WO 03/ 040065 PCT/ EP02/ 12381 1 PROCESS FOR THE TELOMVERI ZATI ON OF A
CONJUGATED DI ENE, CATALYST AND BI DENTATE LI GAND USEFUL THEREI N The present
i nvent i onwoal3at@sst o a process for the telonerization of paTmPop/uzpal ed

di ene, and a catalyst and bidentate ligand that can be used in this
process. In particular, this invention relates to a process for. the

tel omeri zati on of butadiene, and a catalyst and bidentate |igand that can
be used in this process. The telonerization of butadiene is--known in the
art fromfor exanple WO A-9210450. WO A- 9210450 descri bes a
telonerization reaction wherein 1,3-butadiene is reacted wth a conpound
containing an active hydrogen atomand having a fornula RRH in the
presence of a t RIS FORTHEC FHEAOCYERILATLONNPHE A CONJUGATED DIENE,

1-substituted-2, 7- ockgghﬁggToingoé?#ﬁmﬁ%W;{% %E‘Eﬁ: CH2-R, ‘in

whi ch R represent the “residue of € conpoun aining an active
hydrogen, .atom. WO A-9210450 describes a wide range of telonerization
catal ysts. The tel onerization catal yst disclosed in the exanple is a

pal | adi um acet y| ad&tomiesenty ﬁPﬁﬁéﬁ&PﬁhE%ﬁFﬁé basadPEaEaf§stOr Wit this

tel omerizati on LAl Msh ke S8 %C‘c'oiﬁbhkﬁaft@)ﬁ’aﬁgéneheanéeé' EQQai%@@aénd

1- met hoxy-2, 7-octadi ene telonmerization™ product was 89. 4% ough, in
passi ng, t he d:e:siﬂntraueoriummdl ahstt ken f@esgsbﬂelusehmé drphesphi fire | i gands,

i z. bis(di h h th di d_is.di d
{he exanpl eo. PGB G 6F nd BrCLaRt FRUBHEROROIE PRCDTBY: B S cess

for the tel oneidizMd@ra0fica egnpugatiedndi enad M\DcQBé%QQGénB’CB'i&B%ﬂe?381

2 wherein the telonerization reaction can be carried out
ligand that can be used in this process.

The telomerization of butadiene is known in-the art
from for example WO-A- 9210450 WO-A-9210450 descrlbes a
telomerlzatlon reaction whereln 1,3 butadlene is reacted
w1th a compound contalnlng an active hydrogen atom and
having a formula R-H in the presence of a telomerlzatlon

_catalyst to form a l-substituted-2,7-octadiene of formula
CHy=CH-CHy-CHy-CHy-CH=CH-CHy-R, in which R represent the
‘residue of the compound containing an active hydrqgeq.
_afom, WO-A-9210450 describes a wide range of |
ﬁelomerization catalysts. The telomerization catalyst
aisclosed in.the example is a palladium acetylacetonate/
triphenylphosphine based catalyst. With this
telomerization catalyst the selectivity towards the
desired linear 1-methoxy-2,7-octadiene telomerization
product was 89.4%.

Although, in passing, the description mentions the
possible use of diphosphine ligands, viz. bis(diphenyl-
phosphine)ethane, no diphosphine ligand is disclosed in
the examples.

The object of the present invention is to provide a

process for the telomerization of a conjugated diene,



with an inproved selectivity towards the linear telonerization product. It
has now been found that the tel onerization of a conjugated diene can be
carried owD osiosteem hi gh selectivity towards the |inear t@ComPor/rasi on
product in the presence of a specifie catalyst system Accordingly, the
present invention provides a process for the telonerization of a

sent i nvent i on provi pess for the t ! |
Cont atni ng an REFFIA FOET BGANTSE bFF SRGNECT R0 R S iTa CFH 1h Tt

presence of aytiehosRr izgirboadcatakysivhagetowands (ae al smesixe of group VII|
metal, (b) a bidentate |igand wherein the bidentate |igand has the general
fornula | RIREVMPTERIFRERED( PYOdifErein ML and M2 are independently P, As

or Sh; R1, R2, R3ian 4 i.nd d e t iphatic
oroup: or Rl R ARARE Fogerher andrar e Fi s 1B togecher ¥
i ndependent | y coeguegséeetl dneopt cenabkycsubsedt atedwidhiphatdle cyclic group
with at least 5. ring atons, of fch.one is the ML, or M ato .
respectivel y; &n&C qP’éEVreTg8WF‘§d§V\EF$aFéﬂ?a5rE}ﬁﬂ?r&eﬁ?%ﬁr%ﬁ RSt e use
of this specifife pakalyst sysheppeesthbSchPalpbri spseoyed selectivity -
towards the |inear product whilst obtaining reaction rates well over 500
mol conjugated diReserdBndgivouphvl Preaephl hBVent TR BHRY LGRS el REIRES

3 Lo 8 cal bon “CAt SR Ba oSt S2ar AN TRE Bor Doad2hPa Ehe™hn be V0 03/ 40065
PCT/ EP02/ 12381he¥edtbstict dbadugatudsdbshet it edeaandd caitlo omt @nmpeumilinber  of
" containing an active hydrogen atom and having a formula
'R-H in the presence of a telomerization catalyst based
- on:
(a) a source of group VIII metal;
'(b) a. bidentate ligand |
%hérein thé‘bidentate iigand has the'genefal Formula T
RIR2ML-R-M2R3R? ()
wherein M1 and M2 are independently P, As or Sb;
R1, R?, R3 and rR% independently represent a monovalent
aliphatic group; '
or RL, R2 and M! together and/or R3, R% and M2 together
iﬁdependently represent aﬁ optionally substituted
aliphatic cyclic group with at least 5 ring atéms, of
which one is the Ml or M2 atom, respectivély;
and R represents a bivalent organic bridging group.

The use of‘this specific catalyst system results in
an improved selectivity towards the linear product whilst
obtaining reaction rates well over 500 mol conjugated
diene/mol group VIII metal/hour.

The conjugated diene preferably is a conjugated diene
having from 4 to 20, more preferably from 4 to 8 carbon

atoms per molecule. The conjugated diene can be



het er oat ons. Exanpl es of conjugated dienes that can be wused include 1,3
but adi ene, isoprene 1, 3-pentadiene, 1,3-hexadiene. Preferably the

conj ugat edodBem®es s unsubstituted and preferably the conjpagatreriizdsene only
contains carbon atons.'' Mst preferaBly, the conjugated diene is

1, 3-butadiene. In the telonerization process of 1, 3-butadiene,

L-substi tuted- g, [ q¢t adiene Eﬁ@uﬁ%t@%ﬁ?%ﬁedandlcéHbéBhﬁgiﬁd ZndidCt agli ene
can be useful Tha process to prepare 6ctene contal ning substantially no
branched ol eftigtice G cmsomExempSechod ppodegsted éxenpki thad ¢an be

WO A-9210450. This., invention Lher fore all.so relates_to a rocess for the
preparation of*SE%dfEd&dee dmir PEFRGICNSY (EPBRERFZEt ? oRSBFA4ISRE byt adi ene

as described hereiiy,di@ror B lrswhstit bhededningstadi @0enebis hydr ogenat i on
of the 1-substituted-2, 7-octadiene of  step a) to form

1- substituted mmlt@)tede@@nlp@meﬁembév the ¢osibgaredt édenetamky of step

b) tof 1- f h
descr { bed her SRS S RP I e ar BB G Rt EREPY coPT B0 bt

described i n \AeA=9210450.- bﬁhadggﬁbugated di ene used as a starting conpound
can contain small anounts of other saturated or unsaturated hydrocarbons.
For exanple, a crddet6f RedoBearBafh RFxPEPESSEaRThe  dsBYtas & Feed for

1, 3- but adi ene., _ A G4 _mixburencaRanoptappephesides 1, 3-but adi ene
ot her CA-hydEb?ggbgﬁggggh 2as butenesn g Eutangs? The active

hydr ogen- cont ai-subgtdanpredn@ , R-dctadibee aay benpeaﬁdlhaniﬂgpao¢@@&tﬁwe
hydr ogen atom Exa Ies of such active hyd en-contai nin npo nds

i ncl ude WO 03/R¥: éCffEﬁﬁf/f §§fln&ngl%Eﬁgggntﬁﬁg#%XQO gﬁ &
conpounds, care@ilie @y-d%omers. Such a process is exempllfled in

WO-A-9210450. This.invention therefore also reiateé to a
process for the preparation of l-octene, comprising:
a) telomerization of 1,3—but§diene‘as'dgscribed herein,
to form 1-gsubstituted-2,7-octadiene;: | ’
. b) hydrogenation of the 1l-substituted-2,7-octadiene of
step a) to form l-substituted octane;
" ¢) decomposition of the l-substituted octane of step D)
to form,i—octene.
Sﬁep é) of this process can be carried out as
described hérein; Steps b) ana c) are conveniently
carried out as described in WO-A-9210450.
The conjugated diene used as a starting compound can
contain small amounts of otherhsaturated or unsaturated

hydrocarbons. For example, a crude C4q hydrocarbon mixture
can be ﬁsed as a feed for 1,3-butadiene. Such a crude

Cyq mixture can cbntain, besides 1,3-butadiene other
C4-hydrocarbons such as butenes and butanes.

The active hydrogen-containing compound R-H can be
any compound having a reactive hydrogen atom. Examples of

such active hydrogen-containing compounds include



ammoni a, primary and secondary am nes and water. Preferred active

hydr ogen- cont ai ni ng conpounds i ncl ude water, al kanols and hydroxy-aronatic
conmpoundswo odlok@rdl s t hat can be used in the. process of tPoa/EPONVERLI on

i ncl ude nono- or poly al kanols, which4can be |linear or branched and
saturated or unsaturated. Preferred al kanols for the process of the

i nvention are _-alkanal shyé%gx%gggﬂ‘ﬁggczgo gggmﬁ?ﬁyeggfg& T thfgom 1 to

6 carbon atons. péer nol e anedi o from to 20, nore .
preferably fremmdntia,bpeamaay ahdnmsependanyl ecithes Sudtwedter al kanols in the
process of the invention incluyde geé’hanol, et hanpol, ethanediol, propanol,
1, 2- propanedi ol , Pre$fsresanéditers ¥ 1‘8983398??al]ﬁh@%n%?r?p%ri‘fsout anedi ol ,

1, 4-but anedi ol;, 13@EPYLRRY . a1k8hb1BULARCKy ARPERY 28Bbma hEX aB&poltti@nedi ol -,
cycl ohexanol , and cycl ohexanediol. O : these, nmethanol, ethanol and phenol

are preferred.. Mlkanollsatliatphenobeaneed éspekeabrycpsefef ridite Exanpl es

of hydroxy-aranati ¢ .compounds, are aromatjic- C C i N e or
nore rings su@ﬁvfél%dﬁéln&ﬁqaﬁﬁeﬁl?ﬁ)al 86h8?}yc$g}§%#§?§ky‘?£{n%+g&,ﬁa%%t hol as
wel | as pol yhydidse conpeundsesuahdasatasateiinel, uhydtenutadne and

pyrocatechol. Also al kyl-, al koxy- and/or hal ogen- substituted aromatic
hydr oxy conpol¥efecardhalicaelsptamplbbs BFOEgFHoRY| Fae atP Wt IR ¥ be

used in the rqggg of .the dnventign,pnclude alLphath e, CRl Boxytd s 1 aci ds
with up to ab%ujt Slcsaﬁ%t(‘):% éftfg\#rlsri lF@e?er’red cgr boxyl iic;YaCi ds are those
havi ng from 1 twm &6 ceaidoon atatmempesunhlasuéegandcelkanadidl s priggi o aci d,

butyric acid. Exanples of suitable._aranati arpboxylic acids _include
benzoi ¢ acid @ndd AUueRETEaPIERYIE 1%{0?59mA§ngV\%‘6%?%%%0%%0%#?@@02/ 12381

5 carboxylic diAGAS LaBhew3da1%86B18s 1hothexpapbess of the
invention include methanol, ethanol, ethanediol,
propanol, 1,2-propanediol, 1,3-propanediol, iso-propanol,
butanol, 1,2-butanediol, 1,4-butanediol, iso—butanol,
tert.butanol, pentanol, hexanol, hexanediol,
cyclohexanol, and cyclohexanediol. Of. these, methanol,
ethanol and phenol are preferred. Methanol and.phehol are,
especially preferred. (

Exampleé of hydroxy-aromatic compounds are aromatic
cémpounds containing one or more rings such as phenol,’
benzylalcohol, cresols, xylenols, naphthol as well as
polyhydric compounds such as resorcinol, hydroguinone and
pyrocatechbl. Also alkyl-, alkoxy- and/or halogen-
substituted aromatic hydroxy compounds can be used.

Examples of carboxylic acids that can be used in the
process of the invention include aliphatic carboxylic
acids with up to about 20 carbon atoms. Preferred
carboxylic acids are those having from 1 to 6 carbon
‘atoms such as e.g. acetic acid, propionic acid, butyric
acid. Exampies of suitable arométic carboxylic acids

include benzoic acid and toluene carboxylic acid. Also



adi pic acid and phthalic acid. Exanples of am ne conpounds that can be used
in the process according to the invention are ammonia and primary and
secondar ywermse®ss Sui t abl e am ne conpounds i nclude for eyammPe2/m@3BNary

al i phatic am nes, such as nethylam né, ethylam ne, butylam ne,
dodecyl am ne and the like; primary aromati c am nes, such as anili ne,

t ol ui di ne, be 1 a | Lke; g€ ar y, &y Ness éL@%@

dinethylanine?%§%§%k§ﬁ§n?%g%q%?ngéﬁngn?E?ﬁé, ud?Lycl&%exy éﬁ?ﬁ%,

met hyl hexyl amade paed aichiel lainke phabalwel bcagd. pol yam ne such as

phenyl enedi am ne, _et hyl.ene- _di am ne; and hgteroc clic am nes sucqlas
¥ qK}n the

pi peridine. The t PPt AMBEc FPBROTRAS 5P F eTPR UPE i 1]

. presence- of 3,3pRRGI ke kat@hYSte The 9hPERLVbh!aPBt ahmdisiPr&{erably chosen
fromthe netals rhodium nickel, palladiumand platinum O these,

pal | adi um and pligEinyumnsr segrafiarveamipasl adiikebte nweine prefrayds
Exanpl es of suitgbb%_g%gagx%gy %esrgagfnegfgéhg iglg%iﬂ%gncguﬁglEgdiun1and
i BT 8r; he U|¥a ( u

pl ati num or péfF: iumon a ¢ F) | @ sources i nclude
plati numor palidigdiawinest cehytamphexebunhi shinee codweylantinatandPdhed 0) or
Pt (0) during the reaction. Exanples of such platinumor palladiumcation
conpl exes i ncllide: PIABGEY AFEBELCpPBREITREM BFCPaRP A LN preferred

source of pal i IS rakistdib y e i : i dentate
| i gand has thékg%%giae'f%ghﬁ?gbﬁgﬂgl%g%lkﬁ%&%gggémgé%+§@%$§;%§E$%ﬁi and M2
are i ndependentidch Bs AsmethShamide034040085arTT¢ EPO2hd238Nan®blRlg, R2, R3

and R4 indepe%g%ggf%h%? E%%S%%,amg9ﬂ§Yﬁé§9 am?ﬁé?hgﬁéct écﬁgke; as
well as polyamine such as phenylenediamine, ethylene-
diamine; and heterocyclic amines, such as piperidine.

The tglomerization reaction is. carried out in the
.presence..of a.specific catalyst.

The group VIII metal is preferably chosen from the

" metals rhodium, nickel, palladium and platinum. Of these,
palladium and platinum are preferred. Palladium is most
preferred.

Examples of suitable metal sources are metallic
‘platinum or palladium and platinum or palladium oﬁ a
carrier. Other suitable sources include platinum or -
palladium cation complexes which are converted into P4 -
(O) or Pt (0) during the reaction. Examples of such
platinum or palladium cation complexes include
carboxylates of platinum or palladium. A preferred source
of palladium is tetrakis(dibenzylacetone) palladium.

The bidentate ligand has the general formula I

RIRZ2M1-R-M2R3R4

(1) |

wherein M1 and M2 are independently P, As or Sb;



or Rl, R2 and ML together and/or R3, R4 and M2 together independently
represent an optionally substituted aliphatic cyclic group with at least 5
ri ng at or&Q 03f4006h1i ch one is the ML or M2 atom respecti velCT/EPart3R
represents a bivalent organic bridging group. In the bidentate |igand of
formula I, ML and M2 are preferably the sane and nore preferably they both
represent phosphoruys atons. e.bi.val ent _organic bridgin roup, R
preferably ha§a'ngW1fgt8n§ ggd1ﬂ8?86533?8i§bF§P¥?%%?§ fo %H%Y "% h the
bridge. By "initheakricdgeoups used herein is understood to mean the
shortest connection between the atons ML and - M2. Suitable bridging groups
i ncl ude substictruRéd ®Ad andnsitbsbgtuhed ah&ybenr3grrtipsndhe? at deyéd ener gr oup
can contain gne or nore_hetero-atonms, such.,as Si, N.O0, S in the bridge,
but pref er abl yTREPEBARRLLYr BERTSEERE PR PREIOBR dgeSU Rk ArkSH ene group can
be substituted W RqRe Qb1 iMPEE-AH0WPEn apdibaser 6f 1Akl yrsHbstds uted with
two groups. The substitlents Can tontain one or nore héetero- atons.
Exanpl es of upgsubst bhet ed ahkyménerbpdgtog, greyupscrinelyde net hyl ene,
ethyl ene and tri-nmethyl ene groups. Exanples of substituted al kyl ene
bri dgi ng groupsd Rcre®Eeseptserahpralond. araebhy| DT {GERAYIEMHEP (i . e.
neopentyl ene), 2,2-diethyl-trinethylene, 2_2-dinethyl- tetrapethyl ene,
2- et hyl , 2- hydr oxyRettif PEAERERRS iﬁ%an?i?é.f%‘aﬁiﬁt% ol}qf,a é“ﬁ] are
di - hydr oxymet lylerthiamath¥heneanti afd ReeRepiykdi-ably Phefepsed al kyl ene
bridgi ng groups are ethylene, trinethylene and neopentyl ene groups,
pref erably comegceEisegtr ebpephiovebyathesML and M2 at om by WO 03/ 040065
PCT/ EPO2/ 12381 7. the.first_an .segond. t [ such
%S a 1.2 ot hyl ene ™ DYoot Forahe Df Lo thg. SFobll R pEEECRILA) A,

from 1 to 6 and more preferably from 2 to 6 atoms in the

bridge. By “in the bridge” as used herein ié.understood
to mean the shortest cqnnection between‘the atoms M1 and
M2 .

Suitable bridging groups include substituted and
unsﬁbstituted alkylene,groups..The{alkylenelgroup can
contain one or more hetero-atomg, such as Si, N, O, S, in
the bridge, but preferably has only carbon atoms in the
bridge. The alkyleﬁe group can be substituted with one or
more groups, and is preferably substiéuted with two
groups. The substituents can contain one or more hetero-
atoms. Examples of unsubstituted alkylene bridging groups
include methylene, ethylene and tri-methylene groups.
Examples of substituted alkylene bridging groups include
fof example 2,2—diméthyl—triﬁethylene (i.e.
neopehtylene); 2,2-diethyl-trimethylene, 2,2-dimethyl-
tetramethylene, 2-methyl;2—hydroxymethyl—trimethylene
(i.e. neopentylol), 2,2 di-hydroxymethyl-trimethylene
(i.e. neopentyldiol). Preferred alkylene bridging groups

are ethylene, trimethylene and neopentylene groups,

preferably connecting respectively the Ml and M? atom by



neopentyl ene group. O these, neopentyl ene groups are especially
preferred. Preferably the neopentylene bridging group is substituted with
one or nowe oapaexy groups. The bridgi ng group can al so eCTEPOFE38NE OfF
nore aliphatic or aromatic ring stru€tures. Preferably such a bridging
group still contains only from2 to 6 carbon atons in the bridge. An

especi al |y prefigs ret-d i G Nthe QU PH AHRS thae-daamBbinC atby shEeHCt ures,
preferably two benzene rings. These aromatic ring-structures are.
preferably corect el 3 etduttesthér lafd g MendvdieRp éFea drdups which in

their turn are,coMeatecd 0L 85peUd Slde MhARL G, e alkykene or oups

are preferably ¢C aromati c ring-stracture heirr ortho
posi tions Vi s-@spatisalhe marizareat.omdffralgly whiec hethenayteati ¢ ring
structures are connected. . In a preferred enbadi nent RL, R2, R3 and R4

i ndependent | y Yt 9P YR i rSPP s ot @ s WisR O8ft Par OT8I RYPT§FBup.
Preferably th f@ﬁgg_group has from1l to 10 carbon atons, nore preferably
from1l to 6 carbon atons. Exanples of such al kyl groups include nethyl,
ethyl, propyl, iscpreopyiddiutylgraye-dam Wlso semprtigle, oneept- bargl , pentyl,

sec-pentyl, cyc] opentyl, hexyl cycl.ohexyl . Preferahly Rl , R3_ and R4
i ndependent | y gi%éﬁ%ﬁ%ﬁuoﬁa?ﬁ%@%&%ﬁ@ﬁﬁaﬁ F@E&Prﬁfangfégengﬁﬁi?gﬁPea
primary al kyl wFoapsnd netdide gwtihylcorglivls amd yprrepyl 2 +Br ef enabby t he

groups RL to R4 represent the same primary al kyl groups, nost preferably
Rl to R4 are meEPi)s ©t Cha MAidgcoups aRDST3IF340085SPETFEPOPFIg38aI 8 In a

further preferded, erbodlam Rb ontd MriP9etet ,20d) Op:Bler 1 gnd M2

t oget her i ndepend
two benzene rings. These aromatic ring-structures are

preferably connedted to each other and to two alkylene .
groups which in their turn are connected to respectively:
M} and M2. n

The alkylene groups are preferably connected to the"
aromatic ring structures at their ortho positions vis-a-
vis the carbon atoms through which the aromatic ring

structures are connected.

In & preferred embodiment R1, R2, R3 and R4
independéntly represent a pfiméry, secondary of'tertiary
alkyl group. Prefe;ably the alkyl‘groﬁp'has from 1 to
10 carbon atoms, more preferably from 1 to 6 éarbon
atoms. Examples of such alkyl groups include methyl,
ethyl, propyl, isopropyl, butyl, sec-butyl, iso-butyl,
tert-butyl, pentyl, sec-pentyl, cyclopentyl, hexyl,
cyclohexyl. Preferably RL, R2, R? and R4 independently
represent a primary alkyl group. Examples of suitable
primary alkyl groups include methyl, ethyl and propyl.
Preferably the groups Rl to R? represent the same primary

alkyl groups, most preferably Rl to R? are methyl or
ethyl groups.



represent an optionally substituted aliphatic cyclic group with at least 5
ring atons, of which one is the ML or M2 atom respectively. By "a cyclic
group" i swonder®bd®od a nonocyclic or a polycyclic group ®atEPay1i138ryclic
or tricyclic groups., Preferred cyclBc groups are bicyclic groups. The
cyclic group contains at |east one hetero-atomi.e. the ML or M atom

respectively, but_can contain nore hetero-atqns. i tahl et.er o- at ons
that can further b8 ?)r]glé]é?n]?ejfrP?%%errc%/Cgﬁnéboéﬁénueﬁlq n%(JELI’uZzle2 %nIaAIgl Sh, 0, N, S

and Si. The opti y bt ' [ .C 1 ins at

| east 5 ring g{bggrgﬁé r%?%?g I%/ ’tﬁ%%lﬁ):}? tg) oup écrgnlt gé%%nfdr%%%&g to 20 ring
atons, nore prepeeabhy afiroptforadllP suleg atuwresl alPméfegriabloycMicand M2 are
bot h phosphorus and Rl, R2 and ML together and R3, R4 and M2 together both
represent a ghosphabtbyatobt&st Froipg dwemes higghlwhisteome 6 tEgbYdI nent
the aliphatic cyc%ic group contains. 9 ring atons and forns a

9- phosphabi cyeFoM6ngFOgr ctipSPaHel Vel phosphabi cycl ononyl group can have

several isomeric pstgyc 0L Lhe; pyr Aod e ddnrRidigr bhegl 3, 3, 1]
and [4, 2, 1] isoms]r3 agr;'le&%gr‘:g?cer(%’:edl.l5 R1l,- R2 an I\/IlotOget her © and/or R3, R4
and M2 toget heplgapchbbthghawe $heh sasrebiorycleiac othave qydiife grenpsi-someri ¢

structure. Preferabl both. . RlL, R2 and t oget her and/ or , R4-and M
t oget her haveprﬁﬁﬁrfé‘,iS?}iTlﬁ?r%?%ﬁ%.aﬁlwgblo ﬂ%bltch Bt T 128

phosphabi cycl galkyl .£1,pgs,gan. be., SUBSLL Ll Gl 4hpns O, MEeyaulLabl e

hydr ocar byl 99585 contai ni ng carbon atons and/ or hetero-atons. Suitable

VD 03/ 040065 RETER02/ A23AL ;L SUDBLL LUl Sorkiled R, Qiter QAN NG
uc a

het er o-atons s as i des, sul phur, phosphorus, oxygen and nitrogen.
Exanpl es of sgohtgbbepbetarduaiecns| vhddecabrivnitdeer be present in the

cyclic group include P, As, Sb, 0, N, S and Si.

The optionally substituted aliphatic cyclic group
contains at least 5 ring atoms. Preferably the cyclic
group contains from 6 to 20 ring atoms, more preferably
from 6 to 12 ring atoms.

Preferably Ml énd M2 are both phbsphorué and R1, R2
and Ml together and R3, R% and M2 together both represent
a phosphabicycloalkyl group. In a highly preferred
embodiment thé'éliphatic‘é?Clic groub‘contains 9 ring
atoms and forms a 9—phosphabicyclononyl’group. The
9-phosphabicyclononyl group can have several isomeric
stfuctures. For the purpose of the invention the [3,3,1]

and [4,2,1] isomers are preferred. R1, R2 and M! together

and/or R3, R4 and M2 together can both have the same or

each have a different isomeric structure. Preferably both

R1l, R2 and M! together and/or R3, R4 and M2 together have
the [3,3,1] structure.

One or both of the phosphabicycloalkyl rings can be
gubstituted with one or more suitable hydrocarbyl groups

containing carbon atoms and/or hetero-atoms. Suitable



i odide, thiol, and groups of the general formula -Y1-OH, Y1-CO CH, -Y1-SH
-S-Y1l, -OVYl, -COY1l, -NH2, -NHY11l - NY1Y2, -CO NYlY2, -OH, -P04, -N2,
-NCH, - CQvo-03020065S- OH, in which Y1 and y2, independent| YCTrEPpL/&2S6nt
Cl-C10 al kyl groups. If a phosphabicycloal kyl ring is substituted it is
preferably substituted with a carbon containing group. Such a carbon

contai ning gr QUR, GaR,, . RQWe %ﬁud%ogkehﬂsagghE59H§£ghﬁé@é?oa$€6ﬁ§ Sueh as

hal i des, sul phur,” oxygen-and nitrogen or hetero-groups as
descrlbed her eisnbeflddes, Pm@ﬂ@hahlyphSEDBDEUEtedxyghnsphdbmc9£¢@%mkyl rings

are substituted with aIkyI roups, pref avi on11 to 10 carbon
atons, nore 6?@WEP FﬁﬁgigFQUEs éFSng %ﬁgorﬁggea o danched or

cyclic al kyl LR %%ncaebu%%?grggbgagkeBh§y$¥£E859ugér? g ugte. ot by

ethyl propyl, propyl I SO- re su

groups are use@d ldo-the _@th@hab@QyQIoabkyn ripg-is, sulstitugeel it can be
nono- or poly- substltuted and i's preférably di-substituted. Mor e’

preferably th ph Loal Kyl ri IS ¢C L 8nSub tuted with
two net hyl gr§ﬁ§§9§The %%%‘Q'sphablcyclggﬁkyli\TB ng ggﬁ beégubs%?%uted at al

carbon atons t.he r|n meve Lo the juse hngs bstituents on
certain carboﬁ%;t béneF Papaegu Yabfg%£gﬁ%§%ﬁg%|%§%lononyl

i t t
rings are used) it L&g)%t' 40 HHAHU0,69600M1RLINBIngUL Labl y Car bon

atom1, 2, 8 on-atom 4, npl es of pre erred bi dent at e
| i gands |ncIu@mbgtiidnadcmﬁuhymphdsphbﬁg)spbepahe;ed with a carbon

1, 3- bi s(di met hyl phaos h|no prop WO _034 040062 PCT/EP02/12381 10
1, 3-bis-(1, 4- Cﬁof SP 5PSHe € optglnlng group Can,

1, 3- PP bi s(9- Qﬂﬁ&ﬁﬂﬁb'Qﬁﬁhﬁh$:%ddﬂﬂ@6ﬁbﬂ Pe@p@Beatoms, such as
1, 3-bis-(1, 5- cyclooctylene phosphi no) - propane, i.e.
halides, sulphur, oxygen-and nltrogen or hetero-groups as

described hereinbefore. Preferably, substituted
phosphabicycloalkyl rings are substituted with alkyl
groups,  preferably having from 1 to 10 carboen. atoms, more
preferably from 1 to 4 carbon atoms. Linear, branched or
.eyclic alkyl groups can be used. Suitable.alkyl groups
include, methyl, ethyl, propyl, iso-propyl, butyl and
iso-butyl. More suitably methyl groups are used. If the
phosphabicycloalkyl ring is substituted, it can be mono-
_or poly-substituted and is preferably di-substituted.
More preferably the phosphabicycloalkyl ring in this case
is substituted with two methyl groups. The
phosphabicycloalkyl ring can be subétituted at all carbon
atoms of the ring. However, the use of rings with
substituents on certain carbon atoms can be more
beneficial. Suitably, phosphébicyclbnonyl rings are used
with substituents on two carbon atoms, suitably carbon
atom 1, 2, 8 and carbon atom 4, 5 or 6.
Examples of preferred bidentate ligands include
1,3-bis (diethylphosphino) -propane;
1,3-bis(dimethylphosphino) -propane;



1, 3- PP bi s(9- phosphabi cycl o[ 3, 3, | ] nonyl) - pr opane;

1, 2-bis-(1, 4-cycl ooctyl ene- phosphi no) - et hane, i.e.

1, 2- PP biwd3plwsphabi cycl o[ 4, 2, 1] nonyl ) - et hane; PCT/EP02/12381
1, 2-bis-(1, 5-cycl ooctyl ene- phosphlno)Hbthane i.e.

1, 2- PP' bi s(9- phosphabi cycl o [3, 3, 1] nonyl ) -et hane; 2, 2-di nmethyl, 1,
3-

PP' bi s(9- phgsphalicys! 1 oodtylcheDBAYL L1 REPPERE; Ié’erre;.rexl
2-hydroxyneth3T% %? 3- %qu 5%908 ogpeaEe glcy% é ppﬁS p%] nonyl ) - propane;
2, 2-di met hyl , 11, 33PPPbhisd @9 pplesspbabiyytbd4 , PAanQPMbhypyomﬁ@®ane

2-nmet hyl, 2- hydroxynethy bicyc 1]

nonyl ) - proparte 391541 E|§YFi02C§y€F8%SP§PER§ Bﬂbsgﬁ¥%a£%é£ﬂy$)zl,l'

bi phenyl; 2, 2'3- bi_$pl i (@%h@@ghxb%%mbqspbl npnoBY Dyl prdpdne; bi phenyl; and
m Xt ures thereof Some of the dentate |igands that can be used in t he

pr esent |nvenﬂ4@nhaﬁe (donsicyereactylpaenphepPhtRe) peeleRe i hvention

therefore als reI irga d
RLR2ML- V- MR R3R4 (P %S‘LS (& gflr?gﬁﬂg gg’%&l’a?égfﬁgéﬁéﬁgentﬁh‘é‘ *' As or Sb: Ri,
R2, R3 and R4 i,dependantl-yyaépoeseitna-phnopaliaal eahapaatlcegroup, or R1,

R2 and ML together and/ or , and M2 tog ependent |y represent
an optional | y ls@odE Diedd WﬁoﬁﬁpékéﬁgglPé%/EPégﬁfﬁggg g §438¢{ phatic cyclic

group Wi th at J eastBctig 8t ambe: 8 (W0bEBsEARNEEyERS- M. of M atom
respectively; ‘dnd V represents a brldglng group conprising a
[3,3,1]lnonyl) -propane;
2-methyl, 2—hydroxymetﬁyl, 1,3—PP’bis(9—phospha—
bicyclo[3,3,1]nonyl) ~-propane;
2,2-dimethyl, 1,3-PP’'bis(9-phosphabicyclo-
[4,2,1]lnonyl) -propane;
2-methyl, 2-hydroxymethyl, 1,3-PP’'bis(9-phospha-
bicyclo[4,2,1l]lnonyl) -propane; |
2,2'-bis-(1,4-cyclooctylene-phosphino-methyl)-1,1"'-
- biphenyl;
. 2,2'-bis-(1,5-cyclooctylene-phosphino-methyl)-1,1"-

biphenyl; ‘
and mixtures thereof.

Some of the bidentate ligands that-can be used in the
present invention are considered to be novel. . 4

The present invention therefore also relates to a
bidentate ligand of formula II,

RIR2M1-v-M2R3R%

(I1)

wherein M! and M? are independently P, As or Sb;

Rl, R2, R3 and R% independently represent a monovalent
aliphatic group;
or R1, R2 and M! together and/or R3, rR%? and M2 together

independently represent an optionally substituted



trinmethyl ene group connecting ML or M2 of which the mddle carbon atom has
two additional bondings with a non-hydrogen atom R1,RR2, ML, M2, R3 and R4
repr esentwbhg/ogmn®e groups as descri bed herei nbefore. PrefPemr@rors23at e as
described hereinbefore. V representslla bridging group conprising a tri-
met hyl ene group connecting ML or M2 of which the mddle carbon atom has

two additi Ona|a1tlgﬁ‘££t'19:5 Midih 2 grenp hydnogeniakem sThengi ddbes casbon at om
can have two additional "bondings with one non-hydrogen atom i.e. a

doubl e bond, amiidh Gare haveHswiladdi MPoaabmborndepgstwirehy;two separat e
non- hydrogen atons. Exanpl es of non-hydrogen atons to which the mddle

carbon group GEW Be IERISSEWEndePriASHEBe IROVRr 6FPEHELIsBch as oxygen,

nitrogen, sul phur qr silicon. Furthernore e mddl e_carba t om can be
doubl e bonded T0-UGHILHETS G WEn CLUGIC “Pres k‘? aBFy?’ghS%Véf'?ﬂtﬁéem ddl e

carbon has twe; gddi tdonadn bardi ngs Wwbhabwe tsepanabenaongBydi egen at ons.
In a preferred enbodi nent the bridging group V represents a group having

the formul a - @qoAlydrEgey8 atopy) -C (V2) - (1V) wherein VI and V2

i ndependent |y represe n_optional | substituted al kyl group having from
1 to 4 carbon ator?gL,'Rrbtsx%ath%gRﬁeﬁ?ﬂ %4effﬁ?Pf,e56P5p§Peaﬁ%mFsgﬁ?%§/I?S or

hydrogen; angyAR3..andk V4, d.ndeprident | yreeriesent arBoAshydsegepeggroup. WO
03/ 040065 PCT/ EP02/12381 12 V3 and V4 each can represent a separate group,

or V3, V4 ancddminhedtize.carbon atomtogether can forma cyclic group.

V represents a bridging group comprising a tri-
methylene group connecting ML or’M2 of-which the middle
carbon atom has two additional bqndings with a non-
hydrogen atom. The middle carbon atom can have two
additional boﬁdings with.one non-hydrogen atom, i.e. a
double bond, or it can have twéﬂadditiqﬁal‘bondings with
two separate non-hydrogen atoms: '

Examples of non-hydrogen qtoms to which the middle
carbon group can be double bénded‘includé'hetero—atoms,
such as oxygen, nitrogen, sulphur or silicon. Eurthermore
the middle carbon atom can be double bonded to another
carbon atom.

Preferably, however, the middle carbohvhas two
additional bondings with.two sepérate noh—hydrogen atoms. -
In a preférred embodiment the bridging group V represents
a group having the formula

-C(V1)-C(V3,V4)-C(V2)-

(IV)
wherein V1 and V2 independently represent an optionally
substituted alkyl group having from 1 to 4 carbon atoms,
such as methyl, ethyl, propyl and isopropyl, or hydrogen;
and V3 and V4 independently represent a non-hydrogen

group.



If V3, V4 and the m ddl e carbon atomtogether forma cyclic group, the
cyclic group preferably conprises from 3 to 10 ring atons, nore preferably
from 3 t ow6 msiomgeant ons. The ring atons can be het er o- at on®CArEPOAIE38N at ons
but are preferably carbon atons. Pref®rably, however, V3 and V4 each

i ndependently represent a separate hydrocarbyl group containing carbon

atons and/or hetera- ahengs Sdichabha hygresanbyi gé?@@§tef@fo@@; Sopwpose
i ncl ude groups containing hetero-atonms such as sul phur, phosphorus, oxygen

and nitrogen. VéExadpltds ot dddehcgrbopsakawl haes ghetipsanf LOHR 3ycfiEtalC
formula - X1- OH -Xl CO OH -XI-SH -S-X1, -O X1, CO X1, -NH2, -NHX1,

- NX1X2, CON)?f -P04, -NQ2, -NOH, - CO -S2, -S-OH, in which X1
and X2; i ndependen:tfl yr,3 lvaplaeﬁelﬁhea’mkﬁﬂlercakkgheaEOIgrmj@St}lMIﬂtgrrﬁ rom1l to
10 carbon at ons. Preferably V3 and/or V4 represent a car bon, cont ai ni ng
group. Such aQ¥ﬁﬂﬁﬁ1%ﬁﬁﬁ%JﬁPﬁgC§F8&5 JEGHP REGETEFPLR oRPEP R SRR 15 Bha

het er o- at ons su r n t n tero
%Jféabff@ her %% hBhd rQXY0En1 3! §r81h £ 0g&Ng OF 1 e

groups as desc i nbe ore Preferably and/ or V4 represent
groups chosenaiﬁqmarnmhhymlngthybmSpp@pybg hgtdeoxyakohy| or agrir byl raames hyl .
Preferred bid%ptate di 2§ %168 ac ord| ﬂ to fornula Il include

2, 2- di met hyl - 1P GiT& PEEASE é’o@f’? ghe? g 98phi no) - propane;

2- et hyl - 2- hydroxw@f@waﬂlﬁ bicsretrer4- vgchaacty| eaen - phaspinaat pf opane; WO
03/ 040065 PCT/ EP02/ 12381 13 2,2

di hydr oxymet hwenr%tsa( BERAE(EROBYEYPEREDY bhBEBRP nePL R bipkie; carbon
2, 2-dimethyl - 1, 3501 $5(so3 tx¢loactybrRe- BNOSRBL 80)yaPEORABGI groups

for this purpose include'groﬁps containing hetero-atoms V
such as sulphur, phosphorus, oxygen and nitrogénl
Examples of such groups inéluae'groups of thé general
formula -xl-ou, -x1-co-oH, -xl-sH, -s-x1, -o0-x1, -co-x1,
-NHp, -NHX1, -Nx1x2, -co-Nx1x2, -OH, -POy4, -NOp, -NOH, -
CO, -SO5, -S-OH, in which X1 and X2, independently,
represent alkyl or alkylene groups having from 1 to
10 carbon atoms. Preferably V3 and/or V4 represent a
carbon containing group. Such a carbdn containing group
can, however, contain additional hetero-atoms such as
halides, sulphur, oxygen and nitrogen or hetero groups as
described hereinbefore. Preferably V3 and/or V4 represent
groups chosen from methyl, ethyl, propyl, hydroxymethyl
and hydroxyethyl.

Preferred bidentate diphosphines according to
formula II include ‘
2,2-dimethyl-1,3-bis- (1,4-cyclooctylene-phosphino) -
propane;
2-methyl-2-hydroxymethyl-1,3-bis-(1,4-cyclooctylene-

phosphino) -propane;



2- met hyl - 2- hydr oxynet hyl -1, 3-bi s- (1, 5-cycl ooctyl ene- phosphi no) - pr opane;
2,2 di hydrbxynet hyl -1, 3-bi s-(1, 5-cycl ooctyl ene- phosphi no) - propane. These

| i gands cap dbe4@nepared by: i) reacting P-cyclo-octyl ene RgariPdz12381
(phosphabi cycl o- nonane hydride) and Butyllithiumto generate a |ithium
cycl o-octyl ene phosphide (lithiated phosphabi cycl o- nonane ii') introducing
a tosyl ate greup BOhJamekhyktByDxetareis- (Bfhamptldyctebatéon with

p-tol uene sulfonyl chloride in dichloronethane.as solvent at 0 Cin the
presence of pPRPE&PRENC) -PEPPRB&Eti ng t he phosphide of step i) with the

tosylate SUbEEELHEﬁgtﬂggtﬁgs—PﬁsgkfPSL&}cl@écé§ﬂené*§%%%§h£hoﬂ:for the

first phosphi group a ux conditions for the ™ second phosphi de
group, in for pexagapke tetrahydrofuran as a solvent. An illustration of

this reaction is given_i Figure 1. The_ present Lnvention further rel ates
to' a bidentat @-mﬁgﬁé{ﬁa259ﬁ<‘59%mﬂst%¥ﬁ?;3%&@@@%:%#9\%9@%’%@@ (111)
wherein M andM-argondepgadently P, As or Sb; d, @ and ML together and
@B, 4 and M2"together 1 ndependently represent an optionally substituted
al i phatic cycl?,@ ghibygraxvheshyledsd-Bier fg: ateNELORFLY#RRH one is the M

or M. atom respectively; 3/ 040065 PCT/ EP02/12381 14 b and Q6 each
SR s a

i ndependent |y i Ponarly substituted al kyl ene groups; and Arl.

and Ar2 independentileyger eaprasdst can bpt ppapbtyd bubstituted aromati c group.

Bi dent at edi phosphi ne qugnds
i) reac

ing P-cyclo-octylene hydride (phosphabicyclo-
nonane hydride) and butyllithium to generate a lithium
cyclo—octYlene phosphide (Iithiated.phosphabicyclo—
nonane) . |

'iij introducing a tosylate group'to 3-methyl-3-oxetane.
methanol by reaction with p-toluene sulfonyl chloride in
dichloromethane .as solvent at 0 °C in the presence of
pyridine.

iii) reacting the phosphide of step i) with the £osy1ate
‘substituted oxeﬁane‘of‘steﬁrii); at‘for'example 0 ° C for
the first phosphide group.and reflux conditions for the
Second‘phosphide group, in for example tetrahydrofuran as
. a solvent.

An illustration of this reaction is given in
Figure 1.

The present invention further relates to a bidentate

ligand of formula (III),

0lo2M1-05-Arl-ar2-06-M2030% (III)
wherein M1 and M2 are independently P, As or Sb;
ol, 02 and M! together and @3, Q% and M2 togetﬁer
independently represent an optionally substituted

aliphatic cyclic group with at least 5 ring atoms, of

which one is the M1 or M2 atom, respectively;



havi ng a di net
descri bes bide
bei ng sub&DioBO
WO A- 8707600,

t he phosphorus

represent the same groups' as descri bed _hereinbefore. Preferences are as
ame groM
A& Ore

> eqgh igdeprpdaitlogdtaRiessnE GPEIGRAANY M t oget her

descri bed her e?

hyl enebi phenyl bridge are known in the art. WO A-8707600

nt at e di phosphi nes having a di nethyl ene bi phenyl bridge and

gwds at each phosphorus atomw th two addi t iPeR&iPOZIB38PS.

however, does not discl@se any bidentate di phosphi ne where

atomis part of an aliphatic cyclic group. ML and M2

i ndependent |y Lepresente@n, ORfianaldpmgithstituted cyclic group with at

| east 5 ring,

atons, of which one is the ML or M2 atom respectively.

Pref erences argndher5admg asr? oindddehdatd e myupsemeprespitiedabyyRl, R2 '

and ML toget he
here i nbefore

R s e R T

be

to 6, nore pre

r, and R3, R4 and M2 together, respectively as described

SUIEE B TS aRth b il armen B ylendteddmhospndpei dagrngs

atons.” The al kyl ene group can

m 1

substituted with wneros70ms&0 ek ocidrdry Ibigteoipst.e |dipghoehlikgseheviggoup is
t is preferably substituted with _alkyl group referably
#odgme iy kengy él?ealﬁf]y l??cﬂc'jﬁel Gt f%&%o@gﬂbﬁ%&%ﬁgér gger abl y
EQUR hiSosnstbss | 4t dyi ciPriaferat i kel djdexipane gros\%s are

substituted, i
having from 1
t he al kyl ene ¢
t he same and

preferabl’y both al kyl ene groups are unsubstituted .

03/ 040065 PCT/ EPO2¥Q 288370160 fret kg esrrr ordagshyladn eigrd s ambst pref erably

both & and
each i ndepende
group contai ns
car bon

. : bst i AL
s vkt i TR T e o e g -

of r @m $11pha2lc caydbbir ajoms. nore preferably from6 to 14

Ml and M2 represent the same groups as described

hereinbefore. Preferences are as described hereinbefore.

Ql;'Q2 and M! together and 03, 0% and M2 together
independently represent an optionallylsubétituteq cyciib
group with at least 5 ring‘atomsf of which oneAis the M1
or M2 atom, réspectively. Preferences are the same as for
the cyclic groups represented by Rl, R2 and M1 together,
and R3, R% and M2 together, réspectively as described
hereinbefore. o

05 and Qf each independently represent an optionally

subétituted alkylene group. Preferably this alkylene

group contains from 1 to 6, more preferably from 1 to

4 carbon atoms. The alkylene group can be substituted

with one or more hydrocarbyl groups. If the alkylene

group is substituted, it is preferably substituted with
alkyl groups, preferably having from 1 to 6, more
preferably from 1 to 4 carbon atoms.

Preferably the alkylene group is unsubstituted.
Preferably both alkylene groups are the séme and
preferably both alkylene groups are unsubstituted



atons. Exanpl es of suitable aromatic groups include phenyl, naphthyl,
phenant hryl and ant hracenyl. O these, phenyl groups are preferred. The.
aronmat i ¢ Wooap4@eh be substituted with one or nore heter @CatEPor188d/ or
hydr ocar byl groups. Hydrocarbyl groups used for this purpose include

al kyl , al koxy and carbonyl groups. Preferably the aromatic group is

unsubstituted. The . aromatic groups are preferabl onnect e | t hceac
other by the B i gth r‘?eggg/lted'f)et ﬁéfoé’fprsbo#o %oﬁ#&&?ﬁéﬁgg 8\,1911 Rett

al kyl ene gr oup(;PG P%e_eLpT]%éeergi bairg%ntsq}b%tq%%t\l‘%zipme@m%gﬁ%; g%ggpto formula |11

i nclude 2,2'-bfs- cycC ooct;ﬂ ene- phosphi no- bi phenyl ;

2,2'-bis-(1, 5-cycl goctyl g ng-phosphiy iyl rbpreBbpienyl arande i xt ures
t hereof . These |igands can be prepared by reacting P-cyclo- octylene
hydri de (phospiabicy chontrneiel hyadre dejomartd ¢ lgaopd icohitafnsofgemefate a

l'ithiumcycl o-octyl ene hosphi de (1ithiat osphabi cycl ongnane)-. The

| atter phosph?%eg?§9réaa£’i%‘bgwq%eap£ e-r&%ﬂ’gf%ﬁlo%l,%l'tﬁ)i gﬁeﬁﬁrgoﬁr oup
substituted W ifomsli tmbdil&a\d NG Gres ar@%@ftqwg&bup@syhauaae nesyl ates
and triflates, in an appropriate manner. Preferred aliphatic groups are

those having pheyeli crapiiphate Rhenstiry lagng Pasiiragegyéup®t shefcas
Cucl Lo SuneLL B PR oot e - bR g pLe0
2,2" - bis-(1, 4- eyissoDoltydd@ner yihasphiaro-maret mdtlerb-ktobisphedybrcan be
prepar ed by 1 2cling, sRpsehiablovcl onenane, v de and il LLbLum Lo
this Iithium phosphide; n@tud®ra@xanplaxdxyCadnd carbonyl groups. :
Preferably the aromatic group is unsubstituted. The
aromatic groups are preferably connected with each other
by the carbon atom next to‘the carbon atom attéched to .
the aikylene group.
Preferred bidentate diphbsphihg according to
formula IiI include
| 2,2'—bis;(1,4—cyclooctyleneQphosphinq—meﬁhyl)—1,1'—
biphenyl; ‘ o
2,2'—bis—(1,5—cyclooctylene—phosphino—méthyl)—1,1'—
biphenyl, and mixtures thereof. |
These ligands can be prepared by reacting P-cyclo-
octylene hydride (phosphabicyclononane hydride) and
butyllithium to generate a lithium cyclo-octylene
phosphide (lithiated phosphabicyclononane). The latter
phosphide is reacted with a. 2,2'-dimethyl-1,1'biphenyl
group substituted with suitable leaving groups,
preferably tosylates, mesylates and triflates, in an
appropriate manner. Preferred aliphatic groups are those
having a cyclic sulphate structure as a leaving group,
such as cyclic substituted or unsubstituted alkane diol

sulphate esters, also called cyclic alkyl sulphaﬁes.



tetrahydrofuran, with the di-p-tosylate ester of 2,2'-

di met hyl -1, 1' bi phenyl wherein the tosylate groups are substituted on the
met hyl grwops/40bbe P- cycl o- octyl ene hydri de (phosphabi cycilrern@mrane3shydri de)
may conveniently be prepared as descriébed by Elsner et al. (Chem Abstr.
1978, vol . 89, 180154x). The present invention further provides a catalyst

system conpri si ng: Foﬂ)eﬁbﬁ&Q%YQGZthﬁ%QqQ Mkl crebalks1khk - %h@bﬂﬁﬂh@te l'i gand
according to the general formula Il or I'll as desciibed herelnbefore. The

cat al yst syst enstdncordi g -t pheny i ween beopreparisd badvanrcagesusl y used f or
the tel onerizat, on of conj at ed el nerlz n
catalyst to béjﬁ%é§1|s %é%%nﬁlca3frl%' an% oo E %BlPP 9efg ko8

any cat I ca Irve

amount may betwegbrﬂemggﬁmr@ i prbeihede anaoga%eqadnﬂ;lyand
preferably between 0.000005 and 0.01 gram atom of Goup VII1 nmetal per nole

of conjugat ed Wharisimarttye luddd.un phosgdrideo athifeveehbghleabal ystin
efficiencies wthaut.h ng to.r | e t.he ata unt f_less than
0.0001, preferabtiP %? %¥ éﬁl “ﬁﬁ%bé%'aﬁ& o gsyb%gﬁeﬁﬁgg i g £han

0. 00002 gram afonesc19f1 -G ,ouibi¥Heny 1Meiireahe thsed opol ael grefipgoaiagat ed
diene. The bidentate ligand is generally used in a relative anount of from

1 to 20 nol es,Swprk Prefedt abl yHea gmthlo 9r9ubspl es of bidentate |igand per
oram ool e 01 e T e 3 agni-ca e g, 5 o
or zone or to lydaidd)ysiay rakercrd estllyt ben preparedmay Heskcrébegobated in a
Group V111 meLal SompleX The BT 0%g53,20q8nd ng fo B pogsen, invention
shoul d ’ :
The present invention further provides a catalyst
system comprising:
I) a souréé of group VIII metal;
IT1) a bidentate ligand according to the general
formula II or III as described hereinbefore.
The catalyst system according to this invention can be
advantageously used for theztelomerization of conjugated
dieneées. .
The amount of telomerization catalyst fo be used is
not critical, and any catalytically effective amount may
be used. In general, amounté between 0.000001 and 1, and
preferably between 0.000005 and 0.01 gram atom of
Group VIII metal per mole of conjugated diene can be
used. In order to achieve high catalyst efficiencies
without having to recycle the catalyst, amounts of less
than 0.0001, preferably less than 0.00005, and more
preferably less than 0.0000é gram atoms of Group VIII
metal are used. per mole of conjugated~diene.
The bidentate ligand is generally used in a relative
amount of from 1 to 20 moles, and preferably from 2 to 15

moles of bidentate ligand per gram atom of the Group VIII

metal. The bidentate ligand can be added as a separate



preferably be conducted in the substantial absence of oxygen,
reacts with the bidentate |Iigand and consequently nmay result

cat al yst wotmswidoys I n the process of the invention, one oPCHEPE2/0f38t he
| uent. Hence,
the use of a separate solvent is not necessary. Conveniently, however,
carbonyl ati on od@RGIHPN dTBhd e Laftfiiced M ure bhe zagddi biroral apeasenget of

solvent,. As such,, saturated hydrocarbons, e.g. paraffins and isoal kanes
are recomendetakerurn erlutsiginalsite igompents ilhcogeratkér nsachrasp
2,5,8-tri- ox ne i gl di et hyl et her: and ani sol and ket ones,
such as nethyﬁgﬁﬁgf%ﬁ%ghgx%%g%g%nts, gonprising. or substantially

consi sting of sul phanesraiesalf@onprieieriedhe Silepkanesnaeatinnpahbiutdl ar

reactants and/or the formed product ndy act as reaction

preferred, for exampl e dialkyl sul phones such as. dimethy

di et hyl sul phorr &iREERAY ke Sphsiesd Sudheasuoseaitans

di

€,

aBY

| phone _and
egce of

(tetrahydrot hi&gﬁ%}f- %@-&yﬁgrﬁ%a&@ fAkanene2 iekhykt stk ahangnand

2-met hyl - 4-et hyl's ‘ol ane. e tenperature at which the telonerization
reaction is casusesghenitly snenotremult dal deNoemmieldy catedApyetabgia¥ithet ween

anbi ent tenperature 3@9 150 C can used. Preferably
tammaUMeisfr&ﬂ

t he

¢ PIRFES & G5 & ERESPRsl YUFr B BET

pressure at whigl-ddie-d eliid 2ald EdHRECgro@uct meg kicedaeUlehstnoh
critical. Generally the reaction pressure lies between 1 and 10 bars.

Lel oneri zat i ord¥emnt ofenae behaarrse®lod SepgAritusasN¢ntsefi PBat ch or
at ch-w se. 0 5 8 e hnv i ikl
10,031 040055 PCT/ERORI 235148, e chRveR: 08 bl e

illustrated by ow n non-Ti'mting exa

1-9 and

conparative exssptieidhn may be carried out in the additional presence of

a solvent. As such, saturated hydrocarbong,

e.

g.

paraffins and isoalkanes are recommended. Further

guitable solvents include ethers such as 2,5,8—pri—

oxanonane (diglyme), diethylether; and anisole, and

ketones, such as methylbutylketone. Sdlvents, comprising.
{

or substantially consisting. of sulphones are also

preferred. Sulphones are in particular ?referred, for

example dialkylsulphones such as dimethylsulphone and

diethylsulphone and cyclic sulphones, such as sulfolane

(tetrahydrothiophene—z,2~dioxide), sulfolane, 2-methyl-

sulfolane and 2-methyl-4-ethylsulfolane.

The temperature at which the telomerization reaction

is carried out is not critical. Normally, temperatures

between ambient temperature and 150 °C can be used.

Preferably, the reaction temperature is from 40 to 100°C

and more preferably from 50 to 100 °C.

The pressure at which the telomerization reaction is

carried out is not critical. Generally the reaction

pressure lies between 1 and 10 bars.

The telomerization reaction can be carried out

continuously, semi-batch or batch-wise.

as oxygen
in decreased

th

ESB50688. The

The

e
a



The experinments were carried out in a 250 mM Hastell oy C autoclave. The
tel omeri zation catal yst was prepared separately as a 5 nl net hanol

sol uti on wD 030465 mol Pd(di benzyl acetone)2 and 0.3 mol PCasEPOA1281 | i gand
as given in Table I. The catalyst soli$tion was introduced under a nitrogen
at nosphere to a nmedium of al kanol and optionally additional inert solvent

in the autoclave gg indi&atiesh Wi 1Tabee ih1ukkeagubosharacnas1 169584,
evacuated and 15 m 1,3 butadi ene was punped in. SubSequently, the reactor

was seal ed andharhel owiftiers ssxamalesheated to a tenperature as specified in

Table I. The. teérgjer at u_rf waf mai nt ained during the reaction tinme as
specified in €8s 2 SratoelAaver ooled to room
tenmperature and then< anfitisnami=L wanal yzediky ostandasd260Cnl The obt ai ned
reaction rate and selectivity towards the_linear 1-substituted:

2, 7- oct adi ene Fatehhah CiattRmiayq-. Toen&LaO8G By Abio8ucRE L e uded
vi nyl cycl o- h - t . 0- : hers can be
y i ?ﬁ%%ﬁj %%}%e S 1%& s &f Rers. nLhe mmh %B%%%h gk

very usef ul er applications. The reaction rate is
defined as the.zvemage Pt mrery 130%tout=adi ené €oRvemsl opidaid £33 040065

PCT £ L2361, 19,16, &) S M tl, 4 U0 01 01, 08,00 0 0 s
43 HH N (Y) Nitroduced under a nitrogen atmosphere to a medium of
alkanol and optionally additional inert solvent in the
autoclave as indicated in Table I. The autoclave was
‘closed,‘evacuated and 15 ml 1,3 butadiene was pumped in.
éubsequently, the reactor was sealed and the contents
were heated to a temperature as specified in Table I: The.
- temperature was maintained during the reaction time as
specified in.Table I. Thereafter the autoclave was cooled
to room temperature and the contents were analyzed by
standard GLC. The obtained reaction rate and selectivity
towards the linear 1l-substituted .2,7-octadiene are given
in Table I. Generated by-products included vinylcyclo-
hexene and mono-butenyl ethers.
The mono-butenyl ethers cén be very useful in a wide
range of. other applications. The reaction rate is defined

as the average rate over 90% butadiene conversion.
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OOw zsina PAOO0OO0 00OO000 LnLnin HQ 04 cOfo61d ] co
WO 03/ 040065 PCT/ EPO2/ 12381 21 n.d.= not determ ned BDEPP =

1, 3- bi s( dwetohphkhdsphi no) - propane BDWVPP = PCT/EP02/12381

1, 3- bi s(di et hyl phosphi no) - propane BIOPP = m xture of 1,3-bis (1,4-cyclo
octyl enephosphing) _prepaperargihed- bi s(1, 5-cyclo- octyl enephosphi no)
propane BCOPE = m xture of 1,2-bis (1,4-cyclo- octyl enephosphi no) ethane
and 1, 2-bi s(1, BDEP®| &- ledtPlierdphobphbPhoprbin@hePMBOTPP = 2- et hyl ,

2- hydr oxynet hyl 3-bis_(1.4- ¢yclo-octyl sphi propane 1,4 BCOPMB
= 2,2';bis7(1,£¢@¢€|ao&firé%éf8%0%%%?%85¥ﬁ§$§§$f-ﬁ?ﬁﬁg%?pheny| 1,5 BCOPMB =
2,2' -bis-(1, 5- ¢yelppoct wieherphosphi sobibethyk)efclo-bi phenyl NVP=

N- et hyl - 2-pyrrol i done DPPP_= 1, 3-bi s(di phenyl phosphi no’%- proi)ane 1 =only
4% t el omer i zat CSHYPEHEREOSWE& N0 opFeRane and” 1,3-bis(1,5-Cyc

octylenephosphino) propane

BCOPE = mixture of 1,2-bis (1,4-cyclo-
octylenephosphino) ethane and 1,2-bis(1,5-cyclo-
octylenephosphino) ethane

MHBCOPP = 2-methyl, 2-hydroxymethyl, 1,3-bis (1,4-
cyclo-octylenephosphino). propane

1,4 BCOPMB = 2,2'-bis-(1,4-cyclooctylene-phosphino-
methyl)—lyl'—biphenyi

1,5 BCOPMB = 2,2'-bis- (1,5-cyclooctylene-phosphino-
methyl)-l,l'—biphenyl - '
NMP' = N-methyl-2-pyrrolidone

DPPP = 1,3—bis(dipheﬁylphoéphiho)—propane

1. bnly 4% teloﬁeriéation ﬁroduct was formed,
whereas 59%'mono—butényl~éthers were fgfmed

2 = only 31% te;gmeriéation'product wastformed,
whereas 59% mono—bute@ylgethers were formed

3 = only traces of ethers were formed



wher eas 59% nono- butenyl ethers were forned 2 = only 31%tel oneri zati on
product was formed, whereas 59% nono-butenyl ethers were forned 3 = only
traces ofwetlams®esver e formed WO 03/ 040065 PCT/ EPO2/ 12381 PEZ2/ER0v12381 M S 1.
Process for the telonerization of a c@njugated diene, wherein the
conjugated diene is reacted with a conpound containing an active hydrogen
atomand having a formula RRH in the presence of a telonerization catalyst
based on: (a) a source of group VIII netal, (b) a bidentate |igand.

wherein the bidentate ligand has the.g ngrfl grmula | RIRZML- R- MR3R4
(1) wherein ML, and M2 are |ndependeﬁf§y—P—Jgs—or Sb; R1, R2, R3. and R4

i ndependent |y represent a nonoval ent aliphatic group; or R, R2 and ML
together and/or R3, R4 and M2 together independently represent. an
optional |y substi &GS ifpRatihe 5§&PW€rlzagFBHp°§n?hC%FJV%%Eﬁd ring
atonms, of whichy {ﬁéls the ML or M2 atom respectively; and R represents a
blvalent organi ¢ bridgi ng group. 2. Process according to claim1, wherein
t he conjugatedWMErﬁmniEha.dbdjugﬁﬁ&ﬂuﬂiaﬁe Psocesstedcwitdhng to claim1 or
2, wherein the actlve <% r.ogen- contalnln ggBFund is, water, an alkanol

or an hydr oxy- ar gAY s q&%ﬁ? gs5g 8FC Foriflia 11,

having a formula R-H in the presence of a
telomerization catalyst based on:
(a) a source of group VIII metal,
(b) a bidentate ligand
wherein the bidentate 1igahd has the general formula
I
R1R2M1-R-M2R3R4
(1) |
wherein ML and M2 are independently P, As or sb;
rl, 2, R3 and R4;independen£1y represent a
monovalent aliphatic group} |
or R1, R? and M! together and/or R®, R% and M2
together independehtly represent. an optionally
substituted aliphatic cycliétg;oup with at least 5
ring atoms, of which one is th'e.M:L or M2 atom,
respectively;
and R represents a bivalent organic bridging groﬁp.
2. Process according to claim 1, wherein the
conjugated diene is 1,3-butadiene.
3. Process according to claim 1 or 2, wherein the
active hydrogen-containing compound is water, an
alkanol or an hydroxy-aromatic compound.
4, Bidentate ligand of formula II, |
R1RZ2M1-v-M2R3R4
(I1)



RIR2ML- V- MMR3R4  (11) WO 03/040065 PCT/ EP02/12381 23 wherein ML and M2 are
i ndependently P, As or Sb; Rl, R2, R3 and R4 independently represent a
nonoval ervoaBiopivas i ¢ group; or R1, R2 and ML toget her and/Pom/ER82/11341 and M
t oget her independently represent an optionally substituted aliphatic

cyclic group wifhay | gast B yoi 0902l AABRCQhNAT Ghpongsi 5, L, ML or M2

atom respectiVely represents a gi ng” group conprising a

trinmet hyl ene grr%up ézqn@{ec_rain@gRmigaea{gnggng\@&cpeﬁ)bgseﬁ{ dgdl e carbon atom has
y

two additional bondings with a non-hydrogen atom 5. Bidentate |igand

accordi ng to claminnvglenticediiphathe birdentate |igand is chosen from
2,2-dimethyl-1,3- his-(1, 4-cycl ooctyl ené-phosphi Qo) - propane, 2- et hyl - 2-
hydr oxymet hyl - 1913 Rdi.s K1 aadc Y| 568eyhereaBROSENRN0)RT 2 dpane or 2,2

di hydr oxymet hyl.-1, 3+l (nél % L.gqc =phosphino) 5 ne:
; 'S e Pendba ] Eéé?@ eRE0ZANLHL 5RE D 1
2, 2-di net hyl -1 tfg‘% S-( f, = }%]1 ooctyl ene- pﬁosphl no i-apr opang?z- met hyl - 2-
hydr oxynet hyl - |subsrisutkdbadyehaady bgnéiphgsphpnej thpaopaaestors 2, 2
di hydroxynet hyl -1, 3-bis- (1, 5-cyclo- octyl ene-phosphi ng) - propane. 6.
Bi dentate |igandngf afcemsul @f( WhiEh ORERME- CBeAMt- pF 2MEBatRTBQY  (I11)
wherein ML and M2 ar .ivngs/pendently P, As or Sb; Q1, @ and M together
and 8, 4 and R ogét e’ | ndependently represent an optionally
substituted aldfehat irepreelent sgeobe idgthgagrbepstobpriagngtenms, of  which
one is the ML or M2 atom . respectively; :
trimethylene group connecting Ml or M? of which the
middle carbon atom has two additional bondings with a
‘non-hydrogen atom. o .
5. Bidentate ligand according to claim 4, wherein
the bidentate ligand is chosen from 2,2-dimethyl-1,3-
bis—(1,4—cyclooctylene—phosphino)rpfopane,z—methyl—Z—‘
hydroxymethyl—1,3-bis—(1,4;cyclooctylene—phosphino)—.
propane or 2,2 dihydroxymethyl-1,3-bis- (1,4~
cyclooctylene—phosphino)4prppahé} 2{2—dimethy1—1;3—
bis—(1,5—cyclooctylene—bhosphino)—propane,z-methyl—z—
hydroxymethyl—l,B—bis—(1,54cyclooctylene—phosphino)—
propane or 2,2 dihydroxymethyl-1,3-bis-(1,5-cyclo-
octylene—phosphino)—propané."
6. Bidentate ligand of formula (III),
Q1Q2M1_Q5_Arl_Ar2_QG’_M2Q3Q4
(ITT) )
wherein M! and M2 are independently P, As or Sb;

ol, anéhd Ml together and @3, Q% and M? together
independently represent an optionally substituted
aliphatic cyclic group with at least 5 ring atoms, of
which one is the Ml or M2 afom,.respectively;

05 and Qf® each independently represent optionally

substituted alkylene groups;



@ and B each independently represent optionally substituted al kyl ene
groups; WO 03/040065 PCT/ EP02/12381 24 and Arl and Ar2 independently
repr esentwansopiosdnal |y substituted aromati c group. 7. Bipdersrar/e238i gand
according to claim6, wherein the bidentate ligand is

2, 2" -bis-(1, 4- cyshopsel yheaearPhosdhbaridiny | yephsekerfti REEMHE %all
2,2'-bis-(1,5- cyclooctyl ene-phosphi no- net %I )eplr 1' -bi phenwﬁ § (\éat al yst
system conpri si ﬁ’gbﬂl‘aué@@r@@mtm GipPUR4 1 netal; 11) a bident at e ligand

according 1o any ong gfne S8 hd Gk Bl 96e8s aGoor oL g Lenclai m 1

carried out in resence o I"al"m
Process for thetnéebﬁdiaﬁt@tﬂem‘_lgammwez 2 QR Gll,mg-cy&bldcﬁltqf]f%lﬂezatl on of
1, 3- but adi ene according to any. one of clains 1-3 or 9 to form

1-substi t ut ed- ZPWOSB]E%%ﬂl‘E%"ehY]o)) hyklrdieaoh Bt Aare ~Pis- (1,5-
1-substituted-2,J: Qgéggyf&geaﬂ%%%@_)mé@l 1qr_nj sy 1ed octane; c)

cvC
deconposi ng the { substituted octane of st to f rm - oct ene.
8. Catalyst system comprlslng

I) a source of group VIII metal;

II) a bidentate ligand according to any one of
claims 4 to 7.

9. Process according'to claim 1, carried out in the
presence of a catalyst according to claim 8.

10. Process for the preparation of l-octene,
comprising: ‘

a) telomerlzatlon of 1,3-butadiene accordlng to any
one of claims 1-3 or 9 to form 1 _substituted- 2 7-
octadiene; ,

b) hydrogenation of the 1l-substituted-2,7-octadiene
of step a) to form 1l-substituted oétané;
c)'decomposing the 1—sﬁbstitutéd octane of‘step b)

to form l-octene.



