WD 03/011876 PCT/ EP02/08636 - 1 LI GANDS AND CATALYST SYSTEMS THEREOF FOR
ETHYLENE OLI GOMVERI SATI ON TO LI NEAR ALPHA OLEFI NS The present invention
rel at es twoli3garsds, various catalyst precursors and cat alPgItEPSY8%68615
derived from these ligands for ethylene oligonerisation to |inear alpha
olefins in high yield and very high selectivity, 5 and a process for
preparing said |inear alpha olefins. Varibus processes are known for the
production of higher linear alpha olefins (for exanple D. Vogt,

A igomerisation of ethylene to higher a-olefins in Applied Honbgeneous.
Catalysis with Organonetal lic 10 Conmpounds Ed. B. Cornils, WA. Herrmann
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 PeirgafPs tir rdaliiveR, sPOTHRaiTherEDrt SO BRIV IGNETUST take
pl ace during oligonerisation. However, in contrast, in a Schul z-Flory

er,
process, chain terninati SR GROERISRATIPYARA FENEAR BbEHAAPEF I chai n
| ength. The Ni -catal ysed ethylene oligonerisation step of the Shell Hi gher
O efins Process (SHOP) is a 20 typical exanple of a, Schul z-Fl ory process.
In a Schul z-Fl ory prBeeREeseptnilgdcphinge Bl dfer 3239 tSAHEE y nade in
whi ch the fractiradfseaghe@lffdra aaancheaDgitersyisnedsbiecabedl fatdmon on t he
basis of the so-_call gd K-f act or. Th(f K—fa]gtornri whi gh ist(i)r?ljnceq;tri ve of 25
the relative prdpSPei SAZERTS t1iE SFEGEEe of YT RETHPE ERR “Fol B Fati o of
[Cn+2] /[ Cn] cal cllpakedléfoms tive hsbbpgieid admk vgraphigh $ebedGviyld) versus
N, where nsis thga'Q B360IIS AR PEEEEAZAGE0M 13nAUMRER Lo AN atoms TN

a particul ar product _
Various processes are known for the production of

higher linear alpha olefins (for example D. Vogt,
Oligomerisation of ethyleneAto higher a-olefins in
Applied Homogeneous Catalysis with Organometallic

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

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 length. The Ni-catalysed ethylehe 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)/[Cphl calculated from the slope of

the graph of log [Ch mol%] versus n, where n is the



The K-factor is by definition the same for each n. By ligand variation and
adj ustnent of reaction paraneters, the K-factor can be adjusted to higher
or |lower walozms1876 I n this way, the process can be operat @dTIEPOpDSHdeIcCE a
product slate with an optim sed econom c benefit. Since demand for the
C6-Cl18 fraction is nmuch higher than for the C20 fraction, processes are
geared to produce the | ower carbon nunber2otefins. However, the 10

formati on of the higher carbon nunber olefins is inevitable, and, w thout
further processinugbethet cﬁanrhfrai iatuome f ihhemmmhlcampirsddet rdﬂnﬁﬂnal to the

profitability of,theg. E’EQQ&S + d%‘ij% wr? Neoal ' é‘géh & hi gher
st i 5

car bon nunber oI efi ns and val ue addl t| onal
t echnol ogy has tieennddeveia)tpw ta@dr egw@@s@ntt Wefsefegtcteansp@rmnmert t hem

into nore val uahhe ﬁh@gbe&l scaﬁ%@ 230t &4 nal h%hgworois&épsvaﬁ%s' S

practised in the Shel |l H gher Oefins Process. However, this technol ogy
i s expensive botlR théfm WY | HhfePEFERESafidn dg%rqaeir@ﬁari E@lWEOQ}fCleaeW and

consequently agdsgaddi s1onalyicestn Ipeirfie Lopshdersbheraffort is
directed to keep the production of the higher carbon nunbered olefins to

t he absol ute m ni nungince.dewindnipe £2betG@iCignfierenidy bssocilahédhert h the
Schul z-Flory K- factor. WO A-99/12981 descri bes catal yst systens for the
pol yreri sati on ehah- 6beftms,c iy paatt coh ArprideglseBeare WLhed @t ai n
nitrogen-containing transition netal 30 conpounds conprising a skel et al

uni t of fornul apfBRRcHO- 108/ 0WERT7 €aPCTHh EPGH D8RR L ing - RZHMPEVN TItheT/ b) . X

(B) R3 N§06 R7formation of the higher carbon number olefins is
inevitable, and, without further processing, the
formation of these products is detrimental to the
profitability of the process. To reduce the negative

impact of the higher carbon number olefins and of the low

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

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),



wherein Mis Fe [Il] , Fe [III] , Ru[Il] , Ru[Ill] or Ru [IV]; x
represents an atomor group covalently or ionically bonded to the
transiti owomepals7éd T is the oxidation state of the tran®ctEro/osstal
b i;s the 5 valency of the atomor group X; Rl, R2, R3, R4 and R6 are
ndependently sel ected from hydrogen, hal ogen, hydrocarbyl, substituted

het er ohydrocar byl or substttéted heterohydrocarbyl, R5 and R7
are independently selected from hydrogen, hal ogen, 10 hydrocar byl
substituted hydrocarbyl, heterg@hydrogarbyl or substituted

hydr ocar byl ,

het er ohydr ocar byl . V[>A—OO§504
is said may be used in the
15 Said catal yst conmpositio
bi dentate, 4 ri

nonodent at e,

| east one of the donor " ato
by a 1-pyrrolyl
donor atons of the |igand
P, As, 0, S and Se; and wh& ei

di s¢l oses catal yst conpositions that

iNdation or oligonerisation of olefi
npr??e\? metal conmplex ligated by a
t.e or etradentate | i gand, wherein at
Nrhe 7T gdHd ¥4 i trogen af®m substi t
1- pyp#ol yl group; wherein the 20 renai

or substit

sai§ netal in said nmetal conplex is

M and

it
ns.

ut ed
ni ng

ted fromthe group consisting of C, N,

selected fromthe group consi®fing oR’Se, Ta, Ti, Zr, H, V, Nb, Cr, M,
W M, Re, Fe, Ru, Gs, Co, Rn, Ir, Ni, Cu, Pd, Pt, Al and 25 Ga. WO

03/ 011876 PCT/ ER! ilgand o4 S sal o] unber of
neut r al trldentggéggg d%féhéklgéy %ehgggd F% &?é?erggd catalfgtRﬂ

conposi tions acddvdi ny IQPKN@@@L@OﬁSOAVGm Prergrjoupn cpdrt erblvror a nunber of
bi s-jp¥E EQY ¥ b&aéa RS kheapHsns th@rhhécahlf; h25s h2R h30

symmetrica

h32 are

speci ficall isclosed. In addition, h29, h31 and h33

5

10

15

20

25

oxidation state of the transition metal M and b is the

valency of the atom or group X; R, R2, R3, R4 and R® are
independently selected from hydrogen, halogen,
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl

or substituted heterohydrocarbyl, R> and R’ are
independently selected from hydrogen, halogen,
hydrocarbyl, substituted hydrocarbyl, heterochydrocarbyl
or substituted heterohydrocarbyl.

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

Said catalyst compositions comprise a metal complex
ligated by a monodentate, bidentate, tridentate or
tetradentate ligand, wherein at least one of the donor
atoms of the ligand is a nitrogen atom substituted by a
l1-pyrrolyl or substituted 1l-pyrrolyl group; wherein the
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
Ga.

and



are m xed bis-pyrrolyl imne |igands. Exanples 59, 60 and 62 of

WO A- 00/ 50470 denonstrate the polynerisation of ethylene in the presence
of an 10 woaasobmsed catal yst conposition conprising symetPCTE02/08636
bis-pyrrolyl imne Iigand hl16. Simlarly, Exanple 74 concerns the

pol ynerisation of ethylene in the presence of an iron-based catal yst
conposi tion conprising symetrical bis-pyrfotyl imne 15 |igand h17.

Furt her exanples of ethylene polynerisation in WO A- 00/50470, enploying
some of the afore-nehtgondd hli gandsidntprba-wsed canampst ebrposinalons,
include Exanpl Q:%l%%na:g@e i—géancils?]tha:!:?’?ﬂa9nge 1@&‘5&4 hef %'r@fe?gecf‘scaee%qw ¢ fied
in Exanple 4 herein, the |ower honologue of ?and h WO A- 00/°50470,
that is to say Cqmaﬁéﬁﬂl?ﬁi)aciﬁﬁﬁ&?grF@ew@oAaﬁp TYrOased bis-pyrrolyl WO
03/ 011876 PCT/EP02/08636 5 imne catalyst conposition which gives little,
if any, ethylene conversion. 'a ssur prassi ngly found a novel
class of catalysts which are h active in tre 5 gligonerisation of

ol efins, especially ethylene, i agar al pha olefins in

t he C6- 30 range, said |ineaf |gh purlty
Furthernore, sone of the caﬁalyst venki‘on give rise to a
Schul z-Fl ory product 10 distributig vention provides a

m xed bis-imne pyridine |Iigand 5f
i ndependent |y, hydrogen, optionalls*substitufed ﬁydrocarbyl an inert
functional group, or any two of 15 RIl- to one another taken
together may forma ring; Z1, whichgifs di t fromZ2, is an optionally

Nol ef i ns bei ngy of
obyt he presdnt

(h1)

In particular, a number of symmetrical bis-pyrrolyl
5 imine ligands, h16-h17, h19-h25, h28, h30 and h32 are
specifically disclosed. 1In éddition, h29, h31l 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 hlé.

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

15 ligand hl7.

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 the:ein.

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



substituted aryl
het er ohydr ocar byl

gr oup;
noi ety,

and Z2 conprises an optionally

or an optionally

substituted aryl

substi t ut ed

group in

conbi nat i w0 oaiot187@ net al |
n-co-ordinated to
present

the netal.

said 20 optionally substituted acylEPg2/086p6 bei ng
RL R RB3 RAOR N NN Z
invention further provides a m xed bis-

Z2 (1) The
i mne pyridine MX, conpl ex

conprising a m xed bis-imne WO 03/011876 PCI/ EP02/ 08636 6 pyridine

ligand of formula (1),

wherein Mis a netal

atom selected fromFe or Co,

is 2 or 3, and Xmigseheit#le;st epiipeBatiyn stHisiH igitved bhydtdearizylanyal koxi de,

am de, or  hydri
one or

substituted hydrocar

gﬁ'15 én qﬂk%%gggr aspect,
a process for t I ﬁr%%uc??on of “al'pha-ol efi ns,
nore MX' conpTleses logfs toe bpeersswpy isierdliyofiownd ha etdwdlendasnd a
second conpound I i e i
of""ngg}izs:;r:rsCﬁ%% a0k LIADSS &fdiing

A
rrde group to a neta? atom M selected from

t he present
whi ch

i nvention provides
conpri ses contacting

pptionally 10

Fe or Co, and weléfonsr psatol anpdbbéebins alpanesdrilay aphXlerp.od3df r om sai d

metal atom - at 8;cheppeaaiding nelrt BephaNge fafns 180EnE 0c 300

further aspect, the present invention

producti on of alphd- bie¢amnsilphahipdhf tosreisas cfomtiabt Pwyl tne.

conpl exes of

the preseiieliueent

Gank@,a still
15 provides a process for the

or nore M

58Re V£ Nyl ﬁé'yt%a‘;seado@ See gl seagpound

which is capable of transterring an optiona
invention give rise to a Schulz-Flory product

10 distribution.

The present invention provides a mixed bis-imine

pyridine ligand of formula

independently,
hydrocarbyl,

15

ring; 2.,

hydrogen,

an inert functional group,

which is different from 2Z,,

(I), wherein Rj-Rg are each,

optionally substituted

or any two of

R1-R3 vicinal to one another taken together may form a

is an optionally

substituted aryl group; and 2, comprises an optionally

substituted heterohydrocarbyl moiety,

substituted aryl group in combination with a metal,

20
the metal.

Ry

or an optionally

said

optionally substituted aryl group being m-co-ordinated to

The present invention further provides a mixed bis-

imine pyridine MX, complex comprising a mixed bis-imine

n



substituted hydrocarbyl or hydride group to a netal atom 20 M sel ected from
Fe or Co, and a third conpound which is capable of abstracting an X- group
from sai dwosBalisaé om at a tenperature in the range of - POIEPI083O0C. The
present invention further provides a m xed [bis- imne pyridine

MYp. Ln+] [ NC-]1g conplex conprising a ligand 25 of fornmula (1), wherein Y is
a ligand which may insert an olefin; Mis @ netal atom selected from Fe or
Co, NC- is a non-coordinating anion and p+q is 2 or 3, matching the

formal oxidati orpyﬁrfidsa'edlﬂgérai cft doprmblas (R nedtaralinlMwis a desterl rmbecul e

and n = 0, 1, or %ec%% frFr >sent Clonvgnﬂ,,og Jr“rth% dp&ovgdﬁgll%eprocess for
e

t he productl on of ,_conmprising cont a( one more m xed

[ bis-imne pyri GhmeOWbltnsqu[ﬂ\iGU]tqu\@y@@@@.lﬂ&'ﬂG P@KbEP@QlO@@:SE Pr

conpl exes of the g@ Legent invention with ethylene at a tenperature in the
range of -100Ct +300C. In the present invention certain terns are used as
fol lows: 55The term IR xef*rtd@iorepethat thheonariené Apvertden prpvidss z2,

are each differentrofhgst £85I Yroduet 68 40 a’vlfblrﬁr @nraﬂﬁscymll&l
hydr ocar bon nonor adi ¢cal . Exanpl es incl ude lFhen %?rp apht hyl , _ant hracenyl ,
nd

phenant hr acenyl CORRGIERE ?‘?rktea%\:ﬁdlglﬁn%%t Aot hBPeof . The
term "optional | pregeati hﬂtreetnaﬁylmghouphynene:wﬁa Rakeo6ndM ¢dmpouret al , sai d
optionally substi turhed ar bl%r l%ptr |n9en £o- ordin tgd i P the netal"

i ncl udes ~ net al 1'0¢&Re  Rof &S Shd “$aRaW cht Shd e Otpaﬁ areme 15 conpl exes.
Thus, it WOl b@u@ppneutacﬂ du/dzpqah@ypepsowdzsﬂdel lsedupntohe watal @fafm,

optionally, the gga pﬁeo m additi e #Xd [ATRECeTen gr d%\?ééegaﬁaﬁol% foyr t her
optionally substltute aryl group, e different to
abstracting an X group from sald metal atom, at a
temperature in the range of -100°C to +300°C.
In a still further aspect, the present invention
15 provides a process for the production of alpha-olefins,
which comprises contacting one or more MX, complexes of
the present invention with ethylene and a second compound
which is capable of transferring an optionally

substituted hydrocarbyl or hydride group to a metal atom

200 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+g 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.Ln+][NC']q



optionally substituted aryl group in Z2 which is directly 20 bonded to the
imne nitrogen atom and/ or co-ordinated to other |igands commonly known in
the art. wWOo0sioki87¢ urt her be appreci ated that the opti onalPCI/EPObes6B¢ ut ed
aryl group in Z2 which is directly bonded to the imne nitrogen atom and
which is also 7t-co-ordinated to the netal, nmay 25 conprise one or nore
heteroatons in the ring, i.e., such that 3aid optionally substituted aryl
group is an optionally substituted heteroaryl group. Simlarly, the
further optionaldoyp3eResid¢littet @reksegr olpverttatort e theeahylemsy aadai tional |y

be 7t-co-ordi ”aE%%§E9atHPé/ ﬁpf’g;{l §§n8@eo§0 A ooROL g pf(gflboatorrs in the ring.

Said netal atomma convenl ent elron alt, nic chrom um
titanium and vanadi iIim t@mmtoﬁnga@hl%w@mt@sm hetroeleaxchaisedadecal
derived fromfer rqqggg cobal t ocene, nickel ocene, WO 03/011876

PCT/ EPO2/ 08636 - chronocene, titanocene, vanadocene, bis-n-arene
vanadi um é€onpl ex, nﬁ]ﬁ% e} Qe XEHF ﬁ?ﬂ‘?ﬁ‘%% ithath SRS LRI S4i@S  sPai | ar

het er oar ene met al .conpl gxes, 555 & fRLSzn nono-[err]- thiene or pyrrole
iron or chromum co fexes l11'he term het erohydrocarbyl™ refers to a

hydrocar byl group, aneitdémmnalarylcontaens ng @lmeaabmarme detlercoat ons.  Sai d
het er oat ons are referfa_llDJI% bonde t 0. at lenﬁi WO . Gar orr11s |n t he

het er ohydr ocar b§’| §r6t ar e tero%ydroca{;’ group n%y Ibye an optionally
10 substituted anaphahyt tmtérw@bfﬂc pbe@arythraim:e@mll, onafl| yhe slilkst ndt ed

pol yar omatj,c hets%E;%‘EXELt&d At 13Rs0ptdan |y substituted aliphatic

het erocyclic noiety; an opti onal Ig substituted aliphatic
het er ohydr ocar byl nﬁh%t%ﬁrHRS OE%aﬁEPb Y oFulfdtigpsRIdRBEArgAURyidups i ncl ude

1- pyrrolyl, 2-pymbehytios-wH @l ¥etalUrydia Upc@bYhi 1y Sedesyi vutiedi dazol yl
triazolyl, oxazonI i soxazol yl,
aryl group being n-co-ordinated to the metal” includes

metallocene moieties 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 Zy which is directly bonded to the imine nitrogen atom

and which is also m-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 optionally 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 ferrocene, cobaltocene, nickelocene,



car bazol yl, thiazolyl, benzothiazolyl, thiadiazolyl, pyrimdinyl, pyridyl,
pyridazinyl, and the |Iike and 20 substituted derivatives thereof.

Hydr ocar Wb ogiooispé a group contai ning only carbon and hy@CagPa2/0868é ess

ot herwi se stated, the nunber of carbon atons is preferably between 1 and
30. In the present invention, the phrase "optionally 25 substituted
hydrocarbyl" is used to describe hydrocarb¥l- groups optionally containing
one or nore "inert" heteroatom containing functional groups. By "inert" is

meant that the fouRehbessd, o iiHEAeNOvahddRIdHRY, e blie-ANYrerfidiahant bal
degree with the oligonerisation process. Non 30 limting exanples of such
i nert groups ar eomplyexi deonoghlagehdechsonimed rispahpnyibsconglear gndnd ani nes

with adequate steric _shieldin al | t o .t hose, skllled in the
art. VI)OB/OllB?émﬁéﬁf ?ﬁﬁ%%? tmﬁer?mg & ofialf - gPbtip:©%a "GPSUP ot her
t han optlonalIyhﬁabetofL@kadmejnmoarbylcNWUmﬂmm gompeekesinder the process
conditions. By "iner i s neant .that. the QtIO gL ou S
&¥aﬁilgra§l erok dro%?¥q|1 @grs £§ é)ﬁ¥§%oc99£gss_

interfere to any subs e re e i gOferT sation proc
Exanpl es of i n@mpupun@@dtﬁmﬂnqyi@upsntﬂcmlnﬁadnﬂ pdemore heg s rcartdmsam nes,

in particular teg Hha§¥té¥%éﬁﬁﬁ P&%g?%¥féfﬁﬁ¥¥1H%%&@HQEQUQt PeadtHesB group

wherein R may be rogen tion subst’i tuted hydrocarbyl, 10 |nert
functi onal grouGarERaﬁp¥%stQﬁ qﬂﬁeﬁﬁhydéﬁ?%ﬁﬁyqaﬂeﬁPpgroups i ncl ude - CH3,

- C2H5, CH2Cl - CH2Cek Ry het@i@ﬂ@z@@b@&gbyl G m@9CPadar Yordidaan 1gt om
group: a - wherei n be qgtlonall substi tuted hﬁgrocarbyl
inert 15 flgmctl ('J“fHQthF‘(B'ﬁ%d %@Wﬁllés §F LRSS oL EFBon At Th OFF

i ncl ude - CH( CH3)s2pst CHASd pddHfhidmat CeEkdHErocyclic moiety; an
optionally substituted aliphatic heterocyclic moiety; or
an optionally substituted aliphatic heterohydrocarbyl
moiety. ,

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

skilled in the art.



cycl ohexyl . Tertiary carbon atomgroup: a -C R3 group wherein R may be
optionally substituted hydrocarbyl, inert 20 functional group. Exanples of
tertiary warisomsas om groups include -C(CH3)3, -CCl3, -C=@et/EPb2/fgbasrantyl ,
-C(CH3)2(0OCH3). By a "ligand which may insert an olefin” is neant a |igand
which is coordinated to a netal ion into which 25 bond an et hyl ene nol ecul e
may be inserted to initiate or propagate &an oligonerisation reaction. In
m xed [aryl-, (hetero)aryl-imne pyridine MYp.Ln+][NC-]q conpl exes
according to the predeattifwerticysl ¥Yrowy: be dnodo dsheratkgh or any other

ani oni ¢ 11 gand. WahoRyy | 88l an BOnpheb e ke 6901 Al RaLR.aNT on’

is meant an anio does not substanti al coordinate to the netal
atom M WO 03/ 0tb876rPcTF EPOHDSETES - - on“lm@ﬁ: d6&r deaati Rerarfivns (NG)

that may be sui tf%bllcxloﬁgpl &b idqudsudet buhkyr @OnS sHghsasstaidiaki s [ 3, 5-
bis (trif |uoronethyl) hen%m%d?borate (BAF-) , (C6F5) 4B-,_ and _ ani ons of

al kyl al uni fi um SSFEEENHSERn LHGoRSAISE 18 IRFEFR-, ERATRASX-°F and
"RA1OX-", wher eiimeRti Suhydi@gﬂn grdm@tsl onal hye HiHISidet, uteedehydra&aﬁr byl or an
inert functional grou ? aﬁ hal i de, al koxi de or oxygen. It will be

appr eci ated by t¥B Skl?lgﬁf SFECLERA WS 'n t he boundary
condi ti ons herein bePoimady cdedomn bedr gt&mnitaue@ﬁg—ngfﬁﬁbrwnﬁﬂmanraadiIy

selected to optimse th erfornance of t cat al yst ste nd its
econoni cal appl i@t P6nPY %ﬁ 9D RPLIgRAY ¥EF$%StltUtEd hydfScarby?,

10 inert functional group. Examples of primary carbon atom
groups include -CH3, -CpHg, -CHpCl, -CH,OCH3, -
CHoN (CpHg) 5, -CHpPh.
Secondary carbon atom group: a -CH—R5 group wherein
R may be optionally substituted hydrocarbyl, inert
15 functional group. Examples of secondary carbon atom
groups include -CH(CH3),, -CHCl,, -CHPhy, -CH=CHj,
cyclochexyl.
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, -CCl3, -C=CPh, 1-Adamantyl,
-C(CH3) » (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']q 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.



R R's R7 NN iz\ Rl4 ABAA OAMA6 RRA" RB10Rl11 Is R. Ry R12
(I'l') The present invention provides m xed bis-imne pyridine |igands of
formul a (Wh)oswhmsrei n Al - A6 are each, 15 independently, cacampPo2/nseBé ogen,
oxygen, or sul phur; the atomgroup A6 R13 may be optionally absent such
that Al is directly bonded to A5; and R1-R12, R14-R15 and, if present,
R13, are each, independently, hydrogen,- @ftronally substituted WO
03/011876 PCT/ EP02/08636 - 11 hydrocarbyl, an inert functional group, or
any two of Rl1- R15 vNehhé@bordiramengnabhers t NEh thgetdsyr beapuficabiy ring;
with the provisaq that en - A nd_AG_i esen . al ar bon, said
atons constitut gmpggy%&vg%/%cf@{pdfn g&lﬂgn?ﬁu%ﬂﬁg asryh %%r%egf&gl tﬂ-3d§?ordi nat ed
metal. |In a préfiedtedf bndrotharinyt ) phenhk] hrresgent(BRAVEENt (QHAs) «Bi n st nmul a
(1), R1-R3, R7- 1 I S8 R e

i ndependent |y, ﬁ%?ggeﬁf Ac?]kt%/i%ggllmll?&glﬁbgti t u%néig %%rlgégrrl%??ﬁlén i nert
functi onal Sgr oupABRIX 10RARGL e Rd RERMPX Ry -ETRM RR1E HYEressto one
another taken iggebhellPadud¥ifudeli RParUkAN BE he dfeidtenindtyBehional
group or an optionally ‘substituted hydrocarbyl, and R10, R11l, and R15 are,
i ndependent |y, B¥8FBgeddrX Hal ifdd198r 2B B 981 P §X%¥ATFnert functi onal
group or an optional ty wsubdd tappedchycedanr Hoseabdi Rbed RED,thandrR15 ar e,

that within the boundary conditions herein before
10 described, substituents R;-R;5s may be readily selected to
optimise the performance of the catalysts system and its

economical application.

(I1)

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

N

Ag— Ry3

P
may be optionally absent such that Ay is directly bonded
to Ag; and Ry;-Rip, R1a-Rig5 and, if present, R;3, 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

at om gr ouwo 038018p¢ ovi ded t hat R6 and RLO are not both a s@campar/gsesé@r bon
atom group and R11 and R15 are, independently, hydrogen or halide; or d)
R11 and R15 are each, independently, inert functional group or a primary
or secondary carbon atom group, 25 provi-déd that R11 and R15 are not both a
secondary carbon atom group and R6 and R10 are, independently, hydrogen
or halide; or ehyRfotsrbykernnt agerhefungtirRA boofipr mpa anngwoRdG Rs-a

primary carbon atom group, an inert functiqnal group, 30 or hydrogen and
RL1 and R15 ar eRipnlepeitertd PrengaPbaen G HalPaE- PoF WY 0P £a7e

PCT/ EP02/ 08636 13042 yidn Rk ipsobakenchngaihar avihh RlRatg, figrma ring, RI5
is a primary carbon atom group, an inert funct i onal group, or hydrogen

and R6 and R10 aresenndependéiit kyprbohydsagtrrtomshabngdeitwre 5hg) R6 and R10

are taken together with R/ and RO, respectively, to formrings and R11 and
R15 are, %ndep&ﬁ&éﬂ??@%£¥VHpgggﬁ 8Fy§d&Faéfﬁb? ﬁyc?ﬁﬂFéﬂﬂfﬁﬁ%SmSE%gtaken
together with R12 anth Rl{refleespéactinvedimerito dforher pngseandirRenandnR10 ar e,
10 i ndependent | drogen,.ar, halide. Substituents R1-15, i r t, may
i ndependent |y béh ?¥ﬁ & t%% fhgﬂ and %%rﬁ?c&%??cﬁéfra% ur%éﬁﬂﬁ%éﬁgres of

such structuresRilﬁql syee ddwm | iinkepenaént 19r 16aBBER, HFriomdlhyR-7, to form
the basic naphthyl skeleton or a 15 tetrahydronaphthyl unit. Furthernore it
wi || be readilysappkéeitzaedVisyosayby peradni s HHECHBRERY BFTRe BEsi C

princi pl eggof any two of Ry-R3, R7-Rg, Ry2-Rjg vicinal to one another

taken together may form a ring; and

a) Rg is an inert functional group or an optionally
substituted hydrocarbyl, and Rjg, Rj;, and Rjg are,
independently, hydrogen or halide; or

15 b) Ry1 is an inert functional group or an optionally

substituted hydrocarbyl, and Rg, Rjg, and Rig 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 Ryg are not both a secondary
carbon atom group and Rjj and Rjg are, independently,

hydrogen or halide; or

d) Ry and Ryg are each, independently, inert functional

group or a primary or secondary carbon atom group,

25 provided that Rq; and Ryg are not both a secondary
carbon atom group and Rg and Ryp are, independently,

hydrogen or halide; or

e) Rg is taken together with R7 to form a ring, Rjp is a

primary carbon atom group, an inert functional group,

30 or hydrogen and Rj; and Ryg are, independently,

hydrogen or halide; or



honbgeneous catal ysis that substituent variations of Rl 5, R7_9, and
R12-14, if present, may be selected so as 20 to enhance ot her desirable
properti ewoaB/ocmwtv@l yst precursors and catal yst systens s®ech/EPd2/essBability
in non-polar solvents or extending the range of suitable starting
materials in their syntheses. Preferred enbodi nents of this invention are
| i gands 25 according to (1) and derivati¥@s-thereof, in which the
following R and Z groups appear: R1-R3 are hydrogen; and/or Z1 is
optional | y substfitRf edipherkdn andeZBer swigdt iRapalktby fosubstring.e®ieipocenyl
or optionally substituted 30 1-pyrrolyl. W 03/011876 PCT/ EP02/ 08636 - 13
Preferred enbodinEﬁtEriﬁaﬁﬂﬂQ?rPﬁéeﬁF?ﬁﬁﬁapg“lP@aﬁagrtaﬁ%ﬁﬁQﬁQﬂflto (1) and
derivatives thereogronm, Wi clydrbgenf ahd avd rchdRrRgpOEPS, appdasendeht R, ar e
hydrogen; and/or 5 R4 and R5 are nmethyl, hydrogen or phenyl, preferably
net hyl; and/or [erphydFegsthsantiadAdeAl A5 are carbon atons, thereby

constitutigg the)cygl opentafi-erykhdenpesdettferawhinr ageayd rdoi ety; or 10 A3
is anitrogen atom [err] i's absent and Al, A2, A4, A5 are carbon atons,

t hereby constitut Fageectpmelol.ylor Eagr mmyyornGofhi nakd otss ¢fre.
ortho-substituents.in whigch [ t hyl, t hyl.. i so-propyl, phenyl,
tertiary-butyl, orl??ﬁ%@ﬁﬁ?%§915ﬁﬁg§?%¥?6?ﬁ?gﬁﬁgshtﬁgl skel eton; R10 is
hydr ogen, fl uorhdeR;oramhlRars dee RiktemntoRihear @ithnBeperm®itley, hydrogen,

fluoride or chloride and/or .
respectively, to form rings and Rg and Rjg are,

10 independently, hydrogen or halide.
Substituents Ri_.j3g5, 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 form 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
homogeneous catalysis that substituent variations of

Rj-5, R7-9, and Ryp-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:

R;-R3 are hydrogen; and/or
Z7 is optionally substituted phenyl and 2Z; is optionally

substituted ferrocenyl or optionally substituted

30 l-pyrrolyl.



Conbi nations of ortho-substituents in which R6 and R10 are, independently,
methyl, ethyl, or linked to R7 20 and RO respectively, to form an

ant hr acenwosplisren, preferably nethyl; R11 and R15 are, ipodarenossas|y,
hydrogen, fluoride or chloride. It is particularly preferred that R11 and
R15 are, independently, hydrogen or fluoride. 25 In a preferred

enbodi ment, a ligand of fornmula (I1) is povided, wherein R1I-R3 are

hydr ogen; A6-R13 is absent and Al -A5 are carbon atons, thereby
constituting the WO B8£044:8%5 cRODCEREALH86B6-his lidvepytboperd ddigemylsi de

part of a ferro mLety; , , re, yl.; , RO,
RI1, R12, Rl4 aﬁa?i%é%%m%r%‘yh@?ogagﬁ dieg@‘é%'gghe?ﬂ&%%é’?f pertia St r?g%t a
| i gand of fornulf®@llewing)R|grpinsyis@egarwher ei n R1- R3 are hydrogen; A6-R13

is absent and AN,-RA3 are };,}ad Bl @By obhereby constituting the
cycl opent adi enyl i'de part of a terrocenyl nmoiety; RA and R5 are nethyl; R6

and R10 aré et hyy; aRd, RRBarRIetRYl,, hRd2ogRi brampheRYS , apeefgdgen. 10 In
anot her preferred ngodi tf a ligand of formula (11) is provided,
wherein R1-R3 ar“l?tﬁ% fo '‘°"A3 is a nitrogen atom A6-R13 is absent and
A, A2, M, A5 are carbon atoms, ther®Qy constituting 1-pyrrolyl ring; R4
and R5 are nethyl; R6 and R10 are ethyl ;ARA®R8, RO, R11l, 15 R12, Rl14 and
R15 are hydrogen. In a particularly preferred enbodiment, a ligand of
formula (11) is provided, wherein RL-R3 are hydrogen; A3 is a nitrogen
atom A6-R13 is i8h8BRENEMPAPLL RS, 38 SATPONS TS c APBBRPAL ons, t her eby

constituting 1-pwheehyhe 205 'i0:cyR4 opBRead¥on 38 ANAaRL0-Ar & fMBLR¥enyR7. R9,
R11, R12, R14 and R15 are hydrogen. In the derived m xed bis-imne

pyri di ne MXn coffgiéky or

10 A3 is a nitrogen atom,

N

Ag— Ri3

is absent and Ay, Ay, A4, 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 R7 to form a naphthyl skeleton; Rjg is hydrogen, -

fluoride, or chloride; Ry and Rjyg are, independently,

hydrogen, fluoride or chloride and/or

Combinations of ortho-substituents in which Rg and
Rlobare, 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,s are,
independently, hydrogen or fluoride.
25 In a preferred embodiment, a ligand of formula (II)
is provided, wherein R7-R3 are hydrogen; Ag-Rj3 is absent

and Aj-Ag are carbon atoms, thereby constituting the



X may conveniently be halide, preferably chloride. In a preferred

enbodi nent of the m xed bis-imne 25 pyridine MX, conplex, netal atomMis
Fe and n we a3/o11sm6¢ anot her preferred enbodi ment, netal at @eTMPos0$686 and n
is 3. Conpounds which are capable of transferring an optionally
substituted hydrocarbyl or hydride group to 30 netal atom M and which are
al so capabl e of abstracting an X- group fridm—netal atom M i ncl ude

al kyl al um ni um WO 03/ 011876 PCT/ EP02/ 08636 - 15 conpounds such as

al kyl al um noxanecyanepankytaéuyd eumparitabf desferrprafydr medecpnpRyUNRg,S

met hyl al um noxane. _Co unds which are capable of transferring an

optional ly substﬁ&'u@@dgﬁgd’%@a‘?’b‘?lm Yﬁy’d?i’de%’ro‘ﬁpi't 5125 Rit a?n‘it}?drﬁ M

i nclude al kyl al yygiy-cgapounds including alkyl aluninoxanes, alKkyl

| it hi um conpounds, Gignards, alkyl tin and_al kyl zinc conpounds.
Compounds whi ch are &apapPeler At ARPedi DNt ,grodpIRRB N et HMUdtom M

I nclude stsong nguhrals bewt sddd), amideinURN-AS SRESydBdeanda BB, wherein
Ar is a strong electron-w thdrawi ng aryl group such as C6FS or 3, 5-
(CF3) 2C6H3. A neahsealt pedi 31dm@renslkebaneatensy, dRredndcansehutimg
suitably act as . Lewi$.Base.qaough 3 elhers, annes. 09 aulah dgs, and
organic nitriles. °rii¢ “use*s onor ‘ol Beéul e (Ef_evm s%asgs) SUch ‘as 4
triethylam ne oramd @sdhreenétbul yIry bindi Rgy @rgl/ihylacagpt R, e eqyligs
(Lewi s acids) such as diethyl zinc, may have a positive influence on the
selectivity of thhe . 281et AYfehes GhgdrerPgari on process to 1-ol efins.

the cont i ious  oper 4F1 SACor- RE e sl et ceq il chp cdBuannance
(IT) is provided, wherein Rj-R3 are hydrogen; A3 is a
nitrogen atom, Ag-Rj33 is absent and A;, Aj, A4, Ag are
carbon atoms, thereby constituting l-pyrrolyl ring; Ry
and Rg are methyl; Rg and Rpg are ethyl; Ry, Rg, Rg, Rqz1,
15 R12, R74 and Rjg are hydrogen.
In a particularly preferred embodiment, a ligand of
formula (II) is provided, wherein R;-R; are hydrogen; Aj
‘is a nitrogen atom, Ag-Rq3 is absent and A,, Ay, A4 and
Ag are carbon atoms, thereby constituting l-pyrrolyl
20 ring; Ry, Rg, Rg, Rg and Ryjqg are methyl; Ry, Rg, Rjq,
R12, Ryg4 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 preferred 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



ol i goneri sation by enabling the preparation of stable and 25 clear catal yst
precursor solutions, in contrast to MAO activated and sol ubilised catal yst
sol uti onswowhiocts76ray becone turbid upon standi ng. |n thePairaPd2/)ds86-i m ne
pyridine MYp.Ln+] [NC] g conplex according to the present invention, L
may be a 30 neutral Lew s donor nol ecul e capabl e of being displaced by

et hyl ene, or a vacant coordination site.- I the m xed [bis-imne pyridine
MYp. Ln+] [NC-]gq conplex according to the present invention, netal atomM
WD 03/ 011876 PCHoERPORAE68636ch -asl @lkiydaprneieeehiey dig ahllylakudiorinel

oxi dation state,qQf d syst em may
be formed by m %%r%éatg(%ge%%%&e%g%?Sﬁmg%gggggﬁldgomp%hgggﬁu&%%ﬁa

conmpounds, pref er abl fomBoypAs wgloheare soaprlake (@fl Geaasberfv@ane. Such a

quantity of the ocgﬁtlahxﬂysy@ﬁmeu%eawgawcaﬁm Qredyhpi hbegldgeueri sation
reaction mxture as_ to contain froml 10-9 gram atom nore

pref er abl y210- 6 ™etd11959™ ff ARAUGR 2dkY FREAM L B EMCIMPPRR AR r 11T HHRf Fe 10
[:!] or [111] m%tlachzlpanuﬁnh@caﬁeset Aykenelieniien chﬁ@al bedgs Td?b.glgnards,

ol i gomeri sation tion na conve tly conducted over a range
of tenperatures ?‘3 1]10?)‘@{ agﬁygoﬁéncp?‘%‘f‘%?%bcfsy in the range of fromoOC to
200C, and nore prefecabpyunds twhechange odpdbleomdBOCbsoradSidd@@ XThe

ol i goneri sation r%?g EQ%W%QGF%%&VE“EQM* KAl O%Pegiggéaﬁdde%ﬁ%r essure of

0.01 to 15 I\/Pa nor e prefer a (10 to 100
bar(a)), l8nd nestidgr eherab$ \SOFS5 BRy SnNPATERE Wléﬁ@nbélr( ay)a 2o

opti mum conditio f te tur.e and pressure oL a rticul ar
catal yst system p‘o nﬁ??n‘i’@%?%awmﬁ er§* of “ otk gsélr(r:er a%élg ll'oazrﬂgm se the
conpeti ng (CF3) 2CgHa .

A neutral Lewis donor molecule is a compound which

may suitably act as a Lewis base, 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 aéids) 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.Lp*] [NC7]q4

complex according to the present invention, metal atom M



reactions such as dinerisation and polynerisation can be readily
established by one skilled in the art. 25 The conditions of tenperature and
pressur e woa3/oprses er ably sel ected to yield a product sl at®CwiEPa2/686B6 fact or
within the range of fromO0.5.0 to 0.90, nost preferably in the range of
fromO0.60 to 0.80. In the present invention, polynerisation is deened to
have 30 occurred when a product slate has ¥ K-factor greater than 0.9. The
ol i goneri sation reaction can be carried out in the gas phase or |iquid
phase, or ni xed igagreifguadl phes andNOhe 3£ 0118l :HORERPD2£08686°f -salird

dependi ng upon %%a‘i%%in'rinéy o ztgg. teed and product olefins. The
oligonerisation reaction is carried out in the presence of an inert

sol vent which may al $Bebe2thyS SAEFRPBrMRYHrPg Horeetabysnisiey drogesbgr

ol efin. Suitabl enesebipits dneldpiacakkangs:t AddNeSmpeuashoal fead¥esarand
aromati ¢ hydrocarbons. _For exanpl solvents that may be suitably used

€,
accordi ng Po theTpPeSBAVerhvBiit GF FALPEER OheeanstaPgooct ane, benzene,
tol uene, and xyl ene. sibhReaglidritli BEStRE daaDyRtlstetdd hoursuahave been
found to be suitabl.e gegenqint an the.actt:i Vi tsly of .the .catalyst. The
reaction is prefSPABY§ocaP iy VeIt Aat  Absaince 18P BiFC9re M5 ffure. The
ol i gonmeri sation dRRekhORr&RYLPE G foeld ghdmidtch, koreOp¥endtfNgl 1bashi on.
It may be carried out in a stirred tank reactor, wherein olefin and
catal yst or cat dloyd0™ 7 pgreuraers sfematidbr eont nioushytioukstdlr Fed t ank

and reactjgnt, praquel, eafplnstal 8BY HOUSESk rRachant akepe MARMRG fromthe
stirred tank with the product separated 20 and the catal yst and unused

reactant recycl ed bafRetoliInerdspiiey ¥eafiion 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 0.90, 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-1liguid phase,



Alternatively, the reaction may be carried out in a batch reactor, wherein
the catal yst precursors, and reactant olefin are charged to an autocl ave,
and afterwPI3joeisng reacted for an appropriate tinme, produ®CTIEPO2/6sspar at ed
fromthe reaction m xture by conventional neans, such as distillation.
After a suitable reaction tine, the oligonerisation reaction can be

term nated by rapid venting of the 30 ethylFene in order to deactivate the
catal yst system The resulting al pha ol efins have a chain length of from
4 to 100 car bondapendingrudcer ahbleyvélaoi B-watbohe atedsandrmodust
preferably from4._to_ 20 carbon atoms. WO 03/011876 PCT/ EP02/08636 - 18
Product ol efins can be recover ed suitably by distillation and further
separ at ed as desir edThy oldigomerfigar ben txeHNYiigiesd sdepeniRhtown inhehent ended

end use of the 0Letins. o5 2H8 nREESENtvdAY GtilcON Wl L1 8OWde Hel | ustrated by
the follow ng Exanples h should not_ be regarded as limting the

whi ¢ ¢ [
scope of the pr&8&RLEF nYNtENGH CRRAAKSE VBRA/ Oh\Feref at efitR- t Suiffeble
Eicon})angi nglgr@_wiwgﬁtsé | thothiceh a1khges e él-lliel‘-he@,regl?ﬁ§§i}%llléﬁla|a)ﬁﬁi s of X
anple 2; Figure, 2 is a regression analysis o anple 5; Figure IS
a regression andF§ers O ERARFFECES - anfPr M ge4 ?8F§¢$g§ﬁ§?§igﬁya al ysis
of Exanpl e 10. sEXPERIVENES @Geretrdin®rocaths eseardt Chavact vm sakilodel5 Al l
the operations wth_ the, catalyst I arrj under nitrogen
B e Coo Tha S v tentt RpErPhend,

at nosphere. AnhySF%us uene was dried over
4A nol ecull@r si eves Rédgtdlonngtimescoht &rmm ¢f. 1 &bodf BoywpshavEQbEEhy| ene

(99.5% purity) @@§n8u£$fﬂéﬂééyﬂi%l@,C@éﬁ@ﬂhent on the activity of the

catalyst. The reaction is preferably carried out in the
absence of air or moisture.

The oligomerisation reaction may be carried out in a

15 conventional fashion. It may be carried out in a stirred
tank reactor, wherein olefin and catalet 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
gseparated 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.



cont ai ni ng 4A nol ecul ar sieves and BTS catal yst (ex. BASF) in order to
reduce water and oxygen content to <1 ppm 2, 6-D acetyl pyridine,
2,4,6-triwetiphmsie | i ne, 4 25 tert-butylaniline, 2,6-diethylcarpor/mss3and
anhydrous iron (I1) chloride are available ex. Aldrich. 1-Am nopyrrole

was purchased from TCl, Japan. Ferrocenyl am ne was prepared according to
the method outlined in the literature (D}8van Leusen and B. Hessen, 30
Organonetal lics, 2001, 20, 224-226). The oligoners obtained were
characterised by GasPrefrenmicdiaghyay G reaevergdr subtavhy dut e ol i goner

di stribution usiggea; P PEPL REMFESHEL SPPArALIS aNdekiBeq 0} | OW Ng

chr omat ogr aphi ¢ conditions: WO 03/011876 PCT/ EP02/ 08636 - 19 Columm: HP-1
(cross-|inked mEERGELISRE BRUASCHIEANAT EPRMIFESs o Ghesipterded mad ¥F8net er
= 0.25 mm lengih 80 M ébyndlew ett Packard); injection tenperature: 325C;
detection tenperature: 325C .initial tenperature; 40C 5 for 10 m nutes;
terrperaturé pr ogr anme® rRf e e 1R ht &V i A P&nﬂ)é}‘éﬁﬁ%t.eds%é’ct*"ﬁr 41.5
m nut es; i nt er fall1swang aExtimpl-dex yhbenzenm 1 Resjpobserégst dss for the even
i near a-olefing, for_the internal _hexenes: cis-._and trans-2-hexene, and
cis- and trans-3- égéﬁ ,gﬁﬁuf?QBg f6 Fﬁ% ranched "Rexengs: 10 any way,

3-net hyl - | - pent éyerahdr@net Md -the botenggnyigicatdregingsn- texwhigdnzene
(internal standard)p. term ' a jbrati.on m xture.
The response factorg%%ggfﬁg ffgggﬁggegﬁﬁﬂ?ﬁ?gﬁkgﬁgdégeggﬁggkﬁéﬁe assuned to
be equal ti8 the corFeSpond iF 215ePraedtom-B1addieAs. OFhBxgmrledS iof the

CA- C30 ol efins wererppbtiad ned  LOFeghbes &n anallyslis, of r oaMbILhR ;t RaaK- fact or

and the theoretical yield of C4-Cl00 olefins, i.e. total
Figure 4 1s a regression analysis of Example 10.

EXPERIMENTS

General Procedures and Characterisation

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 molecular sieves (final water content of
about 3 ppm).

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

. bpm.

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

25 tert-butylaniline, 2,6-diethylaniline and anhydrous iron
(I1) chloride are available ex. Aldrich. l1-Aminopyrrole
was purchased from TCI, Japan.

Ferrocenylamine 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 series II apparatus and the

following chromatographic conditions:



ol i goneri sation product (Total Product), were determ ned 20 by regression
anal ysis, using the C6-C28 data. The relative anounts of the |inear

1- hexene wooa@sis7e al | hexene i sonmers and the rel ati ve anowat/ErP02/486d@©decene
anongst all dodecene isoners found fromthe GC analysis is used as a
measure of the selectivity of the catalyst 25 towards |inear al pha-olefin
formati on. The NVMR data were obtained at- AZ§dom tenperature with a Varian
300 MHz or 400 MHz apparatus. Catal yst Conponents 1. Preparation of
2-[1-(2,4, 6-trinmet hytphenyi iH@i—rlo) craaselhwéd treaxbelybpyoxanele (ELLmWO

03/ 011876 PCT/ EPQ2/ - ) acetylp 7.3
44.8 mmol ) and f% gg@% |mec% y”glm |ll B ?éﬂﬁa%deecf? 558m¥1%l‘§(r£were glssol 8ed
in 10 450 m of sPomuéhe. Hewl et §a§6BudionlnlﬂﬁqﬂﬂnecamaﬁrstQWQs 32217€:a snal |

amount of p-tol ﬁ%@@éﬂh&h%n&:&%ﬂt@r@o §§5W'int%ﬁetéﬁlﬂépatﬂke oélcur e was
refluxed for 16h. After "tration the solvent was renpved in vacuo.

Sever al cﬁystaIfIOFséﬁl‘Bh%uq%%mt@f“ﬁaﬁéwweEPH&i-”aS‘“@ZerQS 7% of 15

;TDS(ZN En;[nell(-ll) Lo UNB/!(\QQQBQJ%) f@.n%l55e§\§era1d;1r7é;)"3|j@§ﬁf3f%%§4"1 ﬂzﬂ%nﬁleﬁgh)
. ) ] s S S
Vo) 2,22 (5, Smeksl st brhereybedishay, BaPapFaNte tore Tor

2-[1-(2,4,6-tri ppkhylphemdddd Rpb1e20ngt Wdd e ihlernal hexenes: cis-
(4-tert- butylphenyllmno) ethyl]pyrldlne (2) i N NN OO

and trans-2-hexene, and cis- and trans-3-hexene, and for

10 the branched hexenes: 3-methyl-l-pentene and 2-ethyl-1-
butene, relative to n-hexylbenzene (internal standard)
were determined using a standard calibration mixture.
The response factors of the branched and internal

dodecenes were assumed to be equal to the corresponding

15 linear a-olefins.

The yields of the Cy4-Cig olefins were obtained from

the GC analysis, from which the K-factor and the
theoretical yield of C4-Cypgg 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 l1l-hexene amongst
all hexene isomers and the relative amount of 1l-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)



(2) Mnoimne (1, 2.8 g, 10 nmmol ) and 4-tert- butylaniline (1.49 g, 10
nmol ) were dissolved in 100 M of toluene. To this solution, 4A nolecul ar
si eves amwoa3/osisas | amount of p-tol uenesul phonic acid (0. Pcormpo)/ossss e 25
added. After standing for 5 days with addition of nore 4A WD 03/011876
PCT/ EPO2/ 08636 - 21 nolecul ar sieves, the mxture was refluxed for 2
hours. After filtration the.solvent was 2éneved in vacuo. The residue was
washed with nmethanol and recrystallised from ethanol. Yield 2.4 g (58% of
mxed diimne (2). 1IHNWR 5 (CDC13) 8 842 ( d, 1H, Py-Hm , 8.34 (d, 1H,
Py-Hm , 7.86 (t, 1H Py-Hp), 7.38 (¢, 4H ArH), 6.89 (s, 2H ArH), 6.78
(d, 2H, ArH), 2.42 (s, 3H M), 2. (3N Me), 2.22 (s, 3H, M), 2.00
(s, 6H, M), 1.34 (s, 9H, But). 3. NPreparation of
2-[1-(2,4,6-trinethyl phenylimno) 10

thyl] pyridine .iron[lI] chloride

ethyl]-6-[1-(4-tert-buty|phenylim'3) | dine ironll
[ n an 1| ner at nospnere, a

conplex, (3) ~I \N 1\ JI FN C1

solution of 1.5 g diimne (2, 3.6 pl ) in 100 m dichl oronet hane was
added to 420 ng FeCl2 (3.3 mml) in 150 m dichl oronet hane. The 15 m xture
was stirred for one.week. The developéh)blue precipitate was isol ated by
filtration and dricediaddetywasuddiXeeld. 4.5, g4 84Umolof and omn, £a@wl ex (3).

1H NVR (C12 12 ropad. .si gngls) d_ 79 H -H. ), JT7. 1 1H,_ Py-Hm

. 27.0 (1H, Py- 6)”‘?@ f""rm(%fi% 3/8)')7? 7. '(%%«,“"fgxwﬁffél%?%so(lé’ﬁ,(i APH) . 14. 3
(2H, ArH)101.2 @Sk, mButf ,toltede.( 3b, tMeC)Lutibh, 9482k lecylad) siel2s1 (3H,
MeC=N)

and a small amount of p-toluenesulphonic acid (0.22 mmol)
were added. The mixture was refluxed for 16h. After
filtration the solvent was removed in vacuo. Several

crystallisations from ethanol yielded 3.42 g (28.7%) of

15 monoimine (1). 1H—NMR (CDCl3) & 8.55 (d, 1H, Py-Hp ),

8.11(d, 1H, Py-Hnp ), 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 (s, 6H, Me).

2. Preparation of 2-[1-(2,4,6-trimethylphenylimino)
20 ethyl]l-6-[1- (4-tert-butylphenylimino)ethyl]lpyridine (2)
F
|
N
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



4. Preparation of 2,6-bis[l-(ferrocenylimno)ethyl] pyridine (4) WO
03/011876 PCT/EP02/08636 22 N NN OFe Fe (4) In an inert atnosphere,
2, 5-di acewglmpynisdé ne (50 ng, 0.30 mmol) and ferrocenyl ampoa/EPb288646 Ny,
0.61 mmol ) were dissolved in 50 m of toluene. To this solution,

nol ecul ar sieves (4A) were added. After standing for 65 5 hours at room
tenperature the mxture was filtered. TheZ2lselvent was renoved in vacuo.
The residue was crystallised fromethanol. Yield 75 ng (46 % red
crystals of diimonecdlar HiNviRs(,CDBEE3hikt Brebuas aef2bixe®Ryforim )houzs78 (t,

1H, Py-Hp), 4.43 (t 4,22 10 4H 4,21, 1 CpH)
2.54 (s, 6H M .fg ’r é}%%%tgqnoﬁhgf Sé?%?%? s‘ﬁs- (r%g\rlg}%ge%%h%%od) et Eyl]
pyridine iron[| kkksébhervae wohsldewifh) mothavdN afd FectysGllFsgdb)Xromn an

i nert atnosphere, a red sol.ution of 0 diimne.(4, 0, 737 in 10
i di chl or onet hakBAREL- ft’se%&eé ?o‘ggfhgng%é‘&i‘f@( g?%&?’ﬁn&i’)' ilka%}{m
di chl or omeshane. chae,)risxung \as, stu f gduf,9r 463how s.1u,Abben pddi tdeon of 6

m hexane the blue precipitate was isolated by centrifugation, washed with
hexane and dri edtW0183/P1-1856 PCEBERO2/ DIB6F6-H)-, 2389 (s, 2H, ArH),

6.78 (d, 2H, ArH), 2.42 (s, 3H, Me), 2.29 (s,3H, Me),

2.22 (s, 3H, Me), 2.00 (s, 6H, Me), 1.34 (s, 9H, Bub).

3. Preparation of 2-[1-(2,4,6-trimethylphenylimino)
10 ethyl]-6-[1-(4-tert-butylphenylimino)ethyl] pyridine

iron[II] chloride complex, (3)
\”)f)\’(
N
f :N\ /N

A
c/‘ Cl

(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

1n-NMR

vacuo. Yield 1.5 g (84%) of iron complex (3).

(C12CDCDC1l2, broad signals) d 79.3 (1H, Py-Hn ), 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, ArH), 1.2 (9H, 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)



in vacuo. Yield 200 ng (44% of iron conplex 5. 1HNWR (CD2Cl2, broad
signals) S 83.0 (2H, Py-Hm, 9.3 (4H, CpH), 3.3 (10H, CpH), 2.7 (6H
MeC=N), -wom3(4td76 CpH), -5.2 (1H, Py-Hp ). 5 6. Prepar at iPom/EP02/08636
2-[1-(2,4,6-trinmethyl phenylimno) ethyl] -6- [1- (ferrocenylimno)ethyl]
pyridine (6) YON NN Fe 10> (6) Mnoimne

2-[1-(2, 4, 6-trimethyl phenyl i mi no) et hyl ] -6-22acetyl pyridine ( 1, 263 ng, 0.94
mmol ) and ferrocenylamne (280 ng, 1.03 nmol) were dissolved in 40 10 mi
of toluene. To this solution, nolecular sieves (4A) were added. After
standing for 16 hours the m xture was red. The solvent was renoved in
vacuo. The residue was recrystallised ethanol. Yield 180 ng (41 % of
m xed diimne 6. 15 1H NVR (CD2C12) 8.36 ( Wd, 2H, Py-Hm), 7.85 (t, 1H,
Py-Hp), 6.88 (s, 2H, ArH), 4.46 (t, 2H, CpH),N4.25 (t, 2H, CpH), 4.20 (s,

5H, CpH), 2.55 (s, 3H, M), 2.27 3H, M), (s, 3H M), 1.98 (s,
6H, Me). 7. Preparation of 2-[1-(&,4,6-trinmethylphenylimno) 20 ethyl] -6-
[1- (ferrocenylimno)ethyl] pyrigh iron [Il] <poride conplex (7) WO
03/011876 PCT/ EP02/ 08636 - 24 NN OFeO C d Fe (7)

(4)

In an inert atmosphere, 2,5-diacetylpyridine (50 mg, 0.30
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
solvent was removed in vacuo. The residue was

crystallised from ethanocl. Yield 75 mg (46 %) red

crystals of diimine 4. 'H-NMR (CDCl;) & 8.26 ( d, 2H, Py-

Hny ), 7.78 (t, 1H, Py—Hp), 4.43 (t, 4H, CpH), 4.22 (t,
10 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)

+ P

N

< j; “Fe \©
Fe C/l \Cl Fe
= =
(5)

In an inert atmosphere, a red solution of 390 mg
diimine (4, 0.737 mmol) in 10 ml dichloromethane was
15 added to 89 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



In an inert atnosphere, a solution. of 153 ng diimne (6, 0.33 mvl) in 5
m di chl or onmet hane was added to 41 ng FeCl2 (0.32 mmol) in 5 nl

di chl or onwolame1s7dhe m xture 5 was stirred for 16 hours. Poda/EPo/esegé ay
precipitate was isolated by centrifugation, washed with hexane and dried
in vacuo. Yield 170 ng (89 % of iron complex 7. 1H NWMR (CD2Cl2, broad
signals, selected data) S 88.6 (1H, Py-H®3), 76.7 (1H, Py-Hm), 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-di et hyl phepybi M NO)SUNY higb1apeetyd i 48k © N0 O (8)
2, 6-Di acetyl pyril Ine (8.15 g, 50 mo| )(4an§ 2, 6- (ﬁlet ;I?Flanigi ne 7.R46 g, 50
mrol ) were di ssolcbedlbn Abod®|diepR16156 8d )o (Bel,t RiysHgb) W ion4Hpol ecul ar
sieves (4A) were added. Two drops of concentrated sul phuric acid were

added and subsed®nt| y - 8helPH xtHe wds 7r eFH uMaFor 16 -5hétH s,CRRHIch

resulted in a 739 %ogégrsﬁgg{ he solvent was renoved in vacuo. WO
03/ 011876 PCT/ EPG2/0 6 P ThHe resulting mixture of '

2, 6-di acetyl pyridine, 2,6-. bis-J1-(2,6-diethylphenylimno),ethyl]pyridine
o 5 1o B b e ERyPRHRRYAT Gy SERgP S 6 Ay PR REL HEnTct Yt ol | sed
from et hanol ancthyel ded[a- &f drnucenyil émifo Zethfllpy2iGideet &yl phenyl i m no)

ethyl]-6-acetyl pyridine and 2,6-bis-[|-(2,6-diethyl phenylim no)
ethyl]pyridine. This mxture was dissolved in THE (75 m ), the diimne

by- product was renoved by sel ective co\‘rr‘p/l@k'i(on with a netal halide. To
N

that end an equi nol ar anmount of
N N

©

Fe

>

(6)

Monoimine 2-[1-(2,4,6-trimethylphenylimino)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
was recrystallised from ethanol. Yield 180 mg (41 %) of
mixed diimine 6.

15 1H-NMR (CD,Cl,) & 8.36 ( dd, 2H, Py-Hp ), 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]pyridine iron[II]

chloride complex (7)



10 FeCl2 (0.75 g, 5.93 mmol) was added in an inert atnosphere. After
stirring for 16 hours at room tenperature, the solvent was renoved in
vacuo. Towoas®1(s7& nm ) was added to the resulting m xturePCTHPS2/08636
precipitated conplex was filtered off over a thin 15 |ayer of silica,
yielding a yellow solution. The solvent was renoved in vacuo.
Crystallisation fromethanol yielded 3.054%4 of 2-[1-

(2, 6-di et hyl phenyli mi no) ethyl]-6-acetyl pyridine (210). 1H NWR (CDCl13) S
8.55 (dd, 1H, Py-Hm), 8.12 (dd, 1H, 20 Py 7.93 (t, 1H, Pyp), 7.11 (d,

2H, ArHm), 7.03 (dd, 1H, ArHp), 2.78 ), 2.36 (m 4H, CH2) , 2.24
(s, 3H M), 1.13 (t, 6H M) 9. Pr pa atlon of

2-[1-(2, 6-di et hyl phenyl i m no) et hyl ] f\@r ocenyl i m no) ethyl

] pyridine (9) WO 03/011876 PCT/ EP 360. k 26Fre ~I INNN Fe (9) In an inert

at nosphere, nonoi m ne 2-[1-(2, 6- diethyl phenyl i@no) et hyl ] - 6- acet yl pyri di ne
( 8 368 ny, 1.25 mml ) and ferrocenylamne (268 ng, 1.33 mml) were
dissolved in 50 m of toluene. To this sol'Wion, 5 nolecul ar sieves (4A)

wer e added. Aft standln for 4 hour s t e m xt IIered The

sol vent vas re LRetE Btoste rRon P dR ERET &b JErare | SHT T HoriSet nanol
Yield 160 ng (2% %3 medler ystalel dfi chil vedmelt hanen eval. adﬂiblr—il\lw 4q1CoRC12) 6

8. 38 d, 1H, 3 .10 (d,
2H, AEH), 7.01 (tem] L‘O 3% Etﬂ"gg’ I;ll'g 5 %%Cﬁ%ﬁ?‘zegg V—\B(bo 4. S
(s, 5H, OfH), XaB6sEsrred| fom)ls :lno%s( nifhearblx@ﬁza)rayzzvzzcmltm wajgk), 1.11
(t, 6H Me). 10.;neranabi 0beriduhttdnb-whatdy WARGNKLLIh O RE Riflilewsb-

in vacuo. Yield 170 mg (89 %) of iron complex 7.

1H—NMR (CD3Cl,, broad signals, selected data) & 88.6 (1H,
Py-Hp Y, 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 wvacuo.



15 [1-(ferrocenylimno)ethyl]pyridine iron[lI] chloride conmplex (10) WO
03/011876 PCT/EP02/08636 27 N N, NFe C C Fe (10) In an inert

at nospherwp oa/o1sd6 sol uti on of 100 ng diimne (9, 0.21 MWPICI/EPO2/B66%

di chl oronet hane was added to 25.7 ng FeCl2 (0.20 mol) in 5 m

di chl oronet hane. The m xture was stirred for 65 hours. After addition of S
m hexane, 5 the blue-gray precipitate wag5 sol ated by centrifugation,
washed with hexane and dried in vacuo. Yield 100 ng (82 % of iron conplex
10. 1H NMWR (CD2012 Bheadesulnialis migslset efl 2od-adiaSe@F1Byfi¢Hine Py, ldm ),

75.3 (1H, Py-Hmy;- i o i .. CpH),
0.8 (6H, IVE) _4{9 1[@ 32 gl—h Q‘k‘?“@h n%%u%lﬁgﬁ eth]ﬁig%t'g )1e gnc?Z(SH
Preparati on of 2(?6 6bri§F!Eh¥1P1b%mfld4"yPPr)rFHB¥bl‘r@flﬁcetp@lphfmﬁén? 1V1<'=)S Y NON NON
(11) 2,6-Di acetdﬂy@xraudwed(éﬂén @hadol lan@D)leatd L 351281 pope rgl -(400
ng, 4. 87 mol ) were di ssol ved in 50 m of toluene. To this, solutiaon,

mol ecul ar Si evest 4Ry Suet 8t HERIEIY IAFEBP) seEd: Ii§ -PSEEZLB¥EEIHRe AF6im

tenperature, the,avbikuie- ‘{\B.,SG-fdﬂdtﬂhlyeﬂhefﬂﬂléllﬁi}ld/}eI’é:tth%&ip?ﬁﬂ@i/r%i i n vacuo.

WO 03/011876 PCT/ EPO 0863? gr w o ggsggl_sl cr gt aU i s%d from
ethanol . Yield 350 15918 oef i) iy

diimine by-product was removed by selective complexatlon
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. Affer 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%).
1H-NMR (CDCl3) & 8.55 (dd, 1H, Py-Hpy), 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, CH,;), 2.24 (s,
3H, Me), 1.13 (t, 6H, Me).

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



1H NWR (CDC13) S 8.26 ( d, 2H, Py-Hm), 7.82 (t, 1H, Py- Hp) , 6.93 (m 2H,
PyrH, 6.25 (m 2H, PyrH), 2.66 (s, 6H 5 Me). 12. Preparation of

2, 6- bi s[ IWOI3pysrel yl i m no)ethyl] pyridine iron[ll] chloPcadErovogsBex (12)
O N NONN .N-N C Cd (12) 1In an inert atnosphere, a solution of 26 ng
FeCl2 ( 0.27 mmol) in 0.4 m ethanol was slowy added to a solution of 10
80 ng diimne ( 11, 0.27 nmmol) in 3 nl toldéene. The devel oped bl ue
precipitate was isolated by centrifugation, washed three tines with
toluene and dried in vacuo. Yield 75 ng of iron conplex 12. NWVR did not
reveal any signals for this conplex. 15 Preparation of

2-[1-(2, 6-di et hyl phenylimno)ethyl]-6- [ -pyrrolylimno)ethyl] pyridine
(13) WD 03/011876 PCT/ EP02/ 08636~_- NN o (13) Monoimne
2-[1- (2, 6-di et hyl phenylimno) ethyfl]- acetyplpyridine (8, 1.5 g, 5.1 mmol)

and 1-am nopyrrole (460 ng, 5.6 wer e di ved in 25 m of toluene.
To this solution, nolecular siev 4A) were ad . After 5 standing for 16
hours the m xture was filtered. The ol vent enoved in vacuo. The

residue was crystallised fromethanol'. Yield 8 ng (46 % of m xed
diimne 13.

(9)

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.

1H-NMR (CD,Cl,) & 8.38 ( 4, 1H, Py-Hy, ), 8.35 (d, 1H, Py-
10 Hy) . 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, 5H,

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]lpyridine iron{II] chloride

complex (10)



1H NWR (CDC13) S 8.41 ( d, 1H, Py-Hm), 8.29 (d, 1H, Py- 10 Hm, 7.86 (t,
1H, Py-Hp6.98-7.14 (m 3H ArH), 6.93(m 2H PyrH), 6.25 (m 2H, PyrH),
2.67 (s, wdo03pkeIs7T62.36 (m 4H, CH2) , 2.21 (s, 3H, M) , pCI/EPB2/(4636 6H, Me)
. 14. Preparation of 2-[I|-(2,6-diethylphenylim no)ethyl]-6-
[1-(1-pyrrolylimno)ethyl]pyridine iron[11] chloride 15 conplex (14) ;N N,
NNN Fd G C  (14) WD 03/011876 PCT/ EPO2P08636 - 30 In an inert

at nosphere, a solution of 211 ng diimne (13, 0.59 nmol) in 5 n

di chl oronet hane was added to 70 ng FeCl .55 mol) in 10 m

di chl oronet hane. The m xture was stirre r 60 hours. After addition of
15 M of 5 hexane the blue precipktat N ated by centrifugation,
washed wi th hexane and dried in vaguo.n_Yiel dn250 nmg (93 % of iron conplex
14. 1H NMR (CD2Cl12, broad signal 7.3 AH, m, 72.2 (1H, Py-Hm),
27.9 (3H M), 18.3 (2H, CHaHbo), (25{ \10 Ho), 14.4 (2H, ArH), 8.5
(2H, PyrH), 4.6 (2H, PyrH, 1.2 (1H, -Hp), b H M), -10.8 (1H, ArH),
-43.4 (1H, MeC=N), 15. Preparation of 2-[1-(2,4,6-trinethyl phenylim no)
ethyl] -6- [1- (I-pyrrolylimno) ethyl]pyridine (15) N O N1~ (15) 15
Monoimne (1, 3.0 g, 10.7 mmol ) and l-am'(ﬂrggyrrol e (1.0 g, 12.18 mmol)

vere dissol ved bn 20 m_of JQlugRe:e T, S0l SAUYLED: 1P SRHAGnTheves

(9, 0.21 mmol) in 5 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

%) of iron complex 10.

1H-NMR (CDyCl,, broad signals, selected data) & 88.5 (1H,

Py-Hyn ), 75.3 (1H, Py-Hy ), 16.3 (2H, CHgzHp), 13.2 (2_H,
10 CHgH, ), 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-(l-pyrrolylimino)ethyl]
pyridine (11)

(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 (4A) were
added. After standing for 2 days at room temperature, the

mixture was filtered. The solvent was removed in vacuo.



standing for 40 hours the mxture was filtered. The solvent was renoved in
vacuo. The residue was 20 crystallised fromethanol. Yield 1.85 g (50 % of
m xed diwomimei®d 1H NVR ( CDC13 ) S 8.42 ( d, 1H, Py-HmPCI/EP0268666 d, 1H,
Py-HM, 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, W 03/011876 PCT/ EP02/ 08636 - 31
3H Me ), 2.28 (s, 3H M), 2.20 ( s, 3RB M ), 2.00 (s, 6H, M ). 16.
Preparation of 2-[1-(2,4,6-trimethyl phenylim no)

et hyl]-6-[ 1- (| - Frer obgidue metdyyiskpyt i dedefiqmsthiepols Ehébt i3k oanpl ex
(16) YCOQY N NeMNOg)CGLhe (i3 1hn an inert atnosphere, a solution of 103
ng FeCl2 (0.81 mmlg in 0.7 mM ethanol was slowy added to a sol ution of
400 ng diimne ((H5NMR. 16D@AWI )5 iBn2é $odlveant, myxHyr &, 0f.4D (uw 1Hol Bgre and 6
m pentane. The green-brown precipitate 10 was isol ated by centrifugation,
washed three tifps - wPth3 ™1 Fdhe FXRH) dr f et i v ZEuo FYYHEI o2 65 Ry €989 of
iron conpkex 1€.,1HNVWR (CD2 C12 , broad signals, not assigned) S 88.1
(1H), 72.4 (1H), é9.9 (3H), 19.5 (3H), 16.9 (6H, 13.5 15 (2H), 8.8 (2H),
5.8 (2H), 2.9 (1ih), prépadadid ofl s, cAbierNAlL dyreRaAAt oo pdednf - (2, 4,
6- trimethyl phenyli m no), et hélrl - 6- &1- (1- pé/rrol ylimno) ethyl]pyridine
iron[11] chlori #¥*éBiPee a6y Qeyide cqgplex (12)

N
N .| _N
N7 T TN
R O
— ——

Ci

Ci

(12)

In an inert atmosphere, a solution of 26 mg FeCl, ( 0.27

mmol) in 0.4 ml ethancl was slowly added to a soluticon of

10 7 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)



Fd* C C  (161) WO 03/011876 PCT/ EP02/08636 - 32 1In an inert atnosphere,
a solution of 204 ng mxed diimne (15 0.59 mmol) in 5 m dichl oronet hane
was addedwotos/ 07376y FeCl2 (0.55 mmol) in 10 m di chl or onetrlaarero2/ddeac

m xture was stirred for 65 hours. The resulting green 5 brown precipitate
was isolated by centrifugation, washed wth pentane and dried in vacuo.
Yield 200 ng (77% of iron conplex 16' 1H°NWVR (CD2Cl2, broad signals, not
assigned) S 88.1 (1H, 72.5 (1H, 29.8 (3H), 19.6 (3H), 16.9 (6H), 13.6
(2H), 10 8.8 (2H), 5.7 (2H), 3.6 (1H), -45.2 (3H). 18. Preparation of 2, 6-

[1- (2 net hyl phenylimno) ethyl] pyridinessgn [I1] chloride conplex (X
Conpl ex X was prepared according to t%@%di sclosed 15 in
WO- A- 99/ 02472. 19. Met hyl al um noxane (WRAON Th§ MAO sol utions in tol uene
(Eur ecen AL 5100/ 10T, batch: B76 B ] = 4N8 , TMA = 35.7

wt %4 cal cul ated), Ml ecul ar nmass 0 g/nol an ] = 4.97%w) used in
20 the experinents were ex. Wtco Ber gkanen, Germany. 20. Sol utions
in toluene of triethylalumnium (25% TEA) and of tri-isobutylal um nium
(25%wt TIBA) are available fromAldrich. Catal yst system preparation 25
Cat al yst preparation was carried out under nitrogen in a Braun MB 200-G
dry box. The iron conplex (typically about1310 ng) was placed in a glass
bottl e sealed by a septum the MAO solution (4.0 g), of the above

nmentioned gradewRbitkigeab! 8f NGt & -diethylphenylimino)ethyl] -6-

acetylpyridine (8, 1.5 g, 5.1 mmol) and l-aminopyrrole

(460 mg, 5.6 mmol) were dissolved in 25 ml of toluene.
To this solution, molecular sieves (4A) were added. After
5 standing 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.
1H-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[II1] chloride
15 complex (14)



30 co-catalyst in the amounts indicated in Tables 1 and 2 (see "Prem x
co-catalyst/Mlar ratio Al:Fe" in Table 2), was added and stirred for 2
m nut es. Wbios/oyiseé ded WO 03/ 011876 PCT/ EP02/ 08636 - 33 @em@rat/ss3@

dar k- col oured sol ution, which sonetinmes contained sone precipitate.
Thereafter toluene (9.0 g0 was added and the solution was stirred for
another 10 nin. Imediately hereafter, p&° -of this nmixture, i.e. 5 the
catal yst prem x, was added to a 1-litre or 0.5-litre steel autoclave via
its injection system andrusedndsphiele, ol sgbwerdrsatfi 8Alr wacdi brinesdd3Tabl es

1 and 2 for the, apDHRLE) UsLd -mlddii%ﬂﬂgg&g%t%ﬂﬁ{é FXRELLAER! So 1 o

Aigonerisation experinents were carried o inal-litre or a G5 litre
st eel aut ocl ave F&§di pfed@Swital) abket® mdodRrh§orprer enfealfhfghedblisg bat h

(ex. Julabo, nodgls sRQrréddSFA) antoarbur BN/ aasiittibh! 8F andubald les. In
order to renove traces of water fromthe reactor, 15 it was evacuated

overni ght at <1@epareathgoruerpdecipitabs YRR $C3#ERFelY by i ntroduci ng 250

M toluene and J¥AOrfBudadich g vweeheti anih anckaibspquantieat i raigicat 70C
under nitrogen pressure of 0 .4-Q.5 MPa for 30 nmin. The reactor contents
wer e di schar ged%@igagggpmﬁ" n‘theé p&se P2 2 TS *adfocl ave. The reactor was

evacuated to 0.4,k Ra@gDzé%ad%qo\éﬁdt s 591%‘? dalt%gqgn@lgpdpgﬁft)qdﬁqﬁo C and

pressurised with ethylene‘tc“the presstre indicated in e 17and 2 or
in the descripti@nm,obytie) experd neat,. Mdhe MAG syt cagrgr ypica 1en). 5 g for
a 1-litre 25 autoclave and typically 0.25 for a 0.5-l1tre autoclave) was
t hen added9t o tﬁ@aﬁbéetb‘i‘-%{%'t ReHai d8of tHfudyEH) ¢t et 63 R¥&Flne

i njected was 30 .m,, i ng.. a..procedur sy lar 4 @ thg i plgction of the
cat al yst preni x;l'szee(yﬁbe )owpqdnﬁ'?he(ggfi r%ril hg e 8(53 fpm w);'s continued for
30 (1H/ MeC=N ’

15. Preparation of 2-[1-(2,4,6-trimethylphenylimino)
ethyl]-6-[1-(l1-pyrrolylimino)ethyl]lpyridine (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 ethanol. Yield 1.85 g (50 %) of mixed

diimine 15.
'H-NMR ( CDCly ) & 8.42 ( d, 1H, Py-Hy ), 8.29 ( d, 1H,

Py-Hy), 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,



30 mnutes. The catal yst system prepared as descri bed above and in an
anount as described in Tables 1 and 2, was introduced into the stirred
react or uwOg/OaIs76é nj ection systemw th the aid of tol uen®Ctere2/oss8@l

vol une injected WO 03/011876 PCT/EP02/08636 - 34 was 30 nml: the catalyst
pre-mx diluted with toluene to 10 ml was injected and the injector system
was rinsed twice with 10 m toluene). I'n3fhe case of an active catal yst
system the 5 addition of the catalyst pre-mx resulted in an exotherm
(general 'y 5-2036), Meh) che ggsnelr al, | $H; elde hled 2a 20axXi sUnBHEWINdiIN 2.00nut e and
was foll owed by rap % eﬁéapllshnent of the tenperature and pressure
indicated in Tablés and * 2. 10 Tenperature and pressure were nonitored

throughout thejeachiofa -asifebl 8s (et y]ene CARSYADL LRy I ihsh
mai ntai ning a constant ethylene pressure. After consum ng a certain vol une

ethyl ene, the @rtihgéhe?rélaﬂlcfmmelxibrpbwerldﬁwal%ﬁ%m@%&Hﬂhe 15

ethylene gecantchngrthe s@sduct nmhxjure 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 catalys After addition of n-hexyl benzene
(0.5-3.5 g) as 20 internal standa e crude product, the anount of
C4- C30 ol efins was determ ned by mat ogr aphy, from which the
(apparent) Schul z-Fl ory K—facto s d@ter ed by regression anal ysis,
general ly using the C6-C28 dat tgecll‘ear al pha ol efins. 25 By
"apparent K-factor" is neant the K-factor in the case that there is a
smal | deviation froma Schul z-Flory distribution. Fromthis regression
anal ysis, the (16)

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

mmol) in 0.7 ml ethanol was slowly added to a solution of
400 mg diimine (15, 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.

1H-NMR (CD; Cl; , broad signals, not assigned) & 88.1

(1), 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-(1l-pyrrolylimino)
ethyllpyridine iron[II] chloride complex (16')



t heoretical contents of C30-0100 conponents, i.e. waxy solids, was

cal cul ated. The data are reported in Table 30 1. The amount of solids in

t he produwO osmsisdet ermined as follows. The crude reacti oRCprEPduCE630NAS
centrifuged at 4000 rpmfor 30 mn after which the clear upper |ayer WO
03/011876 PCT/ EP02/ 08636 - 35 was decanted. The | ower |ayer consisting of
solid olefins, toluene and a minor amount2of liquid olefins was nixed
with 500 m acetone using a high-shear mxer (Utra-Turrax, type TP
18-10) . The ni xtlar enwasest ceémospheged anserutina aov @0 freng i wirred condi ti ons.
The Iower |ayery;Wasngl E%j Wty 2@810 s acetpneand okbhbengsk Wff sauen a
glass filter (porosity The solid product was dried for 24 hours at 70
C at <lkPa, wei ghedOamnd F¢®l,; <C395 comilentis det el ndhadldnporgadasér ohet ogr aphy
of a 1,2 10 dichl orobenzene or a 1,2,4-trichl orobenzene_solution of the
solids. The ampdHFSUBF E3F | s TFEForPEAC? Mo e T1e AFPEUL HEPY S81P5Rad sol i ds
havi ng a carbonb&uwhepraﬁa&mafhewﬁelabbyStaﬂnunk&nmilfhgai1mﬁaMakhbexene

anongst all hexene isoners e.relative a the jnear . 15
1- dodecene annnd@fﬁaPFnH%ﬁ% éﬁgdf§899%n ¥ ?ﬁ’evél tgé kkﬁ n&fysis and

are reported i nifebl esmjlendé2.. Exanple 1 (Conparative) Exanple | a was
carried out at an average ethylene pressure of 1.7 MPa, i.e. 1.6 Mra

(gauge), using thexmR0 (5N COBRLEY SidMHIE) htNabsidh&OCY dance(ith the
present invention. Experlnental details are given in Table 1. The

activated iron genpl éxHwas2addddHln 59.pofiHlond 6(.2706H55013 161BRH) 4570 and

9100 nnol gt tine 33.; o33 328 Mgy, and an (additional portion of MAO
25 solutlén was agdeg (1.0 % solutlonQat tlne(— 25 mn). After 14 mn

t he tenperature jWasprabsesk fc;nprangQ 5070 -
methylphenylimino)ethyllpyridine iron [II] chloride
complex (X)
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 wt%{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-isobutylaluminium (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



and kept at that tenperature for the remainder of the experinent. Very
little, if any, ethylene conversion took place, even after having added

t he rel atwoaldypiisas ge total 30 anpunt of this symetrical iPCarEPo2/8se3ér ne
pyridine catalyst and MAO and after increase of the tenperature. To check
that the autoclave system was not conprom sed by ingress of air or noisture
Exanpl e | a was WO 03/ 011876 PCT/ EP02/ 086363 - 36 extended by addition of
the activated non-symmetrical iron catalyst 3 (see Exanple Ib in Table 1)
of co-pendi ng EeEnentlipphidzk-celPCTEEPOA]ONB06 athithSsqpetisesy| ene

pressure at 40C. oLk gugds bye r&@c‘lpleswasﬁq&fea@?ﬁsr tHEIPSL atdire ho 70C.
The activity of catalyst 3, the product distribution and the product

purity are in | i“ié a2dfeR 2RdsoEodRyeanfws Fhirnese Laposeriatt ildned co-

pendi ng patent apgl.i @a&e@mtéi@smetr@atherprw@: ehisrgiatiMel \ lear ge
anount s of catal¥§t 5 and MAQO. npl.e_2 was carrled out at an

aver age et Ayl ené pFéE%bY%Fcﬁrgplf Nﬁﬁs ﬁgéﬂﬁtfhé'&l%é8r3r9¥ -5-litre
ferrocenyl i m ne diteen ﬁﬁﬂ@&BXKYvwhldbslSnjéb@ﬁﬁDk@&méﬁ aMﬂtﬁs@hejpta&ent

i nvention. Experlnental detalls ar ive Ie tal yst gave
R ST At B e dnePh? T

a Turn Over Fre&heﬁcy 7l ené S °and af f or ded
a product of hiagluhtbhexes® and 1- dodecene purlty It is noted that the

product dIStrIb%ﬁ&88m§99%§%c§1%&%@ElmgﬁyiatlOn froma Schul z-Fl ory

di stribution, p on nunbers, as shown in Figure 1
(regressi df stati st PtEIoNRX 535198, SXPANHRATH e MEEe caprp®l fo 12 data

poi nts). Exanpl @ 13-EX88PA € 3 Wag reaktted AoAlav@N qUEHPEE WRithy HaBRet 25

pressure of 1. 6c¥2?1nSS&PgLt;"iégfﬁgg/gégilng 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
reactor 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-golution (typically 0.5 g for a l-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 total volume injected



ferrocenylimne iron conplex 10 which is in accordance wth the present

i nvention. Experinental details are given in Table 1. The catal yst gave a
TOF of 1.woms06isn®l et hyl ene/nmol Fe*h and afforded a prodaaterot/odeesver 1 30
hexene and 1-dodecene purity than that Exanple 2. It is noted that the
product distribution showed an even clearer deviation froma Schul z-Fl ory
distribution than that of Exanple 2 (regrdssion statistics: R2 = 0.81; WO
03/ 011876 PCT/ EP02/ 08636 - 37 standard error = 0.25 for 12 data points).
This is confirmag By mhe an®uwHtslyktwaxy-sitidislut€@28wiisbl adlbderon ta ot al

product of 8.4 %t foua?@%&ed a\p{geg as;t ectg) S%%%gr |v inseé;ato a C30

- Cl100 fractionon tota |gorrer|sa|on Uct nple 4
(Conpar ative) Btargslewdbhwe® lartolegnedt at an average et hyI ene pressure

of 1.7 MPa, using thenbigs [dadyJrob¥! LOLNGE ddQN ys8OBDLEX, 12 mhi ch is not
in accordance with the present 10 invention. Expérinmental details are given

in Table 15 Th&ddétioat el FhrofadarpPexPrRas atdasuliied porit oo hBIoo,

3100, 6200 and 1360RrAMMD, @t2didw® ,, wh@ch3gederahl y"rBhché athdWimaml0 mM N
the tenperature was raised from50 to 70C and ke t at that tenperature for
10 min. At time'd gﬁnn?nmi%urt?lé‘“tdef‘(ﬁﬁr ﬁ?h]r%w%§ydé”éi’égs%ﬂt?%1’zf’g%‘e£ﬁd kept
at that tenperatfurtef oempdeatnamiandeprossihe mqieacsanin Myles 11 thde, |f
any, ethylene c%nver5| on took place, even after having added the
relatively largé'total amount of this iron bis-imne pyridine catalyst and
after incrl@ase 20 of Teheetranpsr andr pressVOC.weke gledkotédttdvaighguoc! ave

system uas not <GQTREQRt 86, Dy Lngness ofndl fndleRLALHLS EXARIE 42 uas

extended by addition o actlvate non-synmetri ca Iron catalyst 3 (see
Exanpl e 4b i n TABLEtR}NHRI cd-PERERRE ethylene pressure.

After consuming a certain volume ethylene, the
oligomerisation was stopped by rapid venting of the

15 ethylene, decanting the product mixture into a collection
bottle using a tap in the base of the autoclave. Exposure
of the mixture to air resulted in rapid deactivation of
the catalyst.

After addition of n-hexylbenzene (0.5-3.5 g) as

20 internal standard to the crude product, the amount of
C4-Cag olefins was determined by gas chromatography, from
which the (apparent) Schulz-Flory K-factor was determined
by regression analysis, generally using the Cg-Csg 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 C3(-Cjgg components, i.e. waxy
solids, was calculated. The data are reported in Table

30 1.

The amount of scolids 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



25 patent application PCT/EPOL/ 01506 at 1.5 MPa ethylene pressure and at
40C, followed by increase of the tenperature to 70C. The activity. of

cat al yst wo whei1s7er oduct di stribution and the product puriPCI/ERO®08636 | i ne

wi th those observed for 3 in the above-nenti oned co 30 pendi ng patent
application, despite the presence of relatively |arge anounts of catal yst
12 and MAO. It is noted that the iron bis3iPnm-ne pyridine catalyst derived
from 2, 5-di met hyl am nopyrrol e, also not according WO 03/011876

PCT/ EPO2/ 08636 was38ecant¢dhi STHenvewerohayers cdesdrsithed of @@liaht application

WO 00/50470 to @ﬁg@ E%mgm 8 to
considered to begg?’;%l ghe rrrg g&%gg %%’fa yst fg lﬁ sicg lé ln(53t r‘?’% ene
conversion acti wigpd 7ith Fe0 514 aT4E@08 Wollgsl mshbghegrvresxem se to the
formation of quxgkay%@%xw )rp 1&1561) ( ARS8 uB0 fad 59 of WO

00/ 50470, respecti velg i nst ea | pha olefins in the C4-C30 range.
Exanpl e 5 30 Ex&fpFeibiged wdey é&%a?oa% B tERsedgscrt Ryl @ke Theessure of

1.6 MPa, i.e. 115wwalég@1blgﬁé)s nus:leagwm@ M'mlslé%@@bhlacéhhdlfﬂrté‘r‘é@m ex 14
which is in accor?ance Wi t resent inventi on Eerl msnt al det ails

are given in TR6FeCYST ThE TG 4S8R AT §3i ngTPReS s d

contents, as shewas dnlEdgwnezg h@ImtSSaa T ear ad:e\kllaPlaaneithﬂ and 1ts
Schul z- Fl ory distribution. The K-factor is.0.678 (regression statistics
for 12 observat i<Gae: CPBEDLE GECCERINE MUGE EPFORALOFIHYY, Ofhpsli3-

cont [ rTed Y.t NG ATBLIL 5w Al SRRy 1591 b0E- 2810kl otk OnL ALl duct of

20 13.8 9 for ereas ac or gives rise 0 - C100
fraction on tot épeoPPbbﬁ%fl Sas Gﬁ‘oﬁlﬂéﬁu@i sQfids, rSPW/FEd'IiTe TPbQEFl of the
gﬁ??liSt is 1. 45E+OZthisol§éEQ &g hggﬂﬂg%p%aE on nu Xene(?nd 1-dodecene

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

GC analysis and are reported in Tables 1 and 2.

Example 1 (Comparative)

Example la was carried out at an average 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 = O,
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 raisgsed 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 MAO and after increase of the temperature.

To check that the autoclave system was not

compromised by ingress of air or moisture Example la was



is 99.5%and 98.4% respectively. 25 Exanple 6 Exanple 6 is a repeat of
Exanple 5 at a higher [Al]/[Fe] ratio. The results, given in Table 1, are
simlar twothoss7e€f Exanple 5 . Again a clear devi ation {PCOIMPA2/GHs
distribution is observed (R2 = 0.98; standard 30 error = 0.09 for 12 data
points). This is confirnmed by the anounts of waxy solids >C28 isolated on
total product of 12.2 %u, whereas the K3factor gives rise to a C30 WO
03/ 011876 PCT/ EP02/08636 - 39 0100 fraction on total oligonerisation
product of 1.9 e%wsndédahpl@ddﬁuim@npfetﬂeiécuiwaﬂa@amoofsEMw@nﬁxyai at a

| 5 et hyl t ot nl
ower ety en%foﬂ akea1Jhe %% §xagbygﬂu59h Al Iggl&ﬁ&ﬁﬁgégggaln a

tendency for a | ower appa ent factor under ese condltlons
cl ear deviation PfartéﬁfaaEPPC%ﬁlsitnr PREY FBAL I &1 Hifs éitv &d 5( MPa —ethyd@nest andar d

error = 0.09 fg{ rebdudat 2 pojad s)foﬂbwédlﬁyclcaylld qﬁéréxséh@f keamounts of
waxy solids >C28 isolated on total groduct of % for Exanple 7,

wher eas the K-f3CMBFTgrves %9 @0 BGCB‘E)tl"‘GﬂO@ff FRERLBAC oty ttdieal

ol i goneri sati on (paddet aOétr i} i%nt angxam@l&cﬁiu& %ﬁ@ Ngeai%evﬁﬁ 1Gakr i ed out
at an average eth | ene ressure of. 1.5 MPa, | 4 auge), using

the nixed aryl¥* f pYPFBI SRITHYTE FPBn—ctﬁqﬁQS<%9§“ﬁﬁWEﬂt?%n?%‘xhccordance
with the presenbehﬂVﬁQtp&ﬁbnﬁﬁ@@@ﬂuﬂﬁﬁiﬁm diedrditles tAeepgeveiicd flabl e 1. The

regression analxsls 206f5|{§kthe R E%a%§ o ten 812§r?%£¥noln Figure 3,

gi ves surpr|S|neg a ne r ul over the
whol e rangg of %&5& The K—factors IS 0.649 (regression statistics

for 12 observati =
Example 2 was carried out at an average ethylene

pressure of 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 1-hexene and 1-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 1.97E+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;



1.00 and standard error = 0.01). This is confirmed by the 25 anmounts of
waxy solids >C28 isolated on total product of 1.0 % for Exanple 8,

wher eas twe iofimaé or gives rise to a C30 - CLl00 fracti onPom/HPO2/68636

ol i gonerisation product of 1.6 % (the fact that |ess solids >C28 are
isolated than theoretically expected, is due to their solubility in the 30
t ol uene-sol ution of the <C28 oligoners).- Ble-T.O F. the catalyst systemis
2. 95E+07 nol ethylene/ nol Fe*h. The hexene fraction has the foll ow ng
conposi tion: 1-hexedera élﬁcﬁB/:OJol&EGfBETiERMaoaﬁﬁ&tsa 40hi 9% D %t ,

Ci s- 2- hexene = 0 0. %M, .trans- hexene =¢ 0, hexenes

branched hexenes 2EdrBeYyirY r\isn T RIS R |?x SO lds fa?%dl?%lafmdzoﬁl this
m xed bis-imnedta@npeadadty sdf By.st emsa&sprmﬁrﬂtﬁﬂey 300weleyéa§ ithe & from
Schul z-Flory distribution is observed, which translates to the formation of

| ess high mol ecfPEFOReP RS TrSudct & Faoconpena J97SheR %&a‘fﬁﬁaels 3, 5 6
and 7. Thig hastihgmadysdt age ffogietecst s ad gmtforward processing (less
clogging by solidsin the plants and its work-up 10 train) and of |ess need
for reprocessi ngxahpht gh (tEEmidtareywei ght olefins (to render the

t echnol ogy econom cal | easi bl e S a.r peat of
Eeamle 8 but at & FEIMRLS 15 ARE SGE- ST Ryt dind oo B Sy PEoH SRS

et hyI ene int ake.preExpeei ot 2 Mtetaubi;n@rﬂlenﬁnts-dae@ylrnoll'abiranh] G)noe

agai n, regressiaq y S t e arly
perfect Schul z- gﬁg%igﬁ%ﬁ?%ﬁ gﬁg\??%ga%aﬁ%%t%or g?hogfé%/ rPlt%he

fol | owi ng 1Pegr essiventsemt | SI¥ReY ip@ntalt dotblserarst gdnsn R2 Tzablleog and

standard error zpQ. QdeivIdhes S ZoRboE &usstarad@at 119n4l So¥€lofgaisA oo,
confirnmed by the isolated amount of waxy solids > 8 ,“which is Tower

t han the anount S1€8Fc8?N 1% rlé’rﬁotohélef%"ct@r‘“e =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 plaee, 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 application 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



Exanpl e 10 25 Exanple 10 is a repeat of Exanple 8, but using catalyst
precursor 16' instead of 16 and a | ower ethylene intake, i.e. intake
simlar twotlailiseé Exanple 9. Experinental details are meauiEPozosesen Tabl e
1. Once again, regression analysis using the C6 - C28 contents 30 gives a
nearly perfect Schul z-Flory distribution, having K-factor of 0.645 and the
followi ng regression statistics for 12 oBfervations: R2 = 1.00 and
standard error = 0.02 WO 03/011876 PCT/EP02/08636 - 41 (see Figure. 4).
The Schul z- Fl or yeditdtici bavénhidn. st deggaliped onf ipatedtbypphieca sigina tvéd

amount of waxy %%l/lsféavo>£88gasmrp*&h'ealhgwe&o$gﬁ{yth&%ﬁﬁﬁ%&ﬂé@ Gal &y ated

from the K-factor. The hexene fraction has the f 5 conp05|t|on
1-hexene = 99.5 IgnWto BRsCODREI@IRE £00be aokighey dipnclopERent catR1Y St

3-hexenes = 0.1 1%t hasbaam@eded}g)qm%sconaeﬁsl/@ﬁ acteiagt i ¥idyr of cat al yst
16" in Exanple IU‘aipea S 2&9 ) her than that of 16 In Exanple 8,
whereas the K- 10 AEeLErmPL ]ns}"t I]? tsgiEei THiS thébei fPreatbioreafor and

the 1-hexene purddlye@ngldndpdec@mr)pur ilys arExamaks oghrd. 59 rbf_C(WItDC| usi on,
it may be stated that surprisingly in the case of using this m xed

bi s-inine iron QOAFPEXOnoraTPeRNIVALYON TRORTSEIRA AlPhar 9lafing idputhen
occurs, which |$ @ggeigﬁggl to the economcs of the overall process, since
in this case no addltlonal anounts of solids, i.e. heavy wax, are being

f ormed whi ch ne%gahglgesprocessed (which may in itself be cunbersome due

to clogglnﬁ $Iant and/or its work-up train) by
i soneri sat!Pon and dEZpFBPRIrY ivBITatRER 1Rt Pl .]F Bdﬁéﬁget%FQ%¥qn@e at

internal ol efingregstbe econogiMzal |y . attiastmme (RRGe) , (£8inddde nWareover,
the catal yst aCtIVh% rlca{r¥¥galéomplex 14 which is in accordance with
the present invention. Experimental details are given in

Table 1. The regression analysis using the Cg - Copg

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: RZ = 0.98
and standard error = 0.08). This is confirmed by the

amounts of waxy solids >Cpg isolated on total product of

20 13.8 %wt for Example 5, whereas the K-factor gives rise
to a C3g - Cigo0 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 l-dodecene purity
is 99.5% and 98.4%, respectively.

25 Example 6
Example 6 is a repeat of Example 5 at a higher
[Al]/ [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 >Cs,g isolated on total product

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



non-symetrical catalyst systens is on a par wwth the 25 catalysts of the
co- pendi ng patent application PCT/EP01/01506 and the 1-hexene and

1- dodecemwopmaniitsye i s simlar. These exanpl es prove the beaafiror/edeef fects
whi ch can be achieved with the catal yst systens of the present 30

i nvention. As explained above, these inprovenents are of major inportance
for the economc attractiveness of the prbtess. WD 03/011876

PCT/ EPO2/ 08636 - 42 TABLE 1 Exanple Ex. la Ex.lbl'3 Ex.2 Ex.3 Ex.4a
Ex.4b1,3 No. |r@mo domgltésen snshgtad pd igomepisatiqmingeduct6000) - {539)
(1320) (1860) (26000) (220) in nmol) [A]/[Fe] 700 22000 1500 900 400
48000 (nol/ol) "( 00) 4 (400)4 Reaction Time 28 44 47 41 34 8 (nin)

Et hene PressureEdample 5 1.7 1.6 1.7 1.5 WMPa (17) (15 (17) (16) (17) (15

(bar(a)) Ethene con%*gg 18250, 115. Og 3 al Product)
(9) Isolated Product g % 6965%%5 8z )gaiméfleg ¢ex%a ablel
5 ethylene 1ntake The results, given in Table 1, indicate

the tendency for a lower apparent K-factor 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 >Cyg isolated on total product of

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

a C3g - C1gpo fraction on total oligomerisation product of

- 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 which 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 >Cpg isolated on total product of

1.0 3wt for Example 8, whereas the K-factor gives rise to

a C3g -~ Cqgp fraction on total oligomerisation product of
1.6 %wt (the fact that less solids >C,g are isolated than

theoretically expected, is due to their solubility in the
30 toluene-solution of the <Cgg 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 =



<C30 (g) Isolated Solids 0.0 n.d. 2.3 6.0 0.0 0.9 >C28 (g) Solids >C28
on n.d. n.d. 3.3 84 n.d. 1.8 Ethene (%) C30-100 on Total n.d. 4.3 5.3
6.5 n.d. wobsolPrsaeluct (calc' d) (%) T.0O F <1E+04 1. 04BeQ7kra2/d&ke06
1. 97E+06 <l E +04 5. 61E+07 (nol C2=/ mplFe*h) K-factor n.d. 0.706 0.720
0.732 n.d. 0.687 1-C6= purity n.d. 98.5 96.9 92.1 n.d. 97.7 (%) rl2=
pn.d. 96.8 97.7 92.7 n.d. 97.5 purity u (“w) W 03/011876 PCT/ EP02/ 08636
- 43 TABLE 1 (continued) Exanple Ex.5 Ex.6 EX.7 Ex.8 Ex.9 Ex.10 No. Ilron
Conpl ex/ 14 14 1sb.D636, 161s-{imbaioe (204D $B32)tAAA3R-hake)e (B30 (111)
In nrml) [AI ]/[F%%Jt,4§gge>]ié§gso =1]O4%0%Zv990b§:1§'r(1)c elél'%()egcenes = 0.5 %wt.
In conclusion it may be stated that with this mixed
bis-imine iron catalyst system surprisingly no deviation
5 from Schulz-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
Example 9 is a repeat of Examplela, 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 isclated amount of waxy solids >Cpg , 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 precursor 16’ instead of 16 and a lower ethylene
intake, i1.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



(rmol /mol) Reaction Tinme 38 38 12 114 21 36 (mn) Ethene Pressure 1.6 1.6
1.6 1.5 1.0 1.5 MPa (16) (16) (16) (15) (10) (15) (bar(s)) Ethene
consuned w6.03/06878 29.4 281.8 117.5 117.4 (Total Product PCT(EP)2/0%64 at ed
Product 58.2 47.4 25.8 222.6 98.8 88.3 <C30 (g) Isolated Solids 10.5 8.4
1.52.72.10.4 >C28 (g) Solids >C28 on 13.8 12.2 5.1 1.0 1.8 0.5 Ethene
(%v) C30-100 on Total 2.6 1.9 1.0 1.6 214-1.5 Product (calc'd) (%)
T.O F 1. 45E+07 1. 19E+07 3.52E+07 2. 95E+07 3. 63E+07 6. 34E+07 (nol C2=/
molFe*h) K-factcreeQF§Z8re. 659 The6Z3h0164Bl Or B Al P r@petidnChs= yrrity 99.5

99.3 99.6 99'0‘Eg§é§n9%o§firmed by the isolated amount of waxy solids

>Cpg , which is lower than the amounts calculated from

the K-factor. The hexene fraction has the following

5 composition: l-hexene = 99.5 %wt, cis-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 1l-hexene purity and l-dodecene purity are even
higher.
In conclusion, it may be stated that surprisingly in
the case of using this mixed 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 cumbersome due 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 ~ Cpp) . 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 1l-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.
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>C28 on n.d. n.d. 3.3 8.4 n.d. 1.8
Ethene )
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(swt)
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of the bis-(o- tolylimne)pyridine Fe-catal yst systemderived from X,
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preci pi tates dififig stdrige ung&r the|dane condifti on$?* 10 Hermée, the use of
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’ (9)
Isolated
Product 58.2 47 .4 25.8 222.6 98.8 88.3
<C30 (g)
Isolated
Solids 10.5 8.4 1.5 2.7 2.1 0.4
>C28 (g)
Solids
>C28 on 13.8 12.2 5.1 1.0 1.8 0.5
Ethene
(Swt)
C30-100
on Total 2.6 1.9 1.0 1.6 2.4 1.5
Product
(calc’d)
($wt)
T.O.F 1.45E+07 1.19E+07 3.52E+07 2.95E+07 3.63E+07 6.34E+07
(molC2=/
molFe*h)
K-factor 0.678 0.659 0.623 0.649 0.671 0.645
;;ﬁizy 99.5 99.3 99.6 99.0 98.7 99.5
($wt)
1-Ci12=
purity 98.4 97.6 98.2 95.6 95.6 97.4
(3wt)

5

10

Experiments carried out at 50°C in toluene,

steel autoclave,

n.d.

1

2

unless indicated otherwise.

not determined.

Carried out at 70°C

Ethylene consumption derived fromtotal product

Cigo olefins from regression analysis).

Calculated on iron catalyst 3.

Calculated on total iron content.

(Cq -

using 1-litre
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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
alternate co-catalyst, mentioned in Table 2.

It is clear from Examples 11-13 that ethylene
oligomerisation takes place when either MAO or tri-
isobutylaluminium (TIBA) is used to make the iron
catalyst premix, but not when triethylaluminium (TEA) is
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.

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
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.

From Examples 14 - 19 it can be seen that TIBA may
also be advantageously applied, if instead 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.

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

N
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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
remains stable in an inert atmosphere for at least 5 days
at room temperature, whereas the corresponding 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.

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

Moreover, the use of these relatively small amounts

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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5) MAO was gradually increased to an Al/Fe ratio of 250,000. 6) Fromtotal
ol i goneri sati on product (C4-Cl100) , which is assuned to be equal to

et hyl ene wotmloe1s76\O 03/ 011876 PCT/ EPO2/ 08636 - 48 |S 10P8TARP2/BB6A | M S
1. Amxed bis-imne pyridine ligand of formula (1), wherein R1-R5 are
each, independently, hydrogen, optionally substituted hydrocarbyl, an
inert functional group, or any two of R 4R3-vicinal to one another taken 5
together may forma ring; Z1, which is different fromZ2, is an optionally
substituted aryl group; and Z2 conprises an optionally substituted

het er ohydr ocarb ol onal ubsti tuted raup in

conbi nation w t%ﬂxg’é?&ﬁ% aarlardleggtl%lhc%na'lql Jf/ylsl St it ot gd a??/%d gv%:oup bei ng
n-co- 10 ordi nattedueset e PGl urRessREtR:d thl@rRSSN N NNZ z2 (I)

2. Aligand accqyding Letqﬁmclam\weaean Z%ats d@@er&@hé@na*é&/ Substi tuted
aromatic heter ocycl ic nolety, an optionally substituted polyar “omatic

het er ocycl Pc m)|té’tl§2th}’33%‘al‘éﬂ?ﬂtmd’r‘ifaIalnff1 §G5%t=rt‘m1€dsa7lbl‘lﬁhéﬂ‘emﬁ@t@r -ocyclic

noi ety 15 or an igpichens, iy ﬁféb%tﬂefduta@@oﬁéir@% eqoh@t%@blm@car byl — noiety.
3. Aligand according to Claim1l1 or 2, of fornula (11), EI‘EICI’] Al - A6 are

each, independer?| {ATERFBAME it Co§ehitre steel autoclave at 90°

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 oligomerisation product (C4-Ciop), which is

assumed to be equal to ethylene intake.



oxygen, or sul phur; the atom group WO 03/011876 PCT/ EP02/08636 49 A6 R13
may be optionally absent such that Al is directly bonded to A5; and

R1- R12, Rvé-BbHIsaed, if present, R13, are each, independedatrigpo2/hssds ogen,
optionally substituted 5 hydrocarbyl, an inert functional group, or any two
of R1- R15 vicinal to one another taken to%ether may forma ring; with the
provi so that when Al -A5, and A6 if preserf® -are all carbon, said atoms
constitute the cycl opentadienyl or aryl part of a n-co-ordinated netal. Rl
R2 R3 Rg O R5PNO RI5 RZ NN 121 RIA3 A O ORAMA" R310 RI 5
R_ 9 R12 (Il1) 10 4. Aligand according to Caim3, wherein R1-R3, R7-R9,
R12, R14 and, if present, Rl13, are eaghy anflependently, hydrogen,
optionally substituted hydrocarbyl, an tnert Tfunctional group, or any two
of R1-R3, R7-R9, R12-R14 vicinal to one another taken together may forma
ring; 15 and a) R6 i & anxedebisfiunck ppaidijneupigamdawiopbrontd | §I) ,
substituted hydr | ,_ and 0, 1, . [ dently,

hydr ogen or haliéﬁgy%g¥ Rq QS Jye eégﬁ, 1§&gp£§ééﬁyf§, h&8988§9,

optionally substituted hydrocarbyl, an inert functional

group, or any two of Rj-R3 vicinal to one another taken
5 together may form a ring; Z;, which is different from Z;,
is an optionally substituted aryl group; and Z; comprises

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

10 ordinated to the metal.

2. A ligand according to Claim 1, wherein Z5 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



WO 03/ 011876 PCT/ EP02/08636 50 b) RL1 is an inert functional group or an
optionally substituted hydrocarbyl, and R6, R10, and Rl5 are,

i ndependewblog/o118y€lr ogen or halide; or c¢) R6 and RLO are e®CH/EP02/08636

i ndependently, inert functional 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, independently; 4%drogen or halide; or d) RlL1l and
R15 are each, independently, inert 10 functional group or a primary or
secondary carbon atom group, providedMhat R11 and R15 are not both a
secondary carbon atom group and R6 and RAP—arR;; i ndependently, hydrogen or
halide; or e) R6 is taken together Wit R7 to forma ring, RO is 15 a

primary carbon ato rou an j nert functional roup, .or hydraogen and R11l
and R15 are, iﬁﬁ@%&%ﬂ@ﬁgﬁﬁ?a dfﬁﬁ@ﬁgofuﬁglﬁﬁﬂfqﬁ{lﬁ)dﬁfic¥%Y§g%&9€%
together with Rz tQ.fgrm R, INg, SR, ESaRdPrifMyeseakbor. at omgroup, an

i nert functional 2% group,lorﬂ%yéﬁége%gaﬁd Fﬁzgﬁg 510 are}?lndependently,
hydrogen or hal iskesh, oindep®edemd yR10vdregenk erpttiogetiier suwbshiRiteahd RO,
respectivelsy, tqfouumLihpgs and R4 a0d-Rig.2f & rodidepe Ly of1¥drogen
or halide. 25 h) Jle andpR'15 are taken %ogertlhefgrva tpg élzggggttjl%fé“éq
respectively, t®fsovicinagstansheR@nantleR]l0alkase,todeattiependentdym shydr ogen or
halide. 5. A m xed bis:ig}g&ﬁgyridine MXn conpl ex conprising . a |igand
according to any'dfe 8ft TRVASOWRBREI FRNE if -25 387 fefal Lht om sel ect ed

fromFe or Co, nRhesedtOlade &NH X rionWOsQ34 Wlelib REELEPQRL 08636 - 51

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

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

Rip, Rjgq and, if present, Rjy3, are each, independently,

hydrogen, optionally substituted hydrocarbyl, an inert
functional group, or any two of Rj-R3, R7-Rg, R12-Rjg

vicinal to one another taken together may form a ring;
15 and

a) Rg is an inert functional group or an optionally
substituted hydrocarbyl, and Rjg, Rjj, and Rjyg are,

independently, hydrogen or halide; or



hal i de, optionally substituted hydrocarbyl, al koxide, amde, or hydride.

6. A mixed [bis-imne pyridine MYp.Ln+][NC-]q conplex conprising a |ligand
accor di ngwom3ams7ene of Clainms 1-4, 5 wherein Y is a |i gamdTPozbsesay
insert an olefin; Mis a. netal atomselected fromFe or Co, NG is a non-
coordinating anion and p+q is 2 or 3, matching the formal oxidation state
of said netal atom L is a neutral Lew s~ *fonor nolecule; and n = 0, 1, or
2. 10 7. A process for the production of al pha-olefins, which conprises

contacting one g NDgE, COMMYEXETrRCEQAEE NI 10 o Gl BY-SaMi &b RIduhene and a
second conmpound which™i's capable of transferring an optionally substituted
hydrocar byl or hydri debgt Dt dd hydretatrbat prarld s@l,eetgd dbd framare,or Co,
and which is also capable of abstracting an X- group fromsaid netal atom
at a tenperature in tReSPeRARPE 1ot hydoveden I3dWE19g; Arprocess for the

production of alpha- ol esdhdR, Jireh eaBPLAEGSerRMAGE | DEe PN HcHTRNA L
conpl exes according to 20 61 aimS with ethylene and a second conpound
whi ch is capabl e of orewrfer rd Ryimargpet ovrtiIndagybseirbon et omahv®ar byl or

hydride group to a npialidomHMYs@l.eahdr, § rm FRtObofR, a Ak dhdaiyr d
conpound which is capable of abstracting an X- group fromsaid nétal atom
at a 25 tenperature rarbdre gtamggroupf ant RIPGOd &15300€. 9. A process for

t he production of al pha-ol efi ich conprises .contacting one or nore
conpl exes according EBgeQ?%c{?ﬂr{élywm?‘Hgﬁ?%ﬁgre hﬁ'ﬁlget‘ effberature in the range
of from-100C tdd +38QC.and Rq5 are each, independently, inert

10 functional group or a primary or secondary carbon

atom group, provided that Ryj; and Rig are not both a
secondary carbon atom group and Rg and Rig are,

independently, hydrogen or halide; or
e) Rg is taken together with Ry to form a ring, Rjg is

15 a primary carbon atom group, an inert functional

group, or hydrogen and Rq; and Rjg are,

independently, hydrogen or halide; or
f) R11 is taken together with Ry to form a ring, Rig

is a primary carbon atom group, an inert functional

20 group, or hydrogen and Rg and Ry are,

independently, hydrogen or halide; or
g) Rg and Rqqg are taken together with Ry and Rg,

respectively, to form rings and R;j and R;g are,

independently, hydrogen or halide.
25 h) R1; and Rjg are taken together with Ryp and Rqg,

respectively, to form rings and Rg and Rjyq are,
independently, hydrogen or halide.
5. A mixed bis-imine pyridine MXp 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
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halide, optionally substituted hydrocarbyl, alkoxide,
amide, or hydride.

6. A mixed [bis-imine pyridine MYp.Ln*] [NC-]lg complex
comprising a ligand according to any one of Claims 1-4,

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 state of said metal atom; L is a neutral Lewis
donor molecule; and n = 0, 1, or 2. A

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 transferring an optionally substituted
hydrocarbyl or hydride 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.

8. 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 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

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.



