WO 03/011876 PCT/ EP02/ 08636 1 LI GANDS AND CATALYST SYSTEMS THE CF FC%' 1b%>
ETHYLENE OLI GOVERI SATI ON TO LI NEAR ALPHA OLEFI NS The present invention
relates to ligands, various catalyst precursors and catalyst systens
deri ved TMO®O0I8A€se | i gands for ethyl ene ol igomerisati RCFEPR08dEr al pha
olefins in high yield and very high selectivity, 5 and a process for
preparing said li-near al pha olefins. Various processes are known for the
production of higher |inear alpha olefins (for exanple D. Vogt,
A i gonerisation' of ethylene tohigher a-olefins in Applied Honogeneous
Catalysis with Organonetal lic 10 Conmpounds Ed. B. Cornils, WA. Herrfiann
Vol. 1, Ch. 2.3.1.3, page 245, VCH 1996). These commerci al processes
afford either a Poisson or Schul z-Flory oligoner product distribution. In
order to obtain a Poisson di strlbutlon no chain 15 terrrhn tion nust take
pl ace during ol i goRaFPERE PR, © AYRINSTer YSTHNS GHERERE FOR,EX E@FHHOZ Flory
process, chain term natoruGoSERES ATION! TarlldINES\.RI Anemerum:m'trNSrom chain
| ength. The Ni-catal ysed ethyl ene ol igonerisation step of the Shell Higher
A efins Process (SHOP) is a 20 typical exanple of a Schul z-Flory process.
In a Schul z-Fl ory phecmssend mvcmtiangeekdtes| tgohigandsar varigiscal |y nmade in
whi ch the fractdqa, F ?%Eu%séé &ndCéQté)fy&ets%aérﬁwhel&xveal grdat i on on the
e

basis of the so- ca factor. The K-factor, whjch is_indicative of 25
the relative prid{s&et i HFRndst fPﬁe“ﬁW&&B’ét°]o’}%’l"ﬁeﬁésarr’s°nt e L1iBF%r ratio of
(Cn+2]/[Cn] calgyphat etefimsmihheigd gpeléofarndeegyapiplofsellegti€tyol d] versus

n, where nj s tar}z% ’;Ag:-:'réc%\sl*s \E‘Qrog?i‘e%l@l@ A:)aqg %EQ@AP%%@a olefins.

Various processes are known for the production of

higher linear alpha olefins (for example D. Vogt,
éligomerisation!6f:ethy1ene'to;higher a-olefins in
Applied Homogeneous Catalysis with Organometallic

10 Compoundé-Ed. B. Cornils, W.A. Herrmann Vol. 1, Ch.
5.3.1.3, page 245, VCH 1996). These commercial processes
"afford either a Poisson or Schulz-Flory oligomer product
digtribution.

In order to obtain a Poisson distribution, no chain

15 termination must take place during oligomerisation.

However, in contrast, in a Schulz-Flory process,
chain termination does occur and is independent from
chain léngth. The Ni-catalysed ethyleﬁe oligomerisation
step of the Shell Higher Olefins Process (SHOP) is a

20 typical example of a Schulz-Flory process.

In a Schulz-Flory process, a wide range of oligomers
are typically made in which the fraction of each olefin
can be determined by calculation on the basis of the so-
called K-factor. The K-factor, which is'indicative of

25 the relative proportions of the product olefins, is the

~ molar ratio of [Cp42]/[Cp) calculated from the slope of

the graph of log [Cp mol%] versus n, where n is the
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f 2 nunber of carbon atons in a particular product olefin. The K-factor is
by definition the sanme for each n. By Iligand variation and adjustnent of
reaction paraneters, the K-factor can be adjusted to higher or |ower

val ues. 5 W BHIB7qvay, the process can be operated to pr FSTFEPOFH0863¢ oduct
slate with an optim sed econom c benefit. Since demand for the C6-Cl8
fraction is nmueh higher than for the C20 fraction, processes are geared to
produce the | ower carbon nunber ol efins. However, the 10 formation of the
hi gher carbon nunber olefins _is inevitable, and, wthqut fuyther
processing, the nI“B‘rL"ﬁﬁt‘?forFaEPWh%%"é“spr"Bdﬁc‘E?ti"guﬁ%‘f rfirr?!%ﬁf'él g{?ﬁt”he
profitability of TheekpfacessisToy raedunétidcheheegane \f»xi gpabtn of Byhe hi gher
carbon number o qfLaaqaNlQk 1R P YaydseNald!er Peddiich BR-afeldids! Onal

t echnol ogy has beeé el ope 0 reprocess these streans and convert them
i nto.more val uablt&@ecKefddeirs cauche Asiraeed i highen ®r dPWPF ngalugs - s

practised in the 1ghehks g ietns) ©fddassPeae s ope2fkddwoV srodidd & t echnol ogy
.1's expensive both from an]r?iﬁnvest ment- a ational Q,Oi n%iof vi ew and

d
consequent | y- ad®¥°S4aF 13655 YEb 2" P gi’"&?oerec{e?g%%%'?lcfer SBF&*®effort is

directed to keep the pladligkhofa Hoxt REehtOGL £ALNMAR DYNREAEGigheti ns to
the absolute mninum 1i.e. not nore 25 than I nherently associated with the

Schul z-Flory K- fagt0kq WRteAr994 12984 1 965 Yrideess&aitaley sbasystms for the

pol ynmerisation of 1l-olefins, in particular ethylene, which contain
ni t rogen- cont ai nigxgdutangid ileRetteizabodOnabyrovhdfimonpHogever a thkel et al

uni t of f°r1r6“' a (tBo)rmay\porp%foliJig?}?lﬁgp gg)%noﬁggiﬁer olefins is
inevitable, and, without further processing, the
formation of these products is detrimental to the
' profitability of the procésél To reduce the negative

impact of the higher carbon number olefins and of the low

15 value C4 fraction, additional technology has been
develpﬁed to reprocess these streams and convert them
into ﬁére valuable chemicals such as internal Cg-Cip

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

20 However, this technology is expensive both from an
investment and operatiohal point of 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

25 than inherently associated with the Schulz-Flory K-
factor. ) '

WO-A-99/12981 describes catalyst systems for the
polymerisation of l-olefins, in particular ethylene,
which contain nitrogen-containing transition metal

30 compounds comprising a skeletal unit of formula (B),



r - 3 wherein Mis Fe [Il], Fe [Ill], Ru[Il], RuJIlll] or Ru [IV]; X
represents an atomor group covalently or ionically bonded to the
transition metal M T is the oxidation state of the transition netal M and
b is the 3vov3asisy of the atomor group X; Rl, R2, R3, RATHReR/&36are

i ndgpendent |y sel ected from hydrogen, hal ogen, hydrocarbyl, substituted
hydrocar byl , heterohydrocarbyl or substituted heterohydrocarbyl, R5 and R7
are independently selected from hydroge'n,3 hal ogen, 10 hydrocar byl ,
substituted hydrocarbyl, heterohydrocarbyl or substituted

het er ohydr ocar byl . WO A- 00/ 504R) di st oses catal yst conpositions that it
is said may be used in therpoly riN{gtion or oligonerisation of olefins.
15 Said catal yst conpositioNs cgnprige a metal conplex ligated by a
nonodent ate, bidentate, tri te or etradentate |igand, wherein at

| east one of the donor ofn?*t-he—bi gand- (rgb)axni t rogen ahom substituted
by a 1-pyrrolyl or substit 1-pyrrdyl group; wherein the 20 renaining
donor atons of the ligand aye s®l eck®d fromthe group consisting of C N,
P, As, 0, S and Se; and whet*ein/Sai\d nmetal in said nmetal conplex is
selected fromthe group consi Eing ;;7 Se, Ta, Ti, Zr, H, V, No, C, M,
W M, Re, Fe, Ru, Gs, Co, Rn, N, Cu, Pd, Pt, Al and 25 Ga. WD

03/ 011876 PCT/ EP02/ 08636 - IS sai 0 pe nunber of
neutral trident ¥pereing¥nds Bf?lle_\[tﬂiayﬁ‘%eh&%d Y [g[uléf'eg‘r‘egﬂgét SFySt

conposi tions accorvi N trepY€dertB0ALOLT oR3grép )covalently or
ionically bonded to the transition metal M; T is the

ol

oxidation state of the transition metal M and b is the

5: valency of the atom or group X; R, RZ, R3, R% and RS are
independently selected from’hydrogeﬁ,'halogen,
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
or substituted heterohydrocarbyl, R5 and R7 are
independently selected from hydrogen, halogen,

10 hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
or substituted heterohydrocarbyl.

WO-A-00/50470 discloses catalyst compositions that
it is said may be used in the polymerisation or
oligomerisation of olefins.

15 Said catalyst compositions comprise a metal complex
ligated by a monodentate, bidentaté, tridentate or
tetradentate ligand, wherein at least one of the donor
atoms of the ligand is a nitrogen atom substituted by a
1-pyrrolyl or substituted l1l-pyrrolyl group; wherein the

20 remaining donor atoms of the ligand are selected from the
group consisting of C, N, P, As, O, S and Se; and wherein
said metal in said metal complex is selected from the
group consisting of Se, Ta, Ti, 2r, Hf, V, Nb, Cr, Mo, W,
Mn, Re, Fe, Ru, Os, Co, Rn, Ir, Ni, Cu, Pd, Pt, Al and

25 Ga.



In particular, a nunber of symmetrical bis-pyrrolyl 5 imne |igands,

h16- h17, h19-h25, h28, h30 and h32 are specifically disclosed. In addition,
h29, h31 and h33 are m xed bis-pyrrolyl imne |ligands. Exanples 59, 60 and
62 of WONQGOABO470 denonstrate the pol ymerisation of RGIEROYPEE3G n t he
presence of an 10 iron-based catal yst conposition conprising symretri cal

bi s-pyrrolyl ismne ligand hl16. Simlar I_y4 Exanpl e 74 concerns the

pol ynmeri sation of ethylene in the presence of an iron-based catal yst
conposition conprising s trical_.bjs-pyrrolyl .imne.15 | Lgand _hl7.
Further exanpl es of égﬁf?/'e 'pofy %ggtl?;%norfgnOfV\b%mbﬁﬁlgt) ?-‘rgfllrpl oyi ng
sone of the af drddeehatonddiandesgbirds man be oisadadadpxeficairgdt cat@{yssi ti ons,
include Exanpl &xp82:ideohs MeBorddlg th3Roanthol/aabberein. 20 As exenplified
in Exanple 4 herein, the |ower honologue of |igand hl6 of WO A-00/50470,
that is to say, ligand (11),rugivegarise to an iron-pased bis-pyrrolyl WO
03/ 011876 PCT/ EPO2/ 08636 V - i ¥ ne cat al ystR¥tonpPsi ti on whi ch gives
little, if any, ethylene conv W been surprisingly found
a novel class of catalysts inthe 5

ol i goneri sati on of ol efi nR?*® rhi ch produce |inear
al pha olefins in the C6-30 rangeg, ha ol efins being of high
purity. Furthernmore, sone of theé’ta S ol thegpresent invention give
rise to a Schul z-Flory product 1Qzdi sty i buyi onr*The present invention

provi des a m xed bis-imne

R

(1)

In pafticular, a number of symmetrical bis-pyrrolyl
5 imine ligands, hlé6-hl7, h19-hﬁs, h28, h30 and h32 are
specifically disclésed. In addition, h29, h31 and h33
are mixed bis-pyrrolyl imine ligands. '

Examples 59, 60 and 62 of WO-A-00/50470 demonstrate
the polymerisation of ethylene in the presence of an

10 iron-based catalyst composition comprising symmetrical
bis-pyrrolyl imine ligand hle.

Similarly, Example 74 concerns the polymerisation of
ethylene in the presence of an iron-based catalyst
composition comprising symmetrical bis-pyrrolyl imine

15 ligand h17.

Further examples of ethylene polymerisation in
WO-A- 00/50470, employing some of the afore-mentioned
ligands in iron-based catalyst compositions, include
Examples 99-125; 128, 131, 133 and 135 therein.

20 As exemplified in Example 4 herein, the lower
homologue of ligand hlé of WO-A-00/50470, that is to say,

ligand (11), gives rise to an iron-based bis-pyrrolyl



pyridine ligand of fornmula (1), wherein R1-R5 are each, independently,
hydr ogen, optionally substituted hydrocarbyl, an inert functional group,
or any two of 15 R1-R3 vicinal to one another taken together may form a
ring; ZIWOWKPHR76 s different fromZ2, is an optional |y PCIHPY986i6t ed aryl
group; and Z2 conprises an optionally substituted heterohydrocar byl

noi ety, or an.optionally substituted aryl group in conbination with a

metal, said 20 optionally substituted aryl” group being n- co-ordinated to
the netal. (1) The present invention further g};ow des.a m xed bis- imne
pyridine MX' cORPIRXEEMEPT sTAPE h RedHcE- 8 e 110BLBa/ L PAY6

PCT/ EPO2/ 08636ethy1é31e pwﬁve&md i gand of fornmula (1), wherein Mis a netal
atom sel ected froni\ ereo;la o“paegn . rii,Sngg%)%Ju%ghgl ?éé onal |y
kOXI ri

substituted hydrocarbyl, € urt her
aspect, the pre%ecrﬁttalr}'\?éﬁtvmplplﬁem blwlmastwes:gi tbe the pr oductl on of

al pha- ol efi ns, ommngagpéﬁscﬁsoqeaiﬁé:t le@geemslw ermwelwﬁ, aganpl exes of the
present inventi on wi th ethyl ene an whi chi.s capabl e of

transferring altbpt iRFRARFS ]1’G‘ea§u5 IP 1ﬁ§d’r’bé:gﬂeb§ﬁ -3 TRPEPi de group to

a netal atom M selnelead h1pHa %qe@inmele@dowm lparatsao capabl e of
atom - erature in the

abstracting an X- gro fromsaid netal
range of -100C to %Q’UG%H‘F?F%' SOPF °}f Lﬁ*’t%&?t%’bset& of ﬁggﬁrxgﬁm i nvention
15 provi des a pneeesionf givé helger odugtdagmlaekFabpharokbdeétns, which conpri ses

contacti pg oneg; Ol MG X' conpl exes of

The present invention provides a mixed bis-imine
pyridine ligand of formula (I), wherein Rj;-Rg are each,

independently,‘hydrogen, optionally substituted

hydrocarbyl, an inert functional group, or any two of
15 R1-R3 vicinal to one another taken together may form a

ring; Z,, which is different from 2Z;, is an optionally
substituted aryl group; and Z; comprises an optionally
substituted heterohydrocarbyl moiety, or an optiocnally

substituted aryl group in combination with a metal, said

20 optionally substituted aryl group being m-co-ordinated to
the metal.
Ry
Rz Rs

Ry <::> Rs

N
N N\\
z 2;

(I

The present invention further provides a mixed bis-

imine pyridine MX, complex comprising a mixed bis-imine



the present invention with ethylene and a second conpound which is capable
of transferring an optionally substituted hydrocarbyl or hydride group to
a metal atom 20 M selected fromFe or Co, and a third cor‘r}lqound which is
capabl e Y0 8¥M4{§78cting an X- group from said netal at omPCTEROS¢¥nperature
in the range of -100C to +300C. The present invention further provides a

m xed (bis- inmne pyridine Myp.Ln+][NC-]q conplex conprising a |igand 25
of formula (1), wherein Y is a ligand whi'ch may insert an olefin;, Mis a

netal atom sel ected, from Fe a non-,coor di natin an| on and +
is 2 or 3, matchHig 1Lnﬁeh$%ﬁ‘£éﬂfog?m§ar o) of YREEH It AP At c?r%gl P
neutral Lewi s sermrcednfeculRe axdCa, = 0,8 2, oor3.2.ang0XThe Imlddent | nvent i on
fur ther provi deg, & fi956Sgul ﬁtukaa Ry AbeaLbon, Afudkabe; oauafden]s@r\cAgonprn si ng

contacting one nore-m xe bis-imne pyridine Myp.L
03/ 011876 r - 7hyd@PeEP02/ 08636 conpl exes of the present invention with
ethylene a3 a FefTDQhaﬁufﬁrdHért Eepéatn,g&;hef prddéit tavenOisn pervidII& present

i nvention certain terns e erm d"- denot es
that the inine FoRERGEE, atq‘fZPISauCtlaoéhmﬁl ?%I‘g}aer?t%eg The’ twerHrlr%g" aryl" refers
to an aromatic qm;hi:’caeshydmu:axa:rllngnon@rmr adireadlix, Exuppixas cActirle phenyl ,
napht hyl', ant hrgf@%l.%lu i RPN LAERMWny130d LA d IskBoRE deonpdundbsti tut ed

derivatives the The term "aoptionally substituted aryI group in
conbi nati on wi t ¥hichrdEaraPatey bptFomi9F 18803k it en2L 5¥ yI group bei ng
n- co- OrdlﬂﬁtEd sepdtie utet ahydridvakrbge sor hydrlde group to a metal atom

M selected from Fe or Co, and which is also capable of
abstracting an X  group from said metal atom, at a

. temperature in the range of -100°C to +300°C.

v ; In a still further aspect, the present invention

15 ' provides a process for the production of alpha-olefins,

which comprises contacting one.br more MX, complexes of
the present invention with ethylene and a second compound
which is capable of transferring an optionally
substituted hydrocarbyl or hydride grbup to a metal atom

20 M selected from Fe or Co, and a third compound which is

capable of abstracting an X~ group from said metal atom,
at a temperature in the range of -100°C to +300°C.
The present invention further provides a mixed [bis-
imine pyridine MYP.Ln+][NC‘]q complex comprising a ligand
25 of formula (I), wherein Y is a ligand which may insert an
olefin; M is a metal atom selected from Fe or Co, NC" is
a non-coordinating anion and p+q is 2 or 3, matching the
formal oxidation of said metal atom; L is a neutral Lewis
donor molecule and n = 0, 1, or 2.
30 The present invention further provides a process for

the production of alpha-olefins, comprising contacting

one or more mixed [bis-imine pyridine MYp.Lp*] [NCT]q



met al | ocene noi eties and sandw ch and netal -arene 15 conpl exes. Thus, it
w Il be appreciated by the person skilled in the art, that, optionally,
the netal nay be additionally x-co-ordinated to a further optionally
substi t ut SHO&4#/9218%r oup, which may be different to the oftGTEFE}/98$36
substituted aryl group in Z2 which is directly 20 bonded to the im ne

ni trogen atom and/or co-ordinated to ot_he7r ligands commonly known in the
art. It will further be appreciated that the optionally substituted aryl

group in Z2 which is directly bonded to the.,imne.nitrogen atom and which
i's al so u-co- or dFPERIEFeE0°F N W&F,enwv??%&%pﬁgb ettfh§95?e A &
het eroatons in t béemparagure. n,theuechngsé helt -9@0Y ot +enald.y substituted aryl

group is an Optiona'ﬂonyfﬁg{)ﬁéé ewtegnv&&ro%a@xktg{{m@m§i fid afdeys oL he

h
further optionally subs ed aryl group that the netal may adalgtionally
be n-co-ordi nat eBetewatay conprise one 30 or nore heteroatons in the ring.

Said netal gtom may mgRNYEAHeHikkdbPeséides eahal the ningkel moidvien] uzy
titanium'and vanadium Exanples of such noieties include-the radical
derived from f er peéctm, aggbedebfdhéererekel ocene, WO 03/ 011876

PCT/ EP02/ 08636 - 8 GRILOPRERNG, /Al AORLENG ggnﬁgﬂﬁqﬂg, cPLfrd- arene

vanadi um conpl ex, nono-n-arene"chromumtricark conplex and simlar
het er oar ene net ahyéxegsirbeasmonoradigpd. HRaMPIRE- hﬂc{t’rﬂeeﬁée’é}‘l'pyrrol e iron or
chronmi um conpl exggphtnylheahehracenot or sherhinteanbyhyl r @har hé A ixehydd ocar byl ,
group, addi bi onal I% c,on%ai ni,ng. one_or reot}et eroatons. Said heteroatons

are preferd ly b8h R e PR YRR YEShns in the het er ohydr ocar byl

group. Sai d het er ohydihecsebry| “aptdepahiy swpssnteped @ralll growd i®ubst it ut ed

aromati c het er ocygli, £ MbRt ¥ich ABLAONAIdN opbbsidiiyt edopel aeamt i
het erocyclic noiety; an . :

. dxryl group being m-co-ordinated to the metal” includes

! metallocene ﬁoieties and sandwich and metal-arene

15 complexes. Thus, it will be appreciated by the person

skilled in the art, that, optionally, the metal may be

additionally m-co-ordinated to a further optionally
substituted aryl group, which may be different to the
optionally substituted aryl group in Z; which is directly

20 bonded to the imine nitrogen atom and/or co-ordinated to
other ligands commonly known in the art. It will further
be appreciated that the optionally substituted aryl group

in Z5 which is directly bonded to the imine nitrogen atom

and which is also n-co-ordinated to the metal, may

25 - comprise one or more heteroatoms in the ring, i.e., such
that said optionally substituted aryl group is an
optionally substituted heteroaryl group. Similarly, the
further obtionally substituted aryl group that the metal
may additionally be m-co-ordinated to, may comprise one

30 or more heteroatoms in the ring. Said metal atom may
conveniently be iron, cobalt, nickel, chromium, titanium
and vanadium. Examples of such moieties include the

radical derived from ferxrocene, cobaltocene, nickelocene,



optionally substituted aliphatic heterocyclic noiety; or an optionally
substituted aliphatic heterohydrocarbyl noiety. 15 Exanples of

het er ohydr ocar byl groups include 1 pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, furyl,
thienyl, WRIe1I876] ni dazol yl, triazolyl, oxazolyl, isoxaEGBéﬂPm&”6

car bazol yl, thiazolyl, benzothiazolyl, thiadiazolyl, pyrimdinyl, pyridyl,
pyridazinyl, and the |Iike and 20 substitutgd_derivatives t her eof .

Hydr ocar byl group: a group containing only carbon and hydrogen. Unless

ot herwi se stated, the nunber of carbon atons is preferably between 1 and
30. In the preserﬂhriolﬂ\?éﬁltlﬁ!orF,itﬁﬁec‘ﬁﬂﬁ'aé’én&%qp@naBP?"Q‘@@&SsY?‘Hﬂ‘é’&‘

hydrocarbyl " i's usgdiLe dSSELDE INOIRGBRANY c:0LaURSHPPIIARELL YarkoN Al N g

one or nore "iner ef eroat om cont ai ning functional” groups. By "inert" is
meant that the fugietilapahetsr@apendanetall congldamse tioearyis-sobshan-mal

degree with the ol.i.gonerisation process. R exanpl es of such
I nert groups are L'fl'f’%é’rei de, PY* i 6r :luoerf i gg%gﬁl%sfgﬂh%%’g%' et hers and am nes
with adequdte steri'cThhitdmi nheteddhysbrakntin refersose a SKEreo@arbyd. t he

art. WO 03/0118765,RGT/ ERQ2{{086381% SrltRehind Wie beNabr&iitRrode &iHUP Ot her
than optionally Substituted hydrocar byl V\Q&g{ |n§ I.nert under the process
conditions. By "if$fhd NeferepkaTe RRGPHSET? PEReI CQrup SBBE St bt
interfere to any &siwhaninaheb hdegras dmothrlyie grlongoneri sati on process.

Exanpl es of inert fuagisOlitle @houPs:a:Bol Wltoifhadone Sl 220y ani nes,
in particular tertiary. am nes. I mary Carbon ato roup: a -CH2-R group
wherein R 10 substituted aromatic heterocyclic moiety; an optionally

substituted polyaromatic heterocyclic moiety; an

optionally substituted aliphatic heterocyclic moiety; or

an optionally substitutgd aliphatic heterohydrocarbyl

mbiety. ! ?

15 Examples of heterohydrocarbyl groups include 1-
pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, furyl, thienyl,
indenyl, imidazolyl, triazolyl, oxazolyl, isoxazolyl,
carbazolyl, thiazolyl, benzothiazolyl, thiadiazolyl,
pyrimidinyl, pyridyl, pyridazinyl, and the like and

20 substituted derivatives thereof.

Hydrocarbyl group: a group containing only carbon
and hydrogen. Unless otherwise stated, the number of
carbon atoms is preferably between 1 and 30.

In the present invention, the phrase “optionally

25 substituted hydrocarbyl” is used to describe hydrocarbyl
groups optionally containing one or more “inert”
heteroatom-containing functional groups. By “inert” is
meant that the functional groups do not interfere to any
substantial degree with the oligomerisation process. Non-

30 limiting examples of such inert groups are fluoride,
chloride, silanes, 'stannanes, ethers and amines with
adequate steric shielding, all well-known to those

gkilled in the art.



may be hydrogen, optionally substituted hydrocarbyl, 10 inert functional
group. Exanples of primary carbon atom groups include -CH3, C2H5 - CH2C1,
-CH2OCH3, - CH2N(C2H5) 2, - CH2Ph. Secondary carbon at om gronE) CH R2
group wheMQ 9301K7%my be optional |y substituted hydrocar bB§T T‘W@?GE‘G 15
functional group. Exanples of secondary carbon atom groups include
-CH(CH3) 2, -CHC12, -CHPh2, -CH=CH2, cyclghexyl. Tertiary carbon atom
group: a -G R3'group wherein R nay be optionally substituted hydrocarbyl,

rert 20 functs ol gL, RATBLE= bk 14 gD than o oups | nclue
may insert an ol agftiiwhal by rm&mtlautd!d @Hﬁdomw W§1§bo¥ﬁjllﬁéfédu44f%. met al

ion into which 25,bepdcads E‘éclm|1€ﬂ&1mla§cuiﬁef£&y 1Eemé£l§l.ertt}ﬁ@ tgeinitiate or

propagate an oligonerisation reaction m heteraq)aryl -i m ne
pyri di ne Myp. Ln+Hymq&irgat disuexeses é@(’fo?‘ﬂ?"r@g(elr& ﬁe % ?1’(/%%“ on,

may be hydr§ de, deddegl with ame ol hgsmearisation Iprgaaadsvxlm:xaimp&ay dfhsert an 30

ol efin. By "non-gQ gn v :api o chapgoes not
substantial ly cognr i ngpgé%{gﬁeb%\fp% in tom ﬁ%ﬁggl%lﬁgg‘% PC‘?’/ EP02/ 08636 r

- 10 Non- coor disrinesg iR iCNERY W&Eam;ﬁ“ﬁé‘%m tably enployed include

bul ky ani ons such as p}%iﬂklc%r[)gn%taﬂ,l §réigd fal ucngnxetgndubphnéwé;]rbw ate
(BAF-), (C6F5) 4B-, and anions of al ké(al um ni um conpounds i ncl udi ng

RBALX-., 5 R2ALCINGY, bRABYHzOgen, aARt iqRalex” subsiienErs KdrocRyBYbgen,
Optional|YI@UbStiﬁé%%e@uHUEHdH&arQY&uﬁH’E&BmpIEﬁbefpﬂﬂﬁifyﬁﬂarbon atom

groups include -CH3, -C3Hg, -CHpCl, -CHZ0CH3, -
CHoN (CHs) 2, -CHyPh.
| Secondary carbon atom group: a -CH—RZ group wherein
R:may be opﬁionally}substituted hyﬁrocarbyl, inert
15 functional group. Examples of secondary carbon atom
groups include -CH(CH3)g, -CHClp, -CHPhy, -CH=CHp,
cyclohexyl. ,
Tertiary carbon atom group: a -C—R3 group wherein R
may be optionally substituted hydrocarbyl, inert
20 functional group. Examples of tertiary carbon atom groups
include -C(CH3)3, -CCljz, ~C=CPh, 1l-Adamantyl,
© -C(CH3) 2 (OCH3) . .
| By a “ligand which may insert an olefin” is meant a
ligand which is coordinated to a metal ion into which
.25 bond an ethylene molecule may be inserted to initiate or
propagate an oligomerisation reaction. In mixed [aryl-,
. (hetero)aryl-imine pyridine MYp.Ln"'][NC‘lq complexes
according to the present invention, Y may be hydride,
alkyl or any other anionic ligand which may insert an

30 olefin.
By “non-coordinating anion” is meant an anion which

does not substantially coordinate to the metal atom M.



group, and X is halide, alkoxide or oxygen. It will be appreciated by those
skilled in the art that within the boundary conditions herein before 10
descri bed, substituents RL-R15 may be readily selected to optimse the
per f or mand0 $01183¢ cat al ysts systemand its econoni cal BpHERRA8BeN. (11)
The present invention provides m xed bis-imne pyridine |ligands of formnula
(I''). wherein Al-A6 are each, |5 independently, carbon, nitrogen, oxygen,
or Zul phur; the atomgroup A6 - R13 nmy be optionally absent such that Al
is directly bonded to A5: and Rl-R12. R14- nd, iLf present,.R13, are
each, independent!| y,ﬁ%'(ﬁd(?ﬁ AP2GHE SRAPRS gﬁtﬁgtt?{a&t Sayv% O‘%ﬁ(&ffé}%

PCT/ EP02/ 08636 -employéd dimwdadbybullan anhens sughces orefiragisup3.or any two of
R1- R15 vicinal §,Qppes ANREER POEd R MBYFHOr B-N0angM th the
provi so that when A? A5 angl A6§?1@%8?eg§%t, ea?g aI)I' ,g%ﬁérn, '_saaliid at ons
constitute the BrdpaFopermlkalahyringumyrorpginds Sreluding RBALK di nated netal .
::Q gs preRf7 engEr9 edRelngbp@lRilﬂ’enk%mlzkhe apBaesSRALON Ny eiierein Riis hgdrugen,(11),

-R3, -R9, - - n if.presedt . R are ea Ln ntly,
hydr ogen, opti or?gltl"?nghg‘étsiu%oﬁ[zé% efgg’ggﬁi‘f;i%ylaﬁgian%% tefshnc |cgtﬁg?’a%r oup, or
10 any two of Rx@8p, RMmRE iR1RaRHe,vitk e @ropRyas¥ot her taken toget her
may forma ring; and:g)yfla bs SPpldt8hted Uncidnenal signakn oh e @Rk onal ly
substituted hydrocar b{v)l ,.and R10, R11, and R15 are, . d(g endent |y,
hydrogen or hal i'¥8E. voFhifs thf RPYRGaE YafRoR nﬁﬂlh%lf‘?lﬁ’ngfa gﬁbup or an
opti onal | y10 subsiestutileed hystbecarierts &R, ReayRbe, reaitd 1R18ebeared to

optimise the performance of the catalysts system and its

economical application.

(1I)

The present invention provides mixed bis-imine

pyridine ligands of formula (II) wherein Aj;-Ag are each,

15 independently, carbon, nitrogen, oxygen, or sulphur; the

atom group

Ag—Ry3

may be optionally absent such that A; is directly bonded
to Ag; and Rj-Ry3, Rig-Rjg and, if present, R3j, are

each, independently, hydrogen, optionally substituted



i ndependently, hydrogen or halide; or c) R6 and R1O are each,

i ndependently, inert functional group or a primary or secondary carbon
atom group, 20 provided that R6 and R10 are not both a secondar car bon

at om gr oﬂﬁ) 1 and R15 are, independently, hydr oge‘?FWPOWQ‘W%ﬂe or d)
R11 and R15 are each, independently, inert functional group or a primary
or secondary carbon atom group, 25 provi,ded that R11 and R15 are not both a
secondary carbon atom group  and R6 and 'R10 are, independently, hydrogen

or halide; takent fq r R10_is a
primary car bon%’ 581" aélnmner [}%PUHC%I onéfgg? eraﬁ OL%Q? oﬁf %ﬁogen and
R11 and R15 are, |nﬁjemmd&|a,t bye dmuthegenakdn Iml_:;edleer myV\&ﬂB/aOllS?G

PCT/ EPO2/ 08636 - 12 f) RL1 is taken together with R12 tohéorma ring, R15
is a prinmary cAPEoNVEEDHRNG BEPYisth SPAEr YRFuMtPenAR , or hydrogen
and R6 and Rlo}.ﬁ':rgen{: ndﬂ?ﬁ@?”&é%on,hﬁgiﬁgﬁﬂ)m@.rcgﬁsldl(iﬁteoihé g) R6 and R10
are taken together wth R7 and R9, respectively, to formrings_and R11 and
R15 are, indepenvddnpeytadiegydgen: anylhaprtieof @r nmom;@laﬁ#@mta?ﬁe t aken

together wth R12 a@,g A?Jp%efewé@%o\a%xm tgF LREMFdJags mn%@oand R10 are,
10 independently, rogen or | i de. Substituents RI1- resent, my

15
i ndependent | y b PF'ﬁ‘k’e’ﬂ t1ddet ﬁerI*an&?fB?de;ch Rea sat”lducf‘fj %rsesgﬁarrpl es of
such struct ures, inchygde.the hakidimeaty! Qtyde¥asn] @ptRBnadiyh R7, to form

t he basic naphthyl’ skeleton or a 15 tetrahydronapht hyl unit. Furthernore it
will be readil ysuigspieetied éddppcaryyl, an inert functional group, or
10 any two of Rj-R3, R9-Rg, Rp2-Ry4 vicinal to one another

taken together may form a ring; and
a) Rg is an inert functional group or an optionally

substituted hydrocarbyl, and Ryp, Rjj., and Ryg5 are,
independently, hydrogen or halide; or
15 b) Ryi is an inert functional group or an optionally

substituted hydrocarbyl, and Rg, Rjp, and Ryg are,

independently, hydrogen or'halide; or
c) Rg and Rig are each, independently, inert functional

group or a primary or secondary carbon atom group,
20 provided that Rg and Rjg are not both a secondary

carbon atom group and R;j and Rjs are, independently,

hydrogen or halide; or
d) Rj; and Rig are each, independently, inert functional

group or a primary or secondary carbon atom group,

25 provided that Rj;j and Rig are not both a secondary
carbon atom group and Rg and Ryg are, independently,

hydrogen or halide; or
e) Rg is taken together with R; to form a ring, Rjp is a

primary carbon atom group, an inert functional group,
30 or hydrogen and Rj; and Rig are, independently,

hydrogen or halide; or



person who has mastered the basic principles of ho i

substituent variations of RI1-5, R?-Q, agd R12- 14, r?ggpgggztcaL:;yE;S that

sel ected so as 20 to enhance ot her desirable properties % ﬁﬁ’g&%st

precur soM0 &¥1&6t al yst systems such as solubility in ﬁgn@pofoar sol vents

or extending the range of suitable starting materials in their syntheses

Preferred enbodi nents of this invention are ligands 25 according to (1) .

anggerlvatlves thereof, in which the following R and Z groups appear:

et alrle hydr oget ’1aa{'§“t?afke%1t5§e 4 QReh! ¥ %ng,stfbwtgphp@enggsaim Z2 is
ptionally subst ted Terrocenyl or optlo% |1y substituted 30 1-pyrrolyl

\e/l\PeOI?,{ 8%326 PCT/ E(I;’_g?i@&f;at (6:|a—rbﬂ>8 atyrefoepppd ambiediiefierctdgonghi s i nvention .

( accordin o] [ bvat ) t eo i '

follow ng R gr oup§r8‘6€éa°r’? rﬁjfzrﬁgggréei%hyér%g%ﬁfwaﬁg/éér{%dégfnﬁ%ﬁ%t gree

Klet hgl - ng;?ggn Ql?/dpbgélyLor pﬁeﬁeéabdry met hyl ; and/or AS R13 is absent and
- ons ere J L i t adi en

of a ferrosbenyl‘-:r;s %tﬁ 3?9;1£b9 ?(%Rgﬁ(?lg%%gtr#%lraggweln&ﬁtgg?n%%@ R13 i>s/I ;ggeﬁ?rt

and AI , A2, A4, Axeapectinvdinn. tat bosy ribgsedwyd RugnenfitRid iFea pyrrol yl

ring; and/or Conbinations of orﬁqhg-substitﬁe{nt i which R6 is nethyl

et hyl , iso-propyl ,in9BRpRen -t FEPYCHTL VI, %rlfel"nké"d to 15 R7 to forma

napht hyl skel et gn;r;R1@nasrR{y drregenken together with Ry and Rig,

respectively, to form rings and Rg and Ryg are,

10 independently, hydrogen or halide.
Substituents Rjy.315, if present, may independently be

linked together and form cyclic structures. Examples of
such structures include the linking of, for example, Rg
with R,, to forxrm the basic naphthyl skeleton or a

15 tetrahydronaphthyl unit.

Furthermore it will be readily appreciated by any
person who has mastered the basic principles of
hémogeneous catalysis that substituent variations of
Ry-5, R7-9, and Rin-14. if present, may be selected so as

20 to enhance other desirable properties of catalyst
precursors and catalyst systems such as solubility in
non-polar solvents or extending the range of suitable
starting materials in their syntheses.

preferred embodiments of this invention are ligands

25 according to (I) and derivatives thereof, in which the
following R and Z groups appear:

R1-R3 are hydrogen; and/or ‘
Z1 is optionally substituted phenyl and Zp is optionally
substituted ferrocenyl or optionally subgtituted

30 1-pyrrolyl.



fluoride, or chloride; R11 and R15 are, independently, hydrogen, fluoride
or chloride and/ or Conbinations of ortho-substituents in which R6 and R10
are, independently, methyl, ethyl, or linked to R7 20 and R9 respectively,
to form A0 e¥MH76cene skel eton, preferably nethyl; Rl11 BAUERRHSE6e,

i ndependently, hydrogen, fluoride or chloride. It is particularly
preferred that- Rt1 and R15 are, in'depe%ently, hydrogen or fluoride. 25 In
a preferred enbodi nent, a Iigand of for a (1) is provided, wherein
R1-R3 are hydrogen; _A6-R13 s ent A5 are carbon atons, thereby
constituting the V\O%%?W?é RV pdl 5g %S\/m"iﬂ“%ar&pz %®nylide
part of a ferrmyalnmmy(IIMan&EgenRe;lﬂSs aiekrRbO, aire wisthythe R7, RO,
R11, R12, R14 &udE0 .n anot her preferred enbodi nent, a

l'i gand of formul a ??a§ 'S prov de wherein R1-R3 are hydrogen; A6 R13
is absent and BQ.I’RASEE? ehStS’éfPSSH' 2AWHST t hereby constituting the

cycl opent adi eny | _ e ggqgf e nethyl; R6
and R O a?ég et Kdﬁ qg RS, It?n%,tflgl'l, ; %%Eeﬁgﬁﬁt%hnggéi are elgﬁ g.{'ogen. 10 In
anot her prefer nm]thgﬂrboahdr/mrt, a ligand of formula (I1) is provided,
wherein R1-R3 are hydrogen; A3 is a \pitrogen atom A6-R13 is absent and
A, A2, . A4, A5 are carbon atons, the\%by_cgnstltutlng 1-pyrrolyl ring; R4
and R5 are methyl; R6 and R10 are ethyl® R7,“R8, R9, R11, 15 R12, R14 and
R15 are hydrogen. In a particularly preferred enbodi nent, a Ilgand of
formula (11) isisprbseneddnd\ierds miRl-cRIban eatoydr, ogbﬂreb%{% .is a nitrogen

atom A6-R13 if;a%%%99$t£HBjeﬁ£ cﬁg&oﬁ%%tgggenyllde part of a ferrocenyl

moiety; oxr
10 . A3 is a nitrogen atom,
}

Ag—Ry3

is absent andiél, An, RAs, Ag are carbon atoms, thereby

constituting a pyrrolyl ring; and/or

Combinations of ortho-substituents in which Rg is methyl,

ethyl, iso-propyl, phenyl, tertiary-butyl, or linked to
15 R; to form a naphthyl skeleton; Rjpg is hydrogen, .

fluoride, or chloride; Rjj; and Rj5 are, independently,

hydrogen, fluoride or chloride and/or

Combinations of ortho-substituents in which Rg and
Rlo.are, independently, methyl, ethyl, or linked to Ry
20 and Rg respectively, to form an anthracene skeleton,
preferably methyl; Rj; and Ryg are, independently,

hydrogen, fluoride or chloride.
It is particularly preferred that R;; and R;; are,
independently, hydrogen or fluoride.
25 In a preferred embodiment, a ligand of formula (II)
is provided, wherein R;-R3 are hydrogen; Ag-Ri3 is absent

and Aj-Ag are carbon atoms, thereby constituting the
1-25



A5 are carbon atons, thereby constituting 1-pyrrolyl 20 ring; R4, R5, R6,
R8 and RIO are nethyl; R7, R9, Rll, Rl12, R14 and R15 are hydrogen. In the
derived m xed bis-imne pyridine MXn conplex, X may conveniently be

hal i de, pr ¥Qe34BI876 chl oride. In a preferred enbodi nent of PEHEPGHORESE
bis-imne 25 pyridine MX'" conplex, netal atomMis Fe and nis 2. In

anot her preferred:enbodi ment, netal atom I\4Di s Fe and n is 3. Conpounds

whi ch are capable of transferring an opti 4naIIy substituted hydrocarbyl or

hydride group to 30 _netal atom M. and which are al so_capabl e of abstracting
an X' group from TETEPeREY %%hé?&?taﬁy?a&cﬁﬁ?ﬁ% 01 RereRs:

PCT/ EPO2/ 08636 - R, RGOSR LY S a®H Che 3513 K;;I, aﬁéjln‘igquaﬁfz ,anq akbkxl ém’i ni um
hal i des. A preferred conpound is nethyl al um noxane. Conpounés whi ch are
capabl e of transfafe Pgregen-optional |y substituted hydrocarbyl or hydride

group to 5 netal atofhMridiherdpréddarledl BRbOAIMENEQNROUKELd BE! E6imA Al KY!
al um noxanes, alk li,t hi um .conpo nds,, i gnar ds, _al k% tin and al kyl zinc
conpounds. Conpbu Wi REPVEPE Ca‘%}éﬁeéno 130 1355 OYAGCRTP 26 Brau® from: -

netal atom Mincliglenst 500 NAUt 58¢ dBWoh A€o AnetbBP dshaBRES B3 and
Ar3B, wherein Ar is a strong. electron-w thdraw ng aryl group such as

C6F5. or 3,5- (CF3)FosM3liopeiedtrarl idawraronbra fsraeareyl fodegvnpgbund which
organi c nithiles. Thas Eet AR, RH SRR N S dTh Aty peanhy Y o
triethylam ne or RB,%- &h4tard Ryt yrpyhyiddiogen. and/ or acceptor nol ecul es
(Lew s aCidﬁ) such aslgiggo erégg?erred embodiment, a ligand of formula
(II) is provided, wherein R;-R3 are hydrogen; Az is a
nitrqgep atom, Ag-Ry3 is absent and A;, Ay, A4, Ag are
carbon atoms, theréby constituting l-pyrrolyl ring; R4
and Rs are methyl; Rg and Rqp are ethyl; Ry, Rg, Rg, R11,
15 R12, Rj4 and Ryg5 are hydrogen.
In a particularly preferred embodiment, a ligand of
formula (II) is provided, wherein R,-R; are hydrogen; Asz
ile a nitrogen atom, Ag-Ry3 is absent and A, Ay, A4 and
Ag are carbon atoms, thereby constituting 1-pyrrolyl
20 ring; Rg, Rs, Rg, Rg and Ryp are methyl; Rg, Rg, Ri1j,
Ri2, R14 and Ryg are hydrogen.
In the derived mixed bis-imine pyridine MX; complex,
X may conveniently be halide, preferably chloride.
In a preferred embodiment of the mixed bis-imine
25 pyridine MX, complex, metal atom M is Fe and n is 2. In
another pre.ferred embodiment, metal atom M is Fe and n is
3.
Compounds which are capable of transferring an
optionally substituted hydrocarbyl or hydride group to
30 metal atom M, and which are also capable of abstracting

an X° group from metal atom M include alkylaluminium



may have a positive influence on the selectivity of the 20 ethyl ene

ol i gonerisation process to 1-olefins. Furthernore, Lew s acids such as
tri-iso- butylalum nium (TIBA) may enhance the continuous operation of the
Fe-.or CoWOJ30K8Y&ed et hyl ene ol i gonerisation by enabli rﬂlﬁpﬁé"’%ﬁ‘épar ation
of stable and 25 clear catal yst precursor solutions, in contrast to MAO
activated and sol ubilised catal yst sol ut i1 ns, which may becone turbid upon
standing. In the mxed [bis-imne pyridiné MYp.Ln+][NC-]q conplex
according to the present inventian,.L.may be a _3 utral lLew s donor

mol ecul e capabl §°0F° 1'(’aclpsngsu ?45%? aagécéflaJb‘f/m%rf%flngnae?goar%cgtl\?g%%h **Coor di nat i on
site. In the mhedifi¢s s-A prafepsad dompownd isnwpihd-4lgmivcongtex according to
the present inventi ofppd®Rhal &R MQAMUALIEE 6 Farerbbrif HFP02/ 08636 i s

preferably Fe and the formal oxidation stat%yof said nmetal atom my be 2
or 3. The cat al POFIeRRMERRFE batedr REdr aRpThvti A RtidaRerouméconpl ex and
optional additi erahl copgromdsclytechekpbduminium conplunadst iselaliiag t ol uene

or isooctane. Sti ' f t.al.yst i s, usual enpl oyed
"1 the ol Doomer ARt AR 1R CUAE SYRAERE. Dol SR
gram at om nor e apgkil efblapdialleyl zéngocamppuadeat om of netal atom M in

particular of Fe 10 ¢ddpounbie (hilddn HBL abag®h eMBE Caiie AEBYAENG, k@ be react ed.
The ol i goneri sation rgact i on {lmo%ebe npst. conveniently conducted over a
range of tenper & QPRI FFbMct2 W Y e FFEPRT aﬂﬂ“‘%rF L8HE range of

fromOC td0 200Gcidadsurdr espsefrEfy wnidnAtie whegeiwfA riena SOG dny:
electron-withdrawing aryl group such as CgF5 or 3,5-
(CF3) 2CgH3.

A neutral Lewis donor molecule is a compoﬁnd which

may suifably act as a Lewis bése, such as ethers, amines,
15 sulphides and organic nitriles.

The use of donor molecules (Lewis bases) such as
triethylamine or 2,6-di-tert-butylpyridine, and/or
acceptor molecules (Lewis aeids) such as diethyl zinc,
may have a positive influence on the selectivity of the

20 ethylene oligomerisation process to l-olefins.

Furthermore, Lewis acids such as tri-iso-
butylaluminium (TIBA) may enhance the continuous
operation of the Fe-.or Co- catalysed ethylene
oligomerisation by enabling the preparation of stable and

25 clear catalyst precursor solutions, in contrast to MAO
activated and solubilised catalyst solutions, which may

become turbid upon standing.
In the mixed [bis-imine pyridine MYp.Ln+][NC‘]q
complex according to the present invention, L may be a

30 neutral Lewis donor molecule capable of being displaced

by ethylene, or a vacant coordination site. ‘
In the mixed [bis-imine pyridine MYp.Ln+][NC‘]q

complex according to the present invention, metal atom M



15 150C. The ol igonerisation reaction-may be convenientl carrie

pressure of 0.01 to 15 I\/Pa (0.1 to 150. tiar(a)), nore greferabls iutoaaoa
MPa (10 to 100 bar(a)), and nost preferably 1.5 to 5 NRggphDodsss SO

bar (a)). WO ¥E8Hpti num conditions of tenperature and pressure0 used for a
particular catalyst systemto maximse the vyield of oligomer, and to
mnimse the coenpeting reactions such aggdineri sati on and pol yneri sation
can be readily established by one skilled in the art. 25 The conditions of

t enperat ure and .pr eSSpr e .ar. '
with a K- factorlp‘ivxffﬁ T h FFehhfl BiROrREl B el o e e by

range of fromO0.5.0 to 0.90, nost r ef
in the range of rfetefn 8r&0 may @’38@) oy 3-the present invention, preferably

pol ymerisation is degﬁgdcgtgl ges)i%];eca\cﬁuyrml fotrend eby maciog sdgetdenas a

K-factor greater than I {
in the gas phasté‘eoF"l“Ph‘iff &“&1835” dh?%‘dn%q %g‘%&gmhggg p&a%g; i)iclingt
PCT/ EPO2/ 08636 rin aliolclerpermblchgampmimene %I@PPFF??‘EOf the feed and

product olefins. Th [ S
presence of an i nertE 48 ‘-g lhlt%s% %thgag%ﬂ%gﬂth?%ﬁcma?ﬁ el E Eg

catal yst and/ or ¢!Eéd>}’6ﬂe¥‘-il thE’SG’llﬁﬁ‘Eﬂ‘?ls%F%rﬁe?“ﬁ%uW a?\eg{o al kenes,

cycl oal kanes, and I
AAMBLLE Jprdr egaf bongrami s atple, zSe!ﬂ veblg 1dTét
suitably used acCatding to the present ?rﬁent |ﬁ .mﬁu Ude ehexaffle Y be

i sooct ane, benzepe,1d-3l yeae,atamd &§|wata@l 20oRAbCHEPORAYY MY agf of i 0. 1

Egélo hour g, have pgen fioppfl dRepstinall 65 &lanavdento we trbacesdivity of

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

"200°C, and more preferably in ‘the range of from 50°C to

15 150°C.

The oligomerisation reaction.may be conveniently
carried out at a pressure of 0.01 to 15 MPa (0.1 to 150
bar(a)), more preferably 1 to 10 MPa (10 to 100 bar(a})),’
and most preferably 1.5 to 5 MPa (15 to 50 bar(a)).

20 The optimum conditions of temperature and pressure
used for a particular catalyst system to maximise the
yield of oligomer, and to minimise the competing
reactions such as dimerisation and polymerisation can be
readily established by one skilled in the art.

25 The conditions of temperature and pressure are
preferably selected to yield a product slate with a K-
factor within the range of from 0.50 to 0.30, most
preferably in the range of from 0.60 to 0.80. In the
present invention, polymerisation is deemed to have

30 occurred when a product slate has a K-factor greater than
0.9.

The oligomerisation reaction can be carried out in

the gas phase or liquid phase, or mixed gas-liquid phase,



catalyst. The reaction is preferably carried out in the -absence of air or
noi sture. The dligonerisation reaction nay be carried out in a 15
conventional fashion. It nay be carried out in a stirred tank reactor,
wher ei n ovedyon1sied cat al yst or catal yst precursors are PSEEROR/QB6I® i nuousl y
to a.stirred tank and reactant, product, catalyst, and unused reactant are
removed fromthe stirred tank with the product separated 20 and the

catal yst and unused reactant recycled bai to the stirred tank.
Alternatively, the reaction may be_carr.ied bat ch reactor, wherein

. ut. in a
the catal yst pr@RARSING, URORY thteeé{e}%ttn’thtjf'lye??nt}h? E%ﬁla?‘b PE5h aut ocl ave,
and after 25 bebrgrimmacted for an appropriate tinme, product is separated

ffomthe react’ on MLULE PdnUKERid Alle i SR A cadlfla Auediatthd all on.
After a suitable reaction 11ne, e ol'igonerisation_ reaction can be
term nated by rppiskengencf nep cineghesgbvestthyhbele may alderbs Fhgeactivate the

Zat al {8}) Syshe”barl:@& 'E%%U#ﬂé Q%l:ahgm ﬁ&%knﬁ%étﬁweaiﬁhaiémildcaﬁgéh of from
to carbon atons, prefera to carbon .at an st
preferably fronf2 ¥ t2o 1Bal¥th a&%ﬁﬂ%’ﬁ' \)%%%7’%’11%’%%@%%2?5%36 - 18
Product ol ef i nsatamtie hgdnverdnsui tEdy exbyplel soliveat$ dhagngay gt her
separated as degj y b stddd.ati | @pRNLALES, rdepeRgeitn Rtk | Nt ended
end use of the %’ll{e a%&g._ugg#h%éégfgég%&% %venftbl on V‘\:II | I now t?e [ Icl ustrated by
the follow ng BExeans.edsoaptane shearerhotobieRegdedY S8 i mi ting t he
scope of fhe presentreadyesh i thimesNofNframy. 1 by roehenesmdmveobte

Recompanying drasliPto b1 MlGhe] Sidhatal o HRILERELAY BRALNE! S Of
catalyst. The reaction is preferably carried out in the
absence of air or moisture. o

The dligomerisation reaction may be carried out in a
15 conventional fashion. It may be carried out in a stirred
tank reactor, wherein olefin and catalyst or catalyst
precursors are added continuously to a.stirred tank and
reactant, product, catalyst, and unused reactant are
removed from the stirred tank with the product separated
20 and the catalyst and unused reactant 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
25 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 oligomerisation
reaction can be terminated by rapid venting of the
30 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.



10 Figure 2 is a regression analysis of Exanple 5; Figure 3 is a
regression analysis of Exanple 8, and Figure 4 is a regression anal ysis of
Exanpl e 10. EXPERI MENTS Ceneral Procedures and Characterisation 15 Al the
oper at i oN&O 0d/a1k876he cat al yst systens were carried out BEHEPO2(§BGFogen

at nrosphere. Anhydrous toluene (99.8%purity) (ex. Aldrich) was dried over
4A ol ecul ar sieves (final water cohtepH_ot about 3 ppm). 20 Ethyl ene
(99.5% purity) was purified over a colurnm containing 4A nol ecul ar sieves
and BTS' catal yst (ex. .BASF) in order.to_reduce water .and, oxygen content to
<l ppm 2, 6-Di acet y?ﬁ?/?‘lu‘a:i r?é,‘afi?i,c@nt PP et oﬁe%r?ldl | nle'fabiyzgy

tert-butyl ani |l idiesti2) &t thretand fnithere saparatdd/@sodesirashby(11) chloride are
avai | abl e ex. Afidii;&Rae dsNERARYEESY QepbRGelilicnhefedi fudied Qna 3RAN.
Ferrocenyl am ne was prepared according to the nethod outlined in the
literature (D. YfaffPEeBt®i™nd B. Hessen, 30 Organonetal lics, 2001, 20,
224-226) . sThe ol i goRerpredfiindi Afdem3ion @hBY aciwe bes Ul iyt x@asd Xghreteat ogr aphy
(GO, .in order eval uat e ol.i. goner. ., di | byt i op_usj - 5890 series |
apparatus and t%oglof%??gévﬁaﬁ" 13 for@rlac@g?é%ﬂ&g%@é:ngﬁf%d%ﬁ%w011876 - 19
PCT/ EP02/ 08636 duilitang #re Boopeost -thenkeesent Hpvestiekdmepny fWaym t hi ckness
- 0.25m interng dikafBi&d to €neSadBBmphRPH ax8QiAY4 PYidHeni @i {- Packard);

i njection tenperature: 325C, detection tenperature: 325?; [ nitial
temperature: 40C 5FF8PFA0 ditht E%g,rqséﬁﬁ’éraé{%ry@lﬁr 8’gr%‘ﬁ? Fa% e

10 Figure 2 is a regression analysis of Example 5;
Figure 3 is a regression analysis of Example 8; and

Figure 4 is a regression analysis of Example 10.

EXPERIMENTS

General Procedures and Characterisation

1

15 All the operations with the catalyst systems were
carried out under nitrogen atmosphere.

Anhydrous toluene (99.8% purity) (ex. Aldrich) was
dried over 4A moleéular sieves (final water content of
about 3 ppm).

20 Ethylene (99.5% purity) was purified over a column
containing 4A molecular sieves and BTS catalyst (ex.
BASF) in order to reduce water and oxygen content to <1

. ppm. .

2,6-Diacetylpyridine, 2,4,6-trimethylaniline, 4-

25 tert-butylaniline, 2,6-diethylaniline and anhydrous iron
(II) chloride are available ex. Aldrich. 1-Aminopyrrole
was purchased from TCI, Japan.

Ferrocenylamiqe was prepared according to the method
outlined in the literature (D. van Leusen and B. Hessen,

30 Organometallics, 2001, 20, 224-226).

The oligomers obtained were characterised by Gas
Chromatography (GC), in order to evaluate oligomer
distribution using a HP 5890 sefies II apparatus and the

following chromatographic conditions:



10.0C/ m nute; final tenperature: 325C for 41.5 m nutes; internal standard:
n- hexyl benzene. Response factors for the even linear a-olefins, for the

i nternal hexenes: cis- and trans-2-hexene, and cis- and - exene, and
for 10 two B3r0aEhed hexenes: 3-nethyl -I1-pentene and 2- e‘t‘éﬁffﬂhﬁmgﬁggtene

relative to n-hexyl benzene (internal standard) were determ ned using a
standard cal i bration mxture. The respanse factors-of the branched and
i nternal dodecenes mere assuned to be etlual to the-corresponding 15

i near a-ol efins. The f the S t f
GC anal ysis, from V\FI?JC gl% S?f &c ool an%g%%e%kkgo?%ﬁxggwy?feﬁdof r (&n C&gg

olefins, i.e. tniiaknessd |=g®rm5u$atlmrp|ﬂédémme(t%t al O Frodet yendet e

determ ned 20 by, regEessd AR t@NsLysdS) ;Ush gcp;hﬁ €6 Qﬁdﬁtea 3Tq%rec;r el at
anounts of the |r‘1negr9 %e%gne anon s)t 1ex neml SOMers an ;@e rgl :alzlleve
amount of l-domloan%ﬂ%raéﬂed%’&écgnel?’s r SR 9FPoni T he GC

?S%ﬁissl |§rls us]%l:i. %@ ﬂ:lxﬁ?.%%%][ Qeﬁi)ei&lﬂzr&ebecgramnteyretet he catal yst - 25
ear al pha-ol efin or n. AP ey :
B s L e BRI R A A BDhahiMub Al T oom

tenperature wit+-% aratus, Catal
Corponents 1. Piepamali sramfard:[ 1= le@cyzlbsnml?mﬁwpﬁﬁ%ﬁﬂ%%%a)¥°”30

et hyl)-6-acetyl di
2.6/ acet i pyr P 0ot e WA Pang B A 6 T TS T (5. 74

g, 42.55 nmol) wed etxdinssthvetnien a@d@@-nﬁnéft’ﬁﬂsuéﬁgexeﬂftﬁf’ i ution, 4A

ol ecul ar \5i eveg, e 3d,And T dxeATRUN eyt Ol pirttens! phdr ecapldl (0. 22 ol )
wer e adde The m xture was refl uxed f(i A{

butene, relative to n-hexy enzene iﬂ% rnal standaxd)

were determined using a standard calibration mixture.

The response factors:of the branched and internal

dodecenes were assumed to be efual to the:corresponding
15 - linear a-olefins.

The yields of the C4-C3p olefins were obtained from
the GC analysis, from which the K-factor and the S
theoretical yield of C4-Cigop olefins, i.e. total
oligomerisation product (Total Product), were determined

20 by regression analysis, using the Cg-Cpg data.

The relative amounts of the linear 1l-hexene amongst
all hexene isomers and the relative amount of 1-dodecene
amongst all dodecene isomers found from the GC analysis
is used as a measure of the selectivity of the catalyst

25 towards linear alpha-olefin formation.
The NMR data were obtained at room temperature with

a Varian 300 MHz or 400 MHz apparatus.

Catalyst Components
1. Preparation of ‘2-[1-(2,4,6-trimethylphenylimino)

30 ethyl) -6-acetylpyridine (1)



filtration the solvent was renoved in vacuo. Several «crystallisations from
ethanol yielded 3'.42 g (28.7% of 15 nonoimne (1). 1HNWMR (CDCl3) b 8.55
(d, 1H, Py-Hm), 8.11(d, 1H, Py-Hm), 7.92 (t, 1H, Py-Hp ), 6.89 (s, 2H,
ArH), 2. 770 03H1878k), 2.27 (s, 3H, M), 2.22 (s, 3H,  MPBCT/EPI3O843§, 6H,
Me)*. 2. Preparation-of 2-[1-(2,4,6-trinethylphenylimno) 20
ethyl]-6-[1-(4~tert-butyl phenylimno)ethyl]pyridine (2) (2) Nbnoimne (1,
2.8 g, 10 mml) and 4-tert butylaniline T£%9 g, 10 mml) were dissolved in
100 mM  of toluene. To this solution, 4A nol ecular sieves and a snal

anount of p-tol uenesul phonic acid (O. ) were 25 added. After standing
for 5 days with addition of-nore 4A\%a:§EE%L1876 PCT/ EPO2/ 08636 r - 21

nol ecul ar sieves, the mxture was rell uXxedfifor 2 hours. After filtration

t he. sol vent was renoved in vacuo. Th resPdue was washed with nethanol and
recrystallised from ethanol. Yie g (58% of mxed diimne (2).
1H-NMR 51 (GPC13) 8 8.42 ( d, 1H, n, 8.34 (d, 1H, Py-HM, 7.86 (t,

1H, Py-Hp), 7.38 (d, 2H, ArH), 6.89 (s, 2H, ArH), 6.78 (d, 2H ArH, 2. 42
(s, 3H, M), 2.29 (s,3H, M), 2.22 (s, 3H, M), 2.00 (s, 6H M), 1.34 (s,
9H, But). 3. Preparation of 2-[1-(2,416-trimethylphenylimno) 10
ethyl]-6-[1-(4-tert-hutyl nhenvli.m no)ethyl], by idi ifaonflt] chloride
conmpl ex, (3) (3) ezr’lsﬁgé?l ?tr??'erp?}fg{i%é;p(hé?eg' a“g'oelr Ifj"?'lbgﬁ 531‘& %%é diimne (2,
3.6 mmol) in 100 tHimgremlasriddeehine nds &ad%iiWN?llZWFIQn§i56€£@¢§1}n3 nmol )

in 150 m dighl orgyehhase.toliend5 18 xhikesdBi ivhi, I 88 hd1@cudse. ytkes The
devel oped bl ue

and a small amount of p-toluenesulphonic acid (0.22 mmol)
were added. The mixture was refluxed for 1é6h. Afterx
filtration the scolvent was removed in vacuo. Several

crystallisations from ethanol yielded 3.42 g (28.7%) of

15 monoimine (1). ‘H-NMR (CDCl3) § 8.55 (d, 1H, Py-Hp),

8.11(d, 1H, Py-Hp), 7.92 (t, 1H, Py-Hp), 6.89 (s, 2H,

ArH), 2.77(s, 3H, Me), 2.27 (s, 3H, Me), 2.22 (s, 3H,.
Me), 1.99 (8, 6H, Me).

2. Preparation of 2-[1-(2,4,6-trimethylphenylimino)
20 ethyl]-6-[1-(4-tert-butylphenylimino)ethyllpyridine (2)
=3
<
N N

(2)

Monoimine (1, 2.8 g, 10 mmol) and 4-tert-
butylaniline (1.49 g, 10 mmol) were dissolved in 100 ml
of toluene. To this solution, 4A molecular sieves and a
small amount of p-toluenesulphonic acid (0.1 mmol) were

25 added. After standing for 5 days with addition of more 4A



precipitate was isolated by filtration and dried in vacuo. Yield 1.5 g
(849 . of iron conplex (3). 1HNWVR (Cl12CDCDCl2, broad signals) d 79.3 (1H,
Py-H ), 77.7 (1H, Py-Hv, 27.0 (1H, Py-Hp), 20.7 (3H, M), 17.3 (6H, 20
Me), 15.0WQPps01a87!), 14.3 (2H, ArH), 1.2 (9H, But), -2.6PCIER2/HEI=N),
-17.9 (2H, o-ArH), -32.'1 (3H, MeC=N). 4. Preparation of 2', 6-bis [1-
(ferrocenylimmo) ethyl] pyridine (4) W) 03/011876 PCT/ EP02/ 08636 - 22
(4) I'n an inert atnosphere, 2,5-di acetyfpgllri’di ne (50 ng, 0.30 ,nmol) and
ferrocenylamne (123.4 ng, 0.61 mol ), were di ssoE ved .ip 50 ni_of toluene.

. . [
To this sol utiorMolafylaEuPisves efhe AR IRelR® Xegs ?%’F 5P%R4Phg for 65
5 hours at roomAmdgierFal tf£r idie the xdolveenmagabi téerved ifheacwol Teat was

removed i n vacuo. The residue S.,. LLLse r | gVl 75 ny
(36 % red " orysren ets: " HARREE, v G RGRphicgh] YR TR e kR O )
7.78 (t, 1H, Py-&fhancd.48iéld 24k, gOpids) 4£2Riked diGmibe CDH) HANRR (s, @ OH,
CpH), 2.54 (s, 6H, Me)._5. Preparation of 2,6-his[1-(ferrocenylim_no)ethyl]
pyridine irdn(l| }Cl?ﬁﬂ{%).rz? c?e".‘eot‘rpq?'e)&H('SfY(%)\) ' I%gén[(%he]_r}f’ 59’&@%%5&3? ared -
sol ution of 390 pg diy ”bgeuzlg)“,, 70383 (aM8H,) akf) 106 Mo dGhimwy ey hane was 15
added to B9 ng FeCl12 (0.702 mmol) in 10 m  dichl oronet hane. The mi xture
was stirred for d67thoidns2H, AxHdr. AdéR tion 386 ¥ehi h@Pane 3Ithe Ms)ue

precipitate was _isolated. by centrjfugatiaon, S MEh Hexaneyand dried

VD 03/ 011876 PCT?E%Z‘%OB%%B '”339235'P§1 e Yo 5'19.%00(”@ (4498 of iron

conplex S. 1H-NVR  preparation of 2-([1-(2,4,6-trimethylphenylimino) :
10 ethyl]-6-[1- (4-tert-butylphenylimino)ethyl] pyridine

iron[II] chloride complex, (3)

: \"/Ejﬁ( .
' ' N
) N
KDI\F/"@Y |
A
¢ c
(3)
In an inert atmosphere, a solution of 1.5 g diimine
(2, 3.6 mmol) in 100 ml dichloromethane was added to 420
mg FeCl, (3.3 mmol) in 150 ml dichloromethane. The
15 mixture was stirred for one week. The developed blue

precipitate was isolated by filtration and dried in

vacuo. Yield 1.5 g (84%). of iron complex (3). 1u-NMR

(Cl2CDCDCl2, broad signals) d 79.3 (1H, Py-Hm ), 77.7

(1H, Py-H,), 27.0 (1H, Py-Hp), 20.7 (3H, Me), 17.3 (6H,
20 Me), 15.0 (2H, ArH), 14.3 (2H, AxH), 1.2 (SH, Bu'), -2.6
' (3H, MeC=N), -17.9 (2H, o-ArH), -32.1 (3H, MeC=N).

4. Preparation of 2,6-bis[1-(ferrocenylimino)ethyl]

pyridine (4)



(CD2C12, broad signals) 5 83.0 (2H, Py-Hm, 9.3 (4H, CpH), 3.3 (10H, CpH)

2.7 (6H MeC=N),

-1.5 (4H, CpH), -5.2 (1H, Py-Hp ) . 5 6. Preparation of

2-[1-(2,4,6-trimethyl phenylimno) ethyl] -6- [1- (ferrocenylim no)ethyl]
pyri di neWas)3/00876 Monoi mi ne 2-[ 1- (2, 4, 6-tri met hyl phenyl i PETHBR{0BAIF | - 6-
acetylpyridine ( 1, 263 ng, 0..94 mol ) and ferrocenylamne (280 ng, 1.03
mmol ) were dissolved in 40 10 m of tolugne. To this solution, nolecular

sieves (4A)
filtered. The solvent was renoved i n vacuo.

fromethanol. Yield 180 ng (41 % of ixed diimne 6.' 15 1H NWR (CD2C12)
8 8.36 ( dd, 2H, Py-Hm 7.85 (t, 1H, ), 6.88 (s, 2H, ArH), 4.46 (t,

2H, CpH), 4.25 (t, 2H, q)H) 4.2 , 2.55 (s, 3H, M), 2.27 (s,
3H, Me), 2.20 (s, 3H, M), 1.98 (s,y 6H I\/b) . Preparation of
2-[1-(2,4,6-trirrethylphenyllm 20 ethyl] [1- (ferrocenylimno)
ethyl]pyridine iron[lI1] «chlori conpl ex (7 03/011876 PCT/ EP02/ 08636 -
24 (7) In an inert atmspHere@sol ution. 3 ng diimne (6, 0.33 .
mmol) in 5 m dichl oronet hane added to 41 FeCl2 (0.32 mmol) in 5 m

wer e added. After standing for 16 hours the m xture was
The residue was recrystallised

di chl oronet hane. The m xture 5 was stirred for 16 hours. The bl ue-gray
precipitate was isolated by centrifugagipn, washed with hexane and dried

in vacuo. Yield 170 ng (89 % of iron conplex 7. 1H NWR (CD2C12, broad
Ve) - 16,3 (or TveY A sTRofedid, a¥-dlicery IRy fiqRi (U R o581 5 (31
mmol) and ferrocenylamine (123.4 mg, 0.61 mmol) were
dissolved in 50 ml of toluene. To this solution,
molecular sieves (4A) were added. After staﬁding for 65
5 hours at room temperature the mixture was filtered. The

10

15

solvent was removed in vacuo. The resldue was

crystallised from ethanol. Yield 75 mg (46 %) red
crystals of diimine 4. 'H-NMR (CDCl,) & 8.26 ( d, 2H, Py-
Hyp ), 7.78 (t, 1H, Py-Hp), 4.43 (t, 4H, CpH), 4.22 (t,
4H, CpH), 4.21 (s, 10H, CpH), 2.54 (s, 6H, Me).

5. Preparation of 2,6-bis[1-(ferrocenylimino)ethyl]

pyridine iron({II] chloride complex (5)

N f_ ----- N,
Fe .\ Fe
‘o =
(5)

. In an inert atmosphere, a red solution of 390 mg
diimine (4, 0.737 mmol) in 10 ml dichloromethane was
added to B9 mg FeCl, (0.702 mmol) in 10 ml
dichloromethane. The mixture was stirred for 16 hours.
After addition of 6 ml hexane the blue precipitate was

isolated by centrifugation, washed with hexane and dried



8. Preparation of 2-[1-(2,6-diethyl phenylimno)ethyl]-6- acetyl pyridine (8)
(8) 2,6-Diacetylpyridine (8.15 g, 50 nmol) and 2,6- diethylaniline (7.46 g,
50 nmol) were dissolved in 15 toluene (150 mM). To this solution, nolecular
si eves (¥ 03/048876 added. Two drops of concentrated sul pRaFER2Q8$38 wer e
added and subsequently the m xture was refluxed for 16 hours, which
resulted in a #3% conversion. The solveny, was renoved in vacuo. WO

03/ 011876 PCT/ EP02/ 08636 - 25 The resulting m xture of

2, 6-di acetyl pyridine, 2,6- bis-[1-(2, 6-diethy|pheny|ininoa et hyl ] pyri di ne
and 2-[1- (2, 6-1h elepbpheisilld 20Aohet k) - 6f diowny kpypleh fe WHSNMR ystal | i sed
from et hanol an ielded a 3:1 mxture_of 2- 5 [1-(2,6-dje | phenyl i m no)
et hyl ] - 6-acetyl g%cg?nebw 52,9’6‘5-‘30?)5-5[ 59(02 @Hai %YT'éH phgngl g no)

et hyl ] pyridi ne.cghh)i,s3msxiige \ogh) dissoliggd ndt=RiE (73 nleh, &P, diimne

by- product was renoved by selective conplexation wth a nmetal halide. To
that end an equii® diHan®imilp f 10 FeCl2 (0.75 g, 5.93 mmmol) was added in

an, inert atnmosphere. After stirring flor 16 hours . at room tenperature, the
sol vent was rendvddeparaticun ofTat (lene. ¢ 76- tt imerhylphkiad imgnohe resul ting

mxture. The pgaghpliated @uBbenyMadnbi digngoyeibivels)a thin, 15 layer
of silica, yielding a yellow solution. The solvent wasTenoved in vacuo.

Crystallisation fromethanol yielded 3.05 g of 2-[1-
(2, 6-di et hyl phenyli mi no) ethyl]-6-acet ridine (219%9. 1H NMR (CDC13) 6
8.55 (dd, 1H, Py-Hm), 8.12 (dd, 1H, 7.93 (t, 1H, Pyp), 7.11 (d,

, Me), 2.36 (m 4H, CHO, 2.24

2H, ArHm, 7.03 (dd, 1H ArHp), 2|78l (s,
o e
Fe
L - @

()

Monoimine 2—[1—(2,4,6—trimethy1phenylimino)ethyl]-6-
acetylpyridine ( 1, 263 mg, 0.94 mmol ) and
ferrocenylamine (280 mg, 1.03 mmol) were dissolved in 40

10 ml of toluene. To this solution, molecular sieves (4A)
were added. After standing for 16 hours the mixture was
filtered. The solvent was removed in vacuo. The residue
wag recrystallised from ethanol. Yield 180 mg (41 %) of
mixed diimine 6. °

15 1H-NMR (CDyCl,) & 8.36 ( dd, 2H, Py-Hy ), 7.85 (t, 1H,
Py-Hp), 6.88 (s, 2H, ArH), 4.46 (t, 2H, CpH), 4.25 (t,
2H, CpH), 4.20 (s, 5H, CpH), 2.55 (s, 3H, Me), 2.27 (s,
3H, Me), 2.20 (s, 3H, Me), 1.98 (s, 6H, Me).

7. Preparation of 2-[1-(2,4,6-trimethylphenylimino)
20 ethyl] -6- [1- (ferrocenylimino) ethyl]l pyridine iron[II]
' chloride complex (7)



3H, M), 1.13 (t, 6H, Me). 9. Preparation of 2-[1-(2,6-diethylphenylim no)
ethyl]-6- (1-(ferrocenylimno)ethyl]pyridine (9) WO 03/011876

PCT/ EP02/ 08636 - 26 (9) In an inert atnosphere, nonoi m ne 2-;1-(2,6-

di et hyl pAEh901}§7h0) et hyl ] - 6- acet yl pyridine ( 8, 368 ng, PCWEDR/OREAS ) and
ferrocenylamne (268 ng, 1.33 mmol) were dissolved in 50 m of toluene. To
this' solutions 5 nolecular sieves (4A) yere added. After standing for 40
hours the m xture was filtered. The solvent was renmoved in vacuo. The
residue was recrystallised fromethanol. Yield 160 ng (27 %9 red crystals
of mixed diimne 9. 1H NWR (CD2Cl12) S 8 ( d, 1H, Py-Hm), 8.35 (d, 1H,
Py- 10 Hv, 7.87 (t, 1H Py-Hp), 7.1 N ~ ArH), 7.01 (t, 1H ArH), 4.46
(t, 2H, CpH),.4.26 (t, 2H, CpH), 4 (.5 o CpH), 2.56 (s, 3H, M), 2.36
(m 4H, CH2), 2.22 (s, 3H, I\/E),/ét(tf"\GH,F ). 10. Preparation of
2-[1-(2, 6-di et hyl phenylim no)ethylT<6= 5 ¢ & ,
[1-(ferrocenylimno)ethyl]pyridine iron[ll] chloride conplex (10) WO

03/ 011876 PCT/ EP02/ 08636 - 27 (10) In af)iner't atnosphere, a red sol ution

of 100 ng diimne (9, 0.21 mml) in 5 m dichloronethane was added to 25.7
nmg FeCl2 (0.20 Frdin) ingrs agmafipBArer ch@chnhiéon Tfe 1A xtuddimypg &dirred for

65 lhO;.II’ 3: bAf t er?ag_fimogp o ol ﬁhﬁx@}@ﬁeéham vmsugd%rcgmgpg@cﬁ@i tate \\I}@SI g
i sol ated by cengrjfugatjon, _was exane_.an ed .in vacuo.- Yie
100 my (82 % 5?é]i2r g%'B‘(?OW‘BPB( ’f’O% Tﬁ‘h\ﬁiﬁ(’éﬁ?ﬁ ,nebr@lé%l W¥*GhaPs, sel ected

data) S 885.5 (¥#% stirred for 16 hours. The blue-gray precipitate was

isolated by centrifugation, washed with hexane and dried

in vacuo. Yield 170 mg (89 %) of iron complex Z.

14-NMR (CDyCl,, broad signals, selected data) & 88.6 (1H,
Py-Hp ), 76.7 (1H, Py-Hp ), 21.3 (3H, Me), 16.3 (6H, Me),

10 2;8 {5H, CpH), -11.5 (3H, MeC=N).

8. Preparation of 2-{1-(2,6-diethylphenylimino}ethyl]-6-

O

N

acetylpyridine (8)

(8)

2,6-Diacetylpyridine (8.15 g, 50 mmol) and 2,6-
diethylaniline (7.46 g, 50 mmol) were dissolved in

15 toluene (150 ml). To this solution, molecular sieves (4A)
were added. Two drops of concentrated sulphuric acid were
added and subsequently the mixture was refluxed for 16
hours, which resulted in a 73% conversion. The solvent

was removed in vacuo.



Py-Hm) 75.3 (1H, Py-Hm), 16.3 (2H, CHaHb) , 13.2 (2H, - 10 CHaHb ), 2.5
(5H, CpH), 0.8 (6H, M), -4.6 (1H, ArH) 12.5 (3H, MeC=N), -14.5 (2H, CpH).
11. Preparation of 2,6-bis[1-(|l-pyrrolylimno)ethyl] pyridine 1%% YQY M N
2, 6- Di acetYP8¥P118i6ne (345 .ngy, 2.11 mmol) and 1 15 ani nopfFFB‘iP@’é"& g,
4.87 mol) were dissolved in 50 m of toluene. To this solution, nolecular
sieves (4A) were - added. After standing_fgg 2 days at roomtenperature, the
m xture was filtered.. The solvent was renoved in vacuo. WO 03/011876

PCT/ EPO2/ 08636 - 28 he residue stall) is . »Yiel d 350
m (57 % of diin negﬁﬁ_refﬁéﬁﬁ\}t? ?@%&ﬁ% ?2'568{’&% _ %E@nﬁ%m )2,'!57.82 (t,
1H, Py- Hp 6: 93 @F'WF'QH;(Wrﬂ}?tlﬁflme(iﬁlmo)w#hy}]12616-@1(15,faIB:H,z.‘ (8-Me) .
12. Preparation QE,3~@Iéﬂh§zﬁ%ﬁéﬂy]ﬁﬂib@§%H}Fﬂ]ﬂ%)-SEQW]]pyrﬁ)drihé“% iron[ 1]
chl ori de conpl ex (12% N N 2; In an I pert_ at, Qgere, a solution of 26 ny
Fed 2 ( 0.27 m6FYystatigsednfren 8P°§/aas“ds|>’ § died 1t BHEEER QFi 6n of 10
80 ng diimne ( 1ir (P, &-Aimvhy)phenylinind)olathyd) -@hecetydpetibiioe: bhde
. precipitate was i,solated.by., gent it APmi h b{fEs with
toluene and drie ’eiﬁis\e/g[cluq(.z'éiaeyler&h%g% }QT ’n}l}iyg?l %%’ ]{]éggigl NMR di d not
reveal any signals foFhishindxbergwee. dissalyedpippBift (Gnmdt ., the
2- (1- (2, 6-di et hylsphgiyd ivyi-pedeidty asbrehdved bRysendativei Bomstdiskioryri di ne
(13) with a metal halide. To that end an equimolar amount of
10 FeCl, (0.75 g, 5.93 mmol) was added in an inert
atmosphere. After stirring for 16 hours at room
temperature, the solvent was removed in vacuo.
Toluene (75 ml) was added to the resulting mixture.
The precipitated complex was filtered off over a thin,
15 layer of silica, yielding a yellow solution. The solvent
was removed in vacuo. ' _
Crystallisation from ethanol yielded 3.05 g of 2-(1-

(2,6-diethylphenylimino) ethyl] -6-acetylpyridine (21%).
1g-NMR (cbcly) & 8.55 (dd, 1H, Py—Hﬁ), 8.12 (dd, 1H,

20 Pym), 7.93 (t, 1H, Pyp), 7.11 (d, 2H, ArHp), 7.03 (dd,
-1H, Aer), 2.78 (s, 3H, Me), 2.36 (m, 4H, CHz), 2.24 (s,
3H, Me), 1.13 (t, 6H, Me). '

9. Preparation of 2-{1-(2,6~-diethylphenylimino)ethyl]-6-
[1- (ferrocenylimino)ethyl]l pyridine (9)



WO 03/011876 PCT/ EP02/08636 - 29 (13) Monoi m ne

2-[1-(2, 6-di et hyl phenylimno)ethyl]-6- acetylpyridine (8 1.5 g, 5.1 muol)
and 1-am nopyrrole (460 ng, 5.6 Mol ) were dissolved in 25 m of toluene.
To this soM&t 9381876 p| ecul ar sieves (4A) were added. AfterPGEROYMPhg for 16
hours the m xture was filtered. The solvent was renoved in vacuo. The
residue was crystallised fromethanol. Yield 845 ng (46 % of m xed
diimne 13. 1H NWR (CDC13) 8 8.41 ( d, 1H, Py-Hm), 8.29 (d, 1H, Py- 10
Hv, 7.86 (t, 1H, Py-Hp), 6.98-7.14 (m 3H, ArH), 6.93(m 2H, PyrH), 6.25
(m 2H, PyrH, 2.67 (s, 3H M), 2.36 (m __4H CH2) , 2.21 (s, 3H M),

1.12 (t, 6H, Me). 14. Preparation of 2-[ , 6-di et hyl phenyl i m no)
ethyl]-6- (1-(1-pyrrolylimno)ethyl)pyr iron[I1] chloride 15 conpl ex
(14) (14) WD 03/011876 PCT/ EPO2/ r - 3 In an inert atnosphere, a
solution of 211 ng diimne (13, 0O 1) i'™ 5. dichl oronet hane was
added to 70 ng FeCl2 (0.55 nmol 0,4 10 M dic onet hane. The m xture
was stirred:for 60 hours. After adérthon of 15 of 5 hexane the blue
precipitate was isolated by centrifugation, d with hexane and dried

in vacuo. Yield 250 ng (93 % of iron conplex 14. 1H NWR (CD2Cl12, broad
signals) 8 87.3 (1H, Py-Hm, 72.2 (1H, Py-HM, 27.9 (3H M), 18.3 (2H,
CHaHb), 14.8 (2H, 10 CHaHb), 14.4 (2H, ArH), 8.5 (2H, PyrH, 4.6 (2H,
PyrH), 1.2 (1H Py-Hp), 0.2 (6H M), -10§ (1H ArH), -43.4

In an inert atmosphere, monoimine 2-[1-(2,6-

diethylphenylimino) ethyl] -6-acetylpyridine ( 8, 368 mg,

1.25 mmol ) and ferrocenylamine (268 mg, 1.33 mmol) were

dissolved in 50 ml of toluene. To this solution, : !
5 | molecular sieves (4A) were added. After standing for 40

hours the mixture was filtered. The solvent was removed

in vacuo. The residue was recrystallised from ethanol.

Yield 160 mg (27 %) red crystals of mixed diimine 9.

lu-NMR (CDyCly) & 8.38 ( d, 1H, Py-Hy ), 8.35 (d, 1H, Py-
10 Hp) . 7.87 (t, 1H, Py-Hp), 7.10 (4, 2H, ArH), 7.01 (t, 1H,

ArH), 4.46 (t, 2H, CpH), 4.26 (t, 2H, CpH), 4.21 (s, SH,

CpH), 2.56 (s, 3H, Me), 2.36 (m, 4H, CH;), 2.22 (s, 3H,

Me), 1.11 (t, 6H, Me).

10. Preparation of 2-[1-(2,6-diethylphenylimino)ethyl)]-6-
15 [1- (ferrocenylimino)ethyl]pyridine iron[II] chloride

complex (10)



(1H, MeC=N), 15'. Preparation of 2-[1-(2,4,6-trinethylphenyl,imno)
ethyl]-6-[I-(1-pyrrolylimno)ethyl]pyridine (15) (15) 15 Monoimne (1, 3.0
g, 10.7 mmol) and 1-am nopyrrole (1.0 g, 12.18 mmol) were dissolved in 50
n of tol uBE030t876thi s sol ution, mol ecul ar sieves (4A) VRSTTERIYARE6 Af t er
standing for 40 hours the mxture was filtered. The solvent was renoved in
vacuo. The resi.due was 20 crystallised fr 91§thanol. Yield 1.85 g (50 % of
m xed diimne 15. 1HNWR ( CDCl3 S 8.42 d, 1H, Py-Hm), 8.29 ( d, 1H,
Py-HvM, 7.86 ( t, 1H, Py-Hp ), 6.93 ( m 2H, Pyrrole-H), 6.88 ( s, 2H, ArH
), 6.26 ( m 2H, Pyrrole-H), 2.67 ( s, 3/ 011876 PCT/ EP02/ 08636 r - 31
3H, M), 2.28 (s, 3H M ), 2.20 ( N , 2.00 (s, 6H M ). 16.
Preparation of 2-[1-(2,4,6-trimethyl phényld m po) ethyl] -6- [1-
(I-pyrrolylimno) ethyl]pyridine LAg P*Lﬂ B ride conplex (16) (16) In
an inert atnosphere, a solution ol ng,FFSglz .81 mml) in 0.7 inl

et hanol was sl ow y-added to a sol 0tromn of! 0 diimne (15, 1.16 nmol)
in a solvent mxture. of 10 nl ‘toluene' and 6 nj ntane. The green-brown
precipitate 10 was isolated by centrifugation, washed three tines with

tol uene and dried in vacuo. Yield 375 ng(29B% of iron conplex 16. 1H NWVR

(CD2 C12, broad signals, not assigned) S 83.1 (1H), 72.4 (1H),..29.9 (3H),
19.5 (3H), 16.9 (IG‘ED“,‘ jreng a&‘5°-°(F21%)‘F')?8"e(dzﬁ?,1‘g l_%“(’fz 90(2‘?‘§Dd(1£f1\)1?e-515.H)1

(3H). (9, 0.21 mmol) in S ml dichloromethane was added to 25.7

mg FeCl, (0.20 mmol) in 5 ml dichloromethane. The mixture
was stirred for 65 hours. After addition of 5 ml hexane,
5 the blue-gray precipitate was isolated by centrifugation,

washed with hexane and dried in vacuo. Yield 100 mg (82

r

%) of iron complex 10.
1H-NMR (CD,Cl,, broad signals, selected data) § 88.5 (1H,
Py-Hyp ), 75.3 (1H, Py-Hy ), 16.3 (2H, CHaHp), 13.2 (2H,

10 CHaHp ), 2.5 (5H, CpH), 0.8 (6H, Me), -4.6 (1H, ArH), -
12.5 (3H, MeC=N), -14.5 {2H, CpH).

11. Preparation of 2,6-bis[1-(l1-pyrrolylimino)ethyl]
pyridine (11)

O
<i:T,N N\T:j>

(11)

2,6-Diacetylpyridine (345 mg, 2.11 mmol) and 1-

15 aminopyrrole (400 mg, 4.87 mmol) were dissolved in 50 ml
of toluene. To this solution, molecular sieves (4A4) were
added. After standing for 2 days at room temperature, the

mixture was filtered. The solvent was removed in vacuo.



17. Alternate preparation of 2-[1-(2,4,6- trinethyl phenylim no)
ethyl]-6-(1-(1-pyrrolylimno) ethyllpyridine iron[ll) chloride conplex
(16') (16') WD 03/011876 PCT/ EP02/08636 In an inert atnosphere, a solution
of 204 mg WXEHWUHPi mine (15, 0.59 mol) in 5 m dichl or ohe/EER&8%8s added
to 70 ng FeCl12 (0.55 mmol) in 10 m dichl oronethane. The m xture was
stirred for 65:hours. The resulting green-pgor.own precipitate was isol ated
by centrifugation, washed. w th pentane and dried in vacuo. Yield 200 ny
(77% of iron c ' ) , Lapals,«1R0 j gned) S
88.1 (1H), 72. 5(?%1)?&8%8‘.‘% %mu%‘g%%%éof%g%h%%l s %Eéﬁ)w 10 8.8
(2H), 5.7 (2H), 3'% (1Hpf digpipe3ly 18, Preparation of 2,6-[1-(2-

met hyl phenyl i m noy,ethwl | | di Regi [ 1}ycC i d I ex npl ex X
was prepar ed accor}giﬁrﬂl’é t(gﬁ‘dtﬁf?g %e?h%ééqdkéc%%'se lE{T'Sjai nﬁ\(/%%p,b(\-%99§%()24 2. 19.
Met hyl al um noxanes)NA®). sThem M2B, sBYtH)i ,018S 26 n(ri ,0l2eneyfHBuUr ecea A, SH)O0/ 10T,
batch: B7683; [Al] = 4.88%, TMA = 35.7 wt% cal cul ated), Mol ecular nass
= 900 g/ nol And [,'I’-ﬁ)]' = 4.97%w) used in 20 the experinments were ex. Wtco
GrbH, Ber gkanen, rany, 20. Solulions -0 t.0l L um ni um
(25% wt TEA) andlc%'f 'E?rF ?f%to U %Fa%uér)ﬁ%ﬁistﬁn Eg%&ﬁ%&g%gﬂg}vai | abl e
from Al drich. CateysistingyiremiIgd ephleridencomleat L5t preparati on was
carried out under nitrogen in a Braun MB 200-G dry box. The iron conpl ex
(typically about 10 ng) was placed in a glass bottle sealed by a septum

the MAO- sol ution O

N

N.. . .
N7 e LT N
— / S

Cl Xﬂ : . '

- (12)

In an inert atmosphere, a solution 6f 26 mg FeCl, ( 0.27
mmol) in 0.4 ml ethanol was slowly added to a solution of.

10 | 80 mg diimine ( 11, 0.27 mmol) in 3 ml toluene. The
developed blue precipitate was isolated by
centrifugation, washed three times with toluene and dried
in vacuo. Yield 75 mg of iron complex 12.

NMR did not reveal any signals for this complex.

15 13. Preparation of 2-[1-(2,6-diethylphenylimino)ethyl]-6-
[1- (1-pyrrolylimino)ethyl] pyridine (13)



(4.0 g), of the above nentioned grade, or the alternate 30 co-catalyst in
the anbunts indicated in Tables 1 and 2 (see "Prem x co-catal yst/ Ml ar

ratio Al :Fe" in Table 2), was added and stirred for S

yi el ded WO 33&‘1“3%6 PCT/ EP02/ 08636 - 33 generally a darwf@ougég%

sol ution, which sonmetinmes contained sone precipitate. Thereafter toluene
(9.0 g) was added and the solution was stigred for another 10 mn.

| medi ately hereafter, part of this mxture, i.e. 5 the catalyst prem X,

was added to a 1-litre or 0.5-litre steel autoclave via its injection
system and used in the oligonerisationr tion (see Tables 1 and 2 for

the anmounts used). Aigonerisation Expe nts 10 A igonerisation
experinments were carried out in a I TyreNorya 0.5-1itre steel autoclave
equi pped with jacket cooling with ti ng/ dogldng bath (ex. Jul abo,

nodel no. ATS-2) and a turbine/g irrer andibagffles. In order to renove
traces of water fromthe reactor, t was evacuated overnight at <10 Pa,

at 70C. The reactor was scavenged by i'ntroducing 250 m toluene and MAO
(0.3-1.2 g solution) and subsequent stirring at 70C under nitrogen
pressure of 0.4-0.5 MPa for 30 mn. The reactor contents were di scharged
via a tap in the base of 20 the autocl ave{l3bhe reactor was evacuated to 0.4
kPa and |oaded with 250 m toluene and heated to 40 C and pressurised

with ethylene to m&g,,ﬁ{lagsmr [el.j(Izdiscaiadqﬁlphefﬁaiﬂmolea}ﬁﬂjz-ser in the

description of the experi he O sql ut | (typi call. or a
1-litre 25 aut ocl?i‘?/"et)&ﬁarf’ -I5|’y10|v£\ % #o?‘g(gl)o.aﬁgl ??Arrie%gg?oc aéve) was
t hen added to the(4e&neigor ws rmrrtoné: wexk @SSQJ-M@H RE hrel taft &PLlveRarme

injected was 30 n%o éﬁ?sngofuéﬁa%gquiééular sieves (4A) were added. After

5 gtanding for 16 hours the mixture was filtered. The
solvent was removed in vacuo. The residue was
crystallised from ethanol. Yield 845 mg (46 %) of mixed
diimine 13.
1§-NMR (CDCl3) & 8.41 ( d, 1H, Py-Hp ), 8.29 (d, 1H, Py-

10 Hp), 7.86 (t, 1H, Py-Hp), 6.98-7.14 (m, 3H, ArH), 6.93(m,
2H, PyrH), 6.25 (m, 2H, PyrH), 2.67 (s, 3H, Me), 2.36 (m,
4H, CH,), 2.21 (s, 3H, Me), 1.12 (t, 6H, Me) .

14. Preparation of 2-{1-(2,6-diethylphenylimino)ethyl]-6-
[1- {1-pyrrolylimino)ethyllpyridine iron[II] chloride

!N
Fé
I\ =

Cl Cl

15 complex (14)

(14)



simlar to the injection of the catalyst prem x; see below) and the
stirring at 800 rpmwas continued for 30 30 mnutes. The catal yst system
prepared as descri bed above and in an anount as described in Tables 1 and
2, was i WOBHMYE into the stirred reactor using an inj BETERR0860st em wi t h
the aid of toluene (the total volunme injected WD 03/011876 PCT/ EP02/ 08636 r
- 34 was 30 mi: ‘the catalyst pre-mx dilyjed with toluene to 10 nl was
injected and the injector systemwas rinsed twice with 10 ml toluene). In

the case of an agliye iﬁ@&@'%ﬁo@)’x?@mat%?u@i&g@ft beR ff diGigat fyst
pre-mx resulted 1 n an exother generally 5-20 C), which generafTy
reached a maxi mufnS5himmelh In rf mit 8igktripasthane oRed 289 4R d%e®¥abl i shnent

of the termeraé UF&cBN (b Hsemayl B J‘id”'d.iocﬂ%i QijihdHloTatbétﬁ'&n#.amﬂe Zmixtl@e .
Tenperature and pressyre e nmonitored throu t. the_reaction, as well as
et hyl ene consunp ?%rﬁ“\ﬁﬁﬁ%if{“ %&i h?‘éﬁﬂ ﬁﬁtﬁrcg‘%&é&ﬁp et hl%aé“heogr essure.
Af t er consusi ng hex=rd aha bdhlepreetbitaree washisolaitiegoheri sati on was st opped

by rapid venting : th 8, ! i tybure into a
collection bott F%ﬁ%éﬁgﬁaaéé?ﬁ%wﬁﬁﬁgﬁew%gﬁng%%ﬁ'?hatélragtc}?ggiﬂﬁe.vg}:zx%osur e of
p

the mixture to a¥iekd2aPteg f Pl MO CPUBL$HA%f the catal yst. After

addi ti on of n-hexyl benzepe (0. 5-3. as ., 20 j.nternal andargd, tp the
crude product, th -%ﬁﬁp?.%#z: %&‘Pégogiﬁneaﬁisﬁsgméaggdé?%’r n&lg{g‘qby%gaés)
chromat ogr aphy, figmehigh, the o appanent,) 18chulz, FleaL y, K- flacor2nas
determ ned by regression analysis, generally using the C6-C28 data
10 CHpHp), 14.4 (2H, ArH), 8.5 (2H, PyrH), 4.6 (2H, PyrH),

1.2 (1H, Py-Hp), 0.2 (6H, Me), -10.8 (1H, ArH), -43.4

(1H, MeC=N),

15'. Preparation of 2—[1—(2,4,6—tfihethy1phenyl;mino)

ethyl}-6-([1- (1-pyrrolylimino)ethyl]lpyridine (15)

o

O

(15)

15 Monoimine (1, 3.0 g, 10.7 mmol) and l-aminopyrrole (1.0
g, 12.18 mmol) were dissolved in 50 ml of toluene. To
this solution, molecular sieves (4A) were added. After
standing for 40 hours the mixture was filtered. The
solvent was removed in vacuo. The residue was

20 crystallised from eﬁhanol. Yield 1.85 g (50 %) of mixed

diimine 15.

'4-NMR ( CDCl3 ) 8 8.42 ( 4, 1H, Py-Hy ), 8.29 ( d, 1H,
Py-Hp), 7.86 ( t, 1H, Py-Hp ), 6.93 ( m, 2H, Pyrrole-H),
6.88 (s, 2H, ArH ), 6.26 ( m, 2H, Pyrrole-H ), 2.67 ( s,



of the linear alpha olefins. 25 By "apparent K-factor"” is neant the
K-factor in the case that there is a small deviation froma Schul z-Fl ory
distribution. Fromthis regression analysis, the theoretical caontents of
C30- C100 cHUMABIE, i.e. waxy solids, was cal cul ated. The/HER486if o
reported in Table 30 1. The anount of solids in the product was determ ned
as follows. The crude reaction product was,,centrifuged at 4000 rpmfor 30
mn after which the clear upper layer WO &3/011876 PCT/ EPO2/ 08636 was
decanted. The lo yer Si, S§ i of,.spl i ol.efi . wbol u and a

m nor anmount of ﬁﬁgubg 01é?%%s(mgbqghi&gdphf%ﬁOSéOLh?ﬁgcg%o%éqﬂgpng a

hi gh- shear mi xer (s(UBHy aMeTurrax, type TP 18-10). The mixture was 5
centrifuged under the above-nentionegdc?nditions. The IomEt Igyer was
mxed with 200 mCacePHPRALATAOR Pt & dd™ (Bt G g BT RIS LI PH) (porosity
P3). The solid preztyti -6wWas (dr-peerdlynl iRdndboentsy1dpyrOditeati red kP, wei ghed
and its <C30 con ts.det erniped gas chromatography of a 1,2 10
'dichlorobeﬁgena 5%&§ri?g,%@#g%ghlSﬁ%benzene soluti'on of the solids. The
amounts of solids reported in Table 1 re the isolated solids having a

carbon nunber >C28. The relative a of the linear 1-hexene anongst

all hexene isoners and the relatiye ut of the linear 15 1-dodecene
anongst all dodecene isoners wer Vat.yat é y GC analysis and are
reported in Tables 1 and 2. Exa 1A rative) Exanple la was carried
out at an average ethylene pressure of 1.7 MPa, i.e. 1.6 MPa (gauge),

using the 20 iron conplex 5 which is not in accordance with the present
invention. Experinmental details aregiven in

In an inert atmosphere, a solution of 103 mg FeClp (0.81

mmol) in 0.7 ml ethanol was slowly added to'a:solution of.
400 mg diimine.(lg, 1.16 mmol) in a solvent mixture of 10
ml toluene and 6 ml pentane. The green-brown precipitate

10 was isolated by centrifugation, washed three times with
toluene and dried in vacuo. Yield 375 mg (98%) of iron
complex 16.

la-NMR (CD; Cl; , broad signals, not assigned) & 88.1

(1H), 72.4 (1H), 29.9 (3H), 19.5 (3H), 16.9 (6H), 13.5
15 (2H), 8.8 (2H), 5.8 (2H), 2.9 (1H), -45.1 (3H).

17. Alternate preparation of 2-[1-(2,4,6-
trimethylphenylimino) ethyll}-6-{1-(1-pyrrolylimino)
ethyllpyridine iron[II]} chloride complex (16’')



Table 1. The activated iron conplex was- added in 5 portions (270, 550,
1510, 4570 and 9100 nnol at tine - 0, 3, 11, 13, 23 mn) and an additional
portion of MAO 25 solution was added (1.0 g MAO sol ution i - 25 mn).
After 14 MR%¥¥d8®enperature was raised from50 to 70C 5%&’@8%@6% t hat
tenperature for the remainder of the experinent. Very little, if any,

et hyl ene conversi-on took place, even aftgs having added the relatively

| arge total 30 ampbunt of this symetrical iron bis-imne pyridine catalyst

and MAO and afteg iner. %@§e Qémggbe,eggrrpgrg;l%eon dP czf@ec‘lﬁgtﬂagedt he aut ocl ave
system was not conprom se gress of air Qr npoisture Exanple.la was WO

03/ 011876 PCT/ EPQQJ"D’B’@Sé_E'-‘Y F¢ “@Qﬂén%féds By ddchriqronebhans, gag.afdes ed

non- Symet 1 cal b ) (£ALBLY.Sk 0354 SRaFXRAPL 6 dib diBnTaRichind! it pendi ng
pat ent application PCI/EPO1/01506 at 1.5 MPa et hyl ene pressure at 40C

fol owed by rapi dixtoreease efitdes foenfrertamase The 2GEulThes @reevity of
catalyst 3,sthe bpémlf;ﬂ}fec%ﬁa{eebwaboms@iuiédhsype&mﬁtfugae1&1\/ ansntd. |ine

wi th those observed t he. abaove-nenti oned co- en i atent .

appl i cation, despite Ftel*i’éaﬁﬁe%‘eqﬂé’é'l&ﬁ 17 gfastrvel 21498 B t*g Bf catal yst
5 and MAO. 10 Exapph echplsanpée. 2 was carried out at an aver age ethyl ene
pressure of' 1.7 MPa, using the mxed aryl - ferrocenylimne iron conplex 7

which is in accot c t RecREESEfHa 1l nvlegg_; Iy igEEPErs BBM aj1detail s
are 15 given in Tgbl e 1( W%’Eielz ‘cat gl yst gavg a Turn gljer Frequency (TO:) of

2. 45E+06 nol et hykeheluddl, Eexh @BHd,atof ded)a 1erddEsY , 03 16 JRHL. hexene and

1- dodecene gurity. gl f24)S snNot ednt hat st PayPr adycs Hpgtri bution, showed a
cl ear

18. Preparation of 2,6-[1-(2-

methylphenylrmlno)ethyl]pyrldlne iron [II] chloride

complex (X) - _ ' 3

Complex X was”prepared according to the method disclosed
15 in WO-A-99/02472.

19. Methylaluminoxane (MAO)
The MAO-solutions ‘in toluene (Eurecen AL 5100/10T, batch:

B7683; [Al] = 4.88%wt, TMA = 35.7 wti(calculated),
Molecular mass = 900 g/mol and [Al] = 4.97% wt) used in
20 the experiments were ex. Witco GmbH, Bergkamen, Germany.

20. Solutions in toluene of triethylaluminium (25% wt
TEA) and of tri-iscbutylaluminium (25% wt TIBA) are
available from Aldrich.

Catalyst system preparation

25 Catalyst preparation was carried out under nitrogen
in a Braun MB 200-G dry box.
The iron complex (typically about 10 mg) was placed
in a glass bottle sealed by a septum; the MAO-solution
(4.0 g), of the above mentioned grade, or the alternate
30 co-cétalyst in the amounts indicated in Tables 1 and 2
(see “Premix co-catalyst/Molar ratio Al:Fe” in Table 2),

was added and stirred for 2 minutes. This yielded



deviation froma Schul z-Flory distribution, particularly 20 at | ow carbon
nunbers, as shown in Figure 1 (regression statistics: R2 = 0.98; standard
error = 0.08 for 12 data points). Exanple 3 Exanple 3 was carried out at
an average WPBIWRHE 25 pressure of 1.6 MPa, using the ni REHERG2)08636
ferrocenylimne iron conplex 10 which is in accordance wth the present

i nvention. Experinental details are gi vg(rjls_g; n Table 1. The catal yst gave'a
TOF of 1.97E+06 nol ethylene/nol Fe*h and afforded a product of [ower 1 30

hexene and 1-dodegang (pypi § addhaol BilledEXBIRL Eo. i chSaotllifidg N2l the

product distributton's d an even earer devi atton froma. schul z- Fl ory
di stribution thancontiidnedfsmempgreipitategr Essrenfteratpieenss: (SR ¥ 0.81; WD

03/ 011876 PCT/ EPOZ{DR6EEd and The §6Ptﬂ'_q®'ndwﬁér9&'1rreg. 28 fiothdrdpg a points).
This is confirned by_the ano ntg &y solids >C28 isol ated, on total
eﬁﬁ"b#&

product of 8.4 9Pt or™ERARIEY3; Pﬁ’ét T 3B 0PI %fiWEs +i%e to a C30
- 0100 fractbon othd ehablpstoldrgotey i et iaddedroalct -0ftHe ot 5-1Eemnpl e 4
(Conparative) Exa ag.ie rage éssure
o 17 MPa st ng e BrsSRnAlis Pk LBl Bh WRELBHCHE st e o
in accordance w t?n‘-ltgl?é‘eﬁ%%%fe‘lﬁn I@a?‘FﬁFﬁht(iﬁéﬁ T sy |1m'3ﬁ‘1i1a3 fest Bhe¢ s are given
in Table 1. The @fdun¢at €8ed).on corrpl ex was added in 4 portions (3100,

3100, 6200 and 132010 nm)l gt tlge = 0 3, 4, 11 min). At time =10 mn
the tenperature and kept at that tenperature for
10 min. At 80me = 20 ﬁilngqrﬁextllsetnemrpﬁeqpammenmsvedscma@aﬂ ot 40Caand kept
at that litre or a 0.5-1litre 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,
15 it was evacuated overnight at <10 Pa, at 70;C. The
‘ reactoxr was scavenged by introducing 250 ml toluene and
MAO (0.3-1.2 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
20 the autoclave. The reactor was evacuated to 0.4 kPa and
loaded with 250 ml toluene and heated to 40 °C and
pressurised with ethylene to the pressure indicated in
Tables 1 and 2 or in the description of the experiment.
The MAO-solution {typically 0.5 g for a 1l-litre
25 autoclave and typically 0.25 g for a 0.5-1litre autoclave)
was then added to the reactor with the aid of toluene
(the total volume injected was 30 ml, using a procedure
similar to the injection of the catalyst premix; see
below) and the stirring at 800 rpm was continued for 30
30 minutes.
The catalyst system prepared as described above and
in an amount as described in Tables 1 and 2, was
introduced into the stirred reactor using an injection

system with the aid of toluene (the tcoctal volume injected



tenperature for the remainder of the experinent. Very Ilittle, if any,

et hyl ene conversion took place, even after having added the relatively

| arge total anpbunt of this iron bis-imne pyridine catalyst and-after

i ncrease W9 03/03i187¢ he tenperature to 70C. To check that tHE/ERI/BfPE@ve system
was not conprom sed by ingress of air or noisture Exanple 4a was extended
by addition of ;the activated non-symetrical iron catalyst 3 (see Exanple

4b in Table 1) of co-pending 25 patent aﬁﬁl I cation PCT/EPO1/01506 at 1.5

MPa et hyl ene pressure and at 40 f ol | onwed i ncregse of _the tenperature
Po 70 The: ack IHAe §0 B CieaFg GALYEC PRE M GYBLTCSCLh DI &R | he

product purity arcemlnwas ninjested aﬂtﬂoshe obsiercted $ygteh wast hinsed
abpve-nenti oned 0 p pIication, despite the presence of
relatively |ar geggr?%uﬁ??p%ong%lt a yst 2 and MAO. It is noted that the iron
bi s-imne pyridine cabathpstcasger \?@daF‘F’dfﬂ ZFabay HetSFtam ngpyrrol e, al so

not accordigng WQRda3k9dd &6 tﬁgéﬁm%/sgsﬁﬁﬁ-nﬁx réfuldedd LRl 8nidnctelAn, as
described in patent angoY 2| op 00/ 50470 gf)ﬁﬁast mgﬁ Chem cal Conpany,
e [ 0

Exanpl e 58, whi cl¥e7E Ya&Pagt (FasEe AoTBHTE o cat al yst
12, has a hi gh etitpliene migrarer sm@rwaacfolllc{wed by Ordpid &sdallistfennol / nol * h,

but -gi ves rise tg Lhg EWS{H}% e Qfng BRLYALAY i RAE a MYRrai1 sl 34ang
(Exanpl es' 60 and 59 of 50470, respective i nstead of al pha

olefins in the Z4-C30 range. Exarrple 5 10 Exarrple 5 was carried out at an

average etfiyl ene preefpdratale lafa Mrassuree wete SndvHi ofgaugitdoughdlily t he non-
symetri cal |ror|:hco Ieé< 14 whi Cd is_ i cordance w.th wt'i_l RLesent

. . i a 1l asg. e ﬁene consumption
i nvention. Experi fefita c?ent arfs" are i verY P !

maintaining a constant ethylene pressure.
After consuming a certain volume ethylene, the
oligomerisation was stopped by rapid venting of the:

15 ethylene, decantipg 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

20 internal standard to the crude prodpct, the amount of
C4-C3p olefins was determined by gas chromatography, from
which the (apparent) Schulz-Flory K-factor was determined
by regression analysis, generally using the Cg-Cazg data

of the linear alpha olefins. ]

25 By “apparent K-factor” is meant the K-factor in the
case that there is a small deviation from a Schulz-Flory
distribution. From this regression analysis, the

theoretical contents of C39-Cpgp components, i.e. waxy

solids, was calculated. The data are reported in Table

30 1.
The amount of solids in the product was determined
as follows. The crude reaction product was centrifuged

at 4000 rpm for 30 min after which the clear upper layer



Table.1. The regression analysis using the C6 - C28 15 contents, as shown
in Figure 2, gives a clear deviation froma Schul z-Flory distribution. The
K-factor is.0.678 (zegression statistics for 12 observations: R2 = 0.98
and st andd¥Q0¥MA¥6 = 0.08). This is confirmed by the anBeHER28B63haxy
solids >C28 isolated on total product of 20 13.B % for Exanple 5, whereas
the K-factor gikves rise to a C30 -'ClOO:L{qction on total oligonerisation
product of 2..6 %. The T.OF. of the catalyst is 1.45E+07 nol
et hyl ene/ nol Fe*h agp % xene and 1- dodecen ur| y L§X99.5@6and
98. 4% respecti V&Y. efgnﬁ‘i § 6B amprE 6Tt &k S§tiBxanple 5 at a
hi gher [Al]/[Fedlafdmieo. tdhenecsnlitas muypveamwuntTabltqu1dapéef$msﬁWaar to
those of Exanpl qnéceaA%tﬂ %&lﬁaﬁcg@dﬂeaBBQH% nghasx%f giLEi bution is
observed (R2 = 0.98; standard 30 error = ata points). This is
confirmed by th&PIEFRSIREETHE VARG TDI4EAL0LCIB BAXENRRI Y88 total product of
IlaéT /ZE‘;&MOZ ; Ogﬁégg ea@eriﬂiﬁf{f%g@-?km’ergtM@SaHdv&eméﬁtﬁ%ngaocoﬂ@tﬁ%gllﬂﬁg c 19
- ract:ion.on operi sat.i roduct o
it Exampl o7 BRI £7T e PuBRa IR eh bR, o BORUE S BT BEEATL O, ¢
i nt ake. The resu:bftfs ovgrverglaﬁsmbl@exl (ppnqﬂm{ @Nth@iet @naeﬂcgrddncta | ower
apparent K-factgfadindeeat isises 6OREN LLORG. o Yele UREA), FeGhBBA LRYidli on from
a S-F distribution is observed (R2 =-0.99; standard error = 0.09 for 12
data points). ThiGsoi sorteftisr #eéewqeﬁebnma@rmbn@@t@rgmahy abld ds2>C28
i sol at ed op({tot aélé&%dg%wrﬁ 31, Yty f,0 oﬁal Fgenmne ag the K—factor

gives rise SEt T or %8R~ I gOner | sation product of
the solids. The amounts of solids reported in Table 1

are the isolated solids having a carbon number >Cyg.

The relative amounts of the linear l-hexene amongst
all hexene isomers and the relative amount of the linear
15 ‘1-dodecene amongst all dodeécene isomers were evaluated by

GC analysis and are reported in Tables 1 and 2.

Example 1 (Comparative)

Example la was carried out at an averaée ethylene
pressure of 1.7 MPa, i.e. 1.6 MPa (gauge), using the

20 iron complex 5 which is not in accordance with the
present invention. Experimental details are given in
Table 1. The activated iron complex was added in 5
portions (270, 550, 1510, 4570 and 9100 nmol at time = 0,
3, 11, 13, 23 min) and an additional portion of MAO-

.25 solution was added (1.0 g MAO-solution at time = 25 min).
After 14 min the temperature was raised from 50 to 70°C
and kept at that temperature for the remainder of the
experiment. Very little, if any, ethylene conversion took
place, even after having added the relatively large total

30 amount of this symmetrical iron bis-imine pyridine
catalyst and MAQO and after increase of the temperature.

To check that the autoclave system was not

compromised by ingress of air or moisture Example la was



1.0. % . Exanple 8 15 Exanple 8 was carried out at an average ethyl ene
pressure of,1.5 MPa, i.e. 1.4 MPa (gauge), using the mxed aryl -,
l-pyrrolylimne iron conplex 16. which is in accordance with the present
i nventi on. WOB38EB{Grental details are given in Table 1. FSd/EPAYI883SS| on
anal ysis 20 using the C6 - C28 contents, as shown in Figure 3, gives
surprisingly ar-nearly perfect Schul z-Fl o_ré distribution over the whole
range of .oligonmers. The K-factors is O. 3

9 (regression statistics for 12
observations: R2 = __1 99 and
0

= dar (o] IR )unThis 1S .confirnmed by
the 25 anounts fex\%/g%/ sohiyi agﬁé iogo?g%egcft&r‘{g%:g%arfonprsmﬂ% 5 1 1.0 %

for Exanple 8, wigrpacatdlysk- Batsenr Egpyele ribsdnt gablke @300f @r®enfiiagti on on
total oligonerisghien MAYehe obn serrdbd /dishe haci.d ek Lessesgl i ds >C28
are.isolated than theoreticall yd%ﬂect g,%l S dge-to t heir St&’l?um lity in
the 30 tol uene- sEFEEFUTE Gt £ReC< 8?’?5 F@PLaTinerpage ot ¢ cat al yst
systemis 2595E+@émpetataideykentdml The* actifiey bexeywaliysaci, amhehas the

fol |l owi ng conposi_ti 1:.h xegg V\D%Sél@ellmg PCT/ ER02/ 08636 - .40, 99.0
r

n: =
oMt , cis-2- hexené’rggb'?to Thre - T PFHIE APR AR PTOUGCh PRIEY 3R afehdle s 0. 2

%t , branched hexénbsthos® Bbe#grved forofcimdihenabevermenbéoreditcod that with

this mxed bis-ijhA¢nd 'itept HpiSilcatysh eMHPiRET SN Phr¥sB0cLR¥ ation 5
from Schul z-Flory distribution is observgd, V\/SI ch translates to the
formation of | esEehREH SIS SBRFRrARPGAL°OF FHAFGG¥ES 3 FoMPRri son with

Exanpl es 3,105, 6E§Qd Js Jhis has the advantage of nore straightforward

processing (| ess—cp%gg-i—ng by solids in the plants and its work-up 10
train) and of |ess nek%hMrde PerDERSSiag Vit AEghn avsiresal etrfhvkerght ol ef i ns

(to render the te@ehBohQ9¥%E 1.7 MPa, using the mixed aryl-,
ferrocenylimine iron complex 7 which is in accordance
with the present invention. Experimental details are

15 given in Table 1. The catalyst gave a Turn Over Frequency
(TOF) of 2.45E+06 mol ethylene/mol Fe*h and afforded a
product of high i-hexene and l-dodecene purity. It is
noted that the product distribution showed a clear
deviation from a Schulz-Flory distribution, particularly

20 at low carbon numbers, as shown in Figure 1 (regression

statistics: R2 = 0.98; standard error = 0.08 for 12 data

points) .

Example 3

Example 3 was carried out at an average ethylene

25 pressure of 1.6 MPa, using the mixed aryl-,
ferrocenylimine iron complex 10 which is in accordance
with the present invention. Experimental details are
given in Table 1. The catalyst gave a TOF of 1.397E+06 mol
ethylene/mol Fe*h and afforded a product of lower 1-

30 hexene and l-dodecene purity than that Example 2. It is
noted that the product distribution showed an even

clearer deviation from a Schulz-Flory distribution than

that of Example 2 (regression statistics: R2 = 0.81;



economcally feasible). Exanple 9 Exanple is a repeat of Exanple 8, but at
a lower 15 average ethylene pressure and a | ower ethylene intake.
Experinmental details are nmentioned in Table 1. Once again, regression
anal ysis uBMMP/EHI6 C6 - C28 contents gives a nearly perfB@T’Elﬁgﬁﬁﬁi‘i-Fl ory
di stribution, having K-factor of 0.671 and the foll ow ng regression
statistics 20 for-12 observations: R2 = 1.30 and standard error = 0.01.
The Schul z-Flory distribution is yet agaTn confirmed by the isolated
anount of waxy solids > t han .t he a unts cal cul at ed

fromthe K-factor® ta@ﬁﬁgz%r% ZSOEﬁarﬁﬂr \Q%Od?%a PLE5EL BEE &nple 8, but
using catalyst prefirsed W6’ tnenameml:s)foflﬁa:@ndaczi1Idevve¢2@tﬂ$pﬂetmi annt ake,

i.e. intake simlar oth Exarrp er| det a
mentioned in Tabl%®® f “Ctaé’§| Jie"ﬂ:r %§§| 5( mé& ¥ ?Fselaﬁgui‘?le}?CG C28
contents 30 g| vesfaa:tneagiyeqomnfsecto&mgloz Fpgy fhastiebuin aetahavi ng

K-factor of 0.645 a,nd the foll ow na re%&egsgo%q statistics for 12
observatlonsi R2 1@%6”%1%“5‘%868 ¥ %2 WD 03/ 011876

PCT/ EPO2/ 08636 - e I The Schul z-Flory distribution is yet
agai n confirnmed 18°8 [ ?aélve) of waxy solids >C28 , which is

| ower than the anpunt §xempka)l4at wast eaniegheuik-Fta@ropvenate KERBHRAS r acti on
has the foll ow ncbésggﬁaocsf ti .aNMpa ; hesseide the S [%f-\fpyrﬁél%rﬂmhﬂé(]erl&on 0.0

%M, trans-2-hexene = hed hexenes = 0.3
omt . The activity*BP? Eﬁtii A?%lcf@lsl ?lgtExlgn’SF%orl%ncﬁpgé& atq}eopﬁesehl gher t han
that of 16 1 Exaurmdeet&pnvmmslmhet% de0aibetaore gamen i TAklsde within
the limts of errgf, %@givatgd iron complex was added in 4 portions (3100,

3100, 6200 and 13600 nmol at time = 0, 3, 4, 11 min). At

time = 10 min the temperature was raised from 50 to 70°C

and kept at that temperature for 10 min. At time = 20 min
15 the temperature was decreased to 40°C and kept at that

temperature for the remainder of the experiment. Very

little, if any, ethylene conversion took plaée, even

after having added the relatively large total amount of

this iron bis-imine pyridine catalyst and .after increase
20 . of the temperature to 70°C.

To check that the autoclave system was not
compromised by ingress of air or moisture Example 4a was
extended by addition of the activated non-symmetrical
iron catalyst 3 (see Example 4b in Table 1) of co-pending

25 patent aﬁplication PCT/EP01/01506 at 1.5 MPa ethylene
pressure and at 40°C, followed by increase of the
temperature to 70°C. The activity of catalyst 3, the
product distribution and the product purity are in'line
with those observed for 3 in the above-mentioned co-

. 30 pending patent application, despite the presence of
relatively large amounts of catalyst 12 and MAO.

It is noted that the iron bis-imine pyridine catalyst

derived from 2,5-dimethylaminopyrrole, also not according



the 1-hexene purity and 1-dodecene purity are even higher. In conclusion,
It may be stated that surprisingly in the case of using this. m xed
bis-im4e iron conplex no 15 deviation from Schul z-Flory distribution
occurs, whWE3L87heneficial to the econonics of the overBfTVERREESs since
in this case no-additional amobunts of'solids, i.e. heavy wax, are being
formed which need to be processed (which, ygy in itself be cunbersone due
to clogging, etc. of the 20 plant and/or its work-up train) by

| somer | sat1on and, ¢hEpraRAl kaeﬂat%éﬂhe@cwbgd Yn gaawh@n%&ﬂcg%m@r cover.

internal olefins in e ‘econom cal attractive range
the catal yst actiO®/594D9 tch&setwmany W‘Jﬂrn%%malndal QS%R‘%H%/@B'S%%% is on

a par with the ZasCEBalbé/%sinei:@@ wweadhf@aaammblam igabhOdlyst
PCT/ EPOL/ 01506 an tEe 1- Sn gqﬁ 1- dodeceng urltg J§ | ar. These
exanmpl es prove tR&’ baAR(3 1§ FRELTE RRPERTZION 466 JC‘H"e ed §ith the
c%al yst syst ens 40fl4Ehes preddenl *B0 hutv ghvesnr isks tex phai fveshagborv et t hese
| nprovenents are of ce f t =YelcTalotey) l@C ess of
the process. p%gyaﬁ%)%xe' n@i‘(ﬁ@A})BLEl%g% E 55%83% I§<5§ {Dfé@]
| aEx. | b1l. 3Ex. 2Ex.08Fz 04aEX .résbedt Noely)r,oinSoesd et/ E'.’opBa?lcﬂ;bziﬁsBm the
(Intake(lGOOO)(S%%Lsag 860) (26000) (220) in nmol) [A1l) /

00400

(Fe) 7002200015' O 0
Example 5
10 Example 5 was carried out at an average ethylene

pressure of 1.6 MPa, i.e. 1.5 MPa (gauge), using the non-
symmetrical iron complex 14 which is in accordance with
the present invention. Experinmental details are given in

Table 1. The regression analysis using the Cg - Cgpg

15 contents, as shown in Figure 2, gives a clear deviation
from a Schulz-Flory distribution. The K-factor is 0.678
(regression statistics for 12 observations: R2 = 0.98
and standard error = 6.08). This is confirmed by the
amounts of waxy solids >C;g isolated on total product of

20 13.8 %wt for Example 5, whereas the K-factor gives rise
to a C3p - Cig0 fraction on total oligomerisation product
of 2.6 %¥wt. The T.O.F. of the catalyst is 1.45E+07 mol
ethylene/mol Fe*h and the 1-hexene and 1-dodecene purity
is 99.5% and 98.4%, respectively.

25 Example 6
Example 6 is a repeat of Example 5 at a higher

[Al]l/[Fe] ratio. The results, given in Table 1, are

similar to those of Example 5. Again a clear deviation

from a S-F distribution is observed (R? = 0.98; standard
30 error = 0.09 for 12 data points). This is confirmed by
the amounts of waxy solids >Cyg isolated on total product

of 12.2 %wt, whereas the K-factor gives rise to a C3p -



(rmol / nol ) (700) 4(400) 4 Reaction Time28444741348 (mn) Ethene

Pressurel. 71.51.71.61.71.5 MPa(17)(15)(17)(16)(17)(15) (bar(a)) Ethene
consuned<2. 0115. 170. 470. 4<3.947. 32 (Total Product) Isol ated

Product 0. 0890¥8H8%23. 90. 041. 4 <C3 (q) |sol ated Sol i ds0. OrFGI/ER02B368®. 00. 9
>C28 (g) Solids >C28 onn.d.n.d. 3.38.4n.d. 1.8 Ethane (%w) C30-100
on-Total n.d. 4.35.:36. 5n.d. 3.1 Product (cal ggd) (%)

T. O F<1E+041. 04E+072. 45E+061. 97E+06Cc1E +045. 61E+07 (nplC2=/ nol Fe+h)

K-factorn.d.0. 7060, 7200, 4320 8n0c {84 51 BEmdN o) Bnlp25nR00892: gN- d. 97. 7

¥wt.
Example 7
Example 7 is a repeat of Example 6 at a lower
5 ethylene intake. The results, given in Table 1, indicate

the tendency for a lower apparent K-factoxr under these

conditions. Yet again a clear deviation from a S-F

distribution is observed (R2 = 0.99; standard error =
0.09 for 12 data points). This is confirmed by the

10 amounts of waxy solids >Cg isolated on total product of

5.1 3wt for Example 7, whereas the K-factor gives rise to

a C3p - Cqigo fraction on total oiigome;isation product of

1.0 %wt.

- Example 8
15 Example 8 was carried out at an average ethylene

pressure of ‘1.5 MPa, i.e. 1.4 MPa (gauge), using the
mixed aryl-, l-pyrrolylimine iron complex 16 wlich is in
- accordance with the present invention. Experimental
details are given in Table 1. The regression analysis
20" using the Cg - Cyg contents, as shown in Figure 3, gives
surprisingly a nearly perfect Schulz-Flory distribution
over the whole range of oligomers. The K-factors is
0.649 (regression statistics for 12 observations: R2 =
1.00 and standard error = 0.01). This is confirmed by the
25 amounts of waxy solids >C;g isolated on total product of

1.0 ¥wt for Example 8, whereas the K-factor gives rise to

a C3g - Ci1pp0 fraction on total oligomerisation product of
1.6 twt (the fact that less solids >C2g are isolated than

theoretically expected, is due to their solubility in the

30 ' toluene-solution of the <Cyg oligomers). The T.O.F. the

catalyst system is 2.95E+07 mol ethylene/mol Fe*h. The

hexene fraction has the following composition: l-hexene =



(%) 1-Cl2- purityn.d.96.897.792.7n.d.97.5 (%w) WO 03/011876 - 43 TABLE
1 (continued) PCT/EP02/ 08636 Exanpl eEx.5Ex. 6Ex. 7Ex. 8Ex. 9Ex. 10 No. Iron
Conpl ex/ 141414161616" (I ntake(294)(332)(153)(180) (330)( 111%@ n nnol) (Al

/ ( Fel 4500 M&e1187607000410011500 (nol / ol ) Reaction Ti neBE E@M@El% (mn)
Et hene Pressurel. 61.61.61.51.01.5 MPa(16) (16)(16)(15)(10)(15) (bar(a))

Et hene consuned76: 369. 329. 4281. 8117. 511_7.4 (Total Product) (g) I|solated
Product 58. 247. 425. 8222. 698. 888. 3 <C30 (9) 1sol ated

99.0 %wt, cis-2-hexene = 0.0 %wt, trang-2-hexene = 0.2
%wt, 3-hexenes = 0.2 %wt, branched hexenes = 0.5 %wt.
In conclusion it may be stated that with this mixed
bis-imine iron catalyst system surprisingly no deviation
5 “from Scpulz-Flory distribution is observed,.which
translates to the formation of less high molecular weight
products in comparison with Examples 3, 5, 6 and 7. This
‘has the advantage of more straightforward processing
(less clogging by solids in the plants and its work-up
10 train) and of less need for reprocessing of high
molecular weight olefins (to render the technology

economically feasible).

Example 9 o
Example 9 is a repeat of Example 8, but at a lower

15 average ethylene pressure and a lower ethylene intake.
Experimental details are mentioned in Table 1. Once
again, regression analysis using the Cg - Cyg contents
gives a nearly perfect Schulz-Flory distribution, having
K-factor of 0.671 and the following regression statistics

20 for 12 observations: R2 = 1.00 and standard error = 0.01.
The Schulz-Flory distribution is yet again confirmed by

the isolated amount of waxy solids >Czg , which is lower

than the amounts calculated from the K-factor.

Example 10
25 Example 10 is a repeat of Example 8, but using

catalyst precuxrsor 16’ instead of 16 and a lower ethylene
intake, i.e. intake similar to that of Example 9.
Experimental details are mentioned in Table 1. Once

again, regression analysis using the Cg - Cpg contents

30 gives a nearly perfect Schulz-Flory distribution, having

K-factor of 0.645 and the following regression statistics

for 12 observations: R2 = 1.00 and standard error = 0.02



Sol i ds10. 58.41.52.72.10.4 >C28 (9) Solids >C28 onl13.812.25.11.01.80.5
Et hene (%) C30-100 on Total 2. 61.91.01.62.41.5 Product (calc'd) (%)

T. O F1. 45E+Q7 +073. 52E+072. 95E+073. 63E+076. 34E+07 ( - e*h)
K-fact or OF%(gé%(béggo 6230. 6490. 6710. 645 1- C6- purity99. 5%&&#%@8&598. 799.5
(%v) 1-Cl2- purity98.497.698.295.695.697.4 (%M ) Experinments carried out

at 50C in toluene, using 1-litre steel -agiocl ave, unl ess indicated
otherwise. 5 n.d. = not determned. 1 Carried out at 70C 2 Ethyl ene

conlsunrpti)on?)darle Ir V(%?e{if‘ reOk Al ﬂ{&@%ﬁﬁl%-@g_or{gag&'clgi:&ftiiBﬁ gg QJaLr egrlessi on
ana ySlS . cul at e on 1ron cata S . cul at e n tota I ron
contont .. WO 03/ 0FEaYE SREFAEPES/BESE 1solabed EuHRE G PEXYPIAS e 2)

>Cag , which is lower than the amounts calculated from

the K-factor. The hexene fraction has the following
5 composition: 1-h§xene = 99.5 %wt, cig-2-hexene = 0.0
$wt, trans-2-hexene = 0.1 %wt, 3-hexenes = 0.1 %wt,
branched hexenes = 0.3 %wt.
Thé'aCtivity of catalyst 16’ in Example 10 appears
to be higher than that of 16 in Example 8, whereas the K-
10 factor remains the same within the limits of error and
the 1-hexene purity and l-dodecene purity are even
higher.
In conclusion, it may be stated that surprisingly in
' the case of using thi&vmiked bis-imine iron complex no
15 deviation from Schulz-Flory distribution occurs, which is
beneficial to the economics of the overall process, since
in this case no additional amounts of solids, i.e. heavy
wax, are being formed which need to be processed (which
may in itself be cumbersomeldue to clogging, etc. of the
20 plant and/or its work-up train) by isomerisation and
disproportionation with e.g. 2-butene to arrive at -
internal olefins in the economically attractive range

(Cg - Cap) . Moreover, the catalyst activity of these new

non-symmetrical catalyst systems is on a par with the

25 catalysts of the co-pending patent application
PCT/EP01/01506 and the l-hexene and l-dodecene purity is
similar.

These examples prove the beneficial effects which can

be achieved with the catalyst systems of the present

30 invention. As explained above, these improvements are of
major importance for the economic attractiveness of the

process.



Exanpl es 11-19 have been carried out
MPa et hyl ene pressure,

o R s by s

MAO or tri-
prem X,
prem Xx.

usi ng

in a steel
t he anounts of
al ternate co-catal yst

t hat et hyl ene
i sobutyl al um ni um (Tl BA)
but not when triethylal um nium (-TER) -i s
The use of Lewis acids such as TIBA has a benefici al

autocl ave generally at 1.6

iron catal yst precursor,

, mentioned in Talg%
ol i gonerisation takes p

is used to make the iron

ace VJL

|s cl ear

en either
cat al yst

10 used to nmke the

effect on the

solubility of the Fe-catal yst system i nTABGLE uene, whereas the catal ytic

activity and selectivity in ethylene oligonerisation are largely
mai ntai ned. 15 It i slerer rl§9bl g that,in, the dase of gddjtiop of g
relatively smal I| ygidun r? % gEx2vE) J)0F  trli ethyl af G ni up®¢*PEA) | (Exanpl e
12) the catal yti %ronactr ity S conpl etel y Iost, even| after grzaduaT i ncrease
of the amount off KB o [Aldoks matHs rct—rlgg, as W@ asf—zggi,:,ZSO!aQQO. The use
of arelatively smnlndl) afjount of] TI BA J(Ex l{e 13; 5), hpwever,
results in an iﬁh’q g} enétfus cct2%1‘1°g,st ﬁF“é’mx $hi ch sBBws anfe@ivity and
selectivity comjars é"’c' o—Exarmtehs 125 rr o-ExanpHes—14— %80t _Fan be

eac 10 .
seen that TIBA rayme a sc 2be advaat agequsly agphki ed, fi#& instead of fhe
bis-(o- tolylim tﬂehvr- dine Fe- .X—FEet cat al yst
systens derived fE n,gat alyst precursansy 3, 4a.and 1UG.-are jused. 3P The use
of small anount g Maﬂf 'I)'I BAWA : [Fes)= 1) #8 advafit ageod®, parebicul afly, in
conti nuous oper g f;gj%s a—congentratgt—but-—yet—etear—cat em X
solution in toll¢eenseengryes, pard.tculjarlsy, i|motshe clases of| gad?al ypt
precursors 3, 7|dffi21p' | This ¢nabl es [easy dgsing of| the

(g) :

Isolated i

Product 0.0 82.4 35.6 23.9 0.0 41.4

<30 (q) -

Ipolated I

Solids 0.0 n.d. 2.3 6.0 0.0 0.9

>C28 (g)

Solids

>C28 on n.d. n.d. 3.3 8.4 n.d. 1.8

Ethene )

(swt)

C30-100

on- Total n.d. 4.3 5.3 6.5 n.d. 3.1

Product

(cale’d) -

(swt) )

T.O.F <1E+04 1.04E+07 2.45E+06 | 1.97E+06 | <1E +04 5.61E+07

{molC2a/

molFe*h)

K-factor n.d. 0.706 0.720 0.732 n.d. 0.687

;‘;Si:y n.d. 98.5 96.9 52.1 n.d: 97.7

(Awt) )

;;Sii; n.d. 96.8 97.7 92.7 n.d. 97.5

(dwt)
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(A1} / [Fe]

Nont o 9@4n {mol/mol)

4500

-0 i nw
11300 .

11400

7000

4100

11500

Reaction
Time
(min)

k}:)

s

12

114

21
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Ethene
Pressure
MPa
{bax(a))

Ethene
consumed
(Total
Product)

{g)

Isolated
Product
<C30 (g)

Isolated
Solids
>C28 (g)

Solids
>C28 on
Ethene
{swt)

C30-100
on Total
Product
(calc’d)
{$wt)

T.0.F
{molC2=/
molFe*h)

1.45E+07

1.19E+07

3.52E+07

2.95E+07

3.63E+07

6.34E+07

K-factor

0.678

0.659

0.623

0.649

0.67)

0.645

1-Cg=
purity
{¥wt)

95.5

99.3

99.6

99.0

98.7

99.5

1-C3i2=
purity
(%wt)

98.

97.

98.

95.

95.

97.

Experiments carried out at 50°C in toluene, using 1-litre

steel autoclave, unless indicated otherwise.

n.d.
1

2

not determined.
Carried out at 70°C
Ethylene consumption derived fromtotal product (Cq -

Ci00 olefins from regression analysis).

10

Calculated on iron catalyst 3.

Calculated on total iron content.
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Examples 11-19 (Table 2)

Examples 11-19 have been carried out in a steel

autoclave generally at 1.6 MPa ethylene pressure, using
the amounts of iron catalyst precursor, co-catalyst and

5 alternate co-catalyst, mentioned in Table 2.

It is c¢lear from'Examplesilf-13 that ethylené"
oligomerisation takes place when either MAO or tri-
isobutylaluminium (TIBA) is used to make the iron
catalyst premix, but not when triethylaluminium (TEA) is

10 used to make the premix. _

The use of Lewis acids such as TIBA has a beneficial
effect on the solubility of the Fe-catalyst system in
toluene, whereas the catalytic activity and selectivity
in ethylene oligomerisation are largely maintained.

15 It is remarkable that in the case of addition of a
relatively small amount (Al : Fe = 0.5) of ‘
triethylaluminium (TEA) (Example 12) the catalytic
activity is completely lost,.even after gradual increase
of the amount of MAO to Al/Fe molar ratios as high as

20 250, 000.

The use of a relatively small amount of TIBA
(Example 13; Al : Fe = 5), however, results in an
inhomogeneous catalyst premix, which shows an activity
and selectivity comparable to Example 11.

25 From Examples 14 - 19 it can be seen that TIBA may
also be advantageously applied, if insteaa of the bis-(o-
tolylimine)pyridine Fe-catalyst system derived from X,
Fe-catalyst systems derived from catalyst precursors 3, 7
and 16’ are used. '

30 The use of small amounts of TIBA (Al : Fe = 1) is
advantageous, particularly, in continuous operation as a
concentrated, but yet clear catalyst premix solution in
toluene emerges, particularly, in the cases of catalyst

precursors 3, 7 and 16’. This enables easy dosing of the
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corresponding Fe-catalyst premixes by pumping without
clogging problems.

From Example 16 it may be inferred that the premix
of the iron catalyst precursor 3 prepared with TIBA

5 remains stable in an inert atmosphere for at least 5 days
.at room temperature, whereas the correspbnding iron : '
catalyst premixes prepared with MAO are either turbid.
from the start and/or have the tendency to form
precipitates during storage under the same conditions.

10 Hence, the use of TIBA is particularly advantageous
in continuous operation, where preferably stable
concentrated and clear solutions have to be dosed to the

v reactor by pumping.
y - Moreover, the use of these relatively small amounts

15 " of TIBA (Al : Fe = 1 - 5) does not compromise the iron
catalyst’s activity, K-factor and selectivity to a-
olefins in ethylene oligomerisation, at least not to a

large extent, as shown in Table 2.
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Experiments carried out in 1l-litre steel autoclave in
toluene at 50°C, unless stated otherwise.
n.a. = not applicable; n.d. = not determined, TEA =

5 triethylaluminium and TIBA = tri-isobutylaluminium.
1) Catalyst prepared according to WO-A-95/02472.
2) Carried out in 0,5-litre steel autoclave at 90°C.
3) Catalyst premix stored under nitrogen at 20°C for 5
days. '

10 . 4) carried out in 0.5 litre steel autoclave at 70°C.
5) MAO was gradually increased to an Al/Fe ratio of
250,000.

6) From total oligomerisatioq product (C4-Cigo), which is

' assumed to be equal to ethylene intake.



Experinments carried out in 1-litre steel autoclave in toluene at 50C

unl ess stated otherwise. n.a. = not applicable; n.d. = not deternined, TEA
= 5 triethylalumniumand TIBA = tri-isobutylalumnium 1) Catalyst
prepared A¥QOVHIBAE t 0 WO A- 99/ 02472. 2) Carried out in OPSTEPRA0863§t cel
autocl ave at 90C. 3) Catalyst prem x stored under nitrogen at 20C for 5
days. 10 4) Carriced out in 0.5 litre steejgautoclave at 70C. 5) MAO was
gradually increased to an Al/Fe ratio of 250,000. 6) Fromtotal
oligonerisatioqsg&gsﬁyt (C4-C100), which is assuned to~be equal to

et hyl ene i nt ake. 03/011876 PCT/ EP02/08636 r 1S 1055 PCT - 48 CL Al
MS 1. Amxed bis-imne pyridine ligand of formula (1), wherein R1L-R5 are
each, independently, hydrogen, optioBAIsMbEtituted hydrocarbyl, an
inert functional group, or any two of.R1l-R3 vicinal to one another taken 5
together may forma r 1 i i r optionally
substituted aryl grouibqggﬁé ]%12 C(Sn(r;fgﬁl del%ﬁ g{%?r%{]g stl ?ﬂ’[ ed

het er ohydr ocar bywhﬁmlét R1- 85 e egphi o*féielp?ngﬁlb“s]ﬂfrt E?ﬁ’éﬁ%ﬁfyl group in

combi nation with ti r belng
n-co- 10 ordi nat e lﬁk nmet a tQIQ%PO‘quIIO%a?Hgf acggfglér%ctg%&gha
~wherein 72 is angr@wwndnanpy @ﬁb§#lBut%ﬁjWiFéﬁﬁ&lﬁPIﬂ@?e?%ﬁﬁhﬂﬁ Eaken ety an
optionall ubst a [ 1 ef.0C n ional

P y § an ﬁﬂeh Aok E%Cqﬂfa ¢3 eg YELLE fPC YereN c0BRI £ Al 1Y

substituted alipha ete ic no
is an optionally substltuted aryl group; and Z; comprises

an optionally substituted heterohydrocarbyl moiety, or an
optionally substituted aryl group in combination with a
netal, said optionally substituted aryl group being n-co-

10 ordlnated to the metal.

(1)

2. A ligand according to Claim 1, wherein Z; is an

optionally substituted aromatic heterocyclic moiety, an
optionally substituted polyaromatic heterocyclic moiety,
an optionally substituted aliphatic heterocyclic moiety

15 or an optionally substituted aliphatic heterohydrocarbyl
moiety.
3. A ligand according to Claim 1 or 2, of formula (II),

wherein Aj-Ag are each, independently, carbon, nitrogen,

oxygen, or sulphur; the atom group



15 or an optionally substituted aliphatic heterohydrocarbyl moiety. 3. A
| i gand according to Claiml or 2, of formula (I11), wherein Al-A6 are each,
i ndependently, carbon, nitrogen, oxygen, or sul phur; the atom group WO
03/ 011876 WQI3/Em8r8/ 08636 - 49 A6 - R13 may be optional | YCHEBRMB6Euch t hat
Al is directly bonded to A5; and Rl1-R12, R14-R15 and, if present, R13, are
each, independently, hydrogen, optional I_y ubstituted 5 hydrocarbyl, an
inert functional group, or any two of Rl1- R15 vicinal to one another taken
together may forma ring; with the prQviso that when A -A5, and A6 if
present, are all carbon, said atons co&z‘;ltu e the cyclopentadienyl or
aryl part of a n-co-ordinated netal. 5 1%. Aligand according to
Claim 3, wherein R1-R3, R7-R9, R12, R14 and, if present, R13, are each,

i ndependently, hydriggeptiopdlnnabkyns stk thhéd&lhyuir acpednylly, bandéeder t
functional group, or any two of R1-R3, R7-R9, R12-Rl14 vicinal to one

anot her taken t of8tMer aMAyRE IR a RARiRES 218 ohf RHCSEBtT sRidy PAEr t

functi onal grOUpeQEhaQnQQFEQMtl]Xr ﬁ&@;sc;detnu'[89tM1Q&O§WAb1t@@ng10 RL1,

and R15 are |ndepen ent en or | d

PCT/ EP02/ 08636 r Bydxgranpyl Rian jiqex fWé?“thahcﬁ%Wal oFr 3 B 8h Bhtional Iy
substi tut ed hydrﬁ%rmmagngo Rae BRSchédaRin Bdfsthekndgpendantl y, hydrogen

or halide; or c) and R10 are each, independently, inert functional
ring; with the proviso that when Aj;-Ag, and Ag if

present, are all carbon, said atoms constitute the

cyclopentadienyl or aryl part of a m—co-ordinated metal.

Ry
Rg
(11)
10 4. A ligand according to Claim 3, wherein R;-R3, R7-Rg,

Riz, Ryg and, if present, Rjj3, are each, independently,
hydrogen, opticnally substituted hydrocarbyl, an inert
functional group, or any two of R3-R3, R7-Rg, R12-Rjyg4

vicinal to one another taken-tbgether may form a ring;

15 and
a) Rg is an inert functional group or an optionally

substituted hydrocarbyl, and Rjg, Ryi, and Rjyg are,
independently, hydrogen or haiide; or



5 group or a primary or secondary carbon atom group, provided that R6 and
R10 are not both a secondary carbon atom group and R11 and R15 are,

i ndependently, hydrogen or halide; or d) Rll1 and R15 are each,

i ndependenW0Q3/0i826t 10 functional group or a primary or RIFRGYBESH6 car bon
atom group, provided that R11 and R15 are not both a secondary carbon atom
group and R6 amd R10 are, independently,_hydrogen or halide; or' e) R6 is
taken together with R7 to forma ring, RIO is 15 a primary carbon atom
group, an inert functional group, or hydrogen and R11 and R15 are,

i ndependent | y, hydr ogem de kal irkgt dunefieual gsovpkesh apogetienaldit h R12 to

forma ring, RL5 is a pri,nary_carpon o) raup, inert, functional 20
group, or hydrogen anﬂ“l%étléﬁﬁgﬁllW‘%pé’?g#’}ﬁg]’e%éﬁdgﬁtf&o'hﬁﬁfio &*hal i de;
or g) R6 and R10 are igkfentiegeipemyarbieRloramd1Re; drespectively, to form
rings and R11 and R15 are, [

. i ndependent | hydrogen ar__hal pde. 25 h) Rl1
and R15 are takerft og6 e ﬁﬂ-@ha‘?gfaﬁ d %ﬁ‘iﬁpe}{ﬁs&g@& i"\?&Fg, JE‘frbc':fié’f’ ri ngs
and R6 and RLO are, grelgperdgnssdnarkyy 8 Ogefordariatddon atof ghoupl :
bi s-im ne pyridine MXn co Idexhco risi nﬁ;ra I iﬁagdq% cordi n(%ldté% any one of
Claims 1-4, wherein MYLigedsbhal g 288 M &7EPRY B9 FE®S Yn'is 2 or
3, and X is WO 03/ 0118#JACaL ERUA RHPO3AATRT) Bhd Rpd iate, optionally
substituted hydrocarbyl, alkoxide, amde, or hydride. 6. A m xed
[ bis-imne pyridine M@AsRerPprEtY q Hyorpeek °%dapteei ¥ a | i gand according
to any one of O g)ns Rif.and Ry5 are each, independently, inert

10 functional group or a primary or secondary carbon

atom group, provided that Rj; and Ry5 are not both a
'secondary carbon atom group and Rg and Ryg are,

independently, hydrogen or halide; or’

e) Rg is taken together with R; to form a ring, Rjp is

15 a primary carbon atom group, an inert functional

~ 'group, or hydrogen and Rjj; and R;g are,

independently, hydrogen or halide; or

£) Rqj is taken together with Rjs to form a ring, Ris

is a primary carbon atom group, an inert functional

20 group, or hydrogen and Rg and Rjg are,

independently, hydrogen or halide; or
g) R6 and Ryg are taken together with Rg and-Rg,

respectively, to form rings and Ry and R;5 are,

independently, hydrogen or halide.
25 h) Rj; and Rjg are taken together with Ryp and Ryg4,

respectively, to form rings and Rg and Rjp are,

independently, hydrogen or halide.
5. A mixed bis-imine pyridine MX, complex comprising a
ligand according to any one of Claims 1-4, wherein M is a

30 metal atom selected from Fe or Co, n is 2 or 3, and X is



.5 wherein Yis a ligand which may insert an olefin;, Mis a. netal atom
selected fromFe or Co, NC is a non- coordinating anion and p+q is 2 or 3,
mat ching the formal oxidation state of said nmetal atom L is a neutral
Lewis dorl® 03M&6ul e; and n = 0, 1, or 2. 10 7. A proceBSTEB/0B¢36
production of al pha-olefins, which conprises contacting one or nore

conpl exes according to Claim5 with ethylene and a second conpound which
is capable of transferring an optionally substituted hydrocarbyl or

hydri de group to, a-netal_ato sel . va0d _which is

al so capabl e of %?a)lslt Fdct ?%‘bonrgajf% S“’S%&%t% ?ol{#cg%gl%?ﬁgé él@lé(to%?ngeht a
tenperature in theide,apgehydride00C to +300C. 8. A process for the
production of al pha-ql efins, i¢h. ¢ i ' Gt re

conpl exes accor dlg'ng %omﬁ?)édb\é’lgmg i Wel?%?ewg’%dﬁ éﬁ%e}%gagé%ér%ound.

whi ch i s capabl ecoipuisangf®rldigagdarcepdiogate yanyulesei efitA@impydrédcar byl or
hydride grogp toyRes@hak 84 AMmiLagk aflie® mhy OfRdeetOhn Dremnd A idig d
conmpound :whi ch-is capabl e of abstracting,an X- group fromsaid netal atom
at a 25 tenper at uetrl ptohesel@egedofrdn &im c100G NE +3890T.N®- A process for
the production ofcddihar h$fdion Wi Giq §aNPréses sebéRGld ReeOf G NOre

compl exes accor ding, g CLalm 6, viLh, ey efie. @l 2L emerati e L he range

donor molecule; and n = 0, 1, or 2.

t

10 7. A process for the production of alpha-olefins, which
comprises contacting one or more complexes according to
Claim 5 with ethylene and a second compound which is
capable of transferriﬁg an optionally substituted
hydrocarbyl or hydride group to a metal atom M selected

15 from Fe or Co, and which is also cépable of abstracting
an X~ group from said metal atom, at a temperature in the
range of -100°C to +300°C. _
8. A process for the production of alpha-olefins, which
comprises contacting one or more complexes according to

20 Claim 5 with ethylene and a second compound. which is
capable of transferring an optionally substituted
hydrocarbyl or hydride group to a metal atom M selected
from Fe or Co, and a third compound which is capable of
abstracting an X~ group from said metal atom, at a

25 temperature in the range of from -100°C to +300°C.
9. A process for the production of alpha-olefins, which
comprises contacting one or more complexes according to

Claim 6 with ethylene at a temperature in the range of

from -100°C to +300°C.



