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PROCESS FOR THE CARBONYLATI ON OF ETHYLENI CALLY OR
ACETYLENI CALLY UNSATURATED COVPOUNDS Fi el d of the

WO ps08i86Mm The present invention provides a prBCEEB200®050803

t he carbonyl ation of ethylenically or acetylenically
unsat ur at ed conpounds. Background of the invention In
this specification, the termcarbonylation refers to

-the reaction of al kenes or alkynes, i.e. ethylenically

gg£85%§%ﬁggb¥cgggl %g@%ﬁﬁg}@%&#& ?ﬁg%ﬁhg?gfmm OR
conpl ex wi th gerborENmRoXivdeNgAUURATED C@ERIENTIS havi ng

a nmobil e hydrogen atom as for instance described in
EP-A - O 495,548 and EP-A - 0,565,199, WO A -

96/1,243¢ o AIDA- 198LARTdAL. WO-A - 01/68583 and WO A-
Ol/?ZGW‘T‘TmTEr‘p‘Cﬁs"r esults in carboxylic acid
producfse BresarbokyTert il PreFiriest pvBsoCesghfqis the
est ' or <@ | ReNdig9a,tRgpature
of ﬁ%oc - a§§§gt grfit Qgégiiﬁfé%%S 548 giqsgﬁgseg]?a
catwalsastursytstde momprpnidsi ng a pal | adi um cati on and

di pho hione i den %t enlvi Qngg bearing di- al kyl -
SUMM - such as for instance 1,3

bi s (diin tatki apy¥cbiiiyitpdrospnenakrpr opabeny bandi derefers
use of such catalysts i n various carbonyl.ation ,

r edt? i Gifs TR ERGUGHh ?héea?éc%sae@Wé&Sa| ys€-syLhgpgnically

shoyy a @ AGldalilhy nbA-eah Pesei & 1Tk Atedekie@N8ompounds,
application of the process on an industrial _scale
r eqirdes FaAlyed s Ryr 8vERBRESTIOR CRtAly SOMRIEKV LY aRgrbon

sel eotd M dey SRl o Re-deabtad: PLAAUY % HUPTBRY n9tirbBen atom,
invention It has now been found that catal yst sysfens
basa®l for instance described in EP-A-0,495,548 and EP-A-
0,565,199, WO—A—96/19434, WO-A~-98/42717, WO-A-01/68583
and WO-A-01/72697. This process results in carboxylic
acid products, or carboxylic acid derivatives, such as
esters, amides or anhydrides, depending on the nature of
the co-reactant. .
EP-A-0,495,548 discloses a catalyst system comprising
a palladium cation and diphosphine bidentate ligands
bearing di-alkyl-substituted phosphino groups, such as
for instance 1,3 bis(di-tertiary butyl phosphino)propane,
and the use of such catalysts in various carbonylation
reactions.
Although the disclosed catalyst systems show a good
activity in carbonylation reactions, application of the
process on an industrial scale requires further

improvements in catalyst activity and selectivity for the

desired products.
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a metal cation selected from8, 9 or 10 of the
Peri odi c Tabl e of Elenents and an unsymmetri cal

waole@sospte ne | igand 5 exhibit inproved cat al ysSPCT/EP2005/050803

activity in the carbonylation of ethylenically or
acetylenically unsaturated conpounds, thereby
resulting in a significantly inproved carbonylation

pr o%%ryb\(&obcqlll ngh;&enﬁ:ggnsubj ect invention relates to
nyl ati on of an ethylenically

or acetlyl dascabrvybeesafonnd ddhafomedaddsby sEohemgt haged on
the un%§§uQ%&%%nC%@H%H@gFM%%Q%C§rQ9QMHQQP%Ed%ﬁ§ngeglodlc

cor@at avin rogen atomin

pr esanne cm‘ Eden@malsyahdsyst emxzrmmrmaﬂg dithosahiae ligand
sour ce, .of alla d/ or at j numn b) ,an .
neGHTTy YA oA bt 2Por i T TP AEbRRYLakdon

- P3f B Rer(ildalwieiei BcBtgnen P EDY Qﬁ@ﬁtﬁﬁ@%@h@btﬂ@ounds,
atons; R - represents a divalent organic brid

gr o’&’her%?ﬁd gesulfingrdnRa gheNRE BERMEHh diNETRYS y, or R

and. R o M d dhordodesB4 and RS jointly represent
organi ¢ substituents that are covalently bound to the

phosphdragsratioml ywi thet hebprolvi gwartdonRrelrRRes Roand

R are sel &c S t nqgg QU

- RoPS o %O‘?dfeeh%ent ﬁrﬁxgﬁ%g%h%ép I no éﬂ%&gl E))J<:
R4%cetﬁbémidaa‘ldﬂesrsraltmmmedoﬁonpeumd}vtgntacmtaﬁmng the
subj ect roc s makes use at aI ste

b Sa PR Esmnich vkl soshoh R 2.5Pron

of paktaghtimoringlationdmewhiyirageh phosphimeHd gakdease of

30 defi ned above. A source of one or nore these netal
a catalyst system comprising:

(a) a source of a palladium and/or platinum; and

{b) an unsymmetrical diphosphine of formula I,

RIRZ > Pl -~ R3 - P2 < R4R® (I)
wherein Pl and P2 represent phosphorus atoms; R3
represents a divalent organic bridging group; and r1, RrZ,
R4 and RY each individually, or Rl and RZ2 jointly, and/or

R4 and RS jointly represent organic substituents that are

covalently bound to the phosphorus atom; with the proviso
that R, RZ, R% and RO are selected in such way, that the
phosphino group RIR? > Pl is different from the phosphino
group P2 < R4RO.

Detailed description of the invention

The subject process makes use of a catalyst system
obtainable by combining (a) a source of a metal cation of
palladium or, platinum with a diphosphine ligand as
defined above. A source of one or mére these metal
cations may be used in the various carbonylation

reactions. Of these metal cations, palladium (Pd) is



cations may be used in the various carbonyl ation
reactions. O these netal cations, palladium (Pd)

wo s@ansgissul arly preferred for carbonyl ati on r eRCI/ERII95/050803
i nvol ving ol efinically unsaturated substrates, whereas
platinum (Pt) is highly preferred for acetylenically
unsaturated substrates, and for ethylenically

. j { .
e TR St o R
conpouridsirguchieddngahl $y ofin et wre/est sPbsamd tekt r vhereas

' ul phur id. | phoni i ds, I f
A B 0P 0 oy BT PR e 5 s et Eaf bty

at oiss a itk se0edl @ubBtradep) exes, L& GtiNlldhicanbonunsaturated
nonoxi de and/%r acetgl5 acetonate, or Pd and/or Pt

conPATRA A H Ta PEaRrRCHaPErFAF L S (/dHE &esdredon

exchangehmoPdsand/ 961 fin AC elata apdracst ¥loagst opate
are exanpl es of preferred nmetal sources . The catal yst

syst@mdurdshemnclorpr Faets aef ciporbmr (BY) aad nitric acid,

uns ggﬁi['c I disphasphi f E{H” aJd, Pl -

- 5% ]EgafﬁgdwﬁgrgP%Bﬁpg%%iﬁ répfgggﬁgg%hggp 89u§§
at omsd/ R rebesgitls acddyaverh ;uwriganix damodgi agoms, Pd
grou and R R and R5 each individually, or Rl
and® ?%ﬁ%ﬁI%?m§§8F8F’R3'%de%$'cﬁ?ﬁ P pgﬁpgéﬁﬁtand/or
OL g@&i&yjs Ltbf‘dﬂohbieﬁt,sﬁthﬁa ai¢/ oV ﬁmn{bmnié@ugz@thoat B@L(Ljid
phosphorus atom with the proviso that Rl , R an

R dP%t%%%ae]ctSéJ&hi ﬁssﬁehl%y‘?x?llﬁaa‘%g%-e BshGOsHORo Py BERTRES

-R and dseiif fee@Bhat e 08 E hex RROSNNI Y0 FFeprBE meR4RS
. The beneficial effect of an unsymetrica

di pheisptiTe conpared to the corresponding symetri cal
di phosphidh@s+h$yst system further comprises as component

(b) an unsymmetrical diphosphine of formula I,

RIRZ > Pl - R3 - p2 < R4RS (1)
wherein Pl and p2 represent phosphorus atoms, R3
represents a divalentiorganic bridging group, and Rl, RZ,
R4 and RO each individually, or Rl and RZ2 jointly and/or
R4 and R® jointly represent organic substituents that are
covalently bound to the phosphorus atom; with the proviso
that Rl, R2, R4 and RS are selected in such way, that the
phosphino group RiRZ > Pl is different from the phosphino
group P2 < R4RD,

The beneficial effect of an unsymmetrical diphosphine
compared to the corresponding symmetrical diphosphines is
exhibited even if the substituents R1 and R2 attached to
Pl are very similar to the substituents R4 and R5
attached to P2. Without wishing to be bound to any
particular theory, it is believed that the difference in

substituents results in a difference in the electron
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exhibited even if the substituents R and R2 attached
to Pl are very simlar to the substituents R4 and RS

wa@tdaoaokmsao t o P2. Wthout wi shing to be bound tBCEHREP2005/050803

particular theory, it is believed that the difference
in substituents results in a difference in the
el ectrondensity at the phosphorus atons. The presence

of HwashtdhRgLRbOSPHES w8 ke t Andi fE8L&Me of two

el ectronic density in the |ligands then appears to have
a bBABAiBPaPhesperuDPiles Méabt Fdfifpacet ghectronic

di f ference i €$501{4ghdgg§ﬁ%hnggggak; Yo g%a$ge jhepeficial

phosphi no™fragnents and e Subjec
| i gaddschayncbhe enéarition b@tﬁeaé’heedlﬁy‘emmdn@dm electron

devel oped by C . Tol man for nonodentate phosphlf%z
| i géﬁaétawdéem*bﬁéooﬁ ﬁ-%@ﬂﬁOéamR@vﬁé@\smeqmﬁ and

PRASS 3%3 348, he el ectron
dongtl

Fod Spoddtt duRMRE PRy ey e E L e

by meaetirag Bp&n@ﬂl@b&&ieﬁf&lo@fedabgzmnoﬂ@m@ﬁeﬁor monodentate
hosghlne Wth NN (CO4 to nmake P RIR2 a Ni
( phBEPRAPRETE chhprRds %ﬁu99ﬁ9§ﬁbﬁ§aé8r9ﬁ@m%ﬁ%lC%ﬁ%kﬁﬁﬁ 1877,

nCOvbR. stret shyag §1 OURNCY n( YEEY ﬁe@ﬁ@dattm afy ERETGY
node) of t he Ni (CO 3 (phosphine) conplex. The nore

el eélprlé*n‘laenéb%lylt:h@fprﬁomsa?élnr?géhaa@l@na@ edeftermined by

@Eaggﬁhge?néngq$$?5¥%ﬂ&h%fhthﬁ%£#?§F€£€§{ %fhlne with

donating a Ity, ower t stre

f requeaocy 4neasuses. plminthe @hllmbo;sgfopﬁgsl(albine)evcﬁﬁnplfex, and
only one of the substituents Rl , , or Rdiffers
froﬁhehem@aherlsmbGnetQﬁﬂthylthéOtEB phnetﬂhwmg;fﬂagueucy

mﬁll h ve |ff re el e tron e y .

subst Tt dents fo JF‘{Nshare % gFQ % th%hlguﬁ%o iy,

t hatpaBepRinthe m[ﬁ&uhowl% @ﬂb@@s PdcPiol Ha%sfry QURS
eIeéFron deﬁs?t? than the ot her Shg;Eh%rus 5%0@% as

i | | BsppRREBChYIGeRGHATRES IFower MALDL| ReBE¥ @t chithdience the
frequgRey thatefan R -mRAsieq £8E12c)! ansl tH QR MRl neo

IR stretching frequency measured. In the diphosphine (b),
even ifﬂgnly one of the substituents Rl, RZ, R4 or §§
differs from the other substituents, the two phosphorus
atoms will have a different electron density.

The substituents R! to R4 are thus selected in such
way, that one of the phosphorus atoms Pl or P2 has a
lower electron density than the other phosphorus atom, as
illustrated by a separate, lower nCO IR stretching
frequency that can be measured for a transition metal
carbonyl complex of the ligand (b). The difference in
electron density between the phosphorus atoms Pl or p2

may conveniently be achieved by selecting at rRl, R2, R4

and R in such way, that one of the phosphorus atoms Pl
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carbonyl conplex of the ligand (b). The difference in
el ectron density between the phosphorus atons P1 or P2

woraysogsseni ent |y be achi eved by sel ecting at RIT/EPIRB5/050803

‘ ',.,_l'v.

R and Rin such way, that one of the phosphorus atons
Plor P2 has at | east one nore electron donating
substituent R and/or R2 , as conpared to R4 and RS
or V|c§2vers

P | ar | |
Oer BEFB2VEL St PR e bl S0p BB g bt uent
eachli phybdugd | yod %Hngy%%%h eberirong - Rggg@;{?ﬁ%&%‘f@%

as conpared to a roup, whereas toget her
or eacrfaﬁﬁﬂqnhﬁﬁﬂj yigéprasehystarpaaliattties weaecEptindgwith
grou ared tqfa PPh2 rou Wthin the context

of %E@agﬂ j Werreedt T iadkt |Ron ogf %fn?roe?égcghii@cbirvé@yally
r ep&@ﬁ?@&ém@r’emJ&dﬂa@in@r g§89§§ I ééﬂ a{:\_léd?hc% i€

or arylaliphatic radical haV|ng rom1l 0 carbon

at opBhywWhiotip swivaned R4 wndoR etb@dtlh@rtdme gw@sphor us
atom by a carbon atom The organic groups RL , R2 , R
andiprglwaguahth Ferkgrardenn| plpetnonvreseniping gromp, as

or Peﬁ? dF¥%t$g§@ﬁ§Qnﬁﬁ,/or R and R together may be

di va groups . groups may further contain one

or nor eghalel aHOBnEUR 88 OXY 0albdH Q@R FisHkEBR, the
or phosphorus and/or be substltute& by one or nore

f uUnELFBNaPr PRBUPSTXVHDT ILSPAGSEBE S et B lpsEigert,ed or
n't599§91t§9ééurafﬁﬁﬂéﬁlch%'ngplaigﬁh cﬁ%ﬁ%éﬁfﬁél having

fluorine, chlorine,” bromne, 10di ne an
gr ocﬁpomAllth@u@(P] tamrEnsddneat whysh a@tq:wal)erasly connected

t i cal |igand
vas anen RS9l ol B RIS ARA LT ande
tested, T Qﬁrgtarﬁla %&'o)ﬁﬁg' gb, 1 RET 8856 FSat@ly sheh

activity was found wt Ilgands wherein at | east one
of Rndagefentlby 4R andhonovalent group, or Rl and RZ2

together and/or R® and R® together may be divalent
groups. The groups may further contain one or more
heterocatoms such as oxygen, nitrogen, sulfur or
phosphorus and/or be substituted by one or more
functional groups comprising for example oxygen,
nitrogen, sulfur and/or halogen, for example by fluorine,
chlorine, bromine, iodine and/or a cyano group.

Although increased catalyst activity as compared to
each of the analogous symmetrical ligands was shown by
‘all non-symmetric bidentate ligands tested, a

particularly high increase in catalyst activity was found
with ligands wherein at least one of Rl and R2, or R4 and

RO represents an organic group containing a tertiary
carbon atom through which this group is linked to the

phosphorus atom.
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R represents an organic group containing a tertiary
carbon atom t hrough which this group is linked to the

w@b@spsssus at om A yet higher activity was foupdr/mPmos050803

both RL and R2 , or R and R5 represent an organic
group containing a tertiary carbon atomthrough which
each group is linked to the phosphorus atom and an

even higher, and yet unprecedented activit s found
ohore HR IV TonkR, SARAKEET RNt S Bt e SRS AL Sna &2,
ro ant ai Nk K j,Ar. a h h. whi ch
OnoRE RE e kPO Sl Sl il SRERARC AL ML ATS
Thertefrbierynostbor ef mymabihyroughe whiibh eedch nyssip ik alisxked

relates,to_{ he proce for the carbonyl ation wherein
1 2 R o S S i, AUSE AR BROD B et
cont.ai,n| tlary. . t i C
orouBrPACRR LSS AR oA, SO PROMIIN B 02, e

car bea abopephsough whiclyene groiproffaitndPURSRary

, R2, Ror R preferably are connected to the
phoSPRBPOS2RPB Y REFHIa P 1Chr BeRMafBAYP i 12, Linked bon the

at opneauabent | yc&pnded to the phosphorus and to three
subStituents other than hydrogen, nmay be substituted

wi t h al Thewegfiqre,cyssabirphiarslly orths avdtiiect invention
substifu r It u [tuted . .
ot oraredcertRond st (PREREL Bhn Srl CE e L b et

al | a0f whi gh, &Y, cohtaid Avetepeatent an Rsefslablghodhe
tertiary carbon atomof R and R2, or R and R nmy be
subSPEPEALBENN ¢ iC A IAATYIGTPST PReFeblyr g righidle each

gff%iréﬁié ¢ar Dol B Rafd rp@lfosghs%gigf mal kyl group,

y ether groups. Exanples of suitable organic

gr oups Bire teartdiagny capboepl atom {izrouathyhyilolt pine 2r (@re of

SLE %,ggggéé %&,(éEf”H%“QQ qué¥gfe§éb g-gggrgggnected to
the phosphorus atom tertiary carbon atom, i.e. a carbon
atom covalently bonded to the phosphorus and to three
substituents other than hydrogen, may be substituted with
aliphatic, cycloaliphatidf‘or aromatic substituents, or
may form part of a substituted saturated or non-saturated
aliphatic ring structure, all of which may contain

heterocatoms.
Preferably, the tertiary carbon atom of Rl and RZ2, or

R4 and RS may be substituted with alkyl groups, thereby
making the tertiary carbon atom part of a tertiary alkyl
group, or by ether groups. Examples of suitable organic
groups are tertiary-butyl, 2-(2-methyl)butyl, 2-(2-ethyl)
butyl, 2-(2-phenyl) butyl, 2-(2-methyl) pentyl,
2-(2-ethyl)pentyl, 2-(2-methyl-4-phenyl)pentyl, 1-(1-
methyl) cyclohexyl groups and l-adamantyl-groups (wherein
1 or 2 adamantyl or trioxa-adadamtyl-groups are bonded to

phosphorus atom via a tertiary bridge head atom).
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2- (2- ethyl)pentyl, 2- (2-nethyl - 4-phenyl) pentyl,
1- (1- nethyl) cycl ohexyl groups and 1-

W@ d@smsasyd - gr oups (wherein 1 or 2 adamantyl orPCT/EP2005/050803

tri oxa-adadantyl - groups are bonded to phosphorus
atomvia a tertiary bridge head atonm) . Al though the
groups R1 and R2 , or R4 and R nay be each

i ndj vidual.ly .different_ erganicogrou due t-0 t he use

of %%%?u%% grgflggi i egré%tﬁr’av?% ety §t5i faynpge each
sy nihesy sdddiel ygradudfe renandréani orgiRand dde poetaeabky of
represent the sane ter iar¥ organi c group. Yet nore ,
pr ef ¥FehI FRORYS fid RS TRt RFEh At T idgres dmt ther syREesis
butyl groups. Accaordingl he_suhbject invention also
per%/}é? ns TP hEQ p??’gcgsé, Xﬁh{ér e"f”%yg%t _t?erre%gta%&ﬁl t8Rgepent

» Ofhdot i B a0 Ry LeBRESENY L&y .erié@%x%u?%@%fgl&gig@ype Rl

The substituents of thé second phosphorus a
andai® rdgesherd aod RE asdr&éngetdwriguetensgll yroups.
represen val ent ﬁgou that is directly attached

. di
o 2RECHHRPHEr (eat§Fh LGSR A4P T &B6a18E0h8. the

Thi ' e p a cycld c ar.a 4 5
pol Ey%%?%’Q%F%%gﬁrgg®§8%o¥§?ﬁg€€?8ﬁ%%gddC%ébfgaeﬁhe?nd R
or RédpaaskeRS 4 agettherymaytgal sgrowpr esent an optional |y
substityted divalent cycloaliphatic ou wherejn the
cycl oaliPhaty E%QFBEIBJCFSO)%i%l‘(eeosetcc?ntdhgﬁlﬁﬁggﬁmﬁu%t%on%'e'
Vi apt Lexti 19@&90@ agong R f. pref

div%I:%? d%od%%%%re unsﬁbstitﬁ?E% ggﬁsukg?i?ﬁgggEéggy
C3Qapkysene yrdupdent ahPoh OM2E Iy olipssatdy bétached to
rep e ether lLink S r . 0 en.atons, or .
L S e
1, ldélyaflent ejranetdayl habet a mohodycUliylor a pbl4cyclic
dinmethyl-1, 4-dinethoxy -buta- |,4-diyl - , 1,1,5/5 -
tet PaBthYt=penta - I, 5- diyl- , 1,5 dinmethyl -

|’5'.c“Aq?JyH€% 1ﬁenﬁa ?n&’ﬁa ﬁgééfher 3r0%8-Lng rS together
, 5-di méthoxy -penfa - T,
may also represent an optionally substituted divalent
cycloaliphatic group, wherein the cycloaliphatic group is
linked to the phosphorus atom via two tertiary carbon
atoms. Examples of preferred divalent groups are

unsubstituted or substituted Cy4-Czp-alkylene groups in
which CHy- groups may be replaced by ether linkages

through oxygen atoms, or other hetero groups. Suitable
divalent groups include 1,1,4, 4-tetramethyl-buta-1,4-
diyl-, 1,4-dimethyl-1, 4-dimethoxy-buta-1,4-diyl-,
1,1,5,5-tetramethyl-penta-1l, 5-diyl-, 1,5-dimethyl-1,5-
dimethoxy-penta-1,5-diyl-, 3-oxa-1,5-dimethoxy-penta-1,
5-diyl-, 3-oxa-1,1,5, 5-tetramethyl-penta-1,5-diyl-, 3-
oxa-1,5-dimethyl-1, 5-dimethoxy-penta-1,5-diyl- and

similar divalent radicals.
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5- diyl - , 3- oxa- I,I,5, 5-tetranethyl -penta - |, 5-
diyl- , 3- oxa- 1,5- dinethyl - |, 5- dinethoxy -penta

WO 2005882860 yl - and sim | ar dival ent PCT/EP2005/050803

radical s. Particularly preferred nonocyclic structures
conprising RlL and R2 together, or R4 and R5 together
include 2,2,6, 6- tetrasubstituted phosphinan - 4- one
or - 4-ghi CtULes, r&j prising,such

st ruct ur es&%yl%tﬁgg’c%%\?enf]éntly og%%clqg% Sﬁcﬁf %rturlﬁefd

condbhbpisiAg Wesaid bed togeVabehesr apdl Doy, rY QW dedh cof
Organic Chemstry, J . Am Chem Soc, 27 (1962) "1824-
182Fncipfe| As? ahc S HhetrEsebPssAtvEed Beewrlhfaran-4-one or
phog@btﬂfowétg%fﬁé%dré@.”%&ﬁékdé goﬁ'rb§§&€q§? '%EE Q€ res
(al so known as diisopropylidene ace}?one, rp oroné’) .

A paryibel eaohyepreftenyr edbtpohpgdyvhder shildtaselitions as

i ncl,uding R,-an r R.and R together.is_for instance

t heUSERRERR AT e e oy JEhERE: | S | Pl

gr ogpehbatrys subrsii taHead isBcl, 32and1Seppsidion gihuFor
provi di ng the tertiary carbon atons through which the

gr otPSFRNEBNABCERRF TP Ivd FhSSHABHBELYE Rorphingmigh 2,6~

der hyatENe1 thes aalyd Juehi-ahogre (91 sH0kSo@f 441e carbon
atons are r epl acedp by heteroatons. Tricyedo [3.3.1
. 1{ diigoprervhidens aqpiofpst eFaPheraask; for a

conpou t

13 o AR Y Yo FREE B AT My tiEe
1{3ihcidecyl otowp @2 ardefiyadin®e tdpreefr Wsl kokhiSstance
be referred to as "2- PA" group i)as in _

2- plBSpRaBRABAESTE Golie thPodghodt 7t héeSpbdrqtattings. 1s
The s2nBA1 8HONR 1S BUPSIHd ut ?)@s%ieﬁe@ﬁuwleo&ﬂ‘dﬂrﬁe the

3, 5 positions, and optionally also on the 7 position,

wi t feathpRvvad Bl rlgas chgregp RZichobhrd ¢ePWO ia ons,

o SPERAREYehr o0 dhd g ERinn Lo et LS faryye
thereof in which one or more of the carbon atoms are
replaced by heteroatoms.

Tricyelo[3.3.1.1{3,7}]decane is the systematic name.
for a compound more generally known as adamantane. The
1,3,5-trisubstituted 2-phospha-tricyclo[3.3.1.1{3,7}decyl
group or a derivative thereof will thus be referred to as
"2-PA” group (as in 2-phosphadamantyl group) throughout

the specification. The 2-PA group 1is substituted on one
or more of the 1, 3, 5 positions, and optionally also on
the 7 position, with a monovalent organic group R’ from 1
to 20 atoms, preferably from 1 to 10 carbon atoms, yet
more preferably from 1 to 6 carbon atoms. Examples of R7
include methyl, ethyl, propyl and phenyl.

More preferably, the 2-PA group is substituted on
each of the 1, 3, 5 and 7 positions, suitably with

identical groups R7, yet more preferably with methyl
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i nclude nmethyl, ethyl, propyl and phenyl. Mre
preferably, the 2- PA group is substituted on each of

wWo b@508283) 5 and 7 positions, suitably w th i deet/ERE05/050803

groups R7 , yet nore preferably with methyl groups. The
2- PA group further contains preferably additiona
het eroatons ot her than the 2- phosphorus atomin its

skel,eb08s . St 0 r r
o e G R P FRe TR Ee D SofhtaRy Nty
t heagdibiangl e frysiatiomss otTRe hpal Prefirplersdiioralseattom
radical . Ls - ph I - r thyl - 6,9,

o L ekt ST e e 2530 o P e

obt athpdur natdres catdren\dudttebhypf teé by | lemieaddoms are found

nsat ted c 0 i t.h . catal yst systemc risin
bi Aottt Hog §1 p%%ﬂﬁﬁfpé H%d&ﬁ&&svmﬁ%b%}gﬁ R Fe e GavRLent
i ndirwidoal | ¥s of gani -HHsRuRS 108) ¥, Tonaesirdt 1w 68 ah

other via a phosphorus atom whereas R and R toget her
r ept8skRi OR2HIRIMent IBiEni ¢ group that is bonded to

the secpnd, RRRRPHALUS +81 AEVY | Bed MBI HRY W%@Oﬂ

atonms. Accordingly, especially preferred di phosphine
| i gapdsonplation hef cittallpsticaysyevnagwralien) danpdvmds with

subj I nyvent i n [ t o f.aornul.a

1P hEEk LR B RRU S BEELS Ml DA oo
Wi t {iBeRepyt ROINe RN AR thenr eaRest dyLl PPASRIIUS groups
atons_p or p2, respectively, forma 2-phospha - |,

3, 5071yt ePraReteyIte |l pBherr Vo3 arl appmIBiO R 1fF Cor

a2 6, 6-_tetr hyl osphi nan - 4- one, .an )
ahelBERERRR Or T beer PRh S Css o DL LARCaRaoRBiC
eachrbafi vhatial 4 yodeyesentha eebharphdsdnd rgy Gitom via
Wthin the subject application, by a "dival ent organic
bri 8YPnfSEropY BIRCTUAFEFSt ood the group

Accordingly, especially preferred diphosphine ligands
(b) fr the catalyst system according to the subject
invention are compounds according to formula (II),
whérein R1 together with RZ, or R4 together with R3,
together with the respective phosphorus atoms Pl or P2,
respectively, form a 2-phospha-1l, 3,5,7-tetramethyl-
6,9,10-trioxadamantyl group, or a 2,2,6, 6-tetramethyl
phosphinan-4-one, and wherein the other substituents R1
and R2, or R4 and RS each individually represent a
tertiary butyl group. '

Within the subject application, by a “divalent
organic bridging group” R3 is understood the group

connecting the phosphorus atoms Pl and P2 via the

shortest connection in the ligand. The bridging group R3
preferably may have a structure as represented by formula

(I1T),
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connecting the phosphorus atons P and P via the
shortest connection in the ligand. The bridgi ng group

wo@sesms@bl y may have a structure as represenP@mEPR3005/050803

&y

formula (111),-RmRb -Rn- (111) wherein Ra and
i ndependently represent the sane or different
optional ly substituted nethyl ene groups; R represents

an organic group co i siipg L he bival ent bridgi

group G -C throughggém % g?%% connected to Ra &%EJRC
; ra and. n dependently represent a natural nunber in
theWP%ﬁaﬂen G B CoabPERHEREIN TR st |t61ﬁ 58561 oF

o oaREES St AR R G SRR O e AP el 2

group ging group is-re

t enpepat st s rart Ite:graanige gobupr oom@r G i 20 b&@,alaend
wherei n the di hedr | e between th%)plane occupi ed

by Pﬁédgm%é@@ncge@%e%ééoééhp‘@@e@ dt° @s aenaggtedeto R

atom ctly nded to G the direction of P and
Ehet B ahe o AIB du L85 ePRETERF bk SEioH Sitfueneg teralchumbex

andlh h@h@tﬂiﬁgié rctdrpmbondeds) owke tdk it RhdidRelkdlion about
2, isin the range of fromO to 120°. The terns bond

andth%tla?n%rb%ﬁ"’@eéls téer CRERON na Hem re e Kdn Pradgingngroup
Ha nd fa 3r d Editio 1 70, pages
ST oS TR0 R P TaR by, dhote Thet ca k73

I NveshpOfa teNSi i hale thegat os £ abh aghvd 4o 2@oar?«t Cand
res ectlvel rotate EEOUt the axis that runs throu h

t he E%ﬁﬂ% tcff-él% B&P&Eeﬁe@”%‘?ﬁl e PrRES 6’F§Pf96ﬁd by
aboyt a, hond scald il ckr Benoubel 4Pe-1 ot ignal e oron

barriér 1s so of nfati ons are not

per ewétbiﬁ Bendd fey @rit ahEHbcairé@@mrﬁsoprpﬂ,h%_nw RBe
scal e of the experinent. The inhibition of rotatlon of

gr oppsnaboutupi dibiyy dhe tbreheapoessemesrofe &£, C2 and the
atom directly bonded to C2 in the direction of P2, is in
the range of from 0 to 120°. The terms bond and rotation

are as defined in Hendrickson, Cram and Hammond, Organic

Chemistry, 3rd gdition, 1970, pages 175 %% 201. Rotation

according to the subject invention means that the atoms
attached to ¢l and c2 respectively rcoctate about the axis
that runs through the centre of the bond between Cl and

C2. The rotation about a bond is called “free” when the
rotational barrier is so low that different conformations
are not perceptible as different chemical species on the
time scale of the experiment. The inhibition of rotation
of groups about a bond due to the presence of a
sufficilently large rotational barrier to make the
phenomenon observable on the time scale of the experiment
is termed “hindered rotation” or “restricted rotation”

(as defined in IUPAC Compendium of Chemical Terminology,

10



10

15

20

25

30

sufficiently large rotational barrier to nmake the
phenonmenon observable on the tine scale of the

wexpsnsasent i s terned "hindered rotation” or PCT/EP2005/050803

"restricted rotation" (as defined in | UPAC Conpendi um
of Chem cal Term nol ogy,2n d Edition (1997), 68,
2209) A suitable experinent can for instance be an

e PR R TE0073° HEneid 0D ) R0 AN can

pag@gr %@%t%&c%g%eagﬁ AR Aex é?&\ﬁ?e)ht gl%%%@h%@&e{ﬁc

Resonance Spectroscopy, (New York, Academ c Press

19699ndriktksokr,2@rapr ex deghhdiad, tdxejaeuaf ehkydsegen 3rd
atons present in the Ilgand t hat WI|| exhibit _a

sui ¥&HHevhi ¥ G nPRABACERO biP tHe! FBKl WetwdenBeVahd C2
Ri.6d 8L ablng qgr;el%%r eRé§oH9néé e84 Ot Al d QphAbQNEyt hsrpond

bet ween C an he tenperature range at which
susza@mer@]r@ééwa,s 1@6ﬂbuc}t>ed1 2Athi @Jttog-mﬁ@dattbaé thﬁg@ are

oy, SOIMEN SO b L Bnbelnean. 0 0G0 250 0Cy Plbninse

e subj ect rocess 1S COI’]dU

ra%@éblfé @nllf@; Qﬁfuaeﬁeé)d%?y t bR y®ERen cl and C2.
preferably in the range of from15 0C to 150 0C, and

agal n ﬁﬁéeﬁﬁéﬂm abh§re nte M rfaivge rofatiom 4180‘@’(: ‘tf@ﬁ bond
ut,the bond is consi

Th t t
o hren (B T b0 R PR LS PO SR st TG the

st g @oct prildss a8, cbn@ucaéda tienpeiaigdr@ thizdBd@ange may
where the ligand is liquid 0 'f, determ ned under neat
coneRRY YNty e 48| B?Fﬁ‘ﬁe%fo a Suit % Sol PBkt preferably

Accogdi Q%j?’ectt he Jekat Eancahuttdde Pt Gangeloef ribs
|

bi dent at e and is hindered or restricted in solution
or 19 qif dt%t?eﬁQe °6% BRE VPEahere pediguily, iphghe range of

Ot aLhem abqute 4 echend gna £Z.of Ahe. bid9atabe ! i gande

is preferably
t enperae W immgéﬁof"ct ke é@:@] et Phocugstithe abribtghhg

grQggn&of?rééﬁﬁié%fégahgnggrgd, if no rotation is measurable

in the liquid state or in solution, i1.e. at a temperature
range where the ligand is liquid~?f determined under neat

conditions, or in solution of a suitable solvent.

Accordingly, the rotation about the bond cl-c2 of the
bidentate ligand is hindered or restricted in solution or

liquid state of the ligand. Preferably, the rotation
about the bond €1-C2 of the bidentate ligand is

preferably hindered or restricted in the temperature

range of the subject process.

The bridging group RP comprises a chain of 2
optionally substituted carbon atoms cl and C2. These
carbon atoms Cl and €2 form the direct bridge between
RIRZpl-Ra8,~ and -RC,-P?ROR®, so that the phosphorus atoms

Pl and P2 and the optionally substituted methylene groups

11
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optionally substituted carbon atons C and C2 . These
carbon atons C and C formthe direct bridge between R

wWERR008/082880 J11- and -Rc n - P2R R, so that thePCI/EP2005/050803

phosphorus atons p and P2 and the optionally
substituted nethyl ene groupsRa mand Rc n are
connected via the bridging group C- C2to formthe

di hi i gands_ (b). Alth . di fferent
ot PRCT AN B ohT T TBRE Arc  BRERBI S 1F 1l Sire? to

l'i 92pds,  Re PRI SalAmditnedhak apgle was found to be
of high inportiance for thé activity of the catal yst

syst emAK iudwdmainyadgf e engerestat gt egefdomgdbrastthes are
| anes._.The di hedral

angle_fo d.by two intersectin e
onopgoRRhIFGroy THE EEE T B8, P Rt fietaral
f or erdlbywabef phadecwarupifetiby thpotbieee at®@Mthe activity

sequence conposed of the three, ato Cc2 C and the
at oﬁEdFP%c?gga%taeWstt&“b A ﬁhagngt?%%I%fqu gengf@lly

t he g aneq 058 Uph &y d iR rhdHeByat P8 SRERELCS o p1GAes.
and the atomdirectly bonded to C2 in direction ofp P

i s Fhet Aéhedpge I19ke GROTEING20°, the $Hel durPLRamPs 1s
seq c 0 j 0 t [ [ ' P
SR e Ly PR T (o B THe b o
di r eetihencef chldpdsed I9¥ the dhieet bosmofc®, -corarf the atom
herein has the nmeaning that the relevant atomis

si t daredtiy bomadepars ©f imhdikiegandnchfiPlt td the plane
connects C and P, or C2 and P2 , respectiwvely. For

i nsPEREBLeANLY hehe ddEran At om SREVANEF eCeqidl 3¢ thet pkom

g hedaly 2950243, e anale el yReD, 1P B oe LR Snoe
of from 0 to 120°, of the four atom sequence (atom
directly bonded to ¢l in direction of Pl)-cl-c2-(atom
directly bonded to C2 in the direction of P2). “In the
direction of Pl or P2” herein has the meaning that the

relevant atom is situated inp that part of the ligand

chain that connects Cl and Pl, or C2 and PZ,
respectively.

For instance, in the case that m and n are equal to
1, the dihedral angle is the angle between the plane
occupied by the three atom sequence R2-c1-c2 of the four
atom sequence R&-C!-C?-R° and the other three atoms
Ccl-c2-RC of the four atom sequence R&8-Cl-C2-RC. Each
plane is understood to run through the central points of
the respective atoms. In the case that m and n of formula
(IIT) should equal 0, the four atom sequence would

accordingly be P1-C1-C2-P2, and the two planes would be
defined as Pl-cl-c2 and cl-c2-p2,

12
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atom sequence Ra - Cl - C -Rc and the other three
atons ClL - C2 - Rc of the four atom sequence Ra - Cl -

W@2005/08830 Each plane is understood to run thrpomRP100&050803

central points of the respective atons. In the case
that mand n of fornmula (111) should equal 0, the four
at om sequence woul d accordingly be P1 -ClL -C2 -P2 ,

and thef waepha skd fid1eheaS yB acEl N
Q- 22 .Int eagﬁagﬁds %%%lor?ggl ng to tuejgﬁg 8”0@89 Gene

pr o@e%%dréh@&ﬁlﬁe@rsaldeéﬁgleé abo’ﬁl%fi‘rfne@%é\fge flrs>m 0° to
f t |
;2??%@? é eg h‘ig]n]%g ca§55] gl@'éha%her %tfa Y CﬁbFeYSt

e cat em i's obt an
t hesylsheedr:e& tﬂrmgd@yprbeaftaliabbye; sthe dﬁmdxmﬂgem@flef rom

to rmre ferably n.t he da f fromQO°
Lo bEsfeal B 15 BhE FoRge ot rEET 4 1t GiREOTOES
5°. pwf@mﬁlwﬁhlm@ t@nlge b@uﬂﬂozﬁoo‘arub p1a3r°tl Gl most

theory, it js believed that |igands,6 allow ng rotation
aboB?efWéakb]dhd“’ct eCranpgE PESETARIL t'P form a

conf or iEtdRRal LY s8EAl! 8o bbLant e 2O
pal | adi um cent re. Thg bond forned bet m&’:?ag@u&%g Lheory,

maylbel%l @%lm‘mdedf@rt angandat ak hewihd g adsi oe edporicnghe

in eth cal ly Ensaturat ed or aromatic con‘gounds In
t hePeR e oT a§§t BaPe@P BN diifedt icRgIerMgRdcE211lY R

cansPerPX Py £SSfGte complex with the palladium centre.

The bond formed between Cl and C2 may be a saturated
or an unsaturated bond as occurring in ethylenically
unsaturated or aromatic compounds. In the case of a
saturated bond connecting cl and ¢2, RP can be expressed
by ClrR’R”-C2R”'R””, and the bidentate diphosphine ligand
according to the present invention is thus suitably

characterised by formula IV

BN

rR1rRZpl-ra -ClrR’R”-C2R”’R””-RC,-P2R4RD (IV).

In this embodiment, R’ and R”, and R”’ and R”” represent
hydrogen or the same or different optionally substituted

organic group, provided that only one of R" and R”, and
only one of R’” and R”” is hydrogen. If cl and €2 are
connected by an ethylenically unsaturated double bond, cl
and C2 also cannot rotate freely. In this case, R can be

expressed by clr’= c2r”, and the bidentate diphosphine
ligand according to the present invention is thus

suitably characterised by formula (V):

13
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by C1 RR' - CR''R'", and the bidentate di phosphine
i gand according to the present invention is thus

W@ osakdsyo char acteri sed by formula 1V R | R 2pl PCRERIZW5/050803

cIRR" _¢c2R" R""_Rcn _ P2R4R 5 (IV) In this
enbodi nent, R and R', and R'' and R'" represent
hydrogen or the sane or different optionally

substi tut 0 @ani~¢ gL APRy _PE OV hat only o of R
and R ,Méﬁ%lor%gy‘ gn}é%?g% ﬁdﬁé%% S hydrogen.RF)I‘f C1
and onne by.1a t hyl eni cal | nsat ur.at ed

do u%%t@% ﬁ%lgn% aeﬁ%q% };Ils (% ngaﬁﬁ ot°r ot a‘?eeﬁ#ﬁ?eélécfﬂp’n

thi §n6868rafedMbRE VMRr 8388HaP¥n G a RendeR in@d thg p2

bi dent at e di phosphine |igand according to the "present

i nvenai oh asd tdimaguiih abt ynehed Hof eniised iby ther iubaeric
(M:RLRRPL- Rem CLR =CC R" - Rn - p2R5R 6 V)
I £AEMBond PARBEPELIFHG2EIONs aRd & Myt Srfidiiigpration.
UNSAL Y6 2l ey bandind ke dviegandighat on conpaatd ngJpand P2
via Cand C2 may in principally exist in tw isoneric

f or ABNTAJREFRECN Wenfilgefaeloangdadia aiayit 180°, whereas

Conthotha! LPLL ARG O the abhue-Lefddiid A Jbuc o°.

the trans- configuration t'he drhedral ang I s about

180°, e eabsitdtulgetei B2 tomkTfdmnatoonyla hEV dihedreadn

ang ' t,. 0% T tityents R, .to R'" in

for%§?§§?€9%$ g;(ﬁﬂgéﬂén%%ﬁ% sugsglguents, thus only
connected to each other via the carbon atoms Cl and cZ,
or preferably have at least one further connection. The
substituents may further comprise carbon atoms and/or
heteroatoms.

The restriction of the free rotation may conveniently

be achieved by the bridging group cl-c2 forming part of a

molecular structure that impedes rotation about the bond

cl-c2 aElambient temperature, and more preferably at a
temperature range from 0 to 250 °C, and preferably ffbm
15 to 150 °C. This molecular structure may conveniently
be for instance a) an ethylenically unsaturated double
bond, wherein the rotation is impeded by the
energetically advantageous overlap of m-bonds, and/or

b) a cyclic hydrocarbyl structure, in which the rotation
is restricted due to the steric interaction of
substituents R’ to R””, or due to steric strain induced
by a cyclic structure formed by R’ to R”” together, or by
combination of the above factors, such as in aromatic or
non-aromatic cyclic structures. Conformational stability
and hence rigidity may also c) be achieved if the nature
of the substituents R’ and R”, and/or R”’ and R”” is such

that even if not connected to each other they impede

14
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t hensel ves be i ndependent substituents, thus only
connected to each other via the carbon atons C and C2

WO 2@5/0g288d er abl y have at | east one further conPET/EPIING/050803

The substituents may further conprise carbon atons
and/ or heteroatons. The restriction of the free
rotati on may conveniently be achieved by the bridging

et e Rt O AR TR BTl S5 PV a BT Ee

t enpes i irent et ivne . pref enobl goal, aydtempeiabyeEerably,
range fromO to 250 QC, _and Preferabl from15 to 150
0C.0oH Lt ed® & “st-PulPHFel dm %/ COnve fssFEsgnbe M gFogen.

t d,
whor o K0t RESFBEEDTYn D o sl TR B e T B e bRy erat
advmt@gﬁmrmn\yeréua)atdxtupeaomshemmh!@rtoms), ayetymbn:e

hydr o struc ich the rqtation is
AR DR L R e T o L Sl
substidents. Rhilo sRructate dugy tise S Q)fStarnab tionally
i nduced by a cyclic structure forned by R '

t og%w@er oTuRsE idersAnaeE BRA bR t He Wrﬁé@@opglygha@%lc
%E‘r@é% ' Qv}ﬁrchn%ﬂso @b@ﬂ@ﬁéflﬂ&ﬁ (v‘co?;t%li%t Wé%éroatoms

ormational stability and hence rigidity may al so
c) Pechacts erwetd:qqent,héuﬂ}atlure @ilxm SUbStHVIgeENBS ORS -

and R', and/or R" and R'™ s ch, t hat even i f not
connecﬁgﬂtﬁ@léaéﬁrBFFEFe?H% Pt FBATABBEL t he

bon@'u&tﬁuté@rcydl%h@&gﬁ bayéwmgeﬁler |cffyclohexad1enyl
interactions. To thi oaI yet nore preferably, none

of $@b$iﬁ¢@@64r?MQ%Q@§P any, of SRS Bt Hydr ogen. R
pr eézéf%é(m{ l%rﬁM.Clslt u@é&i anrgi’i St LHELY %nkrgbtignally

opt1 strtute et er eoat ons, yet
pr e¢@m1aaz)iry Yeart eatdaloansi @ugh as omtmgehy,drsod@nhbyl, silicon or

SUIUETULE. oS SHtUCLYULe IBY: D6 ARIE e 30 ARELANELLYL
the bond Ccl-c2 is restricted, that the dihedral angle is
in the range of from 0° to 120°, and that there is

preferably no rotation about the bond formed by ¢l and c2
induced by conformational changes, as for instance in
highly restrained acetal structures such as 2,

2-dimethyl-1, 3-dioxolane. In one particularly preferred

embodiment, RP represents a divalent polycyclic
hydrocarbyl ring structure. Such polycyqlic groups are
particularly preferred due to the high conformational
stability and hence high restriction against free
rotation about the bond between Cl and C2. Examples of
such particularly preferred hydrocarbyl groups include
norbornyl, norbornadienyl, isonobornyl,
dicylcopentadienyl, octahydro-4,
7-methano-1H-indenemethanyl, o- and PB-pinyl, and 1,
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further substituted saturated or unsaturated
pol ycyclic structure, which also optionally may

wa@ eovsagas3dhet er oat ons such as nitrogen, sul phurPCEEP20089050803

or oxygen atons. Suitable structures R include for
i nstance substituted cycl ohexyl, cycl ohexenyl,
cyclohexadienyl substi tuted cycl opent ane,

cycd ocraermoq %&1%%' 98§8ﬂaxﬁé3‘ﬁ%tl%r{aliﬁ msﬁugglcleuted

whi ch pt'i onal I'y contai n het'eroato
ni ttv:togtemtasml pletierosicbing ons ode bixygembatvens, with the

provi sq_t hat t on t n

restri ctneaasfehgg l[* éﬁ %l%eafpﬁoal{aen&:lga d gastﬁléq:%ﬁ %erbﬁ‘res’
from QRayt (bel.?LQf ,ar@n@k Rhat St hereriss, Sp-rn&;fsbr Eolryh, NOr mixtures
rotation %éﬂ the bond forne (ﬁi b and .C i nduced b%/
conf /ST TRAG ot A8Fge S OTRE 71 ]F%Csﬁr%fr&énﬁ’?fuﬁleéhlc?n e

r esdhs AR, AG81IR1 gl BehYr €6e SHThe @S 12 angde disMBhhyhe-

|, 3- dioxol ane. In one particularly preferred

enborpdremy, Trepr &sért 328 di val ent pol ycycl ic

hydroc ring structure uch poI C S, are
partic %Fﬁ FgP8FPEHnﬂdﬁfﬁ§ é ?Bgﬁﬁ 5%

st abepidderanyd é?leW1Bhﬁml§/e§{1}5$ﬁiﬁtﬂi’écagﬂmtenftr @Qomatlc
rotation about the bond between C - and C . Exanpl es

of GYRYP ryﬁ}ltqulﬂsarlilylkﬁfieit@rpé‘%l H’l%‘?@'t‘dfﬂ’(ﬁflatﬂ“éub’éa the
i PSRt AR e " SReR OAr B e d SRR Benorure s
i ndﬁf\@fmrhl’mh)du,e ao dné bkigpdhyy, @amd tlg & ddiheeekyl angle

al | of whi ch ptlo aII% be sub t|t ed, or contain
het ?iﬁﬁ(ﬁﬁ?%ﬁ? t e "o 6TRIC | A ¢ at” t he

bi dent atre b&@@ﬁ@lbaéréﬁpré&nQ@ﬁkf%@mdd@cﬁ&ﬁ BeouP, adlych as
RR , SS or RS -nmeso form or mxtures thereof.
Botﬁoﬁﬁ%%ﬁWR#QHﬁzﬁﬂ?nW&CQﬁPEPn?ﬁt%wQﬁQXﬁM?%ﬁ? @ﬁ@PByeaUCh as

pr ofbgeéjxérﬁltﬁtte thegnhegnal aapater i se ithdhe Jpge of
fromO to 120°.
Preferably, the aromatic group R contains only carbon

atoms, but RP can also represent an aromatic group
wherein a carbon chain is-interrupted by one or more
hetero atoms, such as nitrogen, sulphur or oxygen atom in
for example a pyridine, pyrrole, furan, thiophene,

oxazole or thiazole group. Most preferably the aromatic
group RP represents a phenyl group or naphtylene group.
Optionally the aromatic group RP is substituted. Suitable
substituents include groupé containing hetero-atoms such
as halides, sulphur, phosphorus, oxygen and nitrogen.
Examples of such groups include chloride, bromide, iodide
and groups of the general formula -0-H, -0-X, -CO-X, -CO-
0-X, -S8-H, -5-¥, -CO0-5-X, -NHp, -NHX, -NOp, -CN, -CO-NHj,
-CO-NHX, -CO-NXp, -CI3 or -CF3, in which X independently
represents alkyl groups having from 1 to 4 carbon atoms

like methyl, ethyl, propyl, isopropyl and n-butyl. When
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In the di phosphine of formula Il, R preferably
represents an optionally substituted divalent aronmatic

w@e@as2sko ch is |inked to the phosphorus at onsP@T/8P1008050803

groups Ra and Rc . Such an aromatic cyclic structure
is preferred due to its rigidity, and to a di hedral
angl e being generally in the range of 0 to 5 °. The
aro tIC can be nmno Ly u

exanpt & an%g‘%yfgra%u or® C%ﬁctylct&c |cl§r6§p, g%ﬁag‘gy
fom@@ﬂﬂi}ﬁﬁeﬁ wapht by, oﬁﬂrhdill‘@”anyl,l rRAXly 1gpeUpycloalkyl
Pref erably, mati c p ns only carbon
at ofE YUt pﬁe §ﬁa§ﬁ|3§oh?’éb %sﬁmm qﬁﬁrg‘ﬁaf:ia&?gﬁ%oﬁﬁoms
whes @i 1hiA € YridapsChatdubs - hateyT upited 1Y t@ARe@hy DI Eso-
hetero atons, such as nitrogen, sul phur or oxygen atom

i n PEPBaksitEaReEYYLdRRE, 1p9TIENEL . meRyL eﬁrioﬁmeﬂaehexyl-

oxazol e or thi zoI e Most ,preferab

ar omat 10§ 855 BR 'egke(ﬁ’f% Ve pﬁglr?ylarofn%%}p/ o?roup R is
na I I [ prR

it il R e A B R
conylaiah rr.gbrh@tcer at- watbnshsuphosishdrald désmssulypbumere
phosphor us, )é%en and nltrogen Exanpl es of such

gr oRPR eFrn’tl?ll,vde hR8f; 8, aﬁ?oﬁgrlélﬁélerieocﬂrd’élpéndaﬁﬁoﬁbgsof

the genetaly for pdhacelr Bosifidhs, @%x'\&lgothg X and 2
- S H - S$X, - S -X, -NH2, -NHX - , - CN,

- COppwt Lons ,COINHKe aromaiKe, grow®3 or -CF3, in which

X i nde d e I 0 hayi fyom 1

to 4 caiBoeohpkit ol I8 A ALE ik I AT, (BY) Bl

[ sopm@wénc&mj;hy b\atyyh:epV\heanhea amc’mmtalc ngjmm Rnj $he range
subs% %ute ref rabl ubstltLHedevlth an

nor 8 altkyl cycFoaI groups,” prefer abI
havila{:]&né rem g 4 @zlgreaaaeeceiﬁne@n&&g@plt% YRS formed
i nclude nmethyl, ethyl, trinmet % iso - propyl,
tetb@neméy&aﬁhhﬁ B&@mbutﬁlanﬁhe leﬁnﬁunyﬁimh@xyh equals 0,

Most preferably, howeyer, the aromatic group Ris
then either CL or CZ2 will be directly connected to Pl or

%bosphorus

P2, Without w;shing to be bound to any particular theory,
it is believed that the effect resulting from the

particular arrangement of the central bridge formed by cl

and C2 on the phosphorus atoms, and hence on the catalyst

complex, will be diluted by the presence of a larger

number of groups R2 and/or RC. Also, it is believed that
if both m and n equal 0, the distance between the
phosphorus atoms may be rather short, such that the
ligand binds less strongly to the palladium centre atom
of the catalyst complex. Accordingly, due to generally
good catalyst activity found with such ligands, m
preferably equals 0 or 1, whereas n preferably is in the
range of from 1 to 3, more preferably from 1 to 2 and

most preferably 1.
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non - substituted and only |linked to the groups Ra and
Rc which connect it with the phosphorus atons, yet

woreoos/ogesed er abl y, Ra and Rc are al kyl ene gr oupBCT/BPZN05/050803

t hus connected at adjacent positions, for exanple the
1 and 2 positions, of the aromatic group. The synbol s
mand n in formula I1l, IV and V i ndependently may

represefﬂ A RRYUERh RURDES J e ARIE ofchEBOQ?eQem
If the mand n are 0, then the phosphorus atons

andop sea iy entdsy iconrdcyedupo B i gk HOrgmecheky pﬁeand p2
carbon atons Cand C. |If one of mor n equals 0, then

ei t herRZ. k2 @ndddr BE.dThesel i tomnett athyt cthlénoibethe same
wi t hout mnshln%tto he bound to any partlcular t heory,

it PE bR} BV INaC 1 RETERE e8EOYRS Ul HFHP £ FomanRd or RC

parﬁkgyéﬁglbgarmqm& gﬁkym@nse@ﬂs@ bmﬁ%wfe%r BEyR¥ne
Cand Con't hosphorus at ons hence on the

cat aFgeps charpinader sfjood Békwlﬁu@e@lrwp?e r@rmre@@m@e fgpmal to
| arger, ’ g:gegtl gr%@e%éﬁg%ﬁé &%upﬂéa% s

belleve both m an egua t he dlstance
betmebatih@tQMDshhnEu@maﬂenwlhhyabbyleqﬁuupsﬂunt such

he nd inds |le $ t the al l.adi_um
cen%?é 5?% IénggtgPysF %Bﬁp?é an%\ ﬁ@ﬁnStgﬁge
to gepeesathy mﬁnhyﬂﬁmeal¢shya9hey|ty1ﬁéuﬂynemdwa%@ch
| i gands, . m preferably equals 1, whereas

pr ePéPBBWn?s F%F%%tmﬁaaeof 1pp oway}%n% ar}ﬂ)rt@rt—

prefgeablief r&Mmayt Geprardnivabt Ry EELY A dh oy afd
and/ or n have a val ue above 1, then several optionally

substiimnt s edggrapmps MeestapdeRerebhnecat Pleasid 2 tod RE.
Ra and/or Rc . These different may then be the sanme or
i ndeefidaal Ry 9 13 aedhylgnsufEoUPence, Ra and/or Rc

Bl Kyl ont U BRE Y GAET St SOt ARy e RSpEr ©° include

CONptkiy$i ggotpOmidcH ;s disubstituted phenyl or naphthyl
groups, and substituted alkyl phenyl groups such as tolyl
and xylyl groups. groups. Preferred due to the high
stablllty of the obtained ligands and catalysts, are
tolyl and xylyl groups, wherein the methylene substituent

or methylene substituents at the aromatic ring serve as
groups R2 and/or RC. Most preferably, cl and c2 are part
of an aromatic ring, whereas at least one of R2 and/or RC
represent methylene groups attached to adjacent atoms cl

and C2 in the aromatic ring.

Accordingly, an especially preferred ligand family
according to the subject invention is that wherein cl and
Cc2 are part of a phenyl ring; m is 0 or 1; n is 1, and R&
and RC are methylene groups. In yet another especially

preferred ligand family due to easy synthetic

accessibility, m and n equal 1. Accordingly, such ligands
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4 carbon atons) . These al kyl ene groups can be
substituted, for exanple with al kyl groups or

W edasngms®ns, or non- substituted, and nmay forPCTEPEN®ES0803

represent nethyl ene, ethylene, trinethylene,
I sopropyl ene, tetranethyl ene, iso-butylene and tert -
butyl ene, or may represent nethyl oxy, ethyloxy and

Si Mph3edgbAURRe MOSI-AF @hRkaRl Yom8th! n?&?e of,. Ra
and/or Rc is a nethylene group. Particularly sui't abl e
ar oaPResSpRé&uPs2 T ehROMecuBethy Y| ~geoewse suciies are
dis I hen . h p and
subg??%%%g%gg%iy akgﬁjFﬁggg%péhggégyaér?% %ﬁ %ﬂﬁjto the
xyl pliighr obipsdigy cupsthePreberitéd daekbond hesddghsynthetic

st abi | i of .the obtajned |igands_and catal ysts, are

t ol ﬁlva%u%b%yf'é}” g?lbcijp e %ﬁngan?ﬁ\\é AR HyT ts obtained
substthuent esrieédydangysubststefnt suat 4 hei @MY Gor
ring serve as ?roups Ra and/or Rc . Most preferably, C

and Te5tapes phr {1 of A AeSFRREERY LY, 3 whetteainaihyleds O,
one.gf djo \ hy| S .
art ansate Bl e Ehor IR e (Tha E Frot PP -
ri ngericbot dipigbyphiaroresheti) abhyepeef erred |i gand
fanily.&ccordin to the sub%eg; I nvention is that

wher ei ' €Y SRPCI P L BaPEr O 2D N5 ¢githis 0 or

1; Onk§mbet aN€a RabalchtRe catepABLEPYL £OE1 P I8db Rt a VI,
anot her especially preferred |ligand fanmily due to easy

synt het i cREgees$itbi-l FHy+C Aty eqdl <LR4AScor di ngl YI)
such_|igandsbased on the 1, 2-di (Ehosphinonethyl)
ben?BRECHP ¥- PROSHHIHG AM2OX¥BRBsPhPRO Fretyphur atom, an

-bepzens groups &F & Rthioadhal! ¥ussiied @28 ene group,
subj ect process due to the high rigidity of the

ar omat andbpé kbemes seaas phopphbets catyas ) abt | iRd, rndnd R5
due to the very good results obtained with the derived

cat 8RyBt 1BgsYEHASUbh oF R'gand Ré jeintly, and/or R4 and RO

jointly represent organic groups that are covalently
linked to the phosphorus; and wherein Rl to R4 are chosen
in such way, that the phosphinoxgroup R1IRZ > Pl differs
from the phosphino group P2 < R4R5. In these ligands, R4
equals CHyp, m is 1, RP equals C=CHp, and R¢ equals CHjp.
In these ligands, the divalent organic bridging group R3

is represented by the tertiary alkylene carbon atom

C(=X). X preferably is an optioﬁally substituted alkylene

group, more preferably a methylene group, so that R3
equals -C(=CHp)-. In these ligands, rotation about this

carbon atom is also highly restricted due to the

stiffness of the alkylene structure, and the dihedral
angle formed by P1-CHp-C(=CHy)- and C(=CHp)-CHp-P2 is in

the range of from 0° to 120°.
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instance 1- (1,3,5,7- tetranethyl - 1,3, 5- trinethyl
- 6,9, |Otrioxa - 2-phosphatricyclo [3.3.1.1 3 7

WO d@sps2830 2- (ditert -butyl phosphi nonethyl) bePzERPR2005/050803

Very good results were al so obtained with
unsymetri cal bidentate di phosphine Iigand of fornula
VI, RIR2 > pi - CH2 - C<=X)-CH2 - P2 < RR5 (V)

wher ei B Xrb@REEFENE R PXYHRE QW of §H§QQU1[ az%oé%talyst
an amno group, or a optionally substituted a ﬁy ene

gr opP Y itdmad RRmpepsésenthphedphsias igedmpidrntare |

R a inndj_vidualil v, iQlotly, ..
R S
ar eocovtadaeintl .y Thienkedtee vhe Hhosplrarfiest iard inhepethcRlar

| to R.are chosen in such that the phosphino

gr og?)r F?}ﬁgr%&ﬁm‘)&aftfléms rF?%@?IP]’e phos rﬁ’?lr% né{ﬁ&&ﬁoﬁz <

R Re&adQdhesern itgangsesBacequnl $ Lhdgvd ol hyBreqeal such
C=CH and Rc equals CH2 . In these |igands, the

di vaf ertisiyad @Ykﬁfr’-”lod@i“mglﬁrB%btJF?‘i]sarréﬁréé’@ntpéﬁsﬁyce of a

thegterdd afy Al kHiepe carbon atom C(=X) . X preferably
is an optionally substituted al kyl ene group, nore

pr ef er ey sabiechypeaecgs degrnidd ttivaCoRVegtiangn-conjugated
C(= s i - i i

car 5o ST A R HeBRpen e A B AN estl Bmpounds o
st i theessrdfsgdmelialok plredecs s r uttures rard ghh e udinedral

R R TG B0 T b 10 PG aDl y LRSS

|i getigg] averea 1Enplay edteitylantas Al y singonpesidd @mpounds are

oL 00, Tl B el o

r hoghviihg Theon at tey swagalrBundaebhecidy endiedard,i eul ar

for hydrofornulation reaction, i.e. carbonylation

r eaBE¥BMEeT IR pr S3EFER1IEF SR BHRI R0 IR i de,

;Egggﬁﬁ%ﬁgﬁfé?mﬁy IMERG8R edl BoRdblihed! Iy IHA M ®@ne or more
isolated unsaturated bonds per molecule. Preferred are
compounds having from 2 toﬂ20 carbon atoms, or mixtures
thereof, yet more preferre& are compounds having at most
18 carbon atoms, yet more at most 16 carbon atoms, again
more preferred compounds have at most 10 carbon atoms.
The ethylenically or acetylenically unsaturated compound
may further comprise functional groups or heteroatoms,
such as nitrogen, sulphur or oxide. Examples include
carboxylic acids, esters or nitriles as functional
groups. In a preferred embodiment, the ethylenically or
acetylenically unsaturated compound is an olefin or a
mixture of olefins. Such olefins can be converted by
reaction with carbon monoxide and a co-reactant with a
high regioselectivity towards the linear carbonylation
product. Suitable ethylenically or acetylenically

unsaturated compounds include acetylene, methyl
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source of an anion. The subject process permts to
convert non- conjugated ethylenically and

wae@sypsmeo cal | y unsat urat ed conpounds to the PCT/EP2005/050803

correspondi ng products with very high turnover nunbers
due to the high catalyst activity. Suitable
ethylenically or acetyl enically unsaturated conpounds

ar eaceéﬂwe%@,cﬁkcbﬁﬁ%@ra@@ Yhied CAlM MRS ALUERL 8dne,
conmpounds having from2 to 50 carbon atons per
nollesilencor 1apkuby £8N¢ hepWFeNSuiRcaflcacenhyréhteal hgthyl
and, ac iLcal ly_u tar S e

or SARSRLEREE, YU AL AU BB MEYeoPRFerres
Pr ef erdsabckr ereonpetmass hat i oige fimem 21t @i2Bucasbofi olefins

atons, or_m.xtures thereof et r referred are
e orfrd A CRCRFPRBRTS 19P E5H0h SFork s CgRE nbP e at
nosti slkéh aihionsahosntRgad  ee refswiched e9APRYELRLS,
have at_ nost 10 carbon atons. The ethylenically or

aceisHEnicdl Py *GHESt BF af eo tohgBith P ahiy o 6Ft Ryprocarbons

conpy i st divaet.| @Ral cOhouRe OFf SIRIMNRALANEHiSURRXBSre may
ni trogen, sul phur or oxide. Exanples include
carbvoxyl iandagedsbeesnersaded Y ritlasy gy Pdnwiibnahe

ro, r ' t i.C
o Rl pERLEE 68 e et ea e PR R b ach
a nsywttthasicf stkefi As. eBaghhoyled i nsl afdmiloe cooherkt e blye

reaction with carb nmonoxi de_an CO-, Leactant _with
N
car fisuthAl icomciiadueh. tBei pabdened oy enieaal.| Fher subject

acetyl eni cal | unsat urat ed. co unds i ncl ude ,

Ao ITERS TePRFEACRLE B toT by BRAStyREnguch mixtures,
et hys ene, squreepyvene, rbatyk eferh | Sdxitiilene, apenyeBfically
pentene nitriles, nethyl 3-pentenoates, 2- an

d
3- PP eFI I 9Rded. CARBPHBAS ptRf &GP fHedrScKisPa It
m x4 £ &8 Bfg ArRf bRBerObathXitE@ScdipRfd, NgndNdence allows

saturated conpounds obtained for instance in a
an easy separation of the carbonylated products from the
saturated hydrocarbons. According to the subject
process, ethylenicaliy or acetylenically unsaturated
compounds may be converted into very different chemical
compounds, such as aldehydes, esters, acids or acid
anhydride, thiocesters, amides, and alcohols or others.
The specific nature of the product is depending on the
nature of the co-reactant having a mobile hydrogen atom.
The co-reactant according to the present invention may
thus be any compound having a mobile hydrogen atom, and
which is capable of reacting as a nucleophile with the
diene under catalysis. The nature of the co-reactant
largely determines the type of product formed. A suitable
co-reactant is water, a carboxylic acid, alcohol, ammonia

or an amine, a thiol, or a combination thereof. In other

words, the catalyst systems may be used in
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Fi scher-Tropsch synthesis step. In such a synthesis,
usually a m xture of olefins and saturated

whyasogmsbons i s obtai ned. The content of ol ef PAIFEPI005/050803

this mxture mayvary, and nay be increased by starting
of with the synthesis product of an iron- catalyzed
Fi scher - Tropsch synthesis step. An even higher
ol ef i i €0 EOMG AR i0h FBEcHiXhsY & TRy RE-aRiNad 1 BY
catal yti ¢ dehydrogenation, or t her mal cracklng in the
pr esearelel GFs'st eamdrPRatetbf £et Hrvcearctiiensar eiccul ar
sui & ﬁfﬁ n xtures, as it selectively
reac?iﬁ%é%?go e(#hgggggngggtylenlcally non -
conJugé@x&$m@@@p@@nﬁbel¢psﬂﬁﬁﬂtﬁnﬁ Xtsume teict hbhe product
affeeling.d ne af Rer saLural e compounds,, and ence

an easy ‘separation o the carbonyl-a ad prodlict s
f r Odibtditalécﬁtiﬁ‘a&meﬁlhhyidr ooar b@ﬂﬁeaaﬂmw disng toarbbayliic
subj ect process, g Ienlcall or._ac | eni cal

iRt i at B CUMAGRIL Ly e CETer taP IS arGs P the

d|fé§fﬁﬁﬁyﬁ£@ﬂhﬁdb canpeusds, Sﬁmﬁibﬁﬁyahﬁﬁhw@%sof ammonia
esters, acids or acid anhydride, thioesters, am des,

and (EbhoT & GHE idaRar ST ?ﬁ%O%%%%YfﬁmﬁqﬁﬂﬁﬂﬂQ S Bh@"NH will

product i s dep nd ture of th ct

PP R PR BB SR onp THE® RF 7 e s b

aCCpfdd;hﬁl@e to dHioeutesentini tNenibeve riyr fruds d@er@ay;tants,
ngound hayi éﬁg a, nobi | e hﬁdrqgen atom and which is

capBbl B ot P e ng SRS RbcPRODMIF £ Wi 2498 teMene

undesibsed ahysd sorgﬁlaﬁcnataan@a@é thee EOragBAGIAR, alkenyl
largely determines the ty of product formed. A
sui PaAbRBY ok 3 Eectldnt Wh§nma¥1@@nl%1 RArdeIAY @rgciegployed, a
alC Hgil ﬁidy't@%s@nbeere§cﬁ£%€4’w£¥1 %eact with acids
I nation thereof In other words, the catal yst
syspemenhyuzbéemmrﬁaﬁ'lﬁydﬁéf on n@mmk? omd ewdisirongtence, in
NYSROCALDOXY} Ahlrfihil-CBE! LA co VAL OBAAL! fheall 99
reacti ons Nydr oam dati on reactions
always water present. Preferred alcohol co-reactants are

alkanols with 1 to 20, more preferably with 1 to 6 carbon
atoms per molecule, and alkanediols with 2-20, more
preferably 2 to 6 carbon atoms per molecule. The alkanols
can be aliphatic, cycloaliphatic or aromatic. Suitable
alkanols in the process of the invention include
methanol, ethanol, ethanediol, n-propanol, 1,3-
propanediol, iso-propanol, l-butanol, 2-butanol (sec-
butanol), 2-methyl-1- propanol (isobutanol), 2-methyl-2-
propanol (tert-butanocl), l-pentanol, 2- pentanol, 3-
pentanol, 2-methyl-l-butanol, 3-methyl-l-butanol (isoamyl
alcohol), 2-methyl-2-butanol (tert-amyl alcohol), 1-
hexanol, 2-hexanol, 4-methyl-2-pentanol, 3, 3-dimethyl-2-
butanol, 1-heptanol, l-octanol, 1l-nonanol, l-decanol,
1l,2-ethylene glycol and 1,3-propylene glycol, of which

methanol is the most preferred due to the high turn over
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I nasnuch as the co- reactant is water, the product
obtained wll be a carboxylic acid. Anhydrides are

W@bdoaiosasao i nasmuch as the co- reactant is a caP@DERLI00£050803

acid. For an al cohol co-reactant, the product of the
carbonylation is an ester. Simlarly , the use of
anmonia (NH3) or a primary or secondary am ne RNH2 or

R %&Héwalﬂleora%@u%eaeoaﬁh@epawﬁ;nﬁ@% h@%fﬁaﬁegé Bf the
thiol RSH wil | roduce a thioester. In the above -

defohfedinasl m #nt s PTRECT R lfigle Rhamvgpifaemni to 20,
opt t;0 6S I al

R e e L I
ammmrmmers ammaesfr@meZeﬂ@l oyerk rresfeiablyort iton 6otarbon

these co- reactants w react with acid ent
underO¥H it iSH S i&n gh‘ned%m and v%atn?) IQI:LFT@ a5t he
casey@f o AMPHH A DloralirBRati€0- Mdm(ﬁr&iﬁ&re@h@ﬁ@ k8 the
al ways water present. Preferred al cohol co-reactants

ar ehlaqﬁkaWI%OWrt% afhi§VeH, 3 Ko A B P PIARERY12PHNes -

car bon atiQ1s pekcABL 86 &sarpdd alikanadikel, sc%wail s i c
more preferably 2 to 6 carbon atoms per nol ecul e. %’

al ke ottt e Faeifgmaccthigk| i gprdEn: soprar @ﬁaphétlc
.S'UI%}?PCLFS %&J]‘;am] %d Bot hﬁo?é%{%ﬁ btJ“?n t'?lV@l”tt'oO% cir%on
ano ane

i ncl ude net ethanol n- pr opanol
- t)qzmmmzolmolmlepr apdn@llpflam ahd:lhlozsoumahoﬁ 20,

(secbut anol I r opanol |sob tanal)
2- rre?‘ﬁ Ipre%er 8'pa %é Ft fb(g %no rlmoggﬁflgnol
2 penﬂamobub@ecpenhahohylétﬂnﬂIrﬂactlbnbmsaambo known as a

S DA B oRP BhoH] ha-CAsk AL tRE co-

2- hexadodnt 4r4ed h)}ﬁ)dmd% s@&ﬁ&:@noéuclﬁ as3niRihyl hydrogen.
but anol, 1-heptanal - oct ano| - nonanol

1" BRGran 0 Ao B gP Bl Y i g TprispyAe and
gl ye@hro®in WY athdBiharebni $nt dguimstaPraf eldned @ufot ar

the gh turn overachi evabl e and due to the particul ar
useFatHess 99+ Her a ratio within the range of 5:1 to 1:5,

preferably 3:1 to 1:3. Preferably they are supplied in a
ratio within the range of 2:1 to 1:2, and will result in
alcohol mixtures. In particular when Fischer-Tropsch
product streams are used as feedstocks, the obtained
product mixtures can be suitably used for sanitary or
other related applications.

The carbonylation can be suitably carried out at
moderate reaction conditions. Hence temperatures in the
range of 50 to 200 °C are recommended, preferred
temperatures being in the range of 70 to 160 °C. Reaction
pressures in the range of 5 to 100 bar are preferred,
lower or higher pressures may be selected, but are not
considered particularly advantageous. Moreover, higher

pressures require special equipment provisions.

23



10

15

20

25

30

obt ai ned products. Preferred am nes have from1 to 20,
nore preferably 1 to 6 carbon atons per nol ecul e, and

wael@aiosas3o have from 2- 20, nore preferably 2 tBCBEP2005/050803

carbon atons per nol ecul e. The am nes can be
al i phatic, cycloaliphatic or aromatic. Mre preferred
due to the high turnovers achi eved are ammoni a and

pri mar yramme$robais@l og0theast wtiSi 18N the ahisRhathteqy
cycloal i phatic or aromatic. Preferred thio
co- PEAEEART Marerka ) st ithet APEPed WpIeruCt o oveldpes the

pregsr ablyt i Mnaly (6 GaRgB: 86QNSe PRLy 10! £ 3 yse
aliphatic dithiols with 2- 20,rmrepr§era 2106
car bénaateoparpes swlweni evighhenstubpecreasdronyl ati on

reagt | ' 0 .known as hydrof o | ation reaction
in ?hg9§%£§n t RS F§§c¥%ﬁ °F I%?%ﬁﬂﬂﬁ%ﬁf@#&ﬁ?&@ﬁ be
suchaasiedl ectlar ttydraageniofhil speasehes aghievwed vant, in

suppl yjn ar bon noxi de and drogen to the reaction
P Bt her R ont O StraPaP AV Er | G TS Gt oty
Wi t BiiBh} heat@r@eedfhRirbda@bbnd, ©I&f efabd iridisl 4y 1: 3.

Preferably they are supplied in a ratio within the
r ang&°®f k3n9s t3re : zecoamenger| apdstipFthermgeodicohols, the

M XEHERSatdd PRIt LR aaen 5&@8@@15'pggfgg%%%ggg%gygb

streans are used as feedstocks, the obtaine
m xfupeslchy be carhablafomsedef onokegiitar yswrh aisherethanol,

rel Bhg?né‘PP' é?@édﬂﬁ}?exam%— qrbopyl ati om can. b_%x geperal

sui tabl'y carried out at rodefate reactidn condi tions.
Henterhenpee ad leadso in fidmedangecatfb&lylat 200 fodarc: ;

ded f ' ' h
of IDIERL TH8 DT “ReRct R Bebt B 10 LA o o g thes

to 268 baisare, pared etgiethesl evweh 8f HéOghElettHESETRS.
may cted, but, are not conside{fd gartjcularly

b se%e
advgﬁigﬁg Bs. SRRV i éﬁgﬁtantla y consisting of

sulphones are also preferred. Sulphones are in particular
preferred, for example dialkylsulphones such as dimethyl-
sulphone and diethylsulphone and cyclic sulphones, such
as sulfolane, Z-methylsulfolane and 2-methyl-4-ethyl-
sulfolane.

The ratio of moles of bidentate diphosphine,
i.e. catalyst component {(b), per mole atom of palladium
cations, i.e. catalyst component (a), ranges from 0.5 to
10, preferably from 0.8 to 8, and yet more preferably
from 1 to 5. The ratio of moles of bidentate diphosphine,
i.e. catalyst component (b), per mole atom of palladium,
i.e. catalyst component (a), is not critical. Preferably
it ranges from 0.1 to 100, more preferably from 0.5 to
10.

A more preferred catalyst the active species is based
on an equimolar amount of bidentate diphosphine ligand

per mole palladium. Thus, the molar amount of bidentate
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pressures require special equipnent provisions.In the
process of the invention, the unsaturated starting

woraios08mBo and t he formed product as well as theBCT/EP2005/050803

co-reactant may act as reaction solvent. Hence, the

use of a separate solvent m ght not be necessary.
Conveni ently, however, the carbonyl ation reaction may

be gasidKthitd 1ii8ahRepaddinbi ONM 1 IYBSANG. heRerably in
solvent, in particular in the start -up phase of the

r edetd orRng® SIsdcho dat UPEE R PiRIDBEAr Bondheergnge of 1 to
paraf f j.SQa

fur;fa'he%ﬁ%rhéé%glﬂggﬁokéé@tgﬁgﬁggt%Fat ed Eslggogg(rjkl)oﬁg z}\ha' tn
al cohw|sremasicer alfl pxyaehngsiiobt iy thogh@rcamountat vay be
perbé"r?e'affé@ﬂael’. such as nethanol, butanol, 2-ethyl hexan

- |=ol; " 'nonan-1 - ol, or in general terns the al cohols

f or med Pas fearbony| ahé ova prbiictsysekeheps sumboastion

2,5,8-tri oxananan di gl yne di et hyl et her and,
AR (LT es £ S e g ion. A

Sol yent b1 £ WRIricsl BE ahisHbaiankd &l 19t eeRsI S agwehk

sul phones are al so preferred. Sul phones are in
par‘F‘P%‘Eﬂ“a&atpWéJ e - VéFl@S%ﬁn‘?)TJéerﬁ zﬂ%l@uluﬁﬁén%
sucho@se i MRINo sukphengrangd: diet il SiiRRoReaRE s inciude

cyclic sul phones, such as sulfolane, 2-nethylsulfol ane
andaRigmes iat age ghlylonjsahted|kare ofTlheidst hevehg a pKa
nol ' e ol pho Lpe, L. t.al

con‘g%%é;%%%cgﬁy gtgr %D g gthgJ?nngo%a ?Sasgiq:&%r%g’i gﬁgferably

i . elesat@darstd .cAinporenbnéaderivedeSrdnr dine®es acdds0do not

f f 0.8 to 8. _and ferably f
) TS s0p ignalor B ot drledh Grvastr ngy

I . ewhTelh al y stepamonentith)le perndd@Atemwt dhteraction

pal l adium i.e. catalyst co nent . IS not
cri PYCars B essably F‘PlPﬁnggg ‘F}B%ré%?lfnt'o CR3GLYRbrePased
preberaid e fArodnd 2xh@bl®. a good activity.

Suitable anions include anions derived from Bronsted

acids, such as from phosphoric acid and sulphuric acid,
and in particular from sulphonic acids and (halogenated)
carboxylic acids, such as trifluoroacetic acid, 2,6-di
chlorobenzoic acid, and 2,6-bis(trifluoromethyl)benzoic
acid or trifluorocacetic acid, etc. Anions derived from
sulphonic acids are particularly preferred, for example
méthanesulphonic acid, trifluoromethanesulphonic acid,
tert-butanesulphonic acid, p-toluenesulphonic acid and
2,4, 6-trimethylbenzenesulphonic acid. Also complex
anions are suitable, such as the anions generated by a

combination of a Lewis acid such as BF3, B(CgFg)3, AlClsz,
SnFp, Sn(CF3S03)2, SnCly or GeClp, with a protic acid,

preferably having a pKa of less than 5, such as a

sulphonic acid, e.g. CF3803H or CH3SO3H or a
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A nore preferred catalyst the active species is based
on an equi nol ar anount of bi dentate di phosphine |Iigand

w@eoosoedseo pal | adi um Thus, the nolar anount of PCT/EP2005/050803

bi dent at edi phosphi ne |igand per nole palladiumis
preferably in the range of 1 to 3, nore preferably in
the range of 1 to 2 , and yet nore preferably in the

afnd1 dferliadif G0EnPLESERCE: 10><y en 3|

gr an%un srillmafcée benefiEC| a Tera Oﬁll‘bg tt¥on
cat <af ystleyss emicr Wdbhpesi elonhélir tE?ea‘mmreea‘ &ffab;hlyth complex

compiises A quLee ofdn ani gy A suidab e sauige o

ani on- nay rong, or’a wea
Varpp&ﬁempys H@s@%r&%egfa§n99ﬂ£‘tf§ 3 dfbdR16Reacig,
nmetal cation. anpl es thereof include anions-that are

t heW]@D¢11]1 uert e‘iﬁlﬁ@s@%ﬁl aei ESOIHQWth@nRﬂ(EEI(’mea@uwedlaas
8&%55€W¥5¥)t§§é%%%%lgganA alﬁrﬁg é %%) %ﬁyan%ﬂe

€ ani ons deriv rom f hese aC|
weakbyrco-obhratiivatse iw h ahednhaaing:aa; heaisN Hysy_dnthlﬁ is
meant that little or no coval ent interaction occurs
bet WeensEFRd aHi fuesyst GelubiPonat G al§ist ansayed oare

thegﬁeﬁgfw 5y dlidlivis 12 gAREnast i Vif Vis UK takle r%%BBSa PKa

i ncl ude ani ons deri'ved from Bronsted aci ds, suc

f r opepbWSPhoy iandgied apddespkphyrisl Acd bk A sk labove 2.0.
particul ar from sul phonic acids and (hal ogenat ed)
car Bexyples acf deiitslpdle asitei ihqu@acememcaaqid 2pGopionic

di chl orobenzoi ¢ a (trlfluororrethl
ben%m(g gk():lgylglfc £ %ledu rgggrel |l% %%ll%’ B¢ /Ao RS 14 zﬂnd
der hyeandtonsid phaniyc caaivdaianel parié cldiar |c,y>rrespondlng

preferred, for e mst apesul phonj c acid, trif

o S e R Sh GHTREiae, e Lor: *Sheh Mk SApRonrised as the
aci datpryot l@i@ﬁdﬂe@ﬁomcq acaaaapglt%élmp&rent (c) can also
tri rret hyl benzenesul phoni ¢ acid. Al so, conpl ex anions

b CBE TR abe. SIS REaR GARE GURETAIRF RSy LS acid

groups. This advantageously simplifies the purification
of the product mixture.

In the case that the co-reactant is an amine or
ammonia, and the source of an anion of the catalyst
system is an acid, preferably the amount of ammonia or
amine is less than stoichiometric based on the amine
functionality. Inadvertently, when the co-reactant is
ammonia, and to a lesser extent a primary amine, a small
amount of the acid present will react to an amide under
liberation of water. Hence, there is also always a small
amount of acid formed from the unsaturated compound,
carbon monoxide and the water, which in turn replaces
acid converted to amide by the direct reaction as
described above.

The molar ratio of the source of anions, and

palladium, platinum, or rhodium is not critical. However,
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conmbi nation of a Lewis acid such as BF3, B (CgFs) 3,
Al Cl 3, SnF2, Sn(CF3S03)2 snCd 2 or GO 2, with a protic

waeood/ospsef er abl y having a pKa of |ess than 5, PE/EP2085050803

a sul phonic acid, e.g. CF3SG8H or CH3SO3H or
ahydr ohal ogeni ¢ acid such as HF or HO, or a

conbi nation of a Lewis acid with an al cohol. Exanpl es

of such co ex, ani ons ar F2~ 3-,

[ SnEF 28 s é%?gcwﬁﬁn- S.’ ?P‘?’%‘? eﬁﬁﬁly PR @ySuPEetsrably
ani ' baxy i1¢6agi d hS 6 oot
e e e e e

reagh? on. aAgai 0P MOF @nldr @bstapkyfetdel P GR A 138.QN8ng
is an acid having a pKa below 3.6 (neasured in aqueous

sol uof oh dte 118 06 ,enamdcpdt anbieipy eferighd yatatlalsyst
conponent  ( i s .an.acid_having a pKa below .3 0, and .
ot BRRrat b A P pRE B CHRBSRCE ] dsBE vith
sui tBb| gcagi slsrvite) ude sacetibColchthofs OpitaRi CHRCighount of
butgric acid, pentanoic acid, pentenoic acid and

nonBfBi *RCERi P SATRPASTAPENFBALEY PRechrien such that a

cor 58SPOPHE Nendhtt R desler gdiar oduste dnt hesdRaGHQ) a
can be used as the catalyst conponent (c). Catalys

compangnt SYEylearpfalasd d oFeanthencexetriigitg iregineferred
coniaLnt 0o 8" bl ey acLdegopupseJhi ¢ advant ageously
sinmplifres the purification of the product m xture .

I n t he Wasexuddti tyhéncwhickattanonsleae amitpéyek system is

anmpoLa. ; et he. squice o a0,apiop ol e salalsh. o
sysFem IS an aclid, pre erabfny t he anount of "amoni a or

am fgukh $1¥ esRodled 5t @hehi-gNBEr b besed. oM d+4le YPJIRrably

functionality. Inadvertently, when the co- reactant is

ammuni Ghe anshdg® @f |lMsYeroexDeRt mal@rami yoArpald,adun per

smal | amount of the acid present will react to an

ani gelandérolebict anoomsst wareferaeheeln tig edngealogo107°
amount of ormed fromthe

SL!S 3}@;%33%%hﬁgawdper mo ég {he process may optionally be
carried out in the presence of a solvent, however
preferably the acid is used as solvent agd as promoter.

The carbonylation reaction according to the present
invention is carried out at moderate temperatures and
pressures. Suitable reaction temperatures are in the
range of 0-250 °C, more preferably in the range of
50-200 °C, yet more preferably in the range of from
80-150 °C.

The reaction pressure is usually at least
atmospheric. Suitable pressures are in the range of 0.1
to 15 MPa (1 to 150 bar), preferably in the range of 0.5
to 8.5 MPa (5 to 85 bar). Carbon monoxide partial
pressures in the range of 0.1 to 8 MPa (1 to 80 bar) are
preferred, the upper range of 4 to 8 MPa being more
preferred. Higher pressures require special equipment

provisions.
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carbon nonoxi de and the water, which in turn repl aces
acid converted to am de by the direct reaction as

waemsgised above. The nolar rati o of the sour ceCDEP2005/050803

ani ons, and palladium platinum or rhodiumis not
critical. However,it suitably is between 2:1 and 10 :|
and nore preferably between 102 :1 and 107:1, yet nore
pref er athey atMREN atQonl 861 & - 1s ARG HESY -
preferably betweén a10.(2mzlr and 10 :SI' due to tﬁgvenlently
enh&AEEHCACPIViay DdftaReraatEPysh EYSterRIADrM iyl v,

i 80g0°creges SaGLW £B;fhe; g W

as sour ce'g%a%%%%%“%ﬁrt%ﬁe anount flr?ﬁ%}g%irleardﬂieo%f >0
co- tred8Pan€. shoul d be chosen such that a suitable

anmount f.ree acid is present. erally, l.arge. .
sur pl usﬂgfthaeci d over taﬁgofé}n? eaet g}ﬁ F‘irseysﬁng‘f érnrvgﬁ‘tﬂiaﬁ’
to the eahbaoseatbi®aicid aan dkessedhén qliedntpiiye | ToMhiceh

t he (Ilzrgmtal gte_ catal yst systemis used {s not critical
and Ay tGar YW 13 ntRetde daensrsh BBty Hhu A RaR
thedh8RY8e Obr lkbp 1 gHdes shcaf 8Eablyon N dhe-d-anag Qe
10 to 10 nol e atom of pall adi um per " nole of olefin are
used2SpFefeFabty FWNAHE -r ange of 10 to 10 gram atom
per Mol fhe TR PNACESHiT8YEPLLANALI A BE hAkHL byl Ay
the presence of a solvent, however preferably the aci

i s poadlasitbhyesammicesas pronoter. The carbonylation

L BYeRLLon, |8, Ganried: o)

reag%%ﬁ_lchprgéga,%élﬁo _____ 3

he Jpr gsent
out Sder2 eTpet at ures—ant

r eanetbnli ebperatames --@hiosphhkicpobe! ®f 3 O ] riehr2C,

o7 cPGPABFE T LheL b gy 10f OrPBf 0. 150 0C . The

reaction pressure is usually at |east atnospheric.
Suitable pressures are i the range of 0.1

/T\—é

Figure 1: 9-(2-{[di(tert-butyl)phosphino]methyl}-2-

propenyl) -

A mixture of di-tert-butylphosphine (5 g, 34.1 mmol)
and 3-chloro-2-chloromethyl-l-propene (14,04 g, 69 mmol)
was dissolved in degassed acetonitrile (70 ml) and heated
to 60 °C for 16 hours. The solvent was removed in vacuo
and the product was suspended in hexane (50 ml). After
filtration the product was washed with hexane (2 times
40 ml). The white solid salt was neutralized in a mixture

of toluene (50 ml) and water (30 ml) with HNEts (5 ml)

under reflux conditions. The toluene layer was separated,
washed with water (2 times 30 ml) and removed in vacuo,
to yield 3.14 g (40%) of di(tert-butyl) [2-(chloromethyl)-
2-propenyl]phosphine.
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to 15 MPa (1 to 150 bar), preferably in the range of
0.5to 85 MPa (5 to 85 bar). Carbon nonoxi de parti al

w@e@s®snses in the range of 0.1 to 8 MPa (1 to BOI/BR20)5/050803

are preferred, the upper range of 4 to 8 MPa being
nore preferred. H gher pressures require special
equi pnent provisions . The carbonyl ation reaction is

fur t herrieonyRiuent by Eérﬁée&‘ha%g @r 13 e '
t he range of 3Cl)l to 280 °C, pref ecrréfd:L teenpgg %}%gg e

bei dgst intheresurgmoef s8Gntas18A Ok . NMm atthQS‘ p.r QCesS7 ppm.
accordi ngeczao t he present _inventiqn, the car

nmonoxi de a? Heudeali noft Eheut é?ﬁ%ﬁ%a&lcenqlet[éd%mhonane

an {;per &1 8851wdieh Ay t(vegen, C@ébamlglscm@&o% %Oti' & M
gases such as argon or cCo- reactant gases such

ammBAt atigheo Liodnwherape (12 uStmat 62 mynotlne at -50 °C

f ol n e
Pr eggg\ﬁafgfg’%ﬁ(@o i I?H(l t)gt%? [ed%?tgg%ff?o%%m%osﬁhl noj "C for
met Ayftéer rpnupmwlan)i tgephosplha@l Ty ct o [ 3,3 alfftron avinet ch
9- ph phabl ] no e r
{[di %?ert ‘g‘y‘tgy?r) ‘%h%sém ng?e gf}‘% }%rtblbd%élrwl bp-.
A ?(ghmmmétrdn —tze+;>trolph| uhyhphpspmm:&leé 53k9:a13§bdl aorgml )
an - C ropene (14, 04 ,

9 ARDFT: h@\%@ ‘—ﬂ?%vfol%& ngaésgéﬂ 2R Dniths I“@X(t?(?e was
m ) adngubeat £dvdren 60 QGnfieht 16ehilFStudde S0 Vet was
renoved in vacuo and_t he product was suspended in

hex8RBSESRCH)Y duemcdeds Witharabar t e rlod e wedvents
MBSQSQeW&éﬁbﬁﬁfaﬁﬁv%%ub'%ﬁ% #01at)e - (@@%thWE% %@#F@ The

salt was neutralized in a m xture of toluene
andniEEere (Bos mMasheick AWHREL 21t wennokd Itrlefalntgix 20 ml and

Conghé' P8Puen @%atsmrlé%%eldaxg vi8go S&P&?{r?gt e6d 71 g of a
red/orange oil. The product was crystallized twice from
(boiling) methanol, giving a white solid (2.83 g, 42%).
The product could be characterized by showing two
distinct resonance signals in 31p NMR at + 22.1 ppm and -

36.5 ppm.
Example 2: Preparation of 8-(2-{[di(tert-

butyl)phosphinolmethyl}-2-propenyl)-1,3,5,7-tetramethyl-

2,4, 6-trioxa-8-phosphatricyclo[3.3.1.1.{3,7}]decane

Figure 2: 8-(2-{[di(tert-butyl)phosphino]methyl}-2-
propenyl)-1,3,5,7-tetramethyl-2,4, 6-trioxa-8-
phosphatricyclo[3.3.1.1.{3,7}]decane
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washed with water (2 tinmes 30 m) and renoved in
vacuo, to yield 3.14 g (40% of di (tert-butyl) [2-

w@ ehvsossaet hyl ) - 2-propenyl ] phosphi ne. The pr OBCIT/EP2005/050803

could b e characterized b y show ng a distinct
resonance signals in 31lp at d = + 21.7 ppm 2.82 g (20
itinmol)o f the 9-phosphabicyclo [3 .3 .1 ]nonane was

di ssol vied d ol 1680081 ppcade4BHS (3L0|3l4t gone. 83 1lmé1 M
solution o f n- BuLi in hexane (12.5 20 |t|nDI)

at Pcage ot had addégtremetivirard @va%rﬂamamﬁe“@htosﬁhwar m
to 0.0C & mﬁ. i{tean @ wgeécéa tmnr@%z%dm wgéoagged a

, after and “a so ution o
(t elt 6 -Mbsw W) idr2-of chBoLéonénhipéyane 2@3 .pﬁllopré.nyIS] 83 mmol)

3203 hlgg g?hqﬁned %t%rdesgr bfgoab vqﬁgﬂngo n1| For

dde ire was=al f o anbl
t eﬁﬁﬁfﬂé@ﬂi emi ranck svas ds ubseqdenbl y7gushched ny tifteat @hich a

he sol vents ed. in vacu
toI a@#étf% o) ) EEa BT LR K?&%%ﬁ%ﬂ%éy%gh@&opewll-
tW gRo¥bhn¥ad £rddAFiMeld afde?Z Q113) @nds 19w rnd1yend THE

was renmpved in vacuo giving 6.71 g of a red/orange
oi | {5The) pradrddaths Toey SPaFFioR I ¥k &k fasmalBeerngp

et papgl v, gwl wm@c&wﬂoeml s (20834 gand 4294 reE® ion

product could aracterized b y show ng two
di Sltnh.ﬁﬁtlré eﬁmmlﬁdegm&bs BnfEw NMR1Bd mu?chllmmn and

- 36.5 rn Exa e Preparation of 8- (2- {

(t oFeastheRgryS B;ﬁt%”ﬁﬂ FSFtrEnRy PepTOBRCtash affy )complete>
3S§bs¥qué§%1@ﬂﬁﬂﬁy%olv%nﬂs @erértéM@bedsnlvacuo, and the

phosphatrlcyclo[ 3. 1.1 .{3, 7}]decane Figure 2

. 8-
(2- Splidi PYe@pet WasumPCF YoResphrfd] LRl Hjgghanal. (50 ml)
proﬁgﬁﬂl%rad&al:%oé%i%fte@ﬁ@”ﬁ%ﬁ!étgd flefh Jdg QX a-

phos I cyclo decaheTo a sol uti

of deagbéBPBO%Q¢B4Kgdd5b@SChﬁﬁﬁctémsgﬁﬁ=bﬂ.&hqyihg two
tetramethyl - 4,6- trioxa - 8-

tri égrEFé{l%t Srﬁs‘ina’{‘:? ?}lﬁé‘éééné? P ﬂﬁ?ﬁ* (azfo M3 gapPm (P~

addedr@.Bu) and - 34.3 ppm (P-Cage) .
.nExample 3: Preparation of 8-(2-{[di(tert-

butyl)phosphino]lmethyl}phenyl)-1,3,5,7-tetramethyl-2,4, 6-

trioxa—-8-phosphatricyclo[3.3.1.1{3,7}]decane

W‘\'Z% )v

Figure 3: (2—-{[di(tert-butyl)phosphinolmethyl}phenyl) -

1,3,5,7-tetramethyl-2,4, 6-trioxa-8-phosphatricyclo-
[3.3.1.1{3,7}1decane

8.25 g (33 mmol) 2-bromobenzylbromide and 5 g
(34.2 mmol) di-tert-butyl phosphine in 40 ml degassed

acetonitrile were measured into a 100 ml glass reactor
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1.6 Msolution of n-BuLi in hexane (3.64 m, 5.83
mol) at - 78 0OC . The m xture was allowed to warmto

w0 208081380 fi ft een m nutes and cooled to - 78 OPCHER1005/050803

after which a solution of di (tert- butyl) [2-
(chloronethyl) - 2- propenyl] - phosphine as descri bed
under (1.37 g, 5.83 mml) in THF (5 m) was added.

Theu%aftam dlég:ﬁlg\ggﬁeﬁél oy E%M@rtr%dRsong%érlod

(10 was a e reaction mxture
r ef dfixEd Haours flewrpdens, temperaiNNR - Heasuwegweitsile was

showed that the .depr.otec n C ete
Sub%e%%ern e hlé1 S6! C\l/len%}sﬁv\%eé\gﬁlr en%%s elc% t\?&@&ne’aﬁg ml
t hedé@és@lecprmtm anais 7r. 6cmy st al ¢t pethfiremweaichaddked( 590

m ) upon gradual . i sol ield was 1.5
(6)2’6/51 Sa{?ﬁgx‘ihh%e ph &ﬁt gBI}PE Bes c%%ﬁ%@gt I O phasd
sho Aol Y tonaes0Bapseati@nalshd Mmdde N +
20. %él&grm (Ptert. o Bu;phgnd - 24 % ppm ( P- Cgp% Yayek
Exaﬁ%m‘éaglln@r@t?arta?(w@ﬁeof’as S%Qarﬁteffﬁla(ftcbret"-aplor%ﬁ?l yo

h I I 2
P oé%ér]?%ggf@ I}eq{%o ek w?%cgc 0 2[73 %%ﬁi{cﬁl?gtgﬁ)é of

7}] d2clanendhenmel 3(di-8:er(c2bu{:ybllmh@mhm s a light yellow
phOthl no]. net hyl} phenyl) 1,3, /-3fetrame hyl
2061 ¥R ing apﬁc%ﬁﬁé???c?%‘?}é in 2P NMR at +34.16 ppm.

[3 3. L{B.g'}decane1 8. 48 Qhé&ﬁnﬁﬂ@ﬁkalned 2-bromobenzyl
2- br onobenzyl brom de and 5 (34.2 mol

t er { dbut§rtprigsphiniesphiag, n? %@g‘és‘%@?&c@t%ﬁmll Irel 94 g

wer F &0 2 100 b9l ass leiyiq
me?fﬁr‘:\?ﬁ%sﬁﬁ%r@ (?t hen s%{lgrred for a pe |0(§) of 12
houf8.atl ahbii eht] cteemy@r dPummol Thandcetbhia rid (@ Bhas 4
then renmoved in vacug and 30 m degassed t ol uene,

m  dBgasTeel hatertbd FO3URTCt FFES MANHA nd fhere Za?éPd@é

To Ghiss Madsse dfhdd ielhangtn¥asnasdedie ‘dﬂ@%\‘ﬁent of
phase separation. Upon phase separation, the upper

| ayBhe coneashivRE tirates) tenddQasC sepdeated tigg for 12
evaﬁgﬁééngﬁé)mlxture was than allowed to cool to 100 °C,

and was then filtered. The filtrate was cooled to room
temperature, then 30 ml of methanol added were added and
the mixture cooled for a period for 12 hours to -35 °C,
8- (2—-{[di(tert-butyl)-phosphino] -methyl}phenyl)-1,3,5,7-
tetramethyl-2, 4, 6-trioxa-8-phosphatricyclo[3.3.1.1{3,7}1~-
decane was isolated as yellow crystals (2.2 g, 4.9 mmol,

62%), and could be characterized by showing two distinct

resonance signals in 3lp NMR at +38.08 and -38.96 ppm.
Examples 4 to 6 and Comparative Examples A, B and C:

Conversion of l-octene with methanol

A 250 ml magnetically stirred autoclave, made of
HASTELILOY C (HASTELLOY C is a trademark), was
successively charged with 40 ml of methanol, 20 ml 1-

octene, and 0.5 mmol of methanesulfonic acid, and a
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dryness. The remainder was 9 g (28.6 nmol, 87% of
(2- bronobenzyl) (di-tert-butyl)phosphine as a |ight

wQ@ edos082860 | exhi biting a resonance peak in 31pPCVREPR1005/050803

+34.16 ppm 2.5 g (7.9 mmol) of the thus obtained
2- bronobenzyl (di- tert-butyl)phosphine, 2.24 g DABCO
(20 mol), 1.94 g 1,3,5- trinmethyl - 4,6,9- trioxa -

2- PROERDA | CYGHA o [Brristhd: dH defANS 0 AT
0.23 g (PPh 3 C?n n‘rr%r SI nél t ol %ene vverIg)a gggte
i ntond 250 magl gifa§é§lalef§§épcﬁhﬂ%r149‘%"r4 iat nds pherd,
and, L pe, cont efH %fut ;&%ﬁ %S\%SL él?ate%éu%t]e‘éﬂ A
under stlrrlng ours. mxture was t
al Ipmesiamolwblwutm BO(MP‘anaahdnvmcanxm f |'ﬂfteerr©®.ct75hewas

fil cto ro mte erat then 30 M of
ot 2 et W 8 R b SRS R S B tyre
per fod i@rhdlzrsl'lOLErJ.SlallG.y- tBb aﬁ:co&ax(e? -was cooled,

[gégé%ésgg%%etaﬁ{]go%%@ gg]éc{:}?%%i}lttprheew;s? a_nalysed with
8- pAnsPhaks i s diled: %r%q%ac Hs- d@?ﬁ?&? M Srieltated
as yellow crystals (2.2 g, 4.9 mmol 2?, and coul d
be @havgét%@wz-@dﬁmt%hmdnglvm i stohal efigoparc@ol Pd
SI g S 8

PBSL bt SN HecBofBritty 20 A% PO PATSR. 1.
ConEsampb@s of dnd dit dlveveirshonet hagiohyerRH0vidh methanol
magneti.c tlrred aut ocl ave, nade of HASTELLO C
(HASTE aOJ#&C/: ﬁs IPFs errg?%)Sti%es suc&%m vél X

charpsUEnLOh &A0( Hrlsm:um’t h:aﬁlel a 2Daddmdrk o,ctv&srse and

ook it SRS 36, B e b s e

0. ZOmﬂ@th@xﬁeémdﬁsp%caﬂd\zeThegaﬁ@loztnaxﬂ& wad Afosed,
met hanol The autocl ave was cl osed, evacuated, and

pr eE¥AFRZEE i 1M PIASE WarBGn " fbhoxi We? P Fedpsride and

was obhgha hegt $edd. AhDGeacBd §RENERéNELAled RS 85 °C,
tenperature for 10 hours. Finally the autoclave was
cookgg, @ catalyst solution comprising 0.05 mmol palladium

_ acetate and 0.1 mmol of the respective llgand in 5 ml of
methanol was injected into the autoclave, thereby raising
the carbon monoxide pressure by an additional 5 bar. The
autoclave was maintained at 85 °C for 10 hours. Finally
the autoclave was cooled, depressurized, and the reaction
mixture was analysed with GLC. The turn over frequency is
defined as amount of converted products, and given in mol
olefin per mol Pd per hour for the batch operation as
presented in Table I.

In Example 4 according to the invention, the ligand
was 9-(2-{[di (tert-butyl)phosphino]lmethyl}-2-propenyl)-9-
phosphabicyclo[3.3.1]nonane prepared in Example 1. In
Examples 5 and 7 according to the invention, the ligand
was 8- (2-{[di(tert-butyl)phosphino]lmethyl}-2-propenyl) ~
1,3,5, 7-tetramethyl-2,4,6-trioxa-8-
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depressuri zed, and the reaction m xture was anal ysed
with GLC. The turn over frequency is defined as anount

w@boososaser t ed products, and given in nol ol ef i PCPEP2008050803

Pd per hour for the batch operation as presented in
Table | . Exanples 7 and 8 : Conversion of ethylene
with nethanol A 250 m| magnetically stirred

R L

trade Wwas successively ¢
met AanBkamples (@ Snehdl agfomdiihgnegutifie oirmoera:diodl, The

aut vagya ess
3 VRN o R RS RE B R RS el gpv -
wasltbeﬁ h@ﬁﬂ&ﬂtamkﬁﬂyﬂyz,A aﬁdtalcaﬁfwypﬂosgﬂaﬂl on
risin 0. [l adi um acetate and 0 .1 nnDI
B ety elp b TvE T SErab oot St b MadO e >
I nJ ect eth idtm@atdae gut Eﬁhﬁ%@e A hefrebyl iringi kg st Be
car bon nonoxi de pressure an _additional 5 bar. The

aut SYIEOET Zel el IR Né&haftw8590@9%ﬁ9hai@l%6i}r°s[3 3. 11nonane
Finak}y t5%%5%&é&”5®”%d“%%o%99%ﬁ@ sHEREESSUT (£EG- @

t he reactlon m xture was anal ysed with G.C. The turn
ovephbquml@m& ildednad-ahveankybf - Lararered 1-9-

pro Bksfin p -
forgt{ﬁggrﬁ ?P ope[?j;tjl r;gg)lg glr seg egém[gﬂla{q’eo%r mlpﬁ
Exatrpkel dgamod orak nohet 6 vivine ticheeht bnn—dihzeeittgmtj/lwas

9- - di (tert- but S -

pr o%éﬂ?é’g‘lméanap]hoc(r’suﬁha)l?lc()%lr% Fgltyg (%Te{wg%aewteerﬁtr_epar ed
in Eﬁam‘Dblshésphjlrfb]Wl@SZEpaBﬁeﬂyﬁpﬁm@)Md Q te
invention, the Ii and was & di (tert- butyl)
pho§8ﬂPﬁ6Tt3n‘é? rﬁﬁfaﬂ}P e.Zc'prtéi‘ﬁe 99?“ ‘ia% e pymmetrical

t et paget Bybxa-Zddhbrt 11118%3nu 8199%;3%&&&%&@%-32-
.1 .1.3,7]decane prepared in Exarrpf . I'n Exanples 6
and [ ﬁcéorH”‘F@tlf%“ﬁqﬁé’%‘ﬁvém@r*éﬁw{‘ﬁe%| gand was 8-

(2- phdkphhericpily ﬁ@ﬂqsrihlsn@]}]as&hyh} )Cil{@dw}h)]— -

1, 3,5, 9 tetrarret yl tri oxa- 8- phospha -
propenyl}-2,4,6- trloxa 8 phospha—
tricyclo[3.3.1.1{3,7}]decane). In Comparative Example D,
the ligand was the symmetrical bis—trid;adamantyl—ligand
(11,3,5,7-tetramethyl-8-{2-{1,3,5, 7-tetramethyl-2, 4, 6-
trioxa-8-phosphatricyclo[3.3.1.1.{3,7}1dec-8~
yl)methyllbenzyl}-2,4,6-trioxa-8-phosphatricyclo-
13.3.1.1{3,7}]decane). In Comparative Example E, the
ligand was the symmetrical 1,2-bis(di~-tert-

‘butylphosphinomethyl)benzene ([1,2-phenylenebis-—
{methylene) ]bis(di-tert-butylphosphine)).
The results are depicted in Table 1.
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tricyclo [3 .3.1 .1{3,7 }]decane prepared in Exanple 3

I n Conparative Exanple A,
W@ gonswssdcal

the ligand was a
ligand with two 9-phosphabi cycl o PGI/BP2005/050803

. 1] nonane rings attached to an isobutene structure (9-

[ 2-

2- propenyl]
g%h'

bIS -

fert-butyl p

(9- phosphabi cycl o [3. 3. 1] non-
9- phosphabicyclo [3.3
ye Exanple B,

hosohlng -

nal oque

9- ylnmethyl)
.1 j nonane)
the ligand was the symetrica

In
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the |

[1’ 3!

K xchin(ih lay
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S,
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t - bub.ygand 2- { [
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yl

7- tetranet hy
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ligand (1,

dS@betth@y
i ne)
mretri cal
3,5, 7-tetr
| - 2,4, 6-

1.1{3,7}] d

ol b} e, T

)Tphosphim

AMEHBY/mo1 8-
rioxa -_ 8-
c- P8/HF) net

p

"$¥a |-

Seatelkylhivity
le C
r linéar

drdduct, [%]
hyl] - 2-

it

[ 3

¥~ A6 tT
7} 1 decane)

' Q%ﬂOctéhéan
I n Conpar at

SphacpotTi
ve Exanple

cro*[§3 3
t he

Imgamm

was tmhe ymret
’.7_ t et rancg‘_'l:u

ricadctersstr

I oxXExEtant y

1 3 5 7 t

I - | i gand

et ramet h\ll

trifga s 8- P

8. {2
phok iR FITy

1 02P30801. 1.

(3, 7136

E}g s
-p 0s

yTJIEty L be
hatricyclo -

Nz _J_O r{e
3. 3 igfis 7

4 6-1 Xa =
1de6§¥g)

76
In

1’)h

Conpar tI\MEéBGhﬂMee E

/Hl fortJnut u

nd waks@ he

ht byl hon-

gynmet récal

Cpro 0. hen%ﬁeer?ém‘@

oo T

1 bi s* Qi -

[a¥aW
LAY

83

%gﬁ%é 1

DY YT DNOSRIYee)
. Table |

From the above

-1l digs Ul

ts agg depi
ata, it is

cted 1§y
clear that

Chrep u

ns

y e isdalvel i g

Al | and

anﬁsocﬂenﬂl‘

Al ;1:—"-

out &Y f or

nthe 97

AWiaaanal
lelllb

sel ec

tr
L9}

ti

t he use
R and R,
donatin

; CTT 1 |Lgou|u5 1
vity for the d
of two differ
wherein Rl

g

II L.cucrr_y

esired Ilne(
ent ki nds of

and R have Q di fferent

ety —ah
Ar  product s.
substi t uen

MSTEBPER? -

tsaMonyRation

el ectron -
product, [%]

Ex.

7

Ex.5

Ethene

20,000

99,9

BEx.

8

ExX.6

60,000

Ethene

99,9

From the above

data,

it is clear that the

unsymmetrical ligands clearly outperform the symmetrical

ligands in catalyst activity and selectivity for the

desired linear products.

Moreo

ver,

the use of two

different kinds of substituents RI, R2, R4 and R5,

wherein Rl and RZ have a different electron-donating

ability on pl as compared to R4 and RS on p2,

all substituents Rl, RZ,

and wherein

R4 and R® are bonded to the

phosphorus atoms via tertiary carbon atoms results in yet

unprecedented catalyst activity and selectivity for the

linear carbonylation products.
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ability on P as conpared to R and R on p2, and wherein
all substituents R, R2, R and R are bonded to the

w@b@spssus atons via tertiary carbon atons r eBOI/EB2005050803

yet unprecedented catal yst activity and selectivity
for the linear carbonylation products.CL Al MS 1.
Process for the carbonylation of unsaturated conpounds
by contacting the unsaturated conmpound with carbon

nonoxi de in the presence of _a cat Igst system
conprising: (a) a source éilbékkagFan1and/or pl ati num
and (d) an unsymmetrical bidentate di phosphine |igand
of formula |, RIRZ > pl - R3 - p2 < 4R 5| wherein P
and 1p2 ?E‘b?%%%rﬁorpﬁ%pﬁélrﬁgnﬁtléﬁ%?n Rre pisdditig tgd

di valagBbuangapy Codit A% Ny FRURNsBRArRred Reomp &t dvifS
each individually, or Rl and R2 jointly, and/or R and
R | ¢iaFbry PeppiEseatinbrigtiRyrapedshs Ofhat catal vol af wstdny
[in : he. phosphorus; and wherein R--, R2 , R and
R a&gﬁg%ggéﬁsfn such way, that the phosphino group R

- R2 (2)Pa* sdiftersf fpan adiemplosigbirnpl gt bopnP 21 R 4R
52 ., A process accordi t o, clai erein .R _and
naved B BheT T O G0 bR B O o B e RS
on RBdrmuda A, process according to claim1l or claim 2,
wherein R and i ndependently fepresent the sane or

di fferent opti PyPEubsR?tutEéifw%ﬁﬁﬁc group and (I)

whi ch groups,are sqiekg connectsd to each other via
t he BROSPROPUS™AT o pF S RRRF A EPEFRDRE UR G FOTo et hor

PRSI GHDeok S S L P DS Ge! l g, ,
of l4aizp® k5t @adh individually, or R1 and R2 jointly, and/or
R4 and RS jointly represent organic groups that are
covalently linked to the phosphorus; and wherein Rl, RZ,
R4 and R® are chosen in such way, that the phosphino
P2 < R4RO.
2. A process according to claim 1, wherein Rl and RZ
have higher electron donor ability on Pl than R4 and RS
on P2,
3. A process according to claim 1 or claim 2, wherein Rl

and R? independently represent the same or different
optionally substituted organic group and which groups are

solely connected to each other via the phosphorus atom
pl; and wherein R4 and RS together represent an organic

bivalent group linked to the phosphorus atom P2,

35



10

15

20

25

wherein RL , R2 , R4 and R5 each represent an organic
radi cal which is covalently connected to the

WO e@p®818Bve phosphorus atomvia a tertiary car POIYERL005050803

5 . A process according to any one of clains 1 to 4,
wherein R1 and R2 together, or R4 and R5 together
represent a 2-phos rha- adamantane structure or a
phogphiynan ..4: tl &nyb.or® RHOEEaIMACEOEdi N
to Izhy Ao%gogfeggl g??e?g?al{#% 5, m%éroei n wherei Irgl R )
reppgseats wl grryp R4 BadnR® &bck Represer(d lan organic
wherein Ra and R independent!y re%ese t t sane or ., .
di f redberl optidnadls woygespELut 8o (ﬁﬁfp it %’reo&&&Peﬁ ive
rep N GANIG U QUPLERAPr &Sieh anthinval ent
briéglgﬁgﬁg]?%p C - (%2 t hrough aﬁi ch Ris _connected to
Ra and Rpnoanssné@ceoirddaperelefty wiefesdrimg Aatar 4t

nurmber in t rangRezbof fromO to é@ an(?l rei nnr’shtehre

r ot HREERIALDUL TR DIRP RS eRTt e T47 bon atoms - and
G2 9&p§9§e§{iQgilﬁhdHﬁHH}ddaméﬁshﬁéCﬁﬁﬂu@ﬁufﬁ or a
tenperature in the range of fromO 0OCto 250 0C, and

whepéparhhead freehal StEite et ween the pl ane occupi ed
by t:he e+ §0 ff Graine? 126 the
5 ]ngg:rtefci/éaﬁ(s?ﬁ%g)‘iﬂgﬁé £ SOARPSEEL Af Clain? 1

atom'di'r t in the direction of P, and

t he peapenogEYpe 6 BY tdirddenee at grospquence Cl , C2
and the atomdirectly Iinked to Cin the directi of
P2 , is iRe4HRPTRAge of fromO to 120°. 7 . A pr‘gg&s
according to claim7, wherein R 1 represents

wherein R2 and RP independently represent the same or

different optionally substituted methylene groups;
RP represents an organic group comprising a bivalent
bridging group cl-c2 through which RP is connected to RZ

and R¢; m and n indepeqdently represent a natural number

in the range of from 0 to 4, and wherein the rotation

Ca about the bond between the carbon atoms ¢l and C2 of the

bridging group is restricted at a temperature in the
range of from 0 °C to 250 °C, and wherein the dihedral

angle between the plane occupied by the three atom
sequence composed of ¢l, c2 and the atom directly linked
to ¢l in the direction of P!, and the plane occupied by
the three atom sequence cl, ¢2 and the atom directly

linked to c2 in the direction of P2, is in the range of
from 0 to 120°.

7. A process according to claim 7, wherein RP represents
an aryl group, and wherein m is 0 or 1, n is 1, and the

phosphorus atoms P1 and P2 are connected to R through the
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an aryl group, and wherein mis O or 1, nis 1, and
t he phosphorus atons Pl and P2 are connected to R

WO boosogas3d her especti ve met hyl ene groups Ra or RCT/BP2005/050803
directly in adjacent positions on the aryl group. 8 .
A process according to claim6 or 7, wherein R and R2
represent tertiary butyl groups, and R4 and R together

repr - - nt.ane_structure or .
phoceRpaksEvE RICRG e BORRNRENSR ok Gt i adtnfhiny
t o adyenenof pokhtimsnd do e whgieproaphyl ene is
converted to nethyl propionate in presence of

met Banoh . PUOce s prasmssingc&or 8lagnt® anybnehsfredinaRis and

1 tQ,8, wher ei entenoi ¢ aci.d i s converted,to adipic

aci & fEPrRSEH a]?%?l%’dﬁ‘gﬁstiyt]i SH?EBﬁpr?gﬁjn%L:l ) BaSO
souiege@hepalkbpde yaht e -Phohptbl-AHEhaADENE DIt Alcture or a
unsymet ri cal i dent at e di phosphi ne |igand of formula

|, RIRgPbipgn-4pgne Porucqngs (1) wherein P and P2
r eproesent , PHOSHNOL Us, 2L ;toRaﬁ§8ﬁ§S<?f‘tc§laaié1@ valent,
d R, R, R4 an

organi c bridging group; an R each
i ndiwhiedgan| pthptere - iamprRgrGiegt Ly, mahbybrpRdpdorhtR in

j oi ntl rese ic groups that are covalently
Iin%érg%tegnghgj%p %E% %‘?ﬁ's/ and wherein R, R2 , R4 and

R ané®.chosevcess susdorwayg thatnydee phdsqld ing gr aup 8,
R- - > P differs fromthe phosphi no group P2, < RARS .
T2, “ReZELAI DELCEBRpOST L1 bl ACORVAF KL BocPdva feis
wherigi. na Reaingll {3 repiesant onetbhgrys gyl groups, and

R and R together represent a 2-phospha - adanmant ane
st r U@ uPeSBRrSe of palladium, and/or platinum; and

(b) an unsymmetrical bidentate diphosphine ligand of
formula I,

R1RZ > pl - R3 - p2 < RERS (1)
wherein Pl and P2 represent phosphorus atoms; R3
represents a divalent organic bridging group; and R1, RZ,
R4 and R® each individuall&f or Rl and RrR? jointly, and/or
R4 and RS jointly represent organic groups that are
covalently linked to the phosphorus; and wherein Rl, RZ,
R4 and R® are chosen in such way, that the phosphino
group RIRZ > pl differs from the phosphino group P2 <
R4RS.

12. A catalyst composition according to claim 11, wherein

RL and R2 represent tertiary butyl groups, and R4 and R®
together represent a 2-phospha-adamantane structure or a
phosphinan-4—-one structure.

13. A catalyst composition according to claims 11 or 12,

wherein R3 represents a group
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phosphi nan - 4- one structure. 13. A catal yst
conposition according to clains 11 or 12, wherein R

WO e@ses®ai s a group- Ra m- Rb - Rc n - (H ) PMIEER2005/050803

Ra and i ndependently represent the sane or different
optionally substituted nethylene groups; ° represents
an organi c group conprising a bivalent bridging group

C-C thggggb M@%gh_R I srg@pnected to Ra and Rc ; m
and n ind p@n%en Iy represent a natural nunber in the

range of .from0 to 4,.and wherei.n the rotation about
theqﬁﬁﬁgl@eghegﬁdtﬁe Fﬁ%ﬁgﬂmg ECRGGSERoFhEnRame or
bri dgiffe :@neuppksoneslyiaiwd iautad eeRaratHEeqlubbe
range of fromO OC to 250 0OC, and wherein the di hedra
anglR® repwesentheapl angawior upicer lpripire sthyee aivment

sequence conposed o% Cé-, C2 and the atomdirectly
| i nigd 498 g 19K OHReCdTFeckhimanay WhilchaRd dRecphaseted to R3

occupi ed by the three atom sequence C, C2 and the
atoﬁ$5%?%dtpyapgnﬂeﬂn?%P?égﬁﬁi hé BrPEENToR BREBHAL pynber
i n tihe thangenagt bropr&mt® 207, abd. whAeedlbal ¥8t rotation
conmposition according to claim 13, wherein R

r epraéseit $hgnbangll betwesy tdred ostriosi atomssCh and1G2 of the

is . t h sphorus_at ons, Pl. and P2 are connect.ed

Lo R GrRl8r RE KA AT B BTC chBeRnEute b HE

or dianget by ifmoadpatento Kl tinananwhbeeanythgr @liedral

15._A ﬁat%%%st co ogétion accpndin% to an% one of

cl aidfg 1L PESVERD FUF (et T SPPdiey Py §B6r ERTBE akem

ani . . [ I ' t ' o] in .

liggﬁgu%?cFégﬁﬁP§¥%$?5f &R dﬁ %%% e QEBH EEPécﬁiy linked
to ¢l in the direction of Pl, and the plane occupied by

the three atom sequence cl, ¢c2 and the atom directly

linked to C2 in the direction of P2, is in the range of
from 0 to 120°.
14. A catalyst composition according to claim 13, wherein
RP represents an aryl group, and wherein m is 0 or l, n
is 1, and the phosphorus atoms Pl and P2 are connected to
R through the respective methylene groups R2 or RC or
directly in adjacent positions on the aryl group.
15. A catalyst composition according to any one of claims
11 to 14, further comprising a source of an anion.
16. An unsymmetrical bidentate diphosphine ligand of
formula VI,

RIRZ > Pl - CHp-C(=X)-CHp - P2 < R4R5 (VI)
wherein X represents an oxygen atom, a sulphur atom, an
amino group, or a optionally substituted alkylene group;

wherein Pl and P2 represent phosphorus atoms: Rl, RZ, R4

and R3 each individually, or Rl and RZ jointly, and/or R4
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RIRZ > P1 - CH2 -C(=X) -CH2 - P2 < R4 R5 (VI) wherein
X represents an oxygen atom a sul phur atom an am no

WwW@e@a$2860 a optionally substituted al kyl ene gPOL/BP2005/050803

wherein P and P represent phosphorus atonms; R--, R, R
and R each individually, or Rand Rjointly, and/or
Rand R jointly represent organic groups that are
covalently linked to the phosphorus; and wherein R to

v SEFEPRLY kR nl SR ARG BtP R
17. cdva Lesyhyretirileal thi deat phesph@hosphime Whegarid R1 to R4

accordi%lg to cl aism 6, V\,hett_gig %ﬂ_‘re resents a_
et BYT eREOFTOU SUE VAYeat APy stPE oRpo it 9ouP
C_O”EI%E“ Dop BN HASYITRLL L CRbe bbﬁ@&%ﬂﬁo dc_!,ﬂlgﬁ’lfﬂﬂ RER4RS,
l'i gand according to claim 16 or claim17, and a source
of pal |Fadiwmsyrpledtriinain bodertdt (WhphtFphAneatlabgst
conmpgosi tion accordi.ng -t A8 § [_.conprjsi
a ggﬁ?%]édjo?g gtno ‘,chnliac_)lrr]n.g 160, %1@ ré‘;%g'seents rgjn{e%hl}g.ene
group.
18. A catalyst composition comprising an unsymmetrical
bidentate diphosphine ligand according to claim 16 or
claim 17, and a source of palladium, platinum, or
rhodium.
19. A catalyst composition according to claim 18, further

comprising a source of an anion.
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