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WEONPQLANEY The present

WD 2004/ 028689 PCT/ EP2003/ 050654 PROCESS FOR THE
HYDROFORMYLATI ON OF AN ETHYLENI CALLY UNSATURATED

for the hydrofornylation of an ethylenically

unsat urated conpound by reaction thereof with carbon
nonoxi de and hydrogen in the presence of a catal yst
system conprising: 5 (a) a source of group VIII netal
cations; (b) a diphosphine ligand; and (c) a source
of anions. Such a process is known in the art fromfor
exanpl e WO A- 9505354, EP- A- 0495547 and WO A-01/87899.
Al t hough 10 good activities towards a

hy BROCBS SNHCQR ITHE P DROCIRMITATADNadNeal HImeTeNrsasty| |

room for inprove | al en | arger
ethyl enically unggﬁ%%gﬁ§§%§b%8gﬁﬂgﬁgare
hydrof ornyl ated. It is furthernore desirable to
provi.de__such a hydrof or ti on process where high
actyIl % ngs‘i%ttjorb\%ern&&og %%%cﬁ’sor FaPF8Rept o%‘iﬁ:tth%an
bedoificainy@dt idienc £ tdie ephotesscd ISl Canshedrotdd unsiglound
acidic conditions. A-01/87899 rel at es anmpngst |
BY PS8 RRS B b oty P PO RO MUy PEnFERl FyArogen in
s gingsahed 6OMPads.yskt sgesar idgprasspgei fic cl ass
f. bident ate gi hosphines. 20 The phosphorus atons in
Hede SFPAGSH i%%@lapglgoﬂﬁﬁ%ké@tlﬁﬁsé bri dgi ng group
oW diibaBgph Ohe brii@@idigagaoups is described. In
pafsiQ%, al so gycjopentene is nmentioned as a possible
bFh dyisYEGRoh. 2 HAMBver, no bident ate di phosphi nes

CONPucH BOpRo&¥Ed ORENRE bR i€ge ate r28mNest i Ongh1e
Furthernore it is not indicated how such a

e opiimiede BF TR Ul anBeedintedédPo 2hghough

5%&@@&%&’:1@5 OfEvarded 2004408589 1RE1LEPERO3M 05064 2
A- 0226690 rel ates to a process for the

ek oA atthese of s Hrijldgaren EpendProvreepkanpieacially

geseridgert Q@h??@&iéa‘?ﬂyoﬁm%a@ﬁpéﬂ&ﬁic%ﬁ%oﬁﬂgs nethanol

to nmethyl - pentenoate in the presence of a catalyst
kdriiyg asepal Tadiurhuasbearere fsiigahtat o provide

g%%ﬁgﬁdﬁg@gﬁéﬁtﬁ% Boxybis wedd n3guenatipidentate
towards a hydroformylation product can be obtained when
the process is carried out under acidic conditions.
WO-A-01/87899 relates amongst others to the
carbonylation of ethylenically unsaturated compounds.
It describes a specific class of bidentate diphosphines.
The phosphorus atoms in these diphosphines are connected
by a bridging group. A wide range of bridging groups is
described. In passing, also cyclopentene is mentioned as
a possible bridging group. However, no bidentate ’
diphosphines comprising a cyclopentene bridge are
mentioned. Furthermore it is not indicated how such a

cyclopentene bridge should be connected to the phosphorus

atoms.

invention relates to a pPODEBX03/050654



exenplified. The exanples show that, for the

exenplified reaction wth nethanol, a catal yst system
W@ op®ssng 1, 2- P, P' bi s(9- phosphabi cycl ononyl pChEP2e31850654

as a bidentate 10 di phosphi ne has only a noderate

activity (400nol/nol/hr), nmuch |ower than a catal yst

system conpri si ng

R, S-neso- 2, 3- P, P' bi s(9- pho&phabi cycl ononyl ) but ane as a

bi dent at e di phosphi ne (560 nol/nol/hr). It has now

sur m—ﬁi-ﬁ@.lz%%mlfameedtb hatpnM&@safoﬁStrs@eci fic

bé!% d ph h| ne, . ch, as for_exanp
TP 'a FeE R é‘ﬂﬁ‘gé Eacﬁib‘?ﬂﬁ?yl Fhﬁeﬁ’i%‘ﬁéle% slagsadben
tehe a&Taaltysh csf)rl B -ydaof ensndat RRnkASLIEOMhethyl -

ion reaction under aC|d|c

d_ﬁ_(em ally, %dr of or nzl aj%/

Wgagﬁsln.ﬂh XPECEBH® atl dhtEGed YRF t FOrRIGHd'% o t he
@gnaam;; hzmmt-s, 20 va dby g4 ariPhoabhORe PARduct are
obtain

C the present 1 nventjion provides a
Bt Oé‘éf =Gt 3?”?11%93(%&%61‘ Bﬁ%’%}?%‘aeoﬁ*lahoaﬁﬁhﬁkﬁ% Gl |y
suhgtiiraead Tigd reédaa@u@al bowngakyr abede o i eq
rea tion thereof w.th carbon nonoxi de and hydrogen in

PESBNER BITHENO3E RafAF3tS s PyFER commt iSilng: (a)

1a, zswurpc 8167 9 g5iiHpn¥bk by 8BS #n LAt beASene () 2 bidentate
hosghlne It gand having the general fornula l

R2LTP) AR A md%ﬁ@twcéaahtyn@fé%wefmlyhr

Imu eseBk @HaISQa Qpkiepat | yys%&stclohgkeglﬁycl ic group
wth at | east rlng atons, of which one is a

PhoEsEerds a?ol?nblaifr{ -Rhospiswinlenanyl Velltame as a

iRk Ml%wsga 1tnlét QEcbrh&iginRg /W) 2004/ 028689
PCT/ EP2003/ 54 group connected to each

pho§§hBPESH%MXﬁﬁqul§1§@2Y Q@ﬁnwﬁ9uzédth%ﬂkﬂhﬁnaﬁon1 (c)
A a asured_in gus

;ﬁoél ut |l%nlaa%{étrﬂt%ﬁ{TIE %Fggéggﬁﬁ%e%ﬁvcgda%hgggo% g % 5 (d)

Iy 23UP 8161 9t kb akAPBABONTHE. ) pbeoeese of 1§ hsast esent

dPLBRISHOR G- Sy Sﬁ§3¥d@o§ﬁkh%tlé“ &%%%%9050 %{§5c1%%ly a

hydr o6f ornyl ati on of et eni ca unsa at'e
QXQﬁﬂﬁQﬁ@y av¢ﬂnﬂ¥3?ﬁ@%8nspnﬁﬂ#|a§ldeacC©m¢utlons

%E@E'é&%éﬁ%a %nWQQHpﬁéégk&(%OC@BQOQ¥t$g1é§]towards

reactions 10 i n deneral advantages  a
¥ intdrefponel @specipaiodyct are obtained.

Accordingly the present invention provides a process
for the hydroformylation of an optionally substituted
ethylenically unsaturated compound by reaction thereof
with carbon monoxide and hydrogen in the presence of a
catalyst system comprising:

(a) a source of group VIII metal cations;

(b) a diphosphine ligand having the general

formula I x1-R-%2 (I)
wherein X! and X2 each independently represent an
optionally substituted cyclic group with at least 5 ring
atoms, of which one is a phosphorus atom, and R

represents a bivalent optionally substituted bridging
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pronounced when the ethylenically unsaturated conpound
is a large conmpound, i.e. conprising at |least 4

W@ 200bo8682 ons and preferably at | east 6 car bOPCHEP2083/050654

Advant ageously high reaction rates towards a

hydr of or nmyl ati on product 15 can furthernore be

obt ai ned under acidic conditions. Such acidic

condi tions hel p stabilize the3catal yst by decreasing

the risk of reduction of the group VIIl netal cation.

R reprusentoangcbedat @rsachprhosphd yuss whsh byt &ds2D

brl ed to each phosphorus at om by
ﬁ@%gg%gﬁ gﬁrﬁggcafbon atom Both phosphorus atons

can (be al’C@lﬂ:ﬂéCh&dlng mKaand3f heesamedspa by badeiAed

car m_.P fe ably, nprises at | east
gﬂ? (ﬁybrlggze% tar gﬁ?§8§ﬁﬁiv$§;% Eﬁoghd§ﬁnorus

atohd)sasb&rcennécmaﬂukoaaleeparate sp2 hybridized

car bon tom Prefe R represents a biyale

opti ona proﬁ%s?l? é%BBFFa ??mf?f%ﬁ}doeonﬁr?ESQﬁf¥fadﬁy

norceimcﬂmsi rm thbehmmﬂg:emyayt 6o i dgeyiesisadey st ood

theush rte connect bot h phasphor us

R L RIS IR S

t hecthJfaCth,rlalﬁdcm}ﬁen proadpat-adl yo %a:xmhgwslantleea#ctlons
atons in th ?ﬁ% peC|aIIy ferred are those
br i o§i Hg G up 3@ﬁ ag@&n?ﬁ?nf THOZE OREP L& e

brIp&nhodabeﬁhQQEnbthék#tﬁ@@éﬁ@@éigﬂ8ﬁ&%turated compound is
PCT/ 2003/050654 -, atons, preferably at |east 2

ar e cHtn QBB f\/b3r7ee CPBPE! SRS ] IleBFFdﬁeC%lfk?ﬂﬁs atoms

ar eafArTcaadly. aMVbBdasPleetarabh YatRnse PRESERE Sgébusly
bi val ent optional |y substituted brldglng grou
F

conre®t i 5RF EHE phBsph U rFEE o s VAP o BB AT dgie Product

congi st il nefrnbe 5O Zodtdiedi &86k € AN aLeAS: t1 e,
br|dg|ng group R can be an% group, conprising at |east
R

oneSEHY rEHET SBRYL iRy s LRy BER K ® cRebBAtat vTE by

Exanpt £saiingsWel 9 okiRst ideahudecrl kenswe @xehsa\izfﬁﬁ%etal
and aromatic groups, wherein the carbon at on

confRet¥ to 10 a phosphorus atom are connected via an

unsat urrat,eg reged: st wnelikar @ﬁ@f@na@i@“@b@§t9{uted
sui tabl e al kene groups include al kene %rou ps havi ng

nor BL3HEND 9EaPBonC @A cohbPecpeaf@ioaingrus atom by an

sp2 hybridized carbon atom. Both phosphorus atoms can be
connected to one and the same sp2 hybridized carbon atom.
Preferably, however, R comprises at least two sp2
hybridized carbon atoms and each phosphorus atom is
connected to a separate sp2 hybridized carbon atom.
Preferably R represents a bivalent optionally
substituted bridging group comprising 2 or more atoms in
the bridge. By “a bridge” is understood the shortest
connection between both phosphorus atoms. More preferably
R contains 2 to 6 atoms in the bridge, and most
preferably R contains 2 to 4 atoms in the bridge.
Especially preferred are those bridging groups R which

contain 2 or 3 atoms in the bridge. Of these bridge



10

15

20

25

30

from2 to 10 carbon atons, and nost preferably from2
15 to 6 carbon atons. Especially preferred are al kene

w@e@dpss6shavi ng 2 to 4 carbon atons and nore pPer/BPRN0S/§50654

al kene groups having 2 carbon atons. The al kene group
can contain heteroatonms such as N, O, P or S, either
in the carbon-chain or attached as a substituent to
the carbon 20 chain. The al kene group can contai n one
or nore unsaturated bonds. fThe group can be a
straight chain al kene group or a branched al kene

ar oty r@eggﬁifraacb'ﬂéas@ st1al dlpehal or%‘ék%goe
group ene group can have —Substituent groups
atm@&ﬂﬁaibﬂw ﬁﬂlcbwmdﬁaﬂamgmhe&£ﬁ(nﬂana Qﬁommchdﬁt N, O,

i?éréﬁlgyh 9é§45§%q y?rﬁkvgfgﬁp tlgﬁgiﬁ%a' Qgtf%uted

stitu IS an or ar Poup:
prbﬁxﬂqﬂmgyganualkgﬂnamtlagythgrphqsph@wpslstﬁmbfwiﬂnal

b from .car,bon_at ons, such

n TP BB EL G T b R OB R
n butﬁmﬁ B@ldgzndng%dupoR t&mtbekaﬂWybranﬁ Ehe¥ilsing at
Ex l,es _of suyitable
1, fﬁhfﬁgngn ?F?%ﬁ%%ﬁ %%fﬁﬁ%rigézggHEH§V€h€$PmS'
1 Ezeadumjeenwf budn Vgn‘qdpSHEhclﬂ.dér&tJh:}élneL, Zy&lcﬁédl&:ﬂ% and

1, 2- viny | ene; 04/ 0286

%ﬂ%ﬁ% %6g6%%q_wh §§ln tﬁ%t?@ﬁ ony akop F connected to

1 2-pHaypheres 1aPemli tehytonhe 2t &d Nyil2£R@; unsaturated bond

1,3-(1, 3-buta |enyl)(|n | UPAC nonencl ature
1.2 d vl 8h8%1, 2-et hyl ene); wherein the two free

vaI en(ﬂx%&paée spgiaiaedet 8] k&ee RIIVSPROLHEL BIOBLkPe

of .suitable c cloalkene ups i ncl ude
o DB BRGLEP oIOEE g BT EoH IENPS: r FREE dtisrierahie
prefed abky 100824dr0 at®mel NgnAtryE, pae@eﬁg@;t_y from 2

pref abl from5 to 10 ring atons. these ring
%88&@% Faﬁpécga%lhyl%rﬁﬂﬁrf@& BEF bdhkei o BEoups

Tneaxzﬂcd Qakkenecgrnp a10meann§ o @l RrRekes9R) OB SHACh
as N, O, Por S,  either in the carbon-chain or

o TERIRSH 38 RO S 4 A TRRe AEORS-  TRE AXHPHENIERER rEan

Predaf-ah] YetBOWEYSEs SR8 G¥Ch0aD KENQLIEOUR: +1A Yin the
contai ns carbon atonms. The cycloalkene group can

cOPRIERN-GhE 18r oot '€ AHiSat A at e IFdHdEenbuto prRe etaatsion-
15100y, @Bt ah RenONE-JpSaLHr abech Bonde Theygyg! oal kene

ST T MU R S RN
alkene group or a branched alkene group but is preferably
a straight chain alkene group. The alkene group can have
substituent groups attached to it containing heteroatoms
such as N, O, P or S, alkyl groups or aryl groups.
Preferably such a substituent is an alkyl or aryl group,
more preferably an alkyl or aryl group comprising from 1
to 6, more preferably from 1 to 4, carbon atoms, such as
for example methyl, ethyl, n-propyl, isopropyl, n-butyl,
iso-butyl or tert.-butyl and phenyl. Examples of suitable
alkene groups include 1,2-vinylene (in IUPAC
nomenclature 1,2-ethenylene); 1,2-diphenyl-1,2-vinylene;

l-methyl-1,2-vinylene; 1,2-dimethyl-1,2-vinylene;
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heteroatons such as N, 0, P or S, alkyl groups or aryl
groups. Preferably such a substituent is an al kyl or

wa@eoos/028g80up, nore preferably an al kyl or aryl PQr/aRm®03/050654

conprising 20 from1 to 6, nore preferably from1l to
4, carbon atons, such as for exanple nethyl, ethyl,
n- propyl, isopropyl, n-butyl, iso-butyl or
tert.-butyl and phenyl. Mst preferably, however, the
cycl oal kene groups do not _hgve substituent groups
attached to it. Exanples of 25 suitable cycloal kene

gr oupseyic! udecdoeycl opentencl. 2r vl gne; .
1-cycl or%)(}xen- 1, 2¥y>llerfe; %I%?lgyﬁ;%’ll‘%hlép%g?%%}y}'e%e‘{lnylene;
1- eyt G- Gebehadienyly) @me IUBAGeLdmdnclatyekopent en- 1, 2-

yl rdi £ 3=yl ena: wherein the two free
vafﬁcﬁlé]se%g?égégﬁﬁ'g:t eé&tl gn{XL’eq%heorsep o?hg é\‘f% S

t hexskergg es- eyel opemared] £23- yhenshamthorus atoms.

1-cycl =1, 2-vl. r ref.erred. Exanpl es of

sui t ab eﬁgﬁgﬁa?lgcﬂg%%%&% ?H%f% G AERVRE | B Grsifps,
sueyr oz lfkenceyarm € fevihenybrgridign 3VWOLRQ 04, SX868R re

P /050654, .- and pol ycyclic groups, such _as
fg%fs%%%ﬁ gﬁﬁ%t%y‘i?%aﬁﬁﬁﬁy?t%ﬁ@y'i A |ﬂa%ﬁ§%ferably

Pr&faer dblty, 1honaveratdrse Oar bi@dd @ i@gOHPohsS & least two
mopocycli c agroup. The aromatic group preferably has
fr%?ne fptzo%ﬁgr%‘?%e%tc CPnBF T Pr &MF@O%MF%%@%
12can nyprabanshanercmsinspsater adly, fo,om 5rt9, 7TeidHdld in

t T ti t ai I b
at Offt SRETPPRG ArOrE “SEEPBRANTY, > FORSYEF 2othd: artiat | ¢

I cgriinsehant apnerfR®19;, AbkEvdiet @he alends 1ied Ay
atom_ Exanpl es of suitable 18

N, O, Por S as arin

ar%q(?lja}i ISEGPENDSCH iagloﬁﬁ' ohe® dTYCHPa kHRe e9 it AR tas
a cdﬂﬁﬂlnabﬁﬁ1bBQhMQBuﬁ%&t@f@ﬂ@&Qxﬁ%%hdbﬁﬁ'pﬁﬁﬁéfgﬁay
furan, thi oghene, oxazol e or thiazole groups.

p
Preter Gogtar ettt WgRtupateddiate Thropreheaitrpe group

beazenveORhbopat haht RE-ocuBEOBBEd hed @UPitScontaining
substituted. Suitable substituents 15 include groups

c PR NG A8 D-3 Shrs Oz uBhCBhsS hallikgés yrours phuraryl
PhosRiy USre BXYASTY aRdnNkt EEESH + raMBLesy of 1 k%l_ugl} aryl
e

groups include fluoride, chloride, bromde, iodide
andFr YFouPSr6f P¥ RS FeHer P ROFEWHIQK AOYH, 9T OUX3SoNIEE-SX3J

- & XBito §; HorSpirer® $ 28om -INER: 47 NERBhor N4,
such as for example methyl, ethyl, n-propyl, isopropyl,
n-butyl, iso-butyl or tert.-butyl and phenyl.

Most preferably, however, the cycloalkene groups do not
have substituent groups attached to it. Examples of
sultable cycloalkene groups include l-cyclopenten-1,2-
ylene; l-cyclohexen-1,2-ylene; l-cyclohepten-1,2-ylene;
l-cyclo-octen~1,2~-ylene; 3-methyl,l-cyclopenten-1,2-
ylene; 1,3-cyclopenten-2,3-ylene; wherein the two free
valencies are connected to the phosphorus atoms. Of these
l-cyclopenten-1,2-ylene and l-cyclohexen-1,2-ylene are
preferred.

Examples of suitable aromatic groups include

monocyclic groups, such as for example a phenyl group,
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20 -NO2, -CN, -CO NH2, -CO NHX3, -CO NX3X4 and -C13,
in which X3 and X4, independently, represent alkyl

w@e@dpss6shavi ng from1l to 4 carbon atons |i ke PEL/BPL003/050654

ethyl, n-propyl, isopropyl, n-butyl, iso-butyl and
tert.-butyl. If the aromatic group is substituted it
is preferably 25 substituted with one or nore aryl,

al kyl or cycl oal kyl groups, preferably having from1
to 10 carbon atoms. Suitablg groups include, methyl,
ethyl, propyl, iso-propyl, n-butyl, iso-butyl,

te -bytyl phenyl and _cyel ohexyl. Mst preferahly,

hé&g% fﬂy¥ﬁg %ﬁ(ﬁ%ﬁ%9§’gF8é% %ﬁ)ﬁ%& ﬁgﬁ@QE%SQ?QQﬁQ¥ rand

ondntHiviked fodyheyphesphbreseratdtyQmbowsSrace tHwe

electrqps of -t he, doubl e bond, -E calized in the
C

he, d are de
ar Ot ¢ “r PRG™ Bt 10Ut diPECCEF T art i ¢ - & af bt Gt o i CoP
t heredengbayensp2sdubrd diozed. rHencaomshemde: 2004 H2868§9
Pg%/EP%p%B/? 0654 ?; hosphor us atgns c?n Pe
conmBtted®vira B TG RELI B 0P APGRBLY " T bbb 7
at ol eftolmbe Theigardiefier gbbyy dwwevetaintd@ly carbon
phogg&grus atons_are con ectef a&lad'acent gositions,
F oF DR 751 ELPReR HOBrd BB opBERD I EnEoNGH SEhet P GHERTAE ¢
groiy A s¥lcanth X reRy esenbra 1sdtstl hubRd, Ofuch
non-substi t ut ed cyclic,groug wth at least 5 rin

at¥FEr &F RhPERSore® 1% T1BIpRbSPHITIEPAE NPT aflil table

pr &f sahlay g¥btiPs f EPA iBgléné | §19 mcAORB e FHLL GYEIHL o
group can be a_nonocyclic group, such as for exanple
a SHHE A0 eBCORIP oS FFSEPL Bt R I "ShoBPhaRYRI ohesé:,

phesphiaterel, 0BeREY] e Air RIMASRBAS Y&t ArpsQChYE F8F B, a1 Umat ic
pol ycyclic group. Preferably X1 and/or X2 represent a

phEPIRE Bing e%aﬂkwpfgeﬁﬂ@uﬁngh benzang-eQptignel vy Hions,

3U§fbrﬁ’a3tifcobr8ﬁF”P$ Esuibst-iRNeSANAOL L 1@NERLYE S tdent s
8- phosphabi'cycl ooctyl or 15 a 9-phosphabi cycl ononyl

gr SRpLUdRD SFORET aRR RGBSy NBBERO-HEPTENGURD RRpRRSIIRS A
Sugéiéﬁ&&%e%g_@}gﬁﬂepas%uwygw eda Srdhesphabicys onany!

group. The phosphabi cycl ononyl  group can have
severll 953 ERetnelede uthunrdse, FerleHae phrposde of Ladige
i nvention the

pr%?%r?%ﬁfpSSSFE§%$y$%ng dkéfgg %'§%%§$F§G%gda%§b“x3’

noncguhstd tuked [ 353¢3A] @bo-k4x2, Unu2, -nux3, -nx3x4,

9- phosphabi cycl ononyl ~ groups. The two

9- phodphabi,cy-cbenphy | -Qu-ouis , canofsAx4 and -CI3, in
which %3 and X4, independently, represent alkyl groups
having from 1 to 4 carbon atoms like methyl, ethyl,
n-propyl, isopropyl, n-butyl, iso-butyl and tert.-butyl.
If the aromatic group is substituted it is preferably
substituted with one or more aryl, alkyl or cycloalkyl
groups, preferably having from 1 to 10 carbon atoms.
Suitable groups include, methyl, ethyl, propyl,
iso-propyl, n-butyl, iso-butyl, tert.-butyl phenyl and
cyclohexyl. Most preferably, however, the aromatic group
is non=substituted and only linked to the phosphorus.
atoms. Since the electrons of- the double bond are
de-localized in the aromatic ring structure, all aromatic

carbon atoms of the ring are sp2-hybridized. Hence, the
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whanoa/024689 he sane i soneric structure,

both the sane or each a different isonmeric structure.
Most preferably the two 9- phosphabi cycl ononyl groups

[3,3,1] isoneric structure. One or both of the
phosphacycl oal kyl , or nore preferably
phosphabi cycl oal kyl, rings is suitably substituted
with one or nore suitabl e hydrocarbyl groups 30
contai ni ng carbon atons and/®r_ hetero-atons. Suitable
substituents include groups containing het er o- at ons

S%ﬁﬁm %%rﬁ@lé (§HJ%QSUC QEHS ?udégsﬁhéﬂ%&on of

nitro i es o groups 1nc
ckﬂnnmaiec VWIh%B®4dﬂﬁm$689 FhﬁVﬂﬂ%@OO?t@B@ﬁ&Mlyézhowever,

DO Y5 6105 A0S0l 10 BEVGERLoL Y AL T,
- CRSeX3mple NHZ2s T NHXB2 pbEBMXns,NOZ, thE€N:ronE@iNHYroup.
- CO H§ NM3X4 and -C13, in which X3 and X4,

i ndepéndéﬁgl§ %?Hﬁﬁﬁq§§eﬁts%ﬁ%&ﬂt“§P8u6§ PRIVT P St aE 29

t xf1Gar BeBugt Wil dd keaBet Aiyhinehi¥hs, nopn&nydh one 1is
|sopropyl n-butyl, iso-butyl and tent.-butyl. If a

pho PSR €§EFGH6WVI%ﬂdn@ref%r§%%@ﬂnﬁbtéﬁomt6|§9 12 ring

Prefsiabhjesubstid WRAWEA o %no@wl@l &Ydudr QURS,
preferably having from1 to 10 carbon 10 atons, nore

pra&f éogbeyanpben a Q@Sltléartb@rplatr@@ssuéﬁhb‘wted br anched
orpnysfdnaegeh!syéxﬁ omsgﬁacyaaﬁe%@ylsskt ), haaéyex'o-

groups include, Tethyl, et hyl , |so propy ,

bus g ylareoups p- @ﬂtallpowtmyelswgﬁhjg/ rﬂfetslﬂyka}glpuds 2 o
used. The substituted phosphabicyclononyl ring can be

15% egenpot yrRAFNEPEcEal emdvils gppeP ey bl yatdi - sub-
Stiéégte% YRSt o PEES efs%@hyaghﬁoP@%mgl cycl ononyl ring

substitufed wth two nethyl groups. ' Preferred
b| ajehtzétoéphaganm@l@feprtofrlnuaaB(@k)oanhl@méecl@wtylsmr ic

st t ' I
e e LU S s e A S
bemlz@rrei x23x4pPe§brbu s;( %uphesahtaén co)tclnonenylbs)tituted

e R e R RO

Cy§roORexmehazrd 5Evéﬁ£§@somerlc structures. For the

L gufpoeseblo%( %hghgr? elr]natbllocy%kl(e)[ ?3 33 1£]n%r131)é| )[4 2,1] isomers

are preferred. Suitably X! and X2 are substituted or
non-substituted [3,3,1] or [4,2,1] 9-phosphabicyclononyl
groups. The two 9-phosphabicyclononyl groups can have
both the same or each a different isomeric structure.
Most preferably the two 9-phosphabicyclononyl groups have
the same isomeric structure, preferably the [3,3,1]
isomeric structure.

One or both of the phosphacycloalkyl, or more
preferably phosphabicycloalkyl, rings is suitably
substituted with one or more suitable hydrocarbyl groups
containing carbon atoms and/or hetero-atoms. Suitable
substituents include groups containing heteroc-atoms such
as halides, sulphur, phosphorus, oxygen and nitrogen.

Examples of such groups include fluoride, chloride,

pr ef er abPQT/EPI®03/050654
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t hi ophene and
1, 2-P, P bi s(9-phosphabi cycl o[ 3, 3, 1] nonyl)

wey@kopssst ene are especially preferred. Sone 0OPCT/EPR2003/050654

above descri bed di phosphine |igands are novel.
Accordingly this invention also provides a 30

di phosphi ne Iigand having the general fornula I
X1-R2-X2 (I'l) wherein X1 and X2 each i ndependently
represent an optionally substituted cyclic group with
at least 5 ring WO 2004/ 028689 PCT/ EP2003/ 050654 9

a of mh ch ang i h r

%ﬁpg%gﬁts a:b|v§ €§0§?$6%§RE% gggg%g?hg%%ggrldgfng

groyp, CODRECt.RH LS, ea@b @h;o%ph@Lw at-ors py-cw-$pR3,

hybri di zed carbon atom with the prOV|so that the 5

dl—pm?sthHE3J i gk, s ~NoE, 1-Q%,P-RPObNEZ, -CO-NHX3,

cloqpnyl) benzeqp Preferences for the

'égh é ea Hasor iBetnheh &t nangefor elnqgpepdently,

prfgﬁﬁé%@gtegpﬁ§ﬁrﬁ¥ﬂﬁ hgadiphosehi nechi gadwkokh atoms

onpri ses a cycloalkene as descri bed herein before,
an@k%ﬁl@@hﬁlng@%ﬁhl SPAYBAL i OrFCRIESBY br oV TRIEY 1a

ﬂmfﬂweanwwﬁd haviyng the gerebabbi efemdddyll ring
X1-R3-X2°(111) wherein X1 and X2 each independently
r el bRt 1hAtad BptisoRarFyrabs TRGt bR Tty BEp O

W'rﬁcn:eatallk9§s réu}_gé ngare%teggﬁly Q{av\%‘x'gc khrefeliso a0 carbon

phosphorus atom an represents a_ bival ent
cyzt axs, k@néegpb@%ﬁr@mé@@dltw ‘e &GBPBROIPPIBT UL IRCGHY

bybfargﬁ%dhx?f!: gLzed acngyg.oara&g@ caFﬁr %feeﬁeaaesSJpJam@e
e

| i'gands are as” descr her ei n- before. | n another
pr &t lerlr edospbodiabyde t w@tawbho%wme Prepgandl FOTHRAIYds
an, af n'aatnldc ggoﬁﬁtgpnt@r@ gg P8 Pl RS gp&‘iﬁé ot pITs
as a Ting a%on1as escri be ﬁereln bef Or e,
acuesdl ey sthssituvehtitonpabbocyrlovicdgs 512% Can be

d'ghos_ph' ne "ggngs@%g%% ggggg eqaheraga Ul d -

X1TRR Wher &l n i ndependent |y
r eptesarad aMosopprefmlHkylys ubstplnmréwbéwpul@ngmbhprwq s

sub té%é& Qgth two methyl groups. 3

Preferred bidentate ligands of formula (I) include
all isomeric structures of
1,2-P,P'bis (9-phosphabicyclononyl) benzene;

thiophene;

)
1,2-P,P'bis(9-phosphabicyclononyl) 4-methyl benzene;
3,4-P,P'bis (9-phosphabicyclononyl)

)

1,2-P,P'bis (9-phosphabicyclononyl) cyclopentene;
1,2-P,P'bis (9-phosphabicyclononyl) cyclohexene.

Of these, 1,2-P,P'bis(9-phosphabicycle[3,3,1]nonyl)
thiophene and 1,2~P,P‘bis(9—phosphabicyclo[3,3,1]nonyl)
cyclopentene are especially preferred.

Some of the above described diphosphine ligands are
novel. Accordingly this invention also provides a

diphosphine ligand having the general formula II
x1-R2-x2 (II)
wherein X} and X2 each independently represent an

optionally substituted cyclic group with at least 5 ring
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atons, of which one is a phosphorus atom and R4 30
represents a bivalent aromatic group, wherein aronmatic

WO 20vg/028884 ai NS one or nore hetero atons as a rPOLERL003)50654

WD 2004/ 028689 PCT/ EP2003/ 050654 - 10 which aromatic
group is connected to each phosphorus atom by a sp2
hybri di zed carbon atom Preferences for the |igands
are as described herein- before. 5 The |igands can
suitably be prepared as indigated in the exanples,
e.g. by reacting 9-phosphabicycl ononane wth the

appropri ated. di hal o-bri dgi roup. The
%ﬂ%@bhg i ¢PLFRrHane égﬂggﬂﬁVEﬂF%ﬁFP? ba$rihar ed as

deféﬁﬁdyﬁﬁtbyaE$Sf&Hedﬁ o@k10ﬁ£1&¥nsu&@%&tuté@7§%1d§¥ng
89, 10 180154x% The is EE pur e
C

9- ?ﬁfﬁ%hgﬁpeﬁﬁ BhTafEC éﬁf’@ybl’)ea otR4i ned

ashlesatiizked ch Aboh @) ki Gt nP PRt s8PPha € ation No.
PCT/EP02/01036 The |nvent|on further provi des a

cat HBRSPIABADIL T G 1S (&F &' 4T @ISt group VI netal
catd-Hrospandidbe Moy di ng§@@@ne | i gand as descri bed
herein above. ~Suitable %roup VIIl metals include the
net al $rEEREENERT FeKde, Ipaprddiianh asdoipraririnhegein-

t hesere pal  adium and plati num are preferred. Exanpl es
of suitable nmetal sources are platinumor 20
pal | aditumh PERPBURYIS FRoiASNEathes BPhpaphiee ubi Tand

pl %mﬁq@e%ng e;,&ib&l@&ied,assaw&%eﬁ %'rglerbéf%m)@n%

acids, salts o [ ati num or Ea I adi um and carboxyl
acwcsomnmlerptbésrznmw@@ﬁ a @wrcp@dleadauﬁ@pmsphme

Pl 24§ M 2GQRB! eXESgerferdn Whbi, £RTHGN NONOXi de or
acet%laceﬁbng?e 55 or pal Iad?ﬁn1or pl ati num conbi ned

with &ls@B-aZmateri al such as an ion exchanger. (I1I)
Pal | adi un(1.1) ace%ate and platinun(ll)
ac@heyzr%wwetxénané Af ecakaripidencnfieprlef eepagsentt an

SOHﬁEf%ha %& EBSSE§£§%¥§t§§M§%: O&H Jﬂ%% b@vfggéfnb fﬁﬂé

rd 30 ving a pKa < ured I n an aqueous

sohudsmsan oat wh&c:ﬁ: otie aly s ahbsdesiwvedtorer enl Ran be
used. Sul phoni

ﬁlds azg g Eferred Sui t abl e
sufF poTHi ¢ -2l %VF‘ Sudd S EJ BT FHRd s CEBRPT T4 i
ongaé pgHYsPHhorus atom by a sp2 hybridized carbon atom.
Preferences for the ligands are as described herein-
before.
In another preferred ewmbodiment the diphosphine
ligand comprises an aromatic group containing one or more
hetervatoms as a ring atom as described herein before,

and accordingly this invention also provides a

diphosphine ligand having the general formula IV
xl-r4-x2 (IV)

wherein X1 and X2 each independently represent an

optionally substituted cyclic group with at least 5 ring

atoms, of which one is a phosphorus atom, and R4
represents a bivalent aromatic group, wherein aromatic

ring contains one or more hetero atoms as a ring atom,
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W@ ioplozssBL aci ds i ncl ude therefore

WD 2004/ 028689 PCT/ EP2003/ 050654 - 11 hal ogen- at oms,
such as F, d, Br and |I. Exanples of suitable

acid, fluoro-nethanesul phonic acid,

trichl oro- met hanesul phonic acid, trifluoro 5

nmet hanesul phoni ¢ acid, tert-butane-sul phonic acid,

p-t ol uenesul phoni c acid and 2, 4, 6-tri net hyl -
benzene-sul phonic acid. In addition the presence of a
source of halide is required. Suitable sources of

hal i de i nclude halide 6 10 salts pr ef er abl I ts
oI i45P REPHIS.© S Eadf CPURGIT CoNGP Sthesge. aton

K@y argohydpegen;dnldadesnsaiedn. as H, , HBr, or HF
()){ these H, HCL ag?ﬁHEr ar preferred &fdﬁ% i S
most SREEEFPRAES THY eRT I%feuﬁ§a?ﬁ?%ﬁ exelin-
copgpriad, used as 15 starting material, is preferably

an ethylenically unsaturated co ound havrn m2.
£ 20 Tt BOABE SR por L THBLCN GTegR RRe M (R Catet in

t h@f(ee@‘xamlﬁll@&er ée§| e r‘é@ﬂ@@ﬂ@@-pﬂ?@\éhﬁgléf@mrﬂadﬁléo
car bon at orms, m xtures thereof. The advant ages of

t hel gt d@@sepaéeerarfrﬁf 4 bahe-PRIRHIN% AT9BP ar B9 ur t her

esﬁwﬁﬂégﬂﬂébREQEQHﬂgﬁ%hé‘Hén|@6@@%n1éﬁﬂ1ﬁ|§@|§§éééked as
unsat ur at ed coggoun s conprising at | east carbon

at dessridng prefpadr etarrl-edShe® SHHén 396% VOl 5/
preg @f@zglsy %%%hleoﬁr@f&ealqtyhﬁheel CPHMpuAB AL YEBS RShane

conpoun conpri ses or nore carbon atons, preferably
25cam ornrerand eps Lange nthel@reéf ap abPSSHIRGH 8t 0 18

urr%ﬁg?%%& Lheest hyl mc%@&w WS alceabed /6 pgmpound

e“a strai ght carbon chain or can be
br anchBt: iSwienabbe fextprericesifss ihsatalysbdconprising:

COggg“Qd o 1R £l g&&r]&'em%urhé&ai uwcdloqermgrrads

rably such s tuents are al kyI gr oups,
pr éberabdypralsopingr bu@@ct@mpdﬁsmyoﬁ HRTEiN02BOVeDr e

prefergblggbl OEE%uéovfIf J%%ﬁsa599§udé“%ﬂé ﬁétaﬂ?thy|
et hyl , opr opy utyl, 1iso-but and

temhodbum InldE@inppeéleﬁlwmuaﬂﬁbpéaE%mﬂmeﬂﬂfcéﬁﬁﬁe
2004% 9&% & %P%9ﬁ§AQéQ§?ﬁefer}gd unsat ur at ed
e et hene, propene, but ene,
Examples of suitable metal sources are platinum or
palladium compounds such as salts of palladium or
platinum and nitric acid, sulphuric acid or sulphonic
acids, salts of platinum or palladium and carboxylic
acids with up to 12 carbon atoms, palladium- or platinum
complexes, e.g. with carbon monoxide or acetylacetonate,
or palladium or platinum combined with a solid material
such as an ion exchanger. Palladium(II) acetate and
platinum(II) acetylacetonate are examples of preferred
metal sources.
In the catalyst systems of the invention, any acid
having a pKa < 3, measured in an aqueous solution
at 18 °C or any salt derived thereof can be used.
Sulphonic acids are preferred. Suitable sulphonic

acids include sulphonic acids comprising one or more

met hanesul pODEP903/050654
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pent ene, 1-hexene, internal hexenes, 1-heptene,
internal heptenes 1-octene, internal octenes,

wa 2008028689 or i nt er nal nonenes, 1-decene or i NPET/RPL003/050654

decenes, undecenes, nethyl 5 branched undecenes,
dodecenes, nethyl - branched dodecenes,

nmet hyl - substituted or non-substituted C13, Cl4 or
Cl5-ol efins and mi xtures of those. The process is
further especially suitablejfor the hydrofornylation
of nono-al kenes in the presence of 10 di enes. Wt hout

W'h%'i'o gntﬁ%g@st bouad te ANy Ki g@ 9hg fheé%{a)ﬁfp&eg 5?h

t houg 'he presence of dienes sl ows
ac,smwangeowlmé)r@&t aryds ytueln thsrsfown in the

e’ﬁt%%%ﬁésu Vli“%‘;ﬁ% REEGESE Q%l%itﬂgn\é/ﬁufrgk%nﬂ&v tLon

acti I es are even obtal ne ure " of
5rmhéoa©kre¢ré@r@ﬁdlahewe% dg dysedigbuarsubstrate.

T%%tBEQ%?&f%UI t%%‘c&?(}ﬁ?ﬁé‘%ﬁ%ﬁ%”éu? Aslch%%cﬁ 'f or

especl a r of or ition o
exampﬂeeoe$@&nhpnu¢ acmdximdéhdm6etrem®§udoctad|enes,

Qeg ﬂ@&ﬁﬂ%§a%99’°f di met hyl - hexadi enes. 20 The
Ien unsaturafed conpound can further be an

ethylénlc@di@&mmﬁﬁﬁupatemhm&npbandocnupnﬁsmmglde is
function or hetero such ni.t r.ogen,
Lt Pes, SLOUER DbEhEl O A el fitad 288

c&mﬂmxylpcefemabky sastersfcﬁlkahlhmataﬁs Cﬂudﬂ kenéor
méggl S NS e eth%enlc hé unsat t.ed h
coinLS|ng |dn FESF olps 95?%%3 1958 gus
f ars exanpte, ptm,erm HEt idestrand HIpt byl -prent@roat-es.
the et hyl enical | y unsaturated

P f bl h
& %&%aeéoﬁggﬁ%F‘&GnﬂPfgéP% $§fcti onal groups or 30

het er gakossh @lshiicnhiagy Qh@itﬂaﬁ:@ﬁﬂpbbﬁb@@u@m@ée@aééon
atons. In the process of the invention, the

uﬁ%%ﬁﬁEﬁH?eﬂat%¥%ﬁ%ﬂ AG RBEETTNIYaRE £heY IS HEd Wr oduct

Mayh sa€ ki ras e YW AREAMAI2 BE I PELJRP20@3/ 0508bdbor at3ms per
reaction diluent. Hence, the use of a separate' sol vent

i dolggul ﬁec%§s%urf§/lx%6ﬁv?éh?3é%‘f“?y,Prﬁ’Sﬁé%ﬁi a%ecqlf%’ﬁlads
f afaWinat iFeBmr Baed 130N caRYoRCattdld,| o AUkthred Rhereof.

addi ] onal - BLesens of 8.0 Vent, o8, SUS S YLt 8d,
are further especially pronounced for larger
ethylenically unsaturated compounds comprising at least
4 carbon atoms, and preferably at least 6 carbon atoms.
More preferably such a large ethylenically unsaturated
compounds comprises 8 or more carbon atoms, preferably
from 8 to 25 and more preferably from 8 to 18 carbon
atoms. The ethylenically unsaturated compound can further
be a straight carbon chain or can be branched. Suitable
ethylenically unsaturated compounds hence include
substituted compounds. Preferably such substituents are
alkyl groups, preferably alkyl groups comprising from
1 to 6, more preferably from 1 to 4 carbon atoms, such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl
and tert.-butyl. Examples of suitable ethylenically
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5 e.g. paraffins and isoal kanes are recommended and
furthernore saturated hydrocarbons, preferably having

wo camiod8eBd 10 car bon atons per nol ecul e; et her BCHERIDOHB50654

2,5,8-trioxanonane (diglyne), diethylether and

ani sol e, and ketones, such as nethyl butyl ket one.

Sol vents, 10 conprising or substantially consisting of
sul phones are also preferred. Sul phones are in
particular preferred, for_ gyaople dialkylsul phones
such as di net hyl sul phone and di et hyl sul phone and

h.
(t@fg%ﬁyaLg %%6 og%§82 %gh%%% gggg ?ﬁﬁﬁ?ﬁ SGFFoPahe
zmpént@né,nﬁ+mgxen¢veuhybsn¢1(ﬂamaaeslnlthp&ﬁna're@ternal
t t d, ol Lo
v\g}%é)r Ieggg u;noec elil'lre(?s 13E .%I!il!l c%%%e%n r‘%r@%ngﬁsségge%:nal

as ‘asolven ui tabl e
catoriz@cuset- débenﬂ:hralsbénmﬂﬂ ducehabe undederds, methyl-

no noI and | kanols. Pre bl
:g§ﬁ§n§kﬁ not e?ﬁﬂn g %?8%?3??%3@55? Fg 6%% o996 yoes
f myond 1t eud2t tardeen oat aos-aules tiseded Thes ald&analr can be

a straight alkanol or it can be branched. Preferably
t Hes-ailkdnds #ud Brigieked- @hd € -mai n carbon chain of
t he kanol is sub t ed mnth e or I

gr oups,*€2B* f)?%sfserlé"b %H%/I esgﬁeocl} ﬁ%lrtfn%’lneg%o r%r%h

t m@rdm&mylptﬁreroﬂ)hnwanankénds) i a:lae bore sdrares ofuch

as such as et hy opr.op

e RaGRBER JiEsRg £ Be MR TR oA f
suitedihe akkasotisougial wdet o®é MHespentandldienes slows
nmet hyl - hexanol exanol t hyl 30 pt.ano

et T K&t 8Ab F“HY:%%H%%E?B%YS@ Sé)iéﬁﬁ?‘hyg heptanbI Pakge
nedunsieet anal thdbsiodqersef ebabi:cy:.ng heweuer jntdre: ialrk angh

is the al kanol which is qbt ed when_ the
et M5 ieHitd &S| ?r%n%‘é%r%tédné Thd FE*WeF 2004/ 028689

PGI4ER20030@80854 arentd iBydsed aismd %hﬁétﬁ.ﬁl’de.
subsequent |y hydrogenated. A sol vent és ﬁure

pr B rRASCGESE0AERPHE N toh &P ahigEe oM £8°90, nore

Pref sl auww@m fohem Pa ot latieh af kenol
per m of Sul phone; and , if present, in the range 5

f r SRR IPODEENES Hdre “&rxéf‘lé?aﬁﬁyocftr?ﬁe Pﬁﬁﬁglerf‘?%m
0. Hétﬁ@i}re"%)t%hleﬁey\/@érﬂ/o&eelﬁht@}h&wﬁﬂ@aﬁesThe

quant IT}%/e Ier’t]:hylleglcattlhfy %%tsglt)x/l%gtegScto?nrgolu?lduggg ftllrsther be
an ethylenically unsaturated compound comprising
functional groups or heteroatoms, such as nitrogen,
sulphur or oxide. Examples include unsaturated carboxylic
acids, esters of such acids or alkene nitriles. Suitable
ethylenically unsaturated comprising functional groups or
hetercatoms include for example pentene nitriles and
methyl-pentenoates.

Preferably, however, the ethylenically unsaturated
compound does not comprise any functional groups or
hetercatoms and is an olefin comprising only carbon
atoms.,

In the process of the invention, the unsaturated

starting material and the formed product may act as
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not critical and may vary within wide limts. Usually
anounts in the range of 10-8 to 10-1, preferably in

wo b@402868aNge of 10-7 to 10-2 nol e at om of G oRQI/EP10D3/050654

nmetal per nole of ethylenically unsaturated conpound
are used. The anounts of the participants in the
catal yst system are conveniently selected such that
per mole atomof Goup VIII netal fromO0.1 to 10,
preferably 15 from 0.5 to 6,3and nore preferably from
1to 3 noles of bidentate o][i phoshi ne are used; from

0..1.t0.15, e abl fr t 0,_a re .
pr% éjgal\é?yd r%grﬁetrl' ?-nggefm esqjos% Ogn%o%e %Sargcgg Sgitvgnt is
comyl eecansary sdumgenighel hy droogerrhatheeghmd d be

present in a ratiq of 0.01 to 1 . 20, hydr n

P e b et A oL ntur T ‘Frarard WRr o1f N SBgfTopat
t herasange &f e <hlbehnd . 18s amcbinpshtupeeée rabinodartohe,
range of 0,.5.t0 5 | _hydrogen halide e | of

i e e et s T T T
priegsheesocrd sdmuraarge hofiro@rbbn6b pasfarsblpr efaeiihegd.

In . the process according to the. present _.invention,
{HETRADGR PRrE R CAATBebs AP iR TES CHITE T BF
did g,edtwhbRamndrer(digagsnsuc iiashpl et vgennd carilkone,

di oxj de or nobl e gases C s arqon. For

AT R P as LT R Bet Bk Xei s Sehetise 30

hy@l{)n@ga@ingr o_ﬂgg@g?mﬁrighny @or{m@r’cﬁdgf Sﬁu&gﬁ:@hoﬂaﬁl _arg

carpon MNOoXI de an rogen are prerera Su | e

P LEBIARCTF e | PP TRPEF0gEN b PERE LG Horie TR Ted

Wi réx*aﬁ@lé%]ﬁ@ll%_flsul?héné@ dudh aRr ef ge ey Vs Bighdre and
: The molar ratio of WD 2004/ 028689

1: 3. /
PCH P2963£ 88083 And ¥SLiRy T bEHeto E4FBOT nBHdaldes

can.ddfdnyeneenibghdngre, of ai px oGt 2phepRyEshil Miemd had
desired product is an al kanol, an excess of hydrogen

i 52 Teadded ~focbhubiE e hydr ogenati on of the
ori gi ngl by pheraeskdldehydreof Hiketrereor Ther®{aie ank

the desired product is an al kanol, preferably a nolar
r a2 H R ShpaROgE "1 e e Ao RS RD Mk idd € O WWEE R Pt HeH&nge

of s fkahd1® Lndtlcds HisededThe Sysh of @onybati@ixGan
be.suitably carried out at noderate reaction

c obift Hyden gonpeptkanafpanst ppe¥at nde - Toefarfel vf 50
t 0 ZP0-3 18081 ke PIRNasdn Br ehesd ethore preferably

from 4 to 12 carbon atoms are used. The alkancl can be
a straight alkanol or it can be branched. Preferably the
alkanol is branched ‘and the main carbon chain of the
alkanol is substituted with one or more alkyl groups,
preferably alkyl groups comprising from 1 to 6, more
preferably from 1 to 4 carbon atoms such as such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl
and tert.-butyl. Examples of suitable alkanols include
methyl-pentanol, methyl-hexanol, ethyl-hexanol, methyl-
heptanol, ethyl-heptanol, dimethylhexanol,
dimethylheptanol and methyl-octanol. MOst preferably,
however, the alkanol is the alkanol which is obtained

when the ethylenically unsaturated compound is
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W@ orseed,

tenperatures being in the range of 70 to 160 C.
Reaction pressures in the range of 5 to 150 bar are

but are not considered particul arly advant ageous.

Mor eover, higher 15 pressures require special

equi pnent provisions. The invention will be
illustrated by the following non-limting exanples.
Exanple 1 Preparation of _ 14

1 2- PP bi s(9- phosphablcyclo[s 3. 1 nonyl)) 20 benzene

A0S Y8 SOLGL) SRS RSB L,
Z@lxtgrézaoraﬁmla)olwf coftairdi drabheyrimfe, f.Zroﬁw] Octlane, 10,
1
oSS BRI o[ 3T FERE TS a8 3 % Sl Plopikancd
t @erakil s¢f rs\;ilmwxlephas@hj rne‘; maclelsadtun(rozjtmtiah@ah{n a?f

QVer Ni
’1< 6%%60(%’1 Vted“)l é\% gl%‘%dé%%p' S ﬁttl{xée 9

dur ec at e
1,4 odi az@bncrycﬂ @[ NZQE]Wm@eIryrﬂfLogérmﬂmhoche S
forne 30 Af.ter .coo 0 the m xture is
fil te?fé %uafntlﬁﬁ’oﬁnco% &9 th CFES%QS’T ehe S8 ot 8ﬁed' +s
cmyst akstotall,2xbivay (z[aBy 3~::Ii§|h191- [DBJOS phiahi toy.c lemanane)
benzene are fornmed. The n@u' d i s.decanted, and the
praélﬂ’&#éttsré%r% drgeedtf +Hm WO 2@0&/ OQ%%@Jfably in the

PCT/ EP2003 216 .10 f .hot 't .
e 00 R 0 2ePar IR alno Pfe o e pex
obtcdiened ety kenjicelld yohinatug ted0 compbund e yzatie
di o 31P d_1H NMR 31P
o ARiRE? s Bt i i BN SRR i
ZH)re Zoﬁﬁe@:pd?ﬁt(l%& sipcted. 2:ch ZhppnpéMndd)atdowarpl e 2
ar at

g?é“‘?ﬁ’?c}sﬁgﬁ‘l 8yt 57 3%, PERERYRASLY cycl opent ene
1ofr_»%n2©05nto S@hlmm\@eéspkewwymft:bmg:ento & naphkenhe
IS charged W th

1 B Bﬁn@ﬁQﬁ gﬁé 8s g:%gay Hn6|§o(ﬁ5 preferably
1, A~ @78bt6yDd 0[ah? mdrechetaradlqd Gr&mbl MWl mfles of

anion source or a complex anion source. The hydrogen
halide should be present in a ratio of 0.01 to 100 mmol
hydrogen halide to 1 mmol group VIII metal. More
preferably in the range from 0.1 to 10 and most
preferably in the range of 0.5 to 5 mol hydrogen halide
per mol of group VIII metal is present.

Carbon monoxide partial pressures in the range of
1-65 bar are preferred. In the process according to the
present invention, the carbon monoxide can be used in its
pure form or diluted with an inert gas such as nitrogen,
carbon dioxide or noble gases such as argon.

For hydroformylation the coreactant can be molecular
hydrogen, or more generally a hydride source. The carbon
monoxide and hydrogen are preferably supplied in a molar
ratio of hydrogen to carbon monoxide within the range of

10:1 to 1:5, preferably 6:1 to 1:3. The molar ratio of

| ower or higher pressures nmay be BEI/EP10081050654
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9- phosphabi cycl o[ 3. 3. I I nonane, 1.16 g (1 mml) of 15
tetraki s(triphenyl phosphi ne)pal | adi un{0) and 60 m of

wogloe0eR68The mi xture is stirred overni ght at 1BOI/EP2003/050654

during which period a precipitate of 1, 4-

di azabi cycl o[ 2, 2, 2] oct ane hydr ogenbrom de is forned.
After cooling to 100 Cthe mxture is filtered hot.
Upon 20 cooling of the xylene solution, a precipitate
of - 15 -

1, 2- PP bi s(9- phosphabi cycl o[ 3. 3. 1] nonyl ) - cycl opent ene

[ 9 ter f I K -35.C i guid
[ zlyd%eégﬁf&eod%r%ophg%g}gd u%%%urglgﬂlgecp%y ts(;ite"l %pgﬁgog\ﬁ th
hetrodpet hareglared. When the desired product is an alkanol,

1, 2-PP.bis(9: [ 13 I
cf%ll 85%%%%’5 %ﬁ%ggghg%c+e%dyFé% %9%%(1%1.%'%9 (12. 4

rog&fdfiorpurie thecortgimp tly ItPnacichiddieR. o31P NVR

minyld
( 012) . -2 pm.1 : Cl2) .. 2. 60 m
s copeh b at AT PR e 3 PR ey
3 p3efPrelphy & ireriaaf ratio of hydrogen to carbon monoxide
3,4-PP bjs(9-phosphabi cycl o[ 3..3. . nonyl) thiophene
3,Wiﬁgr}’nb{d§{ i%%sﬁ%agi' y%? gl[%g i%n%sny(%l') t hi ophene WO
2004/ 08 68 REH 280360 586bhe sulFabliy qurepadedut rom
3, 4-di bronot hi ophene i.n_a sim/]ar as .
L TSIBRbE U PGy AR Ly YO 3 FA PP oS = Fe AP ehe
| sangeepar &@ ¢ @00l,°2- drbr csmp@ehase, preferred
3,.4- PP bj s(9-phospha- bj cycl o] 3. 3. 1] nonyl ) t hi ophene, is
oﬁteﬁﬁpﬁéak‘i‘%e%qiﬁ@gd +6f Qge 4@%‘}%8&]{%&%%{#@ GoRgiption
gl_i)lﬁe(sgaﬁgéaﬂ t(k%'rfﬁb@amiizb gi\ﬂ?lsocaaf:m% gndz&lrmpm(s,

, 2. pm (s, , 1.4-2.2 pp m . In
exXSf5res” 1&%%:3”@5%5?&T%%ﬁxé%?é‘é‘e% ﬁi’@tsrﬁéﬁ ot
1, ZmRRdbi84 Sodhisihakil ¢y sd@drk agebliBONYb tedBNIZ EME ghdO
BPCP = 1, 2- PP bj s(9- phosE_)habi cycl o[ 3. 3. 1] nonyl)
cﬁ&@éﬁéﬁ?%n@@%ﬁiﬁﬁ=§peCla equipment provisions.
3, 4- PRhbi sfdephiosphabncye! ol Bis3rhlaanyy ) tidienhentng
BPET = 1, 2- PP' bi s(9- phosphabi cycl o(3. 3. 1] nonyl ) ethane
BPEN -2 1l pEog pidHH&Si-cycl of 3. 3. 1] nonyl ), 2- P(9- phospha
15-higyel o[ 3. 3. 1] nonyl - et hyl ) benzene BPFB =
1,'2“5%&5- i 'S(9-phosphabi cycl o[ 3.3.1]nonyl) 4,5-di -
f | BEfosrBahoBn@f 1,2-PP'bis (9-phosphabicyclof3.3.1]nonyl))

benzene

A 300 ml Schlenk vessel under nitrogen
atmosphere is charged with 9.44 g (40 mmol) of
1, 2-dibromobenzene, 22.4 g (200 mmol) of
1,4-diazabicyclo(2,2,2]octane, 13 g (91 mmol) of
9-phosphabicyclo(3.3.1]nonane,2.32 g (2 mmol)
of tetrakis (triphenylphosphine)palladium(0) and 150 ml of
xylene (solvent). The mixture is stirred overnight at
140 °C, during which period a precipitate of
1,4~diazabicyclo[2,2,2]octane hydrogenbromide is formed.
After cooling to 100 °C the mixture is filtered hot.
Upon cooling of the xylene solution, crystals of 1,2-bis-
({3.3.1)-9-phosphabicyclononane) benzene are formed. The

liquid is decanted, and the product recrystallized from
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BPBU = 2, 3- PP bi s(9- phosphabi cycl o[ 3. 3. 1] nonyl ) but ane
BPCH = |, 2- PP' bi s(9- phosphabi cycl o[ 3. 3. 1] nonyl ) cycl o-

wQeoohessee MSA = net hane sul fonic acid FSA = PCT/EP2003/050654

trifluoronethane sulfonic acid Exanples 4 -8,
conparative exanples A-D, Hydrofornylation Exanples 4
-8 and conparative exanples A-D were 25 carried out in
a 350 mM magnetically stirred autoclave. The

aut ocl ave was charged with agsubstrate as indicated
intable I, 30 mM of ethylhexanol, 10 m sulfol ane and
01Bomh1 ofs Wadtefeo1QeRd. Mol (56 ng) of Palladium |l
acetate, an anmount of a bidentate di phosphine as 30

| ﬁd?c%%%&p|H?9§§@P81F¥C%ﬁﬂ§ -@n lapdnt) dfergsing as obtained

| Aﬁt flushed w
ﬂroggqgh%ﬁﬁfgﬁ FovE 3nsg§ g§ﬂ?%§§%°®F?ﬁnﬁa?%o

rraaaxmemm aBlmﬁNMRal cDFIESSULeG0f

to a partial pressure V%?g%04/0286§%Q%C7/EP%Oégyg%g%

- 7185 pifm 4A0n,b&H) , Sibs@quent(ny, 2Hhe 2 s topin WS $epR) ed
and,t e, t re heated to a tenperature as
|nd|cgtedﬁﬁp a%ﬁg?l and mai ntai ned at that

t Enpepdd & e for 5 hours. In table | the initial rate
o% carboqylatloq do , . . The

o

rayeloﬁemaﬁhnn nDnOX|de consunptlon over the flrét 30
% subst e .cqQn on. After cooljng, a sanple was
takenif%@f'nqlhgcg‘gﬁf‘ TS PREST 2ET19%nd  anal ysed
bytﬁBSpméKENﬂﬁ Ghﬁ@gﬁﬁO@IﬁthO @h@zpamﬁﬂnt@ge 10

al k d the t t of duct,
B R B ePeabres O -Phd BB CBFRHGSH 1 near

allkaH@iaszQ@lﬂlfo,[ZbQSEIbCQﬁnfeDGSt@t@ (mmtl offal kanol
pr.oduct indicated in_table |I. The renmai nder

cgnﬁp?§%QFQﬁﬂ¥ﬂ¥$?3an%HVH@@eané k@t%n@s“ﬁﬁ& atétal s,
Whk€haRf £ ﬂﬂpﬁf%@dbﬁb@pﬂﬁa@@@@@ga_ﬁ?mﬁ cfa'aiﬁ%ln@bsml of

FurthernDre sonme hydrogenati on uct was

oﬁ?éﬁﬁ%di”*héu&ﬁﬁﬁﬁtl%fSWﬁﬁﬁﬁgg@ﬁ%¥n%ﬁPt BprdQuck: i s

i adwﬁ@axahidh tliedl a Jhe-i@ipackneats 4-n table |
indicate that the catal yst according to the invention

i SLABPRIGHTIUE FoRdPESAEE HYGFEPBR AP G R S2Gopraduct
t B@Res 08B PP cAnboCat eSS xture is filtered hot. Upon

cooling of the xylene solution, a precipitate of

1,2-PP'bis (9-phosphabicyclo[3.3.1]1nonyl)~cyclopentene is
formed. After further cooling to -35 °C, the liquid is
decanted and the residue purified by stirring with hot
methanol. 1,2-PP'bis(9-phosphabicyclo[3.3.1]nonyl)~
cyclopentene is obtained in a yield of 4.3 g (12.4 mmol,

56%), pure according to 3P and 1H NMR. 31P NMR (CDyClyp):

-25.9 ppm 1H NMR (CDpClp): 2.60 ppm (m, 4H), 2.26 ppm
(m, 4H), 1.4-2.1 ppm (m, 24H).

Example 3
Preparation of 3,4-PP'bis(9-phosphabicyclo(3.3.1]jnonyl)

thiophene
3,4-PP'bis (9~phosphabicyclo[3.3.1]lnonyl) thiophene
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WO 2004/ 028689 PCT/ EP2003/ 050654 -19- -P U o\lo OO
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Olspﬁrefare& frcfm |3 (= ]d”brémot‘}uro'phghle I?\ﬁ%%\)ligéqvgx as
1,2- PP'blS 9- phosphab1cyclo[3 3.1llnonyl)cyclopentene is
prepared from 1,2-dibromopentene. 3,4-PP'bis(9-phospha-
bicyclo[3.3.1]nonyl)thiophene is obtained in a yield of

40%, pure according to 31lp NMR (CDyCls): -24.4 ppm 1H NMR
(CDpClp): 7.08 ppm (s, 2H), 2.46 ppm (s, 4H), 1.4-2.2 pPpm
(m, 24H).

In examples 1-14 and comparative examples A-H:

BPBE = 1,2-PP'bis(9-phosphabicyclo(3.3.1]nonyl) benzene
BPCP

I

1,2-PP'bis(9-phosphabicyclo[3.3.1}nonyl)
cyclopentene

BPTH = 3,4-PP'bis(9-phosphabicyclo[3.3.1]nonyl) thiophene
BEET
BPPT

1,2-PP'bis(9-phosphabicyclo(3.3.1]nonyl) ethane

I

1-P(9-phosphabicyclo{3.3.1]lnonyl),2-P(9-phospha-
bicyclo[3.3.1]lnonyl-methyl) benzene
BPFB = 1,2-PP'bis(9-phosphabicyclo[3.3.1]nonyl) 4,5-di-

fluoro-benzene

BPBU = 2,3-PP'bis{(9-phosphabicyclo[3.3.1]nonyl) butane
BPCH = 1,2-PP'bis(9-phosphabicyclo[3.3.1l]lnonyl) cyclo-
hexane

MSA = methane sulfonic acid
FSA = trifluoromethane sulfonic acid

Examples 4 -8, comparative examples A-D; Hydroformylation

Examples 4 -8 and comparative examples A-~D were
carried out in a 350 ml magnetically stirred autoclave.
The autoclave was charged with a substrate as indicated
in table I, 30 ml of ethylhexanol, 10 ml sulfolane and
0.5 ml of water, 0.25 mmol (56 mg) of Palladium II
acetate, an amount of a bidentate diphosphine as
indicated in table I, and an amount of acid as indicated
in table I. After being flushed with nitrogen, the auto-
clave was pressurized with carbon monoxide to a partial

pressure of 20 bar and hydrogen to a partial pressure
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WWp WH 10 04 CQ04 P4 04 ,.Qd (g co (nin Pn P4 n4
H N HOI/EB)0031)50654

() U 4 BFl UGEl UEl U-- UU - 41 rq ~4 UN
4-1 Q 4-1 (nOCDOOOCDOoOO41HO+JHN'
I NI NI NI NI MHHr, r-1 H H(/j r-1 vrl rr v
rl rl v UOUDO I))HO4(d vaOWNU W WO

2004/ 028689 PCT/ EP2003/ 050694 --20- 4 ¢ is | 00O
ri > (U~/~r o\Orl r+ Hx > A~ VVv s-400U

rndfj40'ga9.rsﬁbgédﬁeg%gbfiﬁﬁe\@g%%tb? was sealed and the

contents were heated to a temperature as indicated in

N—r

table I and maintained at that temperature for 5 hours.
In table I the initial rate of carbonylation is indicated
(in. react. rate). The initial rate of carbonylation is
defined as the mean rate of carbon monoxide consumption
over the first 30 % substrate conversion. After cooling,
a sample was taken from the contents of the reactor and
analysed by Gas Liquid Chromatography. The percentage
alkanol product, based on the total amount of product, is
indicated in table I. The percentage linear alkanol
product, based on the total amount of alkanol product, is
also indicated in table I. The remainder comprised mainly
aldehydes and ketones and acetals, which are intermediate
products to alkanols. Furthermore some hydrogenation
byproduct was obtained. The amount of hydrogenation
byproduct is indicated in table I. The experiments in
table I indicate that the catalyst according to the
invention is more active towards a hydroformylation

product than some prior art catalysts.
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2004/ 028689 PCT/ EP2003/ 050654 - 21 Exanple 10 ,
conparative exanple E ; Denonstration of diene

tol erance Exanpl e 10 and conparative exanple E were
carried out in a 350 m nagnetically stirred

utoclave. [The autoglave S charged with 30 ml of an
m xtur@ of [internal {Cll and| C12 ol efins (as
$f8bstr&te),| 30 M of ethyl hgxanol, 5 10 m sul fol ane
apd D. § nl pof water| 0.25 mmol (56 ng) of Palladi um
egate,|_an am)uht of a Rbidentate di- phosphine as
iRdicated i |v t abl e I\/ 0.2 m{pl HCL apd an anount of
sulfonic acid as n@licated ijn tablfel. In addition
D25 b 2, 5 dimethyl-2,4 hexadi ene was added 10 to
1 e @u@ocl ave. After being fllushed with nitrogen, the
aft otl @veswas pressyci zed wilth carbop nonoxide to a
par t¥ al> pressure of |20 bar gnd hydrogen to a parti al
or essur e of| 40 bar. [SubsequégniTy, "the reactor was
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indicated (in. react. rate). The initial rate of
carbonylation is defined as the nean rate of carbon

WOWaN28889 consunpt i on over the first 30 % subsPCHER208050654

conversion. After cooling, a sanple was taken fromthe
contents of the reactor and anal ysed by Gas Liquid

Chr omat ogr aphy. The percentage al kanol product, based
on the total amount of product, is indicated in table
I1. The percentage |inear-aglikanol product, based on
the total 25 armunt of al kanol product, is also

by - - e A
by*a@kﬁ:ﬁﬁﬂc_l S i nd| cat ed in tabl e Il. The experi ment s

in tahlgnbhel S ding ;to

the i nvenhhgnflgs&?%%e&#gﬁg%gﬁ? e%r(?%?g\%aﬁgxgggéf ted out
cobt @ MSAgmdi eﬁ@@etmlz@oa;tgzs@sgm@waﬁaoow@mlave

- 28as Q:hal:*]gea\ Q%tll}l :WI} nﬁ %f Qn xﬁ }&ere 89 l‘il\[xtégnafl 4 04

oO Ord
0 q12)qiq@tng(]asf{mwatrate 30 ml of ethylhexanol

10 ml sulfolane and 0.5 ml of water, 0.25 mmol (56 mg) of
Palladium II acetate, an amount of a bidentate di-
phosphine as indicated in table I, 0.2 mmol HCl and an
amount of sulfonic acid as indicated in table II.

In addition 0.25 ml 2,5 dimethyl-2,4 hexadiene was added
to the autoclave. After being flushed with nitrogen, the
autoclave was pressurized with carbon monoxide to a
partial pressure of 20 bar and hydrogen to a partial
pressure of 40 bar. Subsequently, the reactor was sealed
and the contents were heated to a temperature of 135 °C
and maintained at that temperature for 5 hours.

In table II the initial rate of carbonylation is
indicated (in. react. rate). The initial rate of
carbonylation is defined as the mean rate of carbon
monoxide consumption over the first 30 % substrate
conversion. After cooling, a sample was taken from the
contents of the reactor and analysed by Gas Liquid
Chromatography. The percentage alkanol product, based on
the total amount of product, is indicated in table II.
The percentage linear alkanol product, based on the total
amount of alkanol product, is also indicated in table II.
Furthermore some hydrogenation byproduct was obtained.
The amount of hydrogenation byproduct is indicated in
table II. The experiments in table II indicate that the
process according to the invention is more tolerant

towards a feed containing dienes.
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Table II

H HEH WW 2004/ 028689 -RZT/ EP2003/ 050654 - 23
Exanpl es 11-14, conparative exanples F and G

pent enoate hydrofornyl ati on Exanples 11-14 and
conparative exanples F and G were carried out in a
350 mM nmagnetically stirred autoclave. The autocl ave
was charged with 15 m of nethyl pentenocate, 0,25 mmol

56 mg) of [PalTadiumll acetate, 10 mM sul fol ane, an
unt of nethanpl as|indicated in table |[I1Il, an
unt of g bidenptate|di phosphine as indicated in

tab®e 111 .| an ajount [of hydrochloric acid (HC1) as

fdicated ijn table 111, and an anount of an sulfonic

Q§|@ as indicated injtable I'l'l. After being flushed
nltrcgen, [he aultocl ave was pressurized with

” ?g nonoxi defto a|partial pressure of 20 bar and

ydrogen-t ' pressure of 40 bar.

Smbsequent y, the reagtor was seal ed and the contents

p%re heated to a tenperature
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as indicated in table Il and maintained at that
tenperature for 5 hours. After cooling, a sanple was
wo ake2d68m t he contents of the reactor and anBCTERWORYS0654
Gas Liquid Chromat ography. The reaction rate towards
the hydrofornylation products is indicated in table
I1l. This reaction rate is calculated by dividing the
nol es fornmed hydrofornylation product as determ ned
by Gas Liquid Chronatography, _by the noles of
pal I adium and the tine (hours) required for 100 %
g versian, T ho%%fr%r;cwtlaa&aqnn 1RO uct éncl

2 Hl}xcg:ro@o)tmgria’eiml - et hyl pent anoat e and
ydr 0x | but an qat e. Th t
t owar a%‘ﬁi Q/ ]eJT%I F% 3IPp%rEh ydr o?ﬁaﬁ%?eseﬁc erﬁéiatr%welé?
basaar_filgﬂ bhedhﬁt al SEaJmunmagﬁeWmﬁzorswkaéd crmmmidawet

indicated as the |ineari [ bl I Par.t
{HES RIGEERATE Ve TR B ol hatng o BRr AR s age-
compz&Il Inﬁ’t@lh)(t%ol@l@ﬁadﬂ mlueammon: aﬂeeaper centmige

pent anoat e ro re d t

200a 00558 PETREPYH0S 0B0RRRCL 27 WRECRCSS 1 (PLe

0 II’I)" arr a&n@»unﬂ 8f|a' Hb.heﬁia(:é)d@hcﬂsﬁ'%ne ai Nl(ﬂ.d\éﬂ\ddHln
a) N>1 -rl OO0 rt OX[TJ%lrl O\O N

enoate

1ndlcated in table III, and an amount of an sulfonic acid
as indicated in table III. After being flushed with
nitrogen, the autoclave was pressurized with carbon
monoxide to a partial pressure of 20 bar and hydrogen to
a partial pressure of 40 bar. Subsequently, the reactor
was sealed and the contents were heated to a temperature
as indicated in table III and maintained at that
temperature for 5 hours. After cooling, a sample was
taken frbm the contents of the reactor and analysed by
Gas Liquid Chromatography. The reaction rate towards the
hydroformylation products is indicated in table III. This
reaction rate is calculated by dividing the moles formed
hydroformylation product as determined by Gas Liquid
Chromatography, by the moles of palladium and the time
(hours) required for 100 % conversion.

The hydroformylation products include 6-hydroxy-
methylhexanoate, 5-hydroxy-4-methyl-methylpentanoate and
4-hydroxy-3-ethyl-methylbutanocate. The selectivity
towards the desired linear 6-hydroxy methyl hexanoate,
pased on the total amount of hydroformylation product is
indicated as the linearity in table III. Part of the
substrate was converted to methylpentanoate in a
competing hydrogenation reaction. The percentage

methylpentanoate byproduct prepared is indicated



-+
(g}
&
z
oS ° ~Wa
oLMAWﬁ.HO
wophl.|fw_
- = 1, c
go00cZ2  «
T o | >
T Bo2"n .
m01_ s-O®
O = &
o [ WAUAUAL
AUU.H ol _©.
- o
nuHuH“ <o
oo <
A< o c O
© INo
o~ "o o
I>s Ooo
OO V <t
4 -0 I oo
o W
— -+ To_<
A . < O®® o)
o4 Oox
< © ]
v~ Ooo
<t = — 5!
1 . (@] P
oZ! ~lo 7
-3 < LL
o= oo —
—_ _~CHw
—0 .0«
e o .=
I T "Oo.,.0=
+ —_1 o1 1
RO_OO_ 1om
DD = ‘oT, =
PR I < w
TSE~0rn . O
. M“HNuQVaAU £
~Z3 =s .=
A n.m © i '
=

saonpoxd uoTieTAWIOFOIPAY SPIBMOT RaTataoe (¢

81 79 026 | STT| (5°0)V¥sd g 0| (¢-0)gadd 0S i
YL BE 0S¥ Q1T (G 0)¥Sd ¢'0| (¥°0)1ddd 0¢ D
LL 89 006 | GIT| (5-0)vsd g'0| (y-0) 1349 0§ E
61 0L 006T| STT| (5-0)¥sd g 0| (v’ 0)HLIdL 0§ €T
1¢ L9 006 G171 (g 0)¥sd g0 | (p 0)3ddd ) 4"
Zc eL 0097¢ STT (6-0)v¥sd 60| (v°0)dodd 0% 1T
( Tourur)
(%) (Fu/pd (Towm) eutyd
ajeourjuad (%) Tow/Tou) | (D) ptoe | (Touwuw) ~souydTtp (Tur)
~TAyzew | A3TIRSUTT (¢ A3TATaO® 1| oTuozTns 1DH | ®323UuspTd | TOURYISW | a1dwexd
IIT STYRL

-pauTelqo ©q URD S9jeOUSIU

osTE UOTIUSAUT 2yl ©3 Dbuipaoodoe gsenoxd oy

ad 3o aonpoad COHpmHMEuowouﬁhs ® spiemol se3el UOT3dDESL ubty

1 uT 3Byl Moyus gquowtaadxe @soylL "III 2T9el Ut




10

15

20

25

Uy Uy ~4 400 H~14-3 TFHO4-3-1> CDCDO
cbocCcb4-) vitou ) u Lou-) -H HUHN((UHTI{ H

w@20d40288 U co (d a) 04 O N1 (d ~4 H N (Y) PCIEP2003/650654

H CLI C7 HM W) 2004/028689 PCT/ EP2003/050654 - 25 C
LAI MS 1. Process for the hydrofornylation of an
optionally substituted ethylenically unsaturated
conmpound by reaction thereof with carbon nonoxi de and
hydrogen in the presence_ o a catal yst system
conprising: 5 (a) a source o? group VIII1 metal

cations; (b) a diphosphine |Iigand having the genera
formula | X1-R-X2 (1) wherein X1 and X2 each

i ndependently represent an optionally substituted

cyclic group with at le s£ 5 i o} 10 atons, of which
one i s a phosphorus atoﬁ%—éﬁdiﬁﬂ—{epresents a bival ent
optionally substituted bridging group, connected to
each phosphorus atom 2 . hybridized car.bon.atom
(). aRTQEPES hERA rdca hﬁéﬁogpé§y¥ﬁ§égﬂr8 #h “n 5&5&2 s
]f%&%QtQEhQEdaétﬂiiéﬁﬂ%@layS@ﬁéaﬂkﬂaﬁéedcbm@wwnﬁ byand (d)

a source of halide anions. 2. Process a

cl zEantionnRBRESE tHENGFBEROR MY EE AR %Y‘gﬁ%e% in the
CySloal kengrand. AL oMAk ¢ygteHPSomprising:

(a) a source of group VIII metal cations;
(b) a diphosphine ligand having the general formula I
x1-r-x2 (1)
wherein X1 and X2 each independently represent an
optionally substituted cyclic group with at least 5 ring
atoms, of which one 1s a phosphorus atom, and R
represents a bivalent optionally substituted bridging
group, connected to each phosphorus atom by a sp2
hybridized carbon atom;
(c) an acid having a pKa < 3, measured in an agueous
solution at 18 °C or a salt derived thereof; and
(d) a source of halide anions.
2. pProcess as claimed in claim 1, wherein the group R
represents a alkené, cycloalkene and aromatic groups,
wherein the carbon atoms connected to a phosphorus atom
are connected via an unsaturated bond to another atom.
3. Process as claimed in claim 1 or 2, wherein the
group R represents a bivalent optionally substituted
aromatic bridging group with both phosphorus atoms bound
to the 1,2-position.

4. Process as claimed in anyone of claims 1 to 3,
wherein wherein x1 and/or %2 represent an optionally
substituted phospha-bicycloalkyl group with at

least ¢ ring atoms.
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wherein the carbon atons connected to a phosphorus
atom 20 are connected via an unsaturated bond to

wherein the group R represents a bivalent optionally
substituted aromatic bridging group with both
phosphorus atonms bound to the 1,2-position. 25 4.
Process as clained in anyone of clainms 1 to 3,
wherein wherein X1 and/or_XZ2.represent an optionally
substituted phospha- blcycloa?kyl group with at |east 6
rlng toms. WO 2 04/q;%§89 PCI/@? 003/,050 54 3 26 5.
PPoceS S HESCPEi fid TR 2ty SRECE ai 1ms ’
whaeeein tite @uphoshime quyndd(bb)1$snhdumnemrbmon1

1,2-2,. P b
1122 PPPEE? (é S’E‘ gﬂ %zcglog\gg%})b%ﬁ%é%ﬁnsl benzene; 5
1,132g95bb¢ﬁe§%—@hespha}giwﬂl@mwbgéferlmﬁm,fll eh?nzene, .
'his 0s i cycl onon cl.opent ene; an
1122pPpP %ﬂ8§§ﬂ§%+%§§§%ﬂ%§ﬁ #)t% G ShEene. 6.
\mqgessy ?ﬁ1§(|99rlpmi66phé]bﬁ@§yﬂrwm®lﬁzl§:l ajlmpbrit.‘t@nﬁ,, and
erein_the source cations is a
16+ <ofir ReP bt ! %q?hggpgaRgCY%ﬁoqﬂﬁgééS§Y%, CRE*E"Fed in any

one Oobr&t&ddmasl cigified Ma@dmet be etdwd=eni eal by

unsat urated conpound is an kene c |S|ng at Ieast
4 VOFEBOR BRomourge afp%%%.‘fr?etﬁ fﬂsaﬁﬁ%

gengieak berpal @dilonkd X1-R2-X2 (11) mhereln Xl and Xy
each independently represent an optional

subst PEAERF GiclSieigrgup® with %Re P a%}a¥?%|¥1§° &t ons,

of nahiegh eRe étsnﬁa‘?ﬁ%%@h]grM@saﬂilﬁﬁ}teango@ouﬂcﬁﬁfseaﬁm s
a bival ent optionall stituted brldglng 20 group,

c@%@@?eéoﬁé—“e“a]ﬂg ﬁﬁo%ﬁﬁéF us RO LA Ep2  hybri di zed
cay bo'@l@ﬁ@@ﬂ)hi’ﬂé rlltgla%dPBQViﬁ@ tralehbgal dihesphime

ligand T's not 1, bi s( 9- phosphabi cycl ononyl )
benzexé-r9- x%xphosphlne l'i gand havi ng the general (II)
formul a Ilh 25 X1- X2 (111) wherein X1 and X2 each
iﬁﬁéﬁﬁﬁ@eﬁ |9n¢é$wé§§ﬁt1gﬁependently represent an

optionally substituted cyclic group with at least 5 ring

atoms, of which one is a phosphorus atom, and RZ
represents a bivalent optionally substituted bridging
group, connected to each phosphorus atom by a sp2
hybridized carbon atom, with the proviso that the
diphosphine ligand is not
1,2-P,P'bis (9-phosphabicyclononyl) benzene.
9. Diphosphine ligand having the general formula III
x1-r3-x2 (III)
wherein X1 and X2 each independently represent an
optionally substituted cyclic group with at least 5 ring
atoms, of which one is a phosphorus atom, and R3
represents a bivalent cycloalkene group, connected to
each phosphorus atom by a sp2 hybridized carbon atom.
10. Diphosphine ligand having the general formula IV
x1-r4-x2 (IV)

3. Process as clained in clai nPAT/@P2083/050654



optionally substituted cyclic group with at least 5
ring atons, of which one is a phosphorus atom and R3
WO epre3ssed S a bi val ent cycl oal kene group, connBCT/BE2008050654

30 each phosphorus atom by a sp2 hybridi zed carbon
atom 10. Diphosphine Iigand having the general
formula IV X1-R4-X2 (1V) WO 2004/ 028689

PCT/ EP2003/ 050654 27 wherein X1 and X2 each

i ndependent |y represent an o.gptionally substituted
cyclic group with at | east § ring atons, of which one
Is a phos Eor us )éa%om and R4 represents a bival ent
argiaaia §rowpf Xih&ddn 1aFenidad 3 vr FRRTEHtaiads one
OF o SO 2N 81, €5 Qb A AT S @l i D RE@Myi t Whi € TR 1 G g
group is connected to each phosphorus atom by a sp2
hydtrdndi,zed eatdorost dm alphoGialyssetooppandikly: (a) a
source of group. VI tal cati oa .

i HOSSRTRE 1 DRt ens Eraraee iy et ol Somarie
8-Aihg contains one or more hetero atoms as a ring atom,

which aromatic group is connected to each phosphorus atom
by a sp2 hybridized carbon aton.

11. Catalyst comprising:

(a) a source of group VIII metal cations; and

(b) a diphosphine ligand as claimed in any one of

claims 8-10.



