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1 A process for the carbonyl ation of an ethylenically
unsat urated conpound and a catal yst system
WIRPI0MRT8Mt | onr el at est ot hecar bonyl ati onof 5  PCT/GB2608/050550
et hyl eni cal |y unsaturated conpounds. Specifically, the
invention relates to the carbonyl ation of
et hyl eni cal | y unsaturated cénpounds in the presence of
an enhancer conpound. 10 The carbonyl ati on of
A etpndeasalfior unse urcamsbrgdisgoionds eli ran castioyilenically
monoxi de in the presence of an alcohol or water and a
oG e A ot iy ot o or 10
netal, for exanple, palladium and a phosphine |igand,
for exanpl e an al kyl phosphi ne, cycl oal kyl phosphi ne,
TrerSyl  HEBVSHUSSHT ne, rpyatialy| phospHilife orcdildentlteion  of
i ne,;.ha scribed in numeraus. Euro n
© pg en s&a}'nldhpgirgs%%d%p e|C{:atclchnﬁgso,uq‘écj)sr' e%r?pﬁlg{lgaeﬁy’ the
irERrA-GOE58#bat ER- A-dD44804 7T riEir A-L063787 ethylenically
EP- A- 0235864, EP- A-0274795, EP-A-0499329, EP- A0386833,
WIS ALY AT 4 7 OB RY5489 472 L REP- RE ©28243 2, OEP-0  Zpphancer
CCQ%% ), EP-A-0495547 and EP- A-0495548. In particul ar,
EP- A- 0227160, EP- A- 0495547 and EP- A- 0495548 di scl ose
t hat bi dentate phosphine |igands provi de catal yst

S | ch, enable hi.gh reactjon rates to b
T B PR b TG B eh PRESHb8pRGr frompounds
usatrerscarBoeXaeimploxfiiced im 25h<ERUAINDAS: t ggethrer awkbRol or

tertiary butyl substituents on the phosphorus.
Wa\ﬁﬁ—’g%/%ﬁﬁ SUsEGUent Y LT scPBReds t hait 2a9parei 6ul & 9 or

100rQuk 0f Aident ahe: phosphi Bg; cAMPHAM 09 130 af Y,
bri dge 30 could p§ow dé re%g%%gbl gHgt %b:g)gl\ggg)t%é]%%s?isléand’
fashiestamedcuiare dlikivtll eoharspia nree plaami lstuiengt]; drhatphuse: ofaryl
such .bidentate,catalysts.l eads to. reaction rates . which
o B D B YR P BhBE” Biran 1 HOLE b coPGaBny b * has
bedirschosediband trhahuhktblie OfuR@odPULIALIERS sal 8nd  patent
produced at hi gh conversi ons. WD 01/ 68583 di scl oses
ARPAES MO St hd Oda e aRd e 43 ~ds OWO 5B 96/ Fo434 Ofci? 4ided EP-
Joarp dhi-gherzalk nd when resence, of Al
Hexternall yE aé\ldgg%‘}g%ot'i C SO &gr#.h]% 3\3’?2‘23@9%' Eb-a
03dioSclosesPrarnddld f 4 €3t | @P-tho IS Wizdentat - phosphi neEr-a-

in 9554 erein e o h_ 10 phosphorus
Oz%tslg O’ar]gg%f:@?%%%?e&rﬁdnt]ggé%_@%)??%%%l |y stbdtatutddar:
EF22phosphaot riceyral al @53 4 1% 71 dRCY Lo 95 08P 19K A ose that
deri vative thereof in which one or nore of the carbon

bigegivs Lar @hrsphaced 1y aneite PEAVSRE( 'C2LRAY sgr sys)-erFhernich
exanpl gs.i ncligde. a nu r..of _al ycarhaonyl atio of

en15 et hen%, propenle an gbar?e E?gﬁ% t%%rhr%%r‘f)aéId‘andncc‘3 arkyl

briigigesnabetobetn nshe phosphorus atoms are exemplified in

EP0495548 together with tertiary butyl substituents on the

phoesphorus.

W096/19434 subsequently disclosed that a particular group
of bidentate phosphine compounds having an aryl bridge
could provide remarkably stable catalysts which require
little or no replenishment; that use of such bidentate

catalysts leads Lo reaction rates which are significantly
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WD 03/ 070370 extends the teaching of WD 98/42717 to
bi dent at e phosphi nes having 1, 2 substituted aryl
woRo0Hger220 of the type disclosed i n W96/ 194 3T/GBan08/050550
suitabl e ol efin substrates disclosed include severa
types having various substituents. WO 04/103948
descri bes both the above tydbes of ligand 25 bridges as
useful for 1, 3-butadi ene carbonylation and WO
hiOh&O82830 daseki besvaoselgctiienlokeWp Q44103948 1whene or
the tertiary carbon substituents are different from
no e hBRUBL hef S oATEhBL PERPREL PU el pABSPABFEESaPBAB. 30 WO
00/ 56695 rel ates to the use of phobane |igands for
di ene al koxycar bonyl ation, optionally in the presence
WOof0 WerBsdic dcpdsoagsa eamcefof diiconsame process as WO

roxycar bonyl at.ion is.mentioned as a furthe
06 LAY TS b i et * T Beampr kegad [0 DRbeR ot o
erbtbbBcease hhakxtbhahalhe garbanypabten phodugt . is used
as the source of anions. WO 97/ 38964 di scl oses the use

of halide rate pronoters for the carbonyl ati on of

et peal |y at.ed - in 0

O o P o oS TP A T o8 T N o nhace

rhphpbanes| | gesedl caibonyHPA4 %G 4%eacthensin Surpr siogl y both
[ s now been di scovered that remarkably enhanced

It a
OnGPRBET Ty TR @ of FORECRaNeFat S ban bET0 Pt onally

suB§hievedai n-ganbeAxl-atiepcneast Rons 1y, 4shAE-31SPeCLR or
group of phenolic enhancer conpounds. According to a
a flepstvagdpecttioiradie pRres@dch Mt Pon Moler 0§ sthe carbon

at8§ vided aFE P5E87 f%g t he car.oonyl.at,on ,of ng%§>. The
et hyl énica unsat urat ed conmpound conpri sing the step
exafpleactimg s dacanpaund witt ha Tassbpia rnoxi deléms t he of
gresence of a co-reactant having a nobjl e hydrogen
SLREBRT and PR alY&t  SY&€ent *PREE catafsta sy gy internal
o18btaknabl e by conmbining: 20 (a) a netal of Goup 8, 9
or 10 or a compound thereof; (b) a ligand of genera
formula (I)

WO 03/070370 extends the teaching of WO 98/42717 to
bidentate phosphines having 1, 2 substituted aryl bridges
of the type disclosed in W0%6/1%424. The suitakle clefin
substrates disclosed include several types having wvarious

substituents.

WO 04/103948 describes both the above types of ligand
bridges as useful for 1,3-butadiene carbonvlation and WO
05/082830 describes a selectilon of WO 04/103948 where the
tertiary carbon substituents are different from each other

on the respective phosphorus atoms.

WO 00/56695 relates to the use of phobane ligands for
diene alkoxycarbonylation, optionally in the presence of
benzoic acids as a source of anions. Hydroxycarbonylation

is menticoned as a further possibility but 1s not

T
i
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25(1) wherein 4 bivalent radical of up to 40 atons

and X5 has up to 400 atons; Q represents phosphorus,
WaReEMILE8dr antinony; and 5 optionally, a sourP€I/GB2008/050550

ani ons. characterised in that the catal yst system

i ncl udes an enhancer conpound conprising an aromatic

ring or ring 10 system subsfituted by at |east one

hydr oxyl group wherein the hydroxyl group pKa at 25C
exegnpgrigatest; t han 8s0 srukbddesdnt hani8. lgaddetsaictd that the

enhancer., conpound excl udi ng. 3- quinolinol. 15
CHRBiAS T BT Clitnd aeifett 0t Mo SRESEOT Mo

wd Ner & d o Prond dedk s catalyst systemdor:car honyhatdan sor
of an ethylenically unsaturated conpound, the catalyst

Lisy seenboby dithabhe By eombl e heal DO( apsatmerskdofc@pupds
u S§.’el’1 r%g rpg{o q?aQw % rJ] i% a?riocggo Liﬂ)de ntorle rperoof H;lO t(ebr) s aarl el gaalnsdo orrfme ntioned

ormu
for such phobane ligand carbonylation reactions.

Surprisingly, 1t has now been discovered that remarkably
enhanced stability (TON) and/or reaction rate can be
achieved in carbonylation reactions by using a special

group of phenclic enhancer compounds.

According to a first aspect of the present invention there
is provided a process for the carbonylation of an
ethylenically unsaturated compound comprising the step of
reacting said compound with <c¢arbon monoxide in the
presence cof a co-reactant having a mobile hydrogen atom
and a catalyst system, the catalyst system obtainable by

combining:

(a) a metal of Group 8, 9 or 10 or a compound thereof;

(bY a Iigand of general formula (I)

wherein

the groups X° and Xx° independently represent univalent

radicals of up to 30 atoms or X° and X' together form a
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25 wherein the groups X3 and X4 independently

represent univalent radicals of up to 30 atons or X3
wOoaek/Md7820get her form a bival ent radi cal of upCreGBM008/050556

atons and X5 has up to 400 30 atonms; 5 @ represents

phosphorus, arsenic or antinony; and optionally, a

source of anions; 5 characté®rised in that the catal yst

system i ncl udes an enhancer conpound conpri sing an
biasoanti eardiaglorof img SysStsem stidisd | hntied byaat deass 400

one hydroxyl group wherein the hydroxyl group pKa at
aloBgijs greater than 3.0 and 10 less than 9.1, the said

enhancer conpound excl uding 3- quinolinol. Preferably

t he enhancer conpound al so excl udes conpounds having a
Q' nieprozem o mted sp iy U N roreri nep s yestteimontys  Agebr di ng

to a third aspect of the present invention there is

provi ded a nethod of increasing the efficacy of a

optabahysy, systemrorot hgncanbonyl ati on of ethylenically
unsat ur at ed conpounds using carbon nonoxide in the 20
presence of a co-reactant, the catal yst system

ché’géét@?%@d by; 0l ”QPéa)% 5'?19@& 9 dyé?’;é?ﬁlp i%’cJ]%d%rs an
10 or a conpound thereof; ( a Trgand of genera

enfhanoet a {dp@Hd comprising an aromatic ring or ring
system substituted by at least one hydroxyl group wherein
the hydroxyl group pKa at 25°C is greater than 3.0 and
less than 9.1, the said enhancer compound excluding 3-

guinolinol.

According to a second aspect of the present invention
there 1is provided a catalyst system for carbonylation of
an ethylenically unsaturated compound, the catalyst system

obtainable by combining:

(a) a metal of Group &, ¢ or 10 or a compound thereof;

(by a ligand of general formula (I)

(1)

wherein

the groups X’ and x° independently represent univalent
radicals of up to 30 atoms or X° and X' together form a
bivalent radical of up to 40 atoms and X° has up to 400

atoms;

S
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wherein 6 the groups X3 and X4 independently
represent univalent radicals of up to 30 atonms or X5
WaaIRA0Byget her form a bival ent radi cal of upPE€HGBR008/H50550
atons and X5 has up to 400 atons; 5 QQ represents
phosphorus, arsenic or antinony; and optionally, a
source of anions; 10 characferised in that the method
i ncl udes the step of adding an enhancer conpound
conprising an aromatic ring or ring system substituted
b |.east, one _hydroxyl _group wherein.the hydraxyl
Qg%gﬁpeggg%gtpggép%grﬁféaﬁgﬁepﬁgnoﬁ.6n5ﬁﬁop¥ésapﬁan
9.1. 15 By efficacy is neant a nmeasurable increase in
turnover nunber for the catal yst system According to
ORf BN rashSERUTEE tHe Pri€sEnt i nvention 20 there is
provi ded a net hod of increasing the rate of
carbonyl ati on of an ethyl enically unsaturated conmpound
char aa tregdictdicdon iwi t hhetar bame maroxildest nsybecepr eseatedof an
co-react ant u%inﬁ%a cataléft syst em obt ai nabl e by
SIS nGO2BPE Ya RTRI 1ot e P §rFALC10TdPTa OF ring
syermouithdheneadd KP)aa hLkgandok o d%yﬂ‘ﬂﬂgﬂ dldrein
XS \\\ x4 (T) 7 the groups X3 and X4 independently
Eieephedenty bnir@lvént PFadiadal $5°6F Lp toesbeat onsaor 3X§ and
ogetiher r . pi adi cal of.up._t 0
le}{%gréﬁ%%dg); ,hagﬁ&gp'%agcgoéﬁhgﬂgeg déo“}n%ound gxc?uélng 3-
gquinolinecl.

Preferably the enhancer compound also excludes compounds

having a nitrogen containing ring or ring systen.

According to a third aspect of the present invention there
is provided a method of increasing the efficacy of a
catalyst system for the carbonylaticn of ethylenically
unsaturated compounds using carbon monoxide in  the
presence of a co-reactant, the catalyst system obtainable

by combining

(a) a metal of Group 8, 9 or 10 or a compound thereof;

(b} & ligand of general formula (I)
XS Q]

wherein
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5 atons; Q represents phosphorus, arsenic or
anti nony; and optionally, a source of anions; the said
WOrdBeMaa’32onpri sing 10 the step of addi ng a raf€T/GB2008/05055¢
enhancer conpound conprising an aromatic ring or ring
system substituted by at | east one hydroxyl group
wherei n t he hydroxyl groupfbKa at 25C is greater than
3.0 and less than 9.1. 15 In further aspects, the
thénwention &kt emds 0 thelaseddnthe emparcentconpoundent
f the third or furth aspects_as a fficacy . or rate
ra@hﬁ%ﬂ%e?? ¢H%f%?agﬁyFtﬁﬂgpéﬁﬁaﬁceﬁngoﬁbodﬁﬁg5%“?he orm a
bitvhi &t apdhAeEa20 Joukd ht aspectataxed udes I°quiBolidiots 400
nore preferably, the enhancer conpound of the third or
atem@it h aspect excludes conpounds having a nitrogen
containing ring or ring system 25 Advantageously, the
enhancer conpound of the present invention
Q' strgurd ssimgl prerhaneess I atresefrare tdhe agarivemy ;ataren
reacti on and/ or the turnover nunber for the catalytic
nmetal. 30 The catal yst system nay incorporate one or
opPPERa SO Vet So@sci bt Deigescribed hereinafter. The
enhancer conpound may, in such cases, be added to the
solvent(s) and this nmay be before or after addition of
or tal_ c un 8 or .ligand.  Prefer Y,
Ch%%%é%%Ffs e‘ﬁ%tgﬂggetg?ecgﬁ%gﬁﬁg éﬁanggﬁndggéesgﬁﬁédOf
ad@ Onghen sehnentés) candopnef ecaptysidgsanl yedmbbeeering or
_before addition of the enhancer. conpound. 5
TP ofSSTY , SERET ERERPY st YsyaF enh St heNBr d5iicxyl group
whbPYERtERD hpeludes 8.-sQur R-0hanisans; preferablynan 3.0
derived fromone or "'nore acids having a pKa I n aqueous
angolessophanr 25C. of | ess than 6, nore preferably, |ess
than 3, nost 10 preferably, less than 2. Addition of
such acids to the catal yst systemis preferred and
By Precptiides:yaci di tg=2act homecongdidiiensindbedbe enhascehover
conmpound pKa is preferably greater than 4.0, nore
nupbef of @bl ?eg?%%?éY5¥h%hs%?mnnst preferably, greater
than 6, especially greater than 7 and less than 9.1 so
that the effect of the mldly acidic hydroxyl group
Acpootiongi SSnot ekpectied dspdrayeodnyticat anedamtef fisgencnon
the 20 presence of stro ci such as.thos
thiPE o hGTENE Etur Be T ofe. LPALCRRUNRIYIS L TS of
cafBbal Yit CognBancementh i dite: Presence: of a sdd 08gmasuls in
having a pKa of less than 4 is particularly 25
a FERFEILSPNG.L UPr efasridld] yRoR trel Grrolint LOR @IeEfEere i ¢l t Aeco-

re%&@%’ﬁ@v’sfﬁgggsé&gfyé? O, dedr% M i n BRI E BY L &RAP) Yng

{(z) a metal of Group &, 9 cor 10 or a compound thereof;

(b)) a ligand of general formula (1)

wherein
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preferably 2-8% w w. By reaction conposition is meant
the 30 catal yst conposition including any sol vents or
WOLMHE18Hi ti ves and al | reactants. The rel at i REET/GBRE/030550
| evel of enhancer conpound reduces the overall cost of
the process 9 by reducing both cost of enhancer and
cost of purification thereafter. For the purposes of
the invention herein, the pKa nay be 5 determ ned by
suitabl e techni ques known to those skilled in the art.
eferahly,,th learati.o of ligand to group 8, 9 or
t f% ﬁngPSfo¥ anggeﬁtaESGEPSS gnggybefﬁggﬁsigﬁ aHytvalent
rald@alls 10f nope tor ef®r abbys 2rl st'o &1 1x* MSfether form a
preferably, 2:1 to 20:1. For a nonodentat.e,
DI Garit a]f%d,l(’e%lc Pf gaRd thelforEORst iagd sXvdraedup to 400
atdfgordingly. Preferably, the nole ratio of ligand to
acid for a 15 bidentate |igand and a nonoprotic acid
is between 1:1 and 1: 1000, nore preferably 1:2 to
011299 noft B%efeéabl¥, 1:3 to 1;100. For a.
nbnoAeRT At &, PEPPHBRE AF e, TEEE N F gBhd AhHPORY i ROt c,
or triprotic etc acid, the nole ratio is varied
accordingly. 20 Preferably, the nole ratio of group 8,
Org- 18213 Yrefals o Cacicd B8yl Ca SipAdsy Gt id ardtdidcs daramising
N A0 r e : 1: : t
o Pabty, 1 B To 170000 Boreh arBrRe Pig sty a0
argtretaci d;incheonokengs syattieo isibearited eat coy dengllyaskorone
h thXa%oidance f doubt hth%g bove ratio conditions . .
YEBERY TatI T HE staftc bt hPBatfehoredct igP W BlRi g £5°C is
gre@irnyous reactinenied@ than Breferably, therefore,
t he bi dentate phosphine, arsine or 5 stibine |ligand

has a fornula 11 _\02-f+(3/ x3 111 X2 wherein H
1rf St AL 8B 0L GANIEDTS ALNG: S OLR AR 1 H0: LR o
in the bridge;

the enhancer compound of the third or fourth aspects as an

efficacy or rate enhancer,

Preferably, the enhancer compcund of the third and/or
fourth aspect excludes 3-quinolinol, more preferably, the
enhancer compound of the third or fourth aspect excludes
compounds having & nitrogen containing ring or ring

system.

Advantageously, the enhancer compound of the present
invention surprisingly enhances rate for the carbonylation
reaction and/or the turnover number for the catalytic

metal.

The catalyst system may incorporate one cr more solvents
as will be described hereinafter. The enhancer compound
may, in such cases, be added to the solvent(s) and this

may be before or after addition of metal or metal compound
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the groups XI, X2, X3 and X4 independently represent

uni val ent radicals of up to 30 atons, optionally
WORAW/HA733t | east one tertiary carbon at om vi a PAATEBR008450550

group is 15 joined to the Q@ or 2 atom or Xl and X2

and/or X3 and X4 together forma bival ent radical of

up to 40 atons, optionally %aving at least two

tertiary carbon atons via which the radical is joined
ortdigmadQJEmﬁﬂemamlyatbnweaad 2016 mwwazpmea@h compound

anGnd Ry BFB G CPhe I o FERAL 3. S oRE S R=PRLY

dibsbdged Z&He&ea_riy caseorthe iyal @i obganiedri dghldcer
group may be an unsubstituted or substituted, branched

COpPORi@ear, cyclic, acyclic or part cyclic allphatlc
aromatic or araliphatic bivalent group having 1-50
atons in the bridging group and 11 1-6, nore
pPrpfefebap) y th2- Satrmiststpr ef etabl p£3 Wre 4JpatoaBti dAntvbation

The bi val ent organi c bridgi ng roup may be
i ChBEPFt 8t BRUBFSLOnERIP ﬁt8666§réﬁéyo f8rived from one or

moPEt &I Qat0MBaSHeH @s ans,aﬁh@5u§|so@%%ﬁo%ﬁt§E0@%Qﬂsof
may be found in the rldge but is preferred that
leshe Bihicdge @onshstrs oﬁmﬁﬁﬂﬁﬁbkﬁonslesaltéMay 3, most
c g groups include al kyl ene groups 10
prgké 85& gég? tﬁg%eﬁ 1-3 propyl ene, 1, 2-propyl ene,
1 4- butylene 2 2- dinethyl 1, 3- propyl ene,

1 3propy|ene ent | ene, -0-CH2CH2-0- and
M%ﬁ%ﬂﬁ@@6@%&%@&@@W%ﬁﬁ%ﬂﬁ@mﬁmw
anangkygiags Ly aeb byl ppgeycbehesadiyhons,

1, 2- di net hyl ene-cycl ohexane and 1,2- 15
di met hyl ene- cyclopentane SU|tabIe aromatic O

aral hatic brid i_ncl ude 1 2 hylene enz
Thi 50 hg Fhfpgﬁe e%r céne,® & {% i ﬁ%% %r Eﬂah 4.0,
moﬂenﬁthﬁb@@ﬁmgphﬁhe&tﬁk,tlﬁﬂﬁt$y|ﬁ@§tbppbeérgbiyl andater
2- et hyl enebi napht h-2' -yl . entate(ghos phi ne
thar ofat | ESBFF 29rﬁ§&ﬁéar%h%ﬁ theéNcat +8FSt hbé@ afel o
thhi!| pstrakedcpelewene n214%y Qbaaﬁkhxbd§5&y@b5§oup proton
enhancer conpounds for use"wth the present

is not expected to have any catalytic effect in the
presence of strong acids such as those providing the

source of anions.

Accordingly, the catalytic enhancement in the presence of
strong acids having a pKa of less than 4 is particularly

surprising.

Preferably, the amount of enhancer 1in the reaction
composition is 0.1-15% w/w, more preferably 1-9% w/w, most
preferably 2-8% w/w. By reaction composition is meant the
catalyst composition including any solvents or other
additives and all reactants. The relatively low level of

enhancer compound reduces the overall cost of the process
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25 invention are conmpounds having an aromatic ring or

ring systemwhich is further substituted with, in
WaaMileig2t o t he hydroxyl group, an el ectron PCT/GB2008/050550

wi t hdrawi ng group. Suitable electron wthdraw ng

groups include cyano, 12 halide, nitrile, nitro,

carbonyl, -COOH, -C(O)H , -@(O) R, -COOR, -C(0)C1,

-CF,, -SO3H, -NH+3, -NR+3. Preferably, substitutionis
byworrehe isangatimgeest tdfatetimetcanhi bl tdesatof gast i bneation
tﬁé%éégé%ﬂ? is attached, preferably, at the ortho or

para positions of the ring wwth respect to at | east

one -OH group. Accordingly, suitable enhancer

conpounds may be selected 10 from p-cyano- phenol ,

FoF cyamoPpRenadrs pinitheo- PHeadl ioronieFolphepbe, pPKa may be
It 0s nol.,.: p= or.Q-, - -chl or ophenaol ,
diﬁ F%ﬂ%*gEg%ok?lgag?%négﬁﬁgﬁo,eﬁ;%§§ﬁ§x§8b§#£ﬁ%<Fkllled
iradilgy agrthydr oxy- benzylic acid, o-hydroxy-benzal dehyde,
phydr oxy- benzal dehyde, p-hydroxy-benzenesul phonic acid

, 15 and N-phenol quarternary amoni um derivati ves.
prEffefa wf dhe eahanget i goppound s dej egmnedsing o 1g

di | ute aqueous solution at 25C unl ess i ndi cat ed
MSGttHer Wse 2 2Didhet etk i diowivl) b3 behykeni cail yand 100:1,

a np d -reac t in _the actign
e b aPaden e T 05 and oLl ¢ S5FY T e n Thb 0
20r:dnge ofr 19: dohoddnbbe, Theidentreact ant ofighhe the mole

resent invention.may be any 25 conpound having a
* '€ Nydrégerd CAC8MI"ad -capabl e of reacting as a

nucl eophile with the ethyl enically unsaturated

conmpound under catal ytic conditions. The chem ca
Prigdaged 1o, t Beecompeéact antidet ef mi hegandle typeofd for a

: f.or oss] bl e co-reactant .is ter s
bﬁégﬁgg% H?éggg%éﬁﬁgﬁ§|%&?%%r?%k%saﬁﬁ ce’ Eﬁ%gFen 1:1 ana
1:dd-00eactcant praferaldy passitll e :swoh asa GardFeddis, 1:3

acid, alcohol, amonia or an amne, a thiol, or a _
tcboﬁb?ﬂﬁtion]?ﬁérébfmon9§ePFaFﬁe cbrt@aktahnt i it drigand
arddy® rPIaduct: 1Qbt ai.ned- Wil d: ie & cag poxy! hﬁea%ge LR tRe ;o

case of carboxylic acids the product Is an an ydrlge.
vaggedagcalccoholylee reactant, the product of the

carbonylation is an ester. Simlarly, the 5 use of

ammonia (NH3) or a primary or secondary am ne R82NH2
Preff eRG2RGINH hi | tho P& odegcar ramteup and bhe,usey ofiedal to

thiol RSH will produce a thioester.
acid for a monoprotic acid is from 1:2 to 1:10,000, more

preferably, 1:10 te¢ 1:5000, most preferably, 1:50 to
1:1000. For a diprotic, triprotic, etc acid, the mole

ratio 1s varied accordingly.

For the avoidance of doubt, the above ratio conditions
apply at the start of a Dbatch reaction or during a

continuous reaction.

Preferably, the phosphine, arsine or stibine ligand is a

bidentate ligand. In such ligands, x° may represent
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In the above-defined coreactants, R81 R82 and/or R83

10 represent al kyl, al kenyl or aryl groups which may
WO@0UNETM3st i t ut ed or may be substituted by on@CIIGBAYHEHS0550

substituents selected from hal o, cyano, nitro, OR

OC(0) R20, C(0) Fel, C(0) OR22, NR23R24, C( 0) NR25R26, 5R29,

C(0) SR-3, C(S)NR27R28, aryﬂoor Het, wherein R' to re

are 15 defined herein, and/or be interrupted by one or

nore oxygen or sul phur atons, or by silano or

AT

;dial kyl silcon groups. I f ammonia or am nes are
npl oyed, a small portion of co-20 reactants wl |
r with acid prgsent in the reaction to forman

a1 de and water. Therefore, in the case of anmoni a or
Xan ne-co-reactants, water is present. Preferred am ne
co-reactants have from1l1l to 22, nore 25 preferably, 1
to 8 carbon atons per nol ecul e, and di am ne
Préfef8BLy aNtscpeeberablihdhaveichit o 22pnhoopeins ef erabhy¥ or
2 to 10 carbon atons per nol ecule. The am nes can be
stéhenfclipare- Bgel AcioaByeri éllsaturated or
unsat urat ed(i ncludi ng aromatic), unsubstituted or
substituted by one or nore 30 substituents sel ected
xfromhal o, cyaho, nitro, OR', OC (0)R2, C(0)R21
}X ) OR22, NP23a24, ﬁ(O)NR25R26, 5R29, C(0) SR3G
gﬁ%TNRET_RQ , aryI} al kyl, Het, wherein R* to R 3 are §
wAas defined herein and/or be interrupted by one or nore Lo
V4) 2009/ 010782PCTI GB2008/ 050550 14 (preferably |less
than a total of 4) oxygen, nitrogen, sul phur, silicon
at ons by silano .or dialkyl.silican,groups or
BTN 66 Thededt s et frotn 5. Peageate Banthevtth 1-6
at6Mel L6, cparbreygeic, acylic, saturated or
unsat urated(i ncluding aromatic), unsubstituted or
substituted by one or nore substituents selected from

al NOs,1 Ni t420, 9 ) 1 1 C(
th%RR‘?r%'g%?NRﬁ’ SF%r ’qog?éﬁ%?éjg(()g) N%g‘%%%%{al yl ,%%esent
unabkyent Hetdivhésech RRO9tbo3R3aapeasasoegeficnedlhehering at

and/or be_interrupted by one or nore (preferably |ess .
e Rin G5 o BT SOPe ) CASGN. STt ogeh. Shi Gt Cos Fi e Lo
jodheaster thy si'l ano Br adical K¥r stll i6eN ffr QURY B x° and x!

m xtures thereof. Preferred thiol co-reactants are
togripaat i ECYRI 0 s BiivteH entisredigal nbfe PP efler afily wteRs,

. a t ul e, i [ C :
B R e e |
whatbnshperatvtetule. sbinadcosr eaet ahtarshont % eacin; Wathk S

the acid serving as a 20 source of anions, then the

amount of the acid to co-reactant should be chosen
ol steh dhata@n Syh&@@éﬁd@xﬁ‘@%x@ﬁréégﬁtth@sbﬁo§h‘s|,| arsenic
present in the reaction. nerally, a large surplus of
oragndivoey-the co-reactant is preferred due to the
enhanced reaction rates facilitated by the 25 excess
acid. As nentioned above, the present invention
PrprOvaBe$, athe group H has 3-5 atoms in the bridge.

In any case, the bivalent organic bridging group may be an
unsubstituted or substituted, branched or linear, cyclic,
acyclic or part cyclic aliphatic, aromatic or araliphatic

bivalent group having 1-50 atoms in the bridging group and



10

15

20

25

process for the carbonyl ation of ethylenically
unsat ur at ed
WeaKAIWS conpri si ngcont act i nganet hyl eni cal | y BOT/GB2008/050550
unsat urat ed conpound wi th carbon nonoxi de and a
co-reactant. The co-reactant is nore preferably either
a source of hydroxyl groupsisuch as water, as
nmenti oned 15 above, or an organic nol ecul e having an
Ihydroxay st iongy, gi-oup such @sedratkamlor 4 atoms in
tSurtakgill as nmentioned above, the co-reactant includes
]5 B %%ﬂnc nmol ecul e havi ng an hydroxyl functiona
group. Preferably, the organic nol ecul e having a
hydroxyl functional group may be branched or I|inear,
Ty chieslamlycPreanpar bregelne oroabi phat ks anbstituted or

n t larly a Cl1-030 al kanaq],
aﬂlchj g£y1%§@ %oﬂg yh§ﬁ859|¥upe S a&n@’o%’ S
oMot . suhscm tl’t@IElSoatecbmtrﬁﬁ] fwonf @byl in atrryé ,brHeige but it

halo cyano, nitrq, OR19, OC(0) e, C(0)R21 , C(O)OR
ﬁiﬁty 0y N 56 PTOESIeR SP7REES T S5 T e asmyiseé): as
deflned hereln Hi ghly preferred al kanols are Ca-Cs
al kanol s such as net hanol, ethanol, 15 propano
S\ igalpropanighatiigp- kmptdmarq qublHEyllfaithiﬂ)la,lkylene groups
t apnol,andehl or, pr cohol t hou
mﬁ%ﬁo%?kaﬁ%l%&?&%%@%pre err%ﬁoﬁgﬁlnglkgngrngpylene' 1, 4-
ouypnefearsgbl y, sebeetiedthyom di-petpyoksesuch as mgialis,-1
trials, tetra-ols and sugars nmay al so be utilised. 20

PERAS 19y, L stichepbY yarkanols CArell s61 ect e f?é‘ml‘iR G~ or

p&tthianedi B ed ycer.ol -
butanetr(lg%(l:léral lﬁ@dr%?yn%?%399g1 %“%38€§€ d|&IHEt§¥%?ne

CﬁQMdﬂﬁﬁT&ym%xanel pedimerlyy hen¢otyclotedane and 1,2-

roxynet)| t hane, nanno sorbase, gal act ose
&' %er sGbaf%x) Féfer r ed sugngtﬁgi?ncl emat e or

axwerpoﬁe,jfcr ubtedgeand rgdugrsel Fspacinathy prebenreds, 1,2
al kanol s are net hanol and ethanol. The nost preferred
HakAdIe e SRRERG:.  ThBCEBY } 8RBT AREN pf ef er abl-yraddes ene-

dPHtHJyﬂ Mde ap_gohancer. coppound, as, def ipngd her B
anount” of aIcohoI@§% %ot %?i%id%f. égﬁergfﬁ%e%yfg%e
b%ﬂﬁﬂhﬂh;Zdﬁ@lusedBL@eekeESs gfhddyen iarpunbar ofiasbbst ratielged

FBORL T AT AR B Cal CRGGET AP BESPPed,

separate solvents may also be used. It will be
appreci ated that the end product of the

QO P

1, 8, Napthyl 2, 2', Biphenyl
2, 2' Binapthyl

Suitable enhancer compounds for use with the present
invention are compounds having an aromatic ring or ring
system which is further substituted with, in addition to
the hydroxyl group, an electron withdrawing group.

Suitable electron withdrawing groups include cyano,

B e B R oy Y OO S

Chcrb sl 8 ke 5 A o e w1 8 o i
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5 reaction is determned at least in part by the
source of al kanol used. For instance, use of nethano
WHHeHtiloeRr t he correspondi ng net hyl ester. Convd@CIéabR2008/050550
use of water produces the correspondi ng aci ds.
Accordingly, the I nvention provides a conveni ent way
of adding the group - 10 C£8)0 C1-C30 al kyl or aryl or
-C(0)OH across the ethylenically unsaturated bond.
haPr éker ablty i lehe mrigact,i ararddortyhe pr@s@nt +@yensi on -CY0O) R,

car i ut iL.n the presence of a.suitable solvent.

_Cégﬁta5¢é828$Veﬁ§gwmff¥gﬁe d8scii bél hereafter. In

one set of enmbodinments, Hin fornula Il or Ill is the

group -A--R-B- so that formula | is a bidentate |igand
Prgfepabdinecalbfigrimiiaon( 1V Xu(X2e gPme AingRaspy thgk to

- X3 ) (LV) el 2 or _B i.ndepe nt
Wh%ggrégén%klgﬁ%r%gf?%ieﬁgif?%ﬁgégﬁar8§g§?hﬁafegfgg§ﬁ g
atatby okkhohydr peanbpbsitivatupe thewnich @lth3@eapdclto

are linked, via the said |inking group, on 17 QL and
at PeeEEN I RidepeEndERYPY represent phosphorus, arsenic or

antimony. Preferably, the groups Xl, X2, X3 and X4

i ndependently 5 represent univalent radicals of up to
Acgordiombyhawng adtl d easitanter t epnbanypdeamizon at owedected

X and n 3 and. X4 taogether faorm.a _bival ent
ErP8ai 51?3’2% gtfg‘é%%oifo at ons havi ng at’ | ga?tl%tr\% pﬁlgﬁqlaryo_ .
nieabbphneabops mher e M- asho Bai ob-wH val ehaato 1hi val-ent oro- T

radical is joined via said at 10 | east one.or two ,
Pheppl; aPyPERFBORT 81 6ME PESBEBLT PERY Lo PhEYARprHEpPrERFE 11C

ac@®BOMQh Rl & -benzyiic acid, o-hydroxy-benzaldehyde, p-
hydroxy-benzaldehyde, p-hydroxy-benzenesulphonic acid ,

and N-phenol quarternary ammonium derivatives.

The pKa of the enhancer compound is determined in dilute

agqueous solution at 25°C unless indicated otherwise.

The ratio (v/v) of ethylenically unsaturated compound and
co-reactant in the reaction can vary between wide limits

and suiltabkly lies in the range of 10:1 to 1:500.

The c¢o—- reactant of the present invention may ke any
compound having a mcbile hydregen atom, and capable of
reacting as a nucleophile with the ethylenically
unsaturated compound under <catalytic conditions. The
chemical nature of the co-reactant determines the type of
product formed. A possible co-reactant is water so that
hydroxcarbonylaticon takes place. Other co-reactants are
also possible such as a carboxylic acid, alcohol, ammonia

or an amine, a thiol, or a combination thereof.
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For the avoi dance of doubt, references to Goup 8, 9
or 10 netals herein should be taken to include G oups
W@ 20090482 15 10 in the nodern periodic table PCT/GB2008/050550
nonmencl ature. By the term"Goup 8, 9 or 10" we
preferably select netals such as Ru, Rh, Gs, Ir, Pt
and Pd. Preferably, the netals are selected from Ru,
Pt and Pd. More preferably, the nmetal is Pd. 20 Wen
1 et fytemeadtly Upsdebeat edheowpodndti ota acawjdugeitldd be
dj ' nt.ai. at_ | t conj ugat.ed ubl e _baonds
R P oy ol gt 5 PE N RN ReTE0 e
prdcatati ons ofnt Rahvararnbi.t alod sassughcthal kb cancaverd,apche
25 other orbitals in the nolecule. Thus, the effects

PIHAEEEtundd® wrEhoatY {8kt t e 8BnfdGated dolbllebohdsthe
u & 0fdehdid f&ient d.n Senendl-pays dLamdNase, Pfne ronn,
congpounds wi th no conjugated bonds. 30 The conj ugat ed

orgl| RAB® Pitefweirlabl yr ¢duce conj egatied dirshellthavisg bfom 4hiol

st 0,22 re preferably from4 to 10 carbon atons per

R rr%[e“éﬁlrie.r?prﬁfgu%%n? &%%%W%he can be substituted with
one or nore further substituents selected 18 from
aryl, alkyl, hetero CSpreferabl y oxygen), Het, halo,

Troy s reT e G TRHTEd OC (D) RAFS0TE ) KB t(0) BRAZOT R
'hKﬁ)' e RM) - - .

“Sr -(Sel%,t V\herée)jimrylﬁm mR?nngngloa{:s%g%?ﬁ? N %ﬁ%}%&m% be

urrrorpsgulistticdut ed. Mast  Bepr efudgrsghblogtche lgonjaugat eds more

iene is . .selected fromconjugated pentadi enes, 19
Sué%osgcjl%élftnécd% he%?&tﬁceﬁweed‘s), wog%?wf%ﬂi ehé%3fy Ditro, ORT,
ocypirdhexadiene’al | ofoywbkeh) mayrBe?substibyhre @S, sesr??,

out apove or unsubstituted. Especially preferred are
CPIFHut alilendRard 2- gt hylarl, Bebut adlicgsd 1R and-ao8t  are
| a efe S n- L ut 3-
SRras eneroRhE perdinl R AT B ene gy more
oxpiden fart kerlpheal | seotbat drhebpr ocigssiof ot hel iprlesantilcon
i nvention can also 15 be used to prepare carboxylic
0-'aci ds and/or car boxyl i c diacids. Carboxylic

nono- aci ds and/ or carboxylic diacids are prepared by

reacti ng conjugated di enes w th carbon nonoxi de and
TS it &GS Sy G FITRGRBTE  coh (T Ind SEGHEBURE, O
relRthics Gase, A carponyhalyop, pEeduct n ine 2Q4hen to

carboxylic acid or di- acid can be used as an
fogddi t | omalasicler cendf wateons. Thendieonase iof dhenesasa of
rt.icul ar, .the solvent system can advantageously
arrg"g)r?el [ ?)rf rag)nr%]n{éhézopf:eegé:%@g%gf an "5 S4r &ﬁalp'rrgsggiboxyl iC
acid. Suitable acids include any optionally
substituted Cl-C30 aromati c conpound such as those
Prgdsedcon pREASI , Chaptaytaneycliopent ddiddnyll ahP o), more
pﬂe‘ﬂ%ﬂl’y,pmr 1di nyl @aﬁg&j p¥£811ngybegr %%E%c%gg, h%#dngiiad ine
| east one carboxylic acid group associated with the
coarerattioc tsi pgeifthelbpkahefvet B $cacidd imrpr efrerfablaply 2 to
1 c9r eal eornth?n about 2 n%:s ed gg dilute aqueoug .

SOTUtTBh aFCTBCPSFhd " PRECT S pr &R Er &8Iy A%esS H hRR BT

pa@tregsuhied iacdtlute agueus esol ¥ti oAt l8Ced @R 1uding

preferably, |ess than 5.
aromatic), unsubstituted or substituted by one or more

83

substituents selected from halo, c¢yano, nitro, ORY,
CC(O)R*, C(O)R*, C(0)OR*?, NR®R*, C(O)NR?°R?, 3sR?,
C(0)SR®, C(S)NR*'R?®*, aryl, alkyl, Het, wherein R’ to R

are as defined herein and/or be interrupted by one or more
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19 Exanpl es of suitable aromatic carboxylic acids
which formpart of the solvent include benzoic acids;
WOREWVMPABEC aci ds; and cycl opent adenyl acids, PCT/GB2008/050550
particularly preferred 5 are substituted aromatic
acids, including for exanp& , Cl- C4 alkyl substituted
benzoi ¢ acids, such as 2,4,6- trinethyl benzoic acid,
or 2,6-dinethyl benzoic acid and O-toluic acid
(pYefemthly Hessoi ¢haei &y, @il r 6benzbi ®xa@ed, nitrogen,
-chlorq-.2-. hy nzQi c,.aci d,, 4- am_nobenzai.¢c. 10. . .
Sug%ﬁ%?’2?%ﬁfg$%£G%ﬁéﬁgofgbe%¥cﬂﬁ?%ﬁﬂ%LOE-é%ﬁ%% enz%f%lcon
grachél, oB-eyanebenzoherast d, 4- cyanobenzoic acid
2, 4di hydr oxybenzoi c, 3-nitrobenzoic acid,
2- phenyl benzoi c acid, 2-tert-butyl benzoic acid,
Thé” PAPLNOLG-_ ALk drade sNARENBECCRE U, 204 dLRBERYLDenZOn ¢,
ac?%, 3-nethy|be%zo?c 15 aciS? 3,g-an£th$Fbenzoic Yite
salerdted- hydr oxybenzoicsatixhtd (fhabrdbenzoi ¢ accdptic),
3- propoxybenzoi c_aci d, 3-ethoxybenzoic acid, :
oS R BEnoe: eSSt PR proghens « e ituents
seﬂeﬁB&@O_ﬂtpﬁelﬁdl&&Qet&ﬁa@@j gni@:fgho'(ﬁﬁpﬁi g_cggi) eléo, C(0)R™,
met a-ani sic, aeid, 4-tert-huty zoi ¢ acid, an .
C(@%hzoxyﬁg%fo!rc aci U, NR B0 Pr §F{gd;ablc;ﬂ,o)lsﬁeorar &n‘a‘i)il\?”Rz ,
argRIDXKLLe Aehd hacsuhsl il ed Byo oy Q0COEPHRY! Berein
ddition to thé group bearing the carboxylic aci
and® ef ebablyteanuat &gl ogroup subsbireutesefheabilgnibse than
[ of _t carboxylic acid. An especially. 25
2 FPRRLr Poa SoRpetRT ORI 0 S a Radr L] Brar | §teRS o
oy akti @aRAat ictel i a B DN AL 0FBhHT ¢reaBoXyd | i AChfegayhBeeor .
used in the solvent system Exanples of suitable
Prefehoryl Le18di AR intdUdat opRfondliiyphsibst ithiceds 39ith 1
CsL£12 noj [ uch. cetic aci opi.oni.c
thé?gg,ﬂ%ﬁ?yrFgeg%%g§}§pg%%§%oﬁb ggidg fgﬁg%ggo%%%ﬁb pes
mo hetdss, naahoiad igtiads;c C8iCiBiallkenwithact dscsuci?, asmore
gio engic acidg sucQ as acr%lic aciﬂ, bftenoic aci ds
Pretich®asY net hac? yF#EPaLi atom20P penfenof el aci ds,
hexenoi ¢ aci ds and heptenoic acids; lactic acid; which
may all where possible be Iinear or branched, cyclic,
If par cocylict 2o adyticc apricapdi thf tom tatdtd t3Ryv iy de 2
[ rrupted.w.th 0.ato be ubsti t ut.ed _
So%géguﬁgfi?gﬁéﬁgﬁﬁPﬁﬂ%%et%F gg?ga Erfﬁgr%g%bs%%%%eﬁfé ©o
reset ect edhbnom arylchaddkyl subiet enat( pr efiertadid e oxygen) , of
Het, hal o, cyano, nitro, -ORn, -OC (0)an, - g&g)Rzzl
freg oyomess SNIARFSREN- TTO(O)N(FIC R, - _ SRogral-v. a
12£40) SRR p1 s NaR2E) A8 OFha O3 Wherein -RNi s BRe@kereq
as

due to the enhanced reaction rates facilitated by the

excess acid.

As menticned above, the present Iinventicon provides a
process for the carbonylation of ethylenically unsaturated
compounds comprising contacting an ethylenically
unsaturated compound with carbon moncoxide and a co-
reactant. The co-reactant 1s more preferably either a

source of hydroxyl groups such as water, as mentioned




10

15

20

25

30

10 defined herein. A particularly preferred carboxylic

acid in the solvent is the acid product of the
WP BAL i on reacti on when hydroxycar bonyl at PGRGB2008/050550

being effected. . 15 As nentioned above, in the

carbonyl ati on reaction of the invention, preferably,

the ratio of equivalents of1 i dent at e ligand to group

8, 9 or 10 netal is at least 1:1 nol/nol.Preferably,
alithee | i gand ia) | nceggess ofmotetcall 20 having an  hydroxyl
ijglﬁnglereferabk%f the ratiq of nole equival ents of

Bideritite 959%nd g 0uf 8,2 16 810 netal is greater

than 1:1, preferably, greater than 4:1, nore

preferably, greater than 10:1. 25 Preferably, the
Swdiakdm: st EnE bptrohaf PVeonphis €9-& cagitboxy line lagiag an

i e rably ti b (e

TR W T Veatl Ehg o2kl BLREART™ Sig P! Grou.
Prsglarenitly Wi thher wrrghout t he learbexyl hevacyds a30 hydroxyl

defi.ned .above for use in the present invention include
T OMed L s HHP s 51 el FREIRA bty Keties,  cvelic,
acBthers, ?&lt as-§O1iexagpl ezanhg ( yl Rhenyl

Cgegiher), , B, 8- tiioxanonane (d?g?&%g)ﬁggpethyl e%ﬁgf, a1
aldavéthy| Reptidculagly a  Ci-C;p  alkanol, which may be

thyl-tert.- Vil (ML , t et rahydr of ur an, .

°Fai pg)lr?eér%y et r?él?)%ttd'ltﬁlé%g{ oplwy%%e hé)r%ean % hé'" |erretshuyl?Set—tlhtéil'ents
sedfecdiecetiwdrenet gy ycobkrvoxames, sudh,asci@icexampte, or'?,

di oxame; _esters, such as for £x | e nmet hyl acet at e,
olext ny|8d5ﬁ§fi 2U5T0RR, " QUrBEAP C(O)NQ%RQS C(SIr*'R?®,
SR or C(0)SR*™ as defined herein. Highly preferred

alkanols are C;-Cz alkanols such as methanol, ethancl,
propanol, iso-propancl, iso-butanol, t-butyl alcohol, n-
butanol and chlorocapryl alcohol. Although the
moncalkanols are most preferred, poly-alkanols,
preferably, selected from di-octa ols such as diols,
triols, tetra-ols and sugars may alse be utilised.
Typically, such polyalkanols are selected from 1, 2-
ethanedicl, 1,3-propanediol, glycerol, 1,2,4 butanetriocl,
2-{hydroxymethyl)-1, 3-propanediol, 1,2,6 trihydroxyhexane,

pentaerythritol, 1,1,1 tri(hydroxymethvl)ethane, nannose,

sorbase, galactose and other sugars. Preferred sugars
include sucrose, fructose and glucose. Especially
preferred alkanols are methanol and ethanol. The most

preferred alkanol is methanol. The co-reactant preferably

does not include an enhancer compound as defined herein.

The amount of alcohol is not critical. Generally, amounts
are used 1n excess of the amount of substrate to be

carbonylated. Thus the alcohol may serve as the reaction
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5 met hyl benzoate, dinethyl phthal ate and
but yrol act one; am des, such as for exanple

WORHEERA2acet ami de, Nnet hyl pyrrol i done and di rRéiTB2008/050550

formam de; sul foxi des and sul phones, such as for

exanpl e di nmet hyl sul phoxi de, dii sopropyl sul phone,

sul f ol ane (tetrahydrothlopﬂéne 2,2- 10

di oxi de), 2- met hyl sul f ol ane, di et hyl sul phone,
SOﬁeenahydwow@&bphehehmpqhdidﬁid@einbd, separate solvents
ma2-mﬁt yl--4et ylsulfolane aromati ¢ conpounds,

¥ neradi 8 H&F6"variants of such conpounds e. g.

benzene, toluene, ethyl benzene o-xyl ene, m xyl ene,

p- xyl ene, chl orobenzene, o-dichl orobenzene, m 15

ItdlEhiéro%%nz@ﬁ%fe%}%%%%s thafel ddithgtilc PAGGANs off  the
such.go (NH%F%E%Qh exan pt.an

rezH% cH tgg thy péhf%gé¥@ feﬁgﬁe%g gﬁﬁgrﬁge %%% carbon of

alkennachbedldquntrde&n@eg uhenzﬁnméthheoandroduces the
acetonitrile. Very suitable_are agrotlc sol vent s

Coﬁﬁeﬁﬁanﬁlaﬁel%@f]ﬂ’ Sotisttant t haEYPESBel ow &Vallle dRTET

profuchBr e el eraflne sbond@ngrostcpasf er @i&d’ordlléle%i he
especially in the range of 2 to 8, at 298 or 29 Qiand

inyertipB1PrAv2dern & K@roEmieat H@'nenhf addengi ehecorpepr -
st ant f or en .Go- S¢ nt in
%g?na?nneéhlngl%$yrep%eseq%xf e rgﬁqg%g% %&}855 the
etbgpacitylof ancandeased nbhd. that subst ance as
dielectric to the capacity of the sane condenser with
a vacuum for dielectric. Values for the dielectric
constants of common organic |iquids can be found in
general reference books, 30 such as the Handbook of
Praﬁ@ﬁ'ﬁ@ﬂw ahde Phiy%a(@%iofmwi edittg orpre@tﬁrtted ipy eDandiodh  1s

lished by ress.,i 1995 and
“aré usuaﬁ%y aaoteg ? egtegrrpera ur & o u&%%@% 205Olvent
Su2b&hle. eolabout 293116k Q&s298pd5 Keraadtatoospheric
pressure, i.e. about 1 x 105Nm 2, 22 and can readily
be converted to 298.15 K and at nospheric pressure
InUshBY ddie SONVRESA ARed @St OFS 1 QURLedn, 1 bf 1o di tffﬁt WE€the
data for a particular conmpound is available, th
grdiel eét-R-& caﬁsr@matnﬁerElaeédukyfﬂe@3®$@UaMSlhggsnd of
L I|shed hysi.co- chem cal nethods. Measurenent of a
ge§§ 20 Pié c%ngigﬁt of a liquid can easily be
performed by various sensors, such as inmmersion
probes, flowthrough probes, and cup-type probes,
atKached ©0 toRvarRous melersX ékich as those &Vl abl e
fromthe Brookhaven | nstrunents Corporation of
Holtsville, N Y. (e.g., nodel BI-870) and the
wh&eeentifica Conpany of Princeton, N J. (e.g. nodels
850 and 870). For consistency of conparison,
preferably all neasurenents for a 15 particular filter
A SYsiAD age perf Orﬂ}ﬁfép%tnd%lﬂﬁﬁtyam:é?k&e%e S SanRh8cne
tenperature, e.g., by use of bath. Generally
lirhengeasared; di el ectric constant of a substance will
i ncrease at | ower tenperatures and decrease at hi gher
tenperatures. The dielectric constants falling within
R aipra@dmnges heiqiir, mRy-be:z el er gkRadcureaccdr danes ol
wi th, ASTM 0924. However,if there is doubt as to which
anflechni qiiee t ol beked: t oV et ek At nesehé dilénképgi cgroup, on
t ti 5 87 [
*EBRab a0 SRATEr i (NS 2007 range" Sert L bg s hSaFacgERy !
stusedur&oraedanpl e, the dielectric constant of
nmet hyl -tert-butyl ether is 4.34 (at 293 K), of dioxane
is 2.21 (at 298 K),

Ly
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300f toluene is 2.38 (at 298 K), tetrahydrofuran is

7.5 &at 295.2 K) and of acetonitrile is 37.5 (at 298
WRPPHIT2 o] ectric val ues are taken fromthe hBGEEHEB8/050350

of chem stry 23 and physics and the tenperature of

t he measurenent is given. A% ernatively, the reaction

may proceed in the absence 5 an aprotic solvent not

generated by the reaction itself. In other words, the
Qoring &br 68iCE SolIdemencied tiliie negg@seot miodudtorFhi sarsenic

A y | vent may be solely generated by the
()rggg%ﬁ%ﬁa?tself or , nore preferably, is added as a

solvent initially and then al so produced by the

reactiaon 10itself. Alternatively, ;a protic¢ solvent nmay
P?%E' ﬁ”ThéhﬁrOgFQHE%IJ%mt Yoy Fnclafe & carbipgandently

refidbdas defiethabeyg) cQisapralgohal . Syi table RQLLG 4t
sol vents include the 15 conventional protic solvents
ldafowrene tdet pargonaskphl edoinn arhel'arand sifcaras amatXetr ,and

a o cohal s, such.as,, for ex | e, t hanql |
}<et%@%%?ﬁ%ﬁd%Fggbr%pgﬁgﬁ}egﬁd ﬁ?$ﬂ£?§ éﬁﬁ %%cgﬁﬁaﬁg atoms
haanimesat Mdagtestob tthew@pnol | eaapdnpratdrt COnseLYANtSch

may al so be enploigd both initially and when 20 _
Sadé’%éffé]t‘é%“ﬁi/tt% edetPbh SRl By piotied sylgespips at

LIRAN AN S Gl Me e Ahal car v, %%tr%@p%&yiﬁ@eg%%ﬁ the

ion such as thosq attaghed to oxygen as I'n a
ARRTEHY et eniatogyén as Lh. an anmine group. By 25 aprotic

solvent is neant a type of solvent which neither

donat es nor accepts protons. In the process according

For0 tithe apicasiiicd mEeriduet, the Samen FoNexide my Per 10
used in pure formor diluted wwth 30 an inert gas such

meiS g theggel? SRPpbh BFokPdelortca Hoblwigasraweh 8s 2 and

1041 3PNhe modern periodic 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.

When the ethylenically unsaturated compound is a
conjugated diene it contains at least two conjugated
double bonds in the molecule. By conjugation is meant that
the locaticn of the 7c-orbital is such that it can overlap
other orbitals in the molecule. Thus, the effects of
compounds with at least twoe conjugated double bonds are
often different in several ways from those of compounds

with no conjugated bonds.

The conjugated diene preferably 1is a conjugated diene
having from 4 to 22, more preferably from 4 to 10 carbon
atoms per molecule, The conjugated diene can be

substituted with one or more further substituents selected

TR R b B L IR % rL Ll BB LTE e L DL e e e e et s L T e s i e e peb e
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24 Hydrogen may optionally be added to the

carbonyl ation reaction to inprove reaction rate.
WOg@PYHBIR | evel s of hydrogen when utilised maypCHEE2R08/050550

the ratio of between 0.1 and 20% vol /vol of the carbon

nonoxi de, nore preferably, ? 1-20% vol /vol of the

carbon nonoxi de, nore prefé ably, 2- 15% vol/vol of

t he carbon nonoxi de, nost preferably 3-10% vol/vol of
fremardson - meAbXt deetiaydr ogentebqablyr eseen) - slepr ehetablgyano,

nlﬁﬂﬁsenkn@ﬁ a-Rﬁf&j@$°10-RF%§§Ufe ofe @@bween 1N¥R@8§“
05 Pa, prefergbl betmeep 2 x 105 and

C(QUS(R%%dR nd Skost -Bref & abl y-C(a‘ét N4RpARE'| aF p@%assﬂ}eéfeefl RY
_ aRout ;5. x 105 Rax;Ehe wRlar,ragio REnLESbQHPHHEle Most
ethylenically unsaturated 15 conpound used I n the
preéecebon, t o twe anpuntgefedol verng s pet cygdltdctadd androm
may _var etween _wi,de limts, ... from0.001
cofgbeAPRY) ol SEPFEPSRABFY. | ¢ heCROTHPOFAP o of NEFEdienes,
cyanpysht ofii ehbylen callky cussatiueakeds tonp@UNdh used ndy  be
the reaction to the amount of solvent is between 1:1
SURRBLI7OLEd ABr &SHr &fEr aPg e 191 EGFBbsgiEthﬁe afserially
pr@tetheqcalabysy olphbgal BxentLan USEAALR.ANE, 3 puradiene
carbonyl ation réactronis not critical. Eb result
anmaym@set obtsperety 1 oy efrereiis iy ashen ¢t hecamsuits toft uGeaup 1, 3-
or 25 10 netal is in the range |0 10-7 nol es per
buﬁﬂgéGB? et hyl eni cal | y unsaturated conpound, nore
preferably, 10-6 to 10-2 noles, nost preferably 10-5
to 10-2 noles per nole of ethylenically unsaturated
Theomssuiid! Piéheraibsage heékadduni ofthg gandl oflflor Allraser
t h n 30.u t c 1S
refheeabngt Thos pEPGYs o PR PR s v VR G b octd. 2o
benostdptef praphye @bbtaylOe2mmabeacpds Hﬁﬂeoﬁfcarboxyllc
ethélenlcally unsat urated conpound. Prefer

abl
digfp gt PR R F D o S SR Be aggs
ar@n Jegeptabl e ak@aeemgr b Ygar&p Rieheallibn t B&rpon
| e

carbonylation is carr out at tenperatures of
mopekpeen a0 #HLAF0OCatRyr e pr ef éwabiopyl10Q ¢we 160CLaining

ofBahalar ir 613 GRS Ghosen GALHELN Aba0" SR i-e

thAltenﬁabxyeﬁy adbded capbonyl-at iancarcde e riveddoutsat an
npderate tenperatures, it is particularly advantageous

ad?ﬁt%BﬂﬁlcFngﬁ%t%ﬁc%@l?%sbe able to carry out the
reaction at or around roomtenperature (20C) 10
Preferably, when operating a | ow tenperature

Incamisonyd =t i of, (iﬂaaecarb@nyaatﬁcnlhs cdrrs ego bugnt system

b 30C 49C 10C 45C,
caB | FR% At a0ErhRay ooy TBe iy, Fhar e Lrrar s g6 an

arbRa45€. Espeekally paeﬁgrresunaaaléangelaé 19nt0udsdC. any
optionally substituted C;-Cizy aromatic compound such as
those based on phenyl, napthyl, cyclopentadienyl anion{(s),
indenyl, pyridinyl,  and pyrollyl groups and having at
least one carboxylic acid greoup associated with the
aromatic ring. The pKa of this acid is preferably greater
than about 2 measured in dilute agueous scliution at 18°C.
The pKa is preferably less than about 6 measured in dilute

aqueous solution at 18°C, more preferably, less than 5.
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15 Preferably, the carbonylation is carried out at a
CO partial pressure of between 1 x 105 N nR2-120 x
WOoHNMI7B2 nore preferably 10 x 105 N. n2-100 XPCT/GB2008/050550
105N. m 2, nost preferably 20-90 x 105 N. m 2.
Especi aIIy preferred is a CO partial pressure of 40 to
80 x 201051g.m 2. The cycli¥’ hydrocarbyl structure
which Rin formulas I-1V represents may be aronati c,
non aromatic, mxed aromatic and non-aromatic, nono-,
tri- clic, bridged or 25 unbrldged

E%%%%%% u?%dsﬁft%%%%béff’?ﬁ?éa PrPREEEE Gpad Sy BHeTorLorm

pd®f € Jret ene a%@ﬁ&enﬁﬂtHnEmﬁd@r0%@§90383taéh§snalﬁﬁﬁﬁﬁ%01c
of the cyclic atons (ie nore than half) In

asitdyict apd dW@Lﬂmqﬂﬂ@wﬂh@-wwmdaml@aadpa@éatlgymueferred

0 and at ons, a ked to f
a]f)éar o% a%MH eas% onrlﬁglr(f ng; T s° 7 %%gs W}?%ﬁm?ﬁ% C1~
Cil2k1and 2swabonst el | e at €l yabmged ¥bant hees 2,4, 6-
I inkin roup may itself be an aromatic or
it ERoeR % P Rig 2 CWen Athe? 1 Tyt~ bk cheprelol asdd and

0 1t Arey di recidoh.at t aghed, v a 1heyl i nkj r}Pquc%@ﬁzou:

IS non-aromatic, any further rings in a 'bi cy
acwdrcycI6r©hd|orpol2yw¢h[ydOQbeu@Dmpe canide ar@fmmnm}:mrnzmc

ar omat onbi nati on eof arly,
?he g ét S q%eﬁlez “of ﬂ?dlcﬁgze%tcc}'r?él e’e”ZOlC dcid,
34d¥ﬁﬁﬂhéﬂ2ﬁiﬁ attaChQQnMia the 26-dyaidiahAAQUP IS  acid

aromatic, any further rings in the hydrocarbyl
2 SIS RGP 296 Chon? aif bt P 87 L @r 8fatl ¢ orPhenylbenzoic

acGiQTDi N3t i 9P LHRF €0fenzoic  acid, 2-napthoic acid, 1-
napthoic acid, 2,4-dimethylbenzoic acid, 3-methylbenzoic
acid, 3,5-dimethylbenzcic acid, 4-hydroxybenzoic acid, 2-
fluorobenzoic acid, 3-propoxybenzoic acid, 3-ethoxvbenzoic
acid, Z-propoxybenzoic acid, 2,2-diphenylpropionic acid,
2-meyhoxyphenylacetic acid, ortheo-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. 2An especially

preferred compound is O-tecluic acid.

Additionally or alternatively, a non-aromatic carboxylic
acid may be used in the solvent system. Examples of
suitable carboxylic acids include: optionally substituted
Ci-Cizalkanoic acids such as acetic acid , propionic acids,
butyric acids, pentancoic acids , hexanoic acids, nonanoic
acids; C;-Cy; alkenoic acids such as propenoic acids such

as acrylic acid, butenoic acids such as methacrylic acid,
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5 For sinplicity, these two types of bridging group R

W ll be referred to as an aromatic bridged cyclic
Wh3ode/6was2pyl structure or a non-aromatic bri dgr/GH0$/¢50550

hydr ocar byl structure irrespective of the nature of

any further rings joined to the at |least one ring to

which the QL and @ atons &Y% linked via 10 the

i nking groups directly. The non-aromatic bridged
pemyehbdchydcadanbyhesEm@atureaMdaﬂwdn@,smeyﬂdmﬁxuik@cﬂ&s;

and B at. 03|t| ns _on t he at ast_one_ .

6nfa '|c E@ P@fé? | YIe RGP 8889?3 ScHHF or MAPFBR ©T

br\am:heas respect, t gathe Aa@nd: Bsubsy bt uentsnd - 8pafcandon
B extend awnay fromthe structure on the sanme side
thekerletdy mMegf elﬁgbllyltﬁ?efqmn—‘-chr Uﬁrﬁhl didrénigedteoys ivay be
stru wup ta 30 cycllc
ung%%%§9%%g¥gp%%fe%ﬂgﬁyngai ron1 Opo 1%r(:y(:(fre further
sudbais penst spileteeably ofnr amy4 , u@l&q112h©thkC(@k@m@rably
and especially 5 to 8 cyclic atons and_nny

be
OXyfRBeycl fl8tor BB#?cycFYEHOThenéyéPrc 20%nms napCye) RY,
c (6gkPON orc- el LT, ﬁmmﬁam@@ﬁ@m%moh%@m _
are references to ,sul phu oxygen and/ or ni trogen
C(WﬁRcaHy,Ct ReNiBADA&omari c@5 bwhdgedncylic R are as
de@xg 8cgr LStructure has from2 up to 30 cyclic
carbon at ons nore preferably from3 up to 18 cyclic
carbon atonms, nost preferably from3 up to 12 cyclic
carbon atons and especially 3 to 8 cyclic carbon
A RESHE CUARY LBe PABAGEYEFR €28POFSIEySIGLE and thy Sorl vimgy: 1s
£nBOt aB&qi NLebEURLed By one Ol oIy 33 gq%tne“}e%tc%%n when
Typi cal ly, when the non-aromatic ged cyclic
nyhydrgcarbyphvdttdoture belpgleéﬁeCtedt i.s preferably
bicyclic or tricyclic. The non-aromatic bridged cyclic
hydrocar byl structure as defined herein may include
Asunsattuloateed dongs, By evel irdlamis mante @ 86®Nbf the
whi ch fornms part of a cyclic 35skeleton. 27 The
IPRBRTAPBat R HHGTdGed cycFRe hyditécar by sefuévatents of
r t it be i@t errypt t er )
o e Be ansUbSiPELad or CoUGt {Eirad i £ ogg g 112
momﬁmelfurtﬁeefsubbﬂytueﬂks $ebenﬁed¢fron1anykxmalkyl;netal

b E t
moqﬁﬂﬁﬁo (C% ra é(o;‘%gﬁen)ra é(OO) aﬁqo e&{e%%%‘@ errl‘gs of
bld@ﬁ@)&ﬁ'@@@_};gﬁ@ - 9R2%p (O SR 10- RESAIN( B%Ug%%teﬁs than

-CF3 wherein R - R30 are as defined herein. 10 T

1:hen- &?@ﬁﬁﬁ@@lﬁnldgﬁﬁ*ﬁ%ﬁlldﬂﬁvaroéaibylm@rﬁucﬁwﬁéeﬁﬁﬁly,
grggt?eleﬁggd 1hrencycl ohexyl, cycl opentyl, cycl obutyl,
cyclopropyl, cycl oheptyl, cyclooctyl cyclononyl
trlcyclodecyl plperldlnyl nDrphollnyI norbornyl,
Preferably, the solvent system optiocnally comprises a
carboxylic acid as defined above (preferably an aromatic

carboxylic acid) with at least one base solvent.

Suitable solvents with or without the carboxylic acids
defined above for use in the present invention include
ketones, such as for example methylbutylketone; ethers,
such as for example anisole (methyl phenyl ether), 2,5, 8-

trioxanonane (diglyme), diethyl ether, dimethyl ether,
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I sonor bornyl , norbornenyl, isonorbornenyl,
bi c ch&Z,Z,Z]octyl, 15 tetrahydrofuryl, dioxanyl,
W 2809914783 pr opyl i dene- 2, 3- di hydr oxyet hyl , PCT/GB2008/050550
cycl opent anonyl cycl ohexanonyl, cycl opentenyl,
cycl ohexenyl cyclohexadiep%ln cycl obut enyl
cycl opent enonyl, cycl ohexe yl, adamantyl, furans,
pyrans, 1,3 dioxane, 1,4 dloxane oxocene,
mﬁﬁhﬁéﬂﬁ&ﬁhﬂhﬂ@?k@@ﬂ&%ptane (Méﬁﬁawethylemﬁtﬁﬁhydrofuran,
3 n t hi_ ane furano
éﬂyfg% %ﬁyrg Fé SpyiﬁF%%e Egﬁ£0|n c Caff §§P98§her ol
dxﬂethymhda%yﬁydbﬂé cyshobexaned cay boxy! ietaaphydrd d8cane ;
lutaric anderlde pyrol I idi ne, plpera2|ne

eifitfaz ol £9, P ref’%?zr%fb% Whié]r?é:e Hyate.g dimethyladipate
mettﬁq[yiiza%)é‘ﬁkQQ@&anedlrﬁéHkﬁﬁor RighiaAg e t hizagol '}:ﬂl%ofag“cone
di phenyl - cycl ohexyl, 4 or 5-phenyl -cycl
amoB?—Sdl netihyhcycﬂa)heﬁyr AorBanmeltchy| dymkohgkybetaRidecal N-

2,3,3a,4,5,6,7,7 a 0o- 1H,i nden-5
mestw% Ry O LIS a RV ogjﬂe th qnd HETE A lgo%fd%s and
sumityes3a, sdch, 627, 7ﬂ>rhe>éalay@a@ 1dni;etn§d§@u§pﬁoyide, di-
tri met hyl ene norbornanyl, 3a,
1 9P7 ORY. I PR Er 0- 1HEY HES: 6- yqtetlra@%?otélwmw2 2~
5,6,7, 44 nden 5
dllcg%dt?ﬁs(t O netzhrylgg?ﬁlem%?gﬁoﬂ'yﬁé, dQe¥L§l sulphone,
te@aahy@rdiﬁloﬁaehexahydﬂolB&ﬁé&@%enzofuaa@ and vihewssityl-4-
g aroup A or B is ned to avail able
ﬁi%h stl e@rﬁafgﬁ%rﬁOWQQE%gﬁ’aFHHé‘1n§8h¢%Qn¥?rla“ts of

sutﬁpbeﬁﬁﬂﬁndt n@n;armﬁﬁﬂém@ bribdgesk cyslda h%&&@ﬁarbykylene,
one non-aromatic ring

st uct ure havij east
SHLERC T hepqﬁY£%'gE P@ ChgE S P nked %CB&%]??%Z@HGI m-
diaﬁﬂa£GthﬁMé|IGﬂah®ﬁB ofirchedatgl| eagki®ON&aki At s ARAN tsuch

from hatlt may. be in th forn15(ﬁ ol ycycl i
“oSPructure,” the n%%x%F%natﬁng??%ged c?c TEXH%HF%§8?69¢“Q'
meshy betair ehayide wmsubsitidat ededracubstidbut ed avitbsate . g.

st i t.uen referably on at | east one
bekggﬁﬁé?ﬂ%b%Hgdgg%%ﬁ?Eglgf|c atom of the at |east one
ring. 10 By the termone further non-adjacent cyclic
v atomis gnt any further clic atomin the ring

S chUi s cBRf°toCa n%ﬂo‘ﬁ%mo? &4 "gvaf | éjdieéeCtrlC
coa}@sjt%@ﬁnttl’%|1§ BLOF% O whiych dhesER ﬁ89e4%r@%%5¥%b§5;e 1-

i nked. 15 However, the cyclic atons adjacent to the
30 ai@ Sy FirEABIra Lad) aden , c oS iatldivs l@ndﬁh@ymm@eatodns? to
8 el %e %y% l’l nZSH}@ Cgri_pcgr ?M& H?TZI‘ UC# COH O hereln

"substituted suitable substituents e cycllc
,zﬁhnd@jebeemxkﬁlnedshen6|morZQIﬁﬂvémecav9®da@ﬁe 0k used

doubt references to the cyclic atons adjacent to the

Ing o1 6 alREFEDI d'SRE deenP T oy @RTE SAT0nE Dr thRe N3tHe jof the
calRleiipt yrded donhda{fdr 9 onerRfict B@b%@égcé"\%sa\éﬂ'ell%@t%lc
adj acent cyclic atons thenselves. As an exanpl e,
tocydlohexyrctingofoivied tona QondeoArY| aum@suaumacmumn for
.1 ng and .jain 0 a. atomvia
e RS e s e T T ehT o 62eBE TRy Pe” Bhmon
oratoie a&qiﬁfdswe@blat bl FGupasiid ofede 2l BedBH=hWO bLooks,
adj acent cyclic atons to the said avail abl e adj acent o
SU€9c|@é atdhs J61pBePti ors 3CHABLELETr30 FAE tBRPWPACS, 76

d@AHAl ON®t pr ckic r r byl
© neaﬁs thaﬁi%ﬁzlgfgfggg% %neLgﬁgg%%gE%%ic%ﬁéhéhég§gﬁgd by
CRQR arermsar eint i nk@@Syi aaBd& AreespentdMely dsoted for a
non- aromat i nd ic_shaould be interpreted
LegPE4arY Fo 9 |ncqﬁﬂé g?a%nP§ 2% ﬁenfieiyp%bgT?ug?éré5k or
29Ut s0Khernk @@&owphar@&og@bls@b&)é sych agpbhat 1f qungsgr-2,
in the cycl opentadi enyl anion ring of ferrocenyl, but,
in any
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29 case, does not exclude aromatic substituents on

this non-aromatic at | east one ring. The substituents
WwO@R0%He782ai d cyclic atons of the non-aronati c PETHIB20epAH0550

hydrocar byl structure nay be sel ected to encourage

greater stability but not rigidity of conformation in

the cyclic hydrocarbyi strééture. The substituents

may, therefore, be selected to be of the appropriate
angi zent aedicsdouriageconvéoned the 29&t.6 So0fK nand aeomatpheric
ring conf or mati on chan es. 10 Su%h grou ps na ge
PrEvdependent 'y sE]P%ct‘é‘a Yromt POwer 2akRyF, 8\19]\{@ het I po
1iPEEBE @reNAla@a CY¥EN0a N F0i cuDRI9comBELANR2Y; 2GE@) able,

RN, -0(0)0R22, -N(R23)R24, _0(0)N(R25) R26, SRN,
theC(CD?)@I%ﬁtflCO(S)OM(tRZl‘ﬁ) RNYor be CR3zachiplre me@fseur@bil using

o= R P Lo R P PR B ) oyt i ot

t he hydrocarbyl structure they may each be

|ndependentlg substituted as detail ed herein.
MeagkbrBEnyl YOI wier 81EwECstich cyelrfeaatomf are 1igquid can

ea?ﬁ?ftbéub%gfokﬁéds%%ﬂﬂéﬂ¥ﬂﬂé5éEH%é%Hﬁ”£Ebﬂ°a§°£ﬂh@r51on

her ring structure such as a 3-20 atomring
prgbesict fitew- Enchu@hfpr©hes réng stputvpeer20beay betached
saturated or unsaturat uns stltuted itute

t %I ﬁ: ZUbS% gy
“py ore'oF e s?fbst%liCUent S sl eéed FFoMH cy&not"e
Brabk i &ve( 0) i R s ORI p H(10)orR2Q,f0( @pARZZ:11e, N.Y.

0) NRTS SRm C(S)NRNRm aryl, al kyl, Het,
(emﬁerelﬁoﬁame%Ig%?é}e %@dde%hﬁedsﬁéﬁﬁghféﬁa/o?oﬁ@any of

priH&@EéHPtﬁdeY(Q”& Of-HD1 € é@ﬁegﬁgabbw)'e?érZthgﬁgt@ncy

total of 4) oxygeh, nitrogen, sul phur, [ 1con atons
of or dyynrsidisgvon,or @w&ﬁbybbgwl|cahlgrmmm§mremnmnmre§or a

Par.ti cul arl referred substituents are .
paﬁgfﬁvfare H}Fe r6%§¥e£|§HE?OB§F§Oﬁﬂ%ﬂyPﬂ:OQB%Stantlally
th@YQzﬁﬂéYsamﬁﬁ[@a@éﬂpeﬁﬂt@@e cyano, apd 30ecarb@xyater bath.

Particularly preferred substituents when two or nore
GepgFeheY - nbhc affagened cyeriecht brscarataibseft at eybgEance

wi§%§%39£§§£5ygt o%eg'gé@¥éﬁa§u¥eg'Qﬁgpﬁgﬁy??ethaF’higher

i -1sopropyl, X phenyi, x
tempyzaethys [ plienyldicsaturatred corstungat ufatedhg within any

cycl opentyl, saturate unsat ur.at ed ohex
ra 5988 SREREY b b da e LR ERA D, SETIrAnCe ot e i
pofm- substit ut ed

However, if there 1is doubt as to which technigue to use
to determine the dielectric constant a Scientifica Model
870 Dielectric Constant Meter with a 1-200 ¢ range setting

should be used.

For example, the dielectric constant of methyl-tert-butyl
ether is 4.34 (at 293 K), of dioxane is 2.21 (at 2%8 K),
of toluene is 2.38 (at 298 K}, tetrahydrefuran is 7.5 (at
295.2 K) and of acetonitrile is 37.5 (at 298 K}. The

dielectric wvalues are taken from the handbook of chemistry
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cycl ohexyl, x,y-oxo/ethyl, x,y-oxo/mnmethyl,
di substitution at a 30 single ring atomis also
weaNegaeisel, typically, x,x-lower dialkyl. MorePCYpBe@Es/ 050550
substituents are nethyl, ethyl, npropyl, iso-propyl,
n- butyl, isobutyl, t-butyl, or oxo, nost typically
met hyl or ethyl, or oxo nostltypically, nethyl; 5
wherein x and y stand for available atom positions in
andhe paly slieast ande thiengreRpetarabky, of untther measurement is
substitution of said non-aromatic cyclic hydrocar byl
9%t Ucture is not on said avail abl e adj acent carbon 10
atoms to which said 01 and @ atons are |inked. The
non-aromatic cyclic hydrocarbyl structure may be
Aypsta ity attimer e Cbee Bal derarehdr ioydlhiec atssmsse of
f d I r e.but is ef erabl y .
L e T Y ehBIPERY SR A, 1 P SRR cporigser
Iprefesablyrds, 2toe IZnlypsippsefer ablyeat 1sorn2 Weaction
such cyclic atons, preferably on the at | east one
PifSiticHronit 12 FPRECIFhE Odubati tiedPRy EPILE Lit GRECHEY SBe bY
rHear boR-Of oRetigsa1but . are preterablas. canbon. ;g a&@@?_as a
there are two or nore substituénts on the said cyclic
sy eyidr el byl 1 st podt thent hels arayr sbeted obfortimea reaction
sddrther ring structure unless excluded herein. The
non-aronmati c bridged cyclic hydrocarbyl structure may
be selected from4 and/or 5 | ower al kyl cycl ohexane-
1,2-diyl,4 25 | ower al kyl cycl opentane- 1,2-diyl,4, 5
MGy 9 diner® aPk9T £ cPERERTANER YL 28 disAd 4, ~ §hep protic
s ARGQT ﬂ%%omﬁElﬁﬁgy%C%%ﬂ%HQJNFE do 23 di ¥k, 4945804 above)
and/ or 8 Tower
oral kyl cgttohohane- Kw-tdibylle Sandtactl emérahkyl include the
(xﬁ%%g%g%#%hﬂggr%%§bg%éhgﬁgF?n%%%%HGth?mgﬁeagg¥gon skilled
irD-2nS- hsopr euydn denewdtdrdi hydeexyzetdanes, 253cdi ¥k, for
cycl opentan-one_-3,4-diyl , cycl ohexanone-3,4-diyl,
exgdwer BEkYRIeYcl SHdeditdneaBI4-idiopr orpncgwer b kyHr imary
cl opsnd - = ~di Vi / 0 I :
aﬂ?gé%ohexéﬁgf %W%Fg?yl#léé%ﬁggo?%Bﬁf%Vggg%?iy and protic
cooyselloteadineae - a bs 6- BeyleniBlogwer abtkdyl i85tially and when

gé: %%%%%X%@T%E%n%éa%ﬁgb%l%Ebeﬁ%qnantyl_l_z_dlyl’5

and/or 6

| ower al kyl t et rahydr opyr an- 2, 3di yl , 6-1 ower al kyl
By protic solvent is meant any solvent that carries a
donatable hydrogen ion such as those attached to oxygen as
in a hydroxyl group or nitrogen as in an amine group. By
aprotic solvent is meant a type of solvent which neither

donates ncr accepts protons.

In the process according to the present .invention, the
carpon moncxide may be used in pure form or diluted with
an inert gas such as nitrogen, carbon dicoxide or a noble

gas such as argon.
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31 di hydropyran-2,3 diyl, 2-1ower alkyl 1,3 dioxane -
5,6-diyl, 5 and/or 6 |l ower alkyl-1,4 dioxane
wO220301d7821 , 2-1 ower al kyl pentanet hyl ene sul pRCASB2008/050550
4,5-diyl, 2-lower alkyl-1,3 dithiane5,6- diyl, 2
and/ or~ 3-1 ower alkyl 1,4 di t hi ane -5,6-diyl, 5
t et rahydro-furan- 2-one -4, 583diyl, delta- valero | act one
4,5- diyl, gamma-butyrol actone 3, 4-diyl,
Hy@ﬁegedihyﬁgomyﬂnmewﬁg@-dbyl agfiedartic amhydcbdbonylatlon
1-1 ower alk pyrollld ne -% g ,
reaFtHSEhertoal KPP BV per: CrFelO“s B2HFyl UFB@\BF allﬁ%{els of
ny8i-ByEh0whBhdazehe sed, Budi He ih Hi angh 05 6r! B¥Bheen 0.1
alkyl-1,4,7 10 triazacycl ononane-8,9-diyl, 2,3,4
an@ndgr VEG Avsverofl k&?? CBrHOY tdrrbiciRol oleeanereferably,
4-di i rpholin B
! ggfyg?xéyPgméf %W( - tcﬁhgﬁméfré§¢)£ é ?Férably, 2
154 Sedi phbenylt- ayned qhaxanelﬁdnékxﬂed mésanﬁteferably 3-10%
phenyl cycl ohexane- 1, 2-di yl ,
voh/goa.ﬂﬁtﬁ9¥begcm6%%&h%% 1,2-diyl, 4 or 15
5- met hyl cycl ohexane- 1, 2-diyl, 2, 3 4 and/or 5 | ower

al kyl decahydr onapht hal ene 8,9-diy|, bi cycl o[ 4. 3. 0]
Hy@opanper 314 mqﬂsent is preferably present at a partial

7 ahydr o- |nd 2|
pr%g %% %f Egék fa]hexa ydroélf QI dé%aB €¥8E§Fagly
bea;zéahydrg 10ﬂ ancﬁremaﬁow lm,en@ndlmasﬂlykeféaably, at a
4,7, 7a-tetrahydro-1A-i nden- 205,6-diyl, 1, 2 and/or
pagtaﬁhePﬁ?Fsu%% of, sbeuty, ?axhéQaﬁVHro 1H
i nden5, 6-diyls, 1, 3-bis(trimethylsilyl)-3a,4,5,6,7, 7a-
hexahydr o- 30-i sobenzofuran - 5,6-diyl. Alternatively,
The¢ hecsabstrietwentd omhe hengaitd af |wastconea 25 f untdmrated
coﬁgg}ﬁadmggan&ncxﬁg'9egﬁéy@n° Q%en%aoéﬁ '§b£yén49%@ not
rocarbyl structure nmay be a group
cr#@pﬁﬁésémism%w greoup cehvedn ivwidgt lheast, as ost érpealb|80l:1 to
106 NARLI AG1as Qﬁ%@ﬁka@ﬂp when fhere an8 ot W QheMi@unt of
substituents Y they are each as sterically hindering
ctiysl PHEAY Y anti Brireéoabi ARMRP Torisca grotpe 30eddtiich jte the
am&RH8 o%t 851 aLd ¥ NINAGELAG LhanPheDy! . o R %&g!‘fépémy,h 1
represents - SRAORATRA2 wherein S represents Si, C, N,
toS0:3.or aryl and R4OR41R42 are as defined her ei n.
Preferably each Y and/or conbination of two or nore Y
groups is at |least 35 as sterically hindering as
The- butyint &2 teecptefiesablof, whenitheneibs omdeyd ohe the

coBAERILEEIR Morkh B S R0 635, 21O ML D

beSWBskihuaNt $rirdhey vang.sachat aheast as %jr%fdﬁaély_c) or
hi ndering as phenyl and at |east as sterically 5

10hiedarni nigs agnt et yiange cdAbl nee LA 0 mosengbergrovke of

ry,
e e aant Vsl Kamoundos® e dararai &0
toXEOa thokde sy emast detinedabereiln ando 030i%s wefd nedeasmole
or 2 abaqve), phosphorus, aryl, 10 aryl ene,

alm%ﬂenwlé’naw??tUE?R%ﬁyICO%%I Hetefarakdnp, the

am@@h@ QYanngﬁhHroof'O@% mPED) ReOs, - C%Q)Rg%hylenlcally
N(Rn) R24, - O( 0) N( R25) R26,

unsg;@ygag@ COBERUNCR2TY Am, thE range 10 to 107", more

preferably, 10° to 107?, most preferably, 10°° to 1072

moles per mole of ethylenically unsaturated compound.

Preferably, the amount of catalyst 1is sufficient to

produce product at an acceptable rate commercially.

g
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L.E 3, SiR71R'R" or al kyl phosphorus. 15 Preferably,

when Sis Si, C N Sor O0,b R, R and R' are .
WORMaEeNnt | y hydrogen, al kyl, phosphorus, arB€T/GB2608/050550

aryl ene, aikaryl, aralkyl, arylenal kyl, al kenyl,

al kynyl, het, hetero, halo,_cyano, nitro, -OR', -0C(0)

Rn, -C(0)R21, -C(0)0R22, - Rn) R24, -0(0) N( R25) R26, -

C(O)SRn, -C(S) N(RN)R24, -CF 3, - 20SiRIIRR73, or

al kyl phosphorus wherein at | east one of R40- R42 is

0 as. d
R O L
begretar alily GB-Gﬂoﬁkawonw pheﬁytabBB Pi@Terabl y60%,i smost
pr%'fergbw %O}él +oHQWBvEer , pgerc:Lgllﬂ? g%&rlbe% ntbemﬁeaature

preferred as one or nDre I'n co
igyr 60Ps. CHQﬁﬁnth%EQﬁﬁﬂndaﬁ@éiotOddUﬁXC as @&ygeMﬁtwvely, the
SubRPuL: Gan be blval goteq12,: 0 -
© alrg éb Pr ef erablft in adglt?%nﬁggeéﬁé%;ﬁé?gegﬁgures’ lt
1%&%&#6%@#@ G @geaIseriict ur eommyC ewmsabsts t ut ede orble
td Watherosubsti tutad i th gr Oémﬁmﬁelrg&ﬂ eéﬂenfprquk (20°C) -

al kyl, aryl, arylene, alkaryl, aralkyl, arylena iy

aIkenyI alkynyl het, hetero, halo, cyano, nitro,
ng%%lyﬁgg?%GngrathgOhRaéw t%@r@%%%e CMI%})YB%%ELOU, the
Caﬁjgeyl@(mns%e - EFR)INERF PY RN, Rtm3e81 R7TAAE72R7Z, H1°C,  more
pr@lfeyb]pn%phw’usmer@’@ RsO1 RB Ak& asrdefdmed hereid; asoc,

and R11- are defined as RO R42 but are

moﬁFeP@?gﬁﬁ®b¥ﬁf%ﬁcaF%y?5Gr pRERGFaTLY PradartPoni s wherange
ofSiostariyd’c.the aryl may be substituted with 5 in

addition to R', R', R' any of the further substituents

defined for the non-aromatic bridged structure above.
rrivbeealpref ethed X upshticvent s sayrbel &ﬁlteﬁ@daft@npartlal
e T T L
10plengt af kyf- 1u@rxph©§pm1hoakkylymeﬁefamﬁy 20-90 x 10° N.m?,

t Prefer y Sis Si or_Cand o
ESEEQ§Qﬂ%P6¥?f%¥58dR aré hydﬁ%ﬁgﬁaq PTPE5ETS oRE é? &F %% *
108hauif d be sufficiently bulky 15 to give the required

steric hindrance and such groups are preferably

phosphorus, phosphinoal kyl -, a tertiary carbon bearing
Thgr oty IsGchhgdrocprbul ylstruacyte -wﬂ1karyﬁ 1narﬁdﬂmﬂlaer 1-IV

re ?égér‘%g n?‘A)J Yﬂ)e ngrL Stonenoqp‘%(}ghlg?? ec{ ecwatlc and

wo or nore said Y substituents on fer
Nogt dh®nadfict h hempeer-ar drvat i ctb¥i dged $®ﬂucI¢wx£, bridged or

ungpiélcﬁg@l ls}ﬁbstt @u@@c‘l do$ V\Qn%bg@rt%tgéilbgp EH@Q%% }5@6 by one

conbine to forma further ring structure suc
orcyet daldtshat PEOPT ng'istr tee upeRviz® that the ma:lorlty of the

cyclic atoms (ie more than half) in the structure are carbon.
The available adjacent cyclic atoms to which the Q' and Q° atoms
are linked to form part of at least one ring. This ring to
which the Q' and Q° atoms are immediately linked via the linking
group may itself be an aromatic or non-aromatic ring. When the
ring to which the Q' and @ atoms are directly attached via the
linking group is non-aromatic, any further rings in a bicyclic,
tricyclic or polyeyclic siructure can be aromatic or non-
aromatic or a combination thereof. Similarly, when the ring to

which the Q' and @ atoms are immmediately attached wvia the
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Sonme typical hydrocarbyl structures are shown bel ow
wherein R, R'" etc are defined in the
WO 82 as t he substituents on the cyclic afPETsGRAVOBAS0SSO
but may al so be hydrogen, or represent the hetero atom
bei ng non substituted 30 if linked directly to a
hetero atom and may be theZ8ane or different. The diyl
net hyl ene |inkages to the phosphorus (not shown) are
lishiown grpupach waseticW2009/Ghe782PCT¢ GB2A08/ 85055thrbyl
4.4 and/ or sti ed. cycl ahexy| 4substi t ut . .
s syl »8 SRR ¥ BB edt eyl ShoBtRATon
theedd,. 6 and/or 7 substituted 10cycl ooctyl 4,5,6,7
and/or 8 substituted cycl ononyl 2,3, 4and/or5

15substi tut ed decahydr onapht hal ene
For simplicity, these two types of bridging group R will be

referred to as an aromatic bridged cyclic hydrocarbyl structure
or a non-aromatic bridged <c¢yeclic  hydrocarbyl structure
irrespective of the nature of any further rings joined to the
at least one ring to which the @' and Q° atoms are linked via

the linking groups directly.

The nen—-aromatic bridged cyclic hydrocarbyl structure which is
substituted by A and B at adijacent positions on the at least
cne nen-aromatic ring preferably, has a cis— conformation with
respect to the A and B substituents i.e. A and B extend away

from the structure on the same side thereof.

Preferably, the non—aromatic bridged <cyclic hydrocarbyl
structure has from 3 up to 30 cyclic atoms, more preferably
from 4 up to 18 cyclic atoms, most preferably from 4 up to 12
cyclic atoms and especially 5 to 8 cyclic atoms and may be
monocyclic or polycyeclic. The c¢yclic atoms may be carbon or
hetero, wherein references to hetero herein are references to
sulphur, oxygen and/or nitroegen. Typically, the non-aromatic
bridged cyclic hydrocarbyl structure has from 2 up to 30 cyclic
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 c¢yclic carbon atoms, may be monocyclic or
polycyclic and may or may not be interrupted by one or more
heterc atoms. Typically, when the non-aromatic bridged cyclic
hydrocarbyl structure is polycylic it is preferably bicyclic or
tricyclic. The non-aromatic bridged cyclic hydrocarbyl
structure as defined herein may include unsaturated Dbonds. By
cyclic atom is meant an atom which forms part of a cyclic

skeleton.
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5 and/or 6 substituted piperidines 5 and/or 6

substi tuted 5norpholines 1- substituted furansb
WARMPHIO782 substi tuted 1,4 dioxane  substit ut eBCVGP20R8/050550

substituted 1,3 di oxane WO

2009/010782PCT/G82008/050550 36 cycl opent anone6-

substituted cycl ohexanone 57

The non-aromatic bridged cyclic hydrocarbyl structure, apart
from that it may be interrupted with heterc atoms may be
unsubstituted or substituted with one or more further
substituents selected from aryl, alkyl, heterc (preferably
oxygen), Het, halo, cyano, nitro,

-OR", -OC(O)R**, ~C(O)R", -C(O)OR?*, -N(R®*)R*,

-C{O}N(R¥)R*®, —SR*, -C(0)SR® , -C(S)N(R¥)R¥* or -CF; wherein

R - R are as defined herein.

The non-aromatic bridged cyclic hydrocarbyl structure may be

selected from cyclohexyl, cyclopentyl, cyclobutyl,
cyclopropyl, cycloheptyl, cyclooctyl, cyclononyl,
tricyclodecyl, pipéridinyl, morpholinyl, nerpornyl,

isonorbornyl, norbornenyl, isonorbornenyl, bicyclo[2,2,2]octyl,
tetrahydrofuryl, dioxanyl, 0-2,3-isopropylidene-2,3-dihydroxy—
ethyl, cyclopentanonyl ‘ cyclohexanonyl, cyclopentenyl,
cyclohexenyl, cyclohexadienyl, c¢yclobutenyl , cyclopentenonyl,
cycliohexenonyl, adamantyl, furans, pyrans, 1,3 dioxane, 1,4
dioxane, cxocene, T-oxabicyclo[2.2.1}heptane, pentamethylene
sulphide, 1,3 dithiane, 1,4 dithiane, furanone, lactone,
butyrolactene, pyrone, succinic anhydride, c¢is and trans 1,2-
cyclohexanedicarboxylic anhydride, glutaric anhydride,
pyrollidine, piperazine, imidazole, 1,4,7 triazacyclononane,
1,5,9 triazacycledecane, thiomorpholine, thiazolidine, 4,5-
diphenyl-cycichexyl, 4 or 5-phenyl-cyclohexyl, 4,5-dimethyl-
cyclohexyl, 4 or S5-methylcyclohexyl, 1,2-decalinyl,
2,3,3a,4,5,6,7,7Ta~octahydro-1H-inden-5,6-v1, 3a,4,5,6,7,7a—
hexahydro-1lH-inden-5,6-y1, 1, 2 or 3 methyl-3a, 4,5,6,7,7a
hexahydro-1H-inden-5,6-y1l, trimethylene norbornanyl, 3a,
4,7, Ta-tetrahydro-1HE-inden~5, 6-vy1, 1, 2 or 3-dimethyl -3a,
4,5,6,7,7a-hexahydro-1H~inden 5,6-yls, 1,3-bis(trimethylsilyl)-
3a,4,5,6,7, 7la~hexahydro-3H-isobenzofuran and wherein the
linking group A or B 1is Jjoined to available non-substituted

adjacent cyclic atoms.
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10 1 - substituted cyclopentenyl 1 and/or 6 -
substituted cycl ohexenyl 15 2 and/or 3 substituted

wWOoeg8Radi enyl 2and/ or 3 substitutedl, 4 dit hiPQAEB2BEE/E50550

5 3 - substituted pyrones2 - substituted 1,3 dithiane

R 10 1, 2, 3, 4 substituted piperizine 1substituted

pyrol lidine R 28
R may represent a non-aromatic bridged c¢yclic hydrocarbyl
structure having at least one non-aromatic ring to which the ¢!
and Q° atoms are linked on available adjacent cyclic atoms of
the at least one ring. Apart from that it may be in the form
of a polycyclic structure, the non-aromatic bridged cyclic
hydrocarbyl structure may be unsubstituted or substituted with
at least one substituent, preferably on at least one further

non-adjacent cyclic atom of the at least one ring.

By the term one further non-adjacent c¢yclic atom is meant any
further cyclic atom in the ring which is not adjacent to any
one of said available adjacent cyclic atoms to which the Q' and

0 atoms are linked.

However, the cyclic atoms adjacent to the said available
adjacent cyclic atoms and c¢yclic atoms elsewhere in the
hydrocarbyl structure may also Dbe substituted suitable

substituents for the cyclic atom{(s) are defined herein.

For the avoidance o¢f doubt, references to the cyclic atoms
adjacent to the said available adjacent cyclic atoms or the
like is not intended to refer to one of the said two available
adjacent cyclic atoms themselves. As an example, a cyclohexyl
ring joined to a o' atom via positicen 1 on the ring and joined
tc a Q° atom via position 2 on the ring has two said further ncn
adjacent cyclic atoms as defined at ring positicon 4 and 5 and
two adjacent cyclic atoms to the said available adjacent cyclic

atoms at positions 3 and 6.

The term a non-aromatlc bridged cyclic hydrocarbyl structure
means that the at least one ring to which the Q' and @ atom are
linked via B & A respectively is non-aromatic, and aromatic
should be interpreted breoadly te include not only a phenyl type
structure buf other rings with aromaticity such as that found

in the cyclopentadienyl anion ring of ferrocenyl, but, in any

A
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1, 2, 3 substituted thionorphiline 5substituted
cycl ohexen-4-one WO 2009/ 010782PCT/ GB2008/ 050550 38
WORROIYGEA. 2. 0] oct anebi cycl of 4. 3. 0] nonane 5 REK/GB2008/050550
Adamantyl -1, 2-diylsubstituted tetrahydropyran
Substituted di hydropyransubstitut edpent anet hyl ene
sul phi de (substituted tetrazh%/drot hi opyran WO
2009/ 010782PCT/ GB2008/ 050550
ca3¢ -t d9Ehydpb- fAFCande- gredet ia- yalber dtherdtsonen 4, Bvigi yidon-

aromatic at least one ring.

The substituents on the said cyeclic atoms of the non-aromatic
bridged hydrocarbyl structure may be selected to encourage
greater stability but not rigidity of conformation in the
cyclic hydrocarbyl structure. The substituents may, therefore,
be selected to be of the appropriate size to discourage or
iower the rate of non-aromatic ring conformation changes.
Such groups may be independently selected from lower alkyl,
aryl, het, hetero, halo, cyano, nitro,

-CRY, -0C(O)R*, -C(O)R?!, -C(O)OR*, -N(R®)R*, -C{O)N(R¥)R%,
SR¥, -C(0)SR*® , -C(S)IN(R*)R® or -CF;, more preferably, lower
alkyl, or hetero most preferably, C-C¢ alkyl. Where there are
two or more further cyclic atoms in the hydrocarbyl structure
they may cach be independently substituted as detailed herein.
Accordingly, where two such cyclic atems 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 haleo, cyano, nitro,

i9 23,24

or”, oc(0)rR”, c(o)rR*, c(o)or®, N&¥R™, C(0)NR¥R®, sSrR¥, C(0)srRY,

f) .
* are as defined

C(S)NR”R®™, aryl, alkyl, Het, wherein R” to R
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 groups or mixtures thereof.

Particularly preferred substituents are methyl, ethyl, propyl,
isopropyl, phenyl, oxc, hydroxy, mercapto, amino, c¢yano and
carboxy. Particularly preferred substituents when two or more
further non adjacent cyclic atoms are substituted are x,y-
dimethyl, x,y-diethyl, =x,y-dipropyl, x,y-di-isopropyl, x,y-
diphenyl, x,y-methyl/ethyl, x,y-methyl/phenyl, saturated or
unsaturated cyclopentyl, saturated or unsaturated cyclchexyl,
1,3 substituted or unsubstituted 1,3H-furyl, un-substituted

cyclohexyl, =x,y-oxo/ethyl, x,v-oxc/methyl, disubstitution at a

;
i
|
i
i
H
i
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gamma- but yrol act onegl utari ¢ anhydri de 10
substituted di hydro i m dazol eSubstitutedl, 4,7

WO BP9IR78cycl ononane WO 2009/ 010782PCT/ GB200 808 H08/050350

40 substituted 1,5,9 triazacycl odecanesubstituted

5t hi azol i di ne
30

single «ring atom is also envisaged, typically, x,x-lower
diatkyl. More typical substituents are methyl, ethyl, n-
propyl, isco-propyl, n-butyl, isobutyl, t-butyl, or oxo, most
typically methyl or ethyl, or oxo most typically, methyl;
wherein x and vy stand for available atom positions in the at

least one ring.

Preferably, further substitution of said non-aromatic cyclic
hydrocarbyl structure is not on said available adjacent carbon
atoms to which said Q' and ¢ atoms are linked. The non-
arcmatic cyclic hydrocarbyl structure may be substituted at one
or more said further cyclic atoms of the hydrocarbyl structure
but 1is preferably substituted at 1, 2, 3- or 4 such cyclic
atoms, more preferably 1, 2 or 3, most preferably at 1 or 2
such c¢yclic atoms, preferably on the at least one non-aromatic
ring. The substituted cyclic atoms may be carbcn or hetero but

are preferably carbon.

When there are two or more substituents on the said cyclic
hydrocarbyl structure they may meet to form a further ring

structure unless excluded herein.

The non-aromatic bridged cyclic hydroccarbyl structure may be
selected from 4 and/cr 5 lower alkylcyclchexane— 1,2-diyi, 4
lower alkylcyclopentane- 1,2-diyl, 4, 5 and/or 6 lower
alkylcyclcheptane- 1,2-diyl, 4, 5 , & and/or 7 lower
alkylcycleooctane- 1,2-divl, 4, 5, 6, 7 and/or 8 lower
alkylcyclononane— 1,2-divl, 5 and/or 6 lower alkyl
piperidinane- 2,3-diyi, 5 and/or 6 lower alkyl morpholinane-
2,3-diyl, 0-2,3-isopropylidene-2,3-dihydroxy-ethane- 2,3-diyl,
cyclopentan-one -3,4-diyl , cyclohexanone-3, 4-divyl, 6-lower
alkyl cyclohexanone-3,4-diyl, 1l-lower alkyl cyclopentene-3, 4-
diyl, 1 and/or 6 lower alkyl cyclohexene- 3,4-diyl, 2 and/or 3
lower alkyl cyclohexadiene- 5,6-diyl, 5 lower alkyl
cyclohexen-4-one- 1,2-diyl, adamantyl-1-2-diyl, 5 and/or 6
lower alkyl tetrahydropyran-2,3 diyl, 6-lower alkyl




10

15

20

25

30

35

Substituted 3a, 4,5,6,7, 7a- hexahydro-1Hindene 5 In

the structures herein, where there is nore than one
WQRMY®iE8keric form possible, all such stereoi BEHEB008/050550

are intended. However, where there are substituents it

is preferable that the at |east one substituent on at

| east one 10 further cycliéyﬁton1of t he non-aromatic

bri dged hydrocarbyl structure extends in a trans
digyleery o W Bhdigspedtlawert BdkAl ahd3 ofidkaateom iSe6-diyl, 5

ar@fbends autwar dlyi,anit he oppasite.si ﬂ%ig;fl th&-f&%ﬁ}- dPxy1
Preferably, each adjacent cyclic atomt f he sali
Peavare b e ngd) seentdey dl Pcd it bm Eslarste substlituBedisbiane-

5,88 t@fiormpa firbhers 3-§eat omiing, sgr l&%HEFn P astRey;y,
ot her "adj acent cyclic atomto the said avallable
Lehdpheem - eyenré - dtons 4 -A-thel at dedastvehera i Agcsengi ad, 5-

dign, abAMAdHAGeD addhe 5ald; 91 hery adhaaehtyA-eMs2Q 41,
but outside the at |east one ring in the non-aronmatic
IpEPayed 28EYUTR oF - It iaddi thidRERT prdfEt r e redlidine -3, 4-
diembodizyentds - swéOuntk Whedhi R-aePReSenl & AR 1ar 9MBLLEr alkyl
,grldged hydraocarbyl structure ie. 25 having at | east
AIGKETAr OHEEI P g CodWht ch? (P A dPrarte ¥R 15liKed] 9,7
trdbaatRelgRepast i ves| bnkiyng groyps QRqAvAl habl fower alkyl-
1 gdhacent,gycl%g $tons of the at | east _one aromatic
'PYAg. The ZAr8MtT et ucful ey be2sdbst i tutléd=ni t halkyl
thQBfo OFhJTHme Subﬁti%ﬂ@ﬂL(S}JaﬁéZ Eh&yatgﬁﬂhhgobiaﬂgﬁd—4,5—
.hydrocarhyl . structure may, ere possi bl e,
dl§%bsf¥tJ?é%h%ﬁ%ﬁfcgﬁio%ﬁx e_%u%§¥ﬂ§Uen?sa§%?%Etédphenyl_
cybroneaddedl, 2adidl, Hets-dlakenyTyanqonbkbf®: ORLYivyl, 4 or
5—%%@%8(&}(%%?) Bzé?lgﬁgi?fgl:( 0%?( ¢9) gr?&;o’r NéQR%gv’ver alkyl-
decd h B CepR24) [ RI5) CRLG(IRL7) GRL8y 1avhere 0] mepresents diyi,
I r lLene;. or twg adjacent. substituents,together
G ey S of FRG g LD whiteh they “arecr 3
meqby ached 4016, d, far bherhydmmg,l Hwhnaddn-iss coptiybnabtyahydro -

1,5URSE 444 ed shy.pne o) nRLe sybst tuent %ec &d gO -
1Oa?£j%,halé,cﬁano,nitgg?%nggtx%ﬁyggofﬁfﬁ}ﬁ?%o,1 fé%en
5, OR2Ry T NR23R248nd/OF 0 BNRRBRAG, . G(38) RiiR365, Be’@texahydro-1H-
in&kQ) SR275 6 qiyas, 1,3-bis(trimethylsilyl) 3a,4,5,6,7, 7a-
hexahydro-3H-isobenzofuran — 5,6-diyl.

Alternatively, the substituents on the said at least one
further non adjacent cyclic atom of the non-aromatic bridged
hydrocarbyl structure may be a group Y where Y represents a
group which is at least as sterically hindering as phenyl and
when there are two or more substituents Y they are each as
sterically hindering as phenyl and/or combine to form a group

which is more sterically hindering than phenyl.

Preferably, Y represents -SR*R"R' wherein S represents Si, C,
N, S, O or aryl and RR"R* are as defined herein. Preferably
each Y and/or combination of two or more Y groups is at least

as sterically hindering as t-butyl.
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wherein e to R27 are defined herein. One type of

substituent for the aromatic bridged 15 hydrocar byl
WOs1002@10t82e i s the substituent Yx which nmay be ROITEGEX08/050550

on one or nore further cyclic atom(s), preferably

aromatic cyclic atomof the aromatic bridged cyclic

hydrocar byl structure. 20 Peeferably, when present,

the substituent(s) Yx on the aromatic structure has a
Mot@tra:ieﬁea:abmft Yixheof talmmsmtdsre]ry tolnanshlysitrngmmtsmchltt hiat at

nis t nunb
1o XTht Tt hont 129 W HAaoroRr i doBubE TRt Rt ethere
aref tabons obtdrer tsthlasrtﬂtyaenogerf oncleypastd cabalt at least as
it ue YX. i call n here | nor e _t han
Stg%%csas}ugstﬁ%derﬁl@ % grﬁna e\rma s%‘) re erredasto greally
higdeming ¥s anyuitwio ifayobeidegcaned onsirthg esgneuvor
different cyclic atons of the aromatic bridged cyclic
hydr ocar byl structure. Preferably, there are 30 10 Y
Pregfenys vio e whens 51 dtso @@l miY'e pt'éf endbRY telver dngepeddently
hya(r&geqlupalkrmst ée;rseﬁ%arl ok 1) 81 OKPS AN REALOMRLL G oq
structure ,and, especi al | 1, or 3 substituent
he@@mp@dor@the debneed ca%tQ u@t—'u@e alfpiee lsulpdoispoeds, aryl,
arf¥&ld,C anQmmyi c a@‘y@@i@sﬂg}d beal‘i@n?@” %ﬁk{?ﬁ‘{z?roh&“ RL&ro,
r ef

£Geferably car bon erabl y, when present, v
hajes], CYERYX |mitFet weePR 4- 100C ¢ ﬁrbRe pref €Vably, ~4IBHR?, -
ﬁmsﬁﬁ‘tpreé%ﬁ\bdpysm‘*@ 20,srespedi @)lsg>4- 12.spy Rref gpablys, -
when there is one subst i t'uent Y Y represents a group
SijhRch i 8T st 11 :d&sP5BROBt%ri cal | y hindering as phenyl
and when there are two or nore substituents Y they are

each as sterically hindering as phenyl and/or conblge
Prefedadiliy a "ge8up viii chti Cmofe St 8Fi Cal IR -hihdepPigR

m&é@mdelaemyl hifr BerSt erdi1gghly phogdetdng, hewein, aryiene,
whet her in._the context of. the groups RI-R12 descri bed
SLErei natt%er Yor ChESUBST I ueht“®PY tor AoFKRY Wi sBStmeletero.
han®@an cyheoct ermtas,r eack’fy wadeoskod by(dywése skided?, -
10 the a L th avoli ce.of any 15 doubt, the
N(%e %1 (§te%18 I nderE @ %%ah ﬁﬂﬁﬂyﬁRcéﬁ be CF: 4 -
slmték“én”tomeamﬁamom@hartl@\nerez&egr ee Oéastibsid taft RERR* is
t han PH2Ph when PH2 0(re resenting the group
o REGOR Bt FPHL0) F(08) 4 TR GF GRTF I Beeeby T ad R~
rR™acoer ditagitenl the eOndi’t ions betowreBbrablar | §,-C, alkyl or
nLeferences to nore 20 sterically hindering than
PhEs utyl can be taken as references to DS val ues
conpared with PH2t-Bu etc. If, for instance, two Y
Qups . ar i ng a and, PHY1 1 s;n m)re
Pr%t[ eri 2% : g %ler ggg?héﬁgtheqrogfee%Ehce then PHYIYo* 150 be
prefroued b?@ cxmpwrrednqmet ke ft Hérer ef errenpe. 18 momamw gfoups.
ih 25, Y. pPS,Ar ng d. a P
TOBIT2. e ROl Al Foady Gt orh nea 5" b mof Ty can e
bigakariteaRfy - hRnderﬂeoﬁJtSh}aﬁ@et herstraridard then PY1Y2Y3
shoul d be conpared. If there are nore than three Y
groups they should be taken to be nore sterically
Profeigeried titamddibapyl to3@rsueriYe Hihedrmmmcerpmatire bridged
seConbex! aly Lhe TivankdoB.peg elgh | 8, diReussedk an page wien
et seq of "Honmbgenous Transition Metal Catal ysis -
grm@erﬁelleCA?tl fraw YC, aVhst eracy pulsicy dhed bl kerapnaar akd 1.

arﬁfﬂﬁal%%@}-alkenyl, alkynyl, het, hetero, halo, cyano, nitro,
-OR'Y, -0C(0)R*, -C(0O)R?*, -C(O)OR??, -N(R¥})R*, -C(0)N(R?*)R%,
SR??, -C{0Q)SR¥, ~C(S)N(R*7T)R?®, ~CF, , —-3iR"RER, or

alkylphosphorus  wherein RY™-R*® are as defined herein; and R’-
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44 Tol man (" Phosphorus Ligand Exchange Equilibria on

Zeroval ent Nickel. A Dom nant Role for Steric
WeReReiYs2 Journal of American Chemnical Soci etBCT/GB2008/050550

1970, 2956-2965) has concluded 5 that the property of

the ligands which primarily determnes the stability

of the Ni (0) conplexes is their size rather than their
,electronic character. To deternine the relative steric
R'hi e adedioed aagr Rip R obult0 soeharrsdebebiy uéntCit helkyl or
pHEBL,hod of Tolman to determne DS may be used on the

phosphorus anal ogue of the group to be determ ned as

set out above. Tol uene solutions of N (C0)4 were
1 At edoy Lhhan £ightfohd 1p.excess,of PhoSpNANYSteq with
. ligand; substitution of CO by Iigand was followed %y
ineEhs taPnt H@ carboRyl Strefehi r§ \iltsr afiorsri mudséituents
adrRhE@r €8 SPRChENM roha® 1 SOhHALNS Wer &y §aidd L ated by

heating in sealed tubes for 64 hr at 100. Further

heating at 100 for an additional 74hrs did not
MoskgREE€ANd Yy change ttbe: spest rse L0 thedf reaMencies;1 or
_ang &nten5|t|es of the carbog¥l stretchlgglbands in
LRy SgEctr £UGF eRe ~EqETTY briatd8sobUt | GHN AW PERBTY Y1
~ptieher i s18d:1 phbay degree ngfia skpst idrutheBpEibd&yi-  such as
hest%nated s§n1quant|tat|vely fromthe relative
PACRPRHE9°E¥  and the assunption that the extinction

coefficients of the bands are 25 all of the sane order

of nitude. For. exanmple, in the case of P(C6111]) 3,
FrEfg yban"g‘ed]f SNiJ(%:o?éLoanS R B eh4itd f?ffreNi%fco"j]“%T_Pg are
hyvareged, altouteatshe osameri Rt‘ensit yhosddt bat skt cdegree ©fiky
toSUbﬁhitHﬁéeriﬁiPQEig?tPQ at .1.5. I f this experinent
fail's to di SEIRgUTsh tRE T eSpEA TV | FRANFYPhelt k8 are
prefphﬂgM1 pﬁm@phorws,SQﬁREhﬁﬁhoalk&}L-[butwbrmhﬁsphOtaﬁbon

0 ed to,t PY2H equi val_ent _as the S

oo P TR o TRl s Shde Fatrarfy A o
tedisginguilsh-t he |igands then the PPh3 or P(tBu)3

I i gand shoul d be conpared to PY3 , as the case may be.

Such further experinmentation nay be required with
Ingpépre | | garmdsmahieh fidldry 3Bsubsbé t utwee t e NmpER) 4said Y
su%@gpd@e?%ts 4§n_-rh§uz_g_r}'%lfp Xymc al&%mge gﬁflt%}?d_ % —aromatic

reference to its cone angle which can be efined in
brifge¢onfEXFCHIrd-he PPVEEdH, as Hise apedd angte ofora more
sub¥k i NHGalagongns e red Rt-t he (i dpoi nr_tin%!c &B8cture suen

aromatic ring. By mdpoint is meant a 5 point in the
aASphafe-loR It RBAR i hg Wi ERTYSW§ui di stant fromthe cyclic

ring atonms. Preferably, the cone angle of the at | east

one group Y or the sumof the cone angles of two or
SORBr &Y GrlodPer P S HtY 11 6 EF BAS L SR0G L eBh e prietlorabhyredt R,

r'least ©20, most: peef enabl Yaefheheast 8He QRe apd) €as the
shoul d be neasured according to the nethod of Tol man

SUPLitRentg R CHm REVIC 77t qQUEg7 AoV ug4gTaExcepto  be
hytihadert,he apexe@nrglatotnthgecone diSoaw:egnthhad sabst N&itea
.M dpoi nt of the aromatic ring. This 15 nodified use of
LETOHMERY COnEchngl el chaBERPIed | A"Bt hePa% st BRE tate oF
difeasdtte Stk aieflf aetisysweh 1as8xbfp@Serd Nthe phosphorus (not
hC§C|O ent%die3¥l zi rconi um et hene pol ynmeri sation
ShRuph 197t §7PY0u'h&7°8f S#bt ecul ar Catal ysis: Cheni ca

188, (2002), 105113)
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15

20 The substituents Y are selected to be of the
appropriate size to provide steric hindrance with

WO 289810782t 0 t he active site between the QL andCQAGB2008/050550
atons. However, it is not known whether the
substituent is preventing the netal |eaving, directing
its 25 incom ng pat hway, géferally providing a nore
stabl e catalytlc confirmation, or acting otherw se. A

s ed ligand is found when Y

and 30 R4012411702 are_as dgfined
Preferably each Y and/'dr _coi natilon of
QL oups is at |least as sterics
. 46 More preferably, when tW

is only one substituent Y, it is at |east as

sterically hindering as t-butyl whereas where there
4 and/bpwoSosubmreétsubdt ctugnhexyY]l they arde eachsabskeast:cd
as sterically hindering as phenyl and at | east as
sterically 5 hindering as t-butyl if Efei'¥&rédlas a
single group. Preferably, when Sis aryl, R', R' and
R42 are independently hydrogen, alkyl, -BCB X2(X4)
(wherein B, X2 and X4 are as defined héfein and @ is
defi ned as 41 or 2 above), phosphorus, ¥
aryl enal kyl , al kenyl
, cyano, nitro, RQR

, - N(Rm) R24,
-CIS)N(RmM Rm - CF3, Si

NS. 15Preferably, ,
. gad R42 are indep2ﬂ§
al kyt", phosphorus, aryl, arylene,
ar@lenalkyl al kenyl , aIkynyI het ,
cyano, nitro, -O0R19, -OC(O)Rn1 C(O)Rnf* C(O)ORn1 -

N(Rm) R24, -C(0)N(RmM Rm -SRm -0(0) 5R30,

-C(S)N(RmM Rm -CF3 , - 20Si R111272Rm or
abkyhpghosphosubsuhereed aycleasttohe d@f, RE0- RI2 drsifwot 7
hydrogen and wherein R 9-R3 are as deflned hereln,

and R'- are defined as R42- R42 b§tPslrd pitéfer abl y

C -C4 alkyl or phenyl. 25 Preferably, -$d1$09,y1C Or

aryl. However, N, S or 0 nay al so be preferreg as one

N
-

or nore of the Y groups in conbined or in the case of

mul ti pke Y groups. For the avoidance of doubt, as

oxygen Yr sul phur can be bivalent, R'g-42 can also be
[ 30

4,5,6,7 and/or 8 substituted cycloncnyl 2,3,4 and/or 5

substituted

decahydronaphthalene

i



Preferably, in addition to group Y, the aromatic
bri dged cyclic hydrocarbyl structure may be
WQARWIH4Y S ut ed or, when possible be further subSHGBRAR0B0550
with groups selected fromal kyl, aryl, arylene,
al karyl, aral kyl, arylenal kyl, al kenyl, al kynyl, het,
35hetero, halo, cyano, nitro, -ORm -0C(0)R, -C(0)Rm
-¢(0) OR22, -N(Rm Rm C(O)N(Rm Rm - m SR-, -C(0)SRm
-C(S)N(RMRm -CF3 , 47 -SiR731,274273, or
al kyl phosphorus wherein R 9-123 are as defiged herein;
and R71-R73 are defined as R40-R42 but are preferably
. I'n addition, the at |east one

for ijnstance{ when R is a cycl opentadie
anion it may| formpart of a netal conpl
henocyl, nol ybdenocenyl
8qui val el s. mpl exes shoul d f
aronaticlbridged cyclic 10 hydrocar byl
within the context of the present invention and when
they include nore than one aromatic ring, the
substituent(s) Yx or otherw se may be on the sane
5 AURMY & T a3 dhal i hlGdlhes Qlnang, B ahgi @18 cq
linked or a further aromatic ring of the structure.
For instance, in the 15 case of a metmtdoioene, the
substituents may be on any one or nore rings of the
net al | ocene structure and this may be the sane or a
different ring than that to which Q and  are
| inked. 20 Suitable netall ocene type |igands which nay
be substituted as defined herein will be known to the
skill ed person re extensively defined in WO
. articularly preferred ¥W-gubst iPuyent
such ayomatilc anions is when Sis Si. 2
Sis aryl, the aryl may be |unsubstjtuted
stituted with, in addition fto R40,| R41,
R42, any of th her substituents_defin
aromatic structure above. 30 More pr@ferred %
substituents in the present invention nmay be sel ected
fromt-al kyl or t-alkyl,aryl such as -t-butyl or 2-
phenyl prop-2-y1" -Si Me3, -phenyl, al kyl phenyl -,
phenyl al kyl or phosphi noal kyl - such as phosphi nonet hyl .
1ﬁ4§u%§tdFVéePh§uF€&ﬁired stericgh?%ﬁ Ance FHESShERTeT 1.4
groups are preferably phosphoris,.ghosphi noal kyl -, a
tertiary carbon bearing group such as -t-butyl, -aryl,
-al karyl, -aralkyl or tertiary silyl. 5 Preferably,
the aromatic bridged cyclic hydrocarbyl structure has,
i ncl udi ng substituents, from5 up to 70 cyclic atons,
nore prefer ; to 40 cyclic ato
RRr ef 5-22 cyclic atoms; especia
cyx¢lAc atons, if not a netall ocene 10 co
Prekerably, the aromatic bridged cyclic
ru y be nonocyclic or polycycl
aromatd ¢ at

substituted DIOP 2 - substituted 1,3 dioxane
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20

be carbon or hetero, wherein references to hetero
herein are 15 references to sul phur, oxygen and/or
WwWh10e9/69e8t. However, it is preferred that the GCTARBROGESOSS0
atons are linked to avail abl e adj acent cyclic carbon
atons of the at |east one aromatic ring. Typically,
when the cyclic hydrocarbyP®structure is polycylic it
is preferably bicyclic or tricyclic. The further
cycles in 2Qethe—aromatic bridged cydldc h

rnOsS) as defined herein may_  iACl Ode

d By cyclic atomis' meant an atom
which forns 25 part of a cyclic skeleton. Preferably,
the aromatic bridged cyclic hydrocarbyl structure

whet her substituted or otherwi se preferably conprises

| ess than 200 atonms, nore preferably,|less than 150
CHFCORBEVPEBPETS0 pref er abl y,01 e¥d$hidi U @Ator eI
termone further cyclic atomof the aromatic bridged
hydrocar byl structure is neant any further cyclic atom
in the aromatic structure which is not an avail abl e
adj acent cyclic 35 atomof the at | east one aromatic
ring ta_whi the Q or @ atoms are I i
i nki p 49 As nentioned above,

. an exanpl e, an arongtrCT pheny

joined to a Q atomvia position 1 on the ring and
joined to a Q2 atomvia position 2 on the ring has
preferably one or nore said further aromatic cyclic
atons substituted at ring position 4 and/or 5 and two

1 Lmagdiat eyadhaecedl opyskbayat oms togt/he sai d avaidallketeq
adj acent cyclic atons not substituted at 10 positions
3 and 6. However, this is onlywprefeaned substituent
arrangenent and substitution at ring positions 3 and
6, for exanple, is possible. The termaromatic ring or
aromatic bridged neans that the at 15 | east one ring
or bridge to which the QL and @2 atom are i nmmedi ately
linked via B & A respectively is aromatic, and
aromatic should preferably be interpreted broadly to
i nclude not only a phenyl, cycl opentadi enyl anion,
pyrollyl, pyridinyl, type structures but other rings
with aromaticity such as that

Rl
i::[:::::]::::::: Ri::[::s::J:::::::
R’ R’ S
2 and/or 3 substituted cyclohexadienyl 2 and/or 3

substituted 1,4

dithiane
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20

20 found in any ring with del ocalised Pi electrons

able to nove freely in the said ring. Preferred
WaR2HRHEe782ri ngs have 5 or 6 atons in the ring DOT/GBRIVGHS0550

with 4n + 2 pi electrons are al so possible such as

[ 14] 25annul ene, [18] annul enefetc The aromatic

bri dged cyclic hydrocarbyl 3tructure may be

sel ect edf ronbenzene- 1, 2di yl , ferrocene- 1, 2-di yl,

napht hal ene-1, 2-diyl, 4 or 5 nmethyl benzene-1, 2-diyl,

1'5-nethyl 30 ferrocene- 1, 2-diyl, 4Rand/or

t- yl pb@rzene =di yl, 4, 5- dlphen
nd/ or 5- phenyl benzene-1,
| - benzene- 1,2-diyl, 4 or
5-1- 1, 2- din 2, 3, 4 an
-diyl, 1H|nden 5, 6-diyl,
-d|yI 4,7 35 met hano - 1H i ndene
-1,2-diyl, 1, 2 and/or 3-dimethyl -1Hinden 5,6-diyls,
1,3-bis(tr|nethyIS|Iy1) I sobenzofuran - 5,6-diyl, 50
4-(trinmethylsilyl) benzene-1,2 diyl, 4-phosphi nonethyl

begggg {2' - pheny '-y1),benzepe. -

J etl t]tﬂ'%cgl%t% ®si | yl enzéﬁégg %%F%% 1756 i ane
4-di-t- butyl nethyIS|Iy1 benzenel, 2di yl ,
4-(t- butyldinethylsiIy1)-benzene-1,2diy|, 4-t- 5
butyl silyl -benzene-1, 2diyl,4-(tri-t-butylsilyl)-benzen
e- R"
1, 2d|yl 4 (2 -tert-butyl prop-2' yI)benzene 1, 2diyl,
: , , 4' pent anet hyl - pent-3'-y1l)- benzene-

"-tetranethyl, 3'-t-buty 1) - benzen
. )t-al kyl ferrocene-1, 2-diyl,
R’ -1,2-diyl, 4-(or
| ) pheny|l - ferrocene-1, 2-diyl, 4,5-
di-t-bd{yl-ferrocene- 1,2-diyl, 4-(or
11)t-butylferrocene- 1,2- diyl, 4-(or 1')
(trimethylsilyl) ferrocene-1,2 diyl, 4-(or
11) phosphi nonet hyl ferrocene- 1, 2diyl , 4-(orl1") (2" -
phenyl prop-2'-y1)ferrocenel, 2di yl, 4-(or
1,1%1" kdi met ksl r Y, (orl')di
butyl nethyIS|Iy%FEEPo%gﬁggi%légy]'4 (orl")(t- Sthtltuted
butyldlnethyIS|Iy1) ferrocene-1, 2diwtq UL {@ime
1')t-butylsilyl-

enyl -

Rn

R’ N

1, 2, 3 substituted thiomorphiline 5 substituted

cyclohexen—-4-one
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ferrocene-1, 2diyl,4-(orl1")(tri-t-butylsilyl)-ferrocene
- 1,2diyl, 4-(or
woRohyazert - but yl prop-2'-yl)ferrocene-1, 2 di WICT/@E2008/050550
4-(or 1')(2',2',3 ,4 ,4
pent anet hyl - pent 3 yl) ferrocenel, 2diyl, 4-(or
1')(2',2',4" ,4 -tetramet hy2383' -t-butyl - pent-3‘-
yl)-ferrocene 1,2 diyl. In the structures herein,
where there is nore than one 25 stereisoneric form
possi bl e, all such stereoisoners are |ntended As
nment4on ve, in sone enbodine
sulpstituerfts on further cyclic afons
strnucture.l 30 Optionally, the
sthstitu may, especially wh
cycli t onsY ine to forma
such as a cycloaliphatic ring structure. Such
cycloaliphatic ring structures nmay be saturated or 35
unsat urated, bridged or unbridged, substituted with
biay&yb[4Y2gbbupstasedefi ned herei nbiamdlo [dr.yl.@iecnane
al karyl, aral kyl, 51 arylenal kyl, al kenyl, al kynyl,
het, hetero, halo, cyano, nitro, -0E19, -0C(0) En,
-C(0) En, -C(0)0E22, N(R23) E24, C(0) N( R25) E26, -
SEn, - C(0) SE30, - C( S) N( En) En, - CF3- Si E7T1E72E73, Or
phosphi noal kyl wherein, when present, at |east one of
E40-R42 is 5 not hydrogen and whgrein E 9-Rn) are as
defined herein; and Ell-En are deN ned as E43-R42 but
if &~preferably CL-C4 al kyl or phen Y

ructure

of 4) oxygen, nitroger iANgEon at ons

Iano or dialkyl silicon groups g es

' ) _Exanpl es of such struct'uresN

pi perith~ae, pyridine, norpholine, cycloheXe
cycl ohept ane, cycl ooctane, cycl ononane, furan
di oxane, al kyl substituted D OP, 2-alkyl substi t ut ed

AddmahtgilOXaNB;diGHC] opent anongbsey eh e XxreRBydddpyran
cycl opent ene, cycl ohexene, cycl ohexadi ene, 1, 4di t hi ane,
pi peri zi ne, pyrol |l idine, thionorpholine, cycl ohexenone,

Substituted dihydropyran substituted pentamethylene
sulphide (substituted tetrahydre-
thiopyran

RNy

s
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bi cycl o[ 4. 2. Ol oct ane, bicycl o[ 4. 3. 0] nonane,

adamant ane, tetrahydropyran, dihydropyran,
WO @p0AmM7E2 ot hi opyr an, tetrahydrofuran-2-one, detT/@B2008/050550

val erol act one, ganma- butyrol actone, glutaric 20

anhydri de, di hydr oi mi dazol e, tri azacycl ononane,

tri azacycl odecane, thiazol it ne, hexahydro-1H i ndene

(5,6 diyl), octahydro-4,7 methano-indene (1,2 diyl)

and tetrahydrolHindene (5,6 diyl) all of which may be

|t r bstituted as_ defin fo ryl X

teﬁggggﬁg Z%E%gegi ?I?% but non- | i%%angagggﬁp ae%%lfe 4, 5-diyl

unsubstituted aromatic bridged bidentate |igands

within this invention
i ncl udet hefoll owi ng: 1, 2-bis-(di-tert-
but yl phosphi nonet hyl ) benzene, 1, 2-bis-(di-tert- 30
pentyl phosphinonet hyl ) benzene, 152- bi s- gdi -ter t5
but yl spp#Monet hyl ) napht hal ene;
bi s(Ai nt yl phosphi nonet hyl ) benzene, 1, 2pi s(di - 3, 5-

adamantyl tert-butyl - phosphi nonet hyl ) benz - bi s-

52 (2, 2,6, 6-

t et ramet hyl - phospha- cycl ohexan- 4- one) - o- xyl ene,
gamm-pitgre2atphospha- adanmant y1) ) - o-gdydtemnég lanhydride

(di adamant yl phosphi nonmet hyl )-2-(di-tert-

but yl phosphi nonet hyl ) benzene, 1-(di-tert- 5

but yl phosphi nonet hyl ) - 2-

(di congr essyl phosphi nonet hyl ) benzene, 1-(di-tert-

o
RI
H
N HN
- | NH
R
N
H
. N
a H
substituted dihydro imidazole Substituted 1,4,7

triazacyclononane



but yl phosphi no) - 2- (phospha- adamant yl ) o- xyl ene, 1-

(di adamant yl phosphi no) - 2- ( phospha- adamant yl ) o- xyl ene, 1
WO200401978r t - but vyl phosphi no) - 2- (P- (2, 2, 6, 6-t et PE&TEEBRPPR/OS0550

10 phospha-cycl ohexan- 4-one) o- xyl ene, 1- (2, 2, 6, 6-

t etranet hyl - phospha- cycl ohexan- 4- one) - 2- (phospha-

adanantyl)o-xylene,l-(di-tépt-butylphosphinonethyl)-2-

(di -tert-butyl phosphi no) benzene,

| no) benzene, 1- (di-tert-
kr2-(P-(2, 2,6, 6-
tetranetMyl - pposphacycl ohexan-4- one) benzene, 1 -(tert
» adamant yl phosphi nonet hyl )-2-(d 25
adanantylphosphlnonethyl)benzene 1-[(P-(2,2,6,6, -

t et ramet hyl - phospha- cycl ohexan- 4- one)nethyl)l 2- (phosp

ha- adanantg%%benzene,1,2-bis- .
sulbgfiiereput yP pho<pRrABRRt WACPREr r ocSHESRI IR 1 s-
(ditertbutyl phosphi nonmet hyl ) f erroceng,d; 2sis(1, 3,5, 7-

30
tetranethyl 6,9, 10-tri oxa- 2- phosphaadanantylnethyl)fer

rocene, 1, 2-bis-a,a-(P-(2, 2, 6, ;

3a,4,5,6,7, 7a—hexahydro-1H—-indene substituted 3a,
4,5,6,7,7a hexahydro—1H-

10 indene

15

QOctahydro -4,7 methano - indene 3a, 4,7, la~tetrahydro-1H-

indene
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t et ramet hyl - phospha- cycl ohexan- 4- one)
) di et hyl f errocene,

wa3POIes2 t er t - but yl phosphi nonet hyl ) - 2- (P- ( 2, 2p@&}/6B2008850550
t et ramet hyl - phospha- cycl ohexan-4-one))ferrocene and

1,2- bis(
1,3,5 7-tetramethyl-6,9, 10- t¥i oxa- 2- phosphaadamant y| me
t hyl ) benzene; wherein "phospha-adamantyl"” is sel ected

from 2-phospha-i, 3,5, 7-tetranet hyl-6,9, 10- 5

tri oxadamantyl , 2- phospha-1, 3, 5-tri methyl-6, 9, 10

tri oxadamantyl , 2- phospha-1, 3,5, 7-tetra(trifl uoronet hyl
)- 6,9, 10-tri oxadami@nt yl or 2- phospha- 1, 3, 5-
tri(trifluoromethyl)-6,9,10-tri oxadamantyl. 10

nethylcyclopentane
ci s-1, 2-bi s(2-phosphi'nonet hyl-1, 3,5, 7-

S%%&%gg‘?éyy'é’la:6"4?5}8_'};4&0 ex%ga t1¥;l%ﬁf{én5é di met hyl cycl o
150is 1, 2- bi s(2- phosphi nonet hy1- 1, 3 5,7-tetranethyl-6,

trlox - ada l.) 5- et h Icy opent ane;
o 20 RO eRR ! pRESER HOifgEny . qiare  than
SﬂmrﬂeBhwémyrlOmﬂmangmmsublth all such stereoisomers are
o] adggant Ipho hi nonet hyl) . .
:Ugﬁgpggentgﬁg E%:/rs 1§Pf§ Pqﬁ'aﬁan % grifuents it ls
prgtiesphlmonietthyte 2at( dledst 2he substltuent on at least one
shutylp n hyl) l.cycl.ohexane;
P L JP Bk ot ngr o e oparoy?
Stﬁupyppﬁo%¥ﬁﬁQQ§nemhwlﬁrgnﬁeﬂhy¢qgmﬂnowenhane$p¢§t 1-{@-the A
neh%pgl QQQBFWL:V%&e%d@ Zumrfﬁn%ny%hé, ?pﬁo%’itt'él QXgz adamy,.
yl)- 2 - (di-t-butyl phosphlnone yl1)4, 5-
r%ﬂlﬂﬁethylcyclohexane cis-1-
25(2- phosphi nonet hy1-1, 3,5, 7-tetranet hyl-6, 9, 10-tri oxa
-adamant yl)
Preferably, each adjacent c¢yclic atom to the said available

one

adjacent cyclic atom is not substituted so as to form a further
3-8 atom ring structure via the other adjacent cyclic atom to
the said available adjacent cyclic atoms in the at least one
ring or via an atom adjacent to the said other adjacent atom
but cutside the at least cone ring in the non-aromatic bridged

structure;

An additional preferred set of embodiments is found when R
represents an aromatic bridged hydreocarbyl structure ie.
having at least one aromatic ring to which Q' and Q° are
cach linked, via the respective linking group, on
available adjacent c¢yclic atoms of the at least one
arcmatic ring. The aromatic structure may be substituted

with one or more substituent(s).
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2 - (di-t-butyl phosphi nonet hyl ) -5-net hyl cycl opent ane;

cis-1-

WO2R0PHOEBhi nonet hyl-1, 3,5, 7-t et ranet hyl- 6, 9, 1GCITIGR2AEB/H0550
damantyl) 2- (di adamantyl phosphi nonet hyl) -5- et hyl

cycl ohexane; cis-1-

(2- phosphi nomet hyl- 1, 3, 5, 74€et r amet hy1- 6, 9, 10-t ri oxa-

30 adamantyl) - 2- (di adamant yl phosphi nonet hyl ) - 5- net hyl
Theycén@ﬁmtbme;bridged hydrocarbyl structure may, where
po%ggﬁiég?#ﬁ%g%ggégggﬁ%gﬁi_%ishSk;k}eggamﬁ&gyléubstituents
sel dbadamentyl phesphi nonet hyhdcychabyt argagiss- kritdic t -or'?,

buty%phosphlqgneth | )-2-(di adananty phoseplzgonethyl)zg426
CC(8IR35 d?ﬁ%k%ybc%b&ﬁﬁ%&aneﬁR "R™, C(O)NRTR™, C(S)R7R®,

eis-1;Ldks1- but .yl phosphj Osl{%tl 5225169417 18
SR(did%gég%$yrpﬁégphpﬁgﬁéFﬁyl)-gy ﬁtﬁ§$éﬁéklbg%n%euﬂgere J
reprssedi 2- DX phosphenoemetdry 1t 3, bt {adaret hghbeL9:1@nt s

trioxatrLc%CIo-{3.3.1,1[3.7]%decy1%-4,5-dinethylcycloh
togghpgr with the cyclic "atoms of” the ring to whilh they

ar€l Sado 2ot ( 2oprBosphimpmetdlyl+1n3, 5-friset hyl- 69430211y
5 trioxatricyclo-{3.3.1.1[3.7]}décyl)-5-net hyl
subgptibpeatianey one or more substituents selected from

i s-1-(.2-.phosphi nonmet hy1-1, 3, 5-t.ridet hyl- 5010-t 1 1
al%??tycﬁb]é%s.1?%?%97])&g€§f’-2-%5iJt-b%%§$bﬁoéphiig§g?2’
c (bybRr#%4, tirdintés hyk opyri’ehgxanes) R?°r%®, srR?’ or C(0)SRY';

cisfl-%g;phosghinoneth 1-1,3,5-trinmethyl-6, 9, 10-
wheFebRakri &cRo- (3R e e Ryt - 2- (di-t- 10

but yl phosphi nonet hyl ) - 5- et hyl cycl opent ane; ci s-1-( 2-

phosphi nonet hy1-1, 3, 5-trinethyl-6,9, 10-tri oxatricycl o(
Ong, 3..¥PH 3. 7}) désyASL21editadabrint yIEpRos phi et hy| pradged

= dj I I ane, - % .
by T o e et iy 154° 3 PSR &0 TU Vi Bkt P
preseyt| on{ 3ng. bri[mhrd )decyigr 2eyclic atom(s), preferably
- L2481 adament yLphosphi nguet pyL) -2 et hyl, cyglgpentane .
hyérgcgkg%pegffggf@fg;phosphinonethyl-l,3,5,7-tetranethy
1-6, 9, 10-

trioxatricyclo{3.3.1.1[3.7]1-decyl)-4,5-di met hylcycl oh

Pré?éyg%lygiﬁhén?pgé§§nt, the substituent(s) Y* on the aromatic
perfluoro(2-phosphi nomet hyl-1, 3,5, 7-tetramet hyl 6, 9, 10-
strygtowat hreyel o313 1. "I Y. 7 déeps) oBrgrettfyph hydrogen such

20cycl.opent ane; ci s: 1, 2-bi s- .
th?%-pho?%ﬁindﬁ%t%yléq,s,g??Fe n 1is the total number of

subedirtaechei ) uot ettty 1y er &eh@s the total number of atoms

other than hydrogen on a particular substituent Y*.

Typically, when thers is more than one substituent Y~
hereinafter also referred to as simply Y, any two may be
located on the same or different cyclic atoms of the aromatic
bridged cyclic hydfocarbyl structure. Preferably, there are =
10 ¥ greups ie n is 1 to 10, more preferably there are 1-6 Y
groups, most preferably 1-4 Y groups on the aromatic structure
and, especially, 1, 2 or 3 substituent Y groups on the aromatic
structure. The substituted cyclic arcomatic atoms may be carbon

or hetero but are preferably carbon.

s N L
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trioxatricyclo{3.3.1. 1[3. 7] }decyl) -4, 5-di net hyl cycl ohe

xane;
WeRWP188h s- (2- phosphi nomet hy1- 1, 3, 5, 7- t et r a( PET/GBAWBES0550

nethyl)-6,9,10-trioxatricyclfls.S.l.1[3.7])decy1)-5-ne
t hyl 25cycl opent ane. ;

ci s-1-(2-phosphino-1, 3,5, 7-tetranet hyl-

6,9, 10-tri oxa-adamant yl) - 2- (di -t - but yl phosphi nonet hyl)

4.9: %%pe l.cy anej-i-n . _
E&gig %b ph@%phl%%%%%ﬁyl 1, 3ZgY is Dbetween 4-100, more

preder apdet hyAHoe6 , Ind 9k trriedraaattanent?yl) e 2pd2-a3hes phino- 1,
3,5,7- tetramethyl -6,9, 10-tri oxa- adamantyl)
-4,5-di met hyl cycl ohexane; 30 cis-1-
Eﬂ@ﬁer@bkmnyW@ﬁ@sFﬁﬁmm)AQ 6dé - tubat i yings phi nomethydjents a

h ;
I e e P e e Sl
whe@ Bhgirpetangl toypcl ohexarre; sebg-ituents Y they are each as
stldl; éQP%PﬂﬁM&ﬂH@%Bh590£h@n§ﬁ'aﬁﬂ@ﬂﬁﬂkM&RHQSPQ'@QPEtogloup

met hyl cycl ohexane; cis-1-
Wh(lzhph%sfwen Grerdcsl lp. Péﬂﬂ%ﬁﬂ%)ﬂhﬁn:’;ﬁhenyl
6,9, 10-tri oxa- adamant y1) - 2- (di - adamant yl phosphi nonet hy

|')-4,5- dinethyl cyclohexane; cis-1- ( P-(2,2,6,6-
Bﬂ(QQQﬁﬁﬁqﬁﬂy hgglering herein, whether in the context of

r%ﬂogmg)scyﬁﬂ %{:exagsﬁ ggﬂ h%rg Lzkebut yl.phosphi nomethy, .

di met hyl cycl'o
Y,1-d4,Brdinvetday 1 w2 E%+e(a21, Zt,l“& G:erm as readily understood by
phospha- cyclohexan 4- one

”’Eo%g ggﬂfewi@%héﬂl hBE Ny PR 2 T8 %6- Pé?r AEHAANGhoSphany

doubr ,CYaohexan- ﬂo@@est§¥§89h§g ﬂﬁnﬁékﬁﬁel%han phenyl can
non- substitut ed non-aromatic bri

bepi Hekhtat &9 geerisaheriagl, - @pgeautieqree of substitution
[%ﬁtz#@ ospﬁ?%@gg%hy:%%§§:og anSe&?:él Egg?g%gnx% Wi
reacted with Ni(0) (CO)s in eightfold excess according to
the conditions below. Similarly, references to more
sterically hindering than t-butvl <can be taken as
references tc DS values compared with PH;t-Bu etc. If, for
instance, two Y groups are being compared and PHY! is not
more sterically hindered than the reference then PHY'Y?
should be compared with the reference. Similarly, if three
Y groups are being compared and PHY' or PHY'Y? are not
already determined to be more sterically hindered than the
standard then PY'Y?Y® should be compared. If there are more

than three Y groups they should be taken tc be more

sterically hindered than t-butyl.

Steric hindrance in the context of the invention herein is
discussed on page 14 et seq of *“Homogenous Transition Metal
Catalysis - A Gentle Art”, by C. Masters, published by Chapman
and Hall 1981,
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but yl phosphi nonet hyl ) cycl obut ane; ci s-1, 2- bi s( 2-

phosphi nonet hyl-1, 3,5, 7-tetranet hyl-6, 9, 10-tri oxa-
WO&”@WH’{W| ) Cyc| ohexane; PCT/GB2008/050350

ci s-1, 2-bi s(2-phosphi nonet hyl1-1, 3,5, 7-

tetranethy1-6,9,10-trioxa-aganantyl)cyclopentane;

cis-1,2- 15 4

bi s(2- phosphi nonmet hyl-1, 3,5, 7-tetranmet hyl-6,9, 10-tri ox

a- adamantyl)cycl obut ane; ci s-1, 2- bi s(di -

n’t%o@%‘ﬁgpﬂé nQHEBH&" k%ﬁﬁ!.n@&@XQH@lﬁkﬁ'l% 20rp| §e§1?dvalent

adanantylp osphi nonet hyl ) cycl opent ane; ci s-1, 2-b
Niglgdmanty| PHBSEHItnoRet Ayl § 2% |0 BneE £l astE 2- bigmnal  of

Ameer(c%’nz BeBibgtr @3@16&)&) QJWZOSPthaTOCyCéEB(@'@e%g@Sﬂ has concluded

one) ) di met hyl cy cl ohexane, ‘cis-1- (P, P- adamant
that B&FyPEHB%{ﬂNrﬂﬁnépﬁyF}QQP%%MWH?CBuPy+Tﬁﬁi§§hﬂﬁgﬁﬁm?ﬁﬂ%(§he

sb%ﬁhgm§xaﬂf £%d Swl10) complexes is their size rather than
(2- phosphino-1, 3,5, 7-tetramet hyl-6, 9, 10-tri oxa- adamant

theip ejec HPu4C PBTBEESA phosphi nonet hyl ) cycl ohexane:

ci s-1- (2- phosphi nonet hy1-

1,3,5 7-tetranet hyl-6,9, 10-tri oxa- adamantyl ) - 2- ( 2- phos
To pﬁ?h%ﬁml§es 71 ef‘?ia/?f:e]t"r‘?yl $P79.C1 M1 ARES adaneht 9?“3‘%8/0?0 or

otE@XastEkBedt the method of Tolman to determine DS may be

(di -t-butyl phosphi no (di-t butylphos hi nonet h
US§HHEk A F%F§P§°fﬂ? %%Hﬁﬁfyﬁﬁh&QﬁhﬂﬁBy 2tedpbetd g%éfm1“8d
asbukybpbosﬁ$mmonethyl)cyclohexane cis-1-
(di adamant yl phosphi no) - 2- (di - adamant yl phosphi nonet hyl )
cycl ohexane; cis-1-
Tobﬂﬂmhasmhkn@ﬂ& 35, ﬁlﬂBm&aﬁﬁkbykx@age&OmﬁthOkﬁﬁd@ﬂﬁﬁﬁpld

exddas? 5 200MR0LY! PROSRNT NOMRA YL 1 PARNG) FISil was
folhﬁmﬂn@ghmbgp@osphancy&hmhexansﬁr@nﬂﬁngV@ﬁtathnﬁs1n the
ln%)]:u r)éldph rl_‘ur}nbne%%l )sgyllglojgohnesx%%eém %)u)lli) ((l ’t%aqﬁy@éﬁe@ilng

et ramst ospba- cyc exan
lnt$ﬂai£methybspﬁmsﬁhbkny@tobéﬁhn-4m@né¢r heating at 100° for
) WA e’ n
B et PoB T HHSZBR RoRRERT ) % (o™
Th@uﬁthh@@pﬁmmon@@hyhﬁey@ibp%htaﬁe'Unqsca;bonyl stretchlng

padds PrRdamantylor b 2 by sARASARE DOMRL BY] Jeignbdiant then
determined. The degree of substitution can be estimated
semiquantitatively from the relative intensities and the
assumption that the extinction coefficients of the bands are
all of the same order of magnitude. For example, in the case
cf P(C¢Hi;)s the A, band of Ni(CO)5L and the B, band of Ni{CQ):L,
are of about the same intensity, so that the degree of
substitution is estimated at 1.5. If this experiment fails to
distinguish the respective ligands then the diphenyl phosphorus
PPh;H or di-t-butyl phosphorus should be compared to the PY.H
equivalent as the case may be. 5till further, if this also
fails to distinguish the ligands then the PPhs; or P("Bu):; ligand
should be compared to PY: , as the case may be. Such further
experimentation may be required with small ligands which fully

substitute the Ni(CO), complex.

S
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but yl phosphi nonet hyl ) cycl obut ane;

ci s-1- (2- phosphi nonet hyl -

WQ 29910782 et r anet hy1- 6, 9, 10-t ri oxa- adamant yl ) - BET/6B208/050550
but yl phosphi nonet hyl ) cycl ohexane; cis-1-

(2- phosphi nonet hyl -

1,3,5, 7-tetranet hyl-6, 9, 10-1%i oxa- adanant yl ) - 2- (di - t -

10 butyl phosphi nomet hyl ) cycl opent ane; ci s- 1-
TH2-phosphY noagt iylko be defined by reference to its cone
a r%;h]%/ prrgioctég :ﬁr aﬁngﬁt%els %c{l}—:' %6 J?’:rgg)’:lccil 816{1 tr ‘rgﬁe)e( ?c oandtaergcatn t (}/ % )tzh(ed I i rEve nticn
ai 8hd- GPephosphi Modet hyl cylindrical cone centred at the

1,3,5 7-tetranethyl-6,9, 10-tri oxa-adamantyl) - 2-
nYHAddmaffy | iPHos phiPReeChyf ey cl divex@heépel 8t 1-{(2- mgBnt &

- I n t =1, 3,5, %4:1e £6,:9, 10-t.rj.oxa-ad
P 2 PRty Fisoe b hotat Rl 6y e bret b Fon
thed vEB1(i2r ring atoms.

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

antyl)- 2-(di adamant yl phosphi nonet hyl ) cycl obut ane;

P& Srckrt(19] - trn Ut Phospid noret Ryl hr21cast one group Y or
20(d|adanantylphosphlnonethyl)cyclohexane;C|s-f{(d|-t-
tHsutSHbhes phidAorenAy ENg2es of two or more Y groups is at

1 ddia nt yl ph ' yl),cycl.ope e;cis-1-(di-t-
%?yﬁgﬁzsp FEOE%%%§¥§@§BH Qt léaé{rgéul mos péé%erably,
at( dixdament V.l phosphi moges hyhpayel bburaneniest ko2 s to
25 )
tlﬁhd%ﬁﬂVﬁ%ﬁ%@h@ﬁl@?%,égtr%neFHQTaé,§Pf@btﬁF8Xaf¥¢cqu%ﬁ7)r
3f$4%4%41[gxgé%ge%ﬁbkCWQRthﬁéﬁekﬁi 1. 2rbi$62-cone is now
phosphi nonethyl-1, 3,5-trinethyl-6,9, 10-trioxatricyclo-
cerd radl. gL3. 7hedenidneint opeht ate, cesobpRibi st 2ag. This
modified use of Tolman cone angles has been used in other
systems to measure steric effects such as those in
cyclopentadienyl zirconium ethene polymerisation catalysts
(Journal of Molecular Catalysis: Chemical 188, (2002), 105-

113).

The substituents Y are selected to be of the appropriate size
to provide steric hindrance with respect to the active site
between the Q' and Q° atoms. However, it 1s not known whether
the substituent 1is preventing the metal leaving, directing its
incoming pathway, generally providing a more stable catalytic

confirmation, or acting otherwise.

A particularly preferred ligand is found when Y represents -
SR*R*'R* wherein S represents Si, C, N, S, O or aryl and
R*R*R** are as defined hereinafter. Preferably each Y and/or
compination of two or more Y groups is at least as sterically

hindering as t-butyl.
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phosphi nonet hyl-1, 3,5-trinethyl1-6,9,10-tri oxatricycl o-
30{3.3.1.1[ 3. 7] }decyl ) cycl obut ane;

WOc1089/410782- phosphi nomet hy1- PCT/GB2008/050350
1,3,5-trinethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7] }de
cyl)-2- (di-t-butyl phosphi nonet hyl ) cycl ohexane;
cis-1-(2- 46
phosphi nonet hyl-1, 3,5-trinmethyl-6,9,10-tri oxatricycl o{

MoBe JorefEr3b¥y )} ddwyl h2rédis terbut phphesiphiitowet hyl ) Tyclo at

tape .
le%&; %Q Etg)ﬁosp |ynohr%éltdﬁ3r/?[r-](i §85tt }ro}lt thylie%?a@, 1‘61%rre‘| otxhaere
arer 'rt@yclocs( @ el S tathdety 1)~ 2-idiy- tatrut ydphosphilmeret as
Gy GLobut Ang

e Fort nPIS1 s, 878, e A 26, G 10 RTd ™Y
hinggrygl é{SSt ut vl 37§ eeicderpd2a dié adawant ¥ plosphi none

t hyl) cycl ohexane;

ci s-1-(2-phosphi nonethyl-1,3,5-trinethyl-6,9, 10-trioxa
Preferapdiol3h8nl1 S1[i3, TFW@@C?“%-ZR and R® are independently
hyéé&ae%dag@nwl plgz;spia: (rx@nee“m@r)aexchop@nga@%%% 262 £ined

posphlno -1,3,5-trinethyl-6,9,10-trioxatricyclo
hemeip jary 7]155dé@§31‘)e@ a(sdl%dé’ﬁa@f y@*bfﬁtﬁs)phlpﬁ@ﬁ?éh%ws)rcy@lyl
ar PRUHANG 1karyl, aryienalkyl, alkenyl, alkynyl, het, hetero,

cis-1, 2-bi s- erfluoro hos hlnmsth11357tetrm
haJeq,hyfyano, npltro, (8 P oce ‘8 CyO)R —C(O)ORQ

N (07 P70 Le { %Al eyl o{saz-%’,- Lch[ossﬁiﬂl - deey] n oyelohexane, -

-C7|13' 7

SiH 0k "B bPs- PerniPhEFB2-Bhosphi nomet hy1- 1, 3, 5, 7- t et r anet
hy1-6,9, 10-
tri oxatr| c cI 0153l

Pr%ﬁ%yqp ¥:pi nd R*¥ are
1n¢&ﬂéﬂd¢ﬁt®§2 nfmmﬂﬂannoneuhyl 1, §h£hﬁhd@a@ranekﬁyl 628 1kQ1e,

al%%%ﬁ%oggtE§8X0| len&l%hs %Lh%%gXl)ch pytahet, hetero,

hal@- phesapbj nonetrhy 1- 16887 5, 7otebr €y r i fd @worO- nethyd)orb?,9
21 z4 15 25 27 28 _ -

N oxatrl(co)/cl:\ll(gl éRS 1. EFS 71?8%0%}21) cycq gﬁ&%n&{ o CFs
SiRTBZR’°2- obi stkylphosphorus wherein at least one of R*-R* is
hi n t.hyl- 195 H-tetra(t 71_

nof 2’6% ?ygoxa%??“gi/cﬁe& ﬁ T 1[3§e7T‘§ d‘gecy cyc ro%lenn’t ar‘%‘éltéi %
R’ andxa defined as R ’ but are preferably C,-C; alkyl or

ph&};ﬂ 1, 2-bis-(2- phosph| nonet hyl-1, 3,5, 7-tetra(trifluoro

s [3 711decy1) C¥)C| ogoent qpe

3

met hyl )-6,9, 10-trioxatricycl o(3.3.1.1[3.7])decyl)cyclo

prOL ARG, s , ;
r20(2 exo 3- exol bi cycl oTyZ 2. ﬁoﬁgv?gne 2, 3 “bi s(%l?%’taelso be

préfianyiephesphnfopetTaAe) @idE2e ekideor @uende) combined or in the

case of multiple Y groups. For the avoidance of doubt, as
oxygen or sulphur can be bivalent, R'™ - R* can alsc be lone
pairs.

Preferably, in addition to group Y, the aromatic bridged cyclic
hydrocarbyl structure may be unsubstituted or, when possible be
further substituted with groups selected from alkyl, aryl,
arylene, alkaryl, aralkyl, arylenalkyl, alkenyl, alkynyl, het,
hetero, halo, cyano, nitro, ~QRY¥, —OC(O)RN, —C(O)Rm, —C(O)OR”,
-N(R®)R™, -C(O)N(R*®*)R*, -SR®, -C(0)SR®, -C(S)N(R*)R*, -CF, ,

Sz
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bi cycl o[ 2. 2. 1] hept ane- 2, 3- bi s(di -t ertbutyl phosphi nonet
hyl).. 25 Exanples of substituted aromatic bridged
WORNRNME82 n accordance with the invention i ncl BGEGB2008/050550
1, 2- bi s(di-t-butyl phosphi nonet hyl )- 4, 5-di phenyl
benzene 1,2-bis(di-t- butylphosphlnonethyl) 4-
phenyl benzene: 1, 2- bi s(di - t -blt yl phosphi nonet hyl ) - 4, 5-
bi s- (trlnethyIS|Iy1) benzene;
—~SERPROTRS {.di o1 - b@tylmhrn@mhyh;n R¥-R™ are as defined

he?fgﬁ ét gﬁdT‘EIkt?h—)ﬂTSIa{r)él );IQ%‘E&%C? 53 1%0 _}i but are preferably C,-C,

i s(2- phosphi nomet
ahﬁ@ﬂraﬁeph§&Y6 9, 1o- @¢duﬁ%@nadahenayl}eahﬁithﬂuﬂmwhbenZEJng

cd¥ il 2art of tall lex, f
bls(ZESﬁos%hfzeﬁ%t yicﬁn% %?m fgfra%%th %F%?CS TBe?rRols @

cyg-lopanpedityiv)l- 4rphedghpenzeite; it may form part of a metal
i's hqsph
o r et o 6 10 ¢ F SN A R EBrE, o
ingsoy £ HetiALENEH ) benzene:
1, 2- bi s(2-phosphi nonet hyl-1, 3,5, 7-
tetranmet hyl-6, 9, 10-tri oxa- adamantyl) 58
Su@erﬁ@?%@%%ﬁ|%ﬂgﬁ5€n?én@on3lder6d as aromatic bridged cyclic

hybrdchis(di -adarentyd phasphhnop®t hydohtedeS of the present
di phenyl benzene;

lﬂfeétb?%(a?daﬂ%%nf%kbhﬁéfﬁm%ﬁ@trﬁyﬁ)hﬁ& OPRerypmatic ring,

th*éeﬁllﬁﬁﬁltden% B s di o:ﬁdﬁdlﬁ&%i's@h@%hﬂ)@oémtm )eathed aromat ic
bi s-( trinmethylsilyl)benzene

TiP92.%50 s atfantnt I pﬁB%pﬁl néﬁ%t Ryl progs are linked or a

frdchbri aRbidisl Inthybenzene; ltf&h&h@mananiyhmthH&yJ in the

phosphi_nonet (di-t-but hos hi nomet hyl ) - 4, 5-
Ryt Bzt | (e ROt eE (WL o ady one or

moﬁhOSﬁthOﬁEthmb)ﬂmtallocene structure and thlS may be the
i -t-but h|none henyl enzene; 1- (P, B
Samﬁaﬁﬁhta d ¥% 5%5%|%%%%tﬁ§?? %}F% FEAPE are

yl,
linked.

Suitable metallocene type ligands which may be substituted as
defined herein will be known to the skilled person and are
extensively defined in WO 04/024322. A particularly preferred Y

substituent for such aromatic anions is when § is Si.

In general, however, when S is aryl, the aryl may be
unsubstituted or further substituted with, in addition to R*C,
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, , -SiMe;, -phenyl, alkylphenyl-, phenylalkyli-
or phosphincalkyl- such as phosphinomethyl.

Preferably, when S is Si or C and one or more of R'"-R" are

hydrogen, at least one of R' -R*?] should be sufficiently bulky
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10 butyl phosphi nomet hyl)-4,5- bis-(
trinmethylsilyl)benzene; 1-

WOPIPHERFant yl , t - but yl phosphi nomet hyl ) - 2- ( di - PCT/GB2008/050550
but yl phosphi nonet hyl ) -4-(trinethyl silyl)benzene; 1- ( 2-
phGsphi nonet hyl-1, 3,5, 7-tetranmet hyl-6, 9, 10-tri oxa- adam
antyl)- 2 - 48
(di -t-butyl phosphi nonet hyl) 4, 5- di phenyl benzene; 1- (2-

tolgive the required steric hindrance and such groups are

prPAASRRL NORBE byls 1,s3, S.pfobeh fANBEMNL- 6, 9, 1011 { OXa- adam,,
antyl )= 2 - (di-t-butyl phosphi nonet hyl ) - 4- phenyl

beqﬁ%fz@rﬁfouyq_sq?@_ as —t-butyl, -aryl, -alkaryl, -aralkyl or

reNQSRhisROpEt hyl-1, 3, 5, 7-tetranmet hyl-6, 9, 10-tri oxa- adam
antyl)- 2(di-t-butyl phosphi nonet hyl) 4, 5-bi s-(
trinmethylsilyl)benzene; 1- (2- phosphi nonet hyl-1, 3,5, 7-

pr@&ﬂa%tlgarr%m LrBmnQ: 40- bF i Qxar adamant Woh26dhrity:  structure

but yl phosphi nonmet hyl ) -4-(trinmethyl silyl)benzene; 1-(2-

haphgdsHirAsREt FPELE E3eBt 7. tigtomafetRy 12 6/ D, SHO-1i Fi dkeaddtpre

pregﬁgrsédbhy; 8- 16 dh@dap@nty |l -pBas phhsomet bl a41 p; diphenylciic
enzene,

at ks phiaTSret by 121,58, & 79 StCanstiyt - 6:f0, M0 17 i BXE2 Hpsmre

comftakl) - 2-

25( di adamant yl phosphi nonet hyl ) - 4- phenyl benzene; 1- ( 2-
phosphi nonet hyl-1, 3,5, 7-tetranet hyl-6, 9, 10-tri oxa- adam
Préﬂﬁndbﬂy, the aromatic bridged cyclic hydrocarbyl structure
a0t adement vl phosphy nomethy ) 4 & e (Lo e v SE VL,
be legPoqrhosphhaoiet, hydhete3ndréftetiaret iy Indidollrerein are
reg%'(e;%;é;%' ag%g?&h%%%%g%gé%g?%&]}c}g RhQsRALROMBL LA 5 o
prdfddiedt -thutty | pirosphi aomehykye@s are linked to available

ad %%%ﬁ%?g§95¥éF%§¥%%ﬁiQ 8%%'9@ kh%’gfd5£g§¥“6%ebggé§g§§c ring.
Tyntalliphosphinnohet hyk)i@- ivhadaragl ylsphosphienonet gyl Yeyd ic
it "is preferably bicyclic or tricyclic. The further cycles in
the aromatic bridged cyclic hydrocarbyl structure may or may
not themselves be aromatic and the term aromatic bridged cyclic
hydrocarbyl structure should be understood accordingly. A non-
aromatic cyclic ring(s) as defined herein may include
unsaturated bonds. By cyclic atom is meant an atom which forms

part of a cyclic skeleton.

Preferably, the arcmatic bridged c¢yclic hydrocarbyl structure
whether substituted or otherwise preferably comprises less than
200 atoms, more preferably, less than 150 atoms, more

preferably, less than 100 atoms.

By the term one further cyclic atom of the aromatic bridged
hydrocarbyl structure is meant any further c¢yclic atom in the
aromatic structure which is not an available adijacent cyclic
atom of the at least one aromatic ring to which the Q' or §°

atoms are linked, wvia the linking group.
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phenyl benzene; 1- (di -t - but yl phosphi nonet hy1) - 2-

(di adamant yl phosphi nonet hyl )-4,5-bis-( trinmethylsilyl)
wOaemeemes2 35 1- (di -t-butyl phosphi nonet hyl ) - 2- PCT/GB2008/050550

(di adamant yl phosphi nonet hyl) -4- (tri met hyl silyl)

benzene; 1, 2- 59

bi s(2- phosphi nomet hy1-1, 3, 5% ri met hy1-6,9, 10-tri oxatri

cyclo{3.3.1.1[3.7])decyl) - 4, 5-di phenyl benzene;

1, 2-bi s(2-

ph hi nonmet hy1-1, 3,,5-tri met.hyl- 6 10-trioxatricycl o-
R R 5y . pRER e Ahie s, (A se Sond on
eighesphliiden®ithybel, $3i5: taiaiBhby - 6d9a46rt r coxatda i ey@in{are
pr%‘f%i:&bﬂ)i 311071:] }Sq,l%%}{h)_l-lééé- bl?§s_ (ant relxg%%abg,l SF!lrll yalgom%%g%eggényl
rilpigs (124 prdsiphion Gies hyrd - 148 (-stittii met hyds 6;19; 10t koratipined
e UOLP" atch Soda YoksThafesyhh- nl! ELIPUIM YIHBBEIF 0% o
mogRosphidnovethyl- Bramblici ppthyd- 619nd 0stbsioMatuedcysl oring
po%g{:g?ﬁh%n%rl[cs/ggn};gﬁgﬁllﬁg' irgﬂéc{i'ahlgt XEFQ@&@I&%ﬁEhgkgrﬁé to
the. (ighospHilabhet Kilads: 5cvel it Ayans, 99q0substituted at

potsﬁitQ&% r i?)’_%kl@' {§ 3. 1H:U;IJ%VZ1‘,I. de@}}’lls) B %'s( dj)rﬁj a preferred
but yl phosphi nonet hyl ) - 4- phenyl benzene,
suf_s(:ggwgqutﬁwg@fnﬁyp_ and substituticn at ring positions 3

andl, 3, S5edy iHBhPYd; 6,9 pbAsikioxatricycl 0-13. 3. 1. 1[ 3. 7]) de
cyl)-2- 15(di-t-butyl phosphi nonet hyl)-4, 5-bis-(
trimethylsilyl) benzene; . . .
Thi- ((2rRhagphinomet pl-dn 3a:8miafti BBLRY dgba OndOid ri@xatiye atc
ycI013.3.1,1(3.7]Idecyl)-2-(d|;t-butylBposphlngnethyl)
lefi&l: (Otnlei n;é]tr}gw%ﬂ)pf)lgté%zéﬁe;whlch the and Q° atom are
imbrel 2a 4108 phi meet hysl- 4, 3, 5_3& respectively 1is aromatic, and
trinethg%-Gk?,lo- rioxatricyclo-{3.3.1.1[3.7]}decyl)-2
aromatic oculd preferably be “interpreted broadly to  ificlude
not only a phenyl, cyclopentadienyl anion, pyrcllyl, pyridinyl,
type structures but other rings with aromaticity such as that
found in any ring with delocalised Pi electrons able to move

freely in the said ring.

Preferred aromatic rings have 5 or 6 atoms in the ring but
rings with 4n + 2 pi electrons are also possible such as [14]

annulene, [18] annulene,etc

The aromatic Dbridged c¢yclic hydrocarbyl structure may be
selected from benzene-1, 2 divyl, ferrocene-1, 2-divyi,
naphthalene-1,2~diyl, 4 or 5 methyl benzene-1,2-diyl, 1’-methyl
ferrocene-1,2-diyl, 4 and/or 5 t-alkylbenzene- 1,2-diyl, 4,5-
diphenyl-benzene -1,2-diyl, 4 and/or 5-phenyl-benzene-1,2-diyil,
4,5-di-t-butyl-benzene- 1,2-diyl, 4 or 5-t-butylbenzene- 1,2-
diyl, 2, 3, 4 and/or 5 t-alkyl- naphthalene- §,9-divyl, 1H-
inden-5,6-~diyl, 1, 2 and/or 3 methyl-1H-inden-5,6-diyl, 4,7
methano -1H- indene ~1,2-diyl, 1, 2 and/or 3-dimethyl -1H-inden
5,6-diyls, 1,3-bis(trimethylsilyl)- isobenzcfuran - 5,6-diyl,
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20( di adamant yl phosphi nonet hyl ) - 4, 5- di phenyl benzene;
phosphi nonet hy1-1, 3, 5-trinethyl-6,9, 10-tri oxatricycl o-
wO(B08010782[ 3. 7] | decyl ) - 2- (di adamant yl phosphi noR€lTiyB2008]050550

phenyl benzene;
; 1- (2- phosphi nonmet hy1-1, 3,5-trinethyl-6,9, 10-
trloxatrlcyclo 13. 3. 1. 1[3 7F) decy1) - 2-
25(di adamant yl phosphi nonet hyl ) -4, 5- bi s- (
4— ftﬁjmgthyﬂsilyﬂ» bereeagel, 2 diyl, 4-phosphinomethyl benzene

L L N b L LR T phosprnonst by &~
dlqeuhyl@pﬁyh@@¢gﬁqa—ﬂy1§1bbnz@ﬁﬂ; t-butyl,methylsilyl benzene—

1, éd%vlb' s-pepf '(H%ﬁéﬁdﬁﬂ%%f?%i@ﬂﬁt h)élenzen oA 1(s. A

5, 7-t et r anet tri‘oxatricyc
buuykﬁy%ylrbegéﬁﬂﬁﬂivéﬁphényl benzéndxri-t- butylsilyl)-benzéne-
Fa2ybi s- perfl-upLef 25 phasphine '
L %71 7- tet(rzamath 1- 6ygilgbtrr§%<la¥)reflé§/ré?o{3 3. 11iy(3 7]
(21d@ ﬁﬂ)ﬂ 44phen®¢nQﬂg@2§mé~pent 3'-y1l)-benzene-1, 2diyl,

(24,2~ his 4@6%11%&(}@19905@13&9&& QB(Q-%]”—%Q %enzene 1,
tetranethyl- 9,10-trioxatricyclo{3.3 ecyl)

divly, 5-Bréot (t i AerAYFelisFEPEengene; 22%1715,# peﬁfﬁu@%@(ezlyl*

fedRdhRsphi nongt hy1- 41,(%r S %%Eﬁéﬂﬁéefb{r%c@n&iloz diyl, 4,5-
trloxatrlcyclo 3 3. 3 7] decyl) (trlnethyIS|Iy )b
dleh£§ﬁ§ -fgprocene- 1 2— iyl, 4-(or 1')t-butylferrocene- 1,

d1%1,2 bi-g-o-2- phosphinoimtinylvl) 3, Perdrdinkalt pi f s 0- et (o
1 BP@SP@WPW%R%WH CYEFBPR3ee 1. 1[232711de¢ed ) - 47828 phehyi?’ -

ph&%ﬂm@ 2/ —y1l) ferrocene - 1,2 diyl, 4-(or
gz hos hlnonethyl 1,3,5,7- tetra(trlfluoro net
1’h§*3eth%l Ilvlferrocene diyl), —{or I'Ydi-t-

buﬁﬁ&y&ﬁhynsoxatrlcycfé&ﬁbdénbri 3aiflldecyl) s deqphenyl benz -
oSk o st Aot 135, 74T a(t i b -

fetiydegne-1, 2diyl, 4-{or {tri-t-butylsilyl)-ferrocene—
Jriox II ycloi3. 7] 1d (
?rlnéthyl 171 y1) (%en§%n%:mfaﬁp%08 1} B%S%Eeréene 2 diyl,

4- Oﬁfphdgphﬁnoﬁéthyk¥l43 5, Pentamethyl-pent-3/-yl)-ferrocene-
1, £§Ira(tglf UOEQ nFIhy1M’6 2 gétramethyl 3’-t-butyl-pent-3/-

vl)-ferrocene-1,2 divyl.

In the structures herein, where there is more than one
stereisomeric form possible, all such stereoisomers are

intended.

As mentioned above, in some emnbodiments, there may be two
substituents on further cyclic atoms of the aromatic structure.
Optionally, the said two or more substituentis may, especially
when on neighbouring cyclic atoms, combine to form a further

ring structure such as a cycloaliphatic ring structure.

Such c¢ycloaliphatic ring structures may be saturated or
unsaturated, bridged or unbridged, substituted with alkyl, Y

groups as defined herein, aryl, arylene, alkaryl, aralkyl,

et
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trioxatricyclo{3.3.1.1[3.7]ldecyl)-4-(trimethylsilyl)b

enzene;
WQ@E0918i83 ( di - t - but yl phosphi nonet hyl ) - 4, 5- di - (PCT/GBa#$I050550

prop-2' - yl)benzene;

1, 2-bis(di-t- butylphosphlnogethyl) 4-(2' -

phenylprop 2' -yl) benzene;

1, 2-bi g(di-t-butyl phosphi nonet hyl)- 4,5- di-t-butyl
aqﬁéﬁ?éhé?hziﬁﬂﬁe§€éi 2liputl phes phigicaret hyk)e, cyano, nitro,
_kt, bqkybbﬁWZED@iéy@HblS&&ﬂQﬁQﬁDhWﬂ%ﬂﬁhhyl N R I

t et'r amet g 0-tri oxa- adaman _—_—
SR{j - (28R ﬁ§1prop‘?“UNfobénzene“CFa »  —SiR"R"R or

pﬂbs%h@h@éikﬂﬂq%ﬁ@pefﬁnnﬂﬂgﬁlp;eéﬁé% 7- %@tﬁéggﬁlaﬁe of R*-R* ig
6 10-trioxa adanantyl) 4-(2' - phenyl prop- 2 yI)benzen
nq; fygrogen and wherein - are as defined herein; and R”

R'Di s€e- @é@&ﬁ@dne@etﬂwﬁﬂ %u@ frletfamRli-ayls 6,09.d0- 118X o
aadamant y1) 5-(di-t- butyl)benzene
pnﬁnzlb@§€éobh8§pﬁpﬁ%ﬁﬁﬁgﬁﬂd byp cne or more (preferably less

thbm3a5tztéﬁt6ﬁn3ﬁhﬁ%@@n9 A0rtddoxa-adanant ydiridoh- BUENE or

byp SQEBP@,(% Haakaht 1 PGS p AT AdtetRy M xuBegithepeobhenyl
prop 2'- yl) benzene -4 (2
2-bi s(dj - ada hosphi nonet hyl ' L
Eﬁﬂ?@ﬁ?Fpr cga gﬁg 9ﬁ§ef 215?%%%% plperldlne, pyridine,

mdﬁiﬁﬂﬂﬂﬁ@d|3h0$@bbﬂ6ﬁ@ﬂdﬂ¢l) 4, Sc{dioHeBdhy| ) benzenaplc2ane,
di - agananty hosphi no hyl ).- 4-t - but yI benzene

Yol Ty TLBE YT pHOSH NEHECAGFYE2 PAREe - o-a iyl
sdmutytthSphnnenethybganh 5- cyclopentanone, cyclohexanone,
henyl yl) benzene; 1- :
BB Ry YR BRbs phORORBE G 2rge (i 1y cenianc,
pﬂ@@tykphnsphlppnmﬁﬂnﬂﬁﬁe4 ( 2'thphenybips0pre?’ - vl JsheRzaenenone,
tyl,t-hut g |nonethyl)
kubgcgﬁ{ﬁéggﬂﬁgggggh 1)- ingy% ?ngﬁgpypfﬁenzene Q%ﬁaﬁﬁane’
teadahant spyanbutdyhphiogphianemeehydhyofdiiepyran, tetrahydro-
furan-Z-one, delta valerolactone, gamma-buLyrclactone, glutaric
anhydride, dihydroimidazcle, triazacyclononane,
triazacyclodecane, thiazolidine, hexahydro-1H-indene {5,6
diyl), octahydro-4,7 methano-indene (1,2 diyl) and tetrahydro-
1H-indene (5,6 diyl) all of which may be unsubstituted or

substituted as defined for aryl herein.

Specific but non-limiting examples of unsubstituted

aromatic bridged bidentate ligands within this invention

include the fellowing: 1,2-bis-(di~tert-
butyvlphosphinomethyl)benzene, l1,2-bis-(di-tert—
pentylphosphinomethyl)benzene, l,2-bis-(di-tert-
butylphosphinomethyl)naphthalene, 1,2

bis(diadamantylphosphinomethyl)}benzene, 1,2 bis(di-3,5-
dimethyladamantylphosphinomethyl}benzene, 1,2 bis(di-bH~-
tert-butyladamantylphosphinomethyl)benzene, 1,2 bis(1l-
adamantyl tert-butyl-phosphinomethyl)benzene, 1,2-bis-
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butyl p
(2- pho

hosphi nonet hyl ) - 4-t - but yl benzene; 1
sphi nonet hyl -

WOL08%/®972t et r amet hy1- 6, 9, 10-tri oxa- adamant yl ) PET(@B2008/050550

35 but

-(2' -
(2 pho
damant

yl phosphi nomet hy1) 4, 5-

phenyl prop- 2’ yI)benzene 1-
sphi nonet hy1- 1, _75tet r amet hy1- 6,
yl) 61

9,10-tri oxa-a

{25 25 6db -t - hetylpradphi-pboephptryélpRexphedybpeopo2kyy Ehe,
enzen
1, ?—PﬁsﬁﬁagbﬂPﬂsﬂﬁﬁﬁﬁﬁa%a%tslb)f@f%gh%%ﬁyl-6,9,1o- 1-

(dgaagfa
| -
bunyéghp

bu%&?p%o

n8dapBt¥hlnom@tnyl) —2- (di-te
but yl phosphi nonet hy1) 4, 5- (dl-t- but

hB@pth@ﬁﬁvhy@engﬂ5;7 t et ramet hyl -
|oxae§g Tﬁn yl) - 2 -
%E yppﬂospﬁ oiet hyl ) -4-tbutyl benz

yl ) benzene;
5 1-{di-tert-

ene;

(dicéagpbespmpHOBphmy&métﬁyﬁ)Beheéﬁanethy1- 1-(di-tert-
O0-tri oxa- adamanty
buF@FQHQﬁHH%VPbﬁ%sbﬂhﬂ%ﬁ%ﬁh?ﬁ?mﬂﬂéyl o-xylene, 1-
dgbdéﬁanggngBQﬁﬁﬁng yl}%Q@Q%ﬁQeadamantyl)o xylene, 1-
- (2- phosphi nonet h y et ranet hyi-6, 9, 10-tri oxa-
(dadaﬁahtymyygphosphlno) 2—(P-(2,2,6,6- fTetramethyl-
phggﬁgéadgc n%gxghogphlnpnethyl) 41£81(£henylpr?p(% 2y%)

telrbdephospbhoepehhydcicBebaf= uebﬁ@nephyﬁhésghéO-trloxa

adaman

ad@ypyth

(dl &grp

trioxa

tyl)-2-(di adamant yl phosphi nonet h
é%geﬁgléne, “%dg tegt butylp%os

a di ad ananfylpho phi

)-4,5-(di-t-bu
phlnomethyl) -2-

thPgﬁﬂﬁB@&hXﬁ?}bé éeZetetﬁa ngéhghgd% apﬁy&)BZ—

oneth

(pbvybhdSabemzenel ln¢dhyibbutghphosphi nonmet hyl) - 2- 1-

(d§d§§%§

REaen SO BRP T RBEEY F Vi nomet nyl -

henyl prop-2' -
2-

(df duaglarapt phebpsphbneart byt ) - 4- (2' - phenylppope2'(2y d) Bes -

nzene,
tepppELh

rePEOZER
butylpho
tert-but
(diadama
butylpho
cyclohex
butyl, ad

adamanty

1- (di-t-butyl phosphi nonet hyl

BEheRRY FBRBS PHFABRBXADT ¥ = qngl%dbeBthtyE)Z 6,6-

ﬁy%—ﬁgbspha—cyclohexan—4—one,
sphinomethyl) -2- (phospha-adamantyl)
yv1lphosphinomethyl)-2-
ntylphosphino)benzene,
sphinomethyl)-2-(P-(2,2,6,06- tetra
an-4-one) benzene,
amantylphosphinomethyl) -2~ (di-
lphosphinomethyl) benzene,

I-{di-tert-

benzene, 1-(di-

1-{di-tert-
methyl-phospha-
1-{tert-

17[(P7(212!6r 6r7

tetramethyl-phospha-cyclcochexan-4-cone)methyl) | -2~ (phospha-

adamanty

l)benzene,

(ditertbutylphosphinomethyl) ferrocene,

(ditertb
tetramet

adamanty

utylphosphinomethyl) ferrocene, 1
hyl-6,9,10-trioxa-2-phospha-

lmethyl) ferrocene,

1,2-bis-
1,2,3-tris-
,2-bis(1,3,5,7~

l,2-bis—-o,a—(P-(2,2,6,6-

tetramethyl-phospha-cyclohexan-4-one) )dimethylferrccene,

and

l1-(di-tert-butylphosphincmethyl)

-2-(P-(2,2,6,6-
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t - but yl phosphi nonet hyl ) - 2- (di adamant yl phosphi nonet hyl )

-4-t- butyl benzene;
WQ 200961882 - phosphi nomet hy1-1, 3, 5-tri met hyl-  PCI/GB2008/050550

6,9,10-trioxatricycl0-13.3.1.1[3. 7fl decyl)-4,5-di-(2' -

phenyl prop-2' -
1, 2- bi s(2- phosphi nomet hy1- 123,

y1l) benzene;

5-

25tri net hyl-6, 9, 10- trloxatrlcyclo-{3.3.1.1[3.7]1decy|)
teuh mgthﬂﬁﬁpﬂﬂqphquycggmdxambéﬁ@ne))ferrocene and ;2

bi s(2- pho
JtS ‘12met hy1-6, 9f

Dot et i & Y01 oA o1 R

addmary ltme dyiy)YeRRNIZENE wherein “phospha-adamantyl” is
1, 2- bi s(2- phosphi nonet hy1-1, 3, 5-trinmethyl-
Seg. S LEOl t ri ok&PH cycl &P 13 ﬂrl’aefeemamtthyblm@l%elw

R

dam

oggﬁinonethyl 1, %f%?

C%“D’rthraet]h _t9mfbetthrylox6a{t9r 10

antyl, 2-phospha-1, 3,5, 7- tetra(trlfluoromethyl)

S sy

trh(&%ﬂﬁhQﬁﬁﬁi ﬁ%ﬁh¥% buaoatrloxadaman Lyl

trinmethyl-6

-(di-t-

2- (dl-t

2' -y1) beHZzene;

butylphosphlrmwnggggg 2 3 o

trloxatrlcyclo {3.3.1.1]3. 7] }decyl ) - 2

Ex%@%%%?%%@ﬂﬂhﬁ%ﬂ?&h¥$ﬁ§fﬁ£@%éapﬁﬁﬂugﬂythig'E??&J%%n£§95ﬁtate
lighndphi nomstehy 1- 13551 1 4-hvet(by it 6@ vi0htspoXketnsitby ¢} 04, 5-
dlkétﬁyﬂ éﬁ@l&ﬂéﬁ%%%yl) 8&4‘¥ 2 pPYkyd Rhesphl ponerhy L) -y o )

ut benze
1%2%%@5@%@6%{1%5/1 10133*34t2rbmt%rﬂw@p9111@nethyl 1,3,5,7-
tett&h@éawmy@l 00 {3 iDch-2h3ndd)AgCH] 3= 2rddinyt UL ¥ iRhaseh

i nonet hyl

)-4-t-buty|

benzene;

cig-{ pe pPhigsphiPRBARE HAmE LBy b= %mﬁﬁ%ﬁh?it%?mﬁtﬁglt@l%&%%Tlcy

tr@bﬁa{éhé%aht%ﬁ3 7]) deGyekhy2e

5(di adanmant phosphlnonethy

adayi?t

SH 1nomethyl}

fclopentane,

ig-1,2-bis{di-
(2'- phenylprop 2'

5 dlmethylcyclohexane, cils—-1,2-

bik+ ﬁz—ﬁmmlﬁympﬁ@éﬂmhoﬂgeshﬁr trymeehyl- 6,2180antane; cis-1-

(P, P adamantyvl, t~butyl phosphinomethyl) -2~ (di-t-
butylphosphinomethyl)-4,5- dimethvlcyclchexane; cis-1- (P, P
adamantyl, L-butyl phosphinomethyl)-2-(di-t-
butylphosphinomethyl) -5-methylcyclopentane; cls~-1~ (2-

phosphinomethyl-1,3, 5, 7-tetramethyl-6,9,10-tricxa-adamantyl) -

2 — (di-t-butylphosphinomethyvl)4,5- dimethylecyclochexane; cis-1-

(2-phosphinomethyl-1, 3,5, 7-tetramethyl-6, 9, 10-trioxa—-adamantyl)

- 2 - (di~t-butylphosphinomethyl})

—-5-methyl cyclepentane; cis-1-

(2-phosphinomethyl-1,3,5, 7-tetramethyl-6, 9, 10-trioxa—adamantyl)

-Z2- (diadamantylphosphinomethyl)-5-methyl c¢yclohexane; cis-1-

(Z-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-

—-Z-(diadamantylphosphinomethyl)-5-methyl

adamantyl)
cyclopentane; cis-1-
6,9,10~trioxa-adamantyl)

(diadamantylphosphinomethyl)cyclobutane;

butylphosphinomethyl}—-2-

dimethyl

cyclohexane;

(2—phosphinomethyl-1,3,5, 7T-tetramethyl-

_2_
cis-1-(di-t-

(diadamantylphosphinomethyl) -4, 5~

cis—-1-

{di-t-butylphosphinomethyl)-2-



trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
(di adamant yl phosphi nonet hyl ) -4-(2' - phenyl prop-21-y1) be

WOPHeesn7s2 PCT/GB2008/050550
1- (2- phosphi nonet hyl-1, 3,5-trinethyl-6,9,10-trioxatric
ycl o-

10{3.3.1.1[ 3. 711decyl) - 2- (dfadamant y| phosphi noret hyl ) -
4,5-(di-t- butyl)benzene;
(c Iade@raphos ph TonEbhy 1] 13, Brbr hnbt by 216yttt cis—

[3.71}d

% 1%& h?%ﬁpﬁwggn%ﬁﬁﬂ%n%tﬁfl }r I%%y}ﬁ)]tyl bénzene 1, 2-bis-
tr perdtirigrol@- {tm@sphiilh@‘)rr%]t}hgelsyl 34 5-Aimethahet hy&%@@a@@me;
BT oxat T 1oy e o 30X I 3 71 ) - He YA Bt 12 - pheny
triqﬁﬂﬂg&QYClgﬁg3 PeAzéhe; 7] ldecyl)-5-methyl cyclopentane;

cigs= 'l e p hl 1 3 Il atric -
b e B R PR e e s e B ey e
{3 43(12 L[3pheaprlop221di ) atrénas @@ﬂ@ﬁﬂ@%ﬁlﬁ%&@é@ethyl
cy@ﬂﬁﬁﬁghgonEtGX; i+éa§m% %ﬁlﬁ&ﬂﬁ&@ﬂll63%3%leethyl 6,9,10-
20tri oxafri cyclol - decy1) (di -t-buty?)

kﬁﬁﬁ&gﬁéyclo {3. [3 7] decyl) -2~ (di-t-

sHRisPh PSR tURF L% poasphi r&%% Ydedned, S, 7-tetrameihy,
bu%f%,e, %h tri oxaI?rl cycl oi 3. fS 7]) dec [)-4-1t- butlyl ’
ph?ﬁﬁﬁﬂ§ﬁ§e§h$ﬂ1ﬁ 'Sy 5-trimethyl- 6 9 1 trloxatrlcyclo—

(3 (2:PhOsphy Y3 Tu Fodbrbrt §LERL SgHsHOHOE Sy TRLAAL) - 6, 9 "

dl‘t“%"‘i}a’%atcry‘c&%%%f?rs C115I[1 %Tl?}b(&ﬂ]ﬂ]&roﬂe@ﬂ 163 SpheH L

6, @proztﬂ&)(a@&ckﬁnéeme 3. [3 7]]decy1 _
- bi s- éz hosphi nomsth 7- tetr nS;Ztrl fl uoro-
2%

d@éﬁfﬁn)ty SFRRPIE XA T éya“ﬁé{%ls%clictﬁse PRBécy1) - 4- (25"
1, 2-bipheayk pieps 2 pyia;)ﬂblemcﬁﬁehyl 1,3,5, 7-tetramethyl-6,9, 10-

1, 2-bi,s-
b Gl (G PROSHOLASTREN ) a0 gipgrns cvctonexne;
cidFi ,@e&ﬁél—p@/ﬁﬂlﬂj{o&o:s2—lpﬁx£s33hﬁ]n}3de€}y}1])—-l4 355 ( di-t4 sy hy ben

6 SolD S Th P oL HRaL R T Aohetfy 1) 4956 7.5 BEFRYE 11 1 wor o-m

cyetdpdnkane; cis-1,2-bis- (Z2-phosphinomethyl-1,3,5,7-
tetra(trifluoro-methyl)-6,9,10-

trioxatricyclo{3.3.12.1[3.7]}decyl)-4,5-dimethyl cyclohexane;
cis-1,2-bis- {(Z-phosphincomethyl-1,3,5, 7-tetra(trifluorc—

methyl)-6,5%,10-trioxatricycle{3.3.1.1[3.7])decyl}~5-methyl

P
o
Nt

cyclopentane. ; cis-1- (Z-phosphino-1,3,5, 7-tetramethyli-
6,9,10-trioxa-adamantyl)-2-(di-t-butylphosphinomethyl} -4, 5~

dimethylcyclohexane; cis-1- {(Z2-phosphinomethyl-1,3,5,7-
tetramethyl-6,9, 10-trioxa-adamantyl} -2~ (2-phosphino-1,3,5,7-

tetramethyl-6,9, 10-trioxa-adamantyl} -4,5-dimethyl cyclohexane;
cis—-1- (di~t-butylphosphino}-2-(di-t-butylphosphinomethyl) =
4,5-dimethyl cyclohexane; c¢is-1- (di-adamantylphosphino)-2-{di-
t-butylphosphinomethyl) -4,5-dimethyl cyclohexane; cis-1- {(di-
adamantylphosphino)-2-(di-adamantylphosphinomethyl) -4, 5-
dimethyl cyclohexane; cis-1- (2-phosphino-1,3,5,7-tetramethyl-
6,9,10~trioxa-adamantyl)-2-{di-adamantylphosphincmethyl) -4,5-
dimethyl cyclohexane; «c¢is-1- ( P-(2,2,6,6- tetramethyl-
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6,9,10-trioxatricyclo{3.3.1.1[3.7i }decyl )-4-t-butyl ben
zene, 1,2-bis-(P-(2,2,6,6-tetranethyl -phosphi nonet hyl -
WeZIERERAN- 4- one) - 4- (tri met hyl si | yl ) benzene, 1PCHIGBRENRI050550
- but yl phosphi nonet hyl ) - 2- (phospha- adanantyl) - 4- 35
(trinmethylsilyl)benzene,
1- (di adamant yl phosphi nonet h%/? ) - 2-
(phospha- adamantyl ) -4-(trimet hyl silyl)benzene, 1- 63
P physptrar@darmeity 1) ~)phés pha-adangipyb ) pidinomet hy 1) -

trinmethyl silyl thyl b ,1-(di-tert.-
I TEHOLbni noRet YT af -t el i~ B BHEChrA ) (%2 6. 6-
tdfrdnedthyl s odpienzenNehexan—4-one) -

1- (di adamant yl phosphi nonet hy1l) - 2-
L5 o Pl Rl A PO R B (3G et hy | s b anyeienzierieliospha-
A exan-1-one.
CS%Cert - Xuainyl phoonsephi nonet hyl ) - 2- (di adamant yl phosphi no)
-4- (trinmethylsilyl)benzene,

SR H: PO S 2 (B2 20.0 briagen
bidertaed hyl si |yl Jbemzene, 1-(diatert- 10 cis-1,2-bis(di-t-
PRI MR (22 0 & i it
butglphesgretioykshy yl 9vsdnpeneade  2- ( P- cis-1,2-bis(di-t-
ot PSP 5 B BB Y ot Famet 1 - priokacyBis -
PHysrbnrduegig 1 -1- § t or ttlettryhe Bddr@ny | phiosiphiano) - 2- (di -

oo ERIPIALORRON) OB I b pgpgiconeri -1, 5, -
tetyhnspha-&ddmaft i t'oxes adahereted cedapent ane ; cis-1,2-
" oRpha, B A o] ey L6, 510 T Chaarant g
adgmﬁﬁ%%#ﬂﬁypjpgygqqe; cis-1,2-bis(di-
adb_%h%%;éipquﬂgs|pﬂ%&@éﬂw)):y‘élgné%nter;i oxadamantyl: O o yie(di-
ad?fﬂg?‘gﬁf RASPRE R PR UG REERYPILIE G, 10- t r i oxadahiamit yh-bigldi-
adbflb b ef IgHHsyh PROSPIH NOBBE b - 2re( P- (2024 6 G- tgtkr amet hyl o
(ZpKodpRa- cycl ohexan- 4- one)9LAN G Wetiya i an g rtosere 4 -
orre) ydimethylcyclohexane, cis—1- (P, P-adamantvil, t-butyl-
rhosphincmethyl)~2—(di-t-butyiphosphinomethyl)cyclohexane; cis-
1- {2-phosphino-1, 3,5, 7-tetramethyl-6, 9, 10-trioxa-adamantyl}-2-
(di—t—

butyiphosphinomethyl)cyclohexane; cis-1- {Z-pheosphincomethyl-
1,3,5,7-tetramethyl-6,9,10-trioxa~adamantyl)-2-(2-phosphino-
1,3,5,7-tetramethyl-6, 9, 10-trioxa-adamantyl) cyclohexane; cis-1-
{di-t-butylphosphino)-2-(di-t-butylphosphinomethyl)cyclohexane;
cis—1- {di-adamantylphosphino)-2-(di-t-
butylphosphinemethyl)cyclohexane; cis-1~ {di-
adamantylphosphino)-2- (di-~adamantylphosphinomethyl)cyclohexane;
cis~-1- (2-phosphinc-1,3,5, 7-tetramethyl—-6,%,10-trioxa-
adamantyl) -2Z- (di-adamantylphosphinomethyl)cyclohexane; cis-1- (
P-(2,2,6,6- tetramethyl-phospha-cyclohexan-4-one))-2-(di-t-

butylphosphinomethyl)cyclohexane; cis-1- ( P-(2,2,6,6-
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1, 2-bi s(di-t-butyl phosphi nonet hyl) - 4, 5- di phenylferroce
ne;
WORMD/WDEEdi -t - but yl phosphi nonet hyl) - 4- (or 1' ) pREMGH2008/056550
cene;
251, 2-bi s(di-t- butylphosphlnonethyl) 4,5-bis-(trinethy
I silyl) ferrocene;
1, 2- bi s(di-t-butyl phosphi nonet hyl ) -4-(or
teﬂraméthybthbspmy1¢§elmbeeme—4 one))-2-( -(2,2,6,6-
s§ eg hi nonet h %
te‘ir%*“%thi t fy4v el e Eiéa?r?o‘%%eh’d%ﬁiiﬁ‘mlWi?lﬁh&S‘a“er
cigiphenyl fierrgeengndy 2- bi S(&rﬁftﬁ&p@hs jtrh))‘zﬂe‘tﬂay@ 57—t~
30 tetrapmethyl-6,9, 10-tri ox nanty ) 4-
buﬁgqqyﬁéﬁ9}$%wqq§¥éhgyclopentane, cis-1- P adamantyl t-
putl;12pRbsHR: Qumoﬂet&mﬁk_l 3,5, 7- tetranethyl 6,9, 10-t
rloxaadanantyl)- 5-bi s- (tr|nethyIS|IyI?ferrocene
buﬁy%@ Bﬁg?ﬁnom tHyl)cyclobutane; phosphinomethyl-

1, grms;}g;aegeﬁ?etﬂhﬂ-a 8, @J%ﬂlﬁ&élaﬂiﬁiw 19, Lo1tzé I gxa a@am; -
ant orl' trimet VARSL errocene, | S

bu@ﬁ%&ﬁ%ﬁ?%ﬂ‘%ﬁﬁéém Wﬁ?ﬁ?@i (il bﬁen%?&f’?%éﬁ%“e“y*

1, 4,,2-bt &t thmetagarmant yl phaspkihnragetdnetin-4- (-or Af | phenydt -
ferroc

bty e R Gy L S h IS ABE Ry | 528~ Kb (7 PhosPhinomethy1-

1,1,mH, Wetbyf&méQﬂyﬁFGFBDD@Hﬁrlbxa bisfadicyld - 2 - (di-t-
bu%ﬁiaroc Mlﬁbméy% nonEt lo%ﬁﬁé&éq 1clg3{l(gﬂﬂﬁ%lsth &ethyl—
,E,XI? Padammﬁnqmlrﬁv%ul@#qﬂﬂmsphhdmm&ndyﬁb) 2- (dl-t- -2-

UYL RPORBLIATSLL S dphep [ ocenei 1 (P o
phdﬁﬂh}hphesmﬂﬂ-ﬂo@eﬁhyf9eﬂkd@@ﬁl?}p@fﬁnﬂq%erio&QW&ﬁama©EyP)*2—
(aiadampalyl o b-bubyl phosphi pooet vl ) - 2- (di-t- 5o (o
phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa~adamantyl) -
2- {(diadamantylphosphinomethyl)cyclobutane; cis-1-(di-t-
butylphosphinomethyl) ~2-
(diadamantylphosphinomethyl)cyclohexane; cis—-1-(di-t-
butylphosphinomethyl)-2-
(diadamantylphosphincmethyl)cyclopentane; cig-1-(di-t—-
butylphosphinomethyl)-2-
(diadamantylphosphinomethyl)cyclobutane; cis-1,2-bis(2-
phosphinomethyl-1, 3, 5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7] }decyl)cyclohexane; cis-1,2-bis(Z2-
phosphinomethyl~1, 3, 5~trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]) }decyl)cyclopentane; cis-1,2-bis(2-
phosphinemethyl-1, 3,5 trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7] }decyl)cyclobutane; cis~1-(2-phosphinomethyl-
1,3,5-trimethyl-6,9,10-trioxatricyclo—-{3.3.1.1(3.7] }decyl)-2-
(di-t-butylphosphinomethyl)cyclohexane; cis-1-(2-
phosphinomethyl-1,3, 5-trimethyl-6,9,10~-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-({di-t~butylphosphinomethyl)cyclopentane;
cis-1-{2-phosphincmethyl-1, 3, 5-trimethyl-6, %, 10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)cyclobutane;

3
i
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but yl phosphi nonet hyl ) -4, 5- bis-(
trinmethylsilyl)ferrocene; 1-

WO RIPAdEaNnt yl |, t - but yl phosphi nomet hyl ) - 2- (di - t PCT/GB2008/050550

but . yl phosphi nonet hyl ) - 4- (or
1')(trimethylsilyl)ferrocene; 1-

( 2- phosphi nonet hy1-1, 3, 5, 7- i%tranethyl 6,9, 10-tri oxa-a

damantyl) 15 - 2 -

ci(sdil=t 2 pitodrph o sphi molrét, Ry 1) dr; HGeedinghefiyd fer-tadenetrieyclo-

( o (ds - .
{3péosp ¥%aﬁéﬁﬁ§ili,%,%????%%?Eﬁﬁﬁﬁ%ifPé?%ﬂ%%ﬁ??FB%%S%ﬁﬁ%%Ff
cignfly (§-phepphifdie thbittly Bphosphietayet fyd )-04-tfdpxatricyclo-

{3'%'9“?ﬂ¥'ﬂﬁ%££?%?@91 o 1-

(2 nome

y1l-1,3,5 7-tetramethyl-6,9, 10-tri oxa-

(d&@éﬁ@@ﬂ%M%phzspdianqﬂhmﬁlphc@qﬂﬁnmgnethyl)4 5- bi s- [cis-1-(2-

ph%g ELE%%JEHy%LhY§ {f%yy%%gﬂgl —6,9,1l0-trioxatricyclo-

osphi nonet
{3t et ﬁaﬁ’e} mildecgl XLﬂZ‘t (dileRanantanamopb) 2 efistthy 1) cyclobutane;
CLQUEYbMEEQ%@w—)ph%sﬁ)ﬂfnc;lme)t(htyﬁ_l ed hylsicby L nerny-

f errocene;

6 éleh%@;ﬂﬂaﬁéﬁréf%Wﬁ 33151 72 t Btirdeer hydv @, odexoner i oxa-ais-

1,gapet M )r1udro (2- ~phosphinomethyl-1
(dladanantyughosPhlnonethyl)-4 5- dlpheny ferrocene

- tetramethyl 6,9,10-

—bis-

tr}OFQtI¥H¥01O 7] }decyl)cyclopentane; cis-1,

peRRoSHRI m@bbyﬂiéo&t@ - §e§ rfanﬁttg¥;a1§e§!1]l0'6t§' oxa- adam
antyl) - 2- dladanant |nonethyl) or 1 )phenyl

trﬁ@ﬁ%%ﬁﬁﬁﬂglf{@23 }decyl cyvclobutane; -1,2-~

bis~-

( 2pbasphi nemet Ay 1- 11,,33 55 ﬂté&te[ airthyde 6. tH916 L 0xar;adam
tr(laf’%'b%]ncé’r‘ftlﬁl{ﬁh%sjp‘rﬁ [Forfet A5y 451812315 met hyl si Fy1yLl, 2-

bl%eerC@H6$ph1nomethyl 1,3,5,7-tetra(trifluoro-methyl}-6,9, 10—

cchp{ G, RISRINTOTEL U £ §, S T SLUAEL L0 8,40, 20

cik- )(z+bunﬂ:hyIS|lyly -perdrdG@pRethyl-1,3,5, 7-tetra(trifiuoro-

nedr ) L PYLYLPROSRLDOEL W) < 11y o0 cverormia:

(Z}exo, 3-ex0) blcyclo[2 2.1l]heptane-2,3-bis(di-tert-

Te-Bfddy| f ? cene;
pikvidiott- butyhpBesphinomebhyl kit ert -

butylphosphinomethyl) .

yl phosphi_nonet h - 2- (dladanantylphosphlnonet
sy rhoatbirbieT &

do) —

Examples of substituted aromatic bridged ligands in accordance

with the invention include 1,2-bis(di-t-butylphosphinomethyl)—

4,5-diphenyl Dbenzene; 1,2-bis(di~t-butylphosphinomethyl)-4-

phenylbenzene; 1,2-bis{di-t-butylphosphinomethyl}-4, 5-

bis-

{trimethylsilyl) benzene; 1, 2-bis(di-t-butylphosphinomethyl)-

tetramethyl-6,9, 10-trioxa-adamantyl)-4, 5-diphenylbenzene;
bis{2-phosphinomethyl-1, 3,5, 7-tetramethyl-6,9,10-trioxa-
adamantyl) ~4-phenylbenzene;
1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl)—4, S-bis—

.A4—{trimethylsilyl)benzene; 1, 2-bis (2~phosphinomethyl-1,3,5, 7-

1,2-

1,2-bis(2~-phosphinomethyl-

(trimethylsilyl)benzene; 1,2-bis{2-phosphinomethyl-1, 3,5, 7-

tetramethyl-6,9,10-trioxa-adamantyl)

—4—

TR BB e A Ao oA =10 1 € 400 201 73 25 1 am s eon s £ e i em D] L B bttt o e - s o rEe AR S e — R
a T et et m L h e L e e Be £ et et st ey At LR e st 4 s Aot e e s et et me trpen s .



10

15

20

25

30

35

35(di adamant yl phosphi nonet hyl )-4,5-bis-(trinmethylsilyl

) ferrocene; 1-(di-t-butyl phosphi nonethyl)-2- 65
wopEIamant yl phosphi nonet hy1) - 4- (or 1" ) (tri met REITEGB2008/050550

ferrocene;

1, 2- bi s(2- phosphi nonet hy1-1, 3,5-trinethyl-6,9, 10-

trioxatricyclo-(3.3.1.1[3. ?F) decy1)- 4, 5- di pheny1ferr oc

ene; 1, 2-bi s(2-phosphi nomethyl-1, 3,5-trinethyl-6,9, 10-
(tSingtdwadei iey)ClapzeBed. 1.11p3b73 (dewgdpadt { grhdsphphemgtihyl) -

ery. . \
2, PR Ibenzenes | v By DIT (G EdamanLy tRhp gy ngget by L) —4-
phenylodsnEEeyel ol {81851 dlfada@e)mdyhpsmh@cmegh@ i et Hyils— (
e R o e By T AR RS g Lot ) -
4-{iigeatv i eyby o- {30e312En$|§3 7] Hdecy®) P4- @opdap{yy,i metHydtyl
phééﬂﬁ&%bmégiﬁlfQFQ@@»t bu%{%?hosphln?ﬁetﬁglé 4, 5—

phosphi nonet h trimet _
dl@h‘f@%’)&é’?ﬂ?%@@d 0-13. SPflP 11®m?ﬂ]n|tdécytjb12ty(ldmho—sphmomethyl)—

2- M%‘—%ﬂ@?%%ﬁq@bﬁ@hﬁl)& %BQSQYEéﬂJn%CGne 1-(2- (P, P

phosphi nonet hyl-1 trime 10-trioxatricycl of
ad%@%?tfll[B 7])decyF7b§FK%h-t butylﬁh@é@%ﬂﬂﬂﬁﬁé@ﬁ??) Aldigt-

bu{yl %@H@m@@hy&quogﬁnQHSAI trlmethy181lyl)benzene, 1-
ﬁosph|nonethy1 1,3,5-trinet

PGP9 10- ???Wﬁ&ﬂﬂw'cyclotC@UBYi 1[ 3. Y%?ﬁ@%@ﬂ%mQEhQH (di-t- -
buwﬁio@,b%ﬂmm{ym hyl) e AnetiyS=( iy ymihyhsi 1 y1) f erltocerx - 3

Ph‘isF(“znﬁF?SEBH Tometthy 1895 R 0v i nkt y - 61 9010-349"GREY i ¢
2 ycl qa3-8-Bud13nékpaecyn( dj stapueniphosphiaiomet hy 1) o-

-4- (or
phospéinomethyl—l,S,B,7—tetramethyl—6,9,10Atri0xa7adamantyl) -

2 - {di-t-butylphosphinomethyl)-4-phenyl benzene; ; I- (2-
rhosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-tricoxa—adamantyl) -
2 - {di-t-butylphosphinomethyl) 4, 5- bis—(
trimethylsilyl)benzene; 1- (2-phosphinomethyl-1,3,5, 7-
tetramethyl-6,9,10-trioxa—adamantyl} - 2 - {di-t-
butylphosphinomethyl) ~4-(trimethylsilyl) benzene; 1-(2~-

phosphinomethyl-1,3,5, 7-tetramethyl-6,9,l0-trioxa—-adamantyl) -

2- {diadamantylphosphinomethyl)-4,5-diphenyl benzene; 1-(2~
phosphinomethyl-1, 3,5, 7T-tetramethyl-6, 9, l10-tricxa-adamantyl) -2- QUE
(diadamantylphosphinomethyl}-4-phenyl benzene; 1-(2-

phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-adamantyl) -
2- (diadamantylphosphinomethyl)-4,5-bis—( trimethylsilyl)
benzene; i-(Z-phesphincmethyl-1,3,5, 7-tetramethyl-6,9, 10—
trioxa-adamantyl)-2-(diadamantylphosphinomethyl)-4-

(trimethylsilyl) benzene; 1-{di-t-butylphosphinomethyl)-2-
(diadamantylphosphinomethyl)-4, 5-diphenyl benzene; 1-{di-t-
butylphosphinomethyl)~2- (diadamantylphosphinomethyl) -4-
phenyl benzene; 1-{di-t-butylphosphinomethyl)-2-

(diadamantylphosphinomethyl)-4, 5-bis—( trimethylsilyl) benzene;
1-{(di-t-butylphosphinomethyl)-2-
(diadamantylphosphinomethyl)-4-(trimethylsilyl}) benzene; 1,2-
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201" ) (trimethyl silyl) ferrocene;
1- (2- phosphi nonet hyl- 1, 3, 5-

WO 2idgA- 6, 9, 10-tri oxatricycl o-{3. 3. 1. 1[ 3. 7] HUECH1Y68M50550
- (di adamant yl phosphi nonet hyl) - 4, 5-di phenyl ferrocene;
1-(2-
phosphi nonet hy1-1, 3, 5-tri metthyl-6, 9, 10-tri oxatri cycl of
3.3.1.1[ 3. 7] I decyl) - 2- (di adamant y1lphosphi nonet hy1l) - 4- (

bh;rZQEUOSQQﬂm@mthﬁtﬁlwﬁgéﬁerimethyl—6,9,10—trioxatricyclo—
5,452 PROSARLDOUPL oL rineLhyl: pis(z

{6910P?(r)7;5]§x§t ?gycysld@%%ﬁ [gg.éf]zf\éé%tyn-z- 1r2-bis(2

PhcgiPa darrerithyilpheos phi romethyl )6 4£,80Ck si¢tatimethybsi | y1)

{3f.@r.ﬁoffjr16n%d(a%yph &Jwe@]?ﬁret hylbén%r%”' methyl-6, 9, 10z ,_

trioxatricyclo-13.3.1. 1[ 3. 7] 1decyl) - 2-
PH%?PHF%@ﬁﬁﬁhYﬂyﬂpﬁo@xﬂfqmﬁﬁbrhyﬁ09-436©r10$4unmcweﬁhylS|Iy1

{9 sfery decyl) -4, 5-b t thylsilyl) b ; 1,2-
52bt o parFEabt o( Y pbasnhi SoRET RYLS 131k, Geneene

b%Sé@r%%%RWI@@eghﬁbim Sx AT Freyeilof3? 8101 tr[lgxa}zp@be@w)

{34 5-1H phemkky i P14 0GERGerhyisilyl) b ’ o
2-bi s-perfl uor o( 2- phosehl%aﬁ%e% | . oenEened (

thsghsnmq‘%wrlaﬁe% g gt 1pl 1§ %X At EFEyEITG(ESYSLia: 1] 3. 7]

(3h.deeyi)s. B34=C01l 2 ) Rhenybi € Ie8R8inonet nyl) -4, 5-diphenyl
1, 2-bi s-perfluoro(2-

PeBRE8Dhi nonet hy1- 1, -3 ZsPetRitranet iyt -6 39 S 1br imgdiv1-6, 5,10~

trtlbf;@xlaic]gycqbcl{el 8. B.1113103 1 dddydecy k) 4, 5- bi s- (tri met hyl

S erro

b“fyég%%%pl”plé‘n"f“feﬁ]aﬂo)(“f “BREEPhi REABEHL- 1135 Faosphinomethyl-
1 Bespfw&ﬁdfmylﬁs9911b1uﬁlaxatfidadyool§ 3, 1L.14[3377] dslacy L=

d&Z p%% p%éﬁq eéﬂ ¥ %grocenfgihé%52131lyl) ‘benzene;
1-52- Bhéﬁﬁhﬂn@héaﬁﬁI+fJ3u®Fﬁrﬂﬁ§ﬂnﬁl}66991dikrloxatr1cyclo—
1{3.3.1.1{3.7] }decyl)-2-(di-t-butylphosphinomethyl)-4-—
{trimethylsilyl) benzene; 1-(Z2-phosphinomethyl-1,3,5-
trimethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl) -4, 5-diphenyl benzene; 1-{2-
phosphinomethyl~1, 3, 5-trimethyl-6,9, 10-trioxatricyclo-
{3.3.1.1[3.7]]decyl)—Z—(diadamantylphosphinomethyl)—4—phenyl
benzene; ; 1-(Z2-phosphinomethyl-1, 3, b-trimethyl-6,9, 10~
trioxatricyclo—-{3.3.2.1[3.7])decyl)-2-
(diadamantylphosphincmethyl) -4, 5-bis—( trimethylsilyl) benzene;
1-(2-phosphinomethyl-1, 3, 5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.11{3.7]}decyl)-2-(diadamantylphosphinomethyl)-4-
{trimethylsilyl) benzene; 1, 2-bis-perfluoro(2-phosphinomethyl-
1,3,5,7-tetramethyl-6, 9, 10-trioxatricyclo{3.3.1.1[3.7]}-decyl)-
4, 5~diphenyl benzene; 1, 2-bis-perflucro(2-phosphinomethyl-
1,3,5,7—tetramethylm6,9,10—trioxatricyclo{3.3.l:l[3.7}}decyl)—
4—-phenyl benzene; 1, 2-bis-perflucro(2-phosphinomethyl-1,3,5, 7-
tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7])}-decyl) -4, 5-bis-
{ trimethylsilyl) benzene; i,2-bis-perfluorc(2-
phosphinomethyl-1,3,5, 7-tetramethyl-6,9, 10~
trioxatricyclo{3.3.1.1[3.7]}decyl)-4~(trimethylsilyl) benzene;
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trioxatricyclo{3.3.1. 1[3. 7] }decyl) -4, 5-di phenyl ferroce
ne;
WO12000/9%0882( 2- phosphi nonmet hyl-1, 3,5, 7-tetra(tri FACQKEGERROPRRS0SS0

hyl ) -
6,9, 10-trioxatricyclo{3.3.1.1[ 3. 7]}decy1) 4 (orl')phen
yl ferrocene: 1, 2-bi s- (2- ph88phi nonet hy1-1, 3, 5, 7-

10tetra(trifluoro-nethyl)-6,9, 10-
1, ﬁfbbmatrithﬁ@pSp@iﬂpmﬁtBylf}dédyﬁytétﬁaUh@iﬂwpknem$mhxi)~

) 25 bj 4, 5-di ,
o GG B OB Ay 12125 5 P (ST 1 dof dRRTRGA ) PR
1, aebxsﬁ oxat frawglsghsn@ﬂerhr[tslﬂ)fdécglleyrﬂii(@rfluoro methyl) -

t.r fer ocen S (dignts .
6'%'i6 tfl%%%ﬁ?%%ﬁ%%ﬁélg-{ - %%gc§49 pprop 21 yl ? T
1, étbqﬁy {2 phosphlnomethyl l 3,5, 7- tetra(trlfluoro methyl)—

6, él,ﬁolyﬁ(;%t{ ot Bhesphi norgt Bk r-{,ari; (2" - phenyl p

rop- - y errocene
tqmeztfmlﬂ-téw t - BePyEpROS ghi2niet hyl2-paesphgiamet idt i3, 5, 7-

te£§£hﬂﬁ%ﬂ%oéeihé¥ﬁ%ﬁqL6t9bHiy|phOSphanWPthy|) 4- (or
1')t yIferrocene 1, 2- phosphi nonet hy1-1, 3,5, 7-

tf?@#%&ﬁ%ﬁﬁﬁé?h?fié g i07i¥qQﬁ¥ JadakentyeE)vdsslyl) | benzene;

1, dip{LciPhepyt hindhad 1noqe@£a (2" -phenyl 27—
1, 2- b|§(2 phdggﬁ?ﬁgné?h 1- t%trangtﬁn preRT

y15benzanstr i oxa- adana%ﬂ%ﬂ?}s4d{o?db%%%éphﬁﬁ%ﬁ%ﬂﬂﬂaﬁbyé’ 4-(2'-

phMﬁ?iﬁﬁHﬁDQ@n 1)benzene; 1,2-bis{di-t-butylphosphinomethyl) -
S(2- phosphi nonet hyl-1,3,5, 7-tetranet hyl-

& é QdEDthr‘ﬁté’%abﬁaé%%'t yl) 142SbJ(:?jqdlt_tBBFglﬂ.})H@slp&?&ﬁﬁ%ethyl)*

4-4+ Ebﬂ%$%éazeﬁﬁ 1,2- blS%? phos%h1?$methy1 1, % 5,7~
| nope tetranethyl-6,9, 10-tri oxa- adam
coBIPSBILIOTEl Y- 3,2, Tocolrapt v 6,9, 30 Ll oxec adan,

yllbéhian%cd! adanantbdgﬁnm@pbbﬁﬁﬂﬁﬁﬂ@¢ipi 1,3,5,7- tetramethyl—
A G LR A AR o T
bi} (f-eghro@pn8omethyl-1,3,5, 7-tetramethyl—6,9, 10—-trioxa—
adar’nc%ltbfl%(—ql afj@"acmb% EP&? nhzlerr]l%r;rEt qyl )b S?Z pqilosphlnomethylm
1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl)-4-t-butylbenzene;
1,2-bis(di-adamantylphosphinomethyl}~4, 5-di~ (2’ -phenylprop-2’~
v1) benzene; 1, 2-bis(di-adamantylphosphinomethyl)—-4-(2'-
phenylprop-2'/-yl) benzene; 1,2-bis(di-
adamantylphosphinomethyl) -4, 5-{di-t-butyl) benzene; 1,2~
bis{di-adamantylphosphinomethyl)-4-t-butyl benzene; 1- (p,P
adamantyl, t-butyl phosphinomethyl)-2-(di-t-
butyliphosphinomethyl)—-4,5~ di-(2'-phenylprop-2'-yl)benzene; i-
(P, P adamantyl, t-butyl phosphinomethyl)-2-(di-t-
butylphosphinomethyl)-4-(2'-phenylprop-2’'-yi)benzene; 1- (P,P

adamantyl, t-butyl phosphinomethyl)~2- (di-t-
butylphosphinomethyl}—4,5-(di-t-butyl)benzene; i- (P, P
adamantyl, t-butyl phosphinomethyl)-2- (di-t-

butylphosphinomethyl}-4-t-butylbenzene; 1- (2-phosphincmethyl-
1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl) - 2 - (di-t-
butylphosphinomethyl}) 4, 5- di-(2’-phenvylprop-2/-yl)benzene; 1-
(Z-phosphinomethyl-1,3,5, 7-tetramethyl-6, %, 10-trioxa-adamantyl)

P i A
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30 butyl) ferrocene;

1, 2i bi s(di - adamant yl phosphi nonet hyl ) - 4- (or :
wa2ywomarsy | f errocene; 1- (P, Padamantyl , t-butyl PpCT/GB2008/050550

phosphi nonet hyl ) - 2- (di -t - but yl phosphi nonet hyl ) -4, 5-di -

(2' - phenyl prop-2'-yl)ferrocene,

1- (P, Padamant yl , t - but yl 61

phosphi nonet hyl ) - 2- (di -t - but yl phosphi nomet hyl)-4-(or1
—-)82' 35|phegytﬂmmpiﬁh%@ﬁafname@ﬁgnﬁdﬂﬂep ~Phenylprop-2’-yl)

amantyl , t - but 67 _but

bedh n4e rmhtyl Tt bu(t pﬁ% e)grqégh&?%e 71te£rétmethyl 6,9,10-
tﬁlo@dtadadﬂﬂtwﬂmhospfnIﬁonﬁdﬁﬂﬂ —pudy{@osphinomethyl) 4, 5 (di-t-

but Iferroc ne;
o O tionet hylT. 1. B2 5B PTG 116 J0 1 bR a1 -
6 daﬂaﬂt@dqxarazamamtyln-rb@tylnh@sphbwuynyhhyﬁbAn&hethyl) 4—t—

(2 2Nyl.prop- 2 Lroce 3
o3 pno Bttty 1. 578 e B PR 2 5 7-ceceamethy)

6.6, Qﬂitrquayngaa@@mﬂﬂﬁtyigf- (ﬁladamantylphosphlnomethyl) -4,5-
q:(db- M s hl gmet (or _
1 q)(zpﬁgteﬁgpgrgp n%%%rrocene 1_ ~(Z2-phosphinomethyl

1 @25pﬁtﬁﬁﬂ¥ﬁm§ﬁérkwﬂaP,305t71®¥ﬁ1aﬂmmahyﬁlEt%% 10-tri oxa- ad
(ATBRYA v 1B sph { firidrny - ;
T i X % (d(2 3F§1§?Q?rocgné'1-F§?zene'

butylphosphlnonethyl I-t-
1-4@-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-

adeh@sphi poneshyl1- %a§d§m£h€f¥ﬂhégﬁﬂfﬁ@hé@h?ﬂ404ti'@ﬁat3999§1)
ant yl 2 - (di-t-butyl phosphi none Cor
bQFZFPebut)H fé%TQ%ggﬁ@qu;nomet yi-1,3,5, 7 tetramethyl 6,9,10~

trﬁ%x9k5&anydtgm¢tbyadfgdéméniytﬁﬂ ﬁ%ﬂ?ﬁ@ﬂgtﬁ§dg lOtlttﬂyﬁa a
damant (di adamant yl phosphi nonet h
bqﬁgev%; phenylprop 2' -y1) feﬁré@éﬁéknmylphosphlnomethyl} -2-

dlaaamm@&@nbagﬂﬁtcm&h;ﬁrﬁ F-tetrangthyl-gy yh%rogaﬁz' v1)
tri oxa-adamantyl) - (dladanant%lphos hlnoneth
efz??%, phenyl pr op- 2* yl)fe r bre utylphosphlnomethyl

(dlaﬁ&m@hﬁﬁ@?b@ﬁ%ﬁ?ﬁ&ih%l3 5—%? pheniipzfp 27-v1) benzene;
tetramet tr a- adamanty -
‘égtaﬁgﬁﬁﬁ¥€tsﬁ hﬁihy%) 4,5-(di-t-butyl)

(dﬁeﬂammnﬂyiphoéﬁhlnomethyl -4,5-{di-t~butyl) Dbenzene; 1-(di-
7- tetra 10-triox

t %u?¥%§“%%9§5? ?%ﬁ%ﬁagtylphdg gt 1yﬁ§gfsﬁh Qﬂmetgy?yfﬁnt_

buty)t - bethykenéerrocengz-dbis (2-phosphinomethyl-1,3,5~trimethyl-
6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)—-4,5- di—-(2' -
phenylprop-2'-yl) Dbenzene; 1,2-bis(2-phesphinomethyl-1,3,5-
trimethyl-6,9, 10~trioxatricyclo-{3.3.1.2[3.7]}decyl)-4-(2'~
phenylprop-2’-y1l) benzene; 1,2-bis(2-phosphinomethyl-1,3,5-
trimethyl-6,9,10~trioxatricyclo-{3.3.1.1{3.7]}decyl)—4,5-(di-t—
butyl}) Dbenzene; 1,2-bis(2-phosphinomethyl~1, 3, 5-trimethyl-
6,9,10-trioxatricyclo~{3.3.1.1[3.7]}decyl)-4-t-butyl benzeno;
1-(2-phosphinomethyi-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7] }decyl)-2~-(di-t-butylphosphinomethyl)-4,5- di-(2’-
phenylprop-2'-v1) benzene; 1-(2-phosphinomethyl-1, 3, 5-
trimethyl-6,9, 10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-2—(di-t-
butylphosphinomethyl)-4-{(2’-phenylprop—-2'-yl) benzene; 1-(2-
phosphinomethyl-1, 3, 5-trimethyl-6,9,10-trioxatricyclo—
{3.3.1.1[3.7]}decyl)-2-(di-t-butylphesphinomethyl)-4,5-(di-t-
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(di -t-butyl phosphi nonet hyl ) - 2- (di adamant yl phosphi nonet
hyl)- 4,5-di-(2'-phenyl prop-2'-yl)ferrocene; 1-(d
woooydtpraasphi nomet hyl ) - 2- (di adamant yl phosphi neaatdB2o)s/es0550
-(or 1')(2' -phenyl prop-2'-yl)ferrocene; 1-(di -t-
but yl phosphi nonet hyl ) - 2- (di adamant yl phosphi nonet hy1l) - 4
,5- (di-t-butyl)ferrocene; 62
1-(di-t-butyl phosphi nonet hyl) - 2-
bu(yﬂ)adahémﬁadephosphizammebbyiaBMbuhyi—lL315{nﬂﬁwbthy1—6,9,10—

ferrocene
t £ 1
i Ss%h nonetﬁ

buKg&ﬁh@@@h3ndméﬂﬁ}17}ﬂdE%bﬁﬁW14 Benzene;

Y ey T Relty T 6, 9, 10-tri

I-t-

25

oxatri

1-(2-phosphinomethyl-

B R e e e G TR LA

(diadammatylp@mﬂphaﬁﬁm@tﬂyﬂi1% Biﬁdet&iaphbnyaprOp 27-yi)

~trimethyl-6,9,10-

be e P phosnht narr Ry DR aed it

tr gty el oxiat 3. @y@ﬂ@'U®d®cyllf8_7]ldecyl) 4,5-(di-t-b

R AT Sr e

Wy i1 A BT R Ry 67 Y, 10

benzene;

1- GhtahiooRAL RTSLAIYE- {133851trtn{ﬁ@t?71}/}d@c%/ﬂ)& 4ré9¥aﬂfl)qycﬁgtyl
{3ﬂ?ﬁf%%§neztnecyl)t2yidladamantylpho?Fhlnometh 1)

- (2- phosphi none

3,5-tr1 et

- {di-t-

y1l-6 trloxatrlc

bugmﬁ)o_ bggrene; 1-(2-phosphincomethyl-1,3,5-trimethyl-6,9,10-

trn(cgia?trlc}[ﬂ’:)’oj{]ﬁ @eqyih 27](}Qfec§r1puﬁyl phosphi nomet hy

prop- 2

errocene,

(dqﬁ%@@ﬁﬁﬁ@é?%ﬁ&ﬂhﬁ@pﬁ?&hﬂ}t;QSt butyl benzene;
pemJ&bwlp&&)hmoh&wﬁilr |3C)§Choté§ifa30ejeh}ﬁ36 /d1decyl) - 2
|-tbut£%8?osph|nonet hyl)

trq@%%@?lCﬁﬁ

1)-4,5

1,2-bis—

propl 88 Yih- qg§ﬁﬂbgén% di-(2’-phenylprop-2'-

y1pl- k{ezrz@h@whl nonef hytlislpdr briddd et Bydsbn SholRthiioxad Iy, 7-
tetf)::ﬁ‘“?t’m[% Mhaéey ey @icedBut yi prios g Aemet A 24, 5

pheiyﬂprbpbﬂtyﬁj)'ferroﬁéﬂﬂene,

h - hyl-6,9, 10-
PR RRTE T Ry T o 304 10T hekyD-2- (di -1 -

trioxatricyclo{3.3.1.1([3.7])}-decyl)~4,5-(di-t-butyl)

1,2-bis-perfluoro(2-

benzene;

1,2-bis-perfliucro(Z2-phosphinomethyl-1, 3,5, 7-tetramethyl-6,9,10-

trioxatricyclo{3.3.1.1[3.7]}decyl)-4-t-butyl bhenzene;

{2-phosphinomethyl-1,3,5,7-tetra(trifluorc-methyl)-6,9,

trioxatricyclo{3.3.1.1[3.7]}decyl)

1,2-bis-
10-

-4,5-di- (2’ ~phenylprop-2'—-yl}

benzene; 1,2-bis- {Z-phosphinomethyl-1,3,5, 7-tetra(trifluoro-
methyl)-6,9%9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4-(2"-

phenylprop-2'-yl) benzene; 1,2-bis- (2-phosphinomethyl-
1,3,5,7-tetra({trifluoro-methyl)-6,%, 10~

trioxatricycle{3.3.1.1[3.7]}decyl)-4,5-(di-t-butyl} benzene;
1,2-bis- (2-phosphinomethyl-1,3,5, 7-tetra({triflucoro-—methyl) -
6,9,10-trioxatricyclo{3.3.1.1{3.7] }decyl)-4-t-butyl benzene,

1,2-bis-(P-(2,2,6,6-

tetramethyl-phosphinomethyl-

cyclohexan-4-one) -4-{trimethylsilyl}benzene, 1-{di-tert-

butylphosphinomethyl)-2-(phospha-adamantyl) -4-

(trimethylsilyl)benzene,

(phospha-adamantyl)

1-{diadamantylphosphinome

-4-(trimethylsilyl)benzene,

thyl)-2-
1_
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but yl phosphi nonet hyl )-4-(or1"')t-butyl ferrocene; 10
phosphi nonet hy1-1, 3,5-trinethyl-6,9, 10-tri oxatricycl of
W0 281901@B3. 7] } decyl ) - 2- (di adamant ylI phosphi nonep&yiGe2¢b80350550
-di-(2'- phenyl prop-2'-yl)ferrocene;
1- (2- phosphi nonet hy1-1, 3, 5-
trinmethyl-6,9,10-trioxatri cdtlo-{3.3.1.1[3.7]}decyl)-2

(ﬁnﬁipﬁﬁ?ﬁuamaﬂuymﬂnzunﬁﬂdaﬁwalkddméHOjﬁﬂ:phenylprop-2'_4_

-y, errocene; .

(4 Y88 P HosPhi oM W -PENE S\ r i net hy1- 6, 9, 10-  1-(di-tert-

oty e nedis, 3 U3 Hde syl - 4
O R an o RS a noethy Fod: S 5y :
(feimagdenssi ri()benzene, 1-(diadamantylphosphinomethyl)-2-

N hi hyl-1,3,5-trinmethyl-6,9, 10-tri tri | .
(S R 5 < L oS ety ) (2
teft Bty 2 pHiHondeamya0ene; (diadamant yiphosphino) —4-

1, 2-bi s- perfl uoro(2-phosphi nonet hyl-1,3,5, 7-
(tremedetlfit e, )P ergand  oxkat tdeyied {308 vl A Ssattin ety 1) -
-45 I (:2'<_ph -2 0 e; A .
2 1(’492_%2',?_{)6@6; | ug#%’é(lg%n%r%/l%}r)ogpqg i & hexan—-4-one) 4
(tphiosptiiyicnsnty behze s, 7- t et ramet hy1-6, 9, 10- 1 (di-tert-
b"%’tz}}pf %Esr]?%%){’%l Tf;)e{t??é’ ) (1,—62(15—%%—7(]2} ; %e, C6¥ | 6)—_ 4 _t(eotr rlarr)le(tzh y lp—hpehnoysl, pph a-

cylo 1 &rper fdndgr o(2- phasRhimanetiml vhrdee! - 1-(2- (P—
tetranethyl-6,9, 10-trioxatricycl o(3.3.1.1[3.7)1-decyl)
(2,48, t - but y| ) ¥elfrasesddey L -phospha-cyclohexan-4-one) ) —4-

2 hi s-narfil - phosphi i
B A A R L T e TR
cﬁcg_e:dghelx)a-nh—_&t}—(cmret,ﬁ' Jl){ ¢t ytofery ooenes il 2-hicsphine) -2 (di-
- 0] I none - . .
s P TNV r 04Tk Hy R0 586y L) benzene — and
wHdregtat f’?ﬁ&§bﬁ£3a§a$a5£ 17]) decyllwdeoadi £428n- Bhemd fha-

op-2'-yl) ferrocene; 1,2-bis-
L, (2-phosphireewdtimi 61 93 19 -7riexpdemeantlyio Eombclkyhp-6, 9, 5-

CORER I g 2Ry o Fodsnar 195 Be. (1 phodHbar i T
t 34k, 3,r5, fluoeton@finilh HEo 00 Lmetchy loka6.918v1 or 2-phospha-
1$§E£ﬁggﬂicy%l0{3.3.1.1[3;7]}decy1)14,5-(dg-t-ggtyl)fer1ﬁ
ocend; (WS008 TEGPE2P ~CTPEBE068/ 056550256 Y1~

(ﬁ?ﬁéﬂ@ﬁ%t@%p%@%%@ﬁh%%@%ﬁ@ﬁll%h%P5453@?%ﬁ%CIriféégyé%égﬁyl—
phoysp)h-a—cyclohexan—4—one) ) —4-(trimethylsilyl) ferrocene,
1, 2-bis(di-t-butylphosphinomethyl)-4,5-diphenyl ferrocene;
1,2-bis{di-t-butylphosphinomethyl)-4- (or 17" )phenylferroccense;
1, 2-bis(di-t-butylphosphinomethyl) -4, 5- bis—-(trimethylsilyl)
ferrocene; 1l,2-bis{di-t-butylphosphinomethyl)-4- (or
1")(trimethylsilyl) ferrocene; 1,2~bis(2-phosphinomethyl-
1,3,5,7-tetramethyl-6,9%,10-trioxa—-adamantyl)-4, 5-
di?henylferrocene; 1,2~bis{2-phosphinomethyl-1,3,5,7-
tetramethyl-6,9,10-trioxa-adamantyl) 4-(or 1’)phenylferrocene;
1,2-bis(Z2-phesphinomethyl-1,3,5, 7-tetramethyl-6,9, 10-trioxa-
adamantyl)-4, 5-bis-{trimethylsilyl)ferrccene; 1,2-bis(2-
phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-adamantyl) 4-
{or 1) (trimethylsilyl)ferrocene; 1,2-bis{di-
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6,9,10-trioxatricyclo{3.3.1.1[3.7])decyl)-4-(orl")t-bu

tyl ferrocene.

WO 2002107830 | ncl ude: -
1, 2-bis(di-tert-butyl phosphi nonet hyl ) benzene PBut 2
Fe 2 4- 0 - 1,2-bis(di-tert-butyl phospi nonet hyl
ferrocene 70 4
1, 2-bis(di-tert-butyl phosphi nonet hyl ) - 3, 6-di phenyl-4,5

adarfingthjibsipeinmewehyl) 10 5 diphenylferrocene; 1,2-bis(di-

ad Bl 860 oh AldeH Y] (RhRRPhINGERLAY]) - S ArliRliemyl o 5.

bis(di-adamantylphosphinomethyl)-4,5 bis—(

trimethylsilyl)ferrocens;

adamantylphosphinomethyl)-4- (or

5 Sel ected structures of |igands of the

PCT/GB2608/050550

6

1,2~bis{di-

1") (trimethylsilyl) ferrocene;

1- (P, P adamantyl, t-butyl phosphinomethyl) -2~ (di-t-
butylphosphinomethyl) -4, 5-diphenylferrocene; 1~ (P, P
adamantyl, t-butyl phosphinomethyl)-2— (di-t-

butylphosphinomethyl)—-4-{or

adamantyl,

butyiphosphinomethyl) -4, 5-

(P,P adaman

buﬁylphosphinomethyl)~4~(or

1’ )phenylferrocene; 1- (B,P

t-butyl phosphinomethyl)-2- (di-t-
bis-{ trimethylsilyl)ferrocens; 1-
tyli, t-butyl phosphinomethyl) -2~ (di-t-

17){trimethylsilyl) ferrocene; 1-

(2-phosphinomethyi-1,3,5, 7-tetramethyl-6,9, 10-trioxa—adamantyl)

- 2 - (di-t-butylphosphinomethyl)4, 5-diphenylferrocene; 1- (2-

phosphinomethyl-1, 3,5, 7-tetramethyl-¢, 9, 10-trioxa-adamantyl) -

2 - (di-t-butylphosphinomethyl)-4-{(or 1)phenyl ferrocene; ;

1- (2-phosphiromethyl-1,3,5, 7-tetramethyl-6,9, 10-trioxa-

adamantyl) -

2 - (di-t-butylphosphincomethyl) 4, 5- bis—{

trimethylsilyl) ferrocene;

1- {2-phosphinomethyl-1,3,5,7-

tetramethyl-6, 9, 10-trioxa-adamantyl) - 2 - (di-t-—

butylphosphinomethyl)-4-(or 17) (trimethylsilyl) ferrocene; 1-

{2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa—adamantyl)

-2~ (diadamantylpheosphinomethyl) -4, 5-diphenyl ferrocene; 1-(2-

rhosphincemethyl-1, 3, 5, 7-tetramethyl1-6, 9, 10-trioxa-adamantyl)—2-

{diadamantylphosphincmethyl)~4-(or 1’}phenyl ferrocene; I-(2~

rhosphincmethyl-1, 3, 5, 7-tetramethyi-6, 9, 10-trioxa—adamantyl) -

2- (diadamantylphosphinomethyl) -4, 5-bis—{ trimethylsilvyl)

ferrocene;

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

tricxa-adamantyl)-Z-(diadamantylphosphinomethyl)-4-{or

17}y {trimethylsilyl} ferrocene;

i~ (di-t-butylphosphinomethyl) -

2- (diadamantylphosphinomethyl) -4, 5-diphenyl ferrocene; i-

{di—-t-butylphosphinomethyl)-2-

4—{or 1")phenyl

(diadamantylphosphinomethyl) -4, 5-bis—(

ferrocene;

ferrocene;

(diadamantylphosphinomethyl) -
1-{di-t~butylphosphinomethyl)-2-
trimethylsilyl)
1-{di-t-butylphosphinomethyl)-2-
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WD 2009/ 010782PC T/ GB2008/ 050550 71 Bul 2P PBul 2 Fe2+
(Me) 3S1 .

WQ 200919658211 -t er t - but yl phospi nonet hyl ) - 1' - t ri meedwyGB2doy/d50550
ferrocene 5 PBul 2 Fe2+
1, 2-bis(di-tert-butyl phospi nonethyl)-1"-tert-butyl 10
ferrocene 65

(diadamantylphosphinomethyl)-4-(or 17) {trimethylsilyl)
ferrocene; 1, 2-bis(2-phosphinomethyl-1,3, 5-trimethyl-6,9, 10~
trioxatricyclo—{3.3.l.1[3.7]}decyl)~4,5—diphenyl ferrocene;

1, 2-bis(2-phosphinomethyl-1, 3, 5-trimethyl-6,9,10-
trioxatricyclo—{3.3.1.1[3.7]}ldecyl)-4-(or 1')phenyl ferrocene;
1,2-bis(2-phcsphinomethyl-1, 3, 5~trimethyl-6,9, 10-
trioxatricyclo—-{3.3.1.1[3.7]}decyl)-4,5-bis—( trimethylsilyl)
ferrocene; 1,2-bis(2-phosphinomethyl-1, 3, 5-trimethyl-6,9, 10—
trioxatricyclo—{3.3.1.1[3.7]}decyl)—-4-(or 17}y (trimethylsilyl)
ferrocene; 1-{2-phosphinomethyl-1,3,5-trimethyl~6&,9,10-
trioxatricyclo—-{3.3.1.1{3.7]}decyl)-2-{di-t-
butylphosphinomethyl)-4, 5-diphenyl ferrocene; 1-(2-
phosphinomethyl-1, 3, 5-trimethyl-6,9, 10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(di-t-butyiphosphinomethyl)-4- (or
1’)phenyl ferrocene; 1-{2-phosphinomethyl-1, 3, 5-trimethyl-
6,9,10-trioxatricyclo~{3.3.1.1{3.7])decyl)~2—(di~t—-
butylphosphinomethyl}—4, 5-bis-{( trimethylsilyl) ferrocens;
1-{2-phosphinomethyl-1,3,5-trimethyl-6,9,10-tricoxatricyclo-
{3.3.1.1[3.7] }decyl)-2-(di-t-butylphosphinomethyl)-4- (or
17)(trimethylsilyl) ferrocene; 1-(2-phosphinomethyl-1,3, 5-
trimethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl} -4, 5-diphenyl ferrocene; 1-(2-
phesphinomethyl-1, 3, 5-trimethyl-6,9, 10-trioxatricyclio=-
{3.3.1.1[3.7] }decyl)-2-(diadamantylphosphinomethyl)-4- (or
1’)phenyl ferrccene; ; i-(Z-phosphincmethyl-1,3,5-trimethyl-
6,9,10-trioxatricyclo—{2.3.1.1[3.7] }decyl)-2-
(diadamantylphosphinomethyl)-4,5-bis—( trimethylsilyl)
ferrocene; 1-(Z-phosphinomethyl-1,3, 5-trimethyl-6,9,10-
trioxatricyclo—-{3.3.1.1[3.7]}decyl}-2-
{diadamantylphosphincemethyl)-4-{or 1") (trimethylsilyl)
ferrocene; 1,2—bis—perfluoro(27phosphinoﬁethyl—1,3,5,7—
tetramethyl-6,9,10-trioxatricyclo{3.3.1.1(3.7]}-decyl)—-4,5-
diphenyl ferrocene; 1, 2-bis-perfluoro{2-phosphinomethyl-
1,3,5,7-tetramethyl-6,9,10-trioxatricyclo{3.3.1.1{3.7] jdecyl)-
4-{or 17)phenyl ferrocene; 1,2-bis-perflucro(2-

phosphinomethyl-1, 3,5, 7-tetramethyl-6, 9, 10—
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72 PBut2 PBut2 Si(Me)3
5, 6-bi s(di-tert-butyl phosphi nonet hyl ) -1, 3-bi s5
WOt20094a01821 si | y1-1, 3- di hydr oi sobenzof ur an. POTA;B2008/050550
2-bis (di-tert-butyl phosphi nonet hyl) -3, 6-di phenyl
benzene WD 2009/ 010782PCT/ GB2008/ 050550 73 Fe2+
1, 2- bi s(di-tert-butyl phospPhonet hyl )-4-trimethylsilyl
ferrocene
trioxatricyclo{3.3.1.1{3.7]}-decyl)—4,5-bis—{ trimethylsilyl)

ferrocene; 1,2-bis-perflucro(2-phosphinomethyl-1,3,5,7-
tetramethyl-6,9,10-trioxatricyclo{3.3.1.1{3.7]}decyl)-4- (or

1) {trimethylsilyl) ferrocene; 1,2-bis— ({(2-phosphinomethyl-
1,3,5,7-tetra(trifluocro-methyl)~¢, 9, 10—

trioxatricyclo{3.3.1.1{3.7]}decyl)-4,5-diphenyl ferrocene;
1,2-bis- (2-phosphinomethyl-1,3,5, 7-tetra{trifluoro-methyl)-
5,9,10-trioxatricycle{3.3.1.1[3.7] }decyl)—-4—(or 17 )phenyl
ferrocene; 1,2-bis- (2-phosphinomethyl-1,3,5,7-

tetra(triflucro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)~4,5-bis—( trimethylsilyl}
ferrocene; 1,2-bis- (2-phosphinomethyl-1,3,5, 7-tetra{trifluoro-
methyl)—6,9,10—trioxatricyclo{3.3.l.1[3.7]]decyl)f4?(or

17) (trimethylsilyl) ferrocene; l1,2-bis(di-t-
butyliphosphinomethyl)—4,5-di- (2’ -phenylprop-2’'-y1) ferrocene;
1,2-bis(di-t-butyiphosphinomethyl}-4-(or 1'){(2'-phenylprop-2/-

yl)ferrocene; 1,2-bis(di-t-butylphosphinomethyl)-4,5- di-t-
butyl ferrocene; 1,2-bis(di~t~-butylphosphinomethyl)-4- (or
1")t-butylferrocene; 1,2-bis(2-phosphincmethyl-1,3,5, 7~

tetramethyl—-6,9,10-trioxa—adamantyl)-4,5- di-(2'-phenylprop-2-

v1i) ferroceneg; 1,2-bis(2-phosphinomethyl-1,3,5,7-tetramethyl-
6,92,10-trioxa-adamantyl)-4- (or 17)({2'-phenylprop-2'-
yvl) ferrocene; 1,2-bis(Z2-phosphincomethyl-1,3,5, 7-tetramethyl-

©,9%,10-trioxa-adamantyl)~4, 5~ (di-t-butyl) ferrocene; 1,2-bis(2-
rhosphinomethyl-1,3,5, 7-tetramethyl-6,9,10~trioxa-adamantyl)}-4-
{or 1’)t-butylferrocene; 1,2-bis(di-adamantylphosphinomethyl)—

4,5-di-(2'-phenylprop-2’'-y1) ferrocene; 1,2-bis(di-
adamantylphosphinomethyl)-4-(or 17y (2’ -phenylprop-2'-yl)
ferrocene; 1,2-bis(di-adamantylphosphinomethyl)-4,5-(di-t-
butyl) ferrocene; 1,2~bis(di-adamantylphosphinomethyl)-4-(or
1")t-butyl ferrocene; ‘ 1- (P, P adamantyl, t-butyl
rhosphinomethyl)-2- (di-t-butylphosphinomethyl} -4, 5- di-{2'-
phenylprop—-2/-yl) ferrocene; 1- (P, P adamantyl, t-butyl
phosphincomethyl)-2- (di-t-butylphosphinomethyl)-4—(or 17)(2'-
phenylprop-2/-yl}ferrocene; 1- (P, P adamantyl, t-butyl

phosphinomethyl)-2—-(di~-t-butylphosphinomethyl)-4, 5- (di-t-

ER
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1, 2bi s(di-tert-butyl (phosphi nomethyl))-4,5-di (4" -tert
butyl phenyl) benzene WD 2009/ 010782PCT/ GB2008/ 050550

W@ 4009/010782 PCT/GB2008/050550
1, 2-bis(di-tert-butyl (phosphi nomet hyl))-4-trinethylsil
yl benzene
1,2-bis(di-tert-butyl (phosghi nonethyl))-4-(tertbutyl di
nmet hyl silyl)benzene 10 PBut2 PBul 2

buly23 bés{dienteer t -1but(yl, ephospdnianetdiph) y: 4pbosphinomethyl) -

24qE?Q%£££§¥f§%%§£#¥i§é§%@§??94—(or 17 )t-butvlferrocene; 1-

(Z2-phosphinomethyl-1, 3,5, 7-tetramethyl-6, 9, 10-trioxa-adamantyl)

- 2 - (di-t-butylphosphinomethyl}4,5- di-(27-phenylprop-2'-
yl) ferrocene; 1- (Z-phosphinomethyl-1,3,5, 7-tetramethyl~-
6,9,10-trioxa-adamantyl) - 2 - (di-t-butylphosphinomethyl)-4-

(or 17)(2'-phenylprop-2'-yl) ferrocene; 1- (2-phosphinomethyl-
1,3,5,7-tetramethyl-6,9,10-trioxa~adamantyl) — 2 - (di-t—
butylphosphinomethyl) 4, 5—{di-t-butyl) ferrocene; 1- (2-
phosphinomethyl-1,3,5, 7-tetramethyl-6, 9, 10-trioxa-adamantyl) -
2 — (di-t-butylphosphinomethyl)-4-{or 1’)t-butyl ferrocene; 1~
(2—phosphinomethyl—l,3,5,7—tetramethylu6,9,10—trioxa—adamantyl)
-2- (diadamantylphosphinomethyl)-4,5- di-(2'-phenyiprop-27-yl)
ferrocene; 1-(2-phosphinomethyl-1, 3,5, 7-tetramethyl-6,9,10-
trioxa-adamantyl)-2—- (diadamantylphosphinomethyl) -4~ (or 17y(2'-
phenylprop-27-yl1) ferrocene; 1-(Z-phosphincomethyl-1,3,5, 7-
tetramethyl-6,9,10-trioxa-adamantyl) —2-
{diadamantylphosphinomethyl) -4, 5-(di—t—-butyl) ferrocene; 1-(2-
phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa—adamantyl)-2-

(diadamantylphosphinomethyl)—-4-(or 1’}t-butyl ferrocene; 1-
(di-t~butylphosphinomethyl) —-2- {(diadamantylphosphinomethyl) -
4,5- di-(2"-phenylprop-2'-yl) ferrocene; 1-(di—t—
butylphosphinomethyl)-2- {(diadamantylphosphinomethyl}-4-(or
1) (2'-phenylprop-2'-vyl) ferrocene; I-(di-t~
butylphosphinomethyl) -2~ {diadamantylphosphinomethyl)—-4, 5-
{di-t-butvyl) ferrccene; 1-(di-t-butylphosphinomethyl)-2-

{diadamantylphosphinomethyl)—-4-(or 1’)}t-butyl ferrocene; 1,2-
bis{2-phosphinomethyl~1,3,5-trimethyl-¢,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl}~4,5 di-(2’-phenylprop-2/-y1) ferrocene;
1,2-bis(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-
trioxatricyclo-{3.3.1.1[3.7]}decyl)-4~(or 1')(2'-phenylprop-2'—
v1) ferrocene; 1,Z2-bis{2-phosphinomethyl-1,3,5—trimethyl-
6,9,10-trioxatricyclo-{3.3.1.1{3.7]}decyl}-4,5 (di-t-butyl)
ferrocene; 1,2-bis{Z2-phosphinomethyl-1, 3, 5-trimethyl-6,9,10-
trioxatricyclo-{3.3.1.2[3.7]}decyl)-4-(or 17)t-butyl ferrocens;
1-(2-phosphinomethyl~1, 3, 5-trimethy1-6,9, 10-trioxatricyclo-
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1, 2-bis(di-tert-butyl (phosphi nonet hyl))-4-tert-butyl

benzene

wORoHD®Wedi -t ert - but yl (phosphi nonet hyl)) - 4, 5- GCTIGB204050550

tyl benzene But 5 PBut2 PBul 2

1, 2-bi s(di-tert-butyl (phosphinonmethyl))-4-(tri-tertbut

yl met hyl ) benzene 10 PBul 2¢PBut 2

1, 2-bis(di-tert-butyl (phosphi nonethyl))-4-(tri-tertbut
{3yd Qi.lyB) benzena ) 13- (PBut-buPBUpRosphinomethyl)-4,5- di-(2"-

phenylprop-27-y1) ferrocene; 1-{2-phosphinomethyl-1i, 3, 5-

trimethyl-6, 9, 10-trioxatricyclo-{3.3.1.2[3.7]}decyl}-2~-(di-t-

butylphosphinomethyl)-4-(or 1') (2’-phenyiprop-2 -yl)

ferrccene;

1-{Z2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo—

{3.3.1.1[3.7]}decyl)-2-(di~-t-butylphosphinomethyl)-4, 5-(di-t-

butyl) ferrocene; 1-(2-phosphinomethyi-1,3,5-trimethyl-6,9,10-

tricxatricyclo—-{3.3.1.1[3.7] )decyl)—-2—(di—t-

butylphosphinomethyl)}-4-(or 1’)t-butyl ferrocene; 1-(2-

phosphinomethyl-1, 3, 5-trimethyl-6, 9, l10-trioxatricyclio-

{3.3.1.1[3.71}decyl)-2-(diadamantylphosphinomethyl)-4,5-di-(2/-

phenylprop-27'-y1l} ferrocene; i1~ (2-phosphincmethyl-1,3,5-

trimethyl-6,9,10-trioxatricyclo—-{3.3.1.1[3.7]}decyl} -2~

{(diadamantylphosphinomethyl)-4-(or 1) {Z2'-phenylprop-2'-yl)

ferroceneg; 1-(Z2-phesphinomethyl-1,3,5-trimethyl-6,9,10-

trioxatricyclo—{3.3.1.1(3.7]}decyl)-2-

(diadamantylphosphinomethyl) -4, 5-{di-t-butyl} ferrccene; 1-(2-

phosphinomethyl-1, 3, 5-trimethyl-6,9,10-trioxatricyclo-

{3.3.1.1[3.7]}decyl)-2-(diadamantylphosphinomethyl)}-4-(or 1°)t-

butyl ferrocene; 1,2-bis-perfluoro{2-phosphinomethyl-1,3,5,7-

tetramethyl-6,9,10-trioxatricycle{3.3.1.1[3.7]}-decyl)-4,5- di-

(2'—phenylprop-27-yl) ferrocene; 1,2-big-perfiucoro(2-

phosphinomethyl~1, 3,5, 7-tetramethyl-6, 9, 10—

trioxatricyclo{3.3.1.1[3.7]}decyl)-4-(or 1) (2'-phenylprop-2'-

vl) ferrocene; 1,2-bis-perfluoro{2-phosphinomethyl-1,3,5,7-

tetramethyl-6,9, 10-trioxatricyclo{3.3.1.1[3.7}}~decyl)-4,5-(di-

t-butyl) ferrocene; 1,Z2-bis-perfluorc(2-phosphincomethyl-

1,3,5,7-tetramethyl-6,9,10-trioxatricycle{3.3.1.1(3.7] }decyl)-

4—(or 17)t-butyl ferrocene; 1,2-bis- (2-phosphinomethyl-

1,3,5,7-tetra(trifluoro-methyl)-6,9,10-

trioxatricyclo{3.3.1.1[3.7]}decyl)~-4,5-di~(2'~phenylprop-2'-vy1)

ferrocene; 1,2-bis- (2-phosphinomethyl-1,3,5,7-tetra{triflucro-

methyl)-6,9,10-trioxatricyclo{3.3.1.1{3.7]ldecyl)~4~-(or 1) (2'-

phenylprop-2’'-vyl) ferrocene; 1, 2-bis~ (2-phosphinomethyl-

1,3,5,7-tetra(trifluoro-methyl)-6,%,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)—-4,5-(di-t-butyl)

ferrocene;
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76

1,2-bis(di-tert-butyl (phosphi nonethyl))-4-(2"'-phenyl pr
wop®ydzbenzene PCT/GB2008/050550

1, 2-bis(di-tert-butyl (phosphi nonmet hyl)) - 4- phenyl

benzene 10

1, 2-bis(di-tert-butyl(phosptt nonet hyl)) -3, 6-di net hyl -

, 5- di phenyl benzene 77

1,2~ Bib+ﬁ(di{2??HO§@MH¥b@$%F¥ﬂ¥ﬂ Bpﬂptiaeoﬂa(Brﬂffhdio—methyl)—
et raphen enz -(1-
¢ Carb BN Bhabprany Dy S bt Ryl ikgAgT Y (5 10y ebuey)

felrbeamt hyl - et hyl ) - benzoyl chl ori de

Selected structures of ligands of the invention include:-

PBU',

PBUlz

1,2-bis(di-tert-butylphosphinomethyl)benzene

Bu',P PBU%

L

1,2-bis(di~tert-butylphospincmethyl ferrocene



78 1, 2-bis(di-tert-butyl (phosphi nonet hyl)-4-(4"-
chl or ocar bonyl - phenyl ) benzene

WORY/POEEdi -t ert - butyl (phosphi nonet hyl ))-4-  PCT/GB2008/650550
(phosphi nonet hyl ) benzene 10 PBut2 PBut 2
1,2-bis(di-tert-butyl (phosghi nonmet hyl ))-4-(2' -
napht hyl prop-2' -y1) benzené® WO
2009/ 010782PCT1GL320081050550 79 PBOt 2 PBut 2

PBUtg

PBu',

1,2-bis(di-tert-butylphosphinomethyl)-3, 6—-diphenyl-4, 5-dimethyl

benzene

PBU12

PBUY,

10 1,Z2-bis(di-tert-butyl(phosphinomethyl}-4, 5-diphenyl

benzene




1, 2-bis(di-tert-butyl(phosphinonmethyl))-4-(3",4"-bis(d
itert-butyl (phosphi nonet hyl)) phenyl ) benzene
wa 2809meRgeli -t ert - but yl (phosphi nonet hyl)) - 3- (2" p8tiGBreeds0550
itert-butyl (phosphi nonet hyl)) phenyl)benzene 80
1, 2-bis(di-tert-butyl (phosphi nonethyl))-4-tertbutyl-5-
(2'- tertbutyl-4",5 -bis(di‘Xert-
but yl ( phosphi nonet hyl ) ) phenyl ) benzene ,and 5 10cis-1,
B@Fbis (di -tert-butygphosphi nomethyl), 3, 6,
eQyl- 4,5 diaet hyl - cycl ohexane, 81
phosphi no) - 8- (di -t edbut yl phosphi nonet hy

yl phosphi nonet hyl ) -2' - (di-tert-butyl phos
v yl ene
2-(di-tert:-butyl phosphi nonethyl)-2'-(di-tert-butyl phos
phi no) - bi napht hyl ene

(Me)aSi
1,2-bis(di-tert-butylphospinomethyl)-1’-trimethylsilyl

ferrocene

Bul,P PBuY

8

1,2-bis{di-tert-butylphospinomethyl}-1’-tert-butyl

10 ferrocene




Exanpl es of norbornyl bridgenon-aromatic bridged
I i gands include:- (2-exo,
WOR0eKeP783i cycl o[ 2. 2. Thept ane- 2, 3- bi s(di -t ert - POAYGRAVORENS0550
hi nonethyl) 5 10(2-endo,
3-endo) - bi cycl o[ 2. 2. 1] hept ane- 2, 3-bi s(di-tert-butyl pho
sphi nonet hyl ) Exanpl €8 of substituted
non-aromati c bridged ligand 15 structures include: -
B®ePBut 2 20ci s-1, 2-bis
di -tert- butylphosphlnonethyl) 4, 5
exage VO 2009/ 010782PCT/ GB2008/ 050550
2-bi s~PEi'; t ert - but yl phosphi nonet hyl), 1,
o 2, aret hyl cycl ohexane 5cis-1, 2-bis
[ | phosppinonet hyl ), 3, 6,
£ R

5,6-bis(di-tert-butylphosphinomethyl)-1, 3-bis-
5 trimethylsilyl-1,3-dihydroisobenzofuran.

PBUKQ

PBUlg

10 1, 2-bis {di-tert-butylphosphinomethyl)-3,6-diphenyl benzene



",,9%911 ' PBut2 10 cis- 1, 2-bis

(di -tert-butyl phosphi nonet hyl) cycl ohexane WO
WOG0®/0a8782PCT/ GB2008/ 050550 84 cis-1,2  PCT/GB2008/050550

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

cycl ohexane Si (Me) 3 PBul 2 PBul2 5 Si (Me)3

ci s-5,6-bis(di-tert-butyl phdbsphi nonethyl)-1, 3-

bis(trinethylsilyl)-3a,4,5,6,7, 7a- hexahydro- 1, 3H soben

zof ur an. PBuY

vessi— L

PBUIZ

F62+

1,2-bis(di-tert-butylphospinomethyl)-4-trimethylsilyl

ferrocene
5
PBUtg
PBUY,
||||!ii| E
1,2 bis(di-tert-butyl (phosphinomethyl))-4, 5- di(d’-tert
butyl phenyl) bkenzene
10

PB Utg

PBuY,




10

15

20

10 In the above exanple structures of |igands of

general formulas (1)-(1V), one or nore of the Xl1-X4
WORBHYGi8Y car bon bearing groups, t-butyl, att&CH&dB20¢8/050550

the @2 and/or @@ group phosphorus may be replaced by a

suitable 15 alternative.Preferred alternatives are

adamantyl, 1,3 dinethyl ad&ﬁantyl, congressyl,

nor bornyl or 1- norbondienyl, or X1 and X2 together

and/ or X3 and X4 together forn1together with the

L R e A PR B Sy Rt 1 M 3 8 s 1151
bedzdnd, 7-tetramet hyl-6, 9, 10-tri oxadamant yl or 2- phospha-
1,3,5-trinethyl-6,9,10-tri oxadamantyl .l nnost 85
enbodi nents, it is preferred that the X2-X4 groups or
the copbined X /X2 and X3/ X4 groups are the sanme but
it Jmy| al so be advant ageous to use different groups to
ro > asynmmetry around the active site in these
tevhl i K generally in this invention.
Sifm | arly, ?@HMg groups A or B may be
apsent so B is nmethylene and the

I S connect ed~N#T O to the ring carbon giving a 3
carbon bridge between the phosphorus atons.
Typically,the groupX2 represents CR1(R2) (R3), X2
1, T epf 868Nt S GRAGIRS) { aﬁi@s nﬁ@r@é Nt 5- R K8 L R9) and
X4 15 represents CR1(R11) (R12), erein Rl to R12
bupepiesenty bty 1) Qﬁ@?e%@ het. Particularly preferred
is when the organic groups Rl - R3, R4-R6, R7- R9 and
/or R20- R22 or, alternatively, R1-R6 20 and/or R7-R12
when associated wth their respective tertiary carbon
En(s) form conposite groups which are at |east as
, ng as t-butyl(s). The steric
Bypd®, cyclic, part-cyclic or 25
When| cyclic or part cyclic, the group may be
unsubstituted or saturated or
%2or part cyclic groups may
/}w y , including the tertiary carbon
m(s), from C4-C34, nore preferably C8-C24, nost
preferably C13-C20 carbon atons in 30 the cyclic
structure. The cyclic structure may be substituted by
one or nore substituents selected from hal o, cyano,
1, Hb1o(d 0ROt -CE( ) Reoh £%:00) R2dme €6 P) PR22, 5 NR23R24,

qONWEQG 5R29, C(0)SR30, C(S)NR27R28, aryl or Het,
bis(trimetnylsilyl)benzene

Bu
PBU,

PBU'

1,2-bis(di-tert-butyl (phosphinomethyl})-4-tert-butyl

benzene



86 wherein R19 to Rn are as defined herein, and/or be

interrupted by one or nore oxygen or sul phur atons, or
wogonsioh@ad or di al kyl sil con groups. 5 | n partipti/gB2008/050550

when cyclic, X, X2, X3 and/or X4 may represent

adamantyl, attached

congr essyl, norbornyl, 1- nor bor nadi enyl or or X2 and X2

together with @ to which they are forman optionally

BLS , o group or derivative thereof, Q to

ghed forma ring systemof formla

? 15 Similarly, X3 and X4 together

ich they are attached may form an

opi ysupst e Tfed 2- QL-

&fricyclo 3.3.1X1{3,47}] decyl group or derivative
thereof, or X3 and X4 together with QL to which they
are attached may forma ring systemof fornula | b yy2

1, R58iE, (dR53 Sr tREAIRSA (20cEdh)inonethyl) ) -4, 5-di-tert-butyl

benzene
Bu'
Bu'
Bu' 1 i
PBu 2 ‘
PBU'; - |
5
1,2-bis(di-tert-butyl (phosphinomethyl))-4—{tri-tert-
butylmethyl)benzene
Bu'
Bul\ |
BU1’,,-Si 1
PBu 2
PBUlg
10

1,2-bis(di-tert-butyl (phosphinomethyl))-4-(tri-tert-

butylsilyl)benzene

PBUY,

PBUIQ
13



10

Al ternatively, one or nore of the groups X1, X2, X3
and/ or X4 may represent a solid phase to which the

WO 200018782s attached. Particularly preferred PETWHEAG0S/050550
X, X2, X2 and X4 or X and X2 together with its
respectlve Q@ atom and X2 and X4 together with its
respective Q atomare the’§ane or when X' and X7 are
the same whilst X2 and X4 are different but the sane

1, asbpactiioethet-bStyh(phefeniednenbpd) heat 2’ Rhang 1Rbp-
and Rf| R18 each independently represent al kyl, aryl,

2T FIREEIZE0e T R to R' each independently represent
hydrogen, al kyl, aryl or 10Het; R49 and R94, when
present, each independently represent hydrogen, alkyl

; 15 R" to RH, when present, each independently

gent al kyl, aryl or Het; IX and YY2, when

‘ each |ndependently represent oxygen, sul fur
R represents hydr ogen, al kyl or

R P RH herein each
bresent ' a kyl or aryl. More

|ndepende

pr ef er abl § ¢ R each |ndependently represent 01 to
06 al kyl, ~ FBHyl (wherein the phenyl group
I's optionall uted as aryl as defined herein)

or 25 phenyl (wherein the phenyl group is optionally
substituted as aryl as defined herein). Even nore )
1, pretefabtyerR-buby Ribkashhindepehdeht + §pepretehenGine N
to 06 alkyl, which is optionally substituted as al kyl :
as defined herein. Mdst preferably, RI to RH each
present non-substituted 01 to 06 al kyl such as
30 etjhyl, n-propyl, iso-propyl, n-butyl,
art-butyl, pentyl., hexyl and cycl ohexyl,
In a particularly preferred
eggtinvention R, R4, R7 and R’
PRyl , aryl or Het 35 niety
W R5, RE and RH each represent the
Het.PBobety as defined herein, and
+299 each represent the sane
Het noiety as defined herein. Mre
, RA1 R7 and R each represent the sane
particularly non-substituted Cl-06 al kyl,
such as nethyl ethyl, n-propyl, iso-propyl, n-butyl,

i,2-bis(di-tert-butyl(phosphinomethyl)}-3,6-dimethyi-4,5-

diphenyl benzene



5 iso-butyl, tert-butyl, pentyl, hexyl or cycl ohexyl;
R9, 129, R9 and Rl17 each independently represent the
w@a0me/00l86 al kyl as defined above; and 1: 27, W8cBR08/050550
and 121-9 each i ndependently represent the sane Cl-C6
al kyl as defined above. For exanple: 1211, R7 and R
each represent nmethyl; 129,7R9, R8 and Ri| each
10represent ethyl; and, R7, 128, RO and R19 each
represent n-Jby or n-pentyl. In an especially
preferred Yent of the present invention each R
to Ri9 graoup reprlesents the sane al kyl, aryl, or Bet
15 nnlety hs defjjned herein. Preferably, when al kyl
1o Rfl represents the sane Cl to 06
particularly non-substituted 01-06 al kyl,
ethyl, n-propyl, iso-propyl, n-butyl,
pentyl, hexyl and cycl ohexyl .
each Rtpg RI9 represents nethyl or
gst preferably, nethyl. The 2-()2(or
0[3 3. 1 1.13,7)]decyl group (referred to
' &mantyl group for
-neta adamantyl is a reference to
g an arsenic, 25 antinony or phosphorus
aksa- adamantyl and/or 2- stiba-adamantyl
9 pha<adamantyl , preferably, 2-
phospha- acananty ) may optionally conprise, beside
jne or nore substituents. Suitable
substltuen - et'ude those substituents as defined
herein in respect of the 30 adamantyl group. Highly
1, @L%fl%r(a@dtwkﬁsbuttgnwolspﬁll%%e@hqwl) -Bant kcylarly
unsubstituted Cl especi al I'y net hyl,

tettpriahgsy e mbeRyiene0R19 whereln RI9 is as defined herein
particularly unsubstituted G -C8 al kyl or aryl,and 4-
dodecyl phenyl . When the 2-neta-adamantyl group
i ndPudes nore 35 than one substituent, preferably each
subgtituent is identical.

4-(1-{3,4-Bis-[(di-terr-butyl-phosphanyl)-methyl]-phenyl } - 1-methyl-ethyl)-benzoyl chioride



10

15

89 Preferably, the 2-neta-adamantyl group is

substituted on one or nore of the 1, 3, 5 or 7
WOR989/010s with a substituent as defi ned her elPQT/GRAOEB/050550

preferably, the 2-neta-adamantyl group is substituted

on each of the 1, 3 and 5 Q03|t|ons Sui tably, such 5

an arrangement means the Q’&tom of the

2- met a- adamantyl group is bonded to carbon atons in

t hé¢) adamantyl skel et on havi ng no hydrogen at ons. Most

gf erably, the 2-neta-adamantyl group is substituted
on leach of the 1, 3, 5 and 7 positions. \Wen the 2-

: PBUeri nat ed C1-C8 al kyl
15 Preferably,

2- met a- adamant yl ?@tituted

2- net aadamantyl or ; yf substituted with

one or nore unsubstituted G -Ca al kyl substituents, or

a conbi nation thereof. 20 Preferably, the

L RoPr oAt ohe: LobHBY THARCDRG 2107 Al bin "1 ALt he

ch2opBtarsdapanbhénskebeh o8ne Sui t abl e addl tional
het eroat ons i nclude oxygen and sul phur atomns, ilg
especi ally oxygen atons. Mre preferably, the 2- -
: group i ncludes one or nore additiona
= ot ef X B0, 9 and 10 positions. Even nore
the 2- et a- adanantyl group includes an
teroatom in each of the 6, 9 and 10
_Ast of &bl y, when the 2- neta-adanantyl
group inctudes tWwo O nore additional heteroatons in
t he 2-neta-adamantyl skel eton, each of the 30
addi ti onal heteroatons are identical. Preferably, the
1,2= ﬁéﬁé@@aﬁﬁﬁtybutﬁéKB@@%théomethﬁlé)o&ygen atoms in

el eton. An especially preferred

(pégﬁgﬁ HE@S@Qﬁ?EﬁéXLeﬁg’ whi ch may optionally be
substituted wth qrhsti tuents as defined
herein, includes '

: Peach 35 of the 6, 9
and 10 positions bt a- adamantyl skel eton. 90
Hi ghly preferyred

: ups as defined
hereln i ncl ude OB}

-tetranet hyl-6, 9, 10-tri oxadamant yl ,
trimethyl-6,9, 10- trloxadanantyl

, and
<1, 3,5-tri(trifluoronethyl)-6,9,10-tri oxadam
antyl group. Most preferably, the 2-phospha-adamantyl
is selected from
1,giggg$§$atér§+§u€yl?ﬁﬁ@gﬁﬁbﬂém@tgyﬂpfIﬁl@%ada”anty|
naphphpsphap1? 3, 8]} tpenethyl1l- 6, 9, 10-tri oxadamant yl
group. 10 Preferably, when nore than one
2-met a- adamantyl group is present in a conpound of
formula | - IV, each 2-neta-adamantyl group is
i dentical. However, it can also be advantageous if
asynmmetric |ligands are prepared and if such |igands
i nclude a 2-neta-adamantyl group incorporating the Q
atom then other 15 groups can be found on the 2 atom
or vice versa. The 2-neta-adanmantyl group nay be
prepared by nmethods well known to those skilled in the
art. Suitably, certain 2-phosphaadamantyl conpounds
are obtainable from Cytec Canada Inc, 20 Canada.
Li kewi se correspondi ng 2-met a-adamantyl conpounds of
formulas | - IV etc may be obtained fromthe sane
supplier or prepared by anal ogous net hods.



10

represents CRI(R2) (R2) and X2 represents CR4(R2)
(R2); 30X2 represents CR2 (P9)(1,22), X4 represents

wOoBlERldp2 (R2), and X1 and X2 together with Qp¢cwiesisosse

they are attached form a 2-phosphaadamantyl group;
X2 represents CR2(R8) (R2), X4 represents CRI1(R11)
(R12); and X2 and 35 X2 tog&ther with @ to which they
are attached forma ring systemof fornula la; WO
2009/ 010782PCT/ e.».o. 50 91 R5'R52 (I a) X3

represents CR? R9) 2 mzesents adamantyl, and
X2 and X2 5t i to which they are
@{éalntyl group; X3

€presents adanantyl and

[t oget her vvith QZ to which they are attached
g system 10 of fornula la; R51R52 (1 a) X2
CR2Z(W(R2), X4 represents adanmantyl, X1

epresents CR2(R2)(R2) X4 represents

congre syl, and X4 and X2 together with @ to which

sre attached forma 2- phosphaadamant yl group;
BYeR3r epr esent sSCR2(R2) (R9), X4r epr esent scongr essyl , Xa
represents CRLI(R2) (R3) and X2 represents CR4( R2)(R4)
X2 and X4 independently represent adamantyl, and X4

1 énduxzdheg@&hemumyuhpabdpnymbh@hh@hey -arglat sached (gi-

forma 2-phospha25 adamantyl %
tert butyl(phosphlnomethyl))phenyl) enzene

P

PBUY

PBUtg

PBUY,
PBU',

1,2-bis(di-tert-butyl (phosphinomethyl))-3-(2’,3"-bis(di-
tert-butyl (phosphinomethyl) )phenyl)benzene

BUtzp PBUtz

Bu',R PBUY,



WD 2009/ 010782PCT/ GB2008/ 050550 92 X3 and X4 g

i ndependently represent adamantyl, and X4 and X2
WOO0EIAE82 with Q@ to which they are attached PETGBR008/050550

ring systemof fornula la; 5 R51R52 (1 a) X3 and X4

I ndependent|ly represent adamantyl, X1 represents

CR1(R2) (R3) and X2 represefifs CRA(R5) (R6); 10X4, X2,

X3 and X4 represent adanantyl; X3 and X4 together with

X to which they are attached may forma ring system

f 1 1 d X1 th

P WRKEh- LB Y hevadnen fofnart) heyat by -5 (2
tef@bwya ha; 5yrp R4QEIRS4erR53 R51R52 (1 a)
butyl (phosphinomethyl) )phenyl)benzene , and

_.n\\\\\\ PBUtz

" ——pBul,

10 cis-1, 2-bis (di-tert-butylphosphinomethyl), 3, 6, diphenyl-4,5 dimethyl-cyclohexane,

oy
gy



93 X3 and X4 independently represent congressyl, and
Xl and X2 together wwth @ to which they are attached
woOaoomoao782 phosphab adamantyl group; X3 and X4 pogeBb®s/os0550
with Q4 to which they are attached may forma ring
systemof formula Ib yy2 R491-1 Q R51R52 ( 1 b) 10 and
X and X2 together with Q,8% 0 which they are attached
forn1a 2- phospha- adamant yl group; X3 and X4
S represent congressyl, and X4 represents
' X2 represents CR4(R5)(R4); X3 and X4

> CR4A(13p)(R4); X3 and X4 together with 4
to yoare attached forma 2- phospha-adamantyl
group, and X %hd X2 together with @ to which they
are attached form a 2-phospha-adamantyl group
1-(di-tert-butylphosphino)-8-(di-tertbutylphosphinomethyl)-naphthalene

i
Bu QP

PBu',

2-(di-tert-butylphosphinomethyl)-2'-(di-tert-butylphosphino)-biphenylene

OO PBUtg
Q™

2-{di-tert-butylphosphinomethyl)-2'-(di-tert-butylphosphine)-binaphthylene

Examples of norbornyl bridge non-aromatic bridged ligands

include:-—




94 Highly preferred enbodi nents of the present
i nvention include those wherein:

wOoxBsEponEzent sSCR3( R8) (RI), X4r epresent sCR 1( Rn) PRm)GBE068/650550
5represents CRI (R2)(R3) and X2 represents
CR4A(R5) (R6); especially where RL-R12 are nethyl.
Preferably in a conpound of2fornmula IV, X3 is
identical to X4 and/or X is identical to X2. 10

h; cularly preferred conbinations in the present

’ntion i ELLKEB hose wherein:- (1) X3 represents

REARS)(R), X4 represents CRIl)(R11) (R12), «xI

ent s CRI(R2)(R3) and X2 represents CR4(R2)

6 X.amd—B-BB€, t he same and represent -CH2- or Ais

-CH2 and B is not present so that the phosphorus is
joined directly to the group R Q and @
bot h represent phosphorus linked to the R group 20at
ring posjtions and 2; R represents ,

<2-e259<3t9?’ﬁ0?f€t0w?l§12rWt%ﬁz@fé@t ept-bytylphosphingyugthyl)

5 represents CR3(R2)(R9) , X4 represents CRI(R1l) (R12),
xI represents CRL(R2)(R3)and X2 represents
CR4(125)(126); A and B are the sanme and represent
-CH2- or Ais -CH2 and B is not present
so that the phosphorus is joined 30directly to the

p R QL and Q2 both represent phosphorus linked to

group at ring positions 1 and 2;

EEEN
£y
et

PBUtz

PBu',

10 {2-endo, 3-endo)-bicyclo[2.2.1]keptane-2,3-bis(di-tert-butylphosphinomethyl)

Examples of substituted non-aromatic bridged ligand

15 structures include:-

,.n\\‘“\ PBut2

",
7
H,C 7

PBut,

20  cis-1, 2-bis (di-terr-butylphosphinomethytl), 4, 5 dimethylcyclohexane



5

10

R represents 4-t-butyl -benzene-1,2-diyl. 95 (3) X3
and X4 together with Q to which they are attached

wo ovavioan782 phospha- adamant yl group, and, Xl andp@Q@GB2008/050550

together with @ to which they are attached fornma

2- phospha- adamantyl group; 5A and B are the sanme and
represent -CH2- or Ais -CH8 and B is not present so
that the phosphorus is joined directly to the group R
Q and @ b th represent phosphorus linked to the R

Hafr R03|tbgns 1 and 2; 10R represents

4- ( ‘l“'f‘yl) BhZene-1,2-diyl. (4) X, X2, X3
and X4 repreésent adanantyl A and B are the
sanmejand represent -CH2- or Ais -CH2 and 15B i s not
L pLese ﬁhag theP hosphorus is joined directly to

Q and bot h represent phosphorus
linked to the R group at ring positions 1 and 2; R
represents 4-(trinmethylsilyl)-benzene-1,2-diyl. 20 (5)

ts CR3( X ts CRL(RL1
clsﬁsp(ﬁfégt?‘@gmspw@m%ap@ﬂ S e e

A and B are the same and represent -CH2-

M ——PBu,

-If’l,///

PBu',

cis-1, 2-bis (di-tert-butylphosphinomethyl), 3, 6, diphenylcyclohexane

,,\l\\\\“ PBUt2

n’l/,///

PBu',

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

vt g



10

15

20

R represents ferrocene or benzene-1,2-diyl 30(6)X3 and
X4 together with Q to which they are attached forma
wo2phoeta- adamantyl group, and, Xl and X2 t o@e€ras2008/050550
with 42 to which they are attached forma
2- phosphaadamant yl group; A and B are the sane
and represent -CH2- or A i84-CT-12 and 35B i s not
present so that the phosphorus is joined directly to
group R, 96 Q and @ both represent phosphorus
|nke§ to the R group at ring positions 1 and 2; R
gents ferrocene or benzene-1, 2-diyl. 5(7)X4, X2,
| X4 represent adamantyl; A and B are the sane
: Ais _CH2 and i s not present -
Sphorus"PY2j oi ned directly to the
Q@ and @ both represent
d.to t h&BR, group 10at rlng positions 1
S errocene or benzene-1, 2-diyl.
in the conpound of fornula IV A and/or B

is optionally substituted as defined herein, for
exanpl e with al kyl groups. Preferably, the |ower
cialkybeneigy @Uips: et -ahutA Jandd p B He@resant- 8re  diphenyl
non-substituted. Particularly preferred al kyl ene which
CYALaA8=B Fay i ndependently represent are -CH2- or 20
Fpreferably, each of A and B represent the sane
yl'ene as defined herein, particularly -CH2-.or A
and B is not present or vice versa
g epggd conpounds of formulas |-1V
de 25 those wherein: R to R12 are al kyl and are
the siane and preferabhy, each represents C2 to C6
) g hyl. 30 Especially preferred

SI(Me)g

¢cis—b,6-bis{di-tert-butylphcsphincomethyl)-1,3-
bis(trimethylsilyl)-3a,4,5,6,7, 7a-hexahydro-1, 3H-

iscbenzofuran.

In the above example structures of ligands of general
formulas (I)-(IV), one or more of the X'-x* tertiary
carbon bearing groups, t-butyl, attached to the ¢' and/or
0? group phosphorus may be replaced by a suitable
alternative. Preferred alternatives are adamantyl, 1,3
dimethyl adamantvyl, congressyl, norbornyl or 1-

> and x°

norbondienyl, or X' and X° together and/or X
tcgether form together with the phesphorus 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-

1,3,5trimethyl-6,9,10-trioxadamantyl. In most




106

15

26

25

30

each R toRl12 is the sane and represents nethyl; A and

B are the sane and represent -CH2-; 35 R represents
woemmonesd, 2-di yl, ferrocene-1.2-diyl, 4-t-butytrcB2008/050550

benzene-1, 2-diyl, 4(trinethylsilyl)- 97

benzene-1,2-diyl. The term "l ower al kyl ene" which A

and B represent in a conpouiid of formula |, when used

herein, includes CO-Cl0 or C1 to CIO 5 groups which,
endbdihedtad t el casepreasrbeqgbended @fe tyo @l 3eespan dhehe

group to thereby cognect the group Q or Q2 to the R
CHRBUEY alld, Xi reide X[ 4Ft efredre, drse other wase deflf ned may

it ! yl." _bel.qw er less, in.t
aﬁ%ﬁtgg ggﬁg?wﬁ%$%§ﬁeﬂ%¥igsﬁog#%gﬁgﬁire%PgTﬁgtﬁg préﬁﬁce
agyommerr ) ageyurhly @ s neants @ thatt Hdwee gralgr1@d oriddhds
I%g connected directly to the R group and there is no
a1 -SE15 N r1§1Q$Féhélﬁ?ﬁﬁﬁfﬁhd in this case only one
of A and Bis a Cl1-Cl10 | ower al kylene. In any case,
when one of the groups A or Bis C, then the other
S igHduy loanrate bef Chhandl pasta ber auisi - E10rgPougyade absent
def.i ned ei,n_an the r t_15 |l east .one.of A
BT R AR By et B P R aton
nd'taldopde odeen s echdhereaity, 1 ameans o tics Adaraldodd antiktect iy
i ncl udes nethyl, ethyl, ethenyl, propyl, propenyl
CHuthF | ThOfemATPPe I I nDeft enyTar Xy PT iHER e Rt vaRG the
pREMINr 3 QRS .20 Unl ess ot herw se specified, alkyl
groups may, when there is a sufficient nunber of
carbon atons, be linear or branched (particularly

r.ef erred ched groups jincl ude t-butyl 5. 3 2
Ty%s}g%ﬁ&gyl ) b{}@% droMared & URSREGESEE b‘g{lg?ﬁc? (g, x
regayeclene sor CparR®)cyeh i ¢/ Aty dldte herunsubdtkbutd, ana  x?

substituted,pr 25 term nated by qne or nore
rERISSE T s §B1 eéFed /f MERIRAIT0 R cyan8, nitary saRitog Lkyl,

R, @) Rn, C(0) O0R22, NRnR24, C(0) NR25R26, SR29,
0) S123, C(S)NRnRn, unsubstituted or substituted

aryl, or unsubstituted or substituted Net and/or be

i_nt.errupt.ed b ne oy .nor referably |l ess than 4) 3
Py SRS s < AT TS e SortBySeRrAHBoR - R
R*dRal k'si | RONagHoupsy o ®mi xi*ar esr t heneefrnR dq BN RI-R°

herei n each,i ndependently represent hydrogen, halo, .
ang{Qgbsth it ed BPEBUbSSSOGI@d sy yI v b2 unsbBSE t RESPGYE1ve

tef%% i 1he e MorAlLt 0913 s)arel'nm %%o%iec% I%%ro(%lip%ithihqghu des .t

ive-to-tennmenbere preferably five to e

legsitbersed,tecarckddychiicdaromat ks orbpsedds)aronati c
groups, such as phenyl, 5 cycl opentadi enyl and i ndenyl
ani ons and napht hyl, which groups may be unsubstituted

Thel #%rane OPfd N sUbstdipgs egda BB 8P 19k, M8 t—cyclic or
substituents sel ected fromunsubstituted or
ACYFHLCi-t ut BBSEr WY CldlkyPT (Wieirch @f @upc majhet sEldubemay  be

su%§§g;a§)kiebgé%%d (%slug;ﬁsbgfr%%gaedopf shetphpaed as definedeq.
The cyclic or part c¢yclic groups may preferably contain,
including the tertiary carbon atom(s), from C;~Cas, more
preferably Cg-Cz;i;, most preferably Ci;¢-Czy carbon atoms in
the c¢yclic structure. The c¢yclic structure may be
substituted by one or more substituents selected from
halo, cyano, nitro, ORY, 0C(O)R?, <C(0)R*, C(0)ORY,
NR*R*!, C(0)NR™R?®, sSR*’, C(0)SR*, C(S)NR’R?®, aryl or Het,
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15

20

10 may itself be unsubstituted or substituted or

term nated as defined herein), halo, cyano, nitro,
wOoQmep/010320) R20, C(0) 1221, C(0) 01222, N12231224CT/GB2008/050550

C(0) N1225R26, SR*', C(0) SR' or C(S)N12271,1" wherein

Rn to 12 are as defined herein. 15 The term "al kenyl "

when used herein, nmeans C, 8o O o al kenyl and includes

et henyl , propenyl, butenyl, pentenyl, and hexenyl
wh@roups.rRUnl ess atherwiese agpecicfriieedd ahkeayh,gr aupsor be

may, when there is a sufficient nunber of carbon
1“%%65%pt%% P¥Ynear & BIodifcHed,I%e Fat tif Bpldr optoms, or by

t Cy lic or 20 part

Slg§§?|%%2%5%%$yfsgﬁg%%suggﬁgguted substituted or

term nated by one or nDre substltuents sel ected from

hani ygpo Iﬂégéﬁ R, & o%ﬁao gXO)gR21 ?&O)OR?
reﬁ@éé\ﬂﬁz25%g&%lq 0) SR3860 £6 9L NR' RH Amsdthstdd wdgdor o

substituted aryl, or, unsubstituted or substituted Het,
ad@ieRey he 287 R t aN®R' Xareogiet hovedv heh eRh Bmdibichethey are
upt on r abl 4) 5 2
e P doir ST coab B SRRELEL " Y fRRei e P oe
trﬂd:ﬁd:k(y[gl B cbnl gB oijsclecoyl m@ﬂdﬂfEStheiEeﬂTVatTlhﬂe t ehBreosf,
% él"zmhen used her nmeans. Q2 to C o al ky %
Oraﬁd 8% Acl @S Ty it ppop ﬂyWhlE@tﬁﬁ§ﬂ’ %E%t? ypched
foBMda NeXYRYy 9F OHPSE flafﬁ§§aomervw se specified,
al kynyl groups may, when there is a sufficient nunber
of carbon atons, be linear or branched, be saturated
or unsaturated be cyclic, acyclic or part
cycM /acyclic, be unsubstituted, substituted or 35
Rkﬁjn1 ated by one or nore substituents sel ected from
1o, ‘R¥yano, ni tro, ORn, OC(0) C(0) R, C(0) 01222, NR"*
99
R LN s5f €9, 0(0) SRI11, C(S) NRL7Rm unsubsti t ut edor
substFt uted aryl, or unsubstituted or substituted Het,
VRférei n M to R391 are defined herein and/or be
i nter. ypted by one or nore (preferably |ess than 4)
oxyg % sul phur, silicon atonms, 5 or by silano or
dialkyIS|Icon groups, or nixtures t hereof. The terns

.ﬂalk% taral kyl", "al karyl", "aryl eneal kyl" or the
Siniles Ehotl drdi K t1R9e4BSENEE IR’ AP OY IR GRSV oaFheattached

mafONt r af 3 be taken to Qe iidhaacgor danggpit {1 ddae aboveg: -
definition of "alkyl" 10 as far as the alkyl or alk

ETSOHAPOR- Bt tHe gr}&)%csﬂs Eterdfedier tvative thereof, or X°
and X' together with Q' to which they are attached may form a

ring system of formula 1b

YY2

R%id

Rﬂ%7h\o . Rs3

R51 R52
(1b)

Alternatively, one or more of the groups X', X*, ¥X° and/or X' may

represent a solid phase to which the ligand is attached,

i

B :
\ ;
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The above Ar or aryl groups may be attached by one or

nore coval ent bonds but references to "aryl ehe" or
woadogloaev8al kyl " or the |ike herein should be updeGstaedsesso

as two coval ent bond 15 attachnent but otherw se be
defined as Ar or aryl above as far as the arylene

portion of the group is contéerned. References to

"al karyl", "aralkyl" or the like should be taken as
Parefenbmcis tioefArren aethabowé ag’fax’ asdthxé¢ Ar @F and x?

ortion of the r.o LS concern To! oups
t%ﬁé¥h bh ﬁ?’ﬁﬁg above: nentloneé’gF g ﬁﬁé‘% togé%her with
1t$ub®tslp19qte‘de 02" teomi aat ecthd nedrudeo:d Imro x'chhar @ are the
ropp. and Jj0do 5 The term" n_used her
Saﬁp“r?cpgles ou?-d A ]\:/veeldlf%ere t(l;r%e Fe?‘%r?%belsyefatgﬁr Ry -
ten menbered ring systens, which rlngs contain one or
at ed firom ni trogen ygen, i
Sggéﬁ%9n1§?%¥§§g?ﬁ%reo% g%d %hlc%(%lﬁgs contin %2ch
iﬂﬂépenﬁﬁﬂﬁﬁy moPee senibled kbondssyar, wayH&E; non- aromati c,
partly 30 aromatic or wholly aromatic in character.

.Jhe rlng systens may be nonocyclic, bicyclic or fused.
R'Edeeh M Hepchgipdgredient iy edoteesitn hweyoben, alkyl, aryl or
ne¥nsubstituted or substituted by one or nore

substituents sel ected from hal o, cyano, nitro, oxo,

al kyl (which al kyl group may itself be unsubstituted
R4©g¢£§13ﬁ8t '()ttcr:(}la%r)e r%@@%:‘%t )ee(z—femq;lggp@%é%etfllyn@gppggeq{tn%ydrogen,
alEgp ) OREEY N R23) Re4, _c( 0) N( R25) R26, SR19, - C( 0) SR30r -

100 C(S)N(R27) R28 wherein Rn to Rn are as defined

5[hereln The term "Het" thus includes groups such as

R*0ptd oRal | Yr&UbSTrERted 82@t i dnAsRendepiisl irgPRgient alkyl,
arlyM e@zaltyl , indolyl, furanyl, oxazolyl, isoxazolyl,

oxadiazolyl, thiazonI, thiadiazolyl, 5 triazolyl,

oxatriazolyl, thiatriazolyl, pyridazinyl, norpholinyl,
YYPyandn ﬂdznykherpy;szaaéieﬂyl =8¢k Nl daphdehSDHW iBYL , oxvgen,
g erldhg%g érazol . and plg?ra2|nyl Substitution
£ hett BrELAY bGITPAEOT ot RECRRE rd ity lopT arvl.
wher e approprlate at one or nore of the heteroatons.

" Het 1 b the f f N de
el i, SLOURSeToh o0 B n b o of an Mooyl de

ocroxygehn, subbue oprefiextities tiker eof .R'T5 dher adawmepiydisntly
ssyl, nor nyl or or ndi eny r oy
re%g?%%ﬁéﬁ?yt%dg r?% !, béS|Hesqﬂ@dPgﬁg%fabgﬁgflgngﬁ%rphenyl

grnnpeisubgtiQnﬂ@ﬂwsssebenﬁuﬂtdraﬂnaﬂykybs d@R18¢d herein) or

phegﬁ R%O‘fﬁzlg‘)alot%’e %I %aﬁ\l(gé I)QF%-?ZRJ(I;E O@%%) %Eﬁg%%ﬁuted as

arngms def 0)8Rnher@GR) . ERPERSBPRE7 preRO(RA9) ( RS9k p -R12 each
in P 1 o R'o
Egééxé%ﬁé oq&%ﬁgggngg X oq% qﬁggdeflnggekgre RE4P éﬂly

ano an are
Supﬁtvﬁﬂﬁﬁzaéa@ﬁkvhd@®GW@@nwwyhﬁepnesemmsmmﬁﬁﬁ@@ably, R’ to

R‘aleEMh’r&gﬁQse(ﬂE h@ltl s&t@t{b%ggld tg\‘anaiﬂel %%%gaggygnéthyl
congr essyl , nor bor nyl
ethyl, n- propyl iso-propyl, n-butyl, iso-butyl, tert-butyl,

pentyl', hexyl and cyclohexyl, especially methyl.

In a particularly preferred embodiment of the present invention
R', R, R’ and R' each represent the same alkyl, aryl or Het
moiety as defined herein, R®, R®, R and R' each represent the

same alkyl, aryl or Het moiety as defined herein, and R?, R®, R’
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nor bor ndi enyl group is substituted wth one or nore
substituents as defined above, highly preferred
wosusdtotsaent s i ncl ude unsubstituted Cl to Cs @cHytB2008/050550
-ORn, -0C(0)R, phenyl, - C(0)0OR22, fluor, -S0.714,
-N(RmM) R24, _p(R56) R57, ¢c(0) N(R25) R26 and -
30PO(R58) (R59), -CF3, wheréBfn Rn represents hydrogen
unsubstituted Cl-Cal kyl or
aanhE]ﬁy|eaO,rEﬁ2eﬁﬂt, R24; Ry £agh,i rni@rpemﬂenielty moiety as
res drog n_or unsubs tuted +~ C8_al R56
Ao SR S FREe T nachBRRertiny Fabresdnt dheubsei bt ed

rei@esedtakkyl sane gpheylalkyn, ap@ﬂtrimﬂualragrl yorp-Fsefke;l‘trledted Cy-
odi ment, the 3 bstituents are y
Co R b Br e bty eyt BE S PBub 19 E Pl et R
1s<acta1tarntyltertil@lit38u| tp&bityz,ltheexyl or cyclohexyl R, R"", R®
d nant ,co r porbor nyl -_nor bor dlenyl
an (9 Q aych nr}% %%8¥ %e% ae%r SEd\r og%hn a ame ]UCG al]ﬂjl as
deslrb?sitltabemes a@ddeﬁf,ned%“aboRfe apdef@lfabéaychmlhoeﬁexﬁiently
It t 0 I r bl p_1
m%ﬁe& vion o 28 SEiined Qhove. ‘G Tabl S5 fon vhestdhele:
R';adameht phd BOngrelssydpresenboresiylor B nok boRﬁohreh)H” each
%HE‘ CQpRL{ ses,y besizdegs hydr n;:at €
re}%ﬁ st itt uen%s aoznddefl ned her el%%pr ef%[@l) r%gggg%nﬁoﬁ Futyl
or gulpsritdent is identical. Preferred 10 subst ituents
are unsubstituted C1-C8 al kyl and trifluoronethyl,
particularly unsubstituted C1-C8 al kyl such as methyl.
In pahi gtitariapl Bf BE ¢ v sadamanegine oy etézr;ylpreﬁwborrm\wntlon
ea A= Noy berndi-gpy! rgﬁp@&r&%rmmese%nlydm%gn at-9mE Qnl Yiet
I .e. the adamantyl congressyl, norborn
moH?ﬁﬁDﬁﬁbf@ﬁﬁ%?ﬁ?lh@F@HE |§r¢ﬁﬁrably, when alkyl groups, each

R' to R represents the same C; to Cg alkyl group, particularly

each

non-substituted C;-C; alkyl, such as methyl, ethyl, n-propyl,
iso-propyl, n-butyi, iso-butyl, tert-butyl, pentyl, hexyl and
cyclohexyl. More preferably, each R' to RY represents methyl or

tert-butyl, most preferably, methyl.

The 2-Q*(or Q')-tricycle[3.3.1.1.(3,7)]decyl group (referred to
hereinafter as a Z-meta adamantyl group for convenience wherein
2-meta-adamantyl is a reference to Q' or Q2 being an arsenic,
antimony or phosphorus atom i.e. Z2-arsa-adamantyl and/or 2-
stiba~adamantyl and/or 2-phospha-adamantyl, preferably, 2-
phospha-adamantyl) may opticnally comprise, beside hydrogen
atoms, one or more substituents. Suitable substituents include
those substituents as defined herein in respect of the
adamantyl group. Highly preferred substituents include alkvyl,
particularly unsubstituted C;-Cz alkyl, egspecially methyl,
trifluoromethyl, ~ORY wherein R is as defined herein
particularly unsubstituted ¢;-C; alkyl or aryl, and 4-
dodecylphenyl. When the 2-meta-adamantyl group includes more

than one substituent, preferably each substituent is identical.

£
g
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15substituted. Preferably, when nore than one
adamantyl, congressyl, norbornyl or 1-norborndienyl
wgrawpe7s2 present in a conmpound of formulas | -pMrGBa®HE050550
such group is identical. 20 Preferably, the bidentate
ligand is a bidentate phosphine, arsine O stibine
ligand, preferably, a bidem%te phosphine |igand. 25
For the avoi dance of doubt, references to Goup 8, 9
PrefelBbhet s hemet@—&imwndybegicahfﬁst Qubhel tdeGoaupse or
moS,e 9 j,:anE 10.in the rmder Eerj odi ¢ tabl e nonencl ature.
BY tHe FeFm™ Goup®8°79 or PIv iR SprEfdr abl yUseredtent as
defeéhal sheuein asaoRte lelb;Ee:ESkaly]Ic r,thiet zamdtfﬁ’@bddaﬂragfcgn aglyup is
tals are el ecte rom Pt .and Pd.. Mre
e E e o FRe el e o pd. 2801 A%t Do Ry s
ansmha@gemm& r@aaors thenet alteoni pel wde 2-metSaldasadtysughoup
h ounds npri.sin akl ) )
15223(” \Q%Eéd‘b%%i)%ns der vléld%?‘Fo&daﬂ?‘%}% Sﬁ#&?‘m having no
hysiubphmraioonascl diost1@2ekenerlyal kaeoaeméuqe—atcmrr@hﬂizl agtéls is
ti c d.prqpi onj Cy on
Su%(%? gggeucg%%asegﬁgt%gnt&e}]%sﬁl p%bn:l?c acﬁgposhgorrgssuldﬁﬁonifhe 2=
megéi-ddand nforlos wWipsheni cna:dmﬁlest r iddngor onfetrhang suwuphonteent
pr@%bgabﬂpr@aﬁﬁe s%‘ﬁsEEQE‘é& aj% de'?u%&hyfa npeecsmlehom CfeSrred
aci d, toluene sulphonic aci dl >t ofene sul Bﬁ
suget ttuentsut yiresulphops ol tacied, Qr’rdlsz hyldyloxwprdopalaeoakyls,
pa§9591!1195&1187 a%hgubMtRR%Hat @d CI Onaﬁ?%clhaggg r eaSLJs n%ﬁt and
(including ow acid | evel suf phonic resi ns) per Wc
flyer gnatifch CasCepetbnl oniak aei grihalcogandlteld car boxylic
acids such as trichloroacetic acid and 10
trifluoroacetic acid; orthophosphoric acid; phosphonic
PrgépHRb Sc hl 2e e R eRephos phort Toesdisd  unendsatieed 2 meta-
agdREhved brominieraghhons ibetyean (Lewhs achds,and - ore
Broenst ed aci ds. O her sources which nay provide
UNSEPE G - Sdni GnsCd nAlde t KEPoptiwnasly KEl ogengpaliination
thtetsaphenyl borate derivatives, e.g. 15
per fl uorotetraphenyl borate. Addi tionally, zero val ent
pal | adi um conpl exes particularly those with [abile
prleifgﬂmj]g/,, etfe triphenykphesphi n&_;r@lhpal kerBsiesUCRaa8St ional

[ zyl i deneacet or styrene
e P S Gonbatet DB) Grobafialt uH e K MReasdapnty]
sk@het@bovmﬂmmres aftB:M.tbenaDt hedueetk dhis ectd dasS dkygen and
Su? opo q:d of g al but may al so be introduced to
he cat al'yst ?,}f/%?]erﬁ PndEPRYSH - of P hiePTeEar Loy . the 2-
me et @lanconpoundsrRref emdah;dest heyn@r e okent regicedaasitheal
Preferably Iectedto have a a
nePELSinaren B Bt Yo, 3 PR o) S RS REOuE S o Bh Ly
th@5e: mérdaeapb(aamisybrcﬁfoepabhyllhceﬁ amhandabmﬂam hreasodeth in
| yt.e aqyeou n_at C, Par arI
eapfr?e erérﬁedeséc?d‘g %ave PS°pka’ot 1658 Phan asuP%r&I e 2
megd tafemagquéousyzotout i mmlatdezsc bt | iom themzsaseadcﬁltlonal
he BOPE; 3 st 5_1‘:?“ Su%hmgtsa %d%glgfcf ]? eigf: bet W%,ecﬂ 209 the
nmeasured in dilute aqueous of ution-at"18E"
ad@t ef@rrledet Supt aiie A dsleehdt:cshl tsPer%ﬁrlaelsel e,kze ethmeta—
adgrﬁ a}lhelrﬁgll\fé% a”&les% m!al:ét %g(%zgglpr% ms Fgr tthhee 2-meta-
avoi dance of doubt, re er ences pKa Refei'h are
ad predeyvdn o led opKa reastamed iah ] but teragule dlisnes el adiarpmty 1
gréhp 256h 33 urﬂilFS%?tMaclﬁg/eqant s\@ﬁﬁtedlggth one. or more

Particularly erred anions tor the carbonylation
sup gaidiviesi sop s deflned herein, includes an oxygen atom in each

of the 6, 9 and 10 positions of the 2-meta-adamantyl skeleton.
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a diene are therefore derived fromthe carboxylic

acids and aromatic carboxylic acids |listed supra.
WOrHey/e1oig2y be a m xture 5 of anions but pref erPA3VGBINY/AH50550

one source of anions is added to the process. However,

it should be appreciated that a further source of

ani ons may be generated by ?Phe process ie the acid

product of the carbonylation, for instance pentenoic
Higold ipmefheredr Bomgtatadamaoftyl, 3stbuwiradi ene.ds@inedal hgrein
. r trat 1 ch Hg sgn t er .,
lnggwﬁ§ﬁg£%%E$§?rg’f Parf?%ﬁ?ﬁgqh pre e?éé! gé?8§$£ 2
phehghsul, Bhonttiredingd - Br%tkﬁftﬂ;p%adamanﬂﬂie car bonytabearha-
1,52801 QR Lhe: QAR 1 AN 0N 145 PIESERLaE, N coup,

cr?o?ge rto the cata¥§t¥c)beha&|oar éﬁé hg c%ta yst and
2-gyst@m-1TRe ol lalt ridd hor efetanilontt o mlafposad@n@tyio

al pgorpaynd . nay: be tromsLil te, 107 1. pyef erably,

ng?%n12 1 tgﬁ%b% ﬁgst pr ef efég g, frowﬁfog lto %%gﬁTﬁd
frand Zedpeepty 31@@71t€awrr@@®®li6 WHer-& i peadaiiegr vils group
orPE OV S180.229, Bys an 1 apkdn Ny %ahbwt£16%da§méhtyf roup.

proportion of the acid and salt is not critica

Accordingly, if a co-reactant should react with an
pra€éhiSer Vi R8RS KW cenaf a@%@”%&ﬂkﬁgﬂaéﬁﬁuﬁﬁﬁun&r&ﬁp is

the acid to co-reactant should be chosen such that a
Pregfitabife sarfRer et ¢t e dBild s ~28Vpr ed@ht2 Maga adamantyl

ng@ﬂth@nﬁgenifﬁ%lcalEﬁdﬁﬂhe§yshenbgﬁ thecsPHeS@Atantageous if
i nvention may be used honbgeneously or

asﬁ‘é‘f‘%trrd@eﬂel@%% 2EF PRS, dHe lc?atsé_llci}stll%/%‘il%nﬂ‘%l“de a
2— mgs@J&mgepEm@&wp 3G cSubbadd hg t Fige PHOCESSMOftHehe other
i nventi on used to catal yse the carbonyl ati on of
gr@?%?“%ﬂﬁ@ﬁlFéuﬂ%égkﬁP%t%daEBHp%ﬁ‘H§e Het#e" presence of

carbon nDnOX|de and a hydroxyl gr oup contalnlng
i onal | gurce of an

g R e e e oy SPEl B aRhuilr P o

kna{ndtd1uh@eboeyizaedm1n 104 art. Suitably, certain 2-phospha-

reactlonssuchas th Iene raop 3 but adi e
ad%%%?%%enl?r??e(P octéﬁe cé%g%ny &6 oY Fe¢ Ghada 1nc,
Ca@amsequemkéw;sdrmpnnaﬂpandla¢ Qfm&ndﬂaﬁymaﬁtf& compounds of

ponyl ati rocess wl cl eas by,
fo?ﬁe prdieseggfgfhe%§nvenfggg E%ﬁf%htagggus %?f% £oer

preherabtal pselesystsemebhodhe present |nvent|on |n t he
carbonyl ati on of ethylenically unsaturated conpounds
etc also gives good rates especially for al koxyand
Priayerod cetlipohiykat orf Rékerrercestt eneehylani catdyde those
whHASat urated conpounds herein should be taken to
I nclude any one or nore unsaturated C C bond(s) in a
conpound such as those found in al kenes, al kynes,

3009&%@1@@”@3‘“@9%%9“ ogd d'r%?a?éseﬁ%@“él@“‘?dz“)alﬂ‘e)nes X!

represents CR'(R”) (R’) and X’ represents CR'(R} (R%);

X* represents CR'(R®) (R%), X' represents CR!(R')(R'), 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 CRYW(RM)(R'?); and X' and
X* together with Q' to which they are attached form a ring

system of formula la;

S
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15 Suitable ethylenically unsaturated conpounds for
the invention are ethylenically unsaturated conpounds
wWoaWoRg™Mtom 2 to 50 carbon atons per nol ecul ePCDGB2008/050550
m xtures thereof. Suitable ethylenically unsaturated
conmpounds may have one or nore 20 isolated or
conj ugat ed unsaturated bonds! per nol ecule. Preferred
are conpounds having from2 to 20 carbon atons, or
m xtures thereof, yet nore preferred are conpounds
[ ,at nost 18 carbon atons, yet nore at nost 16
atons, again nore preferred conpounds have at
0 bbrbon atons. The 25 ethylenically unsaturated
*further conprise functional groups or
, such as nitrogen, sul phur or oxide.
gbkude carboxylic acids, esters or nitriles
nal groups. In a preferred group of
pR3tessesR% he ethyl enically unsaturated conmpound is
an 0|£%fn or a mxture of 30 olefins. Suitable
ethyI I cally unsaturated conpounds include acetyl ene,
net hyl acetyl ene, propyl acetyl ene, 1, 3-butadiene,
.ethylene, pro ylene butyl ene, isobutylene, pent enes,
X’ pepeafentist FRI€S) (R kyK’ pemrenoat esadamehtas, nerdys’ and x°
o%el@ﬁ@% eppat &g RENLSNA aﬁggsa@ugbtaa&e% ady, 4 ~phospha-
pent enoi ¢ acid), heptenes, vinyl 35 esters such
AAPPAPTY acBCaPe, octenes, dodecenes. 105 Partlcularly
preferred ethylenically unsat urat ed conpounds are
ethylene vinyl .acetate, 1, 3-butadiene, alKkyl

X pBRY SR Es CRpdht éReni £F | FRRL C@hfendBar sl (e agng X’
toReBhenoi G- 1aci’d} o ﬁﬁﬁéﬁ/'t&ﬂz@/ ahepLenSShe PWHYHERE ring system
oct enes, dodecenes and 5 propyl ene. Especially
pFBf%?%%daethylenlcally unsat ur at ed conpounds are
et hyl ene, propyl ene, heptenes, octenes, dodecenes,
vinyl acetate, 1, 3-butadiene and pentene nitriles. 10
The YYbcess of the present invention provides a
sk pr singly increased TON for the reaction with
i,calR%y unsaturated conpounds. 15 Still further

Lat ernal doubl e bonds and/ or branched

i th saturated hydrocarbons. Exanples are
rgéfinateRs2 raffinate 2 and other m xed streans
derizg% froma cracker , or mxed streanms derived from
al ke di meri sation (butene 20 dinerisation is one

R Es TR WP st e T REPEI T (BTG  of or SREESOw"S

CRfﬁ1$&BetﬁhdteﬁrepremeubsﬂRfUtedRV|nyI ester of formula
(V): R- C0) 0 CR CR' R' 30 wherein R62 may be
.selected fron1hydrogen al kyl, aryl, Het, halo, cyano,

X’ niqnreseOrRE | CROCRD) (R2D, ﬁ(@%ﬁ}ﬁ@aqer(t(sO):@ﬁQQG;SSyl, and X' and X%°

0) c( ) erein R'-R3 are
to% dee\lﬁvrﬁ%tgi hQZr SIBE_]L:JB?C?% Lsf%y eg_( aﬁsc%chm@ férm a 2-ph8spha
adamantyl group;

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

represents CR'(R?) (R’) and X represents CR*(R%) (R%);

X* and X' independently represent adamantyl, and X' and X2
together with Q° to which they are attached form a 2-phospha-

adamantyl group;



al kyl phenyl or Cl1-C6 al kyl, such as nethyl, ethyl,
propyl, butyl, pentyl and hexyl, even nore preferably,
wocpoBosekyl , especially nethyl. 5 PreferablyPCYA@R0RGBE0550
each i ndependently represents hydrogen, alkyl, aryl or
Het as defined herein. Mst preferably, 1263-R65
i ndependent |y represents hydrogen. Wiere a conpound of
a fornmula herein (e.g. formulas I - V) 10 contains an
al kenyl group or a cycloal kyl noiety as defined, cis
3 ( apd t i-S0 ' y ur._ The.: 2
* T aR FROR R RO Y AR GEL el ana x
togttdregoivdohels wof whehcohpouads oftammpdoforheafpimul Bsten
ot Ufi-ned herein and, where appropriate, the individua
tautoneric fornms thereof, together 15 with m xtures
3 t hereof. Separation of diastereoisoners or cis and
tragg . isonmers nmay be achieved by conventiona

tec ques, e.g. by fractional crystallisation,
Rghfo td@raﬁpy or HP.L.C. of a stereoisoneric mxture
Bhd one of the formulas or a suitable salt

or derivyative thereof. An individual 20 enantioner of

Bk one of the fornmulas may al so be prepared

carresponding optically pure internediate or by
rié8ol uti dt? such as by H P.L.C. of the corresponding
race@gﬁe using a suitable chiral support O by
fractional crystallisation of the diastereoisoneric

x* Sahd s o or PRV a2Re T Pactd B s0ht t NI GRNESSPONGI NPepresent s
racemate with a suitable optically active acid or

CRY&Sk{R as22ppr opFF & “ConVedi et 'y, the process of the
invention may utilise highly stable conpounds under

Xlt%picql carhonyl ati on 30 reactjon conditions such that
dt

10 ey ¥ eqtf re FEPETESr 2HBYF I eni shnent. Conveni ent |y,
the process of the invention may have a high rate for
,the carbonylation reaction., Conveniently, the process
X G oo SERPLHEF Gh iHaup pr G LR cofy GG HH L Lot a
ritderehygnybel thrglbhebdesi red 35 product in high yield
with little or no inpurities. 107
Consequent |y, t heconmmer ci al vi abi | i tyofthe carbonyl ati on
reagtieon may be increased by enploying the process of
tFF iilnventi on. Especially advantageously, the process
Rﬁglgﬁg\%/w$ntion allows for a carbonylation
|
R ' 53
ﬁ%7R\Q R
R51 R52
15 (1b)

and X' and X° together with Q° to which they are attached form a

ring system of formula la;

YY1
49 R54
R RS53

Rs1 ns2
(1a)

“
i
bt
o
P
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5 reaction with a high TON nunber and a high rate of
reaction. It will be appreciated by those skilled in
WORI#4782 hat t he conpounds of fornmulas (1) toPCT/AGB2MEPS0550
function as 10 |ligands that coordinate with the G oup
8, 9 or 10 nmetal or conpound thereof to formthe
compounds for use in the imfention. Typically, the
Group 8, 9 or 10 netal or conpound thereof coordinates
to the one or nore phosphorus, arsenic and/or antinony
atonms of the conpound 150f formulas (1) to (1V). The
catalyst conpounds of the present invention may act as
X3 andet ®r ofetrasugentht akystesenta thonogendousind X° and X
e RLALY Sk cPr Of 1Al oA cROIDALOOYS: LA Vil 20 BYrblgna-
t'erm "honogeneous" catal yst we nean a catal yst, 1. e.
2GrpBUhdE Pt he i nvention, which is not supported but
is sinply adm xed or formed in-situ with the reactants
,of the carbonylation reaction, preferably in a
X's@id abl Bo28: k5] yaAk ds t@eshi Fhedhdrerainat Bychdse megr fprm &
rindeLeEOLeNA0UsS neat alyst we nean a catalyst, i.e. the
conmpound of the invention, which is carried on a.
supp¥ti. 30 Thus accordlng to a further aspect, the
oligsent Hnvention provides a process for the
ﬁb | at-H3h of an ethyl enically unsaturated conpound
ed herein 108 wherein the process is carried
Wi t sacat al yst conprising a support, preferably
i 9ol ubl e support. Preferably, the support
cBppri sesRe pol yner such as a 5 pol yol efin,
polyz rene or polystyrene copol ynmer such as a
di vi U%benzene copol ymer or other suitable polyners or
ar@ORO| yiEns KB&@WB@EJQEQQSQZSKkJhﬁgchntﬁgﬁ §gé’aﬁiached form
silicon derivative such as a functionalised silica, a
a i Plreone 6rem2gt Y4 G8REPF ubber; or ot her porous
particul ate material 10 such as for exanple inorganic

;0xi des, and inorgani c chlorides. .
and X' independeéntly represent congressyl, and X represents

CRY{R?) (R*) and X* represents CR*(R") (R®);

%’ and %' together with Q' to which they are attached may form a

ring system of formula 1b

YY?

“ w/ij/ RS54
—n5
/\\(j/ N R>3
R51 R52
(10)

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

X’ and X* together with Q' to which they are attached form a 2-
phospha-adamantyl group, and X! and X* together with Q° to which
they are attached form a 2-phospha-adamantyl group
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Preferably the support material is porous silica which
has a surface area in the range of from10 to 700
WOoreRs901078215 total pore volune in the range of PCTAGB20081050550
to 4.0 cc/g and an average particle size in the range
of from10 to 500pm More preferably, the surface area
is in the range of from507fo 500 n2/g, the pore
volune is in the range of fromO0.5 to 2.5 cc/g and the
Highler age fparti cksbsd peents iaf tihe A0 asange iofeftiom 2hdlade
hd00 pm N%st desirably the surface area is in the
range “6f "from 100 to 400 nm2/ g, the pore volune is in
the range of fromO0.8 to 3.0 cc/g and the average
X p"’\_fetdr%'sgnﬁzechsuis? Igghe ra(ragergﬁ <§£e°f{£‘ 30 05 (ggi
he “aver ag e pore S|ze 6f typi por ous support
retmset@rnrtal §R| ') hiRbheandange rebréseom sl 0CR'ORIVOBO) A especially
erabl ort material is used that has an
Wh%%efeggbﬁ%Feﬁglgggter of from50 to 500 A, and nost
desirably from75 to 350 A. It may be particularly
Pr@@aﬁoég €nt Q 98@5@!@ & ft%rﬁ.hhhcﬁvat 2 tl%nﬂ%ﬁw&ﬁ of, x
from 100C to 800C 30 anywhere from 3 to 24 hours. 109
andtfe Formpouigstefrat heprocess of the invention by
techni ques well known to those skilled in the art.
Al ternatively, the conpounds of the process of the 5
Pay AR bF B S REdPBPIHE 160F f B et PaRSHRIS olruising fon
inSURROKhosOPIHORAlLY via a coval ent bond, and the
arrangenment optionally includes a bifunctional spacer
nol ecul e to space the conpound fromthe insoluble
(1suppert reﬂaQeJJ}&sC@lﬁpww§9 of, txherépr}\ée,@hrcgncﬁaqulbemlz), e
fixed to the surface q the |gsoluble suppoj .
bt O PEACET O o h bt of e RFe0UP. BF dEntE'
t he goymoundref -Hor mtha dnd Irlepréééntﬂr—dH\/ Wt & s —CH2 and
conpllnenta%% reactive roug}FI resent on or previous|

insefted i Ath tHEShppott. “Fhe dditbi RAPPRIN'TS of St hg1ned
r eacdineecgroup tfe tfieusupport with a conpllnentary

subs ﬂtu he co nd he i nvention provi
o bt e e Roaid e AERT S WREPEP Rt B o [Ehet roue
|nve&ﬁ|nmmgapdsth3nsuppehﬁ are linked via a Irnkage
such,as an et st.er .e am ure
gron%.eﬁﬁe?ﬁe chorgelg Yo 7g% ﬁ?tlohg Y %lnk a
conmpound of the process of the present invention to
t he support depends upon the groups of the support.
For exanple, reagents such as carbodiim des,
1,1 -carbonyl diimdazole, 25 and processes such as the
use of m xed anhydri des, reductive am nation may be
enpl oyed. According to a further aspect, the present

(2} nveht | orppeositdeSR He) USE of Xf heepreseess ©F° ¢RI BlR/SL, X
of any,aspect 30 @f tphse | el e Rt ebnehng: £akgl st
is attached to a sup

A and B are the same and represent -CH,— or A is —-CH, and

B is not present so that the phosphorus is Joined
directly to the group R;

Q' and Q° both represent phosphorus linked to the R group
at ring positions 1 and 2;

R represents 4-t—-butyl-benzene-1,2-diyl.

SR AL T



Additionally, the bidentate |igand may be bonded to a
sui tabl e polyneric substrate via at |east one of the
worpegaosubsti tuents (including the cyclic at opg)/GBRIB/I050550
bridging group X, the linking group A or the Iinking
group B e.g. cis-1, 2-bis (di-t- 5
but yl phosphi nonet hyl ) benzeh® may be bonded,
preferably, via the 3, 4, 5 or 6 cyclic carbons of the
(Penzeteargr Kiptdaetpetry s yii eple tbowhiste @ryi ArBbidtached form
het erogen cat al yst. Sui tably, .t he catal ysts of .
t he f%%%ﬁ%?%éh%fgéﬁ%gég%éﬁﬂwﬁ”aafG’sépéwgtg §Fé§¢%er with
preceédi ngp t WBiich usdelyn- sid U athathed cdpbany| at & ore-phospha-
react] veniently, the process of the invention
may 6%852P§?26§%ﬁ§”by di ssolving the Goup 8, 9 or 10
net al2 @ndc8npoeanichd ermeobndsrdbratehitnediherei B LA acH, and
sui t abl e_sal ven as,_on e al.kanols or . .
apro??cggoﬁ%gﬁt r%?é@ioﬁglyghggc%? e&ﬂgﬁFﬁoﬁPitU¥% Joined
t her gééfrecilpara itdwl ardye grief erred sol vent woul d be the
produgt . of 4eh %ﬁﬂ%&%&&@f gﬂayg&wu%n 106RCE oD W eh o
may be m xed wth other sol vent's or co-reactants.
Subsédguentt ypogikécadnt xaw @etal 20 and sol vent may be
M xegh webhe & HOMOYRL: Al ALIYL 85 dorzl Y-85, I8f] ned
herein. The carbon nonoxi de may be used in the
presence of other gases which are inert in the
reacti on. Exanpl es of such gases 25 include hydrogen,
ni trogen, carbon dio?ide and the nobl e gases such as
(4dr gon. XThet prdddee 3f “checpeaktddsmanayl be separ at ed
fromat Basobhgre CAMEQRAGBL 81HYr&WLSHit 8L TRARS s —cu, and
However, it is an advantage 30 of the present process
t hat Bsi ghi f1%¢anPF§°$éwefObytlpttodiees Micsrberned is joined
t her ebyeeetuaingnthg-sngeck;for further purification
after.the initial separation of the product as may be
evi déncE By PRE ESFMY BROHOrEant 19595 giRei-he” R group
sel eeti vity.poAituphbher agdvantage is that the other
conpgnents which contain the 35 catal yst system which
may be' TRCYEEd gﬁgg%ﬁmﬁﬁgﬁééafY%)TQﬁW?ﬁE?_}%%ﬂﬁ%Wéns
with mnimal supplenentation of fresh catalyst. 111
heresis _no particul-arsrestricgion on the duration_of
(SIhe 2ar5§3fﬁg P%ﬁ(gigépkﬁﬁaat aFBBW?FHFFoﬁRiﬁRg)(RQ)' x!
t i nesentesaviisc kR R*cORIYEr ehdl ¥ rapeepiral erf &°) (R%) ;
obvi qu referred. Carbonyl ation in. a batch,
reacgighan%y%%aﬁg%pﬁggg ??§Hﬁ$3ﬁ§sigghb 2§,°ﬁn§els ~CHe and
typi 8ally, nom upréser24 hourthaandth®stphbypheatd y iisn HiPpined {
to 12 ypi arbonylation is for at | east :
5 niﬁﬁ?%ggﬁ%gﬁe9?§g#%%ﬁiéf at | east 30 m nutes, nost ]
typi aldng CitboEastertehent . phasraocont 1 nieds theabti ®Ngroup
such, tipe,5GRl.85; 8L ohyioysly 10 irrelevant and a
cont i nuous reaction can confinue as long as the TON is
commBr ¢ d3pnacc éprabiaachef oben Tateally8tdelqui r es
repl eni shnent .

{6) X* and ¥* 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;
A and B are the same and represent -CH,- or A is -CH; and
B is not present so that the phosphorus is djoined

directly to the group R;

R B ¢ e e i E A SR 8 oy T AT WER Ll ST ann s T 42 e S T e
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The catal yst systemof the present invention is
preferably 15 constituted in the |iquid phase which
WOn809/087%20r med by one or nore of the react ant PCEFGHEP08/050550

the use of one or nore solvents as defined herein. The
use of stabilising conpounds wth the catal yst system
20 may al so be benefici al Ph i nproving recovery of

netal which has been lost fromthe catal yst system
WhenQ't edc &t dfbcy:élt repse et phesbhpzed Timkad| Equtlde R group
reacggqﬂugp %51§H%pls%§g $izing conpounds may assi st
recovery of "the group 9 or 10 netal. 25 Preferably,

t her Rfargesehes ciamlogstesystiamnzenetudeslivd -a |i qui d
reacti on nedium a pol yneric di spersant dissolved in a
liquid carrier, said polynmeric dispersant being
(7tapabl € oK’ stabsnd s’ ngerRr edntopdarasudpensi on of

par tiches Dfathend0s HOUMB reBrobedl ML al .0, rEPst alcn, ana
conpound of the catal yst systemwthin the i qui
carrferls TRet| iff§is@"Feat i Ghakediliim ﬁhysmkpnySSopvera01ned
for §hed@3ctlomor Ry gonprise one or nore of the
reactants or 35 reaction products thensel ves. The

r eac? afs AndPYEadtPons L PEFEBARELS i erqhP d-forimeroup

may He MinsCibker Wit 10bndi ssol ved in a sol vent or
liquid diluent. The polyneric dispersant is soluble in

t he $|?ﬁﬂﬁ?sﬁééﬁtf%ﬁ¥Q§eﬁ§d?{nﬁeq§ﬁpesho%HQfYHot
significantly increase the viscosity of the reaction
mediumin a way which would be detrinmental to reaction
ki netics or heat transfer. The solubility of the
préfiapensantin nutdecdigidind medi sgRainderid,hear @agrboONs each
ln%ondltlons of tenperature and $ressure should 10 not

LG EGrbht TRRTET WL & §P ght fCANENy tReCAdsdr pRT ey
sumﬁtﬂdmaedispeﬁﬁamﬁemnh@mymﬁs fort @xhe1aetath partyicl @sups.

lymerjc dj spersa s capable of stabiljsin
Pre a'%ﬁéféll ghspe%sfelw 8?&§g???cl%f°9§P sgﬁﬁa@rd%p %ﬁ&/i B
repWesHhtlsrnen@m anbsm&tatemonpnumdcmﬂafuy1gﬁ@éequwlaﬂkylene

Whl&gqg| dlun1su en tfhe ne%%gngartlclg formeg:H
as a resul ot céi P ation are” hel o

Moswspeﬁsrehlyrlddm® bfqalmmieacmpoasenmhuhn &Bdeaﬂbkylene as
defg QPQQQ%qnfrﬁg] {hl % along mnt?)tggntquhF f%nd B
I'ona Teuse 20"

Feclamation’ a
iSfmnulmgﬁsqmanvqhmes @ér%atalyst The net al partlcles

are normally of colloidal dinmensions, e.g. in the

range 5 - 100 nm average particle size although | arger
Stphy t ferekermpredermmdd someowssesot Pdrorinohss ofI-EHe include
chdQ Yaeeic. di spersant are adsorbed onto the surface of

t he

R' to R'Y are alkyl and are the same and preferably, each

represents C, to Cy alkyl, particularly methyl.

Especially preferred specific compounds of formulas I1-1V

include those wherein:

each R! to R'Y is the same and represents methyl;

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

R represents benzene-1,2-diyl, ferrocene-1.2-diyl, 4-t-butyl-
benzene-1,2-diyl, 4{trimethylsilyl)-
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25 netal particles whilst the remai nder of the
di spersant nolecules remain at |east partially
weapawane2zby the |liquid reaction medi um and i NnPCHIGR2008930550
the di spersed group 8, 9 or 10 netal particles are
stabilised against settling on the walls of the
reactor or in reactor dead %$paces and 30 agai nst
form ng aggl onerates of netal particles which nay grow
bemyzepettidtdiylef particles and eventual |y coagul at e.
Some aggl oneration of particles may occur even in the
presence of a suitable dispersant but when the
Th#i spemsaitwerl B3kylene” which A and B represent in a compound

;éypgﬁp once i opni soptim sedt hensuch aggl omer ati on
° shou olllq%enlgt n@%l%%%eﬁ%ﬁ oW |%€C§1udgﬁd ohﬁgm or %l M Cig
graggkombialt esimeyh e orantenl yabeosedy 3o hdraledt hey thay pbeces

0N Qe URANG, 1he.BRrtiohes [ edhspsracd by o%giézatéo%he R
5 The polyneric dispersant nay i ncfude honopol yners or
greopol yier s inndhedileg tpol yaees sachktasrygisd t dedpoldyner sthe

sa%@dw%§a%sp0%Mﬂ§ﬁs-bé@oﬁ?eﬁé¥égﬁﬁ$legg? EQ'¥H§rhgtter case,

di spersant has sufficiently acidic or basic
meiifétRons eyt Brefifygednt i B |y esifabingt sexsehebeof] ésdagant

th%lﬂSEﬁ@Sd;ﬁthbl S %ZQIQ%H%ecge@rdi]r%cﬁgza_Lo ar, 18l %Ir up and
compound. 15 By substantially stabilise Is neant i ha
there predPpitt dti ohOBT: t MeYgreaEp 980uD apd 10n nkbdd faemm only

on%h%f$@|@hﬂoﬁ Q@aéeCﬂSC§UP§&égnéfﬂﬁién§VOiquany case, whan
Particularly preferred di spersant's for this purpose 20

°Tenef ublR® £YPE Brobdsiie fol yrer §7F neHAdi Agoekr BRAL be Co
andCindst B&l Phopts aebds, aandescantdeati des SUGHRSfore, at
pol yacryl ates or_heterocycle, particularly nitrogen

y 7 rr
‘Rt er BTVl &, 80BsT itutel ot yViOHEF PHIXATEES dueP as

pol yvi nyl pyrrolidone or copol yners of the aforesaid.

25 Exanmp) f such pol ric.dispersants may_ be
Th?eﬁ@%@edaﬁ?&ﬁpoﬁ@@?n$Fﬁ§?§8F?ﬂ%ﬂe$ﬁ%ﬁ%a€%ﬁFhH%ée?lle and
inpohyacr yhamivtiy i | erppl yetdnteeniim nerped y,9l Wickenyl butyl,

ol yacrylicacid I t hacr iic ci d, pol é -. 30
Lo g g R
Un@eby-bgmﬂmwﬂsﬁeﬁppoﬁ?iéisgﬂﬂhy% qrolys Lmbyr oshdte, there is a
@9% vi.nyl zenesul phoni ¢ aci d) and : _
*“pbo %‘vﬁhyﬁgﬁﬁ% oﬁ%g g%?%?} ﬁgﬁpéte S0l yBEHY | &Fi nPharehed
{rSuttablaa lacypatfedred branched groups include t-butyl and
isopropyl), be saturated or unsaturated, be cyclic, acyclic or
part cyclic/acyclic, be unsubstituted, substituted or
terminated by one or more substituents selected from halo,
cyano, nitro, OR'Y, CC(O)R*®, C(O}R¥™, C(0)OR*, NRRY,
C (0)NR*’R?®, SR*?, C(0)SR*,  C(S)NR’'R*®,  unsubstituted or
substituted aryl, or unsubstituted or substituted Het and/or be
interrupted by one or more (preferably less than 4) oxygen,

sulphur, silicon atoms, or by silano or dialkylsilcon groups,

or mixtures thereof.

R to R® herein each independently represent hydrogen, halo,
unsubstituted or substituted aryl or unsubstituted or
substituted alkyl, or, in the case of R*, additionally, halo,

nitro, cyano, thio and amino.
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114 pol yethyl eni m nes are descri bed i n BASF patent
publicati on EP1330309 Al and US 6, 723, 882. Preferably,
WO 20e0/per82mer i ¢ di spersant i ncorporates acidi c PETEB2008/050550

basi c noieties either pendant or within the pol ynmer
backbone. Preferably, the acidic noieties have a
di ssoci ati on constant (pK, Y8of |ess than 6.0, nore
preferably, less than 5.0, nost preferably | ess than
4.5. Preferably, the basic noieties have a base
[ ci.at.i.0 ns h |ng 0 han 6.Q,.
Th%ﬁ%%%brg'ergﬁly ssbﬁ %§g lﬁbstﬁ%#g%§r§6?§ ?%%?n
memlpredd . 5prpReramnd prvpelmg neaghWexﬁ@mbamehutecaqu@QMﬁiic
Slutd ongat 29C  Sui tabl e pol yperi 6. di spgrsant;
2 JJ tlonoto %e%%% 15 so# % ﬁ? hﬁsreaggﬁon néhluﬁﬁiﬁyl’
CY¢¥§Pﬁﬂtéﬁl€@hhlQHQNﬁﬁde@ﬁﬁtanHOQﬁ drehstardridyaci Wheclorgroups
mapaﬁé cumb%ttxtugga h@f a\ét&w 55&%0%0'%%%5 backbang 10roaS or
a pendant group. have tound that polyners
mmr@]cé\alp@rﬂdme@@Sacaedeahadarﬁraé meisebpestwirch ag substituted
argpl y\glwhpy(miamoggoggvpaaﬁnqt%@hya%a' ARSI LSHEh A% or

pol yacrylic aci are part|cularly sui t abl e.
SUH?R%qﬁﬁﬁécGFaFeV@ﬂ@ﬂﬁ?doﬁStHéfb@$®TRQIQM% chBpg duiidbleoup

maf Of t USEr | Bet K@ sLBYENt QR d@peggﬁsea&%@ebh%maéé&rﬁn%ed as
the reacti on medi um and the solubility of the polyne

def sde| RET i@  havRA Founevdttat  mbrifal | Rt he 08 Bge © 018",
c (opdrecuhar el ghto)in?Iress 2%t han) 300, 00¢ (£ eferablyorein
,the ayerage nol ecul ar weight is in the range 1,000 -
R¥289, HOCA Srére IpF 1%t &5C§IT5, 000 - 100, 000, most
preferably, 10,000 - 40,000 e.g. Mvis preferably in
the range 10,000 - 80, 000 npre preferably 20 000 -
The o 3500 %%éﬁ“ﬂ/P Then d5§9ahar ottt HES8PdEr t6F Cro odeEmg and
indDyRQ0 Efndhe, CaﬁeopénﬁAA buﬂéﬁyﬂhepaﬁtg@u Ve and hexenyl
concentration t he wi thin_the reaction
= G o UG P HEHot B RRREU T CREIP D daciic bR odidr y diren
theyst e whigitfisieo: beutised. 05 thebdhspersed geoupn8ar9or
id strea

0] f
br?éﬁn&%gq¥?dﬁgﬁﬁg?ggggggggéegurr§q%|I‘?af¥ Snd* Phrenc °F

rael t hewcdi spased iaf, or ber ocessedtionted- useuastatuted or
talyst or her__applications.. In._a con u
teﬁ?ocgéé gkquﬁé [§¥§hn$%%§:t§egF?cu ate gO%Fﬁm hﬁ%o’
cy@mxextexhai he@R”exchth&R”hnd ¢ o)Rdbh casesRr’t, mayrba™,
c(SARERI Nt ko | ocgls dblter g kopzdha pal Ladium, o
-particles’in’these ci rculatlon appaf at us. & ab y,
suw$ﬁ;tmﬁbyneryhnt@ﬁ mnﬁuﬁsmatuoednog/@pb&ilb@taeeﬁeﬂ51wmﬁreln
:sand 4000, el eherabl ¥,q P&t ween: 1 d, 0Q;,1,
: nost pre era ;}ebetﬁken 1: ?dgndmgooll Pnggfgb% “Uhe "
mopp| (waterebal Aass Ekat of) nogygen:s ampberw@@llw eatomsf
or prgyef quﬁgbymr l‘!ﬂatl(ﬂyﬂgplccm)%troﬂﬁgf er@rblnﬁ'xFHpeg Ocl‘?qu-.'ofzo
be appreciated that any of the features set
forth |n the first aspect of the invention may be

Thé etg_@rrnfje@l§§njpf’9fx@ferneqtsfe@akgf§§n OfnelaNQ ?3?‘%%”@10 b iy 10Tang
ot her aspect” of the present invention and vice versa.

inoKidpse StAVEHET oRTAPYTEY now bVd&SE!i beanary i/l | arst riateay?!

gr O¥p dvayyfe dsh & dr@l- b0k NgppeD: 1 ddM tiNg RxaMpl RS ARy, when
conpar ati ve exanpl es.

there 1is a sufficient number of carbon atoms, be linear or

branched, be saturated or unsaturated, be cyclic, acyclic or

part cyclic/acyclic, be unsubstituted, substituted or

terminated by one or more substituents selected from halo,

cyano, nitro,  OR'Y,  QC(0)R*, C(O)R*, C(0YOR*,  NR¥R™,

(PR
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116 Catal ysis Exanpl es Using Pd(dba). Exanples 1-3 5

The solutions for catalyst testing were prepared using
warenaaar7d2 Schl enk |ine techniques. In a nitrogerr/EBE@E 050550

gl ove box, 3.9ng (5.6 x 10-6 noles Pd) of Pd2dba3 and

7.5 equival ents of phosphine ligand 1 (L-L) =

1, 2-bi s(di-tertbutyl phosphi%fonet hyl ) benzene 16. 6ny

(4.21 x 10-5 noles), 10 were weighed into a 500ml
C(I0OURURDOt t OBRf ) aSIC(OTBEmfl ask(avas*titn t napstarinedeto or

chl enk |ine. The pal un1mere t hen .
hoBib 008 11128" nor Yangad B Bhee O b Akt e, vppresn
Rl?)rtkerRatooaaeddeﬁmpﬂcexm:jemm atnhleopableadlnuﬁrﬁmtdd g@ncbne or

r ol,ved jnitia i, N neth i onate 15 and
nolB TpSREPGE oo ar 48 st ks, MhHTBTe. dadFerbn s
orf byt helars:olovedtslmd sllheos ofuturen. Thi sialirewst heredthe

in situ formation of a neutral, trigonal planar Pd (0)

conpl ex [Pd(ligand)(dba)]. After conplexation, 175 n
Th@ftﬁemhyﬁakmyéﬁioﬁ@ﬂ&ﬁhyéfhanbhlEﬁryﬁ”xtUaEyléﬁﬁﬁﬂbyl” or the
1'W%i9HB 9 r opi,onat was
ldegassu 3pqg§egg§%9¥ %ggfggip%é?ﬁ%nqb %5%%?’ be
t@§@hfb®|¥ﬁ;ﬁﬂ @CGN&?%HCEZE@IEl thﬂnnﬂqypedeftMﬂqu@pafafhtkyl"
aso&a£h§SQ§ﬁ9 ¥§§1594gﬁkoﬁort48% fEngﬁeC Slglsghé) Jége

solution is approximately 70 wt % Iproplonate

30w % et hanol . At this stage, in exanples 1-3, 109 of
ThBhea@}%lveo'hrt he panti cHlRLserhanasr GompauRdy) ;ys added. nore

and the m>dure|eftto stir for a few mnutes to
Coyp &3l VOrglty PresTefifdlenseRi Be ‘B icaril 9ti tervdleaepbhyl” or

tneas) addedeto i hendrer eyacuabeds 8.auLoclgye @aﬂal%%%t &hna
to 100C. The autoclave was then pressured with bar s

S RIHEN S B OB TED UL prgssare B Vithgra atr@’tlapbove as far

asptﬁéswﬁe@lfe 10-2i harss @helﬁp&i NexXt- ot Rerau OQale%?eM@és to
Egessu,y ed, to_12.2 bars wt oFd|t| on of CO
Aete ( 1:2F 2358} cHar'ged Fkemeacdtd | he r@lﬁe@séﬁvéﬁﬁe@ces
tof egulcat ey 1vabyec easures khatné hgr ppessuye 9frthg of the
aut ocl ave is i ntained throughout the reaction at
IEPOP ohaAr S Rf 8TYh constant injection of gas fromthe 10
5 I|tre reservoir. The pressure of the reservoir as

Ha?e as t t he rgact or % er at pre were e} ged t hr oughout
Re FEREEi ol Per i"0d°df Fhr & O)&‘? 95 "8RG of STRES3 AdUr P
subamttdt@daudnocItavmwmaconiced:dandfldﬁpbessa]ﬂlos?ed vEbeo and
;o80l ution was renoved into a pre-weighed bottle and the
wei ght of 10 solution renoved was cal cul ated. The
wei ght gain across the course of the 3 hour run was

mENed galeulaled, by suphragting the. pelahte of salytion

enoved fronmfthe weig Sofut i on adde
meah@mﬂram.efﬂsam frolres tpr sdueeemiadr sgny ipgi BY st @ms, which

riﬁ&;g hggn{c‘:@i.qptcln%n qu %rg)%%l %léltggggtcfd‘ e;%el%%tg Erom nitrogen,

reservoir pressure assum ng aviour " a
oxJ Q% sehboty vardy rﬁioitumﬁh)tﬁlepecabd oaad ewhmh chiatd owedain

nol €36L1 QR I}Q}Ieara%uw%e%gg??eﬁbm ngd. The.leRMLS Koy
shown in Table 1. abl e Exanpl e
aromatic or wholly aromatic in character. The ring systems may
be monocyclic; bicyclic or fused. Each “Het” group identified
herein may be unsubstituted or substituted by one or more
substituents selected from hale, c¢yano, nitro, oxo, alkyl
(which alkyl group may itself be unsubstituted or substituted
or terminated as defined herein) -OR*®’, -0C(0)R*, -C(O)R*, -

C(0)0OR%, -N(R**)RY, -C(O)N(R®*)R®*, —SrR®, -C(0)SR*® or -
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Conpound Additive Gas Uptake (10 L res.) (bar) Max.
TON Weight Gain (g) 1 Phenol (conp) 2.53 81852 19.6 2
WOL20RHAMBhenol 4. 43 159580 41.8 3 2- Fl uor opheRETI/(@B2808/050550

160

C(S)N(R*)R*® wherein R to R are as defined herein The term
“Het” thus includes groups such as optionally substituted
azetidinyl, pyrreolidinyl, imidazolyl, indelyl, furanvl,
oxazolyl, iscxazolyl, oxadiazolyl, thiazolyl, thiadiazolvyl,
triazolyl, oxatriazolyl, thiatriazolyil, pyridazinyl,
morphcelinyl, pyrimidinyl, pyrazinyl, quinolinyl, 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 alsc be in the form of an N oxide.

The term hetero as mentioned herein means nitrogen, oXygen,

sulfur or mixtures thereof.

The adamantyl, congressyl, norbornyl or l-norborndienyl group
may opticnally comprise, besides hydrogen atoms, one or more
substituents selected from alkyl, -ORY™, -0C(0)R?*’, halo, nitro,
-C(0)R**, =-C(C)OR*, cyano, aryl, -N(R¥}R*, -C(O)N(R®®)R%*,

C(8) (R*)R*®, -SrR*®, -C(0)SR™ ,-CF;, -P(R*®)R*, -PO(R*®)(R™), -
POsH;, -PC(OR*®) (OR*), or -S0i;R*), wherein R™-R%®, alkyl, halo,
cyano and aryl are as defined herein and R to R¥ each

independently represent hydrogen, alkyl, aryl or Het.

Suitably, when the adamantyl, congressyl, norbornyl or 1-
norborndienyl group 1s substituted with one or more
substituents as defined above, highly preferred substituents
include unsubstituted C; to C3 alkyl, —ORw, mOC(O)Rw, phenyl, -
C(0)OR?, fluoro, -S0:H, -N(R™)R*, -P(R*)R’/, -C(O)N(R*)R* and -
PO(R®) (R*®), —-CF., wherein R* represents hydrogen, unsubstituted
C;-Cs alkyl or phenyl, R®*®, R*¥, R?, Rr*, R*, R* each
independently represent hydrogen or unsubstituted C,-Cg alkyl,
R’®* to R* each independently represent unsubstituted C;—-Cs alkyl
or phenyl. In a particularly preferred embodiment the
substituents are C; to Cy; alkyl, more preferably, methyl such as

found in 1,3 dimethyl adamantyl.
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118783 26.9 Accordi ngly, |ow pKa enhancer conpounds
having a pKa | ess than that of phenol give a greater
WO ppevEaent in catal yst 25 TON. 118 Exanpl espdr/@B200R850550
solutions for catalyst testing were prepared using
standard Schl enk |ine techniques.In a nitrogen purge
gl ove box, 7.8ng (1.12 x | @8t Pd2dba3 and 7.5 5
equi val ents of phosphine ligand 1 (L-L) =
1, 2- bis(di-tertbutylphosphinonethyl)benzene 33. 3ng
x 1 hed into a 500mt r un
Suﬁ§ it flg}é‘:f( rr%%gmq%q aYsk vvacon hieh 1:rwansfer?e%min 1 1
n0$©hte¢madmlne gﬂ&upImaynu¢m@mdspalbemhdﬂﬂ\Mydioghenatoms, up
+di ol m_ of ssed, net hyl |onate
In§§r e?%tégu%%§ Ie%g %%ﬁf Fﬁovehlﬁmggﬁﬁ1a aﬁ% >
suhet et eissol ved ﬂﬁf@n%ﬂl3@bqvenethyteprpunﬁanabéyandp to 3
r 0 m be [
B he ol Vet 1B R v B o v o B 580
congref il f onmabd oy lof ca neutardlorntiégonal prawar cPdpfDjes,

beﬁe@mh%p{)?@r(l Loand) (gha) by Aher s%%gr_)h@?*%geoonas 1é2inea

proplonate/ne m xture
heget ght pﬁétfﬁaﬂ%ly 509 bysuler gheenret hyl igieopi omat efragerred

su@%gél@%ergc@%ea%qggbg@lgﬁ%df I@Sdg aésigiit 59&1 glﬁ%to%m&hyl
sul fonic acid (MSA), 1, conpleted

PaﬁFé%%aatﬂﬁohméflbﬁﬁ%t@@tdalcys% §é|k-mit| @Whﬁfe rﬁtﬂwﬁ A highly

coEPASt t L@ aftihe SRLUELOM | Sn PRLOXH MRS el Y QW 2Bii eny1
prnethylproplonagt SOmkébng?hang 5§%ﬁh|s stégg an Y

ITRHBUNFOFRINGIGy FHORPESR 0 B38¢10f Wlano-iplenolthPs addeantyl

codfdeidie M xbha i dr@ht t st hrnd.Qforqak e, m nﬁ&@§pt()1s not
di ssol ve any 25 residual solid. In this set of

SUERperitfEht s, the cyanophenol was further purified by
recrystalllsation before use. The catalytic solution

E)m% ﬁgﬁﬁd & -evacuated aut ocl ave and heated to

iids]0]00 ﬁPo?S‘?% PheAYSR Prids s GPBEF S 1 - g "pRPEr Y

orofi ebhmcal@we \gapﬁrprlprps&gr& dinvidnGaadbahal of formulas
r.pressure o bar s, gt 100C. Next the autocl ave was

15/ es¥lire éufo 3593? Bar $9RRtHHddi ti on of CO

Preferably, the bidentate ligand is a bidentate phosphine,
arsine or stibine ligand, preferably, a bidentate

phosphine ligand.

For the avoidance of doubt, references to Group 8, 9 or 10
metals herein should be taken to include Groups 8§, 9 and
10 in the modern periodic table nomenclature. By the term
“Group 8, 9 or 10" we preferably select metals such as Ru,
Rh, 0s, Ir, Pt and P4. Preferably, the metals are
selected from Ru, Pt and Pd. More preferably, the metal
is Pd.

Suitable compounds of such Group 8, 9 or 10 metals include
salts of such metals with, or compounds comprising weakly

coordinated anions derived from, nitric acid; sulphuric acid;
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ethene (1:1 gas) charged fromthe 10 litre reservoir.

A 119 reqgqul atory valve ensures that the pressure of
WO 8078 cl ave is mai ntai ned throughout the r @&AIGRAWFAS0SS0

12. 2bars through constant injection of gas fromthe 10

litre reservoir. The pressure of the reservoir as well

as 5 the reactor tenperat ut® wer e | ogged t hr oughout

the reaction period of 3 hrs. At the end of the 3 hour
loyemn ehkaaetocl(ave Was Codol edidndsdepr essupéseid. Fhed and
prSPIHONNES Levedol O 012 RIE vel ahahROLLIEnaRL: thay,

wei ght” of sol ution renoved was cal cul ated. Thé wei ght
ChyeigpUdEheBsC 1GtiHe courgesofrhdrla ﬁ@mﬂf r (¥ 1RASOF ¢pregt hane
sufﬁ{&ﬁl@tﬂdby I%Hliteflécgbﬂgh&ﬂ% Vﬁ tht h%ggyéﬁ@nsulphonlc

renoved from the wei ght of sol ution added to
act@actd'oRneTHRIHISIES BFéduced -aP-aRyupsi rﬁulphom@ hegid, t-
ouf RCLHLOPh k& CalgH! ataergjflzon%&my%rr% ahd rﬁﬁ%mm acid;

g@vssure by assumi ng 15 ideal gas behavi our and 100%
sSusRlEEtedi t o1 orexﬁfétaﬁ% &reéﬁpénaﬁéchilEﬁ adldronegid level
suiﬁaﬁﬂconr@m@nd deathe110 he-:Qbt @,lueﬁd adNedrestbt S arg:iq;

in Table 2. Table 2 Exanpl e Anpunt (Q) )
ESRRTESRENGRTBY Yhit® 08 Gas @p@ké‘&“’( BEAF e N eiagre and

trgﬁﬂdbroacetlc acid; orthophosphoric acid; phosphonic acids
such as Dbenzenephosphonic acid; and acids derived from

interactions between Lewis acids and Broensted acids. OQOther

sources which may provide suitable anions include the

optionally halogenated <fetraphenyl Dborate derivatives, e.qg.
perflucrotetraphenyl borate. Additionally, Zero valent
palladium complexes particularly those with labile ligands,
e.g. triphenylphosphine or alkenes such as dibenzylideneacetone

or styrene or tri(dibenzylideneacetone)dipalliadium may be used.

The above anions may be introduced directly as a compound of
the metal but may alsc be introduced to the catalyst system
independently of the metal or metal ccmpound. Preferably, they
are introduced as the acid. Preferably, an acid is selected to
have a pXa less than 6 measured in dilute agueous solution
at 25°C. The pKa is preferably less than about 4 measured
in dilute aqueous scolution at 18°C. Particularly preferred
acids have a pKa of less than 2 measured in dilute aguecus
solution at 25°C but, in the case of some substrates such
as dienes, a pKa of between 2-6 measured in dilute aqueous
solution at 18°C 1is preferred. Suitable acids and salts may

be selected from the acids and salts listed supra.

For the avoidance of doubt, references to pKa herein are
references to pKa measured in dilute aquecus sclution at 25°C

unless indicated otherwise.

4_’ h K3
b p
N

i
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(g) 4 (conp) O(Standard) O (Standa rd) 4.68 78862 55.2
53 1.1 4.47 75277 50.2 6 10 3.7 6.72 113127
WO 2009/610782 PCT/GB2008/050550
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Particularly preferred anions for the carbonylation reaction of
a diene are therefore derived from the carboxylic acids and
aromatic carboxylic acids listed supra. There may be a mixture
of anions but preferably only one source of anions is added to
the process. However, it should be appreciated that a further
source of anions may be generated by the process ie the acid
product of the carbonylation, for instance pentenoic acid in
the carbonylation of 1,3-butadiene. Generally, for subtrates
which are not pH sensitive a stronger acid is preferred.
Particularly preferred acids are the sulphonic acids listed

supra.

In the «carbonylation reaction the quantity of anion
present is not critical to the catalytic behaviour of the
catalyst system. The molar ratio of anion to Group 8, 9 or
10 metal/compound may be from 1:1 to 107:1, preferably
from 2:1 to 107:1 most preferably, from 100:1 to 10°:1 and
especially 100:1 and 1000:1. Where the anion is provided
by an acid and salt, the relative proportion of the acid
and salt is not critical Accordingly, if a co-reactant
should react with an acid serving as source of anions,
then the amount of the acid to co-reactant should be
chosen such that a suitable amount of free acid is

present.

As mentioned, the catalyst system of the present invention may
be used homogenecously or heterogeneously. Preferably, the

catalyst system is used homogeneously.

Suitably, the process of the invention may be used to catalyse
the carbonylation of ethylenically unsaturated compounds in the
presence of carbon monoxide and a hyvdroxyl group coataining
compound and, optionally, a source of anions. The ligands of

the invention yield a surprisingly high TON in carbonylation

RNTANA
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84.0 7 25 8.7 6.32 106379 79.3 8 40 13.2 4.97 83606
54.7 9 53 16.8 4.13 69479 44.9 20

WO 2009/010782 PCT/GB2008/050350
104

reactions such as ethylene, propylene, 1,3-butadiene,

pentenenitrile, and octene carbonylation. Consequently, the

commercial viability of a carbonylation process will be

increased by emploving the process ¢f the invention.

Advantageously, use of the catalyst system of the present
invention in the carbonylaticn of ethylenically wunsaturated
compounds etc also gives geod rates especially for alkoxy—

and hydroxycarbonylation.

References to ethylenically unsaturated compounds herein should
be taken to include any one or more unsaturated C-C bond({(s) in
& compound such as those found in alkenes, alkynes, conjugated

and unconjugated dienes, functicnal alkenes etc.

Suitable ethylenically unsaturated compounds for the invention
are ethylenically wunsaturated compounds having from 2 to 50
carbon atoms per molecule, or mixtures thereof. Suitable
ethylenically unsaturated compounds may have one or more
isolated or conjugated unsaturated Tbonds per molecule.
Preferred are compounds having from 2 to 20 carbon atoms, or
mixtures thereof, vyet more preferred are compounds having at
most 18 carbon atoms, yet more at most 16 carbon atoms, again
meore preferred compounds have at most 10 carbon atoms. The
ethylenically unsaturated compound  may further comprise
functional groups or heterocatoms, such as nitrogen, sulphur or
oxide. Examples include carboxylic acids, esters or nitriles as
functicnal groups. In a preferred group of processes, the
ethylenically unsaturated compound is an olefin or a mixture of
olefins. Suitable ethylenically unsaturated compounds include
acetylene, methyl acetylene, propyl acetylene, 1,3-butadiene,
ethylene, propylene, butylene, isobutylene, pentenes, pentene
nitriles, alkyl pentencates such as methyl 3-pentenocates,
pentene acids (such as 2-and 3-pentencic acid), heptenes, vinyl

esters such as vinyl acetate, octenes, dodecenes.
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The opti num anount of enhancer conpound is |ess than
10 wt% 120 This set of conparative experinents was
wdaog/om™h di fferent amounts of phenol to see WMTBGBLIVEH50550
opti mum anmount is to produce the highest gains (with
7.8nmg Pd2dba3, 33.3ng
1, 2-bi s(di-tert-butyl phosphPhonmet hyl ) benzene |igand 5
and 420111 et hanesul phonic acid). The follow ng table
Pagtidws 1 athiey ga&f@ptakesthylﬂﬂioauey nuebers: @ad aveipghtds are
ng.of the,runs. To calc he we ercent age
e%ﬁ%ﬁﬁﬁ% i n tHe ta%F “the ! den ?égﬂbf ng?%¥f pentenvates,
peprtepeonatid eand p&nﬂamﬂola@ﬂdg nmbM¢hﬂ aed:bypbheem01c acid),
ive t a Lo give fin Mass
éukﬁﬁggﬁ% %8%%5% ofq%hgnoPeuséd canepﬁeh go?%ﬁ%ﬁ*%s nd
Eﬂappé¢@©ntage of the total mass of solvent and pheno
conbi ned. E.g. for 25g Phenol: 15 MeP density - 0.915
MeOH = 0.791 Mass = Density x Volume 20Therefore, Mass
Especsal enpsefe(ir 18ty ROO);a+ly 0 un8a t xrAG0) co@ﬁﬁbﬁﬂsg are
ma I n 7..1.25
etv&tlgk?’ /f%fc’p%%léﬁ% > %98%287 eng?siooggc%efo 530 The "Y1
aQ@éﬁGP4dhé*ﬁ@ﬁa@aﬁ%?y§¥lPé@t¢m©1mérel©$epared usi ng
standard Schl enk |ine techniques. In a nitrogen purge
gl ove box, 7.8ng (1.12 x 10-5 noles) of Pd2dba3 and
The, PreGaryaPéntéeofP rFRBaphii AL | igan PP VEEeE) a= surprisingly
inkrdabis (bt g5t b\‘f‘k‘ié/l PMH%”QJI%%%?@&Z%%% u%@gturated
(8.44 x 10-5 noles) 121

compounds.

5till further , it is possible to carbonylate mixtures of
alkenes containing internal double bonds and/or branched
alkenes with saturated hydrocarbons. Examples are raffinate 1,
raffinate 2 and other mixed streams derived from a cracker , or
mixed streams derived from alkene dimerisation {(butene
dimerisation 1s one specific example) and fischer tropsch

reactions

References to wvinyl esters herein include references Lo

substituted or unsubstituted vinyl ester of formula (V):
R®” - C(0) O CR* = CR* R®

wherein R** may be selected from hydrogen, alkyl, aryl, Het,
halo, c¢yano, nitro, ORY, OC(O)R®, C(O)R™, C(O)OR¥*, NR¥ R,
C(O)NR¥R** , C($) R*R¥, SR¥, C(0) SR* wherein RY-R¥ are as

defined herein.

Preferably, R°® is selected from hydrogen, alkyl, phenyl or
alkylphenyl, more preferably, hydrogen, vhenyl, Cy1—Cs¢
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were wei ghed into a 500m. round bottom flask. The
flask was then transferred to a Schl enk |ine. The
WO 20004H87%3nd pal | adi um were then di ssol ved i n PLE/GR20¢§050550
degassed nethyl propionate. In order to aid
conpl exation, the palladium5 and |igand were
dissolved initially in rret]tﬂﬁ propi onate and stirred
for a period of 45 minutes, before addition of further
allmoinfenys tar t AeGoladtkiven. Thils abl owshivdr ttéviln sbhapyl,
r I of n I, N I (0). ¢
o T oan) (Aoh) T4 afver 3BTs BARREaP gk agp
espstipy LY proipidnat e/ met hanol mi xture (50% by wei ght
nmet hanol , 50% by wei ght net hyl propionate) was
degassed and added to the flask. Addition of nethane
Prefififedde abi dR(MSE)ICh 420 EEPendonpl et esrrheepr e paletiasisn,
a10f1,t hegabal gt 89l yiianqg Hehhnal udo Aign RE_ges
~ the solution is approximately 70 w % nethyl propi Onat e,
ln%W%Yhfa?ﬁle.seAgstW%mg@ége an armount rangi ng from
O to 53g of phenol is added, and the m xture left to
__stir for a few mnutes to_dissol ve any residual solid.
Whee The CeBRA i of s8I dOFBRlhaschadted (B ol t heormulas I - V)
cofBreVacualiednaut gebayecand heatedite 100Gy Thes defined,
~aut ocl ave was then pressured with 8 bars of ethene
C15pbe Vdbour P eHurEgrvi iy B2Y of bFC prEskur e ¢ Wyepent
in\gbé:lftﬁoat ﬁ@l@%gd@@)(t thfse C%utigemy% wa§t¢azree>3%uﬁl)@ﬂsth 0012.d%he
ars wth additign J ethene (1:1 gas) charge
CORRBRIEN L TL0P Y t Pg rtg‘§er§f’d‘i“¥l. A Egdi ‘t’loﬁ‘?g%?véndf where
apefgitfiaset hate t hed priessur e a0f ohdiei AHRGlka¥8etSof, together
.nj?i nt ai ned t roug?out the reaction at 12.2 bars :
Y BUYH  ESnsTEAC T nj SEPFORT P g3k FroftifeitemFTEr8° ¢4
and eSOl rsomEhe phessur ecbietdre besesniaintiasaet éciasiques,
t he 30. reactor. tenperature were l.ogged throughout t
> Soatt i BreaePTon 1T e tRt e ERIME-pReS et vt ¢
of t hesaanepdlsaver wasnooired cdnch deprressdr osedof Thiee formulas
or S ULLOD RS remved. i no, 3 prezvel ghed, bot b e and 16,
wel ght of 22°%50l ut't on” Fenoved was cal cul at'ed. e
engwdiigher gaitn sactogsunfie oowmse odf thre Drivodesr maywadgso be
c | at Ct ] ' i
B L e e
reg@ladticon. s8cThes nbly el - prioducedf atheaampernrespendinei tdwgmate
usigAction are caleul ated fromfhe, drop in reserveifor;ona)
pressure by assum ng 1 deal gas behavi our and 100%
crgdladdipaiign f orf netisy| diespeopt oivaesicwhipehtal |lowegd Dby
red 8AGH! _oréfTONh@nd CB@E‘@S}‘;&CQ.%Q’Obtr%ICQQQte The: nesul tsganepie
shown in Table 3. Table 3 Exanples 4, 10-14 Exanpl e
OPfRURY )1 VRISGRE 95 phicitol 2GasPRIAAKEte -

Conveniently, the process of the inventicon may utilise
highly stable compounds under typical carbonylation
reaction conditions such that they require little or no
replenishment. Conveniently, the process of the invention
may have a high rate for the carbonylation reaction.
Conveniently, the process of the invention may promote
high conversion rates, thereby vielding the desired

product in high vyield with little or no impurities.

P

Ry
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(bar) - 10L Res Max TON Wi ght gain (g) 4 O(conp) O
4.68 78862 55.2 10 3(conp) 1.1 4.43 74645 59.1 11
WQ e Hnyp2 PCT/GB20068/050550
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Ceonsequently, the commercial viability of the
carbonylation reaction may be increased by employing the
process of the invention. Especially advantageously, the
process of the invention allows for a carbonylaticn
reaction with a high TON number and a high rate of

reaction.

It will be appreciated by those skilled in the art that
the compounds of formulas (I) to (IV}) may function as
ligands that coordinate with the Group 8, 9 or 10 metal or
compound therecf to form the compounds for use in the
invention. Typically, the Group 8§, 9 or 10 metal or
compound thereof coordinates to the one or more
phosphorus, arsenic and/or antimony atoms of the compound

of formulas (I) to (IV).

The catalyst compounds of the present invention may act as
a "hetercgenecus” catalyst or a “homogenecus” catalyst,

preferably, a homogenous catalyst.

By the term “homogencous” 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
0of the carbonylation reaction, preferably in a suitable

solvent as described herein.

By the term “heterogeneous” catalyst we mean a catalyst,
i.e. the compound of the invention, which is carried on a.

support.

Thus according to a further aspect, the present invention
provides a process for the carbonylation of an

ethylenically unsaturated compound as defined Therein

1
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wherein the process 1is carried out with the catalyst

comprising a support, preferably an insoluble support.

Preferably, the support comprises a polymer such as a
polyolefin, polystyrene or polystyrene copolymer such as a
divinylbenzene copolymer or other suitable polymers or
copelymers known to those skilled in the art; a silicon
derivative such as a functionalised silica, a silicone or
a silicone rubber; or other porous particulate material
such as for example inorganic oxides and inorganic

chlorides.

Preferably the support material is percus silica which has
a surface area in the range of from 10 to 700 m?/g, a
total pore volume in the range of from 0.1 to 4.0 cc/g and
an average particle size in the range cf from 10 to 500pm.
More preferably, the surface area is in the range of from
50 to 500 nﬁ/g, Lhe pore volume 1s in the range of from
0.5 to 2.5 cc/g and the average particle size is in the
range of from 20 to 200 pm. Most desirably the surface
area is in the range of from 100 to 400 m’/g, the pore
volume is in the range of from 0.8 to 3.0 cc/g and the
average particle size 1s in the range of from 30 to 100
um, The average pore size of typical porous suppoert
materials 1is in the range o¢of frem 10 to 1000 A.
Preferably, a suppori material is used that has an average
pore diameter of from 50 to 500 i, 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 1is coated and/or impregnated with
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58.0 15 From a conparison of table 2 and table 3
results, the quantity of cyanophenol required to
WwaeHIsvest he nmaxi mum TON is very nuch | ess t harCt/382008/050550
amount of phenol required i.e 3-10 wt % for cyanopheno
versus 15-20 wt % for phenol. 20 Furthernore the
magni tude of the TON i nprové&fent is very nuch greater
for cyanophenol at these |ower |evels. Exanples 15-18
tHen tdwspsendes of experi merdcseae hawe tRereasedédnthen by
| evel 25 of nethanesul phonic acid _and observed an
LOGEreEss iR ldatAY@t Yt aSfarste.t I Wdvet hgddirtti-on of
enhancer conpound still provides a further increase
over and above 123 any benefit derived from acid. The
Alftigrgtatgetelof, expger i nemigousid 8 ¢§ ashper verarpke 4f the
. above but usin%.th%is eci fic anou

invention are xe th u %; n%;hane ' bl
SHPhSHI ¢ A6 d." T %exadnpl 6% t iY@ o adt: Pd gtuble
supflirk andopbisngdryespands 40 20420kdkcl N APl €akd  the
the Acid:Pd ratio is 770:1 corresponding to 564.1. In
Sreeaiente e A pd raGledes 1082:8 drdtdsisondi rpacer
méﬂ%é@i@l¥%r! eﬁ%ﬁqpkﬁc%$1%@%dA%&%ﬁPQh%aﬁl oh%b&%?g. rt.
correspondfﬁb to 840R1.Fh exanple fg the C|H%88
ratio is 1280:1 corresponding to 10930gl. Table 4
The compounds of the invention may be fixed to the surface
of the 1insoluble support by promoting reaction of a
functional group present in the compound of formula I, II,
ITI or IV with a complimentary reactive group present on
or previously inserted into the support. The combination
of the reactive group of the support with a complimentary
substituent of the compound of the invention provides a
heterogeneous catalyst where the compound of the invention
and the support are linked via a linkage such as an ether,

ester, amide, amine, urea, ketc group.

The choice of reaction conditions to link a compound of
the process of the present invention to the support
depends upon the groups of the support. For example,
reagents such as carbodiimides, 1,1 —carbonyldiimidazole,
and processes such as the use of mixed anhydrides,

reductive amination may be emploved.

According to a further aspect, the present invention
provides the use of the process or catalyst of any aspect
of the invention wherein the catalyst is attached to a

support.
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Exanpl eAci dGasUpt akeTON( nol PdWei ght gai n

Eqi val ents(bar)/ nmol MeP)(g) 5 578 eq. Aci d4.68 78862
W%ﬁgﬂl%’lﬂls@ 770 eq. Acid 5.52 92783.8 61.0 16 1F§T&eB29084350550

99524.1 60.6 Acid

110

Additicnally, the bidentate ligand may be bonded to a suitable
polymeric substrate via at least one of the bridge substituents
(including the cyclic atoms), the bridging group ¥, the linking
group A or the linking group B e.g. c¢is-1, 2-bis (di-t-
butylphosphinomethyl) benzene may be bonded, preferably, via
the 3, 4, 5 or 6 cyclic carbons of the benzene group to

polystyrene to give an immobile heterogensous catalyst.

Suitably, the catalysts of the invention are prepared in a
separate step preceding their use in-situ in the carbonylation

reaction.

Conveniently, the process of the invention may be carried out
by dissolving the Group 8, 2 or 10 metal or cocmpound thereof as
defined herein in a suitable solvent such as one of the
alkanols or aprotic solvents previously described or a mixture
thereof. A particularly preferred solvent would be the product
of the specific carbonylation reaction which may be mixed with
other sclwvents or co-reactants. Subsequently, the admixed metal
and solvent may be mixed with a compound of formulas I -IV as

defined herein.

The carbon monoxide may be used in the presence of other gases
which are inert in the reaction. Examples of such gases
include hydrogen, nitrogen, carbon dioxide and the noble gases

such as argon,

The preduct of the reaction may be separated from the other
components by any suiltable means. However, it is an advantage
of the present process that significantly fewer by-products are
formed thereby reducing the need for further purification after
the initial separation c¢f the product as may be evidenced by
the generally significantly higher selectivity. A further
advantage 1is that the other components which contain the
catalyst system which may be recycled and/or reused in further

reactions with minimal supplementation of fresh catalyst.

Ty
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17 1156eq. 4.87 81936.2 52.6 Acid 18 1280eq. 5. 30
89097.7 55.5 Acid
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There 1is no particular restriction on the duration of the
carbonylation except that carbonylaticn in a timescale which is
commercially acceptable is obviously preferred. Carbonylation
in & batch reaction may take place in up to 48 hours, more
typically, in up to 24 hours and most typically in up to 12
hours. Typically, carbonylation is for at least 5 minutes, more
typically, at least 30 minutes, most typically, at least 1
hour. In a continuous reaction such time scales are obviously
irrelevant and a continuous reaction can continue as long as
the TON is commercially acceptable before catalyst requires

replenishment.

The catalyst system of the present invention is preferably
constituted in the liquid phase which may be formed by one or
more ©f the reactants or by the use of one or more solvents as

defined herein.

The use of stabilising compounds with the catalyst 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 recovery of the

group 8, 9 or 10 metal.

Preferably, therefore, the catalyst system includes in a
liquid reaction medium a polymeric dispersant dissolved in
a liquid carrier, said polymeric dispersant being capable
of stabilising a collecidal 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 sclvent for the
reaction or may comprise one or more of the reactants or

reaction producis themselves. The reactants and reaction
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15 The optinmum acid | evel was taken to be 1032

equi val ents. Exanples 19 Exanpl e 19 was carried
woown/sm7s82he same manner as exanple 20 6 but WPCT/GKEBES/050550

equi val ents of acid (750pl) instead of 578 equivalents

(420pl). Table 5 129 Exanpl esGas Upt akeTON ( nol

PdWei ght gain (bar)/ mol MP (g)

161032eq. 5. 9299524. 160. 6 Acid
prd91082eqn8.1201:3 485D rd38Bmaky be miscible with or dissolved

in a solvent or liguid diluent.

The polymeric dispersant is soluble in the liquid reaction
medium, but should not significantly increase the
viscosity o¢f the reaction medium in a way which would be
detrimental to reaction kinetics or heat transfer. The
solubility of the dispersant in the ligquid medium under
the reaction conditions of temperature and pressure should
nct be so great as to deter significantly the adsorptiocon

of the dispersant molecules onto the metal particles.

The polymeric dispersant 1is capable of stabilising a
cclloidal suspension of particles of said group 8, 9 or 10
metal or metal compeund within the ligquid reaction medium
such that the metal particles formed as a result of
catalyst degradation are held in suspensicon in the liquid
reaction medium and are discharged from the reactor along
with the liquid for reclamation and optionally for re-use
in making further guantities of catalyst. The metal
particles are normally of colloidal dimensiocons, e.g. in
the range 5 - 100 nm average particle size although larger
particles may form in some cases. Porticns o¢f the
polymeric dispersant are adsorbed onto the surface of the
metal particles whilst the remainder of the dispersant
molecules remain at least partially solvated by the liquid
reaction medium and in this way the dispersed group 8,
9 or 10 metal particles are stabilised against settling on
the walls of the reactor c¢r in reactor dead spaces and
against forming agglomerates of metal particles which may
grow by collision of particles and eventually coagulate.
some  agglomeration of particles may occur even in the

presence of a suitable dispersant but when the dispersant
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acid w 10g 4- Cyanophenol. It can clearly be seen
that the benefit from addi ng the cyanophenol is

WO bMeivsd2 over and above any benefit gai ned freor/GB2008/050556
increasing acid levels. 5 Attention is directed to al
papers and docunents which are filed concurrently wth
or previous to this specifitéation in connection with
this application and which are open to public

tyipespeddrndn wedhcéht satdOospechki catkb@nmiaed t hehen such
contents of all such papers and docunents are

AGGIOFFSECE Hereich iy #ef ér 8REBLIAREYof-Ofhé efvedt msk the
adﬁfﬂﬂé%%%éérhé@'%d%%ﬂ%ﬁl§aﬁb®%el so tha hey may be
(" ncl udi nganyacconpanyi ngcl ai s, abstractand 1
brerzm WgsﬁﬂdaﬁmﬁopaﬂﬂlqﬂéﬂImedy&gmzsah.awyamathmdo@n
process so disclosed, may be conbined in any
combi nati on, except conbi nations where at | east sone
Thef  sualyrfeeataur @Bl ARG/ St eRS; ariendmidial Inbr@d Usiates  or
20 Each feature disclosed in this specification
COFCHETMEdiSn ¢ "y ddECo MPANTISR Gvdines abistitactormidmers and
stdaW NSk By be replaced by alternative features
serving the same, equivalent or simlar purpose,
unl ess expressly stated ot herw se. Thus, unless

Xpre ed ot.herwi.se, each 125 feature
Pr& §5I2§€% ne PEX A SonlY S S Sgeneiad setifdst Grently
ac&@ubvahenbagﬁcstﬁﬂddﬁldﬁ%ﬁhﬁ?ﬁstoTB%bb@&%EEbQ@y'Saﬂgﬂlllse
restricted to the details of the 5 foregoing
thentsedilwé s uspra siteventti e lekicamaw tho @nymdvelmeasd, or
me% Lany, g%% |; combination, of the features disclosed in
hi's spécification (|nclud|ng any acconpanyi ng cl ai s,
abstract and draw ngs), or to any novel one, or any
nov conblgrt on, .of .the steps of an 10 net hod or

B%Fé@é&&‘“&&a Yo PoaL 1586 SRS 10K B 8§ Fidr! tehe 00

ofcarﬂasor@ztlcaxp on, ob ap ebhylanicat)yn ua%@t YrahedoroppauRd ; o
r|S|n% t he step of reacting sa
substantlal y avoided.

Particularly preferred dispersants for this purpose
include acidic or basic polymers including carboxylic
acids, sulphonic acids, amines and amides such as
polyacrylates or heterocycle, particularly nitrogen
heterocycle, substituted polyvinyl polymers such as

polyvinyl pyrrolidone or copolymers of the aforesaid.

Examples of such polymeric dispersants may be selected

from polyvinylpyrrolidone, polyacrylamide,
polyacrylonitrile, polyethyilenimine, polyglycine,
pelyacrylic acid, polymethacrylic acid, poly(3-

hydroxybutyricacid), poly~L—-leucine, poly-L-methionine,
poly-L-proline, poly-L-serine, poly~-L-tyrosine,
poly(vinylbenzenesulphonic acid) and poly(vinylsulphonic

acid), acylated polyethylenimine. Suitable acylated
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5 conpound wi th carbon nonoxide in the presence of a
co-reactant having a nobile hydrogen atom and a
WOHPHIYE2 system the catal yst system obt ai nafICa/GR2008/050550

combi ni ng: (a) a netal of Group 8 9 or 10 or
a suitable compound 10t hereof selected fromRu, Pt or
Pd; (b) a ligand of'%eneral fornula (1) (1)

15 wherein the groups X3 and X4 i ndependently
polgptbegéaninnheal ent rdadicabsdofinupAtes 3@tenonpubd iX3tion

7P aRe A Pxb Hal B {02408 ol ome: QL represents’

phosphorus; and 25 c) optionally, a source of anions;

characterised in that the catal yst systemincludes an
PrefRaRbeY - c SiFoUREL EBRHEF sidiGPaT s&ndnat NeCFPogR o2 s r pRgdic

S M S Ltut.ed. ne. hydr p
B e I e
bathann8.0 andPrdZrdlels, t hane9. heithe said enhencenhave a

.conmpound excl uding 3- quinolinal. 2. A catal ystsystem
leﬁSEé?Bbﬂ?laFopéﬁgpﬁn REehy| &i cal9SF un'situr abell: more

prE@APAHNY, tBescatalyst. Gysiem obtai nabhe, by-68mphAhNG: 5.
Preferably, the basic moieties have a base dissociation
constant (pKy) being cof less than 6.0, more preferably
less than 5.0 and meost preferably less than 4.5, pK, and

pK, being measured in dilute agueous solution at 25°C.

Suitable polymeric dispersants, in addition to being
soluble 1in the reaction medium at reaction conditions,
contain at least one acidic or basic moiety, either within
the polymer backbone or as a pendant group. We have found
that polymers incorporating acid and amide moieties such
as polyvinylpyrollidone (PVP) and polyacrylates such as
polvacrylic acid (PARA) are particularly sulitable. The
molecular weight of the polymer which is suitable for use
in the invention depends upcn the nature of the reaction
medium and the solubility of the polymer therein. We have
found that neormally 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, meost preferably, 10,000 - 4C,000 e.g. Mw is
preferably in the range 10,000 - 80,000, - more preferably
20,000 ~ 60,000 when PVP 1is used and of the order of 1,000
- 10,000 in the case of PAA,

i,
Cohee
Nz
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(a) a netal of Goup 8 9 or 10 or a suitable conmpound

t hereof selected fromRu, Pt or Rd; 10(b) a Iigand of
wQeomeras7stormul a (1) t (1) wherein the groupsCci&Bamdns0550

X4 independently represent univalent radicals of up to

30 atonms or X3 and x4 together forma bival ent radica

of up to 40 atons and x5 hasoup to 400 atons; QL

represents phosphorus; and c) optionally, a source of
Treni ehseclRbvehavacteariraedonn dthathd heieptakyst SUStEM the

i ncl udes an ephancer conpound conprising an aromatic
TG B rim SRt entRoBsTi t uPBd byleacrreasg ongor  cach
r WA QY c ArDUR hgr i the Dy drony 19y oup. pKa at 25C

is greater than 3.0 and less than 9.1, the said

enhancer conpound excl uding 3- 30 quinolinol. 128 3.

t hod of ,increasing, the efficacy of cat al yst

TH;‘éys LSRFST G Eédn% at5 on’ dteethyihi ealq‘ifalvered from
thinsatiunated Qorpoundsensidty Gardon trnoxidaddy the g. by

presence of a co-reactant, the catal yst system
L OBt el e2By &ORPI it Hd e (d) srohedalofof oG supcgssgdorfor

ui.fa u t ect f Ru,
réﬁﬁ%%;qfi)ag:%{%ﬁﬁ of gghepgﬁﬁggrﬁﬁgiﬁé%kﬂ ) /301%t a
carhusher epnocess tthtee gAogps dX3s aneknX4 raydependentdylated
r esent univaleﬁt 15 radiﬁgls of ugdtq 30 atons or

tﬂé?% 4 S F&égfﬁé fQﬁ%ﬁE?XC anger a in such cases it

may be convenient to locate filters for the palladium

‘particles in these circulation apparatus.

Preferably, the polymer:metal mass ratio in ¢g/g is between
1:1 and 1000:1, more preferably, between 1:1 and 400:1,
most preferably, between 1:1 and 200:1. Preferably, the
polymer:metal mass ratio in g/g is wup te 1000, more

preferably, up to 400, most preferably, up to 200.

Tt will be appreciated that any of the features set forth
in the first aspect of the invention may be regarded as
preferred features of the second, third or other aspect of

the present invention and vice versa.

The invention will now be described and illustrated by way
of the following non-limiting examples and comparative

examples.
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bi val ent radical of up to 40 atons and X5 has up to
400 atons; represents phosphorus; and 20 c)

WwOoapeyan#l y, a source of anions; characteri se@CIGB2A@H050550
the method i ncludes the step of adding an enhancer
conpound conprising an aromatic ring or 25 ring system
substituted by at |east ond®hydroxyl group wherein the
hydroxyl group pica at 25Cis greater than 3.0 and
| ess than 9. 1. 4. A method of increasing the rate

of . carbonyl atjon of.an t hyl eni cal | nsat ur at ed
CalRh ot R PR B0 BRI oo carbon monoxt da i n

the presence of a co-reactant using a catal yst system
obt ai nabl e by conbi ni ng (a) a nmetal of Group
Exgmpbesrl4d or a suitable conpound 5t hereof selected
fraom.,Ru,. Pt or Pd; b)..a |igand of genera .
TOF ORI () ) B0E ST o SRR T uhormd T Usnd
st @haaps XTrareakX4l i ndependeriidueg.epr esent univadet purge
radicals of up to 30 atons or X3 and X4 together form
Jiavei fakent -PEG cal - ©f X upPt o MVt o) aff X&2AB&: upndo’-°

eq&QQalents of phosphine ligand 1 (L-L) = 1,2-bis(di-tert-
butvylphcesphinomethyl)benzene 16.6mg (4.21 x 107° moles),
were weighed intce a 500ml round bottom flask. The flask
was Then transferred to a Schlenk line. The ligand and
palladium were then dissclved 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, bkefore addition of
further solvents to the sclution. This allows for the in
situ formaticn c¢f a neutral, trigonal planar Pd (C)
complex [Pd{ligand) (dba)].

After comwplexation, 175 ml of methyl propicnate/methancl
mixture (50% by weight methanol, 50% by weight methyl
propionate) was degassed and added tc the flask. Addition

of methane sulfonic acid (MSA), 210ul, completed the
preparation of fThe catalyst solution. The final
composition of the soluticn 1is approximately 70 wt%
methylpropionate, 30wt% methanol. At this stage, 1in
examples 1-3, 10g of phenol or the particular enhancer
compound is added, and the mixture left to stir for a few
minutes to dissolve any residual solid.

The catalytic solution was added to the pre-evacuated
autoclave and heated to 100°C. The autoclave was then
pressured with 8 bars of ethene above wvapour pressure
giving a total pressure of 10.2 bars at 100°C. Next the

autoclave was pressured to 12.2 bars with addition of CO:

D
Nt
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15 atons; QL represents phosphorus; and c) optionally,

a source of anions; 20 the said nethod conprising the
wee)9/0a§78addi ng a rate enhancer conpound conprPET/GG2@EE/H050550

aromatic ring or ring systemsubstituted by at | east

one hydroxyl group wherein the hydroxyl group pica at

25C is greater than 3.0 and!25 less than 9.1. 5. A

process, catalyst systemor nethod according to any of
etdiaiems 1:4, gdher eicrrnatclgedanﬁmm ef eohancere corpouRdikrn A

lg%%ggptlon fOﬁDOSItlon is 0.1-15%ww. 130 6. A

Y catatyst §§§P§ﬁ?ortﬁﬁﬁho&jﬁ%coPH?ﬁéuFﬁ ay the

a&fo@la@déﬁ is4, mehereinchihe dhospiidg | grod g 3 t
bi dentate 5 ||§5nd o# Fornula 17 x' x3 Q- 11-F0f xio?o .

L Apvdragisn Fhrgughblq%fetrﬂntor ganect bondgnﬁwgggsoLﬁmm t hhe 10

0 th i dge. the 0
.ﬁ%%%%% é%% eri%?%s Rht 98" ung%aﬁgﬁtrF§8F8§P§ 5t Jﬁﬁﬁ% as
ti30 ateastoopt icempkhythaei ngvaate | easggene tefbighput the
carbon atom via which the group is joined to the 01 or

reP i BmPHrisd ahd>x2tdEnd/ oft X3hEnEYU Aogether fOUR &un
cH valent Sadi gal Qéoy@dtQn&Od@F9€§su99E%g”a'Hﬁé“%@fﬂklon

at least two tertiary carbon atons via
wasadieadved jflotred tprehﬂeeoqhacmdborct@é atraim tlaadw@lgamd of

ch i nde dentl e hor us |
Sogrzuc;ccess Tt ‘Eﬁ@svaéy %ﬁgt’hogﬂ}‘%cg?ﬂf’hb fgélgnfc’ffjoss
t1ef Ctloairﬁfé 1o5 wher e nhsurtalhhre &RRANECAENCORPOHRNLS: &d € by |
subtracting the weight of solution removed from the weight

of solution added to the autoclave.

The moles produced at any point in either reaction are
calculated from the drop in reservoir pressure by assuming
ideal gas Dbehaviour and 100% selectivity for methyl
propionate, which allowed reaction TON and rate o be

obtained. The results are shown in Table 1.

Table 1
Example Compound Gas Uptake Max . Weight ;
Additive (10 L TON Gain ({(qg)

res.)
{bar)

1 Phencol (comp) 2.53 81852 19.6

2 4-Cyanophencl 4.43 158580 41.8

3 2-Flucroephenol 3.3 118783 26.9

Accordingly, low pKa enhancer compounds having a pKa less
than that of phenol give a greater improvement in catalyst

TON.
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sel ected from conmpounds having an aromatic ring or
ring systemwhich is further substituted with, in
WO400/41083 t o t he hydroxyl gr oup, an el ectron PCT/GB2043/050550
wi t hdrawi ng group. 30 8. A process, catalyst system or
met hod according to claim_7, wherein the el ectron
W t hdrawi ng groups are 13&“%elected from cyano,
halide, nitrile, nitro, carbonyl, - COOH -C(O)H ,
ExapdeR 4=-TOOR, -C(0)Cl, -CF3, -303H -N'it3, and
p catal yst systemo
T o R AT TR (T arae e 67, Rawre
sthhfdher ssuhsikt Uline it dmithesane 1 ng asidhaferd Opurge
which the at |east one -Od group is attached and at
glere &oeho Br&ﬁérélpé§|t¥oﬁ§ omeﬁésilﬁﬁfmF@ﬁﬂﬁ@sp@@i 7.5
eqtt:?vgierll@QS&foxﬁﬁos 195099 1197 @)pr°§e§s %?Ei"—)éé‘ft—
system or cordln to any of "cla
bumMproﬂpBum@ﬁ@t@ybhh@mzemeconﬁbumdg amse /gel ectlod® f momes)
- cyano- phenol phenol nitro-
¢ hERgTBRongIZo e niBgInegtd BoBRPbr dignol The 5 Lask

wa9 Q‘,IPllter Or PREHOLy PedT QUD- PheRoh coxbr o1 pheral , Prgand  and
hydr oxy-benzylic acid, o-hydroxy-benzylic aC|d
rablagdwpxyere Lhen dissolved in 125 ml of degassed methyl

prg nzal gdehyde;, p- M&érox%{ob%rléxa'@o‘?ﬁ%/ Aeydroxys va11adium
nzenesul phoni ¢ aci d eno quarternar?
an@nmpium derra/atii yeslved 1iltAamngceﬁs neah @l ystropionate

system or nethod according to any of clainms 1-10,
a“%%FHﬁe%F%l 3 Per$°2 Bfdént Qﬁ@uFﬁéanHeéPrSeﬁ@%fcmn of

fuﬁ@ﬁ@yléoﬂby%tg5%b(%%k Lucifr. RrBs Qi1owsfX) (hY) in
wher ei n:
situ feormaticon o¢f a neutral, trigonal planar Pd (0)

using

complex [Pd{(ligand) (dba}l].

After complexation, 175 ml of methyl propiconate/methancl
mixture (50% by weight methanol, 50% by weight methyl
propionate) was degassed and added tc the flask. Additicn

of methane sulfonic acid (MSA), 420U1, completed the
preparation of the catalyst solution. The final
composition o©f the solution is approximately 70 wt%
methylpropicnate, 30wt% methancl. At this stage, an
amount ranging from 0 to 53g of cyano-phenol is added, and
the mixture left to stir for a few minutes to dissolve any
residual solid. In this set o¢f experiments, the
cyanophenol was further purified by recrystallisation

before use.

"The catalytic sclution was added to the pre-evacuated

autoclave and heated to 100°C. The autoclave was then
pressured with 8 bars of ethene above vapour pressure
giving a total pressure of 10.2 baré at 100°C. Next the
autoclave was pressured to 12.2 bars with addition ofVCO:

ethene (1l:1 gas) charged from the 10 litre reservoir. A
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A and/ or B each independently represent |ower alkylene

30 linking groups; R represents a cyclic hydrocar byl
WQereamIarBze to which Q and @ are |inked, via pdEGB2A08/050550

i nki ng group, on 132 avail abl e adjacent cyclic atons

of the cyclic hydrocarbyl structure; and QL and @

each i ndependently represedfphosphorus. 5 12. A

process, catalyst systemor nethod according to claim
relblyl ashrariei nvd hes gr eupsrXl, X2atx3 el X4rkpdependet | ene

represent unival ent radicals of up to 30 atons having
WHOYELSt ohe t BRALPAAYIEEr b RGBT XI taRd Tgakzion” at
12804101 X A0y dpaather (arue:Bhval@nbatadibal ehe 1o

up to 40 atons having at least two tertiary carbon
Ligtrens agvreral i e dte spi @ls smievabénther rhisealbent radiwedll as
UJS j§g£§%%¥iat%%id a% | east one oi t wo te%%iary car bon

At ons- T espect rvery £6 e dlgiopri3¥€%t o etugrogg. the
rebetlidn Adrioaesss sathalsyst systam ehdmeihothace0hdiuRg run

to any of clainms 1-12, wherein exanples of
Ehgn UG taHee o' & onee 1 ed brndgearsraerrased) i gdigs soflution

foormya - lyginglyde the. 2 1.NY; .
" 2obi s-%%i-tggt?‘bu?j{;‘?g‘%%% %‘%\gqr?gtgﬁ%) Gz epas welght of
soluZ-ilpins -ahiciteat t wpentyllphosphiinonetiny | ybegzengalin2-hirsss
e (di-tert-butyl pho phhnoneth I)naphthalene,liz
hﬁisfafﬁﬁgnéﬁ yl oséh' 8HEtHV¥)héﬁ§§nE?eT, culated by
su?k%@%ki%g5tgélg%ﬁ@%kadﬁﬂ&ﬁhxkﬁQﬁﬁ&@myyga'E%dhb%%%ﬁ%%ight

: i s(di-5- .

oft éPtIBuryl addrantyl shes pRipRGHerhy| ) benzene, 1, 2 bi s(1-
Th%dgﬁggé%;p%%ghggthAEpg8§pq&ﬂ3ﬂ?tEX'kgﬂﬁﬁgnereaction are
catletrlametihylropha$eharopcliohexarrd-oine oreosyiren®y assuming
. 1, 2-his-(2-(phospha-adamant y1))-o-xyl ene, 1-
ldf&ﬁadgﬁﬁnt&%&ﬁgéﬁHFnoﬁgghyﬂpkf-(ﬁeﬁﬁ&q%yl§@ for methyl
prgtiyhphesphinoset l)henzerealr(dh-t €6k - and rate to be

butylphosghlnonethyl)-z-

obtailesfgr é§syrehysphi Aroreshyinbénzénels- fdi-tert -

Table 2

Exampl Amount {g) Weight Gas Max TON | Weight
e Cyanophenol % Uptake gain

(bar) (g)

4 0 (Standard) 0 4.68 78862 55.2

{(comp) (Standa

rd)

5 3 1.1 4.47 15277 50.2
6 10 3.7 6.72 113127 84.0
7 25 8.7 6.32 106379 79.3
8 40 13.2 4.97 83606 54.7
9 53 16.8 4.13 69479 44,9

The optimum amount of enhancer compound is less than 10

Q.

WL%

Examples 10-14
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but yl phosphi no) - 2- (phospha- adamant yl ) o- xyl ene, 1- 133

(di adamant yl phosphi no) - 2- ( phospha- adamant yl ) o- xylene, 1
WO200H4910788r t - but yl phosphi no) - 2- (P- (2, 2, 6, 6-t et P&TGHAPPS/050550

phospha- cycl ohexan- 4- one) o- xyl ene, 1- (2, 2, 6, 6-

t et ramet hyl - phospha- cycl ohexan- 4-one) - 2- (phospha- 5

adanantyl)o-xylene,l-(di-t%%Q-butylphosphinonethyl)-2-

(di -tert-butyl phosphi no) benzene, 1- (phospha- adanant y1) -
Th2s (pledsphat adapmpeyhyieehyleeszénents was done with

(di adamant yl phosphi nonet hyl ) - 2-
difdeadananhyliphesphi paphenzene ske( 2hEP- ¢Be2 pbt6mukO amount

t et ramet hyl - phospha- cycl ohexan- 4-one)) - benzyl)-2, 2,6, 6
is- tet rpfethyd - phasphaghedohepansd- enecd- (di sher trd.dbas,

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

b enesly(dityertbut [ ) - .
R G U S

ut hosphi honet h -2-(P-(2,2,6, 6- :

oot VAol ny DO e o1 Fone Bz R Lrrgr  Feble

but yl , adamant yl phosphi nonet hy1) - 2- (di - . ,
ShﬁHﬁnﬁh?yﬁﬁﬁo§EﬁFﬂ%ﬁ%tH&FYbéﬁf%ﬁe?ﬂ@???ﬁ(??Q,8?69bt gains

t et ramet hyi - phospha- cycl ohexan- 4- one) net hyl )] - 2- (phosp
ofhghezgu§§amﬁq)ﬁgkﬁqﬁggﬁ%ng_%egght percentage column in

(ditertbutyl phosphi nonet hyl )ferrocene, 1, 2, 3-tri s-
thédiabiebutykpHesphinerethymptéyiopeneibnatbi s(d, 8ebhdnol

are multiplied by their respective solvent amounts to give
a final mass of solvent. The mass cof phencl used can then
be taken as a percentage of the fotal mass cf solvent and

phenol combined.

E.g. for 25g Phenol:

MeP density = 0.9%15
MeCH = 0.791

Mass = Density x Volume
Therefore, Mass of solvents = (0.915 x 200) +
(0.791 x 100)
= 262.1 g

Total mass including phenol = 287.1

Therefore, Weight % of phencl = ( 25 / 287.1) X
100

The solutions for catalyst testing were prepared using
standard Schilenk line techniques. In a nitrogen purge
glove box, 7.8mg (l1.12 x 1077 mcles) of Pd;dbas and 7.5
equivalents ¢f phosphine ligand 1 (L-L) = 1,2-bis(di-tert-
butylphosphinomethyl) benzene 33.3mg (8.44 x 107 moles)
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tetranet hyl-6, 9, 10-tri oxa- 2- phosphaadamant yl net hyl ) f er
rocene, 25

woetmwameBhy1- phospha- cycl ohexan- 4- onef | di net hyp&EGROLMS0550
e, andl-(di-tert-butyl phosphi nonethyl)-2-(P-(2, 2,6, 6-
t et ramet hyl- phospha-cycl ohexan-4-one) )ferrocene and
1,2- bis(1,3,5 7-tetranet hy216, 9, 10-tri oxa- 2- phospha-
adamant yl net hyl ) benzene; wherein "phospha-adamantyl "

wdise 3Peighed into a 500ml round bottom flask. The flask

sel ect edf r on2- phospha-1, 3,5, 7-tetranmet hyl-6, 9, 10-
W%%lékﬁﬂaﬁ&ﬁﬁyﬁg ﬁﬁbsbﬁaiﬂ 3cBlerk matimgl- 6Tle 10igand and
r I nﬂ&%nﬁ T-retra(tsifl uorometh
pél-lﬁl(lg%améllo rt?e“ oxa ana\ﬁetcgl%r Zl-éfong%h%{ 1(5%?%{84? mé’thyl
pnqpanaWduormnemhwby 6;9, 404t rbopadamanbyb the palladium
erein exa es,.of suitable substituted non-aromatjc
A €0 HERt SHATOTiRer HE font . 3ho MSIGpds HEoP1onate
mt%ﬂwmw@tﬁaﬁﬁc& o rﬁeﬂrhydescy%@ﬂw%dlmon of
ci s-1,2- bis(di-t-butyl phosphi nonethyl)
fqﬁﬁhﬁﬂ el Pt die; etg-solution. This allows for the in
Qsphi-nonet tetramet hyl-6,9 t
E”%%§x§k§§%§gﬁi 1?f4 ge H¥&F%yﬁbyc?oﬁ%%a%fe Yana :&9 ()
cogipsk-ak metﬁ(l&«anlﬂ (dba) hy1-6. 9, 10-1 .
AERRSPALESTEL %@T%ygpgggﬂ{]gggaﬂagt%yl S S e
mﬁ%ﬁ%r%azT@D%(QB leﬂggﬁgﬂbﬂonaﬂﬁylby weight methyl
4, 5di met hyl cyc Xohexane cis-1, 2-
pQﬁHH%WWVﬂph@gbhkﬁﬁﬁﬁﬁﬁylén@ ﬁ@@h@ltoy¢h@pédﬁame Addition

cis- P, P adamant yl , t - but hosphlnonethyl) 2-(di-t-
Oflsmﬁ 6ho§Bﬁ%H8ﬁEth9F}d4 gM Ul met he¥lelcl oHaRREes  the
pﬁ@ﬁ%r%tﬁ%mp of the <catalyst solution. The final

composition of the solution is approximately 70 wt$
methylpropionate, 30 wt% methanol. At this stage an
amount ranging from 0 tce 53g of phenol is added, and the
mixture left to stir for a few minutes to dissolve any
residual scolid.

The catalytic solution was added +to the pre-evacuated
autoclave and heated to 100°C. The autcoclave was then
pressured with 8 bars of ethene above vapour pressure
giving a total pressure of 10.2 bars at 100°C. Next the
autoclave was pressured to 12.2 bars with addition 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 of gas from the 10 litre
reservolr. The pressure of the reservoir as well as the
reactor temperature were logged throughout the reaction
period of 3 hrs At the end of the 3 hour run the
autoclave was cocled and depressurised. The solution was

removed into a pre-weighed bottle and the weight of
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adamantyl , t - but yl phosphi nonmet hyl ) -2-(di-t-

but yl phosphi nonet hyl ) - 5- net hyl cycl opent ane; ci s- 1- ( 2-
wogheg@phisaonet hyl-1, 3,5, 7-tet ranet hy1- 6, 9, 10- t PICOXGB2EEF0S50

antyl)- 2 - (di-t-butyl phosphi nonet hyl)4, 5-

di met hyl cycl ohexane; ci s-1-
20( 2- phosphi nonet hy1-1, 3, 5,?~ t et ranet hy1-6, 9, 10-tri oxa
-adamantyl) 2 - (di-t-butyl phosphi nonet hyl) -5- net hyl
sotyctlopentanesdCiversl-calculated. The weight gain across
ézhgﬂgs hi nomet hy1-1, 3,5, 7-tetranmet hyl-6, 9, 10-tri oxa-a
th 5}% o3 tBPadamditi pkEEphiABnet A ) Shifstlmped by
subYshehex nghechéi%ht of solution removed from the weight
(2- phosphi nonet hy1l-1, 3,5, 7-tetranet hyl-6, 9, 10-tri oxa-
of 250 ddahant ydde- {di agdamamr gt phosphi nonet hyl ) - 5- net hyl

cycl opent ane;

ci s-1-(2- phosphi nonet hyl-1, 3,5, 7-tetranet hyl-

6,9, 10-tri oxa- adamantyl )

(di adamant yl phosphi nonet hyl ) cycl obut ane; ci s-1-(di-t-
TheyMplsHo SpRPHeHRE hit) -2y dPadafanty| FRESEHI noTethidy) - are

- [ y c xane: - :

g T Y hogon  RoRgTRyl 515 Pressure by assuming
id¢di adaaant yephosphi noaethylL D 05- methybtiytctppentanemethyl

cis-_1,2-bis(2-phosphi nomethyl-1,3,5-trinmethyl-6,9, 10-
or P AL F1 oy i 303127 Epa, TAAGeEYL) - A06- B Fet FgT ey dicon®e
ob€Xah&dl. The results are shown in Table 3.

ci s-1, 2-bi s(2-phosphi nonet hy1-1, 3,5-tri nmethyl-6, 9, 10-

35trioxatricyclo-{3.3.1. 1] 3. 711decyl) - 5- net hyl cycl open

t ane;
Takis-1-{Raphbsphi nbbet hyl-1, 3,5-trinethyl-6,9, 10-tri oxa

tricyclo- 135

Example | Amount (g) Weight % Gas Uptake Max Weight
phenol {bar) - 10L TON gain
Res (g)
4 0 (comp) a 4.68 78862 55.2
10 3 (comp) 1.1 4,43 74645 56.1
11 10 (comp) 3.7 4.07 68530 54.0
1z 25 (comp) 8.7 4,20 70638 61.3
13 40 (comp) 13.2 5.17 87191 68.3
14 53 (comp) 16.8 4.75 79916 58.0

From a compariscn of table 2 and table 3 results, the
quantity of cyanophencl required to achieve the maximum
TON is very much less than the amount of phencl required
i.e 3-10 wt% for cyanophenol versus 15-20 wt% for phenol.
Furthermore the magnitude of the TON improvement is very

much greater for cyanophenol at these lower levels.

Examples 15-18

In this series of experiments we have increased the level
of methanesulpheonic acid and observed an increase in
catalyst performance. However addition of enhancer

compound still provides a further increase over and above
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13.3.1.1[3. 7] I decyl) - 2- (di -t - but ylphosphi nonet hyl) -4, 5
-di met hyl cycl ohexane;

WQi2609M¢782 phosphi nonmet hy1- 1, 3, 5-tri nmet hyl- 6, 9, BOF/GB2008/650550
trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-(di-t-
butylphosphinonethyl)-S-negg%l cycl opent ane; ci s-1- ( 2-

5

phosphi nonet hyl-1, 3,5-trinmethyl-6,9,10-tri oxatricyclLo{
a8y 3.Herld Bi 7] }decitdd 2- fdbadamantly! phospki naetdy1l)sé 5 of

- dineggylhggclohexane; ,
SRS oS pht nbfret hyRET, 8X8MPH Pt Rppve but using the
s AR tAHOXR T heY Gle®nbded gt H%ﬁ@&‘%%ﬁ@?'zIn example 4

(di adamant yl phosphi nonet hy1) - 5- net hyl cycl opent ane;
thg sratio of acid:Pd is 578:1 and this corresponds to

101, 2- bi s-perfl uoro(2- phosphi nonet hyl-1, 3,5, 7-tetr anet
4%%H;6,9¥30Pexample( 1§ tge Acﬂh%ﬁ ratio 1is 770:1

c%é%éﬁﬁ?ﬂdf@&”€53530&l}[Bfg)éiéﬁgﬁg)ié’%hgigﬁ&%%%@“%é%io
1 €1 5030210 S5PEELLYOE PAZ- RhOSBRIpeMEL h ln;l %; ptefra
' et hyl 6, 9, 10(-)t ri oﬂ;at ri c%/cl o{ 3. 3.09. i[ 3. % dggy? Zg rr%? h)r/Ehe
Adidyel opentiane;igi s1153-bi Scorresponding to  840pl. In
(2- phosphi nonet hy1-1, 3,5, 7- .
SHESIRMS al B r itheudtolhdtchy IRE 609 1F0-1280:1 corresponding to
9§i¥cmatricycl0{3.3.1.1[3.7]}decy1)-4,5-dinethylcyclohe
Xane,
ci s-1, 2-bi s-(2-phosphi nonet hy1-1, 3,5, 7-tetra(trifluoro

nmet hyl )-6,9,10-trioxatricyclo{3.3.1.1[3.7] }decyl)-5-ne
cycl opent ane. ;
T%ﬁ%@-f—(&phosphino-1,3,5,7-tetranethyl-
E206,1%, 10-t r hoxd- adamanGask) - Dpitdiketrobut ythqahospivenghet yain
)-4,5- dinEth%ﬂc cl ohe an§;
ci s- 1- ( 2- phdsh "ﬁ%‘hr%t hyP2f)3, 5 7. / mol MeP) (g)
5 tetranmethyds§, 8510x¢1d @x@gadamant ykky2- (2- phogghbno- 1,
3,5,7- tetranethyl -6,9, 10-tri oxa-adamantyl)

-4, 5- di et cycl ohexan
1%is-1- (di - %%u?ér pfh%%%ﬁiﬁ&) _2- (di 786t phosphi-Aomet h
yl)- 25 4,5-dinethyl. cycl ohexane; cis-1-
14 di - adamant §3phosphienop-22( di t - butpiglosphi noset by1)
-4,5-dinet€%l cycl ohexane; cis-1-
(di adamant yibhosphi no) - 2- (di - adamant yl phosphi nonet hyl )
17-4,5- dinethyd cycl ehexane; cis-1gi934.2 52.6
(2- phosphi no-1, 3,5, 7-tetranet hyl-
6,9, 10-trid%ed adamant y1) - 2- (di - adamant yl phosphi nomet hy
1g) -4 5 3pghirethylegygl ghexane: ghgnl - P-(252, 8.6
tetranet hyl -
phospha- cyetothexan- 4- one)) - 2- (di -t - hut yl phosphi nonet hy
) 4,5-di net hyl cycl ohexane;
1-14,5-dinmettlyl-2-P-(2, 2,6, 6-
t et ramet hyl - phospha- cycl ohexan- 4- one) -

The optimum acid level was taken to be 1032 equivalents.

Examples 19

Example 19 was carried out in the same manner as ecxample
6 but with 1032 equivalents of acid (750pl) instead of 578
equivalents (420ul).

Table 5

pAtary
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[ 13, 2R] cycl ohexyl nmet hyl | - P- 2, 2, 6, 6-t et ranmet hyl - phospha

- 35 cycl ohexan-4-one; 136 wherei n exanpl es of
WOQMPHHBT83 non- substituted non-aromatic PCT/GB2008/030550

bri dgedbi dent at el i gandsi ncl udeci s-1, 2-bi s(di-t-

but yl phosphi nonet hyl ) cycl ohexane; ci s-1, 2-bi s(di -t-

but yl phosphi nonet hyl ) cycl dgént ane; cis-1, 2-bis(di-t- 5

but yl phosphi nonet hyl ) cycl obut ane; ci s- 1, 2- bi s( 2-
Exaghpsphi nonet hyl1- 1, 3, 5, Gas et Tpinek&TON 6, (010- PdWekght gain

adamant yl ) cycl ohexane;
cis-1,2-bis(2-phosphinSﬁ%f%yl-l,3{5?9% MeP) (g}

16t etranet hy}s6, 9, 10-L51 9xg adamant y4 3£y cl opent gge;
cis-1,2-

bi s(2- phogphiinonet hyl-1, 3,5, 7- tetranethyl 6,9, 10-tri ox

a- l1l0O0ada ) cycl obu cis-1,
19adanantyrgﬁgéphlnoﬁ%?héa§@yclohex§%2é§§ 1 2- %?SZdI
adamant yl phegphi;nonetdyl ) cycl opent ane; ci s- 1, 2- bi s(di -

adamant yl phosphi nonet hyl ) cycl obut ane; ci s-1, 2. bisP - (
2 2 , 6% 6 -tetramethyl - phospha- cyclohexan 4- 15

onef | di ne xane cis-1- (P, P-adamantyl,
t- butylphggxhgﬁg%gp yl)-2-(di-t-butyl phosphi nonet hyl )c
yclohexane ci s- 1-

hosphi tetraneth 10-tri oxa- adana
ey S0 ST Yk S0 hYEPEY el oHGnE TG the
cy&h@pﬂe&@lDDQSBBBQQUEEh%ber and above any beneflt ained
201, 3,5, 7-tetranmet hyl-6, 9, 10-tri oxa- adanantyl) - 2- ( 2- ph
fr@@phm¢@ﬁa51nq acid Tevels.

Attention is directed to all papers and documents which
are filed concurrently with or previous to this
specification 1in connection with this application and
which are open to public inspecticn with this
specification, and the contents of all such papers and

documents are incorporated herein by reference.

All of the features discleosed in this specification
(including any accompanying claims, abstract and
drawings), and/or all of the steps of any method 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 accempanying claims, abstract and drawings) may be
replaced by alternative features serving the same,
equivalent o¢r similar purpose, unless expressly stated

otherwise. Thus, unless expressly stated otherwise, each

e

i
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1,3,5, 7-tetranmet hyl-6, 9, 10-tri oxa- adamant yl ) cycl ohexan
e; cis-1-
WO 2009015982 y| phosphi no) - 2- (di -t - but yl phosphi nonetTrgB)mg050550
| ohexane; cis-1-(di-adamantyl phosphi no)-2-(di-t-
but yl phosphi nonet hyl ) cycl ohexane; (di - cis-1- 25
adamant yl phosphi no) - 2- (di - &danmant yl phosphi nonet hyl ) cyc
| ohexane; cis-1-
T oa2prrosphi dlorsle B, bs 7Tetet eamphylo619, bE- ta icpxaadameddyies
f1)-2-, di-adanan%yl hoiphinonetoI)cyclohexane; cis-1-
o} ( eﬁu(l ’azl’eéw’tG_or inilar featureg.
t et ramet hyl - phospha- cycl ohexan-4-one)) - 2- (di -t but yl pho
sphi nonet hyl ) cycl ohexane; cis-1- P-(2,2,6,6- 30
Theet tAWRRAYPL pHas phatcyet ohekeared- ¢rwe) fhe- details of the
f#%é{ﬂ%ﬁ%%ﬁ?ﬁ%g%_(%xd o?%éaniéﬁgﬂglon extends to any
ncGics- loqR, P- adammng yIndvdiut yvorphasphicnonebhyl n@- (iadures
but yl phosphi nonet hyl ) cycl opent ane; cis-1- .
digslpsgdamanty |, Pt yl - Prosphi fonkthy| ) (2ncdpding3s  any
acdplpRasRehi AegeLhy! )Aya! ,ohut angy drawings), or to any
ci s-1- (2- phosphi nonet hyl -
noyved, et ed¥ agey hpdvel9 ctotimaoxkaradanfntlyé ) s2epdi otf- any
7 _butyl phasphi nanet.hy1l) cycl ohexane; cis-1-
me%%-of)jh%é:p L OSESEh ff{n‘cﬁh s)éjlose)é.
1,3,5, 7-tetranmet hyl-6, 9, 10-tri oxa- adamantyl ) - 2- (di -t -
but yl phosphi nonet hy1l) cycl opent ane;
ci s-1- (2- phosphi nonet hy1-
1,3,5 7-tetranmethyl-6,9, 10-tri oxa- adamantyl)-2-(di-t-
5 but yl phosphi nonet hyl) cycl obut ane;
ci s-1-(2- phosphi nonet hy1-
1,3,5 7-tetranethyl-6, 9, 10-tri oxa- adamant yl)
(di adamant yl phosphi normet hy1) cycl ohexane; ci s- 1- ( 2-
phosphi nonet hyl-1, 3,5, 7-tetranet hyl-6, 9, 10-tri oxa- adam
antyl)-2- (di adamantyl phosphi nonet hyl ) cycl opent ane;
cis-1-(2-
10phosphi nonet hyl-1, 3,5, 7-tetranet hyl-6, 9, 10-tri oxa-ad
amant yl ) -




2- (di adamant ylphosphi nonet hyl) cycl obut ane; ci s-1-(di -t -
but yl phosphi nonet hyl ) - 2-

(di adamant yl phosphi nonet hyl ) cycl ohexane; ci s-1-(di -t -
but yl phosphi nonet hy1) - 2-

15(di adamant yl phosphi nonet hyl ) cycl opent ane;
cis-1-(di-t- butyl phosphi nonet hyl) - 2-

(di adamant yl phosphi nonet hyl ) cycl obut ane; ci s- 1, 2- bi s(2-
phosphi nonet hyl-1, 3, 5-tri nmet hyl266, 9, 10-tri oxatri cycl0{
3.3.1.1[3. 7] }decyl) cycl ohexane; ci s- 1, 2-bi s(2- 20
phosphi nonet hy1-1, 3,5-trinethyl-6,9, 10-tri oxatricycl ol
3. 3. &xAfds 7] | decyl) cycl opent ane; ci s- 1, 2- bi s( 2-

phosphi nonet hyl-1, 3,5-trinmethyl1-6,9,10-tri dxatricycl o-
{3.3.1.1[3. 7] }decyl) cycl obut ane;

CIS 11 (Z-Epﬂsmﬂnmoﬂ’t’&t hythe carbonylatlon oJ~ an ethylen(ljcauv

1 10 trloxatrlcyclo 113.7]1
e g B SRR G REEhy oy et ageacting said
Ci»s q_cn(}_:g:und with carbon ronoxlde :Ln the presence of a co-
pho%ggkﬁgggthy f? r 9,40-trioxatricyclo
3.3.1.1[3. 7] dilu]n % tnabg_rFé f.”yfé osph |£no yI"‘)C%F%}lYSt
pent%?f?é"em' the catalyst system obtainable by comblnlng-
cis-1-(2- phosphlnonethyl 1,3,5-trinethyl-6,9,10-tri oxa

tricyclof{3.3. decyl 2- (dl-t but yl phosphi nonet
hy1) cyé?)obu?a'ﬁ%t ]3(5’tJ %-‘rOUP g or a suitable compound

ol s-1- ﬁlﬁem;smeomh&ﬂmlaa Set rdumeladhy 1- 6, 9, 10-tri oxa

tricychofs3. 7 }dec di adamant yl phosphi none
thyl) Cykg)l Oh%xaréa[n% bE) 88T Fobiu B

ci s-1-(2- phosphi nonet hyl-1, 3,5-trinethyl-6,9, 10-tri oxa

tricycho{3.3.1. 1[ 3 7] }decyl ) - 2-

(diadanantylpho i nonet hyl ) cycl opent ane; ci s-1-(2- 35

phosp aonet§ ,3,5-trimethyl1-6,9,10-trioxatricycl of
d

3.3. 1. Q\yl) 2- (di adamant y1lphosphi nonet hypcycl o
but ane; 138

cis-1,2-bis- perfﬁﬁoro(z phosphi nonet hyl-1, 3,5, 7-tetram
eth%I)

18,9, 10-trioxatricyclof 3.3.1.1[ 3. 71} - decyl ) cycl ohexane;
ci s-

1, 2¥BeESHer f 1 uor o( 2- phosphi nonet hyl - 1, 3, 5, 7-t et r anet hy
| -6,9, 10-

tri trjc clo 1 |.decy] cl opent ane;
Qﬁé‘ gro ()?3 and £<3 7]’u:!en:)en)t/:ie)n y r%present univalent
redicals of up te 30 atoms or X? and X' together form a

20 bivalent radical of up to 40 atoms and X° has up to 400
atoms;

Q' represents phosphorus; and

25 <) optionally, a source of anions:
characterised in that the catalyst system includes an
enhancer compound comprising an aromatic ring or ring

system substituted by at least one hydroxyl group wherein

30 the hydroxyl group pKa at 25°C is greater than 3.0 and



5

per fl uoro(2- phosphi nonet hyl-1, 3,5, 7-tetranet hyl-6, 9, 10

- trioxatricyclo{3.3.1.1[3. 7] 1decyl ) cycl obut ane;

cis-1,2-bis-

(2- phosphi nonet hy1-1, 3,5, 7-tetra(trifluoro-nethyl)-6,9
, 10- trloxatrlcyclo(S 3.1.1[ 3. 7]1decy1)cyc|ohexane

cis- 1,2- bis- 127

(2- phosphi nonmet hy1-1, 3,5, 7- tetra(trlfluoro met hyl )-6,9
, 10- 10tr|oxatr|cyclo(3 3.1.1[ 3. 7] }decyl ) cycl opent ane;

and less than 9,1, the =aig \_,nhdncer compound q _
Ci 5~ ga{ 2- Phosphi nomet hy1- 1,375, 77 Tetra(tFiTIiere °

L AL

met hy1l)-6,9, 10-trioxatricycl o{3. 3. 1. 1[ 3. 7] 1decyl)cyclo
but ane, » talyst

(2- exo, exo? B el oY°5%%] hePiane- 2 8By kit er of  an
But )ﬂtﬁwégfémﬁﬂdliet hy$ 9 tand(t2<e n;d:mpauﬁﬂdo)thel%atalﬁrst system

bi cyelal Raw: o INERLARE bi s(di -tertbutyl phosphi nonet
hyl ) ; andamhefgfn exa%%ﬁ%s of substituted aromatic

bridged Iigands in accordance with the invention
i ncl udi) 1a2mbts] ddf tGr

butylphospgt’n %‘{ he%r Ilobgrfzeaneultable compound
1, 2- bi s(di -t5*P 8§6ﬂ| Fﬁyl?t4Q%H%hylbenzene;

19 2- bi @ di 2t 1idarntd/ bthgepbianneirhuh - 1 )5-
bis-(trimethylsilyl) benzene;1, 2-

bis(di-t- butylphosphlnonethyl) 4-(trinmethylsilyl)benze
ne; 1, 2- x?

bi s(2- phosphrﬁonethyl 1,3,5 7-tetranmethyl-6,9, 10-tri ox

a- X5 ada@antyl)-4, 5-di phenylbenzene;
1,2-bis(2-th§phinonethyl-
1,3,5,7-tetratt hyl-6, 9, 10-tri oxa- adamant yl ) - 4- phenyl b
enz ;

1, 2- bi s(2- phosphi nonet hy1-1, 3,5, 7-tetranet hyl-6, 9, 10-t

ri e Sddamant y1) - 4, 5- bi s- (tri net hyl si 1y1) benzene;

151, 2- bi s( 2-

' ph% hlnonethy131 3,5 7-tetramet hyl-6, 9, 10-tri oxa- adam
ant'yf) - 9roups " X7 and X" independently represent univalent

radicals of up to 30 atoms or X° and Xx° together form a

bivalent radical of up to 40 atoms and X° has up to 400
atoms;

£

Vo

1
Q" represents phosphorus; and
¢) opticnally, a source of anions;

25 characterised in that the catalyst system includes an
enhancer compound comprising an aromatic ring or ring
system substituted by at least one hydroxyl group wherein
the hydroxyl group pKa at 25°C is greater than 3.0 and

less than 9.1, the said enhancer compound excluding 3-
30 guinelinol.




304-(trinethyl silyl)benzene; 1, 2-bi s(di -

adamant yl phosphi nonet hyl) -4, 5 di phenylbenzene;

1, 2- bi s(di - adamant yl phosphi nomet hy1l) - 4- phenyl benzene;
1, 2-bi s(di -

adamant ylphosphi nonet hyl) -4, 5bi s- (tri met hyl sil yl ) benze
ne;

1, 2- bi s(di - adamant yl phosphi nonet hyl )-4-(trimethylsilyl
) 35 benzene; 1- (P, P adamant yli28t - but yl
phosphi nonet hyl ) -2-(di -t-

but yl phosphi nonet hy1l) - 4, 5- di phenylbenzene; 1- (P P
adanant W , meﬂ]@&i of 1nc*ea51n the efficazcy. of FfalySt

t bu uphos neth %& (d|-t but¥lp osphi none
ﬁnb ﬁ%@ % B Lot o8 benygally unsaturated
phoscpmmnpettsh;ab)na chrhort rdmﬂoyclla3059htnan§£$§/éace4 o a co-

bi s iget h zene;

( Pt P‘z(-f acrri?a%w X{’é %Qal)l sf‘)%?fr?&h@?ﬁ?&'}abzle( G- gomgining
Uhtylphosphlnonethyl) 4 (trinmethylsilyl)benzene; 1-(2-
phospIvapTe ikt desdal'd, A3°b0VE5 . G BIE 8 o
(di - t - but yIY5i$68pRI FrotRmtep]l Faos- Rji,pmnyrbmzene 1- (2-
phosphisonet hy gadd 35 glnkeh i AABLANL ;9 10- tri oxa- adam
antyl)- 2 - (di-t- butylphosphlnonethyf 4- phenyl
benzene; ;1- (2- 10 :

phosphi nonet hy%31, 3,5, 7-tetranet hyl-6, 9, 10-tri oxa- adam
antyl) - 2(di7(-buty1phosphinonethy1)4,5-bis-(
triqéthyla@ﬂyl)benzene;1-(2-phosphinonethy1-1,3,5,7-

10 \\3ﬁ

wherein

the groups X’ and X' independently represent univalent
5 radicals of up to 30 atoms or ¥X° and X° together form a

bivalent radical of up to 40 atomg and X° has up to 400
atoms;

Q' represents phosphorus; and

20

c) optionally, a source of anions;

characterised in that the method includes the step of

adding an enhancer compound comprising an aromatic ring or

25 ring system substituted by at least one hydroxyl group

30

wherein the hydroxyl group pKa at 25°C is greater than 3.0
and less than 9.1. '

4. A method of increasing the rate of carbonylation of an

ethylenically unsaturated compound in a reaction with




tetramet hyl-6,9, 10-tri oxa- adamantyl) 2(di-t -

but ylphosphi nonet hyl )-4-(trinethylsilyl)benzene; 1- (2

- 15

phosphi nonet hyl-1, 3,5, 7-tetranet hyl-6, 9, 10-tri oxa- adam
antyl)- 2- (di adamant ylphosphi nonet hyl) -4, 5-di phenyl
benzene; 1- ( 2-

phosphi nonet hyl-1, 3,5, 7-tetram®t hy1-6,9, 10-tri oxa- adam
antyl) - 2-

(di adamant yl phosphi nonet hy1) - 4- phenyl benzene; 1- ( 2-
phogphbaonetiysdidy, 35, thet gircaBRERYAF 6a I9cdOrdadtand- adany a

t
282%6% B MRS BN SR b G S RYI 2P BUB0s- (tri net hyl si
y1l) benzene,
2- t
trfoxgagzgﬁgﬂggééhM; Fgganﬁn%s%%ﬁggp Y%og%?ﬁig) fompound
€t ri met hyl sheyagbasiensed from Ru, Pt or Pd;

1- (di - tmbukyh phosphisng Hﬁ&f@d)fﬁ%mula I)
(d|adananty1phosph|nonethy 5-di phenyl benzene;

1-(di-t- 25
but ylphosphi nonet Ryl) - 2- (di adamant yl phosphi nonet hyl ) - 4
- phenylbenzeneg}’ di -t - butyl phosphi nonet hyl ) - 2-
(di adangnt ylpRosSphi nomet hyl)-4,5-bis-( trimethylsilyl)
benzene; 1-(dr-+-butyl phosphi nonet hyl) - 2-
(di adamant yl phos gpn?gFthyl) 4-(trimethylsilyl)
benzene; 1, 2- 30
bis(2-phosphinonethy1-1,3,5-tr|nethy1-6,9,10-tr|oxatri
168YClRd3::3; 1. 1[ 3. 711decyl) - 4, 5- di phenyl benzene;

- bi s(2-

phosphi nonet hy1l-1, 3,5-trinethyl-6, 9, 10-tri oxatri cycl o-

f 3. 8nd. Jg[rauﬁ}d;écséloa» 4xﬂoh9mé§beﬁéaeeyl r@pPLSéde univalent
phogg%_ 5- trlnet 10-trioxatricycl o-
35{ XS P f[ § 7]"}%eté’yl:j 4255 sor( ’fr i2Ret Hy| §pa§ter form a
benzengcht?-radical of up to 40 atoms and X* has up to 400
1§is%aﬁﬁnosphinonethy1-1,3,5-trinethy1-6,9,10-trioxatri
cycl o-

(' represents phosphorus; and

¢) optiocnally, a source of anions;
20
the said method comprising the step of adding a rate
enhancer conpound comprising an aromatic ring er ring
system substituted by at least one hydroxyl group wherein
the hydroxyl group pKa at 25°C is greater than 3.0 and
25 less than 9.1.

5. A process, catalyst system or method according to any
of claims 1-4, wherein the amount of enhancer compound in
the reaction composition is 0.1-15% w/w.

30
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140 {3.3.1.1[3.7]}decyl)-4-(trinethylsilyl)benzene;
1-(2-
phosphi nonet hyl-1, 3,5-trinmethyl-6,9,10-tri oxatricycl0{
3.3.1.1[3. 711decyl) - 2- (di -t - but yl phosphi nonet hyl ) - 4, 5-
di phenyl benzene;
1- (2- phosphi nonet hyl-1, 3,5-tri methyl-6, 9, 10-
S5trioxatricycl0-{3.3.1.1[3.7]}decyl)-2-(di-t-
but ylphosphi nonet hyl) - 4- phenyl 13enzene,;
1- (2- phosphi nonet hyl -
1,3,5-trinmethyl1-6,9,10-trioxatricycl0-{3.3.1.1[3.7]}de
cyl)-2- (di-t-butyl phosphi nomet hyl)-4, 5-bis-(
trinmethylsilyl) benzene;
1- (2- phosphi nonet hy1-1, 3,5-tri nethyl-6,9,10-trioxatric
ycl0€é. A process, catalyst svyst

¥ ystem or method  accor tdﬁf/ip) t2 any

10{3 dec i -t-butylphosphi none

- ??n%ﬁ% Eé‘s,uq' 1) B%%‘zz%]ﬁb%%e(ﬁ DOWRIES Admerdyds 1B DiBlentate
t?ln%%%¥¥i©f9ﬁ¢®mulaomatrlcyclo (3.3.1.1[ 3. 711decyl ) -2

- (di adamant yl phosphi nonet hyl ) - 4, 5- di phenyl benzene;

1-(2-

phoséhlnonethyl>f 3,5-trinmethyl-6,9,10-trioxatricycl o-
15{3. 3 !3 714 decy1) - 2- (di adamant yI phosphi nonet hyl ) -
4-phe I

el
;1-(gzphosph|no thyl-1,3,5-trimethyl-6,9, 10-
trioxatricyclo-{"3.3.1.1[3. 7] 1decyl ) - 2-
(diadanantylphosphinonethyl)-4 5-bis-( trinmethylsilyl)
benzene;
- (2- phosphi nomet hyl1-1, 3,5-tri nethyl-6,9, 10-trioxatric
cl o-
20{&h&ré1ﬂ[3 dls} deayik)z12nedisadappnt hi nonet hy 1) -
%%5&@9{#y|3|| 1)]b:hzgne SaHRd ML{HH%ﬁ% AYE Wt 1-6
'S perfﬁnﬁ) ¢99 Bhosphlnonethyl-
1 3,5,7-tetranethyl-6,9, 10-trioxatricyclo(3.3.1.1[3.71
1 d 1 di,phenyl zen
%ﬁ¥ )gr°f§%Uo?g(2Q%ho§§ﬂlﬁ%ﬁefﬁyllnde?endently represent
lidsul’al‘?a WY FRRG LS 609, Wr0-tior Boxatansy obefandlly Hadbifly at
eﬂ:&‘ﬂ-f}t 85& &QQ‘EXEI‘?G%Q Sn atf”ﬂyflf éghg_c? the group is

2:bj s- erfluorog phogsphi none
tet?%ﬁé“t‘ Y2 &8¢ £0- BF | %xa’%ﬁ%y@lﬂo{@ @dl XP( and}dx deChR x4

-4, Bedither form a bivalent radical of up to 40 atomg,

optionally having at least two tertiary carbon atoms via
20 which the radical is joined to the Q' and/or 0? atom; and

1 2 :
Q" and Q° each independently represent phiosphorus.

7. A process, catalyst system or method acecording to any
25 of claims 1-6, wherein suitable enhancer compounds are
selected from compounds having an aromatic ring or ring
System which is further substituted with, in addition to

the hydroxyl group, an electron withdrawing group.

30 8. A process, catalyst system or method according to
claim 7, wherein the electron withdrawing groups are



(trinmethyl silyl)benzene; 1, 2-bi s-perfl uoro(2-

phosphi nonet hyl-1, 3,5, 7-tetranet hyl-6, 9, 10-
trioxatricyclo{3.3.1. 1[3. 7] 1decyl)-4-(trinethylsi1lyl)b
enzene;

301, 2- bi s- (2- phosphi nonmet hyl1-1, 3,5, 7-tetra(trifluoro-m
et hyl) -
6,9,10-trioxatricyclo{3.3.1.1[1317] }decyl) -4, 5-di phenyl
benzene;

1, 2- bi s- (2- phosphi nonet hyl-1, 3,5, 7-tetra(trifl uoro-net

hyl )sclected from cyano, halid itril '
6,9,d0:1 i gxatricycl 013 3.1, 1 3. N Tdedy 17 b pneRS e, -
ene’ L (O H r “C (O}RJ _COO Fi —C(O)Cl, —CF3' —SO3H’ —NH+3’
1, 2-ind (R phespdd.nonmet hyl-1, 3,5, 7-tetra(trifl uoro-net
hyl) -
356, 9, 10-trioxatricyclo{3.3.1.1[3. 7] }decyl) -4, 5-bis-(
Ezlﬁ%ih91$WQY&?Sbiﬂfﬂﬂggt%sﬂsbﬁﬁmm'nmthod according to any
- | wl, T
Rivosphi;pamet hyly ﬁy?%etpjékrther substitution is on the

tetra(trifluoro-nethy
tri GRHEr FéP8| 8F 3TN U itchdeby L pe 416464 ratdyici IgebhB is

eNZe®ached and at th th { s
1,2-gk§(di-t-butilpho%pﬁfn&%e?ﬂyQ3{§L%3§ﬁ:}Pﬁs-Bﬁeﬁ?FpFing
op- =y FFiRSfFetg; 2¢ 1east one —OH group.

19, 2- bi s(di -t-butyl phosphi nonethyl )-4-(2"- 5

pheRyl psop:-2- -Vl ) benzene;
T8 B8 oPeednti) FRRBCERY rorieRy PF- mathed gicaorsidngl to any
benggn@:]{i}gsbi Is(%di "’thdl@u%i' m’lﬁ&ﬁbﬁéor@hﬁﬁ-c&.&r compounds are
4-t shutydhen ;1,2-hi s(2-phosphi nonet hyl-1,3,5, 7-
tetranethyl-é?%?logt? SXarh BﬁghtYTYWEPSTPhE“°1' p-nitro-
di-?Eeg%henﬁrﬁFEﬁPTPhenyl)bem2€ﬂe¢-phenol, p-chloro~-phenol,
11, 2obtslcg3paspbi homet hylyl,.. tetranethyl-
adagg%tyl)-4§?gpg%henj?%gﬁ%¥2pb§?3%@nz P=

106h§d%§¥tlg 9%8;
ene - rYRenzylic acid,” o-hydroxy-benzylic acid, o-hydroxy-

benzaldehyde, p-hydroxy-benzaldehyde, pP-hydroxy-—
benzenesulphonic acid , and N-phenol quarternary ammonium
derivatives,
20
11. A process, catalyst system or method aceording to any
of claims 1-10, wherein formula I is a bidentate ligand of
general formula (IV) 9
25 XK= Q@ - A - R- B - Q' - x3(x% (IV)

wherein:

A and/or B each independently represent lower alkylene
30  linking groups:

R represents a cyclic hydrocarbyl structure to which Q1

2 . .
and Q° are linked, via the said linking group, on



bi s(2- phosphi nonmet hyl-1, 3,5, 7-tetranmet hyl-6,9, 10-tri ox

a- adamantyl)-4,5-(di-t-butyl)benzene;

1, 2- bi s(2- phosphi nonet hyl -

1,3,5 7-tetranethyl-6,9, 10-tri oxa- adamantyl) - 4-t-butyl
benzene;

1, 2- bi s(di - adamant yl phosphi nonet hyl ) -4, 5-di - (2' - phenyl
prop-2' - 15yl) benzene;

1, 2- bi s(di - adamant ylphosphi nonetzhyl ) -4-(2' -

phenyl prop-2' -y1) benzene; 1, 2- bi s(di -

adamant yl phosphi nonet hyl ) -4, 5- (di -t - butyl) benzene; 1, 2-

bi s( a2 adaemtadjsiessphrnohit hytcsd-oft- Ruby bybeng enRitca rby1
(P, Psadasmnta hubut yl phosphi nomet hyl ) - 2-(di-t- 20

but yl phosphi nonet hyl ) - 4, 5-
di-(Zg-phenyIprop-2‘-y1)benzene;1-

(2, 2atamanty| sderbubhdbpbosihing - 2-(di -1 -
bytylphosphinonethyl)?4-(2'}gﬁgﬁ ﬁ%%%%i?£9§F?%%ﬁ§Ene;

1- (P, P adamantyl,t-butylphosphi nonethyl)-2-(di-t-
butyl%hdspprﬁwﬂaLhybhtéiﬁgﬂdgygtgwtgk)qQQ%EE@,gééJ%Jgng o

25 aglananty. t-butyl

phosphi none%]'ffyl)‘?‘ﬁe-‘{e&in-t B | pHESSRI nétet hyf) - 4x1 - bang %

lbenFeie@engently represent univalent radicals of up to 30

(2- phaehifaQagihyk 1, 7-tetramet hyl-6,9, 10-tri oxa-a

lgqrrargézylg 22 -f(gi -tlf-a 5t§’/?%h%%"gﬁiaﬁg’w§laﬁ§’ﬁ?4§59m or X' and
-(or ® ﬂ.é?r‘g/ﬂbr G2X- iodsdeenéodm a bivalent radical of up.

(2- ploosphi Beams hkving. Se7 oLk A Vde 0, 0 LI OKE-2

da I . .

30@?‘%9-1?- BRATY | FHoh piveAREhyPS -iadenphengipabpi’ joined

1) bémzeseid lat least one or two terti .

(2-RBa5ROL NAIK) %3615;% 3,5, 7-tetramet hyT:6, 9 0 *"Fon  avons

trioxa adamantyf) 09 2pPropriate atom Q' or Q7.

1(Bdi-t-butylphosphinonethy1)4,5-(di-tbutyl)benzene; 1-

(2- phosphi nonet hy1-1, 3,5, 7-tetranet hyl-

6,9440-trjoxa-adamaptyl) - 2 -

(di e B%t%/rfﬁ%fphf‘ﬁgﬁéf%l Yystep. ozomphked berremeng to any

é' (ef p¢b@p i nefel hyleds i, 5§Zm§.@é§ et ituted arcomatic

: o dladdd oéaagggﬁggtyi%qé é% of  formula I includ

26 ggﬁpanty[phosp I noret" 91 -475- clude the

ovlng. 1r2'bis-(dl-tert-butylphosphinomethyl)benzene,

l’?—bls"(di_tert“PentylphOSPhinomethyl)benzene, 1,2-bis-
(dl-tert-butylphosphinomethyl)naphthalene, 1,2

=

bis(diadamantylphoSphincmethyl)benzene, 1,2 Dbis(di-3,5-
dimethyladamantylphosphinomethyl)benzene, 1,2 Dbis(di-5-
25 tert“butyladamantylphosphinomethyl)benzene, 1,2 bis{l-
adamantyl tert—butyl~phosphinomethyl)benzene, 1,2-big-
(2,2,6,6- tetramethyl~phospha—cyclchexan-4—one)~o—xy1ene,

1,2—bis—(2-(phospha-adamantyl)}~o~xylene, 1-
(diadamantylphosphinomethyl}~2*(di—tert—
30 butylphosphinomethyl)benzene, 1-(di-tert~

butylphosphinomethyl)=-2-
(dicongressylphosphinomethyl)benzene, 1I-({di-tert-
butylphosphino)—2-(phospha-adamantyl)o-xylene, 1~



142 di - (2' - phenyl prop-2' -yl) benzene;

1- (2- phosphi nonet hy1-

1,3,5 7-tetramet hyl -6, 9, 10-tri oxa- adamantyl) - 2-

(di adamant yl phosphi nonet hyl ) -4-(2' - phenyl prop-2'-y1) be
nzene;

1- (2 phosphi nomet hy1-1, 3, 5, %%t ranet hyl- 6, 9, 10-tri oxa

adaaaﬂmymﬁyEPM@$@@amahf&+nwmswmmmﬁaeanmﬁyﬂ-d%xyﬁenebu 1-
zene;

L e D e o s Ao -3 (BT S bt iy - 6, 0, 1BStramethyl-

pnbggs@aa@maﬂan&wm@ﬂarmnt yloph@a@ﬁenorret hyl'}-4212be, 6-
g benzene; 1- (di -t - but yl phosphi nonet hyl)

a@a%%rh%@%%%%m%-%ﬂﬂ bmwkp%np 2' -
di -t t h
%é %Qﬁgﬁ?iﬁgﬁosp |kone?ﬁy¥§Q38?g bﬂggE§PXE%%?§p@y&§%e )-2-
ndEﬁEerﬂ-buﬁylphmﬁyhp@mﬁmﬂnnQMQIhyﬂ} Rhospha-adamantyl) -2~
gdladggant ghosp i no -4,5-(di-t-butyl) benzene;

antyl)met zene, -

dey&%mmh@%mm&lét@yi diadamant yl phosphi nonet hyl )
-4-t- 15 butyl benzene;

1d2a@@@wtqoh@l@wmmkquqn@,5 trinethyl 1-(2-(P=(2, 2 6,6~
B:2-30s 8L PxalsL cvel 8 d %o 1AL B Zhd lpoudlh Pl (2o
ﬂeQr@mstBybh@@@@ﬁmaﬂeybyéhéxém54 one, 1-(di-tert-
tr| 10- trloxatrlc cl o-( [ 711decyl)-4 .
%§y %%m%}%ﬁmﬁﬁgy ngbEQQ%%%ha adama tyl) benzene;1-(di-
@egt%§{jﬁlm§@lﬂi@&ﬂgﬁmﬂ- yd23, 5-

20trinmethyl-6,9, 10-trioxatricyclo-(3.3.1.1[3. 711decyl)
(dl@dmantylwmwl)llb@hkwm@ene, 1-(di-tert-
phinopet hy 151 L met hy _
% éyg%§§ ?oxa r?%@ ? }% &§1?3 7 Idecyffa%th%ut§P85pha
azehehexan-4-one) benzene, 1-(tert-

butyl, adamantylphosphinomethyl)-2-(di~
adamantylphosphinomethyl)benzene, 1-[(P-(2,2,6,6, -
tetramethyl-phospha-cyclohexan-4-one)methyl) ]-2- (phospha-

adamantyl)benzene, 1,2-bis-
(ditertbutylphosphinomethyl) ferrocene, 1,2,3-tris-
(ditertbutylphosphinomethyl) ferrocene, 1,2-bis(1,3,5,7-

tetramethyl-6,9,10~-trioxa-2-phospha-

adamantylmethyl) ferrocene, 1,2-bis-a,a-(P-(2,2,6,6-
tetramethyl-phospha-cyclohexan-4-one) )dimethylferrocene,
and 1-(di-tert-butylphosphinomethyl)-2-(P-(2,2,6,6-
tetramethyl-phospha-cyclohexan-4-one) ) ferrocene and 1,2-
bis( 1,3,5,7-tetramethyl-6,9,10-trioxa-2-phospha-
adamantylmethyl)benzene; wherein “phospha-adamantyl” is
selected from 2-phospha-1,3,5, 7-tetramethyl-6,9,10-
trioxadamantyl, 2-phospha-1,3,5-trimethyl-6,9, 10
trioxadamantyl, 2-phospha-1,3,5,7-tetra(trifluoromethyl) -
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1- (2- phosphi nonet hy1-1, 3,5-trimethyl-6,9,10-trioxatric
ycl o{3.3.1.1[3.7]}decyl )-2-(di-t-butyl phosphi nonet hyl )

-4, 5-

di -(2'- 25 phenyl prop-2'-y1l)benzene;

1- (2- phosphi nonet hyl-1, 3, 5-

trimethyl-6,9, 10-trioxatricyebd-{3.3.1.1[3.7]1decyl)-2
-(di-t-

tfp’tglz’l Phaspkixaeniimtl)- 4- (2' - pheay! prop- 2' - yhdenzeael, 3, 5-

phols gHi ifdmstieyethvd ) 500 & Afr iy 10829216t viloxat ri cycl o-
{3.3.1.1[ 3. 7] 1decyl) - 2- (di -t - but yl phosphi nonet hyl )-4,5
-(di-t- 30 butyl)benzene;
Iehle2ephosphimiomretdy 1sdi (308 et sulet hydtegl Rarg-aromatic bridged

tbﬁd%’ﬁ%%{ cycl o-(3. 3. %géké*s”ldecy') %n(thdé(?UJ M, 9“9?9{1:11 -

onet

) 4-t-butyl Dbenzene; 1-(2- I nomet

th@,ysphwnmmhgnbtl@y@ ~HOStr i dxaﬁmclyclwa@hsxanq{s 7] Toel, 2-

g t-butylphosphinomethyl)-5- methylcyclopentane; cis-
?%"agananfyypﬁos%%fhoneth§lS , 5-di % Y hgn§1?ro -2' - :
1 S hinomethyl-1,3,5, tetramethyl trloxa—
ViL 2 -85S beprene!

%dg%agbﬁﬁpa|@08§ﬁ£%6§l%f%l§hé£%ﬂ£thyl 6, 9 10 cis-1,2-bis(2-

trioxatricyclo i

mOéeamﬁegﬂilyﬁo

3. 7] }decyl) - 2-
phi %&né?ﬁ?il)‘etzf’-y(lﬂ %hje%ﬂrﬁloéf) pdanppyd) 5=

Q%Qﬁ?lcyclopentane, ClS 1,2-bis(di~adamantylphosphinomethyl) -
2- phosphi nonet hy1- 1, 3, 5- trinmethyl-6,9, 10- trloxatrlc

ﬁc%o [3. 3. 1. 1] A AELGI§LAEansdamant yI phosphiSaomethys (41~

1ﬁﬁm$a5t&Iﬁhdéphﬂﬁ&%éﬂh@ﬂleBemethyl cyclopentane, cis-1- (P,P
(2- phosphi nonet hy1-1, 3, 5-trinmet hyl

10- .
5FPFBQB¥¥ﬂcycIo (3.3" Tuif% 7]}decy1fm§Sphl“°methyl) ~(di-t-
(Hﬂt@d@ﬂ@&ﬁdﬂn@hésm&mINEVBPhybﬁmétﬁyiﬂﬁdﬂbh@ﬁiﬁ@ﬁ l¢2-hi-s- (p, P
herfLuorp(2- phosphi noget hy1-1, 3,5, 7- L eLr AMRL W 8y % 1041 -« -
tHthxahm$gnwmbmé8hgﬂ:L5}h3tﬂy}eyha©pémtéméi-d|-(2‘-qahemylp (2-
rop-2: - _ o _ _
f%§§BP§m% tPVuordgggphggﬁﬁ?ﬁgﬁ%%hglg1%%f§??§a adamantyl}
Iotetmaﬁetwqtyi®h9sﬂﬁhmdmaahatr4cyc1b@@t8y1¢ﬂ4K§HEk}d@cy¢is 1-

Zo§

_.2_

pn%gng %9{10;@{;5 mg r%%@m % @lﬁﬁ%&&yoaro%antyl

7-t et ranet
(dl t- butylphosphlnomethyl) ~5- methyl cyclopentane, cis-1-

(2-phosphinomethyl-1,3,5,7-tetramethyl-6,9,10~trioxa-adamantyl)

-2 -

(diadamantylphosphinomethyl)-5-methyl cyclohexane; cis-1-

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

adamantyl)-2-(diadamantylphosphinomethyl)-5-methyl

cyclopentane; cis-1-(2-phosphinomethyl-1,3,5,7-tetramethyl-
6,9,10-trioxa-adamantyl) -2-
(diadamantylphosphinomethyl)cyclobutane; cis-1-(di-t-
butylphosphinomethyl)-2- (diadamantylphosphinomethyl) -4, 5-
dimethyl cyclohexane; cis-1-(di-t-butylphosphinomethyl)-2-
(diadamantylphosphinomethyl)-5-methyl cyclopentane; cis-

1,2-bis(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-

trioxatricyclo-{3.3.1.1[(3.7]}decyl)-4,5-dimethyl cyclohexane;

cis-1,

2-bis (2-phosphinomethyl-1,3,5-trimethyl-6,9,10-

trioxatricyclo-{3.3.1.1[3.7]}decyl)-5-methyl cyclopentane;

cis-1-

(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo~-
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trioxatricyclo{3.3.1. 1[3. 711-decyl)-4,5-(di-t-butyl)be

nzene;

1, 2- bi s-perfluoro(2-phosphi nonet hyl-1, 3,5, 7-tetranet hy

1-6, 9, 10-

15trioxatricyclo{3.3.1.1(3. 711decy1) 4-t-butyl

benzene; 1, 2-bi s-

(2- phosphlnonethyl-l,3,5,7-tetra(tr|fluoro-nethyl)-6,9
{303.1.1(3.7]}decyl)-2- (di t-— butylphosphinomethyl)—4 5-dimethyl

E%&g?%g|w %yClot§531]' %onglno%gghj% ? 9' rlm%gggyléné 10-

Zene;

1r29*HH¥l@2€p©0E&ﬂﬂ Aemed hyll-dec3 L5 7= tat1ta(tri f 1uor o-

H‘_c?%%&)p'sgﬁ S ypx tﬂ«%@é/ﬁgﬂégéc}c%%e&{%eﬂ}decyl)'é‘fs(-%-

prop

phos i igof2 L phbsiphi, ﬁongtmgmhyl 6,9,10-trioxatricyclo-

3 At I
%?.%iéﬁkfgggﬁ%%éhﬁ 503?3

diapethyl cyclohexane; cis-

1, 2-bis-(

r amet h

S

g%%gmfgﬁP?y%uﬁ been

2 -phosphinomethyl-1,3,5-trimethyl-

&) ijbi%rQ%x9b£¥Hyyl%OW§t@YﬂJﬁe3ﬂ$}3éé§¥ yra(trifluoro- et

Gdgaqegﬂatnrtmféwa@smf@yl@m@{@y@ -5-TR3hY] ) dEeletapeput yl ben cis-
ieﬁebléﬂéerfluoro 2 hos%hlnomethyl 1,3,5,7-tetramethyl-6,9,10~
p

hosphlnoneth

E?b@%ﬂﬁ%%&ﬁci b%f% 141@§r7}&ﬂQ%fIé 1§d§1ﬁﬁ$ﬁéﬁélly(SVG%%ﬂ%Xane'

C1sknﬂzﬂbﬁﬁo§é¥ﬁﬂuyP%tByéﬂoé%thhﬁﬁﬂﬂﬁﬁimj@”@nﬁyﬂétf%meth -
(di adamant Iphos hlnonethyr)

2 1%5%6@§ﬁ%¥%ﬂﬁﬁﬁﬁ€yi)léi@tF.h%?
30c{phospha; adamant y1)i-s2-1( phespha- @dgrastyijomethyl-1, 3,5, 7-

tetra(trifluoro-methyl)-6,9,10-

gtrlnEthyIS|IyI)benz ne,

trioxatricyclo{3.3.1.1[3.7]}decyl) -4,

s Fybehzene, ~ 1-

5-dimethyl cyclohexane;

cis-1,2-bis- (2-phosphinomethyl—-1,3,5,7-tetra(trifluoro-

methyl)-6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-5-methyl

cyclopentane. ; cis-1-
6,9,10-trioxa-adamantyl) -2~ (di-t-buty
dimethylcyclohexane; cis-1-

tetramethyl-6,9,10-trioxa-adamantyl)

tetramethyl-6,9,10-trioxa-adamantyl)

(2-phosphino-~1,3,5,7-tetramethyl-

lphosphinomethyl) -4, 5-
(2-phosphinomethyl-1,3,5,7-

-2-(2-phosphino-1,3,5, 7~

-4,5-dimethyl cyclohexane;

cis-1- (di-t-butylphosphino)-2-(di-t-butylphosphinomethyl) -

4,5-dimethyl cyclohexane;

cis-1- (di

~adamantylphosphino)-2-(di-

t-butylphosphinomethyl) -4,5-dimethyl cyclohexane; cis-1- (di-

adamantylphosphino)-2- (di-adamantylphosphinomethyl) -4,5-

dimethyl cyclohexane; cis-
6,9,10-trioxa-adamantyl) -2-
dimethyl cyclohexane; cis-1- (

phospha-cyclohexan-4-one))-2-(di-t-

(di-adaman

4,5-dimethyl cyclohexane; 1-(4,

1- (2-phosphino-1,3,5,7-tetramethyl-

tylphosphinomethyl) -4,5-

P-(2,2,6,6- tetramethyl-

butylphosphinomethyl) -
5-dimethyl-2-P-(2,2,6,6-

tetramethyl-phospha-cyclohexan-4-one) -

[1S,2R]cyclohexylmethyl]

cyclohexan-4-one;

-P-2,2,6,6-

tetramethyl-phospha-
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-4-  (trinmethylsilyl)nethyl benzene, 1-(di-tert-

but yl phosphi nonet hyl ) -2-(di -tert-butylphosphino)-4-

(trinmethylsilyl)benzene,
1- (di adamant yl phosphi nonet hyl) - 2-

(di adamant yl phosphi no) -4-(tiaBpet hyl silyl)benzene,

1- (di 35

tﬁHéD@MinﬂQﬁ@@@EnOHEth%hkagiédiﬁﬁﬁﬂﬁﬂkllﬁﬁ@&phhﬁ@}aﬂomatic

144 (trinmethylsilyl)benzene,

rrigioetert -
telapeb lrﬁ;la@%ap@r &yslophexas; 4- one) - 4-
(trimethylsilyl)benzene,

APtaRBs phi WomedRy | ) - ineluse( 2, 23 Bk 2-bis (di-t-

cis-1,2-bis(di-t-

P%WlPPéFEW%WﬁﬁﬁﬁébW%ﬁﬁPhﬁrﬁ 2- (p (2,2,65637 L, 27bis(di-t-
cis-1,2-bis(2-
(trimeth 1-(2-(2- .
s BRI LY Ry 1 D GeOALE Lo S M- S SREY) - 4.
tadamehbyl mjwohenzyel) 2, 2i 6;162t-bt 5 arttyslonphoesaitaay el ®, 5, 7-

tkﬁlﬂy@ﬁﬁbﬁ%m@h@ﬁﬂhﬁ)’cﬁl@}b@h@ﬂ@xan - one)

hexan- 4- on

tﬁﬁﬁ?PFtBY&)ﬁ 2ad Bt 3T REEPRT o) “HCL A HHARSHit yI phoSp

% 1,2~

IHMMTQPbyb$phB%o@bthﬂI&IHH Si, Nyt 9 themeehel -6 and 0@ ribrer-ei n

ZP n@gga q%% %e?ls sel ected from

h
t e(f %fﬁ? ?’??%dsgjrhgﬁé?%@wl-)§,y§,l(i%e%traln§xadarmnt yl
2daresphadh&rb-inping tirylf)loyot oetang;) - 6, 911D t4kégadaman  P-

tlgj(’dzl ’t%;(i_but yl phosphi nonet%e)/tf‘r)a-rtﬁe?kby]( 2020560%61 Ce%

(P, P~adamantyl,
pl'ko spl?llno eCtlhoyll?Sgn % on%)u)cylpl'{gsph%toqu:l%lzll yly)cflgﬁ

ydre) ) dimethylcyclohexane, cis-1-

tanmet hyl-6, 9, 10- trloxadanantyi
hu&mhat11§hd$phunpmetmym{ﬁcgpﬂékane oxadamant yl ¢is-1

cis-1,2-bis (di-

or

2z blS(di—

;2= blS(di—

clohe
r amet

an-4-

t-butyl-

rocene
exane;

cis-

ILQ bt -sftdisphi bort | PO S phé trometthyl } 6 A 5-0ditpheryifdmaocel ) -2-

ne;.
1&§fﬁrs(di-t-butylphosphinonethyl)-4-(or|f|phenylferro
(2-phosphinomethyl-

]1123 b, gggetéam%%éﬁpé‘o&%' RUBL IV aredn Py PY S (LULABL NS -

daumelphosphinomethyl) cyclohexane; cis-1-

erroc

ll&B-5h§6detnam@mbylp6uﬁsﬁW|mgnﬁ%dnﬁEPmAntml dqvglohexane;
JLJIEEH¥§ngS%£%§55{£5: %ﬂ %Lghgvfﬂh%sBHfﬁ%HEﬂH§Q?E9@?6hexane,

cis-1- (di-adamantylphosphino)

butylphosphinomethyl) cyclohexane; cis-1-

adamantylphosphino)-2-

-2~

cis-1-

(di-t-
(di-

(di-adamantylphosphinomethyl) cyclohexane;

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

adamantyl) -2- (di-adamantylphosphinomethyl) cyclohexane;

P-(2,2,6,6- tetramethyl-phospha-cyclohexan-4-one))

butylphosphinomethyl) cyclohexane; cis-1-

tetramethyl-phospha-cyclohexan-4-one))-2-

(
(

cis-1- (

-2-

(di-t-

P-(2,2,6,6-
P-(2,2,6,6-

tetramethyl-phospha-cyclohexan-4-one))methylcyclohexane;

clis-1- (P, P~adamantyl,
butylphosphinomethyl)cyclopentane; cis-1-
butyl-phosphinomethyl)-2-(di-t-
butylphosphinomethyl) cyclobutane; cis-1-
1,3,5,7-tetramethyl-6,9, 1l0-trioxa-adamantyl)

t-butyl-phosphinomethyl)

-2-

(di-t-

(P, P-adamantyl, t-

(2-phosphinomethyl-

2

(di-t-
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1,3,5 7-tetranethyl-6,9, 10-tri oxa- adamantyl) -4, 5-

di phenylferrocene; 1, 2- bi s(2- phosphi nonet hyl-1, 3,5, 7-
tetramet hyl-6,9, 10-tri oxa- adamantyl) 4-(or

| f1 phenyl f errocene;

251, 2- bi s(2- phosphi nonet hy1-1, 3,5, 7-tetranet hyl-6, 9, 10
-tri oxa- adamantyl)-4, 5-bis- ¥$%|nethyIS|IyI)ferrocene

1, 2- bi s(2-

phoﬁxﬂﬁdm@MEhbyéxH&13 5¢§bldnemanethydrﬂ519 12 tphioexhi actaahhy 1 -

ntyd ), ' |SI| f errocene; _ L
Lo st Sy P phos ot Ry s 2 - e
uupykgndﬂpgnnomQWhyllcgeb®§gahan630 cis-1- (2-phosphinomethyl-
d ! ) r | ferrogcene; |, ._._
?:%g93$¥: ngga nty%b%%gb%fﬁ%ne%%%$?: XSbls (9 (di-t
by yiathopiodii hyhg flerl) oc ertes 1bpREbhg( di cis-1-(2-phosphinomethyl-

?g?f%gijﬁSQQQﬁQEﬂ§¥ﬂ%?bD¥b)ff%anla&é%aééyﬂ)"Ethy'Si|y1) —2-
19{ PiPmdaranb gsolinopeyhphosphiohenetty 1) - 2- (di -t - 35is-1-(2

€H$§QH¥H$%Bth9HPPP¥J» @e@&éﬂd%ﬂ?@¥kf@rfdﬂ¥%n8x§—é&%ﬂ3ntyl
damanty hosphi nomret hy1) - 2-(di

6@¥@4%ﬂﬂﬁ§§ﬁph@ﬁﬁﬂﬁwﬁfth¥¥dﬁTﬂPEHéﬁ?mﬁerrocene 1- (PsPs-1-1(2

g @é@fmr%%letmpyiylp%osphémttwmﬂg (dtbioxa-adamantyl) -
ut hosPhlnone yi)-4, 5. bis-(

@Tlnethy1§pf9§¥§@ﬁykﬂ§§ﬁ@hgpomethyl)cyclobutane, cis-1-(di-t-

éﬁEyﬁaﬁ%%amtheﬁn¢wtyLphOSphlnonethyl) 2-(di-t-
but yl phosphi nonet hy1) (or 1

6?%?@ﬁQQ%}YéPP?FB?%&OPSEE%%>%YClO%exane' cis-1-(di-t-
ggtpngﬁg@hngaﬁgﬁmﬂ 123,5,7-tetranmethyl-6,9, 10-tri oxa-a

%a?a@%ﬂﬁyﬂﬁﬁﬁi&ﬂﬁQ%@ﬁE?%§]SXElQPSPbﬁ%ﬁyIferrocenéli 1-(di-t-
6@tylphosph1nomethyl)
(diadamantylphosphinomethyl)cyclobutane; cis-1,2-bis(2-
phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)cyclohexane; cis-1,2-bis(2-
phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)cyclopentane; cis-1,2-bis(2-
phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)cyclobutane; cis~1-(2-phosphinomethyl-
1,3,5-trimethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)~-2~
(di-t-butylphosphinomethyl)cyclohexane; cis-1-(2-
phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)cyclopentane;
cis-1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)cyclobutane;
cis-1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10~trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(diadamantylphosphinomethyl)cyclohexane;
cis-1-(2-phosphinomethyl-1,3,5-trimethyl~6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl) cyclopentane; cis-1-(2-
phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(diadamantylphosphinomethyl)cyclobutane;
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phosphi nonet hyl-1, 3,5, 7-tetranet hyl-6, 9, 10-tri oxa- adam
antyl)- 10 2 - (di-t-butyl phosphi nonet hyl)-4-(or

1f | pnenyl ferrocene;

1- (2- phosphi nonmet hyl-1,3,5,7-tetranetnyl-6,9, 10-tri oxa
- adamantyl)-2-(di-t-butyl phésphi nonmet hyl) 4, 5- bi s-(
trinmethylsilyl)ferrocene; 1-(2-phosphi nonmet hyl-1, 3,5, 7-
tats-anethyd- gﬁs,r&,lfh@r& (2%@5@5&5@@@13& 2(dis t~tdbramethyl-

) % go [} ) decg?tqylskexlge, cis-
(122opbas phé nonet-by 1-dh & ch,i Rohetiraret By 4, 6,13 tkenk thoker- &, 10-
qgnant%%% %ﬁ 713 1) lopent 1,2-bis-
(ditRAATBT Y TSHSS Bht nokmet By P54 SYGi BREN T Fer r ofefier 27 P1S

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

VSRR L B ol e 2,00
f@%p@oep@;momgzhyzel 3, 5 7- tetra trlfluoro -methyl)-6,9,10-

g%ggggg[cp%g%fy{% 303, Pyl SLL PRI B a0 tri oxa-adam, 5

(sl a%@nﬁy&#ﬁmﬁh&ﬁohﬂmmmt& piflvpraerdiylvd) 1§19, 10~
)tff%&299§ clo{3 1 1[03.7] %dec¥l cyclo enta

bu&y @hosphlnoneth

xatric

ddehet ¥

- phosp |none y1 1, 3,

et ramet hyl-

ne,

trio a .
r If%%ﬁegy “bis

and
10-

tquo%a2a@%ﬁnanty1) 2- @dP%@ﬁﬂﬁ%@PvPE#ﬁﬁ;ﬂhﬁnén%r?@ﬂ%a-4r€6¥u0r0“
:hék@kﬁ ﬂﬁtibﬂdik%¥é§a€é¥'&Q@@ﬂ?ﬁs151[3 7] }decyl) cyclobutane,

1- (di -t - but'yIphosphi

2 diamant y| phoxsphi hioret

nonet

J>f/ﬂ/l% -2 15 TR ferrisclelietert -

:hft¥13ﬁﬁ%ﬁhﬁ1omﬁ?%Y%ﬁnhyl? 3 (dladanaﬁty?pﬂosphlno— spdo) -
IQMchMbKZHZ]ﬁluﬂpﬂ@ﬁb4QeBFau$na; tert-

(di-t-but osphi
%B? Rﬁaﬁ%ﬂﬁﬁ%y Horfet hyl ) - 4, 5-bi s- (tri met hyl si 1y1)

ferrocene 1-(di-t- butylphosphlnonethyl) 2-

nomet hy1l) - 2-

and wherein examples of substituted aromatic bridged ligands

in accordance with
butylphosphinomethyl)
butylphosphinomethyl)
butylphosphinomethyl)

bis (di-t-butylphosphinomethyl) -

the invention include- 1,2-bis(di-t-

-4,5-diphenyl benzene;
-4-phenylbenzene;
-4,5- bis-(trimethylsil

yl)

1,2-bis(di-t-
1,2-bis(di-t-

benzene; 1,2~

- (trimethylsilyl)benzene; 1,2~

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

adamantyl)-4,5-diphenylbenzene;

1,3,5,7-tetramethyl-6,9,10-trioxa~adamantyl)

1,2-bis (2-phosphinomethyl-

—-4-phenylbenzene;

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

adamantyl)-4,5-bis~(trimethylsilyl)benzene;

1,2-bis(2-

phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl) -

4- (trimethylsilyl)benzene; 1,2-bis(di-
adamantylphosphinomethyl)-4,5 diphenylbenzene; 1,2-bis(di-
adamantylphosphinomethyl)-4-phenyl benzene; 1,2-bis(di-
adamantylphosphinomethyl)-4,5 bis-{ trimethylsilyl)benzene;

1,2-bis(di-adamantylphosphinomethyl)-4-(trimethylsilyl)

benzene; 1- (P,P adamantyl,

butylphosphinomethyl)

-4,5-diphenylbenzene;

1-

t-butyl phosphinomethyl)-2-(di-t~-

(P, P adamantyl,
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30(di adamant yl phosphi nonet nyl) -4-(orl')

(trinmethylsilyl) ferrocene;

1, 2- bi s(2- phosphi nonet hy1-1, 3, 5-tri net hyl-6, 9, 10-
trioxatricyclo-13.3.1.1[3.7] 1decyl) -4, 5-di phenylferroc
ene;

1, 2- bi s( 2- phosphi nonet hy1-1,3%-tri met hy1-6, 9, 10-
trioxatricyclo-(3.3.1.1[ 3. 711decy1) 4-(or |fl phenyl
fterutndene; phosphlnomethyl (di-t-butylphosphinomethyl) -4-

I.$(Z-phosp 0 5:tyinet o
? ggrﬁégcio B pE%@¥%T%geé f)gﬁgELQ¥%)???F%£ ?Ryl 2
$di3&Ebut¥&§h¢@ghung@ﬁehyl ;55— bis- trimethylsilyl)benzene;
. 2- Dbi pha thyl- 1 tr| {lto
%rloxaﬁﬁgcycfgﬁ?%ﬂggﬁ 1{3 7 d%%yl) % Iﬁ?%tﬁgl (di-t
Prigrhysidyddhflerdotengrethylsilyl) benzene, - (2~
%hé%ﬂﬂﬂgﬁebh P”PPﬁ%lvlt .ém%%h9?1?¥i]%h%rlgxa§MMmantyl) -

rioxatricyc 0-{3 7]} déc
%ury1ﬁﬁésbh@%mm%ﬁﬁvpylup%?h@Wbhén@fﬁéﬁ@@&éﬁ%n%ﬂﬁa- 1= (2=
g In%@% ylr b 3, 5=1 L RihY 16699 Gy tt&heiaglarda%% { -

3.1. dec 1)y-2-(di-t- but y1ph SPhlnonet hy1) -
£ I fl gﬁgﬁyppé @ﬁﬂ?lnomethyl ~pheny - (2-
ghégpml%@Bhppmetjnslvlté’»tr%nte&h thyd -10-trioxa- adamant -

9, 10- trloxatrlcyclo-{s 3.1.1[ 3. 711decy1) 2-(di-t- %O
%utylphosphlnonethyﬁftab@¢Xﬁg?OEPP%?Rﬂqﬁﬂﬁélﬁyi)ferroceﬁ”s
@rlmethy151lyl)benzene, 1- (2-phosphinomethyl-1,3,5,7-

(2-phosphi nomet hy1-1, 3, 5-trinethyl-6, 9, 10- trloxatrlc_

§%W?ﬁﬂ??§y ~91 % A deei1) et YL ) but yMphospghi noret hyl {94~
béijyhoLphlﬁ@mémgmhyMSItﬁﬁmeﬂhgnegp@nﬁ benzene; 1-(2-
1- (2- phosphi nonet h 3, 5- .
PRy WTeéhél’lb?tP.ranS%Haéﬁg?éPéil{éc B0 HESOTF JHES IS -
2 - 15(diaadasmig W Halkesphomarmstihyd) s 44 iptdinghenydnzene ; 1-(2~

f .
BRI BB k1L T3, 8- EFTSARER L 66 O A sxaTIEpersh) 2
E?B?%FmﬁﬁyY@mdﬁﬁMlkmEtﬁﬂlad&@ﬂnhylphosphmnnﬂﬁthyl)-4-Gf(2—
en errocene;
pap %%? g%%y% { % Ee%gﬁ?ethyne§hy,1o trioxa-adamantyl) -

dladamantylphosphlnomethyl) -4,5-bis-{( trimethylsilyl)

benzene; ;

benzene; 1-(2-phosphinomethyl-1,3,5,7-tetramethyl-6,9,10~
trioxa-adamantyl)-2-(diadamantylphosphinomethyl)-4-

(trimethylsilyl) benzene; 1-(di-t-butylphosphinomethyl)-2-
(diadamantylphosphinomethyl)—4,5—diphenyl benzene; 1-(di~-t~
butylphosphinomethyl)-2- (diadamantylphosphinomethyl) -4-
phenyl benzene; 1-(di-t-butylphosphinomethyl)-2-

(diadamantylphosphinomethyl) -4, 5-bis-( trimethylsilyl) benzene;
1-(di-t-butylphosphinomethyl) -2~
(diadamantylphosphinomethyl)-4-(trimethylsilyl) benzene; 1,2~
bis (2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo~
{3.3.1.1[(3.7] }decyl)-4,5-diphenyl benzene; 1,2-bis(2-
phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo~-
{3.3.1.1[3.7]}decyl)-4-phenyl benzene; 1,2-bis(2-
phosphinomethyl~1,3, 5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-4,5-bis-( trimethylsilyl) benzene; 1,2-
bis (2-phosphinomethyl-1,3,5-trimethyl-6,9,1l0-trioxatricyclo-
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6,9,10-trioxatricycl0-{3.3.1.1[3. 7] }decyl) - 2-
20( di adamant ylphosphi nonet hyl) -4, 5-bis-(trinmethylsilyl

) ferrocene;

1- (2- phosphi nonet hyl-1, 3,5-tri methyl-6, 9, 10-
trioxatricyclo-{3.3.1.1[3.7] }decyl) - 2-

(di adamant yl phosphi nonet hyl1)-4-(or1") (trinmethylsilyl)
fer.socenes 17)2dbcg1 pesf (dranet Ry phiasphi nometnhyide 1, 3, 5, 7-1- (2-

25t et thyl-6
03BNy &

-tr.iox

PPl 3

LI evechgl3; 3 L i3, 14 - decy

HBZBbﬂSlperﬂhdebgiQ—$h@ﬁphFH@nEKh¢bphinomethyl)—4,5—diphenyl
AR TP AT FoLaRRe b o pR FiighbTat) o 10-

¥33,5 7-tetranmet

deéy1y: 4-(or1’

) pheny

bi's- p uor

phraspht nometlly 1313 3] 5, [B-.t7ét deret) iy1{6]9;-10-

8}
S

3?%&F§§§%éé§ﬁ£%%g%g;§4§=§Hé§yf]hégg&QQQ"415791554§55EHE$£Ehy1~

1,,2- bir s pertfivdofof 2L phosphe nonmetdipt{ 3, 3,5, 113.7] }decyl) -2~
t et , -1 L thi 1.0{3. 3. ile ; Azene;
e B L L 307 s

3btrioxatricyclo

C@ﬁémethylsilyl)

[

benzene;

errocene; 1, 2-
(x}ighgg@$@hﬁm¢gﬁhyyl—l,3,5—trimethyl~6,9,10—trioxatricyclo—

232Dy 7 t [ el o iome -4~
%333=1-1§§*ﬂqegg¥%}§?ﬁeﬁn§.g?%%%%&ﬁ ?2?5-5ﬁgﬁén§1ferro

- (2-phosphinomethyl-1,3,5-

hlt,ﬂ%;m@ﬁ%%g,@h% phinoretNY e lo 3D 371t et § aljtyietl upro- met
6@9%@%3&%&9?%%@%@{@@) 1417 34PPREBEY 1)RR7EHR1" ) phent— (2-

Yhosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-

{3.3.1.1[3.7]}decyl)-2-(diadamantylphosphinomethyl)-4-phenyl
1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-

benzene; ;

trioxatricyclo-{3.3.1.1[3.7]}decyl)~-2~

(diadamantylphosphinomethyl)-4,5-bis-( trimethylsilyl) benzene;

1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10~trioxatricyclo-

{3.3.1.1[3.7]}decyl)-2-(diadamantylphosphinomethyl)-4-

(trimethylsilyl)

benzene;

1,2-bis-perfluoro(2-phosphinomethyl-

1,3,5,7-tetramethyl-6,9,10~trioxatricyclo{3.3.1.1[3.7]}-decyl)-

4,5-diphenyl Dben

zene;

1,2-bis-perfluoro (2~phosphinomethyl-

1,3,5,7-tetramethyl-6,9,10-trioxatricyclo{3.3.1.1({3.7]}decyl) -

4-phenyl benzene;

1,2-bis-perfluoro(2-phosphinomethyl-1,3,5,7-

tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7]}-decyl)-4,5-bis~-

( trimethylsil

yl) benzene;

1,2-bis-perfluoro (2~

phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-

trioxatricyclo{3.3.1.1[3.7]}decyl) -4~ (trimethylsilyl) benzene;

1,2-bis~ (2-phosphinomethyl-1,3,5,7-tetra(trifluoro-methyl) -

6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-diphenyl benzene;

1,2-bis- (2-phosphinomethyl-1,3,5,7-tetra(trifluoro-methyl) -

6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4-phenyl benzene;

1,2-bis- (2-phosphinomethyl~1,3,5,7-tetra(trifluoro-methyl) -
6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)~4,5-bis—(

trimethylsilyl)

benzene;

1,2-bis-

(2-phosphinomethyl-1,3,5,7~-
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ferrocene; 1, 2- bi s- (2- phosphi nonet hyl-1, 3,5, 7-
tetra(trifluoro-nmethyl)-6,9, 10-
trioxatricyclo{3.3.1.1[3.7] 1decyl)-4,5-bis-(trinethyls
i lyl) ferrocene; 1, 2-bis-
(2- phosphi nonmet hy1-1, 3,5, 7- tetra(trlfluoronEthyI) 6, 9,

10-trioxatricycl o 3. 3.

1.1[ 3.

Yt1decyl )-4- (or 1')

(trimethylsilyl)ferrocene; 1, 2-bis(di-t-
b@ty#@ﬁ@§bh@ﬁbmﬁﬁhyﬂ)=ﬂﬁ5ﬂﬂ=(2'-phenylprop-2'-y|)ferr

QPf%%%trlcyclo .3. 1 1[3.7]}decyl
b hosphlnonet

1,2-bis(di-t-

(orl )(2'- henylp

}O%rQ}s dloyfgquqgg§éﬁglnomethyl 4 5-di- -phenylprop-2
%l;béﬂi%ﬁg|'t bUty]4ﬂqqs@h%n9n@llﬁuﬁhtélého§Bhﬂhom@9ﬁ§d

errocene; 1, 2-bi s(di-t-

but
AR A
ﬁ?$laﬂ§hh%%t 19p40-44d oxa- @ﬂ@nﬁﬂiYﬁ)tAbékylphosphlnomethyl)
|-(2 pheny prop-2' - yl)ferrocene
17 o Wi DepRISThi nonet hy1- 1182 7 (Paphasrit Hprmethyl-1,3,5,7-
&%&elayusw,aoa&aﬁa;agyalamn(tgn;‘L-z) 42" aphenybpeeprprop-2/ -

%éﬁerrocene

ghosphlnonet hyl ) -

% I) trlmethylSLl 1) benzene;

4- (or
?ﬂﬁﬁ§ﬁhFﬁ%ﬁﬁﬁ#ﬁ@fsmhanquhyl

BI%60S: phosphi ndRRtHYTP IO PPreshy et hyy /- tetramethyl-
6, 9, 10-ttrh bexexRaamapt y1) - & /5phdhyiphid-pl ) ersacene;

%%%é%ﬁ%%h@%me—%@:%; 3 el TCATEE RS TG 6 201 0004 adam

1,2~

atinysht4y -4 o5 - ajﬂ4t—buty1fm§nz@@eﬂe 1,2-bis(2-phosphinomethyl-

%04' glﬁgd%‘éamep lp?’ogg

phi.nonet

rlOfff%

9%%%?%%% ERAT R Rx%benzene,

Hd%ﬁhﬂ@tﬁhphdﬁmﬂnﬂyiwﬁbhyﬂjHahe¢0y1 }4,5-di- (2’—phenylprop 27 -

§8,] p%e%egmp 2 -y )%

b bi I -adamant y

SEAT Sinanty ) phosphinopethyt) 14-

(2" -

Peerocene;-1, 2¢bi s(di - adamamtgrdephosphi nonet hyl ) - 41(2wbls(dl—

1,2~
(P, P

t but yl,
%%Iéaprﬁ %M)%a % %%%{léllt ’b%td@jlqaﬁo%%?} r%ome%éhy%%ne 5-di -
Ps (di-adamantylphosphinomethyl)-4-t-butyl benzene; 1-
adamantyl, t-butyl phosphinomethyl) -2-(di-t-

butylphosphinomethyl) -4,

(P, P adamantyl,

5- di-

(2’ -phenylprop-2’ -yl)benzene;

1-

t-butyl phosphinomethyl) -2-(di-t-

butylphosphinomethyl)-4- (2’ -phenylprop-2’ -yl)benzene; 1-

adamantyl, t-butyl

butylphosphinomethyl) -4,

phosphinomethyl) -2-(di-t-

5-(di-t~butyl)benzene; 1~

adamantyl, t-butyl

phosphinomethyl)-2- (di-t~-

butylphosphinomethyl)-4~t-butylbenzene; 1- (2-phosphinomethyl~-

1,3,5,7-tetramethyl-6,9, 10-trioxa-adamantyl) - 2 - (di-t-

butylphosphinomethyl)4,5- di-(

2’ -phenylprop-2’ -yl)benzene;

1~

(2-phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl)

- 2 - (di-t-butylphosphinomethyl)-4- (2’ -phenylprop-2’-yl)
benzene; 1- (2-phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-
trioxa-adamantyl) - 2 - (di-t-butylphosphinomethyl)4,5-(di-t-

butyl)benzene; 1-
6,9,10-trioxa-adamantyl)
butyl benzene;

6,9,10-trioxa-adamantyl)

(2-phosphinomethyl-~1,3,5,7-tetramethyl~

- 2 -

-2~

(di-t-butylphosphinomethyl)

(diadamantylphosphinomethyl)

_4_t._
1-(2-phosphinomethyl-1,3,5, 7-tetramethyl-
-4,5-
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phenyl prop-2' -yl)ferrocene; 1- (P, Padamant yl , t - but yl
phosphi nonet hyl ) - 2- (di -t - but yl phosphi nonet hyl) -4-(or1l
) (2'- phenyl prop-2'-yl)ferrocene;

1- (P, Padamantyl , t-butyl

phosphi nonet hy1) - 2- (di -t - but yEphosphi nonet hyl ) - 4, 5- (d
-t- 30 butyl)ferrocene; 1- (P, P adamantyl, t-butyl
@h@$pEL§MHH¥1b¥bb“ZQ‘jKﬂ-t-HymbyiéhOSphin0HE2¥gH®Spﬁiﬁ©methyl—
")t-butyl ferrocene; 1- :
%pﬁozbeﬁﬁ@ﬁﬁfﬁ%gﬁiﬁé}gf§§f%§?5ﬁ%Pﬁ§E¥%f§flo-trioxa-a
daranbydnt ylpRospl thertethytly Fph oS pivhronat toptpa ;-5 )

a
2 BRBRAT AR RO 1. 3 S 7o F T

}—6 9,10-trioxa-
PHY

benzene;

&ﬁﬁmgnﬂﬁ&tlw exa- adahadayagtylpZosphlnomethyl) -4,5-(di-t-butyl)

% nz pﬁQ“tylpho%gh'”%gg %?4&0ﬁ%th§9r1]3)5 7-tetramethyl-6,9,10-

ehyl prop- rrocene

@21ph@s§¢ﬂma@wQﬁhy2 (dip@@mantylphosphinomethyl) -4-t-butyl

buty

I)ferrocene

, tetramethyl-6,9, 10-trio
6%2? %osphlnonethy1)4 5 (di-t- Eﬁfﬂg%%EQE ﬂésé%l%@%eéhyl

dﬁ@@éhm@nﬁﬁﬁphyipﬂlQPM?thyﬂét?aﬁethyl 619 (1 0-RlrqrONET A ~ Y1)
%%B%E%e,z - (di-t-butyl phosphijnegethylk4skHphinomethyl) -2-

1')t-butyl ferrocene; 1-

5 g ApRHH LRBAEP RYIQTE By ) 741 B - RRBERIER® 6, TBLY r i oRanzene;
qd&}H@DE%Qt 1%ho§9mﬁ§ts%@lﬂwbpbosphl nonet hy1) - 4, 5-

phen rop-2'-yl) ferrocen

e,

d(l?%%%%pﬁaﬁ%@hwefhsls Y tettiaheb iyt 6, B rrgre
%rbg%glﬁ“ﬁﬁp@ﬂh%%étﬁ%ﬁ(yZadanaq@y;@Emgﬂﬂylbﬂag@ﬁmhﬁhe4h§py 4t

phenylprop- 2 yl)ferroce

1-

(di-

Pu&z ph&gﬁﬁﬁﬁﬁnethyl 1° 3b¥§-f phosphinomethyl-1,3,5-trimethyl-
et paretdnt+6c 9 1O- tr.i30x at pdlamaatyd)) -4, 5-

phenylprop-2’-yl) benzene;

di-
1,2-bis(2-phosphinomethyl-1,3,5-

(27 -

trimethyl-6,9,10-trioxatricyclo-{3.3.1.1(3.7]}decyl)-4-(2'-
phenylprop-2’-yl) benzene; 1,2-bis(2-phosphinomethyl-1,3,5-
trimethyl-6,9,10-trioxatricyclo-{3.3.1.1(3.7]}decyl)-4,5-(di-t-

butyl) Dbenzene;

6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-4-t-butyl

1,2-bis (2-phosphinomethyl-1,3,5-trimethyl-

benzene;

- (2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1(3.7]1}decyl)-2-(di-t-butylphosphinomethyl) -4, 5-

phenylprop-2’-yl) benzene;

di-

(2" -

- (2-phosphinomethyl-1, 3, 5-

trimethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl) -2~

butylphosphinomethyl) -4~ (2’ -phenylprop-2’ -yl) benzene;

phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)-4,5-

(di-t-

1-(2~

(di-t-

butyl) benzene; 1- (2-phosphinomethyl-1,3,5-trimethyl-6,9,10-

trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
butylphosphinomethyl)-4-t-butyl benzene;

(di-t-

1-(2-phosphinomethyl-

1,3,5-trimethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl)-4,5-di- (2’ -phenylprop-2'-yl)
benzene; 1- (2-phosphinomethyl-1,3,5-trimethyl-6,9,10-
trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
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(di adamant yl phosphi normet hyl) - 4, 5- (di -t - but y1)

ferrocene; 1-( 2-

phosphi nonet hyl-1, 3,5, 7-tetranet hyl-6, 9, 10-tri oxa- adam
antyl)-2- (di adamant ylphosphi nonet hyl)-4-(or

1')t-butyl ferrocene;1-

(di-t- butylphosphlnonethyl)]ﬁﬁ(dladanantylphosphlnonet
hyl) - 154, 5-di-(2' - phenylprop-2'-yl)ferrocene; 1-(di
bmm@dqmbospt@ﬁuxp&hhyﬁétﬁyx(ﬁ4&d3hﬁpﬁgﬂﬂi@®sph2rﬁyﬁethy]jamiene;

rop 1 roce _
uﬁyp%ﬁog noég% % ? 9 5%33%1% { &Q)Q% %ﬁ£§ua€ilﬁ§F}?4

IﬂOﬂE

mant yl ghosphi nomet

-t-

{SZSCdﬂ{B bhl@d@yﬂeﬁﬁeC@qEﬂamantylphosphlnomethyl) -4,5-(di-t-

-t hos [
%Réi} adé%%% phogghppgﬁ' %ﬁ%géﬁft&gr i 3t5 g6€§?thyl—6,9,10—
¢quxa$emey414&{3 3.1.1[3.7]}decyl) -2~

B 2rRhOFPDN AR ey 3 S LIB 1Y 19l £ 1 OXBE o
méﬁﬁiuPr@[g—ﬁwyﬂédymyeﬂhiﬁ1ﬁ-3(2'YDH@ﬁVW@ﬁbbl?&fyﬂpferro

CENSeatricyclo{3.3.1.1[3,71}- decyl) -4,5-

1, 2-bi s(2- phosphlnonethyl-

3, 5- trlnethyl 6,9

(2’—ph%nylprop 27~

YHi oxerEeeg € 10- { 3. B.2-PLp3p7} | Hepl(p-Rbpgphipopethyl-1,3, 5, 7-
éé%rd%@%ﬁ%hpéqp1%—tr%é¥é%§f€ Q68He3.1.1[3.7] }decyl) -4 (27 -

osp hi nonet h

y
vsh@nl@rppr ‘i cycl oPEBZEIY, 1[ 3. 711decyd)2 Ri5-paF flugso (2

3, 5- trimethyl-

éﬁé@%&i&%ﬁé@ﬁﬁﬂui 3,5,7- tetramethyl 6,9, 10—

2-bi s(2-phos hi nonet h

’fﬂ%trrw%cp 13313113 1){13} 7

trlnet

efdééyﬁj5‘¢§€oF ?“5%1 buty@enzene'

f ernoceperfivoro (2- phosphlnomethyl 1,3,5,7-tetramethyl-6, 9 10-
1-(2- phosphlnonethyl 5- trlnethyLbut;% %O tri oxat

QEﬂqfatrlcyclo{B 1[3. 7T}decyl

enzene;

{1£

80{sho3phidbde ey l); 2-detiral( tbufww&%@hhmm,mylb-4
ﬁg%ﬁg%ﬁgéﬁh%ggﬁg¥h§§?§;é{B%&%&?[Q?ggﬁﬁMZ’~phenylprop—2'—yl)

Kaérﬁzt'miehyl-l629bﬂ.£)— tr '(z»patorsmyﬁbmr{@lsus 1% 31-Fetdecyd)£l2ioro-
? 153077 1decyl) -4- (27 -

ety o b 298 Tt ot

phenylprop-2'-y benzene,

1,3,5,7-tetra(trifluoro-methyl)

trioxatricyclo{3.3.1.1[(3.7]}decyl)-4,5-

1,2—bls— (2-phosphinomethyl-

-6,9,10-
(di-t-butyl)

benzene;

1,2-bis- (2-phosphinomethyl-1,3,5,7-tetra(trifluoro-methyl) -

6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4-t-butyl

1,2-bis~-(P-(2,2,6,6-

cyclohexan-4-one) -4-(trimethylsilyl)benzene, 1-

benzene,

tetramethyl-phosphinomethyl-

butylphosphinomethyl) -2~ (phospha-adamantyl) -4-

(trimethylsilyl)benzene, 1-
(phospha-adamantyl) -4~

(phospha-adamantyl) -2- (phospha-adamantyl)

(trimethylsilyl)methylbenzene,

butylphosphinomethyl) -2~ (di-tert-butylphosphino)

(trimethylsilyl)benzene, 1-

(diadamantylphosphino) -4-
tert-butylphosphinomethyl)

(di-tert-

(diadamantylphosphinomethyl) -2-
(trimethylsilyl)benzene, 1-
—4-

l1-(di-tert-

—4-
(diadamantylphosphinomethyl) -2~
(trimethylsilyl)benzene, 1-(di-
-2-{(diadamantylphosphino) -4-
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1- (2- phosphi nonet hy1-1, 3,5-trimethyl-6,9,10-trioxatric

ycl o-
35{3.3.1.1[3.7] }decyl)-2-(di-t-butylphosphi nonet hyl)-4
,5-(di-t- butyl) ferrocene;
1- (2- phosphi nonet hy1-1, 3, 5-t néAet hyl-6, 9, 10- 149
trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-(di-tbutyl phosph
|(E%Eﬁéﬁﬂ?léﬁﬁ§mfb§ﬁzéﬂgyqie(éfwﬁﬁ@%Jb&QQl hosphinomethyl) -

hosphlnonet %e 3, 5- trlnethyl 6,9, 10- trloxatr|cyclo{

cy

ﬁer@, W$QW@mwmﬂm%mmmmmmmmmwﬂm¢ ~4-

1H%§&%ﬁj?%h g@ﬁfﬁr%%’ yl)ferrocene 1-(di-tert-

tkmtmeltm)ds-gﬁqﬁol&ttkryloxal—r |R:—y<2l a,{a3.63- 1. ﬂe[t&:a]ﬂe]iﬁgdylp)ho%pha—

(%Jq ﬁdanant lPho?gglnonEth¥|?é51lyl i denzene, 1-(2-(P-

1612?ﬂhQ§ph|nonEthNétﬂaé%@h Il §%Hafh§%fg%exan 4-one) ) -4-
trloxatrlcyclo {3.3.1.1] 3. ecyl)-2-

wm@dwmwmszm oL r@|6) 45 Fagdit hty Lbghyplspha -

pﬁoqum nomat]qh(o%l ¥, 3 5 i e kflﬁtyﬁil @%aniadﬂ_tyrllpohxoa pﬂlély& o{
&dbmhﬁﬂjlgﬂdahnmﬂdmﬁﬂﬁdjadmmmﬁgﬂmﬁmqnﬁunqa&bbmbkné ¢ and

t - but f
Brsisigl pphPaghor SpHOSpHE fomet hyEAECHES, 7Erom  2-phospha-
tletj @Tﬁm@tr%n%t%lua W@Wt%i%%%n%n%yﬂ@ bhbzdgeyh) 3, 5-
-4,5-"di - 15(2' - phenyl prop-2' -yl)ferroceéne;
ﬁﬁ%ﬂﬂ@hﬁkﬁ&ﬁ%dﬂb(Z trloxadamantyl 2-phospha-1,3,5,7-
h tr
g ettty g S TE I a8eBpify L or 2-phosha-

02:}phenMJmma&1&0fdﬂekh@ﬂ09@e®elo trloxadamantyl— 1-
1, 2-bis- perfluoro 2- phosphlnonEt

h
t St St e s Hﬂqmﬁ%QWr.c€c|8¥323216lﬁs 7] Fedgeyeyhyl-

7 S%ﬁﬁg—cjgldheQﬁ%¥ML%%%rchn&A trlmethylSllyl)ferrocene,
2- bi s-pérfluoro(2- phosphlnone hy1-

1 2-bis (di-t-butylphosphinomethyl) -4, 5-diphenyl ferrocene;
1,2-bis(di-t-butylphosphinomethyl)-4- (or 1’ )phenylferrocene;
1,2-bis(di-t-butylphosphinomethyl)-4,5- bis-(trimethylsilyl)
ferrocene; 1,2-bis(di-t-butylphosphinomethyl) -4~ (or
17) (trimethylsilyl) ferrocene; 1,2-bis(2-phosphinomethyl-

1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl)-4,5-
diphenylferrocene; 1,2-bis (2~-phosphinomethyl-1,3,5,7-
tetramethyl-6,9,10-trioxa-adamantyl) 4-(or 1’)phenylferrocene;
1,2-bis(2-phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-
adamantyl)-4,5-bis~(trimethylsilyl) ferrocene; 1,2-bis(2-
phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl) 4-

(or 17) (trimethylsilyl) ferrocene; 1,2-bis(di-
adamantylphosphinomethyl)-4,5 diphenylferrocene; 1,2-bis(di-
adamantylphosphinomethyl)-4-(or 17)phenyl ferrocene; 1,2~
bis(di-adamantylphosphinomethyl)-4,5 bis-{(
trimethylsilyl) ferrocene; 1,2-bis(di-

adamantylphosphinomethyl) -4~ (or 1’) (trimethylsilyl) ferrocene;
1- (P, P adamantyl, t-butyl phosphinomethyl) -2-(di-t-
butylphosphinomethyl) -4, 5-diphenylferrocene; 1- (p,P
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1,3,5 7-tetranmethyl-6,9, 10-trioxatricyclo{3.3.1.1(3.7]

ldecyl)- 4-(or Iflt-butyl ferroce
1, 2- bi s- (2- phosphi nonet hy1-
1,3,5 7-tetra(trifluoro-nethyl)-6,

ne;

9, 10-

trioxatricyclo{3.3.1. 1[3.7]}decyl)-4,5-di-

op-2' -yl1l) 25ferrocene; 1,2-bi%

(2' - phenyl pr

(2- phosphi nonet hy1-1, 3,5, 7-tetra(trifluoro-
a@am@dQA6,9,1O-triOXawumeClo{S 3. 1phpSplidadecyl) r 42 (@i-t-

oo BREEAS

%ﬁ:ylhf?gﬂgﬁ§%¥%rrocene, 1- (p,P

adém&ﬁt&ipetra(triflufbutm¢ethyl)-6,QPIOSph}nomethyl)—2—(di—t—
%g%@?g&%bﬁ%&&é&ﬁ» 1,163 13 decyldndbimdn 68l o1 RULYELTEr -
3048 2- bi gag¢@ngstiosphi nomi;trlbylyl 3, 5, Phpephia(meithy Uord- (fi-t-
ﬁ&%&%ﬂ?osphlnomethyl IO{é S 1 i[% imethylsilyl) ferrocene 1-

trloxatrlcyc

7] 1decyl)-4-(orlflt-bu

t ytrfasphérenethyl-114, S AV catalaypst N gyst el Opk beegs agpmantyl)
e hod oaacc%qt?gpﬁ&p@@xoﬁétwme@l agpgé@mﬁer\e@@&% N 1o (2-

the ethylenically unsaturated co

mpound i'ncl udes

%‘éftf%ﬂl@ﬁ@et%%hyl%éeﬂy?%%@meﬁméyﬁ Acyrépga-adagantyl) -
i50 b@&ﬁdd%%y%mégm%%eﬁyim Rt Y] enechsobulyl 6P8ne; ;

ntenes entene nitril es, %@
Fethyl 3. Demrensaissicpentans: i

pent enoat es such as

U$ tEatR P s 629 ahy trioxa

3@&@}1@@@!0 aci @), hept(@ﬁeﬁrbﬁ(tﬁwh&%ﬁﬁh§m§ﬂlﬁh a$5-  bis-(
vi nyl acetate, octenes, 5 dodecenes.

E@F%%%%@Fb?Yh%%ﬁF@Gﬁ??at|onof%ihyI@hP@&FP@“ﬁﬁ?éP&?d&éﬁS 7=
conpoundsylas, hereitrhekorideseribed and w th referenceii-t-

to the ex

butylphosphggomethyl) -(or 17) (trimethylsilyl) ferrocene; 1-

(2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-adamantyl)

-2- (diadamantylphosphinomethyl) -4, 5-diphenyl ferrocene; 1-(2-

phosphinomethyl-1,3,5,7-tetramethyl-6,9,1l0-trioxa-adamantyl) -2~

(diadamantylphosphinomethyl)-4-(or 1’

yphenyl ferrocene; 1-(2-

phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl) -

2- (diadamantylphosphinomethyl) -4, 5-bis-

(

trimethylsilyl)

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

trioxa~adamantyl)-2-(diadamantylphosphinomethyl)-4-(or

17) (trimethylsilyl) ferrocene; 1-

(di-t-butylphosphinomethyl) -

2- (diadamantylphosphinomethyl)-4,5-diphenyl ferrocene; 1-

(di-t-butylphosphinomethyl) -2~ (diadamantylphosphinomethyl) -

4-(or 1" )phenyl ferrocene; 1-(di-t-butylphosphinomethyl) -2~

(diadamantylphosphinomethyl) -4, 5-bis-

(

trimethylsilyl)

ferrocene; 1-(di-t-butylphosphinomethyl)-2-

(diadamantylphosphinomethyl)-4- (or

ll

) (trimethylsilyl)

ferrocene; 1,2-bis(2-phosphinomethyl~1,3,5-trimethyl-6,9,10-

trioxatricyclo-{3.3.1.1{3.7]}decyl)

~4,5-diphenyl ferrocene;

1,2-bis(2-phosphinomethyl~1,3,5-trimethyl-6,9,10~

trioxatricyclo-{3.3.1.1[3.7]}decyl)-

-(or

1’ )phenyl ferrocene;

1,2-bis(2-phosphinomethyl-1,3,5-trimethyl~-6,9,10-

trioxatricyclo-{3.3.1.1[3.7]}decyl)

~4,5-bis-

(

trimethylsilyl)
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10 16. A catal yst system as herei nbefore descri bed

and with reference to the exanpl es. 17. A met hod

of increasing the efficacy of a catal yst 15 system as

her ei nbefore described and with reference to the

exanpl es. 18. A nethod oft4ébncreasing the rate of
carbonyl ati on of an

etdnHoesheal | yunsatuirsgbegdeosgaunadasher-ei rhef-or ensthyl-6,9,10-

%%%&2Q§9c§g¥%)y3tg.{?fﬁi%??geé§ﬁijé(%éanphe§ltg¥%ethylsilyl)
ferrocene; 1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10~-
trioxatricyclo-{3.3.1.1(3.7]}decyl) -2~ (di~t~
butylphosphinomethyl) -4, 5-diphenyl ferrocene; 1-(2-
phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1([3.7]}decyl)-2-(di-t-butylphosphinomethyl)-4-(or

17 )phenyl ferrocene; 1-(2-phosphinomethyl-1,3,5-trimethyl-
6,9,10-trioxatricyclo-{3.3.1.1{3.7]}decyl)-2-(di-t-
butylphosphinomethyl) -4, 5-bis—( trimethylsilyl) ferrocene;
1-(2-phosphinomethyl-1,3,5-trimethyl~6,9,10~trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)-4-(or

17) (trimethylsilyl) ferrocene; 1-(2-phosphinomethyl-1,3,5-
trimethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl) -4, 5-diphenyl ferrocene; 1-(2~
phosphinomethyl-1,3,5-trimethyl-6,9,10~-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(diadamantylphosphinomethyl)-4-(oxr

1’ )phenyl ferrocene; ; 1-(2-phosphinomethyl-1,3,5-trimethyl-
6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl) -4, 5-bis~( trimethylsilyl)
ferrocene; 1-(2-phosphinomethyl-1,3,5-trimethyl-6,9, 10~
trioxatricyclo-{3.3.1.1([3.7]}decyl)-2~
(diadamantylphosphinomethyl) -4~ (or 17) (trimethylsilyl)
ferrocene; 1,2-bis-perfluoro(2-phosphinomethyl-1,3,5,7-

tetramethyl-6,9,10-trioxatricyclo{3.3.1.1(3.7]}-decyl)-4,5-
diphenyl ferrocene; 1,2-bis-perfluoro (2-phosphinomethyl-
1,3,5,7-tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl) -
4-(or 17 )phenyl ferrocene; 1,2-bis~-perfluoro(2-
phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo{3.3.1.1{3.7]1}-decyl)-4,5-bis—( trimethylsilyl)
ferrocene; 1,2-bis-perfluoro(2-phosphinomethyl-1,3,5,7~
tetramethyl-6,9,10-trioxatricyclo{3.3.1.1([3.7]}decyl)-4-(or

17) (trimethylsilyl) ferrocene; 1,2-bis- (2-phosphinomethyl-
1,3,5,7-tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-diphenyl ferrocene;
1,2-bis- (2-phosphinomethyl-1,3,5,7-tetra(trifluoro-methyl) -
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6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4-(or 17 yphenyl
ferrocene; 1,2-bis- (2-phosphinomethyl-1,3,5,7~
tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-bis—( trimethylsilyl)
ferrocene; 1,2-bis- (2-phosphinomethyl-1,3,5,7-tetra(trifluoro-
methyl)-6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4-(or

17) (trimethylsilyl) ferrocene; 1,2-bis(di-t-
butylphosphinomethyl)-4,5~-di- (2’ -phenylprop-2’-yl) ferrocene;
1,2-bis(di-t-butylphosphinomethyl)-4-(or 17) (2’ -phenylprop-2' -

yl) ferrocene; 1,2-bis(di-t-butylphosphinomethyl)-4,5- di-t-
butyl ferrocene; 1,2-bis(di-t-butylphosphinomethyl)-4- (or
17 )t-butylferrocene; 1,2-bis (2-phosphinomethyl-1,3,5,7-

tetramethyl-6,9,10-trioxa-adamantyl)-4,5- di- (2’ -phenylprop-2’-

yl) ferrocene; 1,2-bis (2-phosphinomethyl-1,3,5,7-tetramethyl-
6,9,10~-trioxa~adamantyl) -4- (or 17) (2’ -phenylprop-27/ -
yl) ferrocene; 1,2-bis(2-phosphinomethyl-1,3,5,7-tetramethyl-

6,9,10-trioxa-adamantyl) -4, 5- (di-t-butyl) ferrocene; 1,2-bis(2-
phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl)-4-
(or 1")t-butylferrocene; 1,2-bis (di~adamantylphosphinomethyl) -

4,5-di- (2’ -phenylprop-2'-yl) ferrocene; 1,2-bis(di-
adamantylphosphinomethyl)-4- (or 1’7) (2’ -phenylprop-27-yl)
ferrocene; 1,2-bis (di-adamantylphosphinomethyl)-4,5-(di-t~
butyl) ferrocene; 1,2-bis(di~adamantylphosphinomethyl)-4-(or
17)t-butyl ferrocene; 1- (P, P adamantyl, t-butyl
phosphinomethyl)-2-(di~t~butylphosphinomethyl) -4, 5- di-(2"-
phenylprop-2’-yl) ferrocene; 1- (P, P adamantyl, t-butyl
phosphinomethyl)-2-(di-t~butylphosphinomethyl) -4~ (or 17) (2" -
phenylprop-2’-yl) ferrocene; 1- (p, 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-butylferrocene; 1-
(2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa-adamantyl)
- 2 = (di-t-butylphosphinomethyl)4,5-  di- (2’ -phenylprop-2’-
yl) ferrocene; 1- (2-phosphinomethyl-1,3,5,7-tetramethyl-
6,9,10-trioxa-adamantyl) - 2 - (di-t-butylphosphinomethyl)-4-
(or 17) (2’ -phenylprop-2’-yl) ferrocene; 1- (2-phosphinomethyl-
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1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl) - 2 - (di-t-
butylphosphinomethyl)4, 5= (di-t-butyl) ferrocene; 1- (2-
phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl) -
2 - (di-t-butylphosphinomethyl)-4-(or 1’)t-butyl ferrocene; 1-
(2-phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl)
-2- (diadamantylphosphinomethyl)-4,5- di- (2’ -phenylprop-2’-yl)

ferrocene; 1-(2-phosphinomethyl-~1,3,5,7-tetramethyl-6,9, 10~
trioxa-adamantyl)-2-(diadamantylphosphinomethyl)-4-(or 17) (2’ -
phenylprop-2/-yl) ferrocene; 1-(2-phosphinomethyl-1,3,5,7-
tetramethyl-6,9,10~trioxa-adamantyl) -2-

(diadamantylphosphinomethyl) -4, 5-(di-t-butyl) ferrocene; 1-(2-
phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl)-2-

(diadamantylphosphinomethyl)-4-(or 1’)t-butyl ferrocene; 1-
(di-t-butylphosphinomethyl)-2- (diadamantylphosphinomethyl) -
4,5- di- (2’ -phenylprop-2’-yl) ferrocene; 1-(di-t~
butylphosphinomethyl)-2- (diadamantylphosphinomethyl)-4- (or
17) (27 -phenylprop-2’-yl) ferrocene; 1-(di-t~
butylphosphinomethyl)-2- (diadamantylphosphinomethyl)-4,5-
(di-t-butyl) ferrocene; 1-(di-t-butylphosphinomethyl)-2-
(diadamantylphosphinomethyl)-4-(or 1’)t-butyl ferrocene; 1,2-

bis(2-phosphinomethyl-1,3,5~trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[(3.7)}decyl)-4,5- di-{(2’-phenylprop-2’-yl) ferrocene;
1,2-bis(2-phosphinomethyl-1,3,5-trimethyl-6,9,10~-
trioxatricyclo-{3.3.1.1[3.7]}decyl)-4-(or 1’) (2’-phenylprop-2’-
vl) ferrocene; 1,2-bis(2-phosphinomethyl-1,3,5-trimethyl-
6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-4,5~-(di~-t-butyl)
ferrocene; 1,2-bis(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-
trioxatricyclo-{3.3.1.1[3.7]}decyl)-4-(or 1’)t-butyl ferrocene;
1- (2-phosphinomethyl-1,3,5-trimethyl-6,9, 10-trioxatricyclo~-
{3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)-4,5- di-(2’-
phenylprop-2/-yl) ferrocene; 1-(2-phosphinomethyl-1,3, 5~
trimethyl-6,9,10-trioxatricyclo~{3.3.1.1[3.7]}decyl)-2~(di~-t~-
butylphosphinomethyl)-4-(or 1’) (2’ -phenylprop-2’-yl) ferrocene;
1-(2-phosphinomethyl-1,3,5~trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)-4,5-(di-t-
butyl) ferrocene; 1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-
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trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-(di-t-
butylphosphinomethyl)-4-(or 17)t-butyl ferrocene; 1-(2-
phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1(3.7}}decyl) -2~ (diadamantylphosphinomethyl) -4, 5-di- (2’ ~
phenylprop-2’-yl) ferrocene; 1-(2-phosphinomethyl-1,3,5-
trimethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl)-4- (or 17) (27 -phenylprop-2’-yl)
ferrocene; 1-(2-phosphinomethyl-1,3,5-trimethyl1-6,9,10-
trioxatricyclo-{3.3.1.1([3.7]}decyl)-2-
(diadamantylphosphinomethyl)-4,5-(di-t-butyl) ferrocene; 1-(2-
phosphinomethyl-1,3,5~-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(diadamantylphosphinomethyl)-4-(or 17)t-
butyl ferrocene; 1,2-bis-perfluoro (2-phosphinomethyl-1,3,5,7-
tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7]}-decyl)~-4,5~ di-
(2’ -phenylprop-2'-yl) ferrocene; 1,2-bis-perfluoro(2-
phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl) -4~ (or 17) (2" -phenylprop-2' -
yl) ferrocene; 1,2-bis-perfluoro(2-phosphinomethyl-1,3,5,7-
tetramethyl-6,9,10~trioxatricyclo{3.3.1.1(3.7]}~-decyl)-4,5-(di-
t-butyl) ferrocene; 1,2-bis~perfluoro(2-phosphinomethyl-
1,3,5,7-tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7] }decyl) -
4-(or 17)t-butyl ferrocene; 1,2-bis- (2-phosphinomethyl-
1,3,5,7-tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-di- (2’ -phenylprop-2’-yl)
ferrocene; 1,2-bis- (2-phosphinomethyl-1,3,5,7-tetra(trifluoro~
methyl)-6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4-(or 1) (2'-
phenylprop-2’-yl) ferrocene; 1,2-bis- (2-phosphinomethyl-~
1,3,5,7-tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1(3.7]}decyl)-4,5-(di-t-butyl) ferrocene;

1,2-bis- (2-phosphinomethyl-1,3,5,7-tetra(trifluoro-methyl) -
6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)~4~(or 17)t-butyl
ferrocene.

14. A catalyst system, process or method according to any
preceding claim, wherein the ethylenically unsaturated compound

includes acetylene, methyl acetylene, propyl acetylene, 1,3-
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butadiene, ethylene, propylene, butylene, isobutylene,
pentenes, pentene nitriles, alkyl pentenoates such as methyl 3-
pentenoates, pentene acids (such as 2-and 3-pentenoic acid),
heptenes, vinyl esters such as wvinyl acetate, octenes,

dodecenes.

15. A process for the carbonylation of ethylenically
unsaturated compounds as hereinbefore described and with

reference to the examples.

16. A catalyst system as hereinbefore described and with

reference to the examples.

17. A method of increasing the efficacy of a catalyst
system as hereinbefore described and with reference to the

exanmples.

18. A method of increasing the rate of carbonylation of an
ethylenically unsaturated compound as hereinbefore

described and with reference to the examples.



