" WD 03/ 040065 PCT/ EP02/ 12381 30 R 2006 1 PROCESS FOR THE TELOVERI ZATI ON OF A
CONJUGATED DI ENE, = CATALYST AND BI DENTATE LI GAND USEFUL THEREI N 'gpgﬁgk e nt
_invention Y@PHS o a4 process for the telomerization of XCIFROUEHBEA
di ene, and a catalyst and bidentate |}gand that can be used in this
process. In particular, this invention relates to a process for, the
tel oneri zati on of butadi ene, and-a catalyst and bidentate |igand that can
be used in this process. The telomerization of butadiene is known in the at
fromfor exanple WD A-9210450. WD A- 9210450 describes a tel onerization
reaction wherein 1,3 butadiene is reacted wth a conpound containing-an
active hydrogen. at om and a a fornula R resence of

havi ng -H in the a
telonerizati on BBPREGStFOR FOF nf ALMERHER TN e0F 2A 7COR{ Sah ERe BEEY S mul a
CH2=CH- CH2- CH2- CH2- Cl5@GhtyGdar Ry i [ SRSFE g I R%f’ﬁ'\l of the
conpound cont ai ni ng an active ;lljdr%ofgﬂégrﬁ};ﬁatg%r VDQ}A- 2102%%! escribes a
‘'wi de range of telonerization catalysts. The tel onmerization catal yst
disclosed in the exanple is a palladjum acetyl acetonate/ triphenyl phosphi ne

based catal yst. WTRE {RFeSeRle| bHEPRZHRT ofF LR %F ys? # HRIQBFRRLERA 1509 owar ds
the desired '%@f@rﬁeﬂiﬂ?ﬁf&{(y?ﬁ’a?@&ﬁfﬁj%ﬂ@dtﬂ%f'%ﬁ&'&’”catpi La RS

89.4% Al thoug I n passi ng, e description nentions the poss e use of
di phosphi ne | igadestave z1idprsd dilpdenydn pdhaospdd ne) et hamepraowe sk phirsphi ne
ligand is disclosed in the exanples. K The %giect of the present-invention is

to provide a PPbEESE #or theS t BN Pt TOIF 0FS o @ ohj R &RF of Inef P43 APR
2006 WD 03/ 040065nECTLEPOZ 12884, oS €l Mhddies t&h¢ éégaéﬂ&_rb{c?é’&éa{@é‘ can

be.carried out wth an inproved selectivity towards t | i near - .
télomeri zati onlpgagdcthat tcdrasbaovsddein fidurel vieteshe tel onerization of a

[ near tol omer zat 16 o AUETL 19 Lehe pralattion ° Siad i R
system from for example WO-A-9210450. WO-A-9210450 deacribe% a
telomerization reaction whefein 1,3'Butadiene'is reacted
with a compound containing'ég'active“hydrogén.étém'and
having a formula R-H in the presence of.a‘telbmériéétidn
_catalyst to form a l-substituted—é,7—octadiene of formula
CH2¥CH—CH2—CHZ—CH2—CH=CH-CH27R,_in which R represent.the
‘residue of the compound containing an active hydrqgen._

.aﬁom, WO-A-9210450 describes a wide range of

ﬁeloﬁerization catalysts. The telomerization catalyst
"""" disclosed in the example is é palladium acetylacetonate/
triphenylphosphine based catalyst. With this '
telomerization catalyst the selectivity towards the
desired linear l-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,



Accordingly, the present invention provides a process for the

tel omeri zati on of a conjugated di ene, wherein the conjugated di enk3 ABR 200§
react ed wi wo es/@osgsound contai ni ng an active hydrogen at ompandedeaniizg a
formula R-Hin the presence of a telonerization catalyst based on: (a) a
source of group VIII netal, (b) a bidentate |igand wherein the bidentate

| i gand has the general formula | RIR2ML-R-M2R3R4 (| wher ei n, and M2 are
i ndependent |y P/SEEGH QiF FaloRerlFa" 1o FoRT Mdperitfents Y2 Eht 8 it a

monoval ent  al ilp_hgxi g{ncrpg,% A e dand, J,agg@% apdior-R3, R4 and M2
t oget her i ndepen en%?y epr\{asent aeh opt | ongqcfy su rs]ﬁrl? ut ed %I i phatic

cyclic group witdlateremstidn rpredwattons, of which one is the ML or M2 atom
respectively; and R represents a bival ent organic brjdging group. The use of

this specific catalystiast¥mbesu idnd that ithe dvetPeel ¥ed § 191 ok Ghar ds

the linear pro - W i j r I 500 nol

conj ugated di %jﬂgﬂg%u%%%&ﬁg% %ﬁ%h@%%ﬂ%aﬁ g){dieigﬁ1 ene preferably
i s a conj ugat edsdieneal vitay i tngvdrdmm thd @ 20 axnresl queaf erzathi gn fpomdubt a8
carbon atons per nolecule. The conjugated diene can be 1 3 APR 2006 WO .
03/ 040065 PCT/ PEEFSRCS FuistTRIAED Orcahfslobil i SR - and can contain a

"ncl ude 1,3 but adi N6 SanrBre s oo one MG R BRL T RSy
the conj ugat ed fherhe Lelomshistattidredbfared qurefueyaiEg dieneonj ugat ed. di ene
13 but adi ene. P (1SR BRAH (5 i SRR e Compouse
1-substi t ut ed- QG AGIENE, Gt R RRRARL: athn Wsl iHdliGly %2 kAchad ene
can be useful in a proceéss to prepare 1l-octene containing substantially no -
branched ol ef iRl i@y-tilgomreserBc ipfa priedese iz axenpldeiad/d based
V[)A—9210450.-IQLS invention therefore also relates to a -
{a) a source of group VIII meﬁal;

T(b) a. bidentate ligand |
;hérein the“bidentate iigand‘has the'genefal:formﬁla I

‘ RI1RZMY-R-M2R3RE ()

wherein Ml and M2 are independently P, As or Sb;
- rl, R2, R3 and Rr* independently repfesent a'monovélent

aliphatic group; ' '

or R, R? and M! together and/or R3, R? and M2 together

ihdependent}y represent aﬁ o?tionall? substitu#ed . ;??

aliphatic cyclic group with at least 5 ring atoms, of

which one is tﬁe Ml or M2 atom, respectively;

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 conjﬁgated diene

having from 4 to 20, more preferably from 4 to 8 carbon

atoms per molecule. The conjugated diene can be



" process for the preparation of |-octene, conprising: a) telonerization of
1, 3-but adi ene as described herein, to form 1-substituted-2, 7-oct &gi PRENQEL)
_ hydr ogenatwQ#s/ofooéhe 1-substitut ed- 2, 7-oct adi ene of step EHC'WEP(I&,QESXI

" 1-substituted , octane, c) deconp05|t|6n of the 1-substituted octane of
step, b) to form1l-octene. Step a) of this process can be carried out as

d bed h d bed
V0 A 9210450 TR BBR uGH BACH-Ehe HEBd e brn, FPRGAEh SonniBeinst

contain smal | aseypbatehsot BRamsakEr afedoafugasatugatads budtocaﬁbB@S- For
exanple, a. crude C4 hydrocarbon m xture can be used as a feed for
1, 3- but adi ene. uSgéhiacérdgelcd RikedienganiEeRTENR, LpdsPERE2di80But adi ene

other ~CA-hydrgcar pansasug IR %HE?QngaEHebHEHﬁggat Bed§8£évf

hydr ogen- cont ai hi ng “conpound having a reactive

hydrogen at om uhxabptesuetd adndhpaetevebhydthgesoadngataingiensponngs
include 1 3 APR 2006 WO 03/ 040065 PCT/ EPO2/ 12381 4 al kanol s,
hydr oxy- aronatF@nééhﬁﬁuﬁé§boﬁaﬁ58%§[|HoéElE§Efe§ﬁﬁﬁﬁrathErFﬁ%IVG%hﬂd

secondary amn e d active hydrogen-contai ni ng conpounds
i ncl ude water, SEFEano Eé%dbEEgggéégaronatlc conpounds. Al kanol s that can

be used in the pr onesheof el brerhrenibnnprocksdeocfionos -butpdignal kanol s,
whi ch can be |inear or branched and $aturated or unsaturated. Preferred

al kanol s for theSpPBEAEYtEE-Ené PRYRALEBR GRR P8I REARBRESHith from 1 to 20,
nore preferably._ Mgtieeeha 2t §_BcEalbOReat 9BLe PEE-FRY esHl £ sRd-alkanedi ol s

wth from 2 to 0", nore préferably from2 to 6 carbon atons per
nmol ecul e. SU|tbepaaékaﬁot5enencohEaanngssub$tahelalhyeno|bmam¢h¢@de
néthanol , ethan et hanedi, ol r opanedi r ppanedi ol

i so- propanol , gﬁ?é Rof, 87 558@?5%egggag i,ﬁf%ﬁgﬁﬁeﬂ?o?xe?g%l%ﬂ?g
ort putenol, ananale bgrepl . Leyanedhdl coc ELODCRRSl o Mhe 0 o
Met hanol and. phﬁﬂ@géafﬁr %Béppﬁé?ét&tp@ﬁfﬁfrBd@ctene comprising: -
a) telomerization of 1,3-but§diene'as'dgscrlbed herein,
to form 1-substituted-2,7-cctadiene; o . .
. b) hydrogenation of the l-substituted-2,7-octadiene of
step a) to form l-substituted octane;
" ¢) decomposition of the 1-substituted octane of step_b)
to fo;m_i—octene.
Step é) of this process can be carried out as
" described herein. Stéps 5) and c) are conveniently
carried out as described in WOfA—9210450f
The conjugated diene used asla-starting compound can

contain small amounts of other saturated or unsaturated

hydrocarbons. For example, a crude Cy hydrocarbon mixture
can be ﬁsed as a feed for 1,3-butadiene. Such a crude
C4 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



Exanpl es of hydroxy-aromatic conpounds are aromatic conpounds cont ai ni ng
one or nore rings such as phenol,' benzylal cohol, cresols, xylepgl
napht hol asydeibieds Pol yhydric conpounds such as resorcirKﬂP,ﬁ¥ ﬁ@ﬁﬂmﬁne
and pyrocatechol. Also al kyl-, al koxy- gnd/or hal ogen- substf%u oq Ardmat i ¢
hydr oxy conmpounds can be used. Exanples of carboxylic acids that can be
used in the process of the invention include aliphatic carboxylic acids
with up to aboutllRanedsbohydrons -appeskel fedomparndry| Ferhekpsiaracifisse

having from1l to 6 carbon_.atons_sych as e.g. acetic aci.d ropi onic acid,-
butyric acid. ENVARPFeS OFiGFYaBie AFoRBLFEY cATBONS| FESalFHE® | nol ude

benzoi ¢ acid and tobuerereaibasyhie Bpasogdhseont i ARG 2006poWka93/ 030065
PCT/ EPO2/ 12381 carboxylic diacids can be used, such as for ‘exanple adipic

aci d and pht hal iechede. wExanpl eskanodsi ared coypoondsaraagttancpepegedsi n t he
process according to. the inventjon_are ammonia_ and rimary apd_secondary
amnes. Suitable aﬁg%%a%%%%oﬁﬁﬁt C?ﬂc?%dgs? rlﬁxgﬁﬁlgrBF?ﬁérg afﬁ%hatic
anines, such asjnpd@ihyban Ae1uthybasi nexr puty! ankage1dodgeytaniae vad the
i ke; primary aromatic am nes, such as aniline, toluidi ne, benzylam ne and

the |ike; seconddRr§aandhebranokndasndi seilyibadner Wnetbyianede,
N- et hyl ani | i ne i c céog hyl hex .the like;_as well

| an | am d
as pol yam ne subheRg" Xﬂaﬂén?bfn@ﬁ?H@¥%%¥Sgn&§etﬁg lnv%naﬁg%r%%iclic

as d%eny enediam he; e e- - drantne; —an

am nes, . such asapkpesidiwmeth Theohel oberi gathene o6t &8abl$. wlel rfesmout in
the .presence: of a specific catalyst. The group VIII netal is preferably .
chosen from t het®net @@ELPRHoUFORE - PEEKEPlepal ¢ aand np Branedsed fum tirf¥eese,

pal I adi um and plafi nym atﬁgrg;g%féf%ga%p#%ﬁiyn%é% r’r(gga% %Igirgg&qé 39%? Exanpl es

of suitable netal sources ar a i num or um an atinum.= -

or palladi um ommalecarei esuithbee slkdmabl € foutlsesprocetsaseopl ¢ numor -

pal | adi um cati on conp| exes which are converted into Pd (0%,9@ Pt (0) during
TO

the reacti on. E%%ﬁ%@%%o%fl%%%%depm%¥mﬁﬁﬁ%or?EEﬁW%&ﬁLﬁﬁ%%?? npl exes
include carboxylatesoPf PlAlbAymRRLaRRA | adi um S RR&d 851 80 SOYLSanol,

butanol, 1,2-butanedicl, 1,4-butanediol, iso-butanol,
tert.butanol, pentanol, hexanol, hexanediol,
cyclohexanol, and cyclchexanediol. Of. these, methanol,
ethanol and phencl are preferred. Methanol and. phenol are.
especially preferred. |

Exampleé of'hydroxy—arométié compounds are aromatic
compounds containing one or more rings such as phenol,’
benzylalcohol, cresols, xylenocls, naphthol as well as
polyhydric compounds such as resorcinol, hydrogquinone and J
pyrocatechbl. Also alkyl-, alkoxy- and/or halogen-
substituted aromatic hydroxy compounds can be used.

Examples of carboxylic acids that can be used in the
rprocess 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 aromatic carboxylic acids

include benzoic acid and toluene carboxylic acid. Alsc



of palladiumis tetrakis(di benzyl acetone) palladium The bidentate |igand
has the general fornula | RIR2ML-R-M2R3R4 (1) wherein M and NQ'M'API?ZUUE

. i ndepended $#/8006As or Sb:; 13 APR 2006 WO 03/ 040065 PCT/ EPROT/EPEHIZISE R1,

R2, R3 and R4 independently represent "a nonoval ent aliphatic group; or R1,

R2 and ML together and/or R3, R4 and M2 together independently represent an

optional |y subsidsdtyedc adiiedd G4y Pd QHOUBWH hidtideastarpld Ng at ons,
of which one is the ML or M2 atom_respectively;, and R represents a
bi val ent or gard&irG difi ¥y arbuhithalich@diddent ate |igand of fornula |, M

.and M2 are pref er%a%bf&e é@nﬁni%%d M%%r‘-?{jg ecrh%@ ycatnh%\ép?%tfer& JLeRLesent

phosphorus at ons. i'valent organic gl ng gr oup er abl y has from

1 to 6 and norerqueferadtordimmed tuhed atvenk idh e kinddega.a Bad' in the
bridge" as used herein is understood to nean the shortest connection _
_between the atRHENaMY BTt MCONSIALYA R RS -d G 3 cu e linge [Gaa@osmslst i t ut ed

and unsubsti tlﬁﬁ%@éﬁdﬁwﬁﬁo%&@qﬁf%ﬂﬁﬁﬁ%ﬁ %lggn%%lr}t S t%isn one or

nore hetero-atons, su pref erably has
only carbon atnthylanihe, Etdgemibes aduoyllend mgr, o deay lemisbahid twhed with
one or nore groups, and is preferably substituted with_two groups. The
substituents o MR TS TN aForce MEOSSo- SHEES BLRApPEs of

unsubsti t ut ed 2l ane Didg AL I YdgIPLR R St LeRe and
tri-nmethylene groups. Exanpl’es of substituted al'kyl ene bridgling groups
include for exanplas 2jiZradihydtamilne,r idietthyllemeng,. el-metdopantyieee)
2,2-diethyl-trjmethylene,. 2,2-dinethyl- tetranmethyl ene, . 2-
Chyl . 2- hydr oxgHERR e cen B OV 1o aGHRaey | G thiey Like : as
{dlfhyqroxyWEtm@rﬂréénﬁébﬂéﬁﬁie (Euc®: e %&W@%é@ﬂhmiﬁ%@f%E&?de%bky|ene
bridging groups are ethylene, trinmethylene and neopentyl ene groups,
preferably costestingg reghdwttioreioyalie Mbizes MBughomsbplpeZiAPRE2006
The telomerization 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 on a
carrier. Other suitable sources include platinum or .
palladium cation complexes which are converted into Pd
{(0) or Pt (0) during the reaction. Examplés 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
RIRZMLI-R-M2R3R%
{1) '

wherein M1 and M? are independently P, As or Sb;



WO 03/ 040065 - PCT/EP02/12381 7 the first and the second or the third
carbon atom such as a 1,2-ethylene, a 1,3-trinethylene or a 1313 APR 2006
neopent yl eNeO gs/o9p65 Of t hese, neopentyl ene groups are espeaci/kpuzpesfierred.
Preferably the neopentylene bridging gsoup is substituted with one or nore
hydr oxy groups. The bridging group can al so conprise one or nore aliphatic
or aromatic rinﬁlstryctu es. Preferabl éuch a bridging group stil

contains only f¥omB“toRs &3EbBhH 1% NHENERE BEPY§ECT AN cEFREY Al Pt
preferred bridggﬂgph L OUPo£QRtLai ns two aromatic ring structures, preferably
two benzene rings. These aromatic ring structures are preferably connected

to each other apd kD, t#D AEYHENE-oBEREPSaMB)ER KRB, tRel fnund ah§ecRBPeCt ed
to respectively ML and M2. The al kyl ene groups are preferably connected to
the aromatic rindesenderutesrepresent antdoptposiilypnsubistibuteds the carbon

t th h whj th ti i t t d. |1

brof or rod_enbodtYERPSR © B Lt SHeLAd ST RoRpehtaRt] 5 T ops cSentea BF | mary,

igconda“y or t%ﬂ&ﬁyo:"i‘ék%’i-. %%’1 GLeherab tPgsﬁé&é’vaQi)‘?}‘p has from1 to
carbon atons, nbre preterably fromi1 to tar bo atons. ' Exanpl es of such

al kyl groups inghdide repryitentetdybivPreopy| ordsepe opyldgbugygrossc- butyl,
i so-butyl, tert-butyl, pentyl, sec-pentyl, cyclopentyl, hexyl, cyclohexyl.
Preferably Rl, R2, R3 unel HRddemcepentisymtg of epomsehs B, pvi nang 1af kyte gr oup.

Exanpl es of suitable rimary al kyl oups-include nethyl, ethyl and propyl.
Preferably the %ﬁ?ﬁﬁ%@é@y{%ﬁgés?ﬂ%r%gid? ?%éPE%ﬁ%rﬁgfﬁa¥§eya?? groups,
nost preferabl y,Bh-48.4 SiSspminyd Homet hyl groups. WO 03/040065 1 3 APR
2006 PCT/EP02/12381 8 I'n a further preferred enbodinent Rl, R2 and M

t oget her and/or R3,THe Iafde Ment opregdrerc i prdegpine gt gup repprestatakly has s

opti onal Iy substihted aliphati cyellGearonp WA Aol east 5.l 109 @lom.

bridge. By “in the bridge” as used herein is understood
to mean the shortest cqnnection betwegﬁ.the atéms M1 and
M2,

Suitable bridging groups include substituted and
unsﬁbstituted glkylene,groups._The.alkylene group can
contain one or more hetero-atoms, 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—diméthy1rtriﬁethylene (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 M! and M2 atom by



or M2 atom respectively. By "a cyclic group” is understood a nnng&égzgﬁ
clrc

a polycycl roup such as bicyclic or tricyclic groups. Pref b
groups aréyglﬁgﬂW?c groups. The cyclic. group contains at [PST&POYH81
hetero-atom .i.e. the M or M atom 'respectively, but can contain nore

hetero-atons. Suitable hetero-atons that can further be present in the
cyclic group indleudérpt and She @ECNHdSOénGhS|thIﬁ@ GpErberaktyms ubseht ut ed

al i phatic cycllc qrqup _ %%p& |ns I%a%E ﬁe&h?@e%%re pﬁeéé;erably t he

cyclic group Eontaims ably from6 to

12 ring atons. nEk@kem@nbmeN@r@u@ Nbfameebethnehgenhgﬂeaeag&oaés R2e and ML
together and R3, R4 and M2 together both represent a phosphabi cycl oal kyl
group. In a hi GFRPCirefleT PE@LawEsdi PERLSERELY LhRarFOPENEVLENgr oup cont ai ns

9 t f h h
ring atons apg; yﬁ@ggr% qgphahieyeleranyl (graup. oI ﬁore dro *for t he

9- phosphabrcyclono can have Several 1soneric ructu

pur pose of thegrauestion the [3,3,1] and [4,2,1] isoners are preferred R1,
R2 and ML together and/or. R3, R4 and M2 t Qg ether can both have the sane or
each have a differ dhe PE3RELNS SEPYEL GRB. a@ﬁ@f@P@BF}SSOPHe RY, "RPeand ML

toget her and/ or; FF)% R4 cand @{%orngg%he nBaKe ke b3 3ptles &gﬁrg{,%ﬁch%e or

both of the phos |cyc oal rrngs c u strtute one or
sui t abl e hydr otarikbiglingr gupsip emmﬂalnongalnarbnmyafmnm andbos hetbon- atons.
Sui t abl e WD 03/ 04006, 9 %3 @PR 7006 PCT/EPOZ@iZBBl ubstlt ents,.include
groups, contai ARG ShéfeldSatstfI8uch® SSPRELAULY P§E 5RhEFd BhOSBRBT us,

oxygen and nit QgeR. coﬁ%@&ﬁbe%wefa%BﬁBtQEOH@ﬁg'BEEHQEuﬁékorggéfePéﬁﬂy
i odi de, thiol, "and groups of the general fornula -YIl- _Y' - SH

-S-Y -0-y' @0 YenzeNeE? rinNgy" Thesﬁygygmatgg Nymgzstrgﬂtuleg4areh02

“NOH, -CO, - d y2,  independent t o)
al kyl groups. PFegérﬁ 3ha8?8§gﬁoal ag?Fﬁngégrguﬁgt?n kxa r§£¥ gﬁgefg1ag1y

substi t ut ed wn@&o@peawheah GantaeAkrNgughoLpe Suﬁheatearb@nreepé@tﬂveuygrOup
can,
ML and M2.

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

structures are connected.

In a preferred embodiment Rl Rz, R3 and R?

lndependently represent a prlmary, secondary oi4tertiery
,,,,, alkyl group. Prefe;ably the alkyl groﬁp‘has from 1 to
10 carbon atoms, more preferably from 1 to 6 carbon
atoms. Examples of such alkyl groups include methyl,
ethylr propyl, iscpropyl, butyl, sec-butyl, isofbutyl,
tert-butyl, pentyl,.sec—pentyl, cyclopentyl, hexyl,
cyclohexyl. Preferably RY, R2, R3 and R4 independently
represent a primary alkyl group. Ekamples of suitable

primary alkyl groups include methyl, ethyl and propyl.
Preferably the groups Rl to R? represent the same primary

alkyl groups, most preferably R! to R%* are methyl or
ethyl groups.



however, contain additional hetero-atons, such as halides, sulphur, oxygen
and nitrogen or hetero-groups as described hereinbefore. Prefel APy 2006
substi t ut edVO BHEYPRAbI cycl oal kyl rings are substituted with BEKEPI2/1§R8ups,
preferably having from1 to 10 carbon afons, nore preferably from1l to 4
carbon atons. Linear,branched or cyclic alkyl groups can be used. Suitable

al kyl groups incl , SO )] d

i so-butyl. More su#§g§1gﬁﬁg%k?i%gg%%ﬁgﬂg$§ﬁﬁﬁgf%%¢%3§£'Eﬁhgé% abi cycl oal ky
ring is substitufthndd HRTY e HDNGRS . HHg e Yesdihstdt Ut egesdidzd s pF ef erabl y
di - substituted. “f{/ébtre preferably the phoc'isphabi cycloal kyl ring in ]E%{\i S case

i s substituted wintesans et lnptigmmibly Sibiest hosyhabl tykd ot ksfe¥iag can be
substituted at all carbon atons of. the ring. However, the use of rings with
substituents orBR aitc@tbdrattots Waw REewte ohenet¢eicne isuitheIM,
phosphabi cycl ononyl, rings are-used wth substituents on two carbon atons,
sui tably carborPT A oREEM2 reERGRF 4 Bon atom 4, 5 or 6. Exanpl es of

preferred bidentat iy isnel MIPCER o) i ' - e;
1, 3- bi s(di met hyl ph(;13 ph?iﬁo - &rlor*ﬁa‘?ﬁfe“;@l ﬁ%Agkﬁ%osg}% %Wo L O
PCT/ EP02/ 12381 dql3rdyic-i(cl ,A-cayc |soantt \d e ne-qpladsighiom )ty gpainie; droaips. |
1’3-PPIbiS(g-pg%%%%%g%%g%g&%ﬁggﬁﬁ#ﬁggyk%ggéﬁgggﬁﬁé!groups The cyclic
1,3-bis-(1,5-c - i 2 o bl = :
1, 3- PP bi s(9- phosophabi %\é:cl.(;_{jsﬁ,- , ?1]]] nonyl| g propane; . : che ML
,Z_gL§b(1&g_C¢€1ég%f§1 ﬁﬁz 5§p'ﬁﬁﬁ- ) 2 ,ﬁﬁ*ga om,_l.et e - OT
- I S(9-p | . n - L _
-bis-(1, 5- c?ﬁf%o%ﬁ’y?é%gg%ﬁgégg%h%Véet%%lg?&%ael.n more hetero-atoms.
- PP' bi s( 9- phasiptetiiec yedtelrd -3 thmomHat efdmafeirtiz2-1td metdydnt in the ;
P' bi s(9- phosphabj cycl o- [.3, Lé; nonyl) - propane; 2-net hyl, 2-hydroxynethyl,
1, 3- PP' bi s( 9- pHo&phiE 96%%%%1‘5:3% &1 1P difpl YShpr Spadk; S B divet hyl |

1,3 PP bi (9 phasphaRiicyehay [ubcllmand nRiapane &dmidh
2- hydr oxynet hyl, 1, -I%P' |s(Yg[S§lﬁ%ysé‘had_%@d CHlEleSs C%/ Qroup
containg at least 5 ring atoms. Preferably the cyclic

1

1,2
1,2
1,2
3-P

group contains from 6 to 20 ring atoms, more preferably
from 6 to 12 ring atoms.

preferably M and M2 are both phésphorué and R1, R2
and Ml together and R3, R%? ‘and M2 together both represent
a phosphabicycloalkyl group. In a highly preferred
embodiment thé'éliphatic'bYClic groub'contains 9 ring
atoms and formsja 9—phosphébicyclonony1 group. The
9-phosphabicyclononyl group can have several isomeric
structures. For the purpose of the invention the [3,3,1]
and [4,2,1] isomers are preferred. RL, R2 and Ml together
and/or R3, R4 and M2 together can both have the same or
each have a different isomeric structure. Preferably both
R1, R? and M! together and/or R3, R% and M2 together have
the [3,3,11 structure.

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

containing <arbon atoms and/or hetero-atoms. Suitable



bi cycl o[ 4, 2, 1] nonyl ) - pr opane; : APR 2006

2,2 -Dbis- (\%Oé)'sﬁﬁﬁﬁ)l poct yl ene- phosphi no-nethyl)-1,1"- bi phenyl ; 13
2,21-bis-(1,5- cycf"ooctyl ene- phosphi no- et hyl)-1,1"- bi pheny?(;T"QﬁQf'/W% ures

t hereof. Some of the bidentate |igands that can be used in the present
invention are considered to be novel. The present invention therefore also
relates to a budettidtentsgamng lofdef guuyps IdontRIRAME AaVRRBRA LEMS) sugler ei n
M? and M2 are i_nd ndently P, As or.Sh: .Rl, 'R2, R3 and R4 i.ndependently
represent a nnr?ﬁv%ggﬁ‘t%eesal iSTHATE g POTSPRSE Y8y, Ry I5h ‘WE f’&&&‘%@?'and/ or

R3, R4 and M2 tmpgeilels Jdmderendaithins HeRnesentchabraRld, Ondldm geybstituted WO
03/ 040065 PCT/ EP4292006 11 aliphatic cyclic group with at least 5 ring

atonms, of whi dvddde,i $HikA ,Mangy gYRRIsOmS . réspeeinarelly faanthlY represgnts a
bridging group conprising a_trinethylene group connecting ML or M2 of which
the niddle cariydnca-aom, hay -8 addi-titonalo-dndi-ags Wi, t &, , neNEHNyYdr egen
atom R1,R2, ML, M, R3 and R4 represent the sane groups as described

her ei nbef ore. Rr@fyér encesarleags -descr-vbgd hewsi, nbefoer,e.-coV -ephesests a
bridgi ng group conprising a tri nethyl ene group connecting ML or M2 of which

the mddle cargeon;at QRikas viweradei2t i gRgdle RoRdNRAS, Wil rad sRaR- chéaggen
atom The m ddl e carbon atom can have two “additional bondings wth“one
non- hydr ogen ataamyli geougds .dadblae pherghabh dyic1ean xyayv e iteo iaddi ti onal

bondings with two separate non-hydrogen_atons. Exanples of non-hydrogen
atoms to whi ch SURSTHEEdEE dadifoRTLEHR AN SHESGdtteh#idEd i ferbas

o o SO G R LIRS b Qe o
Preferably, howewerert heomtadne addrilbdpnhas hewero-atoms, such as :
halides, sulphur, oxygen- and nitrogen or hetero-groups as
described hereinbefore. Preferably, substituted
phosphabicycloalkyl rings are substituted with alkyl
groups, - preferably having from 1 to 10 carbon atoms, more
preferably from 1 to 4 carbon atoms. Linear, branched or
coyclic alkyl grdups can be used. Suitéble.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, phosphébicyélbnonyl 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 includev
1,3-bis (diethylphosphino}-propane;
1,3-bis(dimethylphosphino)—propane;



addi ti onal bondings with two separate non-hydrogen atons. 1In a gﬁaqumﬁd
enbodi nent the bridging group V represents a group having the f a
-C(V1) - (VYO 0@e8R2) (1V) wherein V1 and V2 independently pPepER®Enssian
optionally substituted al kyl group havilng from1 to 4 carbon atons, such
as nethyl, ethyl, propyl and isopropyl, or hydrogen; and V3 and V4

i ndependent | y repgegent (3, BopRYEHLESH cn8 UR 5B 1AR W0 03/ Q40065
PCT/ EP02/ 12381 ~12 V3 and V4 gach cag ?gprgsen# é ggbg}a?% groépg or V3, V4

and the m ddl e taBbBR’ htiertPtphesbbrbiamchornm, &, dﬂ@bmql)gpm@panbf V3, V4 and

the m ddl e carbon_atom t oget her _for cyc ou t he cycli.c group
preferably conp}rée lFréﬁTg XC%BOFg%geﬁﬁoﬁg Eogr@ngéﬁﬁy fré6m3 to 6

ring atoms. The gipg EEQ ﬁBsEﬁaB?E?EQoﬁgogs1?ho%§ﬁgoﬁr% ape ;but are
preferably carbon at ons. erabl'y, however, V3 and~"V4 each I ndependently

represent a separatblhydﬂoeacbyEogcbybeneﬁphDBphgnanbahanatonseand/or
het er o- at ons. Sui le h ocC rou for t po i ncl ude groups
cont ai ni ng hete}oéa?B 1¥2%‘Hﬁ ¥£ﬁgbﬁﬂgfoﬁﬁogpﬁgpﬁ§ ﬁggﬁnﬁnd ni t rogen.
Exanpl es of such grougs h”@l—égelgbgs?§eﬁfe fghesgﬁ@%al eEﬁ(aHH' aj- ¥1-OH,

-X2-CO-OH, -X1-SH, -SX NX1X2, "~ GO NX1X2,
-OH, -P04, -NO21, ZhEPIblSCErPhSEEhab$FYFﬂOda ﬁhﬂ&noxylandtkanehndependentIy

represent al kyl | k g havi n carbon atons.
Preferably V3 af #6& %%kg%grei ﬁ?ﬁg B 5%03£°88ﬁ?éFﬁVﬁg °group. Such a carbon
contai ni ng groupz, gan]nbﬂy@yeproﬁgﬁéaln addi ti onal hetero-atons such as

hal i des, sul phur, oxygen and nitrogen-or hetero groups as descri bed
her ei nbef or e. F¢e$%¥%51y %@hﬁﬁﬁpﬁYmﬁﬂhYéprésén?P'éﬁéstPbﬁ§§éﬁ from methyl,

3;[ BKLSDE\: gggl aCCO%I ng tg]y#] ngH? ?/g{gﬁgﬁ%gz‘l Preferred b dent ae
2, 2-di net hyl -1, 3; bi 8idt ¥y Tycl pperyt ehe{ phpspsphabicyclo-
[4,2,1]lnonyl) -propane; .
2-methyl, 2-hydroxymethyl, 1,3-PP’bis (9-phospha-
bicyclo[4,2,1]lnonyl) -propane; l
2,2'—bis—(l,4—cyclooctylene—phosphino—methyl)-l,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. - ”3
The present invention therefore also relatés to a
bidentate ligand of formula II,
RIR2MI-V-M2R3R4S
(IT)
wherein M! and M2 are independently P, As or Sb;

R1, R?2, R? and R? independently represent a monovalent
aliphatic group;
or R1, R2 and Ml together and/or R3, R4 and M2 together

independently represent an optionaliy substituted



propane; 2-nethyl -2-hydroxynet hyl -1, 3-bis-(1, 4-cycl ooctyl ene-

< phosphi no) - propane; 13 APR 1006 WD 03/ 010065 PCT/ EP02/ 12381 1342,

di hydr oxymﬁé& K—'T?':’:?— bi s- (1, 4-cycl ooct ylel?ne- phosphi no) - pr opd’ﬁ@,’é‘%ﬁﬁgwﬁ
2,2-dimethyl -1, 3-bis-(1, 5-cycl ooct yl ene<phosphi no) - propane;

2-net hyl - 2- hydr oxynet hyl - 1, 3-bi s- (1, 5-cycl ooct yl ene- phosphi no) - propane; 2,2
di hydr bxynet hyl alighbtsc( ty8ligcbvoepyvehk- aphbepatnd) ripgopanes, ThEse

l'i gands can be p£eparedeby: i% rﬁ?ctLB@%P-cyclp:octglene hydride

( phosphabi cycl o¥1AaBhaRBEh}&r F88) Mand yRFPRhi GREBEGERERAYE a | it hium

cycl o-octyl ene sphi LihLa I | 0= ne) . .ii')
i ntroducing a t§§§|gtgg§F%5%£?%é?ﬁ%t§§?8§?§§§¥gng?mﬂﬁggggﬁo? by reaction

wi th p-tol uene. suk Okl [ j renethape. n t 09Cin
t he presence ong%&?g¥kégHEi?F?s?eg%??ggg?%% ghoégh?deégfﬁgég% %?émﬁth t he

tosyl ate substmidtiéd orebaneabdmshap twd, additbonatxbopiengs Ciébra the
first phosphide grngdand ref lux conditions for the second phosphide
group, in for eRSRpPrEFREFANGHPBfuran as a solvent. An illustration of this

reaction is given ip; Ebogytie,d. .3h resent _invention f her relates to a
bi dentate i gand og fgrnﬁ|aM(r?|)?ngﬁézwﬁ%%ﬁ?i§ﬂ?A§E?cﬁéiﬁcﬁfﬂﬂ??|?§
wherein ML and §BsatebeddRpeadaptiyr, Peebeérdhceflak® A8dIMcipgedher and

@B, 4 and M2 together _independently represent an optionally substituted
al i phatic cycliBegrdnpeiPtfh-at least 5 ring atons, of which one is the ML

or M. atom respecyi yghyesdic APR 3008 W 05040005 SHE Hif24 12981 14
' methylene group connecting ml or'M2 of-which the middle
carben atom has two additional 5qndings with a non-
hydrogen atom. The middle carbon atom can have two
additiomnal boﬁdings with one non-hydrogen atoﬁ, i.e. a
double bond, or it can héve twéﬂaddiﬁiqﬁal boﬁdings with
two separate non-hydrogen atoms; o |
Examples'of non-hydrogen atoms to which the middle
carbon group can be double bénaediincludé’hetero—atoms,
such as oxygen, nitrogen, sulphur or siiicon. Furthermore
the middle carbon atom can be double bonded to.another
carbon atom.

s Preferably, however, the middle carboﬁ.h;s 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,Ve}-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.



@@ and B each independently represent optionally substituted al kyl ene
groups; and Arl and Art independently represent an optionally 13 {06 ut ed
aromat i ¢ ghsupt4ePedent at edi phosphi ne i gands having a di netigi/ErRiebeisheny|
bridge are known in the art. WO A-87076B0 descri bes bi dentate di phosphi nes
havi ng a di net hyl ene bi phenyl bridge and being substituted at each
phosphorus atom wi th3t wedaddi ¢henatagr odpse st Aa 8408081 ehgwevpr, odoes, not
di scl ose any bidentate diphosghine where the phosphorus atomis part of an
al i phatic cycli¥4gppdpthpmmaddlapcreheesehent hegshhergeaupsoas deSrelbed
her ei nbef ore. P‘ggéﬁﬁences are as described hereinbefore. Ql, @@ and M

t oget her and @G; and M2 toget her independently represent an optionally

substituted cyclic 1grosp witénattheasida8lei sgrebematonf tsheehedneoisd 4he M
or M2 atom respectively. Preferences are the same as_for the cyclic.groups
represented by RRCIicrRRTaRe, Mhe ogEfhe? , IBAEP RereRarahdy MoTBgésRgr from

respectively as,dgscrib h i pbe . Lndepegn |y
represent an op%ié%a??yggg%b§§$¢%te gégﬁgﬁgﬁgpg?%gpfgﬁﬁe?e?gbgyg?ﬁés _
al kyl ene groupatoms ai Tise f + ONg; lat om$, ca®riee phef erabiyons 06T 1c & bbdn Catt o

atons. The al kyl ene group can be substituted w th one or nore hydrocar byl
groups. |f the BRkyPERPTYFSIRLIY SHHREFtBE@BS-it i's preferably substituted

Wth alkyl grouns, pPEELELBR Y RAWLYG: (1O dnd OvP o F &L ELERARL Y, from 1

to 4 carbon atons. Prefera 1 ene group is. unsubstTfut

Preferably bot hrapkgtene greepsrare hhdrsanebahdgr puef evabaining hcatikyt ene
groups are unsubstituted, WO 03/040065 15 13 APR 2006 CT/EP02412381

met hyl ene or et AYPBREHIRHCIBET ~ Hrater abrY-Hth B EAGRERY T eFreRht an

unsubstituted nELAYEENS SEAPse Alhc AE: A5 20838 Nedndependent iy Fopsesat an *

aromatic group. Preferably the aromatic group contains Trom6-to 20 carbon
atoms, nore preferhbhy $ulphert hdspEebon, exygen ExAnplesoednsuitabl e

aromati ¢ groupSEkggﬁfgg of such groups include groups of the general

formula -x1-0H, -x1-co-oH, -x1-sH, -s-x1, -0-x!, -co-x%,

-NH,, -NHX1, -Nx1x2, -co-Nx1x2, -OH, -PO,, -NO,, -NOH, -

CO, -SO, -S-OH, in which ¥l and Xz;_indeﬁendently,

represent alkyl'or alkylene groups having from 1 to

10 carbon atoms. Preferably V3 and/or V4 represent a

carbon containing group. Such a carbén containing group

can, however, cdntain 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 1T ihclude .

2,2-~dimethyl-1,3-bis- (1,4-cyclooctylene-phosphino) -

propane;

2-methyl-2-hydroxymethyl-1,3-bis- (1,4-cyclooctylene-

phosphino) -propane;



L
R

Ry

phenyl, naphthyl, phenanthryl and anthracenyl. O these, phenyl- groups are
preferred. The aromatic group can be substituted with one or nDTgAPRZWE

het er o- at o¥Y® @MdPas§ hydr ocar byl groups. Hydrocarbyl groupsposesefost his
pur pose include al kyl, al koxy and carbeéhyl groups. Preferably the aromatic
group is unsubstituted. The aromatic groups are preferably connected

wi t h. each ot her, 2byihkereasmerhgtiom, eyt st-d1t, he ceanbertgtliemeat t ached to. the
al kyl ene group. Preferred bidentate di phosphine according to formula II

i ncl ude 2, 21- biPSOEPhANEY cPEEREREENe- phosphi no- et hyl )-1,1' - bi phenyl ;

2,2 -bis-(1,5-¢ycl e-phq i_nNg- ge - P o] | nd m xtures
t her eof . These%V?gg%§%¥%§2 %éBpﬁggaggdgﬁ§9¥ggéF%XéeB?c§§P%?¥%gF§Iene hydri de
(phosphabi cycl gropane ;hydri de) and butyllithiumto generate a lithium

cycl o-octyl ene %gosphide &Iithiated Hhosghgbicyclononane). The latter
phosphi de” i s r €afEEGY W EnYF OBy MGER¥ LAY 3 1P15hi phenyl CLePGEY 1886t i t ut ed

W th suitable gﬁggbﬂgnggoPQ§ anBleferably tosyl ates, nesylates and
triflates, in-an approprla g manner. Preferred aliphatic groups are those
havi ng a cycli ¢,8ubiphatiecsymachyie 1as -hikedli Agcgrdupctydaok-as cyclic
substituted or gnsuBstiSuted al kane di ol sul phate esters, also called
cyclic al kyl s&PPRECEEC! 1IBXRBR™S006 WD 03/ 040065 PCT/ EP02/ 12381 16 For

exanpl e 2,2 - bi s- ($ndseyehgaatyl ena- BRogpBLAG=aMByAY! ) - 1, 1' - bi phenyl can be
prepared by reacting phosphabicyclononane hydride. and butyllithiumto
generate the éorrespeaditagd Prhyghoplosphede hydrides dphesphpbicysdoi-ng

this lithium phaosphid at .for_exa e.0.. C.in tetrahydrofuran, w.th the

i p-tosyl ate’ doraneorya?sact pfiTRES1 21 b bilakS) SOREFRFR EhEtElE bR at o
groups are substibubedybenthghsephylegnipBiaitba . Pheyphabeetyliene-hydride

¢ phosphabi cycl ononane hydride) may conveniently be prepared as described by
El sner et al. PERBRE!Abstr. 1978,,vol. 89; 180154x). The -present invention

further providgsya c3Lal¥§hicing a tosylate group to 3-methyl-3-oxetane.
methanol by reaction with p-toluene sulfonyl chloride in
.dichloromethane as solvent at 0 9C in the presence of
pyridine. |
iii) reacting the phospﬁidé of step i) with the ﬁosylate

‘substituted oxetane of step ii), at for .example o °C for
the first phosphide group and reflux conditions for the
second phosphide group} in for example tetrahydrofuraﬁ as

_a solvent.

An illustration of this reaction is given in
Figure 1.

The present inven&ion further relates to a bidentate
ligand of formula (III),

0102M1-Q5-Arl-ar2.Q6-mM2qQige (III)

wherein Ml and M2 are independently P, As or Sb;
Ql, @2 and Ml together and Q3, Q% and M2 togethér
independently represent an optionally substituted

aliphatic cyclic group with at least 5 ring atoms, of

which one is the Ml or M2 atom, respectively;



system conprising: |) a source of group VIII netal; I1) a bident ggwg%ﬂ@nd
according to the general fornmula Il or Ill as described hereinb . The
cat al yst syP#MHWEDrding to this invention-can be advantageGhEP§/a2ssd f or
the tel onerization of conjugated diene¥ The anopunt of telonerization
catalyst to be used is not critical, and any catalytically effective anount

may be used. In_general;, amunts_between 0.000001 and 1, and preferably
bet ween 0. 00000 A ® ®L WM AR e’%lo‘aﬁpr?ﬁﬁsﬁ%?a@ Lonabl of

conj ugat ed di enesumg&e@%yjéh@r?@é &. achi eve high catal yst

1h)
efficiencies wthout having to recycle the catal yst, anmounts of |less than
0.0001, preferabdyglm@ss drimmiE 0000 eradeh D erepr et &iabdy bessotdmn, 0. 00002

gram atons of Goup VIII netal are used. per nole of conjugated diene. The

bi dent at e | i gandsWastgidnaresd |ar el ¢ rozeyie] Bident akediphespiieem 1igandd

nol es, and preferably fror S I f ,bid |0 er..gram.at om
of the G oup VI ﬁfa‘plr%q a .@lﬁ%eé}%f%e%%%ﬁ%@an%rkﬁé Eéeg%c#d‘g%v qgsﬁ}a tslgepaal]‘_%% e 13
APR 2006 WO 03/ 040G5- RGH ER 12y iide £ (piatth £ ® dNehdsateinad navdnd e or
zone or to a catalyst nake-up solution, or it may be incorporated in a

Goup VIII neta Eomitedemmeinhnmass bcdgaliang teeine presichiutef ettt i on
houl d pref erah - | g | , |
Should et of S P RAMGLAS A% e SRSl A o O, 25

decreased catal yst ami-Hadane7don t heowseaessiefs tiet idisritéon, ampne. or nore
of . the reactants and/or the forned prqduct may act as reaction  diluent.

Hence, the use ILOPTHETE SIPRVIRFERE (VPSHR Hife RISRRP T RAAT it IRRTE

however, the carbhonyl aty; fRachjon dmy-hgscarried out in the additional .
presence of a so vent,.l%g\lsa sluccﬁ;,}} sat ur alEe hydrocarbons, e.g. paraffins "

and i soal kanes are necomEMRGfiudhar tiRUidak] Ealyens i@t her s

such as 2,5,8-tri- oxanonane. (diglyne), diethylether: and. anisole,.and
ketones, such asenaimfiefianA kétsieregsiacmss aoMRIEiiRpd hereinbefore.

Qll,.Q2 and Ml together and Q3{ Q4 énd_Mz_together
indépendently represent an opﬁionallyrsubétituteﬁ cyciib
group with at least 5 ring.atoms; of which one is the M1
or M2 atom, respectively. Preferences are the same as for
the cyclic groups represented py R, R2 and M! together,
and R3, R?* and M2 together, réspectively as described
hereinbefore. ’ |
_ 05 and Qf each independently represent an optionally
subétituted alkylene group. Preferably this alkylene
group contains from 1 to 6, more prefgrably 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



or substantially consisting of sul phones are also preferred. Su'%ﬁﬁ?ﬁﬁ are
in partlgﬂ+ %'ﬁégjerred for exanple dialkyl sul phones such_as

di met hyl s g BH&%and di et hyl sul phone,_.and cyclic sulphoneg’ TEERNE/12381
sul f ol ane ('t é&trahydrot hi ophene-2; 2- d'OX|de) sul f ol ane, 2-nethyl - sul fol ane
and 2-met hyl - 4- et hyl sul f ol ane. The tenperature at which the tel onmerization
reaction is GRithhaéneUbr Sth9lletll Greabs .\EbER! bye fleeaBarabeies gSbahween
anbi ent tenperature and-150 C can be used, Preferably, the reaction

t enper at ur e i DEf reprédene h@ﬁﬁns&b@tmmeﬁr ekebghleyef geaapd to 100 C. The
pressure at which the telonerization reaction is carried out is not

~critical. Gbneralmy'thaﬁréa@teanh prdsgendehitdy bepweennt andaltOmbans. The

tel onerization reaction _can rried o conti nuou m - batch or
bat Chowi o, 2 G3oRPR S004 hBr0%) SH608E ROt P2 PLIE PALFE NP E LM BntPon wi l |

“be il lustrat ed dy.hon ol for80prbiaibiig exgipkeso B{aERlssnl-9 and

conparative exanple A The experlnen s were carried out in a 250
Hastel |l oy C a@&@mSav@ham@éeﬁeb@nﬁﬂnl&bﬂ@nacamatystgwaspSpnapénéd separately

b dentate i GABYe GRVBRNE TROFBFCTKE. CataPYSearIY fon dat “oPY oduced

under a nitrogaRn3timgephpke atk-e @r@EQrHEHOfThé|E@Bﬁbt@@dg96h$06§h|ﬁe
additional inert solvent in the autoclave as indicated in Table S. The

aut ocl ave was Sublsgs&atedy ¥étht eacand m@rﬁih@tsr@uﬁééménéndé§rpunped in.

Subsequently, e ?B&gr Pl h§8r$§9rbgﬁe§% tﬁseﬁEESrhﬁﬂgsd toa

t enperat ure as-speci ure was nmaintai ned during
the reaction tur®ocas 1&ﬁeudbledkym Tabkexy: aﬁhetaabbﬁyltbeoaphoclave was
cooled. to roomtenperature and the. contents were anal yzed.b st andard
GLC. The obtaiﬁE@fﬁéggﬂVoﬁhﬁaﬁéoﬁﬁﬂl§e9€€PPvFFyunFHRéFH§u¥ﬁ@ IF%@a

1-substi tuted,2,4r9¢t 3ALERS QE:@ Eréﬁgrab@yTéghﬁeEte@eMEﬁt ed-Rysphoducts

i ncl uded vinyl cycl o- héxene and nbno- but enyl ers. The nono-butenyl ethers
can be very usef thei nagbandetom next to the carbon atom attached to:

the alkylene group.
Preferred bidentate diphbsphihg according to
formula I1I 1nclude _
2,2"-bis- (1 4-cyclooctylene- phosphlno methyl) 1,11~
blphenyl
| 2,2'—bis~(1,5—cycloodtylene—phosphino—méthylj—1,1'—
biphenyl, and mixtures thereof. |
"""" These 1igahds can be prepared by reacting P-cyclo-
octylene hydride (phospﬁaﬁicyclononane'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, mésylgtes 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 sulphares.



range of other applications. The reaction rate is defined as the average
rate over 90% but adi ene conversi on. WO 03/ 010065 PCT/ EP6271223812G0&PR 208 H
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For example 2,2'-bis-{(1,4-cyclooctylene-phosphino-
methyl)-l,l'—biphenyl can be prepared by reacting
phosphabicyclononane hydride. and butyllithium to generate

the corresponding lithium phosphide and subsequeﬁtly
reacting this lithium phosphide, at for examﬁle 0 °C in
tetrahydrofuran, with the di-p-tosylate ester of 2,2'-
dimethyl-1, 1'biphenyl wherein the tosylate groups are
substituted on the methyl groups.

The P-cyclo-octylene hydride {phosphabicyclononane
hydride) may conveniently be prepared as described by
Elsner et al. (Chem. Abstr. 1978, vol. 89, 180154x).

The present invention further provides a catalyst
system Comprising:..

I) a souréé of group VIII metal;

II) a bidentate ligand according to thg general
formula II or III as described nereinbefore.

The catalyst system according to this invention can be-
advantageously used for the. telomerization of conjugated
dienes. _

The amount of telomerization catalyst tb 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 dienelcaﬁ 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 0.00002 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
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compound to the reaction mixture or zone or to a catalys
make-up solutién, or it may be incorporated in a Group
VIII metal complex.

The process according to the present invention shoul
preferably be conducted in the substantial absence of
oxygen, as oxygen reacts with the bidentate ligand and
consequently may result in decreased catalyst éctivity.

In the process of the invenﬁion, one..or more of the
reactants. and/or the formed producﬁ may act as reaction
diluent. Hence, the use of a separate solvent is not

necessary. Conveniently, however, the carbonylation

0
1006

t

d

-ri

reaction may be carried out in the additional presence of

a solvent,. As such, saturated hydrocarbons, e.g.
paraffins and isocalkanes are recommended. Further
suitable solvents include ethers such as 2,5,8-tri-

cxanonane. {(diglyme) , diethylethergand.anisole;‘and

or substantially consisting of sulphones are also
preferred. Sulphones are in particular preferred, for
example dialkylsulphones such as dimethylsulphone and
diethylsulphone and cyclic sulphones, such as sulfolane
(tetrahydrothiophene-2,2«diokide), 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 criﬁical.vGenerally the reaction
pressure lies between 1 and 10 bars.

The telomerization reaction can be carried out

continucusly, semi-batch or batch-wise.

. ketones, such as methylbutylketone. Soivents, comprising.
¢
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The invention will be illustrated by the following
non-limiting examples.

Examples 1-9 and comparative example A

The experiments were carried out in a 250 ml
Hastelloy C autoclave. The telomerization catalyst was
prepared separately as a 5 ml methanol solution of
0.25 mmol Pd(dibenzylacefone)z and 0.3 mmol bidentate
ligand as given in Table I. The catalyst solution was
introduced under a nitrogen etmosphere 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.

Subsequently, 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 obtazined reaction rate and selectivity -
towards the linear 1-substituted .2, 7-octadiene are given
in Table I. Generated by-products included vinylcyclo-
hexene and mono-butenyl ethers.

The mono-butenyl ethers can be very useful in a wide
range of .other applications. The reaction rate is defined i

as the average rate over 90% butadiene conversion.
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n.d.= not determined

BDEPP 1,3-bis(diethylphosphino) -propane

BDMPP = 1,3-bis(dimethylphosphino) -propane
BCOPP = mixture of 1,3- blS (1,4-cyclo-
octylenephosphine} propane and 1,3- bls(l 5-cyclo-
octylenephosphine) 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}—l,l'-biphenyi ' |
1,5 BCOPMB = 2,2'—bis-(1,5—cyclooctylené—phosphino—'
methyl)-1,1'-biphenyl | ’
NMP' = N-methyl-2-pyrrolidone
DPPP = 1,35bis(dipheﬁylphoéphiho)fpropane
1. énly 4% teloheriﬁétion ﬁroduct was formed,
whereas 59% mono- butenyl ethers were formed
2 = only 31% telomerlzatlon ploduct was' formed,

whereas 59% mono—butegylzethers were formed

3 = only traces of ethiers were formed



n.d.= not determ ned BDEPP = 1, 3-bi s(di et hyl phosphi no) - propane BDWPP =

1, 3- bi s(di met hyl phosphi no) - propane BCOPP = nixture of 1,3-bis (11%A2Rdi06-
oct yl eneph¥ephd/®dy65pr opane and 1, 3-bi s( 1, 5-cycl o- octyl eneplasphPraa}sspr opane
SCOPE = mixture of 1,2-bis (1,4-cyclo- 1ctyl enephosphi no) et hane and

1, 2-bi s(1, 5-cycl o- octyl enephosphi no) ethane ( MHBCOPP = 2-net hyl,

2- hydroxynmethyl, 1,3-bis (1,4- cyclo-octyl enephosphi no). propane 1,4 BCOPMB
= 2,2'-bis-(1, 4-cycl ooctyl ene- phosphi no- nethyl)-1, 1" -bi phenyl 1,5 BCOPMB =

2,2'-bis-(1,5-cyclooctylene-phosphino-Egﬁtgyi)ﬂlgl'-biphenyl NVP =
N-net hyl - 2. -pyrrolidone DPPP = 1, 3-bis osphi no) -propane 1 = only
4%t el omeri zati on product was fornmed, whereas 59% nono-butenyl ethers were
formed 2 = only 31%tel onerization product was fornmed, whereas 59% ,
mono- but enyl et hérs REPEessr kel Bhe prlymerieasien efhar somdpsatredmed 13 APR
2006 WO 03/ 04006 .P%T/EP02/12381 22 CL Al MS 1. Process for the

. . lene . . . . . .
tel oneri zation of "a conjugated diene, wherein the conjugated diene is

reacted with a eeRepetndtieniceniuagtad ackihee ikydeagerdsavarhard having a
formula R-Hin the presence of a telonerization catalyst based on: (a) a
source of group VPMPORBEaFOonteBniachiederCaidel DYSH@ISHhELEOM &He bi dent ate

 ndependent |y P AGSEP S OXp1 s A LR AR ot U Tepresent &
telomerization catalyst based on:
{a) a source of group VIII metal,
(b) a bidentate ligand
wherein the bidentate 1igahd has the general formula
I
RIR2MI-R-M2R3R4
(1) |
wherein MY and M2 are independently P, As or Sb;
R1l, RZ, R3:and.R4=independéht1y répresent a
monovalent aliphatic grdﬁp;‘ |
or R1, R? and M! together and/or R3, R4 and M2
together independehtly représent.an optionaliy

substituted aliphatic cyclié“gpoup with at least 5

ring atoms, of which one is the Ml or M2-atom, Coa
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,
RIRZML-v-M2R3R4
(IT)



nonoval ent aliphatic group; or Rl, R2 and ML together and/or R3, R4 ﬁlnd %
t oget her independently represent.an optionally substituted ali phat1i3t E:R/@pﬁ C
group with at least 5 ring atons, of which one is the ML or M2 atom
respectively; and R represents a bival ent organic bridging group. 2.
Process according to claim1, wherein the,;conjugated diene is

1, 3-but adi ene. 3. Process according to claiml1l or 2, wherein the active
hydr ogen-cont ai ni ng conpound is water, an al kanol or an hydroxy-aromatic
conpound. 4. Bi derRaEeingarfddM4 drfubadePendenrMEVARRIRERE1 1) 13 APR

1006 - 23 whereip;M_and are i ndependent |y, P, or gl@; Rl R2 and ML
t oget her and/ or ! F\’El a%%&ﬁﬁz tt&féattg'gfg alnﬁg}éf)eljhd’e Iyanl'de reggﬁPtErzTr

optional | y substi intiedenddrtphatieprepehiccagr oppion 41 yatsubsastubedi ng at ons,
of which one is the or VP .atom__respectively: and V.represents .
bri dgi ng group cof %]ijlg/%l%bc acﬁicrlllr?etgﬁ;?lugngl%}%oﬁb %%an%egst irﬁé‘gl\/ﬁ’%?‘swo f which

the mddle carboghptpmias 4 wWieagdi bi-opal 2 pendi Nas Mttikedy;NON- hydr ogen
atom 5. Bidentate |igand according to claim4, wherein the bidentate
ligand i s chosen R#%nY 2X SREASARTHyR- Pr3dgisg group comprising a

(1, 4-cycl ooctyl eng-ph I - a - | 12- 2 X

hydr oxynet hyl - | ,-3€B$%gﬁﬂfm?}/%%§t 3?3ﬁ8ggﬁggp%i nOS:) M pr°§pa’ﬁé°’6rt3,e2

di hydr oxynet hyl - ImBddl &-<drbn @remodvesykeneaphidsiphiaiopopddpaneyith a

2,2-dinmethyl-1,3-bis- - lLagct yl ene- phosphi no) - pr opane, 2- net hyl - 2-
hydr oxynmet hyl -1, SEJEN 513 %‘,%ﬁ%ﬁ%ﬁ‘ct yl ene- phosphi no).- propane or 2,2

di hydr oxynet hyl - 15 3- Hisletabecytgand cxtsdmhiaptos phrAD) ¢ proparr.n s .
oo ats 11 5and a8, okt s OREME: By At 0L ULL wher el
and M2 toget her (1, 4-cyclooctylene-phosphine) -propane, 2-methyl-2-
hydroxymethyl-1l, 3-bia-(1,4-cyclooctylene-phosphino)~
propane or 2,2 dihydroxymethyl-l,3-bis- (1, 4-
cyclobctylene-phosphino) -propane; 2,2-dimethyl-1l,3-bis-
(1,5—cyclooctylene—phosphino)—propane,z—ﬁethyl~2—
hydrexymethyl-1,3-bis-(1l,5~-cyclooctylene-phosphino).~
propane or Z,2 dihydroxymethyl-1,3-bis-{1l,5-cyclo-
octylene-phosphino} -propane.

6. Bidentate ligand of formula (III},
QleMl—Q5—Ar1—Ar2—Q6-—M2Q3Q4 (IXI)

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

) 0l, @2 and Ml together and 03, 04 and M2 together
' independently represent an optionally substituted
aliphatic cyclic group with from 6 to 20 ring atoms, of
which one is the M1 or MZ atom, respectively;

@5 and 06 eaeh independently represent optionally
substituted alkylene groups:



i ndependently represent an optionally substituted aliphatic cyclic grou
with from6 to 20 ring atons, of which one is the ML or M2 atom 13 APR 2006

respecti velvg;osaoend Q6 each i ndependently represent optionattaxposithsitituted
al kyl ene groups; 13 APR 2006 WO 03/046065 PCT/ EP02/12381 24 and Arl and

Art independentl epres 20p4, ) bsLi a [We . 7.
Bi dent at e Iigandggéc%%diﬁg&tggclg%ﬁggeha%gFZyn§EF%gE%gge%?gggkﬁ?g%%g9is
2,2 -bis-(1, 4- cystbstiylheaé- aphonsphcngroephyl )-1, 1' - bi phenyl or
2,2'-bis-(1,5- ¢ cloqgﬁ | ene- phosphj no-nmethyl )-1,1'-bj phenyl. 8, Catalyst
systemconprising'l)B %éﬁﬁ%% oF PO AF AT IR EP ; c1RrIM a8 i WRRTRIR | i gand

according to any e LG - 9. ,Prpgeessagc C Lm1,
carried out in t%@g B?%%%ﬁ%géo 1g§%§t£fygf2ac§g§dsﬁggtgygFggﬁ?g}g%g. Process
for the preparatpbosphideeaotehel) -tohprbsphgnya) orekoperbiati{onsef
1, 3- but adi ene accorging to any —one of claims_1-3 or 9. to form
1- subst i t ut ed- 2, Y 6LPadF BHeR e~ BROsRt By eRat Bk’ of - L hebiphenyl.
1-substituted-2,4-0 fgng: f.arm 1-substituted octane; c)
deconposi ng t he %lsﬁ%?%%tutedgggﬁgﬁgx%#n%?%b ) to form 1-octene.

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 1l-octene,

comprising:

a) telomerizatiom of 1,37butadiene according to any
‘ one'of.claims-1~3 of 9 to forﬁ 1¥substituted:2,7— )

octadiene; -

b) hydrogenation of the 1—sﬁbstitﬁtedéz;7-octadiene

of step a) to form 1-substituted octane; '

c) decomposing the 1-substituted octane of step b)

to form l-octene.





