-d¢arant§F g 68pESGRA, PR?EPQHHU& gl%ﬁgtﬁ&the R
with QY- gRwiehr tHeyate-Mttachetd ofim a ,
2- phos pha- eRfrae y$ olupt Mt anks BHak e e Srel et 1Y L
represent -CH 2- ; Q1 and Q 2 both represent
phosphorus linked t o the R group at ring positions 1
ang) 2 :XR represenmtts 4R'(RP) (EHhyl $i°l yeprebenzene- 1,
2-di yl cRCAR'X (R?X 2, rép3eartité £R epfesent aadamdnt
yl; A angbBaser ¢ her'sae (ahd; represent -CH 2- ; Q1
and Q 2, botd # epresend phesphel usedidkad t-eithe R
O FE T S ae g R CpLesL el o e <
ri “tong d-2
preferred Speciilc C@—"P%P@?l—%fj&(ﬂ 2 Miyl.

(3) X’ and X" together with Q' to which they are attached
form a Z2-phospha-adamantyl group, and, X' and X*
together with Q’ to which they are attached form a
2-phospha—-adamantyl group;

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

Q' and Q° both represent phosphorus linked to the R
group at ring positions 1 and 2;

R represents 4-(trimethylsilyl)-benzene-1,2-diyl.

(4) X', x?, X and X* represent adamantyl;

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

Q' and Q° both represent phosphorus linked to the R
group at ring positions 1 and 2;

R represents 4-(trimethylsilyl)-benzene-1,2-diyl.

Especially preferred specific compounds of formula V
include those wherein:

each R' to R is the same and represents methyl;

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

R represents 4-t-butyl-benzene-1,2-diyl or
4(trimethylsilyl)-benzene-1,2-diyl.



WO epras®n - CH 2-
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i nclude those wherein: each R1t o R12 i s the sane
and represents nethyl; A and B are the sane and

R represents 4-t-butyl - bene@€neBR(07/050189

-benzene-1, 2-diyl

. Exanpl es of suitable bldentabg l'igands are 1 ,2-bis
| )-47"5-di phenyl benzene 1

, 2-bis (di-tbutyl phosphi nonet hyl )-4-phenyl benzene; 1

2-bi s (di-tbutyl phosphi nonethyl) -4, 5- bis-
(E*@m@%%&l@fl?P}t@@ﬁﬁeﬁedeﬁtﬂpﬂnkﬂgands are 1,2-bis(di-t-
(it Y L blue 9 phosphi mohet dyb ydighely £ i dstrindnsiil yIL, 2-bis (di-t-
) beny eples sdh Prbist i 21 phéspiv mphlethydéne d, 3,5, 1,2-bis(di-t-
Totet rames byl ndne®©ny1 104t 5+ oxai adamanhythyidi1bi) Dbenzene;
di phenys benzeneut 1l piZe Hhi1si f Imphiogphi monet hyl -1, 3,5, 7-
t et r ot iyl s 61y 9) hedBeoitd } OXa- adamanbyb) s (2- phosphinomethyl—

(dl-tbutylphosphlnonethy

’dl

d% oS T om%ﬁ {% 1het% tiF¥i t%%l

-f- phenyl @@E&ﬂ@th}l 2; 9] s0(2- phosphinpaet iy =4,53 , 5
ﬁeﬁ’ 9 10 1, brhexaza ﬁB@BBXﬁ
% ﬁbmitglfeéh%gfély% Q§n§§Q@ané¥ bi's =4 phgnylbenzene,

me%hyl 1,3,5,7-

met hyl - 6
9119—

t%} ﬁo%p O ebenzehe, 1,2-
E% ?%%g%% i %%%%%@ W%%%s@h?h%%e?%g xa-
a@a %y} benzénétr}m?thﬁ §1lyl benzene; is(di-
(%ma%@%hﬁh@%@%m%se%m%%@e%h #)5- 4, dEppprylpenzene; 1,2-
tb1ﬁéﬁhy&@ﬁm@myybemqemelnqmthblé 4-phenyl Dbenzene; 1,2~
(ldi atairand yrhphios bl nopiet ythg thal) €415 net hyl si |yl ) pis-(

benzesaehy 1si{P] ) Beadaman

tyl,

t-butyl phosphi nonethgkpis (di-

-édamﬂmtybmmyépMDS@Mém@ﬁethy+)trﬂmeﬁhﬁi@hepyjbeemeeee; 1-
1¢p(P, P adanantyl, t-butylitphosphibnresphhybpetBy1)-2-(di-t-

(@ut§pymaé@mp§@Mé ihyla dfo

yhbenzene, 1- (P-P (p,p

l t bUtyl §9 i nonet hyl ), ogphlnomethyl) 2—-(di-t-

§ N (Eﬁf%gfeegi éppﬁ o

1s311

: tzi e peféé

(gt;h iﬁ asgt

dama tyl t-

oot Lo e

(H?r%%%¥ Ybﬁb%bh ?%%%?%?f) 4175 d?pﬁ@ﬁﬁ?ﬁéﬁ?@ﬁéhyi 1,3, 5
LB pret hiP-arigxa- %dama/n@é%)rarrefhyl %, 9, (di- t‘
1@u¥yl@&@%@%h%%m@¢@yl % 3= @H@h@nﬁh@@m@m@ephunonethyr (2-
) Pie pihleinydmbielny bnk; 3 ; S 17— 2t phosphy hormed hyl=trigxa-5
7ad®taanet hyl = 62 9, 10ittibxavadamaphyhpmetByi)-4-phenyl
(ldentdmt yl phosphiromehphps@hinbmebhgdi1l, 3,5, 7-tetramethyl-

t6) ot hyt 51 byd ) adbenzenel ) - 2 — (di-t-
butylphosphinomethyl) 4, 5- bis—( trimethylsilyl)benzene;
1- (2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-
adamantyl) - 2 - (di-t-butylphosphinomethyl)-4-

(trimethylsilyl) benzene;
tetramethyl-6,9,10-trioxa—adamantyl) —-2-

(diadamantylphosphinomethyl)

1-(2-phosphinomethyl-1,3,5, 7-

-4,5-diphenyl benzene; 1-(2-

phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-
adamantyl)-2-(diadamantylphosphinomethyl)-4-phenyl
benzene; 1-(2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-
(diadamantylphosphinomethyl) -4, 5-
benzene; 1-(2-phosphinomethyl-
1,3,5, 7-tetramethyl-6,9,10-trioxa-adamantyl)-2-

trioxa-adamantyl) —-2-
bis-( trimethylsilyl)

(diadamantylphosphinomethyl)

—4-(trimethylsilyl) benzene;

1-(di-t-butylphosphinomethyl)-2-

(diadamantylphosphinomethyl)
_2_

t-butylphosphinomethyl)

-4,5-diphenyl benzene; 1-(di-
(diadamantylphosphinomethyl) -
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1- (2-phosphinonethyl-1, 3, 5,
10-tri oxaadamantyl) - 2 - (di-t-
WO 2007f1190r9ret hyl silyl ) benzene; 1-
3, 5, 7- tetranethyl-6, 9, 10-
(di adamant yl phosphi nonet hyl ) é
| - (2- phosphinonethyl-1, 3,

10-tri oxaadamantyl) -2- (dladanantylphosphlnonethI
) 4 R pren | b@ﬁ?éﬁ@erl (2- phosph
7£@é@@%m®mhylp@oSEblnqmﬁthlbxépéﬂ@hﬁnt |) -grimethylsilyl)
(I mzanant yl phosphi nonet hyl }—{41-5§
t tdheddydsi ¥ ybho benzemest iy 1 | 24 phosiphe nonks hyv ) 1, 3pbnzene;
71 t 2t Ame? hyhe Sph Onomd Okt I+ DX&; Bdanand yhy1-2;9, 10—

(¢l ackasrent ¥y phosphi poret hyl )] tdecyiy+apthylshéyy) benzene;

7-tetranethyl -6, 9 ,

but yl phosphi nonet hyl )

( 2- phosphi noP@&L/BBR607/050189
tri oxa-adamantyl) -2-

5-di phenyl benzene;
7-tetranethyl -6, 9 ,

|ﬁoﬁ§FM99hpspélnogethyl -2-

bbtglphosphlnomethyl) -2-

bﬁnzemﬁs(i—$&@$pm1£@myt osphs ponet hydiny2-6,9,10-
(9&@@@@@@1 ehosphi nomet yl7?éé@cézﬂl@h@maﬁypeﬁéﬁagme, 1,2-
Ip; & @ zlph Mi@@@é 'PDﬂeﬁ hylyrsdstny1-6,9,10-
(9 PQS ﬁofeﬁ ? 7 &éeQQFﬁyh bepzene; 1-

I_t S |none é (2 phosphinomethyl-

gxa@%lcy
U{t %?%%hE ? 1m%thy151lyl) benzene; 1-(2-

%¢%ﬂ%%h%@ o%e¥% % L0 i MR hyleryricyelos
bé%z%né 1h3, %C Ql phosSphi nodeth wh@sp@lnome hyl)-4,5-
@l@b¢mﬁlhy$am¥enﬁ, 101 ﬁﬁr@haﬁphey@m@tbsla11315r3r¥pethyl—

}@e%ylQ=uri6x@tphemglobéﬁzénb;1ﬂ3,2}bﬁ@cyl)—2—(di—t—
(2aphsiphs ploimedhythy ] ) 34 Brémy ret hyl bénz&ne; 10- 1-(2-
tphoxattheyetioy1 {8, 3 35-drdm¢Shy7-§, § decyt)iecdaphenytlo-
benzene; 1 13 27] bliscy 2y phosphi- noget fyphbspBinomethyl) -4, 5-
B dr ”Qtrh)’r{e‘t@by 1% 4.1 gt 30- bEhoXAtF

3 eg %ltrﬂmeéh 1Sg,

I@ﬂ@£98£§ti

e
%ﬁ %ﬁ? i;%ﬁ %éf%e% 1-(2-

iﬁ% lP%OS %%“?m§ﬁ?
1 g2t
t h%u Bd@cyhb T %k%@@m%ﬁzwjop@@sghanqu@hw}

}@%@@Y} bonz¢pe: t but yl phéSphhAs
benzehe:tri¢Rat phosphdonodred hyl 103, 3] |&eeyihethyl -6, 9

, (A0adanaxay IplcysploingBetiBy 1 1-4, $30ig-] | decyk)meRhylsilyl)
(b@ﬁiemmtylphOSDhKEephbhph)nemetﬁyleSS(5—trimethyl—6,9,10—
stvylg-benzenel [d:7( Zdphpsphinonet hyl - 1, 3,
Stdthambdiyty bohOsph Aokt @xaf ricyet onef{By13i1di L [ 3pehzene;
11 glegyd)per1 8otz byt yiphosphinopet hyd ) 5- Atetramethyl-
6,9,10-trioxatricyclo{3.3.1.1[3.7]}-decyl)—-4,5-diphenyl
1,2-bis-perfluoro(2-phosphinomethyl-1,3,5, 7-
tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)—-4-

t £+ nekdyt

benzene;

'CyC|01?323pﬁoéph§n$hethyl—
y&}cpgnzene 1,2-b

gfigp i

d CT

atrlcyclo—

—?rl

ﬂﬁym?th&lpﬁeﬁyﬁ trimethyl-

phenyl benzene; 1,2-bis-perfluoro(Z2-phosphinomethyl-
1,3,5, 7-tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7]}-
decyl)-4,5-bis—( trimethylsilyl) benzene; 1,2-bis-

perfluoro(2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-4-(trimethylsilyl)

benzene;
tetra(tr

1,2-bis-
ifluoro-methyl)-6,9,10-

(2-phosphinomethyl-1,3,5, 7-

trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-diphenyl benzene;
(2-phosphinomethyl-1,3,5, 7-tetra(trifluoro-

1,2-bis-
methyl)
benzene;

-6,9,10-trioxatricyclo{3

1,2-bis-

.3.1.1[3.7]}decyl)-4-phenyl
(2-phosphinomethyl-1,3,5, 7-



,5- trinmethyl-6, 9, 10-
w@ 007j119odecyl ) - 2-

5-di phenyl benzene; |-(2-

,5-trimethyl -6, 9, 10-t
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(trinmethylsilyl) benzene;

}decyl)-2- (di adamant yl phosph

benzene; ; 1-

1- (2-phosphinonethyl -1, 3
trioxatricyclo- {3 .3 .1.1

(di adamant yl phosphi nonet hyl P¢F/GB2007/050189

phosphi nonet hyl -1, 3
rioxa%éicyclo- {3.3.1.1 [3.7]
onet hyl ) - Aphenyl

2- phosphlnonethgl-l 3 ,5-trinethyl -

(
6t©tri©t¥%f%%%¥?|% elpwl)
(@¢h@%®®h¥9¥®h@éﬁh nbret hy' | )dacyslb@s5—@ls—(
terheebyy 51 4¥)) bedrseresne- (2-pghdsphi notdthybsphigomethyl-
JBrirvnethyte6(tOifldGotméoxat rieyel b0-{3 .3 .1.1
[Br Tdxjetecyydle 23. § di adapant ydehpsphi nomethyt )y A 1y1)
(bémﬂ@m@ylsi|yL2—beezamet—butgithSpenﬁomuahg1)—4,5—di—(2'—
Vbdnzéne; 5 , 7-tetramethyl- 6392-pis(di-t-

(Znehosphipome
l@ufgf@%@éﬁmga

51 dh phen

1§@m%@%nmmt

but

i xatrlcyclo {3

, ,%@méi?%% %b i% Fepio

ékﬂ§1 34

3,98101.1 [3.7] jdecyl) -2-

+@2a—&ﬁ%ﬁ&lﬁrgﬁﬁy})ylﬂbenzene,

? Hos2n Bh Saden 1Jﬂ@r§— di-t-butyl

erf I

fif%d'Zﬁ%E Egﬁ ﬁﬁfneégﬁmetFilB 5. 7-

aq a cIo di-(2"-

@hq@g gz g z%ne5 bi s- rg p 1nomethyl—
benz DAt %f64%o%% ?@l%%%s @% ¥ hyTd T<23—

SPheWY¥%¥@%n%f

hylllgeneenesno- tri okatrPey é?o ogphigomethyl-

[B,355}aetgtyametmylr@e$hy®s¢¢y¢§ab@ﬁ@@®@tyl T2 b 6di-t-

(Ruphbsphipenet hyl -1, 3,

152;bis(2—phosphinomethyl—l,3,5,7—

te¢radhe ity Uos 09 net hyt ) oxH,a@amadOyl) -4-t-butylbenzene;
t1) boxat ¢ [ eyehofBaBt il ghdSpHIndkecyy ) r 44, 5-diphenyl
bemeenesrdo~2: by 5y ( 2- ph0®@h&@@@ethyl-l 3, 5,1,2-bis(di-

Taehsl {1

-4 é—$§s%&l}§§§d£ﬂt %
ge@ hi nomet by}, _

7 £l g trifluo

%9

tetraftri

1)549(21Qpﬁém@1@%épﬁy6l@1{Sbeﬁzene,
§@M1n@@@@ﬁ@§) 4,52t B seputy1)

ad manByla?isphlnomethyl -4-t- butyl

e °§s%1&§ffﬁ§§ i

t% bSCRT T 7YY b ROSBh

L

Y%l%%@ﬁ%m%ql

(%T(@lb@t@mbﬁ

1qp@¢%%yl
HénhZermslamantys
$®@h%@%@¢§ylnf455d di¢ip-butyl)benzene; 1-

decyrg§ny yerop—2" -

St butyl phosphinomethyl) -

pheny| pr opd2mnanyyl) benzénkbyutyl2- bi hosphinomethyl) -2-(di-t-
(dit £ ¥ bpit y$ pivosphe tonet hytH) —odey (@etizgheny| prop-2 -yl)  (2-
beinzepiet ndme 2al s1 (8j 5t 7 bkt yt phosiphl nonet hy+)r+ dxa 5-

dhdidmbtit yl) benzene;

i -2hhscylphosphinomethyl) 4, 5- di-(2'-
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1©r@rl@x@ll@@@t&@am%@tﬁlﬂ 1[3.-7] jdecyl) -4=(or 1' (di-t-
Yoty lmet siyh snoyddhy ey rbecéme; 1-
febrdcémet hyl -16;, 9 (21iPhotphaxateitbycho,; §353 7 tdtramethyl-
[8, 7] 1) decydb}a-2datighe$but yl phosphi nonmet hyl) -4, (di-t-
Spet phenysph ef sRseRel ) 4 7 §-2¢d phospht Ponet hydcdne 3 - (2-
§hi £bTed bk £ 191,31@ trt@%ﬁﬁmé@w 06 &31@3tr]1@>1ai3
mé

) '(&1hy

-6, 9 ;

h
PPEBRA PW%
11 d%% @Z @daT@?tY%UT Tbﬁb%%%m%%%%%mg@§phanoT%ﬁhyl_

yIBREYYIPF@PT 6Ccene)
(PhpdRsphooney hyl -3, 5377 EEtrﬁm%tmyl 6,90l 0-pioxa-
tadaxattytycl 0=2{3 .$diadamthYPphdepyﬁpomchyl)—4,5—(di—t—
(duadamant ylfphospkneenet hyl )
1t e f 2ampbioispht loPet byt r 1 ox B-aSahaim el hyb-6, 9
1Qj1a&@M@ﬁtypym&@phiﬁgﬁeﬂh§lI34J]oﬁde@ybi=8uty1 ferrocene;
ﬂl@@@n@nﬁytpb@@@@@@@ﬁ@&@NEQ1yAQ (or I ) phenyl

yl%ﬁoé@h9@8§

10-tri oxa

@5?§%%§¥3Phﬁsp?m%fa%ﬁéﬁ'ﬁf
11 %r?n%?%i@?@???gl@%@? Bhe

butyl) ferrocene;

it

-4 (

wii i et o
F h% é&?n%ngTE%f ) - 41 e(apcene,

(21phogphphengtihybpl2 -y1)

41&& 17yt

"t  osot ?P?EP%”T@EB?E mi P% 7357
e ?h%?%g%w%dsw%@%%%ﬁ%

ﬁ?ngﬁg?ﬂ p Og 2’_yl)

Eeiramethyl—

1- ferrocene; (2-

3-dhphehyhofierhgtene3, 5, 7-

Ffﬁhyl —%2’5phenyl§ f 2’—y
hy

L

ethyl)-2-

21, 2-bi s- perf |uoro

% ?h}no@@?@ylie@ré%%th§f13 bgtyl ferrocene;
1bp Tbb&éﬁvp%y%w%lqgme@hyh hr%a57}r}m%@%y176 9,10-

4. 5idkphenhyycier fdcenk; 113, 21 bilgcperf4l woro (2- di-(27-
phiosphl pooet hit+y 1) SerrSCﬁné;tetranétbyb(Brpgospm®nomethyl—
trj oxatrroyetiof 3-8, 4, 1) 3t 7] ¢decyl ¢ydigor 1') phenyl
fesracene[(317] 2dbigt petf (broro (2- phospbirnprehhybrbp-37-y1)
yE8rrodend etranet hyb-6i s92,-phOsphi0¥AEEHGYChO3{ 8-tBimethyl-
4,4 {3 eFidxdrHde&YtIo=13.3.1.113.71}decyl) -4, 5- (di-t—

1,2-bis(2-phosphinomethyl-1,3,5-

trimethyl-6,9,10-trioxatricyclo—{3.3.1.1[3.7]}decyl)-4-(or
1-(2-phosphinomethyl-1,3,5-
trimethyl-6,9,10-trioxatricyclo—{3.3.1.1[3.7]}decyl)-2-
-4,5-
1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-
trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-(di-t-

17)t-butyl

(di-t-buty
ferrocene;

butylphosp
ferrocene;

butylphosp

{3.3.1.11[3
17)t-butyl

ferrocene;

lphosphinomethyl)

hinomethyl)-4-(or

di-(2'-phenylprop-2'-yl)

1) (2'-phenylprop-2'-yl)

1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-
trioxatricyclo—-{3.3.1.1[3.7]}decyl)-2-(di-t-
hinomethyl)-4,5-(di-t-butyl) ferrocene; 1-(2-
phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-

7] }decyl)—-2-(di-t-butylphosphinomethyl)—-4-(or
1-(2-phosphinomethyl-1,3,5-

ferrocene;



4,5-bis-( trinmethylsilyl ) ferrocene; 1 ,2-bisperf

e
| uoro (2-phosphinonethyl-1, 3, 5, 7-tetranethyl-6,

9

WQ 200419079 oxatricyclo {3 .3 .1.1 [3.7] jdecyl)PCHGBL®I/050189
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35

1) (trlnethyIS|IyI) ferrocene 1, 2-bis- (2-

phosphi nonet hyl - 3,5 plira (tr ifluoro
-methyl) -6, 9 , 10 trloxatr g&clo{S 3.1.1 [3.7]
} dec enyI ferrocene; 1

| -bis
(ox ph ! %%%in%n%t Tt¥10%atrscyc#oré%r% T 173. 7] }decyl) -2-
(t@1@@@@@@hﬁ%m@@§ph6n@meq@y%}T%x%tiicy%fop@@nygprq912’—yl)

[Be7io¢eeeyl ) -4- (Rophbspphenyetheirdcéne; tiirebhyl-
(2= phosiphi npoed-hyd - 3,131 [357] jJecyl) -2-

6,9,10-

t edt afamadfit yopioe st hybjetloyl B-4- 10 trioxabrioyehelpBop-27-

.BLy 1.1 E3rrFbcedecyl) 14,25phbsphihbmaenbylsi Byb)tr

f@fgpﬁ@n@rléxgkﬁiéiciéLP®0§pb|DP@EVFY$ec§lﬁ&§% 7-tetra

( ﬁlaééﬂgﬁ ﬂ@ﬁ&yﬁ inOndedPr) Li] oxphrieyshofB) 3. 1ed
i )noﬁetﬂ -4 3 5£Efiﬂ@£®yisé|y|i ferroce
en psl L 5b9§y pPOfP ﬂ?ﬂ@é&{i 24 5di- (2

u? ? oferrof§nf or 5 sbutyl fe

imethyl-

rrocene;
ne;

rrocene;

e%%%gf% %%igE%% %)%ﬁ%mz hiﬁ é%%fy;4tgiramegiyi;,

?%%%ﬁ%99122‘ykls (RETHRAS phosPhlnénéfﬁ9ﬁfpeﬁf
(EWO§P§%D%®$9¢Y19¥r%c%n%*tqtr@m%¢%y
(2= phosphi ot Y131 1- 813 - 81 | dgerblrantenyl -6, 9

luoro (2-

10-) (27—

trhexatdapant yy)) - 4, ﬂfrnheedéb - phenyllpRepi2-beylfyuoro (2

ffemmmplemomdtbﬁlbl,s?ﬁ(a phosphameney hyé 9,13, 5

Tetedxanei byd16{393,1 10t3171] pxcaae@plarmmwlr)dﬂt }élﬁ)’ty]].

)fd2rocphenyl prop22pisybiriEenpeeenephdsplibbsiethyl-

1,3,5,7-

(Qe@P@@@®mypn@t@yieltrﬁoxaérlcyci@tﬁa@Eihyt367 BdQCQQT 4-
%&PXQJQQQﬁ%&. %roéenéd| 1b%i¥hkyfeRE0 ﬁ@@yh}nomethyl—

%%agft fﬁ%ﬁ%@ " Zgéc%g KE “%?ragfﬁ@if
a?taﬁgﬂﬁhf R %%ﬁéti‘i

(or 1 ) (2

nfprop
1,3,5,7-

CBheht Dot 3yt | ol ?o%le%%@cnlé b bo ) (20
(el erahRneN T phosp % Phe?hAyT/ 41 5= bEgr- ﬁszP9ﬁPhlnomethyl‘
fbr?o@eﬁeteqraQt%1%l%@¥0a®%ﬁ%h%yT®h%sb%TnonethyI) - 4-
(oridaxdtrbayyloferd obehed. 11 14ery P atlamand iyt t—pubut i
phespheeammeet hyl ) - 2-1(&ibisbut yl phesphEpbebhykhyi4]l, 3,5, 7-
Stetdta (21 f 1 phenyhgtiopt 2-679yl)-ferrocene; 1- (P, P

aglaned yticyebut ¥l 3 phosphi npr@édyl ) -42¢or 17)t-butyl

(gértobethy| phosphi nonet hyl) -4- (or

Selected structures of ligands of formula V of the
invention include:-



1" ) (2 '-phenylprop-2 '-yl) ferrocene; 1- (P, P
adamantyl, tbutyl phosphi nonethyl )-2-

W@ 2io7t119904 yI phosphi nonmet hyl )-4, 5- (di-t- but yP¢T/GB2007/050189
ferrocene; 1- (P, P adamantyl, t-butyl
phosphi nonet hyl) -2- (di-t-butyl phosphi nonmet hyl) -4-

(or 1')tbutylf errocene; 1- (2-phosphinonethyl-I, 3,
5, 7- tetranethyl-6, 9 , 10-tri oxa-adamantyl) - 2 -
(di-tbu osphi nomethyl )4 , 5- di- (2

" - phe p-2 "- yl) ferrocene; 1-
(2- phosphi nonethyl -1, 3, 5, 7-tetranethyl- 6 , 9
10-t rNoxa<adamantyl) - 2 - (dl-tbutylphosphlnonethyl

'-phenylprop 2 '-yl) ferrocene; 1-
3, 5, 7-tetranmethyl- 6 , 9
10 trlox:-adanantyl) -2 - (dl-tbutylphosphlnonethyl)
y PBekrocene; 1- (2-

1, 3, 5, 7-tetranethyl-6, 9 ,
mantyl) - 2 - (di-t-butyl phosphi nonet hyl)
butyl ferrocene; 1- (2-phosphinonethyl-I,
gh 6, 9, 10-trioxa-adamantyl) -2-
(dladana tylphosphlnonethyl) -4, 5- di- (2

' - phenyl prop-2 '-yl) ferrocene; 1-

(2-pho pqonet hyl -1, 3, 5, 7-tetranmethyl- 6,9,

damantyl ) -2- (di adamantyl phosphi nomnet hyl)

) (2 '-phenylprop-2 '-yl) ferrocene; |-(2-
phosphivonethyl -1, 3, 5, 7-tetranmethyl-6, 9 ,
10-tri oxgatdamantyl) -2- (di adamantyl phosphi nonet hyl)
-4, 5- (di-tbutyl) ferrocene; 1- (2-phosphi nonethyl -
31,25pis (aitelrampiiylpos 1né&b$ﬁy9%ﬁga@aﬂﬁﬁﬁyﬁ91 @ 5-
(giﬁggwyptgégpggghlnonethj?h) - (or yt-butyl

5 ferrocene; 1- (di-t- butylphosph|nonethyl) - 2-
(dladanantylphosphlnonethyl )-4, 5- di- (2

hepyl prop-2 '-yl) ferrocene; 1-

-yt yl phosphi nonet hyl ) - 2-

tyl phosphi nonethyl) -4- (or 1') (2

‘- yl) ferrocene; 1-

(di-t butylphosphinonethyl) - 2-
BW'4' (or 1" ) t-butyl
osphi nonet hyl -1, 3
, 10- trioxatricyclo-{3.3.1.1 [3. 7
-4, 5 di-(2' - phenylprop-2 '-yl
pe; 1 , 2-bis (2-phosphi nonethyl- 1,3,
Nrethyl -6, 9 , 10-trioxatricyclo-

10 1,2bis(di-tert-butyl (phosphinomethyl)-4,5-diphenyl benzene



{3.3.1.1 [3.7] jdecyl) -4- (or 1') (2 '-phenyl prop-2
"-yl) ferrocene; 1, 2-bis (2-phosphinonethyl-I, 3

WO ovnigeee hyl - 6,9, 10-trioxatricyclo-{3.3.1. IP¢(BGBR007/050189
j decyl) -4, 5- (di-tbutyl) ferrocene; 1, 2-bis

(2- phosphi nonet hyl -1, , 5- tﬁhnethyl-6, 9
10-trioxatricycl o- {3 3 1 [3.7] jdecyl) -4- (or 1
) t-butyl ferrocene; 1- (2- phosphi nonmet hyl -1, 3 , 5-

t BuyRRL hyl -6, 9 , 10-PBU®xatr|cycIo- {3 .3 .1 1 [3 7]
jdecyl) c2- (di- ut yl phosphi nonmethyl) -4, 5- di- (2

"-phenyl prop-2 /-yl) ferrocene; 1-

(2- phosph hyl -1, 3 ,5-t rine thy 1-6, 9, 10-
trioxatr {3 .3 .1 .1([3.7] jdecyl) -2-
(dl-tbutyl phinonethyl) -4- (or 1') (2

' -phenyl prop-2 '-yl) ferrocene; 1-

(2- phosphi npget hyl -1, 3 ,5-trinethyl-6, 9, 10-
trioxatricyclo-{3.3. 1.1 [3 7] jdecyl) -2-

(di -t but yl phosphi nonethyl) -4, 5- (di-t-butyl)

ferroce ai/“;ﬂ' phosphlnonethyl 1,3 ,5-trinethyl-6,
9, 10-t s cyclo- {3 .3 .1 .13 .7 ] jdecyl) -2-
(di-t-but Iphosphlnonethyl) -4- (or 1" ) t-butyl

ferr@@% e, 1- (2- phosphi nonet hyl -1, 3 ,5-trinethyl -6,
tTioxatricyclo- {3 .3 .1.1 [3.7] }decyl) -2-
(dladanantylphosphlnonethyl) -4 5-di - (2 . .
-p%e‘?\% b@bptgrt 19q1§y¥]%]@@%]%ye@1@ne‘qhyl trimethylsilyl
(2ephosph® nonethyl -1, 3 ,5-trimethyl-6, 9 , 10-
S trioxatricyclo- {3 . 3 .1.1 [3.7] }decyl) -2-
(diadanantylphosphinonethyl) -4- (or 1' ) (2
B@gfnylprop 2 '- ylpsierrocene; 1-
R , 3 ,5-trimethyl- 6,09,
10-triox§tricyclo- {3. 3 .1.1 [3.7] }decyl) -2-
[ byl phdsphi nomethyl ) -4, 5- (di-t-butyl)
R- phosphi nonet hyl -1, 3 ,5-trimethyl -6,
®ricyclo-{3.3.1.1 [3.7] }decyl) -2-
(di adamant yliphosphi nonet hyl) -4- (or 1')t-butyl
ferrocene %,%2 bi s-perf | uoro (2-phosphinonethyl-1, 3
, 7-tett@nethyl- 6,9, 10-trioxatricyclo {3. 3 .1.1
[3 7] }-decyd) -4, 5- di-(2'- phenylprop-2 '-yl)
ferroceng; -bis-perf | uoro (2- phosphinonethyl -1,
thyl -6, 9 , 10- trioxatricyclo {3 .3
ecyl)-4-(or 1') (2'- phenylprop-2 '-yl)
;1 ,2-bis-perf luoro (2- phosphi nonet hyl -
, -tetranmethyl-6, 9 , 10- trioxatricyclo {3 .3
1.1 F3. }-decyl) -4, 5- (di-t-butyl) ferrocene; 1
, 2-bi s-perf luoro (2-phosphinonethyl-1, 3 , 5 , 7-
tet%gemet h(XlAtert? bug'gl}tvkrlcljgfv(:?}lcgllné:yc' P {§ tert bu’l
10 ferrocene

Si(Me)s

PBUY,

PBUY,

Si(Me)s



(or 1')t-butyl ferrocene; 1,2-bis- (2-phosphinonethyl -
1,3,5, 7-tetra(trifluoro-nethyl) -6,9, 10-
wa@ eooonstore cycl o{3.3. 1.1 [3.7] }decyl)-4,5-di-(PCT/GB2007/050189
' -phenyl prop- 2'-yl) ferrocene; 1, 2-bis-
(2- phosphi nonmet hyl -1, 3, 5 de
tetra(trifluoro-nethyl) , , 10- trioxatricyclo {3
.3 .1.1[3.7] }decyl) -4- (or I') (2'- phenyl prop-2
'-yl ) ferrocene; 1,2-bis- (2-phosphinonethyl- 1,3,5,
75I@T1?hf€f@ﬁt%‘?obwél’h@msp@l@om%thyl) -1,3-bis-
terroxathytycl ] 31 331d1hyBr 7 sdldenydfuran . 5-
(di-t-butyl) ferrocene; 1,2-bis- (2-phosphinonethyl-I,
5 3, 5, 7- tetra(trifluoro-nmethyl) -6, 9 , 10-
trioxaricyclo {3 .3 .1.1 [3.7] }decyl) -4- (or
ferrocene . Selected structures of |igands of
of the invention include:-1 ,2-bis
o|-t§rt but yl phosphi nonet hyl) -3, 6- dlphenyl 4, 5 -
yI' benzene 1, 2bis (di-tert-butyl
phi nomet hyl )-4, 5-di phenyl benzene2+ Fe 1 ,2-bis
(di-tlert- butylphosplnonethyl )- 1 -trlnethyIS|IyI
—bPBu'{ di -t ert - butyl phospi nonethyl) - 1
o 'ferrocenes , 6-bis
-tert butylphosph|nonethyl) -1,
[ i rethylsilyl- 1 ,3-dihydroi sobenzof uran . 1,
[ ert-butylphosphinonethyl )- 3, 6-diphenyl
PBlhis (di-tert-butyl phospi nonet hyi
Iyl ferrocenel,2 bis (di-tert-butyl
) )-4, 5- di(4'-tert butyl phenyl)
be ne ,2-bis (di-tert-butyl (phosphinonethyl)
[ -thyIS|IyI benzene 1 ,2-bis (di-tert-butyl
onet hyl ; -4- (tertbutyldinethylsilyl ) benzenel
di-tert- butyl (phosphi nonmethyl) )-4, 5 - bis
(trlnethyIS|IyI) benzene 1 ,2-bis (dl-tert butyl

‘ﬁ??ﬁﬂ%ﬂ%?%%mé@éﬁé%%’ﬁ@ oL b 21 brd SHRyT

) -4-tjri met hyl si
( phasyhi nomret hy

10
PBuU',

ess— LS

: PBUIZ

1,2-bis(di-tert-butylphospinomethyl)-4-trimethylsilyl
15 ferrocene



1 ,2-bis (di-tert-butyl (phosphinonethyl) )-
(tri-tertbutyl methyl) benzenel ,2-bis (di-tert-butyl

w@ pleaptornonet hyl ) )-4- (tri-tertbutylsilyl ) breCizeB2001/050189
2-bis (di-tert-butyl (phosphinonethyl; -4- (2
' -phenyl prop- 2 '-yl) benzene ,2-bis (di-tert-butyl
(phosphi nonet hyl ) ) - 4-phenyl nzenel , 2-bis
(di-tert-butyl (phosphinonethyi; -3, 6-dinmethyl-4, 5-

s benzene 1 ,2-bis (dl-tert but yl
-3, 4, 5, 6 - tetraphenyl

Gdi -ferf-butyl - phosphanyl ) -net hyl]-phen
yl)-benzoyl chloridel ,2-bis
.hosphlnonethyl) -4-
] p ﬁé bis (di-tert-butyl
(phosphlnonethyl) ) tRyl ) benzene 1
,2-bis (dl-tert but o$phi nonmet hyl ) )-
naphthylpro- & PBbbs (di-tert-butyl
Y " pis (ditert- butyl
onet hyl]) ) phenyl) benzenel , 2-bis (di-tert
uhospﬁljonethyl) )-3-(2',3 -bis(ditert -butyl
QS P NORE ) )phenyl) benzene 1 ,2-bis
ert-butyl (phosphinonethyl; -4-tertbutyl-5- (2 '-
térthutyl-4 ',5 "-bis (di-tertbutyl (phosphinonethyl
)) phényl )benzene In the above exanple, structures of
| i gands of general formula (V) , one or nore of the
Xi-r X4btefdi-atyrcapbonl belae $pigl geoeplsy Lt béit §+,d1 (4" -tert
attachedh¢oy t hebizame/ or 2 group, phosphorous, may
5 be replaced by a suitable alternative. Preferred
alternatives are adamantyl, 1,3 dinethyl adamantyl,

congressyl, norbornyl or 1- norbondienyl, or X1 and X2
t:ﬁgéEer and/or X3 and X4 together formtogether with

t he Yphosphor Qus a 2-ohosphatricyclo [3 .3 .1.1{3, 7}

? gha 1, , 5,
10 oxadanantyl or 2-phospha-
1,3, 5-tr , _10-trioxadamantyl . In nost
S iePts, it is preferred that the
X1- X4 groups~or the onblned X1 X2 and X3/ X4 groups or
equi valent fornmula (1) groups are the sane but it may
al so-lpes adivamt ageousy t tPluserli fifreeenyl gr otipsripethylsilyl
10 predueees asymetry around the active site in these
sel ected |igands

N

S
PBUY,

PBUY,

1,2-bis(di-tert-butyl (phosphinomethyl))-4-(tert-
15 butyldimethylsilyl)benzene



and generally in this invention.Preferably, @ is
phosphorous and preferably, QL is independently,

w@besporous. Preferably, the bidentate |i gandP¢CBEGB2007/050189

10

15

20

bi dent at e phosphi ne, arsine or stibine |igand,

preferably, a phosphine Iigan 7 The pal | adi um

conpl exes of the present invention are useful as

pre-catalysts in the carbonylation of ethylenically

unsat prat ed conpounds. Suitable ethylenically

unsqt Urated conpounds for the nonethylenically

speetdiic asea‘Le Q e |nvent|on are ethylenically

unsat ur ang I PeRi'ng from2 to 50 carbon atons

m xtures thereof. Suitable

et hyl eni gal | y upsat ur at ggtconpounds may have one or
(.S d/ff Qnj .gggeﬁ unsat ur at ed bonds per

nol le. Preferred are conpounds having from2 to 20

cdrbop atons, or mxtures thereof, yet nore preferred

are cobnpounds having at nost 18 carbon atons, yet nore

at nost 16 carbon atons, again nore preferred

chnpoerhel6d haver atdwest (1o el bepmat o) ) Thed-

e hy [ enieat byl sihsat Upareedneonpound may furt her

conprise functional groups or heteroatons, such as

ni trogen, sul phur or oxide. Exanples include

[ esters or nitriles as functiona

agh enbodlnent the ethylenically

Such [ol efins can be converted by reaction
fORQxi de-F@Hd a co-reactant with a high
regi osel ectivity,~where appropriate, towards the

| i near carbonyl ation product. Suitable ethylenlcally
uhsat o at @d-conpounds! (ped siefel aert i ehe) - fretayt -butyl
aecenry¢ede, propyl acetyl ene, butadi ene, ethylene,
propyl ene, butyl ene, isobutylene, pentene, pentene

neg'Li | es, _al kyl pentenoates such as nethyl 3-

pent eRpa ' B¢l ds (such as 2-and 3-pentenoic
aci d) : o€t enes. Particularly preferred
et hyl e unsaturated conmpounds are et hyl ene,

vi nyL~ hut adifée, al kyl pent enoat es,

p pent ene acids (such as 3 pentenoic

acid), acetylene and propyl ene. Especially preferred
ate2ebhylenetevinyht ateplad ephinomethyl) ) -4, 5-di-tert-butyl
benzene

BU!
Bu!

B t
4 PBUY

PBUY,

1,2-bis(di-tert-butyl (phosphinomethyl))-4-(tri-tert-
butylmethyl)benzene



but adi ene and pentene nitriles. The netal conplex
production reaction is preferably carried out at a

W@ 209pet@rure in the range from 20 0C to 120 0CPCT/GBR@®7/050189

10

15

preferably from20 0Cto 90 0OC, especially from50 0C
to 800C . It is preferred th the reaction
tenperature i s maintai ned bel t he
deconp03|t|ontenperature and so when the netal
phosphﬁhe is known to deconpose within the tenperature

r anges |gi ven above, the reaction tenperature should be
nahnt gned at Q OC (and preferably at |east 20
08T bel ow e gg POST n tenperature. Preferably,

in the proguction of t he ﬁ%?al conpl ex, the conpl exing
conpound i § prese t in the reaction mxture in
st oi chi one C _g#cess. Pélerably the anpunt of
conpl exi ng compound ™ the reaction mixture is

cal culated to provide a nolar excess of at |east 10%
over-lphe(dhoumt t rieguy ¢ eehéophihenstioy thi ofret fit-tert-
rieacylonly hobenpeed er abl y an excess of at |east 50%
espeC|aIIy at | east 90% Wen the ligand L is a

, , We prefer to use an excess of phosphi ne of
When the palladiumis reduced in the
of the product palladi umconpl ex, the
be effected by the conpl exing conpound
eSS coaneX|ng compound is preferably

a3 op {ure to acconplish this.

Ction r&ttion may be carried
out in the presdphce of [a solvent. \Wen water is used
as a solvent the he solpgjl,on may be controll ed.
The concentrati on™s¢ eral anmm ne conpound in the
solvent is preferably equivalent to from5 - 25g of Pd
perolibis eqaoftsot ubhom (JhesPih ®dmd bigy T pRCEL 0N MXE MY Borop-
i 5/ prefeLably.adj usted and maintained to within a
range from2 to 7 . A buffer solution may be added to
the rgaction m xture. Alternative solvents include

Z (e.g. methanol, ethanol, propanol, nethyl ated
s-irits) acetonltrlle tetrahydrof uran, toluene,
al i phat i esters such as et hyl acetate and ketones
st _asm S : Crganlc sol vents are

PBU',

1,2-bis(di-tert-butyl (phosphinomethyl))-4-phenyl benzene

PBU',

PBU',



The reactants nmay be added in any suitable order, but
in a preferred process of the invention the netal
wapasrneoconpound i s placed in a reaction vessePCT/GB2007/050189
together with a solvent (if used), an alkali (if used)
and a buffer solution (if used), heated if necessary
and then the conpl exi ng conpounid i s added. The
reaction may be continued for a period of from3
n%n%r%éSf%ls%%%Fa@U%bhF%hO%ﬁ@lm%m%%@hhlly c%ﬂ%+%@%hyl 4,5-
wiliphenabodn#ou® hours. On conpl etion the product
metal conplex is separated fromthe reaction mxture
by any appropr nmet hod which i s dependent upon the
physi cal for ¢ product .The catal yst system of
t he present bn may be used honbgeneousl y or
Pfef erably, the catal yst systemis
Where a conpound of a formul a
group or a cycl oal kyl
cis (E) and trans (Z) isonerism may
nvention includes the
prs OPBt'he conmpounds of any of
herei n and, where appropriate,
Deri c Eg@ns t hereof, together wth
eps ( of dlastere0|soners or

e.g.| by fractional crystallisation,
o H.P .L .C. of a stereoisoneric

d one of the fornulas or a

i vative thereof. An individua
enanti oner of_a conpound of one of the fornulas may
al so be prepary om a correspondi ng optically pure
[ rned ate_or L8 ut| n, suc

5 ? ? % OnC fg% O%i%%m%gh ﬁy a%1e chlra
sﬁ%ﬁ%??h%?yﬁyg??%%? onal crystallisation of the
di astereoi soneric salts forned by reaction of the
corre’ponding racemate with a suitable optically
activﬁ acid or base, as appropriate. Al stereoisoners

P g thin the scope of the process of the
| be appreciated by those skilled in
the art that thef|conpounds of formulas (I)-(V) may

sui t abl e sal

PBU',

PBU',

10  4-(1-{3.4-Bis-[(di-tert-butyl-phosphanyl)-methyl]-phenyl } -1-methyl-ethyl)-benzoyl chloride

o)

Cl

PBU',

PBU',



w0 posentdosn. Typically, the Goup 8 , 9 or 10 neCEGBRI07/050189
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that coordinate with the Goup 8 , 9 or 10 netal or
conpound thereof to formthe conpounds for use in the

conmpound t hereof coordinates to the one or nore
phosphorous, arsenic and/or I nrony atons of the
conpound of formula (1) . As nti oned above, the
present invention provides a process for the

car bonyl ati on of ethylenically unsaturated conpound
cbnprPs$ (G cont achihyg! arhe3pyl epinell YY) uhsat Ur at ed
compouhda whohy taplbony hboirexieee and a source of hydroxyl
groups such as water or an al kanol in the presence of
a capt e as defined in the present

i i O RBe,sour ce of hydroxyl groups
ni c mol ecul e having an hydroxyl

functi ong Pref eszabl y, the organic nolecul e
havi ng a hy xct i ofal group may be branched or
Iinear and conprises an al kanol, particularly a

ggqg ich may be
o ilon 59n@ %9 ﬁ??%ﬁ%%%@k e sué@tituents
%%d ron1aYL Het, halo, cyano, nitro,
0?19, OC(O R 20, O(O)R SLQLER 22 NR23R24 C(ONR
25R26 , C(S)R 2 7R28, O SR 50"as defined
herein. H ghly preferr al kanpls are G -Cs al kanol s
such as net hanol PB@> pr opanol ,
anol , phenol and
Although t he nonoalkanols are
al kanol s, preferably, selected
4 such as dIO|S triols, tetra-ols and
P g&” be utilised. Typically, such

pol yal kanol s”are selected froml , 2- ethanediol, 1

r opanedi ol ycerol, 1,2,4 butanetriol, 2-
(hygr%%(%%%h’y?z ITel Grbpametnaretiy b) & 4- (27
t PRIy R DI heRa eﬁbén@%@%%%mol 1,1,1 tri
(hydroxynet hyl ) et hane, nannose, sorbase gal act ose
and ot her sugars. Preferred sugars include sucrose,
fructose and gl ucgsea Especnally preferred al kanol s
are nmet hanol ang The pRst preferred al kano
i s nmet hanol . Thg| anount| of al cohol is not critical.
Gener al | s areJused in cess of the anount of
subst pa F P

i ncl udes

1,2-bis(di-tert-butyl (phosphinomethyl))-4-(3’,4'-bis(di-

tert-butyl (phosphinomethyl) )phenyl)benzene



carbonyl ated. Thus the al cohol may serve as the
reaction solvent as well, although, if desired,

wGeepansoe sol vents may al so be used. It will bRCT/GB2007/050189
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appreci ated that the end product of the reaction is
determ ned at |east in part b% t he source of al kano
used. For instance, use of ne ﬂanol produces the
correspondi ng net hyl ester. Conversely, use of water
At eQr respondi ng aci ds. Accordingly, the
provi @842a conveni ent way of adding the

O O C1-C30 al kyl or aryl or -C(O OH across
eni cal Ppulinsat urated bond. In the process

S e second aspect of the present

t he carbon nonoxi de may be used in pure
diluted with an inert gas such as nitrogen,
di gx"ds or a noble gas such as argon. Snal

tal |y upggturated conpounds to hydroxyl group
aJAqui d phase reaction medi um may vary
bef meens wi det i i bst andossiépabhymé tiesl j N-3-hexr angeo 0f (di -
1O b0t 41 B0nopEef £5abL Y, f 1 ponbel Weesn 2edeto 112 and
up to a large excess of a{kanol or water when the
|atter is also the reaction solvent such as up to a
100;. 1 excess of al kanol or water. Fp%@ver, if the

und 13'% gas at the
present at |ower |evels
di um syth'as at a ratio

process is not critical.

Good results may Ve obta/ ned when, preferably, the

amount of Goup 8 10 nmetal is in the range 10 7

to 10 1, nore pr#f§ 10 6 to 10 2, nost

preferably, 10 3 Dl es per nol e of

et hyl eni cal |y unsaturated conmpound in the liquid phase

cay Hopys al{ ObeFeagkt PN (FREL MM nSHE t@bl y) - al tboughcy1-5- (27 -
n@@f@§§€yilgl,go_gpg(épyggftgn, t he car bonyl ati on of

eL iy eRLEAL LY YOSALIME Bf Bt COIPALOL, BSe

In the above example, structures of ligands of general
formula (V), one or more of the x-x* tertiary carbon
bearing groups, t-butyl, attached to the Q' and/or Q7
group, phosphorous, may be replaced by a suitable
alternative. Preferred alternatives are adamantyl, 1,3
dimethyl adamantyl, congressyl, norbornyl or 1-
norbondienyl, or X' and X° together and/or X° and X’
together form together with the phosphorous a 2-phospha-
tricyclo[3.3.1.1{3,7} decyl group such as Z2-phospha-
1,3,5, 7-tetramethyl-6,9, 10-trioxadamantyl or 2-phospha-
1,3,5-trimethyl-6,9, 10-trioxadamantyl.

In most formula (I)-(V) embodiments, it is preferred that
the X'-X* groups or the combined X'/X* and X°/X" groups or
equivalent formula (I) groups are the same but it may also
be advantageous to use different groups to produce
asymmetry around the active site in these selected ligands
and generally in this invention.



defined herein may be performed in one or nore aprotic
solvents. Suitable solvents include ketones, such as

wo e007ax@npl e et hyl but yl ket one; et hers, such aBCT/GB2007/050189
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exanpl e ani sol e (nethyl phenyl ether), 2, 5,

8-trioxanonane (diglynme) , dLﬁ%gyl et her, di net hyl

et her, tetrahydrof uran, diphenyl ether,

di i sopropyl et her and the di net hyl et her of

di -ethyl ene-glycol ; esters, such as for exanple .

et i aelet vt e, Qdi nﬁhy@h@ﬁﬂ@]&@@%t hghdberz6aeeably, Q 1is

di me¢hshdpht hal apvleoamidobetsr ol act one; ami des, such as

for exanpl e di met hyl acet ami de, N—nethylpyrrolidone and

dp neet dyd o T oy mame dei dsuit foxi degsaandisubphodestasachhasphine,

f or s exanpt es€iweidyl syhphoxp et e tibl ¢ops opyd spth phoNei gand.

sul fol ane (tetrahydrothi ophene-2, 2-dioxide) |,

2ripet hyd spdd s @h anengistdyl sul phenepsresent  invention are

t@éé@@yerLblo i%é%éﬁﬁgfgnd%j@n ti carbonylation of
Mem@ fiw sul f %@%@&%@at' c C@&ﬁ@ Suitable

onpounds e

b eng% i Varlan{s 0 Q | the non-—
rgeng, 0/ tene syl belend yea‘:ze%mxxnse”&m

i BhP'ot Gbens emd 52 LHTRARES COF\P@IUUH&Sng fafodvdricght ¢ to S0
@a%g%% E5RBS UL le@E&%neorhgﬁggﬁges thereof. Suitable
2Phgleriaet hy| peatane2tret MATERIEH offdelaig carbopr more
t?ewh@h%rlque ceinptckésde. gnspenzonedr iv@rdhd per molecule.
deetDarted| ere Vemposuoisabke iave fapmotd ctsotVentsbon atoms,
havi ngi-a wieed echreirecdonsyant et isrdedrovwd saleuecofmpounds
S50z i ea pred et abg ychnbdbheatange o0&t 3mboe8ar abs29861barbon
Kaatils 1 X g39NMdre |rdher ps@seyineaiext hatthe at most 10
digleshrheomonst amle faimya L iven 50l Vel tiSa tks@dcbipbtiSsd may
nPﬁP@%ePE@Shﬁﬂlgé f@ﬁ&€§§ﬂ£ln§r&h§sré£'QeQErBQ€oms, such as
dﬁ‘Pff <§€¥ of & cendenser o‘ééltoi% &aﬁ bstan ?ﬂﬁje carﬁoxyllc
EL &S, “Csttle h%rca%%k&ég 5 tfcgrﬁ‘ N3 au st a
a Va u m C rIC % un aturated
% of Fonmon organlck1|qU| gﬁf ﬁ Sueh
%?f@?%ﬂm oL oo BB et S e B ok 18 ills . suc
C%Je%%??yc%dbph;?&“é’?rt?@t FYedi §3On: O di t €Y B?rl%i}l goroxide
a@@déieFOaﬁea§ﬁ@“§ubWF§Heda gueﬁc §ﬁ§§§sﬁﬁef§9§1t§hd where
a@@Pﬂ%ﬁ%&ﬁyequotéﬁwﬁéﬁsaTﬂéhp AEaF e WirbvutaZiorocrspduct .
2500Cbhl¢ | e etdydwnize3@. 115k on298ulst&d, armhpounds  include
atoesphens c peelsglr eaceteleabpuprdpxl1 1058y 2¢ner bahadiene,
reddylonde cenventledhe,o thatyienper ativewend pregssupentene,
usémigeide rciaiwielresd ,on aflagtior seguehedreklf #Och as methyl 3-
pentenocates, pentene acids (such as 2-and 3-pentenoic
acid), vinyl acetate, octenes.

Particularly preferred ethylenically unsaturated compounds
are ethylene, vinyl acetate, butadiene, alkyl pentenocates,
pentenenitriles, pentene acids (such as 3 pentenoic acid),
acetylene and propylene.

Especially preferred are ethylene, vinyl acetate,
butadiene and pentene nitriles.

The metal complex production reaction 1s preferably
carried out at a temperature in the range from 20°C to
120°C, more preferably from 20°C to 90°C, especially from
50°C to 80°C. It 1s ©preferred that the reaction
Lemperature is maintained below the decomposition



literature data for a particular conmpound is
avai l able, the dielectric constant may be readily

Wore@3nt®m usi ng establ i shed physi co-chem cal neETHGH#2007/050189
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Measurenent of a dielectric constant of a liquid can

easily be perforned by vari OUS, JSENsor s, such as

i mrer si on probes, flowthrough“probes, and cup-type

probes, attached to various neters, such as those
VAP ab? e ¥ ¢ ofNEhes Br GoRPaVER IW%’%%]unEHP§P@éFlﬁorl§t i ppown to
ofeHIMPewe | WeLhNn, Yhe (eemper apdet BRNERO) gt hebove, the
Sceept i di cacOprparyrel Fronbet or, Ntdiengd mvdelsast 10°C
860nangr&r@ralHor eonsiestency 06C)comparsdie decomposition
ptefesabtyral | measurenents for a particular filter

system are perforned at substantially the sane sanple
tz@meé@éw@, €.ig. .ty pse1eEt aomaber that hetGnetahbpYex, the
t benPBaS @f d-dihgberlric conrstant of @subsiance, Whlkture in
'@@6?@1«%’% c+puer J.enper at urespandefdecigase il higherr o
85&9@@&%8%0 QSuHae'lﬁc%'gC GQNS Sm Aling; w EQhBulated

ere arﬁ%&c e%erq;qes &: gordan mount

PAS 4,
t]”e%%%% T t8-usd® c? égﬁ%ﬁ?e e %‘?ae?tejc?rh Cm%%%sgafﬁ erably
a2 BcFENEPFi CA Rbder3870 el &S T ConstHnt ' ikt e th When
athe 20097 ¢ ahgeS set PRAGP R hoRt d"BePHiSE8T For UERafpl 8xcess of
o Pl et PEC LonstAmit- of TAANsShe ks ld.aglivat pogreduced in
Kjhe of fefieahydnet per tBe4. greducRo3zpalkydiovh sgbfplake the
i sed@cdidat m393 .2 Kifoftaret hyl pért anoatlexind. @orfadund and
293n2 &Kyceod dophbeayietheompsuld7ifapr288rabky, avkilable in
di met hyh adi patei xsube 8t ¢ adc93p 2i K) , tlofst et r ahydr of
uran is 7.5 (at 295.2 K), of nethylnonanoate is 3.9
(Bhe 208t 21 K)compfl enxetgnddui@rtebutgbhcet ber masy h84cdatied out
293 Khe Qiraicoxaneofsa2.<dl(att 298 wken ofatad uepe dsed as a
253Bvéat 298 Kon and tofc agetenibhi kil Spd87c2nkab1298.  The
KRondbier diel ¢t pEcrval ues ar ephaken Jagmdhe handheoksivent
of s cpemEsLLY) and physhescand, the, f eaperabur & Ofpd hger 1itre
95%'5?{}?{%' > %é!egﬂ éfpEﬁéG%QEEE‘BE%&QtE%V?gt kéferably
bh aE g enc 1n a f A
soﬁi% be genera ed ogetoﬁ I as ]iche s% r
oy %Z' e s th%i JFani i Ly st psfture.
ﬂ l%%rb lvents includ alcoh . methanol,
ethanol propanol, methylated splrlts) acetonltrlle,
tetrahydrofuran, toluene, aliphatic esters such as ethyl
acetate and ketones such as methylethyl ketone. Organic
solvents are required when the complexing compound is a
phosphine.

The reactants may be added in any suitable order, but in a
preferred process of the invention the metal ammine
compound is placed in a reaction vessel, together with a
solvent (if wused), an alkali (if wused) and a buffer
solution (if wused), heated 1if necessary and then the
complexing compound is added.

The reaction may Dbe continued for a period of from 30
minutes to several hours, but is normally complete within
about four hours. On completion the product metal complex
is separated from the reaction mixture by any appropriate
method which 1is dependent upon the physical form of the
product.



nonoxi de and the al kanol is an aprotic solvent. The
process may be carried out in an excess of aprotic

waovemo79i.e. at a ratio (v/v) of aprotic sol RENGBR@7/050189
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al kanol of at least 1:1. Preferably, this ratio
rangesfrom1l:1 to 10:1 and o6 preferably from1:1 to
5:1. Most preferably the ratio (v/v) ranges from1.5:1
to 3:1. Despite the foregoing it is preferred that the
reaRt FeRal ESEarriséd ot | ARe her §6§Bhce "o NAdp et nag used
ddereeUap? 98 $ £Y solavent hpteropaneResalisence dfrefiprably,  the
aprotirssobventmnot gererlatedobycthely eaction itsel f.
Alternatively, a protic co-solvent my be used. The
priott€e eocsalowentd mafy & n€budela fuwriher @artoxyd i€n alkenyl
agt cueroana at ¢ohoh 1k pui habkey paot Hefene8pl ¥ept $£) and trans
| ng) udiesdrer CONVedati onakopr ekEGrsol vemes krewanto theention
persPRuski Lhedihpithguant stsyeh iasnwateror 1HNRr compounds of
aé&;?“&’% Sthéufgr%laé%e%ﬁé@' ﬁer@?ﬁhéﬂe' , wBLhangboaBdriate,
4nd sgcond He@é%f‘est ft'h%Qt with

I S0
h&{drox]ycar gn a |on t e resenc% oi ereoﬁsoglers L i

er.red. The sofv na 1
C%?@OX%FI Saci'd B an dleh ho% € %f }?¥1e 5§P§?Pélona
andCPrbEreS sol vent® may M so Eéaéﬁrﬁ d. B§TBFofi¢ctsation,
coOR BN et r FREreaht Haﬁ Ls6l-vért %hgafteli:eaﬁ’%%@%e%lc mixture of
don&cam e ky dpPegerPd o Suchorsut hdseOat Pachiedtdple salt or
ox§genatasve n ahéydeoxyl gloup lordiniitduglen axaitigner of a
ammeogroupft Byeaprfotthe dorsollventmas abantba pypeabvgd from
sal ventr nelsicomdieict hepptdonat €8 nguraccephsepmetibase or by
Hyds ogeni omy beu@ddets t st hei.camhanyl atfi onheeaebiroBsbonding
| PPEONLE & eact hgnar atue . abuict aldlie dievelsodft hydregefractional

wh s@élii§£@1@@YOEe1ﬂﬂ3t@@aé@ék@o@éoﬁ@%ﬂ@e%aQt% afdhrmed by

2{3 %’/@iéﬁ(olff‘)ft%@f nod%gc%%%%eprﬂ@;iZfala)k’)ls;ltable
2 SW%%gH/ 5 t gl%gkégﬁa%no% d%ppf%}fe pr%fer abl y,

A}P%s %lrjeo Iso arQPQ %%q)ﬁd% Jbghggt aéy}’ scope of the

oun resent I nventi on may act
cess O the 1 Y T ?
]%e erogeneous ca yst "or a "honpbgeneous" cat al yst,

pr ef er abl a honbgenous catalyst. By the term
honbganedts et & \;y‘ﬁe%b%e&ﬁloéeca%}éjrjyjs?d fngthe art that
c‘b]ﬁ%oﬁﬁ]ap%)ﬁn@ﬁeoﬁn AI3RS wiHilch s ot Suppettedas ligands

that coordinate with the Group 8, 9 or 10 metal or
compound thereof to form the compounds for use in the
invention. Typically, the Group 8, 9 or 10 metal or
compound thereof coordinates to the one or more
phosphorous, arsenic and/or antimony atoms of the compound
of formula (I).

As mentioned above, the present invention provides a
process for the carbonylation of ethylenically unsaturated
compound comprising contacting an ethylenically
unsaturated compound with carbon monoxide and a source of
hydroxyl groups such as water or an alkanol 1in the
presence of a catalyst compound as defined in the present
invention.

Suitably, the source of hydroxyl groups includes an
organic molecule having an hydroxyl functional group.
Preferably, the organic molecule having a hydroxyl
functional group may be branched or linear, and comprises
an alkanol, particularly a C1-C;3¢y alkanol, including aryl
alkanols, which may be optionally substituted with one or



but is sinply adm xed or formed in-situ with the
reactants of the carbonylation reaction (e.g. the

weehyiiemrcal | y unsaturated conpound, the hydr oRgI/GB2007/050189
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cont ai ni ng conpound and car bon nonoxi de), preferably

in a suitable solvent as desc1 izbed herein.By the term

"het er ogeneous" catal yst we én a catalyst, i.e. the
conmpound of the invention, which is carried on a
s@%ﬁ%rﬁUbS?HG§e§é§or%$h%F¥%jafFQF&h%%k§$ eéfylthgkﬁi halor
pPERRMt i mvierti orPTr ovi @60 BRpr oc8$8) Ror t RE0) OR NR*'R
car oMy af i,0nC 6$) & ﬁyien$%ale?uﬁS@t%Rat@¢ cbﬁ@n@ﬁﬁshereln
asigely negrdbeerad whetledmot he process-dss edkehedsoutuch as
wh¢ thdhel catahysd 1 coppopshag, ai suppoobanpl ef esabbytanol, t-
| s O Ubd ecsupppr h-blt ehel abbyenbheasappnlbreeapri;seslaohol .
pol yBkgisuchnas aopehyekebin, polystysene gfeferred, poly-
POl ¥ St yT ene Rl YIRE, SUCk &st & dirvbRyl benzene o1s such as
C@P@iémeerBth hersHi tabl e polyers %afOQPécX”EéSutlllsed
k Vatlv% Sk 'ﬂac%f AN 4 rﬂ?l My, S%el‘e%%%d from 1, 2-

;a3 un t| |se can
thasﬁiilco’ne fuPE or ot ? i F yrat h%rlOl

i GPT4T by e TS 455 ?igan o%j 64" Aac=ynexane,
|H’1%?b%%1f56 @Fﬂr%ﬂdeg Tt dbi R}bib]dret ReHter i ApA0OSE,
i 3OPlot DS ﬁqaﬁﬁi%%ﬁcﬁ“ﬁaéﬂa“§0rﬁa8§r§rea|3¥%ﬁﬁ¥ﬁ%ﬁléugars
of "¢ HeM® 10SE6TPE6 nQﬁ&UQ¥Q%ﬂaIaB%re9%MQ9ﬁ§|r1thESPeClallY
rengecofed r grhk@npltso ar@ ee/tdeard anndvetdgerarti cliee most
spref¢nredheatlamgel of s fmeprd@to 500 nm . Mre
preferably, the surface area is in the range of from
50h¢ 0ah®@ntn 69, albehpor esvobunerisichalt heGeangelof,, amounts
faom Qided 012 Segeégsansk t heavamagatpasti cdeosizecd Sto be
| PatiBen v BNGE1 0f Tham 20t 01200 MMpa Msd rdesig abhy tBEction

Sé‘éf@&@t a%l%a W1 n dhersange ok gm0 té’eﬁ&@af%/golvents

%ypgfgov ugge&s i n the range of from0.8 to
g and t e average particle size is in the range of

f on13 nm e average re S|ze of t pi_cal
po?ous su ?t %ﬁﬁ %? 4% § eE’r?gcthe%ran & of Cfo ?f the
1000 P PEEf QFIxﬁF lnﬁd L?&po Tt eFj B |sths ¢ hagurce of
h%%kaalﬁojav%?%@e pgloé dinaTrere rofU¥5 oth 5169%3%% prodypgs the
NHI L YLRPrAbEY fOHYAS €6t350 P C@@V%%§e%% use of water
p@?@@@®$%rlyﬂH%S|ﬁaﬁréspénéeﬁgdraﬁel@%e sifdcex dingy,  the
t emperiat or ecodvidem 200o0Cengent way of adding the group -
C(0)0O C1-C3p alkyl or aryl or -C(0)0OH across the

ethylenically unsaturated bond.

In the process according to the second aspect of 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
compounds to hydroxyl group source 1in a 1ligquid phase
reaction medium may vary between wide limits and suitably
lies in the range of 1:0.1 to 1:10, preferably from
between 2:1 to 1:2 and up to a large excess of alkanol or
water when the latter is also the reaction solvent such as
up to a 100:1 excess of alkanol or water. However, if the
ethylenically wunsaturated compound 1is a gas at the
reaction temperature 1t may be present at lower levels in



800 OC anywhere from3 to 24 hours. Suitably, the
support may be flexible or a rigid support, the

W0 a®ohuore support i s coated and/ or inpregnat eRCTGBR007/050189
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t he conpounds of the process of the invention by

techni ques well known to thosie1 skilled in the art.

Al ternatively, the conpounds o@ the process of the
invention are fixed to the surface of an insoluble
support AUGHt ihrat T y FERatacBovEIEHT baREl &fd #hed ratio to
arYangerenyr ope i dparty Phcl udes0ao bt@uhcﬂDomarespaeéerably,
nbt Eeul @0 t oo shate, thestoppoetedadvm t he0d hisiod ubt 800
support. The conpounds of the invention may be fixed to

tHee sambace aff thieei nsokblbbe suppord byvpnomohi ngged in the
reachoonl ©f i @n f ppoteonalisgriomp preseadlin tdwed | gands;s may
floe exaaphedawsuhst brugnt aofl vt he har enmture: sdéf uctaie, 8, 9 or
W ¢ hnat 0Pk i TNt REYrE€aet LVE @r0up pr eseid ®fePErably, 10°
Pt &ViLeus| ypbaserdedd 0 t hey suppas t 1 o Thengoobi pati afbie of
Oét hferrlf"@gil elﬂ{%rcgtéchec%%BBgﬁj W!Lﬁh the liquid phase
|?1€I£ %?%Pé@léfns%’a?&{ﬁrg%e& he conpound of the

n provides a t erogeneous catal yst where the

coppoupg, of 1he, Jyention and the suppord are linked, o
2 ka e su %jéﬂo lester gﬁ ’d
?ae Ol’& ?%up Tie Eirb]ecao]f Yroeél&sa&%“@ &tFSH?OP& as
% 1eCoRpoGid gFeY hESpritessr il t h8 pidsefif more aprotic
|%Q/Je\ﬁ%ﬁ”b% téutlﬁébéﬁpp%}ltvedbtpgenjd%cb%% réones, such as for
et hyTeh? c a9 P uisEt U e DonpéhRd SandSvRk  grduprof example
t hel sapport (MEshyéxamilenrleagentsesuch ag, S, 8-trioxanonane
ctdbotyned dedietthyl| ethar bodyhdihpidazbke, aatrahydrofuran,
pi Dolessebe sueh, aslitibBepuseydk timexedamhhydei diesyethylether of
r @tuct h yee @i qiay ¢ oh; mayebecenpl oyedichAccardi ngfdd a example
fretheraaspees, heapmesenti dateenheoRy Pr @driesdd)e dsfethyl
%wwm@ceaa HutyirGAnd teatal Yot ¢OaPOosiLthOn Of @Y example
aéﬂﬁ&%h Platbehnyenti ogy \‘%(%%?y'l@)ytf%lfi@to%yﬁ ard dimethyl
Qjeo dy 9%§98§ éggité&ﬁiﬁﬁgj hgu@h %ﬂiafgr example
ro

I‘IC

n t
s %ﬁgrahgsg?%h east OCB_%T r §£btfen§%£iaae?
|?h%?%% F& @“@ t%ﬁ eggpl 19 ledee and 2-
(IEﬁft % fh% %%?/{) a&@fnae;&ew -pERIHE Sy hecluding

biywted vaﬁrlé’fnéirsabp HA t F@MPoungisgre sgcyc’kyqrbze&% boR§luene,

ofthhe benzene o- xylene, m- xylene, p-xylene, chlorobenzene,
o-dichlorobenzene, m-dichlorobenzene: alkanes, including
halo wvariants of such compounds egg, hexane, heptane,
2,2,3-trimethylpentane, methylene chloride and carbon
tetrachloride; nitriles e.qg. 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?. 1In the
present context, the dielectric constant for a given
solvent is used in its normal meaning of representing the
ratio of the capacity of a condenser with that substance
as dielectric to the capacity of the same condenser with a
vacuum for dielectric. Values for the dielectric constants
of common organic liquids <can be found 1in general
reference books, such as the Handbook of Chemistry and
Physics, 6™ 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



benzene group to polystyrene to give an i mobile
het er ogeneous catal yst. The anount of |igand used can

wa200y/1¥othin wide |imts. Preferably, when excPEEGB2007/050189
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bi dentate ligand is added, the bidentate ligand is

present in an anmount such thaﬁ the ratio of the nunber

of noles of the bidentate I|gaﬁd present to the nunber

of noles of the Goup 8 , 9 or 10 netal present is 5
f49n 45t% 50N@. YLMISPReUEC aRECHAFF P cul aft y2PPBI 1 Kol0 Nm 7,
10r notaperrsasiiof M alconvsrd sy efter albihyt t hempslratese and
rangesefe | igainds tthheG eapvB8rsi9nor fdotaesalqusted. theIf no
rangerofude 1deea20fdy aostapreferabl goimpouhd riangevefilable,
ltdet @il eetari evennkthntto hab: lbe Carveehi lgnt ngasthed using
possabl 1 shyd ophappt yt+ digehihese hovhodsar ratios i s

advant ageous, as it avoids the use of excess |igand

anda benege M nNide ses Lheieepsuapt EoRsOEnthese ysualilyiiq can
eXPensi Ve.Coapeundsy Syi tahliv,,d fgeers:saéraé Yt SO L8€ mmersion
'Egys@ééonfm W@@%ﬁd%wb@ssem a, £§gag{j§889gngattached

ar bony avalla e from the

]F?ﬁ%énlaa\é%]ily, ocess r@t nventl OnHI"I'?L f lﬁéte N.Y.
S ] LG St

Fp¥ex a"edy Al uj SBFEtéBF%ntCQE}EHDY of
ESLOFeCof t h¥-dl-kandt Jor &BpF6tic §%¥Men%%dprégléusl¥ For
dese? i berrn¢a %%r?P@BPQ?F?Dpr@¥@f?é@bébl@éhtmﬁéﬁpaeﬁe@ s for
theresterudrradild tprogucttest atte rpelifmned at substantially
carbonyhat s@nereacenparet gre2-caget okynmesaybpr epivehatebath.
okeBeazel pxXyned hye psopedndieléorrvcnybnactehat ef a substance
cat bonyhat ¢ ope ot nebhyt peapeonatecfornet hybesase at higher
cashoayhatton) . THOEdcalbonr TBNeXhEeaByY baelusgdwiBhin any

thenpsesanceinfl elherngagesehi gbgane i@Idrddhddeyith AsTM
rgasgkion. Exanples of such gases include hydrogen,

nitrogen, carbon di oxi de and the noble gases such a s

af @Pbyedhes proguet of &8§b£e§§tt@an§¥hbt8c§§@§ﬁ@t%Q use to

foom i he, ot Pﬁé gorpopent s o\ﬁs%%ts%tﬁi@n{@ﬁféa Model 870
¥‘§i’§£ i am%lr%%fvaﬂé@%? uc?presforb‘ rofg?ef?gse setting

ewer s are for
t ere y redu0|ng the need for further purification
after the initial separation of the product. A further

advantage is that the other conponents which contain

t%%rc%¥%mgé?r%?Q?eﬁ%%h?%ﬁrhﬁyc%n%t?%EyEfe@“lSOle is 4.3 (at
diethyl ether i1is 4.3 (at 293.2 K), of

sulfolane is 43.4 (at 303.2 K), of methylpentanoate is 5.0
(at 293.2 K), of diphenylether is 3.7 (at 283.2 K), of
dimethyladipate is 6.8 (at 293.2 K), of tetrahydrofuran is
7.5 (at 295.2 K), of methylnonanoate is 3.9 (at 293.2 K),
of methyl-tert-butyl ether is 4.34 (at 293 K), of dioxane
is 2.21 (at 298 K), of toluene is 2.38 (at 298 K) and of
acetonitrile is 37.5 (at 298 K). The dielectric wvalues
are taken from the handbook of chemistry and physics and
the temperature of the measurement is given. A preferred
aprotic solvent is anisole.

In the presence of an alkanol, an aprotic solvent will be
generated by the reaction as the ester carbonylation
product of the ethylenically unsaturated compound, carbon
monoxide and the alkanol is an aprotic solvent.

The process may be carried out in an excess of aprotic
solvent, 1.e. at a ratio (v/v) of aprotic solvent to
alkanol of at 1least 1:1. Preferably, this ratio ranges



and/or reused in further reactions wth m ni nal
suppl enentation of fresh catalyst. A particular

W@eowant®ge i s the absence of netal anion in ttPEEEB2007/050189
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ccaase of HCO3 and CO3 2 which are liberated a s CO2

and water . Preferably, the c ﬁrbonyl ation is carried

out at tenperatures of betwee 30t o 170 0OC, nore
preferably - 100Ct o 160 OC, nost preferably 2 OOCt

ot 45D bl . ta hoe%p@%@aﬂ“@?epPéPé?F@]alYei%@Waﬂ-u etPs phe Most
chioseer dlet wwelehe 400G ¢ 6V1BD p@geAdbarit ageous| O 3 hée-
carbonylation can b e carried out at noderate

teppeiat urles, fotegsipar it cubaptyfadvant ageobushe oebceion is
abherte® oatrynouthd hebseacti on athyr comdenper aflde@ aprotic
(20196019 .i.Rrefenabins wheaneperati R@ aapowtic solvent not

t@é@@f@&éweb%am@nyé@&p@m iheecarbonylation is
carried out between - 3 00Ct o 49C, nore preferably,

ﬁl@t@&&et&rzéf : Séio| ro€ pretenahhy Oﬁgyt 1% 430eq | The
R e

i S car t_at essu

o %%Vanab%nﬁ\# pibrag el Biess & Q%]reer]%% AR

1195Re PE: '65851(011 éENW%tPF LHpet p SP Papyy such as, for

19328880y x PGS NN, SFRRTO2 ar@EséEﬁ@é@E?PaéH |gnq, primary

ptief ePeeenfaly s2O'partial pressure o f 5t 0 45 x 1

O5N .m 2 Preferably, a | ow pressure carbonylation i s

absoi eqvisayecky Rreferabltyl omhertloperatdssgcae | ow  a protic

psessene cardbonyl atedartbeé. carbenplationsblseoar megdinclude

oat catbax €l Ocpactdabrpressilreaom If. bativeen-&s lof ©hd Xprotic

LaSNor ot 2c , sdDF€nPE ehey abl ¥o Op2 ¢mP1@yxdl 05N . m 2

nost preferably 0.5t o 1.5 x 1 O5N.irT2 . There i s n

OB Paptheylar Leshkichi ons opedhe duratdarQf 4 carries a
@§9y$ﬁé'ﬁydﬁgggﬁtf&nagusﬁrg ”¥B8Eé°QE£Qcﬂeﬁ MBs62len as

preferrgg %g ﬂ i gt i r? %Srégctl%n G)ivtern?éuep whlch
t3 , 2
e A %95.%%??9t%r§fkﬁ¥g% 2 hour s, "

-Ir;%)[?l cally, carbonylation i s for at |east 5 mnutes,
@CeYPi calRly, Pat adeest 890 tHshufesbonpspti gﬁl creﬂalcyﬁlon to

atMPeaEt ISREUAON| Fadecont PRbbakle levels of hydrogen when
utilised may be 1n the ratio of Dbetween 0.1 and 20%

vol/vol of the carbon monoxide, more preferably, 1-20%
vol/vol of the carbon monoxide, more preferably, 2-15%
vol/vol of the carbon monoxide, most preferably 3-10%
vol/vol of carbon monoxide.

The catalyst compounds of the present invention may act as
a “heterogeneous” catalyst or a *“homogeneous” catalyst,
preferably, a homogenous catalyst.

By the term *“homogeneous” catalyst we mean a catalyst,
i.e. a compound of the invention, which is not supported
but is simply admixed or formed in-situ with the reactants
of the carbonylation reaction (e.g. the ethylenically
unsaturated compound, the hydroxyl containing compound and
carbon monoxide), preferably in a suitable solvent as
described herein.



reaction such tine scales are obviously irrel evant and
a continuous reaction can continue a s long a s the
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requires replenishnment . The catal yst systemo f the

present invention i s preferaﬁlr% constituted in the

liquid phase which may b e fo d by one or nore o f

the reactants or b y the use o f a suitable solvent .

The S8 &Srlst élﬁtl@%@W%hﬁaou%EaW?ﬁ t'Re H&%%I@sﬁatalYSt

sist enthiycamgeupde cbernéfe diraleniti: dmprdviHy ¥ecoveryed on a

fsywepatrt whi ch has been I ost fromthe catal yst system

When the catal yst systemi s utilized in a liquid

relact i ancoedi g such Stahiddrziaxgpaonpotindsprayeassiatrention

recovedys oaf prheegsodpr8 thd @rdo®y 1eet 8dn Eretengbbyically

thesef of &red hecenpaliygl syst emdicldddeshdredn | i fbdein  the

r@@&&é@@ medi um-aipal yoeF i QArlGHkﬁp%E%anéaQéP%QE vediidriging a
‘%&% r’gar]%f@fer%gl}g M'i’r@?&&bﬁé SPeESant |, bei ng

a Ie of stabilising a co 0|dal suspen3|on of

s.0 f the roug et al t al
era 1 er such as a

?fv(%fefﬁe wﬁﬁ%av?%%%t% ﬂ%&%ﬁ%ﬁa Boeogﬁfﬁsrvs}wh as 2

fOr Vi et P eaetion G Conpri st Uptlel© PAFgers or
r%%l%‘?]aiﬁfﬂ%r%rkpéﬁétl% ]?%%%cts§ltlﬁ§ﬁselir%/e§heTﬁét a silicon
réact ant svandureaési én Producre i ad i ot $or i nayl bcene or
nd s GilBlie oniet hewebeli 5solv ek igr apssbuentPant 1Gdatee material
déhclent aFhe fpol yreeine ldi spersaranics sotiubte i andheinorganic
| clguodideacti on nmedi um but should not significantly
i ncrease the viscosity of the reaction nmediumin a way
whi- she Wl @ bige detyppoent @htépiseacti porkiiBesicscar which has
hgats t-raRsf efxreFhensolnbi bahyeofot herdinsper sapt oy the/g, a
| G d %%P@H@rlﬁh@hée@&ﬁ on.eopdibtiong of 4.0 cc/g and
t&ﬁp§& uLe §Q9t9§fés [ geshgu Henegngs ﬁ? ESﬁtléstE°5oo m.

tfv‘é uﬁk@?é %B%{)h ¥h£t glu%‘%%%r PLl, %% épreér%&é‘ of from

i C]
ng g?sa éﬁf ta |I|S|n a co &qnge of frim
s s§e & o ﬂjf CPBRedh LR Bioly gp2gg is in the
meta¥c of nétréi Ban tﬁH‘iln t é?slt q%ﬁ%l%ﬁéﬁéﬁl%e surface

n%ﬁ?@rrﬂ§uclﬁltﬁla? tq@élgl‘?et%ﬂf APTY ci%s ForMdd a8/, the pore

regbife ofi Scaittal Y8¢ degradatt ohr @fe Ohél ¢ n3stispersi cand the
iaveheo¢igardicle size is in the range of from 30 to 100

um. The average pore size of typical porous support
materials is in the range of from 10 to 1000 2.
Preferably, a support material is used that has an average
pore diameter of from 50 to 500 2, and most desirably from
75 to 350 2. It may be particularly desirable to
dehydrate the silica at a temperature of from 100°C to
800°C anywhere from 3 to 24 hours.

Suitably, the support may be flexible or a rigid support,
the insoluble support 1is coated and/or impregnated with
the compounds of the ©process of the invention by
techniques well known to those skilled in the art.

Alternatively, the compounds of the process of the
invention are fixed to the surface of an insoluble
support, optionally wvia a covalent bond, and the
arrangement optionally includes a bifunctional spacer
molecule to space the compound from the insoluble support.



reacti on nedium and are di scharged fromthe reactor
along wiwth the liquid for reclanmation and optionally
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The nmetal particles are normall y of coll oi dal

di mrensions, e.g. in the range, 100 nm aver age

particle size although | arger artl cles may formin

some cases. Portions of the polyneric dispersant are

atisdr BRECORESS t ik Shef ABBSBE 1 PheMAEt AP *p:é?(?ich@sthe surface
whit | sthe hel reaviinlder BPRAE dispersaictipidecylegéstion of a
rewathianal eggtouparprabeyt salrvated byiadadneld,i qopd example a
reacs t ohuemedi unpand ithet hi ssnenattie di stpersedrgr oupw 8th a
, cOnor iddntetal paadictes @areaist ahiddesad agai pst previously
sehidingionithe wahés efippbeteact oheor conbieacioh of the
deagl-spacesgandpagaicnstnlor MuipRagl opefiat es otofiBl @hentary
p@ﬁ}Bét@l@é@r\{\E' 6ff MBY. OEEMLBYnEOldd SiRE ah Rkt §Sr@hthes a
W@@é#@ééﬂe&Q@gé%@é?ys@%ﬁe@&%ﬁ@%@&b@ﬁn&f Pathich8%ention

3?%dg§§§3%ggﬁgrtnaEQe%Pﬁgéggéigg%t?15%558 éﬁch as an ether,

concen‘t ratTon is op?i nised’ then” stch é)\ggl oner ati on
should be at a relatively |ow.l evel and

agyt ohBrares %yr?ﬁ?m%ﬂl vy Oo6osey Sso- hi&“{{héay TP ped of
brlokerPifRFand the pditi ArESTEdi dpeeddd By &g t & PonsSupport
THEP P NBiog di Bpersddnt! aray-aldel udesShbRBPBEY neTERIFUNd  and
copel grerssi wél udigs peibgner sTeuclexagirgeaf tr ool imesech as
andristar ipolyser s.1,Preferabhy]di heipekyheri c and processes
dssper santthrasusauf 6f cmérelly aadiydiciders baseductive amination
fruaetbonahptyyé®. substantially stabilise the coll oi dal
suspensi on of said group 8 , 9 or 10 netal or netal
COEPOLNOng Byr subst anfr@ldy sisphidd,se the nmpaskehRat ihbention
pEesh phdat i pRe of yihe groupn8 , pPoBEsA0 petahifram thetalyst
S@é%éé’{‘tpms%f' Sa bsdts%tdtal Ly avel deflycRar bhouharyin tne
pg; eryed %s&e{g@g § Lora t@ué]?ﬁ ur pose include acidic
asi ¢ po 0X

yners including ca yli caci ds, sul phonic

af%?%%% B ol TR S e e BpJcfe, Tonaed to s

stbst it ?edOOdéfW%Fyl SEES SUCR ast po1r pyjone of the
PYY + V¢ doie Yrreitgeofb]%]r%g]d'f%ré%é’luﬂ’ Exarffies 1 inking
orgigh ol %erﬁaedu b@]ﬁé%ﬁt sIRAYPheBsefedt edlf FonPis (di-t-
Pty miyd P9kt ephelomel ) pbt yadewyy hrbpelezene may be  bonded,

preferably, via the 3, 5 or 6 <cyclic carbons of the
benzene group to polystyrene to give an immobile
heterogeneous catalyst.

The amount of ligand used can vary within wide limits.
Preferably, when excess bidentate ligand 1is added, the
bidentate ligand is present in an amount such that the
ratio of the number of moles of the bidentate 1ligand
present to the number of moles of the Group 8, 9 or 10
metal present 1s from 1 to 50 e.g. 1 to 15 and
particularly from 1 to 10 mol per mol of metal. More
preferably, the mol: mol range of ligands to Group 8, 9
or 10 metal 1s in the range of 1:1 to 20:1, most
preferably in the range of 1:1 to 10:1 or even 1:1 to
1.5:1. Conveniently, the possibility of applying these
low molar ratios is advantageous, as it avoids the use of
excess ligand and hence minimises the consumption of these
usually expensive compounds. Suitably, the catalysts of



pol yacrylonitrile, polyethylenimne, polyglycine,
pol yacrylic acid, polynethacrylic acid, poly (3-

whydraxpbut yri caci d) , pol y-L-1eucine, PCT/GB2007/050189
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pol y- L- net hi oni ne, poly-L-proline, poly-L-serine,

pol y-L-tyrosine, poly (vinylb zenesul phoni c acid) and

poly (vinylsul phonic acid), | at ed pol yet hyl eni m ne.

Sui t abl e acyl at ed pol yet hyl enl m nes are described in

BASE ﬁéﬁ’@ﬁFlﬁ@blarlt@at PBRPEPE3303092 ASEPaA@tes step preceding

6t 7oBr gge We$@ﬂab3r19' U@ﬁe%‘x@b%rﬂ@*él@lﬁl slp%@%%\h@n

i ncorporates acidic or basic noieties either pendant

otomwehient he, pohgnerobackborfe.tRr efrereabl ygn tiey abedcerried

noiet bgs diawe lar idics sided aGronpcenstandr ( pKa)neafall essmplex as

tdani Bed, hapeenprief es ably rabess ddiaredy. Osud®Sks one of the

preterabty bessaphanid. SsoPrehesabbyevibeshbasi @escrived (a
a}_eu@@lg@y@ ﬁr @éh%sgg%@tqwRho%qast@ltt PKDY bLI BY acia
é@é@t c%jﬁﬂg er @%b%yh%%%ohhapeécgléﬂ e.g. 2-

”Qéét&;g;%?{ﬁ;giﬁ)! ué;?f'énél@é‘” S 53%‘6%1:%&& g %Ir%%lonate for

neasu Lo dilute a]gu ous, sol ut’ion hate for
o 1)ﬁ‘rjgrl cCdr's }ﬁ% ﬁ 17 2h6di'ti 3h t0 Be?]ng Sortphe

Eﬁ% ¥e3lti oh' nedl ‘?rif]a? eaction conditions, contain at

| east one acidic or basic noiety, either within the

poly nErrBatk BERE *gAcadiay p%%d%\ﬁ?d FBup-Rane e Foundl other
tHatepolPaehs airfe drsditat gt Aei 6e§ﬁﬁléﬁq de Frpiwties of such
suede as 1pslydenylysyrcsldn donet { PYAR) , ardrpehy adropigteesand the
suchlasopot yasuyh i €s agrgol PAA) are particularly

sui tabl e. The nol ecul ar wei ght of the polynmer which is

sthé¢ aklredart use ithd heebnvebphi anagdependseppontéde from the
natie e Obmphecfieachy oanfrediusnond tbensol ubblkt¥rof it is an
they oot yoer othenei prodehave-Jound that Bograbl ¥ahhey fewer
AV LI3G85 WD £C Ul AL Vfﬂﬁﬁgd'Sjkﬁﬁﬁnxh%%d%ggn. Othe need for
Pf&é@ﬁ@lbl §8r3@§§ ¥ ﬁg%ﬂ@ﬁ%i Lghy ' a&attn%n of the

r Q Ugﬁ gr & omponents
fcg@%tglo st prlf1 E ? %)0 %OB% % Ké"é'%ecycled
pre %ra y %% 2 8 d%’é 00’ g N 1
priet ? bl %3 0 - ern PV 5% ll?éléd afidt6f t fdnima
o?ﬂl%ﬁ’ St Ppoon % %]O%S]? n“thel¥3se of PAA. The
ef fective concentration of the di spersant within the
rRaPBir6a ChedirurRSHodlad el dettdenm aletP et eAchetal anion in
rdaet FoptcatfaliEt: systiemOnhi ohiics tarepel lserhted as CO; and

water.

Preferably, the carbonylation is carried out at
temperatures of between -30 to 170°C, more preferably -
10°C to 160°C, most preferably 20°C to 150°C. An

especially preferred temperature 1is one chosen between
40°C to 150°C. Advantageously, the carbonylation can be
carried out at moderate temperatures, it 1is particularly
advantageous to be able to carry out the reaction at room
temperature (20°C).

Preferably, when operating a low temperature
carbonylation, the carbonylation is carried out between -
30°C to 49°C, more preferably, -10°C to 45°C, still more
preferably 0°C to 45°C, most preferably 10°C to 45°C.
Especially preferred is a range of 10 to 35°C.

Preferably, the carbonylation 1s carried out at a CO
partial pressure of between 0.80 x 10° N.m“-90 x 10°N.m 7,



The di spersed group 8 , 9 or 10 netal may be recovered
fromthe liquid streamrenoved fromthe reactor e.gqg.
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for re-use as a catalyst or other applications. In a

conti nuous process the |iqui d(’g% ream nay be circul ated

t hrough an external heat- exch ger and in such cases

it may be convenient to, locate filters for, the

PRPT AdP LR patbt el bs¥i A0t Hege chpcil é@.%ﬁnap Bpgtugreterably
Pke?er bl tHhet pel yn’éﬁpe%@éwnﬁ§fﬁé’[ﬁ@@l |-hS gbg ¢& partial
betaeencd: Af andt100D: 1, 10rof.en pref erably, between 1:1

and 400:1, nost preferably, between 1:1 and 200: 1.
Pre¢eeadbyy, t hea pollpmer presabreasscamdbomyiatigdy | Ssup also
ten1008gedor e prefferablly, uphta 400craosigpref érabl pressure
Upatido2Plat1én Withle beaappreciated tikatcanyioefl the at a co
featur£s sotedOrtdh bn thecfbest @speel of the10°N.m?, more
| pveRd i op fay , berhegardad *asmpt efieidied, feal ues, of . sheo 1.5
secopdg; third, fourth, fifth or other aspect of t he

pr esent I nvention and vice versa. The invention not

y-exiends 19 novel complexes ul, alsa N0Vl ation of the

Cat % y nnB ] qyp Eln ? g? n imescale
%&%%%H?a%ﬁ%i Fexed %ﬁyﬁ PTTeatih vt i &

a‘&% t ySi iF UEETT defhice V\F REPhaPT Rvert | I T cPFBéarred
%a]f}ﬁ%nﬁ“'%ﬂb@\?nb“nénbl%tﬁpt ﬁ?&%)% M%R%\ace in up to
r%$eW§rtomPH@uriéYHl¢%llfw chI: U%gﬁﬁ'e% jogrs and most
nbY et bk y diagramtof 1& retwls con“ﬁﬁ’]@)(ciihlﬁcc@@ﬁbﬁ@félatiOD is
wEeh tali s ligmsgnt PonniExaapl e moral |adeurat 6t r asim Aeast 30
diifinyels ogenscat pohate) vy andt 11ewbe eqbbval enfnoh toptinuous
2r &b st { ¢hh - saehbutilephoasplhe nogee hyb) ibeszene merleevant and a
suspengesu s n ragichanel adnr ebhixnfier £ hnsngA haskecgamon is
(behhevedal o, be ammpta),was eyokyed durdngithe requires
reast & QNsnddge product was filtered off at room
tenperature and dried. This product was recrystallised

ffom QQEaf%PaQ t&ﬁd %hﬁhgrE%Eé‘éﬁf*ﬂ%éﬁ%%b%g BYeferably

sL0) | e Cr

QAT e as P15 P D RBLpRT nbARERI Y one
sEnpsior (c0o) Gt LR
p?“E)JcIYJ%rt1 cont ai ned 18.82% Pd by st andard wet cheni cal

anal ysis which was consistent with the
The use of stabilising compounds with the catalyst system

may also Dbe beneficial in improving recovery of metal
which has been lost from the catalyst system. When the
catalyst system 1is utilized in a 1liquid reaction medium
such stabilizing compounds may assist recovery of the
group 8, 9 or 10 metal.

Preferably, therefore, the catalyst system includes in a
liquid reaction medium a polymeric dispersant dissolved in
a liquid carrier, said polymeric dispersant being capable
of stabilising a colloidal suspension of particles of the
group 8, 9 or 10 metal or metal compound of the catalyst
system within the ligquid carrier.

The liquid 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 liquid form may be miscible with or dissolved
in a solvent or liquid diluent.
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was al so obt ai ned. Exanpl e 2 Pal | adi um tetraamm ne d
(hydrogen carbonate) and 1 _#@ equi valent of 1 ,2-bis
(di tertbutyl phosphi nonet hyl ) rrocene were suspended
in nmethanol at reflux for 6 hrs. A basic gas (believed
t%h%ep%icﬁ%%?h(} %%P%V%EWEdl%U?Ph@b%ﬁelﬁeégﬁl bhIUTHereaction
prediien, waduf | tehedldf f ret r ot ehAperatUye drigrease  the
dviedeoshe pfodhet momtdiarednddi @6% Pdabyvast andesld wenld be
ctrent cadnamil yoi sradtitclprwakicenscst ent medh tthensfer. The
i dlentbficayi off afhd heiepapeand as Pdhg 11,i2rbids medium under
(¢hh& er & but ybphosphi noors hyt ) céepeoseney £LBpreFHtitBeBhould
SHPPOBET v iglentd facatbormehyd NfirgriedSPect ros€opYsorption
Was ahsoqobtar ped: Fxeopheed Fatdadiamdelt ne g,
(hydrogen carbonate) and 1 nole equivalent of 1 ,2-bis
(fhh s My i EL hyd af%?émr}/ﬂ p %Sp@a%qﬁtehylof)f%rt%ggg A€ing a
"‘@5?1&9&&?”%?%&&[‘8&“@ %a?{ {:fé uxeTQL; & B Eg , 9 or 10
Iﬁstgl Gas. (el eved Lo be Amont &), was evol ved, @91 Ineaivm
e reqﬁllont he B q %% % a L cult of
%% £\¥1 g a@df“u ¢d- TRE“prG uét %W%ﬁineadsgaeod? Py
by? st Bhdar A°HEE e hefi caF Cafaiysie! ﬁﬁ%@?%ﬁs%oh%u%%%mllq“d
m%?%c¥h%“|@%ﬁ%PW|é89| Gt Sofd it ESAPoUTP sty Fgactor along
,@l%mst@%dﬁlqglg goquﬁQQﬁﬂ@%kﬂﬁMﬁ%q)optlonally for re-use
phios g Fiigreet HyAnthiear r agené) tEeeB) of Furatheky stuppor flihge metal
ipent i ¢leat ieoe byoimdkbyred spectviostbpylinassabse, e.9. 1in
obbai nedge Exanpl @0 4nRablradeum petrtaabmi nézdi alhjidnghgeharger
casbonatey amdy 1 fodre equi ealnent cefsedi.s- 1, P2rhii®ns of the
(Fbr¥mbutyl phesphsannethyl hddorted dinet MHe surface of the
cyst ohexane ware suspepdedid rebhanekratof efdiX HQEpBrsant
hﬁéleéﬁ?@§'§eﬁ§§n(§€'l§¥§9 erP@a@ﬂ?UBbﬁ%aﬁ@é gyokMgdlquld
f%é@@lé@em58§ﬁﬁ'% P uﬁg m@ﬁe gfﬂup 8, 9

oo R AN o T i AR

the e rea en1ca| 9@§é¥or dead spaces and

against formlng agglomerates of metal particles which may
grow by collision of particles and eventually coagulate.
Some agglomeration of particles may occur even 1n the
presence of a suitable dispersant but when the dispersant
type and concentration is optimised then such
agglomeration should be at a relatively low level and the
agglomerates may form only loosely so that they may be
broken up and the particles redispersed by agitation.

The polymeric dispersant may include homopolymers or
copolymers including polymers such as graft copolymers and
star polymers.

Preferably, the polymeric dispersant has sufficiently
acidic or basic functionality to substantially stabilise
the colloidal suspension of said group 8, 9 or 10 metal or
metal compound.

By substantially stabilise is meant that the precipitation
of the group 8, 9 or 10 metal from the solution phase is
substantially avoided.

Particularly preferred dispersants for this purpose
include acidic or basic polymers including carboxylic



consistent wwth the identification of the conmpound as
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identification by infra-red spectroscopy was al so

obt ai ned. Catal yst Testing Te y Conmpl ex 1 Sol utions

for catalyst testing were prepared as follows, using
standard Schlenk |ine techniques. In a nitrogenpurge

gt oVeS box SUipR88ifAy GFcidsiL) P%I[E:Ul%s(laﬂé*l@nﬁiﬂe&) such  as
corpYexrylatgs= 101 2hstendivalént bultgirshesphRirAdmet RyFrogen
)ieteoeceneland Budghiivaltent s wflphosphi necllivgand (Lsugh  as
(o267 10y 5 ot es) jdwes eonetghetyneat® af 500el afounslaid.
bottom fl ask. The flask was then transferred to a
Schhepked i ng. Thehpadd agharm €oaplsexranctexcess ldeggandlected
Weremt hen diss bygdlhplégérallgéngﬁgassed ”EbBYZacrylamide,
pfs@pyz% eof ot oved by 143 11e19f, 1deg: %%ol met hy oll\/glycine,
% L ongd e et haa{holdm Xt Weh %a@é ght methano v (3-
d/ %ﬁhé%Ql ggi pfg%ﬁ%f%F%EUCﬁ‘g“t'?E19fL”ﬁE9398nlne,

— —t osine
|or1 Y3 ter>ther

f% [P oPhel. Lhe. s %og{mo Lo BaPu Y SHgE B ontc
b%?b ' 1 n2G4dPFPON, PRI O SOf TR -aci d T bETates acylated
cl%?]oié%tlaﬁo%”d%l%%% ahd Aater 1 aRf chndBAbt PebRtanPrRAtécation
tHal P &gt ¥ ol syt e Thé2$ivat- conposition of the

solution is approxi mately 70 wt % net hyl propi onat e, o

30k 96 pelp hanoltheTheo batd ¢ | €1sekushpol wax addetht®s acidic
tire pre-levavtatedeautddirave aaddhedt ed t 81100n0Che Thelymer
avtochave. was tthesf quragslsyr edtiwe t ha8ibars ofoiettherse have a
abhoyeo ¥BpOUS pr essetengi viipg.a t offal lpresswiearof 4002 more
bar st @t ad 0P, 0CessNextnt Be cautnesrave- adsrq51essueed tBan 4.5.

12 2rbagsi W t Rnaddbddon ob160ieet henes (4 LbOas) dissociation
char gednf romethe JO dd tbe resesveian Asl 89U Ypreferably
val ¥§ EHéHr%Sotﬁﬁkth@s r §%Eé§a8ﬁytﬁﬁxéyﬁﬁﬁhﬁvﬁ 3 pK., and

{@( ?gnse{gag#%%’ﬁtecil gldtee?%tda fromt e 131r Satt r2e5 c

&f{;}{g ?r p? e Rpressure. %@%?e eserv0| r {y_\e as being
F eact ar erat ur.e. 2 t u u L
SR g EMEeT atuce BES Iofes” g &%c o4t 882011‘:%0“?'

p%?%Ea+% ?th%?SFe%E?Iﬁﬁlgf% or basi m01ety, either within

the polymer backbone or as a pendant group. We have found
that polymers incorporating acid and amide moieties such
as polyvinylpyrollidone (PVP) and polyacrylates such as
polyacrylic acid (PAA) are particularly suitable. The
molecular weight of the polymer which is suitable for use
in the invention depends upon the nature of the reaction
medium and the solubility of the polymer therein. We have
found that normally the average molecular weight is 1less
than 100,000. Preferably, the average molecular weight is
in the range 1,000 - 200,000, more preferably, 5,000 -
100,000, most preferably, 10,000 - 40,000 e.g. Mw 1is
preferably in the range 10,000 - 80,000, more preferably
20,000 - 60,000 when PVP is used and of the order of 1,000
- 10,000 in the case of PAA.

The effective concentration of the dispersant within the
reaction medium should be determined for each
reaction/catalyst system which is to be used.

The dispersed group 8, 9 or 10 metal may be recovered from
the 1ligquid stream removed from the reactor e.g. by
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to be obtained. The results are shown in Table 1

Test Conpl ex 2 The sol utions f fr catal yst testing were
prepared as for exanple Ilgané 1 using standard

Schl enk |ine techniques. In a nitrogen purge gl ove

bkl tast 73 ngref el ) PYEeEs G@-45*%@15OﬁDF%S)P%Rﬁﬁﬁ%9@ for
(Tetyse 1as 2apjgatdivit (8r 5ot@enet APPAUESARAPYE - In a
) phios pini prosre tinpce)sfser tbeenel @anidl 5 ségeiaval Bay s gf circulated
phiosphyme ahi gante(riall) h¢ZL25%iDabgapl es)d wer euwdi glegks it
imip asb08phveadndtbotd omddaask. fTheetkaskomasHehepalladium
tpansf er¢edit otlee Seht enkul 4 heon Theppadtadi um conpl ex

and excess ligand were then dissolved in 125 m of
degasses 1R! hyhe PEOPLABAt g £ 91 | Q¥ed pat;LZSlmg is between
degassed meidyl, praptonate/nethanol gixjuce (90%Abys 400:1,
M@é@@tg@ ?Pgblﬁsoé%QXEﬂﬁf hIlngggy rgp'on@E%%erably, the

ditl repa sulggng? 2. al yst soldi 1000 more
ap LA ?%ep%%ﬁ% %Léf Rorbe v
%télhaﬁg %g%?l gﬁ’atEQ %%%' 37‘ oarddéﬁé Of‘e%{u}i@? ?&dforth

erates .car OXI wat er
cont n1na %lon sy§ien1 Ve l?lgfﬁ?gkﬁ?ogl?i%%ﬁd as
COPLEoch e FEECLLO o ot The Mae palnanl (EUL G
net AT pt OpF ohat e, t%% %%%]%‘ﬁah% SnEhl cH Al Yt Fe versa-

sol ution was added to the pre-evacuated autoclave and

heat etn Yo 1000 0t qﬁéya@¥6@ﬂ@%et@a@OVﬁénCEWEé§§?édbUt also
WieTE 8 bakslpit et hehenabbveo vapour 1 py es el eCc vl erea.

total pressure of 10.2 bars at 100 OC . Next the

apit oth@aveomasopr essunedat o d2m2lbaes wehtl addetroncetalytic
Cxtethepeiflatcgashnebarnged foremiherddidn tf€ described in

reseryollowfngeguhat ony tvabve enpures dittwithe reference to
pregerk e1 of n tre: awtocl ave is maintained throughout the
reaction at 12.2bars through constant injection of gas

if? %QeJiosgméieméfégﬁ§9£éc%i &?Lﬁ%grgfugétagg(:omplex in
I%%géﬂg%%?%uwh ut e re%%t?on period of 3 hrs. The
nol es produced at any point in either reaction are
calculated fromthe drop in reservoir pressure by
assum ng

Example 1

Palladium tetraammine di(hydrogen carbonate) and 1 mole
equivalent of 1,2-bis(di-tertbutylphosphinomethyl)benzene
were suspended in methanol at reflux for 6 hrs. A basic
gas (believed to be ammonia) was evolved during the
reaction. The product was filtered off at room
temperature and dried. This product was recrystallised
from hot methanol and the crystals characterised by single
crystal X-ray diffraction. The product was identified as
Pd(1l,2-bis(di-

tertbutylphosphinomethyl)benzene) (CO5) .2CH30H (see figure
1). The dried product contained 18.82% Pd by standard wet
chemical analysis which was consistent with the
identification of the compound as Pd(1l,2-bis(di-
tertbutylphosphinomethyl)benzene) (CO3) . Further
supportive identification by infra-red spectroscopy was
also obtained.
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Conpar ative Test Conplex 1 Using Pd(dba) . The
solutions for catalyst testin ﬁzmere prepared using
standard Schlenk |ine techniq In a nitrogen purge
gl ove box, 7.8 ng of Pd2dba 3 (1.45*10 5 noles) and 6
s of phosphine ligand 1 (L-L) =1, 2-bis
(di -tertbutyl phosphi nonmethyl )ferrocene (8.7*10 5
nod B53d1iwer & eweiagined nient @1 ah s@0aden oyrdd Hootatten f hagk.1 mole
Theufvabkntwas then transferred to a Schl enk |inel,Theis (di-
| t ganicuantopad bath une wiey &) féenodessol vedren 12bspknaéd in
degeassedl net hyd f piopfonatenrsn Ordeasio® ghd (believed to be
conpbexat i pas &helpadl adiunyandel Fgandivere dhsspkvadcet was
ipitialdy beremethyloBrhopianate rnd sah&r%qlfegr ahe product
PEsh L 9fq 45 dMgHit ey bSQ”@t%@&’éMOWN&J WAL 1  analysis
SOLYENT S, 1O t88n§9££%+9” P}HS Jeowﬁdggéalf?gijcgoﬁ' th the

fOI‘rTHtIOI’]O a neutra tr| ona panar s (di-

ba e ex 175 n?

n%?gé? Q% o é%%%?%%%%if K5y vel g | o
n,%&l % v 0% p/ p+ %n]”a? roscopy was
d%b%%s%@t%h%e%dded to the flask Addltlon of net hane
sulfonic acid (MSA) , 420m , conpletes the
preparati on of the catal yst solution. However, dba
ig§£$$f§p$esent in the system The final conposition
of the solution is approximtely 70 wt %
r@@h&@%%%%l&ﬁéﬁ@aWQNW%éﬁ%ﬁ%éﬁ%@ge“Tﬁ@ﬁﬁﬁQﬂRﬁ|ca“d 1 mole
sotyiYohewas added to the preéfevacuat ed autocl avérgn@is (di-
h2at ediimet 1P d@nan Therlawtplel avee Wasl t henr peessur ed were
ws e Sndvad s iof nettheme labovergaponr fpressunesgi vingoasic gas
t obal i pressuvebef albo2 ibar svaat <O WL . diNextgt hee reaction.
athOCl@RIVES Plaesstiedetedl2o2rbadts Wddn addinpleertofre and
Gxieihened 1ptogas)y chargethddom tdre 164l ity e standard wet
reserveil. Adegu af oryvahve ensuresdilatsddhe  with the
T g T

e 1 1 .
gEa'urt @%% i%iT i resegig %% Ergssurg ? égfra red
eServoir r enperature

|%%%%%r?%$%%§h%%% %ﬁ%oria%%+%% beriod of 3 hrs.

Example 4

Palladium tetraammine di(hydrogen carbonate) and 1 mole
equivalent of cis-1,2-bis(di-t-butylphosphinomethyl) 4, 5-
dimethyl cyclohexane were suspended in methanol at reflux
for 6 hrs. A basic gas (believed to be ammonia) was
evolved during the reaction. The product was filtered off
at room temperature and dried. The product contained
17.72% Pd by standard wet chemical analysis which was
consistent with the identification of the compound as
Pd(cis-1,2-bis(di-t-butylphosphinomethyl) 4, 5- dimethyl
cyclohexane (CO3). Further supportive identification by
infra-red spectroscopy was also obtained.

Catalyst Testing
Test Complex 1

Solutions for catalyst testing were prepared as follows,
using standard Schlenk 1line technigques. In a nitrogen
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met hyl propionate, which allowed reaction TON and rate
to be obtained. The results shovvn in Table 1 .
Conparative Test 2 Using Pd(d . The solutions for
catal yst testing were prepared u5| ng standard Schl enk
| PRede eGhAVQuUESX, I -&5nimdr sfen(Tpir) 3@%@30\/&%0&5*170 g moles)
ngewP L 2dba 3 (1.45*10 5 nol es) =and 6 equi vaFeRis (8f—tert-
phosphphesph gamoe 2h{ L} fgre=odene 2- irgd (di> 1- e@Bivalents  of
,Bhaspethy| ladsaraht (-Iphodphi2edmét hy Imolfeer)r,oceree weighed
(BnﬂdeaSEﬁEhﬂS)rowharemetghedflaib a BoOnf ramindwas then
bot 4 osrdtask. tdhe fdaskemasithen trhansfLarrLet dn® @mplex and
Sehtenk hiigendThedd gendnand spalihadi U wepe theror degassed
%@@@yyegrb@ﬂa%étw ©of degassed mef@ymproqpl@é@é@sed Nmethyl
% 159a@é%&m§fah'lgﬁurkhe&§wl@g' woiand hgantho1, sos
W d P'Mggh%[“%kéf&w gE‘ Js?é{&l%é?g 896‘&%8399@ sulfonic
Yrr or a 257 hut es ore a
f%ﬂ‘ﬂer ]%%Menté b%lthec%%ﬂ%ﬁ ﬁ’ﬂ?s BFFB%anP“t hat the
i 72571 USt or At PohCBf Al nedt rAPCHt r FRBRARFT pl BRALOPD ) time
corpP et PP | ?@@Eﬁ@lya’éﬁ‘bﬁ)t%tw@e@n OI?TDPQEQWI onlnﬁgdltlonr
mMddit her hydf pebpi onat@/ netidearsdlesmi gxeuben( 59% bycde gas and
weiight metibanalq 50% monieinghtateet hiyd preeopitdrat e)y siessn. The
degassedoandsadded tad tthe fdasik.ioAddid i amoodxireitane 70 wt$
stk £ 10911 16 @si ch 4 VBA) 3 0wéR0nd t haconpl et es t he
preparation of the catalyst solution. However, dba is
sthd | Jyesentid nsthecsyst efhsTheaddmale &Om‘é3|b!r@ne9facuated
the. sol uthon i apRLeX n@&ellyoo%@ M%getanyﬂcpém@n%% then
SouedeppLhanal .y, Fhe,gatalodl g g gtlﬁ@oy@s %&%df Hressure
Jtv4€ SV%CU&{ 98588 S‘nga % éi?t the
oo ars O 0€ion of co:
a%@ %Waﬁr ssur IVI ‘total pre % 49 2
A F a%ﬁ?&w e Wﬁé é‘rl SGurkF o A
1L bAF ST W t H2ad8i t IS9P Wtesco tethentlEL: Prgagpre of  the
chiar QetP f? omSt HER A3 1 19@ FegergdirHt Am%ga?a%wn at 12.2
vad e ehsores cleastehne pressifrieonfof hgaguttacimavdg s10 litre
mee it Ay red. t Aheughmasutre epéadhicorreaget 2 bags well as the
t heaugbr canstratatinjeectviaon bbggas frlomudieodtD Ithter ereaction
resetvoi of Therpressure of the reservoir as well as
ttiee moles produced at any point in either reaction are
calculated from the drop in reservoir pressure by assuming
ideal gas Dbehaviour and 100% selectivity for methyl
propionate, which allowed reaction TON and rate to be
obtained. The results are shown in Table 1.

Test Complex 2

The solutions for catalyst testing were prepared as for
example ligand 1 using standard Schlenk line techniques.
In a nitrogen purge glove box, 16.73 mg of (L-L)PdCOs;
(1.45*10’5 moles) complex (L-L) = 1,2-bis(di-1-(3, 5-
dimethyladamantyl)phosphinomethyl) ferrocene and 5
equivalents of phosphine ligand (L-L) (7.25*10° moles),
were weighed into a 500ml round bottom flask. The flask
was then transferred to a Schlenk 1line. The palladium
complex and excess ligand were then dissolved in 125 ml of
degassed methyl propionate followed by 175 ml of degassed
methyl propionate/methanol mixture (50% by weight



reactor tenperature was | ogged throughout the reaction
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reservoir pressure by assum ng ideal gas behavi our and
100% sel ectivity for nmethyl prgpionate, which all owed
reaction TON and rate to be obfitai ned. The results are

shown in Table 1 . Table 1 Ligand TON (noles MeP/ Ml e

PRF LRl PAPdbAY V& ¥f PdPabay + nPrrRe18p6ve ) bat chddition of
eranphies t ke lfiogdamd | scaddedMIR)a pr épopli on afmBletes  the
eguiepatentsnt ofmetiad and dlestacsdlusidhenmddednidh ashorter
PoOPOsd i OJF ok 1450 egubyabentso t eofplalat ikt htsyeh a  and 2
| 8¢ gew exepssaafitaehd there s F need $0i@quibkbrste carbon
theosystenyand the nmphal-wilhieasi by bgoexidbhgedniAate the
b9é9c§¥§$e§§st “ﬁYﬁﬁ? fﬂn91088&§ EQH%on e%@esgeﬁuﬁlon is
c%éﬁ]%%?%fﬁf?@lfhe@ream%?@@ ARG Ly i fanoL.

and IS a pen e conmodi t Iar e excess
b2 i&é%@&twgs éﬁ%@ aﬂf CcoRtradgs ated
|%ﬂﬁ%?} At e%%a rjﬂEbePE 8F PV garhS then
Softit FPBr et i d“r%tch‘ heb%?rploéx Wti“?“?ak%b%‘(/%n o6iger bressure
Wil R headba thds & e5ssirem het Bad P& Ssyst e OIC -t heNext the
i ventlone whb peachuragi doedui-l4 Braatd ol tiS adldakign of CO:
ustimgnée ess : dcigd si)n ditre geht inuoushsydemimeanscesemichicr. A
| oagerapery odvefivexi datswaresof tiet netak fromdshedPd(&d the
touPsf1dye oxiidat ingni rsedaatresd | nthheugysttem ahet hereaction at
i nyembaof thhe omefhal cobssebfieady jerdikeg agti weipXEdahi athe 10
St Bt £c SPcHOLSO NPt TEAUIER seltel I atHone Jher&forgs well as

t@@eS§&9890§t@8§p@£a€@£§|M§E P&S@@&aEhQBuFﬁoﬁksghe reaction
hcatly speeded up by using the netal conpl exes

o the present Invention. The reader's attenti on is

L.recte apers . and docurrents V\/n ch pare ec
ChhE e, Broa Ro8T gFev oo EPRR NI nBES Addigp are
c%?u %%{%% AW TR RS i tAt roncandthhPth®aréco @naﬁéummg

ptBFdt |%%%ec??]6?1v%\?‘tlﬁ t?ﬁlg splFfi 8atfoh Vahy t her methyl
C%ﬁ@%h@%a%$raﬁﬂ”éﬁbhaéé6§?§ afgaction TON and rate to be

obtained. The results are shown in Table 1.

Comparative Test Complex 1 Using Pd(dba).

The solutions for catalyst testing were prepared using
standard Schlenk 1line techniques. In a nitrogen purge
glove box, 7.8 mg of Pdydbas (1.45*10° moles) and 6
equivalents of phosphine ligand 1 (L-L) = 1,2-bis(di-tert-
butylphosphinomethyl) ferrocene (8.7*10° moles), were
weighed into a 500ml round bottom flask. The flask was
then transferred to a Schlenk line. The ligand and
palladium were then dissolved in 125 ml of degassed methyl
propionate. In order to aid complexation, the palladium
and ligand were dissolved initially in methyl propionate
and stirred for a period of 45 minutes, before addition of
further solvents to the solution. This allows for the in
situ formation of a neutral, trigonal planar Pd (0)
complex [Pd(ligand) (dba)].

After complexation, 175 ml of methyl propionate/methanol
mixture (50% by weight methanol, 50% by weight methyl
propionate) was degassed and added to the flask. Addition
of methane sulfonic acid (MSA), 420ul, completes the
preparation of the catalyst solution. However, dba is
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drawi ngs), and/or all of the steps of any nethod or
process so disclosed, may be nbi ned i n any
conbi nation, except conbinati dnis where at | east sone
of such features and/ or steps are nutually excl usive.
Ealchl f caf @F @ di 81 bRedSYALeRt s SPecfireat Femposition of the
($ PN UHP g Tan e REcopha g ¢P aivive, sty Hetorienate, 30wts
draWiags); nmay be repl aced by alternative features
serving the sane, equivalent or sinmlar purpose,
uThes s adinesist y sstlatteédnot hesw s@dedhusy  dhleespre—evacuated
expt €S54 ye Shabedhot hed witse, 1 eaah, f eatiy eadisellesed wa then
@e%@ﬂ@dﬂe WY ef Bagenesd cesaehes Mboeguival Rt Phessure
?éz featunes prthesdventi on bspaek rastrieted t@ext the
t %%éZw?E E?@FEQEgaokgg%?”QDQkﬂﬁﬁtwﬁ§ﬂ %%&bglon of CO:
n%?at :aon¥ §%§ &}%glﬁegf 5 ose% in %fhr% Sservoir. 2
ncluﬁ QQ essure of the
% Jc?‘v%n& “arini igs) . br t¥6og g § h%ngeaSFlgﬁ at 12.2
EBRBIARL CORSt ttrﬂemsﬁl JoRethod die Y10 1itre
plf%%%%‘éols% dif§€ e¥&f T4 rr%fltheA frﬁefieaqv%]dﬁpfiéx WolAxms the
wWHeR @t M i Seamstadlust  §PSupledged drha@ighquy s the reaction
| pegabheld XEis ardalide, HCOB , NOB , CO8 2 or
carboxylate, n is a nunber equal to or less than the
cDioe dimedkisononediesd ok tt henyrevalintmirs ¢iohe? amshdatsion are
ecauatulocéher oxindahe oirspaie obéstheonet akes2ureAbgekabuming
CONPLEX @geordingvicuel ahnil 1owber eenethevhitgandok i sethyl
B phosphine, Jhidh Metabweanptexcaceor diddg kadclaitelto be

°<Bb@a1n&ﬁ‘erﬂhé‘ the.1igande Lok §v@ b dentat e; phosphi ne.
. A netal conplex accordi ng to any preceding claim

V&S Pat Dee | T8s002 Lyé Sn @)ﬁe phosphi ne |igand
(ﬁhéoEQHH%ﬁH&S @Bk)éﬁl |§ T QE 1% (Q@résﬁygpéygd using

§{§A£ d hl qﬂ%r n ur
PLESE azfl:% I al Mg V"”ere' Qfggagc’dbag 9r E&g molgg)e aid g:

equlvalents of phosphlne ligand 2 (L-L) = 1,2-bis(di-1-
(3,5-dimethyladamantyl)phosphinomethyl) ferrocene (8.7*10"
> moles), where weighed into a 500ml round bottom flask.
The flask was then transferred to a Schlenk 1line. The
ligand and palladium were then dissolved in 125 ml of
degassed methyl propionate. 1In order to aid complexation,
the palladium and ligand were dissolved initially in
methyl propionate and stirred for a period of 45 minutes,
before addition of further solvents to the solution. This
allows for the in situ formation of a neutral, trigonal
planar Pd (0) complex [Pd(ligand) (dba)].

After complexation, 175 ml of methyl propionate/methanol
mixture (50% by weight methanol, 50% by weight methyl
propionate) was degassed and added to the flask. Addition
of methane sulfonic acid (MSA), 420ul, completes the
preparation of the catalyst solution. However, dba is
still present in the system. The final composition of the
solution is approximately 70 wt% methylpropionate, 30wt%
methanol.

The catalytic solution was added to the pre-evacuated
autoclave and heated to 100°C. The autoclave was then
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for the preparation of a nmetal conplex according to

any of clainms 1-5, conprisin eacti ng an anmm ne

compound of netal Mw th a conpl exi ng conpound. 8 . A

nmetal conplex or process as claimed in any precedi ng
c$%?%§uﬁﬁ%réﬁﬁjéagd etal M c6 ?P%esa%P%@eé”ﬁﬁ%”he?é?ssure
selebtedaf riorhaRu, PRESS@se P, 1. Zandapd. ag 100 %et dfext the
conpdekaor waaCQSssagreﬁatmedZi@(han&nwﬂthmméﬂetnon of CO:
satlidemet all : M gempr ides Ry Ptoror thd. 100.1iArmmetmdservoir. A
coaphext ory pr oeeése asrclwiared tmaanytpeecedigyguwleal mf  the
whet €t Nasai d sphaspht ienes sekectedukr othd heegratipn at 12.2
cosss sthAgugh Eons2=hitS-idfctteid bot yhphosphinnamet hyd) 1itre
benzengsid. . Znbi régguﬂéﬂépeﬂﬁalQag%@bbagm%én@all as the

bP@é@@@r ltemp?erbalt%re( d'watserEQJ;’&&jph@rﬁpcm h)e reaction
Q%Qpi al ep e3 2 bis (di adamantyl phosp |nonethyl
enzene, S(dl 3, 5-

10% b5t | EPRGE PR hoBERFFYS DY assuming
béﬁ%%he g9qs (%?%ﬁ%h%%% %ﬁ%sph eneﬁﬁ}?cyl?lty for methyl
(Eﬁo@é@@%®$ylﬁﬁ@éﬁhlﬁéﬁ@ﬁﬁ I)r%%%E@Wé TN and rate to Dbe
(bt zeredut Yhphosphl ponetdy$hgw-in Table 1.
(dlcongressylphosphlnonethyl) benzene, 1-
(Tﬂbmﬂertbutylphosphlnonet y! %F

(%%ﬂ pha- a&vj ntyl - AL H%@ﬁ@d

( &ﬁ ph|n fhyl )-2- (phosphaadanantyl-

P- hyl ) benzene,

I -(ter AdMedamant yl phosphi nonet hyl ) -2- (d i
adapant yl phosphi nonet hyl ) benzene and 1- [(P- (2, 2,

d@ﬁetgyladanan %gsphlnoneth benzene n ion ar
¥ B hoSBi ont: nyLs E6n zf%ﬁft on are
SRR R ol e

6 , - tetra-nethyl phosphi nan- 4- one)

p hi nomet hyl ) ]-2- (phosphaadamant yl - P-net hyl)
benzene, wherein phospha-adanantyl" is selected from
2- phosp lﬂAdM%) , 00kabetranet hyl -6, 9 , 10-

damantyl, 2-phospha-I, 3 ,5-trinmethyl-6, 9, 10
éﬁ% 2- phospha l, 3, 5, 7-tetra (trif
.2

| uo onet , , 10- trloxadanantyl or
2- pffospha-1, 3 ,5- tr| (trif luoronethyl) -6,9,
1 'oxadanantyl; 1, 2-bis- (dinethylam nonethyl)
fe cene, 1, 2-bis-
Using Pd(dba)
:p Bu12 84772
Fe P Butz

PBuL,

Using Pd(dba)
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1- hydroxynet hyl - 2 |, 3-bis- (dinmethyl am nonet hyl)
ferrocene, 1,2, 3- tris- (dlte{tbutylphosphlnonethyl)
ferrocene, 1,2-bis- (dlcyclohéaylphosphlnonethyl)

ferrocene, 1 , 2-bis- (d|-|sobutélphosphlnonethyl .
)?%rﬁ%ﬁ%néboYe it - ElSopkhtyl i rSmetfyed 1n A

YPeepockehe) af, 62epugvalgnéshyHopiedshi tHye)acid is then
f eddetens, a1prqpqﬂuimml@%oéﬁ@pﬁmphagéﬁpﬁﬁnémhwmtal- With
)$ech ocenelatg?- biescefdi netthy lgghosphilroret hiyd ) no  need to
fegquotemeatd , 2=t s-{Htdh , Jrh] 7-tHeet manetlhy-i6,1 9easily be
18x 1011 ox@- 2n phosphepstasrant yl met hyl ) )ferrocene, 1
2-bi s- (di nethyl am nonet hyl )ferrocene-bi snet hyl
| odidear 1 2n B scAE hydeoxypeihylsphosphi ngmathyly) excess of
ferygcene, r&nﬁ t%h%b@%'pQQéph%DPﬂEt@HﬁQefQﬂﬁﬂ&ﬁﬂﬁnl to the
ZrQéétof QP ﬁ k4’ S éa %gand is an expensive
tetrangtty ghgs Epan oné%'% % errocene, and_ . .
1%h?r| %5“ ho% 45d r?ﬁﬁgg ]r% %‘é]ﬁ%%gfepr&%sf with
UBFR Caretp yF g otdpptHy| the’ complex
Cyol DhbgsRo e aon@erbwgt@jthebgb |6ﬁ6§?hﬁmﬁﬁﬁ% ybpereas
e met fyF 6§l opeht angheci siaveptppy wil reach’ = rapid
(Qq@hbslpmhmr@t hyl - 1Sirg Largy, 7-geiranmelhyp-6,209d 102 the
t cookaradasmay yteh- acabsdiametin cyolahexade] odi sf1pxidation
200i sh¢ 2mephbsphomonet hypdl{1) Bo,PE(IIY-betdatkbhyktbfe. 1In
9the 18yvsreaxaadanmat yhyebrirehhyey chopent ase;aldiesdl, in the
2abt sv dokiadamant ykphesphi noyed hydt) rdqubre equilibration.
dimetbybeycl ohexanecoghs- s@aijzt@1scatalyst preparation 1is
yl

(91s@déP§H5¥£9Q9§9h%B%€8EBy| 137 el €M&|ﬂ8€gia68mplexes
phosphi nonet hyl ) -2-

C%?-th% §;?p%osp onet%yl -4 5-
| cycl oh t but y|
otGep bt iy 13 ! élsutdf %s§§Ea yBefers ana
§=9¢ %nﬂ

n%?%\g‘l‘gg h% 1?%\@“9 F pgevigus to
il thyFLen gn cqpe ?Fb?% %aaﬁaﬁﬁ§ﬁ)app%lcatlon and
ﬂ¢l?%uty¢%%ospﬁﬁﬁbneﬁﬁy pablis  dilpsPrRfitdpel ohdxake; this
C$Eeqlf{93bh@%phﬁ%@hﬁ?h@lﬁPnt?HU% OfTﬂkﬁréﬁﬁbh%ﬁﬂ?rs and
gdocument$ oxaadaneptydyate@ herein by reference.
(di-t-butyl phosphi nonet hyl) -5-nethyl cycl opentane;

CABt 1-o0f 2- phospheaounet byl di scBp5ed- tetrahethykpbcification
10td¢i @xan@danany yl ) ac@empanying claims, abstract and
drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination,
except combinations where at least some of such features
and/or steps are mutually exclusive.

Fach feature disclosed in this specification (including
any accompanying claims, abstract and drawings), may be
replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated
otherwise. Thus, unless expressly stated otherwise, each
feature disclosed is one example only of a generic series
of equivalent or similar features.

The invention is not restricted to the details of the
foregoing embodiment(s). The invention extends to any
novel one, or any novel combination, of the features



(di adamant yl phosphi nonet hyl ) -5-nethyl cycl ohexane;
ci s-1- (2-phosphinonethyl-1, 3, 5, 7-tetranethyl-6,

wW©®200710079 | oxaadamantyl) - 2- PCT/GB2007/050189
(di adamant yl phosphi nonmet hyl ) -5-nethyl cycl opent ane;
ci s-1- (2-phosphinonet hyl -1, §¥5,7- tetramethyl -6, 9
10-tri oxa-adamantyl) -2- (dia gnantylphosphinonethyl)
cycl obut ane; cis-1- (di-tbutyl phosphi nonmethyl) -2-
(%Jr%l%ﬂa%%@yl pksphi Hoket hyFpecidisagifet hy| (including  any
cyetohexaNend cicsd2ims(;di 2bbtt $Fphosphi AgREtiR@S) ,- 20r to any
(adeelamaney| piiosphi notres hytymbEnapedhy| odydlhepertearre; of any
chstllod 20 higré¢Qephosphdiscl3sed- trinmethyl -6, 9

S5 10-trioxatricyclo- {3 .3 .1 .1 [3.7] }decyl) -4,5-
di met hyl cycl ohexane; cis-1, 2-bis (2-phospha-1, 3 ,5-
trimethyl-6, 9, 10-trioxatricyclo- {3 .3 .1 .1 [3.7]
}decyl) -5- methyl cycl opentane; cis-1- (2-phospha-1,
3 ,5-trinmethyl- 6,9, 10-trioxatricyclo- {3. 3 .1.1
[3.7] }decyl) -2-(di-tbutyl phosphi nonmethyl )-4,
5-di net hyl cycl ohexane; cis-1- (2-phospha-1, 3
,b-trinmethyl-6, 9, 10-trioxatricyclo- {3 .3 .1 .1 [3
.7 ] jdecyl) -2- (di-t-butyl phosphi nonethyl) -5-
met hyl cycl opentane; cis-1- (2-phospha-1, 3
,O-trimethyl- 6,9, 10-trioxatricyclo- {3. 3 .1.1 [3.7]
}decyl) -2- (diadamantyl phosphi nonmet hyl )-4,
5-di met hyl cycl ohexane; cis-1- (2-phospha-I, 3
,5-trimethyl-6, 9, 10-trioxatricyclo- {3.3.1.1 [3.7]
}decyl)-2- (di adamant yl phosphi nonet hyl) -5- net hyl
cycl opentane; cis-1, 2-bis-perf luoro (2-phospha-
1,3,5, 7-tetranethyl-6, 9 , 10-trioxatricyclo {3 .3 .1
.1 [3.7] }- decyl) -4, 5-dinethyl cycl ohexane; cis-1,
2-bis-perf luoro (2- phospha-1, 3, 5,
7-tetranethyl -6, 9 , 10- trioxatricyclo{3.3.1.1 [3.7]
}decyl) -5-nethyl cycl opentane; cis-1, 2-bis-
(2-phospha-1, 3, 5, 7-tetra (tr ifluoro -nmethyl) -
6,9, 10-trioxatricyclo {3. 3 .1.1 [3.7] }decyl) -4,
5-di met hyl cycl ohexane; cis-1, 2-bis- (2-phospha-1, 3
, 5, 7- tetra(trif luoro-nethyl) -6,9, 10-
trioxatricyclo{3.3.1.1 [3.7] }decyl) -5-nethyl
cycl opentane; cis-1, 2-bis (di-t-butyl phosphi nonet hyl)
cycl ohexane; cis- 1, 2-bis
(di-t-butyl phosphi nonet hyl) cycl opentane; cis-1, 2-
bis (di-t-butyl phosphi nonet hyl) cycl obutane; cis-1, 2-
bi s (2-phosphi nonethyl-1, 3, 5, 7-tetranethyl-6, 9 ,
10-tri oxaadamant yl)



cycl ohexane; cis-1, 2-bis (2-phosphinonethyl- 1,3,5,
7-tetranethyl -6, 9 , 10-trioxa-adamantyl)
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, 7-tetranethyl-6, 9 , 10- trioxa-adamantyl)
cycl obutane; cis-1, 2-bis (di'3
adamant yl phosphi nonet hyl ) cyc ghexane; cis-1, 2-bis (d
i adamant yl phosphi nonet hyl ) cycl opentane; cis-1, 2-bis
(el#1iBamant yl phosphi nomet hyl ) cycl obut ane; cis-1- (P,
Padamantyl , t-butyl-phosphi nonet hyl) -2-
(di - thunykphosphimoret Byl X.) cydleotexidnes ci 8- met@R, of group
P adé&ment y10 - Butys - phdsiplingonet hyk) & Zhalide, HCO;, NOs ,
(db+"t butykphosghilaoeet hyl)s cychopeatareiati sdl-of Pless than
Priadapantyinat : but yhimpbosphi anoeetdayla) ,-2r is 1 or 2 and is
(@dmép%c\/lﬂh@smi@@m@hyéaaw%pbmérmet@i.s-1- (2-
phosphi nonet hyl - 3 , 7-tetranethyl-6, 9 ,
19 t@§o§@@ggnaggM iex %mm&fal b%ky|9m9§ﬂhkpom%H@@&1n the
cyf gﬁgxgn c S- gphlnonethyl

tranet - trioxa- adanantyl) - 2 -

% ébm%ﬁg?osﬁ‘h;g%n%tch |I)d ?l)éc %ﬁ@qc' $:3; {Berein the

6, 97

1bl ?%x%aﬂ%na%tyI?lde%tat?d?h?s%%%%?phosphlnonethyl)

cl obut ane; cis-1- (2-phosphi nonethyl-I, 3 5, .
7 teﬂ¥aﬁ§¥ﬁ§4-GomglexloaC?@F@k%gadéhaﬁ¥y1)PI2$edlng claim,
(dhradabmnt§EpRosphindmethyl § cydligifexate rhiesghige- ligand
phospglvimmonet hyl) 1, 3L) 5,, Eietrar@ihyles, (¥), as set out
IQeteimxaadamantyl ) -2- (di adamantyl phosphi nonet hyl)
cycl opent ane; cis-1- (2-phosphinonethyl-I, 3, 5,
751 et.r ety 16, c SnpldP- atbbexyangdammntyly )Jorereding claim,
(#hadangnt vyl phesphi pemebhlyl ). cycl obut ane; ci s-1-
(di-tbutylphosphinonethyl) - 2-
(i ad rifp h'@ @% V! Jsymbabexne; Elssdiyiacing an

?g*a%z%x L y%i%z?ﬁ’%?%%tﬁmpﬁfglﬁg S

(dladanantylphosphlnonethyl) cycl obutane; cis-1, 2-bis
(§= dh §ﬁﬁ§€fs og tFPﬁEtB??p ra@1on of a metal complex

10CEPTOKAE r Feyeng- qf3.3LainS [3-7] | der3Ir i3/l phesafeing an
cignine pcoproynd phbspheal 1M 3vitht ¢ | pefhysx 19 gcompound.
10-trioxatricyclo- {3 .3 .1.1 [3 .7 ] jdecyl)
c&clopenﬂanamweﬂs-tpm@ibks @2-ppnsp®as as claimed in any
preceding claim, wherein said metal M comprises a precious
metal selected from Ru, Rh, Os, Ir, Pt and Pd.

9. A metal complex or process as claimed in claim 7,
wherein said metal M comprises Ru, Pt or Pd.

10. A metal complex or process as claimed in any preceding
claim, wherein said phosphine is selected from the group

consisting of 1,2-bis-(di-tert-
butylphosphinomethyl)benzene, 1,2-bis-(di-tert-
pentylphosphinomethyl)benzene, 1,2-bis-(di-tert-
butylphosphinomethyl)naphthalene, 1,2

bis(diadamantylphosphinomethyl)benzene, 1,2 bis(di-3, 5~
dimethyladamantylphosphinomethyl)benzene, 1,2 bis(di-5-
tert-butyladamantylphosphinomethyl)benzene, 1,2 bis(1-
adamantyl tert-butyl-phosphinomethyl)benzene, 1-
(diadamantylphosphinomethyl)—-2—-(di-tert-

butylphosphinomethyl)benzene, 1-(di-tert-
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1,3, 5-trinmethyl-6, 9 , 10-trioxatricyclo- {3.3.1.1
cis-1- (2-phospha- 1,3,
wo2aoriimmerhyl -6, 9 , 10-trioxatricyclo- {3.3.1.BC[/8BZ407/050189

[3.7] jdecyl) cycl obut ane;

}decyl ) -2-(di-tbutyl phosphi nonet hyl

ci s-1- (2-phospha- 1,3, 5- trlgﬁghyl ,
10-trioxatricycl o- {3 3. 1 1] Jdecyl) - 2-

(di -t butyl phosphi nonet hyl )

cyclopentane cis-1-

(2UpRbphERp inanesay i fret hyl - 6, 9

1@%@@@%@%@@@81@@@0@%@& @%ﬁ?ﬁ}nﬁfdecyl) - 2-
(it Y 1 blue 9 phospht mohet by [Pheyrehobadanent ¢l sk1-
(Rephospbanzdng, 5-tdimgthyht@lrBosphOnbmeokatd-€ycbbospha-
{ZdBndntdy [ 3P hetidetybgn2end di adamant yl phosphi nomet hyk)tert-

cyet phexanent €1 Shdsplf 2 phosiphay -4+ 8&li5-tri met hyl -

)cyclohexane;

l1-(di-tert-

6, 9

, adOndkt Oxgh & Y ChOne{By By dedzdBe 7] }HeLyl )12 (P-(2,2,6,6,
(%@QM@MI P@@@@@hﬂ@é@l hybde £yed opent dRein el srlo- (}ghospha—
} -P- q%Cyléﬁyén@ @heré@nt” 95@ BEQXQEQant 17 is
O

{s?’ef' %held[ 3. 7]fr}

ane

%hpa;

I S g o

uof o ogp

trlm

pha-1,

h(y%ﬁ?aﬁrﬁ@t éE%@fEﬁ&ﬁ;% 9,10-

%g%goromethyl)

3,5-

7t1f3ef*i=%h%%wf<>%et@yl 199t +) oxat PFRYRNBIBY R 1. 1 [ 3. %}2 —bis-
} ey YhedeT opeht @nel ) E88racene, bis-perf |uoro
( A phosiphiat ¥ lpiBospisinome ey ¢ hherhgtels, 9 1- m@droxymethyl 2—

tdinxiatyleychofSt By Ifdrf3cdie} decyl ) cyclobutane;

2-bis-

1,2-bis-

cigitler@outby sphd 2ephospdahy] ) Berrbecend,tetra-Lydroxymethyl-
i$)aapos- eihytyi&mOndletiivi patrocyedp{3. 3. 1. 11[ 3, Z}tris-

} decyd )t ieyey Dhiexapie; n€hsthill ) f&rbbSend 2- phospha- 1,
@@§nyérrocene, 1,2-bis-(di-iso-

5(dlgy&§élﬁ@x;€1}5hé£ﬂ>wﬁrﬁ&ne

%@t;}?p%é&%%éﬁ&&’l@y?h@eg’récérﬂé 7] }decyl)

% % (o4 L}f‘g ot tgg

bt eyciBE 222119/ hept
(WiaTer L hHRST phbs

SRR P 5ol
EZM%?% ??%JSE%%% ?15

3&?? Phosphasl,

ane-

%%1o§a— — %sp
Phorethyl) ; 1, 2-bis

{% %i decyl) cyclobufaT

3,2-bis-

1,2-bis-
J 1,2-bis-

blS(dl
2-bis-

OC?IE endd; 2abedéfti= (13,5, 7-

1,2-bis-

( 6 inetty] Phosphe Raret AT yocane sogsphehyl berdzshide 1 |
2o b §d{ydr opyngt phbsiphsploheehytl) v L Ut phenydbenzene; 1
,b-QS mspm@$9mblm®1y¢miﬂspﬁ$lnm$m1 )7 2,-b58—bi S-= (P_ (2 7 2 7 6 14 6 r

(tetnatdyhelblydgpbenzeneone) )dimethylferrocene,

and

bis-(di-1,3,5, 7-tetramethyl-6,9,10-trioxa-2-phospha-
cis-1,2-bis(di-t-

adamantylmethyl) )benzene;

butylphosphinomethyl)-4,5- dimethyl cyclohexane; cis-
bis(di-t-butylphosphinomethyl)-5-

1,2-
1,2-

1,2-

1,2-

methylcyclopentane;

cis-1,2-bis(2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-

trioxa—-adamantyl) -4, 5-dimethylcyclohexane;

phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-

cis-1,2-bis(2-

adamantyl) S5-methylcyclopentane; cis-1,2-bis(di-
adamantylphosphinomethyl)-4,5 dimethylcyclohexane; cis—
1,2-bis(di-adamantylphosphinomethyl)-5-methyl
cyclopentane; cis—-1- (P, P adamantyl, t-butyl
phosphinomethyl) -2-(di-t-butylphosphinomethyl) -4, 5-
dimethylcyclohexane; cis-1- (P, P adamantyl, t-butyl
phosphinomethyl) -2-(di-t-butylphosphinomethyl)-5-
methylcyclopentane; cis-1- (2-phosphinomethyl-1,3,5,7-
tetramethyl-6,9,10-trioxa—adamantyl) - 2 - (di-t-
butylphosphinomethyl)4,5- dimethylcyclohexane; cis-1- (2-
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(or 1’)t-butyl ferrocene; 1,2-bis- (2-phosphinomethyl-
1,3,5,7-tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-di-(2"-phenylprop-

2"-y1) ferrocene; 1,2-bis- (2-phosphinomethyl-1,3,5, 7-
tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)—-4-(or 17) (27—

phenylprop-2’'-yl) ferrocene; 1,2-bis- (2-phosphinomethyl-
1,3,5,7-tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-(di-t-butyl)

ferrocene; and 1,2-bis- (2-phosphinomethyl-1,3,5, 7-
tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)—-4-(or 17)t-butyl
ferrocene.

11. A process as claimed in claim 7, wherein the amount of
complexing compound in the reaction mixture is calculated



ferrocene; and 1, 2-bis- (2-phosphinonethyl-I, 3, 5,
7- tetra(trifluoro-nethyl) -6, 9 , 10-

wa@ eooonstore cycl o{3.3. 1.1 [3. 7 ] jdecyl) -4-(orPdI/GB2007/050189
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)t-butyl ferrocene . 11. A process as clained in claim

7 , wherein the anmount of con1'pl6exi ng conpound in the
reaction mxture is cal cul ated"to provi de a nol ar

excess of at |east 10% over the ampunt required for

the BYoVERAfofelPierr 8XCEISen CT1 2L A9rdcesds agver afhgdamount
i reanyred £vaiFee 7soplallionpier & nreéhet @action is

carried out in the presence of a solvent. 13. A
ptocesspforets heagacbanydat ionany efhyleninsalll yr 11, wherein
unisat ke at etoc ohpoundsi €donprt sl mgtheactémgnsai df a solvent.
conpound wi th carbon nonoxide in the presence of a

SOYII Ccen Of p iy OXY I G Oupe ard r@fong 16atialnysbrsyst@fienically
thes st ahysd wp%nm&bmfags@nget%a&@me@aid compound
aﬁf@ﬁd'égkﬁéhzﬂﬂbﬂ@%ﬂﬁe@'q% tﬁeorp§é§éhce of a source of
hydroxyl groups and of a catalyst system, the catalyst
system comprising a metal complex according to any of
claims 1-6 or 8-10.



