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process for the carbonylation 9f ethylenically 5
unsat urat ed conpounds using a novel catalyst system
The carbonyl ati on of ethylenically unsaturated
conmpounds usi ng carbon nonoxide in the presence of an
al cohol or  WatREPSHiHcARAATTANE &Y %W%%%ﬁ%géﬁﬁ?mﬁing a
Goup VIII netal, 10 eg. palladium and a phosphi ne
ligand eg. an al kyl phosphene cycl oal kyl phosphi ne,

amle phespheneinpyhtdyh rehasehi ne o0& hbdent @ alyst system
phos hene, has been described in numerous European

t & aRrdoggeent fappl that i eashorglaEPon A-@D55878ylenically

M SO0, P St 2 15
EP. A 0489472, EP- A-0282142, EP- A-0227160,

EP. A 0495547 and EP- A-0495548. In particul ar,
EPIR o%%fi%%yf L A0 0 #9557 kel 1 @bl Wy 0495848 raitss) gagnpounds

t hati j dentsis Pf!&%&'l'dée {hognds pprovide cat aallﬁ’StaéLcohol or

syst enrs whi ch enabl e hi gher reactlon 20 rates to
adgiteve @ndNe 967tEd43L cﬁmﬂaﬂsemI@Mrszng nag Grruup/ITl metal,

t fo AN optlon [ bstltuted noi ety,

% Ked | qfﬁélg%l (gsp or SRS dﬁé*ﬁV%lﬁ%%1e an  alkyl
a@rw@mmr bQﬂlab!DH?lOI’pkﬁé'@ISﬁh@ aRy IMpRbYphSHEN Syridyl
ligand_ is nore stable and | eads to reaction rates

WRHOFPPS Ngr 0% ridenEae yPReYMeEne hahashdagen described in
PrHEeYQURlY sH 3 g% P %%&éﬂétégéﬁycgglons, eg. EP-

|npur|t|es fOI' ca yatlono a ran
olAefqom&seﬂa,y Bt U 48 2477 ZonPBUAdS 10 Ea@a EPeSplIeGess, EP-

Ozb]lzgr 9§ar %%Jn%at 04%?]3%19{ i’f_ga %?cd/éé;éé}g%'f gp'tﬁtrf\(/}‘p“t%aﬁl%mfio EP-A-
p@r4t8|901l:vlze;r Ryfe-@isderd | apy-£apPoN1 60 OMEPSA-0495547 and EP-
particul arly dvantageous for carbonylatlon
r éa®diody48. In particular, EP-A-0227160, EP-A-0495547 and

EP-A-0495548 disclose that bidentate phosphine ligands

provide catalyst systems which enable higher reaction

rates to be achieved. WO 96/19434 discloses a bridging
group in the form of an optionally substituted aryl
moiety, linked to the said phosphorous atoms via available

adjacent carbon atoms on the séid aryl moiety. Such a

ligand 1is more stable and leads to reaction rates which

are significantly higher than those previously disclosed
and produces little or no impurities for carbonylation of

a range of olefinically unsaturated compounds. Each

phosphorous atom in the said ligand is also linked to two

tertiary carbon atoms. It has now been found that a

particular type of tertiary carbon atom is particularly

advantageous for carbonylation reactions.



WD 2004/ 014552 PCT/ GB2003/ 003419 2 According to a

first aspect of the present invention there is
w@eaniotss2 a cat al yst system capabl e of cat al ysPemyGBR@3/003419

carbonyl ation of an ol efinally_unsaturated conpound,

whi ch catal yst systemis obt af nabl e by conbining: 5

(a) a netal of Goup VIB or Goup VIII B or a conpound

thereof: and (b) a bidentate phosphine of genera

f dcowlraifl) tol@G @irst( AdpeSt( CRARRO o rek GhtA-ir(entBon there

A, (E,_2),-B-Q (Ad) u (CR R2R3) v ). 15 wherein:

Ar-Si sp%"%]rcil i fig Cgard‘Zﬁ}ﬁ’s(c*onfu}’?E‘? gcé‘ﬁ(a&ygﬂei ol Fgtalysing the

subsiohytiee iamy lo Mt tn &7 AAI1Gh e RIQSRROIT U @ B®  which

are |inked on avail abl e adjacent carbon atons; 20 A

afdtBleath siysdeperdewbitp ineples byt choménialgkyl ene; K
5 D Eand Z are substituents of the aryl nmoiety (Ar)

and each independently represent hydrogen, |ower

al(kyl , aamydtal 25f Hetroupalv@p cyan@rotpt Ma,I IORL0or OF (Empound

R11, c%({)l)mz, C (0) OR13, NR14R15, C ( 0 ) NRL6RL7, C

(S) @ﬁf?ﬁ=s , C(0) SR18, or -J- @B (Ad) W(CRY
; e epresents al . OR
T At ety e

together wth the carbon atons of the aryl ring to
which they are 30 attached forma further phenyl ring,
which is optionally substituted by one or nore
sybistituents selected from hydrogen, |ower alkyl,
hal o, cyano, nitro, OR10, OC (0) R11

10

(Ad) s (CR*R°R®) ¢ Q*-A- (K, D)Ar (E, 2) -B-Q* (Ad) 4 (CR'R®R?) ,

(I)
15
wherein:
Ar i1s a bridging group comprising an optionally
substituted aryl moiety to which the phosphorus atoms are
linked on available adjacent carbon atoms;
20

A and B each independently represent lower alkylene;

K, D, E and Z are substituents of the aryl moiety (Ar) and

each independently represent hydrogen, lower alkyl, aryl,
25 Het, halo, cyano, nitro, OR'?, OC(O)R}% C (0)R*?, C(0) OR'?,
NRY“RY™, C(O)NR'RY, cC(3)R™RY, SR, C(0)SRY, or -J-
Q3(Ad)w(CR7(R% (R°))x where J represents lower alkylene; or

two adjacent groups selected from K, Z, D and E together

with the carbon atoms of the aryl ring to which they are

30 attached form a further phenyl ring, which is optionally

substituted by one or more substituents selected from

hydrogen, lower alkyl, halo, cyano, nitro, ORw, oC (0) R,
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OR13, NRL4R15, C (0) NRLB6RL7,. C (S) RLB6RL7, SR18 or

w@2(0dp143R18; RL to R6 each independently repr eB&€nGB2003/003419
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| ower al kyl, aryl, or 5 Het; Ad each independently
represent an optionally substituted adamantyl radical
bonded to the phosphorous atomvia any one of its
tertiary carbon atons, the said optional substitution
bé](mj%z o1 MIORTDF e NRIARTY, t ueno sNBEREEL ed (BQREFOM, SR'® or
h)&d(roﬁ%%ag | ower al kyl, hal o, cyano, nitro, OR1IO, , OC

, CT(0) R12, C(O) OR13, NR14R15, C (0) NR16
R17, C(S)R 16 R 17 SR 18 or C(O SR 18; R10 to R18
eagh indgpendently represent hydrogen, |ower 15
alfkyto %r;elaC@r pegdgnlly @epresrernt prosdmed tWat &yl, or

& V=0, 1 or 2 provided that T+ V < 3; W&X

1 or 2; 20 QI, 2 and B (when present) each

md&eywrdenimepem@xs@m rppospbntous, TSRINA I8F substituted
antinony and in the |atter two cases references to
pRESBRENY lorr HhbsphoPeidedbsve WifowpospaovaRs egtom via any

aQﬁ@;db&glXt325tBQ%E§E9bl¥arBQ§ GE@&BSY"£h£5fE%£& | Sotional
pal | adium Preferably; K, or z represent

ﬁub@?l(’tAd)lqm (IoRIng R®)y (@99) OX, mdmee r e&pecturtuenh(,s Bselected

Qr on the 3 C cent the aryl
car bon dvvﬁgéeﬁ A g? %%‘ﬁhe%%@o CYFNGyot EgFro, ORY,
adjcace®'’, i s (apR¥Gend ( @cmé‘ﬁ)al RRARS K, claa ERBr 27 gr eup) r°RY,

vvh| qp égsgl(f relgresents -J-

R'® to R'® each independently represent hydrogen, lower

alkyl, aryl or Het;

S &U =0, 1 or 2 provided that S + U
T & V=20, 1or 2 provided that T + V
0, 1 or 2;

\4
[

IN
w

W& X

Q', 0* and @Q® (when present) each independently represent
phosphorous, arsenic or antimony and in the latter two
cases references to phosphine or phosphorous above should

be varied accordingly.

Preferably, the Group VIII B metal is palladium.

Preferably, when K, D, E or Z represent -J-
0*(Ad)w (CR" (R®) (R%) )4, the respective K, D, E or Z is on the
aryl carbon adjacent the aryl carbon to which A or B is
connected or, if not so adjacent, is adjacent a remaining
K, D, E or Z group which itself represents -J-
0% (Ad) w (CR" (R®) (R) ) x.



@B (Ad) w (CR7 (R8) (R9) ) x. WD 2004/014552

PCT/ GB2003/ 003419 4 The term"Ar" or "aryl" when used
wheooeiondssi ncl udes five- to-ten-nmenbered, pref ePEbiGB2003/003419

six-to-ten nmenbered carbocyclic aromatic groups, such

as phenyl and naphthyl, 5 whi ch groups are optionally

substituted with, in addition to K, D, E or Z, one or

nore substituents selected from aryl, |ower alKkyl

(which al kyl group may itself be optionally

substi t-ut ed or term nated as defined bel ow),

haPs, 'Sho,ARit P8, "ORMG,” Gqm)urad, bereoyn, RI@Cled(e@) five-

ORL3. 10 NRIARLY, @&@5&7 SR 8 8 or
C(S)NR 16 R17 wherelnqél éﬁs eacSlg gepen entlflembered

r@am@yaﬂcﬂwaﬂaxﬁmatxny@rQMpSJom&chabbyph@wwucmnﬁl@ﬁphthyl
itself be option ut.ed ,

5 PRI et it bR o)y seBBrbHEEieMithy gy radition

ok cGrouppVl B adr & pupn¥l |c|J:B"md>f1e asupgfpeusdtef SO from

I we include netals such as Cr, No, W Fe, Co, N

@rYﬁeh é@welrr PikvAnd PG efaddall vy 9nh® meRwl sitgelf be

Eﬁﬁ%%%. nE&%stf{u oupqv EQEmE@?F?éOEﬂgnﬁgfﬁggd below),

ences to met a er ej
2(Ble$houiadlda,e tpkeo, t oiitmol, udR'®y 00p3OBRYG, O @hRPzJ.OCl ) OR?,

10 A BT PR ACRIGRG ' B (6 Ny, whezein R

nr%@sbe[zé&i Jrcef erl@ialeqbemléhttl@ft%ep%%ﬁ&edhyaeggen, aryl
systenms, 25 which rings contain one or nore

héweiesat ohky Lell @bﬂ@@ fa e Ini grogen mmyg@ﬁeléub@hmptlonally

a%%b@%ﬁ%&.%%ﬁtqe M1n Qb Whlc%efin ﬂy ?P};In one

more € "bonds “or be non- aromne
aronatlc or wholly aromatic in character The ring

stens may be nnnocggllc bi cyclic_or fused. 30 Each
15 t "tRF ofprTdertt i 76

s%%&ﬂowae%fbxfoq%l%r OfE ssisidd uents seligst eds faomy, i

L hefeiGrqu optBoRal IGroup VIIIB” in a

Fe, Co, Ni, Ru, Rh, 0Os, Ir, Pt and Pd. Preferably, the

metals are selected from Ni, Pt and Pd. For the avoidance

of doubt, references to Group VIB or VIIIB metals herein

20 should be taken to include Groups 6, 8, 9 and 10 in the

modern periodic table nomenclature.

The term “Het”, when used herein, includes four-to-twelve-

membered, preferably four-to-ten-membered ring systems,

25 which rings contain one or more heteroatoms selected from

nitrogen, oxygen, sulphur and mixtures thereof, and which

rings may contain one or more double bonds or be non-

aromatic, partly aromatic or wholly aromatic in character.

The ring systems may be monocyclic, bicyclic or fused.

30 Each  “Het” group identified herein is optionally

substituted by one or more substituents selected from

halo, cyano, nitro, oxo, lower alkyl (which alkyl group

may itself be optionally substituted or terminated as



hal o, cyano, nitro, oxo, |ower alkyl (which alkyl
group nmay itself be optionally substituted or

wao esorionased as WO 2004/ 014552 PCT/ GB2003/ 0034 1BCT/6B2003/003419
defi ned below) OR', OC (0) R',5C (0) R12, C (0) OR',
NR14R15, C (0) NR16R17, SR18, "C (0) SR18 or C (9S)
NRL6R17 wherein R10 to R18 each independently
represent hydrogen, aryl or |ower alkyl (which alkyl
granfpiriacdebleloay beROpt i 664D) § 'subst Dt Bted aropor'®, NRMR'®,

| IAEE RGP UE cuer OACRont Pt ) (EURRT | bleed n K7 to R

azeidili iMdeperenal y didptesdni dag@tdden, NEOI Yl or lower alkyl

furanyl, oxazolyl, isoxazolyl, oxadi azolyl’

t hivaEsiy (a6 afi el it sel may ovy | oplokanal by osyibstituted or

5 t n:'e%tn{l' cylas p&éf%@%ﬁ ryé]:ov})o ﬂghi%gnﬁ]y‘l‘lﬂet” . thlils includes

pyrimdinyl, pyrazi qui nol i i'soqui nol i Ay

pigueripd nylsudpyr azel yl opndopaperazi sybstiSubsti t ustOPidinyl,

at Het nay. be at a c?rbon atomof the Het ring or,
whiere dptirat et™ .
15 sddatzo19f10Ups MBa s her i n the formef an N

. Xh8€a 701
The term "l ower al kyl" when used herein,” neans éﬁ to o C vyl

ABAeYor meRECeY 1y he T BHoat opazolyl,

Ctoriaadyl and G¥mct ik ket hy | | tletaiytiazpelopyl , boyyldazinyl,

pent 20 -hexyl and. heptyl . groups. Unl.ess ot herw se _,
10 sggE| fgdgg%’kyl ngﬁﬁ@l§ﬁ§¥lmhen %ﬁ%@@lp§ﬁa quinolinyl,

sufddqpiiertl imyiher wipeardions1,at aipra el Ji Nedfd Ofpiperazinyl.

branched, be saturated or unsaturated, be cyclic,

ad At Ot i0ar t 2y date/may cPrc 2tand/ 6rThEN sl i ot ddie Het

or-stRy mJiat e n bst.iitu e 2

ol e o T, G Yo, G0 e (b A o e
CrORIDaC ). OR13, NR14R15, C(ONR 16 R 17 , SR18, C

15 (0) SR18, C (S) NR16R17, aryl or Het, wherein RLO to
R18 each i ndependently

“Het” groups may also be in the form of an N oxide.

The term “lower alkyl” when used herein, means C; to Cig

alkyl and includes methyl, ethyl, propyl, butyl, pentyl,

20  hexyl and heptyl groups. Unless otherwise specified, alkyl

groups may, when there is a sufficient number of carbon

atoms, be linear or branched, be saturated or unsaturated,

be cyclic, acyclic or part cyclic/acyclic, and/or

substituted or terminated by one or more substituents

25 selected from halo, cyano, nitro, OR', 0C(0)R, cC(0)R?,
C(0)OR™, NRM™R'Y™, C(0)NRY™RY, 3R, C(0)SR®, C(S)NRY¥RY,

aryl or Het, wherein R' to R!Y® each independently

represent hydrogen, aryl or lower alkyl, and/or

interrupted by one or more oxygen or sulphur atoms, or by

30 silano or dialkylsilcon groups. In addition, in the case

of substituents on the adamantyl group, more than one

lower alkyl group substituent may themselves combine to

form a composite group for example a cyclic composite



represent hydrogen, aryl or |ower alkyl, and/or be
interrupted by one or nore oxygen or sul phur atons, or

wm003014552 ano or di al kyl sil con groups. |In addi P€DGB2008/003419
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the case of substituents on the adamantyl group, nore

than one [|ower alkyl group substituent may thensel ves

conbine to forma conposite group for exanple a

cyclic conposite WO 2004/ 014552 PCT/ GB2003/ 003419 6

g@m@mp An Pex agamplef o aadsbentayit ydubstddtittedt ddh drhithis way
I S congressane. Lower al kyl groups or alkyl

gﬁ&uﬁ@\%ﬁ? Rf- R2, R3, R4, 5 RS R6 R7T Rs RO Ro Rif

Rz Rs R4 Rs Rb R7Rs rrrrrrrrrrrrr

r KK Db E and Z may represent and with which aryl and

Hé{owerra;ﬁldféylsuggpupat@dr Fhkyl wasauPRemdLiich aR', R®, R®, R,

subfigkent s n ergs Of icar han atwens,isbe |1hn 5 Ols16 17 18

b%ahc ed, &Ué%ggturéted orQ ung%tgf%téd b@e%§é|lc R R,

a®yclo,c mr apdr tz ayxy i eépeygsknt, ahd andﬂ'Drwlech aryl and Het

|nter upt ed by one or nore of oxygen or sul phur,
E) “&f%qw'oﬂna&'al“ﬁﬁ%l%%@r@@ fHiqfent number

b%f Sé&&%dﬂ ubedmByY @pe pindmFe %uwa{ﬁ&féas 5&! %%tt%&ated or
from halo, cyano, nitro, OR1O, (0) CORL

O(Lm)samxatem 15 1 2y ir6’ mmcli):(@)r NRaRt SR/CK:LC(KB)CycllC'

S)INR R.. ar 15 wher
eac F%d)é)penldlen?ﬁrl}/pteepé e]%%n?n%yafolagﬁe O?)ﬂxy@fgnl Sfersuiphur
alakyims , Si gt | Bkl ysﬂ_tahfbt@fmdﬂaQ.\d@lls@'liﬂdo%necﬁrd\ﬂb§h AndBor be
and_J g en present) represent in a conpound of

ntegheRy 2@n€aswf h&&ien, shhekiifesnes toefgoted from

f@ﬂlﬂ?@rc&

g S re bonde 0t he ties st at 13
rh'%liI%Ia\(,:\lle?gc"tﬂlOathe roup éﬁé Eb?%é?ﬂnse(gg¥f§gd % JOR™,

tEﬂ@ ) AR R g)NESRéﬁ kyt [0) $&i’p grisupRSH't h \m.yah or Het
?ﬁr%g_\ég nté::q(j f | 2 1ﬁ¥%$%der%‘?5a§rg?:se&3lrtegte%gc q{ydrogen,

aryl or lower alkyl.

Similarly, the term “lower alkylene” which A, B and J
(when present) represent in a compound of formula I, when
used herein, includes C; to Cip groups which are bonded to
other moieties at least at two places on the group and is

otherwise defined in the same way as “lower alkyl”.

Halo groups with which the above-mentioned groups may be
substituted or terminated include fluoro, chloro, bromo

and iodo.

Where a compound of a formula herein contains an alkenyl
group, cis (E) and trans (Z) isomerism may also occur. The
present invention includes the individual stereoisomers of
the compounds of any of the formulas defined herein and,
where  appropriate, the individual tautomeric  forms

thereof, together with mixtures thereof. Separation of



and i odo. Wiere a conpound of a formula herein
contains an al kenyl group, cis (E) and trans (2)

w0 s@am145SMm may al so occur. The 30 present i nvRCOIL/GBRO03/003419
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i ncl udes the individual stereoisoners of the conpounds

of any of the fornulas defined herein and, where
appropriate, the individual tautoneric forns thereof,
together with m xtures thereof. Separation of WO

200450 E4552 SROEEB2003X D93A1Y t7adsastemeassamsr Sorachieved

and_trans I s0 be achi eved. by copventiona
teghnlq%%%ventl n? fr it PEREPSSerysta i sat P¥n, *tractional

Cchirgraagriaphy oof, H RHrdmat@fgraphSt ere@i Soneré g..c. of a
m xture of a conmpound one of the fornmulas 5 or a

s FiLEAISI0d SONT 16T T Wik | 08 Bheaiasiounsh ¢prli 9fdidle formulas
e%@“éogﬁﬁtggl@ ugg 9119@%61 tf%%é %8y|a%nm%ﬁdlv1dual
al'so be prepare rom a correspon i ng optical ur

i epentediretre @f dycompolinti of, sucho@asthy HoEmhl@s efay also

the correspondi ng racenate using a sujtable chiral
Eﬁporprgpagﬁgby %Fﬁ@tioﬁal %??E%%P??%%??on Ptifelly pure

di; a%terReiSRLIJ L ppatdsofof 1B, ba/u&ﬁasgl 2% ef, pt Rec. of the
corresponding racemate wth a sui tabl e optically

a@tolrxrésmndil@rg eseemadse wppropai avetabbeAchiral support or
ber eLapmeLaAr e kel uded W BLN Lhe Seope, of {NE oi someric

ceSs 0 e’inve e appr et
trsagesskfbkmddi rby heeactibhatof t k& eCospOUBEFonliing racemate
fornula (b) function as ligands 20 that
C&’&%I nat e “thtf? e @PBuCM B ordSFLVB neEal oor base, as

cappeurd ithereof (a) to formthe conpounds for use in
the invention. Typically, the Goup VIB or VIIIB

metal or conpound thereof (a) coordinates to the one

?%lqggﬁ%%gggz‘f’ggﬁéggs ard Sfrrlncfugggl w1t ntl HEHX astcoorgse oof the

process of the invention.

It will be appreciated by those skilled in the art that
the compounds of formula (b) I may function as ligands
that coordinate with the Group VIB or VIIIB metal or
compound thereof (a) to form the compounds for use in the
invention. Typically, the Group VIB or VIIIB metal or
compound thereof (a) coordinates to the one or more
phosphorous, arsenic and/or antimony atoms of the compound

of formula I.

Preferably, R! to R? each independently represent lower
alkyl or aryl. More preferably, R! to R? each
independently represent C; to Cg alkyl, C;-C¢ alkyl phenyl
(wherein the phenyl group is optionally substituted as
defined herein) or phenyl (wherein the phenyl group is
optionally substituted as defined herein). Even more

preferably, R' to R® each independently represent C; to Csg



25 of formula I. Preferably, RL to RO each
i ndependently represent |ower alkyl or aryl. Mre

wee@het#abl y, RL to RO each independently reprBGEGB20@1/003419
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to C6 alkyl, C1-C6 al kyl phenyl 30 (wherein the phenyl
group is optlonally substituted as defined herein) or
phenyl (wherein the phenyl group is optionally

substituted as defined herein). Even nore preferably,

RE 16/ 1R9 waicdh | hdependentlyyr epbeseniutCll t=gs e fhed herein.
2004/014552 PCT/ GB2003/ 003419 8 al kyl, which is
optasdn zﬂqﬁﬁ%ﬁﬂﬁﬁytd%e&oa§-d%FFHeHeHéﬁéﬁﬁt ngpsgubstituted C,

prief eF abcL SucgehR%seaﬁmfpr eé@ﬂylnorh?ﬁefgylt ut edo Clropyl,

to Co6 al as net hyl,” et hyl
|$&kuﬂqdwl, isdbitudy 1 i sotheutybutért - bpepkylpent fbxyl  and

hex n cycl ohexyl. Alternatively, or
&xﬁ1gﬁﬁﬂﬂy each of the groups RL to R3, R4 to R6
and R7 to RO together independently may form cyclic

structures such as 1- norbornyl or 1-norbornadienyl. 10
Flﬁfltt@é”fnae&wﬁﬂnés oF eoFpsdrnel wou;ﬁaqkhc%déh@yawlps R* to

StpUCtr g3, 07 i, bgt ‘Aﬁgantgﬁetﬁ%Ee ‘é‘?!d)ént%ﬁ My form

mor & of the groups may represent a sol | hase
\Muyﬁildtﬁxﬂuqﬁumbéssw¢ha&$eh—nd5b¢nnﬁipartleubabbynadlenyl

r rred enbodi ment of the |nvent|on
P S o F S LS Bnt Ofhe COIRESLoRer SHIGGH  CWGHUGE cvelic

Heft mitelde s dghiaed vhereien, R2.rRTD m@eli%%atg%hy, one or
represent the sane |ower alkyl, aryl or Het noiety as

défdifedo eftdien, JE01D RIMARG raRd CRENEAch pept@se@meseheo which
sane, 21%4% rlsalb? ac é’l or Het noiety as defined

herei n era y" Rl, R4 and R7 each represent

the sane Cl-C6 al kyl, partlcularly non- substi t ut ed

Cl-C6 al kyl, ;such as nethyl, ethyl, n-propyl,
|§61p@0p9pr£ﬁ05&@§py lgge%@g&@d émbodiment ®~ of the present

invention R', R? and R’ each represent the same lower
alkyl, aryl or Het moiety as defined herein, R?, R® and R®
each represent the same lower alkyl, aryl or Het moiety as
defined herein, and R3, R® and R® each represent the same
lower alkyl, aryl or Het moiety as defined herein. More
preferably Rl, R* and R’ each represent the same C;-Cq
alkyl, particularly non-substituted C;-Cs alkyl, such as
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
tert-butyl, pentyl, hexyl or cyclohexyl; R?*, R’ and R® each
independently represent the same C;-C¢ alkyl as defined
above; and R®), R® and R® each independently represent the
same C1-C¢ alkyl as defined above. For example: R', R* and
R’ each represent methyl; R?, R° and R® each represent
ethyl; and, R®, R® and R? each represent n-butyl or n-
pentyl.

In an especially preferred embodiment of the present invention

each R' to R? group represents the same lower alkyl, aryl, or



tert-butyl, pentyl, hexyl or cyclohexyl; R2, R5 and R8
each 25 independently represent the sane Cl-C6 al kyl

wagoodeissaed above; and R3, R6 and RO each PCT/GB2003/003419
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i ndependent|ly represent the sgne Cl1-C6 al kyl as

defi ned above. For exanpl e: R4 and R7 each

represent nethyl; R2, R5 and R8 each represent ethyl;

and, R3, R6 and R9 each represent n-butyl or n- 30

péertyl| moietian asspeeiabdd, pueeéfenr ecPrerfeodbbent efcht he' to R°

DESHEPLOLIV Sl OBt B 13 iU LEPr Dy o
PETHLEBROOFDOBALY =Qkiet moickt yasas mieflivied behegilpn. n- propyl,
Pr.ef er abl e ents t me Cl1t

ot e ] o o rh SRk TRt PR da eFten L, hexyl

alzkeyd | c§é$5hé§ym§t hdst ebidora®ipl ORMch RSOt @PYlnepresents
n- butyl, i so-butyl, tert-butyl, pentyl, hexyl 5 and

cyeEBlexyl . Most preferably, each RL to R9 represents
methyl. In the compound of fornula I, preferably each

QL, and @B (when esent) are the sanme. Mbst ) 5
pref gh&blif)mp@élé‘ﬁ of, gy wwia 33 PIRIERRBAY peasBnt), Q° and 0

I eRhes eptSs dgs pher ons . s Rlef ﬁB@plﬁ/ﬁeﬂé}aﬁoﬁﬁ compound &f ang ¢
formula I, AL B and J (when present) eac

i HHBFR RIS réﬁpé%%?ﬁtscfh?%pwoé’lskyl ene which is
optionally substituted as defined herein, for exanple
wi_th _15 | ower, al k roug . Preferably, the | over

?c% ourgsl

aFK§EBHP G rouh antl 3o predentd and J (when
r@ﬁéeSﬁlF)t Al naagﬁemetnt%gt egpaé&erp.arctll%l@r gpfcﬁfle&fer @lich is
ower _a ich A an y i ndependent ,
 SFFueiiYy SEerbl e Sia N lalt pesraran i sawle with
Oflerr BaJalqu Jgr(o\m[pen Bre&eﬁlb)ly; eplieskfie rt b&k§£@‘iﬁe | WWRIbs which

2Q al kyl fined h ticul -
Pt of SBY. % nLIE COMIGURY O FFaP R oF cwlhgf RUDBFL@Ted.

opaZtdoesar notrefepreasenbtwed- @lkiAdn&, WBREGRG, (BO)anX, J may
Kingépg%égnfayr éﬁ%g?g% is -CHy- or -C,H,-. Most preferably,
each of A, B and J (when present) represent the same lower

alkylene as defined herein, particularly -CH,-.

Preferably, in the compound of formula I when K, D, E or Z does
not represent —J—Q3(Ad)w(CR7(R8) (Rg))x, K, D, E or Z represents
hydrogen, lower alkyl, phenyl or lower alkylphenyl. More
preferably, K, D, E or Z represent hydrogen, phenyl, C;-Cq
alkylphenyl or C;-Cs alkyl, such as methyl, ethyl, propyl,
butyl, pentyl and hexyl. Most preferably, K, D, E and/or 7%

represents hydrogen.

Preferably, in the compound of formula I when K, D, E and %
together with the carbon atoms of the aryl ring to which they
are attached do not form a phenyl ring, XK, D, E and Z each
independently represent hydrogen, lower alkyl, phenyl or lower
alkylphenyl. More preferably, K, D, E and Z each independently
represent hydrogen, phenyl, C;-C¢ alkylphenyl or C;-Cs¢ alkyl,



hydr ogen, |ower al kyl, phenyl or |ower alkyl phenyl.
More 25 preferably, K, D, E or Z represent hydrogen,

wWEb@apl4s5C1- C6  al kyl phenyl or Cl1-C6 al kyl, sur¢iI/&82003/003419
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met hyl , ethyl, propyl, butyliopentyl and hexyl . Most
preferably, K D, E and/or Z “represents hydrogen. 30
Preferably, in the conpound of forrmula | when K, D, E

and Z together with the carbon atons of the aryl ring

t euwhi ebh tkéhylar etlatt achegyde motyfor peatpheayd hexgl. Even

| xg\%g? gf%%a%&%"é‘ﬁgr ia?dfg%gfeﬂ%%ﬂeégﬁsﬁﬁé I\gélr(ger Wiltituent.

pMeferrfrfigraklyDb, tievamgprZeeeth hm@tependent ly 35

represent hydrogen, phenyl, Cl-C6 al kyl phenyl or Cl-C6

al kyl , WD 2004/ 014552 PCT/ GB2003/ 003419 10 such as
n@ﬁh??rahﬁxnﬂln prepyinpoyady Pt pemula dndhéexdl .D,Eenr 2 does

mLe pLeferal Vo K 2Ry Fange 4R9ﬁpr§ﬁsnk the SaR 7 together
substituent. Most reFera y represent

hydEbgée scap’rk@fner@*kﬂngﬁ ph ft}éé @m&ouﬁenq)f te orimich Ithey are

WaeRafned, aF AbrZ fdORS 2 NHerk@PrasENt calnB{(Ad) . p(CR ana =z
(R8) (R9)) and K, D, and together with the carbon

At BRESHINT Helaar sAmey |9¥g>ut°o sfhrERe? heyemarkydrpgeachégved alkyl,

nat-yior gy auphenyl a&iindd eReBiRf KarBclEa@1Y Zydrogen or c,-C
represent the sane E%oup sel ect ed from hydr ogen, Tower

aPREYT  {mrzg yRartdculer Ly sunfebishe 8uRes efuCs pabyldul #spgcially
hygaegesn or Cl-C6 al kyl (nore particularly

unsubstituted Cl1-C6 al kyl), especially hydrogen.
Preferably, in the conpound of forrmula | when two of

KprBrefabikh a.lﬂﬂ thel e@ebBend Wbt hrbAgucarbomeat oVl off K, D, &
the aryl ring to which they are attached forma

pRBAY P FPFRGE hhat tEh ERphERROT FGRPsOF optS Gfal ying to which

fsuihsyl bué egdevadir O rar aﬁ'@h@n§yb§iﬂd UedHeh &@be@heayl ring is
ro

aryl., | ower F I % ich alk roup I tsel

peP ey gl T4 RS LE uPSH of ef i FSFodPHe tdrega selected
belem) ar2Q ,Helowdral a1 k¢yan@hiH r 91 kPR1QGrodp (fAy Ritself be
C (O R12, C (0) OR13,

optionally substituted or terminated as defined below),

Het, halo, cyano, nitro, ORN, C (0)R'?, C(O)Rm, C(O)ORB,
NRMR™, C(O)NR'®R'7, SRS, C(O)SR18 or C(S)NR'®R'7 wherein R
to RY™ each independently represent hydrogen or lower
alkyl (which alkyl group may 1tself be optionally
substituted or terminated as defined herein). More
preferably, the phenyl ring is not substituted by any

substituents i.e. it bears hydrogen atoms only.
Preferred compounds of formula I include those wherein:

A and B each independently represent unsubstituted C; to Cg

alkylene;

K, D, Z and E each independently represent hydrogen, C;-Cg
alkyl, phenyl, C;-C¢ alkylphenyl or -J-Q°(Ad)4(CR’(R®) (R%) )«

where J represents unsubstituted C; to C4 alkylene; or two of K,



NR14R15, C (0) NR16R17, SR18, C (0) SR' or C (9S)
NRL6R17 wherein R10 to R18 each independently

wo epresesst hydrogen or |ower al kyl (which al kpdT/GBRMP/003419
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may itself be optionally subs& tuted or term nated as
defined herein). Mre 25 preferably, the phenyl ring
is not substituted by any substituents i.e. it bears
hydrogen atonms only. Preferred conpounds of formula I
i N’ vdeantchds etastedhek nywi B0 W%n@h@oeaehommdepenld@mﬂm ring to
r e nsuls 0 y Z ..
aﬁg{%%eg%ﬁyl %ggp%%%tﬁeﬁyg%g%res ntﬁ}ﬁl l% Whl %:% optionally
alffég)qstlﬁﬁeﬁw byClergs ot kwmeﬁybsmtue\ht@ S(edl@)ctwd(cwm lower

Céﬁeg%zhgnﬁ &51\8@%9511]1{3{1%%?1 gnts unsubstituted C,

al kyl ene; or two of 2004/ 014552

PCT/ GBZOOS/ 003419 11 D, Z and E together with the
caglb ab ogs.1of r i gh
attagﬁed f%rfcm alﬂgﬁgﬁsawﬁlnﬁ}gn%hpltrgseﬁg gpttltoggl ?Eﬁyl’ phenyl or
sUbstPt bt edkByPRfYlor nore substituents sel ect ed from
| ower al kyl, phenyl or |ower alkylphenyl. 5 RL to RO
each |ndependentl represent ClL to C6 al kyl, phenyl or
crFyighes arris FPIbEIRdheL pperela dd ioehpeandwssf wherein:

formul a | |ncI ude those wherein: 10 A and B both
re(_(d)resent - particularly -CH-; K D, Z
a@degcﬁowld@é’éfﬁééﬁﬂ fﬁ?ep?%séﬁﬁfhyd’laéﬁéﬁul@llmmz ;

aI kyl phenyl or Cl-C6 al kyl or -J-@B (Ad) w (CR7 (RS$)
F%g{&) reJls 15 the same as A, or two of K, D,
E Z t8§ t%e?a% tlF?dFﬂ%n‘E%ﬂtﬁgnrﬁPﬁ?\%e“d% htyr#éoa?lw C1-C¢ alkyl

rigigeny0 Wi oy -theyliaye &t taghsd Aor r(t:RanR&m'wmt itueed g is

phenyl ring; Rl to RO (when present) each
i nﬁé%eﬁé@ﬁt 138 r8pr 8semtoCP Tt K/C6P, 2B ahRylZ drapeShel>with the
3;

rcarbon atoms of the aryl ring to which they are attached form

an unsubstituted phenyl ring;

R' to R’ (when present) each independently represent C, to Cg

alkyl and S+U 2 3;

Still further preferred compounds of formula I include those

wherein:

R' to R’ (when present) are the same and each represents C; to Cg

alkyl, particularly methyl and S + U 2 3.

Still further preferred compounds of formula I include those

wherein:

K, D, Z and E are each independently selected from the group
consisting of hydrogen or C; to Cg alkyl, particularly where
each of K, D, Z and E represent the same group, especially

where each of K, D, Z and E represent hydrogen; or



Still further preferred conmpounds of formula | include
those wherein: 25 R to RO (when present) are the

w@ a0ve/0a132 each represents Cl to C6 al kyl, pare@€TGBarBp03419
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methyl and S + U> 3. Still f1 ther preferred

conmpounds of fornula | includethose wherein: 30 K

D, Z and E are each independently selected fromthe

group consisting of hydrogen or Cl1 to C6 al kyl,

P& tde@utbashys whar,eQ? e, (@R KR®)D(R*Z )andn& ID,epI esentE are each

t he sane gr.oup, cia ere each of K, n

R BEas D e SBRSt of7ofs e s60% (s ing of Efrogen or
(P@'S[/ QEZOQ%QQ&A%%arHcKwew eglegtes bdTi?2- [thn(dAd) MeprERént the
R R9 X an e_eac i ndepende

G, BeHR o RAERE bt Bl RS Pt F i b HparSgai gitegen.

to C6 al kyl, parti cul arIy where both D and E represent

t sa rou es re nt,
IPSSOR 1L BERER TRy v B af T e Tepiefs [ B cantimts orinelude
f orhskeawheranod:ude those wherein: each Rl to R6 is the

sane and represents nethyl or StU = 2; 10 A and B are

the sane and represent -CH2-; K, D, Z and E are the
saarwhaﬁbltpeb?' esetite padeogea. refEspectal hytiprleber fed = 2;

queca{r{d G G ndssaqne f orgur?%resennccl icg%pt hose wherein

jOIne Saire dsition in

each wase.arkd ﬂ earzaeblwne Same laraddrépredenti@irogen.
preferably, S =2 and u > 1 or vice versa,
nost . pr eferably S & U= 2. The present invention

th rb of can
PR oS B P QS8 L00 t Moo 2e far DORMEBLAGD ObzaNformula 1

unsat ur at ed conpoun
include those wherein Ad is joined to Qi or Q, at the same

position in each case. Preferably, S 2 1 and u 2 1, more
preferably, S = 2 and u 2 1 or vice versa, most.preferably

S & U= 2.

The ©present invention provides a ©process for the
carbonylation of an ethylenically wunsaturated compound
comprising contacting an ethylenically unsaturated
compound with carbon monoxide and a hydroxyl group
containing compound in the presence of a catalyst system

as defined in the present invention.

Suitably, the hydroxyl group containing compound includes
water or an organic molecule having a hydroxyl functional
group. Preferably, the organic molecule having a hydroxyl
functional group may be branched or linear, and comprises
an alkanol, particularly a Ci;-C3 alkanol, including aryl
alkanols, which may be optionally substituted with one or
more substituents selected from lower alkyl, aryl, Het,

halo, cyano, nitro, OR', oc(0)R't, C(0)R™, C(0)ORY,



conprising contacting an ethylenically unsaturated
conpound w th carbon nonoxi de and a hydroxyl group

w@omial4ssng conpound in the presence of a cat abgBEGB2003/003419
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system as defined in the presgnt invention. 25

Sui tably, the hydroxyl group containing conpound

i ncludes water or an organic nolecul e haxlng a

hydr functi onal roup. Preferably, the organic
nDNBgﬁ¥érhﬁﬁphﬁRd%hydr§X§lR-%hnctﬁﬁﬁalogr@u@ is’y° bes defined

br or gl es 30 an al kano
pa???%gﬁarlg §@§§;é§%H%1 anol:ﬁqﬁg? dihf ariylce alkanols such
alkanmbShamblcheﬂhﬁnb& op&bgagbgy &@Fsbkb@bﬁglrﬂE@oap%tanol
e.substituents selecte rom | ower al ky ar

F gD% éiﬁﬂﬂlentPo utg& Poﬁll a@ﬁ(gph@pgocapryl
C £0o 3, 014p52,B 3 /OQ§ 1415f
16l 7&1%%& %%0) RR, 4%5(“‘)%?&% %gﬁ O]%Rlé’re erred,
depphgdalkeneln, pmgﬁbyapﬂgﬁem@aédﬂdwamﬁksnade—ébt£Bols such

I k h t hanol r opanol
?soggg%ﬁgiuc F§8oggtanggLra$ Egtyﬁnﬁﬁcéﬁgﬁrs may also De
n-hui anekd. ph@@@ldﬂﬂiyﬂ”éHdeﬁHD9afkéH6¥gK%reA%EFQUQQd from

t he nonoal kanol s are nost preferred pol y- al kano
pr &f er aBMPthaseddedd fr om dinmanastiolsuch ghecdiols, 1,2, 4

I utili sed.
%Q%?%i??ﬁfiéﬁcﬁ ;o yapagﬁé{segﬁélielécf?&f%g%ﬂﬁ&iéa’ 1,2,6

2- brh@m@dosyheﬁaﬁepropaned|olpegtyéey@hrlﬂoz 4 10 1,1,1

b I h met hyl ) -1, 3- propanedlol 1,2,6
B RY D LRERS « hpoPSeh, Berbase, 'galactose and

trofiydr exyaethyl Jmtdang.ed USSP £ sgékggéos%ructose

and ot her “sugars. Preferred sugars include sucrose,
f riaRd ogéucang - gIu%%@%01¥%bﬁcpaEEyrpeéfeﬂﬂ@mqﬂéqnmé3methanol

S TR ST R
crltlcal. General |y, anounts

The amount of alcohol is not critical. Generally, amounts

are used 1in excess of the amount of ethylenically

unsaturated compound to be carbonylated. Thus the alcohol

may serve as the reaction solvent as well, although, if

desired, separate solvents may also be used.

It will be appreciated that the end product of the
reaction is determined at least in part by the source of
hydroxyl group containing compound used. If water is used
as the hydroxyl group containing compound then the end
product is the corresponding carboxylic acid, whereas use

of an alkanol produces the corresponding ester.

In the process according to the present invention, the
carbon monoxide may be used in pure form or diluted with

an inert gas such as nitrogen, carbon dioxide or a noble



are used in excess of the anmpbunt of ethylenically
unsat urated conpound to be carbonyl ated. Thus the

wW@bk@aekhol5520 may serve as the reaction sol vent BST/aBR003/003419
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al though, if desired, separatﬁ4solvents may al so be
used. It wll be appreciated that the end product of

the reaction is determned at least in part by the

source of 25 hydroxyl group containing conmpound used.

| foamt evchs asedrasnt h€mhydr caMurgrsaupfcMca:ia’gegg typically
c ound then the e roduct_js the correspondi ng

cglr So?&q}acng%d?yv%% Wy JYY B AP RIREHS br oduces

the corresponding ester. 30 In the process according

to the present invention, the carbon nonoxide may be

usetf i Fafire floohuse/golwned weth ehivipeicagay swepaturated

aﬁxﬂﬁ<ﬁﬂg§ntocz¥gﬂQT%hpxéggu r é%ﬂ%gyﬁia@ogégﬁﬁégﬁéﬁﬁﬁéz vary

PCT/ GB2003/ 003 gas such as argon
ofbdiyireogenideypl tmlty ahelsssthaabbyo byl esol dine, ti@y range of

al.so, he present. The ratiq (vol ume/vol une) _of ]

et \j?'gjni‘g% ﬁyThnsé’F&rfrgtféﬁ% %d%ﬁ”ggiﬁ]fdﬂ%n hgdf okl 1:2 and up
grailpa CQRkgenidit GHROHNEy HRY < Y AT ¥rohet WG M 08 g compounds
limts and suitably lies in the range of 1:0.1 t©

1N g kbt sE fFomber iden eaction: sokiyrhiupsutly @s up to

I ex r 0 i.ni.ng conpounds
V\za[e%ﬁ)t'ﬁle iat tsg&f’r ({Bs/q{a}?as%&i he%oa tir%oﬁl%o r8lenr(r:f P Es -

up to 10 a 50:1 excess of hydroxyl group containing

coupounds. The amgunt of the catal yst of the invention
u | PR Qgrggﬁ?l%??%%yﬁ?o€§s§: tpeention used in the

etdaidicialt Do N $AdHALLd o FCORROUNG: 51 89% ST i Ui C@lsaturated
Good reéﬁ]ts(%ay be obtaiﬁed 15 mhen,§pre %ra%%y, t%% urate
arfsumowfd Gieup ot Bcod tWeklB rMetal resuilhst heay abge obtained

Ll AT e SAIA S S o g meren
malses, imosthpr efedragd y 160°5 tio 101 @ 'molgs1 081 pBke mole of
ethylenically unsaturated compound, more preferably, 107°
to 107 moles, most preferably 107 to 1072 moles per mole
of ethylenically unsaturated compound. Preferably, the
amount of bidentate compound of formula I to unsaturated
compound is in the range 1077 to 107!, more preferably, 107°
to 107 , most preferably, 10° to 102 moles per mole of

ethylenically unsaturated compound.

Suitably, although non-essential to the invention, the
carbonylation of an ethylenically unsaturated compound as
defined herein may be performed in one or more aprotic
solvents. Suiltable solvents include ketones, such as for
example methylbutylketone; ethers, such as for example
anisole (methyl phenyl ether), 2,5,8-trioxanonane
(diglyme), diethyl ether, dimethyl ether, tetrahydrofuran,
diphenylether, diisopropylether and the dimethylether of

di-ethylene-glycol; esters, such as for example



of ethylenically unsaturated conpound. Preferably, the
20 anount of bidentate conpound of fornmula I to

woe®avusst ed conpound is in the range 10-7 t oPADGB2003/003419
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nore preferably, 10-6 to 10-2 nost preferably, 10-5

to 10-2 noles per nole of ethyFenlcaIIy unsat ur at ed

compound. 25 Suitably, although non-essential to the

i nvention, the carbonylation of an ethylenically

unsatiy dsedtebapouddmashydefli pedehemetily maybioate, dimethyl
sol vents. Suitable

one nore aprotic
pgéwéﬁq%%Fncrﬁgeb QYSHié?%gﬁ%h 5§uﬁﬁﬁ’ eXAfp| @5 for example
med hyd bluy Y& ket anede pt hensmexshL ;;gﬁfxf&wl@as?éml €a8Q  dimethyl
anlsole (jret hyl h%éﬁﬁéether) 5, 8-tri oxanonane

( of YA Yle/ ot ran |@@ﬂ@ﬂom%mersuch as for example
taﬁ{ﬁ@%@%ﬁ ﬁﬁOXlg%phenykﬁhQE&ﬁj &40 | et her gggﬂfolane

the di er o yco ester s,
as(t@kr@h@dprhﬂwpﬁ@@é+9125620£K3éEBZOOB/OQBﬁéthléulfolane,

t di ret hyl adi pate net hyl benzoate,
&e %Wﬁﬁﬁ?%?: a.%ﬁ%%ﬂ%?FBF%ﬁ?Rﬁ%&e arfirdediosida asnd 2-

fQﬁe @ImheetQ%fl@ui‘f&@&ﬁé amaqgma%get:%su ds0! 'H?cﬁ%dlng halo

and di neth or mam de; sul f oxi des pHone
SLMﬂF%%?tﬁoneﬁaﬁbl@P%PQHH@étﬁylsbﬁ@t&n@,déoluene, ethyl benzene

d|04>§ﬂ@ﬁ@pyhsy§me’p—§ hiol a orobenze e chlorobenzene,
e Ihylsuﬁﬁop

tetrah{drothlo hene 2. 2-di oXi ane,
dH%FH§P~§EP%?Eﬁﬂ?e téﬁﬂ@ﬁyéroﬂﬁpép%@ne 1h@ld|0ﬁwdenamdof such

2-cdmlohyibs4- ethyl subfnlane; h%b@gﬁé' c C?”ip%ur%:(}%methylpentane,

|nclud|ng hal o variants ‘of such conpounds
ol TRiF1idet hpndperrtdre 1@86r§®11ﬂeﬂ@dem xyierides eg.

beﬂzemtr@bé aireberzene; tordi chl or obenzene,
n}dichlorobenzene: al kanes, including halo variants of

such conpounds eg, hexane, heptane,

2,203y t rsh@taweoegkéneaprc@dwgsweﬁ@gomg&lﬁyd L3GPMe et ric

tetrachloride; nitriles eg benzonitrile

a@gnﬁﬁqnﬁ|§ha151s below a wvalue of 50, more preferably in
the range of 3 to 8, at 298.15 K and 1 x 10°Nm™2. TIn the
present context, the dielectric constant for a given
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 for the dielectric constants
of common organic ligquids can be found in general
reference books, such as the Handbook of Chemistry and
Physics, 76 edition, edited by David R. Lide et al, and
published by CRC press in 1995, and are usually quoted for
a temperature of about 20°C or 25°C, i.e. about 293.15k or
298.15 K, and atmospheric pressure, i.e. about 1 x 10°Nm™2,
or can readily be converted to that temperature and
pressure using the conversion factors quoted. If no

literature data for a particular compound is available,



Very suitable are aprotic solvents having a dielectric
constant that is below a value of 50, nore preferably

WO p0040hE57 ange of 3 to 8, at 298.15 K and 1 x BOBNBR®3/003419
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In the present context, the djelectric constant for a
given 20 solvent is used in its®normal neaning of
representing the ratio of the capacity of a condenser

with that substance as dielectric to the capacity of

t ithes ank cQendeniser cohkhaat vagsyumd orredicaliget hic@sured using
Val ues for the dielectric constants _of comon organic

| i R ISPt DR BriHeP T et al mei519EF er ence books,

such as the Handbook of Chemi stry and Physics, 76th
edition, edited by David R Lide et al, and published

by QR meslse i ntHO%] e badt ate csustdyt qubtadifoke s 4.3 (at

t r.atyr.e of abaout 20C or 25C, |.e. out .293. 15k o
Zﬁﬁ'ﬁK?{)andoﬁn%§ﬁﬁgﬁ'gc ﬁFé?@ur]es, |42§) a5%ut %]?]3)(5 k), of
106N ard) 08 €30 readi 393 be gppVer tedehP1pEAtancate is 5.0
tenperature and pressure using the conversion factors

quGtted?298$ 2ndd) A | Pér stiphengdedfesr &S part/i cldtar 283.2 K), of

(ofe17 ll ; i e ,
e S P AR i Ko ?Pg)zto%gt%%¥rﬁ%¥dﬁ%fura“ is
r éadi | yatrea%br 2dKusi ng meshafihnioshedapkydisc® .chemica?%3.2 K).
m;ﬁt hods. For . ex |l e, the djielectric constant of

a

HE T RN L9239 S of diethyl ether is
4.3 (at 293.2 K), of sulfolane is 43.4 (at 303.2 K),
of met hyl pentanoate is 5.0 (at 293.2 K), of
dildhebly$ etidiroxy 13 arquar @SBt 21imdng otomgpupthyilsadirpasékanol,

is. 6. . 293, . of . tetrahydrofuran, i.s 5 (at ..
Zgaél. %p%£%go%0ﬁevt%lﬁ n‘%iajﬁoa?e SR ( a]?yzgg.e Zt(%Ct.lon as
16k prefesr edesoboenlat Soranisodbductd f éhe bydr o¥yhylenically

group contai ni ng conpaound is an al kanol, an aprotic .
sOVEtURA 999 beoHRABREL eGP RN T At dDn2Rd thge alkanol is

estrelaGadonyd &t an: product of the ethylenically

The process may be carried out in an excess of aprotic
solvent, i.e. at a ratio (v/v) of aprotic solvent to
hydroxyl group containing compound of at least 1:1.
Preferably, this ratio ranges from 1:1 to 10:1 and more
preferably from 1:1 to 5:1. Most preferably the ratio
(v/v) ranges from 1.5:1 to 3:1.

Despite the aforegoing it is preferred that the reaction
is carried out in the absence of any external added
aprotic solvent ie. an aprotic solvent not generated by

the reaction itself.

The catalyst compounds of the present invention may act as

a “heterogeneous” catalyst or a “homogeneous” catalyst.



15 unsaturated conmpound, carbon nonoxi de and the
al kanol is an aprotic solvent. The process may be
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aratio (v/v) of aprotic solvent to 20 hydroxyl group
cont ai ni ng conpound of at | east’ 1: 1. Preferably, this

ratio ranges from1l:1 to 10:1 and nore preferably
from1:1 to 5:1. Most preferably the ratio (v/v)
rdﬁge$hbroheﬂm5‘&mﬁ@g&nbou%& Dﬁs@&lﬁsﬁhamﬁfﬁégﬁouﬁgchtalyst
IS, preferred t hat, t he reactlon Is carried out in the

absehce® of CARYUBK: SnathadiBEe pPbt | Whiehyverm net aWpported
apset | Gs SISy Hghigenesat ed-hyy thesfeaction {:flée!fEactants

30 The catalyst conpounds of the present invention

ac?f aghey chebenydeéons"reataliyst z.q "hﬁnngemeg&s"acetate
WO 004/01 552 PCT/ 2003/ 003419 17 By the

ternﬁ%ﬁ%nngeﬁébus égt}ﬁyst Gﬁﬁé&ﬁng c5PHPyEpd Png carbon

a roaipailds) of pkBeekrANENT 10N, 2 Woh £habBe NRL1$¥RROIELddescribed
but is sinply adm xed or formed in-situ with the

“rits of the carbonylation reaction (e.g. the
vinyl acetate 5 conpound, the hydroxyl containing
conpound and carbon nonoxide), preferably in a
skt abhe selventhedsmesorddied dwer®lyst Byet heaheran catalyst,

h a catalyst, . 10 i.e.
(e CongBhrdoBRo RS PhvERE: GRYSRLER | STatt ied G aied on a

supdrt .Thus according to a further aspect, the
present invention provides a process for the
car bonyl ati on of ethylenically 15 unsatur at ed

d h in,.th SS
carrlegg% RO %Eﬁkﬂe %%ﬁ%%t %ﬁproc%ﬁﬁﬂ6§tlnventlon

ut wt ecﬂal iding a’
p reefoeriads sy anprnsebﬂbEGrSMh@OKbrbonylatlon of ethylenically

unsaturated compounds as defined herein wherein the
process 1is carried out with the catalyst comprising a

support, preferably an insoluble support.

Preferably, the support comprises a polymer such as a
polyolefin, polystyrene or polystyrene copolymer such as a
divinylbenzene copolymer or other suitable polymers or
copolymers known to those skilled in the art; a silicon
derivative such as a functionalised silica, a silicone or
a silicone rubber; or other porous particulate material
such as for example inorganic oxides and inorganic

chlorides.

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

50 to 500 n@/g, the pore veolume is in the range of from



Preferably, the support conprises a polynmer such as a
20 pol yol efin, polystyrene or polystyrene copol yner
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pol ymers or copol ymers known those skilled in the

art; a silicon derivative such as a functionalised

silica, a silicone or a silicone rubber; or other

porous particulate material 25 such as for exanple

i forgab® c2eRi dey qamehd nbhgarmiveragkl grdmeisclePr ef eealiby in the
the support terial (is ous sijica ich S
s&F¥5E£p%fe§E@Pt%@ anQEPOfuProMQ§§t e%ﬁﬁagngﬁﬁf surface
3Qutent al spame wed UpBnyB e Famge10b fddMm@olfPg4. @he pore
cc/g and an average particle size in the range o? from
10"%%151“@00%)% invgihe pranee ablfy, f1die Quff &ce r@acirdgi mnd the

D g pleliom SRoko 300 el UReROLS tOLUIE S o voc
18m0. 5 The 2 ayerelg apdrehesaver agé paypich® Spaeons igupport

the,k range of, from20 to 200 pm Mst desirably the .
Slrﬂafta?gé‘aqasr eaTs th tF]éeraﬁ@%g%f PEomtted t d 4o e/ o0  A.

t e b MOl WrBsdhd it the-dange of fdamGh B 13- & average
cc/g and the 5 average particle size is in the range
oo izmateroF fpmm THe tav @yt pormed gigst olesirably from

78k, 0 S SRR g Tl 5 AT 096, ey

uséc t kdtlihas an awer agepepeteardi aget erroh f100P80 £® 8o00°C
500 A, and nost desirably from10 75 to 350 A. It may
b&OYANGEUI TR WS rbIOWS -dehydrate the silica at

a tenperature of from 100C to 800C anywhere from3 to

24 hours. Suitably, the support may be flexible or a

r iSgiid addpporthe SBopdiet i nspl okl Eélsuppobet ors acoataid support,

and/ or . | ated wt t he conpounds, of the process ,
059& el?%géﬁgﬁ%nsﬁfpog% 1s coate% and/or impregnated with
the compounds of the process of the invention by

techniques well known to those skilled in the art.

Alternatively, the compounds of the ©process of the
invention are fixed to the surface of an insoluble
support, optionally wvia a covalent bond, and the
arrangement optionally dincludes a bifunctional spacer

molecule to space the compound from the insoluble support.

The compounds of the invention may be fixed to the surface
of the insoluble support by promoting reaction of a
functional group present in the compound of formula I, for
example a substituent K, D, Z and E of the aryl moiety,
with a complimentary reactive group present on or
previously inserted into the support. The combination of
the reactive group of the support with a complimentary
substituent of the compound of the invention provides a

heterogeneous catalyst where the compound of the invention



techni ques well known to those skilled in the art.
Alternatively, the conpounds of the process of the 20
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support, optionally via a covalgnt bond, and the

arrangenent optionally includes a bifunctional spacer

mol ecul e to space the conpound fromthe insoluble

support. 25 The conpounds of the invention may be

fi B8 tH°t REPR@rtagae ofinkkd visokublieksuppernichoys an ether,

[ ti . a.__functional group present in
fﬂgggéﬁggﬁﬁga%f g%%ﬁ%rauf,gfo%eggxg FB-a substituent

K, Db Z and E of the aryl noiety, wth a 20

[ t, active grou resent on or _
o SOF 0 Ty Sonset | 6aor hian, KErSligdoms The liibimacoppound of
of théhgrbeasti ¥& ghreu r@gehgeiﬁ§gﬂeﬁgnwkght%F ghgport depend

conplimentary substituent of the conpound
i "Vept | Bhe peobidesiaalhgt enegeneatsdcabapyshanhare thie groups

conpou ft I hventi WO 2004/ 014552 _ _
PC%GBS%E) /00%%1 °Thg agEgor( he eéi?&ﬁglﬁ' ar E99IWeF vi gugh  as
|iﬂkﬂ@@dSMth@§,anJSUhebarb@ﬁ&@ﬁiiﬁﬂhggplévln%nuyrE%Eocesses
ket o group. The choice of reaction conditions to |

a ToMpolifid o 5S¢ hef préeess athydis deesenediavinti amination

t @L@%F) end upon the ethylenically
uggg?ﬁ?ate %%%%ggnd and the groups of the support.

For exanple, reagents . such as carbodiinidﬁs, .
1,1 -carbonyl diimdazol e, and processes such as e .
ugéa% fﬁﬁ&%é15ﬁhjﬁr?ﬁ%gﬁm?bdﬁépﬁﬁéfanﬁﬁﬁti@ﬁesﬁotnaynventlon

bepweswpl dyed chAccardi ngF tena fursbessagpect the o o
p%ésen;ﬁ?nvention provi des the usesof t he groc%%%cof() €

amyPSPedn dftherrin | Hvema tonl whieries et tecioad at oy sd doport.
attached to a support. 15 Particularly preferred is
when the organi c groups Rl, R2,

Particularly preferred is when the organic groups R?Y, R?,

R, R*, R%, R% R’, R® and R®° when associated with their
respective carbon atom form composite groups which are at
least as sterically hindering as t-butyl. Steric
hindrance in this context is as discussed at page 14 et
seq of “Homogenous Transition Metal Catalysis - A Gentle
Art”, by C Masters, published by Chapman and Hall 1981.
These steric groups may be cyclic, part-cyclic or acyclic.
When cyclic or part cyclic, the group may be substituted
or unsubstituted or be saturated or unsaturated. The
cyclic or part cyclic groups may contain, including the
tertiary carbon atom, from C4-C3y, more preferably Cg-Cyq,
most preferably Ci;p-Ci5 carbon atoms in the cyclic
structure. The cyclic structure may be substituted by one
Oor more substituents selected from halo, cyano, nitro,
OR', 0C(0)R™, C(0)R'¥*, C(0)ORY, NRMR, C (0O)NR*RY, 3RS,
C(0)SR*, C(S)NR'RY, aryl or Het, wherein R to R!® ecach

independently represent hydrogen, aryl or lower alkyl,



R3, R4, R5, R6, R7, R8 and R9 when associated wth
their respective carbon atom form conposite groups

wobkioghi4rEe at | east as sterically hindering aBCT/GB2003/003419
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t-butyl. Steric 20 hindrance ip,this context is as

di scussed at page 14 et seq of "Honbgenous Transition

Metal Catalysis - A Gentle Art", by C Masters,

publ i shed by Chapman and Hall 1981. These steric

gr dups Orra@ebellc‘g@rr@ptg@r bycywté coor oyl baygeWhesr sulphur

b b ted 25
ot naet PN ot b7 Beo ot i A BP b SUSETeraT od.  The

cyclic or part cyclic groups nmay contain, including
the tertiary carbon atom from C4-C30, nore
%?%r%lfg@@g@@rouﬁoﬁr pi &f GrabRyYE1 MGEE Yoar Ben a phenyl

atéaf@uﬂ)n &f@ Hyfﬂl by or?’é‘ﬂ:idé{aelly-rh&k%@ﬂ %’ ru&t_ﬁg{zlded that

may be su stltute nor e su uen
setleet adof rphnmdmah@rusy@rt@mmlare liGREY ©€ ()7 R'entC carbon

(0}t Siin, 56 (5 NiEoR 7 e 91 PBETPAERSWREY GiHF FabeRSL group.

RL8. eaedrmbrsiependent +y1 r epriesentnhydiegen, @Jdqg d %olycyclic
| ower al kyl, WD 2004/ 014552 PCI1/ GB2003/ 003419 20

ar@ PP pRI | e dpt ey beheny hore oxyigetene. sul phur

atons, or by silano or dialkylsilcon groups. The

bri dgi ng group Ar is an aryl noiety, eg. a phenyl 5

grivwpp leki chofray sbétapte onalibynsathst | tuyedds pr evededl, 2  bis

h h | i nked t dj acen ,
t lgrﬁigmg?%#;p}%@g)%g ? %J%eﬁfoandakﬁeerboléﬁnt |eonsorbcf11 Jthe% ) bis
ph@e:hyaldagaotmlphd?s@mhemmﬂ the;ta]latf]kyslllelmel ety Hmyttben@lly, the
fuys I t n e .
o?ﬁﬁg EQ£¥C %.E%glg%o%egﬁgbe %p eg é@n?atluﬁ égﬁdéxﬂymerlc

dene; f sui F&9pi
araibptzapes vigdi a’darlamsyl pines pbif nahet didoheszeneuandar, the

Aa%l.n?:lg%aﬁ%@g?hngm ¥£Qhﬂ§841'n808?$£y'9. napht hal ene.
The amount of bidentate ligand used can vary within wide
limits. Preferably, the bidentate ligand is present in an
amount such that the ratio of the number of moles of the
bidentate ligand present to the number of moles of the Group
VIB or VIIIB metal present is from 1 to 50 eg. 1 to 10 and
particularly from 1 to 5 mol per mol of metal. More
preferably, the mol:mol range of compounds of formula I to
Group VIIIB metal is in the range of 1:1 to 3:1, most
preferably in the range of 1:1 to 1.25:1. Conveniently, the
possibility of applying these low molar ratios is advantageous,
as 1t avoids the use of an excess of the compound of formula I
and hence minimises the consumption of these usually expensive
compounds. Suitably, the catalysts of +the invention are
prepared in a separate step preceding their use in-situ in the

carbonylation reaction of an ethlenically unsaturated compound.

Conveniently, the process of the invention may be carried out

by dissolving the Group VIB or VIIIB metal or compound thereof



bi dent at e phosphi ne nay be bonded to a suitable
pol yneric 15 substrate via at | east one of the

wheiodgi4ss2 group Ar, the [|inking group A or theCt/GBRI0BH03419
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group B. The anobunt of bidentate |igand used can vary

within wide linmits. Preferably’ the bidentate Iigand

is present in an 20 anobunt such that the ratio of the
nunber of noles of the bidentate |igand present to the
nunbede binetol esraifn tire & euptaddB o651 Mnkl Bsuwet aisl, OIlle of the
r ks f 1to 50 eqg. 1 to 10 and articularly

Pﬁgﬁﬁgkgé 5gﬁgﬁhpefoﬁtﬁl%%%gneng@ONB$% BFef@PEﬁﬁ%ﬁ solvents

t heremlousdy damgeilpfd conmpoundsutbripr prdfedraddo 2&01vent would
Group Il tal. is..i he, range.of, 1:1 to, 3: 1, nost ,
pﬁg%ng%lfgfgﬁtﬁg f%ﬁég éﬁoqﬂd% %%flga%:fPeClgac carbonylation
CorResttiient By, Mhthybassidibhaty 66r agpiplieng tcbesenj;mxzifon) and

rati | sqRdyvant us, it avoids the use o _

n BecoREh ey | FuRLHA BTRCH pelBaie U hiitncd. 2o defined
mafiges the consunption of these usually expensi ve

30 conpounds. Suitably, the catalysts of the invention

are prepared in a separate step preceding their use
i R tc@rgﬁnt Renoxdiehowyl &ei vbaed elctihen poksance of other gases

ety emi cald y idasat l:{ﬁla_t@ﬂje CQ@Q%’H% Coé(}cva%%llggt l%f tslli]gh gases
process of the invention may be carried out 35 Dy

di S¥FFrn§Y LRI ol tyPBer  841HB wepalder axdnigountble gases
t hereoh W0 2004/ 014552 PCT/ GB2003/ 003419 21 as

defined herein in a suitable solvent such as one of

the hydroxyl group containing conpounds or aprotic

SusaISL e PELYLQUSTY %(?CSW]!fQﬁﬂ h& PRL T B?maa.réd*nﬁaroou&lu%tthereof

preferred sol vent would be the ester or ac
ofWhtidh gpecié ccomrboy |wtilomns ScorgpmindnoegfoMethyl I include

pr te for .ethyl ene r bonyl ati qn) . and ,
su(%;s%ea%@nt I ynla%ﬁﬁ% ng %ﬁa(gl rrppu%b‘g%]fm? or A% I Rpatinum.
defdafed-alley ei thelh@reapbowmimnroxdeamayiBe ysedablunm or 2
the presence of other gases 10 which are inert in the
réﬁ@&FﬁHFié%ﬁﬁﬁ%%-o$u%ﬁ%%l%a§@@POundS of such Group VIB or

VIIIB metals include salts of such metals with, or
compounds comprising weakly coordinated anions derived
from, nitric acid; sulphuric acid; lower alkanoic (up to
Ci2) acids such as acetic acid and propionic acid;
sulphonic acids such as  methane sulphonic acid,
chlorosulphonic acid, fluorosulphonic acid,
trifluoromethane sulphonic acid, benzene sulphonic acid,
naphthalene sulphonic acid, toluene sulphonic acid, e.g.
p-toluene sulphonic acid, t-butyl sulphonic acid, and 2-
hydroxypropane sulphonic acid; sulphonated ion exchange
resins; perhalic acid such as perchloric acid; ;
halogenated carboxylic acids such as trichloroacetic acid
and trifluoroacetic acid; orthophosphoric acid; phosphonic
acids such as benzenephosphonic acid; and acids derived
from interactions between Lewis acids and Broensted acids.

Other sources which may provide suitable anions include



i ncl ude hydrogen, nitrogen, carbon di oxide and the
nobl e gases such as argon. Suitable G oup VIB or

w/kdohB14582 al s or a conpound thereof 15 which PE)GB2003/003419
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conmbined with a conpound of fo la | include cobalt,

ni ckel , palladium rhodiumand™platinum Preferably,

the Goup VII'IB netal is palladiumor a conpound

t hereof. Suitable conpounds of such Goup VIB or

VIth& oret absal byl hdtogahssedf tstuchaphenal sborbhe der2@atives,

conmpounds canpri si ng weakl y cooydi nated anj ons, der.i.ved
FrOn” ni BAE ROTA SABRITTE acPareoner SHKdiRE Qo Ze¥o
toyafdid) el dsJsURD cRmpactbisC RGIHE AN AROPIINE AELE: 1abile

sul phoni ¢ aci ds such as net hane sul phoni ¢ aci d,
chl oy@3ds phofi- 8- acitd iphenylobglsphonec &gl d,aPeenes  such  as

trifluoro e.su oni ¢ acid, benzene su| phonic
aé#ﬁ%gn%%ph%%§$%%%téﬁ phoni c ac?ﬁ, tqueneSEQF%Hgnic or
act fi (&®ilgenz pi i dniesnee StthONOND£1 Bed tum tmbytyé used.

sul phoni ¢ acid, and 2- hydroxypropane sul phonic aci d;

sul phonated i on exchange resins; perhalic acid such

aSTﬁgr&@iQﬁiﬁaﬁcﬁg;dér§9e@§§98ﬁn§£egnE§5895¥5igsaghgsor more

such as trychioroacetlc aci and trifluoroacetic
achd; aor tehpphosphong caagilly phospheni ¢n acjud>wuchohstion at

benzenephosphoni ¢ _aci,d; _and aci der.jve fro
in?%rgcgfozgsﬁefc\%égn Y eeE S B4 ea’hagolé/r’o esﬁsed@é%ﬁldgf a salt
Q et h sauIcees oahitath tTByo P OMbee isttichalre anitaNSthe reaction,
i ncl ude WO 2004/014552 PCT/ GB2003/ 003419 22 the

opt i DnaltPyhal Gyditat @8 tefoegNerB IHbrat 8adepi wardhveas alkyl
e. uor. tra at ddi t i anal er

D e 0 2 e R ce¥ipf ! Enat can
| aprézk dogandsder. geattiphenyhphbsphsneoogeakkehesthe anion

R T E A o A

salts, other than unsubstituted carboxylates, 1listed

supra.

The quantity of anion present is not critical to the
catalytic behaviour of the catalyst system. The molar
ratio of anion to palladium may be from 1:1 to 500:1,
preferably from 2:1 to 100:1 and particularly from 3:1 to
30:1. Where the anion is provided by a combination of acid
and salt, the relative proportion of the acid and salt is
not critical. As mentioned, the catalyst system of the

present invention may be used homogeneously or heterogeneously.

Preferably, the catalyst system is used homogeneously.

The catalyst system of the present invention 1is preferably
constituted in the liquid phase which may be formed by one or

more of the reactants or by the use of a suitable solvent.



The anion may be derived fromor introduced as one or
nore of an acid having a pKa neasured in aqueous
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less than 3, a salt with a cation that does not

interfere wwth the reaction, %?.’g. netal salts or

| argely organic salts such as alkyl amonium and a
precursor, such as an ester, that can break down

unther nedst i eatcondid i @RS tamogenerdt eethee@t0N y15uhdbturated

situ. Sui.tabl e acids,_and salts include the acids and

s FLOUGEh et Than"unklibs iR Gt & cgcrooo%}?E at B sf’gd hydroxyl
suyprearidThe quapdiwtdy 0§ aot oor priesantands Mot €idyt iAdween wide
to.th 20 cat.al yti ehavi cof_th atal yst system
T(r)]leltmr%%rsar Qg'ra rloéryg)fﬁg?igﬁcot gﬁéa |%Oi§“r%ﬁrmy be from1:1

to 500:1, preferably from2:1 to 100:1 and

panti rly fro : Q.1. Were the anion is ..

p?%hvel %elyg uﬁa%o%?néﬁ%%m&atalgpdre%ﬁt G e Ligand of
r efdbeet ilneept bpomayokeobepieataci dramdtisaldtlies 26mpotents by any
CréJﬂﬂ%Bhe ﬁ%aggptlQQ§QVeEheigaE%|¥§$ é@Gﬁﬁ%Q&gfo%h%he present
present Invention may be Uséd honogeneously”or

hetr@cegensbas| sionifPiehet bl fgwetrhbyeptedysts syst éormeyd thereby
u g ous|.%. e S : t r nt. ...
ventron racorsed; Ty SRERY b YRR ISR Gifq tnitial
preyarahieh ehytle fupdmed by oae log evivleacefl bhethe generally
reactant s, 001 bynthe use; of. 4,SY) t abl & gehyenty i
bR ke S 0934191w23_ R ST
t Héearif oformernkehs cahigh unstaimat @ corpowtd ysédm which

| el eBEYE O to/Re aopunt 5Qf AA¥dioXYlea REOYL NG minimal
conpound is not critical and ma%/ vary between w de
N

| i 5¥PPs emggtatiaimod. 6pesh aa¢2igeti nol /ol . 5 The
product of the carbonylation reaction using the |igand

of . the jinvention may be separated fromthe other
C&ﬁﬁgﬁéﬁpgybyt%%ycarbonylatlon 1s carriled out at a temperature

of between -10 to 150°C, more preferably 0°C to 140°C, most
preferably 20°C to 120°C. An especially preferred temperature
is one chosen between 80°C to 120°C. Advantageously, the
carbonylation can be carried out at moderate temperatures, it
is particularly advantageous to be able to carry out the

reaction at room temperature (20°C).

Preferably, when operating a low temperature carbonylation, the
carbonylation is carried out between -30°C to 49°C, more
preferably, -10°C to 45°C, still more preferably 0°C to 45°C,
most preferably 10°C to 45°C. Especially preferred is a range
of 10 to 35°C.

Preferably, the carbonylation is carried out at a CO partial
pressure of between 0.80 x 10° N.m?-90 x 10°N.m™3, more
preferably 1 x 10° N.m™?-65 x 10°N.m™?, most preferably 1-30 x 10°
N.m™2. Especially preferred is a CO partial pressure of 5 to

20 x 10°N.m™2.



sui tabl e nmeans. However, it is an advantage of the
present process that significantly fewer by-products
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purification after the initial__ separation of the

product as may be evidenced by24t he general ly

significantly higher selectivity. A further advantage

is that the other conmponents which contain the
CatralfgsbbBy st em M cpresrmgtebecam%gﬂedicamdﬁsr Flegseghvisaged.

in furthe reatlonsvvl plerrent
o;jplﬁ‘e%r&ﬁb%%’c al 55? o@reléiaer a%l v, I‘Ttaohe or]fre)l at e bog&hgplon the
Cadadbedybatiat ast ergperiatiureut ohitbed vv@@n paﬂtatad 156€;sure  of

r r ef bl C tas1408 m)st [ | 0C t Sy o2
n%f%wp gsge%ﬁyaﬁol ytlngé errled nﬁg?g%%rbg% %%Sg%n% * 10°N.m
chosentbetawernBQCOt 5 420CS Adwaﬁm afeousl y, the

carbonyl ation can be carried out at noderate

tenperatures, it is particularly advantageous to be

abilte taahydenycality t iesatvgated ogompoyrsbmnaanpe asusgituted or

( %Og-suﬁgtﬂﬁéeea a@l% %&%ﬁop% atlpgn &y | Qw@ﬂw atYEe wapy1”
car ati1 on t he 0 ation is carri ed

be;tmvei@n aBOG t o 4§®lt<m)1ree epheieriggilyy Q@@ttvo?a&s@t compounds
St'Aé%ﬁer%tﬂéﬁéer@PA@en%C 10x4RC vimAt ceﬁlsasla@@yuaqogs vinyl

Especi al | reférred is a range of
3Prtetesabhgptetry cxatisony| aPhere sd%ceaﬂreue@néat:e%& adodecener

q%i‘f@rﬁ}%alto p& SvH{lQ:hOfmgz)ﬁt W@eml%e%Q Xorlogr%&‘lgd 90c§c11c or
105N. m nor Ereferabl 1 x 105 N.m2-65 X

10BMEYRLEC ABSPABF eFEP Bl \ATEL 30 whigh tRE ngouiEdiqng) [py take

praerfl\frmcteﬂb‘iea GOipabki & PRESSHESo®f cBat0 amd @ich includes
106N m 2. WD 2004/ 014552 PCT/ GB2003/ 003419 24

Prafler abtsreigomens pr 8881/ 2L car boR)® at FaRI¢ s af soethylenically

envl $a9edteq REGIRIRBLY ex V1R @RERBEANM a | ow pressure
carbonyl ation the carbonylation is carried out at a

CO partial pressure of
The use of stabilising compounds with the catalyst system

may also be beneficial in improving recovery of metal
which has been lost from the catalyst system. When the
catalyst system is utilized in a liquid reaction medium
such stabilizing compounds may assist recovery of the

group VI or ViiiB metal.

Preferably, therefore, the catalyst system includes in
a liquid reaction medium a polymeric dispersant
dissolved in a liquid carrier, said polymeric dispersant
being capable of stabilising a colloidal suspension of
particles of the group VI or VIIIB metal or metal
compound of the catalyst system within the 1liguid

carrier.

The liquid reaction medium may be a solvent for the

reaction or may comprise one or more of the reactants or



between 0.1 to 5 x 105N m2 , nore preferably 0.2 to 2
X 105N m2 5, nost preferably 0.5 to 1.5 x 105N. n2.

wab@4@14351 eni cal | y unsat urated conpounds nay bBCT/GB2003/003419
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substituted or non-substituted with groups as defined
above for the "aryl" group ab ve. Suitable

et hyl eni cal | y unsat urated conpounds 10 i ncl ude et hene,
propene, hexene, vinyl conmpounds such as vinyl

ac etestagsi orh gt ehes t Octlenes e Inoene, T CLaLet MEEC8A8, reaction
dodecene,  etc up to C30 which may be |inear or ,
br &FARE T Tyt i Lt Bid ITRY ore gakEctyLei ¢lbhdorndissolved

whiieh o he 1deull &bondmmy diaken@ny suitabl e position
in the carbon chain and whi ch i ncludes 15 al

sterei soners thereof. The range of ethylenically

unsat.ur unds _extends to _di enes. .The ,use of ,
stabi] ig%% I%%ﬁ%%ungﬁsaffﬁa?ﬁe ¢t al® §Pb§§stéﬁ} neye liquid
al sedor ihenefnbdiiah, | uNPEoVUNE eSOVEHiYNAff iRty 20ncrease

whi ch has been lost fromthe catalyst system Wen the
cat RSy St SGRFIEN 1 Jthe i RFE P MY FeartWan which would

(Pdum s s DS o M COTPOUR,TRY g8S) SORIEEY:. mhe

t heodfudnid, i tivheoLathby st spestsemti niol utles ildqudd impdidim under

reaction nedi.uma polyneric dispersant dissolved in a

| | a%glled cartiero” sa'odl%jo“ﬁe%i i s‘i;%‘?%%‘i‘tl_“beei nd Ppressure
capalhe of nstahid i sbnggpegpl I dab suspensis@RrQfricantly the
particles of the group VI or VIIIB netal or netal 30
coRpSF@taon: hefcaths vy sppssamtni nolacthes| iquia the metal
cartier..1Lhe liquid reaction nediummay be a sol vent

for the reaction or may conprise one or nore of the
reactants or WO 2004/014552 PCT/ GB2003/003419 25

reg%%ion Eroducts t hensel ves. The reactants and

re

i oRCLEPE4GEL s FPRFRANE 6 mGPRAYE nicdci BEebwliring a

or cd1gseleed suspension of particles of said group VI or
VIIIB metal or metal compound within the liquid reaction
medium such that the metal particles formed as a result
of catalyst degradation are held in suspension in the
liquid reaction medium and are discharged from the
reactor along with the 1liquid for reclamation and
optionally for re-use in making further quantities of
catalyst. The metal particles are normally of colloidal
dimensions, e.g. in the range 5 - 100 nm average particle
size although larger particles may form in some cases.
Portions of the polymeric dispersant are adsorbed onto
the surface of the metal particles whilst the remainder
of the dispersant molecules remain at least partially
solvated by the liquid reaction medium and in this way
the dispersed group VI or VIIIB 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



in a solvent or liquid diluent. 5 The pol yneric
di spersant is soluble in the liquid reaction nmedium

whed4ehset d not significantly increase the viBCDEBRO3/003419
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of the reaction nediumin a way_which would be

detrinental to reaction kinetics or heat transfer. The
solubility of the dispersant in the liquid nmedium

under 10 the reaction conditions of tenperature and

pr esslirisiaghoglfd prottbslesd gndatewsnttur ldet ecoagulate. Some
Si gdnifio%naenrtl ithe adsorft' on of the dispersant

oISt B SHES ™ HRE et ij%? ey e3CC45 THREN pdly FBFi Presence
dlSﬁfﬁﬁQﬂiiﬁébp@p§£é$éﬁﬁaﬁﬁa@mi|§h@ﬂ fhec@ikpidabnt type and
suspension of particles of said group VI or VIIIB

metCHR G T e Ot o oviiei i 3¢ ntledle $Relui dggéamershion should
HEQkynéﬁuQP Egﬁ%tﬁggé tfﬁ p?é%éfl%ﬁﬁfogﬂgd HoPomerates may
result of catalyst gradation are hel d I'n suspensi on

i n fidyen 201y quodsedgctioont di e andaar eedicgehkaigasd and the

fromthe . reactor alon ith the liquid for

r e et 63T dﬁfplsé)ﬁqs(?%jamw af%tartek%’se in maki ng
further quantities of catalyst. The netal particles
are normally of colloidal dinensions, e.g. in the

r afge€ 5PolIB e addrages spartt | oy 28nsilzdeal hhooghlymers or
| arger, RAIdALl form | ome cases.__ Portigns of

the pol m?rﬁlsg gﬁ%g@?ﬁégﬁt r%(gri;/@edrssor bed ontd % copolymers
surhac estaefr tdvd varetrad . particl es whil st the remai nder

of the dispersant nolecules remain at |east partially

sol vated by the liquid reaction nediumand in this way

30 pirhe di-3n8ey, sed @ 0y 1 Ve VI 1k B papticl (€
stabilised %ai nst sgttyi r?glgn t%ep\i!g%?étof Flttahe Sarfiiently
re@ctigkic ovr i paseacttonciéadadpages canshilagzamstafby mhgbilise

200iFoTHons 1ty Chvpeed qudner sgid 9xouh Y6 he necar

or metal compound.

By substantially stabilise is meant that the
precipitation of the group VI or VIIIB metal from the

solution phase is substantially avoided.

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

polyvinyl pyrrolidone or copolymers of the aforesaid.

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,



collision of particles and eventually coagul ate. Sone
aggl oneration of particles may occur even in the

wee@senss2 of a suitable dispersant but when tPEI/GB2003/003419
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di spersant type and concentragion is optimsed then

such aggl oneration should 5 be 4t a relatively | ow

| evel and the agglonerates may formonly | oosely so

that they may be broken up and the particles
re@oﬂyaﬁﬁgtdﬁinﬂytzﬂi(Npoﬂiﬁifﬁ%p&ﬁﬁjc_dlfpgb§§nh_q9yosine,
i ncl ude ho ol ymers aqr . 10 copol yners includin .
poRPHer'y n@%%ﬁ%%ﬂ%ﬁ%lRﬁﬂﬁﬂ%ﬂ%Fég)aﬁHK%tBplwdvyﬁﬁﬂ§ulph0nlc
Preferghl y, the polyneric dispersant has sufficiently

acidic or basic functionality to substantially

stabilise 15 the coll oi dal suspensgon of sgid grpuP

Vi 11| t r-petal compound.. By substantially =
stim e T el BRATR Rec” SPBR et T R tes Y acidic
group Masoe YiolileBiret abifiom phadad® st uhieRiphast | §olymer
substantially avoided. Particularly preferred

di gﬁ‘&%@&ﬁ?—s for FRPSSptirbose thAcl degdddsi ditointimesi chave a
Dobﬁ@%b%ﬂéﬁﬂdﬂﬂ'Hbﬁéﬁ£ﬂ¥y|gﬁg)amd¥i f%géﬂugﬁgnaCEQ8; more
am nes and am des such as 25 pol yacrylates or

het&edeyeld.y ,paratsisc ulham y6 .l t mogen piheterdsyel Bess than 4.5.

subst it ut ol,yvi nyl polyners ,such as polyvinyl o
pyrfgﬁﬁgg%gygr ?5%0¥§REFS¥%ﬁlq Saf 63 afd Pa$afppegciation
of cauechapal yeK,i)C Eé§ﬁ§rQﬁﬁt§e§EYi@§u§eb?@$e%m%Qafﬁ?@kerably

pol.yvi nyl pyrrol i done, polyacryl am de, _

polF&Er YITGHI 1310 ean@olgethypiredemrhdy poisgglttimed .5, pK. and
pobkg%%ihg ﬂ&agurgal yrebhasry! 16,8608 <BOLYES ae 2s5ec.
hydr oxybut yricacid), poly-L-Téucrne,

pol y- L- net hi oni ne, WD 2004/ 014552 PCT/ GB2003/ 003419

27 SRAABEPT B0l §Re -0 VarRealie s Y LGORLSS to being
soluble in the reaction medium at reaction conditions,
contain at least one acidic or basic moiety, either
within the polymer backbone or as a pendant group. We

have found that polymers incorporating acid and amide

moieties such as polyvinylpyrollidone (PVP) and
polyacrylates such as polyacrylic acid (PAA) are
particularly suitable. The molecular weight of the

polymer which i1s suitable for use in the invention
depends upon the nature of the reaction medium and the
solubility of the polymer therein. We have found that

normally the average molecular weight 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 is

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



pol y(vi nyl benzenesul phoni ¢ acid) and
pol y(vi nyl sul phonic acid). 5 Preferably, the

w@ologetss di spersant incorporates acidic or PEFGB2003/003419
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noi eties either pendant or within the polyner

backbone. Preferably, the acidit noieties have a

di ssoci ati on constant (pKa) of |less than 6.0, nore
preferably, less than 5.0, nost preferably | ess than

4. Fhel @ Preaftarab| gonddret tasian nof ethes ddaperaabasevithin the

di Lati t ant Kh). bei f than 6.0,
e W T T

| es8athaBns chtapkatarystebwBei-Rg iBEaSULRd yisRdi | Ute

aqueous solution at 25C. 15 Suitable polyneric

di spersants, in addition to being soluble in the

re I an ' a ctj-on_copnditio cont ai n_at

I eg&s:lze o%eg@eg%éjd'{% éFgggsi\)clon%lgetE}gtI&gi t ‘éetral wieRi P neScovered
polfymer tigckbogeidr sagecampert@iiedgringn Yee hawetbeund g. by
t hat, _pol yners incorporating acid and am de 20 noi eties
suchl §a%6pﬁvﬁﬂyip9ﬁ%?lP&S%@r(ﬁVQPQ%ﬁﬁ bl pacBpofessed for
sugh-asepobyaceyl Le+aci,de(PAR) BfRerParbheulatt ¥ns
sui tabl e. The nol ecul ar wei ght of the Ppolyner I ch
i sconttabbesf dpreasess nthiee 1hwehd i stredepemls bponciheulated

nat.ur the reactia di,um.and the 25 splubility of .
th%Hﬁgf@&er aphgrxgier{na@‘eq%a?\}:éefxgﬁﬁcﬁlgteﬁat ar}?ﬁﬁﬂal?%%h‘éases 1t
avenggepdnletilcti o ghd i19dass Fhaferd06DO0the palladium
Preferably, the average nolecular weight is in the
raRgét1ce66 1r2Gde660CinEre AbiePePRBRYATESE00 -

100, 000, nost preferably, 10,000 - 40,000 e.g. Mvis

30 preferably in the range 10,000 - 80,000, nore

pr éfrefabbply20, G0 - pA0.yORD :wedr IPVRass usedtiand of g/g is

th rder aof . 1,000 - 10,000 in the_case.of PAA. WO
20657653553 AT 2b%%&ob34T@re2§referaglyr Betwelh 1:1 and
400:1, most preferably, between 1:1 and 200:1.

In a

Preferably, the polymer:metal mass ratio in g/g is up to
1000, more preferably, up to 400, most preferably, up to
200.

The following examples further illustrate the present

invention.

Example 1
Preparation of 1,2 bis(diadamantylphosphinomethyl) benzene

(Method 1)

The preparation of this ligand was carried out as follows.

1.1 Preparation of (1-Ad),P(0)Cl

Phosphorous trichloride (83 cm®, 0.98 mol) was added

rapidly via cannula to a combination of aluminium chloride



The effective concentration of the dispersant within
the reaction nedium should be determ ned for each

WO e@eNi4362 cat al yst system which is to be used.PGI/GB2003/003419
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di spersed group VI or VIIIB netal may be recovered
fromthe Iiquid streamrenoved?romthe reactor e.g.
by filtration and then either disposed of or
processed for re-use as a catal yst or other

appt3 aat igQns0.18 anoTpntdniiousapeacass the7l2qui,d 0.20 mol)
stream may be circul ated 10 through an external

heat Lt Hhger &MY SN SHEES i08sesTi® IfaytieOncov@enihested to
to-docat e Addsr s hornihe, pall li'@w—%a%gﬁé €3usBension was
these circul ati on apparatus. Preferably, the

pof gurerd et ‘Blhe messctaen owdam yEHlused 150 bes weebal: df afdh. The

1000: 1 pref erably, between,1:1 and ., 400:1, St .
pret el ,C%Bet%sen rf.n%vgﬁld E@O:dll.suﬁraje%qcequibl )‘7% t fglmospheric
POb YL FBt php MRS Sed At i | M@l Ghd St HPaki9: 00 2
p?éefera%ly,@up to 4(}0, nost prlef(jeraﬂl?/, u%&l?ogeglg%.ggére’ an
Therdrad¢ owoAgdexanpl Esrhadt hathliddafstnmat €25be cqpreésents added
invention. Exanple 1 25 Preparation of 1,2 .
bi ¥Y&ii hgraAly CFRESShi SIHTRATHRAON herzbple waRktdssder to 0 °C.

TR EPRLEY 08,1 | SO ARS SHLLEB N5 st
Phosgphes g tihicelklaeridde K88 onB, f11 D8 anwli) iwas addediter the

rapjdly via cannula to _a conbjpation of alum nium,
chY TSR D %6&?6?%52? §SEr/ EsvP03ra034191e 2§epo51igng was no

0.1 ¢®t ) xapd adarrnbanetilbplede &2AMIPhe aLH 95 80on was
a tan suspension. The reaction was heated to
Buchner filtered to remove the yellow-orange solid
impurity. The filtrate consisted of a two phase system.
The lower phase was separated using a separating funnel,
dried over MgSO,; and Buchner filtered. The volatiles were
removed via rotary evaporation, drying finally in-vacuo,

affording an off-white powder. Yield 35.0 g, 99 %. 3 = 85
ppm, 99 % pure. FW = 352.85.0P NMR:

1.2 Preparation of (1-Ad),PH

LiAlHs (2.54 g, 67.0 mmol) was added over 90 minutes to a
chilled (-10 °C) solution of (1-Ad),P(0)Cl (10.00 g, 28.3
mmol) in THF. (120 cm®). The reaction was allowed to warm
to ambient temperature then stirred for 20 h. The grey
suspension was cooled to -10 °C. HCl (ag., 5 cm® ¢c. HCLl in
50 cm’® degassed water) was added slowly via syringe
(initially wvery slowly due to exotherm of reaction),
yielding a two phase system, with some solid material in .
the lower phase. Further HC1 (~ 5 cm® c. HCl) was added to

improve the separation of the layers. The upper phase was



reflux. After 10 mns, a yell ow orange suspension was
forned. The reaction was refluxed for a total of 6 h.

wab®4b14s%cess PCl 3 was renoved by distill ati onP@L/GB2003/003419
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at nospheric pressure (BP 75 On cooling to ambi ent

tenperature, an orange solid was forned. Chloroform

(250 cnB) was added vyielding an orange suspensi on,

whi ch was cooled to 0 C.  Water (150 cnB) was added

slrcﬂmwed nivtiiaal If)lattheegdgﬁengamul@,w@:c:oesdtyover MgSOs and
slte u on nub: Iti o] f wat er the

VI SCOSI y Iesseﬁ%rd fom ﬁl é’g H‘tletshéverreeacﬁ%%vﬁ\%sm vacuo

nafionpaig kepé préaucan aat msphete pbwler, Th&oclated in the

suspensi on was _Buchner filtered_to renove the

y SRR Enget el 8- 09 nPur 7Py 3 -The i L¥r ape,cofd) st eplire. FW

of_ stem 15 The | ower phase was

sep?rda%d@%ﬁqg@ separating funnel, dried over MJSO™4

and Buchner filtered. The volatiles were renoved via

r evapor.ation,_dryin ipally in-vacuo,

L rod e agrr?%‘f‘? vﬁﬁt@'ﬁ&%ﬁ%ﬁ Yield 35.0 g, 99 31 =

85 ppm 99 % pure. FW= 352.85.0P NVR 20 1.2

Preparation of (1-Ad)2PH LiAlH4 (2.54 g, 67.0 mmol)

wds %ﬂd@bﬂ%@fg@dzﬁfhuﬂéé % @.a 34N ITheel | - a@dchU (6.12 cm?,

ol ut OC1 0,00 g : 28.3 25 '
Tlﬂll-;)u 98 OEPTB) zfﬂgs éﬁct( \/\El’§:l Al Wéﬁeocqjoljvn\%)mtpo -10 °c.

a'ﬁicﬂ@ed@”@@l@ﬁi‘éﬁ éb@nOStdnr[gr quG‘O]r I%Qof &EE %roecyelgC slowly

suspensi on was cool ed to -10 €
i ﬁ71asoc%muh@ga§§éds\ﬁ@ﬁféﬁ)lgma@aad@|emeslsuwhylgv|qzllnder This

SYId Nery . W due to exaothermo
r eac#llg%ln yi ejl(%q ?Sgouéa Jyest e tl\tjmolwh sHpEPension.
S@ldcti.tmair@m altollnenbhE(iL@@VercnﬁhaSﬁas Fudded RGa (caBnula to

ﬁ‘g . HCl) was added to inprove the separation of
t Slsﬁﬁler%heTﬁésGBBéprﬁééje%V@QOG&PGIZLQQZ The reaction

PGL/<GB2003/,Q0034).0, 89nnula affording a yellow filtrate. The

residue was washed with additional toluene (2 x 100 cm®)
and the washings combined with the original filtrate. The
volatiles were removed in-vacuo affording a pale yvellow
solid, which was washed with pentane (2 x 30 cm?®, washings
practically colourless). The product was dried in-vacuo

and isolated in the glovebox as a lemon yellow powder.

Yield 7.84 g, 67 %. P = 139 ppm, 99+ % pure. FW =
336.88.0NMR:
1.4 Preparation of 1l,2-bis(di-1~

adamantylphosphinomethyl)benzene

1.4.1 Preparation of DI-SODIO-ORTHO~XYLENE (DISOD)

Bu"Li (2.5 M in hexanes, 11.28 cm®, 28.2 mmol) was added

dropwise via syringe over 15 minutes to a stirred



renoved via flat ended cannula, dried over MJSO4 and
filtered via cannula. The volatiles were renpved

wo peowactss2 af fordi ng the product as a white pondiEGB2003/003419
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isolated in the glovebox. Yield 6.00 g, 70 31 = 17

ppm 100 % pure. FW 5 = 302.4Z:"P NVR 1.3

Preparation of (1-Ad)2PC A solution of Ad2PH (10.5 g,

34.7 nmmol) and DBU (6.12 cn8, 10 40.9 mmol) in

t dumgrea (1260 of8) NwaButhi(dredhia,- 10. €L  £hosgere mmol), o-

| uti 0 , 56.7 mmol, was added slowy via
i%@’%n%n g a%gf gﬁg}%i'ng(avdi A tba s N Nyl | nlier ~ Thkramethyl

afdardechad dH & e VirsgoObs) PakesyeldhOw suspensian. in heptane
Addi ti onal toluene élOO cnB) was added via cannula to

15 I et )t.heTha sioesityoranda easeatbe ati ravi 7g. fHe 2 h, then
rea}tti on. was fi|tered via cannula affording a yellow

fi

A4S FheCOPest dEBTHAS washed P Eh Sadtfiltdidnatrange solid
tol uengod X ahe0 eaB)k ?ﬁglEQe §@§Qtﬂgﬁ.cofpénego%ﬁ{fon was

the original filtrate. vol atil es were renove
i Fayies af far dengudapdlid tyeltlion 2hdothd, swiiich weeshed with

Wt ent.ane ( 3%.cnB, shi pgs ractically
‘é‘%ﬁ%&ﬁ%fg&a{l %eﬁteanper o@u%tc%s % %%eﬁpvﬁ?ﬁo&c‘%‘d ® yield
| saisaired!,i 18 .t47% rglaavebox as a | enon yel | ow powder.

Yield 7.84 g, 67 31p = 139 ppm 99+ % pure. FW=
336.88."NVR. 25 1.4 Preparation of 1,2-bis(di-1-

adanant y| paasRnipom il JRenzeiky 4?!} Ral 12N @liv (1-
DI - SODI O- ORTHO- XYLENE( DI SOD) 30 BJ]B @Eﬁﬂ N fiv ¢
h&dnB€l 11.28 cnB, 28.2 mml) was added dropwi se via
syringe over 15 minutes to a stirred WD 2004/ 014552

PCT/ GB2003/ 003419 31
A suspension of DISOD (8.47 mmol) in Et,0 (100 cm3) was

prepared at -78 °C. A suspension of Ad,PCl (5.70 g, 16.9

mmol) in Et,0 (120 cm®) was stirred rapidly at -78 °C and
added via wide-bore cannula to the DISOD suspension. The
reaction was allowed to warm to ambient temperature and
stirred for 18 h, affording a pale yellow turbid solution.
Water (degassed, 100 cm 3) added via cannula affording a
two phase system, with a great deal of white solid present
(product) due to the low solubility of this material. The
upper phase (Et,0) was removed via cannula. The solid in
the aqueous phase was extracted using dichloromethane (200
cm?), forming two clear phases. The lower phase (CH,Cl,)
was removed via cannula and combined with the original
Et;0 phase. The volatiles were removed in-vacuo yielding a
slightly sticky solid. The solid was washed with pentane
(200 cm®) with attrition being performed, the washings
being removed via cannula filtration. The white solid was
dried in-vacuo and isolated in the glovebox as a friable

white powder. Yield 3.5 g, 59 %. FW = 707.01.



suspensi on of NaOBut (crushed, 2.71 g, 28.2 mmol), o-
xylene (1.15 cnB, 9.4 mmol) and NN, N ,N -

wo edonansshyl et hyl ene di ami ne (TMEDA) (4. 26 cP@GI/GB3002/003419
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mol ) in heptane (100 cnB) . %ye reacti on was heat ed
at 60 Cfor -2 h, then 5 allowed to cool / settle,
affording a bright orange solid ( DI SOD) and pale

yel | ow sol ution. The solution was renoved via cannul a
filtration and the solid washed with additiona

heptane (50 cnB) and dried in-vacuo. 90 %yield
asshinbd! B dafiyl— 81¢41 PP Reacti on of

Dl - SODI O- ORTHO XYLENE with 2 equiv (1- Ad) 2P A
suspensi on of DISOD (8.47 mml) in Et20 (100 cnB) was
18pphgpares at- - (o€ MAzsuspensj onoef kKAAZPA. 5(B-7.3 W, (m, 2H,
1679 mmoi) in Et20 (120 cnB) was stirred ra

at
o @and Gty Wi i, Bt Hoarhdh (& (H D00 3.2 Hz,
S nsi,on._Th reaction al | dtowarmto
a#%%ihtzf@gpgfgguﬁg’aﬁgﬁ’spgéﬁég ? r 18 h, affording a
pal e yellow turbid solution. 20 Water (degassed, 100
cm 3) added via cannula affording a two phase system

wi't@ &'y HIR déataof Who @ Mol | GDPteseft8 Hlprodud )4 (dd, Jec
due he | ow sol ubi Li ty of j ripal,.; Th

pHésiS(%tgﬁy &%@ Fe2ﬁ9e§%Vigh%d;iur§E?T e (s%lifci%pp%'s3 Hz,
t her-acueousgspbases wasr-e®) f acted usi,ngJiickl dromet hapead-c?),
(200 25 cngé, Egrning two cl ear phases, The loﬁE{

phake? (EHRCR8YC has3 P efovdd v Garrful*a Bhd 29rbimed8-8 (d/
w1, the;ogi ginalyy Fk20 W%e-ﬁdﬁ‘,e NQLaLi besowere 4y = 3.1
renoved in-vacuo ylelding a slightly sticky solid.

Théz sofHd .was washed with pentane (200 cnB) with

attrition being perforned, the washings 30 being

removed via cannula filtration. The white solid was
dreseehpi1a- yacuo and isolated in the gl ovebox as a

fréégpgiagggéeogo¥?§rbigk Agdgmgngylggogg%fnzggtg%l) benzene
(method 2)

2.1 Di-l-adamantyl phosphinic chloride. Phosphorus
trichloride (83 cm®, 0.98 mol) was added rapidly via
cannula to a mixture of (freshly sublimed) AlCl; (26.66g,
0.2 mol) and adamantane (27.2g, 0.20 mol) to afford a buff
coloured suspension. Upon reflux and stirring of the
solution a tangerine coloured suspension was observed.
Upon further reflux the suspension darkened to reach a
deep orange colour. The suspension was refluxed for a
total of 18 hrs. Excess phosphorus trichloride was then
removed via distillation (BP: 75°C) to afford an orange
solid. Upon cooling to ambient temperature, chloroform
(250 cm®) was added to regenerate the orange suspension.
The suspension was then cooled to 0°C and water (150 cmﬂ

was added gradually via syringe. From this point onward it
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3.01 (d, 4H, 2JPH = 3.2 Hz, C%? 2.07-1.57 (m 60H,
C, OH15) PPM 13 C {1H} NMR dat (100 WHz, CDCl3r 298

Ky 6 139.4 (dd, JPc = 10. 7 FE JPc = 2. 3 Hz, Ar-Q

, 131. 0 (d, JPc = 16. 8 Hz, 10 Ar-C) , 125. 0 (s,
A«ii)unnédesiatg tZURﬁnﬁxﬁﬂ inkﬁneﬂd G mospher2.(SThe orange

36. 9 (d, % Hz, Ad-Cl) 28. 8

(Fus Qn ,wa ﬁWCHQFQBfl tggedo @dellgpélteizixg remove
HzthéchPﬁa 3. sdlidZimGiRty . I EXBOPLE 2l 6PGEALL PNphase of
of 1,2 bls(dladananty phosphlnonethyl) benzene
(nﬁé’t%oﬁl?‘}rﬁti Pies| -tddanereyirpiedphihhc acrgepa gt ing funnel
P h r Ll

3%2% ?%%%%I%Qtﬁ hggé%ﬁ ﬁg %%ﬁ n1xtu€§§b]:(%ré%%?9d buchner

s uthi 1 et 1 M ChBi {126c&bse) 0. 2handdl vtk adegané@adeed from the
(27.2g9, 0.20 npl) to afford a buff col oured

s TR Upbh FRFRGY &NAPSEREAPRg GP @ﬁ?o%ﬁﬂ%RlQﬁf white
a danger pge t(h%' OplE F&G SUSPORSH QR as ou&me. Fi:
further reflux t'he suspension darkene to reac

dexie @ange eolERE . § Thesspspessi on was ref | uxed for a
total of 18 hrs. Excess phosphorus trichloride was
then renoved via distillation (BP. 75C) to afford an

or s Sial caal a t tu
R RO CRRPALG, RN, ALY rhgnor) vas

Ora{e] SUSRENSLOMrs The syspensi«an wasuthen ceoted b di-1-
OC and water (150 cnB) was added gradually via
syrdaRf t i o @ AP 1pSE nENdRWALS | (16aD 2004Mpeab52in THE (250

P%3@20ﬂ%ogéﬁ%%lo%3 was then allowed to warm to ambient

temperature and was stirred for 20 hrs. The grey

suspension was then cooled (0°C) and HC1l (75 cm3, 1M) was
slowly added via syringe, to afford a two phase system
with some solid present in the lower phase. Concentrated
HC1 (8cm§, 11M) was then added to improve the separation
of the two layers. The (upper) THF phase was removed via
cannula and dried over magnesium sulphate. After
filtration wvia cannula, the volatiles were removed in-

vacuo to afford the product as a white solid. Yield: 9.1gq,
67%, 95% pure. FW: 302.44.. °'P NMR: §: 18 ppm (s).

2.3 (Di-l-adamantyl phosphine) trihydro Dboron. Borane
(THF) adduct (10 cm®, 10mmol) was added to stirred
solution of di-l-adamantyl phosphine (1.36g, 4.5mmol) in
THF (30cm?) . Stirring for a further b5hrs afforded a
slightly turbid solution. The volatiles were then removed

in-vacuo to yield the product as a pure white solid.
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(chloroform) phase of the filtpate was then separated

with a separating funnel 5 and dried with magnesi um

sul phate. After a second buchner filtration (wth

celite), the solvent was renoved fromthe suspension

vi diedtar y .&Papor%id ,on99% opaftéor dwan 3afsf. 2shi tp §ER:d S 41ppm
as &herrggu%t Yield: 34.89g, 99% 99% pure. FW

355985922 §9pHRAMR 6: 86ppm (s) 10 2.2 Di-I-adamantyl

phosphi ne. LAIH4 (3.5g, 74mvl) was added over 2 hrs

to a cooled solution (0C) of di-1- adamantyl
phdsphfvnthesiari de (169f 45 mml3,3n THE (28& cnB). (di-1-

Th i Ll d t mbi.ent_, 15 .
e B L R i
SURPREASPORLIAS ahleerieh (A% and ordigéocgﬁx ig%e. To a

was slowy added via syringe, to af a two phase

systenrewf t hcsobedsol(-dspyr espnt idbthei dowerchaSe. of di-1-
Concentrated HCL (h8.crr8, 11M was then added to
i Preventre safmshicie 20tsthyAsobasonayersy, TheSmmol),  was

(uppsyly THEqRRage. vas  Lenpued sy canpula, and gdiled, ) 0,

over magnesi um sullpha er ati'on Vi
caball a, atHétvohat ithes werleitrienovethd n-avaayeiteable yellow

afford the. prodyct as a white solid., Yield, 9.1g, .

67% %%E%ﬁbS%: %F ﬁﬁgEﬁHQH3TﬁsNmﬁl¥§eﬁsf65m§@»mi@%¢es at
2. 374D 5]g adasmn sphi trih oron. _Borane .
(TH7F§ aadﬂd%ct (105%%%‘?%0%%%}%%5%%{@@ ?81“8??? ggc and stir
sofarianfoftdex| 1a0amintyksphDspheotutlol6gas4+hBRDLboled to

in _THF (30cnB). Stirring for a further Shrs afforded
a 30%°sI At 1By YHF bis@lasioni oRk0cme of ati edialer@re herxylene

;gﬁ?%égddga'WﬁﬁyocgﬁnMigldT%%eé%fﬁ%%gna%ag Qﬁ&glmgiig%ed to
warm to room temperature and stirred for 15 hrs. The
volatiles where then removed in-vacuo. No further work up
was required as LiCl and excess organics are removed
during the deprotection procedure.Yield: 100% 85% pure.

'P { 'H} NMR (CDC13,298K) & (d, br) 41 ppm.

"B {'H} NMR & -43 ppm (d, Jsp 44 Hz)

'"H NMR (CDCls, 298K) 8 7.8-7.50 ppm (m,br Ar-H), &
7.49-7.00 ppm (m, br Ar-H), & 3.3 ppm (d, CHz), &
2.2-1.2 ppm (m, CigHis)

2.5 Synthesis of 1l,2-bis(di-
adamantylphosphinomethyl)benzene via deprotection of 1,2
bis (di-adamantylphosphor (borane)methyl) benzene with
HBF;,O(ME) 5.

Tetrafluoroboric acid dimethyl ether complex (5

equivalents, 12.5mmols, 1.5cm®) was added slowly via
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adanant yl phosphor (bor ane) net hg% benzene vi a

deprotonation wth 3eBulLi eaction with as

dichloro o-xylene. To a stirred, cooled (-78) THE

solution (60cnB) of di-I- adarrantyl phosphi ne

t ey aigRb o (&bl 8Mam)) s twase S 1Mk addedk (I"Z"‘ bis (di-
syringe) secBULi (12.3cnB,16. 6mmmol ), upon 10 ful

addiafiogn vipd osaihay mw aeidnilceabl Hepeidnew (70 cm®

coj.o ratlon The soI stirred for 30 m nutes
O{ TERE R al | ‘\%&Pﬁh t%3 oSmitéRplerat ufec for 1

a%%u%tlar d fered tunbhe t |
then cooled to -78 an61 ;C%%—%Jgglﬁ? gﬁggg%gnﬁ%ngé%re and

dlsctmrorf@roﬁxﬁ@féﬁ% J\Maélcadﬂ%d Thea mmulcm Iﬂ‘Jheture was then
solution_was then owed0 warmto roomtenperature

aRdoEd  £8d 1aorcci%f€|31‘f1 Gl'ﬁé g8FarpFed whetetipen (degassed)
repmied isa1vacue. N furtber Waméoup aff8s. sft%% rdEvagSorously

Li G and excess organics are renoved ring
déprotsl tiiion g oc etiue eoX¥gehdc @BG%S'&%pmn zﬁctaild%t{ed with

o PR 16y e B sl 2d ety gpe Do

p@&t&ﬁb&rA@héﬁoréanfc49a}e99 ﬂ@&b(@héﬂ W stdd @1§h32 x 30
ppmy(d, CH2), 6 2.2-1.2 @&mCOH 5) 25 2.5

St hesird iensy, of bﬁgeaﬁseadaf ety | HbsPhi ABMeNIRY )MgSOs.  The
b ia ratecti

(?ia—i%ggr%nt V%%%ogp%% %3}03’%&1 ng,]c)% benzene with

HBF4' O (ME) 2 .

*p ('H)} NMR:8 26.4 ppm (s).

H' NMR (CDCls, 298K) & 7.54 ppm (g, Ar-H, Juws 3.4 Hz), 7.0
ppm (g, Ar-H, Jygy 3.4 Hz), 3.0 ppm (d, br CHp) 1.6-2.1 ppm
(m,br CioHis) .

Example 3
Preparation of 1,2 bis (di-3,5-

dimethyladamantylphosphinomethyl) benzene (method 2)

3.1 Di~1-(3,5-dimethyladamantyl) phosphinic chloride was
prepared in accordance with the method of example 2.1
except wusing 1,3 dimethyladamantane 21.7g (0.132 mol)
instead of adamantane, and AlCls; (18.5gg, 0.14 mol).

Yield 23.5g FW: 409.08.. *P NMR: §: 87ppm (s).

3.2 Di-1-(3,5-dimethyladamantyl) phosphine was prepared
as per 2.2 above except using 25.0 g Di-1-(3,5-
dimethyladamantyl) phosphinic chloride instead of di-1-



Tetrafl uoroboric acid dinethyl ether complex (5
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cool ed (0Oc) stirred solution 6 1,2 bis (di-

adamant yl phosphor ( bor ane) net hyl™ benzene (70 cnB

di chl oronet hane). The solution was stirred at Oc for 1

hour and then allowed to warmto anbient tenperature

am@dﬁaﬂﬁylfphospﬁqnidnnhﬂékimmrsYi@hé i&adt igon FW: 358.58..
ture was then added to a cooled (0Oc) saturated

so Rt (SregessE™ NBHCO3 sol ution (5* excess

NaHCO3) and stirred vigorously for 50 mnutes. The

organi ¢ phase was then extracted with 2*30 cn8

P& .13 omei-af- (H ,&-imeatHydrad=arch tydded tphblapthEM}lO trihydro

extract. The organic | ayers r then washed with

SPoTaRe W7+ PORBASF dGThaRel daterIaNE BTGP byEriag 10.0 g

My I\fgﬂ,% dl%@éﬂ§1%ae@g&f}lhenph%@@>%§gel niugedad 34P di-1-

{1H} NVR'5 26.4 ppm (s HL NWMR (CDC13, 298K) S

7.&¥enpio 10, pﬁbsblhldlslH 3. 4ikzy, 9.5 6 pﬁ)]m (EMRAr 0K, 40.5ppm

JHH 3. 4 Hz) , 3. 0 ppm(d, br CH2) 1. 6-2. 1 ppm (m

br(RE)GHL5 ) 20 Exanple 3 Preparation of 1,2 bis

(di-3,5- dinethyl adamant yl phosphi nonet hyl ) benzene

(method 2) 3.1 Di-1-(3,5-di nethyl adamantyl) phosphinic

crﬁ-o@ri (ﬁarrvtd'sasi% proc-ﬁoar ad 2 n bitsor dbdte3 whtdimeghyladamantyl
hod of e excep sin

o (R A oo (8515 HoRaProndtpn, gigh “BuLi and

%@ﬂ! B e&kQﬁﬁﬂ&é%xﬁéﬁa 'Wég prgﬁﬂ:gdzeg’s Sfer 2.4
R I T TV < i e s s

DIa-lZﬂQV(@?: Exdepet hy$mn&|nym)>lpms®mwet_srva9fpr@paB go-dimethyl
acfamanzcyzl abo Y‘L%s%%%%%t u?é?ﬁy&?égogoy _]i_r{sade%d of di-1-

adamantyl phosphine trihydroboron.

3.5 Synthesis of 1,2 bis (di-3,5-
dimethyladamantylphosphinomethyl) benzene via deprotection
of 1,2 bis (di-3,5-dimethyladamantyl
phosphor (borane)methyl) benzene with HBF, O (ME) » was
prepared as per 1,2 bis (di-l-adamantylphosphinomethyl)
benzene (2.5) above except by using equimolar amounts of
1,2 bis(di-3, 5~dimethyadamantylphosphor (borane)methyl)
benzene instead of 1,2 bis(di-

adamantylphosphor (borane)methyl) benzene.

Example 4
Preparation ' of 1,2 bis (di-4-tert-

butyladamantylphosphinomethyl) benzene (method 2)

4.1 Di-1-(4-tert-butyladamantyl) phosphinic chloride was

prepared as per Di-l-adamantyl phosphinic chloride



di met hyl adamant yl ) phosphi nic chloride instead of di-
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NVR 6: 15.7ppm (s). 3.3 Di-1-(3,5-dinethyladamantyl)
phosphene} trihydro 5 boron ﬁbs prepared as per 2.3

above except using 10.0 g

Di -1-(3, 5-di met hyl adamantyl ) phosphene i nstead of

di-1 -a&d@@antgkcabesph&n&m;YiekdthSbgt§1BdHMBnt8ne 25.37g

40 5 10 3.4 Synth f 1,2 bi
IRt e s R o?ié?ﬂméww VAR EGLs vl e - 599,

depr otonat i.on wi t h, 3¢, Bubb and wfe@%a'gw%m 5: 87ppm

di chl or'o ‘o-Xxy ene was  pr epared 4" ab
except(dysi ng equi nol ar anmounts of d| 3, 5-di net hyl
adamantyl phosphi ne trihydroboron instead of di-I- 15
adamantyl phosphine trihydroboron. 3.5 Synthesis of

1.2 Digs ( @1-%#4-daéﬁiﬁdt§qgra?atawu9hqsphl NYPES 4P dne was

benzene via deprotection
(di - 3, Bmipestary | e apaant §d - mqﬁmmw Klbosring)e n@b@W)except

benzenc, WD 1 9 (U002 m5 LS B0, i Arosoninic

above exgeplidy usimg:egui nodar admmummantlyﬂ phosphlnlc
bis(di-3,5-dinethyadanantylphosphor(borane)nethylz
benzenecllnstiede. of 1i@ldi K(.di -g25 FW: 414.48.. P NMR: 8&:
adamant_yl phos (borane)nethyl) benzene. Exanple 4

Pr epar (ﬁ%&éﬁ D bis (di-4-tert-
butyladanantylphosph|nonethyl) benzene (nmethod 2) 30

4.1 Di-1-(4-tert-butyl ada I ) phosphinic chloride
wels: 2 p'%ep@rie'd-'a@'ﬂ@rﬂ]hqtﬁ@a%mﬂqﬂy Idhoghasphéne } trihydro

Chlor'qo oron was prepared as per Di-l-adamantyl phosphine
above except using 10.0 g Di-1-(4-tert-
butyladamantyl) phosphine instead of di-l-adamantyl

phosphine. Yield 9.5 g 3P NMR: §: 41.6ppm (br).

4.2.3 Synthesis of 1,2 bis (di-4-tert-
butyladamantylphosphor (borane)methyl) benzene via
deprotonation with °°*°Buli and reaction with «o
dichloro o-xylene was prepared as per 1,2 bis (di-1-
adamantylphosphor (borane)methyl) benzene above except
using equimolar amounts of di-1-(4-tert-
butyladamantyl) phosphine trihydroboron instead of
di-l-adamantyl phosphine trihydroboron.

4.3 Synthesis of 1,2 bis (di—-4-tert-
butyladamantylphosphinomethyl) benzene via deprotection
of 1,2 bis (di-4-tert-butyladamantyl
phosphor (borane)methyl) benzene with HBF,0(ME); was
prepared as per 1,2 bis (di-l-adamantylphosphinomethyl)
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Yield 22.6g FW 464.98.. 31P - S. 87ppm (s). 5
4.2.1 D -1-(4-tert-butyl adamantyl) phosphi ne was
prepared as per Di-I|-adamantyl phosphi ne above except

using 13.5 g Di-1-(4-tert-butyladamantyl) phosphinic

chl odrénleenast eadabbvdi - | - adasempttyl phdsphi ni ¢ 10s (di-4-tert-
chloride, Yield 9.4 g FW 4,.48. . 3 . 8:

6. S2pphITeF T oty BN R F AP BT PE LT Pk was used
phosphipeall tdd hYgno bHO(@N-y@snf EPBRsIess @SoPBborane) methyl)
Di -| -adamantyl phosphene 15 above except using 10.0 g

Di - 1b¢azeret IpueghaBakant JRPuUPpRdsphene i nst ead of

di -1 -adamantyl phosphine. Yield 9.5 g 31P NVR 6:

41. 6ppm (br). 4.2.3 Synthesis of 1,2 bis (di-4-tert
2Exdampyé a8lanmant yl phosphor (borane) net hyl) benzene via

Sﬁ?or ot onq_}.i on Wi té’]f 3e. B_tJ,Lé ang {se@flailé)n Wi é h];ai“ tert-butyl-
3 o> i T
agaresyhil restiarn( srmieme nRidBHgd [nzene above except

usi ng equi nolar anmounts of di-1-(4-tert 25
but yl adamantyl ) phosphi ne tri hydroboron instead of

dig |1 agas In did hyd{ @ban R %4 dedY eS| Sompound
of 1,2 bis (di-4-tert- butyl adamantyl phosphi nomet hyl)
benzenerad @ yepres oetd arc@fliogfg 1K@ e method of Olah et al
(di-4-tert-butyl gdamant p mxz {; e) nethyl)
benzene(e‘t\n't q—IBI'—Cg“.e@'( K;E%@(Q \%)52’ 5 g]r as per 1,2

bi s (di-1-adanmantyl phosphi nonet hyl)

5.2 1l-adamantyl phosphine. LiAlH, (3.5g, 74mmol) was
added over 2 hrs to a cooled solution (0°C) of 1-
adamantylphosphonic acid dichloride (15g, 59 mmol) in
THE (250 cm?). The reaction was then allowed to warm

to ambient temperature and was stirred for 20 hrs.

The grey suspension was then cooled (0°C) and HC1l (75
cm®, 1M) was slowly added via syringe, to afford a
two phase system with some solid present in the lower
phase. Concentrated HC1 (8cm3, 11M) was then added to
improve the separation of the two layers. The (upper)
THF phase was removed via cannula and dried over
magnesium sulphate. After filtration via cannula, the
volatiles were removed in-vacuo to afford the

product.

5.3 (1-adamantyl-tert-butyl phosphine) trihydro boron.
nBuLi (20 cm®, 32 mmol 1.6M soln) was added over 1
hour to a cooled soclution of 1l-adamantyl phosphine
(5.0g 30 mmol) in THF (100 cm®). The solution was

allowed to warm to room temperature and stirred for a
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bi s(di - adamant yl phosphor (bor a nmet hyl) benzene in

equi nol ar amounts. 5 Exanpl e reparation of 1,2

bi s(1-adamantyl tert-butyl- phosphi nonethyl) benzene

(method 2) 10 5.1. 1-adamantyl phosphonic acid
dichImuntherTmiannnpoumdmammslmwimme@asedeaccbeding 0°C and

toth tho f ah et Che 1990, 5
1224- m%) bLgiYgLCP(E& 3|2 E&?QSphﬁﬂe Haveg. sgdded and
74Molg 1WaS n 5c@ﬁ@§ﬁu@&ﬂerf@rhras tfgr@hgeolra@l $RIuMtd OBt  room
(0C) of 1- adamantyl phosphonic acid dichloride (15g,

59 nmdlepHaratoye (25hemBiterTae waactisod algs taserthe borane

MIO e te tur

stlrregio?l mg%ghaggl%gﬁé'gi%y g%ﬁ%gh5|g%gags t%gﬁt (30 em’,
cool ed0pS)1 )and okiCbwedS BQ Cﬂ@noﬂ&& vas sihew yoadeead . The
Vi a syringe, to afford ghase s¥sten1mnth SOone

sol i d"B¥ CHeEhd S0 d phasé €ohtentiated Heach was a

(8cn8miyywrémg¥tﬂgyhégmed to i nprove the separation
of the two |l ayers. The (upper) THE phase was renoved

via cannul a and dried over 25 nagnesi um sul phate.

Af§ 4 (?J&{haeté o Vf A ,;:? Jl.é;sl tahl ta'? ama\tl . a(ai %eeét Vﬁ:rl@yl phosphor

r énoved 1" h=vacuo

(1- adan(a:r&i}éné)eﬁétl‘@tnt)ylbéﬂ”mﬁ‘lhfh&) dépfwksmmmnmtlsose"sum
nBuLi (20 cnB, 32 mmol 1.6M soln) was added over 1

hour t @nd coveadtieon ut wdthof ot addheirtgropheospileae. The
(5.0g 3yﬂgﬂgglé|1ﬁ£gE %991% S%utTQESS%LH?iﬁgzmaﬁis (di-1-
adamantylphosphor (borane)methyl) benzene above except
equimolar amounts of l-adamantyl-tert-
butyl (phosphine) trihydroboron were used instead of

the di-l-adamantyl phosphine trihydroboron.

5.5 Synthesis of 1,2 bis (l1-adamantyl-tert-
butylphosphinomethyl) benzene via deprotection of
1,2 bis (l1-adamantyl-tert-butyl phosphor
(borane)methyl) benzene with HBF,O0(ME),. As per 1,2
bis (di-adamantylphosphorinomethyl) benzene except
using equimolar amounts of 1,2 bis(l-adamantyl-tert-
butyl phosphor (borane)methyl) benzene instead of 1,2
bis) (di-adamantylphosphor (borane)methyl) benzene.

Example 6
Preparation of 1,2 bis(di-l-diamantanephosphinomethyl)

benzene. Diamantane = congressane
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tert-butylchloride (2.78g, ) was added and

stirring continued for a furtﬁgpol6 hours at room
tenperature. The material was isolated as the borane 5
adduct by addition of Borane (THF) adduct (30 cnB

3@u| pifadidnmsect by Mersvabasf syheéheslivent .adéerding to the
material was isol ated as a ite soli,d which was a

ni xt ur 5% GfelSPHE sta t REGRQIGE Synghgses, CV 6, 378
(% 3l TRt Yl taidey! $H8§?H9fuc( ey paeldet hyl prepared as

benzene via deprotonation with secBuLi and reaction ,
Wi t hpas dDmhleadamanbenephdh@hleyﬁth@@l@rmﬁs caf¢erly using
out

CaarBRE S BRORanot | o ary Ay PP Hherd¥te e iy 0
15 eﬁ‘ﬂ%%ﬂg' ay; aMuatssof dradagpnbyl - 19 fvr: §: 87ppm (s)

buty sphi ne)tri hydr oboron were used i nstead o
trﬁeajimlwlad(ammyanpmphphesphnh?drobbmmarﬁdSaS per Di-1-

Synt h bi s_(1-ad tert .
Ut yFRRBEBAYhomeR R 7 bhzore (A depareet i 488 4,2 P10

bi s (41adanephy) - tidsdiitndc PBRSPAOEE . (bor ase) qmtmqu FW:
benzene with HBF4"O (ME) 2 . As per 1,2 bis

(d| adamant’d QWWSpﬁbrﬂ@oﬁppmylﬁ benzene except using

i ] ar. a s of is(l ada [ -t rt.25 butyl

pHop oot an éh@?ﬁ?&?n%gnzeﬁg°Fﬁ é of%f?? boron.
b' s) @gbpégéﬂaﬁ%y|p%|1os{ﬁh11r—(at2ﬁn@'iﬁ:)ym9t§%§pm@f@elfh@lhydro boron
Exanpl e 6 30 Preparation of 1,2

bi s( 8KCEPdi af@Aranegfodphichoritiyt§ diapanieane) phosphine.

D amant regsane WO 200 / Q1455
PCT/ &89083/603480 -+ T F NUR: 1Y JE 301 .

6.5 Synthesis of 1,2 bis (diamantane phosphor
(borane)methyl) benzene via deprotonation with °°°Buli
and reaction with oo dichloro o-xylene. Prepared as
per 1,2 bis (di-l-adamantylphosphor (borane)methyl)
benzene except using an equimolar amount of diamantane
phosphine  trihydroboron instead of di-l-adamantyl
phosphine trihydroboron.

6.6 Synthesis of 1,2 bis (diamantanephosphinomethyl)
benzene via deprotection of 1,2 bis (diamantane
(borane)methyl) benzene with HBF;'O(ME),. Prepared as
per 1,2 bis (di-l-adamantylphosphino methyl) benzene
except using an equimolar amount of 1,2 bis diamantine
phosphor (borane)methyl) benzene instead of 1,2 bis(di-

adamantylphosphor (borane)methyl) benzene.

Example 7 (comparative)

Preparation of 1,2-bis-(ditertbutylphosphinomethyl) benzene




40 6.1 D amantane. This was synthesised according to
the nethod of Tamara et. al. Organic Syntheses, CV 6,

W@Z®4/064522 Di - 1- (di amant ane) phosphi ni ¢ chl ori dBCT/GB2003/003419
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Prepared as per Di-I|-adamantyl phosphinic chloride
except using 5 diamantane 20.%5 (0.106 nol) and Al1C13
(16.08, 0.12 nol). Yield 25.59g FW 456.5. . 31P NWR
6: 87ppm (s). 6.3 D -1-( diamantane) phosphi ne.
Prepared as per Di-1- adamantyl phosphine except using

iiﬁ% %rﬁﬁﬁraiﬁgiqu ane)%i&s DQE%%%g hlorl%et Xﬁekge manner
DdiECQOQmanunwmne?/ﬁﬂﬁﬁﬂﬂunneﬁcexdanwerUlbbrexﬁmple 18.
Prepared as per Di-I|-adamantyl phosphine trihydro
boron except using 15.0 g D -1-( di amantane)
pimspii e .8 (ﬂc&dpﬂarhéh:&irq) 31P NVR 6: 42.1ppm (br).
15 6 5 Synthesng of 1 2 di amant ane phosphor o

i : Jorz SHe ATV RRQaPhAng) RroRpane
and reaction with as dlchloro 0- Xyl ene. Prepared as
per 1,2 bis (di-I-adamantyl phosphor (borane)net hyl)
beﬁneamaé;dmpt efi ngl ad-egst (i 2l -ademan tyirkid siphhra)propane
Zogghosphine tri hydroboron instead of di-I|-adamantyl

phine trihydroboron. 6.6 Synthesis of 1,2 bis

(di amant anephosphi nonet hyl ) benzene vi a deprotection
of 1,2 bis (diamantane (borane)nethyl) benzene with
HEE4A Brevaration qfardaAd) 2PEiper 1,2 bis
(di -1 -adamant yl phosphi no net hyl) benzene except using
an equi nol ar anount of 1,2 bis diamantine
phﬂﬁmhorChdiame)nehhyhmebenzén®2lm&?eadO@f11nﬁmmls(whs added

adamant yl pho ran h nz le 7
( y(§ S sy ngg E%”Ets¥1%r$ sg Stlon g§anp (10.59
g, 35.0 mmol) in THF (150 cm®). This resulted in a

darkening of the solution to yellow and the precipitation
of a large quantity of vyellow solid, 1in a mildly
exothermic reaction. The reaction was stirred at ambient
temperature for 3 h. The volatiles were removed in-vacuo,
affording a very pale orange solid. The solid was washed
with pentane (2 x 50 cm®) to remove excess Bu"Li, resulting
in the isolation of a white powder (washings orange) which
was dried in-vacuo. The yield for this step was assumed to

be quantitative, on the basis of previous NMR experiments.

8.2 Reaction of 1,3-dibromopropane with 2 equiv (1l-Ad).,PLi

1,3-dibromopropane (degassed, 1.78 cm®, 17.5 mmol) was
added dropwise via syringe to a stirred suspension of
AdzPLi (35.0 mmol, prepared as above) in THF (150 cm’).
Initially a yellow solution was formed, then a great deal
of white solid crashed out (product). The volatiles were

removed in-vacuo and dichloromethane (300 cm®) added via



Preparation of 1,2-bis-(ditertbutyl phosphinonethyl)
benzene WD 2004/ 014552 PCT/ GB2003/ 003419 41 The

w@e@pat#si on of this |igand was carried out i nP@€T6B2003/003419
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manner disclosed in WO 99/47528 in accordance with

exanple 18. 5 Exanple 8 (conparative) Preparation of

1, 3 bi s(di adamantyl phosphi no) propane Preparation of

1, 3-bi s-(di -1 -adamant yl phosphi no) propane (2) 10 8.1
Prepanati oaf 66rdindd)2PturBudlLis¢Rutbidthi n Thexahesbidity was
42.02 cnB, 105.1 mmol) was added dropw Vifa syringe
(G087t O P S 1B B BT S0 18D Mg & TR phase
MWk ek FEERG1SBeaBY. This nesidrdt egnbRea dackepémgved via
of “the solution to yellow and the precipitation of a

| megaudaantityrofigel | wesotdlditilesa werel yemoved in-vacuo,
ex ermc reacti.on. The,reactjon St at .
B e or A Gre ROl S n. Mingrvart 1585 yith pentane
r qmove - Vanued 2haf f o6 thbgd ainethepallevebange Yield 6.45
solid. The_,solid was washed w th pentane éZ x 50 cnﬁa

t & r Srfovee 536@5%4B@ﬂE4,95bs%I@W%%- i T Y4RI at Pdh- B

a white powder (washings orange) which was dried
i n-vacuo. The yield for this step was assuned to be
qEatmpilat iQve, on the basis of previous NWVR

experinments. 25 8.2 Reaction of 1,3-dibronopropagne . -
Wﬁ%ﬁ3?5§hﬁﬂp(l-Ad)2PLi 1,353?bronnpropane (degggggﬁ?(dl 1

1 aéniity 15h gt omeg sy 1 Jastindrll gl 1saliing &bd)nge
to a stirred suspension of 30 Ad2PLi (35.0 nmol,
prepared as above) in THE (150 cnB). Initially a

VA E SO YA ORG-S gat Bl Oigang (2.0
r enyoved® newat yo aanid e Idhddoinonedieanél ( 800g¢n\). Hddewl [Pd])
wé%fording a deep red-orange turbid solution. The reaction
was stirred for 3 h. The reaction was filtered via
cannula, yielding a deep red-orange filtrate and a small
guantity of [Pd] residue. The volatiles were removed in-
vacuo affording a deep red powdery solid. Pentane (50 cm’®)
was added via cannula and attrition performed with a

spatula, resulting in an orange powder separating out. The

amber pentane washings  were removed  via cannula

filtration, and the solid washed with Et,0 at -10 °C (3 x
50 cm®). The resultant orange powder was dried in-vacuo
and isolated in the glovebox. Yield 2.68 g, 88 %. ' = 4s,
4200P NMR: ppm (1:1 ratio), essentially phosphorus pure.
FW = 1047.73.

Example 10
Preparation of 1,3-bis- (di-l-adamantylphosphino)propane
palladium (dba)



WO 2004/ 014552 PCT/ GB2003/ 003419 42 cannul a affordi ng
a turbid solution. The turbidity was |ost on addition

wo@btomatess2 (degassed, 100 cnB), a two phase SyRBCEGB2003/003419
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bei ng forned. The | ower phase Jas renoved via cannul a
filtration. The volatiles weré-removed in- vacuo, 5
affording a white powder, which was washed with

pentane (100 cnB) , dried and isolated in the
g@mwebDXExaﬁplé 8, 4exogpt B3 hgF RPdgapin (95%6%gpurde.04 mmol)

MATNR G, Toms e T g i me o

pakfadi upedba) THELLLOQLL) ra@sopgdded £818+ 1 fairl
conb?natlon of Ilgand (2 Eﬁgﬁ r, 2.90 nmol) anéOn was fairly

pézlwr@mmmrdbapp@asange 2290 aﬁ@tl[qmnﬁl) 5Q5caf f BH& g Sa added

d%%pjggg%oran ¥Fs ggdt§O|Ut|8uct @P%ea%%b 1on was worked-
stlrre e react on was " f ere

camnubks, ap®@rd ngxaegeepthed-E,angeadhindg atv\%sanﬁeaformed at
snall qfantlty of [Pd] residue._ The volatiles were
n-C SRR BT di TRE a %@éb r ef2fowderyadqd g.in  the

P%,rlto%%oeéoagn%h ZQrgw\@? ag@%@ewaﬁaéw'@ ggd g, 69 3. 3 =

attrition perforned a spatula, resulting in an
ori@nge pdikder epamat (Ing owticTheoimyber Hiert &% . 66.
washi ngs were renoved via cannula filtration, and the
solid washed with Et20 at -10 C (3 x 50 cnB). The

I gsidrander@=ange powder was dried in-vacuo 25 and
isolated in the gl ovebox. Yield 2.68 g, 88 31 = 46,
420P NVR. ppm (1:1 ratio), essentially phosphorus

g, BSHT ol © A8 ool e v o
( dizan 02004/ 0445562 PCBOEB2003F D84 1Buchi autoclave unless
otherwise indicated. The activity of the compounds was
first tested by generating the catalysts in-situ by
reacting two equivalents of ligand with palladium dba (50
mg) in methanol (100 ml) followed by addition of MeSO3H
(10 equiv). This solution was charged to the autoclave
under an inert atmosphere. The solution was then heated
to the required temperature Dbefore the addition of
CO/Ethene to the required pressure. The catalysis was
performed at 10 bar with 50/50 CO - ethylene at 80 °C for
2 h. The activity of the xylene and propylene backbone

adamantyl compounds  was compared. The results are

collected in Table 2.

Table 2 Preliminary testing of adamantyl substituted
catalysts

Ligand Weight gain Product (by
GC)




43 As in Exanple 4, except using ligand (1.96 g, 3.04
mol) and palladiumdba (1.69 g, 3.04 mmol [Pd]) in

wWa 407652 cnB). After 3 h, the deep red-orangePGDGBRI06/03419

10

was fairly turbid in appear ance; an addi ti onal 50 cnB
THE was added 5 to further disSolve the product. The
reacti on was worked- up as above, except the Et20
washi ng was perfornmed at anbient tenperature. The
olid was isolated in the glovebox as an orange

owder . ?Agl d 2.08 g,.69 31 = 42,DP NVMR 38 pgm (1:1
atio,/norsy). FW= 985:869 10 Experirféital The
atal wsi s experipments were carried out in a

ragnet IcdlAdy stirred 300 m gl ass Buchi autocl gve
nl ess 15 otherw se indicated. The activity of |the
onpounds was f|rst tested by generating the
atalysts in-sityu by reacting fwo equival ents |of

igand with palladiumdba (50 mg) in nethanol |[(100

1) A ONOveshdy additPenlo¥ McSO3H (MeRquiv) | This
ol was dc:harged to the autoclave 20 under |an
nert~at ne plhére The sol ution was then heated | to the

equi red tenperature before thejaddition of Cd Ethene
o the required pressure. The catal ysis was perforned
at 10 bar wwth 50/50 CO - ethylene at 80 C for 2 h.

The activity of_the xylene and propyl ene backbone 25 .
adighfift yEheonpoleRR Wasadapar e%ys% r&sutt gactive and

cald geded,d N £habl e plalhetd oBr eééé@r@’é‘fé{l%ﬁ\sl\?r'@ﬁri‘?ﬁng only
adamantyl substituted™ catalysts 30 Ligan i ght
gaime Ppoddott(dyy GC) An initial comparison with the 1,2-

bis (di-tert-butylphosphinomethyl)benzene system in the

= = (N OO0 0C OO =S7TW

autoclave was then performed, on an equimolar scale to the
initial test wunder analogous conditions. However, the
preformed catalysts [L"L]Pd(dba) were used with no excess
ligand and the reactions carried out for 3 h. The results

are collected in Table 3.

Table 3 Comparison of adamantyl and tert-butyl systems

Ligand Weight gain Product (by
GC)

PBu', 29.6 g MeP

PBu',

[::]i::PAQ 75.7 g MeP

PAd2




WO 2004/ 014552 PCT/ GB2003/ 003419 44 C PAd2 12.3 g MeP
PAd2 PAd2 61.0 g MeP PAd2 Hence the xylene catal ytic

waeymtemsss hi ghly active and selective for MIRCT/GB2003/003419
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production essentially providiﬂg only one product by
GC. An initial conparison wwththe 1,2 5

bi s(di -tert-butyl phosphi nonet hyl ) benzene systemin the
aut ocl ave was then perforned, on an equinolar scale to
the initial test under anal ogous conditions. However,

f d catal yst L2L] Pd(dba) were used w
5 gggg%%g%gaﬁgnaﬁﬁiPﬁé[régit? H%a%ﬁrr?%ﬂgouYh?ora%ﬁmantyl

hsuDhe ikesWd scatldl pée €8l Isegledd drn fhabker3vifgble sgtablllty
Conparison of adamantyl and tert-butyl systens™ Ligand

WEiog Hiheg i urndd st s taC)  PBut2 29.6 g MeP  (DC
PBut2 C PAd2 75.7 g MeP PAd2 WO 2004/ 014552

PCT/ GB2003/ 003419 45 Under these conditions it
appears that the adamantyl substituted catalyst is

superior in activity / stabjlit to the t- but{
cats ys§eadsrige pEhEBFLSNatt2ntd eSS di £act 8dlt oPaPprs and

p@%@uﬁe@ﬁ% OGRS mecah A dided GoNEWHE e | Yrevious to

with or previous to this specification in connection
WUMiqlﬂpgqyﬁﬂqaﬂﬂqnn1qqunnectlon 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.

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.

Each feature disclosed in this specification (including
any accompanying claims, abstract and drawings), may be
replaced Dby alternative features serving the same,
equivalent or similar purpose, unless expressly stated
otherwise. Thus, unless expressly stated otherwise, each
feature disclosed is one example only of a generic series

of equivalent or similar features.

The invention 1s not restricted to the details of the
foregoing embodiment(s). The invention extends to any
novel one, or any novel combination, of the features
disclosed in this specification (including any

accompanying claims, abstract and drawings), or to any



10 which are open to public inspection with this

specification, and the contents of all such papers and
waelomyietsss are i ncor porated herein by referenceCT/6BR000/003419

the features disclosed in thi§%§pecification 15

(i ncl udi ng any acconpanyi ng clai ns, abstract and

drawi ngs), and/or all of the steps of any nethod or

process so disclosed, nay be conbined in any

corRicnatdr@), oexeaept noorli ratnidns tileer,e @f tkasttspse of any

of such features and/or steps are nutually excl usive.

20SEROR PEaPFOESs S0SEF LY SEi*s speci fi cati on

(including any acconpanying clains, abstract and

drawi ngs), may be replaced by alternative features

serving the sanme, equivalent or simlar purpose,

unl ess expressly stated 25 ot herwi se. Thus, unl ess

expressly stated otherw se, each feature disclosed is

one exanple only of a generic series of equivalent or

simlar features. The invention is not restricted to

the details of the 30 foregoing enbodi nent(s). The

i nvention extends to any novel one, or any novel

conbi nation, of the features disclosed in this

speci fication (including any acconpanying clains,

abstract and drawi ngs), or to any WO 2004/ 014552

PCT/ GB2003/ 003419 46 novel one, or any novel

conmbi nation, of the steps of any nethod or process so

di scl osed. WD 2004/ 014552 PCT/ GB2003/ 003419 47

CLAIMS 1. A catal yst system capabl e of catal ysing the

5 carbonyl ation of an ol efinally unsaturated conpound,

whi ch



catal yst systemis obtainable by conmbining: (c) a
metal of Goup VIB or Goup VIII B or a conpound

wao b@rseofss2 and 10 (d) a bidentate phosphi ne of PEeneBad03/003419
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formula (1) (1) 15 (Ad)s (CR4BPR6) T @-A (K D Ar
(E, Z2) -B-Q (Ad) u (CRIRZR3)v™" (I) wherein: Ar is a
bri dgi ng group conprising an optionally 20
substituted aryl noiety to which the phosphorus atons
are |inked on avail abl e adjacent carbon atons; A and
B each independently represent |ower alkylene; 25 K
D, 18fd z are substituents of the aryl noiety (Ar)

and each independently represent hydrogen, | ower

al kyl ,. aryl Het , halo cyano, 0, OC (0).
R & (OFHELYSE (OFYSES | RAPA SFo) REteRIbing  the
AR Ridilod SR8y A& S118, uﬁ%at@raggd(égmpgﬁnd which
(CR7 (R (R9)) X where J represents | ower alkyl ene;

orcéﬁﬁkmﬂizﬁﬂ%ﬁﬁmnl@rQhﬁﬁ#Qﬁﬂkﬁﬁhﬂiq@mﬁﬁﬂéngZ D and E
together wth the carbon atons of the aryl ring to

which they are attached forma further phenyl ring,

whieh is apthdnalfl \orauhsvikubed dnowgnevVdDII NBr ®@r a compound
substituents sel ected from WD 2004/ 014552

PCT/ GB20037#084 1379 48 hydrogen, |ower al kyl, hal o,

CYRIO: 1 Qer ORle (4Dl ddnds 145 1617 T8
C (0 C (O ORNRR (O NR1 C (S) RRSR or

(0) SR18 5 Rl to R6 each independently r epr esent

| ower al kyl, aryl, or Het; Ad each independently
represent an optionally substituted adamantyl radica
bopded to the phosphorous atom via any

(Ad) s (CR*R’R®) ¢ Q®~A- (K, D)Ar (E, Z) -B-Q' (Ad) 4 (CR'R®*R?)
(I)

wherein:
Ar 1s a bridging group comprising an optionally
substituted aryl moiety to which the phosphorus atoms are

linked on available adjacent carbon atoms;
A and B each independently represent lower alkylene;

K, D, E and Z are substituents of the aryl moiety (Ar) and
each independently represent hydrogen, lower alkyl, aryl,
Het, halo, cyano, nitro, OR!?, oc(0)R', cC(0)R*, cC(0)OR™,
NRMRY,  C(0)NR'™RY, cC(S)R™R', SR, C(0)SR'Y®, or -J-
Q3(Ad)w(CR7(R8)(R9))x where J represents lower alkylene; or
two adjacent groups selected from K, Z, D and E together
with the carbon atoms of the aryl ring to which they are
attached form a further phenyl ring, which 1s optionally

substituted by one or more substituents selected from



one of its tertiary carbon atons, the said optional 10
substitution being by one or nore substituents

wa@edoeot4ss2 from hydrogen, |[ower al kyl, hal o, CBEINGB2003/003419
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nitro, ORLI0, OC (0) R', C (0), R12, C (0) OR13,

NRL4R15, C (0) NR' R 7, C (S) ®16R17, SRI18 or C (0)

SR18; 15 R10 to R18 each independently represent

hydrogen, lower alkyl, aryl or Het; S & U=0, 1 or 2
pﬁ@)ﬂr@%ﬂ,hgﬁoov\%ﬂ %([L]Iy&, VhElQ,Zl:y@hoZ primtaledorWat OC (0) RY,
+ <- 3 = or 2: and en
pﬁé§§ﬁ%€reéb%”ﬂﬁggpeﬁﬁgﬁB%y r%b@é&%ﬁ?ggph6§ﬁﬁ%¢g%gf SR or
arsefligzer antimony and in the latter two cases

ref'erences to phosphi ne or phosphorous above shoul d
25 be varied accordingly. 2. A catalyst system

acgording to.claiml erein, the Goup VIl t al

i & pafl gdieﬁ‘rﬂh ?;L.nogpceéi\%nfgty sﬁfﬁreerﬁeéléccgro [y ‘—i‘]g]qgf}’y aryl, or
pregeding claim 30 wherein RL to R9 each

i ndependently represent |ower alkyl, aral kyl or ary

| .

4 A\ wathl yBEeByBEeRt A¥cEEBIR§ENS any PRriekth hyy cPapptituted

er.ej t ch i pend C
pooE s, e ebobsrotats 2t B arRiP kg st e any
akgyi_phEn%hs(wheg&ﬁmr@ﬂecphbnml agposp i shept sendl | gptional
substituted as define erein) or phenyl erei,n the
pHERAT Yrioup ™ s prﬂogﬁfl9neséﬁétW?g?e&X§§& YGep Selected
Breﬂgi‘déﬁd"l) ﬁy@cxgge%«l,cagﬁwé&? gmtyﬁ;m aﬁs%gdi ngyéﬁ?o?n)’nitro, OR'?,

| erein eac : an en

pﬂﬁéﬁwﬂfgaré(Qhé}gawﬁio)@?SA é@é%ﬁ@stcé@éNﬁﬁﬁd%@@r@ﬂﬁ@Rl%ﬁ7,
t o,.an r ' claim h , d wh
oieref ELEF RS phor o, o @ (unen

erft s phosphor ous.

R® to R each independently represent hydrogen, lower

alkyl, aryl or Het;

S & U=20, 1 or 2 provided that S + U 2 1;
T & V=0, 1 or 2 provided that T + V < 3;
W e&X =0, 1 or 2;

Ql, Q2 and Q3 (when present) each independently represent
phosphorous, arsenic or antimony and in the latter two
cases references to phosphine or phosphorous above should

be varied accordingly.

2. A catalyst system according to claim 1 wherein, the
Group VIII B metal is palladium.

3. A catalyst system according to any preceding claim,
wherein R! to R® each independently represent lower
alkyl, aralkyl or aryl.

4. B catalyst system according to any preceding claim,

wherein R' to R® each independently represent C; to



7. A catalyst systemaccording to any preceding claim
10 wherein A, B and J (when present) each

w0 nabeperssent |y represent Cl to C6 al kyl ene whP€hiGB2003/003419
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optionally substituted as defbned herein, for exanple

with lower alkyl groups. 8 A<catalyst system

according to any preceding claim 15 wherein when K,

D, E or Z does not represent -J- @B (Ad) w (CR7 (R8)

(R9)) , & BlKylgr Z,+@®&predeépls piyeipgen;whdmmier the phenyl
al kyl, phenyl or |ower alkylphenyl, 9. A catalyst ,
Sysi em a8E6FEI g twwﬁrﬁ%ewé‘%wﬁ? et nstheRerein
K, D, E gpd fdRget igheMeih the G §008bONEs Obptionally
the aryl ring to which they are attached do not forma
phenyl rEngstktubedEaandeZisadhhendépeéndent|y

represent hydrogen, | ower alkyl,..phenyl or | owe . :
al ky phe%ylc.%%fg. S,Ei & tSaIeyr/nstacscyst{delr% E:]Ccooracﬁ%gpjf%é%%%/n%fdalm’

claine lwyBere2h where'n vhemdt pb @heK, pBesdntgndré the same.
together with the carbon atons of the aryl rin% to
whi ch- t hByCarl it SYREH™ FHHIRARBhERYITY iHFGCorhBR FHm, each

phenyl rphg g?saptgionahdy predbst) trdRd sehth S brous.
nore_substituents selected from_aryl, |ower al kcyl , ,
(whi éh aPkyTa'Gragh P Helse?9CBE 186  dit i 6RY¥I IRFECeding  claim,
EUFStitU%EQr@ﬁthIWEEEﬁ%ﬂ %E;?géﬁn@%es@@ﬂpméadfbﬁndependently
al o, cyano, nitro, , , 0(0) R12, C (0),
OR13, NRIFRISSSRE (O): NRP6RE?, $ &@?o)éfs%% ot cgpglonally
(S) NRL6RLFswharmidn £1044 0 RE8 reaehni, ndependanblily with lower
repr esent Eg}/gro en or lower alkyl (which alkyl WO

2004/ 01485 2003/ 003419 50 group may itself be

opti enal by sthstyistutetten iserardiagedta@s adef ipreteding claim,

B?gg;g?haﬁé?%ﬁﬁfakgky%a S%§t%?]%%ngdbggst%u%pyrepresent -J-
QB(Ad)w(CR7(R8)(R9))X, K, D, E or Z represents hydrogen,
lower alkyl, phenyl or lower alkylphenyl.

9. A catalyst system according to any preceding claim,
wherein when X, D, E and Z together with the carbon
atoms of the aryl ring to which they are attached do not
form a phenyl ring, K, D, E and Z each independently
represent hydrogen, lower alkyl, phenyl or lower
alkylphenyl.

10. A catalyst system according to any of claims 1-8,
wherein when two of K, D, E and Z together with the
carbon atoms of the aryl ring to which they are attached
form a phenyl ring, then the phenyl ring is optionally
substituted with one or more substituents selected from
aryl, lower alkyl (which alkyl group may itself be
optionally substituted or terminated as defined
below), Het, halo, cyano, nitro, OR', o0C(0)R',
C(0)R'¥, c(o)or*®, NRM™R'®, C(O)NR'RY, SR', C(0)SR*
or C(S)NR'Y©RY wherein R!® to R' each independently

represent hydrogen or lower alkyl (which alkyl



wherein S > 1 and u ? 1. 5 12. A process for the
carbonyl ation of an ethylenically unsaturated

W@ 0vpouss2 conpri si ng cont act i ng an et hyl eni capCHGB2003/003419
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unsat urated conpound with car nonoxi de and a

hydr oxyl group contai ni ng conﬁ%ﬂnd in the presence of

a catalyst systemin accordance 10 with any of clains

1-11. 13. A process according to claim 12, wherein the

hydr oxyl ggoapp @agt ailmis@gfcommourtquﬂjrmiajdlqs vatlestitouted or
an organi c nol ecul e havi ng drox functiona

gr oup. 15€{@lnﬁﬁEgoéésgegéESngﬁﬁe%% claim 13, wherein

the 19f9ﬂ”b%t%9b%%uk%sﬁ%m'%kdbﬂaﬂﬂgnﬁd dMpciionaking claim,

group nmay be branchéd or linear, and conprises an
al kanol , wbareaouﬁakly an@lucgolalkanol i ncl udi ng

o )13 R o Tt b SRRl UL U, Bty

S Se rom

al kyl , apykatbetichal ocosysaned rﬂddmprjaiﬂh OGo@@hctlng an
RLL, C (0) Rl2, C(0) ORL3, NRURI5, C (0) NRIGRLT,
(S) RL6REH v&RNg cag yC( @th@ad%e(%lef FAEBCHBAe| N1 5, carbon

A process @ggﬁﬁ@'ﬁh&o a®$d¥o§§f“ ? %%nﬁ@yﬂfﬂglcompound

25 the carbonylation o ethylenlcal y unsat urat’ed
conpoundlnsqhyfpraﬁﬁham oheaorcaerly sgpraptdteem in accordance

sol vents. %g s accgr%ing to any of clains
12-14, wié ﬁnytﬂ 3&@?0 i'dcarried out in the

absenge af FPHceI} e@&dﬁilr@ddaib apfpdig Spbyenkhéeein the
an aprotic "solvent not generated by the reaction

i tsel f. IydrAxyloceseuaceediciging afgrBPuRfaiifcludes water

i rotucdd 2 SR DO0H Direba per) Lebo04 08gHLe T ot onad

group.

14. A process according to claim 13, wherein the
organic molecule having a hydroxyl functional group
may be branched or linear, and comprises an
alkanol, particularly a C;-C3p alkanol, including
aryl alkanols, which may be optionally substituted
with one or more substituents selected from lower
alkyl, aryl, Het, halo, cyano, nitro, OR', OC(O)R',
C(0)R'?, cC(0)oRrR*}, NRM™R', C(O)NR'R', C(S)R'™R'/, SR'
or C(0)SR'® as defined herein.

15. A process according to any of claims 12-14, wherein
the carbonylation of an ethylenically unsaturated
compound is performed in one or more aprotic
solvents.

16. A process according to any of claims 12-14, wherein
the reaction is carried out in the absence of any
external added aprotic solvent 1e. an aprotic
solvent not generated by the reaction itself.

17. A process according to any of claims 12-16, wherein

the anion may be derived from or introduced as one



51 or nore of an acid having a pKa neasured i n aqueous
solution at 18C of less than 4. 18. A process

w@ewendissy to any of clains 12-17, wherein suPCHBB2003/003419
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et hyl eni cal | y unsaturat ed conﬁgunds include 5 ethene,
propene, hexene, vinyl conpou ds such as Vi nyl

, acetates, heptene, octene, nonene, decene, undecene,
dodecene, etc up to C30 which may be linear or

branchedor fyeki efoanuaeyal havahgpar tokey aldasuared! iin aqueous
whi ch the _doubl e bond nmay _ take any suitable position

in the c%@%BFlO&OaEh%?ncaﬂg WP & hth ﬁ%l%des al

sterggs &%FoEQ@EeQECO%ain@ ¢at ahystorsystamaceordi Ndvherein
to any o ains 1- whérein the catal yst system

i ncl udessiitablld qeitdylembetlilon weskumategol yappownds include

dlspersan dlssolved in ui rr , d
polynerl% §Esder a5 ggf%égcd%ggﬁ'(i p$€§§F|F§F%ga3 vinyl

col | oi dahcstwstmesn5| Derpteufe,paptt@iees obneme, gdegpn¥l omdecene,

VITIB netal or oppoun t
within tRTTh qui & car§| g? ¢ dWI%Ch tpﬂ gl %tg?h}s[?/%?%?/né} PPanched,

accor di ngyd:lncanyrofurmlyaﬂnrs 1>r1]pa120 GVCllJQ: ahér dimn which the

each of theb pen enF%%tE%ﬁg&an 4sh?t%%ﬁ %Qg1620501£§khe carbon

toget her "1 n formcyc structures
such as ihmombﬂkhyhlgh ﬂnqﬁmdberﬁhhl%ﬁ%ﬂelEQmeﬂ$rﬁﬁﬂ@@@f

of pl’lgpaﬁat aoc% g’eral sq:t Gl rrggc!o%dq ﬁortdal ag%or aE@alms 1-11,

phosphine o ormul a (1 25 a ance
Wit h anywbér@halnhel ddtalwsth sysripem sésclufiesstigpsa liquid

(ll)riéc%‘ﬂgﬁ R RGNS} TG (BRey e Gl 1yt tper YAl Paissolved

a liquid carrler, said polymeric dispersant
being capable of stabilising a colloidal suspension
of particles of the group VI or VIIIB metal or
metal compound of the catalyst system within the
liquid carrier.

20. A catalyst system according to any of claims 1-11
or 19, wherein each of the groups R' to R’ R® to R°
and R’ to R’ together independently may form cyclic
structures such as l-norbornyl or l-norbornadienyl

21. A method of preparation of an intermediate for a
bidentate phosphine of general formula (I) in
accordance with any of claims 1-11, which comprises

the steps of:

reacting the borane protected moiety of formula

(II)

(Ad) s (CR*R°R®) 1Q (BH3) -H (IT)
wherein Ad, R*, R’>, R%, O, S and T are as described

previously and H is a hydrogen atom;



wherein Ad, R4, R5, R6, Q S and T are as descri bed
previously and His a hydrogen atom WD 2004/ 014552

WOEMAGBAEED3/ 003419 52 with a conpound of for neCHGB2003/003419
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(Il1a) R4OM (I11a) 5 O I11b;,RA1-M (111Db) wherein
R40 is a branched Cl1 - C8 al ky% group joined 10 to
the nmetal Mat a secondary or tertiary carbon and M
represents a group |A alkali netal and wherein R41-M
i s genekadtddal kosipounly odn fexoivdege IIdedct i on bet ween
R41-Li and KOR42 or NaOR42 , wherein 15 R41 and R42
are independently CL - C8 alkyl. aryl or aralkyl
groups whnheh payrbe |inear or branched to produce 20
(Ad)s (CRARBR6) TQ (BH3) -M (1V) 22. A nethod
according to claim21, wherein R40 is sec-butyl or
tert-bu I.I 23. A nethod according to claim 21 or
22, wherein is lithium 24. A nethod according to
any of clains 21 to 23, wherein the internedi ate of
formul a |y |s re cted 30 with the bridging noiety V
G A (K -B-G (V) WD 2004/ 014552

PCT/ GBZOOS/ 003419 53 wherein A, K, D, Ar, E, Z and B
are as al ready d%fl ned and G is a hal ogen _radical,

pref er abiherait @ nés eobFrewhes Bk BWB alkyl group joined

to the metal M at a secondary or tertiary carbon

and M represents a group IA alkali metal and

wherein R*-M is generated in situ by an exchange
reaction between R*-Li and KOR*? or NaOR** ,wherein
R*! and R*? are independently C: — Cg alkyl. aryl or

aralkyl groups which may be linear or branched to

produce
(Ad) s (CR*R°R®) £Q (BH3) -M (IV)
52. A method according to claim 21, wherein R*® is

sec-butyl or tert-butyl.

23. A method according to claim 21 or 22, wherein

M is lithium.

24. A method according to any of claims 21 to 23,
wherein the intermediate of formula IV is reacted

with the bridging moiety V

G-A-(K,D)Ar (E,Z)-B-G (V)



I 11 1 2 3 5 (Ad)S(CRARSRG) TQ2-A- (K, D)Ar(E, 2)-B-Q (CR
R RV(Ad)u (VI) wherein QL may be the sane or

walpdotioresnt t han Q2. 25. A method accordi ng t o PCHGBR@®E/003419
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wherein the nethod includes the further step of

borane 10 deprotection. 26. A nethod according to

claim 25, wherein the borane deprotection is effected

with tetrafluoroboric acid dinethyl ether conplex. 15

27. A nevhedeaducdydi Kg ty aA¥,ofEc| & mn@1Bt capg, as already
wherein the.reaction takes plac t less 0C
preferab%?g%ggg tHAA £0c S0 %28 MACHS hoaggggggdingr?gerably
cl ai m 24chybei aep tbeprbaaeti on takes place at |ess

than 80C, preferably Iess than 50C. 29. A nethod of
preparation of an internediate for 25 a bidentate

phosphine of general fggnula (1) in pagordance with

any of clainms 1-11, i ch conprises he steps of:
reacting the borane prijotected noiety ¢f formula 30

(11) VO 2QR4) (IRFERPOPLARRADMA0ZHBOQ! @R RAR) (Ad),
(CR4R5R6)QTC}S§%RI;B) -E( L) mcEe)rg?gQA?%,%ng, e, (VD)
Q S and T are as described 5 previously and His a

hydrogen atom w th a conpound of formula (I11a) R4OM
(111a) 1ghereip| p may be the same or different’ than Q°.

25. A method according to claim 24, wherein the

method includes the further step of borane

deprotection.
26. A method according to claim 25, wherein the
borane deprotection is effected with

tetrafluoroboric acid dimethyl ether complex.

27. A method according to any of claims 21 to 23,
wherein the reaction takes place at less than 80°C,

preferably less than 50°C.

28. A method according to claim 24, wherein the
reaction takes place at less than 80°C, preferably

less than 50°C.

29. A method of preparation of an intermediate for
a bidentate phosphine of general formula (I) in
accordance with any of claims 1-11, which comprises

the steps of:

reacting the borane protected moiety of formula

(IT)



R41-M (I | Ib ) wherein RO is a C1 - C8 al kyl, aryl
or aral kyl 15 group, Mrepresents a group | A alkali

woredoalo14sl R40- H has a pKa greater than n-but BEEEGER2@3/003419
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wherein R41-Mis generated in &itu by an exchange
reacti on between R41-Li and KOR42 or NaOR42 , wherein
20 R41 and R42 are independently a Cl1 - C8 al kyl. aryl
or aral kyl group which may be linear or branched. 30
A net hod according to claim?29, wherein R0 R41 and

R42 are i pgﬁg@& lected froma C8 25 al kyl
or aral kﬁgf%\ c%l.ﬁ )yTQS(%Hgs: ﬁ (9}5
wherein Ad, RY, RS, R®, O, S and T are as described
previously and H is a hydrogen atom;

with a compound of formula (IIIa)
R¥M (IITa)

Or IIIb

R*%-M (IIIb)

wherein R*® is a C; - Cg alkyl, aryl or aralkyl
group, M represents a group IA alkali metal and R*’-

H has a pKa greater than n-butane and

wherein R*}-M is generated in situ by an exchange
reaction between R*-Li and KOR*? or NaOR*? ,wherein
RY and R?* are independently a C; — Cg alkyl. aryl or

aralkyl group which may be linear or branched.

30 A method according to claim 29, wherein R,
R and R* are independently selected from a C'-C°

alkyl or aralkyl radical.



