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OF OLEFINS Field of the invention: This invention
woeb@tmses7r0 an ol efin trinerisation process, aprCaizahkysio0018s
systemfor trinerisation of olefins and the
identification and use of ligands for a catalyst
systemfor trinerisation of olefins. Background of
F46%e i nvention 1-Hexene is an inportant commerci al
product. In addition to its use as a specific
chemcal, it is also extensively used in
pol yreri sati on JRIMERISATION OF QLERINSr or
co-nononer. This invention defines a catal yst system
that facilitates the production of 1-hexene from
FRINYF gieanténtidgh sel ectivity, while avoiding the
co-production of significant quantities of other
hi gher oligonmers and polyethylene. In this regard, it
Thg KRemsorf rr@\ﬁielér 'tcprarﬁrdlefﬁu%rﬁé‘is%'ﬂbn 6prlagéss42§)cdtél?ét dystem for
ni ckel cat alty conpr i a chelatin g}
trimesisaligmhpiolelng Wéhwde@%@%ﬁn R bER 26 figandster fi piiplyg system for
irinerlRbBHEf dierpgur sor, preferably N Q2 6H20 and a
catal yst activator, preferably sodium
tetraphenyl borate, catalyses the oligonerisation of

B%bkl?,lo@mg Jf9ne irRlelitianm xt ure of linear olefins
cont ai ni ng 1-hexene. The selectivity towards the

linear C6 a-olefinis claimed to be 33% Simlarly

1IH‘E§(e§QQ§|aH‘|||r§;B’tﬁfanﬂc@fﬂnﬂBic@f FoRIBIS. (Iﬁ%lt@hoﬁe%,us@%s a specific
atents 676, and 937) .usin

c %QP&, s §|§gﬁgﬁ{l$lgely gﬁq lpé)d) Wrg:;ptéqrbprﬁ?geq?ﬁg §1tla/%r as a monomer or

célmli@?@meeg Bﬂhlé ihGeritiol HeahedTh XhtslySt éﬁt@rm’@tsa@msteewproducnon of
repor ts er t

93-6. and  94/95S12). Zie
TthexanR e eé%y'%'ag"%hseﬁq%mﬁﬁ? hiofing heta b ligtion of significant
quaktRies BEEME! Mgk \tihened anBpoffettylcdel Cheni cal s Conpany
(Chevron, e.g. DE patent 1,443,927) and Et hyl

Cor poration (BP/ Amoco, e.g. US patent 3,906,053), are
I hisio rggumems ahdwyn #eAOpiicr ar0l(UgqiReritB;181,408) ahst 4 Gickel catalyst

m Xt ur es s, t hat re tedl y cont.ai

CoBISnG Raelefie LiAre, BEaD PERI FEY LA 18P Y0e bereii god TaPBA). a
n&ﬁé%ﬁbabsor Tﬁ@f&@dl?ﬂ“llCMel-@(Dj @Rd | éa;*etabj%t @‘cmttds\ylpearerauy sodium

at nS| on. netal cat

iarEReTGPly. SeBBPen e RiSpaIDReEd, ol<ng B Yigd @ Mixure of near
oldfinBRbh@ifingd N-hegdr. Tat SericiviBoR s/ tHe Gikgaf Cq a-olefin is claimed to
bzcgé%%%ﬁér?yo%%es%hell Higher Olefins Process (SHOP process, US patents
3,676,523 and 3,635,937) using a similar catalyst system is reported to yield 11 mass %
1-hexene in its product mixture (Chem Systems PERP reports 90-1, 93-6 and
94/95S12).

Ziegler-type technologies based on trialkylaluminium catalysts, independently developed
by Gulf Oil Chemicals Company (Chevron, e.g. DE patent 1,443,927) and Ethyl
Corporation (BP/Amoco, e.g. US patent 3,906,053), are also commercially used to
oligomerise ethylene to mixtures of olefins that reportedly contain 14-25 mass % 1-
hexene (Chem Systems PERP reports 90-1, 93-6, and 94/95512).

The selective trimerisation of ethylene to 1-hexene via transition metal catalysis has
been extensively studied and patented. Some of these trimerisation catalysts are



2 F469 capable of trinmerising |onger chain olefins.
This is an inportant feature, since the trineric
wonososé«g7deri ved from | onger chain ol efi ns cort®zae003/000185

utilised as synthetic lubrizants (e.g.
pol yal phaol efins / PAGCs), as well as in various other
ggflications such as conponents of drilling nuds and

feedstock to prepare detergents and pl asti ci sers.
Most of the known catalysts for selective ethylene

[ sed. Recentl chrom

t i gog tﬁ%ﬁ@ﬁ&@ggg&%ﬁ%&m %@?ﬁ wpo&tgg{f’gaw,'q@mce the trimeric
priw?etsmhﬁéﬁ ﬂoh”@ﬁ:{éﬁt %hagm nggig/@tggglggmméd a«ls: lsfzﬂtﬁetlc Iubrrl]cants (e.q.
ITro ons we
el R ARS8 el 2T Ve e beRtons such atemponens of
dmm@hme dndws fé@zﬁst@@l@’cd rapdre dEh@?awté A& pEsticiddns. MGk ofthe known
cer. of e Ccar on al o
HBHSR dar Seisttu SEMens masato e AR BB Rt eqeiy. chromium-
bémetch ttnhens“dmb@nbatalystTrsyﬁ@mtsat@ncamﬂﬁgil m&noatbnq@nizjam§8wnth both

S en R asm S o33 Sl SR S rcen

héteh%ﬁcﬁh@MM@Oﬁ%@@Mﬂjé@rbﬁﬂ‘?ﬁv@meﬁ by ER& la’ﬁ@ﬁdaﬂﬂ Mhese ligands
0 | NO- e -a n

Bl < spider o Sh Koo Dae Saren APk Shyasr 1o hABK R o, allow true
trBielht%@é icoerdireitien d@i’:jhltt’fw)é:ﬁmmi(xw t h‘ridul_@ttété lcodrgh\t@t(@ﬂ &omplexes are
sel e eedi n Ss. 9 I i hits onl
ofriEn e ich G HRTTo L aRIa TG Bos ok, bheishe Bl e R telpteres. An
eﬁarh@léero@ats@dh ca | hgtarvditomhit h ligaian ﬂ@hoémbbhdstrﬁﬁleatlon is bis-(2-

d'@h‘ﬂP&gﬁé}]{ @@/oat orrs oL igttﬁ%tgﬁ%&sy {Tﬂ: Ss:cgfh%fgmg tﬁ|s ligand is

extesnsly Belbctive 160a0R @mbiéne thomhlemheaém iselattivity exceeding 96
t he

d f bed by
SR Pl RY BB LR PR ReRS) x. v- x( Ra) ( Ra)
wherein X is phosphorus, arsenic or anti m)ny, Y is a

Ap et Kbl Sihoa MRS G 1S5 Wi f50) phiShignse &hd nitrogen

hhtyecbammas by ffor mmmmy dirioreishydn orissu k(stméthbwahenyl)ZPN(Me)P(o-

oSO 58 B0 B R Bl Ao o

us¢ bbligaedg desmpibed by thet fajdveing gererairfemigat( Rb)(R?c)mvaxW;(R“) wherein

B! O Ry s P 65,8 S0 SRR 25 AR and R, R

ormwhaR?| eas'e ssedcbctmdme(rrdleaﬂlyredy&ebabyu VIsUbﬁButted\Na‘fydmcarbyl

hétfg%gﬂae aF el%)%f tp?e\g& PB&% %yl %gqusts a /?ga%c%nee of v?hlch has a
palat |subst|tuéﬁhum<_:l'baseut arprtolaphaiieo\aesamesm stniahergroml The ethylene
B SR R SRR ko Rmton
|sF?.§Qm§i8ha1r1elssF&elgutme| fislaimesit sdlentigitias tqudrds ,1-lmxerd eaigeometween 75
aﬂ&’ @a}téf H%Ss %t}ﬁéﬁ *h%ewsten%ggcrlbea an Hro%/&%%‘f’ ut’g att lsthOere active.
Thus based on the above description, an essential attribute of the ligands disclosed in
this patent application, is that at least one of the R', R?, R® and R* groups must have a
polar, or electron donating, substituent. Open literature shows that the use of (o-
ethylphenyl);PN(Me)P(o-ethylphenyl),, a compound without any such polar substituents
on at least one of R, R%, R® and R, as a ligand under catalytic conditions resulted in no
catalytic activity towards 1-hexene (Anthea Carter et al., Chem. Commun., 2002, 858-
859). The coordinating phosphorus heteroatoms in the above-mentioned ligand are



et hyl phenyl ) 2PN( M) P( o- et hyl phenyl )2, a conpound

W t hout any such pol ar substituents on at |east one
wohoRb56422, R3 and R4, as a |igand under cat al pCT/@A2003/000185

conditions resulted in no gatalytic activity towards

1- hexene (Anthea Carter et al., Chem Commun., 2002,

858- 859). The coordinati ng phosphorus heteroatons in
F46% above-nmentioned |igand are WD 2004/ 056477

PCT/ ZA2003/ 000185 3 F469 spaced apart by one

ni trogen atom is believed that the nitrogen atom
SRAsed by 98¢ d1'tr9.aea #Ph {the Relievee Ut (ha nitegen atem does not

cddi@inaeSHN e UhréHiiuaClat 13kOI) tha R8st ofir Mwétor)aém that without
further electron donating atonms on the |igand, it

ary WehpaelectEgnsduating ptqms ?%FrteH@andb'é IS %P@&“PF%W%‘?W TS further

bén@k/@d tha@ ang biat, 'oP %Ie‘éﬁﬁﬁﬁbrﬁﬁimg léb%tit&éfﬁé‘%pe%?aﬂ?‘m ikl ofthbIposition
rtho-positi,on R3

(R
ofatﬁe p%&w lreyns Rat Bt earfdoﬁﬂéecfﬂsﬁtedge Sormation of att@dentate system.

TIsY $dRiFe is Féweﬁaté@mt .| Sorhfdbib. 626(523 %53135%9%@@ MTYR has led us
2002, 858-859 stati ng "Thi s has | ed

t%ﬂyaeth%%f@tt%mtﬁﬁf@' E%tOétHPTr%ﬁth%rgrevn%‘f@ %?h esz@dent donors and

inBrcBE® thel dborditiate sBRNERA S §RNPFSmRRLentrass R mebdrfaft factor.”
coordi native saturation of the chromiumcentre is an

i nportant factor." The applicant has now shown that,

T %b Nt has W& SHoeli (e coftfrarFas ke flﬁ&lnéé of Caxeekt sntexceuent
'gylgx?ﬁr e trimerisation activifies and sel’ectivities

HE%G%HB%@Pib‘{'t@sﬁdnﬁe"‘?‘ﬁ'é%%ﬁ&? {pdeeRpssiblg 43tng inexpensive
PNPﬂb?hd!‘é Wt?]ﬁlzi W\@hiﬁola‘ﬁ ghsdtitidheNé s Ef@brﬁﬂ%%d%ftbh@ of the phenyl rings
ions o rin ache
alzebep gy e, pm?émﬁs Hibhel VRN selerBiiseeaneithashigseble when
u@lﬁ@ tr%%étﬁbﬁnd\lbﬁfemslabrﬁﬁarbbwﬁgéﬁd@ﬁlﬂd/h&%&h@@i&h@ PBBIBGEHas a polar
L’Fﬂ?nds in Waﬁ‘ig bg ortho position has a polar
0 Frefes &Po Y &6t ¥@ by Carter et al. Summary
of the invention This invention relates to a process
for selectivel roducing trinmeric products such as 1-
o s yeRip

SHIMATY Bs by using a transition netal
catal yst systemcontaining a heteroatom c |igand.

ccor dj rst _as e invention t
TR GG geSioe bteaR B acleflelydp bR Sk Ficiion as 1-
ha»@nehfr'pl‘rocteéfmsl bgl usleg & hearsditp GhetgloRbRdist Ngs®m containing a
Ief mclfe streamw th a catal yst system which
ﬁ@%ﬂﬂ%‘& '9¥Mfet eroatomic ligand and a transition netal
conpound The term trimerisation nmeans the catal ytic

tlonofasm fnlcrm r a i Xture of
AGREFE B LSt e ol e aMetin 2%ag b ooficed & rass for the
triveorisaidah bf oleflﬂish@ﬂﬂ!ch process includes the step of contacting an olefinic feed
stream with a catalyst system which includes a heteroatomic ligand and a transition
metal compound.

The term trimerisation means the catalytic reaction of a single olefinic monomer or a
mixture of olefinic monomers giving products enriched in trimers derived from those

olefinic monomers. The product stream may consist of linear and/or branched olefins

The feedstream includes an olefin or a mixture of olefins to be trimerised and can be
introduced into the process according to the invention in a continuous or batch fashion.
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i near and/or branched olefins The feedstream
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trimerised and can be intreduced into the process

according to the invention in a continuous or batch

fashi on. WD 2004/ 056477 PCT/ ZA2003/ 000185 4 F469 The
F4#90duct streamincludes a trimer, which triner is

produced according to the invention in a continuous

or batch fashion. The process may include a process
Thep preduckrsireant inslides aatidmes i wRichHemer s redusefl naccording to the

ounds with term nal double

|n%%ﬁg§ﬂ€%€%@1 g%ﬁf??gﬁﬁfﬁgﬁﬁdes et hyl ene, propyl ene,

1- but ene, isobutyl ene, 1-pentene, 1-hexene, 1-octene
TR SrdSs |n'1$3)91nclu-5@ea H{r@é‘e@é StoPB¥mbMGibe &féad Bfeﬂﬁ@%e?é?ﬁ a—olefins

trimerisati‘on of elnstoyleldtrlrrerlca [ efin

mﬁld@%l ak hydreearben po@pyund\sn@ﬂbﬁeﬁvméh@%bwsCEEhfﬁ&@fl@uon includes
ﬁb tp?@pyi@{eahibﬁen%%’ ﬁﬂiiéf‘ie A -UrRSRY A heRbnel 1b<§{te91e and the like.
pre erabl’y greater than barg, nore prefera y
greater than 30 barg. By heteroatonic is neant a

Thd ﬂ%@é’sst rh9§/ ifcRRka ﬂ%c@és fble@ﬁerlgéiﬁbmta‘a&@m%lelmm@éhc a-olefin

he same or different, and
mpﬁ@3§§ﬂ§@W?Wy sel ect ed fron1any one of a group whi ch
conpri ses phosphorus, arsenic, antinony, sulphur,
nitrog};}ta oxygen, bisnmuth and selenium The
ofiRY 99 gamtactad witke thee satalVEle 8YHgM: Alea fRIBSINR 9 1 barg,

prBRABSIPLrck RS P10 bR Mo ERIIBIGRERr o arglr ©

i ndependent |y sel froma group whi conpri ses
phosphorus, arsenic, antinony, oxygen, blsnuth

B)’i HeRBRIdomie 8 RIRBAIM (i dgawa tﬂéttdoﬁ&ﬁ& ataeubt Bvo héteﬂ)akdn%'v\m:h may be
group between A an i's independently sel ected

the sgmeanyiffesers: #id mﬁé?éﬂ@eﬂ‘ﬂﬂeﬁgbﬁﬁﬂﬁe@ freﬁba@{rﬂi‘erPférﬂﬂOH’ﬁ which
cotistisdst SHidEbAGEs bYrdehr, reﬁﬁﬁ’\%ﬁk/bgﬁlph{@‘ erﬁt?&ge%ncbxy?en bismuth and

oxi datjon state of A and re specifical
Sff'?'@j‘é’ﬁdT% hefaEosienaicy ligs8d MRy %Qe?ﬁlbﬁg\mﬁ‘@e é@%‘i‘%ﬂ general formula

(F)K-BLE®),, whEre A 8331 & fe HdBRehd¥hky suletet frﬁnﬁé‘@rdﬁpaﬂﬁch comprlses
|nde endent | horus, arsenic, antinpn nitr

Phgsgh u§n§f§ﬁn'én%'t'§‘oﬁ¥ Oé‘yg?mlpiwt@r%i%‘ubéﬁﬁé‘ﬁw E”Qﬁ‘ﬂr e” and B

isA Iﬂikﬂfg%ro@p Eﬁwve%ﬁ Mandc! erd Rab m&lb@hdéﬁtl'y%efe@fed from any homo or
coor d ({1at|on with the transition el ectr

hefBroopydracagRy! igrenp aad prand ‘Brﬁr?t%?t%rﬂ‘éﬁe%d@hglee@sg?cé‘&? VBlgce and

oxi§atdnistats BeNisgalc. 1 ncl udi ng dative coval ent, bond
formation. A and/or C may be independently oxidised by
S, Se, Nor O

More specifically the ligand may be described by the following general formula:
(R"Y(R?A-B-C(R®)(R*), where A and C are independently phosphorus, arsenic, antimony,
nitrogen and bismuth and B is a linking group between A and C. A and/or C may be a
potential donor site for coordination with the transition metal.

An electron donor is defined as that entity that donates electrons used in chemical,
including dative covalent, bond formation.

A and/or C may be independently oxidised by S, Se, N or O.
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be i ndependently phosphorus or phosphorus oxi di sed by
we2004/05e170r N or 0. The heteroatom c |igand nmegT/Za2003/000185

sel ected froma group of ligands having at | east two

het er oat ons, wherei n each heteroat om cont ai ns

hydr ocar byl or heterohydrocarbyl groups w thout any
F46%ctron donating substituents. The applicant believes

that if the catalyst systemcontains a bidentate

het er oat om ¢ coordi nation conplex with substituents
Acndt G eayrlenipderpsidenibhplirspheris HF hashherus ogisesbond araSenor N or
oor C, it would lead to inprovenents in the

selectivity of the catal yst system due to suppression

of secondary trinerisation reactions. In addition,

Tﬁ@%e@%&tbrﬁﬁﬂbah@%aﬁﬂﬁ@%é%b@g|f)6n§ Ql’q}guﬂ Bﬁh d?isrﬂ%ﬁﬁng at least two

i nstances thé presence of non-el ectron
hefgreatansy eWh%relns egeh digterogiom reoniaings hWFOtSWéyl @V eh@@rphydrocarbyl

g@gﬁgw.tﬂauts%ﬁskbw ﬁoﬁéﬂ?@r%sﬂ{u@rﬁ§enﬁm §p§|ﬁ¥ntb@elleves that if the

cted fromany one group conpri sing

calplyRy rRyslgPbuERNtaIBD B |b§19ﬁ§;?’f%1 h%mmlbywoo@mg@r? C germglex with
smméqfu‘éﬁ@r&b’the ohﬁ& FBQW@(S%@%WA’@WO% BORRE fotAIbEE, lt would lead to

het er ohydrocarb Y rou rnorganic It nking groups
inseyRMeth i e Q@t"db’o?ﬁ tf‘? gRi@lYSt eygtem dup AR iSHBPrgsdvrpef secondary

tr?m.séncg{ F&é@n&r%”p m éua\somqhg ﬂfsrb%m %éf%bFBHslﬁgMﬁbhﬁ@ 8mat in most
2- et hane , I}écene ropane cat ec

|n§fagcgﬁ W@tqﬁ%qﬁgg pglqurhg tru ¢gy)ating s@s@m@pt_s_ is bepefiy in tgﬁas of the

ovMaiRRbctioM&I&:tiRgy toRvalhsif-RE@ne. @ hydrocar byl or
substituted hydrocarbyl, a substituted heteroatom or

a hal ogen. Preferably, B may be -N(R5)- and R5 is a
Bhﬁﬁzoﬁé‘@éléctééf frdms téhwﬁeutoﬁcb Igvaf Ogéh bré.n@r BtdBnicRMKIARY groups
r

n or may be sel ecte om gr oups
c%ﬁrﬁl@i p%@d@pa@yk);pbstgqtﬂi hydrogargyly hen@ggrtyg@ﬁartm ghga substituted
héteksmyiegamonytoup; %Fd%@ﬁ&’hnﬂ%ﬁ@ g@ub@&ﬁbmpﬁg’hﬁoﬁﬁ%@%ﬁ links; ionic

car bonyl am no, di al kyl ami no, or derjvatives t
linking gioyPs 808 & 9PUR SAMRISIRG Aigjhyiane; Hisath¥imsiyiangehiethane, 1,2-

pﬁ’érgje%r ag- Bép&:@mp@cate@wde 2fdnhytlh |ﬂ{/dﬂdﬂﬁe sxmhs)assl(Rs)z- P(R%)-
Cr)

g(CI ude (CH2
ancﬁg(-ﬁér)% wtmr%@ a Iyg(q_qg¥byl oqr sggs‘ugﬁ%d xNYdgge@rbyl, a
st\r’bs’@i&ﬁed Hdtarbatom blt/ alﬁla%gaﬁd F’Mf@rraﬁlyn ERGnéys biéydu(@@)enarm RS is a
en or a. . nitro rocarb
h¥FH B‘éﬁrpﬁlﬁ’( aFURsiisd éWB%* @gb‘iﬂBUP R r{%? Y B h%’ P%%ft %fdm?l’) bg gelected
fr@mSltm'Q SO BbIRIRABE of Allgi, Narye @Hﬁ@ﬂ? halkbéry RiBC Rlkdx§carbonyl,
defi S a substituted on-substituted atom that

CRIPo ‘B?ﬁ’da py;@@mlvqaébq&ybﬁar%@pﬂammo, ialkylamino, or derivatives thereof,

and aryl substituted with any of these substituents.

Preferred R® groups include alkyl groups such as methyl.

B may exclude (CHz),Y(CHy),, where Y is -P(R®)-, -N(R%)-, -As(R®)-, -Sb(R®)- or -S- and x
and y are individually 1-15 and wherein R® is hydrogen or a halogen or a nitro group or a

hydrocarbyl or a substituted hydrocarbyl group.

B may be selected to be a single atom spacer. A single atom linking spacer is defined
as a substituted or non-substituted atom that is bound directly to A and C.
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and R4 are each independently hydrocarbyl, substituted
woydmses7byl ,  het er ohydrocar byl or substit ut eBCT/ZA2003/000185

het er ohydr ocar byl groups where any substituents are

non- el ectron donating. The substituents may be

non-pol ar groups. Preferably RlL, R2, R3 and R4 nay be
F&@fbstituted aromatic or substituted hetero-aromatic

groups contai ning non-electron donating substituents

pn tzllj{% ;atom adj acent to the atombound to A or C.
Rro afer Fa R6§ $Rehs independently hydmearhvh évbstltuted hydrocarbyl

h@téll%ﬁwrbﬂér@?l &eéLQfsﬁm&Idol"@eéﬂoﬁ% HEAHEV gr6@t5§ @hé‘r‘en&y substltuents are
non- pol ar substituents on the atom adjacent to

neft-BIRPERILFRNANIBIA TBE Sebstityests pay B nPa-pa amswrefww R%, R’

ar';HS RAMnBNbé tsyib¥ithitea WHroae brBmsyhtuted Aeferd- Qro%d%'g%ups containing
nment. Suitabl e non-polar substituents

n%glﬁyqron gQrpﬁppg ﬁypgﬁyﬁpnts SRJbR AlAM agpgwrmthggm pound to A or C.

R, SRDIFFPald R SiyUbe/ kubdtitlaed )él'oméfﬂ%rﬁr)’iubsﬁl@i@d hetero-aromatic groups
Q%Cl opentyl 2 nmet hyl cycl ohexyl

#6158 AoBGholaR SHOSt 3RS, 91 theiarosh @H@?Fentﬁam zﬁ9'm bougg yq A or C.
xyl yl, nES|tyI ethenyl and benzyl group, or the

i ke fe two or nore R3 and R4 may
NBR D3I IR0 BY IIPAR 95 2P Gl MEnoWGhesiTiRnAG! St dpie moment

one non-el ectron donati ng substltuent on the atom )
cent to the atom bound to More preferably
Spé%b FON-pRIaGFHP stweﬂiayn@éb%ﬁmﬁéw Sy, DrEpB GoP RO, buty,

|s@prla>b9u mdwtyat t-bRAS peAYE HEXDL Ft?blaiberﬁylthmétlH?IHyScl&{éxglhQ:yclohexyl
or ulita

A ooyt R Pheh oYL, b o). as e BhagH, and benzy

ghﬂ@1@ﬂﬂehma met hyl , ethyl, ethylenyl, propyl,
propenyl , propynyl, butyl, cyclohexyl,
2-met hyl cycl ohexyl, 2- ethyl cycl ohexyl,

Pe:férabipr oy bic rdre b x@, ,RDerizamd RIhasy lbe &@mdtic oryhetkro aromatic

cgpt?lntglé%%; E%E%F ooéﬁ%&%nﬁ%@%%/w oﬁt%%ﬁ%‘ﬁ%%l@ja’cent to the

a’?_ﬁt bdtSLﬁmlefmyA ,or r(EtM%Qkyprte%tréwy(W R G’lf’oaﬁlid Rt @hayl 9 ¥romatic or hetero
i e ione enyl , )

BT FRACANTG Bt g TR RGN cPle plogeadipeent fsthe atom

bbthdaoh &4C.may be | ndependently aromatic or substituted

aromati c groups where the substituent on the atom
adj acent to the atombound to A or Cis non-electron

Sditatié ierRgmplBY. ,of R, RR3R&@A RE inelydd)epuit rsdem@ndmnédj Yo, methyl, ethyl,
BRI |, SHRHL S, BB S B cne, 2
ethyloycléhexyl, @Boﬂ‘op}doycﬂuhegylolbsnzyl, phenyl, tolyl, xylyl, o-methylphenyl, o-
ethylphenyl, o-isopropylphenyl, o-t-butylphenyl, cumyl, mesityl, biphenyl, naphthyi,
anthracenyl, methoxy, ethoxy, phenoxy, tolyloxy, dimethylamino, thiomethyl, thiopheny,
trimethylsilyl, dimethylhydrazyl and the like.
R', R% R® and R* may be independently aromatic or substituted aromatic groups where
the substituent on the atom adjacent to the atom bound to A or C is non-electron
donating. R', R?% R® and R* may be independently aromatic or substituted aromatic
groups where the substituent on the atom adjacent to the atom bound to A or C is not a
polar group.



WD 2004/ 056477 PCT/ ZA2003/ 000185 7 F469 It is npst
preferred that all of Rl, R2, R3 and R4 may be
wanromséa7or hetero aromati ¢ and each of Rl, R2T/ZR3003/000185
and R4 shoul d be substituted on at | east one of the
atons adjacent to the atombound to A or C by a
non-el ectron donating group. It i's also preferred that
F&D, R2, R3 and R4 be aromatic or hetero aromati ¢ and
each of Rl, R2, R3 and R4 be substituted on at | east
one of the atons ad] 1acgnt to tye atom bound to A or C
It fsymestrpoeferred that akbpbié R*ARYanst Rt may bectigraatiglor igieropgomatic and

e?c,ri]\dcﬁ% ﬂaﬁméﬂ\‘aWﬂﬁﬂtt}e}/&@ tlt'u’ce@k(ﬁ'ﬁattl@aé?%ﬁ? oF tHéDe[t@meadjacent to

otHer or to roup Bto forma ¢ )
thetaters baued tcofyer Keby a\mﬁrehcﬁﬁrd d(matmga%wm It isralep g arﬁ%er@d that R,
RA hge lah@atﬂdb?aéfoﬂaﬁ@ of Hektb NarBMbtid Rh8 éd3hnér B* (R R? and R* be

dni't Eg exanpl es of such |igands include
substititache alderstae tf&at@@madﬁ@emi tgdhrigtopheeundsigeh or "C by a non-

jgual units are coupled either via one or nore
p%l?'dééegR groups or via the linking group B. Mire

speci fic, but not limting, exanples of such |igands

Aﬂyﬁf 1'89% ?zﬂ G- a(nH(FEa(lﬁaﬁwBé{ﬁé?ﬂ‘éﬁw Belirked t88R& 8NMore of each

ethyl henyl) benzene
om@cpiz@-ﬂgm mi(l@g gl mef@yp )azc)yg (gstgmtgpre together with A and C, A and B

ol 4nfic (P(o- et hyl phenyl ) N( et hyl ) P( o- et hyl phenyl ) 2) - be
nzene. The |igands can’'be prepared using procedures
known to one skilled in the art and procedures

ﬁé ﬁg r@it‘ﬁgy bido %Hia‘irﬁn’i‘lﬁﬁhpie' (R§ASBID(R),, iR TRbEMiGhg EXBRSles of such

ar e:

ll@qr}ql)ﬂ (peleds Ay ¢ia igAnpp@Es- welhgp Yiganda ybere the individual units are

cé@plé&@iﬂ{e‘i’ 7 ﬁée&%%r%%ﬂ(tlﬁ'@hl@’éd (d-vid BeMNRIRY |g¥61@ﬂ3’| Mere specific,
pheny 2PN§1met h

t hyl ph
DSt AgH \Uﬁ'@ﬂg'l ?WM{'%P w;rp{@ar@@wegem%pa %Hﬁ&%}ﬁz"j(o-%ylphenyl)z)z)
béﬁ’ze?\tah)('mélf(NW(b DHEPHNN )bbhf%(r@: I\RCPM@HMPY& 3tBylphenyl),).)s and
(o-1soprop i'sopropyl)P(o-i ggle)
1(Aodld8£m9ﬂhylemw ?@MW&W 'Ph?é‘yax?ﬁ’)e n
(o-t-butyl phenyl) 2PN( et hyl ) P(o-t - butyl phenyl )2, (o-t-
ngtlél[aﬁ%eg%é) 2P§Ir(2|psopr$§§//g ) %dﬁé“t ylwﬁhen%jgz skilled in the art and

p‘&‘e@%lﬂ%)él a’@aeyéd grm%mﬁmdt ?}l@(’zﬂuﬁt h!)lkemgﬂéwlc?fﬁthese ligands are: (o-
e e met hoxyphen 0-e
DI RGToy Ba arBY bt o ot ol [hRDIePaPh ey PNty P(o-

QpRtypenyl) ZPNC1- Cy@é aRewIhenyLPNROethghplmetagpher@l),, (o
effﬁyﬂpﬁ{;eﬂ%l%@@né@pIj’(;s(q;h)gprpﬁnyawgﬁwl), 2 (o-ethylphenyl),PN(isopropyl)P(o-
e t hyl pxlengﬁﬁiggﬁl\rl(% PNGE@H?@W)PW(S%@WJ ploearmisthyI%PN(i8epropyl)P(o-
eyl - 2- { hi B g@gﬂxl %@R%ﬁﬁyﬁ%@wphwh (ot
butylphenyl),PN(isopropyl)P(o-t-butylphenyl),, (o-ethylphenyl),PN(pentyl)P(o-
ethylphenyl),, (o-ethylphenyl),PN(phenyl)P(o-ethylphenyl),, (o-ethylphenyl),PN(p-
methoxyphenyl)P(o-ethylphenyl),,  (o-ethylphenyl),PN(benzyl)P(o-ethylphenyl),, - (o-
ethylphenyl),PN(1-cyclohexylethyl)P(o-ethylphenyl)s, (o-ethylphenyl),PN(2-
methylcyclohexyl)P(o-ethylphenyl),, (o-ethylphenyl),PN(cyclohexyl)P(o-ethylphenyl)s, (o-
ethylphenyl),PN(allyl)P(o-ethylphenyl),,  (3-ethyl-2-thiophenyl).PN(methyl)P(3-ethyl-2-
thiophenyl),, (2-ethyl-3-thiophenyl),PN(methyl)P(2-ethyl-3-thiophenyl), and (2-ethyl-4-
pyridyl)o:PN(methyl)P(2-ethyl-4-pyridyl),,



t hi ophenyl) 2,
(2-ethyl -3-thi ophenyl ) 2PN( et hyl ) P( 2- et hyl - 3-t hi opheny
WO p@0428647¢ 2- et hyl - 4- PCT/ZA2003/000185
pyridyl) 2PN( et hyl ) P(2- et hy$-4-pyridyl)2. WO
2004/ 056477 PCT/ ZA2003/ 000185 8 F469 The process
conditions may be sel ected such that the catal yst
Fativity is nore than 1 gram product per gram
transition nmetal. The process may be an a-ol efins
trimerisation process. The process may be an ethyl ene
The proeess edndiiiongrroae be selfhtedmusb dkal the chtaliss actéty 3¢ eppre than 1
r, a heteroatomc ligand with
gr%f‘n @?%&g%f‘%rﬂ%rﬁﬂ%g%%@und and an activator. The
process may include the step of generating a
r.oat | : situ froma
Tll?e ér%cg% 'ﬁ%@/ ?r%%ﬁg'glgﬁlg%ﬂlﬁ%ng&?ﬁﬁﬁ%sgr oatom c |i gand.
The process may include the step of adding a
pared using a
Tlﬁé ? or %%St%rgi)( QQ?F‘%&% gmgﬁ{grﬁg ?lrotc%% nmet al conpound,
to a reaction mxture, or the step of adding
e a het C ith
¢ BB by W s eB e i Y G 2THEN el BERE oard with 2
trameifahi metal eompeoing laed apfactivateransi tion netal is
generated in situ. By generating a heteroatomnc
coordi nation conplex in situ is neant that the
Toe ppicess imay dgmtusieathe $taprofideseratiog amefaroatRmichcaosdiagtipgi complex in
sﬁ@lﬁSﬁ B! AfSitior] Wétﬁﬁger}{%our{dhgndqgt I‘?ét%%f&?ﬂl& |IE% dfHapbioRBss may
I'S generate I ca
|rtc|usiasih1e| siep «nfetaddm@oarmerfmmednqomélﬂeﬁm‘atcemplﬁm ingRARged using a
h@tre al‘f(?'ﬁg'llggl‘gp £R®Lrdn |t|§|11 Hétél'?:‘an‘%éuﬁ'd ttb‘)a erctloWrﬁYdd?@ or the step

rati os r om about
Oiaraddpge$@eaajely tof thenvedstnit a betemptqr@lcﬂmand arwiea tranSItlon metal
c&ﬁm?&é’l&f 5Q%h Wtk H@é/ro%nﬁ@lcgsrtdﬁ%tlsﬁ Q{&r&%@m lér"transl‘uon metal is
enum tungsten, tantalum vanadi um and
generamdums:tpr BY @ea@nayng aHeterpalegiia Fepidinatien corgplex in situ is meant
tﬂ?ﬁ%&’rﬂ%le; %e% HeRdtel i r‘ﬁ@&ﬂlln iR WRGHESHapE @aﬂﬁestﬂl’é&é Typically,

m Xi n e heteroatomc ligand and an _activator,

trmhateyqaé@net mr@n@thnr Forapipx 4% |geﬁeraiedaeb st ahupically. the transition

nidt do‘?ﬁ%ﬂh& O&hd %?om@ IGBh& dré‘%ﬂ\%l?x'ee (%thoﬁvg@i@' &nd ex situ) to
salts, for exanple acet ¥05acet onoat

I
pewidsoistaliaend ratiae e, abat §.81:490 10,19 PAYdsandarefaredly, from about
o4k 1¢$. well as a co-ordination or organonetallic
conpl ex " for exanple, chromiumtrichloride
tris-tetrahydrofuran conplex, (benzene)tricarbonyl

T‘F\Qrt%'ﬁbfﬂgﬂ\ nﬂé@él?ﬁ%ﬂ% Q&é&@é"‘fr@ﬁﬁ%romm SR Um, tungsten, tantalum,

exacarbon¥
vanadium and titanium. Preferably, the transition metal is chromium.

The transition metal compound which, upon mixing with the heteroatomic ligand and an
activator, catalyses ethylene trimerisation in accordance with the invention, may be
simple inorganic or organic salts, for example halides, acetylacetonoates, carboxylates,
oxides, nitrates, sulfates and the like, as well as a co-ordination or organometallic
complex, for example, chromium trichloride tris-tetrahydrofuran  complex,
(benzene)tricarbonyl chromium, chromium hexacarbonyl, molybdenum hexacarbonyl
and the like. The preferred transition metal compounds are chromium (lll)
acetylacetonoate and chromium (lil) 2-ethylhexanoate.



and the like. The preferred transition netal conpounds

are chromum (l11) acetyl acetonoate and chrom um
wOhkbd4)os7et hyl hexanoat e. WD 2004/ 056477 PCT/ZA2003/000185

PCT/ ZA2003/ 000185 9 F469 9Jhe heteroatom c |igand can

be nodified to be attached, for exanple, to a pol yner

chain so that the resulting heteroatom c coordination
Fdathpl ex of the transition nmetal is soluble at

el evat ed tenperatures, but becones insoluble at 25C.

Thi s approach woul d enable the recovery of the

conplex fromthe reaction m xture for reuse and has

TH@ ﬁ@te fcq}gandaﬁ%?{ 6@%08@&@&6’ l§é at?a%hgg SteF é)@%bl@ﬁo B-detymer chain

breiter
1fvegresulﬁnmhguefﬁaltwc@@Prﬁ"taﬁe@ éomplﬁﬁgf thedrﬁrﬁ*é*palmetal is soluble

EQI@%t@&@&nﬁé}Bl‘lu?éss BuPBedoTBaBhsdISSE 2P Y5 cblﬂxlﬁﬁ BSbrb&& would enable

eteroatonic ligands to silica, silica ge
theolegayary R e wmmfmméh%éﬁ?@b@h@lxtwg fo¥ gause eRehhias been used for

aH&H@Pé&télgétea% d@écﬁ%ed ¥, ‘BeRdbraiter: et@h'y‘%ﬁ éherﬁleg&t 1987, 109,
, 152-159 for i nmobil I si ng @§at|num

186D eljae%,smmﬁrevear@the@att@nsm@m medd complexes sap @isePenymebiised by
bP\GIn@Cthglh%téPS‘at%)é I@éﬂ@é’nglléahfﬁllcgﬂé?rﬁﬁﬁoéﬂe o@“a"ldrﬁlﬁa backbone

caay when conbi ned w t he heteroatom c I
agnf@r exENRledpnensyatetdtyf- watsb@frﬁﬁ Chiese s/yﬁﬁé%Pﬁlaw%Z 1(2),

192-1§9k5nm%w§hg PtinddhcbipRe®f activators may also be
used. Suitable conmpounds include organoal un ni um

conpounds or ganoboron conpounds, organic salts, such

Tﬁ@ BB o 4Rl M PR B camBh} IWIH@E%'GLH@ dHyBhHRUNd that generates an

i norgani c acids and salts, such as tetrafl uoraoboric

aﬁ'ik‘(edc%?'bi%tr when campiped Wity fher hefsroainmrialigand gad;thentransition metal

cbn%béuﬂou@W&Vé@ﬁ@hﬁy%&sélh&cﬂmh@ PisitireB o activators may also be
uﬁ%(?anoal um ni um conpounds i ncl ude conpounds of the

PR FOTARERGS @skyﬁeRqr%aWOﬁwgb@H@erﬁqngpoan@ @fganoboron

cBmb¥linds2 breai@ esaits O BLeH rasn%ewmﬁnumoem@ m&lhylﬂ%gnéﬁdm bromide,
conpounds such as LIAIH4 and the, |ike

inarganiciacids ARG EHIP abddshietaliverripgric aqdr ?@FW}W éF'Yﬁhtﬁtﬁ‘fW\orObor ate,

sodiEM) hexbfiborbsAiRidngterdridnthaliken (Tl BA),
tri-n-octylalum nium nethylalun niumdichloride,
et hyl al um ni um di chl ori de, di nethylal um ni um chl ori de,

Sﬂlit@ﬁlb)drg’éﬂﬂéldmlmmncéﬂn%dtﬂ@s iRl EBnkiBUNSS RF BRDIdrfh@la AIRs, where

et hyl al um ni ynses
Bt R o RS ER el Cufam Pl 8 oxyaen spriaininsymRiel or a halide, and

cHmpBLMEX SUtRSaALAINEANd 1HRONKR. IERainpRs uﬁémd@ﬁmﬁ@twﬂahmmm (TMA),
tr&%hﬁé’ﬂﬁf@ﬁnﬁﬁ%&#ﬂds PG Bam R of (VAN L irRRaluminium,
nSStRPAIUMShiurh OflicleisAde | @thyralumhubw dudwmrmeumlm&wlalummuum chloride,
Cq%@ﬁ%ﬁqq%?%? ignﬁggé,gpa C:l%o%rop%% g’s et[]ylg?ummlurrelgesqwchIorlde,
methylaluminiumsesquichloride, and aluminoxanes. Aluminoxanes are well known in the
art as typically oligomeric compounds which can be prepared by the controlled addition
of water to an alkylaluminium compound, for example trimethylaluminium. Such
compounds can be linear, cyclic, cages or mixtures thereof. Mixtures of different

aluminoxanes may also be used in the process.

Examples of suitable organoboron compounds are boroxines, NaBH,, triethylborane,
tris(pentafluoropheny)borane, tributyl borate and the like.



al um noxanes may al so be used in the process. Exanples
of suitabl e organoboron conpounds are boroxi nes,
woOlBHAs6477 1 et hyl borane, tri s(pent af | uor ophenypooizane3/ 000185
tributyl borate and the |ike. WO 2004/ 056477
PCT/ ZA2003/ 000185 10 F469 The activator may al so be
or contain a conpound that acts as a reducing or
Fog9 di sing agent, such as sodiumor zinc netal and the
i ke, or oxygen and the |ike. The activator may be
sel ected from al kyl al um noxanes such as
Theebijlatdrunayalsarbe or(¢ah@in ancbendupd dhatractioanAged @M@ oasxidising

Yt R ROt AR T B TR SR R A TP ane

(a comrercial product from Akzo Nobel) contains

Tﬁ%ﬂ%c{tl{/aecgr M % %’é%peda?rorlnsglgﬂgmtmﬁ)d’xaﬂ?é)%éﬂ grr‘ﬁﬁﬁ@laldnﬁﬁnoxane

'oR {6
(MA@]))(amddethyidlumiT@xameJl(rEAO)(asewelhay rb@dm;@h’gikmletmmlmpxanes such as

o84 Kl BpaPip: pAN Widied hiarelrifyaiets Lypmoro
prisiuet frone Az blobel ccmtalms inodiieB®ups sTdheagisoludyor megetyl groups, in
ali% E’%éﬁhg'rﬂ? of adding to the catal yst systema

r| a um conmpound i n anmounts of between 0.01
to 100 nol per of al kyl al um noxane. It should be

Tﬂgttr%q {lm[g\eﬂil H{%HW ?%ﬁ[n‘?\h!)%n@l gﬁrﬂt')lﬁed in proportions to

consli era he cor're pon
pravidsl »klyhetraumlm fraomabopblinds 1068: 1, preferably fr:qn@ pheuti:bite 1000:1,

a}qpﬂq&égﬁe?é}ggyﬂ%fn Ll'ﬂeggg 4.4 al kyl al umi ni um conpounds in

um noxanes-can rlbut ed to their inconplete
hydr ol yS|s with water. Any quantity of a

Tth(aipﬁ ?ét - aneth@tﬁ{ETI%gLU?dadGhﬁ 1§9he 'cé‘tah/gf Systm ¢l ﬁ’%H&Sf%Iummlum

Iun1n| m co s cont al ned
Cmmphtlmﬂ nreemlmtanﬁhebv@qmékm tm@%n@mmqha%k%umm@xwaa
step of m xing the conponents of the catal yst system
at any tenperature between -20C and 250C in the -
lipshesishbe netedadhatodleminaxarmseoesmly clen corraip cppsifderablgaguantities of
tltng‘ gorpé'sﬁﬁﬁﬂﬁg tr%‘g(y\?fm:ih dnﬂgﬁmccgbnprﬁi?dﬁon gﬁ% g@é(# |n5tﬁg|? Egep%@ét@h)/fﬁe presence
@ﬁbemtu@@d@lp@g@nﬁ@@muﬁy ipealu@ingrarep can be attrlbuted to their

ﬁci]omﬂlétérﬁ QidR/sk \Mg \ﬁ/%\"eﬁ\“}) é"ua{n‘f tyI &F @ﬂl‘élk?faﬂ.ﬁr‘imluﬁﬁébrhébund quoted

res or sence solvent, “in order

inyj thie dlﬁcia%ltrewé edditigngk tto aﬂ%ammwm@ Wwéd%mtw within the
i ts can be conducted at any tenperature

etmeen -20C and 250C. The presence of an olefin

The process may include the step of mixing the components of the catalyst system at
any temperature between -20°C and 250°C in the presence of an olefin. The applicant
has found that the presence of an olefin may stabilise the catalyst system.

The individual components of the catalyst system described herein may be combined
simultaneously or sequentially in any order, and in the presence or absence of a solvent,
in order to give an active catalyst. The mixing of the catalyst components can be
conducted at any temperature between -20°C and 250°C. The presence of an olefin
during the mixing of the catalyst components generally provides a protective effect which
may result in improved catalyst performance. The preferred temperature range may be
between 20°C and 100°C.



during the m xing of the catal yst conponents generally

provides a protective effect which nmay result in
wonpr4esed7 cat al yst perfornmance. The preferred PCT/ZA2003/000185

tenperature range may be batween 20C and 100C. WO

2004/ 056477 PCT/ ZA2003/ 000185 11 F469 The catal yst

system in accordance with the invention, or its
Fa469di vi dual conponents, may al so be immobilised by

supporting it on a support material, for exanple,

silica alumna, MO 2, zirconia or m xtures thereof,

on a polyner for exanpl e pol yet hyl ene,

TR@%:X@@Q Cgeﬁ? in B oo)‘ﬁéeﬁé%iﬁ th? Env@Rﬁc}ﬁs %gh@pﬁg@@gg@é@po@ﬁts may
alsa ppdmmobiised balsupm:rrtlngqé oglmmpprtcmiemai for example, silica, alumina,

|
VS RO Slcfes NP 38, of TYORARECIS) ot pathyine
palpprppylems, polysiyrenso aepels@sinostivena)u b catalyst Qanu ket fogmed in situ in
|
vl BaBi 2, G QpelRERAAE N B, SR Ll e e rffednate o
pmlmdj §tmulteoa¢uslh,eorr segeeniallymivith ane or mgre pfemge:atalwé components.
lrF%U?ﬁ@ B&se‘é’a&essglﬁg&? all‘ér‘a‘l’ c?r\e BRBSLE & 60 tcBmﬁonent o>f/ thf_a activator.

m um base rimerisation cataly
Thsappraach wuldsﬂgatamhta]e thegecovesy ofaheieatalyst f[gg',the fteggtion mixture
fo”% asre LfBe cbik ?Wés %@t?fer%sfuhyh SerﬁUm%éd wit!'a %h?d?m%tbagéd @thylene

conp nent exa ere suc
trmtsatlcm eatabstrivy Brdonai rendi b sk, dsMok Gﬂf}é\r@qfhe1987 109, 177-

?é‘plﬂ°§&mé Sa&aPa un;‘ﬁ] 95{5@5 ssé %llfaggt | ns r?éi‘ﬁ fo example

unctions as an a oxane, ance t

w@a@esushﬁhpmqu_smaqraalpmwaﬂe fm@h@r@h%eorwd\ﬂr% 81e) suppaid is capable
of Eéﬁ QPEﬁe?mlcélrfuh@tlo% rb%raﬁg’gfuﬂﬁnﬁlaﬁé ' \Nhl@l"u i ®FBhstance the

descri herei n, may prepar ed
casss\witib KAdh céﬁﬁpsi%@tf@y‘sﬁéﬁﬂe@ﬂ%@ geneous | i qU| d phase
reaction in the presence or absence of an inert
sol vent, and/or by slurry reaction where the catal yst
Thg seagiipn Produicis, PbIMethARWOKS QT @ligpmers, @sslespriped herein, may be

pRPaky lith ¥he &@E%Qid éatEWQt RREE bl oM ddeheSUs fhuid phase reaction in

reacti1 on, and K phase reéaction in which neat
th@e@rg&nceampé?nqsrqi@nd@erbs@vwea@éqr\m shyey repetionomigig e catalyst

sPRENURIN 3NBHATth&ladisgrhRSIRtE 8RR Bbilitys ianel/of @Mﬁﬁéﬁé%@aiqwd/hqwd
equl pnent and contacting techni ques. The process

r@qsré%qu\déor@ by wsgaeaqﬂea ipyyhich ﬁeaweam tar\@/@r pEdpct qi@fy\s serve
ak WL HorﬁfﬁlaHterﬂEdlhmaéndIQP&% ﬂ%eﬁ@é’&kn%éﬂ‘g &&ﬁ/eﬁﬁdriaYQ(ﬁ@ﬁment and

can be used. These inert solvents may I nclude any
centaging teehnigysshat i ¢ and unsaturated aliphatic as vvel I
as aromatic hydrocarbon and hal ogenat ed hydrocarbon

Typical solvents include, but are not limted t
Themreaess may therefore also be carried out in an inert solvent. Any inert solvent that

does not react with the activator can be used. These inert solvents may include any
saturated aliphatic and unsaturated aliphatic as well as aromatic hydrocarbon and
halogenated hydrocarbon. Typical solvents include, but are not limited to, benzene,

toluene, xylene, cumene, heptane, cyclohexane, 1-hexene, ionic liquids and the like.

The process may be carried out at pressures from atmospheric to 500 barg. Ethylene
pressures in the range of 10-100 barg are preferred. Particularly preferred pressures

range from above 30-50 barg. Catalyst activities and/or selectivities improve with
pressures above 1 barg.



tol uene, xyl ene, cunene, heptane, cycl ohexane,

1-hexene, ionic liquids and the |ike. The process may
woeomased7ed out at pressures from at nospheric PoTAB8003/000185

barg. Ethylene pressures im the range of 10-100 barg

are preferred. Particularly preferred pressures range

from above 30-50 barg. Catal yst activities and/or

&) ectivities inprove with pressures above 1 barg. WO
2004/ 056477 PCT/ ZA2003/ 000185 12 F469 The process

may be carried out at tenperatures from-20-250 C
Tenperatures in the range of 0-120 C are preferred.

TE%rBt@JCg%’: %I}S%&pr ef er%tgtaét’t%ngera ¢ urfe > r@(? gg% éo%%geratures in the

rafE TSI MG °Cl 8 qnefefred s PhMietibly @r@*ew@cactémpe’ratqwsa eangesfrom 25-

are general ly enployed on a once-through basis, any of
19%htse materials can, and are indeed preferred to, be

recycled to sone extent in order to mnimse

roduct i on osts. . process may be carried o
At e Entefiab) B iR GRS e B 1o EX UGBS Rb feacton
pﬁidﬁ&s reﬁ!@@b@érauy ambw@d oh & oredeethronigh lbiasist ey bbihebanedterials can,
actors, Bg Cb rea Q?FS and tcont #L{ ducti
apg A BT RRETSAAP gy e I rine PHERORSYSRAP gHinigyse,producton
cég@ctor, b) at least one inlet line into this reactor

for olefin reactant and the catal yst system c)
effluent lines from this reactor for oligonerisation

Tﬁ@%%de@gnﬂz%@%hﬁed Atsh g)plamt whRAShCIRRe @@ﬂﬂi@éﬂéa&t@r Examples
separate the desired ol i omsr|sat| n react

obw@u@@@torw@m ibuf e e igitpd oyl rRaRiRys: SeRiplga rgactors and

cHRInRb e tttidrs. CoR ki dhdyoincl@8Nh @smdfnafio BRA$EAdEM D) at least one
met al compound and an acti vat

descrj bed h
e} (R TRETS EAnIareIRn Gpagia aﬁﬁ&%@%ﬁ'ﬁ/ﬁéﬁ*&é{b%?ﬁaﬂ?} figes from
tﬁ@ﬁ%&épfor%ohﬁrlﬁlﬁ’ﬁl r'é@dtldrpprcfdaétlsl lah@td? éthl%ast one separator to
si nul t aneous formati on of ﬁactl on

SSeAEienY SROIGH YHBEENABSEATIAR PISBFe, RASTRILID GRiaiVFhpsstem may
iUReeS hellrbdt6MmiR Eoor@inSUMTESHhMeX P Wntrasitiohagkiay @ompound and an

distillation. Wen the catalyst system exhibits no

aghalmi § 9"§/S°T'heq hRf€®o| vent or reaction products, and

is fixed in the reactor so that it does not exit t he

reactor wth the reactor odu | ven nd .

L ARehet REbelEPTe! e grspes BegeRfiptaih SopraEh iy combined to

fHNRYE B sifiltahddus Clofthatidn loatreamlonT;bteths negrii Sa;ba'\ramon of these
proces esc i bed her_m n rracxé be .used .in a Process i n

C\%EPEH“C{S% e reactor. This process principle is commonly known as reactive

distillation. When the catalyst system exhibits no solubility in the solvent or reaction

products, and is fixed in the reactor so that it does not exit the reactor with the reactor

product, solvent and unreacted olefin, the process principle is commonly known as

catalytic distillation.

The trimerisation process described herein may be used in a process in which the
trimerisation of ethylene and co-polymerisation occur simultaneously leading to the
incorporation of the trimerisation products into a copolymer. One example of this type of
process is described in US Patent No. 5,786,431.

According to a further aspect of the invention, there is provided a catalyst system, as
described above, for the trimerisation of olefins. The catalyst system may include a



trimerisation of ethylene and co-pol ynerisati on occur
simul taneously leading to the incorporation of the
wonmmsé4gat i on products into a copol yner. One egazpkes/000185
of this type of process isi3described in US Patent No.
5,786,431. According to a further aspect of the
invention, there is provided a catal yst system as
F4d@scri bed above, for the trinmerisation of olefins. The
catal yst system nmay include a WD 2004/ 056477
PCT/ ZA2003/ 000185 13 F469 heteroatom c |igand as
halersatoniie tigardoasedesadbesl alvaya sindisotansiioal melahgsvureynd THEe catalyst

t St : ' d ctivator as
o>t B oAb B RAVR 8 R EE PR 1) e
descri bed by the foll ow ng general fornula
R) BA- B- . r d e nge M S '
Téer Z)I?né%%r%ar odprq\%%?1 ghﬂgz@rrpq% sqe%sS%%ﬁos hgﬁ@ug]% n%‘&‘ﬁ%n?%fé}gp%@ma
(Ry-BrE(R), wosregteand Biasenindeperdentiaelected ifrom aigfougmdnich comprises

o850 ol VB s B RRR ACgen, anc
iskeelinking drpdp betweby A gndbGpanh R in indegenddndy selesiedifiaatapy homo or

h IV e : OX] i t
v EFIBERAA Gl b8 A h 2SR89 Sochdence and
otitetionctatewif Agndéheral fornmula: (Rl1l)(R2)A-B-C(R3)(R4),
where A and C are independently phosphorus, arsenic,
antinony, nitrogen and bismuth and B is a |inking
Mgreo igpetifitaligetheAligand MayAbendseribed rayy thee fellowinet gafgral formula:

T
nigrogén and disthuth aed Boe ai W&iépélﬁmwtweﬁhﬁsﬁﬂ‘ﬂoéuﬁ @dlor C may be a

pﬁtgﬁﬁ’é? @8@&%&8’?@?&82%%@ RitRtheFaitioN Bétal. 0-  The

eroatom c y be selected froma group of
| i gands having at |east two heteroatons, wherein each

HYedl dligead Byls, sernfeter ohydrocar byl
A&?@%?hﬁ%&ut gl?l@b%gpgct'r on ggnéti ng substituents. The
applicant believes that if the catalyst system

A\(/:\n éingaf)/blget B Ry Btﬁiszaheﬂfscﬁp dhoSHRI-H BRAbiE&Nbe Sa SXor N or

Ituents on ortho position of any
CGaromatic group bound to Aor C, it would lead to
i nprovenents in the selectivity of the catal yst system
due to suppression of secondary trinerisation
The dteroatemicrligandppay barselecias 698 eegioEp ok ligandsphaving,at least two

hBRFSatbMs! WpeRsn tddeh R8BI Uonbilfsh nfér8earbPn ol OR&bioAgdrocarbyl
substituents is beneficial in terms of the overall ]

groups without any electron donating substituents. The applicant believes that if the
catalyst system contains a bidentate heteroatomic coordination complex with
substituents on the ortho position of any aromatic group bound to A or C, it would lead to
improvements in the selectivity of the catalyst system due to suppression of secondary
trimerisation reactions. The applicant therefore believes that in most instances the
absence of such electron donating substituents is beneficial in terms of the overall

reaction seleciivity towards 1-hexene.

B may be selected from any one of a group comprising: organic linking groups
comprising a hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl and a substituted
heterohydrocarbyl group; inorganic linking groups comprising single atom links; ionic
links and a group comprising methylene, dimethylmethylene, 1,2-ethane, 1,2-phenylene,



reaction selectivity towards 1-hexene. B may be
sel ected fromany one of a group conprising: organic
woOiodgiosgn7gr oups conpri sing a hydrocarbyl, substcrizated/ 000185
hydr ocar byl , het erohydrocardyl and a substituted
het er ohydr ocar byl group; inorganic |inking groups
conprising single atomlinks; ionic |inks and a group
ri sing nethyl ene, dinethylnethylene, 1,2-ethane,
1, 2- phenyl ene, WD 2004/ 056477 PCT/ ZA2003/ 000185 14
F469 1,

12 BRI LRy {20 T E R R P: BRGeRySiCu -P(pheny)

andP(-pRYY | Wherani® -id\( iREyegenh ea ehyRbodasbyhyalr egestifuted hydrocarbyl, a

kB s 2 SRS, B ol ety e o

hydrdcdfbylios a&ubb%tdﬁeg mgdﬂmybrbgkgraumR?shay b h;ddrh%@h ocmappe selected
royp. R5 ma e r n or S ST
ol o Loy o gl oy, R nirk ! AMRclarbony,
cavbbnyoxya bikoxy, @atidamaydonyl, canbboylgrimoy diakiklyleoning, or derivatives thereof,
am nocar bhon carb am i,al kyl am no, or
aa%ﬁfy@a‘?tﬁ%@‘{%&} %%&qxasﬁosugg‘gﬂjgjggbs?i tuted with any of
t hese substituents. Preferred R5 groups include al kyl
r.0 such as t hyl I CH2) xY(CH2), , ,
PRETET 5° Hioln R gl M g B PR A ey TR R

and x and y are.individually 1-15 and wherein R6 is

S s B R Peufisbl Ty BGER, AS(F o @S- and

ahé ywed idivisiatiy146 aad sinegie R& isdydsggeoar a halaiengr e nitaogroup or a
e ¥ ! betitut ed
ohREAR S RGBS B SR 38 o751 T LU EY 26 A ana

R, R2, R3 and R4 are each independently

C.
dr r St i y. r . . '
8BS P SRR R bhae im ap sppoer s cemes
ag rmcupstitutedrop namnsgulssiibiged atoenthst isbeunddireatly ézfrepd C.
donati ng. The substituents may be non-pol ar groups.

Preferably R, R2, R3 and R4 may be substituted
Rir RfatRt aod Ribaei eathedndepeadentyr bydiosarbyr supstituted hydrocarbyl,

T A BB REL PO o RS MR inp B are
naneldAromalpnatings uliet Jubstiteents maydte ronopoleyigieuns: Rrefgrably R', R R
t - ar i . tai.od Rl . .

B TR Mt 3 BRI S, s otaing

nanesieafion diatinsuhstiiuentgedn hedatoy adiseaat esthgratemtlioupd to A or C.
I Aol nent [ Lpol ) LRRAS;

I oSBT Rl BURLE folahelp AL pot kb aroves

contafrémy hon-pelapsubstituenta oplthe atogoastiageyt to the gism Hound to A or C.

t-butyl, pentyl, hexyl, cyclopentyl,

2-nmet hyl cycl ohexyl, cycl ohexyl, _

Non-polar is defined by IUPAC as an entity without a permanent electric dipole moment.

Suitable non polar substituents may be a methyl, ethyl, propyl, propenyl, propynyl, butyl,
isopropyl, isobutyl, t-butyl, pentyl, hexyl, cyclopentyl, 2-methylcyclohexyl, cyclohexyl,
cylopentadienyl, phenyl, bi-phenyl, naphthyl, tolyl, xylyl, mesityl, ethenyl, and benzyl
group, or the like.



cyl opent adi enyl, phenyl, bi-phenyl, naphthyl, tolyl,

xylyl, mesityl, ethenyl, and benzyl group, or the
wOi2be/058407 2004/ 056477 PCT/ ZA2003/ 000185 15 F488T1/ZA2003/000185

Preferably two or nore of R5, R2, R3 and R4 may be

aromatic or heteroaromatic containing at |east one

el ectron donating substituent on the atom adj acent

F?%yt atom bound to A or C. More preferably R, R2,

R3 and R4 may be aromatic or hetero aromatic

n t ast gPng2 NRR-pal g
PPl oS o mordn B aRonR R (BeaBe, i A froaromati
cantainipbest ledstRihe R-el&Fraandbrigding ISUb?oI[ﬂlﬂEnt lont tharatom @tdjacent to the
lJ 0 t pr
p Pglﬁéﬁ?ﬂ I ﬁrégggg‘/.wi)r:e rgrjety%bly 5&‘ é’Jtd R n?zR/y E)é aromatic or hetero
a@)ntaélchgttrftg«mhg lablepbt o ncet—ﬂ»t;tdamgubbhtbmtﬁn the atom adjacent to the atom

| cycl ohexyl, benzyl, phenyl, tolyl, xylyl,
bguadstt%%ﬁg'p%(enyl , 0- ethyl phenyl, o-isopropyl phenyl,

o-t- butylphenyl cunyl, mesityl, biphenyl, naphthyl,
sgﬁér% %}%?rgfgnes Orﬁ;t‘ﬂ@é%/rléf hBP %y%clagﬁn@u)tyare n%lt HhREy to, methyl, ethyl,
ethylemg hptczpyl y bropeinptet hlyobmadi,r dILWI acw:ldhlaeylj | Xenetti®icyclRBexyl, 2-

S0 0y B BUBRRICHE Y SHOTRN BB BB SR, o

eﬁmﬂphe@vit arigoprhpylpltenyl, b othbdtytohenylo reuBiil,s mesityle | igtengln  naphthyl,

R amelFony o, pRR T ol Sl BRRAR oy, tiopheny

trisoasByIsityl dimnetbylhydrezyh aodrthedikecent to the at om bound to

Aor Cis not a polar group. It is nost preferred

that all of Rl, R2, R3 and R4 nmay be aromatic or

RieRe RS a@dd#anaxc bajintiepeadsntiy ArarlaticRY suRstitaled aRemativcarbdps where

tttée %ﬁfe’n{ oétaﬁt aé}i@eﬂt t%rtﬁe %ftortt rt?ouﬂfi A85A aoqj aGg rHon electron

a non-el ectron
ddmt@gn R, Br,on andtR] maaltzeoqudeeéreienéﬂ ardraaticRor, sulrgifutgrB aromatic

g@ﬁi E@uepéett%&'ggﬁtbg n tHE GRJP gﬁjg&?rtt't& ofAIng’ fo {Khoer Cis nota

stltute on at east one o
pQBbW@UQdJacent to the atom bound to A or C by a non-
pol ar group. Any of the groups R, R2, R3 and R4 may
i ndependently be l|inked tg one or nore of each other
ltde most pretertediikatray o iROUR’. B ©od RS mmaysbecgromatic ot heteraarematic and

eh Qo6 Iﬁe R2WRE B REBRL b@‘sﬁ’&? I%d 84 aﬁ %&%n@ of-ﬁlibeaﬂ’(\)bhgaé?ﬁ%cent to

may al SO conprise nu
the afpm; b@lné)tgﬁmré?g, bya non electron donatlng group. lt is also preferred that R',

R?, R® and R* be aromatic or heteroaromatic and each of R!, R?>, R® and R* be
substituted on at least one of the atoms adjacent to the atom bound to A or C by a non-
polar group.

Any of the groups R’, R?, R® and R* may independently be linked to one or more of each
other or to the linking group B to form a cyclic structure together with A and C, A and B
or Band C.

The ligand may also comprise multiple (R),A-B-C(R),, units. Not limiting examples of
such ligands include dendrimeric ligands as well as ligands where the individual units
are coupled either via one or more of the R groups or via the linking group B. More
specific, but not limiting, examples of such ligands may include 1,2-di-(N(P(o-



such ligands include dendrineric |ligands as well as
| i gands where the individual units are coupled either
woien4mset7or nore of the R groups or via the |i RET/Z32003/000185
group B. More specific, bub not Ilimting, exanples of
such ligands may include 1,2-di-(N(P(o WD 2004/056477
/ ZA2003/ 000185 16 F469 et hyl phenyl) 2) 2) - benzene,
Fi 4-di - (N(P(o-et hyl phenyl) 2) 2)-benzene, N CH2CH2N( P( o-
et hyl phenyl ) 2)2) 3 and
ndls : I p 2 ot nyl -
oy BRE L Sar bk O RN LE R B P SRR Cl RO PLo
ethyiphenyt ). eed §k4 HiH@¢o-ethyiphenyd)N(metiy!)Pior etb @plnered. )-benzene.
di scl osed in published literature. Specific exanples
of these ligands are: (o- ethyl phenyl)2PN(m
Toeé Highnd¥( caretleypnepaned| Yysing procedures known fo one skilled in the art and

péo%eﬁ%rgg dfﬁB%kQ@ W%%%Iﬁ«% ﬁg{a)h%%)gyse% f‘gl: é(%ﬁ{é)n l%fgn&%élg)aads are: (o-
e&wwbmpﬁu(maﬁmmwﬂwlg@owﬁt hyl phefwismrppyiplyeryyj )2PN(methyl)P(o-
R e S M, (o

e(f'(ylpmenﬁyPNGﬁN(\ylﬁpfeﬂMﬂ@eﬁ(/Idphm)hy| ) 2¢-ethylphenyl),PN(isopropyl)P(o-

E)h& pli/'\f—;ﬁ)ﬂ% ']g% %‘S%@d& ools p.%y}%%h RB?{{%E}I%PN |§’optropyl)P(o-
nethydkhy | phenyl )(Q#N(Jb’&lhlewl)zP(\l(methllbﬁ(loﬁﬂlemme_m'l)z (ot
o P SR B SR acny) ) p ool A SRARE NP
efhylpbehyl)zph e fig-e) @W@bﬁhEM(WOﬂ)lﬁpmﬂlyﬁn’r@nle@ 2, (Q@ihylphenyl)zPN(

ﬁ%ﬁ%ﬁpbﬁ@?ﬁné@' Ohesdufidhehy PRSI PlREMdenyl),, (o
eﬂmmhﬁ)&Ethey@OWewleth&t)qumémn (o-ethylphenyl),PN(2-

n(c{%@g JE Wgrbg{g)egrg,}%ﬁn‘éfﬁ?g ( eé‘tM)(]Iél%rﬁ/ggeﬁNQX%&P&%?&lI)ﬁ(%*etlgﬁphenyl)2 (o-

offinbenyl,Phali)Bisrethyiph i, et ﬁ;ﬂtf)wb@shI@ph@nyl)’zPN(methyl)P@ -ethyl-2-

ny/l») -
DRI @ pioe O ER O REPIL S PEY Y e+
Pyfiylaini(ieth difg-ethyl-4pyrdydll ) 2PN( net hyl )
P(2-ethyl -4-pyridyl)2. The catal yst system rmay have a
catal yst activity of nore than 1 gram product per gram
Tiheadalyst systeratrady, haveea catalyst adtivity efenare thay 1iesars dreaucker gram

tfah&’iﬂ?)r?%fém um nol ybdenum tungsten, tantalum and
titanium Preferably, the transition netal is

chromum The transition netal conpound which, upon

THetHMitvh tn#btﬁlhﬁa)h BL RERIATdm bhidafishn aﬁ‘n@lyﬁ&‘emﬁ?tthﬂ éH tantalum

cat al yses et ene trinerisation I n accordance w
ﬂnﬁéltaﬂmrﬁrﬁ@fﬁbh’ré@e tensdliongneipl ié chiediyani ¢ or orgam C

salt, for exanple halides, acetyl acetonoates,

car boxyl ates, oxides, nitrates, sulfates and t

TheKeansiien matal ceSPLUBSWHICHI HRaN Whingr Wi @@H@ﬂﬁ%@ﬁqom‘%hgand and an

activator, catalyses ethylene trimerisation in accordance with the invention, may be a
simple inorganic or organic salt, for example halides, acetylacetonoates, carboxylates,
oxides, nitrates, sulfates and the like, as well as a co-ordination or organometallic
complex, for example, chromium trichloride tris-tetrahydrofuran complex,
(benzene)tricarbonyl chromium, chromium hexacarbonyl, molybdenum hexacarbonyl
and the like. The preferred transiton metal compounds are chromium (lli).
acetylacetonoate and chromium (l11) 2-ethylhexanoate.



conpl ex, for exanple, chromumtrichloride

tris-tetrahydrofuran conplex, (benzene)tricarbonyl
wohommseuty chr omi um hexacar bonyl, nol ybdenum PCT/ZA2003/000185

hexacarbonyl and the |ike.17The preferred transition

metal conmpounds are chromium (I'11) acetyl acet onoate

and chromum (I11) 2-ethyl hexanoate. WO 2004/ 056477
F4481/ ZA2003/ 000185 17 F469 The activator may in

pr| nci pl e be any conpound that generates an active

en ined with t teroatonc

T O G PR OR B A STRUI AT R PR peth Eaayst when
c;ﬁﬂ[blhefdimn shaThstepdatamibdigase dnd e tradditoncrastad vardsound. Mixtures of

i.nc] ude or oalu conpoun anobor on
agffiost mas 2RGainee. SulPle SERAINGS sk SRRl By pompounds.
orrgehbbdmm@nm@oums h)ranldllealtsl rsocrgaelmetaylhtdmnaradd gatth@magnesium
b astetrafllﬁoro E acid eth Q ﬁ%f id i

E°8”t'ﬁ’eaf Q8150 A FR0%n R falsu WP H’ataé' ARee siver
tdtial@orobdrateasddiva thexaffteyodntimsabtecind dhd iiem

al kyl al um noxanes such as net hyl al um noxane (MAO and

et hyl al um noxane (EAO as well as nodified
Thé kactiadtonmimag xise eslestechfram almdaihﬁnr@dam byd:ralasnﬂnemthIMInoxane

opfizbe SRR O S5h0E S ik S gblhwager guon as

maglified omethylaluntinoxamet YWIMNG) U modlﬁemi naadiaylaluminoxanergah gbmmercial

s AR NRBIEESTARs (oter BTRT ¥ B Epbl g oty roues, in
additidn totrhethyltgnoypsovi de AUnetal ratios fromabout 1:1 to
10 000:1, preferably fromabout 1:1 to 1000: 1, and

nore preferably from1l:1 to 300:1. The catal yst system
Thayraasitian matal catepaeunidrandl tky bimindxane maydedo snch proportions relative

nt, t .. he .

%liu?{a%gro lglg\é)gﬁ]g‘?t%‘ ] % ] ﬁor%%fg? er1 %s{poe@'%fpr?fﬁéably from about
1i1nte 90O o, artdreore prefembdwﬁrcnindﬁatolﬁOQaﬂnd, as descri bed
above, for a catalyst system as described above, for
the trinmerisation of olefins. The invention al so

Tea t acatalgst taystehe mayealso finclade antrlamdlalumnium Eomgposl in amounts of

ation of olefins
b%wggg?s(ﬁotf’olcat ‘?pe{‘ mg) a'ﬁ‘ﬁﬂ”@ MPLES OF PERFORM NG THE

I NVENTI ON The invention will now be described with

r r ' :
ARG5S SRl UL TR RIATIASS AR it o bosored
albbree, iforci astalysd isystempas descsibed aquefoeﬂmwmﬂsatw;n of olefins.
conceivably be omtted or substituted and, although

not necessarily

The invention also extends to the identification and use of ligands suitable for use in a
trimerisation of olefins process or catalyst system.

EXAMPLES OF PERFORMING THE INVENTION

The invention will now be described with reference to the following examples which are
not in any way intended to limit the scope of the invention. The individual components of
the examples may conceivably be omitted or substituted and, although not necessarily
ideal, the invention may conceivably still be performed and these components are not to
be taken as essential to the working of the invention.



i deal, the invention may conceivably still be

perfornmed and these conponents are not to be taken as
wezemseaal to the working of the invention. WOPCT/ZA2003/000185

2004/ 056477 PCT/ ZA2003/ 000185 18 F469 In the

exanpl es that follow all procedures were carried out

under inert conditions, using pre-dried reagents.
Fédteni cal s were obtai ned from Si gna- AIdrich or Strem

Chemi cals unless stated otherw se.

e SepionEs el alpeletier ﬁéﬁe”?ﬁ%ﬁ"%%“”d b e fgpcitons, using

pmdl\kebgéntgndhe%helﬂaﬂére otﬁ‘aih@i)rraml SigmalAldadH ot B&em Chemicals
ex anpl.e

S iR e 5 4110 Tt AT UB, Pl AURGTAG e, tpigkounds and
s¢lGithsAthetdof ul?&rﬁ/p%“ﬂmg% deom :Gromtcmqum tﬁheof N?H)eirand Albemarle
uant i S used i.n reparatiqn e
cBtifon, & allund TesatiRs ik Mo ThaRog! Histhidirafifang, (\jA0) was
tdkea torok 68 OTB@&molf c@?é&doﬁhnbgﬁ@ﬂmd@tiﬁﬁﬂ%@)unw@m dradreto cakulate the
n}galﬁrf)éqqu 95 81': MA reseﬁglgfl hgt prfegartassré&)g_tﬁ%ie@s'tg Jdescribed in the
erarhplgs &lelldm rgniarty fheepalae dndgsooh ethylémaﬁhcm'ané UEAO)fwas taken as
ri et m n
e P BS) PatTianbity P e [ ot thy BB RS gt of modifiea
. mg;ﬂmaluTgbkaﬂdeelpeepﬂr%cgd_l@m i & aqQ: :gn npixincku adf strwveatrwlaimalnymeobnd tri-
. - VB_an - ) m xe [ 0at.0
PuSTRITORRE o) 70 fourlcedlPendiid 36 Bk S ipBunorai0) unit
Efityisseholigemetidation gesiuBzREre asalgestiny BEEMS man{ §C-Eart et
al, J. Chem Soc. 1964, 1543; (b) Dossett, S.J. et

al, Chem Conmmun., 2001, 8, 699; (c) Bal akrishna, MS.
Tet mixedJhetefdatmmonENP @Rpemis W60 sy@BOsis&] bYOBactiigheamines and

oRESRRH i FRERERE] A5 OEL 99, R0 b 4L gl SR ot o
DassetCheth eSaf;. Cﬂé)ﬁ4CommLﬁ1, 2001, IBEAN9; Ra) Balp&bishnal M/S. et al, J.
@?g@éggg‘f%%g}ggtg‘h 55, 2984, Fite reddectf brdsphine?Miiied R.PCI were
p(epakedwé plescripedl APNiaretulyy (GaRabwBYdR YA phehgl }J2 Ami. gC?{mm Soc. 1994,
Et e A SR AL
treated Wlt!'] t he 1-brono-2- ethyI benzene (10.37 m

had di ssi pated, the reactl on mxture was heat ed under

@H@g L)_Ofl 3 repditioh éf'oeétﬂk[b%ghglem%bg{llf’ bifdeN"

Phosphorus Chloride The Gignard reagent was added
I\%Q%\é\fuﬁ}etum{rﬂs (%.ﬂoéj, r03.37‘@ %BI)Weré fréé'tgd Wh%éqlﬂf&'nB . &ﬂyl-benzene

(10.37 mi, 0.075 mol) in THF (200 ml). A vigorous reaction ensued which was cooled in

an ice bath. Once the reaction had dissipated, the reaction mixture was heated under
reflux for 2 hours yielding the Grignard reagent.

Example 1b) : Preparation of Bis(o-ethylphenyl) Phosphorus Chloride

The Grignard reagent was added dropwise over 2 hours with stirring to a solution of PCls
(2.62 mi, 0.03 mol) in THF (200 ml) at — 78 °C. After complete addition the dry

icelacetone bath was removed and the reaction was allowed to warm to room



(2.62 mM, 0.03 nol) in THE (200 M) at - 78 C. After
conplete addition the dry ice/acetone bath was
woeomsdi7and the reaction was all owed to war m POT/ZAQEN3/000185
WO 2004/ 056477 PCT/ ZA2003/ 000185 19 F469
tenperature. The reaction was left stirring overnight
and the solvent renoved in vacuo. The crude product
F4@Ps found to be a mixture of (Br:Cl)-phosphines. This
crude product was not isolated and all was used in

th t . f ,
temp%@rtﬁ%(ﬂ @ﬁ gtlg@%ﬁj’ef&?% rjlp;g 8V%B|Q§)F ﬂﬁoﬁoivefnh éemoved in vacuo.
TR: Sfueeglrbiich heB Youndrb aerd Alsrecdtl(B:CH@h6shinsspThik roame product

the crude reac ion m added to a solution

wEs Rl ed Al hes okt b ne e 6 5 1 13.0 o)

in DCM (80 m) and triethylamne (15 rH) at 0 C. The
] f

the sol utlon was f||tered to rermve the

TB;2 {Bgé(gét@g{@ﬂ'yl“g c?q%@hrusoéhl%gedgg n@ﬁélo q%ﬁtpth%\%sudhsl\%&on mixture)
waé. a@taedptm (ssmt@anmbmy@mna tevd ensolt ini THE, 6@ til,018.0 mmol) in DCM
reaction_ usin

(84 m))13pAeH ?}h)ﬂ@r%[q(er‘g% A zjtpq {g?élh{%ﬁ% 'QHW%SZQ‘}'E{H‘& GCMQB mgin after which

trfe0icH tatwaé rétﬁov?admft@rf stirring for a total of 14 hrs the solution was filtered to

M G T X a———

inl&s % yigld O IeY8) Vit 6akg@parf gy an) 3 (0.033 nmmol ) in 15

m toluene in a Schl enk vessel. The m xture was
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was terminated after 15 minutes by discontinuing the ethylene feed to the reactor and
cooling the reactor to below 20°C. After releasing the excess ethylene from the
autoclave, the reaction mixture in the autoclave was quenched with ethanol followed by
10% hydrochloric acid in water. Nonane was added as an internal standard for the
analysis of the liquid phase by GC-FID. A small sample of the organic layer was dried
over anhydrous sodium sulfate and then analysed by GC-FID. The remainder of the
organic layer was filtered to isolate the solid wax polymeric products. These solid
products were dried overnight in an oven at 100°C and then weighed to yield 0.4358 g of
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sol ution of 33.7 of

Exemnlie ¢ Bthwigne mlm(rmtlnp IreFgtipnausing Grdihyacetylacetosente, (o-
StifbheAyl),PN(methyl)P(o-ethylphenyl), and MAO

A solution of 33.7 mg of (0-ethylphenyl);PN(methyl)P(o-ethylphenyl), (0.066 mmol) in 5
ml of toluene was added to a solution of 11.5 mg Cr(lll) acetylacetonoate (0.033 mmol)
in 15 ml toluene in a Schlenk vessel. The mixture was stirred for 5 min at ambient
temperature and was then fransferred to a 300 ml pressure reactor (autoclave)
containing a mixture of toluene (80ml) and MAO (methylaluminoxane, 9.9 mmol) at
45°C. The pressure reactor was charged with ethylene after which the reactor



m of toluene was added to a solution of 11.5 ng
Cr(lll) acetyl acetonoate (0.033 mmol) in 15 m
woabu@set7rn a Schl enk vessel . The m xture was BCT/ZAea)3/000185
for 5 mn at anbient tenpexature and was then
transferred to a 300 m pressure reactor (autoclave)
containing a mxture of toluene (80m ) and MAO
F46fet hyl al um noxane, 9.9 mmol) at 45C. The pressure
reactor was charged with ethylene after which the
react or WO 2004/ 056477 PCT/ ZA2003/ 000185 21 F469
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pol yet hyl ene. The GC anal yses indicated that the
reaction m xture contained 41.72 g oligonmers. The
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soI
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excess ethylene from the autoclave, the reaction mixture in the autoclave was quenched
with ethanol followed by 10% hydrochloric acid in water. Nonane was added as an
internal standard for the analysis of the liquid phase by GC-FID. A small sample of the
organic layer was dried over anhydrous sodium sulfate and then analysed by GC-FID.
The remainder of the organic layer was filtered to isolate the solid polymeric products.
These solid products were dried overnight in an oven at 100°C and then weighed to yield
2.03 g of polyethylene. The GC analyses indicated that the reaction mixture contained
15.63 g oligomers. The product distribution of this example is summarised in Table 1.
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dried over anhydrous sodiumsulfate and then anal ysed

by GC FI D. The remai nder of the organic Iayer was

" cPMQ« |ght |nan oven
: 4 -1 g of
poI yet hyI ene. The GC anal yses indicated that the

A SRGHInOS 48 7 Iy & GYMHRRG,PN(methyl)P(o-ethylphenyl), (0.066 mmol) in 5

ml of toluene was added to a solution of 22.7 mg Cr(lll) (2-ethylhexanoate) (70 mass %

in mineral oil, 0.033 mmol) in 15 ml toluene in a Schlenk vessel. The mixture was stirred
for 5 min at ambient temperature and was then transferred to a 300 ml pressure reactor
(autoclave) containing a mixture of toluene (80ml) and MAO (methylaluminoxane, 9.9
mmol) at 35°C. The pressure reactor was charged with ethylene after which the reactor
temperature was maintained at 55°C, while the ethylene pressure was kept at 45 barg.
Thorough mixing was ensured throughout by mixing speeds of 1100 RPM's using a gas
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FID. A small sample of the organic layer was dried over anhydrous sodium sulfate and

then analysed by GC-FID. The remainder of the organic layer was filtered to isolate the
solid polymeric products. These solid products were dried overnight in an oven at 100°C
and then weighed tfo yield 0.5009 g of polyethylene. The GC analyses indicated that the
reaction mixture contained 70.18 g oligomers. The product distribution of this example is
summarised in Table 1.
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A solution of 37.5 mg of (o-isopropylphenyl),PN(Me)P(o-isopropylphenyl), (0.066 mmol)

in 5 ml of toluene was added to a solution of 11.5 mg Cr(lll) acetylacetonoate (0.033
mmol) in 15 ml toluene in a Schlenk vessel. The mixture was stirred for 5 min at ambient
temperature and was then transferred to a 300 ml pressure reactor (autoclave)
containing a mixture of toluene (80ml) and MAO (methylaluminoxane, 9.9 mmol) at
45°C. The pressure reactor was charged with ethylene. after which the reactor
temperature was maintained at 45°C, while the ethylene pressure was kept at 45 barg.
Thorough mixing was ensured throughout by mixing speeds of 1100 RPM’s using a gas
entraining stirrer. The reaction was terminated after 13 minutes by discontinuing the
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Tﬁggi‘:és@ureﬁ 5&'811 \!vasc‘ %ﬂg?#g Itl? %{Hgle gﬂwlﬁcﬁ ﬁ%erga(‘!@%g?)nrpie%‘{jure was

anh rous SO anal
n@htained at FHRE, méhifaitinel ethylehe tnessuregaias epteatelS herg Thorough mixing

V\I?h eh@u@g tltn‘gu% éﬁg‘?‘m% séé’égsdofﬁ%y lEQE’VI\}J § thggug%tﬁse&t/rgiﬁing stirrer.

ese soli over ni
Tae regyion avas teteinatad iaffed0 minytew by dlsmo@imﬁg; tbé ethylene feed to the

r%&featnlayéo%n% th-gr}gagfgr @r@l%ﬁ‘ ﬁg éi %gfe? ?él?éjs r%cﬂl@te etxg%]s ethylene from

react ure contal ne
ther adodavedithst reiablian mixtue ir Hnmat@cmvplvmsu wemalrmhwnﬂs eithaingl followed

b-gai.kéb/c? h@rﬁ; J:l& quate'T:'t Nxhé’r[éewé% bgi%d 5@% ‘?ﬁ’telrn%f"gttahgé}d for the
sing :i; acet yl'acet onoa

apallisis oh &reyliguitPpiiasst by COFEID. &t srydlpsamigle of thendrgeMioday®A was dried
over anhydrous sodium sulfate and then analysed by GC-FID. The remainder of the
organic layer was filtered to isolate the solid polymeric products. These solid products
were dried overnight in an oven at 100°C and then weighed to yield 2.931 g of
polyethylene. The GC analyses indicated that the reaction mixture contained 48.29 g

oligomers. The product distribution of this example is summarised in Table 1.



A solution of 6.9 ng of
(o-et hyl phenyl ) 2PN( net hyl ) P( o- et hyl phenyl )2 (0.0135
wonwi4)05641710 ml of tol uene was added to a sol BCT@A2a@B/000185

3.5 mg Cr(acac)3 (0.01 mmol2 in 10 M toluene in a

Schl enk vessel. The m xture was stirred for 5 mn at

anbi ent tenperature and was then transferred to a 300
9pressure reactor (autoclave) containing a mxture

of toluene (77ml) and I\/I\/AO 3A (nodified

t hyl LN
eFRingle, P2 HhUBNS MimsttéAfan terition iy TN adetyiattonaic o
etidpheagt)PN(nethpbP @-ethglphaayl) s EAOMMAat 45C, whil e
the ethyl ene pressure was kept at 45 barg. Thorough
m xi ng was ensured throughout by m xi ng speeds of
AlsdMioRIIM3S.7ung Y (aetgAphayl)sRN(Metig/)F( o-ethgiphenyl)2€0.066 mmol) in 10

re on_was t nat ed fter
i@ Slere iR Al @ sPuied B a1y B bhESd g0 mpd in 10 mi
t@m@ie nga Bbleemlea@stser The rbl&tumavwﬁé@tlrréd f@r5 rméh afiambignt teenperature
ces aut ocl ave

o) HepsiEve 8 pab &7 e ff Refron Gledi S iaBining = mixure
of Qd)lLlema(iSOriﬂy EA% (wjtdiadaerhinoxare, @3 thmal) wad efA Nomdstieylaluminium,
i e 0 A A oy Pl el R GRENR cairgPa v R o er whien
tioe gactor térayeratuve wad madotained ait 45?01yfd11[e ithe stdiams sedsued as kept
gﬂg ﬁpgg ”rhggpi‘;:gﬁjﬁgmgw Fgr%td i gjgﬁgﬁ'y{‘rﬁ{gfnggﬁfpeta@seof 1100 RPM’s
usinlgy aregasc eptraidingt stlrreThe'I'she fmictlmh pvasd tertrénatede radted r46e thinutes by
Caht ; . . .
BT oo R hE Y SR P T, B 20
Affeatrelehsing elaesteuoafssneﬂuylene froomtiize metbckBe 2 thegreaction mixture in the

a%kocga(?/ge\x/gs ar F@Hﬁtet%%ggﬁg)%ég%gt)%t Iﬂg/arogﬁ(lgr[i@la%idi h water.

sunnarlsed
N%@'ﬁhe‘i%@(ﬁ&lﬁ@d)@&% in@@né%t‘ﬂldaﬂd@ﬂﬁeearﬁlys&bﬂﬂlbéh&id phase by GC-

R SRR B0 Y BBt AL PSR 36835008 e an

tmﬁ'aWSeA hydBQtRIDNThd re@®aind fth‘e organic layer was filtered to isolate the

Y §.p¢agn§gmgg@.gysg%%@%g;@%ggnga&%gw%@ bugn at 100°C
ang. mewedgf(edctacyiad (009 38 patysthylens. Tbe 1GC anelysemindicated that the

rg%gl!oﬁ %xt\ﬂfest‘?o%am 25 5} é é)lﬂég'n STP?(—IK t)rrodﬁgt cfléjtﬁblglo[{]o@ tiﬁ%g@mple is

t tenp Eratur hen transferr
ammn}lﬂfssém'éehi@actor (aut ocl ave) containing a mxture
of toluene (80m ), EAO (ethyl al um noxane, 33 mmol) and
TMA (trinethylalumnium 0.80m, 8.3 mmol) at 40C.
Epaenple d3sEthylengdtimerisation eérotipadising Frioctaricata)s, 464 er

My pReny PRSP & BB E NI 0 %8 harg.

Thor ough m xi ng was ensured throughout by m xing

A B&E6EH & 1614 AR F M eihylphenyl).PN(methyl)P(o-ethylphenyl), (0.031 mmol) in 5
ml of toluene was added to a solution of 14.5 mg Cr(octanoate)s. (0.021 mmol) in 15 mi
toluene in a Schlenk vessel. The mixture was stirred for 5 min at ambient temperature
and was then transferred to a 300 ml pressure reactor (autoclave) containing a mixture
of toluene (80ml) and MAO (methylaluminoxane, 4.0 mmol) at 35°C. The pressure
reactor was charged with ethylene after which the reactor temperature was maintained
at 45°C, while the ethylene pressure was kept at 45 barg. Thorough mixing was ensured
throughout by mixing speeds of 1100 RPM's using a gas entraining stirrer. The reaction



using a gas entraining stirrer. The reaction was
termnated after 46 m nutes by discontinuing the
webtsews7f eed to the reactor and cooling the pPeaaAeo03/000185
to bel ow 20C. After releas’ng the excess ethyl ene
fromthe autoclave, the reaction mxture in the
F% %ocl ave was quenched with ethanol followed by 10%
§ rochloric acid in water. Nonane was added as an
internal standard for the analysis of the |iquid phase

B8 S nty BR8P, B, B Y o e
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was ddded asaardlrltdn‘eai stendging dort the \einalydis lofge difjuid phase by GC-FID. A
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apalgsheclly GCskIDL bhe iremaioflertdfitise enga_mpllmj_elrsva_ss‘utmmlrtosmbte tthe solid
pﬁglmﬁgc égoggé@gﬁlgg?%%glfd":;%rgglljc%]%e}eréirpe%révse?rgicl;r(\)tr?n A %(\:rctarlx 8{] 100°C and
tfmrhwe'phemyd) WERNOMR hy | of Rfadyetityieriep ey GiC2armaiysebliidated that the

Sk RO 8 g obgores T g A n s exampl s
Swwma}18$dwln5rabiﬂ1 of toluene was added to a sol ution of

14.5 ng Cr(octanoate)3. (0.021 mml) in 15 m toluene

in a Schlenk vessel. The m xture was stirred for 5 mn
Exampimhi1dhtEthylape rizimerisatiandreastion hesing rCn(ldl) excetydadetomoate, (o-

BB ANH BB RN BSI B apen
4.0 mmol ) at 35C. The pressure reactor was charged

A S B G PR AR i i
e @b cyelehexeng aveg. add@drtou?gmllnﬂm ofgt %mga@s(ur)atetylacetonoate (0.033
rﬁrﬂél WOPHY ¢ gt oﬁgxéhé‘ kq;eséévﬁxg%ﬁﬁqééggnr%ogﬁ?% min at

ent alnlng lrrer. e reactlon
ZMwwtgmr%waQ therdemsiead to ardfiOmat prdssifre eeacB (autoclave)

cHthManr Rk L%%‘fe lbmékb 8(7‘1*?&%) %&Mﬁ@@q%’cﬁ@&g@%o&%ﬁ? 9.9 mmol) in

r eact coolin e react or
tolegne9imiy at A2°Ce X @@ﬁe@uwm@n@r fvae ighaliged vuntnteibylmafterrvmch the

réa%?&ttétﬁﬁermu%% Whe MJhténHSd ause! AMR M@%ﬂﬂ}&%{b‘ﬁ}ggs&‘gér g% kept at 45

et hanol Nonane was added as an I nter
bage THp/RUR mixing weR enpirgditeropefmst bipynixhey Bpedssof 1§ﬁﬁlRPM s using

St\?é%pérﬁraﬁﬁngg &ﬁ're?rﬂ?é‘l' JuéW fwhs \f@r?m ‘[(%)d3 gf&%’ﬁ Bﬂ'ﬁ&%sdﬁf Hi3continuing

sodi um sulfate and anal ySse
the-piftyIpaR feast totthe r@ac@qrﬁr@ taplieg thﬁa@aﬁﬁor tebeldwt29°Cs Aftert releasing

trf/\%rﬁé&%%:egh I@@&eﬁ’lﬁﬁf ke ?ﬁ@gllﬁ\(i% \S;tgre]-rr}éga‘io&s@D&tﬁirgpirnomécélioclave was
quenched with ethanol followed by 10% hydrochloric acid in water. Nonane was added
as an internal standard for the analysis of the liquid phase by GC-FID. A small sample of
the organic layer was dried over anhydrous sodium sulfate and then analysed by GC-
FID. The remainder of the organic layer was filtered to isolate the solid polymeric
products. These solid products were dried overnight in an oven at 100°C and then
weighed to yield 3.2g of polyethylene. The GC analyses indicated that the reaction
mixture contained 37.53 g oligomers. The product distribution of this example is

summarised in Table 1.



then weighed to yield 0.331 g of pol yethylene. The GC
anal yses indicated that the reaction m xture

woaoni4asewd 18.56 g ol i gomers. The product di st PCDZAR@3/000185
of this exanple is summari2ed in Table 1. Exanple 14:
Et hyl ene trinerisation reaction using Cr(lI11)
acetyl acet onoate, (o-

F égnyl phenyl ) 2PN( net hyl ) P(o- et hyl phenyl )2 and MAO i n
cycl ohexane as sol vent A solution of 33.9 ng of

eth‘ylﬂfbn?l)ﬁg N@"@'“Y')P(GGWW)Q ruyatapeheacn&wl dtrﬁéth)ylsuyl titanium
d%"t?'i"ﬁdecﬁid &Egane in a Sc_hl enk vessel. The m xture was

mn at anbient tenperature and was then
transferred to a 300 m pressure reactor (autoclave)
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was added to 10 m of a toluene solution of Cr(acac)3
[0.03 mmol] in a Schlenk tube under an argon
wabomgpbere and allowed to stir for 5 mnutes BATIZIA2003/000185
fully dissolved. At the safe tinme, 10 ml of a
cycl opent adi enyl dinmethylsilyl titaniumdichloride
solution in toluene (0.03 mvl) was added to an
Fa@®ernal reservoir along with 10 m anhydrous
tol uene. The external reservoir was connected to the
inle an HPLC . After this, the 300 m Parr
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2004/ 056477 PCT/ ZA2003/ 000185 29 F469 Table 1:

Et hyl ene trimerisation runs Total Exanple Activity
Product Solids Liquids Liquid Product Distribution
Hexene in C6 9 W% prod./ggW %W %W % C 4
C6 C8 Cl10 Cl1+ 2 40415 69.35 0.63 99.37 0 93.6 3.7
0.1 99.8 3 89513 102.60 0.49 99.51 0 96.5 2.5 1.1
99.8

2.7
0



4 40977 42.08 0.87 99.13 0 94.2 4.2 1.3 0 99.7 5

10292 17.66 11.49 88.51 0 93 6.4 0.5 0 99.6 6 54018

wO20uB581742 96.58 0 94 4.4 1.6 0 99.7 7 50953P87/7ZA0003/000185
0.95 99.05 0.01 92.9 3.9 3.30 0.3 99.8 8 41120 70.70

0.71 99.29 0 85.3 11.8 2.3 0.6 99.3 9 46063 78. 85

1.21 98.79 0 87.2 9.1 2.6 0 99.3 10 33614 57.68 2. 38

3 99.3 11 98510 51.23 5.72

5

5

F8¢962 0.1 95.2 2.8 0.7 0.

94.28 0.2 92.3 5.8 1.1 0.5 99.6 12 26964 46.27 2. 16
7.84 0.1 91.7 5.5 1.1 1.5 99.6 13 18166 18.89 1.75
3M$ 0 92.6 6.8 0.4 0.1 99.5 14 21875 37.53 8.53

91.47 0 93.9 5: 8 1.1 O. 99. 7 WD 2004/ 056477
PCT/ ZA2003/ 000185 30 F469 Cains 1. A process for
ltri rm%i;sa@esenfomftnmeejsatm oﬁmleﬁhs pwbisbssroce&s inbigles hibe step of

cgﬁt?&]l &S?n o(l)é} ?cq %dr}xl‘u i Iyst? eg%tse . f[}gl{.@?s a transition

nmmaimmmpbuadobrmi aehe&roabmm bgdndgamd:l Mnadaw%ﬁm @imert lsean olefin and

\A{hePerW gogalrt I@aﬂw h ﬁs cfes? lge\/%t nrb Q’Et = & @c] n;%%r%rﬁegal formula

(IBR)\-B Q(FBmwfﬁ)emAvdmdr@am indepeGdamtly seimbmmsflm‘n atdrgup which comprises
d .

oRFUTEHE 0, PSR 4380y, BEPBRCE g, am o

isadn tinking groge betveaed /Band € andlis sidectgd g: mﬂudee(%)eﬁ(%ﬁnﬁhere Yis

ssel sed
IQSEB)N@ se ? é%@é@k u§le r@g{%g(y (a%dé/ldu\gﬂﬁtl e15 ar{éjswherem
F§9 iar l&ydrmﬂm jod usalﬁagogen 1§ anditrahgnoep ror Rehydsodaylil axrea substituted
QREARR f  BMOA s Rl SR on o, pomatc o
heterearomdtid gompaand amynsubstivants on amopRedd ootogontain electron donating
s[]ﬁ’étfﬁfe‘?]?sr %ﬂ@'ﬁ' an et n?&%y ﬂ% %d @vaﬁ a%%’ox%aﬂgn state of
ec onat1 ng s, and n and

not contain e ron uen

AandsCdet ermi ned by the respecti ve vaI ence and

oxi dation state of A and C. 2. A process as clained

in Cdaim1l, wherein the Iigand is described by the

% ol | dviragessgsraimed filvlaim 4, wRens{rRPR AgBidisRBE¢iRe hyrtbe éollowing
t .

oo R SRR LT URDARLER R ¢ SR opeliOitly el rom o

gmqpr\wg@ncomprlses phosphorus arsenic, antimony, bismuth, and nltrogen

3. A process as claimed in Claim 2, wherein R', R? R® and R* are independently
selected from aromatic, including hetero aromatic, groups of which two or more of R',
R? R® and R* are substituted on the atom adjacent to the atom bound to A or C and any
substituent is non-electron donating.

4. A process as claimed in Claim 2, wherein all of R', R®, R® and R* have non-
electron donating substituents on the atom adjacent to the atom bound to A and C.

5. A process as claimed in any one of claims 1 to 4, wherein any non-electron
donating substituent is non-polar.

6. A process as claimed in any one of claims 1 to 5, wherein ethylene is contacted
with the catalyst system at a pressure of more than 10 barg.



3. A process as clainmed in Claim2, wherein Rl, R2, R3

and R4 are independently selected fromaronmatic,
wonaed40dé41g hetero aromatic, groups of which tweCo/ZADwBM00185

of R, R2, R3 and R4 are substituted on the atom

adj acent to the atom bound to A or C and any

substituent is non-electron donating. 4. A process as
Fa6Qimed in aim2, wherein all of Rl, R2, R3 and R4

have non- el ectron donati ng substituents on the atom

dj nt toth b dto Aa '
7o Aot Al 0t ot aliedl ciding 1oto &y BeeEB dngslscted from any
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liskisd effdv@ds @OMPASIAYT Sn@é ABE lihkNioAd nganm group compnsmg
”5‘804/ 056477 PCT/ ZA2003/ 000185 1 F46

hylgng; dimethimeiyigive Tot-ctbpae, n%%:pf\eaylsne mhérpé?nﬁns H1e2-catechol,
1|$28di|E\©tl"@'ﬂ1yﬁfazme@DB(R5pn%lm5)Za _g:(mi;paﬁ@gnfm;l w,ger?q:tgfg?m rogen, a
|, NKI rou I Nl [ supstitute
YR ER B B Py Bl BUNC el e wRiam A0d adsiogen

het er ohydr ocar byl group; inorganic I|nk|ng groups
conpr|3|n singl.e atom | inks, joni Lnks and_a grou

B onp A RPHEES FReAFIERE Nk Ot oh RISk fe nihereinB gt SRIRGSd to be a
sihgR-pharphedre, 1, 2- propane, 1, 2-catecho

1, 2- dlnethylhydra2|ne -B(R5) -, -Si(R5)2-, -P(R5) - and
-N(R5) where R5 is hydrogen, a hydrocarbyl or

9subsh gruted dyydaiararihhy ofe DifldRirs utied, thﬁsrrOBt@%blaBt@d to be -

al ogen. A process as claiped in, any one

MR e, 8, Bltas o soieded o oS o0 Shviging of aky.
satfsm_mtecpiaﬂeﬁ,. ad, ﬁlustlmtmi%srwsafyflo&y,ﬁ%dbétmtg@yarﬂg?jRgfﬁalogen nitro,

ai 0 ein iS.se t - S .
ofsp @ Bemes e onY e RS STPERBELY s FURPRARTGPoBLyaMIno, sily
goaps ios tHematiods thbkepl, and aub subdtitlitedwith by of tesd substituents.
substituted aryl, aryloxy, substituted aryl oxy,
hal ogen, nitro, al koxycarbonyl, carbonyl oxy, al koxy,
1am nécpirodoesy las daimdniy\l a poe ofi ddikgl artbry, wlsérbml A and/or Cis

BB SRR 43 N n R lap B S svows or

sgthaoxidedionn any one of clainms 1 to 9, wherein A and/or
Cis independently oxidised by S, Se, N or 0, where
the val ence of A and/or C allows for such oxidation.
111. A prosess ssaslaioieai medny ronangf ol ¢ ddrsvhbrdio AGnd C is

in%%r?deﬂtl@pﬁgs%hgrdssor phosphorus oxidised by S or Se or N or O.

12. A process as claimed in any one of claims 1 to 9 and 11, wherein R', R?, R® and
R* are independently selected from a group comprising a methyl, ethyl, ethylenyl, propyl,
propenyl, propynyl, butyl, cyclohexyl, 2-methyicyclohexyl, 2-ethylcyclohexyl, 2-
isopropylcyclohexyl, benzyl, phenyl, tolyl, xylyl, o-methylphenyl, o-ethylphenyl, o-
isopropylphenyl, o-t-butylphenyl, cumyl, mesityl, biphenyl, naphthyl, anthracenyl,
methoxy, ethoxy, phenoxy, tolyloxy, dimethylamino, thiomethyl, thiophenyl, trimethylsilyl
and dimethylhydrazyl group.



I ndependent |y phosphorus or phosphorus oxidised by S

or Se or Nor 0. 12. A process as clained in any one
wohomoasate 1 to 9 and 11, wherein R, R2, R3 aRrd1/7i24003/000185

are independently sel ected 32roma group conprising a

nethyl ethyl, ethylenyl, propyl, propenyl, propynyl,

2&% cycl ohexyl, 2-nethyl cycl ohexyl,
F thylcyclohexyl 2- isopropyl cycl ohexyl, benzyl,
phenyl, tonI xnyI o nethylphenyl o- et hyl phenyl ,
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iso selscipd ofmrhphmn)dne ofo-at glowpy terhenisjg:  ploestiyiphdng!)3N(methyl)P(o-

PBREM e orcuim e R E R P B RSRRR . The. .
methyipienyl).BNgrobthghR@-rhetbpipbenyl)one of a @rebyphenyl),PN(methyl)P(o-
eﬁ?lﬁﬂ% B@éﬂgﬁnyéo et hyl((p ﬁQ%hggyl)%ﬂﬁstoWo;}yFEPo -ethylphenyl),, (o-
lsouopslwmpwrphﬂwba@@'ﬂ(Mi hy K9-Flethyi)senisopydpyhR@yingyl),  (o-t-

ARSI R o

bytylpbemykpheny! )2PN@*£WW¥')2PN(DSMY|Wb@ﬂBﬁBHe)@)z (0-

eggﬁﬂéﬁ{%ﬁ%@? Eﬁ/l&gpr g'%hgeg\gl ?(ﬁyq?%ﬁeﬁgl_)zfﬂ(p methoxyphenyl)P(o

dohemeny | I@ﬂﬁ&iﬂbemw)z?WD@nZyl}ﬂao-yethyImdaBWI)zZ (o-ethylphenyl),PN(1-

LSRR o0 o0t Al R donennrco

iphemieny| ) 2PN( mremylphé?m)zlémwyclphm«ygacheethylphenynz

grpﬁévwgzmgaﬂgl BGENEROY RIS ) BliGandhl BENhEM b e ethyl(2

thiaphenyel Rty ﬁzmmpnenyl)zPN(methyl)P(z ethyl 3-thiophenyl), and (2-ethyl-4-

P DY S PHEN Cy el onexyt ) Pro-

et hyl phenyl) 2,

| et hyl Y2 (a.
1§é ?hek lé@%}l%r@é %\%R{QQQ%( % Qﬁé%yﬁ) ﬁgﬁﬁgf é@qﬁn\%&ﬁ ord@ss includes
ti'@gs hgﬂ com mngpheﬁpy YReRy( aeheigioptendc digapd -vAith a transition metal

tivator.

(Zbet E%PM ntzﬁ ophenyl ) 2PN( net hyl ) P( 2- et hyl - 3-t hi opheny
)2 and (2-ethyl -4-

1071 @y hb2Ed 4 merhla&’ (i (9“%"154 ¥ehi ﬂ}fllu?jgs tﬂe'siteflf)‘ of ﬂeneratlng a

process as c In any one’ o the c
helRfaakPRiE craesdingtion| enteriex iim sity thegm @f trangititrmimegali compopnd and a
h&efRlorfcN§afy ocatom c ligand with a transition netal

17. A process as claimed in any one of claims 1 to 16, which process includes the
step of adding a pre-formed coordination complex, prepared using the heteroatomic
ligand and the transition metal compound, to a reaction mixture containing an activator.



conpound and an activator. 16. A process as clained in
Cl aim 15, which includes the step of generating a
woet@roset7om ¢ coordi nati on conplex in situ froRC®ZA2003/000185
transition nmetal conpound a&3d a heteroatom c |igand.
17. A process as clained in any one of clainms | to 16,
whi ch process includes the step of adding a
Fﬁ@%-forned coordi nati on conpl ex, prepared using the
heteroatomic |ligand and the transition netal

onpund, to a reactjon mxtu cqgnt ai ni ng_an . o
1§t | Gaaressas SBmOBeIoMH PR b 42 Wagreingibe transiton
mbal isfselsatetomamy ohaioMedrdup cdmprieig obforbil®, flofibBBnukn [tngsten,
tit17i v\?aeréﬁl n the transition netal is selected from any

BRLM, faNtEl T VNI AR AFRON AT oni um ol ybdenum

tungsten, titanium tantalum vanadium and zirconium

9. A process gs. clained in one of the clains 16 .

¥ 18 e SRR P A0Y AP o, erBBATS 16 T8 FBoMNEArn B, ransition
mAtgbiscchesmiuas clainmed in Caim15 or Caim1l6, wherein

the transition netal conpound is selected from an
i norganic or organic salt, a co-ordination or

2@r gaAogretedsl as cmipd éx Clad. 18\ oprClgies I6awhelet RA trhRsition metal

i m.20 erein.the transition netal .conpound is
ccgs%lgﬁoelg]fjeds f %A%?ﬁt?ﬂyfr BRe B¢ PGV O SHBRTIG g%t'cﬁr GRiHnation  or
ofganarhétaliicdemiplexs- t et r ahydr of uran conpl ex, .
(benzene)tricarbonyl chromum chromum (I11)
octanoate, chromum (111) acetylacetonoate, chrom um
2hexabdaprbcesgl as alitinehiroGiairm Z0] Wherdin eth8)itdneian oastal. catdpound is

S_as a.nmed in any .ane of clains 16 to 21,
AL ERT AR pfic, AL A o7l sBMbrIRg eRtotiuBy B eiiis, i tanycroturan
caopipk, e bepezbre)triedrbongmcldormdur uch{chdidn  @dptoctamoatepn@réium (1)
om. u J1). 2-ethyl hexanpat e. A _process as

oo deler B Ty R o S8 Chpraum ([ 2ragiexac=.

transition netal conpound and heteroatom c |igand are

ombj rovide. al /ligand rat.i from about ..
26 010 Bitbebg B b 1y e b3 0 a2 Rl R fnsiton meta
isGekeictedABm atvemplax seleetad feors ichioatiurmeél i beatglapstomsht@and chromium
g ] i gand are conbi ned to provide

U@:‘t gﬁrhylﬂlg)géyr?%téf atios fromabout 0.1:1 to 10:1.
23. A process as claimed in any one of claims 16 to 22, wherein the transition metal
compound and heteroatomic ligand are combined to provide metal/ligand ratios from
about 0.01:100 to 10 000:1.

24. A process as claimed in Claim 23, wherein the transition metal compound and
heteroatomic ligand are combined to provide metal/ligand ratios from about 0.1:1 to
10:1.

25. A process as claimed in any one of claims 15 to 24, wherein the activator is
selected from any one of a group consisting of organoaluminium compounds,
organoboron compounds, organic salts, such as methyllithium and methylmagnesium
bromide, inorganic acids and salts, such as tetrafluoroboric acid etherate, silver
tetrafluoroborate and sodium hexafluoroantimonate.



25. A process as clainmed in any one of clains 15 to

24, wherein the activator is selected fromany one of
wea 2gr4eapt7eonsi st i ng of organoal um ni um conpoun@e€T/ZA2003/000185

or ganoboron conpounds, orgasic salts, such as

met hyl I'i t hi um and net hyl magnesi um brom de, inorganic
Fgg'ds and salts, such as tetrafl uoroboric acid

erate, silver tetrafluoroborate and sodi um
hexaf | uor oanti nonate. WD 2004/ 056477 PCT/ZA2003/000185

| ai.ned i f .
25 ¢ g pioceis, 28 MIRERIT 2B DRy s eERLRt i Frigrind attvator i
Sdemd&bmﬁlkwadamwxalﬁﬂ. A process as clained in daim
26, wherein the al kyl al um noxane, or m xtures

thereof, is selected from group which consists of
Zﬁ”et hN prioggssnas alagngdVIiOp|aim exoh yhesraim the alikyaIluntiAEanandr mixtures

éﬂff' séﬁglé%h alfrggg &?pg‘e\ﬁhléqmgboas\ﬂf?%f ﬁn%}h@glﬁ%moxane (MAO),

etfwahsmmmme EAQ) and owdifiethalkyialunsndxaoes (MMAD)conpound

and the al um noxane are conbined in proportions to

provide Al/netal ratios fromabout 1:1 to 1,0 000: 1.
229. A pocasesss claimed i Oimi26 ofiGlaim 28, whelnain ¢hentradsttion metal from
e PBR e ot g S8 M hBSerk HRCESEPG T droportions o
Plfqv@mﬁémm ra_tIOLB ftqm ald®@00:11to 1;B)CDOON process as claimed in
Claim?29, wherein the transition netal conpound and

t he al um noxane are conbined in proportions to provide
2N | mAtRrbcesst asodaiimednin £Baiot 28, wherein tB8QrabsitiGri met# compound and

tl‘%ré?lﬁ'ﬁﬁﬁxé}%uﬁg ab ﬁlnelsitrhegrr&é?ﬁ) Bfis gJ prgln?é @w%%&%%g??@{n about 1:1 to

189%1t.em a tri al kyI al uni ni um conpound in anmounts of
between 0.01 to 100 mol per nol of alkylal um noxane.
32. A-process as clained in any one of clains 1 to 31,
3%hi cA praedssdssclaimedsin dpaiof 29,nivixéraig ’thheraoelttmnmhalscoofpound and

tﬁet}ﬁurﬁiﬁbﬁ‘édésére %éﬁﬁoﬁ]%% %@ggrtlgnﬁ r?@n?é ﬁllpxgg?\f\’?aiﬂs f% about 1:1 to

and 250C in the presenc cess
3@ T¢l aimed in daim 32, V\,hereln the tenperature range

31 S batyeen S k
By onde/PGo s %cha ﬁu@g r’lgﬂyoﬁé g&ﬁa&ﬁ@ﬁ@?& 3? wﬁ’Lﬁ br{gggjgé :?he step of
adding to the catalyst system a trlalkylalumlnlum compound in amounts of between 0.01

to 100 mol per mol of alkylaluminoxane.

32. A process as claimed in any one of claims 1 to 31, which includes the step of
mixing the components of the catalyst system at any temperature between -20°C and
250°C in the presence of an olefin.

33. A process as claimed in Claim 32, wherein the temperature range is between
20°C and 100°C

34. A process as claimed in any one of the claims 1 to 33, wherein the process is
carried out at temperatures in the range of 0-120 °C.



carried out at tenperatures in the range of 0-120 C
WO 2004/ 056477 PCT/ ZA2003/ 000185 35 F469 35. A
wonondses7as cl aimed in any one of the clai ns 1rPCm/Z32003/000185
wherein the process is cardied out at a tenperature
range from 25-100C. 36. A process as clainmed in any
F4§§;e of the clains 1 to 35, which includes the step of
ntacting the olefin and the trinerisation product
simul taneously with the trinerisation catalyst and a

pol Lsatio taly SO 0- pqgl isati.o .
3500 bl o ety IR, rge sHRE Y HCEL pERLe The process i
carrige ot atrectempatatane rpngedfiorh 2541008C.a copol yner. 37. A

trimerisation catalyst system which includes a

transition netal conpound and a heteroatom c |igand
36desévprbeassiag ddimed i drovenegofghe elamhs 1 ar 88jIvehich includes the step of

-B- , L C are |ndependent|y. selected .
cof SR o AT YRR e ol L HRRRRSTRY) Wt oot
catalysi anchya, paymegrsationicatalish sosthhiptnspolymelisation raccansimultaneously

' ' i nki bet A d C

a6 4t npBthalion bt P B8R} HE8RERETY 1
-P(R6)-, -N(R6)-, -As(R6)-, -Sb(R6)- or -S and x and
o7 AR A R SR 85
a sinstarpatamisd  ligadd oc dedgribed andbyeadine R foflowingeperdemt | yformula
| d . ' tl . .
e LT T —
PherphoBisnakseniceddimonynoxygaatbistguthseustur t setamiem, amnichitnogemdand B
o 5 BAIGA Y fSPERLIE LTIy e v
-P(BPai Bt nASIRS)-mSBIR®ywbierSeiamdthand ¥ genidivisiueibs t15ked wherein
6 ' I .

5 el SRS 20O o o ML i
hydse¢asbyle @nfireseh &R Grindgpentently ssiaced fers aphiospeoorastic, aromatic or
het@Fo%%Hwét{c @r)'c}gjt) R Yany u%gfi’ch%\ts 2)% nﬁo@%%q&gné% glegjfon donating

cat al em as clalned | ereln
sulpsituer®, andnRIdaR i detertineshhiethe Irgspselivectadanck rothoxidation state of
Agpgaratic, including hetero aromatic, groups of which

two or nore of R, R2, R3 and R4 are substituted on

the atom adj acent to the atom bound to A or C and any

subgtd : : at - 0a. " t al
500N SBRS B GRS LS Ao e oy
follpyging ngernralh faulan (B ¥eB1HR R N awherg A udrst i aen ticdepandently

selb&8d FHoMadGthas GSiicnt CorhpifeB B HUHE drSerfit, 3MmGny, bismuth, and

nitrogen.

39. A catalyst system as claimed in Claim 38, wherein R', R?, R® and R* are
independently selected from aromatic, including hetero aromatic, groups of which two or
more of R', R%, R® and R* are substituted on the atom adjacent to the atom bound to A
or C and any substituent is non-electron donating.

40. A catalyst system as claimed in Claim 37 wherein all of R', R%, R® and R* have
non-electron donating substituents on the atom adjacent to the atom bound to A and C.



WD 2004/ 056477 PCT/ ZA2003/ 000185 36 F469 41. A

catal yst systemas clained in any one of clainms 37 to
woQeoaker7ei N any. non- el ectron donating subst PCOZAR0I3H0018S

non-pol ar. 42. A catalyst S¢stemas clained in any one

of claims 37 to 41, wherein B is selected from any

e of a group conprising: organic |inking groups

F %%taining a hydrocarbyl, substituted hydrocarbyl,

het er ohydrocar byl and a substituted heterohydrocarbyl

rou rgani c_linking. grou rls n
451 onk U TERrEer PREERE R B8 BB r{ & Ay Whéfein any non-
elestrdryd@rating dulvstituept lmtohydoiame 1, 2-et hane
1, 2- phenyl ene, 1, 2-propane, 1, 2-catechol,
1, 2-di net hyl hydrazine, -B(R5)-, -Si(R5)2-, -P(R5)- and
42 N( RB)catalyst systérb aiss;lahmekﬂ gy, one of lelatme 82 tdy1, wierein B is selected

b t rocarb a _subst.i t.ut ed heter atom
I, B a B0 B AT AL BlouPRuBn Ry Tifecarty.
suifstitited hwgdrddarbyl, ﬁéteroMyénoeanblearrcS aszibetittied hett@fobﬁiracarbyl group;

acer A44. A catal yst system as
B8 TP e <PgGaBm o S0 B Sl BB pomrising
n’lethytme N(lﬁ%ﬁy\ylmemy@nej n ZQSthame hy,dipbgeylers, K2ipespiaed, fif2ocatechol,
1‘?ho(?mg{h§%§3ra§ Bf Ie S?(fRE’ %kﬁf’) rﬁﬁié{ld#ﬁt\@gﬂ%l y%/ilg;ay’drogen, a
hythtb@gbyi or pultstibyted h;lrd{maylm,rabmmhtut@mmwonxmd @ah&loyen.
am nocar bonyl, carbonyl am no, dial kyl am no, silyl

groups or derivatives thereof, and aryl substituted
43 t hAzaialyst sydhers @ssidied tneytahe of slainds 8Atmdl3; sthessis Basselected
' ' one of clains 37 to 44, wherein A
toged:%@b%ealq%'hgpﬁ%ébendently oxidised by S, Se, N or O,
where the val ence of A and/or C allows for such

d
A8 SRl S SO, AV SRR B 0Bt
toplbr SINRS)- uwhewelr‘pRSsﬂohmrq@emm sklsatdd kﬁyonStFmrgrSepsacon\slsnng of alkyl,
<Bieo S50 AL OO SLAIESIB Y R gy rivo
alkexyspenooin carpoybx tatkdxy.r aninacarbonyh, cavbgryiening, dialkylamino, silyl

gféﬁ%ﬂ derﬁfafﬂ)@h helﬁbp§h§gwhs$5%ﬁlﬁ{?é¢ an%ﬁchﬂP{ése s?fbgl%gmg.’

cyc exyl cyc
ethylcyclohexyl 2- |sopropylcyclohexyl benzyl,

45’henxlcataﬁ)%|t ¥¥1 erﬁ%@éla’lm&? fﬁ%{l{&ﬂn@fﬁ? @Pékns AfAbWhenﬁj‘ﬁ?éla]’nd/or Cis

SO
lndﬁwwcgbéhykldlsﬁ@tbb{c&yse l\bph@(y!vhqmﬂéfnﬁ)xglenqeobfyAm/or C allows for

Sty gnmno, thionmethyl, thiophenyl, trinethylsilyl
S g@&%xrret hyl hydrazyl group.

46. A catalyst system as claimed in any one of claims 37 to 45, wherein A and C is
independently phosphorus or phosphorus oxidised by S or Se or N or O.

47. A catalyst system as claimed in any one of claims 37 to 44 and 46, wherein R',
R?% R® and R* are independently selected from a group comprising a methyl, ethyl,
ethylenyl, propyl, propenyl, propynyl, butyl, cyclohexyl, 2-methylcyclohexyl, 2-
ethylcyclohexyl, 2-isopropylcyclohexyl, benzyl, phenyl, tolyl, xylyl, o-methylphenyl, o-
ethylphenyl, o-isopropylphenyl, cumyl, mesityl, biphenyl, naphthyl, anthracenyl, methoxy,
ethoxy, phenoxy, tolyloxy, dimethylamino, thiomethyl, thiophenyl, trimethylsilyl and
dimethylhydrazyl group.



WD 2004/ 056477 PCT/ ZA2003/ 000185 37 F469 48. A
catal yst systemas clained in Caim47, wherein R1,
we2004R364and R4 are independently sel ected froRCZRe3®00185
conpri si ng an o-net hyl phenyd7, o-ethyl phenyl, o-
i sopropyi phenyl phenyl, tolyl, biphenyl and naphthyl
F%é)up 49. A catalyst systemas clained in any one of
aims 37 to 44 and 46 to 48 wherein the ligand is
sel ected fromany one of a group conprising: (o-
et hyl phenyl ) 2PN(net hyl ) P(o- et hyl phenyl ) 2,
o-1i sopropyl phenyl ) 2PN( net hyl ) P(o- i sopropyl phenyl ) 2,
éo mb¢t Bate ﬁfeﬁ)jﬁ@rQFZN( pleimrad InPCiaimed hywingreinyR), 2R%, (R® and R* are

.@%Béﬁd@ﬂﬁyﬁgvﬁ% fgﬁ% é%ﬁé%oﬁ;d&%ingrﬁpélrﬂétwwg o-ethylphenyl, o-
B@étqpyk@ emﬁyh?mmlvhbph@mam@oaphtbﬁpmw ) 2,
(o-net hyl ) 2PN(i sopropyl ) P(o- nethyl) 2,
éo t- but yl phenyl ) 2PN( et hyl ) P(o-t - but yl phenyl )2, (o-t-
4But y Astaéalyat sestami asapaiopg in @fyoone bialgimsadriy 14yi2ind 46 to 48 wherein
I | ,
e S B M S s
é@rlp@tew BN ensthylitmiethyinhenyibxy phenyl oqqeoprepvlpthmémN(mxhyl)P(o-
) 2PN(b
’S"?""%P'%ﬁ%"“’“?%ph 3 éyﬁ?‘ﬁ%‘ e ey
eYnglp g h ﬁém(eﬁlylphenyl (phenyl), (o-ethylphenyl),PN(isopropyl)P(o-
I
st el SRR, (o
metk. pheny! ) 2PXp4bhty pﬁﬂ@ﬁk@%mtbwB?(wtabztylphenyl)z (ot
blﬁtﬁlpﬁér'iw zpﬂ nédﬂr@mpwd BAfIpkdhNY ) P(3- et déhyiBhenyi),PN(pentyl)P(o-
GWZ'PBEM 2»3 (%P@Mlﬁéﬁw);mm@ﬂ}ﬂ(o)ewmheﬂﬁyl 3{e-athyiphenyl).PN(p-
n’le)t?englﬂgézn Fe h (o—ethz(lphenyl)éP‘\!SbenZ)gE(o gthylphenyl),,  (o-
@&'PQ?%)PP@&%V@M a&vl@hm{e@ hWP"@ﬁy')zone of t he(epthiylpbedy),PN(2-
nfemy@clomw P(@eﬂq?lﬁheﬁﬂ)@ﬂ%léthﬁﬁhéﬁ?lz@N&%ﬁloﬁ@%ﬁﬁggtﬁ%&gﬁyl)g, (o-
i sin enu
&M%B%‘f@ﬁp Nﬁ”Ylg:’r{Ptﬂﬁ"?ylth'@ﬁY'&l um%3'@ﬁ}¥h%h’[m<mf'@ﬁml) N(methyiRg3-ethyl-2-
th%bheﬁylﬁat(éléfﬁ}l BSMlaﬁﬁ‘éﬁy%Dl\Rhfé'tHWﬁ‘(Z Bt It teg)]?l)zit gﬁd (2-ethyl-4-

erein the “transition
waammet@'ﬁp?%e@&kﬁapmy Jsystemas clained in Caimb50
or Caimb51l, wherein the transition netal is derived

@r oma transitjon netal conmpound sel ected froma group
onpfi GRIStorstenhas wsigamit aguione drtharsiaims Artto 48, wherein the

tr@rﬁhﬁﬁnd’hétat |b%6|e@féﬂmoﬂ¥alw1&1é361%§r%[clfkaﬂnbh§n & OB Rim, rﬁﬁgbdenum,

cat st systemas clained in aim52,  wherein t
tuppgtﬁgat{t%/raﬂm"épglu%m@qm@ andgirggigdt ed from a group
conprising chromumtrichloride tris-tetrahydrofuran
5{:on”p,IAeX, . . . ,
. catalyst system as claimed in any one of the claims 37 to 50, wherein the

transition metal is chromium.

52, A catalyst system as claimed in Claim 50 or Claim 51, wherein the transition
metal is derived from a transition metal compound selected from a group comprising of
an inorganic salt, organic salt, a co-ordination complex and organometallic complex.

53. A catalyst system as claimed in Claim 52, wherein the transition metal compound
is selected from a group comprising chromium trichloride tris-tetrahydrofuran complex,
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(benzene)tricarbonyl chromum chromum (111)

woet@nses7e, chromum (111) acetyl acetonoate, eOT@ARNZI000185
hexacar bonyl , and chrom um38l11) 2-ethyl hexanoate. 54.
A catal yst systemas clainmed in aim52 or Caimb53,
wherein the transition netal conpound is sel ected

bm a conpl ex selected fromchromum (I11)

acetyl acetonoate and chromium (l111) 2-ethyl hexanoat e.

(FRer iR aRERTEN, et i Gomdind CaRoats, | chromium (I
atatylacatonaie, chidngiamchdraseboml, alndl chesmdmr (B 2asthfikd@hoate.
about 0.01:100 to 10 000:1. 56. A catalyst system as

clained in Caimb55, wherein the transition netal
5¢.onpauceialystng)stept @s aingt an IGIgaNg2 Qﬁ'Q)Iﬁ'ﬁﬂ’@B n@ﬂerbﬁh the transntlon

d tal/li tlosfrom bout "1 to
B KORRPIIG o F SPREtR, AonG) & REHR SRR BTG cBromium (1)
acdtgacatordaté andbhromfling (1] Rethymhesarate.act i vator. 58. A
catal yst systemas clained in Caim57, wherein the

activator is selected from any one of a group
5ﬁonsAs¢dtaﬂgstC£fystEIhg aB aimBd Nh WAive razownsus ,wrféwﬁl'ﬂlﬁ@%ﬁﬁtlon metal

ounds rgapi ¢ salt such, as [1jthium
5@ %%F%ﬁf%?'%ﬁwﬁ haveda?egﬁlﬂagg B oS TTolT ADgH! 9. 91 100 to 10
O@m¢h as tetrafluoroborlc acid etherate, silver
tetrafl uoroborate and sodi um hexafl uoroanti nonat e.
59. A catal yst systemas clainmed in Caim58, wherein
56.ne Achtahst system aselaanecem Clammss a,l/H@élaHWéﬂré}@ﬁﬂihﬂﬁetaﬁ&mpound

) (b Ralihic SRR Ao i B braiq P lalhgarios ol ferp slyout 0.1:1 to

1(1)r|om group which consists of nethyl al um noxane (MAO),
et hyl al um noxane (EAO and nodified al kyl al um noxanes
(MMAO . 61. A catalyst systemas clainmed in Caimb59
50r ChazatalB0sysidre aeickirhékintanyresietof ¢t clammisB7 16 8BPWLIBIElincludes an
(?ngtﬁ,he al um noxane are in such proportions relative
each other to provide Al/nmetal ratios from about
1:1 to 10 000: 1. WO 2004/ 056477 PCT/ ZA2003/ 000185 39

58. A catalyst system as claimed in Claim 57, wherein the activator is selected from
any one of a group consisting of organoaluminium compounds, organoboron
compounds, organic salts, such as methyllithium and methylmagnesium bromide,
inorganic acids and salts, such as tetrafluoroboric acid etherate, silver tetrafluoroborate
and sodium hexafluoroantimonate.

59. A catalyst system as claimed in Claim 58, wherein the activator is selected from
alkylaluminoxanes.

60. A catalyst system as claimed in Claim 59, wherein the alkylaluminoxane, or
mixtures thereof, is selected from group which consists of methylaluminoxane (MAQ),
ethylaluminoxane (EAO) and modified alkylaluminoxanes (MMAO).

61. A catalyst system as claimed in Claim 59 or Claim 60, wherein the transition
metal compound and the aluminoxane are in such proportions relative to each other to
provide Al/metal ratios from about 1:1 to 10 000:1.



F469 62. A catalyst systemas clained in Caimb61,
wherein the transition netal conpound and the
weahouoserwane are conbi ned in proportions to preeraaz003/000185

Al /metal ratios fromabout 391:1 to 1000:1. 63. A
catal yst systemas clained in Caim62, wherein the
transition netal conmpound and the al um noxane are

ined in proportions to provide Al/netal ratios
fromabout 1:1 to 300:1. 64. A catalyst system as
claimed in any one of clainms 59 to 63, which includes
a trialkylalumniumconpound in anbunts of between

60. 01 Ataatdl @ syﬂémraslrclambd af Claith 61 Wiksrainghe Gransifisiemetal @c}gmpound
trierisation catalyst systemas c]ained in any one o
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1860 108@:10f a trinmerisation catal yst system as cl ai ned

in any one of clains 37 to 64 for the tetranerisation

of ethylene. 67. Use of a ligand for a trinmerisation
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of, a.ligand for a trinmerisation catalyst stem as
atf Srea e i Sos @rafined i WopSens e STmelal Sae, fom about
1tirtorB80i1sat i on process substantially as descri bed
herein. 70. An olefin trinerisation catalyst system
substantially as described herein.
64. A catalyst system as claimed in any one of claims 59 to 63, which includes a

trialkylaluminium compound in amounts of between 0.01 to 100 mol per mol of
aluminoxane.

65. Use of a trimerisation catalyst system as claimed in any one of claims 37 to 64
for the tetramerisation of olefins.

66. Use of a trimerisation catalyst system as claimed in any one of claims 37 to 64
for the tetramerisation of ethylene.

67. Use of a ligand for a trimerisation process as claimed in any one of claims 1 to
36.

68. Use of a ligand for a trimerisation catalyst system as claimed in any one of claims
37 to 64.

69. An olefin trimerisation process substantially as described herein.

70. An olefin trimerisation catalyst system substantially as described herein.



