WD 2005/ 090371 PCT/ EP2005/ 051316 - 1 TRANSITI ON METAL COWLEXES Field of
t he Invention The present invention relates to transition netal conpl exes
based on ?@9 Ls-arylimne pyridine ligands and catal éﬁtens
prepared therefrom wherein the 5 transition netal coanEQ Y0315

catal yst systens prepared therefromare ?lghly sol ubl e in non-polar nedia,
and the use of such transition netal conpiexes for the dinmerization and

ol i goneri zati on of ol efins. Background of the Invention 10 Several
transition nmetal conpl exes ba upon bis- imne ridine |igands have been
reported in the art, in partf Ty MRRL ¢k 5 St systems for the
catalysis of ethylene and/or olefin (co-) polynerization and (co-)

ol i goneri zation reactions as well as for use in catalyst 15 systens for the
catalysis of di$Hs Sfefhs dRHEREIGR| on reactions. In this regard at number
of published patentrapRliseati QH-?eH@fSﬁ'?@lé:@éé"tyosttésa%%tﬁ%n fkcLhe

pol yneri zation or oligonerization of fins artlcular et hyl ene,
whi ch contalnqmm@ﬂ@g@ﬁ-b@ﬁ?élnnngertaam3b1$rﬂry&ﬁmmn&xpﬂnmdmns 18gendfkor

exanpl e, the a S mhlc are incarporated herein
by reference i n(% h%ﬁa’igrsl?l %ggkegg&ggﬁ‘%ﬁ%‘:fh% W’me,el\%\otgﬁl 12981, WO
00/ 504705 WO &adazl'é:ﬁ.l«ian\ﬂeEEl%bﬁﬁMQes VO H 1) 2553, 2 IME19 SAsLehE,

EP-A-1, 127,987, WD 02/%@% WO 02/ 06192, 99/ 12961, WD 00/ 24788, WO
00/ 08034, WO GGEPSEES thPredFoBaave Wshhy Lehdin WeroEraeg6T8dine

2005/ 090371 PQHERZQOSs@553168uch 2rhfs PRl GHeEHL JaGARNSL BUR! kshed Shel |

appl i cations

dimerization and oligomerization of olefins.

( Background of the Invention

10 Several transition metal complexes based upon bis-
imine pyridine ligands have been reported in the art, in
particular for use in catalyst systems for the catalysis
of ethylene and/or olefin (co-) polymerization and (co-)
oligomerization reactions as well as for use in catalyst

15 systems for the catalysis of alpha-olefin dimerization
reactions.

In this regard a number of published patent
applications describe catalyst systems for the
polymerization or oligomerization of l-olefins, in

(: 20 particular ethylene, which contain nitrogen-containing
transition metal compounds. See, for example, the
following patent applications which are incorporated
herein by reference in their entirety: WO 92/12162, WO
96/27439, WO 99/12981, WO 00/50470, WO $8B/27124, WO

25 99/02472, WO 99/50273, WO 99/51550, EP-A-1,127,987, WO
02/12151, WO 02/06192, WO 95/12981, WO 00/24788, WO
00/08034, WO 00/15646, WO 00/20427, WO 01/58874 and
WO 03/000628.



W01/ 58874, W02/ 00339, WO02/28805 and WO 03/011876, all of which are

I ncorporated herein by reference in their entirety, disclose novel classes
of cataly n 5 bis-imne pyridine iron conmpounds which are highly
active i ?‘?ﬁ@ggﬁﬂagrreri zation of olefins, especially etR¢TERSAFBLIGHI ch
produce |inear alpha olefins in the C6-C30 range with a Schul z-Flory
distribution, said |linear alpha olefins"béing of high purity. 10 In

co- pendi ng PCT Patent Agplication No. ~PCT/ EPO3/ 10708 SnOM/pgblighed as WO
2004/ 037415), therl® PRELHEULAT hebeeerbh Bl infadeBedd BRpOléFrgdnnsi zati on
of , ethyl enaidon AgRear, abBBR0BKEHI NFooYWRIRIN drhe W@t@'ﬂﬁiﬁs*f%ﬁ%ﬂ‘
conprises: 15 a) one or nore bis-arylimne pyridine iron or cobalt

catal ysts; b)ofwhich age- éncarpsratedpeemeimibix irefe reaicectied thedom al umi ni um
al kyl's, al um {gxan LXLU t X Q Qne _qQr .nore
addi ti onal co-cat al §t%%gﬁgéé%dégéa%i%ﬁgg%%%fﬁgggﬁgﬁékgf §§F3d08ﬁpounds of
the forful a WERihiweepgridéachiRon abmsdumiby Wiel dthersand gl ydiabkerent, is

sel ected from_hydrogen, optionall ubstjtuted Cl-C20 hydrocarbyl, phenyl,
g o A ST eonb 1 gAR sl of (RES KT Ha RIS hi h L e
same nol ecul eaflpywHik: paeauee dihbereaipha Soldfiedd 1 nderyl,. Co-pendi ng
PCT Patent Application No. PCT/EP03/107%8 (now published as 2004/ 037415)

descri bes bi srangd iwiithe a 3ehpyri-dilaey| disncbitadomg ddiel fldnasraabehaw. WO
2005/ 090371 %ﬁgg%EQQ§L0513%6hi3 R1 k" R3 Rg R5

eing o gh purity.
10 In co~pending PCT Patent Application No.
PCT/EP03/10708 {now published as WO 2004/037415), there N
is described a catalyst system for the oligomerization of (»J
,ethylene to linear alpha olefins, wherein the catalyst
system comprises:
15 a) one or more bis-arylimine pyridine iron or cobalt
catalysts;
b) a first co-catalyst compound which is selected
from aluminium alkyls, aluminoxanes, and mixtures
thereof; and
20 c):%ne or more additional co-catalyst compoundsE
which comprises one or more compounds of the formula
ZnR’, wherein each R’, which may be the same or
different, is selected from hydrogen, optiocnally (_j

substituted Cq1-Cpq hydrocarbyl, phenyl, Cl, Br, I, SR'’,
25 NR'’5, OH, OR’’, CN, NC wherein R’’, which within the
same molecule may the same or different, is Ci-Cpg

hydrocarbyl.
Co-pending PCT Patent Application No. PCT/EP03/10708
(now published as WO 2004/037415) describes bis-arylimine

30 pyridine ligands having the formula below:



R RS R-N:"m:zn RO R12 wherein X is carbon or nitrogen, it is 0 or 1,
mis O or 1, 5 Zis a x-coordinated netal fragnent, R1-R5, R7-R9 and R12-R14
are each,‘$Q9@§§ﬁ% rtly, hydrogen, optionally substituted hydrocarbyl, an
inert functi g oup, or any two of R1-R3, R7-Rg and RCI/ER2e05/08i3aénal to
one anot her taken together may forma ring; R6 10 is hydrogen, optionally
substituted hydrocarbyl, an inert functional group, or taken together with
R7 or R4 to form a ring; R1O is hydrogen, optionally substituted
hydrocarbyl, an inert functional groud® or taken together wth Ry or R4 to
forma ring; Rl1 is hydrogen, opﬁionally 15_substituted hydrocarbyl, an
inert functional group, or take ogetbher-Wth RS or R12'to form a. ring;
and R15 is hydrogen, optionally suf ted hydrocarbyl, an inert
functional group, or taken tod® R; R14 to forma ring. 20

Di scl osed within the exanpl eg, of PCT ,, Patent Application No.

PCT/ EP03/ 10708 (now publ i shed" as Bis the

Riq
S gH : A yl'] WO 2005/ 090371
PCT/ EP2005/ 051316 4 pyri(d iron[I1] chlori mprextZ)and cat al yst
systens consisting of 2:f7 ~4, 6-trinet hyl pheldykig no) et hyl)-6-
[ 1- (4- ei cosanoxy- 3, 5- di Pheny phengﬁinino)eﬁhyl] pyridRme iron[lI] chloride
with MAO and 2-[1-(2,4,6 5t inethylphenylirrim))R
et hyl 3- 6- [ 1- (4- ei cosanoxy- 3,5 di phenyl phenyli m'i8) et hyl] pyridine iron[I1]
chloride wth metndlinmxnexangrbdhQr andk B co-catalysts in a

( n is 0 or 1,

mis 0 or 1,

5 Z is a m-coordinated metal fragment,

R1-Rg, R7-Rg and Rj3-Ry14 are each, independently,
hydrogen, optionally substituted hydrocarbyl, an inert
functional group, or any two of R1-R3, R7-Rg and Ri2-Rjy
vicinal to one another taken together may form a ring; Rg

10 is hydrogen, optionally substituted hydrocarbyl, an inert
v functional group, or taken together witthh R; or R4 to form
a ring; Ryp is hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or taken together
(_ with Rg or Rgy to form a ring; Rji is hydrogen, optionally
i5 substituted hydrocarbyl, an inert functional group, or
taken together with Rg or Ry to form a ring; and Rig is
hydrogen, optionally substituted hydrocarbyl, an inert
functional group, or taken together with R or Ry to
form a ring.
20 Disclosed within the examples of co-pending PCT
Patent Application No. PCT/EP03/10708 (now published as
WO 2004/037415) is the 2-[1-(2,4,6~-trimethylphenylimino)
ethyl]-6-{1-{4-eicosanoxy-3,5-diphenylphenylimino}ethyl]



t ol uene solution. US Patent No. 6,291, 733, describes a nethod of 10

dinmeri zing al pha-olefins to nostly linear internal olefin dinmers using a
catal yst qpgB@siobdzdp conprising a bis- arylimne pyridine iron conplex and
an al kyl al um noxane co-catal yst conposition in nolar ex®EIEP2UsHSIHGEcti on
of this process proceeds rapidly, even,at ambient 15 tenperatures, and
yields a dinerization product rich in Jlinear internal olefin dinmers. The

use of a bis-arylimne idi ne cohalt conplex and a nodified
met hyl al uni nBXJéi%l?Mﬁ/@oﬂcfS’%% & FOmPhEXyi ARA| SAFR LS B SERME ol ef i ns
i s descri bedcbAsidein@Oonrid [Cl|-6(2",-ﬁr,i@@.&&ﬁ\b@h?ﬁ?ﬁéﬁyﬁ%ﬁh&ﬁt%ﬁ lr]i_d-near

ke e in

D nerization_and |sonerization of a-d efins” Br oo

: y t -
Or ganonet al | L¢3 (4opBcosanon-A-s3idphenydrhseydininohethyl bxewsisdigfe t he
al kyl al um noxaggr £y cat & i I Ring, Lefienenge: eg_this process
comercially Iesg 2% fav&%ﬁglégtmé¢%hagﬁ ga?gl§g?§'§ased on bis-arylimne
pyridi e cohplogehybpkengkiminaateahydl] —prdduidoescboaanpeyydges+ zat i on,

ol i goneri zat | | nerdzatiaqn,.prqcesses,. they s r fromthe
disadvantagedﬁﬁggggﬁg%g%&#?é%ﬁéﬂ%%ﬁyggIEBFF? 9eih¥ﬂ8ﬁ£§§|3P{?&&é%h especial Iy
at anbi ent wethenathybslumdiveodaow SO hinky E@bZHI So-cdndliyEgie ipyai di ne
conpl exes in nﬁn-golar medi a such as WO 2005/ 090371 PCT/ EP20051051316 5
benzene, t ol GBAEEBRISPLEFPT n sol vents, especially at anbient tenperatures,
has several problggspatérenesl. te), 291t,733)Cliedicrgbaif hi puthyqai fraccurate
dosing of the catalyst systeminto reactors, egpe0|a[lé under 5 continuous
oper at 1®n, aAdmEENBSRIt BRI Loy toeg@issAwnd inespednberyapupdrfand seal s
whi ch can beeausgdys Pgt e AU AR @ AfidsaR 18h 2UapeIdefy Qopssol uble

cat al yst

arylimine pyridine iron complex and an alkylaluminoxane
co~catalyst composition in molar excess. The reaction of
this process proceeds rapidly, even at ambient

15 temperatures, and yields a dimerization product rich in
linear internal olefin dimers.

The use of a bis-arylimine pyridine cobalt complex
and a modified methylaluminoxane (MMAQO} co-catalyst in
the dimerization of alpha-olefins is described in the

20 article “Tridentate Cobalt Catalysts for Linear
Dimérization and Isomerization ¢of o-Olefins” by Brooke L.
Small in Organometallics 2003, 22, 3178-3183. The use of
a molar excess of the alkylaluminoxane co-catalyst in
this reference makes this process commercially less

25 favourable.

Although catalysts based on bis-arylimine pyridine
complexes are useful catalyst precursors in
polymerization, oligomerization and dimerization
processes, they suffer from the disadvantage that they

30 have low solubility in non-polar media, especially at
ambient temperatures. The low solubility of bis-

arylimine pyridine complexes in non-polar media such as



particles. Therefore, there is a need for bis-arylimne 10 pyridine

conpl exes and catal yst systens conprising these conplexes which can be used
Wi th ease w§ 2gof@f7y huous process, e.g. continuous polynerization,

ol i gonerization or dimerization process. In particul ar, POT&R0ISDsSB10EEd

for bis-arylimne pyridine conplexes angl catalyst systens 15 containing such
conpl exes which are highly soluble in non-polar nedia, wthout having a

del eterious,effect on .the catalytic.activity displayed by the bis-arylimne
pyri di ne catbaelnfs?f’edoﬁﬁékgfaf’?oﬁggk%%\%ff’rf‘ ﬁ?el‘y t.S'TI’?éPSrCé§éAtY PhRventi on

provi des a tamdvieinti eempeiaturdd, Cam| sxvdase hrabieer! aick aBhsgatyl i m ne
pyridine |igands ngfa catal yst system thereof which are highly soluble in
non- pol ar ira 1274 udiogl 9y LEo6w Bt \RGUERES WosyirdorfCthent i nuous

pol yrer| zal Ifta19lsk0aiRELAALAED ALLALIPIdARIJINIRT QRARges. 25 Summry of
the Invention In"one aspect of the present i'nvention there is provided a
transi?ion meRdingems| ereRpténn; sard blapags Wd rihee nepctdicne MX" conpl ex,
conpri si ng 452 yl Lo.Re. I, d i ving.the forpula_(1) ,below WO
2005/ 090371%%#’@5%05}%?%2&%!1%%%4 ﬁ@%ﬁ?ﬁﬂﬁé esca*‘Rglé, jca(JR%(a) R K Rj
R13 Rs R12by lthewabresavRla&bioR/eRBuichdet] Rbh-avdubdehcatabdependently,
hydr ogen, 0%%&%&%&%% substituted

Therefore, there is a need for bis-arylimine
10 pyridine complexes and catalyst systems comprising these
( complexes which can be used with ease in a continuous
process, e.g. continuous polymerization, oligomerization
or dimerization process. 1In particular, there is a need
for bis-arylimine pyridine complexes and catalyst systems
15 containing such complexes which are highly soluble in
non-polar media, without having a deleterious effect on
the catalytic activity displayed by the bis-arylimine
pyridine catalyst compositions known in the art.
The present invention provides a transition metal
20 complex based on certain bis-arylimine pyridine ligands
and a catalyst system thereof which are highly soluble in
non-polar media and display good catalytic activity for
(: continuous polymerization, oligomerization and
dimerization processes.

25 Summary of the Invention

In one aspect of the present invention there is
provided a transition metal complex which is a bis-
arylimine pyridine MX, complex, comprising a bis-

arylimine pyridine ligand having the formula (I) below:



r i 5 hydrocarbyl, an inert functional group, or any two of R1-R3 and R7-Rg
vicinal to one another taken together may forma ring, and R6 is hydrogen,
optionally“ﬁpﬂﬁbgﬁgﬁed hydrocarbyl, an inert functional group, or taken
together with R/ or R4 to forma ring, RLO is hydrogen, BOIEPIOH313710
substituted hydrocarbyl, an inert fungtéqpal group, or taken together with
RO or R4 to forma ring, RL1 is hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or taken together with R12 or R5 to
forma ring, RL5 is hydrogen, optionallR4 substituted 15 hydrocarbyl, an
inert functional group, or taken together g&th R14 or R5 to forma ring,
provided that R13 and at |east onh€ d R14 are independently
selected from optionally substituted 30 al kyl, optionally substituted
C4- C30 al kyl oxy, hal ogen and opRi~Qnz 5 4t ituted C5-C20 aryl, or RI13
taken together with R12 or RY® i RE2 t aken together with R11
forma ring and R14 takgp tagde i

wherein R13 and at | east ong
7 are independently selectvéft)
optionally substituted CR-C3DNa Xy andg,; P gmsubstituted C5-C20
aryl), and provided that at Ileast one of RI'2, RI3 and®R14 is optionally
substituted 5 C4-C30 alkyloxf® Mis a transitioRemetal atom sel ected from
Ti, V, C, M, N, Pd, Rh, Ru, Mo, Nb, Zr, H, Ta, W Re, GCs, Ir or Pt;
preferably Ti, V, O, M, N, Pd or Pt{lhore preferably V, Cr, M, N or

retal Btom M and BXTe hat A8, At Shal 19 Tbe Tt ired Fydvocar by,

independently, hydrogen, optiocnally substituted

090371 PCTJEP2005/ 051316
ituted C1-C30 al kyl,

5 hydrocarbyl, an inert functional group, or any two of -

R1-R3 and R7-Rg vicinal to one another taken together may
form a ring, and Rg is hydrogen, optionally substituted

hydrocarbyl, an inert functional group, or taken together

with R7 or Rg to form a ring, Rip is hydrogen, optionally

10 substituted hydrocarbyl, an inert functional group, or

taken together with Rg or R4 to form a ring, Rjj is

hydrogen, optibnally substituted hydrocarbyl, an inert
functional greoup, or taken together with Rz or Rg to

form a ring, Rys is hydrogen, optionally substituted

15 hydrocarbyl, an inert functional group, or taken together

with Ryjg4 or Rg to form a ring, provided that Rj3 and at
least one of R1» and R14 are independently selected from
optionally substituted C1-C3g alkyl, optionally
substituted C4-C3p alkyloxy, halogen and optionally

20 substituted C5—-Cyg aryl, or Ri3 taken together with Rjo
or R4 form a ring, or Rjs taken together with Ry; form a
ring and Ry4 taken together with Rig form a ring

{(preferably wherein Ry3 and at least one of Riz and Rjy4



al koxi de, am de, or hydride. In another aspect of the present invention,
there is 15 provided a transition netal conplex which is a bis- arylimne
pyridi ne MX* conpl ex, conprising a bis- arylimne pyridine |igand having the
fornmul a (WO 200509371 wherin R1-15 and X are as defined abBGEEPHOPBIIALE on to
formula,l and Mis a transition netal atom especially 20 one selected from
Fe and Co, wherein the transition netal7 -conplex is not

2-[1-(2,4,6-trimethyl phenylimno) ethyl]- C

6-[ 1- (4- ei conmniittepepdadnphonyepBeHYd | Fi6R) &b tnddnry dubdtiichesa(!!)

chl oride conplex. In another aspect of the present invention there is 25
provi ded a tTlatSQ A Ydet SPELBRpEEX FHPEH teted GuiCSamakvAoKd BRdi di ne

MXp ][ NC-]q : 1 CANMRLLS] bis-arylimine ridine |ligand having the
formula (1) °%bq{épd§%%5g‘g8§}kﬁg%31%ésﬁ% )0 £Tog1ORe %ﬁﬁg 2RRa". 46
Rre ONNO R1 521@] [ 3 gmr' - R{+ R12 and
R14 are eachl?aa.sitn(%lgeR\r%‘dfeRﬂgf/, ﬁ?‘l?/?%%gen,go%sti ona cf‘dyélsl bgﬁiﬁisl}tlggggd

hydr océr byl ,c gitqneritkyfilorgt i onal group, or any two of RI-R3 and R7-Rg

vicinal to one another taken together may forma ring, and R6 is hydrogen,
optional |y subst i dtse@ thpdsdbtachyhetah dtemtsdiemtddofalomgfaupV,or taken

Substi tut ed FyarBeartyl Foan<fnokt AT Enart oo 120 ¥ BRenOBogaFher wi th
Rg or R4 to dworbh;aprefgraRlg T8, vV, Cr, Mn, Ni, Pd or Pt; more
preferably V, Cr, Mn, Ni or Pd; especially Cr;
) 10 n matches the formal oxidation state of transition
( metal atom M; and
% is halide, optionally substituted hydrocarbyl,
alkoxide, amide, or hydride.
In another aspect of the present invention, there is
15 provided a transition metal complex which is a bis-
arylimine pyridine MX, complex, comprising a bis-
arylimine pyridine ligand having the formula (I} above,

wherin Rj-15 and X are as defined above in relation to

formula 'f and M is a transition metal atom, especially
20 one selected from Fe and Co, wherein the transition metal
complex is not 2-[1-(2,4, 6-trimethylphenylimino) ethyl]-
( 6-[{1-(4-eicosanoxy-3, 5-diphenylphenylimino)ethyl]pyridine
iron (II}) chlcoride complex.
In another aspect of the present invention there is
25 provided a transition metal complex which is a
[bis~arylimine pyridine Mxp*][NC’]q complex, comprising a
bis-arylimine pyridine ligand having the formula (I)

below:



hydr ogen, optionally substituted hydrodarbyl, an inert functional group, or
taken together with R12 or R5 to forma ring, R15 is hydrogen, optionally
substituted 15 hydrocarbyl, an inert functional group, or taken together
with R14 W0 206/0087form a ring, provided that R13 and at POTEFPOSHAES16f R12
and R14 are independently selected from optionally substituted Cl-C30

al kyl , optionally substituted C4-C30 al%yl oxy, hal ogen and optionally 20
substituted C5-C20 aryl, or R13 taken together with R12 or R14 forma ring,
or R12 taken together with R11 forma ging and R19 taken together with R15
forma ring (preferably R13 and at |eapt one of R12 and R14 are WO

2005/ 090371 PCT/ EP2005/ 051316 - 'igt ently selected fromoptionally

substituted Cl-C30 alkyl, optionall tituted C4-C30 al kyl oxy and
optionally substituted C5-C20 aRy pLoViRled that at |east one of Rl12,
R13 and R14 is optionally sub! T30 afdsyl oxy; X is halide,
optionally substituted hydroc i am de,,or hydride; Mis a
transition nmetal atom sel'e R * Pd, Rh, Ru, M, Nb,
Zr, H, Ta, W Re, OCs, It V, C, My, N, Pd or Pt;
nore preferably Vv, Cr, NR? Mis a transition
metal atom particularly Co; RC is a" goor ating anion; and p +
g matches the formal oxidati oRgstate of 15 trangition nmetal atomM In

anot her aspect of the invention, there is provided a transition netal
complex, which is (a) a bis- arylimne(pyridine MXn conpl ex conprising a

bis-arylimne pyridine Liggnd fhaving the fo la (1) abqgve wherein 20
Rl _15, X and n arwg’eefsel&ehilngé’aﬁ‘a g%scﬁl%&f‘%&?@ r‘F’f% cach,
independently, hydrogen, optionally substituted (i

5 hydrocarbyl, an inert functional group, or any two of

R1~R3 and R7-Rg vicinal to one another taken together may

form a ring, and R¢ is hydrogen, optionally substituted
hydrocarbyl, an inert functional group, or taken together

with R7 or R4 to form a ring, Rjp is hydrogen, optionally

10 substituted hydrocarbyl, an inert functional group, or

taken together with Rg or R4 to form a ring, Rjj is

hydrogen, optionally substituted hydrodérbyl, an inert
functional group, or taken together with Rjs or Rg to

form a ring, Rjs is hydrogen, optionally substituted

15 hydrocarbyl, an inert functional group, or taken together ( i

with Ryj4 or Rg to form a ring, provided that Ri3 and at
least one of Ris and Rj4 are independently selected from
optionally substituted C3-C3g alkyl, optionally
substituted C4-C3g alkyloxy, halogen and optionally

20  substituted Cg-Cpp aryl, or Ri3 taken together with Rjp
or Ryj4 form a ring, or Ry taken together with Rj; form a
ring and R34 taken together with Ris form a ring

(preferably R13 and at least one of Ry and Rjgq are



relation to formula | and Mis a transition netal atom C e.g. as de
above but preferably Fe, Co or C or (b), a Ibis-arylam ne pyridine
conplex conprising a bis-arylimne pyridine Iig%nd havi n

MXp+] [ NC- ]

25 formul WQ30p5/8898%e wherein R1L_15, X, P, [NC] and q areP&§
described herein in relation to formula (1)

atom e.g.

as

provi ded that
conpl ex Re andndePredsptdvesoleqdifitdRo crtd on@120054D803Tkted C1-Cag

PCT/ EP2005/ 051316, - 10. i [ | d f i onal_| b

C1-C30 al kyl ?ﬁkﬁ}roﬁagwf"g pfﬁn‘ﬁiﬁmtteldy%}-edc%ét“?ﬁapay%ggy,gg;ﬁ%?ggény ZﬁdSt
tionall i - 20, Wi g h R7

P ring o poPLioHely Fabetifloda ol WHEED, SRACRRRRs fhh dRls s

R7

HOPDIHSY

descri bed above but preféﬁ%b1y sel ected fromFe, Co an
inthe ligand of formula (1) in said transition netal

with RO formiaasti aﬂe(@feﬁfgr,abé]}@ vmmi]{a Rg %‘i_i@hah%sgue%%@gt% @

are i ndependently sel ected

omoptionally subStituted™ Cl- I

optionaldy suBatCggt etlkgllet330 al kyl oxy and optionally substituted C5
aryl), and provided that at 10 least one of R7, Rg and RO is optional
substituted C4-C3¥ apkhabkge, rntiigmadlof sidsitatednhyidngesuohl a

definition ofa$g°¥§ge Fgmfﬁegiggﬂh#) ﬂ&g;s paragraph is also describe

herein as one o
15 provi Meils aa catat 3t i gy stesralc @tpin Sielgctay HnemoTi yove of

there is

ornll a In a er ‘aspect of the present inventi

scri bed

g the
and

and Mis a transition netal

d Cr,
30

i tuted

Rg form
her
nd RO

-C20
Iy

d
on
t he

transition metal gonplexe i.ch s bis-arylimne _pyrjdine n conpl ex
wher e the bisbﬁfyﬁPhiﬁé'p€?1 ﬂﬁefhb %5? %%?néFanh?abgge ?n &ﬁic REA' 5, X,
n are ak) defi pedrtangrdeecabbedriensgi wd,nMngl a&tii,ordt 8xf Pt uhérd and Mis a

ZQ;transition nmet al
i Nc

_ ome.g. g dggori bed herern [ rela
| udi ng Fe BFeEBTaBlY;Y¥ L£3piMn, Ny oryRevi isRechHeLidi ver MM [NE-3 g

conpl ex wher ecRahBetPbfi-metal atom, particularly Fe or Co;

15

20

30

NC™ is a non-coordinating anion; and

p + g matches the formal oxidation state of
transition metal atom M.

In another aspect of the invention, there is
provided a transition metal complex, which is (a) a bis-
arylimine pyridine MX, complex comprising a bis-arylimine
pyridine ligand having the formula {I} abldve wherein
Ri-15, X and n are as defined and described herein in
relation to formula I and M is a transition metal atom,
e.g. as described above but preferably Fe, Co or Cr or
(b), a [bis-arylamine pyridine MXp¥][NC™]g complex
comprising a bis-arylimine pyridine ligand having the
formula (I) above wherein Ri.i5, X, p, [NC] and g are as
defined and described herein in relation to formula (I)
and M is a transition metal atom, e.g. as described above
but preferably selected from Fe, Co and Cr, provided that
in the ligand of formula (I) in said transition metal

complex Rg and at least one of R7 and Rg are

as described herein in_relation to formula I



arylimne pyridine is of formula | above in which RL-15, X p, q [NC] are as
defined and described herein in 25 relation to formula | and Mis a
transition nmetal atom e.g. as described herein in relation to fornula I

i ncl ude YO 8P5¥837iand ni xtures thereof and (b)(i) in t ECEEBWONPEAIC,
bis-arylimne pyridine MXn conplex is present, (1) a co-catal yst conpound
30 capabl e of abstracting an ani on and Qéhsferring an WO 2005/ 090371

PCT/ EP2005/ 051316 - 11 optionally substituted hydrocarbyl or hydride group
to the netatP@aeBepdentivn)sedasdachifaiopsorténpabhd subableubéd GhwIzmcting an

' d -catal yst bl f_t ' ti |
SUbsti Cuted ADEYOLAPRy1OTT. 16 SHRRELFS taRoGA Fa0t RLKYLakEL (ROIWE &l at om

bt tut ed Ayl “gPois Fa e ReteYRtal
Comlex i & pPedcnpt TEBRF SRS Al B5oto SRR BE A8 BT g an

optional |y suBsthéstedehyey sy et BYdhhde SEOHP tokbhAetdQetrapsition
nmetal atom C gﬁth t he prggfso Eﬁ%t when thegtransi?ion neta%&%td%? Is Fe or

Co the katal ydthsRgt Bormeesrimg iRy &ek@hetogethétewﬂﬁhpa¥?dﬁoﬁﬁ d he
formula ZnR 2 wherein each R, which may be the sane or difrerent, is

sel ected froming lpdebepsblwpthersin Res abst atulledstloaz0ofiyBy oard B
phenyl, d, Br, |. SR, NR':Lqéi% OR', CN, isocyanide wherein R', which
within the s3fE hBFERERESHEY (SRsRd ITemyrptdPBAL LY 8uPStESRL e dr ocar byl ,

and the catakyst;,S¥siel) | Spti¥nly subdtdtbtbll BRLEYLPASRY I bRY NRAqet hyl ] -6
20 [1-(4-ei coSan0oxy- 3, 5-di phenyl phénylim no)ethyl ] pyridine iron[ll]

chl ori de conpbexownelhy M¥bstartwidd Ay aviyd) ,t hatl phenitibe thansation
netal is Fe the catalyst systemis not 2-[1-(2,4,6- trinethylphenylimno)
ethyl ] 1&-[ | - {gastcesanokyRB, Rg and Rg is optionally substituted (

C4-C3p alkyloxy. A ligand of formula I having such a
definition of Ry, Rg, Rg as given in this paragraph is
also described herein as one of formula II.
In another aspect of the present invention there is
15 provided a catalyst system comprising (a) one or more of
the transition metal complexes which is a bis—arylimine
pyridine MX, complex where the bis-arylimine pyridine is
of formula I above in which Rj-7%5, X, n are as defined
and described herein in relation to formula I and M is a
20 transition metal atom e.g. as described herein in
relation to formula I including Fe or Co, or is a [bis- ( ;
arylimine pyridine Mxp'"][NC"]q complex wherein the bis-
arylimine pyridine is of formula I above in which Rj-1s,
X, p, g [NC] are as defined and described herein in
25 relétion to formula I and M is a transition metal atom,
e.g. as described herein in relation to formula I include
Fe or Co, and mixtures thereof and
(b} (1) in the case when a bis-arylimine pyridine

MX,, complex is present, (1) a co-catalyst compound

30 capable of abstracting an anion and transferring an



25 di phenyl phenyli m no)ethyl] pyridine iron (l1l) chloride wth MAO or
2-11-(2, 4, 6- trinethylphenylinino) ethyl]-6-

[1-(4- elcosano§%?@7 - di phenyl phenyl i i no) et hyl ] pyr|d|nePghﬁgﬁw%%é%ughlorlde

with MAO ¥ I n anot her aspect, there is provided

catal yst system of the I nvention conpris ng_ (b) and (a) WD 2005/090371

PCT/ EP2005/ 051316 - one or nore of e transition netal conpl exes which
is a bis-aryli r|d|ne MXn or [ MXp+) [ NC:]qg conpl ex, where X, p, NC and

q are as deffR b"% Y euhg tidatest byfrpaarkyht PHnhYSriie @ERIR 4° and Mis a

transition nethé @40 &thm,a%r AS3CH Redcheneisti BohSb@id 0l P Jpl a |
including Fe or Co, and R1-15 are as defined and described wth respect to

formula I, pra3RfHeacting oy ai@m@adRg srecabaiest neampewed eccagabile ation to
| gands of 1 opaul fubdsed0d " " URYnBIRGCLuble L0808 BB LIMAN D, 1 here

Is provided a dinerizatio rirsation proc i SI'ng
cont act iSng anhpiieide dromp vitd die iramsatpha meteilmtmnmmcﬂcng at least 3

bon at th th eth th talyst
Composi ti on 15 coritt Bl (AF GAE BPeRoPBST? Rl e Bre REt R Ronpl exes

sel ected fromyftidime lmep *QITWCT 1, neongyirddiize p¥Bea@)Phexescat §OPPEI Sing a
bi s-arylimne pyridine |"zgand having the 20 fornula (I) below Rt ko' R
Rte R N N Rt 4compdurih qRinabitet Ot &ransferring an optionally

substituted hydrocarbyl or hydride group to the
10 transition metal atom;
with the proviso that when the transition metal atom
( is Fe or Co the catalyst system does not comprise one or

more compounds of the formula ZnR’2 wherein each R/,

which may be the same or different, is selected from

15 hydrogen, optionally substituted C1-Cyg hydrocarbyl,
phenyl, €1, Br, I, SR/, NR’’5, OH, OR’’, CN, isocyanide
wherein R’', which within the same molecule may the same
or different, is Cj-Cpq hydrocarbyl, and the catalyst
system is not 2-{1-(2,4,6-trimethylphenylimino} ethyl}-6- .

20 [1-{4~eicosanoxy-3,5-diphenylphenylimino)ethyl] pyridine
iron[II] chloride complex with MAO.

or with the proviso that when the transition metal
(“ : is Fe the catalyst system is not 2-[1-{(2,4,6-
trimethylphenylimino) ethyl]-6-[1-(4-eicosanoxy-3,5-

25 diphenylphenylimino)ethyl] pyridine iron ({(II) chloride
with MAO or 2-[1-(2,4,6~trimethylphenylimino) ethyll-6-
[1-{4~eicosanoxy—-3, 5-diphenylphenylimino)ethyl] pyridine
iron (II) chloride with MAO and ZnEts.

In another aspect, there is provided a modified

30 catalyst system of the invention comprising (b} and (a)



Re N2 (1) wherein R1-R5, R7-R9, Rl12 and R14 are each, independently,

hydr ogen, optionally substituted WO 2005/ 090371 PCT/ EP2005/ 051316 - 13
hydrocarby& g&;'nert functional group, or any two of R1-R3 and R7-R9
vicinal to df¥8iHer taken together may forma ring, arci/Beodsoshaydr ogen,
optionally substituted hydrocarbyl, an_inert functional group, or taken
together 5 with R7 or R4 to forma riﬁg}leo i s hydrogen, optionally
substituted hydrocarbyl, an inert functional group, or taken together with
Rg or R4 to foenea mpng, oR1thé stransirioigen medptli ooapllexesbyghithit 8l a

hydr ocar byl , i . functi group, or taken together with R12 or R5 to
10 forma riﬁ%@ E%giﬁglhgdggggﬁgﬁ%ptionalIy substituted hydrocarbyl, an

i nert functional Qu { A + i A yor -R5nE0 ra ring,
provi ded t hat RlBglgﬁngt (Pﬁﬁ(%aj;?ﬁ%n}e)gﬁ ff}egntémlg% g(r?epi'n gpgﬁge tly

sel ected fromreopki dedlihgdsahdt désideibdd her@3 dlrkyeladbnonal |y 15
substituted %% - 530 alkﬁ|OX¥$ hal ogen, and optiqnally substituted C5 - C20
aryl, of R13ICFREA23t JgéfHel Pt d RaPSHriR IS H M2t §g9-0ASR12 t aken

toget her wi t RieREkilbRdMarekhNgnansh lfod akeredeaatahar sWdikikiBESpkosm a ring
(preferably wherein R13 and at |east one of R12 and R19 20 aré independently
sel ected frofpEnen&i-yssabst a8 udetinel -aash dgsgnibeshmiidhalkeygprsabsti t ut ed

2t Jeast ondibRmsIaREs BRAVIAAY: Shtbitonde FRELBG A% ad Ceaioss
fransitlon ndise A iy bATO"y Reffhs e MERIBTIA R O30 4, 10 reP 0
preferdBly V, Cr, Ivhane¢heCoaspdit oot Pche gopemrd [inventiGm,oth€re is

provided a dimerization or co-oligomerisation process (

comprising contacting an olefin feed which is an alpha- )

olefin comprising at least 3 carbon atoms or a mixture

thereof with ethylene, with a catalyst composition

15 comprising:
{a) one or more transition metal complexes
selected from:
{i) a bis-arylimine pyridine MX, complexes,

comprising a bis-arylimine pyridine ligand having the

20 formula (I) below:
Ry
_Ry
O |

RsR‘ N R Rys
R N N Rys
Ry Rie Ryq Ria

Rsg Ri2

(I)
wherein R3-Rs, R7-Rg, R12 and Rjg4 are each,

independently, hydrogen, optionally substituted



n matches the formal oxidation state of transition 30 metal atom M and WO
2005/ 090371 PCT/ EP2005/051316 - 14 X is halide, optionally substituted

hydr ocar b de, am de, or hydride; and (ii) a [bis-arylimne

pyri di ne MWW%} conmpl ex, conprising a bis-arylim ndGREYEPHE1$16gand
having the 5 fornula (1) below. Rl R3 _Ci R4;) s Rls RN NR14 OO Rs No
R11 3 Rs R12 (I) wherein R1-R5, R7-Rg, iuz and-R14 are each

i ndependent |y, hydrogen, optionally substituted 10 hydrocarbyl, an inert
functional gro¥ptoot s 13 BT RIRGLARBAR7IRGUR cPRaRNY otWnerfanot her

taken toget heg,fRY ah@'®Y2Rg I+ithi AN B0 ohs QMQEQQE”taE@ﬁiQ%‘%Hhe%E;@i tuted

hydr ocarbyl, an inert functional group, or taken together R4 to

forma ring, Rifinis hinlgpgend mptisomgidrpgdh, supsibhaled Hyssooaited , an
inert functional group, or taken together with Rg or R4 to forma ring, Rll

i s hydrogen, hygreenabyy, samsinauit daniegdooedr gybupanot neaken fogstitenal
group, @ ta therow 2 or RS to, forma. Lin R15 .i.s hydrogen,
? u £%$5%fe%§2%4 ég]éggnlﬁyffggﬁ Fﬁ@r%sfﬁng? F %ﬁ%ﬁﬁfgﬁh

optionally s hydrocar Y t aken

together Wit Sukddi @atED KPP, B4 1REQYI dedcthabaRl3rany, afy |east one
of R12 and R14 are independently Selected from optionally substituted C1 -
C30 al kyl, optzésml tggether with Rg or R4 to form a ring, Rjj is

hydrogen, optionally substituted hydrocarbyl, an inert

functional group, or taken together with Riz or Ry to
10 form a ring, Ryg is hydrogen, optionally substituted

hydrocarbyl, an inert functional group, or taken together

with R14 or Rg to form a ring, provided that Rj3 and at
least one of Riz and Ri4 are independently selected from

optionally substituted C; — C3 alkyl, optionally
15 substituted C; - Cag alkyloxy, halogen and optionally
substituted Cs - Cyp aryl, or Rj3 taken together with Rjs

or Rig form a ring, or Ryz taken together with Ryi form a
ring and Ry4 taken together with Ris form a ring
(preferably wherein Rj3 and at least one of Riz and Rjg4
20 are independently selected from optionally substituted
( C1~-C30 alkyl, optionally substituted C4-C3p alkyloxy and
optionally substituted Cg-Czq aryl}, and provided that at
least one of Rjz, Rj3 and Ry4 is optionally substituted
C4—-C3p alkyloxy;
25 M is a transition metal atom; preferably a Group 4
to Group 10 transition metal; preferably Ti, V, Cr, Mn,
Fe, Co, Ni, Pd or Pt; more preferably V, Cr, Mn, Fe, Co,
Ni or Pd; especially Fe, Co or Cr;
n matches the formal oxidation state of transition
30 metal atom M; and



WO 2005/ 090371 PCT/ EP2005/ 051316 - 15 substituted C4-C30 al kyl oxy, hal ogen
and optionally substituted C5-C20 aryl, or R13 taken together with R12 or
R14 forma rin or R12 taken together with R11 forma ring and Rl4 taken

t oget her WO Horm a ring 5 (preferably R13 and at |ESWEPEIROYPIRI2 and
R14 are independently selected fron1qp;iqpally substituted C1-C30 al kyl,
optionally substituted C4-C30 al kyl oxy Ad optionally substituted C5-C20

aryl), and providﬁd,tggt a$ | east one of R12, R13 and R14 is optionally
substituted C 10*%CASCBBlifky| BRGionally mubsdd tussd dndrogashydei t ut ed
hydrocar byl , alxbkeykedeanddit Jeor Ohvdyid d&sndM is a transition netal atom
preferably a Goup 4 to Goup 1dytransition netal; preferably Ti, V, C,
My, 15 Fe, Co, Ni{iipdacibpsTapptininefryrisineyMXg’] (WG] faongdex,Ni or Pd;
especially Fe, Co.or _Cr; %K> is f,npn-coondLnating ani on; and + g mat ches
the fgxmal oXiREFSAREt &t RIBT2TYLIRLBRIRY R IRE ALIRNGIRVIBAAERRXT ur es
thereofs and £23-mbr(itX)i Pelb@: case when a bis-arylimne pyridine MXn
conplex is present, (1) a co-catalyst conpound capable of abstracting an
anion and transferring an optionally subsgjtuted hydrocarbyl or hydride
group to the netal atom or (2) a cq:catalyst conpound capable of 25
abstracting an anion and a co-cataly coffisyrdscapabl e of transferring an
optionally substituted hydrocarbyl or e group to the transition netal
atom and/or (b)(ii) in the case Wk aryRi mi ne pyridine
MXp+] [ NC-] g conplex is present, : mpound capabl e of
transferring an optionally W 051g16

(I)
wherein Rj~-Rg, R7-Rg, R12 and Ry4 are each,

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

Ri-R3 and R7-Rg vicinal to one another taken together may
form a ring, and Rg is hydrogen, optionally substituted

hydrocarbyl, an inert functional group, or taken together
with R7 or R4 to form a ring, Rip is hydrogen, optionally

15 substituted hydrocarbyl, an inert functional group, or (”J
taken together with Rg or R4 to form a ring, Rjj is

hydrogen, optionally substituted hydrocarbyl, an inert
functional group, or taken together with Ry or Rg to

form a ring, Rjs is hydrogen, optionally substituted

20 hydrocarbyl, an inert functicnal group, or taken together

with R14 or Rg to form a ring, provided that Rj3 and at
least one of Ry and Ry4 are independently selected from

optionally substituted C; - Csp alkyl, optionally



16 substituted hydrocarbyl or hydride group to the transition netal atom
When the feed olefin is an alpha olefin of at |least 3 carbon atons, the
process is wWo%3hdsphHt i on, but when 5 the feed olefin is a mxture thereof
with ethylene’ it is a co-oligomerization process. |n anotf$dYERREMSI316f t he
present invention there is provided an gl gonerization process conprising
contacting an olefin feed which is ethylene with a catalyst systemto (al so

call ed herein a,cat.glyst) conpositjon conprisin (a) one or nore transition
met al corrplexet’*'s}“b 'i@#ﬁ%ﬁ 94—559-3;&Y%ﬂ¥%e E@%?Qé%m?4£0?ﬂﬁiﬂﬂ%%%ﬁwhere t he
bis- arylimn i sCH £ abov; 'rﬁgﬁg S ..onNnare as
defined and dggg%?gg%ﬂﬁgfgpn@%ﬁu%gygfigg ?%él J?Qﬁﬁgﬂ%éghéu |§1§
transition neted RtpMeenga asngfeser Rpedeiesei toddted 3fHitdn 8y frorhuba |
including Fe or Co, or is a [gis-ary I'm ne pyridine NKp)[NC}]q conpl ex
wherein the bixirgr drahiRig ppkedi hegeshef worhmRps |fabowe riing whi ch R1-15d X,
p, g, [Ng] are, as defined and !0 described herein in relation to fornula I

and Mis’a trarafieeRiveRan apenptedeast e rebhdi hand Riian 3zl ation to
formula I (incgludin e.qr. Co Ln rticular i relatiqn to the
dinerizatigh 6?%%%% FggﬁgthQ%ﬁthdp ﬁ%¢e§ht%ﬁég%%¥(ﬁﬁ%%ﬁqu¥e9hglég§@ when a
bi s-arylim ne jadi : ! 1t - | yst conpound
capablg of abgﬁgéQVin t&%%g%?gnggﬁt%€%€%§§$ i%&#gﬁ%ﬁgﬁﬁﬁyg%§| i subs??tuted

hydrocar byl orogdt@riade yoiseuetieutébeciets) &, tnd Drovidedc@hakyst
conpound capable of ;0 abstracting an anion and a co-catal yst conpound

capabl e WO 2005463030t RPETRERP20B5408431%; 4 17/s wititarmidfyersubsgiantedt i onal |y

su tit%Bed hydr ocar byl ar
C4-C3p alkyloxy:

X is halide, optionally substituted hydrocarbyl,
alkoxide, amide, or hydride;
M is a transition metal atom; preferably a Group 4
to Group 10 transition metal; preferably Ti, V, Cx, Mn,
15 Fe, Co, Ni, Pd or Pt; more preferably V, Cr, Mn, Fe, Co,
Ni or Pd; especially Fe, Co or Cr;
NC™ is a non-coordinating anion; and
p + g matches the formal oxidation state of
transition metal atom M; and mixtures thereof; and
20 {b) (1) in the case when a bis-arylimine pyridine
MX, complex is present, (1) a co-catalyst compound
(— capable of abstracting an anion and transferring an
optionally substituted hydrocarbyl or hydride group to
the metal atom, or (2} a co-catalyst compound capable of
25 abstracting an anion and a co-catalyst compound capable
of transferring an optionally substituted hydrocarbyl cor
hydride group to the transition metal atom; and/or

{(b) (ii) in the case where a [bis-arylimine
pyridine MXP“'][NC‘]q complex is present, a co-catalyst

30 compound capable of transferring an optionally



hydride group to the transition nmetal atom and/or (b)(ii) in the case
where a [bis-arylimne pyridine MXp+J[NC-]q conplex is present, a

co-catalyst 5 conpound capable of transferring an optiQ tituted
hydr ocar B QZGW“H%gylde group to the transition netal gﬁ%aﬁ?%ﬁ#ﬂ? provi so

that when the transition nmetal atom is Fe or Co the catalyst syst em does
not conprise one or 10 nore conpoufgls. of the formula ZnR 2 wherein each R,
whi ch nmay be the same or different, is selected from hydrogen, optionally

substitu : , , ", NR" 2, OH OR
CN, NC m%ggséﬁt'g%)d fruhcecheal r?rlorﬂl T Grplh: 1o ‘E‘r}%f the same or 15
differentrahsitioﬂzmemyhﬁnumrbyI and the catal yst system is not
2-[I-(2,4,6-t i Ip | im .eth elc sanoxy- 3,

5- di phenyl pheﬁny ‘2 &/yﬂl“pﬂ}‘.’{ di*n B %?BH%lP#EH’o? ci;%fﬁﬁ%x with MAQ
or with Bheapbom&’eorﬁﬁl,atthm@tdd&st Hangi Hhﬁérﬂ@hﬁion?obﬁﬁ Wgerd he cat al yst
systemis no%ﬁz [ 1-( tri et hyl phenylimno) ethyl]-6-]

1- (%- ei c&88n 9d3°%9fﬁﬁﬁﬁ%ﬁyWHﬁgﬁwq s Pefnyit p?FFBiﬁ%e|¥%nlill) chl ori de

with MAOz0Eo20k géke s Datiddelidduenyl i m no) ethyl]-6-
[ 1- (4- ei cosanoxy- 3, 5-di phenyl phenylim no)ethyl] pyridine 25 iron (I1)
chlori de mﬁthINM@P@¢%B§Hﬁ§H?Cﬂrpﬁah@@d@ﬁﬁéantomnuﬁnthbs tbpeetinf the present

i nventio p t S S
cont act | BECaRae fn PE PG AL RHRIcE R, BB 8RS o fPRPELRE 0Ty st
systen1obnthéefmneﬁ&e@nwhiﬁh'ﬁnaaUhyianblu&thehabatahpbtxegsﬁaﬂ cat al yst
& t he esent_inventiaqn hav excel t sol ubil Y in WO
00043t sboir ST R 2 < iR BhrgesiEard sEbEARYRE used 10
cat alyze a wi qe) vanhtedty mdreoligongEdisat mefalpebypbekést WRDcRNDs {
a bis-arylimine pyridine MX, complex where the bis-

arylimine pyridine of formula I above in which Rj-15, X,

n are as defined and described herein in relation to
15 formula I and M is a transition metal atom e.g. as

described herein in relation to formula I including Fe or
Co, or is a [bis-arylimine pyridine MXp] [NCT]q complex
wherein the bis arylamine pyridine is of formula I above

in which Ri.qmy X, p, q, [NC] are as defined and

10 described herein in relation to formula I and M is a
transition metal atom, eg as described herein in relation B
to formula I (including Fe or Co), in particular in (!
relation to the dimerization process, and mixtures
thereof and
15 {b) (1) in the case when a bis-arylimine pyridine
MX, complex is present, {l) a co-catalyst compound
capable of abstracting an anion and transferring an
optionally substituted hydrocarbyl or hydride group to
the metal atom, or (2) a co-catalyst compound capable of

i0 abstracting an anion and a co-catalyst compound capable



di meri zation reactions. In another aspect of the present invention, there is
5 provided a solution in non-polar nedia, in particular a chemcally inert
non- pol ar solvent, especially an aromatic hydrocarbon solvent, of at |east
5 or 10 ngVe2006/09¢71a transition netal conplex which i s RCIVEPBS05I3P ne
pyridine MXn or [ MXp+] [ NC-]q conpl ex each conprising a 10 bis-arylim ne
pyridine conplex of formula | as defiretl? -and descri bed above wherein each
of R1-15, X, n, p, NC and q are as defined and descri bed herein, and Mis a
transition nmekalrasSyed f HM 0 ﬁ?FPfr l cul ar one
sel ected from TF,. 1\5/ &ﬁhhﬁr&}:edﬂgo 1519fNiS,gDI%g;E%§E?HRE%Q§/%?é ; Zc?f Hf , Ta,
W Re, .Cs, |PYBELPe 9XovR{eP dplS Fansddion OetaddaespeckatifgrCo or Fe. A

preferred solutioqb;§iip t ol yeng, Hf- Al LBATE OJBESH%EéliE%R$Cia||y at | east
X net a

50 ng M-I of the transition nmetal conple erern Mis iron or

cobalt, in 2@ypaaihe +Piid= Y2 ol WRL ByrepBany! hnkbaoyaeA Y] - 6-[ 1-
4- ei cosanoxy- 3, 5-di phenyl phenylt m no) et hyl Jpyridine iron (I1) chloride
conpl e | n gohpeuhércapibilé orf dspectfenfringhenpppsénhalhyention there is

provided a sQluyution in, non-polar .media in.particular chemcally inert

non- pol ar ZSSggft ﬁ?ée%s%%§¥éﬁqr3%%cﬁ?%ﬁgfﬁgeh§ﬁP83a#BOEh§olvent, of at

| east 5 or l1@ragsitidnohealadtediyst systemconprising (a) said transition
nmetal conpl ex and ¢conponent (b) as _ defined above. The catalgst system

sol ution can be m&dE! BYe RIGHFSHhRY shetothensreBabreRn (Bt ahREBHponent

(b) 30 and igsopki gRatdYyLhd 46 BFRS SR R dBRSCALE egméffser&?é:tc?f‘t
conposition to be dinerized or (co)oligonerized. WO 2005/ 090371

PCT/ EPYD05/ 0928¢ 6compagnd et st x Zn8’ pr wheredd eackhR’ cat al yst

uti on i h v | ex | n of th r i npventi on. I n
sofuti on as b98$ e above co ex sol ytion of the gefgggéd P entio

anot her aspel TRY 17 SRnS IR &t i ferREt . 1S rom
hydrogen, optionally substituted C1-Cpg hydrocarbyl,

phenyl, C1, Br, I, SR’’, NR’’,, OH, OR’’, CN, NC wherein
R’’, which within the same molecule may the same or

15 different, is C31-Cazp hydrocafbyl, and the catalyst system
is not 2-(1~(2,4,6~trimethylphenylimino) ethyl]-6~[1-(4~
eicosanoxy-3, 5~diphenylphenylimino}ethyl] pyridine
iron[II] chloride complex with MAO,

N or with the proviso that when the transition metal

20 is Fe the catalyst system is not 2-[1-{(2,4,6-
trimethylphenylimino) ethyl)-6~[1-(4-eicosanoxy-3,5-

(7 diphenylphenylimino)ethyl] pyridine iron (II} chloride
with MAC or 2-[{1-(2,4,6-trimethylphenylimino) ethyl]-6-
[1-(4-eicosanoxy-3, 5-diphenylphenylimino}ethyl] pyridine

25 iron (II) chloride with MAO and ZnEts.

In a modification of this aspect of the present
invention there is provided an oligomerization process
comprising contacting an olefin feed which is ethylene
with the modified catalyst system of the invention.

30 The transition metal complexes and catalyst systems

of the present invention have excellent solubility in



di meri zation, oligonerization or co-oligonerization 5 processes of the

I nvention are perfornmed with the catalyst conplex, conposition or system
being in a solution of the present invention, especially in one or nore of
an ar omat W& ¥809388r bon, such as benzene, toluene or xyPENEP2085/051316 al kene
such as 1-hexene, cis/trans 2- 10 hexene or 1-octene. There is al so provided
in this invention a bis- arylimne pyrit8ne |igand having the formula (1)
below R RR3 RaE ORs R6 RI5 RNNRI4 Rs Ro Rt RI3 RO Rz (1) 15

wher ei n R1- RapnRBoRgr mddianshdRlkrane eaeld to sdenepdent! yigbydrogen,
optionally substituted hydrocarbyl, an inert functional group, or any two
of R1-R3 andVR¥FIREY\PEi Abt IPMe s ittt h&olyares zasgernandmay forma ring,

and R6 is hydipgenzaepbhopaddyisibstituted 20 hydrocarbyl, an inert
functional group, or taken together with R7 or R4 to forma ring, R1O is

hydr ogen, optionafpyanstheriaspect mfdrtdecabypgisendn inventibuncthemal igroup, or

taken tegeth ; : forma ring, l, .is. _hydrogen,_optionally
substi Chted Byaveaadrd SbLEELER 40 RS At B apCiTERIBORFBRAS S - 20
functional gcbepicellyakeert ompet-herlan tdolReAtor eBpec@alligrana ring, R15 is

hydrogen, optionally substituted hydrocar2¥l, an inert functional group, or
t aken t oget hérom@itig RYdrefapson osqlorefita ifh@t peovitdSdorhad ma3mdnt at 5

least one of JR12 2RdnR1¢: 8k Cmt CLAERGAY %ori @G ed b59Mhry1imine
pyridine MXp or [MXp*][NC™]g complex each comprising a
10 bis-arylimine pyridine complex of formula I as defined

and described above wherein each of Rj-15, X, n, p, NC (

and q are as defined and described herein, and M is a
transition metal, such as one from any of Groups 4 to 10,
in particular one selected from Ti, V, Cr, Mn, Fe, Co,

15 Ni, Pd, Rh, Ru, Mo, Nb, Z2r, Hf, Ta, W, Re, Os, Ir or Pt,
preferably Fe, Co or Cr and especially Co or Fe. A

preferred solution is in toluene of at least 10 mg ml~1

especially at least 50 mg mi~l of the transition metal
complex wherein’the metal M is iron or cobalt, in &
20 particular 2-[1-(2,4,6-trimethylphenylimino) ethyl]-6-{1-
4-eicosanoxy—-3,5-diphenylphenylimino)ethyllpyridine iron
{(II} chloride complex. In a further solution aspect of (ﬂf
the present invention there is provided a solution in
non-polar media in particular chemically inert non-polar
25 solvents especially an aromatic hydrocarbon sclvent, of
at least 5 or 10 mg mi~1l of a catalyst system comprising
(a) said transition metal complex and component (b} as
defined above. The catalyst system solution can be made
by mixing sclutions of the complex (a) and component (b)
30 and is opticnally in the presence or absence of the

reactant composition to be dimerized or (co)oligomerized.



optionally substituted Cl1-C30 al kyl, optionally substituted C4-C30
al kyl oxy, hal ogen and optionally substituted C5-C20 aryl, or R13 taken

together with R12 or R14 forma ring, or Rl2 taken toget with R | forma
10 ring a0 RABPIRTL together with RL5 forma ring (préggbgﬁp "Rﬁéﬁein R13

and at | east one of R12 and R14 are indegendently selected fromoptionally
substituted Cl1-C30 alkyl, 'optionally’s& stituted C4-C30 al kyl oxy and
optionally substituted C5-C20 aryl), and provided that at 15 | east one of
R12, R13 and Rig p3mgpepopiesyisupsefannest inCAhe3CakbRysbxgpluhioriast he

bi s-arylim nejgyghdi LO i S, N 3 el -2 14O L L hyl | i m no)
ethyl]-6-(1-(4- &i coggﬁgéye%?pggﬁi%c%]lelgntyﬁépr%ggfzylt?iﬁ% ﬁ’%)‘eestgﬁ§| i‘nﬁgﬁ?%%e. 20
Preferably the |igéndsnatkenfaspsonulaf theaprdafented ngrdtidascthded above.
Det ai |l ed Descpiption_of the Jnvention The present .invention relates to
transition neFgﬁgrggﬁgf89&50%&9?99{%ﬁﬁﬁﬁ%ﬁ3Qf %5 23 gPPRFHE2BYPR di ne | i gand
25 having thepkotenkas(bf ahevenvdieraidm e PerrAirtedswilehi 8Rd and descri bed
with reference %o fo In one class of conplexes R12, R13 and R14 are

|

all independ&ft F}%%F&B@B EXr FRTRAT AN PIs Systerubedne1iesd  al kyl ,

optional l'y SUQ@lhﬁﬂbﬁdo@t@%%%%@%ﬁﬂiolﬁﬁ t%%g%@%@ﬂliﬁcﬁgpgpmﬂ 051316
ar W e

- 21 optionally substituted Cs- , proviso that at |east
one of R12, RPSTrandfrRam axomptiorrdnocasiest,i swchd ag4besoenekytokyend n a

preferred enbgdi geaLnol Lhe LOVENIAN o /A8 AN 1Rl e@sL op, O, R12 and

R14 are i ndepend y Selected om optional I'y sUbstTtdte
(preferdbly CBe2Bhe akkytocognéonal |y substituted C4-C30 al kyl oxy and

optionally substityfed, g0 { RIS AN %343 18 ¥htion a bis-
arylimine pyridine ligand having the formula (I) below:

R
R Ry

e Ol a
Rg Rqs
R N N Reg
y R¢ Rig Ry Ry u
F Rg Rz ’

(I)

) 15 wherein Ri-Rg, R7-Rg, Rip and Rja are each,

(~ independently, hydrogen, optionally substituted
hydrocarbyl, an inert functiconal group, or any two of
R1-R3 and Ry-Rg vicinal to one another taken together may
form a ring, and Rg is hydrogen, optionally substituted

20 hydrocarbyl, an inert functional group, or taken together

with R7 or R4 to form a ring, Rjg is hydrogen, optionally
substituted hydrocarbyl, an inert functional group, or

taken together with Rg or R4 to form a ring, Ry is

hydrogen, optionally substituted hydrocarbyl, an inert



with the proviso that at |east one of R12, R13 and R14 is 10 optionally
substituted C4-C30 al kyloxy. In one class of bis-arylimne pyridine
transition netal conplexes, the bis-arylimne pyridine |Iigand having
formul a (WPXBYM37 s such that R8 and at | east one of RICT/ERPORESIAtE

i ndependently selected fromoptionally 15 substituted Cl-C30 al kyl,
optionally substituted C4-C30 alkyloiy?oﬁalogen and optionally substituted
C5-C20 aryl, or Rg taken together with R7 or Rg forma ring, or R7 taken
t oget her wit AURGtiORA a9¥ PVl a0M Rkemkaruatdgat Wdth RophoR1Bsfbem a ring

with the proyi so that_at ]eas ne 20 of R7, ,R8 and Rg is optionally
substituted CA*C38 E?ﬁ?ky*b& SEh%ﬁ?ﬁ%ﬂﬂ@/?%}%ﬂﬁéigy FgQ§F15H§egf R7 and Rg

are i ndepend ted fig pt. L I S ituted -C30 _a |,
optional Iy s%@?%*fa?gggCAQQB%R%%ﬁy#%égyﬁﬁﬁél g%?% ha%%ytguﬁgf??ﬁ?é§¥55-c20
aryl or are widbp8ndent| ks 25 Setredd edirfg,ompmptidedalthytsrlst ahdt @d C3- 25

al kyl, optionally substituted C4-C30 al kyl oxy and optionally substituted

C5-C6 afyl wileRSthengre¥iBoztapd B4 |anstinsippendenddy/ eedsztied from
PCT/ EP2005/ 05131 and. Rg

6 -.,22 of R7,. R i ptional | ubstituted C4-C30
al kyl oxy. 1 n°& &Pﬁé}lgl§E§3E£¥?E%gd%ﬁﬂkﬁké§§ﬁﬁe HP&&H&géiy formula | has R7,
Rg and RO al I, nkl y I f ti I . {tuted Cl1-C30
al kyl , optioﬁ&?@%ﬁgﬁggﬁi%ﬁt%ﬁgcﬁf%gﬁkﬁiaqﬂé¥gﬁ an&gggfkﬁﬁgﬁgéigubspituted
C5-C20 aryl wubtliRatBEO¥ESE, b haty Al élea@,? iR tBhetBer 37¢nRR %s
optionally substituted CA-CB% al kyloxy. I't"w !l be inmedi ately a% arent to
t he person 1@rskRilgl €drmnat henaytorthpd tvdiem Rpgmitheat wiehsRign€oein K7 and RO
are independently selected fromoptionally - substituted C4-C30 al kyl,

optiondPly sy ehce8ia4telen BPRGFRAY Wi s deam ¢ $dBStituted C5-C2Q |

aryl wth the(preferably wherein Ri3 and at least one of Ry and Ryg4

are independently selected from optionally substituted
C1~C3p alkyl, optionally substituted C4-C3p alkyloxy and
optionally substituted C5-Cpq aryl), and provided that at
15 least one of Ri2, Ri3 and Rjgq is optionally substituted
Cq-C30 alkyloxy;
wherein the bis-arylimine pyridine ligand is not 2-
{1- (2,4, 6-trimethylphenylimino) ethyl]-6-{1- (4~
eicosanoxy-3, 5-diphenylphenylimino)ethyl] pyridine.
20 Preferably the ligands ére of formula II as defined and

described above. . ( _

Detailed Description of the Invention

The present invention relates to transition metal

1]

complexes which comprise a bis-arylimine pyridine ligand

25 having the formula (I) above wherein Ry.15, are as

defined and described with reference to formula I

In one class of complexes Ri2, R13 and Ryyg are all
independently selected from optionally substituted C3-Cs3q
alkyl, optionally substituted C4-C3zg alkyloxy, and



proviso that at |east one of R7, Rg and Rg is optionally 15 substituted
C4-C30 al kyloxy, it is not possible for Re to be independently, hydrogen,
optionally substituted hydrocarbyl, an inert functional ro%p or _any two
of R7- RgWQ20084P03b one another taken together to form &< AYSOSEne type
of transition nmetal conplex herein is a shis-arylimne pyridine MXn conpl ex
conprising a bis- arylimne pyridine |igand having the formula (1) defined

h in, d i.0. i L Li I . .25 h f I
EINICDNL S SUSEEREC IR, ERGEL e RN LRI

oxi dation stat ron- “meta

hal i de, optionral heagsbshit dked Eydﬁggagrl;a/lam ayllskqggtq%naqqi)pe, or hydri de;
preferably halide or optional}y substi tut €d” hydrocarbyl; "nore preferably 30
hal i de; especisabisyithitedi n0g-CYY 20R0PIAOW371 PCT/ EP2005/ 051316 - 23 The

bi s-arylimne pyridine MXn conpl ex disclosed herein can be reacted with a
non- coor di nati ng aRfoR Pgeleruaed ngubpdivient taf ftdremiaveation, c Regnphéx,
[bis-aryginine pyridine NKg‘] hK?%q conpl ex conprising a 5 bis-arylimne
pyri di ne’l i gaRd 1&g PReFoRal an¢ 1514 RS WErdeRtiyn gedBEEREN: NC- s
a non-coordi ngti Lan; d t [ r tchi ng,the formal oxidation
state of tra%owgﬁggﬁglﬁgt ?)Fpnbﬂg%%é?cgrcglbl%opr@rgﬁesf%fl& C§.'2gio Li ke the
bi s-arylim ne awndi BetMAaEOPPEEEst i fifrdd TN @1GQTxSX ah@r med by the
reaction of the bis- arylimne pyridine MXn coripl ex with a non-coordinating
ani on gener at iopgispediles subsafivanéageots)y (pr@feravalyulge o ginapgb- pol ar

medi a, and chemcally inert non-polar 15 solvents such as benzene and

t ol uene. Furt Wéithotde mieMiso that at least one of Ryp, R13 and Rjyy is

(- 10 optionally substituted C4-C3p alkyloxy.

In one class of bis-arylimine pyridine transition
metal complexes, the bis-arylimine pyridine ligand having

formula (I) above, is such that Rg and at least one of Ry
and Rg are independently selected from opticnally

15 substituted C1-C3p alkyl, optionally substituted Cy4-C3g
alkyloxy, halogen and optionally substituted C5-Cop aryl,
or Rg taken together with Ry or Rg form a ring, or Ry
taken together with Rg form a ring and Rg taken together
with Rjg form a ring with the proviso that at least one

20~ of Ry, Rg and Rg is optionally substituted Cy4-C3q

(_ alkyloxy. Preferably Rg and at least one of R7 and Rg

are independently selected from optionally substituted
Cy-C3g alkyl, optionally substituted Cy4~C3g alkyloxy and
optionally substituted Cg—-Cpq aryl or are independently

25 selected from optionally substituted C3-25 alkyl,
optionally substituted C4—C3p alkyloxy and optionally
substituted C5—Cg aryl with the proviso that at least one



the cationic conplex of the present invention is used in a process of the
i nvention of dinerization, co- oligonerization or oligonerization, a | ower

guantity o npound (b) capable of transferring an optionally 20
substi t ut e&%%?ﬂ&g’@gpbyl or hydride group to the transitiBPOT/ER@SSIZOM i S

required. By the term "non-coordinating anion" is nmeant an ani on which does
not substantially coordinate to the met?& “atom M Non-coordinating ani ons
(NC-) that may be 25 suitably enpl oyed include bul ky anions such as tetrakis
[ 3, 5- bi s(trifdfudtonBehyndpReniE] bptavrmal BArsFubstitoaRks) 4BR—C30and ani ons of

al kyl al um ni u c%gpounds including R3A1X -, R2A1C1X -, RAlC12X ", and
"RAL1OX " ", wﬁgbéﬁ *X-is hydrogen, optionally substituted hydrocarbyl or an

inert 30 functionaln Gh#ReraBtlaXs b8 BRE! EompBdkOXitdfe Ali ROE VO
2005/ 090371 PCT/ EP2005/ 051316 - 24 A preferred non-coordinating anion for

use herein istoxmilEn|y $as3R5.bRg( ardf RoorbheindepgiiantibaediesteBArF ).  The
term "Hydrocarbyl group” . in relation tqQ the RIL to RL5 groups _of fornula (I)
above :gans g{rd%bd%t@“ Ai APRGEORPEed oF boms arft Al cf@jg:r?oé%}r}é’ Unl ess

ot herw se st 4 er._of I.,Ss ef.er a0 .t range
from1l to 30,a§lgcgsptelc€%elr8;@r gaﬁlaiﬁgfﬁgy%ﬁgﬁ%ﬁ% %rglv'\}lg_e sta_let&tetraﬁe
hydrocarbyl gfoup, Jry1beitat Yhat ol syNeRh Ll ¢ etha it !d}l@tdi&R—;, R
cycloaliphatic or 710 cycloaromatic (e.g. phenyl), but is preferablf
aliphatic. Sind d elhyrdeashyly gubepstubed ude-Pid neEryleaecondary and

tertiary carbon atom groups such as those described below The phrase
"optionally substil“ut"@dlhgm doaecdyptely apparentittorthe R4S to R15 groups

of formgla (|duahOkf dip eriesadel 0pflasCLLbl RYILASUDY MO R WY &) MY

optionally contain cone or moré "inert ont cont al ni ng (7
and Rg are independently selected from optionally s

substituted C4-C3p alkyl, optionally substituted Cy4-C3p
alkyloxy and opticnally substituted Cs-Czqg aryl with the
proviso that at least one of R7, Rg and Rg is optionally

15 substituted C4-C3p alkyloxy, it is not possible for Rg to
be independently, hydrogen, optionally substituted

hydrocarbyl, an inert functional group, or any two of
R7-Rg vicinal to one another taken together to form a
ring.

20 One type of transition metal complex herein is a
bis-arylimine pyridine MX; complex comprising a bis-
arylimine pyridine ligand having the formula (I) defined
herein, and wherein:

M is a transition metal atom;

25 n matches the formal oxidation state of transition
metal atom M; preferably n is 1, 2 or 3;

X is halide, optionally substituted hydrocarbyl,
alkoxide, amide, or hydride; preferably halide or
optionally substituted hydrocarbyl; more preferably

30 halide; especially chlorine.



functional groups. By "inert" it is neant that the to functional groups do
not interfere to any substantial 20 degree with the catalytic process in

which the transition netal conplex may be enployed. Non-ljmtin npl es
of such iMERPOSPPBTps are halides, such as fluoride and P&Tﬁo‘?’???g"ﬁégl anes,

stannanes, ethers, al koxides and am nes _w th adequate steric shielding, all
wel | -known to 25 those skilled in the arf> Some exanpl es of such groups

i ncl ude net hoxy, trinethylsiloxy and ei cosanoxy. Said optionally
substituted hydrocabpyPiasgryhithine priiding MXseconphbey diwkclesed ary car bon
atom groups o n r i kel ow. 3 "in functi onal
group"” in relgf%g%ntggﬁhge %§%§€#i5ﬁ§%§(ﬁQﬁfnb%O %?%%S%E%P)agé Ve means a
group ot her W\WQeRe05LYH93FhePH¢ BR2 0G0 &l A i oni25 combaaxppt i onal | y

substituted hydrocarbyl which is.inert . r. the reaction cqnditions for
any reaction oFpr 85@1%‘“1??1 W%‘Fﬁrﬁ%% izg\%thﬁ% X SoMpreR gy 3be

enpl oyeds By 'i,iigegkﬁlkﬁlihé irﬁé‘aitig{aﬁﬁt fh'é%%igorﬂﬁb QEQHBlgogf) not S

interfere to any substantial” degree W he catal'ytic ~process’in which the
transiti on nedgfivedphexeimy dmd wgptedyed. Exanpl es of inert functional

groups suitable fgr-use herein incl.ude. halides, . ethers, and am nes such as
tertiary am nes, piraéf (La!lrsabai ynqt%heccior'féil;f‘afg'ﬂlﬁgt ?Bf‘lgﬁ" g?% p 10 is a halide,
especially fluoring and £&lprénes, Hetdiang thel TatnatabR08z01 6 FELHLP" as
used herein ans a 7CH2-F2%roup wherein Ris %ﬁlected from hydrogen, an
optional |y sufst FEaPEYERORrBELRbydtom MigpreferablyyReti 8ndf §r8fip3- Exanpl es
of suitaple primaryigarbpd Bs- 2t PMndiRURS HikGhedax bubmpliexnNothsimted to,
-CH3, -Q2H5, -CH2d; -CH20OCH3, -CH2N(C2HB)2 and “CP2pPh.” Unl ess ot her wi se
st at ed, prefereedopicnacyplex bbormddhygridiepseaicai onsefhehei hiare t hose

wherein Ris %%&?%ﬁggefﬁggldine MX, complex with a non-coordinating

anion generating species is advantageously highly soluble
in non-polar media, and chemically inert non-polar

15 solvents such as benzene and toluene. Furthermore, when
the cationic complex of the present invention is used in
a process of the invention of dimerization, co-
oligomerization or oligomexization, a lower quantity of
the compound (b) capable of transferring an opgionally

20 substituted hydrocarbyl or hydride group to the
transition metal atom is required.

By the term “non-coordinating anion” is meant an
(m anion which does not substantially coordinate to the

metal atom M. Non-coordinating anions (NC™) that may be

23 suitably employed include bulky anions such as tetrakis
[3,5-bis{trifluoromethyl}phenyliborate (BArF ), (CgFg)4B”
, and anions of alkylaluminium compounds including
R3A1X'", RoAlC1X'", RAlC1zX'", and “RAlOX’'"", wherein R is
hydrogen, optionally substituted hydrocarbyl or an inert

30 functional group, and X’ is halide, alkoxide or oxygen.



hydrogen or a C -C6 unsubstituted hydrocarbyl, preferably 20 wherein Ris
hydrogen or a Cl-C3 al kyl. The term "Secondary carbon atom group” as used c
herein neans a -CH(R)2 group wherein each Ris independently selected from
an opti orWDI2P0%B¥Hi t uted hydrocarbyl or an inert functFoHEF208 VL6
Alternatively, 25 the two R groups may together represent a doubl e bond

moi ety, e.g. =CH2, or a cycloal kyl group? Exanpl es of secondary carbon atom
groups include, but are not limted to, -CH(CH3)2, -CHCl2, -CHPh2, -CH=CH2
and cycl ohexW preffrresd nbhecodséisdtairey, ardreef dorediseeterdanyigar bon at om 30

groups for use herein are those in which Ris a d-C6 unsubstituted
hydr ocar byl , i&ﬁéﬁé‘%amf% a—ef s €8x Af Jypromgs i Pheydd boret,ERBBOB/ 061316 -

26 The term "Ter th.ar ra " AS, used _herein . neans -C(R 3
group wherein eactﬁlh% iiéggﬁndggceiﬁég%%%fl%eq%ct é} &regr?\téﬁ’noﬁf’i gﬁﬁl ?S‘/
substituted hwlRQGaAGRBLPST c@NfotAGTS fIJ)n(HHcﬂf@lm&rn%U%- gé!otu?r natively, the
three R 5 groups nay together represent a triple bond noiely, e.g. -C=-CPh,

or a rifig systomvadadingi bhbdg terboarand aijahtogn MonsUch pag egdamant yl

deri vati ves. anpl.es o erti carbon at om groups inc¢lude, but are not
linited to, 2%6@%)5@, Sgéiéfé,' %g ; Efﬁﬁrﬁaﬁﬁ N BHPMSCAH3) 2( OCH3) . 10
Unl ess ot her WreFerhdl§dinPtaberafe t £Fdrh a & BDOR LN 10KOERSNS @ USe
herein are those wherein each Ris a Cl-C6 unsubstituted hydrocarbyl group,

preferably wi&r &-n adgssrotbegwise taledd Grodydnaseabyldeapabl Fakher ei n
each R is myd\yatuld eoga oy each R rﬁﬁh : t he

tertiary car boéqnggttgmag%gugei Eﬁtsg?tﬁfﬁtﬁ'l 8&{311_ Ige?lalrt?ﬁﬁ:é;}s I ?ﬁl%@@'alg%cf é?med by
any twdlof RIYRIoagemaRicRdevci RAenYD) orkutanior ipxre fiexiedd vt @dépheticR6 t aken

t oget her wit L{g gho tg it . t . With RI2:
and R15 takegg éﬁ%%%ePSQEE%akﬁg? ?éuﬁ% Ihé%hdé“drﬁﬁﬁ%?} se%%%hggy -
and tertiary carbon atom groups such as those described
below.
The phrase “opticnally substituted hydrocarbyl” in

15 relation to the R} to Rig groups of formula {(I) above is

used to describe hydrocarbyl groups which may optionally
contain one or more “inert” heteroatom-containing
functional groups. By “inert” it is meant that the

re functional groups do not interfere to amy substantial

20 degree with the catalytic process in which the transition
metal complex may be employed. Non-limiting examples of
such inert groups are halides, such as fluoride and (
chloride, silanes, stannanes, ethers, alkoxides and
amines with adequate steric shielding, all well-~known to

25 those skilled in the art. Some examples of such groups
include methoxy, trimethylsiloxy and eicosanoxy. Said
opticnally substituted hydrocarbyl may include primary,
secondary and tertiary carbon atom groups of the nature
described below.

30 The term “inert functional group” in relation to the

R; to Rig groups of formula (I) above means a group other



20 preferably optionally substituted C5-C20 cyclic hydrocarbyl groups, nore
preferably optionally substituted C5-C20 cycloaliphatic or aromatic groups,
even nore preferably optionally substituted C5-C8 cycloaliphatic or
aromat i ¢ YP§088pecial |y a C6 25 cycl oal i phatic or ar BEHEPRFPHEW The
rings which may be formed by R6 taken together wth R4, Rg taken together
with R4, R11 taken together wth R5 an@5Rt5 taken together with R5, are
preferably optionally substituted C6-C20 cyclic hydrocarbyl groups, WO

2005/ 090371 REBENEB2RQ91h031316ubst 2¥utd@ ey sd£raAl YuraRt Qrakhyrgubstituted
C6-c20 cycloaljphatic groups, even nore preferably optionally substituted

C6- C8 cycl oal¥Pirdt i*@egr&EaFs1O-sFeRAbFI 9% XF I IXRAGHHIPR 08 §rOEpss5 The
term "optionald Whiehs kiU "ed l.at.j t 12, R13 and
R14 groups, and, where atﬁgﬁf‘%%%‘? xtﬂitgyjhfén%l%ﬁﬁg%&r tggl éllaglggfor mula (1)
above neans By Cinegt(34t| ifemeant bhahchieal fungtiaqradugronpi deesmagt

substitgted w 0 "] " C 'QQQ! r s._kn .10 those
skilledyin tﬁgk%F?%§SnEgg§%§cﬁ §$£%pt%%?i%é, pré%g?ggﬁ%PFPES?&gl? Preferred
optionally suesteistsutiad whllkhl the otupsnebinjrn sestfalomnndntlex?2 magabbon  at ons,
nore preferably.from4_to 20 carbon atons. Preferably, the. alkyl group is
an unsubstitlﬁﬁé}gﬁegblEf§m838§p9 EXRRbY e uQﬁt%RR{iﬂﬂ uﬂﬁp??&%ﬁﬁ¥§
substituted Gk G3@ aklwlin inehude welpdgecyletietd,adeylamidedesybn decyl,
octyl, hexyl, pentyl, tert-butyl and iso-propyl, especially tert-butyl and
i so-propyl . B e ﬁ@‘@b?@&ﬁﬁ?ryP§%§@E?9%Me§ﬁ§3E49§TeﬂqBﬂtéﬁyﬁliEIOEB

relatiqp to tie ;RH21iBL3 8RR 9y OEDSor AW afWICNA o3RRI Cabl e, the R7, R3
and Rg groups of formula (1) above neans a C4-C30 optlonally substituted
akkyl group whi chThe term “Primary carbon atom group” as used herein

means a —-CHz—R group wherein R is selected from hydrogen,
an optionally substituted hydrocarbyl, or an inert
functional group. Examples of suitable primary carbon

15. atom groups include, but are not limited to, -CH3, ~CoHsg,
-CHCl; -CHyOCH3, —-CHoN(CpHg)s and —CHpPh. Unless
otherwise stated, preferred primary carbon atom groups
for use herein are those wherein R is selected from

hydrogen or a Cj-Cg unsubstituted hydrocarbyl, preferably
20 wherein R is hydrogen or a C3-C3 alkyl.
The term “Secondary carbon atom group” as used
(_ herein means a -CH(R)2 group wherein each R is
independently selected from an optionally substituted
hydrocarbyl or an inert functional group. Alternatively,
25 the two R groups may together represent a double bond
moiety, e.g. =CHp, or a cycloalkyl group. Examples of
secondary carbon atom groups include, but are not limited
to, -CH(CH3)2, -CHClp, ~CHPhjy, -CH=CHy and cyclohexyl.
Unless otherwise stated, preferred secondary carbon atom

30 groups for use herein are those in which R is a C1-Cg

unsubstituted hydrocarbyl, preferably a C;-C3 alkyl.



is attached to an oxygen atom the al koxy group being attached to the aryl
group via the oxygen atom 25 Preferably, the optionally substituted

al kyl oxy group conprises from6 to 30 carbon atons, nore preferably from 8
to 30 car WEh2048/8649871 and nost preferably from 10 to 25 CRCDER2B®505516
Preferably, the al kyloxy group is an wunsubstituted al kyl oxy group. Exanples
of suitable 30 "optionally substituted2€4=C30 al kyl oxy" include WO

2005/ 090371 PCT/ EP2005/ 051316 - 28 eicosanoxy (which is preferred),

octachonx%, Pé%adeeymokyergﬂér?deawﬁénqetdﬁx#ﬁnﬁpwxﬁs @g@ﬁlgﬁﬁeénheryloxy,
pentyl oxy, butyl oxy tert-butyl oxy, especially eicosanoxy, dodecyl oxy,
pent yl oxy aﬁ@%‘@r i gqgﬁﬁy?’{ﬁ‘;}? %}ﬁ%r%/%‘? rﬁ‘a"%btﬁ diaindepgnsentdied C5- C20
aryl" in r t t e Rl 4 GRSy ARd wher ppli cabl e,
the R7, R8 S%Q‘Egggrgﬁgg 35 %%Fg%ﬁ%f?f)ggﬁ%§% né%%?ggﬁc F%WSOP%hSPeroaryl
group, conprirginig functibnad §OoR@H. r i Aht et metst weldy Widreeithreéee Ror nore of the
ring aéons can. be subgtitgﬁed with one or nor s¥g§%ituents known to those
skilled in tHEY Moy SPEFPABFY SBPEREER® 13 ot'rﬁlé;ﬂi MRSyt Pt Gred
hydrocar byl ,-geeagftgr @l ¥ €ingbsyst iyl cot £fimp|verBidy caatdn’ bRSh"

functional groups, 15 such as halide, In a heteroaryl group, one or nore of
the ring at otHSH £5; 3REMEREYE oAFT4ViRh1%es ni BXasgRles G Jartigrysul f ur,

provided thaty e helsr e%rbrgggi $nbDEAL, Wil afeqand Gty %gat,a' ytic process

in which the transition | conplex 1s enployed. Preferably the
heteroaryl, -Z0(QHIURSs -aC@3ar o0aCPl, I+thdam=ithel idnd ed (@HYBEOkEB¢r.oatom s
fully shielded fromthe transition netal atom Preferred heteroaryl groups
are 1-18yrrolnlepomthervisef skabeg, abrebérred texigiambprenriicn @sobon at ons.

Wthin the t&?éﬂﬂé”ﬁéro%ﬁglﬁe§89ﬁtEEQtEHogé'ﬁ%gEéHﬁ”éaéﬁ;R is a C1-Cq o
unsubstituted hydrocarbyl group, preferably wherein each
R is a Cy1~C3 alkyl group, more preferably wherein each R

is methyl. In the case wherein each R is a methyl group,
15 the tertiary carbon atom group is tert-butyl.

The rings which may be formed by any two of Rj-R3
and R7-Rg vicinal to one another taken together, Rg taken
together with Ry, Rjp taken together with Rg, Rjj taken
together with Ri2 and Rjg tafén together with Ri4, are

20 preferably optionally substituted Cg-Cop cyclic
hydrocarbyl groups, more preferably optionally

substituted C5-Csp cycloaliphatic or arcomatic groups,
even more preferably optionally substituted Cg-Cg
cycloaliphatic or aromatic groups, especially a Cg

25 cycloaliphatic or aromatic group.

The rings which may be formed by Rg taken together
with R4, Rg taken together with Ry, Rjj taken together
with Rg and Ryg taken together with Rg, are preferably
optionally substituted Cg-Cpqg cyclic hydrocarbyl groups,



25 enconpassed nono- and poly-aromatic groups. Preferred optionally
substituted C5-C20 aryl groups conprise from5 to 10 ring carbon atons,
nore preferably 5 or 6 ring carbon atons. Preferably, the aryl groups are
unsubst i t MOSWOEPPB7igr oups, i ncl uding 1-pyrrolyl groups. %@T’F@Bzﬂtos’&lﬁ rred
are optionally substituted phenyl groups especially phenyl. W 2005/090371
PCT/ EP2005/ 051316 - 29 The rings mhiE#?%ﬁy be formed by R13 taken together
with R12 or R14, and, where applicable, R8 taken together wth R7 or Rg are
preferably opteemayefenaisity aptddnallyCaobeyititetiydgecas byl groups, nore
preferably 5 %Eti O‘{}]tw substituted C5-Cl10 gr oups, even nore preferably
optional Iy subP¥ttd 5 I Tps eVeBsPREFaPE§Tesaahy aptignally

hydrocarbyl gs@sgsitdiid ugety WyldloB15RBat EMyE¥GLEC BYELOCA Y5 @roups in

relation to the rings which may be forned by R13 taken toget]ﬁgr wth 10 R12
or R14, and, ewetrealajpgildtdablgrouRg taken together with R7 are
cyl coal i

iphatic, p cycl oaljphatic, aromatic, and ol yaromatic groups,
preferably cycl oal '%Ehatﬁ%“ or pq;&up&ﬁ'&llﬁ'csngﬁﬁbjé‘?g?ﬂ gh‘é‘gw %" Fansi tion
met al conpl ex f el aRd_at_ liegst and Rl4 are
i ndependent | yfélsatetleleﬂ eqzoP ftr%%m i g‘ﬂgl %{/lhsgﬁétggﬁ?g%’ g‘-%%d”q.ﬁﬂ(eyl ,
optional |y sufsgiicsdeik CAHSRA! iKY axn AYdgeRtheNst | Yormubst {fyut - G20
aryl, with the proviso that aﬂqlsﬁst ong gf d%Z, RlSoand Rl&)iéﬁggﬁ?onally
substituted GdeGBD) LT pltoy |ty 1 imedrRerahdanthédasl kphegiud37 whiidhRg are C

i ndependent |y sel ected fromoptionally substituted C4-C30 alkyl, optionally
substituted @@RXCIHkAYALEER aidh opei onampyeslibrert Ut Beradsia@rd aryl, with

tzf%? Jragise L@f%%satkﬁmttoor&o% Bh11T8420f Re! SrOPtLOM 105 SHASH it ut ed
: halide, preferably fluorine. Preferred optionally
substituted alkyl groups comprise from 3 to 25 carbon
atoms, more preferably from 4 to 20 carbon atoms.
Preferably, the alkyl group is an unsubstituted alkyl
15 group. Examples of suitable “optionally substituted
C1~C3p alkyl” include octadecyl, tetradecyl, dodecyl,
decyl, octyl, hexyl, pentyl, tert-butyl and iso-propyl,
especially tert-butyl and iso-propyl.
The term “optionaily substituted C4-C3g alkyloxy” in

20 relation to the Ris, R33z and Rjg groups, and, where
applicable, the Ry, Rg and Rg groups of formula (I) above
(G means a C4-C3p opticonally substituted alkyl group which

is attached to an oxygen atom, the alkoxy group being
attached to the aryl group via the oxygen atom.

25 Preferably, the opticnally substituted alkyloxy group
comprises from 6 to 30 carbon atoms, more preferably from
8 to 30 carbon atoms, and most preferably from 10 to 25
carbon atoms. Preferably, the alkyloxy group is an
unsubstituted alkyloxy group. Examples of suitable

30 “optionally substituted C4-C3p alkyloxy” include



In another class of transition netal conplexes herein, R12, R13 and Rl14 are
all independently selected fromoptionally substituted C4-C30 al kyl,
optionally substituted C4-C30 al kyl oxy and optionally substituted WO
2005/ 0903W0 WEYIWPA005/ 051316 - 30 C5-C20 aryl, wth tPEI/BPWoS8H3that at
| east one of R12, RI13 and R14 is optionally substituted C4-C30 al kyl oxy.
I n another class of transition nmetal coRglexes herein, R7, R9, R9, R12, R13
and R14 are all 5 independently selected fromoptionally substituted C4-C30
al kyl , opti orsdldopaswiagt i(vhiel 04-$BOF et kad oxX Yorudiecsiidxgnal | y substi t ut ed
C5-C20 aryl, ,wi.th th roviso that ~at least one of R12, Rl13 and R14 is

s %etc ﬁSgYm-%%Ba%‘?%%%’%’, i%%e%quxé’astde&a(é%fmz Ry 10 and

optionally su &Y

Rg i's optionadldxylomgst pentelot; G0 ¢l dyy 0 trer Hut@lXhd, M ne pyri di ne

| i gand havi ng the fqrmula ) above, may be either symefrical or

I
non- symet ri GAPECifd Yt %Fﬁ?%%ﬁ%t rfedP ey iexys REOLYY Yoxyaenen tegtrhe four
met a- posi ti onmtadnedhMo para-positions of the two aryl 15 imno groups and
defines these as such that both the substitution pattern and the
substituents thenddey&srmal ook onablegsmelbs il ulisst iGoCed amyll”i aino gr oups.

Preferred transiti,on netal conplexes of the present invention conprise
| i gands accoﬁﬂ??ﬁfﬁﬁ& £8r MifaR12)  Ri3 2D9 Fin FEURS f @NCowBEIR gr oups

. R1-R3 : d/ R4 d RS thyl h b |
Shenyl . pr orBEARRE nore Bendh SreSe SRRl i o S5 457y SBRgEny | one
preferred cl ggsfy & areht benha@é%afgﬁ?éfx)?&@&, ,éémpxﬁi%tfﬁxgeffgpﬁsgmto' nvention

conprise ligands according to fornula , 1h whic  om ng R groups
appear 10R12  ZhoriRm akoes| paepeheenih yore| @e ek d rafntde C3®gakkgmsand

G5- €20 aryl’cﬁﬁﬁﬁﬁ{@ﬁhﬁtgﬁﬁggg Qiyt’oﬂgrgrgﬁggéwéﬁgééituents known to (75

those skilled in the art, preferably selected from

optionally substituted hydrocarbyl, preferably Ci-Cg

alkyl, preferably methyl, and “inert” functional groups,
15 such as halide. In a hetercaryl group, one or more of
the ring atoms is a heterocatom, such as nitrogen, oxygen
or sulfur, provided that the heterocatom is inert with
regard to the catalytic process in which the transition
metal complex is employed. Preferably the heteroaryl.
20 groups are aromatic, fully substituted or the hetercatom
is fully shielded from the transition metal atom.
Preferred heteroaryl groups are l-pyrrolyl groups.
Preferably all of the ring atoms are carbon atoms.

Within the term “optionally substituted Cg5-Coq aryl” is

25 encompassed mono- and poly-aromatic groups. Preferred

optionally substituted C5-Cyq aryl groups comprise from 5

to 10 ring carbon atoms, more preferably 5 or 6 ring
carbon atoms. Preferably, the aryl groups are
unsubstituted aryl groups, including l-pyrrolyl groups.

30 Most preferred are optionally substituted phenyl groups,
especially phenyl.



phenyl; R13 is C4-C30 al kyl oxy, preferably C10-C25 30 al kyl oxy, nore
preferably ei cosanoxy. WO 2005/090371 PCT/ EP2005/051316 - 31 Anot her
preferred class of transition nmetal conplexes of the present invention
conpri se WQR§8%03%kccording to fornula (1), in which t hePESEPREANILE gr oups
appear: R12 and R14 are independently selected from5 d-C30 al kyl and
CS-C20 aryl, preferably C5-C20 aryl, hﬁ%b"preferably phenyl; R13 is C4-C30
al kyl oxy, preferably C10-C25 al kyl oxy, nore preferably eicosanoxy; R6 is
sel ected from Cl- Q3¢ ailngs, vwinichemapl e CloGhed at W3 takea pogéerabl y C3- C6
al kyl, nmost preferably tert 10 butyl or iso-propyl; Rg and RLO are hydrogen;
and  pref er aBTAFIRR 2 PTRE 1dr e 2RGdlr BBRRE 'N’R)lf-'i‘f&b%refpea tafen| hagebher

transition 0 e f resent_invention conprise |igands

accor di ng tgq%lgérhrru 7arH()JI ;[:9(,9 i%r?% :‘;Cg%e?ﬁgf??o‘%?%ﬁ“ha&]ﬁ gsr“gif“dms]l%egppear: R12 and
R14 are inde I I L. -5§ggal - aryl

preferably C5- ar%/%?iqcengtrygggﬁ:g?g}r%bc‘#/ phe'ny@éeR%fge%%So al kyl oxy,
preferably Cildpﬁ&ﬁla’illlw|s®b)e,timltedpcgf-e{ilbdjyoﬁsl,owymré%, R8 and R10 are
i ndependently sel ected from Cl-C30 20 al kyl, preferably Cl1-Cl10 al kyl, nore
preferably ClRrmEEeCaiiiyyloptivsalpyetebabl futed 4-Cetdndups,so-propyl or tert-
butyl; and preferably R7 and Rg are hydrogen. Another preferred class of

transiti on nmetHec Ebe &6F CEhEYHE £S M AT PRAHRY o B X 1Bsr-i sdncilydrds 25

according to f.qrmul I in which the follow ng R graups .appear; R12 and
R14 are | ndep‘"{alﬁ:c}ile@n I%;;l(es)&éé:& &d© r18rr¥Lly 9(&5}3% k%oué%d lfﬁ-r&@%&ﬂ?l ko
preferably C:Ha&2Giargel whirdr eapr bbefabhyd [ihemy 3 tRkdni to6dthad wikyl oxy,

preferably Cl10-C25 al kyl oxy, nore preferablf el cosanoxy; WD 2005/ 090371
qu/Epj@05/ogm$1@r Ri4, and, where applicable, Rg taken together with

R7 are cylcoaliphatic, polycycloaliphatic, aromatic and

polyaromatic groups, preferably cycloaliphatic or
aromatic groups.
In one class of transition metal complexes herein,

15 R13 and at least one of Ry1s and Rj4 are independently
selected from optionally substituted C4-C3g alkyl,
cptionally substituted‘C4-C30 alkyloxy and optionally
substituted Cg—Cp aryl, with the proviso that at least
one of Ryjz, Rij3 and Ryg4 is opticnally subst%tuted C4-C3q

20 alkyloxy, and Rg and at least one of R7 and Rg are

(_ independently selected from optionally substituted Cq-C30
alkyl, optionally substituted Cy4—C3p alkyloxy and
optionally substituted Cg5-Cpp aryl, with the proviso that
at least cne of R7, Rg and Rg is optionally substituted

25 C4~C3p alkyloxy.

In another class of transition metal complexes

herein, Rj2, R13 and Rj4 are all independently selected
from optionally substituted C4-C3p alkyl, optionally
substituted C4-C3g alkyloxy and optionally substituted



32 R7 and Rg are independently selected from Cl-C30 al kyl, preferably
Cl-C10 al kyl, nore preferably C3-C6 al kyl, nost preferably iso-propyl or
tert-butyl; and £referably R6, R8 and R10 are hydrogen. 5 Another class of
transiti oW AP Ynpl exes of the present invention conPETER0FEHAS
according to formula (1); in which the follow ng R groups appear: R7 and Rg
are independently selected fromCl-C30 #l kyl and C5-C20 aryl, preferably
C5-C20 aryl, nore preferably phenyl; R8 10 is C4-C30 al kyl oxy, preferably
C10- C25 al ky¢ox§2p reoryl , prigdfreralel prevéesanhxy. atnbédet slasst iy 4,ransition
metal conpl exes of the present invention conprise |igands according to
formula (1)B13 r2RehiRie tife oRdilonnildy RubsbipsteppearCaReyiaxippendent |y
sel ected fron1C1-§$0 al kyl, referabl¥ Cl- C10 aIKéL, nore preferably C3-C6
al kyl, most pref &t S50 PLotTaBstipatyret&h PRSIy R, R7, Ry

and R10 are hygéDgeRy) RA mgqf@(rrzqnggbgganﬁ?E,afgeaH ansition netal 20
conpl ex conprises a |li1gand according €0 fornmuld (1), wherein RL - R3 are
hydrogén, R4isdep@identletdldotedd froMBopntdoRillar subet tyhtedit 4Ry R11 and
R15 are hydrogen R12 and R14 are phenyl and R13 is eicosanoxy. |n another
preferred endbbiyhereptionallvamsibstdrutes farabocokpybsxyompii ses a |igand

according to_fpornul (1), erein R - R5 are hydrogen, R6 R8 and R10 are
met hyl , R7, ?@?l?éﬁf%%os‘%‘?ﬁ%%{)&%&éﬁ, aﬁ?[;raﬂétﬁl QrREOHHENRAhd R13 s
ei cosanoxy. 0 71 RCT/ ER2Q05/ 053316, _- . not her preferred
enbodi nent , %%ngggésﬁgézﬁF %iZHﬂR%gogﬁgeéiéoﬁﬁr? gé°é&+?§and according to
formula (1) supbelebfedics—d}) A1&HRQ08Ad BE 288sE50¢ eoPheNyinrg

10 ‘ and Rg 1s optionally substituted C4-Czp alkyloxy. {
The bis-arylimine pyridine ligand having the formula |
(I) above, may be either symmetrical or non-symmetrical.
The term “symmetrical” is used in relation to the four
meta-positions and two para-positions of the two aryl-
15 imino groups and defines these as such that both the
substitution pattern and the substituents themselves
afford two equally substituted aryl-imino groups.
Prefﬁfred transition metal complexes c¢f the preseﬁt
invention comprise ligands according to formula (I}, in

20 which the following R groups appear: R1-R3 are hydrogen;
and/or R4 and Rg are methyl, hydrogen, benzyl or phenyl,

preferably methyl, phenyl or hydrogen, more preferably
methyl.
One preferred class of transition metal complexes wof
235 the present invention comprise ligands according to

formula (I}, in which the following R groups appear: Rj2
and R4 are independently selecfed from C1-C3g alkyl and
Cg—Con aryl, preferably Cg~Cop aryl, more preferably
phenyl; Ri3 is C4-C3g alkyloxy, preferably Cjip-C2j5

30 alkyloxy, more preferably eicosanoxy.



R6, Rg and R10 are nethyl, R7, Rg, R11l and R15 are 5 hydrogen, R12 and Rl1l4

are

transition

phenyl and R13 is eicosanoxy. In another preferred enbodi nent, the
metal conpl ex conprises a ligand according to formula (1),

wher ei n RIWO 200302031 [y dr ogen, R4 and R5 are methyl, R6 RI/BPR00SASE316

fluorine, -R7, Rg, Rg, R11 and R15 are lospygrogen, R12 and R14 are phenyl
and R13 is eicosanoxy. In another preferred enbodi nent, the transition

nmet al gand according to fornmula (1), wherein Rl -

are

hydr ogen,

conpl ex conprises a |

R6 afRoRABT FPECLGTIRS i H@sSRPL RganpdtipmimgRalRlS are

hydrogen, R12cangldkeR14r afige R¥EWAN1ANGvRES b8 %Bﬁ@%ﬁggxiigéﬂdénther

preferred enmbodi nent, the transition netal conpleXx conpri
according to PE6FRGAANS (19, formekai (IR in RBighethgdfoddawird RingirdRipar e

phe

R12 and R14 are pheny
embodi mefnt , t be-tgaNslkyDnandred SHC Lo EHvax peamékasiyacgi-gg{jdaﬁ@p,ordi ng to

hyl, R6 and R10
are chlori ne, mR7e RBcfRypbRY IpheniyIR1 R ar 6s284h¢dpogeky18t2, and R14 are

f or

phe

nyl and R13 is eicosanoxy. in another preferred enbodi ment, the
transition nRBFSFEEBRBY 1@ han | By 1Ay, gBRdcapEefaragly oeioesmnexyi( 1),
rein RL-R

whe

PCT/ EP2005/ 0

are

R1 S el C0osa

es a |ligand

R5

. 6 aBgpBhE: Ak AMIIAIIP 2l i fiSpelenBly 204oRIZ43EE,A0 NYOT ogen,

mula (1),

met a

y. n-another preferred

wherein R1-R3 are hydrogen, R4 and R5 aré ne

conp conpri s I"i°gand~ accor

(o),

o531 Eo LR, Ot B st srie MO 0nl o000t
phenl b2 hoce soeatan, by otteg,p abst: SO Pl

transition

wher ei n1R1- R3bat 1 hydr 9g6rpréidy BN RRanar &1phap¥l hyReogand R are chlorine,

R7, R9, R9, Rl11l and R15 are hydrogen, R12 and R14 are phenyl and R13 is

ei

0sanoxy.

15

20

25

preferably R7 and Rg are hydrogen.

Another preferred class of transition metal
complexes of the present invention comprise ligands
according to formula (I}, in which the following R groups

appear: Rq1o2 and Ry4 are independently selected from
C1-C3g alkyl and Cg5-Cpp aryl, preferably Cg-Cog aryl,
more preferably phenyl; Rp3 is Cy-Czg alkyloxy,
preferably Ci0-Cp5 alkyloxy, more preferably eicosanoxy;
Rg, Rg and Rjp are independently selected from C3-C3g
alkyl, preferably C3-Cip alkyl, more preferably C1-Cg

alkyl, most preferably methyl, ethyl, iso-propyl or tert-
butyl; and preferably Ry and Rg are hydrogen.

Another preferred class of transition metal
complexes of the present invention comprise ligands
according to formula (I}, in which the following R groups

appear: Rio2 and R4 are independently selected from
C1-C3qg alkyl and Cg-Caqg aryl, preferably C5-Coqg aryl,
more preferably phenyl; Ri3z is C4—-C3p alkyloxy,
preferably Cjo-Cps alkyloxy, more preferably eicosanoxy;



In anot her preferred enbodi nent, the transition netal conplex conprises a
| i gand according to formula 10 (1), wherein R1-R3 are hydrogen, R4 and RS
are nmethyl, R6, R10, Rl11l and R15 are hydrogen, R7, Rg, R12 and R14 are
phenyl andv@005M9803/ 3 | s ei cosanoxy. |n another preferreecardroismsmis t he
transition netal conplex conprises a Ii%and according to formula 15 (1),
wherein R1-R5 are hydrogen, R6, R10, R1P4and R15 are hydr ogen, R7, Rg, R12
and R14 are phenyl and Rg and R13 is eicosanoxy. In another preferred
enbodi e, ; t, Ahénd Fssiareoandepentenbhy| exl ey i Sme £1H0Gan&klikyder ding to
formula 20 (1), wherein RL-R3 are_hydrogen, R4 and R5 are phenyl, R6, R10,
R | and R15 dde 1RO ROXYRIImaHy praferatd hitanHe addyRg and R13 is

ei cosanoxy. | er.,red _enbodi nen he transjtjon tal. conpl ex
conpri ses a I@g%%’%%&%&ﬁ&glt% Pg?% aOESE%Jf% TLWelr’eiar?dRﬁrﬁg%rag’lﬁydr ogen,
R4 and RS ar kg¢wetRyylandR®; gl arkehiydbogyh, R7, R8, Rg, RIO RI11 and R15 are

hydrogen, R12 and R14 are phenyl and R13 is eicosanoxy. |In another
preferréd enbodi némothere clparsipfi bnansbt bdn oweipl le)caumisyese o fa thiegand

Rr. VD 2005/ GURSAL pepiEasehe HETREASe LS AR el
hydrogen, R12(Znd iRl4tdoh theefpllandnfRIB gsowps egapamey: Hn anrbRer

preferred enbodi nent, the transition nmetal conplex conprises a |igand
accordi ng to %% midepsndentlyheedeatrd fr@e GreChy drldgen ary CerfoRs are

Bnd i are eyl BERFRERIYG Car Ea0aRK) TR AR T et SIS Gntfoa rent .
the tragsitiofy dRt@l) GAMRLYKySOPREFEESHEy! & I50E, AGPPEA NG, t udyy mul a
preferably eicosanoxy.
Another class of transition metal complexes of the
present invention comprise ligands according to formula

(I), in which the following R groups appear: Rg
15 independently selected from C;-C3p alkyl, preferably
C1-Ci0 alkyl, more preferably C3-Cg alkyl, most
preferably iso-propyl or tert-butyl; and preferably Rg,
R7, Rg and Rqp are hydrogen. )
In a preferred embodiment, the transition metal

20 complex comprises a ligand according to formula (I),

wherein Ry - R3 are hydrogen, Rgq and Rg are methyl, Rg,
Rg and Rqp are methyl, R7, Rg, R11 and Rjg are hydrogen,
R12 and Rj4 are phenyl and R13 is eicosanoxy.

In another preferred embodiment, the transition
25 metal complex comprises a ligand according to formula

(I), wherein Rj - Rg are hydrogen, Rg, Rg and Rjg are
methyl, R7, Rg, R11 and Rjg are hydrogen, Rjp and Rjy4 are

phenyl and Rq3 is eicosanoxy.



10 (1), wherein RI-R3 are hydrogen, R4 and R5 are nethyl, R7, and Rg are
i so-propyl, R6, Rg RIO, Rl11 and Ri5 are hydrogen, R12 and R14 are phenyl

and R13 is é( noxg I n anot her preferred enbodi ment, the transition
met al conpl'e es a ligand according to fornula 15PCT)EP2wds@ERI16H Rl -
R5 are hydrogen R? and Rg are iso- propyl, R6, RS, RO Rll1l and R15 are

hydr ogen, R12 and R14 are phenyl and RI¥F i's ei cosanoxy. |n another
preferred enbodi nent, the transition netal conplex conprises a |ligand
according to for mAm’ aIQJUZT(qI) prigfersied mbézdllaeethymre)g’emnmm RS are

S e P ALY Al i eestl: 1Hand! QB At Kol TYdrooen.

R12 and R14 are S ei cosa n ano ed
enbodi nent, thE it rérsigdomRinet &3 am&phgﬁrogmrm@saradlmggamcb qﬂmrydj,ng to
formula 25 (F&% wherein R1-R3 are hydrogen, R4 and R5 are nethyl, R7 is
i so-pr opyI © %8 fthyll0 REE Rgtthl nd Rib B\IB ang Rrgerre R12 and Rl4

are pheny and 31is I cosanox t referred enbodi nent,

the t ra§5| ti (r}wé? %‘1 4c B Pgﬁg‘Yg a&&aﬁ%o‘?%ﬁ?@m{%‘}ﬁ‘ ‘ormul a VO

2005/ 090371 PCT/ ERgD 0053%1 ( drogen, R7

is iso-propyl, R O 'S refg%@eag,k)nﬁi%%ﬁt @%r % ogoteyn R12 and

R14 are phenyétaahd:mlawd d%ﬂ@mseel eodagang. ad:nomhmdnelro pﬁcafmmaed

enbodi nment , nS|t|o t al | ex co rlse and rding to

formul a (I) \/vh’erelneﬁln%élarg33 5?08@”?&“ %%5 ?1’8‘?1 t ;’ is

i so- propyl, thyd @fl RineR1k,an ar , 2 and R14
and Rg an 411 pe Fucine &, ﬂib 1%ojf her qg]g' a:%l

are phenyl elcosanoxy erred

err’?,odi ment , thpdfsdursi tRoN anrmtaql4 ﬁQﬁpbﬁ&n?Qn@ﬂiﬁ SRf3 aid I@Edi‘tﬂsa’iﬁﬁ@f.di ng to
fofmul a
' In another preferred embodiment, the transition

metal complex comprises a ligand according to formula
{(I), wherein Rj - Rg are hydrogen, Rg and Rig are
fluorine, R7, Rg, Rg, R1] and Ry1s are hydrogen, Riz and
15 Ri4 are phenyl and Ry3 is eicosanoxy.
In ancther preferred embodiment, the transition
metal complex comprises a ligand according to formula
{I), wherein R} - R3 are hydrogen, R4 and Rs are phenyl,
Rg and Rjp are fluorine, R7, Rg, Rg, Rq1 and Rjg5 are
20 hydrogen, Riz and Ri4 are phenyl and Ry3 is eicosanoxy.
( In another preferred embodiment, the transition
metal complex comprises a ligand according to formula
(I), wherein R1-R3 are hydrogen, R4 and Ry are methyl, Rg
and‘RlO are chlorine, R7, Rg, Rg, R11 and Rjg are
25 hydrogen, Ri2 and Ri4 are phenyl and Ry3 is eicosanoxy.
In another preferred embodiment, the transiticn
metal complex comprises a ligand according to formula

(I), wherein R1~Rg are hydrogen, Rg and Rip are chlorine,



(1), wherein R1-R3 are hydrogen, R4 and RS are nmethyl, R6, Rg and R10 are
methyl, R7, Rg, R11l and R15 are hydrogen, R12 and R14 are fluorine and R13
is eicosanoxy. 15 In another preferred enbodinent, the transition netal

conpl ex CUAFMINEETA | i gand according to formula (1), WRGHERROMSOSHEI6,, o
hydrogen, R6, RS and R10 are IN nethyl, R7, Rg, R11l and R15 are

hydr ogen,,,,R12 and R14 are fluorineé %%G'R13 i s eicosanoxy. 20 In another’
preferred enbodi nent, the transition netal conplex conprises a |ligand
according tR7 £ eI Ra Ry, a\melﬁelsnam Rgdapgehy R pgeand Ry arakeRS are phenyl
R6, Rg and ﬁ% Igfthylh R7, R11 and R 5 are hydrogen, R12 and R19
are fluorin® %ﬁiﬁFﬁ. |%ilﬂ¥§o§&ﬁ8 nOo¥¥.|n another preferred enbodi nent, the

transition ding to. formul a (I)
wherein R - R3 are hy rogen R Rip ar

rin FHRORE SORFerIER BopbdBn U TORE Lrbid LR
met hyl , R7,m& &1 éﬁmpkﬁxidampinmas ahydgaganacEﬁidﬂm@ fﬂAf@&mhx&HCWIHe and
R13 is eico 0X &35/090371 /EP2005/051$ | n anat her
pr ef er%r ed e?rggd' ‘Fﬁelr{ TRaid® YT OFE Al éoﬁ‘b e%c%ﬁeprﬁ’lé%%yla' 1Bgand
accordlng t I :§%ﬂ ereigl R d RS and R10 are
met hyl , 2 ?égﬁfég%éhgl ré ﬁ?d %8 nglg %Rgggi% % chlorine and R13

is ei cosanoxydré@e@n%@erarm a6 8@ 9&@9 RBAY. R %'elér@-{'ébéér%'x net al
conpl ex conprises a li'gand according to fornula , Wherein -R3 are

hydr ogen, R4 andIﬁ&hmnthqﬁugqﬂterﬁa& eRpodineRi) the veamylitidy, Rg, RI11 and

R15 10 h R14 hi R13 ~-
anotﬁgs pre?ég?ggen %ﬁréghprﬁﬁﬁgaﬁs&%@Fgﬁgagcﬂﬁ é?gc5%2$§%£o an?rges a

l'i gant) accord} powherd i 'Fa'réR 3 (@De hwldeogen, RREQFQndrE5 hygle ogerhyR4 and R5 are
methyl, R6, R o, RL1 and R15 are hydrogen, Rg, R12 and R14 (o
. Rg, Ripr, Ry1 and Rig are hydrogen, Ry, Rg, Riz and Ryy -
are phenyl and Rg and Rj3 is eicosanoxy.
In another preferred embodiment, the transition
metal complex comprises a ligand according to formula
15 {I), wherein Rj-Rg are hydrocgen, Rg, Rip, Ryj and Rys are
hydrogen, R7, Rg, Rip and Ri4 are phenyl and Rg and Rj3
is eicosanoxy.
In another preferred embodimept, the transition
metal complex comprises a ligand according to formula
20 (I), wherein Rq1-R3 are hydrogen, R4 and Rg are phenyl,
Rg, Rips Rji and R3p are hydrogen, R7, Rg, Rjs and Riygy4
are phenyl and Rg and Ry3 is eicosanoxy.
In another preferred embodiment, the transition
metal complex comprises a ligand according to formula
25 (I}, wherein R1~-R3 are hydrogen, Rg4 and Rg are methyl, Rg
is tert-butyl, Ry, Rg, Rg, Rig, Rij and Rig are hydrogen,
R12 and Ry4 are phenyl and Rj3 is eicosanoxy.
In another preferred embodiment, the tramsition
metal complex comprises a ligand according to formula

30 (I), wherein Rj—Rg are hydrogen, Rg is tert-butyl, Ry,



15 are fluorine and RS and R13 is eicosanoxy. In another preferred

enbodi nent, the transition netal conplex conprises a ligand according to
formul a SI%, wherein R -R5 are hydrogen,,, R6, R10, R11 and R15 are

hydr ogen, 00FPPO3RI2 and R14 are fluorine and Ry and RIBCT/ER2K0§0HBKosanoxy.
In anot her preferred enbodi nent, the transition netal conplex conprises a
ligand according to formula (1), wheréPn-Rl-R3 are hydrogen, R4 and R5 are
phenyl, R6, R10, Rl11l and Ris are hydrogen, R7, Rg, R12 and R14 25 are

fluorine an®RgR8 Rand RRH3 R$ ] easdsR{wxyre |Hydruaidigr pgrzefaelﬁr agqegb@di ment, the
transition netal conplex conprises a |ligand according to formula (1),
wher ei n R1- Rieayd Rypdr BganisrReiepeprmxwre nethyl, R6, R10, Rl11 and R15 are

hydrogen, R7, Rg,. R12 d R14 _30 are chlorine and Re and R13 is ei cosanoxy.
VO 2005/ 090371 PEY Eﬁ?gggfogi%i%rr‘%%se’?@?%ﬁftﬂfﬁer PeettepnsdtéfBodi ment, the

transition nfal c@ﬁl@mbﬁxcﬁﬂggiéé§5a a 1 J RN RERRAIFIN ot eolatmdl a (1),
mherelg R1- R5 are_hydrogen, , R10, RI1 and R15 aré hydrogen, R7, Rg, R12
and R12 are ‘dHIroMPREcARIRRE™ aha RS hyinages) c Saad@dy Rol argnphheylpr ef erred

enbodi ment, the transition tal_conpl ex conprises a_ligand according to
formila (IF6 \hﬁeﬁ:«?ir%"hf‘gylm”g&f eRnygg)ng 0 RA NG R5 Rabe@FRenyl, R6, RIO,
R11 and R15 ro , , , are chlari d R8 and R13
is eicosano% q%P%%gﬁogﬁgrapre?g?r%ﬁgéﬁgﬁgpﬁéﬁ¥§qpﬁeqﬁrgagékggﬁgpﬁetm

conpl ex conpri segnaahbghbd PEEHEEHY dubdm@ity thl) traheseipnRl - R3 are

hydrogen, R4 and RS are nmethyl, R6, Rg, Rl12 and R15 are hydrogen, R7 and
R14 are iso™f5adr GRYPLER1OCBRHL 8 HrieidrhAcoiding 4/dTREBULE  ej cosanoxy.

10 (I), wherein Rj—-R3 are hydrogen, Ry and Ry are methyl,
( R7, and Rg are iso-propyl, Rg, Rg, Rig, Rypj and Rig are
hydrogen, R12 and Rj4 are phenyl and Rj3 is eicosanoxy.

In another preferred embodiment, the transition
metal complex comprises a ligand according to formula

15 {I), wherein Ry - Ry are hydrogen, Ry, and Rg are iso-
propyl, Rg, Rg, Rjp, Rj1 and R15 are hydrogen, Rjp and
R14 are phenyl and Ri3 is eicosanoxy.

In another preferred embodiment, the transitien
metal complex comprises a ligand according to formula

- 20 (I), wherein R1-R3 are hydrogen, R4 and Rg are phenyl,
(7 R7, and Rg are iso-propyl, Rg, Rg, Rip, Ryp1 and Rjs5 are
hydrogen, Ri2 and Ry4 are phenyl and R13 is eicosanoxy.
In another preferred embodiment, the transition
metal complex comprises a ligand according to formuia
25 (I}, wherein R{~R3 are hydrogen, R4 and Rg are methyl, Ry
is iso-propyl, Rigp is methyl, Rg, Rg, R11 and Riy are
hydrogen, Rjz and Rj4 are phenyl and Rg and Rj3 is
eicosanoxy.
In another preferred embodiment, the transition

30 metal complex comprises a ligand according to formula



In anot her preferred enbodi nent, the transition netal conplex conprises a
|l i gand according to formula (1), wherein RI-R5 are hydrogen, R6, Rg, Rl12
and R14 are 20 hydrogen, R7 and R15 are iso-propyl, RLO and RI| are nethyl
and R8. arMMORI®/(98378i cosanoxy. | n anot her preferred enmbodCwRER20053/052316
transition netal conplex conprises a ligand according to formula (1),
wherein R1-R3 are hydrogen, R4 and R5 &fe~phenyl, 25 R6, Rg, R12 and R15 are
hydrogen, R7 and R14 are iso- propyl, R10 and R11 are nethyl and R8 and R13
is eicosanobd)., MherpiosBnt —i Ryeate dnydtsyen.elfat ds ticorprapyllysRygsyst em
conprising: WO 2005/090371 PCT/EP2005/ 051316 - 39 (a) one or nore
transition ret el BresRaef RheBh ks Rreadydupaes c &1eaearyBa sconpound

(1) or (2) def.i d,descri bed herein 5 The catal yst system of the
present invga?ﬁei r%le%&q} aglﬁsgsc% r?%% HheE Ot %¥ Yaddi ti onal co- cat al yst

conpounds as opt iRNahotAEROBEBFetla HRERHRASE e GIFEAKS! Compound(s)

(b) is to forman activated catal yst system 10 co-catalyst conpound
capabl & of a@hidlacompdesncomnrbaesXa higupl aoubndiagsfter Monguia optional |y
susbsti t ut ed,hydr | Lor ohydr] I tq the ansition netal, atom (M,
preferably a&ﬂd t@%ﬁét 525%9{’%3‘?@%‘8@@’67 0R41(f(5’(51 tf{OS £360& e’ln?iée#iéct ed from

15 al kyl al uniijuB-GAERQUNAR, UEE SRy KY! @)L U0 eaéi{ad | kyleal um ni.um
hal i des. Pr eferlr ed conpound%ﬁof this *’yi;e!@é ar rrgt%ﬁyl a u%lg’oxane (MAO) and

nmodi fied meatysncajanyi BRgyanad( MRQire Aokongntald Hg cop@ynrd igapabl e of
transferring an
eicosanoxy.
10 In another preferred embodiment, the transition
metal complex comprises a ligand according to formula .
{I), wherein Rj-R3 are hydrogen, Ry and Rg are methyl,
Rg, Rg and Ryg are methyl, R7, Rg, Rij and Rps are
hydrogen, Rj and Rj4 are fluorine and Rj3 is eicosanoxy.
15 In another preferred embodiment, the transition
metal complex comprises a ligand according to formula
(I}, wherein Rj-Ry are hydrogen, Rg, Rg and Rjg are
=« methyl, R7, Rg, Rii and Rjs5 are hydrogen,,Ri2> and Rj4 are.
fluorine and Rj3 is eicosanoxy.
20 In another preferred embodiment, the transition
metal complex comprises a ligand accdrding to formula
(I), wherein Rj-R3 are hydrogen, R4 and Rg are phenyl,
Rg, Rg and Ryp are methyl, R7, Rg, Ri1i and Rjs are

hydrogen, Rj> and Rj4 are fluorine and le is eicosanoxy.

25 In another preferred embodiment, the tramnsition
metal complex comprises a ligand according to formula

(I}, wherein Ry~R3 are hydrogen, R4 and Ry are methyl,
Rg, Rg and Ryp are methyl, Ry, Rg, Rj; and Rjg are

hydrogen, Ry and Rj4 are chlorine and Ry3 is eicosanoxy.



20 optionally substituted hydrocarbyl or hydride group to the transition
nmetal atom (M, preferably at a tenperature in the range of -100C to +300C,
is selected from al kyl al um ni um conmpounds such as al kyl al um noxanes,

al kyl i tWOPMYWAPAunds, Grignards, alkyl tin and al kyl BPGI/EPARESdMSounds,
such as conpounds of the formula ZnR 2 ¥merei n each R, which may be the
sane or different, is selected fronlhya ogen, optionally substituted Cl-C20
hydr ocar byl , phen¥l, C, Br, 1, SRI', NR' 2, OR OR', CN, NC (isocyanide)
wherein R', whi chihi eRPEheRPEsFRIT3D sFFosideatpaghehsrenaktbondi fferent, is
Cl1- C20 hydro I r : i - rbyl, .nore WO

2005/ 090371 %%%/QEPSSO‘?,%&%%“ Ifﬁfoasp}geqfa;ﬁg&%g@?g?o%l Eg}“?‘?%?/en mor e
preferably CIiTe whek§in BuiRmiAze dlydrHoggmeups,i Rgl add Reghyte et hyl,

propyl, butyl, F}ng the like._ It is especially preferred that the R group
is a Cl-C3 aPRyPYlesPeci B9t yRut BAd o sprgrehivegogenpoBng andthis asme are
met hyl a um n . nd di.fied _nethyl al um noxane (MVAO) . A
co-catgiyst ggﬁggﬁﬂéNgﬁ%a ® %g)%ﬂ%ﬂﬁéﬁﬂﬁyhg an anion (X- group) fromthe
transition netal gfo ergture, i Qs range of
-100C to 10 +300C, Bi ?ég%eéf:t%%@éfﬁ%qs%éﬁ%tﬁganmeglﬁa:&ﬁke\%m?ghgég% such as
SbF5, BF3 an@ehp3BCompiexi pomprises astligagdekecordangwit hfioawile aryl group

such as C6F5 3..5- )2.CE f lts W on-coordi nati ng ani ons
(NC-) such as‘esfe??ﬁfi%’%[%l, g‘ iagll(ret r}}};é}?g%%ﬁe?ﬁyla%l-gpﬁénﬁf? ?%‘?ﬁ'( BArF-), 15
(C6F5) 4B-, ar aaaoaﬁdoﬁlgl &3 hdtHyl,UR-CORROURYS ah@ckgg'é‘ﬂe R3ALX -,

R2AI C1X -, RAIC12X -, and "RA1OX -"™, whierei'n R'i's hydrogen, optionally
subst i tlut ed hydrogenpyR; > candrRijneite fomictrineakngr Byp, iandiedsasokal i de,
af'’koxi de or oxygen. A preferred salt with a non-coordinating anion 20 for
use herein is sodfl@npRethekiprgfrmed embodiment, the transition

metal complex comprises a ligand according to formula

(I), wherein Rp-R3 are hydrogen, Ry and Rg are methyl,
Rg, R10o, R11 and Ris are hydrogen, Ry, Rg, R1» and Rjyg
15 are fluorine and Rg and Rj3 is eicosanoxy.

In ancther preferred embodiment, the transition
metal complex comprises a ligand according to formula

(I), wherein Rj-Rg are hydrogenanG' Rigr- R31 and Ryg are
hydrogen, R37, Rg, Riz and Ri4 are fluorine and Rg and Ri3

20 is eicosanoxy.
In another preferred embodiment, the transition
(~ metal complex comprises a ligand according to formula
(I}, wherein R3-R3 are hydrogen, R4 and Rg are phenyl,
Rg, Rior R13 and Rys are hydrogen, R7, Rg, Rjz and Riy4
25 are fluorine and Rg and Ri3 is eicosanoxy.

In another preferred embodiment, the transition
metal complex comprises a ligand according to formula

{I), wherein Ri-R3 are hydrogen, R4 and Rg are methyl,
Rg, R10, Ri1 and Rjs5 are hydrogen, Ry, Rg, Rj2 and Rjq

30 are chlorine and Rg and Ri3 is eicosanoxy.



bis(trifluoromethyl)- phenyl]borate (Na+ BArF ). Additional co-catalyst
conpounds (c), which may be used in addition to co-catal yst conpound(s) (b),
i nclude, but are not necessarily limted to, neutral Lewi s donor 25

mol ecul esWOPRReS/@9837h "neutral Lewi s donor nol ecul e" as usREIERPRO0HMEI6N neans
a conmpound which may suitably act as a Lewis base, such as ethers, am nes,
sul phides and organic nitriles, for exa&fpte, triethylamne or 2,6-di-tert
30 butyl pyridine. WO 2005/090371 PCT/ EP2005/051316 - 41 The |igands and
transition nmetal denmphetbsroprefierred essddimerent itdre ranke tpoapar ed usi ng

t he chem cal o n ival ent. processes tg those jllustrated in

t he exanpl es I%%atqhgz%%ﬁgsegngoﬁﬁg%ﬁ?f oh Ifcﬁeaqfqzéﬁé’rgeﬁ@esfatrﬁ%lrléi n, as well
as the procestks kbeweihr BR-RYDELESOPIAg0HH0IEY, W0 02/223803 capde VO
03/011876 and the references incorporated therein. The cat al ysfls syst em of
the present ibvdnedesn Ray Be. Ropnerd B 4risdenghlogdinerarich®gt madsRikon net al
conplex_or 10 a mxture of a transition netal salt and the appropriate r

bi s- ar yPi ni ne-hyRI@SFEK¥gand of formula (1), co-catalyst compound(s) (b),

and optional |y onerohngRheragdiEbopsh ex%cﬁ%é}{ﬁ',sttr&om%%%i%g‘% in any
order. Conveniently, the preparation of the catal yst system 15 of the

present invested moprdexpernprigesia igend esxgwndling tcheforgmdri on mi xture

or in the preggnc f hem gal i vent i olar or
non- pol ar. P(rs@f'esg%lrf?nt & caﬁgl %/%(‘ta észé%oeiﬁq{o’f el:?%ea% g%’e%%l %\%’gnyl 6n is
prepared in the mgS5ere§ ahat h@srgggtﬁp@ré’géﬁ,ur@prw’n% R R;gsence of a
chemically iner't non-polar solvént, nbre preferably in e presence of a
chem cdlly i reerd chien-ipel andsBgventi.R13 is eicosanoxy.

In another preferred embodiment, the transition (W}
metal complex comprises a ligand according to formula
{I), wherein Ry ~ R3 are hydrogen, Rj and Rg are methyl,
Rg, Rg, Ry2z and Rpg are hydrogen, R7 and Ry4 are iso-
15 propyl, Rjp and Rjj are methyl and Rg and Rq3 is
eicosanoxy.
In another preferred embodiment, the transition
metal complex comprises a ligand according to formula
{I), wherein Rq{-Rg are hydrogen, RG:ng, R12 and Rj4 are
20 hydrogen, Ry and Rjs are iso-propyl, Rip and Rj] are
methyl and Rg. and Rq3 is eicosanoxy.
In another preferred embodiment, the transition
metal complex comprises a ligand according to formula
{I), wherein Rj-R3 are hydrogen, R4 and Rg are phenyl,
25 Rg, Rg, R12 and Ris are hydrogen, R7 and R34 are iso-
propyl, Rig and Ri; are methyl and Rg and Rj3 is

eicosanoxy.
The present invention also relates to a catalyst

system comprising:



The use of a chemcally inert non-polar solvent in the preparation of the
catal yst systemof the present 25 invention may be desired for ease of

handl i ng, storage and use of the catalyst system in particula r
accurat e &&?%ﬁg‘%ﬂ’ﬁﬂt he catal yst conposition, especially Pﬁaﬁipﬁ@slﬁ'g’rﬁl? nuous| y
operated reaction processes. Exanples_ cgg suitable chemcally inert

non- pol ar sol vents 30 include o-,m or p-xylene, toluene, benzene, pentane,

i sopent ane, heptan cycl ohexane and i spoct ane, referably the solvent is
tol uene, isopentant) WOR06%51866%7 t-pbsi EFODJRT bEh Aerplexgs defdmesexane and
i sooct ane, egpeaiiali yaddl uene and isooctane. In one enbodi ment, the

catal yst systemof the present _invention is fornmed by conbining a solution
of 5 the transiti%H mét &°-CoiplEstdremervRd () @%hbﬁlﬁ & [defiimed: non- pol ar

solvent with shPUddd0heRf nkhkeigo- catal yst conpound(s) (b) and optionally
addi tional co- catal yst conmpound(s) (c) in a chemcally inert non-polar

sol vent? The conbifishFadrlyssseysiensebarae eoxesent ditverd imay mag per f or med
ith i th : . { iti .
either In tne LIRS Qe LAC BRSRBEE OlaitiGad PACIAIL, QoS Lion

Al ternatively, yst system© present ~invention is forned by
conbi ni ng a sTmpdwsEpLOpsiogad compbuert ofca. transition netal salt and a

bi s-arylimne 15 ridine ligand of formula (1) dissplved.in a chemcally

i nert non-pol ar sol vert  W°ch SQSSPDF?Bﬁﬂ;’ftt%%%% -nci(g'?)al &Qt EokFound(s) (Db)
and optional Ifomddid izandlvated eatahyst spspawnd(s) (c) in a chemically inert
non-polar solvent. The conbining of these two separate solutions 20 may be
perforfBd either & FYTELBLISENERNBPURA cCaPRIRN R o DI HR GRSt ARt

conposi tion. iy gnophels QBIILABNE rahDfe SRR VL Sty the
( susbstituted hydrocarbyl or hydride group to the
transition metal atom (M), preferably at a temperature in
the range of -100°C to +300°C, is selected from
15 alkylaluminium compounds such as alkylaluminoxane and
alkylaluminium halides. Preferred compounds of this type
are methylaluminoxane (MAO) and modified
methylaluminoxane (MMAQ)}.
A co-catalyst compound capable of transferring an
20 optionally substituted hydrodérbyl or hydride group to
the transition metal atom (M), preferably at a
temperature in the range of -100°C to +300°C, is selected
(, from alkylaluminium compounds such as alkyl aluminoxanes,
alkyl lithium compounds, Grignards, alkyl tin and alkyl

25 zinc compounds, such as compounds of the formula ZnR’5

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

selected from hydrogen, optionally substituted Cq1-Cgq
hydrocarbyl, phenyl, €1, Br, I, SR’’, NR’’,, OH, OR'’,
CN, NC {isocyanide) wherein R'’, which within the same

30 molecule may the same or different, is C1-Cap

hydrocarbyl. Preferably, R’ is C3-Cpqg hydrocarbyl, more



present invention is formed by conbining a solution of the transition netal
bis-arylimne pyridine conplex in a 25 chemcally inert non-polar solvent,
with the co-catal yst conpound(s) (b) and optionally additional co-catalyst
conmpound( W0 2085/0903f% ch are present in the reaction medi aFCAEEEOAEIIy, "the
catal yst system of the present inventiog Is formed by conbining a m xture

r

of a 30 transition metal salt and a bis? ylimne pyridine |igand of

formula (1) in a chemcally inert non-polar solvent, wth the co-catalyst
conpound(s) PBRaREaBHYI Gnatiy AkPDOSIGI0IRrePETRERPZEDIN0613C6 - 43

addi tional co-catal yst. ound( s c) whi,ch_are present in the reaction
medi a. In anSG%gﬁ’eﬁggﬁfﬁgﬁ?,af%%idéﬁ%ﬂ%ﬁn?95&§98n%@%%¥ﬁe esR¥sent invention
is prepared Byop@ubi Butglpl &ndhend rompongnt s sofespeiaal gl yebreystgmin a

chemcally inert non-polar solvent. In another enbodinent, the catalyst
system of thd&hagr 888nR’ | BFeWPi b ? Lprepaldy by eepesinlay sthylne

conponept s of _the catalyst systemij.n the reaction i q. 10 The
bi s-ary iningIF?85589 8¥m?8?ﬁél%.(?5%5[ﬁ%?%:qﬁ%aﬁ?ﬁgggﬁiﬂﬂﬁngéﬂﬁplexes, and
the catal yst (smefeandohodi Fee@rRSEM 14 NieiHd@mear@mMaioghl y sol uble in

non-pol ar nedi a, such as_non-pol ar sol vents, nan-pol ar reactant
conposi ti ons and®nBR-FBEALYHE oeRBROMShIRRAIIGnST RbStFackingedt " hi ghl y

sol uble’, i1 droAPqRt §ABlp | NerorPREK enCORBBRCALLAS . Srofti fmpr VI i M ne
pyridine ligand or bis-arylimne pyridine transition netal conplex) wll

forma cl ear ruedesrlBleasobut operatwom-jroltde medice af -ddFrernto o

of Bt Mlast T I w40 depplegd Al ofl bRGEl RERERCRLI AT e b 1LY

sol ubi lity ofasatSbFgasiF; BhdnirngB, lwherginadr| tasd 285rony rdldgtmmst (

preferably a%dthdrawing aryl group such as CgFg or 3,5-(CF3)2CgH3 or i
from salts with non-coordinating anions (NC') such as

tetrakis [3,5-bis(trifluoromethyl)-phenyllborate (BAXE ),
15 (CgF5) 4B~, and anions of alkylaluminium compounds
including R3A1X’", RoARICI1X’", RAILCl»X’", and “RAlOX'™”,
wherein R is hydrogen, optionally substituted hydrocarbyl
or an inert functional group, and X’ is halide, alkoxide
or oxygen. A preferredﬁéalt with a non-coordinating anion
20 for use herein is sodium tetrakis [3,5-
bis(trifluoromethyl)~ phenyl]lborate (Na® BArF’).

Additional co-catalyst compounds (c), which may be (
used in addition to co-catalyst compound(s) (b), include,
but are not necessarily limited to, neutral Lewis donor

25 molecules.

The term “neutral Lewis donor molecule” as used in
herein means a compound which may suitably act as a Lewis
base, such as ethers, amines, sulphides and organic
nitriles, for example, triethylamine or 2,6-di-tert-

30 butylpyridine.



| east 50 ng m -1 e.g. at least 75 ng m -1, especially at least 100 ng m -1,
at anbi ent tenperatures. Typically, 25 the solubility of the conponents w ||
be less than 5 m-1. The term "clear and stable solution” in the context
of the pr &%H?"Sﬁ’ﬂ%htion, nmeans a sol ution having di ssolRsEERNNSEIEs with
di aneters between 0.1 and 1 nm 30 which cannot be made visual by

m croscopic or ultram croscopic techniftes and cannot be separated by WO
2005/ 090371 PCT/ EP2005/ 051316 44 (ultra) filtration or dialysis, or a

col | oi dal sol uti ohe higamds pard itdlaesiwich desadt eospberewent OtHe and 0. 001
pm  which h  eent.ati,on. In nt ext, of _the, present -

I nvention, t ]éggerr)?n 9@" a ﬁr{[ﬁatgﬁp F& 3%g§'ﬁrgrééﬁs£%ﬁyc?%%‘gar ture or

t enper at ur e paogesse$ hamd tdminaigmiwiebeesskbetbothoset eNpestatieal i S at

| east -20 C,.nore preferably lLeast O and npst preferably at |east 10
C, and the ubrbe?het%wgﬁ’%%rec}aﬁ dheg prﬁ?§fang26n&?nﬁ6?@ prereRanly at nost 50

10 C arsd nostepseéet@d| yh@teiDStasA®e@l TRetrsol ptbesstst Beowmv@rdgon is in a
non- pol ar nedi ur’r%5 ' i nert _non-polar solvent. The solubility

e.g. a chemcally
of the speciFPRLié ‘?r?)gﬁen‘?o?%;.n‘?ﬁ33t9neW@i‘)g/zﬁ?%i APAeByP3 4P hEBT 6 i,

bi's-aryli m nenpyré £k fendes AN QR o LRE-eQAP! X or catal yst system
conprising it) is as described particularly above, preferably at |[|east 5,

10 or 25 ng ni -1, Thaceatsleat |syedems@fothesprgsent - invenbbon atdy bt | east

100 ng m - 1. %%I +DQl ' i ecejimn_while

cl asses of the tgie%’éial{‘]%eytc&%gr}% ang%? ggggrgsggﬁelgn%{gp%ir]eé #élelxneor]i

sol veritls t hat miyytivee uskch florartdie ion- skicgdmealzatndntbe appigonetiezati on

or( 5-5 car bart arsRer e By AR G18and 0e"s 881200 F) WleadulileS (€0
‘ compound (s) {b), and optionally one or more additional

co-catalyst compounds (c), in any order.
Conveniently, the preparation of the catalyst system
15 of the present invention may be performed in the presence
of the reaction mixture or in the presence of a
chemically inert solvent which may be polar or non-polar.
Preferably, the catalyst system of the present invention
is prepared in the presence of the reaction mixture or in
20 the presence of a chemically inert non-polar solvent,
more preferably in the presence of a chemically inert
non-polar solvent.
( The use of a chemically inert non-polar solvent in
the preparation of the catalyst system of the present
25 invention may be desired for ease of handling, storage
and use of the catalyst system, in particular for
accurate dosing of the catalyst composition, especially
during continuously operated reaction processes.
Examples of suitable chemically inert non-polar solvents
30 include o-,m- or p-xylene, toluene, benzene, pentane,
isopentane, heptane, cyclohexane and iscoctane,

preferably the solvent is toluene, isopentane,



especi ally 1-hexene, cis/trans 2-hexene or 1-octene), 25 cycl oal kanes (e.g.
of 5-7 carbon atons) and aromatic hydrocarbons (e.g. of 6-8 carbon atons),
and nore particularly those named above as chemically inert non golar

sol vent s, WEs198%99BTly t ol uene, benzene or a xyl ene. ExanpPeVEBIOHBH3Ho| ar
react ant conpositions include 30 al pha olefin conpositions, such as

et hyl ene, propylene and C4-Cl2 |inear &Ad branched al pha ol efins, which may
optionally include inmpurities such as internal olefins, WO 2005/090371

PCT/ EP2005/ 05¥816hexans amsdichsasct@re(l 2 dperdarn 1§ndobuansheddi nt er nal

ol ef i ns, Czﬁg%% garaffins and the |ike. The non-polar product conpositions
are the resultant SBﬁpositions produced from the polynerization,

co- pol yneri zat i onInobhgosmbodahd ), the Tala1§arekyzaEN0PE0ELEi NEri zation or
al pha-ol efins usin% .the catalyst system of the present invention, and may
optional |y i REPGEBLUAPBERERTN fleedfUimad by Tembdatapy st saysténs of the

presents i NveRbeORrahs: t PaA Ll RdondiSl Wi MReReNGAr BORALAI L | he
follow ng 10 reactions: polynerization or oligonerization;

co- pol yneri zaPesdk sencpobht gordventatvwidh a tsolmgdioravifobheand-di meri zati on.
15 The cat al e resent . | nt i r tticularly usefu

for 'the pol yaarrodEronenfould ol B9 nd GETor-8tag) Enaleihast' &

co- pol yneri zgkitadyst compoundser (@atirom cheatiplaye iasdtanoat-pbaasl ef i n,
and the dineri,zation gg al a;oJefiqf aving at | east 3 carbon 20 atons
under cont i nG§dY pFacelle coRitHHE.© r¥hﬁﬁ? Sf SFPBYAPROERIEESPNE he present

inventi@n, e Bat abysbraystemiadr tihe MHLegaRlscndeeBli @Rel SHEBRLLYEE
the reactant composition. (
Alternatively, the catalyst system of the present
invention is formed by combining a solution comprising a
mixture of a transition metal salt and a bis—arylimine
15 pyridine ligand of formwla (I) dissclved in a chemically
inert non-polar solvent with a solution of the co-
catalyst compound(s) (b) and optionally additional co-
catalyst compound(s) (c} in a chemically inert non-polar
solvent. The combining of these two separate solutions
20 : may be performed either in the presence or the absence of
the reactant composition.
In another embodiment, the catalyst system of the
present invention is formed by combining a solution of (
the tramsition metal bis-arylimine pyridine complex in a
25 chemically inert non-polar solvent, with the co-catalyst
compound (s) (b) and optionally additional cd~catalyst
compound (s) {c}, which are present in the reaction media.
Alternatively, the catalyst system of the present
invention is formed by combining a mixture of a
30 transition metal salt and a bis-arylimine pyridine ligand
of formula (I) in a chemically inert non-polar solvent,

with the co-catalyst compound(s)} (b) .and optionally



for the oligonerization of ethylene. In another preferred process of the
present .25 invention, the catal yst system of the present invention 1is

enpl oyed in the dinerization of al pha-olefins. The catal yst system of the
present i nVEORPYIOEHN be used for pol ymerization and ol i BOHWEP2085051516
reactions when ethylene or propene is used as the feed olefin. 30 The term
"feed olefin" used in the context of thd3 present invention relates to the
repeating unit(s) which rmy conbi ne when brought into contact with the
catal yst WO 20051090311 cPETRER2POE/ O&i3difnd ¢5)46(c)s wiiiein afrct Becpegsent

i nvention under I rization,.co- polynerization, oligonerization,
co-oligonerifgtﬁg%,¥gEFFﬁ§Pi§3 +3nh or dimerization conditions. The cat al yst

systems of the pr@seahockheentibodiaenbe tife usakfydit Gysheky &erLgati on and
co-oligonerization,  reactions when ethylene and an al pha-ol efin having at

| east 3 car b&TeSET s LVENLLER 48 PRRPIERA BY SAEnigg addopbAe and an
al pha- okef i n dygongntk b?agheélcs@gppgt A QB Al y%%%ﬂ%agﬁgogﬁgﬂtm efin. 10

The catal yst syStenms of th resent” i nvention can be use Imerization
reacti ons wh@9enaRodRrph&océveRtn having at | east 3 carbon atons is used as

the feed olefin, (&s ' y ' [ ' fr A-butene (e.g present in
Raffinate I1) to g?t gﬁgkﬁ%g ﬁggggﬁnﬁ'zé?lgéog&rt%éléfsltoﬁtygf:%fnhgfp%?ent
invention i mcleseéas tihwehdiomt i snpodpatterkerlyy afomimd richanlonaeal pha- ol efin

having at |east 3 carbon ﬁ% s gh rein the al,pha- olefins in the feed
ol efin do no%qﬁgﬁgepﬁg Shn Rﬁuﬁﬁ ?f¥ﬁt THFEh 1At SR TFGCWRER PBPEPBne is used
as thelbeed ol ef i FhenblibeardlimihdaligundLast ifyrmilal Ng)pr esent i nvention,
the dieter produgt olefin Tag be_an al pha-ol efin. If an al pha-
(' Transition meta omplexes, and the catalyst systems of
' the present invention are highly soluble in non-polar
media, such as non-polar solvents, non-polar reactant
compositions and non-polar product compositions.

15 By the term “highly soluble”, it is meant that the
specific component {(e.g. bis-arylimine pyridine ligand or
bis-arylimine pyridine transition metal complex} will
form a clear and stable solution in non-polar media at

ambient temperatures. Preferably, it is meant that the

20 component has a solubllity of af least 1 mg ml-1, e.g. at
least 5 mg ml~1, more preferably a solubility of at least
10 mg ml-1, e.g. at least 25 mg ml~l, most preferably at
least 50 mg ml~1l e.g. at least 75 mg ml-1l, especially at
least 100 mg ml~l, at ambient temperatures. Typically,

25 the solubility of the componenﬁs will be less than 5 g
ml~1.

The term “clear and stable solution” in the context
of the present invention, means a solution having
dissolved particles with diameters between 0.1 and 1 nm,

30 which cannot be made visval by microscopic or

ultramicroscopic techniques and cannot be separated by



olefin is produced in the dinerization of propene, the alpha-olefin product
ol efin may subsequently be dinerized 25 by anot her propene feed ol efin,

whi ch may W@hglod.o%r the formation of another al pha-olefin dieter product
whi ch may subsequ ﬂ‘tly be dimerized, or the al pha-ol ef i nPOT/BHZODS 0513167 t he
di meri zati on of propene may dinerize with any other al pha-olefin present,
whi ch is not propene, and 30 form an inf&rhal olefin product whi ch can not
be dinerized further. WO 2005/090371 PCT/ EP2005/051316 - 47 A preferred
feed ol efin (8e8TRh Ehbtratigwlgmatiadasion, ccoaokrddnidblaspbnt hol,

di meri zation t] Ny : - fin [ ag at _| east car bon
atons. The fgggggﬁekggéhégﬁéggﬁhfEgjﬁggfgﬁyggkﬁggpigh? gngoﬁopﬁde@Tization
and di meri zawhdmhr dachovnshow efetiakintathias.at nost 20 carbon atonms, nore

preferably at nost_1 carbon atons, nost preferably,at t 8 carbon atons
and especially agnr’rgg? R BorPhat .prfﬁgr‘%eéampgﬁf’ﬁ'g?ﬁetF%r‘bresent

i nventi®n caftahbikhBedemeé rdfwredrecheaty Bnef eeabeyatheef ged olefin is

| i near. Preferablﬁatthe feed olefin used in the coipolﬁnerization, co-

ol i gomer i zat i"-6APSRETHF freF #29R i B Hehdtheosarnge vhergiastht LPHOENtion is

sel ected fromeppeR8REre 1t DULENEask R e rand LrRexengiyand dhxiyres
thereof. 15 The feed olefins used 1 n the co-pol ynerizatioh, co-

ol i goner i zat PoriCanBddnast i peeforakiaactt deassf 10h&Cpr endnthei nppati on nay
oI SRS SRR L SO o

optionally conpfise ot | T near
branch&®d i nt E&Cnahd2fostepraserdbleart ovoddr aicke€d par affins and ot her

resent 1 nvent! on 1 EhgOrREET (PerTHe GOMSaRon S SPa. BROTPRLEEmosi 1 on
whi ch medium e.g. a chemically inert non-polar solvent. The {
solubility of the specific component (e.g. the bis-
arylimine pyridine ligand, bis—arylimine pyridine
15 transition metal complex or catalyst system comprising

it) is as described particularly above, preferably at
least 5, 10 or 25 mg ml~1l, such as at least 50 or 75 mg
ml~l, especially at least 100 mg mi-l. Examples of the

non-polar media are given herein, while classes of the

20 chemically inert non-polar solvents are the inert
solvents that may be used for the co-oligomerization or
ocligomerization mentioned herein, namely alkanes {e.g. of
5-8 carbon atoms), alkenes (e.g. of 5-8 carbon atoms Q_‘
especially l-hexene, cis/trans Z2-hexene or l-octene),

25 cycloalkanes (e.g. of 5-7 carbon atoms) and aromatic
hydrocarbons (e.g. of 6-8 carbon atoms), and more
particularly those named above as chemically inert non
polar solvents, especially toluene, benzene or a xylene.

Examples of non-polar reactant compositions include

30 alpha olefin compositions, such as ethylene, propylene

and C4-Ci2 linear and branched alpha olefins, which may

optionally include impurities such as internal olefins,



conprises a distillation fraction of an olefin 25 conposition, conprising

al pha-olefins, internal olefins and paraffins boiling in the sane

t enper at ur exbHapEG00i Q" exanple a raffinate Il conposition which is
primarily conposed of 1-butene and 2-butene. The ol i gomerRZEEP2005/a508ks0"
co-oligonerization 30 reactions of the present invention nmay be conveniently
carried out using the follow ng conditions. WO 2005/ 090371 PCT/ EP2005/ 051316

- 48 A quantit¥bof the catalyst system of the present invention is usually
enpl oyed in tHEDIFYGHe12atiiER28r and cbrReRRft rintR Y. rdadiiinen ni xture so

as to contain.fr -4 2.0 10- a om transition netal atom M per 5
mol e of et hyIrb ecolgr ptjaa[(}r?;%ftel%es %rrll(% gf‘ﬁg%g{‘% e?llt}he FES P iHF itng at | east
3 carbon ai ONorfioditiiensh e theacke - The ALLGEI ZAl Lan

co- ol i goneri zatn%ﬁon reaction may be nns%méonv ni entjl&y%t'c@(r?&t?%tceeg g\lfglr“ a range
of 10 tenper dther @elymenizegdony o cospolymerisfatianl y dlniddrerizatdenef from 0C
to 200Cs and Jmr.§ . : i.n the. range of from5QC t 0C. The
oIigone?izatiéﬁzé;ﬂ€§§€¥¥%§§%gpi?gtﬁﬁ%eééééﬁ%%ﬁ1oﬁn%} CorélifeRetfScarri ed
out at- a presshe eadfal@stl systehbotStMPapfdsdnt ol nhfh thiarm,a)and make preferably

1to 10 MPa (1Q.to 0 har(s),), .and nos referably 1.5 to 5 MPa (15 to 50
bar (a)). The(o 'QHfmlgbﬁ@ngé%suBFe?%E%éréﬁ?ée? yIb'ressure used(for a

particul ar catal ygthesysitelyls® Bg%tehsecot the 3radaltd Ofvedlti@gaMBreOr
co-oligoner, and to_mnimse the conpeting reactions such as dinerization

and pol yner iPARSIGHEH Yo seéidi FheRsiRepTRIETF 95 ighdhekifialdewipg the art.
The congdi ti ongsQftilggygrer ature and pressure are

( polymerization or oligomerization;
co-polymerization or co-oligomerization;
trimerization; and
dimerization.

15 The catalyst systems of the present invention are
particularly useful for the polymerization or
oligomerization of ethylene, the co-polymerization or co-
oligomerization of ethylene and an alpha-olefin, and the
dimerization of alpha-olefins having at least 3 carbon

-20 atoms under continuous process conditions.

In one preferred process of the present invention,
the catalyst system of the present invention is employed

(~ for the oligomerization of ethyleﬁe.

In another preferred process of the present

25 invention, the catalyst system of the present invention
is employed in the dimerization of alpha-olefins.

The catalyst system of the present invention can be
used for polymerization and cligomerization reactions
when ethylene or propene is used as the feed olefin.

30 The term “feed olefin” used in the context of the
present invention relates to the repeating unit (s} which

may combine when brought into contact with the catalyst



25 preferably selected to yield a product slate with a Schul z-Flory
K-factor within the range of fromO0.40 to 0.90, nost preferably in the
range of fﬁﬁg&ﬁ@@ﬁyﬁo 0.80. In the present invention, polynerization is
deened to have occurred when a product slate has a K-facrorzpreestasis 30
than 0.9. The oligonerization or co-oligonerization reaction can be carried
out in the gas phase or liquid phase, 0 ° \iD 2005/ 090371 PCT/ EP2005/ 051316 -
49 m xed gas-liquid phase, depending upon the volatility of the feed

ol efin and pFHeftRt @f dhshPrepeatoinyentipranndnr apolymet iz .z atd-on

reaction o PEnEA 4 &hPUloai;s : ce.of | t_solvent 5 which
may al so bgayhgﬁgarrier for tﬁgo%ggégégigghdfgro%%ﬁé#%%%ﬁ??%OEMitable
sol vent s i nctubeenl aiHem o kdmegizatjiohoabkdhtsonand aromatic hydrocar bons.

For exanple, sol t e _suita used accprding to the resent

i nvention incl udeﬁﬁ%pfaaén%f%}s‘ltg%& ane, O%OQ%CPBE%?’%&HB%‘?I e, CabiRfene, and
xyl ene.5 Reactsed fomeso-folfyt@mi®atibbn éﬁdh@uFSlﬂ?aﬁeﬁﬁiﬁhiéﬁund to be

sui tabl e, dependent on.the activity of the _catalyst, The reaction is
preferably cAPFFEIPRUIWRG: GFRPYIsEseRRE 8P aiPharolpfir raving afhe

ol i goneri zat L @#s '3 COaPhdr YR AlrcON sk@ABL @Re PBYaDSILAILE e oUt N a
conventional fashion. It may be carried out in a stirred tank reactor,
wher ei n ol ef PECRRRE 208 AW lrfa-ededflipshagiagurEoteaak ef agrigbrront i nuousl y

to a stirregdetanksgnd, e f£a4,0l0f ”olBEQH‘JCt olefin, 20 catalyst, and

catal yst are renoved fromthe stirred tan Wi th the product separated and

the unlfsed feed oTk¢iertaidstoptvsdeals vt hbecarabyst ievent boh baok Ye t he

stirred tanESed for dimerization reactions when an alpha-olefin
having at least 3 carbon atoms is used as the feed (“3
oclefin, especially the dimerization of l-butene (e.g.
present in Raffinate IX) to octene.

15 The dimerization reaction of the present invention
includes the formation of dimers of more than one alpha-
olefin having at least 3 carbon atoms, wherein the alpha-
olefins in the feed olefin do not have the same number of
carbon atoms.

20 When propene is used as the feed olefin in the
dimerization reaction of the present invention, the dimer
product olefin may be an alpha-olefin. If an alpha-
olefin is produced in the dimerization of propene, the
alpha-olefin product clefin may subsequently be dimerized

25 by another propene feed olefin, which may result in the
formation of another alﬁha—olefin dimer product which may
subsequently be dimerized, or the alpha-olefin produced
in the dimerization of propene may dimerize with any
other alpha-olefin present, which is not propene, and

30 form an internal olefin product which can not be

dimerized further.



Alternatively, the reaction may be carried out in a 25 batch reactor,
wherein the catal yst precursors or catalyst system and feed olefin are
char ged to‘gﬁ ‘%éﬁoclave, and after being reacted for an appropriate tine,
product is 5?;1 Bdlfromthe reaction mxture by conventpcanghoddRadsge Such
as distillation. 30 After a suitable reaction tine, the oligonerization or
co-ol i gonerization reaction can be termé4iated by rapid WO 2005/ 090371

PCT/ EP2005/ 051316 -50 venting of the ethylene in order to deactivate the
catal yst system Pheredsuiredngeatpbicpiefissd hiavetlse din length of from4

to 100 car bo’boﬁ ,iz%rﬁfo%r a%uozll.ggﬁnggjr%%r}é%ﬂ a[}giai.orrs,_ and nost preferably

from4 to 20 carbon atoms. 'Produc r 108ui tably by
distillation,reandtifmst er ancpapatedlasifloshicd ks i Stdddratsi earbeghni ques
dependent on the intepnded end use, of the_ olefins. 10 The soluble transition
metal conpl eXd&™nd qﬁ’&n‘%&?& Pgﬁgl{‘hﬁ?%%ff%’f thee qyRelyEeaiizpédoRer ei n, have

been fofind t @dse1ngihezulzattiynusaliuliingy 481 Aldeit Qns FrRlEerabelins
having 3 carbon atons or nore, the co- oligonerization of "said al pha olefin
and et hyl ene ha%d athmpstt B8 GRrgeRertomsi oroXd muefgmady iat @ash tise

particul arl y,Ca\gth:;lll LRl 2Rt gge%%ﬂ’lc‘g%%lﬁ‘%s% AN At %ltéﬁgt %ﬁat ens in

solution, especially in aromati ro vent's suc S dene. In
the transiti @spestiallyospyl ewet Gsedrbon tdeorahovdhe Fedidveiliefdhi ofi reacti on,

NG are as Gah ROTeROFerAzBaTEoR) foRrl ol iiet (ndiaRR et 8l compl exee
used i10t he FRleferabali aher €aeti obedin the piwsont iFvefwradly, the
( feed olefin used in the co~-polymerization, co-
cligomerization and dimerization reactions of the present
invention is selected from propene, l-butene, l-pentene
and l-hexene, and mixtures thereof.

15 The feed olefins used in the co—-polymerization, co-
oligomerization and dimerization reactions of the present
invention may form pait of a reactant composition. Said
reactant composition may optionally comprise other linear
or branched alpha-olefins; linear or branched internal

20 olefins, linear or branched paraffins and other
chemically inert components such as solvents.

In one embodiment of the present invention, the feed
(7 clefin composition is an olefin composition which
comprises a distillation fraction of an olefin

25 composition, comprising alpha-olefins, internal olefins
and paraffins boiling in the same temperature range, for
example a raffinate II composition which is primarily
composed of l-butene and 2-butene.

The oligomerization and/or co-oligomerization
30 reactions of the present invention may be conveniently

carried out using the following conditions.



25 selected fromany Goup 4 to Goup 10 transition netal. In one

enbodi nent of the dinerization process of the present invention, Mis

sel ect ed | , C, M, Fe, Co, Ni, Pd or Pt; nore preferably Vv, Cr,
M, Fe, Cﬁ{%%gg?%m; especially Fe, Co or Cr. 30 In anethepeeshadigrent of
the dinerization process of the present invention, Mis selected fromTi,
V, C, M, N, Pd, Rh, Ru, Mo, Nb, Z4B HKf, Ta, W Re, GCs, Ir or Pt, WD
2005/ 090371 PCTI EP2005/ 051316 - 51 preferably Ti, V, C, M, N, Pd or Pt,
nore preferablyd \dua@tityhof Ntherc#®dal esipexysitdny off .thlen pameeher enbodi nent
of the di ' i,0n proces f th resent, jinvention, .Mis selected fromFe
or Co. 5 gﬁééigﬁé%fﬂh§€Hu§P§&8¥s$@p$B§e§tﬁ9l%ﬂ% OS9G aC 0 R pr oduce

al pha- ol ef i e~ 9l i@ niizlalt i o ndestt abh ymi f @fe MM tHesrftdigwsFeecul ar

wei ght olefins, which has limted value. In addition, the Fischer-Tropsch
process forl@he % ddlict iggamokted hfdtovansbbien pratdicetam demeai n anount  of

| ow vgl ue | | af.i al.so Lt v e Raffinate Il - a
buteng conprgéé\?éti%ﬁ eg%l %ngi lﬁg TQE&{L%{%) ggq'h%irlg?e%a(r eﬂ%pfrl(?lcefcseseg whi ch convert
t hese fracteobebin iaovimiggldér leaktie3 pasdont stomacahixaside gleetbenol ecul ar wei ght
linear olefins 15.(e.g. octene) are desired (i.e. dimerization). The

di meri zati o’ﬁe?céta%‘h ons of the present invention are particularly suitable

for any C3 to ClzhélldqihiaoaleefizltiofSEeCtatbYigsmpenatibrbWenreiok pent ene and
1- hexene and conpositions containing said al pha-olefins (e.g. 20 Raffinate
|| which cORPYiResmashaavenifit2ybaPRABFLed THELHi deFaa® i¥h reaction of the

EgﬁZ?{Olt OLfS‘V@%ﬁlﬁQPatﬁ?é’s Q%oﬁﬁﬂ‘i%i"@mcbh%b5&?%?&%%1%9 & Heo! | owi ng
. gquantity of the catal yst system'of the present
range of from 0°C to 200°C, and more preferably in the
range of from 50°C to 150°C.
The oligomerization or co-oligomerization reaction
may be conveniently carried out at a pressure of 0.01 to
15 15 MPa (0.1 to 150 bar(a)), more preferably 1 to 10 MPa
{10 to 100 bar(a)), 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
20 yield of oligomer or c¢o-oligomer, and ﬁo minimise the
competing reactions such as dimerization and
polymerization can be readily established by one skilled
in the art. (
The conditions of temperature and pressure are
25 preferably selected to yield a product slate with a
Schulz-Flory K-factor within the range of from 0.40 to
0.90, most preferably in the range of from 0.60 to 0.80.
In the present invention, polymerization is deemed to
have occurred when a product slate has a K-factor greater
30 than 0.9.

The oligomerization or co-oligomerization reaction

can be carried out in the gas phase or liquid phase, or



25 invention is usually enployed in the dinerization reaction m xture so as
to contain from10-3 to 10-9 gram atomof transition netal atom M per nole
of feed olyphirpesBgesyng at |east 3 carbon atoms nixture to be reacted. The

di meri zation reaction may be nost conveniently 30 condumcTEméeesisigange of
tenperatures from-100C to +200C, preferably in the range of from-50C to
150C, nore preferably in the range of4% rom-10C to 120C, nost WO

2005/ 090371 PCT/ EP2005/ 051316 - 52 preferably from 10C to 100C, especially
from 20C t oni@QCgabhd idjuier phatepndepacdion uwpyn hche Gt iQriklyy ofcarri ed out

at a pressure q Q1 tqQ 1 a (Q.1to 1 5 tiar(a)), nore preferably 0.1
to 10 MPa (1§ ogefg’o Qéaerf?lg) %P aﬁa%g% %%"e?%?%m y 0.1 to 5 MPa (1 to 50
bar(a)). The optiheurldaodietrionsioh ¢£npe+relifamarit421iRFS Heacrisgd for a
particul ar catal yst %stemto,rraxirrise t he y(iygld of linear. diners, and to

mi ni mi se t RRXAFH&EAETTG P OPEadPi bhe BEeseRRe | Soriht ik tosdrente feed ol efin
can bg reaghich eslyahlhisehed BreORgrskil! €8k i ¥hd Nea@diystTheidioreri zation
reaction can be carried out in the gas phase or |iquid phase, or mnixed
gas- | i qui d e elefdapendua§abpenseheenes aintlude GElkanes,eed kenesin and 15
product ol ef, i lyzat.| | C | t. in the
presence ofé%%%anlgrét%e%dr%éﬁt g\%ﬁ@%#%%‘f@%%m? e aEI:cfga]'lr fe?‘éargr}b 5¢ the cat al yst
syst em and/sslvegdcs dlhefti may Bei sabtabiyl weed sa¢omtdidey dlkanhes, al kenes,

cycl oal kanes, 20 .and _ar matign{g%dr ocar bons. For e%r? solvents that may

| e,
be sui t abl YPIREF addFEHE™ 895 RERIRIT nvetRD Eif'ﬁcl ude hept ane,
| sood0ane, eyslofexmrg, Heerzeee, tbDLERAL, amd dkydamne.

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

15 The oligomerization or co-oligomerization reaction
may be carried out in a conventional fashion. It may be
carried out in a stirred tank reactor, wherein olefin and
catalyst or catalyst precursors are added continuously to
a stirred tank and the feed olefin, product olefin,

20 catalyst, and catalyst are removed from the stirred tank
with the product separated and the unused feed olefin and
optionally the catalyst recycled back to the stirred

(— tank.

Alternatively, the reaction may be carried out in a

25 batch reactor, wherein the catalyst precursors or ‘
catalyst system, and feed olefin are charged to an
autoclave, and after being reacted for an appropriate
time, product is separated from the reaction mixture by
conventional means, such as distillation.

30 After a suitable reaction time, the oligomerization

or co-oligomerization reaction can be terminated by rapid



Reaction tinmes of fromO0.1 to 10 hours have been 25 found to be suitable,
dependent on the activity of the catalyst. The reaction is preferably
carried oujq ﬂgﬁynabsence of air or noisture. The dinerization reaction
may be carrie out i'n a conventional fashion. It nay be PEI/EP®Os/O8iB1¢ N A
stirred 30 tank reactor, wherein the feed olefin and catal yst system or
catal yst precursors are added continuo#® y to a stirred tank and the feed
olefin and catal yst systemare WO 2005/ 090371 PCTI EP20051051316 - 53
renoved froMamtdng iofr édiet ghkyhetd iheopdedund deadftiivatesmubeh may then be
separ at ed, 3ﬂg:qﬁk;o%@ ¥ t he unused feed olefin and/or the catal yst system
are recycle ac Fe™Stirred tank. 5 Al ternatively, the reaction may be
carried out i n aTIieatreksuﬂ.eangoalpmeéBemﬂ:heuasééd VHa isy Sle@igptr ofthe

nd feed olefin are charged to an aut ocl ave,

cat al yst sy ur
and after be| né“ 3&@3) fGF‘rgFin 3ApPPdprPEEECTF Y %r%@& Gagboapar ated from

the redcti onatidhdyi Xnd enday ﬁ@@!éﬁhb@?afr&ﬁaﬁsto spe heashdl Htldrsation.  After
a suitable reaction tine, di merization reaction can be term nated by

exposure of the doduah °l@§ﬁﬁésP§Pohetée%?Ye%?dst%ﬁAHQR}RIh? reaction of
feed ol efi rﬁlelél'ﬁrheclﬁﬂpd‘éﬁh %EE Bz B{:T;ggi'&?gd bys td&ldﬂeg@?fat' on  process

of the present invention preferab y conprise at | east rbon atons and at
most 30 carm&$tmlﬁﬁthnmb@chpuqﬁesabbyeaﬂenbs¢n2ﬂh@amﬂnnmuwbmmd auseé Nnost
preferably fﬁﬁq In one aspect of the dinmerization 20 process of
t he present |nven |on e product olefinis a linear olefin which
conpril®es from 6 toTh2 calhbheatoansitpsefmstdl ycdmmxenes a0t enes, decenes
and dodecenes, C especi al oct enes

co posfslons gh reof o% the type described herein, have

been found to be particularly useful in dimerization of .

alpha-olefins having 3 carbon atoms or more, the co-

oligomerization of said alpha olefin and ethylene and in

15 the oligomerization of ethylene, in each case

particularly, with the transition metal complexes and

catalyst systems in solution, especially in aromatic

hydrocarbon solvents such as toluene.

In the transition metal complexes used in the above

20 dimerization reaction, the Rj-Ri1g substituents on the

bis-arylimine ligand of formula (I), X and NC  are as
defined hereinabove.
In preferred transition metal complexes used in the (

dimerization reaction of the present invention, M is

25 selected from any Group 4 to Group 10 transition metal.
In one embodiment of the dimerization process of the
present invention, M is selected from Ti, V, Cr, Mn, Fe,
Co, Ni, Pd or Pt; more preferably V, Cr, Mn, Fe, Co, Ni
or Pd; especially Fe, Co or Cr.

30 In another embodiment of the dimerization process of
the present invention, M is selected from Ti, V, Cr, Mn,

Ni, Pd, Rh, Ru, Mo, Nb, Zr, Hf, Ta, W, Re, Os, Ir or Pt,



Product ol efins can be recovered suitably by 25 distillation and further
separated as desired by distillation techniques dependent on the intended

end use %@%@ﬁg' ns. The invention is illustrated in the follow ng
Exanpl es. 90371 PCT/ EP2005/ 051316 - 54 Exanpl eECT/Eemes/asi3ic
Procedures and Characterisation All chem cals used in preparations were
purchased from Aldrich and used wt howt* furt her purification unless

menti oned otherwise. 5 All the operations with the catal yst systens were
carried out RFRESTIRLY Fgen Vat #8spMar eNi Al Pd sot VRt snamse b rafEmabdyi ed usi ng

standard progedur e%n,Alﬁlyq)rro% talg Eggg#fi 8o purity) was dried over 4A

nol ecul ar si eves (f| nal water Cont bout 3 ppm). 10 |sooctane

(2, 4, 4-trinet hyl pentanvghegg %Mﬁmmeny)oﬁHShdrdBnbmzﬁﬁmWemlst b@&gen
purge, foll oy dh assa e si eves (final water content
of about 1 p\;l)% I‘),ffnsn J‘pd‘ﬂweg’gﬁfbgne (49 %‘3/1%%?? PEMRFUeFDy passage over
4A ol écul ar si e\mﬁn(efnulqﬂ mﬁepraeaggaé pbr dfnghend 1 ppn). Ethylene

(99.5% purit J;JS‘:{Wa uri f ied over a columm _ contai ning 4A nol ecul ar sieves
and BTS cat & “(q; tiop pgedure: lpbatRke Wt ryimaomiddn content to <1

ppm  Propengnd&f ARI1RH Nialre aaan%i@yégn@f (@A Peti1dr Gre %%t99 0% purity)

wer e purchased from Hoek Loos N. V., Dieren, The Netherlan 1- pentene (99%
purity) fror®i@iiioh Wireh hagelémétedovadwrr ity FddisiShol Itf@hem cal s were

used w thoug; furdner Jyudf LeREEQR: for the production of

10 hydrocarbons produces a certain amount of low value lower
( olefins, also of limited value {e.g. Raffinate II - a
butene composition comprising l-butene). Therefore
processes which convert these fractions into higher value
products, such as higher molecular weight linear olefins
15 (e.g. octene) are desired {i.e. dimerization).
The dimerization reactions of the present invention

are particularly suitable for any C3 to Cq5 alpha-olefin,

especially propene, l-butene, l-pentene and l-hexene and
compositions containing said alpha-olefins (e.q.
20 Raffinate II which comprises l-butene and 2-butene). .
The dimerization reaction of the present invention
may be conveniently carried out using the following
(u conditions. ‘
A guantity of the catalyst system of the present

25 invention is usually employed in the dimerization

reaction mixture so as to contain from 10-3 to 10~9 gram
atom of transition metal atom M per mole of feed olefin
having at least 3 carbon atoms mixture to be reacted.
The dimerization reaction may be most conveniently
30 conducted over a range of temperatures from -100°C to
+200°C, preferably in the range of from -50°C to 150°C,

more preferably in the range of from -10°C to 120°C, most



The ol i goners obtai ned were characterised by Gas 25 Chromatography (GC), in
order to evaluate oligoner distribution using a HP 5890 series Il apparatus
and the %ﬂihﬁgﬁﬂg:Fhronatographic conditions: Colum: HP-1 (cross-I|inked
met hyl sil oxane)’ ?I|ﬁ] t hi ckness = 0. 25pm internal di arerapr2ees/dsi3ps MM

|l ength 30 60 m (by Hewl ett Packard); inpjection tenperature: 325C; detection
tenperature: 325C;, initial tenperatuFe?24OC WO 2005/ 090371 PCT/ EP2005/ 051316
- 55 for 10 mi nutes; tenperature programme rate: 10.0C/ m nute; fina

t enper at ur ePT838€2P&Y 1ol 1§ 1Rittexs 1006 ees@ecirdAatdomn2fBRytbenzene.
Response faepers for the even and odd |inear a- 5 olefins, for the internal
hexenes: cis- and trans-2- hexene, and cis- and trans-3-hexene, and for the
branched hexenethe3dimethizaliqgemeamsiandmndyebeykbohvbuienely rel ative to

n- hexyl benz (LAt al, s ard)._ wer term.ped _using. a, st ard
calibration%%?§ %?esﬁgh%ti%%$%§%%#§%‘ygé%gﬁs 5$H5hgpﬁréﬁcﬁeﬁ°aﬁg i nt er nal
heptenes Cbamdadiddenenespreferasisuned to 1@ epaal(it @ct heg Bar(espondi ng

even and odd _l.inear a-olefins. In case of ethylene oligonerization, the
yields of fRE B3S Erﬁ%%JF?@YV\i:T]e SheatFéd i 6m eRePaE(@hdkysis, 15 from

whi ch the K-fact oheadgtimgn tdialicial off elethpekaCArE198q0hekkbsrei - €. total

a
ol i goneri zation product (Total Product), were determ ned by regression
anal ysi s, udisR§ fPReaBaEbBcykn . catalystasys¢emoltiogoasinisei theor
di meri zati oRi@fh gabRh@yndQr OhEfd £, Mg G ;i L [ yl ene and
al pha- olef?ﬁé, t he y%g%dg of$t#5§ br anc eghghgﬂﬁﬁté?%a??mg%gﬁﬁeand odd
ol ef i & wer gedetdpnsnedchyas hissaeemsl 28¢ima lodid thEhdeed afie¥énacennbs of the

l'i near 1_he§%ﬁﬁi§gpgg§gblished by one skilled in the art.

The dimerization reaction can be carried out in the [
gas phase or liquid phase, or mixed gas-liquid phase,
depending upon the wvolatility of the feed olefin and

15 product olefins.

The dimerization reaction may be carried out in the
presence of an inert solvent which may alsc be the
carrier for the catalyst system and/or feed olefin.
Suitable solvents include alkanes, alkenes, cycleoalkanes,

20 and aromatic hydrocarbons. For example, solvents that
may be suitably used according to the present invention
include heptane, isooctane, cyclohexane, benzene,
toluene, and xylene.

Reaction times of from 0.1 to 10 hours have been

25 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 dimerization reaction may be carried out in a
conventional fashion. It may be carried out in a stirred

30 tank reactor, wherein the feed olefin and catalyst system
or catalyst precursors are added continuously to a

stirred tank and the feed olefin and catalyst system are



all hexene isoners, the relative anount of 1-heptene 25 anongst all heptene
isoners, the relative anmount of 1- decene anongst all decene isoners, and
the rel atiyg of 1-dodecene anpngst all dodecene isoners found from
the GC analysis I'S used as a neasure of the selectivity rRIT/EFecREHGYSt
towards |inear al pha-olefin 30 formation. WO 2005/090371 PCT/ EP2005/ 051316
- 56 The NWR data was obtai ned at rébﬁ?ténperature with a Varian 300 MHz
or 400 MHz apparatus. The practical solubility of the transition netal

conpl exes wasngFedr fraedthe ahbreed tamperdturtds prodectSolréin, at nosphere

of the dry 1 L d i 0.5 nl .of
benzene- D6 ?ﬁégﬁ ﬁ%&-?ggéo%% %§§%ggéﬁéﬁﬁgagfgﬁ%@%&%q%&hEﬁﬁeHFF?E%MArIed. I f,
after 1 m niteedobledhbashdbetr wekn ¢dienlyedl isgstenpler aedychedsBhwent under

swirling or shaking,.10 i.it_does not result in a coloured solution and the
! o thend a' 30k .
solid remaitfs 8p Eﬁfﬁﬁ, F&¥¥her solvent is added stepwise to a final

vol uneSof 1.0 nl Altérhbeiselyentheosmdidionbeey®e eakrptira@doandithe solid
remai ns depogsited even after st{epw se increase of the volunme of benzene- D6

f
to 1.0 nl 1%3%58 IRAREPRy MRCTRHR ft® (PR USYSESM 2% KBErs, the conpl ex

i's categori s@@daagshayiyBfen SPEERIEdLY, ShdWdda oikfrihhareokdktgeqbecomes
coloured and 1 ng of the conplex dissolves in about 1 ml of sodlvent it is
cat egori sed t&s anhavtaglaveol ahd | afSenibedng reagted forkedi se, for higher 20

solubility : S fs | ISy 1 e d or to
100 ng and t 5&%nggﬁgafiﬁgb?€%€€$%§:Fg e fﬁ%%f%ﬁfgg&é?ggmfégc%g?q?nﬂ st eps)
i ncredBe of miemperebPocosventiogal rmearts,5 such Bse disslidbikivy. of the

QD eXes s COREENed LOiEAHERodleich LINT, ! RIRLARULE LN V1 of ded
reaction can be terminated by exposure of the catalyst
composition to alr or starving the reaction of feed
olefin.

15 The product olefins produced by the dimerization
process of the present invention preferably comprise at
least 6 carbon atoms and at most 30 carbon atoms, more
preferably at most 20 carbon atoms, and most preferably
16 carbon atoms. In one aspect of the dimerization

20 process of the present invention, the product olefin is a
linear olefin which comprises from 6 to 12 carbon atoms,
preferably hexenes, octenes, decenes and dodecenes,

( especially octenes.

Product olefins can be recovered suitably by

25 distillation and further separated as desired by
distillation techniques dependent on the intended end use
of the olefins,

The invention is illustrated in the following

Examples.



of benzene-D6. The solubility of these transition netal conplexes was
confirnmed by the possibility to neasure their NVR-spectra. Deposit

f or mat i onwigpmesgdearidi ng for 24 hour and al so on sone occasi ons upon
centrifugation (at 30 2500 rpm during 30 ninutes) was cheCkEp20886s13{0Wn t O
be absent for the conpl exes categorized as having a solubility of at |east
10 mg/ mi. WD 2005/ 090371 PCT/ EP20057 0%41316 - 57 TRANSI TI ON METAL COVPLEX
AND CATALYST PREPARATI ON Exanple 1 (Conparative) The

2-[1- (2, 4, B33»p}®S hyl phenyl i mi no) ethyl]-6-[1-

4-tert- bugylehen | 111 5 chlorid | 1
E)rep:;ed ;&éﬂx Vbt SR AR ANk RALALRE L LODEL ]02/ 58805 and hap te’ﬁe( ) vas

formul a bel ow. Al ¢henia@all® used Iihspsepabatmblyslﬁei@lpwfiﬁaﬁed)enzene- D6 is

T e R B Pl rssicaion unes

di-temhnbﬂ@yé@h@tbéiwmsdno)ethyI3 pyridine iron[lI] chloride conplex
was prepar ggcordln o the _method described bel ow. Preparation of

4, 6-tri DHRERAY QQﬁ)WgﬁﬁyFPe catalyst systems were

(2

(3, 5-dhrtgsd- Myﬁmwt@da%efahmbkaxékgl n 11(@ 1%\15 xggec& 15 (8)
(2 |ne 1.

i -

(3
Whi
2-
6- 5-

2- 4, 6-trinethyl phenyl i m noyethyl) - 6- acety pyri 4. 64
re

er

, 5-
iC
[1-
[1-
[1
ol ﬁaF%ddék% rés g tg-andeadnprhegddicesl osed in v002128805 and

p
t Anhydrous toluene (99.8% purity) was dried over 4A

)
,5-d

00

molecular sieves (final water content of about 3 ppm).
10 Isooctane (2,4,4-trimethylpentane, 929.8% purity) was

dried by prolonged nitrogen purge, followed by passage

over 4A molecular sieves (final water content of about 1

ppn) . Anhydrous heptane (99.8% purity) was dried by

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

Ethylene (99.5% purity) was purified over a column
containing 4A molecular sieves and BTS catalyst (BASF) in
order to reduce water and oxygen content to <1 ppm.
Propene {(99.0% purity} and l-butene {grade 2.0, i.e

20 99.0% purity) were purchased from Hoek Loos N.V., Dieren,
The Netherlands, l-pentene (99% purity) from Aldrich and
l1-hexene {>99% purity) from Shell Chemicals were used
without further purification.

The oligomers obtained were characterised by Gas

25 Chromatography (GC)}, in order to evaluate oligomer
distribution using a HP 5890 series II apparatus and the
following chromatographic conditions:

Column: HP-1 (cross-linked methyl siloxane), film
thickness = 0.25um, internal diameter = 0.25 mm, length

30 60 m (by Hewlett Packard); injection temperature: 325°C;

detection temperature: 325°C; initial temperature: 40°C



butylaniline (1 g, 4.87 mmol) were dissolved in 100 m of 20 toluene. To
this solution, 4A nol ecul ar sieves were added. After standing for 2 days
the m xt ur eweRsoide205/ 090371 PCT/ EP2005/ 051316 - 58 filtered. The sol vent
was renmoved in vacuo. The residue was washed with nethanoﬁcﬁ@gﬁﬁgﬁﬁ?ﬁgIised
fromethanol. Yield 1.1 g (51% of 2-[I-(2,4,6-trinmethylphenylimno
ethyl]-6-[1-(3,5-di-tert-butyl phenyl i-msaoyet hyl ] pyridine. 5 1H NVR (CDC13) 3
8.43 (d, 1H, Py-HmM, 8.37 (d, 1H, Py-Hm, 7.87 (t, 1H Py-Hp), 7.16 (t, IH,
ArH), 6.89 (for 1BHmiAutds; Gcéfbdfht i p¥ddramhedZ2ats. 3H M), 2.29 (s, 3H,
Me), 2.22 (ip %H Nb%, 2;01,é$ 6H, Me), 1.33 %§’ 18H, But). Preparation of
2-[1-(2, 4, 6- ring{ﬁ§ Bﬁ%ﬁy$} %Oﬁemﬁqﬁﬁqure: 325°C for 41.5 minutes;

611 (3,5 diirkarhabusyiaberyl iaimo)piludddng.i dine ironfl1] chioride
complex, (C) yN,) O~\. OCL d 10 (C) 1In an inert atnosphere a solution
of '400 ng dii m RespeUs@Sbacimty for 2therlevwdinc kindr oddt haneawas—added to 100

mng FeCl2 (Q.,789_mmo ip 30, nd_dichloronethane. The m xture_ 15 was stirred
for 16 hour 1 lgﬁﬁ|%g5n€%%tl ?efﬁ?i;qﬁﬁﬁﬂﬁ§'\ﬁif'r@ﬁﬂvéﬂaﬂﬁ‘EEntrifugation.

Pent ane (40 helxpneasanddedls-tand hers9dLB-iHkent)e aBlUEoRr €aEPHEALERYAS
isolated by filtratjon d dried in vacuo. Yield 0.420 g (90% of iron
conpl ex C.~ J6*EReR (‘&ﬁ%@ﬂdﬂa@?m‘tﬁ%cﬁ@ gngthylglrBuseper, Py-HM), 76.8

(1H, Py-HM redQiivelEh h lbéﬁkéﬁé:gyntéw%hi 18aRd §Hi WE}e 15.2 (2H,
ArM, 0.7 (18H But), -4.1 2005/ 090371 PCT/ EP2005/ 05131
determined using a standard calibration mixture. The

10 response factors of the branched and internal heptenes
( and dodecenes were assumed to be equal to the
corresponding even and odd linear a-olefins.
In case of ethylene oligomerization, the yields of

the Cy4-C3p olefins were obtained from the GC analysis,
15 from which the K-factor and the theoretical yield of Cy4-
Cip0 olefins, i.e. total oligomerization product (Total

Product), were determined by regression analysis, using

the Cg~Cpg data.

.7

In case of oligomerization or dimerization of alpha-
20 olefins, or co-oligomerization of ethylene and alpha-
_ olefins, the yields of the branched and internal, even
(_ and odd clefins were determined by the same GC-method.
The relative amounts of the linear l-hexene amongst
all hexene isomers, the relative amount of l-heptene
25 amongst all heptene isomers, the relative amount of 1-
decene amongst all decene isomers, and the relative
amount of l-dodecene amongst all dodecene isomers found
from the GC analysis is used as a measure of the
selectivity of the catalyst towards linear alpha-oclefin

30 formation.



-59 (3H, MeC=N), -11.5 (iH, ArH), -15.6 (2H, o-ArH), -30.7 (3H, MeC=N). Its
solubility in toluene or benzene-D6 is estimated at <1 ng/m at 20C 5
Exanpl es 3?, 2339 @I rnatively, the catal ysts used in the experinents bel ow
were 2-[1- ? %P rret hyl phenyl i m no) ethyl]-6-[1- PCT/EP2005/051316

(4-ei cosanoxy- 3, 5- dlphenylphenyl|n1no)ethyl] pyridine iron[ll] dichloride
conpl ex, 2-[1-(2,4,6 10 trinethyl phenylS®nino) et hyl ]-6-[1 - (4-ei cosanoxy- 3, 5-
di phenyl phenyl i mi no) et hyl ] pyridi ne cobalt[1l) dichloride conplex,

2-[1-(2,4, 6-trirmehyMpheayki weaodetiaih¢d at room temperature with a

6[1(4e|c ano odiphen h I|mno ethyl] pyridine cobalt[ll]
chl ori de tetr ;¥{§%? f@lb?§[¥bpfﬁg%r%ﬂ%?ﬁ 'S%henyl] borate, 2-(1-(2,4
tr|nethylphenyl|mﬂﬁobr%hhﬁbhlGSblubﬂiﬁtﬁOSﬁnﬂmy'Ek&hs1tlon metal

di phenyl phen I| m no) et hyl | yrldlne chrom u II trichloride_conpl ex,

2,6-bis [1-(%R &P §e eTRIBRENGT pREPYF Y i Qﬁ TRARDLS A0 i5He i ron[11)

di chl osi de Z&Mt@absp%e@ebb&[ kh&4a 8l cgé:anoxy
di phenyl phenyl i m no) et hyl ] pyri di ne_cobal t (11] dlchlorlde conpl ex,

2, 6-bi S[ 1- ( 4- ei cosabf F31idi ﬁﬁ@n}ﬁphﬁﬁ§l¢¢@¢ﬁﬂtQ§eﬂ1ﬁh]Qnﬁwmi o
oo it oA e SPMREK 0" d m axceme, gtongrer) and
3, 5- d|phenylgﬁmmmﬁlswrnﬂeﬂ:hﬂﬁhpyﬁtdrné mmhate[¢f]cmﬁﬂant(hatnmqm éhe which
wer e prepared or d| to t ods, descri bed, bel ow. WD.2Q05/ 090371
PCT! EP2005/ OSI5S & Sh s B8R VSRt SR oRy L MY PR rani | 1 de
Meco Q0O OH it does not result in a coloured solution and the solid
remains deposited, further solvent is added stepwise to a _
final volume of 1.0 ml. If the solvent does not become (
coloured and the solid remains deposited even after
stepwise increase of the wvolume of benzene-D6 to 1.0 ml
15 and standing at ambient temperature for 24 hours, the
complex is categorised as having a solubility <1 mg/ml.
If the solution becomes coloured and 1 mg of the complex
dissolves in about 1 ml of solvent it is categorised as
having a solubility of ca. 1 mg/ml. Likewise, for higher
20 solubility of complexes the amount of complex is
increased to 10 mg or to 100 mg and the practical
solubility is estimated by stepwise {0.1-ml steps)
iﬁcrease of benzene-D6, starting from 0.5 ml. The
solubility of the complexes was confirmed in toluene at
25 room temperature, which yielded results similar to that
of benzene-D6. The solubility of these transition metal
complexes was confirmed by the possibility to measure
their NMR-spectra. Deposit formation upon standing for 24
hour and also on some occasions upon centrifugation (at
30 2500 rpm during 30 minutes) was checked and shown to be
absent for the complexes categorized as having a

solubility of at least 10 mg/ml.



O To 4- hydroxy-3, 5-di phenylaniline (4 g, 15.3 mol) in 30 m of ethanol was
added 1.6 m of acetic anhydride. The reaction was stirred for 16 hours.
The result%ﬂa ? g%%Jure was poured into water. The pink product (6 g) was

i sol ated by IPTCPaP bn, washed with water, dried and usedpcuiEpagusiosisdet her
purification. 1H NVR (CDCl13, selected data) & 5.31(s, OH), 2.16 (s, M).
Preparation of 4-eicosanoxy- 3, 5-di phenyPdcetanilide McO O O ~20HS1 10 0 O

A m xture of 4-hydroxy-3,5-di phenyl acetanilide(6 g), 1-bronpeicosane and 10
g potassiun1éﬁé@éﬁ&ﬂ@ﬂmﬂgThbf¢©MBkEXiANEHE&%H&XSGV@REPBRKQEONG hours. The

reaction nix%&%ﬁgggsl g88ﬁ§9r£9£9 yater. The product was 1solated by 15
filtration, ried. Crystallisation from pentane
yielded 7.2 g of Zhei 2ofanoky4 365t rihaheyndmestidnihiofe casyajwhi{e-sol i d.
1H- NMR (CDC13,, sel ecte a 3, 13(t, 20, .2..17 (s, Me). WD 2005/090371
PCTI EP2005/ 0 fs%gr%- Bﬁgl’g&g%‘é%f%ﬂ‘%w %’Th&ei%@%’ré‘)‘?y;§°ﬁiéi[éhenyl ani | i ne
H2N O G5 MR" Ooﬁloridiocémpléﬁs@DPXWaé”,&éBéﬂhQﬁ?éﬂ&%ﬁhﬁﬂigl kdethé- geBhod@s

e

added 24 ¢ N%QH in 30 M H20 and 40 m et hanol .
isclosed in WO02/28805 and has the formula below:

Yy

fog'g ¥

(&)

Its solubility in toluene or benzene-Dg is <1 mg/ml
at 20°C.
Example 2 (Comparative)

10 The 2-[1-(2,4,6-trimethylphenylimino} ethyl]-6-{1-

(3,5-di-tert-butylphenylimino)ethyl] pyridine iron[II]
chloride complex which was prepared according to the
method described below:

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

6—-[1-(3,5-di~tert-butylphenylimino)ethyl]pyridine, (B)
SO
(k { N N

15 (B)
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-

butylaniline (1 g, 4.87 mmol} were dissolved in 100 ml of
20 toluene. To this solution, 4A molecular sieves were

added. After standing for 2 days the mixture was



resulting mxture was refluxed for 16 hours. The reaction mxture was
poured on ice. The product was isolated by 5 filtration and washed with
water. Crystallisation from ethanol yielded 5.9 g (10.9 nmol) of

4- ei cosanoXY 2P0 phenyl aniline as a white solid. ' H NWRIKIDGISs1 6
7.27-7.63 (m 10H, ArH), 6.67 (s, 2H, ArH) 3.60 (br s, 2H, NH2), 3.09 (t,
2H, CH20), 0.8- 10 1.4 (m 39H, al kyly. 8Pr'eparatlon of
2-[1-(2,4,6-trimethyl phenylimno) ethyl]-

6- [ 1- (4- ei coSEnmeedd, T mhﬂwhpheayl remoogét hy | yacyyr itHenesesidue07/ N C

o 3 Lo By G P RE hnn Bl bl B ST EESR s o aests, “and

4- ei cosanoxy¥feXd 15, Higohignw) asitl anlé5284g6 -~ Pirfe vl phevey Bindinggol ved in 200
m of toluene. To this solution, ecu] ar sjeves vvere added. After

st andi nghf oregh gl Q"h[el‘nﬁ«tsuldé‘\Rﬁ§tf'PPF§}EHeny1rHél%%)lW?ﬁ IR iddmsved in

d 05/ Q903 PCT/ 13 6 |1 d
¥?3‘$°c:§| 6 et hanol R fosdal S08 4E T SRa R s aT o 3%%32 ('esg 0.
8.1 , 6% d,
i m;y“ S P% %F,)t ery, %yw %y @% ﬁpjl_“ Va U?(t Fhﬁ*'v%ﬁlgx;é)&gg( 4H i,

7.1-7.5 (mzﬂﬁfhrWJ‘DG @9@1 (24, Zhd,rné\rH)z 4@ $§ (s, ZMé)AriJZB &,19 (t, 2H,
G20, 2.51 {s %EX (s, 3H' Me 201(3 6H,
Me), 0.8-1.4 I(ImP‘I‘t%)QH 2-a33<y0%r 3 Mhe%%réﬁarﬁ’f‘roﬁebf 1.33 (s

2-[1-(2, 4, 6- Réhrreé‘wg phenyl imno) ethyl]-

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

6-[{1-(3,5-di~tert-butylphenylimino}ethyl]pyridine -

iron{II] chloride complex, (C)

-4
o [/
R
P
o )

; z:

10
(<)

In an inert atmosphere a solution of 400 mg diimine

{0.855 mmol) in 20 ml dichloromethane was added to 100 mg
FeCl, (0.789 mmol) in 30 ml dichloromethane. The mixture

15 was stirred for 16 hours. A small amount of precipitate
was removed by centrifugation. Pentane (40 ml) was added
to the solution. The blue precipitate was isolated by
filtration and dried in wvacuo. Yield 0.420 g (%0%) of
iron complex C.

1g-NMR (C12CDCDCl2, broad signals) 8 78.6 (1H,

20
Py-Hp), 76.8 (l1H, Py-Hp), 29.7 (1H, Py—Hp), 20.9 (3H,

 Me), 18.3 (6H, Me), 15.2 (2H, ArH), 0.7 (18, Bub), -4.1



6- [ 1- (4- ei cosanoxy- 3, 5-di phenyi phenylimno)ethyl] pyridine iron[ll]

di chl oride conplex, (E) OOci c+ 0c2d+" O (E) 10 In an inert atnosphere a
sol ution ofvﬁogmgﬁ@%q- described diimne (D) in 20 m dichl oronmethane was
added to 788 ny Fe &in 30 m dichloronmethane. The m xt ur @ecwasrodles{s;8d for
16 hours. The solution was filtrated, and the solvent was renoved in vacuo.
The resulting green 15 bl ue product was S®ashed with pentane, isolated by
filtration and dried in vacuo. Yield 59 (86% of iron conplex E. 1H NWR
(CD2C1 2, brod@Hsi Ye8FY) ,selbcbedldatmyHB, 8115 6 ((BH, Ry-AMH), 86057(1H,

Py- HM , 21.1(§%H,M¥§LN 17.3 (6H, 20 Me), 16.0 (2H, ArH), 0.21 OR, M),
-13.8 (2H, ArH), - O.A'(3H, Me). WD 2005/090371 PCT/ EP2005/ 051316 - 63

Its solubility inItsl setebbiibgnienesBens @StHamicad—-Dat i §aesbindddrl at
20C. Exanpl e Pr.epar,ati o eR-[1-(2,4,6-trinmethvl phenylimno)ethyl)-6-

[ 1- (4- ei cosarf f?3%§!8'pﬁgn§§ %Enylinino)ethyljpvridine cobal t[I1]

di chl orfde canp®ies(B)-1p0O /COQ OCl C OC20#41 O 5 (F) In an inert

at nosphere a sdTu%hon of T.44

1.79
ternatlvely9 éhe catalysts used in the experiments

below were 2-[1-(2,4, 6~trimethylphenylimino) ethyl]}-6-[1-
(4-eicosanoxy-3,5-diphenylphenylimino)ethyl] pyridine
iron{II] dichloride complex, 2-{1-(2,4,6-

10 trimethylphenylimino)ethyl}-6-[1-(4-eicosanoxy-3,5-

( diphenylphenylimino)ethyl]pyridine cobalt[II] dichloride
complex, 2-[1-(2,4,6-trimethylphenylimino)ethyl]-
6-{1~-(4~eicosanoxy-3, 5-diphenylphenylimino)ethyl]
pyridine cobalt[II] chloride tetrakis[3,5-

15 bis[trifluoromethyl}phenyl] borate, 2-{1-(2,4,6-
trimethylphenylimino) ethyl]-6-{1-(4~eicosanoxy-3,5-
diphenylphenylimino)ethyl] pyridine chromium[III]
trichloride complex, 2,6-bis [l-(4-eicosanoxy-3,5-
diphenylphenylimino)ethyl]pyridine iron{II] dichloride

20 complex, 2,6-bis[1-(4-eicosanoxy-3,5-
diphenylphenylimino)ethyl]lpyridine cobalt[II] dichloride
complex, 2,6-bis[l~(4-elcosanoxy-3,5~-diphenylphenylimino}

(n ethyllpyridine chromium{III} trichloride complex and 2-
[1-(2-tert~butylphenylimino)ethyl]-6~-[1~(4~eicosanoxy-

25 3,5-diphenylphenylimino)ethyl]pyridine cobalt[II]
chloride complex, which were prepared according to the

methods described below:



mml) diimne D, (Mes/Sol20), in 10 m dichl oronethane was added to 220 ny
Cod 2 (1.69 mmol) in 10 m dichl oronet hane. The m xture was stirred for 16
hours. 10w t& O&Eg{ratlon the solution was concentrated by renoving.-part
of the sol vent |n vacuo. The product was precipitated fr@griErecosos1siéi ng
solution (-5m) by addition of 15 m gnt ane. The yell ow brown solid was

i sol ated by centrifugation, washed wi Th”pentane and dried 15 in vacuo. Yield
1.25 g (79% of cobalt conplex F. 1H NWR (CD2C12, broad signals, selected
data) 5 106EEepaxetImn i : S-Byphepyla dey-Hp), 11.8 (3H,
Me), 3.4 (2H), 29(4H) 01(2H) -0.2 (2H), - 07(2H) -1.5 (2H), -1.8
(2H), -2.4 (2H), -10.5 (3H, 20 M), -16.6 ( Me), -60.9 (2H, ArH). Its
solubility in toluene or benzene-&gols €sSti d at 50 ng/mM at 20C. WO
2005/ 090371 PCT/ EP2005/ 051316 64 Its iMty in toluene or benzene-D6 is
estimated at ca. 50 ng/m at 20C. Exa 4 Preparation of 2-[1-(2,4,

6-tri met hyl phenyli m no)ethyl]-6- oH
[ 1- (4- ei cosanoxy- 3, 5-di phenyl phenyl i m thyl]pyridine cobalt [I11)

di chl oride conmplex, (F) 0 C d QOC201q, 5 (F) In an inert atnosphere a
solution of 1.44 g (1.79 mol) diimne D, (Mes/Sol 20), in 10 n

di chl or onet hane Mas4EMMﬂxbxxrSEﬁ}dhpth®lan¢llﬁe tdob) 1H.30mmdl) in
dlchloronethgae ﬁ n% tur d.fo ? oug 1$ Aft r f||trat|on
the sol uti on Mes cBhce d”"ﬁ/ ﬁg aPt BFSFRE 3B \‘?‘é’ﬁ’t 1 vacuo. The

product was The reaction was stlrred for 16 hours. The resulting

5 mixture was poured into water. The pink product (6 g) was
isolated by filtration, washed with water, dried and used ("
without further purification.

1H-NMR (CDCls;, selected data) 8 5.31(s, OH), 2.16
(s, Me).

Preparation of 4-eicosanoxy-3,5-diphenylacetanilide

10
A mixture of 4-hydroxy-3,5-diphenylacetanilide(6 g},
l-bromoeicosane and 10 g potassium carbonate was refluxed
in acetone (70 ml) for 16 hours. The reaction mixture was (
poured into water. The product was isolated by
15 filtration, washed with water and dried. Crystallisation

from pentane yielded 7.2 g of 4-eicosanoxy-3,5-

diphenylacetanilide as a white solid.
1p-NMR (CDCl3y, selected data) & 3.13(t, CHp0), 2.17

(s, Me).



precipitated fromthe resulting solution (-5m) by addition of 15 m

pent ane. The yellow brown solid was isolated by centrifugation, washed with
pent ane and“@ﬂﬂ%gmé'o&:i'éf n vacuo. Yield 1.25 g (799 of cobalt conplex F.

1H NVR (CD2C12, broad signals, selected data) 6 106.5 (1HpCEEPIp/051305. 6
(1H, Py-Hm), 12.8 (1H, Py-Hp), 11.8 (3H_. M), 3.4 (2H), 2.9 (4H), 0.1 (2H)
-0.2 (2H), - 0.7 (2H), -1.5 (2H), -1.8‘65+W, -2.4 (2H), -10.5 (3H, 20 M),
-16.6 (6H, M), -60.9 (2H, ArH). Its solubility in toluene or benzene-D6 is
esti mated atPEEpanFlfcorac2dCeiwos 2008y 09037di BIGIHERAN0S/M51316 65 Exanple
5 Preparation of 2-[1-(2,4, 6-trinethylphenylimno)ethyl]-

6- [ 1- (4- ei cosanoxy- 3, 5- di phenyl phenyl i m ngfefihyl] pyridine cobal t[I1]
chloride tetrakis[3,5- bis[trifluor0f enyl] borate, (G In an inert
at nosphere a 313 ng (0.353 mmtl) of
tetrakis[3,5-bis(trifluoronethyl)phenyl | bdfdte (ABCR GrbH & Co, Karl sruhe,
CGermany) was added to a solution of Gﬁang (0.353 nmmol ) cobalt conplex F in
200 M 5 toluene. The solution was stirtgd for 1 hour at room tenperature.
After renoving the precipitate by centrifugation, the solvent was renoved
in vacuo. The resifl t4 % OFRIREY - dadnetPRerveacstrasi Miden (Jert dhewaaft er
drying in va t s i g0l d | 1 0w 1 olid (560 ng,
90% . Its sol(\ﬁtjatgjilelcit'?;Q/1 %%gﬁuéﬁgggrﬁgeﬁgnaeﬁémg? éﬂesﬁﬁﬂag{&eld %gt% ca. 10 mg/ m
at 20C. Examtessfl fAnmgpaiiatiued ehs2réfiqled, foit rigmidudphamy irghee)oat hyl ] -

6-[ 1- (4-ei cosanoxy- 3, 5-di phenyl phenyl i mi no) et hyl ridine chrom 11
trgchforihe @%ﬁﬁ{ Wqﬁlagureé gn ige[ The)pro ugt Jggli;olated by unt )

(' 5 filtration and washed with water. Crystallisation from
ethanol yielded 5.9 g (10.9 mmol) of 4-eicosanoxy-3,5-
diphenylaniline as a white solid.

'H~-NMR (CDCl3) & 7.27-7.63 (m, 10H, ArH), 6.67 (s,
2H, ArH), 3.60 (br s, 2H, NH), 3.09 (t, 2H, CHp0), 0.8~
10 1.4 (m, 39H, alkyl).
Preparation of 2-[1-(2,4,6-trimethylphenylimino) ethyl]-

6-[1-{4~-eicosanoxy—3, 5~diphenylphenylimino)ethyl]

pyridine, (D}

(D)
2-[1-(2,4, 6-trimethylphenylimino) ethyl]-6-acetyl

pyridine (3 g, 10.7 mmol ), prepared according to the
method disclosed in W002/28805, and 4-eicosanoxy-3,5-

15 diphenylaniline (5.8 g, 10.7 mmol) were dissolved in 200
ml of toluene. To this solution, 4A molecular sieves were
added. After standing for 1 day the mixture was filtered.

The solvent was removed in vacuo. The residue was



0O C~~1't fl ROcrch Oo-cnH, O (H 15 1In an inert atnosphere a
solution of 439 ng (0.54 mol) diimne Din 10 m dichl oronet hane was added

to 195 ngéﬁgza% g&ﬁ%) chromuni111] chloride tetrahydrofuran conpl ex,
CrC13(THF) 3 T'n o] di chl oronet hane. The m xture was st ipOTagp2b@osfzipour s.
The sol ution was WD 2005/ 090371 PCT/ EP2005/ 051316 66 filtrated. The

sol uti on was concentrated (5m) by rem¢ing sol vent vacuo. Pentane (20 m)
was added. The - resulting green precipitate was washed with pentane and
dried in vac@sys¥edild sedagreB0oplofetimnalv dhieuproauaitexp, wal. Its

solubility in_taql e_qor _benzene- IS esfimated , at ca. 1 nog/m at 20C.
Preparation of - ?%%Qbﬁg[i-¥ifg?%o§§%% -3&%E96¥pﬁ%ﬁ§WEﬂengﬁﬁnﬂnéfter

et hyl ] pyri di myifd) akl 60HIC QrORQC2DHA1L O O 10 (J) Diacetyl pyridine
(1.43 g, 8.77 mmol and 4- eicosanoxy- 3, 5-di phenylaniline (9.5 g, 17.53
mol ) were di ssolViefMRn (4D001pt &8 i48 uewb. 1Ho Eyr8yS0l,uBi.8A, (dk 1Bpl ecul ar
si eves re added. After standing for 1 week, 15 further 4A nol ecul ar sieves

were added arfd 1md rmilxBdr 4t a8, f PYThpled. ! Mokt (bf 4the Adllvertt- Inds 5r enoved i n
vacuo. On standng, 2,8 PReChPLL At Mg o Bhs TS B0y T 1o

{t, 2H, CH0), 2.51 (s, 3H, Me), 2.29 (s, 3H, Me), 2.22

(s, 34, Me), 2.01 (s, 6H, Me), 0.8~1.4 (m, 39H, alkyl).

Example 3

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

6-[1-(4-eicosanoxy-3, 5-diphenylphenylimino)ethyl] (o
pyridine iron[II] dichloride complex, (E)

(E)

10 © In an inert atmosphere a solution of 5 g above~

described diimine (D) in 20 ml dichloromethane was added
to 788 mg FeCl; in 30 ml dichloromethane. The mixture was
stirred for 16 hours. The solution was filtrated, and (
the solvent was removed in vacuo. The resulting green

15 blue product was washed with pentane, isolated by
filtration and dried in vacuwo. Yield 5g (86%) of iron

complex E.
1H-NMR (CD3Cls, broad signals, selected data) § 81.4
(1H, Py-Bp), 80.5 (1H, Py-Hp), 21.1 (3H, Me), 17.3 (6H,

20 Me), 16.0 (2H, ArH), 0.21 (3H, Me), -13.8 (2H, ArH), -
30.4 (3H, Me).



was isolated (5.52 g, 51%). 1H-NWR (CDC13) 8 8.35 ( d, 2H, Py-Hm), 7.88
(t, 111, 20 Py-Hp), 7.66 (d, 811, ArH), 7.3-7.5 (m 1211, AW, 6.86 (s,
411, ArH), v%%é@’& 411, CH20), 2.50 (s, 611, Me), 0.8- 1.4 (m 3911,

al kyl). 588371 PCT/ EP2005/ 051316 67 Exanpl e 7 Pirem®miosms1ntg

2, 6- bi s[ 1- (4- ei cosanoxy- 3, 5- dlphenylphenylln1no) ethyl]pyridine iron[I1]
dICh|OI’Ide complex, (R O H, OCnH4&-8 O C ~CO OO CZH41 O (K) In an
i nert atnosphere a solution of 4g (3.3 mol) diimne J in 20 n

di chl or onet hane wad$sadddubibiuy AmytoBudrd: dumbeinzefeCD? i 26titated

di chl or onet hape;Th ostirred for 48 hours. The purple blue

sol ution mas%Q trggghéyﬁ%e SO ve%t was renoved in vacuo. The resulting
dark oily pré@@gEL____mashed with pentane and dried in vacuo. Yield 3.5g
(79% of theﬁ ron | selected dat a)
8 70.5 (2H ehasane otk y in

t ol uene or bqaz&meeEGoBSnéﬁygjmﬁiﬁhpﬁﬁnjﬁbhéﬂ%lﬂmﬁbﬁbe@hy2@§§rE&§HPle 8 C
Preparation of 2, 6- bls[T’ 4-e|cosanoxy-3*5 di phenyl phenyT | m nojJethyl ]
pyri di ne cob&CR2pE LT, ‘ : FRED -5 3

5 (F)
In an inert atmosphere a solution of 1.44 g (1.79

mmol) diimine D, (Mes/S0l20), in 10 ml dichloromethane
was added to 220 mg CoCl,; (1.69 mmol) in 10 ml
dichloromethane. The mixture was stirred for 16 hours.

10 After filtration the solution was concentrated by
removingzzpart of the solvent in vacuo. The product was
precipitated from the resulting solution (~5ml} by
addition of 15 ml pentane. The yellow brown solid was

(ﬁ isolated by centrifugation, washed with pentane'and dried
15 in vacuo. Yield 1.25 g (79%) of cobalt complex F.

lg-NMR (CD»Cls, broad signals, selected data) &
106.5 (1H, Py-Hp), 105.6 (1H, Py-Hy), 12.8 (1H, Py-Hp),
11.8 (3H, Me), 3.4 (2H), 2.9 (4H), 0.1 (2H}, -0.2 (2H), -
0.7 (2H), -1.5 (2H), -1.8 (2H), -2.4 (2H}, -10.5 (3H,
20 Me), ~-16.6 (6H, Me), -60.9 (2H, ArH).
Its solubility in toluene or benzene-Dg is estimated
at 50 mg/ml at 20°C.



O 15 (L) WD 2005/090371 PCTI EP2005/051316 68 In an inert atnosphere a

sol ution of 40 mg (33 pnol) diimne ain 2 m dichloronethane was added to
4 ny coc%g E'nixture was stirred for 5 hours. The solution was
filtrated. ‘?H 803880378t was removed in vacuo. The 5 produdCHERZOOMSAEE wi t h
pentane and dried in vacuo. Yield 25 ﬂb of the cobalt conplex L. | H NWR
(CeD6, broad signals, selected data) 8 103 (2H, Py-Hm, -10 (6H M), -50
(4H, ArH). Its solubility in toluene or benzene-D6 is estimated 10 at ca.
100 mg/ m at 20C. 1ERafplebdlBEephe diqloierst oF, bepizene—D4- b% coshimaded, 5-
dlphenylphengklghnoboeéayﬁlpyflggﬂ@.chronlun[III] trichloride complex, (M
c'6 o, CH4l1-- In an inert atnosphere a solution of 0.84 g (
0.92 15 WWDEEEEEEELﬁe Jin 10 m dlchloronethane was added to 0.25 g (0.66
nmol ) CrClB(¥HF Nl S i ,t red for 4
hours. The sefd HHtatet—The—Sordti o was—cofeen ml) by
renovi ng solwanu4ve¢nosaﬂen aaesfafpmédylﬁhenyﬂﬂﬂind}h&h&g]p@&ﬂﬁﬁhag green
precipitate wa ﬁ? th pentane a d drjed in vacuo. Yield 0.6g (84% of
t he chroniunﬁﬁ%ﬁﬁ@jg——$zﬂﬁi&$—§%é5h52$é;5§4+4§;-uene or benzene-D6 is
estimated at ca. 50 ng/m at 20C 05/ 090371 PCT/ EP2005/ 051316

5 (F)

In an inert atmosphere a solution of 1.44 g (1.78
mmol) diimine D, (Mes/S50120), in 10 ml dichloromethane
was added to 220 mg CoCl; (1.69 mmol) in 10 ml
dichloromethane. The mixture was stirred for 16 hours.

10 After filtration the solution was concentrated by
renovingwpart of the solvent in vacuo. The product was
precipitated from the resulting solution (~5ml) by
addition of 15 ml pentane. The yellow brown solid was
isolated by centrifugation, washed with pentane'ahd dried

15 in vacuo. Yield 1.25 g (79%) of cobalt complex F.
15-NMR (CDoCls, broad signals, selected data) &
106.5 (1H, Py-Hp), 105.6 (1H, Py-Hp), 12.8 (1H, Py-Hp),
11.8 (3H, Me), 3.4 (2RH), 2.9 (4RH), 0.1 (2H)}, -0.2 (2H), -
0.7 (2H), -1.5 (2H), -1.8 (2H)}, ~-2.4 (2H), -10.5 (3H,
20 Me), -16.6 (6H, Me), -60.9% (2H, ArH).
Its solubility in toluene or benzene-Ds is estimated
at 50 mg/ml at 20°C.



69 Preparation of 2-[l-(2-tert-butyl phenylimno)ethyl]-6-[1-

(4 ei cosanoxy- 3, 5- di phenyl phenyl i m no) et hyl ] yridine (NN NO N OCVM41
2-[1- 8@?%3'1 butyl phenylim no)ethyl]-6- 5 acetyl pyridine (487 ng, 1.65

mml) pre W84 ding to the method _described in WO 0RCEEBOMS/0513a6

4- ei cosanoxy- 3, 5-di phenyl aniline (900 6ﬁg 1.65 mmol) were dissolved in 50

m of toluene. To this solution, 4A nolecular sieves were added. After

standing for 1 day the m xture was 10 filtered. The sol vent was renoved in

vacuo. The r&%a®Ede was crystallised from ethanol . The product N was

i sol ated as @b Bldi QWS Qe 8-(900208, GQtZ§m 13) S 8.38

(dd, 2H, Py- - (t, 2H,

CH2O), 2.52 §§[1("s£4;'ﬂﬂ, ogEnoXy - 395¢di EB@yMen}gl@gg@ etdiyl 1;-Bu) 0. 8-

3
%-[Ff?z-?ir“t- e REMDRLO 119 PLERRCALI B0 Rlxis (3,5~

(4- ei cosanoxypi¥k B=wifihememettégy) pheng) gt hUt@yr '(@i ne cobal t [.I ] chloride
conpl ex, (0) WO 2Q05/09Q371 PCJ/ EP2 05/0513%? ﬁ% o041 O
(0) In an inert atibPhePETL 86PATPBRTS 2366 o (0t %65 rﬂ’ﬂﬂ )(ﬂlmne Nin

10 mi di chl orsyehfienetvkiad@e6-b@s40rifluoromethyl) phenyl]lborate
{ABCR GmbH & Co, Karlsruhe, Germany) was added to a

solution of 330 mg (0.353 mmol) cobalt complex F in 20 ml
5 toluene. The solution was stirred for 1 hour at room
( temperature. After removing the precipitate by
centrifugation, the solvent was removed in vacuo. The
resulting oil was washed three times with pentane. Afterx
drying in vacuo, the product was isolated as a yellowish
10 solid (560 mg, 390%).

Its solubility in toluene or benzene-D¢g is estimated
at ca. 10 mg/ml at 20°C.

Example 6
Preparation of 2-{1-(2,4,6- trlmethylphegyllmlno) ethyl] -

p=-fl~(4~eicosanoxy-3, 5- dlpheny;pheny;lmlno)ethy;]

pyridine chromium[IIT}] trichloride complex, (H)

(E)
15 In -an inert atmosphere a solution of 439 mg (0.54

mmol) diimine D in 10 ml dichloromethane was added to 195
mg (0.52 mmol) chromium({III] chloride tetrahydrofuran

complex, CrCl3{(THF)3 in 10 ml dichloromethane. The

mixture was stirred for 4 hours. The solution was



5 ng COC12 (0.308 mml) in 5 m dichloronmethane. The m xture was stirred for
16 hours. After filtration the solution was concentrated by renobving part
of the solvent in vacuo. The product forned a jelly after addition of 10

m pent aneVOPPHEBEsul ting solution (-2nl). A yel | owi sh BRO/EPmMes0sold d Was
i sol ated by centrifugation, washing w 6h pentane and drying in vacuo. Yield
234 ng (80% of the cobalt conplex O 1H NVR(C6D6, broad signals, selected
data) 8 113 (1H, Py-Hm, 112 (1H Py-Hm, 18 (1H, Py-Hp), -10.8 (9H 15
t-Bu), -56.0fddRraged) Thg5selyliipn Avdd cdreemoialisd i tifmln bel uene or

benzene-D6 | I mat o C. ampl e 11 ( arative)
Prepar ati on g¥£§&%§%rgg§Y%gﬁE? §?§62€%§Eq¢%k3 mﬁﬁ(ﬂ%ﬁqfééﬁﬂ- 570 g (40.6
nmol ) 4- hydr mepultieghygraan| pnecipst 20 tdeeiwayhdd whith menthanghdt o give a
cl oudy, pale pr.ange suspensjon, .To { he irred mxtuyre was added dropw se
4.0 WD 2005/ lﬁcfPEE?oog%6%§3€6£97&5&%’(QE:?Hi G ORI CPIRA 8K ¢
anhydri fle, causing the suspension to dissolve. The solution was |eft
stirring overnight. Al volatiles were subsequently renoved under reduced
pressure at 80 C, 1Sl SOWBRLBYLY apR dtabetih PRiRenznroPsniswastimated | oned by
dryi ng under Magidum; R49n19a¢58pe yield) light brown solid recovered.
Preparation of 4-eicosanoxy-2-nethylaniline 0 Il H NC M

Preparation of 2,6-bis[l-{4-eicosanoxy-3, 5-

diphenylphenylimino) ethyllpyridine, (J)

N

Q Q

10 {(J)
Diacetylpyridine (1.43 g, 8.77 mmol } and 4-

eicosanoxy-3,5-diphenylaniline (9.5 g, 17.53 mmol) were
dissolved in 400 ml of toluene. To this solution, 4A
molecular sieves were added. After standing for 1 week,
15 further 4A molecular sieves were added and the mixture
was. filtered. Most of the solvent was removed in vacuo.
On standing a red precipitate was formed. The product, J,

was isolated (5.52 g, 51% ).
lp-NMR (CcDCl3) & 8.35 ( d, 2H, Py-Hp ), 7.88 (t, 1H,
20 Py-Hp), 7.66 (d, 8H, ArH), 7.3-7.5 (m, 12H, ArH), 6.86
(s, 4H, ArH), 3.19 (t, 4H, CH50), 2.50 (s, 6H, Me), 0.8-
1.4 {(m, 39H, alkyl).



OC20H41 1.51 g (9.1 mml) 4-hydroxy-2-nmethyl acetanilide was dissolved in
100 mM acetone. To this was added 6.54 g (45 10 nmmol, 5 eq.) potassium
carbonate, _and the resulting suspension stirred vigorously. To this was
added 3. 65%P 29986%B7hmpl ) 1-bronpei cosane, and the reacti @OT/HPEG0LHEIZNES

then heated to reflux for 22 hours. Afté€r cooling to room tenperature, 500
m dei oni sed water was added and the 15 solution stirred vigorously. The
suspension was filtered under vacuum and the white solid forned was dried
under vacuunBaamgbe J overnight. 3.72 g of the product (a white powder) was
recovered (92P00 Lg P Jian of -_gicosanogg- -nethylaniline H .. H
OC20H41 20 9 6 " i SHBEY dtanilide was slurried

in a sol uti ondophdfyBplger(¥l 4G el )et:h?gi]gg%ih!ﬁléoxi:dﬁ[trl] i edivat®r and 40
m et hanol . Under_ WO 2005/ 090371 P stirring 1t was

heated to reff—@ﬁﬁnﬁ—k—@w refluxing for 40 hours. The resulting two-phase
liquid systemwas cooled and poured ove

Filtration of the white solid product
wat er afforded a product, whi ¢@‘

U/ asa

00 mM crushed ice, and stirred.
ashing with 2 5 x 25 nl dei oni sed
‘ gcuum oven (5.4 g, 67 %

yield). Preparation of 2,6-bi :1le ﬁ
methylphenylirrino)ethyl]pyrigi‘iﬁqg0 .igﬁg? :r‘h_g;QFMi CcCo 10.0 g (25
nmol ) 4- ei cosanoxy- 2- met hyl ani I'i ne react eg ungef stirring with 2.3 g

(14 nmol) 2,6

(K)
In an inert atmosphere a solution of 4g (3.3 mmol)
( diimine J in 20 ml dichloromethane was added to 419 mg
5 (3.3 mmol) FeCl; in 20 ml dichloromethane. The mixture

was stirred for 48 hours. The purple blue soclution was
filtrated. The solvent was removed in vacuo. The
resulting dark oily product was washed with pentane and

dried in vacuo. Yield 3.5g (73%%) of the iron complex K.
10 1g-NMR (CgDg, broad signals, selected data) 6 70.5
{2H, Py-Hpy), -13.4 (4H, ArH), -26.2 (6H, Me).
Its solubility in toluene or benzene-Dg is estimated
at ca. 100 mg/ml at 20°C.

Example 8
(_ Preparation of 2,6-bis[l-(4-eicosanoxy-3,5-

diphenylphenylimino)ethyllpyridine cobalt[IT] dichloride

complex, (L)

3@

C

@ LN
{ © o-
\CI CaoHay

CEQH41—0 c

©

15 (L)

.

T Y e



10 diacetylpyridine in the presence of 29 g 4A nolecular sieves in 250 m
of refluxing toluene for 20 h. Subsequently the conpound was filtered while
hot, and _volatiles renoved fromresi due under reduced pressure. It was

t hen washe¥OMUSHHBL et hanol (300 ni) to give a 15 yel | owcantrgososilgh was
dried in the vacuumoven (9.1 g, 69 %yield). 1H NVR (CDC13 after

di ssolving by heating) S 8.37 (d, 2H, Py-HM, 7.86 (t, 1H, Py-Hp), 6.82 (d,
2H, ArH), 6.75 (dd, 2H, ArH), 6.61 (d, 2H, ArH), 3.95 (t, 4H, 20 CH20,

(i 6 MB) - MO 2005000371 PCT| ERP008) Ol 73 Breparation ot 1 022
t, , ) reparati on o

2, 6-Dbi s[| -(4-°1é1'1€‘&§‘§neS’xfz?2-Z 'Prﬁtc‘#y‘? STHANS &asy BANRS &Pné MPon[11]
chloride comploy.0The- mixtOr&lwis 2 RUBIrQ & GrAHL Thi0sBYuLon2 Mol )
2, 6- bi s[ 1- (4- ei cosanoxy-2- net hyl phenyl i mi no) et hyl ] pyridine was reacted
under stirrivwag Wiitlhkrdbedy THhe 28clwemt) weellhitniavelD iml vacdiochlfhgonet hane in

the dryc.box for 16 hours at, anbient tenperatuye, .The . .resulting_green
suspen5|5on whs O%Pg tr"'faﬁuagat,]egﬁ‘ﬁl%ep% het tdr&ggaﬁpeaécv&'a?g?ig wer e

t hen renoved 2inaer ofedheedopatsstsmplex alford a green powder (54 ng, 42 %
yield). 10 1H NVR_(CD2Cl12, broad signals, selected data) 6 78.2 (2H,
Py-HT), 39 and 31 JErMMRPYCEPY, Y80&d asmigrifls (sBHectideAdptad0soladd 41. 2 (2H,
ArH), -22.7 and -26.1 SGH, Me). Its solubility in toluene or benzene-D6 is
estimated at{Zdy Fyr#m)at ~20C(6H, Me),-50 (4H, ArH).

Its solubility in toluene or benzene-Dg is estimated

10 at ca. 100 mg/ml at 20°C.

Example 9
Preparation of 2,6-bis[l-(4-eicosanoxy-3,5-

diphenylphenylimino) ethyllpyridine chromium[III]

trichloride complex, (M)

Q Q

(25)
In an inert atmosphere a solution of 0.84 g ( 0.92

15 mmol) diimine J in 10 ml dichloromethane was added to (

0.25 g (0.66 mmol) CrCl3(THF)3 in 10 ml dichloromethane.

The mixture was stirred for 4 hours. The sclution was
filtrated. The solution was concentrated (5ml} by
removing solvent vacuo. Pentane (20 ml) was added. The
20 resulting green precipitate was washed with pentane and

dried in vacuo. Yield 0.6g (84%) of the chromium complex
M.

Its solubility in toluene or benzene-Ds is estimated
at ca. 50 mg/ml at 20°C.



Exanpl e 12 Preparation of 2,6-bis[1-(2-nmethyl-4-eicosanoxy-5-

i sopropyl phenylimno) ethyl] pyridine 15 N C HnO O C H41 The title conpound
was prepa\/&g{%g‘é’g ondensatlon of 2-nethyl - 4- ei cosanoxy-5-i sopropyl ani |l i ne
with 2,6 PGE871 PCT/ EP2005/ 051316 74 di acet yl pyr ipdimep200s/dsiie
presence of 4A nol ecul ar sieves in reffuxing toluene for 20 hours,

similarly to the preparation of 2,6-bis[1-(4-eicosanoxy- 2-

met hyl phenyl i m no) et hyl ] pyri di ne, described above. 5 To that end

2- met hyl - 4- hyRirepar &t icopDRA [ri (2-tertFbuayl phbayifaihSpeesy 1 P tiechpar k
30, 2628 XH Dejf o t /I - 4-el_ cosanoxy-
5- |sopropyIaE? éic e e . 4 ééﬂﬂi&aﬁgl

al kyl ati on of the hydroxy group by reactlon 10 mnth 1- bronDelcosane and
finally by renoval of the acetyl gr oLy of ami de functional group, simlarly
to the above- described prepara |on ..‘. ei cosanoxy- 2-net hyl ani | i ne. 1H NWR
(CDC13) S 8.38 (d, 2H, Py-Hm, | , 6.72 (s, 2H, ArH), 6.56
(s, 2H, ArH), 3.95 (t, 15 4H, CH) 2.36 (s, 6H M),
2.11 (s, 6H M), 1.78 (m 4H) ! : b , Me), 0.88 (t, 6H M).
Preparation of 2,6-bis[1-(2- | - 4-ei cosahoy-5 ' F
|sopropylphenyI|nlno)ethyl]pyrldlne inn (11)[di &f#4ride cif 1 cl CL CnH ~
O CFiri 20 The iron conplex was prepared fraﬁ~2 6- bi stl-(2-
nethyl-4-eicosanoxy-5-isopropy|phenylinino) hyI] pyridine and FeCl2 in

di chl or onet hane.

(N)
( 2~[1-(2-tert-butylphenylimino)ethyl] -6-
5 acetylpyridine (487 mg, 1.65 mmol), prepared according to

the method described in WO 02/28805, and 4-eicosanoxy-
3,5-diphenylaniline (900 mg, 1.65 mmol) were dissolved in
50 ml of toluene. To this solution, 4A molecular sieves
were added. After standing for 1 day the mixture was

10 filtered. The solvent was removed in vacuo. The residue
was crystallised from ethanol. The product N was isolated
as an yellow solid (600 mg, 0.73 mmol, 44%).

ly-NMR (CDCl3) & 8.38 (dd, 2H, Py-Hpy), 7.90 (t, 1H,
Py—Hp), 6f5-7.7 (m, 16H, ArH), 3.21 (t, 2H, CH20), 2.52
15 (s, 3H, Me), 2.40 (s, 3H, Me}, 1.37 (s, 9H, t-Bu), 0.8-
(- 1.35(m, 39H, alkyl).
Example 10

Preparation of 2-[1l~(2-tert-butylphenylimino)ethyl]-6-{1-

[4—eicosanoxy—3,5—diphegylphenylimino)ethyl}pyridine
cobalt{II] chloride complex, (0O)

"y



1H- NMR (CD2C12, broad signals, selected data) S 75.9 25 (211, Py-Hm, 42.0
and 41.2 (1H, Py-Hp), 21.3 and 20.2 (6H MAr), -12.4 and -20.9, (2H, ArH),
-26.0 (6H Nﬁ&. WD 2005/ 090371 PCT/ EP2005/ 051316 75 After renoving the
co2C12 t h&VPPBS0237 s soluble in CBD6: 1H NMVR (very broRETaEiRgousisisisel ect ed
data) 3 65 (Py-Hm, 23 (MeAr), -37 (M8). Its solubility in toluene or
benzene-D6 is estimated 5 at ca. 10 ng/m at 20C. Exanple 13 (Conparative)
Preparati on of 4-propoxy-3 5-di phenylacetanilide MCONH O O O A m xture of
4- hydr oxy- 3, 5- di phenyl acet ani |l i de = 1- br onmopr opane (1.4g) and 4.8
g potassium carbonate was re . ACE Q m) for 16 hours. The
reaction m xture was poured intjo wa fhe procab was isol ated by
filtration, washed with wat er -aRd ANPAS g of

4- pr opoxy- 3, 5- di phenyl acet ani @’ @ CDC13) S 7.1-7.7(m ArH)
3.10(t, 2H, CH20), 2.14 (s, Mgy, 1.96 ¢m 2H "®B), 0.49 (t, 311, M).
Preparati on of 4-propoxy-3,5-di phenylanilipestZN O O 0 20 To

4- propoxy- 3, 5-di phenyl acetanilide (3.8 g) W added 22.5 g NaOH in 30 m
H20 and 40 ml ethanol. The resulting nixQB' was refluxed for 16 hours. The
reacti on WO 2005/ Q90371 ,PCT/ EP2005/ 051316 6. m xtur S _poure n ice. The
product was i sol a&é‘d a0s 108 T RFEPPRE I el 1 P ' 3th ?/étagfb g u(o_gsg

mmol) diimine W in 10 ml dichloromethane was added to 40

5 mg CoCls (0.308 mmol) in 5 ml dichloromethane. The

mixture was stirred for 16 hours. After filtration the
sclution was concentrated by removing part of the solvent (
in vacuc. The product formed a jelly after addition of 10 |
ml pentane to the resulting solution {~2ml). A yellowish

10 brown solid was isolated by centrifugation, washing with
pentane and drying in vacuo. Yield 234 mg {80%) of the
cobalt complex O.

1H-NMR (CgDg, broad signals, selected data) & 113
(1H, Py-Hy), 112 (1H, Py-Hp), 18 (1H, Py-Hp), -10.8 (SH,
15 t—Bﬁ), -56.0 (2H, ArH), -85.6 (1H, ArH).
Its solubility in toluene or benzene-Dg is estimated

at ca. 50 mg/ml at 20°C.
Example 11 (Comparative)

Preparation of 4-hydroxy-2-methylacetanilide

0
H\N,C—Me

OH
5.0 g (40.6 mmol) 4-hydroxy-2-methylaniline was

20 taken up in 120 ml ethanol to give a cloudy, pale orange

suspension. To the stirred mixture was added dropwise 4.0



IHNWR (CDC13) 3 7.3-7.7 (m 104 ArH), 6.68 (s, 2H ArH), 3.61 (br s, 2H
NH2), 3.06 (t, 2H, CH20), 1.13 (m 5 2H, CH2), 0.48 (t, 3H, M).
PreparatloQKQB g/&% éZ 4, 6-trimet hyl phenyli m no)ethyl]-6-

[ 1- (4- propoxy‘? 8 henyl henyllnlno)ethyl]pyrldlne O &ECUDEP2005/051316
2-[1-(2, 4, 6- tr|nethylphenyllnlno)ethyl] 16- 10 acetyl pyridine (387 ngy, 1.38
nol ) and 4- propoxy- 3, 5- di phenylaniline (440 ng, 1.45 mmol) were dissolved
in 50 m of toluene. To this solution, 4A nolecular sieves were added.
After standi M fl4r319daf2t Bemnp ki treevies anlivdadse, chnsisgl ¢bat was renoved
in vacuo. Th al egf n product was
i sol ated as%§S§%Pﬁg§Pr?§a§?S§%¥%% %%é; %E%? %?%sg%E% %klﬁﬁgﬁ?CDC13) 8
8.45 ( d, 1HoveynEghk,. 8137v¢uatﬂl¢s wﬁmdﬂﬁubskqﬁ@m@iy TemoRPgdHphde¥. 68 (d,
4H, ArH), 7.1-7.5 (m 16H ArH .,k 6 S, 2H,_ ArH), 6.87 (s, 2H, ArH) 3.17
20 (t, 2H, CEeepces mee§ursmt|\&§ o4 §Ql?-§we§HbYI\/§§’P1§ Washing 'gi{h \b)

2.02 (s5 6H, ) mil m Ml umPr 8P a i of

2 [1-(2 4.6 tlrpd?né“%hyﬁgﬁ%nyf.g%h% %Qil%ng( andel? am 3085 5 95

[ 1-(4- propoxﬁ-ﬂlsldnpﬂegytphenym|$wlmgen&gﬂﬂqnﬂd(m ne cobalt[Il1] chloride
conpl ex WO 2005/ . Pg}IEngl L O G Nlllh an inert atnosphere a
sol ution of Lo mcimmi H—t e—was added to 140 ny
CCC12 in 10 5 m dlchloronethane The m ture was stirred for 16 hours. The
solution was filtrated. The sol vent n@alcewgved in

OC20H41
1.51 g (9 1 mmol) 4-hydroxy-2-methylacetanilide was

dissolved in 100 ml acetone. To this was added 6.54 g (45

10 mmel, 5 eg.) potassium carbonate, and the resulting
suspension stirred vigorously. To this was added 3.65 g
(10.1 mmol) l-bromoeicosane, and the reaction mixture was
then heated to reflux for 22 hours. After cooling to room
temperature, 500 ml de%pnised water was added and the

15 solution stirred vigorously. The suspension was filtered
under vacuum, and the white solid formed was dried under
vacuum at 75 °C overnight. 3.72 g of the product (a white
powder) was recovered (92 % yield).

Preparation of 4-eicosanoxy-2-methylaniline

H. H
N~

OC2gH41
20 9.22 g (0.02 mol) 4-eicosanoxy-2-methylacetanilide

was slurried in a solution of 18.3 ¢ (0.45 mol} sodium

hydroxide in 30 ml water and 40 ml ethanol. Under



vacuo. The resulting brown product was washed with pentane, isolated by
filtration and dried in vacuo. Yield 700 ng of cobalt conplex. 10 1H NWR
(cb2C12, Q@B?&’éﬁﬁa | s, selected data) 8 103.0 (1H, Py-Hm, 98.5 (1H,
Py-HV, - (5 rl\/b) - 62.8 (2H, ArH) Its sol ub|I|tP9€TVEP2DQSV05me or
benzene-D6 is estimated at <1 ng/nl at* 20C. Exanple 14 (Conparative)
Preparation of 2-[1-(2,4,6-trinethyl phenylim no)ethyl]-6-

[ 1- (4- hydr oxy- 3, 5-di phenyl phenyli m no)ethyl] pyridine 15 ro" ~v\ The title
conpound masﬁfplrré?ﬁé#gedtby’aéohéé%?ét tonreflux dwﬁrw FeFldixgtmanyfiogni | i ne with
2-[1-(2,4,6 t Byl.p 1,ROY L h < -%gtﬁiy repar ed
accordi ng to@&dﬁhgﬁedggg?ﬁgge Bi %ﬁ{?%%%szegS ) jid %gﬁ%ggﬁqe SIOu5| ng 4A

nol ecul ar sicawEsd sind pauirgdt ovelie SD RD0SHOHOSY I RCT/4ERPGAF/ra8H316 78

bove- descr i f.2:[1-(2, 4, 6- L
P et hyt ohegt PR STeHy Bhea Rtk shF il amedpet A MARH ARt o) et hyl |
pyridige. 1H NWR C@%@%%Xs%dswﬁgefc foéfﬁer?ya 'ﬂ?c)du@b 33Hi%n QJaJs,H Py Hmy
7.90 (t, 1H, Py-Hp). 7.62 (d, AH) AH) . ToA2 (m 2H,
AYH), 6.89 (@rlQZHlIArtlh)e vzacgt@m p§en2iH5 Arnﬁ) 62 %zrn(a;ldm—l I\/E) 2 28 (s, 3H,

Nb),_Z 21 g é%%aé%@% o% %ﬁf?&}s?ﬁk(k@gicgggﬁggfgipn of 2-[1-(2, 4,

6-trinmet hyl

[ 1- (4- hydr oxye & Btahghdniglipled eyhiyii pgrétdiwe | pyridine iron (11) dichloride
CTICl YON 10 The iron conplex was prepare rom2-[1-(2, 4, 6-

CxH4—O O—CaoHas

10.0 g (25 mmol) 4-eicosanoxy-2-methylaniline was

reacted under stirring with 2.3 g (14 mmol)} 2,6-
10 diacetylpyridine in the presence of 29 g 4A molecular
sieves in 250 ml of refluxing toluene for 20 h:
Subsequently the compound was filtered while hot, and
volatiles removed from residue under reduced pressure. It
was then washed with hot ethanol (300 ml)ifo give a
15 yellow solid, which was dried in the vacuum oven (9.1 g,
69 % yield).
1H-NMR (CDClj3 after dissolving by heating) & B.37 {
(d, 2H, Py-Hp), 7.86 (t, 1H, Py-Hp), 6.82 (d, 2H, ArH),
6.75 (dd, 2H, ArH), 6.61 (d, 2H, ArH), 3.95 (t, 4H,
20 CH»0), 2.36 (s, 6H, Me), 2.12 (s, 6H, Me), 1.78 (m, 4H},
1.0-1.6 {m, 68H }, 0.88 (t, ©H, Me).



tri met hyl phenylimno)ethyl]-6-[I-(4-hydroxy-3, 5-

di phenyl phenyli m no)ethyl ] pyridine and Fed 2 in 15 di chl oronet hane. 1H NWVR
(Ccb2C12, br‘gag (iqmgnal s, selected data) 5 82.6 (1H, Py-Hm, 82.3 (1H,

Py- Hm) , % 18.5 (6H, M), -4.0 OR M), -18 (Fi{Edobdosis@l. 3
(3H, Ar). Its sol ub|||ty in toluene or Benzene-D6 is estimated 20 at <1
nmg/ m at 20C. Co-catalysts The first co-catalyst conpound used in the

di meri zation or oligonerization experinents bel ow was sodi um

tetrakis[3, SMM_qm_ﬁb_ﬁy_bﬁhbﬂwwm@sadﬁ@%%/ 090371

PCT/ EP2005/ 0913} ) I G H & o | n Karl sruhe,
Germany and we ' € S -t i on netal

pyri di ne-dii mg_@lea:t al yst precursor to a cationic transi t| on netal catalyst
conpl ex, either by 5 separate preparation as~described above or by in-situ
preparation just prior to addition of an a ium al kyl or al um noxane.
The second or solely applied co-cataly e experinents bel ow was
sel ected from 10 nodified nethyl alum npxang ( O wherein about 25% of
the nethyl groups are replaced with {so N-t-yIFngr o s | MVAO 3A in heptane
([AI'] = 6.42%m ), available from NOBEIN ! B.V., Anersfoort, The
Net her | ands; net hyl al um noxan_bé n tdtu ‘ i ed under 15 the
tradename Eurecen AL 5100/ @@t 1@t chT B7683; [AI 4. $8owHaTVA = 35. 7

wt % cal cul ated), HRIEG Al 78S 04 % w) supplied
by Wtco GrbH, Ber gkgd#ea‘o ggrarrrﬁﬁl? gn%l%%?#rletﬁﬁl sﬁdﬁanc’?ﬂ’gé l'ithium
Me3Si CH2Li , me&WlpmwdllmmomethybmyMﬂe mas&lmkacﬂ:lﬂed under

(' stirring with 35 mg (0.28 mmol) FeClo in 10 ml

5 dichloromethane in the dry box for 16 hours at ambient
temperature. The resulting green suspension was
centrifuged, and the supernatant decanted. Volatiles were
then removed under reduced pressure to afford a green
powder (54 mg, 42 % yield).

10 1g-NMR (CDoCly, broad signals, selected data) & 78.2
(2H, Py-Hp), 3% and 31 (1H, Py-Hp), 19.5 and 16.8 (6H,
MeAr), 40.9 and 41.2 (2H, ArH), -22.7 and -26.1 (6H, Me).

Its solubility in toluene or benzene-Dg is estimated
at <1 mg/ml at 20°C. '
( Example 12

Preparation of 2,6-bis[l-(2-methyl-4-eicosanoxy-5-

isopropylphenylimino)ethyllpyridine

CQHH_O o cde‘l

The title compound was prepared by condensation of

15

2-methyl-4-eicosanoxy-5-isopropylaniline with 2,6-



Exanpl es 15 - 23 Catal yst system preparation for (co)-oligonerizationin C
a batch autoclave In a Braun MB 200-G dry box the transition netal conpl ex,

2-[1-(2,4,6-1tr1] hyl phenyl i m no)ethyl]-6-[1-(4- 25

ei cosanoxy‘?’?,ébﬁgéﬁ%nyi phenyl i m no) et hg‘il] pyridine iron [PCTERMOEHSIdE
compl ex, 2, 6-bi s[1-(4-eicosanoxy-3, 5- phenyl phenyl i m no) et hyl ] pyri di ne
chromum [I1I1] trichloride or 2,6-bis[1-(4-eicosanoxy-3, 5-

di phenyl phenyl i m no) et hyl ] pyridine iron [11] dichjoride 30 (typically about
22.5 mol) in R ige 4Bséheepobsenne aphbrdiimetetylagusimiesr anount

of sodi um tet11@kgégl%,gn\g)t%qu@nggg%ﬁéEﬂé%?%?oéi@g%%%fy 1%9)1\:/\%% placed in a

bi s[trifluoronethyl)phenyl] borat see
gl ass bottl e prePawich B &, feptishl- (Toklensatoypt2al |y about 10 m) was

added. Part o | yt.i re used.in the oligonerization reaction. 5
Et hyl ene (co)@ﬁl nee‘f@a#%lélngsﬁt\rp\@&?ﬁ’%}gf'??é %%?%ﬁlg%‘&lt%%?‘é?/‘e

d i goneri zati on expertheEntendv-eamepdryiodrRgdroxa-9H-Dsoptdpel snEeineaut ocl ave
equi pped with, jacket cooling with a_ heating/coo)jng. bath (ex.. Julabo, nodel
no. ATS-2) an&é‘éal ?ﬂojt%rilb'i%‘glsé’%sst iDF}ggeﬁﬂgaBgf{a 9526%1 ygd%?l % renpove
traces of watehe NOtRdIEAIBACHRS conlveW@Ede¥aCRahEEh PY LS Né OBbs o Pa, and
70C. The reactor was scavenged by introducing 250 tol uene, MAO (0.3 g

sol ution) and®shbRREpRIMaNLING Ry acetytatigeroisthet aBiRn PrEuUre of
0.4-0.5 MPa o) Bludd Ny L t e €q f g i tap in

t he base of thel aut ocl%v%q(irlﬁag&rogggtfggﬂ\%ag&gg%%a ggélgg@%.ﬁgi%%&arﬁd | oaded
wi t h app?} oxi mad th yliiesompe icdaaren@nand/iorlly begntremevahdedrthelamaiyl see

Table 1), Nealtlub Oof Cufd AN AL ASRIGLEEY, o1 PAOYL O0S LRetfifoLEosUre
described preparation of 4-~eicosancxy-2-methylaniline. E
lu-NMR (CDCl3) & 8.38 (d, 2H, Py-Hp), 7.85 (t, 1H,
Py-Hp), 6.72 (s, 2H, ArH), 6.56 (s, 2H, ArH), 3.95 (t,
15 4H, CH0), 3.15 (m, 2H, CH), 2.36 (s, 6H, Me), 2.11 (s,
6H, Me), 1.78 (m, 4H), 1.2-1.6 (m), 1.2 (d, Me), 0.88 (t,
6H, Me).

Preparation ¢f 2,6~bis[l~{2~methyl-4{~-eicosanoxy-5-

13 isopropylphenyliminc)ethyllpyridine iren (II) dichloride

Neeao ! - i
e
ct Cl
CapHy— O O—CaHay

20
The iron complex was prepared from 2,6-bis[l-({2-
methyl-4-eicosanoxy-5-isopropylphenylimino}ethyl]pyridine
and FeClp in dichloromethane.
1H-NMR (CD2Clp, broad signals, selected data) 8§ 75.9
25 {2H, Py-Hp), 42.0 and 41.2 (1H, Py—-Hp), 21.3 and 20.2

(6H, MeAr), -12.4 and -20.9, (2H, ArH), -26.0 (6H, Me).



Table 1. Whilst stirring, an anount of MAO-solution (see Table 1) was added

to the reactor with the aid of toluene (the total volunme injected was 12

m: the hM§b62%$&gon 25 diluted with toluene to 4 nml was injected and the

i njector sys %1 insed twice with 4 m tol uene) and PKE/EPLO0SOSI3g6 at 800

rpmwas continued for 30 minutes. 0.20 Bnol of the catal yst system prepared

as described above was introduced into the stirred reactor 30 using an

injection systemwith the aid of toluene (the total volunme injected was 12

m: the catal yst sSoftanr aremodiingt édewcDbCIotnenprodudt s vishiblieedined and t he

WO 2005/ 090371 PCTQFP2005/051316 8l injector systemwas rinsed twice with 4

n toluene). G&6: i HI Ml (V64di Rgosr shenpbact aelepbed#akallB0 65 al pha-

ol efin and/or  tol.uene.,_Th dditi f the catalyst systemresulted in an 5

exothern1(gen5$¥ﬂﬁ#;‘sd%% é&é%? Whrgﬁ ggﬁérally reached a maximumw thin 1

m nute and was fol4,aned : bliis of _t at.yr nd_pressure

i ndi cated in Tabl ei T, Afl?%’rﬁ?g oith ??P%Bedé&%ﬁ‘? Thaust 8 ﬁE?Fgﬁ  the

ol i gonelSi zat i ah awas 1t opped by 24Scd venting of the 10 et hyl ene, decanting

t he product r@gg.mf%ifgck collection bottle using a tap in the base of the

aut ocl ave. EXposthe—oi—tHEPRRtaP/Et o air resulted in rapid deactivation of

the catal yst.pAfgerataiddi ofor-pkopokexyl beazgnentDadetadi Gdes 15 internal

standard to the crude product, the arount of the CA-C30 olefins and purity

of C6, Cl10 and Cl12 ol efins was determ ned by _gas chronat ography. The

Schul z-Flory K- factor and its standard errfff YWwere determined fromthe

amounts of C6-C28 ol efins by regr ¥y apatys? s, as 20 described in detai

in WD 01/58874. Fromthe Schul z-Fl ory
( SN

A mixture of 4-hydroxy-3,5-diphenylacetanilide
10 (3.45g), l-bromopropane (l.4g) and 4.8 g potassium
carbonate was refluxed in acetone (50 ml} for 16 hours.
The reaction mixture was poured into water. The product
was isolated by filtration, washed with water and dried.
Yield 3.8 g of 4-propoxy-3,5—-diphenylacetanilide.

N W

15 lg-NMR (CDCl3) & 7.1-7.7{m, ArH) 3.10(t, 2H, CH»0),
2.14 (s, Me), 1.16 (m, 2H, CHp), 0.49 (t, 3H, Me).

(_ Preparation of 4-propoxy-3,5-diphenylaniline

Q

20 To 4-propoxy-3,5-diphenylacetanilide (3.8 g) was
added 22.5 g NaOH in 30 ml H20 and 40 ml ethanol. The

resulting mixture was refluxed for 16 hours. The reaction



K-factor the total anount of C4-Cl00 olefins is C calculated to conpensate
for losses in particularly the volatile 1-butene during product isolation.
The expegbﬁgﬂkﬂ%:ggta is reported in Table 1. 25 In the case of using
chrom um catalys % simlarly equipped 1-litre steel aRCdERR0B/MAIaEHR6DeenN
used, loaded (sinilarly to the above-@escribed procedure for the 0.5- litre
autoclave) with 300 mM of toluene, a MAO-solution and al so n-hexyl benzene
(as an internal standard), at the .30 start of the (co)-oligonerization or
(co) - pol ynerf¥&Evem waenueet ond isgbs@heenprbduati weai heolated hes gondi ti ons,
decribed in Japl eede, W Qgg%]%aggI(EP2005/051316 82 After consum ng
the desired anmount of ethylene the reactor was rapidly cooled to room
tenperature to nim#wﬁﬁeuaxﬂggr@thog-otvtmﬁ,vpbg;iigﬁp;qggg;ss’ @@nticularly
t he butenes. The reaction was stopped by 5 rapid venting of the ethylene and
decanting tharprodlicél (bxtsyr @H,ntea,col.bécion2hpt thmo)ysingsa (mgp in the
base of the autoclave. Exposure of the mxture to air resulted in rapid
deacti\iati on2Bf €Hg .cdt-#Bydit, 8HncMelhe reactions with ethyl ene have been
carried out in the 10 presence of an internal standard (n-hexyl benzene) and
the products: S ldled 2y haf2 B ke Ly st ogr aphi ¢

(GC) net hod i[mdlgigﬂgaxﬂi,@f—diﬁ%'eﬁgl'ﬁg%h%ﬂmno%@ﬁ g1pgtiablg amount of
the vol ati| e butenes  can be estanlis regression 15
anal ysis of the higher olefins, a nethod which can be wused in the case of a
Schul z-Flory distribution of ol efing)) data is provided in

2. d sed

2-[1-(2,4,6-trimethylphenylimino)ethylj-6~
10 acetylpyridine (387 mg, 1.38 mmol } and 4-propoxy-3,5-
diphenylaniline (440 mg, 1.45 mmol)} were dissolved in 50
ml of toluene. To this solution, 4A molecular sieves were
added. After standing for 1 day the mixture was filtered.
The solvent was remowed in vacuo. The residue was
15 crystallised from cold ethanol. The product was isolated

as a yellow treacle (700 mg) and used as such.
lp-NMR (CcDCl3) & 8.45 ( d, 1H, Py-Hp ), 8.37 (4, 1H,

Py-Hp), 7.89 (t, 1H, Py-Hp), 7.68 (d, 4H, ArH), 7.1-7.5

{m, 16H, ArH), 6.9%0 (s, 2H, ArH), 6.87 (s, 2H, ArH), 3.17
20 (t, 2H, CH»0), 2.52 (s, 3H, Me}, 2.30 (s, 3H, Me), 2.23

(s, 3H, Me), 2.02 (s, 6H, Me), 1.20 (m, 2H, CH»p), 0.54

{t, 3H, Me).

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

[1- {4-propoxy=-3, 5-diphenylphenylimino}ethylipyxridine

cobalt[II] chloride complex
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In an inerf atmosphere a solution of 675 mg diimine
in 20 ml dichloromethane was added to 140 mg CoCls in 10
ml dichloromethane. The mixture was stirred for 16 hours.
The solution was filtrated. The solvent was removed in
vacuo. The resulting brown product was washed with
pentane, isolated by filtration and dried in vacuo. Yield

700 mg of cobalt complex.

1p-NMR (CD2Clo, broad sighals, selected data) &
103.0 (1H, Py-Hp), 98.5 (1H, Py-Hy), -18.1 (6H, ArMe), -
62.8 (2H, ArH).

Its solubility in toluene or benzene-Dg is estimated
at <1 mg/ml at 20°C.

Example 14 (Comparative)

Preparation of 2-[1-~(2,4,6-trimethylphenvylimino}ethyl]-6-

[1-(4-hydroxy-3, 5—diphenylphenylimino)ethyilpyridine

Lo

©
Q

The title compound was prepared by condensation of

OH

4-hydroxy-3,5-diphenylaniline with 2-[1-{2,4,6-
trimethylphenylimino)ethyl]-6~acetyipyridine, prepared
according to the method disclosed in W002/28805, in

toluene, using 4A molecular sieves, similarly to the

>
|

M
O
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above~described preparation of 2-[1-(2,4,6-
trimethylphenylimino)ethyl]-6-{1- (4-propoxy-3, 5-
diphenyliphenylimino)ethyllpyridine.

1H-NMR (CDpCly) & 8.43 ( d, 1H, Py-Hp ), 8.35 (d,
1H, Py-Hpy), 7.90 (t, 1H, Py-Hp), 7.62 (d, 4H, ArH), 7.50
(t, 4H, ArH), 7.42 {m, 2H, ArH), 6.89 (s, 2H, ArH), 6.83
{s, 2H, ArH), 2.52 (s, 3H, Me), 2.28 (s, 3H, Me), 2.21
{s, 3H, Me), 1.98 (s, 6H, Me).
Preparation of 2-[1-(2,4,6-trimethylphenylimino)ethyl]-6-

[1-(4-hydroxy-3,5-diphenylphenylimino) ethyllpyridine iron
(II) dichloride

The iron complex was prepared from 2-{1-(2,4,6-
trimethylphenylimino)ethyl]-6-[1-(4-hydroxy-3, 5-
diphenylphenylimino)ethyl]lpyridine and FeCl; in
dichloromethane.

lH-NMR (CDpCl,, broad signals, selected data) § 82.6
(1H, Py-Hy), 82.3 (1H, Py-Hy), 21.0 (3H, Me), 18.5 (6H,
Me), -4.0 (3H, Me), -18 (2H, ArH), -31.3 (3H, Ar).

Its solubility in toluene or benzene-Dg is estimated
at <1 mg/ml at 20°C.
Co-catalysts

The first co-catalyst compound used in the
dimerization or oligomerization experiments below was

sodium tetrakis[3,5-bis({trifluoromethyl)phenyliborate
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5 separate preparation as described above or by in-situ
preparation just prior to addition of an aluminium alkyl
or aluminoxane.

The second or solely applied co-catalyst used in the
experiments below was selected from:

10 modified methyl aluminoxane (MMAO) wherein about 25%

( of the methyl groups are replaced with isobutyl groups.
MMAO~3A in heptane ([Al] = 6.42%wt), available from AKZO-
NOBEL Chemicals B.V., Amersfoort, The Netherlands;
methyl aluminoxane {(MAO) in toluene, supplied under

15 the tradename Eurecen AL 5100/10T, batch: B7683; [Al] =
4,.88%wt, TMA = 35.7 wt%(calculated), molecular mass = 900
g/mol and [Al] = 4.97% wt) supplied by Witco GmbH,
Bergkamen, Germany; and

trimethylsilylmethyl lithium, Me3SiCHpLi, 1.0 M
wk v
20 solution in pentane from Aldrich.

BExamples 15 - 23

Catalyst system preparation for (co)-oligomerization in
(w a batch autcclave
In a Braun MB 200-~-G dry box the transition metal

complex, 2-[1-(2,4,6-trimethylphenylimino)ethyl]-6-{1- (4~
25 eicosanoxy-3, 5-diphenylphenylimino)ethyl] pyridine iron
[II] chloride complex, 2,6-bis[l-~(4-eicosanoxy-3,5-
diphenylphenylimino)ethyl]lpyridine chromium [III]
trichloride or 2,6-bis(l-(4-eicosanoxy-3, 5-
diphenylphenylimino)ethyl]pyridine iron [II] dichloride
30 {typically about 22.5 umol) in the presence or absence of

an approximately equimolar amount of sodium tetrakis{3,5-
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autoclave

Oligomerization experiments were performed in a 0.5
litre steel autoclave equipped with jacket cooling with a
heating/cooling bath (ex. Julabo, model no. ATS-2) and a

10 turbine/gas stirrer and baffles.

In order to remove traces of water from the reactor,
it was evacuated overnight at <10 Pa, and 70°C. The
reactor was scavenged by introducing 250 ml toluene, MAO
(0.3 g solution) and subsequent stirring at 70°C under

15 nitrogen pressure of 0.4-0.5 MPa for 30 min. The reactor
contents were discharged via a tap in the base of the
autoclave. The reactor was evacuated to 0.4 kPa and
loaded with approximately 125 ml 1-butene and/or 1-
pentene and/or toluene (see Table 1}, heated to 40 °C and

20 pressurised with ethylene to the préssure indicated in
Table 1.

Whilst stirring, an amount of MAO-solution (see
Table 1) was added to the reactor with the aid of toluene
(the total volume injected was 12 ml: the MAO-solution

25 diluted with toluene to 4 ml was injected and the
injector system was rinsed twice with 4 ml toluene) and
the stirring at 800 rpm was continued for 30 minutes.

0.20 pumol of the catalyst system prepared as
described above was introduced into the stirred reactor

30 using an injection system with the aid of toluene (the
total volume injected was 12 ml: the catalyst solution

diluted with toluene to 4 ml was injected and the
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of the temperature and pressure indicated in Table 1.
After consuming the desired volume of ethylene, the
oligomerization was stopped by rapid venting of the
10 ethylene, decanting the product mixture into a collection
(f bottle using a tap in the base of the autoclave. Exposure
of the mixture to air resulted in rapid deactivation of
the catalyst.
After addition of n-hexylbenzene {0.5-3.5 g) as
15 internal standard to the crude product, the amount of the

Cg-C3p olefins and purity of Cg, Cig and Cj5 olefins was

determined by gas chromatography. The Schulz-Flory K-
factor and i1ts standard error were determined from the

amounts of Cg-Cpg olefins by regression analysis, as

20 described in detail in WO 01/58874. From the Schulz-Flory
K-factor the total amount of Cy4-Cygp oclefins is
calculated to compensate for losses in particularly the

(f volatile l-butene during product isclation. The
experimental data is reported in Table 1.

25 In the case of using chromium catalysts a similarly
equipped 1-litre steel autoclave has been used, loaded
{similarly to the above-described procedure for the 0.5-
litre autoclave) with 300 ml of toluene, a MAO-solution
and also n-hexylbenzene (as an internal standard), at the

.30 start of the (co)-oligomerization or {co)-polymerization
reaction and subsequently maintaiﬂed at the conditions,
decribed in Table 1.
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minimise evaporation of the volatile products,
particularly the butenes. The reaction was stopped by

5 rapid venting of the ethylene and decanting the product
mixture into a collection bottle using a tap in the base
of the autoclave. Exposure of the mixture to air resulted
in rapid deactivation of the catalyst. Since the
reactions with ethylene have been carried out in the

10 presence of an internal standard (n-hexylbenzene) and the
products have been analysed by the above-described gas
chromatographic (GC} method immediately after their
isolation, a more reliable amount of the volatile butenes
can be established without having to use regression

15 analysis of the higher olefins, a method which can be
used in the case of a Schulz-Flory distribution of
olefins.

The experimental data is provided in Table 1 below.
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86 Upon replacing a mnute quantity (approximately 1.05 equival ents based
on noles of transition netal, or about 0.21 lunol) of the MAO co-catal yst
(general | resent in about 300 pnol) with a transition nmetal conplex
cation 5 é’éﬁ@P%{?q 03 compound, such as sodi um tetraki s[ 3, BCT/EP2005/051316

bi s[trifluoronethyl)phenyl] borate (N&BArF), the selectivity towards |inear
al pha ol ef i ng—as—+re the ot 1-C6-, 1-Cl0° and 1-Cl2° of the

respective C§, -C10 and G ctions) is at "least on a par with the 10
experinments pekfornmed Ln fhe sence of NaBArF (see exanples 15 - 17). On
addition of NaBArE, thg sel'§ct vity towards |inear alpha olefins based upon
t he total oI':fianie d—+rerai-ap at | @ast on a%par with that of t
experiments 15w t hout ~NaBAgF adstlgnf"1 as |sf_J,CII ear fromthe yi d of
C4- C100 oligq)rrers anfl the tqrnbveg nper (TON>= the a untcoa‘: gml es of
et hyl ene conyert egk peruno| eof Fe)w(see exanp, e:g 15 and 16) S TR
Schul z- Fl or y Hef-actor—andt++s dar e&ror &renmn-athemsﬁrﬁafor t he
experiments perf orefl Koth &n theu pieschce aBds th& ab8dhce BFFMABArF. The
standard errgr ~ whifheis| asnepsute fon Hayi aﬁmﬁ?%rorm% gengi $e_ Schul z-
Flory distriluti og, Hegcrfbgd | n #\0 V1E58874, YisVE Yy StDw, EnBitating that
no tail of héavy—etef+rs—-E36-L1Q0) 25&ay & bein§ ,f @ megd §n e};t'gef case. It
can al so be geen thaf usejof af|efucgdfagmynt Jof , MAO gdicatglgsg with
{=2]
NaBAr F does moté détr| n€ntplfiy pffect ™ th Sel@cFi%ity Bf thedcatial yst
towards | i near °aJ.15ha- Blefins [Pegteagpes 15— OB). @Ano her advantage
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87 alternative conpounds capable of transferring a hydrocarbyl or hydride
group to MAO or MMAO can be enployed easily, such as any suitabl e conpounds
known to those skilled in the art, for exanple RLi, R2Zn or R3Al. 5 The

et hyl ene OYPMR®P?37/hti on and/ or pol ynerization, using sdAGHAREYISIIIE]
catalysts in the presence or absence Bf NaBArF are al so sumarised in Table
1 (exanples 18 and 19). It is noted that in the absence of NaBArF the

sol ubl e chrom um conpl ex gives rise to largely 10 diner formation (1-butene
>909%t of the total product) at a turnover nunber (TON) about one order of
magni tude lowe? than for singlariFe[ll] catalysts. The 1-hexene content of
t he hexenes is dow (30.4%u%; 7t h& predoni nant product being

2-ethyl -1-butene. Agsgal | ®agolnt |§ 70%mg) of 15 pol yethylene (PE) is forned
as well (in tyonrepgat, egp_gr-g nts the amgunts of PE were 31 and 91 ny,
respectivel y,gvp_r;fere sct he ral-atd g affont ®f dimers remai ned constant). In
the presence 0f_ 1 e uval 8ng Bf ™ NaBABF.t heysame 20 Cr[111] conpl ex al so
gave | argely diarer matyoff ¢ dbut €nd is569%¢ of the total product) at a
somewhat | owe? ﬁTO\I}B The J-8exend cot ent cfxthe hexenes was hi gher
(50.6%); a tafge @/upr%galﬁn bei =g Zﬂé'ﬁhyl-l- butene. Furthernore, a

| ar ge armunt[ﬁg"?3 gpuiaG. )6 0b 25 Bi §h nelécul ar wei ght pol yet hyl ene ( PE)
is formed. eredtgal HelhigHg Cafoli nefry (DSC) of the PE showed a

mel ting pointsef 123CE Udprigrgpdal of the “xgerinent the product contained
| ess (12. 4%} i ghZngl ec®l4rs Qvei gh® pol ypret! (DSC mp. = 129C). 30 The
co-ol i goneri zatj on gf -al p-h&oqﬂeiiuns,ﬁsgrch s, 1- pentene and 1-butene, and

et hyl ene, usi-figssol ubbe Re cat alysit s gt he presence or absence of

Na(BArF are sﬁ@ariged in (eRaGp 0 - 23). In exanple 21,
-
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WO 2005/ 090371 PCT/ EP2005/ 051316 88 39%M of the product consists of

odd- nunbered ol efins, which indicates that 1-pentene is co-oligonerised
under the conditions enployed. Upon the use of the symretrical sol uble
Fe[l1) 5 WEZWYYOIR (Exanple 23), a catalyst with a | ow RCFEBI085/0518160\y
propagation) the product spectrumwas®surprisingly different fromthat of
catalyst E. Contrary to the catalyst systens conprising iron conplex E,
when catal yst systens conprising the symretrical iron conplex K are 10
used, a rel ativel YPPmrkpri@nimw aofmibugt guenoatiyr §epsrodimatelkert.iomh into

ron-ethyl . belieyedhio badead noike o eiiXLsLi Byt goef orgmt Lo, Bxampl es

24 - 31 Cata t system preparation rdimeri on !

aut ocl ave | ngazBrausl VB £ heCMAMY RCathl9st (generally present in
2-[1-(2,4,6-trinmethyl phenylimno)ethyl]-
6-[1-(4-eicoéhﬂ@ky3ébSwmﬂﬁh@dwmphemyhhﬁﬁnépetmyt§lpgompﬂmw caotidrt [ |1 ]
211 (2.4 o DRI R SRR oy sty SodtukP Eetrdils PEr8e 1he

6- [ | - (4- ei cobanpxy: Bl dohndteiy)phemyiilmbaehebhyNhsapyy | dine cobal t[11]

di chloride conplex,or. the 2-[1-(2-tert-butylphenylimno)ethyl] 25

6-[ | - (4- ei coSEMBRYIBLEY dfr‘fjff?e‘ri{ﬁ PHERRE FLRBR CAERYPPpYRT dPPRSERARAIRY | | ]
dichloride cegpl gyt ilcihei-pLesencs ceypaf | drat

equi nol ar amount  of so%iu%l?éﬁrakis(%gggigfg?t?P |ﬁ§$%§£?ﬂ§%)%§bﬁ%¥ﬁ bor at e

(NaBArF) (typhdatiy fbscticais)gne at Seestabhea?parwastBOcpeaced in a gl ass
bottle sealed by a septum Toluene (typically about 10 m) was added. The
resul ti nif nmi sxpesimerss pérfmmadrintthecabiseackabf B&BRAOEr (s@art of t hese

examples 15 - 17). 1
On addition of NaBArF, the selectivity towards

linear alpha olefins based upon the total olefin yield

remains at least on a par with that of the experiments

15 without NaBArF addition, as is clear from the yield of

Cs~Ci10p oligomers and the turnover number (TON = the

amount of moles of ethylene converted per mol of Fe) (see
examples 15 and 16).
The Schulz-Flory K-factor and its standard error®

20 remain the same for the experiments performed both in the
presence and the absence of NaBArF. The standard error,
which is a measure for deviation from a genuine Schulz- {
Flory distribution, described in WO 01/58874, is very
low, indicating that no tail of heavy olefins (C3p5-Cigo)

25 are being formed in either case.
It can also be seen that use of a reduced amount of
MAO co-catalyst with NaBArF does not detrimentally affect
the selectivity of the catalyst towards linear alpha-
olefins (see examples 15 - 17}.
30 Another advantage of the soluble transition metal
catalyst precursors is that by using transition metal

complex cation generating compounds, such as NaBArF,



WO 2005/ 090371 PCT/ EP2005/ 051316 89 solutions were used in the dinerization
experinents below Alpha-olefin dinerizations in a 0.5-litre batch

autocl ave The dinerization experinents were performed in a 0.5 litre steel
aut ocl ave wW0p/02837Wi t h j acket cooling with a 5 heati ng/ E6BEPAYPSHAIMG (ex.

Jul abo, nodel no. ATS-2) and a turbi®é/gas stirrer and baffles. In order to
avoid traces of water, the reactor was kept under nitrogen pressure (0.5
MPa) at room tenperature. Prior the experinment the reactor was 10 scavenged
by i ntroduci n@l’Qﬁmaﬁi‘\t@IMﬂmudﬂ&Oc@@aMQ oﬁotnahsﬂérﬁ{ndg salbsequent stirring
at 70C under Hﬂf The reactor

contents were %#8 fb g’rd%idfgpglrﬁuPhg E@g@ 8'{ ma{]ﬁ%é?eave

The. r eact or V\ezspbma&xuaetacsillp &uétha aﬂgl 8090t 881 & Ocdfourdds Al W ch it
was | oaded with 120 (fu,t e§%et 2.0, Hoek Loos) and the reactor was

heated to 30CH° ﬁ?\d%]fl]s]tef tk/A@f@oFﬁ??‘B%e(%ha nRaR 2 19F MgPlwas t hen
added to tfie react t | f t qutlo

i nj ected, the inj e%eo\r%t\t}\’/l;(sleg% gﬁ% %mﬁggkﬁggg?n‘él&gﬁ?w%‘% Yrﬁ)er’ﬁ@ncﬂ'é’nt’he t ot al
vol unme i nj ecmsmlngvasonﬂalﬁ Xreld It heaskl ystagiat tBOOptPsedS oxxonti nued for
60 m nut es. ere 50.nol) of the atal st. solution,
preparation o? %ﬁﬁ% :§qﬁ§§§&nﬁ§ AH§0eSURRE158 |h?ﬁ§ﬂﬁk%d-lnto the stirred
react or usi ng(&Xampl@ctiommiy gtogm 18f 18r nbbad thet | 1h el Oranasdd R¥ed three
times wth 3-4 m_tal uene g}total contents of reactor 150 m). The addition

of the catal ySBAXE i rassiiled GhFoRisRaFPIBLBY N2t YR s geire 419 \LagaBay, whi ch
was easi |y 304 aReOr s I 1LRRA RS 350RAE No £ PERDO Btk 1 S JRAGHORe Pack to

the initial conditions.

( a turnover number (TON} about one order of magnitude
lower than for similar Fe[II] catalysts. The l-hexene
content of the hexenes is low (30.4%wt); the predominant
product being 2-ethyl-l-butene. A small amount (70 mg) of

15 polyethylene (PE) is formed as well {in two repeat
experiments the amounts of PE were 31 and 91 mg,
respectively, whereas the relative amount of dimers
remained constant).

In the presence of 1 equivalent of NaBArF the same

20 CrlII1] complex also gave largely éimer formation (l1-
butene is 65%%wt of the total product) at a somewhat lower
TON. The l-hexene content of the hexenes was higher

( {(50.6%wt); a large by-product also being 2-ethyl-1-
butene. Furthermore, a large amount (3.3 g; 16.4%wt) of

25 high molecular weight polyethylene (PE) is formed.
Differential Scanning Calorimetry (DSC) of the PE showed
a melting point of 127°C. Upon repeat of the experiment
the product contained less (12.4%wt) high molecular
weight polymer (DSC m.p. = 129°C).

30 The co-oligomerization of alpha-oclefins, such as 1-
pentene and l-butene, and ethylene, using soluble Fe[II]
catalysts in the presence or absence of NaBArF are

summarised in Table 1 (examples 20 - 23). 1In example 21,



WO 2005/ 090371 PCT/ EP2005/ 051316 90 After about 2 hours, the experinent was
st opped by decanting the product m xture into a collection bottle wusing a
tap in the base of the autoclave. Exposure of the mxture to air resulted
in rapid dEAZESPTbn of the 5 catalyst. . After additi oRCafEPRedsS@EIBIbENZENE
(0.5-3.5 g), as internal standard, t®the crude product, the anmount and
purity of C4, C8 and Cl2 ol efins was determ ned by gas chromatography. 10
The results of the alpha olefin, mainly 1-butene, dinerization experinents
are given i n3%abtec? timel preodunt acetsdisted ofesddipuinbasetdebbefi@n, one
occasion 1-p e ' snmal |.-scal.e _dinecizalion experinent at
anbi ent tenpgﬁggﬁr%Mgi%gﬁégﬂ#ggggrgqq$2§enﬁfrSgegﬁééﬁﬁé%ﬁ%?g NS stirred
vessel in theedepnbdiifiseeenmilwed, exanple 30 and the detail ed
description of thg Exanple 30)._ Activation (b al tign)_of the cationic
cobal t conpl ex, pﬁﬂo‘&l © pEte %ié\ﬁa&%@i’éﬁ%ﬂ)ySgiégiﬁsgeﬁﬂvation of the
cobal t 205 catheangseoRP|Exatpyld 2OV \leta19ktNaBAnFa ekl pued-byr addition
of 1 equivalent of trimethylsilylmethyl lithium Me3Si CH2Li, instead of MAO
or MMAO Thi §le¥nbrspraabkon} Hete tiodumttalspsctesh Wasasrpat 8dngdy hout MAO
or MWRO  Exaiiplee 3 (266n T 29 :cdieAgidion Of chnbeatgneocehal ysed by an
activated cationig Cb[llgmconp ex é: n §%E nert a?nnspgerg ??n dry box) in a
stirred 25 wesedlysat syabérestcorpmpiosiatairisonl coaplencE;4wbey; céBa¥ystmol ) was
dimerised to_a_m xtur .linear, cis t.rans .. 3-d ng 4-decene
(2.8t 2-pr osa’;ﬁt-ef“-ghgg’t“é%lesli%&f%%e sr?ﬁﬁ%r:ectbrrlé%crlhéé%fln%%rﬁgﬁﬁ, Eiu%‘F%g 11. 3 pnol
cationi c100[ hisked,cat abyativeéty 114 Pgel, anforint Rt Ny-bpltenyl untdeeyeesyl ] 30
6-[|-(4-e|00%%32§ égigighpgggglfﬁgg&géﬁgfrubelieved to be leading to
2-ethyl-l-butene formation.

Examples 24 - 31

Catalyst system preparation for dimerization in a batch

15 autoclave
In a Braun MB 200-G dry box, the
2-[1-{2,4,6-trimethylphenylimino)ethyll-
6~[1-(4-eicosanoxy-3, 5-diphenylphenylimino)ethyl])
pyridine cobalt[II] chloride tetrakis{3,5-

20 bis[trifluoromethyl)pheriyl] borate, the
2-[{1-(2,4, 6~trimethylphenylimino)ethyl]-

6—[1- ({4-eicosanoxy-3, 5-diphenylphenylimino)ethyl]
pyridine cobalt[II] dichloride complex or the
2-[1-(2-tert-butylphenylimino)ethyl] -

25 6-[1-(4-eicosanoxy-3,5-diphenylphenylimino)
ethyllpyridine cobalt[II] dichloride complex, in the
presence or absence of an approximately equimolar amount
of sodium tetrakis([3,5-bis[trifluoromethyl)phenyl] borate
(NaBArF) (typibally about 50 umol - see Table 2}, was

30 placed in a glass bottle sealed by a septum. Toluene
(typically about 10 ml) was added. The resulting mixture

was stirred for at least a half of hour. Part of these



ethyl]pyridine cobalt[1I] chloride tetrakis[3,5 W 2005/090371

PCT/ EP2005/ 051316 91 bis[trifluoronethyl)phenyl] borate, activated by
addition of 1 equivalent of Me3Si CH2Li (al kyl ation), instead of MAQ

1- Pent ene Y&Z° ?,%‘gf%rlt ed to linear cis/trans 3- decenes arRCHEPROQuIfARI6( 2. 80wt
2-propyl -1 -heptene is the 5 main brancfed inpurity) and cis/trans 2-pentene
I n about equal anmounts. The results are summarised in Table 2. The
products were anal ysed by GC and NVR and the results are given in Table 2.
C C_ WD 200%/29@838hsPGELEP2008/ 051316 dﬁeerfzaﬁ‘ﬂo\ﬁ & e\f:J.?‘ Qm =P+ H N
Lti " r ANO?"1Uar-10 rI It 2T Na mq ANN b) I AOOO
OONU . 99;°WA4 3t L' ri mU. -rI >1 OS it } Gm.-1 0f Nf b f

>+ a NO U hlbhé-gﬁe@&nAdE%erﬁEggiShs {nig 0.5-1litre batch autoclave

The dimerization experiments were performed in a 0.5

litre steel autoclave equipped with jacket cooling with a
5 heating/cooling bath (ex. Julabo, model no. ATS-2) and a
turbine/gas stirrer and baffles.

In order to aveid traces of water, the reactor was
kept under nitrogen pressure (0.5 MPa) at room
temperature. Prior the experiment the reactor was

(' 10 scavenged by introducing 250 ml toluene, MAO (0.3 g
solution) and subsequent stirring at 70°C under nitrogen
pressure of 0.5-0.6 MPa for 30 min. The reactor contents
were discharged via a tap in the base of the autoclave.
The reactor was evacuated tec 0.4 kPa and cooled to 20°C.

15 After which it was loaded with 120 ml l-butene (grade
2.0, Hoek lLoos) and the reactor was heated to 30°C.

Under stirring, the MAO-solution (minimum 210 mg)
was then added to the reactor with the aid of toluene
(the MAO-solution was injected, the injector was

20 subsequently rinsed twice, bringing the total volume
injected was 10 ml) and the stirring at 800 rpm was

(, continued for 60 minutes.

The required amount (50 pmol) of the catalyst
solution, preparation of which is described above, was

25 introduced into the stirred reactor using an injection
system, after that the injector was rinsed three times
with 3-4 ml toluene (total contents of reactor 150 ml).

The addition of the catalyst system resulted in a

small exotherm {(generally 3-8°C), which was easily
30 absorbed by the thermostat bath, bringing the reactor

back to the initial conditions.
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After about 2 hours, the experiment was stopped by
decanting the product mixture into a collection bottle
using a tap in the base of the autoclave. Exposure of the
mixture to air resulted in rapid deactivation of the
catalyst.

After addition of n-hexylbenzene (0.5-3.5 g), as

internal standard, to the crude product, the amount and
purity of C4, Cg and Ci2 olefins was determined by gas

chromatography.

The results of the alpha olefin, mainly l-butene,
dimerization experiments are given in Table 2 and in the
detailed descriptions below.

On one occasion l-pentene was used in a small-scale
dimerization experiment at ambient temperature and
pressure in a nitrogen atmesphere in a stirred vessel in
the dry box (see Table 2, example 30 and the detailed
description of the Example 30). Activation (by
alkylation) of the cationic cobalt complex, can also be
achieved in-situ by stepwise activation of the cobalt
cationic complex by 1 equivalent of NaBArF, followed by
addition of 1 equivalent of trimethylsilylmethyl lithium,
Me3SiCHpLi, instead of MAO or MMAC. This demonstrates

that the catalyst can be activated without MAO or MMAO.
Example 30 (see Table 2): Reaction of l-pentene catalysed

by an activated cationic Co[II] complex &

In an inert atmosphere (in dry box) in a stirred
vessel at ambient temperature, l-pentene (4.6 g; 65.7
mmol) was dimerised to a mixture of linear cis and trans
3-decene and 4-decene (2.8%wt 2-propvl-l-heptene is the
main branched impurity), using 11.3 pmol cationic Co([II]
catalyst, 2-{1-{2,4,6-trimethylphenylimino)ethyl]-

6-{1- (4~eicosanoxy-3,5-diphenylphenylimino}
ethyl]pyridine cobalt[II] chloride tetrakis[3,5-
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at_ro a a abigitxiflyozomethyl)phenyl] borate, actlvated by addition

of 1 equivalent of Me3SiCHsLi (alkylation), instead of

MAO. l-Pentene was converted to linear cis/trans 3-
decenes and 4-decenes (2.8%wt Z-propyl~l-heptene is the
5 main branched impurity) and cis/trans 2-pentene in about
equal amounts. The results are summarised in Table 2.
The products were analysed by GC and NMR and the

results are given in Table 2.
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upon the use afiumgahuhl emaaf | PN Codd BN Eho%oﬂﬁ%@hs%ﬁ”ﬁbeéeﬁraﬂgigfoﬁfe
formed by stepwi se activation of the neutral transition netal conplex by

addi ti on of a™etailchRPHREE*i achlialifd A0 or MMAO alone (see Examples
26 and 28). The soluble Co{Il] catalysts have a

16 selectivity to dimers relative to higher oligomers, which
is on a par with the non-soluble catalysts described in
the literature (see Table 2, Example 29 and comparative
Example 26}. The same is true for the head-to-head
dimerization selectivity, which affords linear dimers. It

15 is noted that selectivities towards linear dimer
formation are much higher for Co[II} catalysts than for
Fe{II].

We have surprisingly found that the use of a soluble
cobalt[I1] cationic catalyst, either prepared seperately

20 or prepared in-situ, enhances the seiectivity towards
dimers over that of double bond shift (isomerisation), in
comparison with the Co[II] catalysts activated by
addition of a large excess of MMAO as described in the {
literature (see Table 2, examples 26, 28 and 29).

25 Use of the soluble catalyst system derived from
2-[1—(2-tert—butylphenylimino)ethylf—
6~ {1~ (4-eicosanoxy~-3,5~diphenylphenylimino)
ethylipyridine cobalt[II] dichloride complex {(0) by in-
situ addition of 1 equivalent of NaBArF (Table 2, example

30 31), results in a significantly higher selectivity
towards linear dimer formation (less isomerisation of 1-
butene to 2-butenes) compared to the Co[II] catalyst of

Example 26, which is described in the literature.



5 NaBArF, subsequently followed by activation with a relatively snall

anmount of MAO or MMAO, a higher TON on alumnium (MAO is obtained in
conparison to a transition netal conplex activated MAO or MMAO al one (see
Exanples 26 and 28). The sol uble Co[l % catal ysts have a 10 selectivity to
dimers relative to higher oligomers, which is, on a par with the
non-sol ubl e catal ysts described in the literature (see Table 2, Exanple 29
and conparative Exanple 26). The sane is true for the head-to-head

di meri zation selectivity, which affotnhsSIMS near dinmers. It 15 is noted that
selectivities towards linear dinmer formation are nmuch higher for Co[ll)
catalysts than for Fe[ll]. W have surprisingly found that the use of a

sol uble cobalf[|l]acetinei€isRtAbysY, cohbEk RRERAT ¢d §ea%ata%§,iim29 or
prepared in-situ, enhances the selectivity towards diners over That o?
doubl e bond sH¥1idir ¥ saenphx, | acmporpingsanbiisthrybémbopl pyrdédiakyst s
activated by addition of a |arge excess of MVAO as described in the
literature (secet9Rt N3V ahheesorBUlag(hhdbed9w:25 Use of the sol uble
catal yst systemderived from 2-[1-(2-tert-butylphenylim no)ethyl]-

6- [ 1- (4- ei cosanoxy- 3, 5- di phenyl phenyl i m na et hyl pyridine cobalt[I1]
dichloride conplex (0) by in- situ agglitiqg of equi val ent of NaBArF (Table
2, exanple 30 31), results in a signifTi hi'gher selectivity towards

i near dimer formation (Iless isone&jsa. hut ene to 2- but enes)
conpared to the Co[ll] catalyst R{ = ¥ ch is described in the
literature. - 95 - CLAIMS 1. A

bi s-arylimne pyridine MXn
| i gand having the fornula (1)

3 (1}
wherein R1-Rg, R9-Rg, R12 and Rj4 are each,

independently, hydrogen, optionally substituted
hydrocarbyl, an inert functional group selected from

halides, ethers and amines, or any two of Rj-R3 and R7-Rg

10 vicinal to one another taken together may form a ring,

and Rg is hydrogen, optionally substituted hydrocarbyl,

an inert functional group selected from halides, ethers

and amines, or taken together with Ry or Rg to form a
ring, Ryp is hydrogen, optionally substituted

15 hydrocarbyl, an inert functional group selected from

halides, ethers and amines, or taken together with Rg or
Ry to form a ring, Rip is hydrogen, opticnally
substituted hydrocarbyl, an inert functional group
selected from halides, ethers and amines, or taken

20 together with Rys or Rg to form a xing, Rys is hydrogen,

optionally substituted hydrocarbyl, an inert functional



RR Rg Ra "RA ORSNo RNO*RI4 Re Ro RRRRs Ro R12 5 (1) wherein Rl-R5,
R7-Rg, R12 and R14 are each, independently, hydrogen, optionally
substituted hydrocarbyl, an inert functional group selected from halides,
ethers and am nes, or any two of R1-R3 and R7-R9 10 vicinal to one another
taken together may forma ring, and R6 s hydrogen, optionally substituted

hydrocarbyl, an inert functional gqr selected fromhalides, ethers and
ami nes, or tak&FAHyRGE” 4@%‘“ %}aof;zﬁd%%, FOTFLS R EMEABS 1 SORy R ERRN,
optional 'y subsijettHead wlix My posd R  tanfonrrd #1img) i PReYvi@EQUPhSEl RES ed
from halides, ethers and am nes, or taken together with RO or R4 to Torma
ring, R11l is lydr afeneazct ianealdly Reubestd tRy £datey dindepéyderigbyi nert
functional group selected fromhalides, ethers and am nes, or taken 20

t oget her wi t h sSRl2cEedRsE nam fairthh enal g, svlast i tutsdr&yefao abkybnal |y
substitu%ed hydrqcarhyl, an inert functional 96 group selected from

hal i des, et heP®EdRR2dtivh PG Yufi&th C4 gt YKV $RY RIZABPISE 3% form a
i ng, i ded _that R13 d at_| t f R d R14 i nd dent |
el ect od 1 romPBSeLoRANY SR Crad W1 o5 Bhi| GHL? yFIBITE ut o
C4- C30 al kyl hal d I ] ty t ut - , R13
t aken tgge%lhgpitﬁ ﬁ&g&% %m%aéal%q’z;&orilgﬁ%ﬁe%?%g%% e"rrf%lth R11
forma ring am leéﬁ@&e&ﬂr?@er&vg iRk (R Ber I h ﬁj;% £of1yi gled that
R14 1 ut 4- C30

at | east one of "R12, R13 an Is optionally substit
al kyl oxy; ring, and provided that at least cne of Rys, Ry3 and Ryg

10 is opticnally substituted C4-C3q alkyloxy:
M is a transition metal atom selected from Ti, V,
Cr, Mn, ¥Ni, Pd, Rh, Ru, Mo, Nb, Zr, Hf, Ta, W, Re, 03, Ir
or Pt;
n matches the formal oxidation state of the
15 transition metal atom M; and
X is halide, optionally substituted hydroearbyl,
alkoxide, amide, or hydride.
2. A transition metal complex which is a {bis-arylimine
pyridine MXP+J[NC‘]q complex, comprising a bis-arylimine
20 pyridine ligand, X and M each as defined in claim 1
NC™ is a non-coordinating anion; and
p + q matches the formal oxidation state of the

transition metal atom M.
3. A transition metal complex according to claim 1 or

25 2, wherein Rjj, Ri3 and R4 are all independently
selected from optionally substituted C1-C3g alkyl,
optionally substituted Cy4-C3p alkyloxy and optionally
substituted Cg-Cyg aryl with the proviso that at least

one of Ry, Ri3 and R4 is optionally substituted C4-C3g

30 alkyloxy.



Mis a transition netal atomselected fromTi, V, C, M, N, Pd, Rh, Ru,
Mo, No, Zr, Hf, Ta, W Re, Gs, it or Pt; n matches the formal oxidation
state of the 15 transition netal atomM and X is halide, optionally
substituted hydrocarbyl, al koxide, amide, or hydride. 2. Atransition netal
conplex which is a [bis-arylimne ﬁyﬁTHFhe MXp+] [ NC-] g conpl ex, conpri sing
a bis-arylim 2 i dine. Li e .definedyipn_claim1l NC'
i's a non-coor Fnat?hgxgﬁﬁ%aglg%gﬂggiléaﬁﬁg%%%s §€%9$%8§atgo§%%§?i%nogtate of
the transitidn miteateiat dniMadd dttleast toma ottR] , cangl Rxsageerding to
claim1l or 25 2, wherein R12, R13 and R14 are all independently selected
from opti onal Iyndapsndentled Lla30edl kydm opipidwabl v ysslobsitutieadC £4C£80

al kyl oxy and optiqnally substituted C5-C20 aryl with the proviso that at

| east one of 2RKY1.RPPHIRP&RULY | subptibresd \Co1bae i 2Lkelioms-amd 30

al kyloxy.. 97 4. A transition netal . c ex according to claiml or 2,
mhe¥einy§13 afkt4n %ﬁﬁf%ﬁt¥ﬁ§@éﬁgp ¢PE¥%3w+%ﬁgﬁ%ﬁdﬁﬁ?YﬁsgeF%%¥ed from

optional ly suhstiytut : Ky, optiaonal ly. s i C4- C30 al kyl oxy
and 5 opti ona%%y l%&%?lot% ggdé(%f%‘) %1%5%\‘}%” h%s pé%?/’lgé%giﬁgt at | east one
of R12, R13 a@@bg%ﬁﬂd%éangéisﬁﬁ)@lg¥¢g§§;uted C4-C30 al kyloxy. 5. A

transition netal conplex ac ng to any one of <clains 1 to 4, wherein Re

and at |east @ne ofp REaa1uhfn Mewvdl ddmienandesddyd sy ees esh{rone optional |y
substituted C1-C30 al kyl, optionally substituted C4-C3D al kyl oxy, hal ogen

and optional | F¥13dB$t ilt (hedt Cohgeidr g and R ieaah enyethdht7 wind Ry or RO

forma rin or F:. 7 taken
10 9 are independently selected from optionally substituted

C1-C3p alkyl, optionally substituted C4~C3g alkyloxy,
halogen and optionally substituted Cg-Cjq aryl, or Ry
taken together with Ry or Rg form a ring, or Ey taken
together with Rg form a ring and Rg taken together with

15 Rig form a ring with the proviso that at least one of R7,
Rg and Rg is optionally substituted C4-C3p alkyloxy.

6. A transition metal complex according to any one of

claims 1 to 4 wherein Ry, Rg and Rg are all independently
selected from optionally substituted C1-C3p alkyl,

20 optionally substituted C4-C3qg alkyloxy and optionally
substituted C5-Cop aryl with the provisoc that at least

one of R7, Rg and Rg 1s optionally substituted Cyq~C3g

alkyloxy.
7. A transition metal complex according to claim 5,
25 wherein Rg and at least one of R7 and Rg are

independently selected from optionally substituted C3-Csg
alkyl, optionally substituted Cy-Cxzp alkyloxy and

optionally substituted Cg5-Cg aryl with the proviso that



together with R6 forma ring and RO taken together with 15 R10 forma ring
with the proviso that at |least one of R7, Rg and RO is optionally

substituted C4-C30 al kyloxy. 6. A transition netal conplex according to any
one of clains 1 to 4 wherein R7. Rg and RO are all independently selected
fromoptionally substituted Cl-C30 a‘lk%ﬁl . 20 optionally substituted C4-C30

al kyl oxy and qut niadd Yonsubstad ute, YoM & ' t at
| east one of R7, Rg anoanQ is %’pti%nﬁﬁuﬁt%g ut e,ga%gfﬁcggﬂggf%fggy_ 7. A
transition netgl-cQmilRylaneprding to claim5, 25 wherein Re and at |east

one of R7 and are independently selected fromoptionally substituted

C3- C25 al kyl 8.opt iPortadans istuibst inetald W3k ddkgdodingndo apyi onal bF
substituted C5-CG _aryl wth the proviso, that, 98 t least,one of R7, R8 and
Ry is opti onalclly?lé‘l?bﬁ‘t ittcht—gd”h -@@%%ﬁ%@gﬂn%la% ?‘F%ﬁ‘é?‘ﬂ%ﬁgn‘%ﬂaﬁo conpl ex
according to f ¥ t o, I i,d optionally substituted
4 30 59al ky%g¥9ﬁg%%tyﬁ§rlog‘hgnf%i%%s%n%&%#&&E@gA transition netal

conpl ex accordi.ng ®0 tamnxinel of metisl orplax Goderdimg Mo saky. cdd. oA

bi s-aryl am ne pyridine ligand having the fornmula (I) as defined in claim1l
wherein R _15SaPeMgs 1d&q fed™@sFei *ms dfe of clains 1 to 8 and wherein the

bi s-arylim neqpyri g qu of cdidsd 2,4y H:d i I nyL L0 19)
ethyl] -6- [ 1-1@( 4-2% (;Ibg'ssjanoxyfgisl'},lis%é-l i%lzhlecﬁllglr}épﬁl'légny é%ﬁ%ﬁ%tmﬁ %%@P%i ne.

11. A bi s-ar yl{iIni miso defrdingicheln i Qleanidn Hawhereire Kiorygil are 15s | definedii®ed in
claim1, wherein RL_6 and R10-15 are as defined in any one of clains 1 to 4
and R7-R8 are2ay ogéf iafeFliainmmyt die bfand Ahfresin -l nbs-arykbmsnei on

metal  conpl ex Whis & nieS 18 firtt 1N WldeM 81— (2, 4, 6-trimethylphenylimino)
ethyl]-6~[1l-(4~eicosanoxy-3, 3-diphenylphenylimino)ethyl]
pyridine.
11. A bis-aryliminic pyridine ligand having the formula
15 I as defined in claim 1, wherein Ri.g and Rjp-15 are as
defined in any one of claims 1 to 4 and R7-Rg are as
defined in any one of claims 5 to 8.
12. A transition metal complex which is a biS*aryliﬁine
pyridine MX, complex, comprising a bis-arylimine pyridine
20 ligand having the formula (I) as defined in claim 1
wherein, Ri-15, X and n are as defined in any of claims
1-8 and M is a transition metal selected from Fe and Co
and wherein the transition metal complex is not 2-(1-
(2,4, 6~trimethylphenylimino) ethyl]-6-[l-(4-eicosanoxy-
25 3,5-diphenylphenylimino) ethyl] pyridine ireon (ILI)
chloride complex.
13. A transition metal complex which is a [bis-arylimine
pyridine MXp*][NC™l4 complex, comprising a bis-arylimine
pyridine ligand having the formula (I} as defined in

30 claim 1 wherein Ri-15, X, p, g, NC are as defined in any

[



pyridi ne MXn conpl ex, conprising a bis-arylimne pyridine 20 |ligand having
the formula (1) as defined in claiml1l wherein, R1-15 X and it are as
defined in any of clains 1-8 and Mis a transition netal selected from Fe
and Co and wherein the transition nmetal conplex is not 2-[1- (2,4,
6-trinmet hyl phenylimino) ethyl]-6-[1-{42%iTtosanoxy 25

3, 5- di phenyl phesy| &1 8P ehBYbL7pYEhEI HelbrQntf:lah)ithBhoHeQ%lC%mE%edl?’ A
transition nmetal conplex which is a [bis-arylimne pyridine MXp+][NC]q

conpl ex, conprisemgFa ®4-Carylinine pyridine |igand having the formula (1)

as defined in gp Cyﬁ'g}%PETEES mEad 5coﬁgE€x gchngﬁg %?r% RFQ%dg ny 99

one of clains 2-7, I's a transition

A transition nE} athepspheR;aRgoadengst declaet 1R any dAewhdr @ilaile- R9tare as
defined in any one of clainms 5 to 5 8. 15. A solution in non polar nedia
particul &ly a8. chenically inert non polar solvent, of at least 10 ng ni-1

of a transiti Iex mhl h is bis- ary r|d|ne MXn conpl ex
or a [bis-aryﬁﬂ%ine 1%0%9 afng” B4pf?ﬁflTad58nBF lc@ﬁ% gbﬁpr|5|ng a

bi s- arylim nechuii e ey i@eﬂd pbnfpomytasbleendef biedti Neaghkaiim ingwher ein
each of R1l-R15 |s defined in any one of <clains 1 to 8 X and n are as
defined in clanhﬁ @ﬁdaptranﬁlandnqmarelaeoﬂplenedhnnhchalalblsand Mis a

transition ng%ﬁ 16. A n acco dlng tomﬁgaln115 i,n . toluene of at
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iron or cobalt, in partlcuﬁﬁ 2;%1 éz 4.6- trinethyl phenylinmno) ethyl)-6-]

1-(4-ei ano j:4) phan )e ] i ®0 rl)
ddsanoBraiding Miphthye PIRL A%) eBAGD cgw.’raﬁheg 2 Hle

chlqude Com%rfilmlne pyridine ligand of formula I as defiped in

claim 1 wherein each of R1~Rqg is defined in any one of

claims 1 to 8, X and n are as defined in c¢laim 1 and p,
NC and g are as defined in c¢laim 2, and M is & transition
15 metal.
16, A solution according to claim 15 in toluene of at
least 50 rng‘ml‘1 of the transition metal complex wherein
the metal M is iron or cebalt, in particular 2~[1-(2,4,6-
trimethylphenylimine) ethyl)=-é-[1l=(4-eicosanoxy=3,5~
20 diphenylphenylimino)ethyl] pyridine iron (II) =hloride
complex.
17. A catalyst system comprising:
{a) one oxr more transition metal complexes
according to any one of claims 1 to 8; and mixtures
25 thereof; and
(b) (1) in the case when a bis-arylimine pyridine
MX, complex is present, (1) a co-catalyst compound
capable of abstracting an anion and tran&ferring a
hydrocarbyl or hydride group to the transition metal
30 atom, or {(2) a co-catalyst compound capable of

abstracting an anion and a co-catalyst compound



17. A catalyst systemconprising: (a) one or nore transition netal conplexes
according to any one of clains 1 to 9; and m xtures 25 thereof; and (b) (i)
in the case when a bis-arylimne pyridine MXn conplex is present, (1) a
co-cat al yst conpound capabl e of abstggﬁiing an anion and transferring a
hydrocar byl or hydride group to the tr ition netal 30 atom or (2) a

-cat al yst bl Yol | | yst
compotnd 100 capaBlEooh e Far S ek ity df B AL (b, BRaFBIE IS (e
transition nmetal agawuparnd/ ahe Drarisition et Casecarherand/$bi s-aryl i m ne
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conprisigg a bis- @ bRe ¥e [Py iéyyﬂgﬂgyf- the, ldr @as
defi ned ?n claim 1?%@?& no%jr_dfg' %fan n ar ehggg d%f |%§%%P%¥1{/ olﬁe of
clains 1 to 8 and Myidside tgramyi thcortheettatarssl wotrednd taln #eomnd Co, and 15

ii) a [bis-arylimne r.idi_.ne MXp+ NC-). g conplex, conprising a
éiszary{ininelﬁyri 'ﬁ@%'%%iﬁjﬁﬁﬂﬁ%ﬂ]équ %% ﬁg (1) as ggfinedgin claim1l

wherein R1-15, X (B) Jon@n@Nmodee msariaft inad ndtanyea@lote €| o1&t to 8
and Mis a transition netal selected fromFe 20 and Co, and (b)(i) in the
case when a bis-arfiFiofi:ne pyridine MXn conplex is present, (1) a

cc-catahyst conmpound, gapahle .00 ;3RS 3G AN M Wbiitted F ABShEF{d 10 @
a bis~arylimine pyridine ligand having the formula

(I) as defined in claim 1, wherein Rj.15, X and n

are as defined in any one of claims 1 to 8 and M is
a transition metal selected from Fe and Co, and

15 | (ii) a (bis-arylimine pyridine Mxp+][NC']q complex,
comprising a bis-arylimine pyridine ligand having
the formula (I) as defined in claim 1 wherein Ri.15,
X, p, g, and NC are as defined in any one of claims
2 to 8 and M is a transition metal selecﬁed from Fe

20 and Co, and
(b) (1) in the case when a bis-arylimine pyridine
MXp complex is present, (1) a ce-catalyst compound
capable of abstracting an anion and transferring a
hydrocarbyl or hydride group to the transition metal

25 atom, or (2) a co-catalyst compound capable of
abstracting an anion and a co-catalyst compound
capable of transferring a hydroéarbyl or hydride
group to the transition metal atom; and/or

(b} (11) in the case where a [bis-arylimine pyridine

30 MXP+][NC‘]q complex is present, a co=catalyst



hydr ocar byl or hydride group to the transition netal 25 atom or (2) a
co-cat al yst conpound capabl e of abstracting an anion and a co-catal yst
conpound capable of transferring a hydrocarbyl or hydride group to the
transition nmetal atom and/or (b)(ii) in the case where a [bis-arylimne
pyridine 30 MXp+][NC]q conplex is priddent, a co-catalyst - 101 conpound

capabl e of transferyr] ydr r.oy ' r.o 0.t ansition
nmetal atom with tﬁgh%%g\%ago%ﬁ%\hdefnoqﬂaﬁ%ﬂn%ﬁqgoan%#%?CJ%%%cl”S Fe or
Co the catal yst systyemidizeguoatp 5 ocdrhe itmroniet ioin mgsa X apaunds of t he
formula ZnR 2 wherein each R, which may be t@&ﬁiagg or different, is

sel ected from hydrogen, "ot G IRF SHRG i tidted TRAR D Y 10 theny | |
Q. B, 11 ST TNRytoh 120 GF clndS MIBNAD Fdsoifidy WAt 1 (e sane

10 nol ecul e may the same or different, is Cl--C20~ hydroc and the

cat al yst3system i s cooprise one ot mne icmstpadrgrenf ithaojomuhld |21k T4- (4-

ei cosanoxy- 3, 5-di phenyl phenyl i m no)ethyl) pyridine iron[Il] chloride

conpl ex with MAO, YHeSeif ERINK pr ol et Behdibha rfansg akidifferential is
no

Fe, the catal yst syst i S S A I d
ethyl]-6-[1-(4-ei c%:%a%?%f-%i%g fd%i°SL§‘rY§ﬂ2’p?ﬁ’§2‘y| iorr%EE%deBt%ly] ]%%ﬂy’rﬂdgul%%e‘? ron[ 111
chl ori de conpl ex wihhCAOhgdradakhid, 4 phreddlt,r idint Ba,pHenydRni NnAR’ ’ 2,

ethyl]-6-[1-(4-eicosanoxy-3,5- diphenyl phenylimno)ethyl] pyridine iron(ll]
chl ori de conpl ex wPBh ORO an§NznBC2 whegein &dt'al ydti oy stidhiae ddvalisapa o
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hydrocarbyl, and the catalyst system is not 2-[1-
(2,4, 6-trimethylphenylimino) ethyl]-6-{1-(4-
eicosanoxy-3,5-diphenylphenylimino)ethyl] pyridine
iron{II] chloride complex with MAQ,

15 or with the pxoviso that when the transition
metal is Fe, the catalyst system is not 2-[1-(2,4,6~
trimethylpheanylimino) ethyl]-6-{l-(4-eiccsanoxy-3,5~
diphenylphenylimino}ethyl] pyridine iron[II]
chloride complex with MAO or 2-[1-(2,4,6-

20 trimethylphenylimino) ethyl]-6-[1-(4-eicosanoxy-3,5-
diphenylphenylimino)ethyl) pyridine iron[II]
chloride complex with MAO and ZnEt,.

19. A catalyst system according to c¢laim 17 and 18

wherein said bis-aryliminopyridine ligand is as defined
25 in e¢laim 11.

20. A catalyst system according to any one of c¢laims 17-

19 wherein co-catalyst compound(s) (b) is selected from

alkyl aluminium, aluminoxane and mixtures thereof.

21. A solution in a non polar medium or chemically inert

30 non polar solvent containing at least 10 mg ml-l of a

catalyst system, comprising (a) at least one transition



19 wherein co-catal yst conmpound(s) (b) is selected from alkyl alum nium

al um noxane and m xtures thereof. 21. A solution in a non polar medium or
chemcally inert 30 non polar solvent containing at least 10 ng nml-1 of a
catal yst system conprising (a) at |least one transition - 102 netal conplex
as defined in claim15 or 16 and (b)” d%0- catal yst conmpound as defined in
claim1l7. 22. Lnerization or cq-oligonerizat rising

A d I.gqn prqQcess , C
contacting a FeLaloferphexyAscAetingd dnpcaain &geﬁ@:n A% sq%ﬁg Bt®Qeast 3

carbon atons ggprafyatphamgbehdn aGorRi%eRd 13 caBhaN 1at.oms and ethylene, with
a catalyst system conprisi one or nore transition netal conplex

. ng (a) ! ansi
sel ect ed fronﬁa-tr&néFmﬁéhzﬁgﬂém eFmlce el Lgivrel 1ize td o5 RASAST ne pyri di ne
MXn conpl ex, i s-aryl .o yri di (4): [LINC: 0 _
conprising a gPégﬁégkﬁﬁi%éhggkggpﬁealg&%ﬁdMﬁgéﬁhb F#géﬁiggéﬁﬁifﬁh as
defined $n anglefinl abmpristiag8anhéreist 3RtakbonXaxethsn car erasiigafa ned in

any one of clai ,1 to 8 ,and p,, NC and are as defined in claim?2 and Mis
a 15 transitiBhgﬁéPaF?maﬁasﬁFﬁt&réérgﬁérg ?Saﬁ@d(GFWﬁ%eq%rﬂﬁ@jbé%e when a

bi s-arylimri @aEXi%QE”Eysz; CORBRN @1nlgS (RN ELRR! or( Mor® G LA M NH compound
capabl e of abstractiing an anion and tréansferring a hydrocarbyl or hydride
group to the meaasi cPoplant selegtatdofrooy a( 2raasisicat aletsl compdierd capabl e

f bst ting. ' d -catal yst d o] ft f '
a nyar ocar byl 53 S B 8oo387 sy iRpiRaC r R AR BrreoE AR anal or ()
i) i h wh ca.[bis-arylim L di_ 25 +] [ NC- I '
(1) imghe copgetlere:a bR sl g Miigne 2o el LG o complex i
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formula (1) as defined in any of claims 1 to 8 wherein

R1-15, X and n are as defined in any one of claims 1 to 8

and p, NC and q are as defined in claim 2 and M is a
15 transition metal; and mixtures thereof, and
{b) (1} in the case when a bis-arylimine pyridine
M¥, complex is present, (1) a co-catalyst compound
capable of abstracting an anion and transferring a
hydrocarbyl cxr hydride group to the transition metal
20 atom, or (2) a co-catalyst compound capable of
abstracting an anion and a co-catalyst compound
capable of transferring a hydrocarbyl or hydride
group to the transition metal atom; and/or
(b} (1ii} in the case where a (bis-arylimine pyridine

25 MXp*t] [NC™]q complex is present, a co-catalyst

compound capable of transferring a hydrocarbyl or
hydride group to the transition metal atom.
23. A process according te claim 22 wherein M is Fe, Co
or Cr.
30 24, An oligomerization process comprising contacting a
feed olefin which is ethylene with a catalyst system as

defined in claim 17 or 18.



or Cr. 30 24. An oligonerization process conprising contacting a feed

olefin which is ethylene with a catal yst systemas defined in claim?117 or
18. - 103 25. A process according to any one of .clainms 22-24 wherein in
the bis-arylimne pyridine of formula | as defined in claiml, R7, R8 and
Rg are as defined in any one of clain®3-8. 5 26. A process according to

rom 2l kyl ol niar o o s Sod o S TreE oot dLng 2 ne 20
accordi ng to afyemonien ofn ctleé Nl 222 29l imbhee epyridibneat bl formgyat &nasds in a
solution as Clc{jleiffrged 1ionicrﬁ.§:{n?if] 2&-‘;, Rg and Rg are as definzd in any

one of claims 5-8.

5 26. A process according to any one of claims 22-25,

wherein co-catalyst compound(s) (b) is selected from

alkyl aluminium, aluminoxane and mixtures thereof.

27. A process according to any one of claims 22-26

wherein the catalyst system is in a solution as claimed

10 in claim 21.



