WO 2011/ 083305PCT/ GB2010/ 052214 1 Process for the Carbonyl ati on of

Et hyl eni cal | y Unsaturated Conpounds, Novel Carbonylation Ligands and

Cat al yst 8QabamS33ioacor porati ng such Li gands 5 The preseRCTiGBzeny(52214r el at es
to a process for the carbonylation of ethylenically unsaturated conpounds,
with a co-reactant, particularly al cohol_ or water to give al koxy and

hydr oxy- carbonyl ati on thereof, novel bi dént at e | i gands and novel catal yst
syst ens |ncorporat such |igands. The carboqylatlon of ethylenically
naat ur at ed SEBRHRUACE T R AR inBHORPRRA Y | T P e Bt

al cohol or wdbeel gadbenydatinySigayistamh Carglyssidygtemsghiocpréra@ngdswh 10
netal, for exanple, palladium and a Qﬂﬁggﬁine | i gand, for exanple an al kyl
phosphi ne, cycl oal kyl phosphi ne, aryl osphine, pyridyl phosphine or

bi dent at e phosphi ne, has been described i n nunerous European patents and
patent 1% applpweationsyefigronexamglee EP- A-O56875crEPhA- OAA804AIA2 ion of

EP- A 0106379, , ER-A: 0235864, B 0244195, BR: A 0499320, FF- 4,0386833,,

EP- A- 0441447, 'EP- A- 0489472, 28214 EP-A-0 95547 "and
EP- A0495548ai?cf]i1°|5a|°{‘| %Tea‘r toElgl)ﬁ\e 0?]2*%80 a“‘EPhW@MBCBai*?O%&tE‘F‘l A549%548

di scl ose thabwbjdeahaheeph@smh;medlmgamdsmpﬂQVtd@sca&ahyséqustﬁmmsaﬂ1mhlch
enabl e hi gh teagti on .48t es lo.be: achigved (h:alkyl Acldass.belygen,ipe
phosphor s atons are exenp in EPO95548 t ogéet her tertrary butyl
SUbStItU§Ht§SBHJfﬁébﬁhd§ﬁﬁ%VﬁSan@@%ﬂT@&@%xé6HS§&U%H¥P§1d?%dﬁﬁ@édaq a a
particul ar gaﬂugsofﬁ%ﬁehldﬁmkahagp90$ﬁmpne conpounds wetdl,t @épt i @ayptar bon
groups but Bavi.ng.an ALyl %59;%6 nS0uL Ly ovl e, LEgRL kabl yy,stabh & qahal ysts

whi ch requir |tt ‘e or nore nis nent use of suc i dent'at e
catal ysts Iééﬂ%mﬂby%é%@ﬁP%ﬁ@ra?Q@-ﬁﬁP%ﬁ“&Fe @F@ﬁY*ﬁ%@ﬁPWV@hPéh%&*¥%%ﬁethose
previ ously dhsghased naf ERAOESA8ped hat nlihdrblie mirop@ar pptkritsi esd JAtafte

produceds at ol g sonuer sLons...gnd thatoshe,pr aduat ohas. g high, sekechivi ty

for the acid or ester pr oduct gi ves no

di scl oses r&fes 0?é$86t4heE%d*ﬁ@2b‘+7c9ées%P %84%9&2?1 a@%ﬁc%%@ﬁ%@ﬁ’sﬁl At e’

| i gands as Y\ 264319434 whem_u&ﬁﬂ4tprEﬁkghﬁm7a¢$eneszamd9§ﬁ7mhemj|mPtMe
presence of ter a ed t vent . 427 di scl a
WDdIflcatIOHQ?%%éhe &%nt léaﬁhggé%ih%gﬁggegﬁ%ﬁ'@g%§§é5%§;éﬁe%éﬁﬁg§ﬁi
tertiary caﬂb%ﬁog?oﬁbﬁidF@bHEQW%§%ﬂsﬁyﬁ6néléwmﬁoﬁﬁobﬁﬁspﬁ@ﬁﬁ§¢aﬁﬁﬁﬁe%%ing
i ncor pop@t ednidi eaabOPtHigAakéyttion rates to be achieved. C3 alkyl bridges
40substi t ut ed2- phospha-tr.i cIo[ 1,113, 7 ecyl.grou

2011/ 083305 ECH o OND, DEos e iRy ot e S PR RRIRe Y, wooerien of
t he carbon dtgngearieryepltaeethisy i Hener ot 6hs (Ph2sIBRTUgr oup) . Asymmetric

| i gands are envi saged but not exenplified. The exanpl es include a nunber of

alkoxycarbow¥££ﬂlgg§ Ebg%aggglypngg ﬂmegnd Sqme hi gher. rnlnal and

i nternal ol efins usi groups |ncorp rdilng 'each® p%osp or us
and subd®i tmqimaéﬁad@oaéﬁua@eﬁpmmfalrlé@anth thetPAY graolips $PuPhabutt hevesr bons

joined to the Q{_h}9§phﬂr1§|<§e aE:@ultcﬁrﬁfcaﬁMe maaﬁa@w ne.exanmphes ,ofs t heiyse of
secondary or rimary. car onerO|neg he ph thorus E %gyed¥£?gggaand

i nproved yi 6745 For " EarboRy I 4P onP ?mfﬁﬁﬁférna 9y Uinsaturated ot efihs are

found when compared teedd, 3 bersftdior tatsat yhighosphisne) priopane. higher than
those previously disclosed in EP0495548; that little or no impurities

30 are produced at high conversions; and that the product has a high

selectivity for the acid or ester product and gives no polymer.

WO 01/68583 discloses rates for the same process and tertiary carbon
substituted ligands as WO 96/19434 when used for higher alkenes and

35 when in the presence of an externally added aprotic solvent.

WO 98/42717 discloses a modification to the bidentate phosphines used
in EP0495548 wherein the tertiary carbon groups are utilised by one
or both phosphorus atoms being incorporated into an optionally

40 substituted 2-phospha-tricyclo[3.3.1.1{3,7}]1decyl group or a



WO 03/ 070370 extends the particular tertiary carbon phosphorus substituent
| i gands taught in WD 98/42717 to bidentate phosphines 15 having 1, 2
subst i t utwo 2arwyis3ivsi dges of the type disclosed in W96/ PEAR/R20MD52214103948
descri bes both the above types of |igand bridges as useful for butadiene
carbonyl ati on and WD 05/082830 descri bes,,a 20 sel ection of WO 04/103948
where the tertiary carbon substituents afe different on the respective
phosphorus atons leading to inproved reaction rate. is known that the
use of pri rrﬁ?f/l"a%‘éeon‘b*é?ﬁ?o%na“ aFoifat |°6leca?deT}‘?r?5°§u6E?| FEEts 2GR here

bi dent at e ph@}S]plheﬁUSbﬁl’l gendsodtead('120PRO oyroppl ynErsypreoduct sligantlhe are

carbonyl ati gp, of.;cer tLai N, &t h¥£<§r{ﬂ>'19§ieldy %%ate%%fe@ Cﬁ%@@&@% nkiegener al
process for the production of gr‘?&x ket one pol yners has_been known for nany

years. EP 121*9@537PYi®1H14° | zfgo%eflf @S cFi5e PpFtce S5EY ehi oH
i nvol ve dheivsenet a130id dentrat esyphesphiane #A gandipwi tzhlcar@frraupng\/l Ehchret al
such as pal %%pﬂ@@%n@ns%t(gtm\ﬁ'gnga& RKa, Qf, ¢ | 8&%0&“%0 B B Frot 4,280 /03

teaches that a preferred catal %st corrp03| ion for producing pol yket one
pol yner uses"PalAdFUiPa SUPEablte (4RI HCARROTDS are tertiary. Thers are no
1, 3- bi s(di phemiphosphilize)propanee@indary or primary carbons Jjoined to the

1, 3-bi s[di ( 55%%Q¥9§<VF} gP&Je)dDQ%@J“a%] REORANE. y§e§dgo%o£ NS1BBEE 25363074

t eaches such aroma roup substituted |igands as

1, 2- bi sd édl bﬁ%erﬁﬁbﬁbélﬁﬁ?%)ag?%ﬁéﬁél Endral WPds‘ﬁlfélt PP 8d bident at'e (4 ‘gands
j oi ned to theophosiphehnits)pirapae. CH2 group give a range of nol ecul ar wei ght
pol yket one pol ymer products in good yield 40in the carbonyl ation of

et hyl ene usi ng carbon nonoxide. WD 2011/083305PCT/ GB2010/ 052214 3 It is
known from 019389899t hatterigartds wahitHecyeditdagf oGpE P ¥nofpr @Eorus
phobanes, fetbexanglte, 119;apdfm5tph@btcyﬁl mnoman@ﬂlportaedla@tbhe p}h’m@phwﬁs Vi a
a secondary,carbon an Kk r e ca ectivity
and nonql%ol {/1%% %pplodugt \él:uiﬁgts%g &Laglf) gltci %% rga(r:]r‘thléogés%% Qg&%% OSJZDBSO an
asymretri c BP#eAPate phosphine |igand | s disclosed having tertiary carbons
on one phosphorus and the phobane secondary carbons on the ot her

phosphor us. Wyn%yylg)% %é ngly.,;the reaction still, gives_.a,;g99od sel gctl vity to
the ester product. f Sur pri si ng}f it has  now been f odn tdhat a certain
group of ar8petilc AT d@éddawrrbpéylmtd@%t are [Pgaivd884feOnatesgrikespot ymer
product 20si Bgiddiecabaveot ypassofs ahkyd @nrd taf@m&yl Ea:PoAUPSHDSIdnt bt £k

bi dent at e Ilggtnds when | cgmst) erg:%'gveon Wlt O}esrtl ar gggon 15 substltcpents
and t hat theseellganasasoap i £V ity an(?actlwtyln

car bonyl at i 6regtéaetiséAs especi aIIy |n the pr esence of weaker acids than has

hitherto proved advantageous. According to the first aspect of the
present invention there is 20 provided.a novel bidentate Ligand according

to the clains
25 substltuents on the Dbidentate phosphorus ligands lead to no or

polymer products in the carbonylation of certain ethylenically
unsaturated compounds. The general process for the production of
polyketone polymers has been known for many years. EP 121,965, EP
181,014 and EP 213,671 describe processes which involve the use of a

30 bidentate phosphine ligand with a group VIII metal such as palladium
and an acid having a pKa of less than 6. US 4,950, 703 teaches that a
preferred catalyst composition for producing polyketone polymer uses
palladium, a suitable acid and 1,3-bis(diphenylphosphine)propane or
1,3-bis[di(2-methyoxyphenyl)phosphino]lpropane.

35
For instance US5369074 teaches that such aromatic group substituted
ligands as 1,2-bis-(diphenylphosphino)propane and alkyl substituted
bidentate ligands joined to the phosphorus via a -CH, group give a
range of molecular weight polyketone polymer products in good yield

40 in the carbonylation of ethylene using carbon monoxide.



Optionally, there may be up to 3 nitrogen atons in the hydrocarbyl X1 or X2
radi cal of the ligand of the invention with the cl osest nitrogen atom bei ng
separ at edwPromvash®s2 atomby 1 - 3, preferably, 1 or 2PC2EBIOI052214
preferably, 1 carbon atom(s). The nitrogen atom may be substituted by

hydr ogen, aryl, alkyl or fluoroalkyl. nitrogen atom may be i ncorporated
into a het erocycl ic group which may be s turated, unsaturated or part
unsaturated. The unsaturated heterocycle may be aronmatic or non-aronatic.
The heterocycle may have 30 between 3 and 14 ring atons, preferably between
5 or 10 ri ngtatsomsewmdstm plogt e§7alsPythal digadds Thiehhetergcysd iscogrsolipowray

have between.1 apd.3 N t{oQge&a%%m '9Dpr¥o@§h£k!ﬂ&?clo%ﬁ£r% ably;L40re 2, DSt
preferably, 1. The hydr ocarbyl radical na i near ranched or may form

ring struct BRePLRAET e taheseﬁP‘EC?a(féeﬁaEf?cﬁ‘rlr(asnfjl ifay® of” naa]ﬁyﬁ%’:te pyigge can
i ncor porat edivantgpotiheerdangvitihese némgosynetCoup@stnEy bechorobyciliacier

polycyclic, .satiypal edy, YRsat Waked or Narh.unsabuiated %sbilr}én%%%o@t

may be aromatic or non-aromatic. The cyclic ring structure prefera

bet ween 1 andl SFFIRFES M8 e Pr BFErabl y C17152 ¥ ngf RUSPRPTET et bl §/hel ring
and may be hetemecyeticianyt hatdves abn Woh204d1<383BOSRCTLEB2010/05221414, | east

one ni t 1 0gen(s), Lo fies {1110 RLUEL4G On OIVHEL €f agycldic, i thythe said

nitrogen(s) outside the ring structure. ternatively, the group X1
may be fined as a univalent radical of 5 up to 30 atons represented by
formula | b 6edREIO1RNG2, it }%:EO&RQLQ%R&.lﬂ)u)nRXtI(aNRaRcértaa(lhbﬁrou:bOBf aromatidher ei n

G 1 24t acherhllr st 0o QB a0d.0L Loagt.ON8 Tkt Rt aLom.I9se) aatad from

C2 and N an erein R101 and R1 epresent opti on substituents
hydr ogen, aP?Jrng aF}k%/I 2BV | bgIsal <k€/| alwRen € @O%d?oﬂrwma\?ébit%ﬁt?jfree
substi t uent bScﬂetrﬁSte 151 whesei nwkdie am eaxbhbﬁ%tablom & hel thet iatt acheson

direct | ¥t o s NoALam aba! By apLly 4 atomyla,anaLher, . atem, and x

isOto pres'fera m)repeera elrn or
each N is i ﬁﬂ%pﬁéﬁa@%ﬁw §" attReREd & CEaBFioce SRty in tz‘leotor%sence ot
preferably, wdskdRHatsishyhrogen hiarydto atdiph Qavahtaoal kyl; 25 wherein, when
X is 1 or nore, C may forma cyclic structure of 3 or nore atons which if
X is 1 incorporates N and Cl, which if x is 2 incorporates N and/or Cl and
if x is 3 opFtTHary yte nEbs pbtEttestsReandpbr LG . PBOPPEf dPaBityoni Abtife T esent
invention, bhesipKbh Ohotée vabed@ast1igaga nicksagen &f emneasused in dilute
aqueous solution at 18C is between 6 and 12, nore preferably, between 7 and
10, nost preferably, 7.5 to 9.5. Typically, where there is nore than one
ni trogen at 8rtioeathy nithrogeny dromPney haverwepkitas setthsubvdiverevand in
t he cl ai 8. o35HowaVer ,of thd SiPQtd @$SeH habedt@bn anyn2iud efodedethieromid r ogen
to have a pkb betueen 4 and 14, ., WR.2011/983305PCT/,GBZ010/ 052214 . »,
25 more preferably, 1 carbon atom(s). The nitrogen atom may be
substituted by hydrogen, aryl, alkyl or fluoroalkyl. The nitrogen
atom may be incorporated into a heterocyclic group which may be
saturated, unsaturated or part unsaturated. The unsaturated
heterocycle may be aromatic or non-aromatic. The heterocycle may have
30 between 3 and 14 ring atoms, preferably between 5 or 10 ring atomns,
most preferably, 5 or 6. The heterocyclic group may have between 1
and 3 nitrogen atoms in the ring, preferably 1 or 2, most preferably,
1. The hydrocarbyl radical may be linear, branched or may form ring
structures wherein the nitrogen atom(s) may or may hot | Dbe
35 incorporated into the ring. These ring structures may be monocyclic
or polycyclic, saturated, unsaturated or part unsaturated and if
unsaturated may be aromatic or non-aromatic. The cyclic ring

structure preferably has between 1 and 3 rings, more preferably 1 or

2 rings, most preferably 1 ring and may be heterocyclic with the at



5 a cyclic, primary or secondary carbon atom nore typically, an aromatic
or primary carbon atom especially an aromatic carbon atom

Pr ef er ablwo 20hie08g306up Xl i s i ndependently sel ected fromPam/GBR20T0/($R218,
5azirine, azetidi ne, azete, pyrrolidone, pyrrol e, pyridine,

pi peri di ne, azepane, azepi ne, azocane, azoci pei m dazol i di ne,

pyrazol i di ne, i m dazol e, benzi m dazol e, i m dazol i ne, pyrazol e, indazole,

pyrazol i ne, pyra2|ne pyrlnldlne pyri dazi ne, piperazine,

hexahydr o- p%??ﬂi&?ﬁ %H&%ﬁ?&?ol%y?ﬁdéiWhétFHﬂBFé PEdFﬁﬂB?%ﬂDi@ﬁﬂ1n8}Vhe
|squ|nollnehequunammkpwalsben@ep#r&henengaﬁnwdnne or benzoqui nol i ne

radi cal . More preferably, the group Xl is independently selected from
the group consisting of an aziridine, azirine, azete, pyrrolidone, pyrrole,
15pyri di ne, &zEpane G2&pi He, &f@ﬁhﬁ% %%b@?n%e?ﬁfaa%%Fid?h%ﬂeﬁ§r5¥BF?ﬂ|%%
benzi m dazohke,td ab dazoekimerciqamdazdle fopyriazod i ne, hexahydro- pyri m di ne,
hexahydr o- pyri dazi ne, isoindol e, quinazoline, benzopyrazi ne, acridine and
benzoqui nol i ne. radic .20, Adyant a sly, i ntroduci ng the groups Xl and
optionally X% dggﬁectﬁiéﬁoéglf Hﬁg%g%éﬂ foU%ﬂ that a catal yst system
utilising such ligands in carbonylation reactions has surprisingly inproved

stability oygr, 4 qui Vv 8y i e y on.a .0 to
borh o g Bl 25, BRSNSV BLAIE 00 SULT B R oD S oLt

netal/n66e55%§Cﬁ?%dﬁ@ﬂ)caﬁﬂ?oN ¥4t & Tor the carbonylation reaction,
especially, hydroxy - or al koxy-carbonylation is inproved. Xl-in the

i nvention may. ontienal ly; exel pde CH(R2) . ( R3) %glg%ﬁﬂeﬁgiﬁﬁﬁazgi |ndo|yl

represent Het andHet r epr esent sazeti di ny] , pyrrol 30I

furanyl, OXé%]@flyPr ﬁlé]@)?%‘atldqy%wheﬁxgdl ézépg./[or N have 1 or free substltuent
thiazonI t biadi;azol yl ,triazol yl,oxatriazolyl,thiatriazolyl,

pyrldazhgyl nnrpholinyl pyrinidinyl pyrazi nyl, qui nolinyl, isoquinolinyl,
pi peridinyl, pyrazolyl and plgera2|nyl 35Preferab|y, t he | i gands of t he
i nvention awéeﬁ¥PlF§%@rlﬁaﬁbﬁ%|ﬁﬂﬁuésdﬁﬁbéﬁy¥éﬁF%ﬁiﬁéﬁ%ﬂﬁ@n%o A3t Ybateh
reactions, particukatly doepeaty hatehvieacbions oM ddomal saabenefit.to o,

preferably, 1 to 4, more preferably, 3 or 4;

20 wherein the or each N is independently attached to C' or C? and a is

1, 2 or 3, preferably, 1;
R''? is hydrogen, aryl, alkyl or fluoroalkyl;

25 wherein, when x is 1 or more, C? may form a cyclic structure of 3 or
more atoms which if x is 1 incorporates N and C!, which if x is 2
incorporates N and/or C!' and if x is 3 optionally incorporates N

and/or Cl.

30 Preferably, in the present invention, the pKb of the at least one
nitrogen atom measured in dilute aqueous solution at 18°C is between
6 and 12, more preferably, between 7 and 10, most preferably, 7.5 to
9.5. Typically, where there is more than one nitrogen atom, each
nitrogen atom may have a pKb as set out above and in the claims.
35 However, it is not essential for any 2" of further nitrogen to have a

PKb between 4 and 14.

Preferably, the carbon directly joined to the Q° atom in the X'

radical is a non-tertiary carbon atom. Typically, the said carbon is



WO 2011/ 083305PCT/ GB2010/ 052214 6 Therefore, according to a second aspect
of the present invention there is provided a process for the carbonyl ation
of et hyl enDeallog3ignsat ur at ed conmpounds accordi ng to thePCraiBz10/052214
5Preferably, in the process of the invention the catalyst system al so
includes an acid and said ligand is presgnt in at least a 1:1 nolar ratio,
nore preferably, at least a 2:1 nolar extess conpared to said netal or said
nmetal in said nmetal conpound, and that said acid is present in at |east a
1:1 ol ar r &t Y hor ePPref &r &bl y*eaOuTedt € PRan 219%2: 1"W51 arvRékees’s cBhpar ed
to said |iganchatAcoor dringrtyocarbbhigtdnaspeetiadflyt dre appresent cdmverdtioon t here
is provided a catal yst systemaccording to claim15. 15Preferably, in the
third aspect, said ligand is present in at least a 1:1 nolar ratio, nore
pref er abl y, Fattreakt gh?:?ﬁoﬁﬁl Ar LextEsEespaY e ot Saitdo et a2 brt 9S4t d
nmet al i ndsakdimetal corpoding, anddthat sairdoaciodei s prvesert, | npatidieast a
L1 molar 13iin, Jamre preberabl v, A oieat ef bhan 2: L Aplar axeessconpared
to said |igand. 20 Suitably, ‘all OF conponents a) to c) , when present, of
the catal ysPYS/SLeMSF t HEPrEdEnt PRVENT TP Can bE SPed i n sPHE*PEet he
reacti on vessédzowber pytuzbhensgardyonyirat i eprisidioe t akeiphace, Aliperanabévely,
the conponents..a).t9,.¢lnca0.Pe added seayentially inianyorder 19,,25 form
t he cat %)yst system "or in sone specified order, either di rectf into the
vessel ofE¥iderthe ‘VessePlHitd t AReaatied  t P REPYVESSRT . P6F11ASt atice,
t he acid conponentnQ)insmaditsst be added to the bidentate |igand conponent
b), to forma protonated |igand, and then the protonated |igand can be
added to the netal or conpound thereof 30 (conponent a)) to formthe
cat al yst sy¥PEMPTAIYEPhAt ITPEI YOUPHE |F JRABPTORAP At I ant cRet2l 96PUP
conpound t heseafst{€ponpoONent aa)jideas, bezimixed so:tkor myarchabad,edoyrebad,
compounds, and. I aci d.(eaoponento L) | s, Lhen added. At ernatlyel v, any two
conponent s n be react ed t oget er to forman’'internediate norety y\fﬁl chis
t hen eit her PEERFEd ¢'3<35 PRRZedetdlsn vedsEZoame t he "EATT¢  corpbfent"added,
or is firstneecacgted ppritfidihe, t hiekshceoponeaiziand tikemadded duondfeirgacti on
vessel . VIO 2011/ 083305PCT/ CB2010/ 052214 1. gatal yst,.system i n the
car bonyl ati on of etzhyle'enl ca J[y unsat ur at ed conpounds 1nh conbination with
the ligands defined herein, and the alleviation or at |east reduction of at
| east spoe afvdiiegeisadyant agesotithenpr bodupar k' Y8t &Bond L ypar tbhcwhar,
the use of g5 catalyst systemaof fhe present invention |eads to.a .,
potentially nore stabl e system 'Her eised réaction Fat €s, |rrprov%d fUr nover
nunbers in éa¥dyenAyl ati opereagtitens ofextthyheni b | puapsHEting bt edi™sapolnds,
polt ential | y_s-tiﬁlrl%ii@? osel efﬁ L\éhhwalgﬂpr @yg@nCQ[b\r{lL@ljSit@Epﬁl@dafhr@Mﬁi dasee gf
pol yneri sati.on. t ppr.eci a t hose skilled i e art_ that
Phe’ CompoundStist Forfilal( I rint raacd hr Shh Ny Fnerror H0o0) QAR ¢ hat
coordi ndPe @t Hathe/"Gleap & 9rofucld neEtddbr orragenpéund thhere@abondafdrm t he
catal ytic cenpausds dspeclisey) mytihg: i nventi efky-TypiLalddiont he 1hprdacaup 8, 9
or 10 netal or conpound thereof coordinates to the one or nore phosphorus,
arseni c and/ or antinony atons of the conpound of fornmula |I. 20 CO REACTANT
X' in the invention may optionally exclude CH(R?) (R’) wherein R2 and R3
represent Het and Het represents azetidinyl, pyrrolidinyl,
30 imidazolyl, indolyl, furanyl, oxazolyl, isoxazolyl, oxadiazolyl,
thiazolyl, thiadiazolyl, triazolyl, oxatriazolyl, thiatriazolyl,
pyridazinyl, morpholinyl, pyrimidinyl, pyrazinyl, quinolinyl,

isoquinolinyl, piperidinyl, pyrazolyl and piperazinyl.

35 Preferably, the ligands of the invention are utilised in continuous
carbonylation reactions but batch reactions, particularly repeat

batch reactions will also benefit.



The ratio (nmol/nol) of ethylenically unsaturated conpound and co-reactant
in the reaction can vary between wide limts and suitably lies in the range
of 10:1 twWORoB@B330preferably, 2:1 to 1:2. However, if tReTaHBI0RDAl Y
unsaturated conpound is a gas at the reaction 25 tenperature it nay be
present at |lower levels in the liquid phg\se reaction nmedi um such as at a
ratio to co-reactant of 1:20,000 to 1:10"nore preferably, 1:10,000 to 1:50,
nost preferably, 1:5000 to 1:500 The co- reactant of the present invention
may be any 5%?&?5%% |?’1Cc9°68’rr}?g Yt er SHE NG B Hobif eMHy di*6gen” at bt 4
capabl e of 8Bercedet ipmgvasdaanpebesphitbe whd hedrhengiehydrerndftadthylamsat W at ed
conpound Unqgéat‘ﬁ%@édﬂ:b&po‘ﬁgag'atc'CQHﬁn The gbem.cal nature of the co-reactant
determ nes the type of product ormag Possi bl e co-reactants are carboxylic
acids, water, alcohols, anmmonia or am nes, thiols, or a conbination

t her eof .935 Pkéfdrhelmo-lheam anbcess afcadboxytitcoactite tdaeaprsodugstens aagp
anhydride. Foryan.alcohol o rgagt ant.qthe produyct of, the carbpnylation is

an ester. Simlarly, the use of ammonia (NH3) or a prinmary or secondary

ami ne R81NHZ*Gr/ ' RE2FBIRFE WP Y priddded®tan ant de&l2ant Ehe ‘Eﬁé“é’ai‘ﬁd &°t At
40R81SH wi | hle‘q:HlOdHC@saadtﬂTHthStLer said\De201 14 HB3ZVHPCRAGCBROL 0822244 8id n t he
above- def i Nl G0 gRCkaNL & BBL.RA% Andhofo RA3, L %@geéeﬁaﬁg'4<§lreaterabl§£pyl or
aryl V\T‘I may be unsubstituted or be ‘substitute one or nore
subst i tu@nt% %éloé%f %CFT’%ﬁPﬁ%ﬁr&d &y ano? 115"" tro, OR19, OC(0) R20 C(0) R21,
C(0) OR22, NR23R24 C(O) NR25R26, SR29, C(0)SR3, C(S)NR27R28, aryl or Het,
wherein Ri9.L0 e cgefi nag heral.0... and/ o ebepregérf; " upkedi By ongor; Jrore
oxygen or Ch atom; or by sifano or I con groups. 10If

ammoni a or 8Fﬁ‘ﬁ€‘§daﬁ* éaéﬁlﬁflséy@tfte% asﬁ?ﬁF‘Fl“ﬁoF‘flcdﬁl%f”co reactants will react
with acid present in the reaction to forman am de and water. Therefore, in
t he casegof or. n t.an Y, r Situ.
15Pr ef e?? ed ngng%gbcd rlggg%teag?g dl1av1§&:ftr o%ngld %S%Zd ngnorrte%%;e)lfgtgpgr %%ﬁ%as %o 8
carbon at ons:pefofiH eEilie; drdediPaffHEPen- r eactl&ant’s pref:dr dilprh&vec® to
22, nore prebesablyc? shod lr(éteardzoeaai apsapen spleautsl c&h@au&ﬂl nes ecedx be

cycl ic, partogyclig,, ac¥cll , 5 saturated or. upsatur aged(l ncl udi p aronatic),
unsubst i t ut 83 of 3UbSt U r§/a(§neeas 0%0r nore substi’t uent scted from

hal 0, cyanodreiterothacrRi gl mQHIO)%RQ@%S PR 15 68D GRed- NR23R24, C( 0) NR25
R26, SR29, C(0)5R30, C(S)NR27R28, aryl, al kyI Het wherein R19 to R3 are
as defined Per elbn anq/ or b(eoml nljtleenrtru ted b% ne en ggsreelt(prfe rabltyil
than a total of 4y’ oxyg en nrerogen, suolpu fcon at ons or Tano or
di al kyl ZSSﬁWWHO@r@l?p@r%?enm xm‘(ﬁnesort Irereed afﬁldedt#n shteod-a eaetlaqﬂ%l@fan be

cyclic, parte&yQl BeraiGyahtCcagahyratied ofF unsaduer aueed . ncAuding iaeopmtic),

unsubstl t ut or substitu one re. substituents. seI ect e from
hal o, ¢ ano%gnl?rgon%ﬁ 19, 5 g@ é:( DR%(? ”gffﬂ F&efue‘ti‘(ﬁ% 7,
C(0) NR2 5?26f08R296 @(t@)lz%@ySGHS) NR2ZIZR28me arpywflerik«yltderHeﬁtlthﬂheileleﬁtM9 to

R3 are as defidedchesain anddaribe drat ecsdpt eds byhaned@da wer end preferably
| ess than a_total of 4) oxygen, . nltrog n, S suI hur,_. si Ilconagg ons, or }Fey

silano or dif gl kyl'€"ffcoh gr8ps SF"5R Xtures {"Aér dofS" Pref &F7¢d thi b

co-react ant sidargat3Slighiplrarpendtii 6l s Wi tthrl 4 epr2onafed el jgeeferaldl yowi th 1
to 8 car bontea; ofmetpearteemhewldecaer& alshphatd G:hgl nddi10bs WhiddRugy tide2s NOr €

pr efera Eﬁx?pég%%ﬁar ?b)cofn g%ogsrnpethemcljaet%'fyst system Alternatively the
2011/ 08 05 07052214 ’
ligand component b) and metal or compound thereof (component a)) can

be mixed to form a chelated metal compound, and the acid (component
c)) is then added. Alternatively, any two components can be reacted
together to form an intermediate moiety which is then either added to
35 the reaction vessel and the third component added, or 1is first
reacted with the third component and then added to the reaction

vessel.

As such, the present invention is directed to a process and catalyst

40 system leading to surprising and unexpected advantages when using the



9 such that a suitable anmount of free acid is still present in the
reaction. A large surplus of acid over the co-reactant nay be advant ageous
due to thwOenhi21$33d reaction rates facilitated by the ePcegB2aty/32218 As
menti oned above, the present invention provides a process for the

carbonyl ati on of ethylenically unsatur at?d conpounds conprising contacting
an ethylenically unsaturated conpound with carbon nmonoxide and a
co-reactant. The co-reactant is nore preferabI%/ an aorgani.c 10 nol ecul e
havi ng an hﬁﬂ?ad%ﬁ FURCET offal Mr oUiF PSUER 4" ant af K6l Gt Lhat'Br 2t 'Sat thbl v,
as nentionedoabyoves thecadingachant th nchudeeads odgfanee hoigoul endaving an

hydroxyl funeidanal..gr gup. o{Pr %Qé@b@éduéﬂ%nor ganie 15./ml ecyfe havipg a
hydroxyl functional grou branched or linear, cyclic, acyclic, part

cyclic or afji?)ar?é(ﬁ%ag&ﬁdogsthet 9ﬁ°6alaF§/ | talMkandp, pap%rlt’%a&l' aIL']P%/ Uéecﬁf 30
al kanol , 5i nchudivag @rspknadtohel syesshi chhwayidye lopdd anakl yotsubsdliltyuted: Wi t h

one or ”Dres%&%t% é’c%ﬁt, Slrﬁc%%égeqegétqr&aiiwy af lavecl"ethrnél/@ronur@é%om
nitro, OR19, 3R24, C(0) NR25R2

c(S) NR27R280a]§¥?2@ trlOEE( 0?@%1%‘5 déri nég‘“%&“é‘fa&ly afiub?‘té?fjer F%TEPOé}Pﬂ%moI S
are Cl-C8 abkianolslisuchmasorset haﬂﬁ)déc;tlaﬁhﬁnmJ,mppb‘&pian(]iopvéﬁsdepr op&hol gn

i so-butanol , t-putyl -a al ;. phegnol , n-butanol and chl orocapryl al cohol.
Al t hough the monoa kan%fg}a\arlesanost pref erred, poly-al kanols, preferably,

sel ected925from di-octa ol s such as di ol s, trlols tetra- oIs and sugars may
al so be utikt Sﬁﬁd.llespia@alféc}&,atSdilG:l’y pﬁ)&gealskan@ldsmarteeseﬁtemhetd the otanbouds

et hanedi ol , %3&g@§anekl erql ., 1. 2;4bytanetriol, 2-
(hydroxynet hyl ) - q§3gne J[C f 2, Btri g‘r gx iél;(:ande ra)séntlalg?rﬁlc%shrlt?%

1,1,1 tri (hfjﬂ‘?@%ﬁ?ﬁ*ﬁe@t HSHt et haneouRafinodeor sb‘} U‘%%él 30 RPAERDSE AR other
sugars. Prefern edesagan gtidebugngtici@sese fihuetosevandogl usesea11Esped al |y

bref er r ¢4 akkanols are. methangl and,Lhanal.., The ipsk pref ecr ed abkagol is

met hanol . m)unt of alc s n critrcal neral] , anounts are
used in excB3% ofNERRCETDURLSBT Cs IHSt Prat T HBOe TAMHOAY| AbedomPANRY t tle
al cohol mayrsetwe as 35the reaction solvent as well, although, if desired,
separate solvents may al so be used. It will be appreciated that the end
product of the reaction is determned at least in part by the source of
al kanol used. For 40i nstance, use of nethanol produces the correspondi ng
met hyl 2@t eco-AsacYIT?2011/ 083305PCT/ GB2010/ 052214 10 the co-reactant is

wat er the product sth cqrrespan acj.d. Accordln the . invention
provi des a E‘:anvenl ent vvg/ q addi rtlg e%lcaha/ %1¥%930(3 aiikyTC?or aryl

across the etdnteeni éal ‘UBP ufﬁgatﬂmnatce‘@l b@Wd between Wlde limits and suitably
lies in the range of 10:1 to 1:500, preferably, 2:1 to 1:2. However,

if the ethylenically unsaturated compound is a gas at the reaction

25 temperature it may be present at lower levels in the liquid phase
reaction medium such as at a ratio to co-reactant of 1:20,000 to 1:10
more preferably, 1:10,000 to 1:50, most preferably, 1:5000 to 1:500
The co- reactant of the present invention may be any compound
including water having a mobile hydrogen atom, and capable of

30 reacting as a nucleophile with the ethylenically unsaturated compound
under catalytic conditions. The chemical nature of the co-reactant
determines the type of product formed. Possible co-reactants are
carboxylic acids, water, alcohols, ammonia or amines, thiols, or a
combination thereof.

35
If the co-reactant is a carboxylic acid the product is an anhydride.
For an alcohol co reactant, the product of the carbonylation is an
ester. Similarly, the use of ammonia (NH;) or a primary or secondary
amine R¥NH, or R¥R®NH will produce an amide, and the use of a thiol

40 R%SH will produce a thioester.



5 SOLVENTS Preferably, the reaction of the present invention is carried
out in the presence of a suitable solvent. Suitable solvents will be

descri bedwbepsaisiws. Preferably, the group 8, 9 or 10 meCaIGBRt0AIS2214
10conpound and ligand are added to the solvent(s) and preferably, dissolved
t herein. Sui tabl e solvents for use in_the present invention include

ket ones, such as for exanple nethylbutyl%etone; et hers, such as for exanple
15ani sol e (net hyl phenyl ether), 2,5,8-trioxanonane (diglynme), diethyl

et her, di net hyl et her, net hyl -tert - butyl et her (MIBE)

t et r ahydr of un amediiphenyt Eihhergadiresopnopy Ret Rérandbher’dirapt dpehet hen kof,

di -ethyl enexglycol ;,.0xanes, sueh as,far gxanmple di.oxane; &5t grs.$uch as
for exanpl e nethyl acet ate, glnethyladlpate 20 net hyl benzoate, dinethyl
pht hal at e afAtPHd 9V%ﬁé@t@ﬁ@;°5nWH§SFu§ﬁEH“8§t?o?ﬂﬁiﬁﬁbﬂﬁoﬂiH%%ﬁyFﬁ&@Panide,

N- net hyl pyr noticdoner'andodiaret'hyl ¢ foormamade) ostl f oxi'gfés and) sdirphongs; such
as for exanplg diarethyl sulphoxide, di-iaqpr opylsyl phoneg, subf ol .anecr;peq

(t et rahydr ot hi ophene- 2, 2-di oxi de), 2- net hyl sul f ol ane, di et hyl 25 sul phone,

t et r ahydr ot Af6pRen® ¥ °1-%fi RF e Bhef 2Yndthyi- BT e CRYASUPT G1UaRBY" &Fohat i ¢
conpounds, bhacwdingohat alivarilant scoaf gsuph. conpounds e. g. benzene, tol uene,
et hyl benzene o-xyl ene, mxyl ene, pxylene, chlorobenzene,

o-di chl grobenzene, mdi chl or obenzene: al kanes, including halo variants of
such coﬁéouﬁﬁsa%Wﬁ?aH@&éﬂ%?e%éﬁﬁaﬁﬁgkgeﬁgZ%SWPFiﬂﬁﬁﬁypbéﬁiéﬁé,r%%FﬁVane
chl ori de anditardkenttettrackhior pfejenni tii ties reagtidensodbir idre a@ande and

acetonitfi'QaUXEf%h L abl & a&%a%BEQRh@aﬁ&&Mgn%éeaéyénﬂr§eﬂﬁshéﬁt%£9er
constant that i s below a value of 50, nore preferably 1-30, nopst
pref erabl y, ™Y 19, 985 esgecrafi%-in the range of 2 to 8, at 298 or 293K and

1 x 105Nm 2. In the context herein , the dielectric constant for a given

co- SO! Vq:"\‘:)]t b?ef‘é%% d ia@nihé Scorlﬁé langgqbrl\%re]gfr%fm Iie’fpor %%e%oirggp}et}%rgkﬁlté\},ol Otlfo t he
capaC|ty of a condenser wt that su stance as dielectric to ¢t capaC|ty
of the sane®cerH®PeAsETO™ii P gova@uam 67 ddrenecteircacipitterr 40F it have

di el ectric conrst anf smefe GEIBRRKgANI© lloquadsorcasdae feundolecule. The
amines can be cyclic, part-cyclic, acyclic, saturated or
unsaturated(including aromatic), unsubstituted or substituted by one

20 or more substituents selected from halo, cyano, nitro, OR'®, 0OC(0)R?’,
C(O)R?*, C(0)OR?**, NR¥R?, C(O)NR*R?®, SR?’, C(0)SR, C(S)NR’'R*®, aryl,
alkyl, Het, wherein R to R are as defined herein and/or be
interrupted by one or more (preferably less than a total of 4)
oxygen, nitrogen, sulphur, silicon atoms or by silano or dialkyl

25 silicon groups or mixtures thereof

The thiol co-reactants can be cyclic, part-cyclic, acyclic, saturated
or unsaturated(including aromatic), unsubstituted or substituted by
one or more substituents selected from halo, c¢yano, nitro, OR'?,
30 oc(Oo)rR*, C(O)R*, C(O)OR”, NR”R®, C(O)NR*R**, SR*”’, C(O)SR”,
C(S)NR?'R?®*, aryl, alkyl, Het, wherein R*® to R’ are as defined herein
and/or be interrupted by one or more (preferably less than a total of
4) oxygen, nitrogen, sulphur, silicon atoms or by silano or dialkyl
silicon groups or mixtures thereof. Preferred thiol co-reactants are
35 aliphatic thiols with 1 to 22, more preferably with 1 to 8 carbon
atoms per molecule, and aliphatic di-thiols with 2 to 22, more

preferably 2 to 8 carbon atoms per molecule.

If a co-reactant should react with the acid serving as a source of

40 anions, then the amount of the acid to co- reactant should be chosen



WO 2011/ 083305PCT/ GB2010/ 052214 11 in general reference books, such as the
Handbook of Chem stry and Physics, 76th edition, edited by David R Lide et
al , and pabl2osimsaBosy CRC press in 1995, and are usual | y PquaiB2010f052214
tenperature of about 20C or 25C, i.e. about 293. 15k or 298.15 K, and

at nospheric 5 pressure, i.e. about 1 x 105Nm 2, and can readily be
converted to 298.15 K and atnospheric pressure using the conversion factors
quoted. If no literature data for a particular conpound is avail able, the
di el ectric EomstdRt ﬁafub%aqléaéﬂ?vw&sﬁféﬁ BSihg Sesttabt i BHfegnt 1o the

physi co- chemtgealionet hodsirgd 0 sMemlsur enfentciof avadi ettect co-cegonstantayofba
liquid can Qé@alnt)ﬁg%sp%éOEQEQhJOYen\GQEééaUSfeQQ{h%W SatSUCH A8 JTUBT Bl OPhe
probes, flowthrough probes, and cup-type probes, attached to various
neters, sucA*@¥st Rose available fromthe Brookhaven Instruments Corporation
of 15HO|5SVI lle, NY. (e.g., nodel BI-870) and the Scientifica Conpany of
Princeton, M. Jneo€ofea TBGRL S 850, AR, 870 enfiof, £OORLSL ENGY 0L, £ORPALLSON,

preferably al | nmeasurements for a parti cul ar ter systemare perforned at
subst ant i al F§*IRE SEME s%ﬁpleethﬁ’é?ﬁiéf“é{%r émS%tLbrate%y WEB Y GRS Sht h.
General |y, thecareasureededivekectalile 2Gaconstantorghbusd Subst @een widnbxidicr ease

at | ower teqp frét ‘JBe]_Sea%@thdeClrh%aSc% @%} c/jyag@egstﬁgpeerﬁttelfre?égly-rgﬁ% di.glectric

constan%_@I fal hin any ranges herein determ ned in accordance
wi th AST Do2iEcudsg %‘W@geﬁn WdrtoFi&F ef YISt Hibt gé%uﬁ oWrhi 6 techrifgae o use
to determ neatdre dielectric constant a Scientifica Mddel 870 Dielectric
Constant Meter with a 1-200 E range setting should be used. For exanpl e,
the dielectric constant of nmethyl-tert-butyl ether is 30 4.34 (at 293 K),
of di oxane F31ZP3Y/ (&t PIGRISA oFPAVEt uhe FS PagBtatingdgi) an organic

t et rahydr of ubBdtuil s Having &In 295X vK) fuaed i @fa1agedtgni bréde@ab sy, 3¥nd c(r@hnﬂc% K) .

The di chgct Ehe.veluss, are Laken. Lrom Lhe. handoask,of scheglstry. and physi cs

and t he tenperature O sur nent IS glve ernati ve
reaction may! chéﬂc%lﬁ tﬁ‘éycélégen@étoFY%CaﬁFoFHPh%Weﬁﬂd A6t gErerated by
the reactioani kselnbi, | paotiberarwor ds ¢, the mbyoﬂprmcu@dﬁgl vwent ascdhbes,

reaction pro t. This aprotic.solvent.nm olely generated by the
reacton praghat oI 38k, soluant my, besolel vosnerata b tte, |
added as a §91%Féﬁﬂ Erm ikl Y, apiy Lt héﬁtal%fblopr edted BYThes eadCi®WR it sel f.
Al t er napdvelkyo) ra prcqb;@stoINRém4 or (a mwte ct beread:, rr@yk berused)srFheaH

protic solv y | ud ar I| as defl bov Qr, an
al cohol . Su??dﬁfg hereln %{ pre%g Qs are ﬁl nof

rOtIC SO ve%ts I NC ude t e convenflén pro IC Sd?VGﬂtS
known to th@e‘ﬁ@fn@bn skibkheld | rreprnodrt , ispuehoresol onerscabeighol s, shehvas,
for exanpl eal&&toman@hencﬁt,han@htaam ia&aprcep@r&hprﬁndawownr yasmdugecondary
am nes. M xtur eﬁk t e_apr ot| Cc Perrgr ot| 10 .co- fol ven

enpl oyed bot'h" i are nd WhER® enerate yb‘_’llktafﬁlo Tedc |on |¥seief%ecged
protic 38l vénem |ds mnpl%rwl%oalsvéh@lq hérlcclarrrF@gaaOU%@aﬁawg@rhyWogéW ion
such as those attiached to,0xygeN aSch A AYHOXY| s MPected from 1, 2-

ethanediol, 1, 3-propanediol, glycerol, 1,2,4 butanetriol, 2-
(hydroxymethyl) -1, 3-propanediol, 1,2,6 trihydroxyhexane,
pentaerythritol, 1,1,1 tri(hydroxymethyl)ethane, nannose, sorbase,
30 galactose and other sugars. Preferred sugars include sucrose,
fructose and glucose. Especially preferred alkanols are methanol and
ethanol. The most preferred alkanol is methanol. The amount of
alcohol is not critical. Generally, amounts are used in excess of the
amount of substrate to be carbonylated. Thus the alcohol may serve as
35 the reaction solvent as well, although, if desired, separate solvents

may also be used.

It will be appreciated that the end product of the reaction is
determined at least in part by the source of alkanol used. For

40 instance, use of methanol produces the corresponding methyl ester. If



15 or nitrogen as in an amne group. By aprotic solvent is neant a type of
sol vent which neither donates nor accepts protons. Metal 20For the

avoi dancewof2odasbios references to Goup 8, 9 or 10 netalPsThEBeivnsgtieul d be
taken to include Goups 8 9 and 10 in the nodern periodic table

nonencl ature. By the term"Goup 8, 9 or, 10" we preferably select netals
such as Ru, Rh, Gs, Ir, Pt and Pd. Preferoably, the netals are selected from
Ru, Pt and Pd, nore 25 preferably, the nmetal is Pd. Anion Suitable
conmpounds of "SuEh E&P6HY 8, 10 B0 WrEt AF8Y Tl tidet¥al t¥ IGFPEE 8UCRCHEt al S

W th, or corpoundsyiconphesimgnmeak| yrovodedi natcedearinonsavest vadlihy onye
hitric aci d'grgég phud)e ael d; | awer alkanglg (up.tp,Cl2)yacids, suchaas,
acetic acid and propionic acid; sul phonic acids such as nethane sul phonic
aci d, chl or 883 PROHIT 4% d, 1 uorosul phonic acid, trifl uoromethane

sul phoni & aci d, benzene sul phoni c acid, naphthal ene 35 sul phonic acid,

t ol uene sul ghgpingsaci d, e.g. p-toluene sul phonic acid, t-butyl sul phonic
aci d, and 2=hydroxypr opane sul phoni c_acid; sul phonated ion exchange resins
(i ncl uding F’B%\]feéé]?ﬁf'l 8l "Sitphoriic HEsPTEF pet hatltoMacid “gtictrdasit in
perchl ori c act dprbadrogenst ed canboxyl | solaenhtds suctrbas tspiledter oaicet ilge aci d
and trif1uonoacable AClde 40 anthophasphotl c.agkds, pliosphag Goagl fis.such as
benzene%uosp oni ¢ WO 2011/ 083305PCT/ GB2010/ 052214 13 aci d; and aci ds
derived'fr ofitTRUEF aéP ondIBEt vigén 19€GH s tacitds andvBHdénsred &EF U e her
sour ces whi ahsdmyepriaeiee .sui t abl e ani ons i nclude the optionally

hal ogenat ed tetraphenyl borate derivatives, e.g. perfluorotetraphenyl
borate. Additionally, zero valent palladium5 conplexes particularly those
wi th | abil eSPHig&htisSolgsgts thirpRenytphdSpREAE6r AT KEnReS Stichdasketones,

di benzyl i dereacetone rokexsipleenetiofivht v (dkbenz Wihdeneaceh one) thpaddaadiaum may
be used4gTh e I, ORNS be jntroduced. dir a 0 t he
10 net aﬂ5bu§n9n%3gal(§%%g fnt édgglle%)fog’t % (t:gitoéi §5s%%§y§?§%§’ﬁ%§e§e1%5§%luy of
the netal ofthREtal coipeund. Preftépably, THéylaretimoathked as RBEaci d.
Pref erabl y, tatraagtithfiusasel ecteshdnglbiave, a pkaikessplhameé neasur ed tue
di l ut e aquequs_.sol ution at 18C . The pKa is, preferabl ess than about 5
measur ed i n T e e aects SoriTone R veal PIELBRR Y Iter ant, Bl Do ae
have a pKa 6fo1a@ss eha@fs2 AedscedOr ne@MPdE enalguéatstasel utisihatadis@put ,
in the gasemg&iyaomsenﬁd&st ralrﬁalih§UCﬂSht&$lQﬂeﬁl’bﬁﬁ, b&t;}fﬂ&&a@tfonl%et \é.\leﬂjt‘;sz- §uchd 4
measured in_dil.ute aqueous.saolution at 18C is. preferred. Suit e i.ds an
Saits may ba°selectodtioniina  herae ing art e L L T a g e R
Accor di ngl y foprafiasiabl yulfichedssat atfst syisbemsof tHhehpr eésentfarny edseinete

ihncl udes a a@fwte@mhpaaimls prefer atﬂuyig@f]gﬂo}égzﬂsdlbﬁmeone or nor @ul&@h@lrsel
aving a pKa_in eous solutign.at .18C o SS n nor e pref.er Y,
oss Than 5 HOSE RN SP TS, oSS Ra 2. 28 RaAN 1N b Such SEFHE Lo the
cat al ys&dsystbmors, pr etetredddeaidipriovirdes ladirdiazifeact tp®h coRdittibghsi- For

t he avoi daneenpfsudeiiBte; r efRbencesdbouféa ReERIANAr Balefar enres -30st&n pKa
measured in dil Utﬁ aqueous sol ution at 18C upless indicated otherw se. For
t he purposeS Bt t'ie G Avent 1’6n° hereln," t hepka“hay “b@ “deter'mi néd By’ sti t abl e
t echni ques knbwe, t ehidvobenzekel | edirmldrhkersgepne, m-dichlorobenzene: alkanes,

including halo wvariants of such compounds e.g. hexane, heptane,
30 2,2,3-trimethylpentane, methylene chloride and carbon tetrachloride;

nitriles e.g. benzonitrile and acetonitrile.

Very suitable are aprotic solvents having a dielectric constant that
is below a value of 50, more preferably 1-30, most preferably, 1-10,
35 especially in the range of 2 to 8, at 298 or 293K and 1 x 10°Nm?. 1In
the context herein , the dielectric constant for a given co-solvent
is used in its normal meaning of representing the ratio of the
capacity of a condenser with that substance as dielectric to the
capacity of the same condenser with a vacuum for dielectric. Values

40 for the dielectric constants of common organic ligquids can be found



In the carbonyl ation reaction the quantity of anion present is not 35
critical to the catalytic behaviour of the catalyst system The nolar ratio
of ani on WO 2&r1008p308, 9 or 10 metal or conpound nay be fPORIGR20100052210000: 1,
preferably from10:1 to 2000:1 and particularly from 100:1 to 1000: 1.
However, for a weak acid having a pKa ir]I di l ute aqueous solution at 18C
greater than 0, the nolar ratio may be 49hi gher and from1l:1 to 100, 000: 1,
preferably, 500:1 to 500,000: 1, WO 2011/083305PCT/ GB2010Q/ 052214 14 nore
pref er abl y, 10B0P°Fof 0= 1675666° 1°°Wier 8°¢he*ani’on FESPEY Pae i BY SR atil and
salt, the rehatiicge Propoiticon efiteheciadbdidard Balet et salnodndpiubl cakd by

ACCOf di ngly cpé fpr%sg o 836t arétndSQPéJ'u@uéﬁ%ChuM\ﬂetdh £8P AGid éx%&\ﬂ!c@%@%bé@é” ce
of anions, then the anpunt of the acid to co- 5 react an% shoul d be chosen

such that a®8Uitabl e anouht® of *¥%%¢e aci & s°pr esént>. Advant a@érb‘t%’lhﬁrlct he
| i gands ®f bhessumventi<on ghow SukprnbSinfgl yngoodn acddiily ybad ténweetat i wel y

weak acids baying @ pka ingdiLute. agueoys.10,sql ution at, 18C greatep, than 0
and less than 6. For 1 nstance, the [igands of the I nvention show good

activity w A% ffﬁdﬁooéttﬁrﬁéu]éecidat%l Tt AVt SRt FPTBPBRT o %Vadélaﬁle'l n
industrial processestthe qossidi [nady ref aetiwi theasnrédhengingsencelobheal
relatively \{;@ C@C&%m%!ll 26, advant ageous due to | ower corrosion of plant
parts. i onyl at1 ng Agent and Process Conditions I'n the process
accordi to the present invention, the carbon nonoxi de nay be used in pure
formor dil utethranddr asr i memtlegasrsuchoxzﬁaSt Niotr agemn,quear ben @droxiydebor a
nobl e gas SUCh: AfeAdPN., YA QGRD,.IBY . @B Lanallat o0, 3dded. { &1bR& nzougn
carbonyl ati on reaction to inprove reaction rate. Suitab | evel s of

hydr ogen wh&R°RfS | i288d CHRy-YBe PROtYfe rafrel<sst TetiReému. 1etant! F)%}\/oé}sl vol
of the carbeno2b menaxbOe, firofe tpeefmicabhayenl- 1% wedteol cabotdra ceardon
nonoxi d r.ef er by 2-5% val /v t b Ld

preferag? ngggt%@vg v%lk f cgrboﬁj%m{)n%ﬂmggé %ﬁi the %gegg{lﬁ)é o} dmtp%%am)unt
of et hyl eni €atlptamsat’uf at é8- Conpoimd 3POusad | ?’17(% he ¥¥actsastd¥helfanount
of solvent ksngietis&d,i tpﬁe&ler@ﬂ]@ may1 vaé;ysubeﬁlav&en wrdeal |pmrt5qulerg fiftom 1: 1
to 1000:1 myl [ ngr)nl areF)r el e ?‘fgle t he brnc)an rlali?t I gleOfsatmre]esg‘rmun temperatur

et hyl eni cal IS§} unsaturg?e corrpoundl use N the reaction the anount’ of
solvent is Betweely U2 @id 21:'508F Refle rﬁe@?é?ldmy,thi. 26%501@@1 166:1eF6Fit he 35
avoi dange oftoglaubt, osuch sekverde iwnqhudesrihe reactd.en Ql’eﬁﬁék(éftuasﬂ:d and

Co peactant . Ihe amunt. of - et al st oL he ventd on usedd nnie

car bonyl ati on reaction is not rtical. Good Fesu be"'obt ai‘ned,’
preferably #0thitrenny h@r@ﬁ@ulmreefl Gguppe8 et i ngd %@etaastond@nixn tive PEHbe 1 x
10-7 to D924.

25 However, 1if there is doubt as to which technique to use to determine
the dielectric constant a Scientifica Model 870 Dielectric Constant

Meter with a 1-200 ¢ range setting should be used.

For example, the dielectric constant of methyl-tert-butyl ether is
30 4.34 (at 293 K), of dioxane is 2.21 (at 298 K), of toluene is 2.38
(at 298 K), tetrahydrofuran is 7.5 (at 295.2 K) and of acetonitrile
is 37.5 (at 298 K). The dielectric values are taken from the
handbook of chemistry and physics and the temperature of the
measurement is given.
35
Alternatively, the reaction may proceed in the absence of an aprotic
solvent not generated by the reaction itself. In other words, the
only aprotic solvent is the reaction product. This aprotic solvent

may be solely generated by the reaction itself or, more preferably,



WO 2011/ 083305PCT/ GB2010/ 052214 15 10-1 nol es per nole of ethylenically
unsat urated conpound, nore preferably, 1 x 10-6 to 10-1 nol es, nost

pref er ablwORox/i8806 to 10-2 nol es per nole of ethyl eni cRCGRIABASL21At ed
conpound. 5Preferably, the amount of ligand of formula | to ethylenically
unsaturated conpound is in the range 1 X 10-6 to 10-1, nore preferably, 1 x
10-6 to 10-1, nost preferably, 1 x 10-5 20 10-2 nol es per nole of

et hyl eni cal 'y unsaturated conpound. Preferably, the anmount of cat al %/st is

sufficient to protlces pf"‘ocﬁ?&i’e%tt hrHtéE%]eth%flﬂ ettt &6 c SEr ical 1% .

Preferably, rtheicarizenytation is carried out at tenperatures of between -30
to 170C, nore preferably -10C to 160C, nost preferably 20C to 150C An

especially greferr,ed tenperature i s one chosen 15 between 40C to
150C. Al t er nat tS/ERPY "4 e TAFBOHYISALT O Carf FeUEH: FPete Yul*at e nbifet-at &
t enper at 8r esrotifc bslypartnguliaclydecadvanbagedusadinl SeseieCinaurbbances 4ro be

able to carry.Qub the,reaGti gp,al QL,1ALeUnd, L oem tenPepAfik 8,{230CQ)k ot ic
20Pr ef erably, when operating a | ow tenperat ure carbonylation, the

carbonyl at i GRS EEarPPEY Ut thet BRFSA™ - 36E 156 49C, vord tpr 61F6% aBFy 1°¥S70C t o
45C, still poe@opsef erablay, 0€ot 0exdbC]l e Mosithphelf,erabhycll 0@dt G s4pkapancl,

Especi al |y prefgnned, 'a%daséc%ﬁggrffamlgeé OM{’??«%reg%’f ef.er Q&!&‘mct D& protic

carbonylation i's carried o ressure 1n the reactor of

bet ween 9. 0£° % LUSM N, AF2- azlsﬁ ki?)?ﬂ‘}al?ﬁe?‘ Poidy énb"rjé’fléi’ﬁdywberbge&e‘f(*}ﬁdl\]l?yrn 2-1
X 105N. m2 thosteapteheraddly. 0. 05-0.5 x 105 N m 2. Especially preferred is a
CO partial pressure of 0.1 to 0.3 x 105N m 2. 30 In the continuous
carbonyl ation reaction of the invention, preferably, the ratio of

equi val ent sBaf PEPdént &S g%fhdm%adltgra@éip Blventorthpy merales s atolaéaste 1: 1
nmol / mol . Theydicgandidmygube dsn tem&scheﬁet@on@éd el ibud Hyﬁr&}S&ﬂE@kéﬂlﬂ y

bet weenqd: 1oand 24, mal/ ol 35 Brelarably, Jgenerall,eithe, qole rathe, of

ligand to group met a te l1rgan tweén 11 and
100: 1, nor eof)rsé’flé?la%lwylcﬁnil‘fft?%@@rﬂ?teﬁdsotr preEPer abloyera: 1 to 20: 1. For a
monodent ate, tridentate, etc ligand the nole ratio is varied 40accordi ngly.

Metal

20 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, Ir, Pt and Pd.
Preferably, the metals are selected from Ru, Pt and Pd, more

25 preferably, the metal is Pd.
Anion

Suitable compounds of such Group 8, 9 or 10 metals include salts of
30 such metals with, or compounds comprising weakly coordinated anions
derived from, nitric acid; sulphuric acid; lower alkanoic (up to Ci3)
acids such as acetic acid and propionic acid; sulphonic acids such as
methane sulphonic acid, chlorosulphonic acid, fluorosulphonic acid,
trifluoromethane sulphonic acid, benzene sulphonic acid, naphthalene
35 sulphonic acid, toluene sulphonic acid, e.g. p-toluene sulphonic
acid, t-butyl sulphonic acid, and 2-hydroxypropane sulphonic acid;
sulphonated ion exchange resins (including low acid level sulphonic
resins) perhalic acid such as perchloric acid; halogenated carboxylic
acids such as trichloroacetic acid and trifluoroacetic acid;

40 orthophosphoric acid; phosphonic acids such as benzenephosphonic



WO 2011/ 083305PCT/ GB2010/ 052214 16 Preferably, the nole ratio of ligand to
acid in the reactor for a bidentate ligand and a nonoprotic acid is at

| east 1: 2vearrdiwsg3obe up to 1:25000. However, typically, PCOIGBRORN052214
applications, a range of 1:4 5 to 1:5000, nore typically, 1:10 to 1:2000
is sufficient. For a nonodentate, trldeq ate, etc ligand and/or diprotic,
or triprotic etc acid, the nole ratio is*varied accordingly. Preferably,
the acid is present in the catalyst system or precursor_ 10 thereto, in

such quanti £§*That"% ke Aol &7 Pati 6°BF SAPHPEACPY t 3° APy Hetal d°s%at “i%ast
4:1, nore ppeefesablyatidam Lthet 0s53@QCO0 vwhickeveay nprerigeefseigdilly B@idng o

75000: 1, yet e Ruef %5@%8&5129 ﬂal eEch%QO tjetré/&ltenﬁ' loJmafEQr%eP{%ft%(;@?' y
25:1 to 50000:1, yet still nore era to 50000: r]'i{et even nore

preferably 3Og1FF6f%6665“fap§?Pﬂ bﬂﬁ?@ %%iﬁF@Fﬁﬁéblﬁﬂfoﬁﬂf oPP50001, yet
still nobe poeflerabl y 2001duitae12500010ke nosithpr eflepald y 350arst 0 260900: 1,

or greater EPmeQQP&O%pﬂﬁeZQQOQkl,neﬁ'sh‘éﬂna?st'd\iﬁ&}’z’yﬂé‘&eééét%n ab} o Gam,be in

the range 125:1 t 1, preferably -1, even nore
preferably T?Strf ‘fibbeﬁ?%llfen%cteté(}%)r‘fllﬁﬁjr]é‘dﬁ}‘%f“@ﬁ’a*?ﬂ 3}15?‘%‘)0 1 to 400:1, nost
preferably 225:1 20to 375:1. For a diprotic, triprotic, etc acid, the nol e

ratio i s vagfed,gceor QH&QJ ymay be m'c:PJduthé’ Vr_%'cgwcgs of QQ&B%EndtQ? @,fpeove

ratio c Edltlons agpl 2bstart of a reaction or during
conti nudus Fe&tt P m%&sa%ﬁﬂﬁPFo+Rﬁi°dT?ﬁ9 E%t%ﬂ9y§?t%%yéfeﬁﬁ56Fm %?éeEﬁQ%§éh%y
i nvention may ﬂﬁaU&ﬁdlh@ﬂDgﬁﬁeou&hymﬁﬂ hetege ogareousdy .aRr eherabkyd ihe

catal yst sysfemd.g. U§% parmgeneously s - 30.,3ul 1 a 'oyha${ea catal ysts,0f &he

invention are prepared in a 'separate step prece elr use in-situin
t he carbonyp%&$6ﬁdré%c®ﬂﬁﬁe €ﬁﬁVéﬁ|§%¥Fﬁont%% %ﬁGce%@adﬁﬁtHé PRY/EAEP DN may
be carried adis byns3b ﬂkﬁsohwlﬂgwhh@jGi@ualﬁnegeame&&;n&ﬁaklaﬁ eonpetnd

thereof g5 defingd, hor gbn:1nca suitable. solyan, such as.gne of.Jbe, alkanol s

or aprotic solvents VI ously deSCYI ed or a nlxture t ereo

parti cul ar | $1pHef efredss 6P WEren wWoul ' BePtthe 1pr Beructasef of heemgpéeehstirgtes

car bonyl at i etic eact 43newhi eh pray obepbtweed W-thneidieedsahveni s eOraqueous

co- reaCtant%olutlon at 18°C 1is preferred. Suitable acids and salts may be
selected from the acids and salts listed supra.

20
Accordingly, preferably, the catalyst system of the present invention
includes a source of anions preferably derived from one or more acids
having a pKa 1in aqueous solution at 18°C of less than 6, more
preferably, less than 5, most preferably, less than 2.

25

Addition of such acids to the catalyst system is preferred and

provides acidic reaction conditions.

For the avoidance of doubt, references to pKa herein are references
30 to pKa measured in dilute aqueous solution at 18°C unless indicated
otherwise. For the purposes of the invention herein, the pKa may be

determined by suitable techniques known to those skilled in the art.

In the carbonylation reaction the gquantity of anion present is not
35 critical to the catalytic behaviour of the catalyst system. The molar
ratio of anion to Group 8, 9 or 10 metal or compound may be from 1:1
to 10000:1, preferably from 10:1 to 2000:1 and particularly from
100:1 to 1000:1. However, for a weak acid having a pKa in dilute
aqueous solution at 18°C greater than 0, the molar ratio may be

40 higher and from 1:1 to 100,000:1, preferably, 500:1 to 500,000: 1,



WO 2011/ 083305PCT/ GB2010/ 052214 17 Subsequently, the adm xed netal and

sol vent may be m xed with a conpound of formula | as defined herein. The
carbon nowoxodensssy be used in the presence of other ga®eI/GHws3ARe i nert
in the reaction. Exanples of such gases include hydrogen, nitrogen, carbon
di oxi de and the nobl e gases such as argq The product of the reaction may
be separated fromthe other conponents B any sui tabl e neans. However, it
is an advantage of the 10 present process that significantly fewer

by- pr oduct s™8F% F6F el ¥ her @y ' r BUuCH AY° t'he "Reed Tor =11t Rér PPUFTFT c3t i on
after the inantdcdk separati oheofelbhevprodpotitias afayhdecedi dencett by tdte

general |y signiifbeanily A gher %@'%CEth&%tmﬁ:fH&hﬁﬁrréﬁ%ﬁﬂ&%geahsaéﬂﬂt the
ot her conponents which contain the catal yst system whi ch may 15

recycledandF%?F@@séalﬁPﬁ?Fhéﬁré§&??%ﬂ$ﬂf?hﬁ?ﬁlﬁﬁ@”%uﬁﬁléﬁﬁn?ﬁf?oﬁ°o?07resh
catal ystd Theieans stoupardd cubsm sest rthet iopudtetiheadunatéOired dche is
carbonyl ati gp.gxeept that carbonylation in a tinmescale which is 20
comercially acceptable is obviously preferred. Carbonylation in a batch
reaction may take place in up to 48 hours, nore typically, in up to 24
hours and mBstarttypegally thz uﬁgm@mlbthUéSMniypi@ak%yw sarchositqati good s for
at least 5 ginutes, wmreretlmv%%'Meakatausésrnaﬁg%n;ny&a in MWhed YpLEAL v, at

| east 1 &our In a continuous reaction such time scal es are obviously
i rrel evafit éﬂﬂﬂéoﬁoﬁ¥|H%8u§r%%§6tF%ﬁléhﬁnéoh?$hd€a&s6idﬁﬁ‘é§s?%§eTtiPﬁs
conner0|ally1@ﬁﬁ@pbﬂbme Dekmtancahamyﬁbdraquwneﬁvmeprﬁﬂﬁ$hﬁﬁatauc acid
Significantly, La-ihe.present iguentd odeidhi g, tiTR.scake. (g Lepleni shrent
can be increéased. 30 The cata? st system of tﬁe resent invention is
preferably €6ﬁ§PF%H@bdflﬁCFH€¢W|dﬂ|&h%h&§§e%ﬁ?cﬁ nay et ot ived =By ot or
nore of thewieactantanoigddystdie usaocotr adereionDse psahtyeatss.as defi ned
herein. 185 Ethylenically Unsaturated Conpounds Suitably, the process of

t he |nvent|on may be used to catalyse the_carbonylatlon of ethylenically
unsat ur at ed CRERABYLA 2 =tat o2 2kWEN nonoxi de and a co-reactant,
havi ng a nobil e hydrogen aton1 40and, optlonally, a source of anions. The

l'igands of the invention WO %11/0%33 SRCT/ GB2010/,052 %14 18 yield,
surprisingly h|g TON“T 1 car ony?%tlon par%lcu?ar Iy, moRocar ony “ation

reactions. Uowsedaery ype i donRercifarmvealiititts? of ta Earbeny| ®ei ench
process2W | bshe tkbgdreaseaobyd @xphoyrng ddhee pra@cess: af d4Meni nventi on

Hydrogen may optionally be added to the carbonylation reaction to
improve reaction rate. Suitable levels of hydrogen when utilised may
be in the ratio of between 0.1 and 10% wvol/vol of the carbon
25 monoxide, more preferably, 1-10% vol/vol of the carbon monoxide, more
preferably, 2-5% vol/vol of the carbon monoxide, most preferably 3-5%

vol/vol of carbon monoxide.

The molar ratio of the amount of ethylenically unsaturated compound
30 used in the reaction to the amount of solvent is not critical and may
vary between wide limits, e.g. from 1:1 to 1000:1 mol/mol.
Preferably, the molar ratio of the amount of ethylenically
unsaturated compound used in the reaction to the amount of solvent is
between 1:2 and 1:500, more preferably, 1:2 to 1:100. For the
35 avoidance of doubt, such solvent includes the reaction product and

co-reactant.

The amount of the catalyst of the invention used in the carbonylation
reaction is not critical. Good results may be obtained, preferably

40 when the amount of Group 8, 9 or 10 metal is in the range 1 x 107 to



5 Advant ageously, use of the catal yst systemof the present invention in

t he carbonyl ation of ethylenically unsaturated conpounds etc al so gives
good r at es0OespasBb| y for al koxycarbonyl ati on. 10 By noROoTaFH20orwWdsatidon i s
meant the conbination of an ethylenically unsaturated noiety and a single
car bon nonoxi de nol ecul e to produce a nqg insertion carbonylation end
product wi thout further insertion of a second or further ethylenically
unsat ur at ed_conpound. Accordingly, the end Product of a nonocar bonyl ati on
reaction canfiot "ec% FEFyMere 15 fore GV gl Hih e Er et Bot ROwEr I red ™ P Tom
mul ti pl e capbeferabhoxilde dand ebhydeniclalsl ynossatrerateedyconpou®id tnserti ons
into a grow,ngJTpLeGuhe. . Howemer; cd1f ,t hieneyis A0ESbhan one double bond in
the ethylenically unsaturated conpound then each double bond nmay conbi ne
with a single carbon nonoxi de nolecule to forma new species but 20 further
i nsertioh ofPrafssesnd ore f amduner ot hyilgend calfl yfounsat ur atted ccoppotindl w | |
not take plgge and. mongearhanyl atian showl d be gnder stood, acgor ding

Ref erences to ethyl enically unsaturated conpounds herein should be %% t aken
to include any bhe 6 ftor e™Uits & GF FPUY C-'IC*hdAd( Y th ddshpsiind°duck as

t hose foundetmylahkenias, alskymesedconympgatied anekenconjyugaired sghemnes,of
functional alkenes etc.. Sujtiapl e gt hylenically, unsat urat ed conpounds, f or
the inveption are 30 ethylenically unsaturated conpounds having from2 to
50 carbon afomsrpéetl ol ecul e, or mixtures thereof. Suitable ethylenically
unsat urat ed conpounds may have one or nore isolated or conjugated

unsat urat edbondsoer ) eophe, Frolerned aue, somaunds haylag biam cto 20

carbon atons, or mxtures_thereo nore preferred are conpounds

havi ng at mBSt"eE8 cHt BOn 1At GnsToipeP A & at T8st “261 el bdtPsat BAR,STaghi n
nore preferced aonpourds havesakcmst HReecarrbontat@rsturkhei etdiyl enbead |y
unsat ur g ed, compund.cay, fucpher comprise, fynct i-poal..grouRs. o, heteroat oms,
such as nitrogen, sul phur or oxide. anpﬁes I ncl ude carboxylic acids,
esters or nFPEFiieEsCds o uRRtsroRal tegPORIS T A0 & Fréterredl yrdupr igheous
processes, theseihydiebutalahyedinsatusy atved +WO:-2011/083306PLHGB2010/ 052214
19 conpoundagaﬂ%nrgge%éﬁegrt%%pn§&g e of olefins.Suitable ethylenically
unsat ur at ed conpoun sincl ude acetyl'ene, net hyl acetyl ene, propyl acetyl ene,
1, 3- but adi ene, ethyl ene, propyl ene, butylene, isobutylene, pentenes,

pent ene2di t prdeSaba) kylhfenteneates a5 swcheasereddiyl Srpeniianoat,esthe

pent ene aci ds, (sueh, 3 2:and. &, pentenols, achd) ., heptenss, winvl esters
such as viny? ace éie, octenes, dodecenes. artlcflaﬂly pr Ferred

et hyl eni cal F"Cutisat uFat d éofpoumdsiearely 10Cethytehe, moft nytefacerar 6 0°C

1, 3- but adi ene, 45t Ky Espentenpatessrpenienaenidqti €30 pentene aci ds (such as 3
pentenoi c acid), acetyl ene, heptenes, butylene , octenes, dodecenes and
propyl ene. Especially preferredethyl eni call yunsat urat edconpoundsare 15

et hyl endd pFPoepifrenk;, hbptenesnvisttends, caodedentdsat vi (1| pactépatrressure

1, 3-but adi eng ard-pentens Bitvdhes,oimesto’ aspeckbal Iy phef erd@dptscetby) ene.

0.02 x 10° N.m?-1 x 10°N.m?, most preferably 0.05-0.5 x 10° N.m™Z.
Especially preferred is a CO partial pressure of 0.1 to 0.3 x 10°N.m
2 .

30
In the continuous carbonylation reaction 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. The ligand may be in excess
of metal mol/mol but is especially between 1:1 and 2:1 mol/mol.

35
Preferably, generally, the mole ratio of ligand to group 8, 9 or 10

metal for a Dbidentate ligand 1is between 1:1 and 100:1, more
preferably, 1:1 to 50:1, most preferably, 1:1 to 20:1. For a
monodentate, tridentate, etc ligand the mole ratio 1is varied

40  accordingly.



Still further, it is possible to carbonylate m xtures of al kenes 20
containing internal double bonds and/or branched al kenes with saturated
hydr ocar bwo011f8a39pl es are raffinate 1, raffinate 2 andPoriaB2010seri4st r eans
derived froma cracker, or m xed streans derived from al kene di neri sation
(butene dinerisation is one specific exalrgpl e) and Fi scher Tropsch
reactions. 25 References to vinyl esters-herein include references to
substituted or unsubstituted vinyl ester of fornula V. R66 - C(0) 0 CR63 =
CR64 R65V wherein R66 nmay be sel ected from hydrogen, al kyl, aryl, Het,

hal o, cyanoprafigrebly, ORDY, nQXX 0)aR20, oC( DjuREd, t&( §)BRAZ, thR' R4 toC( 0):NR' R26
xS R'R, §Rientgg9)11§1§§d le%r glrﬁbn%%:?oﬁ% Q:Eﬁ:l Qt% Q@fleﬁgg PQI’ %l’l(ﬁl may be up

Preferably R66 is selected from hydrogen, al % henyl or al kyl phen I nor e
pref erabl y, *Aydrogeh, Epremr, t@l}c@%l%l I?W plré y?pp&rlcttlloéé & kghoc Sdc ‘hs
met hyl , et hyb, 1psopyl ,ndaet Wypi@anvyl 1and hexyl:20@vers moueripiefter atylry,a Cl- C6
al kyl, es peﬁbﬂlde}{tgf@é hyLs ooV 2011/ Oﬁ%§9§%%//5£%9%%%22% t%QpPJtHgfc%@cbl Y,

R63-R65 each | nde endently represents hydrogen, , aryl or
defined her &Ff MBS"pF ef%erably 72 RES- REBFh %F@ﬁendent ly represents hydrogen.
5 When the ethylenically unsaturated conpound is a conjugated diene it

contains at pl east,{no tﬁQniéi%atl%dpr%%m emb%ﬁ calt'h%'aﬁ s”9+§r9‘“ oBursor

conjugatjon is neant that ocation of ital " I's such that it
can ovel aptBtIfér  otbital sTiaRti e Hhefebtd dolFhusitiphet et ects Df-océfsbunds
w th at | easttdwoscen) ugaited :doubbe honrdsrarne atéens 10 wdi fibes@nt, | avaever al

ways from those oL-compounds. wl thope. copl ugated honds,, The. conisaased di one

preferably Is conj uga ene having from 4 , _hore preferabl %/ from
4 to 10 car Bdh %tlé%rsmcp“@r PRdiEent 2.2 Thet150¢8Njlugdted tdil enee'eaR e rably
substitut ed3wmt hoOR® 00 1 TOfke &t here PubsddabugMes 1sed ecved: 1f, r omiar ybye

al kyI te [ ha I 0 )C(0)
PR L e OBy 5 " DG 0 O -8

SR— -C(0) SR§5Q§IOS)1N(YF@7) RoBEe5PPL OwhetoeZA0RIY - cRIBeaFe adadet(0Ned Her ei n

or non-substbtwt:ed. m$tcnaaﬁv9[>ef ehabtyid theicenhugatiadoh enagd sicsel ecd ed

from conj ugg q pent adien ugat ed, e§ad| enes,, cyclo tadi-gne and
cycl ohexadi e%lg al " of “whi e%a’bn% Oe SlEJ%StI%t Uted as" set %&te%gg ove 7§r' o
unsubsti t ut éR: %sb%%ledppynoﬁﬁel?@fﬁé@lbjafr €09: 3 put Hdit erfeosangreferably 225:1
2-met hypd, 3tbut7adi ene and nost especially preferred is non-substituted 1, 3-
25 butadi ene. Bridging Goup R
For a diprotic, triprotic, etc acid, the mole ratio 1is wvaried
accordingly.

For the avoidance of doubt, the above ratio conditions apply at the

25 start of a batch reaction or during a continuous reaction.

As mentioned, the catalyst system of the present invention may be
used homogeneously or heterogeneously. Preferably, the catalyst
system is used homogeneously.

30
Suitably, the catalysts of the invention are prepared in a separate

step preceding their use in-situ in the carbonylation reaction.

Conveniently, the process of the invention may be carried out by
35 dissolving the Group 8, 9 or 10 metal or compound thereof as defined
herein in a suitable solvent such as one of the alkanols or aprotic
solvents previously described or a mixture thereof. A particularly
preferred solvent would be the product of the specific carbonylation

reaction which may be mixed with other solvents or co-reactants.



Preferably, the group Rwhich is joined to A and B, as defined, on

avai |l abl e adj acent atons of the at |east one aromatic ring, is also 30
substi t utwo 20i1tds3398e or nore substituent(s) YX on one oPCREFB0fMNSRI1@r
aromatic cyclic atonm(s) of the aromatic structure. Preferably, the
substituent(s) Yx on the aromatic structHre has a total x-1-nZtYx of atons
ot her than hydrogen such that x-1-nZtYx i's 4, where n is the total nunber
of substltuent(s) Yx and tYXx represents the total nunber 35 of atons other
t han hydr og8HPoii e par t iC6l é‘Pm?i?Sst“iettﬁ%enf‘mVxSOLﬁ?ﬁFcé}F‘Yy,be\Aﬁéﬁeol h&r'® i% nore
t han one substpduoeéndf Yxrmheérel raf tiefinatisereéferred to as sinply Y, any two
may be | ocated on the sane or different aromatic cyclic atons of the
aromatic structure. 40Preferably, there arelO0 Y groups ie nis 1 to, 10,
nore pref er AbT AP 2OPLPOSSIAZPCT GB2O 107 (B2 £ 521°% Kér 8Mure 912w Vhiﬁ}bups
nost prederabd yinkrd ¥ gheupsaconot he Easqrigti of Stuctctanee and,udespetiogédy, 1,
2 or 3 subshiligah Y.0LQHRSoAM! N ALOMAELE SLEUCIHGE,, The,substitut ed
cyclic aromatic atons may be carbon or hetero but are preferably carbon. 5
Preferably, x-1-nZtYx is between 4-100, nore preferably, 4-60, nost
preferably, The 2@ro@specbal Itjte 4-E2ct Rmef eablby, swpepatdier erdrs o other
substi tuent Yool EEPRESER Sud 4naUR. D WAL at | east.an sterigally

hi nderi ng as phenyl and vh here are two or nore substituents are
each as' gt ePreaify HicRERT i ﬁbatassb%élﬁ%a%éi/ orevEBNBIYRT YW CEOr Ara drstiEs whi ch
IS nore sterheablyrdivdesiig hh@;n fole pydthe Sp By fstatibeahtterhindeimings 1
herein, whetber..if.f hee Cont extoglct e Gluns %%18%30 gigfgglgfgedbgl&{e%mjter

or the substituent Y, mean e termas readi|

skilled i n Eh&EFEaHUY Pb‘?h@crhéeé%ﬁlélé?%e of %ﬁ)}hﬂbuiﬁﬂva“f’% tier rﬁhﬁbr ghe
sterical |y bimderidqgobdran phenyl cemmnibe thakentbDydreadyshavi ngia |owerodegr ee
of substktu S) P 0 en Y (re tin e Y) is
react edqg\n tftﬁg']%gk(%g( Cﬁ%‘g In g?%%t%ol Wgexcflgls%heaccol%&%ﬁgghto t ettﬂcondﬁtgﬁ%lns

bel ow. Si mi Fapriprepigteperidesr 8 ArdYsterically hindering than t-butyl can
be taken as references to DS val ues conpared with PH2t-Bu etc. If two Y
groups are in corrpared and PHY1 is_not. more sterjcal indered than the
25 referencgg?%eg BHY1Y2 Shou %laﬁe (r:%shtprércgl Wi th t e re%?gnce % Ekf arly,
if three Y greampglarerbei*rgrie ofipdlr editdedy PHY O orinPHY1 Y2negrel ot ity ebidy

dﬁt elr(rjn' g@d T::@mn&&cﬂ@)lrl@'f &tcﬁép;@@héymi aﬂ\eiroﬁém hlﬁﬂafteh&oﬁt m@%@ﬁbhmh%ﬂﬂ?’
shou e c r I.f _ther re re.than.thr roups the ou e
taken to begﬁn%?le S Cetrllo(rzlafﬂﬁleth%nd 4 thar t=° égbu? yII% ?erlt&/p’f\:l ﬁé?ance in

t he cont ext ubf teheé?i hererst iagd h@ﬁél Aviisadiscissed oh Pageurs- efvisieglof,

" Hormgenous cdrmnsiidion Metml Satalaysi s mlnAt&e,ntmbEe Arbicaly, Gt Master s,

publ i shed b}é apman_ ncjC Hal |111981t DgSaS‘[o ]1( Phosphor us L arnedchchange
EqU|I|br|a OnZeérovalent 'Rickel” A Dorihant 'Rol'e Tof SP&Fi¢°

Jour nal 28f Aneritdan Ghaiviscale Stviletsly 92relkgagt 2956- zge@nuha% mﬁéwded

t][lat ht hﬁl E)(r) ;a&ir&%t@fmg he !1@@,2@5 whi Cfbnprlsrmerolm}n%mdetlﬁy n&d},%%t&kﬂ% skabid ity
of the N exes |Is thelr .sjze ratper an elr. electronic
Char act or - VB 2011) GEHOSPCT Clz01or basn 14 3 om0 fie BRLT Ghkene

invention, this time scale to replenishment can be increased.

30 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 one or more solvents as defined

herein.

35 Ethylenically Unsaturated Compounds

Suitably, the process of the invention may be used to catalyse the
carbonylation of ethylenically unsaturated compounds in the presence
of carbon monoxide and a co-reactant, having a mobile hydrogen atom,

40 and, optionally, a source of anions. The ligands of the invention



To determne the relative steric hindrance of a group Y the method of

Tol man to determ ne DS nay be used on the phosphorus anal ogue of the group
to be detworhndd3xs set out above. 5 Tol uene sol uti ons eCTIGR2CH)0$22181 €
treated with an eightfold excess of phosphorus |igand; substitution of CO
by ligand was foll owed by neans of the ¢ grbonyl stretching vibrations in
the infrared spectrum The sol utions wer equilibrated by heating in seal ed
tubes for 64 hr at 10 1000, Further heating at 1000 for an additional 74hrs
di d not sigditiant | §/uréﬁéﬁjdlé’lf/he Hect?Ph. TheCtregutticres ddtiénsiti es
of the carbomydcagboretlehiarg rbandinen th@sspe@tula, ofhd hemeeudibi briaatéedty
solutions ape & Q%@bﬂ?tﬁ{mnn%goce-l;@ewﬁﬁgB@el Qb SUbsLi tyLhon: cARLDE, Bt imat ed
sem -quantitatively fromthe relative intensities and the 15 assunption
that the exffndti 6WC6etTicients of the bands are all of the sane order of
magni t ude. For exanple, in the case of P(C6H11)3 the Al band of N (C0)3L
and the Bl Band.ofedNo600) 22 ar en0fcAlout. the, sams idtepsldy. sphbal, the

degree of substitution I s estinmated his experinment fails to
di sti ngui sh*the&*s ESpRETT I T Qénﬁ@yﬁﬁeﬁaééyt‘Ff&aailbar?@ﬁyljorﬁﬁ’ﬁ%%oertﬁsalb?@nZH or
di -t-butyl phespbosdisaséoubdedieltpmpar €tkokocdenP¥2ibequi val ent as the case
may be. Still further, if this also fails to distinguish the |ligands then
t he PPh? or P(tBu)3 Ilgand shoul d be conpared to PY3 , as the case nay be.
Such fu QhePYe%ﬁ%ﬁaﬁ%‘ﬁtY&?FW ey e Fe§if r e e ¥l A FahdsSwRRrel ful |y
25substi t ut eniderAedCOpAetgoAPd X siddie ga o ﬁ{omydalrﬁ;oebeledeﬁlgrmduby a
reference tgeaqtﬁqs@eeonaeg{fbeo @@gt%nc i B8 o6l nadulft thecgontexd. 9b, Lhe
i nvention as the apex an 0 rical cone centred poi nt
of the arongt F%anidn@r B&F Sor rﬁtdlﬁé?ffﬁcalléy MEgAt VA tpoi PA™PPARY - hé*cﬁ%?rié‘gb‘f t he
ring which ikse egidi @Llrsdiuaﬁt ofrenmdrheamk/uetﬂohngeﬁtems cannoPrleé es abliypeit he
cone an e f 0 Le f two
P rore ™ gPoupe e e TR R e R T Eate 0 vt
pr ef erabl y, cBtvlegast!130. Welra‘?ﬁﬂ e ohBed belnﬁ%rd'slﬁfled aelcor di ng?rtotﬁlft%e
met hod of TQbIm:ﬁhleC HéwevE®) MAN Chem Rehord7,thd 949 , ddb3e 348dd excepte t hat
the apex an cone.i.s. now centred at the m dpoint of theaomatic
g, Thi o Soarpr s Tee SRS NSRS il %, TeBEL Morh! nld oo™
systens to HBt}rre%asmf@lgté??@neﬁpé%%@esﬂ‘éhe%et ﬁeséorrh TyetopEITCan elﬁ%ﬂ
zir cloni am }/\@1&%1/ @8%&@5F’U6|@£0§.&109|5232_4f@%@&h@ﬂ@ﬁﬂh&m&i satd@Rated )
catal ysts (Journ 0 ecul ar Si s em c 18 2002 5- 113
The substitUents ? arelyts)e gcctg k?op% of The monorc%rk?l e S zegl% o%g prOV| de
steric hi ndeafreetopd lhcresiieetyto the active site bet ween the QL and Q@
atons. However, it is not known whether the substituent IS preventing the
met al | eavi di rectl ng i.nc n ener providin nor e
st abl e cat an)EI Eeonf it rna}ﬁyg%nlca?[n ?‘?5%3 ovﬁerw m%oun% ﬁ elntlsglu\lgdrﬁi/
pref err éd Iltglemd s foundewhen ¥Yneepregents WSRATRIIRAZ-Wheewd () Sin a
represents SbmpdendNsush & Ofnakylroand RAORMIRAZ, aa@kﬁesdeﬁmﬁgah& eimafter.
Preferably each.Y atn(gllgr conb% nation oflktwo Qr._nore Y groups is at |east as
sterically anodléF?"ﬁge aS T oBut Y B ot P efeFfabl y, when there is only one
substituent Y, it is at least as sterically hindering as t-butyl whereas

where theresal@ptWoe0fy1RRE€19YbshiiteRt & YoorbB&YsarR@reach abvdeast as

steri calyy hinderingos phenyl. and.al..lsest, 28, SLen! o0 PLiderl 0,85

per molecule, or mixtures thereof. Suitable ethylenically unsaturated
compounds may have one or more isolated or conjugated unsaturated
bonds per molecule. Preferred are compounds having from 2 to 20
carbon atoms, or mixtures thereof, yet more preferred are compounds
35 having at most 18 carbon atoms, yet more at most 16 carbon atoms,
again more preferred compounds have at most 10 carbon atoms. The
ethylenically unsaturated compound may further comprise functional
groups or hetercatoms, such as nitrogen, sulphur or oxide. Examples
include carboxylic acids, esters or nitriles as functional groups.

40 In a preferred group of processes, the ethylenically unsaturated



20consi dered as a single group. Preferably, when Sis aryl, R413, R4l and
R42 are independently hydrogen, alkyl, -B@3-X3(X4) (wherein B, X3 and X4
are as dewvprred/dsa3osi n and B is defined as QL or @ aboPer/GRh#SkIHUS,
aryl, arylene, alkaryl, 25arylenal kyl, alkenyl, alkynyl, het, hetero, halo,
cyano, nitro, -O0OR19, 19
-0C(0) R20, - C(0) R21, - C(0) OR22, - N( R23) R24, -°C( 0) N( R25) R26, - SR29, (C(0) SR3,
-C(S)N(R23) R28, -CF3, -Si RIIF72R33 or al kyl phosphorus R19- R3 ref erred
to herein rrﬁ?mf?orfagpeh?jer?tnl yObet ensF al Ty SEFRER ed*f r 6AF 305 hydr ogerePle
unsubsti t ut ethidrensulisti t uhedtuarydd or caumsulst | tiutcéddor substétaut echeahkyl, in

addi tion R21_mmay.he n EB halg,,12p1 NO {0k ﬁu%é’len@r ef@g BLys, 2 chs, Si,
C, N S or g% 1 EgaJ'k/nld R42 yalre |n&e endent | rhg en, WFJ (gby%

phosphor us, b&"r%ﬁenearSﬁoe?HEyleé}Fkaﬁ’%ten%% &FQFW “lgfﬁeénaf‘k‘iﬂl pﬁ??@é‘ﬁﬂes
al kynyl , 5heeucrheber methal 03-yranoeatrist r @ent&R19acid@C( BuRR0,as- CE-OIrR213-

0 0R22 rN(el% 5 6, este uc a Sgﬁljy%’ acetate
a(sg N( R23)52 A R-ng?FQ Ffpa)ewggzo%llg%zlkyl pthggrz)horasq\%)herel n at least one

of RAO- RA2 PS-HGE" rﬁ?&?‘é@‘@? and wherein R19-R313 are as defined herein,; and
R71-R73 are defined as R40-R42 but are 40preferably Cl-C4 al kyl or phenyl.

WO 2011/ 083%915?9{4%%01%/ %’5@&%& Zéltrl?ﬁ%ifuecfa%@{,y,ur%atﬁraséed C 0, Ayl - However,

N S or & g be preferred as one or nbre of roups i n conbi ned
inth@ cs %Ylerenur tiipYe Y 3Grblss. Fot %Wét%ﬁopﬁancé‘lof do@ﬁ?te%t%%ygen
or 5sul phur peramanbelﬂzll\rai enkbntdl acRE2 (eath alse ﬂﬂﬁltl’sm paid)s. aBsweflenabl vy,

al ternatively ql egn addidion tQq. gsougoa(%ceggg LOSRL Qfet ructure may be
i 'f

unsubsti t ut edp when” possi bl'e be furt bstitu Wi th groups sel ected
fromY (on the non aromatic cycl ic 10 atons), alkyl, aryl, arylene,
al karyl, arabiedialnyyl pnedekydq ab&e/nyh;caahkynyrhﬁaﬂmhtedwet edSHCp,ouhc&i 0, atyano,

140 9 S0 0 b S, AT SRS

aI kyI phosphér tPukereern aRIQ-R3 e At rdéfineddter eingcand vi PreRertdselof Y
or a group tuhfichting the definition of Y of the 15 first aspect the
attachnent is to a non- cyclic aromatic atomof the aromatic structure; and
R71-R73 are defined as R40-R42 but are preferably Cl1-C4 al kyl or phenyl. In
addi tion, tRe Ht TuwhBtr-ond aronedsisébs neP cadrtvey et "eRtaravetdl |d&eres

conpl ex20f okohnashanee iwbemaR i So1eychopent aldj/emylb@mchétde@ykemi opitd may

form part of rrur”%t&'lacpo l,EX “Cr{‘ a5 ferrocenyl, ruthengeyl.. 5 .4
nolybdenoceny e ui valen
other mixed streams derived from a cracker, or mixed streams derived

from alkene dimerisation (butene dimerisation is one specific
example) and Fischer Tropsch reactions.

25
References to wvinyl esters herein include references to substituted

or unsubstituted vinyl ester of formula V:

R*® - C(0) O CR®® = CR®* R® \
30

wherein R®® may be selected from hydrogen, alkyl, aryl, Het, halo,
cyano, nitro, OR'?, 0OC(0)R?°, C(O)R?*!, C(0O)OR*), NR*R?*, C(O)NR*R?*® ,
C(S) R?R?*®, gr?’, C(0) SR’ wherein R!’-R®® are as defined herein.

35
Preferably, R®®  is selected from hydrogen, alkyl, phenyl or
alkylphenyl, more preferably, hydrogen, phenyl, C;-Cs; alkylphenyl or
C1-C¢ alkyl, such as methyl, ethyl, propyl, butyl, pentyl and hexyl,
even more preferably, C;-Cs; alkyl, especially methyl.

40



Such conpl exes shoul d be considered as aromatic structures within the
context of the present invention so that, when they include nore than 25
one ar onewPQor1/a38305t he substituent(s) Yx may be on the PamsROWERIE i Nng
as that to which the Q and 2 atons are linked or a further aromatic ring
of the structure. For instance, in the é%se of a netallocene, the
substituent Yx may be on any one or rings of the netall ocene structure
and this may be the same or a dlfferent ring to 30 which Q and are

| i nked. Sui ¥5ﬂeéaﬁb¥'aﬁl oBerfé °k y g PP EmasY vﬁ??&?ﬁ%;? 'b&'r8udst F‘t“fﬁfledawjt h a
group Y as def Haedahedef mei IHerben knownst optdferskiyl, | e’ -pér sodepadicar &y
extensi vel y .defdned |hgdyggeg4/ 024322. A particularly preferred Y
35substituent for such aromatic anions is when Sis Si. In general,

however, when S is aryl, the aryl may be further unsubstituted or

subst it ubedwinért hhei atraddntdaony t omsR4uthtR4dlcdRduanyi=ofa thejdoaréderiene it
subst [ t uent sodefiboed, f oL, 4he. a1 ORLIG: & IUGLUL ARV ey MO notecule. By
2011/ 083305PCT/ GB2010/ 0522 preferred Y substituents in th

present i nvERRIWATHEY lBem%aéllteEktaéCdt]F‘? olﬁlcf‘tjé%nkﬁf 9 {edTRyF2aryl S%cﬁlcﬁh%lts
-t-butyl oriR-cphernytpiopiBey BroiGilve3n cphenykeulal. kyhphenyk - et fekenydal kyl -
or _Phosphi naglledas such, as.Phasphi nogetdyl .. Br &fepab! yopgheg, 5 g5 o C

and oneé& nore o 40- R42 are hydrogen, | east one of R4 -R42 shoul d be
tl

suffi ci FLPuErRYt tjd1 j?‘\?%ratlh@a}‘secf&io?leﬁl%?e?f &OWPﬁWénHét%ﬁﬁ Sereh9gFlps
are preferabbydgphosphorus, phosphinoal kyl-, a tertiary carbon bearing group
such as -t-butyl, - 10ary|, -al karyl, -aralkyl or tertiary silyl.

Preferably, whether Y is present or not, the hydrocarbyl aromatic structure
has, incl udfhy €uBstatedeitse PEBRRBPUD o T GORYRIAE at ' iRs, MHOIME PFET et abl y,
5 to 40 cyckbcoat oivee pbstrpsef erabl ¥, +H-122 caylﬁdri Gtdbat@rs noespael atly 5 or
6 cveligsatomm, Li.nok; agretal | ggeng, cormlex. Breferabl y, the.hydrogarby
aromatic structure may be nonocyclic or tchyc e cyclic aromatic
atons may béYeHrbeter shét€rs, fhberaiva ré%l"e‘/flenéééeltoo heterePherivicare

ref erences H@t,SUh@hUI’ cgipgemi2o andbwr, ni- ba:age?? Haweyer, It (d)orpr ef-erred
that the Q1 %gel at O[FF %, F!zlsnkengtgo ag%g s@ e adjc\%ﬁ%@&zg&&l ic caEpon
atons of the at FTeast one, aromatl cring ypi cal [ t he cyc

hydr ocar byl ¥Btaiet & e 7 sRpolayeyleic defipas prasfér aBFynBPW@FthUG?dt rM%%FcI ic.
The furpber peydres1,n tthe a&&ﬁa@wedstau@rwr @shayeictbay Noh t bempghves be
25 aromatic ancd aérgenéatl C structur gu adl%g under stogr)d agcgrd ngly. dﬁ
non- ar omat i cycI1 ¢ing(S) ’as defi ned herei n may iHclUde Unsatur at &c

bonds. By cymluoélemc%}ﬁpﬁsa%ﬁeaﬁt vAhchatem whi éhbfftéﬁwdpeﬂst spf auitcydbie or

skel eton. 3QPsefserahley, E%&aiﬂgim@fgf&up arg 1M¢%Iag<ulefngrtah@rz&wa5§ii ut ed

or otherws referably comprises | ess tons, nore ferably,
| ess thgn 1 0? ons, For & ol{p?efsera%ﬁey,lajflé/sgr? erre 00 at’ong SubStQE&e 2
butadiene.

Bridging Group R

Preferably, the group R which is joined to A and B, as defined, on
available adjacent atoms of the at least one aromatic ring, is also
30 substituted with one or more substituent(s) Y* on one or more further
aromatic cyclic atom(s) of the aromatic structure. Preferably, the
substituent (s) Y* on the aromatic structure has a total *'™sty* of
atoms other than hydrogen such that “'7stY* is 2 4, where n is the
total number of substituent(s) Y* and tY" represents the total number

35 of atoms other than hydrogen on a particular substituent Y*.

Typically, when there is more than one substituent Y* hereinafter also
referred to as simply Y, any two may be located on the same or
different aromatic cyclic atoms of the aromatic structure.

40 Preferably, there are £ 10 Y groups ie n is 1 to 10, more preferably



By the termone further aromatic cyclic atomof the aromatic 35 structure
is meant any further aromatic cyclic atomin the aromatic structure which

i s not arwewail@biod adj acent cyclic atom of the at | easPCohrGB2arI05ed4C ring
to which the QL or 2 atons are |inked, via the |linking group. WO

2011/ 083305PCT/ GB2010/ 052214 26 Prefera%'1 the i medi ately adj acent cyclic
atons on either side of the said avail alfl'e adjacent cyclic atons are
preferably not substituted. As an exanpl e, .an aronmatic phenyl ring L0|ned
to a QL at oM'¥i%a®pdsiti drfPuBHY t‘“ﬁétrﬁrﬁéeéarﬁ}yj ot ied Y& @ atorviatt
position 2 Stomtthe aidg dvascprieberably onelorurmreusal d famtber cmromati c

CyCl ic at Onﬁr&ﬁék%%gl ts't'h?cciu@& r 'I‘lrlleg Q%tt 'uggéd4 %@(ﬂ{@l’ a?on?a@gct Iagorﬁs\l\nmay be
i mredi atel y adj acent cyclic atons to the said available adjacent cyclic

at ons not sGBStYt Of éGTEEC hO5i ticoRT B aNd 627 H96wever, this is only a
preferred substituent arrangenent and substitution at ring positions 3 and

6, 10for exappl&.pi5 Possible; . Tﬁbetwésﬁnhalro%”aﬁn'o‘f‘e Ep&e@%ﬂ? tzh%b thesat
| east one ring to which the Cﬂ and atom are ed via

respecti vel ?r??ré]%&haf‘ %O ﬁﬁ%ecéf“b]rﬁhtl ¢?shoul d pr ef erably be i nt er pret ed
broadly to include not only 15 a phenyl, cycl opentadi enyl anion, pyrollyl,

pyridinyl, E>¥<P€er§£1§“3tm%%§5 tf?é‘}e qtsh%ne sl}kgs%l%éﬁ‘c afo@tfe%%yen%gcg asodat

found in_any ring w el ocal | sed ctrons able to nove freel’y I'n the
said rihg. 20PHefér redlstSnati ét?lilﬁ@%%aﬁfé‘dﬁﬂdlﬁ 65 aPBiy i ANE Eh S éelffut
rings wth 4pe +wd pt mlrecttionstadresal Sehq30ss¢ ehsuchstasifahd} annmekene,

[18] annul epe, Bﬁérﬁ/l and/orﬂ}%gfa‘ r]%r qcarpyl Qrgfg%tp' %h?&{ ugt ?r[_lo Fes@éarylcQ%y 14

sel ected from benzene-1 ferrocene 2-diyl, naph ne-2, 3
or 5 nethylhb%ﬁ%éﬁétTaQFHPVVl 1' met hyl ferrocene-1,2-diyl, 4 and/or 5
talkylbenzene- 1, 2-diyl, 4,5-diphenyl-benzene -1, 2- din 4 and/or 5-

phenyl - ”Z% Cire ! 141 -t hut vl Q%g%ezfe% e 2 QLQ/ ;o Of
5-t but yl ben ne- r% %l% hlmde% %heéf and/wgr I’(yﬁ onap tt fal enee-grgu%S
diyl, 1H naeﬁ- 5d6~°%cdfl§Pd herQHae'tFﬁGFO‘?r Sh ety FL ISP nBe e SIB ¢  teanTas
met hano - 1H-feacr1d@nende}seodﬂj v, tihse2sandkeer i B3-ttiemethyut - 44t ivhdesvGgbncdi yl s,
1,3-bis(trinethylsilyl)- isebenzaof ur Sy rlng thylsily
benzene-1, 2 di %§ 43u 056 |g%Wéto§? %éﬁ%%%éy-% %hﬁln b e 4
4- (2' phenyltﬁ]ﬁ%lp tor m?a_]_r) }@éhlz%r?e l}_)wgrdqlesp]r?ellof substltutlon (DS) than PH;Ph
35di net byl sihayd benzenepke2eitthg 46k -§rdapt y) , net M&E&y&h&nmner CO), in
1, 2diyl, 4-(t t i methyl silyl)-benzene:- 1 2d| A1 - b | si
benzene-1, 28|qﬁfﬁhgtrl9?¥%uﬁy¥:&¥yi) SenZénes i T 4- f% -te¥FMiarly’
but yl pr op- 2re{drrbesr énendre sdeyicalay (pindprimys than 4U bpEnt aret hy| tagent as
3'-yl)-benzenpsrknled Wb, ds (B1ud cérfnpat‘]redtﬁtlhamfthytﬂ-,egc trebuty v pefdos are
403" -y1)- begzen%e c]bm%agel ldnd4-E(H9[ %s ) 1tlotaI rb&ll f ertre(rjgceaQ?y "lliir%deqflegl *thélri 51-:he
25 reference then PHY'Y? should be compared with the reference.
Similarly, if three Y groups are being compared and PHY' or PHY'Y? are
not already determined to be more sterically hindered than the
standard then PY'Y?’Y® should be compared. If there are more than three
Y groups they should be taken to be more sterically hindered than t-

30  Dbutyl.

Steric hindrance in the context of the invention herein is discussed
on page 14 et seqg of “Homogenous Transition Metal Catalysis - A
Gentle Art”, by C. Masters, published by Chapman and Hall 1981.
35

Tolman (“Phosphorus Ligand Exchange Equilibria on Zerovalent Nickel.
A Dominant Role for Steric Effects”, Journal of American Chemical
Society, 92, 1970, 2956-2965) has concluded that the property of the
ligands which primarily determines the stability of the Ni(0)

40 complexes is their size rather than their electronic character.
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di phenyl -ferrocene-1, 2-diyl, 4-(or1")phenyl -ferrocene-1, 2-diyl,

4, 5-di -t -wotgivd8ezsocene- 1, 2-diyl, 4-(or 1')t-butylfer POTaEBR20101052214
diyl,4-(orl" ) (trinmethylsilyl)ferrocene-1, 2diyl, 4-(or 1')phosphi nonet hyl
ferrocene -1,2 diyl, 4-(or 1')(2'-pheny@grop-2'- 5yl) ferrocene - 1,2 diyl,
4-(or 1')dinethylsilylferrocene-1, 2diyl,

(orl")di-t-butyl, methylsilylferrocene-1,2diyl,4-(orl")(t-

butyl di net hyl silyl)-ferrocene-1, 2diyl, 4-(or

1' )t butyl siI‘bydefterrnij@enEe 1reZe|i:jyv|e stlel(i@cr hindrance of a group Y the method of

(trl't bggﬁﬂéﬁ kylaeﬁé?&fég3%§emé5 %glyéed %n éﬁg phosphorus analogue of the
(2'-tert-butyl prop-2'-yl)ferrocene-1,2 diyl, 4-(or
(

2I
) (2", 2" IBOULLO P dRtSHTEET) 125 pait O3 APPYSFerr ocene- 1, 2di yl , 4- (or
2' 25 4',4'-tetranmethyl, 3'-t-butyl -pent-3'-yl)- ferrocene 1 2 diyl.

In’the strugiures herein,. waege ofien.L S Mt e Lhan ane st erel samer ¢, A5f orm
possi bl e, all such stere0|soners are 1 ntended. As nentioned above, in sone

enbodi rrentsph?ffi’élloéu?rdy}gﬁrédt\ﬁbbﬁrlt%%cél 8f CaPd ¥ BRA/GE hohtoved ubsiritient s
on further arotreticerigyolli etatronmoofribire ianomat icee strieted epe@ptumonatisy, the
said two or SHRIt%o&Jbv?etﬂet UeNhS 20 Sy, £ I%ﬁ&; al | %/se‘M‘@dW ttuﬁggsﬁc!rv%ﬁ 0P ac

nelghbo?élng yclic aromatic atons, Co orma further n

structu Bh as BUEPEF odrPpHSt i riHy §PFuéPu@€dl§ﬂ€ﬁlcyéF6hl?bﬁa??% ring

structures BBMUHECQaﬂMFatﬁ@eOﬂEUBS&ﬂu%atedw 2bedichdped a6a intbridged, of

substituted, l d efin herei Yine ia aryl,
T AR e el YRR, A e

ar al kyl , ary en het , , ha cyano, nitro,
-0R19, -0C( GS’WGOHS CUO) RPER de’E?(I(T)lO T m)fe@zqf, SAL@SR?‘G{UT ( Oa}rN(kF?ZS)
SR29, C( 0) SRBimat & YMN(iIRZTYR2 85t iEF3 er]mR|t|hR7 2R3 i ver 1@'&3@8{)@6@081’1&y{:he

wh wh . , d
e BRIl Lok IR SIS O, of e ek IR gy cEen

and mhereln are as fine are

R40- R42 butt%?éaﬁ?é¥é®ébﬁ&m€T“GEd%ikﬁprd¥@ﬁﬁéhyPndﬁﬁv6?“%éf|%%é¥mupf%ﬁ by
one or norexa( paedesablycd)essarkhare &, tivdinal oofnidropxyges, oniddbagerhe sahgphur,
silicon atong or;by, silang.or,dialkyl siligen; groups;or i xtures theyeof.

If this experiment fails to distinguish the respective ligands then

1)
1)
101"
1)

20 the diphenyl phosphorus PPh,H or di-t-butyl phosphorus should be
compared to the PY,H equivalent as the case may be. Still further, if
this also fails to distinguish the ligands then the PPh; or P ("Bu);
ligand should be compared to PY; , as the case may be. Such further
experimentation may be required with small ligands which fully

25 substitute the Ni(CO), complex.

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

equidistant from the cyclic ring atoms.

Preferably, the cone angle of the at least one group Y or the sum of
the cone angles of two or more Y groups 1is at least 10°, more
35 preferably, at least 20° most preferably, at least 30°. Cone angle
should be measured according to the method of Tolman {C. A. Tolman
Chem. Rev. 77, (1977), 313-348} except that the apex angle of the
cone 1s now centred at the midpoint of the aromatic ring. This
modified use of Tolman cone angles has been used in other systems to

40 measure steric effects such as those in cyclopentadienyl =zirconium



35 Exanpl es of such structures include piperidine, pyridine, norpholine,
cycl ohexane, cycl oheptane, cycl ooctane, cyclononane, furan, dioxane,

al kyl subswpt2ot1e8$B408P, 2- al kyl substi t ut edl, 3di oxane, PCT/GB2010/052214

cycl opent anone, cycl ohexanone, cycl opent ene, cycl ohexene,
4OCycIohexadiene,1,4dithiane,piperizine@%yrollidine, WO

2011/ 083305PCT/ GB2010/ 052214 28

t hi onor phol i ne, cycl ochexenone, bi cycl o[ 4. 2. 0] oct ane, ,

bi cycl of 4. 3B Gt YAGAERt dhe St W ahy drlidpyran, dithydr syt dn, catalysis:

t et r ahydr ot hhopyran,sset 2@y drigsf uran- 2- one, del t a val er ol act one,

gamma- but yr ol act one, gl ut ari canhydri de, di hydr oi m dazole, 5

triazacycl ononane, triazacycl odecane, thiazolidine, hexahydro-1H ndene (5,6
diyl), octaf{ydr 0¥ 47 et Rado F AdERE T 201 §T ) Canth s etFPansdros 1R Fhdehe
(5,6 diyd) akdviok whirch nmydrbecaingubstddpatedorhsubstive utied astwdehi ned for
aryl hereing: Lsrpwavgl,. whsther, for oG, Coubl.ned Baups. Auathelut g, It

is preferred that the I mredi ate adj acent aromatic cyclic atons, on either
si de of thePSAdtaVAi I'8BI e"Hdf acEit’*8Ycl iCatdng ttFwhireFO ORI antf P 4r e

| i nked, Vi agtherasay dodoivitkimyg agmoup, staabee UBatslbstd tathétrandopr efreraabley
substitution.js. elLsewhere on the at | east one aromatic 15 ring or el sewhere
in the ﬁéonatic structure when the aromatic structure conprises nore than
one aromatic ring and the preferred position of conbined Y substituents
shoul d be undpsstioothragcpratiergéd/ .1igandpecitbiugd Bikn NoONedpirgidrithg-exatpl*es of
unsubsti t ut gd.and substidated,20canomel i prd.dged, bkdgnkat e J Lgands,u thin
this invention are set out in the clains. In the said lists of |igands the
t er m " phosphefioret A - adartaieyly seing anfy/ cenecBrrehenf 6F I 69 g §PEups

2- phosphi nogeddpylid,a3, beakt as sterically hindering as t-butyl.

25tetragpt hyl-6,9,10-trioxatricyclo-{3.3.1.1[3. 7] }decyl, 2-
phosphinonethy1-1,3,5-trinethy1-6,9,10-trioxatricyclo{3.3.1.1[3.7¥}decyl

2- phosphi noHethypreie3Psy 7- et rd(erri 4 98 DIAPEh§Y)sLituent ¥, 1T 1s at least

6,9, 10-tri oxat steyehory Jhi3ddxibly3.a4] kdeeyl1, 2nphosphinsesretiiyk- are two or

perfluoro-1, 3.5, (-tetranet hyl1-6,9, 10-trioxatricycl o{3.3, 1. 1[3. 7]} .
Bdecyl or 2- BRbepnomee T, 5087t H i Cr T Borast byl jra: §ieqe? 1o ing

as phenyl and at least as sterically hindering as t-butyl if

20 considered as a single group.

Preferably, when $ is aryl, R', R* and R*’ are independently hydrogen,
alkyl, -BQO’-x?(X') (wherein B, X’ and X! are as defined herein and Q° is
defined as Q' or 0Q? above), phosphorus, aryl, arylene, alkaryl,

25 arylenalkyl, alkenyl, alkynyl, het, hetero, halo, cyano, nitro, -OR'?,
-0C(0)R?Y, -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.

R'’-R? referred to herein may independently be generally selected from
30 hydrogen, unsubstituted or substituted aryl or unsubstituted or

substituted alkyl, in addition R?! may be nitro, halo, amino or thio.

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

42 30

wherein at least one of R*-R*? is not hydrogen and wherein R!*’-R’ are
as defined herein,; and R™-R”? are defined as R'-R* but are

40 preferably C;-C; alkyl or phenyl.



trioxatricyclo-{3.3.1.1[3.7] }decyl . In the said lists of ligands the
term " phospha- adanmantyl " nmeans any one of the follow ng groups

2- phosphaw0,2811983306et r anet hy1- 6, 9, 10- 35tri oxatri cycl o- PBTRBROWYB224}} decyl
2- phospha-1, 3, 5-trimet hyl-6,9, 10-

trioxatricyclo-{3.3.1. 1[3.7]}decyl, 2-phgspha-1, 3,5, 7-
tetra(trifluoronmethyl)-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl,

per fl uoro(2-phospha-1, 3,5, 7-tetranet hyl-6, 9, 10-
trioxatricyclo{3.3.1. 1[3.7]}-decyl or2-phospha-1, 3,5- WO

2011/ 083305P7<EBR20A0/0V52214, 29 oForrav.oi daneeenf NMoubtort Ite rstyr actwries of

2- phOSFﬂH noE@%%@%le&-é% %ng or more of the roups in combined or in the case
tetramethyl-6,9, 10-trioxatricyclo % ]1decyl etc is as follo - 5

Simlarly, Pﬁem‘élttrlﬁ’&?u?{e%?u@-phoFsoﬁhéChf S‘VSldF“F%t PANEPRFL- 659 °FBIen ox
trioxatrdcyehphld. Ganlbd[IBvéldrdecy!’ i ®“asaf Gllbows: done pairs. It will be
appreciated that in all cases the phosphorus is attached 10to two tertiary

carbon atons in the phospha-adamantyl skel eton. Sel ected structures of
i gands of Fﬁ%ﬁﬁrﬁg%%n|%}ﬁeF?ﬂHl ﬂ%y or Igl addition to group Y, the aromatic
1- (di -tert - butydtphosphivnomet hydspb2eitdieyrdrdi nwizen ylopboisphi nosrethuykhdenzene

MC) 201110@?&?’&@%&@@%@&0{1%@%@1 elected from Y (on the non-aromatic cyclic

10 atoms), alkyl, aryl, arylene, alkaryl, aralkyl, arylenalkyl, alkenyl,
alkynyl, het, hetero, halo, cyano, nitro, -OR'?, -0C(0)R?*°, -C(0)R%*,

C(0)OR*, -N(R”)R’®, -C(O)N(R™)R*®, -SR”’, -C(O)SR’, -C(S)N(R”)R*®, -CF;

, —-SiR'RR’°, or alkylphosphorus wherein R'*-R’” are as defined herein

and in the case of Y or a group fulfilling the definition of Y of the

15 first aspect the attachment is to a non- cyclic aromatic atom of the

aromatic structure; and R’M-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

20 complex such as ferrocenyl, ruthenocyl, molybdenocenyl or indenyl

equivalents.

Such complexes should be considered as aromatic structures within the
context of the present invention so that, when they include more than
25 one aromatic ring, the substituent(s) Y* 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 substituent Y* may be on any one or more rings of the
metallocene structure and this may be the same or a different ring to

30 which Q! and Q% are linked.

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

35 substituent for such aromatic anions is when S is Si.

In general, however, when S 1is aryl, the aryl may be further
unsubstituted or substituted with, in addition to R*°, R*', R*, any of

the further substituents defined for the aromatic structure above.

40



30 P(Py-2-yl1)2 1-(di-tert-butyl phosphi nonethyl)-2-(di-pyridin-2-

yl phosphi nonet hyl ) f errocene,

1- (di -t - bwoybpissyhi nonet hyl ) - 2- (di - pyri di n- 2-yl phosphi rGFEEB2910)052214

4, 5-di phenyl benzene; wherein Py-2-yl represents pyridine-2-yl1 WO

2011/ 083305PCT/ GB2010/ 052214 31

1- (di-pyridin-2-yl phosphi nonet hyl ) - 2- (d| ert-butylphosphino)-4-
5(trinmethylsilyl)benzene

1-(di-t- butVPﬁhogbﬁ?ﬁGWetﬁylfﬂftfﬁfmﬁ§rﬁ&|ﬁj? yPﬁﬁﬁ§bhﬁﬁ8W@Fﬁ9lfwﬁ 52¢

di phenyl fererboene; firpmt heabydveorexargpkel stnvlictswrces «of 1t-gands one oF- nore

of the X3-X4ydy1ibergiary, Carb%QMQeaﬂkﬂgnﬁfOUQﬁqd£h$&ﬁ¥|,pﬁ&kﬂgbﬁﬁLt ot he QL
and/ or Q@ group phosphorus may be'repl aced _%Ea sui tabl e alternatlve
Preferred aPPeriabtd/és!ar v ayanaRt3P 1 1°"s 8 ret hyl adamantyl, congressyl,

nor bornyd or 1-norbondienyl, or X3 and X4 together formtogether with the
phosphor us @rgfeQQQﬁph%heﬁ'sCXQl é’i% 3c1arﬂd1%nglord?n8¥é o?fOR@rQM%réuﬁ%r%aen,

2- phospha- 1, /-tetramethyl-6,9, 10-tri oxadanmantyl or

2- phospha- 1a% Ee%$ﬁﬁ§fhﬁf &, 9,7 T0- FPP%%hdﬁhéﬁFﬁFC“¥ﬁl%D§?”€nﬁBdﬁﬁ%%tEheit is
preferred thaquitthe swmrval enidrXdcd X2dgsompgrang X34 Xdrafeoapy ahesghbeusane
but 1 may ghs0,08, AGYAN! a06QYS; L0 USG! L1 ANE0L, BrURS O PrOdes, furt her

asynnetrg around the active site in these sel ect |gan s and general |y
inthis nvéﬁff]l'onalka\}ﬂ@lQUfI?H‘B’?B@BIj@TH%ZO%]/YGSZZM 32 Sinilarly, one of
the linking groups A or B may be absent so that only A or B is nethylene

and the phosphorus, at Qme@f?ér CP”DSG%I%%BP Lhe fet hyl.eng,araup, 4 s, coanect ed
directly to the ring carb Iving a
structure has, 1nclu ing substltuents, from 5 up to 70 cyclic atoms,

more preferably, 5 to 40 cyclic atoms, most preferably, 5-22 cyclic

15 atoms, especially 5 or 6 cyclic atoms, if not a metallocene complex.

Preferably, the hydrocarbyl aromatic 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
20 and/or nitrogen. However, it is preferred that the Q' and Q° 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 the aromatic structure may or may not themselves be
25 aromatic and aromatic structure should be understood accordingly. A
non-aromatic cyclic ring(s) as defined herein may include unsaturated
bonds. By cyclic atom is meant an atom which forms part of a cyclic

skeleton.

30 Preferably, the bridging group -R, whether further substituted or
otherwise preferably comprises less than 200 atoms, more preferably,

less than 150 atoms, more preferably, less than 100 atoms.

By the term one further aromatic cyclic atom of the aromatic
35 structure is meant any further aromatic cyclic atom in the aromatic
structure which is not an available adjacent cyclic atom of the at
least one aromatic ring to which the Q' or Q% atoms are linked, via

the linking group.



5 carbon bridge between the phosphorus atonms. Subs tituents X2-4 Subject to
the restrictions defined in the clains and the preferred situation where X2
is the sawo 2061/083305t he substituents X2-4, 10 parti cul ar PgTX3B2a10d5X14 may
represent various groups. For instance, the group X2 may represent CH(R)
(R5), X3 may represent CR7(R) (R) and X4, _may represent CR15 (R11) (R12),
wherein R4 to RS represent hydrogen, alKyl, aryl or het and R7-R12
represent alkyl, aryl or het. AIternatlver, X2 reEresents Ar. Preferably,
when X2 repf’é%%ﬁtaglyﬂ\r thiSlT”P?é“@’feolLYp L SUhstTHiCed By £ Ct? g FkST YT oup,
0- Cl-C3 al kiy¢ greoup, avQlipbld, adSiqaaltkybyd,ic- 000alskykye - GxBferady - GH3.

Preferably, .ihe AL Qf OUR.i 8, sUbsbid uted a@&matt Q ganben, ﬁ-gj acenty the ,Qybonded
ring carbon i.e. the ortho position in a phen rin Particul arly

preferred i §t%é(ﬁatf??6163rﬁ’aﬁl e groupSoRmd R@l%t?& REGO™REZ gpsition 2
al ternatdveby, tiR7-R1@ whemprasseviated wirt ho:teheslalidrespeet | yenberd igeyicar bon

aton(s) forg’c&@r@%éttl‘%u%oplél?sri’}@‘ BQSlaC a'nﬁ?ért sagn PLEET GR L ¥ndYinder) ng as

t-butyl (s). 25 The steric group be cyclic, part-cyclic or acycliwc.
When cycl i caﬁ?acﬁétttcyﬁéﬁactomf h"é’ éP%uiﬁ‘l ?Vadéag%%ﬂ??ﬁ“édcﬁllﬁn%i?ﬂ@tIi“ftut ed
or saturat edugrtiunsat araped.ridire scyod i€ OHoparelr, cyiclsi ¢s gerayps peyferred

preferably Egtf‘stt%ﬁent' neluding, & e ot ertlaty,: car ben el Ps), ; Jfom %d @C34

nore pr {)era 4, nost preferably Cl10-C20 carbon atons in
cyclic $Yrultr&aTife ¢yd°Fe S tructure may be substituted by one or rmre
substituents selected fromhalo, cyano, nitro, OR19, OC(0)R25, C(0)R21,

0(0)0R2, Np3Rad, CLANRREIR0. SR, O O) SR, 1 S\ MR Ayl OF PRI

wherein R19 to R35 ea endently represent drogen
and/ or be |ﬁt VUt edit By aéﬁelél?k%r"éaoﬁy@eﬁ 6?5%613’%‘}‘&}13/ i5apspetisr %‘%/3/
silano or dbﬂ&rﬁé}th&likﬁ;ﬂﬂdgﬁ@lﬂﬁﬁablym 2014/083305RPCTAGB2010/053214t33n X3 and

X4 together w che orm ona

substi thtged 2- |cycc] Et%t%tt (%yefgﬁ 1%é£%yl 37 u%l%r dé&?v(gl!?{y\h/e t%g%(eof

or X3 and X&tflﬁ?@éfﬁ%rbuw ?We@r%wsm}@hafﬁwléf‘@/ SUeactted ay oret mPa2™i ng
system of fermilachbayyzaRAEHPQLERSIE BR2 &1k by Abterdratiyelry,cheneans nore
of the groups, 7 X3 and/or X4 may represent a solid phase to which the |igand
is attached. Particularly preferred is when X3 and X4 are the sane
and X1 and X2 are 10the sane. In preferred enbodinents, R4 to R5 each

i ndepengent bycf-8RE@SEBhatic rings have 5 or 6 atoms in the ring but rings with

4n + 2 pi electrons are also possible such as [14] annulene, [18]

annulene, etc

The hydrocarbyl aromatic structure R may be selected from benzene-1,2
25 diyl, ferrocene-1,2-diyl, naphthalene-2,3-diyl, 4 or 5 methyl
benzene-1,2-diyl, 1’ -methyl ferrocene-1,2-diyl, 4 and/or 5 t-
alkylbenzene- 1,2-diyl, 4,5-diphenyl-benzene -1,2-diyl, 4 and/or 5-
phenyl-benzene-1,2-diyl, 4,5-di-t-butyl-benzene- 1,2-diyl, 4 or 5-t-
butylbenzene- 1,2-diyl, 2, 3, 4 and/or 5 t-alkyl- naphthalene- 8, 9-
30 diyl, 1H-inden-5,6-diyl, 1, 2 and/or 3 methyl-1H-inden-5,6-diyl, 4,7
methano -1H- indene -1,2-diyl, 1, 2 and/or 3-dimethyl -1H-inden 5, 6-
diyls, 1,3-bis(trimethylsilyl) - isobenzofuran - 5,6-diyl, 4-
(trimethylsilyl) benzene-1,2 diyl, 4-phosphinomethyl benzene -1,2
diyl, 4-(2' -phenylprop-2/-yl) benzene - 1,2 diyl, 4-
35 dimethylsilylbenzene-1,2diyl, 4-di-t-butyl,methylsilyl benzene-
1,2diyl, 4- (t-butyldimethylsilyl) -benzene-1,2diyl, 4-t-butylsilyl-
benzene-1,2diyl, 4-(tri-t-butylsilyl)-benzene-1,2diyl, 4- (2" -tert-
butylprop-2’-yl)benzene-1,2 diyl, 4-(2’,2",37,4’,4’ pentamethyl-pent-
37 -yl)-benzene-1,2diyl, 4-(27,27,4" ,4' -tetramethyl, 3’ -t-butyl-pent-
40 37/-yl)-benzene-1,2 diyl, 4-(or 1’)t-alkylferrocene- 1,2-diyl, 4,5-



15 hydrogen, alkyl, aryl, or Het and R7 to represent al kyl, aryl, or Het;
R12 each independently R19 to R3 each independently represent hydrogen,

al kyl , arwp 20r1/a488305 R49 and R54, when present, each i ndep@raBentooz221epr esent
hydr ogen, al kyl or aryl; 20 R5 to R53 when present, each independently
represent al kyl, aryl or Het; when present, independently
represents oxygen, sulfur or N R55, 25 v%ﬁerel n R55 represents hydrogen,

al kyl or aryl. Preferably, R4 to R5._and R7 to R12 when not hydrogen each

i ndependent F{P188F eSent“icky | Lot HEYl . Wbid p#e%%}eaﬁ%yfermcerns RS ARELRT to
R12 each i ndeperderitutyl riepresent Cl2tdivls dkkyt, 1Ck- @Gtseﬂfleytoq@heﬂyll 2-

(wherein the; 30 pheoyl, group tﬁmg%yll%n@yl y S%Q?Edcte%ﬁld 2as aryl, as jdef, ned
herein) or phenyl (wherein t he nyl group is optionall y su stituted as

aryl as defi n@ﬂloﬁ%?ﬁoﬁfthyévéﬁr%?eélepr efer ablly, RA°% ol RS 2amf* *RY ¥ RIZ each
i ndepend@nt vy) riepresent -ClL 2t digh akkyt 1’\Y\bllr®hh1/551apilfmatérye subsityilt W-ed as

al kyl as defjped  ,heyeln,, saetmy@éielrﬁbl Yol -R5aNd
2011/ 083305 CT/ GBZOlO/ 052214 34°R7 to Ru each represent non substltut ed ClL

to 06 al kyl P8ucHiBs - wethyll) B R nptOpyt , i sd-priopyl, 1n-bhpyyisilvi-

i so-butyl, tertochbutyl 2dpant y-,(ohexy)l taﬁ:dt«b;acﬂﬁiexy feesq&eaeal l2¢ipet 4 . 5

In a particylarly pry e@‘zerg%arq M@E %eftepgoogr esent invention Rg_and Rn
, or t

each re%esent the sane a nol ety as defi ned herel n, R8 and
RH each'Yeptesent “te’ Sarfe aPRSﬂameéli‘%ﬂi peRtHet Y hoitetPeascdefiheld héréih, and
RO and Ru each(repr esent-tchearsanel &’ kylhutalydent-37-y1) -ferrocene-1,2

diyl.

In the structures herein, where there is more than one stereisomeric

15 form possible, all such stereoisomers are intended.

As mentioned above, in some embodiments, there may be two or more of
said Y and/or non-Y substituents on further aromatic cyclic atoms of
the aromatic structure. Optionally, the said two or more substituents
20 may, especially when themselves on neighbouring cyclic aromatic
atoms, combine to form a further ring structure such as a

cycloaliphatic ring structure.

Such cycloaliphatic ring structures may be saturated or unsaturated,

25 bridged or unbridged, substituted with alkyl, Y groups as defined
herein, aryl, arylene, alkaryl, aralkyl, arylenalkyl, alkenyl,
alkynyl, het, hetero, halo, cyano, nitro, -OR'?, -0OC(O)R?*°, -C(O)R%*, -
C(0)OR*, -N(R”)R’®, -C(O)N(R™)R*®, -SR”’, -C(O)SR’, -C(S)N(R”)R*®, -CF;
, —-SiR™R’R7’, or phosphinoalkyl wherein, when present, at least one

30 of R*-R*” is not hydrogen and wherein R'”-R are as defined herein;
and R'M-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.

35
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,

40 cyclohexadiene, 1,4 dithiane, piperizine, pyrollidine,



or Het noiety as defined herein. More preferably R7 and Rn each 10represent

the same Cl1-C6 al kyl, particularly non-substituted Cl-C6 al kyl, such as

met hyl , ewbybir/es3psopyl, iso-propyl, n-butyl, isobutyl, PCEGB2OWN0ZR214pent yI ,
hexyl or cyclohexyl; R8 and RH each i ndependently represent the sanme Cl-C6

al kyl as defined above; and R9 and Ru eagh i ndependently represent the sanme
Cl-C6 al kyl as defined 15 above. For ex |l e: R7 and Rn each represent

nmet hyl ; R8 and RH each represent ethyl; and R9 and Ru each represent
n-butyl or REPEREPICLPR an especPH I%e}ber“@fl%’rred embodiT¥END L of - P HE PP s ent
i nvention eattvdR3[4 3 -Ringroap represeats t hetsanelabkydn, ardihydomylet,

noi ety as d%étﬁ%‘%?&m@&}ﬁhn E’é@zfaﬁf/@@ “Yurhen,al kyly.groups;each R 10 Ru
represents the sane Cl t al kyl group, particularly non-substituted

Cl- C6 al kyl ga%ﬁu%ollr%‘ftfﬂﬂe et hg}utaﬁubr Opyqnhyiingjepr OpyldthrBE]rFJsﬂazole,
i SO-butyd, terdzabutynpngpent yltridexytlardacy,cl ohexydlidMos,e preehierdablyy- each

R7 L0 Ru T eRRESEN! §o 2t Byly)or SALbybiyly mReh.Arelarabl vy, mebfyh. 2% The
adanmantyl, congr essyl , norborg%% 1-norbornd|en | group optlonally

conprise, béSideE HydF ot at done Grt rﬁJfréNhéG}bsrﬁyt Banf%s%%c%@ﬂ % om
al kyl , - OR19ubstO€(0)R20,ddtaha] fartag)l kGEOXR21, - C(0) OR22, R24, R26, cyano,
aryl, -N(R23)-C(0)N(R25)-C(S)N(R27) R28, -SR29, -(C(0)SR3 -CF3, P (R56)
R57,-PO (R58) ( R5 9 )RO3H2- PO (OR60) (OR61)or-SMBR62, 30wherein R19-R30,
al kyI f | ol°¢8/aR0 aHGthty| fareirgs aeTi'Red HerePh &fd REBET6°Ru éach's
[ ndependent byefeepe@senit hytks ogemsdiatkylkdjateyk arrokdetic Suictabl yromhenodt he

adanant yl , CQE‘QJ&S%X% ey B9 YL Oy o) HOLDOLALENYL, L OUR LS BUOSLLY ubed

with one or stituents as I ne bove preterre
subst it uent 8¢ rR:I Utfe LoRsithstit dtedsT tlbn@gagmp' aJ(fRPQ Sukﬁ@%@)tRQOand
phenyl, -C(03&fR22p14 | siersyie b3, i N R2IR24s oP(RE6)RENeas€( Gl)eN( 2 R26 and

-PO(R58 (R , erein R19 re nt. s n, S i L1-C8
al kyl oa5ph2§%ﬂ ok els%& MLy é@zlg 07655514 3 |{‘<}éﬁ“§

phenyl . I n asb%l’rqtilé%l ey 1 7 Seff@?rleedrhé?rb%ﬁ et e Sagsertuéht sp%ﬁf@r&d to C8
al kyl, noreppsefiernadd yomymtwW ssuetitasnfs0dRdildnbd udddi Sblydccadamant yl .

5Sui tabl y, the adamantyl, congressyl, norbornyl or 1-norborndienyl group nmay
conprise, besides hydrogen atons, up to 10 substituents as defined above,
preferably §p°tidis Bibstinr berttdnasedePl ped abevelstibreepraetesabityituped o 3
substi t gent srastdef bnede@boventSui tapnss whennt bei adanantivh, aconrgeessy! ,

nor bornyl or J,C-hréo(rjpaqrmg(ji enyl group conpri ses,

In the said lists of ligands the term “phosphinomethyl-adamantyl”
means any one of the following groups 2-phosphinomethyl-1,3,5,7-

25 tetramethyl-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl, 2-
phosphinomethyl-1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]1}decyl 2-phosphinomethyl-1,3,5,7-tetra(trifluoromethyl)-
6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl, 2-phosphinomethyl-
perfluoro-1,3,5,7-tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.71}-

30 decyl or 2-phosphinomethyl-1,3,5-tri (trifluoromethyl)-6,9,10-
trioxatricyclo-{3.3.1.1[3.7]}decyl.

In the said lists of ligands the term ‘“phospha-adamantyl” means any

one of the following groups 2-phospha-1,3,5,7-tetramethyl-6,9,10-
35 trioxatricyclo-{3.3.1.1[3.7]}decyl, 2-phospha-1,3,5-trimethyl-6,9,10-

trioxatricyclo-{3.3.1.1[3.7]}decyl, 2-phospha-1,3,5,7-

tetra(trifluoromethyl)-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl,

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

trioxatricyclo{3.3.1.1[3.7]}-decyl or 2-phospha-1, 3, 5-
40 tri(trifluoromethyl)-6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl.



10 besi des hydrogen atons, one or nore substituents as defined herein,

preferably each substituent is identical. Preferred substituents are

unsubst i tWDed11@83308 al kyl and trifluoromethyl, particul RCTyGB2ABNMI5S11Ht ut ed

Cl-C8 al kyl such as nethyl. A highly preferred adamantyl, congressyl,

nor bornyl or 1-norborndi enyl group conp%kses 15 hydrogen atons only i.e.

t he adamantyl congressyl, norbornyl or nor bor ndi enyl group is not

substi t ut ed. Preferably, when nore than one adamantyl, congressyl,

nor bornyl or 1- norborndienyl group is present in a conpound of forrmula I,

each such 20gr oupridgnident i ¢abr FThe 2e:@Qbitrd cylc] DfeBoeSHindndidiyT1].detyl- group

(referred thﬁﬁlékﬂﬂf%e§ 138+ A Za PRl {-adammatyl Qrﬂqgeéﬁﬂ copvenisgnce,

wherein 2-neta- adananty is areference to QL being an arsenic, antlnDny or

phosphor us &FbM"S95 i.e. 2-arsa-adamantyl and/or 2-stiba-adamantyl and/ or

2- phosphaadamantyl , preferably, 2-phospha-adamantyl) may optionally

conprise, beside drogen atons, one or nore substituents. Suitable

substi t uent /f;?;ho e substituents as defined herein in respect of the
H

adamantyl grou y preferred substituents include al kyl, 30
particul arly unstbsith futed C1-C8 al kyl, especially nethyl, tr|fluoronethyl
-0OR19 wherein 9 is_as defined herein particularly unsubstltuted Cl-C8
al kyl or aryl, an&4-dodecyl phenyl. Wen the 2- neta-adanmantyl group
i ncl udes_.nore than one substituent, preferably each substituent is
|dent|ca? 35 Preferably, the 2- neta adamant roup_is substituted on one
or nore of CHE'RF'®, &"8r T P6514 oRs v PROF ugé%ﬁtﬁéﬁ%rﬁ§*ﬁé}ﬁh§d Her ei n.
Mor e pref er ablogatthec2eniet.a- addaantyecygr dupad Sosubst it ut ed on each of the
1, 3 and 5 positions. Suitably, such an arrangenent nmeans the QL 40 atom of
t he 2-neta- y 0 is bonded to carbon atons in the WO
2011/ 083305PCT/ /062214 36 adamantyl skel eton havi ng no hydrogen
the 2- meta-adamantyl group is substituted on each

positions. Wien the 2-neta-adamantyl group includes
nore than 1 substd t preferably each substituent is identical.
Especially 5 preferyed substituents are unsubstituted Cl1-C8 al kyl and
hal oakyl s, particullarly unsubstituted Cl-C8 al kyl such as nethyl and
fl UOFIIﬁatedIgﬂwfg% %EKX$pf%BQ£kéastE£ﬂf u%ﬁ?”@%é@%'the hos horus is attached

Preferai - net a- adamant yl representsunsubstltuted a- 10 adamantyl or
2-net a Qiarrﬁﬁtfy“lo SUHSETY et wrt AiMone o ﬁb‘?sé)han%‘if‘ﬁ‘élf”f&tluﬁé%jle@nm al kyl

substituents, or a conbination thereof.

Preferably, %Qﬁgc_tggtsat_rggmgt (yé QEQMSHSE chlgs?nqngio%n@Lclude -

P(Py-2-yl),
P(BuUY);,
15

1-(di-tert-butylphosphinomethyl)-2-(di-pyridin-2-
yvlphosphinomethyl)benzene



het eroatons, other than the 2-Q atom in the 2-neta-adamantyl 15 skel eton.
Sui tabl e additional heteroatons include oxygen and sul phur atons,

especi al I'woarygsssoat ons. More preferably, the 2-neta- adacaaBzdlogsealp

i ncl udes one or nore additional heteroatons in the 6, 9 and 10 positions.
Even nore preferably, the 2-neta-adamantyl group includes an additi onal

het eroatomin each of the 6, 9 and 10 pdsitions. Mst 20 preferably, when

t he 2-net a- adanantyl group includes two or nore additional heteroatons in

t he 2- et a- &dal skel eton, e Pgt24he additional heteroatons are
identical. Prefera , t aadamantyl includes one or nore oxygen
atons in the 2-neta-adamant skel eton. An especially preferred

2- met a- adamantyl gro Jmay 25 optionally be substituted with one or
nore substituents as d herein, includes an oxygen atomin each of the
6, 9 and 10 positions of gphhe 2-net a- adamantyl skel et on. H ghly
preferred 2-neta-adamantyl groups as defined herein include 2-
30phospha-1, 3,5, 7-tetrangt hyl-6, 9, 10-tri oxadamant yl , 2- phospha- 1, 3, 5-
trimethyl-6,9, 10-tri yi, 2-phospha-1, 3,5, 7-

tetra(trifluoronethyl| )ess 0- trloxadanantyl group, and

2- phosphal, 3, 5- trl(trlfluoronethyl) 6,9, 10-tri oxadamantyl group. Mbst
preferably, the 2-phospha-adanant is selected from 2-phospha-

D5t 3.5, 7°1 &t Farat Hy PoB) B 200 L POYRHATE §f TGP o0H-ar 2. phospha- 1,3, 5, -
trimet hyl- 6y9HGrtincoxaddmant sdcege.oup. The 2-neta-adamantyl group may be
prepared by nmethods well known to thosg. skilled in the art. Suitably,
certain 2-phospha-adamantyl 40 conpq e obtai nable from Cytec Canada

I nc, Canada. Li i 010/ 052214 37 correspondi ng

2- met a- adamap may be obtained fromthe sane
supplier or Subject to the restrictions of

t he cl ai ns, f 5 the present invention include those

wher ei n: X3 represen \“ resents CR10(R11) (R12), X1
represents C (RllRloZ) resents C(R oi Ri 02) NR101R102;
10X3 represent, 4 /, CR1 (R11)(R12s, ) and X1 and X2
repr esent sty ) X4 fepresents adamantyl, and X1 and
X2
5
1-(di-t-butylphosphinomethyl) -2~ (di-pyridin-2-ylphosphinomethyl) -
4,5-diphenyl benzene;
P(Py-2-yl),
/tBu
P
10

wherein Py-2-yl represents pyridine-2-yl

1- (P, P adamantyl, t-butyl phosphinomethyl)-2-(di-pyridin-2-
15 yvlphosphinomethyl) -4, 5-diphenylbenzene;



15 represent X3 represents CR7(R8) (R9), X4 represents adamantyl and X1
represents C(RL1Ri 02) NR10O1R102 and X2 represents C(R11Ri 02) NR101R102;

X3 represwnt2811@BIR3) (RI9), X4 represents congressyl, amdTXIB20wpsedent s
20c(FenR102) NR101R102 and X2 represents C(R11Ri 02) NR101R102; X3
represents CR7(R8) (R9), X4 represents 3ngressy|, and X1 and X2 represent
WO 2011/ 083305PCT/ GB2010/ 052214 38 X3 a X4 i ndependently represent
adamantyl, and X1 and X2 represent X3 and X4 independently represent
adamantyl, and X1 represents 5c(R i R102) NR101R102 and X2 represents
C(R11Ri 02) NR101R102; X3 and X4 together with QL to which they are attached
may form a rr%g_system of for pbutyy2 R49 H QL\R53 R52 10(1b) and X1
represents CARY

P(Py-2-yl),

1-(di-pyridin-2-ylphosphinomethyl) -2- (di-tert-butylphosphino)-4-
5 (trimethylsilyl)benzene

P(Py-2-yl), PBU,

10
1-(di-t-butylphosphinomethyl) -2- (di-pyridin-2-ylphosphinomethyl) -4, 5-

diphenyl ferrocene;

In the above example structures of ligands one or more of the x’-x*
15 tertiary carbon bearing groups, t-butyl, attached to the Q' and/or Q7
group phosphorus may be replaced by a suitable alternative.
Preferred alternatives are adamantyl, 1,3 dimethyl adamantyl,
congressyl, norbornyl or l-norbondienyl, or X’ and X' together form
together with the phosphorus a 2-phospha-tricyclo[3.3.1.1{3,7} decyl
20 group such as 2-phospha-1,3,5,7-tetramethyl-6,9,10-trioxadamantyl or
2-phospha-1,3,5-trimethyl-6,9, 10-trioxadamantyl. In most embodiments,
it is preferred that the univalent X!/X? groups and X' /X' groups are
the same but it may also be advantageous to use different groups to
produce further asymmetry around the active site in these selected

25 ligands and generally in this invention.



and X2 represents C (R101R102) NR101R102; X3 and X4 i ndependently

represent congressyl, and X1 and X2 represent X3 and X4 together with QL
t o whi ch wbey11a8830at t ached may forma ring system of foPEWIGB201Y/05%¥04
2011/ 083305PCT/ GB2010/ 052214 yy2 R4 HR54 R5 R53

32

Similarly, one of the linking groups A or B may be absent so that
only A or B is methylene and the phosphorus atom not connected to the
methylene group is connected directly to the ring carbon giving a 3

5 carbon bridge between the phosphorus atoms.

Substituents x**

Subject to the restrictions defined in the claims and the preferred
situation where X?° 1is the same as X', the substituents X%,
10 particularly X’ and X! may represent various groups. For instance, the
group X’ may represent CH(R®) (R®), X’ may represent CR’(R®) (R’) and X'
may represent CRY(R'™) (R'”), wherein R* to R’ represent hydrogen,
alkyl, aryl or het and R'-RY represent alkyl, aryl or het.
Alternatively, X? represents Ar. Preferably, when X° represents Ar,
15 the group is substituted by a C;-C; alkyl group, O- C;-C; alkyl group,
-CN, -F, -Si(alkyl);, -CO0Oalkyl, -C(0)-, or -CF;. Preferably, the Ar
group is substituted at the carbon adjacent the Q bonded ring carbon

i.e. the ortho position in a phenyl ring.

20 pParticularly preferred is when the organic groups R’- R’ and /or R'-
R'” or, alternatively, R’-RY when associated with their respective
tertiary carbon atom(s) form composite groups which are at least as

sterically hindering as t-butyl(s).

25 The steric groups may be cyclic, part-cyclic or acyclic. When cyclic
or part cyclic, the group may be substituted or unsubstituted or
saturated or unsaturated. The cyclic or part cyclic groups may
preferably contain, including the tertiary carbon atom(s), from C,-
Css, more preferably Cy-C,y, most preferably Ci,-Cyy carbon atoms in the

30 cyclic structure. The cyclic structure may be substituted by one or
more substituents selected from halo, cyano, nitro, OR'?, 0OC(0)R??,
C(0)R*, C(O)OR*, NR*”R®", C(O)NR*R*’, SR*’, C(0)SR’, C(S)NR’'R*, aryl
or Het, wherein R' to R’® each independently represent hydrogen, aryl
or alkyl, and/or be interrupted by one or more oxygen or sulphur

35 atoms, or by silano or dialkylsilcon groups.

In particular, when cyclic, X° and/or X! may represent congressyl,

norbornyl, l-norbornadienyl or adamantyl.



R51R52 ( 1 b) and X1 and X2 represent X3 and X4 independently
represent congressyl, and X1 represents 5¢c(R | Rl 02) NR1O1R102 and X2

repr esentWOQ(RIBIM502) NRLO1R102; X3 and X4 toget her w PAT@B20W/0sI16N t hey
are attached forma 2- 10 phospha-adamantyl group, and X1 represents
represents C(RLnRi 02) NR101R102; C ( Rll% 1IR1 02 ) NRL O 1R1L 0 2 and X2 X3
and X4 together with QL to which they a 3 attached form a 2-

phospha- adangntyl é(group, and X1 and X2 represent ghly preferred
embodi nent s “of the& pFeEEHRET i Kentd oh®i KelBddPEhodes 1a§\}'vﬁ‘é}feéji ﬁ“ayx§°1f%p?résent s
CR3(R9) (R9pptiXdatepresentsuCRI0 {RLI1Y{RY2)o[3X8. ¥ @Besidabsyl group or

derivative thereof, or X’ and X' together with Q' to which they are

attached may form a ring system of formula 1b

YY?
ReoH H R54
RS0 R53
Q
R51 R52
5 (1b)

Alternatively, one or more of the groups X’ and/or X' may represent a

solid phase to which the ligand is attached.

Particularly preferred is when X’ and X' are the same and X' and X? are

10 the same.

In preferred embodiments, R!* to R° each independently represent
hydrogen, alkyl, aryl, or Het and R’ to R' each independently

represent alkyl, aryl, or Het;

15
R'” to R¥ each independently represent hydrogen, alkyl, aryl or Het;
R*’ and R, when present, each independently represent hydrogen, alkyl
or aryl;

20

R® to R®, when present, each independently represent alkyl, aryl or

Het;

YY?, when present, independently represents oxygen, sulfur or N-R>

25 wherein R represents hydrogen, alkyl or aryl.

Preferably, R' to R’ and R’ to R'® when not hydrogen each independently
represent alkyl or aryl. More preferably, R' to R® and R’ to R each
independently represent C; to Cs alkyl, C;-Cs alkyl phenyl (wherein the
30 phenyl group is optionally substituted as aryl as defined herein) or
phenyl (wherein the phenyl group is optionally substituted as aryl as
defined herein). Even more preferably, R to R® and R’ to R'? each
independently represent C; to Cs alkyl, which is optionally
substituted as alkyl as defined herein. Most preferably, R' to R® and



C (R101R102) NR101R102 and X2 represents C(R101R102) NR1IO1R102; especially
where R7-R12 are nethyl and R101 and R102 are either hydrogen, nethyl or

et hyl ; 20wverd11xB33oépr esents CR3(RI9) (R9), X4 represent sPCRGER2ROISERIZS, )
and X1 and WO 2011/083305PCT/ GB2010/ 052214 40 2 represent Preferably in a
conpound of forrmula I, X3 is identical t% X4 and/or X1 is identical to X2.
5 Particularly preferred conbinations i 7% he present invention include

t hose wherein: - %121) X3represents CR7(R8)(R) X4 represents CR1L (Ri) (R12)and
X1 10and X2%r éfr BsertCPAT A SB ar@ t AP SSAhEant: Fepresdit HeRes "6 ahd @
bot h representylphospirowis liartkecbitlo thHeitRlgr oupbatyl,i ngrposicyionsnivand 2.

15 (2) X3re9g%sleaﬁé CQBZ&A%&&(,R)e,spg%liarﬁprnee%ﬁm.s CRIO (Ri) (R12) , X1
represents C(R11R102) NR101R102 and X2 represents C(RL1R 02)NRi oi Ri 02; A and
B are the sane and represent -CH2-; QL and 2 both represent

phosphor s Ihnkedrtautlhel JRpge BupedterOdimgt poSithe anssdntandvéht ip8)R' Xanhdand X4
together w th QL.{o which,{hgy arg.athached form.a2: phosphasadaraplyl
group, and %’%reairg(,j %Qa;gpggseeggh represent the same alkyl, aryl or Het moiety
as defined herein, and R’ and R'? each represent the same alkyl, aryl
or Het moiety as defined herein. More preferably R’ and R'" each
10 represent the same C;-Cs alkyl, particularly non-substituted C;-Cq
alkyl, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-
butyl, tert-butyl, pentyl, hexyl or cyclohexyl; R® and R!" each
independently represent the same C;-Cs alkyl as defined above; and R®
and R' each independently represent the same C;-C; alkyl as defined

15 above. For example: R’ and R' each represent methyl; R® and R' each

represent ethyl; and R° and R'? each represent n-butyl or n-pentyl.

In an especially preferred embodiment of the present invention each R’
to R'Y group represents the same alkyl, aryl, or Het moiety as defined

20 herein. Preferably, when alkyl groups, each R’ to R' represents the
same C; to Cg alkyl group, particularly non-substituted C;-C¢ alkyl,
such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
tert-butyl, pentyl, hexyl and cyclohexyl. More preferably, each R’ to
R represents methyl or tert-butyl, most preferably, methyl.

25 The adamantyl, congressyl, norbornyl or l-norborndienyl group may
optionally comprise, besides hydrogen atoms, one or more substituents
selected from alkyl, -OR'?, -0C(0)R?’, halo, nitro, -C(O)R?*, -C(0)O0OR?,
cyano, aryl, -N(R*)R*, -C(O)N(R*®)R?®, -C(S)N(R*)R?®, -SrR?’, -C(0)SR™
,-CF;, -P(R)R”, -PO(R®)(R”®), -POsH,, -PO(OR*) (OR"), or -SOsR*%,

30 wherein R'-R, alkyl, halo, cyano and aryl are as defined herein and

R°® to R* each independently represent hydrogen, alkyl, aryl or Het.

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

40 Cgs alkyl, R°® to R each independently represent unsubstituted C;-Cg



WO 2011/ 083305PCT/ GB2010/ 052214 41 A and B are the sane and represent
-CH2-; Q and Q2 both represent phosphorus linked to the R group at ring
posi ti onsw@ 2aneh823055 (4) X3 and X4 represent adamantyl aRdTXiB2ardsxa4
represent A and B are the sane and represent -CH2-; Q and
@ both represent phosphorus |inked to the R group at 10ring positions 1
and 2. Preferably, in the above enbodi ts, RIO1 and RIQ2 are hydrogen,
nmet hyl or et h};/l. Preferably, in the corrpound of formula I, A and B each

i ndependent PY*%5 PEprésBht-s ClIrtoaCGP%tI%W]é‘ﬁéy\A/rﬁr(?ﬁe??dop?rilbc?ﬁéfﬁ%? the
substi t ut edsaisstdefemedaherceity, Cf @rlkeloamlpke pwet dradlliky Imeghpupsich Rrefferabl vy,
the | ower alkyi gnglr&rtgypsdd\gmrg@lA and B represent are non-substituted.
Particularly preferred al kyl enes which A and B may i ndependently represent
are -CH2- or -C2H4-. Most preferably, each of A and B 20 represent the sane
al kyl enebas sdefdoned hier eidwymaparlt i cohardsyy: CH2norkAirher nat | veloypoonigenfl A or

Bis omtted. s (B oLl saonect edudiectid.to.d he g50UuR R and Lhe ot her

Qgroup is not connected directly to the group R a is a
al kyl ene, pfeferaptiPrecHx efSFabl(?‘,ZFﬂ £ Rp%t Sb?%?eé‘rtéb?i/ def g1l 2PoE SPPTY
further prebesfeedbrompotinds @Jﬁasfotruréuta ds idaclnsde abdhies e swhebey n:whel\Oche

2011/ 083305BCH.CBP010/.052214, 42, Fspeal aldy ket adnspegidic samounds of

formul a é\ i ncl ude” those ereiln: 5ea R7 to e sane and represents
nmet hyl ; aRts Blear BY{RWESR an® andote e S8Rt IWEFPLLUSREE ept elfdnpyd herein,
benzene- 1, 2pdéfdrably cBhe bunsentionm A6t idntycext endsedred novekibident ate

I ?alndsf OfGr Lormdk &, 161 ) but, al s povel, coml exes. 9f.qych |igapds wih the
retat o 8gsubst1tuted C;-Cs alkyl such as methyl. A highly preferred

adamantyl, congressyl, norbornyl or l-norborndienyl group comprises
15 hydrogen atoms only i.e. the adamantyl congressyl, norbornyl or 1-

norborndienyl group is not substituted.

Preferably, when more than one adamantyl, congressyl, norbornyl or 1-
norborndienyl group is present in a compound of formula I, each such

20 group is identical.

The 2-Q'-tricyclo[3.3.1.1.{3,7}]decyl group (referred to hereinafter
as a 2-meta-adamantyl group for convenience wherein 2-meta-adamantyl
is a reference to Q' being an arsenic, antimony or phosphorus atom

25 i.e. 2-arsa-adamantyl and/or 2-stiba-adamantyl and/or 2-phospha-
adamantyl, preferably, 2-phospha-adamantyl) may optionally comprise,
beside hydrogen atoms, one or more substituents. Suitable
substituents include those substituents as defined herein in respect
of the adamantyl group. Highly preferred substituents include alkyl,

30 particularly unsubstituted C1-Cs alkyl, especially methyl,
trifluoromethyl, -OR'!> wherein R'® is as defined herein particularly
unsubstituted C;-Cz alkyl or aryl, and 4-dodecylphenyl. When the 2-
meta-adamantyl group includes more than one substituent, preferably
each substituent is identical.

35
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 @’

40 atom of the 2-meta-adamantyl group is bonded to carbon atoms in the



8, 9 or 10 or a compound thereof. Definitions 15 The term "l ower al kyl ene"
which A and B represent in a conpound of formula |, when used herein,

i ncl udes WO 20LM88305CL t o Cn groups, preferably, Co, Cl ®CTGR2010052214
preferably, C, nost preferably, nethylene which, in the case of Cl to Cn,
can be bonded at two places on the gr our%Gto t her eby connect the group QL or
Q@ to the R group, 20 and, in the latter’“case, is otherwise defined in the
sanme way as "al k){ " bhelow. Nevertheless, in the latter case, net hxl ene |s
nost pref er FRYCIFR! tHE P T mer Eigs &° B%Fr&%e? tﬁ@éntMocsﬁaPrﬁ’?éa@]ryouﬁ 1° or

i s connect edetiagetdngyt ogthe Rsgrsoup-iantded her ecdcd r6 €l CLO $.oweramad Kyl ene

group and i Boélhcllgngasﬁh&m Yhé)ng n(r-éftaAacﬁitWQn%ll Sglaougl 19%@11(!1&\/\’3&01%5 @la‘ﬁyllene
In any case, when one of the groups A or Co then the other grou

cannot be Co“iid herst BEefErealC1orgr oﬁ‘bbséétlbeélftl nje%l RETE 2 and ESR e efor e,

at Ieast5oneraﬁerAecanduhBtnSu@tQIaCéLou tdupwertiakkyLene" agryoupnd 308 ek s, m
ralkyl " wheused, haelny.dteans flcle, Qudl kylos P %%gplg/nd hud 082l k!
nore preferably, Cl t'o al kyl and i ncl udes net hyl , et henyl,
propyl, profefyl®but yﬁuChbath éﬁﬁluoﬁ‘éﬁlﬁtﬁw pent enyl, hexyl, hexenyl and
heptyl groups. Unless otherw se specified, alkyl groups may, when there is
a suf i ci ent, ey, of carhan. abops,, be %ge%@@ﬂtsor §§SJ% @p&n%g (partigularly
preferrig branched "groups include t-b and 1so , be saturated or
unsat ur at ed29HEPEYLl i eF a%yrt?lt?cadéf“a?)ta‘/t CVE’F‘P&Pé% cl‘i‘”cth bé"tinsdbst "t ed,
substi t ut edudsudset fitrat @dchy 1 oyie sobs tmanentsybst iat uemMisaselneetedofr om hal o,
cyano, nitro, OR19, OC(0)R20, C(0)R21, C(0)0OR22, NR23R24, C (0) NR25R26,
SR29, C (0) SR3, C (S) NR27R28, WO 2011/083305PCT/ GB2010/ 052214 43 Het
and/ or be i REerraptied byhone oFSror€aTPet er dB10YP | es'SCLRET 4) 26%ygen!

sul phur, si heconRagsons, oﬂferbyt}&in| ange: ov-gi altky) siihcothegr oupsa-dar@hXFLUr €S

t her eof 155 nglettglrlm Jlltggfeo%ldgl%i na§ kgeecfelrggtq)rnlsnl;l %déagy g\é@y I?C% s%lllé%!tr
except any one or nore o rogen groups nmay be rep i“aced

fluoride. 2atRE REPR7ZLED ORX‘EZenaﬁBOIF@lBMQr@Reélendéﬁeﬁdﬁﬁr?X%ﬁF@sent

al kyl, aryl gr&Qorintidednb@s $rXdotesS apai fiedat Qqettbeoa@smatﬂmwba@a mandtﬁrtl ary
carbon in wh; Lehgase ey, can each gl 5o hepsepant Aydrogen. B9 19,58
herein each'n ependent Py rep resent §/drogen al o, uns Q{ F%t

subst i t ut ed2ar§ddigtonms ibsiicrteed rorasulbst ithat ed 915‘nél kY 1RosgEiorisp YIW case
of R21, 2addbtémaiﬁi%/,, Haho, thai tzlrjaeté:%aalgantl@/mi grafd adiinQes Puaclt ebabhyre R19
to R3 represents rQgen, . unsubstitute Cl y p

pref erabl vy, y ro %n org UnsGbstit ;n Eériet&a ﬁmfykl fée%f %aci%g?eac

i ndependent P?dlrtépﬁ@seﬁ?tmﬁ@@enﬁr%ll Kyengicadryl . PR8E41GPRE3 éé%h 2-meta-

i ndependent byan0pyesaitiu@d K¥ne 8F YhoRr okleden ¥Ydnand, Y¥2 eaghandepengent|y

represent oxygen,., sul L. gL 5%, Iersl 1 FES LepLeRsnt s A3nene, k!
25

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-

30 phospha-1,3,5,7-tetramethyl-6,9,10-trioxadamantyl, 2-phospha-1, 3, 5-
trimethyl-6,9,10-trioxadamantyl, 2-phospha-1,3,5,7-
tetra(trifluoromethyl) -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-

35 1,3,5,7-tetramethyl-6,9,10-trioxadamantyl group or 2-phospha-1,3,5,-
trimethyl-6,9,10-trioxadamantyl group.

The 2-meta-adamantyl group may be prepared by methods well known to
those skilled in the art. Suitably, certain 2-phospha-adamantyl

40 compounds are obtainable from Cytec Canada Inc, Canada. Likewise



R101 and R102 represent optional substituents hydrogen, aryl, alkyl or
fluoroal kyl 30The term"Ar" or "aryl" when used herein, includes
five-to-two-20mmstawsed, preferably five to eight nenbered@CTaB220NF2I1HC
aromatic or pseudo aromatic groups, such as phenyl, cycl opentadi enyl and

i ndenyl ani ons and napht hyl, which grou&s7 may be unsubstituted or as one
option substituted with one or nore substituents selected from 35
unsubstituted or substituted aryl, alkyl (which group may itself be
unsubst i t ut EFEEPEHSE tul et GFATRT T naPEPUAES d&f i A8 Hér e n§t° H&Y (Rfhi ch
group nmay i bselihebef nenstizs setutsede orer substreparneédoorant ergwupateetods def i ned
herein), halo, cyano, nitro, OR19, OC(0)R20, C(0)R21, C(0)0OR22, NR23R24,
C(0) NR25R26, SR29, C(0)SR3 or, C(S)NR27R28 wherein R19 to 40R3 are as

def i ned her éFPSCtWEP 28°F1/7683305PETT B2010/ 052814 BF TThEST &MRPOEIFRERYT™ when
used her&i ntherganser@2 itoen€16n alnkemid thpreetesabbhy, ClL to C6 al kenyl, nore
preferably, ClL to C4 al kenyl and includes ethenyl, propenyl, butenyl,
pentenyl, and hexenyl groups. 5 Unless otherw se specifjed,  al kenyl groups
may, when t Her B 8SE Suf'f & eft) nuirber*PoESCarbGh é%)o)rr@, ‘be ¥ | RERAFESERES
branched, be (maRuraRedr'oT avinsat tspat ethtsbe(reyrl'H)or‘acyel ic or part
cyclic/acyclic, be unsubstituted, substituted or term nated by one or nore
substitggntsssel ected fromhal o, ¢yano, nitro, OR19, OC(0)R20, C(0)R21, 10
C(0) OR22Y NE23RZESCL0)NRILRIG) 1 SRZTPTE] V) SRS: SYRR27R28, X utktibst i t ut ed
or substituted aryl, or ungubstituted or substituted Het, wherein R19 to R3
are defined herein and/or e interrupted by one or nore (preferably |ess

t han 4) oxygen, sul phur, sjllicon atons, or by silano or dialkylsilcon
groups, or mxtures th The term "al kynyl " when used herein, neans
C2 to C10 al kynyl, pre Cl to C6 alkynyl , nore preferably, Cl to C4
al kynyl and includes e ropynyl, butynyl, pentynyl, and hexynyl
groups. Unl ess ot herw i ed, al kynyl groups nay, when there is a 20
sufficient munmberesehtcarbor atons, be linear or branched, be saturated or
unsaturated, be cyclic, acyclic or part cyclic/acyclic, be unsubstituted,
substituted _or term nated by one or ,nore substituents selected from hal o,
cyano, nitrd, ERATSSEXY 0§PF\>2%,) (©00) 21, I DOR22 2ONRIS R4, 26F 0FNR2BR26,
SR29, C(0)SR3, C(S)NR27Rp8, unsubstituted 25 or substituted aryl, or
unsubstituted or substitfted Het, wherein R19 to R3 are defined herein
and/ or be interrupted bylone or nore (preferably | ess than 4) oxygen,

sul phur, silicon ato silano or dial kylsilcon groups, or mxtures
t hereof. 30The terns “,"al karyl", "aryleneal kyl"” or the Iike
shoul d, in the absenge of inflormation to the contrary, be taken to be in
accordance with the inition of "alkyl" as far as the al kyl or alk
portion of theregeoup is xoncerned. 35 The above Ar or aryl groups nay be
attachegsby one or nore coval ent bonds but references to "aryl ene" or
"aryleneal kyl" or the like herein should be understood as two coval ent bond
at t achment %utreé’trﬁé‘?ﬁsngb@ e inell d§PRF°°6F° arSA™Abov eSS ¥ ar SRS SEhE

aryl ene por CinRof) MRHER'(T oup X srepongertned (R Referentes:;to "al karyl ",

"aral kyl" WD 2011/ 083305PCT/ GB2010/ 052214 45

X’ represents CR’(R®) (R%), X' represents congressyl, and X' represents

20 C(RwlRloz)NRlolR102 and X2 represents C(R101R102)NR101R102;

X’ represents CR’(R®) (R’), X' represents congressyl, and X' and Xx°

X

/

represent



or the like should be taken as references to Ar or aryl above as far as the
Ar or aryl portion of the group is concerned. Hal o groups with which

t he abovewoentivossi®d groups may be substituted 5or term maraB20rgisede fl uor,
chloro, brono and iodo. The term"Het", when used herein, includes four- to
twel ve- nenbered, preferably four- to teg)—Srrenbered ring systens, which rings
contain one or nore heteroatons sel ected™fromnitrogen, oxygen, sulfur and
10 m xtures_thereof, and which rings contain no, one or nore,doubl e bonds
or may be nén- aé?rdoffatji“@ep%ré%efﬂ/y ar et GPaWWy aa{’rdoﬁfati”lf1 i"n EHEPERter .

The ring systens| may be nonocyclic, bicyclic or fused. Each "Het" group
identified hereijn may be unsubstitut ed or substituted by one or nore
substituents sellected from hal o, cyano, 15 nitro, oxo, alkyl (which alkyl
group may it gnsubstituted or substituted or term nated as defined
herein) -0 -0C(0)R99, -C(0)R91, , - -C(0)OR99, N(R23)R24, C(0) N(R95)
R26SR99, - (( - C(S) N(R99) R99 wherein R19 to R3 are as defined
herein The t t hus i ncludes groups such as optionally substituted
azetidinyl, pyrrolidinyl, 20imdazolyl, indolyl, furanyl, oxazolyl,

i soxazol yl, oxadi azol yl,

thiazol yl, th§ adi zoLyI tr| azol I oxatriazolyl, thiatriazol yll, ridazi nyl,

mor phol i nyl : pfl?‘i?m di nyFePPY AT yffepr(fﬁleﬂ%l igTenty ; glﬁnﬁol g resents

pi peri didyl ¢( kﬁ}hRéi)@lRyﬂl %annqblxﬁerre@nmts SFBERIDURI‘GN at  Het may be at a
carbon atom of the Het ring or, where appropriate, 25 at one or nore of the
het er oatons. , "Het", grou be in the formof an N oxide. ,

t er m het er o*ag fefit -7 eﬁeV%ﬁthnetﬁnghhciht rogerr S oXYgEnse St 67 o 369

m xt ures thereoh ofhfercataallyst conpounds of the present invention nay act
as a "heterogeneous" catalyst or a "honbgeneous" catalyst, preferably, a
honogenous catal yst. 35 By the term "honbgeneous" catal yst we nean a

catal yst, i.e. aYo@npound of the invention, which is not supported but is
simply adm xe ol orfed in-situ with the reactants of the carbonyl ation
reaction, pr i nR&" suitabl e sol vent as descri bed herein.

RS0 R53
Q
R51 R52

10 (1b)

and X' represents C(R'R')NR'™R!%? and X* represents C(R'™R!%)NR'"'R!"?;

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

\\\\\Iﬂ

’///’

15

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

system of formula 1lb



WO 2011/ 083305PCT/ GB2010/ 052214 46 By the term "heterogeneous” catal yst we
nmean a catalyst, i.e. the conpound of the invention, which is carried on a
support. WO 201188308 a conmpound of a fornula herein (e.gPCa@BzloA52I14
contai ns an 5al kenyl group or a cycloal kyl noiety as defined, cis (E) and
trans (Z) isonerismmy al so occur. The present invention includes the

i ndi vi dual stereoisoners of the conpoun of any of the fornulas defined
herei n and, where appropriate, the individual tautoneric forns thereof,
together with nmi MYfres thereof. Separation of 10 di astereoi soners or cis
and trans |son¢{s yHbe achi eved by conventional techniques, e.g. by
fractional c i Réh, chromatography or H-P.L.C. of a stereoisoneric
m xture of a cor one of the formulas or a suitable salt or derivative
thereof. AnR nti omer of a conpound of one of the formulas may
al so 15 be prepar froma corresponding optically pure internedi ate or by
resolution, suRh as byRH. P.L.C. of the correspondi ng racemate using a

sui tabl e chiral H% ort or by fractional crystallisation of the

di ast ereoi soneric Its fornmed by reaction of the corresponding racenate
with a suitable optically active acid or base, as 20appropriate. Support
and Di spersant According to a furtler aspect, the present invention
provides a process for the carbonyl ation of an ethylenically unsaturated 25
conpound as defined herein wher Ffocess is carried out with the
catal yst conprising a support, Hreferabljy an insol uble support. Preferably,
the support conprises a polyner||such as|a polyol efin, polystyrene or

pol ystyrene copol yner such as a enzene 30 copol yner or other
sui t abl e pokydrer sarar xCepptasprt S Kn to those skilled in the art; a
silicon derivative such as a functionalised silica, a silicone or a
silicone rubber; or other porous particulate material such as for exanple
i nor gani c o¥%i de&d ard iROPRPAAPEL I¢h| BINTEEINT 350 PrEFefabl 374 hd SHPRFGEENts

mat eri al 51 scpefaus) &wi'lr'Caawdixe hr-phassantsur frACR “area's'ni; t he range of from 10
to 700 n2/g, a total pore volume in the range of fromO0.1 to 4.0cc/g and an
average particle size in the range of from 10 to 500pm More preferably,
the surfaceXar®¥ i% itRogdiehe Wiange ofo fimh50hen 500 agaghed heeiHore ol ume
is in the rangehefadabh20114:083305RCTAEB2Q1048522 4R 'RI?)NRIV'/R!"? and X7

represents C(R!"R'?)NR''R!Y?;

10
X’ and X! together with Q' to which they are attached form a 2-

\\\\\Iﬂ

’///’

phospha-adamantyl group, and X' and X° represent ;

Highly preferred embodiments of the present invention include those

15  wherein:

X’ represents CR’(R®) (R”), X' represents CR'™(R'™) (R'), X' represents
C(RMR")NR'™R? and X? represents C(R'™R)NR!"R!'%; especially where

R’-R' are methyl and R!’' and R'%? are either hydrogen, methyl or ethyl;
20  and

X’ represents CR'(R®) (R®), X' represents CRY™(R') (R'), and X' and



47 from0.5 to 2.5 cc/g and the average particle size is in the range of
from20 to 200 pm Most desirably the surface area is in the range of from
100 to 40@onB1igs3ioche pore volume is in the range of frolCO/G@B20wW/B204cc/ g
and the average particle size is in the range of from30 to 5 100 pm The
average pore size of typical porous sup%%rt materials is in the range of
from1l0 to 1000 A Preferably, a support™“material is used that has an
average pore dianeter of from50 to 500 A, and nost desirably from75 to
350 A. It may be particulanly desirable to dehydrate the silica at a
tenperature of from 100C t¢ 800C anywhere 10from 3 to 24 hours. Suitably,
the support may be fl exi r arigid support, the insoluble support is
coat ed and/or inpregnated wi TWN he conpounds of the process of the

i nvention by techni quef well krown to those 15skilled in the art.

Al ternatively, the conpounds t he process of the invention are fixed to
the surface_of an insol pport, optionally via a coval ent bond, and
the arrangefredfPopt6nal Iy i ncl udes a bifunctional 20spacer nolecule to
space the conpound fromthe insoluble support. The compounds of the
invention may.Reabixad todBeusitkacsmalathexi ngolable-sUppoLt 2Ry /pr enot i ng
reaction of .a functiqnal group present in the conmpound of formula | with a
conpl i ment ary ¥E4E615%e Gt 6up 25 present on or previously inserted into the
support.9The conbi nati on of the reactive group of the support with a

conpl i ment aby,SiUbstdtusite0td RemcorROMN ; 9f L ihgr dAuentfen: Povi des a

het er ogeneous cat al yst where the conpound of the invention and the support
are |inked 6?%“§6IV%ﬁ8dg“§ﬁé%“as an ether, ester, amde, amine, urea, keto
group. 30 The choice of reaction conditions to |ink a conpound of the
process of the present ifnenti@n 9 khe, suppeptdegpends: @ponzthe groups of
the support. For exanple, reagents such as carbodiimdes, 1,1'-

car bonyl di i m dazol e, and processes quch as the use of m xed 35 anhydri des,
reductive am nation nay be enpl oyed.| According to a further aspect, the
present invention provides the use the process or catal yst of any aspect
of the invention wherein the ca NN attached to a support. WO

2011/ 083305PCT/ GB2010/ 052214 48

10 and X° represent
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.

15
(2) %3 represents crR7(R® (% , %! represents CRY (R (R??), %!
represents C(RR)NR'™R'"? and X* represents C(R'™R!%)NR'"'R!?;
A and B are the same and represent -CH,-;
Q' and Q° both represent phosphorus linked to the R group at
20 ring positions 1 and 2.

(3) X? and X* together with Q' to which they are attached form a 2-

phospha-adamantyl group, and X' and X° represent



Additionally, the bidentate |igand may be bonded to a suitable polyneric
substrate via at | east one of the bridge substituents (including cyclic
atons), tWwe 2bri/a$giong group X, the |inking group A or theCTigeebTIgsSeRIeUp B
e.g. 1-(di-t-butyl phosphi nonethyl)-2-(di- 5 pyridin-2-yl phosphi nonet hyl)
benzene may be bonded, preferably, via % e 3, 4, 5 or 6 cyclic carbons of

t he benzene group to pol ystyrene to give '‘an i mobil e het erogeneous

catal yst. The use of stabilising conmpounds with the catal yst system may

al so be 10 benefjicial in inproving recovery of netal which has been | ost
fromthe catal ysf system Wen the catal yst systemis utilized in a liquid
reaction mediu ch stabilizing conpounds nay assi st recovery of the group
8, 9 or 10 referably, therefore, the catal yst systemincludes in
a liquid reggtion megiuma polyneric dispersant dissolved in a liquid
carrier, sai i ¢ dispersant being capable of stabilising a coll oidal
suspensi on of cles of the group 8 9 or 10 nmetal or netal conpound of
the catal yst systemwthin the liquid carrier. 20 The liquid reaction
medi um may be a s8laenB fwor thheareacti oyrreremayCeonpri se one or nore of the
reactants or reacpi oRaphodiehsrihensel vesspdhiesr eactants and & eaeth onx
products in liquid formmay be mscible with or dissolved in a solvent or
liquid diluent. 25™fh&°pbiyieri é"dispersant is soluble in the Iiquid

reacti onSmedi um but should not significantly increase the viscosity of the
reaction nmedppmin @ way whigh-woul dabendet ri.pent alg o Jgacdden Kinetics or
heat transfer. The solubility of the dispersant in the liquid nmedium 30
under the reactijon conditions of tenperature and pressure should not be so
great as to deter significantly the adsorption of the dispersant nol ecul es
onto the netal ticles. The polyneric dispersant is capable of
stabilising Mal 35 suspension of particles of said group 8, 9 or
10 netal or ound within the liquid reaction nedium such that the
metal parti d as a result of catalyst degradation are held in
suspension in I quid reaction nediumand are discharged fromthe
reactor along with thé liquid for reclamation and optionally for re- 40 use
i n maki ng further2quanBidiceshofsapatalysterehentret@l-/parti cl es WO

2011/ 083305PCT/ GB201040522 140408 MOTIMRLLYG-0L colilcai dal i nensbopsa: e. g.
in the q@nge 5 - 100 nm aver age F%Q;lcle si ze al though |l arger particles may
formin Sone case§ P51 ons° of “the "pol yneric di spersant are adsorbed onto
t he surfacePoffarhelyretial thparbéwl esbashingsits t Re' reddi Hder bfdiohendirsperisant 5
mol ecul es remain gt Jdigast partially solvated by the liquid reaction nmedium
and in this way the dispersed group 8, 9 or 10 netal particles are
stabilised against settling on the walls of the reactor or in reactor dead
spaces and &agaiersbli,ornnm ng agybomer af e roflavet ak pat tB ekes wkepdndeayligr ow
by col I hsi on.0fcsRard i €l es, and eventHal Ly:id0 coagyl alg:1 5008, A4ghQRErati on
of particles may occur. even in the presence of a suitable dispersant but
when the di §pErSanttype Shd eéi‘fPPcléntgi%ﬁ iOAYT sTTGPPT mifSEGC 1R such tomeT

aggl oner at i ehkgkosl dbdverat vairkel at i wefly 3 owebeaseht anaket heomggbonegnates may

formonly | e9selyis0t hatsthey nBy.,be.lrokem up and the,partiehb&Sient1y
redi spersed by 15agitation. The poFynerlc di sper sant nag i.ncl ude

honopol yner $e0rE0pof §er<i nef udi-fy ‘pol Vier £80THPaE gFaft Yopol Fers and
star poP§merspre2énPr eferabky altflenpokymericedi spessantraharuguf fi cident|y
acidic or basic funghionglity:to substantially,stabilisedthe;collaidal

suspensi on of said roup 8, 9 or_10 netal or netal conpound.
directly o the group R and the other Q group 1s not connected

directly to the group R and is a C; to Cg alkylene, preferably -CH,-
or -CyH,—, most preferably, -CH,-.
25

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 Cs alkyl, particularly methyl.



25 By substantially stabilise is meant that the precipitation of the group
8, 9 or 10 netal fromthe solution phase is substantially avoi ded.

Parti cul awbyopwesszasr ed di spersants for this purpose inclPadsgsreiodise2ier 30
basi ¢ pol ynmers including carboxylic acids, sulphonic aci ds, am nes and

am des such as pol yacryl ates or heterocygl particularly nitrogen

het erocycl e, substituted pol yvinyl poly rs such as pol yvinyl pyrrolidone
or copolymers of the aforesaid. 35 Exanpl es of such polyneric di spersants
may be sel ected from pol yvinyl pyrrolidone, polyacrylam de,

pol yacryl onEtpddie]l lpabnegtimddenivat g c pohyglindei né, fpaluactylincluaei dhose

pol ynmet hacryj i G ;aci d, poly(3-hydroxybutyricacid), poly-L-Ieucine,

pol y- L- net hi oni ne, poly-L-proline, poly-L-serine, poly-L-tyrosine,

40pol y(vi nyl benzenesul phoni ¢ aci d)and pol y(vi nyl sul phonic acid), WO

2011/ 083305P&IH GB20108/ 062214 Hheacyl atedspotsyethytleni m ne. Suit abl e acyl at ed
pol yethyl eni,m neg are.fescrlbed i1, BASK pakent publication EP1330309 Al and
US 6, 723,882. Preferably, the polyneric dlspersant i ncorporates acidic or
basic 5 ri 8t TBEEFt el {FERTaE BtY Wi thin the pol ymer backbone. Preferably,
the acidic noieties have a dissociation constant (pKa) of |ess than 6.0,
mor e Pr ef e 8Pl Vi L5%al B0 Sl MGk, PLETBLEDIK LSS L kﬂ%n%s%f%%@faab' Y,

t he basi¢c noieties have a basé di ssociation constant eln | ess
than 6. 0 otk Prrefeiapryct e8Pt Hian Sf0“§ﬁdlﬁﬁ§ﬁsTﬁfﬁrg$%ﬁﬁﬁ?§‘Fb§§°¥han
4.5, pKa and, pKbrbei ng sreaspsed tier@bkute aqueous solution at 18C. Suitable
pol yneric dispersants, in addition to being soluble in the reaction nedi um
at reaction conditions, contain at |east one acidic 15 or basic noiety,

ei t her mnthEﬁiﬁ&éiﬁﬁlyner backbone or as a pendant group. W have found
that polymers incorporating acid and ani de noieties such as

pol yvi nykpyrpl | eedr%nelsg\ﬁ)al nd .pol mcFlykag@g%%gfrgé%lﬁaotxagr Y48 9&' odf ( PAA)

are particularl sui t abi e nol ecul ar wei e pol yner
suitabl e fo¢0U§@alﬁ 't e} nvett | BT e20 dependss upofiot e ﬁétGPeC®¢<ﬂﬁépsr
reacti on nedrerarand,,t he,sod,ubid ity Qﬁn%h%nﬁﬁkyﬂﬁ&,th§r6hﬁsﬂéphaﬁﬁaﬁgund

that normal | he, aver.age ecular t ess, L hs 000, Preferably
t he average thecu a?lwgljhtlC ng?gh bwi(ﬁﬁo % 9

pref erabl y, °5, 9@@€ﬂ°1®0“00@erﬁﬂsFmﬁ?%ﬁeﬁébI9r%@>Gbooﬁ OtQOU“%fb€ﬂR@Pds

25pr ef ep@bl yndn ﬁhajkangetéﬁ<£@e - 180000y i srepref errablne 2Qn000.y £0, 000

when PVP is“u§§q”agd of q;d§ of 1 QQ - %p 000 in thg case .of PAA.
alky er ess, e lat

elow. er  Case, met efhie 1S most

preferred. 1In the former case, by Cy is meant that the group Q' or Q7

is connected directly to the R group and there is no C;-Ciy lower
alkylene group and in this case only one of A and B is a C;-C;;, lower

25 alkylene. In any case, when one of the groups A or B is C;, then the
other group cannot be Cy and must be a C;-Cio group as defined herein

and, therefore, at least one of A and B is a C;-C;y “lower alkylene”

group.

30 The term “alkyl” when used herein, means C; to Ciy alkyl, preferably, C;
to Cs alkyl, more preferably, C; to C; alkyl and includes methyl, ethyl,
ethenyl, propyl, propenyl butyl, butenyl, pentyl, pentenyl, hexyl,
hexenyl and heptyl groups. Unless otherwise specified, alkyl groups
may, when there is a sufficient number of carbon atoms, be linear or

35 branched (particularly preferred branched groups include t-butyl and
isopropyl), be saturated or unsaturated, be cyclic, acyclic or part
cyclic/acyclic, be unsubstituted, substituted or terminated by one or
more substituents selected from halo, cyano, nitro, OR'?, 0OC(0)R??,

C(0O)R*, C(O)OR*, NR™R’®, C(O)NR*R*®, SR*’, C(O)SR™, C(S)NR*R?,

40 unsubstituted or substituted aryl, or unsubstituted or substituted



The effective concentration of the dispersant within the reaction 30 nmedi um
shoul d be determ ned for each reaction/catalyst systemwhich is to be used.
The di speweediigssasp 8, 9 or 10 netal may be recovered fPCWIGHe10/G5214d €. Q.
by filtration and then either or processed for re-use as a catal yst or

other In a continuous process the quui% stream may be an external

heat - exchanger and in such cases it to "Scate filters for the pal | adi um
particles in these circul ati on apparatus. WO 2011/ 083305PCT/ GB2010/ 052214
51 Preferabf§t Tf}?éoboP?nb?FeﬁéT%ednggsoP%t% T Sg/ G- S BB velti S 1 42 ant
1000: 1, nor exyreef esalphyy, betlween atods, and #0G1ilanarost djprlef evidbby,gdoebsween
1:1 and 200.1..:Rreferaply st he polyner:netal mass ratio in g/gis up to
1000, nore preferably, up to 400, nost preferably, up to 5200. Preferably,

t he carbonyl ation reaction is an anaerobic reaction. In other words,

typi cal | § theereeactiiOnotakeslpliaceeferer al [tyiei srrtcheaabseate loéxaypygen: 10
Conveni entl y, . the progess,of  Lhs.i nyentd ao, nay  Util ise, hiohl v, sgabl e
conpounds under typical carbonylation reaction conditions such that t hey
require little or no replenishnent. Conveniently, the process of the
invention may have a high rate for the carbonyl ation reaction. 15

Conveni entl y; ghe ;pracess, qf gt he ginyent i.on. may. pronpte high gonversion
rates, thereby yielding the desired prodyct in high yield with littfe or no
inpuritﬂ s.°€dﬁ§eaﬁ%ﬁﬁl§,lﬁhé”&%ﬁﬁ@rgwép VATEBi Yid ¢ o tRESCAYbeHyrat ton
reacti on mayhbhe caes easedabyeemphoyy ngpidzenprgeessnof the invention. It is
especi al | y advant ageous that the 20 process of the invention provides a
carbonyl ation reaction with a high TON nunber. It will be appreciated
that any of Bt het¥ edt ur 8378t FH1°t h1THPPERGE T Y StTREPECT ofYEREST NvEAt?on may
be regar deduasupreferiedrf eabut 85t2d afyl her f urdubetiaspects efinitheupsesent
Vet 98 AngH. C8. Vel Bne el BVEnL] Qi Ll oW hedeseribed, and i .
illustrated way of the follow ng nog;1|n1t| g exanpl es and conparative
exarrpl es 30ap§eﬁ@pati§73éef|§%§?ﬁp4,e§ to R’ represents hydrogen, unsubstituted

C;-Cg alkyl or phenyl, more preferably, hydrogen or unsubstituted C;-Cg
alkyl.

20

R*’ and R’ each independently represent hydrogen, alkyl or aryl. R to
R*® each independently represent alkyl, aryl or Het. YY' and YY® each
independently represent oxygen, sulfur or N-R’°, wherein R°® represents

25 hydrogen, alkyl or aryl.

R and R'%? represent optional substituents hydrogen, aryl, alkyl or

fluoroalkyl

30 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 may be unsubstituted or as one
option substituted with one or more substituents selected from

35 unsubstituted or substituted aryl, alkyl (which group may itself be
unsubstituted or substituted or terminated as defined herein), Het
(which group may itself be unsubstituted or substituted or terminated
as defined herein), halo, c¢yano, nitro, OR'’, 0C(0)R?*®, C(0)R%,
C(0)OR*, NR*R*®, C(0O)NR™R’®, SR*’, C(0)SR’ or C(S)NR’'R*® wherein R" to

40 R’ are as defined herein.



Preparation of cyclic sul phate of 1, 2-benzenedi nethanol (3) The net hod

enpl oyed for the synthesis of phosphine |igands of the 35 derivatives of

t he exanpwe0s®s308 with the synthesis of the cyclic sulpgiaiB(B)os22ihe
cyclic sul phate conpound is formed in a two step synthesis. The
commercially avail abl e di -al cohol 1, 2- banzenedlnethanol (1) (which can al so
be prepared by the Iithiunlaluninlun1hy§ i de reduction of phthalic acid)
was reacted with 40t hionyl chloride (SOC12) in dichloronethane to give the
cyclic W?2011/083305PCT/ GB2010/ 052214 52 sul phite conplex (2). The cyclic
sul phite coff exewas “themyXi ditsed wieth sodium pesrndat etand.+ ulkenium

trichloride,to-gLye, the gychi Q1§éﬂy@hahgré30§9%|f@%akh§) C, to C, EM?&E%F%E@' 10
General Unless stated to the contrary all _ mani pul ati ons were or med

under an at ADSPHEF eSO Nt r BEET UST ng* ST ahdar d'"Seht e rfi®d |hﬁ§enyc1arﬁfﬁll%s and 15
gl ovebox5t evhmisgueshe AbilseNMreexpiedi menksnytereropes f ormedwiesi ngheCbCL3 as t he

sol vent. Preparatlon Qfuexcl Le %lzilrl&nfat &rdnd), 20. The,di.al Ph%raﬁé)e(@l %9,

153mmol ) was partially dissolved in dichloromethane (250ntl). this was
added t hi onyf R8T | He LIS %ed'1%%?5lcsl BWY S T §a§5v%Y%lFé?C@’€l%I ume
of gas evol uéi omsubhel tus,201Lb083305LCTHLB23101:052214bH3 ¢resulotrantore

solution V"aéuﬁ{]l%uélﬁét ethdQek eEr_'oHXha( %0C2¥afn%r 20, 111, nyt.es (i)cTBesz esybfant

solution was then cool.ed to roo ature d stirr overnight. At this
point t A8 cyéP) Oépzsuqu‘% ?g' c%?ﬁW%{g}‘(gQ) ﬁ%éd OdQé?lR%?’orCn‘ééiNR ?ﬁ’le <PV tiad t hen

removed under wacHumtea giwe arpalsebStiruewn @i lsubsiieueyclhee, sudrite rias

then dil uted wgth dichiar Q%Sat ane ,(10am) , pacet oni hg{édgo%ylogrgre&)ogng oat er

(150mL). To the resul t ant asic solution was a I um peri odat e
(65.3g, 306HFBIETanY Iﬂiﬁﬁfhéﬁlﬁﬂn/itPFlé?ﬂnorF%Pé’hﬁydrsd‘tlécfrB@Gﬁ@ﬁ)' OFheyY P&t ant
s_uspen5| on wasdiaheyl st kst @dodts, r oomnt enpeksatisrecf or one hour during this
tine a 15
The term “alkynyl” when used herein, means C, to Ci;p alkynyl,
preferably, C; to Cg¢ alkynyl, more preferably, C; to C; alkynyl and
includes ethynyl, propynyl, butynyl, pentynyl, and hexynyl groups.
Unless otherwise specified, alkynyl groups may, when there 1is a
20 sufficient number of carbon atoms, be linear or Dbranched, 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'?, 0OC(0)R?’, C(O)R?*,
C(0)OR*, NR?R**, C(0O)NR™R”®, SR*’, C(0)SR’, C(S)NR’’R’®, unsubstituted
25 or substituted aryl, or unsubstituted or substituted Het, wherein RY?
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.

30 The terms “aralkyl”, “alkaryl”, “arylenealkyl” or the like should,
in the absence of information to the contrary, be taken to be in
accordance with the above definition of “alkyl” as far as the alkyl

or alk portion of the group is concerned.

35 The above Ar or aryl groups may be attached by one or more covalent
bonds but references to “arylene” or “arylenealkyl” or the 1like
herein should be understood as two covalent bond attachment but
otherwise be defined as Ar or aryl above as far as the arylene

portion of the group is concerned. References to “alkaryl”, “aralkyl”



10 | arge volunme of white precipitate was forned. The final suspension was
diluted with water (100nl) and ether (100nl) added. The organic |ayer was
col | ect edwbyos#8aioat i on and the aqueous resi dues washedPairtdB2et0se214
(2*100nL). The conbi ned organic extracts were then washed with water
(2*200nt) before being dried over sodiuq)sulphate. The 15 organic extracts
were then filtered through filter paper ébntaining celite. This gave an

of f-col ourl ess solution. The solvent was then renoved under vacuumto give
an of f whit 8 sU1S 41 rEo8tl P W seorEd SF Rt Het? rideséraatt 2506 °vi &t

=24. 69, 80%s|tHeNMR or5SOONHRortGOE1S, tby,9rdudbis( ppn@dpedPh), 7.38 (m 2H, Ph),
5.44 (s, 4H, CH2) ppm 20

Synt hesi sof 1- (di -tert-butyl)phosphi nonmet hyl )-2-((di-pyridin-2- ,

yl ) phosphi nBfEt Y PYBenZERe™ 25Pr Bpfaratt omeof L Frels EpHFEdI i 25y FYpHdSphiche

2- Bronmop¥ri dir ner(cl0gd 633 uaedipowas catded droopwiseioder 30 mn to a
stirred solution of BunLi (2.5Min hexane, 253 m, 633 mmol) in Et20 (300
m) at -78 Cin a 1L flask. This mxture was stirred at -78 C for 1h, then
PC13 (18.4 AFS 21t i) 4eded>dt opEse ovet So ﬁPﬁ“MFPht@ﬁN§fT?Wﬁﬁﬁé'The
resul tant nbx¢dsrebwastdulentst tenr-edmbored3@ing nutsesnat whié8 Cibef aretbei ng

al lowed 10 WAL MURQ HLOOIDLEIRET ANULEAK oh NENL SLLLT o 8L, T OOM L eTRRf ature
for one gour: The resultant tan m xture was then dried under vacuum and

wat er (f% onf = dégas SeeF Sritt hant t Folgén *gass f 6975307 ni*hut 88) AddeFe ARFbof or m
(400m) wasbbhien cadded. belhen3o-cbikphasipe ra X tattbea ti@as ot hetb1sti eredtiori80
mnutes andebhen.Lhe Lover; (organis ROgSE) yescanml atranst erred.iato a
cl ean Schl enk flask. The solfvent was then renpved under vacuumto give a
sticky browkffed $%6F1 d. 9TPgPt hi S Was ¥ddéd pent dre ( BOMIYSARE e Pertane
stirred inteutd@ttited Wye,onthbs gane sabbt owah ey adgecsal | ton Thel Pendyane,

sol ubl e,z WO, 1/ 305RCT/ 010/ 2 4 terial S . cannul a
and the1%enF§%%?mggﬁ1ﬁ§k§gp§§§g%.a ai%ﬁgﬁén%gn?%%%i§o u%%%%%%ﬁ%ﬁ?%@?ﬁas
renmoved by E@ritdFatedTRE Tee8ithiedwes ‘eherrdditedunder / vallUGht bef 6@ Hei ng
suspended i Aceh)hbaripl (ROADR*, The (@vhanpd?s suspensi-om)sas bhern eaiEddp to
80 C which gggr%i% lgwdt?‘or %(30" %de Sosl ngflq'l%'d I'Tehiesln\l\aﬁlet erm a“‘lHl E)’V\ecqmt Oinccqgl es:[ 0
roomtenperature and orangefyéﬁIOM/crysta s'started to form The sol ution
was then pl degtbsi nstRe PF eecPEEomlly 20°WRsbyvertAf gizetTHiNG L gavy raot @igel anount
of red/poanggisebig., Thesathanoturseyubl exsmber) alisvasdihen reaevediby,
cannula and _the solid dried under vacuu Thi s _gave Osti.cky ora
col 14, ol aris el o GooETEB Ty RO, ME )t o6 AR e Py 2)
Pr epar at i onPofiBes{pyri diqirRoiAnyphos phiraei(iPyRPH) PTReeinyl,  quinolinyl,
tris(pyridi As@&nyhpphesphone(id2-#Ag, So2ammly) was suspanded .i ubkh thdion
(400n) . TOaE hl-ie \IQBI’ %eaggead Cla.]ifkgorllli lélg?)ngr %nt leels-le£5figlg’ ojzgvggpel )a' J-froherigl xture
was then stirre a?yroon1tenperature or “four hours. 'Thi's ga@% an T Rtense
red sol @Pi ont dMeeosaloueinthadetherrtbisétered into a clean Schlenk flask to
remove any un-reacted lithiumnetal. The solvent was then renoved under
vacuum and water (100nl, degassed with_20 nptrogen .gas for 20 m nutes)
added. Etherg?ﬁoﬁ%%¥mw%?7Fﬁgﬁigdﬁé&hﬁngth% ﬁfpﬁéﬁ?geSOIution stirred for
20 m nutes. The upper (organic) phase was then cannula transferred into a
cl ean Schl efke fdagknand, thenediicads unRdern vaaHu M+ This, gaveydar kienange/ r ed
oil. Yi éd =15. 1 g,ug4@@§lP{lH} NVR (121 MHz, CDC13) a: -33.8 (s, PPy2). 25
Pr epar a

on"oF APt BFEShut yI phosphi ne borane Di-tert-butyl phosphi ne
chl oride (34g, 188.41mmol) was added to a

The catalyst compounds of the present invention may act as a
“heterogeneous” catalyst or a “homogeneous” catalyst, preferably, a
homogenous catalyst.

35
By the term “homogeneous” catalyst we mean a catalyst, 1i.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 solvent as described herein.

40



30 Schlenk flask followed by diethyl ether (200ml). The ether sol ution was
cooled in a cold water bath and Li A1H4 (1M in diethyl ether, 100m,

100mmol ) wezondsewssl owl y. This gave a yel |l ow suspensi oRCRIGB2010/82218t i 1 r ed
at room tenperature overnight. The suspensi on was quenched by the addition
of water (50nl, degassed with nitrogen faor 35 20 mnutes). This gave a

bi phasi ¢ sol ution. The upper (organic Ié\%er) was cannula transferred into a
cl ean Schl enk and the aqueous residues washed with a further 100nmlL of
ether. The &Yhé&pe e‘i&rr‘“acf%t%é’ﬁ%“ec%lﬁbl AR dAb BT i BeF Wit oSt Um suf phite. The
et her extractseomed eoft hied icammuloa, twhansfier redriedt o & elrgant Schl enk and t he
et her renoved by 40distillation. This gave a colourless oil. The col ourl ess
oil was then WD 2011/083305PCT/ (B2010/052214 55 diluted with THF (200nd)
and cool ed {'0°0C,2 tYPATE Wds *adAE} BHE ST THE - g 1M STIAti Oh, CPEOMS 2"
250mmol )5 Thekargsubtamt ogokutiormanssl tientstads reediatd,r com tenperatuses

overni ght. The solvent, V}@ﬁ/ thep renpved {pder vacuym L0 :gh Ve, & Wl t g,
crystalline solid which was then 5 isolated in the glovebox. Yield =

22.19, 73% 9P@Ivddu%11PSt{efl§|}”Wf 80f MBS Eﬁ@fgnd%)Of 63240, 23 ’ﬁ“r?m?or‘FﬂlPHSpl et).
Syntl1eS|s (DHeﬂrdéd herein and, where appropriate, the individual tautomeric
di-tert-but ¥!>H&OSFEQEPQ%@N hi/ﬁetﬁeﬁ d'ml%){“ gl}@tu%@%' phQsphi nOfE%LQQ/a! ypenzene A
2. 5M sol bjtlon of BunLi (83 exanes was ad & toa 10
sol uti onY of dfﬁ}?PﬁP@Hﬁe{%B °24g, Cl?O?""%’rﬁF*)nﬁ n*THEE 2501 ) Pat aehlemé ¥t ur e
was al | owedctoraheaatnlr oomchermeeatureegt hepyst iftsedoher 30rydtall Afdresn,
cooling to cz,ﬁomgtogﬂ{ pdded, dropwi se. aver. 1. n }Qt@repro% gocodmggur( 78 Q)
sol ution of ic sufate(1206H4 CH20 2502 in
THF (300 niyne The ‘%ﬁ%(tﬁj’rr@uwass &t i redtiore 30115 Ohi ﬁe%ﬁt"at’me Charget hezﬁ1

stl r red for 18@1vrmma1atenlaaﬂfnmben@eraatdbfngourﬂf er ocoalfl nget el x4 U= tDsc 78

C trea sal ut P nep dfr

207. Sme) Lo O CS000" dnd BOnEr L Bt "o a3 BNl S0l ey i e hekan.
207.5 mol ) ra%°1ut?<8anIsuCWWé By %t lﬁr% Q/r/agfatheo@\@tfetséo%%nm farePabmytenper ature
and then stiktred120 cavesini g&ﬁporiherso;lyvefuacv:va&anerm\yedameetflorneddmedhe
pressure angd,the residue vvagalrte dissolived in Et20 (300 /L) . Co‘lgggspsooldutl on
was t hen quencsneé th wa fOO mI_H) e b phasi c mxture was t

stirred at Fé‘%‘ﬂﬂaﬁ@rrp@rtét uPe f’belrtaBbe moﬁﬁ%%@%ef ¥tte Ve herBrgahf c {aipperds phase
was canpol asppansiera.ed into a clean Schlenk flask. The solvent was 25 then
renoved under vacuumto give a brown sticky solid. The solid was dissol ved
in TBVE (600nl) and tetrafl uroboric acid diethyl ether conplex (1245mol,
171ml) was EhereradehsdDigdsirserfave t he i nredi ate formation of an orange
erci pi t at eAcimlﬂz_ij Xtre \rﬁgtﬁaenaJ@atsdéL@ggeédhew fl%zﬂtﬁohowrsvadme a
sol vent wast en _repoved, under . vacuum an t si.due treate

sol ution of poCt assi gﬁ] h;!/aroxcfatfe 1@'6% 4f§nmﬂ) e%hﬁ ntlcaﬁ(ysoblnﬁatuée eChsed
wi t h ni P ogemnggasdf o %lﬁ?%u@@@}n F@Tteaﬁet](%(l@@@sw thenisdded and: t he
bi phasi ¢ m xtur@ ek apicdbymstbided §Qpothi LhyrdiBUd 8. idheudppetpphase
(organic) was then cannula transferred into a clean Schl enk and the sol vent
renoved 35 under vacuum This gave a sticky viscous red/orange oil, yield =
29. 49, 32% BiFErEPLINVRIE12LPNVHA, ©BCIBEsaz O1Bnqrs,suPPyRrs 28p51{s efPBut)
WO 2011/ 083§Q§Ps@7§ééﬁ20%9/ q&ﬁggéy@aeSymaa@§a@f ofsu@fyr ia@yl ahe&wlapmew A
sol utio? of C1 PPh m_h % Schl epk fl ask
was cooPed F%po ?@et %nd aeéfolsﬁtlfon 01po rﬁ e 6Cﬁ‘§’_° yﬂiﬁs ﬂwf §8d§ °t%hr ough
a droppi ng fhnnel oveth80arh/n anitihisin rdeirmgatiFhesuch as a functionalised

silica, a silicone or a silicone rubber; or other porous particulate
material such as for example inorganic oxides and inorganic
chlorides.
35

Preferably the support material is porous silica which has a surface
area in the range of from 10 to 700 m’/g, a total pore volume in the
range of from 0.1 to 4.0cc/g and an average particle size in the
range of from 10 to 500pm. More preferably, the surface area is in

40 the range of from 50 to 500 m?/g, the pore volume is in the range of



5 solution was allowed to rise to roomtenperature and stood overni ght. The
resulting yellow solution was cannula transferred into a cl ean Schl enk

fl ask andwORe1148B3ipént renoved under vacuum To the sol i #Cras2duwdsaEs added
et her (500ml) and the m xture rapidly stirred for 1 hour and then stood
overnight. The ether extracts were then c7onb| ned 10 and the dried under
vacuum This gave pale oil. The yell ow &'l was then dissolved in ether
(500mL) and a soluti on of LiPy a{prepared by adding BrPy (21 nL, 220 mol)
to a sol uti 6ROHEP Butd “¢8EHE T &°2. HSKRASOIPGE F o Si it Hexane) thR ES0 100
mL) dropw sérovern B9 290nuat Mo dEsitdrd ysulautshofromagrdaheén st ithe edhngorofl hl

was added vica,a 1%@”9&'4%0%@5 dr 30 M udde sol utdon was &l kp%@fé Eocd each
roomtenperature and was then stirred overnight. This gave a pal e brown

suspensi on. SHCEY 110t P o 28 *29 MRS T tt icoft 15 £t ?@)t%§a%d88 &r >20"%i ns
Wi th vigorouso sti.r rhagyvegenemats ngiza bargeiquaniirbtys ofippaite mbronials is
preci pi tate;, Ryt her HGE €110 1L 9108024 Mpsr@lfé&ta'b% 1h EL20) was..added, The

20 suspension was then allowed to stand and t yel | ow sol ution cannul a

t ransf er r edUFoft &Pat dleean™ SEHFak pPF%s‘?(lam‘FFl%r k?rfoﬁho”prf’QcF?)lstOQt% vids feghed
again with THR(E0ONE)oranth tie WWashi.ngs omyblmaecbabei@ﬂernen@wlmgblehetoTHF
under vacuumleaytog.a cedior ange.sald e, he salddivpe thenodissolyed in
THF (300 nL) t'hen added to an iIce cooled 25 sol ut| on of magnesi um powder
(9 g) i nOTHETY™ G0t BYEE-30 mins with stirring. The sol ution was kept
under ice cooling for a further 30 min, then allowed to rise to room

t emperat ure ir g Jhe Ut io S er re

excess nagngg?%ggnd%%eﬁg%&%r{w% vvag'Se}f§ f%%émr% eggisdsltgd %%thtm t?ﬁ) en
gas for 20 APFRIIEST. SuFﬁ%rtBGSo%%trﬁdcaP%Pér LR INREST CARPUITE CPERRSPEF r into
a clean Schkeankptdask ard tdrkenirdeheibnunger tarme st Oregil Vendins CouS tatange
oil, yiekd 369 P NWVR (121 MHz, CDC13) a: -37.79 (d, Li-pH = 222
Hz) . Syﬁ% heg’%lglo%% J(d?l{%e%'gt but yl phosphi nonet hyl ) - 2- pyri di n- 2-

yl phenyl phosphi nonet hyl ) benzene 35A 2.5M sol ution of BunLi (32.1nm, 80.2
ol ) in hexanasavasiaddede t oposaddt boncied 2P BH3t{d2i8gnt86h 287l ) in
THF (150m.) . at dO Thgff xture was all omed, .9 esachoroongttenpglr atur.e then
stirred for ter coofin ng to -78° &l t was  added dropvvl se over 10
mnto a pr éo‘&iﬁpéopc{hﬁmaf@ t§%lmrﬁéwwtt%léyﬁjl%ycl%iﬂuﬁafea bifunctional

(1, 2- Copd( CR)e2502)e cu VD 20334 L8830 2B B263L 0822140 b 1€ 19:808;. 80. 2mol )
in THF (200 nmL). The m xture was stirred for 30 mn at -78 C and then
stirred for 30 mn at roomtenperature. After cooling the m xture to - 78
C, it was tFeatetraitds @isshat iornstorPyPhPhe fprehdredher omPygPhPH {15, 19,
80. 2mmmol ) | mngﬁﬁbi&%@bar@mj pomBUid r(esatlbmopfa auxctawhgplgubu@rpﬂeeer&exane
207.5 mmol ) . at xture IIowe rmto roomtengerature
and then sti rre% ove Oun e sof‘vent vvas r ent “Undér ‘reduced prepssure
and the 5espd@ﬁeen¢vasnr@t dl@@@@%ﬁéd iPpsEt2® {800 tht) supphétsoﬂlfﬁt icorPiwasiethen
quenched wi th mat etad:200 Jdohp Jhenbi Hhasic mxtyrcemm&ehbﬁry stibdtiedendlO at
roomtenperature for 300{11 nut es Qef ore rtlhe or. ani c ? e)n ghase

cannul a trafsf ert e PREY & 'clCan "SRRk F1H3RS° The Sof V&R " Was
renoved undeherracbeantdreogivefatin d«mﬁmlangen%ttihe kyurpokt dereThen’sgl vk was

di ssol ved i ni IBME {60084 )anabchdret saklyrohet] anagd d udiet hylo ef-bes. conpl ex
(481nmo 66nml) was then added. This gave the immediate 15 formation of an
or ange %59eci pitate. The m xture was then heated to reflux for 16 hours. The
sol vent was Thherhorerpvied cantden gacdiirand o Renk esidoeotrdeatf edhav Hreceass

sol ution of ,potassi ety droxhden(499cnd 1338040 dBeM@ 6ok 3 rodggassed
with nitrogen gas for 30 m nut esi Pent ane (500nL Was then ded and t he

bi phasic m xtur € FHitdl y O 25 7EEP ed FGF thi PES ut"és: OdT‘ﬁ@l Uper'‘phase
(organi c) wasrichehdicandadcdet r aarst eprectsisat 0 acol eafﬂ S@hel enke f [dskmaxet t he

sol vent 35 emyedi.uader .vacuum .This: gave. anYiseeus.Lrange oil, yield = 7.9g,
23% 31P11HL NMR (121 MHz, CDCI3) a: -10.0 (s, PPyPh); 28.2 (s, PBut) 25

Car bonyl ati on Exanpl es General Car bonylation is carried out as foll ows and
t he resul t samedhlibhed pgandseofaseranpltes rmardeconparatiovepexanps eseare shown

in tables. g@ the process or catalyst of any aspect of the invention wherein the

Ve

catalyst is attached to a support.
40



Experi nent al 1.0 Reactions using

1-(di-t-butyl phosphi nonet hyl)-2-(di-pyridin-2-

yl phosphiworzetingBiosenzene( TPhos) and(di -t- 35 butyl phosplCchaapiwis}ienzene
(Al pha) with Trifluoroacetic acid (TFA). Using standard Schl enk |ine
techni ques, reaction solutions were pr epﬁr ed by dissolving 7. 7nmg Pd2(dba)3
(1.46x10-5 nol es Pd) and elther 28. 9rrg i -t-butyl phosphi nonet hyl ) benzene
(Al pha) (7.29x10-5 nole ,

4031. 8nyl- (éij Jttlﬁﬁi‘%ﬁyphﬁlﬁhlkﬁﬁlﬁ%‘iaﬁﬁl )11@-%. maYr PQi Roaded wpp @ suitable
2011/ 083305PCT/EB20 161108221« 58 yhphaspiti noret ¢y | jirenzeinige ( FRhostuents
(7.29x10-5 @A&%)mdd Sts_/ehycedaeomsﬂ 7&&&@/&%8&40 ent, ca{g)qamrgn Qb gret hyl

propi onate and nmethanol, in a sol ut| on vol unme_ of The pal | adi um
and |igand Rer &M8l | 'OREH ogﬁ?iﬁ‘pl %x &f or'e (FHe~ QHWLPP%?P%POT%*F’PU& d%Cetic
acid (TF3) bycorpletedhsdreipsreparnt ilgmzefe thwe dat doysdd,salratéonly Theia

catal ytic sofutqon V‘@So@d@%‘}cwc the,pre o%VéﬁéJ%e%Qel?eUtg%';@Vt% the eactant s
were heated to 100C with stirring at 1000rpm Next reaction vessel was

pressur i sedtwngPfe8arbdF“§°}?iflee]?%€ﬁ%g%B\%% SoF VNt vapour pressure (2.3 bar at
100C), and the catalyst solution 10 was stirred for 20 mns. After
pre-treatmenf W stehoﬁts*ﬁ%lelltshﬁirc%ﬁgéﬁr% was, ItHétéa%ta§§jsip¥e9tLQnS§tg aS_L'ngoet he

react or éo 12.3 bar wit m xt ure of ene ford an
initial '9: 1b@%ﬁsflﬁhaa]semrrd1mﬁi‘°‘f1§9| 6B &Y ht ePfE2E0™ e Meot BFeT e]e?éFl Sﬁom
pressure (12n3 daar)was spaiant anined thdircadghout sthenbat chistudy im 4 hitlel use
of a 15 Te%&&{?loﬁ%d%ﬁ?rs}{lc\é%é’a%lﬂ% %hggnpo‘an&b%agz nml;ar eLthene 10l

reservoir. Bot e reaction TON and rate can be Obtai ned y neasuring the
drop in thedFe¥efvol rrptessttle and assuming ideal gas behaviour and 100%
selectivity for met hyl propi onate. After the reaction period, the autoclave

was cook fd ‘é%ﬁ‘%% xég E%b ﬁ% }E E:%St% ondi thQns Catigl st
e e in a
Conch( ol . dm : 1E) ot'al an (1 %3/
reaction medium a polymerlc ispersant dlssolved in a liquid carrier,
said polymeric dispersant being capable of stabilising a colloidal
suspension of particles of the group 8, 9 or 10 metal or metal

compound of the catalyst system within the liquid carrier.

20
The liguid reaction medium may be a solvent for the reaction or may
comprise one or more of the reactants or —reaction products
themselves. The reactants and reaction products in liquid form may
be miscible with or dissolved in a solvent or ligquid diluent.

25

The polymeric dispersant is soluble in the ligquid reaction medium,
but should not significantly increase the viscosity of the reaction
medium in a way which would be detrimental to reaction kinetics or
heat transfer. The solubility of the dispersant in the liquid medium
30 under the reaction conditions of temperature and pressure should not
be so great as to deter significantly the adsorption of the

dispersant molecules onto the metal particles.

The polymeric dispersant 1s capable of stabilising a colloidal
35 suspension of particles of said group 8, 9 or 10 metal or metal
compound within the 1liquid reaction medium such that the metal
particles formed as a result of catalyst degradation are held in
suspension in the ligquid reaction medium and are discharged from the
reactor along with the liquid for reclamation and optionally for re-

40 use in making further quantities of catalyst. The metal particles
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are normally of colloidal dimensions, e.g. in the range 5 - 100 nm
average particle size although larger particles may form in some
cases. Portions of the polymeric dispersant are adsorbed onto the
surface of the metal particles whilst the remainder of the dispersant
molecules remain at least partially solvated by the liquid reaction
medium and in this way the dispersed group 8, 9 or 10 metal
particles are stabilised against settling on the walls of the reactor
or in reactor dead spaces and against forming agglomerates of metal
particles which may grow by collision of particles and eventually
coagulate. Some agglomeration of particles may occur even in the
presence of a suitable dispersant but when the dispersant type and
concentration is optimised then such agglomeration should be at a
relatively low level and the agglomerates may form only loosely so
that they may be Dbroken up and the particles redispersed by

agitation.

The polymeric dispersant may include homopolymers or copolymers

including polymers such as graft copolymers and star polymers.

Preferably, the polymeric dispersant has sufficiently acidic or basic
functionality to substantially stabilise the colloidal suspension of

said group 8, 9 or 10 metal or metal compound.

By substantially stabilise is meant that the precipitation of the
group 8, 9 or 10 metal from the solution phase is substantially

avoided.

Particularly preferred dispersants for this purpose include acidic or
basic polymers including carboxylic acids, sulphonic acids, amines
and amides such as ©polyacrylates or Theterocycle, particularly
nitrogen heterocycle, substituted polyvinyl polymers such as

polyvinyl pyrrolidone or copolymers of the aforesaid.

Examples of such polymeric dispersants may be selected from
polyvinylpyrrolidone, polyacrylamide, polyacrylonitrile,
polyethylenimine, polyglycine, polyacrylic acid, polymethacrylic
acid, poly(3-hydroxybutyricacid), poly-L-leucine, poly-L-methionine,
poly-L-proline, poly-L-serine, poly-L-tyrosine,

poly(vinylbenzenesulphonic acid) and poly(vinylsulphonic acid),



Propionic Acid 2.0 Reactions using

1- (di-t-butyl phosphi nonet hyl)-2-(di-pyridin-2- yl phosphi nonet hyl ) benzene
(TPhos) amo 2hMatdsaeésul phoni ¢ acid (MSA) 30 Using st andaPdTS&Hewvis2i14ne
techni ques, reaction solutions were prepared by dissolving 7. 7ng Pd2(dba)3
(1.46x10-5 noles Pd) and 31.8 ny 5

1- (di-t-butyl phosphi nonet hyl)-2-(di-pyri i n- 2- yl phosphi nonet hyl ) benzene
(TPhos) (7.29x10-5 nol es%l di ssolved in a WD 2011/ 083305PCT/ GB2010/ 052214
59 sol vent EOHPGETt POTYSOFY HEELRYIS pr opitofatse de it Mnst - WHPEH a3 V&t i ed
bet ween 90: #6shibwd aimdBSL. SOt ynblThet tcot BP13S0BWE iROnandollEIMe TRass ke pt
constant (300ml). The palladiumand |igand were allowed to conplex before
the addition of 430jal (6.56x10-3 npoles) 5 nethanesul phonic acid (MSA)
conpl et ed tﬁée%rréﬁja% ‘at Ton RF YPHE Cc HEPFST S ot aE 81 E 2 e TACAf yOF ¢ P&dtUt i on
was added t eotdheeprertdvacpraidedt at edtiave tandpdlyeer eackames werefdreated to

100C wi th stjrring;at,QO0rpom. Next 41 he feachi an, Me55el MRS, Pressur) sed
with 8 bars of ethene above the sol vent vapour pressure (2.3 bar at 1000,

and the 10 &at-al®pst %]belfﬁtr?kb]ﬁ’ wassstirred: $orood mMtsraRft érShrid@tr éat ment
W t h et henertéerepact kb byasc imittadsetdaby apbessdt s|icngt idrecsreaetor (sko 12. 3

bar with 2 bl dmlar fxtung of (COand sihens, ) o ALTard, g ) nppd ahodk 1 gas

phase n&é ratio of eth ene total reaction pressure ar)was
mai nt ai ned Pﬁ?%@ﬁb%tleﬁﬁethﬁét%ﬁ sPIﬁrd?n%ptKh Fhed Jsesefedall 5iitase gipreous

regul atory valweoatdtached to a 1:1 nolar CO ethene 10L reservoir. Both the
reaction TON and rate can be obtai ned by neasuring the drop in the
reservoir pressure and assum ng ideal gas behaviour and 100% sel ectivity
for nmethyl ProFiPORaPe. Y AFterdifher 8kt i on 2petiied, tPhesiagt 66l H®/é wWasttool ed
and vent ed. r@f-tliabl e ubuatrardscof or?. dneonitink j Oftshtain Gat dleyst one acidic

%ngh( n?é dg}%asﬁcggé}eocy§ lo‘gh%l !N%{ q %hél p]c_)qtylgér Walggbol}l%():o% Eg easspl‘él;lgeglpcar)

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 polymer which is suitable for use in the invention

20 depends upon the nature of the reaction medium and the solubility of
the polymer therein. We have found that normally the average
molecular weight 1is less than 100,000. Preferably, the average
molecular weight is in the range 1,000 - 200,000, more preferably,
5,000 - 100,000, most ©preferably, 10,000 - 40,000 e.g. Mw 1is

25 preferably in the range 10,000 - 80,000, more preferably 20,000 -
60,000 when PVP is used and of the order of 1,000 - 10,000 in the
case of PAA.

The effective concentration of the dispersant within the reaction
30 medium should be determined for each reaction/catalyst system which

is to be used.

The dispersed group 8, 9 or 10 metal may be recovered from the liquid
stream removed from the reactor e.g. by filtration and then either
35 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.

40



Tenperature(C) 100 Headspace C2H4/CO 9:1 L2Ligand HPropionic Acid 25

3.0lnitial Reactions using 1-(di-t-butyl phosphi nonethyl)-2-(di-

pyri di n- 2v9l2ptiaspies nonet hyl ) benzene( TPhos) and(di -t - PCT/GB2010/052214

30but yl phosphi nonet hyl ) benzene (Al pha) with Propionic acid (PA) WO

2011/ 083305PCT/ GB2010/ 052214 60 289nmg (di,-t- butyl phosphi nonet hyl ) benzene

(7.29x10-4 nol es) or 318ng TPhos (7.29x10-4 noles) dissolved in a 70:30 ww

sol vent congosi tion of nethyl propionate and nethanol, in a total solution
3

vol une of 36ORET*The Jar BoT M affdati afid Were at | dWed St GSLEITH éx! betbre
the 5 addi thonlof mp@al pE9f33k1D- lbatnkes) 1pf opidNnieo:dci chofPAprefdrebly,

catal ytic sglutd.gn,was, addegl.t o the-rpre;gvasuaied autpolave.and the i,
reactants were heated to 100C with stirring at 1000rpm Next the reaction

vessel was B(%§§UPPsté°d19\?q'hmgr%é’@f%]i‘abé?héﬁet%b@\?e B¢ 8ot VéAPL X apBur®
pressured(228o0bar at 100C), and the catalyst solution was stirred 10 for
20 mns. After pre-treatnment with ethene the reaction was initiated by
pressurising the reactor to 12.3 bar with a 1;1 nolar mxture of CO and
ethene, to aft'sralh ithft FAlPo8Y17'g88 prade ot ardt are  SrCet fyiteéf: A The
total reactbomepressur et{dizadlbartjavascaraist atdied theoughouwrathe bat cie st udy
W th the usg,of a Jescom, 15 regulatory valve attached to a 1:1 nolar

CO ethene 10L reservoir. Both the reaction TON and rate can be obtained by
measur i the drop in the reservoir pressure and assum ng ideal gas

behavi our anenkB0%tsel eciid \HrbyedOfMetdhyinvpiphonat ext iAf eemithe, rseactd on

period, the_ g oghave,mas t&ﬁPJa%d cg% ent.ed. 20 L3Rl 8,3 PuIBr Y, AT 320
condi ti ons. Cat al yst Conch(nol .dm 3) 4.90x10-4 .

they require little or no replenishment. Conveniently, the process of

the invention may have a high rate for the carbonylation reaction.

15 Conveniently, the process of the invention may promote high

conversion rates, thereby yielding the desired product in high yield

with little or no impurities. Consequently, the commercial wviability

of the carbonylation reaction may be increased by employing the

process of the invention. It is especially advantageous that the

20 process of the invention provides a carbonylation reaction with a

high TON number.
It will be appreciated that any of the features set forth in the
first aspect of the invention may be regarded as preferred features

25 of the further aspects of the present invention and vice versa.

The invention will now be described and illustrated by way of the

following non-limiting examples and comparative examples

30 Preparative Examples

Preparation of cyclic sulphate of 1,2-benzenedimethanol (3)

The method employed for the synthesis of phosphine ligands of the

35 derivatives of the examples starts with the synthesis of the cyclic

sulphate (3). The cyclic sulphate compound is formed in a two step
synthesis. The commercially available di-alcohol 1,2-
benzenedimethanol (1) (which can also be prepared by the lithium

aluminium hydride reduction of phthalic acid) was reacted with

40 thionyl chloride (SOCl,) in dichloromethane to give the cyclic



Total L2/Pd 5:1 Total WPd -6400:1 Pressure(bar) 12.3 Tenperature(C) 100
Headspace C2H4/CO 9:1 L2Ligand HPropionic Acid 25 4.0Further Specific
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2- (di - pyridin-2-yl phosphi nonet hyl ) benzene( TPhos) and (di-t-

but yl phosphi nonet hyl ) benzene (Al pha) with Propionic acid (PA) 30 Using
standard Schlenk |ine techni ques, reacti*6n sol uti ons were prepared by

di ssolving 77 Pd2(dba) 3 (1.46x10-4 noles Pd) and either 289ngy

(di-t-butyl Shgg‘r}ﬁ?n YR 1 %%en?&ﬁecﬁ(cr 1593164 ?m?oé%’)le}brwa?léﬁ@“ TPHES5ed
(7.29x10-4 notlesjoddisspdniedatean ad7@uB@nviw solohénticeornposiite orhe Whclic
2011/ 083305@@&%@%%9@22@{1 61 of nethyl propionate and nethanol, in a
total solution volune of 300mi. The palladiumand Iigand were all owed to
conpl ex before the addition of propionic acid (PA). The catalytic solution
was added to thg +aet@ted autocl ave and the react ants were heated to
100C 5 with & e~ at 1000r pm bt he reacti W pressuri sed
with 8 bars gne above the so ver?t vapour pressure (2. ‘bqr at 1000,
and the cata Ins. Affer pre-te€atment with
NQg the\yeactd? to 12. 3 bar

wth a 1.1 (gas m)lar m xture of CO
(1) (2)
3/5 LiAIH, RuCl; / NalO4
o Y
OH
0
0
\S/
P
o™\
OH 0
5 o (3)
Experimental

10 General

Unless stated to the contrary all manipulations were performed under
an atmosphere of Nitrogen using standard Schlenk line, cannula and
15 glovebox techniques. All NMR experiments were performed using CDCl; as

the solvent.

Preparation of cyclic sulphate (3)

20
The dialcohol (1) (21.2g, 153mmol) was partially dissolved in
dichloromethane (250ml). To this was added thionyl chloride (13.8ml,

18%mmol) slowly. This gave a large volume of gas evolution. The



10 and ethene, to afford an initial 9:1 gas nolar ratio of ethylene:CO in
t he gas phase of the reactor. The total reaction pressure (12.3 bar) was
mai nt ai neslohrigggisut t he batch study with the use of aPTEgEMWISLIKAt Ory
val ve attached to a 1:1 gas nolar ratio CO ethene 10L reservoir. Both the
reaction TON and rate can be obtained by 15 neasuring the drop in the
reservoir pressure and assun ng i deal ga'?s°’ behavi our and 100% sel ectivity
for nmethyl propionate. After the reaction period, the, autoclave was cool ed

and vent ed. *TADIT8™ Y Sttty 6f A9 EGALTT iTGngStI W0 (CAtHl ySF EDHALREHDT - dm 3)
4.90x10-4 Totales2/cRdt Splutiofotvak WhRd oopledseeot abbe 8efregsswuree(bat )

12.3 .TenngfgﬂéBeQ&anight. At this point the cyclic sulfite complex (2) had
been formed. The solvent was then removed under vacuum to give a pale
5 brown oil. The cyclic sulfite was then diluted with dichloromethane
(100ml), acetonitrile (100ml) and water (150ml). To the resultant
biphasic solution was added sodium periodate (65.3g, 306mmol) and
Ruthenium trichloride hydrate (300mg). The resultant suspension was
then stirred at room temperature for one hour during this time a
10 large volume of white precipitate was formed. The final suspension
was diluted with water (100ml) and ether (100ml) added. The organic
layer was collected by separation and the agqueous residues washed
with ether (2*100ml). The combined organic extracts were then washed
with water (2*200ml) Dbefore being dried over sodium sulphate. The
15 organic extracts were then filtered through filter paper containing
celite. This gave an off-colourless solution. The solvent was then
removed under vacuum to give an off white solid. The solid was stored
in the freezer at -20°C. Yield =24.6g, 80%. 4 NMR (500MHz, CDCl,, &),

7.46 (m, 2H, Ph), 7.38 (m, 2H, Ph), 5.44 (s, 4H, CH,;) ppm.

20

Synthesis of 1-¢( di-tert-butyl)phosphinomethyl)-2-((di-pyridin-2-
v1l)phosphinomethyl)benzene

25 Preparation of Tris(pyridin-2-yl)phosphine
2-Bromopyridine (100g, 633 mmol) was added dropwise over 30 min to a
stirred solution of Bu"Li (2.5M in hexane, 253 ml, 633 mmol) in Et,0
(300 ml) at -78 °C in a 1L flask. This mixture was stirred at -78 °C
for 1h, then PCl; (18.4 ml, 211 mmol) added dropwise over 30 min with

30 stirring. The resultant mixture was then stirred for 30 minutes at -
78 °C before being allowed to warm up to room temperature and then
stirred at room temperature for one hour. The resultant tan mixture
was then dried under vacuum and water (300ml, degassed with nitrogen
gas for 30 minutes) added. Chloroform (400ml) was then added. The

35 biphasic mixture was then stirred for 30 minutes and then the lower
(organic phase) was cannula transferred into a clean Schlenk flask.
The solvent was then removed under vacuum to give a sticky brown/red
solid. To this was added pentane (50ml) and the pentane stirred into

the mixture, this gave a brown/orange solid. The pentane soluble



100 Headspace C2H4/CO (mol ar ratio) 9:1 L2Li gand HPropionic Acid WO
2011/ 083305PCT/ GB2010/ 052214 62 Results 1.0 Results of Reactions using

1- (di -t - bwoybpissyhi nonet hyl ) - 2- (di pyri di n- 2-yl phosphi necgidBzbioseaene
(TPhos) and (di-tbutyl phosphi nonet hyl ) benzene (Al pha) with Trifluoroacetic
acid (TFA). 5 The results are presented _in Table 5 and Tabl e 6. TPhos has
been shown to outperform (di-t-butyl phosphi nonet hyl)benzene conparative
exanple by a 3 to 4 fold nargin in the relatively weak acid TFA. 10Table 5

material was removed by cannula and the pentane washing repeated.
Again the pentane soluble material was removed by cannula. The
residue was then dried under vacuum before being suspended in ethanol
(20ml) . The ethanol suspension was then heated up to 80 °C which gave

5 a dark red solution. This was then allowed to cool to room
temperature and orange/yellow crystals started to form. The solution
was then placed in the freezer at -20 °C overnight. This gave a large
amount of red/orange solid. The ethanol soluble material was then
removed by cannula and the solid dried under wvacuum. This gave a

10 sticky orange solid. Yield =22.4 g, 40%. °'P{'H} NMR (121 MHz, CDC13)
a: -0.42 (s, PPy3).

Preparation of Bis(pyridin-2-yl)phosphine (Py,PH)
The tris(pyridin-2-yl)phosphine (22.4g, 8bmmol) was suspended in THF
15 (400ml) . To this were added lithium granules (5.0g, 720mmol). The
mixture was then stirred at room temperature for four hours. This
gave an intense red solution. The solution was then filtered into a
clean Schlenk flask to remove any un-reacted lithium metal. The
solvent was then removed under vacuum and water (100ml, degassed with
20 nitrogen gas for 20 minutes) added. Ether (400ml) was then added and
the biphasic solution stirred for 20 minutes. The upper (organic)
phase was then cannula transferred into a clean Schlenk flask and
then dried under vacuum. This gave dark orange/red oil. Yield =15.1
g, 94% 'P{'H} NMR (121 MHz, CDC13) &: -33.8 (s, PPy,).
25

Preparation of di-tert-butylphosphine borane

Di-tert-butylphosphine chloride (34g, 188.41mmol) was added to a
30 schlenk flask followed by diethyl ether (200ml). The ether solution
was cooled in a cold water bath and LiAlH, (1M in diethyl ether,
100ml, 100mmol) was added slowly. This gave a yellow suspension which
was stirred at room temperature overnight. The suspension was
quenched by the addition of water (50ml, degassed with nitrogen for
35 20 minutes). This gave a biphasic solution. The upper (organic layer)
was cannula transferred into a clean Schlenk and the aqueous residues
washed with a further 100ml of ether. The ether extracts were
combined and dried with sodium sulphate. The ether extracts were then
cannula transferred into a clean Schlenk and the ether removed by

40 distillation. This gave a colourless o0il. The colourless o0il was then
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diluted with THF (200ml) and cooled to 0°C, to this was added BH; in
THF (1M solution, 250ml, 250mmol). The resultant solution was then
stirred at room temperature overnight. The solvent was then removed
under vacuum to give a white crystalline solid which was then

5 isolated in the glovebox. Yield = 22.1g, 73% yield. *'P {'H} NMR (80

MHz, CDCls;, &): & 49.23 ppm (multiplet).

Synthesis of 1-( di-tert-butylphosphinomethyl)-2-(di-pyridin-2-yl-
phosphinomethyl)benzene
A 2.5M solution of Bu"Li (83 mL, 207.5 mmol) in hexanes was added to a
10 solution of "Buy,PH.BH:; (33.2g, 207.5mmol) in THF (250mL) at 0°. The
mixture was allowed to reach room temperature then stirred for 30
min. After cooling to -78 °C, it was added dropwise over 10 min to a
pre-cooled (-78 °C) solution of the cyclic sulfate (1,2-CgHy(CH,0),S0;)
(41.5 g, 207.5mmol) in THF (300 mL). The mixture was stirred for 30
15 min at -78 °C and then stirred for 30 min at room temperature. After
cooling the mixture to - 78 °C, it was treated with a solution of
Py,PLi {prepared from Py,PH (39g, 207.5mmol) in THF (250mL) and Bu"Li
(83ml of a 2.5M solution in hexane, 207.5 mmol) at - 78 °C}. The
mixture was allowed to warm to room temperature and then stirred
20 overnight. The solvent was removed under reduced pressure and the
residue was re-dissolved in Et,0 (500 mL). The solution was then
quenched with water (200 mL). The biphasic mixture was then stirred
at room temperature for 30 minutes before the organic (upper) phase
was cannula transferred into a clean Schlenk flask. The solvent was
25 then removed under vacuum to give a brown sticky solid. The solid was
dissolved in TBME (600ml) and tetrafluroboric acid diethyl ether
complex (1245mmol, 171ml) was then added. This gave the immediate
formation of an orange precipitate. The mixture was then heated to
reflux for 16 hours. The solvent was then removed under wvacuum and
30 the residue treated with a solution of potassium hydroxide (80g,
l426mmol) in water (300ml, degassed with nitrogen gas for 30
minutes). Pentane (500ml) was then added and the biphasic mixture
rapidly stirred for thirty minutes. The upper phase (organic) was
then cannula transferred into a clean Schlenk and the solvent removed
35 under vacuum. This gave a sticky wviscous red/orange oil, yield =
29.4g, 32% 'P{'H} NMR (121 MHz, CDCl,;) &: -6.5 (s, PPy); 28.5 (s,
PBu")
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Synthesis of pyridylphenylphosphine
A solution of Cl,PPh (30 mL, 220 mmol) in Et,0O (800mL) in a 1L Schlenk
flask was cooled to -78 °C and a solution of HNEt, (46 mL, 440 mmol)
added through a dropping funnel over 30 min with stirring. The
5 solution was allowed to rise to room temperature and stood overnight.
The resulting yellow solution was cannula transferred into a clean
Schlenk flask and the solvent removed under vacuum. To the solid
residue was added ether (500ml) and the mixture rapidly stirred for 1
hour and then stood overnight. The ether extracts were then combined
10 and the dried under vacuum. This gave pale oil. The yellow oil was
then dissolved in ether (500ml) and a solution of LiPy {prepared by
adding BrPy (21 mL, 220 mmol) to a solution of BuLi (88 mL of a 2.5 M
solution in hexane) in Et,0 (100 mL) dropwise over 30 min at -78 °C,
the solution was then stirred for 1 h} was added via a cannula over
15 30 min. The solution was allowed to reach room temperature and was
then stirred overnight. This gave a pale brown suspension. HC1 (110
mL of a 2 M solution in Et,;0) was added over 20 mins with vigorous
stirring, generating a large quantity of pale brown precipitate.
Further HC1 (110 mL of a 2 M solution in Et,0) was added. The
20 suspension was then allowed to stand and the yellow solution cannula
transferred into a c¢lean Schlenk flask. The brown precipitate was
washed again with THF (500mL) and the washings combined before
removing the THF under vacuum leaving a red/orange solid. The solid
was then dissolved in THF (300 mL) then added to an ice cooled
25 solution of magnesium powder (9 g) in THF (100 mL) over 30 mins with
stirring. The solution was kept under ice cooling for a further 30
min, then allowed to rise to room temperature and stirring overnight.
The solution was filtered to remove excess magnesium and guenched
with water (100 mL, degassed with nitrogen gas for 20 minutes). The
30 organic layer was then cannula transferred into a clean Schlenk flask
and then dried under vacuum to give viscous orange oil, yield =15.1g,

36%. P NMR (121 MHz, CDCls) &: -37.79 (d, Jes = 222 Hz).

Synthesis of 1-(di-tert-butylphosphinomethyl)-2- pyridin-2-
yvlphenylphosphinomethyl)benzene

35 A 2.5M solution of Bu"Li (32.1mL, 80.2 mmol) in hexanes was added to a
solution of "Bu,PH.BH; (12.8g, 80.2mmol) in THF (150mL) at 0°. The
mixture was allowed to reach room temperature then stirred for 30
min. After cooling to -78 °C, it was added dropwise over 10 min to a

pre-cooled (-78 °C) solution of the cyclic sulfate (1,2-CgHy(CH,0),S0;)
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(16.0 g, 80.2mmol) in THF (200 mL). The mixture was stirred for 30
min at -78 °C and then stirred for 30 min at room temperature. After
cooling the mixture to - 78 °C, it was treated with a solution of
PyPhPLi {prepared from PyPhPH (15.1g, 80.2mmol) in THF (100mL) and
5 Bu"Li (32.1ml of a 2.5M solution in hexane, 207.5 mmol) at - 78 °C}.
The mixture was allowed to warm to room temperature and then stirred
overnight. The solvent was removed under reduced pressure and the
residue was re-dissolved in Et,0 (500 mL). The solution was then
quenched with water (200 mL). The biphasic mixture was then stirred
10 at room temperature for 30 minutes before the organic (upper) phase
was cannula transferred into a clean Schlenk flask. The solvent was
then removed under vacuum to give a brown/orange sticky solid. The
solid was dissolved in TBME (600ml) and tetrafluroboric acid diethyl
ether complex (481lmmol, 66ml) was then added. This gave the immediate
15 formation of an orange precipitate. The mixture was then heated to
reflux for 16 hours. The solvent was then removed under wvacuum and
the residue treated with a solution of potassium hydroxide (40g,
713mmol) in water (300ml, degassed with nitrogen gas for 30 minutes).
Pentane (500ml) was then added and the biphasic mixture rapidly
20 stirred for thirty minutes. The upper phase (organic) was then
cannula transferred into a clean Schlenk flask and the solvent
removed under vacuum. This gave a viscous orange oil, yield = 7.9qg,

23% *'P{'H} NMR (121 MHz, CDC13) &: -10.0 (s, PPyPh); 28.2 (s, PBu")

25 Carbonylation Examples

General
Carbonylation is carried out as follows and the results with the

ligands of examples and comparative examples are shown in tables.

30

Experimental

1.0 Reactions wusing 1-(di-t-butylphosphinomethyl)-2-(di-pyridin-2-

yvlphosphinomethyl)benzene (TPhos) and (di-t-
35 butylphosphinomethyl)benzene (Alpha) with Trifluorocacetic acid (TFA).

Using standard Schlenk 1line techniques, reaction solutions were
prepared by dissolving 7.7mg Pd,(dba); (1.46x107° moles Pd) and either
28.9mg (di-t-butylphosphinomethyl)benzene (Alpha) (7.29x107° moles) or
40 31.8 mg 1-(di-t-butylphosphinomethyl)-2- (di-pyridin-2-
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good activity when used w th nmethanesul phonic acid. 3.0 Initial Propionic
Acid Reactions 10The results of the initjal study conducted using 1.46x10-4
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but yl phosphi nonet hyl ) benzene (Al pha) wi th Propionic acid (PA) Table 8
Exan1ﬂ e 1 Eﬁé}ﬁﬂ g o “complex before the addition of trifluoroacetic a01d (TFA)

completed the preparation of the catalyst solution.
The catalytic solution was added to the pre-evacuated autoclave and
the reactants were heated to 100°C with stirring at 1000rpm. Next the
reaction vessel was pressurised with 8 Dbars of ethene above the
solvent vapour pressure (2.3 bar at 100°C), and the catalyst solution
10 was stirred for 20 mins. After pre-treatment with ethene the
reaction was initiated by pressurising the reactor to 12.3 bar with a
1:1 molar mixture of CO and ethene, to afford an initial 9:1 gas
phase molar ratio of ethylene:CO. The total reaction pressure (12.3
bar)was maintained throughout the batch study with the use of a
15 Tescom regulatory valve attached to a 1:1 molar CO/ethene 10L
reservoir. Both the reaction TON and rate can be obtained by
measuring the drop in the reservoir pressure and assuming ideal gas
behaviour and 100% selectivity for methyl propionate. After the

reaction period, the autoclave was cooled and vented.

20

Table 1 Summary of 1.0 conditions.

Catalyst Conc” (mol.dm™) 4.90x107

Total ligand(L;,)/Pd 5:1

Total H'/Pd x:1 see table 5
Pressure (bar) 12.3
Temperature (°C) 100

Headspace C,H,/CO 9:1

Lo Ligand
25 H Propionic Acid

2.0 Reactions using 1-(di-t-butylphosphinomethyl)-2-(di-pyridin-2-
yvlphosphinomethyl)benzene (TPhos) and Methanesulphonic acid (MSA)
30 Using standard Schlenk 1line techniques, reaction solutions were
prepared by dissolving 7.7mg Pd;(dba); (1.46x107° moles Pd) and 31.8 mg
- (di-t-butylphosphinomethyl)-2-(di-pyridin-2-
ylphosphinomethyl)benzene (TPhos) (7.29x107° moles) dissolved in a
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solvent composition of methyl propionate and methanol which was
varied between 90:10 %w/w and 50:50 %w/w. The total solution volume
was kept constant (300ml). The palladium and ligand were allowed to
complex before the addition of 430nl (6.56x107° moles)
methanesulphonic acid (MSA) completed the preparation of the catalyst
solution. The catalytic solution was added to the pre-evacuated
autoclave and the reactants were heated to 100°C with stirring at
1000rpm. Next the reaction vessel was pressurised with 8 bars of
ethene above the solvent vapour pressure (2.3 bar at 100°C), and the
catalyst solution was stirred for 20 mins. After pre-treatment with
ethene the reaction was initiated by pressurising the reactor to 12.3
bar with a 1:1 molar mixture of CO and ethene, to afford an initial
9:1 gas phase molar ratio of ethylene:CO. The total reaction pressure
(12.3 bar)was maintained throughout the batch study with the use of a
Tescom regulatory valve attached to a 1:1 molar CO/ethene 10L
reservoir. Both the reaction TON and rate can be obtained by
measuring the drop in the reservoir pressure and assuming ideal gas
behaviour and 100% selectivity for methyl propionate. After the

reaction period, the autoclave was cooled and vented.

Table 2 Summary of 2.0 conditions.

Catalyst Conc” (mol.dm™) 4.90x107
Total IL,/Pd 5:1
Total H'/Pd 450:1
Pressure (bar) 12.3
Temperature (°C) 100
Headspace C,H,/CO 9:1

Lo Ligand

H* Propionic Acid

3.0 Initial Reactions using 1-(di-t-butylphosphinomethyl)-2-(di-
pyridin-2-ylphosphinomethyl)benzene (TPhos) and (di-t-
butylphosphinomethyl)benzene (Alpha) with Propionic acid (PA)

Using standard Schlenk 1line techniques, reaction solutions were

prepared by dissolving 77mg Pd,(dba); (1.46x10™* moles Pd) and either
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289mg (di-t-butylphosphinomethyl)benzene (7.29x107* moles) or 318mg
TPhos (7.29x107% moles) dissolved in a 70:30 w/w solvent composition
of methyl propionate and methanol, in a total solution volume of
300ml. The palladium and ligand were allowed to complex before the
5 addition of 70ml (9.33x107' moles) propionic acid (PA). The catalytic
solution was added to the pre-evacuated autoclave and the reactants
were heated to 100°C with stirring at 1000rpm. Next the reaction
vessel was pressurised with 8 bars of ethene above the solvent vapour
pressure (2.3 bar at 100°C), and the catalyst solution was stirred
10 for 20 mins. After pre-treatment with ethene the reaction was
initiated by pressurising the reactor to 12.3 bar with a 1:1 molar
mixture of CO and ethene, to afford an initial 9:1 gas phase molar
ratio of ethylene:CO. The total reaction pressure (12.3 Dbar)was
maintained throughout the Dbatch study with the use of a Tescom
15 regulatory valve attached to a 1:1 molar CO/ethene 10L reservoir.
Both the reaction TON and rate can be obtained by measuring the drop
in the reservoir pressure and assuming ideal gas behaviour and 100%
selectivity for methyl propionate. After the reaction period, the

autoclave was cooled and vented.

20
Table 3 Summary of 3.0 conditions.
Catalyst Conc” (mol.dm™) 4.90x107"
Total IL,/Pd 5:1
Total H'/Pd ~6400:1
Pressure (bar) 12.3
Temperature (°C) 100
Headspace C,H,/CO 9:1
Lo Ligand
H* Propionic Acid
25
4.0 Further Specific Reactions using 1-(di-t-butylphosphinomethyl) -
2-(di-pyridin-2-ylphosphinomethyl)benzene (TPhos) and (di-t-
butylphosphinomethyl)benzene (Alpha) with Propionic acid (PA)
30 Using standard Schlenk 1line techniques, reaction solutions were

prepared by dissolving 77mg Pd,(dba); (1.46x10™* moles Pd) and either
289mg (di-t-butylphosphinomethyl)benzene (7.29x107* moles) or 318mg

TPhos (7.29x107* moles) dissolved in a 70:30 w/w solvent composition



Rat e(rmol Pd/ hr) MeP/nol 557 1128 TONmoles Pd MeP/ nole 560 1230 The
reader's attention is directed to all papers and docunents which 5 are
filed cormOroemisB3pswi t h or previous to this specificati @aTiGB20vNs2Hi on
with this application and which are open to public inspection with this
specification, and the contents of all %HCh papers and docunents are

i ncorporated herein by reference. 10 AllI" of the features disclosed in this

speci fication (including an acconpanylng clalms}C abstract and dramn%gs)
and/or all 8f t'REdt &5&P6F ARy *Hbt Aod™ 6P pr Bteds 36 di“s P ovad, e
conbi ned |n3a®M.co&bemaﬂﬂaﬁmmemaépiuxmﬁbwaeau@mswmhepecaﬂﬂb@as¢ﬂsenem@f

such featurgédﬁﬂ@éQﬁf%E&&§m§EQxHHtH@i|y ﬁ%9%9§h$%1c¥§15@991Egélﬂkﬁd to
di sclosed in this speci |cat|ong|nclu in acconpanyi ng cl ai ms, apstract

and draw ngSs§e Ty SBREVERT atEdC ?“hﬁ?@rﬁgfl6%“?6%Fhﬂ5§es€F%VﬁbtPhé 8dne,
equi val eht @itmlmmkanmpuﬁpageoqmnl@sstemgressbyuﬁﬁa@eaabhhermmseanhus

unl ess eXpr %z‘?‘él % $hal egde 2Qy,..01 herwt g, %@%nfte%wu% gké&hﬁ?ée@'z 13Spope, ¢
exanpl e on a generic series of equival ent or features. The

ot ton i 10fi T BT TT at e by @oast ) Segt S’E’rifé‘efioF‘é@o?%g“ms After

pre-treatment with ethene the reaction was initiated by pressurising
the reactor to 12.3 bar with a 1:1 (gas molar ratio) mixture of CO
10 and ethene, to afford an initial 9:1 gas molar ratio of ethylene:CO
in the gas phase of the reactor. The total reaction pressure (12.3
bar) was maintained throughout the batch study with the use of a
Tescom regulatory valve attached to a 1:1 gas molar ratio CO/ethene
10L reservoir. Both the reaction TON and rate can be obtained by
15 measuring the drop in the reservoir pressure and assuming ideal gas
behaviour and 100% selectivity for methyl propionate. After the

reaction period, the autoclave was cooled and vented.

Table 4 Summary of 4.0 conditions.

20
Catalyst Conc” (mol.dm™) 4.90x107"
Total IL,/Pd 5:1
Total H'/Pd x:1 see table 8
Pressure (bar) 12.3
Temperature (°C) 100
Headspace C,;H;/CO (molar ratio) 9:1

Lo Ligand

H* Propionic Acid
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Table 6
Comparative Comparative
Example 4 Example 5
Alpha 1000eqg | Alpha
of TFA | 4500eq of TFA
(1.083cm”) (4.870cm”)
Rate (mol MeP/mol
Pd/hr) 1911 10696
TON moles MeP/mole
pd 3407 11038

15
2.0 Results of Reactions using 1-(di-t-butylphosphinomethyl)-2-(di-
pyridin-2-ylphosphinomethyl)benzene (TPhos) and Methanesulphonic acid
(MSA)

20 The results are presented in Table 7

Table 7
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(TPhos)

3.0

Initial Propionic Acid Reactions

has good activity when used with methanesulphonic acid.

The results of the initial study conducted using 1.46x10™* moles Pd

and a Palladium concentration of 3.90x10™* mol.dm”

° were that TPhos was

found to display higher rates and dramatically improved TON compared

with

4.0 Results of further reactions using 1-

(di-t-butylphosphinomethyl)benzene in propionic acid(PA).

(di-t-butylphosphinomethyl) -

- (di-pyridin-2-ylphosphinomethyl)benzene (TPhos) and (di-t-
butylphosphinomethyl)benzene (Alpha) with Propionic acid (PA)
Table 8
Example 1 Example 2 Example 3
TPhos
TPhos TPhos 12854 mole eqg
3213 mole eqg | 6427 mole eq| of PA
of PA (35cm’) |of PA (70cm’)to | (140cm’) to
to Pd Pd Pd
Rate
(mol MeP/mol Pd/hr) 474 3286 3300
TON
(moles MeP/mole Pd) 880 2340 2376




the group X2 is defined as X1, X3 or X4 or represents a univalent 20

radi cal of up to 30 atons having at | east one primary, secondary or
aromat i ¢ WOreg11988396n at om wherei n each sai d unival ent r &diraas20i05pned vi a
said at |east one primary, secondary or aromatic ring carbon aton(s)
respectively to the respective atom @; gnd QL and @ each

i ndependently represent phosphorus, arsenic or 25 antinony. 3. A bidentate
|l i gand according to claim1l, wherein the group X1 is selected froma cyclic
structure WAt day be unsaturated , saturated or part unsaturated. 4. A
bi dentate |)gand accordi ng td cohgarnatdye Whpt@iparéthigegr oup X1 i s 30sel ect ed
froma cycljc structure which i, mgﬂ§§turatﬁgmllgfsA bidentate |igand
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wherein the group X1 is selected froman al kyl am ne, aryl am ne,

di al kyl am ne or trialkyl amne radical or their fluoroal kyl equival ents.

The reader’s attention is directed to all papers and documents which
5 are filed concurrently with or previous to this specification in
connection with this application and which are open to public
inspection with this specification, and the contents of all such

papers and documents are incorporated herein by reference.

10 All of the features disclosed in this specification (including any
accompanying claims, abstract and drawings), and/or all of the steps
of any method or process so disclosed, may be combined in any
combination, except combinations where at least some of such features
and/or steps are mutually exclusive.

15
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

20 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
25 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.



9. A bidentate ligand according to claim8, wherein the al kyl or

10fl uoroal kyl is selected froma Cl1-C4 al kyl or fluoroal kyl which al kyl
groups newyohkei1nsazeshed or linear. 10. A bidentate |igamdTamorodisazi4t o any
of claims 1 or 2-9, wherein X2 is the same group as X 11. A

bi dentate |igand according to claim1l se| ected fromthe group

15consi stingof 1- (di -tert-butyl phosphi nonet hyl ) -2-(di-pyridin-2-

yl phosphi nonet hyl ) benzene, 1- (di -t ert - pent yl phosphi nonet hyl ) - 2- (di -
pyridin-2-y hi nonet hyl ) benzene, 1-(di-tert-

but yl phosphilnonetdoyle) -2idediatpy i i ghnd- @£ ylepéosphiermodet iyl ) napht hal ene,

1- (di adamant yl phesphi nonet hyl') - 2- (di - pyri di n- 2-
20y|phosphinonethyl)benzene,l-(di-3,55

di met hyl adangrg yl phosphi nonet hyl ) - 2_Kdi - pyri di n- 2-

yl phosphi nonet hid*}-benzeng1—gd—&ifert -

but yl adamantykphosphi nonmet hyl ) - 2- (diypyri di n- 2-

yl phosphinonet hyl ) benzene, 1- (1-adamantyl tert-butyl - 25

phosphin%ne? ??%92-(di-pyridin-2-y|phosphinonethyl)benzene,l-

(2, 2, 6, 6-t ebramethsdchphosphadaydl otrexars- gnepe2-{1dy1gyr L dining-group;

yl phosphi nok- o=xylenes 15 ( ZydRhospha-adamant 1) eyt dia Pyl ditN-12ast  one
yl phosphi no) - 0- x Iene,l-%dlcongrgssglgposghlnoneth | )-2-(di.- :
pyri di n- 2- yFPHESphi Tidiet Ry Ty 58n2e R8T 19 (Gi st & Tinked, via the respective
30but yl phosphiiopekhyt,- 2- direpynt,di an- 2ol pdidsp kidnaretthydtpher o Dcelire, atl -
(di -tertgpentylphesphinonet byly.- 2- (di - pyridin-2- _

yl phosphi nonet hyl ) f err,ocene, 1-(di adamant yl phosphi nonet hyl ) - 2- (di -

pyri di n- 2-y|tb?1(5§rﬁﬁi>sl’ldi’r8fm|x)fjé}dIeB%IEiﬁéFly represent univalent ‘radicals of up
di met hyl adamangy| ghosphienonetahy[1pa2: (ahie- pyeidizg- 2arbon atom or X' and X'
35y|phospﬂn RO, %@Yl}éfﬁ'%oggggﬁent radical of up to 40 atoms having at least
butyladanan%y phosphi nonet hyl ) - 2- (di - pyri di n- 2-

Wo tertiary carbon ‘atoms wheréin each said univalent or bivalent
15 radical is Jjoined via said at least one or two tertiary carbon atoms

respectively to the respective atom Q';

the group X' may be defined as a univalent hydrocarbyl radical of up

to 30 atoms containing at least one nitrogen atom having a pKb in

dilute aqueous solution at 18°C of between 4 and 14 wherein the said
20 at least one nitrogen atom is separated from the Q? atom by between 1

and 3 carbon atoms;

the group X° is defined as X', X’ or X' or represents a univalent

radical of up to 30 atoms having at least one primary, secondary or

aromatic ring carbon atom wherein each said univalent radical is
25 joined wvia said at least one primary, secondary or aromatic ring

carbon atom(s) respectively to the respective atom Q%; and

Q' and Q° each independently represent phosphorus, arsenic or
antimony.
2. A process for the carbonylation of ethylenically unsaturated

30 compounds comprising reacting said compound with carbon monoxide in
the presence of a source of hydroxyl groups, optionally, a source of
anions and of a catalyst system, the catalyst system obtainable by
combining:

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

35 (b) a bidentate ligand of general formula (I)

(1)



yl phosphi nonet hyl ) f errocene, 1- (1- adamantyl 1-(di-3,5- 1-(di-5-tert-

tert-butyl -

phosphi nowothio83ds ( di - pyri di n- 2- yl phosphi nonet hyl ) f er r BCEMGR2010/052214
(2, 2,6, 6-tetranet hyl - phospha- cycl ohexan- 4-one) - 2- (di - pyri di n- 2-

40y| phosphi no) -
2011/ 083305PCT/

1,2-dinethylferrocene,1-%%—(phospha-adanantyl))-2-(di- WO
GB2010/ 052214 68

pyri di n- 2-yl phosphi no) -1, 2-di net hyl f efrocene, 1-

(dicongressyf
1- (di-pyridin-

osphinonethyl)-2-(di-§§ridin-2- yl phosphi nonet hyl ) f err ocene,
-phosphRi-remethl] - 2, 3-

bis-(ditertb@?ﬁ?phosphinonethyl)fer Qtene; .
51-(di-t-butleho$phinonethyl)-Z-(di-pyridin-2-y|phosphinonethyl)-4,5-
di phenyl benzeneé!'1- (di-t-butyl phosphi nonet hyl)-2-(di-pyri di n-2-

yl phosphi noAetisy B) sathp hetdepk dgrzéne;ebr ¢ ehintt a bigtwyk phagpiiendnmeting| groRp;

(1 di( apy[i di ?Rf-rﬁﬁmﬁgpbi Q?E?c}r;%ﬁli}kzygg %-rom%-c( tsré:irﬁrlggutigl athM%) ta?ﬂzlfzea@a one
-(di-t-pu osphi none ) -2-(di-pysridin-2-yl phosphi no -4- .
Lot i1 B Py ST nENSars Hiikpan’ Aha ¥l ekt | o O TR et e
2-yl phosphi homeirhylgyeuk,5-idi -{r2'sephemyl proplddleylafbermene;tdng dpt t the at
but yl phosphi posrethy 1 doRsi:di = pyy:i di n-2-yl phosphi nonet hyl ) -4- (2" -

phenyl prop- 2! -yl ) benzene; 1-(di-t-butyl phosphi nonet h
5 ok g

pyri di n- 2- yFph

(

yl)-2-(di-
H?%d&e?%@?é-%?%PaHP ShUEYeenize ‘?ﬁ??ﬁf?biofﬁ of up

but yl phosphitnof®@t dsdnp- 2atdic- pyr ildase 2ongl phosphivnoastdmylayod- bhut’ylabenzene;

10 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 Jjoined via said at least one or two tertiary carbon atoms

respectively to the respective atom Q';

the group X' may be defined as a univalent hydrocarbyl radical of up

15 to 30 atoms containing at least one nitrogen atom having a pKb in

dilute aqueous solution at 18°C of between 4 and 14 wherein the said

at least one nitrogen atom is separated from the Q? atom by between 1

and 3 carbon atoms;

the group X° is defined as X', X’ or X' or represents a univalent

20 radical of up to 30 atoms having at least one primary, secondary or

aromatic ring carbon atom wherein each said univalent radical 1is

joined wvia said at least one primary, secondary or aromatic ring

carbon atom(s) respectively to the respective atom Q%; and

Q' and Q° each independently represent phosphorus, arsenic or

25 antimony.

3.

A bidentate ligand according to claim 1, wherein the group X' is

selected from a cyclic structure which may be unsaturated , saturated

or part unsaturated.

4.

A bidentate ligand according to claim 3, wherein the group X' is

30 selected from a cyclic structure which is unsaturated.

5.

A bidentate ligand according to claim 4, wherein the groups X!

is aromatic.

6.

A bidentate ligand according to any of claims 1 or 2-5, wherein

the group X' is selected from an aromatic nitrogen heterocycle having

35 3-14
7.

ring atoms.

A bidentate ligand according to claim 1, wherein the group X' is

selected from an aziridine, azirine, azetidine, azete, pyrrolidone,

pyrrole, pyridine, piperidine, azepane, azepine, azocane, azocine



1- (2- phosphi nonet hyl - adamant y1) - 2- (di - pyri di n- 2-yl phosphi nonet hyl ) -
4, 5- di phenyl benzene; 1- (2- phosphi nonet hyl - adamant y1) - 2- (di - pyri di n-
2- y| phos phOrronasbses ) - 4- phenyl benzene; 1- ( 2- phosphi nonet hpCT/GB2010/052214
20adamant y1) - 2- (di - pyri di n- 2-yl phosphi nonet hyl ) - 4, 5- bi s-
(trinmethylsilyl)benzene; 1- (2- phosphi no shyl-adanantyl)-z-(di-

pyri di n- 2-yl phosphi nonet hyl ) - 4- (trinetﬂgﬁsilyl)benzene

phosphi nonet hy| - adamant y1) - 2- -pyridin-2- yIphosphlnonethyI)

i - (2' - phenyM 8B P05t ) B&RZS édjine(z BhdsHEnokeE LS %Oa}ﬁantlwa@lmer
25(di - pyri depeaZzoytphospivaienetdyybjcldné¢ 2’ pphenykpr opr 2hidihy bepzeirkzine,
(2- phosphi n?f@rﬁ!hn@dam&%%hrg—p(yglmlg)iﬁédl n'h%xé(l’ly@@@ 1Q%Ehyl )i'n%o%é
(di -t - butyl ) benzene; 1- ( 2- phosphi nomet hyl - adanant’y1) - 2- (di - pyri di n-

2. yI phOSphI ﬁa?féitdﬁgﬁa) 4ql{ln8£ﬁr3?|’b6ﬁf8?11€"n011ne’ guihaZoline, beénzopyrazine,
1- (di - adamaatyiqahesphbaormethyd )in2-(adiicgy.r i di n- 2- yl phosphi nonmet hyl ) - 304, 5

di phenyl ben%“%%&%té@@@@&&d BBQ&&%&O{@E@{L& 127 (AL RYT B Rioup % s
2-yl phosphi nonet hyl ) - 4- ph en%b enzene; 1-

adamant yl phé%lpe}ﬁtﬁﬁrréf%%/lé)“ at - Z1‘5%;1rnied| ﬁry} ﬂmﬁﬂ%spcfﬁaﬁbﬂje?f“ﬁw)oﬁ SRR
(trimet hyl skhitle) bemizenesd thdi= ddasant ¥y plkasphilaonet hyl ) - 2- (di -

pyridin-2-yl phosﬁ%f&%ﬁ?#@'ﬁl 4d tarccHPcil%' %!;' Xﬂa)ﬂe'éze&'@eée Iﬁd{h kg or
35adanan©ylphosph|nonet 2: dirn-2 %hﬁ hlnonet yl 4,5 d

(2' phe IpFBﬁ”?al§¥55én%@ﬁétﬂ GﬂPméﬁ§ﬁéﬁifﬂ Hﬁﬁ@ﬁH@ﬂ) @Uﬁlkyl
pyri di n-2- ybphqsph@ﬁ@59%&w&&aﬂo¢2LH@henyIprop 2' -yl )benzene; 1- (di -

adamant yl pho phhnﬁ’fﬁ’eﬁl@é{éﬁ) 14z S:QL aBX&!ofl y&?“%%a@@@f Wyl b-6, Satdlst - buty
| ) benzene; 1- ( di - adamant yl ph 93 |nonet di - pyridin-2-
40y|phosph|ﬁoﬁﬁtﬁVifaﬁeﬁrﬁﬂfﬁﬁb%nzene MD 2011/ 083305PCT/ GB2010/ 052214 69

11. A bidentate ligand according to claim 1 selected from the group

15 consisting of 1-(di-tert-butylphosphinomethyl)-2-(di-pyridin-2-
ylphosphinomethyl)benzene, 1-(di-tert-pentylphosphinomethyl)-2- (di-
pyridin-2-ylphosphinomethyl)benzene, 1-(di-tert-

butylphosphinomethyl) -2-(di-pyridin-2-ylphosphinomethyl)naphthalene,
1-(diadamantylphosphinomethyl) -2- (di-pyridin-2-

20 yvlphosphinomethyl)benzene, 1-(di-3,5-
dimethyladamantylphosphinomethyl)-2- (di-pyridin-2-
yvlphosphinomethyl)benzene, 1-(di-5-tert-
butyladamantylphosphinomethyl) -2-(di-pyridin-2-

yvlphosphinomethyl)benzene, 1-(l-adamantyl tert-butyl-
25 phosphinomethyl) -2-(di-pyridin-2-ylphosphinomethyl)benzene, 1-
(2,2,6,6- tetramethyl-phospha-cyclohexan-4-one) -2- (di-pyridin-2-
ylphosphino) -o-xylene, 1-(2- (phospha-adamantyl) ) -2-(di-pyridin-2-
ylphosphino) -o-xylene, 1- (dicongressylphosphinomethyl) -2- (di-
pyridin-2-ylphosphinomethyl)benzene, 1-(di-tert-

30 butylphosphinomethyl) -2-(di-pyridin-2-ylphosphinomethyl) ferrocene, 1-
(di-tert-pentylphosphinomethyl) -2- (di-pyridin-2-
yvlphosphinomethyl) ferrocene, 1-(diadamantylphosphinomethyl) -2- (di-
pyridin-2-ylphosphinomethyl) ferrocene, 1-(di-3,5-
dimethyladamantylphosphinomethyl)-2- (di-pyridin-2-

35  vylphosphinomethyl) ferrocene, 1-(di-5-tert-
butyladamantylphosphinomethyl) -2-(di-pyridin-2-

ylphosphinomethyl) ferrocene, 1-(l-adamantyl tert-butyl-
phosphinomethyl) -2-(di-pyridin-2-ylphosphinomethyl) ferrocene, 1-
(2,2,6,6- tetramethyl-phospha-cyclohexan-4-one) -2- (di-pyridin-2-

40  vylphosphino)-1,2-dimethylferrocene, 1- (2- (phospha-adamantyl) ) -2- (di-



1-(P-(2, 2,6, 6-tetramet hyl - phospha-cycl ohexan-4-one))-2-(di - pyri di n- 2-
yl phosphi nonet hyl ) - 4, 5di phenyl net hyl benzene; 1- (P- (2, 2, 6, 6-

t et r amet WD-2phispdva- cycl ohexan- 4- one) ) - 2- (di - pyri di n- 2- PCT/GB2010/052214
yl phosphi nonet hyl ) - 4- phenyl met hyl benzene; 1- (P-(2, 2, 6, 6-

5t et ranet hyl - phospha- cycl ohexan- 4-one))-2- (di - pyri di n- 2-

yl phosphi nonet hyl ) - 4, 5bi s- (tri nmet hyl si | net hyl benzene;
(2,2,6,6-tetranet h%/I - phospha- cycl ohexan- 4- ane)) - 2- (di - pyri di n- 2-
yIphosphlnoﬁﬁ?ﬁV HLPRRIHREENYT si | yE) et AT HBERZeres e 1-
(2,2,6,6-tet dmghglslsyph@sphanw@hﬂheﬁamﬁpmmei)l)m 2- (di - pyridi n-2-

10yl phosphl Fmomét@ldlfeﬁl%cepgenw p(rdqpp;rldypﬂ?ﬁ&ydsﬁaﬁm@@hyl -2,3-

(2,2,6, 6- te rane hospha- cycl ohexan- 4- one) di - pyridin-2-

yl phosphi noHéfh)?lll}eréfbtlﬁyl-pﬁﬁé‘?fwnﬁ?%tﬁl‘@’ f%ﬂr)’ﬁ%rtenyl benzene;

(2,2, 6, 65t et r anet Ayltyphospharoychoherantidpone)ih-2-yldhe i hchianh@t) -4, 5-
yl phosphl nOH%}@AEJ %eﬁ egr%l -t- buﬁylc)lngtmlyQ%%H?nolne(:fyl(2 ZQCQ’—gyrldln 2-

15t et ranet hyl - phospha- cycI ohexan- 4- one) ) - 2- (dl - pyrl din- 2-
y| phosphi noHEt P} e Ehiit v f rRSERY @Az ETe; - (di-t-butylphosphinomethyl) -2~
1- ( P, Padamantii{pyt 2 doiit-y |+ plros pbti inonettyy ) )4,2- ( db: Pyt thathPisilyl) benzene;

yl phosphl nO@EEcﬁyltlblﬂz @p%s@ﬂ?%e@ﬁ%eae(d’ll p&Pl’ 1nap%£%%lh1n$metaﬂg/y -4-

phosphi nonet hyl ( din-2 phosphi honet hyl") benzene;
201- (P, ﬁ"gdar?’éﬁtrVFhiflsb“&t’ Ibﬁﬁé%ri:?m nﬁn‘éltlh*iﬂb}lt?ll‘(h&FPWPP%ﬁWl? (di-pyridin-
y| phosphi nooetipyb}pHinbmetdivsy {4, 5iaet 2y hsidnylyhenzene) de(Rnb; - (di-t-
adamant y| Yl Pyridi = hom ,_

yl phosphi noﬁgﬁ%kgﬁggﬁ%}?fgﬁ@ élJ[ %fgg%nz%ng/egf-gf , oa%thyl 4yl(,2 t- butyl
phosphi non‘e?hﬁf}Y)WQOF(leY]ﬁ)}f)?P%ﬁnﬁJZ yl phoslpﬁiih&r@?wp?owhﬁnorﬁﬁthylﬁ (di-
(2' - phenyl ppopr2h- 3y ibess@ngomethy ( P4P5adanaﬂ{kyllty1t -datit yihe ; (di-t-

phosphi ﬁ‘?”e%{gé@l&)phg b o PV 1 %d%/ pg, 951 b”&%&%% )n g t(§l PJ‘%”V' prop2' yl)b

enzene; 1- , P adamantyl, "t-buty osphi no (h

pyri di n- 2- yPphoSphtHiGiet hyI )-4,5-(di-t-butyl )benzene 1-(P, P

adamantyl , tibLﬂ%ph@fﬁﬂiﬁh&dﬂhﬁEtJﬂﬁhénﬂ&iﬁdi‘W@ypﬁjﬁiaiﬁ?2—ylphosphinomethyl)—

30y| phosphi Q%Tpcﬂg ér}y-lbenzel%lélt yl b?née gbsphinomethyl—adamantyl)—2—(di—pyridin—
2-ylphosphinomethyl) -4-phenylbenzene; 1- (2-phosphinomethyl-

20 adamantyl)-2-(di-pyridin-2-ylphosphinomethyl)-4,5-bis-
(trimethylsilyl)benzene; 1- (2-phosphinomethyl-adamantyl) -2- (di-
pyridin-2-ylphosphinomethyl)-4- (trimethylsilyl)benzene; 1-(2-
phosphinomethyl-adamantyl) -2-(di-pyridin-2-ylphosphinomethyl) -4, 5-

di- (2’ -phenylprop-2’-yl)benzene; 1- (2-phosphinomethyl-adamantyl) -2-

25 (di-pyridin-2-ylphosphinomethyl)-4- (2’ -phenylprop-2’-yl)benzene; 1-
(2-phosphinomethyl-adamantyl)-2- (di-pyridin-2-ylphosphinomethyl) -4, 5-
(di-t-butyl)benzene; 1- (2-phosphinomethyl-adamantyl) -2-(di-pyridin-
2-ylphosphinomethyl)-4-t-butylbenzene;
1-(di-adamantylphosphinomethyl) -2-(di-pyridin-2-ylphosphinomethyl) -

30 4,5 diphenylbenzene; 1- (di-adamantylphosphinomethyl) -2- (di-pyridin-
2-ylphosphinomethyl) -4-phenyl benzene; 1-(di-
adamantylphosphinomethyl)-2-(di-pyridin-2-ylphosphinomethyl)-4,5 bis-
(trimethylsilyl)benzene; 1-(di-adamantylphosphinomethyl) -2- (di-
pyridin-2-ylphosphinomethyl)-4- (trimethylsilyl)benzene; 1-(di-

35 adamantylphosphinomethyl)-2-(di-pyridin-2-ylphosphinomethyl) -4, 5-di-
(2’ -phenylprop-2'-yl)benzene; 1-(di-adamantylphosphinomethyl)-2-(di-
pyridin-2-ylphosphinomethyl)-4- (2’ -phenylprop-2’-yl)benzene; 1-(di-
adamantylphosphinomethyl)-2-(di-pyridin-2-ylphosphinomethyl) -4, 5-(di-
t-butyl)benzene; 1-(di-adamantylphosphinomethyl) -2-(di-pyridin-2-

40  vylphosphinomethyl)-4-t-butylbenzene;



1- (di -t-butyl phosphi nonmet hyl ) -2-(di-pyridin-2-yl phosphi nonet hyl ) -4, 5-
di phenyl ferrocene; 1-(di-t-butyl phosphi nonet hyl)-2-(di-pyridin-2-

yl phosphiworetingB3os4- (or 1' ) phenyl f errocene; 1- (di -t - PCT/GB2010/052214
but yl phosphi nonet hyl ) - 2- (di - pyri di n- 2-yl phosphi nonet hyl ) - 4, 5- bi s-
35(trinmethylsilyl) ferrocene; 1-(di-t- bute?él phosphi nonet hyl ) - 2- (di -
pyri di n-2-yl phosphi nonet hyl )-4-(or 1") (t+i nmet hyI silyl )ferrocene 1-
(di-t-butyl phosphi nonet hyl ) -2-(di -pyridi n-2- hosphlnonethyl 4, 5-

i - (2'-phenyrl frdp:2% ﬁrt)eftéf‘?%té‘é(ﬁep}fs?ﬁ? Ctycb‘iﬁeﬁlaf)h%%ﬁ} n8rré‘?1hﬂ/fld2n 2-
(di-pyridi nyZpkyvlsphus:plhtmneﬂml ) -divhendlne( Ry Lophesnyd: pr op- 2' 1- (#0y4,%2f éré-ocene;
1- (dl't bUt¥£{¥E%§ XLQ é%oﬁéﬂanprddé'ﬂ él dy!%yrldln— -

2011/ 083305PCT/ GB2 10 0 yl phosphi nomet hyl ) - 4, 5-di -t butZyI ferrocene

1- (dl-t- ylphosphlnomethyl phenyl methylbenzefe/
but yI phoS8 phicaoret byt 1)-pRe (i - yalibtéen2 4 ydrphosphidnaret il -p-4- (or 1' )t-

but yl ferr OC?[‘J@HOS hinomethyl) - blS trlmethy151l l) methylbenzene, -(P-
1- ( 2- phosphi nonet hyl -adanantyl) hgc%/rl I nonet h%/I
C

54, 5- di phenyt ferr bcehésietfs! rﬂli](?%}?ﬁ TERETRY RS aﬁéﬁ%?rit §15€Pl29(’61|dl“
pyridin-2- yk/pﬂstwspmmaem;hyF)l4et(r®me1th)yphe1rwl ) herhyoserehe ; 1-(P-
phosphi n0m9t 68931%&%%&)@? g(h%'s rPaY [ kgicﬁle%aél '4p|£39<§9hbn9cﬁe£>?]}’l'd)m4z -

bi s- (trl K ferrocene; hi nonet hyl - adaman
(di- pyrl ny E%PISE HsoﬂﬁF%ﬁreﬂaﬂd)l 142 (“BFerHéﬁl)’(‘fHeref(JH)?“IeE?&{l;}i’le%eélrer ocene{F~
101- ( 2- phosphu zn@me{ﬁeyhara@tagmmhysb@hazcgdlohpyamm Ar-)ybphaspht noret-hyl ) -
4,5-di- Lpr L)ferr e, Ls (. R{iﬁ@é(’HB l;%l- _(p-
adanantyl) g |-p rlr| ghyl% Y &hospﬁgn%ngt% 7 oﬁlg%?Zte LiE
6-tetramethyl-phospha- cyclohexan -one) dl pyrldln 2-
ylphosphinomethyl) -4, 5- (di-t-butyl)methylbenzene; 1-(P-(2,2,6,6-
15 tetramethyl-phospha-cyclohexan-4-one))-2-(di-pyridin-2-

ylphosphinomethyl) -4-t-butylmethylbenzene;

1- (P, P adamantyl, t-butyl phosphinomethyl) -2- (di-pyridin-2-
yvlphosphinomethyl) -4, 5-diphenylbenzene; 1- (P,P adamantyl, t-butyl
phosphinomethyl) -2-(di-pyridin-2-ylphosphinomethyl)-4-phenylbenzene;
20 1- (P, P adamantyl, t-butyl phosphinomethyl) -2- (di-pyridin-2-
ylphosphinomethyl) -4, 5- bis-( trimethylsilyl)benzene; 1- (P, P
adamantyl, t-butyl phosphinomethyl) -2- (di-pyridin-2-
yvlphosphinomethyl) -4-(trimethylsilyl)benzene; 1-(P,P adamantyl, t-
butyl phosphinomethyl)-2-( di-pyridin-2-ylphosphinomethyl)-4,5- di-
25 (2’ -phenylprop-2'-yl)benzene; 1- (P, P adamantyl, t-butyl

phosphinomethyl) -2-(di-pyridin-2-ylphosphinomethyl)-4- (2’ -phenylprop-

2" -yl)benzene; 1- (P,P adamantyl, t-butyl phosphinomethyl)-2-(di-
pyridin-2-ylphosphinomethyl)-4,5-(di-t-butyl)benzene; 1- (P, P
adamantyl, t-butyl phosphinomethyl) -2 ( di-pyridin-2-

30 ylphosphinomethyl)-4-t-butylbenzene;

- (di-t-butylphosphinomethyl)-2-(di-pyridin-2-ylphosphinomethyl) -4, 5-
diphenyl ferrocene; 1-(di-t-butylphosphinomethyl)-2- (di-pyridin-2-
yvlphosphinomethyl) -4- (or 1’ )phenylferrocene; 1-(di-t-
butylphosphinomethyl) -2-(di-pyridin-2-ylphosphinomethyl)-4,5-bis-

35 (trimethylsilyl) ferrocene; 1-(di-t-butylphosphinomethyl)-2- (di-
pyridin-2-ylphosphinomethyl)-4-(or 17) (trimethylsilyl) ferrocene; 1-
(di-t-butylphosphinomethyl)-2-(di-pyridin-2-ylphosphinomethyl) -4, 5-
di- (2" -phenylprop-2’-yl) ferrocene; 1-(di-t-butylphosphinomethyl) -2-
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consisting of the pyridin-3-yl, @piperidin-2-yl, piperidin-3-yl,
pyrrol-2-yl, pyrrol-3-yl, pyrrolidin-2-yl, pyrrolidin-3-yl, quinolin-

2-yl, pyrazin-2-yl, piperazin-2-yl pyrimidin-2-y1, hexahydro-
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25 dimethylmethanamine, N-ethylmethanamine, N,N-diethylmethanamine,
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the above mentioned pyridin-2-yl ligands.

12. A novel complex comprising a novel bidentate ligand of formula I

as defined herein coordinated to a metal of Group 8, 9 or 10 or a
30 compound thereof.

13. A bidentate ligand or a process according to any preceding claim

wherein A and B are methylene.

14. A process for the carbonylation of ethylenically unsaturated

compounds as claimed in claim 2, wherein the catalyst system has a
35 pKa in aqueous solution at 18°C of between -2 and 6, more preferably,

between 0 and 5.

15. A catalyst system capable of catalysing the carbonylation of an

ethylenically unsaturated compound, which system 1is obtainable by

combining:

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



12. A novel conplex conmprising a novel bidentate |ligand of fornmula | as
defined herein coordinated to a netal of Goup 8 9 or 10 or a 30 conpound
t her eof . WO301148B30dent at e | i gand or a process accor di ngPCo/GBry10Mseedi ng
claimwherein A and B are nethylene. 14. A process for the carbonyl ation
of ethylenically unsaturated conpounds claimed in claim?2, wherein the
catal yst system has a 35 pKa in aqueous ‘Solution at 18C of between -2 and
6, nore preferabl between 0 and 5. 15. A catal yst system capabl e of
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a conpound ther glggl,onayg 2011/ 083305PCT/ GB2010/ 052214 72 b) a bi dent ate
phosphi ne, arsi ne, stibine Iigand of formula | according to an
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di | ute aquegys. %nggrlagpy,atbe%egnog hetween -2 and 6, nore preferably,
between 0 and 5 novel bidentate |igand as herei nbefore described
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of et hyl eni eatdrgnungat uratedndl@sconpounds as herei nbefore descri bed and

with referegge Lo the examl e, dlnofubidentateligand. ascording.to.any of

cl ai s % 3-11, or 13, wherein nitrogen containing heterocycle with
one ni t i BgefOTHP PR ﬁsngherfES?]Wferbl%ﬁfﬁ%eél | #and dtcoPETITgeto €l al'tfi 1 or
3-11, 13 oreiyplaberein the group X1 may be defined as a unival ent radical

f 30 ; 1R10 1R102R110
o b0 it Sy gt ol L iR, (o,

| east one furtifer &t orfi 208&HECERAICTIBMCZ AREPRCANG Y1 1 ewhR&r oA RI‘EOl and
R102 represent rapyi onal substituents hydr ogen, aryl, alkyl or fluoroal kyl

when Q 45C2,gndjor; ﬁénhc%‘ég 15 90ha2 c§§dﬁ%§b%to' tyent $i %?S 11 \A%gerg];n § he or

eachCZatom|s eit attace direct to an N atom 2 rect | éto an
N atom vi a Hh%‘teﬁért@gé‘?w and }?@ st predoas e Bflé‘faéleablry"‘dlia]t 6f4ur fér
preferably, aBor rdprasberei Bytftenera @ach N i s i ndependently attached to Cl

or C2 and a sy Qb BipPrEher@lge:l; (4
wherein C' is attached directly to Q° and at least one further atom
20 selected from C? and N and y = 1;

191 and R'% represent optional substituents hydrogen, aryl,

wherein R
alkyl or fluoroalkyl when C', C? and/or N have 1 or 2 free substituent
sites;
wherein the or each C? atom is either attached directly to an N atom
25 or indirectly to an N atom wvia another C? atom, and x is 0 to 6,
preferably, 1 to 4, more preferably, 3 or 4;
wherein the or each N is independently attached to C' or C? and a is
1, 2 or 3, preferably, 1;
R''? is hydrogen, aryl, alkyl or fluoroalkyl;
30
wherein, when x is 1 or more, C? may form a cyclic structure of 3 or
more atoms which if x is 1 incorporates N and C!, which if x is 2
incorporates N and/or C!' and if x is 3 optionally incorporates N
and/or C'.
35 21. A bidentate ligand according to claim 20, wherein a nitrogen is
joined directly to the C!' atom.
22, A bidentate ligand according to claim 20 or 21, wherein the
nitrogen in the ring is joined directly to C'.
23. A bidentate ligand according to any of claims 20-22, wherein the

40 or each N atom is inserted in, a substituent on or at either terminal



RHO i s hydrogen, aryl, alkyl or fluoroal kyl; 30 wherein, when x is 1 or
nore, C2 may forma cyclic structure of 3 or nore atons which if x is 1

i ncor por WO2N/@sWSCl, which if x is 2 incorporates N ardT@B2C/@&ed4if x is
3 optionally incorporates N and/or C. 3521. A bidentate |igand according
to claim20, wherein a nitrogen is join directly to the C1 atom 22. A
bi dentate |igand according to claim 20 21, wherein the nitrogen in the
ring is joi ned di recgly to 23. A bidentate |igand accordin ng to
any of clai 820 22° wHeérai ﬂrtﬁbtﬁéoFaS&aé’ﬁ KEatBh P8 Fhsértel®iiseate
subst i t uent benween @t amd tther terminal 73 end of a C2 chain or in the case
of x=1 may or may not be inserted between C2 and C.



