10

15

20

25

30

WD 2008/ 075108 PCT/ GB2007/ 050775 1 Carbonyl ati on of
Conjugated Dienes This invention relates to the

Wepomydsat i on of conjugated dienes. Specifi caltgB200h6s0775

invention relates to the S carbonylation of a

conj ugated diene in the presegce of an aromatic
carboxylic acid. The carbonylation of ethylenicaily

unsat urat ed conpounds using carbon nonoxide in the
presence of APEHPBRAtINN A Ger irgaled DEenes yst

system conprising a group 6, 8, 9 or 10 netal, for

exanpl e, palladium and a phosphine ligand, for
eXainpl e ial kyl rphosphene, teycloaldyly phasphene, céf Yhgated
pc[mosrphi nc, ggri?%l Phosphi ne or_ bidentate phosphi ne,

KA Yeen dRSCH B 1%’ nuidFoust E(R Bpkah paEert§sando  the
patein i @R | @ty 0psy 4 a ER A QQ5587

EP- A- 04%89472, EP- A?%lg)‘ég%,gé[zg%%zégsé%% Plence of an
EP-ORA02T4 795 P ER-1A-0499329, EP- A- 0386833,

EP- A- 0441447, FP-A-0489472, EP-A-0282142, EP-A-

0227160, EP--A-0495547 and EP- A-0495548. In

pard i catlaony 1&P: &n 02271 60ny EPh A 949554 A safbirated compounds
EP- A- 0495548 di scl ose that 20 bi dentate phosphine
I95gA17dsC pr BV d&CCaradPst T 3y dtensP R ehCe ervdbl @ hipghohol or

&ﬁ@%&jQﬁmi@i%%ﬂéﬂ@@ta§9é€¥ﬁdcoﬁ§r§EKXFiEFEEQ%§S6, 8, 9 or

bet ween the phosphorus atons are exenp
EP04958548 Lioget hermmi ¢h peltbdiymhubyd substodiiient s igand,

t sphorus. .25.W96/.19434 subsequent | ,
i srcI%%saggﬁt%haatrl é’ﬂ?fa}]rjt ipaﬂs ?‘Jﬁlredupcy O.ao]i e]ntf%ﬁloeSphme' aryl
phosphene , caompounds pavipgiap anyl bbatdgsteCOubphine, has

%r ovi de remarkably stable catal ysts which require
PR edoF ChoPed cpltenisffieAts tharoreen ofoadigets and patent

S B0 A RS LR B LRS-
di-§e06sed; &bd At-fat Sisiotit, | €FoR-0274795, EP-A-0499329, EP-A-
0386833, EP-A-0441447, EP-A-0489472, EP-A-0282142, EP-A-
0227160, EP-A-0495547 and EP-A-0495548. In particular,
EP-A-0227160, EP-A-0495547 and EP-A-0495548 disclose that
bidentate phosphine ligands provide catalyst systems which
enable high reaction rates to be achieved. C3 alkyl
bridges between the phosphorus atoms are exemplified in
EP0495548 together with tertiary butyl substituents on the
phosphorus.

WO096/19434 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 little or

no impurities are produced at high conversions.



no inmpurities are produced at high conversions. WO
2008/ 075108 PCT/ GB2007/ 050775 2 WD 01/68583 di scl oses

woab@n7Eek the sanme process as WO 96/ 19434 wheatased7/050775
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for higher al kenes and when in the presence of an
externally added aprotic solvent. 5 WD 98/42717

di scl oses a nodification to the bidentate phosphi nes

used i n EP0495548 wherein one or both phosphorus

ations) af €8 it orperabedsi ntaken 6pri orwl | yamsulpstoidagsedas WO
2- tricyclo[3.3.1. 1{3, de roup. o :
dggpggggge Y%%%eéfkgk aﬁ{cﬁuéﬁghbrg%%?gegfe¥ﬁ£ gg? or " the
1ﬁr@%@ﬁ&eab€ rapkacednhby 1hetareat apeot2cPAS 1 geaup) .

The exanples include a nunber of al koxycarbonyl ati ons

of ethene, -propene and sone higher term nal and

[ er pal fin 3/ tendsyth
DL Rl a P o Sl O BRI R gz g praereace

hawiosghine? substdtutied a&Bd4dridygeswhefethe toyge or  both
di%clo ed in W96/19434. The SUit%bkF olefin . 11
SHBSEPALES Sdi SePBSed™i el "BdE " SEVEr Al tﬁﬁgg havithg ©Pttonatty

vaniheus ¢ usebs bi-ueRisa 20 1\Wo04/1303948 1desanijbes yhothoup or
the above types of [igand bridges as useful for
123-dsutiatitene cah®bayT atnortdfd® Vigie 05F08wg30 of the carbon

d%%%%gbe%r% S%%%ﬁ%%%%.o&gﬁ%%ﬁékﬁggﬁﬁﬁmﬂh%L%Aphegrou ). The

tertiary carbon substitu S are erent from-eac
othkemp125 omndhels espectmiver phds phokusy @t opsny VW ions of
00/ 56695 rel ates to the use o%, Eobane i angs for .
dFERENETKORYEBF BONYIHLi G p P% §Flyt?ﬁm?ﬂ% pﬁgggnégternal
of,1ckenzoi c acids as a source of anions.

Hydr oxycar bonyl ation 30 is nentioned as a further
possibility but is not exenplified; it is stated in

this ¢asg-bhat thatbhE the teaching of wWo 98/42717 to
bidentate phosphines having 1, 2 substituted aryl bridges
of the type disclosed in W096/19434. The suitable olefin
substrates disclosed include several types having various

substituents.

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

on the respective phosphorus atoms.

WO 00/56695 relates to the use of phobane 1ligands for
diene alkoxycarbonylation, optionally in the presence of
benzoic acids as a source of anions. Hydroxycarbonylation
is mentioned as a further possibility but 1s not
exemplified; it 1is stated in this case that that the

carbonylation product is used as the source of anions.
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carbonyl ati on product is used as the source of anions.
WD 2008/ 075108 PCT/ GB2007/ 050775 3 Surprisingly, it

whassnowsdeen di scovered that remarkably hi glpecT/GB2007/050775

stability and/or reaction rate can be achieved with

bi dentate |igands by using a particul ar sol venL

system 5 According to a first aspect of the present

invention there 1is provided a process for the

o%krlﬁziw;ﬂﬂa’tqlo&h ot tahagorjagabed. diérecremprli giheg timnarkably
9{a£§?£E§”%n8§ g ré§yﬁ$§§‘¥%§ge9§ %hé%IJQ%ed with

and cO-reéact ant avi ng an active hydr

|bndént¢ﬂesemmmdﬁ mysuﬁMﬁﬁki@&nnmﬁuﬂamoﬁﬁhmsnn@yytem.

aromati c carboxylic acid, at catalyst system and,

optionally, a source of hydrogen, the catalyst system

oltad.nalble Ly combini nfgspé@e & netal o of s FOUPLBon® K there

10 or a conpound thereof: 15 and (b) a bidentate

| i ganed- of 1 geder al ﬁUKW@Sﬁ(Iﬁor)qtkE) ca¢bonyAat1Rn Bof a

-- Q- XX each

fﬁgngﬁgﬁ% Iélégﬁre%%%ﬁrf%h%? §Fﬁy|%ﬁsps|ﬁﬁi| pgacting said

grOURsjat2hl Rifepeesenits aaeychi edhydrioear byd strastidLctant

to which Q and Q- are linked, via the said |inking

grolpd oA &fdil bl EY%P%@ntﬂbyEP?c PEEHTEICGf $hea solvent
t r;Qu

o 58 e endent 15T Bhraesar Cdnrvarent radsa D tteLyet

lﬂyatoereoarai,on@maamm]glxat d emstironeof tleydi@ygn carlboncatalyst

or X d/or X and X9 together forma
kﬁXﬁ ChtoH% %ﬁQ%ﬁ QWP &t onms havi ng at | east WO
2008/ 075108 PCT/GBZOO7/050775 4

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

and
(b) a bidentate ligand of general formula (I)
x'(x*)- Q> = A - R- B - 0" - x*(x") (T)
wherein:

A and B each independently represent lower alkylene

linking groups;

R represents a cyclic hydrocarbyl structure to which o
and Q° are linked, via the said linking group, on
avalilable adjacent cyclic atoms of the cyclic hydrocarbyl
structure;

2

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 LorLiary carbon atons wherein each said unival ent
or bivalent radical is joined via said at | east one

wonodsy@siokertiary carbon atons respectively topth&s2007/050775
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appropriate atom Q@ or @ 5 @ and @ each

I ndependent |y represent phosphorus, arsenic or

antinony; and optionally, a sotirce or further source

of anions. 10 According to a second aspect of the

presenteritnvvent i omrbehertons phevieded e qr ocesd ﬁoﬁVﬁhent or

grboqél%tlon of a conjugaged di ene. co r|S|n 1€ . two
&5 1P r dattiGRy shf d 1 0¢hiugated® at énd twi eI‘?Scalr% % r

MpBexide yard raoeo afteast arlspchaviveg yar cacthievehydiegene atom

in the Eresence of a solvent 15 system conprising a

chb@&y /c acid, a catalysL system and, optionally, a

source of hydrogen, the catal yst system obtainable by

conmbining: (a) a nmetal of Goup 8 9 or 10 or a

cohpeunndot heaebf ind2peaddn by aepmdeehat@hbsganduet arsenic

general formula

)
(P)t 2% 1{REY i ﬁ‘n% O%ird O%éﬁ&é/h ian&é?ﬁéfr?&er?trl )fg\f&ﬂo‘l%s %r?t rce of

| gwernal kyl ene [inking groups; 30 R represents a
cyclic hydrocarbyl structure to which Q and @ are
Iinked via the said |linking group, on avail able

2RSS g6V obb S L ATE Rl DAY L DU oeptitlng tpvenion

gtnems X s XX3vanddX a i pdependentdry thpr83£muonylatlon of a

uni val ent radicals of up to 30 atons haV|n% at | east .

oﬁgnjugated, diene comprising the steps f reacting 3said
conjugated diene with carbon monoxide and a co-reactant
having an active hydrogen in the presence of a solvent
system comprising a carboxylic acid, a catalyst system

and, optionally, a source of hydrogen, the catalyst system

obtainable by combining:

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

(b) a bidentate ligand of general formula (I)
x'(x?)- 9> = A - R- B - Q' - x*(x") (1)
wherein:

A and B each independently represent lower alkylene

linking groups;

R represents a cyclic hydrocarbyl structure to which Q!
and Q° are 1linked, wvia the said 1linking group, on
available adjacent cyclic atoms of the cyclic hydrocarbyl

structure;
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tertiary carbon atomor X and X2 and/or X and X4
together 5 forma bivalent radical of up to 40 atons

whamsfgsiet | east two tertiary carbon atons Where&B2007/050775

each said univalent or bivalent radical is joined via
said at |east one or two tertiary carbon atons
respectively to the appropri ate at om Q or @; 10 Q
and Q each independently represent phosphorus,
arsenic or antinony; and, optionally, a source of

ani ons; eih thezrati© of bidentate |igand : grou
8, % ot 18K g1g{lr‘net gl & skgr eaadgr haﬁnﬁﬁP?g%ﬁBHﬁolﬁ?&esent
lun &y ontti NuedscaaCbIfOmp ito | 30 paebREr edvtiaqadd acast one
| arge. excess of ligand at,the start of the reaction

and’ then' Feeea 1ed8 thah 101q A gand:oretal apat ko together
| g an theptr eact of deQEBH'th%plk%am%'égdﬁﬁfﬁg4§%$e%@mieast
I 10 at c

a pre-determned |lower |evel ( above :

point teheldigandrban atcars behetoppedaup agaidn droivalent or
e-determ ned upper level. To. nonitor this process

E‘?ﬁe"aﬁ ngﬁ F%@é?aﬁajsbe]%]e?eeq’ m heéd Susi i |&ﬁ$)s G8fngr two

standiands @ntbdhead dgand soneentd af i on 25 bSoriate atom

determ ped using GC, again using standards. Typi cal

fee@r &t és may be approximately 1:1. Particularly

preferred is when the ratio of bidentate |igand :
group 8, 9 or 10 netal is greater than 20:1 30

(hrolaneol)’, emohe iproefreralsing, 1 30 cb (e proddghdmsd, arsenic

preferably 40:1(pe]:nol). typi cal range is greater
tHarr 10" %o afﬁgg: ,tlf%}a@)yamﬁ & PY-F 9 500-°L S WD
2008/ 075108 PCT/ GB2007/ 050775 6 For The avoi dance of

doubt, references to Goup 8 9 or 10 netals herein
SHEW Y The-hakent te PhclidenGeseps: i8jarg!l andgrdaopi At Re or 10

mRAenn Rerd it ahl g, ngenclathune,, By the term

In a continuous reaction, it is preferred to add a large
excess of ligand at the start of the reaction and then
feed a 1less than 10:1 ligand:metal ratio into the reactor
until the ligand ratio falls below a pre-determined lower
level ( above 10:1) at which point the ligand ratio can be
topped wup again to a pre-determined upper level. To
monitor this process the metal level may be determined
using ICP MS using standards and the ligand concentration
may be determined using GC, again using standards. Typical

feed rates may be approximately 1:1.

Particularly preferred is when the ratio of bidentate
ligand : group 8, 9 or 10 metal is greater than 20:1
(mol:mol), more preferably, 30:1 (mol:mol), most
preferably 40:1(mol:mol). A typical range is greater than
10:1 to 1000:1, for example 20:1 to 500:1.



"Group 8, 9 or 10" we preferably select netals such as
Ru, 5 Rh, Gs, Ir, Pt and Pd. Preferably, the netals

\Vgagmﬂﬁgﬁgcted fromRu, Pt and Pd. More preferab):p200®s0775
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netal is Pd. The ratio (v/v) of diene and co-reactant

in the feed can 10 vary between wide limts and

suitably lies in the range of ©10:1 to 1:500. The co-
reactant of the present invention may be any conpound
hagirngha a®biibenhydpagepuateomredrdeccapablte ¢froups8, 9 or 10

reacting as a nucl eophile with the di ene under
c@?é?}?i@Q§ﬁ%ﬂt§QﬁﬁﬁdTﬁ% Eﬁgﬁchplﬁﬂéh%ﬁéﬁé%?ﬁps 8, 9 and
CQpr eactapd nelel moesodhe typeeoforendustutermed. tAe term
especially advantageous co reactant is water so that

hyf@roxeaBbolylat L0 ws espdeirally peereir ¢t aiowsvern, as Ru,
2Q. ot her co:reactants are also ' nd

ageant ﬁéougréugﬁlagwgﬁcgpboxylggggé?%ﬁlg[cdﬁ%?,m%tals are
aR|DBLacdorf rah &t Nept aahhi @ld,. orM@r<eopbenatrebhy, the metal
thereof. Tf the co- reactant is water, the product

obfaFfAed will be an wunsaturated carboxylic acid. In

the case of carboxylic 25 acids the product is an

unsat urated anhydride. For an al cohol co reactant,

t Meepreduct of/theotadbonyl amidorrd-seamiagst ey the feed can

Simlarl t he use qf. _ammoni a (N [ pri mar r
35a§§c%ﬁ§gﬁﬁnaﬁﬁ§§ %fﬁﬁﬁsoﬁnﬁ %Vg%éﬁ%f %ﬁ%ﬁ g?b Jgérgﬁge ot
ampde, toandsbhe use of a thiol R81SH will produce a
thioester. In the above-defined coreactants, R81 R'2

and/ or R8" represent alkyl, alkenyl or aryl groups

o . .
g@#%cggg%7ﬁggggggg§tb%Ut@hevm%299§h97§%g%ntlon may be any

or may be 'substituted by one or
nmopeprsubst i tareins selrecbebe fvomdgalno, acgmno,angl t gapable of

S DLARCE LT O N DE LTI
conditions. The chemical nature of the co-reactant
determines the type of product formed. An especially
advantageous co reactant is water o) that
hydroxcarbonylation 1is especially preferred. However,
other co-reactants are also possible and may be
advantageous such as a carboxylic acid, alcohol, ammonia
or an amine, a thiol, or a combination thereof. If the co-
reactant 1is water, the product obtained will Dbe an
unsaturated carboxylic acid. In the case of carboxylic
acids the product 1is an unsaturated anhydride. For an

alcohol co reactant, the product of the carbonylation is

an ester.

Similarly, the wuse of ammonia (NH3) or a primary or
secondary amine R®'NH, or RPR®NH will produce an amide,
and the use of a thiol R%'SH will produce a thiocester. In
the above-defined coreactants, rR®' R®? and/or R¥ represent

alkyl, alkenyl or aryl groups which may be unsubstituted
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wherein Rio Rare defined herein, and/or be 5
interrupted by one or nore oxygen or sul phur atons, or

wWhyoossrjioano or di al kyl silcon groups. |f amore@r@82007/050775

am nes arc enployed, a small portion of co- reactants

will react with acid present in the reaction to 10
forman anide and water. Therefore, in the case of

amoni a or am ne-co-reactants, water is present.

F‘P%fréfrl.‘ab@@/ @W@St—:?atlbb@@lbxc @cd docomoeacfsalmsthawsemhe selected

s f carbon .6l ene reactant,
us one gfae:r%r’ed] atrﬁorfeaé% eg%T 92 OtKom £ ¢ OR*,
m23ﬁ6"‘rec e:\fRénaaél y shéyi ng(cly 456°8 @@gbpnz7@mrrsa§ef or Het,

| ecu] e, an9d di am ne co reactants - having 2

g@?eer%]rréf efabl yt2 t & 20 %ecard:ﬁﬁ%%tdorrshﬁéelml ecuiddor  be

The- A esdal, D8 EYELT forePBLLENCIIC c AL S acons, or by

saturated or unsaturated |nc u |ng ar orma cL) ’

Uisibs | @utceich Iory lsublstdrt uiredidyy. one or nore

substituents selected from hal o, cyano, nitro, OR 9,

0C(0)R22, C(O)R ~, C(O)OR2', NRI$R24, C(0)NR2bRLS,

SRL%%YG(EO)CSR%OUM@§)ENRZi®prQy@I,y|a ahkyl ,pdetion of co-
in R9 R are as defined herein and/or be

.n@t C?Er d“b]yl ohe?or WobR afpfePeraBry Iésshenarpaction to

total OfaA)AQ%Mﬂﬁn@nﬂit%gggﬁ S phpL e STl conatope, . ¢
or by silano or dialkyi silicon groups or m xtures

tHEFBOIA 307 Fie tehicol— reoateadtsant s weerebe scycldsent .

part-cyclic, acylic, saturated or

unsat ur aLed(i ncl uding aromatic), wunsubstituted or

substituted by one or nore substituents WO 2008/ 075108

PCT/ GB /050775 8 sel ected from hal o, cyano, nitro,
%O/) xylGC( (BC@QZ'CO Nﬁgcpq@n(ao)has the same

NW,O S : o . S 7 ryl [k ln
Het , V\/nerfel%ﬁgrlfk2)|({§I gag) Rrr:%(F)e%aSrecg (aes)d& ?én%%hgraglty P13 e

Preferred amine co-reactants have from 1 to 22, more
preferably having 1 to 8 carbon atoms per molecule, and
diamine co-reactants - having 2-22, more preferably 2 to

10 carbon atoms per molecule. The amines can Dbe cyclic,

part-cyclic, acylic, saturated or unsaturated (including

aromatic), unsubstituted or substituted by one or more
substituents selected from halo, cyano, nitro, OR”,
OC(O)R*",  C(O)R?', C(0)OR*, NR™R?®, C(0)NR*R?, SR??,

C(0)SR, C(S)NR?'R?®, aryl, alkyl, Het, wherein RY® to R3°
are as defined herein and/or be interrupted by one or more
(preferably less than a total of 4) oxygen, nitrogen,
sulphurﬁ silicon atoms or by silano or dialkyl silicon

groups or mixtures thereof

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

unsubstituted or substituted by one or more substituents



and/or be interrupted by one or nore (preferably |ess
than 5 a total of 4) oxygen, nitrogen, sul phur,

\Vébhﬁﬁﬁgu@tons or by silano or dialkyl silicopc@/c@40§/050775
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or mxtures thereof. Preferred thiol co-reactants are
aliphatic thiols wth 1 to 22, nore preferably with 1

to 8 carbon atons per nolecul®&, and aliphatic

dithiols with 2-22, nore 10 preferably 2 to 8 carbon
atemrecper ni@cuhelo) f cgacosr edctant koYl da @At W ChO)Rzl
the acid, servin Z4as source of anigps, then the amu

of (Ph&Raci d o FESEENR shoutiBd be CHOsEh sudﬁ(S MR 72"

that,,a %MhﬁﬂblQﬂﬁﬁnuﬁﬁe§é145RﬁTQ%>qudaké Q%e%%Qﬁned herein
Generally, "a’large surplus of acid over the

cendéact ant iing epreférededydwec ot orenharcderably less than

rea tio e 20 As nentj oned abov the present
%ﬁi gn g%dgﬁd%s %?nbroc%s%g?of FH arbony Af10n 25£Ms ©°F

eb@ykﬁflé}ﬁﬂ | yr uasat uyat ed 1 iceFPOUNELEONPF | SiiRGures thereof
contactin%_an ethylenically wunsaturated conpound w
cErpérrimeRoXi e andoar eact bt aRe. aﬁﬁéf@&%a*‘el%ﬂa%%s glth 1

prt%f fﬁ?b' %o%esogfgﬁe%%%é hydnoxy! grteupss %%%o%s atoms per

, as nentioned ove, or an alkanol in
pm@éen@éeof aanataIWSIpm@mpbundha$udéﬁlnedlthn t$m22 more

t 5 th hydr oxyl
OPEaRe Pl et ol C36°0PgARP I Bt SO S RAYTHG N

hydroxyl functional group. Preferably, the organic
nol ecul e having a hydro %% functi onal Eroup (y be
br&nchedCor SRICREAN, mpeP&Es Widrh aFkanciGid serving as

D00 675105 PCr) A2007650778° & Sl'kanol 5. Wkt oh iy T

beeaptb@makﬂynﬁubsm@tuhedemnth@neﬁuﬂ: apgeitable amount of
bstituents. selected fr n1a|k

Het, hal ,
SIBEG A oS CRT6SStE O TRBE L (O RTST PP a0t acid

Ngvaglthe co-reactant 1is preferred due to the enhanced -

reaction rates.

As mentioned above, the present invention provides a
process for the carbonylation of ethylenically unsaturated
compound comprising contacting an ethylenically
unsaturated compound with carbon monoxide and a co-
reactant. The co-reactant 1is preferably a source of
hydroxyl groups such as water , as mentioned above, 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 linear, and comprises

an alkanol, particularly a C;-Csp alkanol, including aryl



10

15

20

25

30

C(0) NRRhR'~, C(S) R'R, ,SR29 or C (0) SR-0 as
defined herein. 5 Highly preferred al kanols are C1 C9

woadohksomsk® such as nolLhanol, ethanol., propanelcr/gB2007/050775
i so- propanol, iso-butanol, t- hutyl alcohol,
n- but anol , phenol and chlorocapryl al cohol . Al t hough

t he nnnoalkanols are nost prePerred pol y- al kanoi s,
preferably, selected fromdi-octa cis such as 10
dildlagio ltsri oflsiclt tan- b@soahdosagévs sy taltsbedewith one or

| Typ [ | k | | d
S 55 RLAEL! Yo MOl NGl 2rs GELeELed hane,
];y%,nfb butanetor, i obR19 2. (Caydn exy metdyd )R21 3 @r@m@dl ONR?’R?*,

1,2 i hydr oxyh e, ntaerythritpl, 1,1,1
5%“% E%%yné%ﬁ5f§é§%anéﬂ{%aﬁﬁo§ﬁ f@ﬁsoﬁ5a§§flﬂed herein.

gﬁlg%cllyos%r@%rqte@er s Prgier rCedC g@f]f"anc%lrkclusg? as

sucrose, fructose an g ucose. Espe0|a ly preferre

aieltéirwiosl,areeihmtdianqircmadmelt,hamﬂ prieamost 1gr-eferared, t-
20 The .anp cohol is .not

%J |c§ﬂ' égﬁérg{ ' Huntd® %Qgﬂgédg?%Pﬁﬁ&ﬂﬁﬁy%ﬁalCOhOl

mawmmm ofe Subshéat 401 be ~ear baaykat %Qef-@i%%dLhe poly-
al cohol may serve as the reaction solvent as well

AKRERGS,, | Proestlely, sepdeatedsof vant §i @ﬁyaal@gs beuch as
. | | .
g?%?h 5crl olvg t@cergp@fsecé%egu%g]?& BE? %I’l%op b%b;{ﬁilhlelsed.

reactlon is determ ned a east
§@@n¢@ldw, abh&holpuS@dlkEmolsnshaeceseMSeteﬁ netdanol, 2-

duces the _ correspondin I nversel :
§ BFEWter 30° Pt'0 é éﬁy E¥8§ idlﬁg a§|d§lta3%tr101
ACQordirglyhe thRa ) -iNvent ﬂ&ﬁxﬂdeﬁ_@zQOﬁMEWl ,
of aggin y?ﬁé I§?ouF 6%%'C1 C3 ‘al kyl" or é?ffﬂﬁﬁgvﬂéxane
p@@@)ﬂ@ﬂ}/é@rré@ ‘hel &t hyltém ealdrpxynsatyrlakcgdabend. nafDose,

%%Q%k@%@10§af§%€8§@00?&95%%%%r 1ngars. Preferred sugars

include sucrose, fructose and glucose. Especially
preferred alkanols are methanol and ethanol. The most

preferred alkanol is methanol.

The amount of alcohol is not critical. Generally, amounts
are used 1in excess of the amount of substrate to be
carbonylated. Thus the alcohol may serve as the reaction
solvent as well, although, if desired, separate solvents

may also be used.

It will Dbe 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, wuse of water
produces the corresponding acids. Accordingly, the

invention provides a convenient way of adding the group -
C(0)0O Ci-Cs0 alkyl or aryl or -C(O)OH across the
ethylenically unsaturated bond.
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doubl e bonds in the nolecule. By conjugation is neant

whdbssBes | ocation of the 7c-orbital is such tpgicaborns50775
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can overlap 5 other orbitals in the nolecule. Thus,

the effects of conpounds with at | east two conjugated
doubl e bonds are often differdnt in several ways from
those of conpounds wth no conjugated bonds. 10 The

conj ugated diene preferably is a conjugated di ene

having from4 to 22, nDre,RreferabI from4 to 10
c%‘dﬁ*gaéte@nsdlp%?e%%%ﬁé. Tre fughted “arenetan double
beorsibsti t uhed witdone ogy meeatynthen substiiyentsar the
selected fromaryl, alkyl, hetero (preferably

oxXypgeart)onHedf Rdleo, 7eyanipitab naist rpich ORLOL -IAC( OpR Bverlap

:gﬁé%?r Rzefa)lgg.l,(so)lrgét(%ej ] wgu%‘}.’ o;fhg%g)_.l\l&%)e?ee]%%ects of

REYmpRulldar eviaish deki nectk er ewd @onforasdbstddwus e, bonds are
Most preferably, the conjugated diene is selected from
cOhjtEgat et Peritddi éResSe UM ugat bt RéRadi Hese ©$0 compounds
cygl-epent adi-eng and ¢yclehexadi ene all of which may be
substituted as set oulL above or unsubstituted.

Especially preferred are 1, 3-butadi ene and

2-net hyl -f, >- but.adi ene and st _especially preferre :

R on RlBUFP i ed o5 DR gy Dethe yerbGi th diene
average skidd 4 ntéhezar imomel lpddsretrhery riead se tbatto carbon
the process of the present invention can also be used

t 8t epareSEar BBAAGE rono TG dsSC@nhtl Bt ar bekyiiec can ~ be
diagjsds « ;Capboxyly ¢, pong;acids aﬂﬁ/t%rcasr&%xgbgmts selected
di acids 30 are prepared by reacting conjugated di enes

wiftthm carblon a lirghoxhefeerand pusit agaiwat exyasna, hadr.oxypllo, cyano,
g cont giAi ng _ und. _ this ce he /522, p2e _
c%?gg%ylat?%n'progggyﬁgife; %@?5%68/0%§§B§& ’ NIRTIRE
PCTP@BIOTR 0507#5°, -C(0)SR*® , ~C(S)N(R*)R* or -CF: wherein R

-~ R*® are as defined herein or non-substituted. Most
preferably, the conjugated diene is selected from
conjugated pentadienes, conjugated hexadienes,

cyclopentadiene and cyclohexadiene all of which may be
substituted as set out above or unsubstituted. Especially
preferred are 1,3-butadiene and 2-methyl-1,3-butadiene
and most especially preferred 1is non-substituted 1,3-

butadiene.

The person with average skill in the art will further
realise that the process of the present invention can also
be used to prepare carboxylic mono-acids and/or carboxylic
diacids. Carboxylic nwno~acidsvand/or carboxylic diacids
are prepared by reacting conjugated dienes with carbon
monoxide and using water as a hydroxyl group containing

compound. In this case, the carbonylation product, i.e.



10

15

20

25

30

11 the carboxylic acid or di- acid can be used as an
addi tional source of anions. 5 The aromatic carboxylic

wacid/ousegl i n the carbonylation reaction SUChP@ﬁG§2007/050775

hydroxycarbonyl ation reaction is preferably any

optional Iy substituted C1-C3. aromatic conpound such

as those based on phenyl, napthyl, cyclopentadi enyl

ani on(s), indenyl, pyridinyl, and 10 pyrollyl groups
ahbehav$hgoayll@as$Cbme<marbeyIkﬂﬁﬁtl@angr?@p gﬁed as an
associated with the aromatic ring, nore preferably
a%ggt%léﬁa%J%O%f%ﬁa?fca%bﬁ%%und having at |east one
carboxylic acid group. The pKa of the acid is

preferably greater than about 2 neasured in dilute

aqueous solution 15 at 18C. The pKa is preferably |ess

t in djil.ute agueous | uLi oij at ,
12%? %%?gkﬁgégg?ggﬁ§gyﬂ%§sEﬂ%ﬁ%nu gHTh%nc ox???%onylatlon
ackacigroup seahs asCOGP gryolm-anthAdurs, ey 020 heiction  is

h ' tly to a cyclic ring atom of the ’
:#%éiﬁf%&fQ{ﬁ%nBﬁtO%ﬁﬁoﬁﬁééybeféﬁgﬁéﬁéﬂf¥b dn—&sor #Bomatic

cesmeRut® thecnring neresprefierably ghthey attached .\
to an a carboﬁ or directfy to the ring, E%éig; apthy

pref Rl iadgrseheceioect) y  tonddey¥i ng.pR5idheyl,  and

tic, ¢ d be substituted with one or nore '
géﬁ tEel‘V?lol ?g%ggg: aarﬁ%iy 241 0tpsT ;ﬁffStgr 8Ups;© ED&X(%Q}}C acid
gﬁnugs;aakkoX&tgﬂouﬂihSuﬂhaa§roﬁ@fi@xﬁﬂﬂb¢,nﬁﬁkboﬁyéferably

am no . groups _or halo groups such as, for exanple L',
(ﬁ?yl(ﬁgdtogOCRr.a?ﬁ@a r-6matPEPPHRE obavhedcarboxydset one
aci:thdmmy ssubstid uged,, on apy ayai lablig carbop atom o, .y
Preferably, Lhe :%orra?i c o 2058 075108 £ Plereranly
PCHAEB2007A®50ZP5ut 2 measured in dilute aqueous solution

at 18°C. The pKa is preferably less than about 6 measured

in dilute aqueous solution at 18°C, more preferably, less

than 5.

The carboxylic acid group means a -COOH group and this may
be attached directly to a cyclic ring atom of the aromatic
ring but may also be attached to an o or B carbon to the
ring, more preferably either attached to an o carbon or

directly to the ring, most preferably, attached directly
to the ring.

The aromatic compound may be substituted with one or more
of the following: alkyl groups; aryl groups; hydroxy
groups; alkoxy groups such as, for example, methoxy; amino

groups or halo groups such as, for example F, Cl, I and

Br.

The aromatic ring of the carboxylic acid may substituted

on any available carbon atom. Preferably, the aromatic
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particularly preferred are substituted aromatic

acids, including for exanple, C1 5 C4 al kyl

substituted benzoi ¢ aci ds, suéﬁ as 2,4,6- trinethyl

benzoi c acid, or 2,6-dinethy| benzoi c acid and

Ortabuiic aabdo{ 2ometdiyt behzottuaedd) 2eanp Yebenzoismitable
acid, 6 chloro-2-nethyl ol benzoi [ 4- am nobenzoi

aéFamaElEhFéFgoéyﬁ%GrSfﬁﬁéniaF&ﬁ§€l e“fo&faﬁﬁﬂ@ﬁZopéﬁﬁthOic

agi-dqg10 a%ocyam%wgdﬁ&%t 4-£¥8N0BERZILa1861¢ pAeferred

4di hydr oxybenzoi ¢, 3--nitrobenzoic acid,

ZapheﬁybbénZGKGd @ammatzctéwnﬁbutwnbémﬁmngzﬁﬂnﬁexample, Ci-
apt napt h aci d i me benzoi _

ggﬁethﬁl gﬁngge% %)n%?%gci T %§1be%§%kc gé dCZ 4,6
4tByﬁé@Kybeniﬁhﬁnﬁﬁlﬁclﬁ 15rfUuQ%Qhﬁﬁﬂﬂu0.ab@ﬂ201c acid and
3- propoxybenzoic acid, 3 ethoxybenzoic acid,

20pEepsybensorc Aci detPys- didsRéN Cor Gi5it6HIr ¢ Zadiidrobgenzoic
"Exﬁaxyph§”¥£?8§£'§ ﬁgtg lQEEQQz@DbS'Qa@Eﬂd MElfhinobenzoic
anisi¢ acid, 4-fert ¥ benzoi c acid

2aeuhox¢beniomo éch@drOXX@ePﬂ@ﬁ@r@bnwﬂ Qh@%@ﬂﬂhﬂﬂ&?lc acid,
c rbox§lgc aci.d is substi.tuted by onI ope graoup in
add Y FORPEB“PhE group B&afing the “carBONITE adi d.
PQ?@@&@QBYOX@B@Q&BXb groupi stlasdriddtesact e ar-@matiydbenzoic
ring of the carboxylic acid. An especially preferred
c@ﬁﬁ@und3?$QFqcﬂQﬁ¥9Qﬁﬁ%PlQ5 TRédcar FORARE NG d asedr 1~
| nbhegec {&f‘ i @spect; o E% pgsent: | puent i o @Y, A8 enzoic
any optionally substltute & conpound having,” in
adduduom,aﬁdﬂmamnyhmﬁmznmdxn@ddc échmdrgxmbpn2ﬂm¢eacid, 2-

f C t 16 d h
oﬁ ug%%58§§33% a6 ; 066%9 Rgcg%#g%h aC|§§ OXybenZOlc

p%%flﬁﬁabiypﬁé@@i%erﬁb@ﬂc aka@ﬂd 2 mé‘asdli}eldeb@lﬁtbpilenlc acid,
agueous
-meyhoxyphenylacetic acid, ortho-anisic acid, meta-anisic

acid

acid, 4-tert-butylbenzoic acid and 2-ethoxybenzoic acid,

Preferably, the aromatic carboxylic acid is substituted by
only one group in addition to the group bearing the
carboxylic acid. Preferably, an alkyl group substitutes
the aromatic ring of the carboxylic acid. An especially

preferred compound is O-toluic acid.

The carboxylic acid wused in the second aspect of the
present invention may be any optionally substituted C;-Cig
compound having, in addition, at least one carboxylic acid
group, more preferably any C; to Ci¢ compound having at
least one carboxylic acid group. The pKa of the acid is
preferably greater than about 2 measured in dilute aqueous
solution at 18°C. The pKa is preferably less than about 6

measured in dilute agueous solution at 18°C. Examples of



10

15

20

25

30

solution at 18C. The pKa is preferably |ess than about
6 neasured in dilute aqueous solution at 18C
wax@spisges of WO 2008/ 075108 PCT/ GB2007/ 050775 pckAzB2007/050775
sui tabl e carboxylic acids include: optionally
substituted C- G 2al kanoic acids such as acetic acid ,
propionic acids, butyric acits, pcntanoic acids |,
hexanoi ¢ aci ds, nonanoic acids; Cl-Cl2 al kenoic aci ds
sﬁuﬂt@bﬂqncmm%mﬁylacidsisschn&la@eacmﬁﬂubﬁﬂﬂxi substituted
tgnoi aci ds suc thacrylic acid pent enoi c

AaT o8 HERBHGT  Ho e YeplEHoic Heidls, PTdetqric acids,

asitdhir Whi £dv day abht Wher e Q@%ébbleﬂ@%aﬂdQ%a%dyds, nonanoic
branched, cyclic, part cyclic,or acyclic and apart

f%lrﬁsft HatCt heyl krayo ise 4 milder suph edSwi th dpetioric atoms such
d%gﬁynggpétl%8%3909£ gub tltut%d Mﬁt qpcﬁﬁﬁAH acid,

m)re subs ueni ,s se ect e rom ar

mﬁnﬂandmneﬁﬁnably hB%ﬂﬁﬂDG IﬂﬂLd$ahﬁmiCw@m%eﬂuﬁdcxac1ds,
~0el9, O R20, -CO)RI-, (OOR", -N(R')R2",
TG0 N p%%ﬁ%Zf ant CERIgy -{b) 8Re6°, HoGEeNERYRe5 lgnear or

1R here ne é@lg N%gﬁ§r§y€§1gegkne ﬁinan anflart  from
b ‘be

aromati c carboxyl i c acids'such’as those descri
abole. thepartdcullar | yrpeeferteed catboxytiaraciedons they be

Q@bdb39fﬁwﬂga (Hrtrghﬁ§% @gggéathgpﬁregﬁélogr ZQOFQ t?urther

carbonyl ation reaction such as a dr oxycar bonyl aLi
FEREE T brETHS t Releirat é§9@ctaﬁﬂ1rthélKYMvvehEt@rp <preferably

en bh%ﬁ;thgléat of gauiyal ents of hldentaLe
FFggndato rgy @%n 10 netal is at, least. i:1 25

ot mot ©¢ é?er&61 Rthe T (Q4Fd i sNi(ReRcess of met al

rol( bl ”FH@TGLQQPV -the) gmati 0 ot (eawirralent s, ofcr.  ynerein
blgentat@ ligand : group 8, 9 or 10 netal is greater
1, 2pt ePér alsity regr darernt haiy: 12rappelic carboxylic

%%ﬁ%%r%%b% as those described above.

A particularly preferred carboxylic acid is the acid

product of the carbonylation reaction.

In the carbonylation reaction such as
hydroxycarbonylation reaction of the first aspect of the
invention, preferably, the ratio of equivalents of
bidentate ligand to group 8, 9 or 10 metal is at least 1:1
mol/mol. Preferably, the ligand 1is in excess of metal
mol/mol. Preferably, the ratio of equivalents of
bidentate ligand : group 8, 9 or 10 metal is greater than
1:1, preferably, greater than 4:1, more preferably,
greater than 10:1.

Preferably, the solvent system comprises a carboxylic acid
as defined above (preferably an aromatic carboxylic acid)

and at least one co-solvent.



greater than 10:1. 30 Preferably, the solvent system
conprises a carboxylic acid as defined above

woRhed/&saRl y an aromatic carboxylic acid) andpakdBastosor7s
one co-solvent. WO 2008/075108 PCT/ G82007/ 050775 14
Sui tabl e co-solvents for use in the present invention
i ncl ude ketones, such as for eXanple
nmet hyl but yl ket one; ethers, such as for exanple
ammembel@wethybomhenyb et ber )yse 2,ib, 8thei oxafOnaNe invention

XFE dleth¥ et her, dinethyl 5 ether,

néP%Q' Cor FSHURGT et KA MEF)L 0% efF ARy 4 of ity LPutylketone;

dicphenyl ethew, @'H§ﬁpQ9@Mﬁﬁkb§£1f§Hiét“%é% tiﬁﬁé%&he%ther

of di- ethylene gl ycol ; oxanes, such as for exanple

dﬂeﬁaﬁetrl@§ﬁep®aneuchdﬁgﬁwmeexan@iethﬁlhybtaeetat@imethyl
hyIa neth at yI hthalate
%ufyro q?%ne but%#]éh ucth?E? f |8 Y§iT ot uran,

netlpyﬂeageeamede, dt\hmm;bpyétrmlr dane antk dumaé‘auylether of

formam de; sul foxides and sul phones, such as for

eSanplte YaERET Ry VSAphoXiaRe s di SUFhs@r oy sakpliBhe, dioxane;

sulkal-ane (gt rahydyo Sicd 1R 1de) gimethyl

> met hyl sulfol ane, di tcel%lhafmsul pelithﬁ, AP aimetnyladipate

L@EK@NerbEhZQphene Ql@edhpkld@hEﬁmﬂéKQEHdnﬂ. dutyrolactone;

ethxlsulfolan aronat c i ncl udi n

hal o .
vAFTants of°Suéh &6npo %ﬂgo >§%Eﬂ§hzeﬂé eE%Yg%%%§gmlde, N-

etneyhylbe@zemedenéylaerw dih¥yhene,r PfmerlieRs, sulfoxides and
chl orobenzene, o dichl orobenzene, mdichl orobenzene: .
aﬁﬁééﬁ@@neﬁmmw%g TD Ralo FEPTMENESs BfMeiiehl omjounidle, di-
gophexane, 1 RERLANE, 21203 b _MethyLpentane, i sonene-2, 2-
n%tﬁ$ e%g cﬁlgr?gg andscargoﬁ te?ﬁa%ﬁf%?i E%hiop Fes
edgoxbdrzoni tri Pemandylacéttonianei | e. ZalekmeﬂnatlveMyphone,

= re
t@%t%%h?% %Elopggnge anylo?edlox1 e and 2-methyl—-4-
ethylsulfolane; aromatic compounds, including halo

variants of such compounds e.g. benzene, toluene, ethyl
benzene o-xylene, m-xylene, p-xylene, chlorobenzene, o-
dichlorobenzene, m—-dichlorobenzene: alkanes, including

halo wvariants of such compounds e.g. hexane, heptane,

2,2,3~trimethylpentane, methylene chloride and carbon
tetrachloride; nitriles e.qg. benzonitrile and
acetonitrile.

Alternatively, the co-solvent can be any one or more
further carboxylic acid such as any of those carboxylic

acids mentioned above.

Very suitable are aprotic co-solvents having a dielectric
constant that is below a value of 50, more preferably 1-
30, most preferably, 1-10, especially in the range of 2 to
8, at 298 or 293K and 1 x 10°Nm“. In the context herein

, the dielectric constant for a given co-solvent is used
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further carboxylic acid such as any of those
carboxylic acids nentioned above. Very suitable are

W@ K[ogL 0- sol vents having a dielectric 30 QQﬂﬁégﬂ%meTm

that is below a value of 50, nore preferably 1-

nost preferably, 1 10, especially in the range of 2 to

8, at 298 or 293K and 1 x 10'Nm . In the context

herein the dielectric constant for a given co-sol vent

iish used WO2008/ 0Z5008gPCH CB2POZ50607H5 ke i Patls of the
' representing the ratio of the

nonerma%ngof . '
capatity’ oft a® cGRABRSER T Wit AR ts iBEtdfgE as?s dielectric

dk€|@Eérb%pa%gt&hQﬂﬁaQ§@i%ﬁﬂ%f(&ﬂﬁkﬁﬂﬂ%ﬁcﬁfgﬁngeQd@JU% for

a vacuum for dielectric. Values for the dielectric
corfshesrits of Cohmpn for gahic diledeicds icar dre thound dh common

T ence bhooks, _such as t _he ndbook of

eané%%yféﬁ%lﬂiygﬁgs,EV@Tfml eﬂ?tﬁgﬁ?rggiF§§Q&fq§%H?POkS'
Rudli daset talg anthqutdld shed byhenGREBr €sHid NERRBcs, 76"
and are usually quoted for a tenperature of about 20C

2561 i W b uPY 283715k For tisle98: | 81K, aafd published by
atyros i £ PFESSUHLRs | . bo 1 S Nni 2 nd c
readiﬁ?ﬁﬁggcoﬁﬁergggSfo %65?15 angségﬁo pthpgeg Tor a
preggsued wsi myf t Akoebnérsi anr fATt©Or siqaot edoukf 293 .15k or

lidterat ure data.for articul ar conmpound is .

2va1able, ?%Qf]eat&ffoeﬁpgk‘{)rﬁ% RISt meayP et hRHdi y* 10 Nm
neasuwrad ushagly 1beestabldrshed physdgor shemLeal atmospheric
nmet hods. Measurenent of a dielectric constant of a

PEGESY "€an USedSl | e perfeifed by Meaticous semserds, If  no

SQ%%r%%u&%ﬁﬁﬁ§E£nferQ?ega %H%ﬂﬁ%&rgy NLOPe3 %ﬂﬂ ilable,
cup-type probes, attache 5 to various neters, suéh €

aset hdselavarliabl eofisommt henayBr cekhavedilpstricl®ntsd using
LRI S LS Yogpeiy odel 17O

nodel s 850 and 870) . For consi stency

Measurement of a dielectric constant of a liguid can
easily be performed by various sensors, such as immersion
probes, flow-through probes, and cup-type probes, attached
to wvarious meters, such as those available from the
Brookhaven Instruments Corporation of Holtsville, N.Y.
(e.g., model BI-870) and the Scientifica Company of
Princeton, N.J. (e.g. models 850 and 870). For consistency
of comparison, preferably all measurements for a
particular filter system are performed at substantially
the same sample temperature, €.g9., by use of a water bath.
Generally, the measured dielectric constant of a substance
will increase at lower temperatures and decrease at higher
temperatures. The dielectric constants falling within any
ranges herein, may be determined in accordance with ASTM

D924
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use of a water bath. Generally, the measured

di el ectric constant of a substance w !l increase at

| ower tenperatures and decreasé at hi gher
tenperatures. the dielectric constants falling within

amy w3 ergngest henetra, igayichetdeierim nedi ¢ aeebhdaneeto use
with ASTM D924 WD 2008/ 075108 PCT/ GB2007/ 050775 16
HOWeVERt e inheF Be| 14360 Tas tPWHITH t 2cRAigaéiféca Model

usgo tDCleq%tc%rrm %otnl'éecaq{tell\/ﬁectterr‘ Gigenstantb @ range setting
Scientifica Model 870 Dielectric Constant Meter wth

asho200 éer arzgel.setting should be used. 5 For
exanple, the dielectric constant of nethyl-tert-butyl
ether is 4.34 (at 293 K), of dioxane is 2.21 (at 298

KFor &fxdrgliugnecins did8efati298oKkrahet bahydrofurardtsbutyl
7.5 (at  295.2 K) and of acetonitriie is 37.5 (at 298
Kethewe 190 Hied ectti é9vakles ofr eiaicste frontthe (at 298 K),

h?&dk%%(i'%e%f chem stdy ,andy phys C%eeeqhgafokﬁggsr UFR 5 (ac
e

he ‘measurenment is given. Alternat
r 86t.i20NK maynplr cceedcien ohhé rabsence 06f7. 515uan QQBOﬂi The

co .sql vent, not enerated e rea its

A ETRETIE /2 5e Gioe LaFrSol Vet ity DR ClHRE Sfnghemistry
pra%l CpBPssekveia mayel nebiderathst her eaeboxyhs€rement is
acid or 20 an alcohol. Suitable protic co-solvents

i BéVgde t he conventional protic solvents known to the
person skilled in the art, such as water, |ower

al cohol's, such as, for exanple, nethanol, ethanol and

i sapreapandlve lgnd tprd neFaction may proceed in the absence of

an aprotic co-solvent not generated by the reaction

itself.

Alternatively, a protic co-solvent may be used. The
protic co-solvent may include a further carboxylic acid or
an alcohol. Suitable protic co-solvents 1include the
conventional protic solvents known to the person skilled
in the art, such as water, lower alcohols, such as, for
example, methanol, ethanol and isopropanol, and primary
and secondary amines. Mixtures of the aprotic and protic

co-solvents may also be employed.

By protic co-solvent is meant any solvent that carries a
donatable hydrogen ion such as those attached to oxygen as
in a hydroxyl group or nitrogen as in a amine group. By
aprotic co-solvent 1is meant a type of solvent which

neither donates nor accepts protons.
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and secondary am nes. M xtures of the aprotic and
protic 25 co-solvents may al so be enployed. By protic

wo 080hient is neant any sol vent that carri esdﬁjtT(éGB2007/050775

donat abl e hydrogen ion such as those attache

oxygen as in a hydroxyl grou? or nitrogen as in a

am ne group. By 30 aprotic col$olvent is neant a type

of solvent which neither donates nor accepts protons.

VD 2008/ 075108s PCRCEB2AAT050F7 7S5 hel 7ot dséhie pheeesSon, the

acc rdinﬁ to the Eres%%} I nvention, the carbon ,
nonoxi demRBY*heS ulad it piiss ot nPBFeditPatle@mmidhluthfl with

iqer ingas sueh @snnidd 0genyo&&k bon, dh,9xi de ,qr 4a Q%bhﬁ noble
gas such as argon. 5 Hydrogen may optionally be added

t % el Eardborad @it on reaction to inprove reaction
rate. Suitable | evels of hydrogen when utilised may
be in the ratio of between 0.1 and 20% vol/vol of the

dardomamnaexivdepprobaapn ef esablagddd tv20%u0l ¢¥Obo®f1at ion
the carbon nonoxi de, nore preferably, 2- 15% vol/vol
otS 2 He Car b8n HEHOXI Ye I SRESE Opr efdrabl y 314o9ls/ollpvells of

(Hyd¥H§EH‘ﬁmﬁpxﬁ9§1i§y§rﬁ9§nbeiﬁnpg%%eQ%ﬁf§sof between 0.1
preferably present at a partial 15 pressure of
Fetdveehs 1vrl10oandf20che 16arPan poeberdbl y mdiet weenf &rably,

105 0 10' . Pa, and nost preferably, at a
S%%%?%ﬁﬂg%éggﬁr%PoFﬁ%bgﬁfggnx @Pxﬁgg’THE%ﬁbﬁﬁeﬁgﬁQQ}y' 2~
af5 % heo amoeint o 0f teeniugabad ndineRede, 20 LIPEGHAd Vap1y 3-10%
1, 3- put adi ene used in the reaction to the anount of

AR i & dPAs "B *ddaq cal and may vary bet ween

wide limts, e.g. fromO0.001:1 to 100:1 nol /nol.
Preferably, the nolar ratio of conjugated diene,

ebjsecicaln,y 1f 3pbatadi ene st emaidhoxyly coacseht sat a partial

%ﬁ%&%&ﬁ%}tgf between 1 x 10° and 20 x 10° Pa, preferably
between 2 x 10° and 10 x 10° Pa, and most preferably, at a

partial pressure of about 5 x 10° Pa.

The molar ratio of the amount of conjugated diene,
especially 1,3-butadiene used in the reaction to the
amount of carboxylic acid 1s not critical and may vary
between wide limits, e.g. from 0.001:1 to 100:1 mol/mol.
Preferably, the molar ratio of conjugated diene,
especially 1,3-butadiene to carboxylic acid is selected to
minimise the diene concentration such that it reacts
preferentially to form the corresponding acid, in the case
of 1,3-butadiene, pentenoic acids. Typically, 1in a
process of the invention, particularly a continuous
process, the molar ratio is between 1:1 and 70:1, more

preferably, 1:1 to 50:1.

The amount of the catalyst of the invention used in the

carbonylation reaction such as a hydroxycarbonylation
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reacts preferentially to formthe correspondi ng acid,
'?%5%97 se of 1, 3-butadiene, pentenoic aci d$ct/cB2007/050775
yplcaF y, in a process of the invention,

particularly a continuous process, the nolar ratio is
between 1:1 and 70:1, nore 308referably, 1:1 to

50:1. The ampunt of the catalyst of the invention used

i retle i cear bosyhati e ireactli.omGEsuthrésuBcs may be obtained,
hydr oxycar bonyl ati on WO 2008/ 075108 PCT/ GB2007/ 050775 = .
18TFEEERdN S eRotther it alt. GoSGF es it 8 iy Y metal is in
obtai ned, . pfeferabhy-whem & he,amoupt ot {GQUP 82RO diene,
10 metal 17s in the range 10-' to 10-i noles per nole

ok spenjiagdtyedldBehetadéspeci ahbye 1 Bdfidradilane, lfpfeto 1077

preferably, 10-1 to 101 5 es,, nost._preferably 10 to
1@9éeﬁnle§06 r ?ﬁﬁé@?§£l%oﬁﬁtgaﬁﬁﬁ gbeneﬁm F@fe%gﬁlyTOle ot
t ke nameurteqof a bt glent at ere¢erpound ofhd obmdhatl &0 bidentate

conjugated diene is in the range 10-' to 10-1, nore
peefepapidy of1formupglal ot 2to npspiupret@r abeye 16 6 o2 range

myles pep, mof g of gggkygfﬁggfgpagifne.1%Fefe%@bly10vpe most

;
amount of catal yst 1's suffrcient 0 produce product

aprafecactapt abllé T ate cofmer cicdklsy. pePr efetabl yf tdwenjugated

carbonylation_is carried out at tenperatures of .
o oEn B0 TEeRTON e AR Al b b LBEEt g1 gBE ficient

mpst pRibefekablyd20€ e 150Gc-ARtaespechakl yopiefenkedy .
tenperature is one chosen between 40C to 150C
Alternatively, the carbonylation can be «carried out

a r%%%%%%h§ te”Pgéat“F§§boh 15%i8§rti9ﬁ'aré¥rried out  at
advant'ageods to be abl'e to ctarry out the reaction at
r cempe20 tierperat ubet(2eG) .- Rr efer ablyc, whenroperatengbly -

a |l ow tenperature carbonyl ation, .the carbonyl ation is
C&P??edtgﬁtl%ggﬁeeanSt referably zx@c WY, atl e, An

especially preferred temperature 1is one chosen between
40°C to 150°C. Alternatively, 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 is carried out between -
30°C to 49°C, more preferably, -10°C to 45°C, still more
preferably 0°C to 45°C, most preferably 10°C to 45°C.

Especially preferred is a range of 10 to 35°C.

Preferably, the carbonylation 1is <carried out at a CO

partial pressure of between 1 x 10° N.m4-120 x 10%Lnf%

more preferably 10 x 10° N.m%-100 x 10°N.m?, most

preferably 20-90 x 10° N.m“. Especially preferred is a

5

CO partial pressure of 40 to 80 x 10°N.m™2.
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30C to 49C, nore preferably, -10C to 45C, still nore
25 preferably OC to 45C, nost preferably 10C to 45"C.

wdespeotabd y preferred is a range of 10 to 35C‘PCT/%B2 71050775

Preferably, the carhonylation is carried out at

partial pressure of between 1 x 100 N.mi-120 X

105N. ml, 30 nore preferably 40 x 10- N x 10' N. n2,

nost preferably 20 90 x I1C" Nm. Especially preferred

| Bha cye0 partydtopressure ofcébdr-¢ onBleix HONmRdse W may be
2008/ 075108 PCT/ GR2007/050775 19 The cyclic ’
Hydr6tar byl "8 aEPlre  Ghi ¢H RS epFedahts may bepn-aromatic,
afi@mL i Cpingn- aremath€, JAxed arqmatic andy o unpridged,
non-aromatic, nono bi-, tri "or polycyclic, bridged or
Ut s tdiged; ed stibsti suhed tort athsubstittatebtord by onhe or more
[ y one.or, .nore 5 heler to with the
p%t\e/é.é%p%ﬁg?gt hglf%rélj oIty o UtRe G il t 9AdOfisY of the
norel thanthakf) (i theestrmgt uneiane igarhen. sThecture are
avai l abl e adjacent cyclic atons to which the Q and

Gt Bivs af'e” | PRReHIPOSf 8FARBARE 6V CAEC| @asmsone which the
kfngﬁxih@s 5*@@St9r@hughﬁﬁﬂf.gi.?Bgm a,EQW§Ea%§ %%ast one
immedi ately l[inked via the |inking group nmay itself be
aninr omtic orimon-twoneltichrihge Waen 4@ r@hg dtoms  are

' the. Q..and p2 atons are directly attached via
Wﬁ%lnﬁ%enlﬁl lglrnz)]{uepcpi\él%othf-l%lrg)ﬁ"ﬁgilgf3 dhy Puftier Fisds Pe an
iar candiiey eld Gyon-tad gyl iicc xOm POl YEG] 1thStrUE We B&th the
be aromati,c or non 15 aromatic or a comnbi nation o
ther®dt . Si MRty 2rfhed i £ABC LY - k- clvithet® ahihking
grcﬁﬁpn§saﬁ%nng%ﬁgE§E?|%nuﬂtkﬁgpﬁgrvkﬁrkgﬁ Jﬁnglrgﬁcyclic,
group is aromatic, any further rings inthe _
Fydicosdrilsy lorstpalct ar @l imays beuoonsar oamat be @t om@tarAtdrC non-
o e LR Lo S e o pRoFeSE TP TSV SO cne
t'ypes of bri dgi ng’ gt otip ’ ’

ring to which the Q' and Q% atoms are immmediately

ot

attached wvia the linking group is aromatic, any further
rings in the hydrocarbyl structure may be non-aromatic or

aromatic or a combination thereof.

For simplicity, these two types of bridging group R will
be referred to as an aromatic bridged cyclic hydrocarbyl
structure or a non-aromatic bridged cyclic hydrocarbyl
structure irrespective of the nature of any further rings
joined to the at least one ring to which the Q' and 0’

atoms are linked via the linking groups directly.

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

from the structure on the same side thereof.
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nature of any further rings 25 joined to the at | east
one ring to which the QL and @2 atons are |inked via
the linking groups directly. PR non-aromatic bridged
cyclic hydrocarbyl structure which is substituted by
AraateBudty., adjlacenhopeoesidiaans orpriilgeat logastc 30@ydnecarbyl
non-aromati.c ri referably,, has a.cis- confornmation
mf?ﬁu?%gﬁ%c?a?oggﬁg % ﬁﬁdQ gp.i §?ﬁfu§ﬁ€?sf.g?ri gﬁaferably
Bfext eAduaway 1§ romltihe asbrect uoet qrdfheadanetrei de up to 12
thereof. W 2008/ 075108 PCT/ 20Q7/ 050775 0
PPar 6 bl hehort AR GRRET ¢ JorTagud Rych ¢ Fooms and may be
hydrnocarlbyd ost pattance ibas Theomy3ldp tagoB86 owel ik carbon or
akgp’gfo,rm\[ﬂ’?e ri%f qe%@r%ncég O{% éjlloertoo h]esfe(i}{(:lakg ? 9&?@11068 to
nost preferably from4 up to 1 cyclic atons an
espériat/| yosyga 8anyitd cnatiorenandywayabéy b frbaoepepgomatic
05r98$&§y AGr Ebg &%ﬁk&% QEPU 1H§yhgg g?&?Qﬁl&ItO 30 cyclic
het er 0, erein references to hetero herein are
r efeb@ncesotd Bl phewe foxypden fand/ or Wi trogeh, cyclic carbon
TXQB&@Jlﬂbsé'ﬁ%e@@?é@f§"¥gdﬂ:3 Qﬁ'gge9208§&ifé carbon atoms and
hydr ocar byl structure has from2 up to 30 cyclic _
carponidltlonsd horé preférabRyPeR oft Inup Ty 188 cpereeyclic or
C@Bb?@‘yé‘-lcicatm’mi@sér prﬁ%ﬁ eﬁ@fp! ¥e f Eﬁ’f@e&dﬁﬁeﬁo b]_yz one or more
C£C|IC carbon atonms and ‘especially 3 to 8 cyclic _
carbof oS- nelyPhed ibhocytd ¢Ehér MOopof YA iicc PandIfdycyclic
OhyHBY- N0y 1be iRt erfUptedobycpne: Qe Mar grehet819 vicyclic or
atons. .Typically, when the non-aromatic bridged
cVELFECLHydr 03T by "O8f PERPUTE | sPPOTYY1 i EYFtTG s hydrocarbyl
peeterabley 4 epelihed Okeddid MaGy Ghi Cuad hen NORrat edBbdGis. By
bridged cyclic hydrocarbyl structure_as defined ,
hEVETH mayoT neFudi Bhsatur At el BOHS. T8Y" ol | ¢ °ht 6m oYelic
| skaeadn.an atom which fornms part. of a cyclic
skel eton. 20 The non-aromatic bridged cyclic
hydr ocar byl structure, apart

The non-aromatic bridged cyclic hydrocarbyl structure, apart

from that 1t may Dbe interrupted with hetero atoms may be
unsubstituted or substituted with one or  more further
substituents selected from aryl, alkyl, hetero (preferably
oxygen), Het, halo, cyano, nitro,

~OR*?, ~0C(0)R™, -~C(O)R*, -C(O)OR™, -N(R*)R*,

~C(O)N(R*™)R’®, -8R, -C(O)SR , -C(S)N(R)R* or -CF; wherein

RYY - R*® are as defined herein.

The non-aromatic bridged cyclic hydrocarbyl structure may be

selected from cyclohexyl, cyclopentyl, cyclobutyl,
cyclopropyl, cycloheptyl, cyclooctyl, cyclononyl,
tricyclodecyl, piperidinyl, morpholinyl, norbornyl,

isonorbornyl, norbornenyl, isonorbornenyl, bicyclo[Z2,2,2loctyl,
tetrahydrofuryl, dioxanyl, 0-2,3-isopropylidene-2,3~dihydroxy-
ethyl, cyclopentanonyl / cyclohexanonyl, cyclopentenyl,

cyclohexenyl, cyclohexadienyl, cyclobutenyl , cyclopentenonyl,
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fromthat it may he interrupted with hetero atons nmay
be unsubstituted or substituted wth one or nore

wao wwokhesios substituents sel ected fromaryl, alHM?WGBumwmme

hetero (preferably oxygen), Het, halo, cyano, nitr

25 OR 19, -00(OR, -C(ORu, -0(OOR -NR2")R21,
-C(ONR')R', -SR', -C(O SR ,21-C(S)N(R-7)R' or -CF3
wherein Rill - Rare as defined herein. The
nor-laheratdey br i dgedaroyol, i ctiwydrocapbynsst ruct usgor@my:, 1,4

I fro ohe , 0
Bﬁ%ngﬁﬁ?s 8§$%§E gp?%§§$£l%§3(%ﬁe %l Qﬁﬁﬁ%OOC?ﬁTtameu“&ene

cyelirdndayl | rirligﬂﬂumﬂecyll,@lpertmhan¢b, ror phald,ny]lactone,
QQ&QQ%@XEMNH%Sq%%&ggrn%hfg goerBQQ¥¥ui cis and trans 1,2-

sonor bor nenyl”,” bi cyclo
t@tr&h§ur et dirapr bodi bxany | admyzrsdesoprqpykadEGe 2,&hhydride,

i ydn 90Xy, 35 §£B¥Laz§y lo@ﬁ?&é&%ﬁ Eyﬁ]%9?§%Q%Q%ononane,

yclopentenyl, cycl ohéxeny cyc ohekadlen
eycl Sbut ehytacycdyerepent erfdriyhnor W 2OGS/ 0?51@8011d1ne, 4,5-

%@yh@a;@ogm@@@gl 21, cygl o@wgﬂxk%cm%ﬁty' i dimethyl-

f ur ans rans 3 di oxane, ‘1, 4" dibxane, “o%ocen
f%&%%y 10[ 2.42. 1] Rept ane;mesént anet Hydeno sulpzmcmalmyl

L., 3,dik} hj ans.7, Jadodi hianes pf uranone . | ac LoneBa 4,5,6,7, Ta-
gﬁtyrolactone pyrone, succini ¢ anhydride, cis and

4A8Y4r 2 Bldperdhexanddi car bokyldre énWVdmwde3a, 4,5,6,7,7a

@b&bay@ﬁbéﬂﬂ¥¢@6b685 64¥ﬂr0||lﬂ¥1%%thgié%%'aZ'HH%borHBnyl 3a,
%ago; 7 triazacycl ononane,

Lri'a %c@&ﬁﬁﬁﬂ¥8£ﬂe1HT%ﬂﬂ§ﬂDPpﬁoY1mo Lt hi2az6fi dbrisime4hgl  —3a,
dhﬁhenyj%eyﬁkaﬁp@%yku+4naén55pbe@y% CWQJQﬁ%%&ilmethylslly1>
% équy,; c¥clohexyl 4 or 5- nethylcyclohex [,

Cdlln ydro-"3H-isobenzofuran and erein the

2;3k3@g4g§oﬁp7A7amOQIahydﬁ@lhéﬁlngﬁvéiﬁawﬂe non-substituted
38.4,9,6. 1, 7a- hexahydro 1Hinden-5,6-yl, 1, 2 or 3
et iyt - % CYA'E 80978’ hexahydro- 1H-i nden- 5, 6-yI ,

Lrlnethylene norbornanyl 3a, L1 o 2 di et
7a-tetrahydro- IH-|nden 5,6-y , or i met hy
ﬁ ahay ﬁ?pée?gﬁ% ex RYR RUATH nbehi%d 6eypsic hydrocarbyl

iﬁﬁa&m&ﬁdIﬂaﬁﬁhbthIléHQt one non-aromatic ring to which the Q!
and Q° atoms are linked on available adjacent cyclic atoms of
the at least one ring. Apart from that it may be in the form
of a polycyclic structure, the non-aromatic bridged cyclic
hydrocarbyl structure may be unsubstituted or substituted with
at least one substituent, preferably on at least one further

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

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

Q* atoms are linked.

However, the cyclic atoms adjacent to the said available
adjacent cyclic atoms and cyclic atoms elsewhere in the
hydrocarbyl structure may also be substituted suitable

substituents for the cyclic atom(s) are defined herein.
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may represent a non-aromatic bridged cyclic

hydrocar byl 20 structure having at |east one

non-aromatic ring to which th&€2Q and Q atons are

I i nked on avail abl e adj acent cyclic atons of the at

| east one ring. Apart fromthat it nmay be in the form

of a polycyclic structure, the n_aromatic  bridged.
c§8¥iggehj%F6€§PB§IO%tf%%%ﬁre]ﬁ%%rﬁgcﬁ%su .ggﬁtu églgratoms
subsdddriit edo wehd 25iat aveasdbloneadidyshict yantlic atoms or the

preferably on at least one further non .adj n 1abl
c%%&?cl%t%ﬁ%df%Fﬁgegtt?e%%%nbﬁg ri'ng. §y§%ﬁ%g?e%ﬁ$oﬁ%al able

f ad § herntnoryradjcaceptiscybkinge Btecom i’s meardxaanye, f ar thefohexyl

cyclic.atomin the;ring which is, not adjacent to a .
30" 0he’ of"%hi'¢ ﬁvgﬁl%% e ‘adj &cen l%@dﬁiélgﬁgnélgg A joined
whbch ¢’het&h and po@itabons oar ehk i nked habHoweyetaid ierther non

cyclic atons adjacent to the said avail able. adjacent
CYRIFEe T T A SLGBF | €5 At o el Sowliard PRt hE ™ 35 ad o and
hyds ogafdndntstruti ere-dway tal sbe bexisubsbiil alb Bd Uiatabt ecyclic

substitaena§.gor t c%plic aton(s) are defined
harefn. 5008775168 PET/ GB2007/ 050775 22 For the
avoi dance of doubt, references to the cyclic atons

adjacent _tq the said available adj t L t
ofhEe gy 3, ISP Y MR A OLPERT SUEEg B PBeruchure
sakdnt woeav aihkabt el G sadjoacentnaytel wbiab onts: themse|Westom are

A§ira1}ge£.x\a}£@| %’ &a Zgyﬁggé%ee(tyilvelgi rl% jn rl%go;ngtlac,q ar@& og}omatic
via position 1°on the ring and joined to a Q'atom via
pesptldrbe ionethectréchgrivaslywee saicd uflgr pheromion & phenyl type
adkagent: £yald ¢ aLoms ;a8; A6t Lheg: Ala fiL0gy PIskL | 80 Qhat sound
an and two a jacent “cyclic atons to the sajd ,
avai thbl evatprerramdieyeli enian atonyfatf osrervhs Btand» any

2F?%%?u$§k@]an@@”é@E@ﬂﬁii%r@ﬁgggﬁdsﬁﬁgtlﬁhéﬂﬁ@rOgﬁrQ%Hs non-
aromatic at least one ring.

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

—ORY, -0OC(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*® or -CF,, more preferably, lower
alkyl, or hetero most preferably, C;-Cs alkyl. Where there are
two or more further cyclic atoms in the hydrocarbyl structure
they may each be independently substituted as detailed herein.
Accordingly, where two such cyclic atoms are substituted, the
substituents may combine to form a further ring structure such

as a 3-20 atom ring structure. Such a further ring structure
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means that the at |east one ring to which the Q@ and
@ atomare |linked via B & A respectively is

womns/ersossat i ¢, and aromatic 15 shoul d be i nt erppri®dor/050775

broadly to include not only a phenyl type structure

but other rings with aromaticity such as that found

in the cycl opent adi enyl anioﬁz?ing of ferrocenyl, but,

in any case, does not exclude aromatic substituents

&rvt Kies Seenraaednati enatt yredst, omespbaglt 2@dTle substituted

ﬁﬂb$ﬁk¢Q@n%%r%nshggtﬁﬁkgﬁgy%ghgc?é@n§réﬁ ﬁJY% cyﬁgo, nitro,

non- ar omat i ¢ bri d%ed hydrocar byl structure (r‘ray :

B ecPEUOLR’ entGURAgeC (grewt,enrSRabI Lilo WIS, noR?, < (0) SR,

14, gl g2 ys of formation in the cyclibc, hydysocar byl ,

s?t(r%&g%u%(e'. ﬁjﬁ}gp’su St t u%r?tté rvfgflfe%%e#ef or eg Z%r%egs defined

gelrect edntibobebof ihbherapprdpiyateesize raredi GeeUtagely less
I e e of non-aromatic ri conf or.mat i on

IEENGE U ints B0 o e AU SRS

fovomi l oweroraldkyl kvl arijlicohegyolret eropikales cyanesf .

nitro, ORs, -OC(0O)R -C(OR', -C(OCR,

-N(R2s)R "~, -C(ON(R21)R2" - 30 SR2, -C(O SR,

Per s} N(RE7YRZE coprr GF; sulprprie upnes epabl yetiydwerethal kKybyopyl,

QLopeLer 0 Mgt pref bl -6 A roere there
alrsgB %%b oppn%?}gfu%ﬁernggﬁyc at%lﬁésgpitr? the o c¥ane and
RydbPotar byfasticyéeute ridfeyr redy sehehi beritdependent | gr more

subst it ut.ed Qﬁﬁ%@%ﬁ£|QQCE?Ee%QOmSAQﬁggdéﬁ@&ygu%ggr%re X,y
two such cyclic atons are substituted, t e'?lﬁ
saBstiYrents YAy eoibi ne& vodterorya f urt Medirigegpropyl, x,y-

SELPHEAHT,E SYGhneas, B 3120, at oM ring . SULHCE M e. Sugh,a
fuirst heXl;Jl ringgs{nsu%%ureh\%\o 200?/707516% PRERHS: s afed or

BETF CB2UCP10507 P52 28 maja ber @durat edn vrt wasat urcatedhexyl,

unsubstddrutede@r subshEtmded by ON&PIF I € un-substituted
subit)i tuents selected fromhal o, cyano, nitro, OR

LYY, OOy RE, YCPOY R} IIEr OF R <X \RIR24 ClOpPRReiRgigon at a
SEh@BeCXﬂDdﬁQ3@tomC§f%!V%ﬂgbg,ﬁﬁﬁﬂéagé@,Sykyptfﬁblﬁwhe&?knlower
P9 Lo Rap are as defi.ne erein and/ or be

dl?lkf}u’pt ng%EF on&P o hor8PE ptefsrtanl §°¢ eggthyl, ethyl, n-

propyl, iso-propyl, n-butyl, isobutyl, t-butyl, or oxo, most
typically methyl or ethyl, or oxo mnost typically, methyl;
wherein x and y stand for available atom positions in the at

least one ring.

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

are preferably carbon.
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wBldsu-8fst her eof . Particularly preferred substirldi@i%s0775
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are nethyl, ethyl, propyl, 10 isopropyl, phenyl, oxo,

hydr oxy, nercapto, am no, cyano and carboxy

Particularly preferred substlﬂdents when two or nore
further non adjacent cyclic atons are substituted are
waendlth‘etfhyla,rex tyodi @t hrydn:e xsiybs{hlr;mepyb on the said cyclic

id rQBylctukX tgf EQ%? q%ﬁy gthxlézgpy%Urther ring

phen satura unsat ura
cyttmp@nﬁymnlsa$uﬁaﬂadedrh@nsaturated cycl ohexyl, 1,3
substituted or unsubstitulLed 1, 3J]-furyl,
tan-substituted cyclohexyl, x,y-oxo/ethyl,
nyeomohﬁet¢mdtiqﬂbmﬂﬁgEﬁtawwémcamyaros¢rmﬂka$ﬁnu}tat©wmay be

iéeﬁé 3 n%o%@%dan&/w Gall Yo r X g X! ]ga/gfglohggghgyl {/te;l‘;l 4

typi ca stituents are nethyl, 20 propy
i sowpr opylkyleybleydntansobuly?; dltylbut yI 4, or5 oxand/wBst 6 lower

t)é@kﬁé}lé’loﬁﬁ%'@%eor 1ebhyly, or oxo most typigably/or 7 1ower
-~ “wherein x and y st'and f'or "avai |l abl e at om

péékrmﬁslwﬁtﬁh@— atl 4whgt ond rifig. 25 Preferdbty, lower

fUikher, SuRshhhal i om of §ghd nop aromid,C cycl | qower alkyl
hydrocar byl structure is not on said avail able

aBj Beettirearbor? Saflbhb t 6 WRFEAT s&i d WeTard @@ &CsREOLinane-

apeslinked. oIb%n% rBpPIRLd G QY@%%M@&S}C@E@%@— 2,3-diyl,
structure may be SuggtltUtEd at one or nore said

fawh@?@w@rpeeat ofrs" GF YEhe hy & odrEFyPoBe T irct e lgg 6-1lower
butkis preiskablnsnsubstiidutied aticker2,aikyar 4ySugRntene-3, 4-

cyclic _atons, nore preferably 1, 2 or 3, npst

o LT br abl 571 Cor 09+ Sb CyRINIRPaEOHE, priefrdbl § Bi/or 3

tmew@& | gastl Om@cﬂ@ﬁeﬁﬁ&ﬂﬁﬁd43 #,icngiyThe substitubesr alkyl

oFET b1 dar Bon. 36 VB 20081 075106 PCr/ 3007/ 05077/" ©

240M%@n t herel ar ecdtwehgrropyearshst i t depts onéethewsal d alkyl

C%%L;é}opyran—Z,S diyl, 2-lower alkyl 1,3 dioxane - 5,6-diyl, 5
and/or 6 lower alkyl-1,4 dioxane -2,3-diyl, 2-lower alkyl
pentamethylene sulphide 4,5-diyl, 2-lower alkyl-1,3 dithiane-
5,6- diyl, 2 and/or 3-lower alkyl 1,4 dithiane -5,6-diyl,
tetrahydro-furan—-2-one -4,5-diyl, delta-valero lactone 4,5-
diyl, gamma-butyrolactone 3,4-diyl, 2H-dihydropyrone 5,6-diyl,
glutaric anhydride 3,4-diyl, 1-lower alkyl pyrollidine -3,4-
diyli , 2,3 di-lower alkyl piperazine -5,6-diyl, 2-lower alkyl
dihydro imidazole -4,5-diyl, 2,3,5 and/or 6 lower alkyl-1,4,7
triazacyclononane -8,9-diyl, 2,3,4 and/or 10 lower alkyl-
1,5,9 triazacyclodecane 6,7-diyl, 2,3- di-lower alkyl
thiomorpholine -5,6 -diyl, 2-lower alkyl- thiazolidine -4,5-
diyl, 4,5-diphenyl-cyclohexane -1,2-diyl, 4 and/or 5-phenyl-
cyclohexane-1, 2-diyl, 4,5-dimethyl-cyclohexane- 1,2-diyl, 4 or
5-methylcyclohexane- 1,2-diyl, 2, 3, 4 and/or 5 lower alkyl-
decahydronaphthalene 8,9-diyl, bicyclo[4.3.0] nonane-3,4 diyl,
3a,4,5,6,7, 7Ta~hexahydro-1H-inden-5, 6-divy1, 1, 2 and/or 3
methyl-3a, 4,5,6,7,7a hexahydro-1H-inden-5,6-diyl, Octahydro -
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hydrocar byl structure they may neet to forma further
ring structure unless excluded herein. 5 The

waoomsaraost i ¢ bridged cyclic hydrocarbyl struckdgei®Ynso77s

be selected from4 and/or 5 | ower alkyl cycl ohexane-
1,2-diyl, 4 |ower alkylcyclogentane 1,2 diyi, 4, 5

and/or 6 lower alkylcycl oheptane- 1,2-diyl, 4, 5 6

and/or 7 | ower alkylcyclooctane- 1,2-diyl, 4, 5, 6, 7

ahd] dret@anewer inderal kyl éye¢lohorsane4, 1, Za{ﬁqﬂrahﬁdEWKﬂHﬂinden~

65U9%ﬁ&1a|ﬁy|2 Qth&fdéﬂﬁﬁ%tggé ?5y|4 3 @andlhor, 8. hvaro-1n-

| ower al k nor phol | nane-
(P%?%&lsopﬁoéyﬁikae 2, 31 dp hiyidr xymethﬁheth2.33djyké6 7, Ta-

W&la@@@@ga@HQnﬁ)beﬁzényA - seychphexanone- 3, 4-diyl
6-1 ower al kyl cycl ohexanone-3, 4-diyl, ]-1ower aIkyI

cycl opentene--3,4 15 diyl, 1 and/or 6 Iomer al kyl

cyalohaxenery 3, 4ndi ylupd 5 | over al ky!
céﬁ{ohexadlg%e- 2,6 dﬁ?l %ﬂgégaegnh QW? AV ar 1east one

COREX R4 dhecent ZCﬁ?JﬂC a‘a@m@fykhq podiadgmafic bridged
an@drRkabhy1 ower, @l kyl &1 fk?éWyQVQPM ﬁmYzwﬁegéle' repI‘fesents a

6-1 ower al kyl di hydropyran-2,3-diyl, 2-lower al
1979Y8; és@’&éﬁ% 15535- 4PYIL % 20 draro Y@%@@?lﬂa&l kyl pileznyl and

dir@xangerd, 3r@ Ywo 204 0MBFc akkyit 1 ReALaNst h’é’kllé%/n are each as
sulph|d§ 4, 5- d%§1 2-1ower alkyl-1,3 dithiane- 5, 6-
I

diir cal hnar briesingwer &PRYYL 12929 Gt A nes te dpyk, a group
tveticahydreefdrsanr2c ong, h‘lmaegiﬂé’lt’hadlelphgnyﬁl ero
| actone 4,5- d]-yl, ganma-butyrol actone 3, 4-diyl,
2FU|hydropyrone 5, 6 diyl, 25 glut:aric anhydride

Fréftdicybly 1- Yomgﬁxabkyb pym%k#kﬁimﬁeréhﬂ-Scﬁégrgsegtg si, C,
gj Iom%r aIk Rgra;unq -5, ,_.2- 1 ower al ky
i"hydr 6 i %ol% iaéQdRylar%‘§SSM§H&F8rh%r?HMerEHEfefably
alalcay Jr- hpd/@r t®mmmamychonﬁname 0B, o W ,gdsd is at least
d/ r azacycl odecane
%% ggr%ég y%%r “alky Vt%% t hi onor phol i ne -5, 6
-diyl, 2- Iomer aIkyI thlazolldlne -4, 5- diyi,

hor=dibpbenylcyc ane -1,2-diyl 0 henyl
cfcﬁoﬁexanéhig hRQ? e l?hyPi%yé}oW % é{uﬁ? di yf, ts at
4eppt @Sn@tﬂ@yhcytlwhe)«amf-mb 2ditylut®,) 3vhe4eai§ldlﬂﬁér5 there
la‘%@’ertv\%l kyé more substituents Y, they are each at least as
sterically hindering as phenyl and at least as sterically

hindering as t-butyl if combined into 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 @ above), phosphorus, aryl,
arylene, alkaryl, 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 alkylphosphorus.

Preferably, when S is Si, C, N, S or 0O, R, R* and R* are
independently hydrogen, alkyl, phosphorus, aryl, arylene,
alkaryl, aralkyl, arylenalkyl, alkenyl, alkynyl, het, hetero,
halo, cyano, nitro, -ORY, -0C(0)R*, -C(O)R*, -C(O)OR??, -



decahydr onapht hal ene 8, 9-diyl, bicycl o[ 4. 3.0]
nonane-3,4 di-y], 35

Wéqmﬁﬂgﬁgﬁl7a-hexahydro-1H—inden-5,6-diy|, 1, péraibProsor75
met hy
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-3a, 4,5,6,/,7a hexahydro-1Hinden-5, 6-diyl,
Cctahydro WD 2008/ 075108 PCT/ B2 0 07/050 7 75 25
4,7 net hane indene -1, 2-diyl, %a,
4,7, 7a-tetrahydro-1 Hinden- 5,6-diyl, 1, 2 and/or
3ndriterHyl —€8a),n R?*5,6¢,7 -ta‘hcxahypds®? 1H-C {Mmaden’’) R*®, -CF, , -
5.6-diyls, 1,3-bjn(trinmethylsilyl).-3a,4,5,6,1, 7a- 10_pa7
ey For 3T FLBDOHAGRTPAR® - ehedigr gt 1328t forlfor R-r 4o
Ahber mat i aglny antihehsudist i/ et ssrenatheesaiadl akrkéast and R~
one further. nop adjaeent. cyclic_atom of B
ngn-é?ﬁﬂa ?gl%$$d§%d%‘ﬁ%ﬁro%%ﬁbﬁfes Fﬁg?ﬁégﬁha§léé gLyt or
gpoapyY. where Y represents a group which is at |east
as sterical ly hindering as phenyl and 10 when there
are two or nore substituents Y they are each as
sPeefeaddly hisnder $hg @Qorphenyl adidicoercolbi heot @ firoymrlso be
a ich is r terd Y. hi (A t :
pﬁg%§%%ser%ﬁ yé,.g)Yr%r%prJeﬂsgﬁltés i Sdh'rrb 21%%2 CI\%,ﬁlgrlrélecr11 %roups'
r Epreseérnt sagpidqice 16 N,dgbtp ors arykIand R4OR U gan  be
ag; defined ghereim. Brefprahly o gach,syand/ or
conbl nation of two or nore Y groups is at least as
sterically hindering as t-butyl. Mre preferably, when
tBeLeei SNl yi ongysubshi tthentro¥p i, 11§ Atnor2Qrbeaslc a8ridged
sterically hindering as t-butyl whereas where [.here
aFEr LB IGT  BY e TSubstitRidAtetyd tHeylafid sgachuiagtituted with
| gastps as.1skeni eabh W hindehi ng-@s, phenyhe andiiatr-yheastaixy,
as sterically hindering as t-butyl ii conbined into a
sPhglenyroip. 22bepref erl&bry !  whehn $Stsrar yiel R Ry gndnitror
R2oare indepgadentd yo)rhydregenoral kyh(r=f&@ - X: () (R?°)R*, -
(wherein B, X2 .and X are as,defined herein and Q_.is;
defi ned as'@>%orr @ &oVBIY bhosphords, aryl, SR RR
anykens,oalkanyi , anddeienalkyl’ aakkenyderaldymybeihetand R -
?g;;r or’e_ Cg%%%yggo?“n—l}{g{ obuE 0§_re’ p_rce:%ggﬁyo' C—I—%4 alkyl or

phenyl.

or

In addition, when S is aryl, the aryl may be substituted with
in addition to R*, R*, R* any of the further substituents

defined for the non-aromatic bridged structure above.

More preferred Y substituents may be selected from t-alkyl or
t—-alkyl,aryl such as -t-butyl, -SiMe,, or 2-phenylprop-2-yl ,
-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, phosphinoalkyl-, a tertiary carbon
bearing group such as -~t-butyl, -aryl, -alkaryl, -aralkyl or

tertiary silyl.
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20

30 N(R2")R29, -C(O)N(R s)R ¢, -SR2', -((0)SR30,
C(SN(R')R20, -CV, - SIR'R 2R' or al kyl phosphor us.

wdrgersadd y, when Sis Si, C N S or O RA0, ®Rp@8Re7050775

p<2 are independently hydrogen, alkyl, phosphorus,

aryl, arylene, 35 alkaryl, aralkyl aryl enal kyl ,

al kenyl, al kynyl, het, hetero hal o, cyano, nitro,

-OR-', -CC(0)R2J, C(O)R C(O)ORZ WO 2008/ 075108

PCT/ GB2007/ 050775 26 N(R R C(O)N(R25)R- -SR' 9

G(O) SRAQ. = RASINLRR) R, e OF3 LR -

a, Ikylphos%horﬁg mhgrelﬁh%t rm%% gne §<BE”87Rmore said Y
r?dltbsﬁyﬁ‘#%@fesn amd Wherkdm IQYtClF{bO arenas odef thed non-aromatic
herieiyBa; and \é\é B ab defined as are
préfgrably i ur ?t S%ghen§ Pre%era%ly, Sthis MOre
§Ub5t€t‘é?nta‘3r way H@w@v@qa t<N fgmra (Furapeal sahestructure such
preethery eth A4S PRe i OF %tQBcEDﬁeY groups in conbined
groups. For the avoi dance of doubt, as oxygen or

sul phur can be 10 bivalent, R9 - R 2 can al so be |one
Qﬁ)lméstyIEIé%fler@'@'r}écaf@yladscﬂrhb@ﬁrég HOURYn BOEy wherein R’,
non-aromatic bridged structure may be unsubstitut ed

or further stbstitGted act hdegrpsiseltdet edpfa onrY, as the

alubyplk it @ds , carykene, cyalikarybeoid aldole 164+ may also be
%§§Ienalkyl al kenyl, al kynyl, het, hetero, hal o,

ha9e Iﬁ’ltrar rew%ent _t@f(é)eﬁeyo_@@ Fé@e,ing non substituted
1E( @)MMLR%C}R?M;O LN 6, -andR2%ay Gd e same or
%ﬁ%? (SN (RZ%R- CFsh Si R'R72R -, or
Siky FpAHYsphot'iis r BERT RSB0l AKe9a8  Hef FifedPebBAYs (not
amdwaeuRzamewdeimnﬁﬂﬁa&aBAO R' but are preferably C
IC, alkyl or 20 phenyl. In addition, when Sis aryl,
the.. aryl may be substituted wwth in addition to

R 0, R', P'2 any of the further substituents defined
the non-aromati c bridged structure above. 25 Mre

preﬁiijfi:j:iffiiiifiits may be sel ected froiif-at:i!

4 and/or 5 substituted cyclohexyl 4 substituted

cyclopentyl

Rv
R‘
Rn
R‘
R»
R‘
Rv



t-al kyl,aryl such as --i. butyl, -Si M" or

2- phenyl prop-2y1 , -phenyl, al kyl phenyi

\VBQ@&M%@hﬁy| or phosphinoal kyl - such as pc1/GB2007/050775
phosphi nonet hyl. 30 Preferably, when Sis Si or C and

one or nore of R40-R'2 are hydrogen, at |east one of

ROD -R - should be sufficientld? bulky to give the
required steric hindrance and such groups are

puef er abldy ogphes phest st uphkaos plyiciealeloyl-, atesti aby and/or 7
carbon 35 bearing group such as L butyl, -aryl,

-al karyl, -aralkyl or tertiary silyl. %ﬁﬁﬁ%qyﬁ§fb8

PCT/ GB2007/ 050775 2~ in some enbodi nent &, 4hef& B

be two or nore said Y substituent.s on further cycllc
atons of the non-aromatic bridged structure.

Optional Iy, the said two or nmore 5 substilLuents may
combine to\forma further ring structuregsuch as a
cyclgaliphatic ring structure. Some typida

cyclohexyi 4..substituted 20 cyclopentyl

4,5,6,7 and/or 8 substituted cyclononyl 2,3,14 and/or 5
substituted

decahydronaphthalene
R
Rl
i::l:::ﬁt::l:::::::: ' |
Ri::J:::
R N
R O:::]::::i:::i
Rll

5 and/or 6 substituted piperidines 5 and/or 6 substituted

morpholines



RR R R R W 2008/075108 PCT/ GB2007/050775 28 4,

5 acrd/or 6 substituted cycl ohoptyl 4, 5 6 and/or 7
waendshbrsiog ed cyclooctyl R R R R

4,5,6,7 and/ or 8 substituted cycl ononyl 2 3 8?20&/?0773

substltut ed decahydronaphLhalene 10 R* R R’

:J:::~Ri R O R' 5 and/or2% subsLLuted piperidi nes

5 and/or 6 substituted 15 mor phol i nes WD 2008/ 075108

PCT/ GB2007/0507
RIO:C

1- substituted furans 5 and/or 6 substituted 1,4
5 dioxane
R' 0]
R’ O Y
>< !
R’ @)
10
substituted DIOP 2 — substituted 1,3 dioxane
O
O
RH
15
cyclopentanone 6- substituted cyclohexanone
RI
Rl

20 R’



29 R O R OR O 1-- substituted furans 5 and/or 6

substituted 1,4 5 dioxane R R\ /OOY O RO10
woub&ld-tked nl OP 2 - substituted 1,3 di oxane pPrRB200bR50775

cyclopentanone 6- substituted cyel ohexanone ' 20

ciiicci WO 2008/ 075108 PC17CB2007/ 050775 30 1 -

substi LuLed cycl opentenyl 1 and/ or 6 - substiLulLed

cyclohexenyl 5 R R S 10 RR S 2 and/or 3

substi LuLed cycl ohexadi enyl 2 and/or 3 substituted

1,4 15 diLhiane OOR\ /S K

7 -~ substituted cyclopentenyl 1 and/or 6 - substituted
cyclohexenyl
5
R|
Rj::J:::S:::I:::::::
10 R R' S
2 and/or 3 substituted cyclohexadienyl 2 and/or 3
substituted 1,4
15 dithiane
O 0 R\\\I//,S
S
Rll
20

3 — substituted pyrones 2 — substituted 1,3 dithiane
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20

20 3 - substituted pyrones 2 - substituted 1,3
di t hi ane WD 2008/ 075108 PCT/ GR2007/ 050775 31. R' R

woR2o0Blo7d0s N 1, 2, 3 , 4 substituted piperizi nePC]T/GB2007/05077:>

substituted 5 pyrollidirie R I R NO R s 10 1,
2, 3 substilLuted thionorphiline 5 substituted
cyclohexen 4-one F CID 13 bi¢yclo[4.2.0] octane

bi cycl o[ 4. 3. 0] nonane 20 WD 2008/ 075108
PCT/C82005?/050775 32 R R kltw,-- O Adamantyl
1,2diyl s bstltuted totrahydropyran 3 S R 10

Smtftiured di h ran substituted pent&
Rl

RH
1, 2, 3, 4 substituted piperizine 1 substituted
pyrollidine
RH
Rll
R N
O
R’ S
1, 2, 3 substituted thiomorphiline 5 substituted
cyclohexen—-4-one
bicyclo[4.2.0] octane bicyclo[4.3.0}nonane



sul phide (substituted tetrahydro- thiopyran 0 0 OO
15 tetrahydro-furan-2-one delta--valero | actone

‘Vé frsthiylos © OO0 20 WO 2008/ 075108 PCP/GBZOQ@@Q@Q@@ﬁbUWD
§ gamma- huLyrol actone glutaric anhydride R

RL<NH R NHR

5 subsLit.utcd dihydro |n1dazole

Substituted 1,4,7 triazacycleronanc 10 R H N R HN

H N RR R ::l:0

@

Adamantyl -1,2-diyl

R‘
0
R‘

substituted tetrahydropyran

.

ol

10 Substituted dihydropyran substituted pentamethylene
sulphide (substituted tetrahydro-

thiopyran

delta-valero lactone 4,5-diyl

g

15

tetrahydro-furan-2-one

O@
20

2
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15

H substituted 1,5,9 triazacycl odocane substituted 15
thiazolidine R* R . R' WD 2008/075108

wWOPoMg/EBAB07/ 050775 34 PCT/GB2007/050775

3a, 4,5, 6,7, 7a- hexahydro-| H i ndene substituted 3a,
4,5,6,7,7a hexahydro-1H indene 5 q] Z77 </ Cctahydro
-4,7 nethane -- indene 3a, 4f§%7a-tetrahydro-lH— 10
indene R' R* - 7W--C* 15 R' Substituted 3a,
gagng-uipgcHeghhydr o- 1H- i ndene | n t helwardct arlegiride
herein, where there is nore than one stereisonerie
form possible, all such stereoi soners are 20

i ntended. However, where there arc substituents it is
preferable that the at | east one substitutnt on at

| east one further cyclic atomof the non-aromatic

bri dged hydrocarbyl structure extends in trans,
direction with respect to the n and or B atomi
ext ends fout ward the opposite side of t
ring. 75108 PC1'/ (B 2007/ 0507¢&®~ 35
Prefergbly, |pach adjacent cyclic atomtg the sai dyy
avarTakl e 4 jacent cyclic atomis, not /substituted|so
as to fwr urther 3-8 atomring stnucture via fhe
ot her admacent Lc atomto

substituted dihydro imidazole Substituted 1,4,7

triazacyclononane

Rl
H
N R'
HN H
N
S
N R'
H
substituted 1,5,9 triazacyclodecane substituted
thiazolidine



the said avail abl e adjacent cyclic atons in the at
| east, one 5 ring or via an atom adj acent to the said
wobb®lo7a@dkacent atom but outside the at |east pppg2bd¥®s0775
in the non-aromatic bridged structure; An additiona
preferred set of enbodinents is found when R 10
represents an aromatic bridged“hydrocarbyl structure
ie. having at |l east one aromatic ring to which QL and
QRaat g5, eedchalheked,dre-ait hedgrespect iandskiinkiey gr oup, 3a,
on avail abl e adjacent cyclic atons of .the-at_|I e
one aromatic ring. The aromatic strJ@Pd?é7h%§ E%ighydro H
substituted  is with one or nore substienaent (s). The
aromati c bridged hydrocarbyl structure may, where
possi bl e, be substituted with one or nore substituents
5 selected fromal kyl, aryl, Het, halo, cyano, nitro,
OR 9, 20 OC(0)RLO C(O)R" C(O)ORNR23R2" -, C(O)NR'R c
CSRL'RE SP'" 1, C(0) SRS, or -J-Q (CR3(R")
' “\(R~') (R~"') where J represents
. or two adj acent substi
atons of the ring tqg

att as o | her ring, ally 25
subst I by one or nore subst eTIts ed from
al kyl , ™ no, nitro, OR', OC(0)R O~ C(0) K™
C(0)OrR3", NRWsR2e, C(S)R'R 6, SR' or C(0)SR I;

wherein R 9 to R' are defined herein. 30 One type of
subsLituent for the aromatic bridged hydrocarbyl
sPPURIHE ¢/ ¢ hRelStadist it tBPR"YX whirch maf be’a présepydro-10-
10 on one or nore further cyclic atom@she preferably

aromatic cyclic atomof the aromatic bridged cyclic

hydr ocar byl structure. WO 2008/ 075108

PCT/ GB2007/ 050775 36 Preferably, when present, the
substituent(s) Y' on the aromatic

15 Rll

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

In the structures herein, where there 1s more than one
stereisomeric form possible, all such stereoisomers are
20 intended. However, where there are substituents it is

preferable that the at least one substituent on at least one
further cyclic atom of the non-aromatic bridged hydrocarbyl
structure extends in a trans direction with respect to the A

and or B atom ie extends outwardly on the opposite side of the

25 ring.
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structure has a total X-1-'"EtY' of atons other than
hydrogen such that g 1-iELY is ? 4, where n is the

wae otoab7niosrber of 5 substituent(s) Yx and tY' repy€sRutSs077s

the total nunber of atons other than hydrogen on a
particul ar substituent YX Tygically, when there is

nore than one substituent Y. Shereinafter also

referred to as sinply Y, any two nmay be 10 | ocated on
theisantlor @rfherdntceycl Fechtonstol the taromatific available
brd daed cyeli & @X@ﬁo§§r$5@ §ﬂﬂég%tgg§adﬁyg%fggb£ékm a further

there are 10 Y groups ie n is
pt €t €8BI ¥ ifHePET o TR 61V tdrowpser modiagmef ewabliy atom to

hﬂé&%ﬁQHOQﬂéi@Qbigea@fQﬂgkj93§hﬁgcgg5ﬁs Nt he 2t least one
especially, 1, 2 or 3 substituent Y groups on t he
arofatd’c 15 str icdtodr edITRensubet Fhat edltyellies @adomaent atom

aheMmureYabetgar honic o hateno but; ,are prefe i i
carbon. Preferably, when presen?,lp"Fggt$§£i£ﬁ§%¥ﬁéeﬁrldged
F£HO6 U hoi e preferably, 4-60, nost preferably, 4-20,
especially 4-12. 20 Preferably, when there is one
substjtuent Y, Y represents a group which is at |east

ad! St et HiTRfetinRy ot pHehydartinatien thereuat evhen R
W, Qs e SHDSELILUents %%f ciag?d?gggﬁg?l structure ie.
phenyl an neto fo

sterically hindering as or co rm

dagriop aR51lehbthoine roraegtier i cahd ythi mierihng't kanm o are
enyl .. By sterically hindering herein, whether in the

g%%q%xtl% keé‘ne §roupd R - RI%°1estt Y bed  hBF &l Haf &gy  on

the iSulsitd t wentaceXit okyetiher WwasemsWeoreaphthestermas: e
readi | y understood by 30 those skilled in the art but
91 e Cavioli ttancel b - angmaldabstrulé urer mayorae substituted

%ﬁ%&j%ﬂé)6ﬂﬂﬂg¥gﬂ§g%§gﬁﬂmgﬁﬁqx| can be taken to mean
havi ubs

aving a |l ower degree of s ti'tution (DS) than
P112Ph when PH2Y (representing the group VY) is

T T i T
rorse IWD<2008¢E 075108 RCI/LB20QZh0587d5 or more substituents
selected from alkyl, aryl, Het, halo, cyano, nitro, OR!'?,
OC(0)R*, C(O)R”, C(0)0R??, NRR’, C(O0)NR®R?, C(S)R¥RY,
SR*’, C(0)SR?!, or -J-0°(CR™(R') (R*)CRY¥(R)) (R'®) where J
represents lower alkylene; or two adjacent substituents
together with the cyclic atoms of the ring to which They
are attached form a further ring, which is optionally
substituted by one or more substituents selected from
alkyl, halo, «c¢yano, nitro, OR', 0C(0)R?*®, cC(0)R?,
C(0)OR*, NR™R™, C(0)NR¥R%®, C(5)R™R*, SrR?’ or C(0)SR?’;
wherein R'" to R?' are defined herein.

One type of substituent for the aromatic bridged
hydrocarbyl structure is the substituent Y* which may be
present on one or more further cyclic atom(s), preferably
aromatic cyclic atom of the aromatic bridged cyclic

hydrocarbyl structure.



37 sterically hindering than t_-butyl can be taken as
references to DS val ues conpared with P112t-Hu oLc.

\Vbﬁﬁwﬁﬁgum|n5tance two Y groups are being conmpatrsb28iths0775
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is not nore sterically hindered than the

reference then PHY' Y 5 should be conpared with the
reference. Sinilarly, if threé® Y groups are being
conpared and PHY- or PIIYY' are not already
deternined to be nore stericaily hindered than the

an ar t hen, PYY Y oul.d_h 1 her r

L RPEL W g lge e "ERoTT Rt aken® e peromatic

W@EEucﬂaﬂ:@&%rsl eakbyahi'nderted ¢haatdmsbotyér Sterihgdrogen such
hi ndrance in the context of the invention hereinis

dir8etssed o pabe T4 6t sed6r°e Honogensl§ Trash t PoRPer  of

M%Eﬁétlt@?éﬁl ¥§1 §* Aufeentyl e }z‘egenﬂ\giscth%r SotRUbhighed &Y atoms
15 and Hal I 1981. Tol man (" Phosphorus Li gand

Loigﬁlan*d@fEtﬁl&fFiFP%?W £Tof PeFbvatent SuURFEKaIStAYDoni nant

Role for Steric Effects”, Journal of Anerican

Chem cal Society, 92, 1970, 2956- 2965) has concl uded
20yrhatlithe prioper ltpeof t he | ngandstiv ohOfp':ri sty tuent Y

tﬁ%?éﬂ%rt hglso?‘t @Qféf£é/d Ofcot ha% Néirgﬂl 0 %@S t\§o may be

elr size rather than their electronlc character. To ‘
dérerntthect hiehg etads v stidfpeeht nely@ice a6Pmg @?OGBeYafomath

o'brlgéecptbgsll%"hﬁ/tdrfoklgpgyi her hEthed Ofb LoLPBM f 0 there are <

det erm ne used on the phosphorus analogue
oft Ot Ke 9gPBBH LD  beitiel offri Aed Mes Sar IGaEbBoyeETE are 1-6 ¥

T%HJ@}?@ St |p9@§e1_9§bl|§| (@0)4 Y\/\@f@lﬁsf %&t @Qe%ﬁ&naﬁﬂc structure
ei ght 30 _excess of p osghorus

s@bsti %%&%ﬁ o¥ . Cb by 94 garfd AL U | oﬂéﬂ”ffﬁl Hedhs gFomatic

t hergarbanylrrst rs@lto@hitﬂ@:éd bratiiensrbmatie atiopbr ar@dbe carbon
spectrum The solutions were e |I|br|ated by heating
i AT sBAF e tWbes  F FTBARP At S0V ‘Furt her heating at
100 for an additional 74hrs did not significantly
change t he spectra. e o
Preferably, when present, 7 "EtY® is between 4-100, more

preferably, 4-60, most preferably, 4-20, especially 4-12.

Preferably, when there 1is 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.

By sterically hindering herein, whether in the context of
the groups R'-R'? described hereinafter or the substituent
Y, or otherwise, we mean the term as readily understood by
those skilled in the art but for the avoidance of any
doubt, the term more sterically hindering than phenyl can
be taken to mean having a lower degree of substitution
(DS) than PH,Ph when PH;Y (representing the group Y) 1is
reacted with Ni(0) (CO):. in eightfold excess according to

the conditions Dbelow. Similarly, references to more
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35 The frequencies and intensities of the carbonyl
stretching WD 2008/ 075108 PCT/ GB2007/ 050775 :38 bands

wo moshesispectra of the equilibriated sol uti onsp@yesidiensor s

determ ned. The degree of substitution can be

estimated sem gi.tantitatively fromthe relative
intensities and the assunpti%ﬁ that the extinction
coefficients of the bands are 5 all of the sanme order

of L gt Lide. hFofleexaapl ¢hann theéowaske ofnP EE<Hthken as

t f N 3L and the Bl band of N (('O

AT A0 Gl TRe ednetTREbG] Y- hon (el (Her- 1, for
degseenof, substi bublpp hscesdimt ebaded ahd S 315 not
experinment fails to distinguish the respective L
ITyahdsS terer et e di prénytd phdsphotlues I fRRIgdeor then PHY'Y

i~ t.-Hut : ed.t0. the PY2
i i e e e
al sgrobigisl sat® deshonguirgtatdie hingareisy 't hen tehe'PPh3re not

r, P(_ Bu | igand shoul d be conpared to PY- as the
Bty Gt B dr rer Mebet T e brh e e than the
reuidad Widn syt isgands) wil chhd oy . 15 sybstd tute oo
the Ni (CO 4 conplex. The group Y may al so be define

by def éférce o @ﬁ%u&%néfmathéOwhﬁchb@anxﬁeﬂdeﬁbneUe more
ig{éﬁg&&pﬂ;ﬁgnégr&yqjkgy {ﬁﬁﬁ]las t he apex angl e of

a cylindrical cone centre *he 20 m dpoi nt of the
aromatic ring. By mdpoint is neant a $0|nt IE t he

ane of the ring which is equidistant from the S
g&?Flc NAgT aroTs Pt eﬁﬁﬁﬁ%?ttﬁﬂ?cBW% ARYFRL g threin is

icr
atislceas¢d one geoup 1Y &t 25y the susm@fedhe CoResangdeSMeral

or nmore.Y gro ,is at_ l|east 10, nore
Sl;aé: pigte! Y, L At %ggoc Rost- gretérapl jubl Hhqde gt Chapman
30d Tehe Hiigl.e shoul d be neasured according to the
met hod of Tolman {C. A Tol man Chem Rev. 77, (1977),
313- 348} except that the apex angle of the cone is now
Joleent r@dhatpitdreisni dipginat ofcitcheearmmatiibr rd ngn Thirsvalent

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 or
other substituent the method of Tolman to determine DS may be

used on the phosphorus analogue of the group to be determined

as set out above.

Toluene solutions of Ni(CO), were treated with an eightfold
excess of phosphorus ligand; substitution of CO by ligand was
followed by means of the carbonyl stretching vibrations in the
infrared spectrum. The solutions were equilibriated by heating
in sealed tubes for 64 hr at 100°. Further heating at 100° for
an additional 74hrs did not significantly change the spectra.

The frequencies and intensities of the carbonyl stretching



nodi fi ed use of Tol man cone angl es has been used in
other systens to neasure steric effects such as those

Wb%oxfdﬁ?io@pem adi enyl zirconi um et hene pol yner pggtdm@bo7/050775
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(Jour naI of Mol ecul ar Catal ysis: Chem cal 188, (2002),

105- 113). The substituents Y3&re selected to be of

the appropriate size 5 to provide steric hindrance

Whbkhd £ espechet aptheracsdi vehsi b3u1heimeeedt hel@icanad L then

However,. it is not knvvn
SUBSTI UG 1 5 “HievRerhg the nera Wug%\ﬂnngca%u et PRgTmered

| Bsmidnnoonitag i pat hwasongerereal Iryslpto\w dingeasibies and the
stable catalytic confir |on cting otherw se

16° AT B e uT & v T efert e% fglc eon%r?d Qhen y Dands are
re}biteséntse szSRADRAibR4Z>fV\MIegemu® rep?cefsmagp"éeg @ Nye case

| d d
any tﬁ‘gr e]feaggl é}eggﬁc@ﬁg gﬁd efd nedyang of wi(co).L,

her el g /'or " combination o
tmeorOﬁTDra@ovtgrULﬁos Slageatlrh*@ar:‘;titas .$1 eftihedl | yhe 18egree  of

gi pgg{m&l%% Esbggyimﬁ(é\&{ edtprlefSGra@kyth%e&ﬁé}g%@nksialls to

one substituent is'at [east as sterical
hﬁﬁé@lﬁ hq1g s thebuegpestieredd gwndt e elietie AfrhawWd @Posphorus

mbg @L&Stﬁiﬁ@%§yl p&lggéfh@&fs eﬁ%l@t blee%%hp§§egoto the PY,H

steri cally hindering as phenyl and at |east as
seapicaldir &% ndeei Agsas "evbuteyl $¥ildonSidéred df ahis also

sicngl e o %tlngﬁggﬁr@@ Yblg%@@ hdrS takYbrn Rbr PR'BBNA1igand
B42 are independently drogen, al kyl, -BQ -X~(X"

( Wher&d P, C%Paéﬁé X° 5?9 as Hefined 525 "er 6Pn anticly further

I%xgsﬂm aR30H m8y L2 ®kd RAEBPHALUS, 1@ ks which fully
aryl ene, al karyl, arylenal kyl, al kenyl, alkynyl, het,

hébBF bl Lutialtde By EHY: APTMGX - OFD2, - OC0(0) R20, -C (0)
R', C(O)CR' - N(R")R ", -C(ONB25)R", -SR2s,
O) SR' 5) N( R21) 828 -CFl, - SIR"R72R7' or

a| ysay also be deflned by reference to its cone
angle whlch 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 1is 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 1is at
least 10°, more preferably, at least 207, most preferably,
at least 30°. Cone angle should be measured according to
the method of Tolman {C. A. Tolman Chem. Rev. 77, (1977),
313-348} except that the apex angle of the cone 1s now
centred at the midpoint of the aromatic ring. This
modified use of Tolman cone angles has been used in other
systems to measure steric effects such as those in

cyclopentadienyl zirconium ethene polymerisation catalysts
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30 Preferably, when Sis Si, C N S or 0, R40, B41
and R' are independently hydrogen, al kyl, phosphorus,

wLops/o7sasgy| ene, al karyl, aral kyl, arernaIkybCTKHnmnmﬂ”%)

al kenyl , al kynyl, het, hetero, halo cyano, nitro,
OR10, -0OC(O R20, qu , -C(O0O)OR'", - 35 N(R')R2
"C(ONRZ )R -SR -C(0)SR IT(S)N(R')R2",
S R'R'R 2, or al kyl phosphorus wherein at | east one of
R Rr41a ] DI B 07 3108 RCTY GB2A0M 007 756 8 AR 00t ), 105-

ogen and wherein R'-R30 are as defined herein,

R 1- R _ are defined as R40-R42 but are preferably
C, 4 alkyl or phenyl.. 5 Preferably, Sis Si, dC or

| . wever, N, S or O may al so be referred as one
%%%n€P£Q6ftT?ﬂ§&YYgf5§p§eﬂﬁcg%ﬁbFﬁeﬁeO?Pl?P%tﬂfpﬁﬂ§§éab$ size
nal tiqplved¥ greups. hkadrihe: awfi}daﬁgﬁzéokft dt%ig{:he a§c‘|clve site

en or, su phu an be bival ent, R40 - can al so

¥ 8%% Yai # 8F>|raetfoéf}~°’ab| VIOVERCRAdT | i bh 19 deup yhether
the anbaniumedarudg@ﬂeeyﬁijmg ﬂﬁkdﬁ@ﬁaﬂby%aﬁiigﬁﬁdi&@cﬂﬁyg its
b nsubstltuted or possi b| e be urt her
SReUPR TR S enahet Ll GeTet Fitom A1y SigRye, catalytic
aryfenestialkapyl acairal kyheratyd enal kyl , al kenyl ,
al kynyl, het, 15 hetero, halo, cyano, nitro, -CRl,
-0C(0)RLO, -C(0O)k, -C(O)OR ", -NR 7)R24,
AC(F@)]TNQRQL}R}G piSRerre@( QSR 1€&( S))B\KldR' whdh “")6 r€ffesents -
RL11R ral kyl ph horu .Wh ein R! are as

?Efﬁngg E%?%?%‘ a%dx‘gigggn%ﬁe éfﬁ%ed as "R402 REC b Y! and
Br 8" ef eraly @LiGad abkyin@ﬁtqﬁheny?reﬂemaadﬁ|éa@m Y and/or
Egﬁb%aél%%St foQ%oa%Qnﬁl 558 !(I n}go Can b artt g S%erlcally
net al | . ocene conpl ex, in i's a
By EPepErt adi enyilor. |ndenyl anlon it nay forn1part of
a net al conplex such as ferrocenyl, ruthenocyl,
nolybdenocenX ‘
Moré 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 8 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"™, -0C(O)R*®, -C(O)R*, -C(O)OR*?, -
N(R™)R*, -C(O)N(R*)R*®, -SR®, -C(0)SR®, -C(S)N(R’)R*, —CF,, -
SiR"RR"™ or alkylphosphorus.

Preferably, when S is Si, C, N, S or 0O, R*, R™ and R are
independently hydrogen, alkyl, prhosphorus, aryl, arylene,
alkaryl, aralkyl, arylenalkyl, alkenyl, alkynyl, het, hetero,
halo, cyano, nitro, =-ORY, -0C(O)R*, -C(O)R®', -C(0O)OR?, -
N(R™)R*™, -C(O)N(R)R*®, -SR¥, -C(0)SR*, -C(S)N(R*)R?, —CF, ,

SiR"™RR™, or alkylphosphorus wherein at least one of R'-RY is
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i ndenyl equival ents. 25 Such conpl exes shoul d be
considered as aromatic bridged cyclic hydrocarbyl

wolsG 9 RS within the context of Lhe present PCT/GB2007/050775

i nvention and when they include nore than one aromatic

ring, the substituent(s) Y or otherw se nmay be on

the same aromatic ring as that® to which the Q and Q

atons are linked or a 30 further aromatic ring of the

stwtchudengdroranidnshance; H' R heasrecasedefimed herein,; and R'-
tal | ocene.. the substituents be o n

zgre ring g ot ?ﬁe ne?%lﬁ%ce%e s?rﬁcﬁﬁ?geandhﬂhsé%%aflkyl or

behthel. same or a different ring than that to which Q

and Q are |inked. 35 WD 2008/ 075108

PCT/ GB82007/ 050775 41 Suitable netall ocene type

| Pgahetsalwhi cl¥ ﬁaysbe<Suhsbkymtedﬁqwevedeaneﬁ<h@Kmay also be

er.

ot reTvely st nea TR o 0a7B24a950 K bl il arpyCr tn £

ppeﬁerpédHvdtsebstﬁtuEnWPﬁor stioh dreonatéicleaanieond i®ubt, as
| S | er sonwhen,:

the 4yl Trmy He Unecbats ted ar fbrther' subgti tated® 1o
WPBRrsin addition to R40, P41, R49, any of the
further substituents defined for the aromatic
structure above. 10 More preferred Y substituents in
tﬁéefﬁﬁﬁﬁﬁﬁ itRvefdi oPimay Beour el edthed af Pt < dlrkylbedreyclic
h%maraayw s%ygbt@se ntayb%eyhn%bs%ltab@@y&pr Q/\Qle%y!poss:Lble be
-Si Me - phenyl , al kyl phenyl -, e g
pﬁaéwﬁfmoéw@? ituhrch aét?ph%ehpﬁor?@ﬁﬁy\ﬂe 5rom alkyl, aryl,
Pref es.abl ya1mhen, Sak-8115)1 orarg;l@ﬁgl@pﬁ o&rm&w Obikynyl, het,

R40-R42 are hydrogen at Ieasg one of RAO Rl shoul d ”s
bBEETH i cifdnr | GYRUPAyILtro, —OR”, "—OC(O)R™,” -C(O)R™,"~C(0)OR*™,
-N(R”)R**, -C(O)N(R™)R*, -SR*’, -C(0)SR¥, -C(S)N(R*)R¥, -CF, ,

-SiR™™R"”R”, or alkylphosphorus wherein R-R*® are as defined
herein; 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 metal
complex such as ferrocenyl, ruthenocyl, molybdenocenyl or

indenyl equivalents.

Such complexes should be considered as aromatic bridged cyclic
hydrocarbyl structures within the context of the present
invention and when they include more than one aromatic ring,
the substituent(s) Y* or otherwise may be on the same aromatic
ring as that to which the Q' and Q° atoms are linked or a
further aromatic ring of the structure. For instance, in the
case of a metallocene, the substituents may be on any one or
more rings of the metallocene structure and this may be the
same or a different ring than that to which Q' and Q° are

linked.
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to give the required steric hindrance and such groups
are preferably phosphorus, phosphinoal kyl-, a

wo 8jokiays car bon 20 bearing group such as -t- qﬁ?ﬁéBﬂM7mmn7a

-aryl, -alkaryl, -aralkyl or tertiary ,silyl.

Preferably, the aromatic bridged cyclic hydrocarbyl

structure has, including subs%tituents, fromb5 up to

70 cyclic atonms, more 25 preferably, 5 to 40 cyclic

éhdﬁ@blﬁos®tplkﬁqan@bwwpeSJZaacy@Iwmaéﬁcnny kﬁsnﬁ%gaﬁkyted as
cyclic a df ot a et Iocene X.

%Fgﬁgggbngetﬁe%gggnaﬁlc Tidged eVl PEhydr ngﬁ%%ﬂ and are

stytgetarely mﬁmyedbennmow/@lzuélezm zpqimyehu@rlﬁhﬁeferred Y

CY &)<k G AL OMBL sawn&(}@é be carban or hetero,

wherei n references to E7'5T 1 °aF8°" refiér Shces to
sul phur, oxygen and/or nitrogen. However, it, is

pref d.t hat atans are, I|n ed to
a?alﬁgggeaiadIﬁ%&ﬁfgtyaﬁg%]carbon af ofs’ of “the At may  be

IW@§§936h@ﬁéﬁbﬂﬁtﬂbHﬁhﬁg s86sTypiteal lirthwhen theicyel i R,

hydr ogar by, tr9£tyﬁ§ Hﬁm@9%¥c 1ﬂ§tl£t S5 pre r%?'%or the
blcycllc or tricyclic. The further cyc es

2008 bY5 708 WPCT GB2O0/H 050775 42 the aronatlc bri dged
cyclic hydrocarbyl structure may or nmay not

t hensel ves be aromatic and the termaromatic bridged

EYEFi ErehyHr st af byiPsdtituerb? elshbig dobesandeémnstobton may be

@@Q@Egé@ngMnAngm 1369nﬁth§k¥y%H&q ripg(s) as_ ﬁ%&hn%% 2-
Ereln may i ncl ude unsat ur a bonds. By cyclic atom

PSCREENt Orart At omy whiSéefor mhenpar t agkyarkymilic phenylalkyl-

skebeb Ophirkzeker abl yhert he grosBLIGRELFged cyclic
hydr ocar byl structure whether substituted or

ot herwi se preferably conprises Iess than 10 200

akensrammwex@ﬂﬁﬁegahiysll@§Sct@%a 15Q aON®,reMYe RO_R1Z 5pe
r ferably Iess t han 100 y the term one
gﬁ ther" f%lleaéfoﬁP8fofh§ aanaPPEu%?l@@eﬂ”ﬁﬁCle“tly bulky

hydrocar bybe streyei ti@ bSefBanthianyafdy t e Gyehi G RLOM are
bge%gggbly phosphorus, phosphinoalkyl-, a tertiary carbon
bearing group such as -t-butyl, -aryl, =-alkaryl, -aralkyl or
tertiary silyl.

Preferably, the aromatic bridged cyclic hydrocarbyl structure
has, including substituents, from 5 up to 70 cyclic atoms, more
preferably, 5 to 40 cyclic atoms, most preferably, 5-22 cyclic
atoms; especially 5 or 6 cyclic atoms, if not a metallocene

complex.

Preferably, the aromatic bridged cyclic hydrocarbyl structure
may be monocyclic or polycyclic. The cyclic aromatic atoms may
be carbon or hetero, wherein references to hetero herein are
references to sulphur, oxygen and/or nitrogen. However, it is
preferred that the Q' and Q7 atoms are linked to available
adjacent cyclic carbon atoms of the at least one aromatic ring.
Typically, when the cyclic hydrocarbyl structure is polycylic

it is preferably bicyclic or tricyclic. The further cycles in



15 aromatic structure which is not an avail abl e
adj acent cyclic atomof the at | east one aromatic ring

W %@Hﬁﬁst he Q or @ atoms are linked, via LR®:p2007/050775
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ng group. As nentioned above, the i medi at e
adj acent cyclic atonms on 20 either side of the said
avai |l abl e adj acent cyclic atorf® are preferably not
substituted. As an exanple, an aronmatic phenyl ring
] @h@edrbmatalcg bt @favi & 1asi thyamotaosy 1t h@tﬂ'Ud’tglrandlay or may

atom vi a posit on 2 on_the rln

Rl Pt 3e8 BE M bRt A B M p bR T SyaRee cveric
ah@ﬂﬁodaﬂh@ﬂlbutedt@ﬁeIﬁhmgla5b®06nddn3modda@@ﬂdndlﬁgamd A non-—
tarolgnedlate a@;acent C CIB% at 0| eg %h d_ i nelude
avai adj acént Ty T afSms Kot "Slbs fu%ed at”
posbatmnutéa andd6. Howeweficthisn iis @Bhytaa@riﬁGM’Medch forms
substi tuent  arrange nt ,and substitution at ring
p85|%|6ﬁs §ycgn %iqfor éxanpl e, is possible. 30 The
termaromatic ring or aromatic bridged means that the

on |
agaﬁ%§§%§l %'ﬁ'ggéﬁy F gggd% V%?ﬂ& A pgg%%%%?9%§§SFEUCture
arbabitéc,svemnd itaroheti cotdhoul ge prefferably bwnprises less than

'%?rpég&@ brn%ar%l yp&%fé?&ﬂﬂ%ﬂe 3n.J1ot enly 3sphenylns,  more
cycl opent adi enyl” ani‘on, pyro , pyridinyl, type

sPtrattirey bé?s@tﬁéﬁlﬁpﬁgstQWQh aromaf.icity such as

t hat WD 2008/ 075108 PCT/ GB20071050775 43 found in any

ring with delocalised Pi electrons able to nove _

f BBeltPei hetfe o8& d writhgr Pref et r eloar ehatPe PrAhst Haveridged

5108ir & ALRE JcRubhErd i NG Bllne 2y NS eWbENcl B te 2ain in the
el ectrons are al so possi bl e such as [ 14] annulene

[ESTm%ﬁﬁhl@ﬁ%“%ﬁéeTW@léPoﬁﬁtFE“bFdeéﬁléﬁéﬂ?cadjace“t cyclic

hyde@car byhe shructlse By Q@ymﬁgbeqﬁag kEOMhich the Q' or O
benzene-1,2 diyl, forrocene--],2-diyl, 10

néﬁﬁ?%éﬁ@hélpk?ddlvvitﬂeo}l@“ﬁﬁkﬁ§Pu%enzene 1, 2-diyl,
1' - met hyl

As mentioned above, the immediate adjacent cyclic atoms on
either side of the said available adjacent cyclic atoms are
preferably not substituted. As an example, an aromatic phenyl
ring joined to a Q' atom via position 1 on the ring and joined
to a Q° atom via position 2 on the ring has preferably one or
more said further aromatic cyclic atoms substituted at ring
position 4 and/or 5 and two immediate adjacent cyclic atoms to
the said available adjacent cyclic atoms not substituted at
positions 3 and 6. However, this is only a preferred
substituent arrangement and substitution at ring positions 3

and 6, for example, is possible.

The term aromatic ring or aromatic bridged means that the at
least one ring or bridge to which the Q' and Q° atom are
immediately linked wvia B & A respectively 1s aromatic, and
aromatic should preferably be interpreted broadly to include
not only a phenyl, cyclopentadienyl anion, pyrollyl, pyridinyl,

type structures but other rings with aromaticity such as that
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ferrocone-1, 2-diyl, 4 and/or 5 t-al kyl benzeno-
1,2-diyl, 4,5- diphenyl-benzene -1,2-diyl, 4 and/or

wo2pBemibs benzene- 1, 2-diyl, 4,5 di-t-butyl bqf&?@ﬁz‘oowowwa
4

1,2 diyl, 4 or 5-C. -butyl benzene- 1,2- diyl,

and/or 5 t-al kyl - napht hal ene- 8, 9- d|yI 111 15

i nden5, 6-diyl, 1, 2 and/or 3 ﬁ%thyl 1FL|nden-5,6-din,

4,7 methano -in- indene -1,2-diyl, 1, 2 and/or
gide@ﬁhyhnledmgd@nthSd@ldtqlﬁﬁed Pi electrons able to move

%h%e@&sﬁhraﬂ?EQthkgM% I sobenz. ofuran - 5,6-diyl,
4-(trinmethylsilyl) zene-1,2 diyl, 4 phosphinonet hyl
benzene -1,2 diyl, 4-(2'- phenylprop 2'-yl) benzene -

]Pr%fglrﬂéd %rggagim}ﬂyglsS'llxy\léjegnge 1dathim)§| in the ring but

di -t-butyl, nmethyl sil benzone
JPﬁgﬁuWthlﬁﬁh+h9IB¥I§1%Cdﬂ9@2eﬁ98t62d®y$083hhﬂe such as [14]

butvhshd, ylréqe%ﬁa@er;le 2diyl .
4-(tri-t-butyl S|Iyl)-benzenc- 1, 2diyl,

4-(2' tert-butyl prop-2'-yl)benzene-1,2 diyl, 4-

(Ble, ergmafho 4br9@8&@”ﬁ$ lic n drocarbyl structure may be
pent -yl )-benzene-1, 2 5

2! theq 4ffﬁ%%|'an§?¥%ﬁn??l ? but §i¥lpent - Serypjergeriz@ndiyl,
&a#hZhaﬂéb@jl 4_(oy11') tor %'%ﬁkﬁ?Ifﬁéﬁﬁg%e 12200, 17 methyl
4, 5-di phenyl ferrocene -1, 2-diyl,
fefﬁﬂég9?“¥é%F%¥ene4la2d6P§I5 4'51kﬂibeﬁ2ﬁ@@ryﬂ 2-diyl, 4,5-
E&@h@ﬁﬁIEbeﬁbe%edLy12 d%yﬁqr41ahh7@#tBdﬁﬁeﬂchﬁéﬁ&eﬁ%—% 2-diyl,
% trlneth |IyI) ferrocone-1, 2 diyl,

%OP13E 1“35 % b&pHino Tﬂfﬁ f er dtone LB vdbgpzene- 1,2~
4116/cnr 12'))(32 -4 ?ine?wrr)rzﬁftzarw& rfa@%ré@g@@ﬁe é,gZQCLI gl 1H-

Si errocen i or i

é“gj 0ty 6r?§tﬂ§| st yr TF Scens- TGEHW%/H 41ﬂ(ﬂ8fl ifé( iyl, 4,7
butybd®nthyE&?byé) feﬁmgqggeil 200/ 0r43(@ndi s —1H-inden

u errocene . (or
%”% i% blt y1'Si Ff ?%Ey%%é%é3 13f%%§P?O%9?%ﬁ 1y 0-divl,
@2(ttemﬁtﬂnﬂsyﬂpipréhﬂyk%ﬂeﬁr@ﬁ@me b ﬁhdé@ﬂLnd%Ekhyl benzene

LR00 IS8 BT R RT3 5l _rerhotiirts -

glggt@@lSLiy@@enzene 1 2divyl, 4 dl £t butyl methy1511yl benzene-
%f%&%%}?ecehe i 28&{@#?%1¥hy1511y1 putylopent-3'. 1. 4-t-
butylsilyl- benzene 1,2diyl, 4-(tri-t-butylsilyl)-benzene-
1,2diy1, 4-(2'-tert-butylprop-2'-yl)benzene-1,2 diyl, 4-
(27,2",3",47,4" pentamethyl~pent~3’—yl)—benzeneel,Zdiyl, 4-—
(2’,2’,4’,4’—tetramethyl,3'—t~butyl—pent~3'eyl)—benzene—l,2

diyl, 4- (or 1")t-alkylferrocene- 1,2-diy1, 4,5~-diphenyl-
ferrocene -~1,2-diyl, 4-(or 17")phenyl-ferrocene-1,2-diyl, 4,5-
di-t-butyl-ferrocene- 1,2-diyl, 4-(or 1")t-butylferrocene- 1,2-
diyl, 4— (or 17) (trimethylsilyl) ferrocene-1, 2 diyl, 4— (or

1’7 )phosphinomethyl ferrocene -1,2 diyl, 4-(or 17)(2'-
phenylprop-2'-yl) " ferrocene - 1,2 diyl, 4-(or
1")dimethylsilylferrocene-1, 2diyl, 4-(or 17)di-t-
butyl,methylsilyl ferrocene-1,2divyl, 4-(or 17) (k-

butyldimethylsilyl)-ferrocene-1, 2diyl, 4-(or 1')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,
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sone enbodi nents, there may be two 10 substituents on
further cyclic atons of the aromatic structure.

Optionally, the said two or ndrffe substituents nay,
especially when on nei ghbouring cyclic atons, conbine
to-fer m ai HHurt’her, 31,)4vg 43t r upktt €nsiigh -@sné-3’-yl) -ferrocene-

cycloal.iphatic ring structure., 1S Such cyclealiphatic = _,
r¥h%9§ﬁruc?u§%% ﬁag(ge’éafhr te e%?ﬂmﬁﬁ§gt rgié§¢ya pent-3
byl dged rarceunbt j fged,l .substituted with al kyl, Y

groups as defined herein, aryl, arylene, alkaryl,

aral kyl, aryl enal kyl, al kenyl, al kynyl, het, helLero,
haho, tloyangrunitres he@RinOC(@)Re , th€f(O) RS, more than one

0L G DT, N ——

phosphiewbal kyl wherein, when present, at |east one of
R40-R4' " is not hydrogen and wherein R'-R30 are as

defined herein; and Ru'- R - are defined as R0-R 2

bat aretppeéer abbyeCl-iG4 adnkgy| eopodipiveniypl andfrer ey be two
'QE@ {fHHSﬁQSbXDofﬁ%éﬁéﬂ“&&@l£Qr§g§%§agkythgséEéﬁigiQagt?ucture.

total of 4) oxygen, nitrogen, sulphur, silicon atons
ofPrtynasillvandher sditdl kyp skl eon grbeips it Xeur e§specially

t@ﬁéﬁ?ém ng¥@ﬂﬂhﬁ§n8fc%%gth%EHﬁéyr§§mEng Ude form a further
pi peridine, pyridine, "“norpholine, cyclohexane,
cyerdphdptiaher e cyetodet aney c BB ldpepbhonai, sttramre-

di oxane, al kyl substituted D OP, 2-al kyl substituted

1, 3 di oxane, cycl opentanone, cycl ohexanone,
cyetopenteire ie)et thexerdd, cyelohexadi ey, Pe4 saturated  or
dibhianeeapi pehibZENE o rPYIOLh hidide, stibiommipholdiRg, alkyl, Y
cyci ohexenone, = bicycl o[ 4. 2. 0] oct ane,

bPEY D[ 4°3. B HohEdnd ddadmantaile, 35V TS ahyfopiraniratkyl,

Siahywrwwyan, 3l]|ee§r[}alhy|®ﬂ®.§/=‘lizpp)&{e&r), hb@tsf@{;)/tdzrl@',l cyano, nitro,
uran-2-ono, delta val erol actonc, ganma-butyrol actone, ..

gr'of ar i cOWO'J008/ 0751688  PCFA &B2007/ 087 75¢ 45 ¢ CONMR) &%,
SR*, -C(0) SR*, —-C(S)N(R*)R*, ~CF, , ~-SiR"'R7*R"?, or

phosphinoalkyl wherein, when present, at least one of R*-R% is

: , 7
" are as defined herein; and R-

not hydrogen and wherein R'-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
than a total of 4) oxygen, nitrogen, sulphur, silicon atoms or

by silano or dialkyl silicon groups or mixtures thereof.

Examples of such structures include piperidine, pyridine,
morpholine, cyclohexane, cycloheptane, cyclooctane,

cyclononane, furan, dioxane, alkyl substituted DIOP, 2-alkyl

substituted 1,3 dioxane, cyclopentanone, cyclohexanone,
cyclopentene, cyclohexene, cyclohexadiene, 1,4 dithiane,
piperizine, pyrollidine, thiomorpholine, cyclohexenone,
bicyclo{4.2.0]octane, bicyclo[4.3.0]nonane, adamantane,

tetrahydropyran, dihydropyran, tetrahydrothiopyran, tetrahydro-

furan-2-one, delta valerolactone, gamma-butyrolactone, glutaric
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anhydri de, di hydroi m dazol e, triazacycl ononane,
triazacycl odecane, thiazolidine, hexahydro-1Hindene

w 2006/075dby| ), octahydro4, 7 net hano-i ndene (1, 5\% 7%132007/050775

and tetrahydro- 1Hindene (5,6 diyl) all of
be unsubstituted or 5 substituted as defined for aryl
herein. Specific buL non-1inifPng exanpl es of
unsubstituted aromatic bridged bidentate |igands
vitidnighai s i nventidéhydﬂQﬁMﬂdﬂZ@de the fol | awiingacyclononane,
1, 2-bi but met hyl ) henzen

i eEy T bhos ohy Tt H) bengera o h-ndend' S (5,6
fhzdﬁvsﬁGaﬁhY@ﬁ014-7buﬁyhph@sphkm@neﬂhylﬁmaphbﬁalanﬁxahydro—

%Hganebée(q%@@aqﬁﬂhxlpgp§p%anHgkﬁy|%§fn%gnanubstltuted or

dﬂﬂﬁﬁEﬁyF%ﬁ&ﬁhﬁﬁﬁﬂﬁﬁé§ﬁh}@Waﬁeh¢wéWbenzene 1,2

bi s(di - tort-hutyl adamant yl phosphi nonet hyl ) benzene,
1,2 his(l- adamant yl

tert butyl phosphinoneLhyI)benzene 1-

\mant y| phos Lhyl di-tert _
ﬁ osph| nmet j éﬁg) %a mpLef 9F unsubstituted

butmknﬁﬂsphrn@@@&thbe%t@@bCOPﬂﬁ§§§§|thhln this invention
osphi nonet hyl ) benzene, 1-(di tert- hutylphosphlno)

219 d8KEs pha- addﬂﬁﬁtyl)o xy¢ ehewing: ; 2-bis-(di-tert-

Qg“%g???§%¥hbuﬁéﬁgh§s%h leospha adananty#)giéyggngi_tert_

i nonet’hyl ) - 2- (phosph@a
adaranpylodyénzene, t i1 ) @@n&&aﬁantylphosphlmmnﬂﬁwéécéh tert—

pha 2 amant enzene (phospha adar nantyl) - 2-
%”Ur‘fsi R ROy A 1 (i crort 1,2

Qﬁﬁwbﬂbﬁﬁﬁﬂﬂdi ﬁhld%mdﬂ%yl Hé%ﬂén@“tylghQSph$1§&91 3,5-

benzene, |adanantylphosph|nonethy

Cdimgdane @Qﬂﬂﬂﬂ&ﬂﬂﬂ@%ﬁ%@m@@ﬁ@hyﬂ(uanm%ma 1 2 bis(di-5-
Butyl [ hy (dlad phosph|n([»
benze%g%%agd'3%5k r O%phl Oggb q8¥@§-€ﬁ'(2 2,8%6 Pis(l-
peeramet/y | phos¢ﬂm%hmﬂymnpﬂ@yphﬁnﬁmétnyp%ﬂéﬂﬁ%ne, 1_
%-gdl-ter%- , _
diadamantylphosphinomethyl)-2-(di-tert-
butylphosphinomethyl)benzene, l-(di-tert-

butylphosphinomethyl)-2-

(dicongressylphosphinomethyl)benzene, l1-(di-tert-
butylphosphino)~2—(phospha—adamantyl)o~xylene, 1-
(diadamantylphosphino)~2~(phospha—adamantyl)o~xylene, 1-
(di~tert—butylphoSphinomethyl)~2—(phospha~

adamantyl)benzene, 1-(diadamantylphosphinomethyl)-2-
(phospha-adamantyl)benzene, l-(phospha-adamantyl)-2-
(phospha-adamantyl)methylbenzene, l1-(di-tert-

butylphosphinomethyl)—2—(di—tert~butylphosphino)benzene,

- (diadamantylphosphinomethyl) -2-
(diadamantylphosphino)benzene, 1-(di-tert-
butylphosphinomethyl)—2—(diadamantylphosphino)benzene, 1-
(di-tert-butylphosphino)-2-(P-(2,2,6, 6- tetramethyl-
phospha-cyclohexan-4-one) o-xylene, l-(di-tert-

butylphosphinomethyl)-2-(P-(2,2,6,6- tetramethyl-phospha-



wé8o@yeehexan- 4-one) benzene,
t et ramet hyl - phospha- cycl ohexan-4-one)) - benzyl ) -
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but yl phosphi nonet hyl )-2-(P-(2, 2, 6, 6-
t et ranet hyl - phosplia WD 2008/ 075108 PCT/ GB2007/ 050775

- tetranet hyl - phospha-cycl ohexan- 4-one, 1- (tert-
butyl , adamant yl phosphi nonet hyl4p-2 (di 5
adanantylphosphlnonethyl)benzene and I (P-(2, 2,6, 6-
teybaﬂﬁbﬁﬁthhO&Qha cychobexan- 4-ore) - 2- (phesahaP»(2,2,6,64
adanantyk%o xylyl - wherein "phospha- adamant [

sEFEErBE

tri oxadamanty

WénP?0688§pﬁ§Cio§e§a? ﬁeppﬁﬁétH§P él©:§32r6'
tEb@%%QQQE§ﬁ¥Fh%sBH%Sggél%héxénL@Lgﬁbhy|

2bphgsphdamaatsl?hpéphacpmetbuéﬂoﬁetﬁyk)

6,9,10-tri oxada hospha-1, 3
t?%@PPP%V}ﬁgpgﬁE? W%tgyé %5%tr|§xadan§% yl - 1T Qa2 6067
(ditenkbukyl phosphbhrorgthyhrikaenracene, -2, ZpBobphS=

((litertbutyl phosphi
1323@ﬁ§€11305XYlY15

r|Q%

Lhanethyl -6, %QL
ganantylnethyfg errocen
teknaﬂaﬂhmbntyl 2- phospha 1 3 5-trimethyl-6,9,10

<ﬁ%%ﬁ%ﬁ§Eg¥Jgﬁtf%pen ré%quoromethyl

t%tQaﬁﬁthho&B@%ﬁB@tQMCl0hexan4 ene)) ferrocengprangnb-2, 3, 5-
20 bis( 1,3,5,7-tetranmethyl -6,9, 10-tri oxa- 2- phospha-

phosph cl xan
1 E4Prere I hosph

a@aﬁéﬁﬁyﬁﬁ@pﬁ@mﬁﬁéﬁiéné SErAmprés=arlagant 1hre

i er L PRl g

dKmntbyhbu¢gu@h@ﬁ@hepome$hyl ferrocene,

TRy

noneth¥J)ferrocene

1-(2-(P-(2, 2,6, §CT/GBzoo7/05077s

6—

9,10 10 1-(tert-

€rein ‘phospha-adamantyl” is

p@ﬁpﬁ.%QS 7-tetramethyl-6,
, 2-hi's-a, ¢x-(P-(2,2 6-

t at |
g et e 1 Loangs -

9,10~

1,2-bis-

tris-—

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

2-bis hosphlno
e &Faﬁ~% Pl SRR ShA0 T

&d%mﬁh%( gﬂh%@@&%b@hb 1, 3 5,7- 1,2-bis—oa,a (P-(2,2,6,6-
tetranet 10-tri oxa adanantyl)-4,5-d|nethylcyclo

héﬁgﬁ@methyl phospha cyclohexan—4-one) )dimethylTerrocene

1, 2-bi s(2-phog t hyl 16, -
05%%|oxaIZéang%?qgg%ggg?qﬁﬁcygiopeﬁ%gﬁggﬁg Kaltal LA

citettaehing(idivhospha-cyclohexan—-4-one) ) ferrocene and

1,2~

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

adamantylmethyl)ben

zene.

Examples of suitable substituted non-aromatic bridged bidentate

ligands are

dimethyl cyclohexane

5- methylcyclopentane;
tetramethyl-6,9,10-trioxa-adamantyl)

cis~1,2-bis(di-t-butylphosphinomethyl)-4,5~

; cis—1,2-bis(di-t-butylphosphinomethyl)-

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

trioxa-adamantyl)

adamantylphosphinomethyl)

5-meth

ylcyclopentane;: cis-1,2-b

-4,5 dimethylcyclohexane; ci

bis(di-adamantylphosphinomethyl)-5-methyl cyclopentane;

(P,P adamantyl,
butylphosphinomethyl)
adamantyl,

t-butyl phosphinomethyl)

~4,5-
t-butyl

dimethylcyclohexane; cis-1-

phosphinomethyl)-2-

cis-1,2-bis(2-phosphinomethyl-1,3,5, 7-
-4,5-dimethylcyclohexane;

is(di-
s-=1,2-

cis-1-

—-2—(di-t-
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30 adamant yl phosphi nonet hyl )-4,5 di met hyl cycl ohexane;
cis-1,2- bis(di-adamantyl phosphi nonet hyl) -5-net hyl

: _ ntyl, t butylpcr/Ge2007/050775
phosphi nonet hyl ) -2 (di-t- butyl phosphi nonet hyl) -4, 5-

di met hyl cycl ohexane; cis-1- (P,P adamantyl,
phosphi nonet hyl ) - 2- (di-t WO 2608/ 075108
PCT/ GB2007/ 050775 47 butyl phosphi nonet hyl ) - 5- net
hWQQXk@PQBEhi%ﬂm?th@ﬂ$ ﬂfm%tbylcyclOPentane,

lQQHEE '%.% 3, 76%§E%, ﬂ%%ﬁ@ 1%0 %

w@ymkomand ane; cis--1- (Pl P adanmma

- i-t- uty osp I NO

t - butyl

cis-1- (2~

adaggg§§H -

t
oqv et t5y éy@péh@mhl@p@e@yl( vahogpmmlyhybhdéxar@,, cis—1-

Se et hamet vy 8.9, §Q5Pfk%%§aﬁgéﬂﬁJ%t9yﬁ? 2

dl-t-b | phosphi nonet 5
ci s 1= (dlytpbut§aphosph1ngﬁgthyl)

cjﬁ]oﬁ%k aq§y§pﬂosphlnomethyl) -5-methyl
ZF@ﬁ@§§Hi@9ﬂ§ﬂ®ML113355zZe%?B&@HQuL%yb

adamant y| di adanmant yl phosph

éVEWﬁﬁéﬁ Lﬁ%—Chadamantylphooph1nomethyl)

cyc

1ox% adamantyl)

opent ane

-5- methyl cyclopentane, cis-1-

(szggpmmthww 35 S fel et hanmeihyl 6, 9.

adamant yl - (d |adanantylphosphlnonefhyl

’3§5L8ﬁ§Tantyl)

5- et

cyclohexane; cis-1-

B9 % LQrLLI OXa

nomet hyl)-5-methyl 10

5-methyl

Qh&ﬂbpéﬁt@ﬁ@sphlnQﬂﬁihyj21pﬁ%§%Han5%EE§ﬂﬁhh% 5, 7-tetramethyl-

10-tri oxa- adamant

Eﬁlaagnﬁﬁ{%ﬁﬁﬂﬁ§§BﬁPﬁbﬁbthyI)cyclobuLane cis-1 (di-t- —2-
buliypkiphensphiniepat Ryhd 121 ) cyclobutane,

(di.ada hosphi nomet hyl ) - 4, 5- di net
c%P&YgﬁgaéﬁFf}é“%é‘ieR - Lbuty|%&§ﬁﬁ?ﬁ?>ﬁ%{oﬁwin@%@l ~4,5-
@dm&dayﬂntbehQSp@&JHEWEthy&ﬁsii-Wa&hylb&ayﬂpﬁﬁﬁﬁﬁﬁﬁﬁhethyl) 2-

B oRP s B SSBH RO “E R | e seee 0. cie
tlr,izekat t 2-eyclsehfi 3oBe thyll[-3., %1}d@ﬁyk%m§;56d9nnrhy

| oh
%%go%a xanelf PRoZphi Wohet AJFSH '3 BT TR Bt hy | - & G opgxane
slﬁrﬂoxabxsc&gmospelnmﬁﬂiwlfB 7] 3dedyk) hbl methylo -

|
§¥§9%?f§§ ospﬁ nomethyl -1 98 i SmBER)T L 6, 9, 10°¥FioBRA e

tqﬁscyc| =phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-

% % } ﬂL 'ﬁ%bggﬁ T&%) d% deuEyf%gaépRhgsggh%gHEthglalmethyl

di met cycC exane

cis—-1—-(di-t-—

nyéobﬁ%ﬁﬂﬁm non®eithyl—(2;- Qhﬁﬁnhmnwwshytl{i,@ Eetrlmethyl 6,9,10-
tehd; OXAL £ § Y6107 633 3 11 13[% ?ﬁé?&fw' @3 (M-t

butylphosphlnonethy 5- met

cyc opentane

butylphosphinomethyl)-5-methyl cyclopentane;

cis-1 (2-
cis—-1-(2-

phosphlnomethylvl,3,5—trimethyl~6,9,10—trioxatricyc10*

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

dimethyl cyclohexane; cis—1-(2-phosphinomethyl-1,3,5-trimethyl—

6,9,10-trioxatricyclo—{3.3.1.1[3.7]

}decyl)—-2-

(diadamantylphosphinomethyl)-5-methyl cyclopentane; cis—

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

trioxatricyclo{3.3.1.1[3.7]}-decyl)

—-4,5-dimethyl

cyclohexane;

cis—l,2~bis—perfluoro(Z—phosphinomethyl—l,3,5,7—tetramethyl—

6,9,10—trioxatricyclo{3.3.1.1[3.7]}decyl)—5~methyl

cyclopentane; cis-1,2-bis-
tetra(trifluoro-methyl)~6,9,10-
trioxatricyclo{3.3.1.1(3.7]}decyl)

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

~4,5-dimethyl

cyclohexane;
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phosphi nonet hyl -1, 3, 5-tri net hyl -6, 9,

\Né%ngmﬁsﬁk3 7]) dccyl ) - 2- (di adamant yl p
|

_methyl cycl ohexane; cis-1(2-phosphi nonet hy
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1,3,5-tri-nmethyl -

10-trioxatricycl o-

hosphi no ”%E@%dﬁzbé‘wosows

6,9, 10-trioxatricyclo-{3.3.1. ¥83. 7] } decyl ) - 2-

((di adamant yl phosphi nonet hyl ) 5- net hy

| cycl opent ane;

Cicss30, 2-bis- (2-phosphinomethyl-1,3,5, 7-tetra(trifluoro-
1,2 bl 5 pert | yor of 2: Rhosel| o=t v 4, 3 fy s et aeL g
ttyoxapémmang of 813+ 1~ 1[ B2-fJYosgbecyb) t 43,5 di-metipplethyl-6,9,10-

cIohexa

o P P inar S5 2 i RORTRAPL BB d At ny -
6d9mé0hyrdym&@hexevajo{3 3i5-1F3. 7] } de@Hoppbi netdtyly1-1, 3,5, 7-

SSet PP RN E Bof b e tng ) T8 062

LRomEdNhi ot 5,8, -

tKEOxam$ukaﬂ60931Q%tt&$k3 Py ooyl l) - 445 5dietttiyll cyclohexane;

C¥C|obexaq%i ¥[%%£9§%QZ§QQ§>PQT/Q@ZQQZnQQQZZQphﬂﬁmethyl -

-1 2-bi's
(Zvph@smﬁﬂhnﬂnﬂwh?bhﬂxéhd5 PHsofra(driddayendpy lphosphino) -2~ (di~
t 07 tri I 1[ 3.17 ] .
gghg?{@%% gégn%)g%gm Yl Bidethyl Uibhkdghay] 2iooM  (a
( 2dphasphimesph3ng) 721 @@raﬁ@mmyi@hgsm@momethyh -4,5-
tﬁﬁgéghfﬁ Q?%ﬂéﬂé&a%e dblg pUtWbpgﬁéﬁﬂhﬁgngtQY%)74£§r§methyl—
di met h ohexane; ci s-1-
(@,ﬁhbé qﬂ§ﬁgﬁﬁ?maq¢y13 -8-ydi-adamantylphosphinomethyl) -4,5-

t éﬁﬁqé{fﬁgf‘w cﬁzl%hl,gaﬁél oxaradamant ylp -2

@ZEPQQSpméy%éhethyl—

etramet hyi-6,9, 10-tri oxa- adanan tyly
-@hﬁs@h@etmyuo©¢@b@héx@ne ) -2t gdit=t -butylphosphinomethyl) -

(Q|5t bug%$ﬂhosph|nol12hédl-t butquh?§%hhﬂngthLL (226, 6-

52di et cycloh@xane s-1-
(dﬁt%ﬁmantwﬁﬁphpﬁumgp¢uq19ye%yﬁdﬁ I@) - (18,

2R]cyclohexylmethyl]-P-

t Qbklté’kph&%QQhM%I@%'s)ma 4y o1 dicet hylneycl ohexane;

cis-1- (d
adanantylphosphlno) 2- (di -adamantyl p

hosphi nomnet hyl )

%xgmAQ&ﬂehﬂylsﬁMQmegxaﬂgn Slisstituted non-aromatic bridged

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

69990145 oxa- adan%ﬁ??F¥-2 (di - ad¥ifant yl phosphi arethy (447t~

| )autélého@hmbhythﬁm@y@nsx@%e Cis-1-

( P(2,2i8,162-bis (di—t—

tetramet hyl 15 phospha cyclohexan 4- one)
)bﬁt(H?h%%%Hfﬁpﬁﬁ%éﬁﬁﬁﬁéﬁﬁfTSRSe' 4, 5- dlneth9%s 1, 2-bis (di-t-
cy&k ohexanaindnb dn or)divieeb byt a2=;P- ( 2, 2, 6, 6- cis-1,2-bis(2

Leftarr et byl phpspha-cyc| ohexgndzo

Qe%o[éES 2R]cyc|ohe

adamantyl) cyclohexane; cis-1,2-bis(2-phosphinomethyl-1,3,5,7-

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

clopentane; cis-1,2-

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

adamantyl)cyclobutane;
adamantylphosphinomethyl)cyclohexane;
adamantylphosphinomethyl)cyclopentane;
adamantylphosphinomethyl)cyclobutane;
butyl-phosphinomethyl)-2-(di-t-

butylphosphinomethyl)cyclohexane; cis-

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

cis—1,2-bis{(di-
cis—1,2-bis(di-
cis-1,2-bis(di-

cis-1- (P,P-adamantyl, t-

1~ (2-phosphino-1,3,5,7-

-2—-(di-t-



10

15

NS
(@]

25

30

35

2,2,6,6 tetranet hyl phospha-cycl ohexan-4-one. 20

Exanpl es of suitable non-substituted non-aromatic
wzdosigesdos bi dentate |igands arc cis-1, 2- bls(dh?%PGBZMWMﬂN75

but yl phosphi nonet hyl ) cycl ohexane; cis-1, 2-hi It

but yl phosphi nomet hyl ) cycl - opent ane; ci sl, 2-bis(dit

but yl phosphi nonet hyl ) cycl obut®ane; cis-1,2-bis(2- 25

pho. sphi norncthyl - 1, 3, 5, 7-tetr anethyl-6, 9,

1@quﬂPbR%PQwﬂﬂmahhylbqgaﬂahhexame c1s 1— (2-phosphinomethyl-

QF% % 2 E%éﬁé%eQHg§P@HPQQPE?¥OXa @apf open@aﬁgOSphlno_

tetranethy - 0-tri'oxa-adaman
cirs« i P-tetramethyl-6,9,10-trioxa— adamantyl cyclohexane; cis-1-

UU§L% E&%§ﬂ§ﬂo@9ﬂ?53ylfikd§ ? ggg%?ﬂh%gg%d%bm%%?yl}cyc{ohexane,

a adamantyl’) cycl obut ane;
édénéntylphosphlnonethyl)cycldhexa®HMN¢wSpmonwmmdcnz (di-t-
t, opent ane; .
%ﬁgg?ﬁiMﬁﬁh%%??tgygﬁﬁﬁgéh%%%ééh|nonethylfcyéﬁobutane (di
@ﬁgmintx#pqgsgaaﬁ%hT%ﬂ dltadamantylphosphlnomethyl)cyclohexane,
Qdé¥h phOSph|nomQLBMb%pﬁﬁn&(¥ % , 1-tetramethyl-6,9,10-trioxa—
i

but hosphlnonethyl)cyclohexane cis- _
%ﬁg | ﬁo ?lEp@@mpntggphosphlnomethyl)cyclohexane, cis-1- ¢{

peypaTpL iyl - G Al ek ta W0 ) o (as
2088?%?51%8 sttt Whe) ) 2- (i
@u?yimﬂﬁ@hmmﬁmw@y@y@h@mne, cis-t-  ( p-(2,2.6, 6

. i t hvl -
@%EQE%‘%Q%@Q%OF%F‘EW1?865?%%0885%@%3/|) 2- (2-{Bhds 6, 6-
pmtmameltha,lgpmetsghea@t;myshe@aa 10oheh oxa-adanBAtyl)ane
| ohexan cis-1-

%u%y phospﬁ?ﬁ%fm?mGnglt but §I 2 phospRicasherdndheyetaheli-t-
baﬂfﬂpﬁbsphﬁﬂ&méﬁﬂyl)@Q@ﬂ@@éﬂﬂdﬂ@OSthQO) 2- (#“P¥adamantyl t-

] phos E none cyclohexane cis-1- (di-

ﬁif1§ o%%ﬁﬁﬁﬁ%”z ( (3t -adamant yl phosphi nonet hyl ) cy
bbtﬁ&pﬁm&@hlncméthbﬂ ) cyclobutane; cis-1- (Z-phosphinomethyl-

ranmet hyl - 6, 9, 10-tri oxa-

hino-1 9,
gd%ﬁgﬁ%§|ff§m?%“’ éa%&ﬁéﬁﬁﬁﬁ@asﬁﬂﬂﬁHﬁﬂd 't hyl ) cycl ohexgli—t-
het v lgthesph1Qofet(tR,12, 6¢G=lohexane; cis—1- (2 phosphlnomethyl—

h h 4- di--t-
£e§ rﬁa%t&%k?‘ﬁ%&s h%r%%o eé@%n%dglr&]?(%tﬁ)f ( 13 (2,276, 6tdit-

P@@Y%ﬂh@ﬁﬁyFHQWREﬂﬂiaCQyt©mﬂﬁiﬁaﬁ*f| <08€)) - 2¢A-FRosphinomethyl-

{232%,@F§étramethylw6,9,1O~trioxa—adamantyl) - 2 - (di-t-
butylphosphinomethyl) cyclobutane; cis-1-(2-phosphinomethyl—
1,3,5,7~tetramethyl—6,9,10—trioxa~adamantyl) —-2-
(diadamantylphosphinomethyl)cyclohexane; cis—-1- (2~

phosphinomethyl~1,3,5,7—tetramethyl—6,9,10—trioxa—adamantyl)~2‘
(diadamantylphosphinomethyl)cyclopentane; cis-1-(2-
phosphinomethyl—l,B,S,7—tetramethyl—6,9,10-trioxa~adamantyl) -
2- (diadamantylphosphinomethyl)cyclobutane; cis-1-(di-t-
butylphosphinomethyl)-2-
(diadamantylphosphinoﬁethyl)cyclohexane; cis-1-(di-t-
butylphosphinomethyl)-2-
(diadamantylphosphinomethyl)cyclopentane; cis-1-(di-t-
butylphosphinomethyl)-2-
(diadamantylphosphinomethyl)cyclobutane; cis—1,2-bis(2-
phosphinomethyl—l,3,5~trimethyl—6,9,10—trioxatricyclo—
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t et ramet hyl - phospha- cycl ohexane- 4- one) ) net hyl cycl ohcxa
ne; CS-1- (P, P-adamantyl,

%29M%Mkw§h05ph'nonﬁthy|) 2-(di-t 15 PCT/GB2007/050775
utyl phosl : :) hi nomet hyl ) cycl opent ane; cis-1-

(Y, P-adamantyl, t- butyl-phosphi nonmethyl)-2(di-t-

butylph(Dsphinonethyl)cyclobuﬁ@ne; cis-1-

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

LnBoxabadanamuyé@y})d&cioﬁdiaﬁe, but yl phosphi nonetikyl) 2-bis (2-
cl ohexane - hos y .

(P50 S RREY Mt hyl- b 5TT0 DY oXa! AdANBHYGF v ate

(dB t- 1bunyhph@SQhﬁn@n&bhyh@&ynlopentane Cis-kis-1,2-bis(2-

phi .

i e R P st ST

(dB-%- JAUuBprh@s¢ywlmynébhytyunyclobukamel (2-phosphinomethyl-

Ciy S |5§1nBE%§Bg Q,, %h¥kloxatflq%glp) 3.3 Jg 11371 jdecyl) -2-

tetranmeth tri oxa adarma

(ddamkwhuﬁy}pph@gmﬂnqm@WEvhy¢9@3aﬂazhexane cis-1-(2- cis-1-(2-
i : 1 hyl - ad

EE{??/%M}%(‘%%!{ 13 % (% %ﬁé{ 2ty ﬁ)@/ ? atEEE é?oﬁ am

danantylp osp norret cyc open ane;
ciis-3- XZL [3.7]}decyl) - t-butylphosphinomethyl)cyclopentane;

p@9§pﬁ&0rﬁ%g%h r;!m?et%yl ﬁeﬁ ramethyl ¢ 196 X04HLEPX R ADAWy 10—

di adamant yl phosphi nonet hyl ) cycl obut ane;
cit 8- 1-{di 5t 7) 3= bty PpHBs phi momepkg Pya nomethyl) cyclobutane;

(QhQﬁfU¥§ﬂ§%0999§£HMég%§ﬁlDy&)53%?ﬂ%@€%99£6 §ﬂ1§ %ri&kagrlcyclo—

but yl phosphi nonet h
(dﬁaaawmsmh@%m InGmee hyl9 e EIYd peAL BN ONEl §Y 1L i Lopexane ;

but yl phosph ﬁﬂ?&JﬁQﬁhzg 893, 5-trimethyl—-6,9,10-trioxatricyclo—
(dladanantylp osphlnonethyl)cyclobutane cis

Q %“5023 7] Ydecyl)

pr@@§&ﬁﬁr&@@ﬁb}yﬁ&S}J-hl%oﬁreﬁ:ﬁyﬂﬁéaﬁylo'p@ngaﬂ@' trioxatricyckos-1-(2-
WO 2008/ 075108 PCT/ GB2007/ 050775

{ BPeSHIYFSR Y del - Y17y ¢y crohekarte;” &Pstﬁl%aﬁ%@d“

phesphi namet/hyledy13,-5- uana&ﬁ&aﬂtyﬁpaoaﬁhiﬂdm@xap[1@3@mdbutane;

é%bgpﬁT}%%ﬁ;¥%§$f%]%) ggﬂg{ane §g§fiézgélgxg????gﬁﬂ@¥l_

56{83, fbfhnlkatgidjhﬂEMB)ByBlIﬂHﬂ]ﬂnEdecyl)cyclohexane, cis-

CI821bu§%mggggg;g{ByE%%ggLinomethyl—l,3,5,7—tetramethyl—6,9,10—
trioxatricyclo{3.3.1.1[3.7]}decyl)cyclopentane; cis—-1,2-bis-
perfluoro (2-phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)cyclobutane; cis—-1,2-bis—
(2-phosphinomethyl~1,3,5, 7-tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1(3.7]}decyl)cyclohexane; cis-1,2-
bis—- (2-phosphinomethyl-1,3,5, 7-tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1(3.7]}decyl)cyclopentane; and
cis-1,2-bis— (2-phosphinomethyl-1,3,5, 7-tetra(trifluoro-
methyl)—-6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)cyclobutane,
(2—-exo, 3-exo)-bicyclo[2.2.1]heptane-2,3-bis(di-tert-
butylphosphinomethyl) and (2—endo, 3-endo) -
bicyclo[2.2.1}theptane-2,3-bis{(di-tert-

butylphosphinomethyl) .
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1,3,5-trinethyl-6,9,70-trioxatricyclo--{3.3.1.1[3.7])d

ecyl)-2- (di-t-butyl phosphi nonet hyl) cycl ohexane;
wermsA71s PCT/GB20071050775

phosphinonethyl 1,3,5-trinethyl--6,9,10-trioxatricyclo

{3.3.1.1] 3. 7]}decy|) 2

(d|--t - - but yl phosphi nonet hyl ytycl opent ane; 10

ci s-1(2- phosphi nonmet hyl -1, 3, 5-trinmethyl -6, 9, 10-tri oxat

rﬁ%%mﬂlgs Pg 3ugsqjtyt%p}@egyhyig Pridged ligands in accordance

(%ithttQH;YMRQ9§9Q5n95E£€¥4)gyéthH5§nﬁ ?uaglghiﬁph%nomethyl)

ci s-1-(2-phosphi none trinmet i oxa

t+i%cyépbenyl benzene; 1,2-bis(di-t- butylphosphlnomethyl) —4-

{ﬁre%glg%[ééger@}decw Y23 6 (2 adaROt Yl PHOsRALDeIBE Y] ey 1 -
X

teipetby bhiosighi hereersd - 1, B, Bltisi(At hyhut,19haeph ricmeanyl) -
téf—l QY@E@Eh}@lﬁ%lsbéngén?é .71} dlecédb)ls%2~ hosphl_nomithy]2 1,3,5,7-

(di adamant hosphi noret’hyl ) cycl opent ane;
&r‘?&fﬁﬁﬁﬁ *t@ﬁy% iOBtBl%alWéﬂamﬁyFY%)@rﬁ@dwh@mdthem@ycdao- 1,2~

(8.53 21pa&§ph7ﬂr}oq1eem 2-4,d, ad@g@pgryéa@msahé noyethyl)cyc

| obutane; cis-1,2-bis perfluoro(
RiAbhret hyt- @@ysb?n%%@%famt hyl 1 2®-bis (2-phosphinomethyl-

6,9, 071 gi:0xat bl eye) 133 - Lodh B Admdgeyl ) oy glighexane
i(,t%[i%-ﬁgbﬁje?jﬂy&éP%??e-rﬁﬂ'fosphi Morfethy I 2101 7 np@e taretlhyg - 5, 7-

lt-ebrOmdOnyl-6,9,10-trioxa-adamantyl) —4-

I 3.7]] decyl ) cycl opent ane,
2:;oxatrlc%giyg benzene; ];— 1§ydz g&amé%tylphosphlnomethyl)

pesf | aose(2-phoseht nomet hyls il aa5aaaﬁéﬂﬂyi@ﬁbByElﬁ%ﬁ%t%Ql
tr|oxgtglqx%%p{B1321b}L§iZLiggg¥t;C ﬁﬁéﬂ%ﬁ%gﬂglhyl> 4,5 bis—(
(t2<phosphiinerebhyteds 3, 5, 7-1-etikat rhddoongi pBs Syl JrddeOny1) -
g%g?i?éégéﬁégﬁg¥?loggngegéﬁis'71lde%¥JgCygé§¥g%§§qe t-butyl
Prosphospld thgiet byl d -t -Bubylpt@tpta brit hyor-or, et hyl ) - 6
F?.%gn¥%??%ﬁ§“8{3 371, E[E a?f?%%@91)cycp5§en?gﬁ%ph Hggethyt) -
@rgdljtgbuuml@hégphlnomethyl phenylbenzene, 1~ (P, P

S met hyl -1, 3,5, tra(trlflu ~
BB% %%bgploxatrlcycI0|§ %§1 1[ 3. 7]} ecy &98 ]ﬁne (di-t

@Ztékﬁho%Ph%@@%ebhﬁycﬁbpz 2b1?h@ptam@eéhj%dmlsadbemzﬁde, 1-
hut ¥l phosphi, HQHE}PV') and 1%P%ﬂd° g; 1O} fomethy1) - 2- (di-t-

bi cyc: | e[ 2. 2. 1] hept ane- 2, 3-bi's(di - t

bt VI pHOSPRIPABRERRYI Y- (T 38e MO 12008/ 075105:¢ ; - (2=
ngéﬁiggg%ékg§gz¥§3,5,7 tetramethyl-6,9,10-trioxa-adamantyl) -
2 - (di-t-butylphosphinomethyl) 4, 5-diphenylbenzene; 1- (2-

phosphinomethyl~l,3,5,7wtetramethyl—6,9,10*trioxa—adamantyl) -

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

phosphinomethyl~1,3,5,7—tetramethyl—6,9,10—trioxa—adamantyl) -
2- (diadamantylphosphinomethyl)-4,5-diphenyl benzene; 1-(2-
phosphinomethyl~1,3,5,7—tetramethyl—6,9,10—trioxa—adamantyl)—2—
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i s(di-t-butyl phosphi nonet hyl ) 4- phenyl benzene;
1, 2- bls(dl-tbutylphosphlnonethyl) 4, 5- his 5
(trlnethyIS|IyI) benzene;
1,2-bis(di-t- butylphosphlnonethyl)-

44 {1 adaretirhyl ghbyb) beneeng]) -4-phenyl benzene; 1-(2-
I bi.s(2 sph hyl _
tgg?%%é¥hn%tg 8 agggﬁﬁoﬁgt%aéﬁﬁﬁﬁyﬁ)9'ﬂ%t‘lo KenytBshsdt

ner 1, 2¢dbids(@ntylphosphinomethyl)~4, 5-bis—( trimethylsilyl)

gOSPh'nOHEthyl6he§y$h%é§%%k%”§£9¥| 78,9 10: 40159816, 9, 10-

anmnt’ yl) -4 n
1t2i©$${821aph05ph] fionetihybmadiy lphosphinomethyl) —4-

?ﬁ$,%%ﬁﬁgﬁghy£e§bgﬂgo tr|9xﬂagqn%ﬂk¥hghoséilg ﬁethyl -2

benzene;
b|S(éﬁqﬂan;ghphgﬁﬁnjnqmelhgl5 Q}S diphenyl Dbenzene; —(di-t-
t , t,ri oxa- adapant yl.) 1 hvl) —4—
(??Ff&%ﬂ%ﬁgﬂgk ﬁ%@m%?ege ”E-é&g ant§ phosphinomethyl) -

1er®Y%(di abdameartsfl phosphi noneét kg )t -bgtglphosphinomethyl)-2-
éBD&ﬁQﬁJ%%}%%HSSpﬂlé%&%%gyi¢~4 5-bis—( trimethylsilyl) benzene;

amant yl phosphinontthyi) -4 15 phenyl benzeno;
1124¢%i s{divtadahaseiydsnes phit hotret hyl ) -4, 5 bi s-(

traiéﬁiméﬁ% hﬁk%9§ﬁ¥§HM% hyl)-4- (trlmethy151lyl) benzene; 1,2-
bi s(di - adanantylphosphlnoncth I

4be§k%T@Whgppwi)mbleﬁzénéftqme(tﬂaw éd%l'nlé)nttﬁiFOX%%Ut%YIClo“

ph@Sphi noretiykde2r) (ﬂ}l 5= alpfu&w]ph%@hzén@orret hyl ) 4152-pis(
ggen Ibenzene 1- P adamanLy, | ,

PR HSRSCRY Y1/ %@?f&&?ﬂfﬂbtﬁ ﬁfﬁﬂogwﬂ%ﬁfa’wﬂ 4-
ph@nyllbﬁmzen$deéy1(J% ~Bheagamant viben derlyt yl 1,2-bis (2-
phosphi noret hy -1. - but yIphosphlnonetﬁ¥y%lo_

bPEO%P*PlW“ﬁEW%rb%ﬁjtﬁéﬁ%l?ﬁél 67 (P P Y
t{bUByiipﬁDQ@hd@@ﬁEPhNb}bzs(dltﬁrmethy151lyl) benzene; 1,2-

butg Eh%§PEhggg$ét ) 4gtglgggﬁgy%bﬁl%yé)QF@%gggétrlc§é%o—
phesphlnpmewnyhe8y3>SLKtteméfﬁymérgbiﬁ 9, W@ntenoxa- adami-(2-
g%ﬁ%@ﬁvwﬁﬁn enet qyt%éﬁggﬁﬁp%P%”?EhY QoXatrlcyclo—
phesphlrmnﬁeﬂnyhedyB B -1dt et flamatlippbsBh Oy kGithiy dx a4 ddangheny 1
E%'%ene, - (di-t-bytyl phosphi;noretyi - 4- BhenYle nyi-6, 9, 10-

benzene;’ ; 1- (2-
phosphitnometchyl-4 31, 3,15,173t 81 r@aetlnyk-649,10-1 . ri oxa- ada

n%ﬂgyighésé%gn%métﬂ§gfj4?%H£X§fﬂ18§9£gﬁg%nEtqykif%ﬁ%épghﬁb&ethyl—
1,3,5-trimethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl) -2~
(di-t-butylphosphinomethyl)-4,5-bis-( trimethylsilyl) Dbenzene;
1-(2-phosphinomethyl-1, 3, 5~trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)-2-(di-t-butylphosphinomethyl)-4-
(trimethylsilyl) benzene; 1-(2-phosphinomethyl-1, 3, 5~
trimethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}décyl)-2-
(diadamantylphosphinomethyl)-4, 5-diphenyl benzene; 1-(2~
phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1(3.7]}decyl)-2-(diadamantylphosphinomethyl)-4-phenyl
benzene; ; 1-(2-phosphinomethyl-1,3, 5-trimethyl-6, 9, 10-
trioxatricyclo—-{3.3.1.1[3.7]}decyl)-2-



trinmethyl.siiyl)benzene; |- (2-phosphinonethyl1,3,5,7-

tetranmet hyl -6,9, 70-tri oxa-adamantyl) - 2 - (di-t-
wanwgbphasphi nonet hyl ) -4- (trimethyl silyl) benzena;sbbHosor7s

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

mantyl) 35 2-

(di adamant yl phosphi nonet hyl ) - - 5- di phenyl benzene;

1- (2- phosphi nonet hyi

1(d3 agapa gt rarePhyh argtdy10= ¢ r § oxs-ddamandtlyy )si2 WD benzene;
aQQQLgﬂééﬁﬁinpggéﬁﬁng%!QSQzZQetﬁ§% 0 trloxati% clo—

di adamant hos nomet hyl ) pheny? %enzene
dﬁo§pﬁrhbﬁé@ﬁ9ﬁcalB*% (Pt et panethyphog Pl n@eathivéxada( Jam

a@EXR%tHXféll@q|ag@ﬁﬁ&kaylpr§@H|nBQ@¥ﬂHHrL Lé&&%ﬁ%l%omethyl—

trinmeth benzene;
1-¢2? pﬁo%aﬁﬂ@ﬁérhw—% 18-5r yoxattrigmet iyt -6,19,110- 7Bl —decy1) -

tar iso¥ apRdamanbyh ) erds; (d|adaﬁQﬁ&MEpgé¥¥¥Honggl£WgQpH%nomethyl—
(trlnethyIS|I 1) benzene; 1-

10

15

20

25

30

35

(dP« pe E;uft%ﬁrﬁﬁ]@% i Horfet Ayl y igsatricyclo(3.3.1.1(3.7] jdecyl) -
(4%&6&@%%&1&@phnngnmme)rféuér@l Phenybnbenzang:-1,3, s, 7-
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| prop-2'-yl) ferrocene; 1-

20 1, 3, 5, 7-tetranethyl-6, 9,

) - 2 - (di-t-
butylphosphlnonethyl)4 5-(di-t-butyl)ferrocene; 1 (2-
phosphi nonet hyl -1, 3,5, 7-tetranet hyl -6, 9, 10-tri oxa- adam

?9%¥#%%{%gltfé§S%%%%éﬁﬂé%kgbgéﬁgkhfﬁqeghX'él§£é£y1 4,5-dimethyl

baphosphi nonet hyl -1, 3,5, 7-Cetranet hyl -6, 9, 10-tri oxa- a
damantyl) 25 -2 (di adamantyl phosphi nonet hyl ) -4, 5-

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

1-(2- phosphinonethyl-1,3,5,7-tetranethy|-6,9,10-
trloxa adamantyl ) - 2- (di adamant yl phosphi nonet hyl ) - 4- (or
phenyl prop-2'-yl) ferrocene;
¢. sphi noni cthyl -1, 3,5, 7-
-6, 9, 10- trloxa adamantyl) -2 30
hyI) 4,5-(di-t-butyl)

tylphos- i noms hyI) 2-
gnt yl phosphi - nonet hyl ) -

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

benzene



10

4,5- di-(2'-phenylprop-2'-yl) ferrocene; 1-(di-t 35
but yl phosphi nonet hyl ) - 2-

Wb%é’&‘i’@?ﬁ)@t yl phosphi nonet hyl ') - 4- (or PCT/GB2007/050775

(2' -phenyl prop-2'-yl) ferrocene; 1-(di-t WO
2008/075108 PCTI GB2007/ 050775 61
but yl phosphi nomet hyl ) - 2- 64
(diadanantylphosphinonethyl) 4,5- (di-t-butyl)
gﬁrpcene 1- (di -t - butpyf phosphi nonet hyl ) - 2-
4dame tyl phosph nonethyl)4 (or 1')t-butyl
ferrocen-' 1,
bi s(2- phogphinofret hyl -1, 3, 5Lriniethyl -6,9, 10-tri oxatri
cvelo 5 @ 3. 7] }decyl ) - 4, 5-
di - (2' -phe prop-2' -yl) ferrocene;
1, 2bi s(2- phosphi nonet hyl -1, 3, 5-tri et hyl - 6, 9, 10-
trioxatricy 2 - {3.3.1.1[3.7] }decyl ) -4-(or
") (2" -phen prop 2'- yl) ferrocene;
1,2-bis(2-phosph|nonethyl 1,3,5-trinethyl -

6,9, 10-tri cyclo {3.3. 1 1[ 3. 7] )decyl )-4,5-(di-t-b
utyl) 10@
1, 2- bi s(2/phosp |nonethyl 1,3,5-trinethyl 6,9, 10-
trloxaLrl cyclo-{3.3.1.1[ 3. 7])decy|) 4- (or 1')t-butyl
f er r o¥ehe;
1- (2- phosphi nonethyl -1, 3, 5-trimethyl -6,9, 10-trioxatric
yclo- {3. 3.1.1[3.
71) depyk) «2--tdir-tt-vhutybphepphioremeinyl )+ 4 bimdt {2511y 1
phenyl prop-2' -yl ) ferrocene;

1L Ee2TpRESFNI nomet hyl --1, 3,5 15
trinmethyl-6,9,10-trioxatricyclo
{3.3.1.1[3.7] }decyl )-2-(di L-
but yl phosphi nonet hyl ) 4- (or 1')(2' phenyl prop-2'-yl)
ferrocene;

f??é,s-trinethyl-6,9,10-trioxatric
.1 ]}decyl)-2-(di-t

butylphos hi nongt byl )-4,5-(di-t- butyl) ferrocene;

thyl 1,3,5-trimethyl-6,9,10 20
trioxatri -3.1.1[3.7])decyl )-2-((ai 1I.-

but yl phosphiionet hyl ) - 4 (or 1')r-butyl ferrocene;

1-(2- phosphlnonethyl , 5-tri met hyl

6,9, 10-tri oxat'’r cvclo-

{3.3.1.1] 3. 71}decy|)-2-(diadananLyIphosphinonethyi)-4,

5-di-(2'- phonyl prop-2'-yl) ferrocene;
1-(2- pho* hyl-1,3,5 25

trimet hyl O-trioxatricyclo-{3.3.1.1[3.7]}deeyl)-2
- (di ada ntylphosl ) hi nonet hvl ) -4- (or
1') (Z=phenyl prop-2' -yl)

1l,2-bis(di-tert-butylphospinomethyl)-1'-tert-butyl

ferrocene



ferrocone; 1-(2-phosphinonethyl-1,3,5-trinethyl-6,9, 10
trioxatricyclo-{3. 3 .1.1[3.7])decyl)-2

wodimaasmeat y| phosphi nonet hyl ) -4, 5- (di -t -butyl) per/ar2007/050775
ferrocene; 1-(2- 30
phosphi nonet hy1-1, 3,5-trinethyl -6,9, 10-tri oxatricycl o-
{3.3. 1 1[ 3. 7]}decy|) 2- (dladaﬁﬁntylphosphlnonethyl) 4-
(or 1')L- butyl ferrocene; 1,2
bi s-SiVMsér f | uor o( 2- p} ro. sphi nomet hyl -1, 3,5, 7-

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

D

-4, prop 2'-yl) ferrocene;

1, 2 o(2 35PBU,

pbosphi 1,3,5 7-teLranet hyl -6, 9, 10-

t r Noxat 3. 1. 153, 7] }decyl ) - 4- (or

1) 9 ' 0081075108 PCT/ GB2007/ 050775
62 Wyl ) fer-rocene;

I, 2-B}S: perfluoro(2-phosphi nonet hyl -1, 3,5, 7-

tetr-anethyl-6,9, 10-trioxatricyclo{3.3.1.1[3.7]}-decyl
)-4,5-(di- t-butyl) forrocene;

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

1,3,5,7-tetranmethyl -6,9, 10-trioxatricycl 0o{3.3.1.1[3.7]
)« A- A 0 cene; 1, 2-his-

(7 'e%yhk%)])sspﬁlj no% ;if\%gypéﬁé@pﬁlr%rget%yel) ]1,23~ 1Is-—

S 16:3irgs thit et vl t 1 3 -ubitordet hyd ) e s O Jan .
trioxatricyclo{3.3.1.1[3.7]}(Jecyl)-4,5-di-(2"-phenylp
rop-2'-yl) ferrocene; 1, 2-big-

(2- phosphi nonmet hyl -1, 3,5, 7-tetra(trifl uoro-
net h I) 6,9,10-trioxatri(-,yclo{3.3.1.1[3.7]]decyl)-4-
2' 10 phenyl prop2' yi) ferrocene; 1, 2-bis-

Hbsp i nomet hyl -

,5,7-tetra(trifluoro-nethyl)-6,9, 10-

cyclo{3.3.1.1[3.7])decyl )-4,5-(di -t-butyl)

0 : 1,2--bis-

p osphinonethyl 1,3,5,7- tetra(tri fluoro nct byl ) -

PBU',

10 1, 2-bis (di—tert—butylphosphinomethyl)—3,6—dipheny1 benzene



1, 2-bis(di-tert-butyl phosphi nonet hyl ) benzene ga ?p
PBu'2 Fe C 1, 2-bis(di-tert-butyl phospi nonet hyl
25 WD 2008/ 075108 PCT/ GB2007/ 05077 <

\Vég@k%gggg.z 1, 2-bi s(di Lert-butylphosphinomatg{/II@%MOW050773

3, 6-di phcnyl -4, 5-di nethyl benzene 5 PBu'2 PBu'2 10

1,2-bis(di-ter_t-butyl (phosplkinonethyl) 4,5-diphonyl

benzene WD 2008/ 075108 PCT/ GB2007/ 050775 64 Bu' Zp

PButz Fe 2+ (Me)3Si PBU',

1, 2-bis(di-tert-bwyl phospinonethyl)-1"-Lrinmethylsilyl

omet hyl )-1'-tert-butyl 10 forrocene

CcB200711150775 65 SWB)3
PBU',

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

ferrocene
5
PBU';
PBU',
1,2 bis(di-tert-butyl (phosphinomethyl))-4,5- di(4’~tert
butyl phenyl) benzene
10

PBUY,

PBUtQ
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15

20

PBul2 PBul2 Si(Me)3 5,6
bi s(di -tent-butyi phosphi nonet hyi )-1, 3-bis- 5

wao sdogmidiyd sil yl - 1, 3-di hydr oi sobenzof ur an. PBU' p&1/EB 2050775

10 1, 2-bis

(di-tert--but7l phosphirionethyl)-3, 6-di phenyi benzene
WD 2008/ 075108 PCT/ GB2007/ 050775 66 PBu' 2 Me3S PBut z
Fe + O

1, 2-bis(ditert-butyl phospi nonet hyl )-4-trinmethylsilyl
ferracene, 5 PBuUl PBu 1,2 _ ‘
01 ST G- GO Cp GBS i ey 192
bwdyiephenyl ) benzene 10 PBu'z PBul2 WD 2008/ 075108
PCP/ GB2007/ 050775 67

1, 2-bi s(di-Lert_-butyl (phosphi nonet hyl ))-4-tri net hyl si
|yl benzrne \'Si ¢ PBO

AN

Si
PBUY,

PBU',

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

/Sl
1
PBu 2
PBUIZ
T

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

Bu!
PB U12

PB Utg

l,2—bis(di—tert—butyl(phosphinomethyl))~4—tert*butyl

benzene



PBut 2
1,2-bis(di-tert-butyl (phosphi nonethyl))-4-(tert-
@kt hyl silyi) benzene PBu'2 PBU 2 10 20778
W??@%ﬁgf({%i-tertbutyl(phosph4nom:LhyI))-4,5 bfgg““”m”m°””°
trimethyisilyi)benzene 15 Bu' PBJ2 |,:: / PBut2
1, 2-bi s(di-tert-butyl (phosphi &net hyl ))-4-tent butyi
benzene 20 WD 2008/ 075108 PCT/ GB2007/ 050775 68 Bu'

osphi nonet hyl ))-4,5-di-tert-bu
&%g} PBu'2 PBu'2 5

(phosphi nonmet hyl))-4-(tri-tert-
U2

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

benzene
BU'
Bu'
Bu'
PBUtg
PBUY
5
1,2-bis(di-tert-butyl (phosphinomethyl))-4-(tri-tert-
butylmethyl)benzene
Bu'
But\ l
S
Bu'—
! PBUtg
PBU',
10

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

butylsilyl)benzene

PBUtg

PBUtg
15



But Bu" PB u'2 PBu2 10 1,
2-bi-s(di-tert-butyl (phosphi nonethyl))-4-(tr -tert-

worbybsidsy! ) henzene PBu2 PBu'2 15 WO 2008/0&5%%§nmnmmn73

PCT/ GB2007/ 050775 69

1, 2-bi s(di-Lert-butyl (phosphi nonmet hyl))-4-(2'-phenyl pr
op- 2'-yl)benzene PButz PBut®? 5

1, 2-his(di-Lert-butyl (phosphinomethyl))-4-phenyl
ﬁerﬂzéli@ (ARButez t PBul2 (b ckphd-riving t(dil-) herd—rut-phenylprop-
phoiﬁglnornethyl) )-3, 6dinethyl-4,5- diphenyl
en?&h&=WH" 2008/ 075108 PCT/ GL12007/ 050775 70 PBu' 2
PBul 2 1,2-bis(di-tert-butyl (phosphi nonmethyl))

3,4,5,6- tetraphenyl benzene 0 CI PBu' 2

PBU12

PBU',

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

PBU',

PBUIQ

1,2~bis(di~tert-butyl(phosphinomethyl))—3,6~dimethyl—4,5—
diphenyl benzene



PBu'2 5

4-(1-{3,4-Bis-[(di-tert-butyl -phosphanyl)-net hyl ) -phen
wohdosksRkhy! - et hyl ) -benzoyl chloride WO 2008/ 8¢9498007/050775

PCT/ GB2007/ 050775 /1 OC PBu' 2 PBU

1, 2-bi s(di-Lert-butyl (phosphi-nonet hyl)-4-(4"-

chl or ocar bonyl - phonyl ) benzeno 795 P C PBu' 2 PBuU"

1,2-bis(di-ter L-butyl (phosphinonethyl))-4

(phosphi nomet | iyt benzene PBu'2 PBuU'Z to

1, 2-bi s(di -t ft - buyl ( phosphi nomet hyi )) - 4- - (2" -

775 42 PBu'2 PBul 2 PBu'2 Bu' 2P
s but yI (phosphi nomet hyl ))-4- (3", 4' - b
phosphi noneLhyl ) ) phenyl ) benzene 5

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

tetraphenyl benzene

Cl

PBU',

PBU',

4-(1-{3,4-Bis-[(di-tert-butyl-phosphanyl)-methyl]-phenyl}-1-methyl-ethyl)-benzoyl chloride



10

15

PBd2 PBul2 PBul2 PBuU'?2
1,2-bis(di-tert-butyl (phosphi nonethyl))-3-(2',3" -bis(d

wo 2d080s1bpt yI (phosphi nonet hyl ) ) phenyl ) benzene PCJIQGE%'O%E’)SOWS

PBu'2 Bul2P / \ / \ PBut2 WO 2008/075108

PCT/ GL12007/ 050775 73

1, 2-bis(di-tert-butyl (phosphi "omet hyl-))-4-Lortbutyl-5
-(2'- tertbutyl-4",5 -bis(di-tert-

but yl Pphosphi nonet hyl ) ) phonyl ) henzene and 5 .,.,n\
PBu' 2|f // PBul2 10 cis-1, 2-bis

| phosphi nonet hyl ), 3, 6, diphenyl-4,5
okgsane |17?, xanpl es of norbornyl bridge
Hged ligands irnclude: 15 o\o\\-PBuF2
P008/ 075108 PCT/ GB2007/ 050775 74

e 2, 3-bpg(di -tert-butyl phos

PBU 2 (2-endo,

ne-2,3-§g§(di-tert-butylpho
2

3- exo0) - bi cycrg] 2. 2.7%
phi nonet hyl) 5 PBu\|2
3- endo) - bi cycl o[ 2. 2.|L] hept

sphi nonet hyl ) P

l,2~bis(di~tert—butyl(phosphinomethyl)~4—(4’—

chlorocarbonyl-phenyl)benzene

P PBU',

PBU',

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

PBUtg

PBUIQ

1,2-bis(di-tert-butyl (phosphinomethyl))-4- (2"~
naphthylprop-2’'-yl) benzene



10 Exanpl es of substituted non-aromatic bridged |igand

structures include: 15 ::t: : cis-1, 2-bis
but yl phosphi nonethyl ), 4, 5 s
§Qbm%ﬁ&(§yclohexane H3C pl11\UPBu\2 H3C PBu\ECT/ZGCPZOWO30773

cis-1, 2-bis (di-tert-butyyl phosphi nonethyl), 1, 2, 4,
5 tetranethylcyclohexane WO 2008/ 075108

PCT/ GB2007/ 050775 75 .,,n,1U1-PBu'2 //// PBuU' 2
cis-1, 2-bis (di-ter osphi no nethyl), 3, 6,

' . 5 //MkBR,Bu"2 cis- 1, 2-bis
(dl-tert but yl phgsphi nofret hyl ) cyclohexane PBu' 2 \
' ut yl (phosphi noret hyl)
008/ 075108

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

PBUIZ

{
PBu’,

PBu',
PBU';

1,2-bis(di-tert-butyl (phosphinomethyl))})-3-(2’,3'-bis(di-
tert-butyl (phosphinomethyl) )phenyl)benzene
10

Bu',P PBu',

Bu',R, PBU,
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cis-5,6-bis(di-tert-butyl phosphi nonet hyl)-1, 3-
bi s(trinmeLhylsilyl)-3a,4,5,6,7, 7a- hexahydro-1,3H 5

woO sopersaeur an. I n the above exanpl e, structuregtads2007/050775

| i gands of general fornula (1), one or nore of the
X-X4 Lertiary carbon 10 bearing groups, t-butyl,
attached to the QL and/or Q Eﬁoup phosphorus may be
replaced by a suitable alternative. Preferred
alternatives are adamantyl, 1,3 dinmeLhyl adamantyl,

ongr.essyl. .norbornyl. or |- norbondienyl, or X and X2
tCl of gn%t ‘et yéaln_d? ot _%Jn%ﬁdp% SHg! Jt“é’@éettﬂ”é'ﬁqf) orm e &t ﬂ o (2’
wid e e, phos mvordiss @ i2-pphaspha-
tr-icyclo[3.3.1.113,7} decyl group or a ring system of
Ol e Bt et ited Hersiny esgchirgs  2- phospha-
1,3, 5, 7-tetranethyl-6,9, 10-tri oxadamantyl,
2- phospha- 1,3,5-trinethyl-6,9,10 tri oxadanmantyl or
P-2,2,6,6 20 tetranethyl - phospha-cycl ohexan-4-one. In
nost enbodi nents, it is preferred that the X -X4
groups~o e conbined X /X and X /X groups are the
samne | but may al so be advantageous to use different
rroduce asymmetry around the active site in
red ligands 25 and generally in this
Typically, the group X represents
X~ represents CRO(R) (R6), X3
represents CRI(R3) (R and X WD 2008/075108

to R12 represent alkyl, aryl- or het.
preferred is when the organic groups R -
. R7- R and /for Ri- P" or, alternatively,

Ry~Rl2ppiien associated with their
tertiary carbon aton(s) form conposite
ich are at

respecti
groups

cis-1, 2-bis (di-tert-butylphosphinomethyl), 3, 6, diphenyl-4,5 dimethyl-cyclohexane

Examples of norbornyl Dbridge non—aromatic Dbridged ligands
include: ~
\\\\\\\ PBUIZ
..n\\\\\\ “PBUtg



wacyedi&iosWhen cyclic or part cyclic,

10

15

20

| east as sterically hindering as t-butyl(5). 10 The
steric conposite groups may be cyclic, part-cyclic or

substituted or unsubstilLuted or saturated or
unsatur_alLed. The cyclic or part cyclic groups may
preferably contain, including’4he tertiary carbon

atonm(s), fromGC,-C,, nore 15 preferably C' C21, nost

preferably Cl-C2 carbon atons in the cyclic

t he gr oupcTRYB67/050775

R YeCo)-plOe ogf’lz“.mlg%tﬁﬁ&‘ S 1-tg;§¥>}1§§9ho§]%i}9§otxﬁ%§gﬁ g’ by

e or nore su S Selecte 0,
nitro, OR19, OC (0) R20, C (0) R', C (0) OR22,

NR 2R19, C(ONR SRJ, SR', C(OSR O, C(S)NR 2R/ H, aryl

or Het, 20 wherein R" Lo Rare as defined herein,
and/or be interrupted by one or nore oxygen or

sul phyr atoms, or by silano or dialkylsilcon groups.
Tn par\i cul ar, when cyclic, X1, X2, X3 and/or X9 may
25 represent congressyl, norbornyl, 1-norbornadi enyl

) or X and X2 together with @ to which
t hgy 2 Pei'ym an optionally substituted

' (cl o[ 3.3.1.1{3,7}] decyl group or derivative
Lhereof, oNX1 %Eq X together with Q2 to which they
are attached 30 f8Ema ring systemof fornula la WO
2008/ 075108 PCT/ G132007/ 050775 78 YY1 849 H , Rsa
RS0 Rss R51 R52 (1 a) Simlarly, X and X4 together
wid-pndy 3-epdanthicyplob2reliheptancad.-histiitert-haty Iphgtnhingmethyl)
optionally substituted 2-Ql- 5 °

tricyclo[3.3.1.1{3, 7}]decyl group or derivative

t hereof, or X

Examples of substituted non—-aromatic bridged

structures include:-

HiC

..\\‘\\\\\ PBUtz

.II,,///
HsC 7 PBuY,

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

HaC

Lt PBuY,

. "1,/
///
7

PBU',

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

ligand



and X4 together with Q to which they are attached nmay
forma ring systemof fornmula 1b YY2 RasH f1l H . ;
wdsRs/ R @, \~ RS3 R51 Rsz (1 b) Alternativ <
or ﬁ%reﬁ%f the groups X, X, X and/or X4 n§§¥w§8ﬂﬁwmmTﬁ
represent a solid phase to which the ligand is
attached. Farticularly prefef¥ed is when X, X, X
and X4 or X and X together with its respective Q
piaqd X and X' together with its respective @
matL €] the same or when X and X3 are the 15 same
and X4 are different but the sanme as each
In preferred enbodi nents, R to R' each
fepefident |y represent alkyl, aryl, or Het; 20 R
to R} each independently represent hydrogen, alKkyl,
Het; R 9 and R5, when present, each
i ndeps deng v r esent hydrogen, alkyl or aryl; 25
O 2008MO75108 /°GB2007/ 050775 79 R 0 to R6', when
each independently represent alkyl, aryl or
YY'J and YY', when present, each independently
-nquxygeg ¢ 5 sulfur or NR wherein R56
reprgsents hydr6§8h, alkyl or aryl. An exanple
pund of the above formulas |la or |b, when RSO-RS3
wethyl, R49 and Rs' are H, YY" or YY are 0 and Q
AP are phosphorus is
Let r anet hyl - phospha- cycl ohexan- 4- one.

cis-1, 2-bis (di-tert-butylphosphinomethyl), 3, 6, diphenylcyclohexane

aaW—PBut,
oy
5 ”————PB&Z
cis— 1, 2-bis (di-tert-butylphosphinomethyl) cyclohexane
1
PBU2
t
PBU2
10

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

cyclohexane



10 Preferably, R to R' each independently represent
al kyl or aryl. Mre preferably, R to R' each

wbngappsgdgntly represent C Lo C, alkyl, C C?)C"T‘}cﬁ%bo7/oso775

10

15

20

25

phenyl (wherein the phenyl group is optiona
substituted as aryl as defined herein) or phenyl 15
(wherein the phenyl group is offtionally substituted as
aryl as defined herein). Even nore preferably, Rto
F" e&ifle); i ndependently represent C, to C al kyl, which

y

pptionally substituted as al kyl as defined

her el n. preferably, R to R12 each represent
non/subs1 - to @pugl kyl such as methyl, 20
ethyl, I'so-propyl, n-butyl, iso-butyl,

to ‘ _, Q%éyl and cycl ohexyl, especially
et M- kculer I'y?preferred enbodi ment of the
present. invention R, R, R and F10 each represent
t he {ﬁﬂ% al kyl, aryl or Het 25 noiety as defined
herePH®F , R, R and R each represent the same

al kyl, aryl or Het noiety as defined herein, and F',
R, R and F' each represent the sanme al kyl, aryl or
Hetl smoi ét-piad didéekirneduiedehoschbnemptalén abl y-F-, R4,
R .a F1C.each. .represent .the _sane C, - al kyl
pg%FQgrlmetéy%81l§§g§%a 0} 5 % 7'?6_8?X§E§9F?_¥ SH—aS
mekbyknzetthylbn .n- propyl, iso-propyl, n-bul.yl,

i so-butyl, tert-butyl, pentyl, hexyl or eycl ohexyl;

R, R, R and R' each independently represent the

sane C -C, alkyl as defined above; and R, RF' and

R1' each independently represent the same C, -C al kyl
agdndeflimedbabevesx#Foplexamplreict3geR, &, IRgaand RO general

each represent nethyl; R, Rs, nd R' .each VO

P68 6T8108. PCT/ 52067/ 053775 °'80 " aprosant erhytery carbon
andarR3g RerodPsand: Rzt each dtepreesent to- butyl g'orand/or @°
n-pentyl. In an especially preferred enbodi nent of the
pPESERt | AVeRPRBRUSS d3th RP& o REP1§F6Hp rpresent guitable

thersapgrakkyl, @h¥lre 9l 1ternatives are adamantyl, 1,3

i‘cularl non- fituted C, SUc

dimethyl adamantyl, congressyl, norbornyl or 1~
norbondienyl, or X' and X° together and/or X' and X°
together form together with the phosphorus a 2Z-phospha-
tricyclo[3.3.1.1{3,7} decyl group or a ring system of

formula la or 1b as defined herein such as Z2-phospha-

1,3,5, 7-tetramethyl-6, 9, 10-trioxadamantyl, 2-phospha-
1,3,5-trimethyl-6,9, 10-trioxadamantyl or P-2,2,6,6-
tetramethyl-phospha-cyclohexan-4-one. 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.

Typically, the group x' represents CR'(R?) (R%), X?

represents CR*(R”) (R®), X° represents CR'(R®)(R’) and X‘
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noi ety as defined herein. Preferably, when al kyl
groups, each R to Rig represents the sane C, to C

w@bdoyh7gsoup, particularly non-substituted CﬁiﬁﬁGB?mwmmTﬁ

al kyl, such as nethyl, ethyl, n-propyl, iso-propy
n--butyl, iso butyl, tert-butgl, pentyl, hexyl and 1.0
cycl ohexyl. Mre preferably, éach R to R z represents
methyl or tertbutyl, nost preferably, nethyl. The
zq@(ererQ 9 -arT eyEh RS’ )3. Inled@in 73] decy'? gf@iesent alkyl,
Q{eferreghto herei nafter as a 2-neta-adamantyl group
fo]?y]co%/ fi'ence wherein 15 2-neta- adamantyl is a
reference to @ or Q being an arsenic, antinony or
phosphorus atomi.e. 2 arsa adamantyl and/or 2-
st a-atlardnt yr ey od 28 phesphathdamapbylic groups R' - R?,

aeferably, 2e pha- adamant yl;) nmay opt.ional | 1
g%n%risg% be%[d%'%idPgéeﬂg 5to%s, ohe ?ﬁﬁ%@t%@ely' R'-R°
sultbtdrt ueRt-RR'? Suivhabl e sHstiduent syi Al ude 20 thosgective
gybstituents as defined herein in respect of the

Farrartyl Gro HGhlS) grefers@Pasibst iansents vnclludee at
aldedt, adardd nly unsubst it uted 6 - lkyl,
especially ttr?erﬁhlgyaﬁ,ly th:ii fl uo%fg[nwl:@étshscl ,%u-t%'(% ierein R
is as defined herein particularly unsubstituted

-C.. kyl . or aryl, and 4 25 dodecyl phenyl. \Wen
5 25 s, st v BUie T neruaBs roFg- ot hairiangYCLic or
suhstliituent phpreferably eachsubstituent sl _‘i%m&;?alnay be
[

Przferably, t he 2netaadanana%l group is substituted on

SHESor L UkSFe B Whaiast Blutegroy pesirpbAd wirt rsaturated.
substd fuent as 39 defd &y £l rably, the .
Z-netggadanantyﬁ Eroﬁg igdléﬁéébﬁggég %%%%agﬁ%%% e -ty
1ncdugnads Pposi teonsarSuicatibyy suoh (sap afra@ngemrery,, more

t Qatomof the 2-neta-adamantyl group is ,
ggﬁgégaggycé%b A*at BRECT ATERE "Adaant yi Cakefetlorn atoms in
hawi ngyo ichydreger vatans. Mest, Riafier ably,,he e may be
2-met a- adamantyl group is 35 substituted on each of
fHESEEBECE ARl Posiqh ofiSrewhenbshetpents selected from

TESiasR RN, LSS TRUE T R 1 o,
NRR™, C(O)NR™R®?, SR”’, C(0)SR’, C(S)NR*'R**, aryl or Het,
wherein R to R’® are as defined herein, and/or be
interrupted by one or more oxygen or sulphur atoms, or by
silano or dialkylsilcon groups.

In particular, when cyclic, X', x°, %’ and/or X' may
represent congressyl, norbornyl, l-norbornadienyl or
adamantyl, or X' and x° together with Q° to which they are
attached form an optionally substituted 2-0%-
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 1la



preferably each substituent is identical. Especially
preferred substituents are unsubstituted C, -C8 al kyl

wonddhakeakyl s, particularly unsubstituted ClpEdc2blosor7s
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15

20

25

such as nethyl and fluorinated Cl1-C8 al kyl such as
trifluoronethyl. 5 Preferably, 2-neta-adamantyl
represents unsubstituted 2-net’d- adamantyl or
2- met a- adamantyl substituted with one or nore
unsubstyyuted Cl -C8 al kyl substituents, or a
conmbi natjjon, thereof. 10 Preferably, the 2-neta
ar: p includes additional heteroatons,
ot her he 2-Q atom in the 2-neta-adamantyl
S sui t abl e addi tional heteroatons include
0 sufPhur atoms, especially oxygen atons.
Morespreferagly, the 2 15 neta-adamantyl group
|nclﬁdes one or nore additional heteroatons in the 6,
9 and 10fg)ositions. Even nore preferably, the.
2-met a- adamantyl group includes an additiona
heteroatomin each of the 6, 9 and 10 positions. Mbst
prefierably, when, the. 25 L asadangnt.yl WQEQM&H@yclagge§ttached
two of nore additional 20 heteroatons in
2meya- adafantyl skehet on, CBREM DLVt he éﬂ&ﬁﬁﬂbﬁ@ﬁd 2-Ql-

h%§§59§ﬂ9ﬁ§3aﬁelkﬂeﬂtU%@bl gEguﬁrépl&eﬁkﬁ&lge”%kéreof or X°
adamantyl includes one of nore oxygen atons in the

22RBt & iEtRECy M iskePet bh. viniTTe e arPy apF et gipy form a
2:hBL aspdammBEYkor@IiQURL Which may optionally be

substituted with one or nore 25 substituents as

defi ned¥rerein, includes an oxygen atomin each of

and 10 positions of the 2-neta-adanmantyl

i-gM y preferred 2-neta-adamantyl groups as

defi ned he ein include

7-tetranet hyl -6, 9, 10-tri oxadanmantyl ,

ospha-
1, 3’51 7-tetrR@trifluoronethyl)--6,9,10-tri oxadamant yl

group,
2-phospﬁ§gl,3,5-1-ri(trifIuoronethyl)-6,9,10trioxadana

n@Xkernatively, one or more of the groups X', X’, X’ and/or X' may

represent a solid phase to which the ligand is attached.

Particularly preferred is when X!, X% X° and X' or x' and X°
together with its respective @ 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;

R' to R each independently represent hydrogen, alkyl, aryl or
Het;

45

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

alkyl or aryl;
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group. Most preferably, the 2-phospha-adamantyl is
sel ected from

wozpbesaia- 1, 3,5, 7-tetranmet hyl -6, 9, 10-t ri oxadg@E@it¥oo7/050775

group 35 or

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

group. WO 2 008/0 751 08 PCT/ 1120071050775 82

Preferabl , When nore than one 2-neta-adamantyl group

ir’ p©e§%nt Wh?naI@Gﬁp@@ﬂde@ﬁhfOmﬁﬁb@mdenteach%mmesent alkyl,
2: et s adamantyl group is identical. However, it can

al so be advantageous if asymmetric |igands are

prepared and if such ligands include a 5

a in rpo atom t hen
S B O AR R 2 AL,
veerlgar qhéﬂzineM@eaaawdhfwkﬁgﬁ@aptnﬂmwb@gpnep@lmﬂlby aryl.
nmet hods well known to those skilled in the art.

Sui tably, certain 2-phospha- 1.0 adamantyl conpounds

éWeeéBWEi%&bméwﬁPénpﬁythﬁ:d&mmadéormwlaﬂlﬂma@a 1bi kewirs &*°-R*
GQES %%I@ﬁgﬁ' ng° 25 feta- adamant wly coppends of, fergula by

etc may be obtalned from the same supplier or

prepared by sarale§olbs teetrhoes hyispPrebepredclohexan-4-one.

enbodi nents of the present invention include those

wherein: X represents CR (Re) (R9) , X represents

EREGeERLIR R) tox R'f eprekentseBR{R)(R )rands¥at alkyl or

eRhesent.s %‘%%@Q&B@ZORX t!(?@fleséed%tns g%lg&%)e(n %grr%r%sent o

represents and t oget
O° t‘o vidikeh- tﬁey%aﬁékaﬂt&@ﬁéﬁlfdwhﬁaﬁglph@%ph@@nyl group is

%@%HBHEiny gE%lt%@eé arsepﬁﬁﬁlen$§ ggfir%&)(}@ge rﬁ or phenyl

resents CRI0O(R') (R') ; and X and X toget
\MW ﬁrE?“t%P%Wﬁhﬂﬁyﬂhéyoé?el%t@@ﬂﬂﬂ@élﬂbrﬁ@@ﬁqwtm@edsyst@myl as
o tf eeaul et @in)YY1 Ed@%gk{ﬂdr854qpr8fer£§ﬁ%, R'" to R'Y each

independently represent C; to C, alkyl, which is optionally
substituted as alkyl as defined herein. Most preferably, R' to
R' each represent non-substituted C; to Cg alkyl such as methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl,
pentyl, hexyl and cyclohexyl, especially methyl.

In a particularly preferred embodiment of the present invention
R', R', R’ and R' each represent the same alkyl, aryl or Het
moiety as defined herein, R’, R’, R’ and R each represent the
same alkyl, aryl or Het moiety as defined herein, and R?, R®, R®
and R'” each represent the same alkyl, aryl or Het moiety as
defined herein. More preferably R', R*, R’ and R each
represent the same C,-C¢ alkyl, particularly non-substituted C,-
Ce¢ alkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl,
iso-butyl, tert-butyl, pentyl, hexyl or cyclohexyl; R? R’ R’
and R' each independently represent the same C;~-Cg alkyl as
defined above; and R’ R° R’ and R' 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 R' each



U R51 R52 (1 a) 30 WD 2008/ 075108 PCT/ GB2007/ 050775
83 X represents CR (R6) (R9) , X4 represents

wodanptk, and X and X together with Q topphico07/050775
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they are attached forma 2-phospha adamantyl group; 5

X3 represents CR7(R8) (R ), X4 represents adamantyl and

X and X together with Q t&%hich they are attached

forma ring system of fornula la; YYt R49H R R54

R5@pﬂssent4'ath\leSancR52 K1 a), iR’ XBdrRrpresentis=fCRsERB) n—butyl
Jhepr esents adamantyl, X represents

Cﬁr(ln-zlﬁ ) ‘and X' represents CR9(R)(R6); X

represents CR (R3)(R1l), X represents congressyl and

0 K LS DS, €0 MDLEN 0B, A8t

orm a man
repr:eseht 50 CR7( Iqué@)a rXbreemtesem@ e@mreﬁsw Kyl, or Het

n ;and e n )
2 X RlShendenTy “r ebr sobrt TR CRLR) (e, cacr
aRd B R't ogerhepcwit Hh@ stoewhi ¢h @h@}kaﬁegmttmct@eetlcularly
f%H‘ Qu}?stﬁ'%%%@@ac aéjarmwﬂl gsrung’as me%@gle’ethyl g propyl,

i ndependent 1y represent adamantyl, and X° and X
t 6getherrydi-t m2tyd, whsehotthely aﬁreeftaﬁoea?chedp%ﬁfxﬁra hexyl and

r-pg18YSLAM More preferably, each R' to R represents methyl or
tert-butyl, most preferably, methyl.

The 2-0%(or Ql)—tricyclo[3.3.1.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, Dbeside hydrogen
atoms, one or more substituents. Suitable substituents include
those substituents as defined herein in respect of the
adamantyl group. Highly preferred substituents include alkyl,
particularly unsubstituted C;-Cg alkyl, especially methyl,
trifluoromethyl, -OR' wherein R'Y is as defined herein
particularly unsubstituted C;-C¢ alkyl or aryl, and 4-
dodecylphenyl. When the 2-meta-adamantyl group includes more

than one substituent, preferably each substituent is identical.

Preferably, the 2-meta-adamantyl group is substituted on one or
more of the 1, 3, 5 or 7 positions with a substituent as
defined herein. More preferably, the 2-meta-adamantyl group is
substituted on each of the 1, 3 and 5 positions. Suitably, such
an arrangement means the Q atom of the 2-meta-adamantyl group
is bonded to carbon atoms in the adamantyl skeleton having no
hydrogen atoms. Most preferably, the 2-meta-adamantyl group is
substituted on each of the 1, 3, 5 and 7 positions. When the 2-

meta-adamantyl group includes more than 1 substituent
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of fornmula la, WO 20081075108 PCTI G1320071050775 84
YY1 49 H ~LI HRte., Rs4 R50 @2 R5s R51 R52 (1 a)

wo2008/065106¢ | ndependent |y represent adamantyl,

, 155/((:1&270)07/050775
xrepresents CR (R) (R3) and X represents
(Rh) 5 X, X, X and X represent adamantyl; X and
X together with Q to which 8hey are attached may
forma ring systemof fornmula Ib YY2 R49H H R54 RS0
RESr@bly %acm@bomt@éby andidéntainch1X EtspgeidnEer Wird¥erred

t are att ed for syst of
%ourbtr?g lgﬂ%g& Y\F‘%y riGa? fﬂ gb 0 RS R@fQ%éZ &) a)halfgkylsl
xzarénéuxarlmdewend@ntttwterdeplcmnt ationgr essyl , aantheXhyl and
afl%o%%na!:&%eé hﬁgr a\ﬁﬂkgztﬂ S&ﬁ oasvw% Pl&o@%éne%%%l?t tached

forma

Preferably, 2-meta-adamantyl represents unsubstituted 2-meta-
adamantyl or 2-meta-adamantyl substituted with one or more
unsubstituted C;-Cs alkyl substituents, or a combination

thereof.

Preferably, the 2-meta-adamantyl group includes additional
heteroatoms, other than the 2-0 atom, in the Z2-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
heterocatoms in the 6, 9 and 10 positions. Even more preferably,
the 2-meta-adamantyl group includes an additional heteroatom in
each of the 6, 9 and 10 positions. Most preferably, when the 2-
meta-adamantyl group includes two or more additional
heteroatoms 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.

Highly preferred 2-meta-adamantyl groups as defined herein
include 2—phospha—1,3,5,7—tetramethyl~6,9,10—trioxadamantyl, 2—
phospha—l,3,5—trimethyl—6,9,10—trioxadamantyl, 2-phospha-
1,3,5,7—tetra(trifluoromethyl)—6,9,10—trioxadamantyl group, and
2—phospha~1,3,5—tri(trifluoromethyl)—6,9,10~trioxadamantyl

group. Most preferably, the 2-phospha-adamantyl is selected
from 2—phospha—1,3,5,7—tetramethyl—6,9,10~trioxadamantyl group
or 2~phospha~1,3,5,—trimethyl—6,9,10~trioxadamantyl group.



adamantyl group; WO 2008/ 075108 PCT/ GB2007/ 050775 85
X3 and X4 together wwth Q@ to which they are attached

ng%osfo%ﬁka ring systemof fornula Ib YY2 | 48HyGeR8R/050775
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11. & R53 R51 R52 (1 b) 5 and X and X
together wwth Q, to which they are attached form a
2- phospha- adarmntyl group; X 8and X i ndependently
represent congressyl, and X represents CR (R2)(R3)
andeﬁérahapresenéﬁ CR(eRULORh) e X&—a@da%@ddma@e&hergroup is

t.0 vvhlchthe orm a r|n

ShSTEmof Ty 6r MR T o ToRI el Hod ReY e TR oroue
(1s b)l@éntrleprlesent&om@?e(rR) @RS)caand aX'sor ept esehvtastageous  if

4'm$1;R6 15 gSaQQeX' egsth%%&Mtt1§1:t9
t hey"ar e attagﬁe forma ospha adamanty
aadmétaﬁmmxnttbg@lrhep \Mntchrﬁgbraurwhlclhﬁ Qheytame then other
att form 0S t rou 11i ghl
p(r;(e(glegr1 % og?lﬁ%cggs gpgtﬁﬂg%s%%t&l %vgﬁtglgaon [ gcl ﬁde
t hose vvherel n: X3 represents CR” (R3) (R), X

r%Qée§QHE§ag5%&ghky§Ré90ﬁg may be prepared by methods well

known to those skilled in the art. Suitably, certain Z-phospha-

ﬁgané%anclude a

adamantyl compounds are obtainable from Cytec Canada Inc,
Canada. Likewise corresponding 2-meta-adamantyl compounds of
formula I etc may Dbe obtained from the same supplier or

prepared by analogous methods.

Preferred embodiments of the present invention include those

wherein:

x*  represents CR'(R®)(R®), X' represents CR'>(R")(R"Y), X'

represents CR!(R%) (R?) and X? represents CR'(R%) (R®);

x® represents CR'(R%) (R”), X' represents CR(R') (R'?), and X' and
X* together with Q” to which they are attached form a 2-phospha-
adamantyl group;

%¥° represents CR'(R®) (R%), X! represents CR'®(R')(R'); and X' and
X° together with Q° to which they are attached form a ring

system of formula la;
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represents CR (R )(R3) and X2 represents CR(R)(R);
especially 25 where R R~ are nethyl. WO 2008/ 075108

wPsebk/FB407/ 050775 86 Preferably in a conmpoung:

formula |, Xis identical to X4 and/or Xis iJZ%ltnlOggamh
to X . 5 Particularly preferred conbinations in the
present invention include thd&se wherein: (1) X
represents CR7(R) (R5") , X4 represents CR10O(Rr1l)

(R 4)épb(ésewteprceé§rfv $RTR (><F2~je§1&e>)sentepae&ﬁmttsjlma(1&2>}1 and %’

LAY 320 & o9 B e 00 SEIPSEIOLASPESE, oo

t&ﬁ@nﬁngmmomr ring positions 1 and 2 R represents
4-(trinmethylsilyl)-benzene-1,2diyl 15 4 '0 11 ' (2)
X represenla CR”(R”)(RX representsCR” (R)(R), X
r@pw@%m@t@R’CR{ RY) (RR3' )x"amdpXeserepr esentst CRAa(R)X' and x?

get%gr%ﬁ{wepr eggﬁ%bg o%o%}ge Ia:%ﬁrg}gg?gf?%m aqunguSyStem

aﬁf fiomgupdsiai ons 1 and 2; R represents

4-t-butyl - benzene-1, 2 di yI. 25 (3) X' and X4 together
with Q to which they are attached form a

2- phosplya- adamantyl group, and, X and X2 together
vvlth Q| tg which they are attached form a 2phospha-

acﬁf‘ﬁ‘a\nt rgyp; 30 A and B are the same and represent
oth represent. phosphorus linked to the R
gF{ R53
/UGN
R51 Rs2

(1a)

X’ represents CR’(R®) (R%), X' represents adamantyl, X' represents

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

x> represents CR’(R?) (R%), X' represents congressyl, and X' and X°
together with Q° to which they are attached form a 2-phospha-
adamantyl group;

x* represents CR’(R®) (R™), X* represents congressyl, X!

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

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

adamantyl group;

X* and X' independently represent adamantyl, and x' and X2
together with Q° to which they are attached form a ring system

of formula la;



at ring positions | and 2; R represents
4-(trinmethylsilyl)-benzene-1,2-diyl. 35 (4) X, X X
sepresent adamantyl; WO 2008/ 075108 pgm—
Wé%?%ﬁ%%?lOSO??S 87 A and B are the sane angCT/GBzOW030773
represent -CH,-; Q and @ both represent phosphorus
linked to the Rgroup at. rirfg positions 1 and 2; R
represents 4-(Crinethylsilyl)-benzene-I,2-diyl. 5
Preferapy y, in the conpound of forrmula I, A and B each
i ndepend nthy represents C, to C, alkylene which is
optHsonal | s¥g§t|tuted as defined herein, for exanple
mﬁth roups Preferably, the |ower alkyl ene
a ps mhl h A and B represent 10 are non substituted.

pR%Werred al kyl ene which A and B may
|nde§g ézgepresent are -CH2- or -C Hz . Mbst
pr ef ably, ach of A and B represent the sane

al kyl enetg@gs defined herein, particularly -CH2-
Alternatively, one of Aor 73 is C ie Q or Qis
c@hneoﬂedXHinedep§m¢qmuﬂbe gepupeRtanddamentd3, ot ker r@resents

ot _gopnect ed_directl the group Rand is
adﬁikgR?b a kQIeﬁ reﬁ?%ﬁ Qﬁ%rng ' or -02114-, nost
preferably, CH -- . 20 Still further preferred
cgompaund faf or mul C se wherein:
> age g?ky% grglé Sggggékgh rltc?gferably, each
represents C Lo C, alkyl, particularly nethyl. 25
E§P%ﬁk9BJyt&&é%ﬁéif%qtﬁﬂ9ckE'&h?éﬂﬂ¥%@§d%r8f%Eéﬁdﬂédamhy form a
include those wherein: each e sane and
r presenttsemmethyprmula 1b

to p

YY?2
R49ﬁ. Ii\ H R54
R /ﬁi// 53
VAR RN i
R51 R52
10 (1b)

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

ring system of formula la;

YY1
R /J\ I pes

R51 Re?
(1a)

15

X’ and X' independently represent congressyl, and X' and ¥X°
together with Q” to which they are attached form a 2-phospha-

adamantyl group;
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30 A and B are the sane and represent -CH -; R
represents 4-t--butyl.-benzene-1,2-diyl or

wdtbdosiorabhyl silyl)- benzene-1, 2-di yI The ter rpCTI/@m[WOSOWS

al kyl ene which A and B represent in a conpound
formula I, when used herein, includes or C, to O e
groups which, in the latter c&3e, can be bonded at two
pl aces WD 2008/ 075108 PCT/ GB200 7/050 7 75 88 on the
group to thereby connect the group Q or Q to the R

30 N tter IS, otherw ef
%% %Hg ngﬁgéa%%hggiﬁ P 1i(?'%%&lbgv\?h‘?%vertﬁ%es Cin@y form a
ﬂﬁ@mléﬁﬁé?mcﬁééormné@hyiene is nost preferred. In the
former,,gase, by C, is nmeant 5 that the group Q or @
S coﬁﬁ cted directly to the R group and there is no

' gglkylene group and in this case only one
o{¥ C, 0 lower alkylene. In any case,
when | one [of the groups A or Pis C, then the other
gﬁ ~C pﬂ Be C and nust be a C -Cl group as
def i/hed in and, therefore, at 10 |east one of A
andRB' i s a Bazc 3 "l ower al kylene" group. The term
"al kyl "1phen used herein, neans Cl to C, al kyl and
|ncludes nethyl et hyl , ethenyl propyl, propenyl
by 1%, a@@t%nybgeDMﬂiyhthp@ﬁxenyhﬂuhﬁxyheyhemenyhﬁandd form
Q@@t¥kogﬁgygiam;§t | 855, ot herw se specified, alkyl
groups nay, en ere 1s’'a sufficient nunber of
carbon atons, be Ilnear or branched (particularly
pretgyred | r d a 1 '
|sqpro I)?b@gggggﬁggfggﬁmeg%hga?%%%g% ¥hbeagd ié?presents
&8y ERDdROr angaikt nepekpenaeyd iR (Bé unsubstltuted
substituted or 20 term nated by one or nore
sybstituents sel ected fromhalo, cyano, nitro, OR",
BC( YR, Lerd)irzL vith OPORY, wNRFéMtheyC(a@)eNRwachedsng form a
CLOYSRY st erC(o3) NRF iRl wnsubstituted or substituted
aryl, or unsubstituted or substituted Het and/or be
interrted by one or nore (preferably |ess than 4)

(1b)

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

X’ and X' together with Q' to which they are attached form a 2-
phospha-adamantyl group, and X' and X? together with 0? to which
they are attached form a 2-phospha-adamantyl group

Highly preferred embodiments of the present invention include
those wherein:

X’  represents CR(R®) (R%), X° represents CR'“(R') (R¥), x!
represents CR'(R’) (R*) and X? represents CR*(R°) (R%); especially

where R'-R'” are methyl.



25 sul phur, silicon atons, or by silano or
di al kyl silcon groups, or mxtures thereof. Rl' to R30
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10

15

20

25

30

35

unsubstituted or substituted aryl or unsubstituted or

30 substituted al kyl, or, in the case of 821,

additionally, halo, nitro, cy&no, thio and anino. The
term"Ar" or "aryl" when used herein, includes

five-to-ten- nenbered, preferably five to eight

menber e car bocyclic 5 argnmatic pseudo aromatic 4
gr ob %fg%ﬁhﬁjhéiﬁﬁ@ﬁvﬁ?gcﬁglg%ﬁ%%%ﬁ?%nylfgﬁ‘ fﬁ'gﬁﬁfal ko X
anhansr andinaphdrhyilca1wht € lk*gr oups WO 2008/ 075108

PCT/ GB2007/ 050775 89 may be unsubstituted or as one

option substituted with one or nore substituents
sebect @d fmenpuasahsid tcutbtnorigubsti tiw gdesanyl {nvention
ahkxku§¥nﬁggeg& ggﬂﬂgy_itself be unsubstituCed or
subStituted 6r "termnated as defined herein), fret

(which group 5 may itself be unsubstituted or

S tityte r ] ©ds,as,0, defjsn 1n) ~hal g1y 12 1
R e T S Tk o o T
NR23R2' ref G)NR'RER! (BBRIR)C(O)SR’ oEPTE)NR- CR &) (R°) ;
wherein, R,to B3 Ahe asdehhned, hergin 40 ;The term
"alkenyﬁ" W%enﬁuse herein, nmeans C, to O, alkenyl

and i nél s Bt heylerpespenythodplosng| 1 ipas égyfthe R group
and hexgpyl ; , grQuns . okl £3g0therwi se speci fi ed,

al kenyl groups may, when there a sufficient nunber of
carbon &t bARL e tsi Aedrr Bt Pyt ahbhed Pepécsat rated Lor
unsaturated, be cyclic, acyclic or 15 part

cyclic/acyclic, be unsubstituted, substituted or

term nated by one or nore substituents selected from

hal o, cyano, nitro, OR OC (0) Re', C (0) R21, C (0)

OR2-, NRRJRR C(ONR '5 R, SR2', C(0)SRC(S)NR'R-s,
unsubstituCed or substituted aryl, or unsubstituted
or(osubsti t wegd cHett s whierei NrR20 R x‘LocR2&sarte defiméd (r), x*

herein %234&@@%%%IC%§%¥5%£%edaQX‘gﬁ%eggesents 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.

(3) x> and X' together with Q' to which they are attached form
a 2-phospha-adamantyl group, and, X' and X’ together with
Q* to which they are attached form a 2-phospha-
adamantyl group;
A and B are the same and represent —-CH;—;
0' and @ both represent phosphorus linked to the R group
at ring positions 1 and Z;

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

(4) X', %%, x* and ¥X° represent adamantyl;
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nore (preferably | ess than 4) oxygen, sul phur, silicon
atons, or by silano or dialkylsilcon groups, or

wohosésess t hereof . [ he term "al kynyl " when U%%%Knnmnmmw75

herein, nmeans C2 to C1,-, alkynyi and 25 includes

et hynyl, propynyl, butynyl, pentynyl, and hexynyl

groups. Unl ess otherMAse specﬁ?led aIkynyI gr oups

may, when there is a sufficient nunber of carbon

at ons, Abenﬁiheaﬁemme BmaﬂcheuxebeesaﬁuraMQd-or

unsat urat e e ] lic o

cycllcfgc c? bﬁggu% ﬁﬁ?ﬁ %u?h%Fp§§ﬁ%§tﬁ UEey ‘o 6 R growr
tern1n@¢edlby}Uﬁetgpnnnlensuﬁstltuents sel ected from

o, RO B0k >0y KA RS b (b ST e e

unsubstituted or substituted aryl, or unsubstituted
%&e%gpéﬁiJthq F%%e Wﬁﬁﬁgbgd 3%9 Egrﬁil% q:dGRIQ%Qi B each
herein and/ or be interrtupted by oné or 35

(prleperddity v é§§r?ha®t%)cnxygéh ag kb e | wnmdm con optionally

al.eus; OF, kyksil roups,
mxturtelé@%dhgsegcfhéﬁ\?]\%dzggg% (%%51(%%f P s 00T s GaE gpoues:

fﬁ@fe@@%ﬁy"dﬂ%yﬂbwema@ékkyene ghegrr yirich A and B represent
2aky heneal kvl i d%%dtheEer%K@u§Q9HJdpréﬂeﬂfgg %9§§Dg§% which A

information to the contrary, be ™ taken to be In
aeforfddirte WidwerAenabovecaed it i o1F of Cial oyl "~ BHas  Most

faerasathe abikyl of al kanQiorﬁ' on,0fsd:he QH@UQarhé alkylene as
concerned. The above Ar or ar ? groups may be

SEL AeFed By 1dhe POF Libr AT dovalent bbrigiabdt e ef epemnce’s A or

Boisaryliene’ & g'aryl ensalckyl” d£¥ecﬂﬂ@etb|K§ehﬁgéﬂﬁ1R and the
shoul d_be understood as two coval ent bond 10

SEPEE hAERtC WUt S ot Rer V788 che def i #dd Yad CAFP®r gy R and is a

above @safiaflems ph@f@ﬁyignecaprkhonc9m4Lhﬁogiqugfbgably, ~
%gncerned Ref erences to "alkaryl", "aral kyl" or the

I"i'ke shoul d be taken as references to Ar or aryl

above as far as the Ar or aryl portion of the group

is concerned. 15 Halo groups with which the
above-nmenti oned groups may be

Still further preferred compounds of formula I include those

wherein:

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

represents C; to C¢ alkyl, particularly methyl.

Especially preferred specific compounds of formula T include

those wherein:

each R' to R” is the same and represents methyl;

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

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

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

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

10

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



substituted or term nated include fluoro, chloro,
bronmb and io0do. 20 The term "Het", when used herein,

\VbQ@hHﬁgﬁsfour- to twel ve- nenbered, preferablycfgﬁﬁmhgbqna
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Len-nenbered ring systens, which rings contaln one or
nore heteroatons selected fromnitrogen, oxygen,
sul fur and mi xtures thereof, &fid which rings contain
no, one or nore doubl e bonds or may be non-aronatic,
pantkyezaranpnabi¢hetemﬁobbwneuunmﬂd(gﬁdmpchﬁramtef.to the R

he ring_systens y nonoc cI|c cyclic or_. :
e "Gl B T dab e tentrds et REPEE drayTaned 1o tne
uasu@sﬁayuaed“aﬁksubsbehutedkbwrmhele$smnre the latter case,
S it uent | ect e m hal 0,.,cyan nitr

T 2 th

R B e G ER ray 581 TOBe Ut Y dhete ment

othzsiubsta tourbed 30 cor Qf gramcpatedtas defchey trertéienR group and

N TR 6 S U O g 8 N e oy

mhe¢e©ﬁ R and R30sapreCas:defdwred déveéene Thelbepnmy case, when

é"QE*Bﬁ% '@8LH9§§(§JQﬁQ§ éu%ﬁ astﬂfkﬁ%ﬁglg¥o p cannot be C,
pyrto T yl,

substituted™ azetidinyl, i ny i mdazo
|ﬁ@|@|1§y¢st fl{ﬁ-aan)ﬂ C135g§@(132§i5y|def|1§g§;alz@re§p|n and, therefore, at

oxagdiazelylr Ah&%?@iﬁk’ t@'%d'a49k¥£aahghbﬁé0|§%oup
oxatriazol yl, thlatrlazo fl pyrlda2|nyl

2008/ 075108 PCT/ GB2007/ 050775 91 nDrphollnyI

p%é”k@hﬂ)"”alféy;['azhﬂé&ﬁaugéﬁn%f@i’ﬁ rhés@%u'(ﬂmtbmdg alkyl and
pi peri di nyl yrazol plpera2|nyl Substi tution

ﬂn¢%ﬁdQ?ay“@68Yét ae%%w%xn1%¥ﬁ§ﬁyéf tREONOt riigPeRy L butyl,

%@f@nﬁpprmﬂy@t e,pcltenPDe QExPDS €ndked e hel erOatAMByroups .
"Het" groups may al so be in the formof an N oxi de.
TH%l?%ﬁrﬁ ngﬁse SPRehtiVhed el ePROHRANE Wi t 5 Pere s @

oy geftiensul fitkfioar mfxt tdesort heeees, 12 Thenadamant ybranched
congressyly forhornyl or tnorkborndienyl 9rotRie ¢ puty1 and
isopropyl), be saturated or unsaturated, be cyclic, acyclic or
part cyclic/acyclic, be unsubstituted, substituted or
terminated by one or more substituents selected from halo,
cyano, nitro, OR'?, 0C(0)R??, C(0)R%, C (0)OR%, NR**R*,
C (O)NR*R*®, SR*,  C(0)SR™,  C(S)NR’R*’,  unsubstituted or
substituted aryl, or unsubstituted or substituted Het and/or be
interrupted by one or more (preferably less than 4) oxygen,

sulphur, silicon atoms, or by silano or dialkylsilcon groups,

or mixtures thereof.

R to R’ herein each independently represent hydrogen, halo,
unsubstituted or substituted aryl or unsubstituted or
substituted alkyl, or, in the case of R?, additionally, halo,

nitro, cyano, thio and amino.

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 phenyl,

cyclopentadienyl and indenyl anions and naphthyl, which groups
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may optionally conprise, besides hydrogen atons, one
or nore substituents selected fromal kyl, -O0R9,

wo 89k)smR0, halo, nitro, CQO)R', -C(0)0R22, r@,ﬁ%‘%ﬂowosows

aryl, -N(R3)R24, CCONRE)R' 5 15 C(S) (R1")

-C (0) SR50 , CF,,, -P(RPQ(R (R') - PO3H2, -PO (OR90)
(OR-) , or -SO Rz, wherein R kyl, halo, cyano and

aryl are as defined herein and Rto R each
iHW@eﬂen®®ﬁbbytIEﬂﬁ@@S@ﬁtaﬁydm@geptiahkyubsﬁﬂﬂﬁtearwhbﬁ one or

%Qm%uh£ﬁ%kXtu n@g tg?egg%pap bg??% rSASﬁf?hgngggg ituted

- norborndi enyl’ group is su
rrove . sabstd t uerﬂmshasgldefp nedyaboves1thi ghbl yupﬁmsﬁﬁrteded or

I bst t to C _alk
§%Q§F£%ﬁ§%} é%‘ gﬁﬁun?%uzrol%'§0gfi qu(é?t é% 1cbpgroup
@Ry"ﬁﬂgelf 1@%09%%3&%ﬁﬁhte@hdr 25RO (R eJ (R’ }ermﬁﬁéted as

295 Rt e3sgts IYSgpen. sutgls itery £,
ﬁH@é@EndeHBi? Feﬁﬁ@S@RﬁR%yd$@ﬁEH3G@fﬁﬁ%uhSK}ElNEﬁRﬁlwhereln

& @l k¥ oo ROt ARI3 eﬁgnalndependently represent.
unsubstituted C C4 aIEy or phenyl. In a particularly

preferred enbodi nent. the 30 substituents are C, to C3

QMQYkerﬂnféiH@H%ﬁer@pgﬂ’uéggIﬁ@re HCh égks.QPWQQCLOa&kényl and
di net hyl adamantyl. Suitably, t adamant

é&ﬁéP%@%y@thﬁBY%orﬁVPPGﬁYlF ﬁnﬁ@evhdleﬁwwengﬁougnnhyhexenyl

%QgpﬁbseUnb§§%d@@h@%ﬂ&%QQﬂm@h@ﬂ@d quk%F&fo géﬁgs may, when
substituents as defined above, prefera

§GB§?|ﬂﬁeﬁiss%éﬁkﬁﬁﬁ“ﬁedmﬁ@GVeOfnﬁﬁ@*ﬁpeﬁéra@bylmm tioe@r or
W0, 20084075 082 PGHGE32007/ 0507 15 2+ 92, SH@SEIk,Ey%t Sa&fclic or

defined above. Suitably, when the adanant

8855res%%ﬂllcﬁ8FB%}+ﬁﬂ 0Pe1l nBPF P HditeRgH, groﬁﬁpstltuted or

cerpihses, bpeshdesohydsegen.atombic@Re Q51 dML8 from halo,
substituents as defj ned here&n Erefeqably each

SUBSLI LuBAE Ps i d8nti calC (Preter r B6O5 substilPleht: s NRURY,
arne) uksrbst i ta'ed CiCo) akkyl and)wri’RFyor opRtbWdtituted  or
@% ﬁtﬁth%ly % ;ug§th£éﬁb§¥1tutegforagg étf?ﬁ%gda%et wherein
R“ to R" are defined herein and/or be interrupted by one or
more (preferably less than 4) oxygen, sulphur, silicon atoms,

or by silano or dialkylsilcon groups, or mixtures thereof.

The term “alkynyl” when used herein, means C, to Cip alkynyl and
includes ethynyl, propynyl, butynyl, pentynyl, and hexynyl
groups. Unless otherwise specified, alkynyl groups may, when
there 1s a sufficient number of carbon atoms, be linear or
branched, be saturated or unsaturated, be cyclic, acyclic or
part cyclic/acyclic, be unsubstituted, substituted or
terminated by one or more substituents selected from halo,
cyano, nitro, OR'?, OC(0)R?Y, C(0)R*, C(0O)OR??,  NRZ*R%,
C(O)NR*R*®,  SR™,  C(0)SR™,  C(S)NRYR®,  unsubstituted or
substituted aryl, or unsubstituted or substituted Het, wherein
R to R¥ are defined herein 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.



preferred adamantyl, congressyl, norbornyl or
1- nor borndi enyl group conprises hydrogen atons only

wb-6osdb@sadamantyl  congressyl, norbornyl or per/6B2007/050775
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1- norborndi enyl group is not 10 substituted.
Preferably, when nore than one adamantyl, congressyl,
norbornyl or 1-norborndienyl °§roup is present in a
compound of forrmula 1, each such group is identical.
15 Preferably, the bidentate ligand is a bidentate

phosphi ne, , arsine or i bi,ne ) igand, .preferabl a. .,
b?g%n%%ﬁﬂf fg&ﬁkoSpﬁ?ﬁéﬁﬁggand.a#%ﬁryﬁhg a?@ﬁ-éﬁ%%k%% or the
doubt, shefler,ernceshtoaFoup &f Indpriftigrettal shherennrary, be
shoul d be .t aken i hcl ude . oups_ 8, apnd.. 1.0 .i e. "
TOA5FD oriodic B B EREr ot La VISt Re! LB Ds 0D o ALyl
"@pofgr &s heralkyl we pheferablop sél et gretmal s suvtregaged.
Ru, Rh, GCs, Ir, Pt and Pd. Preferably, the netals arc
selected fromRu, Pt and Pd. Mre preferably, the

néhal abpge Pdr 30 Suivilablreupenpeunds ofttsgehd Gogupng, F more

oEoJ&h %k%dgngbﬁmk%fé¥%hE§so{oSlgﬂ}lgggal§rywéﬁ%le95alkyl" or
conpounds conprising weakly coordi'nated anions
déhe ved ker omreading r 3ot doe sylhghugiecchchd; twPowggvalent bond

al kanol G PURLEO o Char)i ACIHAS ssUCh@S, 808t iL acld aBdve as far
propi oni ¢ aci d; sul phonic acids such as nethane

sabphivhi & vdeind, P35t Tl efostfptienirc lgcicgncerned. References to

f L. yog ospl-phoni-g1a¢i @, oot rifd uakenehhane MO 2QQ8/ AZ25108crences
PCT/ GB2007/ 050775 93 sul phonic acid, benzene

stiPpRenice aevd, Rapht hal éne 38l phonfE CRcREY! tfidng of the

syl-phoni £ Rckdrn&i 9. p-toluene sul phonic acid, t-

butyl sul phonic acid, and 2-hvdroxypropane sul phoni c:

acid; sul phonated ion exchange resins (including |ow
aghdo | eyelupd skl phomhecresims) apevbaldrziaged spehpas may be
p%&%?&%%dé%dacéét terminated include fluoro, chloro, bromo and

iodo.

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 unsubstituted or substituted by one or more
substituents selected from halo, <c¢cyano, nitro, oxo, alkyl
(which alkyl group may itself be unsubstituted or substituted
or terminated as defined herein) -OR', -0C(O)R*®, -C(O)R",

C(0)OR*?, “N(RP)R™, -C(O)N(R*)R**, =-SR*, -C(O)SR® or -
C(S)N(R*)R*® wherein R to R’ are as defined herein The term
“Het” thus includes groups such as optionally substituted
azetidinyl, pyrrolidinyl, imidazolyl, indolyl, furanyl,
oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl,

triazolyl, oxatriazolyl, thiatriazolyl, pyridazinyl,



10

15

20

25

30

35

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

wdbhesehge ¢ acids such as benzenephosphonl C 81‘619’@13%99050775

acids derived from interactions between Lew s

and Broensted acids. Ol=her 10 sources whi ch nmay
provi de suitable anions inclutile the optionally
hal ogenat ed tetraphenyl borate derivatives, e.qg.

perﬁﬂhw@ioykurgyﬁm@ﬁwhnpbra@ﬁrazédgﬂ t@ﬁﬂﬁﬂﬂgmylzeigbqulnolinyl,
%yld adk%g1gogp e esépartlc those with
I ﬁ nds’ 5 ghényPphds h| S5r R Kehed Het may

§uthma§tdwb@nzybtdmneacem®n@m15nm@’s&yrener@rapproprlate, at
qﬁk;%%bggggkhg%ﬁgaggE%pg)d|pa I I adi um may be used.
The

above anions m t'Foduced directly as a
conpound of the netal but may al so be introduced to

tq%tcaggg%§§ §§y% g;ragﬁpgg?ﬂgg%gy (of the netal or

netal conpoun af® i ntr'dduced as
the acid. Preferably, an aC|d is selected to have a

pia in..the,sane range as; I hat %éyél%h%mg%%boxyllg aCInygen,

and aronmatic carboxylic aci i sted supra
t%ﬂéfaél@rﬂﬁuﬁﬂ@ﬁéréb¢wag?eater t han about 2 25

measured in dilute aqueous solution at 18C. The pKa is
preferably | ess than about 6 neasured in dilute
dGFeArsMaghy Ut | 6ANATCSERE, Suvirbabhel aei dé- @@MPQﬁﬂdUsnnhygroup

%ysea&qtoagu;reaan}glhleseam&%l@@g %@h;égéﬁ% ,up&@e 30 more

Particularly preferred anions for the car ny ation
RSt brensucit las tad hjEroxaidartbongRat i oPC EY)&E theéalo, nitro, -

c@rb@xyl|c4a@jd@%ﬁndcygﬁpnag£§lcangﬁygke acidg )i gt-efee
upr a, T nay, be a n1xg re 'of anions but N
6}§Péﬁabﬁy oﬁﬁ?‘cne SEUrde of @ni ond (Rs)Bdded HOR'VHE' -

pooesss-poHoweN DR | shoulsd. e, appreci at gd.- ﬁhat a@kyl, halo,
further 35 source of anions is generated b

pr6E8ss™i%e the' aditd WP 2068/ 0751081 PET/ 017105’@77§ each

Q4dppodaett 16f repee cattbonyl-atéon,afgn, | ASEANGE Het |
pentenoic acid in the carbonyl ation of
1, 3- but adi ene. .

Suitably, when the adamantyl, congressyl, norbornyl or 1-
norborndienyl group is substituted with one or more
substituents as defined above, highly preferred substituents
include unsubstituted C; to Cg alkyl, —OR”, —OC(O)RN, phenyl,

C(0)OR*, fluoro, -SOsH, -N(R*)R*, -P(R*)R®’, —C(O)N(R**)R* and -
PO (R*%) (R®

9), —~CF,, wherein R represents hydrogen, unsubstituted

C;-Ce alkyl or phenyl, R, R*, R¥, R*, R®®, R* each
independently represent hydrogen or unsubstituted C;~-Cg alkyl,
R*® to R™ each independently represent unsubstituted C,-Cs alkyl
or phenyl. In a particularly preferred embodiment the
substituents are C; to Cs alkyl, more preferably, methyl such as

found in 1,3 dimethyl adamantyl.

Suitably, the adamantyl, congressyl, norbornyl or 1-
norborndienyl group may comprise, besides hydrogen atoms, up
to 10 substituents as defined above, preferably up to 5

substituents as defined above, more preferably up to 3
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In the carbonylation reaction such as a 5

hydr oxycar bonyl ati on reacti on, the quantity of anion
wBB&ERk1dsS not critical to the catal ytic beha¥b?kﬁn&ﬁub0ns
the catal yst system The nolar ratio of anion

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

102:1, preferably from2:1 t&210 :1 nost preferably,
from100:1 to 10':1 10 and especially 100:1 and 1000: 1
.SWhetftddnasankondéﬁnq@ﬁowﬁﬁe@ bynuaabayjdwamm saétadamantyl
the rel atlve rogortlon of the aci and salt_is no

crtieal® Aﬁcorlluﬁ%fll a:%émFégg?aﬁ? ]houl%mm%%ac?mprlses’
M&%blﬁ@@ agdrb®£wvaM@mﬂs saurce obranisohstituwenst s defined

unt of th d to_co-reactant shoul d hosen
sucﬁelES Fﬁa?eréklf t abl e §ﬁ§u%§% %ﬁ%free a%'agfgéﬁ' Preferred
prsebent tueAs smemti onedysttiheitedt al-yst adyst emmdfttiféuoromethyl,

prg%?[‘éula@‘i nt, 'rlg{l‘]b_)rin%tggl gf%zg%gge@ﬁc%“s'sym%'&hgt oh highly

er ogeneousl efera e cata
|Qraéemkmmn@g@ﬁwauébycoﬁhee@wwbesgmdﬁﬂmné presemporborndienyl

| BYENLT 0P kS AR | gﬁ'd?&&é/n effdfaciQus fgr thethe adamantyl

producti on of pentenoic acid |somers. i pic acid may
beoppoeiucdd f romqpenténoiar acl dnddomersehyl 259fowr heis  not
carhonyl.atdon of the pentenoic acid. Adipic acid is

advant ageously used as a starting conmpound in the
production of Nylon 6,6. Therefore, the invention al so

r@k@%é%%ﬁﬂyechﬁbﬁa&éﬂ%tﬂ%a%h%ne39d§ﬁgﬂy§@yl@&ﬁ&yéég%QCtth%ornyl
such as a hydroxycarbony ation of conjugated di ene,

eSpetT PIRPILIZeBYR fHiwRe 1SaREess1t 1part FetRambat Rptmula I,

exghusivel Yrolhipei dseet ithe, carbonyl ation reaction
such as a hydroxycarbonylation to WO 2008/ 075108

PCT/ GB2007/ 050775 95 provide a first step in the
production of adipic acid from pentenoic acid such as
3-pentenoic acid. Accordingly, in a third aspect of
the present invention

Preferably, the bidentate ligand is a bidentate phosphine,
arsine or stibine ligand, preferably, a bidentate

phosphine ligand.

For the avoidance of doubt, references to Group 8, 9 or 10
metals herein should be taken to include Groups 8, 9 and
10 in the modern periodic table nomenclature. By the term
“Group 8, 9 or 10”7 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
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5 there is provided a process for the production of
i soners of pentenoic acid, the said process

WERIPHIssésng the steps of hydroxycarbonyl at i ng’CT/GB2007/050775

1, 3-but adi ene according to the first or second aspect

of the invention. 10 Therefore, according to a fourth
aspect of the present |nvent$%n there is provided a
process for the production of adipic acid, said
prdoéssiconpidsi hgpidre stgpgioofic hy@doxyaﬁmthnﬁﬂnatkmgphonic

%ﬂ%dbukggu e§ ﬂ889&@£ﬂ&@ mn%h ﬁrg%lflrSL grhgg%pggld t-
aspect 0 e pr Esent invention to pro duce 15
pridduct scorpnisi ngeah | sofer{-Slydobxpentenai csatpltbnic acid;

Wﬁhﬁﬂonggﬁibqo§Ub§§éﬁé%$%d 9£SHH§UQ§%E%ﬁ%Sg%?ggwei§&§f level

branched or I|inear and treatnent o _
FenPendi e awisdngy odoethaloc proddceswadi pias apedechRic acid;

Akh%@@ﬁgﬁﬁﬁlﬁérﬂy§egggl@9189 E @hcgsrggﬁﬁﬁf o%%gggc acid and

reactions can be carried out foll owed
tiréat Henea By cLraatdinqoorharrearhent c hepeqﬂn m@o:smbmlc acids

CRIChYI RG owknboMiie hgm.cal lyeatmnt SUCH aSierived from
carbony] ati on on the product of the carbonyl ation

P@ACEPBR 25 t BeproduceSwidi pretdti dnin Brhenglag® afids. Other

hydr-exycarhonyl akhpn pof hexangt puenedi-anbAg, Qhc$ude  the
caprolactamin the case of ammonia or an am de

rOé%ﬁ@&ﬁHﬁ@ yalagewtdichg tebr &P Pt Beprict @PTEhetives, e.g.

Rlesenbrbivenbhonyt hergor3Q .is puavidechtiRe useceh thearent
catalyst system as defined in_ any of the aspects of

et ﬁ?@§%n€opﬂ%%ﬁ%%oﬁaFB+C%4ﬁ§lypHHth%|Bhthpﬁépé}%bﬂﬁgandsf

Id1@UStEL@%ed¥]@ﬁU§bh£Mb o adepke s@el s heesal hideneacetone
producti on conprising the ste s of WD 2008/ 075108

PETF G007 /550 ﬂiédl%“zwﬁd%w G150y FAPT bippfm may be used.

1, 3-but adi ene followed by treatnent of the pentenoic
%%gda rgdg%éég%stggy Q!d59§¥§lﬁg%n¥hﬁ%tg to pgo%%%Sound of
the metal but may also be introduced to the catalyst system
independently of the metal or metal compound. Preferably, they
are introduced as the acid. Preferably, an acid is selected to
have a pKa in the same range as that for the carboxylic acids

and aromatic carboxylic acids listed supra

The pKa of the acid is preferably greater than about 2
measured 1in dilute aqueous solution at 18°C. The pKa is
preferably less than about 6 measured 1in dilute aqueous
solution at 18°C. Suitable acids and salts may be selected

from the acids and salts listed supra.

Particularly preferred anions for the carbonylation reaction
such as a hydroxycarbonylation are the carboxylic acids and
aromatic carboxylic acids listed supra. There may be a mixture
of anions but preferably only one source of anions is added to
the process. However, it should be appreciated that a further

source of anions 1is generated by the process 1ie the acid



5 Preferably, the treatnent as nentioned above is
carbonyl ation. A suitable process for the

wo3hlayleat i on of pentenoic acid is describedpifygrl007/050775
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W0248094A1 where 3- pentenoic acid is

hydr _oxycarbonyl ated. 10 The product adipic acid may

be used in the preparation of Nyl on 6,6. For ease of

ref erence, any one or nore of the aspects of the

ipvemmdmnoﬂayh®ecaeb@mmﬁdibo hepei nnasabthe peocesscofacid in
the |nvent venj ent the process of the

|Even(féi I%%g'§h%g%?é%$}able conpounds under

typi cal carbonylatlon reacti on such as a

hydroxysarbonylati,on reactjon 20 conditions sy that,
they require it r repl enis ment .
Cﬁ@bj@ﬁk@ﬁbk}bonyh}at@bace&%a@ft1td'me |rmemt|@1mantrayyhawe aanion
high rate for the carbonyl ati on reaction such

as
h§aP8RYEat BoRitati o et ont bt Eohphghi edbaPaRectr of the
Cee\egmg%@t Lystbhe RROCESS0! Lhie ol DYention WRY PLAADE o or

conversion rates of conjugated dlene t her eby
yﬂ@lmwﬂplkmnmﬁﬂum®dnpm©dbﬁtﬁn@ﬁnghlyﬂ@idlﬁﬁth,|Hﬂﬂﬁ§rably

or r t| Consequent e rC| 5
CEsBM AT oro" ISt Larbii S o 7RG PomspT fpo:t to 10%:1
cannugabgalauege1mayaMfumoncrwa%e@ a%ee@ah@mlng Phevided by
process of the invention. 30 Especi al
adPaitagedis! yalthe Processrofve h@r%@/éﬁ%@%nOfaFP@m@Cld and

Lgél@ ﬁérPQRYKfﬂltf$%1feﬂEEbPQlﬁgﬁg a3f85 co-reactant should

roxycarbonyl ation reaction with a hi gh TON nunber
andaat Wiigh rtatee sofid eaetviony NK)Q@@B¢@75108nlons, then the
PCT/ GB2007/ 050775 .97 1t wi be, appreci a
SRIPPEA i Cha- aPEifndto Ther Ganbaunds 5 forih HigRRn such

mayatupCkLORaBS el k@30S bhakreeoatdunakepwethnthe
Group 8, 9 or 10 netal or conpound

As mentioned, the catalyst system of the present invention
may be used homogenecusly or heterogeneously. Preferably,

the catalyst system is used homogeneocusly.

The process of the present invention 1s particularily
efficacious for the production of pentenoic acid isomers.
Adipic acid may be produced from pentenoic acid isomers by
further carbonylation of the pentenoic acid. Adipic acid
is advantageously used as a starting compound in the

production of Nylon 6,6.

Therefore, the invention also relates specifically to the
carbonylation reaction such as a hydroxycarbonylation of
conjugated diene, especially 1, 3-butadiene, and, in
particular but not exclusively, the use of the

carbonylation reaction such as a hydroxycarbonylation to
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5 thereof to formthe conmpounds for use in the
invention. Typically, the Goup 8 9 or 10 netal or

w6 OsREIEs t hereof coordinates to the one or ﬁﬁﬁﬁgBﬂWWWWTB

phosphorus, arsenic and/or antinony atonms o
compound of formula (T). 10 The present invention
provi des a process for the c&ibonylat!on reaction
such as a hydroxycarbonyl aLi on of conjugated di enes

conpvide ng tontactiidg an cong ugasededi enesr Wad ho carbony from
nmonoxi de in the presence of a solvent system

SO &% Hg aacfﬂdar%fﬁsﬁ it cartioxytiel actdida catal yst

and, 15 optionally, a source of hydrogen as defined in

the present invention. The catal yst conpounds of the
presertiigvient ion amayhacd aspeat" het erbgeneeusht invention

st_or_a "hopnobgeneous" catalyst, 20 preferably,
3%%%%%gé%o%§o%ﬁ?%?y tPrgﬁeﬁﬁe%Fgfﬁ?mhéﬁﬁﬁﬁﬁﬁﬁﬁgm of "1somers

cal abystenei aeania, catl ysiid precedscoppound gl the steps
i nvention, which is not supported but is sinply
| X TR YT Red vilatsinau Wi Bribuke dieact antso28iof the the

carhbonyl.atiqn reaction, eral in a suitable

co- sol vent %§§ &gs%%%%gﬁ(ﬂiﬁéf%.kﬂ%%qﬁﬁ§rLern1 _

"het erogeneous” calal yst we nmean a catalyst, i.e. the
t he igvention, which is carried on a 30

d of
gﬁ%%%¥¥¥f$hugcgeg td¥nd ¢ o%a ¥UttHer 2aBpect 0%t hehe present

presenti dinvendton; spewvdes @ Processsfokothe e proquetion
carbonyl ati on of a conj ugated 2008/ 075108 _
PET/ 682807/ 050796 9B di ereo s efdioned ilvénei ntivhersiaps  of

t ' rrje It i th the.catal yst
B gREnd R SR e M D B R nce wien ene
suppdr tor ScRrefceraadplast tdie Wuppads o sas: @mPaly MFoduce

such a (ghyo]efin, ol ystyrene or polystyrene

ébégfvﬁgﬁzs S g aﬁ 1s5omer(s) of pentenoic acid which
may be substituted or unsubstituted and either branched or
linear and treatment of the said pentenoic acid product to

produce adipic acid.

Alternatively, depending on the co-reactant other
reactions can be carried out followed by further
treatment. By treating or treatment herein is meant
carrying out routine chemical treatment such as
carbonylation on the product of the carbonylation reaction
to produce adipic acid in the case of hydroxycarbonylation
or hexamethylenediamine, or e-caprolactam in the case of

ammonia or an amide respectively.

According to a fifth aspect of the present invention there
is provided the use of the catalyst system as defined in
any of the aspects of the present invention for the
production, preferably, industrial production, of adipic

acid, the said production comprising the steps of



di vi nyl benzene copol yner or other suitable polyners or
copol ynmers known to those skilled in the art; a

W6'2|0689(P/9108de” vative such as a functionalised $hjcoos077s
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fron150 to 500 A, and npst desjrabl
ATDEt BRRAYSE R cul 301y 8| ﬁbP§¥9018eﬁF§r§F§9ﬁfatlon of

Icone or 10 a silicone rubber; or other porous

partlculate material such as for exanpl e i norgani c
oxi des and inorganic chloridé$ Preferably the
support material is porous silica which has 15 a
sufbacs vaeddny 1the onange©f f1ppr-d0tbeid® nRfgllawed by
total pore volune in the range of from0.1 to 4.0 cc/
aﬁﬁ@atﬁﬁnéveraée p%??chR?Qﬁ%RQHQ1tl%§1@ang@r6@u?Fon1

£ 900 MU ﬁ:%%r b %‘Oﬁhﬁ%@s Yrkace aneasi-gqi.n the

ge o rom 500 g, Lhe pore volune is in
the range of fron120 0.5 to 2.5 cc/g and Lhc average

ticl th f from 20 t ,
DBSE Geiianl y THE SUPFSZ6TChrea 78 | MeRel ThADe GroOve 1S

f ramsE0Q 110 1400 N2/ e PHR cetd W ithd tdd@dvangeon of

of from0.8 to 3.0 cc/g and the average artlcle si ze

i Heing enied o ar@g?eldof ifsr orAS3GtidEr00 125 B0 dfer agdrere 3~

por Si pi.cal, por terlals isin
e?¥§ﬁég‘ f%%n%ﬁ6l C%%%ﬁéﬁgggg%e g?ably, a support

naterlal is used that has an average pore dianeter of

from 75 to 350

t ke 18 lscq .at a tenperature of from 100C to 800C
anywhere from3 to 24 hours. W) 2008/ 075108

-1' C 17GB2007/ 050775 99 Suitably, the support may be
fleexible or,a rloLd su

o %echp3@$ﬂglstgﬁgor%gé%ts of

por
coated and/ or 1 npreg na? t he conmpounds
pﬁﬁ@ESﬁTmﬁnﬁﬂuhIMB&H%éOﬂeb@rré@Cthqaeelmebb khewpraress of

those skilled in the art. 5

the invention.

Conveniently, the process of the invention may utilise
highly stable compounds  under typical carbonylation
reaction such as a hydroxycarbonylation reaction
conditions such that they require little or no
replenishment. Conveniently, the process of the invention
may have a high rate for the carbonylation reaction such
as a hydroxycarbonylation reaction of conjugated diene.
Conveniently, the process of the invention may promote
high conversion rates of conjugated diene, thereby
yielding the desired product in high yield with little or
no impurities. Consequently, the commercial viability of
the carbonylation reaction of any conjugated diene may be
increased by employing the process of the invention.
Especially advantageously, the process of the invention
allows for a carbonylation reaction such as a
hydroxycarbonylation reaction with a high TON number and a

high rate of reaction.
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Al ternatively, the conpounds of the process of the
i nvention are fixed to the surface of an insol uble

wWeEUPPOTshes Optionally via a coval ent bond, andﬂ@ﬁthmwmwTB

arrangenment optionally includes a bifunctional spacer
10 nol ecul e to space the conpound fromthe insoluble
support. The conpounds of th®&’invention nay be fixed
to the surface of the insoluble support by pronoting
reaction of a functional group present in the

ff la | with]. 5 i ment
0t vo GPOURPRTECTE pribr thPEg GUGIY =] nser tba PEo that

tthe: stpResinadher cogbhnati on) ofthe reagtive g gfic?#ﬁa%f that
the support with a conplinentary substilLuent of e
t6f vhehi mventGomupr Gvi desoa Heét enogeheous compound

e he .conmpound of the invention _and the
SRl ?Q for iqﬁxangogp%uP?ﬁkaﬁé slith 48 &N Ceterention.

20 support are nked Vi

&strergallani dee amidey 8f ea, oketlo greun. othe-GhoisRl Afhereos
reactjon conditions to link a conmpound of the process

SPYHE PréESent® | MenPRonotoMPHE Slipererugs degends and/or
URAN IS GfQMRs ﬂﬂ%ec§M§RR£{j &%o%cgﬁﬁﬁg%gg&(eagents

such as carbodiimdes, 1,1'-earbonyl lI'e, and
processes such as the use of m xed anhydri des,

r.educt j 1 nat.i_on nmay be enpl oyed. 30 According to a
Pﬁgihe ygigg%t,lpﬁgn ﬁggentp£gzﬁﬁ??ona prihi e t heor  the

use ofntihe iphocessc ot o€ akakbystanf 2 anyaaspReet ro8hytiR€ion of
invention wherein the catalyst is attached to a
SOOI SROD GOS0 PEIU8 IPCTIGRZO0ATE0R75 ckggjugated diene

it i ' X . ' Ql d
Mdirt ionaldy, md hey pident at.e Ila aﬁﬂ%%dgf Qo%%%ve%%e%ystem

sui tabl e polymeric substrate one of
lvoinghgre ssulystdn uembpsatiinc| amiingx ¢ hiec cyeclinie at oas}athet5 ang,

i dgi i nki roup L1 or the linkin
%%%q B%Ql%togps%br%%egf hyd%%é%n J% defined in the é%esent

invention.

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

preferably, a homogenous catalyst.

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

co-solvent as described herein.

By the term “heterogeneous” catalyst we mean a catalyst,
i.e. the compound of the invention, which is carried on a

support.

Thus according to a further aspect, the present invention

provides a process for the carbonylation of a conjugated



group L2 e.g. cis-lI, 2 his (di-t-butyl phosphi nonet hyl)
benzene may be bonded, preferably, via the 3, 4, 5 or

\y@20@Mﬁgﬁ@ carbons of the benzene group to pol y&t)BRNE /050775
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to give an inmmobile heterogeneous catalyst. 10

Suitably, the catalysts of the invention are prepared

in a separate step preceding?heir use in situ in the

car bonyl aLi on reaction. 15 Conveniently, the process

oflithe kBveRrtfiiordray riee ncatheredn abk pyodiessolivi ngrirhed out

Goup 8, 9 or_ 10 nmetal or conpound thereof as defin
hgﬁégn Fhca St abte §ﬁmﬁﬁﬁgﬁ&%haassu83%r5f gt erabLy  an

alikapal,$1@r sappetic sol vents previously described (a
particularly preferred sol vent would be the 20 product

of the specific carbonylation reaction and

B EReh Shavd: el ReRBIRae ey o ulbe i nfRe = @

ppesencefah, obher st2scgases whilgh tatrenienenpolgnkhe such as a
reacti on, Exanpl es of such gases_include hydrogen,
nPLVegEn PeE4FREN BPBRT YBSAandt h& T hRdDI %u@‘a%é%esm%ya{%ers or

a"c@%i%%@%sprm of theskteagtiondmynberseparated silicon
fromthe 30 other conponents by any suitabl e neans.

Howeveptive issicin asadvahtagel ofalheepresentaproaceddicone or
that sjgnifican f ewer -products. ar 0 .

{ Ror &by e NG Pha rdedOPhre RUVTRGH BUFI FYEat o naterial
aktenh the | nidd aleseparat i onopfathe Wx2868/ 026408 inorganic
PCT/ GB2007/ 050775 101 product as nmay be evi denced by

t R81g&neraElly significantly higher selectivity. A

further advantage is that the other conponents which
contain the catal yst systemwhich may be recycled
aRdederplyed hien sfipprohler megactibdns swicohr omisnispdlica 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 Hﬁ/g, the pore volume is in the range of from
0.5 to 2.5 cc/g and the average particle size 1s 1in the
range of from 20 to 200 pm. Most desirably the surface
area is in the range of from 100 to 400 m?/g, the pore
volume is in the range of from 0.8 to 3.0 cc/g and the
average particle size is in the range of from 30 to 100
um. The average pore size of typical porous support
materials 1is 1in the range of from 10 to 1000 A.
Preferably, a support material 1is used that has an average
pore diameter of from 50 to 500 ﬁ, and most desirably from
75 to 350 A. It may be particularly desirable to dehydrate
the silica at a temperature of from 100°C to 800°C

anywhere from 3 to 24 hours.
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5 suppl enentation of fresh catalyst. There is no
particular restriction on the duration of the

wERHRYdsat | on except that carbonylation in aﬂdﬁ@%@/@sows

which is comrercially acceptable is obviously

preferred. 10 Carbonylation in a batch reaction may

take place in up to 48 hours’® nore typically, in up

to 24 hours and nost typically in up to 12 hours.
Trpitcally, Cear bonybati onay sbef ateatbheast % MiRptESsupport,

re typi , at least 30 mnutes, nost typically,
g?“?eéggogghg%rf“¥ﬁmﬁtcoh%iﬁ@é&§d15a?%é%¥iéﬁ@§@€ﬁaﬁﬁﬁe‘”lth
s6al esc@ffo@hyd ousky iheel gpante and ar Cgﬁ%:gﬁ%@%ntion by

reaction can continue as long as the 'T

dofterigiugld yeddeéproabl ¢ chefrorse catidllyst imedicr est .
repl eni shnent. 20 The catal yst system of the present
invention is preferably constituted in the liquid

phase nshiicke Ivay hend oramebbyn@one oor mpee @fothes of the
reactants or by the use of the solvent. The use of
SABN g aé@npé&ﬁ@ wilth tHe catfpste syt emn 25 mRgluble
ahppde benshi chaliip | REOVING LeGAMRRY OfpdRtal na  the
whi ch has been | ost ¥ron1the cat al yst system en e
catralingemegyist emtilonatlillyi zedhdlmcae d i qui doirfeactiiomal spacer
ium. such stabilizing conpounds may assi st recovery
gggf%%ﬂfbﬁguﬁgﬁfe9tgﬁ f% P&F.%§@“PF erapiyubte support.
therefore, the catalyst systemincludes in a liquid

reacti on medi um a polyneric dispersant dissolved in a
ITDGuicP e ider Ofsdibg porvprerios disspdrs dnitxaskitng the surface

capable WO,2008(,075108 5§3é658g91%9§833§n 10 eégt%o? of a
stabilising a colloidal suspension of particlés o he

grogy 1®na9 grol® metalendr imettale compaunmd off tthemula I with
cata“xs{. systemw thin the liquid carrier. ,

a complimeritary reactlve grou present on or previously
inserted into the support. The combination of the reactive
group of the support with a complimentary substituent of
the compound of the invention provides a heterogeneous
catalyst where the compound of the invention and the
support are linked via a linkage such as an ether, ester,

amide, amine, urea, keto group.

The choice of reaction conditions to link a compound of
the process of the present invention to the support
depends wupon the groups of the support. For example,
reagents such as carbodiimides, ]4]f—carbonyldiimidazole,
and processes such as the wuse of mixed anhydrides,

reductive amination may be employed.

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

support.



5 The liquid reaction nmedium my be a solvent for the
reaction or nmay conprise one or nore of the reactants

\V@Qmwﬁﬁgggion products thenmsel ves. The react anper@msdoo7/050775
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reaction products in liquid formmy be mscible with

or dissolved in a solvent or liquid diluent. 10 The

pol ymeric dispersant is solublt® in the liquid reaction

medi um but shoul d not significantly increase the

viscosity of the reaction nediumin a way whi ch woul d

be detrinental to reaction kinclLics or heat transfer.
Tﬁ@diBlQBPﬁﬁyrit@h%fﬁPﬁﬁﬂﬁﬁgﬁ%r aAE N The [BSquPghded to a

medi UALYWBAEs o1 $hE { €acdi o .condi tiiQns 10f {eaper adps e of the
and pressure should not be so great as Lo deter
sbgaflfecanatbygtihecadsor piineaudagnat hEhgi sgeicdant atoms) the
| ecul es onto the ne art,j.cl es, T pal.y [Cq:ns

gfggﬁ)é%gﬁt C1{rsoucf?;1pa I e£§% S larb%]lcfgii %%gp Ejgll I glkdant][al{é tinking
syspapsi bh of. partdicd-as of2-gdisd grdup -ButYlehokPphinomethyl)
metal or netal conmpound within the [iquid reaction

nBaNaRT sl titat PPRECHet &Y S5&FcPdMes 6t neliCas a s > or 6

resuht -of.-pahal ¥t cdegiadabihen @arepheld b suspensi e give
in"the liquid 25 reaction nedium and are di scharged

f rpomitihebi éachereabgngeoust hathéykiqui d for

reclamati on and optionally for re use in nmaking

further quantities of catalyst. The nmetal particles
aseinapmyl | ynef ceokheisdal odi meRSiioRenteog. airk pirheared in a
range 5 - 100 nm average particle size although | arger
30Cpareiel esSHARy fBFAFFAL8ENe [dusds. PBFti dis TOftt hel? the

palyperi.¢ . di spersant ;ape adsorbed onto the surface of
tgé Bﬁe%a? particleslmhilst t he renmai nder of the

di spersanL nolecules remain at least partially

SOV B e LA YO 2OIBATIIOR, o ne, o ggrics

t Betdipsperisedh 10ri0Up Bhe 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
product of the specific carbonylation reaction and

subsequently admixing with a compound of formula I as

defined herein.

The carbon monoxide may be used in the presence of other
gases which are inert in the reaction. Examples of such
gases include hydrogen, nitrogen, carbon dioxide and the

noble gases such as argon.

The product of the reaction may be separated from the
other components by any suitable means. However, 1t 1s an
advantage of the present process that significantly fewer
by-products are formed thereby reducing the need for

further purification after the initial separation of the
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9 or 10 netal particles are stabilised against
settling on the walls of the reactor or in reactor

woleadnspaces and agai nst form ng aggl oner at esp(?]f ?Fotg%sows

particles which may 5 grow by collision of par

and eventual |y coagulate. Sone aggl oneration of
particles may occur oven in tlRé presence of a
sui t abl e di spersant but when the dispersant type and

qwnm@wmtam$onaysb@pévﬂméﬁdedhﬁﬁ SHEhge AgBADIRr AL QNf icantly
d be at a relatively low level and the 10

E]Eg? er 3t €5 eyt For m %nf&zr%%%ewf%tw%t ig h*jelyam‘yb@eother

b Qe dp: anghh t he @@ﬁ%h?he§hée@b%gg§§%d Lagl tab QM nay be

The polyneric dispersant nay inclu ho po ynmers or

cope! ¥t san@aébudirrg spal yimer Sustuchr asegrafibneopaltymetisnimal

3§Lgpppﬂe%est & g yrers. B Prefer bl y, the pol ymeric

ersant has suf'f i it it or basic
functionality to substantlally stabilise the
cql |l oi dal suspension of said group 8 9 or 10 netal or
20'4¥et at S coRpBEAHL CBY2EUBSEAREFALPY srabite shuias ivgamtf the

tcrb@!bc;rtﬁﬂl% p'e&@te?(an tf?gtt hce &% Orm gtij[ 3 g\r/oﬂ'gegegjg%escale

fromthe solution phase IS
F’éﬁtqftuiar Icymweefce@ﬂéd’ oﬁ@qmﬁg&rﬂtes flor dhiimupURPOSEferred.

I d d nmers including carboxylic
OISt € ot D8 Chnf G5 3l GAdGS Suen 48 1n up to
pﬂiyaeuybata@oﬁé h@kﬁkﬁ@ﬂ@le,lﬁaﬁkic%barby Whﬁﬁggeﬁngolnost

het er ocycl e, substituted pol yvi nyl polymers such
ﬁﬂﬁﬁﬂ%%MYFﬁﬁréplé@néibrh@@ﬁ%lyﬁﬁpgcéﬂlWheC&ﬂ@ﬁ@@d@dlon is

\@@120%/ 072108 PCT/(H200/L05Q/ 75 109 Exampl es_of such .,
pol ymeri ¢ di spersant's may 'he selected 9r
polnydesy| pyrstol i dones 1 pol yacr yeastde, hour. In a continuous

reaction such time scales are obviously irrelevant and a
continuous reaction can continue as long as the TON is

commercially acceptable before catalyst requires

replenishment.

The catalyst system of the present invention is preferably
constituted in the liquid phase which may be formed by one

or more of the reactants or by the use of the 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
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L-met hi oni ne, poly-L-proline, poly-L-serine,
pol y-L-tyrosine, poly(vinylbenzenesul phonic acid) and
pol y(vi nyl sul phonic acid), aty?ated pol yet hyl eni m ne.
Sui tabl e acyl ated polyethyleniimnes are described in
BASF spatanti spul) i-catd 01oidd ERISIOBOP0MA oangdadSicles of the
6, 723,882. Preferably, the polyneric dispersant
i AE6HPorat €5 @t 4P cMChR b & Gt et FeEP R RPef L pERGartalyst

ors_yg%m nitRepekymer q backhone Preferably, the
acidic noieties have a 15 di ssoci ation constant (pile)

of less than 6.0, nore preferably, less than 5.0,

t preferably less than 4.5. Preferably, the basi
gg?@tiééqﬂése %?%%E%O%iég%%Vﬁ?igﬁy c%ﬁst%nts?p%% e%lfor the
bekagtebnl €ss ddhanc6nPris®er enpr ehenatley of esset hanchalts or

and nost preferably |less than 4.5, pK, and 20 pKr _
b&EAG treas redvich sdi thares dgifdous Sbfurpafitaptasegd reaction

Sgk%@%k%SPQk%UFH &iéﬂf%%ﬁ Sbe'ﬂigggb&éoQiEﬁ Q?!%gssolved
solubl'e in the reaction nmedium at reaction conditions,

cant ai poaveheéast dneguaci diig¢uentbasi ¢ noi ety, either

within 25 the pol yner backbone or as a pendant group.

We have found that polyners incorporating acid and

aﬁh@epmi[y%&% SUGHe rasinRolivvisayhipyeoliki dore 1GBVRR ardiction
pol yacrylates such as polyacrylic acid (PAA) are
paetiiedl ar | §ulsui sabed Theot nplsdeiulidr GRditght ofn¢hease  the

p%'i%%‘é%i\@’gi ¢y s, SuiLable rfloLneE@Smsqui nthe inventiQnu1g be
depends upon the nature of the reaction nedi um and
t hetsahebitkilt yt of tdretpalrnyneinthércei mr Weehavetrdwsifel . The

that nornally the average nol ecul ar ight is 1ess.

t R B00 1060 Pr G er ab 3 SHHE aveh agb ool SUIhr Tt gt Urder

I $nW0,-200810745L08 RETLEB2QQ7/:Re@ 13 tukR5 and pressure should
not be so great as to deter significantly the adsorption

of the dispersant molecules onto the metal particles.

The polymeric dispersant is capable of stabilising a
colloidal suspension of particles of said group 8, 9 or 10
metal or metal compound within the liquid reaction medium
such that the metal particles formed as a result of
catalyst degradation are held in suspension in the liquid
reaction medium and are discharged from the reactor along
with the liquid for reclamation and optionally for re-use
in making further gquantities 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 1in 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 liquid
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in the range 1,000 - 200,000, nore preferably, 5,000 -
100, 000, nost preferably, 10,000 - 40,000 e.g. Mvis

wdieéeisady Yy 1 n the range 10,000 - 80, 000, m)rq)CTé,le%)zip07/0507,75

preferably 20,000 - 60,000 when PVP is used an
The order of 1,000 5 - 10,000 in the case of PAA. The
effective concentration of tRe&3di spersant within the
reacti on nedi um shoul d be deternmi ned for each
resgatt ian cadcl wstasystemmhi chaysthe bespsedeql@rthe 8,
Q%s ersed group 8, 9 or 10 netal mmy be recovered from
theé’q i]q%iI?Fg%atJr &t eide P 1T o tihel rattasfaln g aiktling on
fidd ratioa and tihen ebther disp ﬁeqéyﬁﬂyfFﬁégﬁséﬁgces and
for re-use as a catalyst or other applications. tna
B acioritt nlousipy ogessotdreatégubd streampamy ibées which may
cj.rcul.ated hr ough ext ernal heat-exchanger and in
SHSH 25e§Ct lsﬁﬁg 6%né5HVéﬁ?gﬁf ?BdI§€§P§_'H%%H%PQQRlate'
thenepahbgdbmarapabhi cb€s darttihese ChEGUIAEON cven in the
apparatus. 20 Preferably, the polyner:neLal mass ratio
Y Sg7Eg GSs Hetedhitabie afdspoooant hoke wheef élabldj spersant
en _1:1 and 400: t prefer between 1.1

gﬁﬁﬂgoof%ﬁﬂPreg%?gg?éf %E@ﬁ poF§ner%E%éPéE%%asstP§Pio such
iayog/ogeirsituprt cHO0Q] oret pretenably)l yupotio 140@,1 and the
nost, preferabl up. to 200, 25 It wll be appreciated
. gﬁfa%FStHﬁé¥e (esOREY fLOCER1YI B¢ h&Pefr sihey may be
aspech o the itmeenti-on dTay bediegarded as Rriekented
features of the second, third. or other aspect of the
present invention and vice versa. 30 The inventioF

hso t 1.0 i identate |i, ds, of . for a
?Ih)% a%lﬁg]\%gllcconp S?xeer? ag}ec s%lcaﬁ/ I ilg%;ldlsdevm tmonfci?g&ymer s or
repall yofe r&r dug 18,d 1% 9o ol@relr sa scenpeundytdter eofpolymers and

star polymers.

Preferably, the polymeric dispersant has sufficiently
acidic or basic functionality to substantially stabilise
the colloidal suspension of said group 8, 9 or 10 metal or

metal compound.

By substantially stabilise is meant that the precipitation
of the group 8, 9 or 10 metal from the solution phase is

substantially avoided.

Particularly preferred dispersants for this purpose

include acidic or basic polymers including carboxylic

acids, sulphonic acids, amines and amides such as
polyacrylates or heterocycle, particularly nitrogen
heterocycle, substituted polyvinyl polymers such as

polyvinyl pyrrolidone or copolymers of the aforesaid.
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exanpl es. 5 Carbonyl ati on Experinental Procedure

Reaction solutions were prepared using standard

Schlenk Iine techniques. 11216#g (0.500 mmol es) of

Pd(QAc)2 and 10 494ng (1.25 mml es) of the bidentate

| irgang1ks2- BE S(dicH epbihubyl phasphibaosmtidy| Magnzese selected
were weighed into a_ round-bottomflask in a nitrogen
PUEGE gl . ovebn®O 1T N GWHd-Beoom f | ask was AHeRcrylamide,

; gﬁggﬁg&zyggnggfﬁ@eh' enk ﬁgﬂggﬁ%?&mm%e,degassg%’lyglycine,

ined in the ng 15 exanpl e
1@ty aofr ydegassedcédr boxybotyaetida¢agl def i nedzid,n t heoly (3-
follow n xanpl es). (if the carboxylic acid.s a .
| PGy Y2 Y280 Cof!) degaBEbd Heht het A1 sedAidt dr Tk onine,

agded-1opyialihed two-phgseysolyti one, of whigﬂnkh@~tyrosine,
upper, yellow, organic-rich phase contained the '
cRealy gt nvilfoenren2e ud Reeiyl | ecadi d {ad  deflined nvid stHehonic

fal l.owi ng e ) id, it was adde th
nor ol e SEATREP) 0L BBl et e o “ThE ki hasy tated
cabdlypshysehitiior swas cadded rtibean iauBacFayete2d pyiblication

suct i fromthe round bott flask and approxi mately
1@5&P§ﬁgongf,§pguP§dieﬂ%BWEgbadded to the catal yst

sol ution by suction froma 300m Whitey pressure
vessel. The autoclave was heated to 135C. The o
r €getficsadas Srar pedvybgrike dimaodiicti onnepryobaregOacidic

'Q%O EQ§'%“%%&%%§%530?I{QQ}aﬁ%%b%hk'”ﬁrgﬁﬁt%ﬂﬁp'yhe polymer
fol'l owe y Imediately "connecting the reaction
atbotlbave .t 0 a Rr2betibrie, feede reseaMa r wesseles have a
contai ning CO The autoclave pressure was
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 a base dissociation
constant (pKp) being of less than 6.0, more preferably
less than 5.0 and most preferably less than 4.5, pK, and

PKy being measured in dilute aqueous solution at 25°C.

Suitable polymeric dispersants, in addition to Dbeing
soluble in the reaction medium at reaction conditions,
contain at least one acidic or basic moiety, either within
the polymer backbone or as a pendant group. We have found
that polymers incorporating acid and amide moieties such
as polyvinylpyrollidone (PVP) and polyacrylates such as
polyacrylic acid (PAA) are particularly suitable. The
molecular weight of the éolymer which is suitable for use
in the invention depends upon the nature of the reaction
medium and the solubility of the polymer therein. We have
found that normally the average molecular weight is less

than 100,000. Preferably, the average molecular weight is
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hel d constant by maintaining a CO feed fromthe
reservoi r WD 2008/ 075108 PCT/ G82007/ 050775 107 to top

waimokhs1geact ed gas. After 3 hours the CO feedMaSr2007/050775

i sol ated and the autoclave cool ed before the pressure

was vented. The liquid volune was left within the

extracted autoclave overni ghf>to allow the dissol ved

unreacted 1,3 5 butadiene to de-gas and vent before

biei ngheoltacteedlf 6000 anakysi 800) nintdral peattioplyAat €S 000 -
t over nunbers (T were calculated fromthe .

?Jarkﬁoe’ d(ﬁ ’ch%ﬁ& o?rﬁfég§8§é'i ntthel9. o5 .% 9% re-60 Mw is

freedrdegeryoif assumngd deglo@as-behavigeur and 30006, .11y

selectivity to pentenoic acid formaLion. Exanples |

£ ) et W erBxamiRst 4 -5sed viard aff orhe ofrder of 1,000

car i C. ' 5 The procedure outlined above was

carlﬁlp’)éd/ dou]tr{ivc’\(/!lki(llgh]Cvaasrel oouﬂ;J ES}%c%ka'r boxylic acids. All

reactions were run with 100m of toluene (solvent),

pal ladiumto bidentate ligand ratio of 1:2.5 and the
sdife nlihBer'6f HOPES6F 2caPBoAA | EhacHdsas 2@ therighin the

ATy d iy AO0MiOf ; npnangi6.agi d Lee 0.pi3mles(unl@ss oo cp
otherwi se stated). Exanple 2 was run with the sane

mffyeri orofc atel less tofs vediadn adhitdieries dree ben &0 . of

nonanoi ¢ acid. The results are detailed in table 1

bel ow. WD 2008/ 075108 PCT/ &B200 7/050 7 75 108 Table

ILhd s s AC ik fupurdoers afr TAN e rmdMaxy at €co b &$ from

of acid used is (mol/nmol/hr) equal to that in 100m
6#mhoﬂdﬁ5péiaﬁqﬂeam removed from the reactor e.g. by

filtration and then either disposed of or processed for
re-use as a catalyst or other applications. In a
continuous process the liquid stream may be circulated
through an external heat-exchanger and in such cases it
may be convenient to locate filters for the palladium

particles in these circulation apparatus.

Preferably, the polymer:metal mass ratio in g/g is between
1:1 and 1000:1, more preferably, between 1:1 and 400:1,
most preferably, between 1:1 and 200:1. Preferably, the
polymer:metal mass ratio in g/g is up to 1000, more

preferably, up to 400, most preferably, up to 200.

It will be appreciated that any of the features set forth
in the first aspect of the invention may be regarded as
preferred features of the second, third or other aspect of

the present invention and vice versa.

The invention also extends to novel bidentate ligands of
formula (I) and novel complexes of such ligands with the

metal of Group 8, 9 or 10 or a compound thereof.



1 O-toluic acid 385 400 2 O-toluic acid 795 500
(equi valent to 50m of nonanoic acid Conp 1 Nonanoic

waGhek/ob4fns200 Conp 2 Lactic acid 52 31 Conp 3cT/GB2007/050775
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Succinic acid 0 0 3 3-phenyl propionic 233 146 acid

Conmp 4 Mal onic acid deconp deconp Conmp 5 Pivalic acid

191 147 4 Diphcnyl acetic 4761859 acid WD 2008/ 075108

PCT/ GB20071050775 109 Exanples 5 9 and Conparative

Exanple 6 - Effect of altering the carboxylic acid in

the reaction under _ partially optimzed conditions. 5
TRECNE NG Lo TeXarpl &1 Wis &t o " Wi - Wdriads by way
carboxybi ceaci dsi pndefothe rparitial EaRpt bl 28684 comparative
conditions of a palladiumto hidentate ligand ratio
ofxamplipgt using the sane anount of Palladium as the

previ ous exanples The results are detailed in table 2

bel ow. 10 Table 2. Exanple Acid (nunber of TON nunber
Maxrbahe lambbes obExperdmesedli regealireo that in SOm

of nonanoic acid) 5 O-toluic acid 1257 656

Reaction solutions were prepared using standard Schlenk
line techniques. 112.5mg (0.500 mmoles) of Pd(OAc), and
494mg (1.25 mmoles) of the bidentate ligand 1,2-bis(di-
tert-butylphosphinomethyl)benzene were weighed into a
round-bottom flask 1in a nitrogen purge glovebox. The
round-bottom flask was then transferred to a Schlenk line.
100ml of degassed solvent (as defined in the following
examples), 100ml of degassed carboxylic acid (as defined
in the following examples) (if the carboxylic acid is a
liquid) and 25ml of degassed demineralised water were
added to yield a two-phase solution, of which the upper,
yellow, organic-rich phase contained the catalyst. If the
carboxylic acid (as defined in the following examples)was
a solid, it was added to the autoclave as a solid (as

defined below).

The two-phase catalyst solution was added to an autoclave
by suction from the round bottom flask and approximately
100grams of 1,3-butadiene was added to the catalyst
solution by suction from a 300ml Whitey pressure vessel.
The autoclave was heated to 135°C. The reaction was
started by the introduction of 40bar CO into the autoclave
from a main-line gas supply, followed by immediately
connecting the reaction autoclave to a 2.25 litre feed
reservolr vessel containing CO. The autoclave pressure was

held constant by maintaining a CO feed from the reservoir
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6 Benzoic acid 1067 692 2,4,6trincthyl 1000 911 _
benzoic acid 8 Benzilic acid 179 58 9 Phenoxy acetic

wa@sid ninds 244 Conp 6 Pyruvic acid 0 0 WD 200

PCT/ GB2007/ 050775 110 Exanpl es 10-13 - Vari 2’%‘?%?{&%@7’050773
co-solvent. The nethod of exanple 1 was carried out
using o-toluic acid as the darboxylic acid, and with
vari ous co-solvents 5 (100ml) . The reactions were
agai hopanpi etheouteddt dchegdt eSeneer 08 aopakl adicumd Orced was
bi de tatg ligand ratio of 1:5 as in the previous
exH nﬁpﬁgaPﬁ@Cé§V§op@9%¢dMﬂ$fqyﬂuih@tRNWﬁsure was
p\a@rt@@doneh\ghelr Jihe 981%5‘?&\/%@}8 uﬁ Pt""t?ﬁt Scclhl%loe Hacted
with water and the second where the co-So vent
w@%t¢¢#ﬂ%©l@V@rMAghtmabeﬁllﬁheUMHadﬂsghkn@ﬂﬂhnﬁsacted 1,3~
itril d TEE co-sol vents gave a nono-phasic

?ﬁ%%ﬂtﬁPﬁmgﬁ He Bitdent @t & Fitgdrd: 0Pl PadrEmaddested for
corabod vent and wat er were added together The use of
Toluene and Methy-tert-butyl ether (MIBE) gave a
bi - phasic 15 sol ution mheP t he bigent?te I i gand,

| u 0 t . and water re a
?%gg?%ginkgﬁgkgégu %%t%§eEM§£ 5rfedTh tdﬁ?elﬁsbg%gmﬁ were

Tabl @13 tEBdnpten GarSataentor TN mwrhef dMoxsswat® idOche 2.25
xane 0%3 14 11 Taol uene 1257 656 12 MIBE 742 880
%f % rfﬁerv01r assuming 1deal gas behaviour and

100% select1v1ty to pentenoic acid formation.

Examples 1 -~ 4 and Comparative Examples 1-5 - Variation

of carboxvylic acid

The procedure outlined above was carried out with various
carboxylic acids. All reactions were run with 100ml of
toluene (solvent), palladium to bidentate ligand ratio of
1:2.5 and the same number of moles of carboxylic acid as
there are in 100ml of nonanoic acid i.e 0.573moles (unless
otherwise stated). Example 2 was run with the same number
of moles of acid as there are in 50ml of nonanoic acid.

The results are detailed in table 1 below.



Key: MIBE - nethyl-tert-butyl ether THE =
t et rahydr of uran WD 2008/ 075108 PCT/ CB2007/ 050775 171
phasi c sol uti ons were observed to gi 0775

W;&gg%éﬁgﬁ)s TON (in the case of dioxane) and Yer/GB2007/05

reasonabl e maximumrate (in the case of THF). The

bi - phasi ¢ solutions were 5 obs@¥ved to give high TON

(in the case of toluene) and high maximumrate (in

t hexgase .of MIBE). Exanples 14-16 - Variation of

hi dentato ligand to Palladiumratio 10 The nethod of

Kanpkend1Ma$ carried Quhmbist N 0T OlMNC nuABeH [as Makeé  rate
arboxylic agid. Al the reactiongs were run with

e
c
100 of tol yéNecasCE AL VERt. 1The ratio of |(mol/mol/hr)
bj dentate |i gage:t acpahbhadiumosas|varied as ouflined

n 15 tabl e{4 bel ow but. now based on 0. 125nmvl| es

0( QAc) z~. Tabl 854 B 2AeiH (fumber Equi valent of

ON Maxi mum |of noles of Al pha Iigand nunber rate

Cid used islequal to that in 50 of nonanoic acid)

P
T
a
14 Oltoluic acid 1®—-+tolt¥8 adidd 04t oldfisc acid 40 16103
Ol toluic acig 80 - 2648 20 Exanplies 17 21 - Addition
of 52bar of hydrogen-tWbu20084107" ) 108 PCT/ GB2007/ 030775
112 The rreth)gecgglv% anpl g 1l as carri ed out with
ottol uic aci
nonanoic acid
Comp 1 Nonanoic acid 146 200
Comp 2 Lactic acid 52 31
Comp 3 Succinic acid 0 0
3 3-phenyl propionic 233 146
acid
Comp 4 Malonic acid decomp decomp
Conp 5 Pivalic acid 191 147
4 Diphenyl acetic 476 359
acid




10

and various palladiumto bidentate Iigand rati os.
However, when hydrogen was used in the reaction the

woriheelsae and its contents were heated to 13&@/(}%@%5{)773

the tenperature 5 reached 110C the heater and stirrer
were stopped and a partial pressure of 5 bar of
hydr ogen gas was added from 18f external bonb. After
t he hydrogen had been added, the heater and stirrer
VISt et ar't et aml t Heonmeactt o alfovedlie t ® proceetfeaas  of
e ul wn tabl.e 10
%%@515“%%% R oy STV e T e —wides
rete dde B A48 GRivper-dlisgand 17 O-toluic Yes 5
1301 1066 acr d 18 P COuic No 5 1257 656 acid 19
0%%? UI%[ YS 1011 289 acid 20 O-toluic Yes 10
PO%cPH PG uile NBS10°AHIF T4 Utac g5 W tous
20608/ 05108 i&ﬂdifﬁﬂ@@f056%7@arkl%l1@ecﬁﬁﬂd&hdﬁ conditions
{ t rect er ocunent :
o oh e Tl BN BTt Bhely RBRNS, 2T a0 sls o, Hh ¢reing
dpecifansatansmitn Q:ibrﬁﬁeldtaicbrmm/vietsh urm spraqapnlcvu:satemmmm The

WhisGh @ € QPeR (10 JRIDISIC i HSRECt ipn \er th this
speci fication, and the contents of al'l” such papers and

Table 2.
Example Acid (number of] TON number Max rate
moles of acid used 1is
equal to that
in 50ml of nonanoic
acid)
5 O-toluic acid 1257 656
6 Benzoic acid 1067 692
7 2,4,6-trimethyl 1000 917
benzoic acid
8 Benzilic acid 179 58
9 Phenoxy acetic acid 151 244
Comp 6 Pyruvic acid 0 0
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docunents are incorporated herein by reference. 10 Al

of the features disclosed in this specification

6'20@'/0\75110@9 any acconpanying claims, abstract aggGs2007/050775

draw ngs) , and/or all of the steps of any nethod or
process so disclosed, nay be conbined in any

conmbi nation, 15 except conbi natyons where at | east

some of such features and/or steps are nutually

exchugiles. 1Badh f eatvareadisal osedornofhicat .

speci fication (including any acconpanying clains,

abstract and drawi ngs), may be 20 repl aced by

alpher natd ey f eat wesysesr ving,dhecsameeqeqival 80fg0h-toluic

simlar purpose, unless expressly stated otherw se.

Thgsd @ €9% exPpriesst yist ated, o@lh@r WiLsd, veachusf gatgod vents
§%Io zd IS oqﬁlexqgﬂ£ onIy r %% %rl 1§erkfsou9f1f1 the
U|va nt* or simlar ieatures. 35 e'i nvention 1%

np&eee&telQﬁEdatpalh@ddematbskﬁhdﬂtﬁtdcﬂfqgndmkatlo of 1:5

enbodi nent (s). The invention extends to an novel

oft€, or HiRy Rﬁﬁ&ﬂo%ﬁnﬁﬁ?ﬁﬁ}%ﬁ ?hﬁﬁ%lF%aFé?e§o‘801vent was

dpsalkosed Hﬂ«ihb%r%%eC'BhQaRhﬁﬂxi'@Héﬂ%ﬂgs§m¥e§9 used was
acconpanyi ng cl ai ns, abstract and drawi ngs), or to any
novekibrhe, vmrtfanyahevelarxﬁon@mat‘segnndofwt’cd@ stleps cof-solvent

aﬂgidnethod or Erocgfs SO, dlsclosed lrl 4 CL L

was S aLer uséd —of 1oxane,
pr 0Ceéss O Sthe car onyla i'on of @ conjugated

daeBeondteQnpri skhg t herst eps sofi veeast i RGveai & mono-phasic
conj ugated diene w'.- _h carbon npnoxide and a
cEOrE é?&nwhﬁﬁvﬁﬁﬁ Qﬁdﬁéﬁﬁﬁﬁ 1HﬁéP§geﬁaﬁﬁa@ﬁémp@§§éﬁé§' co-

ofso@végkvgﬂh $¥SLeM,COIPLISIAY A rALQMAL i1 CALROXY 'T%luene

acid, a catal yst syst enland optionally, a source of
hyddogmmthyﬁxanﬂfﬂqnﬂlsyst@ﬁr (MTBE) gave a Dbi-phasic

solution when the bidentate ligand, palladium acetate, co-
solvent and water were added together. The results are

detailed in table 3 below.

Table 3
Example Co-Solvent TON number Max rate
10 Dioxane 1073 414
11 Toluene 1257 656
12 MTBE 742 880
13 THF . 765 670
Key: MTBE = methyl-tert-butyl ether

THE = tetrahydrofuran
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10 obtai nable by conmbining: (a) a netal of Goup 8, 9
or 10 or a conpound thereof and (h) a bidenL:ate

wo b@g0oss1¢f general forrmula 15 - B _ rt me}*’(ﬁﬂ/?ﬁ;%@%%ﬂs
r al Kyl ene

A and, B each independently represent |owe

I'i nki ng groups; R represents a cyclic hydr-ocar byl
structure to which. Q@ and é11 are linked, via the

said linking group, on 25 avail able adjacent cyclic

atons of the cyclic hydrocarbyl. structure; the

groups 1, k2, K' and K4 independently represent

UTh & ah@id - redch cal So it thhd 03 alidrhayi g @tvd easisonable
one 30 tertiary carbon atomor Kl and K2 and/or X3

aHd K41 o§BEhER SPorth adbp¥aleht apddireals ool togiguum rate
a [ | east Wo t I ar on ato .
\/\ng?gi%%e/a:}ﬁa%ai déﬁni%% )e'nt @{ré glg%a&g% l:gr ad?g TPy were
j@bgredrad atsaigdvat healst Tone ointwaellkmsd eofi aljluene) and

q?r on atoms respec jvg%%%to the appropriate atom Q
ot ;m?ﬁl%W%:fﬁg%a i ﬁ@ﬁﬁéﬁﬁiﬁﬁﬁggresent

phosphorus, arsenic 5 or antinony; and optionally, a
source or further source of anions. 2. A process for

thegardonyl atign of a.6anjugat ed, di eae  GeapLi sing. .4 ¢,

the steps of Teacting sard conjugated drene 7. 0—wth
carlblad inphoxitde and a co-reactant: having an active
hydrogen in the presence of a solvent system

conprising a carboxylic acid, a catalyst system and,

aptd onathya af seuseplef hydsegen. tike catal ystingystemivic

obt ai nabl e by ' _
acid as the” carboxylic acid. All the reactions were run

with 100ml of toluene as co-solvent. The ratio of
bidentate ligand to palladium was varied as outlined in

table 4 below but now based on 0.125mmoles Pd(OAc)g,.

Table 4

Example Acid (number | Equivalent of | TON Maximum
of moles of | Alpha ligand number rate
acid used is
equal to that
in 50ml of
nonanoic acid)

14 O—-toluic acid 10 - 1173

15 O-toluic acid 40 - 1613

16 O-toluic acid 80 - 2648

Examples 17-21 - Addition of 5 bar of hydrogen




conmbining: ,r (a) a nmetal of Goup 8 9 or .1.0 or a
conpound thereof: and (b) a bidentate Iigand: f
w@%&%yo%lofaor mila (1) 20 X ()(2)- @ - A- R Berd@007050775

(X4) wherein: A and B each independently represent

Iomer al kyl ene 25 linking groups; R represents a

cyclic: hydrocarbyl structurel? mhich QL and Qz are

| inked, via the said linking group, on available

adhacenatheycbitc catoptcofl whe @ﬁ@hhedhwﬁmowatm 'oBytlo1u3@ acid

structure; the grou ps it' X3 and XO i ndependent|
r 8pre¥ant OUinPe ﬂéﬁﬂuWaEPc§P§98Faﬁﬁ t'd 93¢ %at-6rre Raviy éever'

a&rhéﬁa%;dg%%e%laﬁiast@éé&aﬁ}ﬁ G A0 Or e aRdt X1ave and
and | together forma bivalent. radical of
uptto c40 tatndws weand ngeated esst 11tOWE -t erfhan ytbar bemperature
tOﬂB er.ei eag h said. unival nt s bi val ent ad cal
> 'reJaS dlwoacga::h %faeast oncg or Ttwo" .weareatSt ge@? and a
tpattarny @arhemre reEspecbhyelby tydheyapproprvateadtiem from
or Xz, nd each independently represent

Q
pRBs FHGEES2 Lar c AbEeantPRofydrasEr diitd ohatpyadged, the
SQULE ognén%99§re}(LeWQeE%%@aEQ%dr%Bbot%f Qb%%% %%eallowed
l1Tgand , group 8, 9 netal is greater than 10:1
(tnomnnmk¥xhnESWMSmeﬁn théhecaﬁahy@mssqs@eﬁhDWGludestable 5
pol yneric di spersant which is soluble in the liquid

10 ggiPWOn nmedi um 15

Table b5:
Example | Acid Hydrogen Equivalents TON Max rate
Added of Alpha | number
ligand

17 O-toluic Yes 5 1301 1066
acid

18 O-toluic No 5 1257 656
acid

19 O-toluic Yes 10 1011 1289
acid

20 O-toluic Yes 10 1207 1341
acid

21 O-toluic No 10 1419 745
acid

15
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3. Aprocess as clainmed in claimL or 2, wherein the
co- reactant is selected fromwater, a carboxylic

wegbgle7si@ cohol, ammonia or an anmine, a thiol pc@iGER007/050775

conmbi nation thereof. 20 4. A process as clained in

any of clains 1 to 3, wherein the conjugated diene is

an optionally substituted cohfugated di ene having

from4 to 22 atons per nolecule. 25 5. A process as
clainmed in. any of clains 1, 3 or 4, wherein the

aromatic carboxylic acid used in the carbonylation
reaction is any optionally substituted @ ., 30

aromati ¢ conmpound such as those based on phenyl,

napt hyl, cycl opent adi enyl anion(s), indenyl,

pyre diremyller,” s30aahdnpypol . 1$y|dig¢aﬁr;@ arid havilngeapers and

lc?o%ﬁ} q{]ce %ﬁﬁr cor?(yaltrle flal Qd uLPrraesn 03} a\/}l Wlth thvelous to

aromatic ring, nore pre y any dr onat 1 ¢
Oﬂmmmjibd‘n&\mmiain |Jﬁfanoanmﬁ1Qﬁf bmwd |tghaag:ia:b;g1mion and
117 6. A process as clained ::.1 any of clains

G n HKe , RRSOf the acPHbﬂéCgreé@%PeFEéﬁ“abo%%t@ this

neasured. dit; odi | HhE wogén{%@h%l ¥ ak 118G, A PHABERS  and
as claimed in any of clains wherein the pKa

6%@%@%&3@rqu@gpqmm@hmﬁmﬂ@rmamﬁ@dammchIMe
aqueous solution 7.8C . 0 8, A process as clained in
any of clainms to 7, wherein. the carboxylic acid

suhist idf_Ut athaM tieone-«f nore-10fsed heid ol410W ngsp@d kylgation
grow ]. ::i aryl. groups; hyoroxy groups; alrkoxy

griofIIcsiich asiny or ASCGHIE!Y et hoxska Hi no Qj?sgra%ptor and
hal 0, 9rpups suehcas, Jfer g far@é@g eds a0 158,B nefhoa  or

A process as clained in any precedi ng mherelnn
process so disclosed, may be combined in any combination,

except combinations where at least some of such features

and/or steps are mutually exclusive.

Each feature disclosed in this specification (including
any accompanying claims, abstract and drawings), may be
replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated
otherwise. Thus, unless expressly stated otherwise, each
feature disclosed is one example only of a generic series

of equivalent or similar features.

The invention 1is 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.
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when present, the aroomatic ring of the carboxylic
acidis norn_- or di- substituted . 201i.0, A
process as clainmed in any preceding claim wherein
the carboxylic acid is selecte_ fromthe aromatic:
car boxylic acids of benzoic 11 _ids; nazhthoi.c acids;
or. cyclopentz:dienyl acids. 55 A process as clalned
in any preceding claim wherein, when present, the
aromati c carboxylic acids are ;I bstl _tuted aromatic
egggggylic acids. C 12. A process as clainmed in any
precedi ng wherein, when -:resent., the arone::ic
cas: hoxyl.in acid is selected ern10y C4 al kyl
ubstltuted benzoi ¢, acids, such as

L i frePIRGETS bERZ GiNe éﬁQPOQX Q$%RQn%¥h§|CB@ﬁEQ?Eed diene
@Sifngrﬁggng 133 Lekuisc &ei Cfe(a’%:ﬂﬁ{gf‘ylsa@@nz@ér‘?j%@d diene

2-nitrcbenzoic acid, 6-chlcro--2--nethyl oi benzoic
"eil, c@xhgnIﬂnmwmtm@ acidd,a 2co-reactant having an active

I - 6- hyd d 2- b 3-
GOhEGRE: DICLREBEDeglE 2Ek, LomPPa0RaLs, B Fing o

Z01 C Z01 C acCl

4dbh&ﬁmexybﬁﬂﬂ@¢xylﬁcnlkﬁﬁbﬁnzoac aghtlalyst system and,
Ehen benzoic acid, 2-tort-hutylber:z~ . ~ic. acid,
9PRABBRIEY c: %10|Sd>urc%a6tfhom‘d5€98n 2,th& catalyst system

6b%£‘§5€!éb6{)zebﬁb§ﬁ%§ methyl :e zoi acid, 3,
ctinethyl benzcic aci 4- hydxoxybenZC|c acid, 2-

fluoroben o_ic acid, 3-propoxybenzoic acid, 3 10

S NRYLSSelD 25y G RUONYBEl RO e BB Zingreor:

ort ho-anirsi ¢ acid, nmeta-anisic acid,
4-tert- buty Iben20|c acid and 2- ethoxyben20|c aci d.
15 03, & prisadstas ldigned fampsradedi Hgician )

wher ei n,

x'(x*)- o - A - R- B - o' - x}(xh (I)

wherein:

A and B each independently represent lower alkylene

linking groups;

R represents a cyclic hydrocarbyl structure to which Q°
and Q? are linked, via the said 1linking group, on
available adjacent cyclic atoms of the cyclic hydrocarbyl

structure;

the groups X!, x?, Xx* 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 Xx* 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
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when present, the aromatic carboxylic acid is
substituted by only one groap in addition to .:ne
group bearing the carboxylic acid. 20 14. A process
according to any of clainms 2, 3, 4, 6, 7 or O,
wherein the xbexylic acid islafy optionally
substituted C1-C. 0 O conpound having, in addition, at

| east i a onecaardyazyt drecs acd shartouge 1 R5td 5thd\ gpooassiate atom
according to any of claims 2, 3, 4, 6, 7, 8 or 14,
wWhertdi 1 t he carboxylic acid is the acid product of

the carbonyl ation reaction, 16. A process according to
any preceding claim wherein 30 the solvent system

@nprided igncaddindanenderd loarfxiaant ati PR rggsenic

@99V§ntﬁ%o&??séné”gbé§kﬁéﬂiﬁ?“a source or further source of

anions.

2. A process for the carbonylation of a conjugated diene
comprising the steps of reacting said conjugated diene
with carbon monoxide and a co-reactant having an active
hydrogen in the presence of a solvent system comprising a
carboxylic acid, a catalyst system and, optionally, a
source of hydrogen, the catalyst system obtainable by

combining:

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

(b) a bidentate ligand of general formula (I)
xX'(x*)- @ - A - R- B - Q" - X*(x} (1)
wherein:

A and B each independently represent lower alkylene

linking groups;

R represents a cyclic hydrocarbyl structure to which Q*
and Q* are 1linked, via the said 1linking group, on
available adjacent cyclic atoms of the cyclic hydrocarbyl

structure;

the groups X', X2, %X’ and X! independently represent

univalent radicals of up to 30 atoms having at least one
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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 appropriate atom

Q! or Q%

Q' and @ each independently represent phosphorus, arsenic

or antimony; and, optionally, a source of anions;

wherein the ratio of bidentate ligand : group 8, 9 or 10
metal 1is greater than 10:1 (mol:mol) and wherein the
catalyst system includes a polymeric dispersant which is

soluble in the liquid reaction medium.

3. A process as claimed in claim 1 or 2, wherein the co-
reactant 1is selected from water, a carboxylic acid,
alcohol, ammonia or an amine, a thiol, or a combination

thereof.

4. A process as claimed in any of claims 1 to 3, wherein
the conjugated diene is an optionally substituted

conjugated diene having from 4 to 22 atoms per molecule.

5. A process as claimed in any of claims 1, 3 or 4,
wherein the aromatic carboxylic acid wused in the
carbonylation reaction is any optionally substituted C;-
C3p aromatic compound such as those based on phenyl,
napthyl, cyclopentadienyl anion(s), indenyl, pyridinyl,
and pyrollyl groups and having at least one carboxylic
acid group associated with the aromatic ring, more
preferably any C; to Cj¢ aromatic compound having at least

one carboxylic acid group.
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6. A process as claimed in any of claims 1 to 5, wherein
the pKa of the acid is greater than about 2 measured in

dilute aqueous solution at 18°C.

7. A process as claimed in any of claims 1 to 6, wherein
the pKa of the acid is less than about 6 measured in

dilute aqueous solution at 18°C.

8. A process as claimed in any of claims 1 to 7, wherein
the carboxylic acid is substituted with one or more of
the following: alkyl groups; aryl groups; hydroxy groups;
alkoxy groups such as, for example, methoxy; amino
groups; or halo groups such as, for example F, Cl, I and

Br.

9. A process as claimed in any preceding claim, wherein,
when present, the aromatic ring of the carboxylic acid is

mono- or di- substituted.

10. A process as claimed in any preceding claim, wherein
the carboxylic acid 1is selected from the aromatic
carboxylic acids of Dbenzoic acids; naphthoic acids; or

cyclopentadienyl acids.

11.A process as claimed in any preceding claim, wherein,
when  present, the aromatic carboxylic acids are

substituted aromatic carboxylic acids.

12. A process as claimed in any preceding claim, wherein,
when present, the aromatic carboxylic acid is selected
from C;-C4 alkyl substituted benzoic acids, such as 2,4, 6-

trimethyl benzoic acid, 2,6-dimethyl benzoic acid and O-
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toluic acid (2-methyl benzoic acid), 2-nitrobenzoic acid,
6-chloro-2-methylolbenzoic acid, 4-aminobenzoic acid, 2-
chloro-6-hydroxybenzoic acid, 2-cyanobenzoic acid, 3-
cyanobenzoic acid, 4-cyanobenzoic acid
2,4dihydroxybenzoic, 3-nitrobenzoic acid, 2-phenylbenzoic
acid, 2-tert-butylbenzoic acid, 2-napthoic acid, 1-
napthoic acid, 2,4-dimethylbenzoic acid, 3-methylbenzoic

acid, 3,5-dimethylbenzoic acid, 4-hydroxybenzoic acid, 2-

fluorobenzoic acid, 3-propoxybenzoic acid, 3-
ethoxybenzoic acid, 2-propoxybenzoic acid, 2,2-
diphenylpropionic acid, 2-methoxyphenylacetic acid,

ortho-anisic acid, meta-anisic acid, 4-tert-butylbenzoic

acid and 2-ethoxybenzoic acid.

13. A process as claimed in any preceding claim, wherein,

when present, the aromatic carboxylic acid is substituted
by only one group in addition to the group bearing the

carboxylic acid.

14.A process according to any of claims 2, 3, 4, 6, 7 or
8, wherein the carboxylic acid 1is any optionally
substituted C;-C3¢ compound having, in addition, at least

one carboxylic acid group.

15. A process according to any of claims 2, 3, 4, 6, 7, 8

or 14, wherein the carboxylic acid is the acid product of

the carbonylation reaction.

16. A process according to any preceding claim, wherein

the solvent system comprises in addition to a carboxylic

acid as defined above, at least one co-solvent.



