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WD 2004/ 037415 PCT/ EP2003/ 010708 - 1 CATALYST
SYSTEMS FOR ETHYLENE OLI GOMVERI SATI ON TO LI NEAR ALPHA

WOREFON815i el d of the Invention The present i nRENEPIN3/010708

relates to catal yst systens for- jet-hyl ene

oligonerisation to linear alpha olefins in high yield

and very high selectivity, and a process for 5

pr epard ' PGk fdns. %@i

t he Ir?%%?%jnld\;}gri ousS glrdg{:]zﬂs@eyg'gmﬁkz Lnown ofr)sHl?lﬂIeCSN TO LINEAR
production of higher |ine®LEpPRLERINTI NS

(for.,.-exanple D. Vogt, digonerisation of ethylene

to higher a-olefins in 10 Applied Honpbgeneous

Cat alpssd 19 Wt 1@ gaipsetsald i ¢ Conmpounds Ed. B.

CorniTs, WA Herrmann, 2"d Edition, Vol. 1., Ch.

2. 3. 1. 3, Ty Rms3invgiteyorny@ie 1200 .to Tedselyst systems for

co Y oces f .d._ei.t her, a Poi n or . . .
SOl SRS AL P A 8880 Dharine in hign
or deryited dhrad nvear PaiisgoEdiedtihitly 0OmndiG Gddess for

term nation nust take place during oligonerisation.

HoweWSPA I " ridias tL 1197 % a3did 2™ GME process, chain
ter m%g%m%§% ﬂﬂ%q% dndependent from chain

| engt™: e ol i gonmerisation step

20 of t he VelmldusHipgivere sGlesf ians Rrooes £ (XSHER) pdroduction of
typi cal . exanpl e of .a.Schul z-.Fl ory_process.. In a

Schu I%zl-gﬁ or ?Ihﬁ}eoacre sasl,ph[aavﬁi?ef hgd dg‘? Siagofery HE
typi ¢ 4 dopnmdes 4 4y Whi t o ch in. .

can be lc?,éot erm ne%ég@ d(;lglé%:u é{elrlgér:] ﬂoérzr}]tlléh%gséﬂsﬁo%jtrﬂse +h

S0 2Fmpaldestl HonfapamarausT iGs té yact 0wl tihi @lyd fometallic

i ndi cative o e rel ative proportions of the product
ol ef i‘%ﬁpvci@‘{%eéﬂ(}o%o&ﬂ%éiﬁs Wy SIS0 A0 Baipion,
mol avdiat i19 eh [ ene2lY [3onlhacrl culates fremdhe st onf2) |

of the graph of log [Cn nolo] versus n, whére n is
t he Th@dsecaymeagsy: ratcsres Sav & fifamd @iltdrepraodwisson or

0|eﬂ§%hulz—Flory oligomer product distribution.

In order to obtain a Poisson distribution, no chain
termination must take place during oligomerisation.
However, in contrast, in a Schulz-Flory process, chain
termination does occur and is independent from chain
length. The Ni-catalysed ethylene oligomerisation step
of the Shell Higher Olefins Process (SHOP) is attypical
example of a Schulz-Flory process.

In a Schulz-Flory process, éfwide range of oligomers
are typical;y made in which the fraction of each olefin
can be determined by calculation on the basis of the so-
called K—facfor. The K-factor, which is indicative of

the relative proportions of the product olefins, is the



The K-factor is by definition the sane for each n. By
5 ligand variation and adjustnent of reaction

w@aranees s, the K-factor can be adjusted to PCTREP2009010708
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| ower values. |In this way, the process can be
operated to produce a product slate with an optim sed

econonj ¢ benefit. _Since d for the -C18 fraction
R n e o 46 et A e e ot fr e RS ' 4f8be of
processes are geared to produce the |ower carbon
nunbelie oy edpnsof Howevet, hde:] fosnshs om, ofhéhe hi ghethe
carbon nunber olefins is inevitable, and, wthout

f ur tihetbg@r ocessaigon t &reomé of w4 i parof ciheseppo@duct S1lefin.

is detrinmental to, the 15 profitability of the process.
To redtce TRECHeghti be dPhpattior the $iBRefOraPBER D- BY

numbeyr 5 ol @5 08; apdo R ah e b oYLt H@h Ueo FALELACT b arameters,

addi tional technol ogy has been devel oped to reprocess

t hesehstebast andcennveradihebhedi e chhorer vat ubbver values.
chemjcal s. such as,_jinternal C6-Cl18 20 olefins, _as_ is

prac ?é%%l?nw?%é Eﬁ%l?r?f%%%rc%Tg??n%peﬁ?%%ésg9 produce a
Howeyesdudhi s14€6hndtogyn | Spexessd Vecbobhi & rieshanit .

i nvest ment and operational point of view and

consequentdyce adletfardddfd+ oftad ©HSE1g Tel®f ¥ is much higher
considerable effort is 25 directed to keep the

roducti op of the_ higher carbon nunbered ol efins t
the WbRBI LRe WM TRRY TIRCTIOL MARCCitM ST TRETy tO

associated wth the Schul z-Flory K- factor. WO
20047 %ﬁ%%/%@?%s‘f%ﬁ%%snu % nof#%n?ega%w%ver' the
nunbes rRd + PeR| bshede PRI GNEr SPPboE AL LRANSr dESEELI RS is

catal yst systens for the polynerisation or
ol i goneYitalplon ardl-olerons, Tupthearrrectasiey hytene,

whi ch, f‘%ﬁ‘ th{}‘?@?é‘g%?é&‘é%r‘ﬂs 5d#§ﬂ§éﬁ%£f fEtahe
conmpounds.  See, for “ex e, e folT'ow ng pat ent

appl praf 1 o4isi Whi ¢ ho fir €hé nsos Pos At edro hes@ude byhe negative
reference in_ their entirety: W 92/12162, WO

96/ 2ARRC T W 9979 JoBIAhS W TR B0 TFLHD 0B SR 4angyepf the low

value Cy4 fraction, additional technology has been
developed to reprocess these streams and convert them
into more valuable chemicals such as internal Cg-Cjig

olefins, as is practised in the Shell Higher Olefins
Process.

However, this technology is expensive both from an
investment and operational point Qf view and consequently
adds additional cost. Therefore considerable effort is
directed to keep the production of the higher carbon
numbered olefins to the absolute minimum, i.e. not more
than inherently associated with the Schulz-Flory K-

factor.



99/ 02472, WO .99/50273, WD 99/51550, EP-A-1, 127,987,
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and WD 03/000628. In particular3 recently published
Shel | applications WO01/58874, WO02/ 00339, W02/ 28805
and WO 03fA1%8B76, rabkrdls afimbbi-cbfapablnspepopatedt

herein by reference in their entirety, disclose novel
cl aséBBlafrataPaPydpsChabedCaha LEs- FHERE8MBY £Pdi 8BS r on

conmpgengaewisghigheohi ghl yoReth ¥8+ibA Efe%—olefins, in
ol i gonerisation of olefins, especially ethylene and
whi chaproduder| ehbaleakphahothf cnstannt het€6g€86c2Ataining

ran wth,a Sch :Flory distrihutio said | inea
R T R i TN R S
need£bonewehgf pateARr a¥pNgchBeonselBebhValY 9hcbRPBorated

l'i near al pha olefins in the oligonerisation processes
deschfEedni Ryt RefprpbFeain. theirtepsikabwn e 88418162, WO
co-C35abyakoSURD. 88/800sd UibnbEM ALY gb. 8kYIYAEANGo

in conjunction with an” ofefin polynerization

cat aP§4024T72, has AGWSEQATRr i BOngPy51b8en E£pundlt hat, 987, WO

ol unpAokane” cofaP2r §ERa  WOoRa0 R Thir oMaolpdter By ao

zi ncogeoBoYBdswosyeN18848NERE, 0besbhbs, i Roab1,/58874 and
i mprovenent 1n the selectivity for |inear

al phBOoP@7PA862BR t he above mentioned ol i gonerisation

process c 004/ 037415 PCT/EP2003,010708 - . .

4 Dby bisgésﬁgﬁgg%ggégrdF%ge?g%ﬁ %%%%%ﬁﬁ%g.éﬁfgih%ppllcatlons
sanewoolfiegsvhe WOORMUOOBBIUNWAOL 2A8BY S panduRbS0SUON1896, all
internal  and branched ol efins and dienes, is reduced.
AngeRf CRaRP pRE. 1Egorpepatedihergingbyprgésragge sn their
491, opptEELed glEensGat abyzeds ?E%@Eh¥k?82tghgéfs based on
Gowh on Zinc: Linear al pha-olefins with a Poisson

Di stbibuiinbne byrEongeidoR. cB8npbondekyhEthveneAhighly active
Cohen Vern r

van pRureS Silachssbaia enarh B SRS pr BEBEETOMY| REDYLene

CatagxéthQXhaproduce linear alpha olefins in the Cg-C3q
range with a Schulz-Flory distribution, said linear alpha
olefins being of high purity.

There is still a need however for improving the
selectivity of the linear alpha olefins in the
oligomerisation processes described in the prior art.

It is known to use a co-catalyst such as an
aluminium alkyl or aluminoxane iﬁ'conjunction with an
olefin polymerization catalyst. It has now surprisingly

“been found that replacement of a portion of the aluminium
alkyl or aluminoxane co-catalyst with one or more
particular zinc compounds, such as ZnEt,, results in an
improvement in the selectivity for linear alpha-olefins

in the above mentioned oligomerisation process catalysed



10 bis(imno)pyridine iron catal yst. However, analysis
of the polynmer produced by the reaction after

whyanobusi s revealed a fully saturated |inearPel/kKR2063/010708
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product, rather than an al pha-okefin product. In

order to obtain an alpha-olefin this reference
descpiybpssarhickehecpiainzgd 154 %Bh@eﬁﬂa@t Ohtt 'Eﬁe same
grown al kyl chain, in the presence of ethyl ene

r egehéfar etHEeRRPlnE AE. UTHandkRgt PybRrponcHE sabphas internal
ol ef b i sgon_ distri buti on

rat nert REARRREE, bESEEhE SRaP8i2neR: TER v hTRar y ot

t he I nvenhngaw20Ckba. pEﬁSenEdlnQODELoﬂlDrNMIdB$ Pages 489-

t al t {
E?SZ€§ - Ei%ﬁé?a EbféggaFYE8623513%5h5ﬂ9§ﬁsChebp growth

flrs5ncgiﬁatatyﬁeagoapgﬂadom@fgﬁsl§l§ﬁ|stsg ¢gnf rom
al um ni um al kyl's, al um noxanes, and m xtures Rereof

and Pé?talbetgnd”cbycéearystJcBanumdomhekh Bbapenses Cohen,

one re c ounds f la ZnR. 2

eachvgfn mhﬁchagg ?ﬁ£e§aﬁe @?ga?Ffe?%ﬂtMaFEléovan Meurs,
sel eated1bEem aydh@gﬁngr@wthombwsgubﬁtkw&edca@h%ed by a
hydr ocar byl , phenyl, F, d, Br, I, SR |, WO

2004%37&11@1@ YEPSBDS/ b1orogatalgst NR'Howewpr, ORnalysis of
h
nay EﬁérﬁgighQrRéfoaﬁg%ﬁ b tEHEPgeggflgﬁnFFgB£eﬁyhgoly51s

ere I ona
substeVeakddCH fﬁmlpydabuaabgd linearfalkhﬁe pspaottef rather
t he Eﬁesent gventlgn there provi ded a process,

for FAR"pfBdacPRane ?fF?ngﬁ? FEha 1D @FFRE EBnPPE_LRgan

reacélﬁﬁaeéD&ffﬂetHﬂgefefgféSQQEHé§é£i9@sCQnHiEkQTSCEEalyzed
the presence of an effective amount of th

cataﬁyéPléygméﬁtd@§cth@e@rh@meahkylDehalhedln the presence of

Descy | t ent i og; 1 first essentia

compoRaRT CTe thet CAPATS AL o UAT NV of LEhe prESeHETTiPuTion of

i nvealpba oSeﬁﬂEsOprﬁﬂﬁee@ISﬁryéid1ﬂ© be a Poisson
distribution rather than a Schulz-Flory distribution.

Summary of the Invention

The present invention provides a catalyst system

comprising:
(a) one or more bisarylimino pyridine iron or cobalt
catalysts:;

(b) a first co-catalyst compound which is selected
from aluminium alkyls, aluminoxanes, and mixtures
thereof; and

(c) a second co-catalyst compound which comprises one
or more compounds of the formula ZnR’; wherein

each R’, which may be the same or different, is

selected from hydrogen, optionally substituted

C1-C20 hydrocarbyl, phenyl, F, Cl, Br, I, SR’’,



pyridine iron or cobalt catalysts. Any bisarylimno
pyridine iron or cobalt catalyst suitable for use in

we@rdoglozmes ol i gomeri sation reactions for producP@mEP2003/010708
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| i near 15 al pha ol efins may be -us$ed herein. Suitable
bi sarylimno pyridine iron or cobalt catalysts for

use. herein cl ud but_ are ted to,
bi s- aryI|n1Hg%yr%ﬁﬁ%d , éﬁf Qg%‘ﬂh S [Bi'se which within

aryllnlnepyrﬁﬁgrg%ﬂﬁy oié@dlé £%]§3Q9H§|§g§é o?aégfferent

bis 20 aryI|n1nepyr| I ne conpl-exes conpris

bi saryl i m neis pygt dhier 1 gantk: Wher & o Mdz% g@f{[o%arbyl.

atom selected from Fe or Co, nis 2 or. 3,

hal i de, ophi ang@lkyhesubspitut 8¢ budr peasbyk, lﬁbbﬁ%hgﬁ there

am de or hydride, Y is a ligand which may insert an

ol ef i*A, PN8V1ﬁ§daanBﬁ02§S§oépélﬁﬁ?lﬁgoéﬁpﬁﬁonp@é ilgnpar alpha-
; h r d f net al

R AR i R o T

or 201Eg@m€yhs&tm0npypnduhéonsomnothecpbabbncétaEyahs

of thi.s type are d| in 1/58874 W02/ 00339,

wooz?f%@ﬁéggﬁdavﬁﬁﬁ /8 1§g8 CQFP Y86 S¥SWAMcHegFE1bed herein.

i ncopperated heseiipbyoheber epeerhpehPebh entirety.

WO 20047037415 PCT/EP20037 010708~ - © Particularly

sui tabl e Bi §aryti abRenpyridreaspbhgandsn £be useaﬂystheystem

for mitaciFy BEEPR I o IR e RaCREr MG e P it iino
R14 pyxidOnBgiRd BtlcBb31tROaBd2ysts. Any bisarylimino

pyridine iron or cobalt catalyst suitable for use in

ethylene oligomerisation reactions for producing linear
alpha olefins may be used herein. |
Suitable bisarylimino pyridine iron or cobalt
catalysts for use. herein include, but are not limited to,
bis-aryliminepyridine MX, complexes and/or [bis-
aryliminepyridine MYpﬁhﬁJ[NC']q complexes, said bis-
aryliminepyridine complexes comprising a bisarylimine
pyridine ligand, wherein M is a metal atom selected from
Fe or Co, n is 2 or 3, and X 1s halide, optionally
substituted hydrocarbyl, alkoxide, amide or hydride, Y is
a ligand which may insert an olefin, NC~ is a non-
coordinating anion, p+qg is 2 or.3, ‘matching the formal
oxidation of said metal atom; L is a neutral Lewis donor
molecule; b is 0, 1 or 2. Bisarylimino pyridine iron or
cobalt catalysts of this type are disclosed in
WO01/58874, W0O02/00339, W002/28805 and WO 03/011876, all
of which are incorporated herein by reference in their

entirety.



5 () wherein Xis carbon or nitrogen, nis 0 or 1,
mis O or 1, Zis a 7t-coordinated netal fragnent, 10

WORI0RD374RY- Rg and R12- R14 are each, independenedTy/EP2003/010708
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hydr ogen, optionally substitutedéydrocarbyl, an inert
functional group, or any two of Rl1-R3, R7-Rg and .
R12-R14 vl 1l 16N & AR Jialeh a8ty MY ne 1igands
forma ring; R6 is hydrogen, optionally substituted

hydr §&ar Byde idn tiheerqates visinstisdieals dreqgd,n dmalakien those

t oget . W R7 ta.for aring; RLO is

hydr gggkn\@o%eoﬁfaq{my%éuégt)i E{P&W' hydr ocar byl , an

inert functional group, or takep together wth Rg or

R4 to forma ring; R11 is hydrogen, optionally

substituted hydrocarbyl, Ran ingrt fuactional group, or

20 taken together with R5 0O "ﬁ! 0 forma ring; and

R15 is WD 2004/ 037415 #£CT/ EP2 010708 - 7

hydr ogen, optionally subsgi =K ocar byl , an inert
functional group, or Rt;ake t og withRRS or R14 to

forma ring. In the presemt inventi
are used as 5 iy e term"ilﬁ\cooi ng
fragnment” in rel aty o the group Z fEal cL?heZ
group together wt ring containipg ti at G
represents a netéal | j)ety or a-Sand Qr

net al - ar ene corrp[’i ex ich can be 10'optilonal | y**
substituted. The Z grpup contains a netalg,, at om which
Is 7t-coordinated to the aromatic ring containing the
X atom . The Z group can al so corntiain one or nore

| i gands whi ch are coordinated to the netal atom such
as, POFTERENP &5 €A PPy RKdE I tEG8R hat the Z group 15
formg tihe omgtal fragment Fe (CO X Preferably, -
however, the Z group contains an optionally

subst tigt dogrdmatic ring which is it-coordinated to

the npetal . Said , :
gels a m-coordinated metal fragment,

met al

R1-R5, R7-Rg and Rj12-R14 are each, independently,
hydrogen, optionally substituted hydrocarbyl, an inert

functional group, or any two of Rj-R3, R7-Rg and Rj2-Rjg

vicinal to one another taken together may form a ring; Rg
is hydrogen, optionally substituted hydrocarbyl, an inert

functional group, or taken together with R7 or Rg to form

a ring; Rig is hydrogen, optionaliy substituted
hydrocarbyl, an inert functional group, or taken together
with Ré or Rg to form a ring; R3] is‘hydrogen, optionally
substituted hydrocarbyl, an inert functional group, or

taken together with Rs or Riz to form a ring; and Ris is



optionally substituted aromatic ring can be any
sui table nonocyclic or polycyclic, aromatic or

whedoeogEIDMatic ring 20 having from5 to 10 riPQI/APING010708

optionally containing from 1 to73-heteroatons

selected fromN, 0 and S. Preferably the aromatic

ri NghiySrageBnoeyelibeadl MBLbEtit1REJICARHRLBERG AN OBWS inert

to 6 carbon atons, such as phenyl and

cycl 6pentadnenybrolpn- birntbkeg esgephes @ttB5R5 or Rig to

conbi nations of aromatic hydrocarbon rings

cont &phinng' aAngX at om and it -coordi nated net al

fragnentz igﬁlude ferrocene ,cobaltgcene

ni ckel ocBHe  enhPbRBERhe MV ERFANBcEREL2VAn5AbRENRLe used as

bi s- benzene:chronm um bis-benzene titaniumand simlar

het eroarene netal conpl exes, 30 nono-cationic arene

manganes@her tsroal'hoogbrdamaped methenf naydesht othdeelation
37415 PCJ/ EP2003/010708 8 The term

WO 2004
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grouﬁﬁngfcéﬁﬁﬂyhﬁng|ihébQVgtBﬁaﬁé 2c9ERUR SORLALDY Bene
only carbon and hydrogen atonms. Unl ess "ot herw se

st atBdietyhernanbandeickapbonehebnsresepeenpiakl yhinh can be
t he 0 espegcially froml to 6. The
hydr%§2?§§?ligrgE%S%%§§g%déatu?% e% %Foﬁﬂsg?ﬁfi%aa,a metal
al i phebhCwni M Ch 9a)l PHELH LnOF e §YEL ORKOMRE bifa fcYring
phenyl), but is preferably aliphatic. Suitable

hydreeatdyhiggotps Xiatbmde Phéndrgrosecoadasysandontain one
tertjar rbon_atom 10.. groups such as thpse
descé?b%%%%eﬁﬁ%?n?% W%%CBr%E%n?O?ﬁgéﬂ?E%ﬂ,g?hEhﬁh?ﬁE%l atom,
"optsocal by, substkémped hydyoraghyds,isuerl ehbenthe® 7z group
the R1 to R15 groups of fornula élglabove Is used to
desciPHRs Ryarvebrbyfrygmens bpt (6Ratl y Rasfissiahi g dmwever,

or npig ﬂ5g£§€ﬁrégnp§1§§o@ﬁ°§%ﬁg§ﬁ%¥g§n@ué?@f%ﬁ?@&'aromatic

groups. By ert” 1s neant functrona

groupsnglowndth is8teréesediaey sebstankdadl degseey
with the (co-) oligonerisation process. Non-limting
exanPPesCRl byichubae tuedupsomael ¢ | Bbrg dean che oanyesuitable

SilQR§§OC§éffgagfspolycyclic, aromatic or heterocaromatic ring
having from 5 to 10 ring atoms, optionally containing
from 1 to 3 heterocatoms selected from N, O and S.
Preferably the aromatic ring is a monocyclic aromatic
ring containing from 5 to 6 carbon atoms, such as phenyl
and cyclopentadienyl. Non-limiting examples of
combinations of aromatic hydrocarbon rings containing ‘an
X atom and m-coordinated metal frégments include
ferrocene, cobaltocene, nickelocene, chromocene,
titahocene, vanadocene, bis-benzene chromium, bis-benzene
titanium and similar heteroarene metal complexes,

mono-cationic arene manganese tris carbonyl, arene

ruthenium dichloride.



20 ethers, ' al koxi des and am nes with adequate steric
shielding, all well-known to those skilled in the art.

wGeoom/0eMaipl es of such groups include nethoxy, PCT/EP2003/010708

trinmethylsiloxy and ei cosanoxy- &atrd optionally

substituted hydrocarbyl may include primary, secondary

25 and t ca r h fure 1
descrlbegFlé 9 ¥m %ﬁ89?§%%$§9n§¥$3?unc%lg%g b?%uﬁo F%e R* to

rel agilbn E@ubgeofR%oEﬁuEg5 zOgﬂévgfmégﬁguéagébgpaBBﬁEaining

nmeans a grou other than optionally substitute

_hydrosdybgbrihnchAnfishiydeogeBOatoder tHeless otherw1se stated,
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ollg risation roce s_copditions_herein,

o o hERRE S R PERRRRCAEr MY SRpPHEES BV tRE ange
2004&985415tBC§0EP@QQ@&@A@IQSfer interéererhe BPNMrocarbyl
substanti al degree wth the - ollgonerlsat|on .
pr oc858UPERanpPessafurabed PHn@ﬁFéﬁEFa gfoupsiBhpt il e
for | ude r :
such" 35 PEr P e PG e s L baton gL pET T  oP RRBMLOEE put i
chl opragerdheéyt et iiph&Picmar yutbabba Aydnogapbpl gsoups

erein

d.h
o Pk T T AT s e RS o b PR e r P F e L BEE, Feppen atom

hydrgesanpyl sueh 8B tREEE qEyREiheAabe BHRUP. Exanpl es

of suitable primary carbon 10 at om groups include, but

are not [nihederesentHEnvemRisn , t@?ﬁphrasﬁ}DQE}ﬁonally
- CH2N(C2H5) 2 and_- CH2Ph. Preferred Erlnary car o? 15
aton?@?%ﬁb utegy hydEORBFRYH” ai® IRb3BIODNEPFAR RE to R

Se|e§£§Q%EVQEWE¥QﬁQQEn (81 nggecﬁsuﬁéggsﬁhygéggrlbe

hydr ocar , prefera wherein Ris rogen or a
Cl- CByétkyhrthegreups éptmndalyycaobbalaiogwgneupf asre
used,herein

aepenaght | pEeEErBarchort S ARE DT ahaplgE(GHotos S By

substiheted hydnesatbyhaertae fihAetiohancyiengt @b0HBL
Alternatively, the two R groups 20 may together

repr eBEAELardotiel enpordlAbreE Y2l edgoreepithokhg (co-)

CyC|8§£5¥ﬁeg£9gPloEX§EBE§§s9fNéﬁcffﬂ§£¥n8aéggﬂpfégn$f such
inert gioups are fluoride, 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 ﬁethoxy,
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” in relation to the

Rl to RIS groups of formula (I) above means a group other
than optionally substituted hydrocarbyl which is inert
under the oligomerisation process conditions herein. By

“inert” is meant that the functional group does not



groups include, but are not limted to, -CH(CH3)?2,
-CHC12, -CHPh2, -CH=CH2 and cycl ohexyl. Preferred

wG@e@andmELy carbon atom groups for use herein aPEI/EPmeE010708
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in 25 which Ris a O-C6 unsubs®ituted hydrocarbyl,
preferably a Cl1-C3 alkyl. The term"Tertiary carbon

at omi gt 8HPereaboUshy BEHSLANt NBANGere (R BnIEREP (co-)
wherein each R is independently selected from an

opt i BhapPPesLbIti POt BHORGEP ocB¥ayPleor ah WErt functional
2004 5.P 0 0 0 -+10. ] Lona
groug£§%?%e?%g§%§£%y?§%hégghﬁgge#ﬁ-b?%ggééngéfgéaétﬁéPersf
represéntmantsi phehbandtaptehyy emiinesC-€Pbecdaldyr fhgorine
systen1cog%aining tertiary carbon atons such as

adan@ifyF 4eFiU&ti ves. Exanples of tertiary 5 carbon

at om gr opps +8eh Uty i BikyaELrBOh At HhIEAES7 as used herein
-C(CH3) 3, -CC13, -C=CPh,” 1-Adamantyl and

- O GiBaR§ QCH3Y H,—Rr g St efhd £E11h K Vi £ a8 HDECBE @M BERURSdrogen,
for use herein are those wherein each Ris a O-C6

unsubst oput eda hydr scasbytut gd oupdrpeetieyapl yr wher ehdrt

each_R is,a C1-C3 al kyl _group, 10 _nore preferably
mherEF%cEé%%aiﬁﬂF%uﬂeth§ amp He§ Kol cadetahherR HdhgncRebon

is a_nethyl grou he tertjary carbon, ato roup_j s
terts %Ty%?ogﬁsafn?iﬁgﬁﬁ 9%#0%¥%H§O€ngﬁm%t%ﬁwg?efT%H3' ~C2Hs,
is nmeant_a ligand which is coordinated to a netal ion

i nt o Which 1SR arr GtAVICeRe ) aopBEuretiafhan Preferred

al pha-olefin be inserted to pnitiate or propagate a
(co- 5 bt TEbHerT B4ET oRCOF cdte #on, L7 use hereln 22d%tfose
[ bi spRsybim naepyrgélw@té@(pfré;p%y&%én dor CQ”@%E@} S
according to the present invention, may be ydri de,
al kytinsub syt ot dérhadtoni ebyl gapte fdt bl rawyh@Pe i NSEris
an ol efin. By "non-coordinating anion" is neant an

ani oY MRPLH ¥be’d RbTC3ubstwhtially coordinate to the

metal atom M __ Nopscoordi nating anions (NC-) fhat ma .
be sui ta%f?/ Ry o%%%oril%ﬁ%a%a %k y? AR o%%o‘é%cha%susgd herein

tetr ciil,sfs E %GTS:%%%E& ,Sgé%g fhnoronetlyl) phenyld, Aat Cent 1y -

( BAF
selected from an optionally substituted hydrocarbyl or an

inert functional group. Alternatively, the two R groups

may together represent a double bond moiety, e.g. =CHp,
or a cycloalkyl group. Examples of secondary carbon atom

groups include, but are not limited to, -CH(CH3)go,

~CHClz, —-CHPhy, -CH=CHy and cyclohexyl. Preferred

secondary carbon atom groups for use herein are those in

which R is a C1-Cg unsubstituted hydrocarbyl, preferably
a C1-C3 alkyl. |

The term “Tertiary carbon atom group” as used herein
means a —-C(R)3 group wherein each R is independently

selected from an optionally substituted hydrocarbyl or an



ani ons of al kyl al um ni um conpounds i ncl udi ng R3A1X-,
R2A1C1X-, RA1C12X-, and "RA10X-", wherein Ris

whyanogan; optionally substituted hydrocar byl POF/ERIW03/010708
inert functional group, and X iX lalide, al koxide or
oxygen. WD 2004/ 037415 PCT/ EP2003/ 010708 - 11 It
wi || iherappuaetabvadibyrbbipse skikkgdtifethe ant thhat r
wi t hin the boundary conditions hereinbefore .
descPFBERS BaPstPoREREs REPRESShHiayabbripadi byndemedess, e.g.
to opLtiplsesth 0 ‘ cat a . system
and itstghé08%o§1ggﬁga%gFgggt?éﬁ?gﬁﬁggﬁek%?g%é¥§e§arbon atoms
enbodirpBnesoédehnentpledtirdmatihes. bEganypleni 06 tertiary
pyridine netal catalyst,is.a bisarylimno pyridine

> ironceﬁggpy§?9mA9ﬁPE¥§rFgalﬁggar§F¥n?ﬁ% PPEa%HmFB?dUEQ'
hereLp (bf 10-ki gand~of of or yu erein_p
mis l(ana§ﬁ'isC%hgéucﬁ tﬁgt_?ﬁéa?%%%t%%n%géniﬁébgﬁgE&pCH3)'
at ompi-srarfeHerBer €dryaLQPBLA Co 85U roMIOt PEL use herein are
preferred bisarylimne ligand for uSe herein 1s a
| i gahdos¢ ¥heneia ¢hFhwReieia X1+€gOmeubstdtubedshydbocarbyl
1, and the ring contai ning X together with the Z %roup
is d9rfePal PERERE2REBUPheYRiNafREReR pPefefieds alkyl group,
bisarylimne_ligand for use herein,is a |igand_of

10 fornﬂ%ﬁe(Pfegﬁﬁgggﬁ WOPEEND ﬁ??g'%,lsnm?ghbg'suEﬂ Ehgt case
the yhagecANtaER ROiEhE AeBhPM bSodpl-tRO PYFEOLY carbon
group. To restrict the products’to oflgoners it i1s
pr ef @EPRAITPRAtL inot abEeb¥hh- one of R6, R10, R11 and
R15 is terdq r up. 1t i | sp .
or of er r ot that - iend nareh BV et d oefR adeant 2
R15 Lsgangewlohdarys 25ccaihobeat oo grospal Piefeined which

Iigagds for use herein jnclude those of formula (I).

wi t PPRE 751 FoW heerPAbeShbet P¥ vt 3lPRayoletiiripay be

R11 andeRleqafs £REHiat0dsPERdSPilYre £ @éogqéligomerisation

15

reaction. In [bis-aryliminepyridine MYp.Lb+][NC'}q
complexes according to the present invention, Y may be
hydride, alkyl or any other anionic ligand which may
20 insert an olefin.

By “non-coordinating anion” is meant an anion which
does not substantially coordinate to the metal atom M.
Non-coordinating anions (NC7) that may be suitably

employed include bulky anions such as tetrakis [3,5-

25 bis(trifluoromethyl)phenyl]lborate (BAF ), (CgF5) 4B, and
anions of alkylaluminium compounds including R3A1X7,
RpAICIX", RAILCl»X ", and “RAlOX™”, wherein R is hydrogen,

optionally substituted hydrocarbyl or an inert functional

group, and X is halide, alkoxide or oxygen.



WD 2004/ 037415 PCT/ EP2003/ 010708 - 12 (ii) R6 and
R10 are primary carbon atomgroups, Rll is Hor F and

WRIB4/0374tF F or primary carbon atom group; (iPCIERB03/010708
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and R10 are each, independently,!Hor F, 5 R11 and R15

are each, independently, F, A or primary carbon atom
group; (iI¢) wRali beHapprEciBt@di byHrhbser spiiliefy in the art
car bo ath1 rou R11 and R15 are prinmary carbon

at omtgPSupsthig 5)9 REUPEaE YpFPREL T 16 Ss BESRdAPR LOre

Carb@%s@EQ%bdgr%HBstR%geh§shkgL§g§ngoﬁlﬁeagga8l§gas%lected to

H F d, primary or seconda at om groups

(Vi) oB&iiS skerheapgréarhancat om gheupatRiQskSsystem and its
hydrogen, R11 is H_ F, C, primary carbon 15 atom

gr ouFCRAETRES i dPRldEationyii) R6 is tertiary carbon
at om gr oyp, oﬁéopkgfeg&gﬁaR%%begagggtagmggoua&eﬁ%io%ndthe

R15 are H or Vil
pri mbiyacglboinat pyrid@ngr oepalsectndasy ¢arboblah®y&1m1no
grou [ [ or secondary carbon at om group

R11 . _pr
and %ﬁfgéﬂ§5§lrgpifa ¥§ty F, Q) RIOiIs H F, d or

primary Aceﬁse@er%anbggayg\olﬁiﬁel $ibenbi @b¥ G8EPARre?n is a
atom group and R15 is H, 2004/ 037415

PCT/EPH@OQ/OﬁOfO%mula13I (whereiand RsOCarm Hs F end n is O
a, | rtiar carhbon aton1g p IS _prinar
Rﬁ%h %ha% Eh ¥1Bgrgont £8Fe¥r§%OP|égnas%ag%mbered

carbon at om  “group I'cu arﬁy pre
use hepeinficnegkbde. 5 those of fornula (1) wherein
R1-R3 are h%dro gen and R4 and R5 are nethyl, H,

benzy! oﬁnB Qﬁ§|prﬁﬁggépgbpysaryllmlne Iigand for use hereln
is a ligand of formula (I) wherein X is C, m is 0, n is

1, and the ring containing X tbgether with the Z group is
a metallocene group.

Yet another preferfed bisarylimine ligand for use
.hereiﬁ is a ligand of formula (I) wherein X is N, m is O,
n is 0, such tﬁat the ring containing the X atom is a 1-
pyrrolyl group.

To restrict the products to oligomers it is preferred
that no more than one of Rg, Ri1p, R11 and Ris is a
tertiary carbon atom group. It is also preferred that

not more than two of Rg, Rig, Ri1 and Ris is a secondary

carbon atom group.

Preferred ligands for use herein include those of
formula (I) with the following ortho substituents:

(1) Rg, Rig, R11 and Ris are each, independently,

F or Cl;



met hyl . Especially preferred |igands for use herein
include:- a ligand of fornmula (I), wherein R1-R3 are

whyanogEny 10 R4 and RS are nethyl; R6 and RIPCHEP2003/010708
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methyl; R8 is methyl or hydroged? R7 and R9 are
hydrogen; R11 and R15 are hydrogen; R12, R13, and R14

“LC 0 MrREngen e " 90N o I My it o] torbups,
R m1o or o) PerET 19 e BT d A @ty ramary

1 o e A e o Mol e A e R R

are hydr pgep; %gaé%gd%?ra%en%taw; 1R nﬁzagigfillfﬁ-efﬁlfgr F,

are hydrogen; R, RI1 and ‘Ri5. are

is C mis 1 and.n i v a lLiga f f.or,nul L),

wherei n R1-R3 a?%“hya rgggRéJ'r?, a5 4%%5: 'Régggéenéjt(eﬁ%ﬁl,y’Rg,’ Cl or
R8 and R10 are n%fﬂﬂéry':gaﬂﬁ& @toﬁr&&ylgr ogen, mis

1, nis 0, Xis C RII’ RI2, Rl4 and’ RI% are

hydrogen(if13 i sppetdigxyoorr ety Si IF06s KBS b
i gand’ o§ f or mul aén(?%), wherein ]gi R3 are hydg%gen;ry F%A?r °on

and RS are net hyl, ar. yl. oR8 i I

VD 2004/ 037415 P%ﬁ@g%%%%? ’ﬁ%ﬂoa‘;‘%mf % %;5 ?“égﬁffq,@érbon
R7 and R9 are hygi{&ge@r'oﬁsl; and R15 are hydrogen;

R12, R13, and Rl14 are i ndependently hydrogen, nmethyl,

or fluoring; X is; Gs M igrimaty icr BecvddddptHfbon atom
formula (1), wherein RL-R3 are hydrogen, 5 R4 and RS

are nmethyl, R6, ,dﬁgp ar e, Rz.,andq Ry.aLee &
hydrogen, mis 1(53%%13 0 X | sjgg&%éf and 'RI5 arg“5 e H F

hydrogen, R12 angh Rldrahi£rphenydecdtdty BEHOXYatom groups;
trimethylsiloxy or eicosanoxy. In the

bi s-aryl (vl nepyrigliine Xt iconpl@xsbot nyom Idroup, Rig is
conveniently be halide, preferably chloride. In a

preferred enbodimgmto®dn t e biiss mBr,i mineprintie Mibhon
conplex, metal atomMis Fe'and n is 2. |In another

preferred enbodié'[@&ﬁ,glr@&ﬁla@&of@sMiiss &5 F;

(vii) Rg is tertiary carbon atom group, Rig is

primary carbon atom group, Rii1 and Ris are H
or E;

(viii) Re and Rig are H, F, Cl, primary carbon atom

group, secondary carbon atom group, Rji is
primary or secondar?”gérbon atom group and

Ri15 is H;
(ix) Rg is H, F, Cl, Rip is H, F, Cl or primary
carbon atom group, Ri11 is tertiary carbon

atom group and Rys is H;



and nis 3. 15 A neutral Lewis donor nolecule is a
conpound which nay suitably act as a Lewis base, such

W@g00e0bm1s, am nes, sul phides and organi c ni tPCT/EB2003/010708
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for exanple, triethylamne or™
2,6-di-tert-butyl pyridine. In the
[ bi s-aryligyi nepygiding MYp-4baln[ Ne-d# @P,Wp&lef; ifdertiary
according to the present invention, L nay bea neutra
Lewi s donor nol-e a e of bei di splaced_hy

ethyl ene, or a v%ggﬁchgg?giﬁg Pgh g??e%glgr%%%ry carbon atom
[bis-arylininepyﬁgghge MYp. Lb+] [NC-1 g conpl ex

according to the present invention, netal atomMis 25

pr ef er abPprEecahdrifeptefauredxildgtinda $bat esef hsakdn include
nmetal atommay be 2 or 3. Co-catal yst conpounds A

secofifioess et ifakmudapdAenvhetreiheReaRal §5¢ kydregsn and Ry
herein is a first co-catal yst conpound sel ected from

an Wen2064/ 638446t RCT) ERP2008hD¢D768 pheiHl, abuatakubly

al kyl or al um noxane. Any al um nium al kyl or

al unfradkahe suitable for use as a co-catal yst. can be

used herein,.. tures-of t or re-alunm ni-um al kyl .
and/ or g?bﬁ?ﬁ%&% ePE5h Eﬁﬁéglﬁgﬁgnggo euﬁgegeﬁgFEiﬁ?ClUde'"

Sui tabl e.5 i nj | uni .

For use Rof aP e L R 4 Shyirogen;
di £ t hyl al unj . Modi fi ,

ot hpP D oxckhe TEERELECaithd dhi et Fstan bioBinds methyl

with a portion of _the nmethyl groups replaced wth
othePraBN9F0§FBup§7 B¢ B9 2X&npYerogerbuRyl Hrddps, are
In especially preferred enbodinments, the first

co- cAvalrpgenc okpauntii-ang Aodi fredindephypbahtdivnbydnegen,
preferably wherein about 25% of the nethyl groups are
repl BEERYw t RYi $6BGTHRTYLouPsiSACE hitr dSedseht ital O/

conponent of the catal yst._sy ms . 15 herein_is a

second cé-gégﬁp s?%cgﬁ%ﬁﬂ%a zifecWEErF?Bnﬁlf%¥nﬂ¥% hydrogen;
ZnR 2 wherein each R, which may be the sane or -

di ff BreRPd Rs &P BERUYE T o6 hyRE RJh Rigpeitendetpyl; R7 and Rg

are hydrogen; Rjj; is fluorine; and Rj2-R15 are hydrogen;
and X is C, m is 1 and n is 0;

a ligand of formula (I), wherein Ri-R3 are hydrogen;
R4 and Rs are methyl; R7-Rg and Rjz2-R14 are hydrogen; Rg,
R1p9, R11 and Rjs are fluorine; X is C, m is 1 and n is 0;

a liéahd of formula (I), wherein Rj-R3 are hydrogen,
Rq4 and Rs are methyl, Rg, Rg and Rig are methyl, Ry énd Rg
are hydrogen, m is 1, n is 0, X is C, R11, R12, Riz and
R1s are hydrogen, Riz is methoxy or trimethylsiloxy;

a ligand of formula (I), wherein R1-R3 are hydrogen;

Rg4 and Rs are methyl; Rg and Rjp are methyl; Rg is methyl



substituted Cl-C20 hydrocarbyl, phenyl, d, Br, I, SR
NR' 2, OH OR', CN, NC wherein R', which within the

wQ@ogasm1iol ecul e nay the same or_ different, i|iBCIZLPIORH010708
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hydrocarbyl. In preferred catarfyst systems of the
present invention, the second co-catal yst conpound is

ZnR 2 gr-eLanR RrLSa&H- ££05hyd z r

prefefab y C?-EQO ZSaaIky ,ag%eﬁgﬁgégggre$gE§§F§I%f-ege

al ky itabl e_al kyl r s Lncl ude nethyl, et

o oy PRENT . “hat e T EEE PP $GeRRbtkpry ¥ Mtrogen,
prefgergdith heoRingroypiksca ,Cl: al kyl, .

especial?y e?%y%.ﬁ&gé5%04 O§$4%5 BC%?E%ZO%3¥%18708 -

16 The sed¢bgdndoeofafakysiai $Iparwheukbanl R1vAkuabkehiydrogen,
conbination wth the first co-catalyst for increasing

t he R4ePBEt Rei Byeorethiéar Ral pRa 8néf Rns phcempyhsghe R7 and

olig nerizagign reactions, _and decreasi ng the_anount ,
of 5~@nféAt BYIBGIBFodlicts Such S BrafichédCol Biindnd Ris are

inte I Lefins, _2,,2-di substituted olefins, a
dienégarngﬂashﬁge%nﬁo§é@ ?ﬁgtpESPY'Cu#é?l%shwﬁﬁgoxy'
sel ecti ¥j -1 Li.pe - ins is achi eved when

t he E%?§%E¥g%?glg%? ?Eeé%gggfgég§fhe first co-catalyst
to the m@hathefbggeaig1§ﬁ§§@9y99agﬁéahxgtcé 18I he may
range of fromb5:1 to 1:5, preferably from3:1 to 1:3
nor ecpnetaiahtyyf renhaiidep piézeaasl?seﬁmbaha&.lrl.'
It is possible to add further optional conponents to
the catafyst BysferkcherBPadingrt exfinpie, PLeni s acids
and _15_bases sucg,as t hose discl osed in W02/ 28805.
The B&YAFPEECRYELEHT fralpecPBPhet Y ki Hg R dgethefe and n

he ¢ yt e el o | |
m xt bF o2 TAnelpbHebr SEBbaY £ ALBtyPACBEGhGUE bat SLAm ¥ 18 Fe

“the aapphopsi ate bis-imne pyridine |igand, first

co-catal yst 20 conpound, second co-catal yst conpound .
and any oftT8RAEF2lalaVif oAGROECHPOBRELS bF e eF@BPYURA which

a 30ﬁ3§n5u§989193ac£oégeQeLQ%iESBQQQ?nguch as ethers, amines,

sulphides and organic nitriles, for example,
triethylamine or 2,6-di-tert-butylpyridine.

In the [bis-aryliminepyridine MYp.Lb+][NC']q complex
"according to the present invention, L may be a neutral
Lewis donor molecule capable of being displaced by
ethylene, or a vacant coordination site.

In the [bis—aryliminepyrid;ne»MYp.Lﬁﬂ[NC_]q complex
according to the present invention, metal atom M is
preferably Fe and the formal oxidation state of said

metal atom may be 2 or 3.

Co-catalyst compounds

A second essential component of the catalyst systems

herein is a first co-catalyst compound selected from an



A igonerisation Reactions A quantity of the catalyst
systemis usually 25 enployed in the oligonerisation
WO e@eM3Tams m xture so as to contain from 10-4 POI/EP2093/010708
gram atom of nmetal atom M in —p&Pticular of Fe [I1]
or [Illl] metal per nole of ethylene to be reacted.
The allivgdnerins atlikyl loeaetliveii nt&anke Mesty 3Quminium alkyl or
conveqjently conduct ed over a range of tenperatures
f r om? LPFC A S+ FHGE L fOrabiSE B Bhe&r&ngalonst com be used

oC t%é@@i%QO4®Q%%%%%sng/%R%0%§/Qigéggluh%ééugggg%g&cand/or

and nore preferably in the range o rom

The @llivgémericgEt icomposacisi owynay sive beomsenl detdeyin.  Suitable
5carri d Qut, at r]IS&ressu(rg‘ﬁ of. 0.01 to 15 ng (%.1 to ,

150 5 Baricay), e Ofr EF &AL S GO OMPLS( £6 1t ¢ SFodrerein

bar ( dnkluard Mty 1p1ekenakiayel . (bag andPacdiFitke 50

bar(a)). The optimum conditions of tenperature and

pr es§EEY lgdegineraacpdMPOUI-ar Medidlipst mefdvdmluginoxane is

Maxi e384 e £ e hd+ l%hh%gg%% n@ng;te g‘%b@%}%nt%% the

conpeting 10 reactions such as dimerisation an

pol ymethydt igooupan reelaceaddiwliyhestakli sheglbyrongs, for
10skilled in the art. lhe condi tigns of tenperature and

pr esStF8Pafe 1 P&P@V bRy o8EFect éd €6PFFePdy preédaered

sl at emoiim@ nlts , f &GOk 1 WskhicR -the an 3ge Bhpble® 9549 modified
to 0.90, nost 15 preferably in the range oP from 0. 60
t o 0mgGhylaluke nograsenpredesabilon wheskeymerboati 88% of the

d h ‘od I h
oF TR 03 B Bap oAU SRS0ER R BT gt 88,

reacti on @amhbedcassieadialt cofpod@nthergasephasalgst systems
liquid phase, or m xed gas-liquid phase, depending
I3 uponhERELPo S Pl PEFOBE FRECPEEEYERd CHRBAUSE SEILEFIERE. from

The aqligonerisation reaction js_c¢arrjed out in the
presgﬁggugg gﬁgiﬁewpe§8F9eﬁ?C&h ch Wh&cﬁlgﬁyb et hBe same or
different, is selected from hydrogen, optionally

substituted C;-Cyp hydrocarbyl, phenyl, Cl, Br, I, SR’’,
NR""2, OH, OR’’, CN, NC wherein R’’, which within the

20 same molecule may the same or different, is C1-Czp

hydrocarbyl.

In preferred catalyst systems of the present

invention, the second co-catalyst compound is ZnR’»
wherein R’ is C1-C20 hydrocarbyls, ‘more preferably Ci1-Cszq

25 alkyl, even more preferably Ci-Cg alkyl. Suitable alkyl

groups include methyl, ethyl, propyl, butyl, and the
like. It is especially preferred that the R’ group is a

Cl;C3 alkyl, especially ethyl.



25 carrier for the catal yst and/or feed ol efin.
Suitabl e solvents include al kanes, al kends",

weyokosiskanes, and aromatic hydrocarbons. ForPERBEPPOE)10708

sol vents that may be suitably-us®ed according to the
present invention include heptane, isooctane,

cycl ohexamree beszafecotehuanestand pd@tx¥LeAe1y valuable in
Reaction times of fromO0.1 to 10 hours_have been '

f oungoPBipatignt ubIe, thepéhdeht concehalyeti fpryinrreprsing the
VO 2004/ PCE/ / 8.1z cat ... The
reacgggﬁgﬁgééﬁgfg%a%ﬁégggrg%gggoageFéﬁghgﬁ g%égggggof

ai r oilipometuretridherebcydnes| sahdodereaating Ay Bfount of
carried out in a caqnventional fashion, It .be |

car r PBHBHES RVGPEOPRFGE S5ChaRR PEADFARY GMEFenA internal
ol ef pneandscababygt sapseatat ¥t cPEESHESOLSdapgAdded

- continuously to a stirred tank and reactant, product,
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cat al yst, ITa&n8agnbsed nehetanhahrparcénvledlir bighheelectivity
stirred.t ' h ct s I n e .
anusSd FeOStane AR SHEFSRAI s ERELELEY yBPH bRE motar ratio
recyofedhbanktho thetiti Fredtt abkcaBhligsfatbvehy, meh8l of the
reaction may be carried out in a batch reactor

wher 8PROPReCOaFAFGsYShr é8uiBoF8e ARBISr BACEAAT OF &fFR 1:5,

ar e 59@Ea§gb&9,égoaus99le&ea;gpdmaEEGQIe?@kggl e@ggﬁdz:l to
for an appropriate tine, product 1s 15 separated from

t he tedcehdnemprturélpylcdnventi onal neans, such as
distillation, After.a,sujtabl.e reaction tinme he
oligoneriggtFSnpoFgég%Fo chﬂgbgufg&ﬁfngPtaogﬁir8BWEOHentS to
venttng ebkthhestethytens horeifder rbe deapbisat el acids and
catal yst system 20 The resulting al pha ol efins have a

chai R2F8RgEHCHf 25f EBAFE BdSTbOSedr bBnWaP8A88805.

pr ef er abl r t - t..pretetahl

from4 to¥8§ %gF%gxggtgggFeﬁﬁ@o u%? g gﬁ?%sbgaﬁﬂgéﬁg together
recovkbeedrsui babbybbytdbssi-ihaheopyahdifiar tbaplex or a

separated as desired by 25 djstjllatjon technigues
GopeRIBEE ot heM| pEaRueh G bbencetyatEEonate®8ate and the

appropriate bis-imine pyridine ligand, first co-catalyst
compound, second co-catalyst compound and any optional
additional compounds, preferably in a solvent such as
toluene or isooctane.

Oligomerisation Reactions

A gquantity of the catalyst system is usually

employed in the oligomerisation reaction mixture so as to

contain from 10~4 to 1079 gram gfoﬁ of metal atom M, in
particular of Fe [II] or [III] metal per mole of ethylene
to be reacted.

The oligomerisation reaction may be most
conveniently conducted over a range of temperatures from

-100°C to +300°C, preferably in the range of from 0°C to



of the olefins. The present invention wll now be
illustrated by the follow ng Exanples, which should

wooi4psr4iegarded as limting the scope of thePEI/EBEN3/010708
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invention in any way. WO 2004/0374t5 PCT/ EP2003/ 010708

19 EXPERI MENTAL GCeneral Procedures and

Charact ecj sahdiomfoAt | ptbEe 0PI At iNShav téngdeocatabyst0°C to
systeps_were carried out under nitrogen atnosphere.

Al sePVents used 5 were dried using standard

prOcedureﬁhePQD¥§%&@§1§§%ﬂ§@¢rééék£%ﬁF%ﬁltg@ é?ﬁi@ﬁiently

Aldrich) was dried over 4A nol ecul ar si eves
wat ecarohe@noudfat aboptedsppa)of B h§l ebe ‘\(99@15% (0.1 to 150

ol ot 477 21 BUBES ot Sl of b 1074 e O 2%6@@% (2))

to r e6ldiceo ¥at g e 88H210XY JENS CONt BNhpd O(Kd tHPHY JAL(a
ol i goners obtai ned were characteri sed by Gas

Chr omat ogFaphgromm ¢ondkdaeensy m%v%@m@%/@awwoam ABessure
0 SLELONIEOD Hsbige 2otk 289 %t $£%5 v BRPEE AR AN the

t he | oW ng r omat ogr a Londi 7 oRs:
HP- ly{el@sst| ohkgomeet hyhd std> axane)iséitihe tohhpoknbsg =
i nternal diane

0. 25pm l.engt h m (
ol BRtchLaRar guct| oF TRt Tier st P Prertagticd can be

det ept 4 @1y eapeLBl VERed Iy Cond N ki Bl e eppespd uger , 40C
for 10 minutes; tenperature progranmme rate:

10. 0C/ mi nliee; conehat 1 erapef ammreer%%@frmd Alrgssure are
M L geror kil 5108l o8 80020 Oy rhovhbeaEERee NS yien o k-

Wer e a| ned Fom

t he £ca0al ystBin Thike %@l@t@fwf@no@t a@ ned @l o0 pofdst
tenperature with a Varian 300 MHz.or 40
apparBeferalrhe tat By sFaREedof nt¥om %l@%oﬁ%r@s%@r oh? the

exp fé@é‘ﬁ@ RELAW on, pol d to h
was, 310 (2, 4 6ot T et BT BRBRTT R Ho 8 ppfymed 1o Pave
(4 t@ﬂcubneylwhenyalmmget hyldteynasi aeK+ faofdt]greater than

0.9.

The oligomerisation reaction can be carried out in
the gas phase or liquid phase, or mixed gas-liquid phase,
depending upon the volatility of the feed and product
olefins.

The oligomerisation reaction is carried out in the
presence of an inert solvent which may also be the
carrier for the catalyst and/or feed olefin. Suitable
solvents include alkanes, alkené§,“cycloalkanes, and
aromatic hydrocarbons. ‘For example, solvents that may be
suitably used according to the present invention include
heptane, isooctane, cyclohexane, benzene, toluene, and
xylene. .

Reaction times of from 0.1 to 10 hours have been

found to be suitable, dependent on the activity of the



30 chloride conplex which was prepared according to
the nethod disclosed in WO02/28805 and whi ch has the

wo eooaba15 bel ow. WO 2004/ 037415 PCT/ EP2003/ 010FOBEP2002010708
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25

N Fe C Cl Alternatively the tatflyst used in the

ol i goneri sati on experinents bel ow was

2, 6- bashlly&2. 6- dhél venephenyl snpnefeebbyl] cayridingut in the
iron[l1] chloride conplex which was prepared according

to 52PRBNABt AEJ28F sBFoBeESEFRISW02/ 00339 and whi ch has

the fornula QF&S?@efigétng'reaétf€h~%ﬁg)be6ca53fééyout in a

ClL Alternatively e catalyst used In )
ol i gooevesationalekpehioent sIbehaw basc@rfliel20d4t6in a stirred

trinethyl phenylimn ethyl]-6-[1-(3,5-di-tert 10

bt VEBREnCERRL RG] cREFE LB piatin abdPafaikel tofqgatalyst
conppexcubkehsWaseprepatedoatentdiBlyt fot BesfeER8E tank and
descri bed bel ow. Preparati on of

2-[| reachantir PAeEHGEpheayrL P ho) @aBghunpsed reactant are
ULl LEpLchULV BOPOU L ROLELIVOVELALTE) Rboraces
acet ghgythdi neuédd3rgactabd anadl pptpoerpaledthecoatabyst
recycled back to the stirred tank.

Alternatively, the reaction may be carried out in a
batch reactor, wherein the catalyst precursors, and
reactant 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.

After a suitable reaction time, the oligomerisatiqn
reaction can be terminated by rapid venting of the
ethylene in order to deactivate the catalyst system.

The resulting alpha olefins have a chain length of
from 4 to 100 carbon atoms, preferably 4 to 30 carbon
atoms, and most preferably from 4 to 20 carbon atoms.

' Product olefins can be recovered suitably by
distillation and further separated as desired by
distillation techniques dependent on the intended end use
of the olefins. ’

The present invention will now be illustrated by the
following Examples,twhich should not be regarded as

limiting the scope of the present invention in any way.



WO 2004/ 037415 PCT/ EP2003/ 010708 21 the nethod
di scl osed in W02/ 28805, and 3,5-di-tert- butylaniline

W@ 200g/034187 Mol ) were dissolved in 100 M of PCDER®O®010708
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25

30

To this solution, 4A nol ecul ar- siceves were added.
After standing for 2 days the mixture was 5 filtered.
The s@byeplrM@asT,renoved in vacuo. The residue was

washed—wt methanol and crystallised from ethano
Yi el @erdletay PBHIQedures and Characterisation

of ,2-[1- t th |

othyl | o fuf (58 RSV ST e “@%.%%%%?‘ﬁﬁﬁfstems were .
pyriQéﬁ?led1thNBhﬁ§£fﬂ§ir8g§n4§tﬁﬁspﬂékePV.kmi soBvédts used
(d, 1H, Py-Hm , 10 7.87 1H Py-Hp), 7.16 (t, 1H
p«kbwegeggr%gd Qﬁpngﬁftﬁn @r@99¥ﬁce@mFe%¢FD 2.42 (s,

g: RE; %n%%d%éms uéﬁg QQZ@/(%%rggyon 2 203 {S&n) was

2-[ 1dt2ed, ﬁverlﬁﬁtmglphehatlﬂl@@ése(ﬁyhél @ster content of

6 3, b- |-te t - but yl phenyl i m no) et hyl ] pyri di ne
|ronfé? g

IBPT e conplex ON,N C \ ' C In an inert

at mosphergr i@y sohdit { 99, 94 40P 1Y) dird &1 Hi€r i £ De856vEHDA) column
in 20 m dlg%loronethane was E%ded t&ﬁfao ng FeCl2

(0. 789N bR ing ndBomad edntar os brEehared FRe @rkalyat20ex.
was ﬁgéf;egnf8£d%§ pSUE%dgééCgﬁtéragR&ngxgée%en?%%%nt to <1

pr ecr pi was renpve rifdgatio
(40 pbh.was added to the solution. The blue

precipitate mas isolated b flltratlon and drjed i

vacuo. Yf%@% @ H@@mﬁr%Q@@ng? i Yohe conpFaxt eﬁ%ﬁ%ﬂﬁ?y Gas

(CL2eDLD] gﬁ? ?G@g?|§ﬂ 8rd8r6: WL $994408741Pg0mer

PCT/EPZOOB/O 0708 - 22 (1H, Py-H ), 76.8 (1H

Py Hijst20bTt{ okl uPyngipy, HR05890 . ¢Skiehk)] aBpadrgbhs and the
’fo?lowgng cﬁ&g%atograé%§y cgndltions:

Column: HP-1 (cross-linked methyl siloxane), film

thickness = 0.25um, internal diameter = 0.25 mm, length
60 m (by Hewlett Packard); injection temperature: 325°C;
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: n-hexylbenzene.

The yields of the C4-C3q olefins were obtained from

the GC analysis. The NMR data were obtained at room
temperature with a Varian 300 Mﬁi.ér 400 MHz apparatus.
The catalyst used in the oligomerisation experiments
below was 2-[1-(2,4,6-trimethylphenylimino) ethyl]-6-[1-
(4-tert-butylphenylimino)ethyl] pyridine iron[II]
chloride complex which was prepared according to the
method disclosed in W002/28805 and which has the formula

below:



-4.1 (3H MeC=N), -11.5 (1H, ArH), -15.6 (2H, o-ArH),
-30.7 (3H, MeC=N). 5 Alternatively the catal yst used

WO pootloa741®l | goneri sati on experinents bel ow wasPCT/EP2003/010708

10

15

2-[1-(2,4,6- trinethyl phenylinndd -

et hyl]-6-[1-(4-eicosanoxy-3,5- di phenyl phenylim no)
ethyl] pyridine iron[lI] chloride~conplex which was
prepared according to the nethqd)dQl described bel ow

Preparation of 4-hydroxy-3, 5-di phéhylacet anilide
McCONH O O 0 To 4- hydr oxy-3

- -3, | pheriylyanj line (4 g,
: ' Veg, a .6 m of
acetic anhydride. 15 The reaction was stirred for 16

15.3 mol) in 30 m of et

hour s. Thelrtesnbth_nglynithtaubétwa_sjspoursed LAt @hwat er .

The pink gﬁoduct was |solated by filtration,

was h8d 1P r%é?@ﬂondﬁﬁééréﬁﬁnﬁ§eae @'t KBSt furt her
puri bi gatkan - a

A 1(rﬂ Jeb* I@W#@g%ggpgtﬁlyg%h%o@ £2hy819p9tk&ine
4- elcagaméiy BhsodnphenymaéexawhhcdewaNbQENﬁa@e@ 4tcoAding to
m xture of ydroxy-3,5-di p I nilide(6 Q)

T br SheeRestaf tiiodey So H0BE(AF e 00na: ahaad has tne
refl gxesdu® 2804(037415 PCT/ EP2003/010708 - 23 in
acetone (70 m) for 16 hours. The reaction m xture was

‘poured into water. .The product wa sol ated by

filtration, washed with materp

Crystallisatlon from pent an ine| dedn.7 g of

4- ei cosanoxy-3,5 5 di phenyl anitdde a white
solid. ~H NWR (CDC13 sel ecte dauh) 13(t
CH20), .2.17 (s,

Alternatively the catalyst used in the
‘oligomerisation experiments below was 2-[1-(2,4, 6-
trimethylphenylimino) ethyl]-6-[1-(3,5-di-tert-
butylphenylimino)ethyl] pyridine ifon{II] chloride
complex which was prepared according to the method
described below:

Preparation of 2-[1-(2,4,6-trimethylphenylimino) ethyl]-

6-[1-(3,5-di-tert-butylphenylimino)ethyllpyridine

@y

2-[1-(2,4,6~-trimethylphenylimino)ethyl]-6-
acetylpyridine (1.3 g, 4.64 mmol), prepared according to



Preparati on of 4-eicosanoxy- 3, 5-di phenylaniline H2N
fO C~.H-l To 4-ei cosanoxy-3, 5-di phenyl acetanilide (7.2

wW@roma374110 added 24 g NaOH in 30 mM H20O and 4BCTrEP2003/010708
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15

20

et hanol. The resulting m xture 2fas refl uxed for 16

hours. The reaction mxture was poured on ice. The

pr odugt m@§hbaoa§geﬁogxd thWbaé/Qgsaad ah§d5wa£htert-
water. Crystallisation from ethanol yi e

(10. buhmbbyidfing- éilcogsahoRy- @mélISWdrphémyBahvédnena$OO ml of

a whi t solid

Ar 1y EO8uRRe (5 T0 TR 3350 %% leﬁﬁﬁa%Hé}?vgsogere

(t, aaueakmgttee gtanélngnfos9tldaygythe Itk eparat ;98

of 2-[1-(2, 4, 6- trlnethylghenyllnlno) ethyl]- 20

6- [ LAt eredsafBRyS8LBRHE phehyrpRersri imnByenay| The residue
yrigdine, 0 0

PCT/E%ZOO%%h%ggOggg E%%hggbg Qéé §Z§§§alllsed from ethanol.
2-[1¥{e]ld, b~ ﬂrgnéﬁh%bpbén9+lh+ﬂ@)etﬁytkiﬁeahglphenyllmlno)

dine.(3.9,.10,7 l ), . pre ed accordin
et GHESHboFosaa (P nowgb2F b8 ERhar et i Chsanoxy el Bov=idine.
di ph i} 8 10,7 I re dis d
S0 SRC GBI P e0egusifal THD EveBif, @ 5l %&H%ﬂw

si evéssWere, aHdedy-Rf)ter7 st@andi ndH orad)days tEhE 2H,
m xt ure % filtered. The solvent was_renobved

vacudrirhe®r 88j dde ¢Hs PERYstatf£séd f?%n1¥%?d (s, 3H,
ethanes ihgzprgdU§ﬁ “ﬁé%'59|@1e@s,a§ M@B Tﬂ§5€?§1618H,
(6.5 8. mml, 76% ) after drying 1b at'60 Cin

vacuBu Y H NVR (CDC13) 6 8.45 ( d, 1H, Py- Hn1) , 8.37

(g PbolYactBh of B2 {L o LAt 6P¥aa3%thyg ehfLifithopgethyl ] -
Ar

(S QH[1AM305 3119eft buﬁ?ﬂpﬁ%ﬁ@)lminélefﬁyl$bbrb@ime
2.29 (s, , 2.22 (s,_ 15 3H , 2.01 (s, ©H,
NB) 1 §oRLTTY ghionsde GPmplex

©

N | LN
\7<,
e

In an inert atmosphere a solution of 400 mg diimine
(0.855 mmol) in 20 ml dichloromgthane was added to 100 mg
FeCl, (0.789 mmol) in 30 ml dichlcoromethane. The mixture
was stirred for 16 hours. A small amount of precipitate
was removed by centrifugation. Pentane (40 ml) was added
to the solution. The blue precipitate was isolated by
filtration and dried in vacuo. Yield 0.420 g (90%) of

iron complex. 1H-—NMR (C1l2CDCDCl2, broad signals) & 78.6



Preparation of 2-[1-(2,4,6-trinmethyl phenylim no)
et hyl ] -

W®2(03/037445 ei cosanoxy- 3, 5- di phenyl phenyl i m no) ep¢HyEP2003/010708
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20

pyridine iron[l11] chloride compl?éx—(Y~y NN, NO Fd O
Cl G OC20Hg Oln an inert atnosphere a solution of 5
g above, 2By<esor,i el adi (IH, neyi-M,.20 ab.di ¢hHor egretihpne20. 9

was added to 788 n? Fecl2 in 30 m dichl ororret hane
t (o

The iP5t U¥@) nak® - 3 ed®br 1% hol#d: HRR) sob uf | 6%81“1 Bu®)
was fil{iresed. Mér ) Solyeni was reppyed_{n yacse, Jdhery),
resul ting green ue product was vvashed wi th penht ane,

i solad@d7 by3H) IMe@GtNpn 25 and dried in vacuo. Yield 5g

86%) of on conpl e VWD 2004/ 037415

bot Epaochl SHBToR S bt ia oI (02a% b ol

Si gn@iﬁgoﬁ@fﬁgé@ﬂoﬁaé@eﬁlﬁénés (Héhow Ryadl 2+ [BO(D, { 164
Py-H, ), 1 (3H M), (6H, I\/E% 16.0 (2H, Arl-g
o 21t{gp-ﬁth\ze}pher1>313n{w wlr—yl] g0l 4 ( %mcmnom 5=

e e SR S9L L L SOIPOURS P PR

coul cohel & ewh 1 ¢h ties ob + goarsd sat ¢ond Exget ¢ nelint smethod

bel ow. The first_co-catalyst conpound used in the
expe‘??%ﬁ’t@e%e}f’%\?%s nmodi fi ed met hyl al umi noxane
( Wepé—@aﬂ‘@@ﬁ ebf bW r o008 9f 5 L AL NBL PYA - SF QMPBi gL €
MWWWWep ane
([AI] 6.42%\w) used in Exanples 1-19 of Table 1,
was purchased from AKZO- NOBEL Chemifg
Aner sfoort, The Net her| and®§CONHq_
aut ocl ave experinents, (entri es
Tabl e 1) nmethyl al um noxane (MAOy it ol uene was used
suppl i ed under the tradenane Euregen AL 5100/ 10T,
batch: B7683; [Al] = 4.88%,
wt 9% cal cul at ed) ,

To 4-hydroxy-3,5-diphenylaniline (4 g, 15.3 mmol) in

30 ml of ethanol was added 1.6 ml of acetic anhydride.
The reaction was stirred for 16 hours. The resulting
mixture was poured into water. The pink product (6 g) was
isolated by filtration, washed with water, dried and used
without further purification.

'H-NMR (CDCls, selected data) 6 5.31(s, OH), 2.16 (s,

Me) .

Preparation of 4-eicosanoxy-3,5-diphenylacetanilide

MeCONH : @
OCa0H41

Q

A mixture of 4-hydroxy-3,5-diphenylacetanilide (6 g),

l-bromoeicosane and 10 g potassium carbonate was refluxed



nol ecul ar mass = 900 g/nmol and [AI] = 4.97% wt)
supplied by Wtco GrbH, Bergkanen, Germany. 20 The

W@ e@af0s74¢d- cat al yst conpound used in the PCT/EP2003/010708
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20

ol i goneri sati on experinments beto was neat zinc

di ethyl supplied by Ethyl Corporation, Baton Rouge,

LA, Qnsaéetoﬁétahwshl$y$bQ”H@rQB@&@t|Qﬁe'@e@c%&@%nmwﬁture was
200- G dry box the 25 :

2- [IP@Er$d6lpﬁpw¥ﬁﬁﬁﬁph€ﬁﬁlPWP@@F@tW?B]lSOlated by

Ot ekl WoBRASHY LT e ERY LhaP¥EL e ki@ bk saton
2, 6- ﬁm@hlp@&tﬁnél&heddeﬂhénylbnbmoﬂ eétbygbhopyr3dicre

iron [I chl ori de npl ex,

(2, 4d%P?#Pﬁﬂ@ﬁ&ﬁﬁﬁéﬁgﬂﬁnﬁﬁof y ﬁ§ﬁ]selﬁ@ (3,5-di-tert

30 b?%ihﬁﬁe”%béflf“géﬁééﬁédFé@%éy 3.kl gl orbdes (o
2 [1MéZ 4, 6- trlnethylphenyllnlno)ethyl] 6-

[ 1- (4- ei cosanoxy- 3, dlphenyI|n1no%ethyI] p ridine
.ronPmﬁpﬁmﬁapﬁnvgfq4p¢¢p@p§ﬁ@zyn$n ndlpheax apfiljne
conplex (typically about 22.5 pnol) was placed in a

gl ass bottle sealed by a septum t ne (typically

about 10 m) was added. Thé™ g m xture was

stirred for several hours. Th i'elded a finely

di vi ded col oured 5 suspension. [n ?h&case of the
2-[1-(2, 4, 6-
tri met hyl phenyl i m no) et hyl]-6- (4- ei cosanoxy- 3, 5-

di phenyl phenyl i m no)ethyl] pyridine iron (I1) chloride
conpl ex aTel darigapkngreend  Soddrhenyiiacebhuoérédrad’.2 g) was
obt a n ousl f_this,su pensi on, or

10 sgﬁ%gd Iﬁv\éshgggld'uue'ln}étohe Pﬁgon%?lg%tl%n p%ac |lonTh

A i gerenilsdhgonikxpee mast geifiukede@ver 16nhburs. The reaction
C]lgorrerlsatlon experlrrents were carried out in an

EndeBWSEEER PASgBRAGEITEENAGFogIES) Praddeli vaswierlated by
e'gh?ll%@@%ﬁ%he%%thQEﬁ@daQQtBr@%%%E'S@ggggaﬁhlsatlon from

stainless steel 15 reactors. Each react I'S equi pped
MAtheahghaésyheﬁded st.Or ger(18n@ mmpédt pdnépeitosknoxy-3, 5-

orde g ve t%aces ofwﬁa%er f; H1the reactor, it
gﬁﬁ féd Fﬁﬁéé i ff8s 2wt -&r §°nitf'r ogen at
TH-NMR (CDC1l3) & 7.27-7.63 (m, 10H, ArH), 6.67 (s, 2H,
ArH), 3.60 (br s, 2H, NH,), 3.09 (t, 2H, CH,0), 0.8-1.4
(m, 39H, alkyl).

Preparation of 2-[1-(2,4, 6—trimethylphenylimino) ethyl]-

6-[1~(4-eicosanoxy-3,5- dlphenylphenyllmlno)ethyl]

pyridine

@

OCaqHas



150C. Then the reactor was flushed with ethyl ene at
room 20 tenperature. Subsequently, 2 m of toluene

wWOowRaoh/0saes appr opri ate anounts of MVAO and Et 2ZpCT/ER0E010708

10

15

1) were added through the injecffon port of the
reactor. The reactor was heated to the desired

t enper at urze- (TR, & , Bt reinc tiryagsidn Setiwd) R tet 1y -en cet vy
to the j1pressure indicated 25 in Table 1. A suspension

of t RYLY PR dmpi%x Was MHjCdcted Premadssh aas@rding to the
i nj e%ét@ideQﬁsc(lto\é%'cpfil 288%545 a1 4'—%1c%d¥an'gx -3,5-
toluene). The stirring at rpmwas conti nue

constdamheenmdreﬁerm eSs @,f A0 .at mred9t w2 e dAfstseﬂved in 200
this e the feed s I cl.osed, stlrrl stop ed,

and t elélcetn(?r %&Il’ég‘o1 d S\t ‘%d—t fcd9 /&fat‘fpr“eves were
cool Iala:@ietcn NRQR empelialured he d%tyh)ﬂh%nﬁll\é@%r\ée%%d filtered.
with air and n-hexyl benzene (45 ng, internal
st ané"é%ed)sqwe@ltz WHS eIRyG4) eewesrupcwreﬁz@ee/l@lyemes
- £4an! e QN oor

of the reac;:iostrg%ts(]Jflrla)lhrk %tg?gldg%%%o tﬁ'?h r%l%%‘lgg le%(r%erlSOla‘ted
was reneyael fowormnrtche leeddt.ér g, Tl8e 1a\|fm>l1r,1t 7<’§Sl%d yparfitiey drying

of ol efins, det erm ned by gas chromat ography. The
dat a g'ré%r eﬁeFPeﬁagu?n Table 1. Qi gorrerl sati on

Expen S O & t a ) 9o sati o N
experlhﬁﬂ%\s gg(r:g ca6r5ré| e4 ou?jul %%d \C?%/S ml frgeg’?ezfi’ 1n, ey
aut o¢l,aye7egai ppedlmthyfalpk,ew o®ol idhg 4t psa), 7.1-7.5 (m,
heat ilt%%rcoollng bat h (e Jul abo, nodel no. ATS— 2) and

a 10 biel gad - S r(Ser 2§mdAl§§1f #| &3 86| {Sor d&r P&H), 3.19 (t,
renoyet ages, ob. vat er fsem [ eact o .

evacuat eéﬁ%er ni ght S% <10’ plggﬁat?%% 'zgrhesﬁrvgggzo 2.22 (s,
was séavéieged 2bYli risrodlici Ng)250 .81t Limme39lw,\0a1(k®13

gl tscr)It |orpatand s%

..ﬁny E&i%%) ethyl]-

TTC

creac%er[qunbeebeam&e @l seaawe@y\lp@eayu@mh@ theyl]

20

25

base of the autoclave. The reactor was €évacuated to
0.4 koxisddge iggadd il chlersdel compdee and heated to
the tenperature indicated in Table 1 (entries 20 and
hi gher) and

Q
In an inert atmosphere a solution of 5 g above-
described diimine in 20 ml dichloromethane was added to
788 mg FeCl; in 30 ml dichloromethane. The mixture was
stirred for 16 hours. The solution was filtrated. The
solvent was removed in vacuo. The resulting green blue

product was washed with pentane, isolated by filtration

and dried in vacuo. Yield 5g (86%) of iron complex.



20 pressurised with ethylene to the pressure indicated
in Table 1. The MAO-solution (typically 140 ng) and
wa@ kovg/ogti4et hyl (typically 10 ng) were then addedr/Er20081@10708
reactor with the aid of toluenezfthe total vol une
injected was 30 m, 25 using a procedure simlar to
t he iipj [ th lyst. ssol utian; l,o
At d Rt (e PRrG 500 e iad. conn o For)a0 B1-4 (18,
m nutPes-Hu0, 400pAol18f PheHgat a2 yst &35t eve pr epared(6s, Me) ,

descr.i bed oV S introduced into-the stirred
reacﬁég% é%?hsgﬁgﬁanOr&ﬁeég%bnﬂgystéﬁl i% H 2Fhe Aifd 1o 30 4
tol ueme, (tveg total volume injected was 30 nl: the
catal yst solution WO 2004/ 037415 PCT/ EP2003/ 010708 -
528 di | uPédewnelivellyenanyo of0 thle was ailyjséc cedpantdsherepared
i njecgto S i nse IC€ t ol uene).
The g%h??ﬁ%ﬁbﬁg@?ﬁeW@h@?ﬂ3§%ﬁgysF@@ﬁpé§%ﬁgg8riﬁ%aﬁ%/011876
exot heuhd genersald ¥ nS+2% Q)1 gwhiedh sgenenaldxycreached delow.
5 mximumwthin 1 mnute and was generally fol |l owed
by est abliP$hiert toCoré tedwisér &omPevadd usess dar éhe .
i ndi eated ;s rich tTakled oy (Rt Hops f%%cﬁaﬂl@tlﬂlth SihmiAkShe (MMRO)
consum ng a certain volunme of ethyl ene, "the
10 ol i gorremiesat iaboutag 56t ofped cbynertiyild grempisngref repdat@d with
et hyl.en decanting t roquct m xture i a .
coIIégfggﬁyﬁbngPQ%US&ﬁégé%%aﬁniﬁgp%énﬁaég%gﬂ fhé-42%wt) used
aut oghavgampiResure 9 off trhe 1 Xt uhe st @uaichakesuleed nkzo-
rapid deactivation of the catalyst. After addition of
n- heXPBEéntésaicals- 8.5 .q) Paersinoriy efhal Netasdaradso In the
t he- ¢r wde .pr.aod t a : pur,i f .
e A
15 chr ot Agibdehy.)' Tleehgat alamenoepaet €aAON Tabkellene was used

(entries. .20 and hi ?gr . From the experinental data
pr oviS4ER G oTEE &Flg' %ﬁﬁdgﬁﬁmﬁesgégﬁephﬁP PREPELTe batch:
a numher3of (henetd ysghrom, mepl acisng7sqe (ehithe MABYD,
or MAO co-catalyst with zinc
molecular mass = 900 g/mol and [Al] = 4.97% wt) supplied
by Witco GmbH, Bergkamen, Germany.

20 The second co-catalyst compound used in the
oligomerisation experiments below was neat zinc diethyl
supplied by Ethyl Corporation, Baton Rouge, LA, U.S.A.
Catalyst system preparation

In a Braun MB 200-G dry box the
25 2-[1-(2,4,6-trimethylphenylimino)ethyl]-

6-[1- (4-tert-butylphenylimino)efhyl] pyridine iron[IT]
chloride complex, the 2,6-bis[1-(2,6-difluorophenylimino)
ethyl] pyridine iron [II] chloride complex, the 2-[1-
(2,4,6-trimethylphenylimino) ethyl]-6-[1-(3,5~di-tert-

30 butylphenylimino)ethyl] pyridine iron[II] chloride
complex or the 2-[1-(2,4,6-trimethylphenylimino)ethyl]-6-

[1-(4-eicosanoxy-3, 5-diphenylimino)ethyl] pyridine iron



diethyl. There is a significant increase in the
selectivity of linear al pha olefins (as neasured by
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solution was used in the oligomerisation reaction.

Oligomerisation Experiments in Endeavor unit

Oligomerisation experiments were carried out in an
Endeavor® (Argonaut Technologies), a device with eight
separately heated and pressurised 20 ml stainless steel
reactors. Each reactor is equipped with a glass liner,
stirrer and injection port.

In order to remove traces of water from the
reactor, it was flushed three times with dry nitrogen at
150°C. Then the reactor was flushed with ethylene at room
temperature. Subsequently, 2 ml of toluene with the
appropriate amounts of MMAO and Et,Zn (Table 1) were
added through the 1njectlon port of the reactor. The
reactor was heated to the de51red temperature (Table 1)
and pressurised with ethylene to the pressure indicated
in Table 1. A suspension of the iron complex was injected
through the injection port (typféai amount: 0.45 pmol in
0.2 ml toluene); The stirring at 500 rpm was continued
under constant ethylene pressure for at least 2 h. After
this period the feed supply closed, stirring stopped, and
the reactor cooled down automatically. After cooling to
room temperature the ethylene was vented with air and

n-hexylbenzene (45 mg, internal standard) in 0.2 ml
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Oligomerisation Experiments in a 0.5-litre autoclave

Oligomerisation experiments were carried out in a 0.5
litre steel autoclave equipped with jacket cooling with a
heating/cooling bath (ex. Julabo, model no. ATS-2) and a
turbine/gas stirrer and baffles. ‘

In order to remove traces of water from the reactor,
it was evacuated overnight at <10 Pa, at 70°C. The
reactor was scavenged by introducing 250 ml toluene, MAO
(0.3 g solution) and subsequent stirring at 70°C under
nitrogen pressure of 0.4-0.5 MPa for 30 min. The reactor
contents were discharged via a tap in the base of the
autoclave. The reactor was evacuated to 0.4 kPa and
loaded with 125 ml toluene and heated to the temperature
indicated in Table 1 (ent;ies 20 and higher) and
pressurised with ethylene to the pressure indicated in
Table 1.

The MAO-solution (typically 140 mg) and zinc diethyl
(typically 10 mg) were then added to the reactor with the
aid of toluene (the total volume injected was 30 ml,
using a procedure similar te the injection of the
catalyst solution; see below) aﬁd,ﬁhe stirring at 800 rpm
was continued for 30 minutes.

0.40 pmol of the catalyst system prepared as
described above was introduced into the stirred reactor
using an injection system with the aid of toluene (the

total volume injected was 30 ml: the catalyst solution
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maximum within 1 minute and was generally followed by

establlshment of the temperature and pressure indicated
in Table‘l (entries 20 and higher).

After consuming a certain volume of ethylene, the
oligomerisation was stopped by rapid venting of the
ethylene, decanting the product mixture into a collection
bottle using a tap in the base of the autoclave. Exposure
of the mixture to air resulted in rapid deactivation of
the catalyst.

After addition of n-hexylbenzene (0.5-3.5 g) as
internal standard to the crude product, the amount and

purity of Cg, Cg and C1g olefins was determined by gas

chromatography. The data are reported in Table 1 (entries
20 and higher). |

From the experimental data provided in Table 1 it
can be seen that there are a number of benefits from
replacing some of the MMAO or MAO co-catalyst with zinc
diethyl. There is a significant increase in the
selectivity of linear alpﬁa olefins (as measured by the %
purity) and the amount of unwanted (methyl-) branched by-
product is reduced. Whilst the selectivity to linear
alpha olefins is increased the Edtél olefin yield remains
at least on a par with fhat of the experiments without

zinc diethyl addition, as is clear from the yield of Cg,
Cg and C1p oligomers (amount of Cg, Cg and Cqp product

measured in mg) of entries 1-19 of Table 1.
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1. A catalyst systemconprising: (a) one or nore

bi sarylimno pyridine iron or cobalt catalysts; (b) a
w0 e0gM3Taes cat al yst conpound which is sel ect ed PET/BP2003/010708

al um ni um al kyl's, al um noxanes, apd_ m xtures thereof;

and (c) a second co-catal yst conpound which conpri ses

one or nore conpounds of the fornmula ZnR 2 wherein

each R, which may be the sggg gr S':fferent, i's
sel ected from hydrogen, opti tituted Cl1-C20
hydrocar byl, phenyl, d, Br, I, SRI', NR' 2, OH OR',

CN, NC wherein R', which within the sane nol ecul e
may tihe sade CGitadivRteSyften omprazd ndhiydr ocar byl . 2.

A cat al yst st a [ ; i.m:1 wherein the
second co- c(gj?al )F/éggte %%on%n%%ibé%fg@fm\%& @S’ﬁ%@lnies tron or

Cl- C20 hydr ocarchyplalt3 cahkadatsalsyst system according to
Caim1l or étv\,her?',n R is Cl1-C20 alkyl. 4. A, .

cat al yst S);_ JemPadddrtdi 9 €5 Aty Sbt corgengd vihgch is selected
wherein R is etthyh a3umAnGakdly%l 18YSheMAcoAadingd Loy

any of Cainms 1 to 4 wherein the first co-cata yst is
an al um noxane BéR&gres Ttheseowet hyld al umi noxane,

al kyl - nodi f,i_ed hyl _al um noxane, .and_m xtures . ,
Chet cof . WO°3003] G57RIE BCTT 63055 010708 Y §pich, cgmprises
catal yst syste cordj t f,.C ai l1to 5 ,
wher eiyn th)(; fi Fg?lgcg?cgtggleygfﬁ%ugﬁlsi (sjgbu ?I :fr?ﬁ:gﬁuflﬁe&nR 2

methyl al uni noxgRerein Ba6at @k yShngyat GEVAGEOLEALN
any of Claims 1 to 6 vvhgrei n the nol ar g1?]at %oEgF tgﬁ%an% or
metal of the fiddffeyventat abyseleotehe fmemahydfcotke,

second co-catalyst is in the range of fromb5:1 to
1:5. optionally substituted C3-Cyp hydrocarbyl,

phenyl, Cl, Br, I, SR'’, NR’'’,, OH, OR’’, CN,
NC wherein R’’, which within the same molecule
may the same or different, is C1-Cyp
hydrocarbyl.
2. A catalyst system according to Claim 1 wherein the
second co-catalyst compound is ZnR’2 wherein R’ is C1-Cszg
hydrocarbyl.
3. A catalyst system according to Claim 1 or 2 wherein
R’ is C1-Cpo alkyl.
4. A catalyst system accordiﬁg‘ﬁo any of Claims 1 to 3
wherein R’ is ethyl.
5. A catalyst system according to any of Claims 1 to 4
wherein the first co-catalyst is an aluminoxane selected

from methyl aluminoxane, alkyl-modified methyl

aluminoxane, and mixtures thereof.



8. A catalyst systemaccording to any of Clains 1 to 7
wherein the bisarylimno pyridine iron or cobalt

w@at0aloyats i s sel ected from bisarylim nepyri di PET/EX003/010708
conpl exes and/ or [bis-arylim nepy#idi ne Myp. Lb+]
[NC-] g conplexes, said bis-arylimnepyridine
conpﬁexesAccmmaﬂybmgs&sthmsat¢bkmhnq mwrbﬁ@n@ﬂiQ$wﬂms 1l to 5
wherein M.is tal atom selected fromFe_ or
i s szFrﬁlnaﬁglex i< Skarrgeatadysitonsl Py éﬁ@?ﬁtﬂ’&t‘@@dlfled
hydr aeahRy| a1akkaxidee . am de or  hydride, Y is a
I i gand ich may insert an olefin, NG is a
non- EoordﬁnéﬁﬁﬁQYQﬁl§Nst§mqangZdQHQStonan&hpﬁgCﬂhams 1 to 6
for ida n sald net al Q S utra

owi EnegS il the uBipd L Ee T B Th8rhsteg o} Thfuifeet co-

syst eatadgerdipgthe Gkabm 8rwheeesBcbhE cbi-satwhiy@knes in the
pyridi ne I|%and i's selected fromligands having the

f or miP&9EI P béF6H: SR tR2IRS- RA 0 .R5 N Rg R5 R~ N
mg.zn RORLZ2:10L} WO-2004L 9%8%é§ngc¥/Eﬁﬁ9oé%oéil9§s 1 to 7

33 wherein X is”carbodon or nitrogen
is OwberginZths alsergémmdnnapgdldmhal1tbagnenboah185catalyst
re._each, _i,ndependent | hydr ogen,

R7- R9 d.R12-R1
oot 1 OFaP Py ShRe FE A oR AGRYoCaL BREY S Enbe COnE ies

f uncthanal gb@@par9ﬁ1ﬁﬂﬁebv@1gﬁn81Mﬁ3dqR?Tﬁ@ ]aQQmplexes,
R12-Rl14 vicinal to one another taken t oget her

f or rFaifi hgs-REYILMppEPBgeAinepEPORALKSS §9t@9tc|1tsmneda
hydrBE@E?yhlmﬁﬂe B?E&d&HQCE£8Q§h,9&RQBeln M is a metal atom

selected from Fe or Co, n is 2 or 3, and X is halide,
optionally substituted hydrocarbyl, alkoxide, amide or
hydride, Y is a ligand which may insert an olefin, NC™ is
a non-coordinating anion, p+g is 2 or 3, matching the
formal oxidation of said metal atom; L is a neutral Lewis
donor molecule; b is 0, 1 or 2.

9. A catalyst system according to Claim 8 whérein the
bisarylimine pyridine ligand is selected from ligands

having the formula (I) below:

)



or taken together with R7 or R4 to forma ring; R10
i s hydrogen, optionally substituted hydrocarbyl, an

WO p@rt3f4auhct i onal group, or taken together w tPCREPZIN3/010708

R4 to forma ring; RL1 is hydrodgeh,- optionally

bstituted hydrocarbyl, an inert .functional group,
ot ken FOGEERE, Suith cRsThE REo PG TPGE R 1 i bo. - ond

R15 is hyeragem, oeptii,onally substituted hydrocarbyl,
an inert functional group, or taken together with RS
or R14 tom éemlaori dg. 10. A process for the

production qf al pha-olefin conprising reacting

et hyl ene %n&éraoWT§89EPF§ ?gnmggéﬁdﬁfggﬂ§n¢n'the

presence @f -an eRieqli we@mUNR f a3 CaLRMY S rI¥He@iPent 1y,

according 90 ny gf %Iainsﬁggtolg. ° * shELY
hydrogen, optionally substituted hydrocarbyl, an

inert functional group, or any two of Rj-R3, R7-Rg
and R12-Ri4 vicinal to one another taken together
may form a ring; Rg is hydrogen, optionally

substituted hydrocarbyl, an inert functional group,

or taken together with R7 or Rg to form a ring; Rig

is hydrogen, optionally substituted hydrocarbyl, an

inert functional group, or taken together with Rg or
Rq to form a ring:; Rq] is hydrogen, optionally

substituted hydrocarbyl, an inert functional group,

or taken together with Rg or Rjp to form a ring; and
Ri5 is hydrogen, optionally substituted hydrocarbyl,
an inert functional group, or taken togethér with Rg
or Ri4 to form a ring.

10. A process for the production of alpha-olefins
comprising reacting ethylene under oligomerisation
conditions in the presence of an effective amount of a

catalyst system according to any of Claims 1 to 9.



