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1 Metal Conplexes The bfésénf'inVenfibh féféfé§"¥6h“h"m"

stable nmetal conplexes wuseful in the carbonylation of

ethylenically unsaturated 5 conpounds and to their
preparation. The present invention also relates to

novel catalyst systens incorporating such conpl exes.

10 The carbonyl ation of ethylenlcally unsat ur at ed
conpounds using carbon nmonoxiide in the presence of an

al cohol or water and a catal yst systemconprising a

dietag Gomglegegr 10 metal, for exanple, palladium

and a phosphi ne | i gand, for exanpl e an al kyl

Fhes phiewinicy ¢hoahkybnphosphiae, tar Weakb PhRsphi N&omplexes
pgeifdyl jphospbi ner@onkildentat o PhespbiBRi chasy RER%turated

despgbuhad bﬁdnﬂﬁe&aéirEP&égﬁ%at@@hentS and pat ent
appllcatlons for exanple EP-A-0055875, EP-A-04489472,

PA984¢9, § 0 Hovel  catalus
el E R

A—04894
nd EP A- partlcular

E ? %?w % ohstiiorsa sogpounds

b‘?r the EOF % ir | F 3ndﬁ§eﬁﬁa\ﬂ6deo afd ysteohol ox

g Peifd THHIET IRk kg e g60BR 6, 8, 9 or

hi"& é& EPTI9SATP Ui deres l%ﬁ&@%mnam%eapﬁbggnbnoasllgand

ApsnExarelexanphilkivédPhaspbiER495548alsgét pbrswhtine, aryl
PEP?PBFVEbumwrkﬂﬁknphmﬁwhsn©nOthéuqﬂntqwmrphssphlne has
998/ 13 b equentiiyedigss| dieddzat papantscWrad patent
grplpcabiobidefibat exphpdphEpeAcONpoands Raviang4ago472, Ep-
Bub30EBUDedERFRI02308br| dge-poubd4pneyi de-netabkabby Ep_a-
sgabbaicatm-ysitsi ahich requnresbbhtbe afpN0.g2a2142, Ep-a-
oeph epbshmnta—ddwis aseapf ey dugkgﬁ te Qﬁ{a ¥$tScular,
t?aﬂ502971990tE@HAL@ﬁ9§5ﬁh|%Hﬁ?lﬁi 'g? lose that
Bi&@ﬁfaﬁ@aﬁhaiﬁﬁﬁ;QrngQHaEy Ls¢ QSSQF 2¥ sggiems which

ed
g%%? fg?%@ ggﬁ |sglose§ ra?gg P he $ahpalkyl
Bﬁ@& 5,85 9 E dRd 8thﬁﬁﬁ%re%ﬁﬁﬁ%%§16d in
2h |RO?%E ® r%%EﬂcEeﬁ lﬁﬁyeQPEYﬁaFPQSEHHéﬁntS on the
é%?%? ’TeBFvent . 40 EP0495548B1 gi ves an exanpl e of
vin acetate carbonylation enploying the C3 bridged
%%%é ph?hed 158Bpsauent 1y edissdepighddpii o) parobambar group
qﬁeb¥%$@§aﬁﬁo@@@SBhEHQOGDmm@tE@Sph@dung pesuhstetote®daryl
petdgpurcand t peorvésial t résadbabhe prtodiiet | eatefl yktandwhich
requibcet oxiyt et hylr pnopaneat eni shraent aLithof 4Q600f such
k@idﬂ@ﬁl’t@fﬁﬂﬂ'fﬂ@sts@l@&ﬂé27ﬁa Ot S£EOS®S Fates which are
sigh { £ Cadhony t Bigherbidant at®se previously disclosed; and
that little or no impurities are produced at high
convergions.

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.

EFP(0495548B] gives an axample of vinyl acetate
carbonylation employing the €3 bridged phosphine 1, 2bis
(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
ralio 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 opticnally
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phosphorous atons are incorporated into an optionally
2 substituted 2-phospha-tricyclo[3.3.1.1{3, 7}] decyl
group or a derivative thereof in which one or nore of
the carbon atons are replaced by heteroatons("2-PA"
group). The exanples include_a nunber of
alkoxycarbonylations of 5 ethéne, propene and sone

her terminal and internal olefins. In addition,
I‘-ﬁy’gﬁ&fléﬂlﬁﬁldata G oo hdE ThA L cvedtcdt e 3 gl Vi iy 7l ]bi%mdhe@b:wp or
lai el prtoduet thareofofinlwHigls ahso omdimsct®sed. the carbon
Mdbalsl y2re0 aldpdaceat topdr detcardomyd @td-anof gmuyl. The
acematles sitfscdesed. nlOb¥O ¥ 0Z087Ryvextpodylthheons of
teaehieng pEo¥Eh88/42d 174k biidenrirat ecphOsRNI NE8d  internal
Ravifigsl, 2nsuRstitiyed B Mkobékﬁ9§§L18B %h? LYB®1 acetate
diisghesed bBaM@H@élgﬁ%ﬁea o Skt &b! %aglg'df 10:1 is also

syhsh Hakes %d%gﬂi ieggrﬁlcﬂ¥9§§ J13yld lation of
%35 qu§cé a%% E 'Eﬁ%%ﬁ% ly, V|nyI sters are
I'one enerally or specifically. WD

é/18§26§0 crlb FBBoth aleEbovg}% pes of%# gﬁ%ﬂ 17 to

R d& F855550 O&@ dayiayg e t. YrsPigsgag Dridges
% heYk2r £ gFy Déﬁi‘dbdﬁl ettt s Ahe guifebdst olefin

éHbﬁﬁéatfﬂés&éaqw osyhbidtissaYehsl Kepest helvdsy, various

ghPstheugpsve sYstapsyr equinglt hespebductfon NP5 gfentioned

eh&haut genergads oonphexifidemlilye | i gand and the net al

or nmetal conpound under carefully controlled

¥ondo 4/ bh3948 ddwedilgandbotiet ahe camplvex kyperst @bl eligand

beidiyes Howevesefulhefdse oicsdobhe ne{@oPIPOLOES and WO

pegvedesoa deelentieadl a seurL&e: 0fn cat aliysH4pansSonisNYyHre the

abrkeast, ay@sde PLeBUet +3QHkR therdor miGhs H&Eltﬂetah the

anLpacangdLonnsably ti is agent i ch has
proglged a %tab eogggfcgggPsthe netal bui | ds up in

S e and needs t er i.odi
hggegehghiég ¥égegt |n€ HFI& qﬂ%ge %%. %: tlon
§r0VI§ E % \&s Y%W EB Qaﬁﬂtﬁnd3§he metal
gsF‘F aﬁ&f“E’SHPS By prodtct: UlAé’c&Paﬁtﬁgltl&da gyt ions as
58pedt 9 e PRESNtCIMRASHE | b RGP LEs It o¢ilded However,

ﬁB?alu%nﬁFfexStM_bJ>€ Tafréde QWMROWIREt HIrodfldegr oap R teptial
8PVI0E Ef|§aﬁaﬂN§5n@DIXDDsﬂ§ Offal iaffe 1eHEH3, 24HaNG3- product
CaBrheof ogay lsdx et enetrr saralmnbnd/equahlto én fdee, this
apantt hehigdor tesat poovideder oftiheenet@lrcam b ltloe Zhetal
Bndlldss egualint o tiHee oxdigselyon sipéiecsmf she matals Feo be
bbeiadocdange dmadoaht , Thef g5 encast t angedl o® 9o0ted O this
problem by providing a stable catalyst metal complex with
easily handleable by-products.

o

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 is a ligand, X 1is & halide, HCO.,
NOs~, COs°" or carboxylate, n is a number equal to or less
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, 2 and
10 in the modern pericdic table nomenclature. By the term
" Group 8, 9 or 10” we preferably select metals such as
Ru, Rh, 0s, Ir, Pt and Pd. Preferably, the metals are
selected from Ru, Pt and Pd. More preferably, the metal is
Pd.
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9 and 10 in the nodern periodic table nonencl ature.

By the term 11 Goup 8, 9 or 10" we preferably sel ect

netals such as Ru, Rh, Gs, Ir, Pt and Pd. Preferably,

the netals are selected fromRu, Pt and Pd. More
preferably, the netal is 50 Pd. 3 Typically, the

nunber n is between 1-6, nnre3typically, 1- 4,

especially 1 or 2, nore especially, 2. An especially
referred netal conplex i's one in which the anmoni a
§V8u5§1%Yha&8Cbééﬂbﬁénﬁvéé bsimgersilngl-y ty¢ typically, 1-
onFERSEHANLY i 1 Kas 2 beBarfosmdatiatl lvhi s2 i sApossigsicgally
ﬂﬁéﬁefﬁﬁﬁh@ﬁtﬁéaﬁpmﬁlﬁﬁelSdP“ﬁydﬂo@@ﬁ@@r¢®@aE@mﬂmnﬂegroups
davendesonptexavedn Gurbribéengigt @&nd |towasnieunty t hat has
beter Lheati ndgyatt hehidi -hydpogeibleavbenaterchapl éxarayg the
dht-aydabbynceranhange dompg@nerdieirkd) epmpleédition with the
grachonatm: saht ardintdherhidentrate aarpongae tBBCHiChydrogen
AQ!EBhQﬁéouﬁhﬂblé£|ﬁm@*Qﬁ?@@ﬁnéfﬁi”E%ﬂ%r%%ﬁ%@exto Herate
ﬁﬁﬁ&ﬁlﬁm|Sd%ﬂ%ﬁ@wkﬁt%é¥¥*xﬁﬁﬁe nhgand;and ML and B ...t
E@cgég'nQQhﬂa and b l-gprefergbly a complex

dhque
SSphioe: ggggﬁgﬁoép Fﬁ§8ﬁ§' %e IndfEh 9agnPatsﬂ8rM L and n

g, a nono
en?a%e Sh He Tertlary phosphi nes are

?é red @an i.n addi |onHLo t hose generall of

a2 % hef & it 2Rty e sePBEFRAIDE fFomthat the
?PFB B8Ry hSQB PHEA 2528 Bj §PRFHP3NS. The phosphine may be

i MECRPSRERHS) pHYS phf nofPLgelrtaienaphtsphing 4- Tertiary
Bh@ﬁﬁhspsss dirget MYasisar@d posbhi no) eutddetign2- to  those
BEsEbasl 3, i fernylphenid)) phd¥phimojein bamey be selected
Brow[ bi s( 3, 5- tdiipbehylphesph)pkosphi no] nethanegi=[bis (3, 5~
diBeBhglbhe(8]bpB5sdhiethyl phenylnkphesphi no] propane; 1,4-
Ri2TbBs$Ebbsd8mbthylphenyl) phosphino]butane; 1,2
thtbibwﬂrBnaiﬁétﬁpEﬁMéﬁpmpﬁﬁbhﬁﬁlné]éLhBh@@phhﬁﬁ|bls (3,5-
ditethylphenyl)phosphinolmethan 3-Bis|[bis (3, 5-

&mﬁ£9h§i§hén9n 5h&gaﬁiﬂa?gbgggn@ny')phosp&'QOL%agﬁgﬁs (3,5-

L,
T E F?B %ER% b EQY%Ee%a?P?é??IEEhAHEr

?e%ggh? A%
§HF$ B ﬂ%@ﬁ @ﬁ% di-tort-

B%%%PBBB% RO FBY) BT PReRYY 1) aeaaﬁmg(d.-tort- 1,2-Bis(di-tert-
bt yiphosphi ne) batapes: 1, 3- bi s(di - 35 2,2'-Bis(di-tert-
bt y bplgsphorphb ipher ! ) propane: 1, 3- Bi s( di, 4t8is{di-tert—
but yl phosphi no) puopanse; 1, 2-Bis(di-tert- 1,3-bis (di=~
b@tVb@hﬂSph@mpbie®manbylnpﬁépﬁhs(di-tert- 1,3-Bis(di-tert-
ot y1 piosphine) pfepseeene; Bis(di-tert- 1,2-Bis(di-tert-

butylphosphine)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; tricyclcohexylphosphine; 1,2-
Bis(dicyclohexylphosphino)benzene; 2,2'-
Bis(dicyclohexylphosphino)biphenyl; 1,4-
Bis(dicyclohexylphosphino)butane; 1,3-
Bis (dicyclohexylphosphino)propane; 1, 2-

Bis(dicyclohexylphosphine)elhane; 1,1'-
Bis (dicyclohexylphosphino) ferrocene; 1,1'-
Bis(diisopropylphosphing) ferracens; 1,2-
Bis (diisopropylphosphino)benzene; 1,3-

Bis (diisopropylphosphine)propane; 1,:2-

a e LT N R = i s ae eh
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.butylphosphlno)nethane 1 3 Bls(dl-tert 40

butylphosphlnonethyl)benzene tris(p-tolyl)phosphine;
tris(o-tolyl)phosphine; tricycl ohexyl phosphine; 1, 2-
Bi s(di cycl ohexyl phosphi no) benzene; 2,2'-

Bi s(di cycl ohexyl phosphi no) bi phenyl; 1, 4-

Bi s(di cycl ohexyl phosphi no) butane; 1,3- 45

Bi s(di cycl ohexyl phosphi no) pr opane; 1, 2

Bi s(di cycl ohexyl phosphi nc) eLhane; 7,1.1-

Bi 3 (di tychobexybphespimopyteanecene; 1, 11- 1,4~
Bi 5 (dinsopy bplyd phiosph) ve}afhiefr ocene; 1, 2- 1,3-
Bl s (dihsopy Dpyd phospbhao) bengengand; 3- 50 1,2-
B s (@i h SOy DY 1@5@81@@&9@@@%6 1,2 4 2,27
@i§(cﬁiirh<§@9§}3£915{&> m@ ﬁéH?fe 1.,4- 1,3-
1,2-
§f§%enzene 1, 2- 1,1'-
% |no enzene 2,2 5 14
%% Ih% ? % le%dl‘

%@ﬁ%lh%r 1,1 - » 3=
Mm%? ¥ beemeena; 4- 1,2-
Mherlpiradyeureme; 1, 2-bi s(di 10 2,2'~

Bheita Friet iy) B teherenk; 1 5 B=
Eﬁ%(@ﬁ&nﬂmdgﬂmﬁﬂﬂﬁmmmmm¢g®0®enzene; 1, 2- 1,2-

BB 35 ( cthii et Hpy/l byt o) dogtnezene; 2, 2' -
Bi (- ed hyd griveasphh ey g ﬂﬁtﬁWérﬁ@@enel,S and 1,1'-

3 5 (i ety TSR A10) A ORRese 1, 2-
Bi s(di et hyl phosphi no) et hane;
@sﬂecfﬁﬁﬂf“pﬁ@ﬁ@yf@@oiehhﬂﬁ&feEH@C¢E ang, 1, ? bld ntate
ﬂiﬁwyh@ gs@hi I_f‘@”c%%%%gall 41 & %ES phine
é rb% fo mhggn || 'd h will
%9ﬁ$ ? Eg F? 5@ e r% s set
FPieiL A A
]pore ar 8 yhéQE frca qqqggtEQSpgnghlne
(h%ixﬁ M&itarty B ék%rv%%r%l%e%thﬁethe bidentate
’ﬁ% 11983dd 1i 1t hs dohtBREALs andl X Weerde bidentate
GarRE 15 -dehit afEP25 1 phéspMuRi i xRehdme tali §nt Heh bt abntext
i#n@®atiadiynhi dentate carbonate. An especially
preferred netal in this context 1is palladium
Merorddigy to aa secanthdaspeptcaf dhe fpresert sienrenihedntion
2@rchele i prprodededaa process flur t heecachepphatbh@Aon of
aﬁhyﬂﬂﬂﬂﬂaﬂﬂhﬁahhﬁaﬂﬁ%&t@ﬂat@ampﬁﬂﬂﬂﬁnd§oﬁﬁﬂﬁéhﬁbngreactlng
da@aCledipound with carbon monoxide in the presence of a
co-reactant having an active hydrogen such as a source of
hydroxyl groups and of & catalyst system, the catalyst
system derived from a metal complex according to the first
aspect of the present invention.

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 inncocent ligand. It plays a role in
the stabilisaticn of the palladium zero precursor but has
no function in the catalysis. Activation of the catalyst
employing a sulpheonic 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

A
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said cenpound mﬁth'eefbeh'ﬁnndkfde”iumfhe'bfesence of

a co-reactant having an active hydrogen such as a

source of hydroxyl groups and of a catal yst system

the catalyst 35 systemderived froma netal conpl ex
according to the first aspect of the present

i nvention. Advant ageously, such conpl exes have (1) no
heavies build Up, (2) no airdSensitivity and

(3)redviced catal yst 40 preparation tinme. 1. NO

Feayfés BurkdmUpsl mequPde) tgeserat dveylst émisutm@sip to a
Pdidbayheataliisy h4Seswstlemetrhe idha = fant RIOGRR process.
Thgandembingdaysa Blsoleni nMidded stabidd satdpn-iofidde1y  the
pathadbuatEer 0 cpreGHESel, bulcdtas o noazwnCih@Bat@)th%o not
gahakysksa Actdwmat @Lﬂp&fleﬁ@e optalhstat ©p! TQYtngaaSultable
sukghepke acid ls@i‘ﬂﬁoh@ut be bl benall ap-f fheo ions
ingo %B@ B %%%n%% GJP§ ﬁg@geggiﬁgl né}gf é%} and

o purge

&Q@Q % Lﬂé heml E £ §n1|s }@% %. gl ggrfere with

eve 5%%TFT of B % td 3 g FnPohRB éa hi§Vhkveegvisaged.

eg ous effect OF t he process. The conbi ned

al 1 33 OhF | PGRAUTSUIEE (specifically the bicarbonate,
carbonate acetate and lactate) do not 5 generate a
Faa®)Y coRpoNERR Lon PXAGEPE i9RF MM HEkekei vablé naefdto be a
SPbhl %3t a BUPPRBALECECT dYSTRE nost prleiehrethept légsnd 1is
Fombine@ Biéhr lPormtlelathidic asbdbhateds#dis] genboat eb€A8g fed
and thwat ereagrtcact | vatthen bbthpbfnwhi Thggodmotin the above
neteléeed pribr bhe precesschemtsteytpimébe potertnalitive
ievebsuenvhsaged.hedd: 2toNavAiH Sesidiad tyxida@iWn of the
plubiplstad e aPaess Q%ﬁj:@"setd"eéﬁl‘#@#ﬂ:g need tabgrdd.  The
&at akysht Prepavali en %)@tg%m cm'&fb-&mc“swg £S ab®n to
€RabiAg gﬁ%ﬁrlé%éﬁgl ﬂ%é@l nan e 5 % is a
éﬁgli@h £eqq éﬁ ifg& g pagiadlum
r'?J rEﬂPr0§§§§§fD§ S gx tive and

v0| aa waﬁsaa

d
%%P 3%‘%. thS?f‘f%‘i l%@%%%f"%ﬁ?ﬁﬁ% Y S aas e caPhRRRES -

re requir 20 efficient renpval of oxygen from
%rga%? &J%% %%EMP¥%95¥%E1%%bTﬁ%ﬁ1Ievels reqU|red

and subsequent analysis is a challenge at |ar

LR oM tnithed Y gt Patigd umf sa t $990 th@encrated
PrelsEht iTWENti 86 are notd &ilba sensiatiadstnd symtdre  takes
WL ek ¢ by | £ sheugpuouBhyidegeksetiisstvéat bou?s 38f this
Redteedl Cheakysis ?feper atigandi peesent and the system is
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 is
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 alse exist in the catalytically active
state whereas the metal dba complex is in the non-
catalytic oxidation state. A problem with the prior art
catalysts is the necessity to add the phosphine ligand
separately to fhe reaction chamber in the presence of
degassed solvents. The phosphine ligands are highly air
sengitive 50 the solvents used in a continuous process
must be thoroughly de-gassed beforehand s¢ that the
phosphine is not oxidised prior to metal complexation. If
the phosphine ligand is oxidised then the ligand becomes

e eaT, e
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~ The conpl exation and activation of a Pd(O generated

system such as a Pd(dba) catal yst systemtakes 30

approximately 48 hours. During the first 24 hours of

this process there is free ligand present and the

systemis sensitive to oxidation. The catal yst

sol utions enploying the conbjned palladiumligand

salts of the invention can b generated in 1-2 hours
imply by slurrying the conplex 35 in MeP/ MeCH and

a&éFﬁgva stid abiéd lachet sgemrds#a @l phieni eetati d.o Therm an

dglargstcapelalsds. f By nedrminchi shpr etcedd o sconplegrtézabf the

poethat forapd ifbnomithe sPdbatra)f coat glopsti Idystiemavoihke these

adtiak icompl exepsofit hehpresendfi oyealiyen Havehal siodA(ktrial

beenctewnd to be nore air stable than the equival ent

nmetal dba conplex and also exist in the catalytically

aetby@ingt aie whefeashdhe il dba %@'ﬁ%eéémtn itR&ntion
RBBrecCatabyticroxigali on stabeqs18spr obkeny dfable  of
@Elh:@ﬁn?ﬁ_tatlﬁet Ay st &Mﬁ: Sﬁhgé{tﬁf’a@g t:Bﬁi n§ the

phesphipe B 99@&3 g.Lhe J&aGtd.on, chanhel o
K b rgfcegsggeﬁl? B e ?F

ass vents osp ene
ganas are

8en |P|vé NYENEARNS ol vent s used

ntlnuo oce nmust be thorou hly assed
Eg%ﬁ?éﬁsnoa%ﬂo s R A ToxPl soie  present
pPrae-tilners cKaEFoR S (11508 Kbl phoBBRPRG: Suitable
Fodfd 11§ L9Lrdinddd ¥heéF i e Wb}alwarbfécéﬁég i doger alkanoic
il REctPv&rahdaGifle AYENCEPplaSetis theiderntl Psobépmign acid;
adipbentét al §8idsBy $weli ngis he e comllgteniosf  acid,
chéorpgespheniaventi oacidt is t hdlebooeupossnbke to acid,
avof utheset haddi taudpdlorsitcepscid, t hhenremeof sehplabyst acid,
naphbkaladdastsulahord cpracessesolheaer HulpHania fHETASr & g.
pspettené bheppoesentadnyent ipityl hengphenRovided asng 2-
Eqlabyshroyahem Ganalel of acqarbosyhahbAged ion exchange
£68yhent i(Gal Ima%@atumedaegapow%cfheaé G ALYSteging)
Yshem oML n &bﬁEtQE U & AGGOr dLDg4L 0 (LA o hated
LSt gppect ofi 4 F egent ”V%QEEBE |E ble a0|&i d
ﬁ% at {ylt s¥s en1of51 hﬁre%en nve Flon G an

ig ‘? % 8’:5%?5’0 *PSuf Sbl 8Cl § aPpgg§phonic
L 2 TR R, LRty _aerived
%ﬂ%mtb“%ﬁ%j%%:?laé REtHeed Lewiscaatia apd %?fa%m%h% acids,
acid; ... sulphonic acids such as nethane sul phonic

Lei gt ehkerasdTbvenilatdcrd, r4a eorosul phoni @cdel diay have a
pKa f naassRedhane axgshigni eobiet don behzéBeCsufphiomie than 4,
meid, predenaphvhalless sthgphofi c Sagitdbleolamines include the
acl phondthaci dhae. gnsubstituted carbexylates, 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 is preferably any
opticnally substituted C;~-Csx organic compound having at
least one carboxylic acid group, more preferably any Cl to
Cle organic compound having at least one carboxylic acid
group.. The pKa of the acid is 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, Ci1-C4
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p- toluene sulphonlc aC|d L-butyl sul phoni ¢ acid, and
2- hydr oxypropane sulphonlc aci d; sul phonated ion
exchange resins (including |low acid |evel sul phonic
resins) perhalic acid such as perchloric acid;

hal ogenat ed 25 carboxylic acids such as
trichloroacetic acid and trifluoroacetic acid;

ort hophosphoric aci d; phosphofiic acids such as
benzenephosphoni c aC|d and acids derived from
rhkeKsctJongphetavadn bew staci dscamml Br ogeshedyaci dsine or
B8lboeandal kpxyemas bonyirat izen r faet i @pmphe adi,d mayand Er.
Basepaespkd reasbdd: |deasgueplse SOt ulis onnal ud8Crak are not
kessribandd, to Myendyef ecally, kepstihaped. Shigble acids,
aekdsci neliwde éf@plﬁﬁiﬂsacQHheHdﬂEHEdm§HP§t'BHE%QDlC acid
@9&@@K¥k§ig§ophbﬁﬁéd HHH a 2 32 I} @) - pontenoic acid,

ﬁ@&ygég opyl ﬂbhgﬂoﬁﬁaﬁEﬁ the "acid may have a
pKa nmeasured i n aqueous SO utlon at 18C of l|ess than

E“E‘EEEEE Bwﬁiﬁf’%ﬁ% . s?e‘?é 595‘1255 25“?3%9' HoBibPhudig acias

P& erreqéenbod he aCI drbony ation reaction
E &35 carBonyist | G é&ﬁtaﬁcﬁﬁ LS i T bin Findered
%PBB%EIl@' THBC&H bRyl i FHci dEF@MBL et er dbrfFeanypliyl
BPEF b PF?dsuE§PFPEFeda€1ﬂ€30SHF@anﬁ@ cé®pousdamidieng 2, 6-
g%meFﬁﬁéPeﬁﬁ@lﬁarBQXQI|@facﬁd4gﬁ0@§lm#§h€lpr@@@ﬁ&bky acid.
BRys €l al§o45ncledsr durd woxonpondi havédgbahzbeastcads such
gar bddopt | exavbde,groepar Hral parehytihexgbedzbic acid and
ptleéer abbyt jteatdr behanicabeitis2 soeasused fiok @aRkample, 2, 6-
agfitovsolsehtbionaai d18€. 2ThespKaibirsmpreherabl Yok 8ss

than about 5.0 neasured in an aqueous solution at
28€: i Fheaprgani cp eomporad maya by subsiidmied H0 widh  5p
QDR QY cABEEn Pl at henf arbowiag: 5 el oxy 9 P&Qsanglsgifonated
18n dxchhkgx yrgrs%es 134GR ASy IOJ eXﬁg@ Sow TELHAXY, CIP ion

@g&ﬁ&ngé §§§ q&gn% E grﬁggplghgarbo§%;lc aC%%Py'ﬁD sn 35

nOI% réesér gt e%bgo b nZOI C HPC ggl dmov]/éfné’ﬁl'c most

. opi
%&}ée f éﬁag I%ﬂgﬁv rgpl ToMIECHei tpnges 3for the
%p%CPHDVlﬂaﬂ by bied L&Sitoraif) N akhl range

B4 pre /H‘F’ u?%iabm@rﬁelzmarzﬁ}lmnol?‘eféh BalhEeyl iRd, most

R hY Wi ¢ rmadfmed Bded in the

hydr oxycar bonyl ati on reaction include but are not
Festeralrd t 018t efincall ydtvmdetdeon bertzoic acedstion, the
$mevent ngayf ore eranpield Cha@4ngl ky| pKeubbdss uteédn 5, more
benzorzb bl dsasiuoh as iy exeapde, tBah- 3 and less than 5.
S netiyd benzel csativdnes 2mdy 6-4a | getbykcBenzeis atid. acids
16 Theseupksp imdaleuder iy XYy SUBBET tuked benzdicic (up to
®G) dBc8WEN such as acetic and propanoic, most preferably
acetic acid.

In an alkoxycarbonylation reaction, the guantity 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 &, 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?Y), more
preferably, the ratio is at least 2:1 and preferably, less
than at least 3:1; most preferably, arcund a 2:1 ratio is
preferred. By H' is meant the amount of active acidic
sites s0 that a mole of monobasic acid would have 1 mole
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as, for exanpl e, neta and parahydroxyben20|c aC|d and

ot her substituted benzoic acids such as, for exanple,

2, 6- difluorobenzoic acid or 2,4,6-tr.ibronnbenzoic

acid. 20 Particularly preferred acid pronoters for an

al koxycar bonyl ati on are the sulfonic acids and

sul fonated ion exchange resiﬁs listed supra. The | ow

| evel acid ion exchange resinhs that nmay be used
preferably provide a |evel of SOGBH Pd ratio in the

PEatt | YHeEF3Tess Mhkh 35 J8basE mAcichorecptef BREp| ¢ moles
PéssHf haAn95 RBLPABEC nﬁ§ﬂdbpréﬁé¥ath4¥%skﬁhaﬁﬂﬂEIPIEtEd
ABFPRBENGTYpi cal Pangksripr bheC “50B# weATENtwakisowE metal
prwihded B theipedin chmeden shethangéor 1MA0innk/ mble ratio
Pd, tier emtyplcaldhior?2-S0onddl/ el Rijusosd atyprdahbyy. For
BxaﬂpmﬁL/ﬁmlNPdca&QoBrQﬂﬁﬁﬂhiybeiﬂaﬁﬁn as having 0.5 moles
bydcéxyear oy aid o4l .reaction, the solvent may be an

acid having a pKa less than 5, nore preferably,

haviRg r,da B3y ﬂalt%rﬁ Al £58, t RS auan§ kLaklee 5eiq
gebdesel \_/L%ntrén-, t\ae eﬁse éreﬁhﬁ}g G+ 2L1 g8naviblSt @F rhe
Hg ﬁﬁéggéngé f;g%ﬁf ¢ Hﬁﬁ%bghggﬁgkf u%fﬂﬁp 8, 9 or
H o 8 I&f eferahly
PE8c ton. Ten ﬁ‘ha%t 2" Bﬁra&.cala& VO EESEn e st ¢ o1,

irltlcal to the cat;ﬁ¥t|c behavj our of the catalx
sE8ma* O ¥F Seidtten o Bupteraglyy tpg ratio

t & d&“t@&?pobh@a% TBe 3¢4Mtn 151 %o 588, Lirefephorgl (B
erenPzeferabivo: Phﬁwdfaﬁaiﬁl%%llaw?n?@%ﬁw élqan@ 80: group 8,
Br efrer hb| yetede Fated ofeast dltd grolufmsl (& br Fyeferably,
eeal Uxyargd préker abhy, eatcddseast of 1mﬁﬂax++ymmwm@c2&i and
andfepakler abl yextess bplam atrakéastoS: 1: Aomo(l/mo])(H with
thel {G2F) Exwere piehedably, ddhentaldeduss at |aast llgand
Ptdeppdmpyetetablsy a ess thapuateleast 3:14 Meskls in the
pegbeiahl Van@r e 2! Bel@ld@ti®n Phef esiese rBYe H S the
JeRaL BﬂﬁdaﬁﬁHnbr@%eﬁEE'ﬁ% %%h@'%CQQV%E%%St%% E@%%tﬂon mix
gﬁaelﬂﬁrmggbaﬁéco@eggmy dehaye, 3@3 €n.:

whereas a nol e of dibasic acid moul have 2 nDIes of
%k 99%%5;:99; greghgﬁa@&g g'cﬁil%%@ {g&%ﬁf%&%ﬁgf the ratio

[ I'C _Char e 1rhdt for |o le(H:
g%%( 89%%8%’5‘??9 n%?‘ @%og %wm% ol e M roup s,
gasgn Houl d eferably,

tRRent %&? vﬁﬁb 6“5 ﬁﬁF%§5 d?fcﬁ%ﬂﬁ%k H@ﬂéméﬂ () 4 nBxcess

BhIRYEr BRYcREbaAVRREAEACREaRE] 6RE ﬂﬁ@aﬁdaﬁﬁﬁﬁ}foﬁﬂacﬁﬁt as

a base to buffer the acid levels in the reaction and
prevent degradaticon cf 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 is 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
selvent system comprising a carboxylic acid, preferably an
aromatic carboxylic acid, a catalyst system  and,
cptionally, a scurce 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
caompound having a meobile hydrogen atom, and capable of
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10 present is not cr|t| caI to the catal yti c behavi our

of the catalyst system The nolar ratio of acid to

Goup 8 9 or 10 netal/conmpound may be from1l:1 to

10000: 1, preferably from2:1 to 1000:1 and

particularly from3:1 to 100:1. 15 In an

al koxycarbonyl ati on reaction, preferably, the ratio

of bidentate ligand to acid i® at least 1:2

mot/ mol (H+) and preferably, the ratio of bidentate
regafidnoo agr cupn8yle@pbiléOwiehaltlies @teheashddrl catalytic
rohdadli 0GR ) - TPreef ecladahycalt healtibgand o | Ahexcess rfactant
netakrmbhb5Mothd CR4peandf 20 ps@fef alfof e excess Aseially
pathntabeduz ol &50! (H:dambdhe thel@‘” d.ydxaess ldgand . ¢
hgdadvantBgaouUstasnthe sl i gand-i1sgl f PRY-acl-8s aHowever
B@ﬁ@rtg ?E%ﬁ%@m d eve‘lﬂfsbn %rbq_%(:t Ihgpl draay be
RAHBYE adat ko ot he

P pLgdegEadalh ggactlva Eﬁlc (%C i R QDE ammonia

r
ﬁ apl % e o Stal I %e% Wertegﬁf If the
drgx c gon ' l'eaE orPrELeCfterQ It)‘?lntﬁﬁle Vatiobe an
%{ g ?3 CIyét 1(53 aéfdds tgst €359 of carboxylic
H%t L o bt g cinaydeiiat o For on
%alt&D gr6ds tenta0 therProdustaleli sht fedsengldtion is
ol ?%?{C) Preferably, the ligand is in excess of
netal not/nol (C2+)- Excess |igand nay be advant ageous
asniharlygartdhe t sed @y aotoadaFl (NH;baser t @ byifiemry or
shecndidy | ewéhe iRF'NHe peadtPRMNANd/Q 1 ppevedte an amide,
gegr ddat ber off subsiial eR*'GH thiQ lotherahands t hRid5ster. In
phesencecofieAthddacbiryateantRe REACRIZ0RNA %A represent
alpyDyeslkbholover aldyT aho@bsl GRGEHOha A GSOT §hBgLEO: Ruted
burbdgroaspesit pfuthe p eéﬁ@teanS E'QﬂbsE @ﬁSntg selected
PFONI Hedoa egr%%ss rIlOJI eof%ﬂf ‘&f&: t-*—“”” 0) OR??,
reftm;(kéemd:(aj wa{z W FCE tHe ¢ Het.
f ecact bd d
m‘pé““’ : coitd 3?5 D e

ac ant avi f an ac
fsen & i!ié};ﬁ vgﬁt Sy St é’ﬁtygﬁﬁ‘pﬂrsl HarboRy i c‘:’r by
pref

AcTd WS carboxylic acid, a

ta St. system and 45 optionally, a source of
ﬁg 2 the ¢atar sﬁr§%§f“é’ﬂ=t°y@61n'pral $imig la prettaion of co-

Sotb Hi FRAED vhENf REdE aEgsent Gin tiHee presenton to

fonfenfifonanTde capdr ewdtieamt of Thhrepoesentin nvénmt | oase of
YO &y aﬂ@@lﬁ:mmmm'd:‘dmwsng W trapbidl e drnedreogen at om

and capable of -- ---------- - 9 reacting as a
Inecfesaghliy ethet eartesdildne aoder cealr@layitisit has the sanme
roowigh it iohszarboe cheiisCals ratdlid ofe the eormeaghiale one.,
determines the type of product forned. An especially
AdEageounice reactantrhitvatigivso A731 1 o 22, more
preferably having 1 to 8 carbon atoms per molecule, and
diamine co-reactants - having 2-22, more preferably 2 Lo
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, OR®,
OC(O)R*,  C(O)R®, C(0)OR*?, NRPR?, C(0O)NR®R2%, gR?,
C(0)SR*, C(S)NR*'R?®, aryl, alkyl, Het, wherein R} to RZ°
are as defined herein and/or be interrupted by one or more
(preferably less than a total of 4) oxygen, nitrogen,
sulphur, silicon atoms or by silano or dialkyl silicon
Jgroups or mixtures thereof

The thiol co-reactants can be cyclie, part-cyelic, acylic,
saturated or unsaturated (including aromatiec),
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' -5-Mhy‘dr'6x'car bonyl éf.'i.bn i é"'es-beéi' ally pr e'f'erréd'. -

However, other co-reactants are al so possible and nay

be advantageous such as a carboxylic acid, alcohol,
amonia or an amne, a thiol, or a conbination

thereof. If the co-reactant is water, the product

obtained wll be an 10 unsatgﬁated carboxylic acid. In

the case of carboxylic acids~ the product is an
unsat ur at ed anhydri de. For an al cohol co reactant,
thaubrbibiekedf cthesWattbomytied | B icge alqgre@tvéﬁ Stltucnts
SeREFREfy fTrofe hisko of CHaRBA| &1 NHGLCH% a PG Ry or € (0
@é@bﬁa%fr,y HRT 116 RBIC NMNRTRES2RBBRH with (O)giRduces &8) NR”REB
anvie, alamd,t Hetusetafredrt R0l tRERSH aié| apr dédudecal herein
dhipestee. ihnerrhptatioke- dati ped noaike dtraft=s a2 tRF1 1IR&ZE than
andbee1RBE rgpresenin, alkytogahkeayipporar ¥lilgeoupstoms or
whi eh1amy he L@ﬁﬂ)}%ﬂt g&@@icaﬂ @rrd{ﬂ:ys ber substtuted Hdkeos .
PPEFOF -8R @ nIWRStdduary %maftqlco LSYAD9: with 1

btrfﬁ Cﬁ%&e 00 % g atoms per
ggé? e B %éégiiaﬁﬁ%zg 9éi8b9§ e?ée |GZU mgre
erel £ %r 0% CHAPEH BpeBa B one or” i%re oxygon

sul hur at 25 S|Iano i.al kyl silco

< Bor i SR o thOM paetsta GhbRouE RCifgl | then the
?‘t1 Bnoéf ar%t%ﬂt §°0 'Irleacrté'é]& [dcha phesent such
Rathe r ea®ito?P1® PBPHNEN &1F defHRE vve?tcélrd 15 present.
Gheeerbte; RnlekReccasEPbRS 30 amAPnic¥esr the co-reactant is

BAthercedrdaet bt Shewanbantedpreseactipnetecably t he

carboxylic acid co-reactant has the sane nunber of

thaeboarhatyybiasathe deedeinesdbtiantsppkls odnehe35he present
Prneéetien mayneecanyeaptanhslhgveubsamtltia 22-Cypreempound
peeiegabliy hadding ch,t a8 tarben calconsapiesx Dl €cHked group,
Aaffe grafkRebCo- BAGCANES <, havbii@oun@ZhaPhE at least one
paeherably 2cta gllupar bamatus percnpl seyhelsT@ﬁ:eferably
&f&Q@érC%Haﬁedﬁﬂﬂﬂcﬁ n@QEErEMC|hﬁ dfoyid Ca Hgaéﬁiutlon
o ypsat ut&ﬁee% ;lpde gcihaHngﬁeay el oreq
?ﬁ 85! aie 458 }é %% . Hﬁ 8 ?)Eziul(‘sable
‘Eﬁﬁ p&&tl%’%@% Gared -
i @2?@58 a%r S‘é'F F‘S I%‘EEt%eFErl R19P 9 R%léaraé:ldsf
g HE*?n@HlﬂéreFﬁn§ﬁ8P&F ﬁ&%qﬁeer%¥%ﬂo%9 8Rédgr mor@noic
251 dpr eFerabl §1kerei¢haridst sualh ofs 4) PERpERALIC acids such
#Ft PEEBALC SGhEhuPLtSNGicom GitdnsS W byssineahacaylic acid,
Peat&kydicsi #ftdn, ghoupsodbe nbgideesanter depbtTeitchi @lcids;
to=teactantls cdn.die ©wygl kd]l parereypbisibaeylbiec, 150ear or
satnckheed ayalrhisat usatedgyadlivdiorg acpaht ¢ clhndlOapart from
tisubsihdyt uhed afe sibskrtubeedddywotle QetBX® atoms may be
Shbshit UentSd or substituted with one or more further
substituents selected from aryl, alkyl, hetero (preferably

oxygen), Het, hale, c¢yano, nitro, -0OR'Y@, -0C(Q)R?C,
C(OYR*, -C(0)OR*?, =-N(R*)R¥, C(O)N(R*)R®*®, -sR?*® -C(0)5R*
, —C(5)N({R*YR?*® or -CF3 wherein R - R®® are as defined
herein.

A particularly preferred carboxylic acid is 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;-Ciy aromatic
compound such as those based o©on phenyl, napthyl,
cyclopentadienyl anion(s), indenyl, pyridinyl, and

e aiaine Lt o T
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- sel ECtEd .f .r omhalo, _cyano, nitr O, (PlQ,OC( 0) RZO,C .

(0) RR1 C (0) OR22, NR23R2a, C (0) NR25R2E, SR79, C

(0) SR30, C (S) NR27R28 aryl, alkyl, Het, wherein R19

to R30 are as defined herein 5 and/or be interrupted

by one or nore (preferably less than a total of 4)

oxygen, nitrogen, sul phur, S|I|con atons or by silano

or dialkyl silicon groups or Thi xt ures t hereof .

Preferred thiol co-reactants are aliphatic thiols with
nyreblyb grenespragfer b ynagi et 11¢as8 carboradiomsl peracid
d0oup| eeabeiabad aliitphathe drbhaohis wiitly,2-@2re npreferably
gref ehabky 2Ctp Greashdr atemmoper mbheduke. akf dsast one
cori@arl antashouydotpact TWet hahe Ak 08D {H€preferably
AEREr Ofthihe apoid 10 B2z €3¢t ARt Should ha.cheseldolntion
suchp°ds that @K§Ui§aﬁfgféﬁyyﬂ§ Pé5§r€§aﬁcégoh§ 6 measured

ol g y e ;surpd
I coptly CpLaLlY sptot g sl ool 0era T s

react| on rates. The carboxylic acid used in this
ect of t e the, (Eresent 20 |nven(g n rmg/ be any
lll

i Gha ] (hst Tt T - T3 T ofrpo an‘f‘nthls may
%‘%’&H%ﬁ#g 3‘% TSt LN carHoRyt F ot HeF d PBupt Yty sromatic
Ilééf %‘bwa&n?lé? s &6 urel BRvPngTrat® |Ewdtcrpnee the
ggr% gaed egrebdy. aHe pKaasrachedadicd #8 o carbon or
Cblrréﬁf@? | o §heatmmdhancaboprel erabdyr echtitpaliddit directly
tHgueosusrisgiuti on 25 at 18C. The pKa is preferably |ess
than about 6 neasured in dilute aqueous solution at
TI8C. a Exeantpl @ scofipsund abbe bearshieylitatad dstinangesr more
apt itoreal 1fp19ubstid:ut ed k§l- GiRabkanokeyaci §sospeh aBydroxy
poeip. #Adidky QP OMCCACGES, foPWYihSl ACiflSthoxy; amino

0bf BBILES grdHPANShEn agLdS £ HONANANE1 SO0FACKAS: I and
H21- C12 al kenoi ¢ acids such as propenoi ¢ acids such’ as
acrylic acid, butenoic acids such as nmethacrylic acid,

Wt.?f‘@rh&tﬁ&' gingh@&e@a éiﬁﬁéx?[“ﬂgh%@ﬁ” Cyagulgsc'tltuted
1@055 %%ﬁ 1 a471C l ere the Al rShatic

chic. rt C cI| cyc&f t
Fram. C{gg’t% thej%/ %éc bcfu%l nté %f flﬁlp gfg %ra’?%%able
e aasd:b WaRth ynetor HppRthoic
U er PGS CRSRS %ﬁl?l?ompé‘rr)‘r‘lmuélal?}ly preferred
%Féte?@? tortdttichid m%@/{ge@ﬁld%tm%@%m%y‘é% SKpEPE, Ci-
Caore L ky, @qﬂ@f_ltutqcb) RRAnzobt O) g:gggs,_Ns@pzlg) 24, 2,4,6-
tGP@)ﬁ‘Q(%)WIBEOlC SR29d, - G0) SR80 U thy @S)iMIl(:RZTQld and
RS oric CRCivher @iyl  R2shzwies asaddiedi ne —iet edlpenzoic
& imhrt i éukhlbycpRefrethgdodarhaxylci ¢ acid, i s 4+hanhedltenzoic
guriatju ¢t - dfl drive- Eanhibm vadd oo srceantiicpn. 2 45y A @t a5t | £oid,
Taryeeodrzede d used ddid,he carbopyd@didend@action  acid
25 UG ra&] 1 APHTGAr bonyl et b98n 6861 1500 di,S 2-phenylbenzoic
acid, Z2-tert-butylbenzoic acid, Z-napthoic acid, 1-
napthoic acid, 2,4-dimethylbenzoic acid, 3-methylbenzoic
acid, 3,5-dimethylbenzoic acid, 4-hydroxybenzoic acid, 2-
flucrobenzoic acid, 3-propoxybenzoic acid, 3-ethoxybenzoic
acid, 2-propoxybenzoic acid, 2,2-diphenylpropionic acid,
Z-meyhoxyphenylacetic 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 in 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.

R AT e, L e,

DT IR R LRt S ol L L TN R T

I T CRCRE Y T NN

gt T L LA LT

R LR Y PR

F S S PPN



10

15

20

25

30

35

40

45

preferably any optionally substituted C -C30 aromatic

conpound such as those based on phenyl, napthyl, 50

cycl opent adi enyl anion(s), indenyl, pyridinyl, and 11

pyrol Iyl groups and having at | east one carboxylic

acid group associated with the aromatic ring, nore
preferably any Cl to Cl6 aropmti c conpound havi ng at

| east one carboxylic acid ng%p The pKa of the acid

is preferably 5 greater than about 2 neasured in
FnEdied 2R e o S|t Grp 1 VNt 8Ky S tRive qrkepi Ssew of ecabbyxylic
Ped¢l tdhandabbuede srsasur Gure feralhlyt enaguenus isol céfiofylic
acitgC, aorleaprtefereallorsdlasst timmso Wsdkhe Suitable co-
calvexyls ¢nadudiegtoiap apeand ca soCOEH @ aldp tarRthddine 8, .

be attached directly to a cyclic ring atomof the
ghempireGenttl A viRel iBRY Als30 ko RiAAChed 1O &L 1Od 3f the

g@rban dend e, risRg, era A :
-0m e | Caﬁr’ boxn Orl dﬁ)‘ir?é‘%?c@riﬂo %h?’%‘?%éﬁgﬂ m@tLgc sphine

pre erably, attached directly 15 to the r|ng The

arQ copraynd 5%5%Q§tltuted with one.qr e 11
i utatliior SPEIBEG arfitg st )
URS: grou Tt exapi&E e 589 s5es  as
ib 'z‘bsgfau § 89“%%“ 2 et e e O ot
g‘ it i e ?n@aaﬁfﬁﬁé%aﬁib&m cpalladlurn
SR tut eé'oroneija‘%al IGoife 1ddtford adearribes a
PF@F@Fﬁny ofRel gl bdat iELSSELVing | $dfdno- or dia complex
sabsprhlese- Bxakptébnatfe suint abydracbiatic carboxylicacting
hbPdsresicl uides bendoitd caci dsthnapht hai cleast dstcthiometric
spohopemttademtl y aotdlsongar st cukanty theefreirdtete a¥8 a clear
sabstibnt edhanoeeljinGtadigdshd 1 udh ngr&Rr 7 exgnpl %’y adual
f4dal kyh sebstihkutedabenzei ﬁleeca‘lld%yd%%*idés 2ebaatng off
thé mMpfirydi henzeic Bel ) oacét 1diaRbRyk b d)e%%ﬁ CwEh¥ng and

apgding-teluic acid (2- ne hyl Dbenzoic aci
2-nitrobenzoic acid, 6-chloro-2-nethyl ol benzoic acid,

f’h@mp%k&%%%m&f af r%re‘?ﬂll%ro gyﬂﬁ‘gxybenzm CeaasCi gbr the
r@ QPQ f350|%'q§|§ ?ﬁ#%ﬁogg% acgogs not use metal

gg% r9 ensg:c ac:d aci d, Since  MCL; is
-If““e F‘Bsn o‘ﬁo a‘?:‘?damlﬁ ReptHoi @ Mininal Ragepbien to

% ZSED Pfet Aot %ﬂ%@lcb50|Heagtﬁﬁﬂhbe§ﬁzoF610§éﬂ§ and
Eﬂ?%%?ﬁg¢b%ﬁ%%fct%%lHSE4Dﬁyﬁh@x95éﬁ2§ﬁcoéc¢de 2nvention
3Tebidbent PECaci @dddipprogdxybanxuissaci dsteps  and  has
Bnet Fovaenzbi ked@f tie$ d,  2- pr opoxybenzoi ¢ aci d,
2, 2-di phenyl propi onic acid, 2- neyhoxyphenylacetic
Bci ds @t hobanicsi mfactbe petacanti sigve@€idh to provide an
ditertatbiny| beazess @eird tard pdgihoxykanzof coagtdons 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
MLy¥n, where M is a metal atom, L is a ligand, X is a
halide, HCO;", NO;, CO0:°" or carboxylate, n is 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 is
therefore 2 or 0 in the case of Palladium complex
production.
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Preferably, the arorratlc carboxyllc acidis

substituted by 45 only one group in addition to the
group bearing the carboxylic acid. Preferably, an
al kyl group substitutes the aromatic ring of the
carboxylic acid. An especially preferred conmpound is
o-toluic acid. 12 Preferabl¥ when t he sol vent system
conprises a carboxylic acid Bs defined above
j%ﬁéeferably an aromatic carboxylic acid), at |east

potsbl PERENES e wwedmaguittable conisolosempomnd.  In
G udese hetapr ot onsdbv emtes emeitliyo el dvereed Nnfrém Thehalide
(rresientab iynvEntd o) s do concesmst £ hecpriepastsj obadboxylate
tehey. netatatconplextata paridiewsak)d pReciousat®! al suitable
fiosphine  comphe 10 ﬁm@ﬁ@srret ahn@mageton@a@m)zch,
FLeM,35 (Rabljadi um (1 1q (aggtybacesonate are wshem,n, ¢ (N05) 2

%@m Ca' Pﬂr(ﬁﬂ??? c@ﬁ Ca‘émﬂldyStﬁd%HﬂS %%”@8!5 are

;:%fr IS I lJ&P]]I.. J 9% ef onat’
hasﬁg%g'n mgnuf act ure rom pa a( ) ﬁiﬁ/ 1or Pge.

d b 15
a‘%rtl%?iﬂrﬁ‘ll ey VI n Pgdé @EC“ eeascta 8{ et%r%zchgb‘i' (1C03) 2

20r

lpa i nag% ]r%? ri';\ec]iedl“ r%&s identate
oj ti:fl‘tlﬁto Cf‘ﬁ an 5? | Badt oﬁ@taﬁt&c‘ﬂr the
acki3dcet Bne Fe§GHEd ng"tHe nEREur &9(§Ha) « (HCO3) 2

C&l x §d} A BRTtERER FBJUSPAENG UChe 35H - TaTorh 7a1@ Beated
5y gFeitiiad 1 2008d81 t iorPiota Hguebozsealdt@n frebabirs and less
ddr oxEdeiowepar atingy dvbicehdypr eétPhtat ed PH(lsl )extended
heedtiylgac etrorsatse, tdrd eistemigptand calrlydmgte t . tdheform with
lptegess cof tlfe itheentinopnpeovi de¢piaapleceas fohet hgmmonium
r3%irpcepared todnotfe 2 NG £66PheXm WAvek odeas ddthdisfe may
et akftdi ohl edide i:as aw&tﬂrtpf‘@cfﬁlﬁét%n %Pc%hwlgreelred
me$a10eBefphky MBde fapMmd FERNEDY RAl GhReRY washing or
erxe%etll%teecla%el %B@ngemﬁnehl W{edh%rasegt'ggrmhﬁ i

sehhenl ”G_-‘Lna%té}y roch agq?)e%cd by hﬁ_}:&ﬂ? oy TON J:or
she %C%Q'escaq_ ir%%%%g hggc YOI LS ese%?ge %S Imtay Sbe due

 O5esg palane A o ehi farenl Al pel I S e

alter r%atlve ocess for t he pr at| on of precious
(i 38 Cotreile i S%rte QoL e o i thes.
Pﬁi@é&P&. ﬁ&VFélt&%rt &r efwe?nw“@m%l&wﬂqéﬁe of
ge§1erﬁ‘r ovPdEH1E dridcess for the preparation of a netal
lex M"Xm where Mis a netal atom L is a
|F’gand X is a 40 hal ifle, HOOB-, NO, COB82 or
RcaeroxyI ate, n is a nunbex’ equal to or less than the

coardi nation number of/pt-*he
Q°A (KDA(EZ) B O

RB{ - R:a
i I
R L.I:/ c R
| |
R R'
(I)
wherein:

Ar is a bridging group comprising an optionally
substituted aryl meoiety to which the phosphorus atoms are
linked on available adjacent carbon atoms:

A and B each independently represent lower alkylene;
K, D, E and Z are substituents of the aryl moiety (Ar) and

each independently represent hydrogen, lower alkyl, aryl,
Het, halo, c¢yano, nitro, OR', 0C(0)R*®, C{0)R*, C(0}OR%:,

R T Tmamaim e

L
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metal, mis O 1 or 2 and |sequal to the oxidation

state of the netal, conprises reacting an anm ne

compound of nmetal Mwi th a conpl exi ng conmpound. 45

Wen Mis palladium it may be Pd(11) or Pd(0). mis
therefore 2 or 0 in the case of Pall adi um conpl ex
production. 13 The netal ammi ne conpound nay be an

ionic compound. In this casel4the anion is preferably
selLected froma %%I ide (preferably chloride),

AT onq\féo)é@r Rat eC (EARGEKYH at R [e. oC (ar8RELe, or -J-
|Qaéft35t dROT) (R'TFGRE) (R Or (RNt r ateheSui t abl erbppakkbadisum 1ower
amlﬁyﬂ@neorrmumd@ ianilaeche tPA(MMHH2 G2l ectRed (NHR) ¥, Z, D and
EHCO8R tRe rPUifNHIhed (aGHICOR)t ohs RO (Me 13y ¥ £03)t@ which
ChBY (MB) ACEACHED (N @ (HOeR, pRUlyL ring which is
BatWo3x4( CH3E@Ln A 1 aiteq Papli cWmr | yopr efm%r @‘J::Ltuents
@m&ﬁegown I\XBEQ FQrt 'l%UcheQ'rla}/lgT[ef €Lk I% J_tro
BRATE | 0P oh g W? 5 Hn
bqgs; zﬁstchSﬁs q ggﬁbate |gands set out’ be é

km a,pr ﬁrrgd eact bi dentate ligand is

rggc&ed MAt d%ﬁ?%? 2 TePSASES, | pyarogen, lower
Suj tabl e ent i 3 et %‘Fa%m h&&féd rodependently
§§9§?§‘F5F“ﬁzq Pgertﬁ ﬁé" Plﬁrﬁéveoﬁhﬂﬁtz hours and | ess
fhant®2 Mourgachor@ddepsindsntly 4rgrresemi shestrepded lower
ﬁéﬁyﬂngaéﬁés@§ ﬁﬁé bi dentate carbonate to formw th
Ilberatl on of the ammonia, typically as the amobni um
RydiegeR’ ca%-b@hatmdé'phmmm‘ohyuméyﬁfﬂgem dardbonpde, lower
ahyy20 beryaf,t ier soHetion pad e el pi tabhon iHfaddi§ident 1y
depiresent nebabrcabRlEX aryMRyobeneenoved by water

washi ng or extraction because the anmoni um hydrogen

o8 bghaiedi 8° $ehubl I@%éWﬁtereafgv§ﬁﬁﬁggﬁﬁéh¥ Lfepresent

RBEONERBRES 1} X
Q 0 sEdly Pﬁe %r o the abzghceabFer two

Qfgﬁ%&& ' Qcﬁ%ﬁhﬁi" tgl %}ﬁ@ﬁ%ﬁf fﬂ@above v

‘ﬁ‘ﬂ”ﬂ‘?ﬂéf‘ﬁ?%ﬁfg?e rgtﬂagpmrﬁée|r ¥d Ak @t Q' O° and
FROSPh@ys-. . R e RB

geneﬁgi ﬁ%ﬁﬁm H(1HePIE R
(%l (KD)Ar(EZ)BQR'{{ ReC"\9 CR R
Rlltably, the Bidentate phosphines of the invention should

preferably be capable of bidentate coordination to the
Group VIB or Group VIIIB metal or compound thereof, more
preferably to the preferred palladium.

Preferably, when K, D, E or Z represent —-J=-
Q7 (CRY (R™) (R¥®))CR*® (RY) (R'®) , the respective K, D, E or Z
is on the aryl carbon adjacent the aryl carbon to which A
or B is connected or, if not so adjacent, is adjacent a
remaining K, D, E or Z group which itself represents =-J-
QB(CRIJ(qu) (RLS))CRIG(RIT) (Rlﬁ) .

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

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

skilled person in the art would appreciate that other
bidentate ligands can be envisaged withoul 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

:fﬁn‘*
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f.i- (I)vvherelnAr s a br| dgl ng group conpr|3| ng “an T

optionally 35 substituted aryl noiety to which the
phosphorus atons are |inked on avail abl e adj acent
carbon atons; A and B each independently repr esent
| ower al kyl ene; 40 K, D, E and Z are substituents of
the aryl noiety (Ar) and each independently represent
hydrogen, |ower alkyl, aryl, "SHet, hal o, cyano, nitro,
OR19, OC (0) R20, C (0) R7z, C(O) OR22 ............
¢arbaRyGRzd @r@@)atNRZQRZ)@p@,( SudkR. HR2ABHSKRRT, afd( Brphthyl,
BRLZh groups @ e CREI (RAM)y (Ritt GRAG| RIIth(RI8 khddition
nheKe D,represert,s doneor albky engisortdam: Adgatedted fronm
groups sekeet ed1kyom KwnZenD andyiE t;@gabheﬁ\aw thither pe
@@ib@ﬂaﬁl?w%dﬁéﬂﬂﬁhﬁ&ﬂlDE'mkﬂm{ﬂﬁﬂdglés m%ﬁfﬂéﬂ below),
Eachﬁ%fmd? JurﬁD@EoPhQEW rdd‘éb gl clp (|0§R7l C (0)OR??,
gptgenal & Vo ked utgd rq,)Lr %?%:J rﬁhercm R1o
sg! eI_gztved gm%@% éfwer aI Kk c anq aryl or
SRosl é ﬁ&%ﬁzétéb%é% o7, eppgpnally
%tlﬁ fot?ﬁﬁlﬁﬁEﬁdlﬁﬁ ﬁﬂ@ﬁ?l?eigﬁ esefprthermore,
Ar G, WB&EFY d19%/| Peary| TusedNePOl FFEF & EbIGE BHbh ©-9-
naREHERtERE | yP1PRpRE %Th"? PHwerdem®yl . aryl, or Het:
R15 to R27 each i ndependently represent hydrogen
Powehe dldap | “aryeted Hef ; GI1SuRIVIIE R12 6achp VIIIB” in a
¢¢mte<iateﬁrﬂlie@flf/orle\wl@sénmrehydcbgéa mébmbe Ehchakkylr, Mo, W,
Be y| Copr NHet ,Ripr eRley abky dagh Pindepgndent | ypr&89r SSBPf the
Thowvel s ahkyl seaeptedofrbet Ni20 Ql,arfR Bnd @ot¥hgReferably,
fHesaathl eagh Bndepepdenhky ARRIRSRR oPhASPHO! OUSferences
B SeRbeporvent beory i hockhe hatien t%uf@53§ taken to
iﬁ%fﬁ&@qﬁﬁoﬁﬁbpgos@h'@eaQ& phosph *Qu@o?gP%anESOEtc table

dingly, wWith prefera
represent| ng phosphorus, nore preferably all of Q, @

mben esent resentin hosphor us.
t%%ﬁncﬁﬁét ¥ ares h%%ﬁﬁ+%931%?9?ﬁ%5 hYgRt Fancvelve-
&b &F“bﬂ‘&é\l?teéteéi Ting systems,
|ﬁ]a%)‘9%nc‘f’8tf‘ﬁ% OBFoF VB ornhHiRR AN B3t @t edr from
f&:’ot'rﬁﬁ’ﬂﬁﬂjr t eY @SR, ABEBDUB0APLefdpdbing st &-Rare P ef wrd edhich
Peld adrgmn *P?T@f@fabloylc vien TRr €0, d@ulpke z hoggisesent be) non-

aromatic, partly aromatic or wholly aromatic in character.

The ring systems may be monocyclic, bicyclic or fused.
Each “Het” group identified herein is optionally
substituted by one or more substituents selected from
halo, cyano, nitro, oxo, lower alkyl (which alkyl group
may itself be optionally substituted or terminated as
defined below) OR'Y, 0C(0)R*®, C(0)R®, C(0)OR¥, NR*RY,
C(O)NR*R**, SR*7, C(0)SR¥ or C(S)NR*R?® wherein R* to RY
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,
morphelinyl, pyrimidinyl, pyrazinyl, quinclinyl,

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.

BN TN AN R E N - DL

L A R et

AN R L CERL

TP ES R




10

15

20

25

30

35

40

45

@B (CR13 (R19) (R15) ) CR16 (R17) (R10) , the
respective K, Db Eor Z L) is on the aryl carbon
adj acent the aryl carbon to which A 35 or Bis
connected or, if not so adjacent, is adjacent a
remaining K, D, E or Z group which itself represents
-J- 313 14 15 16 17 Q(CR (R, (R) ) CR (R) (R11)
Specific but non-limting ex | es of bidentate
| i gands 40 within this enbodi ment include the
fol |l ow ng 12b|s$$g
Thet L@lﬂ“yl i AdKEL Ny WFehzeaed Dezeping. mEanerf: to Cuo
pehyy| phdsphimomahykhibbrzengthy12- syl - t butyl, pentyl,
baryl pandphentret bybppaphtndkere oteverithe lspes i ftilkel, alkyl
gkotbedmper,sorhém therar tiswal dudgirdenat entntatr obBercarbon
d4boht dental énkhgabdsheanchedenvies agedirafceldowr unsaturated,
depatytngcf r oyt hee scope @frd hasjdventdigplihe tRidpor be
shbst Otutadylor Whan-ised her eiyn, ohacl ydesydive Substltuents
Lortepsgemieretha Y ef@pg%y A éﬁﬂ ”’%E%f% ol C(O)R“
% @%hocyghBrRzar OB Gy 5 QEPS Izhz:h Oﬁhﬁ{:‘ gs st’
S |’tute

A g fﬂom n onaﬂzl-;y [dépendently
W or one®

5T s%’s‘l:’uent glggpggpéd Ard) Eci"ZS V\ﬁpgﬁor be
af g“] Dlnfesé’lrf M5 S5 C—i’%‘ha‘i’{: ys‘é, lé’H:t te@sor o by
te ﬂa?%d 8 %@%?h%BDBePBQNPS Het, hal o, cyano,

nitro, OR39, OC (0) R20, C (O R71, C (0) OR22,
m@malk@(lqmw RoP1SRAY] IYXOYPSRERiGh &'S) MR, R°, R,
R5RIG , Wds eiRi, RRS, RO ,RI7 eaBH,i jépeRtfonty, rﬁﬁneﬁﬁx R,
R:Vdr &g&n, RALyIR*Dr RIowar™ al RYl, ®fAj ch?’al kyl myr clipanay? may
résedfehe apti edahl whihsuhstl taiedHer weynbaakedsas tuted,
fef) nedehet bte FurbhenmBieienthauabgk 68 ehYLBRY abénd, be
fusesr pobycyskhficHEQYP, b8 UsatN2RRtRAl eRe, uRERRERXLERE be
\/ch@enea By ithe tgem 3 net alcyeﬁl@f/gepcﬂg or GOMY  pe
&éﬁ&ub@e@ b}5oﬁ8”39u fg éﬁﬁéH gsaths, or

bs tuted
LN %lerrgg%%ﬁfe ?ge i %g AN
%é cﬁ%a r}%g ufog5 or w83 08 FEuﬁ VI §(c2r JNR*R 3
heFdPhNehgtT d petaeh tBEooher@ ddet to R
@lfgéﬁ e%e“@e%ﬁ%iy10r?Rr?ﬁ§nﬁod€VﬁrB§PPodl 8r¥abl er lower
clature. The term"Het”, when used her ei n,
i ncl udes four-to-twel ve- msnber ed, preferably
Jouklaoly entienbeeed r'iigesysedinylen2s whhthhrifngsE and J
twmtrai presendf mepechehneér dat e @oted f rdormula I, when
s d¢d ogeneinxyganludekplyr tand, mgtaies whefieofre andnded to
wtheh mbiagseanyLCcRBLALN A@NEW) P HWD! endORESUPr and is
Penaon: s AT QIBihEd PRArEhY SMREBLAG 95 WLy arpppklc
in character. The ring systens may be nonocycli c,
RiLyChi6uBE (MR8d-which the above-mentioned groups may be
substituted or terminated include f£luoro, chloro, bromo
and iodo.

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

O
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130 Each "Het" group identified herein is optionally

substituted by one or nore substituents selected from
hal o, cyano, nitro, oxo, |lower alkyl (which alkyl
group may itself be optionally substituted or
termnated as defined below) OR19, OC (0) R20, C (0)
R21, C (0) OR72, NR23R24, 35 C(ONR 25 R 26SRy7, C (0)
SR27 or C (S) NR25R26 wherei A7RA9 to R27 each
i ndependently represent hydrogen, aryl or |ower alkyl
fibtrehl abkytigr paptiorseldt maycbepophdonakl yof the formulas
subst ifuitstblor stétnmomt édr Asateté ned helodw) . aAdhenteridual
didettides biclkudesnp@EUPSE SUER 8% apld ONAhYlas may also
iselbstp e eeb@zeti iyl a 40 dare@ipcdianyly | Bbdazahyl, = pure
imelobyddi &4 apy| pyoxazehylion, SQXREFOIM  LPXadb az ot Yl of™ £he
&S A2 Yhalid '9Qb§ﬁ9£¥!usikﬁ'%2@ ﬂqa5¥§“é65¥éﬂ¥£ug ?rt or
ég&égﬁ%g?%&%&ﬁBQ%%&y%@ﬂ?%ﬁ;LﬁarFﬁnyFﬂ%p;dg%% g%gbiiomeric
@y{ﬁzog)ﬁfgeggag er ach?tnlcfrf l%% %ﬁ%t‘%t TR A lﬁe%{b?:rﬁ emate
e bt A cAPBORCAr onCBE TR et 2GHING ordCiftheryr base, as
%Rﬁﬁ%ﬁﬁ%%ﬁ%z at one or nore of the heteroatons. "Het"
Egroups may also be in the formof an N oxide. Il 16
he CEPREOLEREECIE kyTe Wheh Udsdd Wekkim, theangcopet ®f the
mere s kf Eiel Ihednideen met hyl , ethyl, propyl, butyl,
pentyl, hexyl and heptyl groups. Unless otherw se
Epevillede akyfesS gralippymhossherkilhies® is ahe art that
S f compntindanedr HérmaldHol ratyonBundbeibhnadr Oigands that
dranthed; e beisat utiad et rougingabureyt edroupe EVEIkCnetal or
EEyEdired OF hPaebfCY 6l itd{acysthes i @ndber the Substydut edsten
OF 18k nlﬁﬁéﬁ@'i@b{.()@?i?&a‘l@ e substduentsr s Sel egieds vrrrs
Q

&
dom h@focoﬁggﬂﬁ i & g) R20, . GLO) %1,0 207778
ﬁgﬁ%ﬁ;ﬁ :riﬁhqofé 2 vgiem%ils% %@% E&Z%ea%ﬁmpw“d
I ' ndepende

2
ntly represent hydrogen, aryl or |ower
| kyl nd/ or;be int;errupted by one or_nore oxygen or

A R onE. 6P By €A Bnot RPCRT BIRY S EERTGESs, Lover
3 wePral kK§FYgroup® s aPR§Legrbips whitch R, R®, each
pglendenisl R Feye P R6CRI €0 FE 1RIEYH 3CR1% RISk ephenyl
iR RIS RRDRNRR1 SRZBPR23S Rewp R2E12e) RBRDKLIDLTEd as
dafdliedrayereepl esent phrdyw t twhdrein ache apldetdel maypup is
drd Isulssltlivt utseths20cnmd  vdren déetresd S feesefd) Ci efden more
puefizeralbdfy cat'banw &'dnsacheinliepeadent1br gaphedenbec, to .
alatylr,atvasi ot Ugsapuiahedl ybeubeyekugedagyclddr Hedakdrein.
M | pracychbTy, ardl/ @b BE® EALAr Mdpied Y OEh DL uDF Bruted
@f tOXygan kil MM Ws Q1 Ofethyl, n-propyl, iso-propyl,
n-butyl, iso-butyl, tert-butyl, pentyl, hexyl and
cyclchexyl.

Alternatively, or additionally, each of the groups R' to
3 4 3 7 9 10 12 13 15 16 18
R, R® to R", R’ teoe R, E te R, R to R or R to R
together independently may form cyclic structures such as
l-norbornyl or Il-norbornadienyl., Further examples of
composite groups include cyclie 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 RY', R?, R’, RY, R and R'® each represent the

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

I

R*, R®, R%, R, R™ and R'Y each represent the same lower
alkyl, aryl or Het moiety as defined herein, and R?, RS,

AT L it meitee ae amam. e

i v e St v e, P T e T T
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by silano or 'o'l'i"éi"k'y'{"sl'i""|'"i"'é"6n'”‘gf'o“u'p“s' -and/or be

substituted 25 by one or nore substituents sel ected
fromhal o, cyano, nitro, ORLJ, 00(0) R2U, C (0) R21,
C(OOR 22r NRR3R29, C(ONR 2 'R 26, SR27, C(O SR 21,
C (S) NR25R26, aryl or Het wherein R19 to R27 each
i ndependently represent hydrogen, aryl or Iomer
aI kyI 30 Simlarly, the ternP | ower  al kyl ene"” which
?,nd (when present) represent in a conpound of
Rornﬁ IR vxlr@éﬁﬁ uBed Gieftel AePrRERNHed DG 30T, dogesups kyl,
Wﬁ}r’éhOaTr éiekioﬁl’d@cﬁm{) @b)dcbt—h@ﬁ heicetines Matrd aastfetably R',
Rho Bi.adeés, ok'’t badgRdtipcamy iepB8sethetine seanlef Cnedh ialkyl,
phet sankbavdy aonHsobert ighkdd' . CHal0 adrkonips sidih whi elethyl,
theyapove-peapybnedi gooppspyRy he-bstist i tikedwiyl, tert-
bet g papedtiyng| ue& fil wor @ycgheng:1 orenorRand® i agtd, AY ang
Wer@aaucczm%@%d@ é%éﬁb‘f@s&@feh'ﬁecoﬁr@é Ng, a0, alkyl as
@J-EK@H&“:{ ‘9}5899; C‘l:‘u%d( 3 anchﬁt r aﬁg (ZﬁlZl Soﬂﬁrl %dealéle cach
8 ang weniion idckudes dhe o ﬁdefined
f(gnerfg o 4t evaorréuu d%m any Qs . .p
n}\;l {ln g heyéi d: JI:E V\,hére a;pprc():{%b :
F%%rfﬁ%{l ‘8&3‘ o I i raay geptesen
eof rsdbar afs on2df Rdi 2227 cbPEGREFRE N-
BPtE}sDEnH P?ﬁﬁg Fsomers may be achieved by
conventional techniques, e.g. by fractional
ERys2al I%W%alllzhr@mf@gr%@h;ﬁrmomrmmt C.ofof thel7present
sneerbiconeEch kxtw eROt arcoppoepdesratesf e same lower
abkyil} asrydr arsHdatbhelsaltasr ddéinedt heestiher gofefeAably,
eadhvirduale efamtdronerernfs atlconpamed Mf wanecpfathel group,
pargutasarBy @lo9e sube tprepaed fHemaa kAl espandiBgmethyl,
ephical |1Y-fﬂc5 vD, I ntes by B, 0rn By #esol Utd PbhuSHCh tert-
@§2§ HEx&meangoﬁ&éiBQQQbﬂg M%%%”%&%f%%ﬁ%gya each
gui Eﬁm Eg#gégeﬁﬁgpﬁ&g?ast gy fractional

crystalllsa Ion o reoi soneric salts forned

ath.'::r%n qu th% ¢Qrre gorﬂdln race te i %
fr%| g FIGaTadr dPgr Thaghiyagatp ' @ e &
”@ 3 e QULLGALYL antive act o0 Bastr A0eil ach e

p% o W EHb PI3tdss TIPTHEET v e omCa%19t will be

appreciated by those skilled in the art that the
%Eﬁﬁ%EﬁE%YoflﬂoFﬁﬁlQOmPﬁﬁ?dfgﬁcﬁP§WUé§ L g&nd§ emgt J (when
ebordihat eagdht hirderendeptWB rpEHript VOL| Barefal agkylene
elohpound t heteohailayt heubot et oft ofs t Hef¢aedl yistrein, for
syastpehe ofittthe loweentabhyl Typiccaldd.y, PrhéeGablip, VItEh®r lower
&1 loypeMt: | Boups 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 -
CzHy—. Most preferably, each of A, B and J (when present)
represent the =same lewer alkylene as defined herein,
particularly -CH;-.

Preferably, in the compound of formula I when K, D, E or 2
does not represent -J-Q° (CRYV(R'Y) (RY))cr*™(rR"") (r'%}, K, D,
E or Z represents hydrcgen, lower alkyl, phenyl or lower
alkylphenyl. More preferably, K, D, E or Z represent
hydrogen, phenyl, C;-Cg¢ alkylphenyl or Ci;-Cs alkyl, such as
methyl, ethyl, propyl, butyl, pentyl and hexyl. Most
preferably, K, D, E or Z represants hydrogen.

Preferakly, 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 deo not form a phenyl ring, K, D, E and Z

PR e e i
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20 netal or conpound thereof coordlnates to the one or

nore phosphorous, arsenic and/or antinony atons of

the conpound of forrmula |I. Preferably, R to Rle each

i ndependently represent |ower 25 alkyl or aryl. Mre

preferably, RL to Rte each independently represent C,

to C6 alkyl, C -C6 al kyl phenyl (wherein the phenyl

group is optionally substitutl® as defined herein) or

phenyl (wherein the phenyl group is optionally

sebbt iindepdndsndeéfyi medrkereitnhydFvernnorlewd® alkyl, phenyl

pmeﬂemahlplm?lphadﬁkaeMnﬂbipmkﬂﬁﬂﬁhﬂylyK;epyegeathk each

tade€bendbkylly whi eBprssepti onahldreybstit ut g=ag1 C,-Ce

dekiynptehonecr. ¢, Mstapeef erably, aR meeniie %%% 1, prOpyl,

b@ﬁ $eﬁbne9m §HQSBbk9ﬁedEv@n h%rgﬁ %E%ﬁraﬁﬁ?h , E and
reé&ﬁy th8- RIQRy! sub§9}9u Md%%l%ﬁ%ferably, they

ké FBUEYL nbaELBHLY!, penty i

r

| ohexy natlvely, or additionally, each of

S t to R 2

E?%ft%g%?g o EiRe Boppgund 68 ﬁgFmPga%iﬁEéPthryﬂ Bay® or 2
H8Fh Opd i EREGIR ur 84 QU 28R40 (R or rﬁ§ 'd and K,
Re nBr BBFnAdFBEGFNEFUNEREr TEBRARBEESNOA L OBSNPSSLhE aryl ring
fPopschntladea&gcrtEashrdctar 8otf dpRmdabetweyd ring, each
RE- #18.D.Al Eerngt i efshronentor ther sagk tdmowy oapseahyd from
hpgresent dosoin daphude tarwihi chrt Heetl i gandddé&ined herein;
pethchetiarp |hydrqgeet i oul at{ACqpr el eyl ednevfzodipaent coflarly
theupseseatedi Opent kAmyR), BspeRialRI0hyRrdgand R 6

each represent the sane |ower alkyl, aryI or Het
PBé et YaBSy fefh nele heb@bAundRés RormRea R wh&% and 8f71< D,
sagﬁdrgpf@@@ﬁﬁe£hﬁl§ﬁn€he0$§£boﬁ'5¥bm5a5¥ Ak pg to
R EhY ta}ﬁeyde iped, %9 ’th 7 the

i o g% PR i e
ﬁ?ﬂgﬁ(V

PR “E 3Hﬁﬁ i ttﬁ%ﬁfﬁé Wﬁ?%ﬂ%ﬁ tE§Heﬂated
a5 e b1 Scprieye; pyengy §9¢ro yi ,0C (0} R

§ 59 u;%EC(PéPB-fbuW@ I H%x orfﬂyc}oﬁéQQISR orx

ROS) W RRY, iRagS 1IR1 8 AP hdrpendently represent

fﬁlé‘éi?‘é%%‘ht of hé cwsre BKY36 awtkwh aslkgéf gmedpabove; iasdlf be
RLicelRY, SREEtlRmSEQmﬁﬂﬂﬁeemxhate@depemmﬂﬁﬁ@ﬁ herein) .
¥ep: egentetdiel ganeh€Iph &6y Al kihg ass dedbt nedbdOiabosea. by any
Farsekames Re. R Warﬁnoydﬁgeerarwt&a@ &ACH,

represent nethyl; R, R5, R8, 'Rl1, Rl14 and R17 each

PEPF SR c&ﬁﬁ&ﬁnd@ﬂ@f Frmibea f%inéﬂﬁﬁefiﬁ%éﬁ“hﬁgé%ln
each represent n- butyl or n-pentyl. 15 In an
S g | e f e
e e B AT e S A i o
ower

K, D, Z and E each independently represent hydrogen, C;—Ce
alkyl, phenyl, C1-C¢ alkylphenyl orn -J-
Q* (CRY (R™) (R®) ) cRY (RY7) (R1®) where Je represents
unsubstituted C; to Cg 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'"™ esach independently represent C; to Cg alkyl,
phenyl or Cy to Cy alkylphenyl.

P T n sy bert B et it & Tt T (A T

A e e . T L L e m maatel T

IREAT FLAMREL LI TR TR LY LLL TR LN AT S )
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'”X:j 'arkyrj”a}yr, or Fbt nnrety as defrned herern

| EHQEQIQHergbgy Ar e attached

Preferably, each RL to R1B represents the sane C, to

C6 al kyl group, particularly non-substituted Cl-C6

al kyl, such as nmethyl, 20 ethyl, n-propyl,

i so-propyl, n-butyl, iso-butyl, tert butyl, pentyl,

hexyl and cycl ohexyl. Mst preferably, each Rl to R16

represents nethyl. In the coﬁ%%und of formula I,

preferably each QL, Q2 and B 25 (when present) are

tHE to4Fe. PRBSErpRAS crampgndackfQifogpuland 8ngWien those

phegent)y represents phosphorous. Preferably, in the

conmpound of forrmula I, A B and J (when present) each
ﬂndedeﬁdenthyrepmee&emt—CHQPOOEﬁcghky@%&QldﬁlaMyyﬂme§

optionally substituted as defined herein, for exanple

v, t I, | awem@lKyéa@f oupGepEret et apl l‘epﬁ:@%ehgwﬁ drogen, Ci~Ce
an&yhene g@@@@gdwhlchd% B and _¥ (whenagmegen ) —J-
beprESeRt) @ge)pgﬁmqﬁtz igei g' equt gﬁ%erre . or

tc%egfakkyben ﬁaga i'e”dc g{‘ge” s, f the
ﬁ?* §Eﬂg lgI% " V\/nen%%reé/s rtear‘):re J?Theﬂ%df%‘m%tutEd
ne *497 def i ned herern particularly -CH2-
E[eferagly, in the conp ound of formula | when K D, E
% Bo Hoek ﬁafiEPeBFieeéﬁv r$POsSEER1S1 (RA9Ys (Fs)L )
CR16 (R17) (R18) K, D, E or Z represents hydrogen,
Fower aﬁlkﬁlthIDh@lfﬂfeé‘rfeldomE@mankﬁﬁprﬁeﬁylforlvblrlel I include
preferabeyeik: D, E or Z represent hydrogen, phenyl,
Cl- C6 al kyl phenyl or C,-C6 al kyl, such as nethyl,
Bt md | R%ram¢lthﬂsdmeFﬁmmybaandrﬁ®ﬁﬁsenwﬁskh 4% C¢ alkyl,
p&EfEEﬁbhylmeeDhyE or Z represents hydrogen.
Preferably, in the conmpound of formula |I when K, 0, E

and11Z #pgetder Wetf@rtrgﬁ C%lﬁﬁ@uﬁﬁgnﬁjpf ﬂjlgﬁru%%yl ' I_‘Ll}lg:lude

o not form a phenyl Ting,
D, E and Z 19 each |ndependently r epr esent

ydroge | Kyl hen r al kyl pheny
S@OUDoprgfeng\gﬁ B8 ol o9 Rar R TR SRR y from che
eg{ gg gﬁen Y Rﬁ@%% SFkyﬁﬁheﬁyP oFG alkyl,
RATEEBULPk Eﬁ ARt REL Ket Ryl 2 pRBRYIE ~Bepuegent the
Pty Ig%ﬁerhe Ehadn o e;5-“r?ef Erab) yofK Kp, B andl and E
F%BF%%%%? ?ﬁ@fgﬁﬁ%fSQ%stltuent- Most preferably, they
represent hydrogen. Preferably, in the conpound of
Kormapredendiren HGHBR° ERY (B')1R'ApESRTAR Tef@dsenind D, 7
add QF (GRE3 eRt4) (.Riéﬁaeﬁldé]i’ﬂ.ﬁy( Rigl48R46g anchil, tH %roup
amuls Vst oget ke Wytibotba s ban aﬁﬂﬁEEOEﬂHﬂ@_ar?br&h&&larly
wieerdi Bbthhay ane at tagheddor nehef M2 pheny! EisP@eially
weshe ©f Kal £ ook LEoprigpentgbhe same group
sel ected from
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/ 2, i CR'R?R? 1R°R® ROR?

tached or Q°, 1.e. R'R"R°, CR'R'R", CR'R'R%, or
CR™R™R™, may instead be represented by the group (Ad)
wherein:

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

W

LAl
Ly
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15 particularly hydrogen or Cl1-C6 al kyl (nore
particularly unsubstituted Cl-C6 al kyl), especially
hydrogen. Preferably, in the conpound of formula I
when two of K, 0, E and Z together wth the carbon
atons of the aryl ring to 20_which they are attached
forma phenyl ring, then theZlphenyl ring is
optionally substituted with one or nore substituents
sedrecved fangmaeng| ofl dwer tadkylaxXwhicehbahkylt ongr,outhe said
omyionsel fubetapuicdanal Ihyeisubsbiyt wWed oF terdd natBdtiafents
skef d meehi bekom) hydetogangl omo»@a/ﬁnalkpntr%alaRl%yano nitro,
@ECD) ReQ,(0282G( O r2G O ER0P8RZ2 NRABR2H C €Qb)NRZ  RZS,
NSRRI SR2BRC (&) SRR6) 8R?7 ;O 9).NRARHR6 mé@ww 9yroups
JE&J%H%@aQHa'QgﬁﬂﬁﬂﬂeQﬁJykﬁﬁﬁqe%ﬁ”t EYQEO ORI (if
P d¥dn éMM|C@o§hkyhﬂgrOH %&wafzyphospha—
ebglihes sl T e
ama en r|ng su | utra B c
§%% ueﬁ% 3 i dﬁ& Qﬁ at o8 onl erl ative
Tt e%jsclaﬁﬁsuﬁagtafmflaf | 9IS e sder, or form
%WE&QQr?y§$%ﬁu9f3@%ﬁWP%%dependently r epr esent
unsubstituted C, to 35 C6 alkylene; K, 0, Z and E
each independently repres }yydrogen, d-CE alkyl,
phenyl, C1-C6 al kyl pRe -éM_QB(CRAS(R14) (R15)
)CR16(R17 10 )(R ) where& = r presents 40
unsubstituted C to | kyl ene; or two of K, D, Z and
E together with th ‘bg%f"ﬁﬁﬁaof the aryl ring to
which they are attac rm@.phenyl ring which is
optionally substitut by on or nore substituents
sel ected from |ower alkyl, phenyl or |ower
QéfPﬁhen |. 45 RL to R16 each i ndependent |y represent
°, t 8N Rafkyeach phafdgbendeat lyo rep raisieyitphamdogd,  lower
Ftherr greflerred conpounds of formula | include those
wherein: A and B both represent -CH2- or C2H4,
Roar ticulrdr] y W3, heéer®, Zeantl Eipaspehadepepdentpyesent
Iepresent lydogany G, 66,1 alketphemd or C1-C6 al kyl
or -J- QB(G&B(MA)(RB)) G?6(M)(Rw)vmaeJ
¥ S S-SR AS Miyfin, t & Byapd,Z toget t@gﬁ when
pddere [Garhan Ato rgté?ae lag;ﬁry'alm gqf] vy{y
phenyl” i ng;

they are attached form an unsubstitute
1R o R FueRfthd ICRENGENL Y T8RS SR8 VePe d B YT

(Ad) « (CR'R®R®) 1Q*~A~ (K, D) AL (E, 2) -B-0' (Ad) , (CR'R?RY),

wherein Ar, A, B, K, D, E and 2, 0!, Q% and ¢? and R' to
R*" are as defined hereinbefore except that K, D, E and 2
may represent -J-Q°(Ad),(CR'¥(RY) (R™), instead of -J-
Q* (CR™ (R') (R?))CR* (RY) (R'®) and Ad is as defined above,

5 &« U=20, 1 or 2 provided that § + U 2 1;
T &V =20, 1 or 2 provided that T + V = 3;
W& X=20, 1 or 2.

In addition teo the preferred embodiments for R! to R, !
to 0%, A, B, J (when present), K, D, E or 7, RY to Rﬂ,
noted hereinbefore, all of which equally apply to the
present embodiment where at leasl one (Ad) group is
present, the following also applies.

M oie Sl L

- —

R R T LT el Lo 1 L T}
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15 Still further preferred conpounds of fornula I

i nclude those wherein: RL to R18 are the sane and

each represents C, to C6 alkyl, particularly methyl.

20 Still further preferred conpounds of formula I

include those wherein: K, D, Z and E are each

i ndependently sel ected fronr?Ee 25 group consisting

of hydrogen or Cl to C6 al ky particul arly where

each of K, and E represent the sanme group,

Bapeleal |E3m/ﬁ$e?@ceaé‘-ﬁmeﬁuﬂdSD Ff afd@rmulidepiesipelude  those

Wyerogen; or 30 K represents -CH2- @B (CR13 (R14) (H 5)

) CR16 (R19) (R18) and D, Z and E are each

AnslepeRhdenthyrsptested #ChHsn tde gI064p, pansistiaglef -CH,—;

hydrogen or C, to C6 alkyl, particularly f where both

®, and E eepresenricH mehcse,q:mmcgarrmw ﬁ@gaﬁemhiyh Me@enp C1—Ce

Z1Rpd %rreerrgrleseet By .00y BS dzspegi-all xapr &P RY) (r1%) ),

§H§féfJC1§o€pQ%F ﬁeogsfgrnH aclo b@CkUd% t o%%d 7z together
€Ll t S §§9€ gﬂyngQJeﬁﬁf&%}&hey are

e 1he S

ﬂ%@an%ﬂﬁ are ?ﬁe sang an@ Peprgsen? ﬁydrogen In

|II further enpepdi nent, ,at Iea ts; one CRXRYRZ
%r 0%8 Pat'ta hed % nEQl ahdy & ﬁ é& each
Bl Epr e Rt LY 457 araser 2 C1paly© u%ﬁt aélkhié eﬁ%sérheedtotal
pylpdle of olPd) ABYOURReRELACHA] éétﬁ?lﬁaép@ndéﬁtﬁy i.e. 8
T elpresentan@ Bpeidndl +y0substrtdted adanmantyl or
congressyl radical bonded to the phosphorous 21 atom
Ftal anyfwortheof ptrefeertedaryomaelnods atcdirs forhaelaaid include
opbsenahe setrst i t uti on bei ng by one or nore
substituents selected from hydrogen, |ower alkyl,
wal gy &yane’ rid ref, 2RI O ( @° R2Qnef (ppr)es%%ﬂb) Care the
{he ORR21 NR23R2ac reegnwezscdgzeﬂ 5cC Gy L5REa % larly

ke R P it i

orm
an optlonally substltuted 2- hos ha-

_% Eoérgcﬁrrerm SFErFbLRa Lo qé,;”") P EELIRG2 2 4 clude

of '&&EHBr e particul arly deflned herei nafter, or

form aring systemof formula Y R49H : ~-1. H
K, D, Z an are each independently selected from the

group consisting of  hydregen or Cp to Cs alkyl,
particularly where each of K, D, Z and E represent the

same group, especially where each c¢f K, D, Z and E -

represent hydrogen; or

K represents -CH,—0Q%(ad).(CR™(R')(R*®), and D, 2 and E are
each independently selected from the group consisting of
hydrogen or ©; to Csz alkyl, particularly where both D and
E represent the same group, especlally where D, Z2 and E
represent hydrogen, wherein W and X = 0, 1 or 2.
Especially preferred specific compounds of Zformula 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. § + U = 2;

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

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

e
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Fisa RSO -y - RS3 G i's RSL R62 15 wherein R9e,

and Rj 4, each independently represent hydrogen, | ower

al kyl or aryl; R50 to RS3, when present, each

i ndependently represent 20 hydrogen, |ower alkyl,

aryl or. Het; and Y represents oxygen, sulfur or

N- R55; and R55, when present, represents hydrogen,

| ower al kyl or aryl. 25 In th s embodi ment, fornula I

may be represented as: (Ad)s(CR7R8R9) TQR- A—(K

DA (1B 1)y B-roK ) i CRLR2R3) ¥l c whermpoukds ApfB, tymBla I
iBandieZ, L@ se Ghewmnith Q8 aAndiRintad 3@ R27care.ast the same
rdefiitiech het ebabef opecexcapic fdhaibly P zEl1apdaZ u May1, more
dreffasenty,- B @ I ANNICRI3( Rba) ¢ R16) vi pst eado of p};]ef ably
9 GRIB { BLA)wHHD)n )s G GENéRlﬂﬁmkggﬁgc}faf‘ﬁdﬁ kéu%§ at tached

t@efg?—nggdagogg tﬁe nHmbeQ oF Q& élied [r%g C_i,e%t OV\P&

S%‘El?fl ’11:1 Egtfor ]a% t| on Lo, rée(%rsef rred g llgands

res nt 2 lnfntm FS ¢ notte 1,2
:ﬁ éf %b‘v’ y tot hebls(dl 3,5~
%ﬂh%@%eﬁ ans)EDWeer{%) gréup s (di-5-
fﬁﬁ&aﬂtylﬁﬁénﬁany&\HW%ww&w@ewr@mhelr 2 bis(l-

0, or provi

dd conpdifds it Ylorphs 2ph inems thiel twszene, 1-
(whierdaiman tA lahe spHdatdmatdrldsent (diCHsrtor - C2HI1-,
bpdntlirhisghliynon@iihy]l ) Herikers, Z and E each 1-(di-tert-

biurgd pévackentinsregpndser#t— hydr ogen, Cl-C6 al kyl phenyl

(@i cChrae salykylh oo rihof@e(tAd) R RL,4) (R 5) ) X wheae-dert-
biug yi i@ oSFE ndsneAin yan -0 Mo dohDa darddit A lmet her

métthiy 10 e nsakkon ?IQ:WP‘ac?J ey BEYd s M‘rgoxﬂ ghyt pha-
a@%%an%@zlatﬁ-ﬁ&hk%@l unsubstltut ed p ny r| ng %iert—

@ PR3 aa ‘tht 1 (f?}‘%% 1Rl (( en present) each
'd%gg%& é)m%@%%sc% 1) 57 7‘35- %ngr L Qg [Ez‘? E%tf"e 6,
ke {g h:;i 3 f%;n "gfnoine&hyé)lgt%ﬂlﬁh@ﬁpha-
agfp@ﬁ Y prerettd ds %Te#edﬂmu%bcrw%ﬁfb%ﬂantyl” is
SE r§§§e\%er ei Fer]?O Rn 4 PEPig 103 R Anee e h g~ 6, 9, 10—
CedReErdpresently Eapéqsw@a—éa@e atd et Wepndsdit s C1 to

t@eogﬁﬁlﬁlmanﬁgrlm c=whgspha-1,3,5, 7-tetra(trifluoromethyl) -
6,9,10-trioxadamantyl or 2-phospha-1, 3, 5-

tri(trifluoromethyl)=-6,9,10-trioxadamantyl. Nevertheless,
the skilled person in the art would appreciate that other
bidentate ligands can be envisaged without departing from
the scope of the invention.

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

TR T e T S

T TR < RIS

A e e e e e T ot
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[T I R

to 41 and QR is 2 3, i.-e. S+ Uz 3. 25 Still
further preferred conpounds of formula | include
those wherein: K, D, Z and E are each independently
sel ected fromthe group consisting of hydrogen or Cl
to C6 alkyl, 30 particularly where each of K, D, Z
and E represent the same group, especially where each
of K, D, Z and E represent hydrogen; or ,F- K
represents - CH2- QB( Ad)K¥( CR13(R14) (R 5)% and D, Z and
E are 35 eachgindependently selected fromthe group
consi sting of drogen or Cl to C6 al kyl,

particul arly whe D and E represent the sane
group, especiall £,and E Rt esent

hydr ogen, wher ei X = 6““&Qbrfie 40 Especially

preferred spEc ounds of formula | include
t hose wher ei eae to R and\F? to RO is the sane
and representngz) W, or the totalx®number of (Ad)

groups attached ﬂbncn Mas, ndréf is2,i . e. S+U

= 2; A and B are the sane nd represent -CHzZ-; K, D, Z

and E are the sanme and rephesent hydrogen. -- - -

- - - - -- - 28 Especially preferred

specific conpounds(H? formula | include those wherein
wmdersijjpined to QL or 2 at the sane position in each

case. Preferably S 2 1 and U? 1, nore preferably, S -
B 2zantd W2 1:z01dvig veysaandstaspr €i@eabl ywresSn% )| = cach @
2nawbeneknt Byi sephesaurbecwel: ARy 1eneyps attached to

@ and U is the nunber of (Ad) groups attached to QL.

ﬁpeg'f'ge@HEteen fk@ht'ﬂgeeﬁ%%Blesc@ﬁs?bgﬁﬂbat hydrogen ;

hLg pd { hing i
Ao ragwsrég‘%p e

|s(
tert.- butg&ada hosphi nonet hyl ) benzene, 1,2 bis(1-
Bdaﬂr&nt? EEF F Inp hidhGiveét h9P§15éﬁEéH% ‘qf hyque“r
dvas norfet Igh i gﬁﬁﬂfrlsnltror ~OR"’ j

Gt p osggflﬁ@hﬁ yl TB&RY E\e: 1=NERZD &7 1 - C(O)N(Rzﬁ) ° |
BUBY I BHOSHN moTRT hyHF{0) SR, -CF3 or -A,-Q"(X")X |
(dlcongressylphosphlnonethyl)benzene 1- (d|-tert-

But \ilsphesphi-hedet fiydy - ZHphospha- adamabsying- of hydrogen, 1
bevhyl ) bebgzene, ady1di attapanthalo, cyano, nlLro -oR*

gt phpEihi nemed hxd), - 2-¢ phpsrifa 20 akiyRAty| ~B(OBRRYP) R2¢,

benyen®, it (tetf>®, -c(0)sR, —cr3 or —As—o_f'(x)xm >
butyladanantylphosph|nonethyl) 2-(di - é;)

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

X' represents CR(R?) (R?), congressyl or adamantyl, X?
represents CR*(R°) (R®), congressyl or adamantyl, or X' and
%* together with @° to which they are attached form an
optionally substituted 2-phospha-
tricyclo[3.3.1.1{3,7}]decyl group or derivative thereof,
or X' and X°® together with Q° to which they are attached
form a ring system of formula IIIa
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adanantylphosphlnonethyl)benzene and 1- [(P (2 2 6 6 T

t et ra- net hyl phosphi nan- 4- one)

phosphi nonet hyl ) 1- 2- ( phospha-

adamant yl - P- net hyl ) benzene, wherein
"phospha-adamantyl " is 25 selected from

2- phospha-1, 3,5, 7-tetranet hyl -6, 9, 10- tri oxadamantyl,
2- phospha-1, 3,5-trinmethyl -6, @510 tri oxadamantyl ,
2-phospha-1,3,5,7-tetra(trifluor_onethyl)-

6,9, 10-tri oxadamantyl or 2yphospha-1,3,5-
tri(trifluoronethyl)- 6 iyi oxadamant yl .
Nevert hel ess, 30 theF@klll d epgan in the art would
appreci ate that other i'dentate |igands can be

envi saged wi thout d rtji ng froqk t he scope of the

i nvention. As nentioned/h 'H a yet further set

of enbodi nents, 35 thgsbi enhfgﬁ phosphlne ligand is
of general formula (I1). DL 11 ~41 x 4 E1
M X3 n(L1) AL-Q@-X2 \ 1 &“ahhereln A and A2, and
A3, A9 and A5 (when present), each ° 5 |ndependently

eplregenisdnower cal’kyfene’) K1 doﬁug&%ls@giled ol 0@dta%ntyl X

mmlﬁgﬁ@hhwrogﬁm%ﬁ@%@ yladaﬁﬁi/l y1Netor 3
&ﬁﬁﬁﬁ%%Fﬁﬁﬁﬁg%%eriﬁg whi rardd edp o;ghzn
3 raQ reof,
33 e ? BRSI { 55%
om%r %ﬁg % é% #% ﬁ ﬁ tr Gycigegattached
%) er@z fczfzmu]z% 24 “C(O)N(R 25 )R
26, C(O)OR N(R 15 C (§) (R27) R28, -SR29, -C (0)
5R30, -CF3 or - § r{l is selected fromthe
group conS|st|ng of h§ . [-+B%er al kyl, aryl, Het,

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

-C(O) OR 22f -N(R23)Rﬂ@?—--- Q(O) -RpEyR21, - 20 C (S

(R20) R28, -SR29, -C(O $R 8, “CF3 or -A5-Q6 (X9) X10;

or both D1 and El1 togetRfér wi t tR®he carbon atons of

the cycl opent adi enyl ring(t whi ch they are attached
4 u

0orman o tlonaIEY gubsg ed phenyl _ring: .
represents ' congressyl or adamantyl, X

represents CR16Hf7}(Rm), 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 a2 ring system of formula IIIc

Y3

|
R49|_{‘J !_' RS54
T
R50_ . -____l_... - R53
mff"\
R51 }252 .

(lllc)

X’ represents CR31H92)(RH), congressyl or adamantyl, XB
repreaents cr* (R? )(RE%, congressyl or adamantyl, or X’
and X! together with 0% to which they are attached form an
optionally substituted 2-phospha-
tricyclo([3.3.1.1{3,7}]decyl group or derivative thereof,
or X' and x* together with Q° to which they are attached
form a ring system cof formula 1114

T TRl T P o LT LR L LI A A

W e W T T N L TR 2 L T EE A L S P S At F L A, S e,

Ll e e A T
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25 X represents CRl(RZ)(RS) congressyl or adarrantyl

X2 represents CR4 (R5) (R6) , congressyl or

adamantyl, or X1 and X2 together with @ to which

they are attached forman optionally substituted
2-phospha 30 tricyclo[3.3.1.1{3,7}]decyl group or
derivative thereof, or X1 and X2 together with @ to

whi ch they are attached forffa ri ng system of fornmula
Illa 25 Y1 Rases 1..... HR54 RCF. R53 R51 R52

(Ilia) X3 represents CR7(RE) (R9), congressyl or
adamantyl, X4 repr esengtH; QqR11) (R12), congressyl

or adarrantyl or X3 5Ran X4 tlogBfher with QL to which
they are attached form an optl onal | y substituted
2-phospha- tricycl o] &1, 1{ 3! 1}_]Lfggecyl group or

derivative thereof, or Sdn together with QL to

whi ch they are attachedrsif orm aR%2 ng system of fornul a
I[11b Y2 RAOH H r. RSa R5 53 R51 R52 10 (IlIb) X5
represents CR13 (l;'{' g %5’ , congressyl or
%danamr%enixa QPe FRS érﬁﬁ GRLIEONRre¢FFYAR @) adamantyl, X’“"
neRpEEssid  6R at%mamﬁyﬂ,, ocov@reaﬁﬂlx&n ogdthentyilth or ¥’
3l t0'°whbghthheyward aftachedifrohanp appt konakhyd form an
suthisdrid Ltyed 2- phospha- shbErituted 2-phospha-
tfieyel o[ B, B. 1. 1{ 33,7} ] decy1 ghedppolodedd vakidveve thereof,
dhexoing R Xgthet® §oget her w mlgﬁ t0n A §Jaet Q%xached

ﬁfﬁnaétlaﬁﬁ?dsygﬂixﬁn@f ré Ognsystemof formulalll
R4 H , T~ R54 R50-. ~5 R53 R5, R52 (I|It) x7

represents CR31(R32)(R3 on ressyl or adamantyl, Xe
20 represents CR34 (R} )"‘(42%6), , ,pngressyl or
adamantyl, or X7 and X8-togeqhe with Q4 to which
they are attached for

(llle)

and in this yef further emhodiment,
o' and ©% and Q% @' and Q° (when opresent), each
independently represent phosphorus, arsenic or antimony;

M represents a Group VIBE or VIIIE metal or metal cation
thereof;

L, represents an opticnally substituted cyclopentadienyl,
indenyl or aryl group:

L; represents one or more 1ligands each of which are
independently selected from hydrogen, lower alkyl,
alkylaryl, halo, CO, P(R'™) (R™R" or N(R'®) (RY)R%;

R' to R'™ and R¥ to R%, when present, each independently
represent hydrogen, lower alkyl, aryl, halo or Het;

R to R and R™ to R", when present, each independently
represent hydrogen, lower alkyl, aryl or Het;

R, R® and R", when present, each independently represent
hydrogen, lower alkyl or aryl:

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

O

I"'n,—"
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optionally substituted 2-phospha-
tricyclo[3.3.1.1{3, 7} 1decyl group or derivative
thereof, or X7 and x6 together with Q4 to which they
are attached 25 forma ring systemof formula Illd 26
Y4 Rsa R49H -, ~. ........ H R50. R3 R51 R52 (II11d)
X9 represents CR37 (R36) (R39) , congressyl or
adamantyl, X10 represents CR40(R41) (R0O2), congressyl
or adamantyl, or X9 and X10 together with @ to which
they are atlLached forman 5 optionally substituted
22 ph¥8pha?, t ri‘cyshol ¥°3. WwHer 3pZkhdecy| @@up iekdependently
deprwathveckheenof sul6nrX9randrXt0 together with B to
which they are attached forma ring systemof formula
hl+epYbrRI9" 1 L . RS R50--- R53 @&@5. R51 R52 (llle)
10 and in this yet further enbodinent, QL and 2, and
Ba A-apd Bs(when present), each independently
represent phosphorus, arsenic or antinony; 15 M
t Goup_VIB or VI|IB netal or.nmetal catio

éﬁ§?§§$8 §{%¥é VHggnfé an ‘op t8@af?ye§HB%Fit{he8“d when n
Ve opeht BAFR AT SO%H "ot ngdhet Br aryl group: 20 L2
represents one or nore |ligands each of which are
?B%E%éﬁlajeﬁtlz“sg}e G Rfdr 6gEmiLRoweE abhgp, both K
BRYE2ETS nhitR (@O XP IRAS (Rpreranty MRIGK )(RI1) then

odierzs RN tso R4E0A68 )81 to R 42, when present, each

i ndependently represent hydrogen, |ower alkyl, aryl,
Pa¢ Deorb Het ; iR1S Hie R3fibantim&iB, t @' RAD, mifemmpr esentyo RY2,
elaer ipdepeﬁdentEﬁcﬂ*ﬂﬂﬁﬁﬁﬁ&nd&ﬁﬁﬁ@enreﬁﬁ@@én@'kM&drogen,
apylowsl Het 2uB8tREQL BS54 and RB5, a WOEN, PEESENta 1 BT Nphanyl
(mslependentlsy pREAGSENrollydriadedpt { ONel 1@ Kb i tuted as
A ned herein), triflucromethyl or phenyl (wherein the
phenyl group is optionally substituted as defined herein).
Even more preferably, R' to RY™ and R¥™ to R*%, when
present, each independently represent hydrogen, C; to Cg
alkyl, which is optionally substituted as defined herein,
trifluoromethyl or optionally substituted phenyl. Even
more preferably, R' to R'® and R* to R**, when present each
independently represent hydrogen, non-substituted C; to Ceq
alkyl or phenyl which is optionally substituted with one
Oor more substituents selected from non-substituted C; to
Cs alkyl or OR' where R' represents hydrogen or
unsubstituted C; to Cg alkyl. More preferably, R' to R
and R*» to R, when present, each independently represent
hydrogen or 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.
Most preferably, R' to R!'® and R* to R% when present, each
independently represent non-substituted C; to Cg alkyl such
as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-
butyl, tert-butyl, pentyl, hexyl and cyclohexyl,
especially methyl.

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

o ontad

R TR S U L TR T s

G R R T i TR BT Rt TN R B . R L)

RS L PURREEER B L L L

BAL 1 Ty @ T
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R50 to R53, when present, each independently represent
35 hydrogen, |ower alkyl, aryl or Ilet; 27 Y1, Y2,
Y3, Y4 and Y5, when present, each independently
represent oxygen, sulfur or NR'; 5 n =0 or 1; and
m= 0 to 5; provided that when n = 1 then mequal s O,
and when n 10 equals O then_,n does not equal O.
Preferably in a conmpound of ?grnula Il when both K
represents -A3-QB(X5) X6 and_El1 represents
BRE= B SOy KLY - t fiEnadpitieprddynt SNeARIONHTY Xaf tBe groups
r efret dbliy R'i Anehiks, efpoandeit, Ri eo any “rRand &'¢, R
@@2 R whet pﬁegeﬁi,,eﬁ%hEﬂﬁﬂe@émdéﬁflyndeﬁf%SQntRm and R
fwitengencsewnpl | bogeétyesubstht thedcErbbn €6oal kyl which they
£re Coaat kyhephedyHepenwheneily t heyphefytm groupciyglic alkyl
opt b ONRtd y, spb&tfletrlabeg as 20 defimedyrarie Mikyl structure
shdh | u@rc&%ﬁa HF1 PRaAY e &ty 1 heanghepyl wiouge giz
k'S, optxi'dna k%ﬁ Suwﬁ'tuke’d asn glef Rmd pgLsi n) regéfﬁ’a each
ﬂ% o gl e QQr alkyl,

F and ? R9OI
n e t re ro en to
fﬁf i ?ﬁ i Q§P g? Lo qu%s it d ds EeFlﬁgglarly

h
ona u 11
Ty aro%%é g, &599 FBRal X R ¢ GoRgCLally
%ﬂ%n@? S%&%% E%D B¥y- RL to Rl and R31 to
R42, when present each i ndependent |y represent 16
Wdﬁaglﬁper?&rfls"t}bs?w@‘?%ﬁe@ eﬂ‘é"?@@m&lﬂﬁyl %&Cfph@ﬁle te R
i cB |St@pﬁ1onaWh?nswiﬁﬁﬁqﬁeddﬂnﬂ@ﬁnﬁﬁgre%ﬁnhnhﬁdrogen
S Iviensychelaactaty Fngrmeron- sebssi Qi e@°C, oo 80 @8d
st kyboode@RED where iRt repomserft s<hydoogeh, orespectively,
winiscibdbed ot ath G ydoods adtkaths. More preferably, Rl to
R18 and R31 to R42, when present, each independently
represanty, hydy ogén af, neh sulbti tpited g& t 206 glkyng r4°
SHedh apraRiehy)), ehhyl . ébﬁsoaqw tih30- Qéﬁgylsuu},ﬁbﬂ@ent as

de%pnbéayher&%t 23, bwﬁyl eptyl, phiexgi7angsz &*® and
chk S%ﬁ e%%;jé' al 'asemeg JESE,NDSE @rg% Qué: uggt as

i 14 N 36 R3°
re re§gﬂ qon éubstltufe ig a|ﬁyv %he ’Same

| t.hy |so

f-rq%-%}flfﬁ%ﬁmﬁt ﬁglaggt prEReD, Rk R o

Bspedtaf | ¥ ! tern%tlv%P9 %r a ‘W?OEQQSF”tdneeaCh
THP TR of ttllil@ gréﬁlﬁg R te RIFING 10 RGITRFHEIRY, non-
RITLEHSE R o R5,, RIechoasRmEChydl tetlReB, mepropyl,
1T BBBPYR7 1obREYL or iRODbUS YRQZ Hawerbwsy Ior asmm;))l hexyl
angerhbrhewyh the taibbnoavoathplnhREh Rheyr'are', , RY,
Rift actied iRflepentent! y (waypnf osresyctj c aldopy Jndependently
pteddiftes the same C;-Cy alkyl as defined above, or
trifluoromethyl; and ®*, R®, R, R'¥, R', R'®, R}, R, R¥
and R* (when present), each independently represent the
same C;-Cs alkyl as defined zbove, or trifluoromethyl. For
example: &', R? R’, R!?, R®3 and R'® (when present) each
represent methyl; rR?, R®, R%, R', R and R' each represent
ethyl (when present); and, R? R%, R?, R'?, RY® and RY® (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 rvepresents the same C, to C¢ alkyl
group, particularly non-substituted C;-C¢ alkyl, such as
methyl, ethyl, n-prepyl, iso-propyl, n-butyl, iso-butyl,
tert-butyl, pentyl, hexyl and cyclohexyl, or
trifluoromethyl. Most preferably, each R!' to RY® and R* to

AN L T AT PO LU
fa AP L

LY
L
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such as 1-norborny| or 1- norbornadlenyl 28

Alternatively, or additionally, one or nore of the

groups Rl and R2, RO and R, R7 and R8, R o and R11,

R13 and R34, R16 and R17, R31 and R37, R34 and R35,

R3' and R36 or R4p and R91 (when present) together

wWith the carbon atomto which they 5 are attached

i ndependently may form a cycl?®c al kyl structures,

preferably a C, to C7 cyclic alkyl structure such as

8Ycl olmopp an¢ﬂgﬂﬂ%ﬂﬁﬂﬁyl ,Jnamds R 3st Rout &, RiZ-cR s alkyl,

Byet R331 K86y R38taAnd. R12 (mhen present) each

i ndependently represent hydrogen, |ower alkyl, 10

Théf lteemonebbyhn @yl arteas ydehi r}?@réﬁov%ea%”éﬁu'a%r rrbéntyl

6605 UbS 4 drit ek C Heog%nalelayl ndoh gﬁgenl _4 and Q,
a

£s gégﬂ,gl non- sub ];lltut ed
% ﬁ%t Sly 65&\85&{: ndme %or an

@égf%%ip B ?WL p’%fgi o i Tl X0 o

S iugBI Y, C?

% o}?ﬁle e cdrhort it omh ofPORL 16’“ or 2

o tEon esp%%‘?l vé’lr CWihi cﬁrﬁéﬁﬁéor{ﬁ Rydrdgdi, 7}1decyl
SE QMRS - 20 TSrTEEERA vy | RlaF%d4 2 1088d 18,, 32" 34y @l when
RERR RIR PEHER te\/\mntgréséﬁw cawdpi r efr esentor more
PRIl s UBEPWPSient Sastaliéyi newhhar ebhe RBdRmaReyR11 group
Wﬁ%%ZURﬂsbmstamed Bﬁ]an(amttwi,pr@%emmi oéacknd ¢°, 0!
ampr e¥entihicine  parE esibs tirtueptr cde rattefyi nedridedei ko artie 1
#3351 RoRHD RIEn& sx Rher&38rR3G6cR39323.and (R42 1 (wken1 groups

;Dr@seltﬂ])e, eaebonepses@ntot he neanByasHRs Lt UL RS bears no
herehn. More preferably Rl, R4, R7, " Ri 0, RI13,

R16 R31 R34 R37 and Roo (mhen present) each

r%iﬁﬂﬂdﬁ %%F g%y t 835 U|8r r?gg, besides
Iéo E@ , .Ts %1&1? selected from

?@% ke i 9&@%. 5@%2%1; %rm, o

nﬁth R, RS g{e C (3 (R*)

%g Y T Nl IEY B R 1y 2ot
chbq'cé%beht( 5;{?1% Eg 1S s r e mecR abowé,, oR**, R*,
rfﬁuord?*nst hy ;- aly Rglqnz@r ROLkR z, cRage Ring R&&flR%re as
%@Lw RrRF? anfeR’ brieseRt) e aedc hi haeepeteient ¥ y represent

Inepraesent dveer s?alrin}l -6y lalday |Hets. defi ned above, or
trifluoronmethyl. For exanple: RL, R4, Rl, Rio, R13

Sanid- ARN6G,( wWitesm priesegmeacyl §episeat sast byt ot &3, wBBh one
28, m&d, Shktanthdrajs eagh JeapReeNhLo®ENY higM8N preferred
fnesettyent ANthc Rele Rba=@9s+¢ H%I-@tecﬁepcﬁ% REO AMREN 48k

Ry @96H0)  eBRBAYEPT esenio) L VI £0oBePeN Wy .y (2% 20,
-P(R®)R”’, -C(O)N(R*)R?*® and -PO(R%®) (R%), —CF3, wherein R!®
r;Presipts Pydrogen, ynsubstituted C1=Cs alkyl or phenyl,
R, R¥™, R¥, R¥™, R®®, Rr¥® ecach independently represent
hydrogen or unsubstituted C;-Cy alkyl, R*® to R®, R°® each
independently represent unsubstituted €;-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,-Cj alkyl and
trifluoromethyl, particularly unsubstituted C;-Cy; alkyl

L T L UL e AT T T L E
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'In an especr aIIy preferred enbodl rrent each Rl to R o

and R31 to R92 group (when present) represents the
same substituent as defined herein. Preferably, each
Rl to Rio 45 and R31 to RA2 group represents the sane
C to C6 alkyl group, particularly non-substituted
C -C6 al kyl, such as nethyl, ethyl n- propyl,
iso-propyl n- butyl, iso- butfﬁ test-butyl, pentyl,
hex and cyclohexyl or trlfluoronethyl Most
%‘r"é%er 61 y Meddot -R1 & o Righhyd RBefEsred RORMGNGYE group
FeppB58AE s hjemogebs titautedrdly 05- al kyhe apamentylamdnpup is
et hyhbsTheutedm adamantyl when used herein neans an
adamantyl 5 group which nay be bonded to QL, @, @&,
Rrefiadaltby, waspeaidrneelthar Nnoposkib@andydr g2oup is present
Tni eyckohBodndl. lof 3.fémdacy! 1S, tr@aéwsbﬂﬁ%hh%yﬂanﬁroup is
i@én@pcéladanantyl group, SU|tany Q, @,

b, respectively, may be bonded to the 1 posrtlon or

gy ]tq)lepo & OI‘Q% 3.3, 3 1 grou
éIC Féég éﬁg f egF?ygroéps bref%r f %ﬂbro thz
rt| %9”c n %ﬁ Qﬁg %F %b%%;% thcy are
‘g? “ad r‘?‘t ;ﬁ%e YEPE eseﬁ%med by the
%?f%‘ab%% ’t‘EFELeB et e Gl bdg{zfl%ooq@o ehich angy are
B pr edent e dedrewp t hBoamed by the
%@Mn@ww eheXoramdr’ ttrCM:%i@lQ)T[ B, QY 8o7Whdebylthey are
Yrioupiedi . ea t Rertaspha atdemaoft tlhe qudamant fbrmgedupby the
bl Snaroi omydf ofbrared offf L2QysFe mdarEntofl tgr olip By hey are
oipt & omad | yrcompr | Sephdeshalesdahydt pUEAIGITE L0@REAOTbY  the
cmhie sabsbh t ENtS seh@c ket ﬂs @ther' GMaIh abkwo RIS they
ak¥ (£0raRBB4, halmraidr@!, - @i 2%’5 CHaNPhe 2-
Iferyitlmﬁ\l (o%S)chB%adaIQaﬁ %

g % an
ggg 32 pa %?d, or -SOBﬁ%Z wﬁere (%5 éndRég %ééf ents

22, s R24R25. R26, R21, | over al kyl cyano
d def 6 to R62
ﬁ‘” ehe e%@%are aia iFEebars. Ee'& ﬁ) 3”% oRBFY mrpuﬁiﬁgeferred
e PRARRamMAREN 1t hargaana%%wl@ro&m soptionally

%QIHHH%« RF S99 %Yrer@%rﬂ nBFEMEubST Pt BENTSIgs SYEFiLAGYEnts .

bl gRPpsEietented Subktde uedhesiencl sdestituents  as
dfisifbad | hareancin wapatkypf tORI®danACY0)gReGr- Highly
preigtred Ce@peR122enfsucin; 1udd3oweN (R2ZYL R2partiPularly
YrRhg)stReAted (0) CN-CR25) R2Byand - PE{iaR)aIRP9) , methyl,
3 3 uanheneiy R19 -8R 'F epiresentrs RyUr egenss defined herein
prsiistid 4l ed eSS il tie Or CRheNylal kyR200r R22ry R23.and  4-
¥ cRetherZh, afcdn | PEPengepEENa 8RARARPYL group includes
more than one substituent, preferably each substituent is
identical.

Preferably, the Z2-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-
rhospha-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
bended 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 2-phospha-zdamantyl group includes
more than 1 substituent preferably each substituent is
identical. Especially preferred substituents are

L LA A --‘-—A--r.u.:...:.._._‘ R
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each independently represent unsubstltuted Cl- Ce

al kyl or phenyl. 40 Suitably, the adamantyl group nay
conprise, besides hydrogen atons, up to 10

substituents as defined above, preferably up to 5
substituents as defined above, nore preferably up to

3 substituents as defined abdMe. 45 Suitably, when the
adamantyl group conprises, besides hydrogen atons,
gheubstabpgedubst iuént s aslideli nedanherei nriflucromethyl,
peetécabbylgachssbbstittiedt Cisci dandyilcaluch Rrefrsdred .
substituents are unsubstituted Cl-Ca al kyl and
prifbuapogpt hykhepar bi-guloaphy ﬁ@%ﬁ@%&'HUte%rg% Ca includes
QH@Ykl%QalSHEEe§§aH§hE¥|otﬁe&'ghaﬁ Q%%f% Bﬁééﬁﬁy?@ﬁ atom,

ghOUWhe CONBRLSERaDYAERGRR A AR 1 iona
ﬂ EQEBEE¥I:>mqu_%l'Lﬁie n&%%gggsghhutﬁﬁgh%ﬁfg §hé l%' adgéilzui

re up.l r.es
zgeﬂgd q or%ﬁ?allﬁre é&%ﬁggf gqﬁ amantyl
glca %? S ?ﬁ]more a ional Hete atoms in the

D Ay aoéﬁ§l§nf 1. Fﬁe?}]%%E?I DiRraky me the 2-
Hlaaﬁpﬁaza ﬁlaébﬁg 1 a@&ruRt Yingrislis fan né@l}g?ylpﬁél heteroatom
éBn‘lﬁE’ﬁ%’tl%ﬁ shex16and xnd odBt esiiiim=eR ¥eswhipgkferably,
vhep dhe arphefeds -ad2nphdspharadenahtyl udesupwooraedmore
pgdihéongdnbi hatticowasom¥3 anch X4 tbget hérphictsbh@t atlamant yl
phethiohey a¥ach at teefchedhea 2aphbsphea hdamtado i) are
fdeneilchy.t henl5eepahinatiyonpet tXprand X6phegehlendamant vl
thhpQBﬁhldmlﬁByth@kﬁﬂﬁhlﬁ?tBGhQﬂﬂnﬂututed with one or
®o PEOSittad ity | & 91 Q¥ ifQidede by 4 h elﬂ%@ﬁ@bgaHhQnoxygen
9%0%7J§Pde§§thQ§tﬁﬁk:mﬁth 44 .ha Wﬂ%r%DEQ%ﬁo%rd %f ﬁ?e 2-

d p damantyl up forne
%%ﬁ%?ﬁgt?gﬂﬂaﬁt ﬁgpggaﬁtogether Mﬁth C5 to WhICh

0 h wher ej IS _.
MS é z&teef‘glIE B e %ggrzf P I hegh fgfined
‘or iE" ﬁ?g Nads HBPEQCH Cﬂ téﬁraﬁﬁth ~4nd-10-
l?% 3%@%% % rus* —phogRBa-1,3,5- trlmethyl 6,9,10-
e, 2Rkyty cIo 1GIO$B 7}L@¥cyl gfoRpogphedsédS, 7-
fataal %b% %@%ﬁ%hT9l9 oupr hexadananeyl optoepal hyd 2-
%%ﬁ%@h%e T@élhyﬁ¥ﬁb@@r@m©h@ylbn@,%rlwmnsuoxadamantyl
%n%@m4tuéhﬁﬁl Suefebbblyubst theient?s phocpide adaasetyl is
stibstiedient s faom def i Beghbephianli B, Fe3peetrahethel-6, 9, 10-
adboead yhagr pup gridughlyr 30-phekparedisebstriMeoh§1-6, 9, 10-
tncdxmieahoneyl afkyhp. particularly unsubstituted Cz-C8
al kyl, especially nethyl, trifluoronethyl, --OR19
MeeFei L RO iedS iffd NeakeLRlN J-phospha-adamantyl group
is present in a compound of formula III, each 2-phospha-
adamantyl group is identical.

The above definitiocn of the term “Z-phospha-
tricyclo[3.3.1.1.{3,7}]1decyl group” applies equally to the
group when it is present in formula I but' wherein X® in
formula I1I, i.e. X', %%, x’...x', is denoted CR*RYR?, i.e.
CR'R*R?, .. .CRYRYR™, in formula I.

The term congressyl when used herein means a congressyl
group (also known as dlamantyl group) which may be bonded
to @', ¢ . 9*, Q' and Q° respectively. Preferably, 0! and
Q°, and Q', 0 and Q°, when present, are bonded to one of
the tertiary carbon atoms of the congressyl groups.
Suitably, when the congressyl group is unsubstituted, O
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dodecyl phenyl , When the 2-phospha-adamantyl group

i ncludes 35 nore than one substituent, preferably

each substituent is identical. Preferably, the

2- phospha- adamantyl group is substituted on one or

nore of the 1, 3, 5 or 7 p03|t|ons wth a 40

substituent as defl ned herei 2 More preferably, the 2
phospha- adanant y foup is substltut ed on each of the

£nd3 Qnd adeo%lrt i gns anguj @abkhens uotesamtar r amgeend ferably
peased e thitodpiporsdds cat ofi ohet ke Zrqpkospharradama@ntitoups .
group is bonded to carbon atons in the adamantyl

Shel etcomarasisyg n@rémphy diznge @l it 1 INpStcdiet B8 abl heside
hiyelr2gphos pheoredamashyl o OURots SRS Y6 QN e%watable
glipkhe thends 5 rand,dé ﬁ%@%é'@ﬁﬁstY%ﬁQnE eas deflned herein
dnphesRpacadamant Yih0r QU ud e referred
%uggttuw@nttspr B%rfagley %ﬂ%ﬂb%‘é*i%lt %ﬁe g; L ’“i g groups,

5§Q%9bﬁla¥l§ §$5%E SIS R haet precranty,
Eal&tl cu t¥> nsu?%lfl% teJdSC1uf‘5§L1 FkyFUSGeh a9hetdiaprises
ref 8Pabl ¢, -°F'ie “2-ghospha- adanant yl group incl udes 5
addi_ti opal heteroatorrs ot her than the 2-phosphorous
BEBhETaPh Yy hdhenp ReEEh & hada past Fongelsstydn JISInt dtsl @resent
aBdid | 6AAPCURE: etfoaferBulaclide oggghn @ndydpHur group is
aflgrEicadpecial |y oxygen atonms. More preferably, the
2- phospha- adanantyl group includes one or nore
POFaL i angb, » EVIEIT dyOr BT A ebgr abine, d:he g?reserlt m a compound
phosm&@”&ﬂt[yl I@OO%I IRé:I’ U@%@:hanlﬁ’tﬁjé&b resent
hetetoai o1 | n=63ah gf the 6. w%l%d QQQ]Bé'téP@S oph{g fhally
Eggéﬁéa&%@ a\eﬂaae/%xlrgeel?m il glg g Qat UMD, such an
8fp98§§1?§ {I"\Dm%ﬁg_ & j151 ske _e‘t oﬁ aé1 h(5 fnghe ring system
entt} ’ A&ws eRpEcParAgd to a

# g e oatorrs dr.e
erre ﬁ%gfjﬂg 408 ﬁf’ Fn gFB{E‘p E\Wﬁpcﬁmﬁ?ﬁ preferably,
optl on Sty | th? h¥E orfeRER%ENt - optionally
§H ‘a‘é iis Cas Hefilhdd he?%?%eri‘lﬁ%Yud@@'@Nt@)wgewed Cy—Cy
Yt i nPBEEN LoPRHETE Ly afjtbaiol oked | ohshohorheuRsta@uted
%h &ké(dar%‘ntcw skt Bt R~ Hieghley eprtef erarecsubstituted C-
pfhg‘stha atavaritiluogoogtdivds disfemetorhepaiefcradliydR® to
@ ‘phespha- 1eBr&sdat et rleretdnte 6,3l tid oxadanaat Yherein,
B Ol u Pa phys pheerl Sib Seittitert hyle; 6¢9, 101351, especially
tetloxbhdamant yl group, 2-phospha-1, 3,5, 7-
tetra(trifluoronethyl)-6,9,10-tri oxadamantyl group,

PPSif@rably, where ring Sys of formula, IIIa
BhOSPRE" drd. PrikichT i) UPT OIS YA Br DrLont A hOKAdANaRe  1ng

Y each independently represent optionally substhuted Ci-
C¢ alkyl, preferably non-substituted C;-Cg¢ alkyl, phenyl
optionally substituted with non-substituted C1-Cg alkyl or
OR' where R'® represents non-substituted C1-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 IIIe are present in a compound of formula IIT, Y! to Y°
are identical. Meslt preferably, each of Y!' o v®
represents oxygen. Preferably, where more than one ring
system of formula IlIa to IIIe is present in a compound of
formula III, each such ring system is identical.
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.-Qroup Nbst preferably, fHé é-pﬁéébhé:édééghty]'ié"

sel ected from 2-phospha-1, 3,5, 7-tetranet hyl -6, 9, 10 30

tri oxadanmantyl group or

2-phospa--1,3,5,-trinmethyl -6,9, 10- tri oxadamantyl

group. Preferably, when nore than one

2- phospha- adamantyl group 1is present in a conpound of
formula I'l1, each 2-phospha-3§5 adamantyl group is
identical. The above definition of the term

"2-phospha- tricyclo[3.3.1.1.{3,7}]decyl group”
appifeesedquanbydinethe gf ouhenhpreitnis piesenion n include
topeul ahkrban: wherein X' in 40 formula 111, i.e. X1,

X2, X3...X10, is denoted CR'R3'R3, i.e. CRIR2R3, ..
ERL6RIp iR enih fa'maP A (k?) Thngtegapgeegﬁggsydmwry , %

H&ggeaéh@bncﬁe@ﬁ% aaﬁ@oaaaeﬁsyiepﬂégé&ﬁ)téaé Kmv\ﬁalaﬁ
di amantyl group) ich may be bonded 45 to

= Bt il g v

Plary cé\ o at BHE & THRELH 1f’s% s

yi t abl en thq 09 ressyl _,group is unsubstituted,

%ﬂ Frpise % {]9 1 apd BT ARERSPRESenESNGFRSSYL, X
FBFEFEBIFY oh%lédptb £RE X- p%%?’f‘?%ﬁ‘i’%? GPET 67 S T 2
congressyl groups. Th% congressyl group may

Spt FeparsgnesnpRi 6&) s d&° 5rhpdregahsatBieR ok )or and X

ﬁnﬁeXSUBQGEtheﬂtyltBumlamhevﬁsubsthnagmeE|mttﬂdhed form a

thoge subsémt ueht sfasmuded | METLhereed na | 2-pespetia-@Hamantyl
ttheupdamantyl group. Highly preferred substituents

i ncl ude unsubstituted Cl1-C6 al kyl groups,

par tegukachysmelhyk?) atd ,t it lugroneiwd . 2 Mstne 1 x3 and

Rt S @sblye IOk e W%ﬁﬁé}yltﬂéfugr§ Enﬁegf da ring
epgteﬂﬂef1§8§mum¥ [ PEEN, At QB BH CEughARLYy 4 p,

m)re han one congr essy gro resen

nd_of. fo E, e @h con res roup is g

2*?‘?%9 By éﬂv g@#ab %rnersps Legey, 3@9#.@& V1,7¥* and
el q@ g e Y1 5r0) afbhcpiy, Pora 8 ring
pYeEeNt © aﬂe othtP BF Fof RORGSPRe;ag&DRRBY RUTRER

i pdependently represent 20 | ower aIkyI aryl or Het,

$hitch %gr 6aps aPeesprdsnalllyy reppseentt edaanaton ;

tern1nated as defined herein. Such an arrangenent

¥edns X2 eagh, iqeependent 1@6 rebrekenti ngngysten ; of

formul a Nh to llle, respectively, is not bonded to a

%! and X® each independently represent adamantyl and X* and

X' each independently represent congressyl;

X' and X’ independently represent adamantyl and %2 and X!
independently represent congressyl;

x' and ¥* independently represent adamantyl, X’ represents
CRT(RB)(RQ) and X' represents CRloufl)(R”);

X! and %2 1ndependently represent congressyl X* represents
CR’(R¥) (R®) and X' represents CR!(R!) (R!?);

X' and X independently represent adamantyl, and X’ and ¥
together with @' to which they are attached form a ring
system of formula IIIb or a 2-phospha-adamantyl group;

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

MM BT L et e m R L e T e e T LR Ve L T et T eI Rt o UL = n e amaa e m opmegy aer e
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preferably, 25 R50 to R53 each independently represent
optionally substituted C,-C6 al kyl, preferably
non-substituted Cl1-C6 al kyl, phenyl optionally
substituted wth non-substituted C1-C6 alkyl or OR19
where R19 represents non-substituted G- C6 al kyl, or
trifluoronethyl. Even nore;n%ﬁerably R50 to 30 R53
each represent the sane group as defined herein,
pqrticularly non-substituted Cl-C6 al kyl, especially
et BpH. XC foaprbeer @b, Qihepewbhehorheyr @ reg: tsyestesin form
of rfiowmsyestlen aB5fdomild el Bfe, predserl damd axtompmtrcer with
¢f fosnwtadi | thR49 and &yvacaeh imependenihy system of
Fepmadant. Igpt:i onal | y substituted C - C6 al kyl,
preferably non-substituted C, -C6 al kyl, phenyl
thhﬁaakpyt%i?§héku§§ghm@ﬁhtaonh§HHSEhE91%@eQdf%%c ed form
%I RSN >I/1|91 %aﬂ&%?ll?oq@%z% %%%ptxshg 0 SUDELLLUAEE icn o
gﬁﬁh }Eg%gy,tkf-?ej}g éa:# R rt%r epr esgﬁgmt he gégﬁ)gwgsrpofp aa%amantyl
efinéd herein, especially hydrogen. Preferably,
whe e.one or nor rin stens of formula Illa 45 to
i Ly eBIBFESERE | AMAOULRBBHAA BF fERFuIREGSRnt v ingention
¥yBclyfle CHEREI ¥APreMPst preferably, each of Y1 Lo Y5
represents oxygen. Przeferably,2 where nore than one
K ngrersatant f GRrRA) 4R11J a o repeessnpeesent (% &%), ¥%°
ceppeardtef CRf ORHUIRE) | hd dAchestebent ngCBYIREM {2) ;
identical. 33 Preferred enbodi nents of the present
Khvensponsémes uder” tHfgge’ wher 8f niredrodenepr esenbsnORl, x°
ERBretB3)} =, CK2(KYPIFESERLE ERI &P sédM) s s acdSnant v1;
represents CR (R) (R9) and X4 represents CR (‘ﬁﬁ
kR12)e Xle S Pr £S5 QNI RERIRTR) (R3) % é§8g€ €N Sngressyl, x°
7 e 7 !
sterelinly o comebrenta, SRR g o

epresents congressyl., X3 represents 7(R8) ((R9) and

e she T R e r s Ren A T )| ( R9)

1 X2 represents CRO (RS) (R6) , and X3 15 and X
Kog? ner Sficth IOHePE RGN % FEP Tase Nt CREREE Sorm a

ring systemof formula Iljb or a 2-phospha-adanmantyl

r ok 3(11‘“?%%1?1@%1%%1?1@@!( RX) (R3ich Xghegpreseatsached form
adamBat pYstR8 afd fozowXat dgdtsheramd tH Onct o *whriogls tlkeey with
at e tat t abhetl foheya arag atsystrem offofror mul arihg b orsteem  of
Pophosphaiadamant yl group; X1 represents CRI(R2)(R3),

X2 represents congressyl, X3 and
X' and X* together with @ to which they are attached form
a 2-phospha-adamantyl group, and ¥? and x* together with Q!
to which they are attached form a 2-phospha-adamantyl
group;

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

Preferably, in the compound of formula III, X' and X°
represent identical substituents, X’ and ¥! represent
identical substituents, X’ and X* (when present) represent
identical substituents, X' and X* (when present) represent

{Z)
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X9 together with QL to which they are attached forma

ring 25 systemof fornmula Ilib or a

2- phospha- adamantyl group; X1 to X4 each independently
represent adamantyl; X1 to X4 each independently
represent congressyl; 30 X1 and X2 each independently

represent adamantyl and X3 and X9 each independently
represent congressyl; X1 and3X3 independently
represent adamantyl and X2 and X4 35 independently
Irdeprieiserlt  congriessydnt Xl amdl XX'i nadependEnt (yhen present)
regreesart iatarmintal [ sXStveprasent s CR7 (Re) (R9) and
X9 represents CR10 (R11) (R12) _j 40 X1 and X2
Bidenendent | yn r 8PE6REBLNEORGET &5su1 X BT EPRESEAt Sebilts -
HRp* (R9)x7and, PS8 £seBls rCRIRQR') —€RI2) p%éng(md &2 lower
alngelpem&nwii M%E[éeiﬁgf Bt v ‘?r%gf A0 (x5 X6,
H. Jéj’g, 1{ 1%‘!:3]2 4 C 1 53/16}{;%,& ) 100LE phenyl,
ifdug omseytgﬂ g] or Q?m'l ék yab r%g
PhoSphA AdAmanty|“greupr <%t BRG"%5: i ndependent I 'y
repr esent ,congress{yl and X3 and X9 together with QL
Iy dnPERCLRBY = ar & ISR TR R hgK syBt ém Gympound of
kg JhT e s tsh s dianant yl group; .o .. ...
. 34 X1 and X2 together wwth Q2 to which they are
Iat takhed tRonat iyer jambasiistearh oFhépe nil' adoklsa, n@ndr@resent
hary Ok, 098 hereprehentld t oA di° hby are fatdzached X° is
ifdsrmiaxali ngosyst em af', Safior mil ad riden¥icand v ¥ or x4,
Mcogethes fardHl k2 X0 Wwhi Thedhbya Bl eoabbashed karmx*@ and x°
i& phosphia-Adap@nbyth gROURad apt. X3vandnXfet paetrBenbMt h—n -
xs1gF whi chudhey-ar ecgt Laghed ﬁﬁﬁﬂga{xl)xz or —A-Q(x?)X".
WrdthoppRa=2damant yLa A3 gepup; ;Hi ghly. pieterred o op —a -

P
ogdrent s .of _Fhe.pr@sent 1 nvention include those
Q\iirwegr)gﬂign: tfé %f Pe@?géﬁms CR1(R2) (R3), X2 represents

P BU 0, 5P SR R o

, X2-represents adamantyl, X3 represents

CR7(RB) (R9) and X4 represents adamantyl; 20 X1,

B Ys CRL(RRF (ReYPoxRdr efr dsamtislaohlk esBy| repxgesents
Yepiefents CRHIR)IT0) aadeX4 aldptleseplts cphgnessylr lower
axjvlghenaydach E’imﬁeﬁelndé‘ﬁplrySﬁelptﬁeseﬁts—aab)ﬁgangfd ; hp&rogen,
Ixwetro a4 y8acli Hsndependéntly logpre séidy lptrgiydssylr; Rl and E
tamd L2 1t ogigttherhan ¢hriens oovhittle tdyeyl cares tatdiaghed ring to
whdred they are attached form an optiocnally substituted
phienyl ring. More preferably, D' represents -A3,—0Q%(X’)x%,
hydrogen, phenyl, CC;-C; alkylphenyl, unsubstituted C;-Cg
alkyl, such as methyl, ethyl, propyl, butyl, pentyl and
hexyl, or CF3; E' represents -As—0°(x*)x®, hydrogen,
phenyl, C1-Cg; alkylphenyl, unsubstituted C;-Cs alkyl such
as methyl, ethyl, propyl, butyl, pentyl and hexyl, or -
CF3; or both D' and E' together with the carbon atoms of
the cyclopentadienyl ring to which they are attached form
a phenyl ring which is opticnally 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.
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“aring systemof fornula I1la, and X3 and X4 together

e el e it e et T T

wth 30 QL to which they are attached forma ring
systemof formula Illb; X1 and X2 together with @ to
whi ch they are attached form~J a 2-phospha-adanantyl
group, and X3 and X4 together with QL 35 to which they
are attached form a 2-phospha-adamantyl group;
Preferably in a conmpound of rmula 111, XLis
identical to X3 and x2 is identical to X4. More
preferably, X1 is 40 identical to X3 and X5, X7 and
X9 wnemlplee@emlv'@ndmmdmendemhaiaﬂ Do ddeandoXe ref&esent
hpdrXdeénwheh' presenésetven nbye)’ (3 eKbr amyefe@ammx4xﬁ is
adenttleali aal . xMost pref errabl ¥y X3 tielentd carle to x or X'.
Mdeat pealfetrabegch x6f 1 %6 ildenXtiGathert pesent?! M1 %%, and ¥’
Prefafail yaal n thextonpoundg?of }fﬁrnmlna;ﬂel I pré%e@aglﬁ ~By-
@Snr?s;@n&sl qei%h'tt(i%lals%k&ﬂéiﬂ&?@ﬁ S.aX%H7qRd Wélepx)@a@tx )%

[ b tu Sp! —Ro—
udsptigcal e, 4 anigfaeg : V% both -A;

eppggent Iy 5 bs
%rggsZnt repres ﬁé"ﬁg dint}?ca% substltuents and X9
en present

%v\/n % re resen@ |de€
gabg*t Faggrd e i’y S i Bhigong EEFif oprgogound of
Fmu Shr BEBRESSITE MYAERERBy X6, hydrogen, | ower
al kyl, -CF3, phenyl or |ower al kyI phenyl . More
R ePar a?dlt;ﬁrnqtlr%reeeneément AR X ><%065h patogepresent
hvidnegent utkd CEOTH SR | —aaseb@t Yt ed Pmﬁefmﬂably X is e
tdent iorbmsichyk® opr CX*Ch amickyX® phenyildentdad ato X' or X°. )
paréi cokferpbefer KEH ienbotkmenta K tonbathorpoamnd v, and x°
for mdentidal epresght sirhydxdgereEvdm ardnraltﬁr:eateﬂ(ﬁly, A5
ehddiients whese: 12 1oes aoth&eprBsasfi(x’ hx‘ﬂr&gem Rt (x%)
M@me%eraf%ram (Xp)XG% (Pneferabl yide®risarl 5co thh —Al

dent iveal n o_X (glr(xx 4angna<6 }\S-qu zj(cailn 0_2X2 Tyx® if

Ao Mpr € preferably, is 1den |ca bot
, and X6 is |dent|cal to both X2 and X . Even m)re

PLE efak;glgf 'A%h%QG 'fﬁ/bgqtr'caleaf Lo E UL 0 oana B2

tg@e%ﬁ% §hedéﬁ %}Qﬂﬁtfj th%ocQ%gﬁ@entadlenyl
SRy th s 3 5t é‘et?%fﬂl‘ ¥ Pepr EsERy §n optionally

Xg% 1elht% faherawiaoahagof C3EHr ﬁ‘§| 1P, ol iy er@pgigisent an

BReCcabnpaopgibeenbrnula 111, 01 represents

-Ad-Q (X ) X6, hydrogen, |ower al kyl, CF3, phenyI or

Iowen aadtkyhphenyl praderEed aml:ezcemtesut- ABIQBMO)RX1 dogether

Wit ogére, chomensaldly| the€F;yq@hemyt ofidmoyler ring to which

ah&y . a pheaytacloed Dfoandaklunkoget hentwit phehg1cai Agns

of the cyclopentadienyl ring to

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;-0°(X%)X® as defined herein and both D! and
E! represent H;

K' represents -2;-Q°(X°)X® as defined herein and D' and E'
together with the c¢arbon atoms of the cyclopentadienyl



10

15

20

25

30

35

40

45

30 which they are attached forman optionally

substituted phenyl ring. Mre preferably, D

represents -A9- (X ) X6, hydrogen, phenyl, Cl-C6

al kyl phenyl, unsubstituted Cl-C6 al kyl, such as

met hyl, ethyl, propyl, butyl, pentyl and hexyl, or

CF3; E represents -A5 CE(XQA X10, hydrogen, 35

phenyl, Cl-C6 al kyl phenyl Substituted Cl-C6 al kyl

such as nethyl, ethyl, propyl, butyl, pentyl and

Hieng/| toorwhiCR3;thory bete Dathadh&d tfoget hen wihhubheituted
Warhon @itrans of  the cycl opentadi enyl ring to which

they are attached form a phenyl ring which is

Kp trie@ialden tsubet;-Dét Y 4, t bloRepek <4Q+RDLA, 960UTS X® and E
sahectad 4 rom-phenylx0Cl- C6 al kyl phenyl,

unsubstituted C1-C6 al kyl or -CF3. Suitably, when D

Eﬁﬁgégaffweﬁgg?i ff§$§%>&ﬁifﬁgéﬁé%nsfggmgéﬁcheéIf@%ncéui?
|oﬁlF % su et Egbn Yc}?ﬂ a§fenyl

% © 11 %F%aﬁi‘%%lﬁFepr%FE??%ﬁ eﬂ%ﬁﬁ?n@ U%ﬂu?ﬁthtUtEd
nd188 RAThiELant Yrébpégerﬁ%nwm%?gewhege hotn D'
Eﬁﬁiéitéﬁﬁ§?ﬁ§§teﬁﬁéapﬁﬁﬁt where D does not represent
hydrogen, D represents -Ay Q4(X )X8. Preferably X6 is
Rrgdmradaly  t olX the c@npewed XFLi ordehai ¢al,t &, Xandr A,, and
B{3. M Wbre Apr divbeablpresXaiti)s icdernt | talegendaitl Xdraptesent
042, tandCX7 alikyliedent wtdlk-ht 01X apdiXBalEvensibseituted as
dqufafrerablhpreifd- QolX kXampliedentigal 1bQeei tABky1 A gL ups.
KAiXablX2 o, -AZ AL X3nxK9%,, Magt aﬁﬁef]@rg?ﬂh)én );(:aresent) may
iTRAERY X'a) X&HiSrd dentdQadn t okt h - ower
al‘ﬁfl@%@S%}%g t:. PLESEAT -5 10tc!zn 5 %J%Lélppcrels%rnetfeg&g non-
539%%1 Qr 8?f§9“5 F? OWEL %nc, which
E{egregﬁngﬁ hyg ehd?gtg a erna i ve enbo h L —CoH,~
o;gc er;]fter i@’ E@f)&% lPra;‘%ﬁa’bl f“%i@%’sp‘“lﬂ’éﬂt%af“’hen
r XBSPARECRS iY1§ dEAMFcal OYSE XB Y RPe RBr eleined
@F@ra@?ftlﬁféaﬁgﬁ’déﬁtlcal to both X9 and X2, and X9
is identical to X1 and X3. Even nore preferably, -A5-
il 5 xaonpoyrdend chermet2i Ehér pmf@@@.y xacbr 0' and @,
angp- ' ( X3)'X4an20 Mdst (wiveef epaislsent) A5 2@B( XBpX10sdme. Most
pirddistriaddly , t 0 ebohh QAL-aR( X3, X2aadd oA2- @* ( X3dX40and(when

PrAsEnt )6 amrghreAcmtis phdIsRhX¥4-Q (X)X if present.
Preferably, in the conmpound of formula Ill, when D

IandyHl B tegelhamtwd hy{ hensaebaniaters ﬂ{ the art that
tBYC | R Rt LYt fcﬁtlﬂ@lioﬂ\@'ﬁﬁyt koY cRheratiached % that
Rty i QAN ORh T QA | ¥roup 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 therecf coordinates to the one or more
phosphorus, arsenic and/or antimony atoms of the compound
of formula III. It will be appreciated that' the compounds
of formula ITI 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 two
cyclopentadienyl rings, two indenyl rings or one indenyl
and one c¢yclopentadienyl ring (each of which ring systems
may optionally be substituted as described herein). Such
compounds may be referred to as “sandwich compounds” as

S, ol f Bt I RN Moot o A TSy

= WO R D T e
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substituted phenyl ring, each of KI, D and E1

represent an identical substituent. 30 In an

alternative preferred enbodi nent, D1 and E1 toget her

with the carbons of the cycl opentadi enyl ring to which
they are attached form an unsubstituted phenyl ring.

Hi ghly preferred enbodi nents %f conpounds of formula

111 35 include those whereirn , DL and El1 are

i denti cal. substituents as deflned her ei n,

bBFt MEHadr 1Y YRePBtRi, ctignd WETasst esentangdiohed; by the
KEOKF%ﬂﬁwégéﬁ@QShyéﬁ@g@ﬁSRﬂEFIMCaﬂMGE@PEUgsﬂhenyw1Hnd/or
thdenyar boingy ot yshemeyglaopehne adivdmantiing 1o whpthnar with
rhepeake toatdaadhedtfior moan thesubsty the etdi phedybithnge=pect
K¢ eephesehts {A3mfB(XH) X6fasrddf tbedshpeatnmandibetbnes) .
D and 45 El represent H K represents -A3-@B (X5)
X6rasndefi-eed, hafigim and-D'1 apdqEl T, tQQEEE%EnW‘st haf: hf the
eafBelnatomof ¢he cyglepentadi

: %@%3}%%;2? G %%i” “Eé?’ft 7 qu@&% %m;iag

nts

and t

f 27 19% } Hsifd tuted  as
e ”prﬁﬁS Eék’eguéme‘h Br 6 a Cb Land SEFesents
?Bg t EFTw r%o Lat-Bfs C&Fﬂﬁ@rvéldc%?%péﬁ{ﬂaalr@nwl as

BTiPRY tlbewrth %eyyaﬁ@aéﬂ-t/ach%d ther migam of the’ metal
Gﬁ§59§t|tuted phenyl ring, particularly those
conpounds where both D1 and E1 represent hydrogen.
Priefaer giintidul aley compdendedl énbodiacht!| , of, @ AZesent
andenibor3, iAd aantbmsowhent peesealy, 1gdchn = 1, 1, is as
dadepeddentéynr epdegento.C, to C6 al kyl ene which is
optionally substituted as defined herein, for exanple
Wb RekaWEy, alkkh araups.in Suid a@bﬁ{ Dénda Cﬂl @%m%fi% A1, 1,
%%Qaﬁéﬂ%@%@éﬁ%ﬁﬂ% ﬁy &% 2 - £ bg Qch of
@1598?1 F:)erH %qr %\re sgcb *{'fpsone or more

c ar re erre 'wq? % %2 ha%g
b%g/ E’H dﬁ‘ and /?2 aﬁiﬂ "B A R AS %%hSR
TP EbEht (RheRbFR YowWREaR| khFeR¥CASPaatpAEENY L,

?%d%%Y%lﬁ”fpéFVﬂcu?%WJyWha%@ Li nglye EoPposet ofis bonded
FoFREr Ry | bR, Hhef @Wﬁ%weéééﬁl@m’éndf@ ofnd-1g8, f@frocenyl
BPRUIG, (WHEEires AT ) tar eRtheisanes Nbstinew ebenably, More
reefe@bhnd R, tard o@8loPéndrd ignyIwheémBoh yr esenaryl ring
vieprlesént snphospbeesent$ is substituted it is preferably
substituted with one or more substituents selected from
unsubstituted C;-Cs alkyl, halo, cyane, -0R'®, -0C(0)R?,
-C(O)R?!, -C(0)OR??, -N(R*))R®** where R!®, R2®, g2l, R22, R
and R* each independently represent hydrogen or C;-Cs
alkyl. Even more preferably, ii the c¢yclopentadienyl,
indenyl or aryl ring which L; may represent is
substituted, it is preferably substituted with one or more
substituents selected from unsubstituted C;-Cg 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 unsupstituted. More
preferably, L. represents cyclopentadienyl, indenyl or
phenyl, each of which rings are unsubstituted. Most
preferably, IL: represents unsubstituted cyclopentadienyl.
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It WI II be appr eci at ed by those Skl I I ed |n the art

that the conpounds of forrmula Il may function as

ligands that coordinate with the Goup VIB or G oup

VI1IB nmetal or 35 conpound thereof in the formation

of the catal yst systemof the invention. Typically,

the Goup VIB or Goup VIIIB netal or conpound

t hereof coordinates to the o®€ or nore phosphorus,

arseni c and/ or antinony atons of the conpound of
Aodraunativelyl t wiielhl rbes dppres atedpbhatls tfiethe invention
conpaindsnd@ ofief oymilbachkhdiey ybe orefiedeed it @ ibmoadayn of
asichnmerahfbocenesemsSuinkgbl yprwbea1ny= beaN@ubstituted as
HepeesBatls sy «apl)i ONghtY SuRShintidt qga_ﬁy%oﬁ%ﬂﬂt&dfﬁﬁyjco as
Ohal RAQRYLWALAUR odtdtin kD COpPORDds, of f orRM! & 1 IDrT@?{
Eeﬁkéhanebtme%ot%P:ﬁthﬂH?ﬂhﬂghﬁ élrmng thgocogﬁgﬂ ds of
beﬁﬁlQrI9@ehEQ SHYEB QQQCQQSHC% RBG”E% I%ﬂ%& wor%s, when

8 1 Q El
T L e R

e referr
n%?%l?aﬁ% ‘?ﬁé‘?al cation thereof is sandw ched by the

two ring systens. The respective cycl opentadi enyl
SRdPoPATAGEAME Y Ry efiestras avdhe bea sutss t emp@lihgnt of the
BBPFamar 10V ER l’?’@spe@t at govpenndt kér formuAey Ifdy me= 0, L,
iglaodef ihedekpreins2ngd maeh3 ovhed, (pammbotyarefedr ed

to as bent netallocenes). Alternatively, when n =1
Breférabbpr eskahsnaiyl eqille teompandsn®dfmthe not equal to
tayentinom naymeenhai rrei tdeiunnerreychgpertadi=_Ms Ofne or
e | DOy s réagh ( eﬁctah%hwarehlﬁaegeageﬁx%yegél%hd from
DPLdPNallkyy1be §gp§t|t_l@ced a§ I RANd R17) et

r@@ee a;wée:gé@el 'E J.L s P%&L tf&’ 83ds each of
j]ﬂéj d% t ?é% r1]:ed o‘.(aI‘nO %151%1 E_& Ecﬁ |% to
1c TP He g )R* or
5 cat| ar i cul“&r | y& refae’%‘? edln‘-"i‘EpE‘mjEWCly
5e eo% £rop ?Wé If)‘?%%‘ém u“usi‘w‘%?éﬁtlﬁb‘ﬁe‘ju - Eenpourd sl or
Forhul B 128 PReYly s as defined herein and m =
0. 20 Preferably, when n = 1 in the conpound of
Jormahby11the | Nefapr dems Bpshdpenzntidenyihetiamenyin  the
emrunds i ref edeirmfla wiildh disngs yaieadptyi obahHyd to the
Substranitatidyyoneioy (s0; e tleubsytlupahsadekrol ehd iy of
thydr oygenyl omengabkylif bakeen2b ep@nNeryli tfihg - OR18resent,
arfl/ d0) BRE, -G fNdR21L,- Ci@ ORp2@sent N ( id324y, the
Y NRZR) A6 1 - €8l (FR27XxRe?28:ySRE%%nt L0 ylSR%Q}-lety of
tH§31@£e$§IrQQﬁ@YEﬁHﬂbﬂMﬁ(%‘ﬁ@nEEQQpEBebondlng mode with
tayc! apend adi eRYliever 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 ITI, n = 1, m =
0 and IL: is defined herein, particularly unsubstituted
cyclopentadienyl.

Preferably M represents a Group VIB or VIIIE 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

TRy T T R oy

PR NN LA L

It S R

P DL LT R L LY L T, S

e

T ST T N PR P A
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directly to the cycl opentadi enyl ring of the

ferrocenyl 30 group), wherein R19 to R30 is as defined
herein. More preferably, if the cycl opentadienyl,

i ndenyl or aryl ring which L, may represent is

substituted it is preferabl ydi‘B substituted with one

or more substituents sel ected®rom unsubstituted

Cl- C6 al k?{l , halo, cyano, -OR19, -0OC(0)R2p, 35
CGtepRo1therecto) Ny, PrRIEREDL YR 4AM0hE? e sRISCIRAP0from a
REPUIPRIA IR e tarld Redmebeh Cadépandértrkyfr.epriasentpecially
Ry&Leganr doGrommceVI Bl kyhet Evensntfee prRiehably, tihf theal M
éycldgpeneddibenylin maydérylirora aratioriing finch dre f@ably it
repréeentsissntialsty tut eds iiduals Cﬂf&@fg%r Rl to coordination
sabat it vaed/ o th, one dMF IANE hedd:substituents sel ected
fromunsubstituted C1-C6 al kyl. Preferably, when n =
tspbcikepresppEsacyekop LAY of p | .or
ﬁﬁgggybh@gggg@al I y%tibs(tg%g?{éga%s D%e??ﬁ%%&ﬁargﬁr? nelude
Preferably, the cyclopentadi enyl, indenyl, 45 phenyl

napi hy .ar phstituted. More prefergbly,
Eg)repkesiﬁ%gg%e/%f‘%pg{w BBE%I),’ iﬁdeﬁ??rﬁﬁenﬁﬁe@q,(ﬁy) (J.}j) ,
each o i%e?géw%} dRuhdtibst iF urE@ramsats CR (R (R,
pr efer‘%?g‘?llﬁ, TP eSEntR UrfsuBst i idlependently represents
cycl opBREBRFERYPLed0  BW1ler nafiléelly, witen mrdfudreethyl,
conpouR@stbFuL Bl niWdisticorcaclonpdi Rlonty 8he is identical,
cycl opefPadi@hly owhemdenglchi ngpf eak’h dfe viki*ch reiphi@sents
syst ensnaelys bptiondl Cy- e adithdt | patred cas a rdgs aeiched ;
herei n}: .ar8uch eorpehrdsaneyahe rebeekedtt ocas-5 “hal f
sandwi Kh dinpouhds” arRr efrer abine ahe@nra FefehbeAyAkogen or
r epr esemdsbdt i oube§oct-mat at he1mepak-+ Mg aklﬂg ﬁ?@]&%ﬁ% $
of fopmarai 17l phas ae %éssh%%heepg%ﬂ%: In other
wor ds, pm WK - £ 34 MPP t he cohpounds of formula |11

is irgn, the tptal umher of. el rons contributed b
the |i -C&_]_Zi]fs%an Stg/gi ca&fE rfgl%rel%sl n SYC?OPEH%EM%“YL
parti %}i ari Y preterrad al terhatt veY ehiBar hdfienyl hand m =
present” i nvention, in a conpound of formula Ill, n =

)L2 is_as defined_herein and m= 3 or 4, .
ﬁ%m | drIRT NS pRET 6F dbily) - when TeR%e st €8° GRNAR®) ,
and m?,s TABE“EGHAS £8 (RorQRin & corpoendnds EBIIE'D (R'?)
e, s éﬁfé‘@éﬁf@?ﬁone%mﬂnﬁf’é %] gahdseéachX0f whpebsents
are i ndepeRden®y seldot’edepresentewer &1y} (R¥fal:0,
- CO - PER3) (Ref) RAB' or toN(R#6] (RLTIEPp&BI Mpr e represent
pr ef eralEuhsiZ utept esentS; onea Dy Or egti gandsreashoRbchyl,
whi ch pearret iicndependedté ye S elaest es f ROMcynsuidstid uf gdn Cloay
to  Cespdoilalial aibgas Ul gubar] yrehkor ogor CRie - Pl Blsents
(R99) R9G 10fs t -t HeROD, -CRA KRB, wher el RA3, 1o 46, are
I ndependeRll X, are the same and represent —CH,-;

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

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

unsubstituted C;-Cg alkyl, particularly hydrogen:

M represents Fe;

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

(3) X! represents CR'(R?)(R®), X® represents CR®(RY) (R%),

xf represents CR’(R') (R’), X* represents CR!(R!!) (RY);
K 13rﬁgre5ﬁpts —CHQ-Q3(XJ)XE wherein X° reprezents
CR™(R™) (R”) and X° represents CR!®(R'7) (R'®):

i's bonded

o
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~selected from hydrogen, unsubstituted Cl to G5 alkyl

or 25 aryl, such as phenyl. Suitably, the netal M or

netal cation thereof in the conpounds of fornula Il

is typically bonded to the cyclopentadienyl ring(s),

the cycl opentadi enyl noiety of 30 the indenyl ring(s)

if present, the aryl ring if present, and/or the

ligands L2 if present. Typicdlly, the

cycl opent adi enyl r|ng or the qyclopentadlenyl noi ety

of theathdenylf ri Ry exbbbitg'a pemdepepiierhdydi ngrepresent
node wibhbubshitnetdl ; ﬂpﬂﬁyerefmhﬁf bendi ng e romethyl,

bet weepathec@bacyel openicadieny! o NG ofo R'? is identical,

cycl opesbadienyl nMahety ofeddie dmdegyl 4 nopENd the ccents
net al , ussGhs 8sthf&Rapl-a CRANGINaA00i 1AL 1&) $Rthy1;

e”bgaC§gfﬁ%iQﬂea§%°@%eogahge ?ﬁe§%%&es%%%ntk9ﬂ n1St
rerer 2 1 a~80 n ; —
pr ef 8 d x;; .? g IQQ@H 98 QB%QDLM@FGS,

unsubs clg ntadlen F F%é1 pitems of  the
represé % $§Q%§§§ E % g hzﬁtH%Fem6F&§ChEd
t he tqgaf e?%c??%ﬁb%Bhﬁ?t? p?ﬁ%YﬁEFthwlls 45 18.

Pref erabf R F7°he E®hpound of fornula 111, M

represents Ol MRNFe, W@ oRCRISSENtE netalclemeingmdienyl,
thereoﬁif?&%%ﬂaﬁ%yeu%$@bétabvy6dNﬁvebﬁpsehagléhylFeand m =
Co or or ametal .................. .. ..... :
.40 catlon thereof. Most preferably, Mis sel ected

f4bm &' Creppedddt8 oBf aR?)JorRMEBt at® codpossshes eaks (AN (rS)
especii@ Ineprpmeiners ek’ GROUPRVI,| 1B E@b@'esleﬁtFeCRlo(R“) (Rlz),
Althommhﬁéﬁnnﬁk@hlNhfaSRUeEan@z arRidbJRIERE 'qf@present
cati oniesdidt c i &f er aply it Ql‘fc@&“ e%reSS@Qtl'fquP hyl

d Ir
Qgshef%rﬂ'ﬂ% oy ggqﬁaw PR &F CBmaindd s ety
fornul b % % f} represents
represg %d R i%ﬁ%ég fegaﬁF§CE%ﬁ L SPEReY 7
X3 reQ?es t52 é i Y 4r?8 ?éﬁﬁﬁtscﬁﬁl (R'.1)
(R12) ﬁ%l °k ”#ophﬁﬁp ﬂaéﬁendently

repreggntE? qﬁﬁ¥ﬁ5§%|?ﬁ?éag€@ & abkfs oplkyl, particularly
trlfltﬂ¥4ﬁHQQﬂﬂ, 15 particularly where each of Rl to

R12 i £ dedi dal , togepeeralMitwhéhe eaghbof Rirdms RLE the
repr eswiftlopantabistilut edngl- o6 ablkydh pardy calrar | yttached
met hylformA aranth sAD srig uthel gamenyand-irepr esent - CH2-

K1, Drlam@ﬂébamma tHee sane and represent hydrogen or

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

(5) X' represents CRI(RZ)(R%, Xz represents CR*(R") (R%),
X’ represents CR'(R%) (R%), X! represents CR!(R') (R'?);
E' represents =-CHy;—Q°(X%)X'® wherein X° represents
CR7(R*) (R*) and X!° represents CRY(RY) (R'?);
each of R' to RY and R¥ to R%*‘ independently
represent unsubstituted C1—Cg alkyl or
trifluoromethyl, particularly where each of R! to R!?
and R to R* is identical, especially where each of
R' to R and R¥ to R represents unsubstituted C,—Cg
a2lkyl, particularly methyl;

Al and As are the same and represent —CH.-;

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

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

M represents Fe;

R R e ST W R
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20 unsubstltut ed C C6 al kyI partl cuI arly hydrogen

QL and 2 both represent phosphor us; Mrepresents Fe;

n =1and L, represents cyclopentadienyl,

particul arly unsubstituted cycl opentadi enyl, and m =

25 0. (2) X1 represents CRI(R2)(R3), X2 represents

CRA(R5) (R6), X3 represents CR7(R6) (R9), X4

represents CR10 (R11) (R12) A2 K represents

- CH2- QB( X5) X6 wherein X5 represents 30 CR13 (R14)

(R19) Bnd X6 répredefts BRI6 (ROC{RIE) ;| @achopdntRdienyl,

t o R18P#AHepehdshy| ynﬁepﬁésénmedumymwmeﬁym and m =

al kyl @r trifluoromethyl, particularly where each of

Rl to R18 is identical, especially where each of Rl

1 6) RL6XY epepseeéats%:ﬂ}r@aabsm)t utetl €dpE8=ahkyl ,crR?(RY) (

parti cxl ardpr deeityd ;cr, (RANARAR, at’e i SR A0 (g1 (Rlz),

represght rLidsgeanid -C@H @) gach, Pt gsengs represents

phosph@ls\us(Rlﬁl(Fgﬁ glzlrda)r(e ééé%[ Te@RIBSENS, .

hydr oggn L1tL & ar t'i eul a’rlrﬁ/ csents
" b e

hydro @2 =

cyclo taﬁg F{d ta%n :gcuﬁ"e&?i §4

cycl og%;g ?rg %, and M 4 jé qu tarseFt‘?F%Fe“tS
(R2) ( % e2BAt € g:l#ﬁp(l‘%)efl(tﬁe)m

fepresEts & (RU) SRR’ x#HdprRsents CRI RIIPRPZBWEHHY
repr es%‘?i?%es‘@m QB( XB) R HiEr et A X5 1 éprésent s a-URAIB or
(R14) l(nfs;uw%fmbr eBent sCTRABLYRUAErEREBEN- of R'-to R
- - --and-R¥ £to-R¥ . is 4Hergdctalof ®RpdBiablR where each
i ndepemileRt | yor &f esrdt R*Unsubst't t vepdeE2nEh aldgybstdfruted
trifl uoraretbyl]l, particullarily weehgleach of Rl to W

i's idemtizeal A, aspeehal k¥mwhene eagh @bkl o, R; 6

represgint $)?, Sobnsesirid Lﬁse@a@h &R pleleyn s %rc:)ts'pcl:l%lr%” y

met hyIM oA A apg; the sane and represent -

QL G?QB ach, f£pr gsent Bhgsnors %yc%%e%%adlenyl
f:;glef)%t adi eny]lhf}FF%g osgiﬁggﬁ (? %Cg‘r} “QFpdaRByl-1nd m =

form an unsubstituted phenyl ring; M repr esents Fe; n

1 and L, .reppresents cyclopentadienyl, particularly
%) ubst it ut ed )%By rﬁhe’ﬁt adt ndepgly prepresent  adamantyl,

especially where X'  to X represent the same
adamantyl group:

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

K', D' and E' are the same and represent hydrogen or
unsubstltuted C1=Cs alkyl, particularly hydrogen;

0! and ©? both represent phosphorus;

M represents Fe;

BQPI‘ esen §

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

(8) X', ¥°, ¥’ and X' independently represent adamantyl,

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

K' represents ~CHp,-Q%(x*)%x® wherein X° and X°
1ndependently represent adamantyl, especially where
X' to X° represent the same adamantyl group;

Aq and Ao are the same and represent —-CH:—;

Ql, Q and 0® each represent phosphorus;

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

M represents Fe;

£
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:0 15 '(4) X1 r.epreee'r‘]fem(':'r«’” '( RZ) (RS) ,' )ZZ repr'é'é’én{'*é""”

CR (R5) (R5) , X3 represents CR7 (R6) (R9) , X4
represents CR10 (R') (R12) wherein each of RlL to R12

i ndependently represent unsubstituted Cl-C6 al kyl or
trifluoronmethyl, 20 particularly where each of R to

R12 is identical, especially where each of RL to R17
represents unsubstit uted C1486 al kyl, particularly
methyl.; Al and A2 are the sanme and represent -CH2-;

QL andn@ Hot hlrepredent Lphosphorassnt2b Ktyeﬂmpenﬂnﬂienyl
hydr ogparvicC@la@byalikghbspatutedl aykyopbydeagenylDland m =
and ElCtogether with the carbon atons of the

cycl opentadi enyl ring to which they are attached A

frop m ap® ungubsti tak@dyphenyd éh@@mt§9 MobeREERENLSI Rt y1,

n" :lle§ﬂgcﬁali§pr%§%@E§ @MC dP sen the same
openta y? and m =

particyl %i g y tuted cyc

0. 35 {b) re res S P
CRA( Rsi(] %g: epr ese 5‘%& ég st %?51 %
repres %Ei § g Efi espeelally where
--CH2 16 &5&“ kg &5 F“esé‘ﬁ*ta?anépéé7 RSP’ ( R39)

and X1 }r e%veﬁtr GREO ERAE) apmaepé"&eﬁnéf Hato R12

and R3%,+ pd Qnde@@hdeepryseme PeprRRenys;
unsubsplt@ﬂéh E% Cegsitkgir owlthritfhaiocembohyl atoms of the
parti coyat¢pemhadeernth ofngRl ttco Rh2chanthdBd7 4= RA2 tached
is idefitimain especsaltytatiepberathrdfig; RL to R12 and

R37 t M Re2prepewsents; unsubstituted C1-C6 al kyl,

particwl ar+y nethydrid 45 W ardphdsane st hec%mp@ﬂqadlenyl

represgatti&ifarly Qns(Bstndutbgeach1 FRAES8MENY]1, and m =
phosphgrus; D1 and K1 are the sane and represen¥

hydr ogen or unsubstltuted Cl1-C6 al kyl, particularly

yglr ogen; r epr tss nd hl represents

O Ot ot o ® g?;gd@%s{wm% S8Ry,
06) X1 reSrRiEls Glie  same

(R2) ( : ents CR4

|, LLie
cyclope Igdigfy %
repre Fgl Tﬁ 15 § SERS) ap fePg?SPQEre§EhTs Ck (R
) (R \1 nd Q° both represent phosphorus;
‘represents hydrogen or unsubstituted ¢;-C¢ alkyl,
particularly hydrogen;
D' and E' together with the carbon atoms of the
cyclepentadienyl ring to which they are attached
form an unsubstituted phenyl ring;
M represents Fe;

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

(11) x', %%, ¥* and X' independently represent adamantyl;
K' represents -CH;~Q°(X®)X® wherein X° and X°
independently represent adamentyl;

D' represents —CH,-0%(X")X wherein X’ and X°
independently repreeente adamantyl;
E! represents -CH,-0°(X")¥X* wherein X° and x°

1ndependently represents adamantyl, especially where
X' to x'° represent the same adamantyl group;

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

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

M represents Fe;

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

R AL T T T TS L UL LY R R L L A
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K1 represents - CH2-Q 3(X5) X6 wherein X5 represents

CR13 (R14) (R15) and X6 represents CR16 (R1l7) (R 6) ;
Dl represents -CH2- 4(X7) X8 wherein X7 represents 10
CR31 (R32) (R33) and X8 represents CR34 (R35) (R36) ;
El represents -CH2- B(X9) X10 wherein X9 represents
CR37 (R3i ) (R39) and XAO represents CR4 (R41) (R42) ;
each of Rl to R 8 and R31 to %42 i ndependent |y
represent unsubstituted C1-C6 al kyl or 15
Ltrlflugrorreth |, particularly where each of Rl to R18
4A8) R3%E taNR A2 tagstdwmn ivwidlh @speciwalion whene 2achstZached
of R reprR&6eahd R3phbtepR42arepresents unsubstituted
Cl- C6 #f kathqd phrtdgattard ywingt Wy coAwhdnth Al edd&ttached
sane andprepessent-plbRpha28d@han@®l; B, 4 and Q5
each reprasem, phespher yanMampregaefe,-dy,=;1 and
LI. reﬂresﬁﬁnén&Y@ﬂQﬂﬁ?tﬁﬁﬁe§¥$e aﬂarEESQE Eh ogen or
srsubsitshediEytapenations,l” Ao oy C{‘Zf(g

dent P%f et a

*: ﬁf to repr Sen e éarre
adarranty Brou @rz are the sarre and represent,
_CH2- ;30 K1, b1 a% TP TEAR nd eplebestadienyl,
hydr og ﬁrB%C%ﬁEE;BsPP?HP%Bleute@ SVRyPPephreienar| pnd m =
hydrogen; QL and @ both represent phosphorus; M
r gresepts Fe;_n =1 and L, represents

I op&ntad é’hyltﬂge%%amutd“ulﬁ‘.ﬁr ty whsgbsthewt ede attached
cycl opewael$en§z$ Zaphospla-adaf8itX1; X2, X3 and X4
i ndepexitientd W't epresertr adamagyko wﬂinﬁctabh(y awkerse tached
X1 to ®prepessent-phespsaaeaddandampnt yl group; Ki
r epr esientisepr@ @B X2K6-Ofhef gt i@t %6 and x° together
i ndependent Iy repr eseeh agiRapntyle espgehahl e WAL &nys 2-
X1l to ﬁiﬁogﬁ%e&?g&}gaﬁ@yelsane adarmntyl group; A~ and I?A‘2

eny

espeC|

are the SANE @ndrLephe 81:%%59911: Qﬁ yand QB
each r@zpr e;)eeg pé@sg &Eu Eg\@ e sane and
represgn r gen or s%%? _1'|1 g
particul aHl séﬂ} I‘—:gprﬁgenﬁ Ydzggen or
L re Q% %%1 dP particularly hydrogen,
' represe
n = and Ly represants cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(14) X' and X* together with 0% to which they are attached
represents Z2-phospha- adamantyl
¥’ and x* together with Q' to which they are attached
represents Z-phospha-adamantyl;
K' represents -CH,—Q°(X%)X® wherein X° and X° together
with 0 to which they are attached represents 2-
phospha-adamantyl;
A; and As are the same and represent -CHi-—;
o, @? and 0® each represent phosphorusy;
D' and E®! together with the carbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring;
M represents Fe;

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

(15) X! and x° together with Q% to which they are attached
represents Z-phospha-adamantyl;

)
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particularly unsubstituted cyclopentadienyl, and m=

0. 5 (9) X1, x2, X3 and X4 independently represent
adamantyl, especially where X1 to X9 represent the
same adamantyl group; Kl represents -CH2- B(X5) X6
wherein X5 and X independently represent adamantyl,
especially where 10 X1 to X6 represent the sane
adanantyl group; A, and A2 af® the same and represent

- CH2- Q1, CE and B each represent phosphorus; D1

and EIX%GQEiWérUmgﬁhhmhevcaﬂbdﬁ dvowbich they are attached
cycl opeppadsenyt Etngotphahadamiheylare attached 15
form am, unslibrst atret etephemyl anidngepMesepr-esents; Fe; n

1 and ¢} arepreEsents %@Ir@@@mta%%@%oru@artl cularly
unsubsztitf@ﬁﬂcgyﬁwpﬁvaas BRYbr afdBst 11ttt €19 a1kyi1,
X1, X2 aﬁgl@@gagﬂ |p€ gntly represent adamantyl’,

especi ﬁj whege rSPEﬁSWe the 53 t f th
agﬁg??%gé% HPa t regge 78 o;%hgera:igia@iache:
repre d?% lékﬁ 1’ 'ﬂl % }F??-YJ el r(‘fi c6 al kyl ,

part i ?‘EI 5‘?? %g%‘ﬁ D1 and E1 together with the

car bonnatoms t N9 cy diope AERAFERPIESr i nGYESORRNERdienyl,
they aP®rhttathety 131@5'fﬂa$ﬁ%bﬁtaﬁsgbglppaﬂbadpﬁww and m =
ring; Mrepresents Fe; n = 1 and L, represents
cyclopentadlenyl particul arly unsubstituted

¢i¢] openteand éé‘fyrtogamﬁem with. Q85t61ldhixh, tX2y XBeamdtached
X4 i ndepensentty 2-epiesend-adanmntyl; KL represents

- CH2- GB( %) X6 whekeke rXwiand oX6td whmeﬁpﬁﬂggnbw attached
r epr esgs - askammat ylp @pﬁ%@&rﬁéﬂ 1 £H2- Q4(

wher eig¥ et 495 pd é&eﬁ%P&?SQHBSXG to ethcr

adama repr 1S
X10 %h o @Cp RRELh ée%:‘lfz)é éémag(’fly? espemp?%S% s 2-

wher e repr gtrgsarre ada tgl greu ether

A andDAglE >@A‘es neatgh%g
@, qgand e fch" ﬁf pﬁ5§ph%1f1u'§cmd r‘?p €se "3 2-
hosphi-adamant

E! represents -CH,-0Q* (X*)x'®  wherein Xx® and x°
together with QY to which they are attached
represents 2-phospha-adamantyl;
Ay and Ay are Lhe same and represent —CH.—;
Q', 0%, ¢% Q' and Q° 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 x*
together with Q' to which they are attached form a
ring system of formula IIIb, wherein Y' and Y* both
represent oxygen, R to R are ' independently
selected from unsubstituted C;-C¢ alkyl or CF3, and
R*® and R* represent hydrogen;

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

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

0' and 0 both represent phosphorus;

M represents Fe;

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

SR Nt waE
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M rebrééehtsnﬁé{'n = 1 and L, reprééénfs”-"

cycl opentadi enyl, particularly unsubstituted

cycl opentadienyl, and m= 0. 44 (12) X1 and X2
together with @ Lo which they are attached represents
2- phospha-adamantyl; X3 and X4 together with QL to
which they are attached 5 represents

2- phospha- adamantyl; A, and are the sane and
represent -CH2-; K1, D1 and E1 are the sane and
represent hydrogen or unsubstituted Cl-C6 al kyl,

bRPt i ctil amd) My dosigahe rQuiand OGP tbowhirkptbsgniire attached
phosphbres; 2 10ciig epryesEmt s offe; fwrmulaandIfa, X%® and x°
represbmgstMerwmentaﬂienwlwhi@mrtheyla&byattached form a
unsubstityt edseyal efermadiany|11and wRer&in0y' 1508137 both
X1 andreferéoget hebxyibh, @ rE® whichpfheyzage @EH@?@%Qently

r reps&sent Sq 2£RBAS Rhgnadanant 3c@n t O n
with Qestg ahR@:‘i:E rtg%giﬁ% t)éld .C)Slr ecgr (e%tsl)e%btls (QP and

ﬁhglpglsfplh 351 o5 ’_et hgeveﬁ% R’ﬁ'ﬁr 01{1 )Eﬁ.‘&?hgﬁgether
are attac e regreg s 2- ﬁﬁgﬁgHg % ?? RIYnG Ting

A2 are ¥he SanBian rése YandZERresents
each r&prEsent “Us 281 éﬂaeﬁinﬁﬁﬁtﬁﬁe:%%ﬁﬁ3 from
r epr ese¥ft T ERR 0 gdie St%ﬁPU%%d%Sﬁ%téiEMlCQrCGFaJ%®¢ R and
parti ctil aFFRrA§aRbgBHArRErBpresents Fe; n = 1 and L1

repr esenéd %el@p@nthﬂléﬁwﬁ an@arEPcaBanty CHz-:

unsubstii;t @ edndy@f oprrit adirersdsnaghesphofis 30 (14) X1

and XDt cget IR awict LHER tamenhicd topyessset ahtdebgen or C,-
r epr esants k2-1phesphdcadarant YWydr¥geand X4 toget her

wth QL tepdieptrd hmy; are attached represents

2- phogpha--adanent Wr4 351K1 rep §§§@B§s C}@yg§& %%@dlenyl

wher eigh X5 And: X6, Lags! .
attachﬁd represe?ﬁs 2- 1fo]fgosp a- adarra &ﬁmi 8

are the sane and represent -

(12) %' and X* together with Q® to which they are attached
form a ring system of formula IIIa, X3 and X*
together with Q' to which they are attached form a
ring system of formula IIIb, wherein Y!' and Y? both
represent oxygen, R to R are independently
selected from unsubstituted C;-Cg alkyl or CFi, and
R and R repzesent hydrogen,

Kl represents —CHz-Q* (X°) X* wherein ¥X° and x° together
with ©° 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 CF;, and R*® and R
represent hydrogen;

Al and As are the same and represent -CHi—;

o', ©f 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 I, represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(20) X' and X* together with ¢? to which they are attached
form a ring system of formula IIIa, X° and X°
together with Q' to which they are attached form a
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” Qfl., @ and QBeachrepr esent .ph'osb'l-ﬁbr'ljs 40 DL and El i

together with the carbon atons of the

cycl opentadi enyl ring to which they are attached form

an unsubstituted phenyl ring; Mrepresents Fe; n =1

and L, represents cycl opentadienyl, 45 particularly
unsubstltuted cycl opentadi eny7., and m= 0. (15) X1

and X2 together with Q@ to wAfch they are attached
represents 2-phospha-adamantyl; 45 X3 and X4 together
wth Qing aMEthmtbéyﬁmﬂmmmiabhﬁm wepresentt$s and Y° both
2- phospieeegamant gkygdn, an®*A2 ane Rt sare adfddependently
r epr eseslt e G- froﬁﬂu@@@ﬁ%&ﬂﬁﬂﬂéd{ﬁ%ﬁ§e@1Hymm@horg§, and
5 K1 refdr esenks hyghregem omyansidest;i tuted C1-C6 al kyl,
par ti eyl akldy Ajydregens %m@ngnélrteag@tsaﬁ& weLh fhe

carboqfa%gﬁpcgfbg@g rgﬁggggggt Mbrﬁang t'o” whi ch
ié ?fle s Rt S4PheRY !, 914y,
e T #, ”]%—T*és%z g o oo
togeth GHIFhe§Dar% afhadHy are attached
repre irRthtBAen¥E BHHI X4 t oget her

Wit h dﬁ.?%?%ﬂﬁ?ﬂi%r%?'are attached represents

2- phodpha-adarfant nd K1 Inepr sspresencH2- Qc3¢Xspxatadienyl,

mhermnﬁbﬁiqukﬁb«ytwmﬁnbﬁﬁltuxbdw¢Yﬁlﬁp¢nm@hlehylheynd m =
are atl.ached represents 2- phospha-adamantyl; D

represents -CH2-QQ(X-') X8 wherein X7 and X8 toget her

wih & wadwFchoybedear @ight 98hes WEPERSEALS 2re attached
phosphasadamntpilng 2% Eke&ﬁ%@se%%muw QrP6X9) 0 ang  x¢

wher eidy, Hd \X‘Ltht Qgeftherwh\’ﬂéﬁﬂ @e ' %lh:tt darﬁorm a
at t ache V§P£@éﬁ”5§ ophesanaads mégyﬁn nd2y? both
égeegc rqggg;e@% ﬁﬁ Spent % e%res t s cpendently
1 and ﬁﬁen s SV el § gﬁt % f# ﬁﬁ?@uﬁ%§I§F3’ and
unsub 1|t%n§d % HE C9I5Hd n1—
rep rese ts —C 2—Q ) X* wherein X "and X°® together
with Q3 to which they are attached form a ring
gystem of formula IIIc, wherein Y3 repraesants

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

D! represents -CHp-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;-Cy alkyl or CFi;, and R and R™
represent hydrogen:;

E! represents —CHg—quf)X}D 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;

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

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

M represents Fe;

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

L T N
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“35 (17) X1 and X2 toget her With 02 to which they are

attached forma ring systemof fornmula Illa, X3 and

X9 together with 01 to which they are attached form a
ring systemof fornmula Il1lb, wherein Y and Y2 both
represent oxygen, RSO to R53 are, independently 40

sel ected from unsubstituted g C6 al kyl or CF3, and

R49 and R54 represent hydrog ﬁ Al and A2 are the sane

and represent -CH2-; Ki, Dl and El are the sanme and

Fept esent *h drxogéﬁdorx %lﬁ§6§§ﬂﬁf—‘t]ttéd CEPTE sgnkylcongressyl,
parti c%ﬁ%?q?yﬁh%/ﬂr ofbAre45 XQl dnd 02 botéprepemsenthe same
phospheriusresd¥k epregents Fe; n = 1. and L, represents
cycl opentzadi énybre paet sankarny uwegutleSkntut-ed,-;

cycl opent adi emyl E( meferited :i.ﬂn@Sar@@C):e@Bés&’h% de%gen or
(18) )ﬁnﬂﬁtﬁb@@ttﬁ’@@rﬂ?t@le—rcb%&hy@z e rthiceh strhey o en,

at t achg'd gher '@EabEnlLng&fﬁ%te%EhQ pheEMea ulsl;| a, X

toget herrahtd&Qc g opphich they are attached form a 5

ring system of, for a lflb, ereil S/CIX%p%?ltth:ldlenyl
L,Zf’éﬁff%‘ft‘r’%%lgaﬁﬁlsr%%’.t Rt spog & vingand o =

R99 and R54 represent hydrogen; K represents
%%(xﬁ)%xe wherei n, X5 and X6 toc};et her 10 with 3
ey Xar 8ndt t{ach’é‘def’%rlﬁ?at ¥ngepggseam grngressyl,
f or Ul 9SG @21 her PATY3 Fepr dsent’s  BERJEEEEIRS0 the same
R 3 ar‘@ﬁqﬁﬁfp%\’ﬂdehtq?bypsel ect ed from hydrogen,
unsubdti t uredreteassal kylho0  CF3) ®¥nd R46rand R4 and  X°
repr estetcter:tgrdie:rgem dgpesamd A2ngresthe, sappeatdlly where
repregénto-G}Qfepréﬁenﬁﬁtaﬁds@ﬁeea@hgﬁeeeg$eg&oup,
phosplrar asd Bl and theakemt:hengagepandechepresent
hydrogen of &nd €6 aldylrcpasddeul gndyohysdrogen, M
252{ gg&%&erEﬁz%f& ;:%cgnfaﬂi arrﬁprg EE§QH hydrogen or
e BT BV R ané“§< 5 pygzener

cycl opgnt

win B TCICP L me W e M e
t t
Syst e gl fd gia a5 IR A §e@rtmmmap§

11 b, Qherein Y and Y2 both represent oxygen, R50 to

R53 arg i ngepepdentl sel ected from unsubstituted

di CBXark§I'OF gndlndependently represent congressyl,
especially where X' to X' represent the same
congressyl group;
K' represents -CH,—Q°(X*)X® wherein x® and X°
independently represent congressyl, especially where
X' to X° represent the same congressyl group;
Al and Az are the same and represent —CH:-;
o, of and 0* each represent phosphorus:
D* and E! together with the carbon atoms of the
cyclepentadienyl ring to which they are attached
form an unsubstituted phenyl ring:
M represents Fe; '

byl = 1 a2nd L: represents cyclopentadienyl,
particularly unsubstituted cyclopentadienyl, and m =
0.

(25) %', %x*, x' and X' independently represent congressyl,
especially where X' to X' represent the same
congressyl group;

A; and A; are the same and represent —-CH.—;
Q' and Q* both represent phosphorus;
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30 R49 and R54 represent hydrogen; K1 represents

- CH2- B( X5) X6 wherein X5 and X6 together with B to

which they are attached forma ring system of fornula

I11c, wherein Y3 represents L/ oxygen, R50 to R53 are

i ndependent|ly selected from 35 unsubstituted C, -C6

al kyl or CF3r and RO9 and R54 represent hydrogen; A,

and A2 are the sane and repré8ent --CH2-; Ql, @ and

@3 each represent phosphorus; D and El1 together with

t he cdf'bareprexteonss orﬁycﬂhcegexzﬂoon:ymhenbretcaatm@w q,-0g Bokyl,

whi ch giawetyi arlesal y dohedsgdrof m an unsubstituted phenyl

ring; o repaesent sofethBr= Witadthe r8RFBSEN Stoms of the

cycl opep eewadlergartquwgar kY U@ﬁﬂ@ﬁt'ﬂﬂgfdare attached

%SL?@W il %tr']ec%% are at t%%hzg form a
il &

rlng

‘a | I | a, n
to WhItCh tfie lare att avnc 6‘{-,%‘?3 Qn%? ?ﬁé {V‘M@ﬁrlenyl_
of forﬁ% %S S, T nE R v U EFFH‘E%% gl and m =
oxygen,” R50 to R53 are i ndependently selected from
unsubstltuged gl kyl or CF3r and R49 and R54

§i:=1mt hyd%g?éﬁi Aﬂdaﬁ’enﬁlzﬂaﬁé’ rrerespBtaggngressyl;
repreg'ent Tgppesenty anﬁf@zQB&Eﬁ&epr@S%mlrphoéiphorm x°
K1 r epgretsararsidanidio geap oarsants ubrstd nassdl )C1- C6 al kyl ,
parti difl artyphysenyen; -OH.a0l(E ) Pogetthereir t hxhe and  X°
car boniredegrendenttihe rey eyl taperdradicassgi Fi ng to which
t hey ar'e atetp&cdrmltg or AER-oMsabsta t uliesk-phenyk®ri gy  x2°
M r epriegRifchdeit Iy = &é@ﬂésbmt@epr§§ﬁﬁk especially
cycl opgnrtadienyl, leazretp! éft! ych‘H‘ ctcH'Er ss g group;

CyClo@ﬁnEﬁg'ﬁ Yireapd %ﬁé FE é@éénﬁ%g
ﬁ?ggt gstt ceﬁrqn Q {%gr %uﬁ% é‘%éﬁ& ge?%}grrlﬁvlst h

Q to V\,hl ey are at&achedforma 20 r|n wgstem
f or nul” a l1b ﬁ' andr%r%%?lﬁ re entadienyl,
oxyge g e %ﬂéﬁ"e%féﬂe%rﬂﬂronand m =

unsub |tut ed Cl--Co6 al kyI or CF3 and R49 and R54
resent hydrogen; Kl represents -CH2- QB(X5) X6

Mﬁgreﬁh X5a8Rd Y& tog@ﬂﬁ@ﬁndently represent adamantyl,
especially where X! and X° represent the same

adamantyl group;

®? represents cr*(r*) (R®) and X' represents
CRY*(R'") (R*¥) wherein each of R*, R®, Rf, R!®, &r!! ang
R independently represent Ci1-Cs alkyl or
trifluoreomethyl, 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 —-CHz—;

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

0! and Q° both represent phosphorus; °

M represents Fe;

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

(28) X' and X’ independently _represent  adamantyl,
especially where X' and X’ represent the same
adamantyl group:;

T T e T 2 T T

e TR A

u
"
=
i
k

)

s R

R TORTEE T T S GEN
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systemof formula Illc, wherein Y3 represents oxygen,
R50 to R 3 are independently selected from
unsubstituted Cl1-C6 al kyl or CF3, and R49 and R54
represent hydrogen; 30 D1 represents -CH2- Q4(X7) XB
wherein X and X together wth 4 to which they are
attached forma ring systen15¥)fornula [11c, wherein
Y3 represents oxygen, R5 tq §3E%re |ndependently
sel ect Bd fFremresmativst TEBLe ( ahgreior CF3, maptesents
R4 anddmsantgs, r @emesdml Iy dvloges: XE1~ Képresent®s represent
- CH2- QB9 xiewhdamiant X gmduX? together with b to
whi ch ¥hesemresattacthed P onafe, x1 ngpeystemofcH O mih ar1?) ,
I'l1e, gﬁ@gﬁ@éméfﬁawpiﬁéelggﬁ ﬂbmf%ge@heaaﬂn%gch%a%g q%’ R®,
are in endentl?y seghect H8m unsahstddin sent
al kyl @hs@b3tiendeR49 and: RS9 4 1&9ﬂfes%ﬁi h%ﬂﬁ_ %Qy ethyl,
gﬂdaﬁﬁ %%gl&g£??§9EWﬂ%ge ‘giﬁﬁ% re Ssent g’ and
B ' 4
45 n —i% gﬁg LlRpep?'sen ggyclgéé l%%i e edch’of R
particy arlgtfgsgbgt i¥§ o adl R'and Hppresents
0. %% 9 tigylg ¢ly methyl;
|ndepe%§éﬂﬁifhrégge§ ﬁtségﬁ 8gky FPregshéciabeys where
X1 to % ﬁépﬁ@ ?%%hsaﬁBrE%%a relesphgresp; Al and
A2 areDthénéaH% ahBer éfresepie- G4 ; r§PKeseDt amgHdEigen or
are thenSupet Brdt ¢@pFesine Liydr ogen téculamdybiyidroted ;
Cl- Co Ml kgprepamtscbtarly hydrogen; Q and @ both
represent phosphorarsi Ny eprepertsente; nclcangebitadienyl,
r epr esest sicyrd openhadiesyl tutdQ partbpuhetliYenyl, and m =
unsubstijtuted cycl opentadi enyl, and m= 0. (23{ X
X2, X3 and X4 independently represent congressyl
%@ﬁclﬂ l ya\“{ﬁer eXX:I' thl(?é Jr'ﬁmrﬂisl%]t ?)% gg df:_reniaﬁltyl
1=
Ssyl,

congr essyl ; pr sent
X5 and, zfﬁ d e£§ ?epresent congr same

especi

ent .t he sane.
e“tR 5an< gt W&&r‘fglgndxre FEREREENtS

_ CHp2-3dama especially where ’ represent
the same adamantyl group;
X? represents CR'(R®) (R%), X! represents CR'(R!!) (R!2),
X° represents CRY¥(R') (R'), wherein each of R® to RE,
R to RY and RY™ to R independently represent
unsubstituted C1-Csq alkyl or trifluoromethyl,
particularly where each of R* to R%, R to RY, and
R'® to R is identical, especially where each of R’
to R° R to RY¥ and RY to RY represents
unsubstituted C,-C¢ alkyl, particularly methyl:
A; and A; are the same and represent —-CHs-;
Q', Q% and Q' each represent phosphorus;
D' and E' together with the carbon atoms of the
cyclopentadienyl ring to which they are attached
form an unsubstituted phenyl ring; '
M reprxesents Fe;

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

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

X represents CR" (R”) (R®) and x4 represents
CR'™(R') (R') wherein each of R!, R®, R%, R, R! and

Cope Lt nersie lal IO S
e e e B e T TR

25 with @B to which they are attached forma ring

O

£
L
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“20'¢ oL, @ and ('jé"'é'é{i:'hm?éb'r'é‘s'éh't""bﬁ'déphor us; DL and B

are the sane and represent hydrogen or unsubstituted

C -C6 alkyl, particularly hydrogen; Mrepresents Fe; n

= 1 and L, represents cycl opentadienyl, 25

particul arly unsubstituted cycl opentadi enyl, and m =

0. (24) X1, X2, X3 and X4 independently represent
congressyl, especially wher@1Xl to X represent the

same 30 congressyl group; Kl represents -CH2-@B(X5)

X6 wheR®i n X5iEmkmi¢G:ntndependentkyntepr €sedt  alkyl  or
congr essyfluespectally whetecuXhri¢ Xberepresentot @ +o R®
same comgreSsylo groups AdedddcA?, ab8pbhReasae8Ree cach of
repr esghttg G2-and 39°Qts @22 af@pf@s@x@@@ hERESEM uted C1-Cq
phosphergi  [a el Elat ogehberyy th the carbon aforrs

of they %@Bea&@ RRY L ahbng nbo ke they care.

attaof@d 72" H”%ES?&-' LuEednan B ;0. i

represgn re
cyclopenta nts ay 3%?3rPy dﬁgﬁ%§& t&¢ C“17Ce alkyl,
cyclo §¥ D, (25) X1, X2, X3 and X4

i ndepe deﬁppy epF@Q@ﬁpe5on§%egsﬁﬂma F5r88Peci PPy of the
wher e S PSAL ¢ hpREbntr iMHE éé’newhé'éhgr@s%)yl aproupttached
A, andt 3™ G If%u]%%%t‘a‘ﬁ%ld repeegbntingH2-: QL and Q@
bot h répreemtephosbhor us; 49 Kl represents hydr ogen

or unsubststutled Gnrd6 dhkyl reppastntcs! ar bychygeagedienyl,
D1 and&itiogeihey wishbshetoasdonyal openbidibeyl, and m =
cycl opentadi enyl ring to which they are attached 5
forn1an unsubstituted phenyl ring; Mrepresents Fe; n

de 2 Lbukepresent g1 €ygh orshtadienyl ¢ m{éﬂ»&ﬂ@f hY gands

m&met hyte aRent adirgnyl -
Bgﬂ_eg_lltggf dzinrﬁy&ﬁ E%E%ﬁ%g lzﬁ%éesent cooﬁlglrée%l? o éli_
591 gfeﬁ? cohgt enetﬂ reg¥§§8ﬁ¥§§tg¥il§:
e meth%%yfx 15 i ndependently -/ )
5 ? \% errocene, hydrozymethyl
f%l ‘ imet ylam%%omethyl)ferrocene, 1,2,3-tris-
(ditertbutylphosphinomethyl) ferrocene, 1,2—bis—
(dicyclohexylphosphinomethyl) ferrocene, l,2=bis-(di-1iso-
butylphosphinomethyl) ferrocene, l,2-bis-
(dicyclopentylphosphinomethyl) ferrcocene, 1,2-bis-
(diethylphosphinomethyl) ferrocene, 1,2-bis(di-
isopropylphosphinomethyl) ferrocenes, 1l,2-bis-

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

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

ligand of general formula (III)

(ITI)

I Rl T B

T SwR T T S ST S

e DL, LA LS, L,

2R R R e
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El represents -CH2-B (Xs) X1 wherein X9 and X1

i ndependently represents congressyl, especially where

X1 to X10 represent the sanme congressyl group; A, and

A2 are the sane and represent -CH2-; 20 Ql, @2, @B, Q

and @ each represent phosphorus; Mrepresents Fe; n

=1 and L, represents cyclopentadlenyl particul arly

unsubsti t ut ed cyclopentadlenﬁi and m= 0. 25 (27) X1

ﬁﬂd X3 independently represent adanantyl especi al ly
&0 XL and AX3 Repleseft th¥’ e adanantyl group

X2 represents CR4 (RS) (R6) and X4 represents 30

€Rt@ERnl) (R12) wherein each of R4, R5, R6, Rl10, R’

and R12 independently represent Cl1-C6 al kyl or

Briahlduer aret Ayl defFankidC woar y rwiense ( @qhh%&e@ﬁa@Qegﬁ

and R10 to R12 is identical, espeC|aIIy where each of

R tepRésandsRif b t.%@,%anq r%@%@ttat%%ub% et e R 4 1Tt

2o ahkyh, tparbicyha eﬂﬁ? 1] i€ Jvéf hé? Y

an aE@B%eﬁﬁaglcC@%rbo Phsand B are the SanE an

represent rogen or unsugstltuted C -C6 al kyl,

rt| IarIy hyd @ge both r esent

?EQ? L X40 greggﬁtggF A ﬂsl‘ﬁ%é— for formula
ﬁ?% 8§Eﬁapentad|enyl particul arly

upsubstlguted cycl entadlenyl and m 0. 45 (28) X

GNP @n@éﬁ@eﬁ&eﬁiﬁ§ Nesh egeforatamantii), hesspew Hday.

where X' and X3 represent the same adamantyl group;
50 Wi r époesenfermCH2- Q I3(IX5) M6 leker eimdXeatepr egenirsvise,
tdamgnoybs &Spedialty asend X1 A Xhdam: Xnd epr eseni? are as
tihéisardefadafaptyliagnpup; hX2eiapresents CR4 (R5) (R6)
, X4 represents CR1I0(R11) (R12) 5 X6 represents CR 6
PReTPréRLY) thhergicnogd®h10fmii é0y Rhas RADGHO R1Zpand, 2¢
Ri61ie Ril:dmlependent YeE%EE%i'ﬂfrémsups Lbtutgd clic
atkyk, Oho%ﬁfﬁf5¥é¥§ﬁ |froﬁaﬁ Q§6g18Es and
&!915@1 Ri0 10 ERl %E) a%énﬁ% %%8 H lic orx
%?P?& @_IL_lLéf Whgle eqg 5@ Ly O, ERLR Dra eterao,
gré réﬁ%%eﬁ%%] tD hetero herein are references to
sulphur, oxygen and/or nitrogen. Typically, the cycloalkyl
moiety has from 2 up to 20 c¢yclic carbon atoms, more
preferably from 3 up to 18 cyclic carbon atoms, most
preferably from 3 up to 12 cyclic carbon atoms and
especially 3 to 8 cyclic carbon atoms, may be monocyclic
or polyeyclic and may or may not be interrupted by one or
more hetero atoms. Typically, when the cycloalkyl meiety
is polycylic it is preferably bicyclic or tricyelic. The
cycloalkyl moieties as defined herein may include
unsaturated bonds insofar as the said adjacent eyclic
carbon atoms are saturated and references to unsaturated
cycloalkyl moieties should be understood accordingly. By
cyclic atom 1s meant an atom which forms part of the
cyclic skeleton, .

The cycloalkyl moiety, apart from that it may be
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),

hEtifD (preferably exygen), Het, halo, cyano, nitro,
-OR*?, _—OC (0) R*, —C(0)R*, -C(0) OR*, -N (R**)R*,
~C(O)N(R™)R*®, -8R**, -C(0)SR¥, -C(S)N(R™)R®™ or -CF,

wherein R - R?® are as already defined herein for formula
(IV) below.
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unsubstituted C -06 alkyl, particularly methyl; A2 and

A2 are the sanme and represent -CH2-; QL, Q@ and B
each represent phosphorus; D1 and E1 are the sane and
represent hydrogen or 15 unsubstituted C, -C6 al kyl,

particul arly hydrogen; Mrepresents Fe; (vI n =1
and L, represents cycl opentadienyl, particularly
unsubstituted cycl opentadi en§®, and m= 0. 20 (29) X1
and X3 independently represent adamantyl, especially

where X1 and X3 represent the sanme adamantyl group;

Kie r eprésenkyl- GH2i-«GB( X3 X6 hahes el acbd r gprasentycldbexyl,
awarmytyl espesialdbuier e ¥lc 6@ e 1X5 repregenbheptyl,
¢ el segey Bdaneal vyl ogbayp, X2 depfrseiscydR (RS)1 %g!?dlnyl
e BIPT BSENT S C@H}Hﬁgﬁvl(F¥2h50n0¥@0Eﬁ9ﬁesentﬁo ncnyl,
{ S0 rik¥efidn Mherelbric%q%[@ Rt E Bﬁ APy,
&ﬁ&kéﬁ&f?s &y epegd nﬁ'XsB?EFﬁ?fE&e % B?a ?B#mf g—ethyl

trifluoro
i o el
| c eci al | % Yﬁlg R4 to RGCYﬁ}LDPBtenYl
‘?{9% 'R18 FépI8 EﬁFQDnMHsubsﬂdﬂﬁ%@ébthélr furans,
WS' par ul a F?Kﬁﬁ?hyl 138 A HRFAEEare ‘?Jh‘éc%%‘ﬁe 7-
~gpRptang, @eaﬁﬁm@%hﬁééﬁpr eprelgdritde, 1,3
Cff)“ﬁ"d'slp?fﬂﬁrusl 'bldaﬁalgmeu odettRaongi t hladteorar bont uroksctone,
Rifrate  cyslepentadi emfiydiideto whish tdmy arerans 1,2-
it lagdved nddiran dro:unsivbst ehbyddighenylglniteg;i 40 Mhhydride,
pyeprisiahires Fe; n 1pdperkizinepr esent sigyakbepeat adienyl 1,4, 7
faird 4 et ealldnorilisdibst i t ut ed 1¢ycloopent adi eﬂﬁ/iaz.@@?clﬁfb&ecane,
thichodpdhl e and {3 Zondeperdent| y— E@ ﬁ@ﬁ?@tcyclohexyl 4

adapephyhyl - §§@§6h@l{w wherse KA, r 5-
TR, 1 ARARN 1 grOUpi ’? %gﬁ@& gnt s é'gﬁ §O7 Ta-
C.?&Er o q%_%gl 1 e ’oleln‘In §a?'n o to-1H-
:1L % c_i 'i__ o {] tr| fq uoro FE gga CSUIeepf?s%}é‘?’éahydm_
tge%‘} 03 %}(ﬁgﬁga y FlagrﬁpVBaldlri:éh 1 7—;:_
1, f%hfﬂ$§/hEXahy§%% 1H71HAEH ’ 5,6-yls, 7 1,3i

bis(trimethylsilyl)-3a,4,5,6,7,7a-hexahydro-3H~
iscbenzofuran.

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

(1} x? represents CcR’(RY) (R?Y) . x* represents
CRY¥(RM) (R'?), X' represents CR'(R?)(RY) and X2
represents CRY(R®) (R%);

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

(2) ¥3 rapresents CR’(RY) (R?) ; x* rapresents
CRY (R (R'?), x' represents CR'(R?) (R%) and x?
represents CR*(R®) (R%);

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

(3)  ¥¥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;

R T T s v e B

-l

WS S R L S

UL RLT BNEEC T I ST L 1L A U

STl IRRPLEE LT LS

s,

B T 1T

=
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Rto R6 and R10 to R12 represents unsubstituted Cl-C6
5 alkyl, particularly nethyl; A and A2 are the sane
and represent -CH2-; QL and Q both represent
phosphorus; K1 represents hydrogen or unsubstituted
C1-C6 al kyl, particularly hydrogen; 10 D1 and El

t oget her Mﬁth the carbon atons of the

cycl opentadi enyl ring to mh|6W'they are attached form
an unsubstituted phenyl ring; Mrepresents Fe; n 1 and
L1 repfe3eAt & 2yel spentadienyl, r&p rpaenitc uCaty
unsubs®i tan@d’cycitépersradisemtl pramepimead; 0. Specific
but noR- keprebngtexatplescobhbigentate [igands within
this enmbodiment (I1) include the follow ng; 1,2- 20

bi s- (di net hyl ami nonet hyl )ferrocene, 1,2-bis

(dit ert byt ylyphosphhpangt hﬁ’éﬁré@ér’i@c

1- hydr axyf@t Byk rz 2 ndi UELBYLAR DO §
1, 2-bigr &Htéﬂﬁawky:%%&%%@n%ogﬁf

1-hydrg
2, 3yb{s-¥%§£g¥% gn?ﬁ%n%?ﬁ%???%V}OCene 1,2,3-tris 25

phosph|nﬁneth%l)ferrocene 1, 2-bis-

%5 cﬁ& nosiFF HonEthy| FPERPORERe, SF formula (11D
nSiBrs- ¥ ?sBlEBﬁﬂprhosphlnonethyl)ferrocene

1, 2- blsﬁ (d| cycl opent yl phosphi nonet hyl ) f err ocene,

R’ oty B (aﬁeetquoﬁospﬁi Acretthd )fane oeedepref2rhbdfdi cach
8@PI§@@mb@y¢pﬁﬂsﬁhlﬁdmwﬂhytﬁtaﬁmmdamdy IneZils-

(di met hyl phosphi nonet hyl ) f err ocene,

Bspedistildi pCefryeld specific compounds of formula (IIT)
tetraget tyb=6, OhdP=1k} Oxa- 2- phospha-
adanantylnethyl))ferrocene , 2- bi s-

Sl gt o os fgg%%@iﬁ‘? T 12
@Iéé%%g a a (QP%%%EX% g f Z-cyclohexyl.

etr th hos 4 one) ) di net hyl ferrocene, and
QPE gkpsu1eabﬂ entgke llgggds of formula III are

EO% Y- kil%(%l7tt}%‘f’f>é1n%’f?®?h36“@“ﬂbhﬂl%X%"il?h%ﬁ@@@ha cis-
5y lRhoesl nomsidhy heteskopenbaski | | e¢is—1,2-
Wif@rs‘brlw‘w MeOsph 1 nee thabpreel dvetabat  other1, 2- “bis(2-
HﬂQﬁﬁh%ﬁQﬂeﬂhxkﬂ&kﬁxﬂwﬁtﬁL@mwm%@@wb—&a@hb@ftﬂE@ﬁm%lng
Fdagranthel lseopechadandve i nventisnl, Asbienkiphedphenemarhyl -
lJﬁﬁﬁﬁﬁﬂﬂdtﬁamﬁﬂhyl{ﬁﬂBxﬁOfﬂﬂxﬁkJEﬁmémaﬂﬁnycﬁ@Eopentane,
qirsesieri~h invEhtp lass pH teond gad- 1, 3 55 27 b derdmé enyl Lgagdi -

er gcene
erroceﬁe

of i generddmdroryl @y dilddyt {dd 1) 52 cis—1,2-bis(di-
adamantylphosphinomethyl) cyclohexane; cis-1,2-bis(di-
adamantylphosphiHOmethyl)6yclopentane; cis-1,2-bis(di-
adamantylphosphinomethyl) cyclobutane; cla=-1- (B, P—
adamantyl, t~butyl-phosphinomethyl)-2- (di~-t-
butylphosphincmethyl)cyclohexane; cis-1- (P, P-adamantyl,

t=butyl-phosphinomethyl)-2- (di-t-
butylphosphinomethyl)cyclopentane; cis-1- {P, P-adamantyl,
t-butyl-phosphinomethyl)-2- (di-t~

butylphesphinomethyl)cyclobutane; cis-1- (2-
phosphinomethyl-1,3,5, 7-tetramethyl-6,9, 10-trioxa—

adamantyl}) - 2 - (di-t-butylphosphinomethyl) cyclohexane;
cis-1- (£-phosphinomethyl-1, 3,5, 7-tetramethyl-6, 9, 10-
trioxa-adamantyl) - 2 - (di—-t-
butylphosphinomethyl)cyclopentane, cls—1- (2-
phosphinomethyl-1, 3,5, 7-tetramethyl-6,9, 10-trioxa—

adamantyl) - 2 - (dl t- butylphosphlnomethyl) cyclobutane;

cis—1~(2—phosphinomethy1—1,3,5,7—tetramethyl—6,9,10—
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XL (X2) - 02- A- R B- Ql - X3 (X4) R W

and B are as defined for fornula (I1V) hereinafter R

represents an optionally substituted cycl oal kyl noiety

to which the QL and 2 atons are |inked on avail abl e

adj acent cyclic carbon atons; 10 the groups X1, X2, X3

and X9 are as defined for fornula (1V) hereinafter;

QL and @ are as defined for %ormula (1V) hereinafter.

15 In the above formula (I11) unless indicated

orherargdampntyhe groups X1, X2, X3 and X4 ; A and B, -2-

ddda0ament @Rphvephsnodethpedclolohekauka (1V) here@ijg-1-(2-

2BoPpef roabtyylthe3cyclroakkybkmaehotyehas1brem dxHp to

20ameyelic- @L@Hﬁadﬂﬁ&ﬁtEiﬁﬁ@%@ﬁhﬁoﬁé@ﬂyﬂ ) BPci8pdBtane;

@y@LRC(?ap§8§phﬂH§%e@B efably ﬁﬁeg%faMQthllg §¥EE'C

@EQHﬁdanamgﬁg ﬁbi y to' 8 cyclic ato?s oo
ons na

MPegYAL hEﬁfﬁhoBB ¥§¥ﬁ Eﬁ%l Q?egéﬁhkgné égg 1-(di-t-

ﬁgﬁgggz rences’to het

oxygen and/ or
gg *%?P%%Pﬁ? Tﬁghgig?ggrﬁ@? fety ha§ifrdmigdi-t-
%g § B°R RELLYHbnZat ons, nore preferably from 3
e a%%nk Lphespht BeRe B BHCY AbEPenBRRE &r abl y chsoirddi—t-
BptydrhosphenerethybbnZat ons and 30 especially 3 to 8
é tadamant hhphasphdnomayhbe) apabelyet ue; or poligeyelibis (2-
Bhd=pRay— br 3 nhyt nonebleyl né e? r Lpt edibyabnecpelonor e
hét erb. i onB] | dypyLhtyylomeant he cyelealikylbagietphospha-
153 phtycithéchyl-6so preferabkytbieyelbe or tricyclic.
Thes. cyc| val kyde &Pl ptyE€Bogen ehd ned hekennpnpy gl ECnggpha-
353Hﬂsﬁiimé%ﬁwhb@ﬁ951®ﬂ§9{§£a@§1éﬁ@1§ﬂld adJacen

t ed and
Sy;géﬁiéggéf§ﬂ§§§0@lrd|tpygffgﬁfe ;nldrge e g?gtéﬁaspha_
¢ Cor gdi Nps y; Ey tomis HZan an at om whi ch
ALty ol i& f%0|lf é&eleton ? Cc cloa kyI
i fdﬁg,? WL
e t TH
Qxﬁ&ﬁp%ﬁﬁ%&ﬁedClﬁrénﬂarphOSPha—

EIXhT e’ ot Gyl - bt Hayciesel f be 45
b%t?c%mﬂ EgﬁﬁﬁQKlMTQQﬁﬁlTﬁﬂWﬂ nat ed as defi ned
Pt whphospeinges pref e abiyatoxnyagen) ¢ i sel - (hapbospland, 3, 5-
o kvas by 1-OR 9,9, 0~t00 o)t ey c L 10 R . 1 B (1) | AR P, —2 -
(N {RIBGITR: Y2 h & EHO)riNEMRAT) JR26; vy ¢ ISR 2@ ne ,C( 0) SRBO (2 -phospha-
1K S NRmRA] of, ¢,-XFX rioxatricyclo-
{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—
trioxatricycle{3.3.1.1[3.7]}-decyl)cyvclohexane; cis-1,2-
bis—perfluoro(2—phospha—1,3,5,7—tetramethyl—6,9,10—
trioxatricycle{3.3.1.1(3.7]}decyl)cyclopentahe; cis-1,2-
bis-perfluoro(2-phospha-1,3,5, 7-tetramethyl-6, 2, 10-
trioxatricyeclo{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]1}decyl)cyclohexane; cis-1,2-
bis- (2-phospha-1,3,5,7-tetra{trifluoro-methyl)-6, 9, 10-
trioxatricyclo{3.3.1.173.7]}decyl)cyclopentane; and cis-
1,2-bis- (2—phospha—l,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 foregeoing where such
enantiomers are possible.
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-mhererﬁuéié_; R28 are as already deflned hereln for'm

formula 50 (1V) below 53 The cycl oal kyl noiety nmay

be sel ected from cycl ohexyl, cyclopentyl, cyclobutyl,
cycl opropyl, cycloheptyl, cyclooctyl, cyclononyl,
tricycl odecyl, piperidinyl, 5 norpholinyl, norbornyl,
i sonor bornyl, norbornenyl, isonorbornenyl,

bi cycl o] 2, 2, 2] oct yl tetrahyéﬁofuryl, di oxanyl ,

0- 2, 3-i sopropyl i dene- 2, 3-di hyd. r oxy- et hyl,
cycIoEentanonyI, cycl ohexanonyl , cycl opent enyl,

Byehphesenyl nocheroléxhdidopH, légehdbutienyhde1o

cycl opent enonyl, cycl ohexenonyl, adanmantyl, furans,
pyrans, 1,3 dioxane, 1,4 dioxane, oxocene, 7-

oxab yclo[2 2. 1]heptane pent anet hyl ene sul phide, 1,3
1, 4nditHPmre, furanone, |actone,

ane pyrone, succinic anhydride, cis and
15 cyclohexanedlcarboxyllc anhydri de,

6 awHya “2 pyrollidine, piperazine,

i m dazol e, 1,4, 7 triazacyclononane, 1,59

triazacycl odecane, thionorpholine, thiazolidine,

42 5edd, phenyl 3epeicd kbiyyclée [2012 .3 hleprgnec 2 30 eyldi - tert-
Hutytphespyineywetbipkxyl, 4 or 5 20 net hyl cycl ohexyl,
1, 2-decalinyl, 2,3,3a,4,5,6,7, 7a-

oct ahydr o- 1Hi nden-5, 6-yl, 3a, 4,5, 6, 7, 7a- hexahydr o- 1H
i ndep-5,6-yl1, 1, 2 or 3 nethyl-3a, 4,5,6,7,7a

vdro- 1Hinden-5,6-yl, trinethylene norbonanyl,
tetrahydro-|I Hinden-5,6-yl, 1, 2 or

25 4,5,6,7, 7a- hexahydro 7. Hinden

D B~y 3- PU2

bis(trinme hyIeryI) 3a, 4,5, 6,7, 7a- hexahydr o- 3H

i sobenzof uan tlcularly preferred conbi nations in
the present set of> 30 enbodi ments include those

ergay: (1) TES CB LoX4 _p di-tert-
em e e O R L

d re resent bot h
Ll P UiRbrEer e B ide ety Ponexyl . (2)
X3 represents CR7(R6)(R9) X9 represents 40 CR10 (R11)
(R12) X1l represents CRL (R2) (R3) and X2 represents
R RO) .wh—anggg,are the sane and represent

d" Q2 both represent phosphorus; R
s-cycl opentyl .

“u,
HsC Y

PBul,

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

HaC

..ul\\\“ PBUtE

o,
HsC & PBu'

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



5

10

15

45 (3) X3 and X4 together with QL to which they are

attached form a 2-phospha-adamantyl group, and, X1
and X2 together with @ to which they are attached
forma 50 2-phospha-adamantyl group; 54 A and B are
the sane and represent -CH2-; QL and 2 both
represent phosphorus; R represents cis-cyclohexyl. 5
(9) X1, X, X3 and X represeftif adamantyl: A and B are
the sane and represent -CH2-; QL and @ both
represent phosphorus; R represents cis-cyclohexyl. 10
i urther preferred conpounds of formula (111)
ncl Ude] t hose wherein: RL to R12 are al kyl and are the
preferably, each 15 represents Cl to C6
particularly nmethyl. Especially preferred
¢i'Tic conpounds of formula (111) include those

20 each R1 to R12 is the sane and represents
; A and B are the sanme and represent -CH2-; R
esent swd—S-peiet hyl -ci s-1, 2-cycl ohexyl . Exanpl es
Abl e bidentate ligands of formula Il are 25
-bi s(di-t-butyl phosphi normet hyl ) cycl ohexane;
. - bi s(di-t-butyl phosphi nonet hyl) cycl opent ane;
ci ; 2- "Bis(dipg{,t but yl phosphi nonet hyl ) cycl obut ane;
cisq{l, 2-bis(2- ph53phinonethy|-1,3,5;
7-tetranet hyl -6, 9, 10-tri oxa adamantyl) cycl ohexane;
Ci-8-"%,.2- bi s( 2- phosphi nonet hyl - 30
tetramet hyl -6, 9, 10-tri oxa- adamant yl ) cycl opent a

- bi s(2- phosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9,

fi oxa-adamantyl) cycl obutane; cis-I,2-bis(di-

adamant yl phosphi nonet hyl ) cycl ohexane; cis-1, 2-bi s(di -

adamant yl phosphi nonet hyl ) cycl opent ane; cis-1, 2-bis(d

5 ddanmaréighos phdiroet tythy cy b lobsplaimomstisy 1y, (P, P; &,

digdrnthdy cliotmsade phosphi nonet hyl ) - 2- (di -t -

but yl phosphi nonet hyl ) cycl ohexane; cis--1- (P

P-adamantyl, t-butyl-phosphi nonet hyl)-2-(di-t
ytphosphi-rermhyl ) cycl opent ane; cis-1 -

(P, P-adamantyl, 40 t-butyl-phosphi nonethyl)-2-(di-t-

but yl phosphi nonet hyl ) cycl obut ane; cis-1- (2-

phosphi‘nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-tri oxa-

4 1
& PBu',

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

PBu',

PBLItz

cis-1,2 bis(di-tert-butyl (phosphincmethyl)-4,5 diphenyl
cyelohexane

B TR T
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“édéﬁﬁﬁtyl)”; 2 - (dl-t butylphosphlnonethyl)

cycl ohexane; cis-1-

(2- phosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10 45

tri oxa-adamantyl) - 2 - (di-t-

but yl phosphi nonet hy. | ) cycl opent ane; cis-1- (2-

phosphi nonet hyl -1, 3,5, 7-tetr thyI 6,9, 10-tri oxa-

adamantyl) - 2 - (di-t-butyl osphlnonethyl)

cycl obut ane;

ci s-1-(2- phosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10 55

trﬁ(&ﬁﬁ adanantyl) -2- (di adamant yl phosphi nonet hyl )

CYyoO €xane; cis-1-(2-

phcsphlno pt hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-tri oxa-
2 \ i Y8 ylphosphlnonethyl)

| s- I-(2 phosphlnonethyl 1,3,5, 7-tetranet hyl -6, 9, 10-

X.8 - 2= PBuz

. phos--'nonethyl)cyclobutane cis-1-(di-t-

but|lyl phosphi nonet hyl ) - 2

(disgsilarant yi phosphi nonet hyl ) cycl ohexane; cis-1-(di-t-

10 butyl phosphi nonet hyl ) -2

(di adamant yl phosphi nonet hyl ) cycl opentane; cis-I-(di-t-

hiLet 53 phrdsiphi dionet tythut 2l phosphinomethyl) -1, 3-

Hil adaimset iy phiosph) et hy) § £y £1 b asieydro-1, 3H-

1Hdbénébﬁﬂﬁﬁﬁ

phospha-1, 3, 5-trinmethyl-6,9,10-trioxatricyclo- 15

J{t3 sl 1ﬁo% 74;}&@@13@@/&' 9 ewa)%e il da PLA( RNOPPN AL nat
&rﬁﬁc%gﬁ% ¥ 6f PXALILEYCIP111), (1v) or (V) may

§Q§§1nate with the Group 8, 9 or

%Eép ?rl %ﬂ QTO Fb;gF%f%y&ﬁ%)complexes for use in
lTViF ?f}dec V?&ﬁ@ gt arfes  GXEIP. (9: piospha Yo metal
%dslrtar erﬁs | 1669011% ¥ i BREE rpRyEPRerous, arsenic and/ox
%ﬂ?%ﬁqp 3LPMSd e £ )tQE(d¢Qmpound of formula (I), (II),
bty ph hi rigiret¥hyd ) cycl ohexane:

ci s-1-(2- phospha-1, 3, 5-
Ay impettydnag] Qiebein, okata i syl b- £3r8hdr 158t 7dF dempbiiBent s
of (dhet -foutsd phospivienanetrhyl Yoy cllopentcang;, T4 Swl-bidentate
1G2rsptibsthayedbe 115 13, fAyidnid et fwt - 6, 9, 10-tri oxatri cycl o-
{3.3.1.1[3.7])decyl )-2-(di-t- butyl phosphi nonet hyl)
cyclakyt ane; cis-1-(2-phospha-1, 3, 5-

trineL hyl - 6,9, 10-trioxatricyclo-{3.3.1.1[ 3. 7] }decyl) -

manfzyi pRosphingnet hyl ) ¢ xane;
CIS 1- ?%ﬁphgg haﬂso RLng 6 %g}ﬁbﬁ
%ﬁﬁ? trinmethyl-6,9,10-trioxatricycl o-
.1[ 3. 7] } decyl ) - 2-
dananég phosphlnonethyl)cyclopentane cis-1- (2-

ﬁ‘ﬁ@lp NASRRRARA 16’ F SEOG T 0 My @ 'dky Lene;

{3 3.1.1[ 3. 7]}decy|)
K dFQBéﬁﬁﬁN]ﬁph@smﬁmt qulé%ﬂtﬁlﬁmﬂt aﬁéru@:ut@rlP 2hbivsng at

least one non-aromatic ring to which the ¢ and Q° atoms
are linked on awvaillable 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 1s nob substituted so as to form a
further 3-8 atom ving structure via the other adjacent
cyclic atom to the said available adjacent cyclic atoms in

oy

O
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a0

per f | uor o( 2- phospha-1, 3, 5, 7-tet r amet hyl - 6, 9, 10-
L-rioxatricyclo{3.3.1.1[3.7]}-decyl)cycl ohexane;
cis-1, 2-

bi s- perfl uoro(2-phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-
trioxatricyclo{3.3.1. 1[3. 7] }decyl ) cycl opent ahe;

cis-1,2 40

bi s- per f| uor o( 2- phospha- 1, 3, 397-t et ranet hyl - 6, 9, 10-
trioxatricyclo{3.3.1.1]3.7]}decyl)cycl obut ane;

Ehe- 2r2-lepisg one ring or via an atom adjacent to the said

e2hphosghacén8, Brdmt btitabtitstHeoraemathybps6, 9né0ring;
trioxatricyclo{3,3.1. 1] 3. 7]}decyl)cycl ohexane;
the- lgPeubss-¥1, X2, X3 and X4 independently represent
Ripboepha-dadidnils t @bl afdrifd ugr emBetW D, Qcl01dbt one
terexatlyi cygerhoh 3. Budm Lok 7khdegyl) cysl opearape;xand g x4
E?%ﬁ;g%ﬁﬁﬁ?(ﬁz?@%@ﬁ baiRal 1S '8 to 40 atoms having
e t ia carb S erejn, each said

AT SUSTRIE SR L QU L
a spchudi ng;e"?-‘rlt!ia%' s enanti oms}g of ‘thne t9r8dd na o

ere suéb e antbpngfs;gr_ Bos3rBfe. B8 PE(ahpt
RBPBOP AYREBr B! i Yarkie PRA ude:- 5 v -- PBU’ 2
2-exo, 3-exo0)-bicyclo[2.2.1] heptane-2, 3-bis(di-tert-

ut yPPRosEhi nE@ethy | Yncrpeppipr 1y 2- BppBesent  phosphorous,
3rEAfsY- BF c§eFo1eny: 1] hept ane- 2, 3-bi s(di-tert- 15
but yl phosphi nonet hyl ) Exanpl es of substituted |igands
ErckbdeterM3Cnd [f1RBU<} 20oH3ICH'deRBu2ycl e lat8mbis meant
¢dir - ferthbut ylyphasphiteanetrhWlle #ind which is not adjacent
tonetrhy| oyel dhexaned252vailabl SPRAMaZPBU2:0E31d, atoms to
@hbes €Hé-derdndurykphespai-aonehyl), 1, 2,74, S 30
tetranet hyl cycl ohexane 57 'Oo PButz PSUt2 5 cis-1,
Rabastdgeotery; buhyl phegphinamaidvd )o£3th8, R group in the
ghpbeny| oyebaPeXANBrevaRts PBHEZ: 2191016, Shylav8ibify ring
serutentedut W,phoshhigaeaet hyhy o eyehghexale = cyc1ic  atoms
immediately adjacent to the said available adjacent cyclic
atoms or a non-ring atom adjacent to such adjacent atoms.
Surprisingly, the inventors have discovered that
introducing rigidity into the ring structure so close to
the active site is 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
interacticn position which would be denied by further ring
rigidity close to the said available adjacent cyelic
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.

the

Accordingly, the «cyclic 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 least one further non-adjacent cyclic
atom(s) defined herein.
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" PBU2 PBU'2 'I-, goi: 15 cis-1,2

bi s(di -tert-butyl (phosphi nonethyl)-4,5 di phenyl

cycl ohexane 58 Si(Me)3 PBul z OPBulz Si(Me)3 5

cis-5, 6-bis(di-tert-Dbutyl phosphi nonethyl)-1, 3-
bis(trinethylsilyl)-3a,4,5, 6,7, 7a-hexahydro-1|, 3H

i sobenzofuran. 10 It will be appreciated by those

skilled in the art that the Conmpounds of fornula (1),
(rey, (1), (1v) or (V) my function as |igands that
coordinate with the Goup 8 9 or 10 netal conpound

Fgre bb?‘n fHe*Aanar E’é_nﬁ‘Pé‘%és fELergdess tq fide cyclic atoms
RAVBRENEN toTyphearryd t#ea Gaube 8addagento eithic 16toms or
EbBr diltkat é5 't htnbereded hor gefleosphorous, ofr seri caid two
amdl bablant edpageatonsyofl itthe xormpounthefsébrasla (1 Bs  an
ckbple(l l4), cytVphepyl (Viinds frebhednedohesei @l ift@n via
pbeElitibnrtherorsetthef enbgdi aRat Sjo20e@f dde prededrom via
boyeoiban? tWie thgandng hesa hidesd py eruligapdneh adjacent
@?BEL@'aE@hﬁmd%(dé@iﬂédOat2§i%§(§%&iﬂ§oﬁ A an® 5Band two
&5 acd3{ Xy cher €tbms to ArfRd %i%ﬁcyvéffl&?f@dggfgljﬁc atoms
LEEPLESER, ofOVeT 4ah- kYl ene; 30 R represents a cyclic
hydrocarbyl structure having at |east one

- [ ' jch.the_e_and at.ans r

Ry é%ﬁ%“"a%%”%cgn?%cwpé 5, O b Jease one

cast one tThy. &nd whi ch'{'s Subtt yfEl wiiHed VégsE & A
Io"ﬁ?ep%%t%‘é%%%’i t hent "R af OPeh3F on8Nfur PREMatic  should be
hOhS BRI St ARGy AComBFLEAR 410t eglYona rRhRpRYL type
FhELEF AT @abRtady Hednt réPepi ovidibnrremahécshyd such as that
Boand ab e thadjcacdwreayraidienatloniing nof Sebsorenyéd dot, in
2RY t 6afer mtwes4dtur eheiu@e8 aaromtricngs@hsucturet ¥i an this
nde-otdrert b @cehtasychhe atognto the said avail abl e

adj acent cyclic atons in ... ........ .. ... .....
References to ethylenically unsaturated compounds herein
should be taken to include any one or more unsaturated C-C
bond (s) such as those found in alkenes, alkynes,
conjugated and unconjugated dienes, functional alkenes
etqc.

The substituents on the said at least one further non
adjacent cyclic atom may be selected to encourage greater
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, cyano, nitro, —ORla -
OC(0})R¥?, -C(O)R*, -C(0)OR*, -N(R**)R¥, -C{(0)N(R®)R?,

SR*, -C(0)SR™ , -C(S)N(R*)R®® or -CF;, more preferably,
lower alkyl, or hetero most preferably, Ci-Cs alkyl.
Where there are fwo or more said further non-adjacent
cyclic atoms in the at least one ring they may each be
independently substituted as detailed herein. Accordingly,
where +two such further non adjacent c¢yclic 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, c¢yano, nitro, ORYY,
OC(O)R™,  C(O)R®!, C(O)OR??, NRPR™, ((O)NRP°R2, gR??,
C(0)sR*, C(5)NR*'R*¥, unsubstituted or substituted aryl,
lower alkyl (which alkyl group may itself be unsubstituted

)
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59 the at |east one ring or via an atom adjacent to

the said other adjacent atom but outside the at |east

one ring; the groups X1, X2, X3 and X4 independently
represent 5 univalent radicals up to 30 atons having

at |l east one tertiary carbon atomor Xl and X2 and/ or

X3 and X4 together forma bivalent radical of up to

40 atoms having at least tw8ltertiary carbon atomns
wherei n each said wunivalent or bivalent radical is

poi nedbeitdteded atod eastrriharesd orag wodeihedr yheaehan or
atenbsrespeetli val yatiost hent@ppHepri atte ratiom? e @° =ach
andef@nasdt Q@ eaebBpradependenihiyogep; esenhsubstituted or
phipspheneds, a@yBeri QhsabBkkABRYedlSoBY dhisdSIRODe 1ower
Buk mﬁfaﬁﬁﬂ%ﬁﬁ]ﬁ@eﬁht%k%wﬁ%eétQ§9'én@EQﬂ; mRY fherably
¢yughi EhQBOH‘kBtEﬁeDE'Bg E% S niQt-c3dnhacenh hh% 1Y 15 con

Egﬁm O§agﬁtg¥g%ons gfgghgnk %éa!k%@an é% P?ﬁhkatures

r|ng sFructure of the R group in the present

ntlﬁ Erevent undue rlgldlty b avoiding ring .

&fH 85-dr W% nFOrvinRg t Relcel feeafofyclic atom

BraEer S adf scBRt MY - tﬁéhgévdpavaw abl8CRdPRY&nt Phenyl,
e Bri c Bz 0hs oMSHCABACK | NGB adfésAt tanduclFarboxy.
Bafﬁéﬁhiaalﬁnspregarpﬁﬁs|ﬁgb?tlthéntﬁvewb@ns h@we or more
tdistbeer rdnt Adfiacentr ogatiingatbyedatry Enbettiheteidngre x, y-
dimechute so,¢lasetthyl,t hex agtdierspi®, i sx, y-di-isopropyl,
di gadvphtagepus and, yhabchengetihival ef f eChsmak@yl/phenyl,
ebhserxeddt hrmghum@eu&la%ﬂbl ecptBEpENBPL] Nfldtangasted or
(588PhE8EcRY ARNORLALE 1) BY SR%LIMEON LRABAPst1 tuted
1h59ug9r§yrthﬁtsﬁbgfiﬂatgdrbghﬁbhx Em the LbQQ/eIHyi %, y-
gy ey, | 0Llph ket ivg Voel | €XLD gléow Hsh 15 also

gf §f i g' é%& “%ﬂ %§ conga Morc typical
A X‘E: ol S e o
ﬁEOF ' he LYt abouPable OFnParackbgh 5@53&{: YwWRFERYL oT
B o7 b& Tdefit8d I‘b‘iﬁtqutYHéFanll Hg PeRuHty "aedsen oxt md Y
§B?Hda@%¥|%BP@ REFhEERRS cyel Fiefath ea%&c%m@|ﬁgm9
excluded fromthis aspect of the invention are
REPBBFAYIYt ypelBFLAGESs atsuhnd it ot onee s 405adfacemyclic
hypdraea gyl | ghlraicadiraceh piolg @t omsidr avteilalke= sdghcent
aarhos @toeel yto Thesd ssaikdt @ esricht @ddatemsommuchinked.
Thgi dvtyicnbpdtbearibply stosettostheyabti yebstieuted at one
éccoodenghyd fhetbyel cgcaionstadasenthkoathgesatdodd ring
lavai jabpbecddirapept sepekieuakanacmiy, g thesselvesch cyclic
stbst ) tMbed pscFepghas they dp npt xﬁdwnmfeﬁébly at 1 or
burdb@l cyclic atoms of the at least one ring. The
substituted cyclic atoms may be carbon or hetero but are
preferably carbon. For i1nstance, in a ring of cyclic
atoms wherein the Q' and ? 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
> 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 unles=z 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

PRI W o e L e AT SR

SR TR B Sl M-l ML

e A T L D T AL A b P e T T

T, e

ZoAR At L, Tl

[EETE N oE
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adjacent r|ng structures ‘as deflned hereln SU|tabIe

substituents nmay otherw se be selected fromthose

defined for the said at |east one further

non- adj acent cyclic 50 aton(s) defined herein. 60

For the avoi dance of doubt, references to the cyclic

atons adjacent to the said avail able adjacent cyclic
atons or the like is not int€nded to refer to one of

the said two 5 avail abl e adj acent cyclic atons

EHekBEl besfons Anrthranpiag steycitolesyhtripdd jasi nddse may
rendeglitheonrtige posetton tigndthe ring and joined to

a @ atomvia position 2 on the ring has tw said
Puetheabhgp athacenycliyclhgdosenmbes defdnediad KWHIGh is
posstiontddapd 3 andl tavwadOaddj asent gMghienat 6§1EQDHS on
the sai deavai babl eieyChie at eAs— %bnﬁ%%hb%@%% ;apd r@spect
EBetﬁgrFE@E@QHta&gaﬁlethHgaﬁaaEﬁetHaﬁn& E QEbgﬁﬁﬁ ents.
one ring to t he and 2 atomare lin B
ﬁr@fefébi?SpEHE'E EX bsh a é%ggﬁi'%tr EQuQ $rom 5 u
§ ogb Cﬁg}igt g gP ncluge Qo t% Y13 Cyclli

cf r s

onat|C| ij %Fﬁétgr?%u d ?R\Eﬁ cyCllc atoms and
ag opBripade i ﬁ%&ca@lﬂevrr cEfiyP, WGLiG n akggs and, in
a(ﬁ?es AGY Rl JHROH et G c%ub@fﬂlf(a}éfﬁ%é«:on hg scyclic
%Dlﬁ%n RFOmas c CErBasPronkefeRg. REIieHtegafgrences to
keRgTenineayr uasat urek eeeronPoivdsshépbin, J oxyiei dand/or
betragen. t SybPackddy, atyeomy origroned omsatly bt stir@e€ure has
borrd(8) uputle & tchosled owtarbom atkenespoatkppegeraBdy from
tonpugat @ aydldrcanrjHigat et aisnasost uncéfonablal kepes3 up
b c12 Thecbubstatbent stemst BadsavHeat mbaasycone, f uebReRa11y
Rono adj a@ Al.ieyCtd Bh&h OMtBYs barsel eat edn {0 SNGOUT 308, be
BEESEEEL i 3 oﬁtjgm:wlpgtaﬁat mé%rgbg' M BDEOBEOE%EEQHpLed
by BH@ %X‘Clrdc& ruc fpe.LcHa Sidéj éﬂtFﬁQt %ycllc
ﬁwﬁioé£¥% iorgtrué gte ropL! ferably

}I§i(§ _-E L ]_SC{) .{ég Cha fe[lé)e C%ﬁ h Of n%n ar J'_‘LIC LIIE a5

|n engeﬁfﬁ s %%té Pgﬁ1ﬂ8%%? Iln?ﬁﬁar as
? “haE e S0 gl 450 Yhich the O°
e @R 10 R@R@Sﬁ)qqzaatuaﬂbw R@é Rogferences to
Eﬁ@EFUIQF§®) SR31C - dysjra¢irip) REGr@ﬂtHQEE mgraild be
T NY, actondinglkyl , Hof hetbio ADS peeferaati yan atom
Wials ks pavhere 4 heyel or eskebeorn nor e said furt her
non- adj acent 40 cyclic atons in the at | east one ring
Threycyayieatydrecarbgdpendenttiyresubspatut €édomas that it may
et dinlted rhegreich. wAdtor Hengky, awbese ivd, syl ifewtt het the
doff. rad] BRentheyein C i PFe affrurated or unsaturated.

The c¢yclic hydrocarbyl structure may be selected from 4
and/or 5 lower alkylcyclohexane- 1,2-diyl, 4 lower
alkylcyclopentane- 1,2-diyl, 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
alkyleyclononane~ 1,2-diyl, 5 and/or & 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-diyil, cyclopentan-one -3,4-diyl,
cyclohexanone-3,4-diyl, 6-lower alkyl cyclohexanone-3,4-
diyl, I-lower alkyl cyclopentene-3,4-diyl, 1 and/or &
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

L
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substituted, the substituents may conbine to forma

further ring structure such as a 3-20 atomri ng

structure. 45 Such a further ring structure may be
saturated or unsaturated, unsubstituted or

substituted by one or nore substituents selected from

hal o, cyano, nitro, OR19, OC (O R70, C (0) R21, C

(0) OR22, NR23R24, C(ONR 2'#826, SRL9, C(0O) 5R30,

C(S) NR21R23, wunsubstituted or substituted aryl, 50

digder aFkyphefwdIdtylal kyE ghioymmay-i tselfdibg, 5 and/or 6
lunsubst idlidyeld-614  ordsetbsiét ut€dl, Bradi eIy natetodsr  alkyl
raaft anect Higregidn)  ofiulpHisiebst igt, @t—@qur substiblvdted Heky1-1,3
dihefeine-RIH, 40 Rapr ea@handﬁ&,@pﬁﬂﬁ&ﬁ‘éfyalﬁﬂ e§e£‘td1th1ane -
¢Mﬁ&ﬁgﬂn %%%@@N dfﬂJ¥$ﬂ¥h— Ityte P :?oaelta valero

TURSURRL | t&”@-dd rlSUb Lyt et Lo Exc%oﬂl Ky [o1,P 2H-

dﬂgﬁéﬁ%ﬁi 5°%e 9 1”‘” 129?&3?@ H’ydlle ﬂ ﬁgsl 1-
19F 19 | con to

gf]aJﬁ lne I ’co ps D’r Qe alkyl

Pﬁ;ﬂ elO Es an %?ferrﬂ r%la(dm imidazole -

i, S s(,pg s B

opr XYW Yi-

e Captid; 1 adfgies; L cardnl. Paltic@iatbyer alkyl

tﬂﬂ“lei=|1Tt§rrr‘Eéft519ls'ulﬂcﬁ-*stT5u6nt-§il\mﬁen Fweowrr meléylf-urttherzaloidine -
dadj-abent, cyclidiphonsl arechbobstaneat ed, aradixly- 41%nd/or 5-
rdiemetlr-cy ol ohexane-di eéttdily1 x, y- di pyopyimethyl-cyclohexane-
1% 2y-cdiy-li, so@r opy| , 5~me tyn gl phenyhexany~ met mdd g hy! ,2 3, 4
anayoret hgl / phergk, §@kwaae@aﬁpdyaﬁaputﬁhﬁgne ~diyl,
paysicarant .0 ;sathehahed 301 am§§tur§£eﬂ syl 9| %yﬂaex&h;dro-
mﬂ%%tdetnutfse% erylinsufist'wteﬁ%/c}r '3L ¥f1y1 3215021567, 7a
hlé&ash:ggd C& l"o%e@lyl X, Yo 0 c{l ZQnethano -
Q‘I thyl, %'t“&' ”7a1tatséh £ riﬂi‘ ée REb o6-diyl,

P e e D
ty | AT QUbst Pt (

ép%y yl, n- but y - ’? % }/“%UBYJJ( ]o)r %@(El%@ﬂ 7a-
hteﬁhé’éii tllﬂﬂ SO TR - Host typical |y,

net hyl ; V\,her ein x and y 25 st and for_ atom positions

SOH€ ﬁe\’%athjeaé‘t;r%%u?? argr eftervbl Helevir wherein R7, R'7,
Fsubsti BUf { on 8FCsap Bie cy@¢fEnedyditbcdiisy| semeucwale ﬂs the
swbEtéfusaitd avai kbl e2adj dcant caebofunthes twomthdihacent
cygild cQietand eoadobrstarmay i mked. b80hVheogyal, i @r represent
tinedriogzetyy | astmubkling mayn beulsstbstinted edfatl ieoned afirectly
taore saitérburdthen eyel imaat @ ofet hamat deadt feReent and
whiet@ibut d4tS preidef abbyiesulstitadesd atsl, ndc 3¥drbgen or
reiel seyeling ltnhat Olﬁre’étefr@r el eably Lon? Qﬁb tlgﬁ\?&d if
1%%%%# abl Ye@t 1y Sued CY81 a6 oAt OMs 1 t €N 1ene
lqpﬁca %g toTt@leggﬁ% %5£$19§e‘?n8¥cgh8wﬁsog§e”ajm% in each

c%%r or heter

4 and/or 5 substilkuted cyclohexyl 1 substituted cyclopentyl

LT M eem et gy A= L= Rt

e R R

A L T Tl Tl ey W o W ST AR, R, e L
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| preferably car bon. Fer'instance, in a ring df"é&&(ié

atons wherein the QL and 2 atons are linked to cyclic
atons 1 and 2 respectively, substitution is preferably
at one or nore positions 4 to n-], ie. positions 4
and/or 5 1in 40 a 6 nenbered ring (position 6 being n),
positions 4, 5 and/or 6 in a seven nenbered ring and
position 4 only in a 5 menbéfed ring etc. When there
are two or nore substituents on the said at 45 | east
one ring they may neet to forma further King
strgcture unl ess excluded herein. However,\it i
pref exy ed uents attached to sg

render the active sit@ too rigid
Pref er clic hydrocarbyl &tructyre whj

5 subgtituted by A and B at avail abl e adj agen
posi¥ions on the at |east one ring has a [cis-
conformation with respect to the releva® cyclic bond
and the A and B substituents. Preferabl the cyclic
Y arderdt vetitded ectoperdy has £ Rotnbzngler 191':15%‘“136 CYYROFIC

at ons, r%)re preferably from4 up to 18 cyclic atons,
nost prefierably from4 up to 12 cyclic gt ons and when

al |

mogocyclit, especially 5 to 8 cyclic atpnms and, in e
any sase,” m be nonocyclic or polycycllc if}
at ons etero,

15 hetfero hereinjare references to § Iphur

Z\als Typically, the cydlic hydrocarb

structure has Qm 2 up to 30 cycl

nor e p eferably/frygn 3 up to 18 G

abty from3 up to 12Rcyclic|carbon atons
and® when fonocyclic, especially 20 3 t§ 8 cyclic
carbon atofyjs and in any case, may be onocyclic or
pol ycyclic and nmay or may not be interrupted by one
%%mﬂé@?rﬁﬁéﬁtﬁ %Frérém}y pé 3CAF‘ cfr 5%@&1&%%&%%@&;%@p}l/'nthalene
blcycllc or tricyclic. The cycllc hydr ocar bylr"

structure as 25 defined herein may include unsaturated
sai d avail abl e adj acent! cyclic

and 2 atons m [ ar
ed and|references to wunsaturatedcyclic
shoul d be understpod {P)
atomis nmeant an om 3Qiwhi ch (-
y skel eton. ThepeyTlicC
hydrocarb*l structure, apart fromthat it nay
Rll
5 and/or 6 substituted piperidines 5 and/or 6 substituted morpholines
R o
R~ O
R' 0

1- substituted furans 5 and/or 6 substituted 1,4 dioxane
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be interruptéa”ﬁ{fh héférd-atons-éﬁa subject to the | |

definitions herein, may be saturated or unsaturated.
35 The cyclic hydrocarbyl structure may be sel ected
from4 and/or 5 | ower alkylcyclohexane- 1,2-diyl, 4

| ower al kyl cycl opentane- 1,2-diyl, 4, 5 and/or 6

| oner al kyl cycl oheptane- 1,2-diyl, 4, 5, 6 and/or 7
| oner 40 al kyl cycl ooct ane- 182-diyl, 4, 5, 6, 7 and/or
8 lower al kyl cyclononane- 1,2-diyl, 5 and/or 6 | ower
al kyl plperldlnane- 2,3-diyl, 5 and/or 6 |ower alkyl

|yI 0- 2, 3-i sopr op¥l-i.dene=2;.3- -
d|yI, cycl opent an-0 -3,
| ohe anone-3,4-diy|, 6-1 ower al kyl

diyl, 1-1ower alkyl
diyl, 1 and/or 6 |ower al

cycl ohexene- iyl, 2 and/or 3 |ower alkyl
cycl ohexadi ene- 5 6-diyl, 5 |ower alkyl
CE%Iohexen 4-one- 1, 2- dlyl adamantyl -1-2-diyl, 5
sybRlindsd [HOPower  al kyI 50 tetrahydr opyr &fhstituigd 6143)¢l'0X3ﬁE
6-1 ower al kyl di hydropyran-2,3 63 diyl, 2-1ower alkyl
1,3 dioxane - 5,6-diyl, 5 and/or 6 |ower alkyl-
di oxane--2, 34Tyl , 2-lower alkyl pentaref]
sul phide 4,6-diyl, 2-lower alkyl-1,3 ditF
== 2 and|or 3- Iomer al kyl 1,4 dithiane
tetrafydro=Ayran-2-one -4, 5-diyl, delta-valero
| act one™4, 5- |, gamma- butyrolactoneR.
di hydropyrone 5 6-diyl, glutaric anhydrlde 3, 4 diyl,
1- lower alkyl pyroIIid|ne - 3, 4 d|yI , 2,3 di-lower

k¥éntarBhder azi ne -5, 6-diyl, 0
?ﬁ]gazole 10 4,5-diyl, 2,3, 5 an pgém@&ﬁﬁhoﬂhQMﬁk
al kyl -1,4,7 trlazacyclononane -8,9-diyl, 2, 3 4 and/ or
10 | ower al kyl 9 triazacycl odecaRe
thlonDrphollne -5,6 -diyls
al kyl - Aol i dine - 4,5- dlyl
-cyclohexane - -din, 4 and/
phenyl - 8y.c , 2- d|yI 4, 5-di met hyb< e S
1, 2-diyl, hyl cycl ohexane- 1R5-diyl 2, 3,
and/ or 5 | ower aIkyI decahydr onapht hal ene 8, 9- diyl,
bi cycl o[ 4. 3. 0] nonane-3,4 diyl,
13&‘*"2?“?5“9@ cyclgpgnteayahydr o- 1H- | i nHaM® 66ﬂd¢9§‘1UtEdPyC|‘Z"EXEHyl
and/or 3 nmethyl-3a, 4,5,6,7,7a 20
hexahydro-lF#inden-5,6-diyl, Cctahydro -4,7 nmethano -
i ndene -1, 2-diyl, 3a,
4,7, 7a-tetrahydro-1 Hinden-5,6-diyl, 1, 2 and/or
3-dinmethyl -3a, 4,5,6,7, 7a- hexahydro-1H i nden
5,6-diyls, 1.,3-bis(trinethylsilyl)-3a,4,5,6,7, 7a-
hexahydr o- 3Hi sobenzofuran - 5, 6-diyl.

R R s

2 and/or 3 subslituted cyclohexadienyl 2 and/or 3 substituted 1,4 dithiane

L=

L e W i R T L e v e S el e e et Sl e T tal L buael se Capemret At Aem e

sy

R L el el g e e
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R', R', R..

etc are defi
the substituent on the at |east one further
non- adj acent cyclic atom above but may al so be
hydrogen, or represent 30 the hetero atom bei ng non

substituted if linked directl
may be the sane or different

substituted cyclooctyl R R

ned in the sane way as

Gé to a hetero atom and
nd wherein at | east one

tomis not hydrogen or representing the hetero
ei ngnon s ituted if |inked®directt§~to0

het er diyl nmethylene 35 linkaggs to t

phosphorous (not shown) are shown in each| case.

ted cycl oheptyl 4, 5, 6 and/or 7

R RRR)oi R 5

4.5 6,7 and/or 8 substituted cyclononyl 2,3,4
g%%?%@“§j@ﬁﬂﬁ?ituted decahydronaphtI?reilslé'?fé“‘teﬁ“ﬁd'““Eme
1l lcllcil NRO R' 10 5 and/or 6 substituted

pi peridiges 5 and/or 6 substi
R 15 1- pubstituted furans 5
di oxane 65

e

1, 2, 3, 4 substituted piperizine

o g

1, 2, 3 subsiituted thiomaorphiline

bicyclo[4.2.0] octane

tuted norpholines : x:
and/or 6 substituted 1,4

1 substituted pyrollidine

R"

5 substituted cyclohexen-4-one

bicyclo[4.3.0]nonane

£

N

¢
R
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R O R Ol O RS5 substituted DIOP 2 - substituted
1,3 dioxane O R' 10 cycl opentanone 6- substituted
cyclohexanone R _ R R 15 1 - substituted

cycl opentenyl 1 and/or 6 - substituted cycl ohexenyl
20ti 25 R R S R R S 2 and/or 3 substituted
cycl ohexadi enyl 2 and/or 3 substituted 1,4 dithiane
30 1'": 66 1 ::::i:lll:111J::87111 RY 3 - substituted
pyrones 2 - substituted 1,3 dithiane 5 NR-N R N
R* 10 1, 2, 3, 4 substituted piBerizine 1

ituted pyrollidine R' R. O Sf' ' 1 151, 2,

ycl ohexen- 4-one 20 bicyclo[4u%.0]
I cycho[l4. 3. 0] nonane 67 R

Adamantyl -1,2-diyl substituted tetrahydropyran

R )\k
— =4

Substituted dihydropyran substituted pentamethylene sulphide

(substituted tetrahydro-thiopyran

O 0
O o)

tetrahydro-furan-2-one delta-valero lactone 4,5-diyl
9] Q 0
0
o)
gamma-butyrolactone glutaric anhydride

B ol T it et Lo T TS

- L e T e e

LI FEST LI EL R TE TR Tlm s T g TR AL L TEE SN N L o PP Py

P R eI PN

B e 1]
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O R Adanantyl -1 2 dlyl substituted t et rahydr opyr an
50 R R 10 Substltuted di hydropyran substituted
pent anet hyl ene sul phide (substituted
tetrahydro-thiopyran OO O O 15
tetrahydro-furan-2-one delta-valero | actone 4,5-diyl O
OO0 O,ZT F 0 20 gamma-but yfol actone glutaric
anhydride 68 R R HNHN ICR RNH NHR H
substituted di hydro i m dazol e Substituted 1 4,7
triazacyclononane 5 R H NR HNH N RR Rt S E R
H substituted 1, 5 9 triazacycl odecane subsititut

thlazoIWUlne
MN
NH
RI
. N
R H

substituted dihydro imidazole Substituted 1,4,7
triazacyclononane

H
N R
HN
R R
N R
H

substituted 1,5,9 triazacyclodecane

0L~

3a,4,5,6,7, 7a-hexahydro-1H-indene substltuted Ba 4,5,6,7,7a
hexahydro-1H-indene

v 0

substituted thiazolidine

atd

D

e i wwaem
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.'R'-O R'-Sa 4 5 6 7 7a hexahydro 1 FLlndene .

substi tuted 3a 4,5,6,7,7a hexahydro-I Hindene 15

-] < o - -

------------ 69 Cbtahydro -4,7 methano - indene 3a,

4,7, 7a-tetrahydro-1 Hindene 5 R R R' 7

Substituted 3a, 4,5,6,7, 7a- hexahydro-1H i ndene In the

structures herein , where th&% is nore than one 10

sterei soneric form possible, all such stereoisoners

Qriahydrat-éddezthardowindene it i3n, gi7eTatcthhedrolétintée: at

| east one substituent on at |east one further

non- adj acent cyclic atomof the at |east one ring

extends in a trans direction wth respect to the A

and or B atomie. extends outwardly 15 on the

opposite side of theRing. Preferably, the cyclic

hydrocarbyl structurg is associated with A and B as

i c4hydrocarbyl structure or, in any

to the bond between the 20 two
Rtons to which A and B are

’/ Typically, the group X1

R3), X2 represents CR4(R5)(R6), X3

represents CR7(Re)(") and X4 25 represents CR10

(R11) (R 2) wherein Ig» to R] 2 represent |ower alkyl,

Subgtitueed heta, 5 B AatisaxaBydry-1-BBekd ed s when the

organic groups RL - R3, R4-R6, R- RO and /or R10- R12

i, takt eyhaldvglas Rr&bn 30 W Oor £ Re p 813 Wheh-o than one

ﬁ@§£@i§6ﬁ%&ﬂ&t'fd&ﬂ?' o£§§ﬁf§t'%ﬁjyeghbﬁrys§@%éEHEOmers are

ALOMSId f OrMEOHPPSI 1 9L gﬁéf LEh arcﬁa@t =830 1885t one

§ﬁ@§%f@&éﬁthb%dfi§ngcg Fgcusse @F qﬁfEQ'ngéa“C yelic
S

Netald gﬁ APEg ddgection
apshlon ?F@ﬁ%ﬁ i S, Bxoroee cttwaraly

‘T@Sﬁhe ih%?e?%%e e e Be cyclic, part-cyclic

or acyclic. Vhen C¥C|IC or part cyclic, the group nmay
Y¥uteye cyclic hydrecarbyl structure 1is associated

with A and B as the cis-1, 2Z-c¢yclic hydrocarbyl structure
or, 1n any case, cis with respect to the bond between the
two available adjacent cyclic atoms to which A and B are
respectively altached.

case, Cl$
avai l abl ¢

%%‘
o, enous

Typically, the group x!  represents CR'(R*} (RY), X2
represents CR'(R") (R%), X* represents CR’(R®)(R?) and Xx*
represents CR'®(R'} (R'*}, wherein R' to R' represent lower
alkyl, aryl or het.

Partlcularly preferred is when the organic groups RY -
R’, R'-R°, R’- R and /or R!'%- R or, alternatively, 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 acyelic.
When cyclic or part cyclic, the group may be substituted
or unsubstituted or saturated or unsaturated. The cyclic
or part cyeclic groups may preferably contain, including
the tertiary carbon atom(s), from C;—Ciy, more preferably
Cs—Czq, most preferably C;0-Cz carbon atoms in the cyclic
structure. The cyclic structure may be substituted by one

ime

et et ae e

B R Rt K 8 ok Ll B TR T B P

b



10

15

20

25

30

35

cyclic or part cyclic groups may preferably contain,
including 40 the tertiary carbon aton(s), from C4-C34,
nore preferably Cs-C24r nost preferably C10-C20
carbon atons in the cyclic structure. The cyclic
structure may be substituted by one 70 or nore
substituents sel ected from hdlo, cyano, nitro, OR19,
OoC (0) R70, C (O R21, Ci}g) 0?27 NR23R24 C (0)
R SF2E: SRggtleE@islgsg tads) NRv®R@rylnitro,
OF "HetQC (hidt e n HYR'R eQdI@)Oand,ewH%?éﬁU yCr(Q Na%’éﬁ%/ SR?Y,
BYa B8En, fSINRYRf‘owerral kyk, He ,andlareie R° to RV each
1ndepem@®edlpy 0FEr BF MO ¢1yakygem or asyllphur Béwds, alkyl,
and byr sileandnberdiupt k3l $iy conegraupsorén ddiddrcUbar ,sulphur
whens cystivy XllaXl, o ¥3d@amkg&sMcfmygr&ap%esem
congressyl, norbornyl, |-norbornadienyl or 10
mar@éﬁﬁimu.@ér)ﬂ Waeh X2 o0et hery v thZ }EBO ‘Q‘?l' RANQY ay
@éﬁr@%éﬁ@he%cﬁ@r"@ Optl HB§bB¥n lﬂ!bSt ienyl or
él{'\fé{ﬁ%QLB §r x1{§1a } de{’é{ EEQP w?{glh EI}!Q{*{Mﬁﬁh they are
d 2=
R%gg]§tid gg ys eqto#rfor %q+%ﬁ$§vex¥%ereof
aPS héﬁﬂ%tﬂ? W%maﬂl chot ekt hoY afeacfiédched
Emf%rﬁ% &) %b??%%a??yfgﬁ%giﬁtbﬁed 2-Q -
tricyclo[3.3.1.1{3, 7}]decyl group or derivative
thereof, or X3 and X4 tog§ther with QL to which they
are attached may form g Qngkpysten1of formula I'b Y2
49H H R50 R53 Rsl REFQ‘Q 1b) /2%l ternatively, one or
nore of the groups X1, QE, X3“and/ or X4 may represent
a solid phase to Whiﬁﬁ%%me 'LE?”&E&S attached. 30

R51 RS2
(1a)

Similarly, X’ and X' together with Q' to which they are
attached may form an optionally substituted 2-0Q1-
tricyclo[3.32.1.1{3,7}]decyl group or derivative thereof,
or X and X' together with Q' to which they are attached
may form a ring system of formula 1b

Y2
! £
R49|-{ d Hf__.R5d LE ,)
|
/

Alternatively, one or more of the groups X%, X?, X° and/or
%4 may represent a solid phase to which the ligand 1is
attached.

FParticularly preferred is when X', X%, x¥ and %! or ¥' and
X’ together with its respective 0% atom and X® and X
together with its respective Q' atom are the same or when
¥' and ¥’ are the same whilst X? and X' are different but
the same as each other.

S e T T wa

udf'unéubstituted or'éétdréfédndf'Uﬁéafuféted. Thé'hm B
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Particularly preferred is when X1, X2, X3 and X4 or X

and X2 together with its respective @ atom and X3

and X4 together with its respective QL atom are the

same or when X1 and X3 are the sane whilst X2 and X4

are different but 35 the same as each other. 71 R1

to R12 each independently represent |ower alkyl, aryl

or Het; 5 R19 to R30 each indépendently represent

hydrogen, |ower alkyl, aryl or Het and may be

interrug%ed by one or nore oxygen, sul phur, silicon

at ons, R kgesmlandepEnddnau&yMﬂﬁﬂaHédﬂ(Ewwe@ralkyl aryl
nrxtHeees thereof; 10 R49, R54 and R55, when present,

each |ndependently represent hydrogen, | ower aIkyI or

atyl £ o61r*°R505 ¢19 @%eﬁ@h‘%{érﬁﬁ%ﬁegéprgggﬁt ower

ent 35{)8 gnre res esen{ano or

g 18§TF0 PISPE§| OSrmé’r‘gPreﬁo BEFErab)y RL to

ach_ i en ntI represent | ower —alk or ary
E% %'re éyggﬁ %gi TRY “EacﬁaCbnaaﬁ%Haeﬁgpyly rEPrESEnt
F%ggﬂt k9F agyles al kyl phenyl ~ (wherein
e phenyl group is optionally substituted as defined
gebr éPn)Rg%rr @Tﬁh)ﬂr%@mﬁelwqfh@-mmd@@mp Jep&sent
oprebnalkylsudsyit eredets aryl as defined herein) Even
nor e preferably, R to R12 each independently
Yeprigsent, Oy* drol O6', akdigh, pakisehti, s saphi anakpyndently
sepsesent edx@gen) kyhlasr def WAt heheir@inMa8t represents
pyetesan) yioRdrt 81 REL @ﬂcarygpresent non- substit ut ed
Cl to C6 al kyl such as nethyl, ethyl, n- 30 propyl,
PEOLREOPYY, RIDulyl Rt sozbut ){hde %Hielﬂ"ﬂtl l ’reEpzeégé/IJlL lower
hexyl apg cyplphexyl, yespeci éyf y cach
Pﬁcﬁéb@ﬂé@r‘i{l’yplﬁg?ég@gte&bo b v Q.IL}-: phenyl
o eéffe‘y Hpd o0

(EPLIRN eRE  Ben Ldo
I
Wlﬁ% rg%ére:l_)ﬁ }i' %F§$ L}-%t éngﬁf‘e¥ga d i8] 8% group is
L g| SBE ke L7 et oG TRErE, heteidRa, Even
R@f% RRDY 0alh tPeﬁr eseEl { hederaadenher aFRyEsent Cq
%?%/ ¢ of 1 [/ niyle e disS @ﬁéﬂ%@lhﬁrépi@stwﬁpéegreﬁr@bwl as
ingd kerawd. R2Megth 4w frgphdyentR’'t e Sdnec@th CBepresent
Ww@Ub®b¥¥¢%%¢aﬁhytﬁoﬁ% slbyli tsutcdd ©1- @8talRyl etduch n-
RECEBt hy| |, Lsttptopynkpr opylbut vilso- piepybutgibut ykert-butyl,
peotplut exyerdanduwtytlopemy] edexyially methyl.

In a partlcularly 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?®, R®, R? and
R' each represent the same lower alkyl, aryl or Het
moiety as defined herein, and R, R% R° and RY% each
represent the same lower alkyl, aryl or Het moiety as
defined herein. More preferably R}, R‘, R’ and R'® each
represent the same  C;-Cs alkyl, particularly non-
substituted C;-Cs alkyl, such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl
or cyclohexyl; R* R®, R? and R each independently
represent the same C;-C; alkyl as defined above; and R?,

R®, %% and R'Y each independently represent the same Cj- CG
alkyl as defined above, For example: RY, R', R’ and R!®
each represent methyl; R®, R, R® and R each represent
ethyl; and, R’, R°, R’ and R each represent n-butyl or n-
pentyl.

A T T e T e SRS T

e e

R e L

o L T TR SRR

A A e A ELr ¢ e,

e F RS EETL ST it T 1 BT ek & it X A

ETCRY NN L

RE LT,

B tars, U )
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or cycl ohexyl R2 R5 R8 and Rll each |ndependently

represent the sane Cl-C6 al kyl as defined above; and

R3, 45 R6, R9 and Rl12 each independently represent the
same Cl-C6 al kyl as defined above. For exanple: R1,

R4, R and N each represent nethyl; R2, R5, R8 and

R11 each represent ethyl; and, R3, R6, RO and R1L

each represent n-butyl or n- 7&enty| 50 .........
............................ 72 In an espeC|aIIy

pFef 8Pr eﬁﬂﬁ%éaﬂmntpwf@hé@ﬁér esepedingnentddbn dach Riesent
fgvRERignoRrdtepRestat &'t heroame depwerserdiskythe asphe lower
8lkiet AUyt yoas Heef mneetlyera nle Rrefdenslein. Weneferably,
ahkyl agkeupgroepsh BichoFR12or BPY esaitfasdie: same &dnd 0c; to
B¢ Calalkylggraup, pRat L E6 UL AL LY nRen-sskstithited & -6 alkyl
alikyl as suehyas eehlyl . nephyby1n- ﬁrsfemﬂro py30- BE-ORMv1, iso-
Bubylyl ,td S0Py E%Ebﬂbu HéxyPeQL¥ » ¥k 8 ﬁi More
gyekebexyl,, E/Q[:ﬁ RPT € eﬂiﬂbgiépr%%%*ﬁ Bl fe@n tert-butyl,

ﬁsg{:e?%%% %ﬁi %/el;ngn{: Povver al kyI en(remsf/\hﬂ:h A agldyB

gL Eee “%”D‘ﬁ%s ?Ff ory éé “g“g%m?eﬁh%ny%ﬁr%mdm .

?mSOUh%haC% OFRuLR @g Féﬁﬁncoﬁﬁéeﬁdﬁﬁecl to Cig

%E E OFQEH ) RhPRG IR &MG iR =Bt drer fhgegroup to
BY Fﬁnpﬁétséhli*@ s Q1 Gder? alq@yl*ﬁ'h%elﬁowroupr and is

REVBFYhef edefiRethynefdis safmstvay eher f'édwef9alkyd” below.

Yevarthohessal Ryrhybene af kynoswhpnefisedetier ei n, nmeans

Cl to C10 alkyl and includes nethyl, ethyl, et henyl,

Pe ptopyl " lprepemilkyddt yr, TﬁmbmyT,w@@mtyhed hemrtenyl means

Bexyb, Chexedklylandnbeptiyklgrespsmethlyess ethgnwi sethenyl,

specylj edropahky! bungllyding domer Bekyy: gr pURS<ABY, hexyl,

ey her@d sh tﬁllf irelupRt. nupbeksaf Sarban i onB.e ti%led

bipear iat1bEaRg e_Ldaw apiiceul @&lox]p%fefﬁ rrednhpa

gk PEPSi dRE! HQﬁbEr ltbtfylcazéaﬁpda{:éﬁgr ORyl llx%eaz_sagyr%tr%glched

%aﬂf‘féﬁl‘éé ﬂ%)ll I c L] E‘: t-butyl
S ) g%g%}gis Gt bl jeaige ey
%@rﬁ{@ ot gne._or o & 7Su st] uenF? §8Ié F r G
Cyano, nlpf o, AR lI$2U, 59(0) uﬁ?fbsut@imd
“df? 9 “CEEH] "R 5RE6, O’ OX (OF gobetg%lents
Tafils rt UEERLY §E|5§Pgtl§’(ﬁedf aPQI(O Br )R
%h%U%%tvtu]F%dRorr SUBSTIR (R 'ed HBR*/whér(e) SR ol AR,
WREHP 3 reperdienn ysupepisyeat h@!ﬁr’bgerﬁr halngubstituted or
sifetibstited ediedr, substetiot e8'° atyl Bf° usscbst ihdepdndently
bt sant edcowereral kylalcor , unsublse icasedof oR21subakatuted
wykoprcmﬁ@bamdtanmdo candéwbsbetuted lower alkyl, or, in

the case of R* hale, nitre, c¢yano and aminc and/or be
interrupted by one or more (preferably less than 4)
oxygen, sulphur, silicon atoms, or by sllano or

dialkylsilcon groups, or mixtures thereof.

The term “Ar” or “aryl” when used herein, .dncludes five-
to-ten-membered, preferably five or six to ten membered,
carbocyclic aromatic or pseudo aromatic groups, such as
rhenyl, 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,

nitre, ORY, OC(0)R*®, C(0O)R?!, C(0)OR??, NR¥R?, C(0)NR?R?,

SR, C(0JSR™ or C(S)NRPR® wherein R to R each
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" 35 int erfupt ed by ”o'ne' bur' “r'r'o-r'é" ('p'r ef er éb'l ylesst h'aﬁ' 4) —

oxygen, sul phur, silicon atons, or by silano or

di al kyl sil con groups, or mixtures thereof. The term

"Ar" or "aryl" when used herein, includes five- 40
to-ten-nmenbered, preferably five or six to ten

nmenber ed, carbocycllc aromati c or pseudo aronatic

groups, such as phenyl, cycl’@pent adi enyl and i ndenyl

ani ons and napht hyl, mhlch groups nmay be

angdaepstidtotés orIEEEEEEthedhmdMWq@me omnmmbestituted or
substitugrtls sefkecbhed Iswar uadudydt i twii beh 0m14y1 group may
subsilift ticeduakybsthioweedaldwy! s(bt ehugeQuUR By thsBhfed as
befitsgubsétditied @, substidnd eda@e teF mMpiaf e%@ﬁtlonally,
ﬂaﬁbneﬂltbafebyhnoFﬁk Gwhiheh group may itself be
unsubstituted or substltuted or term nated as defined

hecei A rmhad oy i &N ' wHEﬁr(bséng g%%go) gagﬁéc &O)to Cio
t0

B?ci:en O)a% ;2L t:l H,%Fg@/f lpl}l @ ntenyl
ge gnge‘ﬂ{]{ elfi) %}sj K rogenerffﬁssﬁbs??? %’r alkenyl
Pt ﬁ E Sl Ry 5u€£ﬁ¢&ﬁﬂ5|%y#mﬁ%5uafn§¢rbon
g?ggﬁf ) ﬁ&ﬁ%gtPfu bl e by s Lt od,
§ dE¥eG her &¥WCli%r, 9% tne2khse 6VCRRE/acyclic,  be
YRarPFbRERFGI Eﬁ%ﬁtelt%qdr 0L cy A imatad oy Phe teF mmore
ﬁabﬁéhyuﬁnﬁﬁensaé@@tﬁér eiffomedrrsl G2 tayaTiaQ ah keny/ OR'?,
Qﬁ(ﬂOPHCrude%(féHﬁem)/I CHOOpRRy|, NRFCRHyl, QEMINEAR, SRS,
Ghe) BBYenyl (SYNBIFE", Unhesbsothatwiserspebsiiedted aryl, or
ahkehytitOGtgdouns salystivbebet helee,i swlgesafiti afento R are
aaﬁbﬁEdoéscabbonlkguoaaovbeahuw@arb@r1Hta@%b9@edb%y one or
‘Ratyr atpeck Oy AHISAt Ukakedihame 4qycbk9geﬁc)’%dfplrﬁfr PaLl 1 icon

§¥6hE £/ 86Y ©yi Cs1 Deno UBSURSLITtYRd,) 3D d
tgepipated g}y 5(A)lne o? nor e asﬂfgtétltuent?sedlt’t’e%t e(gjgfmlm_'ures

hal %q(ganoc(ﬁl trg? )OR19 202%:3(:l )22 23 24, 25 26, )29
#Be R SR AL RNR Rs@0) MR RiSR 1ea GO SR30, ¢,
AR NR27TR{Q, aH@§HQé% EEB Hgg F% B&hgfélguﬁ&éﬁﬁo Bt?n;i

u e
i qgéé&lj' %§ ?é “Above ? pdlor pe :%yyﬁgég&kynyl
dyoWe S ool ?%%E?aﬁ- Tes ?ﬁgﬁezg Gazbon
P St CAT IS CEUNRE i KL e
%?alk?VEFFEOn gPGYHL ICor Mkt urRRTT t hef BBt i CTReYERE6n be
“%?%?% }“uVﬁ%n GSEd tRENSIER, dansrmanpsed, bwl kpaylor more
1 eRfes etﬁgﬁytedpr 6§9ﬁyl hab@t,yn;ﬂyaqmntmgiro 250R*?,
%‘Flboh% nylcﬁﬁcﬂjps UnBERt he R S s ped f)etR SR2?,
%[Q&%&ﬁ gEdGpHRAEY mmnﬁUbhEIEutsdaosustbstenﬁteunheyl or
o s whas hdmut ed one, ﬂlﬁaéuitearecoertan@hmi;e:be Bt urated® are
dxfimsatas afed, alkyl above and/or be interrupted by one or
more (preferably less than 4) oxygen, sulphur, silicon
atoms, or by silano or dialkylsileon groups, or mixtures
thereof.

The terms “alkylene”, “aralkyl”, “alkaryl”, tarylenealkyl”
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 tarylene” 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 is concerned. References to “alkaryl”, “aralkyl” or

EE R T e TR el BN TN N

TR L A AT, L T A R S A

VRIS el D

LEEFRERRES
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'Be dY&f{g:'aéy2f}EhBngéF{séyé{{b/ébyéf{éfmﬁéhﬁﬁ

unsubstituted, substituted or term nated by one or
nore 30 substituents selected fromhal o, cyano, nitro,
OR19, OC (0) RO CCOR 21, C(O)OR 21, NR 23 R 24,
C(ONR 25R 21, SR29 , (C(O SR30, C(S)NR77R26,
unsubstituted or substituted aryl, or unsubstituted
or substituted Het, wherein Ri*9 to R30 are defined
as far al kyl above and/or be interrupted by one or 35
ificefdrabld Ness kdmarm o) refgusmesut@har , os8i 4igdnabove

&ondaror alsy $hkandror odi ahkyll5|1a0f)nlghoups Phe group is
qu;arre@d ther eof . The terns "al kyl ene", "aral kyl "

"al karyl",,"aryleneal kyl" 40 or the Iike shoul d, |n
tad cabsenges of i thf ehiehi ahe 0w bee—BORE L 86 Y B%oh%e@nay be
ablse iitntaeic of aneamiindt dhei abovge defijdid ) OEhQEm bromo
aakkyldoas far as the al kyl or alk portion

group is concerned. 45 The above :4r or aryl groups

221" b@e%ﬁtaehgg”by QRENON ,HDKE 1 &?gfhentlﬁéiﬁgebUtfour to

&%E@& o aryl, " enepl kY]
ggfg&gﬁbtegecj %@gngergt ooéé{ 1?WO gvdr e%%ﬁild ring
E E Ualot qg |d@aea80rﬁ¢mqﬁe tercatoms
S far a5, t'h 9$9n ofUthBr50 uptiizgrures

Eong%?ﬁéd aljeht ]?Jeﬁl&e§l 85 a’rT r3A™ Nogr gney| or omogs double
RECF| 18F SHBYIl SN PAKRFPHAL + @f ePAEAY tar MRatokC apyl wholly
AhBPBL1Es fldr aShekecheror aryFheor riog ofsydteny oupay be
PNENOEYRELFneBlCECMAFoCgr Sugsdwi Eachhi“dletheroup identified
BBEGEINBAYI bredTiudus e e r sulistt i tieed Oby one or more
febal havedisnskldetbbludron ¢hdlor,0, cPi0sp napdo] 0806, lower
Thisyl er(mitildét "3l pengused herei nrsenel udes foubst i futed or
i0bsuet veetrender egh ropirefes@blas f ol el tggrggg‘ger ggqu _
ot ng) REyst-enm) RAR cho [hngs*acont aiyy PNeRDr I RZ%)

@E%Beroa@@@ﬁsgwelggtect(fgcmﬂn ﬁngeghe9é¥ denyiss JNfﬂJlkao

2R Pi G &% €5 thf»‘é 9£seﬁe g ““95 Contabs g E-}eaCh
b Ar oma &EPES
QﬁbgPIf%@Q& ﬁ éo%%gha % %ﬁ o EEOPPnétSEIf

nDnoc cl Fﬁée erpimated as
fr L%@ %%%e”glsn fti éﬁ 'hehé’raéu nodfa)B be BAsBbsHittPedaminoe
t of e hor &NVsubsF 1 udnt s 9¥erest exich as
‘h JoY cyard Sﬁnliiid@edoxo AWk dEIKyl  (whpyhralkglinyl,
Jd? i t Py unsubstianutled opxa20lglbst i tubedzolyl,
otadier R hated astbérenddlher ei Mhia@RZEZ0LYIO0( O) RROiazolyl,
q}q§¢gﬁgolxi(»CF@Zatrm@RQ$YR24 Py IQA(iRAR) R26morpholinyl,
R idioy1)) SR3¥rerzing(lS) N GRIAR1RA§IWher el BofE9nbPiny1,
3 satinyl, 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 alsc be in the form of an N oxide.

The term hetero as mentioned herein means nitrogen,
oxygen, sulfur or mixtures thereof.

The adamantyl, c¢ongressyl, nerbornyl or l-norborndienyl
group may optionally comprise, besides hydrogen atoms, one
or more substituents selected from lower alkyl, -0OR!®,
QC(O)R”’ halo, nitro, -C(0)R*, -C(0)OR®, cyano, aryl, -
N (R¥*) R, _—C(O}N(sz)st, —C(3) (R¥)RE, -sR?S, —C(0)sRF -
CF3, —P(R*)R*, -PO(R®)(R*®), -POsH., -PO(OR®) (OR®), or -
50;R™, wherein R'-R*, lower alkyl, halo, cyano and aryl
are as defined herein and R"® to R% each independently
represent hydreogen, lower alkyl, aryl or Het.
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i ndependent |y represent hydrogen, unsubstituted or
substituted aryl or |ower alkyl. (which alkyl group
itself 25 may be unsubstituted or substituted or

term nated as defined herein) or, in the case of R21,
hal o, nitro, amno or cyano. The term "Het" thus

i ncl udes groups such as optionally substituted

azetidinyl, pyrrolidinyl, i#APdazo.lyl, indolyl,
furanyl, oxazolyl, isoxazolyl, 30 oxadiazolyl,
t hi azol yl, thiadiazolyl, triazolyl, oxatriazolyl,

Suni by ivazorhdn Py | ddanayt v1 pocphoteéayll, pyokbbdhipyl or 1-

rpytazimyd enygui nokirayl, isoqshpetifytedK wiptperdid nyWr, more

ez ydnend phper agelyhedSubsiidwd i on @i g mi}ér@?erred

Alb & CAl: airgmmet@ﬁsﬁ@ét{t@gcarelvmr@ vl, -OR

@PRYAPr| atgh@f1 oneco(ro)rmpe o flt et er;pa orrB Pl{-ialzE

el e o b;ffe N%gx' The dehy’ g
s.oer?és ”Eg{iwg&qt Gng uzs'ﬁhe <

el
no bor L ndl ?g; _ﬂrESENt
i% C’ﬁés 8§§ ﬁ§&FBé Fb gh&Ylor ﬁnre o "R eac
Y seF8REBASHF omUrGiErS fditI%WE‘d RIY9-= 452yl or
ﬂ}F%? haﬁlb di thartiepyrde, reefeyroR 2embydhoent the
Ed%k%ﬁtltq@(r%)ﬂ?% C1ClE) (RSB} RPB, mOfS) HIREAHIRIGLY, methyl
SWBRR GBS -TGDIBR30 1 ,-3 CH31etIy Y REBInARE7 1 - PO (R56) ( R59)
, -PGBH2, -PO (CR60) (OR61) , or - SO3R62, wherein
RIERE0;, | over adamantial 0, cymmocamyll ar yhorlasenads or 1-
radefiedileng nyane RE6yt ecRG2 ieach Hadepandepdtyge®0atonms,
UeEsEnts b ogemtd onerded kybad @wyde Orpreferably up to 5
substituentéd SHi tAHhedheBciRe agapan e’fe(i%‘ﬂﬂ@eslgtfzf Lo 3
mmrmwntq las noa@9£ﬂ9aenxbogeoup 'SSLﬁLULb&H ufethen the
dﬂyicncéﬁﬁfbséy SthEHBBE @Scﬂp 1 ned %tI?Qﬁldgroup

¥ efer uns

%%ggy é%{ f é% R?dgé&ﬂeny more
u ro %% 31- ? ln sach
6 & 8“%6&(1 @33% RS ?HEéps EFEPH“F&g are

dr oden “sunsulfstitlut ed ¥4 g afkyflgpromethyl,
ularI-J\“Zf'O oo @Wﬁed RﬁscstﬁaU@é]chSﬁlﬁlaeaénd@ﬂmsl A
hﬁé’é’rléfsel?ﬁeﬁ%r]h%r agamapt vins sitgnassedl C1- agrhrrypyl or 1-
NP GIE CRE0 Vda @ ourh depentierit 4 Y ydresentansubst vt uted the
a@aneg tal kytongrephghy| nonpormar t dcullamorhorefiddemed group

lernadi medts tiketesubst i tuents are C, to Cg al kyl, nore

preferably, nmethyl such as found in 1,3 dlnethyl

Fagdimamnily., 1%h8wi t ably, thenadamant yameengl essydngressyl,
@r 1-1-rosBed ndd eayy] gr gepufByY i@ONMYreS_nt  in a

degpides ydregemiat afB.each such group is identical.

The 2-0Q% (or oY) ~tricyeclo(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 Q° being an arsenic, antimony or phosphorous atom i.e.
2-arsa-adamantyl and/or 2-stiba-adamantyl and/ox 2-
phospha-adamantyl, preferably, 2-phospha-adamantyl) may
optionally comprise, beside hydrogen atoms, one or more
substituents. Suitable substituents include those
substituentsz as defined herein in respect of the adamantyl
group. Highly preferred substituents include lower alkyl,
particularly unsubstituted C,-Cy alkyl, especially methyl,
trifluoromethyl, -~ORY wherein R'® is as defined herein
particularly unsubstituted C;-Cg alkyl or aryl, and 4-
dodecylphenyl. When the 2-meta-adamantyl group includes

MR SEAT AR o e Ut e

e

)
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”up to 10 substltuents as deflned above préferabfmebWJI

to 5 substituents as defined above, nore preferably

up to 3 20 substituents as defined above. Suitably,

when the adamantyl, congressyl, norbornyl or

1- nor bor ndi enyl group conprises, besides hydrogen

atons, one or nore substltuents as defined herein,

preferably each substituent s identical. Preferred

substituents are 25 unsubstituted Cl1-C6 al kyl and

%G5 E | LbrBnerRy Subsgditoictdl arb ¥e UrisubbyY | ¢atedsabstytuent is

eylicsueh as nmethyl. A highly preferred adamantyl,

congressyl, norbornyl or 1- norborndienyl group

Eonprr ey hy thegehrrattarsaadarhantiye. grbep adamambytituted on

wongreessylgrenortfor mjpke of, 1- Bor bbr nalt ery| pgrdifpiond) WSth a

Nssihsdnt uted. ddrafef ahkyesinhen vore thaiTeOdly, the 2-

B dthanepnggessyl .is nerbetoyhiten brhoshek ndirerde 1, 3

AHOUP LesPEESARL | 7A ¢ 5! (“HﬁkwfaﬁOéﬂyhﬁgémeﬁﬁcﬁeans the
&BoﬁrQQDHH%'ﬁEEE£§aéda §n€yf &R ded o, carbon

t{ C¥ﬁE°B%a% + l{%ﬁfﬂéggﬁ”héﬁ rﬁ SEO %toms

1€,
co%ti feefa@iye g R rguPengrg pgtiguces
ransrar 2efAld, aﬁF? pheSPhb 8u§'m6ta'

Qt¥§ zﬂ??? saild§ | BREPor ?h%leé-adéﬁﬁﬁF fuent

Eﬁﬁﬁ%ﬁEQQYpr%FEPabl b5§1§H§§6ha5§Hanﬁﬁ?9F CRhy ESPEClallY

Rﬁﬂﬁ%ﬁ%ﬁ¢ysﬁbﬁﬁﬂ¢§§ntﬁesﬁﬁ% RYyGUEgEr Tay Coﬁé otlkyl and

trepkaa kghibst PeEEACYLaslit alsabalistitaknfs Gancllidd such as

ndigsel  substd t uerdtlsicasirdeafached Wer€in | mlrlaslpect safch as

tt:hief ladanemtyih vy U5 group. Hi ghly preferred substituents

i nclude |l ower alkyl, particularly unsubstituted G -Cg

rat e ; aleispe C Rakey areidaylant 1t r rgpueseneshynsub R uted 2-

el -eldarliigc y 5 @6 Blehéngdabenghnylpanbkeutatby with one or

S bS tuintsbit-ed 1 GlEe al &ylcaor anx 1\;,1 angu¥stituents, or a

dadecyd phanyine Miep, the 2-neta-adamantyl group

includes ... .... ... . ... . ... 76 nore than one

?he %f '3 meta-

one
L g? 5 Ubst.tf{"fgﬁ de R btk nhepprgatons
XY IqheA A -‘f*ﬂé]r% ECE G Al 6?8%5113% ¥uB%Y PRl 8§oms -
C‘ea@ﬁeéﬁrﬁﬁéva e ah oSt podFETBREY L SGRCAr yinglieges one
h awraﬁhgei‘i%fmth% teteryatonf of ikhethe 6, 9 and 10
et irtamanEyEngrivoope | Ldsoirietb o catison2i0eatoadaantyl
grverradamelit gt s skel etldh thavniang hed crydrtagen mtemsh ofibshe 6,
Pr efidr dldl ypotheidnset a- Hdawantinet farauly i Swhehstiiait edmeta-
adamantyl group includes two or  more additicenal
heterovatoms in the 2Z-meta-adamantyl skeleton, each of the
additional heterocatoms are identical. An especially
preferred 2-meta-adamantyl group, which may optionally be
substituted with one or more substituents as defined
hexrein, includes an oxygen atom in each of the &, 2 and 10
positions of the 2-meta-adamantyl skeleton.

g%%?%|56$§npw %eﬁa ?Pé ﬁgﬁiéﬁggsgk H§H%P§?udes additional
_Stefﬁﬁs

Preferakly, the 2-meta-adamantyl includes one or more
oxygen atoms in the Z-meta-adamantyl skeleton.

Highly preferred Z2-meta-adamantyl groups a3 defined herein

include 2-phospha-1,3,5,7- tetramethyl 6,9,10-
trioxadamantyl, Z-phospha- 1 3,5-trimethyl-6,9,10-
trioxadamantyl, 2-phospha-1,3,5,7- LCLId(tIlflUDIDmEthyl)

6,9,10-trioxadamantyl group, and 2-phospha-1, 3, 5-

tri(trifluoromethyl)-6,9,10-trioxadamantyl group. Most

PR
W

R e S
il LR
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“on each of the 1.3 5 and 7 p03|t|ons Ween the T

2- et a- adanantyl group includes nore than 1

substituent preferably each substituent is identical.
Especially 15 preferred substituents are unsubstituted

G -Ce al kyl and hal oakyls, particularly unsubstituted
Cl-C2 al kyl such as ( J nethyl and fluorinated Cl-C8

al kyl such as trifluoronethyf. 20 Preferably,

2- met a- adamantyl represents unsubstituted 2-

pret 2o agamnt yheor 2 Z2pnet gk adadandyt ysuldst | seledewiit From 2-
phes [ - 103 65 UNstdist driiak leell G- 8 @ kvl o st AteNt Sxoup or
D¥plio sl JALs one £ heseof1 - 25 Pref e abladaddier vl group.

2- met a- adamantyl group incl udes additiona

el 8f 0 O, wRbRemdanide 2nQ aLolra-RdbhentvTBtFoup is

@p@g@m Yin sgelgehgeunéw Jeab fpdd) t On@a«::kli]e% %8@5 Ogaamantyl
%‘ qﬁy d sul phur atons, ‘especiall

re pre erably, the 2- et a- adanantyl group

%taiébe Bljftr)é 01%% %gl%Pgt ero Lours I‘ghods well
= adarnan klfi %egrgn a %ﬁiﬂ certain 2-
T o g e oL opegytoc
@abmc whEANEAR - 2- metldkatdfant §9L @w#mud’ésmeta-
FqRBHE Yor e Bnaf . T35THARe Lo&temindYh heheobtained from
thenptuadamiiar skelretamreshdly ofnalveg o diati orvdd -
heteroatons are identical. An especially preferred
Erenfet ra-eat] a maboyli ngnawp, ofihi e mpyrearintonahbygnbéon include
tSidxst idhidmedind t h one or nore substituents as defined
herein, includes an oxygen atomin each of the 6, 9
36N dr e 46 DOS (7 RS) %)t hex - pebasadarBntofioskeh aon.,
Rafarably, cr@lhw?rﬁetaarﬁﬂ%&m%;slre:,%ltgdewma Qe ror e
oxygen atons in the 2-neta-ad ananty skel et on.
r a a ad e S
e%nilﬁ/n %ng @%IE:ZQR %%p i 9?6 g%ne gﬁ and
tH

r% (Byzg }Eah %i tpyhlos’gp E'P!’yl 93"1 ‘ih form

phospha- 1, 3, getra(trlfluoroneth 1) =10 11 1o
% §F—‘E6€‘ Fmaﬁaagné%t) (R @;r tp, raia-‘aeaerb%s a{R 3 @'5p; and
X Bpfr ¥f | tedoReeh ‘F}UE @ T thistaddimhtate g@rid@shasbsiorm
a _ring system of - anmula'ﬁpdpreferab|y t he
2- phospha- adamantyl is selected from 2-
phospha-1, 3,5, 7-t et ramet hyy+ 6, 9, 10-t ri oxadamant yl|
group or J :
2-phospha-1, 3,5, -tri Rat yI 6, % tri oxadamant yl
group. 5 Preferably, when nDTe t han one

2- net a- adamantyl gr ils preseQ% in a conpound of
formula I, each 2-neta- dagﬂﬁ\yl group is identical.
R51 RS2
(1)

.

¥* represents CR’(R®) (R%), X' represents adamantyl, and x!
and X’ together with Q% to which they are attached form a
2-phospha-adamantyl group;

x? represents CR’ (R)(R ), X* represents adamantyl and X!
and X? together with ¢ to which they are attached form a
ring system of [ormula la;

IR T CR TR DIy

f o A e T LR AT S e
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”The 2 neta adanantyl group nay be prepared by nethods T

well 10 known to those skilled in the art. Suitably,
certain 2- phospha-adamantyl conpounds are obtai nabl e
from Cytec Canada Inc, Canada. Likew se correspondi ng
2-met a- adamantyl conpounds of fornmula | etc may be
obtai ned from the same suppljer or prepared by

anal ogous net hods. 15 Prefer féd enbodi nents of the
present invention include those wherein: X3
represents CR7 (R9) (R9), ¥4 represents CRl (RLA)
(R12) , X1 20 represents HR2) (R3) and X2
represents CR4 (R5) (R8) X8 repqgﬁents CR7 (R9) (R9),
X4 represents CR (R') (RL2)™:" and xi and X2 toget her
wth Q2 to which the r attachﬁ d form a

2- phospha- adamant yl gr oyp: Q25 X3 represents CR7 (R9)
(R9) , X4 represents 1(R11)R@R 2) ; and X1 and X2
together with @ to which they are attached form a
ring systemof fornula la{f1¥1 H aaHR ........ R54
RSA-- . ...,~ RB3 R51 R52 30 (1 a) X3 represents
CR7(Re) (R9), X represents adanmantyl, and X1 and X2
togetdhare amrits QUR'GRMiRY t hey areratdsached fram=ant 35 X!
Pephospios ackeimait YR gr on; x%%er;ﬁﬁﬁﬁm TEEREE RERTHR9)

X4 represents adamantyl and X1 and X2 together with
é?i:a é%’fhérk?ré(’(%!“} (Abf acped LormantLi 88 yakem of and x!
551hR552h gy "rx'rigz,;g 58 SRAT reT oy 24 r%;e%n m 2
NETt ﬁ( E?almalgt Yep eélg%‘ts CR1 (R2) (R3) and
£ﬁp2%%%%%%n%§9 E§52R 3%2 ) represents congr055yl i
represents CRI(Rz)(Ra) and X represents CrR*(R® )(RG);

¥* and X' independently represent adamantyl, and X' and x°
together with Q° to which they are attached form a 2-
rhospha-adamantyl group;

%x* and X! independently represent adamantyl, and X' and X°
together with 0* to which they are attached form a ring
syztem of formula 1la;

A

R49H ” ]H ___..R54

R=0 / o ,\ RS53

R51 R52
(1a)

X? and X' independently represent adamantyl, X' represents
CR' (R?) (R*) and X? represents CR?(R®) (R%);

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

O

o

o



10

15

20

25

'”XSIrepreeehte“éRf'(ééyu(ﬁg), X4 tepresente'eehéheeeYI,

and X1 and X2 together with 2 to which they are
attached forma 2-phospha-adamantyl group; 10 X3
represents CR7(R8)(R9), X4 represents congressyl, X1
represents CRL (R2) (R3) and X2 represents CR4 (R5)
(R6) X3 and X4 independently represent adamantyl, and
X1 and X2 15 together with @ to which they are
attached forma 2- phospha-adamantyl group; X3 and X4
I ndependent |y represent adeﬂantyl and X1 and X2

together with Q2 to whi he% are attached forma
ring 20 system of f ¢uf IaIIa sa R49H 11... " R54
J.. R50 R53 /1 Rsl R52-{1" ag' X3 and X4

I ndependent |y repr esgpf adanmgntyl, X1 represents CR1l

(R2) (R3) and X2 repres nté1CE§ RE5) (R6) ; X1, X2, X3

and X4 represent adamagt and X4 together with

QL to which they are a ached ﬁay forma ring system

of formula Ib 79 Y2 R49 Hb) L.L. HRSa R50 R53 R51

R52 (1b) and X and X2 together with @ to which they

are attached 5 forma ring systemof fornula la; Y1
FMIHH and . x E@@ether wikh- @2 Daﬂ%fgﬁF%Hengre(%§¥ached

é@rr&am@@ I@Qeeeaﬁeﬁ&ﬁ{uteptesent congressyl, and
X1 and X2 together W th to which they are attached

forma 2- Y"

R49

RS
(1a)

x? and X' independently represent congressyl, and X' and X2
together with 0° to which they are attached form a 2-
phospha-adamantyl group;

X* and X' together with Q' to which they are attached may
form a ring system of formula 1b

Ye
R‘-‘E‘_ﬁ J ‘H ,I-L,Rﬁat
RSD_.;.. Q1 \ R53
RS1 F252 .
(1b)

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

%' and ¥ lndependentiy represent congressyl, and X!
represents CR'(R*) (R’) and ¥X® represents CR*(R®) (R®);

%' and X' together with Q' to which they are attached may
form a ring system of formula 1b

;
i
u
-i
b
"
]
!

Ty e e e T Tt
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‘phospha- adamant yI 'gr'odp, 15 X3 and X4 toget her with Ql'

to which they are attached may forma ring system of
formula Ib Y2 R..sHHR54 RSA-- R53 R51 R52 (1 b)

20 and X1 and X2 together with @2, to which they are
attached forma 2-phospha-adamantyl group; X3 and X4

i ndependently represent conghﬁssyl, and X1 represents
CR1 (R) (R3) and X2 represehlts CR4 (R5) (R6) 25 X3

and X4 together with Q to which they are attached may
forma ring system of formita Ib 80 Y2 11 R4gH H Rea
RsO Rs3 R51 R52 (| pﬁl repHesents CR (R2) (R3) and

X2 represents CRa (R (\Rﬁ) ~R¥% 3 and X4 together

with QL to which they arle atttached form a

2- phospha- adamant yl msoup, a d_)% ;and X2 together with

@ to which they are taghe forma

2- phospha- adamantyl grpep L..!Rsd0 Highly preferred

enbodi nents of the present invention i ncl ude those
wherein: X3 represents CR(?”()RS) (R9), X1 represents

CR10 (R11) (R12) X1 15 represents CRI(R2)(R3) and X2
represents CR4( R5)§R6) especially where R1-R1l 2are

e trepire serdfe CADIF" | PR a conbolindepkebental &Rf R XR % s
identical to X4 and/or X1 is identical to X2. 20
Wararicc W atdogeaptefrersiath apnhicnathiions tiey herer aseathed form
a nv-estis ©ph 4 fed attlen t Wosgrabe eknd k1)antB Wlepbesehles with Q7
tQRﬂhﬂ@ch( R8he yX4akepreseitise CRIQMR ) GR12) hgépﬁé -adamantyl
lec|;;L|[]§sents CRl(RZ)(RS) and X2 represents CR4 (R5)

(% A and B are the sane and represent -CH2-;

nghly preferred embodiments of the present invention
include theose wherein:

X* represents CR'(R%) (R%), X' represents CRY(R') (R'Y?), x*
represents’ CR'(R?) (R’) and X® represents CR*(R%) (R%);
especially where R!-RY 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 CR’(R*) (R*), X* represents CR!®(R') (R'?),
X!  represents CR' (R™) (R7) and  x? represents
CRY(R?) (R®) ;

A and B are Lhe same and represent —CH:;—:

0! and @ both represent phosphorus linked to the R
group at ring positicns 1 and 2;

R represents 1,2 cis-5,6-dimethyl cyclohexyl.

.

(2) ¥} represents CR’(R® )(RB), X represents CRYW(RY) (r1?),
¥! represents CR? (R y (R and ¥? represents
CRY(R®) (R%) ;

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

Q' and Q° both represent phosphorus linked to the R
group at ring peositions 1 and 2;

R represents 1,2~ c¢is~ 5 -methyl cyclopentyl.

r.r).\_

)
ot
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QL and @ both represent phosphorus |inked to the R
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group at ring positions 1 and 2; 30 Rrepresents 1,2
cis-5,6-dinethyl cyclohexyl. 3 7 9 10 17 (2) X

represents CR (R8) (R9) , X represents CR (R) (R12)
X1l represents CRRI(R2 ] 2 )(R) and x represents 35

CR4 (R5') (R6) A and B are the sane and represent

-CH2-; QL and @2 both represént phosphorus |inked to
the R group at ring positions 1 and 2; R represents
(B)2- cx5and wietbyktayel apent yi. £o4Qn8kn Bk yX3 randitdiched
t oget hesra th QLpho sWhiaCh duRewn tare @Eb@ hedaf@rma  ang x2
2- phosphge eapant ¥ h QFOW% @ﬂ%&hx%hgg $99§ L€ form a
Wi th QG b0, whih D 5hey, a5 e &t gﬁhe rnwa

2-pho§@h§n§ ngpéy hgrg . % are sanme and
t
[ nkedt to? HupeRT Pﬁﬁg eslso" Zo%é‘wl PSS 8 ene

repr;ﬁ% E+§g BOBLHP rohex . 10 (4)

X1, S@P%%%E%S rbpf eSbRT %d%rraﬂ% Frivh ayalenaryl-

the sane and represent -CH2-; Q1 and 2 both represent
@EosphorQ§ li,bnked to the R group at ring positions 1

d 2; 75 /R¥ epfesthf sX 1, IERSSHem e AckH Rty

cycl orféx'?yrlld B s el §ame nander epRpORNEs—6HzF0r nul a

-V, ARamhd @admothndepesdent| phosphesest sLiClked €6 the R
al kyl emecwthi €h ¥5ng opts onadthy Sudmsdi 2ut ed as defi ned
herei ;B feprexampd el v tdi 205 dwedimd Kyl 1 9t pPShexyl .
Preferably, the | ower al kylene groups which A and a

Pepf esanly Ar en N6Res whabbluutied o fParddimul art v, paebgar edeach
1oaeserddyt Bpe wBbhebsénagd B, mayoi ndependept éﬁe which 1is
SSPISSENt v aE @ Aot &4 a 5@f1n@@55e95§ﬁer@erexﬁﬁﬁle with
Dhwdy 2N fséf@ﬁﬁ§entPere§?ﬂ? |0 E?k%ﬁe fodroups
&Kﬁ WQQ &eénr%%?ésgﬁ{ Eleulerly

for t hose

g g&e

a %%YS egﬁadently

Yy, =ach of A

Mi; H%Ee I'E-g%e %?Fy “ﬁs F?eassaeé,lppg herein,
_f

Frula (1'V) include those wherein: 35 R

each Rl to R12 is the sanme and represents nethyl;
5till 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.

Lepecially 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 —CHa-;

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-
dimethyleyclohexane; cigs-1,Z2-bis{2-phosphinomethyl-
1,2,5,7-tetramethyl-6,9,10-trioxa-adamantyl) 5-
methylcyclopentane; cis-1,2-bis(di-
adamantylphosphinomethyl)-4,5 dimethylcyclohexane; cis-
1,2—bis(di—adamantylphesphinomethyl)~5—methyl
cyclopentane; cis=-1- (b, P adamantyl, t-butyl

ISR Rl I R R

L N P et T

e L e ] = T T P L 0 T i T Tl L

ST L T LT A O DR G S LR 1 - T R R




10

15

20

25

30

35

40

45

A and B are the sanme and represent -CH2-; R represents

4,5 di net hyl -ci s-1, 2-cycl ohexyl. 40 Exanpl es of

suitabl e bidentate ligands of forrmula IV are

cis-1,2-bi s(di-t-butyl phosphi nonet hyl) -4, 5- di et hyl

cycl ohexane; cis-1,2-bis(di-t-butyl phosphi nonet hyl) - 5-

nethylcyclopentane

ci s-1, 2- bi s( 2- phosphi nomet hyl82L, 3, 5, 7-

te' tranethyl 6,9, 10-tri oxa-adamantyl)-4,5 45

ghesphyneyelbyen afe; | ddi-s bz vhirsic@pphosptst maretdyd -

Higeshylyellrarmergl;- 6, 81k01kri 0Xa; adanaosyhntdl,  t-butyl

pbbhpheyohepantare;- (ciis-b2thilg{disphinomethyl) -5-

adahgntykpbpsphiznenet hyldi-«h15- di pepidnd syed ohexangi -1, 3,5, 7-

ceSrahe2nbisEdio, a@aﬁ&ﬁbﬁbpﬁ@%ﬁﬁh& thyl) S- th¥J 50(d1 -

emepmgaa&gnenoeeehyl 4 4(B-P cio {% 21— (2-

ﬁheé ELHQHEE 1232@' 7L1h ‘r '%g%ﬁh @%gﬁbl @ay
EEE %ﬁ hyl) 2 (di - tdSJbut W@fs?p ’H%ﬁ‘ ?5% f"megh%’}

% 8¥ﬁ E é %IS 1-- ﬁb¥9?§'ﬁ

Tane 4 FPFQXE 3H§R§H - 2 - (di- —2-

E%gﬁgﬂag HBH@PH PHeshyd) rar ARG é|oﬁ%§bﬁ%exene 1-cis-1-

E Pﬂ@ﬁEPH§r11335s77teéﬁﬁaﬁ§ 66 99 106Itrd ceea-
aaﬁaﬁFy édlaeamaﬂtw&pppeﬁbspﬁmﬁ@ Ay )y 7@ Linytlhy |
@y@leaeﬂtaﬂe* cis-1-(2- h@mﬁﬂhﬂﬁﬁﬁﬂhﬂSﬂh%ﬂhmﬁﬁhyM}1,3,5 7~

tetramethyl-6,9,10- truoxa—adamantyu) -2-
(diadamantyﬂphosphinomethyﬂ)e@emebhybneyclohex&n% 1-(di-t-
pusylphosphinomethyl) — (dladamantylphosphlnomethyl)

{ 25 phosebhponet hyl - 1, 3 5y&1bﬁte&aﬁ%t hyl - 10 tdil0Xar (g1 -+ -
jBde haé@hﬁn&ﬂeaﬂ maneylth%ﬁ@d%MQ%{gﬂ %ﬁﬁkthyl —5-
GYEhPPeNt ang:1 s &; phosphi Qﬁlh&' g% %agéha 1,3,5-

W 1
Eﬂzﬁ Et §1§ 9 E&;Q%t ﬁy??%d oqutza%e %I %}Teg 1)rd,5-
f& ok |§hQS E ng X s (Z-phospha- 1 3,5-
i pnodghiner ﬁoﬁ%ﬁ el Earndc -7 deer o
?% Egexaﬁéc 8?% CBﬁtilg 13 ﬁﬁﬁgﬁeﬂhﬁlﬁ‘?rlmEthyl‘
%@B%%é? %né hyt ¥ #AgY1tyéréPéntane;
Wiy 4] P Bogp hh=4:8-gdlmethyl cyclohéxane; cis-1-(2-
2R SRl Ayt - % %rh{umet%xbrﬁ:%yéDot{303a1r1p3c1p}decy|) 4
{ 5. 3d1n%fﬁy7]b@%¢bhbx%nédlthbhtﬁlpheéﬁhphomehhyl)3;5
m&ﬁh&%hyVGBQgﬁmDanEhoxatrpuededQ%3haspth3 2], pdeaythyl -
&-9 el 1yt 1oyt opeydBme{ 3.3.1.1(3.7] }decyl) -2-
td sadanf@s phnstehaeii Bohe tiy et Dyb-2bmet hyl cyclohexane;
&hé%ﬂ£M2¥pKD®ﬁHa€yP395{Brﬁhétﬁﬁﬁ—@]%Kﬂ@ﬂﬂkiogaﬁgic§clo-
{bajtyjprmppm NRaetfy) )2 4 éi%éﬁéﬁﬂ&lﬁﬂ&éﬁﬂ%&ﬂ@thyl) —5-

m&@h v ( clopenta erfluoro 2-phospha-
Prossr-. t@,‘/é P@%E—m;ﬁé%:?i(@%‘g e pm}’_
gﬁ fﬁ yl e igﬂexénc 1soper uoro (2-

10—
trloxa r15§é¥§) ?’%?¥?§¥¥#?gh ~5-methyl cyclopentane;
cis-1,2-bis— (Z2-phospha-1, 3, 5 7 -tetra(trifluoro-methyl) -
6,9,1D—triexatricyclo{3.3.1.1[3.7]}decyl)—d,S—dimethyl
cyclohexane; clis~-1,2-bi=s- (2-phospha-1,3,5,7-

Letra(trifluoro-methyl)-6,9,10-
trioxatricyclo{B.B.1.1[3.7]}decyl)—S—methyl cyclopentane;
and including all cis enantiomers of the foregoing where
such enantiomers are possible.

Further ewxamples of substituted ligands include:-

O
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15

30 6.9, 10-tri oxatri cycl o- {3 3.1, 1] 3. 7]}decy|) T

(di adamant yl phosphi nonet hyl ) - 4, 5-di net hyl cycl ohexane;
cis-1-(2-phospha-1, 3,5-trimethyl-6,9,10-trioxatricyclo

{3.3.1.1[3.7] }decyl ) - 2- (di adamant yl phosphi nonet hyl ) - 5-
nmet hyl cycl opent ane; cis-I,2égis-perfluoro(2-phospha
35
1,3,5,7-tetranmethyl -6,9, 10-trioxatricycl 0o{3.3.1.1[3.7]
HsCdecyl )=4, 5- dlqethy$ qyclohexane

i , i s-pertluor o( 2
phospha- 1, 3, 5} 7- tetranethyl 6,9, 10-

OpENRL ape; @)s I i s-

%ﬁgphospha 1 3, 5 7-t§PPa(tr|quoro nmet hyl ) 40

6,9, 10-trioxatricyclo{3.3.1.1[3. 7] }decyl) -4, 5-di net hyl
eyérbhexaﬁem@u S- 1(cb-b¢%rt(-2my¢m1§mmsphaauﬁnéthyl), 4, 5
demetliyleyehohexanehyl ) -6, 9, 10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-5-net hyl

cycl opentane; and including all cis enantioners of

t&f foregO|nc mhere 45 such enantioners are possible.

= tituted |igands include: 83
DXl X "5 bis ( i~ tent- butylphosph|nonethyl)
4 5 I cycl ohexane H3C .,, WV PBU 2 H3C |

s-1, 2-his

Pq¥ ' [ ﬁhpsghlgonethyl) 1, 2, 4, 5 10
ramet hyl c Iohexane “PBU12 "/ PBul2 15 cis-1,

2-bis (di-tert-butyl phosphi nonethyl), 3, 6,

giphenyla-4:% diget byl CcMe Qhﬁxagﬁhﬁﬂmethfl?' s11.2, 4, 5
22 b Smd ol L1 ONb¥LpROS NI noMEt

nmet hyl cyc ¥ohexane 5 PBut2 PBul2 1I 10 cis-1,2

bi s(di-tert-butyl (phosphi nonet hyl)-4,5 di phenyl,

cycl ohexane Si(Me)3 PBut2 11 O {/

) PBu'

""‘r/’f//

PBu'y

cis-1, 2-bis (di-tert-butylphosphinomethyl), 3, 6,
diphenyl-4,5 dimethyl-cyclohexane

R et R AT
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PBu2 15 Si (Me)3
cis-5,6-bis(di-tert-butyl phosphi nonethyl)-I," 3-
bis(trinethylsilyl)-3a, 4,5,6,7, 7a-hexahydro-I,3H 20
i sobenzofuran. In a yet further set of enbodi nents the
ligand L is a bidentate |ligand of general formula (V)
25 (V) . ... 85 X1 X3 Q ARBQ X2 4x
(YX)n wherein: 5 A and B ard%as identified in formula
R represents a hydrocarbyl aromatic structure

| east—oeneBayomatic ring to which QL and Q2
nked, via the respective |inking group, on
avai| able 10 adjacent cyclic atons of the at |east one
= g, and which is substituted with one or
nore s |tuéhL4sng ' on one or nore further
aromatic cyclic aton(s) of the aromatic structure; 15

wherenn §h$1§UQ&ELEHEELﬁﬁkyibhgQphgﬁnﬂéeﬂ§&

§§£H§13§@109g§a etotal x=1-n"tyx of atons o?her t han
hydr'ogen such t X=1- nftYX |s 2 4, where nis the

total nunber of substltuent(s) Y and tYX represents
nunber of atons other than hydrogen on a
ar substituent Y"; 20 the groups X1, X2, X3
fre as defined in formula (1V); and QL and @
eflned in formula (1V). 25 The above novel

surpfisingly inpro ed stéBBUnty i n carbonyl ation -
reactions. the turnover nunber (TON) (noles {ﬁ)

hydr oxy - or

narbonylatlon is close to or greater than that
8- bi s (di-t- butyl phosphi no) propane reacted

e sane conditions, nore preferably, greater

1, 2-bis(di-t- butyl phosphi nonet hyl) benzene
reacted under the same 35 conditions. Preferably, such

condit%ﬁgs arc in continuous reactions but batch
TEActi ondt W 11 5P S Behet (Rhosphinomethyl) -4, 5 diphenyl

cyclohexane

Si(Me)s

PB Utz

PBu',

Si(Me);

cis=-5, 6-bis (di-tert~butylphosphinomethyl)-1,'3-
bis(trimethylsilyl)-3a,4,5,6,7, 7a-hexahydro-1, 3H~
igsobenzofuran.

In a yet further set of embodiments the ligand L is a
bidentate ligand of general formula (V)

V)
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Typically, when there is nore than one substituent Y"

hereinafter also referred to as sinply Y, any two may

be 40 | ocated on the sanme or different aromatic cyclic
atons of the aromatic structure. Preferably, there

are 510 Y groups ienis 1 to 10, nore preferably

there are 1-6 Y groups, nost preferably 1-4 Y groups

on the aromatic structure a8, especially, 1, 2 or 3
substituent Y groups 45 on the aromatic structure. The
glbstituted cyclic 86 arwmtic atons may be carbon or
hetegp_but_arg pratergbt’y carbon. Preferably,

2= ZtY" s Tetmeen =10 nore preferably, 4- 5 60,

nost preferabl , 4-20, especially 4-12. Preferably,

when there id e substituent Y, Y represents a group
which is at |least as sterically hindering as phenyl
whelreéhen there are two or nore substituents Y they 10

are each as sterically hindering as phenyl and/or

Boahdne ate heridangtsupdwbnhcborsubarersjerically

hi ndering than phenyl. By sterically hindering
hergigresshgides HWydhe Gentextrohat s tslf&%ug;&w@s having at
RaR2 &eécralbﬁsﬂaﬂefelﬂ%f ertoorwhbshswlst'men \é € cach
eap.tihe éé‘ti‘{%‘gefﬁtn‘?& thQ Péb | Ledi1on o
aa%ﬁsn@rtc ‘i&c %ﬁ auoldance, o eagi B rbifeic ring

e g
en %oanean WA g %h FH ree %fmgu%sFFE {F&Hent(s)
DSI?‘ (RAR SRR Uheht ?rmnélgﬁgsémc&lﬁdj (FeThf Hupof the
%t%%a§F§HCEPfﬁ'N|(O)(CC»a in eightfold excess
according to the conditions below Simlarly,
Yeeerbncddia ospbpbisuent al |y hidtlethRg arartic batylcture
kap petohkén as stdfepénabsmeoobBevakhes bydpaged swcththat
SFOELBl efie. Bf t4wo Ywiyeompsnar ésbeitig conpaakd andb@5 of
Priydtisuent (abr " skad cal™ yrdpneeseds t hag ttheal number of
s efes eociee r t tiean PHYaYogshooh da beaeoppar &6 sibbtiheeant Y*:
reference. Simlarly, if three Y groups are being
€R8DgE eGpang PHYF] x8ra BkYe Y2 A & Qfe BIHRAD, formula
deyernifned to be nore sterically hindered than the
standard then PY' Y' Y3 should be conpared. 30 If there
PP BBNSLER el MO NBNSRO T DY LA tO

%L nore sterica ered t utyI Steric

nce in t e, cont xt of, the nt| n herein i
fhe ag?g%u§ QRl 2 E éﬁﬂﬁ&ﬁ E und to have
Trast T 1o 85 r st52 l;ﬂ\l@éntl eU}Art" CaBVC’@Y-’LatlD“
Mot et S pubf YRAER! LBy @%% H’éﬁﬂ%ﬁrl—alll}‘be%[%"iw?rol Rapes of
e pkbs rb%%s A gﬁﬁ@d@z@han‘g@ E§0EI igRtheron 2 Zerov ket ion,

NFegelally DohvAaAKYRol @1f GrliSretica mfdradiagion is close to
or greater than that for 1, 3-bis (di-t-

butylphosphine)propane reacted under the same conditions,
more preferably, greater than 1,2-bis{di-t-
butylphesphinomethyl) 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 alsoc referred te 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 Lhere are 1-6 Y
groups, mosk preferably 1-4 Y groups on the aromatic
structure and, especially, 1, 2 or 3 substituent Y groups
on the arcocmatic structure. The =substituted cyclic

e b e Ll A e
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-"ié'dbﬁfﬁai 6f-ﬁhériééhnfhéhicél SOC|ety, 92 1970

2956- 2965) has concluded that the property of the

ligands which primarily determ nes the stability of

the Ni (O conplexes is their size rather than their

el ectronic character. 45 To determne the relative

steric hindrance of a group Y_the nethod of Tolman to

deternmine DS may be used on t8%e phosphor ous anal ogue

of the group to be determ ned as set out above. 87

FEPHeMHe Cs GHiMso i Yofoai ¢odyan wer ehetesbetbuni rearpreferably

erghehol d excess of phosphorous |igand; subsLitution

of CO by ligand was foll owed by nmeans of the carbonyl

Sreéechbig, VT'btations ivetiesi niraced speet pr@reth®ly, 4-

60| utnbenspwererabeqyi Hi-boi akegeby ahegt hngoi.n seal ed

tubes for 64 hr at 100. Further heating at 100 for an

QQ@EEkQB@ 74hes dirdranots Sé&@'éhﬁ@@i%ﬁeﬁ@a ge t@%preaents
Eé dif equengi e éHH% %teQ§EEH8 1% 1nder1ng as

151% Yhngt Lekehidig, BEE ne &
98' el Ell a R';%STISQ% 3‘_% : onﬁscgaei‘gie%q Ilgﬁtggbeny %ad/iﬁ:g ciﬂé?mg

ar,
sgmf%g—”uan  E2PPPer ont T nBOFEl 1TV STt Bhshipderang than
Ssunption that the extinction coefficients of
the bands _are all of the same order of magni t ude. For
BXafpFElcpnlyt Rdndseséngt hepesil)diaife vl ibandeotontext of
F@%CEXBEpﬁnﬁ-rﬁe Blestg it lofr ey (a00) 2t 20ar ehef sabatti tuent
Yhevsameaintbasteyn ss thatlilyhendegseeodl by those zkilled
Subshiet writonbuts ésti miteedaati dabee | 6t Aing @XRSE,] MBAE term
hare ssterdcslinghisdethegr espachh¥gyli gandse thAeBNt B mean
i phenyh pbesphaegqus=PRE2HuSE tdkukti1BHt Yips)PROSPNENYE when
sinoul drdier cspanad tios t f—‘oLE’gﬁt*) e%' %@'a%%da%l%% W 0) (coy,
E@S%l@%f@.d SE!‘( Sgur .'E'd_jL - ons below.
i&ﬁi%@ﬂyyﬁhréfgé%ﬁgég ﬁ §f@ gn d ipg than t-
QQ Cean L erlnen on° E v Y%y WPPRared

r-e E
ﬁ{{: E‘: ét ng MD %3)%( ?C@n&pared and
r?c Y &fhf R @a gyre reference
C%n‘gg E o .% Ll:]d:he b%ngrﬁemﬁﬁr‘f@ﬁi caH e dei¢ nedeifprence.
et 15f LORES il eREPORS Aget IRe ldexcam eedf 2ad  PHY'
Q| FRAr caFecand cdmeasty gteereninndipor nive ohorhesterically
lalrrb#mtt% thavy. tiBy aiapdend teenelHtY A 3¢h@olatbéncbhpared.
Pl drieed ate mong wikdchthseeqni gistant thepnshsh®d be taken
oy dtd chariencs tatoivs 1 IRy efiercabted dieen conmiwygl e of the
at least one group Y or the sumof the cone angles of
i MM 2 @F OUPStHS @nt 5t | €8Stnd 0indDh€ion herein is
refiesall Yy onat phgast1 20etMstq P& erablgencus Transition
Metal Catalysis - A Gentle Art~, by C. Masters, published
by Chapman and Hall 1981.

Tolman (“Phosphorus Ligand Exchange Equilibria )yl
Zerovalent Nickel. A Dominant Role for Steric Effects”,
Journal of American Chemical Society, 92, 1970, 2956-2965)
has concluded that the property of the ligands which
primarily determines the stability of the Ni(Q) complexes
is their size rather tham 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.

T
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' at | east Sb. Cohe 'a'r'lghlhe "'sho'ul d 'bé measur ed'éécor”.d'i'“ﬁ‘g‘ T

to the nethod of Tolman {C. A Tol man Chem Rev. 77,
(1977), 313-348} except that the apex angle of the

cone is now centred at the m dpoint of the aromatic

ring. This 40 nodified use of Tol man cone angl es has

been used in other systens to neasure steric effects

such as those in cycl openta#@lfenyl zirconium ethene

pol ynerisation catalysts (Journal of Mol ecul ar

Talwdiysi ssoCiertaal 188, (RO02)) , 105erd13)rAr e with an
Sidpst F 6 LN Scds A1 €f SEhE6HREIrbQsbeighntihesapREPPLEALE of cO
§y2?1§9n@r@¥éd§0§1§&é§ 4] ngééﬂgeofﬁEhergégﬁghyﬁoskqgtch1ng
@4%&3%aéﬂge He%ﬁ% ibhs were

1IEE: Led § @re%§n¥tg hr At
eneral 1 %yg% rgg@ Its In gng? 28¥%s did
‘g #Jo‘ga“%iy ﬁe?RﬁEErES A r fFEGRERFYes and
frfé-?lr%be?. dahd FRef ouREPaRER YSFEEF@%HES bands 1n the

%@@am?% (et SaRpriéderedes , eolNtignsy oprgryl then
FRiee IROREA- RoThar elegr afef ¢ heduhsetnafiver capy dber abkymated
gehavanahol by vebnbfnam dieof rehet brendngeYisgridees asd the
atsympEistomsthatertiheal ¢yt Imatdern ngoasfichehyk. o) tbs ebands
pref et abby, thikersdntererdsr oafymanaisubseti t Ut &xaiple, in
tise atakeasit aB (Siwn) fathy M nderidigoas Wi- [@uh)ur, Whet eadse B,
whved o NRL eCay £..t W@ eOlo ML\ BUDSHd t HORd SirYrehBeYyAr 8o that
€echdegteteast @balionitGald yidi bdeihng-asa ehqny;J angs this
&tp é:;eﬁ'ﬁéntas £h3 188 e{:bca&lgtm Qfélllngz Eel }5 andsa

O R g%neger@% g §§:;e§:tz;

a
=
e%.ﬁsae o §nld L° 5%# Tras” @ils to
EF |- 2né; e&ikﬁ??lP 5?yﬂ€ha?%y$u ligand
Ibealcf&ﬁﬁiﬁlreqﬂe’ﬁo Hetero, 2Raltdie cgams, M rbe.  Such
Deyeher "expe yysar t iy OyRe 10 - CROY OROZ, m\xi(lR@BaaR’Mllgands
whigyip) NURDG ) Rss titwgpp gche VY 0YO)SRIGMEIEH-S) N (R27)
R20, -CF3, -Si R71R72R73 or 25 al kyl phosphor ous.
m&-&s@upefemed gtlechdrei defriyed nbgperdentdnyesbeto its cone
aenss athych sedrediedid f omedyihi oglen, comnsedst bEuterd Qfhivention
stibshist Wet: awchleowun@ul@@tluhutr@&aqr Satst ckutedd at the
il dpd intl Noaddidd ofar RRat 1BY ridy.be mit rRiahed O a8 Neant a
@idthi on Phef enably ofhene SriSgSkhith Ns SO0 PP from
{79 And 92 A{f atoms.

Preferably, the cone angle of the at least one group Y or
the sum of the cone angles of twe 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 is 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
gize 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

T a1 e Ly
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"independently hydrogen, aikyl, phosphorous, aryl,

aryl ene, alkaryl, aral kyl, aryl enal kyl, al kenyl,

al kyny]., het, 35 hetero, halo, cyano, nitro, -OR19,

-CC (0) R20, -C (0) R21, C (0) OR22, -N(R23)R24, -C

(0) N(R25) R26 _SR29 -C (0) SR30, - C(S) N (R27)

R29, -CF3 -Si R71R12R73, or alkyl phosphorous wherein

at | east one of R90-R92 is n hydr ogen and wherein

R19- R30 are_as defined herein, ; and R71-R73 ,are

YRRV HRA: as direst Fup- RIZ Hut 1BEEMPASE erA®EYWEY . C4 generally

BfRytdengphemare Riteftekabtylaly b scSepnCiomagiph, or acting

¢bheverseN, S or 0 may also be preferred as one or

nore of the Y groups in conbined or in the case of

RupbirpieuYagli gupeefEatetingidanayvdisdaneedofvi@oubt ,ragSresents

oxyYet' of subpbih candharddaralenti, ®P0n; RP2ocan alSA and

RERPae Rald Sasi e AIRIEr Ak nlFraddi ti %ctf%ﬁhﬂlip dach Y

&m/@foeafabgnéu%t larfetwcﬁe MASUDST Lt ﬁhgg 96 8ot as
i@éflfehih! lg%gS% §UB5£ uted wt roups

cted from on~t he non- onatlc cycllc atonB)
ryl% e

I kar | k | en
a?ﬁ% féFE9§ qw% gﬁ@y XE%R By IRt v, i
6 er s R%?‘ -butyl whereas
%é% ﬁbgre R re5§@@stl ?ﬁaé they are each
%E ) ?nggalfgéﬁg% hSPR?IR?QR?ébgg&nyl and at least as
%twm@%b%phbwd@r\mgr gisn tRIDIRGED bf ecansidefereds a single
hepePn and in the case of Y or a group fulfilling the
definition of Y of the first aspect the attachnent is
Fozfenantycychihenar ddrat ie atzomigf the,ar @@ti end R  are
st decéndent 19 &@Qir%bﬁbnR?BdBk?lﬂef—iE@édxéﬁxﬂRgo'{mérgﬂﬁ B, X
af@ ptefesabkyderifdd alkkyirorarphei?ylis ldemddid i o9, o1 or @2
m@Vél{ | gBSLpABS CALOMBL\A , Th PP LAY, bglnzawlof aa:ylenalkyl
sek & ocene  camml e orhé stance.ihen anltr , ~ORY
Qd@Q@ tad| I R0 I zanlo |b%qg ogm

é g —
%ﬁgg%gﬁnoggﬁ Em SUChég ﬁ%ﬁrentga%guggc 71 §;a or

%%p%% Sfdered as aronatlc structures MAthIn
the_gpntext of the present invention so that, when

Bhel i nEFLaer fdr &0t N e Qﬁ‘b’wdtf}q,‘i‘ﬁ@fr}fbenilﬁé bp generally
SebRE T e de A PE) DYEmEPThe W W Kanes Gr oFmerbsitingtas aryl
eharnsupsthtehedherQeubsd igR tacors kitle |imkeddbrien R may
Bernhero, arnabat i enripgoofthhe. structure. For instance,

in the case of a netallocene, the substituent Y' may

res e Anyy onehen Snbsestj ngs Bf shermet aRPbcerfé and R®*? are
Shdesdndenangd hhdsogay, be1R51] hehsapBoebua, dizhharertrylene,
41188 § D, \/\héaﬁﬁl@l?nda@léﬁﬁlkk}nkeglkéﬂlyﬁa | &@1kynyl, het,
metadd OC%aqotyp@yim&an%%t%I c v’ be-@@h’s?)tﬂut&d: 0) R,
C(Q)OR*?, -N(R**)RY, C{O)IN( -SR**, -Cc(0)sr*?, -
C($)N(R?YR*®, -CcFs , -8i R”R”R” or alkylphosphorous
wherein at least one of R'-R*® is not hydrogen and wherein
R'-rY are as defined herein,; and R™*-R” are defined as
R**-R*? but are preferably C;-C, alkyl or phenyl.

Preferably, 5 is 3i, C or aryl. However, N, S5 or O may
also be preferred as one or more of the ¥ groups in
combined or in the case of multiple Y groups. For the

avoidance of doubt, as oxygen or sulphur can be bivalent,
R* - RY can also be lone pairs.

Preferably, in addition to group Y, the aromatic structure
may be unsubstituted or, when ©possible be further

™y
N
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vvlth a gr oup Y as defl ned her e| n Wi II beknovvntothe ’ -

30 skilled person and are extensively defined in WO

04/ 024322. A particularly preferred Y substituent for

such aromatic anions is when Sis Si. In general,

however, when S is aryl, the aryl may be 35 further

unsubstituted or substituted with, in addition to

R90, R91, R92, any of the fuB®her substituents defined

for the aromatic structure above. ti Mre preferred

HussihstuteRntvsl in ttheupseserlleckavention My @&h behe non-

sebect odl fayaite abkyinsgr tadkiy], adyf1 sucyasmd,- bti¥hryl,

Ofa Pephenytproparyl, aSkdbdt -mhepﬁryl ahky! Pheb¥ks, halo,
) al kytroor PBRSED I noat kyplgzosuch c §)R2?, ) OR?2,

1) pﬁrénomaghy NRERE gier a_bépp,a vvh oSr ? g}\‘eﬁ@l? 23 _

©fLe Qﬁhﬁpnﬁugﬁa kg? @5§?ﬁ¥§ﬂ§§eﬂp§§&% ea §. re as

EQllling

&1 7903 - {92, shy
thi ddﬁ?g E gn%%e e%§|the aFE?gp%egt is

er| c
refer
Carbolt B e r&r TSl ATOR IOF (L Jrohafigl ot racture;
%{iﬁk BrylR, " -aFa| ket l&r‘edtérﬁu%ryRsth 50e Preferabily, Ci-C
ther hyeF oBBPBYL - ar okt 2@dbE et ubbehas, 14ard udimgaronatic
SuUbst FeDemes, P4¥nPS @ metabl@wmcc@wﬁex nmofer instance
viredt ef abdya SYt:dxmer‘l(cycllleoyat@rm irmesty lpraefisrmablly, may form
X2 6fcyclimetal onempédspeciath yabs dferfraneyilc, atofBenocyl,
nd 1 yiotersocarptial d wciarderoand @xivPrafes abl y, the
aromati ¢ hydrocarbyl structure may be nonocyclic or
PO Gt e x s el d ol O | Ge AL O NBs MWYomaPi Lestructures
Wwarhion Ofe hebF Oxt Maerehe @%@%@%@%J&ﬁ%ﬁ% NBXELN ynen
EHéyfe:§ﬁ9R£ﬁ§ L Qo g Xy%ﬁ& angd rgﬁ Eé%roqggn the
4%¥he aég'ar & oﬂ%n%fas that

ijr 0 vael b?neéxjacent rﬁ% G cg ]9 d%\han & pEurther

I eas e aro

acf E\accl < T o P e et el U cace
e%efP%r BFLY ch oFUPFFEYERNE. YThBVUPEhER GIY edne or
Eth%l%fa nﬁtfrct Rtalloerzrlacﬁrrreorragreorarrﬁéytheﬁ may be
NeengemgesCbe &hr thee eitd Aivmatte sthiwtuld sholl @ are
1b'léﬂ}iﬁr‘?clerst ood accor d| ngly. A non-aromatic cyclic
ring(s) as defined herein may include 20 unsaturated
Shyorickd 1 eBynetyedl licgzcatecomyipss nieiagendan vt iorh Wik € hbe f OBt ituted
wiarnt af grouycl Yc askellef omed Prefreriabl will heebridlgimgto the
sgridupd R(Yes3on Whetherafar t Ret ensuRShivt Ut@dr Dfad  in WO
oat Averazse pr@ieFﬁgklc%QEﬁﬁ| i?ré§§§ré@aﬁf ¢9béP9+tuent for
RO B SHRAE PR JHeSS ¢ han 550 atoms, nore

D.'l

In general, however, when S is 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-yl, -SiMes, -phenyl, alkylphenyl-,
phenylalkyl- or phosphinocalkyl- such as phosphinomethyl.

Preferably, when S is 5i or C and one or more of R?°-R%

are hydrogen, at least one of RR* chould be
sufficiently bulky to give the required steric hindrance
and such groups are preferably phosphorous,

phosphincalkyl-, a tertiary carbon bearing group such as -
t-butyl, -aryl, -alkaryl, -aralkyl or tertiary silyl.

L
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pr ef er abl Y, | ess t han i-OO 'a-t'orrs. - By' thetermone o

further aromatic cyclic atomof the aromatic

structure is nmeant any further aromatic cyclic 30

atomin the aromatic structure which is not an

avai | abl e adj acent cyclic atomof the at |east one

aromatic ring to which the or 2 atons are |inked,

via the linking group. 35 nment i oned above, the

i mredi at e adj acent cyclic atons on either side of the

sai d avail abl e adj acent cyclic atons are preferably

RoETeEBREYt Ut €die Ash¥firesampye, @romaidiat i etphenyre has,

tnRgufengegubstatagntsomivra Posict iton 70 ewycltie atiomg, more

andfporhéd, t @ at R 44t oty wl Bc pesitisen nbadn phefdPabipg 5-22

baslprefdrais,y espeoiahbye Ssavd fourdyheri@r amamise 1if not a

reythltoatoascsuplektuted at ring position 4 and/or 5

and two i nmmedi ate adj acent cyclic atons to the said

pyafbahbey, adiReenirsnstis Al @iBontppUbsid i@t nay be

ROBLEYODNS 3 0@NGho 16, cfdovever, Thil & éifyﬂé&éhi%féeéESHs may
SUbgL b%ﬁnQMA @Eé?@ eﬁﬁ@&e%ﬂdfﬁfgyéﬂégécﬁh #'98 herein

g é't'%%% o%ul ﬁ OSS% z & HﬁggEn

gro c r| n tgjl_eans 3 the Oaas § %gl‘l glcms are
Svia

Je%g% tF?, LSl Ao e e rof the ot
FRter 15 ﬁé:qnfﬂtélrcpr &E8d - br oRWPYCRSLY ncl kRN ndthoonieyclic
Y PReryTPY Ly cPEpERTAIRenyS @R biIEYh# ol 1y, is  preferably

BYEYEH Ryl 0Tt ypeCEEL et ur BheburshRar CyFilags iwi the aromatic

avtoaeticet ymayichorms ndtat foundhamsmilyas ndgpew tehrdmatic and

gedrozll ¢ sed rRicteirect slomsldblbe tondevet do@elaycordilely . A

san thromagl c Peebéd ced iagdrat ias rdaefisdvieebe Off flagt AfE:1ude

nmséherdtag bohdsri ngy Wyidli4n st pis eh€shf 088 akém which

Bb60s PPS6t bbE SUEPcBSc FRefddbnannul ene, [ 18]

annul ene, etc The aromatic hydrocarbyl structure may be

ﬁf%f@%éﬁﬁfroqhﬁa BQQ/% n@ tg?&ﬁﬁlb— %gng; Ttedidd  further
%? g less than
%%%”ZTSQE f'é bl ésf %?x Pi"aﬂo Be SHET more
ré’ 1 Jcr) i ense 272 yI s
dFor% a‘ﬁy? Iﬁ%rbh I%%m89d|yl 1H
|nden [ 1, 2 and/or 3
e I Iilei H%;eﬁ’n@ elfaryfer s2voRathanccyaHci mdefe of the
a%ﬁf@ﬂ%ﬂf% STEUCEUZRd/ b Teanket iy Ifurtherngerpmatic cyclic
HL@u di-y| shep ST | peEnyteteyrRigd ilsoberizofur anailable
@E@il‘yﬁ cycliei aeehybdi ltyle) denFesm: I92e dighatic ring to
m#ﬂi@smﬁmo thyl Bénzernems 1a2edi Yinkdd(2'via the linking
gphenyl prop-2'-yl) benzene -- 1,2 diyl, 4-
di met hyl si |l yl benzene-1I, 2diy7.,
K dhentidnsy | ap@bdy| SheéYimmediate adjacent ecyclic 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 Q2 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 1is only a preferred substituent
arrangement and substitution at ring positions 3 and 6,
for example, is possible.

The term aromatic rlng means that the at least one ring to
which the @' and Q° atom are linked via B & A respectively

r/e’r\

e

e
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“benzene-1, 2di yl,

4-(t-butyl di nethyl silyl)-benzene-1, 2diyl, 25

4-t-butyl silyl-benzene-I,2diyl, 4-(tri-t-butylsilyl)-
benzene-1, 2di yl ,

4-(2' -tert-butyl prop-2'-yl)benzene-1,2 diyl,

4-(2',2',3" ,4" ., 4 pentanethyl pent -3' -yl)-benzene- -

1, 2d|yI 9

4-(2',2",4",4 -tetramethyl , 3" -t-butyl-pent-3"- Y7

+9 - ebmmme,l Zndli ytomdr {Or shopldapk¥kFEearhogepe- iktérpreted
brsiddy 3@c4, bndipheny o ebmgzen@ hedndl Yl cy416pEntadienyl
éﬂﬁdﬂ“ﬂ1 Wyrderyocens b Ayl . type structures but other
fﬁﬁg wftﬁ“%ﬁ%mi@f&?ﬁ Neaetl, gsdtﬂét f5uk8Tin any ring with

fepro
r|nethngl%3%%tferro%tnégit% @BVF ffeflﬁ in the said

hosphlnonethyl ferrocene -1,2 d|yI 4- (or 1 )(2'

hen prq$ % % ferrocene_- % ¥
rf“?/trjf Jo’&%ﬁeh‘i"%d?y?r b a. tFe ring but
§| I+ iRt r%&%ﬁEr‘in%Nl‘a ‘34-5-0( 6?0313 the such as
[blﬂlyﬁﬂrﬁvblﬁm:s. 1) - Fepebrenesic 2diyl, 4- (or 1')t-
butyl silyl-ferrocene-1,2diyl, 4-(or
ﬁh%(a¥¢m¢tb©t?yérbyﬁ;by$ ¢@rﬁeﬁpaeemeadjﬁﬂiy&lE¢t¢¢wfrom 4
[ - % ettabiyybpnapng=- lyl2fkinrlgcehesAd Dplikyyl -Hef odne -
1,9y , ¥, 4nddor 5-phenyl-benzene-1,2-diyl, 4,5-di-t-
entaimidudngent ; 3- dayy);fer chcesnetJb@ﬂymenﬁer(@x 1,2-diyl,
2 )62 .2 abd/Artst r@rﬁ% 3nhaphbubyknpents - §—di/yi, 1H-
fretdroopne-di2 divl . 24545/ oEnt oﬂ@@h?PQYﬁ*-lhaeﬁogeG ~diyl,
‘ﬁnb qf@ﬁ£%§§;ggg%§Pgaxe ngﬁofu th g{g }i&F ¥ f ethyl
1/ d Ay LsE yl)-
ago% I}Lha% arg??{%c gt:[UCt ur%rl %%a. n? E]%enzené 1,2
|aII i& ou Rl i © a@ona?ﬁ at onb; |
gﬁ%ﬁ&ﬁ% a fur EFeplng st¥uct ure Such Qéyér N
straffide. 5 Stchic c]P‘éEYerTﬁ%WElSllyl
I’S‘Et'r]uc?tq}rbéls« n&y(beb%yh%m@ahﬁhlhh hthenzeds-1,2diyl,
%ﬁ%&ﬂcﬁ'lmml?@‘g’éﬁm‘sjub%ﬂ}tbt ed w th-&ERyt+t-biytylsilyl)-
hprogrseds bfiined heteid’ -weyt batylenep-2al kat ybenzene-1, 2
indl kyl4- 62yl &nal ‘kyd ', , 41 kepght aat Kynytpehet 37 het Efbenzene=
lhaldd,yl, cyand; (hi 20,4 OR -Oetr&ka{)yl R20-t-6a€P) -2t -3 -
vIGBoR 2%~ 11,0 N(iR28B) R4 (or CL(0)- é\l}(fﬁﬁér%nesﬁ?% -diyi,
4,4 Qi Reny 1R MIRNR29, 1,83 151 R'RI2RE3, ory- )phenyl—
ﬂ@l&%@@m @ddlmer% - m—ﬁﬁﬁ%err@éeﬂ@aﬁ o0ne; of |
-R92 |Slr ereln @32%3 e as _(Dr

h%rgw@rif Ly Qﬁm év? B bhen nyl &n /gr be ﬂ?’ 1

err ne or._nore grefdrabI%_ e'ss

ferroce dly ;
1'3 1methy151lylferrocene 1,2diyl, 4-(or 1’)d1 t—
butyl,methylsilyl ferrocene-1, 2divyl, 4~ (or 17) (-
butyldimethylsilyl)—ferrocene—l,zdiyl, 4-(or 17yt-
butylzilyl-ferrocene-1,2diyl, 4-{or 1’) (tri-‘t-butylsilyl)-
ferrocene-1,2diyl, d-(or 17) (2" -tert-butylprop-2'-
yl) ferrocene=1, 2 diyl, d—(or 17y (27 ,27,37,47,47
pentamethyl-pent-3’-yl)~ferrocene-1, 2diyl, 4-(or

17y (27 ,2",4",4" -tetramethyl, 3’ —-t-butyl-pent-~3/-yl) -
ferrocenae-1,2 diyl.

As mentioned above, in =ome embodiments, there may be two
or more of said Y and/or non-Y substituents on further
aromatic c¢ycllic atoms of the aromatic structure.
Optionally, the said two or more substituents may,

L M ™ T P EE LN L e W g N TR EmTt r i RE L o on o m mE- 1 U mfa e o o e memTrwEra= .
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silano or dialkyl silicon groups or m xtures thereof.
Exanpl es of such structures include piperidine,

pyri di ne, 20 norpholine, cyclohexane, cycl oheptane,

cycl ooct ane, cycl ononane, furan, dioxane, alkyl
substituted DI OP, 2- alkyl substituted 1,3 di oxane,

cycl opent anone, cyclohexanoﬁ@, cycl opent ene,

cycl ohexene, cyclohexadi ene, 1,4 dithiane,

FPPECIZIAY, HHRBI | 91i e igioonpmshoERd jcobaromatic atoms,
EfebéRexefibnefobncyal ofureh@rocrang, structure such as a
b€y eR3[Loha tdnenage st radameet.ane, tetrahydropyran,

di hydr opyran, tetrahydrothiopyran,
Sethahydried Lipia 2t one i ndel dtaruoalefol agt,ongs saturated or
gapEBulELEHO| ActiaRed @'rumqud@@ﬁiyd@u%%tltuted with alkyl,

@Ihg@b&pﬁld§é0|@cf&h@@za%%%EQ%Qna arylene, alkaryl,
E&b@%?QYCEQ @%ﬁﬁ@ky§o %ﬁl 'dga% het .Petero halo
éggydrgﬂt deQ% zmcyqi 14 !
ﬂghhﬁg@“ e %y') gé e 40 RO
k 730f ’ tite
beti s eV%Ef%5n+wa@@rpr9§§ngo
Ahothes 39 edl i shYAZOEREr @i whazeins RI-R
F‘éf@lﬁre e jh%? |er%*?ed|‘%t‘f“% Rd| gt enttar oketiredyasi R™°-R

tbns26n EF@ﬁ@Fa§ﬁ§é 6hi-Ehe 3bkdl avaf| aphenydj aged/or be
égEﬁFéuEF@ﬁs Do Q@i cht Qrodad (@2 edegabilnkddsyi ghahea total
) | igrigRN gr sdpgromen, | esslpheter abi Yisobstatwhed or by
ahdan0 preflerdbye substbhugbonpksoel sewberesonhkbeodt
| east one aromatic ring or elsewhere in the aronatic
Bxamol & eovhemcht heoiombtd£ sheUeddlr 8ipONRPHESES Wﬁdlne,
hbAphONEnQf OMldye: ] dreRGrand t @I@E@,BE%%POS' tyed ot ane,
épabd:ﬂ@ﬁiaIYeSUQS}ﬂaIrPenEi%oxéH@U' %U”QGBEEQQ ted DIOP 2-
ACRP1 di ngéubs@theeéofw ha 19 ﬁ ? feltf’fﬁf%
W e

fg@;%{hgg Xé %ﬁoéégt%%héﬁizd&%? ‘t UF

5t 8

ége YYE 2REC §Dllne,
%%5%@*‘%’%%’%%% RERYF Btbe gdgﬁf’?ga?é regsmﬂoéfsygemnonane,
1\ﬁR55 wheF%F IpBErPRY¥¥RRent s hydr ofeRydropyran
B AR OP B Bar t i cul B?FYaBY‘éPérF‘éﬁa@oﬁerﬁ'atl ons delta
%?%ﬁﬁfaol‘%ﬁq n gdENappeseRelaaventi onginthude t hobgdride,
Q%R#¥#99m¥4929@9repﬁé§@ﬁﬁ§ygiﬁﬂﬂﬁﬁn@R9) tXdaeepyededtsane,
TR RIIG 1R 2 hexbb yRE ordpiréseiene CRA( R2)JiRA)) ,andcXahydro-
tepr eseritzmn CRARE ((RG)2 ; dAyand Bnar etébeaBafBoand-indene
topf esdity1) CH2L1 QloAnd W@ ot hnd £Pr 88eNtuRhSANOIUSA  or

Fubnkteik ted hes Rlefined for aryl herein.

ﬁadlene,

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 &£1bh above IEPIESEHthg groups X' and X! or ¥!
and X* together with the Q' or ¢ atom, group vl oor ¥?
should be substituted with the groups YY' or yv?
respectively.

et e iy 2T D T
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group at ring positions 1 and 2;“ 15 'R'representsm

SRS PLPPLLIL LT P

4-(trinmethylsilyl)-benzene-1,2-diyl (2) X3 represents
CR7(Re) (R9) , X4 represents CR10 (Ru 3 2 (F12) , X
represents CR (R2) (R) and X 20 represents

CR4(R5)(R6); A and B are the sanme and represent -CH2-;

QL and 2 both represent phoaghor us linked to the R

group at ring positions 1 an#”2; R represents

4-1-butyl -benzene-1,2-diyl. 25 (3) X3 and X4 together
with QL to which they are attached forma

Ve phasphavddanendy| pgeeent , ansaciXl jandpéhddrodet heepresent
wider? salvhbchrt heyrAr e vaidraghedrFormam3{nts hydrogen,
aeklg}ms:plhanqdp_nantyl group; } A and B are the sane and
represent -CH2-; QL and Q@ both represent phosphorus

éd%:%lté%]lﬁepx%f&fﬂtp n?cSm j&g%l%%?é téPnﬁoﬂmdi"I‘ﬁg 2 Jgthe
en

ﬂ%@%ﬁ@%@ 452‘3}51{ repre aman vl ; A and B
?le)pr et}gn nﬁgggﬁgcﬁﬁgﬁﬁﬁ}e@ ?_Qf(he%rﬁﬁe 5u§§ (R anlz

pOSItI qge r§ﬁ§n§5 rep egent
4- (triGret Ryl SR ) - benzene I 2--d| yl . Especially
pref ey, @dlcg @4 & o riisin digi b fr SRSTaAATE V CHarmel ude
t hose Q/\héf'lél @ Aot ekt REs ¢t Ri2osBhehes shikkandto the R
repr esgftup et nyilng pAsdnd dBaarle are Zsame and r epr esent
- CH2- R Repeprsesemt i -4-trimetylbaiagne-bel Z2ri -y, Drdiyl
4(trinmethyl silyl)-benzene-1,2-diyl. 94 Exanples of
suitable bidentate |ligands are 1,2-bis(di-t-
tuLy! pfiospbipepehiyl Fra(FHdir?phenyt bepzens: s
1,2- blcsfa(lt‘dm"ﬂa hm | @J‘%%BB&BQ@EE@VH{* ﬂRﬁh@W' hagzgne;
1, 2- bll%(FQI |norret hy
b| s (t r

afent —CHz-;

b ahl norre
Grin @%ﬁ g Eyﬁﬁ%enze et g Jiehr et i -0
1, 3, 5 mant -4, 5-

di phedy rﬁéﬂ%&?& 1, thu 1p NYoretdrd vl -3' 5,7 10
tetramet hyl -6, 9, 10-tri oxa- adarrantyl) - 4- phenyl benzene;

1, 2-bi g(2- c?hOSphl nomet hyl . -1, 3,5, 7-Letranethyl -6, 9, 10-
(3) X" and X* together with Q to whlch 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;

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', ¥, ¥ and X* represent adamantyl;
A and B are the same and represent —-CH;-;
Q' and Q° both represent phosphorus limked 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.
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‘trioxa-adamantyl)-4, 5-bis-(trimethylsilyl)benzene;

1, 2-

bi s(2- phosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-tri ox

a- adamantyl) -4-(trinethylsilyl)benzene; 1, 2-bis(di

15 adamant yl phosphi nonet hyl ) -4, 5 di phenyl benzene; 1,2

his (di- adanantylphosphlnonetbyl) - 4- phenyl benzene;

1,2- O bis(di- adanantylphosﬁﬁlnonethyl) , 5 bis-(
trinmethylsilyl)benzene; 1, 2-bis(di-
adanantylphosphlnonethyl) 4-(trinmethylsilyl) benzene;
Hxape | @ poddatateple thislantatghobphvimdees byl ) -12-2-diist (di-t-
butyl phosphinenethyl) -4, 5-diphenylbdnzenene 1- 1(,PPis (di-t-
ageybmt ytphirdue yhy phespbhaopebbykgnd; (di-t- 1,2-bis(di-t-
but y1 phospihi nonet hyl ) - 4; phenylibenzengethy16R1B1) benzene;
adaeng ydi- Ltb@ﬂyyﬁhosphlnometh 1)—4-

P@@ﬁ@@t 181yl )pentdhet - butylp qs@h%a%g%tgﬂagﬁ%iﬁ%ﬁéthyl—
p'§ ilté%%£mé§h§yl%b@”?@ﬂ€r1&xa Babna 9??t¥|5 t

lbenz (2 OS5 thyl-1,3,5,7-~
& édmxabga T LN A
J 1 3,5, 7T-tetramethyl-6,9,10-

Jé% a%t o4n‘4 %&% Shnhasthy)silyllvegpepe; 1,2-

Hb%% Y3 2115 d?p?]ehﬂ!é@m%hél ¢ 2¢20- B@mxa—
1Hr'ﬂo)nreth y: itglsle?hwétsrlérYét ENZEN®:10- t ri oda2-bis (di-
%Qﬁmﬁﬁﬁx4ghosgh1nqmﬁtmybht?}@hos@hphﬁﬁﬁﬂhyhyenepheny| 1,2-
et Féirey daman t ¥ Deiphasiphi oroeeb ] -4, 8hénVit etemmetdyl - 1, 2-
His 619 ddunan oxp osemitgthdthy 2) -4 (Hi -t - 1 J bis-(
thrtrye yihyclssphl Yoy tydne; 5- bi s- ( 1,2-bis (di-
dddneeithyl s dah) immm@&&y Bo4dttrimethylsilyl) benzene;  1-
(& prospiunanetiy) 1. 5o et a6 ﬁmgghynlo&a dit-
hinc%nét_l()dl)'—td 5«&& 1- (2, P
a(daﬁﬁzﬁ?éﬁw S' | y phosphlnomethyl) —2- (di-t-
lbenzzi 1- (P,P adamantyl,

h thyl) -

i R T ibgppamnrin

h.nom%?ﬁQPIEO%E%hvl%e@réﬁérhyPuéYépmeﬁphﬂaﬁﬁethyl —4-

By .Qﬁﬂﬁﬁﬁﬁy|phésphﬁaaﬁaﬁﬁyh}namaﬁam9r1 3,5,7-

Qﬁgﬁﬁﬂﬁ;hyl 6,9,10-trioxa-adamantyl) (di-t-

bllt(lalﬁﬁ}mwﬁthm)%%@mqw1m¢m 6, 9, 10- 1- (2-
ahrd sodel-redistant y1 ), 3,5, 7-tetramethyl-6,9, 10-trioxa-

cHnederEnt y| phogphinomedihyt ybdt piphosphinomethyl) -4-phenyl

Herizwetehy| si | yl )1-benz2aghodpk 2nphesphirope] Byl -48t ramethyl-

ATy G 1Y bt (17 | TRV RN BT 1y ber o

nagres-hyl hs. (”'f@i ¥§y ¥ilyl)b ;

1ben2em&rph&sﬁﬁiném@%yipf0§§3§'ﬁ‘DE@{: % f b 6 9Y10 irrliij

naﬂqﬁwty' phosphpnanethyl &MWhoDERZRDRE try1 ) —a-

i 2e 44 P
G F 1@‘5{;9 ﬁl)%%t%ﬁfvf“y'i %SAf)lﬁﬁe%y%“%‘S% Bk 35,7
ci

lt_
( S 3 §§E£'n° %r qﬁ&#%ﬂ&%.ﬁ%ﬁﬁ§ﬁ§.|y|} (2-

élomf | p—ﬁ(?él:pﬂ'ﬂ )ﬁ ol0-trioxa-
afj@l“@@é:ﬁ‘&ﬁt fA LT tislel crmﬁét%mﬁ gnyl
? phosphlnomet

hyl- 1 3,5,7- tchamethyl 6,9,10-
trloxa adamantyl) -2~ (dladamantylphosphlnomethyl) -4,5-
bis- ( trimethyl=silyl) benzene; - (2-phosphinomethyl-
1,3,5,7-tetramethyl-6, 9, 10- trloxa adamantyl) -2-
(dladamantylphosphLHOmethyl - (trimethylsilyl) benzene;
1~ ({di-t-butylphosphinomethyl) ?—
(diadamantylphosphinomethyl) -4, 5-diphenyl benzene; 1~ (di-
t-butylphosphinomethyl)-2- (diadamantylphosphinomethyl) -
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trloxatrlcyclo {3.3.1.1[ 3. 7]}decy|) 4, 5-di phenyl
benzene;

1, 2- bi s(2- phosphi nonet hyl -1, 3, 5-tri net hyl -6, 9, 10-
trioxatricyclo-{3.3.1.1[3.7] }decyl ) -4-phenyl benzene;
1, 2- bis(2-phosphi nonethyl-1,3,5-trinmethyl-6,9,10 10
trioxatricyclo-{3.3.1.1[3.7] Plecyl)-4, 5-bis-
(trinmethylsilyl) benzene; 1, 2-bis(2-phosphinonethyl -

1-Bhényiti netdedze61e, 10- t r i Attty lphosphinomethyl) -2-

{aiadAmaﬁBbehdepyﬁmaﬁethynmeuhyLsﬁhyk) bentﬁﬁamthyﬂ%ilyl)

pbaspheponet hyl - 1, 3, 5-t ri mat-hyli~6 -SutQ1Hhc@pRl hiohEehe 1) -

léladamantylihosphlnometh yl)—4- (trimethylsily l% l)benzene
b

i323bislﬁ3pﬁ sEeHbhaen(El1 3bYLy L PRASADY DQITET

?§Q?§9

Lrl 131

trﬁbﬁ epyk é bepzenes 1 1é3 7] }decg%) 4,5-diphenyl benzene;

gi?gg%agéggenm, -

heggﬁaﬁxbzéi

PEeor Bk LS,

ﬁgig Pﬁggg#ﬁngﬁgéy }réné %g?m% atricyclo

10 aLr1Cycl ecyl)-4,5-bis-
BramgLhysiiydbcyPRR2EPE - t - but Y ghSdpHNEReERLNPIg thyl-
g 3b5§tggm¢t%£ihcb§fi9r$rg@ﬁab;e§§glo—§ . Sdaid
13¢2- bhosphi ] hdeeyhytd—(trimethylsilyl) benzene;

ph@sBhinomethyl-5, 9, 30t timerAyi+6yd) b0-trioxatricyclo-
{3.3.1.1[3. 7] }decyl) -2-(di-t-but ylphosphinomet hyl) -4; 5-
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1-(2- phosphlnomethyl 1,3,5-trimethyl-6,9,10-
yclo—{3.3.l.1[3,7]}dech)—2—
yvlphosphinomethyl)-4-(or 17) {(trimethylsilyl}
1,2-bis~perfluoro (2-phosphinomethyl-1,3,5, 7~
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'??F%ﬁ%”ﬁxg 1

9 10 trloxatrlcyclo {3 3.1 1[3 7]}decy|) 4 5 dlpheny
20 ferrocene;

2- bi s(2- phosphi nonet hyl -1, 3, 5-tri et hyl -
9,10-trioxatricyclo-{ 3. 3. 1. 1] 3.7]}decyl)-4-(or
) phenyl ferrocene;

2-bi s(2- phosphi nonet hyl - % ? trimethyl -

6, 9, 10- trloxatrlcyclo {3. 3. 1194 3, 7]}decy|) 4, 5-bi s-(
trimethylsil % ferrocene; 1, 2-bis(2-phosphinonethyl -
b6t FamOLnyL e Pn Dot PG Re L Fakari oo on 3. 1) o dery L) -
4353d1pmﬁey¥]}deé?myﬂ¢ep@r 1') (trinmet hyl sAthyig-perfluoro (2-
phpppbenemethyl-1,3,5, 7-tetramekthyl-6, 9, 10-
1{@@thﬂ$phbh0ﬂétEyﬂ=113¢5&ﬂdhﬂgﬂhyM—Gp&,10- 17)phenyl
feroxatnecycl 01 2-Bik-Hed fAgcdel (AHDhraddtdindmet hy1-1,3, 5, 7-
batyhmhaﬁpmkBQHEubyhkléxatah@?emwk3fgrnoqqmev]@—@%c%q
phesphiaemet kb3 A=tini thylf@rﬁbé@hérlOxatrlcyq!q; -
ﬁ@r@léo%&%zghggﬁﬁhhoﬁe& i 10104t ¥| PogRhLARTEL VY Ao

OFi oo} PREDK] of 6 hogeney RhegrlLy geLhy :
DT s+
g 12 EE%%&HF%B oiy ﬁ i 34! Ceuthye. 8 digery] ferrocene;

Q £ricvel o § @ Psppg Tytetra trlfluoro—
Bat)Y phasphi Abn Fh?F?tngﬁ Pﬂ? {% éhyﬂéﬁﬁywﬂ

i el poerKé; ferrocene; bis- {Z-phosphinomethyl- ] 3 5 7=
EEFQEpﬁbsﬁhuﬁﬁﬁemhyh¥1 3652t LPnet hyl - 6, 9, 10-
trioxatricyclo{$3331111E377] Hidegyl )r4254Dis—(

tdimdamabtyl phpsplitronethyl;) - 14 25bdisphenyd~dreramciengiethyl-
1;3,5,7-tetra(trifluoro-methyl) -6, 9 10- _ _
621@h@§ﬁbt9@M@iByB 1.8(5- bqqag&pyb ~9010- trloxatrlcyc
10y (trimeth rocen %
$§t§1%hag hﬁmgwpyza gLaga nt EQE??_SL%% oty 4

Pffe er

0 e% b3 g (or
e

I

1,
6,
1
1,

(2-

1 2—

? ; ?ﬁQELQO@eghy} n%tﬁ [ 619)f0butylferrocene
E%#fc EPBPZeﬂ%matﬁy% #]?d cyriepramethyl-6,9,10-
%H%%H%n%ﬁ%@?%ﬁb bhf nérret RYHH)(24- @%ﬁnylpgﬁwrﬁbrhvnéﬁnﬂqcene
ettlotené-phosphinomethyl-1, 3,5, 7-tetramethyl-6,9, 10-
rPobisadppahtubl of 24 phodphi(Bémphleyly-lD 3527~ yl fetﬂﬁlene;
t etrlaiel{ hyphésOhinGuéthokalr BcyclVof 8t Bathet h81#F} Sdaoyl
YridxSH-aidphenylfedybeenbstibAthl sfperbbenee(2- 1,2-bis (2-
phosphi nemet byl -1 13 35 p7Fréetaaoehhyl 6669180t rioxa-
Addxaty1j cyclef3. 3. 1) i) desytdcdnd Or 1') phanyl 13 s (di-
é@éﬁ@ﬁ@p@ hosphinomethyl) -4, 5-di- (2’ -phenylprop-2/ -y1)
één@erfluorq 3- BEQ?BELEQEEE%¥|1 h% %F%nfﬁﬁﬁigl) —4- (or

§n§$ g gf% %trl Iatrlg
&1 L oCEn
595 § 5 FV%ﬁeth | - ene;
r% 2 g%ygpagwg Z‘T%E%g -g-ésr 10 E1Eecv%tﬂgutyl
ﬁ IXerTiet hyt s.| PR EEH bhgsphinomethyl) -
OSphlanethy -{2' -phenylprop- 2:_
vl) ferrocane; (P F adamantyl t-hbutyl

phosphinomethyl} -2- (dl t-butylphosphinomethyl)-4-(or
17) {2’ -phenylprop-2’-yl) ferrocene; 1- (F,P adamantyl, t-
butyl phosphinomethyl)-2-(di-t-butylphosphinomethyl)-4, 5~

(di-t-butyl) ferrocene; 1- (P, P adamantyl, t-butyl
phosphinomethyl)-2- (di-t-butylphosphinomethyl)-4-(or 1’)t-
butylferrocens; 1- (Z-phosphinomethyl-1,3,5,7-

tetramethyl-6, 9,10-trioxa-adamantyl) - 2 - (di-t-

8
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-"phosphlnonethyl

- trioxatr
ferrocene;
(2- phosphi

|cyclo{3 1.1[3.
1,2-bis-

nonet hyl -1, 3,5, 7-

1 3 5 7 tetra(trlfluoro nethyl) 6 9 10

7] }decyl ) - 4, 5- di phenyl

tetra(tri.fluoro-

met hyl )-6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4-(o0
r 15 1')phenyl ferrocene;

( 2- phosphi

nonet hyl - 7., 3,5,

1, 2- bi s-
7-11

tetra(trifluoro-nmethyl)-6,9, 10-
But wieiosmyilafs 18y ). 4] 3- 7] } decyl ) - 4, 8ibi(8 {phenylprop-27 -
yl)fﬁﬁfg&énéyl)'ﬁerKBGpﬁespﬂlﬂohétﬁyl 1 3,5,7-tetramethyl-

€ 29 phosphy

dereidBthant v1)

B By BoHo et Fradri & H o ar
£ moa@éf!écycl qf 3. 3\’7%?1 Bodp

éé(di{ﬂ

iy oc
nﬁ%;ﬁo i @s%%ggj
phln thI
égl hlnonet
ke roddid rioza-adamantyl) —9_

I-t-
tP TSR

ﬂl@%’c}@(@z

(di-t-
hyI) 6, ?192 2Ophenylprop 2" =y1)
ﬁ?ﬁ&%é%h ? {35, 7-tetramethyl-

ene; (di- t

T éﬂgﬁ‘éi{éﬁ”’? Pl tor

¢ lpp_ 1)t
h |} &2(@ osphlnomethyl 1,3,5,7-

Hormsathyl), -3 5 7-det fatpheyy1Brgp720-y1)

fennqqgnfuadanantylj(ﬂrﬁhosphinomethyl—l,3,5,7~tetramethyl—
i 2 (1D ~tphiemd mdamaai tyll ) f2r fdicetweant ylphosphinomethyl) -4 -
(gx2- bi si("2- ghosphemameidp 2153, )5, 7- tedrasmimy) -6, 9, 10 - (2-
ﬁﬁbﬂphﬂnGMéﬂhyHMM)d)5‘#{ﬂ&tramethyl 6,9,10- trloxa—

alda)n(aaatyplhenyl-pz@p 2(di/éci£r@éxﬁ

phtarrbi s( 2rphpsplhponet hyl -
5é‘dxcé?ﬁﬁe W@":L)U‘bﬁcﬂ;ﬁd EIdamH%Q jeryocene;

(
(aada

P%aé?m

"lSpfué’oé“eﬂ
ifé%a

Sphlnomethyl di-t-
ﬂ@ HRIE M,hﬁli?l 1§ 5,7-

I % 9, fﬁlﬁ¥|ox%?rrocene’
5] yl)
%@ y?})

qﬁ'lﬁerrocene 2 bIS

bIS di - adaﬁ%né%} ?N%Eﬁ&ﬁ?ﬁ 1yome by
l?““‘;ﬂt)h}flér

11 2L bt s-(}@henylprop 2’ -

vddanant ?5%‘6@%%‘?’norret hyl ) -4; 63y o = Eumm Spleinreuereyl) -
(HiRdsimemdiv ] st rmiiyIoptesdnti mome-hid )~tatpdry 1)1 )tf@mwene,
40 FHertrdodyd,phbsphR emeddnEntyA- t - but yl
qﬂﬂ&qﬂmaﬂnﬂaﬂnﬂapdlnqhﬁt“YHNﬁQH(thSﬂHHﬁDﬁBﬁhMl)-ﬂ@ﬁ&ocene;
1di2H2' s (@hemylspihdpredet il 1)-flerd, Geandmekh (1P.62 gdawant yl
triltatlricyclo~{3.3.1.1[3.7] }decyl) -4, 5- di-(2’ -

pﬂi&@@a@r&@i@t’h)ﬁD 2rd ¥ od it vl pftpszpfkbf@mﬂ Hllr(cﬁﬁethyl-
11 3(Eltﬂ¥M@EHyﬁL%p9'aO'k&hE%%&QQ%ﬁ%ﬂol anmanty
(. A5 kil{%y'?] }decyl —4— nylprop-27-yl)
nonethyl é%%&gi é 4f1methyl—
1to t&‘:‘: t%”oi:‘i”e’{a 3 crlw oL P

1?{% ;ﬁr e & “teloe
b tW

fgrgorenes

butylphesphinomethyl) -4-{or

ferrocene;

butylphosp

éne
phln ﬁEFH?F?ﬁ 5-

K
&f# Bl 4 7(]cth‘tCYJ?dr4
<zf’%9n

%rl 3, 5—

trloxatrlcyclo (3. 3 1. l 3. 7ﬂ}dech) 2—
(€2~ ﬁh@slﬁwl@@ﬁ@pﬁymweghwu ~tletramethyl2’ -phenylprop-2‘-yl)
i oxa-ladarantogphingmetii-1,3, S-trimethyl-6, 9,10-
trioxatricyclo-{3.3.1.1([3.7]}decyl)-2-(di-t-

17) {27 -phenylprop-2/-y1)

1-({Z2-phosphinomethyl-1, 3, 5-trimethyl-6,9,10-
Lrioxatricyclo={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-

{3.3.1.1[3.

1")t-butyl

ferrocene;

71 Ydecyl)—-2-(di-

t-butylphosphinomethyl)}-4-(or
1-{Z2-phosphinomethyl-1, 3, 5-

AR T ™ o r ™ e "y mm am

TR R e 11—
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'.butylphosphlnonethyl) 4 (or Bt )(2 phenylprop.2 yI) 5 T

ferrocene; 1- (2-phosphinonethyl-1,3,5,7-tetranethyl -

6,9, 10-tri oxa-adamantyl) - 2 - (di-t-
butylphosphinonethyl)4,5-(di-LL-butyI)ferrocene; 1-

(2- phosphinonethyl-1,3,5,7-tetranethyl -6,9, 10-tri oxa

adamantyl) - 2 - (di- t butylphosph|nonethyl) 4- (or

1')t- 10 butyl ferrocene;

1- (2- phosphi nonet hyl -1, 3,5, 7-

Letmarrspy1e. 6, 4 OroTtoixetaisyatemtiyl )3 --12-1 [(diTddatemtl ) -

)der}ﬁ@is‘lp\ﬁlﬂﬁo’rlﬁﬁl@yﬂPMO@e bhiy-10 2* 4, St Ry 20 rapreRl y o p— 2’—yl) ;

ferrocene; 1- (Z-pHosphismnetdydtiyB; B, 7, 3-etranetbyl-6, 9, 10- |
6xgpk@ttﬁquaﬂad8n3nUyHMBZJﬂG@amyyﬂmﬂylphosphlnonethy 5
|(piddabantel phokpdinphetyanop-—2Aoxyl ) fer rocehtanhddsp-o7 - i
glphosphiciamkidig;- 1, 3,15, (-hald tﬁame6%§i4%)§r5 fmethyl -
@Q@UEOLXELox%tr&@&%d%HQ@t%'EhQﬁ@hHQQE%EhX 4,5- (di
QH&ﬁhhmB%&aﬁ %B% hln eeﬂgi % %

Il

faerrocene;

tetha lrllo
|ggg%§g% ? H&ﬁe?%flbﬁp yl i
a SWEHF Hgé HFHBWE% % “§oT %t' butyl ferrocene; 1
( 15 ~D P P @pm@@@ﬁé 1 3,5,7-tetramethyl-
56? gﬁégﬁﬁﬂﬁéﬁe§h9liféa7]} deCyl) -4,5- di-(27-
Eﬁﬁt{éﬁﬁﬁp phwdphi nbeEEAYEn®; 4- (or  1,2-bis-perfluoro (2-
Eh?€2hlﬁﬁ@ﬁyﬁwﬂo% 2,528~ yﬁyrﬁeetbgéné;B,lo—

tr{gratzbayyl phdsphl nomst Ay Hedyl) -4~ (or 1y 2- {0
plendamanby2phpdphi nofet hytend; 5- (di -t -l Wis-perfluoro (2- .
beosphénemethy(di; B; butytpbespbinomeshyl ) o2-
gdnaﬂaﬂamtybpbospblmomﬁBhyh) =4eQh) 14) 5=bUE YL —puty1)

ferroeene; ~bis- erfluoro -phos & 3,5,7-
@e@rgméfgythSthaoﬂEi % %T? élBﬁ?”ﬁtiyl § i f@ééyl) .l

Y fOﬁ?thBﬁ%§i a@ is (2 bh 3ph1nomethyl— e
¥§lf S %-ﬁ”@hyl) 6,9,10-

(oefal
% % % f nﬁ ng lh f §§Q?F§é§§%§;§;l (2’;ab3n;l%r%p;
or-17) ( prepe2 Yy B

%H%%éﬁg %‘E%ﬂaho@gﬁ;% Tret hyI 1,3, 5-tri met hyl |

10xatr1cyclo{3 1}decyl)~4-(or 1) (2 i
Iah@nsﬂplft?? oxatY{LbyEeprosensd. 1[L327}3}66031E)—p&p&pbdmamethyl— x
bud y%) 7 et be het £ 1yor bisé Rhy bhos phj horet hyl - 1, 3, 5-
trioahylcBec Do 1D-3r1 okBd r Y Lydkoy B- 8, I- Li3-7ihdegy] ) - 4
f€orocdndt - butyl ferrodens:s (2-phosphinomethyl~1, 3,5, 7-
15 o oo B 9.4 11 PP 13 £50 8 { BB fod[ 3. 71} d J

ri “3rioKpary : egyhL=2y .
ﬂ@rﬁ&ieﬁe%ﬁyl phosphi ngjnetﬁz‘lg)(?%,% for &) t=Buty1 s

-(2' -phenyl prop-2'-yl) ferrocene,

éef@cﬂmfj%ﬂ' loé'l}[?%ggaﬁi%g%f rg/éa@%% 1‘? of the

osp |none hyl) 4-(or 1')(2' -phenyl prop-2'-yl)
ferrocene 1- (2- phosphi nonet hyl -1, 3, 5-tri net hyl -6, 9, 10
45 LLrioxatri.cyclo-{3.3.1.1[3.7])decy|)-2-(di-t-
but yl phosphi noneLhyl )-4,5-(di-t-butyl) ferrocene;
1-(2-
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phosphlnonethyl 1 3 5- trlnethyl 6 9 10--tr|oxatrfCYEIo

SR o T S 0~ S '..‘-';,“':':

{3.3.1.1[3.7]}decy|)-2-(di-t-butylphosphinonethyl)-4-(
or 1')t-butyl ferrocene; 1-(2-phosphinonethyl-1,3,5
102

trinethyl 6,9, 10- trloxatrlcyclo {3.3.1.1[3.7] }decyl )-2

(dladanantylphosphlnonethyl) 4,5-di - (2" -phenyl prop-2' -
pcene;

P phbsp’lnonethyl 1,3,5-trinmethyl-6,9, 10-

uxbtrlc clo-{3.3.1.1[3.7]}decyl)-2 5

adanpt Iphosphinonethyl)-4-(or

1-(2--p osphlnonethyl , b- Lrlnethyl ;

rioxatricycl o- {3 3. 1. 1[ 3. 7] } decyl ) - 2- ¢
TeRt y| phesphppgyet hyl ) -4, 5-(di -t-butyl)

fer ocene;

A-Phosp inonethyl 1,3,5-trinmethyl-6,9,10 10

yI. osorgéu%nethyl) -(or 1 )t but yl

rfIuoro(2-phosph|nonethyl-1,3,5,7-tetranethy|-
ioxatricycl0{3.3.1.1[3.7]}-decy|)-4,5-

gt hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-
af ri-€ycl o{3.3.1.1[3. 7] }decyl )-4-(or 11)(2" -
phenylprop 2'-yl) ferrocene; 1, 2-bis-perfluoro(2-

% qﬁat@cgc%%%/lspﬂ%éﬁn}n ecW%l)4 g %dﬂl&hwjyﬁ .

Ferrocene;
1, 2- bi s-perf.luoro(2-phosphi nonet hyl -1, 3,5, 7-
tetranethyl -6,9,10-trioxat.ricyclo{3.3.1.1[3.7] }decyl)
1')t butyl ferrocene; 1, 2-bis-
bhi nonet hyl -
tetra(trifluoro-methyl)-6,9, 10- ;
.1.343.7]}decyl )-4,5-di - (2" -phenyl pr :

NNipgipi s-
3.5, 7 P
9,10- ;
.%L}%ecw) 4-(or 1) (2 -

fer ocene: 1,2-bis- %
A

o

gXxat ri cycl o{ 3. 3 1.1[3. 7]}decy|) 4, 5- (dl-t but yl)
ferrocene; 1,2-bis- (2- phosphlnonethyl , 3,5, 7-
tetra(trifluoro-methyl)-6,9, 10-
ﬂ'@H@gﬂﬂﬂJB@HﬂHE%E§IkﬁH5%-Hﬁﬂgﬁéeﬁyfs44”5;Bﬁﬁhéﬁgﬁ”ben7ene
errocene. 35 Sel ectéed structures of |1 gands
formula V of the invention include: 103 PBuLZ
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PBuL?2

1, 2-bis(di-tert-butyl phosphi nonet hyl) -3, 6-di phenyl -
- di methyl benzene 5 PBuL2 PBuL2 10

1, 2bi s(di-tort-butyl (phosphi nonmet hyl ) -4, 5- di phenyl
benzene 104 But2P PBut Fe2+ (Me)3S

1, 2-bis(di-tent- butylphosplnonethyl) 1'-trinmethylsilyl
v.= ferrocene 5 But2P PBut 219¥e2+

1, 2-bis(di-tert-butyl phospanonet hyl)-1'"-tort-butyl 10
Balp [ HtH O PBut2 Sl(Nb)S ..
................... .- . 105
-butylphosphlnonethyl) 1, 3-bis-

p=s&ty] - 1, 3-di hydroi.sobenzofurun. 5 PBulL2
(Coipps, .~

(di-tert-D8 phosphlnonethyl) 3, 6- Bi phenyl benzene
10 PBut2 Me35 PBut Fe2+ 0

1,2-bis(di ghert- butylphosplnonethyl)--4 trimethylsilyl
15 ferrocene ........ 106

=

(Me)Si

l,2—bis(di—tert~butylphospinomethyl)—1’—trimethylsilyl
ferrocene

Bul,P PBu',

=4

2+

Fe

l,2-bis(di-tert-butylphospinomethyl) -1’ -tert- -butyl

ferrocene

SI(ME):;

F’Butg
PBU',

ME)3
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18

PBut2 PBu~2 1,2

bi s(di -tert-butyl (phosphi nonethyl))-4,5- di(4'-tent
butyl phenyl) benzene 5 PBut2 PBut?2

1, 2-bis(di-tert-butyl.(phosphi nonethyl))-4-trimethyl si
|yl 10 benzene ¢ PBut2 PBut?2
1,2-bis(di-tert-butyl (phosphi nonethyl))-4-(tert- 15
but yl di met hyl si |l yl )benzene 182 PBut2 PBuL2

1, 2-bis(di-tert-butyl (phosphi nonet hyl))-4, 5-

bi s(trinmethylsilyl)benzen.e 5 But PBul 2 PBu2

1, @-lbi s (di -t ert ~hut yl fiphasiphioosetny) ) ) - #-beg+ - but yl
Hfihetrizehei 1y1+1, 3~dihydroisobenzofuran.

1, 2-bis(di-tert-butyl (phosphi nonethyl))-4,5-di-tert-bu
tyl 15 benzene But But But PBut2 PBul 2 1,2-This
(di~tert-but 1 hos hinonethyly (pp . ))-9-(tri-tert-
20 net hyl ) benzene 108 But But® But PBut2 PBut?2
di --tert-butyl (phosphi nonmethyl))-4-(tri-tert

1, 2-bis (di-tert-butylphosphinomethyl)-3, 6-diphenyl
benzene

FBu%
megsi— LT
: PBu',
F62+

1,2-bis(di-tert-butylphospinomethyl)-4-trimethylsilyl
ferrocenea °

LML N L Mg etar= 17 et L A Filitay tap W

e

o e T T M T, L R AR T L i

m1azrETE e
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15

"bh¥yT§{T§f§BéﬁiéHé”béut _béuté.._””.”MNM”“m"“m"m__m_
- phenyl pr

1,2-bis(di-tert-butyl (phosphi nonethyl))-4-(2
op- 2'-yl)benzene 10 PBut z PBut?2

1, 2-bis(di-tert-butyl (phosphi nonmet hyl)) -4-phenyl

benzene PBut2 PButz 15 109

1,2-bis(di-tert- butyl(phosphkgbfethyl)) 3, 6-di net hyl -
5

, 5- di phenyl benzene PBuU' 2

1, 2-bi s(di-test-butyl (phosphi nonethyl))-3,4,5,6

t et rlaphenyl benzene 0 Cl PBu'2 PBut2 10 4-{1-

3,.4-Bi s-L(di-tert-bub' 1- PhosPhanVl) - net hY1l}- PhenYl }-1
' ’ -benzoYl chloride O C PBu2 PBu~2 110

- but yl (phosphi nonet hyl ) -4- (4" -

ohosphlnonethyl)) 4-
ety z But 2~. .PBu 2 10

1, 2- bls(dl-tert buly

naphthylprop 2' -yl benze e

PBU,

phenyl ) benzene p PBu(2 PBut2 5

" (ph¥sphi nofEtRyl )) - 4- (2" -

1,2 bis(di-tert-butyl (phosphinomethyl)}=-4,5- di (4’ -tert

butyl phenyl) henzene

““xs
,--""'l_
PBUY,

F"Butg

1,2-bis(di-tert-butyl (phosphinomethyl}))}-4-trimethylsilyl

benzene

PBu'

F'Bl..llg

1

1,2-bis(di-tert-butyl {(phosphinomethyl))-4-(tert-

butyldimethylsilyl)benzene
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20

1,2-bis(di-tert-butyl (phosphi nonethyl))-4-(3",4"'-bis(d
i- tert-butyl (phosphi nonethyl))phenyl)benzene 20 111

PBut 2 PBuL2 PBut2 PBu2

1, 2-bis(di-tert-butyl (phosphinonmethyl))-3-(2',3"-bis(d
i tert-butyl(phosphinonethyl?)phenyl)benzene 5 But 2P
PBul2 BulL2P PBu' 2 07

1, 2-bis(di-tert-butyl (phosphi nonet hyl))-4-tertbutyl-5-
(2'-ltertbuty|-4',5'-bis(di-tert 10

yl| (phosphi nonet hyl ) ) phenyl ) benzene I n the above
ex . | i gands of general formula
V), ' 4 Xtertiary carbon
beari ng attached to the QL and/or @
15 grouq may be replaced by a suitable

t er pa e erred’ @z ernatives are adamantyl, 1,3
di hyl congressyl, norbornyl or 1-

or bpndi enyl, or X1 and X2 together and/or X3 and X'
together formtogether with the phosphorous a
2- phospha 20 tricyclo[3.3.1.1{3,7} decyl group such as
R iwisphu— i § 3; Bty i pecms i oris th 10y X +4 csadamant y|
ors @=phesyihatsill 3l Bxddd«4ms hyl - 6, 9, 10- t ri oxadamant yl .
In nost formula (1)-(V) enbodinents, it is preferred
that 25 the X1-X9 groups or the conbined X1/ X2 and

g&p/ X' groups or _equivalent formula (1) groups are the
) ! .Eglbe advant ageous to use different

: Yemetry around the active site in
t hese|[sel ecte¢d |igands and generally in this
i nvenkjon. 4~ 112 _PBdferably, @ is phosphorous and
preferab 8

1, 2-bis(di-tert-butyl (phosphinomethyl))-4-tert-butyl
benzene

Bu'
PBu';

F'Bl,ltz
Bu'

1,2-bis(di-tert-butyl (phosphinomethyl))-4, 5-di-tert-butyl
benzene

Bu'
Bu!'

Bu'
FBUY,

PBUY,

l,2-bis(di-tert-butyl (phosphinomethyl))-4-(tri-tert-
butylmethyl)benzene
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i ndependent |y, phosphorous. 5 Preferably, the

bi dentate ligand is a bidentate phosphine, arsine or
stibine ligand, preferably, a phosphine Iigand. The
pal | adi um conpl exes of the present invention are
useful as pre-catalysts in the carbonylation of 10
ethylenically unsaturated co unds. Suitable

et hyl eni cal | y unsat ur at ed coﬂ@gunds for the non-
ethyl enically specific aspects of the invention are
ethyléﬁrcally unsat urat ed conpounds having from2 to
Fa'._car bon atons per nol ecule, or mxtures thereof.
SUIt i€ 15 ethylenigcally unsaturated compounds may

RAVE one sol™a tor conjugat ed unsat ur at ed
bonds per Preferred are conpounds having
from2 to jon atons, =~ or m xtures thereof, yet
nore prefe ' havi ng at nost 18 carbon

atons, yet oSt 16 carbon 20 atons, again nore
greferred conmpounds have at nost 10 carbon atons. The
t hypeai datrr9runsut it spkdsebipouathmay) —Lulthértert-
bonhptEseytunenienal groups or heteroatons, such as
ni trogen, sul phur or oxide. Exanples include
poxylic acids, esters or nitriles as functiona
In a 25 preferred enbodi nent, the
y unsaturated conpound is an olefin or a
pl efins. Such olefins can be converted by
M f h carbon nonoxide and a co-reactant wth

. where appropriate, towards
t he Ilnear car-nnylat'on prodPR4z 30 Suitable
et hyl enical |y sat ur at ed conpounds i ncl ude
acetyl ene, net acetyl ene, pmppyl acetyl ene,
but adi ene, et hylege syt ene, butyl ene,
i sobutyl ene, pentene, pentene nitriles, alkyl

Peﬂllﬁﬂ@@ﬁ%téﬂ@%@@yl‘?ﬁ:ﬁ&!&pﬁin@ﬁé‘ﬁﬁg@ﬂ £§- :@e%ﬁ@ﬁylpmp—

aclys) gsyebnas 2-and 3-pentenoic acid), vin
acetate, octenes. Particularly preferred ethylenlcally

unsat urated conpounds are ethylene, vinyl acetate,
, al kyl pentenoates, pentenenitriles,
acids (such as 3 pentenoic acid), 40

e and propylene Especially preferred are
: ¢ butadlene and pentene

preferably
from 20C tol 120C.Lnmore ppgfrerably from 20C to 90C,
especially frem=50Ct0~80C. "It is preferred that the
reaction tenperature i s maintained bel owthe

fecompogh il Q- 243t y1 (phosphinomethyl) } -4-phenyl benzene
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t enper ature and so when the neféf'bhéébﬁfhé'féukﬁéﬁh"

to deconpose within the tenperature ranges given
above, the reaction tenperature should be maintained
at least 10C (and preferably at |east 20C) bel ow t he
deconposition 5 tenperature. Preferably, in the
production of the netal conplex, the conplexing
conpound is present in the r#@tion mxture in

stoi chionetric excess. Preferably the anount of 10
tohpbexi ag-tempebndyiliphbepheaeh:eh vy Xt €-dSmethyl-4, 5-
gapbsehal edentenprovi de a nol ar excess of at |east 10%
over the anmobunt required for the stoichionetric
reaction, nore-preferably an excess of at |east 50%
especially @ | 68at 90% when the ligand L is a
phosphi ne, ¢r to use an excess of 15 phosphine
Ihe palladiumis reduced in the

p excess conpl exing conpound is preferably
[ e reactjon mxture to acconplish this.

¢ presence’of a solvent. \Wen water
ent theépk[of the solution may be
0 Blen of the netal ammi ne

it 25 is preferably equivalent to
Pd per litre of solution. The pH of
ixture is preferably adjusted and
ithin a range from2 to 7. A buffer

0l , nmethylated spirits)

acetonitrile, et rahydrofuran, toluene, aliphatic

bsiehiss sdtntast epuyyl (phesphenamdtket bhed, §uthbas

et hyplenyl kenomes Organic solvents are required when

t he conpl exi ng conpound is a S phosphine. 35 ry The

reactants nmay be added in any suitable order, but in a

ef red process of the invention the netal amm ne

conpaund is_placed in a reaction vessel, together wth
c i T~used), an alkali (if used) and a buffer

used), heated if necessary and then

t he conmpound i s added. The reaction may be
cont i nued rfod of from30 mnmnutes to severa
hours, but - ‘ 45 about four
hours. On conpl ; nmetapggpnpl ex

PBU‘Q

4-(1-{3.4-B1s-[(di-tert-butyl-phosphanyl)-methyl}-phenyl} - 1-methyl-ethyl)-benzoyl chloride

o
Cl

PBu',

PBu',

[—

P B . T e e e e = e =

e T T T

e P el L AT ym e
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20

is separated fromthe reaction mixture by any

appropriate nethod which is dependent upon the
physi cal formof the product. 114 The catal yst
system of the present invention nay be used
honogeneously or heterogeneously. Preferably, the
catal yst systemis used honp eously. 5 Were a
compound of a formula herein contains an al kenyl
group or a cycloal kyl noiety as defined, cis (E) and
trans, (Z) isonmerismmay al so occur. The present
} et ot~ FEr tlley  hehe s inearh gl eréoi éoners of
¢hleo poppoumrls] afherany) lénedeef or nul as defined herein
and, where appropriate, 10 the individual tautomneric
. s ether with mxtures thereof.
i ast er &@usomers or cis and trans

i soners||may be Jachi eved by conventional techniques,
e.g. by trac{L;naI cryshal lisation, chromatography or
H. P. L. C. sy eof'sonBric mxture of 15 a conpound

one of the fornmulas or a suitable salt or derivative

T R AR B
y

hos 1To %

‘orrespon |ng p |ca pure internmedi ate or by
resol ution, such as by H P Egkcorrespondlng
20 racenmate using a s Dport or by
fractional crystallisg{ion of|the diastereoisoneric
salts formed b ( e corPBspondi ng

: ' y active acid or
25 Al stereoisoners are
p scope of the process of the
i1l be appreciated by those skilled in
he conmpounds of fornmulas (1)-(V) may
funcfion a3 | igands 30 that coordinate with the G oup
8,.9 or 10 nmetal or compound thereof to formthe
Jco%ﬁ&mﬂﬁ%%rw@w e spiveehs oy Ltkptcld 1y, the
NGRSURLIBE P TPRT2 "TOY WetRENER1E compound t her eof

coordi nates to the one or nore ~.~ phosphorous,
arseni ¢ and/ or antlnDny atons of the conmpound 35 of
formula (1). 3 apove, the present invention

provides a pr t he odonyl ati on of

ethyl enically compound conpri si ng

cont act ng an unsat ur at ed conpound
our ¢e of hydr oxyl groups
in the presence of a

.

l,2-bis(di-tert-butyl (phosphinomethyl))=-4-(3’,4"-bis(di-

tert-butyl (phosphinomethyl} }phenyl)benzene

e L B
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20

25

.”ié éﬁttebly, the souteeﬂetnﬁyatexyl groups |ncludes an

organi ¢ nol ecul e having an hydroxyl functional group.
Preferably, the organic nol ecul e having a hydroxyl
functional group nay be branched or |inear, and
conprises an al kanol, particularly a Cl1-C33 al kanol,
i ncludi ng aryl 50 al kanols, which may be optionally
substituted with one or 115 Thbre substituents
selected fromal kyl, aryl, Net, halo, cyano, nitro,
R20, C(O) R21 C(O) OR22, NR23R24 C
F(Eﬁ)z R27R26, SR29 or C (0) SR30 as
Hi ghly preferred al kanols are Cl1-CB
5 met hanol , et hanol, propanol,
i S0- put anol , t- butyl al cohol,
phenol and chlorocapryl al cohol . Al t hough
pnoal kanol s are nost preferred, poly- al kanol s,
elected fromdi-octa ols such as diols,
etra-ges',and sugars may al so be utilised. 10
such pol yal kanols are selected from1, 2-
ropanedlol glycerol, 1,2,4
F ydr . oxymet hyl ) - 1, 3- pr opanedi ol ,

2.5, Eygg £ oBthaer %Hr 2 i-
ST G b e SR
fructose and glucose. Especially preferred al kanol s

are pethanol and et hanol. The nost preferred al kano
i s Byt The anmount of al otPBs; not critical.

GEneraIIy, yed in excess of the
Bwgunt of shbs =—eQr bonyl aPBd, Thus the

al colol 7/ Q ) gol vent as wel |,

al t houg ipe ents may al so be

used. 25 I d that the end product

of the rea i m—red at least in part by the
source of al kanpl usedf/ For instance, use of nethano
produces the coirespondi ng -nethyl ester. Conversely,
use of water prAQguce he correspondi ng aci ds.
Accordingly, the |38 inveRtion provi des a conveni ent
way of adding the group - s C(O)O C, -C30 al kyl or

Iy the et hyl eni ly uns
g dgf%ﬁd%é gctgce E %%?%?h D¥%€? g?Le%oﬁﬁtggﬁéEi gf
M7 the car bon nonoxi de nmay be
%@Eﬂl Bh %P%ln?%?ﬁ?%t)HP?%?%H RFEFCRH inert gas such
as nitrogen, carbon _dioxide or a noble gas such as

BR géfe SARPYE aeiid cof ShYUFbYERS typi tabppdresyt t haneral
5osmylaol (e, Ay adsolswe ppésepte X' -X' tertiary carbon
bearing groups, t-butyl, attached to the ' and/or ¢°

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 phospheorous a 2-phospha-
tricyclo(3.3.1.1{3,7} decyl group such as 2-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 iz 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.

L Rl TN el At N T TR B et
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___40 The ratio (voI urre/vol urre) of et hyI eni cal I y

unsaturated conpounds to hydroxyl group source in a
liquid phase reaction nedium nmay vary between w de

limts and suitably lies in the range of 1:0.1 to

1: 10, preferably from 45 between 2:1 to 1:2 and up to

a |l arge excess of al kanol or water when the latter is

al so the reaction solvent sudhas up to a 100:1

excess of al kanol or water. However, if the

ethylenically unsaturated conmpound is a gas at the
rPe‘&cfﬁlr@berrrpQ at ase phorgmyncheuw esendt aprébeesblevel b is
ipdepebtiént-Ae, | phoisgphphase .r eact i on nmedi um such as at
aratio to hydroxyl group source of 1:20,000 to 1:10
Fekdcpaeflen abhy, bileh@a8Q0 1igakdbl s @E’fildﬂrﬁia@i@bﬁﬁ/@slahlne,

1r5008 be Lkr3l@ne IH%aﬁ@DUEEQQEIEQQ a%ab%%%p%.nkhQ1gand
i nvention used in the car Ony ation process 1S no

?ﬁbt'ﬁghlaSQH r@%Hbiéx oPe phtai f@% invention are
9%%%%&3b|¥s g % ouPng &@g éﬁa JSon of
hgﬁgng 1 ﬁi nD e pré?erabl D
f h ? Vefe Bf Fe 10- 2 ﬁﬂ?@g Sér nDIe Yiitable
é’iﬁg ggéﬂ |y Uia Paﬁgﬁed CGRBSGHE t O | quing  non-
g CSPbORy| RPEeH Irheactd TE Hetli udt sEhﬁabllywentmn are
tPHéEBHCﬁéﬁYes‘é‘ﬁﬂﬁ‘hﬁa‘%‘%ﬁtWFQW@ﬁl(BlﬁVlﬂﬁe from 2 to 50
E&FrBBRy 13N BET etpyEEKHLEal [oF unbatwras edheorpdundwsable
Qshwéﬁhh@élhyr@nﬁaﬁnrﬂﬂE4xﬁ¢m@mmmH$nmagehﬂvmmmﬁe or more
aproekedsobwents:i Satteabl ensaltvent-ed nobnde ketpneslecule.
Bueheasetiornreexamploanait My viligy | kefon2; tet ber argdeh atoms,
as frotxziexeapl echeard @l e yeret iykephep¥Ee 1881 Jare compounds
Rabifgt atoxanenapecatdbgl ¥iehs, d&%kh%br%t@%rmdyﬂn¥d“earbon
et bak, éﬁéfmygkﬁﬁﬂrﬁPefggrQthﬁﬁN S have at most 10
QékEQHrQEﬁhgtheﬁ‘ é“f@ﬁf Ie& EtQL ted gompound may

ghr@ﬁ§¥|88ﬁ th Eﬁ#g ﬁggng? e% oms h
h Lo , such as
gf Lhy éﬁe %ijﬁg}a it e an zgu rg 36 H@FF&PB@?ﬁJ?ig&@ﬁqgiyllr
& dé? ope-  In A
Loheatanl lef%agé‘@%} o rated

%‘af&ﬁ%%% eﬁé}rppée &Pnef’ﬁw@uwﬁwéw:a% of oLdfins. " such
a}ef§%§r669|§g|ﬁﬁ@ﬁ@rq§ﬂfQﬂaﬁﬁgctlcn with carbon monoxide
PR@t rahF@raEmicsFdnev2Fh- di odidF), rBgistdndest fwitane, where
%@Eﬁ¢w¥lém$phonéDW@ed$aﬁhﬂwﬁhnephemmﬂbdnyﬂamﬂmm andduct .

2uipebhyl - £tétyirsulafldlyanennanonabtedconpoumsisnds include
apet ytemg, 3Getiayd vacéaplsnef puepytorapeurndsne. gbutadlene

beinyeaes, t olptensleret hyl bbenzene, o- Xyd@ne yIeny| eNeentene,
pemwéme,nleiﬂloﬂ@enéqm% ﬁeﬂtéhbgi‘c%enéﬁaﬁ as  methyl 3-
el & OF @b EeNZeNe: o Kanesis | NG g NG, s @lgnﬁarﬂaggﬁtenolc
A1 $HC Ny LOPPOLRdS, €99, o bEXADe, hept ane,

Particularly preferred ethylenically unsaturated compounds
are ethylene, vinyl acetate, butadiene, alkyl pentenocates,
Pentenenitriles, pentene acids (such as 2 pentenoic acid),
acetylene and propylene.

Especially preferred are ethylene, vinyl acetate,
butadiene and pentene nitriles.

The metal complex production reaction is 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 1is preferred that the reaction
temperature is maintained below the decomposition
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2,2,3-trinethyl pentane, nethylene chloride and carbon

35 tetrachloride; nitriles e.g. benzonitrile and
acetonitrile. Very suitable are aprotic solvents

having a dielectric constant that is below a val ue of

50, nore, preferably in 40 the range of 3 to 8, at

298.15 Kand 1 x 105Nm 2. In the present context, the
dielectric constant for a giM& solvent is used in

its normal neaning of representing the ratio of the

capaeratyuoéd andormtenskenwthie tthattalsupsbapbéneasis known to
dkiebepd sé cwiahtihe Wapaceétyepitthe samgegonrgenserambdd, the
Pe A5t Yaie Utinpbelr adheleecdtid €l d Vakuesa {0fa 1hes diel ecddd€ 10°C
CONGt YHF e rQfln 1IGONERN U HANI @ ol*icqui P81 6@N HH%'fQHEgmb851tlon

tuf&ference books, such as the Handbook
Chenlstry and Physi cs, 76th edition, edited by DaV|d

: y r

and f\l‘e ﬁi J_n gtqj E%P%’ ]§Q§JS Ip ?gR%h% ,?’ﬁefte:&{lof&cgrg%l the
ko 05l oY (320 G TIF e sk mapgure in

%Y :h%lP Thr esSiftE o9 e. abbHEL9raPIPsNAEE  Gmoumt  of
3*/1%% CoRRRYPEd ifo %trﬁ%%tm&%t% 1pHregdgréated
E@lﬂ OYHee canPer3F o/ *Fa6E0rE @Rakﬁﬁsﬁfl%b OY¢¥ efAPupBOUNt
Wl&lwﬁ fopaithirc Hitarl Goepetnid d steactiiabl enoset heeferably
W ebeet s coéoﬁi:t apgstay Ofe reowdidiyalneasl edeast ng0%. When
st abl gathe dL phy sé cohchemital wet ppdferMeasusenent egfeas of
pheteicing cofondt ant2wf. a Whaui dheampaldasiihyn bies reduced in
e f of it byowvardpustisensprsdustiChpagl hANBHSI @8mpllx, the
PEObesiorf | Ayt Reo UDF 1 1Re Shy aRH eC Wi IRE iR b@&'ﬂpound and
Sbhachede19 V& E ﬂ'?t@51§p01§H§h1§5p£Q9§§a§Y9' Labi€able in

éﬁ@@ééf@tlcﬁq si& $siorppLati on of
Hol t svi | 21-870) and the

Eg%eggtélCé@ﬁgq%§1?fggﬁggﬂﬁ¥efgﬁc Mo mb§ Be UL Sed out
R i
iR Ul :

he Same sanE fvent
Jt%ggﬁ%%%ﬁ?%ydﬁgr%w?fﬁe%c&ﬁs:%ﬁm Qégstﬂf%?” St/ licre

| oWeT E%@%r%%r%@a%a@aé&%é%éea%ShpaﬁE?:rably
PO W ERferandrasintareferectitBiBoAs ramas g g to 7-

RiffRn Sy utigigedakerks n2d9@yf beodeths mirsagtilpn mixture.
Rlfevrirnices wi 3l W8TV Dozal udowewbrohdlst héeeyi s detbanol,
aharm whi cpropehpilque nethpgkated 25pdetigrsyi neatdeonitrile,
ot et dctar et wonst ahblaebe} ertliifhea ibdett 879 =such as ethyl
diet ot r and Carsbant Mrcar adtheahyi208ye nangeesettdhganic
sopertk beadsede B0 i exaiPhee tdemsi & 864 r bémpound is a
wohsimiie of anisole is 4.3 (at

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 used) .and a buffer
solution (if used), heated if necessary and then the
complexing compound is added.

The reaction may be 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
iz separated from the reaction mizxture by any appropriate
method which 15 dependent upon the physical form of the
product.

R e L kB LA TR Ly et
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50

294.2 K), of diethyl ether is 4.3 (at 293.2 K), of

sulfolane is 43.4 (at 303.2 K), of nethyl pentanoate is

5.0 (at 293.2 K), of diphenylether is 3.7 (at 283.2

Ky, of dinmethyladipate is 6.8 (at 293.2 K), of

tetrahydrofuran is 35 7.5 (at 295.2 K), of

nmet hyl nonanoate is 3.9 (at 293.2 K), of

nmet hyl -tent-butyl ether is 4134 (at 293 K), of di oxane

is 2.21 (at 298 K%, of toluene is 2.38 (at 298 K) and

dhe deeidhilyi fesFem3pfs that ROBseQt Theediébectmiyc be used

VEMPES T egs ltvakeALf r e tdeodemetbonky of cheRistfeyablg¢, the

FRESilys tard 4Gt He temue tatmagerefo ddie, ,measur enent i s

given. A preferred aprotic solvent is anisole. In the

phesence obmpouad kafiola, fir@roOthersohvenhcwihk ke alkenyl

gerepated bY:\id1&1850t nd &Y e R BleLADUVIRL AN +rang

43)pr 0dufik r bt hea oL i L1 cAldt ekl coifpod, o0

@L?&E@Q@les lﬂﬁqujdg? gﬁ@&ls&ie?@ g % Iﬁc C‘.D&ﬂéjé)éjnds aof

%ﬁlyv%@t 'th-gh% Qﬁ.ecl%s d@@in %& cfl%rrréJt% glou I %’%E ex Hﬁcﬁ;&riate
Lyent tq, ! iange of - at, 4% DEreBlef oF ABEYE :

Potires orirarheg; © 118°PRFEIt P G0 1023t ERECHBPREIS or cis
Pg&er_tarﬁlriﬁ fromYBeaS t oM8¥1. Mfbstachieyedabby t Hwnwantional
FFMLHEEAGes frénPfl,. 5: 1PYo 3:Gracteypilt e t Mryfsdradddisegion,
prp@agpefarhed othdt- R-He G-eaef | @anstersotarmeedcouti itmre of

Ehecdmsete ohcangfextler ndoragded aprotd csuithw@et salt or

Hegivinivee 4bserod.of arfrapritdtviobayent efghtiomer of a

gemppanddolfy cnike afedtid ofoihskid .mdy abbbepBabiréla¥ed® from

protdarcesoidiany nmeptbeaused. e 10iphebh@diate or by

cossbhveoh, myubRCl ade wy fulther. €ar boxylire acid Qlsnonging

8AcaheeBolis 8y bakhe Ol CicOrSP! YeRLSrE NELUES T8 Li i onal

E9pYeAl L 99aL i PROLC SOLV EEEtEE@W@SBﬁe:ﬁglggl N formed by

skhbtedn ide theeart, su Jﬁéixl(\?t %rai%m%vt\far ﬁa%g oés’suitable

§ﬂ99c§§l f%&tigéagéig’or % QO se arg aa )

hol , ~an and® sBRBhABF 1= hfit nes.

I 'sopr opa primary 1

i I, car bonyl at.ion, th resence of a protic .
%{vg‘%fl}i%lg%%&‘tgr e?%?r é&cr}'ﬂ‘?{eecgrgf‘f:glgolt\}ﬁ}t Spape ©of the
Pher e T bORYFPE @i d or an al cohol. M xtures of
](t?he aprotic 20 and protic solvents nay al so be

"l dyéd PRy R BR G Ea kA sy ddtoses ?r’éhhie‘énjmsdihﬁenart that
that CeRPPPRIS aofdéramaBRe hyldroden mash Surnd fsnt Aes@igands
BMifacHEridimmtgenidd ithea BydopxyE, groupor Il t megen  or
FEupenred afinggegrifoupo Bpr2b apeotdanmoarsdd VRl | Gs8eat the
wyypelaf. sol Yepicahlgh #ied t Beougondf ey nek atgeplet=1 or
Wrﬂlﬁm H}tdlrefi@e)lf rmc}lobﬂdiiﬂﬁﬁélst o dde %ﬁ@boncylll@tl Y  more
pleasfi@ods, ArPaove 4@ACdE 0t 2hény SWELAD! 611 eMel Soffoung
dy df DGR hen .

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 in 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.
Freferably, the organic molecule having a hydroxyl
functional group may be branched or linear, and comprises
an alkanol, particularly a C;-Cap alkanecl, including aryl
alkanols, which may be optionally substituted with one or
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30 utilised may be in the ratio of between 0.1 and 20%

vol /vol of the carbon nonoxide, nore preferably, 1-20%

vol /vol of the carbon nonoxi de, nore preferably,

2-15%1 vol/vol of the carbon nonoxi de, nost

preferably 3-10% vol/vol of carbon nonoxide. 35 The

catal yst conpounds of the present invention may act as

a "het erogeneous" catal yst drl5a "honbgeneous"

catal yst, preferably, a honbgenous catal yst. 40 By

e t enbesthomegerecisl's oiaddl ysbmwes Inpaln, aacglal ist, halo,

dyano,a cdrpeynd o6’ t heod averi’| ong (@hREH | & (OHR??, NRZPR??,

SUppEEE, hm(csy@s?arml%fﬁdmrxeﬂ(@rsﬂrrﬂ%d Ao fhddl herein.

HMdHL f hey et S a 0faddies Cadl@n)’djla-tdaonaiﬁﬁﬁbﬂgn such as

Métﬂhn&ﬂ“féﬂﬂﬁﬂéﬁ“Cﬁ&éﬂén&fsaiQéaﬁfgpQQHPou @anol t-
IS 10X - SR ainiyge %Weﬁ@fl capb 8905259 Cohol

J‘é{ Iyt %1 mgﬁig?ggi igl vg&t a esc 5 boly-
a y prE% E to §t n%e V‘%n ' ‘:h as

ls ca(rr at e 5tRpd aé Tﬁbl@aéc‘:"cé‘}ad’ Re UtlllSEd
Ytﬂ"'t 5"atspé’c9t¢h t ﬁ’é’lﬁraelé{é"ﬁ’to%snvélﬁﬁ ofelfS @,ddegrgm 1, 2-
Llgr 1 he REPBBRGEEST on 9N B ent Bl 4 ybutanetriol,
TS atUreatydte 'dontpounds REPRISTS hiedl hek e nb whérleyﬁr@hehexane
perdeesy i idarli edl, bul Wizt hyiwl coatred bistl Jegiipmissi ngaanose,
suppee,, peébhecabky amdi ngdlarbl eugapport. Pr@ferred sugars
iPrdfeteabl yuct dee supfontcteskpr i sed agpakbyeer suchegSe8ially
melfieoirefd nz1pehystyrane fetpahyst yiene c¢opelimer Jweh most
A% fa r rddV iad)eNZ ane readeinmer or other suitable
pol ymers or copolynmers known to those skilled in the
T oSt Icpﬁoraﬂ&ml V@Hdl éf‘ftlf‘l@éJba UGl ongl ! seflount =
atld | 68eqd bl IGANSOT o %F 'Cgﬂﬁuﬁe Bors QI co pe
Cg(}rb% s, 1Rty culab Eerl as f £X npte

nic OXI S and.inor anl ChRFori% es Sy e reaction
: W fars ‘ff &Edcn ur%{?erjr A€P4 Th8r oI Solvents
?yél ‘face arealnthe range of from10 to
700 er/g a total pore volunme in the range of from
1§, 1¥4d 14, B°ccpBPaRgiasRcavEnage phEFti eNe sPzedpfatthef the
TEASGE OB FF oRfIBrnEnsd02tmlear el prief Bt ablyy thehesource of
adiegde wiesh | sFPR Lhetanage ofef tdmmES:IGhalo BO®uces the
CPZ/rg s rohel ipgr emepbhyie £stén. t he Goange ofl f,r omse0. 6ft owater
pZosiuce/sg ahdet hecawveragengtd i claeisi=ze i accprtilagly, the
inzege ioh foramizkd o 206npenidhst wdesbraklagithe o faesup -
Caoe® i Scji-Tsh heanange ofr framy100 40 4008 (0RO, R&:RGr € 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 in a liquid 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 alkanel or water. However, if the
ethylenically unsaturated compound is a gas at the
reactlon temperature it may be present at lower levaels in
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voI ume is in the range of fromO 8 to 3.0 cc/g and the

30 average particle size is in the range of from30 to

100 pm The average pore size of typical porous

support materials is in the range of from 10 to 1000

A. Preferably, a support material is used that has an

average pore dianeter of frﬁﬂQSO to 500 A and nost

desirably from35 75 to 350 It may be particularly

desirable to dehydrate the silica at a tenperature of

Fhomligocd hBPDCraviere TeHHHTB £5CR4 Ffoups. @ ratio to

ity ), grder sappore fhylbe0f PeRi bbelodlamoriegipdeferably,

buppo?®Q td0lthe, insot ubtefsupport Ls5¢6ated anBN0r

i mpregnated with the conmpounds of the process of the

Thweambontby £ telednicgties yael lofknomn tovehaedenskiddd®din the

¢cariidey bitiol pebrativdly, ndheceaapodnds afodderesults may

};mfoeleeel@édtheen45plre\fe&tam@z,arte1efIéﬁema@ shecsdihage 9 or
T e d nsod Ubhethéul?ﬁﬁﬁé 1eptiQnald-y, vigra sevabembiy, 107°

fondo-andnthe @nogeNt epts ongl hy-3 ngludes R mole of

igf%%E¥T%%f§§|ngﬁitu{§%£§U|§)%ﬁnﬁﬁgcggnpounds g#ﬁgk phase
I'XE

nven on na e surface of the

nsol le s ort b ronotin action_of a

#b’f% : < “Er da ?3 g3t or e
%Ct q&aﬁe s pound as
Pé nre%xf.@e gEP SEEO PR et Pdr Ofr AP HRsPProtic
#Chls‘é#rﬂefa |ﬁtléLﬁﬁé@swﬁddﬁntsrheneb%@néfeﬂ:@ﬁeefr tHeeh as for
TR 4 & e Mrtdup koft it tsuppor ethietis a vapl i aentfay example
wubstie uentmethyhe cabpound ofetiver) nventi onBprovipdesonane
edidietmes ogehbotisy tatahyst dheeehyhectbrpoundtathtyheofuran,
diptesiy s HOr and it Bepsopgdket hare dhdkethevidime: thpkagesr of
licdt 1ag] e e hefol; est @Ere@Rl de, sadne, dK ea, fKeto example
T L & Jdrea € O eenefthryq@etcépertecOﬂaethy@n%ér@:daﬂ adimethyl
SRROUNE Ofndt e th&mp£§§en5ubﬁvgﬂ$'P@rt%xample
dike étaﬂ@ﬁgepenﬁs %Qﬁggsg@r%ﬁqﬁl%%'caléﬁd dimethyl
@éﬁdsﬁﬁ?%%‘ﬂgsa % sbﬁg SHPPPLL - cxample
“ﬂ,‘jt r%ﬁf‘. e’daz a‘%idgc ;gcy ;sng%h as CHgCo At
u £ amn | !
gge Qhﬂeﬁ’md‘r% St o plen - ipgite and 2-
e ¥t §oht O Jp%% de&TCRétdse onDIEFPf%“W%ceséﬂérlUdmg
han:anéraéataéut;ﬁstof oTHIdsi CeBROsdgnye adpedtenAenshe toluene,

svehtbenz sier et Ay L ee, carayysnei sbakvaehed tblarcbenzene,
supporior@dinzene, m-dichlorobenzene: alkanes, including

hale wvariants of such compounds egg, hexane, heptane,
2,2,3-trimethylpentane, methylene c¢hleoride and carbon
tetrachloride; nitriles e.g. benzonitzrile and
acetonitrile.

Very suitable are aprotic solvents having a dielectric
constant that is below a value of 50, more preferably in
the range of 3 to 8, at 298.15 K and 1 x 10°Nm~. In the
present context, the dielectric constant for a given
solvent is used in its normal meaning of representing the
ratic 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 commoen organic ligquids c¢an bhe found in general
reference books, such as the Handbook of Chemistry and
Physics, 76" edition, edited by David R. Lide et al, and
puklished 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
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Additi"d'n-e-luln.y, the b| dent ate phosphl ne may be bonded to

a suitable polyneric substrate via at | east one of

the bridge substituents, the bridging group R the
linking group A or the linking group Be.g. 1,2

bi s(di -t 30 butyl phosphi nonet hyl ) -4-t-butyl - benzene

may be bonded, preferably, via the 3, 5 or 6 cyclic
carbons of the benzene grouplto polystyrene to give

an i Mmobile heterogeneous catalyst. 35 The anount of
PPgandl Ksedndaatmasphwurihi pragderkinmits., aBeatenakl Yo nm2,
ahenc®x cessad Dentiat e ddgantdd &Qﬁe&,hattheteﬁp@%tr@tr% and
prgandres WEBEENtEHN eenmeabnsugactbeg t@@oté@t' o aff g
thecpates ofatiDl £§r0h the, é&éﬁiﬁ@t%ohbgﬁﬂg 60t 1aple,
Rt h:?lé‘ll}g@_er_r Of aplgs h %@ur}:@a 5 a using

%%?‘%%ﬁ ?3}5}?'\(;1&_5[0% %8 %ergd&tgf rretaal Mor e

er abl t he nol range of ands L0 Group 8,
%égéurﬁmﬁ%%ta:ﬁ ngﬁchaﬁ 6?nit DFO £ &6§p1d can
%ki aBF peﬁff’ﬁg'efiaﬁ’é VoI P f t“"derﬁf’rlsrors‘é%nai jnpgrsion
EORe %, 1T %n@%ﬁ?'é%tu PToPRgs pdRdi BEPTEYPef PEPBRYI ngttached
tPesE T IYW nollre T | 03195 @dvarkt@geousyaddabtleavdirdm the
Freckhaver  Tmaessnenyand b s modi nHséssvhidle, N.Y.
tonsunptihetebf Bhe8el) usamd| ytexpehsivet tdoipaundsmpany of
Brinabign, t hty.dat al (st of medeis- - 850---and . 870)121 For
tdres i sivemnty oot acempa epased pie e SEPBY a4 Bl SheRsurements for
Ppresetioglat h€in tuse siyidtSiit W ﬁéﬁf&ﬁﬁ@ﬁnﬂ akh@Btantially
TIRACE AN s arf®TW eRbRRd F ¥ utde @f@cese Ohsd hgri QVSHEéPHbath
GEB@EE&E@Trt@Q.ﬁEQQﬁrQH @iéf@ fo@ LBEsEQUP, 8, 2 950hstance
w1 et @ '.%‘:( BSwe ér‘i‘d%é&f%??i at higher
Egﬁ é¥3t§%§ e P 1& 1 gn 5 ? + d within any
ents.p reV| ous e g [ %u as
erre soﬁ/entEl ee%t oG - (o1 ncﬁrd‘d]d'dt ™
he specific carbonylatlon reaction e.g. 2 10
Gel.oxynet opi onat e or 3-ace toxymeth ropi onat e
3%% é(v]%/n £k %ﬁDE R oIBER143 o B ttﬁ} rbf%?otq%t%se to
|Qﬁ% L LBROFALi GRARSTHAE Garkar el 870
It it FRESpRBE et &5t b’t'LﬁBr a1g é%’esg\/\ﬁa@gear%ettlﬂg
EiltféJrJt i ttHeeFeacti on. Exanpl es of such gases include
hydr ogen, nitrogen, carbon di oxide and the noble )
gases such as argon. The product of the reaction nay
Hygr sepanrdtsed fhomidect20 otderstconponendrsi dylanys 4.3 (at
A t2ablke ,nmeafis. dbewnkyer , etlier s ian 4advaniage20B.thek), of
prleSdarnepriccess. 4 hatt ss@Nid iantdy demeylpdycHotuetss 5.0
@te fopnedrhhereby diedeeinathbe needafor (a¢ 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 amd 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, i.e. at a ratie (v/v) of aprotic solvent to
alkanel of at least 1:1. Preferably, this ratio ranges

LR AL T LT AT et e
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m_f urt her pur| f| cat| on after the ini t| aI s'epé'r ation of

the product. A further advantage is that the other

components 25 which contain the catal yst system which

may be recycled and/or reused in further reactions

with mnimal supplenmentation of fresh catalyst. A

particul ar advantage is the sence of netal anion in

30 the case of HCO3 and C032 ich are |liberated as

CX2 and water. Preferably, the carbonylation is

EBemi bl ot HP:ltenferataresebrrpbiieénon3d dote7ecl. Most

ot eeprlel eridvt yratio 86/4DCGrawI3d808romost & pteter ably

20C to 150C. An especially preferred tenperature is

oagp cho selne bed negning 0t s 1b0Ef e Adednt Ageotaky reblt@ion is

car poay | abt oincahdeabeatic¢e edfouhvate pdeial eadded aprotic

jienpeiat ures, if ithearbkedkarlyr advansbageous 40 heht not
@ré@e@%j&Ytlﬁ’é“ré&‘@ticﬁﬁcité)é‘lﬁt room 40 tenperature
200) . Preferab y, when operating a | ow tenperature

ﬁﬂ@ﬁﬁ‘é’%f‘& e %er%nvlcat ggfive@t‘?%age%ut

vent ma er car ’ac1d or

C ]omz)ﬂs‘% Ef/ 4 1(1:1: slt preipewa%fz)ﬁrdfé the

referﬁje%%bib %‘ﬁn. EDCAZH% eREBEPN afkglled
Bo Char Gt uF‘é SR Y5et meje%werselﬁoﬁ}eésw fuchyoag, for
POFN He 2, MERDangdre pElprepablandl %seD5OREAR1E5 30d primary
amd NegF X dampistapirgerably  1-50 x 105 N.m 2,
Especially preferred is a CO partial pressure of 5to
@Abr nd 0'Hydedkyda e erabign, a dlow pressnree of a protic
cal oty | B | DNsd Spad Serredyvi sagedprbretesabbyntwhay include
@p@ﬁﬂb&ﬁﬁlﬁd@@hﬂr es$SWhe algaHany! ati-onitde of the aprotic
Qﬂmaaélmxb@n@@rrﬁé@dapﬁ B¢ anSyPartial pressure
of between O. X 105N. n2, nore preferably 0.2to
{ﬂghhnbghsgﬁ%%nEr%ﬁ?rﬁggﬂ&lJ t%oﬁv% 1 1§ Carriles a
urﬁ( od;én ne £a£§éﬁ“£§rtﬁ§3érégk ?HQS”L %xygen as

car%o EE??‘X Srotdy ﬂ%’es%la eIV ﬁ PIe & 5 alf By
Creo |%°]o‘b‘?}? Z e@ﬁﬁ%r@d “¥ESCa on;’?P&t"e& |th¢h
%EJD c@%ﬂ:’i?%ﬁ%ya? FHIREREPHE up to 48 hours,
nore typically, in up to 24 hours and nost typi caIIy
Hydigeen PAYhoRR s adnpsh chp| yhecafbBRGRELRBACTS FafFcEion to
Ireseves reactesn mote -t ypPeatslyleatevedst B0 hnilnoges, when
wostitspi o@lyl ybeatiheaste 1 adure. bfi abebweenudusl 20d 20%
rebtteonoguchhe i nemkwal escareickyi austy ipredemedrity and-20%
@ ol nedust ieacidibrcamnotort Heye msrd ong S tdre yTON2~-15%
¥&l/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 “heterogenecgus” 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 reacticon {(e.g. Lthe ethylenically
unsaturated compound, the hydroxyl containing compound and
carbon monexide), preferably in a suitable solvent as
described herein.
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commercially acceptable before catalyst requires

repl eni shnent. 25 The catal yst system of the present
invention is preferably constituted in the liquid

phase which may be forned by one or nore of the

reactants or by the use of a suitable solvent. 30 The

use of stabilising conpounds with the catal yst system

may al so be beneficial in inptbving recovery of netal

whi ch has been | ost fromthe catal yst system Wen the

Bat ahystteayst et sroféhegded” | radallygui &g @agdh 08 catalyst,
pedi uahki cougusidiakifdl iwHaNG CRPOURIS WRY-RS8E5Starried on a
gﬁﬁ?ygfy of the 35 group 8, 9 or 10 netal

Preferably, therefore, the catalyst system i ncl udes in

By QHEGIE@ﬂﬁt e AU PO Ctﬁ' ﬁg%ﬁ%ﬂ% invention
£c§§§r§§ ro%essca f@{%{bg&f“bg%g £ ethylenlcally
?Fo?da Suspen 8R 8f parti t%%re upPgregn the
BFOSE o] GRIER Frencin gy Wiletng =
WPRPRTt NRCF 1§D Ea?Plé?SO#H% ?lﬁﬁPHDFEactlon medi um
may be a solvent for the 45 reaction or may conprise
Pheforabpye dfha héuppastantempriseeact i oplpreductsch as a
PhevebeUeR, Fhévebpcennat srapdlyedytena cppodyoes sach as a
fiyindlbenpenay dmpoolweibl @w bhher dissdlves pidlyamers or
sopvkeptens |kingwind tdi | teobe kilddd The pakynrBt;C a silicon
dtspessant k8cRobgblee fiuhdtiedd Gl reactidHN a Mgl UAbne or
Hutz iShewd netniségni bircanthyr i perease ﬁmlc\ﬂw' h¥terial
Shch hegEeaghi-on JIReigdm | N My, whi ch, woul d bg 1noﬁgan1c

getsieotal to reaction kinetics or heat transfer
5 solubility of the dispersant in the Iiquid medium
c ndi |ons of _tenperatur
%P%f%fiéﬁgh£ﬁ$ gu ?gge Soeg%%atlgﬁ ngoa taﬁflca which has
SI€ L Ccantd e?hénad %gFFB EOW; Sdbr §8nt’ 00 m'/g, a
ot 2 UP RS oRt b et et af PareF cPESTT D Efhé sl gnﬁr FE/g and
Ul sHETY S2NT P%rEhﬁé%lél%? é@th?|§@ﬁ@eanchP6| gl to 500pm.
NesPeRSEBRL 8P Lpar tPE| E8rdRCSaddegr dp 181 horrange of from
Pt 5P &0 Onetdld - c oo uRdr @i WhilMmehel d | jui dheeactiasn of from
Predi tm Zsdcheafmt anfle tinet advepzadd chest foteedias as in the
r&sud t 0bf froat R Ystode@adati onMase hid=d nablsuspenskanface
ared hésl iigui thd5 rzeaet ioh fednumoEndcar @ 00i s€har, gethe pore
fooummé hesr gdact ofic alrafge W hfthe bi.guith f910 cc/g and the
é@@ia&f@tpaat@adeomﬂz@ﬂaﬁ YihOkhee-Wgfye | Kt MkbRY 30 te 100
ikl t ee quAEAddees RfrLatalist ofTh%yﬁEE@(ll B@EBhQ eéupport
i € L TR |y of § gol kgidal. ,diaensz0 A.
S Eiaes ey 10D DingYEs ey BAPLL oL 528 BhLEONGY hat 8L,
pore diameter of from 50 to 500 A, and most desirably from
75 to 350 A. 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 is 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 via a ©covalent bond, and the
arrangement opticnally includes a bifunctional spacer
molecule to space the compound from the insoluble support.

R N L Y B N TR S
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20 particles may formin sone cases. Portions of the

pol yneri c di spersant are adsorbed onto the surface of

the nmetal particles whilst the remai nder of the

di spersant nolecules remain at |east partially

solvated by the liquid reaction nmediumand in this

way the di spersed group 8, 9 25 or 10 netal particles

are stabilised agai nst settI|%% on the walls of the
reactor or in reactor dead spaces and against formng

ahg enEpatessobinthal ipaenitdloss mehi dte Meiwedyriow tthe surface
€dl | EsPoninfopabiecl espandt event uatdyocoagul Bé st i GOMEE  a
dggk-oienatli onr@ip parkisehes PRy t0GCULie¥eAs| N Adte 3Qample a
pubsencacat a s t ablie: di spessantcbut swhaptbe, with a
db&peﬁ&aﬁtaryyp@eéﬁﬂlG@nCQBbﬁﬁt'ﬁﬁeééﬂ@ptéﬂ1Qﬁg ﬂy%¥1ously
sHebrtaagl opepat tﬁ@ show %rkﬁe at el @dn%‘i'n)ét of the

eyekignd 4he,A9 f”“¥ H%g.tﬁr parb oos%ﬁbllmentary

ERBLtE PRYA %: SO Qi ven des a
BS@E§B§F§§ %yg%géﬁégk where H%ﬁg} Eﬁgiepﬁﬁﬁ%ntlon
g %éners SHERT5s ; gﬁ“@ﬁ%oﬁ?ﬁe@s &ﬁ&ag§téﬁﬁ§ﬂ%ﬂnﬁQ53ther
o-Pr ef 8146y, a?ﬁ poP?ﬁ@rlgeHPsﬁéP§Bnt has

sufficiently acidic or basic functionality to

SOBstChdicR 19E staBriier quislidolars dad ddopersi opmpbund of
§hed g ®Eps8, Oforth®d retedentr imstexiticonpaund.thds Bypport
depsnaat imgldry shabidtilgglarsicmly thattiiteted compound and
phecgppuati ef ©iet hepgootp Ford cofamkdl et dbade0rRt Bech as
satbbdbimphase i 8, ISuhstpohiyabkiymavaizded., P&h&ﬂcub%ﬁhésses
puehensedt il spes sant sike tAHsy P pose réQubﬂ?bH %mlnatlon

A5y db& @fpbapkg. pol ymers including carboxylic 12
acl ds, sui phonic acids, am nes and am des such as

t {
ﬂgggfggg%?ﬁfgsaegg R AR b

YL IO n PQ ¥ rs of Fhe P saFatalySt
5%% efﬁo %? cﬁg 3 ﬁ%ﬁic di s séﬂygnﬁé9”bé’9IEl“ the
5% e Trompory | Dyt P3P P tone, pol yacryl ani de,
acr on|tr|Ie polyethylen|n1ne pol ygl yci ne,
‘ﬁ%ﬁ% e Yac PopRe e i e 2l el mpp| %@3 brpded to a
uﬂy% %ﬂﬁﬁ%ﬁ ﬁgasyxgipeu@pﬁe at least one of the
¢ - FEtGRUREt S, pofhe L pricld ey potoppL-Rer ity linking
1%@@PL.Ayr@E|n%he pblykingyl| benzeneBul phoni clazi dpiandi-t-
ot Wi i e st griori ol ) ettt hutacyiaderemol yetky| e ni Bended,
B fatdlel aey lvdtzed thpol yet iyl eni nénesyal £c destidied ioF the
BABterpat egtoppbl At i PBlystyrene to give an  immobile
heterogeneous catalyst.

The amount of ligand used can vary within wide limits.
Freferably, when excess bidentate ligand is added, the
bidentate ligand is present in an amount such that the
ratio of the number of moles of the bidentate ligand
present to the number of moles of the Group 8, 9 or 10
metal present is from 1 to 50 e.g. 1 to 15 and
particularly from 1 to 10 mel per mol of metal. More
preferably, the mol: mol range of ligands to Group 8, 9
or 10 metal is 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
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15 EP1330306 Al and US 6,723,862, Preferably, the

pol yneri c di spersant incorporates acidic) or basic

noi eties either pendant or within the pol yner

backbone. Preferably, the acidic noieties have a 20

di ssoci ation constant (pKa) of less than 6.0, nore

preferably,. less than 5.0, nost preferably | ess than

4.5. Preferably, the basic Wi eties have a base

di ssoci ation constant (pKb) being of |ess than 6.0,

hoe e ipvefgriain yared egsephards. Ih and smsirgpref etapl ypreceding

tessrthaa #n5sipKaiandhe2bzpkbnbekngoreasHeEedonn

di | ute aqueous solution at 25C. Suitable polyneric

dbspen sent sy, | Rhadgird-en & o hed g 1§@&HPL8H'Ha&h%e carried

beacHy oAU A FEACKeRCANdi §i @RS, g %&Eﬂn ex as

&iéﬁ%e&n%e%%'ﬁ' GPla b%%fﬁa%‘l‘ et%/oh?ér’i{‘% e % é the
¥H§i 8E 85 R%@& % %%Eou yha%F ou%ed (a

rs | ar.aft’l moi et 1 es

9‘%1‘9% T yJE é% P l.gq'ﬁ&%( daﬁae pEITacryPEl ¢ acid
Bioug i & 19 (T CeParn ©a 2
GrraByaetRKlor F‘é‘éﬁF%r g%ﬁatd%tqwepfdwrﬁowwe for
YEN%hi 1 8BFEAFSr G3EPIBYLACLAR | A¥entebAvdep@igPigperte for
Ry haRere2pporyiéakeatti on medium and the solubility
of the polyner therein. W have found that normally
The avchage mavlceduleamayei ight ussd| 635 tlidaprd®6n680of other
FPaeéerablivh the awermgeimnvkbeulraaardicght | Bxamplébeof such
gange 1ineQQde 20H1Q00%kn monet pogéal ablaybod Wb A® and the
16101 §0fa sa®stuPheder abhyn . 10, 000 - 40,000 e.g. Mvis
preferably in the range 10,000 - 80, 000, nore
ef enahlhnet 287000, ¢ Q’%EQ‘QQ_O\HheIﬂa V%dssg g d O%tom the
$@ﬁePr Sth Qﬁe&tg % BQQQa?Te 8 ﬁgse wé S, It is an
;@; ? %ntr t 8

e

- Eg ctlon ned%% Sl b d%t%?a eagPéQ}8§8 iy fezer
% |on[fcsén;g‘1l % ee??n %EI?% rgé’ijjlﬂc, d.thfeneed for
F5persedUgr UF et SRR 'ekPh r 8 the
BECE et 1 i i G° FP%ﬁn??‘éﬁB%a(%fltéthﬁé FE&cPEheE, gomppnents
WhECh f FPpEatPorRihdCRR8hYERt Hers tdis peBédhofmagr be recycled
PrICREsed q@red re-ivse d9nihed al ysRdriqtsher with  minimal
Appy I wegnionsion ol fronki pdlbabsyprocess the |iquid
stream may be tirculated through an externa
heptréXchangeracammhtiaysuth chsesalbtercamyfbenetal anion in
tonveasent ft eidmcatadf idoher shfieh tdwe: pplbaditedl as CO, and
watdt cl es in these circul ati on apparatus. Preferably,
the polyner:netal mass ratio in g/g is between 1:1
@f@fé@%}}y MO pre{ﬁ}ﬁmﬁa&%we sl 1&%1%@ 1’Dut at
@&nﬁ@ﬁitﬂ SH30 et REIICER oL T, ando a0 %@%@@ryﬂy -
R e ol e ab bl 0] 9 noub fg B an
JEH cially preferred temperature 1is one chosen between
40°C to 150°C. Advantageously, the carbonylation can be
carried out at moderate temperatures, it is particularly
advantageous to be able to carry out the reéaction 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 is carried out at a CO
partial pressure of between 0.80 x 10° N.m™?-%0 = 10°N.m™?

I T R T
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w Il be appreciated that any of the features set forth

15 in the first aspect of the invention may be

regarded as preferred features of the second, third,

fourth, fifth or other aspect of the present

i nvention and vice versa. The invention not only

extends to novel conpl exes bid2 al so 20 novel cat al yst

systens incorporating such conplexes Production of a

efl PEBF REE énﬁ gﬂelm BAt&bytd d 0 Henivi tpstn preferably

hTedr da thm “he Enpentipdnyi pmeGoridbdibna tbe partial

Potsonngohon- tonibi ngleXampfes and with reference to

25 fugure 1 in which: Figure 1 is a nolecular diagram

bfe feneb by, conpl edown pgeasdance whitBohfiscisNentiodN. s1s0

SO Exagpd e 1 3o eRdaadiym wekhaaspbretdhihydr 0980 pressure
Cartbomal £9 1 @nd thaokbernegyi ¥akeAt of LareiBhS out t a Co

fakt 181 t pitad Rhasphisnoget Hyl h?“feQ§> were SUPRERSEY nore

| na gf bex, f1qy50
ﬁfbf@%§@£@t% %e anﬁ%ﬁﬁa &hs ev&?vedaéugfeggﬁk% 0.5 to 1o

reactlon The product was filtered off at roon140
hen_perature and drlﬁd Thi s product was'recrystallised
e, B R e FESHYSID CHar st offSetioy of the
WLt ale®estly PP aERFBANYTRELPROIRT anasimescale
Y |FFe&QQ@eqﬂ¥%HPD %P@?Htable is obviously preferred,
Ciaet‘rh%mlﬁfpwsphmn@wbﬁwh) Ferzdion (EW)LICHIOHEsetn up to
44 glipars45 nyre THeyrirdasll pr oduct upont@i Bdd HBuB2%PH most
e istanidardn wep tohé@di deluranal yBysiedhlTh, wasrbonylation is
Tonsisgt eAkawitt h5t heinuten] i fiead i anywicd ey conpoundaas 30
nRd (it &2 bins{<hi -t fer ¢ oLl y) prosphi senet hyliybenzgng) CEA3) nuous
feHdtien SUPROktmke ddanid figat bBE}J_eYlSIlS}f r]ﬁ”rreq_%vant and a

SRAGITRRGOPY=¥RS i oR0 &l $0-ahtalned. 512§on TON is
d%ﬂﬂé%@ﬂﬁmﬂfﬂgﬁ?ggkﬁﬁa%ﬂ%hydgggfg L&ar bong %&§¥1 reguires

1&ni
tertbdtylphosphlnonethyl)ferrocene wer e suspended in

t reflux fo s. A basic believed to
e rbaa”ﬂalﬁ‘ 5.9 %%?% %ﬂw}f%%%e% 351 G- Lyperererably
%‘3 ’g o+ %tle? efafged by one
cH?l@BreT e &uc?ea%B%?%$néﬁf1@Y9§W¥Pduﬁﬁ stndar guitable
St m cal analysis 10 which was consistent with the
identification of the conpound as Pd(1, 2-bis(di-
Tiher (s ybphesphi hbrbrby Fpfipruocene)i(f@Ohe Fuatdibyst system

may also be beneficial in improving recovery of metal
which has been lost from the catalyst system. When the
catalyst system is utilized in a liquid reaction medium
such stabilizing compounds may assist recevery of the
group 8, 9 or 10 metal.

Preferably, therefore, the catalyst system includes in a
liquid reaction medium a polymeric dispersant dissolved in
2 liguid 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 liquid 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 liguid diluent.
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'”supportlve |dent|f|cat|on by |nfra red spectroscopy

was al so obtained. 15 Exanple 3 Pall adi umtetraanmm ne

di (hydrogen carbonate) and 1 nole 20 equival enL of

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

di met hyl adamant yl phosphi nonet hyl ) f errocene were

suspended in nmethanol at reflux for 6 hrs. A basic gas
(believed to be anmoni a) was1@¥ol ved during the

reaction. The product was filtered off at room
Teaperayvmeeiandidbedeied. iEheopupdect ncehkailned i 6@%ction
Redbymst anslar d wabuldhenenl ananiFisamiileh WaScrease the
coRabstient o tdhd hesadOent | hbgatkiin0R nofs tvlﬂé?y COAPOHNG A% d be
Bd€tiRehts((ds reaction kinetic at transfer. The
3o2ubh MRt hylAdaprat yii)p, %Q%%%anﬂ?tEME)ﬂ@ﬂ19&@3?&%1 ﬁ)under
EHétQ@Ec%HBHOEBhﬂgtlgﬁgébkl%ghb% re should
nBgc ro%ﬁ99¥d¥2%¥ 0 é% % |the §dsorptlon

é%u#@grg%§p8 ecu es On he me partlcles

BS 1 2 bIS di -t-but ghosphjnone t hyl -_di et hyl, .
Xﬁ:l %\%re 35%%%% Y i h et atc’fre@ltt??llflérlng a
B 5 bﬁEFEeB§§O?b8flB@EElFéeEeognﬁﬁﬁﬁaFrﬁﬁ§ 8, 9 or 10
BB VeATdOE A tHRRREE iwh:hiet g odlbgridaseprtienemedium
BYED a*fhi”borﬁlt%nﬁ@rt@tlur@aaﬁdcdﬁsedfmmédpr@%luca result of
eohé Ayakddaoradar29npPd sy hetlahdar dswepenhimm cah the liquid
anatysts mhidchmwasd eorsidimriamidd fiheni teat rbacabroalong
eithheheodpounid &r reclamation and optionally for re-use
Pd( oskin®- Hutdied - bubylphasehi pemetiyi) ¢sS: di methyhetal
pyet obexane re03drmEUT§ heyt sepposidye wdeBhishbeatian g, in
Bie tHhEA-Hed §D@CBﬁoﬁggﬁxg@a§a§h§gl@b%@%Ee ltﬂéugh larger
f@l¥§ésTQ§$'ngfoﬂfSt1§b %J' ong ons of the
@1 %ﬁlctﬁ Ee Eregﬁg%}ﬁﬁﬁf(hé surP Yof the

E o 1 persant
ﬂg{gg Qvge glh gas %aﬁgé i§g§§¥v te the liquid
BRe g %SB ﬁawe%ﬁ@%ﬂf%r %n‘éaé{n&hg R%séfﬁ Ik 8, 9

Jﬁo Bhifged E‘i 7@2@*?@161%%56)931@% St ghieg on

D¢ nt'g1dss PsuﬁEQﬁﬁq%nPrlaﬂ<rQ¢@¢¢¥a§ﬁawmﬁ@aﬂﬁﬁ and
29§ br feami pda2gehpaakatpae ofTme trdl | Ratt i conpliekch may
@Rl Bycewd Jisgamd wer parhénldessold/ezvémt uLblyl cokgqulate.
demyas sany 1 arstriad i qur opifonat et foldowediyoyodZermMewdn in  the
plegessed oft hylsuipmbpieondtisg/aretdran dugn widm et K036 Bpersant
wepght aertihanebnceb¥ration is optimised then such
agglomeration should be at a relatively low level and the
agglomerates may form only loosely go 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

e e AT E s e e T T
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"'10 by vei ght et hy' propi onate) . “Addition of methane

sulfonic acid (MSA), 420l, conpletes the preparation
of the catalyst solution in a much shorter period of
time conpared to conparative tests 1 and 2 below. In
addition, addition of the acid |iberates carbon
di oxi de gas and 15 water whi ch do not contam nate the
reaction system The final ?‘rposml on of the
solution is approximtely 70 wt % net hyl propi onat e,
metHEIICNThe eaidbyti emedlast | omavasamdded t such as=
Pire Ygr&ydpdegat edr 20hattvetaveeand peat bculor 190C nitrogen
Thécagcocilave wasbsthietut od espoled iniylh SdByte0f such as
ebhemé nghopg reafiddonpr €3S Wwh@o 1gineirdg oF tokals fRresSUle
of 10.2 bars at 100C. Next the autoclave was
Eraspueed 40 Ehch bpbiywekiﬂcadcﬂi%@f‘sé}ha tBEN& el ected
ftoh gas) chapgadinQmy fre reservog;rye ~:2r5ylam1de
p@qyga&gmnmlﬂﬁeensur e gtyg lycine,
HiQekave;i.s maipt gi ned éj r% e react| oLy (3-
d DX?B[I% E‘E 91%9 ConSta:[] ?léCJol?e H%el_é] I_Vomg_hdégnlne
_IL es 'the ervehs
i sP ?éactor g r t?ﬁ%l%\%fs Iogge@qli%éad%iﬂsme:
PR igaey AN2SHSpELPBANGF PRHd) RS nbicdy (Friguiiced phonic
aridhy pdicwtateder MY Stduckaromidie  cal Sulanbdef r emylated
Pﬁéya Blﬁﬁlmégéﬁvérﬁ peessdbedbynadaem pgtendegubdasation
bEhaviPabP AhdandoYSsel é2B8i B2y for nethyl propionate,
whi ch all owed reaction TON and rate to be 35
Bhebenedly Thaheespb i ymar ke shidwpeins afabl endorgésites acidic
Conpleeni @2 Mheesbdkat icithdor peatiahystod esticRgrWerige polymer
prepaced. as f dfreZr=xanpl echégandidivsi g d@ndardpsve 5
Sratenkatioe techrigdes. (pkn)a Bt rogen: purge, 9! Ve, nore
pﬁéfeﬁﬁbfﬁ My=9k &hah)%d mdé%‘g&éf%f@%f?)lgggpkﬁén 4.5,
ftefdrapily? @Hﬁc%aél m 1et1es h 81 sociation
%ﬁgﬁﬁ{aq% Wa |n gggh er%o ene an 5
preferably
£l Vahapt s 9 empsle gand “EP T
éfm erS Wot fofy PKa an

ﬁ? Z“%%Q%Wms L Zoadat P ot forr_ o

{'@abT@e a Iad| um Iex and excess |igand were .
|ss l‘125 %’f N YegasBed?HethyPn to being
%atlé1 bF'f ovieif By Oy 5TRFLER delgagad tastrhy Fonditions,

% thai‘ /TR Hardh® it %tdie P5006BYCwWePsREYd281ither within

HRMOIME B 008 BONRSG gh det hyPenpdapt onatey. Addi hava found
?ﬁatnﬁ?ﬁﬁﬁ@r§uﬂﬂ@ﬁﬁ@OaéﬁdnGM§©ld42€ﬂ agdie et@beties such
3t epatavion o rohé idaneal ysRVRD| ahnidonpd hyacmicht shorsieth as
peryaokofic | meidonpehed tarecoppatativerfestsudianme 2  The
molecular weight of the polymer which is suitable for use
in the invention depends upon the nature of the reaction
medium and the solubility of the polymer therein. We have
found that normally the average molecular weight is less
than 100,000. Preferably, the average molecular weight is
in the range 1,000 - 200,000, more preferably, 5,000 -
100,000, most preferably, 10,000 - 40,000 e.g. Mw is
preferably in the range 10,000 - 80,000, more preferably
20,000 - 60,000 when PVP is used and of the order of 1,000
- 10 Q00 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 liquid stream removed from the reactor e.g. by
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'5 below. In addition, addition of the acid Iiberates

carbon dioxide gas and water which do not contam nate

the reaction system The final conposition of the
solution is approximately 70 wt % net hyl propi onat e,

30w % et hanol . 10 The catalytic solution was added to

the pre-evacuated autoclave and heated to 100C. The

autocl ave was then pressure®#ith 8 bars of ethene

above vapour pressure giving a total pressure of 10.2
hadsrat i200GnNekheh helthutrocl aveoswasd prfessur pdotessed for
t2-2sbar sswi h addiflyen obrCOotheret hemd ichtl ogas) In a
chargadoticompidieedd lihter eligseavaitresh fAGUlBE Ol reculated
YBar¥agBNS esxtBahal hecpressutR et hend Dinauhpol a¥8ses it
s ymabat digieenlikieughaut 1 A8 & eaghitQat £o12. J4har 9,211 adiun

EBEQHBWeEOEﬁt%HEsbanEEhQBtQBngag gggghghe 10 Iitre
reservoir. The pressure of the r gerv0|r as well as

%9ek@§ Ef?Cteﬁe gtu S Io through9

% d g 1 etween
eic A A8f &?F@a %rﬁ%ﬁécuﬁs U e 3 5?& 0:1,
gﬂs e?& @r ﬁés sunPRg 2% ilgeal FHEE erablyf the

BehYUEEIPELAY 1T0®%setr8efcw viltty 8@ néth‘PP rlepi drittle, more
REFERTAPL YwelPr BActPBn MERCandsfarabiy, beP bbt aPhed.

The results are shown in Table 1. Conparative Test

Ebnfiitéx Peusingg ssddns) thed Ty sof ukhenierbrrest grgsiforth
testihgg Were- preparkd ofsitye sPapdbienSERerdte | Fagarded as
peehArgees fepfugeni ofoddre plrgend gl bverdoxfodrshpgfofith or
PtRdbadspecy5v 0t benpresgnaninéenefonvahenrscef versa.
phosphine ligand 1 (L-L) = 1,2-bis(di-tert-
bheyliphesphononethyh) feereeane (8. Ao¥B15capbeskesWBLE also
65V@EI@QeﬁlyﬁtOsﬁsﬁgﬁﬁﬂlﬁ@@ﬁﬁobﬁilQ?WEﬁ@ﬁkcoﬂ g=tbask

was then transferred to a Schl enk The 1i gand
apdaupal Ladi ym wer e thgn dbéﬁ hugdsi Nahdd Theft catalytic
Q@9§§§@ggﬁﬁtgﬁhorﬁ gglon n1 ando{l L 04 ddesc 1b8d in
ERQpISF th getﬁyﬁ% lgpl nate By < ruf?glr+§% F%?eﬁence Lo

of ﬁS n1nutes before addition of further
oIvent to the solution. This allows for the in situ

OPWREi dn OF & nBALPSPIaEr i YGHIath| 8hard PRSEE} complex in
RORPFEXNFPA(E Flyahldl ¢ dbRYENEHS Af t er conpl exati on, 175

m of methyl propionate/ nmethanol m xture (50% by

wei ght mnet hanol, 50% by wei ght nethyl propionate) was
degassed and added to the flask. Addition of nethane

%é%ﬁféclac'd (MSA), 42041, conpletes the preparation

tal yst solution. However, dba is 129 stil

p£f§§@£uﬂﬂ1ﬂé%%é§ﬁﬂfﬂg 'Jf?hﬁﬁngeﬁc”5§¥ﬂéﬂéyE)OfaEHe 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 preoduct was filtered off at room
temperature and dried. This product was ‘recrystallised
from hot methancl and the crystals characterised by single
crystal X-ray diffraction. The preoduct was identified as
Pd(1,2-bis(di-

tertbutylphosphincmethyl)benzene) (C0O3) .2CH;0H (see figure
1), The dried product contained 18.82% Pd by standard wet
chemical analyszis which was consistent with the
identification of the compound as Pd(1l,2-bis(di-
Lertbutylphosphinomethyl)benzene) (COs5) . Further
supportive identification by infra-red spectroscopy was
also obtained.

PR L EIR R ket DR F L L PR ST . Kt W Tt U NP SR Wy PPy}
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solution is approxi mately 70 wt % nethyl propi onate,

30wt % nethanol. 5 The catal ytic solution was added to
the pre-evacuated autoclave and heated to 100C. The
aut ocl ave was then pressured with 8 bars of ethene
above vapour pressure giving a total pressure of 10.2
bars at 100C. Next the autoclave was pressured to
12.2 bars with addition of 610 et hene (1:1 gas)
charged fromthe 10 litre reserv0|r A regulatory
res that the pressure of the autoclave is
mai nt ai ned t hroughout the reaction at 12.2 bars
tParldagh upons¢ Bndammj eet icon rofdgas:f r oarbbeat )| idn® 1 mole
egsemadient The pressure of the reservoir as welli gshis(di-
tlee tbhtydatiephi emperaiun € Was deogged Wdroughaipdiied  in
re&ehinen apefdedd @l 3rhres hythe Mohes iRy ebali AME to be
BRindh 1iah %b%h%%dT%ﬁa'dﬂ%J%r tﬂéﬂféﬁé% fr(%ﬂé*ﬁ%éﬁﬁﬁ% Was
Eﬁﬁ%@?@@ngf%pggzéﬂf ﬁi ijf 24 |o he. product
0
6 %ﬁlﬂﬁﬁ i pE %gé rat & § ﬁ cﬁﬁaly515

reactlon
res ﬁts S SRowm - Cﬂﬁ%ﬁ&&t\ﬁ? »f the
E i |ons for cat al yst Ef%@tfl%ilsml*
EF@ RPEGPHTA g EBY A d&FAOSEREAHKOR | ne urther
P&E’HH 14entihi¢iblen puf génfghovedhoxpeFL BORGoRY was
Pé?&bé?teinﬂé*lo 5 mol es) and 6 equival ents of
phosphine ligand 2 (L-L) = 1,2-bis(di.-I-
23 5-2iTgthyladanantyl)phosphinonethyl)ferrocene
O nol es), where weighed into a 500m round

bottom flask. The flask was then transferred to a
BehileAkuni et mningadd (Avdrpaehadtamvowiect hemd 1 mole
grysvRryedlin 125 M of degasSed met hyl propi onat,@-bim (di-
or Bedinethilademphexaphoaphihheepalladeupvansdel i gand were
wespedidsdolivednathidnal | yti reFiusetiorl @rapkQnatg BAdic gas
$belt edefior oa bperdnathrifa 4548 NgH€5ved baﬁeiﬁga@@llet irQR et ion.
ohef Ustd@icsolwant iltmetﬂa@ sekutigp. Jhis p%\%ﬂ‘ﬂe and
ahechn Siitdl LOIRRION-Ght 81 AEH! f.@'ao“ 'fpgonﬁb ARy wet
Eﬂe&@%a§0”p$§§12§?§|' deﬂ) ent with the
EQQHJC?%@?? o poor i te/ [Hano 31 e (-
§1§ et Xﬂlﬁﬁ{iﬁé%ﬁggg ¥%P¥%IP?3§§ L

dl?lon E Fﬂa EWRR), 4By)., infra-red
%%ﬁ%fﬁ?%%oPﬁewaﬁr% %?a? Bﬁl%? the catal yst sol ution.

bwever, dba is 45 still present in the system The
EEﬂ%E—%ﬁ%position of the solution is approximately 70

wt % et hyl propi onate, 30wt % nethanol. The catalytlc

BoHRT bW nd$ taddaling (At (praregapuaiscdonate) and 1 mole
equivalent of e¢is-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—l,E—bis(di—t—butylphosphinomethyl)4,5— dimethyl
cyclohexane (COs). Further suppertive identification by
infra-red spectroscopy was also obtained.

25 The

Catalyst Testing
Tast Complex 1

Solutions for catalyst testing were prepared as follows,
using standard Schlenk line techniques. In a nitrogen

2y

k)
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50 autoclave and heated to 100C. The autoclave was

then 130 pressured with 8 bars of ethene above vapour

pressure giving a total pressure of 10.2 bars at

100C. Next the autoclave was pressured to 12.2 bars

with addition of CO ethene (1:1 gas) charged from

the 10 litre reservoir. A5 regulatory valve ensures

that the pressure of the aud@éclave is maintained

t hroughout the reaction at 12.2 bars through constant

onjectglorvefhgas 100h8t hg b | (16 PdEser vid r45*IE" moles)

cpfr@smj-re of the rigsenvoir as wekl as the 1eaehok (di-tert-
ﬁﬂﬁﬂ@ﬂ&ﬂk@@g%ﬂﬂﬁ@#@ouﬁr@e meacth@fvallnts  of

3ibisd The ﬂ@|e$7pggdygéd ﬁkl@@M ,POLBLel Nyeighed
ﬁittcheta rg@%nonr@ﬁﬁd G5 efh f1om g dHAR AN was  then
tr %rf\éweaor@ésw% s(s%ggﬁ i%sa' aqa%ﬁgg vk Hijex and
§

OW Chl% e assed
tg)Jijd;%gaC?]ﬁ ?Q\Fﬁnd g ed Elethyl
b&ﬁ%ﬂlé%’ B AR 2 ()5§’°90%%4“’9F gFAdTi\?eté‘E)’?lFe 50%
( KPHY z‘laﬁé&ﬂsp PR ) PES LIRD gt Pz bbaye sulfonic

acPRUt AMEY72 4201He P&ﬂnznleﬁamz 1854 10p Fep#PBart Pon UsbAg the
dAdEdhyst 13Fblutmidrhe labowe batah exanptes therldgandfi stime
catgatdd o cquepertiven wfsts equinvdl Brvsldoe. mefal aaddrion,
dde tdeird bg tfied =addedlibe@ape@POtitOn Ofdiddlide gas and
weddvalients He metal coMEbhinskeh thd af:@ﬁc@%@ﬁs%ﬁtem The
fasid tchﬁﬁgf‘oélstﬂ:% n@ﬁdtﬁg 208ayibhbral & 4he, ﬁ%%@éﬁwf wtd
n@%ﬁl@pl@ﬂatcea%d% ?net%rgﬂlsed In both syste

cont’i nuous process SUCh alar ge excess

T%h %CBal§§ ?otactg 1& bl e and WI| Zc(r%l c%royﬁ% <|a‘§a%HaLcd
HLp Ny Bt A Eﬂﬁ&ﬁ %s%fr Yafd then

WS&I&% Fotht ne énsgfofe %ﬂ%orﬂ C’th?oué’aPﬁ’&ﬁstP¥%*F5ure
&vaéégg? %PFﬁ pressure of 10.2 bars at 100°C. Next the

autoclave was pressured to 12.2 bars with additioen of CO:

. ethene (1:1 gas) charged from the 10 litre reservoir. A

regulatory valve ensures that the pressure of the
autoclave is maintained throughout the reaction at 12.2
bars through constant injection ¢f gas from the 10 litre
reservoir. The pressure of the reservoir as well as the
reactor temperature was logged throughout the reaction
period of 3 hrs.

The moles produced at any point in either reaction are
calculated from the drop in reservoir pressure by assuming
ideal gas behaviour 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)PdCO;
(1.45*%10™° moles) complex (L-L) = 1,2-bis(di-1-(3,5-
dimethyladamantyl)phosphinomethyl) ferrocene and !
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 line. The palladium
complex and excess ligand were then dissolved in 125 ml of
degaszed methyl propionate followed by 175 ml of degassed
methyl propionate/methanol mixture (50% by weight

P R e e R Ln e = et e emerm =

EI T IE,

B B o E R B DN el
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" much lower levels of ligand equilibration of the

conplex w1l take even |longer with the dba based

system whereas 15 the system of the invention wll

reach rapid equilibration. Simlarly, using |l ess acid

in the continuous system rreans a much | onger period

of oxidation of the netal %ﬁlthe Pd(0) to Pd(I1)

oxi dation state. In the sysf of the invention the

metal is already in the 20 active oxidation state so.

HoeBanet  r Ui reY eeivhbr Aeitby]l PrfEHETBItE) + heAdddgagn of

s¢agenef catldlopsiic pr apadati nsas, alddpdramatoealéyes  the

spepsdedt upn bysustng tdhecaepal conplcexes i@f at h@uch shorter

PELSSAt dNVeneONcoRpaThe readefonpRtdentd Okdsts 1 and 2

HL186t ednt Qgalik iRANET=1 ARG o1l OSHNBAL S aWhAHCH 1818 aftielse G arbon

goograLenghy wWihh Ot‘qa%ew %acho doNl $ictPeCidiCatii@fe  the

f@a%@?@gc Efﬁeﬁﬁ" fwsﬂéclt ?lﬂge 'c%ﬁﬁa'ﬁ%t% i, aJoelutmn is
R PR CoRtent Y B "ol oy LRT gﬁapétsnd g%h Bethanes

a%e i ncor oratedég_reln b refers g of the

Tiaat Lﬁae"sa 'StF ogEH 4 Thi erfe atHSn RS ndnfaisygcuated
ANy R %8ﬁpéﬁv1n E@F§|n$0a69 r%ct ahid @P&HQ%ﬁﬂP was then

Bﬁ%‘?‘%‘ﬁr%‘ﬂl With hé sbeps it ar%ﬁh‘?éltehoéb@ffe%v%ﬁ?@‘@ésé?fﬁsum
gistngsad tokmyl perevnbiaedli Alagy bheombi afat 16ATC. extept the
gohbdE hat ¢ oW swhgee satr eldedst kb drsuchtheatidiéson of CO:
anidéne Jleps gase miarad<4y Exomusihee.l(Eacihtfeatraservoir. A
degel osedy i nvhhive specdiieati enati nahedi ngreddupay of the
SEEOHPENY | NG sCl ahdbnt aDséd act havdgloawi NgHe NMB¥abeion at
1epbgged BhRJdpr nabhveaheatiips-sesyi BE thesSa®m the 10
eotbyal-eBk rQhi sl Mokl WA Al ege eXPEESShY stated: as
£ht P&ééﬁ“céf‘ tggi[ﬂér[a\:'[ﬁgs%a%xmﬁé%ldy Lfn %‘i’lo%tth%"& $action
gf ature osed i s one

nerlc series "45 of equivalent or S|n1lar features

he in entlon S n restricted to the details_of

iéﬁ g b3d Pﬁ%ﬁt _*MHe B%VENt £8n & é%berﬁ r?ﬁcE\ gn are
‘ﬁ% eflahed 5Fo8nihRo éPPcéﬁbFﬁéﬁrHﬁlr Prteﬁé‘ufrgat%’r suming

dlg%?os%@hﬁﬁlPHFs apdci A004t | §R1ECHENGEYNg TaTy methyl

%’é‘é@h@é@ﬁ/‘? ng w et alé@é“ﬁ%cfeéﬁﬁl@ﬁavﬁ’%s)aﬂdor rggeanye be
plovel nede, Tor bnyuhbvehreombprat ibnTablet he steps of
any nethod or process so disclosed. 5 ~ 133 Cains
Qomparetive cDept eRQuivk x| L, UnliggePiI(dban . met al  of
Thi®uEolutions for catalyst testing were prepared using
standard Schlenk line techniques. In a nitrogen purge
glove box, 7.8 mg of Pdzdbas (1.45*1077 moles) and 6
equivalents of phosphine ligand 1 (L-L}) = 1,2-bis{di-tert-
butylphosphinomethyl) ferrocene (8.7*107° moles), werea
weighed into a 500ml round bottom flask. The flask was
then transferred to a Schlenk line. The 1ligand and
palladium were then disscolved in 125 ml of degassed methyl
propionate. In order to aid complexation, the palladium
and ligand were dissclved initially in methyl propionate
and stirred for a perieod of 45 minutes, before addition of
further solvents teo 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 methancl, 50% by weight melhyl
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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8, 9or 10, L is a bldentate phosphlne Ilgand of 5
formula (1), (1) , (r1rr), (1v) or (V) as set out
below, X is HCO3-, or CO32 , n is a nunber equal to or

| ess than the coordination nunber of the netal, mis

"1 or 2 and is equal to the oxidation state of t he
netal: 10 Forrula TRRaRe | -CCWR /R (I) 15
wherein: - Ar is a bridging1§Boup conprising an

optionally substituted aryl noiety to which the
grhaslphorassntationst g esydtdrked Tife afand Bbtemads aeesh of the
LARGHAt 085 apddcAiaind B yearh whdeperdsitd Mo RRIASENt 30wt
meawemaal kyl ene; K, p, E and Z are substituents of the

aryl noiety (Aw) and each independently represent

ﬂ@dreg%aaéq ahkyk arFéyés Ag&oﬁ%gz g§§ﬁ&n§ﬁ3 4%%5%5‘3223

f;( 9y ¢R'E é HETE 3 VF‘ g emssure
lov?é’tg é’aIE F pr&r‘ssﬂ"\fﬁ ?btpé 331 Weted NoHh

AL L SSPTE R F\Ptﬁ t Re PE&PHoH Tt Jd’flctf‘hec’f CO
e&rfgﬂneﬂ th t 09%hI cﬁhatrﬁéyi dremtihrnhtl fétkra Hgatvedir. A
THEBHAT Al Yhg, VakYeh B&s30espt itdrl | ytBébspiregsedeby cwdhe the
ort ardreeres ubst imadaritasineske| eoredghoom Hydr ogeactiomemt 12.2
tedey| thihalgh cyasbanhi tingect@®®@h9,0 0G4} RZOemCEOERA] litre
EDrOREY,. NRRERp4esERENRZSRPRe rEE8)R2SR263s SR2110Mas the
DSR2’ teRpdrbaulke ®agh 1dggependentduyiepr esaBt reaction

gerdrepeyy 3 owey. - 35 al kyl, aryl, or Net, preferably
each i ndependently represent |ower alkyl, aryl, or

,mgi@st%r%%mc%%phatn%@e §OELY iheP f{e‘ﬁ@ Q0 or
c!aq_ rﬁd(yﬁron@rﬁﬂeqf T Zig svgﬁr %i;éiK@ b)é a?Suman
y 0 thy
Sog et wbé‘% yte?fﬁ“q%ad%igg? Ch st
@E&F;ﬁ} e'pHorsphorous
seni and i e latter two cases
C?“@P@I’r clé’?t(? ryﬂ’ﬁ gnrd $Yphor ous above-ar e
Afendeduheesrdi ahaéﬁsﬁre?%?E%P9 Hﬁ?ﬁ*qpréﬁéIEE- using
Srt@md@sréhtﬁﬁalﬁﬁbs @s terdirnd gyest-er abPy &l Pisrogen gpurge
box, . of Pdzdbaz {1.45%107" moles) and &
equLvalents (Df 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 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), 420pl, completes the
preparation of the catalyst solution. However, dba is
gtill 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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15

@B (when present) representing phosphorus Fornula 22
10 K *1' A2~X4 Em "3 '~QrX2 1 (H) wherein: 15
A, and A2, and A3, A9 and As (when present), each
i ndependently represent |ower alkylene; x1 is selected
fromthe group consisting of hydrogen, |ower alkyl,
aryl, Het, halo, cyan, nitro OR19, - 20 OC(O Rz,
C(O)R21 -C (0) OR 22, -N(Rig R24, -C(O N(R25) R26,
C(s) (R2')R35, -SR29, CéO)SRSO -CF3 or
PASS@’JJERS X61tim] § shagmecetd Fihmna habgveupvepnsk stimepsure
ﬂvﬁyérdbehotaloweﬁSQMKvlID%IWD ZNétarshadb, 109800, Next the
ALEPolaveRyes Pr25=00e0 R20,12 G &R, wiChCraBE2,iorNof CO:
ERRBNR79,1 :-1C(AN( R2BI RS £rChS)khEeR2A%) RRil; ra SR28ervoir. A
rEOLlaR30y - GRIver -AgsXed) Xkhakl ithsel gesedufeomys  the
hheoglawp qwsmethﬁllﬁédhycdmﬂﬁjhouﬂ OWRE @dwdtlcﬁtyht 12.2
bets Ralreuqtyatthstl ?J Pon- o%o Faf tn g litre
jlpriat; C(@eoaglzes%ﬁg S o F%% §§ hs the
Bgc D?aote glg 3 o@‘ E( reactlon
g F ? gn t og ether Wi he carbon onB o t he
open a enyI ring to. which they are attached form
tlonall gubstltuted phenyl ring! 135 X1

éff % t’ @Bﬁ Feagglon are
F@E?B Réfopcéﬁgﬁfeewﬁf%ﬁr @a&ﬁﬁmrﬁ byomsguming
aAgal ng% ePﬁEﬁV\J\Ptlﬁ Qango WRPGh Ekdpcaieisnt adlved methyl
PBPﬁiaﬂat@ptl%h%ﬂh aduligsteick uredcpiphosiith ®mnd rate to be
@bt@y@ﬁ@(STBelrE€317$]deeybhgwoupnoﬁauéeiWative

thereof, or X1 and X2 together with Q@ to which they

e httached forma ring systemof formula Ilia Yl

Hgens9 R Rs3 R51 RBON (pplps MeP/Mpts Bd) represent s

ngreg§§ﬁ or adamantyl, X represents

) (R12) congressyl or adanantyl, or X3

P{AdMe, ),

?%

P(AdMe, ), 02546

P(AdMe, ),

@tﬁ O

Using Pd(dba)
PBut 84772

PBut,

f

PBUL, 85110

PBut,

>

Using Pd(dba)
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and X4 {ogether with QL to which they are aitached

forman optionally substituted 2-phospha 15
tricyclo[3.3.1.1(3,7)1ldecyl group or derivative

thereof, or X3 and X4 together with QL to which they

are attached forma ring systemof fornmula Illb Y2

RH QH Rsa R R53 R51 R52 (IIlb) X5 represents

CR 1(R 4) (R15) congressyl ort#ddamantyl, X6 20

represents CRL6(R1l')(R18), congressyl or adamantyl, or

X5 tawed Xbotegaidrerh Wietdam@Belz0 whéchl idw ane atdashedn a
Efzﬂ:lsfmﬁtnioropcbfOBalelq)AleribL&hit&U&:@:dn%—t@rlosdQﬁﬁ the acid is then

dddeycinl 3. $rbpbirdiBr d@ﬁyhgreqel%l%&%vw \éﬁatal With
dhereol, 19fgX égeeéé t%@et%%rldmt o tophigh theyy "t

&ﬂglaap dt[—?e,s el S){:%te %%for(pillqlll

III repregg
) gressyl or adanantyl X8
Ry

resents CR34 5}%;86% con ress ianant or
e ieny X8t Gy 3-"98 hne"i‘i P& I5t tiEHRF of
Fosihn dr ﬁtt. OFSPF‘ Leypapft yiett z-mhgos-“msmn to the
Iff%%w o 3919%@4 }‘}de@y’{mlglraédﬁ’rorllcﬁﬁﬂd/aﬁ van expensive
FHEREGELY pd Xz 9%B @wtEtthef weAh Q4 igenghiwshlicheydd to
Hre axpauhed of othe a ooinig muodudorial apkbbdsga With
Reeh H e RydevRIRsROI1qRezd ehbid)brX9ioneprfeseant scomplex
WOR3L (R3By ERE9) , laomgr egsyh artheadaib@anbyledXlsyidem whereas
ttapr esetsenfCRAG RA1) {IR4=) , i congr £S5yl wiladanpaiyh, OFapid
o1 i, laingk 2Lt 0get her mailtsh 165 t quadtieh 1@§¥ al@jid in the
Abdaehed d ofyi 8dm ARLAENE! hichubSHut edk 2-hosph §x1datlon

ﬂ"@l—}’éﬂn@&@aﬁ é—r&n{@hg}ﬂ’&’?@yl QVP&PI Jﬁéfﬁé(@%ﬂea?ﬁe
the

ttmeer ﬁﬁt E#?EE n QQSt er W ;
igfi S pLoLagt IQ@E%¥%&¥“IE uf%e egul lbratlon
refore, the second stage of catalyst preparation is

also dramatically speeded up by using the metal complexes
of the present invention.

G

The reader’s attention is directed to all papers and
documents which are filed concurrently with or previous to
this specification in cennection with this application and
which are open to public inspection with this
specification, and the contents of all such papexrs and
documents are incorporated herein by reference.

All of the features disclosed in this specification
(including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination,
except combinations where at least some of such features
and/or steps are mutually exclusive.

Each feature disclosed 1in 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 1s 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
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RABHHRM R R53 R51 R52 (Illle) and
further enbodinent, QL and 2, and B, 4 and & (when
present), each 20 independently represent phosphorus,
arsenic or antinony; Mrepresents a Goup VIHor VIIIH
metal or netal cation thereof; 25 L1 represents an
optional ly substituted cycloientadienyl, i ndenyl or
aryl group; L2 represents on Sor nore | i gands each of
whi ch are independently selected from hydrogen, | ower
dLRFLOse80 aliyl ar fhishal Gr<Go fimEUa)n (RIS} RASuding
NCRABPAPRANY RABaimR] EsRr@candard]l dmWw4gs wheor to

any

any

prEséntnegacir i auependeht kymbieptésent diydriogentepbewerf any

akkiibd aryprobake ep Hekrlos2d7 R19 to R30 and R'' to
Ra, when present, each independently represent

hydr ogen, |ower al kyl, aryl or Het; R49, R5 and R55,
when present, each independently represent 5
hydrogen, |ower alkyl or aryl; 50 Rto R53, when
present, each independently represent hydrogen, |ower
al kyl, aryl or Het; 10 Y', Y2, Y3, Y4 and Y5, when
present, each independently represent oxygen, sulfur
or NRS5; n- 0 or 1; 15 and m- O to 5; provided that
when n = 1 then mequals 0, and when -n equals O then
m does not equal O; 20 Forrmula Il X3 (X2) - Q -- A -
R H- Q@ X3 (X) wherein: 25 A and E are as defined
for formula (TV) hereinafter R represents an
optionally substituted cycloal kyl noiety. to which
the QL and 2 atons are |inked on avail able adjacent
cyclic carbon atonms; 30 the groups X1, X, X and X4
are as defined for formula (TV) hereinafter; QL and
@ are as defined for fornula (1V) hereinafter;.

&




35 Formula IV X1(X2)- @2 - A- R B - QL - X3(X4)
wherein: A and a each independently represent |ower
al kyl ene; R represents a cyclic hydrocarbyl structure
having at 45 | east one non-aromatic ring to which the
QL and @ atons are |linked on avail abl e adj acent
cyclic atons of the at |east one ring and which is
substituted with at | east one substituent on at |east
one further non-adjacent cyclic atomof the at |east
one ring; 138 herein each adjacent cyclic atomto the
said avail able adjacent cyghic atomis not
substituted so as to forma further 3-8 atomring
strordimse via the other adjacent 5 cyclic atomto the
sai d avail abl e adj acent cyclic atons in. the at | east
onelri Agmetali comgdeat Birkad)heeat Mt dst he satal «ft heoup
adj &cehtomt Bin but: dat siede tihiglentate getosphing | Nigand het
8r ofqramaka, (N2, (XD andI3@ .i hEBpendEnt lap seproaseprlowl 0X
uni VaHERY  r @i ¥al s mpiet 8 BEbArorBIHaRP e desk cthen bhe
t er F9oXRy &R0 MUBPYM ¥ SHE ARERHQ2 WY of 1X8raAdard is
t og¥Fer ¢ & FBRFaPR 2R Ric 5Pe FRtapi to 40 atons

Ea_vi ng at least two tertiary carbon atons wherein

ach sajd . univalent or bivalent radical is joined via
saidat Teast 15 one or two terti ary carbon atons
respegki vely to the appropriate atom@Q or @; and QL
and.Q2 each independentl y.represent phosphorous,
arsenig!i;\or antimony; 20LFormula V x' Xz/Qz-A ~R-era a
X 25 (| t34-mev@eBHa-a! K,and B are as identified, in
for r;ul?a/(l\/); 30 R re}){'ksgnts a hydrocarbyl aromatic
striicfure having at ' f{&ast one aromatic ring to

whi ch®QL and Q are each linked, via the respective

I i nking group, on avail able adjacent cyclic at orrs/gf
the at | east one aromatic ring and \nglchh i's
SUbgtiiyt.ed with one or nore substit t(s) 35 Y on
ONg,Or ;40T ¢ furtRer, Ar QuRLLC Syl Al ONts) Qfithersy
ar QBL G uBkd USLMN foiety to which the phosphorus atoms are

. linked on availlable adjacent carbon atoms;

20 A and B each independently represent lower alkylene;

K, D, E and Z dre substituents of the aryl moiety (Ar) and
each independently represent hydrogen, lower alkyl, aryl,
Het, halo, cyano, nitro, ORY, OC(O)R*?, c(O)R*, -  ¢(0)OR*,
25 NRMR, C(O)NR*R, cC(s)R™R*, SR, C{O)SRY, or -J-
Q {CR¥ (RM) (R CR™ (RY) (R'®) where J represents lower
alkylene; or two adjacent groups selected from K, Z, D and
E tegether with the carbon atoms of the aryl ring to which
they are attached form a further phenyl ring, which is
30 opticnally substituted by one or more substituents
selected from hydrogen, lower alkyl, hale, cyano, nitre,’
OR, OC(OIR*, C(O)R™, CIO)OR¥, NR¥R™, C(O)NR**R®,
C(8)R*™R*, R or C(0)SR*; :
R™ to RY™ each independently represent hydrogen, lower
33 alkyl, aryl, or . Het, preferably each ' independently
. represent lower alkyl, aryl, or Het;
kR to R¥ each independently represent hydrogen, lower
alkyl, aryl or Hek;

40 R' to R each .independently represent hydrogen, lower
alkyl, aryl, or Het, preferably each independently
represent lower alkyl, aryl, or Het:;
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mhereln the substltuent(s) Y on the aronatlc

*structure $ has a total '"t"'-'ZtY% of atons other
t han hydrogen such that q 40 x"'-"Sty" is z 4, where
nis the total nunber of substituent(s) Y and tY
represents the total nunber of atons other than
hydrogen on a particul ar substituent Y'; the groups
X1, X2, X3 and X4 are as defined in fornmula 45 (1V);
and 139 Ql and @ are as defined in formula (1V). 5
2. A nmetal conplex according to claim1, wherein the
ligand L is a phosphine selected fromthe group
consi sting of 134
1, 2-bis-(di-tert-butyl phosphi nonet hyl ) benzene,
1 2 bIS égl-tert pentyl phosphi nonet hyl ) benzene,

- 'b| Perlpwhen Lﬁﬁﬂsﬁﬁ*@)s pHichomptenenianpivt repeaesnt
1 é’ °5_L P E(rol Sfeaft OF pRBSYISFoRRE i) 5ahz dneger] oo

cea to phosphine or phogplorous above are

d %

P H?‘anré‘ff ehzefEh 12D BPg(d¥- 5
EFE{ HE ﬁg 55%%& rﬁo i’ﬁ;ﬁ ]o’ér?zlénéf 5 9.,2Q |a§’fll-

adananty ter < Pfbenzene, 1-

(dpégﬁﬂgngylphosphlnonethyl) 2 (di-tert 15

1obut yl phosphi nonet hyl ) benzene, 1-(di-tert-

15

20

235

a0

but yl phosphi nonet hyl ) -2 ,
(di congr essyl phosphi gonet hyl ) benzene, 1-(di-tert-
but yl phosphi ngiet hyl ) - 2- (phospha- adamant yl -
nmet hyl ) benzene
1- (di adamant yl phgSph nonethyl) 2- (phospha 20
ammHMylemthl- (Lerk

but yl adamant y| nonetﬁ?T?-Z-(di-
adamant yl pho#' dmat hyl )-benzepe and
tetra-nethylrﬂhaojé'D |n n- 4- one) phgsphi nomet hyl ) | - 2- (phos
pha adamant yl - anathyhigﬁnzeﬁe wher ei n

Aphospha- adanantyl is \25 selected from
2-phospha-1, 3, $, 7-tetrangt hyl -6, 9, 10-
trloxadanantyl 2- ghosphaxl 3,5-trinethyl-6,9, 10
t mneXadamant yl | .
2- phospha-1, 3, 5 7- tetra(trlfluoronethyl)

6 A9, LAat rAzoxaﬂﬁiTam.s,yl AQr 2mPhRASPhand, 3,p§ésent) cach
t Aihfepdrdenono mephedent 61 SvekOatiiexadamantyl ; 1, 2-bis 30
(dj net hyl am nonet hyl ) ferrocene, 1, 2-bis-

(Hitéft ﬁail%tmﬁosﬁwnth fﬁFlU)lf-’ ecrogieneng of hydrogen,
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1, 2-bis- (dicyclopentyl phospt |nanethyl ferrocene

15:12 iH Sselected from the group consisting of hydrogen,
lower alkyl, aryl, Het, halo, cyano, nitro, -ORY, -
QC(Q)R*M, -C{O)R, —c(o)on“, T-N(R™) R, -c(O)N(R“)RZE -
CISJ(Rz’)R?“, -5R*, -C(0)SR’", -CF: or -As-0°(x°)x'%;

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




(dlethylphosphlnonethyl)ferrocene 1,2-bis(di 40

i sopropyl phosphi nonet hyl )ferrocene, 1, 2-bis-

(di met hyl phosphi nonet hyl ) f errocene,
1,2-bis-(di-(1,3,5,7-

tetramet hyl -6, 9, 10-tri oxa- 2- phospha- adamantyl net hyl ))
ferrocene, 1,2-bis-

(di met hyl am nonet hyl )ferrocene-biinmethyl iodide, 1,2
45 bi s(di hydr oxymet hyl phosphi nonet hyl ) ferrocene, 1, 2-
bi s(di phosphi nonet hyl ) f errocpne,
1,2-bis-a,a-(P-(2,2,6,6,- 135

tetr met hyl phoephi nan- 4-.one) ) di net hyl ferrocene, and
la rep:yesgntsp E] q ) (R*Y, )c)ongressy% or adamantyl x2

bi sIfRFESFIS? 5CR7f%ét(Fa FPRATEESY) 19F (19BRREY . pRESsPhand
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i tive thereof,
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CI s 2 b| S %ﬁé}gnpﬁffnfoonrg%a IIfaS 5,7-tetranet hyl -
10- t rioxa-adamantyl) -4, §1d|nethylcyclohexane
cis-1,2-bis(2 5
phosphlnonethyl 1,3, Svﬁ*t t i hyI-6,9,10-tr|oxa-
adamantyl) 5- nethylcy0| cis-1,2-bis (di
adamant yl phosphi noneg 5 _diamet hyl cycl ohexane;
cis- 1, 2-bis(di-adamantty osphi nomet hyl ) - 5- et hyl
cycl opent ane; ci s-1- UF’P adatantyl, t-butyl 10
phosphi nonet hyl ) - 2- (d|-t1mgyylphosphlnonethyl) 4, 5-
1@|nethylcyclohexane . cis-1- (P,P adamantyl, t-butyl
phagphidpearédnd ) cR2(Re (RFy butyhphasphi r&nea&wrla)mﬁz X
metdepkeyeritap el ARE:) (RS, 1ecofdepbeb pBE naamiditl: 1, 3z 5x7-
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cy CPEBent ane; 53@% 197 ZopH FiFﬂ%met hyl -1, 3,5, 7-

tetranet hyl -6, 9, 10-tri oxa-
(di adamant yl phosphi nggeT h
cis-1-.
(2- phosphi nonet hyl - 7- tetﬁﬁyethyl 6,9, 10-tri oxa-
- adamantyl ) - 2- (di adamant ospht nonet hyl ) - 5- net hyl
cycl opent ane; cia-1- (ZRHhosthﬁonethyl 1,3,5,7-
tetranet hyl -6, 9, 10- trlox amantyl) _2 25
(dkad@%h@@oéﬁhl(ﬁmmlﬂw Sngkebihang, Clsalefd -
20but-yhRRQsPHI pRYFRRNY (59)2- congressylg)égr adamantyl, )gor x*
( dbad atfepbyd yReSPINN QBRI Which ridySadl MRtEMed form an
cyeptdwesabng; cis-|-(di -dubsbidugkphosphi nonmet ythodoha-
(deatrantyl phos phirtodedily | 9rcbp wet Ryl ieatavepentone,
ci &% | ¥2-apids §2- pleespha- with, B 3 which they are attached
25t r Forgn By Figy Gys0en rdfokatmileyBils- { 3. 3. 1. 1[ 3. 7] }decyl ) -4
,5- dimethyl cycl ohexane; Y¢is-1, 2-bi a(2-phoapha-1, 3, 5-

damantyl) -2 20
) Hepet hyl cycl ohexane;
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_f}?ﬁethyl 6 9 10- trloxatrlcyclo (3 3.1, 1[3 7))decy|) .

- nmet hyl cycl opent ane;
ci s-1-(2-phospha-1, 3, 5-tri net hyl -
6,9,10-trioxatricyclo-{3.3.1.1[3. 7] }decyl)-2-(di-t 35
but yl phosphi nonet hyl ) -4, 5-di met hyl . cycl ohexane;
cis-1-
(2- phoapha-1, 3,5-trinethyl-6,9, 10-trioxatricycl o-
{3.3,1.1[3.7)}decyl )-2-(di-t-butyl phosphi nonet hyl ) - 5-
nmet hyl cycl opent ane; cia-1-(2-phoapha-1, 3,5-trinethyl -
6,9, 10-trioxatricyclo-{3.3.1361(3.77)decyl )-2 40
(diqdanantylphosphlnonethyl)-4 5-di met hyl cycl ohexane;
ci X 1XEPTRiRES 1(3"51F?inec¢qgreesfﬂ 165 t milaneateyl oy af o
) represents CR"(R ) (R0, congressyl or adamantyl, or X’
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CI ope substituted 2~-phospha-
SCI g”—'ic n]d hog . or derivative thereof,
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CIS |, 2-bis- perfluoro(2-

phospha 1, 3,5, 7-tetr gwet hy 5 10-

trloxatrlcyclo(s 3.1. 1S ydecyl ) - 5- net hyl

cycl opentane; cis-I s

(2- phospha-1, 3,5, 7- t et ACGFT I Gor e- net hyl

6,9,10-trioxatricycl o{R#3. 1. 1§%8. 7) ) decyl ) - 4, 5- di et hyl
- 141 cyclohe £ cis-1,2-bis-

(prhfgpqlggelqﬁss é;nﬂm"t) rsq(tr 1 hylh)-6.9,10:,

10t I E@%labhey CLoP 8 ddh S,C'éhg Fi mg? ¥f ey 1“ ¥
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6i sviky2lobi. ggdlll{sbutwmmsgm@ormt k) -eyeah-abbhang
cier '2and X** together with @* to which they are attached

a- adamantyl)cycl ohexane; Y*
cis-].,2-bis(2-phosp hHo
1, 3,5, 7- t et ramet hyl -
ne; 10
cis-1,2-bis(2- phospﬂin 3?3,5,7-tetranethyl-G,9,
10- trioxa- adarmant yl ) g¢cl obu e; cis-1,2-bis(di- ]
adanantylphosphlnonethylg@ cl ohexane; cis-1, 2-bis(di-
adamant yl phosphi nonet hyl %Clopentane cis-1, 2-his

(%a nélctzgg;%ée @Pga%ty nae %Igcycl obut ane; cis-1-

BN parethull 2 (dizt;
blih&!éﬁ&?ﬂ%ﬁhi Layé c

(P, P- adamant@l%l,EB t-b Ijl)l?t %E‘l’égﬁgs I nonelﬁhcfﬁf aft(lgomf
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( tBefecggdamant yl ,  t-butyl - phosphi nonethyl) -2- (di -
20 butylphosphlnonethyl)cyclobutane cis-1- (2-
phosyRrResmtichyin- Pp8idnddlyebuiarethydd 65y ) dParitaiaoxm,1,
adRfrmtlyPy ary) grqupi-t - but yI phosl i hi nomet hyl )

c cl ohexane; cis-1-

(2 pf %%:gﬂ?ieﬁb’i’retc’ﬁ | OF 3naye7. }iepdeerhgh- ©L9, ddch are

ently selectéd rom hydrogen, lower alkyl,
alkylaryl, halo, €O, P(R™) (R*)R' or N(R') (R'")R™;

thyl

ifd%a- adanantyl)cy0|openta

1
R* to R and R* to R, when present, each independently
represent hydrogen, leower alkyl, aryl, halo or Het;




trioxa-adanantyl) - 2 - (dl-t 25

but yl phosphi nonet hyl ) cycl opent ane; cis-1- (2-
phosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-tri oxa-
adamantyl) - 2 - (di-t-butyl phosphi nonet hyl)

cycl obut ane;

ci s-1-(2-phosphi nonethyl -1, 3,5, 7-tetranet hyl -6, 9, 10
10- trioxa-adamantyl) -2- 30

(di adamant yl phosphi nonet hyl ) cycl ohexane; cis-1-(2-
phosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-tri oxa
10-tri oxa-
ada(diadanantylphosphinoné@ﬁyl)cyclopentane

-1 hosphi nonet -1, 3 5 7- tetraneth | -6, 9, 10-
é;?dp p l” J]y each :.n)cllependently

yI p res T Ewe e(be }}Sﬁe a’éifjsc’lr Hefi- t -
4ylepo%ﬁglﬁﬁne
e Y4 )FETEI BHERERLELY sTARTEFRTE -
buﬁQFQ sph%ﬁ%ﬁet § ne my Jeveit SR
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(dladanantylphosphlnone hyI) cyclobutane

10 civd; 1¥3,2-1i, S(t2- and ¥*, when present, each independently
ph@@p&\&rﬂ: Bypyetn, | mﬂtflilyl o®OrEQ-tri oxatricyclo-
(3.3.1.1[3.7])decyl ) cycl ohexane;

- Cins=10 2xbitg( 2- phospha-
1,3,5-trinethyl-6,9,10-trioxatricyclo 45

13 (3“19 . =16’3'3‘371'5) decyl ) cycl opent ane;
ci s- 142 bi hos ha-
1P§° H h%ngnlo fr itH%At i &gl 0. and when n

f[%hef] dg%?ﬁ Py §BBat Gne: cl's 1- (2- phospha-

20 F§rn§x Q; thyl-6,9, 10tr|oxatr|cyclo-
{8 &y L Pﬁ]p}deﬁyla 2 20d di gd(yd42
butylphosphlnonethyl)cyclohexane ci s-1-(2-phospha-

lwBed-inti met hyl -6, 9, 10-trioxatricycl o--
(3.3.1:1[3,7] )decyl )-2-(di -t
25 batqﬂdphosxﬂuanoazﬁﬂm¢ﬂ)fquﬂfefmunaamfv) hereinafter
Cis-1-(2-phospha-1, 3, 5-
t?l‘f?é’ffﬁ LG, snlfepttwn%klart FPIE%FéItEtﬁECB c3c1oaﬂp<31 Tdigegyl ) - 2 -
d*ihlf ‘Pn ABER AYE ) CpERGLIL At lable
CT afE{u'z égh%‘?‘ orl atoms;

(%{I%S‘H;[ " ne%hyl ;gy?) 10::1t r}e.,oxat rl Cyglfc:lz.;led for formula

dladanantylp osphlnonethyl)cyclohexane

Ch*Sada (- HRO8RNGsrih0d for formula {IV) here:l.nafter,

3 1,3,5-trinethyl-6,9,10-trioxatricycl o-
{ﬁmﬂmlalﬁﬁ 7)) decyl)-2 '
(diadanantylghosph|nonethyl)cyclopentane cis-1-(2-
phosh&k2l - 3@ -t$|ﬂ@ﬂh¥h-®19-KG{X4Moxatr|cycIo-
(3.3.1. 1] 3. 7)}decy|)

40 wherein:

30

A and B Each independently reprezent lower alkylene;

R represents a cyclic hydrocarbyl structure having at -

45 least one non-aromatic ring to which the Q' and @ atems
are linked on available adjacent cyclic atoms of the at
least one ring and which ig substituted with at least one
substituent on at least one further non-adjacent cyclic
atom of the at least one ring:



15 (d| adarrantyl ph( Dsphl norret hyI )cycl obut ane; .

cis-1,2-bis-

per fl uoro(2-phospha-1, 3.5, 7-tetranet hyl -6, 9, 10-
trioxatricyclo{3.3.1,1[3.7])-decyl)cycl ohexane;
cis-1,2-

bi s- perfluoro(2-phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-
trioxatricyclo{3.3.1. 1[3. 7] }decyl ) cycl opent ane;
cis-1,2 20

bi s- perfl uoro(2-phospha-1, 3,5, 7-tetranet hyl -6, 9. 10-
trioxatricyclo{3.3.1.1]3. 7] }#ecyl ) cycl obut ane;
cis-1,2- bis-

bos hal tetra(trlfluoro met hyl ) -6, 9, 10-

ue..te chfnti 8y 'F%?ne‘i@ei-ﬁe avaltable
B “%g %{* ﬁ‘ ""?L EQFF P?%f(tﬁégﬁ §9r &% e hidyn 25
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14 divylehospldiaeret Gyl xo 64- 8? eapst one
bi cteck dafy2. 2atdme parsie- dr 3xPi &6&! xtaefatnd/or X3 and x4
butYdophlsspHiomonetipal end , 22dbesi( GiE- hip to 40 atoms having
butaf plresphiovonetdntlipsr¥, bathdahememsbanee8en each saia
1, 2-praetit- or - binallephospticabnet lyplijedyihesyl enzapgs:e
1& XIBi STdi kW BRR aﬁ'hosaghbmnettdml )IEQE,FEEEJ.VE:LY to the
b| SPPTTRGHBE Ry S 1)orbarfzewé 35

blagpl g but a hi nonet hyl ) -
(t r%lr z‘B engent Iy sfzpmlﬁhl RbPRRtoybus,
tefr y’( 6,9, 10-tri oxa- adamantyl ) -4, 5-
d| @- gmil b@nzene 1, 2-bi s(2-phosphi nonet hyl -1, 3,5, 7-
tetranet hyl - 6,9, 10-tri oxa- adamantyl) -4-phenyl benzene;
40
Z.bi s(2- phosphi nonmet hyls-1, 3, 5, 7-tetranet hyl -6, 9, 10-
' tr| o ada\rmnh;d_).a.é__é* Is-(trinmethylsilyl)benzene;
1, g2 N
bi s(2- phosphl( et hyl -1, 3,5, 7-tetramethyl -6, 9, 10-tri ox
z5a- adamantyl) 4.- (tri rret hyl si |l yl ) benzene; 1, 2-bis(di-
adawarat iy} phosphi nonet hyl ) -4, 5 di phenyl benzene; 1,2 45
bi s(di - adamant yl phosphi nonet hyl ) - 4- phenyl benzene;
1, R-anBi B (iche- aslammatyt phnsphicienes hl) ; 4, 5 bis- (
tr| met hyl si |yl ) benzene;. 1, 2-his(di -
30 adfaneaFr RS phi Mmhylbglr lerghat ivetdrghstbyd )hdiengege;
laﬂPt P °&ﬁar?&'ﬁtﬂ?1=1c t Thug yFD phbsghi abretdiyby - 2cé dieatn .
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- b yj3 n(ﬂfg?

& 1=ub ent (=)
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phos [ nonetLL)ﬁu)rez (di-t-butyl phosphl nomet hyl )- 5 4, 5-
g'l;z;;feﬂrf Iﬂﬁi@bﬁﬁ%&ﬁl&*&%‘? CRE onr t:h(ep aro%gt?ﬂzaqté/rluctttare

a botal *°7g of atoms other than, hydro
20 PPOSPEIORB! hyl )g,2- LlLzs - it Yo PHORDNLBOREt T ihashace
substituent (s) Y* and t¥" represents the total number r:.\f
atoms other than hydrogen on a particular substituent ¥*;
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the groups }{1, X?, X’ and x' are as defined in formula
45 (IV); and
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(CXlnethyIS|IyI)benzene 1-
(2- phosphi nonet hyl -1, 3, 5, 7-
tetramethyl -.6,9, 10-tri oxa-adamantyl) - 2 - (di-t-
but yl phosphi nonet hyl )4, 5-di phenyl benzene; 1- (2- 10
phosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-tri oxa

adamantyl) - 2 - (di-t-butyl phosphi nonet hyl) -4-phenyl

benzene; 1- (2-phosphinonethyl-1, 3,5, 7-tetranethyl -
6,9,10-tri oxa-adamantyl) 2 (di-t-

but yl phosphi nonet hyl )4, 5- bi s-(
trimethylsilyl)benzene; 1544k

.(2- phosphi nonmet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-t ri oxa-

adghBRkyd?) aze Zs- b fimeli- Butspbpbospinonet hyl ) - 4-
(trinmethylsilyl) benzene;

1- (2- phosphi nonet hyl -1, 3,5, 7-

tetramet hyl -6, 9, 10-tri oxa- adamantyl) -2-

5( d2 adanmaetyl phosgiexnonebbying 4cdH- digikeny, Betzeneine
1- {an20L is a phosphine selected from the group consisting
phos§ phi2nbiaet (i | = drt3 et Aphet praimetnénHy16 bénZkdet r L Bedis-

ad éraieyt PRy thrdRivinreE BOSphEsToTEt Ry? Jbis- Rietrplct -

bel'ﬁtté’ﬁéhosphlnamethyllnaphthalene 1,2

01- 3e-fﬂhe%ﬂnﬂﬁblﬁwym@mswl?bmﬁmt Ay R- 6bds (di-3.5-

t r e hosphinomethyl)bhenzene, - 1,2 bis(di-5-

(dﬁ?& ahant v ph gthalbbenﬁﬁg 1,2 bis(l-

1 FHIXY %lléhg YDL%E ’P ° Eﬂg‘s‘g‘ﬁr Hi H§/1 25 1-
X amant y -

Pl g E ¥ I) 4 (tr| nethylshlfé%'tert'

beﬁﬁ%ﬂﬁgrea og sRhLaqret hyl ) - 2- -(di-terk-
(dhat aﬁwﬂpﬂ@ﬁ&abm@mg dp};aéa&nahmewl benzene;
1-rfedthyl tbeubyd phoS phidERE Fiyhbegiinomat hyl) - 2- (phospha -
20 ( dicadatmnt-pHpdrosphbsresere hyl ) 30 4- phenyl benzeneert-
1-Hudiv14ddrahyy thos phimveretiiy |- 2 - A -

( didaTiamaRERPEHGophe HoRebedene 4, Sakd - (1Pt yksé -y | )-

bésEenrethy rliasphbrary i phs ph eriviaphgti y12] -2 - (phospha -

1y ¢ v
”Fgﬂaf*ﬁﬂfﬁf‘ﬂfﬂiﬁ%h‘nﬁ@mzﬁiﬂﬂg e s 10
: <5hF -
t rE?ég rtrgxma;ié t§ ot 31%5 decyl tf%ft? E@ﬁﬁ%@"%’%_
@Q

fluoromethyl) -6, Sh]yﬂ trigxadamant I%t hyI l 2-bisg-

4
30 1,31k Shy2apiiesebhy0rRL y 3r O- 1Tl 9, 1055 .
. tr(uw&tﬂbueyrﬂr@sbﬁar&métﬂ&ﬁ EZ}}&%QL") ﬂ}ﬁhs&wmeb ene;
1 AZmdrig( Amphaephy Taerebdate, 1, 3, 5-trinet hyl - 6; 9, 3041 s-
t nbxeatrbtylphospRimdmérhf13 rekjateay] ) - 4 ﬁhba&xﬁrmé&yl-
t Bi fretitey (Sinterhyl pempear)yl] f2rdvice(?- phosphinanet tyils-
35 1 (@imnephpylidhekplsiremephitl) fexetaeney cl o- 1, 2-bis-

{3d:SCYE19Pe°¢Y?l gerRAmPmathnl) fermosgnsd | yI) 2 ez die isp- ( 2-

g tﬁ¥¥3f5r¥qqeﬁ§t£1l 6,9, 10-t ri oxat#iRéycl o-
gﬂ}y E%Etg; 1?;;(:éfoc£nj?"ﬁﬁ"]‘ephosphl nom’—:t?gh P24, 5
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'E?gmeg Yﬂ%é eﬂe"mtg 5; fc} éitzlb_mh
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bis{diphosphinomethyl) ferrocene, 1,2-bis-o,x-(P-(2.2,8,6, -
tetramethylphosphinan-4-one) }dimethylferrocene, and 1,2-
bis-(di-1,3,5,7-tetramethyl-5,9, 10-trioxa-2-phospha-

adamantylmethyl) ) benzene; cig-1,2-bis(di-t-
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144 bis-( trimethylsilyl) benzene:

1- (2- phosphi nonet hyl -

1,3,5-trinethyl-6,9, 10-trioxatricycl o-
(3.3,1.1[3.7])decyl )-2-(di -t-butyl phosphi nonet hyl ) - 4-
(trinmethylsilyl) benzene; 1-(2-phosphinonethyl-1,3,55
trimethyl-6,9,10-trioxatricyclo-(3.3.1,1[3.7])decyl)-2
- (di adamant yl phosphi nonet hyl ) - 4, 5-di phenyl benzene;
1-(2-

phosphi nonet hyl -1, 3, 5- trlnet yl -6,9,10-trioxatricycl o-
{3.3.1.1] 3. 7]}decy|) 2- (dlaa mant yl phosphi nonet hyl) - 4-

hi popet hyl -1 35tr|rrethl
106%*55% J.nt:ﬁm t:h §%m% tEqucgc% ? -1, 2—y
(dléi QEF§15{| , e ramet ?RﬁngP?])
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k ;%omq m,_sm T
1 ) -4,5-(d yl) £ b
a4 @t-ri@mﬁtwi%cﬁu‘fgnéx1 btz
6, £aabAnt 1 )04ad@ant ¥l) cobuPhosRhasl, 3, 5 1.2-bis(di-
t radamahty oo prideyEtind,) g 19-dir |(Q><<’%ﬂl@ﬁiﬂmr)6br2'lay ybi s-
( diethyham nonet lzyb) s (Er-eoseieylphedpRifonethyl) -2 - (or

5%* hYHoﬁﬁé’FHW')E-fZ di - 1,2-bis (di-t-
F b%lﬁzteh%tbé}ndfer EPIE2, 2, 6,8
te r Hre héfhé 45185 pht r?d ‘etﬁwf nﬁﬂcznepho
cé‘-
a. L

13 (i 'tIet bhpitepypbosp Rt marret hy E¢ferceneene, 1,2-his{di-
1-3RA0RD Agireme ghivie t Byd-ddil rotet iyl f er r otenecene;
1, D2pypis awaewrtvbahvpb hybnet hgr ) f er r bOenbutyl

) osphinomethyl) -2-

1 FAF | (B, P ada.mantyl, t-butyl
2 Ei- ig%ﬁi Wlﬁﬁ’i‘%ﬁé{ I5)'ferr<?ci€r§% ~phepyrppi 3t

O (dipgr sphi ndi cltyl o b g
. hi gé ! ) -4-"(or
(1%%1:3(18 121}& ¥h§1§bme H)t,ri’)l—% % {ﬁgmib%u adaman

e
1, &1t spukga { 8,006 &penty p os ﬁ}wé’& Fif 4, 5_

25 1,ploBbsinchat iy b POaS bR TRE BN hERE PSRN - (ox 1.,t-
1 bt pl Sxdbeensgopr opy! phosphi nonpidaphiffktrpenes, s, 7-
12t baresthiydlt dvet. byt pliosphidaaartyiyl ) ferracene,  (di-¢-
t éukplmtdsphigr@ iV, Eoxa- 2- phospla- (26 phenylprop-2- -
adéhﬁ?ﬂ%ﬂwn%t hyl) ) femhoeptaomgtelbils3, 5, 7-tetramethyl -

30 ( NP ARG RRT Y}f errocene- bi ghet hyl- i odi dédi-t-2-

bP§ PRIRATEE fio t HYI( fe?heswmsp 3’ 9
blgg g%g hlﬁgnet _prgﬁhuggg%gu% z
r:L (di-t-

s tsfs p?ﬁ, a iéi@néﬁ“ﬁ%fiﬁ@ ?E?o%genb Afa

- {di-t-but hos mel: 1 4
raa T s 2l U e R ee ) “"f?
adaitiey hyble)y| i@Q@’ﬂéﬂl%damMyﬁ) phosphl Aot h
di{ ra{dayhn €yIphoRaBRe 1611 =4, 2- di- (2’ -phenylprop- yl)
40 biefuticetiebut yl phm@hpﬂ:ﬁ@mh&yér)hyi 1,rmtshy¥
6,92,10-trioxa-adamantyl)-2- (dladamantylphosphlnomathyl) q-
{or 1') (2 -phenylprop-2’-yl) ferrocene; 1-(2-
phcsphinmmethyl-l,3,5,7-tetramethyl—6,9,10-trioxa~ :
adamantyl) -2 (diadamantylphosphinomethyl) -4, 5- (di-t-
45 butyl) ferrocene; 1-(2-phesphinomethyl-1,3,5,7-
tetramethyl-g, 9, l0-trioxa-adamantyl)-2-
{diadamantylphosphinemethyl) -4-{or 17)t-butyl ferrocens:
1-{di-t-butylphosphinomethyl)-2-
(diadamantylphosphinemethyl)-4,5- di-(2° -phenylprop-2' -y1)

tet.ramethyb ’

Haye me@h;ane;
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ci a- 1 2 bIS(2 phosphlnonethyl 1 3 5 7- tetranethyl 6 9
10 30 trioxa-adamantyl)-4, 5- dlnethylcyclohexane
-s-1, 2-bis(2-
phosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-tri oxa-
adamantyl ) 5-nmethyl cycl opentane; cis-1,2-bis(di-
adamant yl phosphi nonet hyl ) -4, 5 di net hyl cycl ohexane;
cis- 1, 2-bi s(di-adamantyl phosphi nonet hyl ) -5-net hyl 35
cycl opentane; cis-1- (PIP adamantyl, t-butyl .7
phosphi nonet hyl ) - 2- (di - t - but Iphosphlnonethyl) 4, 5-
di net hyl cycl ohexane; ci s- 115 P P adamantyl, t- butyl
h%s hlnonethyl) 2-(di-t- but hos hlnonethyl ) - 5-

tane;, o5 1 ek
R G xg- J‘%ZWE% TF& L4

Sthyl ) 4..5: SRB%Y ’r’s21
5( 2_(¥f 9‘8 Iﬁl n?xne ¥1 g 13 4@ 5)6 J’gﬁr{)??n&(a_

o o t vl phasphino Iermstnhl
L s; ﬂzsn;m el R

tet:fﬁ;mawy&ycﬁn §3LG- K i Wm?@@a%a
(dpﬂéi-@lipﬁﬁﬁﬂzl@hﬁﬁ)phﬁéi:@&&éx{y EEIIJIB/(I;: ﬁMSéﬂlﬁéﬂ@ﬁ'zyl—

10CI ;3 5-trimethyl-6,9,10-trioxatricyclo-
( 2{ phosphinompdug) e 3da, 7-tet r ameuwbnémﬁpl@ptﬁ-l PAR-
addwmimtyhg - 2- (di ndemast34ghbssphicnermBiany| ) -Hciehdity1 -
cy€lopént mimeat xicyclef 3 .phosplsi. abjdechy] -4,,53,(8i. &~ 4
158u4yls  ferrcerehyl - 6, 9,210-lisi (@ xehaadhhmararhyl-D2, 3, 5-
. 5 (dvEiTaRam-fl B hﬁkﬁﬁpmtetlnyﬂ)ccyélbﬂu@éheﬂ }desyl)-@dueat-
but YItpReSHhi Qoﬁ?érﬁwae—-z (di dgdrerhopphhesisthrbrethgt ) -

4, SATRRE TGl TLEhesEhTd cwaﬂsip G- +{2 ] }decyl) -2-
but 3 BRBEIHFR Hg -4,5- dl (2’ -phenylprop-2'-y1)

20 ( é%gé%cgﬁf. 1, %fﬁ :kg'f, @(gyfr’dﬁpﬁbeﬁt%ﬁ@,
Cl i Rie 71 pRAYPRS ASHELRG P\ 1)(2-
t rigFebhse:0, 9, b 1&519&/&49 3°3. (decyh) -
&rl@kﬂﬂiﬂﬂ:l&-}'{@ ﬁxlqlﬁe'?] Pie%y } iﬁeé ‘I 602% yg

t Rl bt sphii Sark@ni1 § -0 8L Ra1EC @q{ﬁ 3 f&r%é’enél ) dqcyi) 5
25 1(phivepintomeyietopess #@imethyl-6, 9, 10-trioxatricyclo-
Cil$-~1-12-[phosipiearl) R -3dt r i Mt fiydhosphinomethyl) -4 - (or
' 6, 19) s gbutyiloxat r Fexpsicend 3. 3. 111 [ 3-rhbppleicipnps ByX(-di, 315-
bLFtr 2 dphi heRet MARREXICE1g e 2t byl [oyel ddharane:
amantylphosphn.nnmethyl) -4,5-di- (2’ -phenylprop-2*-v1}
30 ( prusghyl 119 3y £1 hémeE Ry @l .20

} =y ;
{49 LE U ohosel nonet hy1 )5

g%g % -4-{or

ce mechyl-1,3,5-crimechyl -

E;%@Eﬁﬁggﬁ*ﬂ =
4 ialdk ferrocene;

LMQ&M&RQ&MHOHE Ttk hathy 3-8 15 yl cycl ohexdne;

Strioxatricyclo-{3.3,1.1(3.7] }decy 1) ~2w

C i(sidda(-nanﬂfm%ﬂhiho&g&ﬁmi-aet&ky | 16) Qpleyl ri@xabédycl 0

_i,2-bis-perfluoro(2-phosphinomethyl-1, 3,5, 7-tetramethyl-

40  6,9,10-trioxatricyclo(3.3.1.1[3.7])-decyl)-4,5- di-(2'~
phenylprop-~-2‘-yl) ferrocene; 1l,2-bisg- perfluorc:(z-

- phosphinomethyl-1,3,5, 7-tetrameéthyl-6,9,10-
trioxatricyeclo{3.3.1.1[3.7] }decyl) -4-{or 19 (2 -
phenylprop-2'-vyl) ferrocene; 1,2-bis-perfluoro{z-

45 phosphinomethyl-1,3,5,7-tetramethyl-&,9,10-
trioxatricyclo(3.3.1,1(3.71}-decyl)-4,5- (di-t-buty])
faerrocena; 1,2-bis-perfluore(2-phosphinemethyl-1,3,5,7-
tetramethyl-6,9,10-trioxatricyclo{3.2.1.1[3.7] }decyl) -4-
{or 1’)t-butyl ferrocene; 1,2-big- (2-phesphinomethyl-
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{3 3. 1 1[3 7)}decy|) 2- (d| adarrantyl phosphl nonet hyl) 3

20 nmet hyl cycl opent ane;

ci s-1, 2-bi s-perfluoro(2-phospha-

1,3,5 7-tetranmethyl -6, 9, 10-trioxatricyclo{3.3.1.1[ 3. 7]
}- decyl)-4,5-di met hyl cycl ohexane;
cis-1,2-bis-perfluoro(2-
phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-
trioxatricyclo(3,3.1.1[3. 73}decyl ) -5- net hyl

cycl opent ane; 25 cis-1, 2-bis-

(2- phospha-1, 3,5, 7- tetra(trlfluoro nmet hyl ) -

6,9, 10- trloxatrlcyclo{3 3. %1 1[ 3, 7] } decyl ) - 4, 5- di net hyl

yi(‘: 0 exa qtﬁ_‘%?l S- phospoh_a 1,3,5,7-
tefri i
Cygfi% I‘I %gclloé% yﬁ2 %ca( E gspilncme r)11'1 };{g,gp'?—

T30
5C Sn &E D ? H"??E Eg"‘f gyl ) cycl ohexang,. ci s
1 391 g p- lfp Qcy@l Hgmethgl—

ci's; 31527 @t%é &r;leHfa/JmEl':‘l%?nH hné)%thw cycl-obutan

Ci grib xétncyclo{a 3.1.1(3.7) }decyl) -4, 5-{di-t-bucyl)

bi edr2oplasphi paget hyl>-bis, 5, %:tgﬁd@mhayérh@wl,lﬂawl 0X
10 a- ceaganeriibpey-ele@hgnanses, 10-

Ci rilox2ehicye 2o {fhas phi rtonefduely1 86 - (or 1/)e-butyl

1, FrypFetsst r anet hyI -6,9, 10-tri oxa-adanantyl ) cycl opent a

ne;

cis-1,2-bis(2- phosphlnonethyl ,3,5,7- tetranethyl 6, 9,
151R- t A oﬁ&tahleﬁ‘ﬁantsggwclwatv chus:aImebh%eaﬂ an

o%ﬁﬁﬁ?%’i &% p TS % B‘iﬁ‘@(aﬁé"@ﬁ%“ﬁ 2 biMET -

ao%ﬁ‘FBﬁ? ap‘iﬁBE, gnBﬂeEt BEBhenfane; cis- 1, 2- bi s(di

O aqgnan hlgonetq¥alcychpbu ane ii'%bm ﬁbf'
20 adaac’EE % g %@ IPn%g_[EJE yl?cgm 'f' reac%a.ng

¥ @%@pecn c&]nﬁ]h x:Lng c:om r.mnd

(P, P-ad ananty , but yI - phosphi nonet hyl )= 8

but.yl phoﬁphﬂeﬁﬁﬂebhﬁﬁﬂﬂc|cﬁﬁﬁms&n%ys§bﬁ Lr process as

(RiRBimsthmpat why pAocédihdt \Hiaphosphktramet dsld) -w=tadi M -
25 butw@:ﬁuzyphimmuuibhyl@a:ytlaﬂautew&yfrohs-:Eu,(ﬁh, os, Ir,

piesphd i . : et hyl -1, 3, 5,

7- tetranethyl 6, 9, 10-tri oxa- adanantyl) - 2 -

(di--t2 UW?F p?ﬁ@éﬁ?‘ndﬁ‘éﬁhﬁgﬁt SEFATO REXRIRESSS ¢35 c1aimed
20 ( 27pRbEh no"fPé’FﬁH Eflé mELp t‘étqﬂﬁ‘ﬁﬁﬁﬁﬂ RB 9“191'an 9

L 7. A process E%X% adana where:.n
b%gxg;pg&o’% gﬁjﬁ éc,ns 2,
en ?JB {d- oxa
entya. i"."ﬁt{x o.{r@ bi@-) (di- I:ert~
35 C Eﬁ:mn th'yl) naphthalene,
cost adl(aaamaha@gmhgwmh BodBratnk £LT BTt hyde (@ O 40-
t ﬂumyadaﬂmkynﬁhcs%hléﬁﬂeaﬂﬁmhbeOs phiznonahyd Js-
cyerohexahalanensy lpHo2phinomethyl)benzene, 1,2  bis{1-

adamantyl Lert-butyl -phosphinomethyl) benzene, 1-
40 (diadamantylphosphinomethyl)-2-(di-tert-

butylphosphinomethyl)benzene, l-(di-tert-

butylphosphinemathyl) -2-.

(dicongressylphosphinomethyl) benzene, 1-{di-tert-~

butylphosphinemethyl) -2+ (phospha-adamantyl-P-

45 methyl)benzene, 1-{diadamantylphosphinomethyl)-2-{phospha-
adamantyl-P-methyl) benzene, l-{terk-
butyladamantylphosphinomethyl) -2 - {d1 -
adamantylphosphinomethyl}benzene and 1-[(P-{2,2,6,6, -
tetra-methylphosphinan-4-one) phosphinomethyl) ] -2- {(phospha-
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phosphl nonet hyI 1,35, 7-tetramet hyI 6, 9 0-trioxan

adamantyl ) - 2- (dladanantylphosphlnonethyl)cyclopentane;
10

ci s-1-(2- phosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-
tri oxa-adamantyl) -2-

(di adamant yl phosphi nonet hyl ) cycl obut ane; cis-1-(di-t-
but yl phosphi nonet hyl ) - 2

(di adamant yl phosphi nonet hyl ) cycl ohexane; cis-1-(di-t-
15 butyl phosphi nonet hyl ) -
(diadanantylphosphinonethyﬂ?%yclopentane; cis-1-(di-t-

butylghosphlnonethY
ty P bRISHh Wf*ﬁyl%gﬁwb@baﬁ@a adamantyl” is

x(‘z from 2-phogpha- 5,7 I:el:rarnethyl 6,9,10-
3 "sYJt A p: % 3951'6“t"}*‘-‘1“8¥%\ %yl o- 20

157 'de P né tetra I:rlf uoromethyl) -
i 2-phoapha-1,3,5-

oneté ’)%Qr£i éé?}fad@m%?%,l (3.7) l,2-bis-

G
Q;ﬁ

l,2-bis-

o .
} d Q@YTjﬁ%ﬁ fﬁj&%gﬁﬁmm‘é{:ﬁyl } fX gﬁcl%g:é A ng'? %@uxymethyl 2-

o 3oy 3y e UBEN R A b AARserg] S 112y RO EBAAS

1,3, 5- HﬂhLME&ﬂEth aéinéﬁeiﬁ 19¥@kdceyE) o- 1,2,3-tris-
{ 3] {alﬂer]:bﬁtﬂl]ﬁdﬁﬁlyin)ameﬂ'l Witetrocene, 1,2-bis-
butigi plrashaiylphesphyinpbeyiclyahexaresne, Ci a- -k Z&-nRospha-
1, Busriphbapitimphmethyd ) E8rtadeaxat ri cycl o- 1,2-bis-
15{ 3 (glqycj,gggmqy gbggnh)lngméujwlt fGFocene, 1,2-bis-
but@ﬁﬂ% WFHK kirgpesneane; ~ L.2-bis(di-
Sepry Han leg ) ferrocena, 1,2-bhis-

Cr (S ngﬁeﬂftnﬁtbwa)ﬁerre neh{ 31g2-pigp 7P acylTy - 2

50~ LA -af“- th’FFe@h? W&r obut ane;-

Ci -TBC Y errnr_"ene 1,2-bis-
1 d;,.r)ng Patr % i DCEHE- :Lsmetégl iodide, 1,2-
! i':'\s(at'l.ﬁi E o%en 1,2-
( Bwids (hip cene, 1,2-bis-a,a-(P-(2,2,6,6,-

( t&ﬂ;@ﬁ@mﬁilpHBQ&HHaHDMngﬂaﬁ%Ehmﬁ @ene and 1,2-
25CI Btal-(A2- :D,hiQSP’ﬂa:etramethyl €,9,20-trioxa-2-phospha-
1, Sdmahty Iyl )y ¥oeBzd0:t ri oxatri cycl Oeis-1,2-bis(di-c-
{ 3&ylpidsbhihdokaugll) - £, 5- dimethyl cyclohexane; cis-1,2-
(dwmdmtﬂt&dtﬁhmwmmmthyli)ﬁycl opent=ahelcycilopdntade;
helfohas iz (8= E’IFC!EWB!- ety D110+ § r-oratgnatygl o6, 9400-

3D(§lg.u§ale(c§n'¢ '}},dle) methylc:yclohexane, cig=1,2-big(2-
d? aa%%v toire"ft;ﬁ g:gbwt aﬁe?:;eg%1| 2(3. s-

| bis (di~

Bl R Lo e ot

35 ntan am b
b'ﬂmQﬁkﬂ:frIoH@EQ}(l% E%@émab& Dgpl{:.%gﬁ'l@{ﬁfl hyjl -, tg }tby
t rdi Qe lice¥Chidng; 1. LEs-201 ﬁ% ) el OREAt ang;_pury1
CighotpRinomethyl) -2- (dJ. t-butylphosphinomethyl) -5-
biret peldycuepa{tznphosphasly 3, E(,ZZPmcsﬁlﬂhaH@ﬁé%%iﬁl 9,80-
40 r itexagma byt ©,(8 18- driké3 - Zdandacyl)) cyel obpt ane; qus-tl 2-
bitmtylphosphinomethyl) 4,5~ dimethylcyclohexane; cis-1- (2-
( Phphprsiphacthyd,-3, 3rs,é*t-lta~(:tanieth3tﬂoraosnm-rmyﬁc)m£, 9, 10-
t reeReRitéyct o(B. 37 1. I3t Tyrardplydsrby oo tdy A -mekisy lr
cyclopentane; cig-1-(2-phosphinomethyl-1,3,5,7-
45 tetramethyl-6,9,10-trioxa- -~adamantyl) -2-
(diadamantylphosphinomethyl) -5-methyl cyclohexane; cis-1-
(2-phosphinomethyl-1,3,5, 7-tatramethyl-4,9, 10-trioxa-
adamantyl) -2- {(diadamantylphosphinomethyl) -5-methyl
cyclopentane; cis-)-(2-phosphinomethyl-1,3,5, 7-
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....... ... 155 1, 2-bis-

(2- phospha-1, 3,5, 7-tetra(trifluoro-nethyl)-

6,9,10-trioxatricyclo(3.3.1.1[3.7])decyl)cyci opent ane;

cis-1,2-bis-

(2-phospha-1, 3,5, 7-tetra(trifluoro-nethyl)-

6,9, 10-trioxatricyclo(3.3.1.1[3.7] }decyl)cycl obut ane;

(2 5 exo,

3-exo)-bicycl o[ 2. 2. 1] hept ane- 2, 3-bi s(di-tert-

but yl phosphi nonet hyl ); (2-endo, 3-endo)-

bi cycl o[ 2, 2. 1] heptane-2, 3-bi s(di-tert-

but yl phosphi nonmet hyl ); 1, Zﬁﬁls(dl-t-

but yl phosphi nonet hyl ) - 4, 5- di phen benzene; 1, 2-bis(d

10“?“WWWSS%HQT6HHWPFW@%M %yl benzene; -2-

1. Fdipde aﬁxtyﬁpnmlvp EheP *g,q 4 5- cig-1-(di-t-

bi Eu%}tcg }ﬁyplget'l'wlg %enie éd:.adama tylphosph:.nomet:hyl) -
rore buryl prospi At

cig- 1 (cll r-

St PE LB T ene gty :
R e gf';\é aqa ‘Fﬁ ;é
di § Eﬁy i Lo Nede s 'iﬁln'
t L {36 13:% at%ay@ﬂﬁq@nm E’t
101, geéﬂﬁ( cﬁt&@éﬂ r{}prre h)@isll—g(’z p L r@:—‘ﬁh 1rﬁet%yi-0
" trgoxapadammet Y oyedo 5SSt (X1, me]td&)ew Iy abenzene;
1, Bucylphosphinomethyl} -4, 5-dimethyl cycleohexane; cis=1-
bi s:(-g;hpkm&pmimmmtrhnyét:h&l& o, Tetedioaaet fypci6; 9, 10-tri ox
a PO sadanBnvy}decyd) (1 (iddet thpltgiphdephbnaenayl) -5- -
151, dathiys (eyclopdarransty| phedphi n@netdpphp-2, % 5-trimethyl-
dq éhyﬁﬂ§9ﬁ2@ﬁﬂ§yclp{i3 3.1.1(3.7) }deeyl)-2-
:eﬁawwamaﬁpa bt ﬁmme&hphen | chetterane;

1 s' rk?( HHOE vﬁoﬁe‘% ﬁgr X5t 5 yefo-
a&‘fﬁke‘%édii %Jé :Lnomethyl)- - .
aﬁgﬂg ‘fYﬁ sicgeteL, fm Qﬁt"ﬁi oy ﬁi;ﬁg F*é%e
S;IOEI £0/IR h&y § benzene Y

tt.:I lity '.Lp.L 939 }d&-@?ﬁ h%tl%/l(mcyEIopentane
$ 25 btazxél-prm%@@ nonet-RibIpté- Pemy b beszanei dluct eyl ) -
adkamant Hriodd dichulof3.2.2.2(3.7) }decyl) -4, 5-dimethyl
phospbhaenet hyl ) - 2- (di =tidat ghiplees pht nowephydl), =, 4, 5-
blt@t(cattm:tﬁbmdfm getp)pbénzdge; 1- (Pl P adamantyl, t-
pxatricyclo{:-l 3.1.1[3, 7]}dec:y1) 5-mathyl cyclopentane

30 h"d§ hi %Teﬁetc}mtybets(l@?m%pleaewﬁwéé LebREATsy| ) - 4cis-

thil) 1 t ; i 2-
(gg@; E Rl feyk Akt
é!%ﬁ Eﬂge ]t’ll, %5(%( etram a 10- (:aio .

2 -1k h?is
35 blit){ )94163 ¢ ;LBJQE?E %&(ﬁ DSF‘1 ]g: .
p;hlzngf@ ZJ]- h’m ’n m t yq 5. '9)&%-
a dansnt-¥hdmant: ljcy(éi'ob{\t phOSphI no”@:t:r_gyi ) ﬁl@hﬁnyl

bapzefitylgho &rﬁ&mmwmbhgﬂané 3, 5, 7<het1 amet fydi-
6aaaﬂ£myntme@hadamwj Jyclogentapdi -t 4@isz-1,2-bis(di-
40 butiyhaphrgipinapatedinthy ) Srelbbstahe ; cis-1- (F.P-
t efaearitylsi | yl ) benzene; t-Mstyl-phosphinomethyl)-2- (di-t-
( 2uphiebpbpiriceae tijyl) ty@l dheRanet r arethy| (6, B;at@mentydxa-
t-butyl-phosphinomethyl) -2-{di-t-
butylphosphinomethyl ! cyclopentane; cis-1- (P, P-adamantyl,
45 t—bﬁtyl-phcsphincmethyl) -2-(di-t-
butylphosphinomethyl) cyclobutane; ' cis-1- (2-
phosphinamathyl-1,3,5, ?-tetramethyl-&,9, 10-cricxa-
adamantyl) - 2 - (di-t-butylphosphinomethyl) cyclohexane;
cis-1- (2~-phosphinomethyl-1,3,5,7-tetramethyl-&,9,10-
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adamantyl) - 2 - (di-t-butyl phosphi nonethyl) -4- |

(trimethylsilyl) benzene; i

1- (2- phosphi nonet hyl -1, 3,5, 7- :
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(or 1'")phenyl ferrocene; 1-(2-phosphinonethyl-1, 3, 5-
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tetranethyl 6,9;10-trioxa-adanantyl)-Z
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1ﬂet]fi’ei(trl femmceie net hyl )2-@h8sinomathyl-1,3, 5- -trimethyl-
tri@dfatPriesickef8ic¥clod{Bi7) }dacyl )aetylprz-1') (2' -
phefiiegruptyirhegphi apmedehb: 4, 5 2dbitsbutyl)  ferrocene;
2 %ﬂﬂ?s hﬁqﬂyﬁﬁg hyl-1,3,5- trlmethyl €,9,10-

% 3‘:%"573%’@’(%’ 3fP'u’crrloﬁ"|°n@c ylh,29, 10-

?'F@Fé’ J-IIDT‘?‘@Y }4déE"§/I L7} Esbytl- t Eemapene 35
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tetj(g 1¢xatrﬁTgF Rﬂ? s¥#]decyl)wﬁ} . di- ?;-
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4- GnenbioLhat ha; ANPuRLo ecomol SXing. e (iic,&é she
I eqtbbHLABNEE S 1] §, 5, Cakstdakesl 1@, P QN

excessxfriayclagass. Jl(i@(mowe}r—de&f]ﬁ -ampund; - eegmyrlged for:

t h€estaianhi OnetT.i2ebt £aetrif Dibrod 3-hosPhHAGCRSLAS 3, 5, 7-
25| ieReaiethy by 5010 of Ciomst ricfobs{38 3. 1 vier. @] idche) -4-
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10:L A priok e ‘F'-Sllf]t‘ﬁé‘""-‘cla? Ayt @t &0 of et hyl enical ly
50 ﬁ tai“a!fcel& dohpo &riasﬂ GRPYIIsine dedat iohgnybipnbp-
cogQ éﬁceﬂﬁ'th %{tﬁﬁﬂ néﬁ@ﬂ”ﬁ%h’l"’r?mtah‘é rleée?vc?e
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1p o -
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ferrocene.

40 8. A process as claimed in any of claims 4-6, wherein the
amount of complexing compound in the reaction mixture is
caleulated to provide a molar excess of at least 10% over
the amount required for the stoichiometric reacrion.

45 9. A process as claimed in any of claims 4-6 or g,
wherein the reaction is carried out in the presence of a
solvent.

10. A process for the carbonylation of ethylenically
50 unsaturated compounds comprising reacting said compound
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with carbon monoxide in the presence of a source of
nydroxyl groups and of a catalyst system, the catalyst
system comprising a metal complex according to any of
claima 1-2 or 5-7.



