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The present invention relates to the novel bidentate
ligands, 5 novel catal yst systemns i ncor porating such
Iigands and their use in thé carbonyl ation of

hyl eni cal | y unsaturated conpounds.
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u3| ng 10 caFontAPrEmGicEe 1 Nuh N8 2888 NEsngtfundl
al cohol or water and a catalyst systemconprising a
group 6, 8, 9 or. 1.0 netal, for exanple, palladium

antk @m@s@himeehtgﬁﬂdselfa% exanphe abBveal Kybentate Iligands,
phosphi ne, _cycl oal k hos I ne, .aryl phosphine,
;ﬂﬁye yﬁd'ﬁﬁégﬁhfﬁé %T b8 $%Eﬁﬁ§tbﬁgsﬁHFHeJJHQEdBeeﬁ“d their
dﬁﬁﬁrlbﬁd ithel5 dutmeneus: & opean pahents:andypat@Maturated
| ications, for exanple EP--A-0055875,
“‘Roﬁﬁﬂ%gmz EP- A- 0106379, EP- A- 0235864, EP-A-
0274795, EP- A-0499329, EP-A-0386833, EP- A-0441447,

S MR A AR BB prcons i

ER&A@@Z@$m6@+d£$émvSMQSﬁﬂiwam@ k- An2®J@495548r water and a
.sclos at _bi & hosphlne lig ds provide ¢
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| 4 t her wi.t. .
oL sisoETAP e, 0y SRR Logel ol puria
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OL.QHR o 05 191!9&41} ate QH%DQ}]JE&‘ ‘PLS&RO%%%%EQ& >,a”fo%r3é'xamp1e

bri dge coul provi de renar stable cafa
' ci éhoﬁéq%que lI?fi"tl’t 0d18P4 o Flepl-édiCshnent EPtMZMé%f EP-A-

sych sbkdentat o _gatal ysts Leads;3:39 reaglion hates  ppoa-
which are significantly higher than those previously

dT%@ﬁdéedEﬂéﬁﬂo?ﬁé%444tﬁPeAOQZ%B“ﬁhpu¥?t$é%”@ﬁé7 and  EP-A-
reeduged atinhighCenVer SiOnNS-0227160, EP-A-0495547 and EP-A-

0495548 disclose that bidentate phosphine ligands provide
catalyst systems which enable high reaction rates to be
achieved. C3 alkyl bridges between the phosphorus atoms are
exemplified in EPr0495548 together with tertiary butyl

substituents on the phosphorus.

W096/19434 subseguently 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 to
reaction vrates which are significantly higher than those
previously disclesed; and that little or no impurities are

produced at high conversions.

WO 01768583 discloses rates for the same process as WO 96/19434
when used for higher alkenes and when in the presence of an

externally added aprotic solvent.
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WD 2008/ 065448 PCT/ GB2007/ 050717 2 WD 98/42717

di scl oses a nodification to the bidentate phosphines
used i n EP0495548 wherein one %or both phosphor us
atons are incorporated into an optionally substituted
2- 5 phospha-tricyclo[3.3.1.1{3,7)] decyl group or a

derival i ye h%rlegflog&whgch 7208 PLaiIe Qfs thgLarPlncate

atons are repl ace het eroat ons (" 2- PA" group) . The
exarqibdésepneisgde @ dﬁﬁﬁ@ﬁ56ﬁ "dlekexy carboryl atcfifonghgfrhorus

€, aPLOPE SOTE H her nth 1@%51 nd '@k@ﬁﬂﬁ% d 2-
?gf?%sa %0 VE?O%?%%OS?OIeigendg théﬂieach?%gﬁg y

o8t EIPET LE 6ot Wt At &- 1 phoSpKERES h&avPrg 1°r2 @ derlvatlve

suybstdfeutied a6yl Bhi dgeswdfe the dype - 8bschosed ife replaced
W96/ 19434. The suitable olefin substrates disclosed

i | eferseveral “ypés mavPhg Vi i SIREPdaBsE ettt & npgler of

V0 104/, 103848y daschishes thotdintbhe, abgyepdnpesaof dgand higher
bri dges as useful for_butadi ene carbonylation and WO

0570828302 ekt bad alekicti on of WD 04/ 103948 where
the tertiary carbon substltuents are di fferent on t he
respectlve phosehorus at ons. has

] f oun
tfiat ¥ by’ Furthér %ﬁ%sﬁ%t???gd}}ﬁ]@ S ol P87 (2 F foky Bldtntate
oﬁh@ﬁﬁuaéﬁlh@ﬁhd@eJof;th@ﬂhypeudeacerpedbrmd&M} of the type

RGeS A AGRCe Hl gher POV < CAALLS aGRrbvod, Soitrates

Agcordisag f.octhe fsevstanspecets abvihe pirésent silmaienticons.
there is provided a novel bidentate |igand of genera
formula (1) (1)

WO 04/103%48 describes both the above types of ligand bridges

as useful for Dbutadiene carbonylation and WO 05/08283¢C
describes a selection of WO 04/103948 where the tertiary carbon

substituents are different on the respective phosphorus atoms.

It has now been found that by further substituting the aromatic
structure of the aryl bridge of the type described in WO
96/19434, WO 01/68583 and WO 03/070370 more stable catalysts

and hence higher TON's can be achieved.

According to the first aspect ¢f the present invention there is

provided a novel bidentate ligand of general formula (I)

Xa/

wherein:
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301 Xs \Z-A-RB-QL/ Xz I Xn YX)n wherein: WO

2008/ 063448 PCT/ GB2007/ 050717 3 A and B each
wo magpeadent |y represent a | ower al kyl ene | i nRiamgGB2007/050717

group; 5 Rrepresents a hydrocarbyl aromatic structure

having at |least one aromatic.ring to which Q and Q

are each linked, via the respective |inking group, on

avai | abl e adj acent cyclic atons of the at |east one

dr ot it 99Wg ‘ANGPRRTH TYs SUIBSERPEUt @dlWFEh abvdese linking

e psubstituent(s) Y on one or nore further aromatic

10 cyclic atonm(s) of the aromatic structure; wherein

the substituent(s) Y on the aromatic structure has a

total X=""EtY' of atons other than hydrogen such that
. X'"EtY is 4, where n.is the total nunmber of
3 §ﬁb%?3rteuéﬁi?s? PYaappRoyl P8 oPept eseht U NE terang at least
riEber-cof + at Offﬁn@tmrwﬁ]hﬂﬂ dydragen an aadpantinghar via the
substituent. Y'; the groups X, X, X3 and X
ifgEFEhdEnt] K 8pr ggg‘f{f FHT PAPEREDLS SGIEEPET of YTl ¢ Gtoms of
30 cataans. havi n;gleatdrloeasic onend exdd aklyi garbonsur2Q mh@&n with
oornX' argn%XZa ta(ﬁgﬁ together forma bléﬁf

i Cal fmuﬁ” 4?)“%& av?ﬁgo%? tealt™ T wo't'erti arymertic

aca,froban aatroim wlnemee rnereach isaseh-winiural; ent or bi val ent
radical is joined via said at |east one or two
tertiary carbon atons respectively to the respective
atreme@ ohe Qspband 125 tQs) and 6@ EmEhamﬁﬂeﬁendﬁmhbyure has a
Q%R%?SQQLXPQD%@hg{ggo Sﬁiﬁnk an hy qg%ﬁ?ﬂuch that "7'7"LeY* is
2 4, where n is the total number of substituent(s) Y¥* and tY*
represents the total number of atoms other than hydrcgen on a

particular substituent ¥Y7;

the groups X', X%, % and ¥’ independently represent univalent
radicals of up to 30 atoms having at least one tertiary carbon
atom or X' and X' and/or X and X' together form a bivalent
radical of up to 40 atoms having at least two tertiary carbon
atoms wherein each sald univalent or bivalent radical is joined
via said at least one or two tertiary carbon atoms respectively

to the respective atom Q' or OF; and

¢' and @ each independently represent phosphorus, arsenic or

antimony.

The above novel Dbidentate ligands have Dbeen found Lo have
surprisingly dimproved stability din carbonylation reactions.
Typically, the turnover number (TON) (mcles of metal/moies of
product) for the carbonylation reaction, especially, hydroxy -
or alkoxy-carbeonylation is close to or greater than that for 1,
3-bis {di-t-butylphosphinc)propane reacted under the same
conditions, more preferably, greater than 1,2-bis{di-t-

butylphosphinomethyl) benzene reacted under the same
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nunber (TON) (noles of netal/noles of product) for

the carbonylation reaction, especially, hydroxy - or

al koxy-carbonylation is close to or greater than that
for. 1, 3-bis (di-t--butylphosph.i.no)propane reacted
UITdEE tERBS sane  SHréshdi t | DS Toreipteter &BFy, *gr dtrt nuous
than +1on2- Bis (Weent robet yd:-phesphi AosetRyks) benzene

react ed under the sane WD 2008/ 065448

PCT/ G132007/ 050717 4 conditions. Preferably, such
conditions are in continuous reactions but batch

reactions will also benefit. 5 Therefore, according to _
A EEEERAC as peet oot "Phe Br e€enfeC My erftPEA Tt het e Tl Present
pff?%d$adnaffé@@e§§ ﬁﬁuviﬁga @abbﬁféﬁiﬂﬂdintgé_carbonylation of
et eni.cal |y unsaturated conmpounds conpr.i sing : o
TEABLIRGCahIY UBORPOUIP W EARAPEGn TOHBAPGRY] fopREiag said
pr@egence ofica saubee abnohyddr oxyltigr qupsecand of a source of
cat al yst system the catalyst. system. _10 obtainable by .
c%%é%%%yﬁgg¥€5?8aaﬁ%t% Bf “Trot ggisﬁftgp’lgg%rcék tystrisystem
carmauadlthey ecfribiandg: (b) a bidentate |igand of

general formula (1) 15 (1) 1 3 X\Z-AARB Q / X Xz/

(Ix X4 Y )n wherein: 20 A and B each independently

r epr esentetlaower atdyd éne ¢l bnkithgr gr oopsgurR Lépresentand
a,.hydr ocar [ r ) i ng. at-.| east one
ap%%af?gnggﬁga?%ogﬁ%gﬁ é} i%%ﬂ%ﬁ'g?%&gg%ﬁIpinked, Vi a

the 25 respective |inking group, on avail able

adj ac nt cyclic atons of the at |east one aromatic

ring and which is substituted with

3

X' X
SN p—p—a”
XZ/ \xq

(Y)n
wherein:

A and B each independently represent Jlower alkylene linking

groups;

R represents a hydrocarbyl aromatic structure having at least
one aromatic ring to which Q' and QZ are each linked, wvia the
respective linking group, on available adjacent cyclic atoms of
the at least one aromatic ring and which is substituted with
one or more substituent(s) Y* on one or more further aromatic

cyclic atom{s) of the arcomatic structure;

wherein the substituent({s) Y* on the aromatic structure has a
total ¥1'LLY® of atoms other than hydrogen such that “7'7"EtY” is

> 4, where n is the total number of substituent(s) Y* and tY”
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one or nore substituent(s) Y on one or nore further
aromatic cyclic aton(s) of the aromatic structure; O
wovdnes/@isist he substituent (s) Y on the aromati ®@CT/GB2007/050717
structure has a total "LtY of atonms other than
hydrogen such that 'ELY' 1is , Where n is the total
nunber of substituent(s) Y and tY WD 2008/ 065448
PCT/ GB2007/ 050717 5 represents the total. nunber of
Aeons SOt Hert chdip thy dnogent onf a2t g tGdErarhsubsyit st on a
Yartt B8 47 QRS X nent2y»X3 and X' independently
represent univalent 5 radicals of up to 30 atons
having at |east one tertiary carbon atomor. X and
XneaRGhahs Xy ang, Xyt gget her: forqpnachi val efftreeadi ¢akvalent
of up to 40 atons having at least two tertiary carbon
ZeOrE2 wheteith dach Usairamainhyalentator ®BPvaf &ht - $ddicg 8l carbon
2% cl0iReds’ Wra S&i didl/okeast ;gne ;or (LU R&F tE@FY a bivalent
carbon_atons respectively 10 to the respective atom
&2dFag) o anld €@ Hhd'O™edeirAdépenddhi | ' epiésény caroon
phospher&tss:i SRl §a O wdRLILERNYHr afidia10pt| eR@lday, i@ joined
squrce of anions. 15 Typically, when tbhere__i s nore
'H&n*ohe SubsSitusht L‘Weﬁ@?%é?’f-‘érc%ﬂ 86 FEPRT rédreGhively
as shaptyspbetany ivee MAYyobe?; | gcat ed on the sane or
different aromatic cyclic atons of the aromatic
structure. Preferably, there are < 10 Y groups ie nis
20 into010cammor en@refeicably thpresare drdGp¥oguoupsrsenic or
nost referably 1-4 Y groups on the aromatic
Structire and, espec]a.l.ly, 1, 2 or 3 substituent Y
gndupspoivtadie var omatirce sfractare. The substituted
cyclic aromatic atonms nmay be carbon or hetero but are
preferably carbon. 25 Preferably, "EtY' is between
Zyp00alimr e preef ertallry, 4s60morppsthpnef erabl yyb#A-i2Qent

%%Qg§h§¢déQ 45%@0 referred to as simply Y, any two may be

located on the same or different aromatic cyclic atoms of the
aromatic structure. Preferably, there are S 10 Y groups ie n is
1 te 10, more preferably there are 1-6 Y groups, most
preferably i-4 Y groups on the aromatic structure and,
especially, 1, 2 o¢r 3 substituent Y groups on the aromatic

structure. The substituied cyclic aromatic atoms may be carbon

or heteroc hut are preferably carbon.

Preferably, “'"EtY* is between 4-100, more preferably, 4-60,

most preferably, 4-20, especially 4-12.

Preferably, when there 1s one substituent Y, Y represents

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.
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10

25

30

substituents Y they are each as sterically hindering

as phenyl and/or combine to fqgn1a group which is

nore sterically hindering than phenyl. 35 WO

2008/ 065448 PCT/ GB2007/ 050717 6 By sterical

hBhdéﬁﬁﬁgCﬁéﬁélﬁlﬂﬂﬁﬁﬂﬂ% Hargine comteédr ofn ¥h% context of

g{ggparouﬁs %1d§$£rd@§& 'ﬁ&flg\qaﬁ!eg h(? SHH t'shgereltuent
the termas rea er st ood % ose

skij | vedmebn the aeptmbat teadhh@ amdedanoedobyamyose skilled

doubt, the term5 nore stericall h|n erin
phBny et el hkdh ™t & Heah? O HEVIHg 87 |€\Ré’? %%La?tee bpe

SMQ§E'EHEkQFaﬁ@§)hEHé@rEH@PEhﬁHGEheHg%FCQheBée%QEbhngo mean
the group Y) is reacted with in eightfold
ekeesscaecopdicng degreke cdondibsiténs thehowD S ) SitfarayPh when
ref.ere S i cal nder i n 1

EegT e bt RaRe b fErilcdl Te BNk ded Compar Sl (€O
vvhhh d%l—:!ﬁttaﬁiﬂcet exckfs st woc Xo g oS tazr etbhei nmrmrmmre:d below.

is not nore sterically hindered than t
réﬁ’@ﬁéﬂééyftﬁéﬁepﬁwc‘?é Eﬁo@PHCbéiE‘Bﬁﬁﬁﬂia WPF}@FI%E‘J then t-

referencen ShMdaAldy, akf teenY.ar oups par e, Deidd compared

conpared and PHY' Y' Y2 are not already determned to

beibbr &Hstebiicalticy Ifd=awedYt hanurke astcantdardl t heppared and
Y Y. §hould h e re n

gree Y gfgﬂpsgsﬁ mHh ﬁ%fﬁ% E §£§r$ﬁ @B@ %ﬂ@ -reference

steehcalply hfnd@ﬁﬁdlﬁhaﬂet-dwmpﬂredﬂ)ﬁiﬁﬂlCthendkameeence

in the context of the invention herein is discussed

on'pageriva éf seifst ¥ HoRDYEHoEs CTrdNSiY | oiTRetal and PRV

Cat-abygi e -5, A %'@1%5 @&&:mi\@@& efs, bpuﬁbu;éh%@ewcauy
Chaprman and Hall 1981. 25 Tol man (" Phosphorus Li gand
ExchangedEQDahubhpasmﬂnZ@mdvémQWtPYNV@keBhOAl@oﬁﬁnaﬁmpaT@

R?Le Pe%esg?él%o%&f%%gguthrggrQa rgups they should be taken

term

to be more sterically hindered than t-butyl.

Steric hindrance 1in the context of the invention herein is
discussed on page 14 et seqg of “Homogenous Transition Metal
Catalysis ~ A Gentle Art”, by C. Masters, published by Chapman
and Hall 1981,

Tolman (”Phosphorus Ligand Bxchange Equilibria on Zerovalent
Nickel. A Dominant Role for Steric Effects”, Journal of
American Chemical Society, %2, 1970, 2%56-2565) has concluded
that the property of the ligands which primarily determines the
stability of the Ni(0) complexes is their size rather than

their electronic character.

To determine the relative steric hindrance of a greoup Y the
method of Tolman to determine DS may be used on the phosphorus

analogue of the group to be determined as set out above.
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conplexes is their size rather than 30 their

el ectronic character. To determ ne the relative steric

hi ndrance of a group Y the mét hod of Tol man to

deternmine DS may be used on the phosphorus anal ogue

of the group to be determ .ned as set out above. WD
2009085445 PCTA C112007/(0807 17.:J ToLuene sobwthanghicora
Ni (CO, were treated vvlth an eightfold excess of
FHESSRords PP gaker v s Uisneat SBRS bft\Coeby of | §andywagoand was
folilowed By nmeans of dhhe ccarbopyle sthehehl Ndivrations in the
vibrations in the 5 infrared spectrum The sol utions

weTE 2861 PRETiafed BYS heatitignsi ieseded Libedt Fbyeheating
him afe2100. cfted herr Reatingr atodk00 FeFtnan radditdonaliooe for
79hrs did not significantly chan%e the spectra. The

fFeqtinditega andint eﬁlfsqu(és OfIE éce%%von(gmnqc the spectra.
stieet ehéqi@ndiandsaridn Lhesspectra of the eﬂstﬁblohp!rl aftedtching

olutions are then 10 determ ned. The degr
éﬁﬁﬁﬁﬁ t'at i CHITHE° eS8t ﬁgﬁed P94 SP LS tﬁﬁl‘l\‘%ém > f £ then

tdwe etrat atd ve | nhensiddgres and thestassungpti eant hat teh,elmated
extinction coefficients of the hands are all of the
SAT BPOTE U dni {GOB. FY SGamarec | rEHEiddss opd the
R@GﬁHpi)omheh#% bH@deﬁflﬁ&(ﬂaQ -docamdct &er Blobaneke obands are
CC 15 are f about th ame jntensit so_t hat .
t}]ll e%kehél of st cfltu i'0 argmg é%tl rri:ﬁ)edepéf“ifm}{L 5. If URE case
tdi & Exiperi newnt Af avdrgl ted ndi(SO Nguinsth thbheny ecsmecbifvei (CO) 4L,
l i gan en.th i phenyl osphor us H or N
r% g ?Iﬁbpuhtosg %r usmscyhouﬁpe rl8’7(5n'pare qat ©pyffigree of
eqm¢\taLentora31:t hestcastedrayt be.5.St il thupt h@PQTTIerﬂtthliﬁil to
E t d 1S, & S 3
PR By 2P Ehha dneard: béﬁ%ﬂi#%%réa?ﬁ@* Phggenory
tPHFelfl dase ﬁraytti@ltygumomhphea? @@(Lplehm?em@ma@‘ﬁdrrw bée PY,N

QﬁﬂHb%?gnM”%h %ﬁ@”cé Jegands M@'CELiiﬂ'¥ur§M§5tlt#t§hl also

t he _(CO, conplex. 25 The group Y
(ﬁ?ﬂﬁﬁe§0b93$%ﬁﬁﬂuéﬁbe‘@% Jiwnggnehen the PPh; or P{ ‘Bu}, ligand
should be compared to PY; , as the case may be. Such further

experimentation may be required with gsmall ligands which fully

substitute the Ni(C0),; complex.

The group Y may also be defined by reference to its cone
angle which can ke defined in the context of the invention
as the apex angle of a cylindrical c<one centred at the
midpoint of the aromatic ring. By midpoint is meant a
point in the plane of the ring which is equidistant from

the cyclic ring atoms.

Preferably, the ccone angle of the at least one group Y or
the sum of the cone angles of two or more Y groups 1s at
least 109, more preferably, at least 20° most preferably,

at least 30°. Cone angle should ke measured according
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m dpoint is nmeant a point in the plane of the ring
whi ch is equidistant from 308the cyclic ring atomns.
Preferably, the cone angle of the at |east one group Y
or the sum of the cone angles of two or nore Y groups

its0 at-hel emsthed, afor doprefer &bl y A -at TPéRsD 2O empsiev. 77,

AR 10yt Lol ool B SiBore oo 1o

troovt heenetbod zof El'mde mMancpCinA. ofol then @he:‘rmtReVrﬂlZ_},. This
(197?% 313- 348% except that the apex angl e of the . h
d Ho%F cent FedMal CRESMAddiaTt 1S tHREhrbifet i £ other

rd NG erddli sp o Mo 4 d.e6: usgr of 1 Jol srA- S5 apahesaaaswose in
been used in other. 5 systens to neasure steric

eff ot e suhi sy 1 h@sec‘mmlureyetppe@t poienyrigatconi aatalysts

SISO L PSP AL a3k ok o I ERbL R o5

sybﬁirtuents Y are sel ected to be of the appropriate

size to provide steric hindrance with respect to the
active site between the Q and Q atons. However, it

I ShanofukROWIehiet hesr e t el subat itbuent oifS tpeevpptdmigate size
t he net al Ieavrn di recting

. stimgace o
G e et T b ST dind A RGP EC Stbhe “ERPaTyr PR P Setive site

cegtfvicerBthong' Qﬁmﬁ&flﬁgo@iherww%ﬁyerA par tiscubar kiyown whether

preferred l[igand. is u Y represents -
R AT e Srapredine b MR TR Edg B it

S
andmmRnR'paEhwagregeﬁenhﬁmynedoheﬂemmaéteprePsedmw%uﬂ@Lalytlc
each..Y d/or(%pa% gplnahr on.of two or nore Y groups

i s at Fe as sterrc%l? hlnaerlng as t-butyl. Mire
preferably, when t here |s only one substituent Y, it

V\ﬁ §$rt1 \%ﬁ%ﬁ’i?s lc’_*gﬁgxhc(%l 'i’lg*Hn'&d f‘] NG, #3 t\:\r'h*%lr’ltw represents

ere
srRYRTR™  wherein S represents S5i, C, N, §, © or aryl and

RIRTR** are as defined hereinafter. Preferably each Y and/or
combination of two or more Y groups is abt least as sterically

hindering as t-butyl.

More preferably, when there is only one substituent Y, it is at
least as sterically hindering as t-butyl whereas where there
are two or more substituents Y, they are each at least as
sterically hindering as phenyl and at least as sterically

hindering as t—-butyl if considered as a single group.

Preferably, when $ is aryl, R¥, R" and R' are independently
hydrogen, alkyl, -BQ°-X7(x') (wherein B, X’ and X' are as defined
herein and ¢° is defined as Q' or O above), phosphorus, aryl,
arylene, alkaryl, arylenalkyl, alkenyl, alkynyl, het, hetero,
halo, cyano, nitro, -OR'Y™, -~0C(O)R™, ~C(O)R*, ~C(O)OR™, -
N(RPIRY, ~C(O)N(RIR?®, -8R?, -C(0)SR, -C(S)N(R*)R*®, -CF,, -

SiRT'R™R™ or alkylphosphorus.



25 are two or nore substituents Y, they are each at

| east as sterically hindering as phenyl and at |east
woamositeesdscal |y hindering as t-butyl if consi aeramdas/ @717

single group. Preferably, when Sis aryl, RR'"" and R-

are independently 30 hydrogen, alkyl, -BQ-X (X")

(wherein B, X and X' are as %efined herein and Q is

defined as Q or Q above), phosphorus, aryl,

aryl ene, al karyl, arylenal kyl, al kenyl, al kynyl, het,

Qest_@mo, rotﬁélrp?%;y@ﬁo’ho@bgﬁo’maﬁlﬁwdep%§@lﬁ Q)e generally

.SSR@CI(,C! C(@rthyerqg(nj) N(IWU)bRgvltuL@i:gor ;3(5 @th?:gt‘epé- Rryl or
%&s@bkyhﬁnQﬁthfu 1&%@3@@Q§{0§§Qﬁ5 PQI/QQQQQZEQ5Q¥i7may be
] R--R30 referred to herein may i ndependently be
5 @éﬁé?al?&“%séméﬁ?éﬂfﬁ@éﬁ]hydrogen unsubstituted or
substituted aryl or unsubstituted or substituted
alkyl, in addition R1 may be 5 nltr haho gnlno or,
FREGST B Groraly,© whensS | § S € N & of 0, KR od X7 are

Rﬁﬁeﬁﬁﬁﬁéﬁflyar%ydkﬁg@f ndﬁn@hykhﬁmﬁggﬁﬂmmﬁ|FYle arylene,

osphor us en a

G real kyta CalkergiarRG Y | SR norarS Vo Rafo, heteso,

ﬁ%%ﬁ;ph f e, OnCRﬂ:Q,, @@(9(,)) Ré@c(o @(‘g%g)uc(eﬁw) ORL, (03 OR*, -
é(ﬁfﬁ(hr E& %h%F % %% ﬁﬁlpho E% ﬂglﬁhérépﬁg’

atirl'ea’st’” ,one aﬁkRIﬁthpho&u m@heh@/ﬁf Qgeneand wher@f R*-r" is
R - re as defined herein,; 71
défi ﬁ@gr%%erRiaéﬁngeB%%n ar eq{pre rer a’bl ?e&[n%f aﬁrwln prand K-
B3* pheaykeiPred enablr/!-:&" i suSi ,ar€ quﬁkybblkaBvEJ alMyl or
S Qr Q may also be preferred as one or nore of the Y
g¥5UBS in combined or in the case of multiple Y
groups. For the avoi dance of doubt, as 20 oxygen or

%%e@h95E$ n‘bq bEYa|@Q%’£§V ﬁ%we&ﬂn %%?gtﬁgCg%Q% also be

airs ef er apl n addition to grou . . ‘
an@ﬁarr@dsdwunkume maye bé Uwsdbsﬁwnm@ednoﬁ9mWMEﬁ-Or in the

Q%%%iQhermﬁtﬁ%ﬁEh%f &&ﬁﬁ£itUt?9rkaQ avoldance of doubt, as

A

oxygen or sulphur can be bivalent, R*™ - R" can also be lone

pairs.

Preferably, in addition to group Y, the aromatic structure may
be unsubstituted or, when possible be further substituted with
groups selected from Y {on the non-aromatic cyclic atoms),
alkyl, aryl, arylene, alkaryl, aralkyl, arylenalkyl, alkenyl,
alkynyl, hei, hetero, halo, cyano, nitro, -Or'™, -0C(O)RY™, -
C(OYRY, —C(O)OR™, -N(R*)R*, -C(C)N(R™)R™, -8R, -C(O)SR, -
C(SIN(R™R™™, —CF. , -SiR™R"™R™, or alkylphosphorus wherein R -
R are as defined herein and in the case of Y or a group
fulfilling the definition of ¥ of the first aspect the
attachment is to a non- cyclic aromatic atom of the aromatic
structure; and R7-R™ are defined as R'"-RY™ but are preferably
C,~C; alkyl or phenyl. In addition, the at least one aromatic
ring can be part of a metallocene complex, for instance when R

is a cyclopentadienyl or indenyl anion it may form part of a



25 groups selected fromY (on the non-aromatic cyclic
atons), alkyl, aryl, arylene, alkaryl, aralkyl,

wanylseaadikyl , al kenyl, al kynyl, het, hetero, bel@B2007/050717
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cyano, nitro, -ORl, -OC(OR', - C(O)RJ1, -C(O)COR',
-N(R)R'", -C(O)N(R-")RO0, -SR', -C (0) SRO, -
C(SNNWR', -CF3, -SIR'R"R 'l,b or al kyl phosphor us
wherein R' 30 R30 are as defined herein and in the
casker bfcoyrdexasgrloup HurPreny hg tiidedety hi tiagnbgenycenyl or
of hdde of It St vaspect. the attachment is to a non-
cyclic aromatic atom of the aromatic structure; and
R 1-R 3 are defined as R'0-R' but are preferably
&L %bﬁgheﬁgs phepyla hR addidi@npeqt he abrbeast. OQ@ructureo
aromatic 35 ring can be part of a netallocene conple
fﬁ%t}ﬂﬂst%éo\ﬂ,ﬁéﬁt RoT | S ey REFERBpent dEit eyl S6r ti’ﬁﬁen‘we“ they
aphONidd B FaRmM PALT 4 fnA: (W0-2098/ 065448 st itvent (s) Y* may
PCT/ GB2007/ 050717 10 netal conplex such as ferrocenyl,
rﬁ?h@ﬁo&?? Sﬁﬁ?yﬁﬂ@ﬁ%‘c@ny? Bt 2% nefedly| teotit vl ehtss. and Q°
Suedhs el exeseshoul d Farepasi gdered ias rah@nrat:l ehe structure.
structures 5 Wlthi]n the co text of the$
i WentTUR 66" t Rt SPNERST Hey @ iNfHAddes an’“&ﬁbﬂt“e“t ¥
anh@yrabé Cof i Ay the Sﬂbﬁﬁfté UEMQ(§_)OT?]/ﬂ'Fﬁ,y mdl%ll@.gcérlﬂe structure
sa romatic ri as that to ch the an ) ; 2
B e Y kBl B S Ener A BRIt TR Lo O and ©
straiciiuked. For instance, in the case of a
nmet al | ocene, the substituent Y 10 may be on any one
or nore rings of the netall ocene structure and this
nayi@e)ltehelesahboccﬂmatdpéfe:'amnderiwhg‘»cho:navmnm}o@b ahdut@d with
are | i nk Syi t abl a | ocen e

%e SﬁgSF %1n<ﬁ}1 g EL?%U%B W%S dggl mg ?ﬂxﬂp&rson
hemdal ard lkektpes krown cueehtr@ei ski | ¥edCRep3oiP2 .amd meecicularly

r\égl ¥ d%% D?guérﬂ V‘}QTOZUUQ%L]'%%%maA(pagrho%ul @H Y«rhen 5 is

preT err tifuent for such aromatic anions is
when S is . 20 In general, however, when S is
aryl, the aryI may be further unsubstituted or
substituted with, in addition to RfU, R'", P.42

In general, however, when S is aryl, the aryl may be further

7z

unsubstituted or substituted with, in addition to R, R, Rr%,
any ©f 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-, phenylalkyl-
or phosphinoalkyl- such as phosphinomethyl.

Preferably, when $ is Si or C and ocne or more of R*¥-RY™ are
hydrogen, at least one of R*" -R** should be sufficiently bulky
te give the required steric hindrance and such groups are
preferably phosphorus, phosphincalkyl-, a tertiary carbon
bearing group such as -~t-butyl, -aryl, =-alkaryl, -aralkyl or
tertiary silyl.



any of the further substituents defined for the
aromatic structure above. 25 Mire preferred Y

wosMbsbdsidgent s in the present invention nay bepcsgalmeoémdori7
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fromt-alkyl or t: al.kyl,aryl such as -t-butyl or 2-
phenyl prop-2-yl., , -Si Me-, phenyl a.l ky. | phenyl . -
phenyl al kyl - or phosphlnoalkfl- such as

phosphi nonet hyl. 30 Preferably, when Sis Si or. C and
ohielforapbre ofe RIVARWergyé aﬁym@@%nst%{ctl%asthaéne igfluding

Ru@stRueshould hes SHU LG @@Q;yclqlél K¥onbO QiMe JRarabry, s

reqU|red stéric hindrance and ‘such groups are
proef éFabtyc bifos plheris, ‘Eﬁdspﬁfﬁé%ﬁ%@hb a tertguryc atoms,

F@@Qatﬂ?%fb@9695§%ﬂ%c5%ggm it R Y wer AMWeene complex.
Saral kyl” or 35 tertiary silyl. WO

2008/065448 PCT/ GB2007/ 050717 11 Preferably, the

hydraearby! . ahomati-engt fUCt UGG - basibyinCl MdiRGure  may  be
substituents, fromb5 up to 70 cyclic atons, nore

preerer ably, o5 IFGYEGC&V%i|gh%téﬁ§ilﬁo§ﬁnﬂﬁéf%réﬁpv may be

22808y Cdd Chat oOfms, wBSPECH akkyebe@ded €¥ClicteabOMardih are
not a netal | ocene conplex. 5 Preferably, the aromatic

YdFERATHYI CStTUS I e ARG Be “WBRoCyLFTto%y Rowever,” it is

@Qleyf@yﬁéd _€nattheneyal'i Caray oprat & €ondtf OfBe NMAYnbe: ear henilable
tero, erein referenceﬁ to hetero herein

re
raéifjélf:éﬁ"ce%yct CsGPPRYT, 2 'SBFgén Bnd/ dr MHer 0GR, aromatic ring.
H@m;‘temty; twheén 1@1@rejce1rzrcegnytdliratath¢} Q*Lr&ﬁﬁuge atgorp&)lycyllc
re.linke adj acent cyc car bo

O e PAETPRSRTY GHETar et a1t Lty RR Ty e eles in

tthe cyohbeibydrocardnd .mst racture het potaneydives mb HSOmdLic

pr%ferabl¥ b|%¥cll or tglcxglkc ge furt er gye

er"t 1n 1 A
e ardmatTi & srudurenayor M hehselV §y

b@naﬂ@ﬂ@ﬂtn:lcSCand arionEti ¢ @dru@ﬁunedsh@mkdnbemnf include
{RISE 3100, BEEOLYI NGl Vey )5 LA0LR! IBIIAONEL L 1HILS) corns
e C e S.

hereln na ude unsat urat bon
oyelti efat omdigcnelntetam.at om which forns part of a
cyclic skel eton.

Preferably, the bridging group ~R{Y™Y,, whether furthex
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 arcmatic cyclic atom of the avomatic
structure 1is meant any further arvomatic cyclic atom in the
aromatic structure which is not an available adjacent cyclic
atom of the at least one aromatic ring to which the Q' or ¢°

atoms are linked, via the linking group.

Preferably, the immediately adjacent cyclic atoms on either
side of the said available adjacent cyclic atoms are preferably
not substituted. As an example, an aromatic phenyl ring jeined
to a Q' atom via position 1 on the ring and joined to a Q° atom
via position 2 on the ring has preferably one or more said

further aromatic cyclic atoms substituted at ring position 4



20 Preferably, the bridging group -R(Yx),,, whether
further substituted or otherw se preferably conprises

woess/okhan 200 atons, nore preferably, |ess thanchadresori7
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atons, nore preferably, |less than 1.00 atons. 25 By

the termone further aromatic _cyclic atom of the

aromatic structure is neant éﬁy further aromatic

cyclic atomin the aromatic structure which is not an
aveil{abl e @dj adenttwydiinediatoim ofd iekenat cyehst omEs to the
aEQI@t '&ve{i‘l%j%lteo Mﬂ&&rﬁhe CQC,}Q{E Qlton%t o%ﬁar %ui E@ﬁ%ed at

via the linking group. 30 Preferably, the imedi ately
adpatemnscyél i endt dhson 8Prher: s sildésof 1t heordyi de  preferred
avabdall gnadjacentecyel | Gnat ofBs ang tRLRf ehallivg NQfsitions 2
substituted. As an exanple, an aromatic phenyl ring

j Orhed T 8x@ret-orhdvPas pusiti on 1 on the ring and

joined to a Q atom 35 via position 2 on the ring has
preferably one or nore said further aromatic cyclic

af ofrs “8UBs LFPUE B af 139 ngepvsi Eidn BW0*20087065448 ©ing to
PET{ G82007/O5QAE7 o* 12 @@ 13 ndRE the two mmredbateldely is
adj acent cyclic atons to the said avail abl e adj acent
c§EPTET At 0B I ndt OBttt ed %’fefeﬁégili’i%%s“%eéﬁ eged broadly
h@weyraﬁuahhinstids]quley ek ef ety €bpesbst édwentnion, pyrollyl,
arrangenent and substitution at ring positions 3 5 .
SRE BE g eiffpl & 1% (B6Ssi Bie, OTHE (etifi‘ar il | 87omaticity
r sgh neanshihatolhe at deastionesirtdingidiocanhieh theeQ@etrons
and. Q atomare linked via B & A respectively is

afohatic "¥Rd T arorati'c Fehoti'd préferably be '
interpreted broadly 10 to include not only a phenyl,

Cg%é? Eﬂiﬁdhﬁﬂ%kiﬁnkqggspxégh'%'un~p rggény'intXEQ ring but
structures but other rrngs wth aronat|C|Ty such as
t hatgd ound 191 any? ndinglwect hodel ocaldised pPissébeet sworis as [14]

QL§ULQKﬂUX§8§Qﬁgbéeégbéyg said ring. 15 Preferred

a
aromatic 'rings atonms in the ring but
rings with 4n r 2 pi electrons are al so possible such

a%héjfgromatic hydrocarbyl structure may be selected from 4
and/or 5 t-alkylbenzene- 1,2-diyl, 4,5-diphenyl-benzene -1,2-
divl, 4 and/or S5-phenyl-benzene-1, 2-divl, 4, 5~-di-t-butyl-
benzene- 1,2-diyl, 4 or 5-t-butyvlbenzene- 1,2-diyl, 2, 3, 4
and/or 5 t-alkyl- naphthalene- 8,9-diyl, 1M-inden-5,6-diyl, 1,
2 and/cr 3 methyl-1lH-inden-5,6-diyl, 4,7 methano -1iH- indene -
1,2-diyl, 1, 2 and/or 3-dimethyl ~1lH-inden 5,6-diyls, 1,3~
bis{trimethylsilyl}~ isobenzofuran - 5,6-diyl, 4~
{trimethylsilyl) benzene-1,2 diyl, 4-phosphinomethyl benzene -
1,2 diyl, 4-(2'-phenylprop-2'-yl} Dbenzene - 1,2 diyl, 4-
dimethylsilylbenzene-1,2diyl, 4-di-t-butyl,methylsilyl benzene-
1, 2divyl, d- (t-butyldimethylsilyl)-benzene-1, 2divl, 4~
butylsilyl-benzene-1,2diyl, 4-({tri-t-butylsilyl)-benzene-
1,2diyl, 4-{2"~tert-butylprop~2'~yl)benzene-1,2 diyl, 4~
(27,2',3",47,4" pentamethyl-pent-37-yl)-benzene-1, 2diyl, 4
(27,2',4", 4" ~tetramethyl, 3’ ~t-butyl-pent-3/'-yl)-benzene-1, 2
diyl, 4-(or 1" Yt-alkylferrocene- 1,2~diyl, 4, 5~-diphenyl-

ferrccene -1,2-divyl, 4-{or 1’)phenyl-ferrocene~l,2-diyl, 4,5~
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annul ene, [18] annul ene,etc The aromati c hydrocar byl
structure may be selected from4 20 and/or 5

wot2adboghdzenzene- 1, 2-diyl, 4,5-di phenyl - - benzeog/geho®@r050717

diyl, 4 and/or 5-phenyl-benzene--1, 2-diyl,

4,5-di-t--butyl- benzene- 1,2--di-yl, 4 or

5-t-butyl benzene- 1, 2-diyl, 233, 4 and/or 5

t--al kyl -- napht hal ene-- 8, 9-di yl, 1FLinden-5,6-din,
Hi-tobundy/diergoperdy| L2121t i nérerpe 5, ) 6-bdiy)iqrrocgneq 1,2~
'@E/'ﬂanofl y)_lr' 'Pqe(rEQLmogﬁy 12.lyq| z: fe}ﬁogerﬁanq/ or diyl, 4—(or

|-neth - 3-i nden 5, 6-
6|é€b@??ﬁﬂﬂ?ﬂ°§hvkl) fﬁ%ﬁ@ﬁéﬁ?ofurhﬁ’ Qlﬁldlyl4 @x 1ryfar-
&%@h?@ﬁhﬁizﬁlyl . kebepzene-1,2.diyly o diyl, 4-(or
hos hlnoneth% benzene - 1,2 diyl, .
4- )(izme‘dﬁélrwllpnl pooocapey lpdgehe -- 1, 2%digH, 4-  17)di-t-
(ﬂium?ﬁhMéU%‘l'ﬂ)ilpﬁnzeneféralog&aé M, 2diyl, 4 (or 17) (t-
4-di -t-buty nethYIS|I . benzene 30 1. 2diy
E“&Vl%%miﬂwylﬁéﬁh§ si9rnpeprpehzehigia. | éd|9¥ h-%t butylsilyl-

kﬂéﬁ:)tbSeﬂlell,)Pdlyi benzengr- 1, Zdl’y|trl----t -butylsilyl)-ferrocene-

- | b
405 YL or £ 1 g1 bl b BT PR LB L iocgne 12 divl,

(@2'(p2', 3% }4 4'2p Bl’ltaﬂ,’BﬁI’hW -p-e[ﬂ@ﬁhethy] -pent-3'-yl)-ferrocene-

-3' be zene
St MBS oY o e ang -y B -
@enef&rﬁbéﬁiaduyb dﬂyl(or 1')t-al kyl ferrocene-
1,2-diyll, 4,5-diphenyl- ferrocene -1,2-diyl, 4-(or
1')phenyl -ferrocene--1.,2-d.i.yl., 4,5 WO 2008/ 065448
PCT/ GB2007/ 050717 13 di-t-butyl-ferrocene-- 1,2-diyl,
-(or, 1")t-butylferrocene- 1, 2- diyl, 4- (
)(tr %ﬁ?ﬁtﬁ Fyl)h?é?¥30en§-fi fh&r 4
Etyphosghﬂn@neﬁhym f ecsedéehe, - -41P2 dﬁ@dh 4stqnmoisomers are
nkggded phenyl pr-op--2'-yl) ferrocene - 1,2 diyl.
or 1')d:inmethylsilylferrocene-1, 2diyl, 4- (or
1')di-t- but:yl, methylsilyl ferrocene- 1 2d|yI 4- (or
1‘%0) (rJenLt?Hkyéi dl H@&Dyl 131{ | (Yér\)e f&(ﬂ Qi‘%f%@ﬁa :;]-, nghfyrlc, md;ﬂ He two or
- but |yl - ferrocene-1, 2
FOYFt@ﬁ-iﬁuﬁuﬁyl%ﬂ@4vr)ﬁ@érYrs@ééhkﬁquQEdﬁy1 Surghegr aromatic
ch)c(L%c' aj%%&w bHEY%HEOQr%maMléfeH@&@J}% 1 O%tq'o}{bllylo the said

ﬁé’ﬁt a‘ﬁget‘ﬁ%e p%W?QtSLt“)?P):J fE@py ocemesial Pyj wyep  rhgugprves on
Le)iGRbodrifly »Aortiet hagRidy a3 omb; - bUbYhtREMs - Brm a further

ring structure such as a cycloaliphatic ring structure.

morre than one

Such cyecleoaliphatic ring structures may be saturated or
unsaturated, bridged or unbridged, substituted with alkyl, ¥
groups as defined herein, aryl, arylene, alkaryl, aralkyl,

arylenalkyl, alkenyl, alkynyl, het, hetero, halc, 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*)RY, -CF, ~SiR"R"R", or
phosphincalkyl wherein, when present, at least one of R-R* is

not hydrogen and wherein R'-R* are as defined herein; and R'-
R™ are defined as R"™-R"™ but are preferably C,-C, alkyl or

phenyl and/or be interrupted by one or more (preferably less



y.l)-fer.r.ocene-1,2 diyl. 15 In the structures
herein, where there is nore than one stereisoneric

wb esoopassi bl e, all such stereoi soners are i npenvdgdhoro50717
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As mentioned above, in sonme enbodi nents, there may be

two or 20 nore of said Y and/or non-Y substituents on
further aromatic cyclic atont“of the aromatic

structure. Cptionally, the said two or nore

sulbzt i 4 ueritas iwdy 2) especial | tilreAnt heysdlwres sgpicon atoms or
nel ghbouri pg §yeld.a arematl ¢, al,ea8,, GONRINEt 0,4, P @
further ring structure such as a cycloaliphatic ring
structure. 25 Such cycloaliphatic ring structures my

be. S w.at ed OEUCMS%%@L@Q@ bridagd 0%5 %%g.rdﬁerggdhpyrldlne,
| |

substituted wt Y groups as

aPgIehodiyEene, a?%&ﬁ%%exaa?alkyl CY¥§0§?9¢%ﬁ¥alkyl cyclooctane,

a& mﬂonaalgkyrfyllrannetd,mng&@r oaliagi OcuBY8NQ:t <l tHF@P, 2-alkyl
-OC(0)R7, -C(O)R', - N(R') R"

W@?twu(cﬁds) PQ% dlS\%@“eLC (WC@P@GWH@? S) N%W‘)exanone'

R29: 1 ofdhntenS| R %yclBh@xéﬂe,ph@§§D@HE%£dKﬁhtheﬂemn dlthlane,

when present, at | east, one

R10- R"H%‘ not h %Eo
ANt SAerdfn R1RS1OL 41 %€ as dé}f’?-?f%% é’ﬂéPﬁ* and jrenenc,
Riljjl_(@FcEloCtaf Pﬂeﬂocafanlgd/o R' bbﬂ&y@kﬁ apreb gﬂi(ﬁtﬂrye,c C, adamantane,
a en or e Interru . one or re
LS r b T ale GBvs008r babase Peby B oM G807 1 poL Sapvaro-
t harora 2t-ehal @élﬂﬂ‘QM$gemacfbﬁdDgﬁmmmSHb@huﬂacsbhéDOﬁhnﬂric

atoms, or, by silano or di al k |I|con gro
nt Xt et her eof . ﬁpPé@J% % structﬁ%@?zﬁﬁ fgfenane,
pt perdadiviee pdpyadi nethSam@Ttﬂmﬁa ne heyemﬁﬂnﬁ%aﬁelndene (5,6

| oh | )
CHE| he 300, 0L 000 o YL AOTIDE L s, g

1i8"dknxane (5.¢ycfiopent ahoneyf cylel dhexanore, un¢ubst1tuted or
g%%@kgaeaﬁccye%%@gxw Iclggpgmdu ene, 1,4

I ane erizine pyro I'ne, thionorphol.ine,
cyclohexenone 10 bicycl o[ 4. 2. 0] oct ane,

bh&M§k9£4w§ka@9n%%§miﬁgaggﬂ$fﬂga groups or otherwise, 1t is

preferred that the immediale adjacent aromatic cyclic atoms, on
either side of the gaid available adjacent cyclic atoms to
which Q' and 0° are linked, via the said linking group, are un-
substituted and prefesrable substituticon is elsewhere on the at
least one aromatic ring or elsewhere in the aromatic structure
when the aromatic structure comprises more than one aromatic
ring and the preferred position of combined Y substituents

should be understood accordingly.

Typically, the grecup ¥' represents CR'(R")(R"), X* represents

CRY(R™) (R%), ®*  represents CR'(R%) (R") and X' represcnts
CRY¥(R'") (R'*), wherein R' to R represent alkyl, aryl or het.
Particularly preferred is when the organic groups R} - RY,

rR-R®, R’- R* and /or R!- RY or, alternatively, R'-R®



t et rahydr opyran, di hydropyran, tetrahydrothiopyran,
tetrahydro- furan-2--one, delta val erol act one,

wRRBssaut yrol actone, glutaric anhydride,  pCr/GB2007/050717
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20

di hydr oi mi dazol e, triazacycl ononane,

triazacycl odecane, thiazol.id.ine,

hexahydro-111-i ndene (5,6 15'Hﬁyl) octahydro-4,7

nmet hano- |ndene (1,2 diyl) and tetrahydro- 1H i ndene

@@dYqh yl al'f owhwhrcmaﬂnpﬂﬁiwmsuhstmtutedlar respective
u |tuted as defrned f her ei n

G Grg, COriBl i TSP LB e AR B E iy are at

2Q: eﬂﬂﬁfcﬁf rset@ tikat: ihe iinamedinat e sadj-acert @nomatic

cyclic atons, on either side of the said avail able

adj acent cyclic atoms to which Q and Q are Iinked,

vid tshersai g-duikinAg 9601 e il -SHbBld tdi edyandc. when
preferable substltutlon is el sewhere on the at | east

SHEaFondl i PHing<BrEl'seWh8r e9F PR &y ofat j THbstituted  or

Stlcush tl ©.12% WieRat headd OBl GisSthugld e COMIdy$esc or part

than one aromatic ring and the preferred

66§?fFoﬁT8PptoﬁB¥néﬁL§Q%ﬂ%§i|?ﬁ8ﬁ?§' SEGGPa pe the tertiary
undenst oatdorcoor drrmglny cahypi caldore thegéf)&lplyX Co=Cysy mMOSE

PSS TEhbhy S cin (B8] P rop“RRA X0 Flpr Sdahts CERIG (R e

@RcZ)c swherteire Ray tiee Ridsrepresenty alnkybr asyd comstituents
het 5.Pa trcul |y preferred s _when,:t he or 10C 21
g?& pg R {ro EP YRC gnd’/gglRloﬁ%ﬁ%gE CLOIRT,
&Hpeoﬁatrweiy,,RZkRBNM@R?OOBRd65448 ) Pt /GBQB@VHﬁ%D?&ﬂyl or
an 2 o ci h 2spec
%Fflg{‘hgpgﬁbgﬁ {E}gg%'(ns) cqq ﬂ'gaeeﬁ%z\ydg f r{PJe;\Ieﬁr% th Xlgogen,
arglavtr keéast. ayuykermeahmyehrm@eﬂiﬁgfaswtébumykéspﬁy@bn or
J ri roups...mg, cycl ar, I I
ST e Gl Ul T 3R L PR T URTE vy be
substituted or wunsubstituted or saturated or
%%S%LH&@E@garThﬁu&¥Q&kﬁ;Qr &artx’cxglﬁﬁdQBPuanﬁﬁyrepre sent
preferabl; contain, i'ncluding the tertiary carbon
SOGATEF Y Fr drﬁr@@rwl A neserprefenabloy edamgntylnpet X and
10 prsfanabl y. 0- cas bom:ahomend N the CYelified form an

structure. The
optionally substituted 2-Q%tricycle[3.3.1.1(3,7)}]decyl group

or derivative thereof, or ¥ and X° together with 0¢ Lo which

they are attached form a ving system of formula la

351 .952
(1a)

Similarly, X' and X' together with Q' to which they are attached
may form an optionally substituted 2-Ql-
tricyclo[3.3.1.1{3,7}]}decyl group or derivative thereof, or X’



cyclic structure may be substituted by one or nore
substituents selected fromhalo, cyano, nitro, ORL,

w2 C(OR 21, C(0)OR', NR -R'4, C(0) NR¢ER262007/050717

20

30

SR ", C(0)SR30, C(S)NR21R 8, aryl or Het, wherein R™"

to R 10 each independently regresent hydr ogen, 15

aryl. or alkyl, and/or be i nt & rupted by one or nore
oxygen or sulphur at oms, or by silano or

divat kY dickedheyr oups. Q' rtOpa%tlpéultaﬁy whenakiyadheg, myy, form a
XeindS ARALAT ¢ X o IRY oF 8Rr €Sent  congressyl .

nor bornyl, 1-norbornadi enyl or adamantyl, or X and

20 X Vd@ether with Q to which they are attached form
an_opt i r?nal” y substi tuted

2-RY -t V. e¥el o[ 3.3.1.1(3,7)] decyl group or

deriv tlve hereof or X and X together with @ to
3attached forma ring systemof formula

R54 Reo R53 Rei R52 25 (1la)

Si m'FQsaarIy, )r@zand X' together wwth Q to which they

are attached may forman optionally substituted 2-Q -

tri cy&l FS 3.1.1(3,7)] decyl . group or derivative
LRET 0% 08 1y X3 MD,2005¢ 065448, PGTL GB2007/ 0501 Einakbr ' may

and X' together with Q whi ch they are attached may
f oFREE e AgS Yt eref T—%rwhﬂcée Fhe Ypardad s H Regd -
R50 . ~ R53 QY _ R51 R52 (1 b) Alternatively, one or

nore of the groups X, X2, X and/or, X SMRY ; 2
Particularly pre erred is when X', ¥, ¥ and %' or x' and ¥X°

together with its respective Q° atom and ¥° and X' together with
its respective Q! atom are the same or when X' and X are the

same whilst ¥° and X' are different but the same as each other.

“n preferred embodiments, R' to RY each independently represent
alkyl, aryl, or Het;

2" o R each independently represent hydrogen, alkyl, aryl or
Het ;

R* and R*, when present, each independently represent hydrogen,

alkyl or arvl;

R to R™, when present, each independently represent alkyl,

aryi or Het;

vY!' and YY?, when present, each independently represent oxygen,

sulfur or N-R’, wherein R™ represents hydrogen, alkyl or aryl.

preferably, R' to R'¥ each independently represent alkyl or
aryl. More preferably, R' to R each independently represent C;
to Cs alkyl, C;~Cg alkyl phenyl (wherein the phenyl group is
optionally substituted as aryl as defined herein) or phenyl

{wherein the phenvl group is opticonally substituted as aryl as
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5 represent a solid phase to which the ligand is
attached. Particularly preferred is when X, X2, X

woands/Xs4gr X' and X' together with its respegicruesai 050717

atomand X- and X together with its respective @
atomare the sane or when X and X3 are the 10 sane

whilst X2 and X are different’ but the sane as each

other. in preferred enbodinents, R to R' each )
idrdéperideher§itlepr et  raldey| prafgrabby, Helk; tto RR”  each

%@@pteaal&ﬂeﬂdepéwesre%@recsené hydrogem, alkyly aEYloQtonaily
{let; R and Rwhen present, each i ndependent [y

r@@féséme%yfm ogen aal RgFipgd ahgiein . QHOREOPERFRADLY, R’ to

wbeﬁaﬂﬁﬁ§%ﬁ£eoéﬁ§hxkﬁ@@@?@ﬂﬁﬁkbyc[%Br@§%@ky@|KM%»as methyl,
a or YY' and YY when present, each
‘%é@ﬁendéﬁFPVYFepﬁ@@eﬁfo®ﬁygeﬁ buips syl FUrPUE lwhdeaitnbutyl,

Fﬁemwprﬁé%m SinRy 8y 0gex Al kykpari anyl mec Rref erably,
to R~ each independently represent al Kyl or aryl.
Nbre preferably, R' to R each independently

represent i &ulati9 Gherabdd enbodibnt Ak¥hePpLOYdnt invention
(wherein_the phqpylﬁ%{ou is 30 optionally substituted

ds’ afyl &s ¥t ithed® CESETBhENYI SelGher &Y b t eyl or Het
pheryl grsoupsisedptdrenal | ¥’ subist ikt uired @S & 1 @$r¥&nt the
2008/335448 PCT/ GB20Q07/ 050717 17 ﬂefln d herein % R 5
T fof & prigter 8Bl Yo RO YR Sedt mﬁdn Ependertidy & R R
remueéenéa£m.tépﬁaiaakkyme wbm@hauﬁyopthﬁpalby Het moiety as
Qstltuted as al kyl. as de herein,, M

pre BFAbIY TR 1o RF eBEﬁE?r“ dsefit’ non- s%%sf??htgaj each
@bp&eaéﬁy1akkybn@uch{asahE&hyhxnﬁjebhy&lyrhq@r@pybgituted C)-

|so F opyl, mp-butyl,, iso- ng tert- butxl q yl.

) ¢ hy i ;

G VI SReXS Y ws pEdVar | Y REtRYY . %thy nbutyd,
p&mtbouvaxlyemueiﬁwﬂedpenbmﬂAnnﬂndoﬂnihampmeseml, Rﬁ R", R*
%éeQbhoga ﬁlinELPogaﬁﬁﬁgoax?m%aggt ? reseﬁ Qhe <y1 as
a aryf defii ned "herei'n,
QefRnaﬁd ¢wou§achanépﬂésenﬁbthéi and RY each 1ndgpendently
represent the same C,-C¢ alkyl as defined above. For example:
R', R', R" and R' each represent methyl; =&?, R®, R® and R’ each
represent ethyl; and, R’, R®, R’ and R' each represent n-butyl

or n-pentyl.

In an especially preferred embodiment of the present invention
each R' to R group represents the same alkyl, aryl, or Het
molety as defined herein. Preferably, when alkyl groups, each
R' to R represents the same C; to C, alkyl group, particularly
non-substituted ¢;-C¢ alkyl, such as methyl, ethyl, n-propyvl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl and
cycliohexyl. More preferably, each R' to R represents methyl or

tert~butyl, most preferably, methyl,

The ferm “lower alkylene” which A and B represent in a compound

of formula I, when wused herein, includes (Cy-C or C, to Cyy

0
groups which, in the latter case, can be bonded at twe places

on the group to thereby connect the group Q' or QY to the R



sanme al kyl, aryl or Het noiety as defined herein, and
R3, R, R and Rl2 each represent the sane al kyl,

wabyls/oes44glet noi ety as defined herein. Mre prefiesadolysorr

10

15

20

25

30

35

R, R, R and R10 each represent the sanme Cl-C

al kyl, particularly non-substituted C1 15 C6 al kyl,

such as nethyl, ethyl, n--propyl, iso-propyl, n-

butyl, i-so- butyl tert-butyl, pentyl, hexyI or
cymumhe@@yil R URE ReLLemdcdag, e?achOfﬂ?ﬁFé‘r}éﬁdéiﬁ‘ﬂlyed in the
r@QrEeeS\%’gF gh&é@ﬁﬁl'cjb&%wal kidhsc@8ne defd ned, abovei,and case,

and R = each i ndependently represent t he
swyefwoeoamm rastdef fhed labsve. f FoCrexanpl ¢y 5p is meant
R@ha@‘khe gr80d & Q-eachsr epresantc aethyliy Ro tRer R:;roup and
Rt1 each represent ethyl.; and, Rs, R6, RO and P"

etalwerebfe%%n@rﬁm DUEE S0KY RedDeWi G 4 aft this case only

espechal Ayapiefessed @n@@m@ afikthenpresentany case, when
invention 25 each R to é%rou p represents the

sahe &l Kyl IEPYPT ororHet £ ¥ dS P B iR 1Ot Pe Co
Pegd efahl e \quﬂ—@% kc}{ﬁeulzgra@ulﬁ@flﬁ@@hhcr%lnt @nR therefore, at

represents the s roup,. -pa tlcularly
bbbt A SRS i 8 e T e

n--propyl I So- propyl n- butyl, iso- butyl
tert-but entyl,. hex d 30 cyclohexy
L0 DAL o BETEY L B PR30 vl ool LS Ly ang

tEﬁ&}mw&W|ﬂ@ﬁﬁ$l prefierigbl yrhaet hyl . pdde it er prdpower butyl,

LIRS, HLSH A S0, SRLESEnt LB COME G s8] orovos.

&fein,©
CQinld5s gﬁﬁmﬁelmhlehcciﬁnebheahaytegroagﬁ nagan Wenbonded is a

ces on the_.gro ereby,connect. th
“’UHNOC(jongr q?o thg i/% O%g%g44é}% Iﬂlﬂ@.dr & branched
PGE&GBZ@O&&@ﬁOE&%feISL@r@mpncaﬂﬁ grpuphe ipattés ¢cadvetyl and
' wsedetined in the, sape nay age alkyls acycric

§ %%ﬁﬁﬁbverF égg dﬁé?f%e fatter case, nét%y?eﬁglfel( .
npstt;are@@ﬂﬂedacY¢ﬂndne f opnerucadetib ytﬁﬁri s swBapttuted  or

that,ihe .gr oup Qne r Qodes comnected. di r&etly 40 B8 nalo,

R group and 5 there |s no C -G, |ower alkylene group .
andaidr thpstease ORIy ONeOR A afd(@5's a €QEH,  NRTRY

l @W{Nlﬁt’}kw en%R“l,n apypfase, W'@Q@)NR”R unsubstituted or
substituted aryl, or unsubstituted or substituted Het, wherein
R to R™ each independently represent hydrogen, halo,
unsubstituted or substituted aryl or unsubstituted or
substituted alkyl, or, in the case of R**, halo, nitro, cyano
and amino and/or he interrupted by one or more (preferably less
than 4) oxygen, sulphur, silicon atoms, or by silanc or

dialkylsilcon groups, or mixtures thereof.

The term “Ar” or Yaryl” when used herein, includes five-to-ten-
membered, preferably five £o eight membered, carbocyclic
arcmatic or pseudo aromatic groups, such as phenvl,
cyclopentadienyl and indenyl anions and naphthyl, which groups
may be unsubstituted or substituted with one or more
substituents selected from unsubstituted or substituted aryl,

alkyl (which group may itself be unsubstituted or substituted
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one of the groups A or Bis CO then the other group
cannot be Co and nust be a C -Cl0 group as defined

wamngigzeand, therefore, at |east one of A angcBdmodesor17

Cl--C10 "l ower al kyl ene" group. 10 The term "al kyl "

when used herein, nmeans C, to C p al kyl. and includes

nmet hyl , ethyl, ethenyl, propyl propenyl butyl,

but enyl, pentyl, pentenyl hexyl, hexenyl . and heptyl
groups Min U @ sss o@@feimﬁidsélegpénhfiié@ athdyph groupstppyitself
WanuEhgﬁgi G%L@dls §UfIdB§LQQEtQ#nb§y. %%rﬁ@ﬁg%gh.a%gnsdeflned

be linear or brancﬁed partlcu pre erred
Breagéhed §edupsclyaed udeltrbut§i’ an@C ¢ 50pr opYP )R beC (0

satyrat d (9prupsat yrat ed o baeygl iGs) @ﬁyﬁh|Qh9femp@£tto R
cycllc/a clic, be unsubstituted, substltuted or

%SOk nat pB?d%W@Hbr o ssEbst | BUERUS el eapalsEFloed  or

hat-Qe 1 20 &Y aRPy1 NHLT Q11 OR Yy n®@Cn ( QB £c(B) Ry 1Q self be
0) OR NR R 0} NR 5RERSG. O 0) SR ‘LS NR

(
OHSGBSE B Hitesd Br SubabsET L et éﬁ?ﬁlnéi“e%n%ﬂt%ﬁ%ﬁﬂtn@?eﬁemm
Qfr,substhd uled HetrZwhered,nn:i RLY, tQ,:Ro0ceaghine.

i ndependent|y represent hydrogen, hal o, unsubstituted
or substituted aryl or unsubstituted or 25 substituted

am&chrﬂr?aﬂﬂﬂﬁhe ¢ase efcRMerbaho, mbidd @z, €yang a1andy: and
am no and/or be_interrupted hy one_or nore (preferably
|iggg ud ?ﬁaﬁ“ﬁfnﬁﬁygéﬁ“m§UVbhuﬁ““?PV corPEt'Gme; - ordgy hexenyl
sirloane . OMnldr@IKyhéiwﬁﬁm QﬁQﬂESLeraﬂk&b@fe§r&ﬂ@feﬁﬁy, when
3 The tern1"ﬁé" or "ar %%)hereln |nplydes
&%t 0-% eh- *hehberid, ér y‘? & 1 Blghtte Tinear or
m&mﬁehed barbncyﬁéuan @f oeddtG:r@Eepsebdo caronat | Ecyclic or

h I I I-
grogrs: o g B v speniatl enl andindend,

unsubstiddit ed GﬁmSU@Stthée@uWFthtﬁﬁﬁl%ﬂoﬁﬁﬁmtéﬁifrom halo,

stituents sel ed f isubst.i ed Of 2z 2374
sJ%st(tufu‘ro qﬁ%alk P@W%ﬁ? ?6ég£nhy it'SePF pe MFR

WHOUBB Rt Ut edaib’r subISQOI tSBt ed vwszm/m'esman substituted  or
PGH,@‘?’ Q0 015[%1701»1%%1)1 HHL%fat %&‘1 a%bdﬁtﬂ%% fiet, wherein

herein), whi ch group nay .
R to RY aro doflned as for alkyl above and/or be interrupted

by one or more (preferably less than 4) oxygen, sulphur,
silicon atoms, or by silano or dialkylsilcon groups, or

mixtures thereof.

The term “alkynyl” when used herein, means C, to €y alkynyl and
includes ethynyl, propynyl, butynyl, pentynyl, and hexynyl
groups. Unless cotherwise specified, alkynyl groups may, when
there is 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,  OC(CIRY™,  C(OIR™,  C(O)OR?,  NR*R*,
C(OYNR™R™,  srR™,  C(O)SR™,  C(S)NRR’®,  unsubstituted or
substituted aryl, or unsubstituted or substituted Helt, wherein

R'"" to R™ are defined as for alkyl above and/or be interrupted

by one c¢r more (preferably less than 4) oxygen, sulphur,



be unsubstituted or substituted or term nated as
defined herein), halo, cyano, nitro, OR ', OC(O R20,

wEkhliis C(O OR ' 2, NR23R24, C(O NR'R26, SR BCT/GB2007/050717
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C(0)SR 0 or C(S)NR21R'" wherein R19 to R'0 5 each

i ndependent |y represent hydro? unsubstituted or
substituted aryl or alkyl 8h al kyl group may

itself be wunsubstituted or substituted or term nated

asi defirnedt dret.ei ay, owor silane hercadeagfy IR Lhak o,9roups, or
nﬁigg%reaygggrggfan1no 10 The term "al kenyl " when used
herein, means C2 to Cl O al kenyl and includes ethenyl,
propenyl but enyl, pentenyl, and hexenyl groups.

L@%@S§ngphegwk§§’Sp%&ahk§1”|edeﬂﬁﬁk§myl “GrOURB 2 MAY1L” or the
when there is a sufficient nunber of carbon atons, be

| i Hearshor Ldpr aRchBel, ARersat Of af BECBI2 WkSat-Gr APBASOHE ATy, be

C&&iéﬂ:toa%¥chhcaé%oﬁgén9@r&1@WC|HH%/@%MG&'dé%lﬂy%lon of “alkyl”
unsubstituted, substituted or term nated by one or

n%?é*§h@§tiP%eﬁy§”s@Feé%%dXFFdﬁPh%Fdj“’éVQHB ihiggrgerned.

OR! q OC(O)R 0, G(0)R C(O)OR', NR" R/ 4,

C%O SRL4, C&O)SRBO gR 1R, uqi stituted
h@sa}ag‘ﬁt%ﬂeafamjw GFOURSuBsY i 6t &4 BF SUbSYi POfed” mOve

Neta wher @)bﬁdaobxﬁlgretf@rgﬁ@efarte) d‘%frlymeﬁie’aSorf G‘ﬁar@hkyéaikyl " or

above _and/ be i.nterrupted one
(pref ér5BI e ¢ 18 R%ﬁy@%‘ggf%ﬁﬂoﬁhu?“ LGp) jegaLent bond
a&ﬁﬂﬁhhm&htbyuSIbEMékWﬂbedba|kyts&ddXHk @wowmsdrgl above as far

i xt t her eof "al k
o7 o, SRBARES T Cl0 Al Kyl e’ o) ReFUdae gt RyfgTonces to

prepynyll”, bubyaykyipent ymyl 1iaads haxyhyketgweupso references

Unl ess other se s eci fi d alkyn I roups,_may. when .
erg i 88 a” SﬁflCl\gnt nuﬁ%erd of © c%/\r %n at ors, %Oert"'%” of the

| ynear ier cobcanched, be saturated or unsaturated, be
cyclic, acyclic or 30 part cyclic/acyclic, be
unsubstituted, substituted or term nated by one or

noe ko sulystipt uenitd: sehech ed her oabdrad-gientéyand, ariorps, may be

CRL}?N J%tgg) 5 Oter(;‘n (n%)cegz :unc@ugig) f%ggo, NFé,hRoro‘ bromo and

R"RJ6, , unsubstituted
iod%ubstltuted aryl or unsubstltuted or substituted
I-let, wherein 35 R 9 to R'0 are defined as for alkyl

above and/or- be interrupted
The term “Het”, when used herein, includes four- to twelve-

membered, preferakly four- to fen-membered ring systems, which
rings contain one or more hetercatoms selected from nitrogen,
oxygen, sulfur and mixtures therecf, and which rings contain
no, one or more double bonds or may bhe non-aromatic, partly
aromatic or wholly aromatic in character. The ring systems may
be monocyclic, bicyclic or fused. Each “Het” group identified
herein may be wunsubstituted or substituted by one or more
substituents selected from hale, cyano, nitro, oxo, alkyl
{which alkyl group may itself be unsubstituted or substituted
or terminated as defined herein) -~ORY, -0C(O)R™, -C(QIR", -
C(0C)OR™, SN(RPIRY, SC(OIN(R™)R™,  -5R™, ~C(O)SRY or -
C{SIN{R*HR*® wherein R to R each independently represent
hydrogen, unsubstituted or substituted aryl or alkyl (which
alkyl group itself may be unsubstituted or substituted or



by one or nore (preferably |less than 4) oxygen,
sul phur, WD 2008/ 065448 PCT/ G82007/050717 20 silicon

woadoosiess4@r by silano or dial kyl silcon groups, par/GB2007/050717
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m xt ures thereof The ternms "al kyl ™, "aral kyl",

"al karyl", "aryleneal kyl" or the 5 |like should, in

the absence of information t&'the contrary, be taken

to be in accordance with the above definition of
tgrRyPatedsas afefsnehelarddl) ort.al kn pohei easef ofh&”, halo,
GriQURB, | SmERNCEENCUanc The BROVR AN QL ar ¥h,gr QURSLARY groups
be attached by oné or nore 10 coval ent bonds but

ref8r erfiGes G L1PAR Y1 enedWott takgilenéab kit Mo tHE TPl kéiny L,
heriakRoshoul d hegunger st ogd as,t wo covalentypond isoxazoiyl,
attachnent. but ot herw se be d ¥|ne as Ar or aryl

Se¢es ! *br‘*H§/Pﬁﬁlar9Féﬁ§i§@ﬁﬁﬂont6#a¥%€fbrdUﬁ*Fé3201yl
cencer neghl ef er encesqt finyial kar Worpho@l @} Kyl " ofyrtiR€dinya,
l'i ke shoul'd be taken as references 15 to Ar or ary

aBo¢e’ ast f arVaBot e ‘ar 6F @ ICparti o ‘GETE ey yr ofgrazolyl
ia&dcpm@fmduymab@bgwiq;uﬂsom zm W iyt Be at a carbon atom of
above. nment j oned grou % substituted or

t i 4t elal’?%cPﬁ'dewPFﬁ(oré‘ IJE‘FR%efbraotnoo%%dszd‘oFSd&f the
Thectesmudet", when used herein, includes four- to

twel ve- nenbered, preferably four- to ten-nmenbered

ring systems, which rings contain one or nore

hreteer oat s seleet €d e om nhé riagen of25n oxygere . sul fur

and m xtures thereof, and which rings contain no, one

or nore doubl e bonds or nmay be non-aromatic, partly
ahendtdro oWeﬂMwollq& an@matdredi meghanactsemns Therpyag, oxygen,
%Xﬁtﬁgs may. . be ogycllc bi cyclic or fused. Each

" { group idént | % “Her ei n may be unsubstituted or
substltuted by one or nnre 30 substituents sel ected

f.r.om an J0Q, O ( |
d#%uﬁgﬁggangel Cm(ﬂleun dbs???ﬁ?@ :%ro%ugh%€§ﬁ$g§¥L%¥l group
teymarat.eda asy defiradeher@isnyies ORYIT o gQC( one or more

S%Q}?Lmentfogg)lggged N((anlgyh %Q)QN( Rﬁd%% S%d]o, nitro,

—C(O)R”, MC(O)OR cyano, aryl, ~N{R™)R ~C{O)N(R*YRY™, -

)
PO-H;, ~PO(OR™) (OR*"), or -50:R*, wherein R-R*, alkyl, halo,

G

C(s$) (R)R™, -8R, NC(O)SRW , ~CFa, MP(R“)RHU ~PO{R") (RS

cyano and aryl are as defined herein and R*™ to RY each

independently represent hydrogen, alkyl, aryvl or Het.

Zuitably, when the adamantyl, congressyl, norpbornyl or i-
norborndienyl group is substituted with one or more
substituents as defined above, highly preferred substituents
include unsubstituted C; to Cg alkyl, -ORY, -OC{O)R*, phenyl, -
C(O)OR™, fluoro, =~SO;H, -N{(R*)R*, -P(R")R", ~C(O)N(R™)R* and -

64

PO(R™) (R"), -CF;, wherein R' represents hydrogen, unsubstituted
C;~Cs alkyl or vphenyl, R, =r¥, RrR¥, R*, R, R each
independently represent hydrogen or unsubstituted C,-Cp alkyl,
R* to R™ each independently represent unsubstituted C;-C; alkyl

or phenyl. In a particularly preferred embodiment the



C(S)N(R')R- wherein R' to R 0 each independently
represent 35 hydrogen, unsubstituted or substituted

w@bookoesagl Kyl (which alkyl group itself may Ber/GB2007/050717
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unsubstituted or substituted or WO 2008/ 065448

PCT/ GB2007/ 050717 21 term nated as defi ned herein)

or, in the case of R', halo, 2fitro, am no or cyano.

The term "Het" thus includes groups such as

optigrdhikytsubst ihutedazétibi myre pyefoldldiv, nppfhyl such as

[ Lyl +i I |, oxazolyl, isoxazolyl,

SH%%ggﬁgzéf3 &gﬁgﬁhg%ofi%&gﬁﬂﬁﬂadlazonI triazolyl,

oxatrlazolyl thiatriazol.yl., pyrlda2|nyl

n@&p&% nyl it heyrlar@a%wyl PYE AR qui nQﬁJdr@:}él’nyl or 1-
uinslinyl, piperidinyl, pyrazol.yl.
GeAdAgRY 1 SUBEPHP URRONCRPTHEE né>)¢¢6@efath?éd%e@or?tom3f up

a@&ml@f shig HlentisNGa OF . MHGEE RRSQPT | BE&5e:Ab10NePN to 5

nore of the 10 heter.oatons. "Met:" groups nmay al so

belpst HHENEBr nithf S INSExi ABOVThe 16rm REEeftrdy wp to 3

nE@E&Qﬁ%@nhQr@Encﬂﬁ@ﬂ@dnbbbﬁgﬁnSuﬂﬁéﬁﬁyL wﬁbﬁSéﬂﬁféﬂamdnty}

or m xtures thereof. The adamant congr ess

NP BETY Lor @9t9?6PB6rrﬁﬁ'eﬁypoﬁ?%%ﬂ9leﬁﬁ opt ﬁ?HBII%pmpr]°e°’

C@ﬂpﬁkﬁﬁlnbﬁ%béﬁseﬁyﬂ#OgQﬂeakQﬂBmoﬁmesﬁ%sﬂﬂmw%nto a¢ defined

substjtuents sel%cted froma | 9, 6)1 ¢ q

hat ' i t P DoPE (DR Subél(té‘)eanl l‘é%ﬁ% alyryjreterze

- NI R itueRRs, ar& (N stRe Y ﬁo(R@, Cr &:(]5)3 (Rl R f1e@&Rmethyl,

P\%WCR(}JE)H{OW b)bﬂ:dié%?fd %jr Ch %@ uc)n 8r,em%t}’1yi A highly
F%&bﬂ%%}pdakwﬁhanhﬁlp,coﬁyﬂﬂﬁﬂﬂndrﬁnybrafE as defibneskndienyl
herei n and R56 t '(9%% i.ndependently repr q§ent
hydrdgen: §1RVF?, YS9 & 25 §u¥ta Iy
adawgnﬁﬁﬁyﬂ, comgtessyl n@rbowﬁndrbornd}envdrbomruﬂpenyi not
group | %Hbstltuted with one or nore substituents as

déf i ned "above highly preferred substituents include
unsubstituted G to C 9 alkyl, -OR19, -OC(0O)R,
pp%ﬁyéf3b1%30W%é?%ﬁ R}ﬂ;%%ﬂ onesglcl_&!’manwyi R car%r'essyl norbornyl

or l-norborndienyl group is present in a compound of formula T,

?gamantyl

each such group is identical.

The 2-Q%(or Q')-tricyclo(3.3.1.1.13,7}1decyl group (referred to
hereinafter as a 2-meta-adamantyl group for convenience wherein
2-meta-adamantyl is a reference to Q' or ¢° being an arsenic,
antimony or phosphorus atom i.e. 2-arsa-adamantyl and/or 2-
stiba-adamantyl and/or 2-phospha-adamantyl, preferably, 2—
phospha-adamantyl) may optionally comprise, beside hydrogen
atoms, one or more substituents. Suitable substituents include
those substituents as defined herein in respect of the
adamantyl group. Highly preferred substituents include alkyl,
particulariy unsubstituted C;-Cs alkyl, especially methyl,
trifluoromethyl, -OR" wherein R is as defined herein
particularly unsubstituted C;-Cy alkyl or aryl, and 4-
dodecylphenyl. When the Z-meta-adamantyl group includes more

than cne substituent, preferably each substituent is identical.
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PO (R")(R5'9), -CF3, wherein R19 represents hydrogen,
unsubstituted Cl1-Co alkyl or phenyl, R 20, R', R

woRlgfRweash | ndependently represent hydrogen @UT/GB2007/050717

unsubstituted C1-C9 alkyl, R55 to R' each

i ndependently represent unsubstituted Cs-Ca al kyl 35
or phenyl. In a particularlyzﬁreferred enbodi nent the
WO 2008/ 065448 PCT/ GB2007/ 050717 22 substituents are
C, to Cc alkyl, nore preferably, methyl such as found

'ﬁ}e}egaghﬂekﬁﬁlZagéﬂgﬂﬁﬁ%mﬂggltéygdﬁ’lghgugg@ﬂﬁﬁEMlan one or

congressyl, norbornyl or 1- nor bor ndi enyl . group may
&orpr e, Uﬁ%sﬂdeé3hy%r@@enVaP%ﬂ§JOHﬁ Wighior substituent as

SubshES UBDLs; as vdek @@gf@pgaa@ Rief erabl y- ApudQt p1 gropp is
substituents as defined above, nore preferably up to

SUbsti bifet 9ragadbf Phedeabove. a@bﬁiéﬁ¥v¢l@hen $Héab1yr such

agdaneptyhementCONGHESSYk, onQkbAr BY! QL 3-ROr DAUNELRNY] group
group conprises, 10 besides hﬁdro en atonms, Qne or

ﬁﬁr§”§9%§tF?u%ﬁf@mhsﬂd@Flﬁ@dt Rer ﬁﬁa“$$%fﬁ%ﬁﬁF9“e5%Yﬁng no
sybsbhénentodss iMdent peakeref enned - ﬁéb&ddéﬂ%ﬁt?l afoup is
un %ubstltuted C, C8 $H5¥I. and trifl|uoronet %<ﬂ 5
FAPEFEUr Y yruRebhstt tiutfed X : o8 Hi%y! PEACh* Q¥ nd'fiy) Ehe 2-
Aehagh&amaﬂyyafer@ﬁuhpadanﬁwm@dew conglcesSyhsn nonborq@bktltuent
nor orndl rou rlseg %dro at ons
rb

o e R iy P o GO Chd, by RyT Ay ] BREferred

kmm@tbﬂm@dtﬁnwkegrOupub§tﬂﬂﬂodubst(htuheﬂylPhﬁﬁerabﬂyaky“s,

when.nore .than on a tyI syl , .norborn

3675t 1= HorboPRat Sﬁyﬂ“SEQ S pr%@%ﬁt SHe g corrpé%nayl and

dﬂub@ﬁnaMQchﬂ<;ea¢hy$umhﬂgm@upriﬁﬂudﬁ@mbthal The

2--Q (or. Q-tricyclo[3. 3. 1. 1.{3,7j]decyl group

(ref erred to hereinafter as a 2-neta--adamantyl .

gredpriiory cohveniencemnahey bi nep2osddret avadarmntytedi g-meta-
dLFEELENCR .1 0 G QL QDA NG BLATSGRIE, ANGLMBRY O wore
phosphotus “atom'i . e. adananty and/ or 2-

strisbas hdartent yICiafd/ orl '\2-lphesphai agartent ylor, a combination

preferably, 2- phospha--adamantyl) may optionally

conpri se, beside hydrogen

Preferably, the 2Z2-meta-adamantyl group includes additional
hetercatoms, other than the 2-Q atom, in the Z-meta-adamantyl
skeleton. Suitable additional heterocatoms include oxygen and
sulphur atoms, especially oxygen atoms. More preferably, the 2-
meta-adamanty.l group includes one or more additional
hetercatoms in the 6, 9 and 10 positions. Even more preferably,
the Z2-meta-adamantyl group includes an additional heteroatom in
each of the 6, 9 and 10 positions. Most preferably, when the 2-
meta-adamantyl group includes two or more additional
hetercatoms in the 2-meta-adamantyl skeleton, each of the
additional hetercatoms are identical. Preferably, the Z-meta-
adamantyl includes one or more oxygen atoms in the Z-meta-
adamantyl skeleton. An especially preferred 2Z-meta-adamantyl
group, which may optionally be substituted with one o¢r more
substituents as defined herein, includes an oxvgen atom in each

of the 6, 9 and 10 positions of the 2-meta-adamantyl skeleton.



atons, one or nore substituents. Suitable substituents
i ncl ude 30 those substituents as defined herein in

woesReetsef the adamantyl group. Hi ghly prefepegdsro07/050717
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substituents include alkyl, particularly
unsubstituted C,-C' al kyl, espeC| ally methyl,
trifluoronethyl, -OR 9 wherei A?R" is as deflned herein
particul arly unsubstituted C, -C< alkyl or aryl, and 4
35 dodecyl phenyl . Wen the 2-neta- adanantyl gr oup

I S rr a S I fe bl erein
gL 3t R0, sulpbyenly By L p0lkcench

76B00H 0507eFrha3l rF?rréfféré%Wam@ttﬁle‘lﬁn%tJaQ- é@aﬁmﬁwaﬂtyl 2=

gﬁﬁ%@bﬂéils@b§liffﬂé%%ygn6O§“ﬁd”%r1g9£&bﬁgnﬂyhe 1, 3, § ﬁHbopha—
7 positions with a substituent as defined hereln

Mbr & priefrefapl 5 iferonph it adafah yit igredpniat s group, and
substd dii-ed, ons-each +0f s 1 hier cher3yands 5, Q@Sltl'h@%amanttﬁl
e

Sui 't abl'y, such an arrangenent neans the Q atom of
29t allarantyEIgF oy - | §h%or¥dé80¥@‘%a}dﬁ‘6‘ﬁ“’é¥bn§ i peelected

t beoRdanBRb ybnskeheton- having: pe) - mygdrl@geﬁ] @zmanﬁ/pﬁt group
preferably, the 2--neta--adamant

stibst it el otr %aSCh CofmEHRY TS, 8, X% ‘aﬁd”"a?a%%‘r}f]l GngUP-

Vhen the 2 10 neta-adamantyl group includes nore than

sti tuent referably each substituent is ,
H@é TERY  EsPT alrﬂ%?eprg%‘%‘?réﬁ‘e sUbSET T UlitenayL growp  is
upsabstt hutadc6Mp&ﬁhdabkykoammhdwaloa&yhszmquapbbﬁm£ﬁﬁﬁg/group
unsubsti t ut g Cgp alk such as ne; %Iignd . . s
f Feor 1 HAtdde % eWﬁ suﬁh &80 r PP UordnefAyFItaEeous 4
Pasfmmaﬂ&hy,lZgaﬁﬂa adansrdpdretepnasent sudnsubsdridsutiedlude a
2 nrﬁétaél a%amaw Oégﬁbsﬁdfsgxﬁo%ﬂ%%%g LhLISE ]St!".t clilmtl eghen other
sgbsnntuantse Hrural conbhaat’i enom tcherveot . v@sa .
Preferably, the 2-neta-adanmantyl group includes
addi tional heteroatons, other than the 2-Q atom in
t Riee 2<2nrpe e adEmantyl  wkebetrowy. Sui tabberaddbyi orghods well

h?ﬁ@&@ﬂ&P%th@céﬁﬁﬁu£%XQeUh@QQn; Suitably, certain Z-phospha-
adamantyl compounds are o¢obtainable from Cytec Canada Incg,
Canada. Likewise corresponding 2-meta-adamantyl compounds of
formula I etc may be obtained from the same supplier orx

prepared by analogous methods.

FPreferred embodiments of the present invention include those

wherein:

X' represents CRIU(R)(R"), X' vrepresents CRO(RTY(RY™), ¥

represents CR'(R®) (R’) and X* represents CR*(R¥) (R"};

%¥? represents CR'(R*) (R"), %' represents CR*(RY)(R'), and X' and
X" together with Q% to which they are attached form a 2-phospha-

adamantyl group;



sul phur atons, especially oxygen atons. More
preferably, the 2- 25 neta-adamantyl. group includes

woRIes/s44¥0r e additional. heteroatons in the @crRE06h050717
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10 positions. Even nore preferably, the
2- met a- adamantyl group includes an additiona

~heteroatomin each of the 6, 239 and 10 positions. Most

preferably, when the 2- met a- adamant yl group i ncl udes
tiior eprareme saddli ¢4’ oo , 38° hetreroat oneCH A('hetR'*) i and X' and
3o Ml B ADAMRNLY] oSkel, et a0, eag, of, rteheattaa%ﬂ b1 QRak o2 ring

het eroatons are identical. Pre e?a y, t e2--ne ta--

adamant 9f .farmgl ades: one or nore oxygen atons in the
2-met a- adamantyl skeleton. An especially preferred
2-met a- adamantyl group, which may optionally be
substiVuted wth one or nore 35 substituents as

defi ned| hepein, includes an oxygen atomin each of
pd, FEQ@ positions of the 2-neta-adamantyl
skel eyon. “ D 2008/ 065448 PCT/ GB2007/ 050717 24 Hi ghly

‘2 ”EE -adamantyl groups as defined herein
dece-

i ncl

2-p spha 1F§25,7-tetranethyl-6,9,1O-trioxadanantyl,

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

2- phosijha) 5

1.,3,57-tetra(trifluoronethyl)-6,9,10-tri oxadamant yl

group, and

zc*ph@z&zﬁ&@n%fﬁcﬁlm‘b(wi f kuorqireizbyit ) - 3 a1 | exadamang x?

ntyl Most preferably, the 2-phospha-adamant

|t§g§§P%Et%ﬂth f(Porjf‘lo which they are attached form a 2-phospha-

2phaspha-gho3o5, 7-tetramethy. 1 .-6,9,10-tr. . i.oxadanant

yl group or

2--phospha-1, 3,5, --trinethyl--6,9, 10--tri oxadamant yl

grouppréibd%neteﬁaﬁlya wheti mepestdmn ememantyl and X' and X’
a--a it yl 0 present _in onpound ofﬁ}ﬁ

for%ﬁ%%r e % %Eaggda ntYy1° SF%ﬁﬁh@?sﬁrﬁen i"¢Qf, Pysten

kbmevemulathnan al so be advantageous i f asynnetrlc

| igands are prepared and if such ligands include a 15

2- met a- adamantyl group incorporating the 2 atomthen

ot her ygioups can be found on the @ atomor vice

vers the, 2- net a- adamantyl group may be prepared by

meth ds Me | _psknown to those skilled in the art.

Suita Iy,\certaln 2- phospha-

50 S
RS e C)g""‘l\ —- 353
/ i
R&1 RS2

(1a)
X* represents CR'(R*)(R"), X' represents adamantyl, X' represents

CR'(R*) (R’}) and X* represents CR'(R") (R%);

¥ represents CR'(R*) (R"), X’ represents congressyl, and X' and ¥’
together with 0% to which they are attached form a 2-phospha-
adamantyl group;

X' represents CR(R®) (R"), X' represents congressyl, X'

represents CR'(R*) (R®) and ¥X* represents CR*(R") (R%);



20 adamantyl conpounds are obtai nable from Cytec
Canada I nc, Canada. Likew se correspondi ng

wé20Rfesn@damantyl conpounds of fornula | etcpomi:sd7/050717
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obtai ned fromthe same supplier or prepared by

anal ogous methods. 25 Preferred enbodi ments of the

present invention include thosé wherein: X

rePresents CR (Re) (R9), X' represents CRIQR 1) (R12)

X% r@pde%nt@@lﬁe@ﬂew%) randesentrepﬁmm;é, and X' and ¥

e (R
repégés})e(%??éé ﬁ? %?(gﬁ gl’?e}p%d’( T g}xeg(Zf(t)B{aeaherph%pha
\Mﬂ@hﬂf@tﬂloQMmh they are attached form a 2-phospha-
adamantyl group; WO 2008/ 065448 PCT/ GB2007/ 050717 25
X3 represents CR (R) (R), X represents CRIO(R")
(R')and apd X'ndaﬁandwtlmgé@msqmt ha@marg ywhi o hgy and  X°

arg;atiachednf erma fiing 3¥st em of ¢ f ol @.L@; 2 YWihg systen
RaOH H . R54 R50. R53 R51 R52 (1 a) X represents

CRf(RBC)”(lBQ) lax' represents adamantyl, and X and X
together with Q to which they are attached forma
2- phospha- adamantyl group; 10 X3 represents
CR (RA)\(\R') X represents adamantyl and X and X
%etl_her‘ wigh Q2 to which they are attached forma
j/ster;n ~Bpaformula la; YY1 aaH J H

Rsom._.. @\ “RS3
RS? RSZ

(1a)

¥* and X' independently represent adamantyl, X' <represents

CR*(R*) (R*) and X° represents CR*(R®) (R%);
X', %%, ¥ and X' represent adamantyl;

¥* and X* together with Q' to which they are attached may form a

ring system of formula 1b

YYiZ
Hég}l/ 13 - Ro54
J
RSG - A RA3
/aQn \
R51 RSZ

(1b)
and X' and % together with Q% to which they are attached form a

ring system of formula la;



Rsa R50 R53 R51 R52 15 (1 a) X represents
CR(R)(R), Xrepresents adamantyl, X represents

wdFod/Rsi{sR ) and X2 represents CR (R ) (R ); XpergBo07/050717
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represents CR (R (R ), X represents congressyl, and

X and X2 20 together with Q to which they are

attached form a 2phospha- ad ntyl group; X

represents CR (B8)(R9 ) X' represents congressyl, X
represents CR (R) angh X' represents CR' (R)

(R6) 25 WO 2008/ 065448 ‘_g’rajﬁégow 050717 26 X3 and X

i ndependent|y represepus tykss and X' and X2

together with Q to whic¢ ~theyare attached form a

2- phospha- adamantyl gg g 5/ X3 and X' independently
represent adamantyl, ‘and/X CPzarml X¥° together with Q

to which they are attac ring system of
formula la; YY1 R4) 9HH54 R53 R51 R52 (1 a) 10

X and X i ndependently rep(iesent adamantyl,

xrepresents CR (R ) (R) and X represents CR (R)

(R-) X, X, X' and X represent adamantyl; 15 X and

X together with Q to which they are attached may

forma ring systemof formula Ib YY2 R H H Rea _
¥° and X' 1Indépendently represent congressyl, and X' and ¥X°
together with ¢° to which they are attached form a 2-phospha-

adamantyl group;

X’ and X' together with Q' to which they are attached may form a

ring system of formula 1b

(1b)
and ¥ and %7 together with le to which they are attached form

a Z-phospha-adamantyl group;

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

CR'(R*) (R') and X* represents CR*(R") (R};

X' and X' together with Q' to which they are attached may form a

ring system of formula 1b

Y \?2
F349 ’ Zﬂ ‘R54
i
! |
R0)  hepe
/e
R51 R52

(1b)

X' represents CR*(R%) (R") and %’ represents CR'(R®) (R%);



R5QR53 QY "~ R51 R52 (1 b) and X and X together
with Q to which they are attached forma 20 ring

Wé!ﬁfs%m49§ formula [ a; WO 2008/ 065448 PCl7C5820ﬂﬁ;@§§H;1@50717
(1

(82}
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49HH R~-1 R54 R50 J\ jx\..._ R53 R51 R52
a) X3 and X independently represent congressyl and
X and X2 5 together with Q ¢fo which they are
attached form a 2-phospha- adamantyl group; X- and X
together with Q to which they are attached may forma

n tem of .formu b . YY2 B
5% %gnyS g]e&hﬁiby lélﬁdtlgx,to W %?t I(,R%Qt%]}éeé{ gorm a 2
whih gtpitsheyamset et tached fod k' an@- %h@sph@nﬁdmm Qf to which

| .
it PEgal PR (o T R ear e s
CR (R-) (Re"); X and X" together vvlth Q to which
}E§%Y§r qor%tfteégggde%gd:{rﬁgﬂpsa off 1d1Q Sj:}{:%ts%m Ofinf/é)l(ﬂ%na include

those wherein:

x*  represents CR'(R%)(R®), X' vrepresents CR(R'™)(R"), %
represents CRY(RY) (R*) and X* represents CR'(R*)(R%); especially

where R'-R'¥ are methyl.

Preferably in a compound of formula I, X’ is identical to X’

and/or X' is identical to X°.

Farticularly preferred combinaticns in the present invention

include those wherein:-

(1) X' represents CR'(R®) (R") , X' represents CR'(R") (R'), ¥
represents CR'(R?) (R*) and X represents CR'(R®) (R®);
A and B are the same and represent -CH,—;
Q' and @ both represent phosphorus linked to the R group
at ring positions 1 and Z;

R represents 4~ (trimethylsilyl)-benzene-1,2~diyl

(2) x*  represents CR(R®)(R") , X* represents CR'O(R') (RY), %’
represents CR'(R) (R%)  and ¥X° represents CR'(R") (R®);
A and B are the same and represent ~CH;-;
Q' and Q° both represent phosphorus linked to the R group
at ring positions 1 and 2;

R represents 4-t-butyl-benzene-1,2~-diyl.



o

H(H as RR~sa RS RS3 Q@ R51 ~R52 (1 b) 20 X

represents CR (R2)(R ) and X' represents CR'(R5)(RU);
woWhRQ8s065448 PCT/ GL12007/ 050717 28 X' andp&r/GB2007/050717

together with Q to which they are attached forma 2-

phospha- adamantyl group, and X and Xz together with

Q to which they are attached forma

2- phospha-adamantyl. group 5 Highly preferred

gabodi pens 8f dodyetpeesenth iNventitorhi hobudere tahosehed form

wher ei n: e R _ ] "
ther o2 25y M S3005 (g ¥4 EORLESSDLB o i
repr esént $oCRYERY (RBPY empsecibtdghednhéeen R - R'a aPephospha-

nmet hyl . £ a 0 a conpound of formula I, X is
i denti g&?ﬁ?%%hx%lﬂég%a/ or X is identical to X. 1.5

Parti cél andlyd preef éheedhrepmsidnagPorseitn “€He ipr esent

i nvent ion.,,d nel yde, those wher gl dusnoblis) 1 X5k dERLESRBL 8

CR (R )Q (cll?r']_')rb,e X' represents %Rldj( IS") (R12) X ° 20 group
r epr eséfit SICRHRIFERNY ArdhdXZirepresents CR'(R)(R) A

and B ar eophessane jand-{epesenty r Adenzene Q , ARD Q.
bot h represent phosphorus linked to the R group at

ring positions 1 and 2; R represents

4--(trimethylsilyl )-benzenlcle-l. ,2-diyl 25 (2) .X'

rgpresents OB (RBLIR %o Ko LeR Saelte, G ORI (R x
A and B are the same and represent ~CH,-;
Q' and Qf both represent phosphorus linked to the R group
at ring positions 1 and 2Z;

R represents 4-{trimethylsilyvl)-benzene-1,2-diyl,

Preferably, in the conpound o¢f formula I, A and B each
independently represents (; to €y alkylene which is ecptionaily
substituted as defined herein, for example with alkyl groups.
Preferably, the lower alkylene groups which A and B represent
are non-substituted. Particularly preferred alkylene which A
and B may independently represent are -CH,~ or -CH;-. Most
preferably, each of A and B represent the same alkylene as
defined herein, particularly -CH,-. Alternatively, one of A or
B is Cy ie Q° or Q' is connected directly to the group R and the
othar Q group is nct connected directly to the group R and is a
C, to C; alkylene, preferably -CH,~ or -C;H,~, most preferably,
CH,y—.

S5till further preferred compounds of formula I include those

wherelin:

R' to RY are alkyl and are the same and preferably, each

represents C; to C, alkyl, particularly methyl.



30 represents CR (R)(R ) and X= represents
CR'"(RW)(P. A and B are the sane and represent -CH; Q

wanthsdssfaet h represent phosphorus |inked to thecRc8bsdRs0717
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at ring positions 1 and 2; R represents

4--t--butyl - benzene-1, 2--d| yl. 35 WD 2008/ 065448

PCT/ GB2007/ 050717 29 (3) X 4&Rd X together with Q

to which they are attached form a 2-phospha-adanantyl

ghenpsiand, XefamdeX2 spogefher cwintchind® afo Swhirghat Heyinclude

a nforma 2-phospha- adamantyl group; 5 A

Ego' a“?)ceét}f% e sane and represent -CH2-; Q@ and Q bot h

represent phosphorus linked to the R group at ring

p [ 1and 2 SRLe t

géﬁllﬁen? X S@beﬁ%ngﬁ@ I,Sépfe Lntf m{’th(\)/ (4) X,

X2, axd Par@dexth?e?ﬁ“@sé‘ﬁtj BRI | “CHA and B are the

Sane.and JeRr QS@IEuty@H%emQ]e@nq &y bath represantisiiy) -

phosphorus linked to the R group at ring positions 1

aRenzeners R-fepk esent s

4-(trinmethylsily.l)-benzene-1,2-diyl. Preferably, in

the conpound of fornmula I, A and B each |ndependently

r EPRERET SO, T0HEP Al KpHUHE AR chi 930 5pt fBRal | 2 D18 (di-t-

sgbsm;sw«%@llagm@i@{ﬁned beagbmanyﬁor neXaid e W thiabkyls (di-t-
oups. 20 Pref erabl , the lower al kyl ene groups whjch

Ab’a\hiﬂl@%é)ﬁﬁé%ﬁ Y%lré RBAEEsSEEP Gt ed. Parti cultafryis (42t~

pbatﬁxmﬁﬂbpallkwl@&}gzl\/)hmcb Ammcteraayylsmd@pendamégeﬁ 1,2+
resent are eac _

o AT B Gp B CHET S a1 kY1 B abl oG 12

het el MspHeaphi cothardy -1 CBi2s, FNLLF@!?]@HH&}IN@ }B,,J.G)Hl&rl(bf‘(

RS R e £ SPREF S ar oup. s nBt” Eoriee Beronechyi-

diir ect | ¥ tkeorthetigriowp SR1andricstaaadamantyl)  ~4- phenylbenzene,
1, 2-bis(Z-phosphinomethyl-1,3,5, 7-tetramethyl-6, %, 10-trioxa-
adamantyl)—-4, 5-bis—(trimethylsilylibenzene; 1,2-bis(2-
phosphinomethyl-1,3,5, 7-tetramethyl~6, 9, 10~-trioxa-adamantyl) -

4 (trimethylsilyl)benzene; 1,2-pbis{di-
adamantylphesphinomethyl)~4,5 diphenylbenzene; 1,2-bis(di-
adamantylphesphinomethyl) -4-phenyl benzene; 1,2-bis(di-
adamantylphesphinomethyl)-4,5 big~{( trimethylsilyl)benzene;

1, 2-bis(di~adamantylphosphinomethyl)-4-(trimethylsilyl)

benzene; 1- (P,P adamantyl, t-butyl phosphinomethyl)-2-(di-t-
butylphosphinomethyl) -4, 5-dighenylbenzene; 1~ (P, P adamantyl,
t-butyl phosphinomethyl) -2~ {di-t-butylphosphinomethyl)-4-
phenylbenzene; 1- (P,P adamantyl, t-butyl phosphinomethyl)-2-
(di~t-butylphosphinomethyl)-4,5- bis-( trimethylsilyl)benzene;
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phgogmlsnoﬁz%u&y-ofof 2 EQQﬁMﬁmthé trlro?k'a%zrz

tetramet

)ja B.ldﬂﬁhéh}@qugfr8CéﬁeadamantylphogphJnomethy

hyl - 6 trioxatri.cyclo{3.3.1.1[3 ; de %I (2
-

1p2mkm§:>~r@%rleru9m(2 mggebh@orret hyly.-(2- pho;phlnomethyl 1,3,5-

7--tetranethyl -6 10-tri.. oxatrlcyc o{ 3. 3. 1 1

1,

SIS § Caly otr“PX)abﬁé?}XHJOr“éPrécén’e SRURLLEEE
1é£zéﬁfﬁaﬁ@&ﬁ%ﬂféﬁﬂﬁﬁgmeLhyl) b (O vl 16}52’wpheny1prop 20 -yl)
phosphi nomet hyl .-1,3,5,7 tetrane

tFe?rQﬁﬁﬂ?rlcyclo{S 37 ﬁ?’?ﬂ?ﬁ 7189 PT 4355Iﬁ§§m€‘hyl 6,9,10-
tttﬂﬁ&hyh&yhyb )3.f.aernogeng;decyl) -2-

20’8?

s B DU 8 e, o

et&aﬂﬁmbmbtﬁygﬁia}BFtﬁXﬂémuﬂyﬁl9{303xﬁokh3r?¢9@ﬁ£yl)-

?Z(SLOS

.g;i§§%ﬁ¥5tﬁtk¥l2dgéﬁh gego phnnomckﬁyl -(or 17)t-

1; 3g557fefﬂqqﬁﬂeniflm02deﬂﬂﬂphyf)udicalehOSphlnomethyl~1,3,5,7~

trLox

ferrocen

00k 04 331,413 TIDAGENL 5 & By 0 - i

(EAp*RﬁﬁﬂmlpgﬂEf$ﬁﬂyiﬂ 3, BeTrdamtea(tri f | uor b-ardtisypyrflivuoro (2-
6P§0 QU}1h8?9§f'f¥§%053 gl%m%k%y?lQQ?QXL) 4--(or

phenyl errocene;
(Qr phodphicienet hyd -1:.1[3; B] idecyl) ~4- (o ')} (2'-phenylprop-2'-
t??fa(féﬂﬂécggto netby&)bﬁi ge}Pluoro (2-phosphinomethyl-1,3,5, 7-
tri-oxatricyclo{3 decyl 5- bi s-

t PRI §1 § v s oL oL 2 B AL 7)1 decyl) -4, 5 (i

(2-phasp
met hyI)
Oﬁ ;5,7 7-

4-(or

1,3,5,7-

hi narethyhs1, 3,5, 74t etpadt dr&hUQf@(? hos thcmethyl—

6,9, 10-trioxatri. cyclo{3 %é%gy,)
tetramothyl 6,9,10- Lrloxatrlcyclo decyl

"Yt-butyl ferrocene; 1,2-bis- {Z-phosphinomethyl-
tetra({triflucro-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-tricoxatricyclo{3.3.1.1[3.7)decyl)-4-(or 17) (27~
phenylprop-2/'-y1) ferrocene; 1,2-bis- {Z-phosphinomethyl-
1,3,5, 7T~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) -



10

1')(trinmethylsilyl) ferrocene; 1,2-bis(di-t-
but yl . phosphi . nonet hyl ) -4, 5-di-(2'-phenyl prop-2'-yl)fe

WO H0096Reis 1, 2-biis(di--t butyl phosphi nonet hylprrAr20@¥0s0717

1')(2' - phenyl prop-2" 15 yl)ferrocene;
1,2-bis(di-t- butylphosphlnonethyl) 4,5- di-t- butyl
ferrocene 1,2-bis(d.i-t- butyﬁphosph|nonethyl) 4-(or
1')t-buty.l.fer.rocene;
B, 21b0+ts%25®h®sph1¢ﬁbﬁ%ﬂhy[3lﬂaﬁﬁpyl)—4—(or 17)t-butyl
t hyl-6,9,10-tri oxa-adamantyl) -4, 5-
éﬁ%%ggpﬁ eny I prop--2'- yl)ferrocene;
1, 2-b.is(2-phosphi nonet hyl -1, 3,5, 7-tetranet hyl 20
6L‘h)% é?r%i%ﬁgg@ a@ld%naellgtL%lr])i 4t&05 %o&ﬁ%ca&r}%ﬂy BT QP1 2"c}:1e above
Ex2ompi & ZOEhéspmbTrﬁ)rmﬂwltaqe 315967114%@@(@%&&316 bidentate
1@9r3¢&54rty9§311@9§@?nﬁﬂé9eﬂﬁ sl oF - RULY Lk 8LTOGENE] ny ing
PREEPAI ﬁéhéfwl 1o 3tBe ' 7reetrigmet M -6 orAed ea-dod  the
%Qbk‘hﬁixéé ﬁl@&sé‘h&ﬂu butodsf erd ogeneshed ai rectly to the ring
1, 2- bi. s(di - adamant yl phosphi nonet hyl )- 25
Ee@rl ?”LKQS Foheny. Hpr 6p iyl 59 f tbeefie; WHSR-PicsaFby lene
%@1@”@)@%&(' RPBEsSHH NomRt hyHe)- 4=€9%1lene group linking the other
) (2! phenylprop 2'-yl) ferrocene;

thSBP%{%ﬁ %ﬁﬁﬂw&ﬁiy?ﬁﬂéséﬁﬁﬁ8ﬂbth?l}h%LSd(%H JHridgge gpynects
fr@kr eaengs o duidrliss bdbmadasmnisyhphog phi raaethyily) wadh(8kampie
1')t-butyl ferrocene; 1- (PIP adamantyl., t--butyl 30

8§Bh|nonethyl) 2-(di-t-buty.!|.phosphiinonethyl)-4,5-

-(2' - phenyl prop 2'-yl)ferr.ocene; 1- (P, P

adanant t-buty
ﬁﬁééﬁﬁ?%dﬁ%ﬂ%&Pfe% ?Hﬂjﬁaﬁﬂﬁy?%ﬁ%@bﬁpﬁ%ﬁ%VHylelﬂd%or

")(2' -~phenyl prop-2' -yl )ferrocene; 1- (P, P
A t - - but yl .
hyl ) - 2- (di -t - but yl phosphi nonet hyl ) -4, 5-(d
-t 3b 'butyl Jferrocene; 1- (P, P adamant.yl, t--butyl
phosphinon 2-(di-t-butyl phosphi nonet hyl ) -4-(or
1') t-butylferrocene; 1 WO 20081065448

( -A 8, 5, 7-tetranmethyl -6, 9, 10-tri oxa-
adans (dl-t but yl phosphi nonet hyl ) 4, 5-

di --¢ phe yIprop 2'- yl)ferrocene; 1-

(2-p -1,3,5,7-tetranet hyl -

6,9, 1. gpptyl) - 2 -

(di. dfet hyl )-4 5 (or 1') (2'-phenyl

pr-op--2'--yl) ferrocene; 1- (2-phosphi nonethy. | . -



1,3,5 7-tetramethyl --6,9,1.0-tri oxa-adamantyl) - 2 -
(d.i.-t:

\v§%@¥hggg§phinonethyl)4,5-(di-t-butyl)ferrocenﬁ@néBzmwmﬂ”17

15

phosphi nonet hyl -1, 3,5, 7-tetranet hyl . -6, 9, 10-tri oxa- ada
mantyl) - 2 - (di-t-butyl phosghi nonet hyl)-4--(or
1')t-butyl ferrocene; 1 10

(2- phosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10--trioxa-
adamant y ﬁ%' - 2- dladanant Iph ghlnoneth% z 5-

dit¢ {;@10 eﬁﬁFb Q&ﬁgﬁphyr&h BELHEehe’ hehy1-4, 5-dimethyl
1néRzphosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-
tri oxa-adamantyl .)-2-(di.adamantyl phosphi non(-,thyl)-4
-(or 1')(2'- phen)7].prop-2'--yl) ferrocene;

1--(2-phosphi nonethyl-1,3,5,7 15
tetranethyl--6 9,10-tri oxa- adanantyl) -2--

q .-t-butyl)

(d. |adanantylohosphlnonethyl )- 20 4,5-

di - phen yI PEéFrocene;
b '
( nonethyl )-4-(or

plienyl prop-2'-yl) ferrocene; 1-(di-t-

<phosphi nonet hyl ) - - 2- -

(di adamant yl phosphi nonet hyl )-4,5- (dit-butyl)
ferrocene; 1-(d.i--t--butyl phosphi nonethyl-)--2 25
(di . adamant yl phosphi nonet hyl )-4-(or 1')t-butyl
ferrocene; 1, 2-

bii . s(:2sphasphinebethyl(phpSpbitomathylhyl) 5619pA0aY L Donzene
xatri.cyclo- {3.3.1.1[3.7]}decyl)-4,5-

di --(2'-phenyl prop-2'-yl) ferrocene;

1, 2- bi s(2--phosphi nonet hyl -1, 3,5-trinmethyl-6,9, 10- -
trloxatrlcyclo--{B 3. 1. I[ 3.7]}decyl)-4-(or
_-phenyl prop- 2’ P8Oyl ) ferrocene
nonethyl--l 3,5-tr. nethyl

t- butyl) cene;

1, 2-bi s( nonmet hyl -1.,3,5-trinmethyl -6, 9, 10--
trioxatr:i: 0-(3.3.1..1[3.7])decyl )-4-(or
1')t-butyl. rerrocene;

1-(2- phosphipset hyl . -1, 3,5-tr..imethyl-6,9,10-t:ri.ox
atricyclo 35,{3.3.1.1[3.71
)decyl ) - 2- - (di -t -butyl phosphi nonet hyl ) -4, 5- di-(2'-

phenyl pr ). ferrocene;
1- (2- phos thyl.-1,3,5 WD 2008/ 065448
PCT/ GB200y/ 050717

(Me),Si

1,2-bis{di-tert-butylphospinomethyl)~1’~trimethylsilyl

ferrocene



“Kyﬁﬂwmglmbutylphosphlnonethyl) 4- (or
) (2

10

40
trimethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]]decyl)-2

- phenyl prop- 2 yI) ferrocene;
1 (2- phosphi nonet hyl -1, 3, 5- truyethyl 6,9, 10-trioxatric
ycl o-
{3. 3 1.1[3.7]]decyl)-2-(di-t-butyl phosphi nonet hyl)-4,5
ergHcene;
[-1,3,5-trinmethyl-6,9, 10-
trioxatrycyclo-f3. 3.1.1[3.7]]decy|)-2-(di-t-
thyl)-4-(or 1')t-butyl ferrocene;

N -1,3,5-trinmethyl-6,9,1.0-trioxatricyclo

{3.3.1. 1[312 )decyl) - 2- (di adamant y] . phosphi nonet hyl ) - 4
,5-di - (2" 10 phenyl prop--2'--yl.) ferrocene;
1-(2- phosphlnonethyl 1, 3, 5-
tr.imeth 10-tr.i.oxatri.cycl.o-{3.3.1.1[3.7])dec
yl)-2- ( tyl phosphi nonet hyl ) - 4- (or
1') (2" -plenyl prop--2'-yl) ferrocene;
hgosphi nonet hyl -1, 3, 5-tri nmet hyl --6, 9, 10-

trioxa icyclo-{3.3.1.1[3.7])decy|)-2 15
(di agdamant yl phosphi nomet hyl ) -4, 5-(di -t -butyl)
ferrocene; 1-(2-
phosphi nonet hyl -1, 3, 5-tri net hyl -6, 9, 10- trioxatricyclo-
3 1. %;3 Z%)decyl) 2- (dladanan%¥ phosphl nomet h ) - 4-
(Ur 5ﬁ %Hgage$yty]phoup1no ethyl)~1"~tert-b t 1
1 &-rdhisser fl uoro( 2- phosphi nonet hyl --1,3,5," 7--
i,(-.,tramethyl-6,9,1.0--trioxatr..icyclo{3.3.1.1[3.7]
) - decyl) 4,5- di- 20 (2'-pheny|prop-2'-y|) ferrocene;
1, 2-bis-perfluoro(2- f.
) hosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10
triSagMagri.cyclo{3.3.1.1[3.7])decyl.)--4-(or

‘(2" -phenyl prop-2'- yl) ferrocene;

o(- phosphi nonet hyl -1, 3, 5, 7-
7 10-t rirmxat ri cycl o(3.3.1.1[3.7]) -decyl)
25 t-cutyl) ferrocene; 1,
or o( 2-gphiosphi norret hyl -
P ©6,9,10-trioxatr. icycl.o{3.3.1..1
)decyl) 4--(or 1')t-butyl ferrocene; 1, 2-bis-
.g éphlnonethyl

“tetra(trifluoro-methyl)-6,9, 10

trioxatricyclo{3.3.1. 1(3.7])decyl)-4,5-di-(2"-phenyl pr
op-2'-yl) 30 ferrocene; 1, 2-bis-
(2-phosph.i.nonethyl-1.,3,5,7-tetra(trifl uoro-
e o s Ml L R el el ks LR, TR Byl ) -4+
or -

trimethylsilyl~1, 3~-dihydroisobenzofuran.

PCTE/GB2007/050717



[#31

phenyl prop-2'-yl) ferrocene; 1, 2-bis-
(2- phosphi nonet hyl - -
wd o@sPesiag etra(trifluoro--nmethyl)-6,9,10 PCT/GB2007/050717
trioxatricyclo{3.3.1..1.[3.7])decyl)-4,5-(di-t-butyl)
ferrocene; 35 1, 2- bi s- -
(2- phosphi nomet hyl --1, 3,5, 7--fétra(trifl uor o- met hyl )
WO 2008/ 065448 PCT/ C132007/050717 416, 9, 10
i ~Oxatricyclo{3.3.1.1[3.7])decyl) 4 (or 1')t-butyl
e. The invention also extends to a
pdi fication of all the above 5 exanples of suitable
¢ |igands and suitable bidentate ferrocene

respectlve phosphorus atomis attached
t o-the-FBuyy representing R In these
exanpl es, when one net hyl ene 10 has been
t he ot her nethyl ene group linking the other
p-osphdr.s atomis still present so that a C, bridge

: he twy hosphorus atons representing Q and

Q in |each exanple ‘above. 15 Sel ected structures of
| i gands of the invention include:- PBu' 2 PBu? WO

i -tert-butyl phosphi nonmet hyl ) - 3, 6- di phenyl -
benzene 5 PBu'2 PBuU',

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

L1 Bu',P PBu', he +

1, 2-bis (di-tert-butylphosphinomethyl)-3,6-diphenyl benzene
PBUIE

: PBU',

1, 2-bis(di-tert-butylrhospinomethyl)-4-trimethylsilyl

ferrocene



(Me) 35S

1,2-bi.s(di--tert-butyl phospnonethyl)-1'--trinethyl.
“Kjﬂ%bmh;g ferrocene WD 2008/ 065448 PCT/GBZOO?@Q5Rﬁn&%mﬂn17

Bu' 7P PBuU' z Fee

1,2 bi _s(di-tert-butyl.phospinonethyl.) 1'-tert-butyl

ferrocene 5 Si(Me)3 PBut2 PBw2 Si(Me)3 10

5, 6-bis(di-tert-butyl phosphi _n(Drethyl) 1.,3-bi.s-

tr-ingqethyl-silyl.-1,3-di-hydroi.sobenzofuran. WO

2008/{065448 PCT/ GB2007/ 050717 44 PBuU' 2 PBU' 2 1,

2-b % i -tert-butyl phosphi nonethyl)-3,6-d:i. phenyl

be PE p3S PBu' 2 Fe

1,2-b.i [ . -but: yl phospi nonet hyl )-4-trinethyl si.
|yl 10 WO 2008/ 065448 PCT/ GB2007/ 050717 45
PBu2 PBU

1,2 bis(di-tert-butyl (phesphinomethyl))—-4,5 di(4’'-tert

butyl phenyl) benzene

IDBUIQ

PBUtg

1,2-bis(di-tert-butyl (phosphinomethyl))~4-trimethylsilyl

10 benzene

N

Si
PBUtg

PBUY

1, 2-bis(di-tert-butyl{phcsphinomethyl})}~-4-(Lert-

15  butvldimethylsilyl)benzene



1,2 bi.s(di-tert-butyl (phosphi nonethyl)) -4, 5-
di (4'-tert butyl phenyl) benzene 5 PBu2 PBut?2

\Néf&mhk§ggi-tert-butyl(phosphinonethyl))-4-triﬂ§hhmb§ﬁmﬂn17
y

10 benzene PBu 2 PBu2
1, 2-bis(di-tert-butyl (phosphi nonethyl))-4-(tert 15
but yl di et hyl si | yl ) benzene WD42008/ 065448
PCT/ GB2007/ 050717 46 PBu2 Si PBu2
1,2-bis(d..i.-tert-butyl (phosphi nonmethyl))-4,5- 5
bi s(trinmethyisiiyl)benzene Bu' PBu2 PQ 10
1, 2-bils(di-tert-buty]. (phosphi nonethyl))-4-tert-butyl
befzeme ' :::

1,2-bis{di-tert-butyl (phosphinomethyl))-4, 5~

bis(trimethylsilyl)benzene

Bu'
PB Ulg

PBU',

i,z-bls{di-tert-butyl (phosphincmethyl))-4-tert-butyl

henzene
Ru'
PBUY,
PBUtg
au'

l,2-bis(di-tert-butyl (phosphinomethyl))-4,5-di~-tert-butyl

benzene
Bu'
Bu'
B!

PBU',

PBU',



47
1,2-bis(di-tert--butyl (phosphi nonethyl))-4-(tri--tert-
wolbybRRishy| ) benzene Bu' B& Bu' PBu2 PBU2  Bcr/GB2007/050717
1,2--bis(dii-tert--butyl (phosphinonethyl))-4-(tri-test

-- butylsilyl)benzene PBu2 PBu2 7.0

1, 2-bi s(di-tert-butyl (phosphiflonet hyl ))-4-(2' - pheny. | .

prop- 2'-y.l)benzene PBu'2 PQ 1

1, 2y isy((dii-teentc-butoyl 1 (phosphii noowe byl ) - 44-(plérykrt -

Eenz ne“wo.% 08/ 065448 PCT/ GB2007/ 050717 48 PBul2
mgtlyi enzene

2-bis(d.i-tert-butyl (phosphi nonet hyl)) -3, 6-di net hyi -4,

5- di phenyl benzene 5 PBu'2 PBu'2 1,

2- bi s(#i'-tert-butyl (phosph.inonethyl))-3,4,5,6--

tB@LeE$enyl benzene WO 2008/ 065448 PCT/ GB2007/ 050717

S
Bu'—""
! PBuY

PBu',

ot

1,2-bis(di~tert-butyl {(phosphinomethyl))}~4-{tri-tert-
butylsilyl)benzene

PBUY
PBu';

10
1,2-bis(di-tert-butyl (phosphinomethyl)} -4~ (2'-phenylprop-

2'-yl)benzene

PBUIQ

PBUY,

1,2-bis{di-tert-butyl {phosphinomethyl))-4-phenyl benzene



n

wB¥%bdsokssgt hyl - et hyl) -benzoyl chloride Ocl P
PBuU' , 1

49 Ocl PBU', PBU',

4-(1-{3,4-Bis-(((li-tert-butyl -phosphanyl)-nethyl]-phe
,2--bis(di-tert-butyl (phosphi nont et hyl jgpg%ﬁ@ﬂﬁl?

chl or _ocar bonyl - phenyl -) benzene p PBu', PBu', 10

1,2-bis(di-tert-butyl. (phospHinonethyl)) 4-

(phosph. i . nonet hyl ) benzene WD 2008/ 065448

PCP/&B2007/ 050717 50 PBu'2 PBuU' 2

phosphi . nomet hyl ))--4-(3",4"-b
p's%%gjnonethyl))phenyl)benzene
2

PBU',

1,2-bis{di-tert-butyl(phcsphinomethyl})-3,6-dimethyl-4,5~

diphenyl benzene

PBUIQ

PBu,

1,2-bkis(di-tert-butyl (phosphinomethyl))-3,4,5,6-

tetraphenyl benzene



PBu'2 PBu' 2 WD 2008/ 065448 PCT/ GB2007/ 050717 51 1.
2-bi _s(di _-tert-butyl (phosphi nonethyl.))--3--(2',3 --b
wo 2084/6bskes- te. rt-butyl (phosphi nonet hyl)) phenybr-briizen®s0717

Bu' 2P PBu' 2 Bu' 2P PBU' 2
1,2-bis(di-tert-buty|(phosphi-nonethyl))-4-tertbuty|-
-(2'- tertbutyl - -bi s(di -%°. ert
but yl . (phosphlnonethyl)) phenyl) benzene 10 In the
abovelexanpl e, structures of |igands of general.
formulfa (1), one or nore of the X -X tertiary car bon
bearifig groups, t-butyl, attached to the @ and/or Q
‘ 12 Qr us nmay be replaced by a suitable

congressyl, norbornyl or 1-
no. r. bondiRxer and X2 together and/or X and
X' together D ’ 8._phosphorus a

2- phospha- 20 tri “{3, 7)*rdeicyl group such
as 2- phospha-
1,3,5,7-tetranet hyl -6, oxadanag?

2- phospha- 1, 3, 5-tr.i 72 10-Tr . oxadanantyl
In nost enbodinents, it is preferred that the X -X
groups or the conmbined X /X and X /X groups are the

34%;{9 e?fiﬁl?ﬁ gh By bu%? éaﬁoslpgﬂlag) me ql ach mg)fel:])q mu O}G Lgly) benzoyt chloride

active site in these selected Il_gands and generally
in this invention. WO 2008/ 065448 PC17GB2007/ 050717
52 Sigmlarly, in all the above exanple structures of

l'i gandls of general formula (1) including the t-butyl

(@3]

1,2~bis(di~tert-butyl (phosphinomethyl)-4-(4’-

chlorccarbonyl-phenyl)bhenzene

P PEu,

PauY,

10

1,2-bis(di-tert-butyl (pchosphinomethyl))-4-
(phosphinomethyl)benzene



the nmethyl ene |inking groups representing Aor Bin
formula (1), nmay as an alternative, be renoved so

\nggkég \Gs F espective 5 phosphorus atom represgaficBsobsor17

10

Is attached directly to the aromatic ring
representing R In these nodified exanple structures,
the other nethylene group |inkPng the other
phosphorus atomis still present so that a C, bridge
connects the two respectjmg_phosphQrus atons
representing QL and Q@ TOReach e BBl e structure.
Preferably, Q is phosphorus apd preferably, Q is
i ndependent |y, phosphor E t he

|ne no or

bldentate Ilgand
. , *3erably, a phosph ne |ligand. the
references to G oup 8 9 or 10

\/

LHe nodern periodic table nomenclature.
' 9 oup 8, 9 or 10" we preferably sel ect
metals such as Ru, 13h, Gs, Ir, Pt and Pd.
Preferably, the nmetals are selected fromRu, Pt and
Pg oMprea Eefgfébbﬂtyﬁhﬁhﬁ@%ﬁhnohétﬁ?l F545@Ptab|e
npounds of such Goup 8 or 10 metal s include
sabpbtbfipuch-#etals wetherner conpounds conpri sing
weakly coordi nated anions derived from nitric acid;
sul phuric acid; lower alkanoic (up to Cl2) acids such
as acetic acid and 30 propionic acid; sul phonic acids
such as nethane sul phonic acid, chlorosul phonic acid,

f 1 uor osul phoni c 3 8 onﬁthane sul phoni c
acid, benzene s Iphon| aci d, ﬁ%ﬁhthalene sul phoni c
aci d, e.g. p-toluene sul phonic
acid, t; S ) aC|-PB d 2-hydroxypropane

, ed i on exchange resins
(|ncI sulphonic res i rns)

1,2-bis(di-tert-butyl (phosphinomethyl))-4-(3',4 ~-bis(di~
tert-butyl (phosphinomethyl))phenyl)benzene

PBUig

PBuU',

PBUlg

t
PBu ?



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

wosbdaghgsphori c aci d; phosphon:i.c acids suebrasszoorosery

wl

10

20

benzenephosphoni ¢ aci d; and acids derived from

I nteractions between Lewis acids and |3roensted acids.
Ot her 5 sources which may prodi de suitable anions
include the optionally hal ogenated tetraphenyl.
Uoﬂaﬁecdeﬁkvaﬁkveawge.@hoammﬂdmmmﬁmet yaphdryl, 3bebatddi-
Addi tionally, zero adi.um conpl exes

g R R oA S SA MR Fo e

tri phenyl phosphi ne or al kenes such as

di benzyl . i deneacetone 10 or styrene or
tri(dibenzyli-deneacetone)dipal | adium may be used.

The agove ani ons may be introduced gnrectly as a

co nd o the metal but shg B ®terably be

|nt%oduced , O the cat al yst stem i ndgpendent |y of
te . fon may be

deri nore of an acid
having a p n di | ut£ agqueous sol ution at
18C of S ' | ess than 5, nost
preferably |E&SSY salt wth a cation that does

not interfere wi\th thefreaction, e.g. netal. salts or
| argely 20 organ 5 such as al kyl anmonium and a
precursor, such , that can break down
under reaction generate the anion in
situ. Suitable acids and salts include the acids and
salts listed supra. 25 Particularly preferred acid

pr oot €y & f afe an 1 Al KopHAhomdyRlien (ar & tthe tsrkkanisc (27 -
aci ds, 1ncluding the sulfonated I on exchange resins,
&ﬁf&bﬂix%n%biyhh}&ﬂﬂkkidn@ned supra. The | ow | evel

re s..t hat be used preferably
pruolvy d@ elvle thé%ﬁqliflhﬁjnylat 101Nt he reaction of

30 |l ess than 35 nDI/nDI, nore preferably | ess than 25
mol /nmol, nost preferably | ess than 15 nol/nol.
Typi cal ranges for the SO3H concentration provided by

the Egsi mLe i @xhﬂ? E\angoeer]ué‘\%re[@ b!fnollqaorgjs MBEE general
typically, 2-3 mol Pd, nost typically 3

formula (I), one or more of the xX'-X tertiary carbon
bearing groups, t-butyl, attached to the Q' and/or §°
group phosphorus may be replaced Iy a suitable
alternative. Preferred alternatives are adamantyl, 1,3
dimethyl adamantyl, congressyl, noerbornyl or 1-
norbondienyl, or X' and X’ together and/or x* angd  X°
rogether form together with the phosphorus a Z2-phospha-
tricyclo[3.3.1.04{3,7} decyl group such as 2-phospha-
1,3,5,7-tetramethyl1-6, %, 10-trioxadamantyl or 2-phospha-
1,3,5-trimethyl~6,9%,10-trioxadamantyl. in most
embodiments, it is preferred that the x'-x! groups or the
combined x'/x’ and x’/x* groups are the same but it may
also be advantageous to use different groups to produce
asymmetry around the active site in these selected ligands

and generally in this invention.



20 nol /ol Pd. 35 WO 2008/ 065448 PCT/ GB2007/ 050717 54
Cenerally the anion(s) can be selected which is

\M@Bﬂﬁﬂ@&h@te to the reaction. Certain ethylenpéﬁbhmmwwﬁ7”

30

35

unsat urated conpounds nay be nore sensitive to

pKa of the acid of the anion than others and

condi ti ons and sol vent can be5¢aried as appropriate 5
within the skill of the person in the art For

i astANOE,y, i Nn hunadﬁﬁneﬂﬁa@b&nwhaﬂéoatfﬁmiqﬂéa off tlheands of
STEBL SOTUErSn Bl LHC e TR ErRra v thauT g G one of
pkae betweerer2z ahhi5.nglGricupa (raapbemglrhtaztrlq)rﬂreacﬁl am, formula

gfaﬁ;ﬁpy%v S aniQn.present i s ol G Lheal ho Lhgccsve

ehavi Gur o cé%a yst sy Stem
rah@fphﬁruanaonmtoréﬁnﬁﬁ@n81n® ©r abd @et%ﬂ agreacoapodinckctly to

b n 1: B erably fr Gl «
BNt S L SRR B SHST Y 608, 490, e
t herartiwresi s phevi deger bwwahyéen@ agrbugal tlinkhey the other
fﬁhéﬁﬁﬁﬁ%ugf%ngthQnaQﬁlihsr@&&ﬁ and (138l t5 is BPEdge connect s

critical ver, where an anion is prOV|ded by .
athd bro paer:rrp%qwepﬁr@@ﬁﬁé@mbs/ etk tIRPIEAENBIRT Giciapd Q. in

t Q.9 URmp8e SrQlccl@emetal is preferably, in the sane
ratios as the anion to netal or conpound above. By H

is neant the anpunt of 20 active acidic sites so that

appot & £f) ynonofasi g saci ghwmbdubavengl mpkesofadly, o' is

whereas a nol e of dibasic acid would have 2 noles of
HE PRGN BART cPHEPIS B¢ shoul d be interpreted

accordingly Simlarly, by Cl is nmeant nol es of netal

having a 2" cationi¢c charge so that for M ions the

rgf?%@if’fb]ﬁ’he thst aP*oe%td ion %h‘?ﬁﬂdd 28 e AYfRtEF phosphine,
accorgi ngl ¥ i Fofe exaapbe, podrMacat | on shephinbel i daaken

as having 0.5 noles of C'" per nole of W In an

al koxycar bonyl ati.on reaction, preferably, the ratio

of . bidenbabedbhgandrt@oabkd irefatcheast td: 2roup 8, 9 or 10
nDI/nDI arid 30 referably the ratio of
bW@eﬁﬁét@eFﬁ@§n§QQP¥£dﬂ% Bak 9iofo1gnclude Groups &, 9 and

17 in the modern periodic table nomenclature. By the term
“Group 8, 9 or 106" we preferably select metals such as Ru,
Ph, Os, Ir, Pt and PEd. Preferably, the metals are
selected from Ru, Pt and Pd. More preferably, the metal

is PPd.

Suitable compounds of such Group 8§, 9 or 10 metals include
salts of such metals with, or compcounds comprising weakly
coordinated anions derived from, nitric acid; sulphuric acid;
lower alkanoic (up to ;3) acids such as acetic acid and
propionic acid; sulphonic acids such as methane sulphonic acid,
chlerosulphonic acid, fluorocsulphonic acid, triflucoromethane
sulphonic acid, benzene sulphonic acid, naphthalene sulphcnic
acid, toluene sulphonic acid, e.g. p-toluene sulphonic acid, t-
butyl sulphonic acid, and 2-hydroxypropane sulphonic acid;
sulphonated icn exchange resins (including lew acid level

sulphonic resins) perhalic acid such as perchloric acid;



metal is at least 1:1 nol/nol (C'). Preferably, the
ligand is in excess of netal no.|l./nol (C')and

wPtoed/edsalyl Y 1 n excess of a ratio of 1:2 mol/ gelfddho7/050717
with the acid. Excess ligand is advantageous as the

ligand itself may act as a base to buffer the acid 35
levels in the reaction and pr&vent degradation of
substrate. On WD 2008/ 065448 rcr/ GB2007/ 050717 55 the
otaiierehand! t berlpresencecodis acich agt | vat@s.drbeceeactiaom and
1. x -.and i npr.oves the overall. rate of reaction.. In an_ .
3Rt Tog atr st r SHCt PR P bR er B o PRETR(TIST aeids
gfuchb bisdefreatené¢pigampdonocackdids atnd eastids: 2derived from

)./ . apnd.  pref bly, the rati f_bidentate .
TSaRa L0 ol B B 10 st el 14 SETaASt 1y - orber
otk ek ( ChhiclPr efiey abbysvidie | $wganrdlies arnoexcesscbfde  the

arsgptt%ngrfiy/ ':L%?é%e?%é@(n;)‘@%%réﬁ%ﬂﬂ Ry, he, egyppg&%ge%ys e.q.

the Tigan act” as 'a base to bu
tive fagp e tdvielpsenl t hebewrdet.i on AdAdt previent zero  valent
%%9&%@@&%°Qo%£1%§§?5559£f%ufg}l&thﬁkﬂﬁrwb@?d1£Q§Fe ligands,

presence of aci act Ivates the  reaction m X and
i oV BsP Ry lpherarine rat elépreeattions Asbrentlighegacetone

the s¢at-ahysir %t(@ﬁrbgiﬁzﬁ%e%@é@@éné)@\iﬁa&h%mmayl@e used.
be used honpbgeneously or heterogeneously. Preferably,

the aEsral yetosystiem Pe daehvisgeriesasly. asupt gpyound of

the Reaessuof shheid nventd-an) Y. benused.d-0 ¢at ahysearalvst
the carbonyl ati on_of ethylenically unsaturated

COITPEUNt SR CORa L 2P pridSe AR b drhdn MBHYXPHe and a
hydr oxyl group contai ni ng conmpound and, optionally, a
source of anions. The Ii%ands of the invention yield

d SuPprPEi AgY yohi Ui TER A °CaPbonytatt s féactfofs more of
stichacasi etdwyhgne, Rropydengedl,id- -dutadi eR@eoupeBblution at

gn-itrile, and octene carbonyl ation. Consequently,. )
SR et ofep el 101 Bbi 1T P & iy | Haant B bedss Mot
wirlelfebebly nteeasedaby denpl oyding ving pr ocessoroftidie deses not

'i”‘é%%‘f!e{»’é‘- wiAtgvaE‘ﬁe?g%%%%'thn,us%.%f. the, cat %Wgt S 8N gery
of the presen rnvention in the- carbonyl ation” of

etrigyhéni caltd yswimsaturdked ammonium, and a precursor, such as
an ester, that can break down under reaction ceonditions to

generate the anion in situ. Suitable acids and salts include

the acids and salts listed supra.

Particularly preferred acid promoters for an
alkcxycarbonylation are the sulfenic acids, including the
sulfonated i1on exchange resins, and the carboxylic acids listed
supra. The low level acid ion exchange resins that may be used
preferably provide a level of S50:H/Pd ratio in the reaction of
less than 35 mel/mol, more preferably less than 25 mol/mel,
most preferably less than 15 mol/mol. Typical ranges for the
S50:H concentration provided by tThe resin are in the range 1-40
mol/mol Pd, more typically, 2-30 mol/mol Pd, most typically 3-
20 mol/mol Pd.



30 conpounds etc al so gives good rates especially for
al . koxy- and hydr oxycarbonyl ati on. References to

wéh hggﬁgally unsat ur at ed conpounds herein SWQthBmh@mm7n
ta
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en to include any one or nore unsaturated C-C
bond(s) in 35 a conmpound such as those found in
al kenes, al kynes, conjugated “and unconjugated di enes,
functional al kenes etc. WD 2008/ 065448
PEIHGB20Q74£0604dYon 66 Suint &bl eebdéd‘l}d%m'hctahl ys appropriate to

saturated conpounds for t.he.inyenti
) YE ds
e ylenlcaIPy Hﬁsa uratecinyerl oun afﬁﬁgag? g SRogres may

50e mar@oaaa$omﬁmpemanom@cy$® obr the xbgr@sofhéheofanion than
SyLianl €. LYl enlealdy URsabil aled \LommeuRgs . Moo opriate

e one or or conjugate sat ur at
b@h@gnpevhanﬁkyﬂﬂ eﬁ?tﬂmeﬁenﬁ@d ane tbenpednds’dravimgance, in

fromz Lo 20.6arban . afong, A oF Xtures; 4 fb%f%ﬁfé da/lean should

nmore preferred are compounds having at nost 18 carbon
abensreyetr mbhen al niost 916 tear borecaromylvagainn 210 IoFe more

PpELRsLeA, compounds, Bave,al,imst 1 oarbon atoms. The

hylenlcafly unsat ur at ed conpound may further
conprise functional groups or heteroatons such as

Nkt 1 Q9eRy nSHIRRYE L OLesOXidle. o aﬁ§3ﬁﬁc$ﬂdéhlon present is
carboxylic acids, esters or n|tr| es as_ functiona

gROUPY.ItiRAA bP eFist rEd agrbip UIIPFEERSSRd NG Katpiyst system.

eﬁH&hﬁﬁk§akbyl@n§ﬁkMﬁahegoQﬁﬂﬂgﬂn@ I8 @&n @ ebkpl okr aompound
m xture of efins. Suitable ethylenical

PR AR o bandE ek g FAEdt Y dqe™ Bt hyto 2000:1 anc

a@@ﬁyi&n@mprem aeetykenegodk,13- butadi ene, anebhylengovided
propyl ene, Iﬁ/lene i sobut yl ene, pentenes, pent

ne

APYr PR eSC A kY poriverich 6 GhRt al HetHyrn OF Fe® zcid and
3.@BmtBﬂQaﬁﬁ&H&ZQcﬁentenSW@ﬁhﬂSvﬁﬁu@haaSaﬂzﬁﬂdL;}novided by
3-& ten0|01§chg% ept 3) Vlnélt esters su QK%% fo qrou
vinyt FcetHdie’” tBﬁ%%l dcéné ar el arl y Jroup
pBef@nﬁedoemhthnncahbyouasaLuﬁatedecemmﬂundsoare the anion

e her e V|nyI acet 3- but adj ene,
péntenga es, cﬁgwpen enenl?rllgé] %eniengggcédgh@ amﬁunt of

ascampentenmccoauwﬁ)o abet y4 enge héptendsisipubyleéneoyld have
09t§Qﬁ§ ofj%d GRS s agdmole of dibasic acid would have 2 moles
of H' and tribkasic acids etc should be interpreted accordingly.
Similarly, by C* is meant moles of metal having a 2’ cationic
charge so that for M' ions the ratio of the metal cation should
be adjusted accordingly. For example, an M cation should be

taken as having 0.5 moles of C*° per mole of M.

in an alkoxycarbonylation reaction, preferably, the ratio of
bidentate 1ligand to acid is at least 1:2 mol/mol(H") and
preferably, the ratic of bidentate ligand to group 8, 9 or 10
metal is at least 1:1 mol/mol(C*). Preferably, the ligand is in
excess of metal mol/mol(C?)and preferably in excess of a ratio
of 1:2 mol/mol(H') with the acid. Excess ligand is advantagesous
as the ligand itself may act as a base to buffer the acid

levels in the reaction and prevent degradation of substrate. On



propyl ene. Especially preferred ethylenically
unsat urated conpounds are 30 ethyl ene, propyl ene,

wohz%%ﬁs@@ﬁ, octenes, dodecenes, vinyl acetatepcr/eB007/050717
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, 3- but adi ene and pentene nitriles. Still further
|s possi bl e to carbony.late m xtures of al kenes
containing internal double berds and/ or branched 35
al kenes with saturated hydrocarbons. Exanples are
raef pnb¢e Hana afhkl patec2cand otdidr ant xetdh est rid@ngeaction mix
der,i ved from a_cracker 2 5448
B (0T 050917 s 48 S Eane der i ved from
al kene dinerisation (butene dinerisation is one

ecifi X c ropsch.. 0
;efere}§%% Qn@%ﬁ%yﬁﬂgggéfspﬁeréTﬁli%ﬂﬁf%?q§%%e?%ﬁ% Jrio ot
ﬁodesu®®i|ﬂugeddoﬂxunsgbétmstuﬁbdvaﬁyl lé%t@pléﬂﬂwH and
%L@DJ(BJ V)thlel(?:aﬁﬂj ofcbgc% &L@Rcflgang’R@ @ouﬂw}éerej be 10
e selected from d}o en, kyl ,
alto 1 cyan@t hiee o, LG?lﬂ'fO“@@é@@”ﬁUO P{:{tﬁr@myrcw?opi@and is
NR 3Ry cess C %&\ gé§312|m£%)ﬂ%l$8 39 Cr&O s 30 T@@ﬁﬁin may  be
R19- R30 (O)NR "R P. (0) are as 15 defined herein.
Prefetabtaps R itsesdiggbed F7orh Wpdr dgen2safkypse to buffer
Rhenydcior alkyl pﬂenyﬁe rxegstparef grablye bydr ag znddatlon of
phenyl, Cl-C6 al kyl phenyl. or Cl1-C6 al kyl, suc
ﬁ@pﬁyrat%tﬁyqthﬁr@%@q q§§dbhp?|pr?ﬁﬁﬂ9@|o ﬁcH%%yﬁﬂvaLe; the
VG0 ¢ DK 6nilr &Ler el dveGlt 68 & dod1) respesd alchy et hyl .
Preferably, RG3-R65 each independently represents
hydr ogen, alkyl, aryl or net as defined herein. Mst
prehehabbyad, Ra3reRca281 § fidependantlry t heppesemts invention may
hydr ogen however, referenie to

tionally,
é’tehvaeerﬁ 08%9‘??&%"% ¥at¥d }‘Sbﬁb%({ﬁ{’cifé’“ﬁ Yein BRpferably. the
exchuder viynytlemest el Sed mekudengous 1Ry

, it

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 hydroxyl group containing
compound and, optionally, a source of anions, The ligands of

the invention vield a surprisingly high TON in carbonylation

reactions such as ethylene, propylene, 1, 3-butadiene,
pentenenitrile, and octene carbonylation. Consequently, the
commercial viability of & carbonylation process will  be

increased by emploving the precess of the invention,

Advantagecusly, use of the catalyst system of the present
invention in the carbonylation of ethylenically unsaturated
compounds elc also gives good rates especially for alkoxy-

and hydroxycarbonylaticn.

References to ethylenically unsaturated compounds herein should
be taken to include any one or more unsaturated C-C bond{s) in
a compound such as those found in alkenes, alkynes, conjugated

and unconjugated dienes, functional alkenes etc.



acetate. 30 Wiere a conpound of a formula herein (e.g.
formulas | or 1V) contains an al kenyl group or a

wo YesRadky! noiety as defined, cis (E) and trpapcgdiorosertr
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i somerismmay al so occur. The present invention

i ncl udes the individual stereoisoners of the 35
conpounds of any of the fornuP&s defined herein and,
where appropriate, the individual tautomeric forms
t hereof , together WO 2008/ 065448 PC17Q 32007/ 050717

58 Vﬂtﬂ]o e%%ﬁegﬁl$5¥¥%Hﬂ;sa§gpg{§giég% %Ends for B%g invention

dlastere0|so rs or trans |1 soners my
ache evedy bynicedventirenahr deshniouesindse. ipvipy from 2 to 50

%%dnonqltoﬁ[‘y?é@é liatlon.  chomgtogr aphy tq{ere?? L. Giitable

a stereolsoneric m xture of a conpound one o
f ot cag 8l oy au@ﬁtmabl:@dsacmmp@mndéruvmu\I@Vtehepé@f or more

A[‘séﬂ@[' 24 dugl @&?ﬂ}gla‘%@ﬁr Qfn 58 GOIMRUNG, Qi ONE,Qf ThS coyie.

fornmul as may al s rep ared from a correspondi ng
opt s il tleyl ﬁﬁﬁecpﬁpevwéﬁléﬁ%ﬁwﬁ fspm rdesel ud9 operiuCHR tags, or

by; HRels. Gredbokheyeor respondiRgr-faCeMBl ecoslRGs@ having at
suitabl e chiral support or by fractional 10

CRYst ald | Sat9oan 26PE heY A a8t €61 SBvér ilé §aFPSN vt again

bMoréeﬁﬁéﬂé¥}e@fckh@ogﬁﬁgeﬁ@@@dhﬂgmbégeﬁﬁt%aWbe dtoms.  The
sui tabl e ?tlcally active acid or base,

dﬁ%ﬁ%ﬁﬂqlﬁﬁé Y/MIunsﬁé?Qﬁﬁgﬂone?%WﬁﬂW§dlndTﬁydedeﬁ§Wﬂfn t HEprise
seopa. iohathgrptecess ndferbh€ohiventdrons It twelbn P&suiphur or
agpre0|ated b¥ those skilled in the art that the
dSABPLF Hrimatadel PRy HuficEFOR® ast1i¢gands Thdtttes as
Cﬂﬁlfcﬂjmtae Wrbhpt he G Dupa8pr9sefrell gt d)ff plojmusad the
€@ﬁff .20 %o forq}thg %O ounds for use ?51 . .
R TY Pty 2 PP ReCOEGUE 85 & oF 6%8{ af Bpxtvre o
C@hﬁ@ﬂﬂﬂ tlﬁﬁmeeblﬁoatmhlﬁﬁuaaln@ hhﬁutuxmaodrcﬁmpeunda inciude
c_and/.or _antinon

phos Qrus, a ¥ .

DR ot "Fol Tl &~ (1) 96 AL HRRY 1 Sred 6o L Frautsaiens,
p@@g@ﬁmchnwempwmnn®xobut&ﬁfnm pnunﬁwsylene, pentenes, pentene
nitriles, alkyl pentenocates such as methyl 3-pentencates,

pentene acids (such as Z-and 3-pentencic acid), heptenes, vinyl

esters such as vinyl acetate, octenes, dodecenes.

Particularly preferred ethylenically unsaturated compounds are
ethylene, vinyl acetate, 1,3-butadiene, alkyl pentenocates,
pentenenitriles, pentene acids (such as 3 pentencic acid),
acetylene, heptenes, butylene P octenes, dodecenes and

propylene.

Especially preferred ethylenically unsaturated compounds are
ethylene, propylene, heptenes, octenes, dodecenes, vinyl

acetate, 1,3-butadiene and pentene nitriles.

5till further , it is possible to carbonylate mixtures of
alkenes containing internal double Dbonds and/or branched
alkenes with saturated hydrocarbons., Examples are raffinate 1,

raffinate 2 and other mixed streams derived from a cracker , or



for the carbonyl ati on of ethylenically unsaturated
conpound conprising contacting an ethylenically

wouneabdsat ed conpound w th carbon nonoxi de apgraB2007/050717
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source of hydroxyl groups such as water or an al kano
in the presence of a catal yst conpound as 30 defined
in the present invention. Suﬁiably t he source of
hydr oxyl groups includes an organic nolecul e having
anixpgdr exykafunctieonatd groupt Prbferablgimarheat pprganieutene
mheeyl e having anyduawylfuncligpal) orLaup FRYRE SBropsch
branched or |inear, and conprises an a kanol
paecieatarly a C,-C'0 al kanol, including aryI
al kanol s, which nmay be optionally WD 2008/ 065448
PC1/ G132007/ 0511717 59 substituted with one or nore
substituents selected fromal kyl, aryl, Het, halo,
cyano, nitro, ORl9, OC (0) RO, C(0) Ri, C(0) OR',
NR2'R ", C(O)NR'R 0O, C(S)R2'R21, SR21 or 0O(0)SR as
defERedc Her éin. ViHWéhl? B@@Teﬁ%@@lﬁlkaﬁ@h§“aré€éef@@g” to
alkanol st sUch as.aeihaneks iglhanek, @fQﬂﬁrﬁgha (IV)
i so- propanol, iso-butanol, t-butyl alcoho
n- but anol , phenol and chlorocapryl al cohol . Although
the- @Qﬂp&ikaﬁOkScﬁWGRﬁbst preferred, poly--alkanols,
preferably, selected fromdi-octa ols such as diols,
triols, tetra ols and sugars nay al so be utilised.
Twairﬁahl :g,“‘ lsw;m ol ycaiétﬁra,»gl & rafe hlﬁtr@gb?,ct @QkyféI,On&ﬂyl, Het,
t hanedi o propane erol., 1,2, 4 =3 Py
aneﬁvw ?l(tﬁ)‘?dro ﬂ§ 15 CAPORanedi G OR T,  NRR,
ﬁR Rﬁlhydramth%aﬁe,sp@ntaamythnﬁOUGmheganl%kw are as
¥% o§ynethyl)ethane nannose, sorbase, gal actose
3ugars Preferred sugars include sucrose,
fructose and 15 glucose. Especially preferred al kanol s
net hanol ,and et hanal T le most  preferr | kano
|§eﬁéfﬁ '6I R The" anouﬁ % o oﬁy Yot 6%‘ ﬁéa
@hehiphényyl,anouwts arErEﬂaedﬂwn exbe@som¢hthepanmuhx Ci=Cs
f te to be-~ca nyl at, 0 t he ho
%g§§gg§%&ﬁasoihépr%a05?g ysolggﬁtéis &gﬁ%ﬂ ?%&p LrOpyl
ifutdési medtyseparatieexsdl ventes: mayral S)oeb@”qjﬁefd C1 Cc "alkyl,

espacially methyl.

%enyl or

Preferably, R-R* each independently represents hydrogen,
alkyl, aryl or Het as defined herein. Moslt preferably, R¥-R®

independently represents hydrogen.

Optionally, however, vreference to ethylenically wunsaturated
compounds herein can exciude vinyl esters including vinyl

acetate.

Where a compound of a formula herein (e.g. formulas I or IV)
contains an alkenyl group or a cycloalkyl moilety as defined,
cis (B) and trans (4) isomerism may also occur. The present
invention includes the individual stereoiscomers  of the
compounds of any of the formulas defined herein and, where

appropriate, the individual tauvtomeric forms thereof, together



It will be appreciated that the end product of the
reaction is determned at least in part by the source

wobo@lkane! . used. For 25 instance, use of “EF@ﬁﬁﬁkmwman17

(4]
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produces the correspondi ng nethyl ester. Converse

use of water produces the corresponding acids.

Accordingly, the invention prévides a conveni ent way

of adding the group -C(0)0 Cl1-C20 al kyl. or aryl or

-wﬁ(l@)ﬁrkiaMGQSSt hdheret Ipppenkcadd yofingat sirateed sboads or cis
é t he process acco&gln hto tyebsecond sggci g h

tﬁ% predEht > TRV ENTen, %t K ofhoXide* pe=chniques,

us egl. |lmypwaeztf1©mnlor:ryﬂmmledtmmh andmeptir galsy suchh.p.L.C

as nltr 14%%%?9n de§lde<QJeP%xﬁogL§d agesu§h ﬁg formula

argon anount's %ydrogen ?plcal?y 35 T'es -

than(59&hytvbﬁane¢ﬁnayoalsoebemnnesentheMEHQOoshOGBwﬁﬁudual

E%Té @L%QH%Z/ %§0717a<% %ou-lr-llae rfat n% (<)\{C0|tl§}r£E/ﬁ\flo gﬁ!lrlrg)s %g aloo be

enlcally uns rated npounds roxyl
SDtﬁEﬂ¥Gdnfacmlqu¢@kqﬁ@@9@dﬂeacﬂﬂﬂﬁﬂihEd@Qﬂﬁ nwyevafqaate or by

b wi.d syi I | |
PRI ST L2 BUnoH L) o B8 QG of AP fenece

Sugpnd o a | ar‘»gete&b%ss @Tlréllkanévplmf%t & whep t heractional

'@£0§@6a1I1§oa@L§9 the reactiQn solyent,su¢h a§ai‘lp°tofc?fmed by
100: 1 excess of al kanol. or water. However, if the

efmtelmncaquy disat GPéF@@PO%@ﬁouﬁéc%a‘ae ga‘Slth thhe suitable

r@@@id(ﬂﬂ t@@%@td&@ bt PRYe besPEESEriaat, | over
levels in the liquid phase reaction medi um such as at

10 a ratio to hydroxyl group source of 1:20,000 to

110 iﬂgﬂ%0196ﬁé§§a&ﬂéﬁlﬁkl&Qegoﬁﬁﬂﬂlnlt@Q,sﬁgﬁé of the process
preferably, 5000 to 1:500 The anount of the

c%&eﬁ@%ﬂ”ﬁ?“?ﬁﬁjlnventlon used in the carbonylation
process i s not crltlcal Good results nmay be 15

obt ai ned mhen refer , the anpuy % f . Go 8, 9. or

1bt ngfyr Ig;opﬁ r%’ tﬂ?s.e {Tg\lg eg’ iﬂo}gg art t%at the
pf@ﬁ@ﬂahhy,olo Eorh@]dO 21) rnmﬁy pretetabl yas 101 tganBB@" that
nol es of eth | eni % satur ted co

|?P?ﬁﬂ§ tﬁu hage & VBon 14a (th eXctd |onorComgguncpO!Chem(:)lt
to form the compounds for use in the invention. Typically, the
Group 8, 9% or 10 metal or compound thereof cocordinates Lo the

one or more phosphorus, arsenic and/or antimeny atoms of the

compeound of formula (I).

As mentioned above, the present invention provides a process
for the carbonylation of ethylenically unsaturated conpound
comprising c¢ontacting an ethylenically unsaturated compound
with carbon monoxide and a source of hydroxyl groups such as
water or an alkancl in the presence of a catalyst compound as

defined in the present invention.

Suitably, the source of hydroxyl groups includes an organic
molecule having an hydroxyl functional group. Preferably, the
organic molecule having a hydroxyl functional group may be
branched or linear, and comprises an alkanol, particularly a

Ci~Cay alkanol, including aryl alkanols, which may be optionally



medi um 20 Suitably, although nonessential to the
i nvention, the carbonylation of ethylenically

wounssabdsiat ed conpound as defined herein may Per/gB2007/050717
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performed in one or nore aprotic solvents. Suitable

sol vents include ketones, such as for exanple 25

nmet hyl but yl ket one; et hers, suth as for exanpl e ani sol e
(et hyl  phenyl ether), 2,5,8-trioxanonane (diglyne),
divethytutetcherith @mﬁephymor%t$Mh$ti¢epnany@¢kﬁQEﬁdnffom alkyl,
di-phenylet hefo, qﬂga%epm% eldier, anddhe, coopr, coor?,

herther/o hyl ene- gly ycol : esters such as
fl\@fr Pexa@dpéi\‘ﬁréﬁn | GERYATE / difety ICHE) PAt ea 304afeRgl| berein.
@ﬁ%%@?tEreﬁ&ﬂ%&ﬁ%ﬁk@ﬂ%@é'QE@ and byt yr,0-act-QRe; as methanol,
am des,  such as for exanple di met h | acet am de,
NERBPRYI py¥ tioticdone Saner OB TRt hyls of BF ek lde;t-butyl alcohol,
subtoxbdes and sul phgnesy ) sush2s:1fon1coxaMpl @1chough  the
di met hyl sul phoxi de, di-iso ropylsulphone sulfolane
@Péﬁ?éﬁ?%ﬁ%ﬁlﬁaFépH@ﬁ%-2P2@ ECde) POy -alkanols, preferably,

286t byl st fol-anea Qh@tﬁﬁh135‘%QbQBQn€rlol tetra-ols and
t et rahydr ot hi ophene 1, 1--di oxi de and 2- - net

4-
SUAGE Eulfol &he bﬁ&?&tree%onp%ﬁtﬁfd?sa Wncfugh r%mﬁ’é‘iléamls are
ankants ofcnND,2008f 065448 1PCT/ @Zﬂgﬂn@a@&’ﬂ gBkesuch 1,2,4

onpounds e. g. benzene t ol ue enz .
GRTPREeo iyl one M HER LT br SBERS BRI, 12,6
ardhgbl ox@henzene, m - dlCh|ﬁHﬂﬂ%@ﬂ?€ﬂﬁﬂxﬂ|kaneS i1,

| ud hal t f h
et AR Reniats ol B PerRatny | enEane, 05 NGRY! ahg ocher
@hb@tbde andreasren tebgaﬁhlohud&denlbncteﬁae Gructose and

nzonitrile and.a tonltr ery.suitable are
éﬁroPIIC soﬁ“@hts i g gea ?ec?y%éycons?antrmﬁﬁgFOI and
KshbebQW/aTM&ImeoofpﬁﬁkxneﬁeapﬁekerablyetMMKhe range
of 3 10to 8, at 298.15 Kand 1 x 10"Nm . In the
present context, the dielectric constant for a given
Sokvenuns gSedliphdl sisnoratalcrifanil ngteferadpgyesentings are

tuh%dr a4l Q0L L th CAPACLH Y, Of o% %%n@%?e?r%é!"' B dh8onyratea.
subst ance as ectric to th capam
Thus the alcchol may serve as the reactlon solvent as well,

although, if desired, separate solvents may also be used.

It will be appreciated that the end product of the reaction is
determined at least in part by the scource of alkanol used. For
instance, use of methancl produces the corresponding methyl
ester. Ceonversely, use of water produces the corresponding
acids. Accordingly, the invention provides a convenient way of
adding the group -C{C)0 (;-C: alkyl or aryl or ~C{O}OH across
the ethylenically unsaturated bond.

In the process according te the second aspect o©f the present
invention, the carbon monoxide may be used in pure form or
diluted with an inert gas such as nitrogen, carbon dioxide or a
noble gas such as argon. Small amounts of hydrogen, typically

less than 5% by volume, may also be present.
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the same condenser with a vacuum for dielectric.
Val ues for the 15 dielectric constants of connon

B8Le&ME4k1 qui ds can be found in general refepepeBr007/050717
books, such as the Handbook of Chem stry and Physics,

76"' edition, edited by David R Lide et al, and

publ i shed by CRC press in 7.998, and are usually

quoted for a tenperature of about 20C or 25C, i.e.

abbat 293id5k Orol2e8./¥51 20K, and atthydphecally unsaturated

pr ure, i.e. about.7, x 10Nm or n, readily. he. .
CERUE R o WA Lo iSRG pPedsurg b ROEThe caction
copversi| oIy factoriseigeehed.icde: 1inotd | ¢t atwrmidat diker in the

a,.,palticul 3 ;ceupound iy&eaf‘é%k L 8o DR ALELESITIC, 1.0 ang

constant” may " “be ‘readily measured using establishe

physiceco<achemiealexcaet holls alk@2f Forr exapl etharhghe latter is
dielectric.canstant ;0f ;ani selg i §s4.3 (& 2299021 Khxcess of
o% d?ethylréther§?584.§ at 2%%.2 Kf% of sulfolane is =~ °
431¥arfct SO3¥2LRY; dfvAsehyl pénttdroattdyilgnbcd! {at unsaturated

28§m Jgd i%fa e&@n@pﬁhﬁiQ%ﬁciﬁmstEmEQEagﬁia%tK%ayoﬁe present
di met hyl adipaté is 6.8 30 (at 293.2 K), of

t 6Er &PWRIT OfCaf 8 Yie {guidpghage kyeaqgfion medium such as at
met lenenanoat eaid $:3- Yddlp 293:2Kor AtPE@f®IT €y 1:10 nore
aprotic_ solvent is anisole. In the presence of an
aPkahdiabign Aptoti% $61 ventr Wk Besi BB genet at®d by 1:°00
the reaction as the ester carbonyl ation product of WO

2008/ 065448 PC1lVGB2007r 050717 62 the ethylenically

un8at \reted cdnpblid, ca&rBeh minokl'de ‘dAWd Eh8" A%Hnol™ the
| 8aBiforBPa0ti bE ]§ﬁ40\e@ets_. iEheTcpf OeesSi dmY. beodar Féef Utmay  be
in an excess of aprotic solvent, 5 i.e. at rati o
(GPU36F B i B SOIVENY " (6 aIRRHEE 6 o Mredst | 3% 110 metal
Pr.ef ef abley,rdrbiies 10at ke nangescfd gmetelaboy, l0rl® and 10°%, most
nor e referablly from1:1 to 5:1. Mst preferably the.
B e R L R it N A L SLREE,
f onegoimgeildt cbspuref eémnr edet hagutchehreactadrnysation reaction
c%ééigg out in the absence of any external added

apro%lc‘

Suitably, although non-essential to the invention, the
carbonylation of ethylenically unsaturated compound as defined
herein may be performed in o¢ne or more aprotic solvents.
Suitable solvents 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, tetrahydrofuran, diphenylether,
diisopropylether and the dimethylether of di-ethylene-glycol;
esters, such as for example methylacetate, dimethyladipate
methyl benzoate, dimethyl phthalate and butyrolactone; amides,
such as for example dimethylacetamide, N-methylpyrrolidone and
dimethyl formamide; sulfoxides and sulphones, such as for
example dimethylsulphoxide, di-isopropylsulphone, sulfclane
{tetrahydrothiophene-2, 2-dioxide}, Z2-methylsulfolane, diethyl
sulphone, tetrahydrecthiophens 1, 1~-dioxide and  Z-methyl-4-

ethylsulfolane; aromatic compounds, including halc variants of
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solvent i.e. in the absence of an aprotic solvent not
generated by the reaction itself. 15 During

wawdgeesypar bonyl at . ion, the presence of a proticg/GB2007/050717

solvent is also preferred. The protic solvent nay

i nclude a carboxylic acid or_an alcohol. M xtures of

the aprotic and protic sol véht s may al so be enpl oyed.

20 Hydrogen may be added to the carbonyl ation reaction

torchnproveundeaet § onberateee, Stictlabhe | eviells lnzepdr ogenlene,

whenutllised be i Lhg.d ke of hefween, 0. .and,

20%?vgﬁ§v %)Fgﬁﬁggbargo% nDnOX|ge rmrelpre]f:era2 ly, i

ﬁl@@@/@v@em//oalnoof @H"G‘TEanWCWﬁOXI dehafpr @ariants of such

%%%%m@ly Zig,150puoliyol of. .t hee carbon, %5tm)§4yq§emane,

nost preferab 1y 3-10% vol / vol of carbon nonoxi de

cuttalvyste copounds ofnd héaplp@"seﬁ@trﬁ%@ﬂm@iﬁ rralglﬂafétleés e.g.

&enzBEL BF POLNEAUS . LA ALY SE . Or a "honpgeneous”

catal yst, preferably, a honbgenous catal yst. 30 By

t he tern1"honngeneous" catalyst we nean a catal yst,

'Vé% 2,1 L ‘H¥1 QEr5 IJ% %@EhpnhaJWHqchxg§a?§%trlc constant

supported I's sinply m xed or formed in-sit

vihear tlﬁebiaé%ﬂ’:t%ﬁt@%f O{héﬁr cersonyeaet el ¥ edctlibenrange of 3

(& &, theceghylenically unsatiyrated 3hecoppaund. R8s, thne

h droxyl cont ai ni ng conpound and carbon 2008/ 065448’
LEBPDOT/ OBULERL €3 nBndxieR) 50 biwfer'dplypefnig *ts pormal
Siathahle §P|W§ﬁk9@§ng§§§rkﬁ%d rh@f@'QﬂfBEhEhec&&ﬁﬂk of a

"het er ogeneous"” catal yst we nean a catal yst, i.e g

1 EsApO URE: bfttofte SPRTEME GO S VHicdREF§1 ¢t it sRracity of

SURPRERe cdittssRECQKE G NY Jaudnf 6t hercaspect, ¥hBies for the
present invention provides a process_for the

%Sﬁyrh%u%??&fal‘éﬁhg?Feﬁ?f@‘éﬂﬂ VTI9gRsat Ut At et ¢opdtindsund in
aﬁn@e&uﬂegi@@@enlb%ersl au&h&asprt@]@essﬁnusoa}o @arcgncad_k;luy and

th t ehcata st conprising a port referably
Svenssl ublte. sapporey Satted By DaSHBPELT LPAST LAY

published by CRC press in 1995, and are usually quoted for a

avn and
temperature of abkout 20°C or 25°C, i.e. about 2%3.15k or 2Z%8.15
K, and atmospheric pressure, i.e. about 1 x 10°Nm'*, or can
readily be converted teo that temperature and pressure using the
conversion factors quoted. If no literature data for a
particular compound is available, the dielectric constant may

be readily measured using established physico-chemical methods.

For example, the dielectric constant of anisole 1s 4.3 (at
294 .2 K), of diethyl ether is 4.3 (at 293.2 K), c¢f sulfclane is
43.4 (at 303.2 Kj), of methylpentancate is 5.0 {(at 293.2 K}, of
diphenylether is 3.7 (at 283.2 K}, of dimethyladipate is 6.8
(ab 293.2 K), of tetrahydrofuran 1is 7.5 (alt. 285.2 K}, of
methylinonancate 1is 3.9 (at 293.2 K). A preferred aprotic

solvent is aniscle.

In the presence o¢f an ailkanol, an aprotic solvent will be

generated by the reaction as the ester carbenylation product of
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pol ymers or copol yners known to those skilled in the

art; a silicon derivative such as a functionalised

silica, a silicone or a silié&éne rubber; or other

porous particulate material such as for exanple

| Niog gamydeoxtdeby andaitnosgahi @rpbhbod| descba@0monoxide and the
Preferably ggqﬂgggggjgogﬂggﬁﬁ al is porous silica which

has 4 sirface farea ‘i n the range of from 10 to 700 m

/g, atotal pore volune in the range of fromO0.1 to

4.0, and_an .aver particle size. ] -
B 6o SbOp NEre 5 oY er et 2B b ot ho LlrFaerarea ent
i 5.4 n dthe range of/fir of BProtoi GO@Lvant gio tdhidkapoteof at least
Vﬁly.”epf&e'rﬁbﬁpe. "tﬁﬁ‘ger&’&é rom QS 40,2216 9 18R 4y more
the average particle sizée is in the range of from 20
tor2@0abpm Mgt lddsitrcabbyl t oSurpecierabed ite rathe (v/v)
range Ofe £,rom 100, t9.400 m/g, the pore volune is in

the range of fromO0.8 to 3.0 30 cc/g and the average
particle size is in the range of from30 to 100 dam

Thes aver age: Pek L.z ofc typI %@bfepfwstﬁy@p%é reaction is
materials is in the range of from10 to 1000 A
Pr&fEresbl §ut a insuppdr ePraPeri &If | 3" UsEFLERAR! hasidgn aprotic
average ROLe di almt ehsehce f§0MMOQter D00: AvedRdnBDSEenerated
desirably from'75 to 350 A. It may 35 be particularly

desi rsblrectbi dehydifate the silica at a tenperature of
from 1. 00C to 800C anywhere from3 to 24 hours. WO

2008/ 065448 PCT/ GB2007/ 050717 64 Suit abl the . !
stippott TRy OBEC R 1R 8P atP?gPae%%wor%/f, T pgrovic solvent
| sl @rsappesd. | Theoat-edi andieent npsiegnatiedewkt barboxylic
t he, conpoundslofhtpe process of the inventiqp by y
t&chhi Goes™heFt S8 knowi 0 1 os 8" sKiNT edT i the*&f ¢ Prote
Abs Branatsi mel ya i dchéeconmpounds of the process of the
invention are fixed to the surface of an insol uble
support, optionally

Hydrogen may be added to the carbonylation reaction to improve

reaction rate. Suitable levels of hydrogen when utilised may
be in the ratic of between 0.1 and 20% vol/vel of the carbon
monoxide, more preferably, 1-20% wvol/vol of the carbon
monoxide, more preferably, 2-15% vol/vol of the «carbon

monoxide, most preferably 3-10% vol/vol of carbon monoxide.

The catalyst compounds of the present invention may act as a
“hetercgeneous” catalyst or a “homogeneous” catalyst,

preferably, a homogenous catalyst.

By the term “homogenecus” catalyst we mean a catalyst, i.e. a
compound of the invention, which is not supported but is simply
admixed or formed in-situ with the reactants of the
carbonylation reaction {e.g. the ethylenically unsaturated

compound, the hydroxyl centaining compound and carbon
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via a coval ent bond, and the arrangenent optionally
i ncludes a 10 bifunctional spacer nolecule to space

wolags/&@imound fromthe insoluble support. ThecT/gs2007/050717

conpounds of the invention may be :fixed to the
surface of the insoluble support by pronoting
reaction of a functional S §foup present in the
compound of forrmula I, for exanple a substituent of
teecardmat | erefeuchur e, inwi bh autoiplel nentagyt  Eegactieveribed
gLoup, present on or previously inserted into the
support. The conbi nation of the reactive group of the
support wth a conplinmentary substituent of the
ind _ t.he. 20 J.nyenti on. .prQui.d ter : S .

R RTYot oher £t e Eonebind B e Tnasati on and the
shpportrare bifnkkd Mivgniiphnkdgehsyghcamsisgnoet heyupport.
ester, am de, amne, urea, keto group. The choice of
reaction conditions to |li.nk a conpound of the 25
phocessorrding pgreeséntfyrivent i Bpecs  t i supporgnt invention
dependss URONL- L Ae; et hyl-eniical Ly -upsaturialedo conpoyndnically
and the groups of the squort. For exanpl e, reagents ,
SUERT As (¢t BEIPPRTI dRs2 s 199 inegaPBBRYT df ttHcdaz 61'e, Panerss s
Recesgesusueh as Hehe sugey Of dUngedsipghydeigles,, preferably
reductive am nation may be enpl oyed. 30 According to a
fodr R8P HsFeétPPEhe present invention provides the
use of the process or ligand catal yst conposition of
any ~aspect of the invention wherein the Eatalyst IS
ACTAEhEd o dPSsuppePtst 35°WI 2668/ 0654481 YNET T such as a4
BﬁT/yGﬁ@ﬂﬁq?,/ OEQZﬂ.thyr@?eﬁdd} t E)Gmiiia¢}yﬂeb1“'lehec@f:>cﬂ18j Me@t esuch as a
phosphine may be bonded to a sujitable po ric
SUBSEY R @A at®Peagtone®df OhESbr | &ﬁétag'@ polymers
spst yheent $notthe dr i dgbheg gndupeR, the thenkang groupilicon

or the linking group B e.g.. .1, 1 i
B84t byt phoasni RBRSCRITN T, S Haey) behzdrane o @
ey iberbonded;r ;preef ertablry povbast her3icilBage Gaterial such as

for example inorganic oxides and inorganic chlorides.

or

Preferally the support material is porcus 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 of from 10 to 500um. More
preferably, the surface area 1s in the range of from 50 to 500
m*/g, the pore volume is in the range of from 0.5 to 2.5 cc/g
and the average particle size is in the range of from 20 te 2060
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 is in the range of from 30
to 100 pmm. The average pore size oI typical porous support
materials is in the range of from 10 to 1000 A. Preferably, a
support material 1is used that has an average pore diameter of
from 50 Lo 500 ﬁ, and most desirably from 75 to 350 A. 1t may
be particularly desirable to dehydrate the silica at a

temperature of from 100°C to 800°C anywhere from 3 to 24 hours.
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l[imts. Preferably, the bidentate ligand is present in
an anount such that the ratio of the nunber of nvoles
of the bidentate |igand pres&it to the nunber of
noles of the Goup 8, 9 or 10 netal. present is from
1. to50e.qg. 1to 15 and particularly from1l to 10

[ . ol of neta re, rably h
Pg%b@ﬁg ’c&#%odn ? %%# $ §ES Gi%oua % S@ ,umﬁ96 the
mebablilglel n bvheoxlangg ofcolatkdt oaQ@/qr rnus;tregpaefcér abltyr  the
[ ngs 1: r : -
VORI RS, e Bsssts iy & INeTsTvg hesaTiGies vent
nbh@wn1ﬁaﬂh9§e|@C@@V@n@&g@@@gwtas it avoids the use of
an excess of 20 the conmpound of formula | and hence
m ni m ses the consunption of these usually expensive
cohpourds vedui t abky corheurdt abystise pfogdie iTivetd omvention
aLLe PEePAL ed, | pr@ sepalal e/t ep %&9%169 subB8LY, USSrionally
in-situ in the carbonylation reaction.

Cohtvehi BNfAAEIEL RENBr RS stIst ATHénp PR |%1ﬁ§91b3é includes a

caf Fhed Qb1 RyadbssalyiRg1d heo GpHPe8.tn QUombBui®t @kom the
or conpound thereof as defined herein in a suitable

sHP et SuéHPE@ one of the al kanols or aprotic
sol vents previously described (a particularly
preferred sol vent would be the ester or acid

pFOTUCY RSF P Re ©SpbEFf i BV EHrTan Yt P6n * Ré%%t?%nh%aglﬂface of
aced OXMHBILITWJJGDF apienat eor pBor&ﬁ:ah@xmtclaybpr @w enat éctional
fp[ vin acetate %arboﬂ%Jatlon or hé f i onat e L

f BT gt héf%h%’“ ch? oAy atF A And sufb?é‘lifl} ntiy adni XI'Ag-< 2
Wstihs tal teempowtd ofe hoomal i | sasadekienedvier ed Nncodbl M@ntary
2008/065448 PC17G82007/ 050717 66 The %arbongnqn xi de

may” be ‘Used TH t Re“presente Bf of RetOYades Ui ch are® the

I peppodtn tive readbt homorExaplies r@efacsuch gases 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, keto group.

The choice of reaction conditions to link a compound of the
process of the present invention to the support depends upon
the ethylenically unsaturated compound and 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 employed.

According to a further aspect, the present invention provides
the use of the process or ligand catalyst composition of any
aspect of the invention wherein the catalyst is attached to a

support.
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i ncl ude hydrogen, nitrogen, carbon di oxide and the
nobl e gases such as argon. 5 The product of the

wo Ragdsei may be separated fromthe other cowp@rRante vsor17

by any suitable neans. However, it is an advantage of

the present process that significantly fewer

by- products are forned theréby reducing the need for
further purification after 10 the initial separation
gfddihecprioduct ths neddepeaevi démopdiby ndye gendraldey to a
APLEL CaRLL YU G SELEELT Viily oA fdlkher,. advaniags,;age
is that the other conponents ich contain the

catak ystesysst dimewhicchiohay dreuvpe@ycked bhdfiow weased?i¢r the
hyrihe gactipns with m ni;maly; supplenentabs o Qhny1y-g-¢-
ffgsE %aﬁglygt. 1.5$Lréfergqu,ltEe égggbnyﬁagﬁbntpg ) L'
catyiede mapneatnaenper &podes oprefswinlgen w30 e 170G or 6
%Cipr @5?}5@;@4 yoJI llt% tkg—m%.égg' gg&% t.dj:ls)fh%xf_ﬁ?lr%ngggot@ive an

50C. An especia preferred tenperature fis on
GESER: HetsiEenI20e D FEOLY 3Advant ageousl y, the 20
carbonyl ation can be carried out at noderate

tenperatures, it is particularly advantageous to be
dbife 84T r §T odtLdoPRate r dageren W=y 0BT t ERpEr dt'ien  vide

(12Q€) 5. Pr ef er@bl.y) ywheneoparahi Rge a 1k o¥hd enpernatues: in an
carbonyl ation, the 25 carbonylation is carried out
FECRBEN “MSHC tH149E® mBRELC pPef erldbl YUMRSF0COt o agEs  ©f the

Hikkht a0f e pratiepabbyni0Cd @hdSunbdslr poeterablinelcd&p s,
to 45C. Especially preferred is a range of 10 to 35C_
30 P eff&r ¥y ! ﬂﬁéﬁﬁﬁ?boﬁyl5f?%nli§“baﬁpiéﬁgoutlafoaio and
CQrpactiadly pressure afo between 0080 Xadi0' 'ofN. mata190 X More
m nor e ﬁrefe abl
I

861 “hP B8R by 1550 X 10°A 4 nb. BRI 1§ Tortula T <o
preterred osoa CO partlalspressits eraafged dfo 1:45t% 20:1, most
ULy 39 MR 2008/ 063448 PR GRRQ0TL00LL7 1.1 o 1511
Conveniently, the possibility of applying these low molar
ratics is advantagecus, as it avoids the use of an excess of
the compound of formula I and hence minimises the consumption
of these usually expensive compounds. 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 inventicn may be carried out
by dissclving the Group 8, 9 or 10 metal or compound thereof
as defined herein 1in a suitable sclvent such as one of the
alkancls or aprotic solvents previcusly described {a
particularly preferred solvent would be the ester or acid
product of the specific carbonylation reaction e.g. 2-
acetoxymethylpropionate or 3-acetoxymethylpropionate for wvinyl
acetate carbonylation o©r methyl propionate for ethylene
carbonylation) and subsecquently admixing with a compound of

formula I as defined herein.



67 Preferably, a |low pressure carbonylation is also
envi saged. Preferably, when operating a | ow pressure

\N@%@@ﬁﬁ%ﬁ@t'on the carbonylation is carried 0Héu@%aﬁ7mmw17
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partial pressure of between 0.1. to 5 x |
nore preferably 0.2 to 2 x 105 Nn2 5 , nost
preferably 0.5 to 1.5 x 10'N. €. There is no
particular restriction on the duration of the
cahbong%mnd G nexcept mdhate aabhomylahéowrdq@naetbﬂesthémagases
mh% connerC|aII¥}acce t%ble 'S gbV|q_ h
pi’ f%rr@ﬁe CArBdnytati-6h ZGS A% bat €H*F reactlon ey 9950
takelmdeuhydnagap,tml@&bdmmursarnwmeﬁzda¢@ecahhyphennwmﬂe gases
to 2§ hours gnd nmost typically in up to 12 hours.
TyplcéFiy, carbonylatlon is for at | east 5 m nutes,
nore typically, at least 30 m nutes, nost typlcally

aty, L easly o hopr ), ontl nyous Jeé‘& NSV LT DB oener

: L0 gact
sca%eg ar e  obvi ous ?% iTrelevan a contlnuous
reamm¢mﬁnuaamyC@nV|nwe&aﬂﬁd orgnas H¢M£fﬁaﬂ i§ is an advantage

CQBTEf Ci el)én‘t?cg_ﬁgé&b;! & naef ogsnﬁﬁtc%ﬁ% hf@m &;%s?mducts are

replenls nment e catal yst systemo e presen .
i Avemtd grhErsbpr efdraiioy theoneghstdart dredhén e fEFguien after
phase ; whi £ %&%tﬁgﬁ ned by.one.Q@fc. N 6. 8f td€videnced by

reactants or by the use of a suitable solvent. The use
ofhst alsiPrai Ay corpolers: it hhtﬁ@fcaﬁ%}%{l\féyst em frayturther

aLgabe.feneti cigly, i Uhénpf@a\@rngcér%%\é%ﬁ:)é Ofnimet 8bonrain the
whi ch. has 25 been |lost fromthe catal yst system Wen

t Ret ekt e tePsrrhtd san RS Zé4vFned MderdTreaeti bh further

medh s SAC i shabi diall NGuEsoTRRNAS i o BYE 3SSERT c4ie0Qvery
of the group 8, 9 or 10 netal. Preferably, therefore,

the catalyst systemincludes in a liquid 30 reaction
medi i 2100 YRBT &£ 1dingpat sant i Hicssob vedod @ lkfipbtatures of

STEBTTTi ngl 4%ol [bFdal™s GopehareA oY paviy olfgs GO, most
the‘ghﬁupyS?OQCOtolﬂﬂJUEtaMﬂomo@Etﬂ$LQpQﬁQﬁ@dr®ﬁ theperature
C%Ealégg §X§§é¥“ %@E&gé%,tqgccl EQUif%Oggyri eﬁdvéﬁ%ageously, the
carbonylation can be carried out at moderate temperatures, it
is particularly advantageous o be able to carry oult the

reaction at room temperature (20°C).

Preferably, when operating a low temperature carbonylaticn, the
carbonylation is carried out Dbetween -30°C Lo 4%°C, more
preferakbly, -10°C to 45°C, still more preferably 0°C to 45°C,
most preferably 10°C to 45°C. Especially preferred is a range

of 10 to 35°C.

Preferably, the carbonylation 1is carried out at a CO partial
pressure of between 0.80 x 10" N.m %90 x 10°N.m"Y, more
preferably Ix 10" ¥N.om-65%5 x 10°N.m'?, most preferably 1-50 x 107
N.m™”. Especially preferred is a CO partial pressure of 5 to

45 x 10°N.m™?
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WO 2008/ 065448 PCT/ GB2007/ 050717 68 The liquid
reaction nedium may be a solvent for the reaction or

wdTBYs6R0RT i Se one or nore of the reactants or y§aGkiflso717

products thensel ves. The reactants and reaction
products in liquid form may be mscible with or
di ssolved in a solvent or licdquid 5 diluent. The
pol ynmeric dispersant is soluble in the liquid reaction
ﬁedﬁ@nnbb&u shoulwd mots &MrgnuﬁuﬁﬂhtﬂythﬂﬁrEQSELBBGenV1saged
of . the reaction nmediumin a way w

g% %%nta “t 015" ¥ eht |onqk|né?wf§u5? ﬁ@é%ony¥£¥lon the
tqaﬂmgﬁglatikhe $@|L¢Hﬂﬂ1by ofutt het disﬁerSﬁHﬂtjhm theessure of
I .qu di nder ,t\he reaction conditi -2
e B B 600l <hour g ROT. B89 Braacc s 1 40T
detrest sigiffibéant|y theé .adsorPri.ori.of the di spersant
nol ecul es onto the netal particles. 15 The polyneric
di spersant is capable of stabilising a colloida
siispensiconnef mpattreles ofssaid igmoupr 81h8 glurht@on of the
qﬁ&%@nQﬁa@ﬁﬁﬁkxce QWBQH”QaW%Eﬁyﬁbéhﬁu' qglgd$§@§h%thich is
medi um such that the netal partlc ormed as a
resHet cofl at 2655t ade gr adatdton cap &y h@lfaf@O-’QOh Carbonylation
suspenskan i feddhs oy '%%wdtﬁﬁécﬁh%QQWEQJMHSGQQ RECnours, more
di scharged fromthe réactor along with the liquid for
reetafatyontand® &pt F8ndPLYSf 8Rdr Bogisetypi Grekivngn up to 12
fﬂﬁﬂf@er]§bﬁﬂgﬂl?|e§a£%o talkystis e rehaks Qaitﬂfﬂu%%o, more
are normal | ol | oi dal dinmensions, e.g. in
ﬂéﬁ@éaSJYfléé Hﬁﬁa@eﬁ@gémﬁ&ﬁﬁﬁclé@@lzéﬁﬁPﬁﬁéé@h Mérdéﬁat 1

a@u@ar tthchesomaynfQrMidu SN €aseStimoridtons Qfret R®viously
di spersant are adsorbed onto the surface of

ol yneric

éyﬁﬁY%FLp%?Q|%lé@“tVWHQ%ﬂ THEL Bl AdeFoBF titfe @8 long as
chh&per@mnt Mebeedk €5 11eMmah ¢l abh 8asterpakt ickbYyst requires
solgate the liquid reaction mediumand in this

fhe® ersed group 8, 9 or 1.0 netal particles

are 30 stabilised against settling on the walls of the
gﬁfgnéfg ééno %%%tﬂ%fdgﬁg %B%gggtaqgvggELﬂ§t1£o&gkqgrably
onqtltutod in the liquid phase which may be formed by one or

more of the reactants or by the use of a suitable solvent.

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 liguid reaction medium such stabilizing compounds

may assist recovery of the group 8, 9 or 10 metal.

Preferably, therefore, the catalyst system includes in a liguid
reaction medium a polymeric dispersant dissolved in a liquid
carrier, said polymeric dispersant being capable of stabilising
a colleidal suspension of particles of the group 8, 9 or 10
meztal or metal compound of the catalyst system within the

liguid carrier.



particles which may grow by collision of particles and
eventual |y coagul ate. Some aggl oneration of particles

wdBhs/ QG even in the presence of a suitabl ecr/gr2007/050717
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di spersant but when 35 the dispersant type and
concentration is optimsed then such aggloneration

should be at a relatively | owtfevel and the WO

2008/ 065448 PCT/ GB2007/ 050717 69 aggl onerates nay
foraniaryal sesel prsectihat dheypemay sbevdrioken top emdtion or

the partlcles r edi spersed gitatio . The L
dISperEant ﬁa?n?ncludeehoégég FEFS o1 cSp ofeg yuﬂ]§%OdUCt°
| tiedudilngs poImﬂen$ﬁsuahtasa@1akﬁccmpmhyneh&tandnsl%ﬂu1d form

pol i erably, the polyperjc,disper ha -
SLﬁ¥|C|eﬁ?F”uagld ctér “hasic® ¥uné{|o%af$t §9&Lm‘ 3r  liquid

mwﬁummnlally stabilise the coll oi dal suspen5|on of

said group 8, 9 or 10 nmetal. or netal conmpound. 10 By
substantially stabilise is neant that the .
prieci pelatdon ofisgdreagious 8sobulpke 100 mebhal ficoarlt heeaction
ﬁﬁﬁ%&l nkﬁ@aéﬁob ﬁHpSL&ﬂJE@kgﬂtﬂWQMQ§@a0451he viscosity of

ticularly pre erred dlspersants for this purpose
i Hed udeactaigindi redsirbalsl ca pelynets chneltydPngec atbexyrpeal to

acl fds.; Ul PhANisC s agi dgeaanines, sa2ed, anhgﬁss§lﬁﬂlla§y of the
pol yacryl ates or heterocycl e, particul arly nitrogen

het arocyeke s ubst itav el PoR v nylderpshgmsracsieh “ganditions

POt yﬁ’énﬁ%]ra@ﬁféOJn':cﬂCiﬂ:%;%Er@OQE’J)NfH-?rrﬁ)tOfbot he ¢20at as to deter
af oresai d. Exanpl es of such polyneric dispersants ma

y
bl €d|fdceally r ehg ﬁ%egﬁﬁqﬁﬂnpyﬁrdﬁ@déﬁgperoant molecules onto

pohy agswhaphgeiciral yacrylonitrile, polyethyl enim ne,
pol ygl yci ne, pol.yacrylic acid, 25 polynethacrylic

acid, po.ly(3- hydroxybutyrlca0|d) poly--L- | euci.ne,
p@$y ﬁoﬂ?ﬂeBh@nhﬂepeﬂgﬁdt lispraphbne, opaltpiliiserhfe; colloidal

--tyrosine, Ibenzenes Ip on| aC| and
poy%p?qﬂlo yP%u??ﬂﬁﬁ? O£C¥ &y QQL or metal
pobyeidnyl &ﬂLhﬂmnau3kaﬁaﬁ|eeaaﬁyhahﬁﬁuum such that the metal

pgé?%?é?Qse?hg%ggs arg 98?8 ibgg éé%a%é%% B%%?Qﬁation are held
in suspension in the liguid reaction medium and are discharged
from the reactor along with the liquid for reclamation and
optionally for re-use in making further quantities of catalyst.
The metal particles are normally of colloidal dimensions, e.d.
in the range 5 - 100 nm average particle size although larger
particles may form in some cases. Portions of the polymeric
dispersant are adscrbed onte 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 or 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 type and concentration is optimised then such

agglomeration should be at a relatively low level and the
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Preferably, the polyneric dispersant incorporates
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pol ymer backbone. Preferably, the acidic noieties

have a di ssociation constant 35 (pK') of less than

6.0, more preferably, less tHah 5.0, nost preferably

| ess than 4.5. Preferably, the basic npoieties have WO

2008065448 PGY GB2007h0807¢7s¢IR0 sca Base tdissoel abe ohroken
n 0 . 0, e

B?Q%E?a%?éqfﬁés@?? ngﬁng§ @%gg?ag?g?%ggtly | ess t han

4.5, pKa and pKr. being neasured in dilute aqueous

Slcl‘lle t&a'o@ilm@rtlcz%gﬂpérsé% t @[Q)!y LRQIL%(E@I‘HO% %b§p§é§ﬁﬂ}§ ’coéoglym(,ro

addition to being soluble’in e reaction nmediuma

re@gctEHRY goRAIMEr Bnsyclc gt dF al atcdreaginer pramdasidr crofymers.

basic noiety, either within the polynmer backbone or

as a pendant grou W have found that pol yners

iHTEorpBP At g casP VP amidecheiist i'es suéhlateridy acidic or

RQIsY W Mol PYRO] 1d done (RVE) 2.and 1ROl yaehyh aies - 8HChoa%0idal
pol yacrylic acid (PAA) are particularly suitable. The

nﬂT%%ﬂPéﬁ“WE]gﬁ%d of* e "pof yrert WHIEE AL i &F dtftPabFemFtnd.
use in the invention depends upon the nature of the
reaction medium and the solubility of the poly

tHerd®i L 4! have F6hd Fhat s 1T%a%%rWﬁPiyiFhé”§VéPébﬁt1°“ of
rmieecgi»camp wei, ght s | ess hbwgdr 100,000:he Prefigf abl yphase is

t verage nol ec r weight is in the range 1, 000
zﬁ’%gébt‘%re)]ﬁeaﬁf)éﬁéj%%bly, 5,000 - 100, 000, nost
preferably, 0,000 40,000 e.g. Mvis preferably in the

r 000 - 000, nore preferab

G886 aen OB ded B 5550 e Otfer DT s pognelude
-acid@e 000 bmftdmpqmymeref1PAAxiﬁhﬁcﬁﬁﬁeetlw@ acids, sulphonic

ngentration of, the dispersant within the reaction
a%dllgufn sﬁou? d Ebnd Jorerii ned for ‘each® r@tL ttionlca aﬁeroflyde’
gystem i loh i sitoode usédtoﬁﬁiYFhe,dlspér$edug®bupp®lyv1nyl

%QQ§m%an§B@£ %@y}9%y%§89¥e%??rgffggﬁ%hQNr copolymers of the

aforesaid.

Ixamples of such polymeric dispersants may be selected from

polyvinylpyrrelidone, polyacrylamide, polyvacrylonitrile,
polyethylenimine, polyglycine, polyacrylic acid,
polymethacrylic acid, poly (3-hydroxybutyricacid), poly-L-
leucine, poly-L-methionine, poly-L-proline, poly-L-serine,
poly-L-tyrosine, pely (vinylbenzenesulphonic acid) and

poly(vinylsulphonic acid}, acylated polyethylenimine., Suitable
acylated polyethylenimines are described in BASF patent

publication EP1330309 Al and US 6,723,882,

Preferably, the polymeric dispersant dincorporates acidic or
basic moieties either pendant or within the pclymer backbone.
Preferably, the acidic moieties have a dissociation constant
{pK,} of less than 6.0, more preferably, less than 5.0, most

preferably less than 4.5. Preferably, the pasic moieties have



liquid streamrenoved fromthe reactor e.g. by
filtration and then either disposed of or processed

wo Qoslbssype as a catalyst or other applicati orSpGBROB050717
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conti nuous process the liquid 30 stream nmay be

circul ated through an external heat-exchanger and in

such cases it may be convenient to locate filters for

the palladiumparticles in these circulation

ad Paar &t uﬁssé’cieaiteircablcypethet ptiksirebe iret alf Aess tati @ .i0n more

%g%ferJ%t: é:%ﬁb IOand¥99q_é?ggggﬁbBJ%ferthXm %Eﬁ pPK,

nost bet ween 1:
amt 200Q: e iRy eeersabsreq/ irt ke 1WCe m&b&esa@twn at 25°C.
PCT/ GB2007/ 050717 71 polyner:metal. nmass ratio in g/g
is up to 1000, nore preferably, wup to 400, nost
p? ef terdls] yolrrpﬁmo: 200persanid.| ibeadppliacy apedet pats sqdpyple in

%r§h§e£5¥¥&ﬁr%§ﬁ§%k QrtJEacgioﬁ EB@dIﬂfﬁ%L a%%%@%leat least

e invention may be regarded as preferred features
ofne hecisécond, behi¢ diofadurt K1thes tw Grinotther raspeet loickbone

the present Jhventi oprand. vi cegyvensae Theuhaventdon polymers
not only extends to novel. bidentate |igands of 10
f OPFRARLTEL LYY but “&li€o novet cofpidkes OFISGHdRS| i gafitld 29

V\%&iw W]%E‘g@ﬂzﬁnea oypvB; 9 &a 10 n y@cﬁﬁwd such  as

ereof i nvention will now be described and
i PPURITALEd bYChWAy 6FAPE het ¥l IRGREAGI N | mititag*e The

emr&ﬂ&s;ramelgeﬂparathgepemrml esr;lchlaﬁymlmes)&s for use in
Exanpl es Preparation of exanple || ands of th ai
i PNt TEIN S as PP dugPen cbnﬁ%oaﬁa 20 Syt heetigp medium

1o 24 birs{ dalcr]h@ﬂztlﬁwtg/ﬂ phesphilppset thd)e=id- We have found that
trimethyl si benzene Part (1) S nt hesi s of

AT R | 556y Bie 23 Mdneal UmiPi 8GR (2761400 000"
13:5: Ad- amrl, . ) hovasyadded rbocau sahlenkhtf Easkn tTkDetlmrs;e 1,000

M@SZQQH&HLaI&E%{ 3e%ér g%ﬁtqg§xﬁf IQth%OOTFEe st preferably,
10,000 - 40,000 e.g. Mw is preferably in the range 10,000 -
80,000, more preferably 20,000 - 60,000 when PVP is used and of
the order of 1,000 - 10,000 in the case of PAA.

The effective concentration of the dispersant within the
reaction medium should be determined for each reaction/catalyst

system which is to be used.

The dispersed group 8, ¢ or 10 metal may be recovered from the
liquid stream removed from the reactor e.g. by filtration and
then either disposed of or processed for re-use as a catalyst
or other applications. In a continuous process the liquid
stream may be circulated through an external heat-exchanger and
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 408:1, most
preferably, between 1:1 and 200:1. Preferably, the
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(150m) was then added to give an orange/yell ow
solution. 4- bronmo o xyl.ene (19.41g, .1.04.91 mmol)

woessdéshyt ed with THE (80nml) and then added §ch¥&ly2007,(,507]7

over one hour to the magnesium 30 suspension,

reaction flask being placed in a warm (50C) water bath

for the duration of the reactibn. This gave a dark

orange / brown solution with sonme insol ubl e magnesi um
Thilymes ohaitd lomawasrthien heat/editouB5C flOCipnechwureferably,

The %°|?519P(%@Sre}h allomeg cool to room
npera ur e bef 6 el 1ig ‘cannu 5 transferred into a

clean schl enk away for the unreacted nagneS|un1 The

..solut i pas_t hen ol ed to 78C efor

So0sTdeadts Berr ator, HEg 5 5t ttr}iﬁrref? e ype forth in
chicorfiidet (48pedmd, the4.19%ennbiy) ﬂwa’siad@edalbs}ed as preferred
sy linges Jhe Jesulbant Sol i t A9

st ﬁf at g J?S&?fo%cgﬁartg&ﬁ#ﬁuﬁggygifJ?g@geln g%ﬁ% ; geCL of
ttoenarasent riooentienparhtuice. vaher resul t ant sol uti on

was then stirred at room5 tenperature overnight. The

sol uti on was quenched by the addition of water
(AreomvenEt pler "OE 100kY ) ewbg dhelr adled dnidlerete ligands of
bicRhagi ¢1m xtur g sepalahedtonfthe.a9uepus, iayer;Was with the
washed with ether (10om ) and the organic extracts
ABTHIitned. CTHE S gante 1t acteriere fheredri ed over
sodi um sul phate before being 1.0 filtered. The
filtrate was then dried under vacuumto give a ]
COIfodrvEss g | Vil gy 1y depgriveds and PafustEpfgc The way of
Ater irBRL By & liph- 01 %Y BNRE ofBnPOGs 281 LONPL)atipkepasfthes.
in Part (1) was diluted with heptane (100m) and to
this was added NaCBut (8.1g, 84.3mmol), TMEDA

(Skhtbetis 8kadmmak) and Bu"lL, i (2 5Min hexanes

3. /ml, 84.3 ). The but ium 20 was ad

i BB aE b TG RERIE  hRar B COlbar CRbagb 1Py g foLlows i~
colourless to yellom1to orange to dark red. The
solution was then heated to 65C for three hours. This
gRAEH Brown / orange
Synthesis of 1,2-bis {(di-tert-butylphosphinomethyl)-4-

trimethylsilyl benzene

Part (1)

Synthesis of 4-trimethylsilyl-o-xylene

Magnesium ribbon {(2.81g, 115.41 mmol) was added toc a schlenk
flask. To this was added a few (32-4) crystals of iodine. THF
{15Cml} was then added to give an orange/vellow solution. 4-
bromc-o-xylene (19.41g, 164.91 nmmol) was diluted with THF
{80ml) and then added slowly over one hour to the magnesium
suspension, the reaction flask being placed in a warm (50°C)
water bath for the duration of the reaction. This gave -a dark
orange / Dbrown solution with some inscluble magnesium. This
solution was then heated to 8§5°C for one hour. The solution was
then allewed to cool to room temperature before being cannula
transferred into a clean schlenk away for the unreacted

magnesium. The THF solution was then cooled to -78°C before
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suspensi on. The suspensi on was cooled to room
tenperature and the supernatant |iquid removed by

%’jﬁ 4g The brown 25 precipitate residue waspdh@R07/050717
washed w th pentane (100m ). The pentane washi ngs
were then renoved by cannula. The solid residue was
t hen suspended in pentane (108#) and then cooled in
a cold water bath. Bu 2PCl (7.5mL, 39.3mmol) was then
wdda&mh@m@pmysechmothaesmspengnon:umhélreauﬂtantav added by
suspensi o stirred for three hou nd
s’f‘c’)“lo oVeﬂ%FgﬁFsusﬁ% TCLOoATY Viad egé§§e§e§ %ﬁ stir at
nV&WDgBﬁfgﬂsuﬁqrna&unPHubeSOHndbéhEﬁéﬁd@@ddtQOtW@fm to room
suspensi.on, This gaye,a hi phasi ol utiaqn,. The. r..
(%ﬁ %%agurﬁhagé ge°UIL %ﬁ %‘Lgﬁﬁpgﬁfa2§6F|6§ﬁF$g§nét oo
ttmmnnnyanre pheemmigmanovédebyo@ann@ma Wato aueddml by the
sehl ANk flask, { LReRLANe: AR LXLbaG!) WRS Lhep Hidefl ana tne
over sodi um su ate and transferre into a clean
sbfﬁkﬂﬂ¢cha§kub9 canmd taed . THees ghvent s whsy athemp swdashed with
29%9%%&&%&@%%”%%% el%r5@mV§QnM%%r VIRGUWPanic
to give orange oil. To this was ad nmet hanol
(2O0MIt swhirete gilen adm@%a@v@rseﬂo@w@n sUTRPStadof hem being
heated 40 Fek! W 16:700)  ¥hi che:gaye & RaleryehbaWn to give a
solution and sone colourless insoluble material. The
sobtridrswasit heri 8 dcoof eti’®o 'rdom t enper at ure and
filtered into a clean schlenk flask. The sol ution was
then placed in the freezer at -20C overnight. This
gave the deposition of an off-white solid. The
remai ni ng met hanol sol ution was then renoved by
cannul a and the solid dried under vacuum The solid
w3 sdifdted in the 10 gl ovebox. Yield = 4.70g, 36%
926 pldrerl"@cf(y'lld)l NVR, -(:GOCES, {ﬂ@quM‘iB 16%0127 (@répdred in

un

T52h; ST PP BV ERRGaE: Ashrhy ) M0Bh and to chis vas
buﬁ&hﬁbﬁﬁzﬂﬂe Theld- temiammmyt awmbeneucn655g,84 3mmol) and
2§.énno &ALdricQ) mas ilu %33 hqg}aqa

’ . c , 1 tyl lithium
(1% 00 2)§Jd T T as Zadth . Htyd o4
was added dropwise and gave an immediate colour change from
colourless to yellow to orange to dark red. The solution was
then heated to 65°C for three hours. This gave a brown / orange

suspension. The suspension was cooled to room temperature and

the supernatant liguid removed by cannula. The brown
precipitate residue was then washed with pentane (100ml}. The
pentane washings were then removed by cannula. The solid

residue was Lhen suspended in pentane (100ml) and then cocled
in a cold water kath. Bu“PC]l (7.5ml, 39.3mmol) was then added
dropwise Lo the suspension. The resultant suspension was then
stirred for three hours and stood overnight. Water (100ml) was
degassed with nitrogen gas for 30 minutes and then added to the
suspension. This gave a biphasic solution. The upper (organic
phase) was diluted with pentane (100ml) and the organic phase
removed by cannula into a clean schlenk flask, The pentane
extract was then dried over sodium sulphate and transferved

into a ¢lean schlenk flask by cannula. The solvent was then



(8.1g, 84.3mmol), TMEDA (12.6m , 84.3mmvl.) and Bu"Li
(2.5Min hexanes, 33.7m, 84.3mmvl). The butyl

wd dobdiddmswas added dropwi se and gave an i mre@icgid2007/050717
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col our change fromcolourless to yellow to orange to

dark red. The solution was then heated to 25 65C for

three hours. This gave a brow? / orange suspension.

The suspensi on was cooled to roomtenperature and the

syperadt antiet | gardun enoved vby wanpal @itthe Tor dnis was added
i.pl.ta Si | he h nt ane_ o e

CEo0ar ! T ot et WS e e eV egved by "° ther

&@@ﬁ@ﬁatOThefbuilﬁﬂféS|@beCMBsaﬂﬂ @h@mhsugﬁéndedOﬂntion and

peRbanc (H00aL), apddihen.capl.ed i a AL ¢

I3u" 2PCL (7. 53 nmol ) was 'hen added 8ropﬁ§s then

tvelsdspensicon. 1Théelfc"e‘f8meta¥ﬂd sispensfonnimasat héﬁan achlenk

?ﬁﬂ sedhar ooh N eg, thgstﬁgﬁ §£99é5d oy@rewh%reé/%rerat ~20°C

was degassed with rogen gas for 30 m nutes
@rﬂh‘é]ﬁtadﬁéd? tg@"?héh%Sd%l%%‘ﬁén§Poﬁf Thi ef avetg solid. The

bicphasi €5 SQl kN, «Jhe iURPEk « (PRGANIGovRRASE) c MBS 12 and the
diluted with pentane (1.00m ) and the organic phase WO

F008065448! PET.TCB2007P0807 1P 7401 6foVEG byse ain the

|gmere@o£| eapesehlenk 764 askes Theopent.ane *extract Wwas (cnci,,
dried over sodlun1sulphate and transferred into

&6&I3§H‘séﬂheﬁQ f1 &8k BY-cahflulPP- The sol vent was

then renoved under vacuumto give orange oil. To this
was added 5 nethanol (100m ) which give a biphasic
solution. This was then heated to reflux (70C) which
gave a pale yellow solution and some col ourl ess
kpsolubéqznaterlal The solution was then cooled to

rature and filtered into a clean schl enk
fSymshesmhe soEut i an2wass tdiertepitabetylphdspbihoesds)at~tert~
fgymh gvernlght Thi s gave the deposition of an

Pt

zZen . . .
&%S0lid. The remai ni ng et hanol sol uti on was

t hen renoved by cannula and the solid dried under

Vﬁa%“ rol‘ tlgg }33@%% V‘@x?léz?g'lg{qed s tMgﬁ g%ig%éeb‘”&m)( was
ﬁ@ﬂugﬁ@t;w1bﬁ ﬁﬁptﬁn@s) @613 (@Qd ppm tho was added NaOBu'
(8.1g, 84.3mmol), TMEDA (12.6ml, 84.3mmol) and Bu"Li (2.5M in
hexanes, 33.7ml, 84 . 3mmol) . The butyl lithium was added
dropwise and gave an immediate colour change from colourless to
yvellow to ocrange to dark red. The solution was then heated to
65°C for three hours. This gave a brown / orange suspension,
The suspension was cooled to room tLtemperature and the
supernatant liquid removed Dby cannula the brown precipitate
residue was then washed with pentane (100ml. The pentane
washings were then removed by cannula. The solid residue was
then suspended in pentane {(100ml) and then cocled in a cold
water bath. BuSPCl (7.5ml, 39.3mmol) was then added dropwise to
the suspension. The resultant suspension was then stirred for
three hours and stood overnight. Water (100ml) was degassed
with nitrogen gas for 30 minutes and then added to the
suspension. This gave a biphasic solution. The upper (organic

phase) was diluted with pentane (100ml) and the organic phase



15 Conpound 3 Synt hesis of
1, 2-bis(di-tert-butyl phosphi nonethyl)-1"-

wd bdospbany| silyl)ferrocene 20 Part (1) Preparapi-98sffo7/050717
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1-brono-1'-triphenylsilyl ferrocene Sr C7 Pc ~SiPhg
To 1,1' -di bronof errocene (10. 14g, 29.49mmol ) in dry
THE (200ml) 25 cooled to -787& (dry ice/acetone bath)
was added n-butyllithium (12.56nm, 28.02nmol, 0.95eq)
aneudiret Haact&ommMHSLSEQraedﬂ@nderchNenkoﬁIBGkWIﬁhe pentane
triphen | an 8 Vo 95 s
d?%%iﬁbedﬁns y%%{n?ﬁgﬁ%n$§%%un§§i$; %&é% gﬁﬁ tran ferred
atded adropwi sechahehit hel sd dnloﬂmmnéathéweahk@W@dtt®a° then
LMD 10,40 30, fenper gl ur e and, f upther §t' hE8dWhOr added
tméﬁ} ours resu tlngpcina rgdgg% | ut1on. : waE adee
readtdron as Ynhenviguenchied w bhobater oOakmlélgtu rileids fige then
e d i d heS Ifelfflhﬁere/m@ytmcﬂ L&t her @Y8hw solution and
cont ai ni ng product WD 2008/ 065448 PC%?GHB 007/ 050717
' B s od epatated 1afdl the afaésnstt aydrewae FifritRervas  then

extiact ed, seUeralnde-Aes M Lhq dicet et hflo aTh€ean schlenk
conbi ned ether fractions were dried over nmagnesi um

st pHat eTHhd>FivtEeredathridiggh érrie it THE eitfgrer ot —20°C

st Mantyas Thesoyak bhd Qlabyi eVapater Jerestlid ngh:Bd. The
inred oil). The product was purified by col um

chtGhdtodr Qﬁh@ano%ﬁ&ﬁwh@“ it erian %@OYWe&aWNF and the
peiral apded haifa@duckicwas. trhen abtial nedsw id&)lated in the

petro.1/10% Et 20 as, an orange band The 58S oi |
m%%??ﬁqﬂﬂ | y gt fed uhdeld vactum 1€aWHg - que qh% (CDCLs,
asscoramge efFysialis:(sf 112099, szﬁfmyl el d).

Compound 3

Synthesis of 1,2-bis{di-tert-butylphosphinomethyl)-1'-

{(triphenylsilyl) ferrocene

Part (I}
Preparation of l-bromo—l1’'-triphenylsilyl ferrocene

: - Br

j
TFe

;£§ “~SiPh,

To 1,1'-dibromoferrocene (10.l4dg, 29.4%9mmol) in dry THF (200ml)
cooled to —-78°C (dry ice/acetone bath) was added n-butyllithium
(12.56ml, 28.02mmel, 0.9%95eqg) and the reaction was stirred under
N, for 30 min. Chlorotriphenylsilane (8.26g, 28.02mmol, 0.95eq}
dissolved in the minimum amount of dry THF was then added
dropwise and the solution was then allowed to warm up to room
temperature and further stirred for twelve hours resulting in a
red solution.

The reaction was then guenched with water, and stirred for a

further fifteen minutes. The ethereal layer, containing product



10 Part (I1) Preparation of
1-di net hyl am nonet hyl -1'-triphenylsilyl ferrocene

wONMBR 065k ~3I Pl 13 15 To 1-brono-I|'-tri phenyl sipylcBzo07/050717
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ferrocene (8g, 15.29mmmol.) in dry diethyl ether

(100m) was added n-butyllithjum (6.73nl, 16.82mmovl,
1.1eq) and the reaction was stirred under N for 1

hour at roomtenperature. Dry THP (1.00m .) was then
atfdedsantr 2te6l ution thas adieéaveoolaa@rt ovay8Tarigey extracted

IscGRi-aget ones hatdh) ardngd auenched WiothyEschenmser Scrions
salt (3.11g, 16.82mmol, 1.leq). The solution was then

aFF@méHi?% %%ﬂﬁnmeﬁn?%“H%G%ﬁ?éﬁb%ﬁﬁﬁhﬁé1éﬁ€edfEHRQﬂgﬁ celite.
Siter TG00t Vel e, noursndeauldyi NG rhny ac¥ehd:Wor (resulting
solution, The reaction was then quencﬁed w th water,

ard *§t'i P U fi01° &7 O98°F urther ff Fedely fctlesehoFgtography .
efthereal . nhayera) GORt 3kRbhga P odICte - WAS sePahat edo@dndt was
t he aqueous | ayer was further extracted several tines

WeR diidihyiedet el Thier Tt nett-8t Her fPactiPgAs Wierde The
drd-@d over Jragnesd um syl phatie; and fdgket-ered Lhr oughiing pure
ce.lite. The ether solvent was remved by rotary
AFRPBFat ¥t (8861 ETRY-236 00 htt ¥ Bi Y. STHEESPoduct was
purified by colum chromatography. Starting materi al

was renoved with petrol (10%t20) and the product was
tA%&f ébthined with 1:1 petrol /Et,.O (5%

todep@b Byl &N ne) . odhe reslhidhe &Qgiﬁgﬂeﬂﬁ?i—iiIgﬁﬂﬁhenylsilyl
dried under WO 2008/ 065448 PleG82007/05 717 76
GGRFPRavi ng pure product as red/orange crystals:

(39, 39% vyield) . Part é%:é?/é}th@ aration of
1, 2-bi s-di et hyl am nonmet Myf1' -t ri phenyl si |yl

Fe

42&2&‘“&%3

To l1-bromo-l'-triphenylsilyl ferroccene (8g, 15.2%mmol) in dry
diethyl ather (100ml) Was addead n-pbutyllithium (6.73ml,
16.82mmcl, 1.leqg) and the reaction was stirred under N for 1
hour at room temperature. Dry THF (100ml) was then added and
solution was then cocled to -78°C (dry ice/acetone bath) and
quenched with Eschenmoser’s sait (3.11lg, 16.82mmol, 1.leg). The
solution was then allowed Lo warm up to room temperature and
further stirred for twelve hours resulting in a vyellow
solution.

The reaction was then guenched with water, and stirred for a
further fifteen minutes. The ethereal lavyer, containing product
was separated and the aqueous layer was further extracted
several times with diethyl ether. The combined ether fractions
were dried over magnesium sulphate and filtered through celite.
The ether sclvent was removed by rotary evaporator (resulting
in red o0il). The product was purified by column chromatography.
Starting material was removed with petrol (1G%Et.0) and the
product Was then obtained with 1:1 petrol /BE,0 (5%

triethylamine). The resulting red o0il was finally dried under



ferrocene NMez Nwmez Fe ~SiPh3 To
1-di nmet hyl am nonethy.l-1"-triphenylsilyl ferrocene

wé 2008085448 5. 30mmol ) in dry diethyl ether (100mpQr/@8%007/050717
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added n-butyllithium 10 (2.55nm, .6.36mmo.|, 1.2eq) and
the reaction was stirred under N2 for 1 hour at room
tenperature. Dry THE (100m ) Wés then added c: nd
sol ution was then cooled to -78C (dry ice/acetone
b'aauh)um almlawgncme wirtthvEschenmeséet snwal try(s1208g, (39, 39%
, 1.1eg) . solution was then allowed to warm
uﬁ 0 roon1tenperature an.1 further stirred for
twel ve hours resulting in an orange solution. The
react i gt as then quenched with water, and stirred for
further fifteen mnutes. The ethereal |ayer, _
chrerandAtagnpr ctfuct 1. vkt ssepapbbprananetey kuesgsphenylsilyl
| ayeroas further extracted 20 several tines with
diethyl ether. The conbined ether fractions were
dried over magnesi um sul and f¥el t ered through
celite. The ether solvent| re eved by rotary
evaporator (resulting in ¥ed oil The product was
purified by colum chro aphy. Starting nmateri al
was renmoved wi th petrol =i ahsand t he 25 product
e al 5% .
trletE ﬂ%§%2§5§ %@%&2§u|tl ng gégﬁ lvé% inafTy'© \2. 069,
dﬁl%ﬁmmﬂddepn e ubimthi2, QﬂgerQQMUWMélﬂés Pirad @rb@tﬂﬂﬁithium
12 éom(dles"g%mﬁmf 2@arregﬁaltae reambm@wlcsamxh Mder n,
errocene 23nnn and di-tert-but Iphosp i ne
(8000p, hqyr @@nﬁ@pT tvmﬁQ¥%Mm§éd Pé@e¥*ﬁw li0fma) stht eflen added
flagKeo IO A %u%ﬁﬁﬁﬁng%olﬁeekbC—a@F@ (d@GetLE/acetone bath)
anhydrlde (I10om : 10m ) which had been 2008/ 065448
POT! CBPOTEOS5@71Y Eyghenmoser’s salt (1.08g, 5.83mmol, 1.leq).

solution was then allcowed to warm up to room temperature

and further stirred for twelve hours resulting in an orange
sojution.

The reaction was then quenched with water, and stirred for a
further fifteen minutes. The ethereal layer, containing product
was separated and the aqueous layer was further extracted
several times with diethyl ether. The combined ether fractions
were dried cover magnesium sulphate and filtered through celite.
The ether solvent was removed by rotary evaporator (resulting
in red oil}. The product was purified by column chromatography.
Starting material was removed with petrol (10%Et,0) and the
product was then obtained with 1:1 petrol/BL,0 {5%
triethylamine). The resulting red o0il was finally dried under

vacuum: (2.94g, 99% yield).

Part (IV)
1,2-bis(dimethylaminomethyl)-1‘'~{triphenylsilyl)ferrocene
(5.15%¢g, 9.23mmol) and di-tert-butylphosphine (4.00g, 27.40mmol)
were added together in a schlenk flask. To this was added

acetic acid : acetic anhydride (100ml : 10ml) which had been
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degassed with nitrogen for 30 m nutes. The resultant
suspension was then heated to 130 C for five hours.

wolhes/eaksgt i on was then cooled to room tenper ayf@s888hs0717

the sol vent renoved under vacuum The residue was
suspended in nethanol (50 ) and 5 stirred for 20

m nutes. The nethanol. was théh rempoved under vacuum

The residue was then suspended in ethanol (50nl.) and
KﬁeaeﬁhénoﬂﬂlSMSpem%mohHh@@t@dnutﬁ$eﬂﬂmxre§h1@Mgaw@Daenoion

%%q 1%@hu%%9@%&hk8hl S°thQkQ| |n t gr%oo&hgo 599t10n Was

tenperature ef ore being place reezer
G@éﬁnpgh@e@tLOZOQDm1%ﬂmpenatga®ean®et@¢e@¢bﬁ¥@tﬁ@mow¢d under

an -egd- orapge solid. The HDH}% deld'q mvg%%aﬁéfn%%ml and

transferred into a cl ean nk an resi due
driisgednder @QC@U@Wt¢h+SI§@IW@tha@olh@ﬁslébﬁatéém©Yﬁd under

%GQU%Q|OY§@O¥eSl &gchdgztﬁglzég‘en%@%bgHr%tthgﬁ éé&l) and

ppm 15 Conpound

SPft helstaadf 1usndissedi -rertedbutyl plésphi nGeshysgve a red

Ublualo@|§ﬁ§£ﬁpa§gyk§éhyblﬁ§%é@0§@ec%glP@Bt1@5% temperature
Preparati on of

PedPh@t RYEaH RoABEhy L2 the. HirgepeT pRERYPSINYy 2t ~20°C. This

frareocane GretShiRh3 iIMM e 58 Péu o2and® solid. The mothex
di,met hyl am nonet hyl . ferrocene 82 26mmol )

dry
&ﬁ@?ﬂ?lwaétﬁﬁP“Fé@Oh{a? 9ﬁﬁ¥?§ddé&°n bﬁ%%ﬁﬂl??ﬁ%ﬁﬂk and the
gﬁglaﬁﬁﬂ?rﬁﬁﬁ5u@ﬁ?ﬁvb%fuﬁ% .5eq) s ansh {HVERA (les. f%?ﬂamgd in the
: d) and the reaction was §t|rre un
ﬁqPB g%g héb?gfaf rodir t efffer at U ePUHhe  Sol Uk ofims CPC1:/
tikengewol ed ;t @3- 57481 C (dry ice/ acetone bath) and 30
gquenched with chlorotriphenylsilane (50.94q,

1'72.75mmol, 2.1.eq) dissolved in dry THE (200m ).
The solution was then allowed to

Compound 4
Synthesis of 1, 2-bis {di-tert-butylphosphincmethyl) -1'=-3-
bis(triphenylsilyl) ferrocene

Part (I}
Preparation of l-dimethylamincomethyl—-2, 1’ -bis-triphenylsilyl
ferrocene

Sifhy

Nie,

|

Fe

i ~SiPhy

To dimethylaminomethylferrocene (20g, 82.26mmol) in dry diethyl
ether (300ml) was added n-butyllithium (82.26ml, 205.65mmcl,
Z2.5%eq) and TMEDA (13.66ml, 90.4%mwmol, l.leq) and the reaction
was stirred under N; for 12 hours at room ltemperature. The
solution was then cooled to -78°C (dry ice/acetone bath) and
quenched with chlorotriphenylsilane {(50,9%4qg, 172.75mmol, 2.leq)
dissolved in dry THF (200ml). The solution was then allowed to



WD 2008/ 065448 PCT/ G1L32007/ 050717 78 warmup to room
tenperature and further stirred for twelve hours

wh8silokie in a red solution. The reaction waspdBEB2007/050717
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quenched with water, and stirred for a further

fifteen m nutes. The et hereal |ayer, containing

product 5 was separated and t'he aqueous | ayer was

further extracted several tines with diethyl ether.
Therrconbi ned wetdwer témaotitons aner eudithed overred for twelve

nesi, "uﬁcfgl%g e_and.fil Jbetr%g through celite. The

ether- so vent s reroved by rotary evapor at or
(Pesutedaig on wased heil yueTheepr oductwates  puridf is¢drbyd for a

l @X@{Hé}g ftltﬂgc,gijllmlv}ql}t%gﬁ?lp@té er%gﬁj Egyeg arl@)nltggx\ﬂw product

to crystallize overni Iquid Tesidue was
decantsegaantled hendr antpe/ redecrystaryer wepe diirdderumigrracted

%Q&éﬂglAQL%QQOQQtQVQRmQRHO @Hg§/rgﬂ?c&yﬁﬁﬂk§ WBLE- fractions
obtained wth the layeri'ng of the decanted Iiquid and

repeatdmigd pher pragessun( 2lrsge 68% yidldrd dhpaprgh celite.

(thd PreparatiQn:of,as removed bY rotary evaporator (resulting
1, 2- bi s-dj net h}/}l am nonet hyl - -bi s- triphenyl silyl
f &f riperetigi- PAN e ~RT jfst ‘“@ONMUélfl%i PHg 120779 the oil with

pgtr({'.ietahl)ﬁl §EnOnQH§t MAV&%’(} bé:lsysttr }JJ@Q@WJ&%A@M The liguid
ferrocene (40g, nnDI) indry diethyl. et her

(4@@me Viass a@%l‘é%fltr?-d A | Fh¢ hPUM (25 eg6iAry 56312 6imrsR, dried

1,285 anduthe rﬁackk%ﬂdma§ro§tkﬂfegryﬁﬁkﬂkeszc§9§Léﬂl were
hours at roomtenperature Dry TIUF (250m ) was then

adfledf id "46l uEhon' WEs e’ cdBl EdcpBl e g i@uas paryrepeating

| e8l 3601-QR8 . baﬁh);@ndgggje}nm@d Wi th Eschennpser's salt
(12. 659, 68.42mmol, |.3eq). The solution was then

allonwed to warm up to room tenperature and further
sbaff ecifior twel ve

Preparation of 1,2-bis-dimethylaminomethyl~-3,1'~bis—
triphenylsilyl ferrocene

SiPhy

Nhde,

E!;L, NMe,
é§£§>“\&%3

To l-dimethylaminomethyl~2,1'~bis~triphenylsilyl ferrocene
(40g, 52.63mmol) in dry diethyl ether (400ml) was added n-
butyllithium (25.26ml, 63.16mmel, 1l.Z2eq) and the reaction was
stirred under N, for 20 hours at room temperature. Dry THF
(250ml) was then added and solution was then cooled to -78°C
(dry ice/acetone bath) and gquenched with Eschenmoser’s salt
(12.65¢g, 68.42mmol, 1.3eq). The solution was then allowed to
warm up to room temperature and further stirred for twelve
hours resulting in an orange so]utlon
The reaction was then guenched with waler, and stirred for a
further fifteen minutes. The ethereal layer, containing product
was separated and the agueous layer was further extracted
several times with diethyl ether. The combined ether fractions

were dried over magnesium sulphate and filtered through celite.



hours resulting in an orange solution. The reaction
was then quenched with water, and stirred for a 30

wdf 1008/0344sf | fteen minutes. The ethereal |ayer, pcr/GgB2007/050717

on

10

20

25

30

cont ai ni ng product was separated and the aqueous

| ayer was further extracted several tinmes with

di ethyl ether. The conbi ned etther fractions were

dri ed over magnesi um sul phate and filtered through

cdelei ted heWDs2008110 6544 8r PCVERCE2002L 05072 TapER tPhe (resulting
SLekaSOlYPNLNAS LANDYed DY LOlALY BYAPAIALAL tne oil witn
(resultlng inred oil). The product Wwas purlfled by
Hayermm91WME GithO widrkl  helavei mah Ep20rahd @d ayepvofis  to

% . nlo erystalilize ove t n N
Q ?b resi due mag %ec%ﬁ%é@ﬁg Ee Lé g92f§§%a gd and the
Wﬁﬁefdnmédlanﬁ@FeV&@uaﬁlLmdgecoﬁGUgmopAofex@dd crop of red

grxg,sww M@re g%%@@dﬂvwht fahgh&%@yﬁ@ g Qﬁetcﬁl&amd liquia

ecant ed repeatin rocess: (21.50g,
@@%yﬁéwt)mgl@hpaproc(qﬁol) ‘z“rhe50g: 508 yield) .

1, 2-bis(dinethy.laminonethyl.) --1'-3-
bis(triphenyls.i.l.yl)ferr.ocene (15.31g, 18.84mmol.)

and di.-tert- butyl phosphine (8.00g, 54.79mmol) were

added (tegether in a schlenk flask. To this was added
acetic acid : acetic anhydrlde 15 (100m 1Om) which

H&& been degasseéd it h{Hitetdgeamfsreddy i nutes. The ~1 3~
nasuktaptesuspEnsi ph-Masnthen heated 19, dBtho1€ ahar di-rert-

four hours. The solution was then cooled to room

ﬁ%ﬁﬁé?ﬁ?ﬁﬁé”ﬁhd %ol vent?Mendy etF ind8r9Sac ARt e 0 @

][‘s%fﬁllguﬁ fWas: suaggnggmwam arcﬂatelalam@étz(d %@m) a@@b%ﬁd haddride
Qr m nut met hanol was then renoved under

%é@8621 ”ﬁésﬁﬁﬂéhmgﬁd' en Qﬁgﬁéﬁﬁ%dw%hhePh%ﬁ&ﬂe“ tor 30
@Eaﬁ&¢ andh&heeemManml suSHspensn i von rtheateshdea 80C.135 ° C

' he resultgnt susp§p5|on S then al | med to .c

f o) c —§O|t£o room
r05n1t8Hﬁera?ﬁre an e “et’hanol %Tub&e et erit s
ficpereduist onda 0l age lsehlk e mkmo Tdnk wnxemrdu\emma drhedresidue

4R 2B B L8, 182 BB, P A0S S, L B
Sﬁﬁ 28:19afs), w20. 4£hes) ppoved under vacuum The residue was
then suspended in ethanol {50ml) and the ethanol suspension
heated to 80°C. The resultant suspension was Lhen allowed to
cool to room temperature and the ethanol soluble material

filtered into a clean schlienk. The residue was dried under

vacuum to give a pale orange scolid. Yield = 8.0g, 42%. 95%
pure. TP {TH} NMR (CDCl,, 161.9MHz, &); 23.9 (s), 20.4 (s) ppm
Compound 5

Synthesis of 1,2-bis{di-tert—butylphosphinomethyl)—-3-

{(triphenylsilyl) ferrcogcene

Part (I)

Preparation of l-dimethylaminomethyl-2-triphenylsilyl ferrocene
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Compound 5 Synt hesi s of
1, 2-bi s(di-tert-butyl phosphi nomet hyl)-3- 30

W&tzgdg}%@%qgl silyl)ferrocene Part (1) Preparati opcp,b%,()7,030717

1-di met hyl am nonet hyl - 2-tri phenyl silyl ferrocene
2008/ 065448 PCT/ GB2007/050717 80 SiPh, Nve2 Pe To
di met hyl ami nonet hyl f errocene €20g, 82.26nnn|) in dry
di ethyl ether (300m ) was added n-butyllithium

(41.13m, 1.02.82mvol, 1.2%eq) and TMEDA (13. 66m ,
90.49mmmol, 1.leq) and the Eeaction 5 was stirred under
N, for 12 hours at room ratur®: The solution was
then cooled to -78C (dry igp/acetone bat h) and
quenched with chlorotriphepyl silane (25. 48g,

86. 38mmm1l., 1.05eq) dis din dry THE (200m)

The solution was then allowed to warmup to room

t SAPETH G AR REOTUTHEFTER T e d 08r T et EC110 Aot % diethyl

r eshkdt i ngo@n@m a JJ@@I seh&t i gnpudhe ikeackl qmv\@smihemo; 82mmol,
quenched wit er, and stirred for a furt

fﬂf%%ﬁﬂ?lﬁ“ﬁuﬁgénATﬁéaéVﬁgreﬁp - A5PR éoﬁfﬂlnﬁﬁﬁ the reaction
produetirnas Separ at\zedfaﬂd 1@h&oaquemts ha;yer t&\rﬁ{ﬁerature The
further extracted several i,eth

e s s GRS, FRUE s T Sordyr f6a Syt atn)  ana
mMagaesiddmws uh phat @ @nd phieht esadirdehrioaghsgeldd.esmmdhe 1.05eq)
et her sol vent was ved tary, eva orator
(?é%iﬁ&“%%glnlﬁr¥eaﬁﬁrr 00m1$ eEg?od%c%t s "Bir FFFRdbipred to
| ayeti ng tche w0idm vvtérkper@emel aand ﬂx&tth@ranﬁllream ngrt cwelve
cggstalllz overnl%h %_ %UId resi due was

decant ed “an 8 the 't orange/re crystals were dried 20
umd@rra%mnmum wassgdend aeophed erangedtred cmgstdligred for a

ﬁj1qb%§kgggnV%tJLte@e Eﬁgeéﬂﬂgiégf %gf%%ggﬁg%égning product

repeatin t he process.
yw@$c0qep93pt04| lEnd Lhe aqueou; layer was further extracted

several Limes with diethyl ether. The combined ether fractions
ware dried over magnesium sulphate and filtered through celite.
The ether sclvent was removed by rotary evapcorator (resulting
in red oil). The product was purified by layering the oil with
petrol and BEt:0 and leaving to crystallize overnight. The liquid
residue was decanted and the orange/red crystals were dried
under wvacuum. A second crop of orange/red crystals were
obtained with the layering of the decanted liquid and repeating
the process: (25.63g, ©2% yield).

Part (II)
Preparation of 1,2-bis—-dimethylaminomethyl-3,1'-bis—

triphenylsilyl ferrocene

To l1-dimethylaminomethyi-2-triphenylsilyl ferrocene (209,
35.87mmol) in dry diethyl ether {(400ml) was added n-
butyllithium (19.13ml, 47.84mmol, 1.Z2eqg) and the reaction was
stirred under N; for 20 hours at room temperature. Dry THF
(250ml) was then added and solution was then cooled to -78°C

(dry ice/acetone bath) and guenched with Eschenmoser’s salt
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wd Bos/oene To 1-di met hyl . ami. nonet hyl - 2-t ri plrenydiodysor17
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ferrocene (20g, 39.87mml) in dry diethyl ether

(400m) was added n- 30 butyllithium (19. 13,

47.84mmol ., 1.2eq) and the redction was stirred under

N for 20 hours at roomtenperature. Dry THE (250ml.)
wds >PHen “addédrand solamti-on'lwassehen cgooleed then 78Gowed to
GA5¥% ﬁ/ acetong Q%Ezrmequmhggrwﬁ ESCheNMOSEr’ Syl ve
sal t 2008/ 065448 PCT/ GB2007/ 050717 81 (9. 59g,
Bpug3niiptultinedy . aThHe a9ekut ¢ b Wds then al l owed to
W%%WH%%CEQOHOQH§t@H@@rﬁﬁéHé%éan%iEHr%ggér§tbﬁ&egtifyéd for a
twelve hours resulting in an orange solution. The
riegétPont WL rheanguehc Hed wiFh AL St iy eandcer i Fimgaaf product
Qaso FMrdhedl i fieennm nulesusThenei-hergal chayels extracted
contai ni ng product was separated and the aqueous

|58yer & washFurtiér ddgtPatt et erseviéralcorPraad iitgr fractions
dicethyli c@tdher. mafhes caminedaet et fiiaetboaSthWRLE celite.
dri ed over magnesi um sul phate and filtered through

celi teher THE ! Bt her "3b| VB SWadyr ebGEY BYCPUTELY
evapenabor) (resulddoagcd. Qa4 nowed ekl by . 1dherproduet oix with
was purified by layering the oil with the mninmm

Et"°O ZnbaT ayerC of et Pol 1AREF | €dvi RGEES: cPst dlEPized  to
Q¥eREght ze Thehiigut d fiesi due jwascdeganted apdthRBd and the
red crystals were dried under vacuum A second crop of

réd  CrySeaPs “REFe CBERI nBEehi t1RHHB | dy iSRG of<"Che ©f red
gtgg;alﬁge]dddjélm;io%talﬁcianﬂi%ﬁemagt il@geltifhﬁj @Eg@ﬁ@s%ei;cl(a)}éeaguquid

oyield). Part e diamne from Part

(aél.do%al?e%.’%?rrﬁﬁfe) lg%% - t(é?t 7 26 %ButyF phlosphi ne

(3.50g, 23.97mmvl) were added together in a schlenk
'Q %%kleﬁ this was added acetic acid : acetic

ﬁhydrlde (100mM : 10M) which had been degassed with
nitrogen for 30 mnutes. The resultant suspension was
then fealed 1043006 farthEee,fours: odNR 50! K O%i—cerc -
was then cool ed"to room
butyiphesphine (3.5%0g, 23.97mmol}) were added together in a

resulting

schlenk flask. To this was added acetic acid : acetic anhydride
(100wl : 10ml} which had been degassed with nitrogen for 30
minultes. The resultant suspension was then heated te 130 ° C
for three hours. The sclution was then cooled to room
temperature and the solvent removed under wvacuum. The residue
was suspended in methanol (50ml) and stirred for 20 minutes.
The methanol was then removed under vacuum. Pentane (50ml) was
then added and the pentane soluble material cannula transferred
into a clean schlenk. The sclvent was the removed under wvacuum
to give an orange/ red oily solid. Yield = 2.0g, 30%. %0% pure.
'P{'H} NMR (CDCls, 161.9MHz, &); 26.0 (s), 20.3 (s) ppnm

Compound 6
Preparation of 1,2~bis {(di—-1~{(3,6 5~

dimethyladamantyl)phosphinomethyl) -1’ —~-trimethylsilyl-£ferrocene



25 tenperature and the sol vent renoved under vacuum
The residue was suspended in nethanol (50m ) and

\Vé&&ﬁh@gmﬁor 20 m nutes. The nethanol was theﬁcﬂgggm%@w7”
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er vacuum Pentane (50ml) was then added and the
pent ane sol uble material cannula transferred :into a
cl ean schl enk. The sol vent wa$?t he renoved under
vacuum 30 to give an orange/ red oily solid. Yield
2pfer, A% 90% pure. P {'H NWR (CDCl3, 161.9MHz, 5);

igig%algr%taon % 3f ? o%g;rrh q?{g)mel‘é%ylg:.f rle Q:aerr%&:grﬁ]e of
di met hyl adamant yl ) phosphi nonet hyl )-1' -trinmethyl silyl-f
errocene WO 20081065448 PCT/ GB20Q7/ 050717 82 Part

(1) Preparation of 1-bronsCloytrinethylsilyl ferrocene
oBr Pc eSiMe3 5 To 1,1'- lebroanerrocene (1 og,

29.08nmol ) in dry THE (200n13 cooled to -78' C (dry
i ce/ acet one bath) was addgg%gbggjyll.ithiun1 (11.05m ,
27.63mmol , 0.95eq) and the Peacti*fr was stirred under

Nrof Q13038 mo@RkrOfe @t 1 { 1RE hYdSidsaRe: ( 344Mary 70F  (200n1)
29. 08mol , | eq was then added dropw se and t

sBP Ut GIF wad Ot hef &l 1'GREa e b0 RRdPn tipS t %ﬁdreéiom-buwlhthwm

t enperatiyr @ 7apskddir,t hewssti r4ed ther rtxel Me wﬁ@uéﬁlrred under
resultlng in a red solutjon. The reaction was

ontted Jhi (i atr or AN SPaq 11 G &+ (it haf- DAoL, e

fi % eERem REH@S. deﬁ%l@bh%haakhbaﬁeﬁuLI&Hﬂ@ﬂgﬂﬁﬁkn allowed to
product separated and the aquequs er was fur tger fwalve

e&??&cPSdLPS3§§V%r5ﬁmﬁﬁﬁﬂ§§fﬁﬁfﬂ“ﬁl%ﬁr FretireFreFndor tretve

CH&QHH&@;QUbEﬂgfmﬂQik@ﬂSsoMﬁh@ndrled over magnesi um

sul phate and filtered throu h cel che ether
so1€eﬁ? WS ﬁ%we&“%y‘¥8P5?y evapora B (FESUITRGET for @
I nuredroifdi)redhenprodisct Thasepwrrehilietloasr t heritaiibiad product

:gg’lsngg %ge ro'é %KSOEHQQO&QVQQ§EPQY%thfumﬂﬁn~ extracted

several times w;th diethyl ether. The combined ether fractions
were dried over magnesium sulphate and filtered through celite.
The ether solvent was removed by rotary evaporator (resulting
in red o0il). The product was purified as ithe initial red band
(petrol) by column chrematography. The resulting red ¢il was

finally dried under vacuum: (7.11g, 73 % yield).

Part (II)
Preparation of l-dimethylaminomethyl-1’—-trimethylsilyl

ferrocene

oy e

l
Fe

4§£;2h‘\9M%

To l-bromo-1l'~trimethylsilyl ferrocene (5.52g, 16.37mmol) in
dry diethyl ether (100ml) was added n-butyllithium (7.2ml,
18.01lmmol, 1l.leq) and the reaction was stirred under N, for 1
hour at room temperature. Dry THF {100ml) was then added and
solution was then cooled toe ~-78°C (dry ice/acetone bath) and

quenched with BEschenmoser’s salt (3.33g, 18mmol, leq). The
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20 finally dried under vacuum 73 o yield). Part (I1)
Preparation of 1-dinethylam nonethyl-1'-trinmethylsilyl

wol Rig/eeene ~—~ Nvep Fe Sive 2b To PCT/GB2007/050717

1-bronmo-1"'-trinethylsilyl ferrocene (5.52g, 16.37nmol)
in dry diethyl other (100m ) was added n-butyllithium
(7.2m, 18.01mmol, .1. leg) &nd the reaction was
stirred under N, for 1 hour at roomtenperature. Dry
FBEELT 1000ty s waket hehladded candr80 vsolugt imormwasmphepture and
Q to, 78 .G ( i e{iv et bat b)_and, quenched .
\%\A%t Eﬁ gchetnln%ggr' gggal t& . SSSlT%%ffémm%,&lrEe&q. Tﬁe %\D yetlos
20081 085448 PCT/ GB2007/ 050717 83 sol ution was then
qjh!eo%gc%QOMQl Upnd,P é@&@hteénpﬁ'&ﬁt Wee.and,  fULENeleq for
stirred for t\A/eT\(e ours resulting in a ye?low. .
dortreont i Trenr gaction ids ehenr qulenichved  weeh-anat g, product
and stdrredohorafy Splurdper, i fLeen mautes cdlie cxeracted
ethereal . layer, containing product vvas.é%sar ated and
thEcagbebuzed ajeh Wasthut t Hererextimgctredbiseyertaiert ifpagtions

Wel-h dietdydveet heknadhe conbhed gtdher 1keass i ansugheriite.
dri ed over magnesium sul phate and filtered through

CoF| éher TR 8t Her & VB ladYr rb9Ed BY2ROteacy (resulting
avapenas or) (resubltbagedQudN pheds obd )by Hheulf OfMeIn @8 raphy .
purified by colum chromatography. Starting materi al

Was Eendveat Wit pee? ol SI0YE PO am@tthe (pPelue? wag the

%H%Bu@ptakx%g M&B nlilmR%HBQ& /QHQh(Sg@:l petrol/Et,0 (5%
triethylamne). The resulting red oil was finally

dritefhihieime vac Ghfm reauDogiy 79% piiel B3s AHPdpt deiipg) under
vacuum: (4.08%g, 79% vyield).

Part (III)

Preparation of 1, 2~big~dimethylaminomethyl-1’'-trimethylsilyl

I— NM
fe e2

4§£;2¥\\&M%

To  l-dimethylaminomethyl-1l'-trimethylsilyl ferrocene (3.86q,

ferrocene

12.24mmnel) in dry diethyl ether (100ml) was added n-
butyllithium (5.88ml, 14.6%mmol, 1.2eqg) and the reaction was
stirred under N, for 1 hour at room temperature. Dry THF
(100ml) was then added and solution was then cooled to ~78°C
{(dry ice/acetone bath) and guenched with Eschenmoser's salt
(2.50g, 13.47mmol, 1.leg). The solution was then allowed to
warm up to room temperature and further stirred for twelve
hours resulting in an orange solution.

The reaction was then quenched with water, and stirred for a
further fifteen minutes. The ethereal layer, containing product
was separated and the aqueous layer was further extracted
several times with diethyl ether. The combined ether fractions

were dried over magnesium sulphate and filtered through celite.
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1-di . nethyl.am . nonethyl-1'-tr.imethylsil.yl ferrocene
(3.86g, 12.24mmol) in dry dlethyl et her (100m ) was
added n- butyllithium (5.88n #414. 69mol, 1.2eq) and
the reaction was stirred under Nl for 1 hour at room
t Enpeetltan esoDPDentTHEs :00ME]d masretrery addedranedr (resulting
S S led t 5,0dry; i.gelacet
bgkﬁééquﬁgueﬁgﬁ d%%&C% scﬁ%%%%sgﬁ b§s%%%&&k§$5§g?ﬂ%ﬁaphy'
13t &inimel |, mdtcke@)l. wHye s&ﬁqﬂadonwwums pdiervlal [ oked @0 and the

ip to roomtenperature . nd further t|rred f.0

tﬁ%&% holifg redli't i ng T H "4 or Ahge s&lutlo% Ufﬁé%to
reatéuhyiamaSethenTMﬁuﬁuﬂmadlmgthe&wnimywaandmshnrye@kf&ﬂ under
aqugﬂgurth§5 een ?&Eutes. The et hereal |ayer
coﬁ?alnlng pr%duc eparated and the aqueous

| ayer was further extracted several. tines with
db§£@ytmgther The conbi ned ether fractions were

dried over nagne5|un1sulphate and filtered through
céyithesigpD 2008/065448 PCFf GB2007/ 050717 942The§é@#nﬂ—(3f5-
Saimnyl\mms Giholinl hchy Y BPOL AlGhel hEEU 11} 8errocene
in red e pro uct was purified by col um
chronatography Startlng mat erial was renoved with

P Olys 610YEL Q) apg fhe ; pypgduct yas,dhen thal e ved i

%1 171 petrola/ Et, %dl E)u% (ledeth [ am ng) N vee an
ré@eatwtq ngcted 6kt ias aﬁhh(é#‘1¢iﬁ drfﬂ%fai undefnl) va\él‘eaﬂﬁ had  been
gé%iﬁgx%§5M@¥%@h@ko%g@rkoﬁlY% AYRthesi s efe diamine solution
i s(di

driet R PAd&FRAP ) osPhi ABTRYEHY| Jo4° - Etrﬂﬁﬁ%hY¥§ﬂ?9F)f1d¢k
f@éﬁ@&%ﬂﬁ%g The ghﬂ@%ﬂyﬂ E@Pﬁwﬁt&l)pﬁépéﬂﬂ%e 2.:68p9P! 3 36mmo1)

was di ssolved in acetic acid: acetic anhydrlde (18m
2ﬁ¥§ WS e R4d SHERRNSLon was then heated to ¢ for five

hours. The soluticn was then cooled to room temperature and the

(5%

solvent removed under wvacuum. The vresidue was suspended in
methanol (50ml) and stirred for 20 minutes. The methanol was
then removed under wvacuum. The residue was then washed with
ethanol (50ml} and the ethanol washings removed by cannula. The
remaining sclid was then dried under vacuum and isolated in the

glovebox as a yellow / orange solid. Yield = 1.10g, 4i%. 86%
pure. “'P {'H)} NMR (CDHC13, 161.9MHz, &); 18.7ppm.

Compound 7
Preparation of 1,2-bis-{di~tert-butyl (phosphinomethyl) -

3,5,1'tris—triphenylsilyl ferrocene

Part (I)
Preparation of 1,2-bis~dimethylaminomethyl-3,5,1" ~tris—

triphenylsilyl ferrocene
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degassed with nitrogen for 10 m nutes. The diam ne
solution 15 was then transferred by cannula into a

woRRdessghl enk flask containing the d.imethybcrgeo07/050717

adanmantyl phosphine (1.98g, 5.36mml). The resultant
suspensi on was then heated to 130 C for five hours.
The solution was then cool ed %0 room tenperature and
the solvent renoved under vacuum The residue was
suspended in 20 net hanol (5@ifl) and stirred for 20

m nut es. The net hanol was gpved under vacuum
The residue was then mash h ethanol (50m) and
t he et hanol washi ngs reﬁnve " by carnul a. The

remai ning solid was then ' under vacuum and

SiPh

isolated in the g.lovebox as a yéllow / orange solid.
Yiceld =1, 2{&ﬁSJMEmo&HmbaﬁthMHﬁhyLWEDK"ébﬂs4ﬂﬂ?pheny 511yl
(CDC13, 1 61.9 , g) {pp ound 7 30
éf%ﬁé%ﬁ??bn(%? g, 1 48mmo (prep red as in compound 4
Ligrhiys- (i - tery - butwk-Gphosphiaemet Wdom1)  was  added n-
3,5 1tris- trlp enyl silyl ferrocene Par t (I)
Pﬁ@p@ﬂaﬂﬁ@ﬂmbf 3,99ml,14.9%8mmol, .2eq) and the reaction

srlbﬁgglngf X%ﬁgérﬁggggé!Vé)QB%E égjig%ﬁ temperature. The

PEWAEBZQDK&Q5OHHJH 8bogieBh t Phest * -syasdy Toa/acetone bath)
1, 2-bi s-di.nethyl am nonethyl --3, 1" -bis-tri g
VUGS q%@%fc%n@ref@l@& ‘Tzuhsﬁﬁ%P}OFﬁﬁBBﬁ% Ség Pﬁ li.98g,

q%ﬂ@%ﬂ%ﬁ Babave) anq%yv@aet hyltn%t hefn (RAOMNoNRE of dry
ded n 5 butyllithium (5.99 98mml, 1.2eqg) and

m@tﬁ“e’éctaté"@r vvéfshﬁstﬁlqlrhéd qnnd@rs Nhefrordlzllqm d Gatvargompr Lo
nper ture. The ol uti s th N led to C
ea%y I?ewgce LUure %# fﬁ \M% st g%%% go% Lw%ﬁvc hours

one “bat quenche ropw se w
Qﬁyiﬂﬁﬂﬁﬁjﬂhﬁﬁyrkﬁﬂkaﬂeﬁﬁ4wﬂ89 16. 23mmol ., 1. 3eq)

di ssolved in the mni numamount of dry 10 dieth

etifert e athd WolHitS G SHasiHHen 4l I'owdd ‘ted Sar i‘lip Sltd”ed for

a further fifteen minutes. The ethereal laver, containing
product was separated and the agueous layer was furlher
extracted several times with diethyl ether. The combined
ether fractions were dried over magnesium sulphate and
filtered through celite. The ether solvent was removed by
rotary evaporator (resulting in red oil). The product was
purified by layering the o0il with the minimum BEt;0 and a
layer of petrol and leaving to crystalliize overnight. The
liguid residue was decanted and the red crystals obtained
were dried under vacuum: (10.41g, 78% yield).

The produced 1,2-bis-dimethylaminomethyl-3,5,1 -tris~
triphenylsilyl ferrocene (18.24 mmol) was made into the

di-tert-butyiphosphine as follows.

Part (II)
Synthesis of 1, 2~bis(di~tert-butylphosphinomethyl}-17-3-5-

tris (triphenylsilyl) ferrocene



roomtenperature and further stirred for twelve hours
resulting in a red solution. The reaction was then

wadaRebedsW th water, and stirred for a furthgerygero07050717
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fifteen mnutes. The ethereal |ayer, containing 15

product was separated and the aqueous | ayer was

further extracted several ting8 with diethyl ether.

The conbined ether fractions were dried over
nagnesitamisal ghate Bnd  fil) t erled 42 br ouglhcebl) t endThéi-tert-
et her l.ven renov rotary. ev tar .
R R e A 3 Tl
| aylekankg ftthek oi To viiltily the adlddnameBts02aimd a ackayeramgfydride
p?f&@%tandlb PW'QQi%P ﬁ&ysﬁégAlég g%&ﬁhh&ﬁh'rﬁ@?ogen-for 30
l'iquid residue was decanted and the red crystals

obtaitred TWer eredrilednundesrcqracvumyae10hgrgheged to 130 ° C
yf&id)fngmaﬂyu%guceghe solution was then cooled to room
1, 2-bi.s-dinethylam nonethyl -3,5,1"-tris- 25 tr.

. | pheRptsirby RrfletPBCc 8RSV S, Dananes] U niaS Fadeut ntBre heesidue
dios 4 e6d shuaebiphasphingn@s {aldavws anBart ifldd SyunthesiSiutes.
of 1,2-bis(di-tert-butylphosphinonmethyl)-1'-3-5- 30

t FRS (T pheny FEP| yP9T erTTERe UINPR00B7 0854487 tane  (50ml) was
PCTACBROQE Q8074 B6icEhe diammne dikem Pardarhlla transferred
(10.41g, 9.69mmpl) and di-tert- butyl phosphi ne (5. 00g,
3Rl L GFEr CRYTRE toFetTereth B3¢ SKH EifROPFaskldefp vacuun
tbéi?)%m?@mﬁdgﬁdiag@%h@e agi ﬂmwragﬁimhammédai de 1f.(7?gogor114§. 95%
: N i, C ad been degassed wth nitrogen r

TP ee.” The) PRI RRE s dopendion Ads 2 hbnt Heaf8d?t &) Ppm
130 C for four hours. The solution was then cool ed

to room, tenperature and the solvent renoved under

VEE- e residue was suspended in nethanol (100nt)
anctkerstnatied fof 202+thieutddsterfhmntEphasphinvasthggn-3,1’ —bis—
f@QDV%Q,HQ9§f1¥&§%%%‘ Pent ane (50nL) was 10 then added
and“?%eypen ne sol ubl'e material cannula transferred
into a clean schl enk. The solvent was the renoved

upder pacuum
Preparation of l1-dimethylaminomethyl—-2, 1’ -bis-trimethylsilyl
ferrocene
SiMe,
Nivies

Te
é ~Sitvie,

To dimethylaminomethylferrocene (30g, 123.3%mmol) (Aldrich)
in dry diethyl ether (260ml) was added n-butyllithium
(123.39m1, 308.48mmol, 2.5eq) and TMEDA (20.48ml, 135.73mmol,
l.1eg) and the reaction was stirred under N; for 12 hours at
room temperature. The solution was then cooled to —-78°C (dry
icefacetone bath) and guenched with chlerotrimethylsilane
(34.45m1, 271.46mmol, 2.Z2eqg). The solution was then allowed to
warm up to room temperature and further stirred for twelve
hours resulting in an orange sclutiocn.

The reaction was then guenched with water, and stirred for a

further fifteen minutes. The ethereal layer, containing product
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to give a pale orange / brown solid. Yield =1.7g,
14% 95% pure. P ('H NWR (CDC13, 161.9MHz, 6); 23.9

wd ghs/osd (s) ppm 5 Conpound 8 Preparation @lr/cB2007/050717

1, 2-bis(di-tert-butyl phosphi nonet hyl )-3, 1" -bi s-
trinmethylsilyl ferrocene Part (1) 20 Preparation of

1- di met hyl ami nomet hyl -2, 1' - bi%t tri met hyl si | yl

ferrocene Sl Mee NMe; rc ~SiMee To

diaret hgthcardtedmed iy | teer copreuf 30 yel23w89mipk ther extracted
( Leh) . in dry die (9.0
Bty TR O S T om0 Tomer 3 cad) ahd et one
TWVEBAL( 204 481k, m28B¢7Bmmpivlplategndarfd :heed edotdugh celite.
Was, %&%%Ee@oyg~§{ $£s ééﬁbv%% Q@u&%tggy Eggﬁgrator éresulting
tenperature. The solution was then cooled to -78

(idr y'edj ¢él hcetohersaliilsy and geehcleed b chlumn chromatography
chl.ogat chaet hyl sidane s34 438%ae 27de 46000 i 2289} 101 were
The solution was then allowed to 30 warmup to room
tENPEraAL Ute avd rRdr f hertsigthyéaniny) twel e houlist was then
(BRULhLAG. 1, a010680108 Selditian,  Jhe, [ eROLEN WA tRER1cing
quenched with water, and stirred for a further

fisft eeh windties) I The erherdal Tagper: ébitaidfidngield) .
product WO 2008/ 065448 PCT/ (820071050717 87 was

separated and the aqueous | ayer was further extracted

Farsr aFIxinmes with diethyl ether. The conbi ned et her
f;&%gaw&%n were di4ed ovef JRINeSEHISHIRRAEG A -3, 17 -bis-
filtered through celite. The ether solvent was
rterreEly bl 1vdt Apyressfisorator (resulting 5 in red oil).

The product was purified bywgcol unm chromat ography

(large scale colum). Smal| anpunts of starting

material were renmoved w etrofM:(5%triethyl am ne)

and the product was then |,

@\smﬂ

To l~dimethylaminomethyi-2, 1" -big~trimethylsilyl ferrocene

(30g, 77.42mmol) in dry diethyl ether (200ml) was added n-
butyilithium (37.2ml, 92.91mmol, 1.Z2eqg) and the reaction was
stirred under N; for 20 hours at room temperaturs. Dry THF
(250ml) was then added and solution was then cooled to -78°C
(dry ice/acetone bath) and quenched with BEschenmoser’s salt
(17.18g, 92.91lmmol, 1.2eq). The solution was then allowed to
warm up to room Ltemperature and further stirred for twelve
hours resulting in a red sclution.

The reacticn was then guenched with water, and stirred for a
further fifteen minutes. The ethereal layer, containing product
was separated and the agueocus layer was further extracted
several times with diethyl ether. The combined ether fractions
were dried over magnesium sulphate and filtered through celite.
The ether solvent was removed by rotary evaporator (resulting
in red oil). The product was purified by column chromatography
{large scale column). Small amounts of starting material were

removed with petrol (5% triethylamine} and the product was then



obtained with 1:1 petrol./Et70 (5% triethylam ne). The
resulting red oil was finally dried under vacuum
wé 480849 _el d). 10 Part (11) Preparation ofpcrigp2007050717

1, 2- bi s- di net hyl anmi nonet hyl -3, 1' -bi s- trinethylsilyl

ferrocene Sl Me~ Ve, M \'Si M3 15 To

1-di met hyl ami . nomet hyl -2, 1' - bB&--tri_nethylsi |yl

ferrocene (30g, 77.42mmml) in dry diethyl ether

(éﬁﬁhﬂnéﬁ wﬁshaﬁdedﬁﬂrobLﬁgﬁﬂ(&ftﬂﬁlﬁthB&mﬁnﬂ The resulting

) d t he react| on _Wwas, . .S r .unde

Orrmgﬁa o{frnsqla b t Bifsar dETYE DY - Sri% (7561 ;

vvas t hen added and soI ution was then cool ed to -78C 20

(dry icel cetone bat h) and quenched w th Eschennoser's

s%ﬁ")t/ ((IH 189, 92.91mmml, 1.2eq). The solution was

5 themalkovwedywhe pwapmrap be rceapvhesper afbdke andng 1, 2-bis-

10

fed
;-

Z0

further stirre twelve hours resultin
T A TR G Poh. Wi (RO Bheioned Wi R v, 27
&ﬁlﬁbJS)tI rredidforeaa 25 fafrt her fjiFteendimarutydsmidbeethyl) 17
her%%ln Yf f%g:r]}toglenl ng product was separated and
& AQUESUS  TAyer FUrther extracted several.
t| mes with diethyl et her. The conbi.ned ether

f i were dried over magnesi um sul phate and

f%@hrough celite. The ether solvent was

réymvediby rof ar i, @vhpotdit-drertreaty tnhogrBon¢methed ) ot §Me.Ph-
roduct was purified by colum chromat ography

(lrarge scale columm) . Small anpbunts of starting

material were renoved with petrol (5% triethylamn ne)

and the product was then WD 2008/ 065448

PCT/ GB(]QIgO?/ 050717 88 obtained with 1:1. petrol/Et20

(5‘°er thyl am ne) The resulting red oil was finally

deyrethasndent vaaManPh{BZyllége 93% yi el d) .

The 3,4-dimethylbenzophenone (15.0g, 71.43mmol) was added to a
500ml schlenk flask, to this was added benzoic acid (150mg).
The solid was then dissolved in toluene (100ml). To this was
then added trimethyl aluminium {2.0M in toluene, 100ml,
200mmol) . The resultant solution was then heated to 125°C for
60 hours. The solution was then allowed to cool to room

temperature and was then quenched by the very slow additiocn of

25  water (100ml). This gave a white suspension, diethyl ether

30

(150ml) was then added and the suspension filtered. The
filtrate was then dried over sodium sulphate and filtered. The
filtrate was then dried under vacuum, this gave a colourless

0il, vield =13.4qg, 84%.

The 4-CMe;Ph-o-xylene ( {(13.0g, 58.0mmol) from Part I above and
NaOBu® (16.7g, 174.lmmol) were added together in a schlenk
flask. To this was then added heptane (150ml) and TMEDA
{(26.1ml, 174.lmmol), Bu'Li (2.5M in hexanes, 69.6ml, 174.1lmmol)

35 was then added slowly. The addition of the butyl lithium gave

an immediate colour change from colourless to vellow fo orange
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Part (111) 5 Conpound 8 was prepared as conpound 3
above using 1, 2-bi.s- dinethylam nonethyl. -

wokoodMesadsr i met hyl silyl ferrocene (9.23 mol) pingineadsort?

of 1,2--bi.s(dinmethylamnonmethy.l.)-1"
(tr|phenyIS|IyI)ferrocene 10 Cbnpound A Synt hesi s of

1, 2-bis (di-tert- butylphospﬁ%nonethyl) - 4- CMe2Ph-

benzene | Part (I) Cynthesis of 4-CMe2Ph-o-xyl ene The
3pdddimetdiyl Thenrzophensnecl 161 @g, w4721 tigmmiptjtegaso 70°C for

%qggg %gugé 5?@g%n%§ﬂlegod%%ﬁsge tQ I e 1 WES %qgeQuspen31on

benzoi c acid s then dissol ved
A st otardiee (td OGN, ﬂﬁmﬁﬂmasuwasamﬁent%wdédpﬁrﬂﬁﬁﬁﬁyl11qu1d

@EHgLQ&UQb(Z?§EAde tgﬂ@eQEDWAOQHky F%QQﬂpDk% 1Jh§ was then

resultant "solution was then heate o0 125C for
Weahsd Thehsokotpon wa80then &h¢ onedtans c\&‘)fé)‘lihltr@or diﬂﬁ@ then

LeFRGLat Hg}ecaﬂﬁuws t:ngn sgyenched; By, tHes VeEY, Sk¥ended in
addi tion of 25 water (100m ). This gave a white

$e5pensi oftS0alet hytd dtiesr cpaBoh -owal’t herfradded ahd-émti,

tiha  suspensi,en fidder gdiedharchiddd ate was t heshdrdied. The
over sodlun1sulphate and filtered. The filtrate was

£RER1 B iled SURBRI SARICULIRT (HiE8 galivie "&%cof Yur pEgsrigiy-, Water

yir8bHl1 713 AGie B4%ed 301 Then A-rdgMa2Bhs Ofy | BNEnilhutes and then
(1. 3. O% 58.Omol ) from Part | above and. NaOBut

O

1

(62g L1 74 DI ere. adbed Foget el PHE3 SohPeidon- The

flpask. (degdhiics pMaset hefs aﬁﬂp&d&emtlanepédﬁﬁfﬂ) j@anell) and the
TMVEDA, (26.1m | 174. 1. .. Bu' Li Min hexanes Flas
6996HC BHA5T annT‘}VG§j5 %s‘:% Paddéd | G 'f’ﬁg“*“k task.

atdi tdproalt thechutyds | tbhdn unhgﬁame wabh i ﬁﬂEEhﬁﬂmer iOOm' of
COheie NS LI ESl DU Leas. o eI 19, CLANIEVE. caces
resdl ttarh saligti avewassddhen hﬁapedt¢0aﬂﬂcxﬁanoferred into a
clean schlenk flask by cannula. The solvent was then removed
under vacuum to give a red/brown oil. Methancol (100ml} was then
added and the resultant suspension heated Lo reflux, the
suspension formed was then allowed to cool to room temperature
and the methanol scluble material removed by cannula. The
residue was dried under wvacuum to give an orange/brown oil,
Yield = 10.9%g, 45%. *'P ('H} NMR was consistent with the
structure, the compound was cleaned up by conversicn to the bis

methane sulphonate salt - see below.

Synthesis of bis methane sulphonic acid salt of 1,2-bis{di-

tert-butylphosphinomethyl}-4-CMe.Ph—benzene

The phosphine {(Compound A) (10.9g, 21.3mmol) was suspended in
methanol (100ml). To this was added wmethane sulphonic acid
(2.76ml, 42.6mmcl). The resultant solution was then stirred for
one hour. The methanol was then removed under vacuum Lo give
viscous brown oil. Diethyl ether (50ml) was then added, and the
ether soluble material was removed by cannula. The remaining

material was then dried under vacuum this gave a sticky yellow



three hours. This gave a dark red suspension. The
suspension was cooled to roomtenperature and the

weupRfgaant liquid renoved by cannul a the bretycs2007/050717
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preci pitate residue was then 5 washed with pentane

(200nt). The pentane washi ngs were then renoved by

cannul .a. The solid residue wa€ then suspended in

pent ane (250ml.) and then cooled to 0OC. Bu 2PC

(191 8N ,Dict@uiSmivbey WA8mthenmaaddeth dropw sedt ohsheolid was

suspensi an, tIQeetﬁeefs%tt%ng OIJ#SRPQS' e V\@tc’hérhe“glﬁﬁiérrﬁ&erial

for overnight. Water egassed
n¥ey ogesm gasiover 30 rrﬂrmtre@léné thesr wdded veoughe this gave

SHSPRQ§H9%W1IB 5&&?%%1@0@'QQ?&iCquthLQﬂ.O e8 ypgﬁﬁ'pure.
(organi ¢ phase) was ‘diluted with pentane (| on1|) and

the {dhgahRc (phase rehoWdd by cahingl 40t ht 0% Oclieah pem.
schl enk flask. The aqueous |ayer was then washed with
a further 100m of 15 pentane and the pentane extracts
coPRME BThe pentane extracts were then dried over

seghiBssel phage and, frmnshereedt it 18hoShieddnee Al ENKi~tort-
flask by cannul a. The sol vent was t hen removed under

v‘a‘é%ﬁlf‘t?taif%%ﬂa‘ﬂré’&}“ﬁ?aﬁm oi . Methanol (100 ) was
t bere aﬂded and the resultant suspension heated to

refl q#msthm1MImmdto
S eflsroonffénpe$5flﬂ‘th n§¥ & HEHSnol sol ubl e
naterlal renmoved by cannul a. The residue was dried
umm@mamamuumeonguve9am,otamgﬁlbm@mn Oials. ad¥iedl do- a schlenk

0
% A 15 manghd yRa“%%wco%S|§ter%ﬂtaqu %he ine. THF
ure e conpoun was ¢l eane Yy COHVGFSIOH

Oliqmﬁnnwao Z5ametdraieg suﬂphowatelsabmge/s@%ﬂduﬂxﬂ&utlon. 4~
esl IS ne ho cid,.sal .
S%‘(g&ﬂ& %Iy(?t Q (l@etﬁm? OJ?;lh@ nlln %la) Qa Chl%ted with THF

tert i nomet
- 48@\}@2%%&1&@%&@@%@1%03 phierre O(n@ommnd:OA)the magnesium

(Jﬁhﬁgksf%% qug]rkaw@§o§u§p§QQQQ)”Q;}ﬂEkBQan glqgﬂkp (50°C)

his was ad met hane sul phoni ¢ aci d
4‘2a16?ﬁmtl>€5th Tfh)é rtéguldt”aﬁ‘f“sfbl i oW W&§th@h s”t"}}‘ror égvPop dark

0pga fpur /  ThewietRanol oyasi tihenohemyed undery %@umn. This
to ive viscous brown oil. D ethyl ether (SOm

e d? = ahlet HE285%et hiet S SolfaBl 8" Fratei- aIThWaSOl““O” was
r@m@veeﬂutbme@a%ulc@oﬂla@ FePRI BhM@erature before being cannula

transferred into a c¢lean schlenk away for the unreacted
magnesium. The THF solution was then cooled to -78°C before a
solution of tert-butyldimethylsilyl chloride (15.81g, 104.91
mmol) in THF (50ml) was added. The resultant sclution was then
allowed to stir at ~78°C for thirty minutes before being
allowed to warm to rcom temperature. The resultant solution was
then stirred at room temperature overnight. The solution was
guenched by the addition of water (100ml). Ether (100ml) was
then added and the biphasic mixture separated. The adqueous
layer was washed with ether (100ml) and the organic extracts
combined. The organic extracts were then dried over sodium
sulphate before being filtered. The filtrate was then dried

under vacuum to give a white solid. Yield =15.64¢g, 68%.

Part (II)



material was then dried under vacuumthis gave a
sticky yell ow WD 2008/ 065448 PCT/ GB2007/ 050717 90

woSRbd/ehss49 et hyl ether (60m) was then added apgridiRes7/os0717

(623
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solid was stirred in the ether with a spatula. The

et her soluble material was then renoved and the

resi due dried under vacuum tHis gave a free flow ng

pal e yellow solid. Yield = 11.0g, 85% 95% pure. 5 31P
{ThH) le(tcmwldil@thWb&Jyﬁao 42e6e (br).5¢39. O3 (lowipl) from

) o] B t cere  add
%Bg}bi S g})-at%ezjg]te b%%l gﬁ%%p i nometlhyl ) 14316t4mmm) were  added

beoyktimet hylbsidoplebenanek 10 iPateang | J1@yrvhesis dfen added
?u%gabﬂ{iy'zgw?t 'ﬂy% Sidliy! -1 ggeglnﬁyf 'VBJQP%%“{ ?Ilﬂbjbiqnhexcmea,

5.41 mol ) was a to a schl enk | ask
t5Hi- Smvas 188 démin )f ewp g 3tBYn cpydedl slof v -odTe. PTHE  1sthium

(alﬂéan W@évéh%ﬂ adgded: LQe%M?o&n or.ange/ yeld o%lourle to

sol uti on. brono- o-xy. I ene (19.41q, 4.91 mol ) was
dieldPedt W @hathE to( 8Bvrk) r&fid ffh@n»%blﬂé@nslwém yhgyepeated to

opecheur te-ibhe,Jmoneshym g§ugp§n§1«% dhecreackion a small
flask being placed in a warm (50C) water bath for the

dUPEEE off ofr tHeFahet i Bie Thid ‘§avEea ik PO l6Fahge?/c and

by.owaisol ut ipn Wegbhsseng | Rsel ubhe, magaesi Ul opthise to  the
sol ut| on was then heated to 85C for one hour. The
SOPEEMOIPas Tihen TEFR WY t 0° BHFINEG N 0T enpdat upkirred

bﬁE@h@glb@l ngheannubaml t ransfeigeedelintora clteageschhenkor 30
y for the unreacted nmgnesium The THE sol uti on

\}Véémttﬁena%o‘}}bea’ £H9eA78E bT of ©EE 9580l UhiDPge & Piphasic
teentitibut yrek mepbhyd sidydarchl atiade) ( 12s819,1ul04. 91th pentane
mTSIO%“ in THE (50mM ) was added. Thea!; sul t ant soI utlon 1
was "Phen® Al Honed 1965t PPAEE TEY8ET oF (HFtY i Rt ed ©1oan
befhorek bef ng:k .al Pexethd 0 MECHRLL 0 woomatigaperiat urtge Theueous
resul.t ant soA ut| on vas. t hen St |arcrted at_room entane
tenpg})%\fure over i ght tdhe sBfdtion was" quencﬁed by

tehe radds t vere of havateriol@0mlr) scBtiher s¢ 1»100md a)ndwa;san‘sferred

ggﬁgoﬁgqﬁﬁﬁ%”qxﬁﬁ%nQi@H%§k0b§i%%HE31§?D§£Qt§91VJ'9 was then
removed under wvacuum Lo give a brown oil. To this was added
methancl (50ml) which give a biphasic sclution. This was then
heated to reflux (70°C} bkefore being allowed to cool to room
temperature. The methancl soluble material was then cannula
transferred into a c¢lean schlenk flask and then placed in the
freezer at -20°C overnight. This gave the formation of a brown
0il. The methanol mother ligquor was then transferred into a
clean schlenk flask and placed in the freezer. Upon standing in
the freezer for three days a pale brown seolid had formed. The
methanol mother liquor was removed and the residue dried under
vacuum. This gave a pale brown solid. Yield = 0.8Cg, 5%. 95%

pure. TP {'H) NMR (CDCl,, 161.9MHz, &); 28.3 (s}, 26.0 (s) ppm.
The comparative examples were obtained as follows:-

Comparative 1




| ayer was washed with ether (100m ) and the organic
extracts conbined. The organic extracts were then

wdkbR@BsoMgr sodium sul phate before being filteeedndRRsory

n
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filtrate was then dried 35 under vacuumto give a
white solid. Yield =15.64g, 68% Part (11) WO
2008/ 065448 PC17GL12007/ 0507172 91 The
4-tert-butyldinethylsi.].yl-o-xylene (7.5g, 34..Lmuol)
f it o biRg - £y t-dbowd pandpiNa@Bwt hil Bodrenk36L A i Jable from
mg%%r ded together in a schlenk flask. Heptane
m) was then added follwed by TMEDA (20.SnL.,
136. 4mmol ), Bu"Li (2.5Min hexanes, 5 54.5n,

1. é&@HNLLeW@S then added slowly. The butyl [ithium
an i nmedi ate col our change from

OIT gave
c ér@‘fmﬁ%@s of ol / ytiisd@it be bt drvge Lpbosrhrinomehy Thgerrocene
solution was then heated to '75C for three hours.
This gave a brown solution with a small. anount of
pPe€% pilate. The sol ution was then cooled to 0C and 10
Bu 2PCl- (Il.m, 62.Smvp].) was then added dropw se to
t BPep HUTAGASoF . DIB-biRE (AR H RN BHENENL]) @B riNBSeridien
stirred overnight. Water. (1.00m ) was degassed with
nitrogen gas for 30 mnutes and then added to the
sus | | a hasi I T pp
B natd) BT G el i pont anc T8 (ogHy e ol
ang t#@ﬁ%ﬁgéﬁicaphé@éUteﬂ®veufbykbaﬁﬁbVéamhﬁm%ﬁh@ﬂéﬁﬁﬁﬁf?ne
sehlenk.f | ask, sPgnt apesd 1o0m s was @dded i Loat Behy1 erner (80
aqueous resi dues and the pentane extracts conbined.
THe! pertane’ ! acracts ere PREAt drs edlf ovetC sori upe reaction

syl phate ;and. L4 ansf er hedrsi kg acheapgchlenk filask 1s then
by cannul a. The sol vent was then 20 renoved under

VaRetAf t'o° gPRr FINGRAY 0i17¢ “Fo Phiss Was heRfeFetone Dbath and

NBL Ao 659 a) 1 Whicehngh ve (218 phasie g9l Ukl @Re1 Thi$ added.
was then heated to reflux (70C) before beugg_allome
|U

t 6" 0012 TGP odin * tHSEr AP UF ™ Tife “REFhAHBICSBINER| &R stirred
naﬁéﬂﬂﬁyht was then cannula transferred into a clean
schlenk flask and then placed in the 25 freezer at
--20C overnight. This gave the formation of a brown

The resultant solution is quenched with excess agueous sodium

hydroxide and the resulting product extracted with diethyl
ether (3 = 80 ml}) dried over anhydrous magnesium sulfate,
filtered over celite, and volatiles removed in vacuo to yield
the crude title compound as a light orange crystalline solid.
The crude product is recrystallised from light petrol with
cooling to -17°C and the recrystallised product washed with
cold petrol to yield the title compound as a light crange solid
(13.2 g, 714

e

}. The compound can be further purified by
sublimation teo give 8.5 g (52%) of the Part (I) title compound
(mpt 74°C) .,

'H NMR(250 MHz; CDC1;):84.23{(brd, 2H); 4.11-4.10(t, 1H); 4.04{(s,
5HY; 3.43, 3.38, 3.23, 3.18 (AB quartet, ZH); 2.22(s, 6H).



oil. The methanol nother |iquor was then transferred
into a clean schlenk flask and placed in the freezer.

“mpnggmﬁggndlng in the freezer for three dayspgrRal:B07/050717
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brown solid had fornmed. The nethanol nother Ilquor
was renmoved and the residue dried under 30 vacuum
This gave a pale brown solid33YieId = 0.80g, 5% 950
pure. ""P ("H NWR (CDO :;, 161.9WHz, 6); 28.3 (s),
28: ON(GB) ppmuEzZfhecmonpat @t ione ex@amnil;escwner’e obt adaneds7.35;
% }gB .ows: 35 Conparative 1 WO 2008/ 065448
CT/EB2007/ 050717 92 1, 2-bis
(di-tert- butylphosphinonethyl) benzene is avail abl e

fr r npar at | 2 5 9y si.s of . o

f?%g%Pékgf#%g leutylg o§%h|nonet§ ?ffefrocene TS

(1) Preparation of Calculated: C 64.0%; H 8.1%; N 9.4%
2- bi s- (di et hyl am nonet hyl ) f errocene 10

n--Butyllithium (A drich, 2.5 nolar in hexane, 24 m,
PargmdrY) is added to a solution of

(i et byl @%@P”mé%ﬁ'e)aﬂerﬂ?&@?e wa(AI %g?@?éoélﬁc 131]91511 butyl

10.69 m, 7 mol) in di et hyl

mhpﬁéﬁewﬁat a téhﬁ%WaturefﬁTSnglhnd théﬂ¢eact|%ﬁp 1,2-
¥ KtHﬁ@oé%ﬁJr%ﬁqO&Q{hjﬁ Q%QE%ceJT“E(V§SGGt' Ry, 4&%%1& 1h1s was
solutlon iI's then coole to apprOX|nater 70C in

dihyE i é‘eﬁ%%réte@nénbat Rgnge PSchennosercs dsal PC%HJ@@NWEQ)“M@ {
(Aodii ch,3ckd g 24 MBlak 1Sadded.as SJ@ew&@@CMQMe% for 30

MImmdtovanH)Hmmtamaauneamimlne

overheght 7h20s WM@NﬁE@@IW@ﬁtt@@huﬂm@neﬁstquéﬁ@ﬁbdbwdtkﬁpt at
es u r.Qxi S g

eShieRpniR gt e Do) 8 ARG SRR vas chen

driilededver a@mydroou@bwaghesqermm@mllﬁ’at enc fihe t‘ecriefdm@veﬁmoved

%%'d'o?e'v?cqu) vol afd | ?éorﬁf%‘éed Lpopacug 89 Yisel dsydheigea in

crude titl conpound as |ght orange crystalline
mtlhém?s(fr%l)cr%é ’E)tr‘d’df@é*t iy rderyigraeri sédef pgamancl was

ldnght (ReLLOY Widch v%@QLhngmﬁQjm;%%ﬁqegeth§3pcnded in ethanol
rechSta%%ézgﬁﬁéyggdgﬁngﬁfﬂygjJg tthen heated up to 70°C. The
resuiltant soluticon stirred was allowed to cool to room
temperature before being placed in the freezer at -20°C
overnight. This gave a large amount of an orange crystalline
product. The ethanol mother liquor was removed by cannula and
the sclid dried under wvacuum. This gave free following orange
crystals. Yield 15.1 g, 57 %. *'P NMR{'H} (CDCl:, 161.9MHz, &);

23.6 ppm, 99 % pure.

Comparative 3

Synthesis of 1,2-bis{di-1—-(3, 5-
dimethyladamantyl)phosphinomethyl) ferrocene

Part (I}

Preparation of i-hydroxymethyl-2-dimethylaminomethyl ferrccene
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cold petrol
orange solid

to yield the title conpound as a |ight
(13.2 g, 749 . The conpound can be

sublimation to give 8.5 ﬂc(/(@%ﬂ@emso'm

e Part (l) title conpound 30 (nmpt 74C).

NVR(250 MHz; CDO 3):64.23(brd, 2H); 4.11-4.10(t, 1H),
4. 04(s, SFD; 3.43, 3.38, 3.234 3.18 (AB quartet, 2H)
2.22(s, 6H). WD 2008/ 065448 PCT/ GB2007/050717 93 "C

NVR3((163 NHzhiGRC{A):683.,81;. 6 70048, H£O.L%rhebh. 84her, 5.14 mi,

S K6 e o It el " n T65s gL 1bp g ghhonecayl

Paemrqmmy Iﬁﬂ@hacﬁOomiOgchb%éﬁmmblasknmaﬁxa@dedEﬁher (20mL)
tyl. ph e (13, I an h 5
G i Rel T A iGTSt iy 31 o Tocen [ 15, Bg, oo opes

45. 4wwuhph Thilouwas t hen suspénded iisn ah@1xrupée®fln a dry
a d et i, r 30 ) i C nes
L L
sespersi omidmis griventtheat €d ltten 1 30C vk keptr ad Q\rﬂr@ight at
t?&&#réégéé%Jﬂﬁ L worhours, .+ The riesulfant 39l ubhon Was water,

then 15 owed to cool to anbient tenperature and the
sor ettt ederibvéd digtdel waéaum dThed r eser t HAFCst Mﬂ@y filtered

sghéd was: suspended, i nmethangl,£a0n,) andstirredid crude

for 30 mnutes. The nmethanol was then renoved under
vatutin &AEPEHE! 1 e$PYUETEHE pSRAEUCT n 16t hafolied (Bonp) neutral

Theuet-hanel: usHspPeRsion: Was fhgnwheat eck4n Hee7RG Jher (91
20 resultant solution stirred was al med to cool to

OB Ot efbef Qe BET of @ Baifig T EeT. i n tHEPEsgRonethy]

afer2Cneovenni giunihiis gave aalluaegewanpuehb@tf_aranany pure
orange crystalline product, The ethanol nother |iqug

wWasP ¥ e fgive GLByL%dﬁHﬂF ChRdE Lt coBPPANYY i Ghast I e is
vaswwae Thh Svgave, feeeyhiellowhbg tarangeom2bued yskalss. orange

Ylelp 15.1 9, 57 % ,-."P NW''"11) (CDO's, 161.9MHz,

6?3 crystal¥ine mass,
‘H NMR (250 MHz; CDCl:) 82.131 (s, 6 H), 82.735 (d, 1 H, 12.512
Hz), 63.853 (d, 1 H, 12.512 Hz}, 063.984 (dd, 1 E, 2.156 Hz),
54.035 (s, 5 BY, 84.060 {(dd, 1 #H, 2.136 Hz) 084.071 (d, 1 H,
12.207 Hz), 04.154 {m, 1 Hy, 64.73 (d, 1 H, 12.207 Hz).
Yo NMR O (61 MHz; CDCl.) 87.688, 884.518, §70.615, 868.871,
068.447, 065.369, 860.077, 0658.318, 044.414
COSY 2D ‘H NMR

Partly obscured doublet at 4.07lppm and its coupling to the

doublet at 4.73 ppm confirmed.

Infrared spectra (CHCl:) (c.a. 0.06g / 0.8mL)

2953.8 cm’ , 2860.6 cm’’, 2826.0 cm’', 2783.4 cm’, 1104.9 cm’
Part (II)

Into a 500ml schlenk flask was added the dimethyladamantyl
phosphine {29 .5g, 82.3mmol) and the 1-hydroxymnethyl-2-
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1, 2-bis(di-1-(3,5- dinethyladai nantyl)
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35 WD 2008/ 065448 PCT/ GB2007/ 050717 94 n-Butyl,
lithium (Al drich, 1.6 nolar i°? diethyl. ether, 5 14
m, 8.24 mol) is added to a solution of |
dii met iyl caninpoaeb hy | féertmﬂﬂn@ (Alldr.ech, %&l.@Qgel) din  the
) 4y i et o), u :
SETTon bR el b g ReeE B g ey e et
reddi s hagoldouris Thé5@mﬂtﬂi3ﬂmli§ tthenh clowd dd>drn dggdeyed with
.G 0 bat,h, L.ne ar ehyde 247
5T e eisect) "haded and The TestITant i xtlre Mhted o
sBDWredumWekapghunatLhn@0nLé®mnﬁﬂanurefoﬂhaﬂreauhu0n° The
en quenﬁh d with mat trac MAth Q|e£hyl .
& [ofele] ampient

is
rFﬁ%rLa?ﬁw et over" S0 a & fllﬁe?%e 10 over cel i
Thepsodtvent ang tE@wambenm vamuved(mqﬂeelddcmwﬂdeThbltéeultant

Q%”Eg gOltP%mgluqﬁ‘ %8980F é%&ﬂ §d%l§ ggHtL@+rred for
altimha” ¢o whi ute% petrol/ i et hy
elhern(Qed. mﬁﬁwwahaQOIemnwéﬂEMersmav¢dn@whﬁteppavm and the
%eoQaFEthW?ﬁHH BOG§EQY% hgﬁgfw%%%gﬁ? fh&ogﬁﬂgﬁoﬁs°hh§£531on
el'ut ed Stantiall y pure acetate to
ekat éhehestitleg @@ﬁpbuﬂdyeﬂiﬂyﬁﬂrhygﬁaEQﬁQﬂﬁawa§ formed and a
rd%@p\/?gdm %Cu%autg?e(' bl ta%atn'ota' eowﬂp@meqsla@nwaomgs
or ange /crystal i ne nmass. MR (25 1,)
62?@31h€§ I@mﬁyed5@Y7§51G§atmﬂH am? 5ho f2@1¢ﬁ% dfled under
%%§§§§ (f51§-§ive % aféézfngﬂxﬁgmggﬁyggghné% Q%QJ% #80ch was
5&'&0@71@%1“11&1’ glpvgbony Pflz)?l 46154g(m7'01 IH)% - 5AP73MRL
(@pcl, Hiel29407, bb%ha.@%b ,. CDC13) 57. 688,
684.519, 570.615, 868.871, 25 56 . 447, 565. 369,
560. 077, 858.318, 644.414

Test Results

Table 1 shows the activity of six phosphine ligands in
catalysis after they have first been heated at 80°C overnight
in the presence of CO/Ethene. In each case the number of moles
of palladium, ligand and acid are the same as a standard batch
run where the ligands have not been pre-treated (Table 2).
Hence the gas uptake and weight gain of a treated (premature
aged) ligand can be compared to a standard for the untreated
ligand. Thermal treatment is used to investigate differences
in catalyst stability which would not ke evident in a standard
3 hour batch test. In othesr words, conditions are enployed

which would result in premature ageing of the catalyst.

It can be seen that the phosphine containing a trimethylsilyl
group at the 4 position of the benrene ring retains most of its
activity under these ageing conditions whereas the

unsubstituted ligand 1,2-kis(di-tert-butylphosphinomethyl)
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Experimental Test Method

Part 1 Ageing

Catalyst solutions were prepared using standard schlenk line
techniques. 1.45x107° moles Pd,{dba); and 6 equivalents of the
thosphine ligand were weighed out into a 500ml round bottom
flask using a nitrogen purge glovebox. The flask was then
transferred to a schlenk line. To this flask was added 17Zml
(63.2 wt%) degassed MeP and 116ml (36.8 wt%) degassed MeOH. To

this was added 450 equivalents (420ul) methane sulphonic acid.

The pre-evacuated autoclave was then charged with the reaction
solution. At ambient temperature, 5 bar ethene was added
followed by 10 bar 50:50 ethene/CO mixture giving a total of 15
bar gas pressure. The stirrer was then started (1000rpm) and
the autoclave heated to 80°C. Once at this temperature the time
was noted and the autoclave was left stirring under these

conditions overnight for 17 hours.

The initial solvent composition of 63.2 wt% MeP and 36.8 wi%
Me0OH was used so that the consumption of 10 bar ethene/CC would
result in the production of MeP to yield a new and optimum
composition of 70 wt% MeP, 30 wt% MeOH ready for the second

part of the experiment.



this was added 450 equival ents (420pl) nethane
sul phonic acid. The pre-evacuated autocl ave was then
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tenperature, 5 bar ethene was added 15 fol |l owed by 10

bar 50:50 ethene/CO m xture giving a total. of 15 bar

gas pressure. The sti.rrer was’t hen started (1000r pm
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t Baypferatiestipte time was noted and the autocl ave was
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standard sol utions were prepared in the sanme way,
usi ng standard Schl enk |ine technlques In a nitrogen
5 purge gl ove box, 7.8 ng of 1pH2dba3 (1.45" k10 nol es)
and 6 eqU|vaIents of phosphlne ligand (8."' 7*10-

a&.r'- 5 3nat30@n . round bottom
fl as k then [ ans ferr C enk
angélﬁ¥é§ tg%da¥%%?g pal I gfﬂﬁw %%ﬁen dP§§q1vedtandard

125 avi cof aﬂmmﬁmewsnﬂmhybnﬁ)wangmgmayafedllﬂnmmy:ﬁmm way,

ai d conpl exat the alladlun1 and | i gand wer
o VB P E A P9 T het RIS pE g E s anhtets r P rosen

Tpﬁ?zrrg% Rerdrd iy 457 rrss nhes: belapg, agdidion of noles) and 6
rther sol vents to the sol ution. This allows for the

iegiu igiathgrfter naf i o ofelal eutidalend t (B gdhhl plankesPd where

%o%)égrﬁje% CPHT’(% NG [ 5960 9?%%@@% cﬁ‘ﬁt%ﬁa%i%”p'ﬁ%%goﬁg/?g sk was

propi onate/ anol m xtur
me@ht trreztrfﬁmiredSO%o by welcghterrret Ryllnepr ogit@natle)yawals and

assed and added to the  flask. Addition of nethane
§@1 @ﬁlllélmaéve&e( &%A)n d&ﬁﬁo vz@l M?Eﬁt é@ tOn[e degassed methyl

RrepAlaliien Ofihh%r@@?ahﬁﬁta§@|QBhﬁ@exI@@onfl@%b palladlum
conposition of the solution is apprOX|nater /0 Wt%

r@e?tdhylmam:ﬂ onatre, CG@\mO%Vﬁ?@lt hHhUllaIﬂne tat akyhive propionat@
UtcsltC:)Ln ‘(’],)l%ts f%%(d)%gpt 10 5 EvAGY aSt edoef%it oca!cﬁhq ion of

heate he "aut ocl'ave was t'hen
nm&s&m&e@om¢dhﬁhkﬁﬁsimé et henecabovehvapaun opeessur €he in
giving a total pressure of 10.2 bars, at 10CC. Next the
é&F&blé@émwééoﬁre§§uréd PBUEDAD parsidp ! addtdidn otd (O

@thl%&hq@%_ng%n@qqhb%hqrged fromthe 10 litre

reservoir. A reqgulatory valve ensures that the
pr esgdrterof theomplexation, 175 ml of methyl

propionate/methancl mixture (50% by weight methancl, 50%
by weight methyl propionate) was degassed and added to the
flask. Addition of methane sulfonic acid (MSA), 420ul,
completes the preparation of the catalyst solution. The
final composition of the solution is approximately 70 w't%
methylpropionate, 30wt% methanol.

The catalytic scolution was added te the pre-evacuated
autoclave and heated Lo 100C. The autoclave was then
pressured with 8 bars of ethene above wvapour pressure
giving a total pressure of 10.2 bars at 100C. Next the
autoclave was pressured to 1Z2.2 bars with addition of CO:
ethene (1:1 gas) charged from the 10 litre reservoir. A
regulatory wvalve ensures that the pressure  of the
autoclave 1s maintained throughout the reaction at
12.2bars through constant injection of gas from the 10

litre reservoir. The pressure of the reservoir as well as
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as WD 2008/ 065448 PCT/ GB2007/ 050717 102 the reactor
tenperature was | ogged throughout the reaction period

of 1 hr. The nol es produced at’%any point in either

reaction are 5 calculated fromthe drop in reservoir
ptessueecbyrassupengturdeaks gaggbeéhaniroughand 1D0%caction
selectivity for nmethyl propionate, which allowed
rBRELPON°FON Bhd rate to be obtained. The results are
shown in Tables 1 and 2. 10 Recycling Exanpl es

Experimental Using standard Schl enk |ine techniques,
r@b@tnwﬂia§o|9rp@n§edméﬂe prep@oddthyl i ss6heing @a@ds on are

g g§|?§t Ego%n he dro? }903§68§VSEILF9gQngF ggogksumlng

ven consi st ng y wWei g
pitapkonatyesandeBAY byrwehght 1ne%hanehecﬁhelpglIadrunMethyl

and Il%and were allowed to co Iex in _nmet
pPOBPORARES  bet i@ t R Heehanbk? ehLOBGITH {Bhgherate to e

MLXE HE BeaAdhEi 0BsQf £42Qrd ehoRBt DAneasukf oni gnack d
(450 20 equival ents) conpleted the preparation of the

catal yst solution. The catal ytic solution was added

tR.LDhe 1 PLE- peYAsYated autocl ave and heated to 100"C.
Tﬁ% gutocsave mgs then pressured with 8 bars of

eEkheneiabovelvapour pressure 25 giving a total
pressure of 10.2 bars at 100C. Next the autoclave was
pressured to 12.2 bars with addition of CO ethene

(3s51ngyas)inahangednfeam aidd Lithaigeservekbcd8ion solutions
hi gher pressure. A regulatory valve ensures that the
preB8uFE SR se Ut HaPEPe Vil89ndl rtai hed Ot hr Baghdute Tt it and

3§éﬁe§chkﬁn fb1d2- 2hans JLhwough const ant kPl 664 ORoAk i sLing
gof, 70% by weight methyl propionate and 30% by weight
methanol. The palladium and ligand were allowed to complex
in methyl propionate, before the methanol was added to the
mixture. Addition of 420 pl of methane sulfonic acid (450
equivalents) completed the preparation of the catalyst
solution.

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 vapour pressure
giving a total pressure of 10.2 bars at 100°C. Next the
autoclave was pressured to 12.2 bars with addition cf CO:
ethene (1:1 gas} charged from a 10 litre reservoir atl
higher pressure. A regulatory wvalve ensures that the
pressure of the autoclave is maintained throughout the
reaction at 12.Zbars through constant injection of gas
from the 10 litre reservoir. The pressure of the reservolr
as well as the reactor temperature was logged Uthroughout

the reaction period of 3 hrs. The moles produced at any



{0

10

15

20

25

30

fromthe 10 litre reservoir. The pressure of the
reservoir as well as the reactor tenperature was

wd pggedsishr oughout the reaction period of 3 kesiebb&0s0717

nol es produced at any WD 2008/ 065448 PCT/ GB2007/ 050717

103 point in the reaction can be calculated fromthe

drop in reservoir pressure b§*assum ng ideal gas

behavi our and 100% sel ectivity for nethyl propionate,
aldigwi ngn r eaet FenctTON wiamh Hehecphetiauddr froh, Egandrop in
to be obtained. 5 Aftl_gar the reaction gfri od, thg L d
FHOAAE was©E86r 8d Pand VEALEY. THet edett ontl AV iour  an
sajo | oan wasi el ) egbednbrpnit hecphasetref tha ovasselreaction
and i mmedi ately placed under an inert atnosphere. The
soutiigm vids trvert reddded Wwider oy Ess @b 2inged -

appr oxi;at.el vy eptrating,.the | uti.qr
rermves]{.%)e% htel’@ng%ﬁ%\%tgﬁgftﬁg%%f \% ata?hl(ag%ég%oﬁqé’:ﬁt cooled
aind heemiod ur 8he awrdcanynt races:iafin GOis bovhlettwhi ¢hrom the

an reduce Pd (I1).to Pd (0) causing the palladiumto
35S 74 atRCoNESSP Y SOt UAe A P ECBRI PG Gmen Inert
s goncent rateds o 5ot Ubh ORasWaschefbdteest anther pressure,
overni ght under an inert 15 atnosphere and was then

USe R POrmMthe bdditss of cae esdt 1ndeddid oiP lsbliu giemoves
] addi 1 f.. 20 0 ‘ [ te, 1.QOM .of,

il aRor i 1901 of rot RARE 61 FORrE Bara (1800 M sure)
equl valentisjceExeessOacbdrnasfaddedhnt canofrkesietceaPd (11) to

ossiple loss in acid upon copcentrating of the 20 ]
35T Gt b, s Fecydied Mok er A weid ¢ if ddted o 1 Of
algiandiave and reaghed under, tihersane set 1¢f sconditd NS ated
as before. The catalyst was recycled in this way, _

ditiuti@en,si gaisf i ¢aht dikop dtmirckactiesm 1 BON wagder an  inert

PN SbpSc bel Gl 20000, I8 ot s VLRI 5By g e pes

sigrgitel arun. sRedtyicdi ngw BExiper ha@nt abnDabd ThRE Okldr naMer methyl
nunber (TON) e}xdoressed in nmoles of MeP

proplonate, Oml of methanol and 140nr of methane
sulfonic acid (150 eguivalents). Excess aclid was added to
offset a possible loss in acid upon concentrating of the
solution. This recycled material was then added to the
autoclave and reacted under the same selt of conditions as
Irefore, The catalyst was recycled in this way, until a
significant drop in reaction TON was observed. Catalyst
recycle was discontinued when the TON dropped below 20000

moles MeP/Mole Pd in a single run,

Recycling Experimental Data

The turnover number {(TON) expressed in moles of MeP
produced per mole of palladium for each recycle experiment
is detailed in Table 3. It can be seen that the
substituted ferrocene based ligands exhibit enhanced

stability over the unsubstituted equivalent.
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WD 2008/ 065448 PCT/ GB2007/ 050717 104 Table 3 C
p(AdMe2 )2 TON (nol es MeP/ Mol‘@4“Cunul ative TON Pd)

P(AdMe2 )2 «c¢7 Conparative 3 Recycle Nunber Initial.
Roa- 98834 90834 Recycle 1 79113 169947 Recycl e 2
| e 3 80001334744 cvele 4 71211
G35 439591 UPBAUDLRg DR L e TON
i abqgyrun 84772 847'/2 | Recycle 1
e 69118 225527 Regcycle 3 42847
P683: 74 Recycle 4 14227 282601 PBu'z He P Bul2
Sk25§ Conmpound 3 Ipitial Run 90000 90000
Comparative 3
Recycle Number
Initial Run 90834 90834
Recycle 1 79113 169947
Recycle 2 84796 254743
Recycle 3 80001 334744
Recycle 4 11211 405955
Recycle b 17936 423891
Fe PBU“?
Comparative 2
Initial run 847772 84772
Recycle 1 71637 156409
Recycle 2 69118 225527
Recycle 3 42847 268374
Recycle 4 14227 282601
Fe PBU‘2
SiPn,
Cempound 3
Initial Run 90000 a0000
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woRRe¥6sesd 57821 392451 Recycle 5 86050 47858¢T/GR2007/050717
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Recycle 6 32934 51.1436 Recycle 7 9534 520969 Std
Batch Experinents in 70 wt % MeP, 30 wt % MeOH of highly
substituted ligands 5 Experi Fr%?]t al Reaction solutions
were prepared, using standard Schlenk 1ine

treohnilqguds. I n a nilt9legen purge gl ove b3X81968 ng of

Pd2dba3 (1 45 x 10 Inpl nc\ and-6 nrnu v-al

oo TGO A4 .aIlL\J

MM%? 10 1i gand 8(08337D x 10 nol es) vvhé?’@\%él ghed

HE0, 8 »00m  roun Jom fiask, The f{askzwgs then
transferred to a Schlenk line. The |ligand and

a)

Md},a:djc-um\ was then dissdlved in 125 nl |8bZdégassed

] nr nnl opate ln._ordar tn i d comml oevati-on t-he
LILA "2 LI UTTUAU O 11 A A B> A | LA Y4 o

&‘ﬁq%%nﬁ and i garc?@@erfl’o di ssol ved EEJHW?RQFU in

eIy Propi onate gnd,sfjrred for a perigqiahy 45
m nutes, before addition of further solvents. to. the

delaptdien.? This all g JFr the in situ fobadPiE8n of a

] Al anar DA N\ <~ ~Anaal Ay

nart r al v N

mout 1 ar, [} uUIIGI FI arral ru \U} bUII’JI CTA
[Pd(ligand)(dba)]. After conplexation, 175 m of

met hyl 20 propi onat e/ net hanol rri xture (50% by vvei ght
met hanol, 50% by wei ght nethy r opi onat e)

oﬁétgﬂa@éd: fRetdaents time 74 |versq< M%&ddu%q ot cofM@r?éi ndrighly
syld |tqltaeq]} q ; s 4201, conpletes the preparation
of the catal yst” solution. The catal ytic solution was
added to the pre-evacuated 25 autoclave and heated to
%g(%%m'll'nheem%%t ocl ave was then
Reaction sclutions were prepared, using standard Schlenk
line techniques. In a nitrogen purge gleove box, 7.8 mg of
Pd,dbas (1.45 x 1077 moles) and 6 equivalents o¢of phosphine
ligand (8.7 x 1077 moles), where weighed into a 500ml
round bottom flask. The flask was then transferred to a
Schlenk line. The ligand and palladiuvm was then dissolved
in 125 ml of degassed methyl propicnate. In order to aid
complexation, the palladium and ligand were dissolved
initially in methyl propiocnate and stirred for a period of
45 minutes, before additicn of further solvents to the
solution. This alleows for the in situ formation of a
neutral, trigonal planar Pd (0) complex [Pd{ligand) (dba)].

After complexation, 175 ml of methyl
propionate/methanol mixture (50% by weight methanol, 50%
by weight methyl propionate) was degassed and added to the
flask. Addition of methane sulfonic acid (MSA), 420ul,
completes the preparation of the catalyst sclution.

The catalytic solution was added to the pre-evacuated

autoclave and heated to 100°C. The autcclave was then

pressured with 8 Dbars of ethene above vapour pressure



pressured with 8 bars of ethene above vapour pressure
WD 2008/ 065448 PCT/ GB2007/ 050717 1.06 giving a total

whhasmuigg of 10.2 bars at 100C. Next the aut opt-B¥8 Wa850717

10

.....

pressured to 12.2 bars with addition of CO ethene

(1:1 gas) charged fromthe 10 litre reservoir. A

regul atory val ve ensures that*%he pressure of the 5

aut ocl ave i s mai ntai ned throughout the reaction at

13i2bays ot hrough poastant iaff ect i Dnbefsgas fI oM. hel\'ldz@t the
litre reservoir. The Eressure of, the reservoir as,

autPhedYealtsr pt‘:&r'?ﬁél §6ur€ vids 4 diged Thridugidut ?lﬁeOf co:

reagkhen (ipariods pf chabpsa Eheoles pooduced ateddyvoir. A
point in the 10 reaction can be cal cul ated fromthe

dr@ﬁumt%Ser veilive prassures bythgsunithg | dedissgags of  the

ag nayLeur.ang 100{%&5&’&%;' %ﬁ{:g ﬁhg‘?‘fhy'_}g%bo%é’é‘&mn at

I'oW ng Feacti on le 4

P(AdBBar)2 tinR(AdMezohztake GamparatdiveoB8 Mmd minom the 10
Initial rate Rate after 1 TON after 1 hour hour

397879 56595V85668 1§ P OPENTE He BEU LeSTConpbunyt sWell as
N@Kenyah&nbkl@bmggkngééewaét§5g%eackhﬁsh@hoét th8Ukeaction
hour. 67117 57599 599

period of 1 hrs. The moles produced at any point in the
reaction can be calculated from the drop in reservoir
pressure by assuming 1ideal gas [Pbehavicur and 100%
selectivity for methyl propionate, allowing reaction TON

to be obtained.

Table 4

P(AdMe, ),

(AdMe, ),

7R

Comparative 3

Maximum Initial rate Rate after 1 TON after 1
hour hour
39787 365473 35068
SiPh,
Fe PBu,
Compound &
Maximum Initial rate Rate after 1| TON afrer 1
hour hour

67117 57599 59995
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Fe2)1 Si Me3 Conpound 6 Maxi mum Initi al

rate Rate

wolb®desdas TON af ter  hour hour 54449 53081 48%98,cHB7/050717
"2P PBu 2 Ph3Si PH3SIi 1 Ph3Si Conpound 7 Maxi num
Initial rate Rate after 1 T(]\I after hour hour 61472
56391 57137 SiMe P Bu'? Fel®Bu'2 SiMe3 Conpound 8
Maximumlnitial rate Rate after 1 TON after hour hour
4 BABINBBRB17 WD 2008/ 065448 PCT/ GB20Q7/ 050717
h3Si PB%JZ 2 Fe |GSi Ph3
e P(AdM
SiMe,
Compound 6
Maximum Initial rate Rate after 1| TON after
hour hour
54449 53081 48798
Bu',P PBU,
PhySi ‘ PH.Si
Fe*
PhsSi
Compound 7
Maximum Initial rate Rate after 1| TON after
hour hour
61472 56391 57137
SiMe3
PBuU,
Fe PBut,
SiMe,
Compound 8
Maximum Initial rate Rate after 11 TON after
hour hour
43823 36346 38317
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Compound 4 Maximumlnitia
1 hour

wSkfhRsfkeypound 3 Maxi muminitia

1 TON after
~P Bu'2 z~ Fe PBuU' 2
rate Rate afj@nci20060717

rate Rate after

hour 51875 45793 51052

after 1 hour hour.

55565 44176 47783 Fromthe above

data it can be seen that substitution of the

cycl opent adi enyl ring at
bottom rings provides nor

posi'ti®ons on both
e active and stab

the top and
e

5 I'n addition
i Bugpec

papers an

speci fication in connecti
whi ch are open to public
2008/ 065448 PCT/ GB2007/ 05
t he contents of all such
i ncorporated herein by re
[ H_in this specifi
ctabSifh; abst
all o steps of any

g%§@$g§§g,4nay be conbin

nati ons where at | ea

in stabilityi

, bul ki er |igands
i es provide furth
The reader's at
d docunments whic
ious to 10 this

on wth this appl

| nspection with t
0717 109 specifi

papers and docun
ference. Al of t
cation (including
ract and draw ngs
net hod or process
ed in any conbi nai
st _sonme of such }

and

<14

ention is
h are fil ed

cation and

hi's WO

cation,

ent s are

ne features
5 any

, and/ or

SO

i on, except
eat ur es

and

anght omust epstane natoal |y
di scl osed in this specifi
acconpanyi ng cl ai ns, abst

rxctusiyetel0 Ba
cation (.includin
r3%¢ and dr awi ngs

chiofeat urfgier
. an
?OH%y be

Epsaced by

45793

51052

PBut,

Fe

SiPh,

Compound 3

Maximum Initial rate

Rate after 1

hour

TON after

hour

55565

44176

47783

From the above data it can be seen thalt substitution of

the cyclopentadienyl ring at pesitions on both the top and

bottom rings provides more active and stable catalysts.

In additicon, bulkier 1ligands and multiply substitued

species provide further improvements in stabililty.

The reader’s attention 1is directed to all papers and

documents which are filed concurrently with or previcus to
this specification in connection with this application and

wliich are open to public inspection with this
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alternative features serving the same, equival ent or
simlar purpose, unless expressly stated otherw se.

wolhusoessysl ess  expressly stated otherw se, eaebrioaabameser17

di scl osed is one 15 exanple only of a generic series

of equivalent or simlar features. The invention is

not restricted to the detail $"df the f or egoi ng
enbodi ment (s). The invention extends to any novel one,
@rp@mi;ficmmel ag@nisinsat con{cotst e featurseﬂyh papers and

SRS B R OO G e e

any novel one or any novel conblnatlon of t he steps

f t hod di scl d WD 2008/0654
BT/ GO0/ 0SE7EF> 1100 CTA M 1.0R ABGSH T bitatar s Luding

|mngaﬁdc0ﬁp4ﬁyna@ahlhmmmu|&b(ﬂﬁactSa@ﬁ)dﬁ@wﬂﬁﬁ }XZand/or all of

-R-B rein A and B.ea _
%h epéﬁﬁéntpy re é?es ) Iomé”“xfkwlene %‘ an“i may  be
@DmbpﬁeﬁzTEHHW?SGDMBHﬁﬁﬂmﬂmnocacé@ﬂ Qnmbnaerco@drwhararet Jeast

haVIngfaI l %Laﬁu%5 (”y%/aroﬂ%%péza&%ngutucﬁvﬂ %QCS%;lJ%
Qﬁ areé eac , t'he” respective |ng group,
on avail abl e adjacent cycllc at ons of the at | east

%‘?«harr%%hgg r&ﬂ%%lénsg \J(hcrth' 1§ SUbstitute H"‘“ﬂncﬂﬂﬁng any

nore su stltuent on one or nore
arcomapd ey irgy cllipemat om{E)ract theé draomatse. s'tlcnucktmrreplaeed by

%ﬁ@%?hQL‘H§ §%&EﬂfeLueQ§Q§%g th@n fﬂ@ ar, Qﬁﬁ@h?ent or similar

structure has a total X af ons ot her than
ypdregen syl tchatexpre s Ny ! Q§Led otherwise. Thus unless

expressly stated otherwise, each feature disclosed is one
example only of a generic series of equivalent eor similar

features.

The invention is not restricted to the details of the foregoing
ambodiment {s). The invention extends to any novel one, or any
novel combination, of the features discicsed in  this
specification (including any accempanying claims, abstract and
drawings), or Lo any novel one, or any novel combination, of

the steps of any method or process so disclosed.



4, where n is the total nunber of substituent(s) Y
and tY' represents the total nunber of atons other

wb B@obyds ogen on a 25 particul ar substituentpficebddiosor1y
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groups X1, X, X and X independently represent
univalent radicals of up to 30 atons having at | east
one tertiary carbon atom or %% and X and/or X3 and
X' together forma bivalent 30 radical of up to 40
ateMShaving at least two tertiary carbon atons
wherei n each said univalent or bivalent radical is
joined via said at |least one or two tertiary carbon
at onsA r egpeEdt byéytatep libhent espacrievel afomud 6f) Q ;
and WD 2008/ 065448 PCT/ GB2007/ 050717 111 Q and Q
each i ndependently represent phosphorus, arsenic or
antinmbhy. 5 2. A process for the carbonyl ation of
ethylenically wunsaturated conpounds conpri sing
reacting said conpound with carbon nonoxide in the
pXesence of a source ofrpydroxyl groups and of a
cata é;-sys;em%-;@e—qﬁ\g!yst system obt ai nabl e by 10
cerbining: (a)|a netal of@oup 8, 9 or 10 or a
compound t her g: and (b) a bidentate |igand of
general formula™(l1) 15 (1) X1 X3 X2 ~ 2-A-R-B-Ql ix
) vheadier:ei n: 20 A and B each i ndependently represent
| oner al kylene linking groups; R represents a

hydr ocar byl aromatic structure having at | east one
aroaBd i B ephtlg todaphinchnQy angb:@scarte aedeheki nkieglend alinking

t he
group;

R represents a hydrocarbyl arcomatic structure having at least
cne aromatic ring to which Q' and Q° are each linked, via the
respective linking group, on available adjacent cyclic atoms of
the at least one aromaltic ring and which is substituted with
one or more substituent(s) Y on one or more further aromatic

cyclic atom{s) of the aromatic structure;

wherein the substituent{s) Y* ¢n the aromatic¢ structure has a
total *'"Ety" of atoms other than hydrogen such that “77Zty* is
> 4, where 1 is the total number of substituent(s) Y* and tY*
represents the total number of atoms other than hydrogen on a
particular substituent Y7;

the groups X', X%, ¥ and X' independently represent univalent
radicals of up to 30 atcoms having at least one tertiary carbon
atom or X' and X’ and/or X' and X' together form a bivalent
radical of up teo 40 atoms having at least two tertiary carbon
atoms wherein each said univalent or bivalent radical is joined
via said at least one or two tertiary carbon atoms respectively

to the respective atom Q' or Q7; and
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25

30

25 respective linking group when the latter is
present, on avail abl e adjacent cyclic atons of the at

w( magbesasse aromatic ring and which is substi tpgtrach2abtdzer17

one or nore substi _tuent(s) Y on one or.. nore
further aromatic cyclic atongiz of the aromatic
structure; 30 wherein the su .tuent(s) Y on the
aromatic structure has a total x Et Y of atons other
than hydrogen such that XX EtY is 4, where nis the
tot alhg REMBeLnL of 1§ i€ t@égrg/eﬁyukﬁo h@@h arsenic or
2008/ 065448 PCT/ GBZ007 /050 17 112 represents the
ttafMoRtinber of atons other than hydrogen on a
particul ar substituent Y'; the groups X, X2, X3 and
X i ndependently represent unival ent 5 radicals of up
to 30 atons having at |east one tertiary carbon atom

@. Xa angraceand/ osr X' taBd XatR@et herod or mra hinvdghentcaily
radi cal of up to 40 atons having at |east two tertiar

CHPBGHT 2SR DE MR EIPn B T€APY - GRP U Eht S8 broaPRHtd with
raadibeal mbsotiienad tvkapsatchal dreastko0R€s O5F IMRIroxyl groups

tertiary carbon atons respe tivel 10 to the ,

RS et |Ve03€%ﬁ>ﬁ§ f)*r“(ﬁm'ang‘ aé%&y S¥EHe™ obtainable by
irgepensent |y represent phosphorus arsenic or

anti nony; and, optionally, a source of anions. 5 3.

A bidentate .l.i.gand or a process according to clains
Le0r 2 mewberef rsreachs ' ¢ independentdoppbepieseteds: and
- SRADR" ' R 0 wherein S is selected.fr any one or
nge ofbééeﬁfﬁ’ W@gan% D Ayt { Elﬁrérn9gken Sis
aryl, RA, R"'" and R' are |ndependently sel ected from
any ong or nore of hydrogen, alkyl, -BQX3(X ) 25
(mherern 13, X and X' are as defined in claim1l above
and Q' is defined as Q or Q in claiml above),
ggosphorus aryl , NG

//
Q2 —A R B !
X2/’/ l Q\\\X4
(Y,

wherein:

A and B each independently represent lower alkylene linking

groups;

R represents a hydrocarbyl aromatic structure having at least
one aromatic ring to which Q' and ¢° are each linked, via the
respective linking group when the latter 1s present, on
available adjacent c¢yclic atoms of the at least one aromatic
ring and which is substituted with one or more substituent (s)
Y* on one or more further aromatic cyclic atom(s) of the

arcomatic structure;

wherein the substituent(s) Y* on the aromatic structure has a
total *'ItY" of atoms other than hydrogen such that V7EgY” is

z 4, where n is the total number of substituent(s) Y" and tY¥Y”



aryl ene, al karyl, arylenal kyl, al kenyl., alkynyl, het,
hetero, halo, cyano, nitro, -OR -0OC(0)R?0, -C(0)R

wo Slheds, - N(RR', -C(O)NR)R2, -SR', - CR)58B2007/050717
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-C(S)N(P"'")R 8, -CP;, - 30 SIR'R "Ror
al kyl phosphorus; wherein when Sis Si, C N S or O,
R'0, R' and R'" are |ndepend@n%ly sel ected from any
one or nore of hydrogen, alkyl, phosphorus, aryl,
arsppenental kaeykotak abdkyder mfyleé@abkythesstfaaﬂ(éhwrogen on a
1 aeL, 't al o, cyano, nitro, --OR'Q -
%&y u}ap ubc%‘celt% 9&(%)0‘% R R
C(O)N(R")R 9, -SR', WO 2008/ 065448
/%07;(7 1:I-e’mg( Q) SR%ererge@tN@Rg‘o})Bg&mt Gidivalent
-SlRl R 2R 3 s or al kyl phosphorus, ~wherein at |east
oned gfalR' OR1UP| §ongl Hydtcodeninahet el gp ¥ @rRaeertiary carbon
referred ko herekn pRy,dndgpendentd y:hpcgeperalhy a Sivalent
sel ected from hydrogen, unsubstituted or substituted
aFyiior Ainsuibdl ¢t @HOBF SBSTY tdit SF2arkyFO ARBEIaFY carbon
agddbtd ameRei pBYa bie sankt (i vhBi, 2MoReadntt Ra@icandis joined
R'-R' are defined as Rt0-R'" but are preferably Cl1-C4
alk§ylsaid @totephierffe °4. BrHet ¢i'gdnd BErIb?%@et?g"’aE“peCt”elY
ctaited veRpetai v Jtowher eirngt heingsubstituents are
sel ected fromal kyl, preferably, t-alkyl such as
-t--butyl; t--al-kyl,aryl such as 2-phenyl prop-2-yl.;
aka$ﬁﬂ,|@ﬂ S UGhicasnda SINB3; repfreyl | pabkytqphenylarsenic or
phe al kyl - such as 2- phenyl prop--2-yl ;
phds %ﬁ?ﬁbalkyl-- such as phosphi nomet hyl ; or
phespharushawhy chh gooups smywrbendnsubstituted or
substituted. 5. The ligand or process as clained in
any preceding claim 20 wherein there are two or nore
said Y" substituents 6. The |igand or process as

CgalnEdle%ﬁ%ggl aﬁ@h%relnh%¥g§41racgggﬁﬁﬁgﬂﬂ% claimg 1 or 2,

stbstTtuents CO %e t o for Urther rin
stnepdiur @acpbY” independently represents —onR*Hf?

wherein § is selected from any one or more of Si, C, N, 8§, O or

aryl;

wherein when § is aryl, =1, R" and R* are independently
saelected from any one or more of hydrogen, alkyl, wBQlﬁf(Xﬂ
(wherein B, X' and X' are as defined in claim 1 above and Q° is
defined as Q' or ¢ in «claim 1 above), phosphorus, aryl,
arylene, alkaryl, arylenalkyl, alkenyl, alkynyl, het, hetero,

10

halo, cyano, nitro, -0ORY, —0C(O)R*, -C(O)R", =-C(0O)COR??, -
N(R¥)R™, -C(O)N(R™)R?, -gR™, -C(OISR™, -C(S)N(RHRY, -CF; -
SiR™R7*R™ or alkylphosphorus;

wherein when $ is Si, C, N, S or 0O, R, R" and RrRY™ are
independently selected from any one or more of hydrogen, alkyl,
phosphorus, aryl, arylene, alkarvyl, aralkyl, arylenalkyl,
alkenyl, alkynyl, het, hetero, hale, cyane, nitro, -OR*®, -
OC(0)R™, ~C(OIRY, —C(O)OR¥*, —N(R*)R*, -C(O)N(R™)R™, -8rR¥, -
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7. The ligand or process as clained in any of clains
1-6, wherein the hydrocarbyl aromatic structure has

wd foosnd3443p to 30 cyclic atoms. 30 8. The |i gaag/@E2007/050717
process as clainmed in any of clains 1-7, wherein the
hydr ocar byl aromatic structure 11(Y1" Is selected
from4 and/or 5 t-al kyl benzené? 1,2-diyl, 4,5
--dlphenyl benzene -1,2-diyl, 4 and/or

5 (ShERY) - bEnS BheR ) . di yE: 4, 5=9iR IR Bt yl ox  bbnzamesphorus,

h@@w&%w&mL@WWw@th@ oyl 2,3, 4
35 and/or 5 al kyl - napht hal ene- yl,
1Hinden-5,6-dl.yl., 1, 2 and/or 3

TRk £ 103 kORI, 60 Ol Vo A olT6L Whbe o indene.. .
VB 2008 enas T Gas0ur sasr 1l Tarr Y. drGy I e atty

dtrdrer e3- draet AYITOITH | WSS 16V Py | 8T fueotltuted drvl or
RirsGhbE L meldd o3 Iyhoke i §@&§enazpiyqr ar&nd In6a8hYliofR? may be

(trimethy.Is.ilyl) benzene 1,2
FI5REs pht HomBRYP Heridene - 1, 2 d| yI
4-(2' - -phenyl prop-2'--yl) benzene - 1 2 diyl, 45

di net hyl sj Iyl benzene- 1, 2di y|
f“@lRt“ﬁutfﬁongfﬁﬁPeglaFyB bBnzEBRe- 218 Rfi§herably Ci-Ci alkyl

4rr- Ghebutyl dinethyls.i.ly.1)-benzene-1,2di.yl, 4-t-
butylsiIyI-benzene-l,Zdin,
4-(tri-t-but:yl.si.lyl)-benzene- 1,2diy.1,
@-(ZThberlhgbuﬁybrpfor@@efZJ -y4 ) benzene-ih, 21dikyk, 4herein the
ﬁ%%ﬁ%1ﬁﬁ@mwﬁ%WM%%wwﬁ%mmtawﬂLm
(@2 ; Z'bétym'41emkame&fgaIqu&h-esbutymeqymwkoa 2Y¢) - bﬁm@enllyl
2 d| r 1 )t ; errocene iyl, .
DW%E a%henywé”'f%% %ehea?kBlB@? H lphep%%%;%yq stich as 2~
Phepheépydp-feynoceptolpRigbailky 14, Sfuch as phosphinomethyl; or
1. -feryogcene- A
%m) Eg%yffeg?gce 1ni ﬂwydge un%ﬁ?Q.{uted or substituted.
1 )(trlnethyIS|I yl) ferrocene 1,2 di.y]., 4-(or 15

% )pq%%pqﬁgﬁﬁﬁtgy Eroégxloggnglaﬂme% QUyl%?y prégeg ng)claim,

prop-2°-- errocene -

(‘@Pmln)mw@t hyPsi‘Fcylffremoeeenelq YZdﬁthJAmeot 31' ) di -t -
butyl, methylsilyl ferrocene-1,2diyl, 4-(or 1')(t--
butyldlnethyIS|IyI) ferrocene-1, 2d|yl, 4- (or

Pt Theut y¥&id s peofess oterdairodi Vil clgifop, wherein two or

Lokt 1 shigt - MM SIdRk k- - ReRFOCeNe s form &  further ring

structure.

7.  The ligand or process as claimed in any of claims 16,
wherein the Thydrocarbyl aromatic structure has from 6 up to 30

cyclic atoms,

8. The ligand or process as claimed in any of claims 1-7,
wherein the hydrocarbyl aromatic structure R(YY), is selected
from 4 and/or 5 t-alkylbenzene- 1,2-divl, 4,%-diphenyl-benzene
-1,2-diyl, 4 and/or S-phenyl-benzene-1,2-diyl, 4,5-di-t-butyl-
benzene- 1,2-diyl, 4 or 5-t-butylbenzene- 1,2-divl, 2, 3,
and/or 35 t-alkyl- naphthalene- 8,9%-divyi, 1H~inden~5, 6-diyl, 1,
2 and/or 3 methyl-1H-inden-5,6-diyl, 4,7 methano -1H- indene -



1, 2diyl, 4-(or
1')(2'--tert-buty.lprop-2'-yl)ferrocene-1,2 diiyl,

wdadRloesksg (2, 2", 3", 4", 4 _ PC’;‘/G};zoowe}som
pent anet hyl - pent-3' -yl ) - ferrocene- 1,2diy]., 4-(or
1')(2',2",4" ,4" -tetranmethy] ., 3 -t- butyl--pent 3 -
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yI)-ferrocene 1,2 diyl, 1", 2'--3‘L tri.phenyl ferrocene-
1,2--diy.l, 25 1',2',3',4' -tetramet hyl ferrocene-

1 grdiigl, 1L, 27, SndVor @tdaphicny] . Ferrgeend 6-diyls, 13-

%?%S: g::rilé'l‘ﬂ:et ¥ %Jrl% 5' Sg%gpenta enyr er;g?refg(;%-el’?é}?l

4—

1 (e irghityly 1 s 80y D). ?ﬁhydﬂﬁgéna QFYbfo@€§§w@§l@@%ﬁqﬁﬂi|h¢n?0“e -

ap,\/g OfdJ_ngal g _ ;17 -;pghewx{g}%@w ﬁagh Y' pandler conbi pation,

SIS ast as sterlcally

4—

h@n@l@rhmglésllpﬁe?mo Taod ey or e‘f@irlabr?utstl Mty i1 86 \Wenzene-
2008(065448 Pg- 11?%%@9%@@1%71]&1yll5bélezenEhQ bhgand or 4.

process as clained in an{é2 c alns - erein the
gPoup X1yl epreseit s ERI(R2) (R3
R 4R y1,(R ,4%§rt@@f@mty$p%(ﬁ) y(lR%)anaé}M 2 divl,
re resents CR O(R") (R { wherein R _to R 2 rePresent
al kY12 ra@ryP ' of " hetPémgarethyherantganay bt 1rgeass! a1yl
ckai ned 4|’n4antYlean%|Lavlff$3’1 tLbutymh@érem'Lpe ObGARING -1, 2
R4 Re,, RI- R and /or 0

tpépyé@éﬁ@§Llyl ~benzene-

af tern natlvé?’il RIREHREN S TROSRE T whén a‘%%%lcl at rédf’vﬁ“tﬂ%‘enyl‘

t het Fodegspect, |?V-@1§r$[t|4aerCar’b@Heﬁ\§Drf(e‘i)roftéﬁ@’rl 2- d_Lyl 4,

onpo

5

ite_grou 10 which are at le S ster-ca
Rl A A ey L i B A TIPS
aﬁlyj.aln%K*drn any ( Oflmﬂﬁﬁyﬁﬁllylﬁ favhercena- when dJy] 4-{or

d/or X represent g

3
% ?ﬂﬂjhoTeﬁﬁérngﬁﬁao% Vi or ladamahty ngreé X%f The |

ngmwyﬂgmbpp?ooess as fﬁﬁﬂdﬁ@deln any of kﬂ?alns di12, 4-

{or

W?t ac me&%yLs{]Py erro g!:’lge{ %ityli,Qz to \Ahdfc(l'(])rt hey arel')di—t—
butyl, methylsilyl ferrocene-1,2diyl, 4~ (or )y (-

butyldimethylsilyl)-ferrocene-1, 2diyl, 4-{or 1'it-butylsilyl-

ferrocene-1,2diyl, 4-{or 1"y (tri-t-butylsilyl}-ferrocene-
1,2divl, 4d-{or 1%)(2'-tert-butylprop-2'-yl)ferrocene-1,2 diyl,
4-{or 10y (2,2",3',47,47 pentamethyl-pent-3'-yl)-ferrocene-

1,2divl, 4-(oxr 1'314{(2',2',4",4’~tetramethyl,3’'-t-butyl-pent-3'~

yl)-ferrccene~1,2 diyl, 1¢,27,3'-triphenyl ferrocene-~ 1,2-diyl,

ir,2,3", 4" ~tetramethyl ferrocena- 1,2-divyl, 17,27,37,4"~

tetraphenyl ferrocene~ 1,2-diyl, 17,27,3", 47,5 -pentamethyl

ferrocene—- 1,2-diyl, or 17,27,3',47,5'-pentaphenyl ferrocene-

11 2"”dlyl .

9. The 1ligand or process as claimed in any of claims 1-8,

wherein each Y and/or combination of two or more Y' groups is

at least as sterically hindering as phenyl, more preferably,

butyl.

t._
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forman optionally substituted
2--Q--tricyclo[3.3.1..113,7)]decyl. group or

wolsnsvatidgve thereof, or X1 and X2 together w tplp1edisd007/0350717

20 which they are attached forma ring system of

formula la YYI R49H H Ra R50 R53 R51 R52 (1 a) 14.

The |igand or process as clai'fgd in any of clains

1-13, wherein X and X' together with Q to which

tiey Tree ligepdcleed nrayetor acamlophédnat | ynsubst ict] ated 1-10,
29 QL 125 (1 cyebof 3. 3,1. 1 decydy (group, or »: sents
derivative (’t hbér e% 3ér é oR et hg(r th ref)re ents
WY ¢RIt Rely ar & at F‘a@f%"d?mﬁor A (R n@ )systiefh ofx” fommli“aﬂent“
| YR: 20087 067448 RET: GBR00: 7/, B0c 4 1o iy 1160, 2 Bl

H R4sH /R54 R50 R53 R51 R52 (1 b) 15. "The Iigand or
process as clained in any preceding claim 5 wherein
%MJtaﬁkeJQ@@%Ht%&ep%bgéngsa@r%ﬂékﬁe@'§£dbn§ of claims 1-11,
but yl phosphi nonet hyl ) - 4, 5- dlg enyl, bepzene;,

fhgrcbpsE G - @rganzc group° R R'-R*, R~ R" and /for R'Y-

but y&]phomtmmmtfay%) r4+f PABAYS: DRNZENGhen associated with
1, 2-bis(di-t-- butyl phosphi. nonethyl) 4,5- bis-(
Hﬂeﬁétﬁ Fg?qsﬂvp 6@ﬁféﬁ§y carbon atom(s) form composite groups

Lin2<chi s{éliat iebut yis phesphibl nenetdrbhgdas t-butyl(s).
(trimethylsilyl)benzene; 10

1, 2- bi s(2- phosphi nonmet hyl -1, 3,5, 7-tetramet hyl -6, 9, LO-t
Hpoxa%edaﬁﬁﬁhy|br4@50déﬁﬂeﬁy|b&@iﬁ@ﬁ,ln any of claims 1-12,

h
fh’i%l g’r‘ g?sﬁg? ‘)?I'm§<6 9; IoﬁrlaBQéO%dénﬁﬁPﬁ/?jmt congressyl,

n@rpbenyl benzenepornadienyl or adamantyl.

13. The ligand or process as claimed in any of claims 1-12,
wherein X' and X* together with Q° to which they are attached
form an optionally substituted 2~Q2mtricyclo[3.3.1.1{3,7}]decyl
group or derivative thereof, or X and X' together with 0% to

which they are attached form a ring system of formula la

YY!
R%Qj /“ /RS54
RSD/L\ . l\ - Rss
R51 RS2

14, The ligand or process as claimed in any of claims 1-13,
wherein ¥X° and X' together with @' to which they are
attached may form an optionaily substituted 2-Ql-
tricyclo([3.3.1.1{3,7}]ldecyl group or derivative thereof,
or X° and X' together with Q' to which they are attached

form a ring system of formula 1b



1, 2- bi . s(2-phosphi nonet hyl -1, 3,5, 7-tetranet hyl . -6, 9, 10
-trioxa-- a.damantyl)-4,5-bi.s-(

wa hiogBEAYs si |l yl ) benzene; 1, 2-Dbi.s(2- PCT/GB2007/050717
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phosph.i-nonethyl--1,3,5,7-tetranethyl -6,9, 10-tri oxa-a

damantyl.) - 4-(trinmethyl.silyl)benzene; 1, 2-bis(di--

adanantylphosphinonethyl)-4,§&éiphenylbenzene;

1, 2-bi s(di.- adamantyl phosphi nonet hyl ) - 4- phenyl

benzengy22 bi s(d.i- adamantyl phosphi nonethy.L)-4,5 bis

ri t@yl silyl)benzene; 20

].HW | adzarant yl phosphi nonet hyl ) -4-(trimethyl silyl
be zenéf 1- (P, P adamantyl, t-butyl

ph@sphi NoNE J--2-(di-t-

bﬁfylﬁhggp |nﬁhethyl) 4, 5-di phenyl benzene; 1- (P, P

adangat yl , F@ebutyl

phosphlnonethyl) 2- (di -t-butyl phosphi nonet hyl ) 4-

phenyl Hékrene; 1- (P, P adamantyl., t-butyl

phosphi nonet hyl )-2 25 (di-t-butyl phosphi nonet hyl) -4, 5-

bis-( trinmethylsilyl) benzene; 1-- (P,P adamantyl,

t-butyl phosphi nonethyl)-2-(di-t-

bﬁz% yl phosphinemethyl Js 46t simethyhsi | vh) BepzghRgseding claim,

ph@%@ﬁﬁhon@@%ﬁﬁbﬂf 3, @?dﬁﬁﬂéﬁﬁanéﬂﬁ?Pdﬁ 9.210- t ri oxa? it
aﬂﬂ&@fphos%h1n&£ﬁtﬂy1 5-diphenyl benzeneg; 1,2-bis{di-t-

but yl phosphi nonet hyl ) !5 di phenyl benzene; 1- (2 30

pﬁ@%‘ﬁ*ﬂ”@@ﬁéfﬁwewlé“é' PITBLPRIEERY -6, 9. 10- 11 dxA- K@it
MBRE Yl pho: pthomééHyﬂ -4bet yI phasphi nesetdud)i=41phenylvenzene;

benzene; 1- (2 2008/065448 PCT/GBZOO?/OS 7

p osp%ﬁ@lﬁefﬁ'wt@%mepwle%‘tertéwéfﬁyr TR LV o .dié\’ib%%ﬁze“ef

ant ylnis 2- phéﬁ%hrdcﬂ@ﬁhYﬁPﬂQﬁﬁh7FBQDE&h%HW4 5;9 bicstioxa-
trlnethyIS|I ) benzen

1- (2-phosphino _
te??%ﬁﬁﬁﬂyrq6b§9ﬁpW?“?$F%&ﬁ”5danant q ge h%&”mhpgihomethyl
but y] phosphi anermting., %, )84J@kkﬁnﬁﬁﬁmén&yl | yl-4-phenylbenzene;

b
pﬁgégﬁlh&nﬁgﬂy?hjnoﬁftéy% Vetradet YT 269 Y10%t 11 oxa-ada®”

maniydtyl) 24, S-bis—( trimethylsilyl)benzene; 1,2-bis(2

gg%ad WQQF%tLPﬁoﬁgp%n9”§ e 4561 phenyl . Benzene: e y1)

phesmmmeﬂhylymbo&zan@;tetr amethy].-6,9,7.0-trili2oxis(di-

- ; 1,2-bis(di
I§Hﬁ§;¥%%g ﬁln Oth )t%yi di? ﬁﬂgﬁbonz ne%zene;i e (e

1a@2mamﬂylphosphlnomethyl} -4 - phenyl bon7ene, 1,2-bis(di-

pQ8§Rﬁg§ﬁgﬁBb¥§1n&%eé%y§a74t§tr}ﬁﬂﬁthy kr1£%é%ykgllgﬁ)bénzene,

oxa- a
( di adaimeivtiykphosphi Leheas hytnethy ! 5= B ltgeimethylsilyl)

tEehE@%éyy |1S ,Eyladémantyl, t-butyl phosphinomethyl)~-2-{di-t-

butylphosphinomethyl} -4, 5-diphenylbenzene; 1- {P,P adamantyl,

t-butyl phosphinomethyl) -2— (di-t-butylphosphinomethyl}~

phenylbenzene; 1- (P,P adamantyl, t-butyl phosphinomethyl)-2-

(di~t-butylphosphinomethyl)-4,5~ bis-( trimethylsilyl)benzene;

1~ (P, P adamantyl, t-butyl phosphinomethyl)-2-(di-t-

butylphosphinomethyl)-4-(trimethylsilyl)benzene; 1- {2-

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

2 - (di-t-butylphosphingmethyl) 4, S-diphenylbenzene; - {2~

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

2 - (di-t-butylphosphinomethyl)~4-phenyl benzene; ; - (2=



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

wa roa4adamant yl ) - 2- (di adamant yl phosphi nonet rglr)esoo7/0s0717
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(trinmethylsilyl) benzene;

I-(di-t-butylphosphinonethyl}i - 15

(di . adamant yl phosphi nonet hyl , 5-di phenyl benzene;
1-(di-t- butyl phosphi nonet hyl ) - 2-

(péumiphaewmyylrbh%s?}hw@ﬁé@rnwyw Bhehyi isenzedenantyl) -

L (d.i.--t--butyl. @ﬁ%iﬁﬂlnbmgﬁhyl)q 5- bis-(
(dladanantylphosphlnonethyl bi s- (
Hrlﬁéfhy}s%%vl?ehéﬁ%éne (? phosphinomethyl-1,3,5, 7-
3%e&@bme£h§mﬂéybph@sﬁﬂﬂd%aﬂﬁhﬁﬂ$ﬁLéﬁ) - 2 - (it
di adamant y hosghlnonethyl)-4 (trlnethyIS|IyI)

Xéﬁgoo@ptyomet (triméthylsilyl) benzéne; 1-(2-

tyho%zmﬂmﬁﬂmnwg;iletetlaﬁe@muaU@t hy! c16,%al-a@akdndy1) -

oxatr . cl o- L dec I) 9, 5-di phenyl .
Eénzéﬂéd qu?tﬁlg?%gphlnomet J dlphenyl behzene; 1-(2-

@ﬁm&phhmﬁﬂﬁﬂﬁ&Li15345ﬁi@ﬁkﬂﬁéhﬁl-66J93¢Qrkagxaﬁﬁmﬁyghjm2w

o__agamantyl hoag%zggg 4laPH$QXn beni%ﬂ? 132__hls(21~(2m

qhm&phnmmmﬁﬂhqu153;5Fnkﬁﬂemhyﬂy@eﬁsloettﬁudxaahﬁhmaﬁﬂyl) -
{3 Sé%li&%@aglbhpgoqujnomet?l ( trlb1othy|5|lyhgethylsilyl)

enzen
bmmzsﬁa=phosphlhoﬂE@hybpﬂpﬁmﬁxm&uﬂexhyjJuﬁegr&ﬂﬂﬁWﬂF6x9,1o—

%&Qb%gcagﬁe%§y§) é%ééh%angy{gho sph %g%gQ%ﬂxtﬁtlyl)
phosphihnonetiy| . L2nz8n&r tri - mettiyt e 618, y10hetph Oxaterhy 1) -2~

K L e CRAE U T
gubylﬁhq$ﬂpﬂemthybbﬁQene (diadamantyl pho»phlnomathyl) -4-

hosp) i hyl - , 5-tri thy 10 -
ﬁ?%%&gtrlcyéfggggéB 1. 1[3 7])de H? 1mh_§p%o 5% nomethyl) -2

ml@ﬁehé%@mpﬁ@éﬁbtmetﬁlﬂkéh Tf§/1I Jdeﬁz-'emethylollyl) benzene;

p e
@Z t BM%yﬂHhBQHEE$BH Lhy} irloxatrlcyclo-{S 3.1.1[ 3.

1
7(]C§1@€é§}f1’)1t‘12113‘3]5> (Déw@metﬁuﬂyréhb%@m%éﬁéﬁhwl) - gbeasings (L, 2~

tiisret b sid Wohe PRAZENE;, o tr1methy1 , 9, 10-trioxatricyclo-
1-(2- 5 0S hlnonethyl--l --trlnethyl 6,9, 10-tri. oxat

r3-3cyck b2 - MD92008) 065448 PPETY GB2007F680717 118 1/ 2-bis(2-

{p&o%pﬂml{nﬁm‘:ﬂy)ld@cylé Lzmmw;ﬁb@ltwhr@h@spbmofm&tyhyb) 4- -
nzene

ﬁ}(é ﬁhbé%ﬁ“ﬁ&ﬁﬁVhy @qﬂfmgl benzene; 1,2wb¢s(2ﬂ
tﬁHd@@hhybméhﬁ%ll@ By §-oxatuci 6y el ©-4,3.03c 1: 3§ & Zlydecy! .

%d' adamantyl phosphinomet vl ) ; & a Al Rheny! bQSQeznee’ie 1,2-
phasphpn@ﬂﬁhmwhethg1:B:ﬁf&tkmﬁéhmh~@v9,1@~ﬂmMﬁmatmtﬁ@mb—
f§.3.1.1{3.7]}decyl)"4—(trimethylsi1y1) benzene; 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

benzene; 1-(Z2-phesphinomethyl-1, 3, 5-trimethyl-6,9,10-
trioxatricycle—{3.3.1.1[3.7]}decyl)-2~ (di—-t-
butylphosphinomethyl) ~4-phenyl benzene; 1-(Z2~phosphinomethyl-~

1,3, 5-trimethyl~-6,9,10-trioxatricyclo~{3.3.1.11{3.7])decyl)~2~
{di-t-butylphosphinomethyl)~4, 5-bis-( trimethylsilyl) benzene;
~{Z2-phosphinomethyl-1,3,5-trimethyl~-6,9, l10-trioxatricyclo-



{3.3.1.1[3."' 7] )decyl ) - 2- (di adamant yl phosphi nonet hyl ) -4

- phenyl benzene;

wa2(0dnphiasphi nonet hyl -1, 3, 5--trinethy. | -6, 9, 10pCT/GB2007/050717
trioxatricyclo-{3.3.1.1[3."7])decyl.)-2_-

(di adamanty. | phosphi nonet hyl ) - 4 5-bis--(

trinmethylsilyl) benzene; 10 118

1- (2- phosphi . nonet hyl . - 7. ,3,5-tr|nethyl-6,9,10-tr.ioxa
tﬁ3cyd]d {3.7)}decyl)-2-{(di-t~-butylphosphinomethyl) -

gu?»m;ledq[ﬁ Zl%ﬁe C%%)Qen%"(d' adaﬁaqtybpppémﬁ%eﬁm N,3,5-

10

15

20

25

30

trimethy

benzene:

1t321rhﬁts}1y|éeﬁ;9f10ﬁ{¥rl@€<2tph@§1dm @Bt hyl (3.7] decyl) -
X/(;B_L aznatn?t, E@W&Wnom@tgyﬂ ét 'ste)ééﬁéﬂ;,wC %egééné 1 1[31

benzene

nyl
1P@W%‘ﬁﬁéﬁﬁhnbrb(32ﬁphéslb?ﬁ}h’én’ét Hy%oiteloxatrlcyclo—
]14§ P 17-1 tsetrf%@tml-vﬁ(&4&@%92@%5,;@%!0%%}3} Ll Bedyv1

decyl )- 4- phenyl benzene;
1bonxineiperf | uor of 21 pHosPRERBHRIRHNYI- 1, 3, & timethyl-6,9,10-

teﬂ&r@:trnﬂmﬁ@ .Gt ucpzat }Ic@éqh 0$3. 3. 1. .1[3.7]) - decy
-bis tri. neth | si. yllg benzene;
benzene;

el erpu Fragoeane sy

5-bis-( trimethylsilyl)

DDOSMH&@E:\FBH H&rhet]hya 9, Z $ﬁirﬁ&i€£ﬁhiﬁyl6 -6,19-10102 ricyclo-

trloxatrlcyc

béﬁf%ﬁe][f é %ecy A§3%¥Eghégéﬁlnome£Q¥£S|lyl)

(Ztrxﬁuxﬁpmsnoﬁetrbdnzbna 5, 1; tebya{deritl Loos 2--mebhylndmethyl-
tr

1 L3 T TRt 4 L dHRERYT BeAde? 1 1) R ceey) -

(Q.Ehngmbhnmneﬁdnﬂeﬂé 3, 5, 74t etbia(-tpreixfth voos OrHpebhyh)romethyl-

6,9, 10-1 11 gxatrHBSy%|9{§o%l%o§g 71)decyl k- 4-phenyl oo -

behzene

(Q-mﬂnm&phﬁnonenhyl-ﬂJZ}Hi37pEefI&qﬂqwﬁﬁbhesmhﬂnanhyhy)ei,3,3,7—

tg%ééééehfl ,?ﬁgt%XS L, 02 cé% % }ng@%h%¢9¥5laé%ﬁ%abh§5-big—

I et

benzene

(2 phdspheLhnbnEBﬁyl bonzene, 1, 2-bis~-perfluoro(Z-

Pf’f@ Wi bREEALE T f3| %OBE%@BI )5 6.8, 91q

i oXatricycl013.'3

ecyl)-~- -(trlnethyIS|IyI)

ARG I ETETED flmuph@smﬁw@whmﬂ 4, Baénzene;

dh 7(3443henylpp599 éklndﬁekhybﬁﬂﬁﬁﬁﬁn tetrdgtrlfluoro -methyl) -
7.,2-bis(di-t-butylp gh i -nomethyl)-4-(2

pﬁe%yﬂbﬁéboﬁatVV¥ﬁéﬁién

[3.71} dccyl} 4, 5-diphenyl benzene;

11271%145(d|-' EHByﬁmﬁﬂxﬁéﬂh QBN )7t e Ba (it uBHE Yhet ny1) -

benzene

451 2 Wity 'aéﬁfz@ffe/do 3.3,

di--t ut | phosphi nonet hy|
y ?dec§€) phen}i) benzene;

1) 29 i ss( 2- - F’(h’oéﬁbl‘MXkyill 235977t 35rd (¢rifluoro-methyl)-

tetramet hyl -6

df e 29~ tﬁﬁ@ﬁ?f‘fﬁ%’ﬁ pa 23y} Henends

i oxa- adananR%ﬂ% 4 A pis

1¢ 2::0its( 21 phosphinosei;hyl - 7., 3, 51, 7- bﬂgy:ranembybhyubmethyl—
2008/06?448 PCTCQ%;ZOO?/O 073576 5 10-

tetral uoro-mathyl
trioxatricyelo{3.3.1.1(3.7)}decyl)-4—(trimethylsilyl) benzene;
1, 2-bis(di-t-butylphosphinomethyl) -4, 5- di~ (2 'phenylprop-2’'-
yly benzene; 1,2-bis(di~t~butylphosphinomethyl)-4-(2'~
phenylprop-2'-ylibenzene; 1,2-bis(di-t-butylphosphinomethyl) -
4,5~ di~t~butyl benzene; 1,2-bis(di~t-butylphesphinomethyl) -

4-t-butylbenzene;

1,2-bis{2-phosphinomethyl-1,3,5,7-

tetramethyl-6, 9%, 10-trioxa-adamantyl) -4, 5- di-(2’-phenylprop~2'-

yvllbenzens;

1,2-bisg(2-phosphinomethyl-1,3,5, 7-tetramethyl-
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1.19 6,9, 10-tri oxa-adamantyl )

benzene; 1,2- bis(2-phosph.inonethyl
wonRved/esianet hyl -6, 9, 10-tr. i oxa-

-4 2' - phenyl prop-2'yl

adamantyl)-4,5-(di-t-butyl)benzene;

1.,2-bis(2- phosphlnonethyl

-1, 3, 5,

PCT/GB2007/050717

1, 3 5 7-tetramethyl -6, 9, 10- t t{ dxa- adamantyl .)-4-t-buty

| benzene; 5 i,2-bi.s(di- adanantylphosphlnonethyl.)-4,5
@pS(QOIﬁﬁﬂgﬂapﬁ@@mqpty&y|ybgﬁje@éenylprop 2'yl benzeneg; 1,2-

a%lt)lyf' 6{29 TO0-trioxa-
é&éﬁﬂﬁ'ﬁw oo Sphihomeat iyt ) ban z e - tl k?utbyp { Benxepdinonethy 1~

QLﬁﬂéﬂpH%QQH@{%QQJQhQS@hﬁ
henylprop-2 --yl) benzeéne;

1, 2- @|$(Egtra@g@%f
benzene: 1- 10 adamanty

1,2-b

Uty

6h83€h‘3{%ﬁﬁtﬂﬁyﬂﬁll@h@@phl{lomethyl 4

ut ykphosphi nonet hy7, } - 1631éro@h?ﬁ%m?n%hlooeﬁpﬂ%me%hﬁw«1
utyl

) benzene; 1- (P,P adanantyl

BRE8 PP TSR hwi 2-(di - - Penkene;

m@v,lgph@sgmmhnmb)mﬁrt DUt Ylicvivenzene;

di-(2'phenylprop-27-

1 22— blo(dl—‘

Bubmhﬁb@ﬁmgﬁﬁﬂﬁérhmﬁyl’% @25 phanyhpt 0pezad;) benzeneh: s (qi-
hosphi nonet hyl ) - 2- (di -t

~t - pUtVA*hEnzene; f (P, P
@Bhﬂdnaﬂanantyl t- mubytyphosphlnonqﬁhykmlao&étﬁyu ~(di-t-

phi_no VAPRS | benzene;
%ﬁié% ?)‘rﬁ 8%?{:‘%{“ d% Mol B E
IPtEtran9bh¥haﬁk§ﬂ lO--trt{bﬁtyadanantgﬂdsphin&metﬂyﬂ)=Q-(diwt,

R AR Y

h|no

%}H y 21f‘~ Bblp

1-
27 y]}benzene; 1i-

LYo DO B Pzt Ly FeRYEHE PP v benzenes A (7,
eaamhmsphlnonethyl i Buﬁyﬂ-tetranetmwos Bh9nd@etiloxa-¢di-t-

RIRER sk mon@ehuty 4o dips-hutbens

phosphinomethyl)-2-{di-t-

ﬁdabemzehe ; 1- t-butyl
P%@iﬁ{%gé}%ﬂ@{w

ene

enyl prop- 2t yl (F, P

1t385§;ig§§fé%g?thXL_§2gpﬁé§phinomethylm

Gdﬁ b- burykph@Sbhlﬁbﬂbﬂﬁyir)awdiaddmhntfl butyl@enzene(di*tﬁ
%htyi%ho%Q%gmémt’hw 5 1@113—' (52 ?)hteﬁgrﬂm h) vl ?genzene, 1

tri oxa- adanan

( érpbo‘iﬁhwoﬁ‘ﬁbébh Jn(3DﬁPetf hyﬁgramﬂwl but ¥l 0 Herizepeadamantyl)
1- (22ph05ph|ﬂpﬂﬁtQM&{i?ﬁ%i%ﬁznEﬁEEﬁ¥ﬁ¥JH¢u2”mphenylprop 2'-yl)

6,9, 10-tri oxa- adaman
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ferrocene;

(o

1b%§yﬁﬂﬂ9§ﬁhﬁﬁmmﬁﬁhﬁﬂ §153d5 ey - pﬁ@@}%ﬂn@p -2'-y1l) ferrocene;
63 92.20- ,B'Q¥a$ﬁﬂ§mﬂﬂogp£3né%ékh¥ﬁ$ 41)gecyl )y 2r' —phenylprop-27-

(di adamanty. | phos hi nonet hyl ) -4, 5-bi s-(

tyi}&ﬂqﬁﬂcgppy|) 20 féyfdgéné—butylpthphlnomeLhyl) ~4, 5~
1b&@yth§§QBb@Q@Ethy|-1la3b§ ¥&1nﬁhﬁ&bipﬁbébﬁu%omethyl) -4 {or

|oxatr|cyclo {3.3.1.. 1. [3 ])decy. 1) -

di-t-

2-
(6 ]%dﬁﬁﬁ’ 9Ffﬁﬁﬁﬂﬂ“ nonethy|)kﬁﬁdﬂgrphosphlnomethyl -1,3,5,7-

11&1(&5[&@@@9!31%59% trickersoGeneyl) -4, 5- dl
1, 2--bis- perfluoro(2--phos hi nomet h

(2’

phenylprop-2°-

t &t HEIEORYIes, 9, 10+ frioxat Pea%%wy Lshi)> &{%5 ﬁyea-gqggethyb

(2’ -phenylprop-27-

| };4, & w15ldk@hﬁﬂayrla,ntﬁzelj’ﬁw€&ﬁe 1)

, erfl uoro(2--
195 55 FE0F amet hyf 26 9 1600 T <wy.Ey&|of%~@71tifﬁﬁﬁﬁthyl-
]%d@ﬁy]Xﬂiéxéewdéhdhmﬁemyhffaﬁﬁecenﬁﬁyl)ferrocene,

SRBRHTBRE PO F s, 1 retny

1,2-bis(2-

tgﬁ%f%yﬁu%gﬁsfiaxa~adamantyl)w4~

tKooxﬁthrﬁm@k@{ékﬁbdbnE[S Z]? decidi-adababigtghosphinomethyl) -

tri methylsi| , ene Frocen
12kﬁs%m?%%&%%% |mmm%1 e§57~

te@a%mﬁhhyh@@p@nmmwﬁhv@kaﬁfkuycl0{3 311) (A[-3hrEnydeegp)e ' ~v1)
g £ﬁ % )(tIW qeﬁhylﬁ JﬁﬂadlmSS¥Jﬂﬂ%%@Shiﬂomé%ﬁyﬁ'Sa S5-(di-t~

osp i'nomet

1b3t$17 ﬂ@tr@t(etrreru fIUo?r" siet tadarpniglphgqgehinomethyl) -4
ki oxal [ii,Gycl 0£3y 3cdndl 3. 71} deeyl) 4.5 dipheRylyi,

ferrocene; 35 1, 2-bis-

1,2-bis{di-

- (0r

t-butyl

2%%@9@1@%@%@ ~(fi3t 5Lyl dre Al £ pendYhyer of net hyl . )di-(27~

GPQGI%Q]’ﬂrrolpo%at P10 @tans; 1. 1[ 3.7] } degyl ) ndakiiyl,
?apheny V\D2008/065448 PCT/ GB2007/ 050717 124

poREHENeh bl 2 (G2 BRBSPHIPRGRBE hyfuet g 16 -4 7 (or

phenylprop-2'-yl) ferrocene; 1- (P, P adamantyl,

fe

phosphinomethyl} -2- (di-t~butylphosphinomethyl)

~4,5- (di-t-

t~butyl
]_r) (2!_
t-butyl

butyl) ferrocene; 1- (P,P adamantyl, t-butyl phosphinomethyl}-

2-{di~t-butyliphosphinomethyl}-4-(or 1')t-butyiferrocens;

11—

(2-phosphinomethyl-1,3,5, 7-tetranethyl-6,9, 10~trioxa-adamantyl)

- 2 -~ (di-t-butylphosphinomethyl)4, 5~ di-(2'-phenylprop-2'-
vl)ferrocene; 1- (2-phosphinomethyl-1,3,5, 7-Letramethyl-
6,9,10-trioxa~adamantyl) - 2 - (di-t-butylphosphinomethyl}-4-

(or 1"}y {Z2"-phenyiprop~2’'-yl) ferrocene; 1-
1,3,5, 7-tetramethyi-6,9, 10-trioxa-adamantyl}

{Z-phosphincmethyl-

2

(di-t-
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tetra(tr.ifluo

ro-net hyl)-6,9, 10

trioxatr.icyclo{3.3.1.1[3.7])decyl)-4,5--bis-(

wotnog/oaetshyl si
(2- phosph.i.no
met hyl )-6, 9, 1.
or 1')(trinmeth
but yl phosphi _n

COEBRRRO! ‘SpPlZIDEﬂPElml

g ey

Bt yRaLt B tsaRBS SN Tometay ) -

yl) ferrocene; 1, 2-bis-
methyl -1, 3,5, 7-tetra(trifluoro--

5

PCT/GB2007/050717

O-trioxatricyclg 3.3.1.1[3.7])decyl )-4-(
¢ e; 1,2-bis(di-t-
onethyl)-4,5-d| (2' - phenyl prop-2' -yl )fer

ylsilyl) ferro

4,-r-Y Dot yryphas pRi erEtehyl ) - 4- (6r (2=

Lops 25 -1-¥L} F8h&1R0CREY, 10t rioxa-adamantyl) -
butyl phosphlnonethyl -4,5- di-t O

—{or 17

Jt-butyl ferrocene; 1-

,22phb§[£}dﬂnotnewwl Phosphi-perely1=4; § OFo-trioxa-adamantyl)

1')t-butylferr

ocene;

T22- bi%l(azﬂaﬁﬁaéb%ﬁ%w@tlﬁwewﬂs -§,5- di-(2'-phenylprop-2’-yl)

tf%t:r:aH@Myl "61,9(2191*15%%@@@@31)@)3 4-Betramethyl-6,9, 10~
Er op-2' - yl)ferrocene;

bﬁ?nﬁﬁéﬁﬁ?ﬁnﬁy%ph9“?h§g9w%wgﬁﬁyﬁ (or

-(2' - henI
frioﬁ?s?%?mﬁ§ﬁ5

i% fobt2paple Bwyf?'o

1,2-bjs

ferr

cene

2' I
o ntol?féi}‘lﬁ“ylagi 258177 ot r amet hyl -
639d&@m&mmaxao¢@ﬁaﬂﬁnkmbﬂa4455(dhyt butyl) )ferdeesng; 1-(2-

J’)(Z’_

e

SREEPhT KBTRICY1 120 6] 4oL B e Ry 600 TP PSR Haa) 7

namhyhmamky1®mboﬁh)medﬂﬂmyllﬁernncene)t butyl
amant y| ho§ph|no?§
e

i?é}g?%¢§¥%?h0>

a
heny pro “-yl)

B, 2-bi . s@d- (2 2@radaimntyt Phesphi .

r y. 1) ferr e
ngﬁ¥yfﬁ%osphln5ﬁ€9%%$ L%EQ?O Hb ?mﬁﬁﬂ%&9)4 tor
ﬂéﬁﬂ@éewhﬁnyﬂpZObr%(fMi-adanant9¢1ﬂnﬂ§mhhnonethyI) 4- (0r (di-c-
A1- (P,Ra Y. , =
FpEghes 1. (P DAt ok i e .
dﬁi ezbugﬁlpheﬁyrrpﬁ@@aa -yl) flerffocenait virhpppipinomet hy 1) 2~

qg§q39%¥ﬂtyﬂ§thBH¥Mcmethy] ~4-{or 1*')t-butyl £errocene, 1,2-
DE phosphi honet hyl ) -

bbb Epn iR
Jgulg g &yihné HE)@]

sphi noret

pho hyl
Pip(2ypigeRh L@ﬁ@ﬁth op-2': yr}rﬁ@rwacén%riﬁi—tﬂ(lpxmﬂcyc 1o~
@Eyi -4, 5~ di-(2'- % henylprop~2/ -~y

adanant y|;. 7t] Q
hosghlnonet

di- ¢t

QHQ%QBL ponRtihy

S §d|.-t but yl

t - buf ¥ T¥Edcene;t - 1P

-(di--t-butyl

2 dl-t--butyl

bﬁf%TB*?OSﬁDEFP%f&%fﬁéfl 1. 3(P; tP”éti’éﬁﬁﬁr?i 2

lix-330.1(3.711decyl) -
phosphlnonethyl) 4-

rTOCene;
n@ae¢¢qdn© 4-

(or

fe

osphi . nonethyl)

fbutyl

ferrocene; 1-

tr&%&antylphoophlnomothyl)

1- (di-t-

4-(o0

rrocene,

(or 17y (2’ -phenylprop-2'-

phos phlnomethyl 1,3,5-trimethyl-

@299h0y&phbﬁﬁﬂﬁbbylo l&d3&5i?3tﬁhk&ﬁ?ﬂhyh ﬁ-@ml@ bb{yﬂ)

oxa- adamant yl )

éFrE?feB%Enylp+obk?

2y Hirroheher 1

tri

sphln%weth

%ethyl

6 9,10~

QEﬂbh@SﬁhhnﬂﬁBthyB t11,3.5) ae&plranabhyhi Jt-butyl ferrocene;

- (2-phosphinomethyl-~1, 3,

£{3.3.1.1{3.7]1d
phenylprop-2/'-y
trimethyl-6,9,1
butylpho phinom

- (Z2-phosphinom
{3.3.1.1[3.7]1a

butyl) ferrocens;

trioxatricyclo~

ecyl)-2-{di-t-butylphosphinomethyl)-4, 5-

1 ferrocene;

S-trimethyl-6,93, 10-trioxatricyclo-

di- (27~

1-{Z2-phosphainomethyl-1,3, 5~

O-tricoxatricyclo-{3.3.1.1[3.7)1decyl)-2-

ethyll-4-(or 17)(2'~

phenylprop-27 -

{(di-t-

y1l) ferrocene;

athyli-1,3,5-trimethyl-6, %, 10-trioxatricyclc—

ecyl -2~ (di~-t-butylphosphinomethyl) -4, 5-

{3.3.1.1[(3.7)}decyl)

{di-t—

1~ {2-phosphinomethyl-1,3,5-trimethyl-6,9, 10~
~2-{di-t—-



6,9, 10-tri oxa- adamantyl ) 2 -

(di -t-butyl phosphi nonet hyl )-4 35 (or

I
wa@200sdezmdenyl prop-2' -yl) ferrocene; 1- PCT/GB2007/050717

10

ay

30

(2- phosphi nonet hyl -
1,3,5,7-tetranmet hyl -6, 9, 10-trj oxa-adamantyl) - 2 -
(d|-t WD 2008/ 065448 PCT/ GB200A 030717 125

but yl phosphi nonet hyl )4, 5-(di -t-buty.|l.)ferrocene; 1-
(Qutylphoophinomethyl) 4-{or I7Yt-butyl ferrocene; 1-(2-

pppésqumgmyi 11 33,55&1&@&(@”@ Byioﬁr%o&gméwl% adam
uty phosphi nonet hyl) -4- (o

1‘{§t3 blutly3| 7]f<éﬁcr}dc)gﬁe dg_adamantylphoaphlnomethyl) =4, 5-di- (27~

(Zndhp ﬂE)E VI - Fen3oeds r t et ranethybnbs;%hik0mk fhy 0X -

ag%dangﬁ?& % p)Z-:?%lgggﬁ%ntylphoséhlggﬁgtﬁy ) 4,% oS

dFr ¥ pRafy b ptopaongEricy@a-ddenet - 113 7] Tdecyl) -

114 ZsRhesehi Wmlométﬁyﬁﬂqi gt-r anet hy) £: 9%,k lprop-2'-yl)

trioxa- adanant ) - 2- (dladanantylphosphlnonethyl

1fez51(023enepheny| pr Ob i ps}qo‘ﬁ))hf%qr?@dénégﬁe trlmethyl 6 9,10~
1t£20mq»§|apbn@me3 hyli- 413375y del'y']
tetrameth -triioxa-ad

A P s R BREE Ry B <alstzra?ml puipeene; 1-(2-
fﬁlﬁ(ﬁﬁ:ﬁ_ﬁ&%meﬂ-hyi(zl"?; 5 %rW.?m{»taL};yl 6, 9h10 trlOX]éj{BriCVC]O“ ;
spni r ame rj oxa- ada
At N B BRI o R SRR 2T AEhe ot SR O

1b&¢yjaufgﬂrddyh@ocene 2-dmis- perfluoro (2-phosphinomethyl-1,3,5, 7

(et presmnemetnddoa T T

diz¢ (ﬁbeﬂghﬁﬁyﬁfﬂ(ﬂyi 12" ybjréaﬁneocene 1- (diztristperfluoro(2-
but yl phos 0 ) 3
L2 NS yPQ et hylo) éne%%t ek 6 9 10

(i ddamant'yi phosphi'n
149 (2tatphenylptoE-.2'.1yB) 7 f Bracgdenég: (A (dity 2’ ~phenylprop-2'-

9} lp&%%lgl H%I,TEt hy ) _glh)”p fl%oroé phoB}ﬂhlr]%methyJw‘ 3.0, 7=

(dladanantylp osphi nonet
f9¢roceﬁévl16(%muribupyhphﬁs¢hpmén%thwl3)7;2 decyl) -4, 5-(di~

(gl I 'Tamf)érEBBQl%@h I - norrqt Byﬂ)lg 'p%'rgfgﬁog-(') Mw’pt}\lcﬁtsﬁﬂiu nomethyl-

ferrocene; 1, . N
bus{@hﬁh@gbham%@nﬁrﬁy 7107tripxBLriey pitiRy P- 161 03 -10-1epFy L) -

Oxag& i ]CMQl %ut§*§ 3{41«131{;%&] ) deC)ﬂ b= Ai = (2-phosphinomethyli-
di-(2 -Ph nyl prop-2'--yl) ferrocene,
1123 1.l 2ephoSphi Horsehy# 3 6. 9t Fi et hyl - 6, 9, 10-

tEJ" %@t&*‘l@ﬁf@h@{f{ 3. 3 l [i 3} Vdodecyk)s 4j”1(~0(r2 ~-phenylprop~2~yl)
1')(2' - phenyl. prop-2'- ferrocene

1forrgsieng 2 pRosphi rﬁﬁnﬁqﬂfPhin%ﬁg}Wﬂﬁ Ingt hy{-tpgratrifluoro-

G?QE%Q i, BQ?@IL’M&MK&(&& B.303.17 )ﬂe@yét:y)r A &r(di’) (27 -

-t-- errocene;

1P5ﬁT¥HR§€? 6hd§Hh|n%ﬁ€¥ﬁ§PG'1 3, B2 27§ et by IRhgSghygRrethyl-

t;rspxamkbey@kﬁkimiuar& wd{13:14] bdecyd) - 4- (or.

210xbautt 1cycfo{3oceqe [3.7}idecyl)~4,5-(di-t~-butyl) ferrocene;
1,2-bis~ {Z-phosphinomethyl-1,3,5, 7-tetra(trifluoro-methyl) -
6,9,10-trioxatricyclo{3.3.1.1{3.7]))decyl)~4- (or 17y t-butyl
ferrocene or any of the above ligands wherein one of the
methylene groups representing group A or group B is removed so
that one of the respective phosphorus atoms is joined directly
to the ferrocene or benzene ring representing group R thus
forming a C: Dbridge connecting the two phosphorus atoms

repraesenting ¢, and Q.
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1- (2- phosphi nonet hyl --1, 3,5-trinethy.l-6,9,10-trioxatr
i.cyclo-

wo{ BoBockedk[ 3. 7] ) decyl ) - 2- (di -t - but yl phosphi nongichydB200 50717

5- di---(2'- 30 phenylprop-2'-yl) ferrocene;

1- (2- phosphi nonet hyl --1, 3, 5- -

trinmethyl-6,9, 10- trloxatrlcy&fé--{S 3.1.1.[3.7] }decyl)
-2-(di-t- butyl phosphi nonet hyl)-4-(or

1')(2' -phenyl prop-2'-yl) ferrocene;
ﬁ@é§§?gp8§8géEPQFtQﬁglmeg Bk t£ﬁ§“§'€%eélﬁq C%QHRrh I'n the

{£3h314n1§8.17] } deoyda)ur@egdi - - combutndsphosple nonetityygehically
4 q;w) r1,0C .

)u_n_ Fg Qtlhospﬁg’ﬁj& h&Iv% 5 ’LteL?)%i' net hg lJO_ ca9rb08 atoms per

Wpﬂexai¢4cyEWQXFBrQeﬂi&%@p?])decyl )--2-(di-t WO

2008/ 065448 PCT/ GB2007/ 050717 126

but yl phosphi nonet hyl )-4-(or 1')t-butyl ferrocene;

f?(zThe ligand or prcocess as claimed in any preceding claim,

ﬂﬂ%§@bhngﬂgtQ%hyleggéLhﬂJnﬁgnﬁhrgtgdlgo%ﬁbg%@ur5§¥C|glectod
{3.3 1[ 3. 7) }decyl) - 2- (di adanmant yl phosphi nonet hyl )

grem - a%q}yleﬁﬁenym?HQﬂ} 2" ?¢gtwy§ppoce?ﬁ9py] acetylene, 1,3~
&m@gdp@@§phlﬂg. saxk: 1, 3pPoPyiene but
trlnethyl- 1 trloxatrlc cl o- {3 5[3 7])decy|)
Pe@&?ﬁ%%wnﬁﬁﬁ&ﬁﬁﬁongF¥ﬁﬂﬂetﬁik;lgP%QhO“Odtes such as methyl 3-
phnkeRoahenyhdQPre- 2iciYls) (Fu8RMN QGENEIand 3-pentencic acid),
1- (2- phosphi nonet hyl - 1., 3, 5 trinmethyl-6,9,1.0--
P@PtSQ%ITICVEPH {gﬁéefsl[§u7T)d@Cylv)n@1 acetate, octenes,
(diaadanant yl phosphi nonmet hy. 1) -4, 5-(di-t-butyl)

ferrocene; 1-(2- 10

phosphi nonet hyl --1,3,5-tr.i.nmethyl-6,9, 10-trioxatricyc

l1.80- A cata]ygt system obtainable by combining

(33 5dl% 710 glecy;19 -2 Cd. | gdamant vl phosphiomet bl ;9

Ap --blBi@eﬂﬂhmoﬂﬁéaﬂ@hﬂsthﬂ@ﬂEthyhmﬂﬁ3i5)7--
tetranethyl -6,9, 10-trioxatricyclo{3.3.1.:1.[3.7])-decy
[)-4,5- di-- (2'--phenylprop-2'-yl) ferrocene;

1, 2- bits- perfl uoro( 2-

pnocphi nonot hyl . -1, 3,5, 7-tetranet hyl -6, 9, 10-
t'"l)xatr.icyclo{3.3.1.1[3.7]}decyl )-4-(or

bU 2' - - phenyl prop-2' - - Ky ferrocene;

s-perilgarol2- phosSphi nonet hyl . --1, 3,5, 7-

@eVTlanethyI16 9,1.0- FT&Qxatrlcyclo{3.3.1.1[3.7])-dec
ff) 4,5-(di butyl) ferrocene; 1,

2-Db. is-perfldgrm(z phosphi nonet hyl 2u '"
ssharditetramethyl -6,9,1.0-tri.oxatricyclo{3.3.1.1[3.7]
)decyl)- !--(or 1')t-butyl ferrocene; 1, 2-bis-

(2- - phosphi nonet hyl -

A and B each independently represent lower alkylene linking

isobutylene,

groups;

R represents a hydrocarbyl aromatic structure having at least
one aromatic ring to which Q' and Q° are each linked, wvia the
respective linking group, on available adijacent cyclic atoms of
the at least one aromatic ring and which i1s substituted with
one or more substituent(s) Y* on one or more further aromatic

cyclic atom(s) of the aromatic structure;



1.,3,5 7-tetra(trifluoro-nethyl)-6,9, 10-
tri.oxatricyclo{3.3.1.1[3.7])decyl)--4,5--di-(2'-pheny

wh Pfo9Rsdas Yl ) ferrocene; 1, 2-bis- PCT/GB2007/050717
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(2- phosphi nonet hyl -1, 3,5, 7-tetra(tr:if.luoro 25
met hyl )--6,9, 10-trioxatri_c:yc.l10{3.3.1.1[3.7]}decy])-
4-(or 1')(2' - phenylprop-Z'-jV@ ferrocene; 1, 2-bis-
(2- - phosphi nonmethyl - 1., 3, 5,
7-tetra(trifluoro-nethyl)-6,9,1.0- _
t&héréiﬁakk%c%%%g£§t§%ﬁk(%bsﬂz]bgeQXE)é%oééiﬁé“ééthHEYé)has a
ferrocene; 1,2--bis-
(2stphiosphitnafret hyltobs 3pBhde tetamapy i bderororamethyl .y " 30cy” is
6,9,10-trioxatricyclo{3 3, 1. 1[.3. 7] }decyl)-4-(or x o
17) 1 butyit® fnerj“r"orf“g}rgie{'8|{’d]anr)llu ok%ertr?}é 5’8%\7%1?1?%“3&3% ¥ oand tY
whereisenonetbd theal netiydrené groupsorer eslent imgirogen on a
Loup A0 groun B.ls yemoved so that one of the
r speéilve phosphorus at'ons is joined directly to the
ferrocene or benzene ring representing group R thus 35

form C.bridge t.ds , osphorL t.ONg, .1
r‘g%érneg%n\%“’ngﬁQ g\a'nd@Qngh%\CN})é 2%8%%%%%589 %BBQE“&? Mfvalent
PCTHGEL2007/ 08072730 1200k, Bavihe i obesd ageckar et rrarbon

aQMm@rSPeQingnglthﬁnwhfge&m Jﬁ@ XEt@%kﬁﬂEQakb¥m a pivalent
unsat urated conpounds are ethylenically unsaturated
cormpiourdothavi ig FPoatoms oh&0 Wardiort caeéngvipeferciary carbon

ngﬂ&ﬁ%“ﬁ%er@innéggﬂ”égﬁdtGﬁ{&gﬁentlzr Eb@aiédﬁaggd95al is joined
process as clainmed in any preceding claim wherein .
t e ettty éhi tattly Us&Fukue SR CoRpBuRESP Al & teBFettERCEIVely

fronacetylLene vdet-byl cacet yl.engq propyl. acetyl ene,
1,3- 10 but adi ene, ethylene, propyl ene, butyl ene,

i sobutyl ene, pentenes, pentene nitriles, alkyl.
p@ntﬁﬁpQVGSﬁéﬂChr@&p@ﬁ&@Miuswx@QEE@ﬁ@§b85$pmﬁﬂh$n%rSenic or
acids (such as 2--and 3-penteno.ic acid), heptenes,
vERYI™OEdt ers such as vinyl. acetate, octenes,

dedecenesond bl l8.a Accatal ystansystem obt ai nabl e by

ggﬁggﬁkggggg%%%f?%%%g o&ugioggr£%n§%a Eo%o qgra ethylenically

unsaturated compounds as  hereinbefore described and with

referaence to Lhe examples.

20. A novel bidentate ligand as hereinbefore described and with

reference to the examples.

21. A novel catalyst system as hereinbefore described and with

reference to the examples.

22. A bidentate ligand, process or calalyst system according to
any preceding claim wherein the ligands of formula I are

selected from:-



[#x]

10

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

20 (1)

X1 X3 XZ~@-A (-RB-QX Yx )n wherein: 25 A and B
weeRetdsigependent |y represent |ower al kyl ene lickds@o7/0s0717

groups; 11 represents a hydrocarbyl aromatic

structure

having at |east one aronatlc r|ng to which Q and Q
are each linked, via the 30° ?espectlve Li nki ng group,

on avail abl e adjacent cyclic atons of the at
ar omat ng and which is substituted with
nor e substituent(s) Y on one or nore further
(s) of the aromatic structure; WO

subst i
totm

Jerit (s) Y on the aromatic structure h
"'"EtY' of atons other than hydrogen su
' 4, mhere nis the total nunber of

the groups X, X, X and X

at_dpea ast one tertiary carbon
and/or X*' and X" together form
bi val ent] radical of up to 40 atons having at
tertia carbon atons wherein each said univ
bi valfent” radical is joined via said at |east
iary carbon atonms respectively to th
respective atom@ or QL; and Q and Q each
i ndependefitl y represent phosphorus, arsenic o

| east one
one or
aromati c

as a
ch that

represent univalent radicals of up to

10 atom
a

| east two
al ent or
one or
e

r

antinmony; and, optionally, a source of anions.

1y 2-bis(di~tert-butyliphosphinomethyl)-3, 6-diphenyl-4, 5-
dimethylbenzene

PBU,

PBU',
1,2 bis{di~tert-butyl (phosphinomethyl) -4, 5-diphenyl

benzene
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19. A process for the carbonylation of ethylenically
20 unsaturated conpounds as herei nbefore descri bed and

wbdoR06448f €erence to the exanples. 20. A novel RigleRt@y8s0717

[ 1gand as herei nbefore described and with reference
to the exanples. 25 21. A novel catalyst system as
her ei nbef ore described and wit#¥ reference to the
exanpl es. 22. A bidentate |ligand, process or catalyst
%§Q9n1accordlng to_p8@,any precedi ng clai mwherein
e“lrgands of f la | are selected from WO
2008/065 48 PCT//C82007/ 050717 129 PBuU'z PBU'z
rt-butyl . phosphi nonet hy].) -3, 6- Bi phenyl
enzene 5 PBu'2 \ | / PBu'z 1,2
bls(dl-te yl (phosphinonethyl)-4,5-diphenyl 10
benzene WD 2008/ 065448 PCT/ GB2007/050717 1.30 Bu'ZP
PBu'2 2F Fe M) 3S
1, 2-bi s(di -t®rt-butyl phospi nomethyl )-1'-tri.nethyls:i
yI ferrocene Bul 2P PBu' 2 Fe O-

=

(Me)3Si

1,2-bis(di-tert-butylphospinomethyl) -1 -trimethylsilyl

ferrocene

BU,P PBuU';

1, 2-bis{di-tert-butylphospinomethyl)-1’~-tert-butyl

ferrocene |



1,2-bis(di-tert--butyl phosp:i_n(Dmethy.l.)-1"-tert--bu
tyl 10 ferrocene WD 2008/ 065448 PCT/ GB2007/ 050717
wdlBbs/o@Si(sve) 3 PBu2 PBu2 Si(Me)3 PCT/GB2007/050717
5, 6-bis(di-tert--butyl phosphi nonethyl)-1,3-bis- 5
trimethylsilyl-1,3-d:i.hydr.oi.sobenzofur.an. PBu2
PBu2 1.0 1, 132
2-bis-(di-tert-butyl.phosph:i.nonethyl)-3,6-di phenyl.
?@M@s WD 2008/ 065448 PCT/ GB2007/ 050717 1.32 PBU'z
$ PBu' 2 +

o Iphpspinonethyl)-4-tr.inethyls.i
¢ 5 PBulF2u>PBu' 2 10

ert-butyl (phosphi nonmethyl))--4,5-di (4'-t
Ay | ) bempzgine WO 2008/ 065448

3 Bu2 PBu2

1, 24bi s(di.-tert-butyl (phosphi nomethy.l))-4-tr.imethyl
si | glime), bENZENE

5,6~bis{di-tert-butylphosphinomethyl)~-1,3-bis-

trimethylisilyi-1,3~dihydroiscbhenzofuran.

{n

PBu,

PBUzQ

10 1, Z-bis-{di-tert-butylphosphinomethyl)-3,6é6~-diphenyl benzene



S PBu'a PBu2

1,2-bis(di-tert-butyl (phosphi nonethy].))-4--(tort:-
wdslohedapet hyl silyl ) benzene 10 PBu2 Si |11 : DGRBYB2007/050717

1,2-bis(d.i-tert-butyl (phosphi nonmethyl))-4,5

bi -s(trimethylsi-lyl)benzene 15 But ul2 PBPBu2 WO

2008/ 065448 PCT/ GB2007/ 05071732134

1,2-bis(di-to.rt-butyl (phosphi nomethyl))--4-tert-butyl

benzene But PBut 2 PBuku',5 Bu

1, 2-bis(di-tert-bdtyl (phosphi nonethy.l))-4,5-di-tert-b

utyl benz Bu Bu' PBu'2 PBO2 10 1, 2--bis
(g%ﬁ; (phosphi nonmethyl)) --4-- (tr.i- tert
- but ne Bu'

1,2-bis(di~tert-butylphospinomethyl)-4-trimethylsilyl

ferrccene

PBUY

Pau',

10 1,2-bis(di-tert-butyl (phosphinomethyl))-4,5-di(4’'~tert
butyl phenyl) benzene



BW BW PBul2 PBu2 15
1,2-bis(di-tert-butyl (phosphi nonethyl))-4-(tri.--test-
wO-20btieopkssi | yl ) benzene WO 2008/ 065448 PCT/GB2007/050717

PCT/ G82007/0507,17 135 PBu~2 1,2-bis(d.i-tert-butyl
(phosphi nonmet hyl ))-4-- (2 -Qggnylprop- 2' -yl )benzene

5 PBu2 PB&2

1,2-bis(di _-tert-butyl (phosphi nomet hyl)) - 4-phenyl
benzgne PBu'2 PBu'2 10

1‘2\_qs(d|--tert but yl (phosphi nonet hyl )) - 3, 6-di net hyl -

|, 5—-S8{_pheny benzene WO 2008/ 065448
PCT/GBZoa / 0509 MBY' 2 PBU' 2
1,2 bIS(iI-tert but yl (phosphi nonet hyl )) -3, 4, 5, 6-
tetraphenyl 02 ggd PBu2 PBu2
4-(1-{3, 44357 ern- butyl phosphanyl ) - net hyl ) - ph

enyl ) -1- et hyl - ethyl) benzoyl chloride

1, 2-bhis(di~tert-butyl {phosphinomethyl}}-4-trimethylsilyl

henzene
5
\\‘&
’ PBUtg
PBU‘E
i,2-bis(di~-tert-butyl (phosphinomethyl))-4-(tert-
butyldimethylsilyl)benzene
10
:::2&
PBU‘Q
PBUY,
>
1,2-bis{di-tert-butyl (phosphinomethyl))—-4, 5-
bis(trimethylsilyl)benzene
15

FB U%g

PB U12



WD 2008/ 065448 PCT/ GB2007/ 050717 137 O Cl PBU
PBu'? 1,2-b.is(di-tert-butyl (phosphi nonethyl)--4-(4"-

w@ BdRJoe£as bonyl - - phenyl ) benzene 5 P PBu2  PBUpgT/GB2007/050717
1, 2-bis(di-tert-butyi (phosphi nonethyl))-4
(phosphi nonet hyl ) benzene PBu'7 PBu'z 10
1, 2--bi s(di-tert-butyl (phosphi¥forret hyl ))-4-(2' -
napht hyl prop-2' -yl ) benzene 1.5 WO 2008/ 065448
PCT/ GB2007/ 050717 138 PBu2 PBu2 PBu2 Bu2P

I g B Er s AT S RS A b DA

bepzeng=5 PBu2 PBu2 PBu2 PBu2

=17
PBU',

PBU'
5 Bu'

1, 2-kis{di~tert-butyl{phosphinomethyl))-4,5-di-tert-butyl

benzene
B!
au!
g 1
. PBUtg
PBUY,
10
1, 2-bis{(di~tert-butyl (phosphinomethyl))-4-{tri-tert-
butylmethyl)benzene
=
Bu' I
~.
But’/81
PBU12
PBUY
15

1,2-bis(di-tert-butyl (phosphinomethyl))-4~{tri-tert-
butylsilyl)benzene



1,2--bis(di-tert-butyl.(phosphi nonethyl))-3-(2',3 -bis
(di tert--butyl (phosph_i nonethyl))phenyl) benzene 10

woBwRksPBu2 Bu 2P/ \ / \ PBu2 139 PCT/GB2007/050717

16

1, 2-bis(di-tert-butyl (phosphi nonet hyl))-4-tertbutyl-5-
(2'- tertbutyl-4",5 -bis(di-tert
butyl(phosphinonethyl))phenyF?Benzene; 5 or selected

fromany one of the above structures wherein one or

no f_the X1-X4 tertiary carbon bearing groups,
tFbutyl ,y attached to the QL and/or 2 group phosphorus
ils by a suitable alternative selected from
1Q. adamgt yl{, 1,3 di net hyl adamantyl, congressyl,

NOrBee Qr 1-norbornodi enyl, or X1 and X2 together
and/ or X -rg1¢ogether with the
phosphorus a 2- ¢PBR3.3.1.1{3, 7} decy!

3, 10- t pi*éxadamant yl or 2-phospha
15 1,3,5-trinethy .9, 10>~Ti oxadamant yl ; or sel ected
from any one of the above structures or alternative
structures wherein one of the methylene |inking
gr,OLS. o @pr-esenting vA (povo sBrimchenmyl1a ) - 4i-s or eppyed ;S0 p-
that the respective phosphorus atomis attached
di'r&et P§RE8"¢he aromatic ring 20 representing R and so
that a C3 bridge connects two phosphorus atons
representing QL and Q2 in the exanple structures. 23.

. ess according to claim?2, wherein the netal of
10 or a conpound thereof is

1,2-bis(di-tert-butyl {(phosphinomethyl))—-4-phenyl benzene

PBU‘Q

PBU12

1,2-bis(di~tert-butyl (phosphinomethyl))-3,6~dimethyl-4, 5-

diphenyl benzene



WO 2008/065448 PCT/GB2087/050717

PBu',

PRy,

1,2-bis(di-tert-butyl (phosphinomethyl))-3,4,5,6~

tetraphenyl benzeéene

PBUY

PBUIQ

4-(1-{3.,4-Bis-{(di-reri-butyl-phosphanyl)-methyl]-phenyl } - 1-methyl-ethyl)-benzoyl chloride



10

15

WO 2008/065448 PCT/GB2007/050717

137

1
PBu 2

PBu,

1,2-bis{di-tert-butyl (phosphinomethyl)-4-(4’-

chlerccarbonyl-phenyl)benzene

= PBU',

PBUIE

1,2-bis(di~tert-butyl (phosphincmethyl}}-4-

{phosphinomethyl)benzene

PBu',

PBL,

1,2-bhis(di~-tert-butyl {(phosphinomethyl))-4-(2'-
naphthylprop-2’'-y1l) benzenc



WO 2008/065448 PCT/GB2007/050717
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PBUY,

PBUIQ

1,2-bis{di-tert-butyl (phosphinomethyl))-4-(3’,4"~bis(di~
tert-butyl (phosphinomethyl) ) phenyl)benzene

PBU',

PBU',

PBu',
PBUlg

1,2-bis{di-tert-butyl (phosphinomethyl))-3-{(2",3 -bis(di-
tert-butyl (phosphincmethyl))phenyl)benzene

Bu',P PBU',

8uLR PBU',
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15

20

25
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1,2-bis(di~tert-butyl (phosphinomethyl))-4-tertbutyl-5-(2’-
tertbutyli-47,5" -bis{di~tert~
butyl (phosphinomethyl) ) phenyl)benzene;

or selected from any one of the above structures wherein
one or more of the X'-X' tertiary carbon bearing groups,
t-butyl, attached to the Q' and/or Q° group phosphorus is
replaced by a suitable alternative selected from
adamantyl, 1,3 dimethyl adamantyl, congressyl, norbornyl
or l-norbornodienyl, or X' and X* together and/or X° and ¥*
together form together with the phosphorus a 2-phospha-
tricyclo{3.3.1.1{3,7} decyl group such as 2-phospha-
1,3,5,7-tetramethyl-6, 9, 10-trioxadamantyl or 2-phospha-
1,3,5-trimethyl-6,9, 10-trioxadamantyl; or selected from
any one of the above structures or alternative structures
wherein one of the methylene linking groups representing A
or B in formula I 1is removed so that the respective
phosphorus atom is attached directly to the aromatic ring
representing R and so that a Cs3 bridge connects two
phosphorus atoms representing @ and Q» in the example

structures.

23. A process according to claim 2, wherein the metal of

Group 8, 9 cr 10 cor a compound thereof is palladium.



