
WO 03/040065 PCT/EP02/12381 30 R 2006  1 PROCESS FOR THE TELOMERIZATION OF A
CONJUGATED DIENE,  CATALYST AND BIDENTATE LIGAND USEFUL THEREIN The present
invention relates to a process for the  telomerization of a conjugated
diene, and a catalyst and  bidentate ligand that can be used in this
process. In  particular, this invention relates to a process for, the
telomerization of butadiene, and a catalyst and bidentate  ligand that can
be used in this process. The telomerization of butadiene is known in the at
from for example WO-A-9210450. WO-A-9210450 describes a telomerization
reaction wherein 1,3 butadiene is reacted  with a compound containing an
active hydrogen.atom and  having a formula R-H in the presence of a
telomerization  catalyst to form a 1-substituted-2,7-octadiene of formula
CH2=CH-CH2-CH2-CH2-CH=CH-CH2-R, in which R represent the residue of the
compound containing an active hydrogen.  .atom. WO-A-9210450 describes a
wide range of  telomerization catalysts. The telomerization catalyst
disclosed 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, 13 APR
2006  WO 03/040065 PCT/EP02/12381 2 wherein the telomerization reaction can
be carried out  with an improved selectivity towards the linear
telomerization product. It has now been found that the telomerization of a
conjugated diene can be carried out with a high  selectivity towards the
linear telomerization product in  the presence of a specific catalyst
system. 



Accordingly, the present invention provides a process  for the
telomerization of a conjugated diene, wherein the conjugated diene is
reacted with a compound  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 wherein the bidentate
ligand has the general formula I  R1R2M1-R-M2R3R4 (I)  wherein M2 and M2 are
independently P, As or Sb; R1, R2, R3 and R4 independently represent a
monovalent  aliphatic group; or R1, R2 and MI together and/or R3, R4 and M2
together  independently represent an optionally substituted  aliphatic
cyclic group with at least 5 ring atoms, of  which one is the M1 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 conjugated diene  having from 4 to 20, more preferably from 4 to 8
carbon  atoms per molecule. The conjugated diene can be 1 3 APR 2006 WO
03/040065 PCT/EPOZ/12381  3 substituted or unsubstituted, and can contain a
number of  heteroatoms. Examples of conjugated dienes that can be  used
include 1,3 butadiene, isoprene 1,3-pentadiene,  1,3-hexadiene. Preferably
the conjugated diene is  unsubstituted and preferably the conjugated diene
only  contains carbon atoms' Most preferably, the conjugated  diene is
1,3-butadiene. In the telomerization process of 1,3-butadiene,
1-substituted-2,7-octadiene can be prepared.  1-substituted-2,7-octadiene
can be useful in a process to  prepare 1-octene containing substantially no
branched  olefinic Cg-isomers. Such a process is exemplified in
WO-A-9210450. This invention therefore also relates to a  



process for the preparation of l-octene, comprising: a) telomerization of
1,3-butadiene as described herein, to form 1-substituted-2,7-octadiene; b)
hydrogenation of the 1-substituted-2,7-octadiene of  step a) to form
1-substituted , octane, c) decomposition of the 1-substituted octane of
step, b)  to form 1-octene. Step a) of this process can be carried out as
described herein; Steps b) and c) are conveniently  carried out as described
in WO-A-9210450. The conjugated diene used as a starting compound can
contain small amounts of other saturated or unsaturated  hydrocarbons. For
example, a. crude C4 hydrocarbon mixture  can be used as a feed for
1,3-butadiene. Such a crude C4 mixture can contain, 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 1 3 APR 2006 WO 03/040065 PCT/EP02/12381  4 alkanols,
hydroxy-aromatic compounds, carboxylic acids,  ammonia, primary and
secondary amines and water. Preferred active hydrogen-containing compounds
include water, alkanols and hydroxy-aromatic compounds.  Alkanols that can
be used in the, process of the invention include mono- or poly alkanols,
which can be  linear or branched and saturated or unsaturated.  Preferred
alkanols for the process of the invention are  alkanols with from 1 to 20,
more preferably with from 1  to 6 carbon atoms. per molecule and alkanediols
with from  2 to 2 0 , more preferably from 2 to 6 carbon atoms per
molecule. Suitable alkanols .in the process 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. phenol are,  especially preferred. 



Examples of hydroxy-aromatic compounds are aromatic  compounds containing
one or more rings such as phenol,'  benzylalcohol, cresols, xylenols,
naphthol as well as  polyhydric compounds such as resorcinol, hydroquinone
and pyrocatechol. 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. Examples of suitable aromatic carboxylic acids  include
benzoic acid and toluene carboxylic acid. Also 1 3 APR 2006  WO 03/030065
PCT/EP02/12381 carboxylic diacids can be used, such as for example  adipic
acid and phthalic acid. Examples of amine compounds that can be used in the
process according to the invention are ammonia and  primary and secondary
amines. Suitable amine compounds  include for example primary aliphatic
amines, such as  methylamine, ethylamine, butylamine, dodecylamine and the
like; primary aromatic amines, such as aniline,  toluidine, benzylamine and
the like; secondary amines  such as dimethylamine, diethylamine,
N-methylaniline,  dicyclohexylamine, methylhexylamine,and the like; as  well
as polyamine such as phenylenediamine; ethylene- diamine; and heterocyclic
amines,.such as piperidine. 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. 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  R1R2M1-R-M2R3R4 (I) wherein MI and M2 are
independently P, As or Sb; 13 APR 2006 WO 03/040065 PCT/EP02/12381  6 R1,
R2, R3 and R4 independently represent a monovalent  aliphatic group; or R1,
R2 and M1 together and/or R3, R4 and M2 together  independently represent an
optionally substituted  aliphatic cyclic group with at least 5 ring atoms,
of  which one is the M1 or M2 atom, respectively; and R represents a
bivalent organic bridging group. In the bidentate ligand of formula I, M1
and M2 are  preferably the same and more preferably they both  represent
phosphorus atoms. The bivalent organic bridging group R preferably has  from
1 to 6 and more preferably from 2 to 6 atoms in the bridge. By "in the
bridge" as used herein is understood  to mean the shortest connection
between the atoms MI and  M2. Suitable bridging groups include substituted
and  unsubstituted alkylene groups. The alky2ene group can  contain one or
more hetero-atoms, such as Si, N, 0, S, in  the bridge, but preferably has
only carbon atoms in the  bridge. The alkylene group can be substituted with
one or  more groups, and is preferably substituted 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  for example 2,2-dimethyl-trimethylene (i.e.  neopentylene),
2,2-diethyl-trimethylene, 2,2-dimethyl- tetramethylene, 2-me
thyl,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 M1 and M2 atom by 1 3 APR 2006 



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-trimethylene or a 1,3-
neopentylene group. Of these, neopentylene groups are  especially preferred.
Preferably the neopentylene  bridging group is substituted with one or more
hydroxy groups.  The bridging group can also comprise one or more aliphatic
or aromatic ring structures. Preferably such a  bridging group still
contains only from 2 to 6 carbon  atoms in the bridge. An especially
preferred bridging  group contains two aromatic ring structures, preferably
two benzene rings. These aromatic ring structures are  preferably connected
to each other and to two alkylene  groups which in their turn are connected
to respectively M1 and M2. 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 a
preferred embodiment Ri, R2, R3 and R4  independently represent a primary,
secondary or tertiary alkyl group. Preferably the alkyl group has from 1 to
10 carbon atoms, more preferably from i to 6 carbon  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 R1, R2, R3 and R4 independently  represent a primary alkyl group.
Examples of suitable  primary alkyl groups include methyl, ethyl and propyl.
Preferably the groups R1 to R4 represent the same primary  alkyl groups,
most preferably RI to R4 are methyl or  ethyl groups. WO 03/040065 1 3 APR
2006  PCT/EP02/12381  8 In a further preferred embodiment R1, R2 and M1
together and/or R3, R4 and M2 together independently  represent an
optionally substituted aliphatic cyclic  group with at least 5 ring atoms,
of which one is the M1  



or M2 atom, respectively. By "a cyclic group" is understood a monocyclic. or
a  polycyclic group such as bicyclic or tricyclic groups..  Preferred cyclic
groups are bicyclic groups. The cyclic  group contains at least one
hetero-atom, .i.e. the MI or  M2 atom, respectively, but can contain more
hetero-atoms.  Suitable hetero-atoms that can further 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 M1 and M2 are both phosphorus and R1, R2  and M1
together and R3, R4 and M2 together both represent  a phosphabicycloalkyl
group. In a highly preferred  embodiment the aliphatic cyclic group contains
9 ring atoms and forms a 9-phosphabicyclononyl 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. R1,
R2 and M1 together  and/or R3, R4 and M2 together can both have the same or
each have a different isomeric structure. Preferably both  R1, R2 and M1
together and/or R3, R4 and M2 together have  the [3,3,1] structure. One or
both of the phosphabicycloalkyl rings can be  substituted with one or more
suitable hydrocarbyl groups  containing .carbon atoms and/or hetero-atoms.
Suitable WO 03/04006, 9 13 APR 7006  PCT/EP02/12381 substituents include
groups, containing hetero-atoms such  as halides, sulphur, phosphorus,
oxygen and nitrogen.  Examples of such groups include chloride, bromide,
iodide, thiol, and groups of the general formula -Yl-OH,  -Yl-CO-OH, -Y'-SH,
-S-Y', -0-y', -CO-Y', -NH2, -NHY', - NY1y2, _CO_Ny1y2, -OH, -P04, -N02,
-NOH, -CO, -S02, -S- OH, in which Y1 and y2, independently, represent Cj-CjO
alkyl groups. If a phosphabicycloalkyl ring is  substituted it is preferably
substituted with a carbon  containing group. Such a carbon containing group
can,  



however, contain additional hetero-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  cyclic 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
substituted at all carbon  atoms of the ring. However, the use of rings with
substituents on certain carbon atoms can be more  beneficial. Suitably,
phosphabicyclononyl rings are-used  with substituents on two carbon atoms,
suitably carbon  atom 1, 2, a 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 APR 2006 WO 03/040065 10
PCT/EP02/12381 1,3-bis-(1,4-cyclooctylene-phosphino)-propane, i.e.
1,3-PP'bis(9-phosphabicyclo[4,2,1]nonyl)-propane;
1,3-bis-(1,5-cyclooctylene-phosphino)-propane, i.e.
1,3-PP'bis(9-phosphabicyclo[3,3,1]nonyl)-propane;
1,2-bis-(1,4-cyclooctylene-phosphino)-ethane, i.e.
1,2-PP'bis(9-phosphabicyclo[4,2,l]nonyl)-ethane;
1,2-bis-(1,5-cyclooctylene-phosphino)-ethane, i.e.
1,2-PP'bis(9-phosphabicyclo[3,3,1]nonyl)-ethane;  2,2-dimethyl, 1;
3-PP'bis(9-phosphabicyclo- [3,3,1)nonyl)-propane; 2-methyl, 2-hydroxymethyl,
1,3-PP'bis(9-phospha- bicyclo[3,3,1]"nonyl)-propane;  2,2-dimethyl,
1,3-PP'bis(9-phosphabicyclo- [4,2,1]nonyl)-propane; 2-methyl,
2-hydroxymethyl, 1,3-PP'bis(9-phospha- 



bicyclo[4,2,1]nonyl)-propane;
2,2'-bis-(1,4-cyclooctylene-phosphino-methyl)-l,l'- biphenyl;
2,21-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. The present invention therefore also
relates to a  bidentate ligand of formula II, R1R2M1-V-M2R3R4 (II)  wherein
M? and M2 are independently P, As or Sb; R1, R2, R3 and R4 independently
represent a monovalent  aliphatic group; or R1, R2 and M1 together and/or
R3, R4 and M2 together  independently represent an optionally substituted WO
03/040065 PCT/EP4292006  11 aliphatic cyclic group with at least 5 ring
atoms, of  which one is the M1 or M2 atom, respectively; and V represents a
bridging group comprising a  trimethylene group connecting M1 or M2 of which
the  middle carbon atom has two additional bondings with a  non-hydrogen
atom. R1,R2,M1,M2,R3 and R4 represent the same groups as  described
hereinbefore. Preferences are as described hereinbefore.  V represents a
bridging group comprising a tri methylene group connecting M1 or M2 of which
the middle  carbon atom has two additional bondings with a non- hydrogen
atom. The middle carbon atom can have two  additional bondings with one
non-hydrogen atom, i.e. a  double bond, or it can have two additional
bondings with  two separate non-hydrogen atoms. Examples of non-hydrogen
atoms to which the middle  carbon group can be double bonded include'
hetero-atoms,  such as oxygen, nitrogen, sulphur or silicon. Furthermore
the middle carbon atom can be double bonded to another  carbon atom.
Preferably, however, the middle carbon has two  



additional bondings with two separate non-hydrogen atoms.  In a preferred
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 13 APR 2006 WO 03/040065
PCT/EP02/12381  12 V3 and V4 each can represent a separate group, or V3,  V4
and the middle carbon atom together can form a cyclic  group. If V3, V4 and
the middle carbon atom together form a  cyclic group, the cyclic group
preferably comprises from 3 to 10 ring atoms, more preferably from 3 to 6
ring  atoms. The ring atoms can be hetero-atoms or carbon atoms but are
preferably carbon atoms. Preferably, however, V3 and V4 each independently
represent a separate hydrocarbyl group containing carbon  atoms and/or
hetero-atoms. Suitable hydrocarbyl groups  for this purpose include groups
containing hetero-atoms  such as sulphur, phosphorus, oxygen and nitrogen.
Examples of such groups include groups of the general formula -X1-OH,
-X2-CO-OH, -X1-SH, -S-X1, -O-Xl, rCO-X1,  -NH2, -NHX1, -NX1X2, -CO-NX1X2,
-OH, -P04, -NO2, -NOH, - CO, -S02, -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 carbon
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-l,3-bis-(1,4-cyclooctylene-phosphino)- 



propane; 2-methyl-2-hydroxymethyl-l,3-bis-(1,4-cyclooctylene-
phosphino)-propane; 13 APR 1006 WO 03/010065 PCT/EP02/12381  13 2,2
dihydroxymethyl-1,3-bis-(1,4-cyclooctylene- phosphino)-propane;
2,2-dimethyl-1,3-bis-(1,5-cyclooctylene-phosphino)- propane;
2-methyl-2-hydroxymethyl-1,3-bis-(1,5-cyclooctylene- phosphino)-propane; 2,2
dihydrbxymethyl-1,3-bis-(1,5-cyclooctylene- phosphino) -propane. These
ligands can be prepared by: i) reacting P-cyclo-octylene hydride
(phosphabicyclo- nonane hydride) and butyllithiumto generate a lithium
cyclo-octylene phosphide (lithiated.phosphabicyclo- nonane). ii')
introducing 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 phosphide of step i) with the
tosylate  substituted oxetane of step ii), at for -example 0  C for  the
first phosphide group and ref lux 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), Q1Q2M1-Q5-Ar1-Ar2-Q6-M2Q3Q4 (III)
wherein M1 and M2 are independently P, As or Sb; Q1 Q2 and M1 together and
Q3, Q4 and M2 together  independently represent an optionally substituted
aliphatic cyclic group with at least 5 ring atoms, of  which one is the M1
or M2. atom, respectively; 13 APR 2006 WO 03/040065 PCT/EP02/12381  14 



Q5 and Q6 each independently represent optionally  substituted alkylene
groups; and Arl and Art independently represent an optionally  substituted
aromatic group. Bidentatediphosphine ligands  having a dimethylenebiphenyl
bridge are known in the art. WO-A-8707600 describes bidentate diphosphines
having  a dimethylene biphenyl bridge and being substituted at  each
phosphorus atom with two additional groups. WO-A-8707600, however, does not
disclose any  bidentate diphosphine where the phosphorus atom is part  of an
aliphatic cyclic group. M1 and M2 represent the same groups as described
hereinbefore. Preferences are as described hereinbefore.  Q1, Q2 and M1
together and Q3, Q4 and M2 together independently represent an optionally
substituted cyclic  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 by RR-1, R2 and M1 together, and R3, R4 and M2 together,
respectively as described  hereinbefore. Q5 and Q6 each independently
represent an optionally  substituted 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 same and  preferably both alkylene
groups are unsubstituted WO 03/040065 15 13 APR 2006 PCT/EP02/12381
methylene or ethylene groups. Most preferably both Q5 and Q6 represent an
unsubstituted methylene group. Arl and Ar2 each independently represent an
aromatic  group. Preferably the aromatic group contains from 6 to  20 carbon
atoms, more preferably from 6 to 14 carbon  atoms. Examples of suitable
aromatic groups include  



phenyl, naphthyl, phenanthryl and anthracenyl. Of these,  phenyl groups are
preferred. The aromatic group can be  substituted with one or more
hetero-atoms and/or  hydrocarbyl groups. Hydrocarbyl groups used for this
purpose include alkyl, alkoxy and 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 attached to. the
alkylene group. Preferred bidentate diphosphine according to  formula III
include 2,21-bis-(1,4-cyclooctylene-phosphino-methyl)-1,1'- biphenyl;
2,2'-bis-(1,5-cyclooctylene-phosphino-methyl.)-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 sulphates. 13 APR 2006 WO 03/040065 PCT/EP02/12381  16 For
example 2,2'-bis-(1,4-cyclooctylene-phosphino- methyl)-1,1'-biphenyl can be
prepared by reacting  phosphabicyclononane hydride. and butyllithium to
generate  the corresponding lithium phosphide and subsequently  reacting
this lithium phosphide, at for example 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 source of group VIII metal; II) 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
the telomerization of conjugated  dienes. The amount of telomerization
catalyst to be used is  not critical, and any catalytically effective amount
may  be used. In general, amounts 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 0.00002
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 as  moles of bidentate ligand per gram atom
of the Group VIII  metal. The bidentate ligand can be added as a separate 13
APR 2006  WO 03/040065 PCT/EP02/12381 17 compound to the reaction mixture or
zone or to a catalyst  make-up solution, or it may be incorporated in a
Group  VIII metal complex. The process according to the present invention
should  preferably be conducted in the substantial absence of  oxygen, as
oxygen reacts with the bidentate ligand and  consequently may result in
decreased catalyst activity. In the process of the invention, one. or more
of the  reactants and/or the formed product may act as reaction  diluent.
Hence, the use of a separate solvent is not  necessary. Conveniently,
however, the carbonylation  reaction may be carried out in the additional
presence of  a solvent,. As such, saturated hydrocarbons, e.g.  paraffins
and isoalkanes are recommended. Further  suitable solvents include ethers
such as 2,5,8-tri- oxanonane.(diglyme), diethylether: and. anisole,.and
ketones, such as methylbutylketone. Solvents, comprising.  



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-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 100C  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. 1 3 APR 2006 WO 03/040065 PCT/EP02/12381  78 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(dibenzylacetone)2 and 0.3 mmol
bidentate  ligand as given in Table I. The catalyst solution was  introduced
under a nitrogen atmosphere to a medium of  alkanol and optionally
additional inert solvent in the  autoclave as indicated in Table S. 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 obtained 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  as the average
rate over 90% butadiene conversion. WO 03/010065 PCT/EP6271223812006  19 H
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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-bis (1,4-cyclo-
octylenephosphino) propane and 1,3-bis(1,5-cyclo- octylenephosphino) propane
SCOPE = 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)-1,1'-biphenyl 1,5 BCOPMB =
2,2'-bis-(1,5-cyclooctylene-phosphino- methyl)-1,1'-biphenyl NMP =
N-methyl-2.-pyrrolidone DPPP = 1,3-bis(diphenylphosphino)-propane 1 = only
4% telomerization product was formed,  whereas 59%' mono-butenyl ethers were
formed 2 = only 31% telomerization product was formed,  whereas 59%
mono-butenyl ethers were formed 3 = only traces of ethers were formed 13 APR
2006 WO 03/040065 PCT/EP02/12381  22 C L A I M S 1. Process for the
telomerization of a conjugated  diene, wherein the conjugated diene is
reacted with a  compound 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. wherein the bidentate
ligand has the general formula  I R-R2M1-R-M2R3R4 (I)  wherein M1 and M2 are
independently P, As or Sb;  R1, R2, R3. and R4 independently represent a  



monovalent aliphatic group; or R1, R2 and M1 together and/or R3, R4 and M2
together independently represent.an optionally substituted aliphatic cyclic
group with at least 5  ring atoms, of which one is the M1 or M2 atom,
respectively; and R represents a bivalent organic bridging group.  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,  R1R2M1-V-M2R3R4 (II) 13 APR
1006 - 23  wherein M1 and M2 are independently P, As or Sb; R1, R2 and M1
together and/or R3, R4 and M2 together  independently represent an
optionally substituted  aliphatic cyclic group with at least 5 ring atoms,
of  which one is the M1 or M2 atom, respectively; and V represents a
bridging group comprising a trimethylene group connecting M1 or M2 of which
the  middle carbon atom has two additional bondings with a  non-hydrogen
atom. 5. Bidentate ligand according to claim 4, wherein the  bidentate
ligand is chosen from 2;2-dimethyl-1,3-bis-
(1,4-cyclooctylene-phosphino)-propane,2-methyl-2-
hydroxymethyl-l,3-bis-(1,4-cyclooctylene-phosphino)- propane or 2,2
dihydroxymethyl-1,3-bis-(1,4- cyclooctylene-phosphino)-propane;
2,2-dimethyl-l,3-bis- (1,5-cyclooctylene-phosphino)-propane,2-methyl-2-
hydroxymethyl-l,3-bis-(1,5-cyclooctylene-phosphino).- propane or 2,2
dihydroxymethyl-l,3-bis-(1,5-cyclo- octylene-phosphino)-propane.  6.
Bidentate ligand of formula (III), Q1Q2M1-Q5-Arl-Ar2-Q6-M2Q3Q4 (III) wherein
M1 and M2 are independently P, As or Sb;  Q1, Q2 and M1 together and Q3, Q4
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 M2 atom,
respectively; Q5 and Q6 each independently represent optionally  substituted
alkylene groups; 13 APR 2006  WO 03/040065 PCT/EP02/12381 24  and Arl and
Art independently represent an optionally  substituted aromatic group. 7.
Bidentate ligand according to claim 6, wherein  the bidentate ligand is
2,2'-bis-(1,4-cyclooctylene- phosphino-methyl)-1,1'-biphenyl or
2,2'-bis-(1,5- cyclooctylene-phosphino-methyl)-1,1'-biphenyl.  8. Catalyst
system comprising 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 1-octene,  comprising: a) telomerization of
1,3-butadiene according to any  one of claims 1-3 or 9 to form
1-substituted-2,7 octadiene;  b) hydrogenation of the
1-substituted-2,7-octadiene  of step a) to form 1-substituted octane; c)
decomposing the 1-substituted octane of step b)  to form 1-octene. 




