Process for preparing |inear al pha olefins Field of
the I nvention The present invention relates to a
wonre@esict or preparing |inear al pha ol efi ns i neCuaiPe@sas33s2
di meri zation reaction. Background of the Invention
Hi gher al pha ol efins having 6 or nore carbon atons are
i nportant as conononers in polyolefins and as
i nternedi ates for detergent compounds. For exanple, 1-
hexene and 1-octene are used as conononers in LLDPE
(l'i near | owmersist fopobyephylene)ireed Elgeeaenteifsnssed
as a starting material for the production of synthetic
| ubricants. However, there have hitherto only been
gengrall dnerheds, 1anshtiain t ar get ed synt heses, for
preparing nost of these higher al pha olefins. These
gener al FhBH%S?%ﬁuﬂ%Y?ﬁﬁ%ﬂﬁuE@lﬁgﬁﬁuF%sao?r??ﬁ§5 for
des gﬁ%@&amgaehﬁémaﬂﬁrﬁé iN% Mnthigthesifh el idiferization
products, e.g. internal olefins. For exanple, the
dehy@P6§eRat i on of higher paraffins leads to a mixture
of @a%&hgguﬂgigg g@@t%ﬂ@éﬂyyaﬁ n internal doubl e bonds.
As ) ' ving a relatively high
nunber ofligheboalpitanslefidst daviingl 6donbherdoraiso@amtons
be prep he_ ol | I.zati.o n sing
B R et L
Zi edngerpeddesss fire &HERrgqanacesspofin8hel Fooretdmple, 1-
Et hyl Procesa. However, the m xtures obtained, hav Eg
be JEPEPSL 800hy SGHERT IS VB ESnEPTeaPEa" fethade
a partinedlraloal pbas Dt ¢fpdlietHydcbe)i apbial eflecdie is used as
addition, ethylene s a very expensive feedstock )
mat & ISP TkAREhTPESETES F9F GREFVUGFLER PhrS¥pifREic
ol efliups-iehhaknNedubyeedi AR veZ dlbiveNhE@he HESEN T R ASQNS

it would be desirable to provide a
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. 1In addition, ethylene is a very expensive
feedstock material which results in a higher price for

alpha olefins obtained by oligomerization.



process for producing al pha olefins in a targeted
manner from starting materials other than ethyl ene.

WEBRB0A0B 76505, 834 and EP- A-O, 525, 760 di scl oSRCHEP2005/053352
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process for preparing |inear higher alpha ol efins by
successive transal kyl ati on reactions. In these
publications, a linear, internal olefin having from4

to 30 carhan or_a mxture.of such olefins is )
react ed &??htﬁéggfriy?%.% %ﬁn lﬁlﬁnbﬁhéeﬁ}ﬁggL%et?ﬁpEﬂVlde a
| sopeiceati dnrcptrallysing Hiigha edelfiasi Ont Hetéd HGebdd hnner
of trialk¥LaIun1n'un]conp%¥§9 i.n which at | east one

of tHETaPkFF tFadi PR ST IS YA TRFEd tPREnPEREL8PRF i n used;

this radieeah-0Dss5ps esBhtas mp-li-06805ahkyl 418di64 a process
derived fromthe al pha ol efi ns which has been forneé).
by iEOFmBrrParing. Likeat (hiighen alekrnPhaf EpApoYIndGeessive

subs;%%%e&h(%pla@ﬁsﬁeﬁea@éib@ aliphanakef iaabipc ions, .a
di spl acement reaction in which the I'inear al pha-olefin

whi dHPRAE  bénRErpal t plee il uhiavilanm ifsomi Betat 3d. cathan atoms
pro ; i nte | ef.ins.to ' .sed

o1 1 et PvaTyhaa Th gaah IR 6 EPRHaS TEF b na

ol eftimglkidadveiniwhel prideegsrasenae. plir eni soomst zat iam

react.li i ch.does_not..make i.t passible to pncrease
theCEt%?ﬁggéng¥ﬁ+gT?EF?%ﬁ%N%%aﬁkglngﬂngggdo#o? t he
i soreriiaz &tyil @ humbnkeuh remmgdididunakvhselr 6€s1 8isk aone of the

tar ed synthesi s, of ' al pha ol efins having a desired
cha%ﬁ@inﬁ%ﬁl%fﬁo{s P % %ﬁ%gﬁsoﬁ?ff%eu%‘?céfc%‘s’ﬁs

US 6,a29t2733sBbré bt ess t0 lélnf&trh@dk?l dhaBEAZ I drived from
al pha-olefins to_postly internal olefin dimers using

as &CafdpPhat ohet+amstiidh hest AreBofprERd chymt s e zetion.

tr angict k@A aMRY 841 GRIP @X ebmWdihda 1k EQEQ&@&@nﬁfifgaﬂ%ed

| i gand bearing substituted or unsubstituted aryl

ri ngsthwephadhbacelsBin ni coddapapgsrentiovedetrion Hay ethich

'S BM@e 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.



mention in this publication of the preparation of
al pha ol efins . W03/011800 and W002/ 066406 ( BASF)
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by a conbi nation of isonerising transal kyl ati on
reactions with netathesis reacgions. However, in order
to make 1l-octene fromtransal kyl ati on/ net at hesi s

nmet hods, yhdt - } W r f -pentene. It

woul d bew%lée%}i(?la e t%gl%p%gggéggég%%t Q%:g%r orrﬁr]'f-%ﬁufcgne

Si npeodedzk 2N prrepentingnhRghér nalghd 191d&ind by a
relatively cheap. and abundant_ feedst.ock conpared. to )
L T e O A R B R R A aE PP b B 10 PV S eehsdens with
f or mpt otiues g tdghdional.phaocRbeét NSin NSt a%® 1-octene
manner and, which, particularly, for cost reasans,

mak EENs BT P15 T eSO OR MEERER B ha et liRdendt 1S necessary
par thestart yr ¥ atipealceneheapt f gogsd askisUGhas to
Raffinate (I1) which contains a m xture of 1-butene
andPRoBERnk OSifAtarfy ol lrheteneeninen ladwdiatiengpresent in
OnerAPPRLL. A1 )G PLESRNLE QUL Llhd NP dtiniifa! ded

a process for the preparation of [Inear alpha olef i ns
havEagd2rockrdmpanteoidof Aopehterar al pha ol efi ns

havi ng n r toms . rising the ste of . [(a)

di meri zi %%%5 rhngjaer dael%ﬁ%g ofe ?nlgﬁ%\'fidneg Hheocihéjf%orégt ons

i n phedpebsericeytafr alphaepilzalhonicad adelsdcttivepaduee and,
a line i nt ernal, ol.efi_.n_havi ng _2n carbon at ons; )

(i )Wgégﬁt i Bt 4 eal OFnfer haf STt m “i?d%ﬁsngl%g%

car beadat oames pFathic @thann esh@Pefd@) paftiAularly relatively
trial kgl al um ni um conpound 1 n_the presence aof

a .
cat SPGER cESFARMCIST SBEh 85nmBrELERF bR/ Hi YpIde&Refontains a

cat ak ¥stré '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 preparaticn 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) (1) 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



order to cause isonerization of the |inear internal
ol efin and to displace al kyl group (s) fromsaid

W@ pdoalobszbal um ni um conpound to form an al kyl  PCT/EP2005/053352
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al um ni untonpound wherein at | east one of the alkyl

groups bound to alum niumis -agl Lnear al kyl which has

been derived fromthe isonerization of said |inear

i nternal ol efin, ] [ i d al kyl

al um ni um conpour%g%%iot(lﬁbaﬁh%%%%ga% e e?ansscgﬁ)torllleor?laq‘tl |t§lei glkyl

t he presence of amupgl hoenentocatahirstursdsas tldnear alkyl

di spl ace said lingar,alkyl,fromsaid alkyl alum nium

compound to for mwglﬁclhné# %?%ﬂad%ﬁtle‘f?cﬂ %%W %&eZn

carbon atons. The spmecésatbdbntbe P40 enindarvamnttiednal

advant ageousl y ngg ces linear alpha olefins in high

yield and sel ecti '#)J/ni'naa targeted manner. Detail ed

Descri ptipn (of) t heactyagt sand TREkPI 0LAES rifunt R®mpound with

present invention conprises a dimerjzatjion reaction

(step (a) ) and &% PdRSAePLeAiR oPPFERIATI0h isitéss PEERENCe

and b(ii)). As usgdhenebnabbRed€r Mt PSR izatkion”

nmeans a --reaction whi chbconprﬁiases step (b) (i) and

step (b) (ii) as ddebilace heidi hinear gulterlalfnoay weldt Rékyl

term"transnerizatiQn" .nepa o t i.ne

i soneri zation an%ltu?gﬁggﬁkgﬁg ?%gs?ée;fségﬁé \?\]% cﬁ[} §lpha

produces |inear algfanohefing Znoratbhoreatdms.er nal

ol efi ns. Tﬁes ggegs heorfeitn et her tsegl? '.'I%ge 121‘{’“ iC?n" Jeans o

a reacti ORCBYTARTEh HUn S PERSESNt A Ry A pEragecusly

at opgodsces linear alpha olefins in high yield and
selectivity in a targeted manner.

Detalled 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 sté&p (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.

As 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 can



converted to an ol efin containing 2n carbon atonms. The
starting al pha olefin for use in the process of the

wEe@seoi76l nvent i on may be any al pha ol efi n havP@IEP2005/053352
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carbon atons. Preferably, n is an integer in the range
from3 to 11, nore preferably_ish_the range from4 to 6
The starting al pha olefin used in the present

bro s e ea br d...Preferably the

B e T aRBnar o S AN | TG B sl e BF =S 11102

al phkd edlief llaslmhea:h caxdelusedfi Btakeipgesepha PFOCESS
are ene ne -pentene and 1-hexene. In a

pr ef“&’llp H‘béal %rtl]sh% Ri5& cOtaPEPRGS I pRa RIS, 1-
IS butehenel- #\Bﬁﬂeﬂe bar €ne-Hekeh®ed as the starting

al pha olefin, 1l-octene is the al pha ol efin produced b

the procé8s2oPTeRRrHRd oY impait heaeipothe b$*éa%W%@§-Pha

of Likutienesane,etefdn Wh%%yﬁﬁ%uwgh%hlgoﬁPéaS§é th
1- but ene and 2-butene and possi bly isobutene toget%er

wi t IF tBgtdngs 2 lphesel ef i obrsiatede flor thraapbea dkefin
var LARUEEACKY N OFESARS SR RLERM £HACKI NI, OF

f|UI catalytic cracking as C action

al t éosastible, spuress poSsitiigene evse bleéhe mixtwres wisich
are I d i he deh nati on .of but

di merl%% E%n 0 E eenaen%?j ?%lecae isagﬁep ?’?%‘)g isoqyutene
readidg@mheBuwanEsbmm.t iThelsee aCé bbaeine@ bﬁhravaacaaq)le,

1O g RS L - SRS BACSEI LD B o
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ol efi_.n-cont ai ni ng C4 hydrocarbon m xtures are

ava A LB 84 V! 1 Aot T iflicdo URE RIECRP Theeres as are

M XtJHtRS ne@PE AVERe t féh pfitHdd it i0h W&l athReS! agm
cracker by-products. urt hernore, Fproducts Wi t'H hi gh
1

addédmeziigetape obtQihgite or in a scher-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 €4 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 wvalue
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/or



The C4 fraction is nost preferably used herein in the
formof raffinate I, with the C4 stream being freed

w@RoosnoEst ering i mpurities, in particul ar oxygRCI/EP2005/053352
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conmpounds, by appropriate treatnent over guard beds,
preferably over high surface _agea al um ni um oxi des
and/ or nol ecul ar sieves. Raffinate Il is obtained from

e SRS PRI S SERELAG S e con

ea ect
hydRegenaul on. i fermale ej‘helnsqhuteenehe hemfgin/aase tie
raffinate ||. Another so e of tEe st

' | pha ,
ol efin i 8P8t W?Jit%?‘ér%l s Shéd lBgt%\ Iagg%]%ﬂnals a

| sopekitzirBgwheh AP b drefoptaisdahb@sisémed XdiHE e alpha
al pha olefin and internal ol efin_of the same carbon
skelPdESAN eSBCh 13h1/t dHetTE 2F BAPBAeOIGRHER it dittegal

al pRASLBf bR End- sdnd WL ekfenetbﬁorrer@t e Bk R and 2-
i ncreased by separation of at |east sone of the

i nt butghesl eThe eonrftert Mt @éd®hasgéhfas ¢yg. l-butene in the
d' st 's'oh%&gegl %é\p%gefn@z@g@debg,f gepghaeléﬁ%feat WU some

5 equi um of non equi l um m xt ures
aI pmef ahe coteespbnolemin mt.gr.nd-bokehenssecly. ad-ut ene

and 2- butene he unre e | ef e
fr on‘h%gt&;ﬁgfcﬁiwc rllezratelxé‘in%C'te ri} g{lﬁgrlgz%(?f%%é st%mlCh
(a) napt ibenelqhylmbtﬂnmaorrmn m}wmmbamdinomp’amtesalof alpha

separation of t | ol ef | bh
o O FOREREROTACG meh 21 o/ SEaR B e B Te A 2-

samp¥end, f figr ent ﬁﬁﬁ@&é@@iaJQEQIOb&EEanSEﬂeam from a
di spl acenent al pha ol efin in back displacenent stgg)
n

b(i .9atalu§.lﬁgdawfﬂ¥e%e?&°fb4 &9 SIPGFLERELON SRR

Mk &, 8RA=A OB £ O& r DY PEREMCLR: i g0 BNANerOpabOil separation
reactions eaSier, as the byproducts from e.g.

r eactfl dmowmen olebimehees £t «in step (a) and
propene ir$,Usg han E&?Pn bfdidverit Sfindi-iterest sespom)

nunmber and hen
may be the same or dlfferent from the alpha olefin used
as displacement alpha olefin in back displacement step
b(ii). Using different olefifis for the 2 steps can make
separation of byproducts from cne 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 l-butene and l-pentene). Where the starting olefin is

a mixture of olefins, some co-dimerization can take place



be easier to separate by distillation, than is likely
to be the case when the same olefin is used in both

W@ @ps0s7sbwever using the sane ol efin in both BCEPB200HE53352
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t he advantage of sinplicity of separation. It is also

envi saged that m xtures of |knear al pha ol efins can be
used as the starting olefin, including m xtures of odd
and; pVEECTed bRt BRc(6n 0. Fodl A O 11 BHECESse of
and 1-pentene) . Wiere the starting olefin’is a

m x@unxpiro|d iltbuteoreand- brperiong,i diec agacshen

I ) T o di i ot i on. ' e i
PhabEaatetd QUL b0 8y L IEE) SR SRpr SHHATALS, plene
reacfran pheodictexizattdnbefal Abxtens) ,ofa d ineaeainternal

internal octene (fromthe djperizatjon qQf 1-butene),.a
P She OB el b PER LI SE Sl A" 11 fear
1- pept €ne) 1 attthend i (F@af tREecoadlimenena i(dn @b theutene and

co-dimerization of 1-butene and 1-pentene) . Hence
accOTRFMELRD a further aspect of the present invention

there i sypfQyifed AipGOesss FRFthde MRPRa Jf @heObrasent
l'inear al pha olefin having (nl + n2) carbon atons

CONpRVSRFLR Hehasteds Srovidrdca-RFPerIZiiRy 4he pegparation
al pge 9! f;ﬁ%lﬂaa\mm th cG2hDRG OB M £ Th A 1daR8Rh atoms

al pha ol ef aving n2 carbon atons in the presence of
a deompirzainrorcheatsdlepst ofo produce a |inear internal

ol ef,in havin .+ ._cartb . PR ¥
t he (Iarnear in (ge—ranlérlergI%)éP i%nghg\??%%]??%}p@”nozj)(é%g: %%%tlhegnl
at ons produceckiborstagemayinht A dinednlddpha whefiionhaving

compound |1 he SLSSEseeaL. 2Pl MdSRIRHE o o0 -
‘ dimerization catalyst to produce a- linear
internal olefin having (nl + n2) carbon atoms;
(b) (1) 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 _ o
isomerization/displacement catalyst in order to
cauée 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) (idi) 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



cause isonerization of the linear internal olefin and
to displace alkyl group (s) fromsaid
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conmpound wherein at | east one of the al kyl groups

bound to alum niumis a |lineargalkyl which has been
derived fromthe isonerization of said |linear internal
olefin, and (b) £ i.ng ' wqji '
compound w th anééa%%télelg]%tg ?nagg%llgo%%%%/n% t rgj 11 + n2)
presence of acarispl sdemwent catal yst so as to displ ace

said |ingar_al fraomsai d.,alkyl .alum nium.c oundt
forma I?ﬁ%g?réz}?%a n§1 éafnl%n nl%a\?lrﬁgd %%egrerhié)a%cgr on ©4°¢
at omateglref o athey , ratlgeand @2oar 8 dofiey amdreantefedably in
each integers pn_the range of from3 to 11, nore -
pr efBFabf g?no’% heF Marfgd P from4 to 6 . Dinerization
The ppreeesstDént he present invention conprises a
dinerizatiron step (step.(a) ). In the dipnerization
step a | FReaPrefpha A étien PREFPRY BRERR bhPn AVtRrises a
di ey in2edz b b SEEH Qh)§ . di R {BAL kOl CALA Y+
to produce gl(fbl?ﬁse%ﬁi nt er ngla)ZI efiﬁ(ﬁ {r:}lg\é/li %gﬁ]ezﬁnla%:a;érﬂk%n step a
at ofgneAkt etphd i ¥ EAn dwnviimet horagbapoveons hies pHgegdged in
of g Rresent.ioyentd QR QOmRLiae8, R, Os Ml IPriALI AN
step. Tne sanme process conditions, dinerization
cat dliysbs antetinel |oleficamayéngséd tarban atoms.
co-di markégti on_reactiaon as ar.e dgsggi bed bel qw f or

! y

use in a’urFEPRERYS o (R dSRsACR ROV T apiiee process of
di nehiez atrteeant al @yarsit i dn @wmplrd sebosecskdiheriiat itdre step.
art can be used in the process herei nkagrovi ded it is

hi gifhf SBMECPFOSSTY THMASRGet PifiStzation 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 percentéges 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
W001/58874, WO02/00339, W002/28805, WO03/011876 and co-
pending European patent application 04251688.0
(disclosures of which are herein incorporated by

reference). Other transition metal complexes- suitable for



linear internal olefins. Preferred dinerization
catal ysts for use herein are those which produce at

WO e@sn0B624 preferably at [ east 90% nore prefRPCEHBP200H053352
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| east 95% of linear internal olefins, such percentages
bei ng by wei ght of final produgt- produced fromthe
dimerization of a starting linear alpha ol efin.

Sui fabl e difiRriszatkl gn SQEQE%&E? Ir?&%@ee Us¥ Yisclosed in
conprise transition nmetal conpl exeS based on a

tr ansi ¢ 291 ;A3 lBlat(Cheandna. bi s-aryli m ne pyridi ne

bi dent at e | i gand, ch .as thoseg, di scl.osed . in _Shell .
patent  PUBITC At AR LAC0TF8ES T iz Godas s for use herein
WO024h 28885, t M2h3/ 1 b8 demaad copenchdyy ddropeanhpaeent
appl.ication 04251688. iscl osures of which are

her 81 BC1 PRESF pdt a‘(qtog ./ngggiaer ence) . Qther transition

nmetal coppd fxasd Withallse Eenpssiesorl Ry Zald Al the

catal ysts include those disclosed in US 6,291, 733 Bl
(Ché{perizatigheatepuilifdbPé HRAEPT9RT on BATpst & foFhose
usespef gl N el 4de 1isl@nis HM-BL 580 f; GAIRPEES pakehtas

t hose %Il?éc %Egsgé I n Wsﬁ)sl 600628.E Pr%f?%rred cat al?%s,t
conpppli¢ansor d4 A& 8i8n Ot he Surherd kat ¥ oh amne si&) ops

the present inventi ar, f t I.SGl O
R R e
Suchreasatysi morgiosicipdrsesopprch seomprel imgrer eransition

transitjon netal conplexe the.transition netal,. .
conPrER sa‘é%rﬁhc@bqﬁﬁ%ﬁ r’i’dsﬁg ?rgﬁgi—?]f% IR S P Gne 11gand
conpkexedmwid h(® hies-car:yl i mi ne pyridine |igand of

formula (1) below (D wherein R1-R5, R7-R9, R12 and |4

e each, independently, hydrogen, Reptionally

substituted hydrocarbyl, anginert funﬁgi onal group, or

any two of
R4 Rs
Re Ris
R N N Rus
Rg R1o Ry Ry3
Rg Ry

(I)
wherein R1-Rg, R7-Rg, Ri2 and Rjg4 are each,

independently, hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or any two of

R1-R3 and R7-Rg vicinal to one another taken together may

form a ring, Rg is hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or taken together
with Ry or Rg4 to form a ring, R1g is hydrogen, optionally
substituted hydrocarbyl, an inert functionai group, Or
taken together with Rg or Rq to form a ring, Rjj is

hydrogen, optionally substituted hydrocarbyl, an inert



R1-R3 and R7-R9 vicinal to one another taken together
may forma ring, Ris hydrogen, optionally substituted

whyasoesasbyl , an inert functional group, or takRENEP2005/053352
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together with R7 or R4 to forma ring, RIQs hydrogen,
optionally substituted hydrocargyl, an inert
functional group, or taken together with Ror R4 to

for %ﬁcﬂb&lga’l Rty 4098000 OPLLODALL Y SUP R ! Wieds to

hydr ocar by unctronal ” group, or t

t ogebherawidy Rr2 0 iB5hiarbgen) ao%i::[kﬁ’aalay'f_) dubstituted
hydr ogen, optionally substituted hydrocarbyl, an inert
f unbydooedrigy bumn dnetrakénntogebhergmeumdy, R tarkeR5 tbgether

forma ring, provided that R13 and at. | east qne of R .2

o R R b oty o8l berda POr R G fy3 ahd at
substhtut g Gr 0 alkwh, 9pE o SHasityf T

C30 al kyl oxy, ha{ﬁg)zggn an&4opti ona?élz%)/é(%ubstli% ustég%@&%- from
C200ptybnal 1R sidsakemtiedget her Cupt 1R/ L, asptR chaflaym a
ring, or R _2 taken together wwth Rforma ring and
R14sthkehtvor@ther Wisch aRkS1psym halegrp Mrdefamtdignplly
especially for catal yst systens_soluble in chem call

i neﬁPbﬁBh‘g‘bB‘?%rC%o‘l @ém 8r¥se8tf Bt 8 nbF kel tRGERF a’ﬁ&yl R12
at |l east ope of R]. 2 nd 4 a L nd ent | y..select

fr or%rp%f-floﬁ%fm ya sgu%lszgt’i tolfﬁe{&ZCE-gk%ﬁO&g?{%& O%Jttl%orﬁélll 3grm a
SUb%E‘._h%;U&ﬁQ 1&64 420 aldgilaxy ﬂﬁ]@lhol@%%of@z}rﬁlé ring.

substi futed C20 aryl, provided at at |east one
of Rr&2er&oly espkedRRalldyi feorophiehpbt ysputbats tadledh1€4 in

C30 al kyl oxy. One class_of _transition tal_.c | exes-
sui ERBTECaL LS o #odPor 81T 5P T oo frdHer BeTow
di merhzahioat Siepshael pfarg sbaadary) i arae pigdetideatly
MXn conpl exes which conprise a bis-arylimne pyridine

| i gsrdeoteflof nem sogiiorgiddve surpEE BheM ¢35 a G3mdidvilon

ot al atom and 1 mtChes, the Tormal, ol dayi o, Siie oy

substituted Cg - Cpg aryl, provided that at least one of
R12, Ry3 and Rygq is optionally substituted C4 - C3q
alkyloxy. '

One class of transition metal complexes suitable as

catalyst precursors for use in the dimerization step

herein are bis-arylimine pyridine MXp 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 CHp-Ph),

Cl1-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 4



is preferably 1, 2 or 3 ; and X is halide, optionally
substi tuted hydrocarbyl (e.g. CH3, neopentyl and

w@kideMyr62 Cl- C6 al koxi de, ami de, or hydride. PCT/EP2005/053352
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f uneniiepalhgebu

Particularly preferred X groups are halide, especially
chlorine. Transition netals fqgr use in the transition
nmetal conpl exes herein are preferably selected from

any t up..10 transition t I .
preF%rgﬁ 1#b(€§ Sé%}oﬁhTeE%,’d%sr iégﬁﬁﬁgaﬁiy R, e, ©F
Nb, MAf , Fé‘b‘ cda, va,v PdReRhsRu) rMandNt | zmeveif,miag W, Re,
preferably

=
espBEi af Fy2 ?éapqﬁ)%ﬁﬁﬁ EPreTREéB?E?%i§ TrdﬂgF? SR Fe

met gb, Tof, US® dry tEtS disFekiZalyorne cat@larsd dter emneu s
Co. B s- aryI|n1ne pyridine MXn co Iexes can

r eaBERECTF ¢ -t o8r BRRati AYT ah h“béﬂg?épﬂﬁﬁlzatlon

speghggl%gﬁfﬂgfgfh(yglggnlc conpl ex having the formul a
bi s-arylimne pyridine MXP] + [ NC-] P conprising a

b| s- ar yl BRs neryphimidien@yriigang Havidrgrlesses gap| pe reacted
aboye,y, \r'\%eﬁgljtl N 04.a0d, X 1 2 eaﬁ§ogeééﬁgfialﬂ%g§/espé@éss t® form

non-'coor di nati ng ani on; t he formal
OX|databmosiel@DmﬁlaxwhaM1ngohhﬁefarm@l®nimﬂs arylimine

Pref er ahl + .9 452 or 3 t ;

" noﬁyfbgi"é? m)fﬁ]néhédlponpm?gl?ﬁéa tygbn sarﬁrpgll\% gnPyELdine
not 1§gbﬁaanmfﬁﬂ1¢ yfm@ﬂm nayeabovehewhetain &f amdVX are as
Non- coordi nati ons be sui.tab

enp98§é8e9n% k&s % Bﬂ éﬁp$g%ﬁ§%%§%,ﬁ?lonr3¥nd p+ g

5- birg tEhekf Luer eomidly ox iplaenyh] sbatat ef (BAMIitidCyespl
4B , and ani ons of aIkyIaIunlnlun1cgnpounds i ncl udi ng
R3ARROM MRoRuefseablRE () Six1S 2 QRd3* RaAl OX " |

wherein Ryi §h@ygéﬁgefi\orp-@do@@§hh}tlﬁgb§1ﬁi<51hﬂ'eﬂs meant an
hydrocarbyl (e.%é Cl-C20 al kyl or _aryl) , or an inert

eqPtX Sulssapkipddy” e8pedingty to the
chl Qricng gk of! MOT i fish-Lols@adlikgXhHeoRs @fiyl)oXhde may be

(eg. phenoxide and substituted aryl oxides
suitably employed include bulky anions such as tetrakis

[3,5- bls(trlfluoromethyl)phenyl]borate (BAF ), (CgFg)4B7,

and anions of alkylalumlnlum compounds including R3AlX’",
RoALC1X’", RALC1pX’", and “RALOX’ ™", wherein R is
hydrogen, optionally substituted hydrocarbyl (e.g. C1-C20
alkyl or aryl), or an inert functional group, and X’ 1is
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 non-
coordinating anion for use herein is tetrakié [3,5-

bis (trifluoromethyl)phenyllborate (BAF ).

In a preferred embodiment of the invention, Rj3 and

at least one of Ri and Rjyg are independently selected



such as 2 ,4,6-trimethyl phenyl oxi de, 2, 4, 6-
tributyl phenyl oxi de) or oxygen. A preferred

wmoevene7el nat i ng ani on for use herein is tetrakCHFEPBNTO53352
bis (trifluoronethyl) phenyl] borate (BAF ). In a
preferred enbodi nent of the Lmvention, R13 and at
| east one of R12 and R14 are independently

sel d ' , i huted~-G - Vil

opt Fooal Phe T BEtf IRE P SRR B Fle b, ey
substubbuiedtéd 5 € & Rlxy1vkih bPEi VI Fosdiati tatted

| east one of R] 2 R _3 and R4 is optionally

subS€ti tu€ed @yl W3 dheyporyisbntbat &t absasf one of Rjp,
bis-arylimne pyridine transitjon nmetal conpl exes, the

bi sRaByRRfi Red pht i RHONGLdanduhati gt edril a 439 alkyloxy.

above, is_such that Rag and_at hgast ope of. R7 and R9 .
5 orendehRritht Tt Bhd YR ERRRR OREF R e da
C - me8alatbkyblennd, amal I ssubgllihihedpEdidiks8Aigand having

o yiony, "ol esst and op ey Sl (UEd 8 080 o,
8y, VAR RACERE SIS

tha%uﬁ%th@@%édo@f Ofc R a1k ANd oBEi bHa 0P | SRedd Muted
substituted C4 -7 C30 al kyl oxy. Preferably R and at

10 | easly enexzpf a Rfyholy Rhadrogenndedendenthyl bl a0t s tutech
optionally substituted C - C30 al kyl, optionally
sub$tsi tufed &8yl G0 B4 mmtaﬁstéﬁfiwy%lm% or Rg form a
subst,i tut ed e .l medi at el

- _C20 . It will_b
appar&fr P56 gﬁetﬁﬁﬁ%&%&§?¥F?é&w%h BﬁefaF?,at¥%Rg&%§%
9 a@%k@g %Seé{:hé’f‘_ewﬂfh R, A RY aafcﬁnbngﬁf?ﬁn@?@t[%ﬁ’koviso that

sel ecte romoptional 'y substituted™C4 - C30 al kyl,
opt ia@nakbytsuhst bt -£d Kt andCRQ akkypbokynahlly substituted
optionally substituted C5 - C20 aryl with the proviso

15 t hatCiat Cmaslkphexyi FrefRrabd YREsi 3ndpatohadsly one of Ry

substituted C4 - C30 al kyloxy, it is_not possible for
R and Rg are indepen eneﬁy gélec%ed from gptfonafiyo

substituted C4 - C3¢ alkyl, optionally substituted C; - Cso
alkyloxy and optionally substituted Cs — Cp aryl.
It will be immediately apparent to the person

20 skilled in the art, that when Rg and at least one of Ry
and Rg are independently selected from optionally
substituted C4 - C3p alkyl, optionally substituteq Cs — Cxp
alkyloxy and optionally substituted Cs - Cyo aryl with the
proviso that at least one of Ry, Rg and Rg is optionally

25 substituted C4 — Cizg alkyloxy, it is not possible for Rg
to be independently, hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or any two of

R7-Rg vicinal to one another taken together to form a

ring.



to be independently, hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or any two of

WORZ00R90376i nal to one anot her taken together tRCT/BPIUNE053352
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ring. The term "Hydrocarbyl group” as used herein neans
a group containing only carbonsand hydrogen atons.
Unl ess ot herwi se stated, the nunber of carbon atons is

prefera [ & 20 ial f
o 6 1 bl SRR AL AT, el Pk RRRRCI ey F8Bhs
gr ogpoumycdyet ssiatitngatoed yoraubhsat amdtegr@dmpladatoms,. Unless

cycl pal i phati r cycloarqitiati e..g. enyl )., but

i's B?@?E Abt fctﬁocleﬁjﬁat%hj& n |?5bcl)€ é@%%onc%&[?ﬂs érsoups
incbﬂdfexﬁﬁfnaﬁyxﬁﬁﬁﬁ@gd@éyfgﬁg 1etdiZ0y axardedmlatofirom 1
groups_such as thqgse describe el gw. .Th hr as

" optP ohal 1 YRS @&sﬁyaFBEﬁgby#hezﬂyiiégfﬁﬁgﬁeﬁﬁoPQ may
usefet 92 BESLEd PO MYHReARRYEAQr SLpShali €h dWM oaliphatic or

optionally contain one or nore "inert”

het EV6hedFRTAT ning -f BRERY bhal P§F otpRTBprarer plippatic.
i's gRapipidalydNe FRat GeBabs 91 A4RSad b NQla iyt @ckehBary

to any substantial dégree with the catalytic process

i n ahficherhiaty arpsitonoatemt aroepspdesh s tHwsemsiesgadbed
hbnh%g%&ing exanpl es of such inert groups are hali des,
such™as fluoride and chloride, silanes, stannanes,

et hers, Tl koixtates “apdionehég subiit adepithy dtoerirbyl” as

S IR R NN
tri ey hybsidoadyl arbraiadasanexyr warel ‘tptd:rfalleteroatom-
Substuf el e Vgl ocar by, syl el PELIY.. 53600
desg¢hbbeghdefovet i 1t @idupsnast ndtintit ©ned regroauRnyas
used herein neans a graqup other than o tionalls’y,n which
subsStbetprpial degree with the catalytic procesg i
the transition metal complex may be employed. Non-
limiting 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 inert



hydr ocar byl which is inert under the reaction
conditions for any reaction or process in which the

wao eaesd37sDn et al conpl ex may be enpl oyed. By PCTIEP1005/053352
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it is meant that the functional group does not
interfere to any substantial- degree with the catal ytic
process in which the transition netal conplex may be

enp, a 0 t L,Qna HPS$ bl e
Fort (el P REr sl Rl ol sPRErstelitatthad
sudte lasietsgr 1e'rl:zueszsarralm@sarruF?r®c evaidy st ferichary amines.

tional -gr LS a. hal i especl Iy flLu and
chln%l? tro? bllgf %F‘gr m= rlﬁ%l}c lcoanr Slore? o Xsr%uggig(geused
hergigediedly &lualrhnéz gmmmmam n R is selected from

hydrogen, an optignally substituted hydrocarb _
(pref er di%y t§§ Péam? By Q%%%ﬁl’/ﬁ gﬁenyﬁyuge% herein

G -£5 i kOXEHER ﬁ’é@(W}(eQ“eQ.n @Ph)) sedeécBadi fwssit. hydrogen,
functional group Er eferably selected fromfl uor| ne

chl @ urretwl-lna( EROELBtAr RS *)Y@f)carbés%arﬁﬁlr&esﬁ

sui [ 0 Ps lade, Hut &

ot T e e O s ML bHERYES e Bed °*’f’ &
2N(@:32H&9y 2(g.g.CHAPR) T, ( CH33B, ingHp- wl@mﬁl @HQPH

Unl r\W S d e rigr r a

ar olpee Tt S EL R BG r B R S T T 108 2R PR oo
fr omhylj)rzogenEaampl@ ef:gsuﬂnzahi@t ptrutnemyhydrb@lamwm

preferably wherein R.is select dr n, _ -

al kJF R Jd}l'\i%lﬁﬂ% REFe2prefeF aﬁ (]g]r%yn %glle &t
hydeagan ercnao€ds, C3cabkyt.Hs The t—@HmC gegondar§iedron and
at om_group erein

Aher ERF R RePS PRASHERR I oSh1 BESaeF anp ahasy

opt £QPBbh Yasath drduisedolty ds@CRe byin (apﬂ‘eftﬂ'rcﬁid wherein R is
selected froma C-C6 al kyl, G -C6 alko %éyloxy

(egse@ﬁ‘,‘e%n%‘r%éﬁﬁﬂ‘)oge& °5n I ﬁbrcf‘6 flffhet: roup

(prﬁyggggé¥hy Euné%%ra%qgl&hggéiHeRafg selected from
hydrogen, C;-Ce¢ alkyl and phenyl, more preferably wherein
R is hydrogen or a C1-C3 alkyl.

The term “Secondary cérbon 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 Cl—Cg alkyl, C1—-Cs
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. =CHp, or a
cycloalkyl group, €.9. cyclohexyl. Examples of secondary
carbon atom groups include, but are not limited to, -
CH(CH3)2, —-CHCl,, -CHPh,, -CH=CH: and cyclohexyl. Unless
otherwise stated, preferred secondary carbon atom groups

for use herein are those in which R is a C3-Cg



chlorine) . Alternatively, the two R groups may
toget her represent a double bond noiety, e.g. =CH2, or

wa2@gobdoet kyl group, e.g. cycl ohexyl. Exanpl esPOf/EP2005/053352
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secondary carbon atom groups include, but are not
limted to, - CH (CH3)2, -CHOs52, -CHPh 2, -CH=CH 2
and cycl ohexyl. Unl ess otherw se stated, preferred

secondary .carbgn _ato p hergin~ a oS
o AP P BB B, 8 L e %R
pr efrerfaliaply € coecal Kykyl.nore preferably a C -C3

al kyl. The term"Tertiary carbon atom group" as used

herei n Mdgngeam- LTeRy 1By rARP W@ JEQER" RaF sused herein

i ndependent lygsel HeQ@;an i gnad | |
hydrocar byl b((g?%f%géﬁflj;f s?elg]égt gge}argmﬁ% %/%%’ﬁ%;{cl{édgtnl
G -@ladt@dy fromopnapptheral fwristisdgddutgbohpdrocarbyl

(preferahly.sele r Of-i ' )

ot By SEReCE Rk N QoG HEE b Rpcr e arkony)

r epsesentinetr ifphetbondl npi @ty , (peceferaBCRh sebechedi figom
system cont ai nj tertiary carbon ato h '
ada‘?f‘h]rﬂlgﬂinedé‘inidvgg?ﬁ?&peExan%ﬁé%mcﬁtltvee i’gkééga?ﬁgﬁea om
9r%#g%u¥2§%§ﬁ%o%?@heﬂrﬁeﬁi&séﬂﬁﬁéGﬁiﬂple popGHn3ieBy, e.g.

Adamantyl and -C(CH 3 2 (OCH3
unl 'e%%c%trhé?rvviasé@ﬂats@Fglbr%‘?’é‘?arlg(ﬂ“’tgertﬁr&&?rgaf%ﬁhon atoms

at of 9f OPS, Sank¥se HELelsk 8¢&s | nampiker eitnteaehaRyi s
acC-C unsubsatitnu?ed hydr ocar byl group, preferabl A

vm(e:ﬁréetkrprelaﬁt:(ﬂ@lm JrOUuRs CiLREhuas kP rigifh, Mo Ilé“ﬁitéfle%/ﬁbl y
a C - oup, . '
R sC iy o Be R P A LGy, YRRERL ] Fehs)

gr oypy e L 516 I?ézﬁji%%y sEatban Alore A QURdr ileft chubyh atom
The r1ngs Ich may be forned by any two of R -R3 and

R7 gr&@pwiLimnalsa desrénansehbhosaketriugeiéh, FrifaRehl €6
L 0QBEHGrS b T 2YTGCRERE | AREHoN YT RATAY, T RIgLn each
R is a C;-Cg alkyl group, more preferably a C3-C3 alkyl
group, even more preferably wherein each R is methyl. In
r 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 Rj-R3
and R7 - Rg vicinal to one another taken together, Rg
taken together with R7, Ripg taken together with Rg, Rli
taken together with Rip and Rps taken together with Rig4,

are preferably optionally substituted Cs — Czo cyclic
hydrocarbyl groups, more preferably optionally
substituted Cs — Cyo cycloaliphatic or polycycloaliphatic
groups or optionally substituted Cs—Cyo aromatic or
polyaromatic groups, even more preferably optionally
substituted Cs - Cg cycloaliphatic or aromatic groups,

especially a Cg¢ cycloaliphatic or aromatic groups,



are preferably optionally substituted C5 - C20 cyclic
hydr ocar byl groups, nore preferably optionally

waaipsnider ed C5 - C2 cycl oali phatic or PCT/EP2005/053352
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pol ycycl oal i phatic groups or optionally substituted
C5-C20 aromatic or pol yaronmat 1€ groups, even nore
preferably optionally substituted C5 - C

cyd QaldiRhat) GefkzeAbONMBE L L S5 WISt ivIRECIsBbbY i Buébts are
cycl oal i phatic or_ aromatic oups, especi al | y, benzene.
Sw%fﬁblséll&mm@nﬂlb%b%tl??%%f%ovﬁ‘r & aryosti ekpfLed 10 the

sub t Kig | h
or e%!eﬂr at)tlf{g Illé:%g\gnhg?lago§§ ! 'ﬂ‘ Qﬁ._ IC% Cgll E%gﬂtk,oxy (e.g.
OCHX;Haanan@u Coglealallw ggé@fﬁs( gz G, trbﬁévﬁr

The rin er%%fwgﬁégﬁmﬁQ%n@Q B2 B Hya‘fﬁ% topst h@é.gether

wth R e applicable t aken

togﬁith?fRﬂ tdy IR 49" aRd9 AReroreferiakibl gpRigonakey together
substituted C5 - C 20 cyclic hydrocarbyl groups, nore

pr efietially @ptiprakl predbseblyt ept Chally substituted Cs -
cycloal i phatic or polycycloaliphatic gr oups .or

opt FonaVEiie ubedreca Ry 1C5rer®sar BREE Br o e it Yardtdoratly
gro e |
5 SHBIL e © 2h 80k YoRREL O | 361518 0kt 8Ha €8¢

atic or aromatlg@grou ps, even nore
pr egeowam yox)mptan?allall)l% gbbetitueed €5 C20 @romatic or

cyclo hat I
L o e R e A i

benzengletlﬁmzécamse -0Pid oyaloslbshatuems gy Jroups,

suitabl e substit kno h

art SVPF eFRr anty” earla ZL \équkgl,wcf‘??é%#:d&%%a:d;oiyée

gebgycifgltﬁhaffmidi dabmatkylggoopps ¢spepial®y3 Cs and Ce
uty r. The rin e f t

{ ogEthuPabiThe HE 1 SHoRRbTc: BOSERSr SPTT LR etsthe.

t akgnitapet hept vbidl Ruband tBenbst akenamyogaamabm th

R5, are preferably t|on |y sub t ed
nltﬁéééﬁlgaﬁ@5§npﬁ§ﬂg og%oaggfi uln the art

preferably halide (e.g. F, Cl), C1-Cg alkoxy (e.g. —QCHﬁ
and C;-C¢ alkyl groups (e.g. —-CHsz, t- butyl)

The rings which may be formed by R6 taken together
with R4, R10 taken together with Rq, Ry1 taken together
with Rg and Ris taken together with Rs, 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 cyqloaliphatic 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

fo those skilled in the art, preferably halide (e.g. F,



containing from4 to 20 carbon atons and at |east one
nitrogen atom nore preferably optionally substituted

WORE0600E2 cont ai ni ng cycl oal i phati c groups conPEI/API9G5/053352
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from4 to 20 carbon atons atons and at | east one
nitrogen atom even nore preferably optionally
substituted nitrogen-containing cycl oaliphatic groups

cong g Nicdg-c% %Qk%x?aqgoﬁ at§m;)andqat1Legast1 B groups
ni trogen atom Suitable optlonal substituents are any
sui tald e $iibst FtheRys) known to those skilled in the

art, prg%fé?&J &Q%Il ﬁg& n%% ﬁ%ﬁeln nonR 8kkeX¥ r1-r15
(e.qg. groups (e.g. -CH3,

t- b@rqugs fdmm gn@@@rweuheﬁ@©@|¢ﬁhﬁn; hétesice, inofersala I

t he RL rou rm.r t in
for FTE I gy e e e e er ik R HE R et =5 oRE
arelﬁméﬁbnduhﬂm@nd@ﬂébyedefecmeh&dragaﬂnuﬁpﬂyenglly
e TR R s
deféé@%hdﬁ%%ﬁ%ﬁﬂ“idrﬁ&ﬁkyfdﬁﬁbb@n@ﬁomﬁ(yﬂmhp$UbeaSed above
halide; with the proviso that R13 and at | east ogetge

R 2apd niRe 1 £ WHGE ioRddp ERABRE | §uck| At ted idegmiit
opt,onally SUNStE L Uta%@l Gl 12268002 kyt ,R]%Otaln@n@'lhyare

substituted C - o al kyl oxy and optiona
SUbﬁﬁdép&r@d{br@ly G caeyl faod 6p|tidsmllgr oaubct&dttuhati ar -

| east one of R2. R .3 d naII st tuted
ca Caocad kYl kyPBYYON Y tsé%brﬁ“%b‘?-g fly §&b§$‘¥l‘%"é’d e
i oggg@éiéw ;;\shuljgﬂl@ualteldonﬁ)lt@ CtzlaﬁaﬂRJZ &B ﬂildxi%hér provided
grou an ere applicable, the R7, R and R9 gr s
of EbrtnAh 193staimife HeRag  aRe3i 310 b 15 PR 113P

br anc [ k rou y be substituted with
one Bg ﬁ%?%ﬁg$ﬁgrt"e?hnct& g? groups known to those
ski |l ed Thettermrtgptivnpalyi subatitubed iGe, PeefdkyBl’yin

f uor ELatlorE)rteg et'[hrteeq?lo t IR(]).galalné Rig4 groups, and, where

applicable, the Ry, Rg and Rg groups of formula (I) above

means a C; to Cjzp line§r or branched alkyl group, which
may be substituted wifh 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; -
Cy alkyl” include octadecyl, tetradecyl, dodecyl, decyl,
octyl, hexyl, pentyl, tert-butyl and iso-propyl,
especially tert-butyl and iso-propyl.

The term “optionally substituted C; - Cszo alkyloxy”
in relation to the Rip, Ry3 and Ryg4 groups, and, where

applicable, the Ry, Rg and Rg groups of formula (I) above



substituted al kyl groups conprise from3 to 25 carbon
atons, nore preferably from4 to 20 carbon atons.

woe@beosabht y, the al kyl. group is an unsubstit up€HERI0RY 053352
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group. Exanples of suitable "optionally substituted C
- C30 al kyl™ include octadecylg -tetradecyl, dodecyl,
decyl, octyl, hexyl, pentyl tert-butyl and

i so- propyl C|aII .
tePﬁP“8p¥ 8ﬁa|ﬁ§ Iqa il d%é&%k1%§€e%?§l?%§&%&rﬁim%lch
r e|1|%t laﬁgiabﬁeﬂEEo Rer? d}&{ginK athmgr ohpsalhwdy q\r@#@ being
applicable, t R7, and R gr.o f_f
abG\F&RERRS EoCthe - a’(ifI;O %rpﬂ‘ﬁpo%ﬁ I%g sgﬁst&fﬁJ %ﬁl}%yqyrldme
Or YaRKMBhehvis ahé asheser it .oXpgetdeatbly, t tiee ad>p<tonqna11y
group bei ng attached to the ar roup t €. b| rayl
| misve spyitigrfea bRRkPON IXAW tcl’?}é‘p5§§§§nf5?18n$ carbon
Pr efierabl }ﬁorEhErQPéi"e%‘ﬁ | -l BS telot BDedaabky | axymgr carpl
conpr1sés from6 to 30 carbon atons, nore refer g?#aﬁ)l

Ve

{r oisac mezer@hitboﬁrgmoh% tQard FSPPr éF@’i“ bl yE¥§
0 I t f
&2 GAIRAR.Y! 0UB my{s 5{qm%bsttﬁ%u%le&yla\@?é¥lgkyu@rd>®

an uns OoXy group | es of suitab
omxamﬂlelsy ofu bststabled“@!ltlor@?dYaISWIsé%yut?ﬁcFud'e C3o
ei cosanoxy,, oct cyI X

OEG@W &85 gxy o éﬁ@‘{wg)@ e‘%ﬁﬁ?fé 168V u?§§%§§‘m°"y'
andtét&"atdé@iyﬂ)blquydodsngOHW yd@sdmno%yxya@dmypgﬁwloxyr

pentyl oxy and t but X art. larl.
opt g 9%y ?ﬁ’ﬁsgletrﬁt g#éﬁ %%‘O a$ lla(ili g%&éﬁeg%%red
e'C§@E€EbexyTh®ehQQMb 9phh@naéfghhuﬂ¥mHXWUted Qastlcqi@rly

aryl |"at i R
mep@%qe%%tggnpﬁégéu%h?] é%g l}%u% ]’(ky? Xy group is

(1) e 8bOVE hdBANS an aryl or heteroaryl group
conprising from5 to 20 ring atons and V\,here{:n Qne .,

nore of Thre ey “@P@ﬁ@nééﬁyb%‘ﬂ%‘b’s’i‘ﬁﬁﬂ &4 Wi tH Sﬁé’
nor g, $UPELA e KIQWNREQ and Ry4 groups, and, where

applicable, the Ry, Rg and Rg groups of formula (I) above

means an aryl or heteroaryl group, compr151ng 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 Ci - Cs
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.



those skilled in the art, preferably selected from
optionally substituted hydrocarbyl, preferably Ci -

w@00albarb2 preferably nmethyl, and "inert" funcP@CDRPRI005/053352
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groups, such as halide. In a heteroaryl group, one or
nmore of the ring atons is a-heberoatom such as
throgen, oxygen or sul fur, provided that the

et Sf 004 $ekBebhr t rogdarsd o fhe reatal yhbeps.
process in which thé%rgﬂsiti on net al go S’I eg ispS
enpfxgfeataPyediabfythher Hed e toatsy 12 5§ @@ggoar agtoms.
aromat i Gyi fyly ¥ngUbstit uk i &, ful
shi el de Fom t Re fb'gansi t?%%fér%%%ey %ﬁ%%%%?g?g?rga &=
hetarydf yils gnooppaased1mpyer odyd mplamesomptétegabhys -

all__of _the ring.a a tons. ~W thi

t er?ﬁe‘foep Snal ﬁoégg"s%?’i %ﬁ?%@l@gégo_a(rzif’l %QPE 5?8ups
en::@cmaﬁw I. ﬂmob 5 andépot;‘/n@r@anmdrc groosps moPeepeefedably
optionally ,substituted C5 - 0 aryl .groups conprise
from% t% H6% | é’é’ﬁrﬁgﬁmit o%feﬁ%ga&lg'r’e#g‘reaﬁw 5967 8"
ri ngr&anhan AtientedPaeler gbbyps f hendndingr aupgraveyl
unsubstituted aryl groups, includjng 1-pyrrolyl r8u S

. I\)%‘?ulb‘?efé’lqﬁédp§|ege&55?iioﬂﬁ?l?/P"s’tﬁf§t]th Ut Sﬁﬁéﬁgﬁ PReny2

gr OyPSup£SREGRlilaY 1RhgAKhy1 LN one class of transition
net al c%rrpl exes hergi % Ry3 and at | east one of Rl2

and R14 T etenddperdedt FyaBel bEeRdiefHmGPPILEHES| perein'r
sui()%t |t c?datc l%a's&C%geaB%yii oR4 L{ la)fréli@ﬁebgﬂhggt%
- bBa_ yl oxy and optiona H substttuted C5 - C20
gr )I%-ilé}\d:ﬁéﬁ tﬂl&mplfdlp‘tii&@gutngt sabsteastedrm of CR 21RY3, a

is optionally substituted C 4 - C30 al kyl ox
andORE AR LYY | BRACSHE 61 R e ROFELTEY ARSLBRAGHERY LY
sel ggheds fiedn Qi Loga) byysybalth utiesl K¥bvi 3@ hakkylk, least

optionally substituted C - C30 al kyl oxy and qptionall

subsret of et 05 R1C28%Rl, 15 PREL AR Yo \IURs Hiffaceg, C V- cao
leagikgfgxyf §§3 8 %%. gtiiegg£igggl$y R7 and Rg are
independently selected from optionally substituted Cy -
C3 alkyl, optionally subgtituted Cs — C3p alkyloxy and
optionally substituted Cs - Cz aryl, with the proviso
that at least one of Ry, Rg and Rg is optionally
substituted C4 - C30 alkyloxy.
In another class of transition metal complexes

herein, Ri2, R13 and Rys are all independently selected

from optionally substituted C4 — Cs alkyl, optionally

substituted C4 — Czo alkyloxy and optionally substituted

Cs — Cyo aryl, with the proviso that at least one of Rjp,

R13 and Ryyq is optionally substitqted Cy — C@ alkyloxy.
In another class of transition metal complexes

herein, Rip, Ry3 and R4 are all independently selected

from optionally substituted C; — C3 alkyl, optionally
substituted Cs4 - C3¢ alkyloxy and optionally substituted



substituted C4 - C30 al kyl oxy. In another cl ass of
transition netal conplexes herein, R2 R3 nd Rl4 are

wa@bdosiosiependent | y sel ected from optional |y sSuPSL/EP20D&53352
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C - C30 alkyl, optionally substituted C4 - C30
al kyl oxy and optionally substgd¢uted C5 - C20 aryl,
vviththe provisothat at least one of RR2/ R 3 and

i s 92?'lMl?ﬁb§ﬁétﬂgéﬁisg4tha@sgtahKXQQthe|6E R12,

ano her 6f "transition netal conplexes herein

R & @%n@n@k Rl4sappt pbhaindensnddntitpdsel ect@d dXkyhoxy.
opt i onal Iy subst ituted C4 - C30 al kyl, optionally
SubStIt&t@de@IedCBﬁaa$k@i@mymﬁﬁﬂ_@ﬁm@éﬁgppyfor use in the

Iet ut eg.g a ﬁt de \%%]setr&e iRRRKE Bnt BahpAlse

I'S optiona
SUbl.Sitg‘aIriﬂsedic%rdJ.ﬁEOtal kytoxda @ef émr yblt:hahbet fohlowing

met al conpl exes for _use in t i neri.z S
CheR (SRR SPREBNEI Bi- SBrrT gquro&nds%ég g}:dlﬁgpa:% Rs are
for N i I f eghyl,

R ey tysredel BRFEE o UiORS Lratearny ooyt
hydgskogeyﬂ, d:ﬁrwydlrogenphmnyé Pm@@@m yeksyRy| | phenyl
or hydro en w%%rggref?gsglgfr?%iﬁgltfg%eH@E%ﬁeEBEHlexes

cl ass of conpl'exes conprises |igands
aCC@dSrﬂkbfﬁgsésD Tigfamdlsaatbprding whitdrmdie (@)l owknghRch the

groups_ appear: R 2 nd Rl 4 ar |nde de

Fr oy PV RcTb SioRPE g R ik
-C20ar r ef ra ph I R@ S ga@ bl
al ky?%‘?& pr@eréﬁ % QM%Z §1‘1‘& C oxyZd rn)]:?feL preterasty
pr eCer-ald.y mmsmwprmgrhblyw@%Y#e&m d$s Cof — Cao

transition nmetal_ conpl exes conprise ands acgor
to ﬁéknﬁ@%y(|grefQQ§QM¥ ﬁofhéh?cﬁﬁky more égegéfgbly

appg%osgoﬁ R2anRA4are |ndependently sel ect ed
fromC - al kyl and C5 - C20 _aryl, treferabcla)iCS-
C20 aryl Anppher mEsieadedy cpreqyPL pgansition me

complexes comprise ligands according to formula (I}, in
which the following R groups appear: R7, R9, Ri2 and Rig
are independently selected from Ci; — Cso alkyl and Cs — Czo
aryl, preferably Cs — Czo aryl, more preferably phenyl; R8
and R13 is Cq4 — Cao alkyloxy, preferably Cio - Cos
alkyloxy, more preferably elcosanoxy.

Another preferred class of transition metal
complexes comprise ligands according to formula (I), inh
which the fbllowing R groups appear: Rjp and Rj4 are
independently selected from C; - C3p alkyl and Cs - Cgzo
aryl, preferably Cs — Cazo aryl, more preferably phenyl;
R13 is Cs — C3o alkyloxy, preferably Cio — Czs alkyloxy,
more preferably eicosanoxy; Rg is a tertiary carbon atom
group, preferably tert-butyl, and preferably R7-R10, R11
and R15 are hydrogen.



and R3is &4 - C3 alkyloxy, preferably CGo - C25
al kyl oxy, nore preferably ei cosanoxy. Another

w@e@hbeoizerl cl ass of transition netal conpl exesPCORP0DSE53352
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| i gands according to formula (I) , in which the
following R groups appear: R 2 and R 4 are

i ndependently selected fromC i - C3o alkyl and C5 -

C20 aryl pnprgd LIl 8GR E49saby! « rams £ S efrrrahl v
phenyl; RI3is - C3o0 al kyloxy, preferably Co C25

al k?P@R%ex%r%@fﬁﬁ@S@r d@gﬁnéﬁcéga%%yng R sf%ffftuelratl @y in
car t O oL, f t Ly

pre g?ggl ng{?f R10, Wl%{gle Rgﬁgg%S g?%eﬁgdr% n. Anot]ﬁle
pr efiasepen@t@ssy elldciesl triron U?t-a|C390£Epﬂ;§,eJZ(Q&1d3@3pF-l SH

| i gands according to fornmula (1), in which th

f ol BEWEngPrES? &ppeatzo R}CY% a‘ﬁﬂr‘ﬁ]plzﬁ%?‘?bly phenyl;

i ndependgng| ¥ gl ecitigd S 0MpGekera Lkyl cand16810xy,
C20 ﬁzr:;elrgylg %!r ef ?rg!éb y@és _yogg aryl @%D%é) pr e%er abl'y Y
phenyke Rr8fésally eiddd@nalklyyl Byyispselestadd yfxdno c—l - Csp
C25 al kyl oxy, nore preferably eicosanoxy; R g is

sel edkud, f poefEably @0- acioyalkmlefré@é%lxyr@@rablm & — Cs

al k 1&@0%9{ fé@é%ﬁ tsr@-ghgi o PO$L, &?labl and

ter i S0-propy 0 are
preken aaw Rfd286kny® AHE dredeegsny moser raafeer}fy@&ogen
cl ass of transition netal conpl exes conprise |igands
accordi ngnbbhénrpm&fax(ﬂe)d clesswhEchrahel f odn ovdtieg R
O BB PRRSEL Lol 2 1 B S QRRRRCED LA eutd on
-I l(()%;hlahyl:henfﬁommﬁ%rm@imégl;eayt;elaﬂ} B9 satl Ryyq @3€
Sr eﬂ@?ﬂgé??gggégéaﬁ%»%ﬁtng ermaﬁg Ry%gg%liekﬁl and Cs — Czo
i nd de d_f ri

8RGAY E?é?gﬁﬂ}f&? Coadve] WBEY ﬁ?é?@f‘a@hprﬁheﬁyl,

group, nore preferably neth
and Rgeeﬁer ébly &7, aRey1a, @ﬂf@fmsbéliecfmydr Begerlkyloxy,

are

more preferably eicosanoxy; Rg, Rg and Rjp are each

1ndependently selected from a primary carbon atom group,
preferably Cl-C6 alkyl, more preferably methyl, and :
preferably R7, R9, R1l and R15 are hydrogen.
Another preferred class of transition metal
4 complexes comprise ligands according to formula (I), in'

which the following R groups appear: Rio and Rjg4 are

independently selected from C; — C3zo alkyl and Cs — Cy
aryl, preferably Cs — Cz aryl, more preferably phenyl;
Ry3 is C4 - Cso alkyloxy, preferably Cip — Czs alkyloxy,
more preferably eicosanoxy; Rg, Rg and Rig are
independently selected from C; — Czo alkyl, preferably C;
- Cio alkyl, more preferably Ci; - Cs alkyl, most
preferably methyl, ethyl, iso-propyl or tert-butyl; and
preferably R7 and Rg are hydrogen. .



Anot her preferred class of transition netal conpl exes
conprise ligands according to formula (1) , in which

w0 b@ead7bowi ng R groups appear: R 2 and | 4 ar ePCT/EP2005/053352
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i ndependently selected fromC i - C30 alkyl and C5 -
C20 aryl, preferably C5 - Qqoaryl, nore preferably
phenyl; R 3 is C4 - C30 al kyl oxy, preferably CiO -

C25 al kyl oxy, e pr rably.eico Y , B

o are | H‘éﬁ%ﬁ’ﬁlgﬁaﬁ#sog i S ‘&%ﬂaﬁ’%ﬁa@m&flse
D{Eﬁ.l@éﬁﬁb)/a&:brc?ir@ g:lcalﬂqdmﬁlrmrm) ﬁrjlen&emmly theg fol@d®wing
al kyl', nost preferably yl . et i SO- 0
B e R

hydr ogen. Anagt he f~ transiti es
comseeBi T et SHE e G LR PRI, B PEoER WEE Cao

t harfyal, | aviagpRe feoalpsy appead; R 4AdCR 9 Grealkyloxy,

i ndependently selected fromC i - C30 %ék |. .and .C5 “nox
Co@rafpirabprefer ablys e3kylesy: aF9FS Pt SRRy 2ROy
phenyl; (R LS Ccferr &30l daiin@it, Rhef erabbyt{on el

al kyl oxy, nDPe preferably eicosanoxy. In a preferred

entattiptent cotpeiseansi tiganddcarrddnpl 2 E0RPrI3et ly

i gand accaqrdi ng_t ) R reknNaRei metiR31 A

hyg‘?\t?gtgrjf,n %14 and %gé gljrilga%r?;%%nly'l ,R4R\yggRR§nd R ar el%3 A,

Metd)y lon &y (RereRuBtBpY, Hp, &l Miqr agenri R ara hydrdgen,

are phenyl gnd R13 is el cosanoxy. In another preferred

emhodj nert Riyherer phenyl cmdreiia icowpicesaBoMiri ses a

i gand according to fornula gﬁ%}' wh%rei% Rti - Rg.are

hydr ogerin Ropthsd RrsigrEedegmRAdingdt REGRIFAP SR Bl5

ar gm%agf QWi 7 ool K12 angk Rirfh Al draany! tandoRgula
is €l

an cosanoxy. In another preferred

‘enboTli meriteretie Ryr anBat R MEAEAIbnPl4e R o Rpr PEESTRERY L

y OF 6ge, 0 R SR T A RB1Ar B ek R o9 T kel ie bigl e
RB, a:lc:ag’pklle(%ﬁ lelnoﬁ'i‘{% BndPr25€is eicosanoxy.

In another preferred embodiment, the transition
metal complex comprises a ligand according to formula
(I), wherein R - R3 are hydrogenwa4 and Ry are methyl,
Rg is tert-butyl, Ry, Rg, Rg: R1o9r, R11 and Ry are
hydrogen, Rip and R4 are phenyl and Rq13 is eicosanoxy.

. In another preferred embodiment, the transition
metal complex comprises a ligand accoxrding tp formula
(I), wherein Rq{ - R3 are hydrogen, Ry and Ry are methyl,
Rg, Rgr Ri2 and Ry4 are hydrogen, Ry and Rjgq are iso-
propyl, Rig and Ry are methyl and Rg and R13 is
elcosanoxy.

The catalyst compositions for use in the
dimerization step herein also preferably comprise at
least one co-catalyst compound (b). The purpose of co-

catalyst compound(s) is to form an activated catalyst



hydrogen, R12 and R14 are phenyl and Ri3 is
ei cosanoxy. I n another preferred enbodi nent, the

wao ea@esd37oDn et al conpl ex conprises a |igand aRCDEP00§053352
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to fornmula (1), wherein Ri - R3 are hydrogen, R 4 and
R5 are nmethyl, R g R9, R12 and_Rl4 are hydrogen, R7
and R14 are isopropyl, RIRQand Rn are nethyl and R g

and R 3 is eicosan . Th I i L] .
GSEVPRoRhe APnehtoe Yo ires RaPohYSERors By SRt s
COBBhb B8k &l s | pasder)e the- catabyslysonmualgdped fHom (1)

pur pose of cocatal yst conpou s) is t
acﬁiOgr@@t%%X%ﬁy§¥§V§¥§hEBPﬁgsﬁéo%aé%ﬁwéhéﬁgﬁgzgk anion

bi §3,8" Y11 Ak RS PHd e WiBnaonp! exsbst Presanthydie
co-cCat a yst is sé%ecte frgn1§?) asco-gg Iy;?r byl
COWO?MdrcépaN@lR)ftCaB‘é”ter getR gaaﬂman%n%é}noa co-catalyst
transferring optdongl tphu

hy&PFHe grou% 0 the nef§¥a§?§§? g? %g?ogy%%?§§F§¥;s?r
cormpaungstapabbeund camsthlecOinGransaRF BRGNP Lptionally

cocat al yst . c oun bl : AAS LN

opﬁwéﬁﬁﬁﬁyt§§g§¥#¥%?%§3ﬂbéﬁb%&?ﬁ&?eoégﬁﬁgr?%ZHE?oup to

Egﬁtﬂah@ﬁf!ibpomeﬁm adtat omIn nheheasasehahed @ekenihic

is-arylimne pyridjne + < o d

pr e[ﬁﬁt‘,artyllréméa-gcBYB?@JSQeN?g??pLh\#’dC]]ﬁgcsgsi ec)t"E)e(ld4 Sha

ggtthﬁ go?t%btaggrtsgtje?m%@hmbd|js afe ltecaesf €rpinng ap-catalyst
y substitute rocar.byl h '

{ hecammisiA FORARLEAPE aEEHTS S0 i JEF  Bbbnd |

capahl & iqf, ks hyacbERgban @iRidi¥egiabpp andthe

transferring an’optionallysubstituted hydrocarbyl or
hy dejates igricmp megathatPPansi ti on nmetal atom (M Y

preferaply : .
%300 O ’cyol ?a;:gﬁggggg&fﬁfﬁgﬁﬁl&ﬁémg JFgebetratfffgtan

anion (X group) and transferring an optionally
substituted hydrocarbyl or hydride group to the
transition metal atom (M), preferably at a temperature in
the range of -100°C to +300°C, is selected from
alkylaluminium comﬁbunds 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°C to +300°C, 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) .



al kyl al um ni um conpounds such as al kyl al um noxane and
al kyl al um ni um hal i des. Preferred conpounds of this
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met hyl al um noxane (MMAO) . A co-catal yst conpound
capabl e of transferring an oppionally substituted
hydr ocar byl or hydri de group to the transition netal

atom ( bl

100 S pi-BRBLEREE oioRd STBSERLLEE Lot PR AP et

ggggmgaxsugfbm a&ﬂﬂqrd taleuniranx anesn mﬂztkwll dtamhi Wh,
ounds nar ds ti,n d alk o

cofGffde blé’ué ﬁst%IIP%?ﬁ%%urzﬁ nd. %E’Fea ?ed %:gfr%)%%r?dsto

of et yps gépe@@éohwxainumtmngnﬁe(lm et smodi fidseguch

met hyl al um noxane ( MVA A co-cat al yst conpo

capub| s BibsirActiRg Hﬁe‘éﬁ%‘&np”(%%rao r‘?\rlteﬁgron—

tr ansifd it akyat gebh praf erabl
t enper at ur eﬁ% the ?an %/Dsél%c-l Ocptd(;r ?so%CCFf?%HB or

selﬁmrecsaflrt@mwstthongnnégw@rni@w% apdiogs d¥ER dpEs
Srg%apd]éﬂiﬁé&geEﬁgqtéﬁfiéofbﬁgﬁﬂyﬁl phenyl]borate (BAF),

T Fonwi w ng aryl group such as C'5
( CFR) &G, HB™ prarid amisalst ofwelkyhahusboran r%ﬁmwnéﬁ ons

NC' h
ir';@%@f‘?‘%w? SaSbar sphiagts) BItLEl B e .
alum um orrpoun :
%?e5€58 $1 ,HBBE%%Q {E&J%g%%?ﬁ$U§§§QE§h¥bcarbyl

?ptbﬁn@ﬁ|3|yn§:¢ﬂ33‘iuﬂcltt1.edahlydromar bynd oF drs ibediide, alkoxide
unctional graoup, hallde

oxy§ENOXYI ¢} effe LS %r%ﬁf‘fj W"?ﬁ Mo cn}&_gggﬁg:ﬁlﬁa ting anton
for syse . bergl feirs i$0@odiuhet eakisis 3[5-5-bi s
(trifluoronmethyl )- phenyljborate (Na+ BAF" % .

Addbi.b 6hal £ besrametihydt —c ohpBHRdRo¥RYe | (Nai BM nay be

oot Bl S Ry R LSRR sk, e e

t 0, used in addition to the co-catalyst compounQQs listed
above, include, but are not necessarily limited to,
neutral Lewis donor molecules. .N

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-tert-
butylpyridine.

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.
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donor nol ecul e" as used in herein neans a conpound
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ethers, amnes, sulphides and organic nitriles, for
exanple, - triethylamne or 2,f5di-tertbutylpyridine .
The ligands and transition netal conpl exes descri bed

her ei nahgye.ma in h .
P oceoote AT bqT ST B st om LSy S e hegg o metal
i | latsiplated besthebexadnpiein ofayt e fresedt oY mEmidn

and any references therein L
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?ﬁ/et%éah%ﬁgi@aﬁma?mrsém emreb sHenepppopatiete bis-arylimine
I n. Catal yst systens d th L]

OIS 1a3 SAnBetE HEPEIH Aol e FOrALA By tr TRgL S (o

t oggiihery dhepiiangi i i obnded AlmpleRN tdbnalntst daeabfst
a transition netal salt and the appropriate

bi scempdundsned Pyr @i ARY | PEINE- of formula (1),

Co'catag%ﬁ%ma %R@%Q? {82 $PdparANbORH @azblyseneydtens
nore additional co-catal yst compounds (c) , In any

or desisedCony dniaestiityont net pk eprmrkexns clescathpgsperein may
systens based on_t S|t tad (GUTR; [ '
her 8 Py’ “éedgéPf %rﬁﬁegg%%&?ﬁ% %%resencel%?(%?%tzﬁgg% Bedetion
di nefkzaié oo rieathieoprrszboe eobra i Fhamieaddasépestopohvent

chemcally inert solvent_which y
_non"-”chf%%\r“?(""31b é’roiﬁllryfjrt ﬁgn'éé?%%ét b%yegger?‘ﬁrbil 'prt gSar ed
in theapyesanaaeaf isherepactdomn nih meesemden ofhghe

presence of a chemically i t - pol
pr eF@?‘é’bJr?/nirﬁl’fqﬁ]éfeproésé\éckéﬂgp]ég%%% 'ocoa la;?%h‘éegitcaﬁ?r fnert

nony BRL 861 $P! ¥eNfentThacusepobfar sy talihe iprerstnce of a
non-pol ar solvent in the rir eparation of the catalyst
Syspbﬁmi@@l%yngnert 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 continuocusly 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, préferably the
solvent is toluene, isopentane, cyclohexane and

isooctane, especially toluene and isooctane.



di meri zation step especially to provide a solution of
that catal yst system nmay be desired for ease of
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particular for accurate dosing of the catalyst
conposi tion, especially duringecontinuously operated
reacti on processes. Catalyst systens disclosed in the

copendi rﬁh%:g%%pdggghkc ﬂeorhaoﬁdé‘zl?%s gtgﬁangngge

above nsitron neta ving [ gands
OfldIMGnMZhﬂldmrStESpéelﬁbtm6¢wb¥Equhiﬁﬂmg a@seoilptsaehot
sol uti ons | es. of suitable,che Ly i_n
non=o| Era ﬁt@'Fﬁ | GEEP exrgl%ﬁp;¥€%§léhe %p Leagty

bengeses ReMANer iss0pent ameth @pstca]nﬁ;loay«dfohekane and
i sooct ane, preferably the solyent js t

| sofei la>h=et REoRSIhe (Bhasrd duR e o gRer &Pyl co-

tol uspe) and dsRREHANe) | Ncpnen erhatiniill v Haceat abjspol
system for the di ma:ll za&cgn step is forne% be wSbolar

conb@hvewgta WBreutdoaw isinghet t Bhess theh Sr?é%ad%at@or?ﬁrléiilons
dlsﬁ?gy réé%f%{ﬂ% eQQEE ERefhe NOPsRAU A SOltwenbbwehbBe of

a so cocata yst conpound (s) (b) and
opt tbaat¢yciadi tqcmrmzavlsm:@@at-al yst conpound (s) (c) in a

chem ca | ner.t, ng p r iHag of
t hese tm%i/té%ﬁ%artajtv % %oﬁég%rgggg %%?el[g?fr?éydr%e:é?her
in theepiesehae ior ﬂdImaalbbgncembintm 3 es@ltudriton comprising

conposi t t
comBos| L ons A1 ALl (Gl Ny LE, ERUAL Yol PYEUED L5 1 inine

gongg,kgfmgealf@gﬁdjgﬁ Gfolramtllaamﬂtdbﬂsmaﬂ isala c:mdll&ally
|sary|mnepr||e| of f I

in &NEBENPEATPYI3hetd Vﬁéﬁ B Br sﬁgggﬁ:’fo ‘f% Fowdved
gglt :&%EEF’!P@& LoRp SeclaAl Vo eaapepddona)ly be)dcmmional co-

y additional cocatal yst conpou
chewirtallyyti Aerpowrmisol & <8 f?‘eﬁpem %Pg%nb‘%‘?#%d‘o& polar
t hege 1, WRSepafat CoH Ml PRE 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 bis-
arylimine pyridine complex 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.

Alternatively, the catalyst system is formed by
combining a mixture of a transition metal salt and a bis-
arylimine pyridine ligand of fofmula (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.



may be perfornmed either in the presence or the absence
of the reactant conposition. In another enbodi nent,

w0 bmsoat7ed yst systemis fornmed by conbi ni ng a BOI/EP10051053352
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of the transition netal bisarylimne pyridine conplex
in a chemcally inert nonpol-ar7sel vent, with the
co-catal yst conpound (s) (b) and optionally additional

co- cat al H$ta fAUMRAURHLSH h6At, WHE Wb 1§ ¥ @38REM Ast he
reaction nmedia. Alternatively, the catal yst systemis

f or PERPdEeE dnbiqrmbd nAngi R1Lr BN fCPRINEISIS iodn Thet gptalyst
sal :alﬂg . b Py L A 1 f la (1)
in %yc emalc:rgleﬁ;’I }%é#éﬁaﬂ%gn-ﬂﬁ%?%?ﬁ%%lg\%i% %vc\)/ili"%hﬁe

co- cat al IrstarcoiEourtbesinghy , ablde opatiadnst pysdem fonarhe
co- cat al yst, caonpaoun c ILch. ar r-as [

et P TR I sbRketchpoq ity RIACTRE, LBpbBRencs
systemhes quegiarsd siygteanbnnthg addcttimn oeddenent s of

the catalyst system.in a chegi cal I% i,nert non-tpol ar o
sol vent . TH% HA2 tdphoGPABRE N t f Wit ARREdy PR OR
forpifendi pariaatdi@n y saprepar edt bys oot rfplalcwinhe
conponents of the catalyst systemin the reaction
medFaRATHECRE neri zati on reaction of the present

i nventi o JByh{R& OBV @RERLLY 1§ I Pak Quti Isistaltie
followi ng Conditifons . A quantity of the catalyst
sysesplpgedsiml the shiplesyedtiant Feadr heht iatiuhf so as to

reacti on, m xture sSo, as —gontai n_from to 10 .gra

at ofPBF 24P ahs?R ]o(i 03)rré:(oaltl%at oﬁfﬁ“p%{’m?m?%%orfar?sele& Srletal
ol ehiBmt@ Perresd ek fEee dileELhzadilba reactddn my be
nost conveni ently conducted over ar nge

of .
t enper at The ARG 22160 ECRE L +9PONBYE O grastle SopYy iR LY
the .paRgeLOf E¥OM 5 SR D o¥5Rcliferat®f&s P eder-allord o

the range of from-10Cto 120 OC, nost | o
+200°C, preferably in the range of from -50°C to 150°¢C,
more preferably in the rangé of from -10°C to 120°C, most
preferably from 10°C to 100°C, especially from 20°C to
90°cC. '

The dimerization reaction may be conveniently
carried out at a pressure of 0.0l to 15 MPa (0.1 to 130
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 skiiled 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.



preferably from 100C to 100 OC especially from 200C to
900C . The dinerization reaction may be conveniently

w@arosioesienut at a pressure of 0.01 to 15 MPa (BCIEPI®05/053352
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150 bar(a}), nore preferably 0.1 to 10 MPa (1 to 100
bar (a)), and nost preferably20.1 to 5 MPa (1 to 50
bar (a)). The optinmum conditions of tenperature and

pressur g ﬁ%qna‘&ﬁéatge{ltfgé&@forp%@ et c%)é%&@!’:ﬂ b8t in the

maxi mse the yie inear dimers, and to m nim se
t hepoovpets f re@adneohs seliven sl isBmaray, alison Pef thfe

f eed oleflrkca e r e ed
eothel g mep e sty phell e D gnecrietle
outsmn:atmee gﬂﬁ.v[aahﬁ;f»e mclbdquablkqmrms,e aldreneisxegycloalkanes,

52530 S ASRERAD VPB0. el LRl L

r eaghi OFe NBYA hh1gaNIsedd 1aUthe Nnptdiee g8 esieride piregent
i nert solvent whi ch may al so be the carrier for the

cat hPY%%tW%t@ﬁW/'oFSPQSHaB? ef PRSI e bf&z\‘?é’ﬁt’ s

i ncLyde.ad kangs .x aldsenes, cycl oal kanes, and ar ormtl c
hydrocar bohs. For exanpl e, solvents t hat may

sui t abl yRemeid om timesprdcEESMoP - + hed p%%gmr% ﬁ*\?éfﬁt PR
hepkgggd {gqggt§ﬂfkaﬁi%plgggéﬁagntb@ﬂzﬁﬂ@’aéﬂidﬂﬁ@eofaﬁﬁe

Reaction times of TromO0.1 to 10 hours have
beenatawsitt 0 Bee sudacitilon, idepenfentbbn ¢averiad iUt yo the

SLtt E{q%t%ala Séer&efn[%%‘EU L.an is preferably carried

_ sence of air or noisture. The
di meri zarhendimactiamnomyebetianriey britcafripd out in a

COm e R0 hnd 5 o { T 5 68 EAECLIoA0 B o otirres

cat abygt re¥st6f) ovhendial {die [Freedupiefsnaamd achtedlyst system

continuously to a
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 thHe 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 aﬁoms. 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-



stirred tank and the feed olefin and catal yst system
are renoved fromthe stirred tank with the product

wobk@bies7exvhi ch may t hen be separated, and optiPCEEP2005/053352
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t he unused feed olefin and/or the catal yst system are
recycled back to the stirred-tahk. Alternatively, the
reaction nmay be carried out in a batch reactor,

whebeitBntheonpt bbystl isusire@cdentbBe gatabysdd Sy &Bne and
pre% F}sors and feed olefin are charged to an
Cc

aut 6CPYYE™®and after being reacted for an appropriate

tine, pr@aecpm@u@@,paﬁaate&dsteb@@fhwsnrf@&alc%tﬂygweg by
by conventional neans, such as distillation. The
pr oddéetidfant AR i B iRsh U@redcésdisﬁéhl #atthon tommmendgation

|| neREo0leEhDupr NG 81 2000E; Bh 02 £RT DAL ns,

and unreacted f | i near o efin o
car benedesnbe el Hirash Udtrsiray - aISbYC@n§¢l£i£¢gpn to remove

produc c ' gmﬁri e I|n f|n

[ nggrﬁé?%}feg?lﬁéi%%rre . sﬁﬂ’s?kt%hgrpr og @eigm ng

1- bdtlaaeizatmom sesAny reesth @uh:dilﬁéSatMOneaa:}{r&de ladbweaneas,
and, 2- ne The duct er_separation from

ot AP5EERE e, (o PERAAS wakhT R EREl Lt S Raras - o
t heblyr amSﬁElLli’aicbIOm}&tre:&a\Mbbh@UbfaD&w@i heslatility than the
purl ficati OE?EI al | however be purified fyl rst

e. g11B§2gi € %\t‘?%r?r’c (?rr Jelat CRERSRS 5 gl et such

sol weAkoBhrBbhseite furpmadctaddoBELZaL] Ohd AWy SCherized
purification may be as well as, instead of, or

conBi-Réd wi t ARe Pkt Fukeatifonnrsarbadvbinear hyplefin or
di stibhakifg Qﬂ@r£§3ﬂé¥¥¥%doﬁ b@@@invgkailéié ﬁﬁ§“¥}o%h%he

linear olefin of 2n or nl n2 carbons; exa es of
sucﬁlmyméém%nss a?reeﬁmra@é@t secpreed ntQ sf)h@mmamzatlon

I SO z & ur near
Ibnje-gF Ji ef | n%%aenmg)ﬁlgorgrg?i&z:egg?ﬁ% e[?elénri or
1 olgerhgsbm©n11¢dgover an isomerization catalyst such as

Na/K on alumina, especially at a temperature of 50-200°C

such as 100-150°C, 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 l-olefin in the recycle
mixture is less than the equilibrium concentfation, 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 prodﬁct(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.



dimerization is preferably recycled to the
dimeri zation step for reuse, preferably after having

whe®a/003762 ) i somerized over an isonerization CECHEPEDS/053352
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such as Na/K on alum na, especially at a tenperature
of 50-2000C such as 100-1500CG -especi al ly under
super at nospheri c pressure such as 0.1-2 MPa preferably

0:3-1.5mNI&o generate t he thernodynam ¢ equilibrium

m &=of ol efi ns when the content of the
1-0!FfEmhbnptheBECgflEhdﬁpdaﬁamtiQnWQBSiDhaﬂl$©ecomPriseS
equi | i brium concentration, .and qptianall e
seﬁhﬁé@?&ﬁ?ﬁﬁ?%ﬁh@?o?t?%@Vﬂgb rioz &G o8 iﬁ?keggfeinfhe
e aisne@fi Z@ik3bhl/ bat b ofe r Thatsi o saepr.ef erred process the

ol efinic conpounds in the dinerizati

product TERESHRSLERF AN f FORIIRE T &t &03@%5523%"88% ahefP

Sep@{)ﬁtﬁd andt Qt@pMohe (Y] add | e hyisacarhonréaseingnthe
containi'ng the unreacted feed and isoners, and the :
{le neiaveas] éniterprddadet{B)baringh oy GRTPRR e&PBEnPREYHESY P

i Y, .Ql; JXBY.Agt M 1S ; S
R L e o
st age. theaansmesenzat p6na Thatpk veks angunth@fppdsent

! nvention al,.so _c ri r [ i j
o ER R R T BP B En ot L ATEIRAL B BRoRLPRo Miue
St epsomdif iR 2at the ¢oOnpai shstermednisiledtinoandf tet ep

(b) (i). and ste b ii) as fol . j A

t hedtfimease SN g o PEr ?“ﬁo‘fs%a%%‘)ﬁ%Q%‘ﬁlaclaﬁ)&zﬁ"%&g‘?g%m

E;Fgfﬁﬁﬁh¢d1ﬂﬂlﬂﬁ&hzagiGmkyﬁe@lﬁm@nﬂmmltqmpndmﬂ wherein at
al um ni um conpound .in t i

AToUPR S b1 T GG P oA PED e R Gyt §° @

ordet L 9r CRUSE IR haat beBnOfet Need i Nead tihet er nal

olefin and to displace alkyl groups from satjiorll and (b) (ii)

triésqyeg}Qﬁﬁyqq”ﬁf said linea¥ internal ole
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) (1) 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.



compound to form an al kyl al um ni um conpound wherein
at | east one of the al kyl groups bound to alumnniumis

wa@20o60ex52 al kyl whi ch has been derived from t hBCT/EP2005/053352
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i sonerization of said |inear internal olefin, and (b)
(ii1) reacting said al kyl al umsni am conpound wi th an
al pha olefin optionally in the presence of a .

di spl acepmnt) iGRkLE Yate$RaBSolOr di Sh%{ﬂ%eg 9@l dakbBRAktoms is
al kyl from said al kyl al um ni um conpound to forma

| i nexefetgily aleetcitadhadthgte eakbdy latlowd niuphcrarasrd,
w shing o e ‘E‘i%lbjlﬁytgqgegéé{%e £ 15 ehi.aved %Baﬁ the

reaction 1n ste i near |nternal éfin
havpr@féZn'ah:lar boomatods twi ¢hla trial kyl al um ni um

conmpound, i n. t he ce, of .

Cooror rdte PR EI0EE" 18 voe dn step. (b) (1) aze those
| Sop®ta zywdtiOmidfcht kathipear botih et suhe il Aftimnt antior m at

| east sone |inear al pha olefin v\%ch | i near al pha

ol ef+ PRSP tes bé?lnl?ﬁl theotpe Pf o™

tri aigarh@im&ldﬂmd%?sa@@aﬁeh@ &9 am @at-al kydheal um ni um
conmpound wherein at ast one of_ the al kyl groups

bouhBORe- B Al A/ GHPLS CEmPPReGR Ll K3t 1R iWEd 1y GiFBRailR) (1)

|ingan 1l PhR; AlAld1RsthaulikBBRE EOE ©f diie Ol AlgN aRavhBErnal
2n carbon atons is preferabl y reacted with the

tri allkilirai@rﬁwhkﬁ bomgoukdt ip prefrwblnatd elickedhgased
' anggg%&f, Lzd edp]n/gﬂ sl%l%%emgentpf:g\f:ﬂﬁ@éy %fc?‘g;a%( iJc)htog)Fe

use 1n
t hoséschov ¢y sirs E/BmPch@ C8baBP£eandt PPTAThMRdZA60n alitie

0 S8 BGETED ) JEB IS AR OL U e necetn 1

|soméféﬁébbﬁ/@h1;ﬁca:wmfmmcanaky$t (IDr smlgg,nrsitokel( HYXT)

it R RAPPEHERTH ki o HondooRatered et argi %)

ni ckehpbegses, which may be stablllzed by means of a
trivalent phosphorus ligand.

Examples of nickel (II) salts include nickel halides
€.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 the



i soneri zation/ di spl acenent catalyst, such as those
di scl osed in EP-A-O 505, 834 and EP-A-O 525, 760 .
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preferably selected fromnickel (11) salts, nickel
(1) carboxylates, nickel (LI32acetonates and nickel
(0) conpl exes, which nay be stabilized by neans of a

Lé‘ﬂvc%‘?c?ﬂer%h"s e P cEBIP! BPe Pos i bdldilchents

EEI;QFI de-dcrsg?crkglr groupdr oen;zhaqlaﬁl@kaﬂetbbfll) i Beamel eyl
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salt s, '6”@LHQ@r&%WﬁtS%&epmambaﬁmheses al kottiglessxamples
thi ol ates, catecholates, oxal t hi ocar}:ooxyl at.es,

L1 ol aEEb, SPROSPHFTRA b, (dryPakarOHarRa s et ¥s 1o

Qacsty! acst 00l on sk idHAN0gGetybAE
solprhb%l%lty of which carrr be taunedab g% aﬁ%maiﬁt et e

chq:trﬁ@anfedsabetﬁs uenteeferrageacey \ﬁ/ﬁeFBn?F%gef%%‘ﬁeed

in e.art e or use h

t héledfﬁﬁ onal | %Eéu%s?d‘t) %leacglg%@al%aeget onat eser o

(x+2) : abdagxpedsonﬁt esc;ker\herkl X qasrb%ﬂﬁt:égelécbud? ‘RiFkel
such as 4- al k 3 k
W@Fattﬁeaéléfzﬁe; Z ﬁh e are sust |l?a<t@gdeeggﬂe?€€ér :agld

substdidiemzaphahen&te Ce al kyl gr oups especially

e, ML s ot

gugf(?él%eéyd&%tae(g O:he:rkexarrpl es are aryI
uted y , - al kanedi onat h.
phenyl - 1Exa£’sﬂpd@tsaﬁ§df‘]6rﬂgi ego‘ﬁﬁ’rﬁe %teag]ryp%{%n Ll%%ll&d§ N (CO)
ﬁ;?e@%girég&tﬁtg(é oE@%&ﬁfE@ﬂpwﬁéylm @sahdskbar bisel, 5-

pent anedi onat es, . f
n|ckg¢1Q¢¢gadgﬁq@o%ypdp@§ F}Kﬂﬁﬁﬂgzﬁpékeﬁx?ngrbornene)g and
nickel cyclododecatriene.

A particularly preferred isomerization/displacement
catalyst for use in step (b) (1) is nickel bis-1,5-
cyclooctadiene (Ni{(COD)z}.”™

Separate catalysts can be used foi 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 of the
trialkylaluminium compounds. contain fewer carbons than
the predominant carbon number of 2n of the internal

olefins. Suitable alkyl aluminium compounds which



acetate, nickel 2-ethylhexanoate, nickel octanoate and
ni ckel naphthenate . A n exanple o f nickel acetonates

w0 p@bieiss2 ni ckel (11) acetyl acetonate . Exanpl BGI/BP2005/053352
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Ni (O conplex catalysts include Ni(CO and nickel (0)
ol efin conpl exes such a s nicksel-bis-1,5-
cycl ooctadiene (NN (COD) 2) , N(C 2H,i)3, NI

<g9{Q§p%h % gog kﬁév | pdodecaly bangy A - 18 carbon
par Peut arly err I Sonmet i zat1 on/ di spl acenent
catzfutqmﬁ r(‘jpmeﬁsﬁrebﬂy §relp Zbyo (12) Garhirc leglomgi, sincbude, for
cycl ooct.adi ar I n
e USRS ¢ elei(tggrgreg%)iua %%nrlr' an"lét'lL rﬁée%ﬁ%[ l%é%@%ﬁtﬁﬂ Bri-n-
pr o ehexth T itley tda-hsbdbitng b Fuewien wint,h te:aeh ot her.
Exanpl es of dis Iacerrent ca I]}/sts i ncl

ex anpr el 2 dBH; ERi-nppct AT acl{:gt Vi acetonate
Cobé'éé canhexylaat, e%nengdo@@@@ialmpmdmenm-m cobal t

acet ate ni ckel carboxyl at es, ni ckel .napht henate
andtehlémli@%élalﬂ*f@ntlrlmal kyiar ulr*ﬁﬁ‘ @&%ﬂl}ﬁ’d@“‘sﬁffébi‘e
for,usgeqd nBﬁl%ﬁrssaﬁﬁ the present gdwmaniilenigre
known to t ose in the art. Preferably, the

aI kpte@em ur:fahlqyé eAUALRYIE GPHRRURA dOH piSGurids Step
%g i al _%r}%ﬁ&rig@u{nbgf_%edom nant carbon

erna efins. Suitable alkyl
aI um ni um:cmrrﬁmlgrdm visiookcone i on dfksplagangt wdePndgb) (1),

to E Zcéggé r%ﬁ%ﬁﬁf“ﬁ&i?Pﬁrggm %Og§taf§§¥(%éﬁﬂ5% fﬁgghzto a

tripihyhat uet nrnmralktym -aﬂupuinpyinahum miusmnal olefin.

AR e SRR T W e i e

H: ?Eggggggle%m%g&imurrﬁ mtarlrjror Iﬁ;nd@dmﬁ:;ttai:erm:m Uoe added to the

trliﬁééﬂgﬁé%§v@&QﬂﬁWﬂrﬂﬁgth Egbgeggégglgxlg%é”ﬂlsﬁiacement
can be simultaneously carried out in the same vessel.
Alternatively, the isomerization reaction can be
initiéted 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—oiefins
can be removed as vapour from the reaction mixture and
can be used in the recovery of isomerized l-olefins by
back-displacement. Unreacted internal olefins can be
separated from the reaction mixture using conventional
method§ such as by distillation or vacuum stripping and
can be recycled to the isomerization/displacement step
(b) (1) .

Suitable reaction temperatures for the

isomerization/displacement step are in the range of from



and the like. A particularly preferred trialkyl
al um ni um conpound for use in step (b) (i) is

W eoosmesD Pyl al um ni um According to PCT/EP2005/053352
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i soneri zation/di splacenent step (b) (i) , the
i soneri zation/di spl acenent cagal-yst can be added to a
m xture of trialkyl alumniumand internal ol efin.

A t-%bngt jcge%@f(ﬂ"éh?pnx‘%e)at]aé)%g t%g_embwé:ré& Hxed, Widd table

the“i'nternal ol efi I's mxture can be added
:jpr’elaettonapkgdsahmﬂ mange Booh PsBreBP zZ4F2 of0 drd 100

i spl.acenent .ca e Si t angou reie . ]y
saﬁg’l\?iSSBF?f%?n%%}a(?i ve 9y:’i5't%ﬁe§I éo ilr?éa?? géglra{e)acahlagn
canechetibht tahes wsual fy reingeedecbor Oahdto h2nhdwtst o0 a

second reactor t ai ni the trialk el
eacti ofiSGHRRBE ThF M TRIEEA T ggfzkﬁ\eum s

Oor conti nuous
manReherk Radl 87 di Spfauamuntt heacepbacbaentanfbd hesed 1if

al kyl groups by the | ized int | .ol efi.
o LL088 DX LNS SO red Latsina! elel Theot e ana

corarr%%cgqgi Hgd}beé%éﬁ@. can be renoved as vapour from
the reaction"m xture and can be used in the_recovery

of isomdti iedsemet ERemAdRATHRACOHSs pPABEREALLY YR 1Y P9
'F“{”ES%at%&eEh”§hE8Q 5@%E¥¥¥§E¥6%di%rQﬁbbhﬁakfﬁgtﬁIﬁbe, to
m xture using conventional methods such as by

di sinhdJJLaiei en gnevacdibusnt ipPpim@sadsobgntpeer eRGRY B
to the isoneri.zatipn/displ.acenent, step (b [

Sui V"€ 1 E&ctToR” aerﬁ'%elrrgt%lreesr&%gr' t he (b) (D)

i sonmer i zahisonihdespkatenesd staesa,e tive t he range of

LTS 4 200G BB SR b0

to JA0dsicabs apkefiecabl yr 0N06M0. 531 pat( some 4§ which

PoUTnE 51 VS thPe ORBRARB Y FOERRECT at chE énd 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) (1) to leave a
sdlution or suspension of the product organo—-afuminium
product together with catalyst.

This solution or suspension can be used as such in
the back displacement step (b)(iil) without pﬁrification,
or may be treated to separate the catalyst first
especially if it is insoluble, before the organo-
aluminium product is used in step (b)y (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 l1-olefin recovered

from the isomerization/displacement reaction as described



i soneri zation/di spl acenent reaction but can be used if
desirabl e. Suitable solvents include inert aliphatic

w@nwemoonmt i ¢ hydrocarbons . It is sonetinmes PCT/EP2005/053352

advant ageous, especially when using a reactor in which
distillation is also taking $plssce, to include an inert
di l uent such as isoheptane, heptane, octane, or

| SO%&@@%M ﬂéﬂeas eds Iﬁésai}%‘hé‘ L&t &I red HYRCESpLace
the isonerization/displacement stage is perforned in

t hethe ebiomeaxr df-od efdinvémpmokhei # Lieminim |addatl -.sodBeof
whi I 0

t et SO TR At TLRER o (R Nl Bt cba pack
encbur'algaedls*.cmegnztaal@mhdhepl@nemmdlmadﬂ:a:tri .on of the
olefin displaced fr mthet al um.ni um a to
ste%igﬁsn?'ﬁv§ 1 @a fgeggp % ¥1n can be use dp %

or suspensli on of "t he

. produgpl ¢ grdios aitep r(wrmmr;odumpmgﬂmms/vinamng from 2
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cat al yst This sol ution or nsi on can be used as
plxtures

suchoi 8 t%%r%@td%“?pleagen@ t s PRI (35S

pur bEi gath e BT DBt teBI 8dFES SePaiate dfl@cement step
catalglst first especially if it is insoluble, before

t he (B} Ghhbai AR FOB@GAE1Ng BYEA h St b)FUER ps. 1-
St eBPwAe {1 gl iHahhaGeBROt 15 CRELHON MG &I 2BAtene,

groups fromthe isonerized internal olefins are
bacl@rdRspfa@@de filomanh&et bisgPkyn aremi M uhddonpdunds

for i | S r tipn, by

| onlar sk Cat A PR SR e e e

Ssui tabpkaadpdrat oattm‘p n(b )The ) dngppaeB@IHQ- ol efin

recovere fromt ri.za C . [

as descr?g%d%%%% ¢n ab EMGs 8 eggét éaﬂﬁ% e#fgﬁﬁiag%&ent
bacl¢edtgpbacehdlied Ihenear sl:ochbeﬁbmetrnm ¢>h<eesa$ oven time

raleléﬁlglpgg’lggﬁ%g 1re£ actoedretprllaaclekg!l_la!aw;q;fI gl}’lgc])&pasn L herkerably

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
l-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 l-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) may



to the isonerization/displacenment reaction.
Alternatively, a different olefin can be used for

wale@ploaccenent step (b) (ii) . Al pha ol efi ns har¢TgPInHO63352
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2 to 18 carbon atons e.g. of 3-7 carbon atoms, and
m xtures of such olefins are seitable for use in
di spl acenent step (b) (ii) ; mxtures conprising such

anaﬂl%fhgm syeh f%oﬂerfgg&ﬂgieqi dshbf hgtfﬁﬂéinéd(%léfln,

i soner suc as 2-butene, or i nat e may be used

in estgepfzeb)lt(ene) whe\ bavutiend desl y¥her éﬁépié@l@g phkefin.
in for e Ln. | ace t S

eené: ﬁg%aﬁ%un Ig‘? g @réol e %ﬁcﬁgédgkuaﬂﬁ can be

d| S cacede by baaktimnsm&tddm iovest enchsomet zagtion

excess .over t UI red to.repl I

gr GRFELY, ﬁlteﬁélgaﬂpgoﬁtc?%cg 19PS) G expegégsgucﬁ%kﬁed
ZOQﬂQQQOf%keigeﬁérlﬂlﬁbEﬁﬁﬂﬁhﬂﬂﬁﬂheno&S&dnéat 1 olefin and
di spl acenent in step bill may befresH olefin_or a

mi XiSpme niFededt OMPERD %%Ylalté’eofrfnbltélﬁ FPOHFEEER b(i )

- The d'ﬁ@p@%‘c@ﬂeﬁkpg’@e}?' efi)n dEBY POMArSedaBut in the
equi libriumor non equilibriummxture of 1- olefin

anohlmeHC@asltf eneatal Behal Pik o P aeferabl yhgoragetngut in
n]X urgﬁ&ﬁﬁﬂl el,gt 9Ny, eXaPd e difn S W A kP 88eRERL

but ene"and 2- butene, preferably those
pr oazieume]q;aas a Pregelcredf di sphagdmertt ortadpyeitenakpythose

aft val i.n b
TR e AT L Pl Al il o Brbubents
d| smhcamermm dmydlahsnscuapdi s@m«mﬂw off shéftiphle
unr eacte in e and cl ref
e BIA SR CA PO P! Shal T i G oipafy p cEBaEtY
di S@éb(_ _ Iafﬁﬁ shep bél romatt odxaﬁhttheuwteﬁ@meid theofike.
step b(il). en the displacin lefin soneri zabl
undiCde FERITEGT éblﬁbi g?oﬂéc%?f s"icepty(lba)ce(t T2t ﬁecgel
unr gaet &l 0d &fd nsu%lélr a[an?ﬁenm sﬁm&}(ena)tdrmymi sdckel
conpr
ngccle’ga?té S(?arglerblez?lse%. ?.fl go%grlge tq} e.Lr O?:‘l %tlh
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 °C and especially 0 to 50 °C.
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
30-80°C 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.



e.g. 2-butene when 1-butene is the displacing olefin.
The content of isoner in the unreacted stream can be

wo edaoesiohy back i sonerization, over an isonmerPCHEPINSG/053352
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catal yst and under conditions such as those descri bed
above for isomerizing the mxtare of linear 1 olefin
and isonerized 1-olefin leaving fromthe dinerization.

Di spl aceﬁxfgtbacg Reslsho! | ~ ifa gt hey
absence of a _ca]ft'eall)%lgtl?ac%ﬁltgn?gpg%%%?glbl%&ggérsi Edlélrj?ar

i n ¢hehprebshige deriyeduifranl ehanbirranfinggingg| géefdnt fed
cataly red.di ; t SarQe t e

wni BR e A AT IR B FIE ke S i) 40

act pnzdyc%mohertﬂﬂfad kydndiltimdnsum sies edExanplhes difsplacing

Sui t e di spl acenent cat sts ipaclude, f.or exanple,
cpbgi?k?c%r%%‘iﬁa °e§t§l9§h(§i iL:Hs)al faptthena %ré)n ct%he

i kﬁifﬁhﬁéﬁfrﬁflﬁﬂ@qﬁ)ﬁﬁmh assoi cked 1 lag etod adetsobatg,
ni ckel carboxyl ates such as ni.ckel naphthepate and

ni cREFPLREPMREF T W Shsad PLERRDITE ‘?/‘\fieloﬂ 3&Sd or

ot hgk s uktakd o AtEtiinal S TkOmpyeyeRtai® 0dtid zaldidmalThe
di spl acement reaction (b) (ii)_is suitably carried out
at aakehest ofrerfiégs Ube (84 -f Fanpdditiono Yppagticular

EUP%QE Qs%ﬁ’g @%i%&n%agégeahgﬁi%(c&né& OB ystSt &R may
(i1) may be’ perforned at a tenperature about the sane

as bhep be¢ed @egirgiiliss tor havauadded @ Bris Y efisialisya lead
step_b(ij)_is_ af I r r such - - .
ondF. SPPPEhe A s sy eTRa Bl o e Ry g

t heiabsedee ob stamtstlasst (b)dhél veeperke rask mHypspda@cement

04208 S S SOk BRSHALY psgs,

(at r35ctChn paefeslahl pifacem Undenutbese @0roimattaseBheuch

bacg ggigggcgggnéoFgéxggﬁiggtggrg%eghg L£{§¥ﬂyl 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 poisbn and
catalysts, e.g. by filtration or distillation the
organcaluminium compbund can then be recycled to step
(b) (1) . The used nickel isomerization catalyst from step

(b) (i) may have reduced isomerization activity but enough



al pha olefin derived fromthe linear internal olefin
fed to the isonerization/displacenent stage (b) (i)

wa@anwepooeices a trial kyl al umi ni um based on t hBCT/EP2005/053352
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di spl acing ol efin added to stage (b) (ii) . The
reacti on product m xture fremstep (b) (ii) also
usual Iy contains back displacenent catal yst and often

unr gﬂsﬁ; [ [ I5ts [
somnme elgaldcég%l%lﬁcgtcg%gf%ﬁg% és?dtegjge(rb()b()ll() irr)g)g. %?EEQI "
addilismlgcamenfarceitelvar v norisiargld mipokéslonpasgdnot

di splacenment; calal ¥sh, 4 trRy e{bgéagxé%%%%ugﬁ bl §:E0e1

haveecae_dsdsea a-“poi'son such as a or’ coppér poi son or
a cyztdloyst efndn a@ grgepol abotiadienednpoundemayobst pped in

stage (b),_ .(j.) en. the_back_ displ.a t .
Subkteshe il 13 BRprBPE RA mefter ) Gg il &hap back in
reagtd®m hias t akennakage. obngles dipas GilueumEbancespound
such a poison has to be separated if the trialkyl

al UPFEERh i %S id 15& 1PacheFEaeR ot d'q BFPS) . Tl‘f<‘ﬁe5t‘3ps (b)

et ?i)s Ay S@RY" 8hedpBYpéttdmdd oh amd theeCyehit€or or
olefin nmay be separatéed by distillation. Thus

pr eter abtactars Ha erdisr . st épreaytqd idismessesatcpletin
J ea?i}ér?ns{%c#(tﬂ"{i%)C%Babesr%82cpéc9df&; A 0l ehiaR, step
unreact ed di spl acenent ol efin, organoal um ni um
conpoéihd. and possi bly but preferably sol vent/dil uent

,and/ or displ.acenment y I spnerd zat i:Qn 45 :
cat al ystﬂ,lu ith ﬁgeﬁ%@%@éaﬁ?gg so’\/:fﬁ{ﬂoeﬁn%stlgp d(Lg’)erlzed
(i) cead apdimnaldatipoi senalPsstid | Eeimrm gfixtvge comprising

reaction mxtu can separtate . th r t.. ol efin.and
any_SF‘ég\[‘]%%l ar_lfgw e_aoﬁncg&edi éB?%Eké%%n‘Fl%?e SR aﬁ)& ati38
oEt belﬁpblhgréaé d@asti sSore 1ebutlee soha ehtbutdineyerind r om
the remai nder. After. renpval fromthe remni nder. of ,an
poi SBRARYEC cat HI§ st atdls CRPPPRFRTRt3TH BParated Y d

di SHE.:sl:giiQﬂiérh,e R GRI0 &bUBh N e oNPotinsh caradehemhbee the
recycled to ste
-butene is égck isomerized at least partly to l-butene,

preferably with an isomerization catalyst such as Na/K on
alumina, especially at a temperature of 50-200°C such as”

100-150°C and under superatmospheric pressure such as
0.11-2 MPa preferably 0.5-1.5 MPa; l-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 propene which is usually distilled off during
the reaction. After the reaction unreacted 2+3-octenes

can be separated by distillation from the organo



(b) (i) . The used nickel isonerization catalyst from
step (b) (i) may have reduced isonerization activity

whedoseooeghdi spl acenent activity for step (b) BCI/EP®05/053352
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extra di spl acenent catal yst and optionally poison may
not necessarily be needed. Fuas advantageously the
n| ckel catalyst and an organo al um ni um conpound may

dlnmﬁtvﬁﬁc(hb)ls( khefNdsddem flepstRRi(R) bkileasd a

e ack 1n step b(ii), the nature of the organo
al umkﬁmmmﬁﬁomfdppspégém oerp Tl HinhdUselReel PHEPEN®

st efﬁe I\ nepstbea GRY (hre2Bfed Dediida rﬁxerp%glgé%%ﬂf Be&p

reactor or two reactors in-se
Unr}ea:ci)e,d I gpleaceweoted| &histép o istlepridi ithe ezmabe

recyecled fo
pr e%/g IPJerblLﬁ‘g dlgsglugﬁyl lBufh‘ g%es%eggd&) érréerafze gg)li%ceﬁegt
gi ﬁ@ftiﬁjs&to(rjt%aioadtnystrlp@obplalmmm;mramcbdmmarsrt:eg 1-

oct ene an oct ene t her t at . .
conPerRRE s OHbri SGGhe- B ﬂ% %\?‘Vgﬁa’ia%ﬁpf{ er%%l%%gﬁatlon
cat afystehd S Alde @ repBRENERd Saily s eRaidiced Byich as

distillation, passed to an isonerjzation sta wher e
t hehexereene The Hesd dugokEPMz ERe ot ~PERRe p?ﬁ'F%Ir?tll(?n' may

€ & YA Mt h oRNoESQIBE] ZMnalt Gatraliysl, if
sucﬁE ggﬁéﬂK on 32 lﬁ%ang lgspgm al IL;S/ at a tenper %re t
of B0y208nQC ke remycleg- t50etande (hder

super at Q%Séﬁé?%?%ﬁ%s%r%ngﬁﬁﬁ 28t Pord Lo VR carﬁ%ed out

preferab Ut ehe may if desired
be nedeyete@tnérmng‘]e:qr@ortepasefandufﬁ%dwﬁ@dl figr desggabed

)T SUEPELEES AP 0 08 T e sh

2+3+8c Sep om'the di meri zat 1 on
cat éb)é$ﬁ.c&tgon§)ylsdléﬁi iddtatgiran gadtthéntlp@srsmsetm’- Sin@gntion

b(i) where it is mxed wth t al um ni d
i sorefli 28t +BRPER P T Cgrjfbﬁ'ﬁeléla{ggr ?grsuc%magl ;mN;an o

conpoundrhi OoPé PEILT & Bt eBisy BITO tabupresem invention may
also advantageously be performed with recycle of by
product or unreacted olefin streams from one of steps (a)
and” (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 l-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 recy;led from

step (b) (ii) to step -(a). This recycle may be as well as



which is an octyl or octyl propyl alum niumand to
di spl ace prdpene which is usually distilled off during

WO baeioesicr i on. After the reacti on unreacted 2+BCDEPTOF653352
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can be separated by distillation fromthe
or ganoal um ni um which is thensmused in step b(ii) . At
| east a nol ar excess of propene, conprising displaced

pr g%%ggé%f gg] step Pij)oand ungactefler Gﬁywjlﬁge@&\?ﬁhrhqpha

_ .||), iS then reacted in step b(ii)
t helefganshathnhas urneers weddarated: Beopr e58REePBPduct and/or

di spl acenent ca 0 tripr.ap upini u d
| araEE TR g ALY g & R SRUPLENMEELITAT: AR
di stddylcaki enefionst hearex oess sepaprtpénepand amyo byhe

products such as_hexenes.. The residue from .

D Eea SEiaPatFan, (hiy AT G0 LA Bo0Sapa SUPH D

di spirrceMenteeahgl yoit sfe@mnyusuandyt henhr soyel Edeslp linear
step b(i) . An appropriate transal kyl ation process
cardirb@ &deLdRder isomerizing conditions for use

herein i desaei bedehp ERory 0% 834 iangrEPyfehdd 7160
The context of these applications is an integral part
of tenyPricgereyi ReeREE BALERY TiLhWEoPpsr REEY h%?Ef?Pfoy

" ef Sl anse polepoveEabl, BLOGSRS O the present

i nventi'on“may al So advantageously be performed with
recycl e Wierbyher dduearoplefirda ddbyitenienost PERRE from

one, of st.e a n_d." (b f-rEH’&% s feed in
st rjesa%erfloz?a%tlt%e)o%gﬁérrl EF%%. asl’hjg RSt e&%atoéfdgpilglégéé' rr%};/e
be werdaryet dliefanbatchamsénem bettarh kol ipr ekgr gbhyain

cont i nuous nner,. . The _int t | perf
o RS R PG oas Ch e 25t peBubRte-
in stepdax) stk kf(khy stesaechay be weerydliedi sopsbppnéa)

iaﬂs%gﬁsjécégs%?géggg fggggré%ﬁ fo%;?béjtaﬁzgﬁ'ealsr% %oinier 8% the 2-
butene or other internal olefin isomer e.g. as 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 may also be performed before
or after the isomerization. The mixture of alpha and
internal olefin isomers from step (b) (ii) may be
isomerized separately from any isomerization of the
linear olefin from step (a) and the products, if desired
after separation of 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 be an equilibrium or non equilibrium mixture
of alpha and internal olefins.

In a second integrated process, step (a) produces

linear internal olefin of 2n carbon atoms and leaves one



performed with a stoichionetric excess of alpha olefin
over the anpbunt required to replace all the alkyl
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(b) (ii) leaves an olefin stream containing sone
unreacted al pha olefin, at Least- part of which is
recycl ed from step (b) (ii) to step (a) . This recycle

may, %&ﬁ%}?f %ﬁ}# \‘I?djs}e%%t(eé) o@ekifl of €RSLa SQUTE

of unreac e has been separat ed
f r @modtsrremhmchdalce sepHortadl eed Mt Leastasangset athe he

end 93! 98 £alapaThe LEGYGl @ 19! LN o3Lr 6By Mhae paxe

ri'zation Step
arQﬁﬁd&ﬁﬂh@@p@d&hugnax@hhkhﬁeﬂma -enttedisngethalesmayp,be as

usually with sone fresh Ii I ol ef

| | ﬁ\éeéfl ASpKECILELI hoi SRy Q@y{léﬁepl%?ll?é{ Fejglg EFV\Z%HJFT%%/&ECI
be pesfiQr medmvstB uizb;inyl)puarﬂcf i0ald passaxeept possimty
fromoligoners. en the |inear oleflnlslbteneo

ot rrélrsnl%@r ifzaml etePefPhiBude Y (Eident dRetbP case ot 1-

1-hexeng dhecuareacted: ol fid Sitgreamllrem, stap Bhiédcted
may contain corresponding internal olefin isoner, such

a solefiut erteeam £rbmasteBof) Gy (9He o5 COBRML Ry 2EPREeNe oF
Fecy ey LA SLER (3hnd5 2NEMAY U LRI iRz abhARe Olts

sonme O f utene or ‘ot her i nternal
ol ef s¢mésamerremty. ia 8 weswef bedl drFfaidbech abevgri §ACk 02s

wor k up of oleflnfro ste 0 AN
sepdY atF Yo aa\:tlolneggl Sone %%9%%1&1 gﬂo@rfggfee)passﬁge of at
di stédéati®me Ut clhhdr phsefied- ytodao o e;q@@(f b rfad)

before or aft th
al pha antf |§1tt§{“1¥é’1 %B:tggg%jé?égér!’é?%? ;r(r)]?n s ep (‘i)hgf

myg?g@%ﬁ/ég?féoﬁﬁdﬁ%B?Eahefyorﬁr@mmnya i s:csrrmalszsatdl,omf

" sesred s bl el St o

pas§8ﬂesgga§€@§” 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 des¢ribed, to both step (a)
and step {(b) (ii).

A fourth aspect of an integrated process can be
applied to l-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 iinear 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 may



step (a) ; advantageously the olefin streans from
steps (a) and (b) (ii) are recycled together to the
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stream passes to step (a) . The recycled olefin stream
passed to step (a) can b e anggquilibriumor non
equi librium m xture of alpha and internal olefins. In

a %%F%%%sggtggﬁéﬁﬁgeg{ﬂf qﬂ1%%%po§@ki gﬂgﬁsoééPQQﬂa

;
i nter ol'efin o n cgflbon atons an ?eaves
onedcafar zet i eatitophrcaiany watedyisédiol efen OP) Ai) .

carbon at , e re separated a L | S ‘
ne T eraPIYs BasSLatts Lo s FaF tieiaiey, FfE ased
pardl tfrridtel1gi spkacthg Bddqha iddaafiion/dIbpdarenyot ecatgglyst .
be as well_ as recycle to ste f)%)%”) off. . £
by-%d%}@tf/l@nf“éélfgﬁﬁ BrEh FParS S PY5T(B) TLFRY BRpEion ©
al s passage 10h/ak epi dicdméhis acad shr am at €prd) réagtor

to (b) (ii) . In the case of 1- butene or other ,

i somErlie dblee odepha SLBRT niS (RS IRS &¥6ted SPEPPH BeFRbm of

from §ien Af) onnY i @b PSR | SR Ay 8RE 206e0bABT reactor;
internal 1somer and may be.purified to reduce_its )

i sorey Tiomternd sacandanereters descMcdd BBseelesuchlnis
as by i soneri i a é&?@d td O PR @i enRa88 20€ach
of aa‘%/plfoeaas d@?ﬁ%lg?wsgggﬁghrl |enZI1 streamlté gtep (b)ac
(iiYeactar .a tTher dpembejomt bl prrrcldss., adeve adflovhe
byproduct/ unr.eacted _olefin fr S ().l ssed
iR tlésromsﬁrllz#g%?i%% tggg elge?rll%t))én&,}&tug@s?gpthe
(a) f arst soe-dar sthepe( bhe (tidnsmdri zat iont ésspemfofmed semi

A

bef p&Bo PRSBSOS0 liviendeshBedr Vi@ Ly sif iamaifcan adkyl

described, to both step (a) and step (b) .(Cii) . A

f ourtrmERHER &On&ﬁtiiﬁpégP%lt%e plr%%g%‘é”)caiﬁ%)eoé(sa Fag step

to lphul eneat Oyt by bsOoRBr dgabt Boed plovd o the
transmerization step (b) (1) 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 l-butene
into linear 1;octene using the process of the present

invention.



as both feed olefin for step (a) and displ acenent
olefin for step (b) (ii) . This process is a

WO pawdio637ent i on of the first to third types of PCT/EP2005/053352
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integrated process in which the olefin mxture of

linear alpha olefin and its 4s@mer fromstep (a)
and/or step (b) (ii) is isonerized with the .

| sogerizat ipnidignlacemBnEnsatalysisalsstep (b) (i)
usuar ry T tne TSOMErT zatr o part ol Step (1) .

The ol efaAkhl hemiraa lsamskd isoprepzerlovetr were purchased

I SO | zat hon .c u LNt rd. Iy '

t neBrhcarbartf YR bRba BFChpRe MO IR AR o, Lhess
ol ement dxédiretheayisepassed concurrently with the

ol efin djper_over the.isonerjzatjon/displacenent

cat al yst® %*%@e;?&e&)a% oS, W#éfﬁ?%bﬁtﬁ‘@ IS5 Rgms were
M XtdE el 8idowt afriderdini®roges paRSSshetd erAldl &lolvevies used
the isonerization/displacenent catal yst. The olefin

m xVEFe feledei P st eoerdaPFPretupettion of

I someri zgth piY slisl-3garmat (say gl yetity) awdd rsdordRPeRE Na-
while the olefin dimer is passed over a second portion

of WbReRRSadA grylHispiagc sheNes cAf BrgstWaten ademE of
rea : y rst and second reactors may be in

par gFP%F.gﬁ?@ approach nmay al | ow optim zation of

condi ti obhsbfbeneatdradsact.-Or. iThe dHelatPoritin wats | el

al sg_al c | NUO [ ri,zat| t [

i xBuFenFREe FELe PR SeRURU VAR DOPREhy AR MR anas

i s pedf easedssénmwidontt fuectsey pnrihecasecend react or

e.g. wt eriodi ¢ rengval of salve d/ or_ cat t

and/ or aﬂ%% p’é?%h‘ffrﬁ aé&s?gi Wgﬁsc%%rgﬁ%eﬁseqa 6y ¥

i sonerbratb§raper (ddle Sheprib)y tb)evaladystyimnd ke &4, C8
descri bed above for the tran Lzation, step (b (ia)t q
but aﬁfiecb?e‘F‘é‘F%‘BlF?fg%ﬁhsé'Tngsﬁpg[?g%hégpﬁ%ﬁ%sp FHpAFatus an
suchnhas £81 14w 2ndPeh raiefRyrabhy cOcbndi bidfa: The

i somerate produced in the fourth aspect of,f\n ,
Column: HP~1 (cross-linked methyl siloxane), film

thickness = 0.25um, internal diameter = 0.25 mm, length

20 - 60 m (by Hewlett Packard); injection temperature: 325°C;
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detection temperature: 325°C; initial temperature: 40°C
for 10 minutes; temperature programme rate:
10.0°C/minute; final temperature: 325°C 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 catalyst



I ntegrated process may be recycled, if desired after
purification as described, to at | east one of steps

w@ 2006@08i61 b) (ii) . The invention will now be PCT/EP2005/053352

10

15

20

illustrated by the followng non-limting exanples.
Exanpl es The exanpl e bel ow -degonstrates the
conversion of 1-butene into |linear 1-octene using the
g%% i) theTHEe%fQé?#éE“UH'd¥1ﬂﬁ%@eﬁékaEQQEegHﬁﬁ%%ltlon,
aracterisati em cals used in
pr elpmla:tdltmqs Vel eupus threse fnradmrAladrSn ch Saﬁ@sgléél@ed below.

Wit out fq;ther

ot ek a O

systens ver e carrled out under nltrogen atnnsphere
Al solvents used were dried u3|n‘ andard

procedures. Anhydrous o-MeINEQe
stored over Nawire and 4A nolia
wat er content of about 3 ppm
i.e. 99.0%purity) were purchased from Hoek Loos N

. V., Dieren, The Netherl ands é:ﬁ was used w t hout

further purification. The proo-cts obt ai ned were
characterise ), n der :
eval uat |e%'%%Pxé43C%:§ qﬁJ&g%Lﬁ uan§ mﬁé}) ln
58980 ser I@ dﬂhampawatsusdam 1he IfﬂO|dﬁ)\&|C|$g:lC anhydrlde.

chronatogra hi c condltlon Co
(cr BRg- 4?@ﬁg;?qﬂgﬁﬁyﬁ %FFS@aﬁ%ﬁ iéﬁgﬁqﬁﬁlﬂ bgn&sguiting

0. 2R hurd NS RRlurddamnter wat&r 25rHaMp indngirioducBO (M g) was
(by Hew ett Packard); .injection. tenperature:

325C
det £ee}3Fed dipdiditdrsiospsrashed (i W&Yﬁ&ratdﬁﬁg.g pd used
0C §;ptndd MRS h@ABeEat usL. progranmre rate:

l4-NMR (CDClz, selected data) & 5.31(s, OH), 2.16

X% purity) was
| ar sieves (final
ohut ene (grade 2.0,

(s, Me).

Preparation of 4-eicosanoxy-3,5-diphenylacetanilide

MeCONH : @
OCaqH41

A mixture of 4-hydroxy-3,5-diphenylacetanilide(é g),

1-bromoeicosane and 10 g potassium carbonate was refluxed
in acetone (70 ml) for 16 hours. The reaction nmixture 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.

l14-NMR (CDClz, selected data) & 3.13(t, CH20), 2.17

(s, Me).



10.0C/ m nute; final tenperature: 325C for 41.5
m nutes; internal standard: o-xylene or hexadecane.

wab@ehbRerlat a was obt ai ned at room tenper at ur ePEU/EP2085/053352
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Varian 300 MHz or 400 MHz apparatus. TRANSI TI ON METAL
COVPLEX AND CATALYST PREPARATLON The transition netal
catal yst conposition used in the dinerization
experinen el ow, v g _l46 c2s [ 1-
(2 e R b IR S AR 00 aph¥R e bl e

ei cosanoxy-3, 5-di phenyl phenylimxp) ethyl] pyridine
cobalt [Il1] chloride (B) and
bis (trifluoronethyl) pheny
catal ystsolution) . The preparabépp of this catal yst
conposi tion, including vari?,k starting materials, is
descri bed bel ow. Preparatiod!a 4- hydr oxy- 3,

5-di phenyl acetan ilide To 4-Rydroxy- 3,

5-di phery] anichii-B8afdx9-3, F 0 bHER )adeR ad@1be0f7.2 g) was
et hanol was added 1.6 m of acetic anhYdrlde. The

r eaddesh 2day §8PHr &8 POrmldiaoard. 4§hel rekharghy The

' ' T 1Bk 6 -
a;ggégﬁ)%§ﬁ§j9g3E§?F'QSQ.%@ffﬁxedI?%ﬂ”l%thEQQUCThé_rQa&tlon

tration,. washed with water, dried
andnirsed-anivasopoufradt bar ipar i The amashict] MaRViRs ptpeed, by

sel ect ed .dat a) 5. 31 (S, : 6 Nisati £
P cha T oo . BaBe s b B ST aReP AR P s R
M xéthienadf vidlydtosy93g 510 phemyl lackd driclicdeanexy-$. 9

1- bronoei cosane and 10 t assj.um car bonat e was
rgf@%&QﬁPY%FQ£;ﬁﬂ§n§§(?Ogﬁﬁgef%$ H%jhours. The reaction
m xture SMROYEBE1 )Nt wabery dBe(wy oduct Avdy , 6.67 (s,

isolated by filtration, washed with water and dried.
Cry2Hal Akt i 6h 60 dinrpent aRe Yial.dd 09, 4tg gH, CH0), 0.8-

4- ej cOSaANOXYs.3, phenyl acetanilide as a white
sol Ld® i‘wﬁ#(é%&@ "sel ected data) d 3.13 (t, CH0),

2'1zreparation of 2-[1-(2-t-butylphenylimino)ethyl]-6-[1-(4-

, tetrakis [3, 5-
porate (a cationic

eicosanoxy—3,5—diphenylphenylimino)ethyl]pyridine (A)

E&rY@Y ©

©

(»)
2—[1—(2—t—butylphenylimino)ethyl]—6—acetylpyridine

i

(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 was



(s, Me) .Preparation of 4-eicosanoxy-3,
5-di phenyl aniline To

wal2@soesenoxy- 3, 5- di phenyl acetanilide (7.2 g )P@EEP2005/053352
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added 24 g NaOH in 30 m| H2O and 40 m ethanol . The
resulting mxture was refluxedsfor 16 hours. The
reaction m xture was poured on ice. The product was

' Soéﬁ}:ﬁ%lklﬁsfe'dl Erah Qghﬁﬁg h weghied, Wdftat ghs J_solat?d as

Crystallisation romet ylelded599(10.9mm)

of an efidsancryi8 /(500dm<phe®1y73mmq1ne 4$)a white

solid. 1H NMR 7-7.63 '
2010 SN (0 5) 0 AT LMo M B ST,
CH2EY) - 1 Q 86 :3) #.¢m r§9|'1633,| ko)) , 3Paapatatmn o, 3 2.52
[1- (2 but henllmno eth 1- 4- -
ei cb%an%kry-b’i? 52d|4 héﬁyl Er%ie ]ym]n Shyl%’“pftr‘?ﬂ? rn@-8-
(A)l(ﬁ rﬁ (a%k% gutyl phenyl i m no) et hyl ]

y pyrldlne 487 ng, 1.65 nnDI) pr epar ed

1%1% %%% ] — @D'{il (4-

- 6- acet

\/\/ereldosamxbecB |5ﬁd5©hm’1ybphe0 LlJeIWenO) ] on,

El efttﬁ hFi %gdwergmgg%gd FBﬁfter standing for 1
day sol vent was renoved

i n vacuo. The resi due vvasc aI |ised from et hanol .
The product A was | yel | ow solid (600 ng,

0.73 ol , 449%. 3) d 8. 38 0dd, 2H, Py-HJ,
7.90 (t, IH, Hp) 3.21 (t,
2H, CH20), 2. 52 (s °2.4 3H, Me), 1.37
(s, 9H, t-Bu) , 0.8- .35 Fm CBIH, T al RSebr

Preparati on of 2 [ 1- (2t but yl
-6- [1- (4- eicosanoxy-3, 5-diphalytiphenylim no)
ethyl] pyridine cobalt [Il] chlo e conplex, . (B) In

an inert &t rmsPrpeerrea m%%l Wtign o ]’}leggg dP. §(ﬁ§mg (0.365

mmol) diimine A in 10 ml dichloromethane was added to 40

ylim no) ethyl]

mg CoCl, (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
ml 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¢Dg, broad signals, selected data) & 113 (1H,
Py-Hp), 112 (1H, Py-Hn), 18 (1H, Py-Hp), -10.8 (9H, t-Bu),
-56.0 (2H, ArH), -85.6 (1H, 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 an



mol ) diimne Ain 10 m dichl oronet hane was added to
40 ng COCI 2 (0.308 mmmol) in 5 m dichl oronet hane. The

WOorRoob00362vas stirred for 16 hours. After filtrecT/BP200$1653352
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sol ution was concentrated by renoving part of the
sol vent in vacuo. The product sformed a jelly after
add| tul)on of 1En m| pentane to the resulting solution
12 Y el QW SB£bEOYN SQ laL
Conty oty St e O B L 38 B sragien T
vacsmlut\moari dra%Sétwgr(eaO%r dﬁaltmem:dbmrt atomwpPaxtguperature

1H-NI\/RC6D6 bradS| | s,_sel ected d H
BB 5 (rteRsopg LIS R REG “HE ghodR? S

t Btl;t)balt_- Sforfp1eZHB Akl is 85ier( Iddlodr.H). Preparation

of a cationic catalyst solution in situ In an inert

SL@B{P’](WdELesﬁdi kﬂrigggﬁgighsrg 3in % Giss(ltitirkl betohethybglave

eny ora rlsr
s Ad0dd o RGEAOR BFE SR b B RO BR e An 2 0.5
cobg ¢ r£angpeax aﬁtloalavéyé@@,eppamaaﬁﬂi Lﬁtacﬂ:raatwa:&ostingreﬂth a

for half an hour at room tenperature |or
inj lé%ﬂmgmwﬁélgwﬁéa 49%: oAbt (At n@ob§|T§ —2) and a

1&%}55%’§Eiﬁ¥e¥eangebgfflé%f”¥h(Hﬁﬁéﬁqto avoid traces
dlrrerlzatlons in a0.5-litre batch autocl ave The
d|t ne!f)wzc'atq:lon @)@pma@ﬁmfswaér]ée@érl#m%d‘%tﬁf%e@ BIrEpfpEe
ste cl ay, ac oq i
oot ng/ 56| (15 T RRE et b Rep DKL, M ebBrinen
a tundi nedcg’asr stasr rmervendeBaby | Bt roduainger2 30 ndy o-gdylene,

tra ter e react or e o)
or o8R0 0 9 05 <8 vind e anrRbaTs hr MR e e e
2)5(8@%' meht lltulrteezf eaﬁ:tx@rgemsrssauee]geﬂ By51tht& dhecifiog 30

M  o-xyl ene O (0.3 sol ution ;i n heptane :
sub@éﬁuen@xgtﬁaﬁ% éioglgﬁﬁtgn‘dgfenﬁsr%%aer epcfevg‘s%u?rae%% -
0. 5tfebpdFa é@rtﬁg)aﬁﬂbclﬁhe r tRet peacont evdss avercmated to

di schar%ed via a tap, i
0. Pa and cooled to 20°C, after which it was loaded

with 120 ml l-butene (grade 2.0, Hoek Loos) and the
reactor was heated to 30°C.

Under stirring, the MMAO-solution (1207 mlcromoles)
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 pmol) 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 wés 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°C), which was easily



the base of the autoclave. The reactor was evacuat ed
to 0.4 kPa and cooled to 200C , after which it was

wo odees76d t h 120 m  1- butene (grade 2.0, Hoek RODEP20851053352
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the reactor was heated to 30C. Under stirring, the
MVAO-sol ution (1207 m cronplesy -was then added to the
reactor with the aid of o-xylene (the MVAO sol ution

vasginigchedy {08 d i Srldh Rs taub Vekd Nsed
tw cé? an t%e sti r}%”ll ng atatSO%tﬁbmﬁﬁglg&%%t?l%ed fotrOr
60 baickutesth&henietpll rathddidens. (49 mmol ) of the
cationi at al yst l.ution, _pr r.alLoN=0 j i
descri bégggﬁo% ?m\:/vasg I}On %de&%egﬁﬁﬁ?éjct g é?%éé%ﬂl%n
reaGik®@urySwag eakéem| Bnt iaomalypetseandather rehcthon hes

injector was rinsed three tines with. o-xyl Th

t ot ¥R BuRP S??B*&‘ﬁ e%%r ia\?torljgglgﬁ\é\%z Pﬂu%(%'eeng%% ro%o\/vahsours
13rng Thenaddith ornefetherierinal wats sysppedriegul ted in

a smal | exotherm (generally 3-8 0C), which was .
easiaPyaESErbEan By iR A VRGOSt 40 o aPRENbI T AGFNESE HEert
re@ﬁﬁﬁﬁépﬂ%&%,Eﬁetﬁﬁoﬁﬁ%ﬁiﬁﬂxﬂﬁﬂgﬂﬂﬂt@nﬁ-céﬁl@étﬁ@@Lboﬁtle
hours, an aliquot of the reaction m xture was: taken

f orusdmal ps&epahd the PewtibiNfadUErCofE8 -t o conti nue

for another hfufleUisy Aiary afk lRayr £538dad@r sl BUeesms in

t he experinment was stopp y depressurising the
autdsd anvemcandnded ahtiegvam diatdmdmnedabiogpheFBrPRatography

product m xture in a | I [ : .
P g S phe By Sl € WAL el S8 PAuRL MRt
C4, a8 withoCrReoliatknduced t drexyleast iagn imterord @hgndard.

SO G GTe8 BATBRGTI 2 oo O et "L gt hg o€ end

It E_t{%M{ﬁzidda:téyﬂeeaadas—batem@adn$tcamdgr of Mecerding made.
I%hgﬁ;aéid 3%7thggigie%nglX&£”§%é”3lgé%é%g% over all
octenes formed in the reaction was 98.4%. On the basis
of the GC data the turnover number to Cg 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 l-butene/mol of Co.

The percentage of 2-butene over l-butene + 2-butene in

the C4 fraction was found to be 8.6 3.

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 temperature



trans 2-octene and 3-octene and 0.4 g of Cl2 s were
made. The ratio of the internal 2- and 3-octenes over

wa@bkdosoetrenes forned in the reacti on was 98. 4% PCNEPI05/053352
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basis of the GC data the turnover number to C s was

10, 000 nol 1-butene/nol of Ce.49he percentage of

2-but ene over 1- butene + 2-butene in the C4" fraction

was uheerdvheubR, 3éhe %lat&rlQSY%bil@EtEHelﬁam efféié@rbns at

after 3 hours reaction time showed t formati on of

9. 8 \gvWot-erpeEpharedvcteHes) wi @hdsét%mqi Wde oA negtag,

sim e }l;EIOdM . ~FU Y, WA,

3, aoar@élttgihgut%%%?cno @ Elll'lﬁeoge?ggn?%fggyo ©

2- bmtlénéhoved it b dree mainllyuheptanna. t Ges Gdhfomatogmaphy of

was .f ou b % II t I t] m xt ure
tP%aggFéggegrgcgh R: %ﬁ§%%dggnd%§ Sgns$§€ P the)gg

d| stﬁrlalcatLbnn dexyrenandgndsta Islmalmdamountérdbf cloépiftatﬂ@ns

L omaPAarE. DEuBERth 1y Lot HENFERE) B g d (SR SRaeLLon

di stwalsl @8 at WO tiesmednal lﬂfe&*d:@d%égbéaiﬂ’dﬁrnéheoleflns as
vol atiles coll ected in twog fractions at

| ow
t enpéalirtgsned 7821 § - Tharfd PSPGMER HRBeNSPRet? the

COnfijrtaln@&%rl'z?aﬁl&hf@:k‘@éﬂgrteﬁ‘ﬁh)de%c&lbéa hérsartsaction
(5 M) showed it to b e mainly heptane. Gas

chr omat ogPaphpressukhevaiiond -Or ScPfoRl ShLMEBIF EUED
Con%e%'i:r‘?.%agdt QSO@ Ef@cé 'n%l Ow)@fleeﬂgn.gﬁgg f‘nstﬂ%ér inert

anount o hept ane (sol vent o The C8 cont ent

of qdm@l1§990ﬁdt©gg*@ln¢bnﬂwtds 674511\@ %Vpﬁhdtzﬁ@ngah@ternal

per hnt grpa [ st'wpl

Thi gset%%aﬁ%%d V\gsgué d}' f% ne%lgﬂatrklsall on atd 215 mg

experfi mncoﬁesoimmdvh@r eaf heptamﬂ a3pngessﬁJrNaL &Pyelg of

R o e

64 e dtibexadesabewds egtwl for 2 hours at 80°C
subsequently cooled to room temperature and the volatiles
of the obtained reaction mixture were distilled off at
this temperature under vacuum. After distillatidn 0.67 g
of residue remained while 4.07 g volatiles were collected
as distillate. GC analysis of the distillate did not show
the presence of any n-hexadecane. A sample of 90 mg of
the residue was diluted in pentane, quenched with diluted
sulphuric acid, and the organic products analyzed by gas
chromatography. GC showed the presence of a Cg¢ fraction
ﬁonsisting of n-hexane, of a Cg fraction consisting of
n-octane, and some Cj;; impurities. On the basis of the Cg
and Cg data the formula of the original Al compound can
be calculated as Al (CgHiz)0.76 (CeH17) 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 mg Co naphthenate in nonane



standard), 0.5 g of A(HC6H i3 3 (94.9% purity) and
215 mg of Ni(COD) 2 dissolved in heptane (3 mg of

woR(e0y762/ g of heptane anmounting to 30 ppm N PCDREP2005/053352
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total intake) . The reaction vessel was heated for 2
hours at 80Q0C , subsequent!|y-c@bled to room
tenperature and the volatiles of the obtained reaction

M xture mgrer distd |dehdfsheatnbih8148MPET B Usikn Ltf&d%fn total
vacyum Arter distillation 0.67 g of residue renmal ned

whi F8takeY - Al ats e ingr #beorract tem a8l wis | I nutes
cC ﬁﬂakM§mstém5ef5Ehfyfﬂél Eﬁbﬁed%gsn@ékéﬁowﬁﬁgﬁ%hed w;th

presence o f any n- hexadecane . A sanpl e
t heafédi daed vielze dRIdANdS iCompeneahe, an]@lb}'lz:ﬁkﬂfedomntdans of gas

di |

anal%gglggtgéggéaéﬂ chr on%hg%%g tﬁgg &ggﬁ}' d‘gfhe Br é%%ﬁ%%on
o fcan€istanygiah 9:?o.rﬂ§| siiﬂormgeoé n4 hE%ah&—o@lfarﬁE @8 octene
fractlon onsi s§ ane and.s i 2 .

i NpaUri {“ejég %?? hlengfb g FHSQ %’\n@n% dHtifqnfd fied
forpmbauefsthEmdmlﬁthﬂ 54 |n966§§ﬂ6d+066téhé31somer)

calculated a s Al (C6Hi3)o .76 (C8H|7)2 24 The
r es%&ﬁ% L8R ot hed' g r“&ﬂﬁtt e 6&x p&r PRERECWeRRYS Kl o pstene

0. 58 sémerWashé east£0 1l t8v96y It 6 9PifedP It Hesl defined
hexene in the presence of 88 mg Co naphthenate in

non&fele2stdroti iy tof InerkABE atosdit eyl ¥i6-Y1 - ppmocs ane
on tgtah petake) . After stirring the reaction mxture

15 minutes at. roomtenperature, a sanple was taken,
quenchedC%i dra ks @ tSﬁélpéﬁg‘éﬁk%nc@ﬁ?ﬁme?ﬂ guinutes of

anal-yaed; BY SRSy And3nneniepipgraphy. O showed the

presence o raction consisting of 93.1%
1- oct eneThils 585 {mp o tsduper s+ tbetehebuSe:mrqa}n heowonverted to

|nt oct and 0. 2% uni_den |f| roducts From
% H%@r(% %%]?%nnee usangt écrée rpso(r%re%? ?rac on At lrithe
mnstn@eﬁ%os wlth i Highahlie ldo ahtieh bgh enel & staixeirty .The

total se nes defined as th

Lol act T vrEstedd 19T uthe i el IR ERG TR Pt e Sy L ent

amount of tri n-butylaluminium may be used in step (b) (i)
and a 10-fold molar excess of l-buten& in the back
displacement step (b) (ii) to liberate l-octene in high
yield and selectivity.

The excess of l-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 l-butene and 2-butene, by heating
at 120°C in the presence of a Na/K on alumina catalyst
under pressure,

Propene Conversion

This Example demonstrates the conversion of 1-
propene to l-hexene using the process of the present

invention.



is 97.0% GC analyses of a sanple taken after 30
m nutes of reaction showed the sane results. This

wex@ampbseshows that 1-butene can be converted POI/EP00H053352
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1-octene using the process of the present invention
with high yield and high seleativity. Instead of the
tri hexylalum nium an equival ent anmount of tri

n- but yl 1 i : : d.. i ' d

10 ol d mal ar SrieetioR $RBEr LSt Mg erraerelid a 0.5

ﬂi spiarentire sty B pvel puipPed bek & acksdt eveling with a
ig ; BVILY. C f 1- buten

fr ot S8 ERE B (KRBT i D) ana

2- 31/:mehnjanebgslléagefumm eddf baffeese Im stdsy (U9 aficilfl traces

an r recyc for reuse_in the djmerizatjo

opt P n‘g?ﬁ/y’aﬁetber 58GSr Yari 7P ou%ér;rgjseqnul?cfﬂlqr?r PuRressure

i xgﬁre I@ﬁaﬂ-'wtl&?’ﬁl a@ﬁfarbuﬁee, Pbioheat itigp akpk2Ameat

in e presence of a Na/K qn _al ym na, catal yst. under

pr o588 BEAPH D el GVEPSRONo I R ERHIE Gforis FALEEne”

t heyg@nye! Si gﬁr‘sdlfut:ﬁ_'onpriﬁpefi@u&ﬁe}]-'M%é@d&lﬂ R&irring

process of the present invention. The dimerization

expeki ABn¢ wedeheritaiaged Preasers Qe eMPa for 30
aUtﬁﬁhgveTﬁ yf§5§¥BfMdd%ﬂeﬂE§e%e?@°&i§@h§!§éﬂE%ia a tap in
i ng bath J

heat'i ng/ coo (ex. Jul abo, nodel no. ATS-2) and
a t thbi hesgast sthe raartcaddvsaf Thesredator deas tayanpgitgd to

trage ' r. the, react\e '
or o0er BP0t g ) DG Canaty of Lt it e ldd) 9ffea
expetihebl ¢heromact olgrade 2cavelged byos M r\bdugingg 160 ml

2o sThhet ! T s B RS R Ao e
0. 5¢QvénlyPa poesSfre of 8.4 barg. :

Under stirring, the MAO-solution (4 mmol) was then
added to the reactor with the aid of toluene (the MAO-
solution was injected, the injector was subsequently
rinsed twice) and the stirring at 800 rpm ﬁas continued
for 30 minutes. e

The required amount (40 pmol) of the cationic
catalyst solution, preparation of: 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
ml.

The addition of the catalyst system resulted in a
small exotherm (generally 2-7°C), which was easily

absorbed by the thermostat bath, bringing the reactor

back to the initial conditions.



rain. The reactor contents were discharged via a tap
in the base of the autoclave. The reactor was

wermeei’erdl to 0.4 kPa and cooled to 20 OC , afPer/ERtowwsos53352
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it was | oaded with 51 g propene (grade 2.5, Hoek Loos

N .V.) and 160 m| tol uene. -The reactor was

gubseque;—tly heated to 500C giving a pressure of 8.4

arg r_stir e | yt.i ( nl'q?:l{ MaS,

t hen ad% gefv‘otl%hléiél%%e%[)br d#?ﬁ%a H&giggto?f %lne teﬁle? .
MAQ@3olwatsi anjeased njece etche tie@ctojretPoseREe as 1nternal
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f which_is descgribed ab th.th
tha?tuqo&ll@@ﬁeaﬂ&sdﬁgéﬂgjargg}/? roivane PRipERacr T

MRSt WakthRtr egused ddltiediiensbotred, reasteining
u5| ngi an injection syst%nl after which t he Iner tor

qt@@dsuﬁpéérﬂpnégl 40 [dnagdAdatehEheofaFa tndtn

d.t P t' ?) 5QduREdLh S the (HRAGIRILMATe200 M1 . The
It he catal yst systemresulted in a smal|

exot her r'ﬂh(eg@ﬂt@lualtl gnd-guod)y abhiCh \Sé’saé‘éﬂspllﬁ absEtpRfn
by Hhe THeLIRs! gl hath. «brd el dadiied g3ck@s back to

t he con i ons er m nut es "a “wei ghed
anoetntoneft dypaphlyenzéng the glr)tmvalblqaq deryd beReenehas

N
\é\/gizﬁtxl)ﬁpe%r%nér@e@rmem r@ﬂdfhé:uaat sekavmadad In the Ce
decshllng under sl 2t rogeliere Lo AdiGl ALERUES. ves
aci gl {§®. deactiataie orhenecal ahyst )hexeiﬂamg:vaaxt a@ll hekbmes
base of the autocl ave.
formed in the reaction was 98.9%. On the basis of the GC
data the turnover number to propeﬁe oligomers was 11,600
mol propene/mol of Co. The conversion of propene was
found to be 21.4 %.

After removal of propene, the $6lvent, hexylbenzene
and the higher oligomers of propene by vacuum
distillation under inert conditions the 1l+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 l-octene
instead of l-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 back



The amount and purity of C6, CO and Cl12 olefins in the
reaction m xture were determ ned by gas chromat ography

w@20060o37be i ntroduced hexyl benzene as i nt er nal PCT/EP2005/053352
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standard. According to this nmethod, 9.8 g of Cs , 1.0
g of Cg s and 0.07 g of Cl2 s3were nmade. In the C e
fraction the ratio of 1-hexene to cis/trans 2-hexene
was; 39160, LOo(©9f (1€ dd QRN pRXERRSIOYE g8hdrall
hex%el%g)slg%g%n%g %%E%hé );t(sa@ti onlpvvasp98. 9% On th% ba%ails Y
of ddwer@bedatgcthdingrrovidre mudsedure pfopené4 B of EP
oli was, 1 I e/ ml, 0 -

L t £
con egggéhwg hp%ogggggﬁhsg¥gﬁ’ Qggﬁg %TsQSSEESE&YErY °
r enfnala tdfonpodpépbexehe msay ientobtlaxygldbhenzene and t he

hi gh | i distillati
ndor i R SBam B FBRs CERES R E N ThuPathis e

usedhnduhtd diff @&&%L'Ezapypmmmdmy e heedatni edeput
anal ogous to the above-descri bed tragfnerizathon £
exp&t) entangi-t Anskeafngf beRede Dl AGkIuEPhgE excess ©
tri o WhalETR UG sbgadh ofnd i dialpiaiceindfti Brépe
transmeri zation step (b) (i) and using l-octene .

i nstladiiof.- 1-Mhexeneeph PhePFoRRICTEadER SFreRcdRentl) can
st ep, (xl?e}cféll(f)d folN@chikansHeL{ L&t Llﬂn( StheRnd@br( kkchBYed for
be pérforned as generally described according to the

pr ocegsr elrofthéx diarekaEPoB05834 A with an equi val ent
anmount of trioctyl alum niuminstead of
tripropylalum nium The backdi spl acenent step (b) (ii)

may be perforned 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 trioctylalumnium an

equi val ent anmount of tri-n-propylal um niumnmay be used

in step '
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(b) (i) and, instead of 1l-octene a 10 fold nol ar
excess of propylene may be used in the back

waole@ploatrenent step (b) (ii) . The excess of prPEYERNE5/053352

fromstep (b) (ii) can be recycled for reuse in step
(b) (ii) and/or recycled for reuse in the
dinerization.CL Al MS 1 7 2process for the
preparation of linear al pha ol efins having 2n carbon
atons fromlinear alpha ol efins having n carbon atons

conprising the steps of: €4 Ailn®riSzing a |inear al pha
ol efin having n carbon atons in the presence of a
di meri zation catalyst to produce a linear interna

ol @f.i n haviprgc2escaoborhatmmpanariofi pfr éaveangatmen

l'inear_.internal olefin havi 2n car bon d A
1 SR G 4 R SHAITR Ao CORBoana P peetins
pr egfnGRy of carsahabybhe asmpisiely ahe steps of:

i someri zati on/ di spl acenent cat al yst ig orf&g.tg}cause

i soneri z&) on ofifeel3ined LiRCErnalPhR e Hhd'aGng o
di spl ace al kyl g5 puph (Sdorfd AM $Adpkbbahky| @ ur ni um
compound to form an al kyl al um ni um conpound wherein

at | east one of dimerizaidorycadsd YS6uRE PBHOARER hi RS

a 'i”ear a!kyl ?ﬁ%gpn %ﬂgﬁgﬁl%%Qﬁ%%d2ﬁr8Q}$gﬁ atoms;

i somerization of sard linear internal olefin, and (b

(ii) reaCbih@)saédchimglthﬂlhﬁnﬁamnﬂ@§ﬁpaahd0#@fipzﬁﬁVing

i Spracenent carhl yarody Aot BRFREti R ofep, (3], vith @

al kyl from sai dtai&ykybdmidriiom compound i tloe npresence

linear al pha OI%%iQ 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.



having 2n carbon atons . 2 . Process according to
Caiml wherein nis an integer in the range of from3

W0 2008003362 Process according to aim1l or 2 WET/EBPIW05/053352
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the starting al pha olefin having n carbon atons is
1-butene and the Iinear al phasel ef i n having 2n carbon
atons is 1- octene . . A process for the preparation

of l'%ce%'spla@:cglrﬁihg ?@Vwegm(m o B2yneakhantaLons

conprising the steps of co-dinerizing a tinear
al phea ot isgfg e lipde pdgefiinchabbng an mlwrt lptemsi agal~butene

al pha, ol,ef in havi ng étsg%%? IO 1 theRhesense of 1-

a diferization catar near i nterna
ol ebttredwmvi ng (nl + n2) carbon atons ; (b) (1)

rea tln the linear internal olefin h n

CarBon B dodadateadths Sreprrayidh (4 blar alBha
trl@1&ﬂiﬁﬂnﬁﬁﬂﬂgunmaowpﬁlmdcaﬁbeeamﬁﬁsenmguﬁhlag the steps
catalytic amount of an isonerization/displacenent

cataﬁyst in order to cause isonerization of the linear

i nternal (9] efi ncgngihdr0iisRY aca iallsy agppEpPolsfid Neing
said trlalkylalun1n|un1conpound to forman al ky

aIunlnlun1conpoﬁhd0%$h9Qﬂ%FQﬁsIW&%@taoﬁé“SFrtﬁ%P%ﬁIQAEfln

groups bound to éb&%@fH2”EAf%d%'dﬂaﬁ%f1ﬁ|EME hisbhdb@Sof a
been deri ved fron1the I sonerization of said [inear

internal ol ef i ndokenizatymn watisdy st sesprafdaceny i19ar
reacting said ah§¥érﬁ%i”%fgfgﬂ(ﬁyv¥ﬁ%nQnﬂjLhnZ) 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.



an al pha olefin optionally in the presence of a
di spl acenent catal yst so as to displace said |linear

wa@bkdogloF7som sai d al kyl al um ni um conpound to fRECTEPR2005/053352
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i near al pha olefin having (nl + n2) carbon atons.5 .
A process according to Cl ai m4swherein nl and n2 are
each integers in the range of from3 to 11, and

thgeln nl fo%ggsdbéégfgiﬁ%;ﬂg(ﬁﬁglnrﬁo%h@%eln nl and n2 are

Process acor ing to a Clainms 1to wherei n said
t riesddby lirddegeirsi dm tbﬁ'pwmle iaf SalogcBedof Adm and wherein

tri-nhexyl gl um ni um
tri%hotht ya1 4%%%85% {‘ %%]?1 umazlnl um
trien- pWealsuabnbnmngrte mrqctqzﬂ &larisi dmeo 5 wherein

tri- I {ri-ndode
LTS T L SRR AT e, sron cri-n-

t 1 i ndky0Icd 106AGY hual, Uk BF Usbb@ngl aliuttiies, t hedeak. 7 .
Process according to an?{ of Cains 1 tq 6 wherei
¥

ISdﬁ%ﬁY%ﬁﬁHWﬁ?%ygpaﬁyégt l%ng%ﬂaynucgg&rysprggyge%gglnlum,
f rognipliale Qldlniahbh, Bk ckieladdydatatipax ates n-

) "acet onates and ni ckel (O) compl exes, and
ni xdedesykdlordoiurg trProceer B A G ind Uany t gi-n-

Clahgga&eé§% 5&MT%&%RD EQ? ng@Eé&éﬂ§f¥ldﬁ¥ﬂiﬁ%Stand

r1ses: oné of nore transition netal conplexes
eaahlxtwmmruk&mag)fa tranS| tion netal atomand a

sarylim r|din gand ( atal yst
bun raocé:eoé:sla cggd?rﬁg (?f d(g’la) \}A%eiﬁelkqﬁ t‘alen
b| saheylimm:memmﬁnneatta@aati hasatrtﬂeclfedr msalt@lQIIS): selected

00 BB (S T B (2P 0SRS0, e
(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 bis-
arylimine pyridine ligand; and
(ii) a co-catalyst compound.
9. Process according to Claim 8 wherein the bis-

arylimine pyridine ligand has the formula (I) below:



hydrocarbyl, an inert functional group, or any two of
R1-R3 and R7-R9 vicinal to one another taken together

woregeder7m2 a ring, and R i s hydrogen, optional | BCT/EP2005/053352
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substituted hydrocarbyl, an inert functional group, or
taken together with R7 or R4 6w forma ring, R o

hydr ogen, optionally substituted hydrocarbyl, an inert
functional group, or taken together with Ror R4 to
forma ring, Ris hydrogen, optiphally substituted
hydrocarbyl, an inert functr,Qnal , or taken
together with Rl _2 or R5 to f ring, R5is
hydrogen, optionally subsgtitut dr ocgr byl, an inert
functional group, or take fth R 4 or RS to
forma ring, provided t S

and Ri 4 e i ndepence < QPN
substituted G - C30 |l ky 5 ituted C4
- C30 al kyl oxy, hal og - wsriuted C5
- C20 aryl, or R1%e iRy Y or W34 form
aring, or R2 taken together with R for ring and

R14 taken together with 'R15 forma ring, andprovided
that at |east one of R12, R13 and R|_4 is optionally
substituted C4 - C30 al kyl oxy. 0. Process accordi ng
to Caim8 or 9 wherein the transition netal atomis

seleranait RimRse &AAdR@o. R12. 21 dtleks £%5cE6CGirng to any
o S MO pIEhELR, 1 08 Sqroal Ak ey 1S

m noxanes and
m X pdescdwrigofan i2erA puoncessnalc cpralimg oro aayy teneof
of clainms 1-11 erein the linear_al.pha qlefin._i
() K12 P i s "he Al pha. SRer T T Ss e Cof ° F?%’g‘.@ ney
13. rOCLSS, ACey flngs LR, &R, 1opienel DySiePs € Muted
(i |§é'|’ng %g%%ggr'ne% %V\Aﬁtth% tg{oi(f:ani SmBtric excess of
al phpdodadibylovem tinergnbunetierpl ri&PUo &pltakenafpoether

thewg ﬁyﬂ7 or R4 to form a ring, Ryg is hydrogen, optionally
substituted hydrocarbyl, an inert functional group, or
taken together with Rg or R4 to form a ring, Ryj is

hydrogen, optionally substituted hydrocarbyl, an inert
functional group, or taken together with Rq2 or Rg to

form a ring, Rig is hydrogen, optionally substituted

hydrocarbyl, an inert functional group, or taken together

with Ry4 or Rg to form a ring, provided that R33 and at
least one of Ryp and Rjj are independently selected from

optionally substituted Ci — Csz alkyl, optionally
substituted Cq4 - C3p alkyloxy, halogen and optionally
substituted Cs - Cyo aryl, or Ri3 taken together with Rq2

or Ri4 form a ring, or Rjp taken together with Rqq1 form a

ring and Ryg taken together with Ris form a ring, and



group (s) in said alkyl alum niumconpound, and step
(b) (ii) leaves an olefin stream containing sone

wamoeaet’erl al pha ol efin, at |east part of whi cPCI/BP2005/053352
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30

reycled fromstep (b) (ii) to step (a) . 14. A process
according to claim 13 wherei-nsghe al pha olefin is
1-butene said olefin stream conprises 2-butene, and at

{gﬁ{%ﬁ%eéﬁde%fgl&tth%tm%en&né o ?i;)zst r@;_main% RSQMEEI zed

_ ore use In step A process
accepi dih 11y iy seAeuebdctai-mesd 21ld/ mbar.ein step (a)
produces the linear internal _olefin of 2n_car bonipand

| ealles BTV FCSOrEARI AT *r eacEdeoPefPhi of

N carhom @l HMnetdll Leas! 150881 dt &kl efd mngt ceam
bei ng passed to step (b) (ii) as at least part _of the .
al phh- ol Rfege s aQCorgingt hot #eY L& yFLaimishitgml 0 wherein

co nd. _ coL di =Y erein
hetlf pfir S et SEERpuRaEs S dip G E R Bl
conptusisi @rs butlewd noxpdeat aheapixsoras dthane@2- but ene

compt rsizst 2ns butlems posad : e
g e g v

pr ogRsse e Ctidli Nighdaxr @llphm dledin 1B wierei (2)t He the same
I somerjzation is perforned wth

f .
i soﬁ%rF}z%t?Jcﬁ{f}%i%l;ﬂé{’eﬁé‘nF%Bt éﬁ’@gfl)of step (b) (i)

13. A process according to claim 12 wherein step (b) (i1)
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) (1i) 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 1l-butene said olefin stream comprises 2-butene,
and at least some of the 2-butene in the streah is
isomerized to l-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 l-butene, said olefin stream comprises 2-
butene, and at least some of the 2-butene in said stream
is isomerized to l-butene before passage of at least some

to step (b) (ii).
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17. A process according to claim 14 or 16 wherein the

isomerization is performed with the

isomerization/displacement catalyst of step (b) (i).



