22 JAN 2001 WD 2004/ 037415 PCT/ EP2003/ 010708 - 1 CATALYST SYSTEMS FOR
ETHYLENE OLI GOVERI SATI ON TO LI NEAR ALPHA OLEFINS Field of the |Inventjon The
present invention relates to catalyst systens for ethylene cﬂzgéﬁ%ﬂw ation
to linear alpha olefins in high vyield and very high selectivity, and a
process fo{m,@iEPdd Ng said linear alpha olefins. Backgiaywebo®doihne

I nvention Various processes are known for the production of higher I|inear
al pha, olefins (for exanple D. Vogt, oligonerisation of ethylene to higher
a-olefins in 10 Applied Honobgeneous Catalysis with O ganonetallic Conpounds
Ed. B. Cornils, WA_Herrmann, 2' Edition Vol. 1., Ch. 2.3.1.3, page
240-253, W ey- VCAAIBEIPT S¥RIENS: ke Ee A ENF0 eI SOVERASHT Ol gt IEAR

Poi sson or  Schul z-Flory ol igomer produgbudi $f il on. 15 In order to
obtain a Poisson distribution, no chain termnation nust take place during
‘ol i gonerisation. However, in contrast, in a Schul z-Flory process, chain

term nati on does _Qccur %nd i s _independent fromchain |Iength. The

Ni -catal ysed ethﬁE&ﬁéLéLL§5ﬁE£E§£E§&EEStep 20 of the Shell Higher defins
Process (SHOP) is a hyRi Rlese@apPhentiiod PehukesFhel ¥aREAGRSS sdtdhs for
Schul z-Fl ory process, -wide range of oligoners are typically nmade in which

the fraction of eatlylerefiodigeaetisadérar friondd newyrcaligilaatdletors tive Yhagi s
of the so 25 called ﬁffactor. T&g@ﬁ-fagtor“ w@ich is indicative of the
relative proport Yot % thd %o | SREFCHE VLY 1t REDFE PRQSOTY

2004/ 0374 - PCT/EE%%@%&Q@OEQ&@-1@ne@QIgaph@tbqeqﬁn&§h+2]/[Ch] cal cul at ed

fromthe slope o
Background of the Invention

Various processes are known for the production of
{—) higher linear alpha olefins (for_example D. Vogt,
7 .Oligomerisation of ethylene to higher a-olefins in
10 Applied Homogeneous Catalysis with Organometallic
Compounds Ed. B. Cornils, W.A. Herrmann, 2"° Edition,
Vol. 1, Ch. 2.3.1.3, page 240-253, Wiley-VCH 2002) .
These commercial processes afford either a Poisson or
Schulz-Flory oligomer produdt distributiomn.
15 In order to obtain a Poisson distribution, no chain
termination must take place during oligomerisation.
However, in contrast, in a Schulz-Flory process, chain
termination does occur and is independent from chain
“D length. The Ni-catalysed ethylene oligomerisatioﬁ step
20 of the Sheli Higher Olefins Process (SHOP) is a‘typical
example of a Schulz-Flory process.

In a Schulz-Flory process, aﬂwide range of oligomers
are typically made in which the fraction of each clefin
can be determined by calculation on the basis of the so-

25 called K—facfor. The K-factor, which is indicative of

the relative proportions of the product clefins, is the



the graph of log [Cn nolo] versus n, where n is the nunber of carbon atons
in a particular product olefin. The K-factor is by definition the sanme for
each n. By 5 ligand variation and adjustnent of reaction parankfdp8.20)7t he
K-factor can be adjusted to higher or lower values. 1In this way, the

process cagv(p?m%gr@‘; ed to produce a product slate with ?@T/Eﬁiob%ﬁ@r‘&
It h

econom ¢ bene Si'nce demand for the C6-C18 fraction is much higher 10
than for the C20 fraction, processes are geared to produce the | ower
carbon nunber ol efins. However, the formation of the higher carbon nunber
olefins is inewdlkt evataind, ofv {Geut ] f UE4 hera protessd nfron hiehe f 9t opéi of of
these products is detrinental to the 15 profitability of the process. To

reduce the negat,,yv '%?c he- hi y - C n b efi d of the.
|l ow value C4 frﬂa}ﬁei%frl, ad‘sd]lS ﬂ %%afcrﬁ ergﬁ%ﬂ o‘gépgléssn%’eeﬁﬂ%gée{‘oggd%ﬁ%
-reprocess these streans and convert them~-._ _into re_val uabl e, chem cal s
such as internaImk"i%k?@deSOjglocaolfckt)a‘?li.l n%t‘o < 14 %r%ﬁ?ﬁ%‘ﬂf%ﬁ ?ﬁ%d%ﬁgl ?lﬁ?éﬂer

A efins Processthdioergisot s HeChOoiOOYibs expesshyerbpt Bafk oM anpy

i nvest ment _and operational point of view and consequently adds additional

cost. Ther éf or e kigtidefaibial k91 crd | adPEs et efl Teakbepnt RerpRedaES) on of

the higher carb I o) i . ~ absol 1. Nj ) nor e
t han i nherentl yogglsesggir?;féetg&m%%ﬁt%% %@%%%E%I ?)(?yH%{?h%c%grﬁ‘ﬁéE 3%\218%807 WO
2004/ 037415 PCT/IEP200i3 040708 hs pidcédhs Scargas dope nagber tof ppoutibcshed

patent applications describe catal yst systens for the pol risation or
ol i goneri sati on RO ef 13 Yhth t?%%;r%%s%? h‘??%%?l%?%%ggbht ain

nitrogen-containing 5 transition netal conmpounds. See, for exanple, the
' Since demand for the Cg-Cig fraction is much higher

10 than for the Cy92g fraction, processes are geared to ff)

produce the 1ower'carbon number olefins. However, the
formation of the higher carbon number olefins is
inevitable, and, without further processing, the
formation of these products is detrimental tec the

15 profitability of the process. To reduce the negative

impact of the higher carbon number olefins and of the low
value C4 fraction, additional technology has been
developed to reprocess these streams and convert them (.

into more valuable chemicals such as internal Cg-Cig

: i
S

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

However, this technology is expensive both from an
investment and operational point of view and conseguently
adds additional cost. Therefore considerable effort is

25 directed to keep the production of the higher carbon
numbered olefins to the absclute minimum, i.e. not more
than inherently associated with the Schulz-Flory K-

factor.



foll ow ng patent applications which are incorporated herein by reference in
their entirety: WD 92/12162, WD 96/27439, WD 99/12981, WD 00/50470,.W

. 98/ 27124, WO 99/02472, WO. 99/50273, WO 99/51550, EP-A-1, 127, 98] JANMQAO

02/ 12151, WO 02/06192, WD 99/12981, WD 00/24788, WO 00/08034, WD 00/ 15646,
WO 00/ 2042, 2\4\9,@;1158874 and WO 03/000628. In particul apcrfeggesilohdsros

~ publ i shed Shell applications WO01/58874, W2/ 00339, W02/28805 and WD
03/011876, all 15 of which are incorporated herein by reference in their

entirety, disclose n%%elthﬁqsaﬁﬁsesgsaaﬁ ac%_@[[byésg %fbgi%ﬁjgi%eéoiﬁa_éégtne pyri di ne

i ron conpounds whi ch™are hig ivé 1nthe onerisation of olefins,
especi al |y et hyleend iatd oMy cle proidicc ecddaieart alypiter efdmsciar the C6- C30 20
range with a Schul z-Flory distribution, said |inear_al pha olefins being of
hi gh purity. Thét%ed e st§aiop e P holRFer 56 Ahtfovi it @RS - isel ectivity

of the linear alpha NSy idie, Ol QORI AR HAGRSAS, {pgd in
the prior art. 25 1t 1s known to use a co-catalyst such as an alum ni um
al kyl or a$ um ndxemes iiti cgomjainct | ormwitrkdsan Sesd efiar motanpele zatheon catal yst.

1t has now sur prd ir(n)gdi.y been found that replacenent of a portion of the
al um ni um al kyl*< T ST GRRER S é 1ot ]Tﬂ#%r%‘brﬂ)%‘? i cul ar

zi nc conpounds, pUGh A% drf8l 15 dHE 18N edtiFaMeMa day e selipetivity
for linear al pha-olefins in the above nentioned ol i"goneri sation process
cat al ysed 22 JANGQQVZ 3 MOWOES OF2E5 MOT/ERPZE0EI0 106708 /27 X34 biWar yl i mi ne

pyridine iron c rﬂ?} t ':p? gfﬁm _of
by- product s suc%ﬁqﬁ?ér 59 gbgn rafn(t:“Le gcflt5 esi ns ;ﬂr% %ildﬁg?’rgfp’r e%%ced.
Angew. Chemn | nto2 Ad1320030 4 /0L 98, weagssy 1488531 ,5 w9 1oo antidd edvo
"Iron-Catal yzed PoIOyet hyl ene Chain Growt h
_ C0/08034, WG 00/15646, WO 00/20427, WO 01/58874 and
DE WO 03/000628. |
In particular, recently published Shell applications
W001/58874, WO02/00339, wW002/28805 and WO 03/011876, all
15 of which are incorporated herein by reference in their
entirety, disclese novel classes of catalysits based on

bis-imine pyridine iron compounds which are highly active

in the oligomerisation of olefins, especially ethylene
and which produce linear alpha olefins in the Cg-Czp

20 range with a Schulz-Flory distribution, said linear alpha
olefins being of high purity.

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

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

" been found that replacement of a portion of the aluminium
alkyl or aluminoxane co-catalyst with one or more

30 particular zinc ¢ompounds, such as ZnEts;, results in an
improvement in the selectivity for linear alpha-olefins

in the above mentioned cligomerisation process catalysed



on Zinc: Linear alpha-olefins with a Poisson Distribution" by George J.P.
Britovsek, Steven A. Cohen, Vernon C. G bson, Peter J. Maddox 7 ﬂ m?rtln
van Meurs, discloses a chain growh process on zinc, catalyse% g@ 4
bis(inino)pyridine iron catalyst. However, analysis of the polynmer produced

by the reaakh Agr hydrolysis reveal ed a ful l'y saturapedrbigngadorddl kane
product, rat than an al pha-ol efin producy._In order to obtain an

al pha-ol efin thIS ref erence describes a nickel-catal yzed 15 di spl acenent of
t he grown al kyl cha% |n1the gresenge of | eth%Iene tg reggnergte dlethyl
zinc. The distriBltPOREHY I IA{PRaPETLFTAE HFBRUEBEPPYNES; €a *P8iFsson

di stribution rathegpe! haRe azmehlt ZoFl @waﬁtéarbpuwauc@umw 2@f ihR@rnal
| nvention 20 The present i nvention provides a Catal yst system conprising:

(a) one or nore dhdapybinnihad pyefdnaeandodlenecobabtredapaﬂysts (b) a first
co-cat al yst conpound ich i

al umi noxanes, and mi xtufFe¥ ¢ﬂ%$;§ t gé ? ggknhun1ggfé égﬁpound

whi ch conprsi ses oag, @ﬁtﬂﬁl@dC‘)Mﬁ@ﬂngét@iy&QQ P@awtnyZ@ReZ(:ﬁ/a@heG&owwph
R, which may be the same or different, is 30 selected from hydrogen,

optional Iy subst?®ubbec: dimear hydpbeapbgfinphenyh, aFPOEEsORr, |, SR 2 2

JAN 2007 WD 200 037443, PCT) EEZO03LRA0T08 5o My 2y Ok OB B C

wherein R' | ecul e same or

is optionally substhnénted €bE2N, hy@t@canbyMadﬁaxa fxat Mertaspeeh deulrdde
present invention there 5 is rOV|ded a process for the production of |inear
al pha- ol efins c%h%?%%?%@ ?e%k%%%ggé?ﬁ9beﬂéoﬁﬁaérOn zinc, catalysed by a

10 ‘bis(imino)pyridine iron catalyst. However, analysis of
the polymer produced by the reaction after hydrolysis
revealed a fully saturated linear alkane product, rather’,v
than an alpha-olefin product. In order to obtain an
alpha-olefin this reference déscribes a nickel-catalyzed

15 displacement of the grown alkyl chain, in the presence ol
ethylene to regenerate diethyl zinc. The distribution of
alpha olefins produced is said to be a Poisson
distribution rather than a Schulz-Flory distribution.

Summary of the Invention

20 The present invention provides a catalyst system
comprisingﬁ
(é) one or more bisaryliminoc pyridine iron or copalt
catalysts; ‘ .
(b) a first co—éatalystfcompound-which is selected
25 from aluminium alkyls, aluminoxanes, and mixtures
thereof; and

(c) a second co-catalyst compound which comprises one
or more cecmpounds of the formula 2ZnR’y wherein

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

30 selected from hydregen, optionally substituted

C1~Cpp hydrocarbyl, phenyl, F, Cl, Br, I, SR'’,



ol i gonerisation conditions in the presence of an effective anmount of the
catal yst system descri bed herein. Detailed Description of the,lnvention 10
. Afirst essential conponent in the catalyst system of the prigéﬁp Hdventi on
is one or nore bisarylimno pyridine iron or cobalt catal ysts. Any

bi saryli mpg,sfAxsigine iron or cobalt catal yst suitable pof/rpsmsbivreget hyl ene
- oligonerisation reactions for producing linear 15 al pha ol efins may be used
herein. Suitable bisarylimno pyridine iron or cobalt catalysts for use.
herein include, but are not limted to, bis-arylimnepyridine MX" conplexes
and/ or [bis- arylim nepyRi de nePayFORb+] PNCHO wermtexeld’ ' savidl®hsw2ohin

aryl i m nepyridine conpl exes conprising_a bisarylimne pyridine |igand,
wherein Mis a metal atbhfseRrBRtBALEFORT oY 0P Cole ns§me 205 BT LgRANK: | s

hal i de, optionally substituted hydrocarbyl, al koxide, am de or hydride, Y
“is a ligand which may ?ﬁs%??lﬁlﬁa%f%f? ,SK@uJF%dachb(ﬁz% Yodrd it ng anion,
ptq i$ 2 or.-3, matching the formal oxidation of said netal atom,.L is a
neutral Lewis donor r?o%ll f&rétfheﬁ iagp&Cth%r t%.e BrERAVIG NG Byrtti TS on or

cobal t catalysts ofpridviisiedy pe pfcRe@iss Floesethel i \WRRLEER74br WERI L0 ha-
W02/ 28805 and WO 03/011876, all 30 of which are incorporated herein by
reference in théileligw QC@PFisAng JANCIOOE SWOYIGO4 O3 PCT/ EP2003/ 010708

6 Particularly i I i.sarylim pyridine., | or in the
cat al yst systemgsllhi O%%ﬁ%is%&s%c% Ctohméf;gtl%gvﬁﬁg%t ee%%%%sr?ﬁjlgg ﬁ%isaglel ow. Rl Rz
R3 R4 ORS R6 MfREmtive amount of the catalyst system described herein.

Detailed Description of the Inventicn

10 A first essential component in the catalyst system
-j) of the present invention is one ox ﬁore bisarylimino
pyridine iron or cobalt catalysts. BAny bisarylimino
pyridine iron or cobalt catalyst suitable for use in

ethylene oligomerisation reactions for producing lineax

15 alpha olefins may be used herein. |

Suitable bisarylimino pyridine iron or c¢obalt
catalysts for use. herein include, but are not limited to,
bis-aryliminepyridine MX, complexes and/or [bis-
aryliminepyridine MY,.Ly ] [NC']4 complexes, saild bis-

20 aryliminepyridine complexes comprising a bisarylimine
pyridine ligand, wherein M is a metal atom selected from

;“)- » Fe or Co, n is 2 or 3, ana X is halide, optionally -
substituted hydrocarbyl, alkoxide, amide or hydride, Y is
a ligand which may insert an clefin, NC™ is a non-

25 coordinating anion, pt+g is 2 or.3, ‘matching the formal
oxidation of said metal atom; L is a neutral Lewis donor
molecule; b is 0, 1 or 2. Bisaryliminc pyridine iron or
cobalt catalysts of this type are disclosed in
Wo01/58874, W002/00339, WO02/28805 and WO 03/011876, all

30 of which are incorporated herein by reference in their

entirety.



R’/N :mzu 3 RO R12.._ 5 (I) wherein X is carbon or nitrogen, nis 0 or 1,
mis O or 1, Zis a n-coordinated netal fragnent, 10 R1-R5, R7-Rg and
R12- R14 are each, independently, hydrogen, optionally substlt&ﬂeMN2%7
hydrocarbyl, an inert functional group, or any two of R1-R3, R7-Rg and
R12- R14 vwﬂjgjmt;,@hone anot her taken together may form apdipgbood10708S
hydrogen, optionally substituted hydrocarbyl g an inert 15 functi.onal group,
or taken together with R7 or R4 to form a rlng R10 i s hydrogen, optionally
substituted hydrocarhbyl, .an Lnert n r, taken .toget.her . with
RO or R4 to forma rlgé, h% lar?’ rgééhi% % gﬁﬁml% gg%ﬁfﬁpedalgands
hydrocarbyl, an ipertstungt tneabagmyat @@s%@mtsak@&etl@lg@_hﬁqrud@ tthode or R12
to forma ring; and R15 is 2 2 JAN 2007 WD 20041037415 PCT/ EP2003/ 010705 7
hydr ogen, opt|onBﬁVyn§ub§€|ﬁeﬁ@élﬁydﬁécéﬁﬁyw an inert functional group, or
taken together with RS or R14 to forma ring. In the present invention
certain terns are used as 5 follows: The term "n-coordi nated netal
fragment” in relation to the group g neang that, the Z group together with
the ring containing the X aton1repre et 88 éllocene noi ety or a
sandwi ch or netal -arene conpl ex which ca 10 optionally substituted. The
Z group contains a netal atom whi IS gordi naked to the aromatic ring
containing the X atom The Z grogf cal al s® congain gne or nore | i gands
whi ch are coordinated to the net t om

R4 N

Rg Rio

Ry . ' Riz . 3

5 : , (I)
wherein X is carbon or nitrogen,
n is 0 or 1,

mis 0 or 1,

Z is a m-coordinated metal fragment,
10 Ri1~-Rg, R7-Rg and Riz»-Rigq are each, independently,
hydrogen, optionally substituted hydrocarbyl, arn inert

functional group, or any two of R3j-R3, Ry-Rg and R12-Rja

vicinal to one another takén together may form a ring; Rh:)
is hydrogen, optionally substituted hydrocarbyl, an inert

15 functional group, or taken together with Ry or Rg to form

a riﬁg; Rip is hydrogen, optionaliy substituted
hydrocarbyl, an inert functional group, or taken together
with Ré or R4 to form a ring; Rig is‘hydrogen, optionally
substituted hydrocarbyl, an inert functional group, or

20 taken together with Rg or Rjz to form a ring; and Rig is



such as, for exanple (CO ligands, such that the Z group 15 forns the netal
fragnment Fe (CO,. Preferably, however, the Z group contains an optionally
. Substituted aromatic ring which is n-coordinated to the matqlz\;ﬁahm
optionally substituted aromatic ring can be any suitable nonocyclic or

pol ycycli cywotdofRbl& Or heteroaromatic ring 20 having fr ggrmebesbPo7os ng
-atons, optionally containing from1l to 3 heteroatons selected fromN, 0 and

S. } Preferably the aromatic ring is a nonocyclic aromatic J ring containing
from5 to 6 carbon,atons, such as phenyl nd. cycl opent adi enyl . Non-ljimting
exanpl es of 25 %Jr%’fon%‘?ﬁl’ono% O%Efsloln\étsi%bsnvg?%%%%/%%&?%% &ntaarll ARy “an X
at om and n-coor di t g t.s.,ncl r C t ocene,

ni ckel ocene, ch?ﬂo&n&%ﬁ%@ ﬁ%%dr%ce@;lpe,éav%ér}gdoc enteﬁeej{)l"glc@g? noce%pgﬁ‘]o(r%%um

bi s-benzene titaniymand gimlar heteroarene netal conplexes, 30

nono-cati oni ¢ arene nmanganese tris carbonyl, arene rutheniumdichloride. 2
2 JAN 2007 WO 2004/10874kb REISER2 008/OH0A08 cert@iinmheetmy mrdHydreaot axdyl

group” in pelati to the RL to RI15 groups of fornmula (1) above neans a
‘group containi ngfOO carbon and hydrogen atons. Unl ess ot herw se stated,

WP .
the nunmber of car borhge% od%%l{ S,Tprc%‘oq:rcﬁigiaytg& Ad1e 1 ggnﬁer]‘gﬁaf}{régtegra%on

especially from1l to hydrocar group” nmay sat ur

unsat ur at ed, al iphadlie,graye| Dahdphatiaortioyct opraumttsgdtcher pienyide but
is preferably aljphatic. Sujtable %dr ocar byl groups ‘include prinmary,
secondary and t eritihrSPHEE PO At o 20. 2 oL S S @ HiRle Hede§Ded bel ow.

I'n the present inpvent} iy, 4 nhephfase o %é@g@léﬂen U&%ﬁo%iéﬁl ethwdroganby!

inrelation to the R to RI5 groups o orrmula (I) above 1s used to

descri be 1fydr ocarthydnagrloupsioptitonaddy cditial hiqgpunecartain=® a metal

;t) '  atom which is m-coordinated to the aromatic ring
containing the X atom. The Z group can also contain one
or more ligands which are coordinated to the metal atom,
such as, for example (CO) ligands, such that the Z group
15 forms the metal fragment Fe (CO)y. Preferably, however,

the Z group contains an optionally substituted aromatic

ring which is m-coordinated to the metal. Said

optionally substituted aromatic ring can be any suiltable

monocyclic or polycyclic, aromatic or heterocarcmatic ring
20 having from 5 to 10 ring atoms, optionally containing |

from 1 to 3 heteroatoms selected from N, O and S.

%”) ' Preferably the aromatic ring is a monocyclic aromatic
ring containing from 5 to © carbon atoms, such as phenyl
and cyclopentadienyl. Non-limiting examples of

25 combinations of aromatic hydrocarben rings containing ‘an
X atom and m-ccordinated metal frégments include
‘ferrocene, cokaltocene, nickelocene, chromecene,
titahocene,‘vanadocene, bis-benzene chromium, bis-benzene
titanium and similar heteroarene metal complexes,

30 mono-cationic arene manganese tris carbonyl, arene

ruthenium dichloride.



15 "inert" heteroatom containing functional groups. By "inert" is neant

that the functional groups do not interfere to any substantial degree with
the (co-) oligonerisation process. Non-limting exanpl es of SZ%mAwéyyt
groups are fluoride, chloride, silanes, stannanes, 20 ethers, alkoxides and

am nes W t{,pepgudes steric  shielding, all well-known topdfipsRsHidobdsed in

the art. one exanpl es of such groups inclLuge_nethoxy, trinethylsiloxy and
ei cosanoxy. Said optionally substituted hydrocarbyl may include primary,
secondary 25 and tertiary carbon atom groups of the nature described _bel ow
The term "inert funcThereermr dipdreeareyhtgormp?d ihereRition RIS ghouRd bp
formula (1) abovelgeans a groug other than optionally substituted ,

hydr ocar byl whi ch™ 7 sIFpers 3D TRERELd hel bl FlgonerneaRs o ProvesSCEbAdNEEns

herein. By "inegtty,,i t i onal d 2007
VO 2004/ 037415 P‘%‘%ﬁp%%%%%l%%?}é@‘? %%ﬁler o ‘?{%5‘5’5%%?3%?‘?%?%%5%2\%% th
the (co-) oligonesisathen @f ocesiscn Exaond ess opréfierdabIwvntti thal raggeups
suitable for use_herejin include haljde, efhers and anines such as tertiary
am nes, esgeci al F5°7| LOJ?? niéf 5@%%%@&%%%@%&? egm "BPE Ny r%ﬁ?ﬁ%ﬁﬁat om

group” as used her&hp miBans &atFef Boupyhenelifek i 515shseied from
hydr ogen, an optionally substituted hydrocarbyl, or an inert functional

group. Exanpl es @fchuilambhat primargychrdormalidc alony groupsyl hel ode, ibut are

not limted to, - -C2H5, ., . - CH2C1, - 0 - CH2N( C2H5) 2 _and_- CH2Ph.
Preferred prinﬁ?égg%f%%ﬁya%%%?%%%b 5. é%ftééiéh%¥%{%é%f %h%E%upﬁherein R
i's selected fromhyoeges Oha gy Clsddondispbshd t i £di Hydr egawdy| at pnef erabl y
wherein Ris 15 hydrogen or a Cl-C3 al kyl . '

10 . groups such as those described below.

In the present invention, the phrase “optionally .

substituted hydrocarbyl” in relation to the Rl to RIS
- groups of formula (I) above 1is used to describe
hydrocarbyl groups dptibnally containing one or more
15 “inert” hetercatom-containing functional groups. By
“impert” is meant that the functional groups do not
interfere tc any substantial degree with the (co-)
oligomerisation process. Non-limiting examples of such
inert gfoups are fluoride, chloride, silanes, stannanes,
20 . ethers, alkoxides and amines with adeguate steric 5  
shielding, all well-known to those skilled in the art.
Some examples of such groups include ﬁethoxy, Y
trimethylsiloxy and eicosanoxy. Said optionally
substituted Hydrocarbyl may include primary, secondary
25 and tertiary carbon atom groups of the nature described
below.

The term “inert functional group” in relation to the

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

“inert” is meant that the functional group does not



The term "Secondary carbon atom group” as used herein neans a -CH(R)2 group
wherein each Ris independently selected froman optionally substituted

- hydrocarbyl or an inert functional group. Alternatively, the @vbJA tigbups
20 may together represent a double bond noiety, e.g. =CH2, or a cycl oal kyl

group. Exayp) apsefsfecondary carbon atom groups incl ude,pdaisprasf ok
“limted to, -CH(CH3)2, -CHCl2, -CHPh2, -CH=GH2 and cycl ohexyl. Preferred

secondary carbon atom groups for use herein are those in 25 which Ris a
C1- C6 unsubstitut erh]é/edrrﬁ__octaqr by ref.er Cl-

I o) al.kyl.. The term _
"Tertiary car bon ‘At om group”. nays éausbes ahnfalcrleal}/ln daengeraenes q %(&5% ch%dp wherein
each R is indepesdagdnari sl vot gerddeas aapid lonaldy isidst | fuiedi byl ocar-byl
or an 2 2 JAN 2007 WD 2004/037415 PCT/ EP2003/ 010708 - 10 . inert functi onal
group. Alternati V8PS tHel ke T gigude iy tigyeiit HeprdsetE%Si pl e

bond noiety, e. = i Vs nt.al ni r1--ary. at ons
such as adamanty n%e%rr?l\c/;g% vﬂ?ﬁééa%%sl%magﬁ}}%ﬂy e('g&gbcéar af)inla}étfo%?%%%s

i nclude; bat arembtcHlionired to, -0(0H3)3, -CCl3, -C=CPh, 1-Adanmantyl and
-C(CH3) 2(OCH3). Preferred tertiary carbon atomgroups for use herein are
those wherein each Ri% @%@ - & SR E 4R oy |35 dtsifh, Poreter abl y

wherein each Ris a Cil- | Kyl roUp 10 .nore .preferahl erein each Ris
methyl. In the cBEES %%ﬁ%‘%&%uﬁ i‘@eaifeﬁéjt ﬁyllsgrsfaﬁcbﬁ%’evﬂm |b&f “THr'bon

SO 0 OUP 1 o L o B B S A T P SR 1o et
et hyl ene nol ecul farart il pheew ef iBxamyl e o Msarierb 1o pmind | ecdfbon

propagate a (co-)oligonerisation reaction. In [bis-arylimnepyridine
MYp. Lb4] [NC ] g zonplexcessacicorididey thntt feer prrestentinimeehtion, - amy-Ges ,

) ~CH3Cl, -CH,0CH3, -CHyN(CpHs)s and -CHpPh. Preferred

primary carbon atom groups for use herein are those

wherein- R 1s selected from hydrogen or a C;-Cg
unsubstituted hydrocarbyl, preferably wherein R is
15 hydrogen or a C7-C3 alkyl.
The term “Secondary carbon atom group” as used herein
means a —CH(R)Z group wherein each R is independently

selected from an optionally.substituted hydrocarbyl or an
inert functional group. Alternatively, the two R groups

20 may together represent a double bond moiety, e.g. =CH»p,
f) or a cycloalkyl group. Examples of secondary carbon atom

groups include, bﬁt are not limited to, —CH(CH3)o,

~CHClp, -CHPhp, -CH=CHz and cyclohexyl. Preferred

secondary cdrbon atom groups for use herein are those in

25 which R is a C1~C6’unsubstituted hydrocarbyl, preferably
a C1-C3 alkyl.
The term “Tertiary carbon atom group” as used herein
means a —~C(R)3 group wherein each R ig independently

selected from an optionally substituted hydrocarbyl or an



hydri de, al kyl or any other anionic |igand which may 20 insert an olefin. By
"non-coordi nating anion" is nmeant an ani on which does not substantially
coordinate to the metal atom M Non-coordinating anions (NC) % hddNadW) be
suitably enployed include bul ky anions such as tetrakis [3,5 25

bi s(triflughogetfylkxphenyl Jborate (BAF), (C6F5)4B and anicqig:63/010708
al kyl al um ni um conpounds i ncludi ng R3Al X - 1B2A1C X , RALCl12X, and "RALOX-",

wherein R is hydrogen, optionally substituted hydrocarbyl or an inert
functional grou ' |-i | koxj.de. ar_.ox n. 2 JAN 2001 WO
2004/ 037415 Pd;ﬂlpﬂfz‘g%%‘%gfﬁt? e %—‘%O‘% Wi ]1d° 7 aatplp‘?/eg%'at%‘ae by Tt%%gg skil | ed
in the art thatgaduidy mayhe deeundar yregdidrions therel aibedof encideser i begl,

substituents R1-R15 may be readily selected to optinmise the perfornmance of
the catal yst syst&hfhd 9% & Fi&coroften EPiaientidriehl dhe g e raeens

enbodi nent of t [ t [.S: 144 .o W t lyst is a
bi saryl i m no p%ﬁdgp\régniér%n@ﬂaca a y&satﬁq%gplr‘?f%r rEEe%/E{ |sé;€ycf$n?énret%la% nd for
use hereinmis a cakddn ganch efrdugranulacliide WierteiareX et Q inmtist tand n is 0
such that the ring containing the X atomis a 6-nenbered aronmatic group.
Anot her pref err ed ifgaryl iTW0e /| i-gasd ! orl dskanagitein ang & (GHpml(@FHT or nul a
(1) wherein Xis C_ mis O, nis 15 1, and the ring containing X together
with the Z groughiefergafet@iNtodane (oM ™ HotHe? IRefers e Sarg e ni ne

li gand f j N1Sca ] i.gand of; | (] L d .
tgand tor use AL QS 8n 19330 0 lhsfeo%(re!a&_grﬁ(anm%%%ﬁ F%C?%\J%ﬁé%ér%a . Tg

is 0, such that the ring containing t is a 1-
restrict the pro@uets A HJIWE SiHdrdi RLhPH L 2 cq~C3 alkyl group,
10 more preferably wherein each R is methyl. 1In the case
wherein each R is a methyl group, the tertiary carbon
atom group is tert-butyl.
By a “ligand which may insert an olefin” is meant a
ligand which is coordinated to a metal ion into which
15 bond an ethylene molecule or an alpha-olefin may be
;nserted to initiate or propagate a (co—)oligomexisation
reaction. In [bis-aryliminepyridine MYp.ILyp'] [NCT1g
complexes according to the present invention, Y may be
hydride, alkyl or any other anionic ligand which may
20 insert an olefin.
By “non-coordinating anion” is meant an anion which
does not substantially coordinate to the metal atom M. L;Q
Non-coordinating anions (NC™) that may_be suitably

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

25 bis (trifluocromethyl)phenyl]lborate (BAF ), (CgFg)4B”, and
anions of alkylaluminium compounds including R3A1X,
RoAICIX, RAlCng", and “RAlOXf”, wherein R is hydrogen,

cptionally substituted hydrocarbyl or an inert functional

group, and X is halide, alkoxide or oxygen.



that no nore than one of R6, R10O, R11 and R15 is a tertiary carbon atom
group. It is also preferred that not nore than two of R6, RI1O0, Rll and R15
-is a secondary 25 carbon atom group. Preferred |igands for usé hamellfy
include those of formula (1) with the follow ng ortho substituents: (i) R6,
Rio, Rll1 a re each, independently, F or d; 2 2
‘2004/03741gqb%#?ggégb3/010708 - 12 (ii) Raiand R10 areqﬁ$#ﬁ§@%ﬂ¥g?gon at om
groups, Rll1l is Hor Fand RI5is H F or primary carbon aton1group (rii)
R6 and R10 are each, n . , n

i ndependently, F, CHI%ngffﬂﬁgr%ﬁ%g?g%%£%$&%?‘Eé%%é %Ig%ﬁ ft R10
is H F or pr|natyaﬁawbbnlnat@@1E@@uﬁarﬁﬁdoﬁ@ﬂtfﬁﬁsaher@imhafyr@arbon atom
groups; 10 (v) R6 is a prinmary or secondary carbon atom group, R10 is

hydr ogen, R11 an@eﬁEBl%?@rFﬁu¢5tltP9DE?|ﬁﬁr@lbrmgéc%ﬁd%? thybomlected to
‘atomgroups; (vi) R6 is tertiar carbon a rou IS dr oge

Pom SRR o bmE et bohe Be o SRTaroupt aRO RS LT R o VRt ChuRns ReT o
tertiary cgrbon at 9 at QNP 3 R0 kst iBRi mary carbon atom group, R11 and R15
are Hor F; | (viii) R6 an 10 are H, F, d, primary carbon atom 20 group,
secondary carbon atohmg@@@ppr$ﬁarr%d prpedivent sécohdaiyverhidon shem group
and R15 is H Cl, or arbon atom

( X F,. O, RO is-H priar
group, R11 is ter %%F l%%}%%npyrldine mefal Cagglyst isTa 1s§ryflm1n

pyridine iron catalyst.

A preferred bisarylimine ligand for use herein is a

10 ligand of formula (I} wherein X is C, m is 1 and n is O
. such that the ring containing the X atom is a 6-membered
5.) aromatic group.

Another preferred bisarylimine ligand for use herein
is a ligand of formula (I} wherein X is C, m is 0, n is
15 1, and the ring containing X.tbgether with the Z group is
a metallocene group.
Yet another'preferfed bisarylimine ligand for use
herein is a ligand of formula (I} wherein X is N, m is O,
n is 0, such tﬁat the ring containing the X atom is a 1-
20 pyrrolyl group.
Tc restrict the products to oligomers it is preferred
that no more than one of Rg, R1io, R11 and Ris is a
tertiary carbon atom group. It is also preferred that

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

25 carbon atom group.
Preferred iigands for use herein include those of

formula (I) with the following ortho substituents:
(i) Rg, Rig, Ri1 and Ris are each, independently,

F or Cl:



25 atomgroup and R15 is H, 2 2 JAN 2007 WO 2004/ 037-415 PCT/ EP2003/ 010708
- 13 (x) R6 and R10 are H For d, R11 is tertiary carbon atom group, R25
is primary carbon atom group. Particularly preferred |igands f&w@ﬁ] her ei n
include 5 those of fornmula (1) wherein R1-R3 are hydrogen an(; d R5

are net hyl d or phenyl, preferably nethyl. Esp rred
| i gands fo‘rNdl}soggﬁgﬁél n include:- a ligand_of,formula (1), %#%?JEJIE{P%

hydrogen; 10 R4 and RS are nethyl; R6 and R10 are, nethyl; R8 is nethyl or
hydrogen, R7 and RO are hydrogen; R11 and R15 are hydr ogen; R12, R13, and
R19 are independent | {idydr ogen,andndtiby EreoprisetrybgeybonXaterCgroips,1, n is
O; aligand of fornmula (1), wherein RL-R3 are hydrogen; 15 R4 and RS are
met hyl ; R6, Rg and R0 are rrefhyls; HRéramd aRk@ Rakeibydrogeor Biimksyfl uorine;
and R12-R15 are hydrogen; and Xis C mis 1 and nis 0; a ligand of -
formula (1), wherein Rl1-R3 arerlodradgen;grd®pand RS are nethyl; R7-R9 and
R12-R14 are hydrogen; R6, 20 R10-Rl11 and R15 are fluorine; Xis C mis 1
and n is 0; a |igandigfilf orfd @and RiowheeeencRl- RBdepenkgditdgenH oR4 Fand R5
are nethyl, R6, Rg and R10 are nethyl, R7 and Rg are hydrogen, mis 1, nis
0, Xis C5R11, R12, R14 andk;;REndargshydeogenh, RiddepenethQly,0F, Cl or
trimethylsiloxy; 25 a ligand of fornmula (1), wherein R1-R3 are hydrogen; R4
and R5 are nethyl; R6 and RCiaweer ymetadndon R8dms gweddpyd 2 2 JAN 2007 WO
2004/ 037415 PCT/ EP2003/ 010708 - 14 or hydrogen, R7 and RO are hydrogen;
R11 and R15 are hydiisgen; RE2isRH3cand RR4oare HadEpendentimgrlydeahom,

atom group, Ri1 .and Ris are primary carbon
atom groups:;

10 {(v) Rg is a primary or secondary carbon atom

group, Rig 1s hydrogen, Rii and Rjs are H, F,
Cl, primary or secondary carbon atom.groups;

(vi) Rg 1s tertiary carbon atocm group, Rip is
hydrogen, Rqy is H, F, Cl, primary carbon
15 atom group and Ris is H or F;
(vii) Rg is tertiary carbon atom group, Rip is

primary carbon atom group, Rii and Ris are H

(viii) R¢ and Rip are B, F, Cl, primary carbon atom

20 group, secondary carbon atom group, Rji is
primary or secondaxﬁ”gérbon atom group and

R1s is H;:
(ix) Rg is H, F, Cl, Rip is H, F, Cl or primary
carbon atom group, Rii is tertiary carbon

25 atom group and Ris is H;



methyl, or fluorine; Xis C mis 1, nis 0; a ligand of formula
(1), " wherein R1-R3 are hydrogen, 5 R4 and R5 are nethyl, Rg and R10 are
~methyl, R7 and Rg are hydrogen, mis 1, nis 0, Xis C RllzanaNﬁﬂB are
hydrogen, R12 and R14 are phenyl, RI13 is nethoxy, trimethylsiloxy or

ei C0Sanoxy yw %05,9%4F4 -aryli m nepyridine MXn conpl ex, X W,Egﬁﬁggﬁmm ently
~be halide, preferab y chloride. In a prefe#rEﬂ-enbodlnent of the bis-

arylim nepyridine MXn conpl ex, netal atomMis Fe and n is 2. In another
preferred enbodi nent, nmetal atomMis Fe and nis 3. 15 A neutral, Lew s

donor molecule is a d8hpoundRan?ed Ry Suitan ;P%cql'asRlaiL HewtEdSEY such
as ethers, anines, sulphides and organic nitriles, for exanple,
triethylanine or 2,6-di-tertC@Qb9Fp§t®@igé©upn Rhe {diRrirady ntaopye i aioe
MYp. Lb+] [NC-)q conplex 20 according to the present invention, L may be a
neutral Lew s donor nol ecul ¢*€dBabl e of bei ng displaced by ethylene or a

vacant coordi nation §5}ﬁicﬁfa£ﬂﬁtépéfe?£¥d'ﬂl QbPe Rgphggél 2§2ragﬁy

COI’Tp| ex accordi ng to the prese I nventl on ta atom

Fe and the sfor matpgxidati st ake ef ﬁﬁégelﬂehéLR?t&ﬂéW§yd @noéné Ry
Co- catal yst conpounds A second essentlal conpoinent of the catal yst systens

herein is a firs ozcat al yst n el ected fron1 AN 2007 WO
2004/ 037415 PCT/ Eﬁgoﬁis?gid‘%%%ﬁwp 1% ‘? %im O %]I‘%DY o PEE T AR e, Any
al um ni um al kyl grpahum noxane suitable for use as a co-catalyst. can be
used herein. letur s of two or nore alum nium al kyl and/or al um noxane
conpounds nmay al so bBspseiflahgyepnef&urédbl egéndkufivni useah&ykior iatlintroxane

conmpounds for use herein _
a ligand of formula (I), wherein Ri-R3 are hydrogen;

\”) 10 Rgq and Ry are methyl; Rg and Rig are methyl; Rg is methyl
or hydrogen, Ry and Rg are hydrogen; Rll and Rig are
hydrogen; Riz, le,and R4 are independently-hydrogen,
methyl, or tert-butyl; X is C; mis 1, n is 0;

a ligand of formula (I), wherein Ri-R3 are hydrogen;
15 Rgq and Rs are methyl; Rg, Rg and Rjp are methyl; R7 and Rg

are hydrogen; Ri1 is fluorine; and Riz-Ry5 are hydrogen;
and X is €, m is 1 and n is 0; |
2 ligand of formula (I), wherein R1-R3 are hydrogen;
*i) - Rg and Ry are methyl; R7-Rg and Ry2-R14 are hydrogen; Rg,
20 Rig, Ri1 and Ris are fluorine; X is C, m is 1 and n is 0;
a lidand of formula (I), wherein Rl—R3 are hydrogen,
Rs and Ry are methyl, Rg, Rg and Ryp are methyl, Ry and Rg
are hydrogen, m is 1, n is 0, X is C, Ri11, Riz, R1aq and
Ris are hydrogen, Ri3z is methoxy or trimethylsiloxy;

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

R4 and Ry are methyl; Rg and Rig are methyl; Rg is methyl



i ncl ude net hyl al um noxane (MAO) and nodi fied nethylal um noxane (MVAO) .

Modi fi ed net hyl al um noxane is derived from nethyl al um noxane with a portion
of the methyl groups replaced with other alkyl groups, for 107 ex®angfe,

i sobutyl groups. In especially preferred enbodinents, the first co-catalyst
conmpound is6a,imaLfised methylalum noxane, preferably whei&lfp.aRa4é7025% of
the nethyl "groups are replaced with isobutyl groups. A third essential
conponent of the catal yst systenms 15 herein is a second co-catal yst
conpound selected from formula ZnR 2 wherein each R, which _my be the sane

or different, i¥ BIFIE T ImIFdFogére dptdrsieany Rigupsd futedre1- C20

hydr ocar byl , phenyl, d, Br, I, SR', NR' 2, OH OR' , ON, NC wherein R" ,
whi ch within théyZragemn rfuleche deg Rhe smelwiephideriehy  hydr@1erG20
hydrocarbyl. In preferred catalyst systens of the present invention, the

second co- cat al y§ttiethpatihd iuwZdr 2 X viifer®ei MRS s @ -2 hydrocarbyl, nore

or oups. 1 ntl ude et nyt iy SRR e = B Aes FARALY

groups include neth propyl, ecially

preferred §hat tihe Ry HOuRd SucdnGl- & alkylan® i &b Ymetivd 2, AN
ooy e Zhnar 050 DLl s St it % 2Ry land@ 9067 | A Ity ] allg?stai 5

particul arly valpupbl:e imydcmei nat i;en Wi tth ey fix sis c@,-qaffl ¥sd 0 are
increasing the selectivity of linear alpha olefins in ethylene

ol i gomeri zat i on hyehaidems,Rgncrak @ easinyg dgHen @ahpuri 3 of s Snekriveng ed

by- products such as branched olefins, internal olefins, 2,2-disubstituted
ol efins, and di énegiethty hwid dsaermmatiedstaratxiparticul arly high selectivity
of linear al pha olefins is achieved when the nolar ratio of the netal of
the first co-catal ysit ttde hdsmaall igfinapy ridine MX, complex, X may

10 conveniently be halide, preferably chloride. ' _*)

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

is 2. In another preferred embodiment, metal atom M is Fe
and n is 3. |
15 A neutral Lewis donor molecule is a compound which
may suitably act as a Lewis base, such as ethers, amines,
sulphides and organic nitriles, for example,
triethylamine or 2, é6-di-tert-butylpyridine.
In the [bis-aryliminepyridine MYp.Lp'] [NClg complex
20 according to the present invention, L may be a neutral
Lewls donor molecule capable of being displaced by
ethylene, or a vacant coordination site.
In the [bis-aryliminepyrid%ne_MYp.L;?[NC_]q complex
according to the present invention, metal atom M is
25 preferably Fe and the formal oxidation state of said
metal atom may be 2 or 3.

Co-catalyst compounds

A second essential component of the catalyst systems

herein is a first co-catalyst compcund selected from an



10 second co-catalyst is in the range of from5:1 to 1:5, pr

3:1to 1:3, nore preferably from2:1 to

eferably from

1:2 and especially 1:1. It i

I S
. possible to add further optional conponents to the catalyst &ys88d#/herein,
for exanple, Lewis acids and 15 bases such as those discl ose
W02/ 28805y b/ salial yst system may be formed by m xi ng peggbhRboidbe i ron
- or cobalt bis-imne pyridine conplex or a- aexture of an iron or cobalt
acetyl acetonate salt and the appropriate bis-imne pyridine

co-catal yst 20 conpountin S20000 GO-LakalustaLorPound 2ndan

addi ti onal

to 10-9 gram at dMiof et

din

ligand, first

P PE BPRl o

conpounds, preferably 1n a solvent such -as uene or 7 sooct ane.
A i goneri sati on Heactnw@rmsndA guardhtey Tofr tuee cat & ysb— syt ey i scars uad [ys &b
enpl oyed in the oli ,omerieﬁ.ation reaction mxture so as to contain fﬁrom 10-4

LHBREMOT AW iU Ard IR 136 (309

Ovet al

per nol e of ethylengind:oale deacdeths The AIQomeL i sald oeFeact | of), By, he
nost 30 conveniently conducted over a range of tenperatures from -100Cto

+300C, preber abladuminien raigel ofr falomi0©xane QoUp NI 7f 0 WX 04 10874 15

PCT/ EP2003/:010708_ -
to 150C. The oli{o

S G o T Ty B L TR 155 car i ed out at

carried out at a

pressure of 0. 0kndtth s NRa {ahd opdiED) 5 hasdiad)ed msehprefef g yarlke tos 10

mPa (10 to 100 bar(a)),

and nost preferably 1.5 to 5 nPa (15 to 50 bar(a)).

The opti mum condiaBFRA ofr e mRtathilemdime s Sk e s Fi P hHahs cul ar

tal yst t i1 ' f. .0l i '
Comet ing 10 T odktyone St b hn LA UR LA VAL LR

10

15

20

i t he
1l c@a(%?be

example, isobutyl groups. In especially preferred

embodiments, the first co-catalyst compound is a mcdified

methylaluminoxane, preferably wherein about 25% of the

methyl groups are replaéed wifh iscbutyl groups.

A third essential component of the catalyst systems

herein is a second co-catalyst compound selected from

formula ZnR’2 wherein each R, which may be the same or

different, i1s selected fromrhydrogen, optionally

substituted C3-Cgp hydrocarbyl, phenyl, Cl, Br, I, SR'’,

NR’’5, OH, OR’‘, CN, NC wherein R"’, which within the

same molecule may the same or different, is Ci-Cap-

hydrocarbyl.

In preferred catalyst systems of the presént

invention, the second co-catalyst compound is

ZIIR’ 2

wherein R’ is C1-Co0 hydrocarbyls ‘more preferably Ci1-Cpp

alkyl, eﬁen more preferably C1-Cg alkyl. Suitable alkyl

groups include methyl, ethyl, propyl, butyl, and the

like. It is especially preferred that the R’

Cl;C3 alkyl, especialiy ethyl.

group 1is a



readily established by one skilled in the art. The conditions of tenperature
and pressure are preferably selected to yield a product slate with a K-

factor within the range of from0.40 to 0.90, nost 15 prefe;ztﬂi%“h he
range of from0.60 to 0.80. In the present invention, polyméri nis

deened to {VRuy@EGy red when a product slate has a K-facp@Frsngas@fost han
0.9. The oligonerisation reaction can be caryged out in 20 the gas phase or

| i qui d phase, or m xed gas-liquid phase, depending upon the volatility of

the feed and product Lefins. ;The ol] isatjion.re ion is-.carried out
in the presence of a%H?ng? 8§%|§§n at%?£§£nﬁ§ %%ggl gi%ﬁgyzgaég?%ﬁgrl?or

the catal yst andtetbiggdiohehioh Suetabler solvephsysbckudeinktkanesng the
al kends, cycl oal kanes, and aromatic hydrocarbons. For exanple, solvents
that may be suif@abfgti€ellyaeéotdnpartadlphe pteféns iRveRliveANEncl ude

hept ane, i sooct : , t e 30 xyl eaction
ti mes of fron1Oa%f%%8%%£%g§§ggﬁaegggégﬁgsfogég ?%CﬁgggﬁF aﬁﬁé,g§§88ﬁhgﬁt on
the activity of twimeat@dJAN-2OOTuND: 2s0OEH/ s 3ordndhrePCILEP2063/ 04204082118

catal yst. The reaction is_preferably carried out in the absence of air or
moi sture. The ol PyoherFsat On t8AREtbhUTRY BESEAPFi e@ButifR®a: conventi onal

fashion. It may be caffiggsOoybehNnaesi fhed portapkiLeagt At h“@@i@h@i@&%?in
and catal yst or catal yst precursors are added continuously ?o a stirred tank

and reactant,_pmﬁdhtmeacaaépystQlaﬁﬂnwnusedchéateénwhanetheemDWed fadnot he
SLIrred Lank et he. DL gdict o SoPLak o and Lheauyeel! 206! AL v
10 second co-catalyst is in the range of from 5:1 to 1:5,
preferably from 3:1 to 1:3, more preferably from 2:1 to
1:2 and especially 1:1. )
It.is possible to add further optional compcnents to
the catalyst systems herein, for example, Lewis acids and
15 bases such as those disclosed in W002/28805.
" The catalyst system may be formed by mixing together
the iromn or cobalt bis-imine pyridine complex or a
mixture of an iron or cobalt acetylacetonate salt and thé
appropriate bis-imine pyridine ligand, first co-catalyst
20 compound, second co-catalyst compound and any opticnal
additional compounds, preferably in a solvent such as
toluene or isooctane.

Oligomerisation Reactions )

A quantity of the catalyst system is usually 7
25 employéd in the oligomerisation reaction mixture so as to
contain from 1074 to 10~2 gram Ztom of metal atom M, in
particular of Fe [II} or [III] metal per mole of ethylene
to be reacted.
The oligomerisaticn reaction may be most
30 conveniently conducted over a range of temperatures from

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



Alternatively, the reaction may be carried out in a batch reactor, wherein
the catal yst precursors, and reactant olefin are charged to an autocl ave,
and after Dbeing reacted for an appropriate tinme, product is 1p7sanaqmt ed
fromthe reaction m xture by conventional neans, such as distillation.

After a supbadabgosrgaction tine, the oligonerisation reagihgip630106s
termnated by rapid venting of the ethyleng7in order to deactivate the

catal yst system 20 The resulting al pha ol efins have a chain length of from

4 to 100 carbon aiers, Rueherablbye4et21:3¢ GarRoR LB or FNIIBICC o
preferably from4 to 20 carbon atons. Product ol efins can be recovered

suitably by didtill°Cati on and further separated as desired by 25

distillation techni dependent on.the intended end f the ol efi-
“The present i nvent i o' oSN b SFTi-G81 P67 Fid Fof POVieRd SEkaMpl es,

whi ch shoul d notazheikegaidedtas plrieRstirg oifhe . $a0p® afs Hpe preserb hmyention
in any way. 2 2 JAN 2007 WO 2004/ 037415 PCT/ EP2003/ 010708 - 19
EXPERI MENTAL Gbaér(al ) pr 8esgures fefabdyarladcerils aFiaor 1A Lot H® loperdei dns

with the cataly hds%%%ggggg%%§6b§§rﬁ[%dt%u% H&%egl%i%%o nt%&qggghere. Al

solvents used 5 were using-standard procedures. Anhydrous 't ol uene
(99.8% purity) (ex. #Ahericph)imwascoddiedoagen f4Acmpleeathae aneveseckunal

wat er content of about 3 ppn). Ethylene 899.5@6purity) was purified over a
colunmm 10 cont #3RPnd CAAanERECH RS EaésLysd BYStEH oy Fexdadise BASF) in

order to reduce yaber (31610543, CARLERY bl nThs P BncRE:RIhgYPr s obtal ned

wer e characteri _ _
10 - reactions such as dimerisation and polymerisation can be

readily established by one skilled in the art.

_ﬁ) . The 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, most .

15 preferably in the range of from 0.60 tc 0.80. In the
present invention, polymerisation is deemed to have
occurred when a product slate hés a K-facfor greater than
0.9.

The oligomerisation reaction can be cgrried out in

20 . the gas‘phase or liquid phase, or mixed gas-liquid phase,
depending u?on the volatility of the feed and product
olefins.

The oligomerisation reaction is carried out in the

N

presence of an inert solvent which may also be the

25 carrier for the catalyst and/or feed clefin. Suitable
solvents include alkanes, alkenés}'cycloalkanes, and
aromatic hydrocarbons. For example, solvents that may be
suitably used according to the present invention include
heptane, isococtane, cyclohexane, benzene, toluene, and

30 xylene. _

Reaction times of from 0.1 to 10 hours have been

found to be suitable, dependent on the activity of the



Chr omat ography (GC), in order to evaluate oligoner 15 distribution using a
HP 5890 series Il apparatus and the follow ng chronmatographic conditions:
Col um: HP-1 (cross-l i nked nethyl siloxane), film thickness 7 70jA500n

i nternal dianeter 0.25 mm length 60 m (by Hew ett Packard); injection

t enper at URgg 2&2‘%94120 detection tenperature: 325C, initi @.l(:Tpmf(,@d7u§e 40C
for 10 minutes; tenperature programe rate:1s10.0C/ mnute; final

tenperature: 325C for 41.5 mnutes; internal standard: n-hexyl benzene. The

yiel ds of the C4 g%q | efi ewe;:re%cc&lito@ll ned frre a%ﬁa} t&%&m%l%a j‘oot

data were obtaine room enperature w

appar atus. The @@Tsélnyﬁ dfsed rd mrt l?r@l@hlug@merl satl on experinents bel ow was
2-[1-(2,4,6-trimethyl phenylimno) ethyl]-6-[1-

(4-tert-butyl phenyli Pf?‘ﬁo?étlﬁy?ﬂﬂerﬁy%ﬁfcépﬁerieﬁéﬁﬁpp] gy &f Sirdd efopite X Wi ch

the Formia. bor ot et Sas iR 2064 637515 BEH ERv GO oTo o 36
N/ N~ Q5 C Artmnmateiawqr t héreaatial yﬂteflislechn'm ctate Lyaiti gomnerstedtyisin

experlrrents bel ow was 6- bi s[ 1- (2, 6-di f.l uoro i mna) ethyl]. pyrjdine
iron[11] chlori H’§e€b’1¥ﬁl"§>§ RS c%‘%&éﬁ SEFAFEE UL %‘1 iy Sttolré:et%&aﬁ]?é‘t

di scl osed in WQ2-00333 angd eish hasahher, f%@J'u%ﬁeéqoweaFct%ntF%xM O FN.,
Cl/ CIF. OAlternatively the catalyst used in the
removed from the stirred tank with the product separated

and the unused reactant and optionally the catalyst

10 recycled back to the stirred tank.

Alternatively, the reaction may be carried out in &
batch reacter, wherein the catalyst precursors, and 5 )
reactant olefin are charged to an autoclave, and after
being reacted for an appropriate time, product is

i5 separated from the reaction mixture by conventional
means, such as distillation.

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

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

' Product olefins can be recovered suitably by ¢i>
distillation and further separated as desired by

25 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.



ol i goneri sati on experinents bel ow was 2-[1-(2,4,6- trinethyl phenylim no)
ethyl]-6-[1-(3,5-di-tert 10 butyl phenylimno)ethyl] pyridine iron[ll]
-chloride conplex which was prepared according to the nethod 7 deafnriiped
bel ow. Preparation of 2-[1-(2,4,6-trinethyl phenylimno) ethyl]-

6-[1- (3, 5-dig f04/bs70i4t y! phenyl i mi no)et hyl ] pyridine O N Opl&/gpro03/010708
"2-[1-(2,4,6-trinmethyl phenylimno)ethyl]-6- gagetylpyridine (1.3 g, 4.64
nmol ), prepared according to 2 2 JAN 7007 WD 2004/ 037415 PCT/ EP2003/ 010708

21 the nethod @a@ﬁ@g@'ﬂ%moz/ 28805, and 3,5-di-tert- butylaniline (1 g,
4.87 mol ) were 100 M of toluene. To this solution, 4A

nol ecul ar si eveg;amyre 1l addRGEqNdLhngt andiragfari s21tdays the m xture was 5 -
filtered. The solvent was renobved i n vacuo. € residue was washed with -

‘nethanol and cryst al Pldedhfsr oipcateidmols. wivheltdrel citgly310pystens were

of .2-11-(2, 4, 6-trinethyl phenyljmn : '
et hyl ][ 6S [1-(3, 5-di- eé_'%/td%but%]ldpeﬁeﬁly)tlrﬁ"lgﬁ& gttﬁriﬂsjpglyerriedi ngfll fﬁlﬂﬁﬁtﬁcﬁéféi) 5
8.43 (d, 1#, Py-dne ,d8.e3/ (AnglHtahedd prock@uked’ (t, 1H, Py-HP), 7.16
(t, 1H, ArH), 6.89 (s, 2H ArH), 6.69 (d, 2H, ArH), 2.42 (s, 3H M), 2.29
(s, 3H, M), 2.22 (&nhydrows) tolugne(d2I6A% myrity)3deps, Alghichpyivps
Preparati on of | -4 et _hyl | o) ethyl ].-

6-[1-(3,5-di-t er%ﬁlbeucg >%/Jva I2r§ly :’rr[rﬁano el{éht};%gyrgsgﬂﬁé%aﬁr (\)Jn tIeljf]5 c(?krl]ltoernltdgfconpl ex
ON ie about 3 ppm). :

Ethylene (99.5% purity) was purified over a column
10 containing 4A molecular sieves and BTS catalyst {(ex.
BASF) in crder to reduce water and oxygen content to <1
j ppm.
| The oligomers obtained were characterised by'Gas
Chromatography (GC), in order to evaluvate oligomer
15 distribution using a2 HP 5890 series II apparatus and the
following chromatographic conditions:
Column: HP~1 (cross-linked methyl silexane), film
thickness = 0.25pm, internal diameter = 0.25 mm, length
60 m (by Hewlett Packard); injection temperature: 325°C;
20 detection temperature: 325°C; initial temperature: 40°C
for 10 minutes; temperature programme rate: -

10.0°C/minute; final temperature: 325°C for 41.5 minutes;

S’

internal standard: n-hexylbenzene.

The yields of the C4-C3g olefins were obtained from

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

below:



C, cl In an inert atnosphere a solution of 400 ng diimne (0.855 mmol) in
20 m dichl oronet hane was added to 100 ng Fed, (0.789 mol) in 30 m

di chl oromet hane. The mi xture 20 was stirred for 16 hours. A srel iaagpunt of
preci pitate was renoved by centrifugation. Pentane (40 m) was adde to
the sol uti@Q@udg7Ppkue precipitate was isolated by filtrgtigno@ndo@gi ed in
vacuo. Yie 0.420 g (90% of iron conplex,plH NVR (CL2CDCDC12, broad
signals) 8 78.6 Z Z JAN 2007 WO 2004/ 037415 PCT/ EP2003/010708 - 22 (1H
Py-Hm), 76.8 (1H, Py-HM, 29.7 (111, Py-Hp), _ 20.9 (3H, M), 18.3 (6H M),

15.2 (2H, ArH), 0.7 (18H, But), -4.1 (3H, N, -11.5 (1H, ArH), -15.6
(2H, o-ArH), -30.7 (3H MC=N). 5 AlterpatjW the catal yst used in the
ol i goneri sati on experinments bel ow was i@”&g& -~$.ri met hyl phényl i m no)
ethyl]-6-[1-(4-eicosanoxy-3,5- diphenyl] ayl K n thyl] pyridine iron[ll]

chl oride conplex which was prepared accordi igfé'to thel net hod 10 descri bed

bel ow. Preparation of,.4-hydroxy- - di phenyl acetani Lide , MCONH O O To
4- hydr oxy- 3, 5-di phenyﬁ]ai}lef’%(r?%%l\{eﬁig%%}i%,%a 3t i the%ol% t%? et hanol was

added 1.6 nl of caceidee 2¥BTdlesxddriThentcasdion was stirred for 16 hours.
The resulting mxture was poured into water. The pink product (6 g) was
i sol ated by fil t4-dtikor [Im S Hrhckaieny e ahde tirel)  BWEheLlRef urt her

T e O

5 the method disclosed in W002/00339 and which has the

i GI/ \C[F

formula below:

Alternatively the catalyst used in the
‘oligomerisation experiments below was 2-[1-(2,4,6-
trimethylphenylimino} ethyll-6-[1-(3,5-di-tert-

10 butylphenylimino)ethyl] pyridine ifon[II] chloride
| complex which was prepared according to the method
described below:

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

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

-y
e

15 2-11-(2,4,6~trimethylphenylimino)ethyl}-6-
acetylpyridine (1.3 g, 4.64 mmol), prepared according to



O 1 A mxture of 4-hydroxy-3, 5-di phenyl acetanilide(6 g), 1-bronoeicosane
and 10 g potassium carbonate was refluxed 22 JAN 2007 WD 2004/ 037415

- PCT/ EP2003/ 010708 - 23 in acetone (70 m) for 16 hours. The r%ﬁfﬁ@fﬂ@7

m xture was poured into water. The product was isol ated by

“washed mntQKygﬁgtggﬂd dried. Crystallisation from pentangi@h@ado76s2 9 of
4- ei cosanox di phenyl acetanilide as aoyhite solid. 1H NVR (CDC13,

sel ected data) 6 3.13(t, CH20O,2.17 (s, M). Preparatlon of

4- ei cosanoxy- 3, 5 dlph niline HZN OO0 oH41
4- ei cosanoxy- 3, 5EfF ‘f‘%ﬂ"gc@ 5% 7. WY %\%%05103%%&@"2111 YRNEEH in 30

l H20 and 40 Myetanelys (1 IESU 1 NGl X UjSr pag: 651 e dud OeréL?/nf'%'fs

The reaction mxture was poured on ice. The product was 1 sol ated
filtration and wesheshe tTo vidtiey . SQ&@EmQﬂAléﬁquﬁe¢mlﬁm gtdreamlwenel ded 5.9

' 10.9 mol ) of no 15 di niline as a white solid
%rﬁ NVR (CDCl%%) 6ad7dezé7 = Xrﬁt%r&%n%ﬁ e%y%aﬁ% stlh%ﬁ“ X"AH‘WIW%S 60 I(br s,
2H, NH2), 8.09 (til1edfedLH2Ds bBrdntd we(gnréﬁ&ﬂre@' Kyl daci® eppiation afe

2-[1-(2,4,6-trinmethyl phenylim no) ethyl 3-
6-[ 1- (4 ei cosandkays y%sim%welrﬁh FRRINATIO rﬂj)cétcrmqtabym@nl nier @ AG2oeol .

Yield 1.1.g (51%) of 2-[1-(2,4,6-trimethylphenylimino)
ethyl]-6-[1-(3,5-di-tert-butylphenylimino)ethyl]pyridine.
B-NMR (CDCls) & 8.43 (d, 1H, Py-Ha), 8.37 {(d, 1H, Py-Hn),

10 7.87 (t, 1H, Py-H,), 7.16 (t, 1H, ArH), 6.89 (s, 2H,
) ArH), 6.69 (d, 2H, ArH), 2.42 (s, 3H, Me), 2.29 (s, 3H,
) Me), 2.22 (s, 3H, Me), 2.01 (s, 6H, Me), 1.33 (s, 18H,
But) . |

Preparation of 2—[1—(2,4,6—trimethylphenylimiho) ethyl]-
15 6-[1-(3,5~di~tert-butylphenylimino)ethyl]pyridine '

iron{I1] chloride complex

N

“I—ie
/N
L)

Cc

In an inert atmosphere a sclution of 400 mg diimine
(0.855'mmol) in 20 ml dichlorom@@hane was added to 100 mg
FeCl,; (0.78% mmol) in 30 ml dichlcdromethane. The mixture
20 was stirred for 16 hours. A small amount of precipitate
was removed by centrifugation. Pentane (40 ml) was added
to the solution. The blue precipitate was isclated by
filtration and dried in wvacuo. Yield 0.420 g (50%) of

1

ircon complex. H-NMR (ClCDCDCl2, brecad signals) 6 78.6



2 2 JAN 2007 WO 2004/ 037415 PCTI EP2003/010708 - 24 -

2-[1-(2,4,6-trimethyl phenylimno)ethyl)-6-acetyl pyridine (3 g, 10.

), prepared according to the nethod disclosed in W02/ 28805, aﬁhZJAN2%7

4- ei cosanoxy- 3, 5- di phenylaniline (5.8 g, 10.7 nmol) were dissolved in 200 5
m of tolugns s solution, 4A nol ecul ar sieves were er
standi ng for ?mj.yﬁ?ie m xture was filteredsz The solventpﬁgggggﬁgéi in
vacuo. The re5|due was crystalllsed fromcold ethanol. The product was

isolated as a y a 8. %.) ter,_drying,,1 at 60
C in vacuo. 2&%ﬂ§53 §%§§§(qﬁi fﬁfﬁgi Hég % éﬁg %& h *f Q

7.89 (t; 1H, Py ﬁm,, e 67 18,3 4HH AN, A d-7. Mmm 16H Am, 90 (s,
2H, ArH), 6.86 (s, 2H, ArH), 3.19 (t, 2H, CHZQ% 2.51 (s, 3H, M), 2.29 (s,
3H, Me), 2.22 ($415 GH, N)@C ) o1 J(Js 56HHrlveF)r D. 815 46 (h7HBoR ARl ky ) .
Preparation of 2-{/ —;2 6- IJléé Iret hyl phenyli m no) ethyl]-

6- [ 1- (4- ei cosanoxy- 3, 5 |phenylp%enyllnlno)ethyl] pyridine iron[I1]
chloride copnpl ex N, N2t Gle 3EAUe Adatll pot i mesd &b nolsphere a sol ution
of 5 g above 20 descrlbed diimne in 20 m dichl oronet hane mas added to 788
ng FeCl2 in 30 M W%%W%@PW%% Welohsvast7Fed($ot/ 28 hours.

The sol ution was fild ;M@? ey g_éfcgggygg,I esresulting
green blue pro uéﬁ vwgyééﬁﬁP $ﬁ$pent ne §sg?a§ed by |Itr%t?on 25 and
dried in vacuo. dmpﬂ&hiﬁpﬂéﬁmblmﬁnmrenhxknqpymldﬂné ﬂﬁ¢h2DDY chMi 2004/ 037415

PCT/ EP2003/ 010708 - H NVR (CD2Cl12, broad signals ecte data) S 81.4
(1H,  Py-HY, 8CF ”é%/l%)‘“’ 1P-”1€F(%‘i$&|\?e‘5‘3°% 155 sy € EthSg!

10 descrlbed below:

Preparation of 4~hydzoxy43,5~diphenylacetanilide

MeCONH : O

O

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

OH

30 ml of ethanol was added 1.6 ml of acetic anhydride.

15 The reaction was stirred for 16 hburs. The resulting
mixture was poured into water. The pink product (6 g) was |
isolated by filtration, washed with water, dried and used
without further purification. ‘ | i-)
'H-NMR (CDCls, selected data) 8 5.31(s, OH), 2.16 (s,

20 Me} .

Preparation of 4-eicosanoxy—3,5-diphenylacetanilide

MeCONH : ©
OCagH4s

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

l-bromoeicosane and 10 g potassium carbonate was refluxed



16.0 (2H, ArH), 0.21 (3H, M), -13.8 (2H, ArH), -30.4 (3H Me). 5
Alternatively, any of the catal yst conmpounds prepared in WO02/28805, WO

- 02/ 00339, W001/58874 or WD 03/011876 could be used in the ol i@g@raNil8Hti on
experinments below. The first co-catal yst conpound used in the experinents
bel ow was wBduida6get hyl -al um noxane (MVAO 10 wher ei npalpasboodoered t he
“methyl groups are replaced with isobutyl gresps. MMAO 3A in heptane ([Al] =
6.42%\m ) used in Exanpl es 1-19 of Tabl e 1, was purchased from AKZO- NOBEL

Chenicals B. V., ;Ane[ : 7Td1qn |+ ut oGl ay
experinments, (enltrl eéé 20 and hi g 6?4%,%]{ e 1 < I%agtlel rL(r?‘nﬂl%‘oxane (E%AO)
in tol uene was lpmtted;wpqu e«chnmderi‘rtdqqaﬂdcmt&nam ELH‘CG(EGTEdN.bﬁlOO/l qr,

bat ch: B7683; 88%wt , TMVA = “3‘3 7 Wt % cal cul at ed) nol_ecul ar, mass =

900 g/ ol and [ o o i W3S i Y et VAP WD SN - Bergaen; S aerdany
20 The second C%&ﬁﬁ giéﬁﬁdar@m%%d'sﬁdz '%otihei -l GofRe;isaf in experinent s
bel ow was neat zinc ethyl ™ “supplied by Ethyl Corporation, '‘Baton Rouge, LA,
‘U S A Catal ystdigml’ar‘ﬂlameémndudm dm EaMEt’Jdlﬁ”l 0B i200- G dry box the 25
2-[1-(2,4,6-trine ﬁl henllrrinoiﬁéhyl - (4-tert- buoylphen)éllmno)
ethyl] pyridine ﬁr@ Rl I(FPCént of ¢ t:%ﬁ%‘p‘li@)’(a t§1e3 13(t, CHe

2,6-bis[1-(2,6- I uorophenylimno) ethyl] pyridine iron [II] chloride
corrpl ex, the 2-([;/]1- (2,4, 6-trinethyl phenylimno) ethyl]-6-[1-(3,5-di-tert 30
but yl phenyl i m n®@retgand dt ipyr icdi fle-dirrddrdx el Gridehearomipre iore t he
2-[1-(2,4,6-trimethyl phenylimno)ethyl]-6-

[ 1- (4- ei cosanoxy- 3, 5-di phenyl i m no) et hyl ] pyr| eiron 2 2 JAN 2007 WO
2004/ 03741-5 - 26 PCT/ EP2003/010708 - (H* -' pex (typically about 22.5
mol) was placed in a glass bottle seal ed a septum toluene (typically
about

j)

To 4-eicosanoxy-3, 5-diphenylacetanilide (7.2,g) wWas
10 added 24 g'NaOH in 30 ml H;O0 and 40 ml ethanol. The
resulting mixture was refluxed for 16 hours. The reaction
mixture was poured on ice. The productlwas isclated by
filtration and washed with water. Crystallisation from
ethanol yielded 5.2 g (10.9 mmol) of 4-eicosanoxy-3,5-
15 diphenylaniline as a white solid. |
14~-NMR (CDCl3) & 7.27-7.63 (m, 10H, ArH), 6.67 (s, 2H,
ArH), 3.60 (br s, 2H, NH;}), 3.09 (t, 2H, CHz0), 0.8-1.4
:.) (m, 3%9H, alkyl).

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

20 6-[1-({4-eicosanoxy-3, 5-diphenylphenylimino)ethyl]

pyridine
bi(@( @

OCz0H4s

OO



10 M) was added. The resulting m xture was stirred for several hours. This
yielded a finely divided coloured 5 suspension. In the case of the
2-[1-(2,4,6- trimethyl phenylimno)ethyl]-6-[1-(4-eicosanoxy-3, 3-2 JAN 2007

di phenyl phenyli m no)ethyl] pyridine iron (I1l) chloride conplex a clear

dar k- gree ution in toluene was obtained instantaneo this
suspensi o&"i%%@@(ﬁ ution was used in the_obi,gonerisati o#élrrég%@?}g%qﬁg

A igonerisation Experinents in Endeavor unit Qigonerisation experinents

were carried out in an Endeavor(r) (Argonaut Technol ogies),. a device with
eight separately he??"e@_a_ %ré“s estgﬂ’qu’%ﬁyjﬁ%riﬂ)e%?%}%_‘e@"a‘_i%tl’%act ors.
Each reactor is gauigprd W tdh a@lassdi ner ,pré;dfé@ra@é}grajl[lﬂl@cgé oppport. In

order to renove traces of water fromthe reactor, it was fluShed three
times with dry miatlegedistc dB0C LiTHEHD 2488 GMactard wase fdasdhrod:w 3 hSet hyl ene

at room 20 tenpeyature.. Subsequently, 2 f taluene with th ppropriate
anount s of M\AAOJ&rPéleétyzlfrPl(tiﬁégq e&ll‘)élv%r eer'aﬁ&[@%ocﬁt)h_r%% (%%%S?ﬁY%@tf%n&g%rt

of the reagtor. nihef reAGlale Was ReatLdditding desl nesh d SNDeF at ik ee & Tadke 1)
"--~ and pressurised with ethylene to the pressure indicated 25 in Table 1.

A suspensi on of adged r & teghpteandiag iffrect ey ttHrdughcties | wieci i brepert
t i | t: . j 0. tol. Th i I t 0
(typical amount:p(, %%Mneephaﬁ erflvdP 1'%1e§re%couro .a?rkfé 'f%ég&ﬁé uAs? Fpm Was

continued wunder constant ene pressur eas er this
peri od the feedcuyppalldseted rat idalidgtsizopped, Trand3dddie weacioslgiosd ed

down automatically. After cooling to roomtenperature the ethylene was
vented with air @nd Yr?-lﬁéswb%e@fgwe %5 fy, §ntEHal SandA BT ridayem 2 2
JAN 2007 WP 2004/;037AD2p PLTLER2003/ 010708 - 27 toluéne was injected
through the injection port of the reactor to the crude product. The gl ass

liner was removéd-nMR (CDCls) 8 8.45 ( d, 1H, Py-Ha ), 8.37 (d, 1H, Py~
Ha), 7.89 (t, 1H, Py-H,), 7.67 (d, 4H, ArH), 7.1=7.5 (m," .
16H, ArH), 6.90 (s, 2H, ArH), 6.86 (s, 2H, ArH), 3.19 (t,
2H, CH,0), 2.51 (s, 3H, Me), 2.29 (s, 3H, Me), 2.22 (s,
15 3H, Me), 2.01 (s, 6H, Me), 0.8-1.4 (m, 39H, alkyl).
Preparation of 2-~[1-(2,4, 6-trimethylphenyliming) ethyll-

6-[1-—{4-eicosanpxy-3,5-diphenylphenyliminc)ethyl]

pyridine iron[II] chloride complex -

.\ i

In an inert atmosphere a scoiution of 5 g above-

20 . described diimine in 20 ml dichlorcmethane was added to
788 mg FeCl; in 30 ml dichloromethane. The mixture was
stirred for 16 hours. The solution was filtrated. The
solvent was removed in vacuo. The resulting green blue
product was washed with pentane, isolated by filtration

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

1



fromthe reactor. The anmobunt and purity of olefins were determ ned by gas
chromat ography. The data are reported 5 in Table 1. A igonerisation
Experinents in a 0.5-litre autoclave O igonerisation experi nmedt

carried out in a 0.5 litre steel autoclave equi pped with jacket cooling

with a hegfd agigHed ng bath (ex. Julabo, model no. ATS- ZjcEpshods/ci@ros
turbine/gas stirrer and baffles. In order tggenove traces of water fromthe

reactor, it was evacuated overnight at <10 Pa, at 70C. The reactor was
scavenged by intg cing. 25 t ol ene MAO sol uti and
subsequent stirrlﬁdﬂﬁ% g% Cﬁﬁdeprﬁg nFtPBgEA" p%@%?ﬁ &% ﬁaé 3 é Blnpalidr 30
mn. The reactorpycanfengs yefe;disghanged- viia @ agd)n t Oofyfyhe
aut ocl ave. The reactor was evacuat ed to 0.4 kPa and Ioa Wi g?

t ol uene and heat &d.00 (EHe ReHper bt die (3HpdMeat ed1Bn8TdBHe ﬂrﬁentFBés420 and
hi gher) and 20 prsﬁsuk ed with ethylene to the pressure indicated in Table
1. The MAO sol ut il ?Elcally 140 ng) and zinc diethyl (typically 10 np)

were then gdded to th@té@ﬁﬁ%@%emythaﬁpeofatﬁeOEaEthgeecehgéuhaeabréﬁgyaa
injected was 30 m, 25 usma/}3 procedure similar to the injection of

catal yst sol uti ok §882K8B8HSH. aKg QﬁéOQBPBr|W@0&V5§6@4r9W1W@a§3d6ﬁﬂﬁﬁéed for

30 mnutes. 0.40 of t at al sten1 as_ _descri be bove was
i ntroduced into Fﬁghgt%?rggegegctXEE EP%B aﬁ%ﬁﬁfeggpgﬁlgﬁgangwﬁPﬁ‘the

ai d of toluene (the tmhalfy@bunEo#BhEﬁi?Qt“@Sm@@uﬂﬁiubba gat ahgst solution 2
2 JAN 2007 WD 2004/037415 PCT/EP2003/ 010708 - 28 diluted with toluene to.
10 ml was inj ect BYPERAMERES PRjert ¥RSspetekiadsTetHyedatwrdsonenr 18MAL)

toluene). joThe adfditlLon QbohRer6at 8kYsheSyStAPLT §38LEEIalR @Bplaced with
) isobutyl groups. MMAO-3A in heptane ([Al] = 6.42%wt) used
*t) in Examples 1-19 of Table 1, was purchased from AKZO-
NOBEL Chemicals'B.V., Mmersfoort, The Netherlands. In the
0.5 litre autoclave experiments, (entries 20 and higher
15 - of Table 1) methyl aluminoxane (MAO} in toluene was used
supplied under the tradename Eurecen AL 5100/10T, batch:
B7683; [Al] = 4.88%wt, TMA = 35.7 wt%{calculated),
molecular mass.= 900 g/mel and [Al] = 4.97% wt) supplied
by Witco GmbH, Bergkamen, Germany.
20 The second co-catalyst compound used in the
éligomerisation experiments below was neat zinc diethyl
supplied by Ethyl Corporation, Baton Rouge, LA, U.S.A.
*f) Catalyst system preparation

In a Braun MB 200-G dry box the

25 2-[1-(2,4,6-trimethylphenylimino)}ethyl] - .

6-[1- (4-tert-butylphenylimino)efhyl] pyridine iron[II]
“chloride complex, the 2,6-bis[1-(2,6-difluorcphenylimino)

ethyl] pyridine ircen [II] chloride complex, the 2-[1-
(2,4, 6-trimethylphenylimino) ethyl]-6-[1-(3,5-cdi-tert-

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

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



exot herm (generally 5-25 C), which generally reached a 5 maximumwi thin 1
m nute and was generally followed by establishnment of the tenperature and
pressure indicated in Table 1 (entries 20 and higher). After gongaNiipo a
certain volume of ethylene, the oligonerisation was stopped by rapid
venting ofywphgyddd;ashyl ene, decanting the product m Xxturegmiromaeiosection
bottle using a tap in the base of the autoclz@ve. Exposure of the mxture to
air resulted in rapld deactivation of the catalyst. After addition of

The anount and it (5 BLeh, (CAPARAL 0Tk 3 RS hal Bl oF Al b ghd

chromat ogr aphy. c_ﬂ'@sﬁdi@tﬁl@ sepoededyin Jabtenl €entehes tgllglaampl gpeti} -
Fromthe experinental data provided in Table 1 it 20 can be seen that there
are a nunber of ]Héri’@,# 142§ r%@ﬁie‘?epwa%lﬁ@s%bﬁ%“%fm%ﬁ%uww%rsm% garal yst
e et MdyeThergal s $L001 FLOARG | OCEERSEY | BibiEea SELEERLULLY of

| i near al pha oI |ns as neasure e purity) and the anount of unwant ed
(met hyl -) branchesiyn2bopr odlict ths cnesleuceﬂ tMbi2sflthe, sebectivity to

| i near alpha olefins is_ increased the total oI efin %Ji,rel d remains_ at |east

on a par wth tHalRF RAEPRSEE TRER? seWRY hout~ L 2T At~ CH €PRFNCRYTPt PONn, as is

clear fromthe yighgh0f1 LomRd) 0y 0 $néafpynt (ot Cby168:8pd C10
product 30 measurfg%j |rﬁ§ Iﬁ%n)fl entri es 1%7113 ng Tabne 1. 2 & JAN 2007l WO
2004/ 037415 PCTIERPROOS3H CEO@D&QQdaPkwgre@m Odlwtkiom mntoleeneOdal Wa mN

| CYoa O;aébtafhed 1nét§htg%eé£sly Part of this suspension or
10 solution was used in the oligomerisation reaction.

QOligomerisation Experiments in Endeavor unit

Oligomerisation experiments were carried out in an {f)
Endeavor® (Argonaut Technologies), a device with eight
separately heated and pressurised 20 ml stainless steel
15 reactors. Each reactor is equipped'with a glass liner,
stirrer and injection port.
In order to remove traces of water from the
reactor, it was flushed three times with dry nitrogen at
150°C. Then the reactor was flushed with ethylene at room
20 temperature. Subsequently, 2 ml of tcluene with the
appropriate amounts of MMAO and Et.Zn {(Table 1) were
added through the lnjectlon port of the reactor. The )
reactor was heated to the d651red temperature (Table 1) iu)
and pressurised with ethylene to the pressure indicated
25 in Table 1. A suspension of the iron complex was injected
through the injection port (typiéai amdunt: 0.45 pumol in
0.2 ml toluene); The stirring at 500 rpm was continued
under constant ethylene pressure for at least 2 h. After
this period the feed supply closed, stirring stocpped, and
30 the reactor cooled down automafically. After cooling to
‘room temperature the ethylene was vented with air and

n-hexylbenzene {45 mg, internal standard) in 0.2 ml
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reactor to the crude product. The glass liner was removed
from the reactor. The amdunt and purity of clefins were
determined by gas chromatography. The data are reported
in Table 1. |

Oligomerisation Experiments in a 0.5~-litre autoclave

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

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

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

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

total volume injected was 30 ml: the catalyst solution
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diluted with toluene to 10 ml was injected and the
injector system was rinsed twice with 10 ml toluene).

The addition of the catalyst system resulted in an
exotherm (generally 5-25 °C), whichvgenerally reached a
maximum within 1 minute and was generally followed by
eétablishment of the temperature and pressure indicated
in Table.l (entries 20 and higher).

After consuming a certain volume of ethylene, the
cligomerisation 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 fto air resulted in rapid deactivation of ;
the catalyst.

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

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

chromatography. The data are reported in Teble 1 (entries

20 and higher). |
From the experimental data provided in Tabkle 1 it

can be seen that there are a number of benefits from | (

replacing some of the MMAO or MAO co-catalyst with zinc

diethyl. There is a significant increase in the -

selectivity of linear alpﬁa'olefins {as measured by the %;)

purity) and the amount of unwanted (methyl-) branched by-

product is reduced. Whilst the selectivity to linear

alpha olefins is increased the %dtél olefin yield remains

at least on a par with that of the experiments without

zinc diethyl addition, as is clear from the yield of Cg,
Cg and Cqp coligomers {amount of Cg, Cg and Cjg product

measured in mg) of entries 1-19 of Table 1.
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2007 -31 CL A2 Ms 1. A catalyst systemconprising: (a) one or nore

bi sarylimno pyridine iron or cobalt catalysts selected from

bi saryl i mi nepyri di neMX, conpl exes and/or [bis- arylimnepyridine

MYp. Lb4] [ NG-]1q conpl exes, said bis- g{yllnlnepyrldlne conpl exes conprising a
bi saryli mne pyridine ligand, wherei Mis a netal atom selected from Fe or
Co, nis 2 or 3, and Xis halide, -optionally substituted hydrocarbyl,

al koxi de, am de or hydride, Y is a ligand which may insert an olefin,. NG
is a non- coordinating anion, ptq is 2 or 3, matching the formal oxidation

of said netal atom L is a neutral Lemn& QPQOE Hnéecule bis 0, 1 or 2,

wherein the bisarylinmne pyridine |iga ed fron1llgands havi ng
t he fornula (I) belowy, Ry RR3 R4 OR5 R6 RR7 N :t15:::zR9 R12 m

S 1. A catalyst system comprising:

(a) one or more blsaryllmlno pyridine iron or
cobalt catalysts selacted from
bisaryliminepyridine MX,; complexes and/or [bis-
aryliminepyridine MYp.Ly'] [NCT]q complexes, said

) bis-aryliminepyridine complexes comprising a
bisarylimine pyridine ligand, wherein M is a
metal atom selected from Fe or Co, n is 2 er 3,
and X is halide, optionzally substituted
hydrogarbyl, alkoxide, amide or hydride, Y is a
ligand which may insert an olefin, NC" is a non-
coordinating anion, p+g is 2 or 3, matbhiﬁg the
formal oxidation of said metal atom; L is a
neutral Lewis donor melecule; b is 0, 1 or 2,
wherein the bisarylimine pyridine ligand is
selected from ligands having the formula (I)

balow:

®

wherein X 1s carbon or nitrogen,



wherein X is carbon or nitrogen, 2 2 JAN 7007 -32 n mis Oor 1, Zis a

m coordi nated netal fragnent, R1-R5, R7-R9 and R12-R14 are each,

i ndependently, hydrogen, optionally substituted hydrocarbyl, an ZiZndWt2007
functional group, or any two of R1-R3, R7-R9 and R12-Rl14 vicinal to one
anot her taken together may forma ring; R6 is hydrogen, optionally
substituted hydrocarbyl, an inert functional group, or taken together with
R7 or R4 to forma ring; RLO is hydrogen, optionally substituted
hydrocarbyl, an inert functional gr3Bp, or taken together with RO or R4 to
forma ring; R11 is hydrogen, optionally substituted hydrocarbyl, an inert
functional group, or taken together wwth R5 or R12 to forma ring; and RI15
is hydrogen, optiond/ |y substituted hydrocarbyl, an inert functional group,
or taken together wyyth RS or R14 to forma ring, provided that when Kis
nitrogen in ismofs:%dm? ther provided that no nore than. one of R6, R Q
R11 and RI5 ig g5 teriiiorLiaa=ey akeaJFeEpnend, that not nore than two of
R6, R10, Rl11l and R15 is a secondary carbon atom group; (b) a first ‘
co- cat al yst .cofptimd Ritikh 3nd faloeduadarer 8arht ubiAeBPREEKEA%S, al um noxanes,

and m xtures thereof: and. second.co-catal yst ¢ und. whi ch
conpri.ses. onehy%%o e?%&%ﬁk%éﬁﬁ%? oPgﬁgéE§8§§uﬁ%aE%$?§? eréln each R
whi ch may be tiweesanbimrtidirfdlegerntup, i sr2aly Jihb 2007R) ~-B3, Fej-&af ed from

hydrogen, optionally substituted C -
- and Rip-Rig4 vicinal to one another taken together

e may form & ring; Rg is hydroegen, optionally
1t) substituted hydrocarbyl, an inert functional group,
or taken together with Ry or R4 to form a ring; Rig
ié hydrogen, optionally substituted hydrocarbyl, an
inert functional group, or taken together with Rg or
Rg to form a ring: Ry; is hydrogen, optionally
substituted hydrocarbyl,'an inert functional group,
or taken'togeﬁher with Rg or Rjp to ferm a ring; and
R1s is hydrogen, optionally substituted hydrocarbyl,
an inert functional group, or taken together‘with Ry
or R14 to form a riag,
R provided that when X is nitrogen m is 0, and further
‘kw) provided that no more than. one of Rg, R1g, Ry and
| . Rjg is & tertiary carbon atom group and that not
mo%e than two of Rg, R1p, R1j and Ry is a secdndary
carbon atom group;
{b) a first co—catalyst compound which is selected
frﬁm aluminium alkyls, aluminoxanes, and mixtures
thereof; and

(c) ‘a second co-catalyst compound which comprises.one

or more compounds of the formula ZnRf; wherein

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



C20 hydrocarbyl, phenyl, d, H, 2, SR', NR" 2, OH OR, CN, NC wherein
R', which within the sane nolecule nay the sane or different, is Cl-C20
hydrocarbyl. 2. A catal yst systemaccording to Caim1 wherein % hgAN3g#Eond
co-catal yst compound is ZnR 2 wherein R is Cl1-C20 hydrocarbyl. 3. A

catal yst systemaccording to claim1 or 2 wherein R is Cl-C20 alkyl. 4_ A
catalyst systemaccording to any of Clains 1 to 3 wherein R is ethyl. 5. A
catal yst systemaccording to any of Clainms 1 to 4 wherein the fizst

co-catal yst is an al um noxane sel ect ed-3&+om net hyl al um noxane,

al kyl-nodi fied nethyl alum noxane, and m xtures thereof. 6. A catal yst
system according to any of Clains 1 to 5 wherein the first co-catalyst is

an i'sobutyl - nodidded e e tddm /L HFLRE¥ AN+ 1, t é?&%tde according to
any of Clains 1 to 6 wherein b’he ﬁofﬁér %jt'?%éb t%leh}ésémsita . o‘;elthe first co-
catal yst to the dmt ﬁlyd%cﬁgﬁyﬁ,ecgﬂgnf%;‘ 0t algyst 7i s gt hgortange of from5:1

to 1:5. 8. A process for the” product " al'pha-olefi s cofprising
reacting ethyl emeai, urtdher ,olcNngoRer ivRateOf RCONAFticNSvilthitthe her esence of an

effective anount of a, catalyst systemaccording to any of Clainms 1 to 7.
‘ same molecule may the same or different, is Ci-Czo

hydrocarbyl.
- 2. A catalyst system according to Claim 1 wherein the

second co-catalyst compound is ZnR‘z wherein R’ is C31-Cyp

ﬁfﬂj hydrocarbyl. -
h 3. A catalyst system according to Claim 1 or 2 wherein
R’ is C3-Czp alkyl.
4. A catalyst system according to any of Claims 1 to 3
wherein R’ is éthyl. _
5, A catalyst system according to any of Claims 1 to 4
wherein the first co-catalyst 1s an aluminoxéne selected
from methyl aluminoxzane, alkyl-modified methyl
aluminoxane, and mixtures thereof.
6. A catalyst system according to any of Claims 1 to 5
wherein the first co-catalyst is an isobutyl—mOdified

: methyl aluminoxane. '

H5v) 7. A catalyét system according to any of Claims 1 to 6
wherein the molar ratio of the metal of the first co-
catalyst to the metal of the second co-catalyst is in the
range of from 5:1 to 1:5. '

8. A process for the production of alpha-oclefins
comprising reacting ethylene under ocligomerisation
conditions in the presence of an effective amount of a

catalyst system according to any of Claims 1 to 7.



