
Process for preparing linear alpha olefins Field of
the Invention The present invention relates to a
process for preparing linear alpha olefins including a
dimerization reaction. Background of the Invention
Higher alpha olefins having 6 or more carbon atoms are
important as comonomers in polyolefins and as
intermediates for detergent compounds. For example, 1-
hexene and 1-octene are used as comonomers in LLDPE
(linear low density polyethylene) and 1-decene is used
as a starting material for the production of synthetic
lubricants. However, there have hitherto only been
general methods, and not targeted syntheses, for
preparing most of these higher alpha olefins. These
general methods tend to produce mixtures of the
desired higher alpha olefins with other olefinic
products, e.g. internal olefins. For example, the
dehydrogenation of higher paraffins leads to a mixture
of olefins which mostly contain internal double bonds.
As another example, olefins having a relatively high
number of carbon atoms and terminal double bonds can
be prepared by the oligomerization of ethylene using
transition metal catalysts, for example, by the
Ziegler process, the SHOP process of Shell or the
Ethyl Process. However, the mixtures obtained have to
be separated by sometimes very complicated methods if
a particular alpha olefin is to be isolated. In
addition, ethylene is a very expensive feedstock
material which results in a higher price for alpha
olefins obtained by oligomerization.For these reasons
it would be desirable to provide a 



process for producing alpha olefins in a targeted
manner from starting materials other than ethylene.
EP-A-O, 505, 834 and EP-A-O, 525, 760 disclose a
process for preparing linear higher alpha olefins by
successive transalkylation reactions. In these
publications, a linear, internal olefin having from 4
to 30 carbon atoms or a mixture of such olefins is
reacted with trial kylaluminium in the presence of an
isomerization catalyst. This results in the formation
of a trialkylaluminium compound in which at least one
of the alkyl radicals is derived from the olefin used;
this radical is present as a linear alkyl radical
derived from the alpha olefins which has been formed
by isomerization. The trialkylaluminium compound is
subsequently reacted with an alpha-olefin in a
displacement reaction in which the linear alpha-olefin
which was bound to the aluminium is liberated. This
process allows internal olefins to be isomerised
effectively and in good yields to produce terminal
olefins. However, the process is a .pure isomerization
reaction which does not make it possible to increase
the chain length. The internal olefins used for the
isomerization come from the usual sources and a
targeted synthesis of alpha olefins having a desired
chain length is not possible by means of the process.
US 6,291,733 Bl relates to a method of dimerizing
alpha-olefins to mostly internal olefin dimers using
as a catalyst a transition metal complex comprising a
transition metal complexed with a tridentate bisimine
ligand bearing substituted or unsubstituted aryl
rings, with an activating co-catalyst. However, there
is no 



mention in this publication of the preparation of
alpha olefins .WO03/011800 and WO02/066406 (BASF)
relate to processes for preparing higher alpha olefins
by a combination of isomerising transalkylation
reactions with metathesis reactions. However, in order
to make 1-octene from transalkylation/metathesis
methods, it is necessary to start from 1-pentene. It
would be desirable to produce 1-octene from 1-butene
since 1-butene (present in Raffinate-II) is a
relatively cheap and abundant feedstock compared to
1-pentene. It would be desirable to provide methods
for producing higher alpha olefins in a selective
manner and, which, particularly for cost reasons,
makes use of feedstocks other than ethylene,
particularly relatively cheap feedstocks such as
Raffinate (II) which contains a mixture of 1-butene
and 2-butene. Summary of the Invention According to
one aspect of the present invention there is provided
a process for the preparation of linear alpha olefins
having 2n carbon atoms from linear alpha olefins
having n carbon atom s comprising the steps of: (a)
dimerizing a linear alpha olefin having n carbon atoms
in the presence of a dimerization catalyst to produce
a linear internal olefin having 2n carbon atoms; (b)
(i) reacting the linear internal olefin having 2n
carbon atoms produced in step (a) with a
trialkylaluminium compound in the presence of a
catalytic amount of an isomerization/displacement
catalyst in 



order to cause isomerization of the linear internal
olefin and to displace alkyl group (s) from said
trialkylaluminium compound to form an alkyl
aluminiumcompound wherein at least one of the alkyl
groups bound to aluminium is a linear alkyl which has
been derived from the isomerization of said linear
internal olefin, and (b) (ii) reacting said alkyl
aluminium compound with an alpha olefin optionally in
the presence of a displacement catalyst so as to
displace said linear alkyl from said alkyl aluminium
compound to form a linear alpha olefin having 2n
carbon atoms. The process of the present invention
advantageously produces linear alpha olefins in high
yield and selectivity in a targeted manner. Detailed
Description of the Invention The process of the
present invention comprises a dimerization reaction
(step (a) ) and a transmerization reaction (steps b(i)
and b(ii)). As used herein the term "transmerization"
means a --reaction which comprises step (b) (i) and
step (b) (ii) as defined herein. In general terms, the
term "transmerization" means a process that combines
isomerization and transalkylation steps and which
produces linear alpha olefins from linear internal
olefins. A s used herein the term "dimerization" means
a reaction by which an olefin containing n carbon
atoms is 



converted to an olefin containing 2n carbon atoms. The
starting alpha olefin for use in the process of the
present invention may be any alpha olefin having n
carbon atoms. Preferably, n is an integer in the range
from 3 to 11, more preferably in the range from 4 to 6
. The starting alpha olefin used in the present
process canbe linear or branched. Preferably the
starting alpha olefin is linear. Examples of starting
alpha olefins which can be used in the present process
are propene, 1- butene, 1-pentene and 1-hexene. In a
preferred embodiment herein the starting alpha olefin
is 1-butene. When 1-butene is used as the starting
alpha olefin, 1-octene is the alpha olefin produced by
the process of the present invention. Possible sources
of 1-butene are olefin mixtures which comprise
1-butene and 2-butene and possibly isobutene together
with butanes. These are obtained, for example, in
various cracking processes such as steam cracking or
fluid catalytic cracking as C 4 fraction. As an
alternative, it is possible to use butene mixtures as
are obtained in the dehydrogenation of butanes, by
dimerization of ethene or in a Fischer-Tropsch
reaction. Butanes present in the C4 fraction behave as
inerts. Dienes, alkynes or enynes present in the
mixtures can be removed by means of customary methods
such as extraction or selective hydrogenation . Since
olefin-containing C4 hydrocarbon mixtures are
available at a favourable price, the use of these
mixtures improves the addition of value to steam
cracker by-products. Furthermore, products with high
added value are obtained. 



The C4 fraction is most preferably used herein in the
form of raffinate II, with the C4 stream being freed
of interfering impurities, in particular oxygen
compounds, by appropriate treatment over guard beds,
preferably over high surface area aluminium oxides
and/or molecular sieves. Raffinate II is obtained from
the C4 fraction by firstly extracting butadiene
and/orsubjecting the stream to a selective
hydrogenation. Removal of isobutene then gives the
raffinate II. Another source of the starting alpha
olefin is a mixture which has been obtained by
isomerizing the alpha olefin, such as .a mixture of
alpha olefin and internal olefin of the same carbon
skeleton, e.g. 1-butene and 2- butene. The content of
alpha olefin e.g. 1-butene in the isomerate may be
increased by separation of at least some of the
internal olefin e.g. 2-butene, such as by
distillation. Another example of such a source, which
may be equilibrium or non equilibrium mixtures of
alpha and corresponding internal olefins e.g. 1-butene
and 2- butene, is the unreacted linear olefin stream
from a catalytic dimerization, e.g. dimerization step
(a) optionally after isomerization and/or partial
separation of internal olefin (see below) . The alpha
olefin reacted in dimerization step (a) may be the
same or different from the alpha olefin used as
displacement alpha olefin in back displacement step
b(ii) . Using different olefin's for the 2 steps can
make separation of byproducts from one or both
reactions easier, as the byproducts from, e.g.
reactions when 1- butene is used in step (a) and
propene is used in step b(ii), are of different carbon
number and hence likely to 



be easier to separate by distillation, than is likely
to be the case when the same olefin is used in both
steps. However using the same olefin in both steps has
the advantage of simplicity of separation. It is also
envisaged that mixtures of linear alpha olefins can be
used as the starting olefin, including mixtures of odd
and even-numbered olefins (e.g. a mixture of 1-butene
and 1-pentene) . Where the starting olefin is a
mixture of olefins, some co-dimerization can take
place_ p in addition to dimerization. For example, in
the case of a mixture of 1-butene and 1-pentene, the
reaction products could be a mixture of a linear
internal octene (from the dimerization of 1-butene), a
linear internal decene (from the dimerization of
1-pentene) and a linear internal nonene (from the
co-dimerization of 1-butene and 1-pentene) . Hence
according to a further aspect of the present invention
there is provided a process for the preparation of a
linear alpha olefin having (nl + n2) carbon atoms
comprising the steps of: (a) co-dimerizing a linear
alpha olefin having nl carbon atoms with a linear
alpha olefin having n2 carbon atoms in the presence of
a dimerization catalyst to produce a linear internal
olefin having (nl + n2) carbon atoms; (b) (i) reacting
the linear internal olefin having (nl + n2) carbon
atoms produced in step (a) with a trialkylaluminium
compound in the presence of a catalytic amount of an -
isomerization/displacement catalyst in order to 



cause isomerization of the linear internal olefin and
to displace alkyl group (s) from said
trialkylaluminium compound to form an alkyl aluminium
compound wherein at least one of the alkyl groups
bound to aluminium is a linear alkyl which has been
derived from the isomerization of said linear internal
olefin, and (b) (ii) reacting said alkyl aluminium
compound with an alpha olefin optionally in the
presence of a displacement catalyst so as to displace
said linear alkyl from said alkyl aluminium compoundto
form a linear alpha olefin having (nl + n2) carbon
atoms . Preferably, nl and n2 are different and are
each integers in the range of from 3 to 11, more
preferably in the range of from 4 to 6 . Dimerization
The process of the present invention comprises a
dimerization step (step (a) ). In the dimerization
step a linear alpha olefin having n carbon atoms is
dimerized in the presence of a dimerization catalyst
to produce a linear internal olefin having 2n carbon
atoms. Alternatively, as mentioned above, the process
of the present invention comprises a co-dimerization
step. The same process conditions, dimerization
catalysts and the like can be used for a
co-dimerization reaction as are described below for
use in a dimerization reaction. Any suitable
dimerization catalyst known to those skilled in the
art can be used in the process herein, provided it is
highly selective to the production of 



linear internal olefins. Preferred dimerization
catalysts for use herein are those which produce at
least 80%, preferably at least 90%, more preferably at
least 95% of linear internal olefins, such percentages
being by weight of final product produced from the
dimerization of a starting linear alpha olefin.
Suitable dimerization catalysts for use herein
comprise transition metal complexes based on a
transition metal atom and a bis-arylimine pyridine
bidentate ligand, such as those disclosed in Shell
patent publications WO01/58874, WO02/00339,
WO02/28805, WO03/011876 and copending European patent
application 04251688.0 (disclosures of which are
herein incorporated by reference) . Other transition
metal complexes- suitable foruse as dimerization
catalysts include those disclosed in US 6,291,733 Bl
(Chevron) . Other suitable dimerization catalysts for
use herein include titanium bisamide compounds such as
those disclosed in WO03/000628. Preferred catalyst
compositions for use in the dimerization step (a) of
the present invention are those of the type disclosed
in co-pending European patent application 04251688.0.
Such catalyst compositions comprise one or more
transition metal complexes, the transition metal
complexes each comprising a transition metal atom
complexed with a bis-arylimine pyridine ligand of
formula (I) below: (D wherein R1-R5, R7-R9, R12 and l4
e each, independently, hydrogen, optionally
substituted hydrocarbyl, an inert functional group, or
any two of 



R1-R3 and R7-R9 vicinal to one another taken together
may form a ring, R is hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or taken
together with R7 or R4 to form a ring, RIQ s hydrogen,
optionally substituted hydrocarbyl, an inert
functional group, or taken together with R or R4 to
form a ring, R is hydrogen, optionally substituted
hydrocarbyl, an inertfunctional group, or taken
together with R 2 o R5 to form a ring, R 5 is
hydrogen, optionally substituted hydrocarbyl, an inert
functional group, or taken together with R 4 or R5 to
form a ring, provided that R13 and at least one of R 2
d R14 are independently selected from optionally
substituted C - C30 alkyl, optionally substituted C4 -
C30 alkyloxy, halogen and optionally substituted C5 -
C20 aryl or R 3 taken together with R 2 or R 4 form a
ring, or R]_2 taken together with R form a ring and
R14 taken together with R 5 form a ring. Preferably
especially for catalyst systems soluble in chemically
inert non-polar solvents (see further below) R 3 and
at least one of R]_2 nd R14 are independently selected
from optionally substituted C - C30 alkyl, optionally
substituted C4 - C30 alkyloxy and optionally
substituted C5 - C20 aryl, provided that at least one
of R 12' R 13 and R 14 i s optionally substituted C4 -
C30 alkyloxy. One class of transition metal complexes-
suitable as catalyst precursors for use in the
dimerization step herein are bis-arylimine pyridine
MXn complexes which comprise a bis-arylimine pyridine
ligand of formula (I) above, wherein M is a transition
metal atom and n matches the formal oxidation state of
transition metal atom M and 



is preferably 1 , 2 or 3 ; and X is halide, optionally
substituted hydrocarbyl (e.g. CH3, neopentyl and
CH2~Ph) , C1-C6 alkoxide, amide, or hydride.
Particularly preferred X groups are halide, especially
chlorine. Transition metals for use in the transition
metal complexes herein are preferably selected from
any Group 4to Group 10 transition metal, more
preferably Ti, V , Cr, Mn, Fe, Co, Ni, Pd, Rh, Ru, Mo,
Nb, Zr, Hf, Ta, W , Re, Os, Ir and Pt, even more
preferably Ti, V , Cr, Mn, Fe, Co, Ni, Pd and Pt,
especially Fe, Co and Cr. The preferred transition
metal for use in the dimerization catalyst herein is
Co. Bis-arylimine pyridine MXn complexes can be
reacted with a non-coordinating anion generating
species to form a cationic complex having the formula
[bis-arylimine pyridine MXP]+ [NC~]P comprising a
bis-arylimine pyridine ligand having formula (I)
above, wherein M and X are as defined above, NC is a
non-coordinating anion; and p + q matches the formal
oxidation state of transition metal atom M .
Preferably p + q is 2 or 3 . By the term
"non-coordinating anion" is meant an anion which does
not substantially coordinate to the metal atom M .
Non-coordinating anions (NC ) that may be suitably
employed include bulky anions such as tetrakis [3,
5-bis (trifluoromethyl) phenyl] borate (BAF ) , (CgFs)
4B , and anions of alkylaluminium compounds including
R3AIX' , R2A1C1X' , RAICI2X' ", and "RAlOX' "" ,
wherein R is hydrogen, optionally substituted
hydrocarbyl (e.g. C1-C20 alkyl or aryl) , or an inert
functional group, and X ' is halide, especially
chlorine or fluorine, C1-C20 alkoxide or aryloxide
(eg. phenoxide and substituted aryl oxides 



such as 2 ,4,6-trimethylphenyloxide, 2,4,6-
tributylphenyloxide) or oxygen. A preferred
noncoordinating anion for use herein is tetrakis [3,5-
bis (trifluoromethyl) phenyl] borate (BAF ). In a
preferred embodiment of the invention, R13 and at
least one of R12 and R14 are independently
selectedfrom optionally substituted Ci - C30 alkyl,
optionally substituted C4 - C30 alkyloxy, optionally
substituted C 5 ~ c 20 r yl with the proviso that at
least one of R ]_2 R]_3 and R 4 is optionally
substituted C4 - C30 alkyloxy. In one class of
bis-arylimine pyridine transition metal complexes, the
bis-arylimine pyridine ligand having formula (I)
above, is such that Rg and at least one of R7 and R9
are independently selected from optionally substituted
C - C30 alkyl, optionally substituted C4 - C30
alkyloxy, halogen and optionally substituted C 5 c 20
a r yl o r R 8 taken together with R7 or R9 form a
ring, or R7 taken together with R form a ring and R9
taken together with R]_g form a ring with the proviso
that at least one of R7, R and Rg is optionally
substituted C4 - C30 alkyloxy. Preferably R and at
least one of R7 and Rg are independently selected from
optionally substituted C - C30 alkyl, optionally
substituted C4 - C30 alkyloxy and optionally
substituted C5 - C20 aryl. It will be immediately
apparent to the person skilled in the art, that when R
g and at least one of R7 and Rg are independently
selected from optionally substituted C4 - C30 alkyl,
optionally substituted C4 - C30 alkyloxy and
optionally substituted C 5 - C2o aryl with the proviso
that at least one of R7, R and Rg is optionally
substituted C4 - C30 alkyloxy, it is not possible for
R 



to be independently, hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or any two of
R7-R9 vicinal to one another taken together to form a
ring.The term "Hydrocarbyl group" as used herein means
a group containing only carbon and hydrogen atoms.
Unless otherwise stated, the number of carbon atoms is
preferably in the range from 1 to 30, especially from
1 to 8 . Unless otherwise stated, the hydrocarbyl
group may be saturated or unsaturated, aliphatic,
cycloaliphatic or cycloaroitiatic (e.g. phenyl), but
is preferably aliphatic. Suitable hydrocarbyl groups
include primary, secondary and tertiary carbon atom
groups such as those described below. The phrase
"optionally substituted hydrocarbyl" as used herein is
used to describe hydrocarbyl groups which may
optionally contain one or more "inert"
heteroatomcontaining functional groups. By "inert" it
is meant that the functional groups do not interfere
to any substantial degree with the catalytic process
in which the transition metal complex may be employed.
Nonlimiting examples of such inert groups are halides,
such as fluoride and chloride, silanes, stannanes,
ethers, 'alkoxides and amines with adequate steric
shielding, all well-known to those skilled in the art.
Some examples of such groups include methoxy,
trimethylsiloxy and eicosanoxy. Said optionally
substituted hydrocarbyl may include primary, secondary
and tertiary carbon atom groups of the nature
described below. The term "inert functional group" as
used herein means a group other than optionally
substituted 



hydrocarbyl which is inert under the reaction
conditions for any reaction or process in which the
transition metal complex may be employed. By "inert"
it is meant that the functional group does not
interfere to any substantial degree with the catalytic
process in which the transition metal complex may be
employed. Examples of inertfunctional groups suitable
for use herein include halides, ethers, and amines
such as tertiary amines. Preferably the inert
functional group is a halide, especially fluorine and
chlorine. The term "Primary carbon atom group" as used
herein means a -CH -R group wherein R is selected from
hydrogen, an optionally substituted hydrocarbyl
(preferably selected from Ci-C6 alkyl, phenyl, and
Ci-C6 alkoxy or aryloxy (e.g. OPh)), or an inert
functional group (preferably selected from fluorine,
chlorine and -N(Ci-C 6 alkyl) 2 ) . Examples of
suitable primary carbon atom groups include, but are
not limited to, -CH 3, -C2H5, - CH2Cl, -CH2OCH 3, -CH
2N(C 2Hs) 2 , -CH 2-C (CH3)3, -CH2-O-Ph and -CH2Ph.
Unless otherwise stated, preferred primary carbon atom
groups for use herein are those wherein R is selected
from hydrogen or a C]_-Cg unsubstituted hydrocarbyl,
preferably wherein R is selected from hydrogen, Ci-C6
alkyl and phenyl, more preferably wherein R is
hydrogen or a C1-C3 alkyl. The term "Secondary carbon
atom group" as used herein means a -CH(R) 2 group
wherein each R is independently selected from an
optionally substituted hydrocarbyl (preferably
selected from a Ci-C6 alkyl, Ci-C6 alkoxy or aryloxy
(eg. OPh) and phenyl), or an inert functional group
(preferably selected from fluorine and 



chlorine) . Alternatively, the two R groups may
together represent a double bond moiety, e.g. =CH2, or
a cycloalkyl group, e.g. cyclohexyl. Examples of
secondary carbon atom groups include, but are not
limited to, - CH (CH3)2, -CHCl 2, -CHPh 2, -CH=CH 2
and cyclohexyl. Unless otherwise stated, preferred
secondary carbon atom groups for use herein are those
in which R is a C -Cgunsubstituted hydrocarbyl
preferably a Ci-C6 alkyl, more preferably a C -C3
alkyl. The term "Tertiary carbon atom group" as used
herein means a -C (R) 3 group wherein each R is
independently selected from an optionally substituted
hydrocarbyl (preferably selected from Ci-C alkyl and
Ci-C alkoxy) , or an inert functional group
(preferably selected from chlorine and fluorine) .
Alternatively, the three R groups may together
represent a triple bond moiety, e.g. -CCPh, or a ring
system containing tertiary carbon atoms such as
adamantyl derivatives. Examples of tertiarycarbon atom
groups include, but are not limited to, -C(CH 3 )3 ,
-CCI3, -CsCPh, 1-Adamantyl and -C(CH 3 2 (OCH3 ) .
Unless otherwise stated, preferred tertiary carbon
atom groups for use herein are those wherein each R is
a C -C unsubstituted hydrocarbyl group, preferably
wherein each R is a Ci-C6 alkyl group, more preferably
a C -C3 alkyl group, even more preferably wherein each
R is methyl. In the case wherein each R is a methyl
group, the tertiary carbon atom group is tert-butyl .
The rings which may be formed by any two of R -R3 and
R7 - R9 vicinal to one another taken together, R taken
together with R7, R taken together with R9, R taken
together with R 2 and R 15 taken together with R14, 



are preferably optionally substituted C5 - C20 cyclic
hydrocarbyl groups, more preferably optionally
substituted C5 - C2 cycloaliphatic or
polycycloaliphatic groups or optionally substituted
C5-C2o aromatic or polyaromatic groups, even more
preferably optionally substituted C5 - C
cycloaliphatic or aromatic groups, especially a C6
cycloaliphatic or aromatic groups,especially benzene.
Suitable optional substituents are any suitable
substituents known to those skilled in the art,
preferably halide (e.g. F , Cl), Ci-C6 alkoxy (e.g.
OCH3) and Ci-C6 alkyl groups (e.g. -CH3, t-butyl) .
The rings which may be formed by R 3 taken together
with R]_2 o r 14 and, where applicable, R taken
together with R7 or R 9 are preferably optionally
substituted C5 - C 20 cyclic hydrocarbyl groups, more
preferably optionally substituted C5-C20
cycloaliphatic or polycycloaliphatic groups or
optionally substituted C5-C20 aromatic or polyaromatic
groups, even more preferably optionally substituted C5
- Cio cycloaliphatic or aromatic groups, even more
preferably optionally substituted C 5 - C
cycloaliphatic or aromatic groups, especially C5 and
C6 cycloaliphatic or aromatic groups, especially
benzene. Suitable optional substituents are any
suitable substituents known to those skilled in the
art, preferably halide (e.g. F , Cl), Ci-C6 alkoxy
(e.g. -OCH 3) and Ci-C6 alkyl groups (e.g. -CH3,
t-butyl) . r The rings which may be formed by R taken
together with R4, RlO taken together with R4, R i
taken together with R5 and R]_5 taken together with
R5, are preferably optionally substituted
nitrogen-containing cyclic groups 



containing from 4 to 20 carbon atoms and at least one
nitrogen atom, more preferably optionally substituted
nitrogen-containing cycloaliphatic groups containing
from 4 to 20 carbon atoms atoms and at least one
nitrogen atom, even more preferably optionally
substituted nitrogen-containing cycloaliphatic groups
containing 4 to 5 carbon atoms and at least one
nitrogen atom. Suitable optional substituents are any
suitable substituents known to those skilled in the
art, preferably halide (e.g. F ,Cl), Cl-C b alkoxy
(e.g. -OCH3) and Cl-C b alkyl groups (e.g. -CH3,
t-butyl) . In preferred embodiments herein, none of
the R1-R15 groups form rings with each other. Hence in
formula I above it is preferred that R1-R12 and R14
are each independently selected from hydrogen,
optionallysubstituted hydrocarbyl groups such as the
primary, secondary and tertiary carbon atoms groups
defined above and inert functional groups such as
halide; with the proviso that R13 and at least one of
R 2 a n d R14 are independently selected from
optionally substituted C i - C30 alkyl, optionally
substituted C - C3o alkyloxy and optionally
substituted C5 - C20 aryl and further provided that at
least one of R 2 R .3 d R 4 is optionally substituted
C4 - C30 alkyloxy. The term "optionally substituted C
i - C3O alkyl" in relation to the Ri2 R13 d R14
groups, and, where applicable, the R7, R and R9 groups
of formula (I) above means a C i to C30 linear or
branched alkyl group, which may be substituted with
one or more "inert" functional groups known to those
skilled in the art, in particular a halide, preferably
fluorine. Preferred optionally 



substituted alkyl groups comprise from 3 to 25 carbon
atoms, more preferably from 4 to 20 carbon atoms.
Preferably, the alkyl. group is an unsubstituted alkyl
group. Examples of suitable "optionally substituted C
- C30 alkyl" include octadecyl, tetradecyl, dodecyl,
decyl, octyl, hexyl, pentyl, tert-butyl and
iso-propyl, especially tert-butyl and iso-propyl. The
term "optionally substituted C4 - C30 alkyloxy" in
relation to the Rc2 13 an< 14 groups, and, where
applicable, the R7, R and R groups of formula (I)
abovemeans a C 4 - C30 optionally substituted alkyl
group which is attached to an oxygen atom, the alkoxy
group being attached to the aryl group of the bis-aryl
imine pyridine backbone via the oxygen atom.
Preferably, the optionally substituted alkyloxy group
comprises from 6 to 30 carbon atoms, more preferably
from 8 to 30 carbon atoms, and most preferably from 10
to 25 carbon atoms. Preferably, the alkyloxy group is
an unsubstituted alkyloxy group. Examples of suitable
"optionally substituted C4 - C30 alkyloxy" include
eicosanoxy, octadecyloxy, hexadecyloxy, tetradecyloxy,
dodecyloxy, decyloxy, hexyloxy, pentyloxy, butyloxy
and tert-butyloxy, especially eicosanoxy, dodecyloxy,
pentyloxy and tert-butyloxy. A particularly preferred
optionally substituted C4-C30 alkyloxy group is
eicosanoxy. The term "optionally substituted C 5 - C2o
aryl" in relation to the R2r 13 an< 14 oups, and,
where applicable, the R7, R and Rg groups of formula
(I) above means an aryl or heteroaryl group,
comprising from 5 to 20 ring atoms and wherein one or
more of the ring atoms can be substituted with one or
more substituents known to 



those skilled in the art, preferably selected from
optionally substituted hydrocarbyl, preferably C i -
C6 alkyl, preferably methyl, and "inert" functional
groups, such as halide. In a heteroaryl group, one or
more of the ring atoms is a heteroatom, such as
nitrogen, oxygen or sulfur, provided that the
heteroatom is inert with regard to the catalytic
process in which the transition metal complex is
employed. Preferably the heteroaryl groups are
aromatic, fully substituted or the heteroatom is fully
shielded from the transition metal atom.Preferred
heteroaryl groups are 1-pyrrolyl groups. Preferably
all of the ring atoms are carbon atoms. Within the
term "optionally substituted C5 - C2o aryl" is
encompassed mono- and poly-aromatic groups. Preferred
optionally substituted C5 - C20 aryl groups comprise
from 5 to 10 ring carbon atoms, more preferably 5 or 6
ring carbon atoms. Preferably, the aryl groups are
unsubstituted aryl groups, including 1-pyrrolyl groups
. Most preferred are optionally substituted phenyl
groups, especially phenyl. In one class of transition
metal complexes herein, R 3 and at least one of R12
and R14 are independently selected from optionally
substituted C 4 - C30 alkyl, optionally substituted C4
- C30 alkyloxy and optionally substituted C5 - C20
aryl, with the proviso that at least one of Ri2 R13 a
d R14 is optionally substituted C 4 - C30 alkyloxy,
and R and at least one of R7 and R9 are independently
selected from optionally substituted C4 - C30 alkyl,
optionally substituted C - C30 alkyloxy and optionally
substituted C5 - C2o aryl, with the proviso that at
least one of R7, R and R is optionally 



substituted C4 - C30 alkyloxy. In another class of
transition metal complexes herein, Ri2 Rl3 nd R14 are
all independently selected from optionally substituted
C - C30 alkyl, optionally substituted C4 - C30
alkyloxy and optionally substituted C5 - C20 aryl,
with the proviso that at least one of Ri2 / Rl3 and
R14 is optionally substituted C4 - C30 alkyloxy. In
another class of transition metal complexes herein,
Ri2 R13 and R14 are all independently selected from
optionally substituted C4 - C30 alkyl, optionally
substituted C - C30 alkyloxy and optionally
substitutedC ~ c 20 aryl, with the proviso that at
least one of R 2 R]_3 and R 4 is optionally
substituted C4 - C30 alkyloxy. Preferred transition
metal complexes for use in the dimerization step of
the present invention comprise ligands according to
formula (I) , in which the following R groups appear:
R -R3 are hydrogen; and/or R4 and R5 are methyl,
hydrogen, benzyl or phenyl, preferably methyl, phenyl
or hydrogen, more preferably methyl. One preferred
class of transition metal complexes comprises ligands
according to formula (I) , in which the following R
groups appear: R 2 nd R]_4 are independently selected
from C i - C30 alkyl and C5 - C20 aryl, preferably C5
- C20 aryl, more preferably phenyl; R 3 is C4 - C30
alkyloxy, preferably Cio - C25 alkyloxy, more
preferably eicosanoxy. Another preferred class of
transition metal complexes comprise ligands according
to formula (I) , in which the following R groups
appear: R7, R9, R 2 a n Rl4 are independently selected
from C - C30 alkyl and C 5 - C20 aryl, preferably C5 -
C20 aryl, more preferably phenyl; R8 



and R 3 is C4 - C3 alkyloxy, preferably Cio - C25
alkyloxy, more preferably eicosanoxy. Another
preferred class of transition metal complexes comprise
ligands according to formula (I) , in which the
following R groups appear: R]_2 and Rl4 are
independently selected from C i - C3o alkyl and C5 -
C20 aryl, preferably C5 - C20 aryl, more preferably
phenyl; Rl3 is C4 - C3o alkyloxy, preferably Cio C25
alkyloxy, more preferably eicosanoxy; R is a tertiary
carbon atom group, preferably tert-butyl, and
preferably R7-R10, RlI and R15 are hydrogen.Another
preferred class of transition metal complexes comprise
ligands according to formula (I), in which the
following R groups appear: R]_2 and R]_4 are
independently selected from C i - C30 alkyl and C5 -
C20 aryl, preferably C5 - C20 aryl, more preferably
phenyl; Rl3 is C 4 - C30 alkyloxy, preferably Cio -
C25 alkyloxy, more preferably eicosanoxy; R g is
selected from C i - C30 alkyl, preferably C i - Cio
alkyl, more preferably C3 - C alkyl, most preferably
tert-butyl or iso-propyl; R and Rio are hydrogen; and
preferably R7 and R9 are hydrogen. Another preferred
class of transition metal complexes comprise ligands
according to formula (I) , in which the following R
groups appear: R 2 a n R l a e independently selected
from C i - C30 alkyl and C5 - C 20 aryl, preferably C5
- C2o aryl, more preferably phenyl; R]_3 is C 4 - C30
alkyloxy, preferably Cio ~ C25 alkyloxy, more
preferably eicosanoxy; Rg, R and R o are h
independently selected from a primary carbon atom
group, preferably C1-C6 alkyl, more preferably methyl,
and preferably R7, R9, RIl and R15 are hydrogen. 



Another preferred class of transition metal complexes
comprise ligands according to formula (I) , in which
the following R groups appear: R 2 and l4 are
independently selected from C i - C30 alkyl and C5 -
C20 aryl, preferably C5 - C2o aryl, more preferably
phenyl; R 3 is C4 - C30 alkyloxy, preferably C i0 -
C25 alkyloxy, more preferably eicosanoxy; Rg, R and R
o are independently selected from C i - C30 alkyl,
preferably C i - Cio alkyl, more preferably C i - C6
alkyl, most preferably methyl, ethyl, iso-propyl or
tert-butyl; and preferably R7 and R9 are
hydrogen.Another class of transition metal complexes
comprise ligands according to formula (I) , in which
the following R groups appear: R7 and R 9 are
independently selected from C i - C30 alkyl and C5 -
C20 aryl, preferably C5 - C2o aryl, more preferably
phenyl; R is C 4 - C30 alkyloxy, preferably C - C 25
alkyloxy, more preferably eicosanoxy. In a preferred
embodiment, the transition metal complex comprises a
ligand according to formula (I) , wherein R i - R3 are
hydrogen, R 4 and R5 are methyl, R g R and R are
methyl, R7, Rg, R n and R15 are hydrogen, R 2 a n R i4
are phenyl and R13 is eicosanoxy. In another preferred
embodiment, the transition metal complex comprises a
ligand according to formula (I) , wherein R i - R3 are
hydrogen, R 4 and R 5 are methyl, Rg, RiO R-Il and R15
are hydrogen, R7, Rg, R12 and Ri4 are phenyl and Rg
and R13 is eicosanoxy. In another preferred
embodiment, the transition metal complex comprises a
ligand according to formula (I) , wherein Ri - R3 are
hydrogen, R 4 and R5 are methyl, R is tert-butyl, R7,
RB, R9, lO R ll and R 15 are 



hydrogen, R12 and R14 are phenyl and Ri3 is
eicosanoxy. In another preferred embodiment, the
transition metal complex comprises a ligand according
to formula (I), wherein R i - R3 are hydrogen, R 4 and
R 5 are methyl, R g R9, R12 and R14 are hydrogen, R7
and R14 are isopropyl, RIQ and R n are methyl and R g
and Ri3 is eicosanoxy. The catalyst compositions for
use in the dimerization step herein also preferably
comprise at least one co-catalyst compound (b) . The
purpose of cocatalyst compound (s) is to form an
activated catalystsystem. In the case when a
bis-arylimine pyridine MXn complex is present, the
co-catalyst is selected from (1) a co-catalyst
compound capable of abstracting an anion and
transferring an optionally susbstituted hydrocarbyl or
hydride group to the metal atom, or (2) a co-catalyst
compound capable of abstracting an anion and a
cocatalyst compound capable of transferring an
optionally substituted hydrocarbyl or hydride group to
the transition metal atom. In the case when a cationic
[bis-arylimine pyridine MXp +][NC~]q complex is
present, the co-catalyst compound is selected from a
co-catalyst compound capable of transferring an
optionally substituted hydrocarbyl or hydride group to
the transition metal atom. A co-catalyst compound
capable of abstracting an anion (X group) and
transferring an optionallysubstituted hydrocarbyl or
hydride group to the transition metal atom (M) ,
preferably at a temperature in the range of -100C to
+300 0C , is selected from 



alkylaluminium compounds such as alkylaluminoxane and
alkylaluminium halides. Preferred compounds of this
type are methylaluminoxane (MAO) and modified
methylaluminoxane (MMAO) . A co-catalyst compound
capable of transferring an optionally substituted
hydrocarbyl or hydride group to the transition metal
atom (M) , preferably at a temperature in the range of
-100 0C to +300 0C , is selected from alkylaluminium
compounds such as alkyl aluminoxanes, alkyl lithium
compounds, Grignards, alkyl tin and alkyl zinc
compounds, such as diethyl zinc. Preferred compounds
of this type are methylaluminoxane (MAO) and modified
methylaluminoxane (MMAO) .A co-catalyst compound
capable of abstracting an anion (X group) from the
transition metal atom (M) , preferably at a
temperature in the range of -100 0C to +300C, is
selected from strong neutral Lewis acids such as SbF5,
BF3 and Ar3B wherein Ar is a strong
electronwithdrawing aryl group such as C 5 or 3 ,5-
(CF3)2C H3 or from salts with non-coordinating anions
(NC") such as tetrakis [3, 5-bis (trifluoromethyl)
-phenyl] borate (BAF ), (CgFs) B , and anions of
alkylaluminium compounds including R3A1X' , R2AlClX' ,
RAlCl 2 X ' and "RAlOX' " , wherein R is hydrogen,
optionally substituted hydrocarbyl or an inert
functional group, and X ' is halide, alkoxide or
oxygen. A preferred salt with a non-coordinating anion
for use herein is sodium tetrakis [3,5- bis
(trifluoromethyl )- phenyljborate (Na+ BAF" ) .
Additional co-catalyst compounds (c) , which may be
used in addition to the co-catalyst compound (s)
listed above, include, but are not necessarily limited
to, 



neutral Lewis donor molecules. The term "neutral Lewis
donor molecule" as used in herein means a compound
which may suitably act as a Lewis base, such as
ethers, amines, sulphides and organic nitriles, for
example,- triethylamine or 2,6-di-tertbutylpyridine .
The ligands and transition metal complexes described
hereinabove may be prepared using the chemical
processes and equivalent processes to those
illustrated in the examples of the present invention
and any references therein, as well as the processes
known from WO01/58874, WO02/00339, WO02/28805, WO
03/011876 and any references incorporated
therein.Catalyst systems based on the transition metal
complexes described herein may be formed by mixing
together the transition metal complex or a mixture of
a transition metal salt and the appropriate
bis-arylimine pyridine ligand of formula (I),
co-catalyst compound (s) (b) , and optionally one or
more additional co-catalyst compounds (c) , in any
order. Conveniently, the preparation of catalyst
systems based on transition metal complexes described
herein may be performed in the presence of the
dimerization reaction mixture or in the presence of a
chemically inert solvent which may be polar or
non-polar. Preferably, the catalyst system is prepared
in the presence of the reaction mixture or in the
presence of a chemically inert non-polar solvent, more
preferably in the presence of a chemically inert
non-polar solvent. The use of a chemically inert
non-polar solvent in the preparation of the catalyst
system for the 



dimerization step especially to provide a solution of
that catalyst system may be desired for ease of
handling, storage and use of the catalyst system, in
particular for accurate dosing of the catalyst
composition, especially during continuously operated
reaction processes. Catalyst systems disclosed in the
copending European application 04251688.0 mentioned
above with transition metal complexes having ligands
of formula I are especially preferred for use in such
solutions. Examples of suitable chemically inert
non-polar solvents include o-,m- or p-xylene, toluene,
benzene, pentane, isopentane, heptane, cyclohexane and
isooctane, preferably the solvent is toluene,
isopentane, cyclohexane and isooctane, especially
toluene and isooctane.In one embodiment, the catalyst
system for the dimerization step is formed by
combining a solution of the transition metal complex
dissolved in a chemically inert non-polar solvent with
a solution of the cocatalyst compound (s) (b) and
optionally additional cocatalyst compound (s) (c) in a
chemically inert non-polar solvent. The combining of
these two separate solutions may be performed either
in the presence or the absence of the reactant
composition. Alternatively, the catalyst system for
the dimerization is formed by combining a solution
comprising a mixture of a transition metal salt and a
bis-arylimine pyridine ligand of formula (I) dissolved
in a chemically inert non-polar solvent with a
solution of the cocatalyst compound (s) (b) and
optionally additional cocatalyst compound (s) (c) in a
chemically inert non-polar solvent. The combining of
these two separate solutions 



may be performed either in the presence or the absence
of the reactant composition. In another embodiment,
the catalyst system is formed by combining a solution
of the transition metal bisarylimine pyridine complex
in a chemically inert nonpolar solvent, with the
co-catalyst compound (s) (b) and optionally additional
co-catalyst compound(s) (c) , which are present in the
reaction media. Alternatively, the catalyst system is
formed by combining a mixture of a transition metal
salt and a bisarylimine pyridine ligand of formula (I)
in a chemically inert non-polar solvent, with the
co-catalyst compound (s) (b) and optionally additional
co-catalyst compound (s) (c) which are present in the
reaction media.In another embodiment, the catalyst
system is prepared by combining all the components of
the catalyst system in a chemically inert non-polar
solvent. In another embodiment, the catalyst system
for the dimerization is prepared by combining all the
components of the catalyst system in the reaction
media. The dimerization reaction of the present
invention may be conveniently carried out using the
following conditions . A quantity of the catalyst
system is usually employed in the dimerization
reaction mixture so as to contain from 10 to 10 gram
atom of transition metal atom M per mole of feed
olefin to be reacted. The dimerization reaction may be
most conveniently conducted over a range of
temperatures from -100 0C to +200 0C , preferably in
the range of from -50C to 150 0C , more preferably in
the range of from -10C to 120 0C , most 



preferably from 100C to 100 0C especially from 200C to
900C . The dimerization reaction may be conveniently
carried out at a pressure of 0.01 to 15 MPa (0.1 to
150 bar(a}), more preferably 0.1 to 10 MPa (1 to 100
bar (a)), and most preferably 0.1 to 5 MPa (1 to 50
bar (a)). The optimum conditions of temperature and
pressure used for a particular catalyst system to
maximise the yield of linear dimers, and to minimise
the competing reactions such as isomerization of the
feed olefin can be readily established by one skilled
in the art. The dimerization reaction can be carried
out in the gas phase or liquid phase, or mixed
gas-liquid phase, depending upon the volatility of the
feed olefin and product olefins.The dimerization
reaction may be carried out in the presence of an
inert solvent which may also be the carrier for the
catalyst system and/or feed olefin. Suitable solvents
include alkanes, alkenes, cycloalkanes, and aromatic
hydrocarbons. For example, solvents that may be
suitably used in the process of the present invention
heptane, isooctane, cyclohexane, benzene, toluene, and
xylene. Reaction times of from 0.1 to 10 hours have
been found to be suitable, dependent on the activity
of the catalyst. The reaction is preferably carried
out in the absence of air or moisture. The
dimerization reaction may be carried out in a
conventional fashion. It may be carried out in a
stirred tank reactor, wherein the feed olefin and
catalyst system or catalyst precursors are added
continuously to a 



stirred tank and the feed olefin and catalyst system
are removed from the stirred tank with the product
olefin, which may then be separated, and optionally
the unused feed olefin and/or the catalyst system are
recycled back to the stirred tank. Alternatively, the
reaction may be carried out in a batch reactor,
wherein the catalyst system or the catalyst system
precursors, and feed olefin are charged to an
autoclave, and after being reacted for an appropriate
time, product is separated from the reaction mixture
by conventional means, such as distillation. The
product of dimerization or co-dimerization comprises
linear olefin product (s) of 2n or nl+n2 carbon atoms,
and unreacted feed linear olefin of n , or nl and n2,
carbon atoms. The product may also comprise by
products such as isomerized feed linear olefin e.g.
linear 2-olefin isomer. Thus the product of dimerizing
1-butene comprises linear octenes, unreacted 1-butene
and 2-butene. The product, after separation from
catalyst e.g. by distillation, may be used as such in
the transmerization step without any other
purification at all. It may however be purified first
e.g. by distillation to remove at least some of any
solvent or diluent from the dimerization. Any such
purification may be as well as, instead of, or
combined with, purification to remove e.g. by
distillation hydrocarbons of lower volatility than the
linear olefin of 2n or nl + n2 carbons; examples of
such hydrocarbons are unreacted olefin (s) and /or
isomerized olefin. The mixture of unreacted linear
1-olefin or 1-olefins and isomerized 1-olefin or
1-olefins from the 



dimerization is preferably recycled to the
dimerization step for reuse, preferably after having
been (re-) isomerized over an isomerization catalyst
such as Na/K on alumina, especially at a temperature
of 50-2000C such as 100-1500C , especially under
superatmospheric pressure such as 0.1-2 MPa preferably
0.5-1.5 M to generate the thermodynamic equilibrium
mixture of linear olefins when the content of the
1-olefin in the recycle mixture is less than the
equilibrium concentration, and optionally after
separation of some of the isomerized olefin, e.g. by
means of distillation. Thus in a preferred process the
olefinic compounds in the dimerization reaction
product are distilled from the catalyst residue and
separated into a more volatile hydrocarbon fraction
containing the unreacted feed and isomers, and the
linear olefin product (s) of 2n or nl+n2 carbon atoms,
which may or may not be further separated from solvent
or diluent before passing to the transmerization
stage.Transmerization The process of the present
invention also comprises a transmerization step, which
is carried out after the dimerization/co-dimerization
step . Transmerization comprises a combination of step
(b) (i) and step (b) (ii) as follows: b(i) reacting
the linear internal olefin having 2n carbon atoms
produced in dimerization step (a) with a trial
kylaluminium compound in the presence of a catalytic
amount of an isomerization/displacement catalyst in
order to cause isomerization of the linear internal
olefin and to displace alkyl groups from said
trialkylaluminium 



compound to form an alkyl aluminium compound wherein
at least one of the alkyl groups bound to aluminium is
a linear alkyl which has been derived from the
isomerization of said linear internal olefin, and (b)
(ii) reacting said alkyl aluminium compound with an
alpha olefin optionally in the presence of a
displacement catalyst so as to displace said linear
alkyl from said alkyl aluminium compound to form a
linear alpha olefin having 2n carbon atoms . While not
wishing to be bound by theory, it is believed that the
reaction in step (b) (i) of the linear internal olefin
having 2n carbon atoms with a trialkylaluminium
compound in the presence of an
isomerization/displacement catalyst causes
isomerization of the linear internal olefin to form at
least some linear alpha olefin, which linear alpha
olefin displaces alkyl groups from said
trialkylaluminium compound to form an alkyl aluminium
compound wherein at least one of the alkyl groups
bound to aluminium is a linear alkyl derived from said
linear alpha-olefin.The linear internal olefin having
2n carbon atoms is preferably reacted with the
trialkylaluminium compound, in a molar ratio in the
range of from 1:1 to 50 :1, preferably from 2:1 to
4:1. Preferred catalysts for use in step (b) (i) are
those catalysts which catalyze both isomerization and
displacement, hence the use of the term
"isomerization/displacement catalyst". The
isomerization/diplacement catalyst for use in step (b)
(i) can be any catalyst suitable for isomerizing an
internal olefinic double bond, but is preferably a
nickel based 



isomerization/displacement catalyst, such as those
disclosed in EP-A-O, 505, 834 and EP-A-O, 525, 760 .
The isomerization/displacement catalyst used herein is
preferably selected from nickel (II) salts, nickel
(II) carboxylates, nickel (II) acetonates and nickel
(0) complexes, which may be stabilized by means of a
trivalent phosphorus ligand. Examples of nickel (II)
salts include nickel halides 'e.g. nickel (II)
chloride, nickel (II) bromide, nickel (II) iodide, and
their hydrates. Also useful are nickel (II) oxide and
nickel (II) hydroxide. Examples of suitable nickel
salts include carboxylates, carbamates, alkoxides,
thiolates, catecholates, oxalates, thiocarboxylates,
tropolates, phosphinates, acetylacetonates,
iminoacetylacetonates, bis-iminoacetylacetonates, the
solubility of which can be tuned by an appropriate
choice of substituents, as well known to those skilled
in the art. Preferred metal salts for use herein are
the optionally substituted acetylacetonates, or x ,
(x+2)- alkanedionates, where x is an intege e.g. 2 to
6 such as 2 ,4-alkanedionates and 3 ,5-alkanedionates
. When theacetylacetonates are substituted, preferred
substituents are C1-Ce alkyl groups, especially
methyl. Examples o f suitable acetylacetonates include
2 ,4-pentanedionates, 2 ,2 ,6 , 6-tetramethyl-3,
5-heptanedionates . Other examples are aryl
substituted y , (y+2) -alkanedionates such as 1-
phenyl-1, 3-butanedionates and 1 ,3-diphenyl-l, 3-
propanedionates . Preferred acetylacetonates for use
herein are the 2 ,4-pentanedionates . Examples o f
nickel (II) carboxylates include nickel 



acetate, nickel 2-ethylhexanoate, nickel octanoate and
nickel naphthenate . A n example o f nickel acetonates
includes nickel (II) acetylacetonate . Examples of
Ni(O) complex catalysts include Ni(CO) and nickel (0)
olefin complexes such a s nickel bis-1,5-
cyclooctadiene (Ni(COD) 2) , Ni(C 2H,i)3, N i
(norbornene) 3 and nickel cyclododecatriene. A
particularly preferred isomerization/displacement
catalyst for use in step (b) (i) is nickel bis-1,5-
cyclooctadiene (Ni(COD) 2) . Separate catalysts can b
e used for the isomerization and the displacement
provided that they do not interfere with each other.
Examples of displacement catalysts include, for
example, colloidal Ni, Pt, Co, nickel acetylacetonate,
cobalt carboxylates, e.g. cobalt naphthenate or cobalt
acetate, nickel carboxylates, e.g. nickel naphthenate
and the like. The trialkylaluminium compounds suitable
for use in the process of the present invention are
known to those skilled in the art. Preferably, the
alkyl groups o f the trialkylaluminium com p ounds
contain fewer carbons than the predominant carbon
number of 2n of the internal olefins. Suitable alkyl
aluminium compounds whichcontain alkyl groups having
from 2 to 24 or 2 - 18 carbon atoms, preferably from 2
to 12 carbon atoms, include, for example,
triethylaluminium, tri-n-propylaluminium,
tri-nbutylaluminium, tri-isobutylaluminium,
tri-nhexylaluminium, tri-n-octylaluminium,
tri-ndecylaluminium, tri-n-dodecylaluminium,
tri-ntetradecylaluminium, tri-n-hexadecylaluminium,
tri-noctadecylaluminium, 



and the like. A particularly preferred trialkyl
aluminium compound for use in step (b) (i) is
tri-n-propylaluminium. According to
isomerization/displacement step (b) (i) , the
isomerization/displacement catalyst can be added to a
mixture of trialkyl aluminium and internal olefin.
Alternatively, the catalyst can be first mixed with
the internal olefin (s) and this mixture can be added
to the trialkylaluminium. Both isomerization and
displacement can be simultaneously carried out in the
same vessel. Alternatively, the isomerization reaction
can be initiated in a first reactor and then fed to a
second reactor containing the trialkylaluminium. The
reaction can be carried out in a batch or continuous
manner. In order to favour the replacement of the
alkyl groups by the isomerized internal olefins, the
displaced alkyl groups in the form of their
corresponding 1-olefins can be removed as vapour from
the reaction mixture and can be used in the recovery
of isomerized 1-olefins by back-displacement, nreacted
internal olefins can be separated from the reaction
mixture using conventional methods such as by
distillation or vacuum stripping and can be recycled
to the isomerization/displacement step (b) (i) .
Suitable reaction temperatures for the
isomerization/displacement step are in the range of
from-2CTC to 200"C, preferably from 30C to 100C.
Suitable reaction pressures range from 0-0.689 MPa (0
to 100 psia) , preferably 0.0069-0.31 Mpa (1 to 45
psia) and reaction times usually range from 0.1 to 2
hours. Solvents are not necessary for the 



isomerization/displacement reaction but can be used if
desirable. Suitable solvents include inert aliphatic
and aromatic hydrocarbons . It is sometimes
advantageous, especially when using a reactor in which
distillation is also taking place, to include an inert
diluent such as isoheptane, heptane, octane, or
isooctane in the feed. Thus in a preferred process,
the isomerization/displacement stage is performed in
the presence of a solvent or diluent at least some of
which remains with the organo- aluminium product at
the end of the reaction. The reaction can be
encouraged to go to completion by distillation of the
olefin displaced from the trialkyl aluminium added to
step (b) (i) to leave a solution or suspension of the
product organo-aiuminium product together with
catalyst. This solution or suspension can be used as
such in the back displacement step (b) (ii) without
purification, or may be treated to separate the
catalyst first especially if it is insoluble, before
the organoaiuminium product is used in step (b) (ii) .
Step (b) (ii) is a displacement reaction wherein the
alkyl groups from the isomerized internal olefins are
back-displaced from the trialkyl aluminium compounds
formed in the isomerization/displacement reaction, by
reaction of the trialkyl aluminium compounds with a
suitable alpha olefin. The displaced 1-olefin
recovered from the isomerization/displacement reaction
as describedabove can be used as the alpha olefin to
back-displace the linear 1-olefin from the aluminium
alkyl. The regenerated trialkyl aluminium can then be
recycled back 



to the isomerization/displacement reaction.
Alternatively, a different olefin can be used for
displacement step (b) (ii) . Alpha olefins having from
2 to 18 carbon atoms e.g. of 3-7 carbon atoms, and
mixtures of such olefins are suitable for use in
displacement step (b) (ii) ; mixtures comprising such
an olefin, such as 1- butene, and its internal olefin
isomer such as 2-butene, or Raffinate II may be used
in step (b) (ii) . A particularly preferred alpha
olefin for use in displacement step (b) (ii) is
propene. The amount of alpha olefin used in the
displacement reaction should be in stoichiometric
excess over the amount required to replace all alkyl
groups, preferably at least a 200% excess, such as a
200-3000 % excess. The alpha olefin used for
displacement in step b(ii) may be fresh olefin or a
mixture thereof with displaced 1-olefin from step b(i)
- The displacing alpha olefin may comprise an
equilibrium or non equilibrium mixture of 1- olefin
and at least one internal isomer thereof having the
same carbon skeleton; examples of such mixtures are
mixtures of 1-butene and 2-butene, preferably those
produced as a result of isomerization, optionally
after removal of some internal olefin such as 2-butene
e.g. by distillation. The alpha olefin used for
displacement may also comprise excess of olefin
unreacted in step b(ii) and recycled. Thus preferably
the displacement olefin is a mixture of olefin
displaced from step b(i) and olefin unreacted from
step b(ii). When the displacing olefin is isomerizable
under the reaction conditions of step (b) (ii) , the
unreacted olefin stream from step b(ii) mayalso
comprise isomerized olefin such as internal olefin, 



e.g. 2-butene when 1-butene is the displacing olefin.
The content of isomer in the unreacted stream can be
reduced by back isomerization, over an isomerization
catalyst and under conditions such as those described
above for isomerizing the mixture of linear 1 olefin
and isomerized 1-olefin leaving from the dimerization.
Displacement step (ii) can be carried out in the
absence of a catalyst, but is preferably carried out
in the presence of a suitable amount of a displacement
catalyst. Preferred displacement catalysts are those
which do not have any significant isomerization
activity under the conditions used. Examples of
suitable displacement catalysts include, for example,
cobalt carboxylates such as cobalt naphthenate and the
like. Nickel complexes such as nickel acetylacetonate,
nickel carboxylates such as nickel naphthenate and
nickel acetate can be used if combined with lead or
other suitable materials to prevent isomerization. The
displacement reaction (b) (ii) is suitably carried out
at a reaction temperature of from -10 C to 200 C ,
such as 0 to 100 0C and especially 0 to 50 0C . Step
b(ii) may be performed at a temperature about the same
as step b(i) e.g. plus or minus 10 C, but preferably
step b(ii) is at a lower temperature such as 30-800C
lower. If the displacement reaction. is carried out in
the absence of a catalyst higher temperatures may be
required. The displacement reaction is generally
carried out over a period of from 30 seconds to 1 hour
(at 25 'C), preferably from 1 minute to 20 minutes.The
back displacement process liberates a linear 



alpha olefin derived from the linear internal olefin
fed to the isomerization/displacement stage (b) (i)
and produces a trialkyl aluminium based on the
displacing olefin added to stage (b) (ii) . The
reaction product mixture from step (b) (ii) also
usually contains back displacement catalyst and often
unreacted back displacement olefin. It may contain
some residual catalyst from stage (b) (i) . In
addition, in particular when using a nickel based
displacement catalyst, it may have been desirable to
have added a poison such as a lead or copper poison or
a cyclic olefin e.g. cyclooctadiene in order to stop
stage (b) (ii) when the back displacement is
substantially complete and before too much side
reaction has taken place. Under these circumstances
such a poison has to be separated if the trialkyl
aluminium is to be recycled to step (b) (i) . The
metals may be separated by filtration and the cyclic
olefin may be separated by distillation. Thus
preferably at the end of step (b) (ii) the product
reaction mixture contains the product alpha olefin,
unreacted displacement olefin, organoaluminium
compound and possibly but preferably solvent/diluent
,and/or displacement catalyst and isomerization
catalyst ,which had been carried over from step (b)
(i) and optionally poison. Distillation of the
reaction mixture can separate the product olefin and
any residual unreacted displacement olefin and
optionally at least some of the solvent /diluent from
the remainder. After removal from the remainder of any
poison and catalysts, e.g. by filtration or
distillation the organoaluminium compound can then be
recycled to step 



(b) (i) . The used nickel isomerization catalyst from
step (b) (i) may have reduced isomerization activity
but enoughdisplacement activity for step (b) (ii) so
extra displacement catalyst and optionally poison may
not necessarily be needed. Thus advantageously the
nickel catalyst and an organo aluminium compound may
be used in step (b) (i) and then for step (b) (ii) and
then back in step b(ii), the nature of the organo
aluminium compound present oscillating between the two
steps. The steps (b) (i) and (b) (ii) may be performed
in the same reactor or two reactors in series.
Unreacted displacement olefin from step b(ii)' can be
recycled for reuse in that step b(ii) . Thus in a
preferred process, 1-butene is dimerized over a
dimerization catalyst to form a mixture comprising
2-octene and 3-octene, together with more volatile
components comprising 1-butene and 2-butene, and
catalyst. The volatile components are separated by
distillation, passed to an isomerization stage, where
the 2-butene is back isomerized at least partly to
1-butene, preferably with an isomerization catalyst
such as Na/K on alumina, especially at a temperature
of 50-200 0C such ae 100-150C and under
superatmospheric pressure such as 0.11-2 MPa
preferably 0.5-1.5 MPa; 1-butene may if desired then
be recovered from the isomerate and recycled for reuse
in the dimerization stage. The mixture comprising
2+3-octenes is separated from the dimerization
catalyst e.g. by distillation and then passed to step
b(i) where it is mixed with tripropyl aluminium and an
isomerization/displacement catalyst, such as a Ni
compound, to produce an organo aluminium 



which is an octyl or octyl propyl aluminium and to
displace prdpene which is usually distilled off during
the reaction. After the reaction unreacted 2+3-octenes
can be separated by distillation from the
organoaluminium which is then used in step b(ii) . At
least a molar excess of propene, comprising displaced
propene from step b{i) and unreacted recyled propene
from step b(ii), is then reacted in step b(ii) with
the organo aluminium usually in the presence of
displacement catalyst to form tripropylaluminium and
liberate 1- octene . The 1-octene can be separated by
distillation from the excess of propene and any by
products such as hexenes. The residue from the
1-octene separation, may be purified by separation of
displacement catalyst, if any, and then recycled to
step b(i) . An appropriate transalkylation process
carried out under isomerizing conditions for use
herein is described in EP-A-505 834 and EP-A-525 760.
The context of these applications is an integral part
of the present invention and is incorporated herein by
reference. The overall process of the present
invention may also advantageously be performed with
recycle of by product or unreacted olefin streams from
one of steps (a) a n d " (b) for use as feed olefin
streams for the other step. The integrated process may
be performed in a batch, semi batch or preferably
continuous manner. The integrated process is performed
in particular when the linear alpha olefin is the same
in step (a) and b (ii) , especially when it is propene
and most especially when it is 1-butene. In a first
integrated process, step (b) . (ii) is 



performed with a stoichiometric excess of alpha olefin
over the amount required to replace all the alkyl
group (s) in said alkyl aluminium compound, and step
(b) (ii) leaves an olefin stream containing some
unreacted alpha olefin, at least part of which is
recycled from step (b) (ii) to step (a) . This recycle
may be as well asrecycle to step (a) o f at least some
of unreacted alpha olefin which has been separated
from dimer product and/or dimerization catalyst at the
end of step (a) . The recycle olefin streams may
separately pass into the dimerization step (a) , but
are advantageously mixed before entering that step,
usually with some fresh linear alpha olefin. When the
linear alpha olefin i s propylene, the recycling may
be performed without any purification, except possibly
from oligomers. When the linear olefin is 1-butene or
other isomerizable olefin such a s 1-pentene or
1-hexene, the unreacted olefin stream from step b(ii)
may contain corresponding internal olefin isomer, such
a s 2-butene. A t least some o f the stream may b e
recycled to step (a) as such or after isomerization of
at least some o f the 2- butene or other internal
olefin isomer e.g. a s described before in relation to
work up of olefin from steps (a) or (b) (ii) ;
separation of at least some of the isomer e.g. by
distillation or otherwise ina-y also b e performed
before or after the isomerization. The mixture of
alpha and internal olefin isomers from step (b) (ii)
may b e isomerized separately from any isomerization
of the linear olefin from step (a) and the products,
if desired after separation o f internal isomer,
passed separately to 



step (a) ; advantageously the olefin streams from
steps (a) and (b) (ii) are recycled together to the
isomerization from whence only one purified olefin
stream passes to step (a) . The recycled olefin stream
passed to step (a) can b e an equilibrium or non
equilibrium mixture of alpha and internal olefins. In
a second integrated process, step (a) produces linear
internal olefin o f 2n carbon atoms and leaves
oneolefin stream comprising unreacted olefin of n
carbon atoms, which are separated and at least some of
the latter is passed to step b(ii) for use as at least
part of the displacing alpha olefin. This recycle may
be as well as recycle to step (b) (ii) of
by-product/unreacted olefin from step (b) (ii) and
also passage of olefin-1 displaced from step (b) (i)
to (b) (ii) . In the case of 1- butene or other
isomerizable alpha olefin, the unreacted olefin stream
from step (a) may also comprise 2-butene or other
internal isomer and may be purified to reduce its
isomer content, in a manner as described above, such
as by isomerization and/or separation before passage
of at least some of said purified stream to step (b)
(ii) . In a third integrated process, some of the
byproduct/ unreacted olefin from step (a) is passed,
if desired after purification as described, to step
(a) and some to step (b) (ii) . In an extension of
this type of process, by-product/unreacted olefin from
step (b) (ii) meets by product olefin from step (a)
before passage, if desired via purification as
described, to both step (a) and step (b) (ii) . A
fourth aspect of an integrated process can be applied
to 1-butene, or other isomerizable alpha olefin, 



as both feed olefin for step (a) and displacement
olefin for step (b) (ii) . This process is a
.modification of the first to third types of
integrated process in which the olefin mixture of
linear alpha olefin and its isomer from step (a)
and/or step (b) (ii) is isomerized with the
isomerization/displacement catalyst of step (b) (i) ,
usually in the isomerization part of step (b) (i) .
The olefin mixture can be isomerized over the
isomerization catalyst used in that transmerization in
the presence or absence of the trialkylaluminium. The
olefin mixture maybe passed concurrently with the
olefin dimer over the isomerization/displacement
catalyst in step (b) (i) . Preferably the olefin
mixture and olefin dimer are passed alternately over
the isomerization/displacement catalyst. The olefin
mixture may be passed over a first portion of
isomerization/displacement catalyst in a first reactor
while the olefin dimer is passed over a second portion
of isomerization/displacement catalyst in a second
reactor; the first and second reactors may be in
parallel. This approach may allow optimization of
conditions for each reactor. The operation in parallel
also allows continuous isomerization of the olefin
mixture in the first reactor while the transmerization
is performed semi continuously in the second reactor
e.g. with periodic removal of solvent and/or catalyst
and/or alkyl aluminium. Conditions of the
isomerization over the step (b) (i) catalyst may be as
described above for the transmerization step (b) (i)
but are preferably under superatmospheric pressure
such as 0.11-2 MPa, preferably 0.5-1.5 MPa. The
isomerate produced in the fourth aspect of an 



integrated process may be recycled, if desired after
purification as described, to at least one of steps
(a) and (b) (ii) . The invention will now be
illustrated by the following non-limiting examples.
Examples The example below .demonstrates the
conversion of 1-butene into linear 1-octene using the
process of the present invention.General Procedures
and Characterisation All chemicals used in
preparations were purchased from Aldrich and used
without further purification unless mentioned
otherwise. All the operations with the catalyst
systems were carried out under nitrogen atmosphere.
All solvents used were dried using standard
procedures. Anhydrous o-xylene (>97% purity) was
stored over Nawire and 4A molecular sieves (final
water content of about 3 ppm) . 1-butene (grade 2.0,
i.e. 99.0% purity) were purchased from Hoek Loos N
.V., Dieren, The Netherlands and was used without
further purification. The products obtained were
characterised by Gas Chromatography (GC), in order to
evaluate yield of C4, C 8 and C12 compounds using a HP
5890 series II apparatus and the following
chromatographic conditions : Column: HP-I
(cross-linked methyl siloxane) , film thickness =
0.25mm , internal diameter = 0.25 mm, length - 60 m
(by Hewlett Packard); injection temperature: 325C;
detection temperature: 325C; initial temperature: 40
0C for 10 minutes; temperature programme rate: 



10.0C/minute; final temperature: 325C for 41.5
minutes; internal standard: o-xylene or hexadecane.
The NMR data was obtained at room temperature with a
Varian 300 MHz or 400 MHz apparatus. TRANSITION METAL
COMPLEX AND CATALYST PREPARATION The transition metal
catalyst composition used in the dimerization
experiments below was a solution in xylene of 2- [1-
(2-t-butylphenylimino) ethyl] -6- [1- (4-
eicosanoxy-3, 5-diphenylphenylimino) ethyl] pyridine
cobalt [II] chloride (B) and sodium tetrakis [3, 5-
bis (trifluoromethyl) phenyl] borate (a cationic
catalystsolution) . The preparation of this catalyst
composition, including various starting materials, is
described below. Preparation of 4-hydroxy-3,
5-diphenylacetan ilide To 4-hydroxy-3,
5-diphenylaniline (4 g , 15.3 mmol) in 30 ml of
ethanol was added 1.6 ml of acetic anhydride. The
reaction was stirred for 16 hours. The resulting
mixture was poured into water. The pink product (6 g )
was isolated by filtration, washed with water, dried
and used without further purification. 1H-NMR (CDCl3,
selected data) d 5.31 (s, OH), 2.16 (s, Me) .
Preparation of 4-eicosanoxy-3, 5-diphenylacetanilide A
mixture of 4-hydroxy-3, 5-diphenylacetanilide (6 g ) ,
1-bromoeicosane and 10 g potassium carbonate was
refluxed in acetone (70 ml) for 16 hours. The reaction
mixture was poured into water. The product was
isolated by filtration, washed with water and dried.
Crystallisation from pentane yielded 7.2 g of
4-eicosanoxy-3, 5- diphenylacetanilide as a white
solid. 1H-NMR (CDCl3, selected data) d 3.13 (t, CH2O),
2.17 



(s, Me) .Preparation of 4-eicosanoxy-3,
5-diphenylaniline To
4-eicosanoxy-3,5-diphenylacetanilide (7.2 g ) was
added 24 g NaOH in 30 m l H2O and 40 ml ethanol . The
resulting mixture was refluxed for 16 hours. The
reaction mixture was poured on ice. The product was
isolated by filtration and washed with water.
Crystallisation from ethanol yielded 5.9 g (10.9 mmol)
of 4-eicosanoxy-3 /5- diphenylaniline as a white
solid. 1H-NMR (CDCl3) d 7.27-7.63 (m, 1OH, ArH), 6.67
(s, 2H, ArH), 3.60 (br s , 2H, NH2) , 3.09 (t, 2H,
CH2O), 0.8- 1.4 (m, 39H, alkyl) . Preparation of 2-
[1- (2-t-butylphenylimino) ethyl] -6- [1- (4-
eicosanoxy-3, 5-diphenylphenylimino) ethyl] pyridi ne
(A) (A) 2- [1- (2-t-butylphenylimino) ethyl]
-6-acetylpyridine (487 mg, 1.65 mmol), prepared
according to the method described in WO 02/28805, and
4-eicosanoxy-3, 5- diphenylaniline (900 mg, 1.65 mmol)
were dissolved in 50 ml of toluene. To this solution,
4A molecular sieves were added. After standing for 1
day the mixture was filtered. The solvent was removed
in vacuo. The residue wascrystallised from ethanol .
The product A was isolated as an yellow solid (600 mg,
0.73 mmol, 44%). 1H-NMR (CDCl3) d 8.38 (dd, 2H, Py-HJ,
7.90 (t, IH, Py-Hp), 6.5-7.7 (m, 16H, ArH), 3.21 (t,
2H, CH2O), 2.52 (s, 3H, Me), 2.40 (s, 3H, Me), 1.37
(s, 9H, t-Bu) , 0.8- 1.35 (m, 39H, alkyl) .
Preparation of 2- [1- (2-t-butylphenylimino) ethyl]
-6- [1- (4- eicosanoxy-3, 5-diphenylphenylimino)
ethyl] pyridine cobalt [II] chloride complex, (B) In
an inert atmosphere a solution of 300 mg (0.365 



mmol) diimine A in 10 ml dichloromethane was added to
40 mg C0CI 2 (0.308 mmol) in 5 ml dichloromethane. The
mixture was stirred for 16 hours. After filtration the
solution was concentrated by removing part of the
solvent in vacuo. The product formed a jelly after
addition of 10 m l pentane to the resulting solution
(~2ml) . A yellowish brown solid was isolated by
centrifugation, washing with pentane and drying in
vacuo. Yield 234 mg (80%) of the cobalt complex B .
1H-NMR(C 6D6, broad signals, selected data) d 113 (IH,
Py-HJ, 112 (IH, Py-HJ, 18 (IH, Py-Hp), -10.8 (9H,
t-Bu) , -56.0 (2H, ArH), -85.6 (IH, ArH). Preparation
of a cationic catalyst solution in situ In an inert
atmosphere sodium tetrakis [3, 5- bis(trifluoromethyl)
phenyl] borate (ABCR GmbH & Co, Karlsruhe, Germany)
was added to a solution of anequimolar amount of
cobalt complex B in o-xylene. The solution was stirred
for half an hour at room temperature prior to
injection in the autoclave. The amount of cobalt
complex B used is given below. Alpha-olefin
dimerizations in a 0.5-litre batch autoclave The
dimerization experiments were performed in a 0.5 litre
steel autoclave equipped with jacket cooling with a
heating/cooling bath (ex. Julabo, model no. ATS-2) and
a turbine/gas stirrer and baffles. In order to avoid
traces of water, the reactor was kept under nitrogen
pressure (0.5 MPa) at room temperature. Prior to the
experiment the reactor was scavenged by introducing
250 ml o-xylene, MMAO (0.3 g solution in heptane) and
subsequent stirring at 70C under nitrogen pressure of
0.5-0.6 MPa for 30 min. The reactor contents were
discharged via a tap in 



the base of the autoclave. The reactor was evacuated
to 0.4 kPa and cooled to 200C , after which it was
loaded with 120 ml 1-butene (grade 2.0, Hoek Loos) and
the reactor was heated to 30C. Under stirring, the
MMAO-solution (1207 micromoles) was then added to the
reactor with the aid of o-xylene (the MMAO-solution
was injected, the injector was subsequently rinsed
twice) and the stirring at 800 rpm was continued for
60 minutes. The required amount (49 mmol) of the
cationic catalyst solution, preparation of which is
described above, was introduced into the stirred
reactor using an injection system, after which the
injector was rinsed three times with o-xylene. The
total amount of o-xylene introduced in the reactor was
13ml. The addition of the catalyst system resulted in
a small exotherm (generally 3-8 0C), which was
easilyabsorbed by the thermostat bath, bringing the
reactor back to the initial conditions. After about 3
hours, an aliquot of the reaction mixture was taken
for analyses and the reaction was allowed to continue
for another 17 hours. After 20 hours and 40 minutes
the experiment was stopped by depressurising the
autoclave and decanting under inert atmosphere the
product mixture into a collection bottle using a tap
in the base of the autoclave. The amount and purity of
C4, C8 and C12 olefins in the reaction mixture was
determined by gas chromatography after quenching the
sample with diluted sulphuric acid and using the
introduced o-xylene as internal standard. According to
this method, 27 .6g of a mixture of cis and 



trans 2-octene and 3-octene and 0.4 g of C12 s were
made. The ratio of the internal 2- and 3-octenes over
all octenes formed in the reaction was 98.4%. On the
basis of the GC data the turnover number to C s was
10,000 mol 1-butene/mol of Co. The percentage of
2-butene over 1- butene + 2-butene in the C4" fraction
was found to be 34.2 % . Analysis of the sample taken
after 3 hours reaction time showed the formation of
9.8 g of internal octenes with selectivity of 98.4%,
similar to the 20.5 hours sample. Turnover number was
3,550 mol 1-butene/mol of Co. The percentage of
2-butene over 1-butene + 2-butene in the C4 fraction
was found to be 8.6 % . The collected reaction mixture
was transferred under inert conditions to a
distillation device and, still under inert conditions
the butenes present were slowly evaporated off at room
temperature. Subsequently, the remaining fraction was
distilled at room temperatureunder vacuum, the
volatiles collected in two fractions at low
temperatures (-78 0C ) , and stored under inert
conditions. Gas chromatography o f the first fraction
(5 ml) showed it to b e mainly heptane. Gas
chromatography o f the second fraction showed it to
consist o f the C8 fraction, o-xylene, and a small
amount o f heptane (solvent of MMAO) . The C8 content
o f the second fraction was 75 w % with the same
percentage internal olefins as the original sample.
This product was used in the transmerization
experiment described hereafter. In a pressure vessel
4.0 g o f olefin mixture described above (26.8 mmol)
were weighed in under inert conditions together with
64 m g n-hexadecane (internal 



standard), 0.5 g of Al(H-C 6H i3 3 (94.9% purity) and
215 m g of Ni(COD) 2 dissolved in heptane (3 m g of
Ni(COD) 2/g of heptane amounting to 30 ppm N i on
total intake) . The reaction vessel was heated for 2
hours at 8O0C , subsequently cooled to room
temperature and the volatiles of the obtained reaction
mixture were distilled off at this temperature under
vacuum. After distillation 0.67 g of residue remained
while 4.07 g volatiles were collected as distillate.
GC analysis o f the distillate did not show the
presence o f any n-hexadecane . A sample of 90 m g of
the residue was diluted in pentane, quenched with
diluted sulphuric acid, and the organic products
analyzed by gas chromatography. GC showed the presence
o f a C fraction consisting of n-hexane, of a C8
fraction consisting of n-octane, and some C i2
impurities. On the basis of the C 6 and C data the
formula of the original A l compound can b e
calculated a s A l (C 6H i3)o .76 (C 8H i7)2.24 The
residue obtained from the experiment described above,
0.58 g , was reacted with 8.06 g (95.9 mmol) of 1-
hexene in the presence of 88 m g Co naphthenate in
nonane(1.2 mg of Co/g of nonane amounting to 10 ppm Co
on total intake) . After stirring the reaction mixture
15 minutes at room temperature, a sample was taken,
quenched with acid, and the organic components
analyzed by means of gas chromatography. GC showed the
presence of a C8 fraction consisting of 93.1%
1-octene, 4.5% (n-octane + octene isomer), 2.2%
internal octenes, and 0.2% unidentified products. From
the 4.5% (n-octane + octene isomer) fraction at the
most 0.6% is attributable to the octene isomer. The
total selectivity to linear octenes defined as the
selectivity to 1-octene + selectivity to n-octane 



is 97.0%. GC analyses of a sample taken after 30
minutes of reaction showed the same results. This
example shows that 1-butene can be converted to linear
1-octene using the process of the present invention
with high yield and high selectivity. Instead of the
trihexylaluminium, an equivalent amount of tri
n-butylaluminium may be used in step (b) (i) and a
10-fold molar excess of 1-butene in the back
displacement step (b) (ii) to liberate 1-octene in
high yield and selectivity. The excess of 1-butene
from step (b) (ii), which may contain a little
2-butene can be recycled for reuse in step (b) (ii)
and/or recycled for reuse in the dimerization,
optionally after isomerization to an equilibrium
mixture of 1-butene and 2-butene, by heating at 120 0C
in the presence of a Na/K on alumina catalyst under
pressure. Propene Conversion This Example demonstrates
the conversion of 1- propene to 1-hexene using the
process of the present invention.The dimerization
experiment was performed in a 0.5 litre steel
autoclave equipped with jacket cooling with a
heating/cooling bath (ex. Julabo, model no. ATS-2) and
a turbine/gas stirrer and baffles. In order to avoid
traces of water, the reactor was kept under nitrogen
pressure (0.5 MPa) at room temperature. Prior to the
experiment the reactor was scavenged by introducing
250 m l toluene, MAO (0.3 g solution in toluene) and
subsequent stirring at 700C under nitrogen pressure of
0.5-0.6 MPa for 30 



rain. The reactor contents were discharged via a tap
in the base of the autoclave. The reactor was
evacuated to 0.4 kPa and cooled to 20 0C , after which
it was loaded with 51 g propene (grade 2.5, Hoek Loos
N .V.) and 160 m l toluene. The reactor was
subsequently heated to 500C giving a pressure of 8.4
barg. Under stirring, the MAO-solution (4 mmol) was
then added to the reactor with the aid of toluene (the
MAOsolution was injected, the injector was
subsequently rinsed twice) and the stirring at 800 rpm
was continued for 30 minutes. The required amount (40
mmol) of the cationic catalyst solution, preparation o
f which is described above with the only difference
that toluene was used as the solvent instead of
o-xylene, was introduced into the stirred reactor
using an injection system, after which the injector
was rinsed three times with toluene. The total amount
of toluene introduced in the reactor was 200 m l . The
addition of the catalyst system resulted in a small
exotherm (generally 2-7 0C), which was easily absorbed
by the thermostat bath, bringing the reactor back to
the initial conditions.After 14 minutes a weighed
amount of hexylbenzene (1 g ) was injected into the
reactor to serve as internal standard for GC analysis.
Directly afterwards (after 16 minutes) the experiment
was stopped by depressurising the autoclave and
decanting under inert atmosphere the product mixture
into a collection bottle, containing diluted sulphuric
acid (to deactivate the catalyst) , using a tap in the
base of the autoclave. 



The amount and purity of C6, C9 and C12 olefins in the
reaction mixture were determined by gas chromatography
using the introduced hexylbenzene as internal
standard. According to this method, 9.8 g of C s , 1.0
g of C g s and 0.07 g of C12 s were made. In the C e
fraction the ratio of 1-hexene to cis/trans 2-hexene
was 39:60. The ratio of the linear hexenes over all
hexenes formed in the reaction was 98.9%. On the basis
of the GC data the turnover number to propene
oligomers was 11,600 mol propene/mol of Co. The
conversion of propene was found to be 21.4 % . After
removal of propene, the solvent, hexylbenzene and the
higher oligomers of propene by vacuum distillation
under inert conditions the 1+2-hexene mixture may be
used in a transmerization experiment to be carried out
analogous to the above-described transmerization
experiment with internal octenes, but now using
trioctylaluminium instead of trihexylaluminium in the
transmerization step (b) (i) and using 1-octene
instead of 1-hexene in the final back displacement
step (b) (ii) . The transmerization step (b) (i) may
be performed as generally described according to the
procedure of Ex 14A of EP 505834 A with an equivalent
amount of trioctyl aluminium instead of
tripropylaluminium. The backdisplacement step (b) (ii)
may be performed as generally described according to
the procedure of Ex 14 B of EP 505834A with 1-octene.
A high yield and selectivity of formation of 1-hexene
may be obtained. Instead of the trioctylaluminium, an
equivalent amount of tri-n-propylaluminium may be used
in step 



(b) (i) and, instead of 1-octene a 10 fold molar
excess of propylene may be used in the back
displacement step (b) (ii) . The excess of propylene
from step (b) (ii) can be recycled for reuse in step
(b) (ii) and/or recycled for reuse in the
dimerization.C L A I M S 1 . A process for the
preparation of linear alpha olefins having 2n carbon
atoms from linear alpha olefins having n carbon atoms
comprising the steps of: (a) dimerizing a linear alpha
olefin having n carbon atoms in the presence of a
dimerization catalyst to produce a linear internal
olefin having 2n carbon atoms; (b) (i) reacting the
linear internal olefin having 2n carbon atoms produced
in step (a) with a trialkylaluminium compound in the
presence of a catalytic amount of an
isomerization/displacement catalyst in order to cause
isomerization of the linear internal olefin and to
displace alkyl group (s) from said trialkylaluminium
compound to form an alkyl aluminium compound wherein
at least one of the alkyl groups bound to aluminium is
a linear alkyl which has been derived from the
isomerization of said linear internal olefin, and (b)
(ii) reacting said alkyl aluminium compound with an
alpha olefin optionally in the presence of a
displacement catalyst so as to displace said linear
alkyl from said alkyl aluminium compound to form a
linear alpha olefin 



having 2n carbon atoms . 2 . Process according to
Claim 1 wherein n is an integer in the range of from 3
to 11.3 . Process according to Claim 1 or 2 wherein
the starting alpha olefin having n carbon atoms is
1-butene and the linear alpha olefin having 2n carbon
atoms is 1- octene . 4 . A process for the preparation
of a linear alpha olefin having (nl + n2) carbon atoms
comprising the steps of: (a) co-dimerizing a linear
alpha olefin having nl carbon atoms with a linear
alpha olefin having n2 carbon atoms in the presence of
a dimerization catalyst to produce a linear internal
olefin having (nl + n2) carbon atoms ; (b) (i)
reacting the linear internal olefin having (nl + n2)
carbon atoms produced in step (a) with a
trialkylaluminium compound in the presence of a
catalytic amount of an isomerization/displacement
catalyst in order to cause isomerization of the linear
internal olefin and to displace alkyl group (s) from
said trialkylaluminium compound to form an alkyl
aluminium compound wherein at least one of the alkyl
groups bound to aluminium is a linear alkyl which has
been derived from the isomerization of said linear
internal olefin of nl + n2 carbon atoms, and (b) (ii)
reacting said alkyl aluminium compound with 



an alpha olefin optionally in the presence of a
displacement catalyst so as to displace said linear
alkyl from said alkyl aluminium compound to form a
linear alpha olefin having (nl + n2) carbon atoms.5 .
A process according to Claim 4 wherein nl and n2 are
each integers in the range of from 3 to 11, and
wherein nl is a different integer from n2 . 6 .
Process according to any of Claims 1 to 5 wherein said
trialkyl aluminium compound is selected from
tri-nhexylaluminium, tri-isobutylaluminium,
tri-nbutylaluminium, triethylaluminium,
tri-n-propylaluminium, tri-n-octylaluminium,
tri-n-decylaluminium, tri-ndodecylaluminium,
tri-n-tetradecylaluminium, tri-nhexadecylaluminium,
tri-n-octadecylaluminium, and mixtures thereof. 7 .
Process according to any of Claims 1 to 6 wherein the
isomerization catalyst is a nickel catalyst selected
from nickel (II) salts, nickel (II) carboxylates,
nickel (II) acetonates and nickel (0) complexes, and
mixtures thereof. 8 . Process according to any of
Claims 1 to 7 wherein the dimerization catalyst
comprises: (i) one or more transition metal complexes
each ~ comprising a transition metal atom and a
bisarylimine pyridine ligand; and (ii) a co-catalyst
compound. 9 . Process according to Claim 8 wherein the
bisarylimine pyridine ligand has the formula (I)
below:(D wherein R1-R5, R7-R9, R]_2 and l4 e each,
independently, hydrogen, optionally substituted 



hydrocarbyl, an inert functional group, or any two of
R1-R3 and R7-R9 vicinal to one another taken together
may form a ring, and R is hydrogen, optionally
substituted hydrocarbyl, an inert functional group, or
taken together with R7 or R4 to form a ring, R o
hydrogen, optionally substituted hydrocarbyl, an inert
functional group, or taken together with R or R4 to
form a ring, R is hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or taken
together with R]_2 or R5 to form a ring, R 5 is
hydrogen, optionally substituted hydrocarbyl, an inert
functional group, or taken together with R _4 or R5 to
form a ring, provided that R 3 and at least one of R12
and Ri4 e independently selected from optionally
substituted Ci - C30 alkyl, optionally substituted C4
- C30 alkyloxy, halogen and optionally substituted C5
- C2o aryl, or R13 taken together with R 2 or R 4 form
a ring, or R 2 taken together with R form a ring and
R14 taken together with R15 form a ring, andprovided
that at least one of R12, R13 and R]_4 is optionally
substituted C4 - C30 alkyloxy. 10. Process according
to Claim 8 or 9 wherein the transition metal atom is
selected from Fe and Co. 11. Process according to any
of Claims 8 to 10 wherein the co-catalyst compound is
selected from alkyl aluminiums, .aluminoxanes and
mixtures thereof. 12. A process according to any one
of claims 1-11 wherein the linear alpha olefin in step
(a) is the same as the alpha olefin in step (b) (ii) .
13. A process according to claim 12 wherein step (b)
(ii) is performed with a stoichiometric excess of
alpha olefin over the amount required to replace all
the alkyl 



group (s) in said alkyl aluminium compound, and step
(b) (ii) leaves an olefin stream containing some
unreacted alpha olefin, at least part of which is
reycled from step (b) (ii) to step (a) . 14. A process
according to claim 13 wherein the alpha olefin is
1-butene said olefin stream comprises 2-butene, and at
least some of the 2-butene in the stream is isomerized
to 1-butene before use in step (a) . 15. A process
according to any one of claims 12-14 wherein step (a)
produces the linear internal olefin of 2n carbons and
leaves an olefin stream comprising unreacted olefin of
n carbon atoms, at least some of said olefin stream
being passed to step (b) (ii) as at least part of the
alpha olefin reacting with the alkyl aluminium
compound. 16. A process according to claim 15 wherein
the alpha olefin is 1-butene, said olefin stream
comprises 2- butene, and at least some of the 2-butene
in said stream is isomerized to 1-butene before
passage of at least some to step (b) (ii) .17. A
process according to claim 14 or 16 wherein the
isomerization is performed with the
isomerization/displacement catalyst of step (b) (i) . 




