WO 02/ 28805 PCr/EPOL/ 11392 - 1 PROCESS FOR THE CO OLI GOVERI SATI ON  OF
ETHYLENE AND ALPHA OLEFINS 2 9 MAR 2005 The present invention relates to a

process fg®ipdafgsesCO- ol i gonerisation of ethylene and al pha l%"ﬁéi’dlﬁl dto
ar nNown

product conpositions produced therein. Various processes
producti on of
A igonerisation of ethylene to higher a-olefins in Appli

or the.

5 higher l|inear alpha olefins ¢for exanple D. HZnngng%us

Catal ysis with Organonetallic Conpounds Ed. B. Cornils, MIA Her r mann Vol .
1, Ch. 2.3.1.3, page 245, VCH 1996). 10 These conmercial processes afford
ei ther a Poisson or Schul z-Flory oligonmer product distribution. In order to
obtain a Poisson distribution, no chain term nation nmust take place during

ol i goneri sation

However, in_contrast in a Schul z-Fl ory process, chain

termnation does occur 15 aﬁE°F§S$hﬁ@§éHH%ﬁp -OLICAUERISAREN. The

Ni - cat al ysed
- Process ( SHOP)

ethyl ene ol i goneyr sativyeRNE! £iip Ofr i opfigtrivsH gher QA efins

Is a typical exanple of a Schulz-Flory process. In a

Schul z-Fl ory process, a wide range of oligoners 20 are typically made in

whi ch the fraction théﬁﬁgééghﬁf&Hveﬁ@ﬂo&efé¥§€a§?5%eq B¥08@L ég ' on the

basis of the so- called K-factor. The factor

i ch ive of the

rel ative proportF%n@l%HOWQﬁé%@ﬁé&ﬂc?foﬁéhY¥ﬁme|deImiphnobéefxnalandﬁto
[Cn+2] /[ Cn] cal cytasest fa&@otsaeléhgpﬁraaugédté}f‘er%&%ph of log [Cn ol d]
versus n, where n is the nunber of ¢carbon atons 1n a particul ar product
olefin. The K-factofajipusy paerpases odre Henayand ootheaphoductBion of
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higher linear alpha olefins (for example D. Vogt,
Oligomerisation of ethylene to higher a-olefins in
Applied Homogeneous Catalysis with Organometallic
Compounds 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. 1In order to
obtain a Poisson distribution, no chain termination must
take place during oligomerisation. However, in contrast,
in a Schulz-Flory process, chain termination does occur
and is independent of chain length. The Ni-catalysed
ethylene oligomerisation step of the Shell Higher Olefins
Process (SHOP) is a 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

the relative proportions of the product olefins, is the

molar ratio of [Cp.2]/[Cph]l calculated from the slope of

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

number of carbon atoms in a particular product olefin.

The K-factor is by definition the same for each n. By




-WD 02/28805 - 2 NNW392 ligand variation and adjustnent of reaction
paraneters, the K-factor can be adjusted to higher or |lower values. In
this way, wid@g@cess can be operated to produce a product slate with an

optinmised economc benefit. 5 In WO A-99/ 02472, there are q%ﬁﬁﬂﬁ&ﬁ%ovel .
i ron- based ethylene oligonerisation catalysjys that show hig activity and
"high selectivity towards |inear alpha olefins. The catalysts are based on

i ron conpl exes ofy e .ed.2. 6-pyridinedi carbagxal dehyde bisimne or a 10
sel ected 2, 6-diac 1%831/% glgggelggﬁél rﬁalﬁe.a‘?%usf by é’geﬁ’?a?%@htﬁ’ﬂﬁ?ﬂﬁt@rﬁer m
"bis- (arylim no&bRyKyfperdinean loe adjwhterd to' hiighat Ybi N AR YadiRg" iS

patent Appl i cati o CRE° G0%01646 P LU &St BrsSRFEaFef ¥RmPRaRceved, 11

particul ar with PESguct sbat@ewiih gomeptimddeat ecehshmid Mg The

bi s-aryling nepyridi ng- ReCl2 t sts_have, 20. been shown to be highly

reactive towards ethy eﬁ%uﬁ%%eik‘%f‘ﬁ poet dIRT RSt meved| drpas such as .

propyl ene or hi haseda¢ phypl eefonisydrer ibaeiohosathal st tHadekhopf gigﬁgni t ude
25 SoCT. 1998,

120 7143- 7140, TRAL IHe T ISR sl eRERV3EY EPnTandinear pRebsure of 400

psig (2.76 MPa) Phefims. filesertalyista AOeSDaved Upk 100 @oRbléxBENLENS tO

gg:;egg_ gsngﬁ!vgg%? 4 d%%g?%%%&%ﬁ' g?gaggékgqéggggéjﬁ%sg%igg oga;a yst gave
10 selected 2,6-diacylpyridine bisimine.

In the present invention the term *bis-
(aryliminoalkyl)pyridine”, or in short, *bis-
aryliminepyridine" is used to describe both classes of
ligands.

15 In our co-pending European Patent Application
No. 00301036.0 such systems are further improved, in
particular with respect to the oligomer product

distribution.
The bis—aryliminepyridine—FeClz based catalysts have

20 been shown to be highly reactive towards ethylene but the
reactivity towards other olefins such as propylene or
higher alpha olefins has been found to be orders of
macgnitude lowex,

B.L. Small and M. Brookhart disclosed in J. Am. Chem.

25 Soc. 1998, 120, 7143-7144, that the oligomerisation of
ethylene at a pressure of 400 psig (2.76 MPa) in the

presence of a 50:50 volume ratio of l-pentene to toluene
as solvent and a bis-arylimine pyridine-FeCl,; based

catalyst gave only ca. 3 mol. % of odd carbon number
30 oligomers, thereby demonstrating the very high
selectivity of such a catalyst for insertion of ethylene

relative to alpha olefins.



30 oligoners, thereby denonstrating the very high selectivity of such a
catalyst for insertion of ethylene relative to al pha olefins. W 02/ 28805 -

3 PCT/EPYD@E3SEB 2 9 MAR 2005 Further experinents therei npg/epogidesd f er ent
bi s- arylimnepyridine-Fed 2 catal yst showed even greater §§I tivity :
towards insertion of ethylene relative to tha ~insertion of I@ﬁamﬁl efins,
with only traces (<1 % of S odd oligoners produced. The high selectivity

of these catal ysts toratether aifydEmentas taeptin Bk tcfiefﬁ%tr%g%eﬁiﬁ_i V. C.
G bson et al., as disclosed in Chem Eur. J. 2000, 6, 2221- 1. Therefore,

not surprisingly, arréiapperyeidiore deQuckatd Dysatstopid esywehegrelosy f ocused

on products and pLOfesEes. w th ethylene as feedstock and with
“preferential ly no°6reCHtYiTe 4% AGSER PR deit tathyflenes wadptave prodiat | on

of linear alpha dheértSon el ApHa IJeFRhESAHLAD JHIGC R T2cEN] LRSI JLaction
15 steps of; chain grov&h and chai Eiylterm' nation are bal anced in sucha way
“that products witRCA PIIFIUF HEEOSMCER- wei ght are formed, that is to say,

the amount of product®he Miigh [Heglchvkeey af ﬂﬁééﬂﬂﬁithiygkgiggaaréﬂ a
sinplified view, ori? %ra consi der_.chain growth 20 to occur by ethylene
insertion in a metary %}ﬁ?d‘&&%&#&rmeﬁomw fStiagkl egp @SV Caf Gbpetimeta

netal -ethyl specisb), andiisilalsedaiboonbendsud for. biagosegond,spnoyer and
nore). It is a generaf, henonenon _that ot her olefins besides ethylene may
participate in reacti OEF nBPhI SHERF b1l vas the applicebiomrihengd. |n

particul arld nmono-catbstydtutsyétems has focused on products and processes
with ethylene as feedstock and with preferentially no or
little branching in products, for example, production of
linear alpha olefins.
For an oligomerisation process, the basic reaction
15 steps of chain growth and chain termination are balanced
in such a way that products with a limited molecular
weight are formed, that is to say, the amount of products
with high molecular weights is minimal.
In a simplified view, one may consider chain growth
20 to occur by ethylene insertion in a metal-hydrogen bond
(for the first monomer affording a metal-ethyl species)
and metal-carbon bonds (for the second monomer and more).
It is a general phenomenon that other olefins besides
ethylene may participate in reactions with metal -hydrogen
25 or metal-carbon bonds. In particular, mono-substituted
alpha olefins are reactive. The outcome of the reaction
is influenced by the structures of the active
inte;mediates. the way the alpha olefins react with
these, and the way the generated metal-alkyl compounds
30 react further. |
In ethylene oligomerisation reactions, the formation
of by-products such as branched olefins, 2,2-substituted
alpha olefins (vinylidene-type olefins), and internal

olefins can be readily explained by these intermediates.




al pha olefins are reactive. The outcome of the reaction is influenced by
the structures of the active internediates, the way the al pha ol efins react
with th t he way the generated netal -al kyl conpound react

D ogfifhs.ne vay the o yl com s

30
further. ene ol i gonerisation reactions, the fornat?éﬁfﬁé%
by- products such as branched ol efi ns, 2,2-§u?s;ituted alpg 3% ﬂ%s
(vinylidene-type olefins), and internal olefins can be readily expl ai ned by

these internedi atgs.,,\ ?%/ 889% - 4 FCT/EP01/11392 2 9 MAR 2005 It will be
evident that in Vi e_vylo %e%gllp REFBRFnin oY g0 tdhiesalpbatetefiener ated in
ethyl ene ol i gonedlgemegndisaribdeianr gynefatyd AmOduaySe@y form leading to
| oss of product dddmd ste of valuable 5 ethylene feed. However,
catal ysts which co%ﬁ nerglggﬁ\g%flhu?a‘?l‘i%aﬁ?% 1}F tWRrQuEEH R fsfims wi t h
ethyl ene ol i goneaaskimigohocapabi bEt pro@uttl deaifeyoheal wistdeod %al%%’iﬁreat €
new t echnokogi es Jéﬂ&l@hgdggé g ahgha olefins fromalternative feedstocks or
for (mixtures of) arpha 10°oref i AOPFEduct @ RiNPEsarbiehl semkinai& ur es

. . P . . . .
designed in or d@azttocaihrbrt:adteﬁvitajaltﬁ;ﬁ:ﬂiﬁé@l@ﬁ%—o@fiﬁ%%lﬁ’etﬂé&@\&]%' ng
1-hexene, |-octend,; Qherizdecene by hanol ogation of 1-butene wth €thylene
can be envisLoneg By g§é§%§%°%h?%%%%ﬁi%ﬁy'gﬁ&pﬂ'P@rﬂfnﬁf?%ﬁ1¥ﬂ%ﬂﬂ:t95 by
"1,2"-insertion genérbteenewiredlveoImyials Fudr 9geAuBRAg a 5Hngygf§hger chain
term nation) bUthQHCE ups t% 3%>not react extensively with any other
olefin but ethylene %?oregﬁéﬁéh %%qs .chshCFhEQIMAW}x%#RﬂﬂM9$) avebRabl e
refinery 10but enelefhnbprodurtes eitt @atitdlrular structures designed in

order to exhibit desirable properties.

For example, producing 1l-hexene, l-octene, or
1-decene by homologation of 1-butene with ethylene can be
envisioned by systems which after chain termination start

15 by “1,2”-insertion of 1-butene in the metal-hydrogen bond
(formed after chain termination) but which subsequently
do not react extensively with any other olefin but
ethylene before termination. In this way, cheaply
available refinery 1-butene can be converted to high-

20 valued alpha olefins.

Another interesting possibility is the formation of
alkyl-branched alpha olefins with a well-defined
branching pattern as a result of catalyst properties and
reaction conditions. For example, methyl-branched alpha

25 olefins may be obtained by systems which after chain
termination preferentially start with *2,1”-insertion of
an olefin into the metal-hydrogen bond and which
subsequently do not react extensively with any other
olefin than ethylene before termination.

30 In the present invention by "methyl-branched alpha

- olefin” is meant an olefin formed by “2,1”-insertion of
an alpha olefin formally into the metal-hydrogen bond of
the system and which system subsequently does not react

extensively with any other olefin than ethylene before



20 val ued al pha ol efins. Another interesting possibility is the formation of
al kyl -branched al pha olefins with a well-defined branching pattern as a
result of WOaRaB§ASt properties and reaction conditions. FOPCEERSPIIS?

met hyl - branched al pha 25 ol efins nay be obtained by systens \%yflﬁh after
chain termnation preferentially start w-tlg “2,1"-insertion Aadfilbol ef i n
into the netal - hydrogen bond and which subsequently do not react '

extensively wit htgmhlggh%n O-k»ﬁ{é n..g har ;¢ S&Q%Eﬁgg Qf iq{eqfe%rlgngg%ogh 30 In

the present invention by "methyl-branche Solefin
formed by "2, 1"- PR§aLrh¥dregen rond may @Iléﬁrnatme@ e |empdauhed by '

net al - hydrogen bendiflf tefh sequent . does_not
react extensivel X \:;-VI tﬁeanfn%%/%&err?rﬂ @lsqd\r%%?fggn\?%%ﬁ&?{genle%o@f 5Pe° ’6?7%805 -5
PCT/ EP111/ 11392 91§ M!\FPQQEBd%@ rd rmttladn (2Thlby1')2 srpeamsaela'sl @heogtayt ol efin
into the gsretal-ydregensp lster y ex Ia| by. . chai n
08B G BIBLUELY G LRl %é’rh%‘%f n

“term nation by hydrogen transfer to a c I nat et

net al - (2-al kyl) éb@c 58 hamentel anegy meshﬁmsmhelﬁl |h}0|ﬁﬂh|e3‘&til oo piogess. For
sake of sinplicityrchéde fofst-nmentioned mechanismw || be adhered to in the
further text. The formation of C8-Cl6 nethyl -branched al pha-olefins is of

great econom c val ueTlas fidmatiny €N €§-@5 MRedF OBKandied CHlﬁH&QoélegX*,Qt i on
of benzene, and thereby providing starting materials for high-solu Ity
al kyl benzene sutpHhdEEaurgmacaicsvaine as tfheatsagcketoe adyfaiaiogd ati on

processesioyi el di fige hi - S0dMkidiichY of benzene, and thereby providing
starting materials for high-solubility alkylbenzene
sulphonate surfactants, and as feedstock for
hydroformylation processes yielding high-solubility
detergent alcohols and derivatives.
15 Moreover, if, for example, 1l-decene were te be used

as the “solvent” for ethylene (co-)oligomerisation, cne
single process would yield linear 1l-alkenes in the Ca-Cjyp
range as well as linear and/or branched l1-alkenes in the

range >Cjp5.

20 Besides specific methyl-branching, products with
specific ethyl-branching are of economicel interest.
Preference for ethyl-branching can be envisaged to be
endorsed in catalyst systems in which the chain transfer
reaction preferably takes place to ethylene monomer. In

25 the resulting metal-ethyl species, chain growth may occcur
either by incorporation of additioﬁal ethylene or a
different olefinic co-monomer.

In the present invention by “ethyl-branched alpha
clefin” is meant an olefin formed by “1,2”-insertion of

30 an alpha olefin formally into the metal-ethyl bond of the
system and which system subsequently does not react
extensively with any other olefin than ethylene before

termination.



det ergent al cohol s and derivatives. 15 Moreover, if, for exanple, 1-decene
were to be used as the "solvent" for ethylene (co-)oligonerisation, one
singl e prowessssesul d yield linear 1-alkenes in the C4-ClO papg®ops:3

| i near and/or branched 1-al kenes in the range >Cl2 20 Besi des speci .
met hyl - branchi ng, products with specific ety - branchi ng arled MA Zﬂﬂbnom cal
interest. Preference for ethyl-branching can be envisaged to be endorsed

in catal yst systens mlsc\a/mtalﬂn‘ihg Whét He ot rtqig,sbe.g ogg?c %&ﬂnesf %r%pl y takes

pl ace to ethyl ene__. f % he, resul ting neta speci€s, chain
growth may occur élpnbfl’ |ﬁ Br Pof ’a‘fer%rﬁ“oéﬁcﬁéért Femttwtetwld@tmm_beal
di fferent ol efi nlabwe harentikeh pldke RIASSE! ek RYEBHL O P% me?;[ - br anched

b -1 nser “%n al pha -

al pha ol efin" efin fornmed "1,2
olefin formally i ﬁ{%ﬁl‘ﬁég éy 'étf?ly#a%r?ﬂ‘a@f thResaps tprodunt \rdalyclbesyst em

subsequentdy doegenetrat@aCby mit&NHME ke Qc@ﬁ!%ngﬁég{ olefin than ethylene
before term nation. _WD 02/ 28805 PCT/ EPOI / 11392 9 MAR 2005 :

Ascert ai ni ng whet her FPhe® 3 Ridred inesst dRba aplief ing meyi dre @brtnkd desi r ed
mol ecul ar struct onkg Bespiideasthyakgee oh@ﬁ@m&@i? PLAGH Wiy (%g et hyl ene

oligonerisation,, is.thwarted by the facl that the same product may be 5
generat ed by mor 8°PRARIBHER tai GiMagdeR. "Fo?” eimenited lalpbar oakfha ol ef i ns
may be forned novithnétyhyplensir e et hyl ene ol igonerisation but also

horol ogatfoon of a sr‘gl Io:-:e Adletgllllergls?.;ltssghgl frt]tao Ol:lfrecfdluig:tswailg E;:gtlzfc?f
steps may be obtained from co- oligomerisation experiments
in which the co-monomer is an odd-numbered alpha olefin.
Ethylene oligomerisations which take place in the
presence of odd-numbered alpha olefins will give

15 information on incorporation of olefins in products by
comparison and characterisation of odd- and even-numbered

products. For example, ethylene oligomerisation in the

presence of l-heptene may afford the usual Con alpha

L}

olefins as well as the linear odd alpha olefins starting
20 from l-nonene, Cy. The ratio of the amounts of odd and

even linear olefins providesia measure of the relative
reactivities of ethylene and alpha olefins in the first
step of the chain growth in experiments.
Important information on (by-)product structures in
25 ethylene oligomerisations may be obtained by performing
the reaction in the presence of a large excess of a
particular alpha olefin, for example, a co-
oligomerisation. This has the effect of gimplifying the
normally obtained oligomer distiibution by a singular
30 olefin of the same reactivity. As a result (by-)product
"formation due to incorporation of produced alpha olefins
based on the single co-monomer and yield well-defined

Structures is now apparent.




10 A nore detailed insight into products and reaction steps nmay be obtai ned
from co-oligonerisation experinments in which the co-nononer is an

odd- nunbewed2atgeba ol efin. Ethyl ene oligonerisations whi gicygg@/1pieace in
the presence of odd-nunbered al pha olefins will give 15 igf Q@{kﬁﬂbon on

I ncorporation of olefins in products by coffparison and ch rg 5sation of
odd- and even-nunbered products. For exanple, ethylene oligonerisation in
the presence of 1-hEheseestmycafidesr dreheelstdbe GRreatdyphtd cBhehbfs s Vel |
as the linear odd al pha olefins starting 20 from 1-nonene, C9. The ratio of
the amounts of of¥eRndL BYeFERY rHidhrsmeildf Amount o \ihylesompardasur ef ofH+ hd
relative reactiyhties of ethylene and al pha olefins in the first step of
the chai n growt h | % B¥ernantmes of| rpoplast contfadmiaig di £6aréhy - )eraadueis

structures in 25 ethylene oligpnerisations may be obtained by perform ng
the reaction in ?Rg 'é%‘g”h%tes‘o%%ﬁr?ﬂﬁﬁ"%&’c% fregongarescipdr al pha

“olefin, fdf exanphsataraied ciridrerenbsalihoalpHilSldmng he, etfect of
sinmplifying the ornally obfained oligoner, djstribution by a singular 30
olefin of the saﬁgs?lg%a'%/%et al aaoﬁﬁ e (B iddsdse tyPeophetiRM due to

i ncor porati on of spngliasstiatIphadokehiyDsgrbass h 1hd ha ahmgh&f@-émwmr and

yield well-defined .structur I S,pow apparent. WO 02/ 28805 - 7
raT/ Er Ov11392 2§5e VR b o %gsilgﬁﬁ??’g‘?e%n ATy PeatS68ty easy to

characterise even iTherpasarncenosna| 2 - AIGUBHS thy cB0ERBRA SOTeOfnsl ldunand
13C- NWR spect ra[\ﬁ}R sanmpl.es ntalnipg. different |evels of by-) products.
Char act erll%st | c &r SOar%aI}?éigg)Yf O#'b “insertion of an a pha O](.E).yln into

the metal carbon bond of a growing chain, followed by

chain termination (B-H elimination). The occurrence of a
distribution of methyl-branched alpha olefins is in line
with a chain growth process in which the first step of

15 the reaction involves, a “2,1”-insertion of the co-
monomer formally in a metal-hydride affording a metal-
(2-alkyl) intermediate which undergoes subsequent
ethylene oligomerisations. 1In a similar fashion, the
occurrence of a distribution of ethyl-branched alpha

20 olefins can be explained by assuming that chain
termination occurs by hydrogen transfer to a co-ordinated
ethylene monomer providing a metal-ethyl species as the
start for the oligomerisation process in which the first
step is a “1,2”-insertion of an alpha olefin into this

25 metal-ethyl bond, affording a metal-(3-alkyl)
intermediate which undergoes subsequent ethylene
oligomerisations. Of course, the type of by-products
observed should show similar patterns for odd- and even-
numbered alpha olefin co-monomer.

30 . It has now been surprisingly found that by tuning

" reaction conditions, in particular using suitable olefins

at appropriate concentrations in an ethylene co-

cligomerisation reaction and the specific bis-




5 unsaturated end-groups in al pha-olefins, 2,2- disubstituted al pha ol efins
(vinylidene type olefins), single nethyl and ethyl groups al ong an

al i phat i cyw@idllgesar € known in the literature and can be us sence
of 2,2-di subs{ltoat ed al pha olefins can 10 be expl ai ned byﬁ&[@ﬁ}lﬁéértlon

of an alpha olefin into the nmetal carbon band of a grow ng & MAR @05 f ol | owed
by chain termnation (a-H elimnation). The occurrence of a distribution

of met hyl - branchedvalipinephefidnsel fietf1 | &1t B 2reRa1 rocess in
whi ch the first rrj‘]t‘] fof 15 .t he rgagtel on |nvoy\\9ae:s ygt H{Q ‘@?‘?‘%%ﬁ%%n ‘of the
co- nonomner for 5'5 PRMALARRaPE Y iReRE Hkhey @llﬁélasnbraﬂith}(]zéra&kyl)

i nt er nedi ate whi mrmndgageeﬁ s8bsRAVESE 1Al GAEHKR! ?Qgﬁﬁﬂ% g Ina
simlar fashion, occurren e of a distribution o ran ved al pha

20 ol efins can bé"I CEXREAPReBE b§lR¥L ibr #rrFhatht ighrRrrticelan nmuhyrl—occurs by
hydr ogen tﬁansfebrhﬁcneaOaﬁaﬂbﬁaégdyl%ﬂﬂ&l@e nQT?HEroféﬂ\ﬂsd':ﬂt%

net al - et hyl species ai the start for the ol gonefisation process S n which
the first step 9%®3tly embancedton of an alpha olefin into this 25

netal -ethyl bond, afsprdhngyb-pRirthdS-Al Ig,lef{&tl.er{@cgﬁ,_t y;bg@ under goes

subsequent ethylene ol i goneri sati ons. course, the type-o y-products
observed shoul d SAEGPEIPR | HF PeAtteRRefesabddd  maky bvranahedhedptiaal pha

ol efin co-nonormesleddnt} hash ﬂﬁmewra%hﬁlaﬂéhﬁﬂ%ld t*&%inb*ﬂéawgﬁng

reaction ﬁpndltlﬁﬂ | partlcular usi ng suitable ol efins at appropria
concentrations i ﬁﬁ hyl ene co- oligonerisation reaction and the speC|f|c

bi's WO 02/28805 PCT/HPGH NI asppredideMBRRI0%hilst the alkyl-branched
alpha olefins of the present invention may be formed by
the tentative mechanisms described above, it is not
precluded that said olefins may be formed by an
15 alternative reaction mechanism.
The general structure of “alk?l-branched alpha

olefins” is given in the formula below,
C=C[-C-Clh[-Cln{Ry¢)-R
wherein Rjg = methyl; n = 0, 1, 2, etc.; m = 1; R =
20 opticnally substituted hydrocarbyl, preferably comprising
1 to 30 carbon atoms, or Rjg = ethyl; n = 0, 1, 2, etec.;

m=0; R = optiocnally substituted hydrocarbyl, preferably
comprising 1 to 30 carbon atoms.
The present invention provides a process for
25 production of higher linear alpha olefins and/or alkyl-
branched alpha olefins, which comprises the co-
oligomerisation of one or more alpha olefins with

ethylene in the presence of a metal catalyst system
employing one or more bis-aryliminepyridine MX; complexes
30 "and/or one or big- imi i di * B
more [bis-aryliminepyridine MYp.Lp ] [NC ]q

complexes, said bis-aryliminepyridine complexes

comprising a ligand of the formula,



arylimnepyridine nmetal catal yst systens used therein, the formation of

| i near al pha ol efins by ethylene- honol ogation of snmaller |inear al pha

ol ef i ns awd a2ip8s0sf or mat i on of al kyl - branched, in particul apcTepéiyiize
branched and/or ethyl-branched, alpha olefins can be great}ygMiphgHced. By.
"al kyl -branched al pha olefin"” in the presentg Jinvention is nmeant preferably
"met hyl - branched al pha olefin", "ethyl-branched al pha olefin" or a
conbination 10 thereof. It will be apprecigted that whilst the

al kyl -branched al pha olefins of the presentlinvention may be formed by the
tentative nechani sns described above, gt is |not Eprecluded that said ol efins
may be fornmed by an 15 alternative reactNoo chanmi sm The general structure
of "al kyl -branched al pha olefins" is giv the formula below, C=C [-C (]
n [-C] m(R16) -R wherein R16 = netRyl; Rsetc.; m=1; R= 20
optionally substituted hydrocarbyl, pr rising 1 to 30 carbon
“atonms, or R16 = ethyl; n =0, 1, 2, etqgl; m=0}] R = optionally substituted
hydrocarbyl, preferably conprising 1 tww 30 carbgn atons. The present

i nvention provides a process for 25 p(bduction(ﬁ‘{u%her | i near al pha

ol efins and/or al kyl - branched al pha ol efins, which “€onprises the co-

ol i gonerisation of one or nore alpha olefiggywith ethylene in the presence
of a netal catalyst system enploying one or nore bis-arylimnepyridi ne MXa
conpl exes 30 -an oy_ nore I s-arylimnepyridine Myp.Lb+] [NC ]q
conpl exes, said %@gggggletﬂrﬁsneapﬂelt%ﬁangt%nﬁ?g%@%ggc%‘?ﬁﬂiFﬁ R &°Fi @ab®l Hf the
formul a, or 3; X is halide, optionally substituted hydrocarbyl,

alkoxide, amide, or hydride; Y is a ligand which may
insert an olefin; NC 1is a non-coordinating anion; p+q is
2 or 3, matching the formal oxidation of said metal atom;

L is a neutral Lewis donor molecule; b=0, 1, or 2; R1-

Rg are each, independently, hydrogen, optionally
substituted hydrocarbyl, an inert functional group, or
any two of R1-R3 vicinal to one another taken together

may form a ring; each Z, which may be identical or
different, is an optionally substituted aromatic
hydrocarbon ring; an optionally substituted polyarcmatic
hydrocarbon moiety; an optionally substituted
heterohydrocarbyl moiety; or an opticnally substituted
aromatic hydrocarbon ring in combination with a metal,
said optionally substituted aromatic hydrocarbon ring
being ®-co-ordinated to the metal;
and said process is carried out at an ethylene presgsure
of less than 2.5 MPa.

In a preferred embodiment of the present invention,
there is provided a process for production of higher
linear alpha olefins and/or alkyl-branched alpha olefins,

which comprises the co-oligomerisation of one or more




WO 02/28805 - 9 (1) PCT/EP01/11392 2 9 MAR 2005 wherein Mis a netal atom
selected fromFe or Co; ais 2 or 3; Xis halide, optionally substituted
hydr ocar , koxi de, am de, or hydride; Y is a |ligand i i nsert
an ol efi wbl\olééf@ga non- coordi nating anion; p+q is 2 or 3%@?&@?7‘[ he :
formal oxidation of said netal atom L is a.neutral Lew s ZdoMiR 000l ecule; b
=0, 1, or 2; Rl- R5 are each, independently, hydrogen, optionally 10
substituted hydrggahbyl gn inert. functjonal, group, or any two of RL1-R3
vicinal to one aRdPHEr OL&REASt BhERETHY A% P8 Pragened@f 2 mgpdh nay be
identical or difchetatpbt EgstsmophpDiAdy cHebstl hkedbasomatic hydrocar bon
ring, an optionally_substituted polyaromatic 15 hydrocarbon noiety; an
optional |y substPF¥LéBingeyeidine rbeadepplesket gndior anoptt apzkl Ybis-
substituted aromatic hydrocarbon ring i,n conbination with a metal, said
optional |y subst Priléuinepymtdindwiindgy DANCT | gocomsiewg#- eaiqrgigated to
the netal;_ 20 and said process is carried out at an ethylene pressure of

| ess than 2.5 MParYliminepwriding eonpdexesntovprihingra degfandnsenthen,

there is provi dedogmpi@cess for production of higher |inear alpha ol efins
and/ or al kyl -branched al pha ol efins, 25 which conprises the
co-oligonerisation of one or nore W 02/28805 -Ri10 PCT/EPOL/ 11392 2 9 MAR
2005

Ry

{1I1)

wherein M is a metal atom selected from Fe or Co; a is 2
or 3; X is halide, optionally substituted hydrocarbyl,
10 alkoxide, amide, or hydride; Y is a ligand which may

insert an olefin; NC is a non-coordinating anion; p+q is

2 or 3, matching the formal oxidation of said metal atom;

L is a neutral Lewigs donor molecule; b = 0, 1, or 2;
R1-R1p are each, independently, hydrogen, opticnally
15 substituted hydrocarbyl, an inert functional group, or

any two of Rj-R3, Rg-Ryp vicinal to one another taken
together may form a ring; Rg may be taken together with

R4 to form a ring; Rjg may be taken together with R4q to

form a ring; Z is an optionally substituted aromatic

20 hydrocarbon ring; an opticnally substituted polyaromatic



al pha olefins wwth ethylene in the presence of a netal catalyst system
enpl oyi ng one or nore bis- arylimnepyridine MXa conpl exes and/ or one or
nore (bi swoargpsosi nepyridine Myp. Lb+J INC ]q conpl exes, sapcer/ipoi/ 19392
arylimnepyridine conpl exes conprising a ligand of the formula, @2 ﬂ\h rein
Mis a netal atomselected fromFe or Co;-als 2 or 3; Xis halq @A 1005

' optional Iy substituted hydrocarbyl, 10 al koxide, amde, or hydride; Y is a

| i gand whi ch mayhy8ps€d+ben n&lfé‘dw aHCoPEJ.@nﬂ)Iy %Qﬁ:fs@';@%fcbag anion; p+q is
2 or 3, matching,the ford[}aqpom dation of said netal atom is a neutral

Lewi s donor nol eBGFETORY arpylymojetyRIORIAN ARE ioncAd lyi ﬁubpténd@lmdl Y,
~hydrogen, optionatbyadic SuhBiddatbem B){ﬂéo_@x@rébﬁ\bzrfmlbﬁe%tﬁug%% gl group,

or any two of RIl- Rg R6- R1Q vi ci nal .to one anot her taken toget ‘my form
a ring; R6 may b&3t k%“t‘?f@gtlﬁelsuﬁrsitht“m t%“f“tﬁtrhcahﬁffiﬁgcam@lrmyng)e t aken

together wth RipdOng fAdE-3.k nal_| bgtituted aromatic 20
" hydrocarbon ring; angoptlo?fal 15&‘5:3%5 t%ﬁbe p(%‘l(iyar'-’%én%g 3-%5"%&%92@8505 - 11

PCT/ E"1/ 11392 2 Qal\mdlm h}tdlaocathghemimigqsm ofit lesal tyasubss iMpat.ed

het er ohydr ocar byl I PLLRL, tut ed omatlc hydrocar bon
ring in conbi natlon W t%’pr%r%?g 4 Lsal op |o%S ? gﬁﬁg? Tl tic

hydrocarbon ri ngtlserseiiy moofodeddanarecba*.m fiche pretlaktiandos ehigharocess i s
carried out at ay£idwl 90e PLeSFYLE 91{1% Oezssalmﬁnb%aaggpg %}é}g%gosl ferred

enbodi nent of the present 1 nvention, ere I's”provi
producti df of hi¥jreth comprises the co-oligomerisation of one or more

alpha olefins with ethylene in the presence of a metal

catalyst system employing one or more bis-

aryliminepyridine MX, complexes and/or one or more [bis-

aryliminepyridine MYp.Lb+][NC‘]q complexes, said bis-

15 aryliminepyridine complexes comprising a ligand of the
formula,
R4
R Ra
Ol

Ris
N R4
Ry R13

Rz

(III)

wherein M is a metal atom selected from Fe or Co; a is 2
20 or 3; X is halide, optionally substituted hydrocarbyl,

~alkoxide, amide, or hydride; Y is a ligand which may
insert an olefin; NC is a non-coordinating anion; p+q is

2 or 3, matching the formal oxidation of said metal atom;




| i near al pha ol efins and/or al kyl -branched al pha ol efins, 10 which .
conpri ses the co-oligonerisation of one or nore al pha olefins with ethyl ene |

in the pr f a netal catal yst system enpl oyi ng one re his-
arylim ne‘gﬁigﬁ%og MXa conpl exes and/ or one or nore [bis- a?%)%ﬁg’é i di ne.
MYp. Lb+] [ NC ] g conpl exes, said bis 15 aryli %n_epyri di ne conp eg 4 npri sing
a ligand of the fornmula, RUR9 Ro Rf T ~RL3 Rl2 wherein Mis a netal
atom selected fromFe or Co; ais 2 20 or 3; Xis halide, optionally
substituted hydrdcdsbpl peutkaki bewisndasr aoleydiiedeb Y 65 B ldrggndgryhi ch
may insert an olefin; NCis a non-coordinating anion; p+q is 2 or 3;

mat chi ng the forirgl, ws-Aataed of id avet iRt 0fg 4 Sy
PCT/M /11362 2 9 NAR 3005 L 15 5 nctral Loms don%&%@%e?yggégﬁ?’ 1, or
2; Rl- R5, R7-R9optdoRaRiRldubstel wandd Hyddepaprsont | ¥n m&@%ﬁctigﬂ%%a”y
substituted hydrocarbyl, an inert functional group, or any two o - R3,
R7-R9 and R12- Rl4reupi nat 4wy &me;ﬂmg.t-lnﬁr, kakry glqgeﬁﬁaijlranig?ﬁgi &4 1 Nng;
R6 is hydrogen, optionally substituted hydrocarbyl, dan inert uncti1 onal

group, or §aken {gget Lt R4 Lo form_a ring, R10 is hydrogen,
optional 'y substitut e%gﬂh%r%c]%rﬁy ?geé:ﬁelrnlgﬂn#ﬂ’ﬁ'ﬁt? olgf'é'fg'gr%ub,s or taken
together 10 W t hhR8r&ged dt ffaMI ShLBg: 1 s hydrogen.. optionally
substituted hydroggrﬁ%/l, anFR:ilnert ur?ct Po%lgll’"l%‘?zhu%?ld%?ag:%ﬂ' Sn' Pricre
functional group, or taken together with R7 or Rs to form

a ring; Rip is hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or taken together
with Rg or Rg to form a ring; Rij is hydrogen, optionally.
substituted hydrocarbyl, an inert functional group, oOr
taken together with Rg or Rj; to form a ring; and Rjg is
hydrogen, optionally substituted hydrocarbyl, an inert
functional group, or taken together with Rs or Rjs to

form a ring; and said process is carried out and at an
ethylene pressure of less than 2.5 MPa.
In one embodiment, of the present invention the metal

catalyst system used employs one or more bis-
aryliminepyridine MX, complexes 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.

In another embodiment, of the present invention the
metal catalyst system used employs one or more bis-

- aryliminepyridine MX, complexes, a second compound which

is capable of transferring an optiocnally substituted

hydrocarbyl or hydride group to a metal atom M selected




- taken together with R5 or R12 to forma ring; and R15 is hydrogen,
.optionally substituted hydrocarbyl, an inert functional group, or taken

t oget her WQo/IB05or R14 to 15 forma ring; and said procespergpogilséred out
and at an ethylene pressure of less than 2.5 MPa. In one enp@d#aRgak. of the
present invention the netal catalyst systegyused enpl oys one or nore bis-
aryli mnepyridine MXa conpl exes and a second conpound 20 which is capabl e of

transferring an ggpPRal ubst it ut.ed. ocarbyl or hydride group_to a
netal atom M sel ect egﬁf IF.))(S'meléz'e %éacg,ﬁglnﬂy%@ﬁup Bﬁﬁ‘éhc’aﬁafﬁ'lp@%&’r" of

abstracting an Xagseuacting saigd r@lt@_{p 3.0m shﬂdaHQ%era r;r:podi ment, of the

present invention the 25 netal catalyst system used enploys one or nore

"bis- arylimnepyridi e dxa pwﬁﬁmamv@ti%oagrggmo&%g\?ﬁhusga ggpabl e of
transferring an ggﬁlelo‘r}al_ly substituted hydrocarbyl or hydride group to a
metal atom M sel &Ctad WD 02/ 28805 PCT/ EPCL/ 11392 2 9 MAR 2005 - 13 from Fe

‘ or Co, and3a third cBpptiuhgherhi Ghh iMEgheRabligeqt afhsd rAGHIAG 34 )%gﬁ)eulp from
said nmetal atom ahggibgr%r%%e t H}jiven |(%r] certainterns are useg a

follows: 5 By "hifgher " T G‘g‘ﬂ&lﬁ hEFLAMFhAS P th e uliegher

al kyl - br anched -akphtabhixd nfrdns 4neant3 onekesbhesStomsONt @i ning from4 to 30

carbon atons. Exanpl of . optional l.y substituted. aromatic hydrocarbon rings
and optionally s‘ubstlﬁt%l‘ﬂpelae (ﬂ%é’?&ﬁé??ggylﬁuﬁﬁlm‘ﬂ%%ﬁ%@ﬁoﬁa%ﬁ es include
phenyl, napht hyl hydno¢masenytingshendnbbeasgayly anskditerbikoMMomatic

10 hydrocarbon moieties include phenyl, naphthyl,
anthracenyl, phenanthracenyl, and the like and
substituted derivatives thereof.

The term “optionally substituted aromatic hydrocarbon
ring in combination with a metal, said optionmally >

15 substituted aromatic hydrocarbon ring being n-co-
ordinated to the metal” includes metallocene moieties and
sandwich and metal -arene complexes. Thus, it will be
appreciated by the person skilled in the art that,
opticnally, the metal may be additionally ®-co-ordinated

20 to a further optionally substituted aromatic hydrocarbon
ring, which may be different to the optionally
substituted aromatic hydrocarbon ring in Z which is
directly bonded to the imine nitrogen atom and/or co-
ordinated to other ligands commonly knoﬁn.in the art. It

25 will be further appreciated that the optionally
substituted aromatic hydrocarboﬁ rihg in Z which is
directly bonded to the imine nitrogen atom and which is
also n-co-ordinated to the metal, may comprise one or
more heteroatoms in the ring, i.e., such that said

30 _opticnally substituted aromatic hydrocarbon ring is an
optionally substituted arcmatic heterocyclic group.

Similarly, the further opticnally substituted aryl group

that the metal may additionally be n-co-ordinated to,




substituted derivatives thereof. The term "optionally substituted aromatic
hydrocarbon ring in conbination with a netal, said optionally 15
substi t ut-g gt i ¢ hydrocarbon ring being a-co ordinated b_g the netal"

i ncl udes netallocene noieties and sandwi ch and netal -aren
it will be appreciated by the person skillgd in the art t hh
‘the nmetal may be additionally n-co-ordinated 20 to a further optionally
substituted arongf] {%q[ arbon rin ich may be different to the
optionally subrsntarlﬁét te af(r)lo%ﬁatolnc? ﬁ’)fd?‘%iéﬁ\r,\%%?’fqa}%”‘}% ip fhecking. dFaidt|y
bonded to the i mmetad tatogemazt conaedi it DP-borididiat edbh®r 0t §ELK 41 gands
commonl y known i : Lt 25 will _be further appreciated that 'the
optionally subs[bl}H}'?"elngr 8&%??‘&“%8?86&?‘%%{%%“9 q?‘ﬁmzlﬁ,ﬁi ef suchdirectly
bonded to the i niwmetiiesogenlatienthadradi @l ider idle80 £PoROsQEMAaLLd to the
met al ; rrayscorrprir_sb%aqrg%cgre npLe het er oat o i'n the ring, 1.e., such that
said 30 optional I subst £t ed+SFEABETRE hIFSOQCEE  r FhEanacene. optional | y
substituted aronmataraddeeabpCElL R~ P vanakTind e further optionally
substituted aryl group that the netal nay ag}ﬂnt Féﬁ%}%g brxeonno- 5‘095F8Fnat ed
to, WD 02/28805 PR t1392rbonyl conpleRapd0simhjar dmgtrérsmr@me Or Nnore

heteroatons in the,chn ' metf al at.om may conveniently be iron, cobalt,
ni ckel , chroni um t:lt gﬁ?ﬁ%’gﬁﬁ' vanadithh~ BXaRpres™ o8 orBysrrés i ncl ude

the radi cal deriJveadnf ponchesmbeeneomf ed@zal t ocene, ni ckel ocene, chronobcene,

titanocengy vanadocgpe, . bis-l-arene vanadi um conpl ex, nono-n-arene

chrom um tri carbonyl @%rﬁ:o %5%( ‘g?]e esﬁ‘%ﬁdgf’cﬁéggjroa? § to a hydrocarbyl
group, additionally containing one or more heteroatoms.

W’&% Thus, -
i dWhi onal | y,

Said heterocatoms are preferably bonded to at least two
carbons in the heterchydrocarbyl group. Preferred
heterocatoms are nitrogen, oxygen and sulphur.

15 Said hetexohydrocarbyl group may be an optionally
substituted aromatic heterocyclic moiety; an optionally
substituted polyarocmatic hetérocyclic moiety; an
optionally substituted aliphatic heterocyclic moiety; or
an optionally substituted aliphatic heterohydrocarbyl

20 moiety.

Examples of heterohydrocarbyl groups include 1-
pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, furyl, thienyl,
indenyl, imidazolyl, triazolyl, oxazolyl, isoxazolyl,
carbazolyl, thiazolyl, benzothiazolyl, thiadiazolyl,

25 pyrimidinyl, pyridyl, pyridazinyl, and the like and
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.

30 In the present invention, the phrase “optioﬁally

" substituted hydrocarbyl” is used to describe hydrocarbyl
groups optionally containing one or more “inert”

heterocatom-containing functional groups. By “inert” is




metal conplexes, i.e. bis- or nono-n-thiene or pyrrole iron or chrom um
conpl exes. 10 The term "heterohydrocarbyl" refers to a hydrocarbyl group,
addi t i onaWwloyz2ssssai ni ng one or nore heteroatons. Said hetmrmegnIeare
preferably bonded to at least two carbons in the heterohydrpgapRyiihigroup. .
Preferred heteroatons are nitrogen, oxygeniand sul phur. 15 Said

het er ohydr ocar byl group nay be an optionally substituted aromatic

heterocyclic noi ehyin@nmap! kgeaklict Sobst idrhish R BEOTRELLr Rt RIOGKE! i ©
noiety; an opti onﬁ{l y substituted aliphatic heterocyclic noiety; or “an
optional |y substitiREREPREhIETESRYEER IR Ranyigorerisrbion mamepkes of

het er ohydrocar byl Ngx-QURA tiiRG! BMEmBledYSf Budh idielY HPbUbs SrdYe1Riike, fUrYl,
“thienyl, indenyl, imdazol triazolyl, oxazolyl, "isoxazolyl, .car Bazol yl,

|,
t hi azol yl, benzot HEFHAF, 5} hhag? azdtaAnanss nathers Apd, apingsipiith
pyri dazi nyls, and é&@-dadtléesﬁeﬂicsb&%éidiﬁgéd AT i )at L¥ASwh NES 89fgsHydr ocar byl

group: a group contai.ning only carbon an hydr ogen. Unl ess ot herw se
1p

stated, the nunbet<idfiegarBohhe ibhs iS2is amtrispaylyesvhatitutadd 30. 30 In
the present invemﬁma&bglpﬁaﬁsmém.é Wd&y,sﬁgééﬁéﬁf%ﬁﬁ"i%QE§EP¥| "is
e

used to describe hydrocar ﬁl roups_optional 'y containi'ng one or no
i W@g

"inert" heter oatBHEGnREP YRAES e ngtegssdesyribedhelaws WD 02/ 28805

- 15 PCT/ EPOL/ 11392 18e9t MA@ ndEajfouphak HhBup Ul d© @ and bBY RS L1 Ot

interfere . to an ubstanti.al degree with the co-oligonerisati Oon process.
IB ysu%s 1Eutedahy§L caé%yl which is inerg under the prgcess

conditions. By “inert” is meant that the functional group
does not interfere to any substantial degree with the co-
oligomerisation process. Examples of inert functional
groups include halide, ethers, and amines, in particular

15 tertiary amines.
Primary carbon atom group: a -CHz—R group wherein R

may be hydrogen, a optionally substituted hydrocarbyl,

inert functional group. Examples of primary carbon atom
groups include -CH;, -C3Hg, —Cﬁ2C1, -CH,0CH;, -
20 CH2N (CyHsg) 2, -CH3Ph.
Secondary carbon atom group: a -CH-R; group wherein R

may be optionally substituted hydrocarbyl, inert

functional group. Examples of secondary carbon atom
groups include -CH{CH3)a, -CHClp, -CHPh,, -CH=CH,,
25 cyclohexyl.
Tertiary carbon atom group: a -C—R3 group wherein R

may be optionally substituted hydrocarbyl, inert

functional group. Examples of tertiary carbon atom groups

- include -C({CH3)3, -CCly, -C=CPh, 1-Adamantyl,

30 -C{CH3) 5 (OCH;) .




Non-limting exanples of such inert groups are fluoride, chloride, silanes, -
stannanes, ethers and amnes with 5 adequate steric shielding, all

wel | - knowygtg/sdpese skilled in the art. Said opti o_nal |y sp@ fE&’BH 1‘?5512
hydrocarbyl may include primary, secondary and tertiary carEon a® groups
of the nature described below. Inert functiggal group: a gr ﬁbl% t han
optionally 10 substituted hydrocarbyl which is inert under the process

iti % RSw t LQn opp , does not

Chterfere o any subsrant:arogas auch Moyl dACELR T, BBk Pe R BB ogess.

Exanmpl es of i ner t-i9aRet MBAgh 1§rg@pgdinﬁnaﬁjﬁd1al g&eaésiﬁmr'ﬁ;;oamziagl Ssghpl n
ticular 15 t @xhga ' . : - -R

\?marerei n R may be h;ids%i gg{’?gé%%t’f‘%fr%f yecg)lrjbgl |$ugié% ﬁg‘a&dbzﬂaﬁy ,e' i nert

functional grouplPBRERPHeEC oiNpEiake o Priopagatema goeobiydmealigde i ofHS,

- - , - Qg-g 2 2N( C2HR) 2, - CH2Ph. Secondary car bon atom
g?(z)lljg aq-%c—jl-i?z g??%uplvﬂére%ﬁc&l%wl;aé ﬁFPBﬁéﬁF?es%{Iibt%ﬁE@ hydrocar byl ,
OB 2 oo 5o s O P e S TR R PRGN, EPEBoa o
;Z]I‘Ol(,lpi 231 _c R3 ghigpidperativR Om'@’}lm@tbp_ri anabhyc sligrid whedhhygy ocar byl ,
OB 3 e R V1 30 - & (1B) 2(00HE) - WD 021 26805 - 16
- - -C= , 1- Adama : - :
Pg(T/CEg)Oil 11392 2 9 MR 5 coordinating anion” is meant an anion which

10 does not substantially coordinate to the metal atom M.

Noﬁ-coordinating anions (NC") that may be suitably

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

bis(trifluoromethyl)phenyl]borate (BAF ), (CeF5) 4B, and

anions of alkylaluminium compounds including R3A1X-,

15 RgAlClX_, RAlCng-, and “RAIOX—”, wherein R is hydrogen,

optionally substituted hydrocarbyl or an inert functiomal
group, and X is halide, alkoxide or oxygen.
It will be appreciated by those skilled in the art

that within the boundary conditions hereinbefore
20 described, substituents R;-R;5 may be readily selected to

optimise the performance of the catalyst system and its

economical application.
Substituents R1-Rs, R7-Rg, -Rj3-Ri4 may independently
be linked together and form cyclic structures. |
25 In one embodiment of the present invention, R1-Rs,
R7-Ry and Rj2-Ri14 are each, independently, hydrogen,
optionally substituted hydrocarbyl, an inert functional

‘group, or any two of Rj-Ri, Ry7-Rg and Rj2-Rj4 vicinal to

one ancther taken together may form a ring; Rg is a




By a "ligand which may insert an olefin" is neant a |igand which is
coordinated to a netal ion into which bond an ethyl ene nol ecule or an

al pha- ol eNOr0212880sbe inserted to initiate or propagate a CCEEPAI®RI sation
5 reaction. In [bis-arylininepyridine Mp.Lb+][NC] q conpl ek®¥iaetbrding to
the present invention, Y may be hydride, ~alRyt or any ot her anionic |igand
which may insert an olefin. By "non-coordinating anion" is neant an anion

which 10 does n@irigalryt aarbahl| growwy di mnﬁaryheaﬁgéﬁl g M a

No di nat NC ) i hat t | oyed i ncl Gde bul k
ani on_ such s | SCRARAEY( 3 E0RD SHATHT] GBFoREEHPRFBNGRRE | borat e (BAP ).

C6F. 5) 4B d di 5
RN O RAG2X . andr ETOK T Panery EREPPROREA R o, B by of

subst i tut ed hydr ®ggt bii, Q{ngmlgngfg SN &pr@rbogr gyg‘%’?{l Oggll y: hal i de,

al koxi de or oxygen. It - will bé appreci at by thos *he art that

Wi thin thes bound&gy,aggagttbp eRgl NDed af substituents
R1- R15 may be readily sel ect re‘;gwh g(!ljptl m s 12’ t gﬁ?bgma'nce of t he catal yst

systemand its econgrégah,. akpPld GRALLARarPULSE R K12z R14 may
i ndependently be |inked tsoget ﬁer and ?Ic.)fm cyﬂ():cFﬂjce,éﬁt uéfgges %f

enbodi ment of thgépr ep{Nankan ket Oy PRy cgéggﬁy%\%‘céa?:%[ e%{’?‘ﬁg’?%h

i ndependent |y, rogen, optionally substitut a

functional groupca®hoRNYrdW® Ha @keRgemEQngg £Q one
anot her taken toget her maydiporm aring, RB 1S °02 5%38%"'5' /Eﬁﬁl/ 11392
2 9 MAR 2005 - 1Rydrogen;
10 when Rg is a tertiary carbon group all of R,g, Ry1
and R;s are hydrogen; and

»

any two of Rg, Ry, Rg, Ry, Ryp, Ri1, Ria, Ri3, Ri4 and
Ris vicinal to one another, taken together may form a
ring.

15 In another embodiment of the present invention, Rj-
Rs, R7-Rg and Rj3-R;4 are each, independently, hydrogen,
optionally substituted hydrocarbyl, an inert functional
group, or any two of R;-R3, Ry-Rg and Rj;z-Rj4 vicinal to
one another taken together may form a ring; Rg is

20 hydrogen, optionally substituted hydrocarbyl, an inert
functional group, or taken together with R7 or R4 to form
a ring; Rjp is hydrogen, optionally substituted
hydrqcarbyl, an inert functional group, or taken together
with Ry or Ry to form a ring; Rj; and Ris are,

25 independently, hydrogen or an inert functional group.

In a further embodiment of the present invention, Rj-

R5, R7-Rg and Rjs-Rj14 are each, independently, hydrogen,




primary carbon group, a secondary carbon group or a tertiary carbon group;
and provided that: when R6 is a primary carbon group none, one or two of

R10, R11 wodaRddsare primary carbon groups, and the 5 renai,eﬂﬁhlﬁnﬁl O R11
and R15 are hydrogen; when R6 is a secondary carbon group none or one of ]
R10, R11 and R15 is a prinmary carbon group pg a secondary Cpg@@ﬁn @ﬁoup and
the remai nder of R10, R11 and R15 are hydrogen; 10 when R6 1S tz tiary

carbon group all : 1 n 15, ar e, _hydr n; and any two of R6, R7,
RS, R9, RL0, R11, B&i@?’gﬁg, TR e et o?Bntherfoddct iparbn
together may for ring. l.n. a er, enpodinent _of the present

i nvention,. Ril- %?’UE‘?- ?a% 'ﬂi"z-‘%ﬂé?‘é'e ZrR9; AR evrrdiiel yichpal oeen,

optionally substituted hydrocarbyl, an inert functional group, or any two -
of R1-R3, R7-RO 8RE faothiew thkdmdlogethememapofben 4 akimyt gget Rep, ey, forma
ring; R6 is 20 hydrogen, optionally substituted hydrocarbyl, an I ner

functional groupandrRigkeare tisgeitieaivahl RfeOtatd s U 20k E‘glilO]ﬁl.jn% s
hydrogen, optionally substituted hydrocarbyl, an inert functional group, or

taken together @FtghROrime.R4 to forma ring; RL1 and R15 are, 25

i ndependent |y, hydr inert..functipnal group. In_a further

enbodi ment of the p?%ge%r@tih%\%eﬁ |8ﬁ,lmE&ER%,P %E%Qr%%(fsl?f‘f Rig BFeseiich,

i ndependent | y, himlyerfekon WOhe2bi8885y PO FP0iyAilddie icomp13x8s My

optional |y substijui rbyl ,.an ibnept_functional. group, or any two
of R1-R3, R7-R9 and Rlﬁ%q—\q}lggi ﬁaﬁlggndocﬁ e (tIS’ en together may form
aring, R6, RO RIll

(V)

10 wherein A;-A¢ are each, independently, carbon, nitrogen,

oxygen, or sulphur; the atom group

N

Ag—Rja

may be optionally absent such that A1 is directly bonded
to Ag; and R3-Rjz, Ri4-Rjs and, if present, R13, are

each, independently, hydrogen, optiocnally substituted

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

ring; with the proviso that when Aj-Ag, and Ag if




and R15 are identical and are each selected fromfluorine 5 or chlorine. In
anot her enbodi nent of the process of the present invention, the

bi s-aryl iwprnergsi di ne conpl exes enpl oyed therein conpri Sggpodeses of
formula (1V), R, RO Rig (V) 10 wherein Al -A6 are each, independently,
carbon, nitrogen, oxygen, or sul phur; the-auem-group A6 - R1§MA\le
optionally absent such that Al is directly bonded to A5; and R -R12,

R14-R15 and, if piesaMt, BEE adleca®B6R, iddeRad@nNbbist o optionally
substituted 15 hydrocarbyl, an inert functional group, or any two of Rl1- R15

vicinal to one arritiapenghdaenpyethearyhypdy mfaa niog:owdidatedempeayi so
t hat when Al -A5, and_A6._i 2/ 28805 -. 19 PCT/EP01/11392 2 9 MAR 2005
- present, are all car bl'(gin,al égfg\gegf%%se@%%%wetﬁ é’%;rﬁ © RYF e tYEREAPR or aryl
part of a n-co-oridi faredlaetfaV), | Ry eRPs et-prReEd RgFHOR) pread ofi ft heeBegEeNt

invention, _in fornula (1V), R1-R3, R7-R9, R12, Rl14 and, if present, 5 RI13,
~are each, Pndeperdant BPFe §98RogbRdersndentdiy .y hydssopautert ipndddyar byl , an

i nert functional R1- R{- R12-R14 vicinal to one
anot her taken tosg{ehﬁ%l’gfmro'r%g ﬁgérﬁfpﬁgé\glr-l . aa{]ﬁh ZR%P‘S’t’a?FﬁneﬂrtD“PunBFi onal
group or an opti @l tyo ©6 BubRji tRH-Rh hyi-e®agbylicisal 4l GneRhhotRed R15

are, .
taken together may form a ring; and

a) Rg is an inert functional group or an optionally
10 - substituted hydrocarbyl, and Rjg, Rijy., and Rjg are,

independently, hydrogen or halide; or
b) Ry is an inert functional group or an optionally

substituted hydrocarbyl, and Rg, Rjg, and R;g are,

independently, hydrogen or halide; or

15 c) Rg and Ryp are each, independently, inert fundtional

group or a primary or secondary carbon atom group,

provided that Rg and Rjp are not both a secondary
carbon atom group and Ry and R1s5 are, independently,

hydrogen or halide; or _
20 d) Ri; and Rijg are each, independently, inert functional

group or a primary or secondary carbon atom group,

provided that Rjj; and Ry are not both a secondary
carbon atom group and Rg and Ry are, independently,

hydrogen or halide; or
25 e} Rg is taken together with Ry to form a ring, Ryg is a

primary carbon atom group, an inert functional group,

or hydrogen and Rjj and Rjg are, independently,

hydrogen or halide; or
- £) R17 is taken together with Rys to form a ring, Rjg is

30 a primary carbon atom group, an inert functional



| ndependent |y, hydrogen or halide; or b) RL1 is an inert functional group or . -
an optionally substituted hydrocarbyl, and R6, R10, and Rl5 are,

I ndependegblog,sdngdr ogen or halide; or 15 c) R6 and R10 are m /

i ndependently, inert functional group or a primry or sec% ¥A%on atom
group, provided that R6 and R10 are not both a secondary cak HOMR 8om group
and R11 and R15 are, independently, hydrogen or halide; or 20 d) Rl11l and

R15 are each, indepergeapl,Yori AfdtoddU{LRAl rgup or_a prjnmary. or
secondary carbon at om group, gfov?%ed%ﬁ]at stfgaﬁagRi’ée'ar% e’%’c?(’f’?lé(r
secondary carbon at didgegep endhfBided R10 are, i ndependently, hydrogen or

hal i de; or 25 e) S ep together. with R7.to forma ring, R1IO is a
primary carbon ath(??n gﬁoéﬁlﬁ g?’loi%‘.e?t af}iﬁ?citlogﬁépeﬁrﬁhﬁ? Rprandy ®&sagen and R11

and R1S are, indepengaspéye ity oged rrhahhds: Rl1l is taken together
with R12 to forma ring, R15 igj 30 a ;ﬂnl rr:atrglgc%{rﬁgoI£ L%t §SufT€an inert

functi onal® WO 02/ 288¢8dependraTy IFR0 HyHt3g2n202 MAR @90%:0r oup; or hydrogen
or g) R6 and R10 are

d R6 and RLO apg, } t hyd hal j de;
Caken toget her wth B Ghih RO 85 FREERVEPgeCReF TIGh RuagsoainBaid and Ri5

t aken toget her w

are, 5 independent|yespehBaay, Okohgbiteri s AndREL 5 are taken
together with R12 and R14, reg{pectivel y,r%oéiorm rl%%g&a%OR%rﬁnd R10 are,

i ndependent |y, hydr otfedersndegitilde. hydrogen or halide.
In formula (IV), substituents Ry-15, if present, may

10 independently be linked together and form cyclic
structures. Examples of such structures include the
linking of, for example, R; with R7, to form the basic
. naphthyl skeleton or a tetrahydronaphthyl unit. v
Furthermore, it will be readily appreciated by any
15 person who has mastered the basic principles of
homogeneous catalysis, that in all of the above-mentioned
ligands for use in the bis-arylimine pyridine complexes
employed in the process of the present invention,

substituent variations of Ri1-5, Ry.g, and Rip_y4, if

20 present, may be selected so as 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 the present invention employ

25 ligands according to formula (I) and derivatives thereof,

in which the following R groups appear:

R1-R3 are hydrogen; and/or R4 and Rg are methyl,
hydrogen, benzyl or phenyl, preferably methyl, phenyl or
hydrogen.

30 Preferred embod;ments of the present invention employ
ligands according to formulae (I), {II), {(III) and (IV),




In formula (1V), substituents R1L_15, if present, may 10 independently be
| i nked together and formcyclic structures. Exanples of such structures
i ncl ude twe@o2/hgseki ng of, for exanple, R6 with R7, to for mpcheere#sin:
napht hyl skeleton or a tetrahydronaphthyl unit. Furtherrmrezong%Dgl be
readi |y appreci ated by any 15 person who Rds-mastered the ‘basic principles
of honobgeneous catalysis, that in all of the above-nentioned 1|igands for
use in the bis-aapdidénevatyiniedi nhecenpl exeswhiripl e dolloivheg K afeifpOf the
present inventiog. .substituent variations of RI_5 R7-9, and R12-14, if 20
present, may be sefected so as to enhance other desirable properties of

catal yst precursors gngk.catdl wghr éﬁ?%dﬁﬂi‘:mfﬁtxﬁohgb%& tra/e‘%hgflnon- pol ar
In

solvents or extending the range of suitable stiar g nmateri a i'n their

synt heses. Pref eliy@ebaaihodeiRiS oef phégy Df %%'ﬂeﬂéﬂ:‘i?nhieeﬂyfﬁﬁ]@ﬁfy]%%,; i gands
e ro

according to formula (1) and derivatives thereof, 1 n which, I'owi ng R
gr oups appear: RiY hydr ogen; and/or R4 and R5 are nethyl, hydrogen,
benzyl or phenyl, prefefeailey BRbBiine e Me Qligahidr 2868ra 3 RLT Gk ed
enbodi nents of the. present ,invention enploy |igands according to fornul ae
(1), (1), (1ri )a%d{ HAYRELRSoSReBRRE, -1 WhishTtheofpiiaeing B gWRRPE005 and

derivatives thersgear:n which the following R groups appear: R -R3 are
hydr ogen; and/or, R4 and R5 are nethyl hydr ogen, benzyl or phenyl,
preferably net h)ﬂl,'dpri’n&?ﬁ i@%f%*fﬂyd%/‘b%’e?r

10 R4 and Rg are methyl, hydrogen or phenyl, preferably

methyl; and/or

N

Ag—Rj3

is absent and A;-Ag are carbon atoms, thereby

constituting the cyclopentadienylide part of a ferrocenyl
moiety; or

A3 is a nitrogen atom,

AN

Ag~——Rj;

is absent and Ay, A3, A4, As are carbon atoms, thereby
constituting a 1-pyrrolyl ring; and/or
Combinations of ortho-substituents in which Rg is methyl,

ethyl, iso-propyl, phenyl, tertiary-butyl, or linked to
R7 to form a naphthyl skeleton; Rip ig hydrogen,

fluoride, or chloride; Rj; and Rqg are independently,

hydrogen, fluoride or chloride and/or

Combinations of ortho-substituents in which Rg and
Ryo are, independently, methyl, ethyl, or linked to Rq
“and Rg, respectively, to form an anthracene skeleton,
preferably methyl; Ri; and Ryg are, independently,

hydrogen, fluoride or chloride.




Preferred enbodi nents are |igands according to (1V) and derivatives :
thereof, in V\/ni ch the following R groups appear: R1-R3 are hydrogen; and/or
10 R4 andwf&p thyl, hydrogen or phenyl, preferably and/or A6 -
R13 is absen an Al - A5 are carbon atonms, thereby constit ﬁ)ﬁ;*’ﬁ'@” .

cycl opent adi enylide part of a ferrocenyl noDpety; or 15 A3 ﬂﬂﬂﬁrogen
atom A6 - R13 is absent and Al, A2, A4, AS are carbon atons, thereby
constituting a 1-pyrregyigrd arﬂ( I 9}@3 o] f. or ub uents in
which R6 is nethyl, ethyl, ILEln":s)aol pr opy : phe!ﬁpﬁéatglr§ '?alfrg éooLft"VI zrwil?ﬂ(bd to
20 R7 to forma napdthyg}, ke etmiepdiiﬂbntayhyﬂyagsgenfd,yqlmldgr. chl ori de;
R11 and R15 are |ndependently hydrogen, fluoride or chloride and/or

Conbi nations of ortho® ned,driimnds whicd hd®s- and RI O are, i ndependent ly,

methyl, ethyl, or ||ra<ephgaq1d%f %%ruﬁaﬂq E?l an e‘si ,3n§g]:52 ggﬁwip

ant hracene skel eton, preferably methyl;

hydr ogen, f3 uori d&;oatnctlﬂgpram meftByQ2/ 28808k, ; 11§ 2 g 9 MAR
2005 It is partlcul rl preferredthat |nforrrua(l\/) R1 are,
i ndependent |y, hand Jodisdd -Prreptyied |igands incl ude a I i gand of

formula (11), mherelm RligRadabe B¥ImAUSN(II), wherein R3~R3- are hydrogen:
Ry and Rg are methyl; Rg, Rg, R1o are methyl; Ry and Rg
are hydrogen and Z is ferrocenyl;

10 a ligand of formula (III), wherein R1~-R3 are
hydrogen; R4 and Rs are methyl; Rg, Rg, and Rjp are
methyl; Ry and Rg are hydrogen; R11 and Rjg are hydrogen;
Riz and R34 are hydrogen; and R;; is tert-butyl;

a ligand of formula (III), wherein R;~R3 are

15 hydrogen; R4 and Rs are methyl; Rg and Ry are taken
together to form a six-membered aromatic ring; Rg and Rjg
are hydrogen; Ry is hydrogen; R;; and Ris are hydrogen;
Ri2 and Rj4 are hydrogen; and Rja is tert-butyl;

'a ligand of formula (III), wherein R1-R3 are

20 hydrogen; R4 and Rg are methyl; Rg is tert-butyl; R7-
Ripo are hydrogen; R;; and R;g are hydrogen; Ry and Ryg4
are hydrogen; and Rj;j is tert-butyl;

a ligand of formula (IiI), wherein R;-R3 are
hydrbgen; R4 and Rg are methyl; Rg, Rg and Rjg are

25 . methyl; R;7 and Ry are hydrogen; Ry1 is fluorine; and

Ri2-R15 are hydrogen;




5 R4 and R5 are nethyl; R6, R8, R10 are nethyl; R7, RO are hydrogen and Z
Is 1-pyrrolyl; aligand of formula (Il), wherein R1-R3. are hydrogen; R4
and RS arwoRizesns; R6, R8, R0 are nmethyl; R7 and RO are fyfEmganRseand Z is
ferrocenyl; 10 a ligand of formula (I11), wherein R1-R3 arg. Emg@fgen; R4 .
and R5 are nmethyl; R6, R8, and R10 are n&tRylr R7 and RO 1Y ogen; Ri11
“and R15 are hydrogen; Rl12 and Rl14 are hydrogen; and R13 is tert-butyl; a
ligand of formula (IR Ligandref nfRmiz oI5 Wheredank; A andk RS are

met hyl; R6 and R7 Zdre t akep together to form a_six-nenbered aromatic ring;
RS and RI0 are SER Re PRIKerYge eyl ;aké REStaFe-Byilog&n-R1R12 and
R14 are hydrogen; LS.t - ut yl I g rmula (JLI), wherein
"R1-R3 are 20 hydrao%g%ﬁ?éggﬁa %{h%#ﬁrﬁﬁl}%wéggsﬂ%%%&w Y kﬂ 9 are
hydrogen; Rl11 ankjglarer aebygl pgen; R12 and R14 are hydrogen; and Rl13 is
tert-butyl; a ligand of_forrrulaéclll), wherein R1-R3 are hydrogen; R4 and
R5 are net Ilsiyl; R6, R8 didamdorhrformbga (IFIhy| whEFeimR RRpameehydr ogen; R11
is fluorine; andhﬁ%g’-ﬁgﬁ re rga/q{o en; WO 02/28805 - 23 PCT/EPOL/ 11392 2
'3 MAR 2005 a |igdn f orn ¥ (15 %{e WiEPEtn Re- a3 Fw arpdfdyenined and
R5 are nethyl; RR-i-Rqt 8F6-BRdddged?’ 0 r y ; a1, and, R15 are
hydr ogen; and R12 'and  Ri4 are r?er{qhﬁjz gng Pﬁgaggggfﬁlﬁﬁulagg(lﬁﬁ), Yherein
R1-R3 are hydrogad; R4 arel ISiargenyetd ; R6 and R10 are fluorine;

a ligand of fprmula (III), wherein R;-R3 are
10 hydrogen; R4y and Rs are methyl; Ry-Rg and R33-Ry4 are
hydrogen; and Rg, Rig. Ri1 and Rys5 are fluorine.

a ligand of formula (III), wherein R;-R3 are
hydrogen; R4 and Rg are methyl; R7-R1p are hydrogen; Rg
is methyl; Rjj1-Rj4 are hydrogen; and R3g is methyl.

.15 In the bis-aryliminepyridine MX, complex, X may

conveniently be halide, preferably chloride.

In a preferred embodiment of the bis-
aryliminepyridine MX, complex, metal atom M is Fe and a
is 2. In another preferred embodiment, metal atom M is Fe

20 and a is 3.

Compounds which are capable of transferring an

optionally substituted hydrocarbyl or hydride group to

metal atom M, and which are also capable of abstracting
an X group from metal atom M include alkylaluminium

25 compounds such as alkylaluminoxane and alkylaluminium
halides. A preferred compound is methylaluminoxane.
Compounds which are capable of transferring an

"optionally substituted hydrocarbyl or hydride group to

metal atom M include alkylaluminium compounds including




R7-R9 are hydrogen; R12 and R15 are nethyl; and R11, R13 and Rl14 are
hydrogen; and a ligand of fornmula (111), wherein R1-R3 are 10 hydrogen; R4
and RS angqBhbys: R7-RO and R12-R14 are hydrogen; and R6 and R15
are fl uor‘?ne. a Fi gand of formula (I11), wherein R1-R3 arepcgg%?q'égé , R4 and
R5 are nethyl; R7-R10 are hydrogen; R6 is pmthyl; Rl11-R14 ogen; and
R15 is nethyl. 15 In the bis-arylimnepyridine Ma conplex, X may
convenient |y be haluyle a iRkesabkY , COLRp O v il Lahihed gnbodinent of
the bis- arylini nepyyrii di ne MXa conEI ex{eﬁrret A lamt“grﬁ%b%f’gkﬁg'a s | n
anot her pref err e®¥Wodiimesnd mdkxl ainem dnipoureds.20 and a is 3. Conpounds

whi ch are capabl e of transfﬁrﬁri ng an optionally substituted hydrqcarbyl or
hydri de group to mefFPRPBAEMELAR 3FF GrPad eaiofoabapanting amb® racting an -

X group from net om M include_al kyl al um nj um_ 25 conpounds such as
al kyl al um noxaneégr?%ba?lgﬂ"afnﬁ%?gi ﬁﬁ?rﬂa{f i]dEgurHR SEEPBE BEUEE b St Si s
met hyl al unsnoxangcidaneaeRdasWBheh Fwe SARS of, ferring, a .
optionally substituted hydrocS:ar byT” ofghygﬂ?i%é&g'r Sqlﬁ)err{%gﬁ %tsé %tsomnl{cmq ncl ude
al kyl al um ni um cerpeyres -wiehd8h8n / 03 = [ EP! 1392 2 9 MAR
2005 al kyl al um noxanes, alkyl lit h%rﬁo%%u?dggaé?gg?ﬁ%y él’ yl tin and

al kyl zinc conpoyegs).&appounds which are capabl e of abstracting an X group
frommetal atom M i ncfude strong neutral Lewis 5 acids such as SbF5, BF3 and

Ar3B, wherein Ar is & Be¢ubngl Lewis donor molecule is a compound which

may suitably act as a Lewis base, such as ethers, amines,
10 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 Acids) such as diethylzine, may
have a positive influence on the selectivity of the

5 ethylene co-oligomerisation process.

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

20 clear catalyst precursor solutions, in contrast to MAO
activated and solubilised catalyst precursor solutions,

which may become turbid upon standing.
In the [bis-aryliminepyridine MYP.Ln+][NC—]q complex
according to the present invention, L may be a neutral

25 Lewis donor molecule capable of being displaced by

ethylene, or a vacant coordination site.
In the [bis-aryliminepyridine MYP.Ln+][NC_]q complex
according to the present invention, metal atom M is

. preferably Fe and the formal oxidation state of said

30 metal atom may be 2 or 3.




el ectron-w thdrawi ng aryl group such as C6F5 or 3,5- (CF3)2C6H3. A neutral
Lew s donor nolecule is a conmpound which nay suitably act as a Lewi s base,
such as avbetasseem nes, 10 sul phides and organic nitril espcifEroussenf donor
nol ecul es (Lewi s Bases) such as triethylamne or 2,6-di-tert- butgll pyri di ne,
and/ or acceptor nolecules (Lewis Acids) swzh -as di et hyl zihEMAREES have a
positive influence on the selectivity of the 15 ethyl ene co-oligonerisation

process. Furthernor ghelent $1psd dsystieaNmdy bei fbsfea By )Hi%&ﬂ?" E'b%éﬂr({:l BA)
may enhance the cglnti nuorls operation of the Fe- or Co- catalysed ethyl ene
co- ol i gonerisatit6f 69" %I?‘Efg W dpadirdanat eompauadgndpreferakiy

catal yst precursan a0kUlvems,sudh GANitASEnkOoM Lodetdneat ed and sol ubilised
- catal yst precursor solutions, which may becone turbid upon standing. In the

[ bi s-arylim nepyri di Fee Mple nedt JoNOL] ¥Xgonphpkex acsEmotidn gohpodme, s ent
invention,_L may be.a neutral 25 Lewi s donor nol ecul e capabl e of being

di spl aced by et RPFifRa ﬁY ERIEE GOMPOYBHIE fabPhbnl ¥iited iR the present

[ bi s-arylim nepyindeneidfyp. Ln+] [NC ] g conplex according to the present
invention, nmetal atom Mis -preferably Fe and the formal oxidation state of
said 30 nmetal -atom by B P?Eiﬁb;e WP 62raBees I HlmaibiliBy oL ap co-2 9 MAR

1005 The cat al ysbl sycheri F8)i dIE re@iciBanbiy Nenh 1@y 120 a! Rekrutd o B &% and
optional additional co?_%lunds, r ef er abl I n a solvent such as toluene or

I n { .
i sooct ane. The nBPESr@TH G ﬁtE‘B‘FerEﬁ,gr@b‘E%n'iP dAepBERESRANtRVeERtgSEY-onal | y
third conound i s nodudh rd tRAnNtAtyhefpEtRSEefitalyst system is usually

employed in the co-oligomerisation reaction mixture so as
. -4 -5
to contain from 10 to 10 gram atom, of metal atom M,

in particular of Fe [II] or [III] metal, per mole of
ethylene and/or alpha olefin to be reacted.

15 The co-oligomerisation reaction may be 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 150°C.

The co-oligomerisation reaction is preferably carried

20 out at an ethylene pressure of less than 2.0 MPa (20
bar(a)), and more preferably at an ethylene pressure
between 0.1 MPa (1 bar(a)) and 1.6 MPa (16 bar(a)).

Alpha olefin co-monomer is generally present in a

concentration of greater than 1 mol.l_l, preferably in a
25 concentration of greater than 2.5 mol.l-l, and more

preferably in a concentration of greater than S mo]._l'l

?he conditions of temperature and pressure are
preferably selected to yield a product slate with a K-
factor within the range of from 0.40 to 0.90, preferably
30. -in the range of from 0.45 to 0.90. In the present
invention, polymerisation is deemed to have occurred when

a product slate has a K-factor greater than 0.9,



invention. It is possible to enhance the flexibility of an co-
‘ol i goneri sation reaction by enploying a m xture of one or nore catal yst
syst ens _a‘g&q,rtzﬂkﬁg to the present invention. 10 Such a quani%:% f ﬁe
catal yst systemis usually enployed in the co-oligonerisa P‘E’é on .
mxture so as to contain from10-4 to 10.9,gram atom of t-MA mM in
~particular of Fe (Il1) or [III] netal, per nole of ethylene and/or al pha
olefin to be reacted..., 15 The.¢cQ-0oligonerisation.reaction my be conveniently
conducted over a r anérg%o -gt grlrﬁg?g?ﬁ?%%“f%rﬁe-afﬁéent gan3pecCapyigd oa jni n
the range of froml@GCaas 2086 andliguid gh=pfecr akl y.ikadtggstgm@%}ja%gm 50C
: 2 ’

to 150C. The co-qJ l.sation _reactjon .. referably carried out "at an
et hyl ene pressurgiég%qﬂragég ?Egn Eflﬁ at(’z;'d'sti)gé’ (5;‘?, £8ed #9¢ Prachrctr ably at
an et hyl ene pressledinget ween 0.1 MPa (1 bar(a)) and 1.6 MPa (16 bar(a)).
Al pha ol efin co-nonoggr, Lg_generall) Oa&r.esent In.a concentration of greater

than 1 nol’ 1-1, preferably Th o 25 conceht FERFHACRIMYY B8 Fagmigd 2ub in
mol .1-1, and nor &hgr piesebty of a@n comoani=odlend whighaRdElaldibed timl | - 1
The conditions of ratur nd pressure gre preferably selected to yield
a product slate v?na%%qggé&?ag?%rc%?%s taﬁ‘éﬁf’ﬁn %e%fojf?%?ﬁ%: 46visableo,
preferably 30 i solWentanimcbidé rarhahet; wdkEn8H, ¢ycldhel RHRSENGplNVeENti on,
pol ynerisation ig occurred when a product slate has a

K- fact or ?r eater fﬁgﬁggQQﬂydp% 805 - 26 PCT/EP01/11392 2 9 MAR 2005
The co- ol fQomeri sat i Ber reseantplon canlvieetsathaedndptbd uitably used

include hexane, iscoctane, benzene, toluene, and xylene.

Reaction times of from 0.1 to 10 hours have been
found to be suitable, dependent on the activity of the
catalyst. The reaction is preferably carried out in the

15 absence of air or moisture.

The co-oligomerisation reaction may be carried out in
a conventional fashion. It may be carried out in a
stirred tank reactor, wherein olefins and catalysts or
catalyst precursors are added continuously to a stirred

20 tank and reactants, products, catalysts, and unused
reactants are removed from the stirred tank with the
Products separated and the catalysts and unused reactants
recycled back to the stirred tank.

Alternatively, the reaction may be carried ocut in a

25 batch reactor, wherein the catalyst precursors, and
reactant olefins are charged to an autoclave, and after
being reacted for an appropriate time, products are
separated from the reaction mixture by conventional
means, such as distillation.

30 After a suitable reaction time, the co-

‘oligomerisation reaction can be terminated by rapid
venting of the ethylene in order to deactivate the

catalyst system.




t he gas phase or |iquid phase, or m xed gas-liquid phase, depending upon
the volatility of the feed and product olefins. 5 The co-oligonerisation
reacti on wew2psesosarried out in the presence of an inert sgwemiiiydsech may
also be the carrier for the catalyst and/or feed ol efins. Ui Mab0§h .
sol vents include al kanes, al kenes, cycl oatk&hes, and aromatic hydrocarbons.
10 For exanple, solvents that nay be suitably used include hexane,

i sooct ane, benzene, Theusesylahag xytehet cBRgokiooh s clpkisd Pided0 10

hours have been f e suitabl e, .dependent,on the activity of the
catal yst. The reggglﬂgng?ggbﬁ‘%fﬁﬁ?ﬁl ac}g?ﬁi“g’ﬁaf}ﬁ{‘e?lna}?e?@ olsfiB8ence of air
or noisture. The co- bhi gopeefantdd entraiiineat , MBNe berSRIdt @dmgykiton a
conventi onal stirred tank reactor,

fashion. 1t _may pe carried out in a
wherein ol efins and 83?%1:%/%%/3?’(}?%%5118%5?&5#%8&%‘b‘?é"ral“\?t&b’aéﬁrﬁ%ﬁ?%uousI y
to a stirréd 20 wapkaaolefimstandfor Ptoglcbsanénéadl 35S caediHEUSEtht
reactants are renoved fromthe stirred tank with the products separated and

the catal ysts andSuhfs®ly reexein Rier ésyvetllybarxk ethiylhe stirred tank.
Alternatively, the r,ﬁgction be carried out in a 25 batch reactor,

wherein the catal yst pr e TS COARGSLEESP: Qht LT diesens, An¥enk iR widlan

aut ocl ave, and aftserahby ngprimaiciee drieateant RRR OPF iva, € pkbFBraplpducts are
separated fromthe reaction m xture bgpconventional nmeans, such as

distillation. 309AFREFE &RaR tibite WreaBPFBNPTEHRE2R e Sxsates| Hipteri sati on
reaction ¢@n be tereiwal ethdndsapipterwedbl PogAladdie talRYbENg b HIGAT tO

deactivate the gg;rzliéggé aslysﬁ em ) ]

Pha olefins based on the total weight of
linear alpha olefins and alkyl-branched alpha olefins in
the product composition.

Said linear alpha olefins and/or alkyl-branched alpha -

15 olefins may have a chain length of from 4 to 100 carbon
atoms, preferably 4 to 30 carbon atoms, and most
preferably from 4 to 20 carbon atoms.

Product olefins can be recovered sﬁitably by
distillation and further separated as desired by

20 distillation techniques dependent on the intended end use
of the olefins.

The present invention will now be illustrated by the
following Examples, which should not be regarded as
limiting the scope of the present invention in any way,

25 by reference to the accompanying drawings, in which:-

Figure 1 is a regression analysis of Example 4;

Figure 2 is a GC-trace of product of Example 5; and

Figure 3 is a partial gas chromatography (GC) trace
of product from Example 9.

30 General Procedures and Characterisation

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

were dried using standard procedures.




WD 02/ 28805 -

27 PCT/EPO1/11392 2 9 MAR 2005 The resulting product

conposition may conprise linear alpha olefins and/or al kyl -branched al pha

ol efins. o @ eRf €rred enbodi nent, the product conpositio rise

| i near al ph o?%o?i ns and/ or nethyl -branched 5 al pha ol efi g?{;ﬂ%’ég :
et hyl -branched al pha olefins, that is to-say wherein R16 is nethyl or
ethyl. The product conposition of the present invention will generally

conprise greater thannhy8tr¥ts 6BI&IAQ09y . g8l han, 1 wt . .nore
Y10 18 b(c? o Ba&g?é abTy’ A P KRR 25 % wt

preferably great
al kyl - branched

§'[L_.taan 10 15 % wt, and nost pref great
fig BVEFi /3 PRLRGINIAT SHevest Afinel ghaterf cdritesar ofil pha

ol efins and al kykbbtigng pl pha olefins in the product conposition. Said
| i near al pha ol efins_and/or al kyl -branched al pha 15 ol efins nay have a

chain length of fronfFuY+en®0f ¥rifoPurdtyhsvwasrpiei find ovexo a3@otambon

atoms, ands most cphehehadd Yak & : on,. At QRS .
be recovered sui fabl _bﬁ%d% stnﬁmlﬁﬁlgﬁzgﬁggégrfgﬂérgg%pcadrgatqg
20 distillation F%%ﬁi;ih%

uct ol efins can
(?%aéeﬁesi red by

Rr PRI ERENSE WAReT ndnd dexyasTd cestenof tbhet

ol efins. The preggmt invention will now be illustrated by the follow ng
Exanpl es, which _shoul d not be regarded as limting the scope of the present
invention in any way, 9P rléefindeottera contsmpaniengenn aniey e iny
which: - Figure 10i5% af1ag¢eSi0R anakyslgeOfn Sy E:'L-‘Hexaﬁ'e?gﬁg ?94 3¢

p gas _

GC-trace fbf product of Exanple 5; and Figure 3 1s a partra

chr omat ography (€C}*%%

15

20

25

30

ne content; the remainder being 3.6% 1-
tetradecene and 2.3% l-octadecene) were SHOP alpha
olefins obtained from Shell Chemicals and were purified
by treatment with basic alumina and subsequent drying
over 4A molecular sieves in a nitrogen atmosphere. 1-
Heptene (99.3% 1-heptene content; the remainder being
heptene isomers) was obtained from Aldrich and was used
after drying over 4A molecular sieves in a nitrogen
atmosphere. |

l-Aminonaphthalene, 2,6-Diacetylpyridine, 3,5-
dimethylaniline, 2,5-dimethylaniline, 2,4,6-
trimethylaniline, 2-tert-buty1ani1iné, 4-tert-
butylaniline, 2,6-difluorcaniline, 2-fluorocaniline and
anhydrous iron (II) 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,
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:

Column: HP-1 (cross-linked methyl siloxane), film
thickness = 0.25um, internal diameter = 0.25 mm, length
60 m (by Hewlett Packard); injection temperature: 325°C;




of product from Exanple 9. 30 General Procedures and Characterisation All
the operations with the catal yst systens were carried out under nitrogen
at nospherwo odhssosol vents used were dried using standard m(gmtimﬁgz WO
02/28805 - 2 8 | MAR 200539z Anhydrous tol uene (99. 8% pur 2tQMAR(EIS Al drich)
was dried over 4A nol ecul ar sieves (final asater content of about 3 ppn).
Et hyl ene (99.5% purity) was purified over a columm containing 4A nol ecul ar

si eves and BTS celeaégtsioxﬁGXempeBz‘hSE)re naaseef i@li%‘% E'Sf:uﬁé'.d en
content to <1 p % Octe 99.8% 1 ctene content; remal nder bei ng
0. 1% 1- hexene angoﬁ q % 'e)teérf?&rf HE?aH’é%%’FI%‘“(QJZFaE% 10 1- hexadecene
content; the renmd nmjem/ﬂmnms 6%l tt&hpéﬂ@@@f@. aAubod 3Yrlapce . were

© SHOP al pha ol ef | ins obtai ned em cals and were purifie 'y_
treatment with bAsTE A1 r‘?ﬁf’éﬁfd{ns Eﬁﬁg‘?ﬂﬂ?‘}ﬁ ndiespeeeesfaskrer fian si eves

remai nder bel at“‘?is“tm T Somor o) e obt e et Tromeal o Lopeptbel e, o

“renai nder being ,hepten one wa

after drying ovef c% c{asl)dévé'grf’ né%t?ﬂﬁrﬁfeﬁsépﬁoépﬁ@@ard

1- Ami nonapht hal eq:mlﬂﬂ:aﬁ::[dzamabgﬂupysrl Hesponsh Fakt FisebRYERE dv i,

2, 5-di met hyl ani | 2. 4,.6- tr 2-tert-butylaniline, 4-tert-
but yl ani | i ne, g @ el‘]iét?oﬁjrgﬁ’lclqe agéij ?Joer%é}ﬁfl ithe 2AG-nampREAD ddTieasn (I 1)
chloride are avaancab:bxarmhewamphaholeﬂxmmrars@mewaaopblé cdpgad vhr om TCH,

Japan. 10 the even linear alpha olefins of the same or similar

carbon number. The yields of the C4-C34 olefins were

obtained from the GC analysis, from which the K({linear)-

factors were determined by regression analysis, generally
using the Cjg-Czg data of the linear alpha olefins. In >
15 ~ the ethene/l-octene co-oligomerisation the l1l-octene
content was calculated from the regression analysis of
the linear alpha olefins in the Cj;0-Cyg range. In the
ethene/l-hexadecene co-oligomerisation the 1-hexadecene
content was calculated from the regression analysis of
20 the linear alpha olefins in the C;g-Csg range.

The relative amounts of the linear (lin.) 1-hexene
amongst all hexene isomers and the relative amount of
linear (lin.) 1-dodecene amongst all dodecene isomers
found from the GC analysis is used as a measure of the

25 selectivity of the catalyst towards linear alpha-olefin

formation.

The yields of the branched C;p-C3p alpha olefins in
case of ethene/l-octene co-oligomerisation, or the
-branched C;5-C3¢ alpha olefins in case of ethene/1-

30 hexadecene co-oligomerisation, were obtained from the GC
analysis, from which the K{(branched)-factors were

determined by regressicn analysis. In the case of co-




25 Ferrocenyl am ne was prepared according to the nethod outlined in the
literature (D. van Leusen and B. Hessen, Oganonetallics, 2001, 20,

224-226) .woheedgsgoner s obt ai ned were characterised by GasPC.gg%g%graphy
(G0, in order to evaluate oligonmer 30 distribution, using a series -

|| apparatus and the followi ng chromatographi c conditions: CdMARNIHP- 1
(cross-linked nethyl siloxane), film thickness = 0.25m internal dianeter =
0.25 mm |ength AQgomeRYskevbstss Paokatd)and R-gctkan.t epperature: 325C, WO
02/ 28805 - 29 PCT/EP01/11392 2 9 NAR 20%5’ néie?egt%’ggﬂ?egrr%%r%‘t% - of 5he
initial tenperatwds 140€arf and ranchad Co-CYHPLI Fhall S1dH QG JEPR rate:

10.0C mnute; final tenmperature: 325C for 41.5 mnutes; internal standard:
n- hexyl benzene. I?Z’§B&H§€ faeRoFRe fGF analiysisyefirpmnebickl ol ef i ns

relative to n-hexyhheeaenesadidt el 1stign Ld det ermned using a
standard gali br?lt lon m xture. Responself agﬁorén%gég{ ﬁ%g%{/oernyeﬁ'ﬁnbered
branched af pha oFEFFREIDERPHFRIFRASECR] appAEaLs. and branched al pha ol efi ns

were assunmed to be egh@lwdighkO A8 L¥ENhkDEL QPQP | efi of .the same or
simlar carbon nﬂlbﬂ Th% i el ds _of tﬁek{():d- (%%Jlo e ﬁngﬁdﬁ%r%gn%ﬁ?a?ﬁ%’a from
the GC anal ysis, 28 SR ¢hang Linear) 1-nadeormeswe ehed ated ghineat by
regressi on anal ysgsalgenardddhedldi-a8dkRen Lo f_ i gear . al pha
olefins. In 15 the et hene/l-octene co-ol iIglorlrpTr ic%g?l?ggnﬁﬁeb g%g*lgﬁean ont ent
was cal cul ated froffehel v €§n 2BAaFPei webIht trat i wfarmlayphbratetieds in

the CLO- OEB range-eitoddite (Ht eee/ 41R9xaBLLMEE G HIAIRY oLl 00408
1- hexadecene . .
determined by GC analysis are used as a measure of the
selectivity of the catalyst towards the formation of
alkyl-branched alpha-olefins.
The NMR data were obtained at room temperature with a »
15 Varian 300 or 400 MHz apparatus. Structural assignments

of linear alpha-olefins and by-products were made by
. 1 13
comparison of "H- and C-NMR spectra of reaction samples

containing different amounts of various component.s.
Characteristic resonances for olefinic and linear and
20 branched aliphatic groups were taken from literature.
Where deemed necessary, techniques allowing
identification of carbon-carbon comnectivities were
applied to provide additional structural proof.

Catalyst Components

25 1. Preparation of 2,6-bis-[1-(2-methylphenylimino)
ethyllpyridine iron[II] chloride complex (X)
Complex X was prepared according to the method disclosed
in WO-A-99/02472.

2. Preparation of 2-[1-(2,4,6-trimethylphenylimino)
30 _ethyl]-6-acetylpyridine (1)




content was calculated fromthe regression analysis of 20 the linear al pha
olefins in the C18-C28 range. The relative anounts of the linear (lin.)

1- hexenew@opmgeds all hexene isoners and the rel ative anowgr/EPb1/1139R€EAr
(l'in.) 1-dodecene anpbngst all dodecene isoners found fromthe GC anal ysis
is used as a neasure of the 25 selectivity3adf -the catal yst Z@mmm Iinear

al pha-olefin formation. The yields of the branched C10-C30 al pha ™ol efins in
case of ethene/1-octene co-oligonerisation, or the branched Cl8 C30 al pha
olefins in case of ethene/1 30 hexgflegene co-oligonerisation, were obtained
fromthe GC analysis, from whi e anched)-factors were determ ned
by regression analysis. In the case of ¢o t WO 02/28805 PCT/ EPO1/11392 - 30
-2 9 MAR 2005 ol i gonerisation ofY ethen8 and 1-heptene the yields of the

odd |inear and branched C9-C2 olefins were obtained fromthe GC

anal ysis, fromwhich their K(Ii r)-factor and their K(branched)-factor
were 5 determ ned by regression alysis. The weight ratio of alkyl-branched
1-undecene(s) over al kyl-branched and |inear 1-undecenes, the weight ratio
of al kyl -branched 1-dodecene(s) over (g kyl -branched and [|inear 1-dodecenes
and the meight rati o of aIkyI branched 10 1-eicocene(s) over alkyl-branched
and |inear 1-eicocenes #ernln ed by GC anal ysis are used as a neasure of
the sel ectl vi t P o7 rbrlﬁé’ BVﬁé‘fil?%\/\g?tﬁs Srhé %8 FEeLbreRd 2.4.16y1 - br anched

al pha-ol efins. ThemdvRydahdlwnee(DbtaigedAiss aABL ) e &= 1Wdahia

450 ml of toluene. To this solution, 4A molecular sieves

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

crystallisations from ethanol yielded 3.42 g (28.7%) of

monoimine (1}. 1H-NMR (CDCl3) & B.55 {(d, 1H, Py-Hp),

10 8.11(d, 1H, Py-Hy), 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). '

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

15 (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 added. After




15 Varian 300 or 400 MHz apparatus. Structural assignnents of |inear

al pha-ol efins and by-products were nade by conparison of 1H and 13C NWR
spectra ofgoi@agsoson sanples containing different anounts QET)ﬁ[)
conponents. Characteristic resonances for olefinic and |i neaij
branched aliphatic groups were taken fromligerature. Were ¢
necessary, techniques allowi ng identification of carbon-carbon

connectivities wet&nd | € § QWO t
Cat al yst Conponent s 2]?@. Pr epardg'{l on of QQQU: aéfl%'%éluec %%pﬁ %’fm no)
ethyl ] pyri di ne i Fo%7$¥1 ©if d%’ﬁé‘r@oﬁﬁrge%e@k‘)lxﬁniﬁ@)@ Showers .pAEpet ed

accordl ng to thefibthehich YHORA vend WEsA: epaLation, of
2-[1-(2,4,6-trimet hyl phenyl i m_no) VESO ethyl]-%%%le yl%yﬁ%lﬁg i?’ﬁ)‘
02/ 28805 - 31 (3 }é%ﬂlﬂlswt?agompmm@cwaajla@adylfpymdthaenc(l? 3 g,

44.8 mol )s and 2 tiylanili n 4. 5 mmol) were dissol ved
in 450 ml of tokl'fl;%lﬁ%é“lgo ('r'% oPutPg}ﬁgé%)r‘Pg’r qé sActR &ECRHE ) adsnal |

amount of t ol u o] | re added. The nm xture was
refl uxed fgr 16L§h}drﬁs ng Pgﬁ %’% ﬁl“éatloﬁ )Qﬁ,\egﬁﬁ s fefovidd iLH-vacuo.
1) Th e (ol g TRas ) 4 SRR e g Had e %28 AR (705 (1
1H Py-HP), 6. 892P(S,Arﬁ|ﬁi\,/es?Aﬂ|2|) (s T ;e BH2 M) (2337 by, 3o s, 322 (S,

3H, Me), 1.99 (s, 6H
e), 2.00 (s, 6H, Me), 1.34 (s, 9H, Bu ).

Q05

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

(3}
15 In an inert atmosphere a solution of 1.5 g diimine (2,

3.6 mmol) in 100 ml dichloromethane was added to 420 mg
FeCls (3.3 mmol) in 150 ml dichloromethane. The mixture

was stirred for one week. The developed blue precipitate
was isolated by filtration and dried in vacuo. Yield 1.5

20 g (84%) of iron complex (3). .

H-NMR (Cl2CDCDClz, broad
signals) d 79.3 (1H, Py-Hy ), 77.7 (1H, Py-Hyp), 27.0 (1H,
Py-Hp), 20.7 (3H, Me), 17.3 (6H, Me), 15.0 (2;1, ArH),
14.3 (2H, ATH), 1.2 (9H, Bu'), -2.6 (3H, MeC=N), -17.8
(2H, o-ArH), -32.1 (3H, MeC=N}.

25 5. Preparation of 2,6-bis-[1-(2, 6-difluorophenylimino)
ethyl] pyridine (4)



3. Preparation of 2-[1-(2,4,6-trinethylphenylim no)

ethyl]-6-[1-(4-tert-butyl phenylimno)ethyl]pyridine (2) 15 (2) Mnoimne (1,
2.8 0, 1Gyowehssognd 4-tert-butylaniline (1.49 g, 10 nmol )powwemdi®sol ved in
100 M of toluene. To this solution, 4A nol ecul ar si evesv\?gﬁﬁ&small anount

of p-toluenesul phonic acid (0.1 mmwol) were3dadded. After 285 - 32
PCT/ EPOL/ 11392 2 9 MAR 2005 standing for 5 days with addition of nore 4A
nol ecul ar sieves, the m xture was refluxed for 2 hours. After filtration
t he sol vent was renoved in vacuo. The re e was washed wi th net hanol and
recrystallised fromethanol. 5 Yieldg of mxed diimne (2).

1IHNWVR (CDC13) S 8.42 ( d, 1H, Py- H 8.34 1H, Py-Hm, 7.86 (t, 1H,
* Py-Hp), 7.38 (d, 2H, ArH), 6.89 (s, ArH) i@S (d, 2H, ArH), 2.42 Is,
3H, Me), 2.29 (s,3H M), 2.22 (s, 6H, M), 1.34 (s, 9H
But). 10 4. Preparation of 2- [1(246tr|rrethylphenylim'no) ethyl] -6- [1-
(4-tert-butyl phenylimno) ethyl] pyridine (ayon[lI1] chloride conplex (3) (3)

15 In an inert atnosphere a solution of 1.5 g diimne (2, 3.6 nmml) in 100
m di chl or onet haﬂesv@samictekbmm ng .7Feq) 214 3 Tyl )andnz;LéQ m

di chl or onet hane. 4 rred,for one week. devel oped bl ue
precipitate was® |s at edtwblelrfé,vafrzzg:‘!o " afd TRt YA 655# 550 g
(849 of iron complek %@Uemﬂ NIVR thGE2 6D0DCIEY mrpoa-cbles:ugaal 8jevkes Qvete 1H,

DY) T (kB e odbakdiy £BY SPay @0 ek el blon e T W),

4A molecular sieves the mixture was filtered. The solvent

was removed in vacuo. The residue was crystallised from

ethanol. Yield of 4: 1 g (24%).'H-NMR (CDCla) & 8.44 (d,
2H, Py-Hp), 7.90 (t, 1H, Py-Hp), 7.05 (m, 2H, ArH) 6.96

10 (m, 4H, ArH), 2.44 (s, 6H, Me). “F-NMR (CDCl3) & -123.6.

6. 2,6-bis-[1-(2,6-difluorophenylimino)ethyl]} pyridine
iron[II] chloride complex (5)

In an inert atmosphere 493 mg diimine (4, 1.27 mmol) was
15 dissolved in 50 ml THF. FeCl, (162 mg , 1.28 mmol) in 10

ml THF was added. After stirring for 16 hours at room
temperature, the scolvent was removed in vacuo. Toluene
(100 ml) was added. The blue precipitate was isolated by

“filtration, washed with pentane and dried in vacuo.

20 Isolated 0.5 g (76%) of iron complex 5. lH-NMR
(C12CDCDC1,, broad signals) & 75.5 (2H, Py-Hp ), 39.6



14.3"(2H, ArH), 1.2 (9H, But), -2.6 (3H MC=N), -17.9 (2H, o-ArH, -32.1
(3H, MeC=N). 25 5. Preparation of 2,6-bis-[1-(2,6-difluorophenylim no)

ethyl ] pywiodizpgsds4) WO 02/ 28805 - 33 O (4) PCT/EPO1/ 113921,%[/?1,% %(2)05
2,6-Diacetylpyridine (1.76 g, 10.8 mmmol ) and 2, 6- difluoroanili né e .94 g, -

22.8 mol) were dissolved in 50 m of toluene. To this sol G@imagg,ﬁA
nol ecul ar sieves were 5 added. After standing for 3 days, with addi'ti on of

nore 4A nol ecul Si t h i.xtuyre filtered, The solvent was renoved
in vacuo. The reglﬁ%(le%ggp)c‘ras 'é’{(ltggédy’&gﬁbm "t rhinbiE. Brdild oR244 (6K,

(249 . 1H NVR ( )3 8 4_%‘&, H - w 7,90 (t, 111, Py-Hp), 7.05 (m
2H, ArH) 6.96 %%%NEH, %r : é.czziac?@,jcm B\EYO-39F. NVMR (CDC13) 6 - 123. 6.
6. 2,6-bis-[1-(2,6-difluorophenylim no)et hgl] pyridine iron[lI] chloride
conpl ex (5) (5) [n dMisERateatFspgrarionoet nd), ek nd ((2,6%. 27 nmol ) was | S
di ssolved in 50 @ifhirofiflntd ini®e)&8hy1}- apld 4 m,, THE. was added.
After sti rsri ng for 16 hours atl roor)n tle,rr%elf?r%fure,étlh%ni[gll\;eﬁPIV\ﬁﬁg\?aemved in -
vacuo. Tol'uene ?‘i‘?ﬁ)l??f)(ﬁads added. The bl ue precipitate was isol ated by
filtration, washed with pentane and dried in vacuo. 20 Isolated 0.5 g (76%

of iron conplex S. 1HNVR (Cl12CDCDC12, \l;@lii gnals) 6 75.5 (2H, Py-Hm),
39.6 F F

oC ,\)3@
(57)

In an inert atmosphere a sclution of &0 mg FeClay ( 0.47

mmol) in 0.5 ml ethanol was slowly added to a solution of
10 260 mg diimine (4, 0.67 mmol) in a solvent mixture of 10
' ml toluene and 6 ml pentane. The resulting blue
precipitate was isolated by centrifugation, washed three

times with toluene and dried in vacuo. Yield 210 mg

(87%) of iron complex 5. TH-NMR (CD3C1l3, broad signals)
15 6 76.7 (2H, Py-Hp), 37.6 (1H, Py-Hp), 16.8 (4H, ArH),

-10.2 (2H, ArH), -20.3 (6H, MeC=N). °F-NMR (CD,Cl,) & -
75.

8. Preparation of 2-[1- (1-naphthylimino)ethyl]-6-
acetylpyridine (§6)

20 |

2,6-Diacetylpyridine (5.49 g, 33.6 mmol) and 1-

aminonaphthalene (4.8 g, 33.5 mmol) were dissolved in 100



WD 02/ 28805 - 34 PCT/EP111/11392 2 9 MAR 2005 (1H, Py-Hp), 15.7 (4H, ArH),
-11.6 (2H, ArH), -22.4 (6H MeC=N). 19F-NMR (O 2CDCDCI2) S -70.3. 7.

Al t er nat ewiy@pggeat i on of 2,6-bis-[1-(2,6- difluorophenylin, péiAYd:]
pyridine iron[ll1] chloride 5 conplex (5 ) In an inert atngg Ezma sol ution

of 60 ng FeCl2 ( 0.47 nmol) in 0.5 nl ethappl_was slowy &t
solution of 10 260 ng diimne (4, 0.67 mml) in a solvent m xture of 10 n

toluene and 6 ni mgegtfap_g%uggg s Ylg4 ;g&hg?mp&g%%‘fa ed.v{\a@%si/z%gt ed by

centrifugation, washed ree tines wt uene an Yield
210 ngy (87% of wergnaddagh eAf&er sHanVRg( €D2C2C, hdumxmaditsirgioal s) 15 6 76. 7

] H A 20. 3 (6H,
R e N e

2-[1-(1- napht hyl rmﬂ%?étmlya@m ad‘éntq/lrpynildmg Byt R0 (o&) 2,6-

2, 6-Di tyl 4.8 g,
33.5 n{argle)ymgw glh-gggléglé? ’1"8% %0%%8385 %%PIB%%@/I%B 7‘1‘%5]2](2 9 MAR
2005 m of tol ueﬁErlCF@an?hiﬂsdsi‘rlHt-l(dnnnphehnlamm)eawl(]&e)- wer e added.
After standing fQeegQ1hpridsdl JaQ0W: sEBIDEE NS vyl XTpiLe was filtered.

The sol vent was
diiminepyridine by-product 2,6-bis-{1-(1-

naphthylimino)ethyllpyridine was removed by selective
10 complexation to a metal halide. FeCl; (0.79 g , 6.23

mmol} was added in an inert atmosphere. After stirring
for 16 hours at room temperature, the solvent was
removed in vacuo. Toluene (100 ml) was added to the
resulting mixture. The precipitated complex was filtered
15 off over a small layer of silica, yielding a yellow
solution. The sclvent was removed vacuo. Crystallisation

from ethanol yielded 3.25g of 2-[1-(1-

naphthylimino)ethyl] -6-acetylpyridine (6) (33.6%). 1H-NMR

(CDCl3) & B8.65 (d, 1H, Py-Hy), 8.15 (4, 1H, Py-Hy), 7.95
20 (e, 1H, Py-HP), 7.87 (d, 1H, ArH), 7.76 (d, 1H, ArH),

7.64 (d, 1H, ArH), 7.4-7.6 (m, 3H, ArH), 6.82 (d, 1H,
ArH), 2.79 (s, 3H, Me), 2.38 (s, 3H, Me).

5. Preparation of 2-[1-{l-naphthylimino)ethyl]-6-[1-(4-
tert-butylphenylimino)ethyl] pyridine (7)

25
(7)

Monoimine (6, 1.25 g, 4.34 mmol} and 4-tert-butylaniline

(0.65 g, 4.34 mmol) were dissolved in 50 ml of toluene.




renoved in vacuo. The resulting mxture of 2,6 5 diacetyl pyridine,
2,6-bis-[1-(1-naphthylimno)ethyl] pyridine and

2-[ 1- (I - nevohd2iegggsm no) et hyl ] - 6- acetyl pyridi ne was di ssol VW f THF.
The diim nepyridine by-product 2,6-bis-[1-(1- naphthylimn rﬁkgv ﬂﬁgri di ne -
was renoved by sel ective 10 conpl exation t.ozg netal halide. Fed .79 g ,
6.23 mol) was added in an inert atnosphere. After stirring for 16 hours

at room t enper at WL cHihke ed inv . Toluene (100 M) was
e et oh, MOLet eI M s TERE wsoidnd  avserls

added to the resulting mxture.
of f over a snal| JtAPEings for| 16 aboyie| thagnixtyalel eas soltdien. THe sol vent

hapht hyl + i noy ot et e aery T onefdn 1d VRS Yedl Siirvacncis) 6 6. 65 (d
1H, Py-Hm), 8. 15%&W§W1h95%§rm98hml(-t Yiehd Oy, (2487 dedmikbly ATH),
7.76 (d, 1H, ArH.:7.64 (4, ArH), 7.4-7.6 3H, ArH), 6.82 (d, 1H,
Arro,(z.?gy(s,rgﬁ?l%}é‘?? gse&{%,m@,tw Wﬁlpﬁg]%dﬂa%i&ﬂri%fa)-s e.(51

2-[1- (1-napht hyl i gi ng)ethyl]1-6-[]-(4- tert-butylphenylimno) ethyl] pyridine
(7) 25 (7) Monoi r(ng]ﬁeQ%B,p %Ijé@ ’g,B'@.%Z%lfmeﬂF{) R¥iokm-t &r-©1bdtyl aHi | Pyety)(,0. 65

g, 4.34 mol) wenesgi 580! #ed Ay50 b 0f Ol yene. WD 02/ 28805 - 36 MAR12005
To this solution, nolecular s}iuglv)e's 7?11,&) (\?érgﬂad}ggy.' A?f‘%/ér (dgt 2Heli P¥HY or 16
hours the m xturé-%a%- §i(herSh. ATHd, SoBvénd Wwas 3mnewad i k.yacys, Fhe

residue was r eclypt ai_lzj;;e(ds'f r:&rp %ter}?ngl.ﬂYi(se! dg}zo,' %A{lt?.( 24% of m xed

10 10. Preparation of 2—[1~(l—naphthylimino)ethyl]—6-[1-(4-

tert-butylphenylimino) ethyl) pyridine iron[II] chloride
complex (8)

15 In an inert atmosphere, a solution of 440 mg diimine (7,

1.05 mmol} in 5 ml dichloromethane was added to 130 mg
FeClz (1.03 mmol) in 20 ml dichloromethane. The mixture
was stirred for 9 days. Addition of 10 ml pentane yielded
a2 blue precipitate, which was isolated by centrifugation

20 and dried in vacuo. Yield 480 mg (85%) of iron complex
(8) 1H-NMR (C1l2CDCDCL;), gave broad signals which were
not further assigned.

11. Preparation of 2-[1-(2—tert-butylphenylimino)ethyl]-
6-acetylpyridine (9)




5 diinmine (7, 96%purity by NVMR). 1H NMVR (CDC13) 6 8.51 (d, 1H, Py-Hm,
8.38 (d, 1H, Py-HW, 7.91 (t, 1H, Py-HP), 7.86 (d, 1H, ArH), 7.78 (d, 1H,

ArH), 7.6%ddnsddd, ArH), 7.4-7.6 (m 5H ArH), 6.8-6.9 ("pcpEieoiAnsd 2- 43
(s, 3H M), 2.37 (s, 3H, M), 1.34 (s, 9H, But). 10 10. Preparation of

2-[1-(1-napht hyl i nino)ethyl] -6-(1-(4- tert3butyl phenylini nc)&MAY RIS pyri di ne
iron[l1Il chloride conplex (8) (8) 15 In an inert atnosphere, a solution of

440 ng diimne (7, 1.05 mmol) in 5 m dichl g onet hane was added to 130 ngy
Fedl 2 (1.03 mmol) in 20 nl- di chl or onet hane, I Xxture was stirred for 9
days. Addition of 10 ml pentane yielded ,agzbl'ue precipitate, which was

I sol ated by centrifugation 20 and dri ed)‘@acuo. Yield 480 ng (85% of iron
~complex (8) 1H NMR (C 2CDCDCI 2), gave br signal s which were not further
assigned. 11. Preparation of 2-[1-(2-tert-butyl phenylim no)ethyl)-

6-acetyl pyridine (9) WO 02/28805 - 37 PCT/ERg}/ 11392 2 9 MAR 2005 (9)
2,6-Diacetylpyridine (4.37 g, 26.78 mmol) and™2-tert- butylaniline (4.0 g,

26.8 mmol ) were @,SsDluedtyTpiiite 4087t gl ugpers Tﬂncngi anChbUkbap.
nol ecul ar si evesb(lﬁAgL we%le afideqd. After standing for 20 _hours at room
tenperature, the mxture*Was'$il Ger 8§ 8TRECLLIverR didsolwrdvén 160 mihacuo.

The resul t¥ng m efuteluénd, Brdlitaget gbpytidhNemoledirlall sieves (44) were

bi's-[1- (2-tert-bypylphepyl Lm ok eihy! Lpyrhgips and 2.1 - erature,
the mixture was filtered. The solvent was removed in
vacuo.

The resulting mixture of 2,6-diacetylpyridine, 2,6-

10 bis-[1—(2-tert—butylphenylimino}ethyl]pyridine and 2-[1-
{2-tert~butylpheny1imino)ethyl]—G—acetylpyridine was |
dissolved in 50 ml THF. The diiminepyridine by-product
2,6-bis¥11-(2-tert-butylphenylimino)ethyl]pyridine was
removed by selective complexation to a metal halide.

15 FeCl (0.79 g , 6.23 mmol) was added in an inert

atmosphere. After stirring for 16 hours at room
temperature, the solvent was removed in vacuo.

Toluene (100 ml) was added to the resulting mixture.
The precipitated complex was filtered off over a small

20 layer of silica, yielding a yellow solution. The solvent

was removed in vacuo.

Crystallisation from ethanol yielded 2.8 g of 2-[1-
(2-tert-butylphenylimino)ethyl]—s-acetylpyridine (9}
(36%) . "H-NMR (CDCl3) & 8.48 (d, 1H, Py-Hp), 8.10 (d,

25 1H, Py-Hp), 7.93 (t, 1H, Py-Hp), 7.41 (d, 1H, ArH), 7.17
(t, 1H, AxH), 7.07 (t, 1H, ArH), 6.51 (4, 1H, ArH), 2.77
"{s, 3H, Me), 2.38 (s, 3H, Me), 1.33 (s, 9H, Bu").

12. Preparation of 2-{1-(2-tert-butylphenylimino)ethyl]-
6-[1-(4-tert-butylphenylimino)ethyl} pyridine (10)




(2-tert-butyl phenylimno)ethyl]-6-acetyl pyridine was dissolved in 50 n

THF. The dii m nepyridi ne by-product

2, 6- bi s- - g dadm@r t - but yl phenyl i m no) et hyl | pyri di ne was r . b

sel ective conplexation to a netal halide. 15 FeCl2 (0.79 g, éﬂ aﬁ?%l) was
added in an inert atnosphere. After stirringg tor 16 hours &t i
"tenperature, the solvent was renpved in vacuo. Toluene (100 m) was added to
the resulting m xture. The precipitated conplex was filtered off over a
small 20 layer of silica, yielding a yellowW(3plution. The solvent was
renpved in vacuo. Crystallisation from ethdn yielded 2.8 g of 2-[1-
(2-tert-butyl phenylimno)ethyl]-6-acetyl i (9) (3699 . 1H NWR (CDC13)
8 8.48 (d, 1H, Py-Hm, 8.10 (d, 25 IH, Py @ 93 (t, 1H, Py-HP), 7.41 (d,
1H, ArH), 7.17 (t, 1H, ArH), 7.07 (t, 1H, [ 6.51 (d, 1H, ArH), 2.77 -
(s, 3H, M), 2.38 (s, 3H, M), 1.33 (s, 9H, But)" 12. Preparation of
2-[1-(2-tert-butyl phenylimno)ethyl]- 6-[1-(4-tert-butyl phenylimno)ethyl] -
pyridine (10) - WO 02/28805 - 38 (10) PCT/E2®) 11392 2 9 MAR 2005 Mbonoi m ne
(9,1.06 g, 3.6 nﬁnh%,and 4-tert-butyl aniline (0.56 g, 3.75 mmol) were

di ssol ved in- 25 ORPBENEo(2ehel6 5.TG - & Mgl ohndi dntentimoylanidigees (4A)
were added. Afteno.stagdi 897§ Ofm RS gl ] > filtered. The

sol vent was renmf%dai'fjgvac 0 Thcggr esi dugrl\?\/ggm%éeg%rss%gﬁli soefzj%f’ﬁﬁﬁ{lst hanol .

Yield 0.8 g (53 15 RtCIRT it eCYART SiPTRR (LDCHBreS aBidas. (AftdH,
Py-Hn), 8.34 10 §tandingFjoddo nold® the hikedYs Hs é&f%éggd.S?heArFD’

solvent was removed in vacuo. The residue was

recrystallised from ethanol. Yield 0.81 g (53 %) of mixed
s 1
diimine (10). "H-NMR (CDCls3) & 8.36 (d, 1H, Py-Hp), 8.34

10 (d, 1H, Py-Hp), 7.88 (t, 1H, Py-Hp), 7.4 (m, 3H, ArH),

7.18 (t, 1H, ArH), 7.07 (t, 1H, ArH), 6.78 (4, 2H, ArH),
6.54 (4, 1H, ArH), 2.42 (s, 3H, Me), 2.38 (s, 3H, Me),

1.35 (s, SH, But),1.34 (s, 9SH, But).
13. Preparation of 2—[1—(2—tert—butylphenylimino)ethyl]-

15 6—[1-(4—tert-butylphenylimino}ethyl] pyridine iron(II]
chloride complex (11)

In an inert atmosphere, a solution of 640 mg diimine (10,

20 1.5 mmol) in 10 wml dichloromethane was added to 182 mg
FeCly (1.44 mmol) in 20 ml dichloromethane. The mixture

"was stirred for 16 hrs. Addition of 20 ml pentane yielded

a blue precipitate. Isolation and drying in vacuo yielded

650 mg (B2%) of iron complex (11) . 1H-NMR (CD,;Cl;, broad




7.18 (t, 1H, ArH), 7.07 (t, 1H, ArH), 6.78 (d, 2H, ArH), 6.54 (d, 1H ArH),
2.42 (s, 3H, M), 2.38 (s, 3H, M), 1.35 (s, 9H, But),1.34 (s, 9H, But). ;
13. Prepawetoznsgsost 2-[1-(2-tert-butyl phenylimno)ethyl] 1%5dErERoiri1392 \
(4-tert-butyl phenyli.mno)ethyl] pyridine iron(ll] <chlorid m@@ﬁx (11) . |
(11) In an inert atnosphere, a solution -0f3%640 ng diim ne fg 5 mol) ‘
in 10 m dichl oronet hane was added to 182 ngy FeCl2 (1.44 mmol) in 20 m

di chl or onet hane. tar f Addi tion of 20 m
pent ane yi el ded S-{gﬁ?gééy(pérﬂe% p| \t/YgL é sd?gtl 87[,7 gdadfylpﬁg%h Vedo (YHel ded
650 82% of o} o] 2, broad WO 02/28805 - 39
PCT/ Ego(ll 11/%92 2%%&% %’%}51 %%vs% éCE%‘H B Hm8-3 13Hp AuH), Py- H
+30.4 (1H, H 16, .4 H, Ar 13.8 2H, Ar 3 (1H Ar 9H,
But), (1 1 (glﬁ Béf ?9*1 8‘31 rb%c‘:%j Bulti /7" 1( EDH(BW H)ﬂécamj. 35')@2111 o- A§H)

-33.1 (3H, MeC= 5 { H, n_of 2- -
(2-tert-butyl phglz‘mynﬁ%n%)eth 3%@'?’ ’(1@ SEPA A |b’ﬁ8n§hm3r?o) et hyl |
pyridine (A12) (12}H10csti.mine (9,1.13 g, 3.87 nmol) and
3,5-dinmethylaniline (0.5 g, 4.13 nmol) were dissolved in 25 m of toluene.

To this sol utioht- RAPeagdos efes- (llﬁozml&-aﬂd:@dphéhyﬁmﬁ)aétdiyllg for 60
hours the m xturg_ pas 4 ig tdqrm%q 18g Jv%rg) r]em)veg }/acuo The

resi due was 15 recrystal i se P?’o anojl Vite yd1 oPYg? 1{’323@ of m xed
diimne (12). 1H NMR (CDCL3) S8.37(d 1H,_Py-Hm), 8.32 -

\ﬂJ\/Qj\n/
[ N N
(12)

10 Monoimine (39,1.13 g, 3.87 mmol) and 3,5-dimethylaniline
(0.5 g, 4.13 mmol) were dissolved in 25 ml of toluene. To
this solution, molecular sieves (4A) were added. After
standing for 60 hours the mixture was filtered. The

solvent was removed in vacuo. The residue was

15 recrystallised from ethanol. Yield 0.79 g (52 %) of mixed

diimine (12). 'H-NMR (CDCly) & 8.37 (d, 1H, Py-Hg), 8.32

{d, 1H, Py-Hy), 7.87 (t, 1H, Py-Hp), 7.42 (d, 1H, ArH),

7.18 (v, 1H, AxH), 7.07 (t, 1H, ArH), 6.76 (s, 1H, ArH)},
6.54 (d, 1H, ArH), 6.46 (s, 2H, ArH), 2.40 (s, 3H, Me),

20 2.39 (s, 3H, Me), 2.33 (s, 3H, Me), 1.36 (s, SH, Bu').
.15. Preparation of 2~ [1-{2-tert-butylphenylimino)ethyl] -

6-[1-(3,5-dimethylphenylimino)ethyl] pyridine iron[II)
chloride complex (13}




(d, 1H, Ply-HmW, 7.87 (t, 1H, Py-HP), 7.42 (d, 1H, ArH)77.18 (t, 1H, ArH),
7.07 (t, 1H, ArH), 6.76 (s, 1H ArH), 6.54 (d, 1H ArH), 6.46 (s, 2H ArH),
2.40 (s, wigo2dspos 20 2.39 (s, 3H M), 2.33 (s, 3H M), lpggmpirndbh But).
.15. Preparation of 2-[1-(2-tert-butyl phenylim no)ethyl] 2 9 MAR 700 -
6-[1- (3, 5-di net hyl phenyl i m no)ethyl] pyridi ng iron[IlI] chloride co?‘r’pl ex
(13) WO 02/28805 - 40 (13) PCT/EPO1/11392 2 % MAR 2005 I'n an inert

at nosphere, a solution of 617 ng diimne (12, 1.55 mml) in 10 m

di chl oronet hane was added to 187 ng 5 FeCl .48 mmol) in 20 m

di chl oronet hane. The m xture was stirr 16 hours. Addition of 20 mni
pentane yielded a blue precipitate. Cobligng tp -30 C yielded a second
~amount of blue precipitate. Isolation n n vacuo yi el ded 660 ny
(85% of iron conplex (13) 1H 10 NMR ( C]é‘a brgad signals) 3 81.5 (1H,
Py-Hm), 76.9 (1H, Py-Hv, 37.6(1H, Py-Hp), 16.1 (1H ArH, 1.2 (1H, ArH),
1.0 (9H, But), -2.7 (3H MeC=N), -5.6 (6H, ‘J\{%)) 11.7 (1H, ArH), -13.5 (1H,
ArH, -25.6 (2H, o-ArH), -35.7 (3H MCN'—='37.4 (1H, o-ArH. 15 16.

Preparation of 2-f41-{.2, EA g l.phenyl i mj_no. : L
et hsl ] - 6 [ 1-(2-f|ﬂ%r%lghi§1ny '% rﬁtﬁsg?‘ﬁ?ﬁ pér“:““giu‘hnce’?%zf’)f &L1 pp diimipeg 4§12,
: Monoi mine (1, 1.%-3f m™nod? dwollp mhdd2chlomomsttidriensrac388dedOt St s B ey Ml )

were di ssolsved i %5& m, .of tol ugpe, To this_solution, 4A nol ecul ar sieves
were added’ Aftert€-t2 {1.48 mmo in 20 ml dichloromethane. The mixture

was stirred for 16 hours. Addition of 20 ml pentane
yielded a blue precipitate. Cooling to -30 °C yielded a

second amount of blue precipitate. Isolation and drying

in vacuo yielded 660 mg (85%) of iron complex (13) a-

10 NMR (CD2Cly, broad signals) & 81.5 (1iH, Py-Hn ), 76.9

(14, Py-H,), 37.6(1H, Py-Hp), 16.1 (1H, ArH), 1.2 (1H,

t
ArH), 1.0 (9H, Bu'), -2.7 (3H, MeC=N), -5.6 (6H, Me), -
11.7 (1H, AxH), -13.5 (1H, ArH), -25.6 (2H, o-ArH), -35.7

(3H, MeC=N}, -37.4 (1H, o-ArH).

15 16. Preparation of 2-[1-(2,4,6-trimethylphenylimino)
ethyl]—s-[1-(2-fluoropheny1imino}ethyl]pyridine (14)

(14)

-Monoimine (1, 1.0 g, 3.57 mmol) and 2-fluorcaniline {358
20 mg, 3.57 mmol) were dissolved in 50 ml of toluene. To
this solution, 4A molecular sieves were added. After

standing for 20 hours, with addition of more molecular




standing for 20 hours, with addition of nore nolecular WO 02/28805 - 41
PCT/ EPO1/ 11392 2 9 MAR 2005 sieves, the m xture was filtered. The sol vent
was renpwed 02/esseyacuum and the oily residue was warned i n petriEohizef S0C) .
The yell ow solid, which precipitated after cooling at -20% d‘ ltered.
off and dried in vacuo. 5 Yield 300 ng (23 9 _of mixed dii %Eﬁ‘ﬁzﬁ 1H NWVR
(CDhC13) 8 8.45 ( d, 1H, Py-Hm, 8.38 (d, 1H, Py Hm, 7.88 (t, 1H, Py-Hp),

7.1 4H, A 41 3H, M),
2. 29(?18 3H, rmfl%g‘%(% 'élff “N?ée)m‘? gﬁ?éﬁ%ﬂ%)so @Etl\nwgém@d 10)5
-126.8. 17. Prepanavéomumfarl [the( 2idy6resides hydphemreddmiino thanol
thyl]-6-[1-(2-fl hepyl i ni t h d I hlorid |
(18] 6 T n an BRI G v Pk YAl i i Brezint hat e afibes (14, b, 72

mol) in Sm di ang,olas 7 Cl2 67 mol) in 20 nl
di chl) olrorret hane.el?'hg{?ﬁ t%r;% %swggﬁ’fﬁé: 5 % Ogg ﬁBﬁré‘?lé‘gd’ir{ |"6‘r‘i’“8¥' 10

pent ane 20 yi el dédledd b’iﬂjien}ge(@Bpl%ﬂ abé mmamymﬂesqllal)ed by centrifugation
and dried in vacuo. Yield 175 /? iron conpléex (15). 1H NMR (CD2C12

. broad signals, LoPEt(GPClaht 884584 <i.(1H, Py-Hm ), 88® Ad,1HH, PJyHm), 21.2
(1H, Py-Hp), 4.5 WO 02/ 28805 PCTI EP01111392 - 42 - 2 9 MAR 2005 (3H, MeC=N),

-24.5 (1H, o- Ar Hjm) - 33 88 (84 e CRX)HDILOM.- INVR. ( E2CGADY) 8 6.95. 0dd, 2H,

ArH), 6.89 (s, 2H, ArH), 2.41 (s, 3H, Me), 2.29 (s, 3H,
Me), 2.22 (s, 3H, Me), 2.00 (s, 6H, Me). “PF-NMR (CDC1;)

10 5 -126.8.

17. Preparation of 2-{1-(2,4,6-trimethylphenylimino)
ethyl] -6-[1- (2-fluorophenylimino)ethyl]pyridine iron([II]
chloride complex (15)

15 (15)

In an inert atmosphere, a solution of 270 mg diimine (14,

0.72 mmol} in 5 ml dichloromethane was added to 87 ng
FeCl; (0.67 mmol) in 20 ml dichloromethane. The mixture

was stirred for 20 hours. Addition of 10 ml pentane
20 yielded a blue precipitate, which was isolated by
centrifugation and dried in vacuo. Yield 175 mg (51%) of
iron complex {15).
1 -
H-NMR (CDzCl,; , broad signals, selective data) 5 84.5

{lH, PY"Hm ) ’ 80-4 (1H' PY_Hm) ) 21 .2 (lH, Py—Hp) ’ 4 -5




18. Preparation of 2-[1-(2,4,6-trinethylphenylimno) ethyl]

-6-(1-(1l-pyrrolylimno)ethyl) pyridine (66) 5 (16) Mnoimne ((1), 3.0 g,

10. 7 mol woaswhsdesam nopyrrole (1.0 g, 12.18 mmol) were d| g@h‘%ﬁﬂﬂ??’ 50 m
er

of toluene. To this solution, nolecular sieves (4A) were a 10 .

standing for 40 hours the m xture was filtered. The solven noved in
vacuo. The residue was recrystallised from é?hanol Yield .g\é@ﬁg{“ 50 9% of
m xed diimne (16). 1H NWR (CDC13) 8 8.42 (d, 1H, Py-Hm, 8.29 (d, 1H, Py
15 Hn), 7.86 (t, 103H,PYlelsN),6-98.5 m{1i2H 0By ol e3b)1 688 mdcuy)2HIAH) |
6.26 (m 2H, Pyrrole-H), 2.67 (s, 3H M), 2.28 (s, 3H M), 2.20 (s, 3H,
Me), 2.00 (s, 6H, NMR) (CDinzPr?epaSatOi on of 2-[1-(2,4,6-trinethyl phenylin no)
ethyl]-6-[1-(1-pyrrolyliruino)ethyl]pyridine iron[l1] 20 chloride conpl ex

(17) (17) In an iBer Prapabapied f & -sAl-Ybi, @Ng0 1 mml)
in 0.7 m ethanol Wg %gw dded to l;! \L/{\lz) 02 }szglé%)'g P%%lﬂ(f&%mg 885
sol ution of 400 n§ d¥i [¥( 5Pyl Igmdnp) phhnl keyxiedine nfvsur e of 10 m

tol uene and 6 nl pentane. The green- brown precipitate was isolated by
centrifugation, washed three tines with tol e and dried in vacuo. Yield

375 mg 5 (98% of iron conmplex (17). 1 Cl2 , broad signals, not
assigned) S 88.1 (1H), 72.4 (1H), 29.9 , 197 3H), 16.9 (6H), 13.5
(2H), 8.8 (H), 5.8 (2H), 2.9 (1H, - 3H) .

(16)

Monoimine ((1), 3.0 g, 10.7 mmol) and l-aminopyrrole {1.¢
9, 12.18 mmol) were dissolved in 50 ml of toluene. To
this solution, molecular sieves  (4A) were added. After

i0 standing for 40 hours the mixture was filtered. The
solvent was removed in vacuo. The residue was
recrystallised from ethanol. Yield 1.85 g (50 %) of mixed
diimine (16).

1
H-NMR (CDCl3) & 8.42 {(d, 1H, Py-Hp), 8.29 (4, 1H, Py-

15 HEm), 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, 3H, Me),
2.28 (s, 3H, Me), 2.20 (s, 3H, Me), 2.00 (s, 6H, Me).

15. Preparation of 2-{1-(2,4,6-trimethylphenylimino)
ethyl]-S—[1-(l~pyrrolylimino)ethyl]pyridine iron[II]
20 chloride complex (17)

(17)

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

(0.81 mmol) in 0.7 ml ethanol was slowly added to a




20. Preparation of 2-[1-(2,6-difluorophenylimno)ethyl)- 10 6-acetyl pyridine |
(18) (18) 2,6-Diacetylpyridine (4.04 g, 24.7 mvol) and 2, 6 di fl uoroaniline

(3.2 9, %ooue® ) were dissolved in 50 m of toluene. Gbytlon

nol ecul ar sieves (4A) 15 were added. After standing for 5 d Mflbom
tenperature, the mixture was filtered. The43otvent was renoved in vacuo.
Fromthe resulting mxture of 2,6- diacetyl pyridine, nonoi mne, and diim ne.

Most of the 2, 6sclweciiylqfyriodi mg dasmirenyElshy 1salsl mmal)omlen s&ﬁwﬂtZO at

80-90 C. The res 0 ed,b n 1H: data, . 0. 35 nmo

2, 6-di acetyl pyri dine 7 %EZ‘&B 911 %?ﬁ?ﬂgnea%% e PSTLARE - nzBlf\%lgfﬁer‘?é‘ Thi s

m xture was reacble@nwnﬁecl@ztage vds 2Bsobat 9d EgClc2nitri fGgat i diHE Wwaghegnove
the diimne. Af t in erature, th Ivent 25
was removed in V%tngjoes éll"{ Se%&&b&%%nwas ad%‘lel(?%?gnt K& o %%

PCT/ EPOI / 1392 - (%8k) X GrbARc2@PBexr &5l ting m xture. The precipitat ed
conplex was filtered off over a small |ayer of silica, yielding a yell ow

lution. The soly. f th I
3S/ioeludlegn1. 35egsof -621\1%? 1@26 dlegfuoro %‘gyli 1'mi n%) g%kkéﬁéépgscea[ylrppsrl gln(l’)le
l(_ﬁ?) 7(33-3&% )L HAIMR (DRC1329. 6 83r5)2 (JQG%HB?H gfls_')s gsr}ﬂl_;DZ (1<23 %HI SF’ysH
I\/E): 2.43 Is: H(mpbl')lap Q#ZRIRR%% ?912(:%'% 243~ Pré}}'&ratlon of 2- [1-’

2, 6-difl
611 (2. 5. i o A DRGHFRERE RO} oyt iyt et gpropnenymino) exnyy) - e

acetylpyrldlne {(18)

F©F
(18)

2,6~-Diacetylpyridine (4.04 g, 24.7 mmol) and 2,6-
difluorcaniline (3.2 g, 24.7 mmol) were dissolved in 50
ml of toluene. To this solution, molecular sieves (4A)
15 were added. After standing for 5 days at room
temperature, the mixture was filtered. The solvent was
removed in vacuo. From the resulting mixture of 2,6-
diacetylpyridine, monoimine, and diimine. Most of the

2,6-diacetylpyridine was removed by sublimation in vacuo

20 at 80-90 °C. The residue contained based on lH-NMR data
0.35 ' mmol 2,6~diacetylpyridine , 1.28 mmol diimine and
5.46 mmol monoimine. This mixture was reacted with 162 mg
- {1.28 mmol) FeCl, in 10 ml THF to remove the diimine.
After stirring for 16 h at room temperature, the solvent

25 was removed in vacuo. Toluene (50 ml) was added to the




(19) 15 Monoimne (18, 0.86 g, 3.13 Mol ) and 2,5-dinethylaniline (0.40 g,
3.3 mol) were dissolved in 25 m of toluene. To this solution, nolecular
sieves (4fb added. After standing for 3 days the mi xture was filtered.
The sol vent was rempved in vacuo. The residue was crystal PCTEROVHER 20

ethanol. A m xture of 2-[1-(2,6- difluorophgpylimno)ethyl]-6 -
di met hyl phenyl i m no) et hyl ] pyri di ne and 2, 6-%?5{ 2-[1-(2, 5- WTMQZZU[%

di met hyl phenyl i m ] L.din s.isolated. In THE

2, 6- bi 8{2_[1_(21m§? g’%‘%ﬁ%’u‘}ﬁ%ﬁ% |'mgrr%1o ECRYIEPEpFPHi ReRERX Mascidrdredt ed to
FeC12 . The sol veAf @msrranewetl ilayeacod. silokaengiéldiny )a ‘#}@il@gde‘j to the
| ayer Vb 02) 28808 BLr BRor T BTVt Y s e 0B AUt | ca, yi €l ding
yel I ow sol uti on. C¥¥@tabl isshioms rame mbhadol nyvataed 1r3s55ipbti éaug fg6_om

et hanol vyisl ded 9 f. 2-11- =difl uor ophenylimno)ethyl ] “6-(1
(2, 5-dimethyl phg‘gﬁ%‘(r?o%@“&?hlyﬁ]‘kéfh%ﬁf?%éEL’(i@??Y yiidior d&Br13) 6 8.41 (d,
2H, Py-Hn), 7.89(1%.8 1. Py- Hp), 6.8-7.2 (m 5H ArH), 6.50 (s, 1H, ArH),

2.44 (s, 3H, I\/Ei, 2.32 (s, 6H M), 2.05(s, 3H, Me). 19F-NMWR (CDC13) : 6
-123.4 22. PrepatlNMm (@DC24) |15 € X2 6di filguopgp | qisngyet hyl 1510 6- [ 1-
(2, 5-dinmethylp n}yl :#;1 no) et hé'}l’ piérj dj ne i ronF?I %Le)n%/hq omrzi )ei' chYnmlg( (20)
(20) In an inert™at sgﬁhe(rte soFltiph: of - B5 (my IH.i &cHe, (6997 16n,0.2893 ol )
in 5 m dichlor hane added to 11 FeCl 2 (0.086_nmmol) in 10 m
di chl or omet hane?‘[ﬁhé %')?pﬁf(g' gH Me) | 2.43 (s, 3H, Me). 19p-.NMR

10 (CDC13): & -123.6.

21 . Preparation of 2—[1—(2,S—difluorophenylimino)ethyl]-
6-[1-(2,S-dimethylphenylimino)ethyl]pyridine (19)

=
« |
F N
@C"‘ “
F
(19)

Monoimine (18, 0.86 g, 3.13 mmol)} and 2,5-dimethylaniline
(0.40 g, 3.3 mmol) were dissolved in 25 ml of toluene. To
this solution, molecular sieves (4A) were added. After
standing for 3 days the mixture was filtered. The solvent
was removed in vacuo. The residue was crystallised from
ethanol. A mixture of 2-[1-(2,6~
difluorophenylimino)}ethyll] -6-[1~(2,5-
dimethylphenylimino)ethyl]lpyridine and 2,6-bis{2-[1-(2,5-
dimethylphenylimino)ethyl] }pyridine was isolated. In THF
2,6-bis{2-[1-(2;S-dimethylphenylimino)ethyl]}pyridine was
"co-ordinated to FeCl, . The solvent_was removed in vacuo.
Toluene {10 ml) was added to the resulting mixture. The

precipitated complex was filtered off over a small layer




«. was stirred for 16 hours. After addition of 5 m pentane the resulting blue

precipitate was isolated by centrifugation, washed with pentane and dried in

vacuo. 3P0 V¥p/edsds 40 ng (90% of iron conplex 20. 1H NVR ( @Ed@Epebebsy broad
signals) 6 78.6 (1H, Py-Hm), 75.0 (1H, Py-Hm), 37.9 (1H, Pﬁé—(g{iq 19. 8
(1H, ArH), 16.6 (3H, M) 15.8 (1H, ArH),~1? 6 (1H ArH), -BIMRED we)
229.7 (1H, ArH), -10.8 (3H, MeC=N), -15.77 (1, “ArH), -22.4 25 (1H ArH),
-29.8 (3H, MeC=N)._ 19F-NVR (C12CDCDC12) 8 - 62.7 and -67.4. WD 02/28805 - 46
PCT/ EP01/ 11392 2 & MAR1SG05Y381dprEpa r¥tiiny olution. The solvent was
2-[1- (2, 4, 6- 1 maidmdve@enyl ka08) Crystallisation -
ethyl ]-6- [ 1- (ferr ocenyl i m no) et | Tpveidine (25) {5?3‘ Noro| oy Haelded 40
©2-[1-(2,4,6-tri né‘E‘-’hW%Heﬁ’;l 2l Fu')?/?e i} fluprophgpad jmpne) eihyd 1611263 ny,
0.94 mmol ) and fer,seaergkadt PReH¥8OniRDL) ek i NEer i ssolved in 40 n
of toluene. To this solutiog?ﬂnnlgcular)sié@gggygg?lmgeﬁggddded. After
standing fér 16 PRt HEDRL 3l ud e Bvalsl ([, | RHL eBy-~-Hfk, sdl.eent{tvwasd| eppved in
vacuo. The residue 10 was recrystallised fromethanol. Yield 180 ng (41 %
of mixed diimn&p21. 61BFRMR (ED2EH2)And)g. 8650 da, P, AMNR) 447(85 (t, 1H,

Py Hp), 6.88 (s, 3&H nAFH) 46 (t oo 2H_Cp .25 (t, 2H  CpH), 4.20 (s,
5H CpH), 2.55 (3?"3#5%?;&5.%’ (& m!ﬁl Ej)lgsﬁt/é),:*éﬁ é‘%?%('s, 3H, Me). 1.98
(s, 6H Me). 24. ;Bre at | of 2:[1-(2,4,6-trinethylphenylimno)
et hyl]-6-[1-(ferror§éﬁ% E#ﬁﬁmhé [d¥ri-dine iron[11] chloride conplex (22)
22. Preparation of 2-[1-(2,6-difluorophenylimino)ethyl] -
10 6-[1-(2,5-dimethylphenyliminc)ethyllpyridine iron[II]

chloride complex (20)

(20)

In an inert atmosphere a solution of 35 mg diimine (19,
15 0.093 mmol) in 5 ml dichloromethane was added to 11 mg
FeCl; (0.086 mmol) in 10 ml dichloromethane. The mixture
was stirred for 16 hours. After addition of 5 ml pentane
the resulting blue precipitate was isolated by
centrifugation, washed with pentane and dried in vacuo.

20 Yield 40 mg {90%) of iron complex 20.
1 . )
H-NMR (Cl1,CDCDCly, broad signals) 6 78.6 (1H, Py-Hp ),
75.0 (1H, Py-Hy ), 37.9 (1H, Py-Hp), 1.8 {(1H, ArH), 16.8&

(3H, Me) 15.8 (1H, ArH), 15.6 (1H, ArH), -8.2 (3H, Me)
--9.7 (1H, ArH), -10.8 (3H, MeC=N), -15.7 (1H, ArH), -22.4

25 (1H, ArH), -29.8 (3H, MeC=N). 19F-NMR (Cl,CDCDCly) & -

62.7 and -67.4.




20 (22) WD 02/28805 - 47 PCT/EPO1/11392 2 9 MAR 1005 In an inert atnosphere.

a solution of 153 ng diimne (21, 0.33 mol) in 5 m dichl oronet hane was

added to eCl2 (0.32 mmol) in 5 m dichl oromet hane. xture was
stirred f@rbd%%&ﬁ)g The bl ue-gray precipitate was 5 isol at edP PWJ11392
centrifugation, washed with hexane. and drigg . i n vacuo. MAR 20050 (89 $)

of iron conplex 22. IH NWR (CD2C12, broad signal s sel ect ed data) 8 88.6
(1H, Py-Hm), 7624 ( : C 8 (5H,
G 115 (3 “NRCeRP AR DR Yyl e HoxEREN FAGP AR IHREREYI ut  on | n
t ol uene ( Eur eceneN}YEhG@f iD’I'(fEt}a:tQﬂenleﬁlGBG) ethy]] pyridiBiem (21TVA = 35.7 wt %
(cal cul ated), Mblecular mass = 900 g/ nol) used was ex. Wtco GrbH,

Ber gkanmen, Germany. 15 Catal yst system preparation Catal yst preparation was
carried out under nitrogen in a Braun MB G dry box. The iron conpl ex
(typically about 10 ng) was placed in al bottl e seal ed by a septum
the MAO-solution 20 (4.0 g), of the abpov ntyoned grade, was added and
gelnertl |y aMdar k- col oured sol ution,

stirred for 2 mnutes. This yielded
whi ch soneti nmes cont ai ned sone preci ate. Ther ter toluene (9.0 g) was
of ~anot her 1@em n. | nrediately 25

added and the solution was stirred
hereafter, part of this solution was used in the i gonerisation reaction

(see Table 1 for the anbunts wused).

(21)

Monoimine 2-[1-(2,4,6—trimethylphenylimino)ethyl]-6-
5 acetylpyridine { 1, 263 mg, 0.94 mmol ) and
fer;ocenylamine (280 mg, 1.03 mmol) were dissolved in 40
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
10 was recrystallised from ethanol. Yield 180 mg (41 %) of
mixed diimine 21.
'H-NMR (CD,Cl,) & 8.36 ( dd, 2H, Py-Hy ), 7.85 (t, 1H, Py-
HP), 6.88 (s, 2H, ArH), 4.46 (t, 2H, CpH), 4.25 (t, 2H,
CpH), 4.20 (s, SH, CpH), 2.55 (s, 3H, Me), 2.27 (s, 3H

15 Me), 2.20 (s, 3H, Me), 1.98 (s, €H, Me).

24. Preparation of 2-[1-(2,4,6-trimethylphenylimino)
ethyl}-6-[1- (ferrocenylimino)ethyl]pyridine iron[II]
chloride complex (22)

20 (22)




A igonerisation Experinments O igonerisation experinents were carried out in
a l- 30 litre steel autoclave equipped with jacket cooling with a

heat i ng/ gRe st)ath (ex. Jul abo, nodel no. ATS-2) and a PEY/ERPM DRSS

stirrer and ? In order to renmove WD 02/ 28805 - gﬂéﬁ 1/ 11392 29
MAR 2005 traces of water fromthe reactor, ,ht _was evacuat I ght at
<10 Pa, at 70C. The reactor was scavenged Dby introducing 250 ml toluene and
MAO (0.3-1.2 g ol uti,on)_.and sub eguent S |rr| ng .at 70C under, nitrogen 5
pressure of 0.4-t 5M3E Sr a§5‘°ﬁ‘?ﬁe Fhd ¥ ¥R Ondadt B9 diiming J2Rar ged

via atap in theobmam@;fl)t He SUhQCBauhlorc'ﬂi&Haeﬁthah wage@varuat @g to 0.4

kPa and | oaded 25 he te e, 1l-octene or
1- hexadecene (V\#;leeaﬁ @1%99 ntlgz1 ?[ngﬁﬂ}:b *Pfol dh¢) mRFdtReat ed 10

to. 40 C and preses issddreid foet byl nne'm@ li]h.fe—@ragrsrbli-ecupmhtﬁeatvﬁ@ in Table 1
or in the descripti.on af .the ment. The solugion (typlcall 059)
was then ‘added P& @XCFSPQEE?HQ?W&% Fash E% hexans @, Arisd) u

i njected was 30 iM ,vatsiongydepgoredung &897i%)aroft arzbﬁ Ebﬁplé}t eet.i on of the
catal yst; see below) and the sti rri ng at 800 rpm was continued for 30

m nut es. _ The ~cak 5%?“? Egm gr; de%%& d a$ov éng%? a_gﬁlharmunt

as described in Ras2 |n uce htd the: g an
i nj ection systenpyig h)t, hQsalyd (Qﬁ ZQYI@I Lgenem( t3hq3ﬁotﬁg) voiéjrﬁe (8, ek pd was
30 m: the catalyst solution di futed With tol uene to 10 was |njected

and the injector2.$ydt8m Ga¥lri nsddst WHe MEG=N)10 nl tol uene). Addi tion of
the catal yst solution resulted

10 - 25. Methylaluminoxane (MAO)
The MAO-solution in toluene (Eurecen AL 5100/10T, batch:
B7683; [Al] = 4.88%wt, TMA = 35.7 wt% {calculated),
Molecular mass = 900 g/mol) used was ex. Witco GmbH,

Bergkamen, Germany.

15 Catalyst system preparation

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
20 (4.0 g}, of the above mentioned grade, was added and
stirred for 2 minutes. This yielded generally a dark-
coloured solution, which sometimes contained some
precipitate. Thereafter toluene (9.0 g) was added and the
solution was stirred for another 10 min. Immediately
25 hereafter, part of this solution was used in the |
oligomerisation reaction (see Table 1 for the amounts
used) . |

Oligomerisation Experiments

Oligomerisation experiments were carried out in a 1-
30 litre steel autoclave equipped with jacket cooling with a
heating/cooling bath (ex. Julabo, model no. ATS-2) and a

turbine/gas stirrer and baffles. In order to remove




in an exotherm (generally 5-20 C), which reached a 25 maximumw thin 1
m nute and was followed by rapid establishnment of the tenperature and

pressure\w%’nzégéogd in Table 1. Tenperature and pressure were nonitored
t hr oughout "t action, as well as ethylene consunption, F 11392

mai ntai ning a constant ethylene pressure. After 30 consumi ricdd MARE0T ai n
vol unme et hyl ene, the oligonerisation was stopped by rapid venting of the

et hyl ene, decant itg.% the _product _mixture into a collection bottle using a
tap in the base P%Re CLurREPRVET MG rea Py hét nvas Leeacunted r resul t ed

in rapid deactivahiegnight! 8¢ €8 aby/Stat WQQ2/ 38B0p EGILFRAL, 11302 - 49 - 2 9
MAR 2005 After addi.tion _of n-hexyl benzene (0. 5-3.‘% g élgs&;% n]stce%?'ﬁgpe t andar d

to the crude pro&¥ctPtREIUGHRHI2F T tadueng apin¥AQRL0 dbtlerdrined by gas .

chromat ogr aphy, fsoam:ivh) cind Mﬂ?ﬂri&gtﬂki%ﬁﬂgz?é;l ﬁcg?/%g'ﬁrﬁeer}e%%r&égﬁgg{ .

was 5 detgrm ned bg regression anal ysis, general
of the |inear al PAESFEFif .o'ﬁl‘oépﬁéaeﬁlor 3psmipant Then Rdactoas eonhents her e

is a small deviatiees 8i06hafget Rl aFl@ipy 16i shei Putd W JH: L€ oc1av

et hene/ 1- oct ene %g ol i gonerisation, the 1-octene content was ca cu?at ed
from 10 the regr 888 BRFANAT VA% DRAMRE T feaP - 4l lpPm ik flioaslednwithe C10- C28

range. In the ethboat ladexidacanent)- 10hbgeuRE | SALdAnd e &zﬂ@éé‘&é&%‘e
content was cal cg& ted fromthe regression analysis 5} the |l i near a p%a
olefins in the € BFTHRYETONE Sars APBRLE tigd TapleaB) eand H&atite -

amount of 150l i dstbns o hee pimllprleseas idehew It RES 181 erdedtlOWH §PS\SM§6 €
reaction product.l\,/lxag cg%‘%r.lfﬁgg& at 4000 rpmfor 30 mn after Ich the
clear upper |ayet"WAER - Hecdht @8 *The OF ohRr thaydasadmsiion a§ bhesol i d
ol efi ns, experiment. The MAO-sclution (typically 0.5 g) was then
' added to the reactor with the aid of toluene (the total
_ volume injected was 30 ml, using a procedure similar to
15 the injection of the catalyst; see below) and the
stirring at B00 rpm was continued for 30 minutes. The
catalyst system prepared as described above and in an
- amount as described in Table 1, was introduced into the
stirred reactor using an injection system with the aid of
20 toluene {the total volume injected was 30 ml: the
catalyst solution diluted with toluene to 10 ml was
injected and the injector system was rinsed twice with 10
ml toluene). Addition of the catalyst solution resulted
in an exotherm (generally 5-20 °C), which reached a
25 maximum within 1 minute and was followed by rapid
establishment of the temperature and pressure indicated
in Table 1. Temperature and pressure were monitored
throughout the reaction, as well as ethylene consumption, |
whilst maintaining a constant ethylene pressure. After
30 consuming a certain volume ethylene, the oligomerisation
. was stopped by rapid venting of the ethylene, decanting
the product mixture into a collection bottle using a tap
in the base of the autoclave. Exposure of the mixture to

air resulted in rapid deactivation of the catalyst.



toluene and a mnor anount of liquid olefins was m xed 20 with 500 m
‘acetone using a high-shear mxer (Utra- Turrax, type TP 18-10). The m xture

was cent ky nder the above-nentioned conditions. Thecdrg¥ainizeyer was
m xed W‘Y?H%%%ﬁ:ﬂ acetone and filtered off over a gl ass ficlﬁiei? (porosity.

P3). The solid product was dried for 24 heuss - 25 at 70 Cﬁé <&I§[ﬁ? wei ghed
~and its <C32 contents determ ned by gas chromat ography of MA

1, 2-di chl orobenzene aeted daditdtdd i SHIRHRRGIEERSSO! B i0n of S hggsolids. The
amounts of solids reported ianabI el are the is0 attad so?‘i 853 ﬁgvi ng a

carbon nunber >Ci@te3faYhstamdatd veo arfpuntradef pré@udt naas abuft) of-dexene
anongst all hexene isoners and the relative anount of the linear (lin.)

- 1-dodecene anmong$yoatlefiioveoerse deserminedbP 2428 My RGTLEREBAE LB m SO - 2
9 MAR 2005 were eval uated by GC analysis and are reported. in Table 1. The
yi el ds of the br ¥ReRBd%S 0l 3RRAEEHHA SSihelznELlery Kbkimesc)etfhgher wakt ene

co-oligonesisati gatephitd® @ég}_%&q 3 fii ' of
et hene/ 1 hexadecene co-oli g%neri sati or??lgﬁ(%@ %%5%%?&%%!%%@3&% i near
and branched C97C28-Gdgpkdatel ef the Limé¢he xiade ellefinsol i BPrmeigpaakenen of

et hene and 1-heptene were obtained by GC analysis. K(linear)-factors and/or
K(branched) 10 f&8tBFhet tdha mﬁ%éﬁ%cebfﬁm nef 2 ApatdgAeysabion dirginysi s.

These data are ghveehilz-F:S, Hiadtd/i®uthbnl hern dellidi@dndoscobpiionpf the
experinments. The gg%ﬂ?ht ratio of al kyl-branched 1-undecene(s) over

al kyl - branched afi TS at-Aifte fdife d - OFRENFYHENtamag cadowiated from
al kyl - branched 1ltHedsefnedsod \&ialdlshyl obr eR€ NeithedRd alpha olefins in

the C309-Czg range. In the ethene/1-hexadecene co-

cligomerisation, the l-hexadecene content was calculated

from the regression analysis of the linear alpha olefins
in the C;g-Cg range. The data are reported in Table 1.

15 The amount of solids in the product was determined as
follows. The crude reaction product was centrifuged at
4000 rpm for 30 min after which the clear upper layer was
decanted. The lower layer consisting of solid olefins,
toluene and a minor amount of liquid olefins was mixed

20 with 500 ml acetone using a high-shear mixer (Ultra-
Turrax, type TP 18-10). The mixture was centrifuged under
the above-menticned conditions. The lower layer was mixed
with 200 ml acetone and filtered off over a giass filter

{(porosity P3). The solid product was dried for 24 hours
25 at 70 °C at <1kPa, weighed and its <C3; contents

determined by gas chromatography of a 1,2-dichlorcbenzene
or a 1,2,4-trichlorobenzene solution of the solids. The

amounts of solids reported in Table 1 are the isclated
. solids having a carbon number >Cig.

30 The relative amounts of the linear (lin.} 1l-hexene
amongst all hexene isomers and the relative amount of the

linear (lin.) 1-dodecene amongst all dodecene isomers



| i near 1-dodecenes and the weight ratio of al kyl-branched 1-eicocene(s)
over al kyl - branched and linear |-eicocenes determned by GC analysis are

reported Exanple 1 20 Iron conplex 3, pre-actiyated in the
manner de‘é’@r@%@&g in the "Catal yst System Preparation”, EMW@H ina-

" 1-litre steel autoclave, |oaded with 0.5 g 4Q and t ol uean(M;mtz% vol unme
310 M), in an ethylene oligonerisation experinent at 1.6 MPa ethyl ene

pressure. 25 Aft ger@nefhlVAEHe 159 f 8,8. 9. dhe reaction yas
st opped, giving r| sre ‘tso 110.6 g of |nea%a§% &éé a%pha p%ﬁ%ﬁﬁ? 'arﬁﬁx\g.S g of

solids >C30. The tot al anmount of ethylene oligomerisation product 113.1 g

Is slightly | ess theehy take, which is attributed to | oss of
30 -part of the voI ]tfiﬁé’rf’g%g‘r‘?d ﬁ@cbﬁﬁin‘éIQ‘cﬁﬁosﬁéPha akeflins iof .

by- products. WO ggég8595e@gg QUAL3I2 o5 % . MAR 2005 The |inear al pha
ol efins showed an al nost perf%cat %ul z- F l§° %I?i‘f%;“awﬁri%up%n wth
K-factor of O. 72branchetbrcl\ge¢35r@nph£gcﬁm&:ﬁl idnahysl éfugtﬂéhé e Cl0 - C28 -

contents deternm ned by GC (Recgﬂesm on statistics: R2 =571.0 standard

error = 0.01 froRfAedesiens wa QPmer‘-FﬁétTgmn O rtHer qqmildfsyo(:'Ttl& Fodd was
near.) hexene and 1-dodecene purity

4. 65E+07 nol eth e/ ml . Fe*h
were 99.5 and 9#@‘5| WeHg 5’5&9 e &%élﬁ]?&uﬁ}§ fdpspiantreFage o£10 al pha
ol efin and brancm%%n@xﬁf&%t%ﬁf b lé@ﬁénézax?d‘ci-ﬁpfe‘ﬂte weESPSSLdNEly - The

details of. Exarrplelare given in_Tab .
GC analysis. K{(linear)- factors and/or K(branched) -

10 factors were determlned accordingly by regression
analysis. These data are given in Table 1 and/or in the
detailed description of the experiments.

The weight ratio of alkyl-branched l-undecene (8) over |
alkyl-branched and linear 1l-undecenes, the weight ratio

15 of alkyl-branched 1-dodecene(s) over alkyl-branched and
linear 1-dodecenes and the weight ratio of alkyl-branched
l-eicocene(s) over alkyl-branched and linear l-eicocenes
detexrmined by GC analysis are reported in Table 1.
Example 1

20 Iron complex 3, pre-activated in the manner described
in the “Catalyst System Preparation”, was employed in a
1-litre steel autoclave, loaded with 0.5 g MAQC and
toluene (total volume 310 ml), in an ethylene
oligomerisation experiment at 1.6 MPa ethylene pressure.

25 After an ethylene consumption of 118.2 g the reaction was
stopped, giving rise to 110.6 g of linear C43~-Cap alpha
olefins and 2.5 g of solids >Czg. The total amount of

ethylene oligomerisation product 113.1 g is slightly less |
than the ethylene uptake, which is attributed to loss of
30 -part of the volatile 1-butene and the formation small

amounts of by-products.



Exanple 2 is a repeat of Exanple 1 apart fromthe 15 fact that part of the
tol uene has been replaced by 1-heptene. The ethyl ene uptake of 118.3 g

resul t ed wé o2/3s885 3 9 even-nunbered |inear C4-C30 al pha ol eirapeidiesst 2.0
g solids >C30 were isolated. Besides these products GC anal yses showed .
formation distributions of odd 20 nunber ed5li rear and br.anclz?muma

ol efins. The odd (Cg- C29) linear al pha olefins anbunted to g, ‘whil st
the odd branched almimldbefarnalgnaummﬂs) shc&m@ ahhg1hbie PerEC28 al pha

ol efins shovved Fl or st.ri bution, rived from regression
~anal ysi s, V\/la%%"‘glzK OB I‘%ng; ;ll?%\’é’t?}ft’cﬂn 0"’63‘ a‘:t‘irfﬁf Gt72hd @sd

error < 0 01 for t t he .odd- number ed
~linear C9-C21 al%%%%gzﬁr\r% g%§§éﬁgﬁgxgd Lﬁe‘fe%? é?'a %1069 E?i al pha

ofefins gave Schibedileary actbshhbutipnge fiay r@%sﬁoF(Qg%tiét{}(c%r) g 0. 70 (R

= 1.00; 30 standard error = ations
- 02/ 28805 BCT/ EP011./01113%2and52d- e2r8r MAR) RQO&rbfnathaﬂéeﬁfra@l&&)(.RZ = 1 00;

standard error = % n%]" obs vat |%€f§) res%e?tlvel . The T.O F. was
2. 13E+07 nol et hyl en@PrdF Re®H ’éeqﬁ‘ ‘@-CnFy F 1¥ABXBRPENT Pdodecene
purity were 5 Qﬁrﬁrl&mé/%llf'%m respectivel y The details of Exarrpl e 2

, but

are given in Table a e 3 was eat of, Exanpl e

with the 1- heptene rgpl &ggaﬂ/ ’a%’{% ﬁ‘é‘d }!\Ffi8fie En%tmlé‘ﬁfewfﬁecaﬁsﬁnptlon
of 118.0 g the raaChiz0RsWRE, SLOPPECh il Nepel foql ppear

C4- C3D al pha olefins and 9.7 g ngf slc;%l s glé??obﬁ%ﬁ%esei%fgsbéa%fcﬁel neaf al pha

olefin ¢ alpha olefln and branched Czg alpha olefin were <2 and

<3 % wt, respectively.

The details of Example 1 are given in Table 1.
Example 2

Example 2 is a repeat of Example 1 apart from the
15 fact that part of the toluene has been replaced by
l-heptene. The ethylene uptake of 118.3 g resulted in

110.3 g even-numbered linear C4-Cip.alpha olefins, whilst
2.0 g solids >C3p were isoclated. Besides these products
GC analyses showed formation distributions of ocdd-

20 numbered linear and branched alpha olefins. The odd (Cg-

Cz9) linear alpha olefins amounted to 1.7 g, whilst the

odd branched alpha olefins amounted to 1.1 g.

‘ The linear C;p-Czp alpha olefins showed a Schulz-

Flory distribution, as derived from regression analysis,
25 with a K{even-linear)-factor of 0.69 (R2 = 1.00; standard

error < 0.0l for 10 cbservations). Regression analysis of‘

the odd-numbered linear Cg-Cp; alpha olefins and the odd-
‘numbered branched Cg-C3; alpha olefins gave Schulz-Flory

distributions, having a K({odd-linear) of 0.70 {R2 = 1.00;

30 standard error = 0.02 for 7 cbservations) and a K{odd-



production is attributed to incorporation of starting 1- octene in the final
products as shown in Exanple 2. 15 The linear al pha olefins had a

Schul z- Fl.gfo/oa kgt ri bution with K-factor of 0.73, as derived from
regressi on ana%si s using the C10 - C28 contents, determ ﬁ’ga"mﬂ’?”&m

(Regression statistics: R2 = 1.00; standard.grror = 0.02 fzrgpm?l
"observations). 20 The T.O F. was 3.43E+07 nol ethyl ene/ nol Fe .ﬂq'ﬁhe | i near

| - hexene and Iinegl[ 1-dodecene purity were 99.5 and 91.9 % w,
respectively. GC an%f‘wkd OsREWER thiel 3R prefeanstagdt erber nai 0oz for 7

met hyl - branched (‘gﬁgm}b@%ﬁf?%%%?effﬁﬂigi having a 25 K-factor of 0.71 (R2

= 0.98; standard error =0 0 Fvations). Details of the
reaction are provi dedhen TE@hFe Wwas ExXTOMEE7 4ndiX BEyRede/ ol Fagat of

Exanpl e 3, but now ushRgq; -h ne instead of .1-octene. The anount of
li near al pha-ol efins was 1?%%&?5(@%3?16 the At I dRERGIRM PUTISiYs Weae:
116.3 vs. 111.5 @2 -OeepEcbvdl §. wiherdsprasrivayQ2/ 28805 PCT/ EPOL/ 11392 - 53

2 9 MAR 2005 al pha okghi Bt cé]w - Fl di stribution with K- factor of
0.72, as derived fromregr egglﬂ%ﬁogna 3;@15? gs%ﬁ& g¢Kenag Takdes loont ent s,

det ernmi ned by GCEFREglesdion statistics: R2 = 1.00; standard error = 0.01
from6 5 observationg) $e SPQWL | lgure 1. It is clear fram this Figure
that 1,2-insertion of i- eia%eceneanolgeg%'rég, OésExﬁ"Sﬂi?r%’r'e}“&wa%QnﬁPE 2- The
T.OF. was 1.42EPGBtABF Eeplacs/bwla Hetietefiee hEpearad -daxaraeand

1- dodecenen puri t goWBHBPOYeR of 118.0 g the reaction was stopped, giving
rise to 125.4 g of linear C4-C3p alpha olefins and 9.7 g

of solids >C3p. The excess of linear alpha olefin

production is attributed to incorporation of starting 1-
octene in the final products as shown in Example 2.
15 The linear alpha olefins had a Schulz-Flory

distribution with K-factor of 0.73, as derived from

regression analysis using the Ci1p0 - Czg contents,

determined by GC (Regression statistics: R? - 1.00;

standard error = 0.02 from 10 observations).
20 The T.0.P. was 3.43E+07 mol ethylene/mol Fe*h.
The linear -1-hexene and linear 1-dodecene purity were
99.5 and 91.9 % wt, respectively.
GC and NMR data showed the by-products to be mainly
methyl -branched (Me-branched) alpha olefins having a v
25 K-factor of 0.71 {R2 = 0.98; standard error = 0.06 from
10 observations).
Details of the reaction are provided in Table 1.
Example 4
Example 4 is a repeat of Example 3, but now using
30 1-hexadecene instead of 1-octene. The amount of linear
alpha-clefins was in'excess of the amount of ethylene

consumed: 116.3 vs. 111.5 g, respectively. The linear



10 and 97.9 % wt. The anobunt of al kyl-branched C20 al pha olefin was 11 %
wt, whereas <3 %wt is observed in the absence of 1-hexadecene nobnoner,

Exanpl e wo®@gi2¢es08 NVR data showed the by-products to be mad¥ire1/11392
met hyl - branched al pha ol efins having a K-factor of 0.70 1

standard error =

5 gEQ = 0.99;
0.04 from 6 observations). sRetails of the ZehlAR it are

provided in Table 1. Exanple 5 Exanple 5 is a repeat of Exanple 2, but

at a higher 1-hepigne SQANCAN N td%n_s%ﬂdlgl-iéfl Sldbls ﬁ%-ggm{&@g{ e o

MPa il lustrating

even- nunber ed | i nEa¢ter pHa 0-G12%f iass decivnd| foos simwesibor apdlysis using

di stri butions of
" Figure 2 for the
anounted to 11.9

the effect of changing concentra des

odd- nunbered |inear and branched al pha ol efins (see
HEE [T d) Co 1FRA D COCIST PP ACEY OF pIREZS 0o ne

whilst the odd nethyl - branched al pha ol efins anoun
to 6.6 g. The Iin%%al’tﬁtb‘-c@%rﬁal 6hg-8Péf¥%@’mrar56har%l Hizsmy 6

&St d MRM i r egr 88SiQN; is., with.a .
K(even-linear)-factor of lgng{{]'(% gﬁé{.ngo?ﬁgﬁ%%lfr&'\émrlﬁ:o%ssﬁl%lb.%ffq or
observations). RegesFigmrensbpsi 3,8t ingert ogd-afunbberddécasarodcan@9 aal pha

di stributign, as

ol efins and the ogd; MQRRY

nmet hyl - branched Cy-C29 al p%gBol efrns gave Schulz-Flory distributions,
havi ng a K(odd-1i nearfreofl -O9Fp4wpRol —12E-01F mstlamthylenefmrl Fer01 for 11

observati ons) and 2 iadds REaRchedlegle (b 1 BRccln0%by i Y YA doofror =

0.03 for 11 observations), respectively. Further

e provided

Table 1. BRanpl e &hd@pl & 6ti sTher apeait off Eaxy-Branched @&l dipharent

15

20

25

oclefin was 11 % wt, whereas <3 % wt is observed in the
absence of l-hexadecene monomer, see Example 1.

GC and NMR data showed the by-products to be mainly
methyl-branched alpha olefins having a K-factor of 0.70

2
(R” = 0.99; standard error = 0.04 from 6 observations).

Details of the reaction are provided in Table 1.
Example 5 _

Example 5 is a repeat of Example 2, but now at a
higher 1-heptene concentration and a lower ethylene
pressure of 0.7 MPa illustrating the effect of changing
olefin concentrations. Besides even-numbered linear alpha
olefins GC analyses showed formation distributions of

ocdd-numbered linear and branched alpha olefins (see
Figure 2 for the GC-trace). The odd (Cg-Cpg¢) linear alpha

olefins amounted to 11.9 g, whilst the odd methyl-

branched alpha olefins amounted to 6.6 g.
The linear Cj;p-Czg alpha olefins showed a Schulz-Flory

distribution, as derived from regression analysis, with a

. K{even-linear) -factor of 0.64 (R® = 1.00; standard exrror

30

< 0.01 for 10 observations). Regression analysis of the

odd-numbered linear Cg-Cz¢ alpha olefins and the odd-

see

now
f 0.7

|
t ed

10

8RafRGILEP01/ 11392 - 54 - 2 9 MAR 2005 nunber ed

in




ethyl ene pressure of 0.7 MPa, denonstrating the effect of 10 changing the
ol efin concentration. After an ethylene consunption of 68.8 g the reaction

was stopp@g,(%%hyd?ng rise to 85.8 g of linear C4-C30 al phaP§| ﬁ i ﬂlf{@??fjbﬁt gdg_

of solids > he excess of linear alpha olefin product _
to incorporation of starting 1 15 octene ingghe final producj:ﬁéﬁﬁlmsg?om I n

Exanples 2, 4 and 5. The linear al pha olefins had a Schul z- .
derived from regression analysis

di stributi it -fact . {0,

u!sis'ncgjI tlﬁeI (C):QOWI- ce%ﬁetqg:ﬂegwgdz’a'@?gﬁﬁ‘? et Gy @dphRregletinomayeatistics: R2
= 1.00; standard Iz -F Q,Igz f: : rvati.ons). .., T ., O F. was

1. 10E+07sma)lln et hy%g{n‘%/zg;ll Fex ﬁ.lg‘?'g]éﬂﬂ?tl:%%z; ?%velfle%g éﬁaggrié%?arﬁ- ddecene

purity were 99.2.@ud B4 % %aob; sespectd \Wiosr Coagd PYR flata showed 25
the by-products to be mainly nethyl-branched al pha ol efins having a K-factor

of 0.70 (R2 = 1. GWsestvardeng) ehdod K(sHDbddRNel) gBsgryat ghs) , Pgtails of
the reactions and products are given in Table 1. WO 02/ ZSSE@PC?/ 01/ 11392 -

- 55 2 9 VAR 20652E4a¥E 6TFOEXan! @8 Zdrs 14 whseataot okt dsfactive1l

different 1-octene gqpegnlraliom trating.th fect of changing the
ol efin concentration._ The results Sa%?%%s%ionrﬁifigg to ?%%‘L% ot Exanpl e 6.

Details of the r E%APPARsE and products are given in Table 1. The fol |l owi ng
series of experiment axgepPass' & & Wpeat of Example 3, but at different

ethylene pressure of 0.7 MPa, demonstrating the effect of
10 changing the olefin concentration. After an ethylene

consumption of 68.8 g the reaction was stopped, giving

rise to 85.8 g of linear C4-C30 alpha olefins and 3.6 g

of solids >Ci3p. The excess of linear alpha olefin

production is attributed to incorporation of starting 1-
15 octene in the final products as shown in Examples 2, 4
and 5.
The linear alpha oclefins had a Schulz-Flory

distribution with K-factor of 0.70, as derived from

regression analysis using the C;q - Cyg contents,

20 determined by GC (Regression statistics: R2 = 1.00;

standard error = 0.02 from 10 observaﬁions).
The T.O0.F. was 1.10E+07 mol ethylene/mol Fe*h.
The linear l1-hexene and linear 1-dodecene purity were
99.2 and 84.7 % wt, respectively. GC and NMR data showed
25 the by-products to be mainly methyl-branched alpha

olefins having a K-factor of 0.70 (R2 = 1.00; standard

error = 0.04 from 10 observations).
Details of the reactions and products are given in
" Table 1.



effects of catalyst systens with different bis-imnepyridine |igands. 10
Exanple 8 Iron conplex X (prepared according to WO A-99/02472) was enpl oyed

in a rea rly identical to Exanple 6. The yield of linear alpha
ol efins ﬁﬁbgﬂé&@g C30 range of was 96.9 g, which is in efCEEEH13¥he

et hyl ene 15 consunption of 68.7 g, which is_indicative of h®p gg 85
i ncorporation in the products. The |inear "1- ﬁexene purity was % wt and
the al kyl-branched 1-dodecene content was 14 %wt. GC and NMR data showed
the by-products tEX¥BRI&iITIy methyl- and 20 ethyl -branched (Me- and

Et-branched) al pha olmfdup3el i as hatige ﬁb% le &, 9&&3&& 1%

reaction are pI’OVI ded in Table 1. Exanple 9 Iron conpl ex was e o Ved in
. an 1-octene 25 co- o?"r'"gﬁi"r?erqoé’&?i“éﬁaék%r|¢ﬁ§ffﬁn5&tra@17lglvphee¢mm@f pressure

under conditions shildidy tthet BALEOh EXAMUSG afionlNELYI %L%;PE g ldfear al pha
olefins in_the C4-C30 range of 60.2 g is in excess of et hyl'ene
consunpti ol of 53SHitar3FoTRBopEnRErERaIRbEfe PetRi}SwaE Yie Zeaonrionad t he

-al kyl - branched la,@@@aﬁ@tgoaygnélm 28 %Me- 1GC and NVR data showed the
by- products to be mainly thyl - and _ et hyl -branched al pha olefins in a

ratio of appr oxi mateIVWMP‘ZB@?‘F@H%P@FH%WEH% enanSRE200Ee 1: 1

(see Figure 3 foref¥edsaes wﬁeasﬁ&: AsysteflshWikHeBersQL-&hd N, B i s internal
olefins, C and D .are .ethyl bran oIeflns) Details of the reaction are
prOVIded in Tabléns 1m1nepyr1d1ne ligands.

10 Example 8
Iron complex X (prepared according to WO-R-99/02472)

was employed in a reaction nearly identical to Example 6.
The yield of linear alpha olefins in the C4-C3p range of

was 96.9 g, which is in excess of the ethylene
15 consumption of 6B8.7 g, which is indicative of 1l-octene
incorporation in the products.

The linear l-hexene purity was 58.0 % wt and the
alkyl-branched 1-dodecene content was 14 % wt. GC and NMR
data showed the by-products to be mainly methyl- and

20 ethyl-branched (Me- and Et-branched) alpha olefins in a
ratio of about 1 : 1. Details of the reaction are
provided in Table 1.

Example 9

Iron complex 5 was employed in an l-octene

25 co-oligomerisation experiment at 0.7 MPa ethylene

pressure under conditicons similar to that of Example 7.
The yield of linear alpha oclefins in the C4-C3gp range of

60.2 g is in excess of the ethylene consumption of
53.5 g.
30 The linear l-hexene purity was 54.7 % wt and the
~alkyl-branched 1-dodecene content was 28 % wt. GC and NMR
data showed the by-products to be mainly methyl- and

ethyl-branched alpha olefins in a ratio of approximately




1. 5 Exanple 10 Exanple 10 is a repeat of Exanple 9, but now using iron
conplex 5. The results are simlar to those of Exanple 9. Details are
provided in Table 1. Exanple 11 10 Iron conplex 8 was enployed in 1-octene
co- ol i gon®iQ ¥&%Bn experinent al nost identical to that of PEX@PDI/e1372 The .

yield of linear alpha olefins in the C4- C30 range was 73. Sg?imﬂ hisin
excess of the ethylene consunption of 687 6°%.~ 15 Linearit exene
fracti on was 96. 8 % w and al kyl -branched 1-dodecene content was 20 % wt

GC and NVR data sﬁo&%ﬂeth}G‘iﬂRt@-ﬁaabe wherdin rretﬂsymngmgjdene

et hyl - branched abpegi®) ed i ti 8]9) OXI e 1.1, Details of
the reaction are proyided fllﬁ il'rgtb%é{aq. oqgggég ‘gq:f rat}'ly$ E&M¥L eRranched

enpl oyed in 1- oc‘Pg‘ﬁ%m% d?qw |°sfatth9nrewpe::mmme meardiieddent tle t 0 t hat
of Example 7. The total yield of products was >75.6 g, in excess of

et hyl ene consunption of 68.8 g. The |inear 25 1-hexene purity was 99.2 % w
and al kyl -"br anc 2 cene content was 5 %w. GC and NVR data showed

the by-products to fhanmienhy &t kaeﬁp?g %q%% onglﬁgtheQ Vig?-let ail ZWST 0;23 .

reaction are proyvided in _Table 1.
in 1-octene co- Jcﬁqrgd%?éﬂlﬁft POn &kperpmehts Lﬂmaersmﬂdrt tonshsdgridfmr to that

of Exanple 7. Trmcal @Al . 1pRexeng BUEL! Lyoyffdd.S 14! and the
al kyl - branched -xam cene content was lTz’é{rf”ovvt dg\%ﬁ 5 §865 PCT/ EPO1/ 11392 -
57

10 Iron complex 8 was employed in 1-octene

co-oligomerisation experiment almost identical to that of

Example 7. The yield of linear alpha olefins in the C4-

C3p range was 73.6 g which is in excess of the ethylene

consumption of 68.6 g.

15 Linearity of l-hexene fraction was 96.8 % wt and
alkyl-branched 1-dodecene content was 20 % wt. GC and NMR
data showed the by-products to be mainly methyl- and
ethyl-branched alpha olefins in a ratio of approximately
1:1. Details of the reaction are provided in Table 1.

20 Example 12

Iron complex 11 was employed in l-octene
co-oligomerisation experiment nearly identical to that of
Example 7. The total yield of products was >75.6 g, in
excess of ethylene consumption of 68.8 g. The linear

25 l-hexene purity was 99.2 % wt and alkyl-branched 1-
dodecene content was 5 % wt. GC and NMR data showed the
by-products to be mainly methyl -branched alpha olefins.
Details of the reaction are provided in Table 1.

Example 13

30 Iron complex 13 was employed in 1-octene
‘co-oligomerisation experiment under conditions similar to
that of Example 7. The linear 1-hexene purity was %8.8 %
wt and the alkyl-branched 1-dodecene content was 4 % wt.




2 g MAR 2005 GC and NWR data showed the by-products to be mainly

nmet hyl - branched al pha olefins. Details of the reaction are provi ded in
Table 1. \ewapnRkfsl4 S Iron conplex 15 was enployed in 1-og

ol i gomeri sati onﬁexperl ment under conditions al nost identi ca: ; % :
Exanpl e 6. The linear 1-hexene purity was 99.1 %w and theZ&IMﬁRIZ@[&ﬁranched
1-dodecene content was 16 %w. GC and NMR data showed the 10 by-products

Lo,oe iy, ot i <breiied o i, SLPS PRGBS ofo e Leagti on are

provided in Table 1 on conp was™ e
co- oligoneri sat |Wh6ipbranehedmw:a cdediinsonBethhbstof tthd deabigagh t O

those of Exanple ¢, Lb d; of ear al pha olefins in the C4-C30 range
-was 69.5 g whi cha S ; Svégggszéﬁ) AJ% qet hyl ene consunption of 49.8 g. The
i near 1- hexeneMs 98. 4 %wt and the al kyl -branched 1- dodecene

content wag 17 % wt 20 by-products to be mainly
~methyl - and et hyl - bra%ﬁ a]%\f% oI e i n)é\g?cﬁy'g&ra |Jg (& oGP 1:1. Details

of the reaction OéFLEOpchdE\tbm reXfaiylieetr Exderp| eorididiome adnpkex 20 was
enpl oyed in 1-oc;@RRe$80; | i | X nt__under conditions

al most  identical to t o]éél::’%oé Ega% (g&g&bj?'ﬁegl Pﬁé%?’fer?gxg «Ej‘exﬁﬁ?i ty was
97.8 % wt and theuabkylwips ahthed mtdadécehe alont entanted 1 -Bodkceds and NVR

data showed t he ducts b a d Et br a ched al pha 30
olefins in a ratlg’xggnabou Jlég‘ pe gk ¥g'\§gR fhgr e provided in

Table 1. 10 by-products to be malnly methyl- branched alpha olefins.
‘Details of the reaction are provided in Table 1.
Example 15
Iron complex 17 was employed in l-octene co-
oligomerisation experiment under conditions almost

15 identical to those of Example 7. The yield of linear
alpha olefins in the C4-C3g9 range was 69.5 g which is in

excess of the ethylene consumption of 49.8 g. The linear
l-hexene purity was 98.4 % wt and the alkyl-branched 1-
dodecene content was 17 % wt. GC and NMR data showed the

20 by-products to be mainly methyl- and ethyl-branched alpha
olefins in a ratio of about 1:1. Details of the reaction
are provided in Table 1.

Example 16
Iron complex 20 was employed in l-octene co-

25 oligomerisation experiment under conditions almost
identical to those of Example 6. The linear 1-hexene
purity was 97.8 % wt and the alkyl-branched 1-dodecene
content was 21 % wt. GC and NMR data shoﬁed the
by—pfoducts to be mainly Me- and Et-branched alpha

30 olefins in a ratio of about 1 : 1. Details of the

reaction are provided in Table 1.



WO 02/ 28805 - 58 PCT/EPO1/11392 2 0 MAR 2005 Exanple 17 Iron conplex 22 was
used in a 1l-octene oligonerisation experinent under conditions al nost

i denti cal e of Exanple 6. The K-factor was very 5 | i mpl yi ng t hat
nuch of tﬁg)q}ez%zﬁ@sene is converted into 1-butene, which taggggggg?% the .
co-oligonerisation. This is reflected by_teg purity of 1-HeMehdlor 54,4 +

wt. The remainder are | argely branched hexenes. The branched 1-dodecene
& jpdicated the by 10 products to be mainly Me- and

content was 33 %EWhm
Et - branched al phé‘Tl‘gT‘r‘rrr inaratio of about 1 : 1. Details of the
reaction are provi déECRnCaEPlex 122 \WBsO2s28805 a $Ooctied® E 1 PCT/ EPOL/ 11392

1y, 3005 SeammgoRer s St el et Tl el e o
[ Al)/ [ Fe) 46002108980b338b 65050002206 Exaimpie| § . Reaetk-dacliare was very
5 low, implying that much of the ethylene is converted into
1l-butene, which takes part in the co-oligomerisation.
This is reflected by the purity of l-hexene of 54.4 % wt.
The remainder are largely branched hexenes. The branched
1-dodecene content was 33 % wt. GC indicated the by-
10 products to be mainly Me- and Et-branched alpha olefins
in a ratio of about 1 : 1. Details of the reaction are

provided in Table 1.




(m n)25233378406843 Et hene Pressure (MPa)l.61.61.61.6.0.70.70.7 Tol uene
i ntake (m)310290601502306090 1-Cctene intake (ml)034126025022601262256

Et hene cqpg yiBdos 9) 118. 2118. 3118. 0111. 568. 868. 868. 7

Li near 110. 6110. 33125. 4116. 357 6385. 879. 7 Product 44 <C32 (Q)
Branchedn. d. 1. 145. 52. 26. 648. 79. 3 Product -<€32-(Q)

| sol at ed2. 52. 09. 77. 30. 33. 62. 4 Solids >C30 (Q)

T.O F. 4.652. 133. 431. 421. 161. 106. 67 ( nol GH1E+Q7E+07E+07E+O6E+06E+07E+06
ear).0 720 6020 720 720.64 1

nolFe* h)

purity99. 599. 04
purity97.796. 14

Z00 .69 0 7040 644 lin. 1-

PCT/EPOL/11392
1. 711,
2 9 MAR 2005

o — T - T -
)GGY 69 0bo. p8921 (|M) L{Fr-t- ClZ=-s Bx-7
] 084.733 3
ron
Complex/
(Intake 3 3 BE 3 3 3 3
in nmol) (215) {s18) {225) {2166) | (3150) | {194) {507)
A1) /[Fe) | 4500 2100 4400 2100 650 s000 | 2200
(mol /mol)
Reaction
Time
(min) 25 23 33 78 40 68 43
Ethene
Pressure
{(MPa) 1.6 1.6 1.6 1.6 0.7 0.7 0.7
Toluene
inrake
(ml) 310 290 60 1590 230 60 20
1-Octene
intake 1 2 1
{ml) [4] 14 260 250 260 262 256
Ethene
consumed
(9) 11B.2 118.3 118.0 111.5 68.8 €8.8 68.7
Linear 110.6 110.3° |[125.4 116.3 57.¢° 85.8 79.7
Product 74 4
<C32 (g) 1. i1.9
Branched n.d. 1.1% 5.5 2.2 6.6 8.7 9.3
Product
<C32 (g)
Isolated 2.5 2.0 9.7 7.3 0.3 3.6 2.4
Solids
»C30 (g}
T.O.F. 4.65 2.13 3.43 1.42 1.16 1.10 6.67
{molC2=/ E+07 E+07 E+07 E+06 E+06 E+07 E+06
molFer*h)
K{linear) | 0.72 0.69° 0.73 0.72 0.64° 0.70 0.69
0.70% 0.64%
Lin.l‘C5=
purity 99.5 99.0 99.5 99.6 99.0 99.2 99.1
{%wt)
Lin-l‘clzs
purity 97.7 96.1 91.9 97.9 98 .0 84.7 83.3
{¥wt)
K{branch}) |n.d. D.68 0.71 0.70 0.63 0.70 0.70
Branched
1-Cyo= <3 & = 5 6 14 15
($wt) 40 11 38

C6-



(;wt) K(branch)n.d.0.680.710.700. 630. 700. 70 Branched 1-C12=<240671153861415
(;wt) WO 02/28805 - 60 TABLE 1 (continued) PCT/EPOL/11392 2 9 MAR 2005
Exanpl e Ex. 10Ex. 11Ex. 12Ex13Ex. 14 Nunber |ron Conpl ex/

(I nt akex%éggfﬁg 5 in nrml)(562)(1920)(1780)(3510)(2540)(3?%%817 92 o
(A1) / (Fe) 19009009006007006001700 ( nol / nol )__IIDBe(?c_tion Ti me (mi n) 186D M59586220
Et hene Pressure (MPa)0.70.70.70.70.70.70.7 Tof uene i ntake

(m ) 6012090909015060 1-Cctene intakeAgnE)247243230254242261260 Et hene
TABLE 1 (continued)

Example Ex.8’ Ex.9 Ex.10 Ex.1
Exampl N 1 | Ex.12 Ex.13 Ex.14

iron

Complex/ 4
(Intake X 5 5 8 11 13 15

in nmol) | (562) (1920) [ (1780) | (3s510) | {2540) | (3170) | {672)

{Al)/[Fe] | 1900 200 900 500 7
(A1) Lre) 00 £00 1760

Reaction
Time

{min) 18 &% 74 59 58 €2 20

Ethene
Fressure
(MPa}

Toluene

intake
(m) 60 120 50 S0 50 150 60

1-Octene
intake
{ml)

Ethene

consumed
{g) 68.7 53.5 80.4 68.6 68.8 33.56 68.4

247 243 230 254 242 261 260

Linear 96.9 60.2 91.5 73.6
papear 5.1 29.1 49.4
<«C32 (g}

Isolated
Solids
»>C30 {g}

T.O.F. 1.44 B.70 1.31 7.12 1.00 3.66 1.11
nol = E+07 E+05 E+06 E+0S E+06 E+0S E-I»OJ

K{linear) 0.70 0.46 0.44 0.73 ¢.82 0.82 0.76

5.9 <0.1 <0.1 7.6 20.5 11.7 g.0

Lin.1-Cg=
purity

(+wt) 98.0 94 .7 92.5 96.8 99.2 88.8 839.1
Lin.1-Cy3=

purity
($wt) 8z.0 66.3 65.5 75.9 94.3 94.9 82.6

Branched

1-Cy2= 1
(twe) 4 28 28 20 5 4 16




consuned (g)68.753.580. 468. 668. 833. 668. 4 Li near96. 960. 291. 573. 655. 129. 149. 4
"Product <C32 (g) Isolated Solids >C30 (9)5.9<0.1<0.17.620.511.79.0
T.OF.1.. 17.121. 003. 661. 11 (ol C2- / E+07E+05E+06E+ +07
nol Fe+h) K P?’%ésgsr?)o. 700. 460. 440. 730. 820. 820. 76 Lin- 1- C6- Qﬁﬁfﬁ?ﬁfﬁ%
98.094. 792.596. 899. 298. 899. 1 (%m) Lin.|-Cl2: purity  MAR" 2005
- 82.066. 365. 575. 994. 394. 982. 6 (%) Branched 1- C12 142829205416 (%) - WO
02/ 28805 PCT/ EPOL/ 11392 - 61 TABLE_ 1 (contjnued) 2.1 MAR 2005 Exanpl e Ex.
15Ex. 16Ex. 17 Nunber |ron TABLE 1 (continued)

Example Ex. 15 Ex. 16 Ex. 17

Number |

Iron

Complex/ 117 (353) 20 {9841) 22 (4230)

(Intake in

nmol)

[Al])/ [Pe} 2900 1300 &00

{mol/mol) |
|

Reaction 42 59 45 - |

Time (min) ’ |

Ethene ‘

Pressure 0.7 0.7 0.7

(MPa)

Toluene

intake (ml) 920 &0 60

1-Octene

intake (ml) 25% 234 237

Ethene

consumed 49.8 42.2 h4.8

{g)

Linear

Product 69.5 65.0 ic.a

<C32 {g)

Isolated

Solids >C30 2.1 1.5 <0.1

{9

T.0.F. 7.19 E+06 1.54 5.47

{molC2=/ E+0& E+05

molFeth)

K{linear) 0.66 0.59 0.2

Lin.1l-Cg=

purity (zwt) | 98-S 97.8 54.4

Lin.1-Cyp=

purity (twt) | 79-4 75.2 61.1

Branched 1-

Cia= {3wt) 17 21 a3

Experiments carried ocut at 70°C in l-octene/toluene,
5 using 1-litre steel autoclave, unless indicated
otherwise.

. [ ]
-n.d. = not determined.

1 .
l-Heptene used instead of 1l-octene.

2 .
l-Hexadecene used instead of l-octene.




Conpl ex/ - 17 (353)20 (984)22 (4230) (Intake in nnol) [Al]/[Fe] 29001300600 ,
(nol /ol ) Reaction425945-- Tinme (mn) Ethene Pressure0.70.70.7 (MPa) Tol uene

i nt ake (nkk%ﬁﬁggg 1-Cctene intake (m) 255234237 Et hene consuned49. 842. 264. 8
(g) Linear Product69.565.030.8 <C32 (g) |solated Solids >CRGAEPIVE3N 1 (9). .

T.Q F.7.19 E+061.545. 47 (nol C2=/ E+06E+05 nol Fe*h) K(Ii near)DI¢MR.26@0. 2
Lin.1-C6= purity (9%w)98.597.854.4 Lin.|-TI® Ppurity (9%t)79.475. 261.1

Branched 1- 3
Refers to even-numbered alpha olefins.

4
Refers to odd-numbered alpha olefins.

5 . .
Weight ratio of alkyl-branched 1-Cyp= over alkyl-
branched and linear 1-Cop=, in % wt, : '
5 Weight ratio of alkyl-branched 1-Cy3= over alkyl-

branched and linear 1-C11=, in % wt.

7
Catalyst prepared according to WO-A-99/02472.




Cl2= (4wt) 172133 Experinents carried out at 70C in 1-octene/toluene, 5
using 1-litre steel autoclave, unless indicated otherwise. n.d. = not

determ ne?o Jdoghgdiept ene used instead of 1l-octene. 2 1- Hexix@qmglgs;fd
i nstead o R octene. WD 02/28805 3 4 - 62 PCT/EP01/11392 2 9 MAR 2005

Refers to even-nunmbered al pha ol efins. Refggrs to odd- nunb2eétig ajpeha olef
ins. 5 Weight ratio of al kyl-branched 1-C20= over al kyl - branched and |i near
1-C20=, in %w. 5 6 Wight ratio of al kyl-branched 1-Cl1= over al kyl 7
branched and linear 1-Cll=, in %w. Catalyst prepared according to

WO A- 99/ 02472. WD 02/ 28805 PCT/EPOL/ 11898 A BM-S2 MAR 1005 CL Al MS 1. A
process for production of higher linear alpha olefins and/or alkyl-branched
- al pha ol efins, which conprises the co-oligonerisation of one or nore al pha

ol efins with ethyl ene Libddis BEoBRR.EL1h T Als GRLANNALLS sitalem erpl oy ng

one or nore bis-aryli I ne one 0
(bi s-aryl i nmi nepyel}eif s Wpiflgb' ]a[lml]'hrt@mﬁtb@@hQaﬂ(tfbns, awhddhni nepyri di ne

conpl exes conpri gohigr fsdd 9] QA ot BEAN 18U P on of one or more alpha

oclefins with ethylene in the presence of a metal catalyst
5 system employing one or more bis-aryliminepyridine MXj3
complexes and/or one or more [bis-aryliminepyridine
+ -
MYp.Lp ] INC ]q complexes, said bis-aryliminepyridine

complexes comprising a ligand of the formula,

10 (1)

wherein M is a metal atom selected from Fe or Co; a is 2
or 3; X is halide, opticnally substituted hydrocarbyl,

alkoxide, amide, or hydride; Y is a ligand which may
insert an olefin; NC is a non-coordinating anion; p+q is
15 2 or 3, matching the formal oxidation of said metal atom;

L is a neutral Lewis donor wmolecule; b = 0, 1, or 2; Rp-

Rg are each, independently, hydrogen, optionally
substituted hydrocarbyl, an inert functional group, or
" any two of R;-R3 vicinal to one another taken together

20 may form a ring; each Z, which may be identical or

different, is an optionally substituted aromatic



RlL A wherein Mis a netal atomselected fromFe or Co; ais 2 or 3; Xis ‘
halide, optionally substituted hydrocarbyl, al koxide, am de, or hydride; Y
is aligand which nmay insert an olefin; NCis a non-coordinating anion; p+q
is 15 2 owO228806chi ng the fornmal oxidation of said netal ptpmpeiizes a
neutral Lewi s donor nolecule; b =0, 1, or 2; Rl- R5 are e?qrMAR 70 '

i ndependent |y, hydrogen, optionally substitéf ed hydrocarbyf "an Tnert
functional group, or any two of RL-R3 vicinal to one another taken together
20 may form a riffresarbon nivisch amappbéonakhy | dhs it utickf 9wg&ro&1§tﬁp
optionally substs SR 5 / 05 -. 64 PCT/EPO1/11392 2 9 MAR
2005 hydrocar bon ‘?ﬁ‘g&% opt |1o%rl1: | 8&%@%?’??&:@6 Eﬂlﬁ%tb‘ﬁﬁtii ¢ hydrocarbon
moi ety; an opti dileEPhysdamivadmohet Br oby cim casthiyinal0ve bibs O t @kd
optional | y substitdi-8d I d rhon ri.ng in conbination with a
netal, 5 ﬁai d opti onal Icyggugsﬁa?ﬁtg}e{dEgg@n%icco d'é’rnbl'fﬁtﬂi%d“e‘ﬁe]ifng

n- co- or di Rat ed tHB¥thenteaallandubat it pr et essoniat i cC ayBireda Sbén atign ethylene

pressure of |ess . 2. 5 \Pa. . ;A prqcess according to Claim1, wherein
sai d |igand isSDo r’@é‘z F8rﬁﬁ§é?a§%fiv&fgr & MREART02BAeS b8 IPrdansepdsdent | v,
hydrogen, opti eraldigdsoast bt UsR de tieT Qean v bReitsd uneld roup,
or any two of RLl-R3 R6-°R10 Vi Ci na%, to ongﬁaénsgt her ta ?a%] togﬂet 'g'lr Mr%y form
a ring: R6 may Be t BkBACFETEt ASTOUSIRG (1P RA318 for whareimpai(igapdbe t aken
together with R4s of the formula,

10 {IT)

wherein Rj-Rjp are each, independently, hydrogen,

optionally substituted hydrocarbyl, an inert functional

group, or any two of R;-R3, Rg-R1g vicinal to one another

taken together may form a ring; Rg may be taken together

15 with R4 to form a ring; Rjgp may be taken together with R4

to form a ring; Z is an optionally substituted aromatic
hydrocarbon ring; an optionally substituted polyaromatic
_hydrocarbon moiety; an optiocnally substituted
heterohydrocarbyl moiety; or an optionally substituted

20 aromatic hydrocarbon ring in combination with a metal,



to formaring; Zis an optionally substituted aromatic hydrocarbon ring;
an optionally substituted polyaromatic -hydrocarbon noiety; an optionally
substi t utypg ghesgs ohydrocar byl noiety; or an optionally sutﬁt /,%%%,gpmzo
aromatic hygrocarbon ring in conbination with a netal, g

PCT/ EPO1/ 11392 - 65 2 9 MAR 2005 said optiggnal |y substl t ut &MA%R&&. C

hydr ocar bon ri ng being n-co-ordinated to the metal. 3. A process according
to daim1l or 2,50her [ f f.qr V 5 .wherein
RI-R5, R7-R9 and RI1? ‘%1‘% %%éqé'a%lﬂgg %%eear)l e"In %3'/:,1% ﬁ? ae"){mrb&t’in@nal ly
substi t ut ed hydrmafgoyd—poanramﬁatedfwottﬂeormltagr oup, or any two of R1-R3,
R7-R9 and R12- 4 1 vi cinal to one, anot her. taken toget her may forma ring;

- R6 is hydrogen, QHQFF?SSGSE?FSUB%CF% yarPdEalb9F, 2 arWheraiml spddct i onal
group, or taken Ix@ﬁdﬂa@ Wt RhE7fefmiRdafo form a ring; R10 is hydrogen,
optionally substituted hydrocarbyl, an inert functional group, or taken
together 15 with RO or R4 to forma ring; ggll i s hydrogen, optionally
substituted hydrocarbyl, an inert functiongl group, or taken together with
R5 or R12 to forma ring; and R15 is ~Ropti onal |y substituted
hydrocarbyl, an inert functional group, ken together with R5 or R14 to

20 forma ring. WO 02/28805 - 66 2859 MAR 2005
Ris

(III)

wherein R3-Rs, R7-Rg and Rj3-Ryj4 are each, independently,
hydrogen, optionally substituted hydrocarbyl, an inert

functional group, or any two of Rj-Rj, R7-Rg and Ry3-Rig

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

functional group, or taken together with Ry or R4 to form

a ring; Rjg is hydrogen, opticnally substituted
hydrocarbyl, an inert functional group, or taken together
15 with Rg or Rg to form a ring; Rj; is hydrogen, optionally
substituted hydrocarbyl, an inert functional group, or
taken together with Rg or Rj; to form a ring; and Rys is
hydrdgen, optionally substituted hydrocarbyl, an inert
_functional group, or taken together with Rs or Riyg4 to

20 form a ring;




4. A process according to Claim3, wherein RI-R5, R7-R9 and R12-Rl14 are
each, independently, hydrogen, optionally substituted hydrocarbyl, an inert
functi On%(ﬂ{ %Q)" or any two of R1-R3, R7-R9 and R12-R14 vicinal to one 5
anot her taken together may forma ring; R6 is a primary cBEBEROHHEM, a -
secondary carbon group or a tertiary carbon group; and provﬂ&é‘dﬂRtZﬁﬂ[ﬁt: when
R6 is a primary carbon group none, one or tvif of RO R11 and R15 are

pri mary carbon groups, and the 10 remai nder of R10, R21 and R15 are

hydrogen; when Réais R sesanda-auhan g6508p of, _R10, RL1-and
R15 is a primary carbon group or a secgndary a:([:}gr o(r%h'lger?':rogt?}pl)1 &ﬁdgﬁhek?‘é?ﬁai nder
R6.is . a tertiary carbon group all

of R10, R11 and Rlp4 -gydrogen; 15 when I

of R10, R11 and k2 %F%e%?céhdl’é‘ﬁﬁp‘?wlﬁrly%,hYFl?ngRB; metionRidy R11,
R12, R13, R14 andsubdei Midddydrd-a8g,another,  taken ether may forma
ring. 20 S. A process accor d?’lr%,g 0 CF%{?m%} %/\ﬁﬁeerrteikfe -1%5‘,"’3 TREP Hd

R12- R14 are each,anydspendent |y, hydrege, tiqnally .substituted
hydrocarbyl, an ineyrqt functi é‘na?'grgup,g %r‘dq?a{'r?yqﬁ\ﬂov%f"lﬁi- R 2 R9 and
her taken together may forma ring; R6 is

R12-R14 viginal to - anot

hydr ogen, g25,optafrb°n Ty t§%8§t FPEEERER D TRy I, TARgE nBet 18 umaitiomaly group,
or taken togetherg it 5} QL R4 1o fo(im a ring, WO 02/28805 PWAW NO52 - 67
RLO is hydrogen, optional yrsubstT TR iSO BFPPaRT RnkeXt¥amct i onal

group, or taken tasg@cmegraph &8dopré&biddd dheem a ring; R11 and R15 are,
i ndependent |y, hydr o%%n

en Rg is a primary carbon group none, one or two of
Rio, Ri1 and R;5 are primary carbon groups, and the
10 remainder of Rjig, Rj;j and Rys5 are hydrogen;
when Rg is a secondary carbon group none or one of
Rip, R13 and Ry is a primary carbon group or a secondary
carbon group and the remainder of Rjgp, Rji and Rig are
hydrogen;
15 when Rg is a tertiary carbon group all of Rjp, Ry
and Rys are hydrogen; and
any two of Rg, Rz, Rg, Rg, Rip, Rii, Riz, Ry3., Rys and

Ris vicinal to one another, taken together may form a

ring.

20 5. A process according to Claim 3, wherein R1-R5, R7-Rg
and Rj3-Ry4 are each, independently, hydrogen, optiocnally
substituted hydrocarbyl, an inert functional group, or
any two of R1-R3, R7-Rg and Ri3-Rj4 vicinal to one

-another taken together may form a ring; Rg is hydrogen,

25 optionally substituted hydrocarbyl, an inert functional

group, or taken togethexr with R; or Ry to form a ring;



or an inert functional group. 5 6. A process according to Caim3, wherein
R1-R5, R7-R9 and Rl12-Ri 4 are each, independently, hydrogen, optionally

substi t utvea oppEsddcar byl , an inert functional group, or arkf 39R1- R3,
R7-R9 and R12-R14 vicinal to one another taken together may>f B ri ng;

R6, R10, R11 and 10 R15 are identical and &% each selected fromfluorine or
chlorine. 7. A process according to any one of Clains 1 to 6, wherein

al pha olefin co- ﬁHO{@rh)j,&rc%‘é}_p’r Q;géio%ﬁ ngul!)%ftl%)é&:‘ﬁn %_E%?b&ff reater

than 1 nol.|-1. 8. A'conposition conprising I'inear alpha I'ns and/ or

al kyl branched. al,pha, ol efins produced according to the process of any one
of Jaims 1 to 7.185%: A%%?Fploogﬁli cﬂfo@ngpPFsF%i@e‘?i‘ifé%?t%rpW&tBI B?i9% Band/ or
" al kyl -branched al pha ol efins, wherein said conposition 20 contains greater
than 5 % wt. al kfP-BPEhcGhed i ipFa0rBf| Rs isd iodependeot iy, ieidpivgeof
| i near al pha ol efins -branghed al pha olefins in the product

i

: and alrﬁ%
composi tion. 10. %A ¥HMIEEHY iTIRCEICFRd 8F5°¥B- Claim 8 or 9, wherein said 25

i1 branghed akene, A0 SERIPRRY co VLK 1 ML 2ioRETES PR

and Rj3-Rj4 are each, independently, hydrogen, optionally
substituted hydrocarbyl, an inert functional group, or

any two of Rj-R3, R7-Rg and Rjz-Rj4 vicinal to one
another taken together may form a ring; Rg, Rig, Rj; and

10 R1g are identical and are each selected from fluorine or

chlorine.
7. A process aqcording to any one of Claims 1 to 6,

wherein alpha olefin co-monomer is generally present in a

concentration of greater than 1 mol.l ©.

15 8. A composition comprising linear alpha.olefins and/or
alkyl branched alpha olefins produced according to the
process of any one of Claims 1 to 7.

9. A composition comprising linear alpha olefins and/or
alkyl-branched alpha olefins, wherein said composition

20 contains greater than 5 % wt. alkyl-branched alpha
olefins based on the total weight of linear alpha olefins
and alkyl-branched alpha olefins in the product
composition.

10. A composition according to Claim 8 or 9, wherein said

25 alkyl-branched alpha olefins are methyl- and/or ethyl-

branched alpha clefins.




