PROCESS FOR PRODUCI NG LI NEAR ALPHA OLEFINS Fi el d of
the I nvention The present invention relates to a
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ol i gonerization and to catal yst systens for use in
sai d process. Background of the Invention Various

processes are known for the production of higher

i near al pha olefins (for exanple D . Vogt,

A igonerisation of ethylene to higher a-olefins in
Appl i ed Honobgeneous Catalysis with Organonetallic

Conpounds _Ed. B . Corni ) n
Edi ti on, P\?‘QFES?( FOR P@ﬁ#@%ﬁ&@%ﬁ%ﬁ@@}:%&ey
- VCH 2002) These commercial processes afford either a
Poi sson or Schulz - Flory oligoner product
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ndependent fromc {0 Ien th
?599%%31%'%VFbﬁ%‘ FPgSnE it ep oF Pﬁe Hhefiid
Fbgb@ésgleflns Process (SHCP) is a typlcal exanpl e of
Schulz - Flory process. In a Schul z-Fl ory process, a
D £ g E4PB typical |y made in which
the fr@&fi&ﬁb‘grd%@%@egl§Eénk§&ﬂ1bﬁnﬁ@ﬂﬁgﬁhBQGCEYOn of
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on atons In a particular product olefhg
Compounds Ed. B. Cornils, W.A. Herrmann, Edition,

Vol. 1, Ch. 2.3.1.3, page 240-253, Wiley-VCH 2002).

These commercial processes afford either a Poisson or
Schulz~Flory oligomer product distribution.

In order to obtain a Poisson distribution, no chain
termination must take place during oligomerisation.
However, in contrast, in a Schulz-Flory process, chain
termination does occur and is independent from chain
length. The Ni-catalysed ethylene oligomerisation step
of the Shell Higher Olefins Process (SHOP) is a typical
example of a Schulz-Flory process.

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

the relative proportions of the product olefins, is the

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



The K-factor is by definition the sane for each n . By
i gand variation and adjustnent of reaction
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| oner values. In this way, the process can be operated
to produce a product slate with an optim sed econom c
benefit. Since demand for the C- ClQ fraction is nuch
hi gher than for the C20 fraction, processes are
geared to produce the | ower carbon nunber ol efins.
However, the formation of the Righer carbon nunber
olefins is inevitable, and, w thout further

s | rther
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I'Tity of the process.
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directed to keep the production of the higher carbon

nunber ed ol £fd RS kA4t BEr abSOIMUL @ (1 R-AUAY oh - £5 KL higher
nore than inherently associated with the Schulz -

Flory Kfactor . In this regard a nunber of published
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nEnevitable, and, without further processing, the
formation of these products is detrimental to the

profitability of the process. To reduce the negative

impact of the higher carbon number olefins and of the low
value C4 fraction, additional technology has been
developed to reprocess these streams and convert them
into more valuable chemicals such as internal Cg-Cig

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

In this regard a number of published patent
applications describe catalyst systems for the

polymerisation or oligomerisation of l-olefins, in



foll owi ng patent applications which are incorporated

herein by reference in their entirety: WO 92/12162, WD
wON2/Pe3%4 WO 99/ 12981, WO 00/50470, WO 98/ 27 10dT/ER¥004/051365

99/ 02472, WD 99/50273, WO 99/51550, EP-A- 1,127, 987,

WO 02/12151, WO 02/06192, WO 99/12981, WD 00/24788, WO

00/ 08034, WD 00/ 15646, WD 00/ 20427 and WD 01/58874 and

W003/000628. In particular, recgntly published Shell

s\fxp)lsl/ git IS%S W01/ 58874, W02/ 00339, W02/ 28805 and
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bis-imine pyridine iron dichloride complexes which are
15 highly active in the oligomerisation of olefins,

especially ethylene and which produce linear alpha
olefins in the Cg-C3p range with a Schulz-Flory

distribution, said linear alpha olefins being of high
purity.

20 Tt is known to use a co-catalyst such as an
aluminium alkyl or aluminoxane (the reaction product of
water and an aluminium alkyl) in order to activate olefin
oligomerization catalysts. One such co-catalyst is MAO,
i.e. methyl aluminoxane. Another such co-catalyst is

25 MMAO, i.e. methyl aluminoxane modified by isobutyl
groups.

However, during ethylene oligomerization experiments
in paraffin solvents using bis-arylimine pyridine iron
dichloride complexes and MMAO as co-catalyst, catalyst

30 1ifetimes have been found to be relatively low with
concomitant formation of precipitates over time, despite

application of an inert gas cap. Such catalyst decay is



application of an inert gas cap. Such catal yst decay
i sespeci ally inconvenient during continuous operation
wo@Rooanosshyl ene ol i goneri zation plant since prECI/BR2004/051365

dosi ng of these catal yst "solutions" or rather "ever -
changi ng suspensions or slurries" becones a difficult
task. One solution to this problemwould be to dose

the MMAO sol ution and the bis-argylimne pyridine iron

di chl ori de conpl ex solution separately and m x these
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desi gnated hereinafter as Fe(acac) 3,

whi ch
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15 in situ, i.e. within the ethylene oligomerization
reactor, in such a way that the components of the
catalyst system form a clear and stable solution in the
aliphatic or aromatic hydrocarbon sclvent used in the
oligomerization reaction.

20 Chemtech, July 1999, pages 24-28, “Novel, highly
active iron and cobalt catalysts for olefin
polymerisation” by Alison Bennett, discloses that a
mixture of Co(acac),, pyridine bis-imine ligand, and
methyl alumoxane will polymerise ethylene in high yield

25 to form a similar polyethylene product as that formed
from the precatalyst complex and methylalumoxane.

It has been observed by the present inventors that
Fe (III) (2,4-pentanedionate)s;, designated hereinafter as
Fe (acac)s;, which is sparingly soluble in aliphatic

30 solvents such as isooctane or heptane is transformed into

a clear and stable solution by addition of an

approximately equimolar amount of the appropriate bis-



sol vents such as isooctane or heptane is transforned
into a clear and stable solution by addition of an
wa@ppsosEsnat el y equi nol ar anount of the appr oprPEL/BP2004/051365
bi sarylimne pyridine ligand. This allows the in- situ
preparation of a Fe (I1l) bis - arylimne pyridine
conplex in the oligonerization reactor. Use of MMAO as
catal yst activator in the aboves- nentioned in-situ
preparation gives a high initial activity of catalyst,

howevgr,1 ig@hal ystididetimgiis rehati yelywshaid ,in-situ
particularly at el evated terrperatures in aliphatic
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yield of the final product is on a par wth those
obt ai abPitir MAdEents.

15 Therefore, there is a need to identify alternative
co-catalysts in the in-situ preparation of Fe-based
catalyst systems, in order to improve catalyst lifetime.
Importantly, this boost in catalyst lifetime should not
be at the expense of alpha-olefin yield and purity.

20 It has now surprisingly been found that the use of
selected By- and/or B8- branched aluminium alkyl or
aluminoxane co-catalysts in the in-situ preparation of
bis-imine pyridine Fe and Co complexes provides catalyst
systems with longer lifetimes and higher catalytic

25 activity. At the same time, the alpha-olefin purity and
alpha-olefin yield of the final product is on a par with
those obtained with MMAO.

US Patent No. 6,395,668 discloses a catalyst system
for the polymerisation of olefins comprising the product

30 obtainable by contacting (a) one or more compounds of a
Group 8-11 transition metal, and (b) a reaction product

of water with one or more organometallic aluminium



US Patent No. 6,395,668 discloses a catal yst system

for the polynerisation of olefins conprising the
w@e@dnedsobt ai nabl e by contacting (a) one or NMPCEEP2004/051365
conmpounds of a Goup 8-11 transition netal, and (b) a
reacti on product of water with one or nore
organonetal | i ¢ al um ni untonpounds. Al |l of the ethyl ene
pol yneri sati on exanpl es therei n grake use of a
bi s-imne pyridine iron precatal yst conplex. There is
no di SRS .1 Nathi 81 dogsinBiHy 1ine Re1RWePaEAE i ON Slamples
l'i near al pha ol efins using a catal yst system where the
bi s- i Figreigy madien8spr 8f 2 ovdbl Biifegs PysdAippephredPieratalyst
SILU. SHITILY Gheles LIS QL the Prgsent o aﬁaﬁaé@@ of the
provi des a process for the preparation o
ol ef i prseaomgiriicsi g ﬂeaearn@l};dtah)dlafe;nundenng a catalyst
ollgonerlsatlon C Lons in the .pr.esence_ of
o e T e By AT P TRadatn oo Bt 1 jhas been
Fe(l Ipyepdidd Idn-arit@(111) ; (b) a bis- arylimne

pyr i |ne ligand; and (c) a co- catalyst which is the
r eact PWHHFO A NS IRNEBEIQRt h one or nore

or ganonet a| i gpxaésléwtnw%ﬁ@m%ﬁ@se%t %?of:égm for the
(i) bd-branche ounds of formula (1)
cmmprep@a@w%)a%%aypﬁem €GN Siing aeﬁph@a@ fhylene

et ot B el el £ R e ox o

radi cal xt e i c@ngidriggen or a |inear or branched,

saturated or unsaturated Cl-C20
(a) a metal salt based on Fe(II), Fe(III), Co(II) or

n

Co(IIl):
{b) a bis-arylimine pyridine ligand; and
15 (c) a co-catalyst which is the reaction product of water

with one or more organometallic aluminium compounds
selected from:
i)Bd-branched compounds of formula (I):
Al (CH,-CRR*-CH,-CR*R°R®) \R%/H,

20 wherein R! is a linear or branched, saturated or
unsaturated C;-Cap alkyl, C3=Cao cycloalkyl, Cs-Cso
aryl, C;-Czp alkylaryl radical; R? is hydrogen or a
linear or branched, saturated or unsaturated C;-Cgo
alkyl, Cg—Czo aryl, C;—Cy alkylaryl or arylalkyl

25 radical; R® is a linear or branched, saturated or
unsaturated C;~-Cog alkyl, C3—Cy cycloalkyl, Cg—Czo
aryl, C;-Cz alkylaryl or C;-Cz arylalkyl radical; =x
is an integer of from 1-3; z is 0 or 1; and y is 3-
x~-z; R* and RS, the same or different from each

30 other, are linear or branched, saturated or
unsaturated Ci-Cyp alkyl, C3=Cyo cycloalkyl, Cg=C2o
aryl, C;—Cz arylalkyl or alkylaryl radicals; the



al kyl, C6-C20 aryl, Cr7- C20 al kylaryl or aryl al kyl

radical; R3 i s a linear or branched, saturated or
waop®anessst ed G - C20 al kyl, C3- C20 cycl oal kyPCT/Er20GR@51365

aryl, Cr7- C20 al kylaryl or Cr7- C20 aryl al kyl radical;

X 1 s an integer of froml1l- 3; zi s Oor 1; andy i s

3- x- z; R4 and R5, the sane or different from each

other, are linear or branched, gaturated or

unsaturated G -C20 al kyl, C3-C20 cycl oal kyl, Ce-C20

aryl , Cr.62Q anyhalkyl aen af ky ar'ybhnsafi GptSonally form
thesubstituents RL and R4 or R4 and R5 optionally form

one or twene pgstwhavlimgs 3 hayi®acdr benbatareon REqus;: R° is
hydr ogen qr. he_s ean] f R4 _an oGl kB

- br anched%é’g%% Shdgrolsggor rrulrga%1 I?‘)eagll?%—lgf% il k ?

2- CR1R2- CR4R5 R& ¥ R3nyhtzd wmaupeiumdR] oR2 fRBpnu R4, (1RD), R6,

X, y and z are as define el 0V.E41ld)6l €lsation to

3 or nul a (1); and mxturegl{tﬁ{?rggfgo&%e%g% Lﬂv\ﬁ t he

met al sal tyrandithhe! pirg- ary) infi, ne> mA,i di,ne hhgandhss s

m xed together they are soluble in aliphatic or

aromati ¢ WAFIEEE BERCSBRVRYH . in it S 3PN EP aepEEta ofl) i
the present, | r&gﬁgﬁlg%gt Eﬁ'@f&)f;s_ provi ded a catal yst

syst em obt al na e in- situ mxing of: (a) a
met al wisateirbaden cheFsetd), s 1and theophpyasylaping | )

oot e PR L B B0 Lottt
one 0#1iWH=£r iy ganeremnaklt chaditmiaibom codpeunds
sel ect ed f{éﬂg further aspect of the present invention there
is provided a catalyst system obtainable by the in-situ
mixing of:
15 (a) a metal salt based on Fe(II), Fe(III), Co(II) or
Co(III):
(b) a bis-arylimine pyridine ligand; and
(c) a co-catalyst which is the reaction product of water
with one or more organometallic aluminium compounds
20 selected from:
(i) pd-branched compounds of formula (I):
Al (CH,—CR'R?*-CH,-CRR°R®) 4R%H,
wherein R! is a linear or branched, saturated or
unsaturated C;-Cyo alkyl, C3-Cy cycloalkyl, Cs—Czo
25 aryl, Cy;-Cp alkylaryl radical; R? is hydrogen or a
linear or branched, saturated or unsaturated C;-Cpo
alkyl, Cg—Cpo aryl, Cq-Cyo alkylaryl or arylalkyl
"radical; R® is a linear or branched, saturated or
unsaturated C;-Cso alkyl, C3-Cyo cycloalkyl, Ce—Cayo
30 aryl, Cs-Cg alkylaryl or Cy—Cy arylalkyl radical; x
is an integer of from 1 to 3; z is 0 or 1; and y is

3-x-z; R? and R®, the same or different from each



(i)bd -branched conpounds of forrmula (I): A (CH2-
CR1IR2 -CH2- CRAR5R6) R3 yH2 wherein RL i s a linear or
whe@sobss4 sat urated or unsaturated Cl- C2O al KRET/EP2004/051365
C3-C20 cycl oal kyl, C6- C20 aryl , C7-C20 al kyl aryl
radical; R2 i s hydrogen or a |inear or branched,
saturated or unsaturated G -C20 al kyl , C6- C20 aryl,
Cr7- C20 al kylaryl or arylalkyl radical ; R3i s a
I:Eelar or branched, saturated or unsaturated G -C20
al kyl, C3- cy a : v S RO
al kyl aryl ogl%&- %%% g%%%ﬁ%ﬁ (Br%%éll%%}aé:d' %F S a%d or
i nt eger ofurfsadmratedoCB3;Czz d1ky10 €5-Tz0 apdlgalkyl,3-CexCao
z; R4 and R5,, the sane_o i fferent . .from eachother,
ar e Iineararéfrl'b?éﬁ%‘ie%,rys%ﬂ( ratd a&rkyggg ?u?%?%; the
G - C20 al kinst@3uER0scytloal Ryl or G6- aGA0RAraHL i dBAL 1§20 0rm
aryl al kyl or alk Iar\B/l (grmg)s;_ th sub%tituents Rl and .
SRa" or R4 SN RS 5PPi 6haETy HBFM%re t6r Ot GRIPPHRtoms: R is
having 3 4R, L£RNPER AEOMBLe Rines nitveragenr okt has rhe
sane neaning off R4 and R5; (ii)bg -branched conpounds
of fornul ali(@)IBy-Arapched CRIRRUTRERDRE R #z (hhkr ei n
Rl R2, R3, R4, R5, R6, X apdi.z:_are f i ned
her ei nabove in relation to For %%I%Z ?{P)E;ﬂg%x ﬁ%izxt ures
t her eof ; whtermedim ®henr?, he’ mer’al R8aIR®,amd yhend z are as

103r o 2o ubl 1 1T PORALPEGTe sk bRy s My GoaPbOmLe (2
sol vent. Datainliedubescehptéon; of the I nvention
wherein when the metal salt and the bis-arylimine
pyridine ligand are mixed together they are soluble in
aliphatic or aromatic hydrocarbon solvent.

15 Detailed Description of the Invention

A first essential component of the catalyst system
herein is a metal salt based on Fe(II), Fe(III), Co(II)
or Co(III).

The metal salt and the bis-arylimine pyridine ligand

20 are chosen herein such that when they are mixed together
they are soluble in aliphatic or aromatic hydrocarbon
solvent. BEthylene oligomerization reactions are
typically carried out in an aliphatic or aromatic
hydrocarbon solvent.

25 As used herein the term “when the metal salt and the
bis-arylimine pyridine ligand are mixed together they are
soluble in aliphatic or aromatic hydrocarbon solvent”
means that the metal salt when mixed together with the
bis-arylimine pyridine ligand in a molar ratio of 1:1.2

30 has a solubility in heptane at 25°C in the range of Z2ppb
to 200ppm, preferably from 2ppm to 200ppm and more
preferably from 20ppm to 200ppm (wt/wt based on metal in



A first essential conponent of the catal yst system

herein is a netal salt based on Fe(ll), Fe(lll),
W@os0)s38¢ Co(l11) . The netal salt and the biBCT/EP2004/051365

-arylimne pyridine |ligand are chosen herein such that

when they are m xed together they are soluble in

al i phatic or aromatic hydrocarbon solvent. Ethylene

ol i gonerization reactions are tygpically carried out in

an aliphatic or aromatic hydrocarbon sol vent. As used
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subst andal 1y reldeataspbut onvént hepipdrellyhesedtin ethylene
shoul d. al so form,a substantially clear solution in
ot heroht§tpitiz@ tdrrar6aat + @2 hydr ocar bon sol vent s

typical Iy piserhddn net-Byhepge ot é gomefbszahi 011 ¢astémns.
As used herein the term"substantially clear
solution” means a visually transparent solution which
15 does not give rise to sedimentation over time at room
temperature. The term “substantially clear solution” as
used herein is intended to encompass both real solutions
(which contain dissolved particles with an average
particle diameter of from 0.1 to 1 nm which cannot be
20 detected by microscopic or ultramicroscopic techniques
and cannot be separated by (ultra)filtration or dialysis)
and colloidal solutions (which have particles with an
average particle size of from 0.1 to 0.00lpm (=1lnm) which
do not show sedimentation over time at room temperature).
25 Tt should be noted that within the ambit of the
present invention it is possible to use a metal salt,
which, when taken on its own, is insoluble or only
sparingly soluble in aliphatic or aromatic solvent,
provided that when it is mixed with an appropriate bis-

30 arylimine pyridine ligand, the mixture is soluble in

aliphatic or aromatic solvent.



solution” neans a visually transparent sol ution which
does not give rise to sedinentation over tine at room

wWao egopeessure. The term "substantially cl ear soPCI/EP2V04/051365
as used herein is intended to enconpass both rea
solutions (which contain dissolved particles with an
average particle dianeter of from0.1 to 1 nm which
cannot be detected by m croscopjc or ultram croscopic
techni ques and cannot be separated by

(ultra)fi h%%mft?ré%déﬁ%i

(whi ch have partic
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an average particle size of

fromificlutde Ga@tbxvhated nmarbaimehedo abkosidaw, thiolates,
sedi nent at i

n.over ti f r.oom ) |t
shoul® & ﬁgﬁggsth%%aégaé%’ntgggcg%§?%§g%y%§b'%ﬁﬁgﬁﬁ%Fes’
kﬂve@ﬂk%@hﬁhatsspossét&xaddldmaeea,nﬁmﬂhosaéﬂylaMdUdmates,
en taken on its own, is insoluble or only sparingly
Ssol ubie IRiBPREREY F RCSTO Gt it 858P$%9f£1%¥ GVi i e can be
that \heR by b8 BhyeshbM dit ahcaRRr Bpr kaber bigerrts, as well

arylimne pyridine ligand, the mxture is soluble in
al i phetave ¢ro &hofat PELbbtd dit tRenartri ting exanpl es of

sui tabl e %@%ﬁ%rﬁggéé?égfh%%ﬁ.C%%Qoﬁgga5?§eiQQ£R§q§kﬁs’

al koxi des, 't

10 cat ol ates, oxal ates,

t hi ocarthmnplatyespbst bpot &t essetpllesphnates; also designated

acetylacetong e

10/ mi nt ety

acet %nat e

Lyl ., bis - .
o B RS PR 855 «DhPiinippges ane

t uneds by Ank-aRpreprtat e oircenef asehglbtuentstedsre

wel |

known to those skilled in the art. Preferred

met al Sk i e, upESheF eSS RS e capti BRIty Ce alkyl
Substéfcft{g%@ %%%te)éliéﬁﬂzozﬂ@tt_l%%. alss@ngeskopat edi sore .
al Kanedi

(x+2)=-

nat es, such as 2 , 4- al kanedi onat es and

3, 5- atkanedicdmarsss. ivkbrde Ko ‘arenftacdionates: ate’s 6, 6-

15subst

20
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butanedionates and l,3—diphenyl—l,3—§ropanedionates.
Preferred acetylacetonates for use herein are the 2,4-
pentanedionates.

Metal salts based on Fe(III) are particularly
preferred for use herein.

A particularly preferred metal salt for use herein
is Fe(III) (2,4-pentanedionate)s, designated herein as
Fe(acac)s. It should be noted that, on its own,
Fe(acac); is only sparingly soluble in aliphatic
hydrocarbon solvent, but that when an appropriate bis-
arylimine pyridine ligand is added, a substantially clear
solution is formed in aliphatic hydrocarbon solvent.

A second essential component of the catalyst system
herein is a bis-arylimine pyridine ligand.

As discussed above in relation to the metal salt,
the ligand is chosen such when the metal salt and the

pis-arylimine pyridine ligand are mixed together they are



groups, especially nmethyl. Exanples of suitable
acetyl acetonates include 2, 4-pentanedi onates, 2,2,6,6

wo @stoosaset hyl - 3, 5- hept anedi onat es, 1- phenyPCI/EP2®4/051365
but anedi onat es and 1, 3- di phenyl - I, 3-
propanedi onates . Preferred acetyl acetonates for use
herein are the 2,4 - pentanedionates . Metal salts
based on Fe(lll) are particulari{y preferred for use
herein. A particularly preferred nmetal salt for use
her ei i I t a desi t
her elsrr%)lélzjl Egcé%}é%aél?%{s]agﬁﬁgltgg %g‘%]é%catl hat , %gﬁ"vlee?lg a8
own, <ﬁﬁﬁamﬂbﬁb3ves only sparingly soluble in allphatlc
hydr ocar bqn _solv b t. :
by sary i meAgLAyPEaTh Figaia s S150a2n: RERE IR0 Bide, ppancs
cl earf soluglel haresnfmmamkie rtraislephatfﬁnghyldeé of@rroolre (IIT)
sol vent.. A second essential conponent of the catal yst
syst éiitfTein is a bis - aryli piine pyridine |igand.
A s discussed above in relatign to the metal salt, the
ligand is chosen such when the netal salt and the bis
- arylimne pyridine I|g@nd a e m xgd together they
aresoluble in aliphatic o ati ¢ hydrocar bon
sol vent, as defined a;blgve cuI arI% sui tabl e
bisaryI|n1ne pyridi ne | )jge “herein include
t hose having the fomﬁyla (III§ belomr (Bab1) wherein X
is carbon or nj :
a p- coordinaté

(III)

wherein X is carbon or nitrogen,
n is 0 or 1,

mis 0 or 1,

10 7z is a m-coordinated metal fragment,
R7-R11, R13-R1s and Rig-Rpg are each, independently,

hydrogen, optionally substituted hydrocarbyl, an inert

functional group, or any two of Ry-Rg, Ri3-Rjg5 and Rig-
Rpg vicinal to one another taken together may form a

15 ring; Rip is hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or taken together
with R13 or Rip to form a ring; Rig is hydrogen,
optionally substituted hydrocarbyl, an inert functional

group, or taken together with Rjs or Rig to form a ring;



R-RI, R13~R 15 a R 8~ R 20 are each, independently
hydrogen, optionally substituted hydrocarbyl, an ineri

WO pvspissal group, or any two of R7-Rg, R13- RIBCEHRPROR/@51365
- R20 vicinal to one another taken together may form a
ring; R 2 i hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or taken
together with Rl_3 or Rioto foynaring; Rgis
hydrogen, optionally substitut edinhydr ocarbyl, an inert
functional group, or taken together with R5 or Ro to
f or meg  i1BghRrdgéss, hymrieged lyoptbehatited dusiqacgrbyl, an
hydrocarbyl, an inert functional group, or taken

tOgetfﬁﬁfﬁMfﬁﬁcgﬁogélF%réhﬁﬁ)Jﬂ”ﬂ@h@nrtﬁ etaad Rdh i R
hydr ogen, optionally Substituted hydrogar byl , an ipﬁriLelrtor e

functj I ; | ;
form e g AP et an A TormasI( T 1 ke o
certai g 1er1n & ;gyg§gga9§¥19!4nr9 erFNuh8E MR group, or

coor df ragnen relation to the group Z

Jreans, that t{c&:etgzegr QUPnt REEtCR W £H Eden rd NG ng.

cont ai ni hg atomrepresents a netall ocene noiety

or a sandi Gh1QK BBt ab foakene CNM! ekowhi chrtain beerms are
optional |y substituted. The Z group contains a netal
at om whedhed stp-lawedr di nated to the aromatic ring

containing the X agtom The a eoni ai -
one or note® Igghdd wRPERT %teeq%g%é?cc?ﬁngtrg ﬁ"t{%ggt hieﬁh%%laalltlon

at om +sUghe agrodPrz exampl eneEGhé | Yandsip swghthhat wikle the
Z group fornms the netal fragment Fe X .
1(Pr ef erabfycomoHEVEYS it X722 P’Buf)el%%?éeg%fs dpfetallocene
opt i opal Ly, sypsy i $4HEA & @Bhbeal+gendicinplexpwhich can be
coor di _nat.e_ to the metal . Said optionally substituted
ar onabip iphayl ¢ aruk idmEesui t abhe hoRRYR G0 terns @ metal
ol ycyclic,_ aronmti . .
POty %tom whgchn§EIélégégg%%%%ggrggagﬂg ddditic ring
containing the X atom. The Z group can also contain one
15 or more ligands which are coordinated to the metal atom,
such as, for example (CO) ligands, such that the Z group
forms the metal fragment Fe (CO)x. Preferably, however,

the 2 group contains an optionally substituted aromatic
ring which is m-coordinated to the metal. Said

20 optionally substituted aromatic ring can be any suitable
monocyclic or polycyclic, aromatic or heteroaromatic ring
having from 5 to 10 ring atoms, optionally containing
from 1 to 3 heteroatoms selected from N, O and S.
preferably the aromatic ring is a monocyclic aromatic

25 ring containing from 5 to 6 carbon atoms, such as phenyl
and cyclopentadienyl. Non-limiting examples of
combinations of aromatic hydrocarbon rings containing an
¥ atom and m-coordinated metal fragments include
ferrocene, cobaltocene, nickelocene, chromocene,

30 titanocene, vanadocene, bis-benzene chromium, bis-benzene



having from5 to 10 ring atons, optionally containing
from1l to 3 heteroatons selected fromN, O and S .
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ring containing from5 to 6 carbon atonms, such as
phenyl and cycl opentadi enyl. Non-limniting exanples of
conbi nations of aromatic hydrocarbon rings containing
an X atom and p- coordinated nmefsal fragments include
ferrocene, cobaltocene, nickel ocene, chronocene,

titanqocene, vanadocene i S -benzene ch '
bi 5 BOoBREE FA A Joreran-Fp rass b fheges . mono-
conplcexesnibDA®ene GG catteie ganganese drdne ruthenium
car bonyl, arene rutheniumdichloride. The term
" Hy dI9GERLBYE9Gr oup” in relation to the R7 to R21
groups ofpptorpulang dﬂaca%%\ieg%%ps 8n OF OLHY iGONtAl BhBOR7 to
only cgrbon and hydrogen atons. Unl ess ot herw se
SSth at &f' gtmiprmfefoshutar bbh latahaye §epréf ar abPyPi n
the range.from1 i 6
hydr6%§%§§Plggguﬁigaggggﬁggﬁﬁkgkggog%ggaégﬁﬁ}asggF%%
aI|$hﬁm¥ﬁnwﬂs¢cboaté@hanhm rombeyc lbdacenath catdng diss
preferably aliphatjc. Suitable hydrocapbyl grou
|ncILﬂﬁ?ﬁﬂﬁaﬁﬁﬁy}nsgﬁ%rﬁﬁﬁ%f @HiérFPa 9’0%? cﬁ%%ﬁiﬁnfrom !
groups, gich@s 599§30Q§§ﬁ[EﬁﬁﬂqbﬁhgmbeTbgtﬁ&HEéﬁaor
optional |y substituted hydrocarbyl" in relation to ,
Oghe Rmsad tREE ogh 08pEPBA T For AN O PP)‘laEbBV%ri%Y&@o‘%tlc'
escni fe iy ik 95 PHES: ORL | ORA: k%1€ Nk R Fb A ine
or no#ggﬂing%%&%%ete oaton}containiﬁg funct?%nal I groups
gr oupsncByde' :Cmem'rYL sseeamdathand Fertdasyi SREPORY s
o not_interfere to,any_s Nt Al ree with the
oligo%ﬁﬁqgﬁu%%ﬁ? SFogggé? é%ﬁ?%yq%%;qﬁiﬁg'exanples of
such i nerthegroupscarept i ooxlide, suttsitdtivded sydapesibyl” in
st annanes, .

relation to the R’ to R* groups of formula (III) above is
used to describe hydrocarbyl groups optionally contailning
one or more “inert” heteroatom-containing functional

groups. By “inert” is meant that the functional groups

do not interfere to any substantial degree with the

20 oligomerisation process. Non-limiting examples of such

inert groups are fluoride, chloride, silanes, stannanes,
ethers, alkoxides and amines with adequate steric
shielding, all well-known to those skilled in the art.

Some examples of such groups include methoxy and

25 trimethylsiloxane. Said optionally substituted

hydrocarbyl may include primary, secondary and tertiary
carbon atom groups of the nature described below.
The term “inert functional group” in relation to the

R’ to R* groups of formula (III) abovemeans a group

30 other than optionally substituted hydrocarbyl which is

inert under the oligomerisation process conditions

herein. By “inert” is meant that the functional group



et hers, al koxi des and ami nes with adequate steric
shielding, all well - known to those skilled in the
wW@eas/0&38e exanpl es of such groups include net POREPRNH051365
trimethyl sil oxane. Said optionally substituted
hydr ocar byl may include primary, secondary and
tertiary carbon atom groups of the nature descri bed
bel ow. The term"inert functiong group” in relation
to the R7 to R21 groups of forrmula (111) above neans a
group other th Long | LLE et hydyaeanayh n
whi cﬁloieg Pﬁgr%gg%lg%f%? % 0 %ggé%%ati on pérjg:)cess ©
condidliigBmehesat hon Byrddeser.t Exaspieantf tirsrit Heinctional
functional groupdoes_not interfere.to,any ,substantjal
degr €& OHPEh sPﬁEa]Bf? g%?trer‘isseaﬁ’ietgﬁlﬁr 6%%33%{:@ aftlinlp s SSfers
inertﬁﬁaJ%ﬁEhggaEugﬁOyﬁsté%ﬂﬂdﬂy anfifespseshetwilly fluorine
include halide, ethers, and am nes such as tertiary
Sam nes\d evpgecitakty fluorine and chlorine. The term
"Primry r at RarddnUsednhgr8hH” NBANS A herein
-CH2-R ngg‘%pke\%grgr e?glr%g% sael egt ed Ifnrgm 1rlgdr ogen, an
opt i Qpallyy -subsitikufeshwHaeanbyl ior sabedt@t tfrom hydrogen,
functional group. Exanples of suitable primary carbon
at om L QRS dnaglydeubbut twred motdroicairbgd ¢, ar CHBLE
-C2H5 , - CH2C, -CH2OCH3 , - 2 _and -
CFQPf}fufF’%téfoé’rarle&rBPPrmr‘?/X%T%?]becf’nczg\lg&\lcgg%ﬁ%sp%%rFa%ecarbon
herein are those . wherein Ris select fram bydrogen _c,us,
10 a ﬁq%@ﬁ?r%’ﬁ’b&flfﬁﬁggd ]ﬁlil%rao%earn%;tl ,?nglr {é?er ably o7 A0

" Secoridis catbRRCRE orn AU Sl (BN REFRIn moane
subst PEUCHY Ry onrBg ™ ST Tam i ey (T uneEronar ot s
Al t erpiaéiasal R itheethwotRIgE oupshyrnedesgeither C1-Cs
unsubstituted hydrocarbyl, preferably wherein R is
15 hydrogen or a C;-C3 alkyl.
The term “Secondary carbon atom group” as used herein

means a —-CH(R)2 group wherein R is selected from

optionally substituted hydrocarbyl or an inert functional
group. Alternatively, the two R groups may together
20 represent a double bond moiety, e.g. =CH2, or a

cycloalkyl group. Examples of secondary carbon atom

groups include, but are not limited to, -CH(CHz)2, -

CHCl,, =CHPhp, —-CH=CHp and cyclohexyl. Preferred
secondary carbon atom groups for use herein are those in
25 which R is a C1—-Cg unsubstituted hydrocarbyl, preferably
a C;-Csz alkyl.
The term “Tertiary carbon atom group” as used herein

means a -C(R)3 group wherein each R is independently

selected from an optionally substituted hydrocarbyl or an

30 inert functional group. Alternatively, the three R



represent a double bond noiety, e.g. =CH2, or a

cycl oal kyl group. Exanples of secondary carbon atom
w@e@apes3sancl ude, but are not limted to, -CH( QMS)/RP2004/051365

CHa 2 , - CHPh2 , - CH=CH2 and cycl ohexyl. Preferred

secondary carbon atom groups for use herein are those

in which Ris a C- C5 unsubstituted hydrocarbyl,

preferably a G -C3 alkyl. The tigrm Tertiary carbon

atom group” as used herein neans a - C (R)3 group

wher ei h Ris ind d _ '
opt | GRADS BabstTAUTEE RMEBERIbyT GrINE FRGR fotety oo

functi.a g . r Ly )
t09etFé?ﬁbépégggﬁﬁég}?P?gﬁg Eg%gaﬁgﬁg%3%%&18@@0@§$b6ﬁyatoms

_ e.g. -CCPh,
or ajmchg?slyagmmrﬂt aenivg ti@esi ar@x@wlkﬁﬁn%it Sestdack
as adamanty erivatives. t ' A
gtomcﬁ‘ggﬁﬁga?:ﬂ%l%ﬁ%lfpsbultnc&r@é%ggkﬁf'i?n&t:' eﬁggt Ll?%%it%(%lggg) B
_ _aq CPh-_tpAda ARd -
> (ocHS K3 By ef%(FClr?’éd Fé%?lﬁér gagﬁaon at gr%%?o@g%g%%zo(roc%)'

use herein apebhoseryphenaion each Rrbspa £r Gse herei
unsubstit ut ed hydr ocar byl group, p?gf el?abl_ Cwherein o

o
cach tRdss aherel Caoatky i Gupi-Br SRERREEY LRheR dhrooarbyl
each R is nethyl t SE rei ngeach R.i

o iPuE herbly P PR T 8 Lomil it mupy oo

- but Y reAdranillyl wherapprevimtied shyethyse ski | ikl Gaps fpgerein

art that wthin the boundar ndi.ti o [ f
10descrgasdd R bt ng%fsgw%%engﬁrgg%g%%w Hn group
;ell teciﬁdcefj&.?ﬁ&iym_se theI performance of the catal yst
stem and its _economn cal i.catian.
bi saryl i itn&igyr Pai SEb PR b o8 Re PP g L bne axt
li gang, of f:anmy ane! bbhnMkey edhdi di®»n€ hepeisbdfare n
is O such that the ring containing the X atomis

described, substituents R7-Rp1 may be readily selected to

15 optimise the performance of the catalyst system and its
economical application.
A preferred bisarylimine pyridine ligand for use
herein is a ligand of formula (III) wherein X is C, m is
1 and n is 0 such that the ring containing the X atom is
20 a 6-membered aromatic group.
Another preferred bisarylimine pyridine ligand for
use herein is a ligand of formula (III) wherein X is C, m
is 0, n is 1, and the ring containing X together with the
% group is a metallocene group.
25 Yet another preferred bisarylimine pyridine ligand
for use herein is a ligand of formula (III) wherein X is
N, m is 0, n is 0, such that the ring containing the X
atom is a l-pyrrolyl group.

To restrict the products to oligomers it is preferred
30 that no more than one of Ri2, Rig, R17 and Rz1 1S a

tertiary carbon atom group. It is also preferred that



a 6-nmenbered aromatic group. Another preferred
bi sarylim ne pyridine ligand for use herein is a

wo p@anes3ef fornmula (111) wherein X is C, mi SPOI/EP200$051365
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1, and the ring containing X together with the Z group
is a netall ocene group. Yet another preferred

bi sarylimne pyridine ligand for use herein is a
ligand of formula (111) whereimgXis N, iais O, nis
0, such that the ring containing the X atomis a 1

pyrrolyl group. To restrict the product o ol
i t iéﬂ% @%é?rglaa? g © rﬂ;fr fere gh%r Fdre 8? HEF?ndary
and R21.is a, ter%J:%vr{# carbon at om group. It is aI SO

e

pr ef §EFEA t ARPR than two of R12, Ri6 R 7 and
R21 i s apsecendadyl opriaen f@tronsgrbapeirPrjstélrlIC@d those of

i th kewatal I35 R:e- Ee{; i hfg‘neg SdieraBRr ety S leary
R21
Sare prlarrgrlyagar b5 :t&nﬁg yanCEIR%r %e %érléa %e%ze%gntly’

IS H F or primagy,gaspon atom gr oup; (|||) R12 and
Ri 6 'are each, |ndependently, Hor F, R7 and R21 are

each, Inqga¢ndenphy,aﬁa R Qfepﬁtiﬁﬁﬁy(ﬁﬂﬂman atom group,
group; (iv) RlI2is Hor F, Ris H, F or primry

carbon at om groug, , Rly ang R24nar &, PridTay,y FCakbpRiak oM
groups; (v) R12 s a primary or secondary carbon atom

group, R16 is hydregen,atdw quhpg21l are H, F, O,
primary or secondary carbon atom groups;
(1ii) R12 and Rig are each, 1ndependently, H or F,

R17 and Rp1 are each, independently, F, Cl or
primary carbon atom group;

(iv) Ris is H or F, Rig is H, F or primary carbon

atom group, Rj7 and Rp1 are primary carbon

15 atom groups:

‘(v) Ri2 is a primary or secondary carbon atom

group, Rig is hydrogen, Ri7 and Rz1 are H, F,
Cl, primary or secondary carbon atom groups;

(vi) Rip» 1s tertiary carbon atom group, Rie is

20 hydrogen, R17 is H, F, Cl, primary carbon

atom group and Rp1 is H or F;
(vii) Rip is tertiary carbon atom group, Rig 1is

primary carbon atom group, Ri7 and Rpi are H

or E;

25 (viii) Rjp and Rig are H, F, Cl, primary carbon atom

group, secondary carbon atom group, R17 1s



(vi) R12 is tertiary carbon atomgroup, Rigis

hydrogen, R17 is H, F, d, primary carbon atom group
w@pws@eeBsi s Hor F;, (vii) RL2 is tertiary carbpdI/EPING/ 051365

group, Ri6 is primary carbon atom group, Rl7 and R21

are Hor F;, (viii) R12 and R16 are H, F, O, primary

carbon atom group, secondary carbon atom group, R17

i sprimary or secondary carbon ggom group and R21 is H

(ix) RlI2is H, FA, R6is H, F, d or primry

carbon atom group,. Rl 7 is | N ALRML 95 QYPand

and R2 1 is H GOTREY 8ﬁds%z|8é£%$’!eyrfg,wé%ora grugh P Pan

tertiary carbon IQ%tjgmsgf_loup, R21 is primary carbon atom
ar

group. Parti cul

preferred |igands for use herein

i nclude those of fo(rjlrgulHa gl I&i er 8isnyR7y R8y ak€ primary
Rn, : ! 7

hydr ogen ‘A4Rd Ri o"Hn

aré meth H , "benzyl or

henyl, preferably nmethyl . Especially fer
Ioi gaxds 1|‘Oor use ‘F\%Jf%‘?rh ‘%ﬁ’g\ 8&8391 at | %/lgsg%%rglgf%gr afaen

(111)
Smethyl; RL 2 and®Rm™ &%4%e

, Wherein R7 - RO are ygrogen; R o and Rn are
Rog%® i nethyl or

hydrogen, R13 and R15 are hydrogen; R17 _and R2, 1 are .

hydr ogen: (xRl 8 , RRI Greh®1R02¥E e § RfefendBht 145 FSrtiary
hydrogen, nethyl, or tert-butyl; Xis C mis 1, nis

0; a ligand of fornodm F4dm )groWRer Beh Ry RERgryr §arbon atom
hydrogen; Rio and Rn are nethyl; R2 R4 and RL 6 are

nmet hyl ; R13 and BI®BPare hydrogen; R17 is fluorine;

and
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Particularly preferred ligands for use herein include

those of formula (III) wherein R7-Rg are hydrogen and Rig

and Rj1 are methyl, H, benzyl or phenyl, preferably

methyl.

Especially preferred ligands for use herein include: -

a ligand of formula (III), wherein R7-Rg are
hydrogen; Rig and Ri1 are methyl; Riz and Ri1g are methyl;
Ry;; is methyl or hydrogen, R13 and Ris are hydrogen; Ri17

and Rp1 are hydrogen; Rig, Rig,and Rpp are independently
hydrogen, methyl, or tert-butyl; X is ¢, m is 1, n is 0;

a ligand of formula (I1I), wherein R7-Rg are
hydrogen; Rjp and Ryl are methyl; Ri2, Ri4 and Rie are
methyl; Ri3 and Ris are hydrogen; R17 is fluorine; and
Rig-Rz1 are hydrogen; and X is C, m is 1 and n is 0;

a ligand of formula (III), wherein R7-Rg are
hydrogen; Rip and Ri1 are methyl; Ri13-Ris and Rig—Rzp are

hydrogen; Ri2, Rie, R17 and Rpp are fluorine; X is C, m is

1 and n is 0;



RI8~ 21 ar hydrogen; and Xis C, mis 1 and n is O;
a ligand of formula (11l) , wherein R7 -R9 are
wapasegsssd R o and Rn are nethyl; R13-R15 and RCBAPRDO/051365
are hydrogen; R12 , R6 R 7 and R21 are fluorine; X is
C, mislandnis O;a ligand of formula (I11),
wherein R7- R9 are hydrogen, Rio and Rn are nethyl,
R12, R14 and Ri6 are nethyl, R7jgnd R15 are hydrogen,
mis 1, nis 0, Xis C, R7 R8 RO nd R1 are
hydr ogen, R19|s nmet hoxy or trinethylsi|o a |ligand
of fornmuPalgfprR§, OW%&HE‘R?( B9’ aFReFSHE 2%7&]1’)‘9 R'6 and
Rn are nethyl; R12 and Rig are nethyl; R14 is nethyl
or hyids@ern, RR30 ol 15 aFe Iﬁ@*amgerﬁlzmlilarﬁpmsaﬁée
hydrogen; R's, R g,and R20 re independently hydrogen,
met hydethorl, f RgoahdeR15Xare Gydrpyend mn.g &,00 1Fhé,bKsis C,
- arylimne pyridine ligands for use herein can be
prepatied R$sNRIEthadd8rwedte Knolmegeo, t Rosel s kiddhedyi pr
the art, such as described in W01/58874, W02/ 00339,
SW002/28805h Wed3,8Y1876, MD 92/ 12162, WO 96/27439, WO
99/ 12981, WD 00/50470, 98(27 24, WD 99/ 72, WO
99/ 50273.2 WHI90r5 25560 P (JL 177 Whegein P5Fs51,
WO 02/06192, WD 99/12981, WO 00/24788, WO 00/08034, WD
00/ 15848;004D 0&12082F Birid 2ARITAEDS} D0VE28 AR i #F methyl;
essential conponent of the catalyst systems herein is
a co-Rgatalysthyompounydrageoh Rss tanel ReacaFonh ey Ri7
of water with one or nore organonetal lic al um nium
conpountisy, wWaerehpdtbgeronerier, Rps,enor §anoaes alidependently
al um ni um conpounds is selected from (i) bd, -branched
10c onpoluydisoasfn f orervliya - ( PY: fluorine; X is C, m is 1, n is O

The bis-arylimine pyridine ligands for use herein
can be prepared using methods well known to those skilled
in the art, such as described in WO01/58874, W002/00339,
WO02/28805, WO03/011876, WO 92/12162, WO 96/27439, WO

15 99/12981, WO 00/50470, WO 98/27124, WO 99/02472, WO
99/50273, WO 99/51550, EP-A-1,127,987, WO 02/12151, WO
02/06192, WO 99/12981, WO 00/24788, WO 00/08034, WO
00/15646, WO 00/20427 and and WO03/000628.

A third essential component of the catalyst systems

20 herein is a co-catalyst compound which is the reaction
product of water with one or more organometallic
aluminium compounds, wherein the one or more
organometallic aluminium compounds is selected from:
(1) PBd-branched compounds of formula (I):

25 Al (CH,-CR'R?-CH,-CR'R°R®) xR’ ,H,
wherein R is a linear or branched, saturated or
unsaturated C;—Cpo alkyl, C3-Cpe cycloalkyl, Ce—Czo aryl or
C;-Czo alkylaryl radical; R? is hydrogen or a linear or

branched, saturated or unsaturated C;-Cyo alkyl, Cg—Cazo



Al (CH- CR- CH- CRVR 6)xR3 yHz wherein RLi s a
i near or branched, saturated or unsaturated Cl- C20
W@Rkdoplos3eB- C20 cycl oal kyl , C6-C2 aryl or C7- QX/EP2004/051365
al kylaryl radical; R2 i s hydrogen or a linear or
branched, saturated or unsaturated C -C20 al kyl,
C6- C2Caryl, C7-C20 al kylaryl or arylalkyl radical; R3
is a linear or branched, saturated or unsaturated Cl-
C 0 al kyI C3- C2Q cycl oal kyl, C6-C20 aryl, C7-C20

al kyl g | | e
kgl O A Rh A SR s ) g,
and Rﬁ,netahreosaheamh@ki,ff@tematbrionreacﬁammed &neCzo alkyl,

o 2 SIS Sl L B 22

aryl a aHKMi@éy} grmpﬁm mlnegsnbsfifrmmtls—m zaig 0 or

R4 or 4 an R5 opti onal f t
Shavi rig 1o yaléaabénZat%"nénd%%gﬂ Py arBBoRTor PEeTERE £Fom

sane IOQ?l ‘[i!f B%eaﬂﬁn&r d4 iDrah@nehr ansheshcamaunds
of formnu I CRIR2 - CR4R5R6) XR3 yHz

Wnd ]Eer engsmh ral%zd RB—CzR4allR51 B —%20y CifdO21 Y br o5~ C20 aryl,
efin erej Qv i
subst i 5&ht¥Y) gfe Xg ézg %?kﬁzlél;nd g%gftlg%??%ﬁ%l %%/b?%ir%ents R

one ofnd vﬁhbh:ng‘é,adaﬂa\m ngp&cbrm:lﬂyceﬁokmnoatmus tapdrings,
m xtures thereof. The co- catal yst.co unds of

10f or muta’ 19 2A@ € FRERER %%O%eﬁk i hS CORBT HATT O with Ehe
ot herg gRs amahnysbs khoww iri;the art, such as
organonetal I'i ¢ al um ni um corrpounds ot h%r thap t hose
havi ngid) florranaachey épmpwl}ds of formula (Il

Al (CHy- -CR*R?-CR'R°R® )XR yHz
wherein R}, R%*, R?, R*, R®, R% x, y and z are as defined
15 hereinabove in relation to formula (I); the substituents
R! and R* or R® and R® optionally form cne or two rings,
having 3 to 6 carbon atoms;
and mixtures thereof.
The co-catalyst compounds of formula (I) and (II)
20 can be used in combination with other co-catalysts known
in the art, such as organometallic aluminium compounds
other than those having a formula (I) or (II).
Preferred co-catalysts for use herein are those
prepared from compounds of formula (I) or (II) above
25 wherein R! is a C1-Cs alkyl group, preferably C;-Cj alkyl,
especially methyl or ethyl; R? is hydrogen or a C;-Cs
alkyl group, preferably hydrogen; and R® is a C;-Cs alkyl
group.
Also preferred for use herein those co-catalysts
30 prepared from compounds of formula (I) or (IT) above

wherein RY, R® and R® are independently selected from



Preferred co- catalysts for use herein are those

prepared from conpounds of formula (1) or (Il) above
wob@seisssKRl is a G- C5 al kyl group, preferabl PCILPIIB4/051365

al kyl, especially nethyl or ethyl; R2 is hydrogen or a

Cl-C5 al kyl group, preferably hydrogen; and R3 is a

Cl- C5 alkyl group. Also preferred for use herein

those co- catal ysts prepared frogmnm conpounds of formnula
(1) or (1l) above wherein R4, R5 and R6 are

indeedently sel ect ed y I

pr ef E‘Q’QEP% n%epeﬁ%eﬁ?l{/f%'e%tr eg ??g hi/%%%ée}]@éo@a

Cl- S%l@lchﬁ)éli fP@Eth}ﬁiﬂC&jdry opr ef 8fr@dadbytat al ysts for

use herein are those prepared fromc d f

formul a (PRr&FCRtdyl 3ép & eFR™ &4 ?%TP%SL@ EE& ugepherein
Sui t%tileet%%nﬁ PBbAtdd Cf TR E@&nhaVbﬂgEcH‘hﬁJ]fa)r(rml ar (II)

(1) include tris [2,4,4-trinet entyl) al um ni um
S5his (a@wwmﬁrfﬁéﬂhiylb%rﬁﬁ nd g &ﬁl ﬁl um hydri de,

i sobut yl Suq%ésﬁg éré‘ﬁéﬂéﬁgﬂlﬁbp%ﬁh%bﬁn@éLﬁﬁﬁhddnthe formula

di i sobut yl nmet h ent alum nium tris
(2, 4-(™i ﬁﬁmjbwhbepryﬁ}ZzﬂAﬂnnnumﬁtaﬁdp@ngy%Qahumlnlum,

di met hyl hept I alu
orgam@ b R A g R T B Sy Loobuty-
i ncl ydes t,is 4( %.r@medhmélwyubtﬂlwhrmnabmm dilwebutryls (2,4, 4~
(2,3, 3- trlrrethyl-butyll alumnium, tris (2, 3-dinethyl

10- penesAnetAIReRCm  #+ PRI, THiFEhGT - hexyl )
al um %ﬁ%‘ﬂh§lrtfep(t?l§aghﬁ§ﬁm alte iy )(2gkuaiDétny L Haptsy1)

(2- met -pentyl) alumnium tris
(2- rremhyhlnllizﬂe éﬂtYIdyflldehexyl) alumnium tris (2-nethyl

- 3- ethylg tvl i
3- propyl hex %%qaeyl?%[n %#gquné{]%wsc (anﬁjogl%dgetfggin%eﬁ%lformula

- butyt)) airmfmudeurmltsrl (8, B2dimathyl- k1’51-‘Cr)'\clt hyl-unpahiy )

15 tris(2,3,3-trimethyl-butyl)aluminium, tris(2,3-dimethyl-
pentyl) aluminium, tris (2,3-dimethyl-hexyl) aluminium,
tri(2,3-dimethyl-heptyl) aluminium, tris(2-methyl-3-
ethyl-pentyl) aluminium, tris(2-methyl-3-ethyl-hexyl)
aluminium, tris(2-methyl-3-ethyl-heptyl) aluminium,

20 tris (2-methyl-3-propyl-hexyl) aluminium, tris(2-ethyl-3-
methyl-butyl) aluminium, tris(2-ethyl-3-methyl-pentyl)
aluminium, tri((2,3-diethyl-pentyl) aluminium, tris(2-
propyl-3-methyl-butyl) aluminium, tris(2-isopropyl-3—
mefhyl—butyl)aluminium, tris(2-isobutyl-3-methyl-pentyl)

25 aluminium, tris(2,3—trimethyl~pentyl)aluminium,
tris(2,3,3-trimethyl-hexyl) aluminium, tris(2-ethyl-3,3-
dimethyl-butyl) aluminium, tris(2-ethyl-3,3-dimethyl-
pentyl) aluminium, tris (2-isopropyl-3,3-dimethylbutyl)
aluminium, tris(2-trimethylsilyl-propyl) aluminium,

30 tris (2-methyl-3-phenyl-butyl) aluminium, tris(2-ethyl-3-
phenyl-butyl) aluminium, tris (2, 3~dimethyl-3-phenyl-

butyl) aluminium, tris(l-menthen-9-yl) aluminium, and the



alumnium tri ((2,3-diethyl -pentyl) alumnium tris
(2- propyl - 3-methyl -butyl) alumnium tris

W@ 2605801360pyl - 3- nmethyl - butyl) aluminium PECT/EP2004/051365
(2-isobutyl-3 -nmethyl -pentyl) alumnium tris
(2,3-trimethyl -pentyl) alumnium tris
(2,3,3-trinmethyl -hexyl) alumnium tris (2-ethyl -
3,3- dinmethyl -butyl) aluminiumtris (2- ethyl - 3,3-
dimethyl - pentyl) alumnium tris (2- isopropyl -

3,3-di neth ) Ay [
CprofyrYes 8ﬁ§%¥% aﬁ%#?% @he&@iﬁ ége %Egﬁ?%h%tﬁ?;%kbyl
aILnngﬁou@s ﬁBISepEaceﬂIhM hydgogpheﬂyﬁ tmmﬁgﬂghereln one or

I
2l UniGeL FTE CTARRO. SOP) AT bn i ehd

t hecardgspr9ndigRgugonpounds wherein one of the
hydr ocar byl roggs is replaced by h

S5wherei n oferdic ?élbfp¥?ﬁ§ GGaF% ?g?gﬁpgogque %erein

r epl LS@b Rant
e ot o sw*ﬂ@mmpf@éﬂmed

-t-rT || gdrxydlpegftt%elr) agl VREQAQM (arskitgast éé F.e%m%*w]e bufgrl)
(desi J%ﬁ*ﬂbiéﬁﬁ% gFg%gﬁ%g%ﬁﬁgg#§yEgTﬁgH@%ﬁggtaIy
gggﬁo?ndf|ﬁh§Nb©p?éed%pytt¢mmpuhhd|usnpmépars@|bzwﬂhﬁ addltlon
nt of water to the cor ondi.n | um_ ni
10conpoRihc? ﬁqk¥%91§wPWPHﬂ¥a?£ éﬁﬁﬁn& gﬁgs Egﬁr%gﬁgﬁ&?ﬁg
prepaéﬁﬂnﬂ¥uﬂ?%h@@§ %Bﬁ@@um@ t et vandias dekel i dmgpounds
in W6/ 02580 and WDP9/21899. The nvol ar ratlo of ter

to aI@@meruﬁﬁﬁﬂﬂm§9n§Y|ﬂeih%d%rQHEﬁnaﬂPoﬁ n§f afheand as
al um noxanss. | %frPrwg)@%r/@?Byo' Md hogamagobrom 0.01: 1 to

2.0:1;7 nore prefer rom0.02:1 to 1.2:1, even nore
preferablyTﬁécmnﬂhr4rﬂtuo Qflwa@§©é61@ﬂNW1015mlcomﬂo¥%% in

gn- Sltg ﬁﬁe égggféguﬁg Eheafg%fﬂgé£n§yﬁgeg§eferably in the
range from 0.01:1 to 2.0:1, more preferably from 0.02:1
to 1.2:1, even more preferably from 0.4:1 to 1:1,
especially 0.5:1.
In the in-situ preparation of the catalyst systems
20 herein, it is preferred that levels of co-catalyst and
metal salt are used such that the atomic ratio of Al/Fe
or Al/Co is in the range from 0.1 to 108, preferably from
10 to 105, and more preferably from 102 to 10%. It is
also preferred that the molar ratio of bis-arylimine
25 pyridine ligand/Fe or bis-aryliminepyridine ligand/Co is
in the range from 107 to 10%, preferably from 107! to 10,
more preferably from 0.5 to 2, and especially 1.2.
It is possible to add further optional components to
the catalyst systems herein, for example, Lewis acids and

30 bases such as those disclosed in W002/28805.



herein, it is preferred that |evels of co- catalyst
and netal salt are used such that the atomc ratio of
woRNB®MosAs4Al / Co is in the range from 0.1 to 108CT/EP2004/051365

preferably from10 to 105 f and nore preferably from

102 to 104. It is also preferred that the nolar ratio

of bis - arylimne pyridine |igand/ Fe or bis-
arylimnepyridine ligand/Co is n the range from 10 4

to 104, preferably from10 1 to 10, nore preferably

fromcﬁlgotm%r%sa@ﬁ]gneﬁé’@&ﬂﬂsy 1.2. It is possible to
dd ts to the catal yst

systens h@uehhjitfes ekams eatiedwst aoinpsnemidts Fasesisually

such a5, 19se %ﬁ!aogffgérﬂeé’%%g@g?éagcigﬁ RS B a5 to

Reactl Ies O conponents

usua'éaﬁt%rm @yef hp- t”‘@oOiOfﬁD'H%fah\S%‘tbﬁlnofeﬁéﬁéPrbtom, in
m xture so as to contain from10 to 10~ gram at om of

Smet alpattomuliay pdr Fecllal of FEIll mpted, [ PeF | morks a1
per rn%ryfgzeekgykgng Lo, be reacted. The

ollgo I'sation reactron nmay be nobst conveniently
conductedTmmeblagbmegEsaﬁ1¢mﬂqaacauanemayrba1md@@ OCto
+300 0C, pref rabI% n the range of fr g1g to 200 £
0C , RIS IPerRPABFYST P {He & 4RG8C0P 1 FORPSIE TS Trom

150 0G gpctheohizgorer i patf@ruy18AGH @heM@Ynbe of from 0°C to

conveniently carried out at a pressure of 0.01 to 15
10hPa (20U°G.0 arsDMeae PaRFer#RYE gy dber gBnge 1ot of Ao nPh’ C to

(10 tpg bar (a)), and nost preferably 1.5 to 5 nPa

(15 to 50 bar(a)). The opti mum conditions of

tenperatuﬂﬁmamdlppessuBetL@nxréaﬂth@npaﬁvlbalgﬁnvenlently

cat f‘r: gty @onpeié':c@sﬁré hee ¥J @10 @ 19! 189861 and 150
bar (a )), more preferably 1 to 10 mPa (10 to 100 bar(a)),
15 and most preferably 1.5 to 5 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
reactions such as dimerisation and polymerisation can be

20 readily established by one skilled in the art.

The conditions of temperature and pressure are
preferably selected to yield a product slate with a K-
factor within the range of from 0.40 to 0.80, most
preferably in the range of from 0.60 to 0.80. In the

25 present invention, polymerisation is deemed to have
occurred when a product slate has a K-factor greater than
0.9.

The oligomerisation reaction can be carried out in

the gas phase or liquid phase, or mixed gas-liquid phase,
30 depending upon the volatility of the feed and product

olefins.



reactions such as dinerisation and pol ynerisation can
be readily established by one skilled in the art. The
w@endioeizons of tenperature and pressure are prREEERWDY051365

selected to yield a product slate with a Kfactor

within the range of fromO0.40 to 0.90, nost preferably

in the range of from0.60 to 0.80. In the present

i nvention, polynerisation is deggred to have occurred

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

The ol i gorgd %ﬂ&g&ge!éﬁ@&ﬁi&{‘ x%%%t*ignci‘éfbgﬁrfé’d Jt LRE the
gas phase or |iqgdrd phase, or m xed gas-I|1quid phase,
deperpifegerupott be Yoeatihydsoafrione sbégdnandhpelodegt also
ol efins. The oligonerisation reaction | rried t i

Che Jreseio e r Ian FRE: t v GadtionotBPEahrs vindir grec
al so ge=tihe caunitepltosol entatialolsiiec apanen} sa By,
feed olefin. Suitable solvents include. al kanes

Sal ken@eclaldagRIsk aRBe, A BMHR B o AT O AV APBE ar bbRE . SXagPLe s

exanpil &y Sl v enks &la?_t LEBYy DSy takly ausedaass Of &lityk
to the present invention include heptane, isooctane,

cycl opexzare; bwiensaen ioflede heptdney| éecCRenet i on
times_of. fromQ.1 ho Y e d to be
suita%Y%%O%%%%ﬁHeﬁ%géégfheyéi%Q%?tfggfnggHgétalyst.
The react irgndtdopr efireabdy Larnr iled dwt 10nhbthes absendeeen

of air or noisture. The oligonerisation,reaction na

Whe calPied QuttS ﬁuété‘gﬁgen?g%?fbﬁqe%a% &RE PFICﬁ%%/t%egf the
carriggeOuUisi N anst irebedibanks reaetaplwheseirneal efit in the
and catal yst conponents are added continuously to a
stirredseaek Undite&t BREStPFBduct, catal yst, and

unused reaglanf ;A /e eIRVEInf FOBLion may be carried out in a

conventional fashion. It may be carried out in a stirred
15 tank reactor, wherein olefin and catalyst components are

added continuocusly to a stirred tank and reactant,

product, catalyst, and unused reactant are removed from

the stirred tank with the product separated and the

unused reactant and optionally the catalyst recycled back
20 to the stirred tank.

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

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

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

30 It is preferred that the present process is carried

out in a continuous manner.



the stirred tank with the product separated and the

unused reactant and optionally the catal yst recycled
whawk/00:354 he stirred tank. Alternatively, the PEHEP1004051365

may be carried out in a batch reactor, wherein the

catal yst precursors, and reactant olefin are charged

to an autoclave, and after being reacted for an

appropriate tine, product is separated fromthe

reaction m xture by conventional neans, such as

distillatiqn. ré@&f%lﬁb5%{ﬂh%bb§eE§ﬁ§th£Wbté'H%alkthngth of

ol i goneri sation reaction can be termnated by rapid

vent |ﬁrg>nof4 tthe 160 hqamrm iatamsdeprededelty i ¥ dte ionélarbon

cat al tsy ref hat _.{ he,p

proc @Q%rWSEE ¥e££rab %%P%ugusgﬁ%%ﬁé eatoms'

resul ti ng P@o@h@towéfms haate ba @babnekedi]gd;ttnma‘blfy o 4

to 100 carbon atons, referabl 030 c rboncgtons

Sand st igrleftdranpryds QFQ(?%??Q? PHoAS af oI e PrBduct

ol ef i pis;1caN RQ checoueh eghsdidalinvichy dhsthd | aiddiaan@nd use
further separated as deSired by distillation

t echmfuss: ddpdndent on the i ntended end use of the

ol efins he pr t f I oW, b

by"the T 1ORERGE LR ahbl Sa S i qurS” i ch Shout d et o
be re@ﬂtﬂﬁdjﬁﬁEkﬁmpﬂeagamﬁeEBpnﬁﬁ wmlthespoeé@nmot be

invention in any _wa RI MENTAL n ral Proce
103nd C?%ﬁ%ﬁﬁ%ﬂ“a§%ﬁﬁﬁﬁt¥@9 %%ﬁa?ﬁﬁ? atloﬁ CWPFRZThe € e son
cat al ystasyst£8 were carried out under nltrogen

at nosphere. Al'l solvents used were dried using
st andard procedures.

EXPERIMENTAL

General Procedures and Characterisation

15 All the operations with the catalyst systems were
carried out under nitrogen atmosphere. All solvents used
were dried using standard procedures.

Isooctane (2,4,4-trimethylpentane, 99.8% purity) was
dried by prolonged nitrogen purge, followed by passing

20 over 4A molecular sieves (final water content of about 1
ppm) .

Anhydrous heptane (99.8% purity, ex Alrich) was
dried over 4A molecular sieves (final water content of
about 1 ppm).

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

30 BASF) in order to reduce water and oxygen content to <1

ppm.



| sooctane (2,4, 4-trinmethyl pentane, 99.8% purity) was

dried by prolonged nitrogen purge, followed by passing
wW@®s/ 08585401 ecul ar sieves (final water contentPOf/EPI904051365

1 ppm) . Anhydrous heptane (99.8% purity, ex Alrich)

was dried over 4A nol ecul ar sieves (final water

content of about 1 ppm) . Anhydrous toluene (99.8%

purity) (ex. Aldrich) was driedsover 4A nolecul ar

sieves (final water content of about 3 ppn) . Ethylene

(99'596pu?ﬁ£y811 éygwd%kggngae&ef%céﬂéﬁﬂ&ﬂ@%ﬁ%@HnEQQGas
4A nol ecul ar sieves and BTS catal yst (ex. BASF) in

or deChtromeedgcapmat 65CJandnoryden comentuate <l igpmeThe

ol i gonmers.pht ai ned were ar, erise
Chr or‘?&?&éfgﬁfﬁo?éﬁ%“@i i or désr%posé%%?%a Iec%%ladfgr%rs and the
?Ih st ;floltllllbw_ﬂﬁguéﬂﬁf\@néitdﬂa@ﬁﬁ@ gseniesidds appar at us and

e foll ow ng chromatographic, conditians: lum: HP-_,
1 (or oss. FPAREG Ryl (PGRIABKSD FFATE ficigHede)« Film
0. 25 {icknkateLngl o g amelfle 11ia9. d9afBtelt €9l P HamN (BYigth

Hewl ett Packard); injection tenperature: 325C,
det el on (bgnPevheiv £aPEBE) /i ARD PAF1eRNPRIRRTATITe40825°C/

for 10.m nutes; r o QQr . rate; . °
15 PRI e AGPRALALAY S8 E9" SBTELR, Enepraguce: 0%
m nutfes; lionteénnaks st ey it urehexybbaenzeneatdesponse

factors f.or, the evep,lipear a- olefin for_the .
10 nt erlfal® ﬁé%‘éﬁ&ge(c?%gagﬁtoeqpregﬁgu}”eé-§?15ex§n%°%n4al ) finutes;
and tiraRsna13sthayens) akiANedhrzanehed hexenes
(3-nmethyl - | pentene and 2 et %I - I-bftene relative
to n- hexeBeAREReAFHRET FOT $PEnEYEFPR) LIRTE fIXSHiREd T

USianﬁa%H@@Qﬁgﬁ hexenes (cis- and trans-2-hexene and cis-
and trans—-3-hexene) and the branched hexenes (3-methyl-1-
15 pentene and 2-ethyl-l-butene) relative to n-hexylbenzene
(internal standard) were determined using a standard
calibration mixture. The response factors of the
branched and internal dodecanes were assumed to be equal
to the corresponding linear olefins.

20 The yields of the C4-C3p olefins were obtained from

the GC analysis, from which the K-factor and the
theoretical yield of C;-Cioo olefins, i.e. total
oilgomerisation product (Total Product), were determined
by regression analysis, using the Ce-Cpg data. In the

25 case of an almost ideal Schulz-Flory distribution
(standard error of the K-factor, determined by regression
analysis <0.03) and in the absence of polyethylene
formation the amount of above-mentioned Total Product is
assumed equal to the ethylene consumption.

30 The relative amounts of the linear l-hexene amongst
all hexene isomers, the relative amount of 1l-dodecene

amonsts all dodecene isomers and the relative amount of



calibration m xture. The response factors of the

branched and internal dodecanes were assunmed to be
we@owalo3ss t he correspondi ng |inear ol efi ns. TheECER100§051365

of the C4-C30 ol efins were obtained fromthe CC

anal ysis, fromwhich the K- factor and the theoretica

yield of C4 Cl100 olefins, i.e. total oilgonerisation

product (Total Product) , were ggterm ned by

regression analysis, using the C6-C28 data. In the

case -of t '5g§g Ul Z = ' j '

(staﬁdé} gggkggéo?mthe.%E?gbng?dgggg§n?%iﬁ%%énﬁddﬂa From

regressi &9 anallysis &9.08)d arsd a nerperabsende gfelectivity

pol yet hyl.ene _fornmation 0 '

T R R R e e

consumy iwas. dihe gevat i e Tahiwntls oof Alpkal O he@im Rroducts is

hexene anmongst al |l hexene isoners, the relative anount

Sof 1-9HIEEC ERe CRABNSESI3 | dodecene isomers and the

rel ative %&nef;érogfegw appngst Abinociadesgder of

I soners fgﬁﬁd fromthe G anaL¢sismis used as a .

nmeasurelesf athetsglerei o} tgomsiritage pgrahgyr Pondptfe of iron

Iineq&¥%dﬁ%a- olefin formati on. The wt % data given in

Tabl e on Al'pha A efin Products is quoted on this

basis. By Thar NdRedatfa egerencpi(EiOE)X s neamt tereeraimyer with
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al

pr epatlat | GO sithe scAPAF Y5t |4 FaERtppedionate)s,

(2, 4- peptanediionateh i 3ap COMREE izaldry cavai | abl e from

Al drich. The pyridine bis - imne ligand used for the

in- situ The pyridine bis-imine ligand used for the in-situ

15 preparation of the catalyst in Examples 1-17 is 2-[1-

(2,4, 6-trimethylphenylimino) ethyl]-6-{1-(3,5-di-tert-
butylphenylimino)ethyl] pyridine (hereinafter “Ligand A”)

which was prepared according to the method below and

P

N N

which has the formula:

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

6-[1-(3,5-di-tert-butylphenylimino)ethyl]pyridine

2-[1-(2,4,6-trimethylphenylimino)ethyl]-6-
acetylpyridine (1.3 g, 4.64 mmol), prepared according to
the method disclosed in W002/28805, and 3,5-di-tert-
25 butylaniline (1 g, 4.87 mmol) were dissolved in 100 ml of
toluene. To this solution, 4A molecular sieves were

added. After standing for 2 days the mixture was



preparation of the catalyst in Exanples 1- 17 is 2-
[1- (2,4,6- trinmethyl phenylimno) ethyl] - 6- [1-

W@ 30054003354 tert - butyl phenylimno) ethyl] pyrPdi/RR2004/051365
(hereinafter "Ligand A') which was prepared according
to the nethod bel ow and which has the fornul a:
Preparation of 2- [1- (2,4 6- trinethyl phenylim no)
ethyl] - 6- [1- (3,5- di-tert-batyl phenylimno) ethyl]
pyri dine 2- [1- (2,4,6- trinmethyl phenylimno) ethyl] -

HRyhl, dirfe ééﬂé%ﬁl’wd% 84mBYRL) in PLGRAT @the residue

accor ing to the nmethod disclosed in WX02/28805, and
3, 5- diagt @ratSb@tinahhlm@’@hé(@lg ang, QIYﬁﬁéHw\%ﬁi} efrom ethanol.

di ss 1 O byof -t e

nol eg{ﬁ SiLd &I eveés \;\gllere éade?O[Li r\k?t’e S{Cg%@lﬁ% é)Igllo'llalno

t he ratiywlrieowdsfi(Bt EF@ﬁrtéTzl'te-hﬂimly\l@hEnwhsmmemlﬁ'WJJ]rpyrldlne.
vacuq. The resi due was vvashed wi t h nmet hanol and

Scr ystlélI—NMBedCWbah &t Rahdl (dildid Py -Hnly (5194 G 2H, Py-Hn),

[1-( - tr| Byl en | iy h 6- S
[1-(§7g87g| -ter1 %yﬁ h'eﬁyl :é]mqg%) %i #’%}]‘ py6r|8<3?| n(e' %Iljl-'

ylvge?(mgl ;3)'_6| dsgys 41& gd, AR ,PyZ HE) (8. SEDH( dMe]8H 2;@@2(;:1 3H,
”g%? 6F (d, " (BH, ggi\rrb’i s 42‘”( S'séﬁ{ l\}é?? 3. %% 'L8H,

3H I\@)t 2.22 (s 3H, M), 2.01 (s, 6H, I\/b) 1. 33 (s
18H, Bu*) . The pyridine bis - imne |i g used for
the in- gihau wﬂéﬁaﬁstbbﬁ-ml%éwm e & OExHHpI B situ

18- 21@ %a%:éclo@f $t khe £2edrysh fllru%@ﬁlp@;egl 18iA0)is 2, 6-bis-

et hyl ridine (hereinafter "Ligand whi ch was
pr epat Ed( M@Tl(ﬁhm@rpﬁh?hélmrk@@tdiﬁdl @é’ééldilﬂe (hereinafter

W002/ 00339 ‘1? hggPhggetgfegg (2RO £o the method

Al ter natiVE ¥ Jafy-6 disclose

W02/ aﬁms&o mmazgmmanicsa&mmma\smabomm@la below:
could be used in the oligonerisation experinents

bel ow.

10
Alternatively, any of the ligands disclosed in

W002/28805, WO 02/00339, W0O01/58874 or WO03/011876 could
be used in the oligomerisation experiments below.

The co-catalysts used in the experiments below were
prepared by the addition of 0.5 mol of water to 1 mol of
the corresponding aluminium alkyl in toluene at 0°C (Note
that isooctane is used as the solvent in Examples 11-19).

15 The corresponding aluminium alkyls used in the
experiments below are prepared according to the methods

described in US 6,395,668 Bl or W099/21899 or may be



The co- catalysts used in the experinents bel ow were
prepared by the addition of 0.5 nol of water to 1 nol
wohodshesser r espondi ng al um ni um al kyl i n tol uereTaP2@®@051365

(Note that isooctane is used as the solvent in

Exanpl es 11- 19) . The correspondi ng al um ni um al kyl s
used in the experinents bel ow are prepared according

to the nmethods described in US #& 395,668 Bl or

W09/ 21899 or may bepurchased from comrercially

aval |ahlg8QU €85 ASordiHca31ed Bk OV, T Csdift-eal albyst s
used“in the experinents below are as follo X

TFPPAOQdisetednb€bompar at i ve Exanpl es 12 and 19 i's

prepared by the addition of 0.5 nol of water to 1 raol

of tris- Th2- codecatdLioropheryl in- phepykpeminarits bylowhare as
Iatte%)slgrorrpound bei ng prepared according to the nethod

di scl*¢sed@"Pn US 6, 395,668 Bl. - TPPAO used in

Conpar at i ve Exanpl 5 is prepared b addt

0.5 otk &Ao\/\ﬁtssgpf% Or?ﬁﬂrag:flvpr' §{53m?¥- ﬁzenyrfdprlop

al umdyidyareihey! ahé esdgonpourd beEngopr@paw&xbr to 1 mol of
accordl ng to “31/

e met hod disclosed_in US 6, 395, GQEH
- T B’A@Susléd .%f@e%%@fa@nxﬂé TERRYILE AFUREN PR dr %ﬁiter
t he Qﬂ; Sy 2k 8 P%%afgd\%gaﬁidﬁg gltBOEhOfnd S disclosed
(2- net yIpropyﬁ aF nium (or tri-isobutyl

al umiini urg 6, ke k&t BEr conpound being commercial l'y
avai l able from Al drich. - TNOAO used in Conparative
10Exan‘p+’H>P£AO Sisz0d 19 Csmmleqjalr@d Hyxpmphe a8dis|RreRFrgl Dy the

ter t é f tri ctyl qa ;dh
1 —_
Iatte‘—’fdaé%‘?'é) % elgglﬁo'gom“rerc:la Itty)é) avg\#?]aﬁumfrom&
Al drighe(25%opy 10 bl omiotiy) tAleumanitem compound being
prepared according to the method disclosed in US

6,395,668 Bl.

15 —TIBAO used in Comparative Example 17 is prepared by the
addition of 0.5 mol of water to 1 mol of tris—(2-
methylpropyl) aluminium (or tri-isobutyl aluminium), the
latter compound being commercially available from

Aldrich.

20 ~-TNOAO used in Comparative Example 4, 8 and 9 is prepared
by the addition of 0.5 mol of water to 1 mol of tri-n-
octyl aluminium, the latter compound being commercially
available from Aldrich (25% wt tri-n-octyl aluminium

solution in hexanes).

25 ~TDMBAO used in Examples 2, 5 and 20 is prepared by the
addition of 0.5 mol of water to 1 mol of tris-(2,3-
dimethylbutyl) aluminium, the latter compound being
prepared according to the method disclosed in W099/21899.

-TIOAO used in Examples 3, 6 and 13 is prepared by the
30 addition of 0.5 mol of water to 1 mol of tris-(2,4,4-



solution in hexanes) . -TDVBAO used in Exanples 2, 5
and 20 is prepared by the addition of 0.5 nol of water
W@ 2003/006354 of tris- (2,3- dinethyl butyl) alum nPCIEP100£051365
| atter conpound bei ng prepared according to the method
di scl osed in W0O9/21899. -TIQAO used in Exanples 3, 6
and 13 is prepared by the addition of 0.5 nol of water
to 1 nmol of tris- (2,4,4-trimethyl pentyl) alum nium
(or tri - isooctyl alumnium , the latter conpound
bei ng. .c: rGl vaj e (7. 49Ut _ 8
& oo B e el B R Jot - S geg F B inium)
Ber gkarneri,atGernaenypouii@/oeiser dommEorrpat ayi aea Ekainisd e 7. 493wt
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fromp fyieton,- WWARatged in Conparative Exanples 1, 7,
10, 11, 14, 18 and 21 is nodified nmethyl alum noxane
5( MAO) —-mhengidy aboabmpaYeoivd hecdiptiRyl 69 eupsi @tleylaluminium
repl aced with isobutyl groups. This was purchased, as ,

MVAO-'8ALGth wisptugRe EpALTS s vty efl §RT Bk - WoBsEL 1

Chem cal s B.iM1y AFRESEQOL ts e 1Netihar | ands
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added to the reactor, followed after pressurizing.wth
et hyl en&2 16 )16 495 %P*HPBQ@%@W%&-&-Onh{%rgfoort' The
m xt uger9frtheydesi gnated |i gand

Oligomerisation Experiments

15
Examples 1-10

Oligomerisation experiments 1-10 were carried out in

a 0.5-litre stainless steel reactor. The reactor is

20 scavenged at 70°C using 0.15g MMAO and 125ml anhydrous
heptane in an inert atmosphere for at least 30 minutes.
After draining the contents, 125 ml of anhydrous heptane
and the designated co-catalyst is added to the reactor,
followed after pressurizing with ethylene to 16 bar(a) at

25 40°C, by addition of a mixture of the designated ligand
(Ligand A) and Fe{2,4-pentanedionate); (Fe added = 0.25
umol; ligand/Fe molar ratio = 1.2 +/-0.1; Al/Fe molar
ratio = 700 +/- 50, unless otherwise indicated). Each
addition (4ml in toluene) to the reactor by the injection

30 system is followed by rinsing of the system with 2x4ml of
toluene. The total solvent content of the reactor after

2 additions of the catalyst components = ca. 150 ml of



(Ligand A ) and Fe (2, 4-pentanedi onate) 3 (Fe added

0.25 mmol; ligand/ Fe nolar ratio = 1.2 +/- 0.1; Al/Fe
wori0a003st i o = 700 +/ - 50, unless ot herw se i NPBCTEPE0)/051365

. Each addition (4nl in toluene) to the reactor by the

injection systemis followed by rinsing of the system

with 2x4m of toluene. The total solvent content of

the reactor after 2 additions ofythe catalyst

conmponents = ca. 150 m| ofhept ane/toluene = 8/2

o e S ALE A gl et e gt s
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drai ni ng of the product. les 11- 19 Exanples .11
519 arescheenegestibed oh tfle i EaLtBroe Y iy ATitre/min,

'SOOQHﬁp%e%%tEBﬁ feact opi SRl ey rbReaCRR VS and

conponent solvent, rinsing agent and as the sol vent
used stlrba@cm@autedthenaﬂl@mf}d)m@gwu?me amount s of Fe

(2, 4- Eentlanea':!gggt e) 3 and solvent are tw ce those

ment i r the experinments carried out in

Exanpl es Ekanp@eabovel 9 Hencesafrd eidded #nOaS5lHnidre reactor,
total solvent content of the reactor after éaddltlon

100f catHNEstSOoRbBRENES Hed: S8 S OdF S P 0ot are t o

i ga@énﬁ%ﬂ&tarsoﬁﬁéh@ | i ddEnSARNES ahl E¥aipe esollvelt used
The Al/ molar ratio is 700 +/- 50, unless otherw se

i ndi cla e:dreplarieE%éﬁpﬁémﬂn‘?W%sequéW@e apPuBBi of off ot 4-

co- I| a F t
rever%@la}/%dl%qﬁgte %Oggé1§%%$ %?%Z%QQ%Og?gg%a%r}l%doned

out Iibévé_fdn tthe espetrbments carried out in Examples 1-10

15 above. Hence, Fe added = 0.5 umol; total solvent content
of the reactor after 2 additions of catalyst components =
ca. 310 ml of isooctane. The ligand/Fe molar ratio is
the same as in Examples 1-10. The Al/Fe molar ratio is
700 +/- 50, unless otherwise indicated. In Example 14

20 the sequence of addition of co-catalyst and
ligand/Fe (2, 4-pentanedionate)s; is reversed.

Examples 20-21

Examples 20-21 are carried out in a l-litre reactor,
using heptane as the reactor solvent and toluene as the
25 catalyst solvent and rinsing agent; the amounts of
Fe (2,4-pentanedionate); and solvent are twice those used
in the Examples 1-10 above. The aluminoxane co-catalyst
is added in two portions, one before and one after the
addition of the mixture of ligand and Fe(Z2,4-
30 pentanedionate)s;. Hence, Fe added = 0.5 umel; total
solvent content of the reactor after 3 additions of

catalyst components = ca. 340 ml of heptane/toluene =



usi ng heptane as the reactor solvent and tol uene as
the catal yst solvent and rinsing agent; the anounts of
Wo-2006R9585pent anedi onate) 3 and sol vent are tw PET/EPIIS€051365

used in the Exanples 1- 10 above. The al um noxane co-
catalyst is added in two portions, one before and one
after the addition of the mxture of |igand and Fe

(2, 4- pentanedionate) 3 . Hencegj Fe added = 0.5 nmol;
total sol vent content of the reactor after 3 additions

of caj y ; ;
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is tiexaapiead-lo. Exmmlze]s/ﬂe nkd.arThetAol LFeExpohmkes 20 and
ratio_in Ex les 2 d 21 is  170Q and_180 .
respe%tl%lly%a§“d 8?@5& eﬁe?%ecft&bl Y1 ?STneg%t?r%E% Uhfarie
purity, of olefins were determ ned by gas

chronatography The data are reported.in Tab

b;el ow. Frodha W@O@%ﬁeﬁp%ﬁ@%}twﬁ% o&@g&iﬂae&em df%tb?%mfled by
nc th
%%ﬁy|gﬁgﬁgfk%§% piyt TB@edé%a[ére &%g@r@ed in Table 1

trime i m no) ethyl] -6- 5- di- tert -
but yllp&eowyl i rai no) ethyl] pyridi ne I|gand (Ligand A)

|0 neptanello) Hehe BHa (LAY ARDG AN QbpPenPuBle 1 it

ratio of 1 erences i nover requency
( TOF) caifiaet ¥eranthad- wakef the contlent2 ,detoween MVIAQ,

TDVBAO and TI.OAO
10Tp BEEeE Ry IR ottt SHIet 1T Guct o Sha P Baaer
pur'tMu£§§§h@ﬁ§ﬂﬂﬂﬂﬁ% Lihe1) §yrﬂdlnd\ﬂlgﬂmdA (LABendat) oin
however, ther is a di

d| ffeh@n’é@n%é’tfvgé@ﬁ‘et @é%ét”é(‘ﬂ%t %%’trt‘i/laﬂ @é/gﬁetnﬁtﬁﬁ ratio of
fron]EgﬁovgﬁéQ¥§E€é¥§NE%EY§BStu@§Q&@Q|f%gqﬂénQy t@@FTCFK—
s for a given efin production and by Figure 1 .
appeafscthat afdDVBAQedrig content between MMAO, TDMBAQ and
15 TIOAO are small. Only TNOAO gives a lower TOF, but a
similar product distribution and product purity (see
Examples 1, 2, 3, 4). At an Al/Fe ratio of 700 mol/mol,
however, there is a distinct difference between the
catalyst activities emerging from the various co-
20 catalysts, as indicated by the TOF’s for a given a-olefin
production and by Figure 1. It appears that TDMBAO and
TIOAO (By- and Bd-branched co-catalysts, respectively,
lying within the scope of the present invention) are
better co-catalysts (higher TOFs and lower decay) than
25 MMAO and TNOAO (co-catalysts lying outside the scope of
the present invention) (See Examples 5, 6, 7 and 8}).
The K-factors and their standard errors - the latter
being a measure of obedience of a Schulz-Flory
distribution - and the o-olefin purity are on a par with

30 those obtained with MMAO at similar final AO

concentrations.



TI QAO (bg - and bd- branched co- catal ysts,
respectively, lying within the scope of the present

WO pwen0i3en) are better co- catal ysts (higher TEEEEP2004/051365
| ower decay) than MMAO and TNQAO (co- catalysts |ying
outsi de the scope of the present invention) (See
Exanples 5, 6, 7 and 8). The K- factors and their
standard errors - the latter begmg a neasure of
obedi ence of a Schulz - Flory distribution - and the
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20

25

30

scope of the present invention at comparable Al/Fe
molar ratios (see Examples 12 and 13 and Examples 5 and
6). The parent compound of TFPPAO, namely TPPAO (also a
pp-branched co-catalyst lying outside the scope of the
present invention) (see Example 15), does not show any
oligomerization activity at all. The same is true for
the Bp-branched aluminoxane, TIBAO, and the non-
hydrolysed triethyl aluminium (TEA) (see Examples 17 and
16, respectively) (both of which are co-catalysts lying
outside the present invention).

Tt can be seen from Table 1 that the 2,6-bis-[1-

(2, 6-difluorophenylimino)ethyl] pyridine ligand (Ligand
B) in isooctane with TFPPAO (a co-catalyst falling
outside the scope of the present invention) at an Al/Fe
ratio of 700, the catalyst system exhibits a high
activity and very little decay, although at the expense
of the o-olefin purity (see Comparative Example 19). The

use of TDMBAO (a By-branched co-catalyst lying within the



t he bb- branched al um noxane, TIBAO and the non -
hydr ol ysed triethyl alum nium (TEA) (see Exanples 17
waese3s+ espectively) (both of which are co- cCBUHERH0E051365

| ying outside the present invention) . It can be seen
fromTable 1 that the 2,6 -bis - [I- (2,6- dif
| uorophenylimno) ethyl] pyridine |igand (Ligand B)
in isooctane with TFPPAO (a co-3gatal yst falling
Xlu}Si de the scope of the present invention) at an
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results of Exanples 1- 21 indi cate that at | ow Al/Fe
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t he gg(?é@:]ﬁahfegé;a: nfn nO?QE‘g pa Q &L gloggfﬁ)preparatlon

cat al ration o
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onpl ex and appropriate |jga particularly wth
1§ ponge e e g et e | £ ayicn Bk P bEEs i

cat al yst8; émlwe@thTBE d TEPPAQ, EJIBA@ 11{ Ehapda
TEA (%\:hl clh are not bg 6%& branch p T W ﬁ .

TDVBAD® dbel ety p?raé\?lldé§sf‘6?a1% H@“&Qro&”&% TEFPﬁ?ghTIBAOr
“r't¥g§£@h§n&hﬁ£ﬂf%%Hl%haEQESﬁotQ@@l @%Lzbraﬁhﬂé& The

distributions and | ow catal yst decays (hi
tur nouees<)>f TRy end TRE4e poovidgalfmst & %ﬁapéoﬁuﬁ’Fg‘hn of

§O|Ubh ﬁypggfkftakgﬂa %&ekgn8a£§f£i§b§%ﬂfﬁagﬁsSchulz Flory
distributions and low catalyst decays (high turnovers).
Moreover, these co-catalysts have a high solubility and
stability in paraffin solvents.
In Table 1 below the letters a-j have the following
20 meanings:
a Reaction starts with an exotherm of less than 3°C
after heating to 60-65°C
b TOF= Turn Over Frequency. Ethylene consumption
derived from total product (C4-Ciop olefins, as
25 determined by regression analysis, using Ce-Czg GC
data), unless otherwise indicated
c Using ethylene uptake, determined by mass flow meter
(from Bronkhorst High-Tech B.V., Nijverheidsstraat
la, 7261 AK Ruurlo, The Netherlands, Type: F-201C-
30 FA-00-2)
d Schulz-Flory K-factor determined by regression

analysis of Cs-Cy3 GC-data
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Br anched hexenes dodecenes and oct adecenes = 1. 0, 5.7
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octadecenes = 0.1, 0.2 and 0.2 %wt, respectively.
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reacti ng ethyl ene under ol Bgonerisation conditions in

the presence of a mxture conprising: (b) a netal salt
based on Fe(ll), Fe(lll), Co(ll) or Co(lll) ; (d) a
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fromeach other, are |linear or branched, saturated or
unsaturated Cl-C20 al kyl, C3-C20 cycl oal kyl, C6- C20

w@egos/003%4+ C20 aryl al kyl or al kyl aryl radi cal s; PCTEP2004/051365
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substituents R1L and R4 or R4 and R5 optionally form
one or two rings, having 3 to 6 carbon atons; R6

i shydrogen or has the sane neaning of R4 and R5; (ii)
g - branched compounds of fornula (11) Al (CH2- CRLIR2
- CRAR5R6) XxR3 yHz wherein RT, Téz,“ R3,R4, R5, R6 X, Yy
and z are as defined hereinabove in relation to
formula (I); R4 and R5, the sane or different from
each other, are linear orChkahchdd Ssaturated or
unsat urated Cl-C20 al kyl, C3-C20 cycl oal kyl, C6-C20
aryl, C7-C20 aryl al kyl or al kylaryl groups; the
stbsti Auentsed fand tRé pro®@actaieh REE gpbheralefifner m

one or two_rings, hayving 3.{0.6 ¢C t X LS:
Pydr oGBROT HUD G CSAR REDAITRE o R and opesTdagtion
g!XtUr@én?f&ﬂ@ﬁﬁ;iﬂMﬁHEE@membﬁﬁet$Eeaﬁﬁﬂﬂtu&&ltoapﬂishﬁg:

is - arylimne pyridine lLigand ar Lxed to er
they are @BIuﬁl@e¥ﬁlaf?%ﬁmﬁq%?doPnaESREifc %@gﬁggdrbon
solvent. 2 . A-presess @scordi;:ng to Caim1l wherein
the netal salt is an Fe(lll) salt. 3 . A process

accor di ngld)o @ avmidive Distareien ligapge and
(e) a co-catalyst which is the reaction product

of water with one or more organometallic
aluminium compounds, wherein the one or more
organcmetallic aluminium compounds is
selected from:

(1) Bd-branched compounds of formula (I):

Al (CHz-CR'R2-CH,-CR*RR®) xR’yH,

wherein R is a linear or branched,
saturated or unsaturated C;-Cys alkyl, Cz-Cag
cycloalkyl, Ce-Cyo aryl or Cq-Cyo alkylaryl
radical; R? is hydrogen or a linear or
branched, saturated or unsaturated C;-Cszg
alkyl, CgCzo aryl, C7-Czo alkylaryl or
arylalkyl radical; R® is a linear or
branched, saturated or unsaturated C;-Cg
alkyl, C3-Cyo cycloalkyl, Cg-Czo aryl, C3-Cgo
alkylaryl or C;-Cyo arylalkyl radical; x is
an integer of from 1 to 3; z is 0 or 1; and
y 1s 3-x-z; R? and Rs, the same or different
from each other, are linear or branched,
saturated or unsaturated C;—-Cs alkyl, C3—Cao
cycloalkyl, CgCy aryl, Cq—Cyo arylalkyl or
alkylaryl radicals; the substituents R and
R? or R* and R® optionally form one or two

rings, having 3 to 6 carbon atoms; R® is
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organonetal | i ¢ al um ni um conpounds of formulae (I) and
(I'l') RLis a Cl1-C5 alkyl group; R2 is hydrogen or a

wWQ2005@653k kyl group; and R3 is a Cl-C5 al kyl gPOUEP2004/051365

A process according to any of Clains 1 to 3 wherein
th_e organonetal lic al um ni un%é:on'pound is tris (2,4,4 -
trinmethyl pentyl) alum nium . A process according to
any of Clainms 1 to 3 wherein the organonetallic

al um ni um compQURG St BE-Sni 2, Sie UIMRE Bbni Yt ¥E) r*
al um nium 6 . K%progcrelss accor dieng to g%;néggd ai Fr{rs alnd
to 5 wherein tW&;bisarylimne pyridine ligand is

selected fromlj, ds, havi t W,

(Z2)n R19 (in: m)]r%g%\fnb aFSH%%r %nrgog{rmr# ?)rfggéﬁ?ﬁ%gi éf%)o
or 1, mis 0 or 1, Zplsca,pcr@BecHimat sd’ st al

fragment, 7~R| RI13-R15;and R1§- R0 _are_ gach,

i ndependent | y, "HFdedgeR, - dbti Enaf Iy BsubBri tfut §g@nd 2 are

hydrocarbyl, . &y iR&fithebUnetE oRRho®s QUP,redfatady: two of
R7-R9, RI3~R 5 and R 8~R20 vjci nal .to one anot her

t aken toget her frynufler rhIa\r‘rR%]ga,nq?]R_SZ RY®Ir oy, or

optional Iy subsijtdited hydpacarbyl ou@dl i N8 1inear or
functi onal group, or taken together wth R13 or R _oto

forma ring; RilgrdrscHerdr sgénrabpdi enalisateueded: Gt géko
Coget hor i th REEREr GPECH FUrRPaF i CRp =L CrCo
hydr ogen, arylalkyl or alkylaryl groups; the
substituents R* and R? or R* and R’
optionally form one or two rings, having 3
to 6 carbon atoms; R® is hydrogen or has the
same meaning of R? and R’;
and mixtures thereof;
wherein when the metal salt and the bis-—arylimine
pyridine ligand are mixed together they are soluble
in aliphatic or aromatic hydrocarbon solvent.

2. A process according to Claim 1 wherein the metal
salt is an Fe(III) salt.

3. A process according to Claim 1 or 2 wherein in the
organometallic aluminium compounds of formulae (I)
and (II) R! is a C;-Cs alkyl group; R? is hydrogen or
a C,-Cs alkyl group; and R} is a C;-Cs alkyl group.

4. A process according to any of Claims 1 to 3 wherein
the organometallic aluminium compound is tris(2,4,4-
trimethylpentyl) aluminium.

5. A process according to any of Claims 1 to 3 wherein
the organometallic aluminium compound is tris (2,3~
dimethyl-butyl) aluminium.

6. A process according to any of Claims 1 to 5 wherein
the bisarylimine pyridine ligand is selected from

ligands having the formula (I) below:



10

15

optionally substituted hydrocarbyl, an inert
functional group, or taken together with R or Rl3to

wo eoos0es3sd ng; and R21 is hydrogen, optionally PCT/EP2004/051365

substituted hydrocarbyl, an inert functional group, or
taken together with Rn or R2 0 to forma ring. 7 . A
process according to Caim 64Mherein R7-R9O are
hydrogen; R 0 and Rn are nethyl; R12 and R16 are
methyl; R is nethyl or hydrogen; R13 and R15 are
hydrogen; R 7 and R2i are hydrogen; R18, R 9 and R2o
are independently hydrogeng, methyl or tert -butyl; X
is C mis landnis 0. A process according to
any of Clainms 1 to 7Rg Bonmetal salt is an
acetyl acetonate. 9 . g according to any of
Clains 1 to 8 wher®ion th sal.t is Fe

(2, 4- pent anedi onat e) Oy catal yst system

obt ai nabl e by théien-d|tu m Xi n of %a) a netal salt
based on Fegl,l), [Fe(lly§), Co(lly (II#QO and whi ch

aromatic sol ve D) a pyridine b| ' (A gand;
and (c) a co- AL daghi on product
of water wi tdf, B;€ Or gang
conpounds, whereijn the one or nore ofganonetallic

al um ni um conpountts i s sel ected fron®us(i)bd-branched
conmpounds of fornmula (1): Al (CH2-CRLR2 -CH2-CR
R5R6) XR3 yHz

(II1)

wherein X is carbon or nitrogen,
n is 0 or 1,
m is 0 or 1,

7 is a m-coordinated metal fragment,
R7-R11, R13-R1s and Rig-Rpp are each, independently,

hydrogen, optionally substituted hydrocarbyl, an

inert functional group, or any two of R7-Rg, R13-Rjg
and R1{g-Rpg vicinal to one another taken together

may form a ring; Rjp is hydrogen, optionally
substituted hydrocarbyl, an inert functional group,

or taken together with Ry3 or Rip to form a ring;

Rig is hydrogen, optionally substituted hydrocarbyl,
an inert functional group, or taken together with
R15 or Rig to form a ring; Rj7 is hydrogen,
optionally substituted hydrocarbyl, an inert

functional group, or taken together with Rjj or Rig



wherein RL i s a linear or branched, saturated or
unsaturated Cl-C20 al kyl, C3-C20cycl oal kyl, Ce- C20

wa@eops/0as3sL£ - C20 al kyl aryl radical ; R2 i s hydPOOEP2004/051365
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a linear or branched, saturated or unsaturated Cl-C20
al kyl, C6-C20 aryl, CT-CO al kylaryl or aryl al kyl
radical; R3i s a linear or anched, saturated or
unsaturated Cl- C20al kyl, C3-C20 cycl oal kyl,. C6-C20
aryl, Cr7- C20 al kylaryl or C7-C20 aryl al kyl radical; x
i s an itmt dpem of rinemand RAB; iz hydgogeni: opthiPnalily
3-x- z; R4 and R5 the sane or different from each

ot her, sarhstiitngged bribearened, aatinestefupgtional group,

unsaturated Ci -C20 al kyl,, C3-_  C20 cycloal kyl, C6- . CO
aryl, CE @@%WBEFR9¥ B Ey By SFyF{ZQeﬁﬁ c%ﬂrgﬁ 8t f&ng-

supstI el B 20000 Y AT, Lot Lidoca
Y Sgan s Shp e T R Mg
CR4R5RG‘)‘§(W]3PH%£\H2? %eﬁhg{rirrgﬁgﬁ%%ﬁ}; S yre
Formil & 01 U e CRb cans ar Car Tt or St am eain =7
ot her, mmdepantemtlyr hbfapgered nefdir fredesE-butyl; X is
aryr, G oo A TErOarkyaryl groups: the.
suBst i taentscdds andoR4iog R4 amd 5 Wptimsnadl by 7ovherein
one or %ﬁg)ééggsisaq%vgggag gg%é&lacetonate.
9. A process according to any of Claims 1 to 8 wherein
the metal salt is Fe(2,4-pentanedionate)s.
10. A catalyst system obtainable by the in-situ mixing
of
(a) a metal salt based on Fe(II), Fe(III), Co(II)
or Co(III) and which is capable of being
solubilized in aliphatic or aromatic solvent;
(b) a pyridine bis-imine ligand; and
(c) a co-catalyst which is the reaction product of
water with one or more organometallic aluminium
compounds, wherein the one or more
organometallic aluminium compounds is selected
from:
(i) pd-branched compounds of formula (I):
Al (CHp~CR™R2-CH,~CR'R°R®) (R%H,
wherein R* is a linear or branched, saturated or
unsaturated C;-Cso alkyl, C3-Cao cycloalkyl, Ce-
Cao aryl or C;-Cyo alkylaryl radical; R? is
hydrogen or a linear or branched, saturated or
unsaturated Ci—Cy alkyl, Cg-Cyzo aryl, C;-Caxo
alkylaryl or arylalkyl radical; R} is a linear

or branched, saturated or unsaturated Ci—Cy



carbon atons; R6 is hydrogen or has the sanme neaning
of R4 and R5; or m xtures thereof; wherein when the

woretaioossal t and the bis - arylinine pyridine | POERP2084/€51365
m xed together they are soluble in aliphatic or

aromati ¢ hydrocarbon sol vent42

alkyl, C3-Czo cycloalkyl, Cg-Cpzp aryl, C7-Czp
alkylaryl or C;-Cpp arylalkyl radical; x is an
integer of from 1 to 3; z is 0 or 1; and y is
3-x-z; RY and R%, the same or different from
each other, are linear or branched, saturated
or unsaturated C;-Cys alkyl, C3-Czy cycloalkyl,
Ce=Cao aryl, C;-Ca arylalkyl or alkylaryl
radicals; the substituents R' and R or R? and R®
optionally form one or two rings, having 3 to 6
carbon atoms; R® is hydrogen or has the same
meaning of R* and R%;
(11)By-branched compounds of formula (II)
Al (CH,-CR'RZ-CR'R°R®) ,R’\H,

wherein R*, R?, R? RY, rR>, R®, x, y and z are as
defined hereinabove in relation to formula (I);
R? and R°, the same or different from each
other, are linear or branched, saturated or
unsaturated C;-Csp alkyl, C3=Czo cycloalkyl, Ce-
Coo aryl, C7-Cao arylalkyl or alkylaryl groups;
the substituents R' and R* or R’ and R®
optionally form one or two rings, having 3 to 6
carbon atoms; R® is hydrogen or has the same
meaning of R? and R°;
or mixtures thereof;

wherein when the metal salt and the bis-arylimine

pyridine ligand are mixed together they are soluble

in aliphatic or aromatic hydrocarbon solvent.



