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The present invention relates to the novel bidentate
ligands, 5 novel catalyst systems incorporating such
i gands, and their use in the carbonylation of

et hyl enical |y unsaturated, conpounds. The
caPasﬁyFaf%%'laFleP MHIANCEa PRy tHALR P8 &8 YimSaghgayLation

using 10 cardsoktAPDEX A 1yNuh L yif22aN COmeduritiy
al cohol or water and a catalyst systemconprising a
group 6, 8, 9 or 10 netal, for exanple, palladium
aﬁdaaﬁﬁﬂgﬁﬁmhﬁﬂﬁehrg@MdreIdﬁ@ﬁeXﬁuUﬂﬂé &®v§a|K%Bentate ligands,
phosphi n cl oa i ne osphi
Ry S G i e B b dont B G e eetheednd cheir
dﬁ&erbﬁd ithel5 dHHPRMQUSt Ebk Opean Qam@méslamﬁqpateméaturated
| ications, for exanple EP-A-0055875,
W"dzﬁ?ﬂégmz EP- A-0106379, EP- A-0235864, EP-A-
0274795, EP-A-0499329, EP-A-0386833, EP-A-0441447,

o HARTE B OBAE, B RO comnas vt
E@EﬂwﬁQZﬁmﬁﬁ;dEPiﬁv@ﬂ@SEﬁ@SQHH$ EH’AHQGHQ¢®554&r water and a

HSH08F Lt Bl denat e phosphing, 1] 9apdsePtaviyge noray, for

st stens r'eacti on rate
U@ﬁmadh»ewedia@3ualkwmdbﬁidgé98@@nweehl¢m@Lphﬁsph@xasple an

b ity BELy T SUbSt T GA & an TRE pRASRhorGert Qyer pyriayi

stitu on the pho rus
VMHﬁHpb9¢S4 subseglmantdty dpéespﬁnﬂﬁlthépsa baﬁﬁlc@¢%nrlbed in

91‘1 Rk Eﬁkgﬁé‘ér@t esphipe 9&999”%1'%@{‘{& Qs,a”f&r Ydxampie

ge coul prOV| renarka y stabl'e catal ysts
v%ﬁTﬁToﬁéé&7$e EPT%¢Q£%§ﬁ4ﬁér EBphehihment EPthab2 Us® dof EP-A-

syehy-hisdent @l e,_gababysts keadsoig; 30, reaghionatgs, — mpp-a-
which ‘are significantly higher than those freV|ousi

dP S 0%ed; ERre Pat 4P i t tHRePoP2AdL ¢ hpuBPt fedtare’? and EP-A-
Py ogseed atr i gh +GORYEF Si @ASA-0227160, EP-A-0495547 and EP-A-

0495548 disclose that Dbidentate phosphine 1ligands provide
catalyst systems which enable high reaction rates to be
achieved. C3 alkyl bridges between the phosphorus atoms are
exemplified in EP0495548 together with tertiary butyl

substituents on the phosphorus.

W096/19434 subsequently disclosed that a particular group of
bidentate phosphine compounds having an aryl bridge could
provide remarkably stable catalysts which require little or no
replenishment; that use of such bidentate catalysts leads to
reaction rates which are significantly higher than those
previously disclosed; and that 1little or no impurities are

produced at high conversions.

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

externally added aprotic solvent.
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di scl oses a nodification to the bidentate phosphines

used i n EP0495548 wherein one ‘or both phosphorus

atons are incorporated into an optionally substituted

2 5 phospha-tricyclo[3.3.1.1{3, 7}] decyl group or a

des | vas i eyt thl%Qfloisé‘s which ronerofatiyre ofo t hten@ar}bﬂfbntate
atons are repl aced het er oat ons (" 2- PA" group

SHBIESSF nétedde ‘& e 56 W&eﬁswcéﬁlﬁorﬂﬂ it MESL ST

eeftﬁt?rrbe, apé oael@ar@?ﬂawelht@hegant ﬁf}fﬂl@abﬁaﬁd sJu]ICMSEELﬂatLed 2-
olefins. 10 WD 03 370 extends_the teachin o
ST ET T B b At 01 DhoBdREREL nawrhg 103 % 'Grivative

stibstddrutied vat yh bk dgesnofe tdie dngpeartoackosed afe replaced

96/ 19434, Th i.itabl e olefin substrates cl osed
R Ry aPal 2y se FaUPhg Vo | DUCTLaheLrE i & Tgwer of
VulKb&ybasgéﬁyIhﬁmmmsbe$fbomhhéhe abovepdngpesaraf |s@and higher
brld es . as, usef naﬁo ytadlene car bonyl ati on and WO
%@i@éo escr ihes a Sel’8ction of WD 04/ 103948 where
the tertiary carbon substituents are different on the

rﬁép@%}d%%78“%%9“0"5“31;1? O{Tesac 129 Lt has 9%9‘4’2'9?‘?”%5 ‘r’lg{‘cgentate

in f
t hat further substi he aronmati ¢’ StTuc
o@hQM®uaEylhbwndgelof21heﬂtypeude@carbédbrdeEE of the type

99/ 0438, V0,01488803, a0 0,03/ 070310, 70T 85t bl 0.y race

cat sts and hence s can e achreved
Attorldiseg tociure fsevstahspacts dbvihme prrésent silpsiaritueons .
there is provided a novel bidentate |igand of genera

formula (1) (1)
WO 04/103948 describes both the above types of ligand bridges

as useful for Dbutadiene carbonylation and WO 05/082830
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 of the present invention there is

provided a novel bidentate ligand of general formula (I)

(I)

X! x3
\\\QZ A R B Q1//

wherein:



30 X1 X3 /Q@-ARB-Q X2 X4 (YX)n wherein: WO
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group; 5 Rrepresents a hydrocarbyl aromatic structure
having at |east one aronatic:ging to which QL and @

are each linked, via the respective |inking group, on
avai |l abl e adj acent cyclic atons of the at |east_ one . .
at offet i B FRHY HHFRWAPERTTS STSISCRGL d WIFER 2bRelgre 1inking
npreupsubstituent (s) YX on one or nore further aromatic

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

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

total X-1-nEtyx of atons other than hydrogen such that

X-1- nEt ere n is the total nunber

X is > 4 wh of
s%b%??ﬁ%eeu%(ss)a PXIARECTRK 1% FEpresERFECTHE tistang at least
nud edr afatatorengt ber whhan dydmagen ene acaqiartirmddddar via the
substituent_ YX:.. the groups X1, X2, X3 and X4
i hoép %&@ﬁt Fﬁlélpqr @EgHP' umii \Pa‘faér%tabl?a%?%aéiegtof;y%l? gitoms of
3that oursldratd neheatade@ast comeényenhdawyticar bonsu2ft atamd with
o XL, and X2 andlor X3 and X4 together form a.0ival ety .y s
radi cal of up to 40"atohs havi‘hg at (east two'tertiary
caydor aaborls) wertéenaeaddt isaisdruniwad;ent or bi val ent
radical is joined via said at |east one or two
tertiary carbon atons respectively to the respective
atlomeQh dhe@ubanhdt@st@k)aryd Q@ eheharodependenticgure has a

represent., ?pséborus, arsenic or nti nony. ~Th bave. .. .

NGV bi dBRTate IATGARdS Rave BBeAYRbURT tH Ravlat  TEY” is
2 4, where n 1is the total number of substituent(s) Y* and tY®
represents the total number of atoms other than hydrogen on a

particular substituent Y*;

the groups X', X’, X’ and X' 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 said univalent or bivalent radical is joined
via said at least one or two tertiary carbon atoms respectively

to the respective atom Q' or Q% and

0" and Q° each independently represent phosphorus, arsenic or

antimony.

The above novel Dbidentate ligands have been found to have
surprisingly improved stability in carbonylation reactions.
Typically, the turnover number (TON) (moles of metal/moles of
product) for the carbonylation reaction, especially, hydroxy -
or alkoxy-carbonylation is close to or greater than that for 1,
3-bis (di-t-butylphosphino)propane reacted under the same
conditions, more preferably, greater than 1,2-bis(di-t-

butylphosphinomethyl) benzene reacted under the same
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reactions. Typically, the turnover nunber (TON)

W@ pawBe6S4ed netal /nmol es of product) for the  PCT/GB2007/050717

car bonyl ati on reaction, especially, hydroxy - or

al koxy-carbonylation is close to or greater than that

for 1, 3-bis (di-t-butylphosﬁhino)propane reacted

under. the same 35 conditions, nore preferably, greater.

t FRAE 90 B s (i S5 2B Y y | pﬁ&fgbhicﬁ&?ﬁ’égh%% Féfzeng continuous
reaciednynder ¥hensanBc V20081 065448 penefit .

PCT/ GB2007/ 050717 4 conditions. Preferably, such
conditions are in continuous reactions but batch

reactions will also benefit. 5 Therefore, according to
a_second aspect of. the present invention there is
pFovicdedea pPoc¥ss For *Phe®carbomt atiirchr ©f the present
et hydrenbeak hyraeinsatpratiaddcanpodtess crarprthgl rgrbonylation of
rqg§;ing s?id congou dcyﬁth car%pn nmonoxi de in th%. g
pTEREEE ot a SBGFCE B ny AP Sgr GUPE *&Atdof c4Ct g sal
catrglopstl syshenprbbe natatiyst Bystlemprkdeobtaiomall esduyce of
ombi ning: (a)_ a_netal of 8, . 9.0r 10 . 0r a

g enePuar L forhoiC Al | Bafyefraiyar aysten
generialabi or pul @nfinidg: (1) X1 X3 /Q@-ARBQL X2 X4
(YX)n wherein: 20 A and B each i ndependently

represent |ower al kylene linking groups; R represents
aldydrocaEthyl carematd &,stroctUr erhaviogratnd gasteodnend
ar.omatj G..ri ' ch i nked, via

R s b T

adj acent cyclic atonms of the at | east one aromatic

ring d which is substituted with one or nore

substituent(s) Yx on one or nore further aromatic

3

X! X
\\\QZ A——R—-B Q1//
Xzz// \\\X4
(Y)n

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 Q° 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 aromatic structure;

wherein the substituent(s) Y* on the aromatic structure has a
total ™ "LtY* of atoms other than hydrogen such that *'"YtY* is

2 4, where n 1is the total number of substituent(s) Y* and tY®
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X-1-nEtyx is >- 4, where n is the total nunber of
substituent(s) Yx and tYx WO 25008/ 065448

PCT/ GB2007/ 050717 5 represent’s the total nunber of

atons ot her than hydrogen on a particular substituent
YSEPHIETGF olips XOTaXIUISTad R4 Ol AdepRfdentdy Nydrogen on a
reprasentr usghvali@nknt Syr;adi cal s of up to 30 atons

having at |east one tertiary carbon atomor Xl and X2
and/or X3 and X4 together forma bivalent radical of

upnd ogdQipat it kavi xg aald Ixéashdépendeittivarypeasdon univalent
at o aﬁherg n each said unival ent or_ bival ent radijcal b
i%a% &d°tvPR 530 i att9EadfVORe o %St &PFi Pytiary carbon

cardonoat Ritsafi@Spechhvelry x10dd thecdpespeet ifvematsoMmivalent

S S, PSRRI Y LEDLEBEIL, o

soumce wokranh ofisch sbSdTyplcaldny, owhehvd herte risglin®l eis joined
t\plaan s%q gJL%bféailsttueorr]lte g?_ﬁ thgrteir a:lLfat er caaflrgo raecfo?nrsr %gsteoctivel
as siTply Y, “any tWo may be “Tocatedon the same or- Y
di § fréreent speonatd etoycdi orabonendf the aromatic

structure. Preferably, there are <_ 10 Y groups ie n

is 20 1 to 10, nore preferably there are 1-6 Y groups,
ndstandpr&f ermabl yinfledegridups cpreshet apbowpli@us, arsenic or
siruGtuce and, especially, 1, 2 or 3 substituent Y

groups on the aromatic structure. The substituted

cyedi oraionatiw at ensrpmytbencanbon or hetero but are
preferably carbon. 25 Preferably, x=1-nEtYX is between
4-100, nore preferably, 4-60, nost preferably, 4-20,
ebpeiciaalyy 4whon 3pheref erablyorenwhdmanheroas s syhetituent  Y*

SH@FQJ&éQ@Q% Y1s¥ rEpresentsca as simply Y, any two may be
located on the same or different aromatic cyclic atoms of the
aromatic structure. Preferably, there are < 10 Y groups ie n is
1 to 10, more preferably there are 1-6 Y groups, most
preferably 1-4 Y groups on the aromatic structure and,
especially, 1, 2 or 3 substituent Y groups on the aromatic
structure. The substituted cyclic aromatic atoms may be carbon

or hetero but are preferably carbon.

Preferably, ' "XtY* is between 4-100, more preferably, 4-60,
most preferably, 4-20, especially 4-12.

Preferably, when there is one substituent Y, Y represents a
group which is at least as sterically hindering as phenyl and
when there are two or more substituents Y they are each as
sterically hindering as phenyl and/or combine to form a group

which is more sterically hindering than phenyl.
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sterically hindering than pherI. 35 WD 2008/ 065448

PCT/ GB2007/ 050717 6 By sterically hindering herein,

whet her in the context of the groups Rl1-R12 descri bed
h%Ye?ﬁ%?%@ﬁléY PhedsupEEi RGERET Y, "IRE fFan t hieh¢ efpiagxt of

ﬁ¥oHﬁge§$t§Ddd@%c Q%%.%ﬁhkh%%fﬂé}tyﬁ ant QHEstltuent
or t

e avoi dance of any doubt, the term5 nore
sYerweaméynhthdeten@ ahanepﬁehylunaarBEObakbm tbompeankilled

havi bst i t ut t PH2P
"1 082 0 fegree o SUbstitutl on. (B, Lhap PIEER, oo

Nho£®) s £ &) c41 11 M eh @bt { 04 dtl@éﬁﬁe@Seﬁ?EO&thEet @akhBB to mean
conditions below. Simlarly, references to nore

shayiedal dylavadefrageehah cuPethGEyiovanPhe &kén FasPh when
refere I r t f
t§%§§ Qf uﬁ%ggﬁg'qiﬁﬁg§c §gan§AE%ﬁY?%hs%#5$ %%#g (CO)
sirer ieoath;tdﬂmdexedthaemctdrijrmj erencehet rmmdal-ﬁ\dlo‘{% below.

ou| red th the reference.
R 5 CF oo fen e et RS Sl ne ey 1 M85 Yo' Enan ©-

HHH@%? ale W&£ alaeady; det-ergi-pedcko 08 BBr&/alues compared
sterically hindered than the standard then PY' Y2Y3

shol dPBet cohpared. 1T ftnihe¥ egapePApEE et Haiiithr eempyared and

Qypsléh?%hnhﬁ%a %%e&%é%gg QQgﬁ & %Egklgﬁkiyreference

hi nder ed ance I'n
comext pafthe $mmm&m|onehebem@am&d divsicirs sedhon pagerence
14 et_seqg of "Honobgenous Transition Metal Catal

AEhtiel Bt 1T BYIES MasPRPYPS pabFi stied'byC ¢ § 3nd pay’
apd Hally’198L 23 Tolan (" Rhosphords %gggdmgféhéegglcany

Equi l i bria on Zeroval ent = Ni ckel . A Donlnant Rol e f
Sterderef f eoes” thdoatnatiaofl thser P¥a¥ Chehbeafl be compared

S@%'@hgreggrelgggé gggg gg?é% QaSrSSB%'%Hey should be taken

to be more sterically hindered than t-butyl.

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

Tolman (“Phosphorus Ligand Exchange Equilibria on Zerovalent
Nickel. A Dominant Role for Steric Effects”, Journal of
American Chemical Society, 92, 1970, 2956-2965) has concluded
that the property of the 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 group 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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To determ ne the relative steric hindrance of a group

Y the nethod of Tol man to determ ne DS nmay be used on

t he phosphorus anal ogue of the group to be determ ned

as set out above. WD 2008/ 065448 PCT/ GB2007/ 050717 7

Tol uene solutions of Ni(CO4 were treated with an

et@hidnel dso1excess ofr pﬁm@@hgr werki gardregulstht W o0fightfold
of COby ligand was follo by means of the carbonyl
s?%ceecséhﬂ?g CEPAPT Ghst Jrgna“tdhe Sslbsﬁfl?%*rb@d“ Pedtt U rgend was
sod Utdwens bweheaeg Ut i thid ataedobyl heatddtghingnvseadeibns in the

tubes for 64 hr at 0. Further heatin 100 for n_..
TGP ORI i dPRoEo STGHI JRREI DTagesERg by Feat ing

SﬂeCSteraa..ed {heeérﬁﬁcumcmeSaandoa)Onte&rslrth@f, ofattihg at 100° for

carbo stret nds._ i n. the .spe f the
o T ied BREY, ohd i D g R e T rRhate S spectra.
degr eérecﬁumdmtsl t atd odincansbeicest bAntte@® carbonyl stretching

s‘ﬁm(&uantltatlvel fro tr}le rel a '1%?15{“ nsol |elsonasmql_31re then

q tra
assunpti on t hat t e extimnction coefficients of
tdtmtebtandsdare Takel @égﬂ:ehae sdneswrdertvofiomagnirt utle. Forimated

e i n_the.cas f C6 3 the_ Al B

s LTl e o IR0 P e o s L
tdeswmireonntténsi tthe sotthatidrhecadegrieecofs of the bands are
?%??tdngHémééﬁé %%&éﬁa%ﬁdm§5nfkdée IfF%PI % mgptthe case

stinguls e respective l'igands tHen the
@bf%@WHllphd@wh@ﬁuéan@PmWJdrCOdkLtarbﬂqtme @holgimbrqfs Ni (CO),L,
| d cbe ared to the.P ui val ept _.as the
rr%?éjbgf S PPl opatd'C SEEERbLR 4B PR30 R° 8RR of
disrdtaguishnt he ¢dtgandsdt henlthe P%Stmrs W@Bn}@ent fails to

lﬁﬁEﬁY%gu%QQU{ﬁEk%%éﬁ%€9§5§chfé%n%¥3theﬁstﬂgmafﬁﬁéﬁyﬂaﬁhosphorus
be. Such further experinmentation may be required wth

slﬁ% F rgards—mrich PRAIRPOTEELSEPELA e hEORPLCD) 40 the PYH

18X engd abhe 1y oups oY H%Y aksogherdeihpede by if this also
re erence to its cone angle which can be defined in

t?@g%ﬁoﬁpegﬁsg¥nqqﬁ§hlﬁ@@n%%%ﬁpds then the PPh, or P(Bu),; ligand

should be compared to PY; , as the case may be. Such further
experimentation may be required with small ligands which fully

substitute the Ni(CO), complex.

The group Y may also be defined by reference to its cone
angle which can be defined in the context of the invention
as the apex angle of a cylindrical cone centred at the
midpoint of the aromatic ring. By midpoint 1is meant a
point in the plane of the ring which is equidistant from

the cyclic ring atoms.

Preferably, the cone angle of the at least one group Y or
the sum of the cone angles of two or more Y groups is at
least 10°, more preferably, at least 20° most preferably,

at least 30°. Cone angle should be measured according
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from 30 the cyclic ring atons. Preferably, the cone
angle of the at |east one groyp Y or the sumof the
cone angles of two or nore Y groups is at |east 10,

nore preferably, at |east 20, nost preferabl¥ 35 at
| eastt30. mebRedanyl e T¥HEGIId be - measuredmasco tRg WOV 77,

ngﬁgﬁﬁﬁ% PeAé FBQQQC#WK%V&& Qp&!(é‘igggwoglgﬁgigfone is

elx«mpt:etlhaEdt hae: apex andgbeiof tdfe Tlwmearsmahow crentq ed This

t t h t Thi di f
T g Rah g A e e, e s et ngrea Tin other

sy;@é@@fﬁstOt@“ea;ﬁ@aguﬁéers@eﬁiéecw@@@s asuthos@si Nthose in
cycl opent adi enyl zirconi um et hene pol yneri sati on

c%%l?@@%ta%gwh%lJ@GFO%WJIéc@F]a?n@aPQ Y@?§ls€ﬁéﬁﬂcﬁﬁtalYSts
1P fo&%%’?)oflﬁél?&&g%r égtﬂ‘ s%é‘bs&héﬁ{?@&% 1(8%“?5002 105-

ected to be o rate size
SieBj c hindrance with respect to the actlve site
between the QL and 2 atons. However, it is not known
whet her the substituent is preventing the netal
| B i ngystdicnests ng ats sémr@bngopaéhwaythgeappﬁcbszylate size
pr ovi di ng%a nore st abl £ cat alwgtchc confl r%tl on

ac? i Rg bt ter Wi€es APEFEeTI AP reéip%?reao i §n<:iaotlve site
fmmdaewhelheYQ? eamd?sﬁanoms SR4J®6R42132I%¢2 wheriei noS known whether
res S, Si n R4OR41R4 .
as det tc %frl%linsaf rev’eng gera Irﬁ}ate“jglche\‘?t analorlﬁ%c ing its
cvnb:magl @latbfvay,v\ng@menﬁdxle Yrgrodpsy i 8 abreéeasébls catalytic

S gf{f’l ﬁ.'auon,h'&d% ltg% a(ztrt rQHts}é' More preferably,

en there is onl ubstituent Y, it is at |east
as sterically hi nderl ng as t-butyl whereas where there

I eagéﬁt tua on mressubst i fuents % 1hew aneeach @ esents -

SR?%*JR” wherein S represents Si, C, N, S, O or aryl and
R“R*R* are as defined hereinafter. Preferably each Y and/or
combination of two or more Y groups is at 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 S is aryl, R', R* and R*® are independently
hydrogen, alkyl, -BQ’-X’(X"') (wherein B, X’ and X' are as defined
herein and Q° is defined as Q' or Q? above), phosphorus, aryl,
arylene, alkaryl, arylenalkyl, alkenyl, alkynyl, het, hetero,
halo, <c¢yano, nitro, —OR”, —OC(O)R”, —C(O)Rm, —C(O)OR”,
N(R”)R*®, -C(O)N(R*)R**, -SR*’, -C(O)SR’, -C(S)N(R*)R*’, -CF,,

SiR"RR"” or alkylphosphorus.
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and R42 are independently 30 hydrogen, alkyl, -B@3-X3

(X4) (wherein B, X3 and X4 are as defined herein and

@B is defined as QL or @2 above), phosphorus, aryl,

aryl ene, al karyl, arylenal kyl, al kenyl, al kynyl, het,
hetero, halo, cyano, nitro, -OR19, -OC (0) R0,
'}@(9@3R211fefe@(r@)i0R28, heMiRQ3)fngz4, in@é@rl‘é(e%ﬁizmﬁe generally
- SR29, -C(g)SR 30f -C%S) NﬁRZ? R28, -CF3, - 35,

STRARPIRAZ OBr Ty P phos phor st WoC2008/ obBf4gtuted aryl or
RGTSBB2004L 850317 s D REQuR38 refkenr edit oahe@i€idh MY may be
I nde engegtly be generally selected from hydrogen,

uisutet Mot ed b bst Pt Ut ed aryl or  unsubstituted or

substituted alkyl, in addition RR1 may be 5 nitro,

| o, amino or thio. Preferably, en i S.9,..C, N
Q%Kﬁ?fﬁ%%Y'Rﬂﬁe%na ﬁ&zEBVe(ﬁi ep%ﬂ%%n?fyihydf%geﬂ?d R are
aliddpenphosphoriugircareyl,, afylene, phadkaryk, awnaykyl ,arylene,

S S0 R ALY B DL 5000 TS, e,
ORZR), - cNbR23) R24 10, O(-ORN( R25PR26) RY SR2F, (04 R('O) SRC BDIOR?, -

e e o o0 A o Ty

)
Ib 0s rein at [east ‘one 'of
notR MR/GR Ogerr anidnwivepepmoRID-WRBDcaneatasleteft meg of R*°-R* is

[ X - . ar grodefo %Q-R 2 . are 71
B&%?égg%nggis%%Vgg%gﬁﬁog %5 gﬁgﬁ%f. rg'érgg#%?%S ﬁgd 5
R @rer dfjinedHoweveY RN, ®torae nayetdsdlye Ci-C. alkyl or
F%ﬁg ;red as one or nore of the Y groups in comnbined

or inthe case of nultiple Y groups. For the
avoi dance of doubt, as 20 oxygen or sul phur can be

bﬂ’ﬁ’@ée%ﬁwly?“’@ is @{2, _@:aBra£§y01.be H'o%@erpaﬁ,f S or. O may also be
Preferably, in addition to group Y, the aromatic

SERRIEErE AlyONDePUMATEs Pt GhedY ofLOulferi lp688Phie Ry in the

furdhess spbstigy ed whblhs 25 ghoupseselRGhigd-£ram Youbt, as

(on the non-aromatic c%cliq atons), . -
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, het, hetero, halo, c¢yano, nitro, -OR'?, -0C(0)R*,

C(O)R*, -C(O)OR*, -N(R*)R™, -C(O)N(R**)R*, -SR*’, -C(O)SR*,

C(S)N(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 Y of the first aspect the
attachment is to a non- cyclic aromatic atom of the aromatic
structure; and R'"-R” are defined as R'-R*" 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



al kyl, aryl, arylene, alkaryl, aral kyl, arylenal kyl,
al kenyl, alkynyl, het, hetero, halo, cyano, nitro,

WO OR$06544€0C( 0) R20, - C(0)R21, -C(0)0R22, - N( RZB)REB2007/050717
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-C(0) N(R25) R26, -SR -C(0)SR30, 27 28 77273C (S) N

(RRf -CF3 , -SIRIRR, or alk¥bphosphorus wherei n R19-

30 R30 are as defined herein and in the case of Y or a
group fqu|II| the definition of Y of the first

d&pect CRE e%t?%ﬁ%wﬁ@nFngo??ﬁﬁi'n6HFh%9%?¥%z drgrRefeocenyl or
aiﬁugdyﬁ theiadymtsi.c structure; and R71-R73 are

defined as R40-R42 but are preferably Cl1-C4 al kyl or
phenyl. In addition, the at |east one aromatic 35 ring
Cal’b}‘becﬂraﬂﬂeﬁs asneidal | @éel’lﬁ)rﬂsaﬁﬁkéd dsor atfisdtAncestructures
when R is clop di enyl or indenyl anion

brhipart Sof oS iS008 068 NeTH 0GP 0B0 At 1 en they
nfﬁéﬂudéompkeXtBMﬁhoﬁ§ iﬁﬂmaaaenyhngruth@r&u@étltuent( ) Y* may

| yvbd d h 1
T e e v i B L o ko e R

th@m@nnﬂ@xﬂ;okedherpaegentheﬂnamumammcs®1h@abf mhenstructure.

i nclude nore than one aronat rin
SR cBRRES) TPy s o X M el et g e ¥

tihat b avhi ahy t dres Qir armcdr@rlraisorm? aﬂe Inetkeédoosna structure
f her; .araonefic f th i nst ance, 2
%O{ he l(?aglg 0 ¢ t}{étnggﬁl %ogeng 3 eerseu Pg X O% and ©
mayEBenbﬁdany one or nore rings of the netallocene
structure and this may be the sanme or a different

ring to which QL and @2 are linked. Suitable

netidladdeenet ¢ypednegards Whiaghismapipe matbsts tsubediwitdd with

l% fﬁéﬁ quag @éffk%? %gg Dﬁrﬁafﬂ\Melknpﬁnkﬂpgﬁﬁtgkgmféd person

ed person are extensively define
0D 2432 2 expepairisloul dafliyredprief ef® e84X054A¥St-i tAienerfiprularly

%%RQ%Q&%HHQ'%u%@ﬁpﬂﬁnk31%ﬁe%u§h'%ro§%tu?qﬂh%nQeQ%r%hen S is
however, when S is aryl, the aryl may be further

ufisubstituted or substit uted with, in addition to R4,
R41l, R42, any of the further substituents defined for

the aromatic .
In general, however, when S 1s aryl, the aryl may be further

unsubstituted or substituted with, in addition to R*", R*!, R*%,
any of the further substituents defined for the aromatic

structure above.

More preferred Y substituents in the present invention may be
selected from t-alkyl or t-alkyl,aryl such as -t-butyl or 2-
phenylprop-2-yl, , -SiMe;, -phenyl, alkylphenyl-, phenylalkyl-
or phosphinocalkyl- such as phosphinomethyl.

Preferably, when S is Si or C and one or more of R*-R* are
hydrogen, at least one of R*® -R* should be sufficiently bulky
to give the required steric hindrance and such groups are
preferably phosphorus, phosphinocalkyl-, a tertiary carbon
bearing group such as -t-butyl, -aryl, -alkaryl, -aralkyl or
tertiary silyl.



structure above. 25 More preferred Y substituents in
the present invention may be selected fromt-alkyl or

W@ 2@Bkyd44sar yl such as -t-butyl or 2- phenyl pr opeRGBR07/050717
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- Si Me3r -phenyl, al kyl phenyl -, phenyl al kyl - or
phosphi noal kyl - such as phosphij nonet hyl. 30

Preferably, when Sis Si or Cand one or nore of

R40- R42 are hydro at | east one of R40 -R42 shoul d

ber S PPEY enf 1§ BM8R9ca§9¥%y%E§mPﬁécréﬁﬁPF%%F%t%ﬁ?@ including
hinskrancenand steh YrQURs avecypred efaddsy pBOSPPOEtSably, 5
phosphlnoalk |-, atertiary carbon bearing group. such

as® - tYputyr! Ie ar3fio™ss al RAFYI  PEeAFPAPRYY” or %és £E&FtiQr yprons,
sédpHciaWOy 2008/ 0624481 PCIHB2007/ 050 EL hetdllocene complex.
Preferably, the hydrocarbyl aromatic structure has,

i ncluding substituents, from5 up to 70 cyclic atons,
nMWéfqaeeﬁgrabkmﬁ 5 attdmadQccydyide oat o1p] nﬁstucture may  be
prefera 5 22 cli.c at ;pe0|alh¥ 6

cyc oq¥c % ?ol %y%%lﬁéta OC%%F %§OH%¥O)?tl§ atoms may be
Rraeffkernabbny, Heherarowmelrelhydfe(f@aebyés Staouchelteramayiebein are
monocyclic 0 clic. The_ cyelic. ronatlc ne :
nay be Gar ongo#ﬁﬁéiefgygmﬁeré¥ﬁ ré ereﬁces tﬂLo etdro " *°
lmmeﬁarradetﬂmefeﬂenceb #0d saf phupyps oxygen iamdfiorto available

é& QG- cyecir(ar oFoa%I%s lcf’f[)ecfh%rrgdléi‘sa% n'%eragomQ % ring.

it oms ar avai acen
c%wﬁmmaléVonwh@ﬁ the ayclE@shydnuyaabghaﬁtcu¢tmnp is polycylic

t[p' Csa'grxéfewgslf%t eﬁﬁﬁ"grh){ﬂé’f ALY SHEUGLHEf Seyctes in

ycylic ferably bic ic or tricycli
fthqrﬁﬁomgpabe§tmnctvh% @amnarlmasthCt@hemﬂﬁyﬁnwlnnyaromatic

n%ﬁdtg %%eé ‘éessé%%c%gx%ats'h%u}é a)d ﬁ{a%%ftBSdea HSI&’{r?gly A

shoul d under st ood accordingly. non-aromati c
cy@l-Hag opphge s)cvad idef T el sHer @B n @ﬁﬁ}nﬁﬁclhﬁﬁ?ln may include

unsafur-ated bonds. %¥ E¥§ii&eﬁk@ﬁhbSm&%ﬂﬂku@%tékoﬂﬁlch forms
which forms part of "a cyclic skeleton. 20 Preferably,

tPRE hrafdgi AECHrodFelREYX) whet her furt her

Preferably, the bridging group —R(Y") ., whether further
substituted or otherwise preferably comprises 1less than 200
atoms, more preferably, less than 150 atoms, more preferably,

less than 100 atoms.

By the term one further aromatic cyclic atom of the aromatic
structure 1is meant any further aromatic cyclic atom in the
aromatic structure which is not an available adjacent cyclic
atom of the at least one aromatic ring to which the Q' or @7

atoms are linked, wvia 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 joined
to a Q' atom via position 1 on the ring and joined to a Q? atom
via position 2 on the ring has preferably one or more said

further aromatic cyclic atoms substituted at ring position 4



substituted or otherw se preferably conprises |ess
than 200 atons, nore preferably, |less than 150 atons,

worere/opwdd er ably, | ess than 100 atons. 25 By RPEEGB00050717
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one further aromatic cyclic atomof the aromatic

structure is neant any furtheﬁ aromati c cycl ic atomin

the aromatic structure which I's not an avail abl e

adj acent_cyclic atomof the at |east one aromatic

r?‘h%{%ro WHITEh HRe tep 6F‘mﬁﬁlatﬁ1é(n§dé@€eﬁ nkeH 1o e Lo the

Iéamk;i NG:v@LoHPle 30adyefrabkyciihe dvomdi abel ysagiaoaied at
clic atons on either side of the said avail abl e
HdentScyel i P%t S ar EOPTEFer ably® nbt SGPsti futleeterred

A@u}:aatle&aﬂpl Qrrafg@iaamtdcl phamithitgn] aknedngt @odi@ions 3

ato ositiaon 1.on the ring and joined to a

a‘i”b S HOG i on® PO tHE Ti ng has preferably one

m)re sald further aromatic cyclic atoms

substjtuted at ring position 4 2008/ 065448
p’%ﬁ R DA ki the Thn FRAedPAEeF§nT t°
asdj\jaﬂaertthec;@él bod a0 co atrl@e 1isaécﬁi avai babl & ael;slasecsmvely is
cyel -6 at ok, nolo subst LUt ed At - posilions 3.
SRS TS onI a pre &rred “RUbsti tUen

are atngnemelat namdorswosat ichatybn @tcmpﬁgt@@sertylorasuan Spyrollyl,
a . sibl e. et Aromati

%rgldr%trel né t % ecé:ugt%qu%stbugneOtr% lon “Whi ¢ %mr&tlmty
aﬂdcquasatidmtar@dmdnl@ed arva B n& Amtélspi@dbpaéwed sPi electrons

i.C Cc oul erably be

%@e@%ﬁe?ggggfr%;g %Ot}t‘?% Slléﬁgl ggg&not only a phenyl,
cycl opent adi enyl anion, pyrollyl, pyridinyl, type
SHUELULES B0t her Fings Wi th aromAtLLity ; SUEH-aSi0g buc
that found in any ring with delocalised Pi el ectrons
a]bi@St o'ifbvénf reel pii pleher@ul dos WQSOl@OF’ﬁel?Je? regh as [14]
L Bte i Ngs NavecR0Lc 6 atoms in the ring but
rings wWith 4n + 2 pi electrons are al so possible such
as [14] annul ene, [18] annul ene, etc

The aromatic hydrocarbyl structure may be selected from 4

{preted broadly

and/or 5 t-alkylbenzene- 1,2-diyl, 4,5-diphenyl-benzene -1,2-
divyl, 4 and/or 5-phenyl-benzene-1,2-divyl, 4,5-di-t-butyl-
benzene- 1,2-diyl, 4 or 5-t-butylbenzene- 1,2-diyl, 2, 3, 4
and/or 5 t-alkyl- naphthalene- 8,9-diyl, 1H-inden-5,6-diyl, 1,
2 and/or 3 methyl-1H-inden-5,6-diyl, 4,7 methano -1H- indene -
1,2-diyl, 1, 2 and/or 3-dimethyl -1H-inden 5,6-diyls, 1,3-
bis(trimethylsilyl) - isobenzofuran - 5,6-divyl, 4—
(trimethylsilyl) benzene-1,2 diyl, 4-phosphinomethyl benzene -
1,2 diyl, 4-(2'-phenylprop-2'-yl) benzene - 1,2 diyl, 4-
dimethylsilylbenzene-1,2diyl, 4-di-t-butyl,methylsilyl benzene-

1,2divy1, 4-(t-butyldimethylsilyl)-benzene-1,2diyl, 4-t-
butylsilyl-benzene-1,2diyl, 4- (tri-t-butylsilyl)-benzene-
1,2divy1, 4-(2'-tert-butylprop-2'-yl)benzene-1,2 divyl, 4-

(27,27,3",4",4" pentamethyl-pent-3’-yl)-benzene-1,2divyl, 4—
(27,2",4",4"-tetramethyl,3'-t-butyl-pent-3’'-yl)-benzene-1,2

divyl, 4-(or 17)t-alkylferrocene- 1,2-divy1, 4,5-diphenyl-
ferrocene -1,2-diyl, 4-(or 1’)phenyl-ferrocene-1,2-diyl, 4,5-



The aromatic hydrocarbyl structure may be sel ected
from4 20 and/or 5 t-al kyl benzene- |, 2-diyl,

wa2@sdépenyl - benzene -1, 2- diyl, 4 and/or PCT/GB2007/050717

10

15

20

25

30

35

5- phenyl - benzene-1,2-diyl, 4,5-di-t-butyl- benzene-
l,2-diyl, 4 or 5-t-buty|benze9§- l,2-diyl, 2, 3, 4

and/or 5 t- aIkyI naphthalene- 8 9-diyl,

1H i nden-5, 6-diy 1, 2 and

n%]tﬁwbultﬂ-l.ﬁ%@’r?%ne dityf dw17 n4et Rand’ Lt Eutivideneccys- 1r2-
|d%fld| yla— (be 21amdfﬁm&ﬁ@llg$wy -tdHindan-5, 6- ddij}ﬁ}ls, 4-(or

3- _bis(trimeth |SI| ~ i sobenzofuran - 5, 6-diyl, 4-
({ |Hﬂ€§ﬁ§F§?T§ﬁ benf%ﬁﬁp?eQ? di yi % 4- ﬁﬁ@@phlnéné¥ﬁyl 1=
lb@frea@nd @erpLM iyl ] l‘l-fe(r%oicghgnw pplop 3 1yl ) benzene - 4-(or

[ met silyl benzene-1, 2diy Dy
ot Gt b R roT enaane 30’ 1. 20 yer 1) di-t-
do(tty-1h ey h di grethy | S|nyérﬂma@zene iqﬁyﬂ yl, 4-4—(or 17) (t-

ut |SI| , .
R T g1 Sy T e bEtvdied Patilyy 4 (or 171 E-butylsidyi-
4f€(ﬂocteeet-1b2ﬂjyyllpr op- 2-{yt) benzenexl ;- p- ]deJ,514yl —-ferrocene-

o R - et 3 Gy Ty ey SaT OB vy feryreng 2 aivd,
45 o -tét’r)a?réthy,l3’3'4’t abut ybepemtet8ylybdntberizene- ferocene-
X/ll’ 4z 1 or 1) ?’I l§y’| %erﬁo tﬁq:l’aﬂlefg¥gl?}/'l “t-butyl-pent-3'-

hen | - ferrocede
1y9pﬁEﬂybcé@¢{béedeyﬂ 2-diyl, 4,5 WD 2008/ 065448
PCT/ GB2007/ 050717 13 di-t-butyl-ferrocene- 1, 2-diyl,
4-(or 1')t-butylferrocene- 1,2- diyl, 4-(or
1')(trinmethylsilyl) ferrocene-1,2 diyl, 4-(or

II) phc%%phlsgpgg&n’yés f %EEQ%@HG W'h:e’r% djcﬂ%re :1%8: m%;:e( Zéﬁan one

phenyl prop-2"-yl) ferrocene - 1,2 d

1sdiersrhgr ¢ | yFéer r ceerrsbLle2di wi ! 45@@h 1'sygiegisomers are
butyd et hyl silyl ferrocene-1,2diyl, 4-(or 1")(t-

butyl di net hyl silyl)-ferrocene-1, 2diyl, 4-(or
1')t-butylsilyl- ferrocene-1,2diyl, 4-(or

1A§ (ﬁlerﬁtltonl%ﬁt Bélb%lveyl )Lnf %Bﬁgcgﬂgodﬁne%@syl th@reoﬁla be two or
1')(2 -tert-butyl prop-2'-yl)ferrocene-1,2 diyl, {O
qu@ q_ﬁ )%?ld ZY gnd/zpr gnon-— substltuents on further aromatic

peptanet iyhmpent &eygtﬁdrrfa%ﬁﬁo%%@ﬁctﬂ-f@diUﬂ)ticﬂ’fa(l@!’y, the said
1')(2',2',4'" ,4" -tetranethyl , 3" -t-butyl -pent-3
thOf%JI:rgleéele sybgtﬂﬁwnts may, especially when themselves on

neighbouring cyclic aromatic atoms, combine to form a further

ring structure such as a cycloaliphatic ring structure.

Such cycloaliphatic ring structures may be saturated or
unsaturated, bridged or unbridged, substituted with alkyl, Y
groups as defined herein, aryl, arylene, alkaryl, aralkyl,
arylenalkyl, alkenyl, alkynyl, het, hetero, halo, cyano, nitro,
-OR", -0C(0)R*", -C(O)R*", -C(O)OR**, -N(R”)R**, -C(O)N(R*)R*, -
SR*, -C(0) SR*, —-C(S)N(R*")R*, -CF, -SiR™R"R"”, or
phosphinoalkyl 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



15 In the structures herein, where there is nore than
one stereisoneric formpossible, all such

weL@Bei4gHNers are intended. As nentioned aboRE&/GBR007/050717
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sonme enbodi nents, there may be two or 20 nore of said

Y and/or non-Y substituents on,further aromatic

cyclic atons of the aromatic s%ructure Cptlonally

the said two or nore substituents may, especi al

wWHE théséllves h O?%ﬁ%ﬂ1b§&FFﬁ@e%yc??%?@%Fonﬁﬂ?tcon atoms or

atPnsL1aeenbi nei d1eviloEm acditheps &4 RG xSLEUEt tH&-SUCh
as a cycloaliphatic ring structure. 25 Such
cycloaliphatic ring structures nmay be saturated or

wn&aku@atedf b&hﬂge@taﬁcﬂﬂﬁ&idg&@luSQbS@iﬂdﬂmadnéithpyridine,
al kyl , groups_as defined herein aryl ene,

al |1l“8r al ky|CY‘§6%8F§zP%vna| ky|C,YC%P§%%‘§ﬁ ©ral kyny¥clooctane,
hetg1dethene, Haken, cyabeand) t BDky1 - QR&QI;:LtL%d( M1R20,2-alkyl
:sc\ét%tﬁ_%%fﬂ(b)q, OR%%Oéa?é)Rzﬁl)c(@Zé’?féﬁE%r%q%F(sR%g%lcﬁge@%anone,
- SIREPRAR RIS, omycphms$MKnoalky&l@ﬁﬁxaaﬁanemhenq dithiane,

Pr P%ﬁﬂ& at |east o §d81 RA0-R42 i s ot hydrogen, enone
wherein RT19- R3GYare def i ned Hetera T ahd rR71°351 ’
abfcxhﬂm [Aed. %&pd%¢®eR42 bubl@MinﬂﬂeBe®EmﬂQﬁma, C4 abdyrhantane,

B A O g DR e sy RS BB G tetyzphvaro-

tharera2total @¢lt4) waiygehactnnavogemmaisWﬂnmiacsbhécoqﬂutaric
r,. by silan ilicon gro
aé&H?ﬁfﬁ %é%gdg?es (#zéi Uns Qgc%f onane,

xtures fhereof such structures In
ptxnﬂaaﬁwnéod$gqnqﬂ neth$an®¢¥ﬂkma,ne heyeh wlrexdaHeindene (5,6

Cé’fyl 9heRy %Qﬁy?&ycz! OOGHRRE o FYS %noaaaemw;aand tetrahydro-

di oxane, substituted DIOP, 2-al’kyl ~substitute
]lﬂ?%ﬁd@%ane ré&C@Uﬁ@ntahbn@f d@@ﬁﬁhe%@ﬁoﬁ@ unsubstituted or

Cy el Anent e, s %@19@@@&_6@&»10&199@%@' ene, 1,4
dit hi ane, piperizine, pyrollidine, thionorpholine,

cycl ohexenone, 10 bicycl o[ 4. 2. 0] oct ane,

bi G¥G1Q], 4+ 3cChBPN@PEN | AfaPBM BRe, glRbLahydrapyralse, it is

di hydr opyran, tetrahydrothiopyran, tetrahydro-
preferred that the immediate a jacent aromatic cyclic atoms, on

either side of the said available adjacent c¢yclic atoms to
which Q' and Q° are linked, via the said linking group, are un-
substituted and preferable substitution is elsewhere on the at
least one aromatic ring or elsewhere in the aromatic structure
when the aromatic structure comprises more than one aromatic
ring and the preferred position of combined Y substituents

should be understood accordingly.

Typically, the group X' represents CR'(R?) (R’), X’ represents
CR*(R%) (R%), X’ represents CR'(RY) (R%) and X* represents

CRN(RM)(RH), wherein R!' to RY? represent alkyl, aryl or het.

Particularly preferred is when the organic groups R' - R,

9 6

R*-R°, R’- R’ and /or R'”- R' or, alternatively, R'-R



furan-2-one, delta val erol actone, gamma-butyrol act one,
glutaric anhydride, dihydroimdazole,

w0 e008p6@yR| ononane, triazacycl odecane, thi azoPCHGB07/050717
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hexahydro-1 H i ndene (5,6 15 diyl), octahydro-4,7
nmet hano-i ndene (1,2 diyl) andlget rahydro- 1H-indene
(5,6 diyl) all of which nmay be unsubstituted or
substituted as defined for aryl herein. However,

whied heF f8fn$ng cBHBE nedSyPoLpseor @Fﬁ%%mn%%?lﬁt Fgspective
@eﬂ?éf%fégrwﬁtawﬁ(émgfﬁt ﬁg{%é%@ BQHEtWchh are at
cyclic a el ther side o? sal aval | abl e
athasents cyter ccat bysh t mdewhing ha Q1t amdt YR (ar e Ilnked,

via the said |inking group, are un- substituted and
preferable substitution is el sewhere on the at |east

Ofes art@rati groung oy elssewhédne, | patthevaflomabrcacyclic.  When

str cture 25 en the.a I C Structure onpri ses.
nﬁ%c Than' ong mg?o tﬁéc’rlnéaaﬁﬁouﬁe pr%fg?regu% SPituted or

posiubsontofed ombi rgdhir¥tsdbst i tuertwatshoul dhbecyclic or part

ler;st g . cal he

e ROk " UBl PR R e cervians
(@&ﬁbonxsaﬁepﬁeSentExdﬂQ?@RBQM(Rgmoemd Xk fegppésentsCzu, most
%_i]%e(r@%}} %)Z ’ca%%qle'anco% tlQl % rc%@l%%ery;tr% %Mle The
ary 35 artlcularly preferred s when t
OFYfAriicc S§FBEpETRIAY RS, SUlRE: Gt eR7DY RNt /rf@r-’eRmbstltuents
RI2 Ofieqal Eprnativel y, c%ngﬁ 02008/ 954480 (g C(0)R™,
PCT/ GB2007/ 050717 15 and/or R/-RI2 when aSSOCIated
vt th ARnei R espect (VER Fert iHry carBoR at G VRf 8rm aryl or
COIPOS|HL Ghoups Wi gh @5@11atmdé&aﬁen@&ystr%kg@éw Jvdrogen,
hlnderlng as t-butyl (s 5 The steric groups may

c@%ﬂ%(Pf patley éRfcobr %c&%ﬂqﬁfuPVﬁ@nbYc9%¢l%fomoﬁﬁuqugen or
cyClditr HREmEN QUP KBY i benSuhstii b Ut e0salconupssbsd i t ut ed

or saturated or unsaturated. The cyclic or part

cyclic groups may preferably contain, including the
tertbaryicudarponnab oaYS)ic,f rom 4; B4, admie prehsf abdyresent
C8-C24, nost 10 referabl C10- C20 carbon atons in the
c%%@%@’ﬁuc?%ﬁ@mﬂe c%lfl’i’%“?fjﬁﬁe%r%f mppety L, or X* and
sxibstbhutied bywione or mer ewsuhst itheent Sre  attached form an

optionally substituted 2-Q°-tricyclo[3.3.1.1{3,7}]decyl group
or derivative thereof, or X' and X’ together with Q? to which

they are attached form a ring system of formula la

YY1
R49 H ‘ ‘ /H R54
R3¢ R53
R51 R52

(1a)

Similarly, X’ and X' together with Q' to which they are attached
may form an optionally substituted 2-Q1-
tricyclo[3.3.1.1{3,7}]decyl group or derivative thereof, or X°



sel ected from hal o, cyano, nitro, OR19, OC (0) R20,
C(OR21, C (0) OR22, NR23R24, C (0)NR25R26, SR29,

W@LOpB5489D, C (S)NR27R28, aryl or Het, wherei PCRGE82G00/050717
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R30 each independently represent hydrogen, 15 aryl or

al kyl , and/or be interrupted one or nore oxygen or

sul phur atons, or by silano or dial kylsilcon groups.

In particular, when g&clic, X1, X2, X3 and/or X4 nmay
r%ﬁfé&eﬁPgeEB%@rﬁggyl, ﬁ&rﬁ@ﬂﬁblFhﬁyn6F%o?%%ﬂﬂ§ﬁ&Wwérform a
adlarpnt ¥k emoss Xbranda 20 X2 together with Q@ to which

they are attached forman optionally substituted
2-Q@-tYNMeycl o[ 3.3.1.1{3, 7}] decyl group or derivative

t 4gaof, oH X1 and X2 together with Q2 to which they
¥rma ring systemof fornula la YY1l R49
HHR4 R50 RG3 R51 R52 25 (la) Simlarly, X3 and X4
+thREl to which they are attached may form

an opti y substituted 2-Ql-

tri @&ptl o[ 3. ®%4. 1{ 3, 7}] decyl group or derivative

thereoQ or X3 WD 2008/ 065448 PCT/ GB2007/ 050717 16

and X4 Egbether with QL to which they are attached may
f@IﬂBr&latﬁi\f@gy,Sy&iee( g)ko%f@rdmltael i@ra(u\f% xRAN kF 851;41/05 X* may
:r R53 R51 R52 (1 ternatively, one or nore t he

oF SIS SRF, 2P 1 X3 PERE? o © Xﬁuﬁﬁyth% Teprdséht - ¥ d

phase to which the ligand is attached. Particularly
pgfrftelrcﬁﬁgrifj’ \}I)\AQeePerXrle’d X12§ vé?enan}g,xﬁiz,or Xxlan%dx4xzor x' and X’

together with its respective Q? atom and X° and X' together with

its respective Q' atom are the same or when X' and X° are the

same whilst X? and X* are different but the same as each other.

In preferred embodiments, R' to R' each independently represent
alkyl, aryl, or Het;

30

R to R each independently represent hydrogen, alkyl, aryl or

Het;

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

alkyl or arvyl;

R® to R”, when present, each independently represent alkyl,

aryl or Het;

YY" and YY?, when present, each independently represent oxygen,

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

Preferably, R' to R'Y each independently represent alkyl or
aryl. More preferably, R' to R'” each independently represent C;
to Cs alkyl, C;-C¢ alkyl phenyl (wherein the phenyl group is
optionally substituted as aryl as defined herein) or phenyl

(wherein the phenyl group is optionally substituted as aryl as



together with its respective 2 atom and X3 and X4
together with its respective QL atomare the sane or

WoRE@s/06sk45and X3 are the 10 sane whil st X2 and PET/a@B2007/050717
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di fferent but the sane as each other. |In preferred

enbodi nents, Rl to R12 each independently represent

al kyl, aryl, or Het; 15 R19 to R30 each independently

represent hydro en, alkyl, aryl or_Het; R49 and R54,,
rleséifEeiBhch FreRpehdient | §F +&p5redént Rydrbgenk  each

al kydpe@feat ¥y ; r3Pr&E&t 0c358@ \Mﬁeralpzr/esemmlcaaclrs optlonally

i ndependent | esent al kyl

r
YRS Mt ER S Pr %efﬁf Yledth ‘1%?d8ﬁ8n8%ﬁ%¥§/ rWeé’éﬁtferablY' R to
OXY g&dsh r%@r%@bﬁtlrncﬁf—sN-b855tutvﬂtEr@lﬂ’b RESIKEAr €86Rt Ss methyl,

hydr agen, or, ar refe abl RL to 2 each
Sk e pr YOS OB &y PoPLCiTy 1 LopppetyT CBETe-bucyl,
psefenabhyxy Rlardo cRt2c @ i @depermkmulmethepresent Cl1
to C6 al kyl, C1-C6 al kyl phenyl (wherein the phenyl
group is 30 optionally substituted as aryl as defined
her ed marod cphenyt priedhered neriidveliphenydf gricupriesent invention
i qnal S ﬂtute as_aryl .as WO 2008/ 065448

2067 SR0s 7 LaSh BB A Aler e arvt or met

pm@ﬁ&ﬂwabbydeﬁine@ RiZigaclk’, i Rdependent Ry repnesemtes@ht the

tgﬂ%@ gl ich i oggrgnaLl FE§UE§&IﬁeE¥§2a§ gl%yl RO

herei n. a each
r@@ie%éneanbnreybe$enunuh$ ka&OEGByébkwkyéuwh ast moiety as
5 } A IQP y| If rhzrbut RO
|s&nb5?ylhgt%¥t buty% d ent %?a %gx§I and’ cycloﬁexyl cach

especisanky thet $grie Chncéaqiawﬂrcpﬁznﬂqplpréﬁem@@nﬁubstltuted Ci—
e@b%qw?ms@éh the m%rtﬁ§§nteﬂ}ﬂ}’ientnl BPopy@’ l%% pBZngd n-butyl,

0 eath represent the sane "alkyl, ary ] .
nmcetkyltaé,deﬁrhe@ltryér/ermntm; Rexymoenequh%aréh R, R%, R

ré%ﬂfeﬁenteébhe fﬁH@Eeﬁ&gﬁﬂl ar éyénkbttH%D'§%dé as -c, alkyl as
defined herein, and R3, ﬁ% and R12 each represent

t ¢ idgde QPRX@ @@@l Bp H@t nﬁiet9n@3 each independently

represent the same C;-C; alkyl as defined above. For example:
R', R*, R’ and R' each represent methyl; R? R°, R’ and RY" 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'Y group represents the same alkyl, aryl, or Het
moiety as defined herein. Preferably, when alkyl groups, each
R' to R'" represents the same C, to C¢ alkyl group, particularly
non-substituted C;-Cs alkyl, such as methyl, ethyl, n-propyl,
iso-propyl, n-butyl, iso-butyl, tert-butyl, pentyl, hexyl and
cyclohexyl. More preferably, each R' to R'? represents methyl or

tert-butyl, most preferably, methyl.

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

of formula I, when used herein, includes Cy—C or C; to Cy

10

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

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



defined herein. Mire preferably Rl, R4, R7 and R10
each represent the sane Cl1-C6 al kyl, particularly

Wo0v8o6f3gs i tuted C1 15 C6 al kyl, such as net hyPCT/€BRONT/050717
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n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl,

pentyl, hexyl or cyclohexyl; RZ, R5, R8 and Rll each

i ndependently represent the sane Cl-C6 al kyl as

defi ned above; and R3, R6, R9 and R12 each

| FfePendelit | yln r'ept esnitet Het Sanel C1 e ARG dgdined in the

dﬁr&éwa@bﬁb@ye"aﬁqu"emkqe MQeRlhe RA s, RA mnchRI @aeh case,

represent net R2, R5, R8 _and Rl11 each represent

StHyIY! e&ﬁdls%thé)reﬁ@r%% RI? BRTH TépreSdit’ mibltyts meant

Ofhdt- rw@t yhoup nglaere@peel ad;ﬂuyeqa;reaf akr e smredicaent @foup and
resent invention to R12 gr.oup

DBl e % H B ek, p L RRF S oAb yrigs case only

defd ned hetei B £ ef ecrlabhoy lowBen aakkyénegr oups, are_,acd’hse, when

rese%s t I Kyl

Rl to Clt ou

patt iocfSI%Fl% °'Hon- sﬁEsE %%t cr_ﬂdt?ff}(’fg1 aIOIEyFr r&HJ a?@hmt be Co
makhymmmemhyb cn-pr apydup aBSdebiﬂ@Wlheﬂ%abubyﬂ therefore, at
[ t - buty I,,, e nd.30 ,

c§ec exyl %%‘/{)raéldpgrae%%r E(? eac%w%ﬁ at%kyﬂﬁﬁe epresent s

met hyl or tert butyl rmst preferably, nethyl. The

Lerm cLaer. Al enel, whieh Aand B represent iR 3.1 ana

corrpoun orrru enIf en used herein, inc
Ca10tegr @@thxol,ClOetYG/a,gr etpsnwhi chgrdpylt herkap¢emrl butyl,

t erenB/Fian ggnd gng%%‘{l%})cﬁé%e&@%o n&ﬁeggﬁ‘%épocyl groups.

2@@8@/5@6514:418@@% GBX0074/16807 27ky 189gparmp, mand, when tthere is a
E§¥518ﬁ§eandﬁ%é}thng“ b@%flgg%ké n %Qe 1 SR WBY 8S-anched

al’kyl™ bel ow. Nevertheless, in the |atter case,
nmafr;ﬂl@ﬁéarisy mysefprefer Pednchan t Heoto? mencEade, thpucpl and

| s dyRant 1) thal the,.0reup QL9 (L conaected; ., i
di r ect ?tylto the R grotup and 5 t here |ds no CF - o?/\(feerl -

b1 en@ygﬂb%a% icn t hPS cagevdatytulbite of SAbahatLB—ed or

| SotilarCh hgwesnal kyl enge | Y ccases %@@ct@cﬁ]ef%m halo,
the groups A or Bis Co then the other grou&canqpt
h

be
Co'a%nd nistTbe aCCl: CLOYPdEp as d&PRned QiGR and, NR*R™
thenefomes, at sr?°, c(0)srR*®, C(S)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 be interrupted by one or more (preferably less
than 4) oxygen, sulphur, silicon atoms, or by silano or

dialkylsilcon groups, or mixtures thereof.

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

alkyl (which group may itself be unsubstituted or substituted



| east one of A and Bis a d-Cl10 "l ower alkyl ene”
group. 10 The term "al kyl" when used herein, neans C,

W@ 2008065438 kyl and i ncludes nethyl, ethyl, etheelGB2007/050717
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propyl, propenyl butyl, butenyl, pentyl, pentenyl,
hexyl, hexenyl and heptyl groups. Unless otherw se
speci fied, alkyl groups may, en there is a 15
sufficient nunber of carbon atons, be |inear or

bYancHed "aCpar £F cAFSH TS preter? ed T6F adEhed gFiotis may itself

el udeubsbut Yleand |§QB£‘@11MJt)ed bersatanmatedc@r as defined
unsat urated, be cyclic 1,0r

Cc art 20 0 i~
RIS acyEiPe, Oé@‘“ﬁns%%?%t utéd; sqﬁgt) Rtut &dOOR + C(OIOR™,
tmzﬁmzﬁat@cb bwm%e @R*1oIcg 03 BRSt bt ued )RS el’ecied e hoRY” to R

hal q, tro, OR19, OC (0) R20, C(OR2', .
R DsRoALY | Creh) APPSO T O S B tETpEY  oF
NR2/R28 uuas ubsti t uiredanryl sulstdit usBd/ar ytou@rmay itself be
unsubsti.tu or s t|t d Het, wherein

AL eRt | S bt by trbER: cHars, dorifed erein),
uds,ubist khateﬂs@rofsaﬁst htUud echiamryl, ovaumsubsmitat ed or

25 substituted al kyl, or, in the case of R21, hal o,

nitro, cyano and am no and/or be interrupted by one
oThermzreem( frekenabl yHeessisetthaar«f)n, oxpgen, Cstbphurglkenyl and

at r 00 k I Ico S,
R e L
ugolemmerémies;sncvlt&n@eslmvepemﬁm n@rmellyéd groups may, when
prgfgrably fiyect &@Atghhm{{ﬁ?efﬂoegﬁdca?é&?‘)%%éC b()a/l linear or

aromatic or pseudo aromatic groups, such as phen
cyrd et adice mAt vantded ndenyinsahiorisdandoenaghtlhiyl acyclic or

whi.ch gr 9HE§C/Wcﬂ% unSHQS“Jr{étu%thB%t%'{p,S“tsldkggi%gé?i or

one Qr nore SUbStI tuents selected from
ursUBSEitedt éqj/ oPnSUbSt inarcedsdrylituear kylselwhreh group halo,

Ad,sel f;he, unsypstit &) gr, substdtzut ed JOR?2,  NR¥R%,
2008/ 065448 PCT/ CBo0b7/ %3717 19 o(tr term ot o

def@Red Fner ei AR, - Het C{WREch gr 6¢p) W y R7t selynsugtituted  or

unsiistitu ed-of, substddped: Qfed a5 Naledasedefdnedherein
herein), halo, cyano, nitro, OR19, OC (0) R20, C(O
@l t@]i\o) aw@e ined as for alkyl above and/or be 1in errupted

by one or more (preferably 1less than 4) oxygen, sulphur,
silicon atoms, or by silano or dialkylsilcon groups, or

mixtures thereof.

The term “alkynyl” when used herein, means C, to C;y alkynyl and
includes ethynyl, propynyl, butynyl, pentynyl, and hexynyl
groups. Unless otherwise specified, alkynyl groups may, when
there is a sufficient number of carbon atoms, be linear or
branched, be saturated or unsaturated, be c¢yclic, acyclic or
part cyclic/acyclic, be unsubstituted, substituted or
terminated by one or more substituents selected from halo,
cyano, nitro, OR'Y™, 0OC(O)R*, C(O)R**, C(O)OR*), NR*R*,
C(O)NR*R*®,  SR*, C(O)SR™, C(S)NR*'R*®,  unsubstituted or
substituted aryl, or unsubstituted or substituted Het, wherein
R” to R are defined as for alkyl above and/or be interrupted

by one or more (preferably 1less than 4) oxygen, sulphur,



NR23R24, C (0) NR2sR26, SR29, C (0) SR30 or C (S
NR27R28 wherein R19 to R3 5 each i ndependently

wo 2pseeam® hydrogen, unsubstituted or substitRCEGBa07I050717
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or al kyl (which alkyl group may itself be
unsubstituted or substituted term nated as defined
herein), or, in the case of 1, halo, nitro, cyano

or. am no. 10 The term "al kenyl" when used herein,
nean<oe2 +Pero 8Fké?i§/l SAhYC i REI u‘aje%lkéftlﬁéﬁwr} groups, or

propenyk, chatedyyl , pentenyl, and hexenyl groups.
Unl ess ot herw se specified, al kenyl groups may, when

there is a sufficient nunber of carbon atons, be
| Theateral “bBriayichedarbexsat ur atadaor 1 unsairynanedikPe’ or the

cyclic, acyclic or 1 art cyclic/acyclic, be
i SEitedt SURSTHARES GF “PEVERTAEEathy TBReoBRtrary, be
mlers hsbet et . sebkact edi fif omhkRakbdove Cyamioyithbhr ©f “alkyl”
OR19, OC (O : O R, O 0OR22, NR23R24 . C (O
NR2SR26 a§RE%e c%(%%)yéggéog% (®%Nﬁ§7ﬁg§h§n§68§Pi Jt%tcé)&l)CSF ned.
substituted aryl, or unsubstituted or substituted Het,
erei.n 20 9 to _R30 are defined as for alkyl above
A oPDR B ofF uBted by Bhelar Ror & Cr e Bb o Fegs more
t bare lentorygen, bigulrplisrencesd ldiccdarat ens’; ©r “byydehamickyl” or
or, di al kyl sil con groups, ,.or —m res thereof. 25 Th
tt—é}}em ﬁ%\fé{yﬁﬁ? glr\}\her}f%ﬁggd Yer i n%(rtsr%é)g%s t%cggcfévaIegt bond
adkhapnmeanhdbut nethedes set hyng¢f iprcdopenyr, obutynyl gbove as far
pent I r S | ess I.se
T e R s e e EPera | g qreferences to
std¥qacivefit Hemdbery 19T ocatbenlatenshowel |bHengakeor as references

br anchegd, Qg%ﬁaéw@eteéjs OF  Unsatyrated, .be, CHCliG.tion of the
acyclic or part cyclic/acyclic, be unsubsti'tut eg,

stibstd tigt ednegrneder m nat ed by one or nore substituents
selected fromhal o, cyano, nitro, OR19, OC (0) R20,
CCOR2'", C(OOR22, NR23R24 C (0) NR2sR26 SR29 C(O) SR

P ( SFOoNRR 7RG hunsiibdt i thted?etve Sebst PRt edrapyp, may be

o&ﬂ%ﬁﬁQgggaFQ&Gngﬁd%H@§&iH%Eggdgbkiuﬁggfehﬁlggoﬁl%rgﬁo and
R30 are defined as for al kyl above and/or be

i ¥ rupted by one or nore (preferably | ess than 4)
oxygen, sul phur, WO 2008/ 065448 PCT/ GB2007/ 050717

The term “Het”, when used herein, includes four—- to twelve-
membered, preferably four- to ten-membered ring systems, which
rings contain one or more heteroatoms selected from nitrogen,
oxygen, sulfur and mixtures thereof, and which rings contain
no, one or more double bonds or may be 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 halo, c¢yano, nitro, oxo, alkyl
(which alkyl group may itself be unsubstituted or substituted
or terminated as defined herein) -OR'?, -0OC(0)R?*°, -C(0)R%,

C(0)OR*, -N(R*)R*, -C(O)N(R*)R**, -SR*’, -C(O)SR™® or -
C(S)N(R*)R*” wherein RY to R each independently represent
hydrogen, wunsubstituted or substituted aryl or alkyl (which
alkyl group itself may Dbe unsubstituted or substituted or



20 silicon atons, or by silano or dialkylsilcon
groups, or mxtures thereof. The terns "al kyl"

WO aaloksss , "al karyl ", "aryl eneal kyl" or the BCT/GBR007/050717
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shoul d, in the absence of information to the contrary,

be taken to be i n accordance,with the above

definition of "alkyl" as far as the alkyl or alk

portion of the group is concerned. A The above Ar or

A NGRS DS ey e "alt KEREAT by °Bne 16r TSt e“AT covaRent Palos
bends ,buinimef ejrensesd.0 "amyl eaen onetaryheneahkyldes0rgroups
the |ike herein shoul d be understood as two_coval ent

boHd® att achierft™®ut ofHerW S&- ¥k detSrdd 4s péSleldlnyl
aryldsaboye, as fatdolgs,t he audrene por&x&&buyi the gE@tHYo0ly1l,
IS conce ef erences t.o kyl "

d. or
t e ioke §ﬁ0uF e Kethé§de%F%Jr< ce%mf'szotléf ogptriazolyl,
artylatabevelas, far @msitdheiAy1pr arybrgporntingn, of therimidinyl,

oup .is.concern roups mnth whi ch
T BRAC | oRa g Bupe. ey BRoLlbeyi (DY ERF iyl  pyrazolyl
t @rdnmiakedzimel ud@kﬁku@mtuonﬂﬂtOHet bapne anda 20rbedmtom of
Qe tgrn1"§b " qlused herelgatlncl de§ foq;-mgqa of the
t Wl ves" merbar 5 preferéﬁ1 Four en- member e
rhegperopstvens, which rings contaln one or nore
het eroatons sel ected from nitrogen, 25 oxygen, sulfur
and m xtures thereof, and which rings contain no, one
of Hadr @rdopblresberids be imycheefpon-ar emabi oxigartly
aromatic or wholly aromatic in character. The ring
systens may be nonocyclic, bicyclic or fused. Each
"Het "tgrroupetdent #fi egnt herel nhemgirbenemsubriitameed orxygen,
subst .t ut-ed; by, .Qne gL .oof e 30 substituents sel ected
from hal o, cyano, nitro, oxo, alkyl (which alkyl
group may itself be unsubstituted or substituted or
ter d rei
C(ég)%gélr%ql_t§§ %fo'régggsé}ﬁll RZI%QI%%QC(O&CIK\II\( %g%?%%ilengé group
291 - W@@Rléi éirompfe?%) WWH@@Z@W@%M&MQSMOR@OM more
eaghsdindependentd i hepresentx 3o hy@rogenc (o)r>°, %alo, nitro,
[

unsubs |tuted or ubstituted aryl or k mh C
-C(0) E -C(0)0 ; cyano, aryly - §! XJ ~C(O)N (R**)R*®,
c<s>(R”>R28, -SR*’, -C(O)SR*® ,-CF;, -P(R®)R’/, -PO(R”)(R™),

PO-H,, -PO(OR®®) (OR®*'), or -SO0sR*), wherein R"-R’¥, alkyl, halo,
cyano and aryl are as defined herein and R® to R* each

independently represent hydrogen, alkyl, aryl or Het.

Suitably, when the adamantyl, congressyl, norbornyl or 1-
norborndienyl group 1is substituted with one or more
substituents as defined above, highly preferred substituents
include unsubstituted C; to Cs alkyl, -OR'Y, -0C(0O)R*, phenyl, -
C(0)OR**, fluoro, -SOs;H, -N(R*)R*, -P(R’°)R’/, -C(O)N(R**)R** and -
PO(R’) (R*?), —CF;, wherein R' represents hydrogen, unsubstituted
Ci-Cs alkyl or phenyl, R*, R*, R*, R*, R*, R*® each
independently represent hydrogen or unsubstituted C;-C; alkyl,
R°® to R each independently represent unsubstituted C;-Cs alkyl

or phenyl. In a particularly preferred embodiment the



al kyl group itself may be unsubstituted or substituted
or WD 2008/ 065448 PCT/ GB2007/ 050717 21 terminated as

waledosied4herein) or, in the case of R21, hal o, PCHIGBR@]/050717
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am no or cyano. The term "Het" thus includes groups
such as optionally substituteg azeti di nyl,
pyrrolidinyl, imdazolyl, indolyl, furanyl, oxazolyl,

|soxazonI 5 oxadlazolyl thlazolyl thladlazol¥ ,
t??@%ﬁ&FVP“ xS iCazb? yie, al %}%HWQE§ZBF9FeriRHY'dQ§ Ayt such as

mespholiinny| 3 Pywdemydi A¥dmantRyr.azi nyl, qui nolinyl,

i soqui nol i nyl, piperidinyl, pyrazolyl and

pi perazinyl. Substitution at Het nay be at a carbon

a$@imaca>f1y,t hehHet apiaRgnoyl, Wheseyappropri at G),or@brﬂf[e Obr 1-
of the 10 heteroatons. "Het"

|Ih°]i émPéFPﬁ(Jof FhORP oRT-HeS e Fer M ﬁéag?o ) roge“ s, up

ment ilonedulberiaiuenaeanss nideragen, ogen, prdfesmifuruer to 5

m Xt ur. er eof . T adamant yl , ressyl r bor nyl

b R AR P T o g T At AR
b@@bahmsuhydﬁogendaﬁansd Gbevﬁr Aoi eblsubsilidruetfes adamantyl,
selectedﬁgronlalg¥8§£2 1 ngxkéé)dlg%%%Rggkﬁy nltéomprlses,

cyano ar
I D) MNER2E)RRGen- a€o(ns) (oﬁzl)oRz&porésF@@bstﬁu@@)SR@@ defined

T PR P R PSR R B
cv&nﬁﬂamdna$yar@r@nsubSdetuheﬁ %eﬁelaﬂkykid%@GtK@fﬁﬁQromethyl

ﬁgét‘%l %ﬁ’f gﬁﬁﬂ%%ﬁ@% S@ng hé(ﬂ!ﬁ]g%’cha'aléylnetﬁﬁ" PMhighly

anant congressy
rmWQﬁﬂmm?ﬁ @ﬁamanhn¢b0¢@@gmﬂﬁﬂylgrngbpsnshbgrlﬂupedborndlenyl

ue S ne bov
ﬁ?% Iy S}g%rqgég %Stl éh %E%m@ gﬁﬁ§ g a @he adamantyl

erred s tuents include unsubstituted
Gongre8val kynorboR19l - OC (0) rR2ZOCrphesyll, @Oup is  not
A QPR2:fluoro, -S03H, -N(R23)R24, - P(R56) R51,
-C(ON(R25) R26 and PO(R58) (R59), -CF3, wherein R19
represents hydrogen, unsubstituted C -C8 alkyl or

pEBleé'BQrabB% 2R3 thAMor@%da’?ﬁ%ﬁt?@,‘:hcongressyl, norbornyl

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

each such group is identical.

The 2—Q2(or Ql)—tricyclo[B.B.l.l.{3,7}]decyl group (referred to
hereinafter as a 2-meta-adamantyl group for convenience wherein
2-meta-adamantyl is a reference to Q' or Q° being an arsenic,
antimony or 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 1in respect of the
adamantyl group. Highly preferred substituents include alkyl,
particularly unsubstituted C;-Cg alkyl, especially methyl,
trifluoromethyl, -OR"” wherein R is as defined herein
particularly unsubstituted C;-Cy alkyl or aryl, and 4-
dodecylphenyl. When the 2-meta-adamantyl group includes more

than one substituent, preferably each substituent is identical.



i ndependent|ly represent hydrogen or unsubstituted
C -C8 alkyl, R56 to R59 each independently represent

wap®ebeuig uted C, -C8 al kyl 35 or phenyl. |n aPCT/GB2007/050717
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particularly preferred enbodi nrent the WO 2008/ 065448

PCT/ GB2007/ 050717 22 substityents are Cl to C8 al kyl,

nore preferably, nmethyl such as found in 1,3 dlnethyl
adamantyl . Suitably, the adamantyl, congressyl,

nor bornyl or 1- 5 norborndi enyl group may conprise,
b@ﬁé]@%bmydf&%m—&ﬂe@%admnﬂﬂ L0o8pbst idureRtiSuBSd on one or
deflned above, preferabhy to. 5 substituents as

d&tishedt abbe, ! moie pr &t r%bF?SbEl?%s3W15%b§t|$ﬂ§ﬁf§uent as
a@eﬂkﬁédn&@rab@VeMoﬁﬂﬂﬂﬁﬁﬁé&abmﬁﬁntﬁéﬁﬁ4M31®&ﬁﬂyﬁantyl group is
congress nor bornyl_ oy 1-norborn

eny| grou .
NI R e O REE P ok P EOY P syt tap1y, sucn

swbs&ﬁﬁaﬂ@@msnaSmd&ﬁ$neMe @eafbﬂ1oﬂﬂﬁﬁéﬂ}ﬂﬁ@¢aeaﬁ@mantyl group

substit en%‘ i denti cal Pregerre Sg?éti ngs re.
uhssu% t'8d “GTPe8 ar®yi Hhd"iF iFIUGH RyF, eton neving no
pl@rdno@lehalaltymmnsmmstt mnﬁfedaﬁly C8tlad k%me&laehdamamlﬁ,ﬂhyjroup is

ghly, o Brgégggﬂ %dé‘ﬁanf yls s0agas ﬁ%asronorborﬁ%'n the 2-

AGrBoF N groud conpri sés en”at ons
(mﬂgﬁﬂademanhfladanampyl1nc©m@$@ssybrenomb6nnyﬂ.orsubstituent

Nﬁ&%%r%% L%ngﬂ gué%gltﬁ%nQOt HQ%EL&MFe%m gge£§h§|$%%ferred

an one adamantyl, congressy
ZﬁﬂuﬁA$UﬁotborﬂdienyBUQBOMput@ipﬂhs@nt6ﬂmyé cenpoungloakyls,

rou [ ti e
igdégcggéﬁ} tff%%%%gﬁggg(g % 7}fg§2y|§8%bugg methyl and
(¥eferingded oC:- ﬁeﬁéﬁﬁéfﬁ@ﬂhagsérzfﬁBQQNﬁﬁéwéntyl group
for conveni ence wherein 25 2-neta-adamantyl is a

reference to QL or 2 being an arsenic, antinony or
phiosistrords, attorer 2 eadegitsa- aareaeyt s andpopsipzituted 2-meta-

S&&i%%n@%@”&ﬂ;yb ﬂ@&%iné%aHB9§DQ@&%@%H@&&y|w1th one oOr more
prefera ospha-adanmantyl) may optionally

d@ﬁbﬁﬁ%étub%%ldg‘ﬁydréb@hl at'oititeRRt®r npre @ combination
suhstdtruent s, Sui tabl e substituents include 30 those
substituents as defined herein in respect of the

Preferably, the 2-meta-adamantyl group includes additional
heteroatoms, other than the 2-Q atom, in the 2-meta-adamantyl
skeleton. Suitable additional heterocatoms include oxygen and
sulphur atoms, especially oxygen atoms. More preferably, the 2-
meta-adamantyl group includes one or more additional
heteroatoms in the 6, 9 and 10 positions. Even more preferably,
the 2-meta-adamantyl group includes an additional heterocatom 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 heterocatoms are identical. Preferably, the 2-meta-
adamantyl includes one or more oxygen atoms in the 2-meta-
adamantyl skeleton. An especially preferred 2-meta-adamantyl
group, which may optionally be substituted with one or more
substituents as defined herein, includes an oxygen atom in each

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



adamantyl group. Highly preferred substituents include
al kyl, particularly unsubstituted Cl1-C8 al kyl,

wezpensaks y methyl, trifluoronethyl, -OR 9 wWhe&r/6BR007/050717
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R19 is as defined herein particularly unsubstituted
C -G8 alkyl or aryl, and 4 35, dodecyl phenyl. When the
2- net a- adamant yl group |ncludes nore than one
substituent, preferably each substituent is identical.
WO 2008/ 065448 PCT/ GB2007/ 050717 23 Preferably, the

2uipiig- agagﬂmrséd gL OMPr d-Siasibst {1 Ute@dupp O QlefiABH € herein
of the 1, 3 or 7 positions wth a substituent as

GUITHEE HePBPRE Noh o o 87 BT GBI "has St L AGRRETIAIEY L, 2-

O3 Hphias 153 StHistiinethed-©p Q@Ghr95x£dﬁmah¢y3 and 5 2-phospha-
pos t| ns. Sujt abhl suc enent nmeans

Dot L S oA By 6 Bups e oRGasg g Erode, ana
CZHﬂhw%pabemSBA3¥ﬂrhetﬁﬁfﬁﬁﬁﬁqﬂetﬁkﬁi{ﬂxﬂ)lhthD@xiﬁhmantyl

d t f bl the 2-met d
VOl S Der P TR G on Gdih P PR B aEn g7 selected

pﬁSﬂdl9H§ho%ﬁﬁﬁith€527k&tﬁﬁhatﬁﬂhﬂﬁﬁmyb gr oeyrdamehtdes group
S tity refegably, each substituent
G T Eegect A Brerert ad T e Ber i Cant s S
unsubstltuted a-cs aIkyI and hal oakyl s, particularly
ubst it ut ed LKy S .
uorﬁﬁ% &t CY§%%C§1% éﬁ% ggéirgfﬁg%%ogggﬁnryl 5IrOuP +E
F@mﬁ&amabhy,a2e®mnqmnddaﬁaﬁ©§ﬂudﬁe§besenhsZtmEnﬂmgﬂam@m@xﬂ group
2Lt GrerBIRNRILY! (BcGalTEt 2 adalRnt M cSUBM | LULER Wddhe e

one or nore unsubstituted stituents,
o¢sxmm§§ﬁbpnéng@wﬁst¢ﬁﬂe@ﬁepazedPﬁeﬁeﬁébbychthEgands include a

ZZngfa Qggﬂgggﬁﬂ Qf%ﬁﬁgnhﬂg£f%%¥%t§qgltﬂﬁgqa§ atom then other

het er oat ons, ot her e 2-Qatom 1In

29 MrRRtRs- &éarﬁaéht%ﬁlundskél etom S abl é’lQ@dVﬂ%al

het er oat ons i ncl ude oxygen and sul phur atonmns,

especi al |y oxygen atons. Myre preferably, the 2 25

neta- AdanEtafeNgreyp I9REPRdESYonRe oPr Abreeadart ingikapds well

known to those skilled in the art. Suitably, certain 2-phospha-
adamantyl compounds are obtainable from Cytec Canada Incg,
Canada. Likewise corresponding 2-meta-adamantyl compounds of
formula I etc may be obtained from the same supplier or

prepared by analogous methods.

Preferred embodiments of the present invention include those

wherein:

X’ represents CR'(RY)(R’), X' represents CR'(R')(RY), X'

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

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

adamantyl group;



heteroatons in the 6, 9 and 10 positions. Even nore
preferably, the 2-neta-adamantyl group includes an

waeodsnéamnl heteroatomin each of the 6, 9 aneCT/GB2007/050717
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positions. Mst preferably, when the 2- neta-adamantyl
group includes two or nore additional 30 heteroatons
in the 2-neta-adamantyl skel eton, each of the
addi ti onal heteroatons are identical. Preferably, the |
2 mefar c sty (R & udes Bﬁ@F?ﬁeq§§r@Ro%ﬁgéﬁRagénﬁn?nX and
tite gmhar adamand’ylcskehaloneindAn gspectahéyed form a ring
preferred 2-neta-adamantyl group, which may
optiEHally pe"sdodeit uted with one or nore 35
substituents as defined herein, includes an oxygen
atomin each of the 6, 9 and 10 positions of the
2-met aYadamantyl skel eton. WO 2008/ 065448
PCT/ @B2007/950717 24 Highly preferred
- RS groups as defined herein include
2- phospha-1, 3,5, 7-tetranet hyl -6, 9, 10-t ri oxadamant yl ,
%Fg-trinethyl-6,9,1O-trioxadanantyl,

1, 3,8 7-tetrreetrifluoronmethyl)-6,9, 10-tri oxadamant yl

group, and

2-phosdﬂ§)1,3,5-tri(trifIuoronethyl)-6,9,10-trioxadana

ntyl group. Most preferably, the 2-phospha-adamantyl

is selected from

2¢’plresphaeds 3, (R TR éRI amet’ hybphe S5riB- bohoxadavantyl X° and x°
ro or . 2 :

S hedha Tl B -9 1 et Y0, 16 (11 6RATAnaRTY @ 2 Phooehe

graupnty0 Vredmerably, when nore than one

2-met a-adamantyl group is present in a conpound of

formula I, each 2-neta-adamantyl group 1is identical.
HOwWeeer esrt T iR AR90 RE, adlvaragesuiss | fdamgeymietnilcX’ and X°
'ﬁ&ﬁﬂﬁéra%ﬁthSQQQﬁ%hQEH kﬁe?ugﬁakhQ%Qgédl@SLHd§ ﬁn&§system
2-met a- adamantyl group I ncorporating the @ atomthen
otherrmgiaupsi can be found on the @@ atom or vice

versa. The 2-neta-adamantyl group nmay be prepared by

nmet hods well known to those skilled in the art.

Sui t abMy,' certain 2-phospha- 20 adamantyl conpounds

are ppt nabl e from Cytec Canada Inc, Canada. Likew se
cdrt®esp dyn R2- met a- adamant yl conpounds of

R53
R5 R52
(1a)
X’ represents CR'(RY) (R’), X' represents adamantyl, X' represents

CR?(Rz)(R3) and X2 represents CRA(RE)(RG);

X3 represents CR7(R8)(R9), x* represents congressyl, and X! and %%
together with Q° to which they are attached form a 2-phospha-

adamantyl group;

X3 represents CR7(R8)(R9), x* represents congressyl, x!

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



formula | etc may be obtained fromthe sane supplier

or prepared by anal ogous nethods. 25 Preferred
wepistorest s of the present invention include RPEDEB2007/050717

wherein: x 3 represents CR7(R8) (R9), X4 represents

CRIo(R11) (R 2), x1 represen5§<CRl (R2) (R3) and X2

represents CR4 (R5) (R6) ; 30 X3 represents CR7 (R8)

(R9) , X4,represents CR (R') (R12) and XI and X2 )

tHgether *wi tHRIEPSESMhive h™ tHesF SAite MHIBHE f o aX  and X

2r phasphawiadaganty | wgr @QUEEhe 0 .2Q08/t065448 form a 2-phospha-

PCT/ GB2007/ 050717 25 X3 represents CR7 (R8) (R9) , X4

rEPFREENT STERID (R') (R12) ; and XI and X2 toget her

with @ to which they are attached forma ring system

of, formula lLa; YY1 RAQ HH R54 R50 R53 R51 R52 5 (1 .
> &) & répré§8ﬁ?%n%ﬁﬁf3ﬁ8)riﬁi®s,eni4 ar%ﬁ‘?&%@ﬁtsand X° and X

ataranicy| wiandoXltcanthiX® thegesiheramache@ fobomWhi £ing system

t%feyf are at%a.ched forma 2-phospha- adamantyl group;

10° X3"Mdpredent s CR7(R8) (R9), X4 represents

adamantyl and XI and X2 together with @ to which

they are attached forma ring system of fornula |a;

YY1 RAYWI H R54 R50 R53

R4° H ‘ ‘ /H R54
R R53
R51 R52

(1a)
10 X’ and X* independently represent adamantyl, X' represents

CR?(Rz)(R3) and X2 represents CRA(RE)(RG);

X', x?, X’ and X' represent adamantyl;

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

ring system of formula 1b

YY2
R49 H ‘ ‘ H R54
R30 R53
Q
R51 R52

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

20 ring system of formula la;



R51 R52 15 (1 a) x 3 represents CR7(R8) (R9), X4
represents adamantyl, X represents CR1(R2) (R3) and

wWX220sepHdesent s CRA(RS) (R6); x 3 represents CRICRBB2007/050717
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20

(R9), X4 represents congressyl, and XI and X2 20

together with 2 to which they are attached forma

2- phospha- adamantyl group; % represents CR7 (R8)

(R9) , X4 represents congressyl Xl represents CR

(R2) (R3) and X2 represent¥YCR4 (R5) (R6) 25 WO

2008/ 065448 PCT/ GB2007/ OﬁO? 7 H26 x 3 and X4

i ndependent |y represem®ad nt R54and Xl and X2

together with @ to whichjthey are attached form a

2- phospha- adamantyl g ;5 X3X%Ehd X4 i ndependently

represent adamantyl, and/X together with @

to which they are attached formmazring system of

formula la; YY1 RA9H H R54 R R53 R51 R52 (1 a) 10 x 3

and X4 independently repredd®d adanantyl, X

represents CRL(R2) (R3) and X2 represents CR4A(R5)

(R6); x', X2, X3 and X4 represent adamantyl; 15 X3 and

X4 together with @Q to which they are attached nay
;ngég &Ln?né!ﬁ%éﬂgn%ﬁyf%%ggkgehp z%%grggg¥i H R54 §50 nd Xx°

together with Q° 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
YY?
reH |

R30 R53
Q
R51 R52

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

a 2-phospha-adamantyl group;

x> and X' independently represent congressyl, and X' represents

CR?(Rz)(R3) and X2 represents CRA(RE)(RG);

X’ and X® together with Q' to which they are attached may form a
ring system of formula 1b
YY2
reH |
R g R53
R51 R52
(1b)

X' represents CR'(R?) (R’) and X? represents CR*(R°) (R°);



R51 R52 (1 b) and XI and X2 together with 2 to which
they are attached forma 20 ring systemof fornula

WO 2008342908/ 065448 PCT/ GB2007/ 050717 27 YY1 RADGBR447/050717
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R54 R R53 R51 R52 (1 a) x 3 and X4 independently

represent congressyl, and Xl ggd X2 5 together with

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

adamantyl group; x 3 and X4 together with Q to which

they are attached may forma ring systemof fornula

| b ¥¥2 XR4t9>giétHeRS€htR5leR58 le&5ltH%'§/2 k@ GitBnantkofn a 2-

andX2together W th htheé are attached

R HRPE 28 P pHa gé&&ﬁanf‘?ﬁ* ﬁ %fﬂfjp X tRognpTxgith O to which

i idgperdent t ycHLPresand TMPeasYhqdanand yXl greps esent s

15 CR1(R2) (R3) and X2 represents CR4(R5) (R6); x 3

and X4 together with @ to which they are attached may

fHHgﬁﬂy dricigrsyst embodidcanpulod ltdheYY2esRAD lntkiRS4dbn Rnclude
R53 R51 R52

those w ereln

X’ represents CR'(RY)(R’), X' represents CR'(R')(RY), X'
represents CRlﬂf)(R3) and X° represents CR4ﬂf)(Rﬁ); especially

where R'-R' are methyl.

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

and/or X! is identical to X°.

Particularly preferred combinations in the present invention

include those wherein:-

(1) X’ represents CR'(RY) (R’) , X' represents CR'V(R') (R'?), X'
represents CR'(R?) (R’) and X? represents CR'(R®) (R°);
A and B are the same and represent -CH,—;
Q' and Q° both represent phosphorus linked to the R group
at ring positions 1 and 2;

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

(2) X’ represents CR'(RY) (R’) , X' represents CR'V(R') (R'?), X'
represents CR'(R?) (R’) and X? represents CR'(R®) (R°);
A and B are the same and represent -CH,—;
Q' and Q° both represent phosphorus linked to the R group
at ring positions 1 and 2;

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



(1 b) 20 X1 represents CR1(R2) (R3) and X2 represents
CRA(R5) (R6); WD 2008/ 065448 PCT/ GB2007/ 050717 28 x 3

wW@rwsHes4oget her with QL to which they are atte€he#2007/050717
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forma 2- phospha-adamantyl group, and X1 and X2
together with @ to which thﬁy are attached forma
2- phospha- adamantyl group 5 H'ghly preferred

enbodi ments_of, the present invention include those

wher ei i %98 >?eb?%%télﬁr WG:Pl?(@eS)tO( REY CP X e présehtsched form
CR10( Rlal)24p%%)>flaxaldanﬂa&tr/ep@e§@@ SrfdRL&R2And R3) ragek 6t with
represenzts CR4 R5 eC| al | where R1-R12 are

net hyl .9 Pr&f er” |tH“ &aﬁ%e?orﬁﬂﬂma | f X3 fgphospha-
i dent i cadanda@t 34 g]a:nQJ or Xl |s identical to X2. 15

Particul arly preferred conbi nations in the present

i nvent i’o™S Rcftde q%&@@'ev\ﬁ%(?eﬁq?re(sfﬁlt X3represent s
CR7(R8)0'( Ra) ¢* Xbthepepsesirs CROPRIA)s (IRb2pd X4 tRD R group
represent re resents CR4( RS R6

A gnd Baarremfghé °% t—rrleonggi ?%%?%sen? CH2-; QL gnd)Q(Z )

bot h r eprresentephospharusethynked ytlo- b&arezé?legrloupdlm
ring positions 1 and 2; R represents
4-(trinmethylsilyl)-benzene-1,2-diyl 25 (2) X3
represents CR7(R8) (R9) , X4 represents Cqu R11)

2 X1, re LS
|(r rZesents 0%4( g)an(o(Fe%gi re%@]e( are %ahe érre and

r epr esentandCHRare th%ﬁ@meyzalb@trrerrrepreeSefﬂHzphosphor us
l'i nked ]O BQ gRk%%ﬂ“9%%9%y&hﬂ%h%?%#%#ﬂﬁ%ﬁék@ﬁdtg?tﬁ% R group

repr esents but yl nzene- |
at ring positions 1 and 2;

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

Preferably, in the compound of formula I, A and B each
independently represents C; to Cg alkylene which is optionally
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 -CyH,—. 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
other Q group is not connected directly to the group R and is a
C, to C4; alkylene, preferably -CH,- or -CyH,—, most preferably, -
CH;—.

Still further preferred compounds of formula I include those

wherein:

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

represents C; to Cg alkyl, particularly methyl.



WD 2008/ 065448 PCT/ GB2007/ 050717 29 (3) X3 and X4
together with QL to which they are attached form a

WQ2pRo6R- adamant yl group, and, X1 and X2 t ogRCT6B2007/050717
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with @ to which they are attached form a 2-phospha-
adanantyl group; 5 A and B are the sane and represent
-CH2-; QL and CQ bot h represen? phosphorus linked to
t he R group ring positions 1 and 2; R represents
4Eiﬁqqlﬁé€HyE§P?9F5e efRene- T, ZXHEVPndslﬁf(4¥”?T1aX§3 include
Xhad wX4reepr esent adamantyl; A and B are the sane
and represent -CH2-; QL and CQ bot h represent
phosphorus linked to the R group at ring positions 1
&&?ﬂ28?15hﬁﬁrefif$ﬂﬁi§ame and represents methyl;
4-(trj et sily enzene-|1,2-diy Preferably, in
Che b OURCL T FUPGTA 1T 5HG Wkach i ndopendent !y
repreesentst £14 10 006 yal kyd ene -whiediv1s capli(onahdhylsilyl) -
substltu%eg S deflned herein, for exanple with alkyl
5ES 20% Breterabl y, the |ower al kyl ene groups which
A and B represent are non-substituted. Particularly
eferred a kylene i ch and i_ndependent
ﬁ%ﬁréﬁent a%e : bwh qmégﬂ&ag %' a¥1grefe]?ably,q Eyb?ﬁ di-t-
obuﬂyh@MdsEhrmqmaaﬁamﬁ ﬂh@rdeMBn&ﬂkybemeaas def i hAed-bis (di-t-
r.ein, t Il e tively, one of or, .. .
Wg lghoggﬁlﬁm%ﬁ%gquﬁqygﬂl&ﬁ%éc @% directly tonﬁéblguh't
group pRoanditdrethotlhet, Q gricud tismaoty lconmeétt eenzene; 1,2-

i I £ . _
hisehl Lo IR ANRE A0 | 38 Shan Sl iiogre, 1.
301 8t PhOﬁHblﬁﬂmet@Wéfer3fﬁi%ﬁbﬁpeﬂm@khyﬁL6ﬁ@rh@ﬁ¢¥ﬂoxa—

I% n%%%ytlbo§e5 d’lﬂ% berBA]e teo R12 arleZaﬂjl(élé2—%%@5%%§nomethyl—
e era to

sane and Y, each represents
a@+@ﬂ5’7p§et¥@mﬁqhﬂly6n%t}@ﬁtrloxa adamantyl) —4-phenylbenzene;

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

4- (trimethylsilyl)benzene; 1,2-bis(di-
adamantylphosphinomethyl)-4,5 diphenylbenzene; 1,2-bis(di-
adamantylphosphinomethyl)-4-phenyl benzene; 1,2-bis(di-
adamantylphosphinomethyl)-4,5 bis—( trimethylsilyl)benzene;

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

benzene; 1- (P,P adamantyl, t-butyl phosphinomethyl)-2-(di-t-
butylphosphinomethyl) -4, 5-diphenylbenzene; 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;
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-butylphosphinomethyl) 4, 5-diphenylbenzene; 1- (2-
phosphinomethyl-1,3,5, 7-tetramethyl-6, 9, 10-trioxa—-adamantyl) -
2 - (di-t-butylphosphinomethyl)-4-phenyl benzene; ; 1- (2-
phosphinomethyl-1,3,5, 7-tetramethyl-6, 9, 10-trioxa—-adamantyl) -
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preferred specific conpounds of formula I
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represents nethyl;

5 A and B are the sane and

i ncl ude

represent -CH2-; R represents,

4-t-butyl - benzene- 1 2-diyl or h(trinethylsilyl)-

benzene- 1, 2-di yl . nPIes of suitable bidentate ,
I%gands are l,2-b| Tbu?mjphosphlnomethyl)4 5- bis—(
bMﬁﬁMd&ﬁQi@bifEMBﬂhﬁ%hé 4, 5-di phenyl (beprefi®iinomethyl-1,3,5, 7-
1, 2- blS%dl-t- Iphos hi nonet h I) 4- phenyl benzene; ,
TS BY T BUCYT FHOSPTTORBERYl 5 - 4, 5. 2 (it
bbﬁtjﬂghbﬁﬁhf@@ﬁﬁﬂﬂyﬂ)_beniﬁﬂM%th%lglly} benzene; 1-(2-
bi.s(di <1 -Butyl phosphi poret hyL) ;4 (41 methyl silylbenge, )

UKS(Zdﬂhﬂ&mﬁnﬂyﬂ@ﬂbbyﬁlﬂqﬁbﬂiyiﬂFet${ﬂﬂﬁhb¢§i6 15nk@ntEi OX 1-(2-

danan

1p%? §F§m%

ﬁ%osﬁ%lhonethyl

phen | b

%%pﬁ]ﬁoﬁéth $t ame%ﬂz?ng '9,10-trioxa—adamantyl)-2-
dﬂéﬂaﬁaﬁe?Iﬁﬂnﬁﬁm¢h®ﬁegmﬁmrwrpbxayhdanamﬁgd@ne;

-4- phen Ibe .
R R L i U
Hboxa @dﬁaﬂam&yﬁglphdspbnseméuhydﬁkhyﬁsbiqH () benzenwethylsilyl)

1-(2-

%%ho';p%je{l?%err% h I-g B 10 trrlagl)%téh %Jlam9 10~
armt yd=p - a@@man%ﬁhw @eﬂhy&@adqﬂty@ehqewhandmezhblBf%H-

ie%$%?%¥g| %gg q%%fp Llpﬁlgdﬁe §E¥£ﬁ?%ﬁ%%%Fhinomethyl)_2_

behzaner Ly Zoibi stdionaantinty PpHesphiromEhyF)ed, 5 1-(ai-t-
bﬁ&%%lﬁh%%ﬁﬁ

2-bi's

1 hylsil Xllpenzene

adaman ylphosphlnone hy
)P vdenzendenkengpP, P adanant yi-

dladaman 1lpho hlnom?thyl)—4—
%%rlne hyl si

QL.@ubytylphosphlnomethyl)—2—

p&%%lmag I}g}yc!s)ph%n()géﬁ%lgbiﬂt%LBBQSf)hEﬂQr@‘h ¥k)1é) venzene;
enzene adamant y yl

phogghﬁﬂ HﬁY%Rﬂ%SP@lP@We¥@%Mt?rphosphlnonethyl) 4-

phemdhenz hibBmErddamant ¥l ndelutyh vy b ;1,2

pE%é ﬁinongrﬁ? ék—i- mdl]%tngut gﬁgslﬁﬁhoneth Ie?iegﬁ

R PPPﬁ%@%ﬁﬂmﬁW@yﬂy%éﬁiéﬁélms hyl Qf9 ﬁoaaéh%%ﬁ%ﬂlcyclo—

{bQiﬂl1@@0$phkﬁ@ﬁetﬁy$)df%ﬂéﬁyit' benzene; 1,2-bis(2-

butylphosphlnonethyl)-4 (trlneth¥IS|IyI)benzene 1-

(gposphlnomethyl— ;S5=~trimethyl-6 10 trloxatrlcyclo—

{3.3.1.1[3.7]}decyl)—-4-phenyl benzene; 1,2-bis(2-

phosphinomethyl-1, 3, 5-trimethyl-6,9,10-trioxatricyclo-
-4

{3.3.1.113.

7] }decyl)

;5-bis—-( trimethylsilyl) benzene; 1,2-

bis(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-

{3.3.1.113.

7] }decyl)

—4—

(trimethylsilyl) benzene;

1-(2-

phosphinomethyl-1, 3, 5-trimethyl-6,9,10-trioxatricyclo-

{3.3.1.113.

benzene;

7] }decyl) -2-

1-

(di-t-butylphosphinomethyl)

-4

,5—diphenyl

(2-phosphinomethyl-1,3,5-trimethyl-6,9, 10~

trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-(di-t—-

butylphosphinomethyl)

—4-phenyl 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-bis-( trimethylsilyl) benzene;

1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-

{3.3.1.113.

7] }decyl) -2-

(di-t-butylphosphinomethyl)

—4—
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phosphi nonet hyl -1, 3,5, 7-t et ranet hyl

antyl) - 2 -

-6,9,10-tri oxa- adam

W@ 2iosiedaug yl phosphi nonet hyl ) 4, 5- di phenyl benzenkCT/GB2¢02/050717

phosphi nonet hyl -1, 3,5, 7-t et ranet hyl -

antyl) 35 2 - (dl-t but yl phogphi noret hyl ) - 4- phenyl

benzene; ; 1- (2-
hosphlnonethyl

7-tetranet hyl
ahftw)et hipes 2808/ OG%GMSBHI@CT/ GB2007/

(@Mrﬂetayuytp®0§uﬂmrmeﬁ@£fmdﬁc10513b3Sr(1 3.7] }decyl)

trlnethyIS|I benzene;

ey L PO e et e

hlnonethyl 3, 5
el 2 befgros

6,9, 10-tri oxa- adam

9, 10-tri oxa- adam
65691? o%gp%?omethyl 1,3,5-

7-

bpﬂ@émhasmstmrrat By Bt Arrfdtniviret hy) sidoHibxbenzens;o-1- (2

5 . .
phospHi-nérel WY 13,8 FP13AFIREY Ry g e8P Y bxa- R4am !
amdndenes 2; (di adanentaHpopbesphidienethyl )3 A5-5rdimpbenyte, 9, 10-

pHoSBR Rt hy1 Cr

ammd)amaﬂtfnpmmﬁnéwmds)pm fAonet hy| §eecphenyl 1y1)
b o 1-(2-

AR paph e thv -1, 3. § S met LIS ¢ 4 OT6E F PR AN AR
amya ).110. 2}}c(ajjyadaﬁamﬂydq@h@&phmmmﬂiylb)neﬂbﬂ)b1'4&-(
t | | yvi .
(TR LL M REDZE0E) 1 2 et a-perflupra 7 ppgophinonethyl -
t1ﬁbiaﬂadahaﬂmyﬂwlz6(@1Hﬁana@kytphgﬂphﬂﬁoﬁethyl%JMJ—decyl)—
(4rd '@%ﬂ%h? %Le)nzg Qze”e

1-'(di

osp |nonethyf

sl P BPEmthyt =6, 9, 10- tri oxa- adam

1-(2-

benzene;

%fs perfluoro (2-phosphinomethyl-

(i ?adiar?aht%yt@mﬁp’ﬁrﬁoﬁelwar)lomsrdwﬂie?d}%l 3penzihe’] Jdecyl) -
141§H Jyll%eQH%%%JJhoﬁfH“ngnﬁéPﬁﬂdo enth%sphinomethyl—l,3,5,7—

(dla amantyl p

osphi nomet hy')

L= idiane bl y4 fihoSphF hoRETIY 14 5. 3. -1 (3

(il adamenLyhphosghj nomel ), 5-bi -

phosphi nonet h

?ﬁﬂ?ﬁﬁﬁhyﬁr¢

benzene; - but
(@ﬁ%\@d?élﬁfﬁﬁf“?‘ﬂbﬁﬁslpﬁv ﬁo%/'r'e‘t
Q%&%%%%rlé 2ro203.1

chrdRisg3. 3. 121PRoT Y deEyERy S, 5-3i%p

enzene;

7] }-decyl)—-4,5-bis-

]}decyl (trimethylsilyl)
bi s(2 phosphlnonethyl-l 3, trlnethﬁI-G 9,

O-tri oxat

t fi et AYLSEL Y doro (2
ﬁ%ﬂWyIS|IyI)

benzene;

ri

eﬁ9yr%@ﬁ2§ﬁéoro methyl) -

h;%ahms%zloxatrlcyclo{3 3.1.1[3.7]}decyl) -4, 5-diphenyl benzene;

phosphi nonet h

5-trinethyl -6

9,10- trloxatrlcyclo-

{3.82151] 3. 7] ?d@EWBhWO&ﬁéHW bénfeﬁeteiif%bdf%ézom methyl) -
phosphi-remet dwd -1,c30931 3 1 matiky b3 @d@@j‘-lq MLpaaslag%Il CyC|}§énzene,

%ﬁis 3. 1. 1[3 7]%dec [)-4, 5- bIS trlnet ¥IS'|X
2-phosp 1nomethyl —tetrda(trifludro-methyl) -

6,9,10- trloxatrlcyclo{3.3.l.l[3.7]}decyl)

trimethylsilyl) benzene;

—-4,5-bis—(

1,2-bis- (2-phosphinomethyl-1,3,5,7-

tetra(trifluoro-methyl)-6,9,10-

trioxatricyclo{3.3.1.1[3.7]}decyl)-4-(trimethylsilyl)

benzene;

1,2-bis(di-t-butylphosphinomethyl)-4,5-di-(2'-phenylprop-2'-

y1l)benzene;
phenylprop-2'-vyl)benzene;
4,5- di-t-butyl benzene;
4-t-butylbenzene;

tetramethyl-6,9,10-trioxa-adamantyl)-4,5- di-

y1l)benzene;

6,9,10-trioxa-adamantyl)

1,2-bis(di-t-butylphosphinomethyl)-4-

(27-

1,2-bis(di-t-butylphosphinomethyl) -

1,2-bis(di-t-butylphosphinomethyl) -
1,2-bis(2-phosphinomethyl-1,3,5,7-

(2" -phenylprop-2'

-y1l)benzene;

(2"-phenylprop-2'-
1,2-bis(2-phosphinomethyl-1,3,5, 7-tetramethyl-
_4_

1,2-
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bi s(2- phosphi nonmet hyl -1, 3,5-trinmethyl -6,9, 10-tri oxatri
cyclo- {3.3.1.1[3.7]}decyl)-4-(trinmethylsilyl)

Whemseeass 1- (2-
phosphi nonet hyl -1, 3, 5-tri net hyl -
{3.3.1.1] 3. 7]}decy|) 2-(di-t- Qytylphosphlnonethyl) 4,5

-dlphenyl 30 benzene;
hosphi nonet hyl -
tlﬁ%ég

1-(2- phosphlnonet
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6,9, 10-trioxatricycl o-

5-trinmethyl -
PPPE%PBD“{%hglll 1{ e r77nt3§5§,rp§tlgzl(g,, 9t 10-trioxa-
baﬁaHdMﬁQ$Ph4IﬁﬂmﬂihyL%uéylﬁﬁﬁﬂianenzeng,bls(z -phosphinomethyl-

1135t ﬁE]f?{S‘ﬁthé’lg 18 1HRERT SSRIB) 3410 TP vAPpage e
C)dz bas (i adarbutcyh phosgphimvarehhy) ) 4,4 -5-bi($+ {phenylprop-2' -

e r%é%%%'o?mf’ Py o B T AR BP RO G A H i~ (2 -

y@ﬁéhylprop 27— yl

)
WO S0 B POYERobb G507 33 Chr nBeRGT %%yﬁ 12

benzene,

1,2-bis(

Uenzene@daméﬁkyﬂpM©pbhmnwmﬁﬂnﬁl 143t Bsutyl benzene; (

th 6,9,10-tripo atrlcyclo {3.
%%naéﬁgﬁntylphosphlﬁ%néihyl) 4,

1b(ﬂylphosph1nomethyl) -4,5- di-(2' phenylprop 2’ yl benzene;

gﬁ%phi NONEY Ml da 3. - tricmetbyd -6, 9, 105 L6 Q%5

{13213/ 1bhbEBh 7} e dyll) - 2- (i-adanmhbybptidsphi hemettwyl ) - 4= (

P benzene;
Q%gyﬁhgsphlnonethyl 1§3g'trlnethylpgoﬁpﬁi?omethyl

tritadahrseh et onet3y3) 14 1$-3(HA] kdeeyy) rmnzene; (
(g adamant yl phosphi nongiiyl ) - 4, 5- bi Spgoggm%ﬁr!&m!yi) di-t-

benzene:

di-

P,P

ER R DTN

1-

MALLLEGYFL O (qi—c-

P,P

—(di-t-

P,P

1oy lshesphirowsthy) - 4 %kslttlelbﬁéFWf- 6,1 1(-tohpexht rorest hy 1-

|§)51@ tetramethyl 6, O-trioxa—adamantyl) (d
3.3.1.1[3. 7] } de yI)-2 (dladanantylphosphlnonethyl) 4-

(Wﬁyﬁ@@ﬁypéwmﬁthﬁéhéeﬁe d

i-(2'-phenylprop-2'-yl)benzene;

di-t-

1-

1¢2-bicspRerbhdraral2, @h9sfﬂﬂé$§gﬁ59NyI 6,9,10-trioxa-adamantyl)
1 3,5, 7- tetranethyl- 10- trloxatrlcyclo 3.3.1.1[3.7]

}=decdyl ) - 4, 594r bh@ﬁwlp@@ﬁ%h%@methyl 24— (2" phenylprop-2"

-yl)

1béhﬂad%-peffﬂJJorO(élﬁﬂbﬁiﬁhhaﬁe%ﬁjndl 3,5, 7-tetramethyl-6,9,10-
7-tetranet hyl -6, 9, 10- trloxatrlcyclo{S 3. 1. 1&3.7]

}H%%v%yafsmanﬁh@nyT Benzeﬁ

gl -butylphOsphinomethyl

4,5=-(di-t-

12 hiypepeehd pyor o( 2: phosphpResmt pheindi 51,74, 5, 7 tetramethyl-
tetranet hyl -6, 9, 10- trloxatrlcyclo 3.3.1.1[3. 7] 'decg'f
enz%ﬁe butylp OSphlnomet v1) -

Ip=shi s- m&hEbM@{O(Z- 1-(2-phosphinomethyl-1,3,5, 7-tetramethyl-

-9, B £ lptq TGRS Y1)

t%wsp i nonet hyl { T%

XAFEEYET &{df‘“@“iyi

benzenephenylprop-2'-yl)

7T}Hd

benzene;

tra

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

(diadamantylphosphinomethyl)

_t_

g%ﬁ%mﬁ‘nh’?%ﬁw%f“?w%l _4,5-

(2-phosphinomethyl-

—4-(2'-phenylprop-2'-yl) benzene;

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

adamantyl) -2- (diadamantylphosphinomethyl)—-4,5-(di-t-butyl)

benzene; 1- (2-phosphinomethyl-1,3,5, 7-tetramethyl-6,9, 10—

trioxa—-adamantyl)-2-(diadamantylphosphinomethyl)-4-t-butyl

benzene;
(diadamantylphosphinomethyl)

benzene;

1-(di-t-butylphosphinomethyl)

-4,5-

di-(2'-phenylprop-2'

1-(di-t-butylphosphinomethyl)

-2

-yl)

-2
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20 1, 2-Dbi s-

(2- phosphi nonet hyl -1, 3,5, 7-tetra(trifl uoro-nethyl)-
W@ 2@®865488 | oxatri cycl o{3. 3. 1. 1[ 3. 7] } decyl ) - 4, 5Pdi/pB209y/050717

benzene; 1, 2-bis-

(2- phosphi nonet hyl -1, 3, 5, 7- te%%a(trifluoro-nethyl)-

6, 9, 10- trloxatrlcyclo{S 3.1.1
benzene;

7] }decyl) - 4- phenyl

( SHKGEsRE %ﬁ‘%%mlnfm%t@l? tet FarR s HIEEPB- frethy! ) - B zene;
619gdhottbue%mﬁds@m@h@&§t@ﬂ; Jgps 7] Ydecyl ) -4, 5- bi s-(

tgﬁ{gﬁ%&%'?" l %€%32§S§§%y17 dl t-butyl) benzene;
( ;

1-(di-

tﬁ#ﬂﬁl@uph@bpﬁﬂﬂbﬂﬁﬁhbyb}26 9, 10jladamantylphosphinomethyl)—4—t—
béh%éﬁg?kckggégfg 3. %[3 Lk gphln %é%ﬁ§¥J1¥5§EL¥£2methyl—
162%?bs¢dhoia&nﬂqﬁcph?$@h3HQHEBhyh)débji—dM;éQ'-phenylpmbwz -
2&%2%1?%?4 )‘g‘ﬁ%?%%%% Wi nomet hyd g (gphosphinomethyl-1, 3, 5
phemmdtmy0ﬁ629 -M-kbenzeneicyclo—{3.3.1.1[3.7]}decyl)-4-(2'-

ﬁgﬁ¥ng % Bﬁgylphos hi nomet hyl )~ ﬁe??P§%pﬂﬁn%%%¥hyl—1,3,5—

(d|-t u?y1phosp ino

4tﬂ1Mmeyﬂb@n?£ﬁﬁatrlpzatmﬁdj&lphaépﬁlImﬂﬂ&:ﬁyﬂddgﬁﬂ )5,475— (di-t—

3§H%§39tEenpr?oéoth%%X%ﬁ?gg Al hlnonghyl 1,3,5-trimethyl-

1621ﬁws¢zlphﬂsphwn@neﬁhy311133577}¢@nﬂaﬁéthybutyl

benzene;

: 9&21%“%%238‘80&*%%34%y@&fﬁé‘éﬂs&?%%?%ﬁ%%09@*98%%%—

bi 3{2-1ph 68 phl ismetlhy - 10355 DR: v épharmtimgne5hel 110k Bri ok -
asn adamantyh ) - 4,,5- (di %}Ayg%gl)benzqnqg phosphinomethyl-1, 3, 5-

1, 2-bi s(2- phosphlnone

1t@®t71ytle§r%rrﬁé?t—l’wfll06ai9rll®ql|0ré§’(a3 eldan@nt’y I fled 1) But(gh—t-

hﬁﬂ%@.%@sphlnomet g i (2" phenylﬁrop 2’—g di - %fnzgnghyl

bIS(dI adaman hos hi nonet
p@Qﬁﬁp@lngm?¢3y4ﬁ§nﬁeﬁetrlmethyl o, 1 trloxatrlcyclo—

1-(2-

1 2-Ppirsds- aﬂ}adwytlyL@h@@pJH%@wN&%p inbfethyl) -4, 5- (di—t—

p enyl prop-2' -yl ) benzene; 1,2

aetdlrint y| PSR nonet Ry Ppoapsi Qﬂetﬁwﬁu%ﬁ)%éﬁ%ﬁ%yl 6,9,10~

1t£lo>@|t§£aycp&a{r§a@t yl. physnmdré@g@t hyi )ti4+t- but yl
benzene; 1- adamant yl ,

pww&mhﬁaﬁ%%we)th’zled T Q@%ut%ﬁ%@ph. hoﬁv?e—tWP)Dhﬂn@nethyl—
di - i%—t@ﬁﬁ@ﬁ&hﬂ@*)Zl@%ﬁﬂﬁM%n@ycﬂo (PiP1adagant pecy1) -

t - but phos hi nonet hyl
bfﬂﬁﬁ%ﬂﬁ

yPTeﬁ 32 4pﬁeﬂ§Tﬁ% ESNY yPY Btz ene)

IbedRRnR; adanantyl 14 d@@hybpﬁ&Mﬁmth@mnethyiﬁzamédhyi -6,9,10-

trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl)-4-(2'-phenylprop-2'-vy1)

benzene;

1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-

{3.3.1.1[3.7]}decyl)-2-(diadamantylphosphinomethyl)-4, 5-

(di-t-

butyl) benzene; 1- (2-phosphinomethyl-1,3,5-trimethyl-6,9,10-

trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl)-4-t-butyl benzene;

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

1,2-bis-

trioxatricyclo{3.3.1.1[3.7]}-decyl)—-4,5- di—-(2'-phenylprop-2'-

vl) benzene; 1,2-bis-perfluoro(2-phosphinomethyl-1,3,5, 7

tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)

—4—

(27~
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but yl phosphi nonet hyl )-4,5-(di -t-butyl)benzene; 1- (P, P
15 adamantyl, t-butyl phosphi nonethyl)-2-(di-t-
1- PCT/GB2007/050717

(2- phosphi nonet hyl -

1,3,5,7-tetranet hyl -6, 9, 10- tr
(di-t- but yl phosphi nonet hyl ) 4,

- (2' - phenyl prop- 2’ yI)benzene 1-
(@%W&@ﬁﬁi’n methyl - 1, 381 %eR%t r anet hyl - 6, &, A0 Poxat 20 (2

danespny hpm@dny1-2,3, 5, 7-tetramethyl-6,9, 10—

(di-t-butyl hoePhlnonethyl

pleiAEReE 1Yo 10!

tri oxa- ada

4-t-butyl benzene;

gxa adamantyl) - 2 -

})dic§§ Ehenyl

progutyl.y ) benzene;
(2-phaspbenoneidiyl2-pndsmh ifrdret hanet hy)ls, 6,-9e d0amethy1-6,9, 10—

(i 2EEhac §¥ p ‘%ébﬁ|ﬁoﬁé%H@Nf@?@i(a?TEibW5§€foBéﬁ%%he;1'2‘bis‘
1¢2-{(2rcphasphheronat-hyB; 4, i%ﬂétzatetrfuuﬁﬂv¢hethy1 -6,9,10-
6,9,10-trio d

G TR E ST Boep ottt W Y ERD) 28 it
lbiﬁbemhosphbaeh9$hyleka305pH1m@mdeveehyB 5 7 tetra(trlfluoro—
?H%gégﬁa%'Qx QQ%EaE¥1%¥$ﬁ3{3 3.1.103.7]]

nt yl phosphi none

d@@ﬁﬁﬂppheﬁyipmbp 2bey¢¢ubenzen@,2 ~bis-

1 ,3%55990%8 rQ

lprop 27—

decyl)—4—(2'-

-yl)

(2-phosphinomethyl-

éo m%ﬁ?ylﬁloka adanantyl) 2

(thxuxﬂmamtytbhbS§hﬂn@hefmwwpc4iq24,@h@hytpbgpyn) yl )benzene;

benzene.
1- (2%%%osph|non%t%iﬁh%Fggegh%ltetranetﬁy?r%16:f&ugfocggihyl)
-6aﬁéﬁhﬁtyb§at§pcyclo{3 3.1.1[3.7]}decyl)-4-t-butyl benzene and

(P'@9?%%@£M£ﬂ§&§ﬁ§hn9n?tQyﬁ%e%r§mé9hﬂﬁ2b%t¥|)

benzene;

1L nxghas phi hotfetthyl 113 8715 drcyet r antsthy-- 6, 9, 10-
tﬁdé?@%h@@@ﬂ@%ﬁd@ gaaLgLa@%&emhyhpbgﬁghmegaeﬁeyl) 4-t-b

utyl™ "benzene;

(dladanantylphosphlnonethyl) 4, 5-
[ benzene;
1-(di-t-butyl phosphi nonet hyl)-2 WO 2008/ 065448

-(2' -phenyl prop-2'-yl)
PCT/ GB2007/ 050717 34

di -t-butyl phosphinonmet hyl )-2 35

(diadanantylphosphinonethyl) 4-(2' -phenyl prop-2'-yl)

benzene; 1-(di-t-butyl phosphi nonethyl)-2- (di adamant
y@%ﬂﬂﬁ%ﬁﬁlﬁ%n%?%ﬁﬂ?ﬂe4b5d%%ﬁa§e EﬁFﬁP?e%%Hﬁﬁﬁe igapgs -are
tp bl @heegwugnygemmyb&eéhyl

(dladanantylphosphlnonet

152 Biis (2P phosSpHisRanBe Ayt

R&ﬂ

-4, 5- dlphenyl ferrocene;

-4- 5 butyl
45 PTi et Kyf

benzene;
nylferrocene,

1,2-
1,2-
1,2-

6 &5 MO~ rboxptgHeyel 0ofs:3:13 ~4f 8- 7] } decyl Yo (3rimethylsilyl)

enyl prop- 2

-(2' - ph
Sﬁﬂ%?@% phOSphInonEtﬁy%-ge ag_t butylphosphinomethyl)-4- (or
17) (trimethylsilyl) ferrocene;

1,2-bis(2-phosphinomethyl-

1,3,5,7-tetramethyl-6,9,10-trioxa-adamantyl)—-4, 5-

diphenylferrocene;

1,2-bis(2-phosphinomethyl-1,3,5,7-

tetramethyl-6,9,10-trioxa-adamantyl) 4-(or

1’)phenylferrocene;

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

adamantyl)—-4,5-bis-(trimethylsilyl) ferrocene;
phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-trioxa—-adamantyl)

(or 17) (trimethylsilyl) ferrocene;

adamantylphosphinomethyl)
adamantylphosphinomethyl)

(or

-4,5 diphenylferrocene;

—4—

1’)phenyl

1,2-bis (2-

4—

1,2-bis (di-

ferrocene;

1,2-bis(di-

1,2-
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trinmethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-4
-(2" phenyl prop-2'-yl) benzene;

WA 20806842- phosphi nonet hyl -1, 3,5- 10 PCT/GB2007/050717
trinmethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-4
,5-(di-t- butyl) benzene;

1, 2-bi s(2- phosphi nonet hyl -1, 3] % trimethyl -

6,9,10-trioxatricyclo-{3.3.1. 1[3 7]}decy|) 4-t-butyl ,
H@ﬁ% adamantylphosphlnomethyl bis—(

1t]|£12ae{alhg$§glmr@rlwbeﬂe3 S5-trinmethyl-6,9, 10-trioxafziigis (di-
ycl o . 3. , ) . . .
1A BReSA YL meaRY L Bt PEphbspHiBReE Ry )14 5. Ferrocene;
di-(2' «plb phe@MhEﬁO@IZ"yk}b@eﬁzenephosphinomethyl)—2—(di—t—

M@%ﬂg;g LGN oket FGYETEL RT3, 7] decy) -2 (PP

4dhmdntybutylphosphimaﬂﬁhhyl)-4-(2'-pheﬂmhpkm@t2y1y+2—(di—t—

R ARt Ry ) 59 (et Ay PR HGEEPPRMR r i oycto. P
{éﬁéhabriﬂS 7]}decy|)t£b4uy1-t butylphpsphpwmnuMEhyy)>£Q{Sdi—t—

e apR

I
U R A T R e

tﬂ%antrlchaman&Sls 1.1[3- Ep}ﬂbcy|) Ph(elphitnomethyl) —2— (di—t—
tyl E gﬁ nOﬂEt X|l4 &qutyltprﬂ§§1%31lyl ) ferrocene; 1—

Z%ﬁiOﬁphme®¢@MhM3 9 305t HHieaempcyel ¢, P3 18 -1r 143 -Adpdentyl)
Cydé (Zuﬁd%ag Hés Rgﬁﬁ%&ggﬂghhglélﬁkenylferrocene, 1- (2-

pheny

enze

1P%Q§Hﬂqogmhthuﬁvétﬁyﬁ 1, B Bameithet byl 2,6,09 ttOoxa-adamantyl) -
tﬁ'Oxa&h!Qx%hgyié%é%ﬁkl%kﬁe?iépﬁqyj%rz]f)phenyl ferFocene, ;

(di adamant ylI phosphi nonet hyl)

benzene:

(2-

- phenylprop-2'-yl)
phosphinomethyl-1, 3, 5 7-tetramethyl-6,9,10-trioxa-

a&é%dNQ9§Phln0”Ebhy| 1, 3a53=tLh Bl o=Bn Indidsdi19%abLi C 15—

ycl o-

{tsrlsnefhzﬂsﬂql} dfeayPryepe{ di adarkant y( |§h6§®?ﬁ%’f?§‘t@ﬁw} ¥,3,5,7-

5t46¥aﬂét§91thyhb Q@Béﬁﬁmédamantyl%
1-(2 phosphlnoneth | - 5-trinet I-6 9, 10-

- (di-t-

t@??ﬁéﬂbpﬁ@?memq?@y F§?7}}d@€yp¥tgy151lyl ferrocene; 1-
(mqﬂmnw&mhun@n@thwehémgtwwd henzZentsxa-adamantyl)

bi s-

pe%T | OrEEDe PROSHITCRBABEATAYE) 3 455 74 iRt ate ERYF 26278 110 1-
pﬁdéﬁﬁ&@%ﬁéﬁ%&ﬂfQﬂg 8, 1vﬂé€iéﬁbkh9ECNJ 9,-14~8rioxa-adamantyl) -2—

phen
Céla&ag“aﬁEY

4

rop- 2" 35 yl) benze
B 2oBRORPHITIONEE hyl 1 3hag, 7Eerrocene;  1-(2-

t@tg@mhbg%}g%&l@ grveﬁgfyﬁyg{% , 3.10. 1&30251}%@%)5,1 -
4- (2 5448 P 7
hny| PIBOIRE YTy, IGP BB 3B 32 B Uor o 3 imethylsilyl)

ferrocene;

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

trioxa—-adamantyl)-2-(diadamantylphosphinomethyl)-4-(or

17) (trimethylsilyl) ferrocene; 1-(di-t-butylphosphinomethyl) -

2- (diadamantylphosphinomethyl) -4, 5-diphenyl ferrocene; 1-

(di-t-butylphosphinomethyl)-2- (diadamantylphosphinomethyl) -

4-(or 1')phenyl ferrocene; 1-(di-t-butylphosphinomethyl)-2-

(diadamantylphosphinomethyl) -4, 5-bis—( trimethylsilyl)

ferrocene;

(diadamantylphosphinomethyl)-4- (or

ferrocene;

1-(di-t-butylphosphinomethyl)-2-
17) (trimethylsilyl)
1,2-bis(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-



phosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-
trioxatricyclo{3.3.1.1[3.7]}-decyl)-4,5-(di-t-butyl)
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1, 2- bi s-perfluoro(2-phosphi nonet hyl -1, 3,5, 7-tetranet hy
I-6 9,10 5
tr| oxatricyclo{3.3.1. 1] 3. 7]}decy|) 4-t-butyl benzene;
2-bis
@f%ﬁﬁ?ﬁ%@eﬂr{‘yﬁ 1; 3% AIOsCYATHi 146 et hy| ) o pesne;

AP -bis(2- phosphlnomethyl 1,3,5- trlmethyl o, 9 10—
trloxatrlcyclo 1137]}dec -4, 5-dj - phen¥rp
O%F%?XaﬁF}Cy?ﬁﬁﬁféhé 11 3 pilgdecy 4 {or 17) phenyl errocene;
(2- Z}I"Jlﬂ%mlal—ﬁlﬁkb'@}ﬁﬂométﬁyﬁ—ﬂ -3, thaiméﬂ}fy{l%r 9;10-

t]’ijd};ﬁﬁéﬁ{j}’f) 0- t3r2|3o§|a§L c%clg% Sli Z}2A5[1)[3 7]}dec¥l eth§fsﬂy1

(Eerpdmphl nOlTEt].hy-l—blS 2-phosphinomethyl-1,3,5-trimethyl-6,9,10-

Sl RS B PR e 43%”(d. (aEgeshyisilyl)

b@ﬂﬂ&n@ne,l 2- bIS- 1-(2- phosphlnomethyl 1,3,5- trlmethyl 6,9,10-

hosphi hyl
oG e PO Ra i Lyt f S5 B uero,met by )

b@mﬁyﬂp@oapdldﬁhethyl -4,5-diphenyl ferrocene; 1-(2-

1-(8-ph j et a thyI - B
RS 3 1 T S de by T gt et
btﬁyﬂ-plh@sﬁphmbmyhy#? Sdl(itﬁbrmevhyhcsasmwnpmbehz]eheél (020
I 0 bi dent r pe Li _
?r(g)rgie%?lb % Fg?g%eﬁt yl phgsg%n nooeSr h%ﬁﬁﬁg%ﬁ%l ?ﬂ phgapflsmethyl
fert.ddeneioda2eidyicd fdi 3 t3 butlyBpRbspdrinomet gl jt4- (or
1bdéy¥3ﬁ%é gL %%%i 14252%as trimethylsilyl) ferrocene;
bi s(di-t-buty hosphl nonet hyI) 4, 5-
blsL%19hpﬁﬁhh@¢@ﬁqbyﬂyl $e&TQﬁygﬁ§hyl 6,9,10-trioxatricyclo-
2 Piss b+ t?{pﬂ:géﬁzllr))hQSP@i%ttg}ﬂﬂ)loépl{l%romethyl ~4- (o
)(trlmsthy | )ferrocene,
112 @ﬁ@(@tbﬁ%ﬁﬂﬂylﬁoﬁ%ﬂﬁypene, - (2-phosphinomethyl-1,3,5-

Ly STy OF [ IRE o6, 8y A0, 082 apmnwl}aeay@ 2-
henylyferrocene 1, 2- bi s(2- phosphi nonet hyl -1, 3, 5, 7-

3 oS EraREY Hyl o BP9 noDe E Y x4 adameir i) 4Lqgiocene; 1-(2-

lpﬂdyﬁﬂﬂﬁbﬁgfﬁ§mﬂin%y5 trlmethyl 6 9 10-trioxatricy clo—

- bi sgz phosphi nomet h -tetranet hé 10-t
%x’% . éénﬁhk%%ﬂﬁf ?%WPH@%W%WWW 1F¥Jo)ce4né0f
1lafbk§§2 ferrocene, ; -(2- phosphlnomethyl 1,3,5-trimethyl-

phosphl nonmet hyl -1 tetrarret h¥ 9, 10-tri oxa- adam
a3y’ Erl?ﬁ?trf’c)yﬁl?l ﬁ%t%ﬂ gilPyl’) %?Cry&deﬁe 1, 2- bi s(di
3k adamant yiphosphinbaget iyl )4, 451 6i phenyl f err eeenethylsilyl)

f%ﬁ%é%é% gl 1agananty Bp ﬁggﬁﬁfggﬂéﬁﬁll 41£%Ltr1%g hy?d6,9,10—
trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl)-4- (or 17) (trimethylsilyl)
ferrocene; 1,2-bis-perfluoro(2-phosphinomethyl-1,3,5, 7-
tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7]}-decyl)-4,5-
diphenyl ferrocene; 1,2-bis-perfluoro (2-phosphinomethyl-
1,3,5,7-tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-
4-(or 17 )phenyl ferrocene; 1,2-bis-perfluoro(2-
phosphinomethyl-1,3,5, 7-tetramethyl-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}-decyl)-4,5-bis—( trimethylsilyl)
ferrocene; 1,2-bis-perfluoro(2-phosphinomethyl-1,3,5, 7-



WD 2008/ 065448 PCT/ GB2007/ 050717 36
bi s(di - adamant yl phosphi nonet hyl )-4,5 bi s-(

w0 eooso633ys si | yl ) ferrocene; 1, 2-bis(di- PCT/GB2007/050717
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adamant yl phosphi nonet hyl )-4-(or 1')(trinmethylsilyl)

ferrocene; 1- (P,P adanantyl t-butyl

phosphi nonet hyl ) - 2- (dl-t 5

butylphosphlnoneth¥ 5-di phenyl ferrocene; 1- (P, P

ARTFEAEY PY LT bty 5%%?)%%&%% 13- di- 7{ 1decyl) 4= (or

byt ydt&hagphymm@tlhyl }eﬂrc(c@rnel ) phemyhfierr OCE@ﬁosﬂ;hlnomethyl—
danantg phosphlnonethyl) 2-(di-t-

b{n%/Pero%ﬁHfh trifétfﬁfooam%thYth s 10~

ttmlrmaatﬁyllsy&yd{)a‘ ar.nocener] el 1( Py B-adamantyl , t- bidytocene;

pP :Eg?ﬁ;ré %9?3§%¥%%%&E§£¥Lp %§9h£28g§}qxfauoré éethyl)—

(QEph@Sphhﬂﬁﬂﬁthhl&ﬂE 5, 7-1tet. rapesdyl)—8-9020-t ri oxat)@mhenyl

mant
( R u%w phosphi nomet AyP %, 5- di pHény P S HEEaRENY -1, 3/ 50 7

(ﬁbtra (trifluoro-methyl)-6,9,10-

os hi. nonet t hyl 9, 10- trloxa
oSk aamriiyl e 3.3 5, T A arm b o8, 840 1 gspeesi
1fgqﬂua¢¢b f er 2ocene; (2-bhosphinomethyl-1,3,5,7-tetra(trifluoro-

Sy Py o Pl P S {%L%?SE% eRS TR o B

tlin@nhybshysﬂgﬂyérrocene farrocene, 1,2-bis(di-t-

L PEIBAL 805 g ppyers 2 g frggeone
bm%qmcsgphtmmp)spmrmetmlqﬂéT fret hy! )i (3/1phenylprop-2/-

feryQcent. d; 2-bis(di-t-butylphosph thyl)-4,5- di-t-
(gfphosphfﬁonethyl lsé 7- tef?éhgtﬁi? ln%geloytzloxa a
d@ﬁaﬁtyﬁﬁrrogene, 1, 2- —bis(di-t-butylphosphinomethyl)-4- (or

(1 p“( )Eafi@iﬁ%m%pm%%i; nonet hyl ) 1 43 3s5:di pheRydf €lhee8pe: 1, 3, 5, 7-

prospHch8Eet i -0 -8r 507 tatamanty byt 46,9, 40- {4’ gkaradiAr—2 " -
ajPI yﬂe)rr%ceﬁ@“ adanﬁ”ﬁ%ﬂﬁhgsﬁﬂbwlt%yﬂ { o, 51 7)-98§f]éﬁllethyl—

ferrocene 1-(

phosptii- ﬁéh‘é%%;ﬁ}daﬂa&ts,lwt et anet hyl - 6, 9, 10- ¢4 i Bkaratnfir—2' -
apt Werrocéne { di adamnsyl thﬁammmtelawi A, D-HirStbtramethyl-
trlneth%IS|I ferroce ,
121210 §bﬁ¥%dﬁ§Wﬁ§Fyi 345*7dﬂefr%ﬁﬁﬂﬁfﬁréogafb 1,2-bis(2-
t;m@gﬂnada@ﬁwwl)-325(dL@&@%@wkph@,sqqmon@w&mla)daélraﬁ@p1 —4-
1 % ( |nethyIS|I | ) ferrocene;

1( tbﬁP?Yb% eHSnetHy?7b1%ﬁhzadamantylphosphlnomethyl)
(4UEﬂﬁanantyﬁm&uymﬁabponeghml) 4, B=liqphenyl ferrocengz-bis(di-

adamantylphosphlnomethyl) -4-(or 1) (2'-phenylprop-2'-yl)
ferrocene; 1,2-bis(di-adamantylphosphinomethyl)—-4,5-(di-t—-
butyl) ferrocene; 1,2-bis(di-adamantylphosphinomethyl)-4-(or
1")t-butyl ferrocene; 1- (P, P adamantyl, t-butyl
phosphinomethyl)-2-(di-t-butylphosphinomethyl) -4, 5- di—(2'-
phenylprop-2'-vyl) ferrocene; 1- (P, P adamantyl, t-butyl
phosphinomethyl)-2-(di-t-butylphosphinomethyl)-4- (or 17)y(2"'-
phenylprop-2'-vyl) ferrocene; 1- (P, P adamantyl, t-butyl

phosphinomethyl)-2-(di-t-butylphosphinomethyl)-4,5-(di-t—
butyl)ferrocene; 1- (P,P adamantyl, t-butyl phosphinomethyl) -
2—(di-t-butylphosphinomethyl)-4-(or 1’)t-butylferrocene; 1-
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(di -t-butyl phosphi nonet hyl ) - 2-
(di adamant yl phosphi nonet hyl )- 4-(or 1') phenyl
WO eoosocame; 1-(di-t-butyl phosphi nonet hyl)-2- PCT/GB2007/050717
(di adamant yl phosphi nonet hyl )-4,5-bis-( trinmethylsilyl)
ferrocene; 1-(di-t- butylphospgbnonethyl)-Z 35
(di adamant yl phosphi nonet hyl ) (or 1')(trimethylsilyl)
ferrocene
(9 giosPh! pHEEPRIINdmat byl ~EE3aBe F Ry Iy L 060! P woamant v 1)
200&106544%;P€16@§%99%k95@Eéﬂétﬁ?& 4 5— di-(2'-phenylprop-2'-
trloxatrlc clo-{3.3 1[3 7Lédec dlphen¥I
%ﬁﬂ§ﬁ§e e; sphlnomethyl
1629—hms@glﬁ&mmaﬂamaﬁﬂylhyLaZQ 3-5- @dﬂ rebhyy i Fph@nomethyl) —4-
5 ;Q%?é Lg&x%h §£%rop 2 gl;]%ggg Qn a- (or HZ)g%osp¥1nomethyl—

11 23 i, 9(2e phasqahivnesed hyd -tl,id x5~ adametthyl) - 6,9, 10 5-  (di-t-

:$+ ph%%§|$;$Ta%gg %'%%%gzklggg¥£9fé%§%bgkg;( 1- (2—
1pﬁbdmhi©2metmymﬂﬁ BoAel hyd trbn@ byl 6 ety 60 Qg dtamantyl) -

;?? %#%%?ﬁ§%§?§hq%%h%Pé$r%ﬁg%%dacyl2‘ 4’(t —butyl ferrocene; 1-
10 1@(Zﬁph®®ph®mmnhﬂﬂfﬁb315Eﬁ{$dtmamethmd -%,99 100t rioxa—adamantyl)

1)-2-(d '
3&2%%I%H%ﬁéﬁﬁgféhﬂ;§“SL%ﬂgﬁ%qgfegéo %né%%fy%BrOp 27yl
phospivenemet hyl 14 ( 813mwphWBDMgMu6r9,3o5t?TWMapmecyElﬂ%9 10~

{&l%féa) L8 L d00CY L 238 e RURYLANORRRLROIPL IVl 44

eny errocen
PY2yphespht haret hyﬁerro@esem metlhyP=phosphinomethyl-1,3,5, 7-

15 t@crla(?ne%wX@tdll%mwoé; a?aalua%%;;i?]}decyl) 2-(di-t 15 _5_
but yl phosphi noret h -("trinmethylsilyl)

f@iyqﬂg@ﬁétylphosphlnomethyl) 4,5-(di-t-butyl) ferrocene; 1-(2-

pKé%ﬁ%H%%HQ&M&ﬁHIBY% 1 Bo ek ABL Y] 78,09 10 L L LOXAEREG1 ) -

{Sdl?dfmfPBylﬂ?}}%Fé?éWl)m?U@d% tABatyl phdspht Remetaryrreas { 1-

o&hr%,%u&&[ﬁﬂ@%ﬂ%ﬁ@FEY$Qlg@ﬁrOCeW%ladamantylphosphlnomethyl)
none - -

hi
20 tirtmr o (G o sX T S byelo- { 3. FBFEOLERS7] } decyl )2dint-
2@b&j¥pﬁ@@ﬂﬁﬂﬁdﬁdﬂ%§iphzﬂOﬂEthy&iad%dén@y@$mﬁaﬁhlnomethyl) 4- (o

ferrocene; 1-
pho%6%|ﬁ8ﬁ%YH?$%IQé Bltrimet hylBX6°9S19-t ri oxat ri cycl b=(di-t-

{}&it%fllghzakﬁhzrlc%mt?@lyﬂl) -2- (di adap@dsphes phidxyrehbykindr) -4, 5-

enyl ferrocene; ; ,
%Qﬁﬁﬁﬁgﬁhinoﬁgﬁﬁypefeg 5. trlhﬁgﬁyF:butylphosphlnomethyl)—2—

25 6(&Rmbht pXeHIdeyabhe{By3.-L-Xb3. 7]} dewsydy)1- 2ferrocene; 1,2-

bis(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-

tetramethyl-

{3.3.1.1[3.7]}decyl)-4,5- di-(2'-phenylprop-2'-yl) ferrocene;
1,2-bis(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-
trioxatricyclo-{3.3.1.1[3.7]}decyl)-4—-(or 17)(2'-phenylprop-2'-
v1l) ferrocene; 1,2-bis(2-phosphinomethyl-1,3,5-trimethyl-
6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)—-4,5-(di-t-butyl)
ferrocene; 1,2-bis(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-
trioxatricyclo-{3.3.1.1[3.7]}decyl)-4-(or 1’)t-butyl ferrocene;
1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo—

35 {3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)-4,5- di-(2'—

phenylprop-2'-yl) ferrocene; 1-(2-phosphinomethyl-1,3,5-
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25 (di adamant yl phosphi nonet hyl ) -4, 5- bi s-(
trinmethylsilyl) ferrocene;
wa2qogoatass phi nonmet hyl -1, 3, 5-tri net hyl -6, 9, 10- PCT/GB2007/050717

trioxatricycl

0-{3.3.1.1[3. 7] Ydecyl ) - 2-

(di adamant yl phosphi nonet hyl ) - 45 (or 1’ )(trlnethyIS|IyI)

ferrocene; 1,

2-bi s-perfl uorof phosphlnonethyl , 5,7

30 . , , :

t et PSR AYP < 6, 19 101 PF R ok et Oy e of 3t 3. 12 1] 89973 Vaegey Pyt

Huﬁ%lﬁﬁb@ﬁﬁﬂﬂdméﬂ%&ﬂ@c@near 17y (2’ phenylprop—Z’—yl) ferrocene;
2 bi s- perfl uoro( 2- gho;ghlnonet

3 %5 PPOPBE HAS Y -

UL & dPokai B A s Cp-

}dEcytD (4 Qprdébyﬁphenyﬁliﬁybuegepﬁbsphlnomethyl) 4,5-(di-t—

uor o

erfl
SHESE nEREHPEL, 3 B2 PPEP AR RIS, &; AP 35 imethyl-6, 9, 10-
tftioatitieyel ®{3..3..1. I[Q'MDbedgmng A i5+bi s- (
trimethyl sjlyl f r
R eRb a0 ) SRotHh nofet igiicEla, 5, FRgeener 12
ZﬁKﬁHﬂM35448tK¥IHHHBZBeﬂffﬁﬁfhkl 638 10- trloxatrlcyclo—

%Pﬁqe%ﬁ¥(¥f fé: err Cé %ﬂ%ﬁ% ;idecgl

(ﬁhqﬁy&pphpﬁbhﬁﬂhyl-ferrocene, (2— phosphlnomethyl 1,3,5-
e r |f| 0

t?%%%ﬁ%% Fcéc i 3.73" % %F%gg% éy[? %g3 7&%dec

fedr&ﬂawnetyEpmpsbﬂamsmethyl (2"-phenylprop-2'-yl)

S5 HGRR oxar i oy el %ﬁ&%ﬁ{f%‘ﬁhﬁf&w? iCopeth-e o 10-
1t9bh@myucy¢bwfﬁténé 113 JLlgidgcyl) -
%@H E%E%J¥H1n$m%§§%37—4 5-(di-t-butyl) ferrocene; 1-(2-

tetr tri or o- net hy
tphipratppeyeho 3. 3, 3- lfgn@qh}ydeéyﬁalQHSf—ll@P@t(leclo—
tginﬁﬁhil§lbYJ&ecy%Q &e(&fgaaﬂént}l%% inomethyl)-4-(or 1')t-

phosphi nonet hyl -1, 3,5, 7-tetra

| uor o-

n@tﬁm) %C@Cfeefrl o&ra%‘rhiléyéﬁﬁ{%l%olZIPQOWQT}JG@WFPYM X 5,7

ftétﬁdﬂ%&hyﬁl@xi%m'%kloééﬁffyy%@%{3lz%_QJ%(d 1tdecy1)-4,5- di-
but hosghlnonet

5£% r%@ﬂy

ﬁ%?@ﬂ%)rdé)Z §$53Q9qqgcene 1,2-bis-perfluoro(2-

1pﬁbgﬁmiﬁeme£h§mﬂuﬂ3pbps;&@ﬂyamgkhyh)649(ﬂ@r

pheny

pr op- )ferrocene;

) ( 2'
JF%?%ﬁ%§EaFY?L%H%f|6h6é%h¥d6ﬁ€ﬁﬁyr§ w5 Wi (2 -Bueyyilprop-2/-
fﬁIrogﬁﬂﬁfgén@ bi s(djiztribupyt phosphinerBidwilnomdteer-1,3, 5, 7-
15 trt?l“é% Yﬂ)ﬁ%yrsgg?ﬁ%géiﬁé%%“f@lg{% 3.1.1[3.7]}-decyl)-4,5-(di-

tﬁﬁﬂﬁﬂyﬂbhykeﬁrecéﬂbtlw oxa- afdanmsd-ye)f4ubro (2-phosphinomethyl—
dii£%3 pggp¥a$gé%yl 6 9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-

4-(or "Yt-butyl ferrocene; 1,2-bis- (2-phosphinomethyl-

1,3,5,7-tetra(trifluoro-methyl)-6,9,10-

trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-di-(2'-phenylprop-2'-yl)

ferrocene; 1,

2-bis—- (2-phosphinomethyl-1,3,5,7-tetra(trifluoro-

methyl)-6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4-(or 17)(2'-

phenylprop-27

-v1l) ferrocene; 1,2-bis- (2-phosphinomethyl-

1,3,5,7-tetra(trifluoro-methyl)-6,9,10-

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

1,2-bis-

(2-phosphinomethyl-1,3,5, 7-tetra(trifluoro-methyl) -



yl ) ferrocene;
1, 2-bi s(2-phosphi nonet hyl -1, 3,5, 7-tetranet hyl 20

W@ 2®8A65488 | oxa- adamantyl )-4-(or 1')(2' - phenyl ppGpGB2607/050717

10

15

yl)ferrocene;

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

6,9, 10-tri oxa- adamantyl ) - 4 5 ?dl-t butyl ) ferrocene;

1,2-his

ﬁﬂé@dﬁl%6h%¥?ﬁHlQYcéo$373fbﬂrénﬁﬂh@?C¥§ 9,°10%% r i oxa- addmPuty!
ardocede. (Or 1')t-butyl ferrocene;

1, 2- bi s(di - adamant yl phosphi nonet hyl ) 25

4,5-di - (2" -phenyl prop-2'-yl) ferrocene; 1, 2-bis(di-
atlasmantwdrphoesphl penettalds 4o & modification of all the above

1')(2 ro f errocene;
R B bt Ao TR iis 4 289 (g FaPlupidentate
ffﬁﬂﬂﬂb@ﬂ@ typg Un&@ﬂdsada@&atylphesahlmﬂnfthgﬁayy%ﬂ@oninklng
t but rro ., P.adanmant
RS TRECRYT) (3. (A (EBPy oS PRI ROSCRT 12425, that the
d:res(;%ctlphewloppb@f@s ytofietsocenerhdd @Pr&twadamant yhe ring

p%e&)S[S%SIeHBﬁE? hyl) Iél &?ie.s? %(l),l(% yﬁ ﬁ%jogéﬁ les Ft h)ﬂe)n an methylene
1hai2beeqﬂn§mprdoptEé ytbémrm@ﬂhﬂd@pelgréﬁpFﬂemkmngnghe other

ﬁ% ﬁﬁPﬁBﬁe ROT) 72- it - Bt phoSphi Romet Ryl §-47%: (6™t
-tWSBWEUmyb}ﬁbwmﬁceﬁ@mslrepF¢$émunmma@ty¢mdﬂkbunybach example
p <g;g%lnonethyl) 2-(di-t-butyl phosphi nonet hyl ) -4-(or

utylferrocene; 1 WO 2008/ 065448
PCT/GBZOO7/050717 39
( S thyl -1,.3.5, 7- et rame 9
5%1 é% E 1ﬂ%1¥%fd9?t%ﬁ%?m{pﬁosh%lnon@?ﬁi
d| (2 -phepyl prop-2'- yl)ferrocene; 1-
(2- pfosphingnet hyl -1, 3,5, 7-t et r anet hyl -
6,9, OLtr|o<a adanmantyl) - 2 -

pghosphi nonet hyl )-4 5 (or

1 )(2'--;* yIprop-2'-yI) ferrocene; 1-

1,3,5,7- etranethyl 6,9, 10-tri oxa-adamantyl) - 2 -
(h-t- _k | pha peoet hyl ) 4, 5- (di -t-butyl)ferrocene;

hyl -1, 3,5, 7-tetranmet hyl -6, 9, 10-tri oxa- adam
(dl-t butylphosphlnonethyl) 4- (or

- t1 10

(2- phosphi nonet hyl - 1L? 5,7-tetranmethyl -6,9, 10-tri oxa-a
danantyl‘ -2- (di adamant yl phosphi nonet hyl ) -4, 5-

di - henyl prop-2'-yl) ferrocene;

nonmet hyl -1, 3,5, 7-tetranet hyl - 6, 9, 10-



tri oxa- adamant yl ) - 2- (di adamant yl phosphi nonet hyl ) - 4- (or
1')(2' - phenylprop-2'-yl) ferrocene;

wa2qog/oatess phi nomet hyl -1, 3,5,7 15 PCT/GB2007/050717

10

15

tetranet hyl -6, 9, 10-tri oxa- adamantyl) -2-
(di adamant yl phosphi nonet hyl) - 4, 5- (dl-t but yl)
ferrocene; 1-(2-
phosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-tri oxa- adam
antyl)-2- (di adamantyl phosphi nonet hyl ) -4-(or
11 )2-utnk —ferdecenepndsphinomethyl) -3, 6-diphenyl-4, 5-dimethyl
(di-t- butylphosph|nonethyl) 2-
(%ﬁ%ﬂﬁ%ﬁantylphosphlnonethyl) 20 4, 5-

-(2' -phenyl prop-2'-yl) ferrocene; 1-(di-t-
butylphosphinonethyl) 2-
(dladanantylphosphlnonethyl) 4-(or
1') (2. -phenyl prop-2'-yl) ferrocene; 1-(di-t-
A phesphi nonet hyl ) - 2-
tyl phosphi nonet hyl )-4,5- (di-t-butyl)
¢; 1-(di-t- butylphosph|nonethyl) 2 25
PN p [)-4-(or 1')t-butyl
ferr- ene; 1 PBU',
bi s(2- phosph noneth -1, 3, 5- trlnethyl 6,9,10-trioxatri
cyclg- {3.3. 4. 1[3.7 }decyIpB@
SL O err%cene
-1,3,5-trinethyl-6,9, 10-

1, 2-% s(2 phosphlnonethyl , 3, 5- trlnethyl
6,9, 10-trioxatricycl o-{3. 3 1 1[3. 7] }decyl )-4,5-(di-t-b
utyl) ferrocene;
1, 2- bi s(2-phosphi nonet hyl -1, 3,5-trinmethyl -6, 9, 10-
trioxatricyclo-{3.3.1.1[3.7]}decyl)-4- (or 1')t- Yl
f%f%%%%ﬁ%l tert-butyl (phiosphinométhyl) ;o= dlpheny benzene
1- (2- phosphi nonet hyl -1, 3,5-trinethyl -6,9, 10-tri oxatric
yclo 35
{3 3 1.1[3.7]}decyl)-2-(di-t-butyl phosphi nonet hyl)-4,5
- - (2" - phenyl prop- 2t yl) ferrocene;

PRU3. 5 WO 2008/ 065448

PCT/ GB20Q7/ 0507 40
-trioxatricyclo-{3.3.1.1[3.7]}decyl)-2
osphi nomet hyl ) - 4- (or

p-2' yI) ferrocene;

1- (2- phosph™onet hyl - , b-trimethyl-6,9, 10-trioxatric

3.3.1.1[ 3. ¥ decyl ) - 2- (di - t - but yl phosphi noret hyl )-4, 5
-(di-t 5 butyl) ferrocene;

- (2- phosphijnonet hyl -1, 3, 5-tri net hyl -6, 9, 10-

rioxat ry 3.3.1.1[3.7] }decyl )-2-(di-t-

[ N RO

(Me)3Si

1,2-bis(di-tert-butylphospinomethyl)-1’'-trimethylsilyl

ferrocene



but yl phosphi nonet hyl )-4-(or 1')t-butyl ferrocene;
1-(2-

WO b@sobideomet hyl -1, 3, 5-trinmet hyl -6, 9, 10-t ri oxak€T/GBeI00050717

10

15

{3.3.1.1[ 3. 7] }decyl ) - 2- (di adamant yl phosphi nonet hyl ) - 4,
5-di - (2" 10 phenyl prop-2'-yl) gerrocene

1- (2- phosphi nonet hyl - 1, 3, 5-

trimethyl-6,9, 10- trloxatrlcyclo {3.3.1.1[3.7] }decyl ) -2
-B'giadamant yl phosphPRésaet hyl ) - 4- (or

1')(2 - 2'-yl) ferrocene;

1-(2-pho thyl-1,3,5-trinmethyl-6,9, 10-
trioxatri {3.3.1.1[3.7] }decyl )-2 15

(di ada phi nonet hyl ) -4, 5-(di-t-butyl)

ferrocene;
phosphlnonethyl 1,3,5-trinmethyl-6,9,10-trioxatricycl o-
{3.3.1.1[ 3. gJ#Fdecyl ) - 2- (di adamant yl phosphi nonet hyl ) - 4-
(or 1')t- butyl ferrocene;

1, 2-bis- perfduoro(2 phosphi nonet hyl -1, 3, 5, 7-
tetranetkf 10-trioxatricyclo{3.3.1.1[3.7]}-decyl)
-4,5- i \REmzd” phenyl prop-2' -yl) ferrocene;

pho ot -1,3,5,7-tetranet hyl -6, 9, 10-

tri oxarr\cycl o{ 3. 3 1.1[3.7]}decyl )-4-(or

1') (2 -phgnyl prop-2'- yl) ferrocene;

1, 2- bi s- perfl uoro(2-phosphi nonet hyl -1, 3,5, 7-

tetranet hyl -6,9, 10-trioxatricyclo{3.3.1.1[3.7]}-decyl)
t ’

B e ET T ot o 3 bhgsph RoRBT Ry L) 1 ~tertbutyl

If 8y Hodeet ranmet hyl - 6,9, 10-trioxatricycl 0o{3.3.1.1[3.7]

}decyl)- 4-(or 1')t-butyl ferrocene; 1, 2-bis-

(2- phosphi nonet hyl -

1,3,5 7-tetra(trifluoro-nmethyl)-6,9, 10-

trloxatrlcyclo{B 3.1.1[3. 7]}decy|) 4,5-di - (2" -phenyl pr

5iMgls) 30 ferrocene; - bi s-

-1,3,5, 7 tetra(trifluoro-

roxqtrieyclo{3.3.1.1[ 3. 7]}decy|) 4- (o

PBugl ) ferrocene; - bi s-

fltunm&np yl)-6,9,10
J1[ 3. 7]}decy|) 4,5-(di-t-butyl)

2008/06 448 PCT/GBZOO?/O%O?l? 41
6,9,10-trioxatricyclo{3.3.1.1[3.7] }decyl)-4-(or
1')t-butyl
5,6-bis(di-tert-butylphosphinomethyl)-1,3-bis-
trimethylsilyl-1,3-dihydroisobenzofuran.



ferrocene. The invention also extends to a

nodi fication of all the above 5 exanples of suitable
wherwenease | i gands and suitable bidentate ferP@UEB2007/050717

type |ligands wherein one of the nethylene |inking

groups attached to the aromati¢ ring is removed so

that the respective phosphorus atomis attached

directly to the ring representing R In these

nmodi't Ned exanpl es, when one net hyl ene 10 has been

r ved, ] the ot her met hyl ene group |inking the other
phgsphorus atomis still present so that a C3 bridge

c the two phosphorus atons representing @ and

@ Myeach exanple above. 15 Sel ected structures of
i garjds of the invention include:- P B ut2 PBut2 WO
2008/065448 PCT/ (B2007/ 050717 42

ert - but?d/| phosphi nonet hyl ) - 3, 6- di phenyl -
benzene 5 PBut2 PBut 2
-tert-butyl (phosphi nonmet hyl) -4, 5-di phenyl
}Q But 2P PBut2 Fe 2+ (Me)3S

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

PBU',

: PBuU';

1,2-bis(di-tert-butylphospinomethyl)-4-trimethylsilyl
ferrocene

10



Fe 2+
1,2-bis(di-tert-butyl phospi nonethyl)-1"-tert-butyl
wWo esocame 5 Si(Me)3 CPBut2 O PBut2 Si(Me)3 BOI/GB2007/050717
5, 6-bi s(di-tert-butyl phosphi nonet hyl)-1, 3-bi s-
trimethylsilyl-1, 3- dlhydr0|sggenzofuran 15 WO
2008/ 065448 PCT/ GB2007/ 050717 44 PBut2 PBut 2 1,
2-bis (di-tert-butyl phosphi nonet hyl) -3, 6-di phenyl
benzqr 5 PBut2 Me3S iPBU 2 Fe 2+

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

butyl phenyl) benzene

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

benzene

N

Si
PBUY,

PBUY,

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



~l. PBUt2 PBut?2
1,2-bis(di-tert-butyl (phosphi nonethyl))-4-trinethyl si

W@ RoosAGs4eenzene ~I. Si PBU 2 PBu2 PCT/GB2007/050717

10

15

1, 2-bis(di-tert-butyl (phosphi nonethyl))-4-(tert- 15
but yl di met hyl silyl)benzene WO,2008/ 065448

PCT/ GB2007/ 050717 46 ~1. PBut2 PBut2 |~S

1, 2-bis(di-tert-butyl (phosphi nonethyl))-4,5- 5

bi s(trinethylsilyl)benzene But PBut2 PBu2 10

1, 2-bjs(di-tert-butyl (phosphi nonet hyl))-4-tert-butyl
bepzepe But PBut2 :C'~~ PBut2 But 15

1,2l s(di -tert-butyl (phosphi nonethyl))-4,5-di-tert-bu
ty*” t
PBu 2
PBU'
T=si
///

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

bis(trimethylsilyl)benzene

BU!
PBUY,

PBUY,

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

benzene
Bu
PBU',
PBUY,
Bu

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

benzene
BU!
Bu!
Bu!

PBUY,

PBUY,



But PBut2 t / PBu2 WD 2008/ 065448 PCT/ GB2007/ 050717
47

WQA2@806B¢8li -t ert - butyl (phosphi nonet hyl )) - 4- (t rPET/6BR607/050717
butyl net hyl ) benzene But Butte But PBut2 PBut2 5
1, 2-bi s(di -tert-butyl (phosphi npomethyl))-4-(tri-tert-
butylsilyl) benzene PBut2 PBut2 10
1,2-bis(di-tert-butyl (phosphi nonet hyl))-4-(2'-phenyl pr
obe2 2035 (o bermeaoetiit b pRpsonst byl )1 1 fer PER L]

Ly2e bisddio 1 prd s butyl (phosphi nonet hyl ) ) - 4- phenyl
benzene WO 2008/ 065448 PCT/ GB2007/ 050717 48 PBut 2
PBut 2

1,2-bis(di-tert-butyl (phosphi nonethyl))-3,6-di nethyl -4

, 5- di gfenyl benzene 5 PBut 2
BUI\
S
4 PBUY
PBUY,
5
1,2-bis(di-tert-butyl (phosphinomethyl))-4-(tri-tert-
butylsilyl)benzene
PBUY,
PBUY,
10
1l,2-bis(di-tert-butyl (phosphinomethyl))-4-(2’-phenylprop-
2'-yl)benzene
PBU',
PBU',
15

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



PBut 2
1, 2-bis(di-tert-butyl (phosphi nonethyl))-3, 4,5, 6-
wo 2isaetaehyl benzene WO 2008/ 065448 PCT/ GB2007POBGB1007/050717
49 0 C PBut2 PBut?2
4-(1-{3,4-Bis-[(di-tent-butyl4 hosphanyl ) - net hyl ] - phen
yl }-1-nmethyl -ethyl)-benzoyl chlforide 0 C PBut?2
PBut2 5 1,2-bis(di-tert-butyl (phosphinonethyl)-4-(4"-
chLe¥osar bonyl - phenyl ) benzene p PBut2 PBut2 10

RBut 2 / PBut 2
(phosphjponet hyl ) ) - 4- (2" -
benzene 5 PBut2 PBut2 PBut?2

PBU',

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

diphenyl benzene

PBU',

PBU',

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

tetraphenyl benzene



But2 P
1,2-bis(di-tert-butyl (phosphi nonethyl))-4-(3",4"'-bis(d

WO 2008063448 t - but yl (phosphi nonet hyl ) ) phenyl ) benzeCiEGBBWI/A50717

10

PBut2 PBut2 t PBu 2 WD 2008/ 065448 PCT/ GB2007/ 050717
51

1, 2-bi s(di - tert-butyl (phosphi Adomet hyl ))-3-(2', 3' - bi s(d
i - tert-butyl (phosphi nonmet hyl))phenyl) benzene But 2P
PBut 22 But 2P PBut2 5

1, 2-bijls(di -tert-butyl (phosphi nonet hyl))-4-tertbutyl-5-

(2'- , 5" -bis(di-tert

bot epfl nohgt hyl )) phenyl) benzene 10 In the
above exa sfiructures of |igands of genera
formul a ( pre of the Xl -X4 tertiary carbon

tached to the Q and/or @
Rl acetN\g atsuitable

ves arfBudamantyl, 1,3

nor bornyl or 1-

beari ng grow Qut vl , at

alternative. Preferred

di met hyl adamantyl, con

nor bondi enyl, or Xl and get her ansd gy X3 and X4

toget her formtogether wt ”é pkasphorus a 2- phospha

20 tricyclo[3.3.1.1{3,7} decyl group such as

2-phospha- 1,3,5,7-tetramethyl-6,9, 10-tri oxadamantyl

Oﬁ{ﬁ{ﬂﬂ@@pﬁﬁna%béyﬁﬂkﬁﬂﬁﬁﬂﬁﬁkm§P%mégﬂﬁ[h%&@ﬂéﬂﬁ&%&gﬁﬂchbﬁde
re -

In nost enbodi nents, it 1s p erred that "the
groups or the conbined XI/ X2 and X3/ X4 groups are the

samne gut it may

C

PBUY,

PBUY,

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

chlorocarbonyl-phenyl)benzene

P PBUY,

PBUY,

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

(phosphinomethyl)benzene



10

25 al so be advantageous to use different groups to
produce asymmetry around the active site in these

w@e00806ads | i gands and generally in this i nveneCDGB20MD050717

2008/ 065448 PCT/ GB2007/050717 52 Simlarly, in al

t he above exanpl e structures @ | i gands of genera
formula (I) including the t-butyl alternatives, one of
the nethyl ene linking groups representing A or Bin
formula (1), may as an z rvex.be ,renoved so
that the respective 5 s aton}BYzpresenting QL
and 2 is attached dir the aromatic ring
representing R ed exappl'e structures,

present so that a C3 bridge
specti ve phosphorus atons
10 each exanpl e structure.
s phosphorus and preferably, QL is
' phosphorus. 15 Preferably, the
bi dentate ligand is a bidentate phosphene, arsine or
stibine ligand, preferably, a phosphine |igand. For
t he2 -avos Gancecof —ldoubt (Phefenencesthpl Godp(B8;-9 or 10
netal s herein hguLg be taken to include Goups 8, 9
AR 90 1ot YR f he! bd®T A PeTi odi ¢ tabl e nonencl at ure.
By the term"Goup 8, 9 or 10" we preferably sel ect
netals such as Ru, Rh, Gs, Ir, Pt and Pd. Preferably,
the nmetals are selected fromRu, Pt and Pd. Mre
preferably, the nets ' . 25 Suitable conmpounds of
such Group 8, 9 tiygftude  salts of such
metals with, or conpri si ng weakly
coordi na ed frog%tnitric aci d,
; K ¢’PY2up to C12) acids such
d and 30 proptonic acid; sul phonic acids

1,2-bis(di-tert-butyl (phosphinomethyl))-4-(3’,4'-bis(di-

tert-butyl (phosphinomethyl) )phenyl)benzene

PBU',

PBU',

PBU',

PBU',



chl or osul phoni ¢ acid, fluorosul phonic acid,
trifluoronethane sul phonic acid, benzene sul phonic

wa@eiodoeaapht hal ene sul phonic acid, tol uene suP@heBR@7/050717

10

15

20

25

acid, e.g. p-toluene sul phonic acid, t- butyl

sul phoni ¢ acid, and 2- hydroxyg{opane sul phoni ¢ aci d;

35 sul phonated i on exchange resins (including |OM/aCId
| evel suI phoni ¢ resins) perhalic acid such as

per €hPb¥ %la%?%ﬁ NG b 08P 0EBRUBOPETIGBR00T7 05071 7 PE3(di-
h@é%%@ﬁ?ﬁ(ﬁﬁ?%ﬂ&ﬁeﬁ@ g5) ﬁH&h‘yf‘ é&&#%orpacet! c
acid and “trif uoroacetlc acid; ort ophos oric acid,
phosphoni ¢ acids such as benzenephosphoni ¢ acid; and
acids derived from interactions between Lewi s acids

and Broensted acids. Qther 5 sources which may provide
sui patp ions include the gL,y hal ogenated

tetraphenyl borate derivativesy, e.qg.
pgltfd uor ot et Addltlorﬁgly, zero val ent
T T Adi um cg Ny thoge mnth | abile
Ilganss a( . h \ al kenes such as

d | adi um may be used. The
above ani ons may \be intraduced directly as a conpound
of the netal preferably be introduced to
the catal yst sy i nf\ependently of the netal or
metal conmpound. A AN on may be derived from or
i ntroduced as onelo e'of an acid having a pKa
measured in dilute aqueous solution at 18C of |ess
than 6, nore preferably, less than 5, nost preferably
| £s3-bhand 4 t@rsaﬂamty\itmh@splaimmetﬂmal deest@otbutyl-5- (27—
interfere wifh_t{he rggctlon e.g. netal salts or

nietd

| Br eyt 2b %rg% tstSch as al kyl amonium and a

PHECY! 5o sSHERoRSEhAD) PSh&Ry1 i batz&an break down
under reaction condltlons to generate the anion in

situ. Suitable acids and salts include the acids and

salts listed supra. 25 Particularly preferred acid
pronoters for an al koxycarbonyl ation are the sulfonic

ath dghd ngbodé N@sidiele, structures of ligands of general

formula (I), one or more of the X -x* tertiary carbon
bearing groups, t-butyl, attached to the Q' and/or Q2
group phosphorus may be replaced by a suitable
alternative. Preferred alternatives are adamantyl, 1,3
dimethyl adamantyl, congressyl, norbornyl or 1-

3

norbondienyl, or X' and X together and/or X and x*

together form together with the phosphorus a 2-phospha-
tricyclo[3.3.1.1{3,7} decyl group such as Z2-phospha-
1,3,5, 7-tetramethyl-6,9, 10-trioxadamantyl or 2-phospha-
1,3,5-trimethyl-6,9, 10-trioxadamantyl. In most
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.



sul fonated i on exchange resins, and the carboxylic
acids listed supra. The |ow | evel acid ion exchange
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SO3H/ Pd ratio in the reaction of 30 |l ess than 35
nmol /mol, nore preferably |ess %han 25 nol /ol , nost
preferably |l ess than 15 nol/nd Typi cal ranges for
the  _SO3H concentration provided by the resin are in
t%%mﬂéﬁéé 1480 21holt Rola PRy e NBFEPty pPeattyrr2- 36 ligands of
i ddmll RPdrufiost (1ypicakbyng- t29 rodJol RPderdsS: WRs, one of
2008/065448 PCT/GBZOO7/050717 54 Generally the_
antontS)can e 'Ser 88t 6OWFCﬁeP§e%Wr|%t%rt8 ifhehormula
r eact im Lerdnaian tetrhyt end cald yrdirsatiusat edaEOﬂp@uﬂeﬁﬁoective
g§¥ nore sensitive to.the pKa of the aC|dho é € i1

Nojid ﬁ&ﬁ aB‘ffFfer%epgﬁaeBBhWtc?loﬁ§daﬂﬁ FolAréAttedn e ety to
Vﬂmdeﬁkdﬁhtaﬁp&dpglab@r55§mﬂﬂﬂgﬁIthe ski kheot hbeipefdsoskample
in the art For, instance, in ut adi ene carbonyl at i
L BRAEER ¢ b LG 1 S RREBIC SO Benbra: diie  othes
tihnsg&ownsdatumelaqsenus ﬁmﬂaﬁmtomoa&hh80a mpreridge connects

preferabl i.n a bet we en 2 an
th %) ? és ec iv rus a oms qggesent n qg Q, in
car onyl a n reéact e quantity ani on r sen

eachuaxamplélxnﬂuct@rehe catal yti c behavi our of the

catal yst system The nolar ratio of anion to Goup 8,

9 or 10 netal or conpound nay be from1:1 to 10000: 1,
p?reéf@rrabﬂy, frodh 10id t ©RBeDotuand angar t beefardbiviron®’  is

1QQJ%) e;Q?? %ﬂh@@gg L4 he anion is provided 15 by an

aci e re ative proportion of the acid and
salt is not critical. However, where an anion is

fé@é?%%l?Y &gildbfﬁeﬁ¥ygélaiiééﬁ@'OY£d%g B¥dé¥%é%eth§hosphlne,

rati o of aci o group 8, 9 or 10 netal
priefigrcablystipinchd igand ratsfesahsyt e %@S@hln@ otirgeal-
or conpound above. By H+ is nmeant the anmount of 20
active acidic sites so that a nole of nonobasic acid
woelr dthavevoldanfe of ¢#pulher easercnefe bBp drpasi 8, 9 or 10

aﬁﬁé ?}é‘é’“hg Q?Mes%o%‘i ®3e O{dl'!ér: a‘SQ §RERAREC AU &S 9 ang

be’In erprete accor
10 in the modern periodic table nomenclature. By the term

“Group 8, 9 or 10" we preferably select metals such as Ru,
Rh, Os, 1Ir, Pt and Pd. Preferably, the metals are
selected from Ru, Pt and Pd. More preferably, the metal

is Pd.

Suitable compounds of such Group 8, 9 or 10 metals include
salts of such metals with, or compounds comprising weakly
coordinated anions derived from, nitric acid; sulphuric acid;
lower alkanoic (up to Ciz) acids such as acetic acid and
propionic acid; sulphonic acids such as methane sulphonic acid,
chlorosulphonic acid, fluorosulphonic acid, trifluoromethane
sulphonic acid, benzene sulphonic acid, naphthalene sulphonic
acid, toluene sulphonic acid, e.g. p-toluene sulphonic acid, t-
butyl sulphonic acid, and 2-hydroxypropane sulphonic acid;
sulphonated ion exchange resins (including low acid level

sulphonic resins) perhalic acid such as perchloric acid;



Simlarly, by C2+ is neant noles of netal having a 2+
cationic charge so that for M- ions the ratio of the
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exanpl e, an M+ cation should be taken as having 0.5

nol es of C2+ per nole of M. an al koxycar bonyl ati on
reaction, preferably, the ratio of bidentate |igand

to acid is at least 1:2 nol/nol (H+) and 30 , ,
prEfErEaBl§d FRECTELYG GICipPdentat 631 ifganil tPaiddp gctd and
9t£HfIU3rH&&@$uiSa@ldJe@@thépﬂodﬂﬂo&ﬂ@'(é&ﬂﬂ phosphonlc acids
Preferably, the ligand is in excess of netal
rr%W%la(Scz%%&“ﬁPg?%Q%lﬁ i A°éRces8TOf a°t&ti olefved from
lirk gvalct iohs (e} wabd hLbhEs acicdds BxeassBideganddi sicids. Other
advant ageous ,as the |i itself act. as a base

t & BufFfer 8 acWEYSSFF"Vé 5 |ﬁufh%gﬁ%ac??ﬁﬂwandﬁc ude  the
psensent ldegriedatgeant 6ff sidhstpateyl Oboe: 2008/Q65448es, e.g.
PCT/@BZOO?/OSO?l? l55 he other 3‘the resence of Lent
T APV R IRE r ealtF 0h° mi x “End PHproves the©  vaten
op&ﬁkﬂdlumat@Dmmiexeacmwmmlchhafuy hyﬂbmayaatbonyﬂﬁﬂbonllgands,
reactlon re the ratia of tate. li

to Gcid” Pth ik PXTe rnﬂefofcand éﬁbﬁpeyabﬁ Alfbetone
t dre suﬂﬂeoeobrbtﬂ@@dxheezylgﬁﬁﬂbdﬂ@tgneu¢uﬁhlﬂad®um1@by be used.
t &&%ﬁ%EFg%%ﬁamé%ceésq%léo §§:%¥rec Pref%)%pE%Mgmund of
Itlgaandetmiy Hye sadvant agebasaldy tdee intgaddcéed sted f timaycatalyst
a f r.,10 a el e
r%%%?%b%“ggggﬁ%%$g tEﬁé&%ﬁ&é&?éng%gmggﬁbgg?gﬁb&an t he

ot her hand the presence of acid activates the
rﬁﬂgtéﬁ¥$ﬂﬂméya%g HQPIQ&?S&&H? QVQ.%EEdﬁggf ég one or more of
reacti on. menti oned, the catalyst system of the
p@tres@mduh@‘emq oh BAy mg&s e st Abhvgenedissiyg grolution at
hej er ogenegqus ythg’ﬁe%era#awe thererat Bl yStcSySt@mni S5, most
used honobgeneousl Suitably, the process of the
|®V@ﬁ¥a@ﬁynd?56eté§éd4voftaf%¥®sélt@hé carbonytagft ofoes not

of nethpeh-eni gald y rupsatapatied, coappundscbn the+s200r 1argely
presence of carbon nonoxi de and a hydr oxyl group

C?ﬁﬁ%ﬁlﬁl @1E%nﬁéﬁhdﬁhﬁﬂﬁyépﬁmﬁﬁ%vﬁy,féﬂs@upééc6¥50fr such as
afl 0Bstedhethkgands @freak down under reaction conditions to

generate the anion in situ. Suitable acids and salts include

the acids and salts listed supra.

Particularly preferred acid promoters for an
alkoxycarbonylation are the sulfonic acids, including the
sulfonated ion exchange resins, and the carboxylic acids listed
supra. The low level acid ion exchange resins that may be used
preferably provide a level of SO;H/Pd ratio in the reaction of
less than 35 mol/mol, more preferably less than 25 mol/mol,
most preferably less than 15 mol/mol. Typical ranges for the
SO0;H concentration provided by the resin are in the range 1-40
mol/mol Pd, more typically, 2-30 mol/mol Pd, most typically 3-
20 mol/mol Pd.



the invention yield a surprisingly high TON in
carbonyl ation reactions such as ethyl ene, propyl ene,
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car bonyl ati on. Consequently, the 25 conmerci al

viability of a carbonylation process will be

i ncreased by enploying the process of the invention.

Advant a%eously, use of the_ catalyst system of the ,
PTEEERt Y| AVENntT oI i1 CRE C&r BohytEd o6 1S appropriate to

ety | eniccabhy unsat uratedh,3@neeAPDUNES £1€ 28ES0cGhpBHds may
ood rates especially for al koxy- and | ,
%%r%%%a%%?ﬁﬂlé’tei o fF%bere%Chc%g to° efhyfef cdffy anion than
uﬂs#hgrahedceﬂﬂDDUﬁﬁsaﬂﬂr%bmvéﬂ©uéﬁl1ﬁ£ﬂ%ﬁkgﬂ(h$ appropriate
i ncl.ude any qgne_or nore unsaturated. C C bon s).in .
35 Borpouritt SUch Sad FEhdSE PBuRd ITRoaPkEnes” %al KyTiggce: in
clonjadgahedcaanchyuneanh uged ekadicgnese damctdforak anion should
| kenes ete. tV\D 2208/ 065: 48C PCT/ GB2007/ gS 717 %6 goc

7 t SbF &t hyTEhi cal'l’y UrsHtCurdfEd Corfounids™ s 6 the®’ ™ore
| pivefatriabhy , aterietohyl eha caddweeungadnd at.ed conpounds
having from2 to 50 carbon atons per nol ecule, or
m xtures thereof. Suitable 5 ethylenically unsaturated
compounaiscarey ahdve oaectoionportdée icsehaied of eohjrugateednt is
%Q%g&%ﬁ EgglbquﬁFp%%t l@fU|%mavPE§£e fqgmgQ%talyst system.
conpounds having from ) c20b carbon atons, or
nibd wrodsrt hereofof yationore @reefer Bed® ave Idompoahdsr compound
nﬁ%;qu%gomn9$ﬁ g§ f@&ﬁRQ,aE9g§ r%&ﬁ L& %B:ﬂD§% 5&%0:1 and
carbon atons, agarn 10 nore preeferrgd conpounds have
ararostilaole afbon 1@0eksto THEO0 :ét-hyWearealliey anion is provided
upsatdirat ed compound may funther, coppri,sg oof Wicti@nal.iq ana
groups or heteroatoms, such as nitrogen, sul phur or
oxd de. 1 sErmvploes tiiael udeleegtsoxylviheracrdsanest efs provided by

NL&4d 18S Bs+iEUnethonalagr QupScihNt8-Pref &5 red Qoo group
of processes, the 15 ethylenically unsaturated .
conpowtd 10smake bl et oA corT @b Wi xtidr ehef Sat efitags as the anion

Sui tabl g1 eEPV'c%H{FGéMyaHBxS@I ur afedycoppoypgs: i pLUdRount of
acetyl ene, nethyl acetyl ene, propyl acetyl ene,

!?%F%ﬁ?té@?%h%,Slﬁﬁﬁh?Pe E?tpﬁwﬂﬁﬂeeﬁé,m%%ﬂ%ﬂ%%@eFCid would have
| saRlitylogne; pRrenes, nPeNtENQibasic acid would have 2 moles

of H' and tribasic 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 ratio 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 advantageous
as the ligand itself may act as a base to buffer the acid

levels in the reaction and prevent degradation of substrate. On



nitriles, alkyl pentenoates such as nethyl
3- pent enoates, 20 pentene acids (such as 2-and
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vi nyl acetate, octenes, dodecenes. Particularly

preferred ethylenlcally unsatggated conpounds are

et hyl ene, vinyl acetate, ut adi ene, al kyl

pent enoates, 25 pentenenitriles, pentene acids (such
dg“écﬁéﬁFeﬁépé 5%?d§re%ﬁﬂ§?yPénéCl%e%RQﬁﬂ%§estP?IE?%Ftlon mix
ogienesrodedecenesecandl pepylrensactEspeci al ly

preferred ethylenically unsaturated conpounds are 30

et hyl ene, propyl ene, heptenes, octenes, dodecenes,
Vimyénfﬁﬁcﬁchaiyﬁéarboﬁym&ﬁﬂﬂ e%%camdnpepi@f@:lamtyri !t&% ratio of
t | urt her ossi bl e to carbony res

S# A%ﬂtﬁgﬁesl%ﬁﬁﬁpalﬁ?r1 Gt et hal®douBP 2" bords & W? and
bmﬁﬁﬁh%dly35tﬂékfmﬁﬁb\Mﬂlbﬁﬂ@huﬁaéedl@&ﬁiOﬂﬁkhQM@ 8, 9 or 10

| es, ar raffln t raff te nd ot her
e A o a BvaeRE (P g ainer el g s,
PGT/ GB2OGE OSﬁ?lZnet%l mnvoedmsl rcezans dexdased flrigpmd may be

I&e dlner|sat but ene rlsatlon |s ne
eous T dl and 1ts e% to buffer
speC| exanpl e an I'scher rops react i ONs

Rsﬁerencéslbmev$nyh e@@ensﬁhanennenmtlmﬂ@mr@feﬁﬂneestlon of

%%#ﬁh%%%%'bgﬁﬁgb %E%“Qg%%tﬂ%?%ﬁéégﬁé eS gf fivates the
Rﬁ%ﬂﬁ&pnbelsehebue@rbV©mﬂﬁydp@geﬂ}lakkylpfarg¢qt$$ﬂ,

hal o, cyano, nitro, OR19, OC (0) R20, C (0) R21, C (0)

OR22, NR23R24, C(ONR25R21 , C(S) R27R28, SR29, C(O
SR30nemtererd, RO R30-cdvetasysidn def i ted tyeseinh. invention may

Pe§f% @Qlﬁmmgggnéﬁ éﬁleggeqmﬁ, gPQMQ%F a&%%kerably, the

phenyl or al Kyl phenyl, nore prefera hydrogen
pheRdystCsy €6em dlsk ik phehgaogsinecys 06 aIkyI such as

net hyl , ethyl, propyl, 20 butyl, pentyl and hexyl ,

even nore preferably, C, -C6 al kyl,

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 yield a surprisingly high TON in carbonylation
reactions such as ethylene, propylene, 1,3-butadiene,
pentenenitrile, and octene carbonylation. Consequently, the
commercial wviability of & carbonylation process will be

increased by employing the process of the invention.

Advantageously, wuse of the catalyst system of the present
invention in the carbonylation of ethylenically unsaturated
compounds etc also gives good rates especially for alkoxy-

and hydroxycarbonylation.

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

and unconjugated dienes, functional alkenes etc.



especially methyl. Preferably, R63-R6s each
i ndependently represents hydrogen, alkyl, aryl or Het
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i ndependently represents hydrogen. Optionally,
however, reference to ethylenggally unsat ur at ed
conpounds herein can exclude vinyl esters including
vinyl acetate. 30 Where a conpound of a fornula
herein (e.g. fornmulas | or 1V) contains an al kenyl

g$1§;h_l-tpibo_é atgyctoadkyl mietyrasdefdmednds Cksr (Ble alhention
ans (2) |soner|sn1na¥ al so occur. The present

|?ﬁFen?‘f}b¥1lﬁnﬁ€la&Ej%s UPREC P SA dE P Y EredifYaREr ST6F theto 0

S&mwmoaﬂdﬁs ofpany neflethee: f orarul asxdeféneddeeeEn suitable

wher e ppr riate, the individual t%ytonerlc

f%‘} etnﬁSF%Joﬁf Y5GELhaFcWo SoBSF 088448y Dave one or more

P(HHIEE%GO7KQ507H&h]u@&tmﬁlIWuﬁBXtmwéﬂﬁd[hewdﬁﬂé per molecule.
%é n _of diaster 0|soners r ci.s

i S0 Fge

and tr
v Be CRERPEVEY By Ednvént’i dnali° tech%ar L?@s atoms, or
em;gtdm¢sfﬁa@teoﬁalyetymbaélpsafenmaicmmﬂnamqgn@nhyhawlng at

h%ost f% car, %on a%GFGOISOWEFIC nlxtur% 96 car ound ms, again
one of the formilas s or a SU|t§bIe sal't or erlva I'Ve

tihereofre A reddiconduahds ehant | anemoot aocaapbumdaobms. The
qg%lqkngggl{orHU|g§t té@ SQX%l %repq{ed f£(%?5%r comprise
ot cdf It 61 y

correspon pure i rnedla e or
rﬁ&nﬂﬂﬂpm@h gsemﬂ@ agfﬁyerPaLomﬁ ofudhhescortespeondi g phur or

r t a j-r.al or r._.b
(BRI o HEL00 AL AL e B! o RUREO e B oD itriges as
salite ioprhedrbyrs r eactiona obrefer cor respondifhgerocesses, the

rQGRMRLE W 10 8, Sult-apl cchﬂatou%al Ly Qﬁtélve%lﬁ%g Qrmlxture of

base, as appropri ate. AF stereoi soners are included
Vi teHiimst- he Ssébpelof ctihelgriceess unsatofratkd cAMBREIdN, include

|$céM§ﬂenQe ﬁ@pﬁfflaS@%kJXén%hoﬁgo? 1'&é%k§ﬂ%n%he1a§Lbutad1ene,
t hat conpounds of for mil ( function as
|¢Eﬁﬁ%ﬁ§ethégopylene, butylene, 1sobuty ene, pentenes, pentene

nitriles, alkyl pentencates such as methyl 3-pentenoates,
pentene acids (such as 2-and 3-pentencic acid), heptenes, vinyl

esters such as vinyl acetate, octenes, dodecenes.

Particularly preferred ethylenically unsaturated compounds are
ethylene, wvinyl acetate, 1,3-butadiene, alkyl pentenoates,
pentenenitriles, pentene acids (such as 3 pentenoic acid),
acetylene, heptenes, butylene ’ octenes, dodecenes and

propylene.

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

acetate, 1,3-butadiene and pentene nitriles.

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

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



coordinate with the Goup 8, 9 or 10 netal or conpound
thereof 20 to formthe conpounds for use in the
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conmpound t hereof coordinates to the one or nore
phosphorus, arsenic and/or antinony atonms of the
conpound of formula (1). 25 AS nentioned above, the
present invention provides a process for the
CAPBONY | A6 Sof BrHYFENi CAPIly G&&PEr af@BSEoifpoud  (Putene
cOMpriskngogontacbhng adkatrhyl esiLdiley uasat uriate@dr tropsch
conmpound w th carbon nonoxi de and a source of
hvgy "*groups such as water or an al kanol in the
presence of a catal yst conpound as 30 defined in the
present invention. Suitably, the source of hydroxyl
groups includes an organic nolecul e having an
hydroxyl functional group. Preferably, the organic

| ecul e having a. hydroxyl functional grqup may pe 35
PeRag=0,  H SeRiond haner i Cetn dcaige . YePSedites to
parddtdivaed yora unGub€B80t @ldcardhyli acdardiofgfaryhla (IV) :
al kanol's, which nay be optionally W 2008/ 065448
PCT/ GB2007/ 050717 59 substituted with one or nore
skiBst iCtiaen® sCEel-eciréd Rt om al kyl, aryl, Het, hal o,
cyano, nitro, ORl9, OC (0) R20, C (0) R21, C (0) OR22,
NR23R24, C (0) NR25R26, C (S) R27R28, SR29 or C(O SR
3heasidefi hedahebei meletighl §ror ehedranal kerolls aregl, Het,
G 8 a&%ﬁﬂﬁlsn§ﬁP, agp et hanal) p205 Q%&ﬁ@@ﬁ’ PIORanol . yroog2e,
i so- propanol’, Iso- 9}@@0[,2g-butyl a %ohol, . o
nc BULEAG, phérdl &n& ohl Br'ocafry] &RcCohbereidt t RouBh are as
the-. jmongal kanol's are nost preferred, poly-al kanols,
preferably, selected fromdi-octa ols such as diols,
triols, tetra-ols and sugars may al so be utilised.
Typl calbyy, sueh pol vahkapghs -arg %%%@%;@&,t ed1fyoM Lnenyl or
2-ethanediol, |, 3-propanediol, glycerol, 1,2,4
buttard@lersvl, 2-19Adr oBFREERYPIY/1, 3-pirspanedi olphepy2, 6  Ci=Co
trihydhaxynexgnee pentaeryt hrdd@Ql , ok, Indenyl, ethyl, propyi,
tri Chydroxynet hyl ) et hane, nannose, sorbase, gal actose
anthothere$lgats® Preferr 8UCRugars MGG roseéye alkyl,
feyedqaserangetnyl.

Preferably, R°°-R°° each independently represents hydrogen,
alkyl, aryl or Het as defined herein. Most preferably, R*-R®’

independently represents hydrogen.

Optionally, however, reference to ethylenically unsaturated
compounds herein can exclude vinyl esters including vinyl

acetate.

Where a compound of a formula herein (e.g. formulas I or 1IV)
contains an alkenyl group or a cycloalkyl moiety as defined,
cis (E) and trans (Z) isomerism may also occur. The present
invention includes the individual stereoisomers of the
compounds of any of the formulas defined herein and, where

appropriate, the individual tautomeric forms thereof, together



15 glucose. Especially preferred al kanols are net hanol
and ethanol. The nost preferred al kanol is nethanol.
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amounts are used in excess of the anmpbunt of substrate

to be carbonylated. 20 Thus gge al cohol may serve as

the reaction solvent as well, " although, if desired,
separate solvents na¥ al so be used. It will be
%ﬁ?bcm%ﬁﬁﬂfthéﬁmFﬁé en&eﬁ?ﬁﬂ%%Flo?ftﬁéaWéﬁﬁpﬂéﬁm?Es or cis
deteriidied adonkeastal Nbpabtnbyvddiens otdiGenefi oahkanstnniques,
used. For_ 25 instance, use of  nethanol produces t he
corfesPordiang L ABEhy P Estod T seohver setyPraiear o et er-F- L C-
ps O il Ceise Hdre seEf 25 pandiuig o&Clads;omeaaﬁdidm@ny the formulas
i nvention, ErOV|des a conveni ent wa addi ng_t he

GPoug - CLOYOIE - 30 al Y1 BT AP B R{H aFogbrdividual
tﬁﬁn&hbmbenbeablyxmmsahuraﬁe@nbond 3 Hnmhneaprmegsalso be

according.to the second ect

SRt Pt TR EaPRBACHT CE 69 be T iepupaiate or by
fogamlotiod) | eteld wst hyahn.Prerd. gﬁB-SU£hxasenpbn@gen racemate
cgrbon d|0X|de ;oL A nq:lr ?as such as argon. Smal%ractional
ahbliits Gf hydrogen typicarly °389% ess £han 5% by
vcﬂyﬂnallwa tadrso dfe pﬂese@hasVEIéﬁMHyma654485alts formed by

ST as ol Ty Ghea Gal e Bandounde e tydt oyt r oy rante

eni cal’ y unsatura ydroxyl group
sqmnxnalﬂm actiquiad iphasecaswackesoarpmadiigemay vary
between wide limts and suitably lies in the range of
1:0.1 to 1:10, preferably frombetween 2:1 to 1:2 and
5AlUp tterack apger exaoess noflugekanoihior that ecomhent t hiee process
|l atter. L§,.al 89, the reaction solvent such as up to a
100: 1 excess of al kanol or water. However, if the
ethylenically unsaturated conpound is a gas at the

reaction E@ngﬁéﬁ&ﬂ%%eﬁtb@aﬁﬂk%epﬁﬁ§§méd ah k@Welirt that the
| evels in the phase reaction medi um such as at

1P aeP0 P8 h?@?@ﬁ@ﬂ group ™our denefian 202900 ¢gpnds  that

1:d0-dmkee @f@{QQbe¥oué L@ QQQ&IqolméQiLQES%ompound thereof
pr ef er abl 3 1: 5000 to 1° 500

to form t compounds for use in the invention. Typically, the
Group 8, 9 or 10 metal or compound thereof coordinates to the
one or more phosphorus, arsenic and/or antimony atoms of the

compound of formula (I).

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

defined in the present invention.

Suitably, the source of hydroxyl groups includes an organic
molecule having an hydroxyl functional group. Preferably, the
organic molecule having a hydroxyl functional group may be
branched or 1linear, and comprises an alkanol, particularly a

C,—Cyy alkanol, including aryl alkanols, which may be optionally



The amount of the catalyst of the invention used in
the carbonylation process is not critical. Good
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amount of Goup 8 9 or 10 netal is in the range 10-7

to 10-1, nore preferably, 10-g9to 10-2, nost

preferably, 10-5 to 10-2 nol es per nol e of

ethylenically. unsaturated conpound in the liq

pPASE 1EAFBONYT Gt | DI rEadt6n S nﬁ%H?Eﬁﬁ“t?OS§&PF5%¢yfrom alkyl,
aiﬁ{)mug-{étnoﬁa$§?e@§irﬁil trﬁtt_»lble on\?enbco@nghec dC(O)OR22
car,bonyl at i on,of. et eni ca unsat urat ed conpoun

&t i fed © H@F@Iﬁ'ﬁa éRpBrfOFﬁed °F n“ BHe’for dfprgtined herein.

apr H1ivC selrvents. aléaﬂdyabbees@ngnkﬁkbﬂshydsu&@t@meﬁethanol
such as for exanpl e, 25 nethﬁ fut one thegs sugp hol,
S8R exgﬁﬁ%n% i sbie TEmBERY % aLeono
2n-5y8-ahbil pX apbaasie Qﬁkg|yﬂﬁbrodaﬁﬁjmﬂ ambBEbl dimgtdh the
et her tet?ahydrofuran hen | et her

dFTE6PFERY 2t 1e° alia®t hé>r§ 1 ethéy otrencls, preferably,

d$ekﬁdm¢bemeeglyn{bqta e&beSSthuehdfmﬂé(ntnamanplEetra—ols and

net hyl acet at neth Iadlpat t hyl nzao
di e rﬁylmaﬁhfaﬁa?aif)e and butyr oﬁéﬁ%%%%@ M % p°§§a1]ha“°ls are

fs&laatadpﬁeodlhEthduaeeeanmrke1,N-pebh§m¢@mu&olgd@nerQWKil 2,4

I 1 d Lf9 d, h
PO Y AAB e i oty Sl RO 3 dl§ SBorony4at phong, ¢

stﬂﬁhﬂdaneyh§$&navahydrotru opheaeﬁé@ﬁ&umr@pre) 1,1,1

P s T 3R 8 RO, s na crvs

e$¢gﬂn§ulfol@nefe%wqﬂnuauga@@npeuﬁh@de|rﬂﬂqyéﬁﬁg hatwectose and

vay,| aLs of %%%%’196569&5@01@5%99%&5@7Jale 6leSHEL1  ana

conmpounds e. zene, toluene, ethyl benzene
o=Arene, ﬁh@(w@ﬁeprgf&me@h@lkembr@bé\ﬁéﬁ@@l
o-di chl orobenzene, m di chl orobenzene: al kanes,
i ncl udi ng hal o variants of such conpounds egg,
hexaneioméptodne l c2hol 318 r Raet AV Peiftlan&ensr aethy | Eaints are

Cﬁ%é&'fkaé%@%s%a6@0@h595ﬁ§§@ﬂoéfdﬁhbéyﬂéEbl%% ®elcarbonylated.
benzonitrile and acetonitrile.
Thus the alcohol may serve as the reaction 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 source of alkanol used. For
instance, use of methanol produces the corresponding methyl
ester. Conversely, use of water produces the corresponding
acids. Accordingly, the invention provides a convenient way of
adding the group -C(0)0 C,-Cz, alkyl or aryl or -C(O)OH across
the ethylenically unsaturated bond.

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

less than 5% by volume, may also be present.



Very suitable are aprotic solvents having a dielectric
constant that is below a value of 50, nore preferably

w0 pooslaes4etange of 3 10 to 8, at 298.15 K and 1PRI/GB2007/050717
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105Nm 2. In the present context, the dielectric
constant for a given sol vent ? used in its nornal
meani ng of representing the ratio of the capacity of a
condenser with that substance as dielectric to the
cHpaci £§tof t O LERRE"CoMFens et wi YL GRETRIMYf or Unsaturated
di @heeinbkC coVakuesxf orgtdip I udicel eat ki qlqam@tgmﬁ Ofeaction
common organi c liquids can be found in gener
rEFEr 8 oGRS, BGERSRs the LHahdbook bf° Léhtéarlﬁlézft ryS8nd" the
PhysjeC o, ZGDllGﬂ@tlQﬂl edictredabyy Dandnt Brwhbbde2 et &H ,1:2 and
and ubl i shed %%es§T|n 1995, and are us%m
qtiot & f‘orlaégetg Btht U e OF Mot 25CGr P88, fhee Tatter is
abmﬂ 293. 151&(0‘@10&98@]1\53&0 K;crands atuposfphesi €00:1 excess of
ssure, i abou X 105 0 n
%9 ed”iow?ﬁ%ﬁ téﬁ% ¥%ﬁurépg ﬁ pré&gqulﬁ%ﬁH@ %?@9turated
ccwmgau&domsfac¢aﬂsatqmbbedeadﬁldmotbmperaﬁun@e1damayfbm ®resent
pa{tlculaﬁeco ound |s avallabLa tgg%é@l%%ectric
constant may e reaéalyqﬁeasﬁre usi ng &8t A6 8
physheoe chieniloalromet hatoup 2HuEoe ex@npt%Q @de to 1:10 more
dj c C ol t K
(#§% era%h fﬂgi%%% gES??%f §§£2pisé%r 1§0|?4?§ﬁékb 1:500
43 4 (at 303.2 K), of nethylpentanoate is 5.0 (at
f [ ny . at. ) .

i ﬁ@’éﬁ?p&f‘g phe Clg%g% ostnt K)l,n%gfltgorh< usBh in ene
t@ﬁqbﬂmydﬁgpura@rpgeﬁs51§auuzg5c§ﬁu®calof Good results may be
mﬁanﬁnganaﬂI@t%fé%egagl§ahj%9%m%uhQ of\éﬁﬁ%ﬁ%reg or 10 metal
aprotic vent is anisole. Inthe presence of an
&Pk&ﬁbﬁheaﬁaaﬁﬁoiQC 5ol Vent wwdd Hm§f68§b§9néﬂh?éﬂ>6@ most
;ﬁ%%ﬂé%%%ﬁyon ag -t he, ester %%ﬁQQanéﬁlQﬂﬂﬁlo@%Ctegﬁyﬂg%lcally
008/ 065448 PCT/ GB2007/ 050717 62 the ethyl eni call
ursEtyrated edgmsouRd 1nchkdohl FoRoRndes apek e Laal Rangtaction
I SecBNinAProti c solvent. The process may be carried out

in an excess of aprotic solvent,

%PCh as at

Suitably, although non—-essential to the invention, the
carbonylation of ethylenically unsaturated compound as defined
herein may be performed in one 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, sulfolane
(tetrahydrothiophene-2,2-dioxide), 2-methylsulfolane, diethyl
sulphone, tetrahydrothiophene 1,1-dioxide and 2-methyl-4-

ethylsulfolane; aromatic compounds, including halo variants of



5i.e. at aratio (v/v) of aprotic solvent to al kanol
of at least 1:1. Preferably, this ratio ranges from

wWa208065419: 1 and nore preferably from1l:1 to BCUGBMIIN50717
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preferably the ratio (v/v) ranges from1.5:1 to 3:1.

10 Despite the foregoing it ﬁ ,preferred that the

reaction is carried out in the absence of any

external added aprotic solvent i.e. in_the absence of

af @prSTIOVEEF vENE - nBE Getfer at ¥ e"By hEYF eRERFOIF ©-xvlens,

ih-sglifene]5 RidyngnBydr axyeabbenydmd,i ono-dhen re@$efeene,  n-
of a protic solvent is also freferred The protic

SOV EME CREYZ FHET uBe A THr boR§TYE "Yaci 0 ah &t ddhol ©F  such
h&@ﬁp@u&asof the apnekibeeand piidne, Sobyend-sdmaytAl Sfentane,

ed. 20 dro be added to the L
e TP | SRt SR oy e B iy apgtriles e.o.
Suirtabliert eyedsl eclcebydf ogar .when utilised may be in
the ratio of between 0.1 and 20% vol /vol of the carbon
nonoxi de, nore preferably, 1-20%vol/vol of the carbon

MRNEX A8 £ a BDE o efebablyso 2reka% vial ivgla ofidibeteas b@thstant
25 nDnOX|de nost preferably 3- 10@6vo|/vo| of carbon

noifoxi'de PSTHE eatd %FstOfcc?eroﬁ‘ﬁB% %?eﬁqlfé‘ pfesBntie range of 3

|mwemu|4ﬁ1zn@y1ack asdal xhebvemnogeneousic gatakysStcOttekt, the
"ho neous" cataly pr.ef er , S

RS gBons e i h Hiohoganeyiet %%t%%g%fgtlwts normal
magnuagcabalysépreseetlag aﬂﬁpoundlef &ﬂetﬂmwenhp@@;ty of a
PR Eh, 8 b ot LI FERET Bt SO TReL 0. the capacity of
camdxH@Weatbmﬂem$ﬁﬁﬂwlmh bevgeuinhe&oet hydbnitoald.yvalues for the

d 35 h d i .
B & R RO s e b B R AL b s J oy ounet i

aﬁﬂnnwdxteé¢re@m£ﬂsmabbysunhaasutmﬁuﬂaadbobkenf @semistry and
Catalcgﬁdmé‘ﬁ;gngtig%,t;:%gi\%g&mbgheﬁa%%geﬁ?oﬁée et al, and
published by CRC press in 1995, and are usually quoted for a
temperature of about 20°C or 25°C, i.e. about 293.15k or 298.15
K, and atmospheric pressure, i.e. about 1 x 10°Nm?, or can
readily be converted to 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 is 4.3 (at
294.2 K), of diethyl ether is 4.3 (at 293.2 K), of sulfolane is
43.4 (at 303.2 K), of methylpentancate is 5.0 (at 293.2 K), of
diphenylether is 3.7 (at 283.2 K), of dimethyladipate is 6.8
(at 293.2 K), of tetrahydrofuran is 7.5 (at 295.2 K), of
methylnonancate is 3.9 (at 293.2 K). A preferred aprotic

solvent is anisole.

In the presence of an alkanol, an aprotic solvent will be

generated by the reaction as the ester carbonylation product of



5 the conpound of the invention, which is carried on a
support. Thus according to a further aspect, the
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carbonyl ation of ethylenically unsaturated conmpounds
as defined herein wherein the69rocess is 10 carried
out with the catal yst conprising a support, preferably
an insol ubl e support. Preferably, the support
coifprides eﬁl%%FVhépséﬁﬁﬁa%§ié”mBBPQ%iéFFﬁmnp8P9§¥y@%ﬁH”-the
of11pRloyst ¥r enesgepakyservsitch as a 15 di vi nyl benzene
copol ynmer or other suitable polynmers or copolyners
known to those skilled in the art; a silicon
detd wabicees sugh @S O@.rEUQ@tdﬂﬂ‘naLlni sedestés£ar apsbti€onElvent,
or a silicone rH/b or ot her rous particu
VI rog g

te
nhter %l “sheh’ &s YBRRE G RORGART ¢ D de8°hnge at least

i nar gawe(feelabmy; deBlS 20aPref exafalsy firde supparct 10:1 and more

R ARG of CPPom 0 Co 700 meY, & {Star porge vardite 7/

ifandus rangel of: if tonBO11 to 4.0 cc/g and an average
particle size in the range of from 10 to 500pm More

25 preferably, the surface area is in the range of

fromise Hdm50@br¢ﬁd#yg the p@r@rVOénwmdisham the raageion is

oéa]’_fgl%@ OOut t O 2 CC/a%sa%Q% %OO % %Q%Pﬁgfl %.d%e I Zaeprotlc

iSin the rang je of desirably
t hel wutf ace. ax@aﬂmsabﬁenh@ ¢%ngea@tot;©nM$0@nttooﬂO&H@rated

m%bggltgg pore, viql.upe is in the range of from0.8 to

cc/g and the average particle size is in the
range of from30 to 100 pm The average pore size of

t I c te | rese t 1 so ven
ﬁhﬂll‘h %Hg §H<Pd?%rﬂa%e8§ rhal §risedd the JZ% QA olvent

from 10 to rably, a support mat .
used tshar RBs 2af -av Ehager pore hlaret eravfindlugm 5006@1@boxyllc

500 A oand, frogt cg.si I abl i f#,:0ms75:80 300 Aordii MBYN3S protic
be partlcularhy desirable to dehydrate the silica at a

t EpEratureY ot 5 &M $0RHS-800C anywhere from 3 to 24
hours. WD 2008/ 065448 PCT/ GB2007/ 050717 64

Hydrogen may be added to the carbonylation reaction to improve
reaction rate. Suitable levels of hydrogen when utilised may
be in the ratio of between 0.1 and 20% vol/vol of the carbon
monoxide, more preferably, 1-20% wvol/vol of the carbon
monoxide, more preferably, 2-15% wvol/vol of the carbon

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

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

preferably, a homogenous catalyst.

By the term “homogeneocus” 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 wunsaturated

compound, the hydroxyl containing compound and carbon



Sui tably, the support may be flexible or a rigid
support, the insoluble support is coated and/or

WO peBeeHat ed with the conpounds of the procesBCDEBRINE050717
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i nvention by techniques well 5 known to those skilled

in the art. Alternatively, thg conmpounds of the

process of the invention are ?ixed to the surface of

an insol ubl e support, optionally via a coval ent bond,
dﬁﬂ“?ﬁ@eérraﬂ@?%%ﬁplﬁptF%nd?Iy“Fﬁépﬁ%ess%QVﬁﬁt as described
bidwaict.i onal spacer nol ecule to space the conpound

fromthe insoluble support. The conpounds of the

invention may be fixed to the surface of the

| ;s of v | = 13U PRRILEr bYe QMO Id3g al €8T WONMOEn 8a catalyst, i.e.
functional 15 g&Pu resent |P,the,conpoung of
fOFMACHPPIE 61t exXgnpl e SisstPt tent® SPEHES afbifats'EPeTt -

structure, with a conplinmentary reactive group

present on or previously jnserted into the support. :

B CORBITELISh of Che Tehit vaoHrolp SFot H¥ Sabgor trvertion

whtdvialesonpl igrentasy Substihtuendrigihytiheiconpoundtbflenically

the 20 invention provide . het er ogeneous_cat al yst :
Rt ISR L g s Ko £ it L b T

acediepkedtvivatla thakegelygth coasr anirgt ersupgster , preferably

anm de, 1.ne, _.ur keto group. The choice of reaction

c%%dfffgﬁ§T$6ﬂﬁF%%té conmpound of the 25 process of

the present invention to the support depends upon the

really sa t ed - and t up

Che ibnatt ) Hor cinpie, “POROEATS suoh Be MR P ae s

cev-bodieifamdesollyskyrerar bonytdivisrivdazel eopapgmer such as  a

p&f¥¥%§§%§n§é¥¥b a§o§£ﬁ§d€§e Qir'TlggﬁLr angggyngQS, polymers or

reductive amnation rmay be enpl oyed. 30 According to a

f errHermeaspeetownt heopridsest phverrd ornproé degtithe silicon

use Qfatibe RLEgess of Figandcatalyst:eompositisen;0ne or a

any aspect of the invention wherein the catalyst is

at1dcived troPher suppoPEReBEPARUEOMBIB65448te material such as

Rﬁ%!gﬁ%QQZéoggﬁ%%nic oxides and inorganic chlorides.

Preferably the support material is porous 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 is 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 to 200
um. 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 um. The average pore size of typical porous support
materials is in the range of from 10 to 1000 A. Preferably, a
support material is used that has an average pore diameter of
from 50 to 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.



65 Additionally, the bidentate phosphi ne may be bonded
to a suitable polyneric substrate via at | east one of
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l'inking group A or the Ilinking group Be.g. |,2
bis(di-t-butylphosphinonethyl%44-t 5 butyl - benzene nmay

be bonded, preferably, via the 3, 5 or 6 cyclic

carbons of the benzene group to polystyrene to give an

i mmobi | e het erogeneous catal yst. The anount of

bégentate khgapdpopsad gan parstamibenow deridfy |l §wdsst, the
Preferably, the bidentate |igand iaﬁpresent in an
ahbitPsfich St~ helsratcioét8% t i fifnber CofInpt s dftth  the
t f@nphindentoat e nkei gaddeps esentthto ihkenhusbery of el Rfies well
oﬁ t he G?oug 8, ,% or, 10 qg%al present is from1l to 50
P ot et andt Ipaft te i Py tfrom 1 to 10 nol per

nol of netal. More 15 preferably, the nol: nol range

of . .conpounds of forrmula | to Gaoup 8 9 or t al :
B Srget b Tooutpcsg o TR P2 qaaPer o) § pinvention
tdvee rangel ofo ltle t oudiick arf emrenirdsclubbd@el shpport, optionally

Conveni ent | t he possibility_of applying. these | ow
o e g Sl aRld s b BB, IPea OFR By thegpaes
ar axcessnal 20atke cobpoulrd 0b Foenml ahk awdphende from the

n nj m he consunption of these usually expensive
cgﬁ%gh%§§.£g§ﬁ%§%ly, the catalysts of the invention

are prepared in a separate step preceding their use

i - Si i e._ca n i r tion..
kbR AT BB KOGy 22 g v ourtace o
c@@?ié@sqﬁnblebyﬂdnsgbl0hmgp¢dmpt@mgugﬁspF90@rO£Qenef@nctional
Oc_fjr&ﬂanpgyé@entthe{r?%hea%o%fahﬂﬁd ohergin hn a suktable 1. 4
solvent such as one of the al kanol s or aprotic
s%Mbﬁ?@ﬁ@epFevﬁod§Ky @E@ﬂﬁﬁlﬁedsiﬁch@éﬁti@Uﬁ@rhy complimentary

pféﬁé%l%%d éﬁﬁﬁﬁnﬁrgggﬂﬂj Qﬁ QQE F§é§{od¥1yackgsé¥%ed into the

product of the specific carbonylation réaction e.g. 2-
avstroxyetthy| pPOPIONRLIE o1f Fhgcetrary et hyT Proptlonate support

ferevi nyl copgeiig 263r bonydatd QRror caetdnd RLARLERAt &  the
for ethylene carbonylation) and subsequently adm xi ng
m&@??@iléénﬁéﬁﬁ%ﬁ%ﬁ 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 1link 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.



formula | as defined herein. 35 WO 2008/ 065448
PCT/ GB2007/ 050717 66 The carbon nonoxi de nay be used
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reaction. Exanples of such gases include hydrogen,
ni trogen, carbon dioxide and the noble gases such as
argon. 5 The product of the reaction nay be separated
fromthe other congonents by any suitabl e nean

A a

S.
Praityj s VATtEGE  BROTHE T eBBKt P ofeEEed to a

thatrshgniddicantly tewerrdne produgt siase: Heemed the bridge

t hereby reducing the need for further purification

at et 118t her i it i1 9gepdr 4t Pn Bf e proutet I Hrgy ©F the

bei uvindengedibys the.gener abl ¥ (si-gnivhit gamtd ypriinghethyl) -4-t-

selectivity. A further dvant a i s that the other

HmonERPELihi BRY ot i iEHe ESESFIREY ayStontURi ch 5 of ©

nayclhe reeypchedoandhorbéeised dmduburbheplyseacinecon® give an

wi t h mni suppl enent ation of fresh catalyst. 15

PHEE b )ggja?rhoegpeglgPBSnﬁ?taatliy&ﬁ'i s carried out at

tenperatures of between -30 to 170C, nore preferably

7&%? %% 1%9benngid%ﬂ%gger?Pk%mgogéég %ggclvﬁp within wide

especi aﬂly preferre enpera@f ure 1S one chosen

betmieen 40€rededBOQ, Advwanbageouslky,lids@d20is present in an

carbony! ggéhontﬁ?@ b carfigd out Al '?i%%gé%“ ®f moles of the
tenperatures, | i's paratl cularly advantageous 13 Pe
ablaeriteteat ryamguterelent r eacticomuaber oomdmperat the Group 8,

(20G).. J]F’d eherapl y, o operaling a. L ow d eQP?e.f atur& 15 ang
carbonyl ation, the carbonylation is carried out
betweenladdC tfoco9Cl ntoy e 10preder atsiry, mol 0% o 45€] - More

stidd. apre preterably 0¢ t0,43C, ¢ 'E%%o%&% epabley, 10C, 1 o
to 45C. Especially preferred’is a range of 10 to 35C

30 Pref eraf Wr tHe W@Oﬁ?l ani ¢hej saeaereedl outtat2& 1, most
C§%é¥gﬂé%§§ in the range of 1:1 to 10:1 or even 1:1 to 1.5:1.
Conveniently, the possibility of applying these low molar
ratios is advantageous, as it avoids the use of 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 invention may be carried out
by dissolving the Group 8, 9 or 10 metal or compound thereof
as defined herein in a suitable solvent such as one of the
alkanols or aprotic solvents previously 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 or methyl ©propionate for ethylene
carbonylation) and subsequently admixing with a compound of

formula I as defined herein.



pressure of between 0.80 x 105 N.m2-90 x 105N. M2 f
nore preferably 1 x 105 NM2 -65 x 105N. M2 f nost
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CO partial pressure of 5to 45 x 105N m 2. 35 WO

2008/ 065448 PCT/ GB2007/050717,.67 Preferably, a |ow
pressure carbonylation is al so envisaged. Preferably,

when oper ating a | ow pressure carbonylation the

cHID IR B BATPE Eartivedcodfcat 1a € PESFAre pPeseite 9ases
Oihuﬂﬁtwﬂﬁnlaeittﬁj5 ¥hd 05NaBt 2on . nDrE&ﬁﬁﬁE%raQEYSQCB gases
to 2 x 105N. m 2 nost preferably 0.5 to

TOENYE. THEPESTs I}f&rﬁﬁreflr cGfEroTt éjs]toﬁﬁléﬁ Gl th? h%Oble gases
dar@at ia@naefot he carbonyl ati on except that

carbonylation in a tinmescale which is comercially
acceptable is obviously preferred. Carbonylation 10 in
arlb@tpfbcr@a;ctdfontmyréait&oml ace iue U$)eﬁia€ra48dh(fhtb& the other

nor e 0 24 hours_and nost t
RSB |y LB RO S BI0I bn YR £, adjancage
I@fastheS preRdbesyramese thypi cajdificabt]l pasiwe30 byi-pud@s;ts are

nPSt Eyehcall Wx?u.t%asEhe nee&JforlQua qgnghﬁugﬁcatl n after
reaction such time SC | es” are obviously rrel evan

atrida alrc:muallnwmrae‘a@tl@ﬁ Clam pmuuqtueasasndyoriga asvideneed by

%rm ! C abI fore o taI
reqU| %egg Q é%rrencta%%r s%e sttl(\e’m %f t he further

p@ctasaemagenvem |tdmt| stipr efoelhabl yconz@n@onst ithitedd antdien the

h e Lo 0
L
usergfiogtabith snlrmgm@énpmm@@e\mttﬂhwm@fcétfarsysctats%ﬁs@ém
may al so be beneficial in inproving recovery of netal

which has 25 been lost fromthe catal yst system Wen
t Pree feapdlly st tisy steeeng lat 141 Zed cienrasd | Qi dtr égepeorures of

Bl JWonsucdy stabiilHdpzé NG eREPQUNGS s ABY aSBPST theCANLEY most
of the %rou 8, 9 or 10 netal . Preferably, therefore,

t Ipree feae IIYS?OsCyS‘%Qan%EiOn@} udésg leﬁpécjré}]qlly preferred temperature
is one chosen between 40°C to 150°C. Advantageously, the

carbonylation can be carried out at moderate temperatures, it
is particularly advantageous to be able to carry out the

reaction at room temperature (20°C).

Preferably, when operating a low temperature carbonylation, the
carbonylation 1s carried out Dbetween -30°C to 49°C, more
preferably, -10°C to 45°C, still more preferably 0°C to 45°C,
most preferably 10°C to 45°C. Especially preferred is a range
of 10 to 35°C.

Preferably, the carbonylation is carried out at a CO partial

pressure of between 0.80 x 10° N.m“-90 x 10°N.m?, more

preferably 1 x 10° N.m *-65 x 10°N.m “, most preferably 1-50 x 10°
N.m~. Especially preferred is a CO partial pressure of 5 to

45 x 10°N.m 2.
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particles of the group 8 9 or 10 netal or netal
conmpound of the catal yst systC%n within the Iliquid
carrier. 35 WD 2008/ 065448 PCT/ GB2007/ 050717 68 The

liquid reaction nediummy be a solvent far the
et R Br e toRPTT TE OO THOPE BT tife et antissaged.

oFrdeacbion pheduderathegsel vess phesdeact atisoraNdtion the
reaction products in |iquid form may_be m sci bIe W th

or Y OPvEY i % SO BYC1itquid % dPRLkitt FRESSure of
ped tyeemni © . di spey sarlto 1 Sm$0) uﬂair% ipRetBeathliqui.d teaetk OO N.m

medi um bu antly i ncrease the
vi ¥ ?i]’e%?rani‘ e aE?lllm%n lﬂn“l m a way which woul d
be detrinental to 10 reaction k| netics or heat

ansfer The solubility of the, . di | sper s

in
R hoaiim SRHGE RS FBREEont Cbndr 1e Ugretion of the
tm&ﬂatmmmmsswe simﬂnd’laotoﬂnelrsm g,rlelaecame thich is

det fi tly th d f the_ di
90 e T390 BERLATE PSRRI Gl ShoPL oA acson

disper @anthl scgapabl enf sdlabi pPlsiangia opl rtol dlal hours, more
suspen; on of, rti cI s of ai_d gr et al
d% % % 5?@. g% ggﬁcg[l n? to 12

rret a conrpo Ion
shuwlr st-hatrt bel et a:larbpaylat@lcels lfsofnedaiaslewsrteéumn@tfes, more

cat.al yst degrad n 0 u h
t|'a§c1El§}|%ﬁr act%ﬁton?érfdeg; I um ang1 a?eegdl Ilsﬂg tZr Eglgﬂ%ﬂg/ #e Feast 1
reaot- orInaIaonthrwlthtlhertmﬂﬂcdl farchr édhhamatridhs ame obviously

optionakhy f 9!51 rec%%% hflo ki ng. 50t her, %%‘%Ehhéeésoﬁong as

cat al yst. he net al partlcl es are normally of
clold ol leh meEngiegasal &y gacceptaNe rlamigrss catlgiy sgm requires

averags spALtd cl e size although larger 25 particles may
formin sone cases. Portions of the polyneric

The catalyst system of the present invention i1s preferably
constituted in the ligquid 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 liquid reaction medium such stabilizing compounds

may assist recovery of the group 8, 9 or 10 metal.

Preferably, therefore, the catalyst system includes in a liquid
reaction medium a polymeric dispersant dissolved in a liquid
carrier, said polymeric dispersant being capable of stabilising
a colloidal suspension of particles of the group 8, 9 or 10
metal or metal compound of the catalyst system within the

liquid carrier.



di spersant are adsorbed onto the surface of the netal
particles whilst the renmai nder of the di spersant
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liquid reaction nediumand in this way the dispersed

group 8, 9 or 10 netal particles are 30 stabilised

agai nst settling on the walls of the reactor or in

react or dead spaces and agai nst form ng aggl onerates .

of "Sret &t dpart t ici%8s MRAT TR TRy G GwSBY Yl 1598 GREofcaction or
pady | s i8Bdoneventald ybreceagukaberarS¥®r reaction products
aggl onerati on of}garticles may occur even in the . |
p}&éegtgﬁ&geaf al SuitSA6I 8 P spEt SARCTLOE MHEH 35 thettauid form
dispepsanti doypecand teonsentiakd oved Sioptd mssededtheBr 1liquid
such aggl oneration should be at a relatively | ow

| €V81°%4nd t he WD 2008/ 065448 PCT/ GB2007/ 050717 69

aggl onerates may formonly | oosely so that they may be

broken ~up and the particles redispersed i tation. .
THE ol Bl A LRPRRRE A FREIDRS PEmodhl yhishtortact ion
coplilwmrest Shbontd uththgsipeliyireast sucincasageatbe viscosity of
CQ@Q'¥Q§%€% %nqmégfy' pQ!yQEﬁﬁ'. #ﬂ&% e%%ghx’lkpedetrimental to
pol yneric ‘di'spersant has®sufficiently acrdi'c orc basic
furrcttiional kinetticssubst arbt aldnanstabi | iBe t bel Wollidciydabf the

suspensi of id;grou 9 or I I I .
UERENSLAC, Bh SALCIILONP, Heq MundlubLTHE (@0 TRLR conaitions
thle preerpitat | o girestsheegplouplB,n@ e 30 petat 43 dip deter

tQPr%%ﬁ%ghﬁgypp eaﬁgﬁ: qgﬁt%Qt%%£|¥H%%8kg§9t Aé&ecules onto

Particul ar preferre i spersants for this purpose

i e g alapddliicles -basi ¢ pol yners i ncl udi ng carboxylic

aci ds, sul phonic acids, am nes and am des such as

pol yacryl ates or heterocycle, particularly nitrogen
heterrsdyeksic sgbsrsntagned 1polywipld ofpolbpersssygha agolloidal

Dgﬁé@éngxbnpyffﬁ%ﬂt9%@@505f0§5¥8 ﬁq%5§_9f §iH% 1%Ometal or metal
af oresai d. Exanpl es of such pol'ynmeric di spersants may
beergeIuect gdthont ol yastdy FpyFFEt digeum such that the metal

H%h%ﬁgﬂﬁgaﬁbgﬁedpQéy§0E¥£&ﬁﬂtJﬂ|é%talyst degradation are held
in suspension in the ligquid reaction medium and are discharged
from the reactor along with the 1liquid for reclamation and
optionally for re-use in making further quantities of catalyst.
The metal particles are normally of colloidal dimensions, e.g.
in the range 5 - 100 nm average particle size although larger
particles may form in some cases. Portions of the polymeric
dispersant are adsorbed onto the surface of the metal particles
whilst the remainder of the dispersant molecules remain at
least partially solvated by the ligquid 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 Dby 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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pol y-L-serine, poly-L-tyrosine,

pol y(vi nyl benzenesul phoni ¢ acjgd) and

pol y(vi nyl sul phoni ¢ acid), acylated pol yet hyl eni m ne.

Sui tabl e acyl ated pol yethyl eni m nes are described in
BASE P ehts  BYY plbi™ cHtlivon “BPE380309 AR T ahlFiugray be Dbroken
6uf 23888 Piefienabl yedihemehynerigiwdictspar sant

i ncorporates acidic or basic noieties either pendant

or within the polyner backbone. Preferably, the

atidign 1Fbket ¢ esi Jtave aat dhss ond Atudenh6amsd Jite r35of pK&)olymers
of less than 6.0, nore preferably, Jess than 5.0, st
pjrfécrléﬁdéﬁﬁyp%‘%%ertshéﬁcﬁ.% Prfer AT YT thAst AL Po-ymers.
noi eti es have WD 2008/ 065448 PCT/ GB2007/ 050717 70 a
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prefier ablnyctiesslt bantd. SubpKant aandl y Kbt deiligeneasur egdlloidal

ig gk%%&%nqg %%H%.SoggéignEﬁtr2§gﬁnQE§g%Eagg§a mpound.
POl e di sparsant S° X i H addit i n"To b ng" sat (BIET A
the reaction nediumat reaction conditions, contain at

| eas acidic basi_c .noi et ither. . wthin the. .
o RSB O DO STt LDyl KoL NS o
that pobypers  incor por@at megadci trandtam deolmgiieni eghase  is

sgﬁgﬁgﬁt%919§h¥xh%¥hpyroIIidone (PVP) and

pol yacrylates such as polyacrylic acid (PAA) are
particularly suitable. The nolecular weight of the

Q&hy 51§@h§hp&%féyiéﬁbbgfggfsﬂﬁﬁ;i?ortQ%iEn%ﬁﬁ%%gg include

depends upon the nature of the reaction nedi um “an .
tdel el Wi Mesycopot Yieeqsol iyyrerdi her ed TROAME thaveifungulphonic

thatyolS Renael Lyq the average ool sewl alr WRight ok snbessocycie,
than 100, 000. Preferably, the average nol ecul ar .
vietgheulsTin t Retradge 1,666r°cy200, 000vPwprleted  polyvinyl

Sfeledhl Youd, 000 7 990, pyrRsh 1 BE &L erabl o138 0000 th
EJ'E!S4 ,Sbo é#b. NM/igoprefggagfy inlthe range fg, d% 2 ©
80, OG0 Aore preferably 20,000 - 60,000 when PVP is

used and of

Examples of such polymeric dispersants may be selected from
polyvinylpyrrolidone, polvacrylamide, 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, poly(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 incorporates acidic or
basic moieties either pendant or within the polymer 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 basic moieties have
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reaction/catalyst systemwhich is to be used. 25 The

di spersed group 8, 9 or 10 netal may be recovered from

the liquid streamrenoved fromthe reactor e.g. by
filtration and then either dIS osed of or processed
fOrPF%: (se5ast & oat &opstaror (e ePeJarifbqucétlelsénEharF n® ), more
COMMAdHIBUS PEOCesHnt e ol hAd fbR0 Stefrealb MPY1IR than 4.5, pK.
circul ated through an external heat-exchanger and

stitth Fasst i Mray e c“djn\?éﬁ}”é%ta?uc?olu&caiﬂeu?%qnt éfs?f c??

the palladiumparticles in these circulation

a r eferabl , the polynmer t al rati
A S P dipe e 0 A LA B Tt ol ib1e in

beteveese dtibnantkddQf: bt mesictiphetenabt ygnshetaweenid: bt least
and 200:1. Preferabl t he WO 2008/ 06544
PCTT @B82007/ 650717C 71°55tYy w@ﬁ‘tﬁ%¥a‘f71%ﬁ1§ssclll§t PELY e/ ckbone
|®:upasto alOQ:@e,ndEmte prelfqer abl ywe Umveo 40Qpdnosbtat polymers
p ef erabl up ta 2 [ appre(:| ated that_a
e ek i os S5 oror (i | STERETT rbt hapect ot
tMymmempymmnbe régarded asl pr efcdiveedylftest ur esich  as
ofof1e,5e60nd, Fhi reby fourth TILLA BF Of Nere ASRRGL Of  pye
t'he ‘presen i hventi on and Vice versa & i nvention
rmle(mllytreWEegus 6 nbvebobymentdtie! iigandsitefolel@or use in
) oRu , of - s . .
{?&ﬁ?éﬁﬁ%g?a%e Fﬁ%; %g% gggphg r£% g%%p%%QQHQ% medium
téhreietdfe sPhebi hvientdforkthdi Ik lposr beh<deseri b&dd hAade found that
L d.ustinat ed, by, nay, of motl%%uflgy %HE}Ht oy 'ﬂe’é‘s“ﬁ%n 100, 000.
exanpl es and conparative exanpl es. Synt hesi s
Baasired 1 Pr eplag ad Vot gef mexanplar IWGg}aiﬁélsl@f ighghe range 1,000

iDV?@éJdUb,i%m%% &9%%@¥§5nyzgn@@@nd-hO0,000, most preferably,
10,000 - 40,000 e.g. Mw is preferably in the range 10,000 -

as

80,000, more preferably 20,000 - 60,000 when PVP is used and of
the order of 1,000 — 10,000 in the case of PAA.

The effective concentration of the dispersant within the
reaction medium should be determined for each reaction/catalyst

system which is to be used.

The dispersed group 8, 9 or 10 metal may be recovered from the
liguid stream removed from the reactor e.g. by filtration and
then either disposed of or processed for re-use as a catalyst
or other applications. In a continuous process the liquid
stream may 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 i1s between 1:1
and 1000:1, more preferably, between 1:1 and 400:1, most
preferably, between 1:1 and 200:1. Preferably, the
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4-trimethylsilyl-o-xylene 25 Magnesi um ri bbon (2.91g,
115.41 nmol ) was added to a schlenk flask. To this
was added a few (3-4) crystals of iodine. THE (150ntl)
was then added to give an orange/yeIIOM/squtlon 4-
DR ORBG - RGFehe" (5o T41§° T©43§ﬂlﬁnﬁP)t9w%9Qﬂl dCed W etrrably,
THE +  8001) nend griesradded gl @wl yoover one hour to the
magnesi um 30 suspension, the reaction flask being
placed in a warm (50C) water bath for the duration of
the weactbdnappkics agayetBatlanky Of ange fed Wy set forth in
sol utj Wit h SONe, I nsol ubl e magnesi ym Thi s olutio
Wel&® t%rfétr? thE&PRE 1O 85 T SBhe hotitY “fhe SS6FGE oﬁsvxl%l’sefe”ed
t henwdlelsovwedt o BaoIndL otk trenpenat 1 & hefrobenbei figpect of
qgnula 35 transferred into a clean schlenk away for
tHE THFESEE et TigRBsT Ui ¥ *fife "PFE" 50l uti on was t hen
cooled to -78C before WO 2008/065448 PCT/ GB2007/ 050717
7 trlneth | sil I chlorld 1ml, 104.9
added” %ﬁﬂléﬁplnée “Thé rés ﬁ anfO o u ?oﬁlW%s;!ﬁ)llgands of
a¢¢mmuaa t(@)sbur afse ﬁ@féfcnomﬁﬁemEy ptnetes befaords with the
being gl gred, Lo WALM {0 J.0GM. L eIRer ALULe, ¢ The
result ant Ution was t hen ‘st room 5
tenperature overnlght The sol uti on was quenched by
tg@ qggﬁ&lgﬂ lefﬁﬁg& ﬁéié%ggrlbghhgﬁd(}39@%%$é%ga % way of
ded and t I phasi ¢ m xture separate e ague
| Byeerf okd s wivas herd Wittt 1eq rerampPl oend)d arpdrthet braganiagrles.
extracts conbi ned. The organic extracts were then
dried over sodium sul phate before being 10 filtered.
ThunthesisaExanplest hen dried under vacuumto give a
Cﬁ%éﬂ&ﬁa@%énoé% ngh%hg Iﬁé%dﬁégof7€H@ iH%en@EEn(Jé)aéTQ%llows -
4-trimethyl silyl-o-xylene (5.00g, 28.1nmmol) (prepared
in Part (1) was diluted with heptane (100m ) and to

té@éb&“%ﬁ 1

Synthesis of 1,2-bis (di-tert-butylphosphinomethyl)-4-

trimethylsilyl benzene

Part (I)

Synthesis of 4-trimethylsilyl-o—xylene

Magnesium ribbon (2.91g, 115.41 mmol) was added to a schlenk
flask. To this was added a few (3-4) crystals of iodine. THF
(150ml) was then added to give an orange/yellow solution. 4-
bromo-o-xylene (19.41g, 104.91 mmol) 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 / brown solution with some insoluble magnesium. This
solution was then heated to 85°C for one hour. The solution was
then allowed 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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gave an inmmedi ate col our change from colourless to
yell ow to orange to dark red. The solution was then
heated to 65C for three hours. This gave a brown /

or ange susPenS|on The suspensi on was cooled to roo

t EpE AT F et ahd SP L et Supét hatdhr 11 Yui'd riEtVed by added by

cannylga. The beownZ&% pacipbhalgsr esédugl vasdt I&e;n stir at
washed wi th pentane 1oom%. The ent ane washin

wet & tidn ?%\Ye&‘lﬁﬂf ganAGF A e The! Iarldlowreésit&ué” g to room
tﬂ:@ﬁpewspeededhenr@smtaa}e; (d00Q1dibnand st herncogliededi Bt room

cold water bath ut2PCl (7.5
atbed?deraa%ﬁvm %‘ée]inolg?ﬁe sEéﬁen%ﬁD Lhtlofqhewﬁ‘ésu?q?%%?sheop by the
sat&pﬁ:nsmonfmmtdme(nosalstlmtrm f(apomhbhy e hates acﬂldied and the
?h Qver ni ht. Wat er t&(leOn% was deg ssed wit hed th
n}?Jtp 6gen é“é% foF 3P Hihutes “dnd “theR"ad ae%e% 0"the rashed wi
seuts(rmns(mlnﬂma&dgaﬂe aojaphasiectsotiut i oombikteel .upper organic
(or a}_jnltS Vpehaseghwas di |élt %gevvl tsrg)dpent an glgom
t fie organi ¢ phase renD ved "by” cannu Fa |n a¢le
sthitenledf | a8k. fTherpent ene BEerexdriact umisrt hz@nudm ed give a
over s sul ansterred into a clean
sééejloélﬁggfsgn% t Rﬁq%annujr’]éjl Hﬁﬁe%zorvent was then WO
2008/ 065448 PCT/ GB2007/ 050717 73 renoved under vacuum
to give orange oil. To this was added nethanol
(100m ) which give a biphasic solution. This was then
heated to reflux (70C) which gave a pal e yell ow
spdud i@gyand sonme colourless insoluble material. The
sol uti on was then 5 cooled to roomtenperature and
fThe efedringtdva sel e sotleaak (F-108sk. ZFhémgel ut i (repased in

then placedjn toﬁ@uftéﬁe%@crchathepggge QYEHRH | ghgndTBbsthls was
gave the deposition of an off-white solid. The

radsichi HePiret hehdigr sof 4w Lhas THER rEroved: by84 3mmol) and

cannyl gand tihe nes@hid, dnsedyunder  yacym thhe kﬁﬁngld lithium
was isolated in the 10 gIovebox Yield = 4.70g %
9295 pEted 3PPV NVR (TDCL3F"  181eGMie, %3101127 cpange from

(81028eks(8)h RRMow to orange to dark red. The solution was

Eéfore being

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 Dby cannula. The solid
residue was then suspended in pentane (100ml) and then cooled
in a cold water bath. Bu“PCl (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
removed by cannula into a clean schlenk flask. The pentane
extract was then dried over sodium sulphate and transferred

into a clean schlenk flask by cannula. The solvent was then
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28. Immol) (Aldrich) was 20 diluted with heptane

(100m ) and to this was added, NaOBut (8.1g,

84. 3mmmol ), TMEDA (12. 6n1, 84.§nnol) and Bu'Li (2.5Min
hexanes, 33.7mL, 84.3mmol)., The butyl |ithium was
aﬁﬁ§HEddﬂﬂﬁﬁFsé“§W&mgéVé‘ﬁﬁﬁlﬁﬁﬁﬂ%ﬁeob%1oa? 5Héﬁg¥as added
fhaipeelounbess) twhidpeldiow Lopopge td1danknl ethisTR&s then
solution was then heated to 25 65C for _three. hours,

THIE Gav€ &<Br-8tn (/Y or'ange Sushefisfok a1 STHE Sei8 pemsito and

WasneC 0@bedut e y0oAMEENPErat uhecaldl t henesupermtiabant was then

ligqguid removed by cannula the bro recipitate

e e Wias tHe T TERBHGF t APbeht bie FLOOHC, SThelean schlenk
pErdsane Thaasduings onere st hernr @maved by carnuwraezfhe at -20°C
solid residye. was 30 then suspended in pentane, (100m)
T o b T T AT e B S o (7 B The
3ergnmohy mashdren saddedodropMtdent oeméhel Syspensudn.and the

The resultant suspensi on was.then stirred for . three
LA e TR D e Gl | et HootbhEES o tne
wi Tdvemiotr ogerlgas for7030 ridiut e %anditehen added tgMR hecDCl,,

3 enskLon., - Thi av bi_phasi ¢ sol ution. The
U%EZ%®Eéfgg 16””§h3§g) %%?’Jﬁﬁu?é%'mﬁth pent ane
(100m ) and the organic phase WO 2008/ 065448

PCT/ GB2007/ 050717 74 renoved by cannula into a clean
schl enk flask. The pentane extract was then dried

over sodium sul phate and transferred into a clean

sed 4f bask by cannul a. The sol vent was then
rﬁnﬁggg—un

der vacuumto give orange oil. To this was
atitdresifet hafol (Lobis (dihi eargitre vaphephigiomethyl) —4-tert-
Sbt4f1-BBnzdhk S Was then heated to reflux (70C) which
gave a pale yellow solution and sonme col ourl ess
i nsoluble material. The solution was then cooled to

reem temerabure andvhichtered ifg o acheanischienkicn) was
flask. The solution was then placed in the freezer at .
_qEﬂyted with heptane (100ml) and to this was added NaOBu
(8.1g, 84.3mmol), TMEDA (12.6ml, 84.3mmol) and Bu'Li (2.5M in
hexanes, 33.7ml, 84 .3mmol) . The Dbutyl 1lithium 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 liquid 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
then suspended in pentane (100ml) and then cooled 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



10 overnight. This gave the deposition of an off-white
solid. The renmaining nmethanol solution was then

wo 2080ed4dy cannul a and the solid dried under PUEHGBNOT/050717
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The solid was isolated in the glovebox. Yield =

4.20g, 33% 95% pure. 31P {1H ,NMR (CDC13r 161. 9Mz,

5); 27.1 (s), 26.3 (s) ppm 1 Corrpound 3 Synthesis of

1, 2-bis(di-tert-butyl phosphi norreth 1)

(?‘?f?odl‘?gnﬁyy FYPYHer r beehe 26 1PaPt S(Clh)lep}‘eﬁéraéfroﬁhﬁf pentane
lesbiom®- vad riphenyt sdd ybvder cegene sBIphaFt% 4amefi PAdnsferred
To 1,1 -di bronoferrocene (10.14 29.49mmol ) in dry

T %zﬁoﬁﬁﬁa“ 2BCRgdi e d 5k 78T fHry ce/Tél(?etScﬂJré(eBBt ffps then
\Amanoa%@edmare&ut\wdulutnhlwn g{xée? 51garﬂge 2811%)2mn@I th@s9%@g) added
and the re i on sti.rre nder N2 for 30 m.n

G SFGOH PG i Tae (87560, P98 Uhn1oL 11 gBpqy e was then

dissolved irefihe v otoumanouRiavef adwlgngm(sWtMmuon and
added d:Lo se and tgxgbsol ut on. a\gia &Fen al Iocwed to th
warTi ufCt8 oo 30 - enprat (FeSand f urther >S4 Pad ‘f’ao? en

t vl heel h@urmcmesuﬁntplemgtum aand edisodnd oeroThae clean schlenk

reaction.was_then quench water, and stirred f o
o T RS FIReR Gt g%enTﬁe SthorBal ta ftreezer a¥ -20°C
C@m]@l@'hng phog ugdvaND 20 080 654481 RGT/a@Bmm‘Wﬁ)siogls?olid The

ﬂ%%nl%gpgééﬁaﬁ% a%%lu@mm@ %ﬁpgﬁgbﬁ§$ﬁ%x fur%hgula and the

tracted several rines w
cmﬂmmedreedherunfdleactvmm \/veifleedrdcéddoveas nangwéstrcam in the

E%J[cpv%%to?c and |yl tered fhrough celd te, . Thepether e (cpci.,

vent was renoved by fotary evap rat or (resu ting 5
i HoredHai | )7 The lprieductc was spupPfi ed by col um
chr omat ogr aphy.

Compound 3
Synthesis of 1,2-bis (di-tert-butylphosphinomethyl)-1'-
(triphenylsilyl) ferrocene

Part (I)
Preparation of l-bromo-1’-triphenylsilyl ferrocene
<=

|
Fe

Eiz ~~SiPh,

To 1,1’-dibromoferrocene (10.14g, 29.49mmol) in dry THF (200ml)
cooled to -78°C (dry ice/acetone bath) was added n-butyllithium
(12.56ml, 28.02mmol, 0.95eq) 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 quenched with water, and stirred for a

further fifteen minutes. The ethereal layer, containing product



Starting material was renoved with petrol and the
product was then obtained with petrol/100 Et20 as an

wWor@ages4and. The resulting oil was finally dPCEGB2007/050717
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under vacuum | eavi ng pure product as orange crystals:
(11.099, 72 %yield). 10 Part_fI11) Preparation of
1-di nmet hyl am nonet hyl - 1" -tri phenyl silyl ferrocene
NMe2 Fe 4~~Si Ph3 15 To 1-brono-1'-triphenylsilyl
f&1% ocBRRT 18y 1B 2dMifol FLRGP W y LoWFet P ethdfier extracted
(&Qﬂﬁbﬁ W@ﬁe@dﬂﬁﬁhrﬁihﬂnﬁl|b&héﬂﬂTfﬁb-E%ﬁblne$6e828ﬁﬁfract1ons
1.1eq) and the reaction was stirred under
h&the &t *FoofY temFeratura. SHW&FﬁEaHoﬁHSe% t?ﬁ%ﬁgh celite.
aﬂﬁfdeiﬂﬁi éﬂﬂv@?toma§ﬁ$ehbwﬁd Gﬁpgﬁﬂhdﬁ%-éﬁ%§o€QE&r (resulting
|ce acetQ and 20 quenche Eschennpser

S0 oG e BReet 1T ddiTTRE PR ororitn SRagTE heFaehy -
a$tia(1\me®hgt @awefmupwetso f@@jﬁeﬁem@ehabuteoanmdfwd hefoduct was
stirred for twelve hours r sultln in a yellow
sOidt i BRVTHE r Bakti & has 1(Ch°enEa%ené’l’ﬁecfmvw PHARMEL epand.  The
af&ﬁttlmgedoﬂorwas zﬁanfauuyhefrﬁeldftemm RHtesn Theving pure

et he al contain S se ated and
R eane e Cnket T oS R IR e

W|th di ethyl ether. The conbl ned et her fractions were
dried over magnesi um sul phate and filtered through
&A% dI1) The ether sol vent was renoved by rotary
eMPATat@bn (r eSUbEi Ng 3Q-dimé €l 10ini homdtiey PrI0dye i phdsy 1silyl
V\grl fied by colum chromatography. Starting nmateri al

B 5% T8%ed with petrol (10%t20) and the product was
then obtained with 1:1 p w,5%
triethylamne). The resul g red oil was finally
dried under WO 2008/ 06544$>CT/ GB2007/ 050717 76

S

To l-bromo-1'-triphenylsilyl ferrocene (8g, 15.29mmol) in dry
diethyl ether (100ml) was added n-butyllithium (6.73ml,
16.82mmol, 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 to -78°C (dry ice/acetone bath) and
quenched with Eschenmoser’s salt (3.11lg, 16.82mmol, 1l.leq). The
solution was then allowed to warm up to room temperature and
further stirred for twelve hours resulting in a vyellow
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.
The ether solvent was removed by rotary evaporator (resulting
in red o0il). 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/Et,;0 (5%

triethylamine) . The resulting red o0il was finally dried under



vacuum | eavi ng pure product as red/orange crystals:
(39, 39% vyield) . Part (Ill1) 5 Preparation of

wa@sies48li met hyl am nonet hyl -1' -tri phenyl si | yl PCT/GB2007/050717
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ferrocene NMeZ Fe NMeZ ~SiPh, To

1-di net hyl am nonmet hyl -1" -tri ppﬁnyl silyl ferrocene

(2.66g, 5.30mmol) in dry diet et her (100m ) was

added n-butyllithium 10 (2. 55rrfl 6.36mmol, 1.2eq) and .
t W BactSoon "Had s Ei Frediuhder N?df%]farlg%o%ﬁy%tallsooﬁw3g' 39%
tempenature. Dry THE (100m ) was then added and

sol ution was then cooled to -78C (dry ice/acetone

bat h) and quenched with Eschennoser's salt (1.08g,
Sea&dairryl.leq). The solution was then allowed to

rmup.to roomte rature nd.further stirred f
P S A e g S e
r eactdcenewas t hen quenched with water, and stirred for
a further fifteen mnutes. The_ethereal |ayer,
cont ai ni ng product was @ﬁ%ﬁ t he aqueous
| ayer was further extract wesral tinmes with
di et hyl ether. The conbi ned ether fractions were

dried over nmagnesi um sul and filtered through
celite. The ether solvent was Pémoved by rotary

evapor-atigkt o esh ddrd@nyi A1 rﬁﬁ@)hbhylgﬂ@mr %@@bc@@@ (2 669,
purified by columm chromatogr Starting materi

s o ol vifth (ELRGE CLOTEL B0Y mhc £ he DR PoduEr L thiun

wes. g5hen ebtaded wi.bhql: é-ncpetﬂféﬂr/eEEZ@oﬁ%s stirred under N,
triethylamne). The resultin vvasflna

dr9ed Uirgér atvéE%n’?eTpfr@&ﬁr 99W%|%}Fd) L0B t’?%//)tbﬁl added
1323 bisi(udiiret hylsardneameioldy k- ko- (t78F pheayl sii byl dderdnec bath)

D025 oRbl ) Eo v 6 Sdated Totet her T & efiieh 119 -
me5k$iHﬂ;bhl&aﬁﬂ&haddedlowed 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.
The ether solvent was removed by rotary evaporator (resulting
in red o0il). 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/Et,;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
(5.15g, 9.23mmol) and di-tert-butylphosphine (4.00g, 27.40mmol)
were added together 1in a schlenk flask. To this was added

acetic acid : acetic anhydride (100ml : 10ml) which had been



acetic acid : acetic anhydride (100m : 10m ) which
had been WD 2008/ 065448 PCT/ GB2007/ 050717 77 degassed

WoORaoR/068488 ogen for 30 mi nutes. The resultant sPCPEB200AS0717
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was then heated to 130 C for five hours. The sol ution

was then cooled to roomtenperature and the sol vent
renoved under vacuum The residue was suspended in

nmet hanol (50mLl) and 5 stirred for 20 minutes. The ,
NS HAT6R WA t Wt WWERpTeE thderUtiaculiht Tt lFasf deespension
Wass thedh susperded iTseethanokof 50Mly B&eks t henetdanelion was
suspensi ogn heated to reflux. This gave a red solution

wWhi%h SR8 SEhéR APPBwWEG™Por ToB1® 0% 66 terpetiat tirgved under
befara .berng pleacaedei nwdde shiepez@id ovar nhgitaratl - 20Ga1) and
This 10 gave %dwe freci pitation of an red-orange soli g

Thet Th5ther©™ 14 quBt ™ Weis -caiiful B 1PANSf éfed it of Froved under

cteannschirenk-candut h@asr eaedueudpégtbdinter epaaislm (50ml) and

This solid was then jisolated in.the | ovebox, Yield =
T oo besushiehs LT AE SR N Cenli * Thie gyt = red
53¢123.0bppmith Genpourcs 41SymkHegios @fol to room temperature
2- hi s(di.-t ert-butyl.phosphi pormet hyl) -1'.-3- Cono :

e ST LY PO POTRAY dudishisly aroq2gsc. This
ofavle dihet hdeanbnoaetdy| o2, Hn birsdtoiphenybsiidl] The mother
ferrocene Si 3 E i P 25 To

(P Ree e KR e LIS ERcd 05 siean) schlenk and the
dietinyle detberu(@BAONtyuwas Hddedonibutad |tkem daplated in the

g%nzov?e%@z j?.%'ﬁSn—TmEm?,ﬁe?@Q) gpd TMEDA (13. 661, yvr  (cpC1,,

49mol 'eq) and reaction
161.9MHz, ; 23.5ppm

Compound 4
Synthesis of 1, 2-bis(di-tert-butylphosphinomethyl) -1'-3-

bis(triphenylsilyl) ferrocene

Part (I)
Preparation of l-dimethylaminomethyl-2, 1’ -bis-triphenylsilyl
ferrocene

SiPhs

NMe,

|
Fe

;i: ~~SiPh,

To dimethylaminomethylferrocene (20g, 82.26mmol) in dry diethyl
ether (300ml) was added n-butyllithium (82.26ml, 205.65mmol,
2.5eqg) and TMEDA (13.66ml, 90.49mmol, 1l.leq) and the reaction
was stirred under N, for 12 hours at room temperature. The
solution was then cooled to -78°C (dry ice/acetone bath) and
quenched with chlorotriphenylsilane (50.94qg, 172.75mmol, 2.leq)
dissolved in dry THF (200ml). The solution was then allowed to



was stirred under N2 for 12 hours at room tenperature.
The solution was then cooled to -78C (dry ice/acetone

whadokpeawtl 30 quenched wi th chl orotriphenyl si | BEIEGB2007/050717
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(50.94g, 172.75mvol, 2.leq) dissolved in dry THE
(200ml). The solution was thepgal lowed to WO
2008/ 065448 PCT/ GB2007/ 050717 " 78 warmup to room

tenperature and further stirred for twelve  hours
rEsdl t g tPn e d-SBISGELBRS PRE r@EEPFBN WaETEhedor twelve

guenchedswi t hgvatnel, rafdssitdcibad for a  further
fifteen mnutes. The ethereal |ayer, containing .

prEuuctaC s CRad aSepdfat E4°ANT T N HYuEtus /| &8 ShdgTed for a
ftddier exttaet edrnsever atnd idmsrebt hl gy et hyonethfing product
The conbi ned et her fractions vvetrtgydri ed ov

r
4GheSP iR SUIPhALS A fPPLRrEd LRYSUgH gel § T PerTrietracted

etdierrasolvent wash renmmred bByheot arye evapdmnatioether fractions
(resulti.n inred oil). The product urified :

/et g Sthe o IR 10 PetF B cafle Ef 20 S FRAFAG colite:
therggdteal |dadecovewns ghtmoddie by quitthryr eSiagieawas (resulting

decant ed .and e ora /red crystal s were dried _under .
vaEu Adecons RREDRE: \ERARITIE ORI fE 0 i
O@Ett&idl_ednw Lot aﬁdlB@eezriinggtofcﬁmade@a@at@@bﬂrﬁquitd ame 1iquid
E1|’e%)3ela<'j§glreggﬂaarsta[]$% Jn%f%%ssa{nd( 4tzﬁe75gfar§gSe%or)éldelcdr)y'st:li?sP%vretre dried
lyihi svdimeh hylzanmseronetihyé=@y 1'ofbi sratgd plenyksibydls were
ferracene S| Ph3 NveZ Fe N ~Si Ph3 20 To . .
1S RE Ry 2 NaRr YLD 4 it ARG T and repeacing
fere goeness (404, - 752, 68%rotdelidn .dry di et hyl et her

(400m) was added n- butyllithium (25.26nl, 63.16mmol,

1.2eq) and the reaction was stirred under N2 for 20
hRamts @L)room tenperature. Dry THE

Preparation of 1,2-bis-dimethylaminomethyl-3,1’-bis-
triphenylsilyl ferrocene

SiPh,

NMe,

|
Fe NMe,

4:£2>\\&%3

To l-dimethylaminomethyl-2,1’'-bis-triphenylsilyl ferrocene
(40g, 52.63mmol) in dry diethyl ether (400ml) was added n-
butyllithium (25.26ml, 63.l6mmol, 1.2eq) 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 Dbath) and quenched with Eschenmoser’s salt
(12.65g, 68.42mmol, 1.3eqg). 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.



(250ntl) was then added and solution was then cooled to
-78C 25 (dry icel/acetone bath) and quenched with

wEsoReswser ' s salt (12.65g, 68.42mol, 1. 3eqCT/GB007/050717
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solution was then allowed to warmup to room
tenperature and further stirr for twelve hours
resulting in an orange solution. The reaction was then
uenched with water, and stirred for a 30 further

F1¥% eFGH MnEsnt THe S ef ABP &l PayettatdortaPArager (resulting

p:[IDdJ:an‘I 0inds sepapadettandst Ber agueous; l1ayeriM@Sthe oil with
further extracted several times with diethyl ether.
THE® colbiiRed ether fPActd onsYefer ef drP¥ddvepnd leaving to

nagnasiiumy subphatgrand thil t egeds thyough ¢eki t8caMd and the
2008/ 065448 PCT/ GB2007/ 050717 79 The et her sol vent

Wed r ROV Shy§6t at L v aptit Rt of A {HEsul b i AGCCTh Feep of red
otdystalBewprOduetaiwas purh fired 1By ckayeréngrh@eobhted 1iquid
with the mnimum Et20 and a | ayer of petrol and
| TRV ITTEEEO T eyt &FPFZRS ovierniPgHt . 2the Figdr d r esi due
was decanted and the 5 red crystals were dried under
vacuum A second crop of red crystals were obtained
with the layering of the decanted Iiquid and
regpaat(Immg) t he process: (21.50g, 50%vyield). 10 Part

|1) The 1, 2-bis(di onet hyl ). -1-3- Al
b# &t ri phenyl si I?/IZ)fbelrsr(gymaﬁrﬂyqu'.l§?é?e}1y8l.])84mml ) and 173
dibxd ¢ e;rrhphbmjzyiap]}ydsmbrﬂece(rﬁa 00815 54.g79msoBimwer e addedi-tert—
toeth hlLenk flask. Ta this was deda t|c.
LSRG LR R SROLEDN Sue Tl | Defe BT ARELC 5n &
be@dedlegasseld wWid hhmst W@gemcfe@ir a8etim mutdes. afhkeic anhydride
gﬁd.g ant en then ted to l
£ urnhoursf&iﬁ %1 bee r}é@assepedvto rutrogen for 30

e SO |on wWas t her ¢oo roo
trefpereat: uﬂeeam@svhealst)l veftenseppyvedsunden va@t;mntn tdhé3o ° C

resd dug,,,, %o%&‘épen&*ﬁg 'Qo tl'%%”%aélogmell a@éjoﬁtd”gd room

for 20 m nutes T anol was then renbved un
vairgmatThe pedi doe méverttheiewegemdéarl Maetianolhe residue

(v%)ém«)u&}%%%elﬁt FAQBQénoSlUS %%'19” anBe'%‘E?PrécP B80C. 2 0Th@ nutes.
resul t ant suspensi on was en al
The methanol was then removed under vacuum The residue was

then suspended in ethanol (50ml) and the ethanol suspension
heated to 80°C. The resultant suspension was then allowed to
cool to room temperature and the ethanol soluble material
filtered into a c¢lean schlenk. The residue was dried wunder
vacuum to give a pale orange solid. Yield = 8.0g, 42%. 95%

pure. P {'H} NMR (CDCl,, 161.9MHz, &); 23.9 (s), 20.4 (s) ppm

Compound 5
Synthesis of 1,2-bis (di-tert-butylphosphinomethyl)-3-

(triphenylsilyl) ferrocene

Part (I)

Preparation of l-dimethylaminomethyl-2-triphenylsilyl ferrocene



cool to roomtenperature and the ethanol soluble
material filtered into a clean schlenk. The residue

wor®smeiderl under 25 vacuumto give a pal e or ang@er/eskiod050717
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Yield = 8.0g, 42% 95% pure. 31P {1H} NWVR (CDC13,
161. 9MHz, 5); 23.9 (s), 20.4 é&) ppm Conpound 5
Synthesis of 1,2-bis(di-tert-Dbutyl phosphi nonethyl)-3-
30 (triphenylsilyl)ferrocepe Part (I) Preparation of

1- di net hyl ami nonet hyl - 2-tr) phenyl silyl ferrocene WO
2008/ 065448 PCT/ GB2007/ O&/&LN@ Ph3 NVe2 Fe 4;i;

~ To di net hyl am nonet h rocene (20g, 82. 26mm| )

in dry diethyl ether (300rl) was added n-butyllithium
(41.13m, 102.82mml, 1, gq) and TMEDA (13. 66mil,

90. 49mm| l1.1eq) and th action 5 was stirred under

ﬁ EQMiéon%tthE??QHc%&%r abyLe. 8%.h296 rr%‘a?') Uﬁhoﬁ‘ry‘@ﬁethyl
en coo

dry ice/acetone
q@@mhe&%ntlh chi or atdsphenylisilllangipps ( 8 13ml 102.82mmol,

8@ égggpjanlegéﬁg) 1§“6%ﬁq|¥gg h@mgﬁy EHEeQ?OQH&)th r]faeaction

sol ution was then al warmup to room
terper bt tnss aweldur thefost iLr é@ufer Awely® 19wfowtgre. The

resulitiong JaR ankad Sehubi ep. —Thecraeti QBeY@éetto'?l%n bath) and
quenched with water, and stirred for a further

ffrEdRdnAte e Lomre répherekil leager 25 cbiftraifhi-dgmmol, 1.05eq)

paodupt,cqwas geparat eddnd)t henaduenus ohaygk WaSn allowed to
further extracted several times with diethyl ether.

THE T oMb hed TSfer tFIRSCREBRE P5onere tHPf edtgyapd for twelve
nm&%SIruB’mwrpfatneaag@ldfédlt@rl@el t hrough celite. The

et her sol vent was E}em)ved % rotary evaporator .
(PR UTTATG N f2Ped PN FUSTHE Dr Beiitt e /put i i%d Thy? for @
| ayretreRg £h hee i ImiwutBs . pets adtrandakt 20y and de@viAgng Groduct
cr stallize overnight. The |i cgw d
s separated and® the aqueou 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 o0il). The product was purified by layering the o0il with
petrol and Et,O and leaving to crystallize overnight. The liquid
residue was decanted and the orange/red crystals were dried
under vacuum. A second crop of orange/red crystals were

obtained with the layering of the decanted ligquid and repeating
the process: (25.63g, 62% yield).

Part (II)
Preparation of 1,2-bis-dimethylaminomethyl-3,1’-bis-

triphenylsilyl ferrocene

To l-dimethylaminomethyl-2-triphenylsilyl ferrocene (20g,
39.87mmol) in dry diethyl ether (400ml) was added n-
butyllithium (19.13ml, 47.84mmol, 1.2eq) 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 Dbath) and quenched with Eschenmoser’s salt



resi due was decanted and the orange/red crystals were
dried 20 under vacuum A second crop of orange/red

wW@eopsed4d8 were obtained with the |ayering of BEGEGB2007/050717
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decanted liquid and repeating the process: (25.63g,
62%yield). Part (11) 25 Prepgaatlon of

1, 2- bi s-di net hyl am nonet hyl bi s- trlphenyIS|IyI
ferrocene To 1-dinethyl am nonet hyl -2-tri phenyl si

t B anc (30671 B0 85rabl ) 1RGPyl & hyfS othgh Hlloved to
G&QQﬂﬁﬁpW@8 aﬂﬂﬁﬂ ﬁbmﬁ@%abQi&'bhﬁhlﬂﬂﬂt6$9 Bntred for twelve
47. 84mol g) and the reaction was stirred under

ek f?éuiw‘btﬁ% l&t PoBMIEperature. Dry THE (250mi)

vase theirtaddedaandnsal u{bbﬂﬁh&waiﬁ}emﬁﬂfﬂ ethrido stl8Ced for a
(dry .icelacetone bath) and nch th Eschennoser’
gﬁ]{t% 26 %?%é%&@tﬁé’r/?%%g%t §6 17981 (BN5g9R1n9 Froduct
5da 83mBphratledBeghd. thHee S@m@mkﬁnlmﬁérthﬁﬁ aturowed textracted

warm up to room fte nd further stlrre

PR P S PRl T 2aRE0r ol S pRinStare Fractions

rw&uﬁ|dﬁﬁema5véfMﬁagmeemoheauwmndtemaherflruuieglmhredgﬁcnellte.
5 fq{ther QJfEeen n}QH£§s The q&ber%%% ayer.

cOht ai hiAg Product "ias Separ ated And 't e “4qu8ouUs

| ayerednas 1) ur Therpextucdcted pseveral dyi Megewitdh the oil with

dlheth%1 et her. tge conbi ned et her %ractlo S mg .

driied over Haghesi uft Sul hat'd “and®f i 186red t RFoughSaving  to

C@ﬂydualllfheoeéﬁﬁﬂgh$0|Vhltlm@$uiGMQMEMEbWaBOUaC@hted and the

evap ratq;D reggﬁgln Cp |n é@d Q%h%' Epesgéggyct was o g

purlf y Iayerlng wi th " THe ‘i AF Aum Et20°

andy st allay eerof olpetimel andhlmhﬁuhmgetbngow@sumdIdezented liquid

ove h Th [ esi canted and the

rec cf%%%af%gaére P?%d un@' 9écu€ﬁ1 SZCond crop of

red crystals were obtained with the [ayering of the

qgggp §|qU|d 15 and repeating the process: (14.7g,

66@6y|elé Part (111) The diamne fromPart (11)

(5.00g, 8.96mml) and di-tert-
The diamine from Part (II) (5.00g, 8.96mmol) and di-tert-

(resulting

butylphosphine (3.50g, 23.97mmol) were added together in a
schlenk flask. To this was added acetic acid : acetic anhydride
(100ml : 10ml) which had been degassed with nitrogen for 30
minutes. The resultant suspension was then heated to 130 ° C
for three hours. The solution 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 solvent was the removed under wvacuum
to give an orange/ red oily solid. Yield = 2.0g, 30%. 90% pure.
“'p {'H} NMR (CDCl,, 161.9MHz, &); 26.0 (s), 20.3 (s) ppm

Compound 6
Preparation of 1l,2-bis(di-1-(3,5-

dimethyladamantyl)phosphinomethyl)-1'-trimethylsilyl-ferrocene



20 butyl phosphi ne (3.50g, 23.97mmvl) were added
together in a schlenk flask. To this was added acetic

wa@eiodioes4aget i c anhydride (100m : 10m) whi chP¢EGBR@E050717
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degassed with nitrogen for 30 mnutes. The resultant

suspensi on was then heated to 130 C for three hours.

The sol ution was then cool ed ?o room 25 tenperature

and the sol vent renoved under vacuum The residue was
ddd in methanol (50nl) and stirred for 20

NP F8HaRSt iod NEE NBLiRBMA6H1 Watskr ilmd€ Ay L £1DMe EetB8E8Eneyacuum
Pent ane (50mL) was then added and the pentane sol uble
mat erial cannula transferred into a clean schlenk.

The sol vent was the renove ndes vacuum 30 to give an
orange/ red oily solid. Yﬂ%ﬁ§7geg.09, 30% 90% pure.
31P {1H NWR (CDC13, 161.9 , 5); 26.0 (s), 20.3 (s)
ppm Conpound 6 Preparation|of 1,2-bis(di-1-(3,5- 35
di met hyl adamant yl ) phosphi -1'-tr|nethyIS|IyI f

errocene WD 2008/ 065448 PCT/G820877050717 82 Part
(Tq Prbbaﬁétb@nf@irqgiwxnﬂiqy,12& ety l 5i Lyl dfrgr ridéene00ml)

oole%l T3 Me3-c E%H %é%gé@’%n%”% 5%%‘6 Q%i]e%g?dbutylllthlum

08mmol) in dry cooled to
|C%Wzﬂ§@ﬂoné7b@&mm0hma§ adeed anchabyl Feediian weslsobmied under

4(. 634Dk 91959%}11é98[t£1%t@19%ﬂ% 3. ﬁm‘{nl]']f”%j LR, 1eq)

N2 for 30 mn. Chi orotrinethylsilane
2 08rfol ,2dd%sg) dnmryicheAnadded anlpW% vafd Rl allowed to

Stelping %@Slkﬂﬁﬁ addRwed to LAgWaryPUR-t QLhPeBY  for twelve
tenperature and further stirred for twelve hours

rieins FRGUL RLRY réd 2sBPét FOEiPRe reaction was then

Qﬂﬁﬁc$53%ﬂMdhhﬁ@@t%Eena@geﬁéhéieﬂlﬁﬁ"wé%effU%h@e%tlrred for a
fifteen mnutes. The ethereal |ayer, containing

prodder fhhkegegHrated- aﬁ%?t?ﬁ?%ﬁﬁééoﬁ%y?%nuﬁonﬁéénlng product

fadd hgepeXid@Ct 84 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 solvent was removed by rotary evaporator (resulting
in red o0il). The product was purified as the initial red band
(petrol) by column chromatography. The resulting red o0il was

finally dried under vacuum: (7.11g, 73 % yield).

Part (II)
Preparation of l-dimethylaminomethyl-1'-trimethylsilyl

ferrocene

= e

|
Fe

<§£§>\\SN%

To 1l-bromo-1'-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 to -78°C (dry ice/acetone bath) and

quenched with Eschenmoser’s salt (3.33g, 18mmol, 1leg). The



15 several tinmes with diethyl ether. The conbi ned
ether fractions were dried over magnesi um sul phate

w@eeshéd4ser ed through celite. The ether sol vePET/GB2007/050717
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renoved by rotary evaporator (resulting in red oil).

The product was purified as t initial red band

(petrol) by colum chromat ography. The resulting red
oil_was 20 finally _ dried under vacuum (7. Ilg %
y$%ﬂ%Blonpg@§ GPPP Pﬂéﬁﬁ?%tF%nwﬁ?m up to room emperature and
legdivmichy lsamt- hedqret 4uH - Lwemérrewyﬂ§l Indsuitengocene a  yellow
NVe2 Fe 25 SiMe3 To 1-brono-I'-trinmethylsilyl

f&Hrddéne (5.52g, 16.37mol) in dry diethyl ether

(100t 9dadmasnadded th=hutyykhihidd um (1 . Zdsr, k&dOkﬁEBEed for a

[.le d_the reaction S stirre nder N2 for
h%%ﬁtq’)ﬁtf EéSFr?%rﬁié’u“&FﬁreT ﬁ?“ﬁﬁﬁaglgWS vﬁ&§t€ﬁ8hﬁg product
adﬂedsapdrﬁﬂasobﬂﬂlOﬂmMﬂSqﬁéﬁﬂ% coalefl tas- MBEthdty extracted

|ce/ac ne bath enched t h Eschennos

veﬂég %égeslg lé&q%ﬁ%ﬁ %Egrvéﬁﬁﬁdgf%%gggo gﬁer fractions
Riaﬂd}Eaaaa/GﬁﬁﬂmﬁégméslsmlsﬁlpﬂaumaSnuhétﬂmﬂﬂa@m&drb@gh celite.

to rqomtenperature further stlrr for .

tweﬁ v%hegursso r"eesE| ?.Bn Thoa g‘f% it Sdl ut'ioon. %Fe Presulting
haaamw0@1mms Thennq@enchedsvwdﬂlﬁmaﬂeby andingt ichredaf@raphy.

5 further fi.f een m nut es. ethere
coéiglﬁﬁndm%ﬁoduct §“§Eb§pate and® te i gﬁggﬁéo and  the
I@yce;rucwas \f]&lith&meaXtr@}@ﬁa&diedSeVﬁi‘a{ tllﬂES Whdtrol/Et,0 (5%

di eth et her. conbi ned ether fractions re

T G Renest Tm oo A RAPe. B 11 (Feq SPAY Blghtied undex
cedduen: (Theogt her sobvent was renoved by rotary

evaporator (resulting 10 in red oil). The product was
purified by colum chromatography. Starting nmateri al

vesrd qraeed with petrol (10%et 20) and the product was

0
tgggkéigggggeCI\y th ]2:£1sghggéé£§fg%l gégthyl -1’ -trimethylsilyl

|
NMe,

Fe

4:£2>\\$M%

To 1-dimethylaminomethyl-1'-trimethylsilyl ferrocene (3.86qg,

ferrocene

12.24mmol) in dry diethyl ether (100ml) was added n-—
butyllithium (5.88ml, 14.69mmol, 1.2eqg) and the reaction was
stirred wunder N, for 1 hour at room temperature. Dry THF
(100ml) was then added and solution was then cooled to -78°C
(dry ice/acetone Dbath) and quenched with Eschenmoser’s salt
(2.50g, 13.47mmol, 1l.leq). 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.



triethylamne). The resulting red oil was finally
dried under vacuum (4.09qg, 79%yield). 15 Part (I11)

wee@pasasd on of PCT/GB2007/050717
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1, 2- bi s-di et hyl am nonet hyl -1' -tri nmet hyl sil yl

ferrocene CID NMeZ Fe NMeZ _+Si Me3 20 To

1-di met hyl am nomet hyl - 1" -tri me%hyl silyl ferrocene

(3.86g, 12.24mmol) in dry di et hyl ether (100m ) was
atftfeF S bRAYIVERE hidifn {5788, P47 69hYplSVaPoser)” ahgFsulting

the reackipn wWas prsldutkedasinser: hRqaf 8y do oWl cat oh&0sraphy.
tenperature. Dry THE (100m ) was then added and
sotttiiof IS SFRen ¢G6l eFe978C 25 Refripli cbfiddeoheand the

b@}éb)uc@nd uyencneenwt&@%enmeeﬁhs saht ﬁsgtéﬁ%tzo (5%

13.47mmol, 1.leq) . The solution was then al
V\hl’rlrﬁt@ﬁlﬁ@llﬁ%)om t“e}?pefrea‘éﬂluiﬂen%nﬁecf Wiher@sstitppédy féried under

tyel Mg heussyresyl Lipgyj n an orange solution. The
reaction was then quenched with water, and stirred for

a 30 further fifteen mnutes. The et hereal | ayer,

cedtal (xving product was separated and the aqueous

| ayer was further extracted several tinmes wth

FERRAS I8t her. The conbi n®8 ether fractionst’ AnBrta&(di-1-(3,5-
Odl i n@t K1 @ HaiEGHAS U8 Sh diithyandl f+ {8rameeh{ s D14Ql) ferrocene
celite. WD 2008/ 065448 PCT/ GB2007/ 050717 84 The et her

sol vent was renoved by rotary evaporator (resulting

i The ediahl)e Fhetprodugt wasoqyri fieshoby) codqaumdlssolved in

chromat ography. Starti [ was re Wi th
SO (00 2B5e S ERET Rl et HEN o0t Heanad been
Vmédhébeﬁ ﬁ&thOhﬁEﬁB@eﬁ59@5 l@lﬁthyﬁ@mﬂneiheTheamlne solution

resulting red o finally dried under cuum
(%e%sg#e 5§€§n%ﬁ%ﬁ aﬁ¥ Ef ula 1Into 500m schlenk flask
containing the dimethyl adamantyl phosphine (1.98g, 5.36mmol).

The resultant suspension was then heated to 130 °© C for five
hours. The solution was then cooled to room temperature and the
solvent removed under vacuum. The residue 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 solid was then dried under vacuum and isolated in the
glovebox as a yellow / orange solid. Yield = 1.10g, 41%. 86%
pure. P {'H} NMR (CDC13, 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



Synthesis of 1,2-bis(di-1-(3,5- 10
di net hyl adamant yl ) phosphi nonet hyl )-1"-(trimet hyl silyl)

WO eoosocame  The diamine Part (111) (1.00g, 2. 6BHHGB007/050717
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was di ssolved in acetic acid: acetic anhydride (18ml
2m ) which had been degassed8€ﬁth nitrogen for 10

m nutes. The diam ne solution 15 was then transferred
by cannula into a 500ml schlgpk flask containing the

di met hyl adamantyl phosphine|(1.98g, 5.36mmol). The
resul tant suspensi on was E§§£EEEEE?®ZtO 130 C for
five hours. The sol utigp ] wgool ed to room
tenperature and the solvent|renoved under vacuum The

resi due was suspended in 26§£§¥h@mpl (50nm) and

stirred for 20 m nutes. The nethanol was then renoved
uhdler vadéwanPiFhéimeshddemhasmeheilnashéedPwsthrirhenylsilyl
e 0 t ' r %

oo e a0 2 ol LB e han dr i od andareound 4
valcoree andni solrat eddiecihe gtbwebox2adma)yelwamw /added n-

or an solid. Yield = 1.10 41% 86% 25 pure. 31P .
CREFREk (B X R oNiy TyI0 s FpaRel) comfburidier sgaction
Preparat teBdofinder N, for 4 hours at room temperature. The
1,2-bis-(di-tert-buty|(phosphinongthgég- .

3SGLUL PR SWRP| iamy| 229489 f 8Pr od8n€ Py (1ge/acetone bath)
P arati f - - -

5 OF s U hot iyl &t Aohet Ry (11575 PLgTT g igenyisitane (470,
tré phenydsj | yl. 3te) r odene IWO2008/ 065448nimum amount of dry

PCT/ GB2007/ 050717 85 Si Ph3 ~ NMeZ Ph3Si Fe NveZ
4q;%$¢%% q%her. The solution was then allowed to warm up to

1r 2o s-digmthylam neeet RykrBel’ - bi Sridd phaty! sidalve nours
ferrocene (10.2g, 12.48mmvol) (prepared as in conpound
4rezbbve)gipndeyrel espyit edher (200ml) was added n 5

Dyt 118D L, (5, 99MRe 14, 9BMBLy 5 28020, LHEL ctirred 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. The ether solvent was removed by
rotary evaporator (resulting in red o©il). The product was
purified by layering the o0il with the minimum Et,0 and a
layer of petrol and leaving to crystallize overnight. The
liquid 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 1into the

di-tert-butylphosphine as follows.

Part (II)
Synthesis of 1,2-bis(di-tert-butylphosphinomethyl)-1’'-3-5-

tris (triphenylsilyl) ferrocene



was stirred under N2 for 4 hours at roomtenperature.
The solution was then cooled to -78C (dry ice/acetone

wh2a08)p6548d quenched dropwi se with PCT/GB2007/050717
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chlorotriphenylsilane (4.78g, 16.23mmol, 1.3eq)

di ssolved in the nininun1annu§% of dry 10 di et hyl

et her. The solution was then all owed to warmup to
roomtenperature and further stirred for twelve hou

resul AT 4TPBd S6ITut foh. FRetteact’i-6A™HRY t Réf 'di-tert-

guenched sphtte watsenogaNd Stkbed fudre aafiasd he;rogether in a
fifteen n1nutes The ethereal layer, containin

UG Tl 400q HnG THLherebis Tayhr ARtit anhyaride

f urddagr eximralc)t ech sevetal }Béd'fESdey\_tgdsJ%edl evtlh},yll Atthefen for 30
The conbin ether fractions were dri er .
RGeS am” Sl 5&5?2%@ SEINTEed PR ol ﬁ“cé???%@ Thels0 ° €
ei&@r;sﬁhvembumas ren@vedxhyiomotaay eva@@ra&@wlad to room
(resultln? g e rodugt S 20 ur|f| ]¥ q

| 5y RgH ﬁe"%?l V\?tﬁ %Yue“ i n.mr?a’% t'26%and®a™"1: ayer esidue
;Mﬁﬂ(ﬁu&p@ﬂdbethngetmamiystkﬁdmlzeaouesnhgfﬁd fidre 20 minutes.

1?@“' G h83Ldue. was decant ed .and.the red Cr¥>e gg e (50ml) was
obt ai'ned ~ Wer e dried under vacuum (10.41g; “78%
WH&hdﬁdd$heapddducg@ntane soluble material cannula transferred

1 &% ;Fx%f%%k.omﬁ}hffévs t wa%;éhe fgaoved under vacuum

trlﬁhenﬁi errocene was made
INet@rpab@tyt@hDsphlbmpw&;$Qﬂﬂdﬂm¥1e9arr-@lﬁp 14%. 95%

esi
§¥%k£ dl-tertRbu l %l%g#%thyl)zi SEg §8 4 (s) ppm
trls(trlphenyIS|IyI)ferrocene WO 2008/ 065448

35;&&@5903/050717 86 The diam ne fromPart (I)
69mmol ) and di-tert- butyl phosphine (5.008,

ﬁF%ﬁ?@F}om@ aHdRTPisdGerhertthrty Lphepplinomethyk) - ol ' —bis-

t i Snbg18¢ faGebken&ci d : acetic anhydride (100m
: 10m ) which had been degassed with nitrogen for 30 5

m nutes. The resultant suspension was then heated to
180+ Gryfor four hours. The solution was then cool ed

to room
Preparation of l-dimethylaminomethyl-2, 1’ -bis-trimethylsilyl

ferrocene

SiMe,

NMes

SiMes

To dimethylaminomethylferrocene (30g, 123.39%mmol) (Aldrich)
in dry diethyl ether (200m1l) was added n-butyllithium
(123.39ml1, 308.48mmol, 2.5eq) and TMEDA (20.48ml, 135.73mmol,
l.leq) and the reaction was stirred under N, for 12 hours at
room temperature. The solution was then cooled to -78°C (dry
ice/acetone Dbath) and gquenched with chlorotrimethylsilane
(34.45ml1, 271.46mmol, 2.2eq). 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



tenperature and the solvent renpoved under vacuum The
resi due was suspended in nethanol (100m) and stirred

wWo 2008865418 nut es. The net hanol was t hen renovePCTIGB2007/050717
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vacuum Pentane (50m) was 10 then added and the
pentane soluble material cannyla transferred into a
cl ean schl enk. The sol vent was the renoved under
vacuum to give a pale orange / brown solid. Yield =

1797y, STR% 2 9%Ys 2PUr P 1PTYAHS NV TCDERS, TB T gRpHSxtracted
536ved319 timrs ROeH {SDtrRpmMethsr Compoundd nReepanat | Ofhctions
of 1, 2-bis (di-tert-butylphosphinonethy%%:-S, 1 ,
SBPS Pt T STAGSSHBR r OCEHE Partd (131120 %Fr Eparattt ot tite-

?fhel-éﬁlf&t hyl1aghbowel hybm@vdd -1B) Srdtdietdlosirhydbr (resulting
errocene Si Me3 NVe2 Fe 4~~Si Me3. T
dt et 1y 1 %4 nonet hiT $815 o déive p@é@é}@%z@z 3Gy chromatography
( Aldrdgechycalien cdnymd) et fiyd1 letderunt200mlstwasiagdedterial were
n-butyllithium, 25 (123,39 308. 48mmol , 2. 5e and

TR0 A et s P Sl L FRATS Arid e Sa0k TG vas then

Vﬁ%tdﬂﬂeﬁf@ﬂﬂﬂmﬁarpN?r&Dﬂﬁi@ h@uﬁiiathyfgf?ne). The resulting

tenper.ature. The sol ution s then coo to -78C_(dry

0 Sidt BAS Gy S ARt toaHRea AR 40, Bag AR
chlorotrinethylsilane (34.45nml, 271.46mol, 2.2eq).

The solution was then allowed to 30 warm up to room

t%ﬁﬁéﬁ&?&re and further stirred for twelve hours
rBSdfdriaBgohn an obange SobypHeis-dihet h@Bahindme8RgL LRI -bis—
uench%d mi%?bg@ter, and stirred for a further

fEFPRERYAF h **fRE*B¥ hereal | ayer, contai ning

product WO 2008/ 065448 PCTA®@B2007/ 050717 87 was

separated and t he aqueous llaye s further extracted

several times with diethy her. ""fhe comnbi ned et her
fractions Fe Nie,

:i: ~~SiMe,

To l-dimethylaminomethyl-2,1’'-bis-trimethylsilyl ferrocene
(30g, 77.42mmol) in dry diethyl ether (200ml) was added n-
butyllithium (37.2ml, 92.91mmol, 1.2eqg) 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 Dbath) and quenched with Eschenmoser’s salt
(17.18g, 92.91mmol, 1.2eqg). 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 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.
The ether solvent was removed by rotary evaporator (resulting
in red o0il). 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



were dried over magnesi um sul phate and filtered
through celite. The ether solvent was renpbved by

WO 2108/0§54d8/apor at or (resulting 5 in red oil). TPEI/GB2007/050717
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product was purified by colum chromat ography (Il arge

scale colum). Small anounts % starting material were
renmoved with petrol (5%triethylamne) and the product

was then obtained with 1:1 petrol/Et20 (5%

tPhtetimprlarit fe)l: ITRetFes(BtPng°® rted c6PY 1w ¥)i-nallpy resulting

drdedungder ¥acUUm q(499,.84% yheldh . 0. E’@%t s(jJ )yleld

Preparation of 1, -bis-dinethylaninonethyl bi s-
trimethylsilyl ferrocene Si Me3 ~IMZ MZ' Sles 15

T A dizgef hyl ami nomet hyl -2, 1" - bi s-tri met hyl si |yl

ferrocene (30g, 77.42mmol) in dry diethyl ether
(2otrEpdwals dddedraratrd yREi clepav {37 32mbove2 Wi imgol 1, 2-bis-
1j§ﬁ59h @QQ1£$%%HH%§Q§'9”—H¥Eitr§RbEﬁ f%¥jer %@ri&%eég) (9.23

hour s at roomtenperature. Onml) was then

dHH@d and sbtsieen was dthen cdbﬁédﬂﬁédlm@ﬂﬁxﬂﬁmeapyethyl

%%%ggmgl tD-rapdegienched with Eschennoser's salt
92. 91 nmol, 1.2eq). The solution was then

allomed to warmup to roomtenperature and further
sténigRmdf ar twelve hours resulting in ared solution

e reactron was _then quenched w wat er, and st.i
forthesss f (( het £ ’P’c%&%'meﬁ‘u'r’egtﬂﬁli?sel’ha?fé%ﬁ YIHyérCMezPh

sdHAdngl Nng product was separated and the aqueous

| ayer was further extracted several tinmes with

di ethyl ether. The conbined ether fractions were
dri ed over magnesi um sul phate and filtered through
cglid 1y The ether solvent was renoved by rotary

evaporator éresultlng 30 inred oil). The product was
peithesdsp9t coiGenP et vivdesgr aphy (| arge scal e

colum). Small anounts of starting material were

The 3,4-dimethylbenzophenone (15.0g, 71.43mmol) was added to a
500ml schlenk flask, to this was added Dbenzoic 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 addition of
water (100ml). This gave a white suspension, diethyl ether
(150ml) was then added and the suspension filtered. The
filtrate was then dried over sodium sulphate and filtered. The
filtrate was then dried under wvacuum, this gave a colourless

0il, yield =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, 174.1mmol), BuLi (2.5M in hexanes, 69.6ml, 174.1mmol)
was then added slowly. The addition of the butyl lithium gave

an immediate colour change from colourless to yellow to orange



removed with petrol (5%triethylam ne) and the product
was then WD 2008/ 065448 PCT/ GB2007/ 050717 88 obt ai ned
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red oil was finally dried under vacuum (32.11g, 93%
yield). Part (Ill) 5 Conpound 8 was prepared as

conpound 3 above using 1, 2- bIS-

dlnethﬁjan1nonethyl 3,1 -bis-trinethylsilyl ferrocene
(@?2%1 nﬁﬁﬁ) ?m%ﬂﬁﬁﬂdéﬁnt solution wa% therl heated to 70°C for

1tﬁ%d¥ ﬁkﬁkﬁeth%h@W@@Qﬂebhykﬁﬁd red suspension. The suspension
(triph IS|IyI )ferrocene. 10 Co ound A nt hesis of = |

1792 b 5%‘? t &t - BRI 6ﬁ8§%¥ﬁ%ﬁe?ﬁ%) Jpspnatant  liquid
besizenra 1}5y Panhn(l) Syat heséws obréc@ﬁ%% orxyienre #he then

di met hyl benzophen 5.0g9, 71.43mol s added
VOO ST T TADEL T e W S e BadE DBRGofEre then
acdntb (ei5MY) canr?l aTherngol 4 iviasrddienedivgsoltted iduspended in

t ol ene ( . To thjs was t added, trineth
e U 208N i AFol KA. CEO0RR,  900mmpl ) DU The! (19 EnL,
r &4 Svantl ) SOM%HIOnemasdﬁhén(hE@Mﬁdet01&25ﬁbfanwpéﬁsion. The
hresu taT € 5%% UtEQQDMBS t'“%? all of%90|oéé%nﬁog
tenpera ur e and was t hen quenche By hé “very SI'ow
additnlon web Qégaﬁﬂ&ﬂ'm@t@Ont}rO@h1sﬁga¢©ra3mhmteutes and then
ensi on | (-150 t hen .adde n
%%E§uspen§?%ng %%%ﬁ%ﬁ fﬁl% ﬁ?%tra bwggﬂ?%éﬁxgﬁﬁégn' The
1%&%%5d@taan$©lphaﬁﬁ anrd filtee@dvittheentipher &t @0mlas and the
ri d v col S Qi |
N CREE R U s L o R S i G
Sglﬁmmowsrommtwasab@ee arcdheMNaGBUth (d6f¥gther 100ml of
t é%éam%p &ﬁgl%_et8954£3¥5 c%m%1§&9|3ﬁﬁe£%k@§5e égkracts

'S was t en added heptane (150nil) and TME
(E-clnther 74¢ 1athobyer Beodiun 2sbMhaichexdnds;angdebngd into a
18¥E£ﬂngﬂﬁhenk flask by cannula. The solvent was then removed

91 Water

under vacuum to give a red/brown oil. Methanol (100ml) was then
added and the resultant suspension heated to reflux, the
suspension formed was then allowed to cool to room temperature
and the methanol soluble material removed by cannula. The
residue was dried under vacuum to give an orange/brown oil.
vyield = 10.9g, 45%. °'P {'H} NMR was consistent with the
structure, the compound was cleaned up by conversion 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 methane sulphonic acid
(2.76ml, 42.6mmol). The resultant solution was then stirred for
one hour. The methanol was then removed under wvacuum to give
viscous brown oil. Diethyl ether (50ml) was then added, and the
ether soluble material was removed Dby cannula. The remaining

material was then dried under wvacuum this gave a sticky vyellow



35 was then added slowy. The addition of the butyl
[ithiumgave an i medi ate col our change from
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PCT/ GB2007/ 050717 89 to dark red. The resultant
solution was then heated to 70C for three hours. This
gave a dark red suspension. The suspensi on mas cool ed
to roon1tengerature and the supernatant liquid

SAnGFAST h&° HRbwi"Bt il 1296 eeidug aneieLid was

t@@&r@d\/\@ﬁhede wierpeatang {200nt).. THhe-peit aBeuble material
washi ngs were then renoved by cannula. The solid

st dUEWASTPREh %It%pte}‘?de‘dsllﬂue p%]fﬂeéjn&“(j%oﬁﬁ‘)m%fﬁ'd this gave
thefrcoghedit® &Kie 5@&25&Js&1&ﬁ 8n&e1d19415mmplb5%as95° pure.

then .added dr opw 0 .the suspensio The, res ant

SUE bt TR Wi hent S iohea Y oF Bk PG Wl P Lorbm-

(100m ) was degassed with nltrogen gas for 30 m nutes
g theg padded to the suspension. This gave a

olution. The upper (organic phase) was
d$9nnha$iaﬁtr1qﬁentahﬁﬁ1hM3Gdt}tewm%hutglpbo§phmnpmphagb)—4—tert—

§qp%%gm?¥h fgﬂyla nLo.@ clean schlenk flask. The
aq > PRER

ueous en washed with a further 100m of
JEhmEnﬂane and the pent ane extracts conbi ned. The

p@?&ﬁé‘@iseé% rﬁ%?t—b‘&%i}fdﬂﬁl&%l@&iﬁd 0¥ &fengodi um sul phat e
d transferred into a cfean schienk flask by

cannula. The solvent was then renoved under vacuumto
dlave g ived/BPoan 672 1dvet hendll (TOOM J"arasidCken toaddedrhlenk

apd, dihe Iroeséﬂﬂsa'%tass%%la%ﬁs' O%eﬂe%e@ torfefdiuxX,od N&RA0e. TaF

sus ensi on fornmed was then all owed to cool to room
lat giee  tARd e tRadlves gnusirTe AL BF | Y reiovédn- 4

ba/r&@l@u&@le@e 16e8i due Mas odr i geh Ynder s vacuuMelio with THF
gi ve an oran /bromn oll. Yield = 10.99, 45%. 31P

{(éf-‘i}mlNI\/F@IWast Adtsshts Wl HeT é’(nleudt%ll‘fe,tq Heghe magnesium

compaumrdowas gL eangd: th byl LONVRLSIO0H Retihenbis w2% (50°0)
nmet hane sul phonate salt - see below Synthesis of bis
n%ﬂqﬁﬁu?%§dlﬁﬁénFEeaEPﬁaE%ﬂ% Gt the2rppsEypn: This gave a dark

terdreut y| phosphisponetdiy | )ici- EdMe2Phnbenzenre &ynEi€um. This
pho hi ne gs i ound A) (10. %&c %%rsgyglﬁ was suspended

Iepl tlon W en heated 'to 8 our. The solution was
then allowed 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 a
solution of tert-butyldimethylsilyl chloride (15.81g, 104.91
mmol) in THF (50ml) was added. The resultant solution was then
allowed to stir at -78°C for thirty minutes before being
allowed to warm to room temperature. The resultant solution was
then stirred at room temperature overnight. The solution was
quenched by the addition of water (100ml). Ether (100ml) was
then added and the biphasic mixture separated. The aqueous
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 =15.64g, 68%.

Part (II)



nmet hanol (100m ). To this was added net hane sul phonic
acid (2.76nml, 42.6mol ). The resultant sol ution was

WO bes/osHids red for one hour. The net hanol was PEEBEGB2007/050717
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renoved under vacuumto give viscous brown oi

Di ethyl ether (50ml) was thenjadded, and the 35 et her
sol ubl e material was renoved %y cannula The renalnlng
mat eri al was then dried under vacuumthis gave a

sthcky %rr R V0681065448 -PCT GBZ00#/ 6507171 -ggmol)  from

seddtd. (et hybvet hera (6Q0R)Y: was st hgn adoednand) th@ere added
solid mas, stirred in the ether with a spatul a.

et HETS01 Ul & nater§Hl TR t HEP Peroved “3hY twﬁ‘é then added
residuwe dfi edirpader ovaguum 34 agicgaye suaLf r ee. M oMl Ngexanes,

ellowsolid, Yield = 11.0 85% 95% pur

L Smiey N EDRL 3 oS TR HpRT o Gl lithium
(&Hdlﬂibﬁ] dfeampoindi BaSyinttbesicsl o change from colourless to

bIS i -tert-butyl phosphi th -tert-

SR G RyRebE o LR en ity R (ks T b b cpiepheated to
473%&tfdnﬂqﬂr@enhbhyt3|T@ds(gavﬁl@n&mwhgnesuuwnwnkﬁmnm a small

15 dd d to a sch enk TQ

%Poué% o% gaealgﬁ%at \%1%2)50? % .cooieﬁiﬁ: C and

I'S wWas a Crys Al s7°6f Si'6di ne
(B50P) wﬂé nhen @ddedofd giae amecor angdddeldrowrise to the
sol uti I (19. 104.91 I .
T R TRE (RO “Shd CHeR A3Te ol y by otireed
omeerioghtt oWaher nllgiVedi) ume s sdspessidovithheiteawdri arps for 30

dhqﬁhege%gg ?hggeghAé& a. g]gégégnsf%%te%ﬁqgtaaégr tﬁg%ha51c

ration o e reaction. hIS gave a dar 0~ orange
bt oWt 1ol utlihen wmiceh domeainhsobbi® neghedi hedThiigh pentane

SQ&H&M@”aW@StEQeBngﬁkﬁ%a eB@%moQEdOB§ BQH&ulé”%%to a clean

solution was then al d to cool to room tenperature
b%ﬁRﬁQ@kbeﬁhgﬁéanﬁﬁméan@rah%$%@{edWﬁﬁtcﬁ@ﬁﬁﬁ e&n sthe enlqueous

away; &Rk tQﬁdUnEﬁ@CtﬁghtaEégn%§£H£%tQT“%SHHEnéQ|Uttﬂ%‘ pentane
was then cooled to -78C before a 25 sol uti on of

teFEAsEEy F6F rethyP sPF YA chYor | #elirs. Bighateqand transferred
'Tm)da é NeTEE (§9f@ﬂ§nkwa§la%‘id% Jﬂﬁuﬂ%su'ﬁh%msosl%!ﬂl%' @3s then

was then
removed under vacuum to give a brown oil. To this was added

methanol (50ml) which give a biphasic solution. This was then
heated to reflux (70°C) before being allowed to cool to room
temperature. The methanol soluble material was then cannula
transferred into a clean schlenk flask and then placed in the
freezer at -20°C overnight. This gave the formation of a brown
0il. The methanol mother liquor was then transferred into a
clean schlenk flask and placed in the freezer. Upon standing in
the freezer for three days a pale brown solid had formed. The
methanol mother ligquor was removed and the residue dried under
vacuum. This gave a pale brown solid. Yield = 0.80g, 5%. 95%

pure. P {'H} NMR (CDCl,;, 161.9MHz, &); 28.3 (s), 26.0 (s) ppmn.
The comparative examples were obtained as follows:-

Comparative 1
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allowed to stir at -78C for thirty mnutes before
being allowed to warmto roomtenperature. The

WO 2®aieamt sol ution was then stirred at room PCT/GB2007/050717

tenperature overnight. The solution was 30 quenched by

the addition of water (100m),, Ether (100n) was then
added and the biphasic m xture separated. The aqueous

| ayer was washed with ether (1oomz and the organic

efoc?r &6t°4 A1 comi Y LThRSIIHg AP E ekt h s S wer®e Tgrtable from
dried cever sodi um sul phate before being filtered. The
filtrate was then dried 35 under vacuumto give a

white solid. Yield =15.64g, 68% Part (I1)

Mﬁﬁﬁﬂs PCT/ GBZOO?/ 050717 91 The

Soieagp, oF 1§ B A A N ey Hina i (BBl rbcene

vvere added together in a schi enk flask. Heptane
%%r n1 )I was then added follwed by TMEDA (20.5ml,
n(n'e)l) Bu'Li (2.5Min hexanes, 5 54.5m,
136. 4mmol ) was then added sl owy. The butyl [ithium
aitichraren igavet dn 2i-bwed | dinethyleninoieinyd ) feonocene
colourless to yellowto orange to dark red. The
solution was then heated to 75C for three hours. This
gavee 8 106 OMMurs Of AltdraRhW bhsamsMet | in aR®xHte,0f24 m1, 54 mmol)
precipitate. The sol ution was then cool ed to 0C and 10
Btit 2PCLSC11.51 |, 262 °8Mibt)” wetd" t heht"gabetr b8+ t berrocene
t trdrsuspensi op. g,ThEO r@suﬂ ans 903@&65» omn\/\aSettnem ether (80
rred over ni er oomL)l ssed Wt
rdﬂ%ﬁfng¢F8 e%oat an&F SRRl ?%éﬁfa ?%gt?&? reaction
SUST @mrﬂ'em Sfog~a\/4ehaub$ phlaﬁ @es8Ot Uhd Oﬂad TEheutpperis then
(or an| c.p hase Iut th pentane. 15 (1 Oml)
o g%l?ip o Wﬁ%% (?veeélvI BY @an&rl}’ | a* ?er(t% g e&RRth and
Smmkloébasksaﬂen¢lmelﬂbqélg50mﬂ)dw\ﬂsq added, t64tmmol is added.
ue%%%ctrgglgue%_ d tpg ent%ner%étrQCt%ﬂ%.n?enggd stirred
e pentane exttact's wer e then CdF e r-'Sodi U
satphrdtigetand transferred into a clean schl enk fI ask
by cannul a. The sol vent was then 20 renoved under

vacuumto give a brown oil. To this was added
The resultant solution is quenched with excess aqueous sodium

hydroxide and the resulting product extracted with diethyl
ether (3 x 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 1s 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 orange solid
(13.2 g, 74%). The compound can be further purified by
sublimation to give 8.5 g (52%) of the Part (I) title compound
(mpt 74°C).

'H NMR (250 MHz; CDCl,):54.23(brd, 2H); 4.11-4.10(t, 1H); 4.04(s,
5H); 3.43, 3.38, 3.23, 3.18 (AB quartet, 2H); 2.22(s, 6H).



nmet hanol (50nl) which give a biphasic solution. This
was then heated to reflux (70C) before being all owed
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mat erial was then cannula transferred into a clean
schl enk flask and then pl aced9%n the 25 freezer at
-20C overnight. This gave t he or rmti on of a brown
oi.l . The net hanol nother i quor hen transferred

i nto MR cf@hntEghl &Rk1T) é@@ ahd ﬂloaégd i -tRé fA%edzér 073

Upporpsstanding in the freezer for three days a pale

brown solid had forned. The nethanol nother |iquor

was renoved and the residue dried under 30 vacuum

Tl snegave andoalsa shr owrosabi d. Vi ekedez. 02 80g, H5% 995% 9.5%
pure. 31P {1H NWR (

161 5 28. 3
26.0 (s) ppm The coﬁ&éF&%?@%d exgnﬁﬁe@ iner e oét}ai’nedN 9.4%
as follows: 35 Conparative 1 WO 2008/ 065448

PCT/ 7/ 050717 92
1%%%3 i -tert-butyl phosphi nonet hyl ) benzene is
amatid akl e sfonamm  Ablkrdrgh. fCanpar abs veaRidsl Symkehesiisteft-butyl

b| Sgldl tert ngé(l phospglgJ none thyI )fer gcene  Part 1 2
(Ii)}j reparat| ol '6f ’
s @ilsle@dymlhyalrr@mhmbnﬁetﬂtyalc)eﬁler rédceng, 1015. 4mmol) . This was

E$Ut¥%%bgh&&y]dﬁldrlCQUrg GEQRE% Igcﬂfxagmetlé Q%hydrlde

a solution
(Y Gmet hy| armnohethydl) f eagt obeeﬂre d¢ o dhrsidc hyith3. rﬂ;&rg,gen for 30

10.69 ml, 48.97 mmol) in die | ether (80 under
nTﬂugCgeén at'“a Stuéﬁﬁ%'f"%%r‘%a %%%et e re]a{a ﬁ‘“g kept at
m xturcempbi& ek fromr 4whou4515rs Theer esuhlﬂang rsedution was then
solution . is then 15 co t o _approxi mat el -70 in a
el SReFORG bt HURRIL EEORERRR STSalhe( FotBkRR e ved
(1Ahcﬁkm chacdifn.g, Tb4d Ml thst adaﬁtedky The ideaed s orssuissended in
aIIvvedto to.roomte e and stir
or{lleetr TRt 5%5¥]hen9e§gﬁfan¥p (;Son |steqsuenlf: ed"WiFROT vas
eul@sessrea@uedusnsﬂdlmuuhyandxtde aoaglidure suesahdédgin ethanol
Qﬂﬁst %ﬁgrg€£§%£ gdgﬂg gtgglwas then heated up to 70°C. The

resultant solution 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 solid dried under vacuum. 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 1l,2-bis(di-1-(3,5-

dimethyladamantyl)phosphinomethyl) ferrocene

Part (I)

Preparation of l-hydroxymethyl-2-dimethylaminomethyl ferrocene



ether (3 x 80 m) dried over anhydrous magnesi um
sul fate, filtered over celite, and volatil es renoved

WO poogac4e8 to yield the crude title conpound aBCEHGBR@MOS0717
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orange crystalline solid. 25 The crude product is
recrystallised fromlight pet% with cooling to -17C
and the recrystallised product washed with cold

petrol tao ¥|eld the title conpound as a |light orang

sfbﬁv&yl( 13thiygr Poedrichhelcbnpotid ldhﬁllﬁéhfﬂzr?ﬁ%?fr 5.1 m,
p81I24flﬁﬂob)y 1§ulzaldld@at|@ﬂ 50 PIveidn. I gl-(oﬁLZ(P@cthLarﬁﬂﬁamethyl
Par t | e ¢conmpound 2 npt 74 . 1H NWVR( 250
cﬁﬂr@ceg& zé(lﬁFaChzl—i)l g, 1f 210t irPi) dlftﬁéig eth@ﬁ) (20mL)
aif%3~37ggn 3TH§C;§%§§§SSA%8qga£fﬁﬁd 244) ;3 %OEZéSan@Fﬁevelopes
5448 P 7 717 93 13C NNR
CbcIsio5683. §7:°%0: 40; 89. f@ﬁuééom L5570 é?%% in’ a dry
El@avearmteabnanabyB;SczaF@umH 2163 F6%na Hidh 9% 8 @45% B times

Calcul t ed 64.0% HS8.1 9. 40 Part (II In a
d&ﬁg falngskthﬁasreﬁalé%é hBLAF S er o B %jl Netrdont at
phmsmhtémpqﬁhausg, 9®e8nnmh)1amdlbheﬂ&m2<mk®ched with water,

bj St(dl f{%&hx} .am nomet hyl )EE”OCS . { 13.60, A ? mol ) - ‘filtered
t hen susp Sended in~a mxture’d ¢ acid
a&m&ncc&ﬂﬂqﬂnlﬂhe siﬂ@wht 13Omkavmh|ah h&@ubee@ y&eld crude

de sse n|t ogen_f 0 nut S. uspensi o
9&1 egorﬁée ed t{ohei%sfi&u(%d% Od % hi s r]Ileer%fpetfoat %r er{]eutral
f @runtime h@&nmn,'NmacﬁegwlEamtesoWutmomeummi/ﬂhehhﬂb ether (9:1

al 1 aved tto § toch%”bén%ﬁttlkgnﬁ rature a{]ddltnl%%lh?ggr}v{\grggmethyl

renoved er vacuum sul t ant stlcky o]
sﬁ@@éﬁ@ed |ﬁhen@pﬁam@|l€5@ﬁ$y aidtsdi wied BobsBmmtially pure

W&HHH?%ceIQEe”EJQQRQJ %ﬁé tiéﬁ%’o%ﬁBBMﬁg Qﬁgﬁ tﬁgfuyggtate is

and 't he resi due suspended I n ethanol
ef4aveld suspeasion wWasviheh heat édtip p@mm@d The 20 orange

resul ant .50l W ipRsstirred was allowed to cool to room
tenperature before being placed in the freezer at -20C

'H NMR (250 MHz; CDCl,) 62.131 (s, 6 H), 062.735 (d, 1 H, 12.512
Hz), &3.853 (d, 1 H, 12.512 Hz), 83.984 (dd, 1 H, 2.156 Hz),
04.035 (s, 5 H), 04.060 (dd, 1 H, 2.136 Hz) d4.071 (d, 1 H,

12.207 Hz), 04.154 (m, 1 H), 064.73 (d, 1 H, 12.207 Hz).

c NMR (61 MHz; CDCl,) &7.688, 884.519, 870.615, 668.871,

068.447, 065.369, 0860.077, 0858.318, 0844.414

COSY 2D 'H NMR

Partly obscured doublet at 4.07l1lppm 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 .59, 82.3mmol) and the l-hydroxymethyl-2-



overni ght. This gave a |arge anount of an orange
crystalline product. The ethanol nother |iquor was
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This gave free followi ng orange 25 crystals. Yield

15.1 g, 57 31P NVR{1H} (CDC13,.161.9MHz, c-)); 23.6

ppm 99 %pure Conparative 3 %O Synt hesis of

1 2- bIS -1- (3 5- di net hyl adamant¥ ,

6%‘@Wt Yer r ocerfd TPAFEE (1 ) T Prepar att oimef) 1 the

1gibﬂﬂb@&ynfhhy|wéé-&h@ﬁtByéﬁﬁﬂd@aﬁﬁhhy|miiﬂﬁ%@CQBeacéﬁhéN3c1d :

2008/ 065448 PCT/ GB2007/ 050717_ 94 n- But li thium

(%%tﬁccﬁn 196 Mol art M di eChPH bt Hetch af4bﬁFn dggpyped with
N Dogles agideds ¢ Oomansed it | ORe Obudpshdmirhyhad ppa®t Rghted to

ferrocene (Aldrich, 1.0g, 4.12mmol) in diethyl ether

(PUhE) 2Btdererdr géﬁ hES r SRt IEe stiq e§Vf opinutes. The

how s and deyvelopgs %23 reddhshacolur. tfhecsol uti®n appient

is then cooled in a dry icel/acetone bath, calcined

PERRRSEGEHAF deMy 0 GO247 2RI VivEs UneXE e‘é%%uué‘ddéﬁle afpultant

the dgschant wAEXEUESeddd red aveaRbIhtsahl) r&@Mstirred for

tenperature. The reaction is then quenched vvlth wat er,

o3 ractédsw the diretinclet'Rér C0eR | U OVEr UNESOAY 2 GHE dnd the

fid diefed sli@pen@td Geldnt ethkhel sol yent) i srheem@uedol Nsuspension

vacuo to yield crude title corrgound The crude

piBtUdts StappPi et tid & AEut PEf O HAiFRE &bl G, T Wisch and 2

I Gar®d W pbih petutaldndi ehbyktpiher idﬂdblef@bt@il£D washings

renove the starting material, 1-di | am nomnet h

FEPToEHY. THE Sl i | oLt o8] (Fed W FFosidee Bried under

quhsiuant iTak by gpue ea 16t h&}AJowaﬁ@t ateldwy cebute tbeid iddien was
n The,_eth et at ved | cyo, 310

y| ® dal% e 11t HE %#'%o% d - as a %Pe PP ?y§t’ al 15 R UH)

masse] s 1 H ANVRMER505 VHZ - %J@6m3)952313&e(s 6 H, 62.735
(d, 1 H 12.512 20 Hz), 63.853 (d, 1 H, 12.512 Hz),
63.984 (dd, 1 H, 2.156 Hz),

Test Results

Table 1 shows the activity of six phosphine 1ligands 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 be evident in a standard
3 hour batch test. In other words, conditions are employed

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 benzene ring retains most of its
activity under these ageing conditions whereas the

unsubstituted ligand 1,2-bis(di-tert-butylphosphinomethyl)
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Experimental Test Method

Part 1 Ageing

Catalyst solutions were prepared using standard schlenk line

techniques. 1.45x10° moles Pd,(dba)s and 6 equivalents of the

phosphine ligand were weighed out into a 500ml round bottom
flask wusing a nitrogen purge glovebox. The flask was then
transferred to a schlenk line. To this flask was added 172ml

(63.2 wt%) degassed MeP and 1lléml (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 Dbar 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 wunder these

conditions overnight for 17 hours.

The initial solvent composition of 63.2 wt% MeP and 36.8 wt%

MeOH was used so that the consumption of 10 bar ethene/CO 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.
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This reaction was allowed to proceed for 3 hours,
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with BfHafs of CEfmaifeddicve vapolr Opressiike  ©of methyl

propionate/methanol mixture (50% by weight methanol, 50%

by weight methyl propionate) was degassed and added to the

flask. Addition of methane sulfonic acid (MSA), 420ul,
completes the preparation of the catalyst solution. The
final composition of the solution is approximately 70 w’'t%
methylpropionate, 30wt% methanol.

The catalytic solution was added to the pre-evacuated
autoclave and heated to 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 12.2 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 1is 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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of, 70% Dby 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 Ml 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 of CO:
ethene (1:1 gas) charged from a 10 litre reservoir at
higher pressure. A regulatory valve 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 the reactor temperature was logged throughout

the reaction period of 3 hrs. The moles produced at any



ethene (1:1 gas) charged froma 10 litre reservoir at
hi gher pressure. A regulatory val ve ensures that the

wWpe@ssowds of t he autoclave is maintai ned throuRgibGB2G0ME50717

10

15

20

25

30

30 reaction at 12.2bars through constant injection of

gas fromthe 10 litre reservQi,r. The pressure of the
reservoir as well as the reactor tenperature was

| ogged t hroughout the reaction period of 3 hrs. The .
noP €3C pEBdFEEd e AP "W 2008 065448 LpEFAGEEZ007/ U507d70P 1n

19§s@9$8£ri'bﬂéy%d&%ack§orbééﬂhugﬁgC@b%%hatggsfﬁ&gﬂédY%ur and

drop I1n reservoir pressure by assum ng ideal gas
beh@avi eatecandvit0%oge lmedthiwli tyr dwiromaetdhy | a pi opi opareaction

W ng reaction . T wih th articular.ligand to
O R RS S At b o Tt R s Pt e
aut ocl avec¥@staeokedctand yentied, e re&acdédive was cooled
solution was collected fromthe base of the vessel

awie i HRBEPAL eIy Spl B LiTteF O AWt ARr tasatdfsisteresl fffen the
spLuULi gp “é@]%t %‘seﬁedﬁ&diMﬁQSEaEEﬁgsgﬁ%’cedt Qnder an inert
ely ms. h tion

appr oxI mat ncentrating solu
repoveshdfe t hehaetbanol oft he snudtervataduded conmpenentessure,

of the m xture ag? any &races of CO both oﬁ whi ch
can ?%ﬁ%ﬁl%‘:%ﬁ) BLS pd- POy RhbRF hgYt hB®paPLHET G F6moves
Priesi REtBhBoOUL tak eekUkiAR S dret@hddfepal  AAEHE mixture)

This concentrated solution, was left to stand
oved night tupder ah CRer ©OIR &inospher ecand-@sce hep (II1) to

d fo basis o t eactian s (e}
wEh Lk CTER ORI 200MT or*retRyrT pFopi BharGP T0bM BFC Of
ned hanodn and s140hetof 1 et hapel 1sdlfuoni ¢ aciidi € 158oncentrated
equi val ents) . Excess acid was added to offset a

pOSsi bt @2 0¥ n & GPonStBRdent YRt HY lof Wie20an inert

S%M&é&@erghéﬁdr#&é"?’cﬁgnnﬁ&&ﬁit% vesmt hep sdded Le the next
aut ocl ave and reacted under the sane set of conditions

ascapeione. sThetcaral ysthwagddedycned dih tH) &nwvaypf methyl
until a significant drop in reaction TON was
0%%%@%%%§t%htap99Pl of " methanol and 140Ul of methane

sulfonic acid (150 equivalents). Excess acid was added to
offset a possible loss 1in acid upon concentrating of the
solution. This recycled material was then added to the
autoclave and reacted under the same set of conditions as
before. 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 1in 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 egquivalent.
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Experimental
Reaction solutions were prepared, using standard Schlenk
line techniques. In a nitrogen purge glove box, 7.8 mg of
Pd,dbas (1.45 x 10 ° moles) and 6 equivalents of phosphine
ligand (8.7 x 10° moles), where weighed into a 500ml
round bottom flask. The flask was then transferred to a
Schlenk line. The ligand and palladium was then dissolved
in 125 ml of degassed methyl propionate. In order to aid
complexation, the palladium and ligand were dissolved
initially in methyl propionate and stirred for a period of
45 minutes, before addition of further =solvents to the
solution. This allows for the in situ formation of a
neutral, trigonal planar Pd (0) complex [Pd(ligand) (dba)].
After complexation, 175 ml of methyl
propionate/methanol mixture (50% by weight methanol, 50%
by weight methyl propionate) was degassed and added to the
flask. Addition of methane sulfonic acid (MSA), 420ul,
completes the preparation of the catalyst solution.
The catalytic solution was added to the pre-evacuated
autoclave and heated to 100°C. The autoclave was then

pressured with 8 bars of ethene above wvapour pressure
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a total pressure of 10.2 bars at 100C. Next the

Ut OEPAve e Pr eREBF TS 0 0f2. Y par 8akift Rtaddi ® iCon Ngxt the
Lheoliheneytd: b-gash-charged £OBLNE JOd1d8icion of co:
reservoir. A reqgqulatory valve ensures that the
peessue e (Of: 1t D achecpade firomneil all Aed itthrougheottvoir. A
the reaction atl 12. 2bars throueh coggtant I nj ection £ N
of CYas?trom t K816 1917 Tesel Vot r. “ihe préssii® of®t  the
thec ey 01 sas meldt ashed hecheachRbut eMRerAt Wr€aM@Son  at
Iogged t hroughout the reaction period of 1 hrs. The

ot e$PPpF DdFEE@ A ap9 pornt i I 100 rehctdesn EéaAmbeéhe 10
c a th r [ servai b

L G oar "gas Benaurodr and S100% Lol ant v (3 raELt 2
nebdyt e peopt onateer at homi ngsr tagtieantiOhughoubethe reaction
obt aj ned. 15 Table 4 P(AdVe2 )2 TCP(AdMe2 )2 Fe c
oIt Phe 13 'Nexi miRFI AR FAITE e FeY PR in the

afs £kt don hown hedr 304872 8994F 35068neSidhso P iBUt @eservoir
pressure by assuming 1ideal gas behaviour and 100%

selectivity for methyl propionate, allowing reaction TON

to be obtained.

Table 4

P(AdMe, ),

P(AdMe, ),

TR

Comparative 3

Maximum Initial rate Rate after 1| TON after 1
hour hour

39787 39543 35068

SiPh,
PBul,

é h

Compound 5

Maximum Initial rate Rate after 1| TON after 1
hour hour

67117 57599 59995




Fe PBut2 Conmpound 5 MaximumiInitial rate Rate after 1
TON after 1 hour hour 67117 57599 59995 WO

wQoe8NeBI48 PCT/ GB2007/ 050717 107 P ( AdMez)RCT/GB2007/050717
~P(AdMeFe z)z SiMe3 Conmpound 6 MaximumlInitial rate
Rate after 1 TON after hour 1tbg7ur 54449 53081 48798

But 2P PBut z Ph3S PH3SI Fe 2+ Ph3Si Conpound 7
Maximumlnitial rate Rate after 1 TON afte hour__hour

6 ©o¥9987 SiMe3 |P Butz Fe PButz |SiMe3
Co dAMpdyum Initial rate Rate after|1 TON after
houf® hour 43823 36346 38317 WD 2008/ 065448
P 2007/ 050717 108
SiMe,
Compound 6
Maximum Initial rate Rate after 1| TON after
hour hour
54449 53081 48798
Bu',P PBu,
Ph,Si PH,Si
Fe?*
Ph;Si
Compound 7
Maximum Initial rate Rate after 1| TON after
hour hour
61472 56391 57137
SiMe,
PBuU',
Fe PBut,
SiMe,
Compound 8
Maximum Initial rate Rate after 1| TON after
hour hour
43823 36346 38317




10

Ph3Si PBut2 PBut2 Fe2+ - SiPh3 Conpound 4 Maxi mum
Initial rate Rate after 1 TON after 1 hour hour

WG 1®356:48¥93 51052 ~P Butz Fe P Butz SiPh3 BInp8ued/050717

3 Maximumlnitial rate Rate after 1 TON after 1 hour
hour 55565 44176 47783 Froq)the above data it can be
seen that substitution of the cyclopentadi enyl ring at

pncifinnc on_hoth the top and hnffnnwringc prnvidpc

n%?@factiye and st e cahalysts. 5 In addition,

bul ki [ tijply substitued species
provi er inprovengnts in stability.|The
r ead [on is directed to all papers and

document i8%d concurrently with or
previous'to 10 this specfification in conngction with
this application and which are open to public

i nspect ikei"wi th this WO 2008/ 065448 PCT/ GB2007/ 050717
109 specification, and the contents of all |such papers
and documents are incorporated herein by feference.

Al | of features discljosed in this specification
(f nc any'raeconpanyi ng cl ai ns, abstract and
dr awi , and/or all of [ the steps of any|nmethod or

prOeeSSn§04 di scl osed, may| be

Maximum Initial rate Rate after 1| TON after 1
hour hour

51875 45793 51052

Fe PBul,
SiPh,

Compound 3

Maximum Initial rate Rate after 1| TON after 1
hour hour

55565 44176 47783

From the above data it can be seen that substitution of
the cyclopentadienyl ring at positions on both the top and
bottom rings provides more active and stable catalysts.
In addition, Dbulkier 1ligands and multiply substitued

species provide further improvements in stability.

The reader’s attention 1s directed to all papers and
documents which are filed concurrently with or previous to
this specification in connection with this application and

which are open to public inspection with this




conbi ned in any conbi nati on, except conbi nations where
at least sone of such features and/or steps are

worasabi4ys excl usi ve. 10 Each feature di scl osedPCTIGBRI03/050717
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15

20

speci fication (including any acconpanyi ng cl ai s,
abstract and draw ngs), replaced by
alternative features serV|ng he sane, equival ent or

simlar purpose, unless expressly stated ot herw se.
Th®%019h¢%%éonex§¥%%sF9@sﬁéﬁ%ﬂ”ﬂ%ﬁe@ﬁn§€J-eaéﬁhféaﬂﬁﬁéS and

d(?é&uﬁé&@ | $0NEn A5 %@5@&? 00k y; Of gB@f‘@féHcée“ es
eqU|va ent or simlar eatures. The Invention is

not restricted to the details of the foregoing
eﬂppcgﬂn¥ﬂz(%%atlpgs 5%8 §§t€ﬂ 3 %ﬁ%éﬁ?ﬁcggygh QIﬁ%ludlng
or any 20 novel |nat|on of eature

disic | asedrpny g sclsaae@pfua@atrm\t (arnﬂclou@mggahy and/or all of
ageonmpan éngﬁd ths'me%lﬂghra&} @Qgcegé a\@ongéiscl%rse'ﬁo may be
any novel one, or” any novel conbination, of the st eps
o@omhaweﬁe@hoanbrcthaee§soeo %ﬁQ9§¢o§e@leND%99@8WO€5%4§¥ least
ngzégg%og7éQ5Q£$1we%1QndﬁngsM§p af%rM%H%al@&qgﬂhﬁ%gve

I igand of general forrmula (I) 5 (1) X1 X3

B-QL x 2 X4 (YX)n wherein: 10 A and B each

| nlependentdey &f%ﬁf%%%@t:ﬁl|9ME£ abkyl ene diioRKi NGcluding any
group; R represents a drocarbyl aromatic structure

h%RHQﬂfaQVlP%a%%almfs 6He¥%&QﬁnﬂﬁdchPh@HQ%9WM%aﬁthnr%ﬁﬁﬁced by
R e each lrkhketss Viardihg tespeshd vesdlnldiRgtgr@URsimilar
on avail abl e_adj acent cyclic atons of the at | east

oNE B 6mat B LFPhg AT ST EN P5AsUbstItREEdSH t hTPbie unless

Ok xR 1SUbstd dddenb {B3rseQn eRen orcda@neef WidtQlbsed is one
aromat.i c
example only of a generic series of equivalent or similar

features.

The invention is not restricted to the details of the foregoing
embodiment (s). The invention extends to any novel one, or any
novel combination, of the features disclosed in this
specification (including any accompanying claims, abstract and
drawings), or to any novel one, or any novel combination, of

the steps of any method or process so disclosed.



cyclic aton(s) of the aromatic structure; 20 wherein
the substituent(s) YX on the aromatic structure has a

WO 04081063448 - nEt yx of atons ot her than hydrogen BCLGBRVAN50717
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X-1-nEtyx is >- 4, where n is the total nunber of
substituent (s) YX and tYx g%resents the total
nunber of atons other than hydrogen on a 25
particul ar substituent YX; the groups X1, X2, X3 and
pendently represent univalent radicals of up
to 30 atons having at |east one tertiary carbon atom
or X1 and X2 and/or X3 _and X4 together forma bival ent
* 1 adi CAVEHf LU Th0 Lag oS Cﬁa\%eﬁﬁr%{ feastat W
tertlary carbon atons wherein each said univalent or
bivalent radical is joined via said at |east one or
t wo t%%kiary carbon atons respectively to the
respective atom QL or @2; and WD 2008/ 065448
PCT/ GB2007/ 050717 111 QL gnd @2 each independently
épkgsent phosphorus, ar ic or antinony. 5 2. A
proc 5—fdr—tie—cab ation of ethylenically
ursat ur at ed coppounds co i sing reacting said
conpound wi thxcarbon nonoxide in the presence of a
source of hydroXyl groups and of a catal yst system
theersdtnal yst system obt ai nable by 10 conbining: (a) a
nmetal of Group 8, 9 or 10 or a conpound thereof: and
(b) a bidentate |ligand of general formula (1) 15 (1)
X X3/ ERedciR Brd@prengent kg r¢pmdsentwiherleivar alkylene linking

group;

R represents a hydrocarbyl aromatic structure having at least
one 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 aromatic 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* on the aromatic structure has a
total ' "LtY* of atoms other than hydrogen such that *"YtY* is
2 4, where n 1is the total number of substituent(s) Y* and tY®
represents the total number of atoms other than hydrogen on a

particular substituent Y*;

the groups X', X?, X’ and X* 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 said univalent or bivalent radical is joined
via said at least one or two tertiary carbon atoms respectively

to the respective atom Q' or Q% and



20 A and B each independently represent |ower alkylene
linking groups; R represents a hydrocarbyl aromatic

W@ 200806482 havi ng at | east one aromatic ring PCT/GBR@M050717
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25

30

QL and @ are each linked, via the 25 respective
l'i nki ng group when the |atter,.i.s present, on avail able
adj acent cyclic atons of the ‘at | east one aronmatic
ring and which is substituted with one or nore
substituent(s) Yx on one or nore further aromatic
cy'cldrel aomash QfdbpendaitOrRBticprekedet Uhesprdd-uderfisenic or
the substituent(s) Yx on the aromatic structure has a
tAMRY1- nEt yx of atons ot her than hydrogen such that
X-1-nEtyx is >- 4, where n is the total nunber of
substituent(s) Yx and tYx WD 2008/ 065448
PCT/ GB2007/ 050717 112 represents the total nunber of
at onsa ot hepcéhan Hypdr ogere oncarbqaritatdvhar slibstthyedtically
YX; %he rgups Xl,(§2, X3 and X4 independent.ly 4 with
r%‘bsraeéléﬁ?e niVAPEREY® 5CP R RIS JfedAny 8 304t ormound
heasilng abnbeasd oOnecleerdricaryceasbhHon satram of Xidaoklk X2yroups
and/ or . X3 an 4 together forma_bivalent _.radical .of
i o0 ar e habi SEoRT Y oohT Pab VRIS hry BBl e by
atorsinihgr ei n each said univalent or bivalent radica
is joined via said at |east one or two tertiary
carbon atons respectively 10 to the respective atom
Qalor @etaddoQlGiand @2 éach Ihdependempdynd ¢peresent and

sphor i . r Nt i X opt-i,onal ly, a
gg&rggigg%gﬁ?%%gﬁj'f%d3?§A§ | e%tggg :Fbg%& or ay
process according to clains 1 or 2, wherein each YX
indepﬁﬂdently represents - SRAOR4A1R42; 20 wherein S is

e

selected fromany one or nore of Si, C N S, 0 or
aryl ;
Xk\\ x®
®—A—~—p—0q'”
Xzz// \\\X4
(Y9n
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 Q° are each linked, wvia the
respective linking group when the latter is present, 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

aromatic structure;

wherein the substituent(s) Y* on the aromatic structure has a
total ' "LtY* of atoms other than hydrogen such that *"YtY* is

2 4, where n 1is the total number of substituent(s) Y* and tY®



wherein when Sis aryl, Roo, R4l and R42 are
i ndependently selected fromany one or nore of

whywsogaws al kyl, -BQ@3-X3(X4) 25 (wherein B, M3I/aBa00X450717
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are as defined in claim1l above and @B is defined as
QL or @ in claim1l above), phasphorus, aryl,
aryl ene, al karyl, arylenalkyl alkenyl aIkynyI het ,
hetero, hal o, cyano nitro, -
J@F@)e@?fts ékl@)é nunﬁ(eﬁzﬂf@&omscfaéyw Rgz@amdrogen on a
§§§£,culg%cgéﬁﬁﬁilﬁen€1§§|V(R27)R28 -
Si R71R72R73 or al kyl phosphor us; mhereln mhen S is Si,
C, N, Sor O R40, R41 and R42 are independently
SE%£C@@ﬂmﬁr0ﬁ}aR9 @ﬁEGQM.Wﬁr&n@ép@MﬁﬁQggnme@kkyént univalent
osphorus, aryl, yl ene, alkaryl r

T Rrkor, SBEta L R Ry ior et HopaPoreRbi Y carbon
Cyad0, ol Kt Oand OR19and/C(0) RAY xC(t)dR2ber- GohOR 22fvalent
-N(R23) R24, - C(0) N(R2 SR29, WD 2008/ 065448
Pt%%@éo@%/ 6@%5?7%1f%23%3(%3"1§ﬁ3§t 1€(a§§N RO7f ROt ary carbon
- gFBns, whgkRﬁiR%QRV&aldruﬁd*amqﬁmosphbﬁw&ienUMmadébmlais joined
| east oge Q;R42 IS Q ol Q%%, ? t 5{%moms régggtivel
referye erei n nay |ndepen en Vy be generally 5 Y
seieﬁ&edeﬁpammhyﬂaogan wasQbstintiut ed or substltuted
aryl or unsubstituted or substituted alkyl, and in
addition R21 may be nitro, halo, amno or thio; and
Rfl6Rw8Cﬁreﬁ@efum@epasdéﬂulw%mkpbaseatepppe@mﬁnﬂﬂ,y6wsenlc or
Q%l kyI 10 or phenyl. 4. The ligand or process as

ai |n claim 3, wherein the substituents are
s@kbcﬁ@dl@h@hhalhySPUp¢%ﬁE&a@ﬁy?St-alkyl such as
-t-butyl; t-alkyl,aryl such as 2-phenyl prop-2-yl;
al kyl silyl 15 such as -Si M3; -phenyl; alkyl phenyl -
phenyl al kyl - such as 2- phenyl prop-2-yl ;
Qbospﬁlﬂyﬁ%hKX£e f%ﬁé%da%rpQ°§fﬁHé§%”§EB¥£dlﬁg to Clalms 1 or 2,

phosphor us; whi groups may be unsubstituted,

sybReinueed: 5. lrrﬁ%p% dY OF SR FEESE S a%RcRaRrred in

any preceding claim 20 wherein there are two or nore

said YX substituents 6. The ligand or process as

crigured Pniel BIRGSInhErR| 1t weeopr more of 8i, C, N, §, O or

aryl;

wherein when S is aryl, R*®, R* and R* are independently
selected from any one or more of hydrogen, alkyl, -BQ’-X’(X%)
(wherein B, X° and X® are as defined in claim 1 above and Q° is
defined as Q' or Q° in claim 1 above), phosphorus, aryl,
arylene, alkaryl, arylenalkyl, alkenyl, alkynyl, het, hetero,
halo, <c¢yano, nitro, —OR”, —OC(O)R”, —C(O)Rm, —C(O)OR”,
N(R”)R*®, -C(O)N(R**)R**, -SR*’, -C(0)SR’’, -C(S)N(R*)R*, -CF,,
SiR"RR"” or alkylphosphorus;

wherein when S is Si, C, N, S or O, R*, R* and R* are
independently selected from any one or more of hydrogen, alkyl,
phosphorus, arvl, arylene, alkarvl, aralkyl, arylenalkyl,
alkenyl, alkynyl, het, hetero, halo, c¢yano, nitro, -OR"?,
OC(0)R*, -C(0)R*, -C(O)OR*), -N(R*)R*, -C(O)N(R**)R*®, -SR”,



nore said substituents conbine to forma further ring
structure. 25 7. The ligand or process as clained in

W@roos0654¢8 ai ns 1-6, wherein the hydrocarbyl aPCHaBR@7/050717
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structure has from6 up to 30 cyclic atons. 30 8. The
ligand or process as cl ained Hg any of clainms 1-7,
wherei n the hydrocarbyl aromatic structure R(YX)n IS
sel ect from4 and/,or 5 t-al kyl benzene- 1, 2-
G aerl COMRIaNE - 105 o yI B Bt or o' 21k bhosphorus,
Seiphenyl abenzene-che20di yP r4, 55 diott hbutyden benzene-
1,2-diyl, 4 or 5-t-buty|benzene- 1,2-diyl, 2, 3, 4 35
and/or 5 t-al kyl- napht hal ene- 8, 9-diyl,
LkhddenrS;- ﬁ“@kyferﬁed 65 apdéof mhy 1ndependently be generally
met hyl - | Hj nde 4,7 nmet ha -1 H
G654 Yéé?%‘?f 0%6?&95“1%%6 ?rduih‘bStftuEed eyt or
amdﬁﬂmt3tdt@ft@w|suEHﬁﬂtﬂd@ﬂ SlﬁyﬁAyAmd ilh 3xddition R*" may be
is(tr ﬁeﬁ spbenzofuran - 5,6-diyl, 4-
(I%Jr‘irr?ét %H%W) Sﬁzlé}ﬁ]eo’l 2 diyl, 4-phosphinomet hyl
benzene - 1 2 diyl, 4-(2'- phenylprop 2' - yI) benzene -
2. diyl,-4_5 di thIS|I Lbenzene- 1, 2di
éiqi GBt né% J1§|¥1lyl en%engl 1, 58 ?%eferably C:mCi alkyl
4@(uﬂbmvyldlnethyIS|lyl) benzene-1, 2d|yI 4-1 -
butyl silyl -benzene-1, 2di yl,
4-(tri-t-butylsilyl)-benzene- 1, 2diyl,
44 ( 2" Theerti-doutly logr gpo2esyl| pbenzemesd, S deddim 43, wherein the
(
AR T e T b dhgmnal i iR Ry toeLyd sue
(2 ,Z-attyd; - trﬁkﬁmﬁeﬁhyl gucht dﬁnﬁyphpenlpﬁvpdﬁkylbeﬁkkMiSllyl
sﬁlchz acy y'S’lM% (Orp}ger)ytl a'a'ﬁégfﬁﬁ&{’ﬁ@”e' h%nglgi%}l’— such as 2-
4, 5-di phenyl - ferrocene - -diyl, 4-{br
]p})qﬂyéwppf@ry]oc,er@lq}_s,p@_lgp?]rky% 5-such as phosphinomethyl; or
dﬁhdsﬂ%&&ﬁg fﬁﬂfd%c%@@u é—ﬁ%ﬁnﬁﬁlun§u$§gltuted or substituted.
Yt butyl ferrocene- 1, 2- diyl, 4-(or
1 )(trlnethyIS|IyI) ferrocene 1,2 diyl, 4-(or 15
15)phﬂ§9h1f§%ﬂﬁf&ﬁ dreleasens claZmQ&yhn 4n Obrécédﬁ%g claim,
phenyl p ferrocene - 1,2 diyl, 4-
JWBQfQ&QtH§P§?FVF¥éWPo%éﬁ@HP EéFQIY EuPéF @P%Qﬁst-

6. The ligand or process as claimed in claim 5, wherein two or
more said substituents combine to form a further ring

structure.

7. The ligand or process as claimed in any of claims 1-6,
wherein the hydrocarbyl aromatic structure has from 6 up to 30

cyclic atoms.

8. The ligand or process as claimed in any of c¢laims 1-7,
wherein the hydrocarbyl aromatic structure R(Y"), is selected
from 4 and/or 5 t-alkylbenzene- 1,2-diyl, 4,5-diphenyl-benzene
-1,2-diyl, 4 and/or 5-phenyl-benzene-1,2-diyl, 4,5-di-t-butyl-
benzene- 1,2-diyl, 4 or 5-t-butylbenzene- 1,2-diyl, 2, 3, 4
and/or 5 t-alkyl- naphthalene- 8,9-diyl, 1H-inden-5,6-diyl, 1,
2 and/or 3 methyl-1H-inden-5,6-diyl, 4,7 methano -1H- indene -



butyl , methylsilyl ferrocene-1,2diyl, 4-(or 1')(t-
butyl di methyl silyl)-ferrocene-1, 2diyl, 4-(or

wa2008/060488/1 si |l yl 20 ferrocene-1, 2diyl, 4-(or PCT/GB2007/050717
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1')(tri-t-butylsilyl)-ferrocene- 1, 2diy|, 4- (or
1')(2'-tert-buty|prop-2' yl)fgrrocene-1,2 diyl, 4-(or
1')(2',2',3 ,4 ., 4 pentaneth:ﬁ pent-3'-yl)-ferrocene-
1, 2di I 4- (or

12193y | 45, 42 1Y st Aytire iy putyi2peRt - $.6-divls, 1,3

YEJ)S(ftQﬁFn@@EﬁESﬂ-Lya diyl, i¥opénzdturtdn phenyl fesrocerne;
1 2-di 25 1! 3,4 -tetranethyl ferrocene-

4—

TGPy AT $eipeninrd Gphiiy) STReFGRuRg 1 benzene -

1123dkM@1, 42{ 23¢mény5pr@@nragebhybeniémgocene 2 diyl,

4—

ent.aphen fer ne-
G5 S A o Sheeer Hs B ey 1y benzene-
b@dﬂylclalns41ei%buuyneﬁﬁefhymyﬂlny Bt are Qoabiy&ul on 4-t-

IS t. as sterlc

g%ﬁ%é%ﬁgélagé%ﬁ%%§ rgﬁgfg preferébaé tinSl gyVﬁfnzene_

200811065448 4PCT/ GB200 05034 dp- ﬂﬂ5&16en%h&rﬂjgandday1
C ascllmdln 11 wher t he

K%u§§xf feprggents {Eﬁ; fﬁ%)gs 3§ﬁﬁ§§8n éﬂi 1S
CRA( R3) 4( R6) - t@(&amephESeh‘tft@R‘ZyR&)er(m) ~qhi- b@lnzene—l,Z

4—
4—

represents erein .

ﬁgprésen% gfk Iq ggu%j%fﬂ%%%%ocgmq '%heR#:%and of > -diphenyl-
pfocessnas <l @rdeﬂ14|14amyroﬂ.¢bbwmuﬂ-Eerrocem¢mﬂ&ﬁﬂdiwhe 4,5-
gcﬁﬂa%:b?t ﬁof@l’srﬁ%]ene @R%%lﬁ ég}rgiz?{‘v\het P sRIOs B2 1,2-

) native n-assocl at ed
wilihl, t Heil prreébé&tw&m&ﬁheﬁﬁpéyy cafdborrcaneni sy form, 4-

CP %%Eﬁlgé&gﬁﬁd_10f$@£&$b&¥e Zﬁrbeas&yﬁ§ starigal 1y )

ering as t-butyl(s). I gand “or process as

(or

27—

(ﬂhﬂﬂﬂé@rpﬁ ahw lof cla&ﬁﬁoremg wher ei it vhen &ictli-c,  4-(or
Xﬂ«cﬁ%et%§1Qﬂﬂh&%r%écéﬁ@Lﬁ%ﬁﬁ&lCOngressyiaornorbornyi di—t—

, 1-norbornadienyl or adamant VI
butyl,methylsilyl ferrocene- 1 2diyl, 4-(or 1)

(t-

butyldimethylsilyl)-ferrocene-1,2diyl, 4—(or 17)t-butylsilyl-

ferrocene-1,2diyl, 4—(or 17) (tri-t-butylsilyl)-ferrocene-

1,2diyl, 4-(or 1')(2'-tert-butylprop-2'-yl)ferrocene-1,2 divyl,

4—(or 17y (2",2",3",4",4" pentamethyl-pent-3'-yl)-ferrocene-

1,2diyl, 4—-(or 17)(27,2',4',4'-tetramethyl,3’-t-butyl-pent-3/—

yl)-ferrocene-1,2 diyl, 17,2',3’-triphenyl ferrocene- 1,2-divyl,

17,2",37,47 —tetramethyl ferrocene— 1,2-diyl, 17,2",3",4"-

tetraphenyl ferrocene-— 1,2-diyl, 17,2",3",4',5"-pentamethyl

ferrocene- 1,2-diyl, or 1’,27,3’,4’,5'-pentaphenyl ferrocene-

1,2-diyl.

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_



15 13. The ligand or process as clained in any of
clainms 1-12, wherein X1 and X2 together with @ to

wakioslcisey are attached forman optionally PCT/GB2007/050717
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25

substituted 2-@-tricyclo[3.3.1.1{3, 7}]decyl group or

derivative thereof, or X1 an X2 together with @ to

20 which they are attached forma ring system of

formula la YYL RAO9 HH R54 R50 R53 R51 R52 (1{@2 14.

THe | Tifant! G rdc s &S Scledi mediidany 6 YclHi aims 1-10

Lﬂ&361nmh§M£l@rggpandXX4rbgg@§@ﬁ&sWCRhIgﬁ t9, WhiChrepresents
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1f 2-aicen2; phOSph+nz#gﬁdyphlﬂoﬁbihjﬂhl,3,5,7—tetramethyl—6,9,10—

&SL%%%P%Hé%%n%ﬁ%lg t5£§$%¥%}ygagééégfggﬁgEhyl)—4—(or

1p§bdyk$¢2pph03ph|noﬂﬁﬁhybﬂé 3, 5, 1-t(etpaomtthiylomethyl-1,3,5, 7-

61? t%rame%' oxa-adamantyl ) - 4; (or, 17) (2° - phenyl prop-2° 15
y Stertoceéne:

17) (27~

1(@i-isse £ phospiribiomse byt -)1543 55 ( dleﬂbuiWéﬁhﬁbrrocene; 1-
1p}éds%3(})ll [ln%ﬁy adanaat yl ) 4. Jebdl1ts bty ML eLroCeng, ney1) -
phbgphmnonetwhdspblﬁoﬁeﬂhykﬂﬂéaWethyl )6, 9utdlt ricoxacadam
aa%ybls?ayiada JEORQEM%Ie%focenﬁdﬁadamantylphosphlnomethyl)

nty phi nomet

4455ﬂ|-(2ha¢ﬁény¢®ndmw@p 9ijXerrodéﬂ€OCinQrb|s(d
?9?¥§R%¥EBH£EHHHHN§Q?tle) 4- (&!adamantylphosphlnomethyl) 4— (o

phenyl prop-2"-yl) ferrocen

e,

20 (di-

-2

(2-

1-

t_

11 2- %ﬁs@éﬁﬂahaﬁﬁh@yrphbsphlnoﬁ%ﬁh?F?ﬂﬁr5 (di-t- butyl})(di-t-

f&)&rﬁqo%eth;m&n&lh§MLzadarmnt Y4 pheshht

ferrocéne; 1- (P, P adamant

pfﬁﬂgﬁmbﬁéﬁ'bf hyl jerzocgnet - but yl phicSphi

dtdﬁééam%gtQtﬁﬂﬁgﬁwﬁggmgthQE)j4ﬂ’ pecengy Qut&ﬁp f%rrocene, 1,

adamant yl ,

phosphiP 6%%%%@%/@6% - bty reRbEptHi r?or%@fh§/+<)xa¢r(16wclo—
radamantytsocene;

t - but vyl
ph'o?lsj‘&)sfisﬁéﬁ%]ﬁ?ﬁﬂ})i-n?m(aaw%‘-]blf’tq?rﬁﬁé%%tmynlﬁﬁe?hW) 4.5 (di
irlbiéia)tE)LEﬁéI&C{e’Jlgi. 11: (£ PR d@@?ﬂﬁnl—ﬂor tt b)U(tZ)/"—phenylprop—Z r—

113 (R2'1-. 1pheny] reny 24; yl ) ferr goepgendrpdR-P

hosphlnoneth I

?E%ﬁ%éﬁﬂlhoﬁe£ﬂ§l 4, 5-
é@ﬁ@&ﬂﬂﬂ ¥4ngmethyl -2-

2—

30 , ,
ZY%dl-t q%ﬁggpﬁﬁ%sphihbﬁ%?ﬂ§ﬁ%:Qﬁ%%ﬂhlnomethyl—l,3,5—tr1methyl—
15 )4, lbutyh & eft0icene - 13 3.1.1[3. 7]}decyl) 4 5-(di-t-butyl)

deﬁ%ﬁgsghlnoneahglbls 2- phostgigéggﬁh

trioxatricyclo-{3.3.1.1[3.7]}decyl)

—4—

IR

1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo—

{3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)-4,5-

phenylprop-2'-yl) ferrocene;

1-

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

16,9, 10-trioxa-a, o

(or 1")t-butyl ferrocene;

di-(2'-

(di-t-

(2-phosphinomethyl-1,3,5-

butylphosphinomethyl)-4-(or 1') (2'-phenylprop-2'-yl) ferrocene;

1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo—

{3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)-4,5-

butyl) ferrocene;

trioxatricyclo-{3.3.1.1[3.7]}decyl)-2-

(di-t-

(di-t-

1-(2-phosphinomethyl-1,3,5-trimethyl-6,9,10-



- 2 - (di-t-butyl phosphi nonet hyl ) 4, 5-
i -(2' -phenyl prop-2'- yl)ferrocene; 1-

w@ 2e0plaemphi nonmet hyl -1, 3,5, 7-t et r anet hyl - PCT/GB2007/050717
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6,9, 10-tri oxa-adamantyl) - 2 -
(di-t-butylphosphinonethyl)-4u%5 (or

1')(2' - phenylprop 2'-yl) ferrocene; 1-

(2- phosphi nonet

RS el PiRAy 1) 630000 ¢ 1 7 Okeatitant yfgrmoognes 1= (2

(ﬁﬂoé@ﬂ%ﬁbﬁ@@ﬁﬁ@@5@48 E%Eﬁéﬂﬂyiog/@EQYk%iolaérlcyclo—
butylphos hi nonet h é4 5-(di-t-but ferrocene; .
phospHi- done {hiteoy 13 -8 Ftastraney hgnfﬁsefl?ﬁr]o?xé éa&ﬁn (2

amkyhmprog 2 {ydi)- t - Eékyb@ﬁﬂﬁphlnOnBLhyLﬁhébﬁhﬂhomethyl 1,3,5-

f

(Sl ol Ry o st 5L bt hyl 678 465 6a- a
d&ﬂﬁﬂtybﬁt§lpﬁbsﬁhﬁh&daﬂﬁﬁlyMBNOSphIn0mEthy1ﬁﬂén§iprop 2'-y1)
di-(2'-ph I f
5By nomat ol - -§he-Shl RFaRSE ry1 2o g rfpethyl-6, 5, 10-
ttﬁxn@mtadameumjma-821(@[3d&ﬂ®%hyﬂphbsphlnonethyl) 4-(or

%%?daﬁgggﬁ ED%miyég%g %rro?gl b —-butyl) ferrocene; 1-(2-
tEﬂdSphahhmbtﬁyI}llav5Ftrmmﬁuhyaﬁén9ylg trd ok@tricyclo-
§gér %d%”%EEV%PPogeSC%H' yOMel ] e 21 Sl s b RUEY A1) 4 (or 17 -

rocen
ﬂhﬂ&ﬁhlfﬁﬂnﬂﬁﬁybvl 3} & -pitepeaiietdnyl (26p80 digh tromex ay &dam, 5, 7

@ﬂ%%k%e%h dé@9%&@@?¥£%€%¥¥@?c@8?§??XLME@i9?¥—decy1)—4,5— di-

ferroce
( &4 “tehsovyPphrosighivaomet hyfoczne; 1,2-bis-perfluoro(2-
dﬁ&@%@%%éﬂmosip'@' @0'7“%;& hictfy D6,
phenylprop-2"~-yl errocene 1 (d| 15

bwmxgﬁésghﬂm{r%ﬁhw $12-7]1}decyl)-4-(or 1') (2’ -phenylprop-2'-

(QiadQQﬁQ%XEQQOSDh'ﬁQﬁEﬁE¥b%r€I&é¥b 2-phosphinomethyl-1,3,5, 7-
phenyl pr op- 2 -yl) ferrocene 1-(d|-t-

bEﬂ%Hﬁﬂ@é@@ﬁT@wﬁnﬁphyF Omatricyclo{3.3.1.1[3.7]}-decyl)-4,5-(di-

(&ﬂﬁﬂyyiﬁntfb999§£ﬁu nOWEthyh)24bf% FQQEIEoﬁgazuﬁhosphlnomethyl—
ferrocene; 1-(di-t- but @hos phi nonet hyl ) -

(%%&aﬁaﬁ???%ﬁéﬁﬁ Aofret ;Hf)l%a%%%@l)q”bét%/l ltdecyl) -
f@f&ﬁceqe t1p2t 20 ferrocene, blS— (2-phosphinomethyl-
bi s( phos hlnoneth -1 trlnetqy ,9,10-trioxatri
c]ycﬁ o~ r8egral tf[%@?fﬂé&%}#)ylzl B9
di r {&atRheRyl prop-.2'. 1yk)7fxaéb9@¢ne,5 di-(2'-phenylprop-2'-yl)
1, 2- b|s§2 phosphi nonet h 1, 3, 5- trlneth% 79 10-
LYY ORSEPPEy el 6-183. € %@S?ﬁl} pS 7-tetra(trifluoro-
Lmé&ﬁyl pheayi¢Hﬂﬁ1®%atr¥&9cﬂb&8rGCEHEE3 7]}decyl) 4—(or 17)(2'-
bi.s(2- pg i no 3, 5- y
6p}be“1‘:’dp PPo r cy 6r€ e%el 1[357% yl)&4p§°€8{‘l?°%ethyl‘
utyd,)5, 7-tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-(di-t-butyl) ferrocene;
1,2-bis- (2-phosphinomethyl-1,3,5, 7-tetra(trifluoro-methyl) -
6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)—-4-(or 17)t-butyl
ferrocene 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

representing Q; and Q,.



ferrocene;
1, 2- bi s(2-phosphi nonet hyl -1, 3, 5-tri net hyl -6, 9, 10-

W@ eoosnet4ns cycl o- {3. 3. 1. 1[ 3. 7] } decyl ) -4- (or 1')RCDHGBI07/050717
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ferrocene;

1- (2- phosphi normet hyl -1, 3, 5-trjnethyl -6,9, 10-trioxatric

yclo { 3. 3.

1.1[3.7]}decyl)-2-(di-t-butyl phosphi nonet hyl) -4, 5-

di-(2'- 30 phenyl prop-2'-yl) ferrocene;

1142"ﬂﬂ9%ﬁ%b@9§egQy$1§id%$51n any preceding claim, wherein the

tr|nethyl-6,9,10-tr|oxatr|cyclo-{%.3.1.1[3.7]}decxli-2

- enipat ¥ phospd HometAy| ) -pmpgpnds are ethy

Li)dAurRhenylRmeBuis Yhivigf reeshe, to 50 carbon atoms per

1- (2- phosphi nonet hyl -1, 3, 5-trinethyl -6,9, 10-trioxatric
%gcule, or mixtures thereof.

{3.3.1.1[3.7] }decyl )-2-(di -t-butyl phosphi nonet hyl )-4,5

-(di-t 35 butyl) ferrocene; , , , ,

1L 2- Piosprisrenern Hrores s s 26 ichet iyt - 62 924p- preceding claim,

tyhepatr ioyc! 8- Bleditall 3. Thhdeeydded2- {Bhpdur® are selected

2008/ 065448 PCT/ GB2007/ 050717 126

bt pROSpht Hbitet AT 4- (0PCEEY 1S But yPEPRY T oEéY tene, 1,3~

Isft2diene, ethylene, propylene, butylene, isobutylene,

phosphi nonet h I-1,3,515rinetgﬁl-6,9 1O-trioxat[1ic%/clo-}ll .

{FF 1T 3P Y ey o e & nb§T pROYPIHnGREE hyF ) 2% Y

Sedtitendatephepyphpeop- 26134 ) (@ 0g€Ner-and 3-pentenoic acid),

- (2- phosphi nonethyl -1,3,5 5 :
ity 6 80, (PT  R0E 073, VI a9ty 2T nes
-d{dicadamant yl phosphi nonet hyl ) - 4- (or
1')(2' -phenyl prop-2'-yl) ferrocene;
1- (2- phosphi nonet hyl -1, 3, 5-tri net hyl -6, 9, 10-
t 1§ oxaataatey gk o- §3:t3ml obf 3i 7dJlde byl yo@oining
(&ba%PQngylg€Q§Q%%n§?E§n%Jhb4b§_£q&i&kBH5yLﬁereof: and
ferrocene; 1-(2-
phosphi fodethyte 11,131a54dt pf netrtpyrlal6 fOrm@L riloxat ri cycl o-
{3.3.1.1[3. 7] }decyl ) - 2- (di adamant yl phosphi nonet hyl ) - 4-
(or 1')t- butyl ferrocene;
1, 2- bi®- per fl uoro(2- phosphi nonet hyl -1, 3,5, 7-
tetramethyl -6,9, 10-trioxatricyclo{3.3.1.1[3.7]}-decyl)
-4,5- di- (2'-phenyl prop-2'-yl) ferrocene;
1XR: bi s-perfluoro(2 15 //X3
phosphthonetby =135/t et ranet hyl -6, 9, 10-
tgmaiatricycloFs.s.l.l[ N7k} decyl ) - 4- (or
1 )(2'-phenyIBﬁop-2'- yl) ferrocene;
1, 2-bi s-perfl o%o(z-phosphinonethyl-1,3,5,7-
twetdamet.hyl -6, 9, 10-trioxatricycl o{3.3.1.1[ 3. 7] }-decyl)
-4,5-(di- t-butyl) ferrocene;
1, 2-bi s-perfluoro(2-phosphi nonet hyl

A and B each independently represent lower alkylene linking

enically

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 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 aromatic structure;



20
1,3,5 7-tetranethyl -6,9, 10-trioxatricycl o{3.3.1. 1] 3. 7]

WO d®8PbH48 4- (or 1')t-butyl ferrocene; 1,2-Dbis-PCT/GB2007/050717
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(2- phosphi nonet hyl -

1,3,5 7-tetra(trifluoro-net hyI2)8- 6,9, 10-
trioxatricycl0{3.3.1.1[3.7]}d%cy|)-4,5-di-(2'-pheny|pr
op-2'-yl) ferrocene; 1, 2-bis-

(2- phosphi nonethyl -1, 3,5, 7-tetra(trifluoro 25

netdndih- 603, BObbE i OXadd (s0ycl0b3. 3nd. 1FSnd] jdes)ctdrbOnas a
r 1')(2' - _phenylprop-2'-yl) ferrocene; 1,2-bis- e
Ugﬁﬁﬁospﬁﬁﬁgnéﬁhyﬁ@ms other than hydrogen such that XtY”® is
1: _34,5’ k&t g tirgl fhUokge MRt M) 6,03 %Ql'bst_ituent (s) Y* and tY"
trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-(di-t-butyl)
f@ﬁgqﬁ9§ﬁ§§ tggzt%W%l number of atoms other than hydrogen on a
(Zarhosphi-nometnyhede 3y5, 7-tetra(trifluoro-nmethyl) 30
6,9,10-trioxatricyclo{3.3.1.1[3.7] }decyl)-4-(or

1')t-butyl ferrocene or any of the above |igands
vhet el e s0f khe ety henengepeRteftepr @8eRLLOG% univalent
group A or group B is renoved so that one of the
r%%ddéétlisvéfpHBsB‘ﬁoﬁ”%saté%“ﬁn@af%n?o?%ejoeadﬁtr ECF| YTt therarbon
f &fdnocenexor aRenzengnd idig xepresent i igyegheup Mrinhus BSralent
form ng a C3 bri d%e connecting the two phosphorus,

at OnE 3 &pr &8enfi A GFCARd TR WG 2068 06548 et iary carbon
PEII(BAOCFLOBOTAch sb2d LbivaeitpbeCBSSa B tClraiimedl i s joined
a\?%/ precedi ng claim wherein the et h¥l enically el
uREAtirEt 88 EoHPomids Car BV Rt A AT EaF PO iidatr AfeiFetively
cohporndsshavi ng rem @ e 50 carnbon atons per 5

nol ecul e, or mxtures thereof. 17. The ligand or

process as clainmed in any preceding claim wherein

tdle etdhyd’eniacal liydansadartdtyed sparponndshasgh@selsectaadenic or
fgqcm a(r:let,yl ene, nethyl acetylene, propyl acetyl ene,

15'3 Bdt adi ene, et hyl ene, propyl ene, butyl ene,

| sohutopltépeallypent enesce penta@nenni tril es, al kyl

pent enoat e ch met hyl 3- ates, nt :
alg%]'dgzg(s 5%%\% 2- 3\3’5 3-tggenteﬁ%?}§g%§% 1?;% hecgfengg;gylenlcally
vimgdtugsteds soutpuasisvi apl aecetatiesfoget edesgribed and  with

d§g¥g¥gﬂ%§'t&5the 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 catalyst system according to
any preceding c¢laim wherein the 1ligands of formula I are

selected from:-—



18. A catal yst system obtai nable by conbining (a) a
metal of Goup 8 9 or 10 or a conpound thereof: and

W@ Rjosacdauglent ate | i gand of general fornula (1)PQDGBRY07/050717
X1 X3 /Q@-ARB-QL X2 X4 (YX)n wherein: 25 A and B
each i ndependently represent | Qwer al kylene Iinking
groups; R represents a hydrocarbyl aromatic structure
having at least one aromatic ring to which Q and @

nked, via the 30 respective |inking group,

on ayaj | abt & adj acent cyclic atons of the at |east one

aro g and which is substituted with one or
nor e uent(s) Yx on one or nore further aronmatic
cyclic on(s) of the aromatic structure; WO

2008/ 065448 PCT/ GB2007/ 050717 128 wherein the
substituent(s) YX on the aromatic structure has a

to BBoms ot her than hydrogen such t hat

>- 4, where n is the total nunber of

subst (s) YX and tYx 5 represents the total
nu Qns ot her than hydrogen on a particul ar
subst i t teft PRIt oUps X1, X2, X3 and X4

i ndependent |y represent uni valent radicals of up to
30 atons| having at |east one tertiary carbon 10 atom
or X1 @ and/ or X3 and X4 together form a bival ent
radi dab-"of Up to 40 atons having at least two tertiary
wherei n each said unival ent or bival ent
poined via said at |east one or two

arbon atons respectively to the respective
atom Ql or @; and 15

1,2-bis(di-tert-butylphosphinomethyl)-3,6-diphenyl-4,5-

dimethylbenzene
5
PBU',
PBU',
1,2 bis(di-tert-butyl (phosphinomethyl) -4, 5-diphenyl

10 benzene



10

QL and @ each independently represent phosphorus,
arsenic or antinony; and, optionally, a source of

W@ri081063448.9. A process for the carbonyl ati on oPCT/GB2007/050717

ethylenically 20 unsaturated conpounds as

her ei nbef ore descri bed and wt reference to the
exanpl es. 20. A novel bldentgte | i gand as herei nbefore
descri bed and with reference to the exanples. 25 21.
Aeulgvel catal yst sysPBur as herei nbefore described and
0 the exanples. 22. A bidentate
l'igand, process/or catalyst systemaccording to 30
any prece | ai mwherein the |igands of fornula I
om WO 2008/ 065448 PCT/ GB2007/ 050717

1, 2- bi s(di - tert - but yl phosphi nonmet hyl ) - 3, 6- di phenyl -

- di met hyl bggtzene 5 PBut2 PBut 2 1,2

bi s(di-tert-butyl (phosphi nonet hyl)-4, 5-di phenyl 10
benzene WO 2008/ 065448 PCT/ GB2007/ 050717 130 But 2P

PBut2 F ) 3Si
1, 2-bi s( but yl phospi nonet hyl )-1'-tri net hyl sil yl
(Me)3Si

1,2-bis(di-tert-butylphospinomethyl)-1’'-trimethylsilyl

ferrocene

Bu',P PBu',

1,2-bis(di-tert-butylphospinomethyl)-1'-tert-butyl

ferrocene



ferrocene 5 But2P PBut2 Fe 2+
1,2-bis(di-tert-butyl phospi nonethyl)-1"-tert-butyl 10

W0 200socHme WO 2008/ 065448 PCT/ GB2007/ 050717  1BAT/GB2007/050717
Si(Me)3 CPBut2 O PBut2 Si(Me)3
5, 6-bis(di-tert-butyl phosphi qﬂpthyl)-l,s-bis- 5
trinmethylsilyl-1,3-di hydroi sobenzofuran. PBut2 PBut?2

%gMPBi-tert but yl phosphi norret hyl ) - 3, 6- di phenyl

5,6-bis(di-tert-butylphosphinomethyl)-1,3-bis-

5 trimethylsilyl-1,3-dihydroisobenzofuran.

PBU',

PBUY,

10 1, 2-bis-(di-tert-butylphosphinomethyl)-3, 6—diphenyl benzene



133 ~I. PBut2 PBut?2
1,2-bis(di-tert-butyl (phosphi nonethyl))-4-trinethyl si
wQ@hkooBeesaehe 5 ~I. Si PBut2 PBu2 PCT/GB2007/050717
1, 2-bis(di-tert-butyl (phosphi nonethyl))-4-(tert-
but yl di net hyl silyl) benzene 10, ~1. PBut2 PBut2 S
1,2-bis(di-tert-butyl (phosphinonethyl))-4,5-
bis(trinethylsilyl) benzene 15 But PBut2 t PBu2 WO
2008/ 065448 PCT/ G 080217 134

benzene
(VRS Y tyl (phosphi nonet hyl))-4,5-di-tert-bu
tyl , PBU,

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

ferrocene

PBU',

PBU',

10 1,2-bis(di-tert-butyl (phosphinomethyl))-4,5-di(4’-tert

butyl phenyl) benzene



wheaogloeashyl ) benzene But

10

15

But But But PBut2 / PBut2 10
1,2-bis(di-tert-butyl (phosphi nonethyl))-4-(tri-tert-
Butte But PBut2 PBeCRGB1®7/050717
1, 2-bis(di-tert-butyl (phosphi nonethyl))-4-(tri-tert-
butyl silyl) benzene WO 2008/ 065448 PCT/ GB2007/ 050717
135 PBut2 PBu2

1, 2-bis(di-tert-butyl (phosphi nonet hyl))-4-(2'-phenyl pr
op- 2|-yl)benzene 5 PBut2 PBut?2

1,°3<b] s(di-tert-butyl (phosphi nonet hyl )) - 4- phenyl
benzetie PByt2\_PB 10

1, 2- bi s(tff sut vl (pPREphi nomret hyl )) - 3, 6- di net hyl - 4
zene WD 2008/ 065448 PCT/ GB2007/ 050717

PBU',

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

benzene
\Si
PBUY,
PBUY,

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

butyldimethylsilyl)benzene

/SI t
PBu 2
PBUY,
Tgi

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

bis(trimethylsilyl)benzene

PBUY,

PBUY,



PBut 2 PBut 2
1, 2-bis(di-tert-butyl (phosphi nonethyl))-3, 4,5, 6-

wo eisapliehyl benzene O CI PBut2 PBut, PCT/GB2007/050717

10

15

4-(1-{3,4-Bi s-[(di -tent-butyl-phosphanyl) - et hyl ] - phen
yl}-1-met hyl -ethyl) - benzoyl tj%l ori de WD 2008/ 065448
PCT/ GB2007/ 050717 137 0 C PBut2 PBu2
1, 2-bis(di-tert-butyl (phosphi nonet hyl)-4-(4"-
chl orocar bonyl - phenyl ) benzene 5 P PBut2 PBut?2
2 L))54
(haopht homot iyl ) bohs e PRut S Py 2 h tere-buty
beabesé¢di -tert - butyl (phosphi nonmet hyl ))-4-(2' -
napht hyl prop-2'-yl) benzene 15 WO 2008/ 065448
PCT/ GB2007/ 050717 138 PBut2 PBut2
Bu'
PBU',

PBUY,
BU!

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

benzene
BU!
Bu!
Bu!
PBUY,
PBUY,

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

Bu!
BUI\ |
Si
Bul—™"
4 PBUY

PBUY,

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



PBut2 B ut2 P
1,2-bis(di-tert-butyl (phosphi nonethyl))-4-(3",4"'-bis(d

WO 2008063449 ut yI ( phosphi nonet hyl ) ) phenyl ) benzenkCHEGBBWIAS0717
PBut2 PBut2 PBut?2
1, 2-bi s(di-tert-butyl (phosphinanmethyl))-3-(2",3"-bis(d
i tert-butyl(phosphinonethylf)phenyl) benzene 10

But 2P PBut2 But2P \ _PBUt 2 WD 2008/ 065448
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1,2-bis(di-tert-butyl (phosphinomethyl))-4-tertbutyl-5-(2'-
tertbutyl-4’,5"'-bis(di-tert-

butvyl (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 Q7 group phosphorus 1is
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 X’
together form together with the phosphorus a 2-phospha-
tricyclo[3.3.1.1{3,7} decyl group such as Z2-phospha-
1,3,5, 7-tetramethyl-6,9, 10-trioxadamantyl or 2-phospha-
1,3,5-trimethyl-6,9, 10-trioxadamantyl; 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 Cs; bridge connects two
phosphorus atoms representing Q1 and Q, 1in the example

sStructures.



