"1 6 JUL 2004 WD 01/58874 PCT/ EPOL/ 01506 NON- SYMVETRI CAL LI GANDS qNg
CATALYST SYSTEMS THEREOF FOR ETHYLENE OLI GOVERI SATI ON TO LI NEAR 'ab P00
.OLEFINS The present invention relates to non-symetrical |igands, various
non- symme¥PiWap87dat al yst precursors and catal yst systens RAVER@D15060M
these ligands for ethylene oligonerisation to Iinear alpha olefins in high
yield and 5 very high selectivity, and a process for preparing said |inear
al pha ol efins. various processes are known for the production of higher

| i near al pha olefins (for exanple D. Vogt, oligonerisation of ethylene to
hi gher a-olefins in 10 Applied Honbgeneous Catalysis wi th Organonetallic
Conmpounds Ed. B. Cornils, WA Herrnann Vol . 1, . 2.3.1.3, page 245, VCH

1996). These c [ G e a P0|sson or Schul z-Fl ory
‘ol i goner pr odu%rgﬁecil strElqgi |on n ord eélg’? é%ﬁ’i\%qf %T%’é%nTW%E‘PFbEPRon
15 no chain tern NATHYLERES to1l CMER BEOT S8 1 R 1, EP Wever
In contrast, in a Schulz-Flory process, chain tern1na |on 0€s and

1S |ndependent fron1cha|n | engt h. The Ni -catal ysed et hyl ene
ol i goneri sation st%g of the Shell Hi gher Oefins Process 20 (SHOP) is a
typi cal exanple ofT eSBﬁ%?%nﬁlb?yeﬁFbees§elaFﬁSatanghzsmeeyrpcadess a

w de range of r p, n.which_ the fraction of each
olefin can be &%%§¥§1ﬁv%£§?ﬁ%a#§%lg¥m ﬁcﬁﬁecﬁﬁgﬂgsﬁfPFﬁEu§69r€aﬁP€H
K-factor. The daf2Cyof ,sybt&hsi Set0bgaki¥g Phese ligands for ethylene

oligomerisation to linear alpha olefins in high yield and

‘( 5 wvery high sglectivity, and a process for preparing said
linear alpha olefins.
Various processes are known for the production of

higher linear alpha olefins (for example D. Vogt,

Oligomerisation of ethylene to higher a-olefins in

10 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,

15 no chain termination must take place during
oligomerisation. However, in contrast, in a Schulz-Flory
process, chain termination does occur and is independent
from chain length. The Ni-catalysed ethylene
oligomerisation step of the Shell Higher Olefins Process

20 (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 jindicative of



116 J UL 2004 WO 01/58874 . PCT/ EP01/ 01506 the relative propb6tijods of
-~ the product olefins, is the nolar ratio of [Cn+23/[Cn] calculated fromthe

sl ope of _the graph of log [Ch nol %4 versus n, where n is the nunber of
car bon at%ﬂé’”ﬁ%"’é particular product olefin. 5 The K-fact AACT/EPUBPIS0G

definition the sanme for each n. By |l|igand variation and adjustnent of
reaction paranther selatheeKphagionn iean ke atidghedia 'Bl%é‘f‘in@r i1 PYEL
values. In this way, the process can be operated to produce d "product

slate with an gplap sgediscegFomi I §. ~Si d d r the C6-Cl18
fraction is nuch hi gher than %*?ﬁgqggioc?rigg??%%fi grg%@eé:gj sS;PE’egé’gr ed to
produce the | ower carbon nunber ol efins. However, the formation of the

hi gher carbon Ba@b8raBhepEndons [Chewiclahl oersms, n,wiwHeatd of urd heve
processing, the formation of these 15 products is detrinmental to the

profitability ntmbée ofr caebsn Aeokeduee at haRagatiue &‘B&Lﬁé Qfh hi gher
car bon nunber ol efins and of the | ow val ue% fracti or?, a J’l ti oetr%%'

t echnol ogy shasThech-fiaverspes by defiodeion thesesante dars anth ennvest them

into nore val u‘ﬁble 0 chemcals such as internal C6-Cl18 olefins, as is
practised in the93R3| YoEFghePRoRBe ASIBRERESS. ofiomeRst ion arametiensl.ogy i s

expensi ve bot hf& om L Hue rational point .of view.and
consequent |y adds adﬁ#f‘l;g%a?%gggt&. g@ﬂlelrsgggr ggcglﬁ :h & 851 & YEForRLNES 05
directed to kekbp ties peagucthanpebckBe Bhahee epeRARed to produce a

product slate with an optimised economic benefit. Since

10 demand for the C4-C;g fraction is much higher than for

the C,,o fraction, processes are geared to produce the

lower carbon number olefins. However, the formation of
the higher carbon number olefins is inevitable, and,
without further processing, the formation of these

I3 products is detrimental to the profitability of the

process. To reduce the negative impact of the higher

carbon number olefins and of the low wvalue Cq4 fraction,

additional technology has been developed to reprocess

these streams and convert them into more wvaluable

20 chemicals such as internal Cg-Cyg 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 consequently adds
additional cost. Therefore considerable effort is

25 directed to keep the production of the higher carbon

numbered olefins to the absolute minimum, i.e. not more



"nunbered olefins to the absolute mninum i.e. not nore 2 1 6 J EJH ﬁﬁp4 WO
01158874 PCT/ EPO1/ 01506 than inherently associated wth the Schu.z-k ory K-
_f actor . In WD A-99/02472 are disclosed novel Fe-based ethylene

ol i goner iwp@bisreat al ysts that show high 5 activity and picghkpeghgesi vity
towards |inear alpha olefins. The catal ysts are based on iron conpl exes of

a sel ected 2,%9&%éig$gedicaiboxaldehyde bisimne or a _selected

2, 6-di acyl pyri FRERELY| ASEREISEESe Mt Hi8nBFBH1ZNE LoawmK-
"bis-(arylininggéﬁg%)pyridine", or in 10 short, "bis-arylimnepyridine" is
used to describe both classes of ligands. In WO A-99/02472, the oligoner

product distributipn wade-vbybahesareatiakysbeedsnBobl FREeGkIEEd any
further, but is inplied to be Schulz-Flory in view of the definition, the
use, and the detkyhénatPdhgoBerfisahdofciraltzlisosy tkatashow. hiighot her
publications, such,as A‘S‘ﬁ“ ennett Chentech 1999 iuly, paqg 24-28; and
r ef er ences men®FohBtY hdpegi A9 héeEPG&&HPtEbﬁﬁUéFF?O ingas &2b&d to obey a

-Schul z- Fl di | put i ' P I '
WO A 591 02472, CRoGENer | 295 SAEAATERG! ehocaded B 4FBY. Ferkldedof

slate with a seIeetedngl §-pairgaiasBidiardbxieavyygeodsst minkl aorat e
experinenting and anal yses in our |aboratories confirm that the disclosed
ol i goneri sat i osekecheysEsbafiisgedlayrpddnecbisomposi-t Tonthiei eiresent
conpari son mjtbneégﬁgghzthe term “bis- (aryliminoalkyl)pyridine”, or in
10 short, “bis-aryliminepyridine” is used to describe both
classes of ligands. In WO-A-99/02472, the oligomer
product distribution made with these catalysts is not
specified any further, but is implied to be Schulz-Flory
in view of the definition, the use, and the determination
15 of the Schulz-Flory K-factor. 1In other publications,
such as A.M.A. Bennett Chemtech 1599 July, page 24-28;
and references mentioned therein, the product composition
was stated to obey a Schulz-Flory distribution. The
accompanying experimental data in WO-A-95/02472, however,
20 shows that these catalysts afford a product slate with a
surprisingly large amount of heavy products. Elaborate
experimenting and analyses in our laboratories confirm
that the disclosed oligomerisation catalyéts afford a
product composition which, in comparison with a Schulz-
25 Flory distribution, contains indeed significantly more
heavy products than expected.
Indeed, Table 1 on page 30 of WO-A-99/02472 gives an
overview of ethylene oligomerisation experiments

catalysed by four different iron complexes (X - XIII).

30 Experiment numbers 16 and 17 of this Table, in which iron



25 Flory distribution, contains indeed significantly nore heavy g:\bo%lcm
t han expected. |Indeed, Table 1 on page 30 of WD A-99/02472 gives L 2004
overvi ew of ethyl ene oligonerisation experinments catalysed by four

di ff er entWOrBH3E8npl exes (X - X 11). 30 Experinent number SPABEBHAIE of
this Table, in which iron 3 1 6 JUL 2004 WO 01/58874 PCT/ EPO1/ 01506 conpl ex

Xl is being usegomblekhytre u f .1 g Qr. 1.5_MPa (15
tiar(a)) and 2.8 lﬁ%a (gaugg)g géggi%h%ﬁ%aa%zét%{eg)% %#%?psélcﬁel \?55}%3{%
give rise to a Sgaude) Fbory. K- MRat di5o0ba®.(29) asdder.igvemdaf r@brgl;gtéq G/l
Sratio. If it is assuned that a perfect Schul z-Flory distribution is

obt ai ned in thddBRepRrharhdl) Fespechfivedy.=brth give rilsecaw lae Schulz-
calculated that the C30 - C100 fraction is 15% and the C20 - C28 fraction
is 21%uw on t EkrryprBdfretorfoft 0i 39 ueshderasedmidomhathet Imgs/cég sol i ds
mentioned in Table 1 contain the C20 - C100 fraction then this should
amount to 38%Mranid otBf iPrpsusssuhbiseaheubhdphereepsisdenad.-aS o xi mum
solids content since at |east the major part of the |owest ethylFene

ol i gomers in tHsStE¥ientben rbeaphtdised vedthaséSekhertiolenerse- dokut i on of
the C4 - C18 fraction. In Experinment nunmbers 16 and 17 of Table 1, however,
the amount of Gpl-i/d%, i=sd at &d 40 e ild.day B0 gredhi kit PRY be

calcul ated as a solids content of 45%v and 58%Ww on total product,

respectively. i .
P y C3p - C100 fraction is 15%wt and the C,y - C,g fraction is

21%wt on total product. If it is further assumed that thf

10 solids mentioned in Table 1 contain the Cap - Cipo

fraction then this should amount to 36%wt on total
product. This should be considered as a maximum solids
content since at least the major part of the lowest

ethylene oligomers in this fraction remain dissolved in

15 the toluene-sclution of the Cq4 - Cpg fraction. In

Experiment numbers 16 and 17 of Table 1, however, the
amount qf solids isolated are 14.1 g and 18.0 g, which
may be calculated as a solids content of 45%wt and 58%wt
on total product, respectively.

20 Similarly for a K-factor of 0.81 it can be calculated

that the Cyy - Cyg fraction and the C33 - Cjpo fraction

are 22%wt and 20%ﬁt on total product, respectively, or
maximally 42%wt for the solids content. For Experiment
number 18 in Table 1, alsoc using iron complex XI, but now
25 at pressure of 0 MPa (gauge) , i.e. 0.1 MPa (1 bar({a)),
the amounts of solids isolated are 2.7 g , which may be

calculated as a solids content of 54%wt on total product.



20 Simlarly for a K-factor of 0.81 it can be calcul ated that the C20 - C28
fraction and the C30 - C100 fraction are 22%v and 20%wv on t ot all Gpdibldiidit ,
.respectively, or maximally 42%ut for the solids content. For Experinment

nunber 18ybhi/dgpke 1, al so using iron conplex X, but nowpga/m@bipisessure of
0 MPa (gauge) , i.e. 0.1 MPa (1 bar(a)), the anounts of solids isolated

are 2.7 g , which e..calculated a_sali.ds_content of 549 on total
product. 4 1 6 J Lf%g2€bﬁtﬁtﬁﬁgfg§§728EE%PE%0fP0f§§§r?W@n i BUMPHESi ons
obtai ned in ExpgrineptiAumhpie 16of %8-aNobabbash ¢h Mhér %%319%%?;% Chedqr !y
indicate that |arger quantities of higher carbon nunber “products, i.¢€e.

solids (>C20),largeprqgdanedtibancfiohighke expboredumbetrhgrbdiuasies af.d he
Schul z-Flory K--factor. In view of the detrinental effect of excess of

heavy ends onsérfdgcw@?hw akel PeoliGEBROLBAY, WHRIRAKR BUbkReka BXPIYLd
such systens to inprove e product distribution, and have now

surprisingly found new 10 catal yst stens _which not only afford a
:Schul z- Fl ory %ﬁ%ﬁﬁc?gthFrﬁﬁﬁPiﬁthéﬁy hEeFtso show an i nproved

sel ectivity and aCiﬁvirixwoegertﬁgedééfmgaﬁgg @Ee%%'fgse(é F&ag@gy&s&ﬁ%@@

present invention provides a non-synmetrical bis aryli mnepyri

| i gand of f or nethds (od) thehecohomRisREf ahd BécRIcAndyRlZeRhdvar €ugatiar

i ndependent |y, hydrogen, optionally substituted hydrocarbyl, an inert
f uncti onal explored such systems to improve the product

distribution, and have now surprisingly found new

( 10 catalyst systems which not only afford a Schulz-Flory
product distributicn, but which also show an improved
selectivity and activity over the previously disclosed
catalysts.

The present invention provides a non-symmetrical bis-

15 aryliminepyridine ligand of formula (I), wherein Rq-Rg

and R;-Rg and R;5-R;, are each, independently, hydrogen,
optionally substituted hydrocarbyl, an inert functional

group, or any two of R;-Rij, R7-Rg and Ry5-Ryg vicinal to

one another taken together may form a ring, and Rg is

20 hydrogen, optionally substituted hydrocarbyl, an inert

functional group, or taken together with R; or Ry tu form

a ring, Ryg is hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or taken together
with Rg or Ry to form a ring, and Ryy, and Ry¢ are,

25 independently, hydrogen or an inert functional group.



group, or any two of R1-R3, R7-RO and R12-R14 vicinal to one anot heq Jpr_agmn
together may forma ring, and R6 is 20 hydrogen, optionally substi
hydrocarbyl, an inert functional group, or taken together with R7 or R4 to
forma rivg/8%34i s hydrogen, optionally substituted hydrRCHERIOIS08N i nert
functional group, or taken together wth RO or R4 to forma ring, and R11,
and R15 are, 25 independently, hydrogeg or an inert functional group. 51 6
JUL 2004 WD 01/58874 PCT/ EPO1/ 01506 R141R13 (1) The present invention
further provides a bis arylimnepyri I\/Dqszcorrpl ex conprising a non 5
symmetrical ligand of fornula (1), J is a netal atomselected from
Fe or Co, nis 2 or 3, and X i optlonally substituted

hydrocar byl , al koxide, amd ) gurther aspect, the present
i nvention provides a 10 pro i®n of al pha-ol efins, which
conpri ses contacting orR.0or _#Qre NXn conpl enes of tha&present invention
with ethylene and a second apalpl e of transferring an
optionally substituted hy '«&; ptoanetal atom15 M
sel ected from Fe or Co,g, 2 Ofg,abstracting an X
group fromsaid netal atom

(L)
The present invention further provides a bis-
aryliminepyridine MX, complex comprising a non-

5 symmetrical ligand of formula (I), wherein M is a metal
atom selected from Fe or Co, n is 2 or 3, and X is
halide, optionally substituted hydrocarbyl, alkoxide,
amide, or hydride. |

In a further aspect, the present invention provides a

10 process for the production of alpha-olefins, which

comprises contacting one or more MX, complexes of the

present invention with ethylene and a second compound
which is capable of transferring an optiocnally
substituted hydrocarbyl. or hydride group to a metal atom

15 M selected from Fe or Co, and which is also capable of

~abstracting an X group from said metal atom, at a

temperature in the range of -100°C to +300°C.
In a still further aspect, the present invention

provides a process for the production of alpha-olefins,

20  which comprises contacting one or more MX, complexes of

the present invention with ethylene and a second compound



‘tenperature in the range of -100C to +300C. In a still further asp L F
present invention provides a process for the production of al pha 0 ep )
.20 which conprises contacting one or nore MXn conpl exes of the present

I nvent i onywé bi)s@bNyl ene and a second conpound 6 1 6 JUL 20P4TMEyOd15&8874
PCT/ EPO1/ 01505 which is capable of transferring an optionally substituted
hydr ocar byl or Kdl’l de group.to a netal atom M selected fromFe or Co, and

a third conpoundighchsi §a5’&}?él—@| &ttt rameiegatingy amn oRtdoRdd 18 om sai d net al

atom 5 at ate n of .t +BOOC The ent

I nvention furt hgﬁgﬁ%g}lggg hgff%los?%arr% orﬁ ijé%ﬁ- |d% "1% (?tom
conpl ex conpri singedeBLBYS YHHRE HLAr Idganghofa ft%rﬂa %oénpohndwoﬁﬁem igis a
|l i gand which nay insert an olefin; Mis a netal atom 10 Sel ected from Fe or

Co, NCis a nong %895%“?%' ag,se@a%l@l R ?gr%u rf?zgn{@aq@ ﬁetgﬁe

oxi dati on of sal nmet al ‘atom S neut r al onor cul'e an =
0, 1, or 2. The present i nvent | on furt her prov rocess _f{o 15 the
production of a?Bhﬁ bPBPPAE -G §rhﬁ’ @5%(%&15? @ng ﬁi?é‘d’

[ bi s-arylim nepyri d‘t‘ﬂ@ﬂ%ﬁfgskﬂd EN@eH&J.%?m?. %%%IO%OOC dp,_r egent invention

with ethylene at a rature 1 n the range of to +300C. In the
present |nvent|?Blge5£§iQmH% g@f&ﬁin%§%&@§§h+¥qNEobgoﬂémplex comprising
a non-symmetrical ligand of formula (I), wherein Y is a

ligand which may insert an olefin; M is a metal atom

10 selected from Fe or Co, NC is a non-coordinating anion

and p+g is 2 or 3, matching the formal oxidation of said
metal atom; L is a neutral Lewis donor molecule and
n=20, 1, or 2.

The present invention further provides a process for

15 the production of alpha-olefins, comprising contacting
one or more [bis-aryliminepyridine MYp.Ln+][NC-]q

complexes of the present invention with ethylene at a
temperature in the range of -100°C to +300°C.

In the present invention certain terms are used as

20 follows:

The term “non-symmetrical” is used in relation to the
four ortho-positions of the two aryl-imino groups and
defines these as such that neither the substitution
pattern nor the substituents themselves afford two

25 equally ortho-substituted aryl-imino groups.

Hydrocarbyl group: a group containing only carbon and

hydrogen. Unless otherwise stated, the number of carbon

atoms is preferably between 1 and 30.



The term "non-symetrical™ is used in relation to the four ortho §0ﬁhﬁ?ﬁns
of the two aryl-imno groups and defines these as such that neitm r Q
substitution pattern nor the substituents thenselves afford two 25 equally
ort ho- subWOIM1PEd aryl -i m no groups. Hydrocarbyl group: a BECOERIAMSSai ni ng
only carbon and hydrogen. Unless otherw se stated, the nunber of carbon
atonms is preferably b 7.1 6 JUL 2006 WO 01/58874. _ .

PCT/ EPO1/ 01506 | n %iﬁ‘e%té‘ﬁéﬁe'*rﬁse?ﬂrﬁe%?‘reo%l‘%% #h‘? %Dt ?%E\%’r‘??allﬁf
substituted hydieeaitdted hyhasbd sorescrd %M%&?&é@%@:ib&?ﬂ%@foQQ}bgﬂa' ly
containing one or nore "inert" heteroatomcontaining functional groups. By
"inert" is 5 ngaoupshaptitadlinetdens igimy pma mmatotrat etherer t o any

substantial degree with the oligonmerigsation process. Non- limting exanples
of such inert GFSEFEELARTQATATEENT JHRRE HelakigeaiRs - stByindiRrert bt her s

Ki 1 Tod i m ThensPre aar RS Mo s, 4T por A CetEer S0t o -

skilled in the art. Inert nctronal gro grou
substituted hygdubegabyliathiddyriee Wil tHEes] 1diendd D608 Son CORSEL & ONSNoBY

"inert" is meant that the functional group does not interfere to any
subst anti al dedima twingh exiaapl®: sold oyt simdon greages sarExBgbesdef i nert
functi onal grougﬁ I ncl ude .hal i de, ethers, silanes, siloxanes, and am nes,
in particular FELPER raffitténes, stannanes, ethers and amines with
. adequate steric shielding, all well-known to those
10 skilled in the art.

Inert functional group: a group other than optionall§ .
substituted hydrocarbyl which is inert under the process
conditions. By “inert” is meant that the functional group
does not interfere to any substantial degree with the

15 oligomerisation process. Examples of inert functional

groups include halide, ethers, silanes, siloxanes, and

amines, in particular tertiary amines.
Primary carbon atom group: a -CH,—R group wherein R

may be hydrogen, optionally substituted hydrocarbyl,

20 inert functional group. Examples of primary carbon atom

groups include -CHjy, -CyHg, -CH,Cl, -CH,OCH;,
-CH,N (CyHg) 5, -CHyPh.

Secondary carbon atom group: a -CH-R, group wherein R

may be optionally substituted hydrocarbyl, inert

25 functional group. Examples of secondary carbon atom
groups include -CH(CH;3),, -CHCl,, -CHPh,, -CH=CH,,

cyclohexyl.



‘Primary carbon atom group: a -CH2-R group wherein R may be hydrogﬁn,
optionally substituted hydrocarbyl, 20 inert functional group. EXx ﬁpWégméf
-primary carbon atom groups include -CH3, -C2H5, -CH2Cl, -CH2OCH3,

- CH2N( C2HB)R201/58€H2Ph.. Secondary carbon atom group: a - CH Rcgemiimaserein R
may be optionally substituted hydrocarbyl, inert 25 functional group.
Exanpl es of secondary carbon atom groups include -CH(CH3)2, -CHCl12, -CHPh2,

(GG, cycl ohexyirert bty Lablbct0UEMNOUGABTE RCH ERAU (SR Jari iy
nal Iy subst’i

carbon atom group: a -C group wherein R nay be opﬁ ut ed

0 olps. i el udBSYCRE SFScRaRL SHERAT S MARRIA T - O ) 2 (COHE)
o) oo b2 SN Y CASREL SAS of S.IRANLER cLhgand il ol
[bis--aryl i m néBFAvRnG GRERTRT FRCST o Conbrex de da0BRaTHg o the present
invention, Y may be hydride, alkyl or any other anionic |igand which may

insert an of ef i-@.(CRy ) >rMoaHgPOr di nati ng anion" is meant an ani on which does
not substantially coordinate to the metal atom M 15 Non-coordi nating

anions (NC') that BgYabe13HhAPLWYich may insert an olefin” is meant a
ligand which is coordinated to a metal ion into which
bond an ethylene molecule may be inserted to initiate or

[ propagate an oligomerisation reaction. In
10 [bis-aryliminepyridine MY'p.LnJ'][NC‘]q complexes according

to the present invention, Y may be hydride, alkyl or any
other anionic ligand which may insert an olefin.
By "non-coordinating anion” is meant an anion which
does not substantially coordinate to the metal atom M.
15 Non-coordinating anions (NC') that may be suitably

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

bis(triflucromethyl)phenyl]borate (BAF ), (C6F5)4B—, and
anions of alkylaluminium compounds including R3Alx-,

R,AIC1X , RAlCl,X , and “RAl10X “, wherein R is hydrogen,

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

that within the boundary conditions herein before
described, substituents R;-Ryg may be readily selected to

25 optimize the performance of the catalyst system and its

economical application.



enpl oyed i nclude bul ky anions such as tetrakis (3,5

bi s(trifluoronethyl)phenyl ]Jborate (BAF ), (C6F5)4B and anions of§ AUL Iy:g&

al kyl al um ni um conpounds i ncl udi ng R3A1X , R2ALCLX , RALC12X , an i OoX
", wher ei WORYMS8 Ry dr ogen, 20 optional |y substituted hydrocBFHEPOIARSHn | nert
functional group, and X is halide, alkoxide or oxygen. It will be

appreci ated by thoggeskhlblsgdi § 8 @&d . M.t hi _ttﬁg bound

conditions herein befeorbe E;descri bed, su%sé%le%%% nay t%‘@rleadi |y
sel ect ed-to 25bapt-ary2d aiihepyerifdinmaicesaidd hef cedahysd cypt@RAEhi ts
econom cal application. 9 1 6 JUL 2004 WD 01/58874 PCT/ EP01/ 01506 The

present invent RQNRPr anddes -AQNasMMEELLRCAl arbi Sa@hy! i ARBBRYALALRG, | | gands
of formula (I) \G/Emergei n Rl?RSQand gg‘i% g%d IIi12- R14yare egch, indgbendently,

hydr ogen, opti ubsti t C I i hert functi onal _group,
or any two of ﬁ?ﬁ%&e&,’ %‘S’%i#%‘%%’%ﬁﬁ|%t|:encglr}13fcgr%%%%¥1j;‘t ne? ta%e

t oget her may fgrmg.rin ; and a) R6 is an inegt functional group or _an
optional Iy > subBEFEaPEF hFaPE8ar R AhdH¥RPT Rur RaanfRES L RipgR14

i ndependent |y, hydr o%en or halide; or b) R6 and R14 are each,

i ndependent | y, VRRERRLf GRcPREnENCt§egUS-advemn Ysrdatdrgr rays eltommlar yrieg bon
atom group, provided that R6 and RLO are not both a secondary carbon atom
group and R11 ?fﬁé R15 are, independently, hydrogen

a) Rg is an inert functional group or an optionally

substituted hydrocarbyl, and Riy, R;y;, and R,g are, t
10 independently, hydrogen or halide; or

b) Rg and Ry, are each, independently, inert functional

group Or a primary or secondary carbon atom grouﬁ,

provided that Rg and Ry, are not both a secondary carbon

atom group and Ry, and Rys are, independently, hydrogen

15 or halide; or

¢} Rg is taken together with Rq to form a ring, Rjp is a
primary carbon atom group, an inert functional group, OTr
hydrogen and Rj, and R;g are, independently, hydrogen or
halide; or

20 d) Rg and Rjp are taken together with R; and Rg

respectively to form rings and R,; and Ryg are,
independently, hydrogen or halide;

Substituents R;-Ryg may independently be linked

together and form cyclic structures. Examples of such

10



15 or halide;

or ¢c) R6 is taken together with R7 to forma ring;jﬁyngm a
an ﬁll

. primary carbon atom group, an inert functional group, or hydrogen

.and R15 are, i

t aken t og®ioarssgi4t h R7 and RO

ndependently, hydrogen or halide; or 20 d) R6 and R10 are

are, 1independently, hydrogen or halide; Substituents Rl-R15 may

| ndependent |y

such r 10 16 Jtr20f4rad GHAE8R HHET/IER0G L2006 &Y WalatAS | @;]CI u{{}%ﬁ he
i nking of, for exanple, R6 with R7, to formthe basic naphthy6 skel e
it. Furthernore it will be readily appreciated by

or a tetrahydr
any 5 person
catal ysis that

be Iinked together and formcyclic structures. Exanples of

naphth%l un
o hes tngdt bagd G aarhthyiln skstles osf orhenpgeneous

substituent variations of R1-R5, R7-R9, and R12-R14 may be

respectively to formrings mAtemldsapd R15

ton

sel ect ed so astesrehysireomaghtdyyldegiitabl e properties of catal yst precursors

and catal yst syste

extendi ng the

Preferred ej‘rbogggg Esrﬁlfomzxgissnia%\eé@}}eg]‘orlh%r %gé&%g%%aﬁ%§ (érég:ol}g to (I) and

derivatives th

10

15

20

25

gs ; ch as sql ubility in non-polar 10 solvents or
r angé Ui §Blétsﬁﬁﬁﬁi¥§ neRcdrdivalepprrecipsed Syneimases.

reof, Icht |"0Wi nNg
homogeneous catalysis that substituent variations of

R;-Rg, R7-Rg, and Rj5-R;4 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 this invention are ligands
accoxrding to (1) and derivatives thereof, in which the

following R groups appear:
R;-Ry are hydrogen; and/or
R4 and Rg are methyl, hydrogen or phenyl, preferably
methyl; and/or

combinations of ortho-substituents in which Rg is
methyl, ethyl, iso-propyl, phenyl, tertiary-butyl, or

linked to R; to form a naphthyl skeleton, preferably iso-

propyl or tertiary-butyl; Ry,, R;;, and Ryz are,
independently, hydrogen, fluoride, or chloride; and/or

combinations of ortho-substituents in which Rg and
Ryo are, independently, methyl, ethyl, or linked to R4

and Rg respectively to form an anthracene skeleton,

11



15 R1-R3 are hydrogen; and/or R4 and RS are nethyl, hydrogen or ph nmL,z
preferably nmet hyl ; and/ or conbi nati ons of ortho-substituents in '

met h i so-propyl, phenyl, tertiary-butyl, or 20 1inked to R7
to formé"ﬂgﬂw‘?l skel eton, preferably iso- propyl or terfiGZFEPINI . R10,

R11, and R15 are, independently, hydrogen, fluoride, or chloride; and/or
conbi nati ons of Etho ubstrge I n %r ch R6 and, R10 are, independently,
met hyl , et hyl ,Pof T’F‘-ﬁlﬁ ¥ PEERY25Ramg? Fésﬁ’é@c'l VEI4ERENIF %N ant hr acene
skel eton, it 16 J UL 2004 WD 01/58874 PCT/ EPO1/ 01506 preferably nethyl;
R11 and R15 arkydragepenfituerjyde pydebdemidel.uoride or chloride. It is
particularly preferred that R11 and R15 are, independently, hydrogen or
fluoride. 5 In a piefesrpareibolankpt prafearedynhmtr Rg%ahdgarig atef or mul a
(-1) is provided, wherein R1-R3 are hydrogen; R4, R5 R8 and R10 are

nethyl; R7, R9ndddendeRdfyandyiis @ﬁeoqujggg,egdea}nd R13 is tertiary-butyl.
Anot her preferred enbodi nent provides a non 10 symmetrical |igand of

formula (15, wherelm RipBeferrefiyembgénmeRd, RSnoR6syRBeand cR10 ldamet hyl ;
R7, R9, R11, .
of formula (I) is provided, wherein R1-Ry are hydrogen;

R4, Rs, RG" RB and Rlo are methyl; R7, Rg, Rll"Rlz’ R14

and Ryg are hydrogen; and Ry3 is tertiary-butyl.
Another preferred embodiment provides a non-
10 symmetrical ligand of formula (I), wherein Ry_3 are
hydrogen; R4, Rg, Rg, Rg and Ryp are methyl; R7, Rg., Rij,
Ri1p, R14 and Rjg are hydrogen; and Rq3 is methoxy.

Yet another preferred embodiment provides a non-

symmetrical ligand of formula (I}, wherein Rj._3 are
15 hydrogen; Rg, Rg, Rg, Rg and Ryg are methyl; Ry, Rg, Ri13,
R1s, Ri4 and Rjg are hydrogen; and Rj3 is

trimethylsiloxy.

In another preferred embodiment, a non-symmetrical

ligand of formula (I) is provided, wherein R;-Ry are
- 20 hydrogen; R4, Rg, Rg, Rg and R;; are methyl; R4, Rg, Ry,
Ry3, Ry, and Ryg are hydrogen; and R;q is fluoride.

In the derived bis-aryliminepyridine MX, complex, X

may conveniently be halide, preferably, chloride.

In a preferred embodiment of the bis-

25 aryliminepyridine MX, complex, metal atom M is Fe and n

12



'R12, R14 and R15 are hydrogen; and R13 is nethoxy. Yet another prafgennesn
enbodi nent provides a non- symetrical ligand of formula ("Il,), wherein
.RL_3 are 15 hydrogen; R4, R5, R6, RB and R10 are nethyl; R7, R9, Rll, R12,

R14 and R§o @ysesfaydrogen; and R13 is trinmethylsiloxy. In gRgtRAinsseferred
enbodi nent, a non-symmetrical ligand of formula (I) is provided, wherein

R1-R3 are 20 hydrogen; R4, R5 , R6, R8 and R10 are nethyl ; R7, R9, R12,
R13, R14 and R1¥ &relRyanegder agiRrreds duhmtimnt | mated dardwved is Fe
bi s-arylim nepyri.dine MXn conplex, X may conveniently be hali de,

pref erably, ch%B i BeXSI A a preferred enbodi nent of the bis 25

aryl i m nepyridine l.ext st al...a IS 1 6 JUL 2004 WO
01/ 58874 PCT/ EPOL/ g?{g'ﬁg’gﬁgsz&Illlr@a%&ehté‘%@ﬁ%éfeerorf:a&[egg%%(ﬁ i 3btal atom M
is Fe and n i spBiocGaipoustdsiiiittitedl eycaRal Al dF aiafeldd REdp to
optional ly substituted hydrocarbyl or hydride group to 5 netal atomM and
whi ch are at somgapabpéEcHf Mabandactilng areX adroupdpadrharsifalatstomdying| ude
al kyl al um ni um conmpounds such as al kyl al um noxane and al kyl al um ni um

hal i des. A prefsr Kedgzonpolimdmi geftrail hpltauM rnomxdnele Gaiydwldsniwhiiunh ar e
capable of transferring an 10 optionally substituted hydrocarbyl or hydride

group to et atofpoinliki Bakda salkk yya kbl i indRGRITRAN &S KyE 148 i um
halides. A preferred compound is methylaluminoxane.
Compounds which are capable of transferring an
i 10  optionally substituted hydrocarbyl or hydride group to
7 metal atom M include alkylaluminium compounds including
alkyl aluminoxanes, alkyl lithium compounds, Grignards,

alkyl tin and alkyl zinc compounds.
Compounds which are capable of abstracting an X
15 group from metal atom M include strong neutral Lewis

acids such as SbFg BF; and Ar;B, wherein Ar is a strong
electron-withdrawing aryl group such as CgFg or 3,5-
(CF3) 5CgH; .

A neutral Lewis donor molecule is a compound which
20 may suitably act as a Lewis base, such as ethers, amines,

sulphides and organic nitriles.
In the [bis-aryliminepyridine MY,.L,'] [NC ], complex
according to the present invention, L may be a neutral

Lewis donor molecule capable of being displaced by

25 ethylene, or a vacant coordination site.
In the [bis-aryliminepyridine MYP.Ln*'][NC']q complex

according to the present invention, metal atom M is

13



al kyl al um noxanes, al kyl |ithium conpounds, Gignards, alkyl tin @g] 200
al kyl zinc conpounds. Conpounds which are capabl e of abstracting an X 15
group frewo gpisghy atom Mincl ude strong neutral Lewi s acids such as SbFS BF3
and Ar3B, wherein Ar is a strong el ectron-w thdraw ng aryPCEFEYOEREh as
C6F5 or 3,5 (CF3)2C6H3. A neutral Lewi s donor nolecule is a conmpound which

20 may suit ablprefdraisl v kewhsd bage, £F6¥aE1ag . am _nes, _ sul.phi des and
organic nitriles. In the [bis-arylimnepyri dfﬁgg%%fLﬁi‘]a[tﬁCﬂqu | ex
according to -3 efedm mawdpei 2norl3may be a neutral Lewi s donor

nol ecul e capabl e c}f beiap% di spl aced by 25 ethyl ene, or a vacant
coordination site. "% GHEHTS-S¥SHeT Pap e oF remet¥ pbynml xf NG Fegeemphex

according to tipR R [ ' tal .atomMis 13 1 6 JUL 2004 WO
01/ 58874 PCT/ EPOL/ 0 1i §016rg xpra[e}}lcgga%‘?i}”ﬁge?a ‘il‘]dlca%c”? nePTBRHEBEEr oBTSEarebdfy
said netaf atemamwplivent Guch dhesBidlydr SYSLEM JRY be formed by nixing

together the corrg‘l ex and optional additional conpounds, preferably 5 in a
t

sol vent such as hgeReler Tiaddor tafhehel mnmlleec 1 add o &&ﬁ%g‘gg@[ exngsecond
[ he present

conmpound, and lLonal l'y.t.hiyd conpound is not limted in
i nventi on. opQREna iY'¥h1rdlcomgghnd is not limited in the present
invention.
Such a gquantity of the catalyst system is usually
10 employed in the oligomerisation reaction mixture so as to
l

. -4 -9
contain from 10 to 10 gram atom, more preferably ZLO'6

-7
to 10 gram atom, of metal atom M, in particular of Fe

[II] or [III}] metal per mole of ethylene to be reacted.

The oligomerisation reaction may be most conveniently

15  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 oligomerisation reaction may be conveniently
carried out at a pressure of 0.01 to 15 MPa (0.1 to 150

20 bar(a)), more preferably 1 to 10 MPa (10 to 100 bar(a)),
and most preferably 1.5 to S MPa (15 to 50 bar(a})).

The optimum conditions of temperature and pressure
used for a particular catalyst system to maximise the
yield of oligomer, and to minimise the competing

25 reactions such as dimerisation and polymerisation can be
readily established by one skilled in the art.

The conditions of temperature and pressure are
preferably selected to vield a product slate with a X-

factor within the range of from 0.50 to 0.90, preferably

14



"Such a quantity of the catalyst systemis usually 10 enployed in tng
ol i gonerisation reaction mxture so as to contain from 10-4 to 10- 5+9W4
atom nore preferably 10-6 to 10-7 gramatom of netal atomM in

particul agohskdse [1!11 or [111) metal per nole of ethylen@cﬁﬁgﬁgmﬁﬁgcted.

The ol igonerisation reaction may be nost conveniently 15 conducted over a
range of tenperatures from-100C to +300C, preferably in the range of from

0C to 200C, andn mhee rpmefeercgblfrdm d fes resge. 88 £adMEAC fee 46851 Jhen
ol i goneri sation reaction nay be conveniently carried out at a pressure of

0.01 to 15 MPathe. rapgelsd fZPmdl(H) Lo rbr&0 prii dibinresant LWt {0, t o
100 bar(a)), and nost preferably,1.5to 5 MPa (15 to 5 ar(n)). The

opt i mum condi t PEAYSF 18IS a it éi%‘{)rte%sktﬁ‘ée Q&C&EIF%? @%r iR Rct
~catal yst systeguggenﬁégng§gkgg%tdge&fgégefﬂgﬂ%ﬁngggnd to mnimse the
conpeting 25 reactions such as dinerisation and pol ynerisation can be
readi |y establ i she®thkycdigosierilsadt iion themarion den dendiddonst afut in
“tenperature and pressure are preferably selected to yield a product slate
with a K- fact 6hewPeEi RPAFE Pande BILG e 500K dnzo@e;é,gqﬁebam;p@sq, 6

JUL 2004 WO 01 74 . [ EPQ1/ Q1506 41 t-he ra of from0.65 to.0.85 and
nost preferabl égg%nétlﬁgrru r?%e t:o grrooln'%1 ,]7’3:3{ oor%% é%eqinhaéncgr%%%%IfCt

i nvention, pobyBgihgation is deened to have occurred when a product slate
has a K-factor greater than 0.9.
The oligomerisation reaction is carried out in the

10 presence of an inert solvent which may also be the
carrier for tﬁe catalyst and/or feed olefin. Suitable
solvents include alkanes, alkenes, cycloalkanes, and
aromatic hydrocarbons. For example, solvents that may be
suitably used according to the present invention include

15 hexane, isooctane, 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
absence of air or moisture.

20 The oligomerisation reaction may be carried out in a
conventional fashion. It may be carried out in a stirred
tank reactor, wherein olefin and catalyst or catalyst
precursors are added continuously to a stirred tank and
reactant, product, catalyst, and unused reactant are

25 removed from the stirred tank with the product separated
and the catalyst and unused reactant recycled back to the
stirred tank. .

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

30 reactant olefin are charged to an autoclave, and after

15



5 The oligonerisation reaction can be carried out in the gas phase or

i quid phase, or mxed gas-liquid phase, depending upon the vol atfi §ijty208f
t he feedv%gg &@gduct ol efins. The oligonerisation reaction is carried out
in the MPPF2%Ehce of an inert solvent which may al so be RUWEPII&ASM6er f or

the catal yst and/or feed olefin. Suitable solvents include al kanes,
al kenes, cycl ogkkageseagbdg @ gngg..i rocarbons. For_ exanple, solvents
that may be suitabl yeused accE:)or | ng('::1 0 %elaﬁtreesté‘rﬂe'i rRFé’r‘fﬁir%n i%hel ude 15

hexane, isooctasparbesdefieomt eheeheacibn i8R ere .r%rlit:i'lg?'ﬁa f from
0.1 to 10 hours have been found to be suitable, delgg)g%?ent on 1 eloactivity

of the cat al yB¢anghesrehcabofdistipdetdioably carried out in the absence of

air or noisture. %g Jhe ol omaa‘gisation reaction may be carried out in a
conventional fashi’shte¥¢a '31 Sr FPBELARN tAMg. stiner od 1gomelr issdcicor |

wher el n ol o1 h-ack £o4 ALAt 0" e2habABLA BLGULSAN 9e3fe added qont T nuous! y

to a stirred tank and reactant, product, actant are

25 renoved fromithbestiinedrdapkewi Gbathevateduat saRaN:ed s ado.he
catal yst and unused reactant recycled back to the stirfed tank.
Al ternatively, thefheaesehthay dbpbarplediost hamweaa batdih Leaetdr ofwherein

the catal yst cursors, d_ 30 reactant olefin are charged to an
aut ocl ave, an?%f e4rS 9% 31(?@ 9REPIBogtoms, preferably 4 £o 30 carbon

atoms, and most preferably from 4 to 20 carbon atoms.

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

The'present invention is illustrated by the following

15 Examples, which should not be regarded as limiting the
scope of the invention in any way.

General Procedures and Characterisation

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

20 Isooctane (2,4,4-trimethylpentane, 99.8% purity) (ex.
Merck) was dried by prolonged nitrogen purge, followed by
passage over 4A molecular sieves (final water content of
about 1 ppm).

Anhydrous toluene (99.8% purity) (ex. Aldrich) was

25 dried over 4A molecular sieves (final water content of
about 3 ppm).

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

30 ppm.

16



WO 01/58874 PCT/ EPO1/ 01506 being reacted for an appropriate time, Rreogychy;
is separated fromthe reaction m xture by conventional neans, such as
~distillation. After a suitable reaction tine, the oligonerisation 5

reacti on wamiaggiser m nated by rapid venting of the ethyl eggEpr1@isher to
deactivate the catal yst system The resulting al pha ol efins have a chain

| ength of from4 to 100 carbon atons, preferably 4 to 30 carbon atons,
and nost preferabl ¢ -Metimokyeaid(Gnear Bemyatrmmy.anilld rier,oduct ol efi ns can be
recovered suitably by distillation and further separated as desired by
distillation tBEFAMELEY1ddséddarneornchd imatndstdinrassd ans anre ol ef i ns.

The present inggg&il%% ies fiIJleu tﬂﬁ-ri%[(il:hby the following 15 Exanples, which
shoul d not be regar e& as ITmting tHe scope of the invention in any way.

General Procedur estagd oThgbmelrd bbb Ahle d @ HRRYA AR PIEH dhe
catal yst systens were carried out under nitrogen atnosphere. 20 | sooct ane

(2, 4, 4-tri net hghpema&iogra@hy8%Esur.i ty) cmler Mer chlalwast edrdlegydmepr ol onged
“nitrogen purge,_ .fol I_gwed by passage _over 4A nol ecul ar sieves (final water

content of ab8&ft¥i AN R0 &s HfoIAFelte S99 a0 ldudRRATARE 3AH T he)

was 25 dried %ﬂo%n@nlc%}‘éh%ﬁ:o@jr%bﬁic( féd??dit"i%ne!- content of 30 about 3
ppn . )

Column: HP-1 {cross-linked methyl siloxane), film
thickness = 0.25um, internal diameter = 0.25 mm, length
10 60 m (by Hewlett Packard); injection temperature: 325°C;
detection temperature: 325°C; initial temperature: 40°C
for 10 minutes; temperature programme rate:
10.0°C/minute; final temperature: 325°C for 41.5 minutes;

internal standard: n-hexylbenzene. Response factors for

15 the even linear a-olefins and for cis- and trans-2-
hexene, relative to n-hexylbenzene (internal standard)

were determined using a standard calibration mixture. The
yields of the C4-C,yy olefins were obtained from the GC
analysis, from which the K-factor and the theoretical

20 yield of C4-Cypg olefins, i.e. total oligomerisation-
product (Total Product) ,were determined by regression
analysis, using the Cgz-C,5 data.

The relative amounts of the linear l-hexéne amongst
all hexene isomers and the relative amount of 1-dodecene

25 amongst all dodecene isomers found from the GC analysis
is used as a measure of the selectivity of the catalyst

towards linear a-olefin formation.

17



Et hyl ene (99.5% purity) was purified over a colum containing 4A Mo egujgnyr
sieves and BTS catalyst (ex. BASF) in order to reduce water and oxygen
content to <1 m 16 1 6 JUL 2004 WD 01/58874 PCT/ EPO1/ 01506

4- Met hoxy %@ ‘II{SH@?‘ 4- hydroxyani | i ne, hexanet hyl di si | azane BGHEP01/01506
trimethylchlorosilane are available from Al drich. The oligomers obtained

were characterisedgby ap ,. in order to eval uate
oligomer  distri bati 8%??’%503&% s@/'icge'ﬁ 1S 5fA %t U RpRE of

fol 'owi ng chropBlegr aEhiet hgarRdid iANSjorfe 18BN A& hd e asss | ke '
siloxane), film thickness = 0.25n1%fnternal ié%eter 3§%ng nnﬁofg%€¥ﬂ 10
60 m (by Hew etpmpackdr.d); injection tenperature: 325C, detection
tenperature: 325C; hnitial tenperature: 40C for 10 minutes; tenperature
programme rate: 1B826CNNRnHREE Mere dRtdiaed @te I SIEC grpe vHL Brariwikt e sa

internal stand %giaﬂ' g%ylapﬁngl%r&eggﬁ%: gDnse factors for 15 the even |inear

a-ol efins and cl's- and trans- r?er,atﬁléc‘i'ati ve to n-hexyl benzene
(internal stan (=) ighed using a standard calibration m xture.
The yields of the C4-C30 olefins were obtained fromthe GC analysis, from
whi ch t he K-fattor Pasparhsirheoiferi.dalbi 20y @ -theafhy4HEOA ihiadid)ns, i.e.
total oligoneri sgtﬁ)n Qroduct. Tot al. Praqduct),were determ ned by
regressi on et Y PYY dine iron II] chloride complex (_K)
X was prepared according to the method disclosed in
10 WO-R-99/02472.
2. Preparation of 2,6-bis-[1-(2-ethylphenylimino)
ethyl]pyridine iron[II] chloride complex (XI)
X1 was prepared according to the method disclosed in
WO-A-99/02472.
15 3. Preparation of 2-(1-(2,4,6-trimethylphenylimino)

ethyl] -6-acetylpyridine (1)

. (1)
2,6-Diacetylpyridine (7.3 g, 44.8 mmol) (ex. Aldrich) and
2,4,6-trimethylaniline (5.74 g, 42.55 mmol) (ex. Aldrich)
20 were dissolved in 450 ml of toluene. To this solution, 4A
molecular sieves and a small amount of p-toluenesulphonic
acid (0.22 mmol) ({(ex. Aldrich) were added. The mixture
was refluxed for 16h. After filtration the solvent was

removed in vacuo. Several crystallisations from ethanol

18



‘anal ysis, using the C6-C28 data. The relative anpbunts of the linear

1- hexene anongst all hexene isoners and the relative anpunt of 1-do!i<§c%gnm
.25 anongst all -dodecene isonmers found fromthe GC analysis is used as a
measur e olwd besss® ectivity of the catalyst towards |inearperfb&ifiiigos
formation. 17 16 JUL 2004 WO 01/58874 PCT/EPO /01506 By turnover frequency
(T.OF) is nmeant the nunber of noles of ethylene oligonerised per hour per

mol e of iron cqomeud.3 The MR Elaie) WF &y ' IR0 D
a b5 Varian 308qand 400 MHz %lg@ar at%a)s Cat&P(S ﬁgorrp‘%)nents Pfé par3e?t| on
of 2,6-bis-[1-(2- rret(sgl phenyl i m no) ethyl]pyridine iron[I1] chloride

conmpl ex (K) X Wa$Sprisharldth axedigli.ng 110l the It hiyd-Hfj)sclosed {n, 180, py-
WO A- 99/ 02472. 2 Preparation of 2,6-bis-[1-(2--ethylphenylimno) { ethyl

ridine iron cI epar.ed accor |n to the
Iror)\e/\t hod di scl o[s % &gdﬁsgg%%%}ﬁlﬁ éqw%paﬁé i ofe g3

2-11-(2, 4, 6- trlrrethyl phenyl i ni_no) et hyl ]--6-acetyl pyr|d| ne (1) (1)
2, 6-Di acet yl pyMedi-ne -@2 3(ysg 3y, e Y- E{%X(S:Alﬂ'h ats) and

2,4,6-trinmeghyl 6}”' b'r%f)a&%tl%rg of*2 20 P, L8% 1metq1y1pmenylimino)

ethyl] -6~ [1- (4-tert-butylphenylimino)ethyl]pyridine (2)

X
N gi?
Monoimine (1, 2.8 g, 10 mmol) and 4-tert-butylaniline
(1.49 g, 10 mmol) {ex. Aldrich) were dissolved in 100 ml
10 of toluene. To this solution, 4A molecular sieves and a
small amcount of p-toluenesulphonic acid (0.1 mmol) (ex.
Aldrich) were added. After standing for 5 days with
addition of more 4A molecular sieves, the mixture was
refluxed for 2h. After filtration the solvent was removed

15 in vacuo. The residue was washed with methanol and

recrystallised from ethanol. Yield 2.4 g (58%) of mixed

diimine (2). 'H-NMR (CDCl;) & 8.42 (d, 1H, Py-H_), 8.34

(d, 1H, Py-Hp), 7.86 (t, 1H, Py-H,), 7.38 (d, 2H, ArH),

6.89 (s, 2H, ArH), 6.78 (d, 2H, ArH), 2.42 (s, 3H, Me),
20 2.29 (s, 3H, Me), 2.22 (s, 3H, Me), 2.00 (s, 6H, Me),

t
1.34 (s, 9H, Bu }.
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20 were dissolved in 450 nl of toluene. To this solution, 4A noledd ay] 2y
sieves and a snmall amount of p-toluenesul phonic acid (0.22 nmol) (ex.

Al drich) were added The m xture was refluxed for 16h. After filtration

t he sol veWP @874 enpved in vacuo. Several crystallisati oRCKERH0d$t6anol 18
1 6 JUL 2004 WD 01/58874 PCT/ EP01/ 01506 1 yi el ded 3. 42 g (28.7% of

1,)cHN 1
m7)n8|2?1t niH( Py) >Fp) Mgeg’%;%?nsﬁ%%(z& ? %ﬁ%‘)‘“‘% éh%‘ﬁmh@n‘gﬁzz(s 3H,
Me), 1.99 (s, 6HetM§r)1]—$—4{1H4ap@éla&4mftﬁ r%;{)lx:(r@m’o)%éﬂ I‘Ptﬂ%‘}f&ﬁ@é' i m no)
ethyl] -6-- (1- (4-tert- butylphenyllmn% et'hyl] pyridine ( Monoi m ne

(1, 2.8 g, 10 dwor)[Iddd chiceridswtaniralsti n@)X 1. 49 g, 10 mol) (ex. Aldrich)
were dissolved in 100 mM 10 of toluene. To this solution, 4A nol ecul ar
sieves and a small anount of p-tol uene .
Al drich) were added. After standing for|5 ddys with addition of nore 4A
nmol ecul ar si eves, the m xture was h. After filtration the
sol vent was renoved 15 in vacuo. s washed w th nmet hanol and
recrystallised fromethanol. Yig¢ /4 g (589E)f of mxed diimne (.2).

1H NWVR (CDC13) b 8.42 (d, 1H B --Hm, 7.86 (t, 1H,
Py-Hp), 7.38 (d, 2H, ArH), . 2H, ArH), 2.42 (s,
3H, M),

In an inert atmosphere a solution of 1.5 g diimine

(2, 3.6 mmol) in 100 ml dichloromethane {ex. Aldrich) was
added to 420 mg FeCl, (3.3 mmol) {ex. Aldrich} in 150 ml

dichloromethane. The mixture was stirred for one week.
100 The developed blue precipitate was isolated by filtration

and dried in vacuo. Yield 1.5 g (84%) of iron complex
(3) . H-NMR (C13CDCDCla, broad signals) & 79.3 (1H, Py-
Hy ., 77.7 (1H, Py-Hp), 27.0 (1H, Py—HP), 20.7 (3H, Me),

17.3 {(eH, Me), 15.0 (2H, ArH), 14.3 (2H, ArH), 1.2 (9H,

15 But), -2.6 (3H, MeC=N), -17.9 (2H, o-ArH}, -32.1 {(3H,
MeC=N) .
6. Preparation of 2-[1-(2,4,6-trimethylphenylimino)

ethyl]-6-[1-(2-fluorophenylimino) ethyllpyridine, (4)
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20 2.29 (s, 3H, M), 2.22 (s, 3H, M), 2.00 (s, 6H M), 1.34 (s, But
19 1 6 JUL 2004 WD 01/58874 1 PCT/EPOL/ 01506 S. Preparation of 1 EJULNW
2-[1-(2,4,6-trinmethyl phenylimno) ethyl]

- 6--[ 1- (4wigdisg®ut vl phenylim no)ethyl] pyridine iron [II]p&EPkmfiodses
complex, (3) 5 (3) In an inert atnosphere a solution of 1.5 g diimne 3.6
nmml) in 100 mM dichl oronethane (ex. Al drich) was added to 420 ng FeCl2
(3.3 nmmol) (ex. Aldrich) in 150 m  dichl op.Qnet hane. The m xture was
stirred for one week. 10 The devel oped bl fe recipitate was isol ated by
filtration and dried in vacuo. Yieldl. of iron conplex ().

1H NWVR (C12CDCDC12, broad signals) S 7 3( - Hm, 77.7 (1H, Py- Hrr)
27.0 (1H, Py-Hp) , 20.7 (3H M), 17.3q° (6H Me) 15.0 (2H, ArH), 14.3

(2H, ArH), 1.2 (9H, 15 But) , -2.6 (3H, -17.9 (2H, o-ArH), -32.1
(3H, MeC=N) . 6. Preparation of 2-[1- yl phenyl i m no) et hyl
]-6- [1- (2-fluorophenylimno) ethyl] .) 201 6 J UL 2004 WO
'01/58874 PCT/ EPOI /01506 N N (4) Monoi myie (1, 0 g, 3.57 mol) and
2-fluoroaniline

t)

Moneoimine (1, 1.0 g, 3.57 mmol) and 2-fluorcaniline
(398 mg, 3.57 mmol)} (ex. Aldrich) were dissoclved in 50 ml
i 5 of toluene. To this solution, 4A molecular sieves were
added. After standing for 20 hrs., with addition of more
molecular sieves, the mixture was filtered. The solvent
was removed in vacuum and the oily residue was warmed in
ethanol (50°C) . The yellow solid, which precipitated
10 after cooling at -20°C, was filtered off and dried in

vacuo. Yield 300 mg (23 %) of mixed diimine (4).

leNMR (CDC13) & 8.45 ( 4, 1H, Py-Hy), 8.38 (d, 1H, Py-

H 7.88 (t, 1H, Py-Hp), 7.1 (m, 4H, ArH), 6.93 (dd, 2H,

o)
ArH), 6.89 (s, 2H, ArH), 2.41 (s, 3H, Me}, 2.29 (s, 3H,

1S Me), 2.22 (s, 3H, Me), 2.00 (s, 6H, Me). ~F-NMR (CDCl,)
8§ -126.8

7. Preparation of 2-[1-(2,4,6-trimethylphenylimino)
ethyl] -6-{1-(2-fluorophenylimino)ethyl]lpyridine iron{II]

chloride complex, (3)
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(398 ng, 3.57 mmol ) (ex. Aldrich) were dissolved in 50 M 5 of to'?%”ﬁ“_@ﬁ
this solution, 4A nol ecul ar sieves were added. After standing for 201w
with addltlon of nmore nolecular sieves, the mxture was filtered. The

sol vent W&QOM8¥83bed in vacuum and the oily residue was warB€AEROVO16hanol
(50C). The yellow solid, which precipitated 10 after cooling at -20C was
filtered off and dried in vacuo. Yield 300 ng (23 %9 of mxed diimne (4).
1H NWR (CDC13) S 8.45 ( d, 1H, Py-Hm, 8.3 1H, Pyy Hm, 7.88 (t, 1H,
Py-Hp), 7.1 (m 4H, ArH), 6.93 (dd, 2H,_ Ar .89 (s, 2H, ArH), 2.41 (s,
3H, Me), 2.29 (s, 3H 15 M), 2.22 (3 00 (s, 6H, Me) . 19F- NWR
(CDC13) S -126.8 7. Preparation of 24]1- 2 4, 6-tg4i met-hyl phenyl i m no)

ethyl] -6- [1- (2-f luorophenylim yI} yridi on [I1] chloride
conplex, (5 21 1 6 JUL 2004 WO 01/ (4 P PO / In an inert

at nosphere a solution of 270 ng dii (47 O\NT72 ) in5m

di chl oronet hane (ex. Aldrich) was 5 added b 8%ing FeCl12 (0.67 mml) (ex.
Aldrich) in 20 M dichl oromethane. The m xture was stirred for 20 hours-
Addition of 10 ml pentane yielded a blue prgflpitate, whi ch was isol at ed
by centrifugation and dried in vacuo. Yi efa) 175 ng (516) of iron conpl ex
(,5). 10 1H NWR (CD2Cl2 ,. broad S|gnals sel ective data) 6 84.5 (1H, Py-HM
), 80.4 (1H, Py-HW™ 2P Aneny afjuqgphere ;m solution of 270 mg diimine

{4, 0.72 mmol} in 5 ml dichloromethane (ex. Aldrich) was

5 added to 87 mg FeCl, (0.67 mmol) (ex. Aldrich) in 20 ml

dichloromethane. The mixture was stirred for 20 hours.
Addition of 10 ml pentane yielded a blue precipitate,
which was isolated by centrifugation and dried in vacuo.

Yield 175 mg (51%) of iron complex (5).

1l .
10 H-NMR (CD2Cl, , broad signals, selective data) & 84.5
(1H, Py-H, ), B80.4 (1H, Py-Hg}, 21.2 (1H, Py—Hp), 4.5

(3H, MeC=N), -24.5 (1H, o-ArH), -38.1 (3H, MeC=N).

19
F-NMR (CD,Cl3) & -95.0

8. Preparation of 2-[1-(2,4,6-trimethylphenyliminoc)

15 ethyl]-6-[1-(4-methoxyphenylimino)ethyllpyridine (§)
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"(3H, MC=N), -24.5 (1H o-ArH -38.1 (3H, MeC=N). 19F-NWR (CD2Cl2) B§- 992
B. Preparation of 2-[1-(2,4,6-trinethyl phenylim no) 15
“ethyl]-6-[1-(4-methoxyphenylinino)ethyl]pyridine (6) 22 1 6 JUL 2004 WO
01/58874 RghiE#34/ 015606 N Monoi mine (1, 280 ng, 1 mmol) apdreporoisos

4- et hoxyaniline (123 ng, | mol) were dissolved in 20 nml of toluene. To
this solution 4A nol ecul ar sieves were added. After standing 5 for 6 days
at roomtenperature the reaction mxture filtered and the sol vent was
removed in vacuo. The residue was recrys sed fromethanol. Yield 148
ng (38% of mxed diimne (6). 1H NAR DE13). S 8,42 (dd, 1H), 8.34 (dd,
1H), 7.86 (t, 1H), 6.93 (d, 2H), 6.88 q. 6.81 (d, 2H), 3.82 (s,
3H), 2.43 (s, SFD 2.29 (s, 3H) , 2. 00 (s, &H 9

ethyl)-6-[1-(4-net hoxyphenyl i m no) et hyI ] pyr| dinejiron(lll chloride conplex
(7) 15 23 16 J UL 2004 WO 01/5887 / In an inert atnosphere a
"solution of 133 ng diimne (6, O. 34 di chl or onmet hane was

added to 40 ny

/

(g)

Moncimine (1, 280 mg, 1 mmol) and 4-methoxyaniline (123
mg, 1 mmol) were dissolved in 20 ml of toluene. To this
solution 4A molecular sieves were added. After standing
5 for 6 days at room temperature the reaction mixture was
filtered and the solvent was removed in vacuo. The
residue was recrystallised from ethanol. Yield 148 mg
(38%) of mixed diimine (g§). lH-NMR (CDClz} § B8.42 (44,
iH), 8.34 (4d, 1H), 7.86 (t, 1H), 6.93 (4, 2H), 6.88 (s,
10 2H), 6.81 {(d, 2H), 3.82 (s, 3H), 2.43 (s, 3H), 2.29 (s,
3H), 2.22 (s, 3H), 2.00 (s, &H).
9. Preﬁaration of 2-[1-(2,4,6-trimethylphenylimino)
ethyl] -6-[1- (4-methoxyphenylimino)ethyl]pyridine iron[II]

chloride complex (Z)

s il o |
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i i ' i d batiUL 2004
FeCl2 (0.31 mml) in 5 m dichloromethane. The m xture was stirre
anbi en'g terrperatzjre for 72 hours. Addition 5 of 10 m hexane yiel ded a bl ue

recipit hegh was  isolated by centrifugation and dried i'n vacuo.
E(i el dp12gv@?rlé ;4:416) of iron conplex 7. 1H-NWVR (CD2 Cl12 POIEFR&0136gnal s)

8 82.2 (1H, Py-Hm), 81.5 (1H, Py-Hm, 23.2 (1H, Py-Hp), 20.1 (3H M),
16.0 (6H, M), Id5%® {Rskt Aithos ﬂQréZagsﬁéUti’é‘B%f ﬁas &%Hﬁig?ngn’e '(% 3 (3H,
MeC=N), -19.6. (2H, ArH), -31.6?3H, MeC=N) . . Preparat¥o _ ‘ .
4-trinet hyl si |03Amme}] ntn (B mTodachDOrehetAnae- #askadabhask ?gubﬁped Wt
a magnetic sti ar, dropping funnel, ref |ux condenser, bbl e

L.rring r nnel , nse
counter and ngseq}i%é??aﬁde"lf’%é déntoaimi il chldyaieehyaran) | The k8 org, 0. 17
nol ) hexanet hyl di sil azane (14.6 g, 0.09 not) was rapidly added drop-w se
at room terrpé‘?aft Fet T8 9d At (3 iRRN t fomperat hreefdrops hburs. Addition

Sl onty. heat ed BN 00 G e s 454 2 LU HEPLBRER b nt WsbChangsbecae
very vigor ous iaolb2aa BhheeritaPRIgdtH &n VRS &-5€4 19 ‘}g’{ggau}'“ﬁ?%@d' ﬁﬂﬁ’ﬁs

mai ntai ned until gas evol ution ceased.. The honbgeneous ( then
I fi st | [ I ' distilling
urified by d | (7488 CD}J_)I_ fraction
gt 85C andy2 ar \'A%ts) ?c;fng?lfjr%gcq’ I%ﬁ?j%o %N@%é@%ﬁrg&? SSL(SE)/SE’
2H), 6.55 (d- ABnadB). 638382(Sam by 3L (% 21y Py-Hn), 33.2 (iH,
Py-Hp), 20.1 (3H, Me), 16.0 (6H, Me), 15.6 (2H, ArH),

10 12.9 (2H, ArH), 4.9 (3H, MeO), -5.3 (3H, MeC=N), -19.8
(2H, ArH), -31.6 (3H, MeC=N} .

10. Preparation of 4-trimethylsiloxy-aniline (8)
To a 100-ml three-necked flask equipped with a
magnetic stirring bar, dropping funnel, reflux condenser,
15 bubble counter and gas discharge tube containing 4-
hydroxy-aniline (18.5 g, 0.17 mol) hexamethyldisilazane
(14.6 g, 0.09 mol) was rapidly added drop-wise at room
temperature. After the addition of three drops of
trimethylchlorosilane as the catalyst, the heterogeneous
20 mixture was slowly heated. Evolution of ammonia becomes
noticeable at 50°C and became very vigorous at 125°C. The
temperature was raised to 150°C, where it was maintained
until gas evolution ceased. The homogeneocus liquid is
then purified by distillation using a Vigreux column. The

25 fraction distilling at 85°C and 2 mbar was compound 8
(yield: 85%).l1H NMR (CDCli) & 6.65 (d-AB, 2H), 6.55 (d-

AB, 2H), 3.38 (s, 2H), 0.21 (s, SH).



WO 01/58874 PCT/ EP01/ 01506 11. Preparation of 16 JUL 2004
2-11-(2,4,6-trinmethyl phenylimno) ethyl] -6- [1-
(4-trinethylsiloxyphenylimno) ethyl]pyridine (2) N (a) Mnoimne (1, 1.4
g, 5 mmol trinmethylsiloxy 5 aniline (a, 906 ng, 5
dlssolvedxln@%%ﬁﬁ1 of toluene. To this solution 4A nnlecﬁ?gﬁhgpgggg wer e
added. After standing at roomtenperature for 4 days wth addition of
nore mol ecul ar1si epeephbacioacbiron-Mixt(ar,a, ewas itelthelptheand ithacyol vent
was renoved in vacuo. The 10 product was washed with a small anount of

met hanol . Yi el @thyld-g-([(83%¢ -6rimekdy laililenyehety l itHnWR thgdC e islidied 2
(dd, 1H), 8.33 égd, 1H, 7.86 (t, 1H), 6.88 (s, 2H), 6.86 (d, 2H), 6.74
(d, 2H), 2.42 , 2.28 (s, 3H, 2.21 1Is, 3H), 2.00 Is, 6H), 0.27 Is,
9H). 15 12. Preparation of 2- [I- (2, 4, 6- trlnethylphenyllnlno)
ethyl]-6-[1-(4-trimethylsiloxyphenylim yl') pyridine iron[ll]
chloride conplex (10) 25 1 6 JUL 2004 W 8874 PCT/ EP01/01506 1 In an
‘inert atnosphere a solution of 100 0.22 mol) in 4 m

di chl oronet hane was added to 26 ng 5 0 mmol) in 3 n

di chl oronet hane. The m xture was stl nlent tenperature for 20

hrs. Addition

/\

(9)

Monoimine (1, 1.4 g, 5 mmol) and 4-trimethylsiloxy-

5 aniline (8, 906 mg, S mmol) were dissolved in 50 ml of
toluene. To this solution 4A molecular sieves were added.
After standing at room temperature for 4 days with
addition of more molecular sieves the reaction mixture
was filtered and the soclvent was removed in vacuo. The

10 product was washed with a small amount of methanocl. Yield
1.4 g (63%) of mixed diimine (9). 1H NMR (CDCl;) & 8.42
(dd, 1H), 8.33 (dd, 1H), 7.86 (t, 1H), 6.88 (s, 2H), 6.86
{d, 2H), 6.74 (d, 2H), 2.42 (s, 3H), 2.28 (s, 3H), 2.21
(s, 3H), 2.00 (s, 6H), 0.27 (s, SH).

15 12. Preparation of 2-[1-(2,4,6-trimethylphenylimino)
ethyl] -6-[1-{4-trimethylsiloxyphenylimino)ethyl]lpyridine
iron[II] chloride complex (10)

25



of 8 mM hexane yielded a blue precipitate, which was isolated by 15JU 7004
centrifugation and dried in vacuo. Yield 35 ng (309 of iron conplex 6
1H NMR showed besides 10 conpound j., the presence of a second iron corrpl ex
(ca. 20O 0HFE8IYmably the 4-trinmethylsiloxy group is par ®FiCAVERPLOESMEr ol ysed
to the hydroxyl group. The iron conplex JQ was wused w thout further
purification in ethylene oligonerisati on reactions. 15 1H NWR (CD2Cl2 ,

broad signals, selective data) 5 81.6 Py Hm), 20.5 (3H M), 15.2
(214, ArH), 15.1 (6H, 125(2H .6 (9H, OSi Me3), -5.5 (3H,
MeC=N), -21.1 (2H, o- ArH) -30.5 ( H 13. NEt hyl al um noxane (MAO)
20 The MAO-solution (10.1%M in t [Al] ot used was ex. Wtco
GrbH, Bergkanen, CGernmany. 14. Met um xan d|f| ed, in heptane (MVAO
-3A in heptane) 26 1 6 JUL 2004 WO 01] 5987 /EFﬁbl/OlSOG The MMAO-3A in
hept ane (MVAG, (Al] = 6.42%\%) used in arrp e B (_CSQ'J_FYpaI‘atI ve), was

purchased from Akzo- Nobel Chemcals B.V., Arrersfoort The Net herl ands.

Cat al yst system preparation 5 Catal yst prepar ation was carried out under
nitrogen in a Braun MB 200-G dry box. ThEll)on conplex (typically about 10
ng) was placed in a reaction vessel; the MAO-solution (4.0 g), of the

In an inert atmosphere a solution of 100 mg diimine (9,
0.22 mmol} in 4 ml dichloromethane was added to 26 mg

5 FeCls; (0.20 mmol) in 3 ml dichloromethane. The mixture

was stirred at ambient temperature for 20 hrs. Addition
of 8 ml hexane yielded a blue precipitate, which was
isolated by centrifugation and dried in vacuoc. Yield 35

1H—NMR showed besides

mg (30%) of iron complex 10.

10 compound 10, the presence of a second iron complex (ca.
20%) : presumably the 4-trimethylsiloxy group is partially
hydrolysed to the hydroxyl group. The iron complex 10 was
used without further purification in ethylene

oligomerisation reactions.

15 IH-NMR (CD2Cl, , broad signals, selective data) & 81.6
(2H, Py-Hg ). 20.5 (3H, Me), 15.2 (2H, ArH), 15.1 ({(€H,
Me), 12.5 (2H, ArH), -0.6 (9H, OSiMes), -5.5 (3H, MeC=N),
-21.1 (2H, o-ArH), -30.5 (3H, MeC=N).

13. Methylaluminoxane (MRO)
20 The MAO-solution (10.1%wt in toluene, [Al] 4.397%wt)

used was ex. Witco GmbH, Bergkamen, Germany.
14. Methylaluminoxane, modified, in heptane (MMAO -3A in

heptane)
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above nentioned grade, was added and stirred for 2 10 m nutes. Thi$gyiglgrd
generally a red solution. Thereafter toluene (9.0 g) was added and the
solution was stirred for another 15 min. Imrediately hereafter part of
this sol uw®m/ses used in the oligonerisation reaction @153,61 for

t he amounts used). In conparative 15 Exanple B the iron co I

added to the reactor wthout pre-activation with MAO or M\/AO

O i oomerisation Expdve NMRG- T i gonespisate OMMEXPLIATEN Sg WErRytOarfded Qut in
a l- litre steel autoclave equipped with jacket cooling with a 20

heat i ng/ cool i NG § &k &k . (RmeafeR t Horlel WS PPS:1R sedhdf zom tAJan Noluls
stirrer and baf r_ i SI Iar equi pped 0.5-1jtre steel autoclave
(as indicated |dr11—1#ﬁbqaol Qa‘%d’t ]Ls%l?}r- tlﬁﬁ (C)H] %&5&‘1 ment).. | n order
to renove traggsa pat. O - r, it was evacuated 25 over ni ght
at <10 Pa, at 70C e reactor was scavenged by introducing 250 m tol uene
(or isooctahe) and O#@1ys @ﬂe;&@mﬂmtwm)cmédlhﬁﬂgli&fﬂexstmrﬂﬁd&rﬂt 50C
under nitrogen pressure of 0.4-0.5 MPa for 30 min. The reactor contents
wer e di schar ged™vi®a Braip M& %%“Ba@@f d#°80 the autocl ave. The reactor was

evacuated to 0.4 k 7 01/ 874 CT/.EPO1/ Q1506 | oaded
with 250 nl tol uen?’(eorq:log‘oo%c{ &Spéghc sea it d;“fq)t S é’éﬁ‘?ﬁ‘{ and
heated to 40C a&daprmlc&edresmélh %W'Wé&ldtﬁ?‘or@r@wr@ J gk gafed in

Table 1 or in
above mentioned grade, was added and stirred for 2

10 minutes. This yielded generally a red solution.
Thereafter toluene (9.0 g) was added and the solution was
stirred for another 15 min. Immediately hereafter, part
of this solution was used in the oligomerisation reaction
(see Table 1 for the amounts used). In comparative

15 Example B the iron complex XI was added to the reactor
without pre-activation with MAO or MMAO.

Oligomerisation experiments were carried out in a 1-
litre steel autoclave equipped with jacket cooling with a

20 heating/cooling bath (ex. Julabo, model no. ATS-2) and a
turbine/gas stirrer and baffles, or in a similarly
equipped 0.5-litre steel autoclave (as indicated in Table
1 and the description of the experiment)..In order to
remove traces of water from the reactor, it was evacuated

25 overnight at <10 Pa, at 70°C. The reactor was scavenged
by introducing 250 ml tcluene {or isooctane) and MAO
(0.2-1.2 g solution) and subsequent stirring at 50°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

30 the autoclave. The reactor was evacuated to 0.4 kPa and
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the description of the Experiment. The MAOG-solution 5 (typically 013 @) fm
the 1-litre reactor) was then added to the reactor and the stirring was
continued for 30 mnutes (for the 0.5-litre reactor the anpunts of solvent
and MAO WP 83474 ed). The catal yst system prepared as d‘eé’g&ﬁﬂ@yﬂgﬂﬁve and
in an anount as described in Table 1, 10 was introduced into the stirred

n_amu scri bex 10 vas I into
Lo uene (or | SoRAhufEe e Ol o1 e (B8N G0 ERPLY) ofnrEhd £as Rt

exot herm (geney ald)i tre2€3act ol céind chehedd at Gek0 AUNaMAL prasduiBetie and
was followed 15 by rapid establishnent of the tenperature indicated in
Tabl e 1. Tenpeéridthuratigneng cs®utlke vipFes sane t bnédcatadoughBablehd peadm on,

as well as ethylene consunption whi | st _nmi nt ai ni a const ant et hyl ene
pressure. Aftdhe @gerf'ﬁﬁﬁ?l P Rf 1B FPeREeRhy | eﬁg‘? HMAR-BPYbARA sat i on
20 was stoppe rapid, vend | bor t e i ! p

m xture i ntgo g%ﬁcg%tl%n@%t@l e&as’%ﬂng g ?g%fgiﬁefgﬁgé‘%;sgg%f E?ﬁg %&tgi%c ave.
Exposure of the nihe Weadtoor aand reisell $eilri tng apas deacinhvadi 66rofot he

catal yst. After addition of n-hexyl benzene (0.5-3.5 g) (ex. 25 Aldrich) as
i nternal standdmhtes t Horrder Hrodlttre heeaghptnEhef awauets of eFPAveRts

determined by 40 il IO ARG [ SManLelber Gl el ovazadehonm ned
the theoreti CPe MM SAvE30PLO0 28 Inbudtlad088scribed in Table 1,
10 was introduced into the stirred reactor using an
injection system, which was rinsed twice with 10 ml
toluene (or isooctane). Addition of the catalyst
solution resulted in an exotherm (generally 5-20°Q),
which reached a maximum within 1 minute and was followed
15 by rapid establishment of the temperature indicated in
Table 1. Temperature and pressure were monitored
throughout the reaction, as well as ethylene consumption,
whilst maintaining a constant ethylene pressure. After
consuming a certain veolume ethylene, the oligomerisation
20 was stopped by rapid venting of the ethylene, decanting
the product mixture into a collection bottle using a tap
in the base of the autoclave. Exposure of the mixture to
air resulted in rapid deactivation of the catalyst.
After addition of n-hexylbenzene (0.5-3.5 g) (ex.

25 Aldrich) as internal standard to the crude product the

amount of C4-Ci3y olefins was determined by gas

chromatography, from which the K-factor was determined by

‘regression analysis, using the Cg-Cpg data. From this

regression analysis, the theoretical contents of Ca5-Cigg
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WD 01/ 58874 PCT/ EPO1/ 01506 conponents, i.e. waxy solids, was cal cul Afelt 200
These data are reported in Table 1. The anount of solids in the product-
was determined as follows. The crude reaction product was centrifuged at 5
4000 rpm Waroid3smi n after which the clear upper |ayer was p@EEgmilgshs The

| ower | ayer consisting of solid olefins, toluene and a m nor anount of
liquid olefins was m xed wth 500 nl acetone and filtered off over a glass
filter (porosFPPPPBFENtPhe 138l-i WaFYodwdtidsas wirs e lical a2édhoulheke alatd) C
at <l kPa, wei ghed and i%sd<c30 c%ﬂteqts determ ned by gas chromat ogr aphy of
a |, 2-di chl or oB&AzERECT5F% T, 238 Fr itehil or obenzene sol ution of the solids.

The anounts of sokhds t ' le_1.are | SO e olids having a
car bon nunber >C28#h%5a¢§gﬁFeﬁgtFeéIgﬁogﬁtgﬁgfpkﬁgufﬁnggg %?ES%@&QG gst

al | hexene isofielioasd t Ther etratievecamuth @roludedeceneendiaraskadlde
dodecene isonmers were evaluated by GC analysis and are reported in Table
1. Exanpl e A (€BRParFmM $eF 20 miBnafsepl ehixh theegdeed apperdlagetowas

WO A- 99/ 02472) | oyed kn tolyene_ in an.experinent simlar to
Exper i ment NunBEYSRGSRr WA 851524357 nE e yee Ghveoian olefins,

ol i goneri sati opomM¥hir 8nRadi AgndrKahdcher o%f L4 [ q

regressi on anal?sis usiﬁg t he gﬁr-aCZS Zggcégﬁééés?Qgggg%n¥%gdkﬁ%ggt. 4

is left out ofwibtk Fefredsacatanel weis fiditered bEfvekali ki Glabsndenter

reliable GCneasurenents, _The details of Exanple A are
porosity P3). The solid product was dried for 24 hours

10 at 70 °C at <1kPa, weighed and its <C5yp contents

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

amounts of solids reported in Table 1 are the isoclated

s0lids having a carbon number >Cog-

15 The relative amounts of the linear l-hexene amongst
all hexene isomers and the relative amount of 1-dodecene
amongst all dodecene isomers were evaluated by GC
analysis and are reported in Table 1.
Example A (comparative)

20 Iron complex XI (prepared according to WO-A-99/02472)
was employed in toluene in an experiment similar to
Experiment Number 16 of WO-A-99/02472. The catalyst gave

an-oligomerisation mixture having a K-factor of 0.774, as
derived from regression analysis using the Cg - Cag
25 contents, determined by GC. Cy is left out of the

regression analysis, since its volatility hinders

reliable GC-measurements. The details of Example A are

given in Table 1. From this K-factor a C,, - C,g fraction
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given in Table 1. Fromthis K-factor a C20 - C28 fraction 29 1 6 JU&;Z%M
WO 01/ 58874 PCT/ EP01/ 01506 of 19.7%M and a C30 - Cl100 fraction of :

on total roduct can be cal cul ated. The amount of solids >C28 on total

et hyl ene Wat"yﬁ’@"ﬂvas 53.8%\ (the ethylene intake is assulSI/ERPL98506qual to
the total oligonerisation product, 5 i.e. C4 - Cl00 olefins) This
corroborates that the distribution deviates greatly from Schul z-Fl ory,
giving rise t@f L2 gé¥wthandexpéep ed Gppyntsactidmgbfrizoeeul an tyeaght
conmpounds, i.e. solid waxes. This deviation is also clear fromFigure 1 in

whi ch the regression anal ysis 0 is, represented graphically (for 12
observati ons I@r%a‘b%f%ﬂdbﬁtéﬁ%%‘ﬁ%aré?gm%Eeo.aﬁ‘?)‘. t E&aﬁﬁllédg cEempaRat i ve)
An experiment with iron conplex 2U (prepared according to W-A-99/02472)
was carried oichal iebkxiene intaketwaspldf Bédtndthyl gEbwileoranatiakehdms ane
(MVAO as scavenger/ ¢o- al yst_and usjng_a_node,of iron c | ex XI
addi tion sinmiI%} "(‘)é(?h?ﬁ S%W%gdt? négp'épf:%gnf)lﬁﬁﬁﬁ‘gflsﬂgqg’fl product,
WO A- 99/ 02?72.. To that epd 10r?ét of, a_. di chl oromet hane sol uti on of conpl ex
XI (9 ng) Pn dryf 2d-4i thfro er%ﬁbg)(%?issgﬁo QBRIERS tohdhethe ] itre
autocl ave, |oaded with 250 nl of isooctane and 430 ng of MVAQO (see Table 1
for experinentdlstagetkitE9n dewiahes wueablycirainySchaddiFilomygage viiinge t o
anol i goneri sat.i.on m'xfure hav.i ng a K-factor of 0.83 regressi gn
statistics ise to larger tharr expected amounts o igher molecular
weight compounds, i.e. solid waxes. This deviation is

also clear from Figure 1 in which the regression analysis

10 is represented graphically (for 12 observations R2 = 0.97

and standard error = 0.07).
a m Lv
An experiment with iron complex XI ({prepared
according to WO-A-99/02472) was carried out in isococtane
15 with modified methylaluminoxane in heptane (MMAO)} as
scavenger/co-catalyst and using a mode of iron complex XI
addition similar to that described in Experiment number
20 of WO-A-99/02472. To that end 101 mg of a
dichloromethane solution of complex XI (9 mg) in dry
20 dichloromethane {20.5 g) was added to the 1-litre
autoclave, loaded with 250 ml of isooctane and 430 mg of
MMAO (see Table 1 for experimental details). This method
of catalyst addition gave rise to an oligomerisation

mixture having a K-factor of 0.834 (regression statistics

25 being : R12 = p.98; standard error = 0.05 for 12

observations}. From this K-factor a Cpg - Cyg fraction

of 23.2%wt and a C3p - Cypgg fraction of 26.8%wt on total

product can be calculated. The amount of solids >Cy,g
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25 being : R12 = 0.98; standard error = 0.05 for 12 observations). qrgm 0
this K-factor a C20 - C28 fraction of 23.2%w and a C30 - Cl00 fract B]p
.25.8%% on total product can be cal cul ated. The ampunt of solids >C28 30 1
6 JUL/ 200d o\ s8sH:58874 PCT/ EP01/ 01506 i sol ated on total pr 105596
however, 68.2%w. This confirnms again that the distribution deviates
greatly from Schulz-Flory, giving rise to larger than expected high

mol ecul ar wei ghisoc]caqmiurmts t o X ppbduct (wagpaickévey, Uss NPswhe T 08
conmplex X in an eriment simlar to Experinent number 13 of Table 1 of
WO- A- 99/ 02472, °§t igrs RNl it dbakr il {eredeoipeat gueattkanpl e C

in Table 1 for The anount of solids Vi n a 10 carbon nunber >
C28) isol ated vvas%iafé'éfi)g'a[ lif?@f al® ‘flolzﬁuclfls%'fqghf ’fh‘éh%%s?@?ﬁt?%e
K-factor of 0. T3GH asol&tarl aededy. mﬁm 5 C28 contents by regression
anal ysis) a C30 - C100 fractlon of 7. on total product has to be

expect ed. H&nc Examprl W . 1fg m 15 Schul z-Flory distribution,
‘giving rise to a Iarger am)unt of hi mol ecul ar wei ght conpounds t han
cal cul ated. The r&fdkitdie dfany Gam 3ﬁg'itlﬁé 0B S XIEBLR eielLaws ghven

i gher - car bon SIRRGE o T8 Thath VLTINS R 31 A SR €l Enct LFFor

='0.06). Expephekinfenla aidke? observed (see comparatlve Example C in

Table 1 for details). The amount of solids {(having a

10 carbon number > C,g) isolated was 11.1%wt on total

product, whilst on the basis of the K-factor of 0.737 {as

derived from the Cg - Cpg contents by regression
analysis) a C3zp - Cigp fraction of 7.0%wt on total

product has to be expected. Hence, a clear deviation from
15 Schulz-Flory distribution, giving rise to a larger amount

of high molecular weight compounds than calculated. The

regression analysis using the Cg - C28 contents, as given

in Figure 2 also shows a clear deviation from Schulz-

Flory distribution at higher carbon numbers (for 12

20 observations R? = 0.98 and standard error = 0.06).
Experximents 1 and 2
Experiments 1 and 2 were carried out at an ethylene
pressure of 1.6 MPa, i.e. 1.5 MPa (gauge), using the non-
symmetrical iron complex (3) which is in accordance with
25 the present invention, under conditions similar to the
above-mentioned Comparative Experiment c. Experimental
details are given in Table 1. The regression analysis

for Experiments 1 and 2, using the Cg - Cyg contents, as

‘shown for Experiment 1 in Figure 3, gives a nearly
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Experiments 1 and 2 were carried out at an ethylene pressure of 11\@ mf,)?ﬂﬂ
i.e. 1.5 MPa (gauge), using the non- symmetrical iron conplex (3) rJ |'S
i n accordance with 25 the present invention, under conditions simlar to
the abo¥OMA¥8ned Conparative Experinent C. Experi nent RCI/EBYAIFS ar e
given in Table 1. The regression analysis for Experinments 1 and 2, using

the C6 - C28 con , sh for..Experiment 1 in Fiqur , gives a

nearly 31 1 6 ﬁﬁfgégfg\%u&f/'%g%ﬂ ?ﬁ&?'_/l P@l@é’f?rp&r%eéﬁ’%@n%af@# *¥
di stribution ayeigéherwhol enheange ;8 | i [ Spq7T - tor. re 0.747
and 0.749 for Expgeri rrgnts 1 and 2,a frtgggeg??\r/rg ;74(7f %?ldfzof'g%sggrfv%a]:?i ons R2 =

1. 00 and standéh?je = 0. ig b ' t.3). This is.confirmed
by the anmounts o %‘)ﬁ?ﬁggl fng%gCgB Q%EBI%gggyegﬁfnt(o%togl I%r gg&&w&tlﬁ% d
7.5t for Exper) t_1.and 2, respectively, whereas the respective
K-factors give riisg&?oar(‘gosgaegéﬁgf BEEPFOﬁs%erZt dalPOtd EFHRELMERE -
product of 8.2 and 8.5%u for Experinents 10 1 and 2 (the fact that |ess
sol i ds >C28 arBi%ol St e haRed: R¥oFBE BRPLRLE pécMaEY iSO1dge tEaghei r
solubility in the toluene-solution of the <C28 oligoners). The hexenes of
bot h Experi nerniselated @nhteealhprbdhbowbfigsecenmpos t7i.Gwtlfloexene =

99. 7%M , cis-2-hexene = 0.0%u, trans-2 15 hexene = 0.0%w, 3-hexenes =
0.0% , brancHPHeXERE L 25929y FeFREEEAVERY oWhiEr SRy the Fesbeftivg no

deviation from_factors give rise to Cig - C1op fractions on total

oligomerisation product of 8.2 and 8.5%wt for Experiments

. I
10 1 and 2 (the fact that less solids >C;g are isolated than

theoretically expected, is due to their solubility in the

toluene-solution of the <Cpg oligomers). The hexenes of

both Experiments 1 and 2 have the following composition

l-hexene = 99.7%wt, cis-2-hexene = 0.0%wt, trans-2-
15 hexene = 0.0%wt, 3-hexenes = 0.0%wt, branched hexenes =
0.2%wWtL.

In conclusion it may be stated that no deviation from
Schulz-Flory distribution is observed, which translates
to the formation of less high molecular weight products

20 in comparison with {(comparative) Examples A-C. This has
the advantage of more straightforward processing (less
clogging by solids in the plants and its work-up train)
and of less need for reprocessing of high molecular
weight olefins (to render the technology economicallyl

25 feasible). Moreover, besides these advantages, the non-
symmetrical iron catalyst has the following advantages
over the catalyst according to WO-A-99/02472 (see

Comparative Example C in Table 1):
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~Schul z-Flory distribution is observed, which translates to the for mgt 197
of less high nolecular weight products 20 in conparison with (conparatlveg
.Exanples A-C. This has the advantage of nore strai ghtforward processing

(less clpg@iRggspy solids in the plants and its work-up t i 1/ﬁf§@ﬁ0f | ess
need for reprocessing of high nolecular weight olefins (to regger t he

technol ogy economcally 25 feasible). Mreover, besides these advant ages,
t he non- symmelricthei cahatustl gstiasyt HE.DolF) ovisngtadeastagesa puaer drhe
catal yst according {o WO A-99/02472 (see Conparative Exanple Cin Table
1): 32 16 JUL 9¥8% INPBEF58874 PCT/ EPO1/ 01506 1. the catal yst activity

(T.OF) is at Leas e L.gher. t he rity_of th | p

ol ef i ns, parti%UIa%?%n?ﬁgge%fSflggédgéghg,%pgfépgniPﬁggﬁF aﬁﬁ&héﬁ?%5g@a
Experiment 3 Expgeigeshe] if 3igApEatask1pXpegheents 1 and 2 at a | ower
ethylene intake and using a 0.5-litre steel autoclave at ethylene
pressures ¢f I1Efp&Pamefkpdrimental details are nentioned in Table 1. Once
“again, regression 10 analésis usin - C28 contents gives a nearly

t he C6
perfect Schul 2- Fl OFPRFARERbUT | OR, AnEEPRGCKOFaERBEToRenyS7 373802t RE
foll owi ng regr Lon Lkl ¢5cER 0 | QNS = and standard
error = 0.02. #ﬁﬁé%cﬁgﬁ§§éﬁgr§ g%s%r%§8t?%Ehézgygf%aégﬁﬁec%ﬁgg}ned by the
autoclave at ethylene pressures of 1.6 MPa. Experimental
details are mentioned in Table 1. Once again, regression

10 analysis using the Cg - Cpg contents gives a nearly

perfect Schulz-Flory distribution, having K-factor of

0.727 and the following regression statistics for 12

observations: R2 = 1.00 and standard error = 0.02. The

Schulz-Flory distribution is yet again confirmed by the

15 isolated amount of waxy solids >C,g , which is lower than

the amounts calculated from the K-factbr. A result of the
lower final alpha olefin concentration, this Experiment
has an even higher l1-dodecene purity of 98.6%wt in
comparison with 98.1 and 98.0%wt for Experiments 1 and 2,
20 respectively.
Experiment 4
In this Experiment, the ethylene pressure was raised
to 2.3 MPa, again using a 0.5-litre steel autoclave. The
regression analysis as shown in Figure 4 again gives
25 nearly perfect Schulz-Flory distributions, having a

K-factor of 0.708 showing the following statistics for 12

observations: RZ2 = 1.00 and standard error = 0.02. This

is confirmed by the amount of sclids >Cyg isolated, which

are lower than the amounts calculated from the K-factor.
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15 isol ated anbunt of waxy solids >C28 , which is |ower than the agounts
calculated fromthe K-factor. Aresult of the |ower final alpha ol i L 2004
concentration, this Experinment has an even higher 1-dodecene purity of
08. 69wt I WOOGEPHri son with 98.1 and 98. 0% for Experi nenpeT/EPemais@ 20
respectively. Experinent 4 In this Experinment, the ethyl ene pressure was
raised to 2.3 MPa, again using a 0.5-litre steel. autoclave. The

regressi on anaPRce aEXATRTSH B Ghde aghPwesi Kesagtorehdy perfect

Schul z-Fl ory digSt)l | ' . K- f.ac 0. 708. showi ng, t he

fol | owi ng st at .Ez‘héé? écfgp?z' h%?\;éslg%/%lléc%\sf ééégg%gﬁﬁﬁﬁﬁégtéﬁdg]?ﬁ BrMGr =
0.02. This is eenfevidiebdntdhe(sumurdbXd Bp! i ths S68811:s9bat W ghgar e
| ower than the anpunts calculated fromthe K-factor. 33 1 6 JUL 2004"WO

01/ 58874 PCT/ EPDE/ ®I506GHEhcheipdidaanon, 41 showsha dbwegomief act or t han
Experi ment g ereas its 1-dodecene purjty is the same _or even better
(see Table ).\g?lﬁté:d'z’é‘ﬁj‘ﬁrbn:arﬁf ‘ﬁlﬁ]i%é‘fq\'/}é Prestyreayihe xlraredrtoi . e.
the ol i gomer 5. gli-gtridoytd ’réﬁ‘%cﬁhee&ggﬂh'fé pur i @g be altered to what
is required for gcorjfom' cé?’ﬁoper at1on. perl%enéééél pe?‘irrent 5 is a repeat
of Experinmentsgekpandumemi 51 | ower ethylene intake and using a 1-litre
steel autoclave 10 at ethylene pressures of 1.6 MPa, but now at a
Experiment 5 is a repeat of Experiments 1 and 2 at a
lower ethylene intake and using a l-litre steel autoclave
10 at ethylene pressures of 1.6 MPa, but now at a
temperature of 70°C. Experimental details are mentionedI

in Table 1. Once again, regression analysis (see Figure

5) using the Ce - Cop contents gives a nearly perfect

Schulz-Flory distribution, having K-factor of 0.732 and

15 the following regression statistics for 12 observations:

R2 = 1.00 and standard error = 0.02. The Schulz-Flory
distribution is yet again confirmed by the isolated

amount of waxy solids »>Csg, which is lower than the

amounts calculated from the K-factor. At this reaction
20 temperature the l-hexene and the l-dodecene purity were
99.5 and 97.7%wt, respectively.
Experiment 6
This experiment was carried out similarly to
Experiment 5 in toluene at 70°C and an ethylene pressure
25 of 1.6 MPa in a 1-litre steel autoclave and using iron
complex (5), which is in accordance with the present
invention. Experimental details are given in Table 1. The

regression analysis (see Figure 6) using the Cg-Cppg

contents gives a nearly perfect Schulz-Flory distribution

30 over the whole range of oligomers, giving rise to a X-

34



‘tenperature of 70C. Experinental details are nentioned in Table 1. ?ﬁ 2004
again, regression analysis (see Figure 5) using the C6 - C28 cont eL -
~gives a nearly perfect Schulz-Flory distribution, having K-factor of 0.732
and 1S t hWOrG{SB&i ng regression statistics for 12 observatRGREROL/ORD6= 1. 00
and standard error = 0.02. The Schul z-Flory distribution is yet again

confirmed by t i.sol at u of solids >C28,,which is | ower than
the anounts cgﬁgﬁoﬁe{) ﬁ'oﬁg)hgg%-]f%ﬁ%?wﬁt’r?ﬁ% r%%lcfi%no%oali“%nperature
the 1-hexene aRgdfdarl dadesene pusdty Mer T3 .
respectively. Ex;?eri rJr‘:ent 6 This expe)ﬁi nﬁeﬁt&mﬁ%gsr?#god?oﬂgﬂ?ﬁf%ﬁﬁp?o

Experinment 5 i stiatlismesatwit(C dnssarn 2ttytheneatpies sekempPd ©f it 6i4Pa in a
1-litre steel autoclave and using iron conplex (k), which is in accordance
with the preseftead dhatoEXasiicrsHef J1RE a1 Irecarky ghamfedh Selblkz4. The

i i i 6) 4si ng the Gb- C28 i
oot Ty port 2ot Aty SORERUSHH ) Do & FRREITTo g (AR
‘ol i goners, gi ViagurtS®f & #3834, r]e%éﬂ:ix?@% VRO L B84 é;ﬁgélﬁ“’é%é&ﬁ%

factor of 0.785 _(for 12 observatlonjs, 2 = 1. 00_ and _standar rror =
0.02). By conp@rboaPithel KIFadad eSHOBrhatd dides W tILidass dng 1-

Conparative Exanple C, it is «clear that Experinent 6 gives a nearly
perfect Schul zdedeiceme givstirtiybwnli @R . 6THeErsd | 98 .8WH 1 et hee Iys0lEited
hexenes have the following composition: 1-hexene = 99.6,
10 cis-2-hexene = 0.0, trans-2-hexene = 0.0, 3-hexenes =
0.0, branched hexenes = 0.4%wt.
Experiment 7
This experiment was carried out similarly to
Experiment 3 in toluene at 50°C and at an ethylene
15 pressure of 1.6 MPa, but using'iron complex (Z) and a 1-
litre steel autoclave, which is in accordance with the

present invention. Experimental details are given in

Table 1. The regression analysis using the Cg-Cyg

contents gives a nearly perfect Schulz-Flory distribution

20 over the whole range of oligomers, giving rise to a

K-factor of 0.699 (for 12 observations, R2 = 1.00 and
standard error = 0.01). By comparison of the regression
statistics with those of Comparative Example C, it is
clear that Experiment 7 gives a nearly perfect Schulz-
25 Flory distribution. This is confirmed by the isolated

amount of solids >Cpg relative to the amount calculated

from the K-factor. The product shows a l-hexene and 1-
dodecene purity of 99.8 and 99.0%wt, respectively. The
hexenes have the following composition: 1-hexene = 99.8,

30 internal hexenes = 0.1, branched hexenes = 0.1%wtC.
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amount of solids >C26 relative to the anount cal culated fromthe K—&agﬁoi
The product shows a 1-hexene and 1- dodecene purity of 99.6 and 98.6 ,L 064
respecti ugb¥u/sgdi¢ hexenes have the follow ng conposition: 1-hexene = 99.6,
10 ci s-2-hexene = 0.0, trans-2-hexene = 0.0, 3-hexenes 0.RETEROAMIENEA
hexenes = 0.4%m . Experinment 7 This experinment was carried out simlarly to
Experi ment 3 i Axpsidmentat8 50C and at an et hylene 15 pressure of 1.6 MPa,
but using iron conghex %2 and a 1- litre steel autoclave, which is in
accordance with the™fr T 3M@dn tMasn CaERperd martt adindettarillys tay € given in
Table 1. The rggressi amal.ysis susing the CGb6:-C28 contents gives a
nearly perfect %%Eu?*zrlg&to??lé sttorllq"t?@t it %(9 Sverm thel WHidi%e ratmsd of
oligoners, givangotlagel Obait Krsfigef Qo Bufid%.(f0Mg)12% opservatians, R2
1.00 and standard error = 0.01) ?@tBy conpar I g%r?g o@"q)heal}&e)@%%&{?’ ene
statistics i threasseeopfCInFaMet, vehbxdnglse 16 ddedrfaddee i chaty
Experinent 7 gives a nearl& perfect Schulz 25 Flory distribution.eﬁﬂs i
confirned by tRESFEBFatBYENEHHENt EgPegdment alCae tadllat iare tgd viehe iarount
shows a 1-hexene and 1- dodecene

| culated f K- t . d
Sﬁr??yaos 99.gﬂgﬁﬁggéfoégg,9%3§%§%§?@3F;%&¥ﬁés WSiFe S Raks -Cae ol | owi ng

S

ition: = 3Q..1 rnal _hexenes = 0.1, branched hexenes =
8?25&;{ ggnl éﬂ%ﬁ%§§€%4ggéfgi?58gégﬁﬁ Perfedt gc%ulz—Flory distribution
over the whole range of oligomers, giving rise to a K-

10 factor of 0.726 (for 12 observations, R2 = 1.00 and
standard error = 0.01). By comparison of the regression |
statistics with those of Comparative Example C, it is
clear that Experiment 8 gives a nearly perfect Schulz-
Flory distribution. This is confirmed by the isolated

15 amount of solids >Cg relative to the amount calculated

from the K-factor. The product shows a l-hexene and 1-

dodecene purity of 99.8 and 98.8%wt, respectively. The

hexenes have the following composition: l-hexene = 99.8,
internal hexenes = 0.1, branched hexenes = 0.2%wt .

20 In conclusion, it may be stated that in the case of
using a non-symmetrical iron complex no deviation from
Schulz-Flory distribution occurs, which is beneficial to
the economics of the overall process, since in this case
no additional amounts of solids, i.e. heavy wax, are

25 being formed which need to be processed (which may in
itself be cumbersome due to clogging, etc. of the plant
and/or its work-up train) by isomerisation and
disproportionation with e.g. 2-butene to arrive at

internal olefins in the economically attractive range

30 (Cg - Cpg). Moreover, the catalyst activity of these new
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- PCT/ EP01/ 01506 This experinment was carried out simlarly to Experinﬁgi J

in toluene at 50Cin a 1-litre steel JUL 2004
.(1Q and an ethylene 5 pressure of 1.7 MPa, which is in accordance with the
IWwedEtp. Experinental
regression-anal ysis using the C6-C28
Schul z-Flory distribution

pr esent

aut ocl ave,

details are given in

but using iron conpl

TablpgTiEP0TAB06

contents gives a nearly perfect

over the whole range of oligoners, giving rise

to a K 10 fact 6Rt8AYSEEE 5 fodr 1EASSH Y atiagn¥ithe thel Tt £ Sthendurtd

= 0.01). [ f the . i i St i X f
Compar at i ve. ExSRSPevery pt che e Tl A S S digper. ©

perfect Schul z- Fl ehksdi shijeditiedts PYcvd T HeO MHdd:

elffelfé i

anount of solids >C28 relative to the anmpbunt cal cul at ed

FEd R At S

fromthe K-factor.
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i nt ernal

devi ati on from
t he econom cs
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with e.g. 2-but
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The

on occurs,
since in this case
are 25 being forned which need to be
itself be cunbdirédi#® ldue to cl oggi ng,
and/or its work-up train) by isonerisation and disproportionation

process,
heavy wax,

@bav

e,
f i - ‘
SIS s SR, SRR

protlesqver al
anmounts of solids, i.e.

processed (which may in

] hexenes have the foll ow ng conposition:
‘ hekené&Ven§ipn .p A caed
be stated thatmg

1- hexene = 99. 8,
JhRse APREPYSHIRLSsiasie 9f may

ical . I
e S e o A 1 0

enefici

no addi ti onal

etc.

€ 10 arrrve at

Example No. Ex.A Ex.B Ex.C
1,2 2,3 2

{comp) {comp) (comp)

Iron Complex in Reactor | 113 89 387

{nmol)

Reaction Time {(min) 112 60 118

Ethene Pressure 1.6 {16} 1.5 (15) 1.6 (16)

MPa (bar(a))

Ethene consumed 47 .2 37.3 352.2

{Total Product) (g)

Isolated 14.1 11.3 288 .2

Product <Cyq, (g)

Isclated Seolids >C,g (g} 25.4 25.4 33.0

Solids >C,g on Ethene 53.8 68.2 11.1

{(Twt)

C30.100 on Total Product 1z.2 26.8 7.0

(calc’d) (%wt)

T.O.F (mOlC2=/ molFe*h) 7.98E+06 1.49E+07 1.62E+07

K-factor 0.774 0.834 0.737

1-Cg= purity (swt) 99.5 98.2 99.1
98.4 97.7 96.5

1-Cy5= purity (%wt)
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internal olefins in the economcally attractive range 30 (C8 - C28).1% L 2004
- Moreover, the catalyst activity of these new 36 1 6 JUL 2004 WD 01/ 58 JH
PCT/ EPO1/ 01506 catalysts is at |least on a par with the state-of-the-art

cat al yst sSWHH/S#HE purity of the 1-alkenes is even hi gher. BREEBVIANG | ment s
prove the beneficial effects which can be achieved with the catal yst
systens of the present 5 inventionTméiﬁpﬁpu%k&&gdﬁbove, t hese i nprovenents
are of mmjor inportance for the economc attractiveness of the process.
TABLE 1 Exanpl e NewExr~A-EX—B-Ex—C—{conp) 1 2(conp) 2 3(conp) 2 1r0on
Conpl ex in Reacflor11389397 (nnol) Regaction Ti fre (mn) 11260118 Et/hene
Pressurel. 6 (16] ExBmpl®) No6 (16) MPa (Barl(a) ) Ekxt.lzene E 1
consuned47. 237. 352. 2 (Total Product)|(9g) Isolyted14.11L.§f§8.2 A
<C30 (g) Isolat§dsSorids >CZ8 (g)<Z5. 4p5-439°0

Iron Complex in 204 208 108 85
Reactor (nmol}

o

1
E
ré%ﬁ%t

Reaction Time {(min) 176 a5 13 16
Ethene Pressure 1.6 1.6 1.6 2.3
MPa (bar({a)} (16) (16) (16) {23)
Ethene consumed 352.2 352.2 48 .2 47.8
(Total Product) (g) .
Isolated Product 322.8 310.7 45.0 41.3 +
<C3q () -
Isolated Solids >Cyg 23.4 26.5 1.0 0.8
{g)

6.6 7.5 2.1 1.9

Scolids >C,g on
Ethene (%wt)

C30-100 on Total 8.2 8.5 6.0 4.4

Product {(calc’d)

{(%wt)

T.0.F (molCy=/ 2.10E+0 [3.82E 7.34E 7630E
7 7 07

molFe*h) +0 * +

K-factor 0.747 0.749 0.727 0.708

1-Cg= purity (swt) 99.7 99.7 99.7 99.8
98.1 S8.0 98.6 98.9

1-Ci,= purity (%wt)
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"Solids >C25 on Etheneb53.868-211.1 (%) C30-100 on Tota

Product 12. 226.87.0- (calc'd) (cwt) T.O F (nmol C2=/ - 16 JuL 2004
.ol Fe*h) 7. 98E+061. 49E+071. 62E+07 K-factor0. 7740.8340. 737 1-C6= purity

(W) 99. 59802988874 1- C12= purity (%m) 98.497.796.5 37 1 6 PcCwHP0R0B4s VO

01/ 58874 TABLE 1 (cont' d) PCT/EP01/ 01506 Exanple No.Ex.1 Ex.2 Ex.31 Ex.41
I ron Conpl ex i n20420910885 Reactor (nnol) Reaction Tine (mn)176951316

Et hene Pressurel. 61.61.62.3 MPa (ba %%&?(16}@%;(45)(23) Et hene
consunmed352. 2352. 248. 247.8 (Total Product) (g) isolated

Product 322. 8310 745.041. 3 <C30 (g) lqolated SofTds SCZgZ3- 420 517005
Solids >C28 on§ gfamg1d1ng. Et hene (° % C§0 100 on4TotaI8.ZB.56 04.4
. . Ex. Ex. 7 Ex. 8
Iron Complex in 169 274 245 281
Reactor (nmol)
Reaction Time {min) 26 ‘ 56 71 S0
Ethene Pressure 1.6 1.6 1.6 1.7
MPa (bar{a)} (16) (16) (16) (17)
Ethene consumed 136.3 135.7 70.4 117.4
(Total Product) (g)
‘{ Isolated Product 119.7 112.5 6.8 103.1
<C3g (9)
Isolated Solids >Cag 5.6 15.7 0.8 3.6
(g)
Solids >C,g on 4.1 11.6 1.2 3.1
Ethene (%wt)
C30.100 On Total 6.5 14.1 3.8 5.9
Product (calc’d)
($wt)
T.O.F (m01C2=/ 6.74E 1.90E 8.67E l.OOE
molFe*h) +07 +07 +06 +07
( K-factor 0.732 0.785 0.699 0.726
1_C6= purity (%Wt) 99.5 99.6 99.8 99.8
1—C12= purity (%wt) 97.7 98.6 990 98.0
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Product (talc' d) (%w) T.O F (nol C2=/2. 10E+03. 82E7. 34E7. 50E 7+07+07+0Q7
nolFe*h) K-factor0.7470.7490.7270.708 1-C6= purity (%) 99.799.799. 76aiUg 200t
1-Cl2= purit &%ﬁn)98.198.098.698.9 38 1 6 JUL 2004 WO 01/58874 TABLE 1
(cont' d) “’9@1/‘/5 $ /01506 Exanpl e No. Ex.54 Ex.64 Ex. 7Ex. SPCFEMVIQ3MS ex

i n169274 Reactor (nnol) 245281 Reaction Tinme (mn)26567190 Et hene

Pressurel. 61.61.61.7 MPa (tiar(a 16) 16)%%6 (17) Ethene ]
consunmed136. 31 ﬁ%)r.nﬁrl‘%. &aﬁ?é?)ﬁﬁ) gﬁ’:oéﬁc )altso[IAe@{]e&Fe] ratio of
Product 119. 71125 5665836314 € 9_%.‘ d,5qli ds . >C285. 615,.70-. 83.6 (g)
Solids >C28 ond. 111.61.23 1 g?‘%?%%)( % gc@o-@%@%%?%t?la%é&@f&?ff'85.9
unless indicated otherwise.
1 carried out in 0.5-litre steel autoclave.

5 2 catalyst prepared according to WO-A-99/02472.

3 Complex XI in dichloromethane (without pre-activation)
added to MMAQC/isooctane mixture at [Al]) /[Fe]l ratio of
11500.

4 carried out at 70°C; ethene consumption derived from

10 total product (Cg4 -~ Cygp9 olefins from regression i

analysis) .

4



. - -

Product (talc' d) (%) T.OF (npC26. 74ELl. 90E8. 67E1. 00E nol Fe*h) 16 JUL 2004
+07+07+06+07 K-factor0.7320. 7850. 6990. 726 1-C6= purity :

(%) 99.599.699.899.8 1-Cl2= purity (%w)97.798.699.098.0 39 1 6 JUL 2004
WO 01/58874 PCT/ EP01/ 01506 Experinments carried out at. 500C, at [All/ [Fe]
ratio of 2500-6000 in toluene, using 1-litre steel autoclave, unless

i ndi cated otherwse. 1 Carried out in 0.5-litre steel autoclave. 5 2
Cat al yst prepared according to WO A-99/02472. 3 Conmplex Xl in

di chl oronet hane (w thout pre-activation) %gded to MVAQ i sooctane m xture
at [Al]/[Fe] ratio of 11500. 4 Carried ou M & hene consunption
derived from 10 total product (C4 - Cl00 olefins fromregression

anal ysis). .40 1.6 _JUL 2004 C L I MS 1. A non-synmetri cal

bi s-aryl i ntaepyfi &Pﬁe‘slyi%fsﬁﬁfloqﬁ for A sy ¥ imingayridire diigaRid RSt and R7- R9
and RlZ-Rlﬁgamalgaqig,

(D)

wherein R1-Rs and R7-Rg and Ri12-R14 are each,

independently, hydrogen, opticnally substituted
hydrocarbyl, an inert functional group, or any two of
R1-R3, R7-Rg and R12-Ri4 vicinal to one another taken
together may form a ring, and Rg and R10 are each,
independently, inert functional group or primary or
secondary carbon atom group provided that Rg and Ryp are
not both a secondary carbon atom group, and R11 and Ris
are, lindependently, hydrogen or halide.

2. A non-symmetrical bis-aryliminepyridine ligand of

formula (I),
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i ndependently, hydrogen., optionally substituted hydrocarbyl, an infrt L 200
functional group, or any two of RI-R3, R7-R9 and R12-Rl4 vicinal to gnw
anot her taken together may forma ring, and R6 and Rl O are each,

i ndependently, inert functional group or primary or secondary carbon atom
group provided that R6 and RLO are not both a secondary carbon atom group,
and R11 and R15 are, independently, hydrggen or halide. 2. A
non-symetrical bis-arylimnepyridine lighnd of formula (1), 41 1 6 JUL
2004 R7 R14 R13 (1) wherein R1-R5 R12- R14 are each

i ndependently, hydrogen, optionally su ted hydrocarbyl, an inert
functional group, or any two of anﬂsRlz-R14 vicinal to one
anot her taken together may fornrg rrgg, an s tgen together with R7

to forma ring, and RLO is_ a prifimarylicarbon atibm gfoup, an inert

functional group, or hydr < I
hydr ogen or halide. 3. A non-
formula (1), (1) wherein Rl

rical biz-arylii e¢pyridine |igand of
R7-Rg and RL1j are each,

wherein Rj-Rg and R7-Rg and Rjy3-Ry4 are each,

independently, hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or any two of

R1=-R3, R7-Rg and Rj2~-Rj4 vicinal to onz another taken

together may form a ring, and Rg is taken together with

Ry to form a ring, and Rig 1s a primary carbon atom
group, an inert functional group, or hydrogen, and Rjyj
~and Ry are, independently, hydrogen or halide.

3. A non-symmetrical bis-aryliminepyridine ligand of

formula (I},

whereln Ri—Rg and Ry-Rg and Rys-Ry4 are each,

independently, hydrogen, optionally substituted

hydrocarbyl, an inert functional group, or any two of

R1-R3, R7-Rg and R17-Ry4 vicinal to one another taken
42



i ndependent |y, hydrogen, optionally substituted hydrocarbyl, an ineﬁt%JULZMh
functional group, or any two of R1--R3, R7-R9 and R12-R14 vicinal to one
anot her taken 42 1 6 JUL 2004 together may forma ring, and R6 and RI O are
taken together with R7 and RO respectively, to formrings, and R11 and
R15 are, independently, hydrogen or halide. 4. A non-symmetrical

bi s-aryl i nl kngpghiedi mayl ifgand ofridor mia B K &7151?%&%14:% T R13 R12
(I') wherein R1-R5 and R7-R9 and R12-R14 are each,”” i ndependently,
hydrogen, oppiesaklry widls 7 wret Ry spmartial artd neydm frindd onalq 9r oup,
or any two of R1-R3, R-7-R9 and R12-R14 vicinal to one another taken

t oget her mafltodfdaRiisngreand el wr dyydioykependanilige et hyl , et hyl
or linked tg R7 and RO respectively to froman anthracene skel eton, and
R11 and R1%-are? PRESHIAGSTHANE My dricyety Finiovepde iotireh| ldrdated of. . A
non- symmet r gk, pis-@nyl i mnepyridine ligand of formula (1), 4316 J UL

2004
Rg
Ris
N Ri4
14 Ryy
Rz

(1)
wherein R1-Rs and Ry-Rg and Ryp-Rjy4q are each,

independently, hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or any two of

Ri-R3, R7-Rg and R13-Ry4 vicinal to one another taken

together may form a ring, and Rg and Rjp are,
independently, methyl, ethyl or linked to R7 and Rg
respectively to from an anthracene skelston, and Ri1 and

R15 are, independently hydrogen, fluoride or chloride.

5. A non-symmetrical bis-aryliminepyridine ligand of
formula (I),
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R12 (1) wherein RL-R5 and R7-R9 and R12-R14 are each, independentlyg jui 200
hydr ogen, optionally substituted hydrocarbyl, an inert functional group,
or any two of RI1-R3, R7-R9 and F12-Rl14 vicinal to one another taken
together may forma ring, and R6 is an inert functional group or an
optionally substituted hydrocarbyl and Rio, Rll, and Rl5 are,
i ndependent |y, hydrogen or halide. 6. A big-arylimnmnepyridine MXn conpl ex
conprising a non-symetrical |igand accorjding to any one of Clains 1- 5,
wherein Mis a netal atom sel ected fRg , B3, nis 2or 3, and X is
hal i de, optionally substituted hydrocarf Al koxi de, am de, or hydride. 7.
A [biz-arylimnepyridine NNp.Ln+]huC-]q ex onprising a
non-symretrical |igand accordi ngrt O '.hgs 1-5, wherein Y is a
| i gand which nmay insert an_ ol ef]n; at¢m sel ected from Fe or
Co, NC- is a non-coordina 0 ' 3, -BRatching the
formal oxidation of said netal L is a neutr s donor nol ecul e
and n = 0, 1, or 2. 8. A procagsfor the producti al pha-ol efins, which
] toprlaim6 with
et hyl ene and a second conpound which is capable of [transterring an
optionally substituted 44 1 6 JU® 2004 hydrocar byl Brz hydride group to a
netal atom M sel ected 1)

wherain R1-Rg and R7-Rg and Rys~Ri4 are each,
independently, hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or any two of

R1-R3, R7-Rg and Rj3-R{4 vicinal to one another taken

together may form a ring, and Rg is an inert funetional
group or an opticnally substituted hydrocarbyl and Rig-,
R11, and Rys5 are, independently, hydrogen or halide.

6. A bis-aryliminepyridine MX, complex comprising a
non-symmetrical ligand according to any one of Claims 1-
3, wherein M is a metal atom selected from Fe or Co, n is

2 or 3, and X is halide, optionally substituted
hydrocarbyl, alkoxide, amide, or hydride.

7. A [bis-aryliminepyridines MYP.Ln+][NC']q complex
comprising a non-symmetrical ligand according to any one
of Claims 1-5, wherein ¥ is a ligand which may insert an
clafin; M is a metal atom selected from Fes or Co, NC™ is
a non-coordinating anion and p+q is 2 or 3, matching the

formal oxidation of said metal atom; L is a neutral Lewis

donor molecule and n = 0, 1, or 2.
g. A process for the production of alpha-olefins, which
comprises contacting one or more complexes according to
Claim 6 with ethylene and a second compound which is
capable of transferring an optionally substituted
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ffon1Fe or Co, and which is al so capable of abstracting an X- grougd § nenu
said netal atom at a tenperature in the range of -100C to +300C. 9. A
process for the production of alpha-olefins, which conprises contacting
" one or nore conplexes according to Claim6 with ethylene and a second
compound which is capable of transferring an optionally substituted
hydrocar byl hyirdgairbdé grobpdrade mevab abom Mesehegied M D84 Co, and
athird conPo%Qnghlch i s capabl e of A abstracting an X- group from said
metal atom-at"a -tehpePat AFE FAICRe lFandscorarable b aBAACackingA process
for the pro ko f _al.pha-ol ef,ins, .conprising contacting one or nore
{bis-aryliﬁgﬁg%yrgﬁgﬁg fgﬁWp?EﬁF]mﬁﬁé;]6t8@wpﬁ§xést§@@@mawmgetdnﬂtﬂaﬂ'7
with ethyleqmgaten teopdr atyire3psed he range of -100C to +300C. d 45

9. & process for the production of alpha~-clefins, which

comprises contacting one or more complexes according to

Claim 6 with ethylens and a second compound which is

capable of transferring an optionally substituted

hydrocarbyl or hydride group to a metal atom M selected

from Fe or Co, and a third compound which is capable of

abstracting an X~ group from said metal atom, at a
temperature in the range of -100°C to +300°C.
10. A process for the production of alpha-olefins,

comprising contacting one or more'Ibis—aryliminepyridine
MYp.Lp*] (NC7)q complexes according to Claim 7 with

ethylene at a temperature in the range of ~100°C to
+300°C.
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