1 6 DC!I 2006 WO 2005/ 005354 PCT/ EP2004/ 051365 PROCESS FOR PRODUCI NG LI NEAR
ALPHA OLEFINS Field of the Invention The present invention relates to
process for producing linear al pha olefins by ethylene oli goner1iﬁz[h[tTi 2935 and
to catal yst ¥¥sweswsIser use in said 5 process. Backgroumdra2dolesitgaventi on
Vari ous processes are known for the production of higher Iinear alpha
olefins (for exanple D. Vogt, digonerisation of ethylene to higher
a-olefins in 10 Applied Honmobgeneous Catal ysis with Organonetal lic Conpounds
Ed. B. Cornils, WA. Herrmann, 2nd Edition, Vol. 1, Ch. 2.3.1.3, page

240- 253, W/l ey-VCH 2002). These commerci al processes afford either a

Poi sson-or Schul z-Fl ory ol i goner product distribution. 15 In order to
obtain a Poi sson di st bkbeksPBorRNBRERF TG &,gﬁ%ﬁ] ke place during
ol i gonerisation. However, in contrast, iIn z F ory process, chain
termnation does occur and is independent from chai n length. The

Ni -cat al ysed ephylgnsr lh09088l:S@] on step 20 of the Shell H gher QA efins
Process (SHOP) TS a typrcal examnple of a Schulz-Flory process. In a

Schul z-Fl ory proceBie preqptt inwegeion wlafesets a aimoceypi fet |y made in which
the fraction o o €o | cul ation on the basis
of the so 25 cgfﬁgggkﬁf acltn(Q)?lr %58 ?giﬁgrnb@’w%i:g%lﬁ%ge i ndicative of the

rel ative proporfioomsemfzathenparmtidet cotefysts syssenhefornnbar in atdia

of . [01+2]/[gn] cg(l:g%sl ated fromthe slope of 1 6 OC T 2006 WO 2005/ 005354
PCTI EP2004/ 05186 “the graph of log [Ch mDl %4 versus n, where n is the
nunber of carb8ackfomnmd pfatparinvenkaen product ol efin.

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, 2™ Edition,
Vel. 1, Ch. 2.3.1.3, page 240-253, Wiley-VCH 2002}.
These commercial processes afford either a Poisson or
Schulz~Flory cligomer product distribution.

15 In order to obtain a Poisson distribution, no chain
termination must take place during oligomerisation,
However, in contrast, in & Schulz-Flory process, chain
termination does occur and 1s independent from chain
length. The Ni-catalysed ethylene oligomerisation step

20 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 fracticn of each olefin
can be determined by calculation on the basis cof the so-

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

the relative proportions of the product olefins, is the

molar ratio of. [Ch42]/[Chr) calculated from the slope of



‘The K-factor is by definition the same for each n. By ligand variation and
adj ust nent of reaction paraneters, 5 the K-factor can be adj :ﬁ:{ﬁg @@ehi gher
or lower values. 1In this way, the process can be operated t d a

-product sl atwoubdsiosasy opti m sed econom c benefit. Since Qqi@Aghaof6d NE
C6-Cl18 fraction is nmuch higher than for the C20 fraction, processes are
geared to 10 produce the | ower carbon nunber ol efins. However, the
formati on of the higher carbon nunber olefins is inevitable, and, wthout
further processing, the formation of these products is detrinmental to the
profitability of the process. To reduce the negative 15 inpact of the higher
carbon nunber olefins and of the low valu2 C4 fraction, additional

t echnol ogy has been devel oped to reprocess these streans and convert them

into more val uablgh&heabrabs 1CHCRSd18Y 48R Lo, ClBer Ol ehisNPpe @S 1S
practised in the Shell Hi gher ol ef?ns 2(3 Process. Ho‘\e/\}évenr ,lst Erlles' t echnol ogy

i's expensive bot hinten an cireeshognd iand paeratilanabrffidit o2Ervh ew and
consequently add aq%d)i tional, c%st . Therefore considerable effort is
directed to keep SEBEERE i1 16 P81 deHE AL gReth 828N 25 GashoBr edBWI efins t o

the absol ute niniTagAnd veridionTaAE adft@BméRhesenihyt 855 QairahedeMi th the
Schul z-Flory_K- factor. In this regard a nunber, of published patent

appl i cati ons descHihd EAEEPY G2s Pt aIstEE thdishesoPy mamesarpbieor

ol i gomeri sation ofn ktalsehhPs tHenptbcddsl c3Q06: WP 20084 005324 duce a o
PCT/ EP2004/ 051365 3  particul ar_ethyl ene, which contain nitrogen-containing

transition metal RAPGEnasatessEtns g optampred qqeeonis| bRRAG - pat ent

appl | cat | ons whi ch arg, | ncorporat ed, ereln. by felergnce L khel g, entirety:

than for the Cszg fraction, processes are geared to

10 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 products is detrimental to the
profitability of the process. To reduce the negative

15 impact of the higher carbon number clefins and of the low
value C4q fraction, additional technology has been
developed to reprocess these streams and convert them
into more valuable chemicals such as internal Cg-Cjg

olefins, as is practised in the Shell Higher Olefins
20 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

25 numbered olefins to the absolute minimum, i.e. not more
than inherently associated with the Schulz-Flory X-
factor.

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

30 polymerisation or oligomerisation of l-oclefins, in



5 96/ 27439, WO 99/

12981, WO 00/50470, WO 98/27124, WO 99/02472, WD

99/50273, WD 99/51550, EP-A-1,127,987, WO 02/12151, WD 02/06192 ﬁ@
99/ 12981, WD 00/24788, WO 00/08034, No 00/ 15646, WO 00/ 204271 baHd
01/ 58874 andwgdNyg3603$x9628. 10 In particular, recently published Shel

appl i cations \W01/58874, W02/ 00339, W02/ 28805 and WOSFEHEIHIHEI1)

whi ch are incorpor

ated herein by reference in their entirety, disclose

novel classes of catal ysts based on bis-imne pyridine iron dichloride

conpl exes whi ch ar

especially ethylene and which produce |inea
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high purity. 20 |
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ﬁﬁg3ﬁgﬂ§§gprecise dosing of these catal yst "sol utions"

Nnsions or slurries" becones a difficult task.

In particular, recently published Shell applications
WO01/58874, WO02/00339, WC02/28B05 and WO03/011876, all
of which are incorperated herein by reference in their
entirety, disclose novel classes of catalysts based on
bis-imine pyridine iron dichloride complexes which are
highly active in the oligomerisation of olefins,

especially ethylene and which produce linear alpha
olefins in the Cg-C3ip range with a Schulz-Flory

distribution, said linear alpha olefins being of high
purity.

It 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
ocligomerization catalysts. One such co-catalyst is MAO,
i.e. methyl aluminoxane. Another such co-catalyst is
MMAO, i.e. methyl aluminoxane modified by iscbutyl
groups.

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

MVAO, i .

or



5 One solution to this problemwould be to dose the MVAO solution and the
bis-arylimne pyridine iron dichloride conplex solution sepqrﬁéﬁl Mnd m X
these streans in the ethylene oligonerization reactor. This i is
unf or t unat el woi 29334 however by the |ow 10 solubility of.cf,ﬁpmp‘{,@iﬁlgyl i mne
pyridine iron dichloride conplexes in aromatic and especially 1n aliphatic
sol vent. Another solution to the problem of inprecise catalyst dosing woul d
be to prepare the catalyst system 15 in situ, i.e. within the ethyl ene
ol i goneri zation reactor, in such a way that 4 he conponents of the catalyst
systemforma clear and stable solution in the aliphatic or aromatic
hydr ocar bon sol venespseihlily theonwnigotreduzali oont eaviisospe 2 iGhestesh, July
1999, pages 24-28, _.Nov kghly . active .ron and cobalt catalysts for
olefin polyneri saFF%&Le,y O%?%%é/nrlﬁea%ﬁ%? t?la&%séf%%ee§rteﬁé?e LO5HGt Gfe of
Co(acac) (err), pyrtdése datsliyst Mesdliugangs” and rathéhylevakuomxanegwi | |

r. pol yethyl ene product

pol yneri se ethylene_in hsi. h yiel 25it o,forma sim.| %
as that formed fronkHe l%rnécg’fasl TLED IS ER R iy FaL tinRsdhe. 1t has
been observedsby the pr@sesblitwventer sShihairobkem (vduld 63, Yo REIHAREdI Onat e) 3,
desi gnat ed herei naﬁ@g a Fe(aca ZF?‘ which i.s sparingly soluble in
al i phatic 30 sol ve 65[??1’7‘%(8&%’6% Bngl%"rarﬁéb?‘é’ﬁ% Hy§9‘fi¥’éﬁs’f§ﬂr’rred into a
clear and stabl e salciticrideycabsidd apleti@n sepppioxiymahel ¥ieqHazal ar anount
of the appropriatesPis 1 gnCﬁg ZQSE WD 2005/ 005354 PCT/ EP2004/ 051365 5
arylimne pyridi neSHFGHg T THIS SHYIRE® t He GOMeSH 137 198 EBAFERY on 1HfSa Fe
(I'11) bis-arylinm neppysr disneneorpirexel i niddeaieal h@aRr Bat {19 rwactor. Use of
MMVAO as cat al gst actjvat.ar in tl}le %bove- L. L , )
1 solubility of the bis-arylimine pyridine iron dichloride
complexes in aromatic and especially in aliphatic
solvent.
Another solution to the problem of imprecise
catalyst dosing would be to prepare the catalyst system
15 in situ, i.e. within the ethyiene 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 solvent used in the
oligomerization reaction.
20 Chemtech, July 1988, 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 soluticn by addition of an

approximately equimolar amcunt of the apprcpriate bis-



5 mentioned in-situ preparation gives a high initial activity of catalyst,
however, catalyst lifetine is relatively short, particularly eBtD[gIRt}ﬁat ed
tenperatures in aliphatic solvents. This is a partl cul ar probl emin a

conti nuous eWO308¥W5HHKI goneri zati on plant where the 10 teopermbidsessar e

i deal ly above 70'C, preferably from80- 120'C, in order to avoid plugging of
hi gh nol ecul ar weight (> C20) al pha olefins in the reactor and when
operating at high alpha olefin concentrations in aliphatic solvents. 15
Therefore, there is a need to identify altefnative co-catalysts in the
in-situ preparation of Fe-based catalyst systems, in order to inprove

catal yst |ifetine. aryripggneapytidinehilsodsbst This (mlltl@wsthédre{sulm shoul d not

be at the expense | efi i a |t. has now
surprisingly been ?%ﬁéﬁ[%%g{? ﬁeyt%e?%fl) %q %%]‘E#'[lerr YELE GPp 5%
branched al uni ni unialtihd Odﬁgommﬂamwanemecat alysts in the in-situ

preparation of bis-imype B¥rﬂmﬂid1%s':8 gﬁq’sgfgfy%@am%l%c{ ovi es cat al yst

systens with |onger |ifetinmes and hi g T%i%PVeAt the same
tinme, the al pha- ol séntriqmedi {y—sid: pabpdmaatoloef gived el digh 1rhﬂ::1.fallna| pr oduct

is on a par with |P§q MM% 6, 395, 668
di scl oses a cat al ys&sys?pg% or l&ﬁ 0 ygerfsazi‘tal %f J(’ﬁeefflln}‘?s éorrprl si ng
t he product 30 obtalaiabiedybyhaont @ert:ngﬂ(aa)Lyoaﬂle drvabee vomeaandseof a

G oup 8-11 transitlﬂg?I n%th%tic snodlv%g)%%r ctl pro ;{%%%%gfr er X\g}th one

or nore organomneta um ni um

PCT/ EP2004/ 051365 céntoanmpeuatisylehlel obigdrm:Leathbrelpeapﬂl wieerd $aki on exanpl es

t herein nakeébuse of a b| |mneefoylr|dife iLron ? ecat al | ex, There is
0

no disclosuré’in t ergpedroacuﬁgﬁt £Ret % AESEFa Sffe%?ﬁ%%lry ESRa80T ef i ns

using a catal yst 120°C, in order to avoid plugging of high molecular
welght (> C20) alpha olefins in the reactor and when
operating at high alpha olefin concentrations in
aliphatic solvents.

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 Bd- 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 centacting (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



5 system where the bis-imne pyridine iron conplex has been prepared
in-situ. Summary of the Invention The present invention provj g%% 13008r ocess
for the preparation of alpha-olefins conprising reacting ethyl"ene 10 under

-ol i gomeri sat {y@, ions in the presence of a mxture rising: (a) a
netal salt baseg on Fie(ll) Fe(l1l), Co(ll) or Co(lll); ‘?%Epzﬂo%qséﬁérylimne
pyridine ligand; and 15 (c) a co-catalyst which is the reaction product of
water w th one or nore organonetal lic alum nium conpounds selected from
(i) P5-branched conpounds of formula (I): A (CH2-CR R22- CH2- CR R5R6) . R3yH,
20 wherein RL is a linear or branched, saturat ed or unsaturated Cl-C20

al kyl, C3-C20 cycl gghdoilnds06- £20 orakyl . e zﬂgag gamemg%{cg@é%besal oyl

hydrogen or a |inear or branched, saturate unsat ur
C6- C20 aryl, C7-C2bhersdy apye wie &’rfylialPWlmZSQrMJthe R8on prachiakgst or

branched, saturated Qe unsatsratied, Gl3G24 al kyl.. C6-C20
aryl, Cr7-C20 al kyl a?rﬁﬁ}% eor Cr-C20 JLar;lr/l I al Jky o@hgl cal %lgzlgg&gr%nﬁntog J%kl’}e of from

1-3; z is 0 or 1; mpeParstdo-ok-lAnerr alwhaR6lefins swibgoa cchtfa‘lmsem from

each 30 others areg I d ra

al kyl . C3-C20° cycl olé%%“f Wh%% %[2%@%% fmﬁ%%ég%gari,ﬁg#y?%& & ky|S yﬁ”‘

radi cals; the 16 @:5_81;14)@61 WO-2006/ 005354 PCT/ EP2004/ 051365 7 substituents
Rl and R4 or R9 and, tir0pad | o fgE M, one or two rings, having 3 to 6

carbon atons; R6 | sane neaning of R' and R5;
(ii)(3y-br anched corrpodl?ms pufsényy dpvantidn provides a process for the

preparation of alpha-olefins comprising reacting ethylens
10 under oligomerisation conditions in the presence of a
mixture comprising:
{(a) a metal salt based on Fe{Il}, Fe(IIl}, Co{II) oxr
Col(III);
(b} a bis-arylimine pyridine ligand; and
15 (c) a co-catalyst which is the reaction product of water
with one or more organometallic alwninium compounds
selected from:
{1} Bd-branched compounds of formula (I):
A1 (CH,-CR*R*-CH,-CR'R®R®) ,R%H,
20 wherein R* is a linear or branched, saturated or
unsaturated C1-Czp alkyl, C3-Cap cycloalkyl, Cg-Cjg
aryl, C3-Cyp alkylaryl radical; R? is hydrogen cr a
linear or branched, saturated or unsaturated C;-Cyg
alkyl, Cs-Css aryl, C;-Cy alkylaryl or arylalkyl
25 radical; R® is a linear or branched, saturated or
unsaturated €;-Czp alkyl, C3~Czy cycloalkyl, Cg=Cazg
aryl, C;-Cp¢ alkylaryl or C;-Cyp arylalkyl radical; x
is an integer of from 1-3; z is 0 or 1; and y is 3-
x-z; R*® and R®, the same or different from each
30 other, are linear or branched, saturated or
unsaturated Cy-Cyp alkyl, C3-Cyp cycloalkyil, Cs"lCQQ
aryl, Cy-Ca arylalkyl or alkylaryl radicals; the



5 Al (CH2- CR1R2- CR4ARSR6) XR3yH, wherein R1, R2, R3, R4, R5, R6, X, y and z
are as defined hereinabove in relation to formula (1); and mxtures
thereof; wherein when the netal salt and the bis-arylimne 10 pg¢] diohe
ligand are nWeoyegssher they are soluble in aliphaticpef/mpiopiBlies

hydr ocarbon solvent. In a further aspect of the present invention there is
provi ded a catal yst system obtai nable by the in-situ mxing of: 15 (a) a
netal salt based on Fe(ll), Fe(lll), Co(ll) or Co(lll); (b) a bis-arylimne
pyridine ligand; and (c) a co-catalyst which is the reaction product of
water w th one or nore organonetallic al um ni um conpounds 20 sel ected
from (i)56-branched ccanbcsbm’dlsernis Rbrandl a (d]:) :R a&id REHDH1ABKRR1 £H2YGRARE RE)
gR3yH, wherein Rl is | i nea bran aataed or unsatur@t ed
Cerr)-Clerr) alkyl, C37€28"cyE oéLInEy1 8661“@2 LR 3R Rerrd)

al kylaryl radical; R2 |1‘§,rdlﬁ¢demgﬁﬂ heg ®he Ismamemlrbj afickedngsat,urated or
unsat urated C2- C20 al k

C20.aryl, Cr- I k or aryl al kyl
radical ; R3 is a linear'™ R%r%‘?ﬁﬂ’?@&d St Edogrf égt Bted c1-C20 al kyl,
C3- C20 cycl oad kyl, C6-C20 30 aryl, (le GRWL@RMPRGQLRW C20 aryl al kyl
radi cal ; x isanintegq?_‘ offlo @%ZQ%OOI‘ :and is 3-x-z; R4
and R5, the sane or di fTer&nt : 6 0 '€ T 20862 2605 865354
PCT/ EP2004/ 051365 8 @:tel’f&h,edalﬁ&ellnaﬁa‘b‘e arn beaaciwd tos abitistLd TOE
unsaturated Cl1-C20 al kyl d C3-C20 Céﬁ C6-C20 aryl, Cr7-C20 aryl al kyl
or alkylaryl groups: tH&% BEBEHSUEAEES 2 and R4 or RO and R5 optionally
form wherein when the metal salt and the bis-arylimine

10 pyridine ligand are mixed together they are soluble in
aliphatic or aromatic hydrocarbon solvent.

In a 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{IIl), Fe{IIl), Co{II) or

Co{IIl};

(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:
(i1} B&-branched compounds of formula (I):
Al (CH;-CR'R?-CH,-CR'R’R®) ,R% H,
wherein R!' is a linear or branched, saturated or
unsaturated C)—-Cyp alkyl, C3-Cyz cycloalkyl, CgCyo
25 aryl, Cy-Cpo alkylaryl radical; R is hydrogen or a
linear or branched, saturated or unsaturated C;-Cyg
alkyl, CgCzo axryl, Ci-Cyp alkylaryl or arylalkyl
‘radical; R® is a linear or branched, saturated or
unsaturated C;-Cz alkyl, C3~Cy cycloalkyl, Cg—Czo
30 aryl, C;-Cz alkylaryl or Cy-Cp arylalkyl radical; x
is an integer of from 1 tc 3; z is 0 or 1; and y is

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



5 one or two rings, having 3 to 6 carbon atons; R6 is hydrogen or has the
sane neaning of R' and R5; (ii)3y-branched conpounds of forqybﬁlﬁhd) Al
(CH2- CR R2- CRAR5R6) XR3yHz wherein R, R2, R3, R4, R5, Re, ﬂ, aftd®” z are as
10 defined hgigeihplessg 1N relation to fornula (1); and r t hereof ;
wherein when the netal salt and the bis-arylimne pyrid?%éﬁﬁ?géﬁﬁﬁ re m xed
together they are soluble in aliphatic or aromatic hydrocarbon solvent. 15
Det ai l ed Description of the Invention A first essential conponent of the
catal yst system herein is a netal salt basgd on Fe(ll), Fe(lll), Co(ll) or
Co(l'll). The metal salt and the bis-arylimne pyridine ligand 20 are chosen
herein such that when they. .ar i ogether ., they are soluble in aliphatic
or aronatic_hydrocarboﬁﬁﬁsgfv%%¥ﬁégg%§f%hégg F%%%eﬁf?gf?%% F&actions are
typically carried out iupsabundiqesh&it@ocrlkglon@d-iCe dyploallayljogso,vent. 25
As used herein the term/  when the al t the. bis-arylimne pyridine
li gand are nixed toget hrgé:ty\ﬂ?hgl/tcé"r é—:\%g%}f% eri %ﬂg’f]iaﬁﬁét ?Eoﬁs’artbﬁ‘ati c
hydrocarbon sol vent" medstsithertst RE amet 8f sakli ake®® mptddnhdyet fedm Wit h t he
bi s-arylim ne:pyridine |ig ' lgr ratig of 1:1.2 30 has a _solubility
in heptane at> 25C in t RS ggg%&%fr%ﬁggb%%v&%go ptb?nslﬁfaﬁgcé? &BISF r BmFppm t o
200ppm and nore pref efadrpgén am 28pprhd caREOp@mMinst bt Rbasadron nmetal in 1
6 OCT 2006 vm>2oo5/oo53§4 ECJ%E;%%% /051365d 9 _s Iut'onLt As an exanple, a
m xture of 37 ng of 44 RO AT e A n P H P B R o BB 518 yI i ni ne pyri di ne
Ligand A prepared in the exanpl es hehbiotet®w’ {¢R'8’ R, R°pmxt ure of netal salt
and bis-arylimne pyridhne klgandpz g3 ge g5 2%y, y and z are as
10 defined hereinabove in relation to formula (I);
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.

15 Detailed Description of the Invention

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

The metal salt and the bis-arylimine pyridine ligand

20 are chosen herein such that when they are mixed tcgether
they are soluble in aliphatic or arcmatic hydrocarbon
solvent. Ethylene oligomerization reactions are
typically carried out in an aliphatic or aromatic
hydrocarben 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 mclar ratio of 1:1.2

30 has a solubility in heptane at 25°C in the range of 2ppb
to 200ppm, preferably from 2ppm to Z00ppm and more
preferably from 20ppm to 200ppm (wt/wt based on metal in



5in anmlar ratio of 1:1.2) fornms a substantially clear solution in 169g
of pure heptane at 25 C (representing 35 ppm(w/wt) of Fe (netal@ in the
hept ane solution. If such a mxture fornms a substantially clemPLT @b ution in
hept ane, thewd foosdessshd al so forma 10 substantially cl e?&TlﬁPiOHJ]t%??:fksi n ot her
al i phatic or aromatic hydrocarbon solvents typically used 1 n ethylene

ol i goneri zation reactions. As used herein the term"substantially clear
solution” neans a visually transparent solution which 15 does not give rise
to sedinentation over tine at roomtenperatgre. The term "substantially
clear solution"” as wused herein is intended to enconpass both real solutions
(which contain di sselwmgdnpar tAL|2s ewhidl 4N aaMEEAGR oBaBY ifd @¢di ameter of
fromO0.1 to 1 nmwhich cannot bhe 20 detected by mi croscopic or

ul trani croscopi ¢ t ERFfdflasithnd - edthAt bBe Seisarat édmine Eyridineiltrati on or
dialysis) and col {oi4al Asﬁkéﬁdr@&ﬁiﬁ%&%x@&%fequ{etx‘e@hﬁélwt('l.@r.‘ aaverage
particle size of from0.1 to 0.001lm (=1nm which do not show sedi nentation
over tine at room PERpHSaChragtalosatt ambiig-pevhisies pretdinet Rilgande anbit
of the preseft inygendimlakt -dsidPREsibl &)t Golns A MBLehnSAll1y cwehfhz when
taken on its own, is insoluble or only sparingly soluble in~aliphatic or
aromati c sol vent, SPovicdedntH2do WhReRUT? HePtAPK T Vitt B AFCRERFEDHANELES bi s 30
arylimne pyridinephhgaRdwtl her MeXtiELal S 10k HbiJiAneabbRatdnc Or aromatic
sol vent. 16 0C 2086 WO 2005/ 005354 PCT/ EP2004/ 051365 10 Non-limting
exanpl es of suitabl e netfalPushld SixFEF 8 deCEEr BoxrHrasiathy baitares,

al koxi des, thiol at g§1ut (Al eahd A8, O atesnodId Qaabbexy) af es, tropol ates,
5

phosphi nates, acetyl acetonates, inmi noacetyl acetonates, _
bi s-i mi noacetl9| aceFehstadialhe deagbpplulions ipheidtercasipeatic orx

aromatic hydrocarbon solvents typically used in ethylene
oligomerization reactions.
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 dissclved particles with an average
particle diameter of from 0.1 to 1 nm which cannot be

20 detected by microscopic or ultramicroscopic technigques
and cannot be separated by (ultra)filtration or dialysis)
and collocidal solutions (which have particles with an
average particle size of from 0.1 to 0.001lum (=1nm} which
do not show sedimentation over time at room temperature}.

25 It 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 sclvent.



‘tuned by an appropriate choice of substituents, as well known to those
skilled in the art. Preferred netal salts for use herein are tkh(z &h onal |y
substituted acetyl acetonates, al so designated 10 as x, (x+2)-§| %@1@ l5)nat es,
such as 2, 4- slganemssapat es and 3, 5-al kanedi onates. Wen

acetyl acetonates are substituted, preferred substituent SPE%PZPJQ_{/O&EG%' Kyl
groups, especially nethyl. Exanples of suitable acetylacetonates include

2, 4- pent anedi onates, 2,2,6,6 15 tetranmethyl -3, 5- hept anedi onat es,

1- phenyl - 1, 3- but anedi onates and 1, 3-di phenyl -1, 3- pr opanedi onat es.

Preferred acetyl acetonates for use herein are the 2,4- pentanedi onates.

\etal salts based on FabhllinArieDatiddidsabtVou AEehE(d LY ﬁgf use herein.
It for eJ(I i

A particularly preferred netal sa use herein is
(2, 4- pent anedi onat ¥)3 v dgesrErrtddther cdarbapat ¢ addox8ded t tholkiedhe noted

that, on its own, £a(ReaGhdess HRhYLSPAKAY [ | i ic 25
hydr ocar bon sol vent, but th?it when an a&pro%ﬁr{fat gi%:tgs' gcrfﬂpiog‘lgﬁ%s’pyri di ne

ligand is added, sPRasRdiantead 1apegybagetosateti omingaterieeatonatephatic
hydrocarbon sl ve%iSAﬁﬁsge&ﬁ%@%ﬁ@JesﬁOggg%g\dslhgﬁﬁiggeof%ghxséaé%set em

herein is a bis-arylimne pyridine ligand. i scussed above in relation
to the nmetal salt,tunsgsebyi gamphrepshoserholich shembshituesttal, sal ¢ednd t he

bi s-arylimne pyrigi i.g r.&: M t t they are 1 6 OC T 2006 WO
2005/ 005354 PCT/ EP%BC%%/ %Elgg éaf%lﬂ%%f(}b gg‘?n al’iphatic or aromatic

hydr ocar bon sol vent, ad$reflefieredieibdbvenltBafor cudeahleyesnidmbitdebi saryli m ne

pyridine ligands  ffs diad) elaldtatOeld dRet P00 004:00, 1R QLOulR(dd 1)

10 as x, (¥+2) -alkanedionates, such as 2,4-alkanedionates and
3,5—-alkanedionates. When the acetylacetonates are
substituted, preferred substituents are C1-Cg alkyl
greups, especially methyl. Examples of suitable
acetylacetonates include 2, 4-pentanedionates, 2,2,6,6-

15 tetramethyl~3, 5-heptanedionates, l-phenyl-1,3-
butanedionates and l,3—diphenyl»1,3—éropanedionates.
Preferred acetylacetonates for use herein are the 2, 4-
pentanedionates.

Metal salts based on Fe(III} are particularly

20 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)s 1s only sparingly soluble in aliphatic

25 hydrocarbon solvent, but that when an appropriate bis-
arylimine pyridine ligand is added, a substantially clear
solution is formed in aliphatic hydrocarbon sclvent.

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

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

bis-arylimine pyridine ligand are mixed together they are



R7 ACRSR9 RI1R11. R12 RR1I3 N :2lm:zn R15 R19 (II1) wherein X is carbon
or nitrogen, nis Oor 1, mis Oor 1, 10 Zis a Ic-coordinat¢ggq?ﬁmﬁ
fragnent, R7-Rl1l, R13-Rl15 and R18-R20 are each, independently, “hydrogen,
optionally swiosihbduesad hydrocarbyl, an inert functional pgishsMs@ny two
of R7-Rg, R13-R15 and R18- R23 vicinal to one another taken together may
forma 15 ring; R12 is hydrogen, optionally substituted hydrocarbyl, an
inert functional group, or taken together wth R13 or RI0O to forma ring;
R16 is hydrogen, optionally substituted hydrocarbyl, an inert functional
group, or taken together with R15 or R10 to forma ring; 16 OCT 2006 WO
2005/ 005354 PCT/ ERZAGMABSI365 1ph2e1 K1d: 3ohyElOG8Rr (ORLIAN A ApbSE] LUt ed
hydrocarbyl, an inert functional group, or taken together Wit h 1"or RIB
to forma ring; arftefRPed| 3 Kedr ogen, optionally substituted hydrocarbyl, an
nert functional grouppapk: &uldonshogetiens i iflle0p, A8 Lo, (gL A Ting.
nrelation to formula (111) above certain terns are Uused as foflows: The
t erm " n- coor di nat €PTEea| herigminclude, thepat haning shehfoyguoep (ZIfkans t hat
the Z group tsogethgrow.th the 10 ring containing the X atomrepresents a
met al | ocene noi ety or a sandwi ch or netal -arene conpl ex which can be
optionally substituted. The Z group contdsns a netal atomwhich is
n-coordinated to the aromatic ring

8 Rg
fe O
N
Rys
Ry3 N
R14 R16
Ris
{I1I)

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

mis 0 or 1,

10 2 is a m-coordinated metal fragment,
R7-R11, R13-Ris and Rig-Rop are each, independently,
hydrogen, optionally substituted hydrocarbyl, an inert

functional group, or any two of R7-Rg, R13-Rig and Ryg-
R>g vicinal to one another taken together may form a

15 ring; Ry2 is hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or taken together
with Ry13 or Ryg to form a ring; Rig is hydrogen,
optionally substituted hydrocarbyl, an inert functional

group, or taken together with Ryg or Rip to form a ring;



containing the X atom The Z group can also contain one 15 or nore |igands
whi ch are coordinated to the netal atom such as, for exanple (CO Iigands,
such that the Z group fornms the nmetal fragnent Fe (CO,. Pref dr&abmlyznuﬁ
however, th contains an optionally substltuted aromatic ring
which is n- cgg?gﬁﬁg%E% to the metal. Said 20 optional |y S&BEPROHPEFSar omatic
ring can be any suitable nonocyclic or polycyclic, aromatic or

het eroaromatic ring having from5 to 10 ring atonms, optionally containing
from1l to 3 heteroatons selected fromN, 0 and S. Preferably the aromatic
ring is a monocyclic aromatic 25 ring contalfing from5 to 6 carbon atons,
such as phenyl and cycl opentadienyl. Non-limting exanpl es of conblnatlons

of aromatic hydroca ?90115 nyﬂQSg@rQﬁto%Itmbﬁ'ﬂllajnsuﬁs@:ﬁiﬁ{’ﬂe@nﬁ y8r&Qapginatgd metal
fragments include ferrocéne, cobaltocene,” nickel ocene,” chronocene, 30

titanocene, vanado ro, %??é
2005/ 005354 PCT/EP%ggﬁldgﬁggggﬁﬁgQ&O% an?%ﬁ%%ﬁg £o 2 ﬁl%gﬁggjene H%tal

conpl exes, nono- cat.i I se.t gne rut heni um
digﬁloride The teiklfﬁggfgggﬁgyl grogg f%r#ﬂ?%Pé%% Y DF%£ R7 to 5 R(err)
groups of formla (shbg&lapa%\aew@@&%ﬂggrow 1n%99tf‘lﬁrﬂ!ﬂ%n9@| r&ﬂ%bgg and

hydr ogen atons. Unless otherw se sta t he nunber car tons is

preferably insthe rarge fdg@thdrtwiti0R; esRedalty ffomrmlmtgq 6. The
hydr ocar byl group may be saturated or 10 unsaturated, aliphatic,

cycl oal i phatic or cycl barmiatien td)tfprinslqar(elﬂér) ahgvealcephatn cterSsi kabl e
hydr ocar byl groupsusegc'!lS Erb%a secondary and tertiary carbon atom
groups such as those "descri d"Bel ow. The phrase "optionally substituted

hydrocarbyl " in 15 rel ¢ Gerin0" - oRdikordR hegbDUNSgifent or tul:16khb) above
IS to the group 2 means that the Z group together with the
10 - ring containing the ¥ atom represents a metallocene
moiety or a sandwich or metal-arene complex which can be

optionally substituted. The Z group contains a metal

atom which is sm~coordinated to the aromatic ring
containing the ¥ atom. The Z group can also contain one

15 or more ligands which are cocordinated 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 Z group contains an optionally substituted aromatic
ring which is wm~coordinated to the metal. Said

20 optionally substituted aromatic ring can be any suitable
monocyclic or polycyclic, aromatic or hetercaromatic 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 & carbon atoms, such as phenyl
and cyclopentadienyl. Non-limiting examples of
combinations of aromatic hydrocarbon rings containing an
X atom and sm-cocrdinated metal fragments include

ferrocene, cobaltocene, nickelocene, chromocene,

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



-used to describe hydrocarbyl groups optionally containing one or nore
"inert" heteroatomcontaining functional groups. By "inert" is neant that
the functional groups do not interfere to any substantial degride)f¥i 2006 t he
20 ol i gomer i ¥ 308500p35@cess. Non-1im ting exanpl es of sucBcrkpRblosgisuUPS are
fluoride, chloride, silanes, stannanes, ethers, alkoxides and amnes with
adequate steric shielding, all well-known to those skilled in the art.
Some exanpl es of such groups include methoxy and 25 trinethyl sil oxane. Said
optionally substituted hydrocarbyl may incisude primary, secondary and
tertiary carbon atom groups of the nature described below. The term "inert

functional group” {itdnghat b diRithe hdtlrbar&Rd nwt,gmpéoxghefx%@,% NAREDN
above neans a group 30 other than optionally substitute ydrocar byl which

is inert under tHEAHMGENBFFAIPRBAITCESSS comdionydnsareng auhheByurt i nert "
is neant that the dunal-9Ral group 1 6 OCT 2006 WO 2005/ 005354

PCT/ EP2004/ 051365 14 does not interfere to any substantial degree with the
ol i gomeri sation proced$e EREmpliydrefaihydr grewmctironalatprotpsteit’abbe f or

use herein ingl udegzha%wﬂas BENES Sl 22NE AN RS SHEIL LS LESES ary am nes,
especially fluorine and chlorine. The term"Primary Carbon atom group" as

used herein meansCePtACAROR PR FarpeR &N Ry§sogss) agewe. f odelydr ogen, an

optional |y substitytied. hydr ocardy! tRE Afpehest {upehi 2Agls glsoup. Exanples of
suitable primary carbon 10 atom groups i1nclude, but are not limted to,

-CH3, -C2H5, - CJ-lZ@e,fEI@FIQEGrB,thECFEW@iHSWZl arl 30cHespecipddvefrad 1 pri mary
carbon atom groups,f o, u@gehﬁ}zﬁio%a@ ﬁt&}gﬁg & Lig t&gﬁsedsgl ected from
st y wh

hydrogen or a Cl-C6 wunsu uted hydrocarbyl’, prefera erein Ris 15
hydr ogen or g)Cl_cgpqgﬂggpted, aliphatic, cycloaliphatic or cycloaromatic,

but is preferably aliphatic. Suitable hydrocarbyl groups
include primary, secondary and tertiary carbon atom
groups such as those described below.
The phrase “optionally substituted hydrocarbyl” in

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



The term "Secondary carbon atom group” as used herein neans a -CH(R)2 group
wherein Ris selected from optionally substituted hydrocarbyl %ﬂﬁn@ Bnert
functional group. Alternatively, the two R groups may toget het] ?Jresent
a doubl e bondvarmjesbaésse€. 9. =CH2, or a cycl oal kyl group.

secondary carbon atom groups include, but are not |imt£§¥@g?"°‘!’2§1£m)z, -
CHC12, -CHPh2, -CH=CH2 and cycl ohexyl. Preferred secondary carbon atom
groups for use herein are those in 25 which Ris a Cl-C6 unsubstituted
hydrocar byl, preferably a Cl-C3 alkyl. The term"Tertiary carbon atom
group” as used herein neans a -C(R)3 group wherein each R is independently

selected froman o I it I an 3Q
functional group. %ﬁg%sg?%lgt IX:{}\Z I'Jtehg&ti‘cﬁhr}h E{Qﬁ%{% gﬁgﬁewlfbogf/;%05354
PCT/ EP2004/ 051365 ollfgorrgmmap'slcurayprboget haxamppesexehunart riyleeibaad noiety,

e.g. -C=CPh, or rin cant ai ni tertlar ca n.ato such as
adamant y| derlvatl%rcu SQEEtgisee%nrt%? iR R E‘%ﬁ’f 'oﬁngefﬁcl ude, but

are not linmted toand Eanﬁ@@bis&fﬂch -a6Ctarti4zyCriinds A(éapfaﬁiadlyaﬁduorlne
C(CHB)Z(OCHB erred tert| ary carbon atom groups for use herein are

t hose wherei n each C1°C6 unsubstitut ed hydr ocar byl group, preferably

wherein each Ris a Cﬂ‘h@?,ta}:ﬂ(y‘rPgmeup caypoal eta@blgrouber & nueacheReis et hyl .

In the case wherein 10 each Ris a nethyl group, the tertiary carbon atom

group is text-but¥Heanyg @ wfHpharapprevgrgiadr bis edsetedifjoadhydredrn art

that within the boundar iti n ere fore escribed, substituents
R7-R21 may be readf”l"fpg‘é'lo ?g “33 %Q%’iﬁd 550?%@3’&&*0?%{@ %of t he
cat al yst syst em angundtsoneGogomical Eagnbliezabr osuihmeepermed kaspoyl i m ne

pyridine |igand for use
10 atom groups include, but are not limited to, -CH3, -CzHs,

—CH»Cl, -CHp0OCH3, —-CHzN(CzHs)2 and -CHPh. Preferred

primary carbon atom groups for use herein are those

wherein R is selected from hydrogen or a Ci-Cg

unsubstituted hydrocarbyl, preferably wherein R is
15 hydrogen or a C;-Cs alkyl.

The term “Secondary carbon atom group” as used herein
means a —CH{R)> 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. =CHZ, or a

cycloalkyl group. Examples of secondary carbon atom

groups include, but are not limited to, -CH(CH3)z, -

CHCl>, -CHPhp, =-CH=CH, and cyclohexyl. Preferred

secondary carbon atom groups for use herein are those in

25 which R is a C3-Cg unsubstituted hydrocarbyl, preferably
a C;~C3z 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



herein is aligand of formula (I111) wherein Xis C mis 1 and nis 0 such
that the ring containing the X atomis 20 a 6-nenbered aronmatic group.

Anot her preferred bisarylimne pyridine ligand for use herei n1ﬁsﬂ%é M6gand
of formula (Wo)eosbesRin Xis C m is O, nis 1, and th .Ng. containing X
together with the Z group is a netall ocene group. 25 Ye?ci}ﬁgg'rqﬂ?mﬁsef erred
bisarylimne pyridine ligand for use hereinis a ligand of formula (1I11)
wherein Xis N mis 0, nis 0, such that the ring containing the X atom
is a l-pyrrolyl group. To restrict the prodf.gcts to oligoners it is preferred
30 that no nore than one of R12, R16, R17 and R21 is a tertiary carbon atom
group. It is also é)ref er gned Eh%tt 1r5r0 CT OO%V.\D 2085/ 05354

PCT/ EP2004/ 051365 S1BP n8EY nbtE PREN RIS SSPERL 2 T REE, PR "G the 1 i% a

secondary carbon ag-@phgro¥pa Ringf eysiagh ldogends dok e Befa ek Boh Nl dpde those
of formula (11l1) with the followi ng ortho substituents: '5 (i) Rl2, R16, R17

and R21 are each, FHdependedantyl gepivayives; \ExprplapdoRIGraieryri mary

carbon at om group, cafRbh hSofl Youbsabee AL i Suthade AbtPIifEY tGarbon atom
group; 10 (iii) R12 and RIG 'are each, independentiy, Hor F, R17 and R21

are each, independe(itizyz, RCAk, orCsqRh, Marydoa@niieh @idmogeayp; (ooh¥) . R12 is H
or F, RI6 is H F or primary carbon atom group, R17 and R21 are primary
carbon 15 atom gr%‘iﬁf-@‘,rr(EQ) A ary gty o eEohdaryse Ao an aaxem

group, R16 is hydrogen RliZeandtRIraIE He, R ulfdupddikTREY ﬁ?df%%%?ﬂ?fry

carbon at om groups;
group, preferably wherein each R is a C,-C3 alkyl group,

preferably wherein each R is methyl. In the case wherein

10 each R is a methyl group, the tertiary carbon atom group
is tert-butyl.

It will be appreciated by those skilled in the art

that within the boundary conditions hereinbefore
described, substituents R7-Rz1 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
Z group is a metallocene group.
25 Yet another preferred bisarylimine pyridine ligand
for use herein is a ligand cf formula (III) wherein ¥ 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 Rjz, Rig, R17 and Rp1 is a

tertiary carbon atom group. It is alsc preferred that



(vi) R12 is tertiary carbon atomgroup, R16 is 20 hydrogen, R17 is H, F,
G, primary carbon atomgroup and R21 is Hor F;, (vii) Rl2 i ﬁtg:@ﬁy
carbon atom group, R16 is primry carbon atom group, Rl7 and H or

F;, 25 (viii) wolxesdessRl6 are H F, C, primary carbon at econdary
carbon atom group, R17 is WO 2005/ 005354 16 OCT 2006 PC??EE’%@Q‘%%?SGS 17
primary or secondary carbon atomgroup and R21 is H (ix) R12is H F, d,
R26 is H F, Cl or primary carbon atomgroup, RLl7 is tertiary carbon 5 atom
group and R21 is H, (x) Rl12 and R16 are H, g or C, RLl7 is tertiary carbon
atomgroup, R21 is primary carbon atom group. Particularly preferred

| igarids for use herein_inglud 10_t hose_of fornmula (I1]) wherein R7-R9 are
hydrogen and R10 "d™Rft Wra %@Ph%, 2 Bz gl d9RehEE apPRFRReAAY

met hyl . Especi al | y, p.gf 8E&£do,gands for use herein include:- a ligand of
formula (111), wherein R/-R9 "are 15 hydrogen; R o and R11 are nethyl; R12
and R16 are nethyl; Rrafexreretlhighngt feordregdmreRn3inekhdR]l Shase &iydr ogen;

7 s ol gepgan e L) A s pspape

5
hydrogen, nethyl, or tert-buty ahd of

formula (111)5 wherei niR7- RO e R, gy Q@ﬁnRzﬁiaQeaQQckBl]ir@éFeHEéMy, R12,
R 14 and R16 are nethyl; R13 and R15 are hydrogen; R17 is fluorine; and
R18- R21 are hydrogen; and X iBo€ Chiis 1 and nis 0; a ligand of fornula

(I'11), wherein R7-R9 are hydrogen; R o and R11 are nethyl; R13-R15 and
R18- R20 are (i1} Rip and Rig are primary carbon atom group,

Ri7 is H or F and Rz1 is H, F or primary
' carbon atom group;

10 (iii) Ri12 and Rjg ‘are each, independently, H or F,
R17 and Rzj are each, independently, F, Cl or
primary carbon atom group;

(iv) Ri12 is H or F, Rig is H, F or primary carbon
atom group, Ry7 and R2y are primary carbon

13 atom groups;

'(v) Riz is a primary or secondary carbon atom
group, Rig is hydrogen, Ri7 and Rp1 are H, F,
Cl, primary or secondary carbon atom groups;

{vi) Ri» is tertiary carbon atom group, Rig is

20 hydrcgen, Rj7 is H, F, Cl, primary carbon
atom group and Rgy is H or F;

{vii) Rip is tertiary carbon atom group, Rig is
primary carbon atom group, Ri7 and Rz; are H
or F

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

group, sSecondary carbon atom group, Ri7 is



25 hydrogen; R g, R16, R17 and R21 are fluorine; Xis C, mis 1 and nis O;
WO 2005/ 005354 16 ON 7006 PCTTEP20041051365 18 a ligand of fornmula (111),
wherein R7-Rg are hydrogen, R10 and R11 are nethyl, R12, R14 and (62080 e
met hyl , R7 afNtP R0E08® hydrogen, mis 1, nis 0, Xis C p¢ huw R20 and
R21 are hydrogen, Rig is nethoxy or 5 trinmethylsiloxy; a ligan 3 6fsorrrula
(I'r1), wherein R7-Rg are hydrogen; R10 and R11 are nethyl; R12 and R15 are
nmethyl; R14 is nmethyl or hydrogen, R13 and R15 are hydrogen; R17 and R21
are hydrogen; R g, R19,and R20 are independently 10 hydrogen, nethyl, or
fluorine; Xis C, mis 1, nis 0. The bis-arylimne pyridine |ligands for

use herein can be prepared usingryeinadeonelly knowsntadhgse,skilded in
the art, such as described in WO01/58874, WO0Z/ 00339, / 28805,

W03/ 011876, WD 92/12162, WO/ 29489, WO 15 99/12981, V\D 00/ 50470, WO

98/ 27124, WD 99/02472, WO 99/50273, WO 99/51550, EP-A-1,127,987, WO

02/ 12151, WO 02/06192ixW0 9%329814, WD 0D/ Xh488s WO H0LD8884r iMery00/ 15646,
WO 00/ 20427 and and W03/ 000628. A third essential conponent of the catal yst

systenms 20 herein is a co-catalbpsat atsopeoad, ichsi seddiaryeasihan product
of water with one or nore organonetal lic alum nium conpounds, wherein the
one or nore Xrganonetal lic adddm growp ceapRNds HS selected from (i)

P5- branched conpounds of formula (I): 25 Al (CH2- CR R2- CH2- CRARSR6) ) R3yH,

wherein R is a |inear(xgr bramghesd mataratgd Fobr ¢hSayyrad Q@z@laQO al kyl,
C3-C20 cycl oal kyl, C6-C20 aryl or C7-C20 alkylaryl radical; R2 is hydrogen

or a linear or branched, satsyrabadaosn lgmsapprlagtleds@n%(}yabkﬂbon @020 1
OCT 2006
group.

Particularly preferred ligands for use herein include

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

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

methyl.

Especially preferred ligands for use herein include:-

a ligand of formula (III), wherein R7-Rg are
15 hydrogen; Rig and Rij are methyl; Riz and Rig are methyl;
Ris is methyl or hydrogen, Ri3 and Rys are hydrogen; Riy

and Rp1 are hydrogen; Rig, Rigs,and Rzp are independently
hydrogen, methyl, or tert-butyl; X is C, m is 1, n is 0:

a ligand of formula (III), wherein Ry7-Rg are
20 hydrogen; Rig and Rij are methyl; Riz, Ri4 and Rjg are
methyl; Rys and Ris are hydrogen; Ri7 is fluorine; and
Rig—Rz1 are hydrogen; and X is €, m is 1 and n 1is 0;
a ligand of formula {III), wherein R7-Rg are
hydrogen; Rig and Ry are methyl; Ri3z~Ris and Rig-Rpp are

25 hydrogen; Ri2, Rig, Ri17 and Rz are fluorine; X is C, m is

1l and n is 0O;



‘WD 2005/ 005354 PCT/ EP2004/ 051365 19 aryl, C7-C20 al kyl aryl or aryl al kyl
radical; R3is a I|inear or branched, saturated or unsaturated Cl-C20 al kyl,
C3-C20 cycl oal kyl, C6-C20 aryl, C7-C20 al kylaryl or C 7-C20 an b foud

radi cal ; x | YOu90349538der of from1-3; z is 0 or 5 1; and P,C‘Ti'liﬁ’z(ﬁlﬁﬂgés R4 and
R5, the same or different from each other, are linear or branched,
saturated or unsaturated Cl-C20 al kyl, C3-C20 cycl oal kyl, C6-C20 aryl,
C7-C20 arylal kyl or al kylaryl groups; the substituents RL and R4 or R4 and
R5 optionally formone or two rings, 10 havighg 3 to 6 carbon atonms; R6 is
hydrogen or has the sane neaning of R4 and R5; (ii) py-branched conpounds

of formila (1) A (CRLCREL-GRBERGIXTNHG, Whaehnait, B2 RS, RA, RS,

R6,x, y and z are as defined 15 hereinabove In relatio orrmula (I); the

substituents RL andiRéeAr &% and Q%i‘g‘ﬂ%@éf ﬁi);_(rhmgqgeaﬁ)& Rt&\leo rings,

having 3 to 6 carbon at'ons; ‘and m xtures t o- cat y%fe conpounds

of formula (1) anqm‘-(ﬂlhhi)lr g_p WRggcﬁggyhpogeq{m%ng%ipn nV\,iitshoot er

co-cat al ysts known the art, s“organdnet all T'c “alUm’ hi r’rlrsc&r'rpounds

ot her than those having a for 1).or (L), Preferred -catalysts for
use herein are thrc}gslé’ g%eépé:‘?«%%‘?c? c%%poh&ﬁﬁég%q' %&Pn{ﬁ‘ ame%l%oxgrm('l 1) above

25 wherein R is aGhke®hyabKddxygroup, preferably C1-C3 alkyl, especially
met hyl or ethyl; R2 is hydrogen or a C1-C5 alkyl group, preferably
hydrogen; and R3 is aaCliginalddyforgubuplITA} sowlprefier ReeRS areuse herein
t hose co-catalysts 30 prepared from conpounds of formula (I) or (I1) above
wherein R, RS anthyRbEcgee; i hpepeddent layesmeddotiedRis amdl Res GEE @@bhy WO
2005/ 005354 PCT/ EP2004/ 051365

Ris is methyl or hydrogen, Ri3 and Rjs are hydrogen; Rqy

and Rz1 are hydrogen; Rig, Rjg,and Rzp are independently
10 hydrogen, methyl, or fluorine; X is C, m is 1, n is 0.
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, W002/003389,
WO02/28805, WO03/011876, WO 92/12162, WO 96/27439, WO
15 99/12981, WO 00/50470, WO 98/27124, WO 89/02472, 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:
{i) PRdS-branched compounds of formula (I}:
25 Al (CH,-CR'R®*-CH2-CR'R°R®) ,R*/H,
wherein R* is a linear or branched, saturated or
unsaturated Ci—Czp alkyl, C3-Cy cycloalkyl, Ceg~Csp aryl or
C+-Cao alkylaryl radical; R® is hydrogen oxr a linear or

branched, saturated or unsaturated C;-Cyy alkyl, Cg~Cao



20 hydrogen or a Cl1-C5 al kyl, preferably independently selected from
hydrogen or a Cl1-C3 alkyl. Particularly preferred co-catal ysts fﬁqj" Uﬁ}@
herein are those prepared from conpounds of formula (1) or (II Eg ove
wherein x isvBoamdowsssss 0. Suitable organonetal lic conpongpﬁpg‘ﬁy,bﬂgﬁ t he
formula (1) include tris(2,4,4-trimethylpentyl) alum nium
bis(2,4,4-trinmethyl pentyl) alum nium hydride, isobutyl-

bis(2,4,4-trimethyl pentyl) alum nium diisobutyl-(2,4,4 10 trinethyl pentyl)
alumnium tris(2,4- dinethyl heptyl)al um niwgnand bis (2,4-ctinethyl heptyl)
al um ni um hydride. Suitable organonetallic conpounds havi ng the formul a
(1) include tris éZyB,— d]'-;nfeiohylkﬂ!.ﬂ:lel) odl Akm'l@ilum lical; R® is a
tris(2,3,3-trimath¥ - buty Iumnlum %I‘IS 3-di met hyl - pentyl) al um nium
tris (2,3-di methyl *hBS3F )° aﬁ??ﬁ‘iﬂn sa P?c‘(t?dsoau%%arwah%t%)?ualaéﬂwhn um

tris(2-methyl-3- ethd, Rﬁﬁll)éblk MO M r 1, i @(%zp%tlh%,hﬁyft&wlc?h@ggyl )
alum nium tris(2-nethyl- ethy heptyl) al um nium

tris(2-methyl - 3- pr 8py+2HeXy FRAEFUN i b 27 rindegertty Lran hetnyd dsubypy

al um nium tris(2-ethyhg 3, ARt Byt-pemtyddy ral LHHemsHI% or different from
tri((2,3-diethyl-pentyl) alumnium tris( met hyl - butyl)

2- op
al uminium tris(2-P& Qiﬁ}ﬂ143ar?re]tlﬁ’5ﬂa¥bﬁfyl?l)aéllcﬂﬁgmﬁi#ﬁurated or

tris(2-isobutyl-3- gpkhvhrdeat ¥ zzilaewméy-@m cycloalkyl, Ce-Cz a
tris(2,3-trimethyl-pentyl)alumnium “tris( \YS'[I‘IITE'[F'I exyl)yalumnlum

tris(2-ethyl-3,3- &rtfee rﬂnyl@&#yl)orala&#wh@m gﬂfwew t@@hwb%tﬂsmtﬁw@ét RyI -

pentyl) al um ni um zhai g4 2yl ﬁora&gpw opt SofA 1L EM&Q%%J br BhYM M
tris(2-trinethylsilyl al um nium 30 tris(2-nmethyl-3- phenyl butyl)

al um nium tAPs(2- éﬁﬁwgsftﬁhénwmﬂﬁlt FEPMBA & Fo rogen or has the

tris(2,3-dinethyl- %aﬂgeﬂﬂ%{nm upylp* ghgnasni um tris(1l-nmenthen-9-yl)
alumnium and the 1 06 WO 2005/ 005354 PCT/ EP2004/ 051365
(11) ﬁy-branched compounds of formula {(II}

Al (CH;-CR'R®*~CR'R’R®) xR*/H,
wherein R!, R?, R3, RY, R5, RS, 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 cone or two rings,
having 3 to & carbon atoms;
and mixtures thereof.
The co-catalyst compounds of formula (I) and (II)
20 can be used inlcombination 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 C;-Cs alkyl group, preferably C;-Cs; alkyl,
especially methyl or ethyl; R? is hydrogen or a C1-Cs
alkyl group, preferably hydrogen: and R® is a C;-Cs alkyl
group.
Alsc preferred for use herein those co-catalysts
30 prepared from compounds of formula (I) or (II) above

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



21 correspondi ng conmpounds wherein one of the hydrocarbyl groups is

repl aced by hydrogen and those wherein one or nore of the hyqr O8eT mmb
groups are replaced by an isobutyl group 5 Particularly preferred

co-catal ysts erein are tris(2,4,4-trinmethyl pent al um ni um

(desi gnat ed vtr’g?(gﬁl?\%?{ler as "TIQAD') and tris (2, 3-di rretﬁ’g:l HEOGP51365

al um ni um (desi gnated hereinafter as "TDVBAO'). The co-catal yst conpound is
prepared by the addition 10 of a suitable anmount of water to the
correspondi ng al um ni um al kyl conpound. Thf al um ni um al kyl conpounds can
be prepared by nmethods known in the art and®hs described in W96/ 02580 and
W99/ 21699. The nol ar _ratio_of é %ﬁ al um grconpound in_15 the
preparation of the &G ToRENBY &t abf eirﬁ thet"deRRgEetom 0. 01: 1 to
2.0:1, nore pref erabiqCﬁ‘ercmﬂ:BmQa,zdl:ogéﬁ dr % &,-@venxyore preferably from
0.4:1 to 1:1, especraJIg Q; # In the in-situ greparatlon of the catal yst
systems 20 herein AL PR e BT PR T 9% FOr SR T XSS Sc 805 §A% DgRELN net al
salt are used suchatbathddeeppépiied Fabh ccaipobhibeof Eorhl£0(1)s cken (ke range
fromO0.1 to 1 6, prefere&%y from, 10 to 105, and nore preferably fron1102 to
109. It is SO p?%?%ﬁr TR X tife 3ndPhr? f&t Po of bis- arylimne 25 pyridine

l'i gand/ Fe or bl s-aryli rB\ﬁQQ)élédéﬂﬁnbth@éﬂl@ch ﬁ)oﬁrﬂist Iﬂgvm@%ef EepmdPs 4 to

109, preferablyfromlO lto nore preferably fromO to 2, and
especially 1.2, It (¥} JdH’s'lé’PBI Erlt% 2a6d4TW%%PYéB?IP@HdI318’B%W¥ents to the
catal yst systems hgrgif,a f4alereﬁétrr§h entm S8k A8u N dr38e Pasesusyeh as
those disclosed in W02/ 28805 006 WO 2005/ 005354" PCT/ EP2004/ 051365

22 C1|gonerlSatlOﬁlF&%ﬁﬁqgjﬁglmethylpentyl) aluminium, diisobutyl-(2,4,4-

10 trimethylpentyl) aluminium, tris{2, 4-
dimethylheptyl)aluminium and bis (2, 4-dimethylheptyl)
aluminium hydride.

Suitable organometallic compounds having the formula
{IT} include tris {2,3-dimethyl-butyl) aluminium,

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-
pentvl) 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(2Z,3-dimethyl-3-phenyl-

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



Quantities of the catal yst conponents are usually enployed in the

ol igonerisation reaction mxture so as to contain from 10-4 t? %&Tawﬁram
atomof netal atom in 5 particular of Fe [II] or [IIIl] netal, "per e of
ethylene to . The oligonerisation reaction may_be nost
convenientlybg%%ﬁﬁg%gﬁ over a range of tenperatures front CTEB538365300C
preferably in the range of fromOC to 10 200C, and nore preferably in the
range of from50C to 150C. The oligonerisation reaction nay be conveniently
carried out at a pressure of 0.01 to 15 anQ(O.l to 150 bar(a)), nore
preferably 1 to 10 nPa (10 to 100 bar(a)), 15 and nost preferably 1.5 to 5

172, (15,1 20 0 (K05 0R) IAD SOR0 ot ol DRSS 20 pfcooure

used for a parti cuf ar cgf)gfi
and to mnimse thgragpéki negplacedchby dnsirsgeh agl dhoeei Saddedn and or

pol ynmeri sation can be 2 adi |y established by one skilled in the art. The
condi tions of tenpérat L?%eigﬁg")ﬁ&@g?ﬁ]?gl HEPpr eefﬁﬁiﬁc%%&é'claé‘d to yield a
product slate w thisodGtyfiagteupwi thin the range of fromO0.40 to 0.90, nost
preferably in the range of ,from.0.60 to 0.80. In the 25 _present invention,
pol yneri satioh is deengz&rﬂt'bc'ﬁjaﬂfely BERLFTES ﬁﬁ"e‘f‘?ta?lé’rsﬁﬁujé‘?r H58t 8°ha%" a

K- f acLor gr eaLer tmltr&sseé, Iﬂ@-t@ﬁh@ﬂmﬁeﬁgylpf’lallﬁﬂaﬁﬁ.gﬁn(hd‘éﬁlghatéél(rjr [ eddout
in the gas phase or |iquid phase, or, m xe as-| i qui ase 30 dependi ng
upon the vol atilit§eoHIPRESE R AndABTodict tgb? e‘i‘zi'%s'.ci“i%tl'(%rb%%) WO

2005/ 005354 PCT/ EP208/A%h368e s ighat dhenaldiganrest sat irepupgsot.i on is carried

out in the presence of an inert rﬂrdrocar bon sol vent which may al so
The co-catalyst compound 1s prepared by the addition

10 of a suitable amount of water to the corresponding
aluminium alkyl compound. The aluminium alkyl compounds
can be prepared by methods known in the art and as
described in W096/025380 and W099/21899.

The molar ratio of water to aluminium compound in

15 the preparation of the aluminoxanes is preferably 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 105, preferably from
10 to 105, and more preferably from 10% 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 WO02/28805.



.be the carrier for the catal yst conponents and/or feed olefin. Suitable

sol vents include al kanes, al kenes, 5 cycl oal kanes, and aronajE@Cszﬁ

hydr ocarbons. For exanple, solvents that nay be suitably used according to
the present wionoesxoszsm i ncl ude heptane, isooctane, cycl QaexpbRsndisHzene,
tol uene, and xylene. Reaction tines of fromO0.1 to 10 hours have been 10
found to be suitable, dependent on the activity of the catalyst. The
reaction is preferably carried out in the absence of air or noisture. The
ol i gonerisation reaction nmay be carried out22an a conventional fashion. It
may be carried out in a stirred 15 tank reactor, wherein olefin and

cat al yst conponentcl iajomeragdaetbre ®abicbisnisly to a stirred tank and reactant,
product, catalyst, and _unused reactant are_renoved from the stirred tank
with the product separ 2PBRCHRFS ﬁ% %LF?@&W%%C‘%O&}W“SHES ovte owERLYYt he

catal yst recycl ed &@aloyedOih ocih@1shbfidGakank. rddtebRakhi valde sbhesregaction
may be carried out in a batch reactor, wherein the catal yst precursors, and
reactant ol efi n areondhangédon ol 4at BT hgeamantbrafdfemet bk atgm, eaat ed for an
appropriate t4 ne, I.S S ate m t.he reaction mxture by
convent i onal 3 ma%&gﬁgaagsoéi%ﬁ ﬁﬁ?ét%roﬂ.ﬁ;\?t%?tagl’sﬁletralﬂ? 3 roggcti on tinme,

t he ol i goneri sati csthyleaet torbearabeeder m nated by rapid venting of the
ethylene in order to d%%gtgyft%é%Qeag§§gl st s%itenl 30 Ittis preferred that
the present process is - carPi St T h E8RET ALY RENRRYS 16 oCT 2006 WO
2005/ 005354 PCT/ ER2604h084865 cRdlucthe dgvesuht raggalqfhaeapefdiscayecm chain

length of from4 ta {0 %%rg?@bafc%"ﬁ?%%é;r Tl%r:%rquheél a9g80,£3. 00N ;AL o8, and

nmost preferably from4t6 2 0
: 10 200°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
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 axt,

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

olefins.



Product ol efins can be recovered suitably by 5 distillation and further
separated as desired by distillation techniques dependent oq E{,@ﬁ mended
end use of the olefins. The present invention will now be illl r d by

‘the foll ow we Besanepises and Figure, which should not be g@rieeaiEedsas
limting the scope of the present invention in any way. EXPERI MENTAL
Ceneral Procedures and Characterisation 15 All the operations with the
catal yst systens were carried out under nitrogen atnosphere. Al solvents
used were dried using standard procedures.23 sooct ane
(2,4,4-trinethyl pentane, 99.8%purity) was dried by prol onged nitrogen
purge, followed by pasdihegoROymmeat s4Aismleaut Bsn Sisevasr{dd NRlt Wat gfe Cont ent
of about 1 ppn). Anh%edrous h§Pt,ane (99, 8% uritglo, ex Alrich) was_ dried

n

over 4A nol ecul ar BFSRRESS(PErndt WSEEr PEBnCanPobSS 136851 WAL BbARY 2BSAnhydr ous

t ol uene (99. 8% purbé YWhe( e&rrfézdrﬂ'o&h)ch&va@atadyisedc&rg:%heﬂés R EH FEegi eves
(final water conten Et hyl ene_ (99.5% purity) was purified

gﬁ:‘ about 3 pprrl. /
over a colum conP&fhithg AR HEc SPareiSevBS UiR) 2B taneat A& neeex. 30 BASF)

in order to reducecyel®ilkands Oxygeareem eNhylifocerbopRM 26 Qxbng006 VO
2005/ 005354 PCT/ EP2004/ 051365 25 The oli gorrers obt ai ned were characterised

by Gas Chromat ogr apPyVGoEe) Eheh RAYIEF Pt @PAVUATRF: GIGCEERRRY Tl $B6i but i on
using a HP 5890 sepi@sert iApeRAISnantidd heptied| Qworarshe omat ogr aphi c

conditions: 5 Columm:_ HP-1 (cross-linked nethyl siloxane), film
cyclohexane, benzene, toluene,” and xylene.

Reaction times of from 0.1 to 10 hours have been

10 found to be suitable, dependent on the activity of the
catalyst. The reaction is preferably carried out in the
absence of air or moisture.

The oligomerisation reaction may be carxied out in a
conventicnal fashion. It may be carried out in a stirred

15 tank reactor, wherein olefin and catalyst components are
added continuously 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 conventicnal
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.



thi ckness = 0.25pm internal dianmeter = 0.25 mm length 60 m (by Hew ett
Packard); injection tenperature: 325C, detection tenperature: 325C; initial
tenmperature: 40C for 10 minutes; tenperature programe rate; LT 2006

-10. 0C/ m nut ewd do08dosisgnper ature: 325C for 41.5 m nutes; P}Z'?/?EFEOG%S &gandar d:
n- hexyl benzene. Response factors for the even linear (x-olefins, 18 the

i nternal hexenes (cis- and trans-2-hexene and cis- and trans-3-hexene) and
t he branched hexenes (3-nethyl-1 15 pentene and 2-ethyl-I-butene) relative
to n- hexyl benzene (internal standard) wereygdeterm ned using a standard
calibration m xture. The response factors of the branched and internal
dodecanes were assuned qi@ Pes@OURy aiphd RAE0KL asRRANGI Bigsdd E%ﬂgtf?'c?f' ns. 20
The yields of the C4-C30 ol efins were obtained from the GC analysis, from
whi ch the K-factorf¥e 4 e 1Phemrbencatons epgederabdyciobo olkfdagboni . e. total
oi | goneri sation prodyed GFat AbsiPrRdueldnl Pehemdeties Bigned, Dy, r.egLessi on

anal ysis, using the C6-C20 data. In the 25 case of an afm)st i deal

Schul z-Fl ory di stri but iEs®oucktaffdnd e3n e spcevrrad pattahly @t er ni ned by
regression apal yshsse0103)% oANchd FukPfe ARSEACE 08 ROLKethyd epe formation

t he amount of above-nentioned Total Product 1s assuned equal” to the

et hyl ene consunpt i @hstid0.aFhenredchnigeeardapsndent athdhei hetgndecherenesanongst
al | hexene isoners,¢tihe relatjyve anount of 1-dodecene anonsts all dodecene
isomers and the relative amount of 1 6 O C T 2006 WO 2005/ 005354

PCT/ EP2004/ 051365 26 The petaehc dnyenhbergstild] howdicadédesierdtednbystiound

from the GC anal ysis, I .S .US S f I Lvity,_of the
catal yst towards | ?élg}ééﬁéﬁ pﬁg‘?@ﬁe‘% r%ﬁgoﬂn%rgbngﬂfﬁ%h%%dﬁta bﬁi ven in Table
1 on Al pha Ol@fin Peoutrsds apsligitdoat bble rropki sf bdss present invention

in any way.

EXPERIMENTAL

General Procedures and Characterisation

15 211 the operations with the catalyst systems were
carried out under nitrogen atmosphere. All solvents used
were dried using standard procedures.

Iscoctane (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 ceclumn
containing 4A molecular sieves and BTS catalyst (ex.

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

ppm.



By turnover frequency (TOF) is meant the nunber of noles of ethylene

ol i goneri zed per hour per nole of iron conpound. The NMR data were obtai ned
at roomtenperature with 10 a Varian 300 MHz or 400 MHz appey @¢luls The
‘metal salt ugethobsaosishe i n-situ preparation of the cata j 1)

(2, 4- pentanedionate)3, comercially available from Al dr%‘g’ﬁ]&ﬁ?ﬁ%&g{f%i di ne
bis-imne ligand used for the in-situ 15 preparation of the catalyst in
Exanples 1-17 is 2-[1- (2,4,6-trinethyl phenylimno)

ethyl]-6-[1-(3,5-di-tert- butyl phenylimno)gthyl] pyridine (hereinafter
"Ligand A") which was prepared according to the nmethod bel ow and which has

the formula: N NN OrQ 20 R6R25 itQinel wedel chirdefedilselet ytahenyl i ni no)
ethyl]- 6-(1-(3,5-di-tert-butyl phenylimno)ethyl]pyridine

2-[1-(2, 4, 6- t ri metdhyopREAFFIRAMJFECEL WY1 Précacet ppyratl mdigengrg, 4. 64

mml ), prepared acgkdipgeich JHegEtdodgdhsed a38d i N W02/ %§89§% A
3,5-di-tert 25 buts%:anll_lne (1 g, "4.87 nmmol) were dissolved In 0 of
toluene. To this Llowdny dxomglegtAmYcsPendiscigape added. After standing

for 2 days the m xturecypant0 CT 200600 2005HA0A3P4. ACTLERP00A 051365 27
|

filtered. The sol vent was removed in vacuo. The re ue was washed with
met hanol and crystidlickseds f* dnZzdiRaniternyl efibreterg= (%123 mof length

2-[1-(2,4,6-trimet e a . indection re: °c.

et Lyl ]( “6-[1-(3, 5- d@%ﬁp??%ﬁ‘%@ép}%ﬁyfﬁﬂé) ST TPy P2t i RvR Y one- 13)
S 8.43 (d, 1H, Py-d¢tect8oB7tdmperabir®y-335)C; inigialt terperayreP)40°C 16 (t,
LH AH), 6.89 (5,:@H;0 Alfleed 89nfdhaidll oAl 8245, 3H M), 2.29 (s,

3H,
10 10.0°C/minute; final temperature: 325°C for 41.5 minutes;

internal standard: n-hexylbenzene.

Response factors for the even linear a-olefins, for
the internal hexenes (cis—- and trans-2-hexene and cis-—
and trans-3-hexene) and the branched hexenes (3-methyl-i-

15 pentene and Z2-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 Cy-C3p olefins were obtained from

the GC analysis, from which the K-factor and the
; theoretical yield of Cy4=Cipo olefins, i.e. total

oilgomerisation product (Total Product), were determined
by regression analysis, using the CeCzs data. In the

25 case of an almost ideal Schuiz-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 isbmers, the relative amount of l-dodecene

amonsts all dodecene isomers and the relative amount of



M), 2.22 (s, 3H, M), 2.01 (s, 6H, Me), 1.33 (s, 18H, But). The pyridine
bis-imne ligand used for the in-situ preparation of the catalyst in
Exanples 18-21 is 2,6-bis- [1-(2, 6-difluorophenylimno)ethy{p []erDBEi ne
‘(hereinafterwa B") which was prepared according tg the neth

di scl osed in m%g?@g%ég and whi ch has the formul a bel ow 815’ ’BP%OWSI’\?GSO 0 10
Alternatively, any of the |igands disclosed in WO02/ 28805, W 02/00339,
W01/ 58874 or WO03/011876 could be used in the oligonerisation experinents
bel ow. The co-catal ysts used in the experi n%nts bel ow were prepared by the
addition of 0.5 nol of water to 1 nol of the correspondi ng aI um' ni um al kyl

in toluene at 0C ( i n sed as t,he solv Exanpl es
11-19). 15 The co??éecgcﬁgtﬁg n% agq%ﬁ%ﬁl %ln% aC% ﬁ%c%nsee&soﬂq% EFWEnts bel ow
are prepared accortdiad@Et enbhesietisodsed obess«armdam:imotﬂStlﬁe m&68vmyor

W99121899 or may pg 16 lcg% A 2005 40, 2605/,008354, BCT/ 2004/ ga1g05 26

purchased from comerci a |abf e sources ag it e rﬂ‘@ /P The
co-catal ysts used Tlme tid ex’p@rgmmt $nbBdw ar en dslphiobDlefisi ProdiEPPAR used
in Conparativ. | .es g prepared by the addition of 0.5 nol of
water to 1 no q OtEd fg ?ﬂlsf Ijb%or ophenyl) propyl) alumnium the latter
conpound bei ng prepar eclByatumurmerxg frequdreyndrODd idi sebonsethe inunbsr 66895, 668

Bl. 10 - TPPAO used,ip Ooqpapline BYRIRlG1h2a SePHoR3" 84, Boihg e Bdgition of
compound.

The NMR data were obtained at room temperature with

10 a Varian 300 MHz or 400 MHz apparatus.

The metal salt used for the in-situ preparation of
the catalyst is Fe(III) (2,4-pentanedionate)s,
commercially available from Aldrich.

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-trimethylphenyliminoc) ethyl]-6-{1-(3,5-di-tert-
butylphenylimino}ethyl] pyridine (hereinafter “Ligand A")

which was prepared according to the method below and

§-9
/@N N

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

which has the formula:

6—[{1-{3,5-di-tert-butylphenylimino)ethyl]lpyridine
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



phenyl propyl) alum nium the latter conpound being prepared according to
the nethod disclosed in US 6,395,668 Bl1. 15 -TIBAO used in Corrg%lrgit hlﬁe
Exanple 17 is prepared by the addition of 0.5 nol of water t ol 2005

tris-(2- nmetwplpesmesdsy al umi nium (or tri-isobutyl alum nj atter
conpound being comercially available from Aldrich. 20 b%&&{{l@ggél n
Conparative Exanple 4, 8 and 9 is prepared by the addition of 0.5 nol of
water to 1 nol of tri-n- octyl alumnium the |atter conpound being
commercially available fromAldrich (25% w tri-n-octyl alum nium solution
in hexanes). 25 -TDMBAO used in Exanples 2, 5 and 20 is prepared by the

addition of 0.5 nofiieferwal efnd @olvaml afs bhhsvdid- vebaB! @hlebyéyiaue
alumnium the latter conpound being prepared according to the nethod

di scl osed i n W99/“Arg¥gshed TiGROMEERP )Y, 2pd apky st 13 1sed shrpm sthangk epar ed by

the 30 addition ofy{i% moh @f (matessto (i~ r(ﬂzl4oef ttr&métﬁﬁlﬁheéhyl%%& T 2006 WO
2005/ 005354 PCT/ EP20041051365 29 trinmet h\é ﬁp entyl) alum niam (or
h

tri-isooctyl al umi$iwi --theld éfflért%’%ﬁ“rﬁﬁ Q%]Yﬁ@m%‘?rh%tr}bilépwyl% 1 abl e
(7.49%m Al )s fromHCﬁgng%fthmg—iB 5(530 heg,%n%ftg 371 E?llgy_ﬂm )
T nparati v a i &

Ber gkanen, Gernma used in
triethylalum ni umTWﬁi al, wis, Ryedlpi.n .06 Utlh)ﬂdir,oﬂysb,d 6‘ cBer {and2iyvhi ch is

comerci al ly avai lmﬂd %r gm (3& dghfl%lmMVl%O# géj i W R ar%f\%&O) Ex&gpl es 1,

7, 10, 11, 14, 16 a 177s et h ‘umi hoxa (vher'ei n about
10 25% of the netrryé),gﬂo@@s(wéfmeﬁébceﬁdow th, iGgbbiteyl yraupgs, T8ES was
pur chased as M\/AO%[? in heptane ([AIl 6.42%w) from AKZO NOBEL Chem cal s
B. V., Anersfoort 3: Net her | ands.
The pyridine bis-imine ligand used for the in-situ

preparation of the catalyst in Examples 18-2) is 2,6-bis-
[1-(2,6-difluorophenylimino}ethyl] pyridine {(hereinafter
“Ligand B”) which was prepared according to the method

disclosed in W002/0033% and which has the formula below:

10
BRlternatively, any oi the ligands disclosed in

Wo02/28805, WO 02/00339, W001/58874 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 ¢f 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 correspending aluminium alkyls used in the
experiments below are prepared according to the methods
described in US 6,395,668 Bl or WO9S/21899 or may be



A igonerisation Experinents 15 Exanples 1-10 A i gonerisation experinments
1-10 were carried out in a 0.5-litre stainless steel reactor r‘jr@ﬁactor
is 20 scavenged at 70C using 0.15g MMAO and 125m anhydrous ﬂu@& in an
‘inert atnnosphros/ens3®dt | east 30 minutes. After drai ni npdimr200908868 S, 125
m of anhydrous heptane and the designated co-catalyst is added to the
reactor, followed after pressurizing with ethylene to 16 bar(a) at 25 40C,
by addition of a m xture of the designated ligand (Ligand A) and

Fe(2, 4- pent anedi onate)3 (Fe added = 0.25 pi8ol; ligand/Fe nolar ratio = 1.2
+/-0.1; Al/Fe nolar ratio = 700 +/- 50, unless otherw se indicated). Each
addition (4nl in tmin@uae)adt brdmheompacticrl gy athiel dbijecebunre8Gissystem i s

foll owed by rinsi ﬂ_{ hg gé/lstemvvlth 2x4mL of toluene. The total solvent
content of the reactor ar c’faddltlons of the catal yst conponents = ca.

150 m of 16 OCT 2006 05 EP2 04/ 051365 30 t ane/ t ol uene
= 8/2(wt/w)). After t}?ég f%%l ét exo'fsherm tﬁ ® 1 RREE ST NES bﬁﬁgﬁgﬁfet%s 70C as
swiftly as possi bfcd,lomsi:| st m)nl toring the tenperature, pressure and

et hyl ene upt ake. When the desired ethyl ene consunption 5 has been reached or
the uptake fdl s belRRFAQ. Bbkd tire/Comparattilve Erampiem 12saheérd nat ed by rapi d

venting and subse guent dr i ni,n f..lhe Rrogu 1-19 anpl es
11-19 are carried %uef % gl ’fh ragd#éac or ﬂ §dn%'ls nBlag%%c 311 gi nﬁ
reactor solvent, tthﬂsc-e[tZal ysflumppen;eh)t p&@bybhtalmnmsumg agentatasd as the
sol vent used to pre are tEe al um noxa

f_Fe(2,.4-
pent anedi onat ) 3 and SO VeRt 37 &TRICE e%ggégﬁ%%ﬁo ﬁ%‘% 8%%}6?% F5elpned
experinents carrieth aigt 6,83Exesplpas 1-10

10 —TPPAO used in Comparative Example 15 is prepared by the
addition of 0.5 mol of water to 1 mol of tris- (2~
phenylpropyl} aluminium, the latter compound being
prepared aécording to the method disclosed in US
6,395,668 Bl.

15 —-TIBAC 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, B 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 tc 1 mol of tris-(2,3-
dimethylbutyl) aluminium, the latter compound being
prepared according to the method disclosed in WOS9/21899.

~TIORO 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-



15 above. Hence, Fe added = 0.5 unol; total solvent content of the reactor
after 2 additions of catal yst corrponents = ca. 310 mM of isooctane. The
ligand/ Fe molar ratio is the same as in Exanples 1-10. The Al 1B 0T
ratio is 70&vorZoes/@B83s4unl ess ot herw se indicated. | n Exapprgpridsadszdshe
sequence of addition of co-catalyst and ligand/ Fe (2, 4 -pent anedi onate)
3 is reversed. Exanples 20-21 Exanples 20-21 are carried out in a 1-litre
reactor, using heptane as the reactor solvent and toluene as the 25

catal yst solvent and rinsing agent; the amopmts of Fe(2, 4- pentanedi onate) 3
and solvent are twi ce those used in the Exanples 1-10 above. The

al umi noxane co-cat akyﬁéthyl@eaﬂﬁb)d aimmﬁmlqubtri ons-igethefl sreviandnpne after
the addition of tgg ure of %Sagd and Fe(2,4 30 pent_anedi gnat e) 3.
Hence, Fe added %%“ FBIP%‘Pun PYRHCOMBRT B L of avRaLaRET O 48FVRr 3

addi tions of catahypifeenpueseptsn Tnbd, BddtrscRérhapiane/ 19) uengisyl 6 0 C
T 2006 WD 2005/ 005354 PCT/ EP2004/ 051365 31 7/3(wt/wt). The I'i gand/ Fe ol ar

ratio is the same ZEFPFA™IB)alBFRY-10. The Al/Fe nolar ratio in Exanpl es 20
and 21 is 1700 and 1 00, pecti vel s indicated in, T bIe 1. 5 The
anount and purity of> I%?ﬁ%%nmi?@ad:@g?%a@wpgﬁ ?éa’s‘S c‘fﬁrlﬁ Jc?g]r”&BHWmThe
data are reported whidiahizs lsebelwtsFupmydhe yesperdmenhal welada igr ovi ded in
Table 1 it can be seen th th .the 2- 10 tri et hyl phenyl i m no)
ethyl]-6-[1-(3,5- dFOIE‘IB?IfcngFy? Effelrﬁﬁ‘ifenf%%‘) é\ﬁﬁﬁ' Byyridine I'igand (Ligand A)
in heptane/tol uene in | Fe far Ja 500 _t he
di fferences in turnB’@‘é& 4Sré{qﬂlgn Plaf%giveﬁ“‘lxaf“g&?ﬁ ar?('zi ; i JA g?ent
bet ween MVAO, TDVBA@HaRU is modified methyl aluminoxane (MAO) whereln about
10 25% of the methyl groups are replaced with isobutyl

groups. This was purchased as MMAO-3A in heptane ([Al] =

©.42%wt) from AKZO-NOBEL Chemicals B.V., Amersfoort, The

Netherlands.

Oligomerisation Experiments

15
Examples 1-10

Oligomerisation experiments 1-10 were carried out in

a 0.5-1litre 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 anhydrcus 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



15 TIOAO are small. Only TNQAO gives a |lower TOF, but a simlar product

di stribution and product purity (see Exanples 1, 2, 3, 4). At an Al/Fe
ratio of 700 nol/nmol, however, there is a distinct differerideifellken the
-cat al yst actigizbésaesirerging fromthe various co 20 cata j ndi cat ed
by the TOF's for a given a-olefin production and by Fi gh?g&%ooﬁﬂggpears
that TDMBAO and Tl QAO (Ry- and (3b-branched co-catal ysts, respectively,
lying within the scope of the present invention) are better co-catalysts
(hi gher TOFs and | ower decay) than 25 MVAO gnd TNOAO (co-catal ysts |ying
outside the scope of the present invention) (See Exanples 5, 6, 7 and 8).
The K-factors and i ﬂgg[d_e e | r el .a.nmeasure of
obedi ence of a Sch%%bgaéfaz&@ I stri E&ﬁ%r{wﬂghd }?f}t"lttee aF% e}fr{l%lp%ri ty are on a
par with 30 thosesxsifthairnethevinehcAGar bepnghtartof TAAE KO swidhtems ati ons.

16 OCT 2006 WO 20 4 B P Q§%6 Eigure 1 in
graphical formt hgéé:%%%g?ét?’%llsgf ﬁggﬁé 0 ET?)R)AB%I%%QMGO iP%QEx\éﬁaﬁ%Iaensd 5 and
10, respectivel y,eBwlehe eptpiesneWbeminepteohral ethyiaee fapnsuapt X Fe nol ar
ratio of 700..5 Fr arat v )\ & Lt PPAO, a
33-al kyl - (3-4ryl CHRR R uérﬁe?o%ﬁ{em(i phaik o33 E?gﬁ‘gﬁd&ﬁ?g?gg@nﬁt

| yi ng outside the Soopeactitigs pgeesemtadnbgntawit) vensimg coxdcat al yst showi ng
a high TO- and ve H| t | io of 700, i.e. 10 after
sone 100 nor nal Ii%%/beésé |? %‘facig%iﬁ% %ﬁg}%o%gg?r% i'on the reaction was still
runni ng at stabl e Liptrgilesoil 419Nl et hyl ene/ m n. However for production of

al pha ol efins, TFPPAQ.LS t Su 00 -cat.al.yst singe the a-olefin
purity is |lower than gramﬁ{”]l%s o]ts'thLrQ %%gccft%gﬁggt%}tm%h%nfl %ﬁe%%%boer’of t he
present invehlion atirgpripacatdre Als/ Fee reactor solvent, the catalyst

component solvent, rinsing agent and as the solvent used
to prepare the aluminoxanes. The amounts of Fe(2, 4-
pentanedionate)3 and solvent are twice those mentioned
above for the experiments carried out in Examples 1-10

15 above. Hence, Fe added = 0.5 umol; total solvent content
cf 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); is reversed.
Examples 20-21

Examples 20-21 are carried out in a 1l-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(2,4-
30 pentanedionate)s;. Hence, Fe added = 0.5 umol; total
solvent content of the reactor after 3 additions of

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



nolar ratios (see Exanples 12 and 13 and Exanples 5 and 6). The parent
conpound of TFPPAO, nanely TPPAO (al so a PP-branched co-cat h;ﬁit e@ﬁl ng
outside the scope of the present invention) (see Exanple 15?, (; not show
any 20 ol i gomeriogsossn activity at all. The sane is truepé&piprobddBizes
(3(3-branched al um noxane, TIBAO, and the non- hydrolysed triethyl alum nium
(TEA) (see Exanples 17 and 16, respectively) (both of which are
co-catalysts lying outside the present invention). 25 It can be seen from
Table 1 that the 2,6-bis-[1- (2, 6-difluorophenylimno)ethyl] pyridine

| igand (Ligand B) in isooctane with TFPPAO (a co-catalyst falling outside

the scope of the present/wcnventionligahaare Molke rdald 9s0fnd Wdnet B At al yst
system exhi.bits a high 30 activi %@and very little decay, although at the

expense of the a-B¥EMRYESdrify AEHR AodervER Bea kPl ExamylesTRE apde of

TDVBAO (a (3y- branghegs qoooakad Yistool, yragpadttibeny ) ey 164964+ 4006 YW1
2005/ 005354 PCTI EP2004/ 051365 33 scope of the present invention) with

Li gand B gives a TEF conparable to that of MMAO, but a sonewhat higher a-

ol efin puritys(conpare mieapbiha a(?lhe&hfhﬁp@tfeﬂlef)ifns qetadescangsnbhagyi on for
Examples 20 and 21). 5 In surmar e results of Examples 1-21 |nd| cate

that at |ow Al/Fe ﬁé?lﬂkroé“?@@?“i -(&P%) RS éﬁ@h’é‘%?oréleﬁnf%d?@%}@ 1TDMBAO, and
t he p5-branched al ygispxane, TIOAO are good co-cat aI ysts in the in-situ
preparation of Fe(ll) catalyst systems fromthe Fe(2,4 10 pentanedionate) 3
conpl ex and appropri at ququéﬁE exﬁ?&ﬂfﬂPEWJarqa;FamPFP\‘”Lqeﬁlahﬂ Pablen 1patticul ar,

t hey appear to bechgtierseeat allléﬁ;st@thh@% MAQ- (TPPAQ TFPPAQ, Tl BAG, TNOAO
and TEA (which are not (err)(err)- p5- branched The wuse of TDMBAO and

TI QAO provi dé€ f or tERRe 1Y@ EPYJo‘ri“Jé‘P)lsﬂl*ﬁldh o5ltT 3 Sa9dRaeBFefins in al nost
i deal Schul z-Fl or yputylphenylimino)ethyl] pyridine ligand (Ligand A) in

heptane/toluene 8/2 (wt/wt) using an Al/Fe molar ratio of
1500 the differences in turnover frequency (TOF}, K-
factor and o-olefin content between MMAO, TDMBAQ and

15 TIOAQ are small. Only TNOAO gives a lower TOF, but a
similar product distribution and product purity (see
Examples 1, 2, 3, 4). At an Rl/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 o-olefin
production and by Figure 1. It appears that TDMBAD and
TIOAQ (By~ and P&-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 w-clefin purity are on a par with

30 those obtained with MMRO at similar final AQ

concentrations.



di stributions and | ow catal yst decays (high turnovers). Moreover, these
co-catal ysts have a high solubility and stability in paraffin p@ggpmug; I n
Table 1 below the letters a-j have the following 20 neanings: a React 1 on
starts wWth g 606eb&xes m of | ess than 3'C after heating %&E’Eﬁg §€ TOF=
Turn Over Frequency. Ethylene consunption derived fromtota pr8 Gt
(C4-C100 ol efins, as 25 determ ned by regression anal ysis, using C6-C28 GC
data), unless otherw se indicated ¢ Using ethyl ene uptake, determ ned by
mass flow meter (from Bronkhorst Hi gh-Tech,B. V., Nijverheidsstraat |a,
7261 AK Ruurl o, The Netherlands, Type: F-201C- 30 FA-00-Z) d Schul z-Fl ory

K-factor determ ned by | ¥SL§ GC-data .6 OCT 2006
WD 2005/ 005354 PCT/ Engtr) ?{"%136@%"5 ﬂ?eg%@ﬁb‘i?;zl g"é‘%g FHCESF25EY2r ni ned by

regressi on anal ysisfisfct@ooC1BPNEBdand MMACoWn Exrenplest Beampd edgence of traces
of hexanes (from t nghe xenes, dece es and
oct adecenes = 2 % gtﬁggf}g agr%//b/\/%lg k&é‘?hgl g%esgug 5on daercgﬁ
oct adecenes = 1 a P@/@edmﬁlﬂf %att;mr@fsdé)@tlvely h Br anched hexenes
dodecenes an oct adece F’;gg er nal xenes,
dodecenes an 10 octa cenes poar(?ti E%g {g)zz/l%wn spe@tl S@Yy [
Br anched hexenes, fﬂEﬁRﬁ’@enesBa&ﬂdqchadadeﬂeanchén Blumdngxamnd 6..5. %M BR-
i nternal hexenes, ode ecen and

19 %‘% %al&oé LyIng outs:.ch ]tgnaaeégﬁ%es of0611i§

respectively j Branc Hexene and oct 15 3.6
and 6.7 % ; interpedsangxénesptidodecibnes candatalyst showing a high TOF

and very little decay at an Al/Fe ratioc of 700, i.e.

10 after some 100 normal litres (N1) of ethylene consumption
the reaction was still running at stable uptake of 4 N1
ethylene/min. However for production of alpha olefins,
TFPPAO is not such a good co-catalyst since the a~olefin
purity is lower than for the other co-catalysts within

15 the 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 TFPPAC, namely TPPAC (also a
BRB-branched co-catalyst lying outside the scope of the
present invention) (see Example 15), does not show any

20 oligomerization activity at all. The same is true for
the pp-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).

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

(2, 6-difluorophenylimino)ethyl} pyridine ligand {Ligand
B) in iscoctane with TFPPRO (a co-catalyst falling
cutside the scope of the present invention) at an Al/Fe
ratio of 700, the catalyst system exhibits a high

30 activity and very little decay, although at the expense
of the o-olefin purity (see Comparative Example 19). The
use of TDMBAQ (a Py-branched co-catalyst lying within the
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scope of the present invention) with Ligand B gives a T
comparable to that of MMAO, but a somewhat higher o-
olefin purity (compare the alpha olefin content of
octadecenes fraction for Examples 20 and 21).

In summary, the results of Examples 1-21 indicate
that at low Al/Fe ratios (700} the By-branched
aluminoxane, TDMBAO, and the Pd-branched aluminoxane,
TIOAO, are good co-catalysts in the in-situ preparation
of Fe(II) catalyst systems from the Fe(2,4-
pentanedionate); complex and appropriate ligand,
particularly with Ligand A. 1In particular, they appear
to be better catalysts than MMRO, TPPAO, TFPPAO, TIBAO,
TNOAQ and TEA (which are not Py- or Pd- branched). The
use of TDMBAO and TIOAO provides for the production of
high purity alpha olefins in almost ideal Schulz-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-3 have the followin
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-Cyop clefins, as
determined by regression analysis, using Cg~Cys GC
data), unless otherwise indicated

c Using ethylene uptake, determined by mass flow met
(from Bronkhorst High-Tech B.V., Nijverheidsstraat
la, 7261 RX Ruurlo, The Netherlands, Type: F-201C-
FA-00-Z)

d Schulz-Flory K-factor determined by regression

analysis of Cg-Czy GC-data

cC.4 W
O rn
1 at 01
00 wd

AL x4 0000000 C HO4-~\ HOOO(DOODO
ri ri ri ri 1 a.l [ kkkkxx "MWk O0 HCo N

of

OF

g

er



OA~-N.r{f m., C104-)towFCNMC rntONmM NMMM C UL ~ N1
WNEa7 MIOC OO0) r-ri kCm.c p~COONMIOOO1NIh’ITMJJO)
IO I0OID1IDtlI') U 41 rd NwWHOOCOO0O0OO0OO0OCO- W m.4 B 8 0COO
I ri H4J U wo20s4@s3¥40 (r) X o 0 CDOC CC, 0 RC o fEwrcheErdoesdddzsédd HHHA4
NFr Zr. G/ wl 170 mFCa FCFCFCFC mp dl1l1 bal 0O nmaooo
UUU kOOXW" OW.-~ NMC LO\ON 16 OCT 2006 WD 2005/ 005354

PCTI EP2004/ 051365

34
e Schulz-Floxry K-factor determined by regression

analysis of Cg-Cig GC data
£ Low, due to the presence of traces of hexanes {(from
TNOAO co-catalyst)

5 g Branched hexenes, dodecenes and octadecenes = 0.5,
2.6 and 5.0 %wt; internal hexenes, dodecenes and
octadecenes = 0.1, 0.2 and 0.2 3wk, respectively

h Branched hexenes, dodecenes and cctadecenes = 1.0,
5.7 and 10.9 %wt; internal hexenes, dodecenes and
10 octadecenes = 0.1, 0.2 and 0.2 %w{, respectively
i Branched hexenes, dodecenes and octadecenes = 0.5,
3.2 and 6.5 %wt; internal hexenes, dodecenes and
octadecenes = 0.1, 0.1 and 0.1 %wt, respectively
J Branched hexenes, dodecenes and octadecenes = 0.7,
15 3.6 and 6.7 %wt; internal hexenes, dodecenes and

octadecenes = 0.1, 0.2 and 0.2 %wt, respectively.



=0 T
Z
|\0)NwH
= T
Ru.l_OOH
Or~s g
— O ¥ E
oo - o
>3840
oo
E o
@) &Mnu
mu .mu%mnu
1*1¢mw o
oo nvnu
A
cooco o
D rmwnu +
Od oS
CeoTz
— - I
[ — O [
O 2
co Oo
() =0 I
e~ - %o
= o 001
oz=oco
SoddoOd
> o
o&E”" o ¥
—_— Law)
nvm“w”\;,o 8
| “W.M ©
HN~ wx
<
EZ>0x%
I=>ao x
— oL X
_Z2Z2Z&
H”A.mm.u x
[
.|1a0 >
g © <R
o .
o~ 3e
SiSac?
2.oo08
M-
oz .
> © -
mNMHwH
I I
© __ o
nmncoZdI

(ooc) |

8 ¥6 6'96 §°'66 200 L9°0 0T ¥ 8°T EE T €S QYRH Y (duwon) [
: (0oL}

B E6 < 96 Z°66 £0°0 850 0T X ¢°6 LE L°05 QUOIL kA 9
(00L)

¢ k6 §°96 £°66 go’o L8 0 0T ¥ 87§ E]3 87095 | OQVHWNAL ¥ g
(00ST)

L°96 0°86| ;9°96 200 63°0 LT X T°T 67 0°'9¥% OYONL ¥ (dwoD) ¥
(00ST)

9"€E6 Z2'96 £°66 20" 0 L9°0 (0T X 0°9 6€ F-oL OYOIL v £
(oost)

£ va ¥'96 £'66 <00 L9°0 LO0T X 1T°9 BE o t8 O¥gRNAL Y 4
{00ST)

2'p6 B8 96 P66 Z0°0 L9°0 0T X 6°6 LE £°29 QYRR i (duop) T

BIO €12 99 {(Inoy x ajg B (aTdwuexy

M % ToR) /ausaTAyas (6T3R2 satTyeIRdWo)
o 1mMg QUOTa TeTow

s30npPoIg pI01IH | x030RF TOW [ov] ~dunsuoo 83/ TY) pue = dwog)

utTgsT0 Bydry Fas -¥ <01 | TRUTA auatAyag aeo-o0n | -B1T aTduwexs

sisATeaeo-94 peazedsad nirs-ur bursn sjuswizadxe-yaieqg T AIUYL




N WO
HH.V

sty A
M frmp2bdaldsfess m FC FC

N V)

$ mMmmmOl 01 NW eWMN P1
0 <

.)J O-d Ifl
00000O0OON I
- HHr

CO+J
1

ro.,
i D 10

O
m
mMCEOOOO0O HOHUOUUUU HE X O

UWmOl1 HHHHHI16 OCT 1006 WO 2005/ 005354

H H

N C

00o0 .

r U 6 SHHT
rn m1 |

H

N 1
y VvV
04 ov Il

UD do 10 10 H mH
Com-
1 W-
PCT/ EP2004/ 051365 37 o to '

0000 0 crwdabhshoddss Ln

00JJ Q H$a G-HHNN
FC FC FCd 4J

NMNM H7 amLn 10 N
mx OO X Cd) HN ME"

4] bl

(00ST)

tT°E6 | (2796 cC'66 <00 TL'0 (0T X 9°7 LE ¢ 9¢T1 OYHKH kd (dwoD) p1
(ooL)

& E6 | L7796 | (5766 T0'0 99°0 (0T ¥ L7°0 6Z 9°98 OY¥0Id e €T
(coL)

w6881 (IL°P6| 4B B6 10°0 L9°0 0T X 677 6E [-19" OvdddlL oY (dwod) zT
(00%T)

50 "P6 | 52 L6 | sV 66 0" 0 0L°0 LLOT X TT [ L'65 OYWH i (dwo)) TT
(ooL)

2 56 T L6 V66 <0°0 L2°0 (0T X 072 8E 5°69 OYHA k4 {dwod) 0T
(oodL)

¥ 96 6°L6|] £°86 20°0 £9°0 . 0T X 6°1 8¢ G- CF OYON i (duro)) 6
{(ooL)

8°56 SL6 1 2766 Z20°0 69°0 0T ¥ 6°1 8E 8°99 OYON.L i (dwod) 8

81o ¢1o 20 ﬁnso:.x =X b (oTqer (e Tdwuexd

M 2 . TCR) /auaTiyla 1mg L40T3 Hmaoﬁ mbﬂumnmmwou

saonpoxd pl0OII™ | I030EY TR [o¥] ~dunsuoo d/ 1Y) pue )

UTFoTo eudly pig -3 J0L | TeuUTd auaTAYU3I™ jen—od | BT aTduexy

PI0UTIUOCD T STQEL




G

N HIdr,

(008TY

6'¢8| 0°F8 E°Z6| T0°0| LIF-O ., 0T X 0°2 2z 50" TL OYHH ! (dwop) 12
(00LT)

7'68{ 868 6°¥6| 20°0] SF¥°0 5,0T X €°T 44 S5 TL | OYERAL ! 0Z
(ooL)

9'1L| E£°18 9°€6 | ,E00°0| -6€°0 5 0T ¥ 8°T LE 27 €27 | 0ov¥dddlL o8 (dwod) 6T
(00LT)

9°€8{ 898 9°66| L20°0] SLE'D 2 (0T ¥ 6°0 8z B €L QYWH o (dwod) 8T
(ooL)

- ~ - - = 0 0 0 CWHIT g (dwoD) LT
{ooL}

- - - - - 0 0 0 vaL ¥ (dwop) 97
(00L)

- - - - - 0 0 0 O¥ddlL ¥ {duwon) g1

819 eid 22 (znoy % =24 5 (a1duex®

M g ToR) /euaTAyas (oT3ex aaTieaeduwo)

D Mg AGOHH IgTow *
S3onpoId pIOIId | Z030®F TR [ov] ~dumsuon 8a/T¥) pue = dwop)
uTFeTo eydly P3s ! 10T | TPUTd auaTAYaH 3e0-0D | -BTT arduexd

penuTiucd T 8TgeL




Ul U UNUU rpcCcolf) O CCOM. .-1 UO-.i MNH4Jd d) ONOO

O.-. F 0O0OmM.14F oor.Co0O0O0Oaoul o00 Ua040 VVﬁhﬂt' NaoOZ
Nco U- ENHI[- Erprrl Ht" H.-~Z .-i rUcn a a m k& #p min O
'0) U_ a a aW@2405/005354) mll ro) O0 0 0 0 0 HNHUU ectiebtobdosessad- 9. R
UOXHH > mOH HWUWNTI Hrl ri HNN 16 OCT 2006 WO 2005/ 005354

PCT/ EP2004/ 051365 - 38 CL Al MS 1. A process for the production of

al pha-ol efins conprising reacting ethylene under oligomnerisation
conditions in the presence of a m xture _cggprising: (b) a netal salt based
on Fe(ll), Fe(lll), 5 Co(ll) or Co(lll); (d) a pyridine bis-imne |igand,
and (e) a co-catalyst which is the reaction product

CLAIMS

1. A process for the producticon of alpha-olefins
comprising reacting ethylene under oligomerisation
conditions in the presence of a mixture comprising:

{b} a metal salt based on Fe(Il), Fe(III),
5 Co({II} or Co{lII);
{d) a pyridine bis-imine ligand; and
{(e) a co-catalyst which is the reaction product
of water with one or more organometallic
aluminium compounds, wherein the one or more

10 organcmetallic aluminium compounds is
selected from:

(i) pd-branched compounds of formula (I):
Al (CH;-CR'R®*-CH>~CR'R®R®) «R*\H,
wherein R' is a linear or branched,

15 saturated or unsaturated C;-Cos alkyl, C3-Cag
cycloalkyl, CgCzp aryl or Cq-Czp alkylaryl
radical; R® is hydrogen or a linear or
branched, saturated or unsaturated C;-Cy
alkyl, CgCgzp aryl, C;-Czp alkylaryl or

20 arylalkyl radical; R® is a linear or
branched, saturated or unsaturated C,;-Cyq
alkyl, C3-Cae cycloalkyl, Ce—Cap aryl, Ci-Cpy
alkylaryl or Cs-Cz arylalkyl radical; x is
an integer of from 1 to 3; z is € or 1; and

25 y is 3-x-z; R* and R°, the same or different
from each other, are linear or branched,
saturated or unsaturated C;-Cypp alkyl, C3-Cgag
cycloalkyl, CgCy aryl, C;-Cyy arylalkyl or
alkylaryl radicals; the substituents R' and

30 R' or R and R® optionally form one or two

rings, having 3 to 6 carbon atoms; R® is



of water with one or nore organonetal lic alum nium conpounds, wherein the
one or nmore 10 organonetal lic al um ni um conpounds is sel ect etdbBLorb
(i)(err)(err)-branched conpounds of forrmula (I):

Al (CH(err) - F005/8858¥r ) - CH2- CR4R(err) R6) (err) R(err) (err)nda/Erabiangises RL i s a
| i near or branched, 15 saturated or unsaturated Cl-C20 al kyl, C3-C20
cycloal kyl, C6-C20 aryl or C,-C20 alkylagyl radical; R2 is hydrogen or a

| i near or branched, saturated or unsaturated Cl-C20 al kyl, C6-C20 aryl,
C7-C20 al kylaryl or 20 arylalkyl radical; R3 is a linear or branched,
saturated or unsaturated Clhg@@oger lod ha€3EIE2Gaopchemidng o£CR* G2@ aryl, C
-C20 alkylaryl or Cr-C20 arylalkyl radical; x is an integer of from1l to
3; zisOor 1; and 25y is 3-x-z; R4 and R5, the sanme or different from
each other, are linear or brlanthethranchedratrgduarsuns atasmatied ( 1y C20 al kyl ,

C3-C20 cycloal kyl, C6-C20 aryl, 720 gyl alkyle ors .al kyl aryl radicals;
the substituents R and 30 R4 or %<%dcggo€% :ﬁoéléf‘%gfﬂ’f ormone or two

rings, havisng 3 to 6 carbonwheoesn HG RS k6, KOCTRZ0BH, ADy2QA8/ H05354
PCT/ Ep2004/ 051365 39 hydrogen

C ghlp%sht he.ga%rr% meani of R _and R5;
(ii)(3y-branched conpounds &F forHifih "EFFiPaA (ec:lllﬁ-f%q‘_ﬁzl-oﬁ?‘t%%) XR3yH 5
wherein R, R2, R3, R, R5, fREpuks §r)and’ znar 8°asndebamecbiher ei nabove in
relation to formuila (1); Ry,apd B A0S SAIP Fher I {ILTERL,Lr QM each other,
branched, saturated or unsaturated C;-Cap
10 alkyl, C3~Cizp cycloalkyl, Cg~Cao aryl, C;-Cag
arylalkyl or alkylaryl groups; the
substituents R' and R! or R! and R®
opticnally form one or two rings, having 3
to 6 carbon atoms; R® is hydrogen or has the
15 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.
20 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
25 a C;-Cs alkyl group; and R® is a C;-C5 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
30 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:



br anched,

saturated or unsaturated C1-C20 10 al kyl,
C6- C20 aryl,

Cr- C20

R4 or R4 and R5 o
‘atons; R6 is“ﬁyﬂ¢$@

are m xed together they are soluble

sol vent. 20

Fe(lll) salt.

2. A pr

tionally formone or two rings, having 3t

| al kvl kvl | Cﬁ-CZO gyc!oalkyl,
arylalkyl or alkylaryl groups; the su Stsgfigﬁﬁo

R1 and
n

2 or has the 15 sane meaning of R4 ROTERB)4/@MmEs M Xt ur es
t hereof; wherein when the netal salt and the bis-arylimne pyridine |Iigand

ocess according to daim1l wherein the netal

in Qbiphatic or aromati c hydrocarbon
sal t
3. A process according to Claiml or 2 wherein in the

organonetal I i c al um ni um conpounds of fornulae (I)

is an

and (Il) RLis a C1-C5

al kyl group; R2 is hydrogen or 25 a C1-C5 al kyl group; and R3 is a Cl1-C5
A process according to aﬁy of Clains 1 to 3 wherein

al kyl group.
organonetal I'i ¢ al um ni um conpoundgy
5. A process according to any of C
organonetal I'i ¢ al um ni um conpouqg

6. A process according to any of ~Q af
pyridine ligand is sel ected fRam
OCT 2006 WO 2005/ 005354 £CT/ EF

N:i'm:zn

10

15

R15 RI B

0o 3 wherein 30 the

SHwher ei n

(III)

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

mis 0 or 1,

Z is a m-coordinated metal fragment,

R7~-R11, R13-Ris and Rig-Rpg are each, independently,
hydrogen, optionally substituted hydrocarbyl, an
inert functional group, or any two of R7-Rg, Rj3-Rjg
and Rig-Rog vicinal to one another taken together
may form a ring; Ris 1s hydrogen, optionally
substituted hydrocarbyl, an inert functicnal group,

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

R1¢ is hydrogen, optionally substituted hydrocarbyl,
an inert functional group, or taken together with
Ri5 or Ryjp to form a ring; Ry7 is hydrogen,
optionally substituted hydrocarbyl, an inert

functional group, or taken together with Rj; or Rig

t he

is(2R§,4- trimethyl pentyl) al um nium

- dinmethyl-butyl) alum nium
t he bisarylimne



(1) wherein X is carbon or nitrogen, nis Oor 1, mis O or
n-coordi nated netal fragnent, R7-Rl11, R13-R15 and R18 R20 are eécﬁhﬂm 2095
i ndependently, hydrogen, optionally substituted hydrocarbyl, an inert
functional group, or any two of R7-R9, R13-R15 and R18-R20 vicinal to one
anot her taken together 10 may forma ring; Rl12 is hydrogen, optionally
substituted hydrocarbyl, an inert funct#dpnal group, or taken together with
R13 or RIOto forma ring; R16 is hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or taken together with 15 R15 or
R10 to form a ring;toREdrmsa hyicigogams Roqpi s dnalrdoges ubsdtiitontedy hydr ocar byl , an
inert functional group, or taken together with R11 or R18 1 6 OCT 2006 41
to forma ring; an@ummltstqr\%/dwég@@ﬁrhyml amaliert Suhstidnatedrowelr ocar byl , an
inert functional grou or taken together with R11 or R20 to forma ring.
7. A process accor di™ gaﬁsncﬁ%ﬁ V\‘iffgﬁlelﬁhlll??: B30 % TORD IR ol Rio and RI1
are nethyl; Rl2 an Q K1 ydr n; R13 and R15
are hydrogen ;R17q)‘a%gﬁggi§are Ptﬁ %A%genélil?% E@ékgﬁé Fﬁ( err eeare
i ndependent | y hydr dgeizpgaet WRib aod Rar arbumeytlnylx R af} Risiaxel and n is 0. 8.
A process accordin ny,of . C ei e | salt is an
acetyl acet onat e. g“k%b’?bcR lsaén%lggg} n%étgérg@g % 3 ﬁst %% B wherein the
metal salt is Fe(2Mdregtanekdh ;g 8):32re hydrogen; Rig, Rig and Ry are

independently hydrogen, methyl or tert-butyl; X is

C, mis 1 and n is O.

8. A process according to any of Claims 1 to 7 wherein
the metal salt is an acetylacetonate.
9. A process according to any of Claims 1 to B8 wherein

the metal salt is Fe{2, 4-pentansdiocnate);.





