WO 2004/ 056478 PCT/ ZA2003/ 000186 TETRAMERI ZATI ON OF
OLEFINS Field of the invention: This invention
woeb@twss780 t he ol i gonmeri sation of ethyl ene. MpC®/7ZA2003/000186
particularly, the invention relates to a
tetramerisation process, a catalyst systemfor
tetramerisation of olefins and the identification and
use of ligands for a catalyst systemfor
tetrameri sat TETRAMERIZATION OB ONEFIS he
invention This invention defines a process and
catal yst system that facilitates the production of 1-
octene in high selectivity, while avoiding the
ﬁ“ﬁ ?ductlon of significant quantities of butenes,
deldaf the nveBtiPR L er s, specific higher ol i goners and
polyethylene The catalyst system can al so be used
{ ? tetranerisatjon of other olefins, especi ée
éﬂ'so'mé?fl iqg relaigs o theoligrmeligation eh sthyleps d}@or@fpartw@'éf%ﬁ invention

rélaRsab ta 1Baemensitioh PPsdas é@éfﬁl?étcéy@{e'rry for%’t%@‘e?%ﬁ%n of olefins and
tlge ocess for I%Ee tetramerisation of ethylene to produce

e

epiicatianprecigaliligandsdghg eafelystystest oy felramerisation of olefins.
ol i gonerisation technol ogi es produce a range of a

I gfi ns fg'k"l QW n ei ther a Schul z- Fl ory or Poi sson
%" glRynde PI“E)\{ﬁq BR. By definition, these
mat hematical distributions linit the mass % of the

etra r tht can be forped and make a distribution

S 'BY 'BEtd§ INgsA Piocess Afhraelysisysiemy iahfadlitaias theeproduction of 1-

optanerin i gh éélgcmy ewhile ﬁvo'i&ﬁg 4I2§)coidﬁ@ducﬁomlo€ I;‘s!@]hlﬂcant quantities of
pr ef

bﬁ?efﬁhglﬁ%@h SClg RS pRPY sostrls dIens ol %ﬁpﬂ@ﬂ)polvgtf\aﬂe@ﬁeThe catalyst

s?ﬁﬁﬁl%#hcélsdlﬁ@uﬁdﬁbl} the MtkahrerRERdh of%ﬂl%r%lefiﬁ@téklp%i&lly o—olefins.
activator, preferably sodiumtetraphenyl borate,

cat al yse the ol | gonerisation of ethylene to yield a

D¥skie! itk Qfell krﬁtﬁﬂf vQIh@fdfn‘f?-octEHS 8R! artdodst Mot R4aK d5 commercually
Ilne%{lﬂéCS a-olefins is clained to be 19% Simlarl

SHAZESEYE PIocepsy s theptetamesisaioh  efsathylepsoto progees 4;0c(gme selectively.
(Ibﬁ/&ﬁﬂoﬁaﬁe@%n@za@ﬁ?ﬁ’eréaﬁﬁﬁt@&%loﬁﬁs rdduéd ™ I %ﬁgle of a olefins

catal yst systemis reported to typically vyie
foHeuingyeitbeyc @ ep@UiznFIpysop Peissen rpstual rdistiiimriom gysﬂ@frmtnon these

R A RRPHIESIbIENE lint3he 12889, SAhS Rtlfier tlz‘it%% BE T&r}ﬁ‘é@ and make

technol ogi es based on trial kyl al um ni um cat al yst

g Aigkibutiere of Ipjodystse o Jaig rea?rdeuu B kyawrcrem thel srlcmoaﬁaa{Hﬁ patent
6( {9aeA289 MhatCa guckQEcéléIS/@cnéonerrl@ﬂ'ré g%ﬂ:laﬂﬁ@ ngém referabl ly 2 2-diphenyl

Cor poration at ent

PQP%QP'%H%% aridy(QRRER): 8 n'qke#\@omeum)smfpsably G, 61,0, and a
cBfalyst AdRREdr0 Q%lee/ %bﬂigﬁ‘ﬂ%‘fﬁaﬁﬁerﬁﬁﬂb\‘été n@atél?sé“tﬁg YietePiation of
ol efins that repor contain"13-2

ethylene to yield a mlxture of Imear olefins. The selectlwty towards Imear C8 a-olefins is
claimed to be 19%. Similarly the Shell Higher Olefins Process (SHOP process, US
patents 3,676,523 and 3,635,937) using a similar catalyst system is reported to typically
yield 11 mass % 1-octene in its product mixture (Chem Systems PERP reports 90-1, 93-

6 and 94/95512).

Ziegler-type technologies based on trialkylaluminium catalysts, independently developed
by Gulf Qil 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



octene (Chem Systens PERP reports 90-1, 93-6, and
94/ 95S12). The prior art also teaches that

woho@wiseyrs based cat al ysts cont ai ni ng het er oat oRCT/ZA2003/000186
i gands with both phosphorus and nitrogen heteroatons
selectively catalyse the trinerisation of ethylene to
1- hexene. Exanples of such heteroatom c |igands for
ethylene trinerisation include
bi s(2-di et hyl phosphi no-et hyl) am ne (WO 03/ 053891,
hereby fully incorporated herein by neans of

oligemegrisa caihylenre e Imixtgees( @~ olefins that reportedly contain 13-25 mass % 1-

N e T S

of reference). Both these catal yst systens and

THé E@‘E}Zfﬁ? éalégf ﬁ‘éﬁéé’ tﬁ?teﬁiirfogﬁ%ré %(%S%d;%gﬁ"r ){%@%h@fﬁlﬁg heteroatomic
"Qﬁf}ﬂﬁl wih | botheshosphawssanﬁs@tr%m l’lemoqiomauselemvgh/ucetalyse the
trﬁﬁer@aﬁﬁr e‘ﬂh{ié{n% O’ZEQXAE%%Q)ExaHb?es 6P QUi " BSomic ligands for

er oat ons

@Wleﬁ@t Hioreyisaiany linchwriy( rba(wle)m(nb\osmmmebhyb haminie) PVOND3/053891,
hgl%/b94:h;h%) %&Pér%ﬁébedhégiﬂ”b YmB8fs ngﬁ rfn%g«?rgc BQ Lbell Sas (o-

bel I eve nitrogen atom do nat €,
rrﬁthqxwzﬁnyi)zi?N(ﬁ@tmbemwthymnwdzt i (MQr OWOﬂmQ t héereby  fully
u&gﬂpgﬁt%mggégw@@%aﬁaﬂ%f& r?c?/ E& IHHIE‘%E c5 aﬁ%{ %)Psgem? and processes
aEg, ¥qrg FPeiig for drerpraguption @’ ‘ahejeag atnldannlst weldpbbetene @s an impurity
0 t
t%u@%ﬁ@é& tgﬁgéﬁﬁd}gu/ﬁgﬂ e ;Jr&#r%?ﬁr%%(gdrte rafsgﬁéctbgéﬁ‘%g&?c?'owo%19) The
vaﬂ@ﬁtmgs g@*mpgpw b&ate%,ro@én\tso emlharﬁ@-@@@Wplnerwl)iFsN(methyl)P(o-
t
Ok HBLI St o AL, s paoves
thets thegnitiogsn atprx dagg not TRerdinaies af leastin the ahyenserns ensastivator, with
tﬁet@froﬁ]ihﬁh 2R pat \Jvﬁouﬁ Qhy %Qpelﬁal;&ﬁ% ﬂr‘id)é‘tgﬁwstd?l A& ligdh™d that it is
pen dent donors and i ncrease the coor |na
ashifentaie systasm. « Rarthaimers ifniscerated tha;i the pqﬂwpcmt elagtron donating
sul%ﬁfdéhts mTtﬂeSdt*FP\Bgfdsmbhedf rth@éﬁ@ﬁ)ﬂ s ﬁé’l? f@rwe QotFl&erﬁ%te system,

use O

Co
W(‘lﬁh nit 8enafplve h?'F%VQFbN@rTéMﬂHCF W%e%ltm é&w@ﬁé nyh?@neaformatlon as
r&i@?ﬂ?@dJBﬁtHéﬂ |ﬁ\f§?#6r OQWO %)QRJ'ZH o ROCRY. %O@Mgﬁt ,'2@)(9@ 83»@ by stating

| east one and R4 [

B QPM%U%&BV@%?%SQ & lgh fheoBotpRiah dor.artha- relhexsEraupe(ty act as
pERYEAE dEndis a‘hHEIﬁd:rE‘ése th\éQd%?dl%ﬂdé%a(LﬁétﬁiﬁpJ)fethéQ}nrJnﬁ%r&%tre is an

t he production of octenes usi ng a trinmerisation

W@%’i@ﬁh&acwoc&wm& thair dvpathesi§stheAuthass toﬁuf‘évenhsct‘wm@n 2002,

848-85% @RGW¥Rthat td LEdTeY (ﬁﬁ@tﬁ@k%ﬁen%ﬂ@h@%@ﬂyﬁp&) methoxyphenyl)z
nol ecul es to gi ve 25% oct enes. ver, of

PR JEOHbE Y BHEN QR p@ﬁ%ﬂ%ﬂt«yentﬁm at H@sagm PERARS R® and R,
a? Ql llg@H@ %nﬁé\aéatélpﬁ’d/ c&ﬂﬂﬁ;h§ treflited thEStcha"'r’ytlefac Wlﬁl%{q/al%@,doc -olefins.

br anched oct enes. rior art teaches that
WO 81044 %9 sexamle 61 19@§ esaiheqroductiar 19f eotepes usiog a trimerisation of

o%ﬁﬁ@?ﬁic@@s Bhd EABIySEaREGH | Yn 85 FRidF e SPYERNEBIRE S imerised with
nmet al | acycl e react|on

two ethylene molecules to give 25% octenes. However, the nature of these octenes was
not disclosed and the applicant believes that they consist of a mixture of linear and

branched octenes.

The prior art teaches that high 1-octene selectivities cannot be achieved since
expansion of the generally accepted seven-membered metallacycle reaction
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2 WO 2004/ 056478 PCT/ ZA2003/ 000186 internediate for

ethylene trinerisation (Chem Commun., 1989, 674) to a
woi2oe/osemeber ed netal l acyle is unlikely to occBCT/ZA2003/000186

(Organonetal lics, 2003, 22, 2564; Angew. Chem Int.

Ed., 2003, 42 (7), 808). It is argued that the

ni ne-nmenbered ring is the least favoured nedi um sized

ring and should thus be disfavoured relative to the

seven- nenbered ring (Organonetal lics, 2003, 22,

2564), In addition, it is also stated by the sane

'rﬁ%rms%slaéetﬂbtethwwe drimeriRatiop nifdieay CrRyHor 1889, 74 to a nine-

mweraeobﬁqembsylén;ls@hweuptcgb&urt(@rgammateﬁr/c%nm@s 22, 2564; Angew.
thlrﬁeen menb t her words, one mould

B/t o B0 et 7). SOE b s aBapec rt e P16 memBeHve Ting is the least

fdvoliR@ambdidRL 8284 qrngdaﬁ@@,ﬂa@d VR %eb&sﬁ%&ea ef@faw@% 8he seven-
Despi te the teachi osite,

W%I%&Q@agowﬁ&%@s%% 225 eoah lr\/@qiq)tlcm cbtdﬁcalwgstated by the

shifbraatRrs &R “@lLhihBmeterad Rhd fetifed NRSvOUN b ﬁforé Ak to grow to
that chrom um based catal ysts containing m xed

ap SlveBa b itean-yamasag ing- Hatqﬁh% Worggepneaiyguld never expect much
obleAs MR Fdtmatié 67 HMONBeary\HédenB @k deéiéhét\/\}dum MoRfYehhable.”

hydrocarbyl or heterohydrocarbyl groups on the
phosphorous atons, can be used to selectively

Ueepnfeaw tSeRhRighyt ﬂréeobpoéteoeﬁeera@pnﬁahsrhasnnmqsw @f pfBess for
mass% sel ectivity. This - octene selectivit

SelaAstY B@dHE'HQe%et&"%mS”%"tS’ngl@ﬂf‘| ofBf picait ebasetf'i’ﬁheérfeund that

cﬁﬂoh&ﬂﬁ&ﬁbé@&ét@ﬂsts%nfam|ﬁ'§9ﬁ1ix§ahbfyﬁosét&ﬁm@|aﬁ& ®fih BBﬂh‘H'trogen and
unmar

mass% 1- oct ene

PHRBRTSo L RSO it HAAT ot SbSTHSRS! 88 esker opydrocarbyl  or
hét@k@@?rdcaibyl @ﬁf&?dscbﬁ?thbeprrc%tﬁﬁéﬂo?s PAtOREC Icin B'éf“uised to selectively
I nventi o ecCl el ates (0] I OCeSs or
telmerise ﬂwf r8dliest @3 P@%w I0RCPRS 0@@@6@@% ERAVilys This high 1-
o&tejﬁé Is@l@éttlvfty eamsdt bfalaﬁﬁlef%tﬁhia @S?ﬁnhdheﬂ Bfe- g?ab%thﬁéfrfé’lélig@mensatlon

al es (0] rocess o sSel ect | UCI N
of Bkt o RlHRR €rigaphigos vad Snbebrdnt e
catal yst system containing a heteroatonmic |igand.

ccordle‘gq to a LII rst aspect of the invention there is
DAY the MVSENR for tetranerisation of ol efins

wher ein the pr oduct of the tet rameri sation process is

.0l ef.i t
BB Bueling ol I D oesest iRl ey Ao G ebe et o
the invention the tetranerisation process |ncludes t he
cont a n olefinic fee

t f t
This; Brguichogestaiee bRl fdutosss BT \isonuay (adiaing tetrameric
pRIJULIEA2003s AQi@ from olefins such as ethylene.

The invention relates to a process of selectively producing tetrametric products using a

transition metal catalyst system containing a heteroatomic ligand.

According to a first aspect of the invention there is provided a process for
tetramerisation of olefins wherein the product of the tetramerisation process is an olefin

and makes up more than 30% of the product stream of the process.

According to a second aspect of the invention the tetramerisation process includes the
step of contacting an olefinic feedstream with a catalyst system which includes a



transition nmetal and a heteroatom c |igand and wherein
the product of the tetranerisation process is an
wol2ed#osceard makes up nore than 30% of the prodect/ZA2003/000186
stream of the process. In this specification, %wll

be understood to be a mass % The term

“"tetranerisation” generally refers to the reaction of
four, and preferably four identical, olefinic nonomer
units to yield a linear and/or branched ol efin. By

heteroatom c is meant a |igand that contains at |east

TERB IO NE b ARG e S eAteRICIgATHB" WREeiLAE Pardlet pitee tavemerisation
prdteEeistaheol 6t SORERISBuTMYrdifars 80% OF 8 HroQmet @BQ&H RPfHeSrocess.
arseni c, antinony, sulphur, oxygen, bisnuth, selenium

or nitrogen. The feedstreamw || be underst ood to

I hed speifisationl of Wil beQnBerstRta BB I M nd can be

i ntroduced into the process according to the invention

in a continuous or batch fashion. The product stream

TWe'térnbetetr‘QIﬁéf SdtioRd gberhliCleris t& theetd=RABH of Yilir Chhd preferably four
c{?@t ramer produced according to the invention

H6al QIR WPNOmEHNIE 42 WP G InPAEaRdaiaraneha Qlefip-
| ncI ude an a-olefin and the product stream may incl ude
| east 30% preferably at |east 35% of a
Btyéle.f%{ﬂ%tPF%Ce'a '%e%t é‘f"ﬂﬁ”‘ﬁ%ﬂ% reMtaing Rk legpimecheteragtomse whigh can be

te BEMEESS dfffeferitWharE e Ablefatéths and) ®lel Blecttl A8dm tgHRsphorus,
terma-_ olefins is neant all hydrocdrbon conpounds

alHele ?@FWWaF“'B'&‘Ub?’Q'QSB@%“Utﬁm%ew OANEHOEAN- i ncl udes
et hyl ene, propylene 1- butene |sobutylene 1- pent ene,
rocess may

- hexene, 1-, tene and  the ke. The
T%ﬁ???fﬁ%’eampw" sundegiioqdioy @FM% 2tqiefin 19rbes lebpeTerined d can be
irtiRldecdd vl the pratleds addkdibd® the inveRlicRf ih dUnﬁﬁﬁ&&%r baieR fashion.
ol efinic feedstream may I nclude ethylene and the

product stream may include at |east 30% 1 -octene.
The @rdﬁu@pﬁﬁé‘anﬂwm Hé&lrﬁieﬁét&ﬁﬁt@SncﬂMe 4 RltrapiErWisien teanff is produced
The i.nvention a |0V\®ﬁ£€ e ligand, catalyst
a§%¥'@%t%W8/'%YBnB?%E‘e%%O'E'BH%StC? hfgshign.sel ected to
g| ve a pr oduct stream of nore than 40% 50% or 60%
%J&Iﬁ be 4 WD 2004/ 056478 ,

6%/ fﬁem dep?ref"é}’%fb‘l #nd Hegurauditigam; may include at least

BU%r bl“é@érab!?%t Féfasltéﬁb Wf@qgﬁméﬁséﬁ%leﬁrfmlaﬁ&ﬁelsmh hi gh

selectivities of the a-olefin efinic feedstream
may i nclude ethylene and the (C6 + C8) : (C4 + Cl10)

Bldr&tes8 mdYenciBI@ AYsbeerk i -
Thep' ol efi nglg,? ?eedst%?e%m ngrat@r ?é”%%OH%E%ﬁ @%@ﬁaﬁ{gg?&he term o
olgfins lscmeargtqllwmdrpcprt@nmqnm@gndgwﬂ@gﬂrmlnal double bonds. This definition
includes ethylene, propylene, 1-butene, isobutylene, 1-pentene, 1-hexene, 1-octene and
the like.

The process may include a process for tetramerisation of ca-olefins to selectively yield

tetrameric a-olefin products.

The olefinic feedstream may include ethylene and the product stream may include at
least 30% 1-octene. The process may be a process for tetramerisation of ethylene.

The invention allows the ligand, catalyst system and/or process conditions to be selected

to give a product stream of more than 40%, 50%, or 60% o-olefins. It may be
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is nore than 1. The ethylene may be contacted with the

catal yst systemat a pressure of greater than 1 barg
wand4psef’er abl y greater than 10 barg, nore preberanhyo3/000186

greater than 30 barg. The heteroatom c |igand may be

descri bed by the follow ng general fornula

(R nA-B-C(Rym where A and C are independently sel ected

froma group which conprises phosphorus, arsenic,

anti nony, oxygen, bisnmuth, sul phur, selenium and

nitrogen, and B is a | j nki ng group between A and C,
Prsleralis; depering onethel firtben ueq off the BrRdxeY Skear. & have such high

ngégﬁﬁt@gw[r@%pyh group of which at |east one R group

I's substituted wth a polar substituent and n and m

is determined by the respective val ence and oxi dati on
T%Eziﬂeﬁln%ffe@dsh%@ﬁ] fray heRidd/ hyiénd B 8 (8 R S?r:‘&d)ai-.c ) ratio in the

el'ectron donor for’ coordination wth the ansi tioh
PﬁQﬁU&tS.tfeamwméVé@QOﬂm%Wor el ectron donati ng

substituent is defined as that entity that donates

el ectrons used in chem cal, including dative coval ent,
Thertefinisfaedstieam maw inglide cimanei and thgg)ad Gawigticig the product stream
,éj,%perthgﬁql by the foll owing general formnula

R)(R2)A-B- C(R3)(R4) where A and C are independently
sel ected froma group which conprises phosphorus,

TRESAIche AR bé"éBNtect@HWHtthe %Qfély@’c &y ds@é?ﬁ Bt %;)‘?eéufesoiigreater than 1

l'i nki'ng group between A C,

bareandypre gfenier danetd féajg,fm@rm nﬁ@‘ﬁre&r‘yo@fﬁ@ﬁectr@ﬁ@ barg.
aromatic, | ncI udi ng het eroaromati c, groups of which at

| east one of R3 and R4 is substituted with a

The| aeteseatamict ueﬁr@d mﬁysbﬁed@wém nent Heoffolfomdngyrarnesd formula

(%ﬁﬂf@b(@)fm wHife ARG b%ﬁndé’ﬂénﬁ@nﬂﬂéﬁec@d Fom a?oup‘r‘@h@ﬂ Qomprises

have substituents on the atom ad j acen
PHP%RHOB&JF]@GP@ aptigpony, oxyoRm bisnythpsigams. selenium, and nitrogen, and B

ISPQT ﬁ@ﬁggﬂﬁ/pm Abﬂd@@nﬁ'F@% lh@e;?gndbﬁtﬂﬁéeléﬁi‘é‘d #6mPBiny homo or

R3 and R4 bei n]g substituted wth pol ar
h§tﬂ5%hyﬂfq9émy' griie R gehigly at feast rge dﬁcgrmp ipubgituted with a polar

OB ind hBAH W IsREERIRISY RERdpBetRaldo8 bAK ARkt tate of A
all of Rl, R2, R3 and R4, if they all are aronmatic,

AR & substituted by any substituent on an atom
adJ acent to the atom bound to Aor C In addition to

| east one and R4 being substitute
Am%OfaC By &e %l%%@tnai %‘éﬁtfon A9NF TarsPRIainRleN vl et tra@s't'on metal.
R2, R3 and R4, if they are aromatic, may have
suqstitu nts on the atom ad{?‘%cent to the atom boun

%e gctrgn _nomglelﬁeqrocn dgq%igg ispbstityent @ndgﬂfed =5 thaﬁsen{y[,yothat donates
eRétrohd uddiEi cREMical, MERIdIrG, datiey coV=RderspkYomtioRe

The heteroatomic ligand may be described by the following general formula (R')(R?)A-B-
C(R*}(R*) where A and C are independently selected from a group which comprises
phosphorus, arsenic, antimony, bismuth and nitrogen and B is a linking group between A
and C, and R', R?, R® and R* are independently selected from non-aromatic and
aromatic, including heteroaromatic, groups of which at least one of R, R?, R® and R* is
substituted with a polar substituent.

In some embodiments of the process aspect of the invention, up to four of R, R, R® and
R* may have substituents on the atom adjacent to the atom bound to A or C.



on the atom adj acent to the atom bound to A or C At

| east one of Rl, R2, R3 and R4, if aromatic, nay be
weubs#astarBed with a pol ar substituent on the Powzaro0o3/000186

further atomfromthe atom bound to A or C Any polar

substituent on one or nore of R, R2, R3 and R4 may be

el ectron donating. Polar is defined by | UPAC as an

entity with a permanent el ectric dipole nonent. Pol ar

substituents include nmethoxy, ethoxy, isopropoxy,

C3- C20 al koxy, phenoxy, pentafl uorophenoxy,

trinmethylsiloxy, dinmethylam no, nethylsulfanyl, tosyl,

lri@&chﬁbﬁ/tﬁfgt ast &% SRt N"' oREilYRY béné”s%ﬁﬁéd’\'/wth a polar substituent,

rqst hox roxyl, am no, phosphino, arsino,
e§‘t3'? Bf B?B'Pﬁaﬁe m%{lqer%f oBaiic. t'mréucim&getewrmtl% et preferably not
a!] bﬂRpSQZRW a% R4 RetrRp & Re Hﬁ)\‘ndtﬂd&ﬁ%ﬂgﬁﬂﬁtb& bg%nk/'sﬂbﬁﬁuent on an

of each other or to the i ng group
a@“@ adlﬁﬁ%t%themméogmqmgw t oget her W|th Aand C, A
and B or Band C Rl, R2, R3 and R4 may be
i ndependent |y sel ected ,frpma group conprising

Imaddiliqn to 3y Irsisy pne Qf(ﬁwR '?cy@']ﬂ R™heigg syhsti Lgepcbwglp@molar substituent,

nBﬂlﬁﬁBFé"th'an t\%“bh Racﬁhﬁs’anﬂq-?‘h fmb{ey Slehf¥matid MeAPKNve substituents on
hyl anmi no, di et hyl am no,

trf?e‘ftﬂvl %{Wﬂb t"r‘ﬁ)atoﬂh*?%—k!i‘ﬁ'éﬂﬁior yridyl, thioethyl,

t hi ophenoxy, trlnethyIS|IyI dlnethylhydrazyl nethyl

et hyl|, ethen ropenyl ro
A@y@%@ﬁ@Hpﬁn’cueyn&%,erP Bhe%J 'Rf’ apg,yﬁ ” |aprg|z%omat% m%%// pref’erably not be
oh &g glaptiidpidentmthe GfoﬁUBoundﬁo\ﬁQrZ@OM 056478

PCT/ ZA2003/ 000186 Preferably, Rl, R2, R3 and R4 may

i ndependently be selected froma group conprising a
ApleeBydne 6fRYR?, Rﬂaﬂaﬁm{ if.aréragit May betduboib@aYithaNsblar substituent

et hy| . u r C.may be i nde endent |y oxidi sed
of AL G Rt o e Oy b oF B 5t LY 0%

all ows for such oxidation. A and C may be

i ndepen en hosphorus or r oxi di sed

Agy PSSl st S ST st RiCRod 800 GRAvAR S SHEoTort.
group conpri sing: organlc I i nki ng groups conprising a

pré? gﬁfrwﬁ&ggﬁ%%t grﬁ %ﬂg&@{]ﬁg g%rg%anent electric dipole moment. Polar

sb&tm@ﬁydﬁmébﬁmmﬁoﬂw garubxy | lisdgrovebxgr om@z&oww;sl Nghenoxy,
omlin I n

t
R oIt hy ™ RiBsL hy inatiaRey S Metayisiiey.  tosyl
m’bt}ﬂ})theﬂwl, eﬁ%thy]thﬁmelﬂfy@pan&oxézo%ﬂ canhewbmlethoxy, hydroxyl, amino,

R S, Bt oo o
subst ituted hydr ocar byl, a substituted
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
orBandC.

R', R?, R® and R* may be independently selected from a group comprising a benzyl,
phenyl, tolyl, xylyl, mesityl, biphenyl, naphthyl, anthracenyl, methoxy, ethoxy, phenoxy,
tolyloxy, dimethylamino, diethylamino, methylethylamino, thiophenyl, pyridyl, thioethyl,
thiophenoxy, trimethylsilyl, dimethylhydrazyl, methyl, ethyl, ethenyl, propyl, butyl,
propenyl, propynyl, cyclopentyl, cyclohexyl, ferrocenyl and tetrahydrofuranyl group.



het eroatom or a hal ogen. Preferably, B may be -N(R5)-

and R5 is a hydrocarbyl or a substituted hydrocar byl
wgnroupse4® may be hydrogen or maybe sel ected fpowiziahe3/000186

groups consisting of alkyl, substituted al kyl, aryl,

substituted aryl, aryloxy, substituted aryl oxy,

hal ogen, nitro, al koxycarbonyl, carbonyl oxy, al koxy,

am nocar bonyl , carbonyl am no, dial kyl am no, silyl

groups or derivatives thereof, and aryl substituted

it h t Pr ef bly R5 b
P@ﬁér??;'éﬂrpr 03{/1 &p chSUb%P;ﬁg% Slgllber%'%e% frdm a grouy comprising a
Wﬁﬂyhydlﬂylﬁblﬁ&ﬁ%)ﬁbplﬁthylath%pﬂghy{|ang e@iyPgroBp.may be sel ect ed

to be a single atom spacer. A single atomlinking
spacer is defined as a substituted or non-substituted

AaindrertQatayi ise Ipabpshddhtleekitided @y /S, a8l Noor O)vHerd @tdvAIBYce of A
4/50 c:ﬁntatl)? %%:‘e(R)nA-B C(R)munlts Non _
anq/e; ¢ pliyvsien %%ych 1igands include dendrineric
Ilgands as mell as ligands where the individual units
| ed eltger via o

cou nore of the roups or

AHE G VRS PaProsBhaLs &r BRexaprs, XA R or S8 or N or
Oolimti ng, exanpl es of such ligands may incl ude

1, 2-di - (N(P(4- net hoxyphenyl) 2)2)-benzene,

1, 4-di - (N(P(4- et hoxyphenyl) 2) 2) benzene
Bl;l®4€tr12d3-|%d_ E(ee(eé- ﬁﬁmheﬁ%wﬁﬁnw a2 hrug 8difprising: organic linking groups
C%"ﬁﬁi&/{)ﬁ&%ﬁgg yfloxwitﬁs} E.ﬂ%é %ySngrg &eté@@xd;rgcarbyl and a substituted
héféfawmaeémmomeﬂg&ﬁ;c Iﬂih!ﬁg|gr@ﬁi3dﬁnfpﬁ6m§%lr@re&ﬁaﬁﬁ%k§3bmg links; and

procedur es. known

a B PSP SRRy Bas! Brisihyimeielete: (o-ahard S Swtippriese. 12

pmpame gaﬂdﬁtahel 1 Bdimethylhydrazine, -B(R%-, -Si(R%)-, -P(R%)- and N(Rs)-

Aty e e S T e+ s

he(t@roateinhoxyapﬂmwgdn) Pirdierabiyp B prialy )Y N(REL @ﬂ&%@@'h)@roééﬁ*byl or a

l{% Wgﬁc%@' en‘%@%}’? P%%e,\ﬁ%%%' )h%l%grerﬁtop% %hen cled from the groups

cceislsyh@ekylk)lll?@ébsnanh@)avth@ﬂw substituted aryI aryloxy, substituted aryloxy,

R NN ST AR Bty 907 o,

diatkylamingp Is&yi;drc)dqsfmrt}dr)lﬁiﬁ\l(emhémbﬂ B6a amtslmbxt;mtbd nwith) &mher these

SJﬁ%t%Qt%ph@%e{/ R0 n Bny M ARt A1 ISBPPPet Aoy PRoRSYYetiHe 2 2-
mathlylcyclétBexyhartehrytyhgroyp.) 2PN( rret hya) P(phenyl ) 2 and

(4- met hoxyphenyl ) 2PN( net hyl ) P(phenyl ) 2, (4-

nmet hoxyphenyl ) 2PN( 1- cycl ohexyl et hyl ) P(4- net hoxyphenyl)
B Znay(lds s@ledted ypbe aydingld hlod spacer. A single atom linking spacer is defined

=0 NS SRR SR R b e o

(4- met hoxyphenyl ) 2PN( pent yl ) P( 4- met hoxyphenyl ) 2, (4-
The ligand may also contain multiple (R),A-B-C(R), units. Non 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 non limiting, examples of such ligands may include 1,2-di-(N(P(4-
methoxyphenyl),),)-benzene, 1,4-di-(N(P(4-methoxyphenyl),).)-benzene,
N(CH.CH,N(P(4-methoxyphenyl););)s and  1,4-di-(P(4-methoxyphenyl)N(methyl)P(4-
methoxyphenyl),)-benzene.



met hoxyphenyl ) 2PN( benzyl ) P( 4- met hoxyphenyl ) 2,

(4- met hoxyphenyl ) 2PN( phenyl ) P(4- net hoxyphenyl) 2,
woO2eddoserrephenyl ) 2PN( net hyl ) P(4-f | uor ophenyl ) 2pCf2A2003/000186

fl uor ophenyl ) 2PN( net hyl ) P(2-f | uor ophenyl ) 2,

(4-di met hyl am no- phenyl ) 2PN( net hyl ) P( 4-

di met hyl am no- phenyl ) 2,

(4- met hoxyphenyl ) 2PN( al | yl ) P(4- met hoxyphenyl ) 2,

(phenyl ) 2PN(i sopropyl ) P( 2- met hoxyphenyl ) 2,

th
The S R eh DIEBHAR) 5108 PIRCRENIRE MBI 1%, Rlligd jpthe art and
pedvdd(ires rmsdlmuph@nphbl(smbanlmtédra% sw?ﬁ@wts) Pdfgn aMst) 2gre:  (3-
or
RSB ST L e BRI cortTPR RS PROBA Nmethy)P(s-
nttikedypReriy®t,er oat omi c (3- ht@;umymddw )N rsap@pw)m rﬁ@thakyphenyl)g (4-
va or
W%@’%’P@?{‘y@%&% nG 'Hetik?Bi‘)@hSﬁﬁ{?m c coor é‘ WSWOESYPhenY'bPN(Z'
e&@méxﬂw(nnnetﬁoiyphémm q3In@tRGtybhewyI HeA yl)mqmghmb(Mw and
ncili u

@F@Srt’og‘;’&g%& &egyl%ﬁﬂmﬁmyﬂgﬁﬁ@g@%lsngﬁ/on conpl th " (3-
I R ST Gl e A

Bh?{;@&%&f‘g %)% ”Mi@@ ﬂpsyfﬁw Mt oni ¢ (3-
rﬁetl???gh@tﬁ@zmm’geszP(pl'@ﬁylfﬁéna|(4 nﬁﬁ%}@b?&;)ﬁ)ﬂrﬁ&ﬁ}l)ﬂphenw 2 (4-
SR aﬁ}l@-cgglgb SISt A ﬁ%w%m )t nglmethoxyphenyl):PN(2-
nietheyehexy! (4 artitixpptidrgn,, conpl ex in (&Memd@pmamgpN(decyl)P@-
byt akes drRatopiraericonthBthpe bl
noatiosg pimertyl )gPN(©omayl) E((él—mtl"@ﬁﬂﬂfeay@zd i rq4$metthbxyiwéhy@§1>Nqohenyl)P(4-

rlleaybfibund, ankrHGvePoRDAR ARG dotks g (>

ﬂ(mrophenymzmmuetmm)@(mumphsnyt-,9 (i thglamiit &phény)sPrd methyl)P(4-

t f t 0.01:100,to0
bR G apout o (ErietigBaeR ARV R methaPheny
(pfmnal)zmmsobmpwm(%mahb%yp?mbyg)gy one of a groupi-(4-methoxyphenyl)-
LS)hng. ch j no u ungsten, titanium
pﬁ %ﬂ\w {ﬁ QEH}%%E@OQF%@B}?IF B%nyb? eferably and (4-
m:d‘nln@qyplunnyl)(rdrrenyl)F&d(snprowl)l?(tpheﬂmylygorrpound whi ch, upon
mxing with the heteroatom c |igand and an activator,

cat al yses ethylene tetramerisation in accordance with
Thbe:atalyeénsystem magainclude an mtimbeanmmegabceswmwﬁ@umedhe step of

c%bhbngain ?érgaagﬁétg{%agr 8@%@”@&?@%&%&5&%88@ Eﬁea?ell %n?f)é)und and an

aciiuabcm umtrlchl oride tris-tetrahydrofuran

The process may include the step of generating a heteroatomic coordination complex in
situ from a transition metal compound and a heteroatomic ligand. The process may
include the step of adding a pre-formed coordination complex, prepared using a'
heteroatomic ligand and a transition metal compound, to a reaction mixture, or the step
of adding separately to the reactor, a heteroatomic ligand and a transition metal
compound such that a heteroatomic coordination complex of a tfransiton metal is
generated in situ. By generating a heteroatomic coordination complex in situ is meant
that the complex is generated in the medium in which catalysis takes place. Typically,
the heteroatomic coordination complex is generated in situ. Typically, the transition



conpl ex, (benzene)tricarbonyl chrom um chromum (II1)

octanoate, chrom um hexacarbonyl, chromum (111)
wacedylseuret onoat e and chrom um (I111) 2-et hyl herama@aben3/000186

The preferred transition nmetal conpounds include

chromum (I11) acetylacetonoate and chromum (I11)

2- et hyl hexanoate. The heteroatom c |igand can be

nodi fied to be attached to a pol yner chain so that the

resulting heteroatom c coordination conplex of the

transition net is soluble at elevate t eratures,
st OASNEE HLbF GIATRE 195d 21 oM RE daEH MOcANd ox sit) to
pRivitlel rBetalifyaing GaNc fyom @bolit RO 0P tEX0 DO®M AMEprefREHIy,Ofom about
Oqﬁpg e?for reuse and has been used for other catalyst

ibed by D.E. Bergbreiter et al., J. Am Chem
Soc., 1987, 109, 177-179. In a simlar vein these

ransit.ion tal co exes_can al so be i mobilised by .
The deriion methany Pe delmcd frorg A sOTeoPT 2 9KOHPN ompRyising chromium,

nilybdeAumsi tuhgAer € titanRPh,y Shhtakia) € varddiliih Nand agikdeReh, Olpreferably
he .| i ke as denonstrated, for exanple, by C.  Yuanyin

CRPPMEYM:  Chinese J. React. Pol., 1992, 1(2), 152-159
for immbilising platinumconplexes. The activator for
rOCESS

se in,.the i rincjple be any conpound
The GenJuie el SoRouti pieh. GhenitniBie Silbin® Hbtssa cjaend and an
athatdretaagedsosthend gaachefisstionhe attcasidel with fhetiddention, may be a
conpound. .M xt ures of actlvda%?rs ma?/ al Solﬂlﬁie used.
ST A5 NSRS SPih Graranalga /b ATERPREIIICSRIERd may be
s@létgtéd Idfmf ﬁhy mﬁmg uang?#p flfo@ﬁiﬂiéiﬁg &ﬂllfdbrﬁiunﬁlgi@hloﬁéﬁe tris-tetrahydrofuran
nme i um .and, ne magnesi u r.om i norgani c .
CQ@P@%’ ah’c?” efeicarbgy Jbro 0, aFF}lﬁ’H}'%or(ﬁQ eﬁﬁ?@ ate, chromium
hﬁidlﬁ;‘kﬁirm, cBﬂothMBn_' (NI?héeﬁﬁlgM?mh I Ql?;@chrgmsj\gu(11I)024-/ethyg12§a8noate. The

xaf | yor oant i nonat e an e like. 9,

PR hIB0S b T ComPPUe Mol gan P, (I Ahisthicroate and
chroadiurd €113 orgolestan@dftet he fornula AIR3, where each R

I's independently a O -Cl12 al kyl, an oxygen contai ni ng

noi ety or a halide, and conpounds such as Li Al H4 and
Thbdetdréastomexigand ean ibeahodiied tol Weeatmohad terapotymer OMain, so that the

triet alumnium (T , tri-isobutylal umni um (T] BA),
R RS i RO el i IR TTHCB AP eElebi ot elevated
texhperatarasybai hevodtics insotubtieat 25°CETHIY bpprestiivoardeEnadlel the recovery
oﬂt&%i/q%p@r—lfﬁuﬁrﬂ h@e&%ﬁ{iﬂr}nﬂ@ra zcl’)rurrenusneI é*rﬁH l!1assolg)e[eo Ss)gddfgf other catalyst
aselehyritedurg DiEI Beegleiterhdtoall, de AnarGheal. \8dc) ovoB8Me 409, 177-179. In a
um noxanes.are.well . known, in the art as typically. .
SGHEE AR RS LBbTiblretal KBPiesf ¥ a1 @hhs BimblediEby binding the
heendatahicdigandidiot eramplefto séitzrsilica geh palysidxaheinalmiinen backbone or
thceompeogg%’emfoﬂgtraeté&n%lr %x5r§1bl'ér?%9yé.a\l(lﬂjarrqylrrl1l leJtn}:Jl.,S'(L,Ji‘w:ill;]esie J. React. Pol.,
1992, 1(2), 152-159 for immobilising platinum complexes.

The activator for use in the process may in principle be any compound that generates an
active catalyst when combined with the heteroatomic ligand and the transition metal
compound. Mixtures of activators may also be used. Suitable compounds include
organoaluminium compounds, organoboron compounds, organic salts, such as
methyllithium and methylmagnesium bromide, inorganic acids and salts, such as
tetrafluoroboric acid etherate, silver tetrafluoroborate, sodium hexafluoroantimonate and
the like.



conmpounds can be linear, cyclic, cages or m xtures

thereof. Mxtures of different alum noxanes may al so
woeomgset78 N t he process. Exanpl es of suitabl e PCT/ZA2003/000186

or ganoboron conpounds are boroxi nes, NaBH4,

triethyl borane, tris(pentafl uoropheny)borane,

tributyl borate and the |ike. The activator nmay al so

be or contain a conpound that acts as a reducing or

oxi di sing agent, such as sodiumor zinc netal and the

i ke, or oxygen and the |like. The activator may be

sel ected from al kyl al um noxanes such as

smémwoad;aﬁastarmmm c&%d@%m@mﬁn@dd@ﬁw@xwwﬁﬁ@Am where

as nodi fied al kyl al um noxanes such as nopdifi

eﬁ@t ﬁylﬁdﬂ%ﬁeﬁeirabfea Evibaop kyhishi Pyveen reataiping| 'Uﬁ'ieFYera@\é‘a“de and

cémpém&haés Lill\ﬂ-ﬁdéiﬁt thier Ifk@ EKérﬂpl%@br%ll)deC@meﬁhﬂsﬁumlmum (TMA),

| er oups such as iso Uty Nn- oct gr oups
NN T Falh o+ BRI Gs | 10T A Ires di-Tisbyisliminium,

ntdmey@lummmxaaﬂom S ylaRIhiGRd didmo%ewmétﬁglalummum chloride,
%Itow de /nmetal ratios from about 1:

Igﬁlaéqramww f FOIRRidEy o @UMinhim olsggr@@mide,érﬁjhyl%m@mmsesqwchlorlde
I%ﬂéturﬁfhﬁﬁné‘e’sgmﬂloﬂdé and @RinfinoxBRes. W%ﬁféﬁaﬁ&)’aré R k8w in the
the step of a ng to the catal yst system
aftr"’}SéWR'ﬁﬁB(I QB'HP'HP O'EB%B’&HH"%C%TT% Rtepagd %ﬁhﬁ/é‘éﬁtfe"e@ladd'“on
of Qvate00o N&rh  Ayialtminiuph @H%Lﬁlburfbﬁ@k%ﬁle kim&tA@eluehi@m. Such .

not ed t hat al upgi noxan ener al | al so contain

COIRQYNHS, ST PeqlREA £V |§ geg 95 "Byyres 6laﬁya<pfnd\/1|xtures of different

aluirifdxayib& malialiolbd e dmPthedHosksed in their preparation,
The presence 10 WD 2004/ 056478 PCT/ ZA2003/ 000186 of

these trial kyl al um ni um conpounds in al um n_oxan_es can
Eremplet rofbsiiitablet srgaidbiofon coRpoIdet grehydtoahess i NaBW L Ariethylborane,

\G%Eﬁ fuordprehBorgné Blétglrbté)?ﬁlltglag Ig?ae{ i mngi u{nocofmound

alkylalunlnlun1conpounds contalned within the
| unm.ngxanes roc i ncl.yde the ste
The AN IBER Blsb et SRR A o reLar 65t afS s  (3edciaggr oxidising
apempsuchtdsrsadluet avesitc maﬁcamm\exﬁé)(brloaygdn@rmrtﬁé grks;e of
an olefin. The applicant has found that the presence

of an olefin may stabilise the catal yst system The
Thadadtivatoalmayo bp cetstteal abmt bl&yléﬁlhﬁ!ﬁ@d@he§)é&él€f@sdm%ﬁfyiahﬁﬂnoxane

RS B oA ey LB h ey BRATRLEAL, L o
nﬁ:_miﬁf'[edntnefthylagjmlhdﬂnet OMYIAG). aviodifiéd Vﬁethﬂbl&hﬁﬂﬁﬂgné’ he commercnal
t st co nents ¢ uct e
ol ol B vt B o SRR BB S eSS Er Grous. in

additiorh Emeethyl groups.

The transition metal and the aluminoxane may be combined in proportions to provide
Al/metal ratios from about 1:1 to 10 000:1, preferably from about 1:1 to 1000:1, and
more preferably from 1:1 to 300:1.

The process may include the step of adding to the catalyst system a trialkylaluminium
compound in amounts of between 0.01 to 1000 mol per mol of alkylaluminoxane.

It should be noted that aluminoxanes generally also contain considerable quantities of
the corresponding trialkylaluminium compounds used in their preparation. The presence

10



during the m xing of the catal yst conponents generally

provides a protective effect which nmay result in
wonpismseds cat al yst performance. The preferred PCT/ZA2003/000186

tenperature range may be between 20C and 100C. The

catal yst system in accordance with the invention, or

its individual conponents, nay also be immopbilised by

supporting it on a support material, for exanple,

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

r on for exa e pol yet hyl ene,
6h‘°y°‘8r g’ﬁ@iyﬁ‘é"""b@ )P§WP% "b@'%‘ﬂ?’(ad\?ﬁnﬁ%!’t JeeAtiybutathdo their
m@@ﬂh@ieYeS hydraisib Qvithatated Ank qféllahtltyldt1 a tthﬁlelUﬁﬁﬁLﬂﬁ offpoliRg quoted
g material, or the support can
'"pﬂﬁ %iﬁl%sgfﬁaﬂ%oedeﬁlonﬂr @maﬂwgt lurginiy tcaweeu@dw ceptained within the
aletsahésal |y, with one or nore of the catal yst

conmponents. I n sone cases, the support naterial can
al so act as a conponent of the activator. This

TB® PrsRes nuiheludd & §tas iof hiiahe tﬂeh@orﬁ&ﬁ'%\ﬁ%r & #hé c‘ét’!#yst system at

caf al yst fromthe reacti on m xture reuse.

A atijpesbetywgen lamand 259 fe érég‘sefRIPt%Fcééfr@ﬁé’t'Qf@t ke applicant

haé foind tted tmragéncb@'ﬁsﬁi o%t.hma@@aanrsbrtﬁé b@t@l%htcﬁ?stéﬁ{ al yst
by T. Monoi and Y. Sasaki, J.

109, 177-179. In sone cases, the support can al so act

TBS irliidiahlcyfpo e oh & catalﬁ/é’tr f@?ﬁb&r‘b@?ﬁ%r&@?ﬁb\% %@F gomblned
nctionalities

S B B oo b1 ST eg A the) &9l o sence of  solvent,
inChielgt a@lgivielas tacavis caalyan athanmrxmgaaﬁthe\/\éutslfzsﬂ Som c%nts can be
mer.ci_a ro

t h th
B S A TTeTe. SouT 20 Carh PaN e Theobrepoiagt ¢en olefi
duirigie @fhlﬁflg of mblog@r;@t mmm]eafssgerﬂem pR&AcRIs Y, proR¥tiREeffect which

re scl osed ¢ system b
Ry SRR BTNk, Gra Bt Artton gt b ¥rﬁ%errff tgipperature range may be
b&xdedh @682 d6d PO[CZA2003/ 000186 the presence or absence
of an inert solvent, and/or by slurry reaction where
the catalyst systemis in a formthat displays little

The catalysoysten,iin ﬁccoadi‘aﬂcerw@ thewnveh@se ot ItSlMt:lNidhbmdnﬁbonents may
ct.i on, ..and/ or hase regct ion

b SR ARIERE b shhatite b PAR HioSR atSTal ot AreRle Sy alumina,
Moeth uincosiadéomigtasespiiesenf| @acdri en polymengf&oayaeme Optyethylene,

oSRPTERS, By b5l SRR rabeeRIe Bt st i
thenprdseam \oérthetdn.@bottdma&nalotorr thec supioith cam ebed @td-Medrédnated or
e e RO N SRR A—
Inasanea tasesh jer suppot omateried chabbgentbed conmodémccﬁfrtb@actlvator This
a%-%rﬁéc a‘lg?glg loa\\fegﬁgi’lit Pclhlé?{gmv%&pﬁﬁg ca%i\bslt gﬂg'l t%g rggétion mixture for
reusée hfhe yoohodyt xeas , forrekdnyipley sLcgassiun demoysttade xainea chromium-
bgs'elzieéiﬁﬂgne tlrimerisation catalyst by T. Monoi and Y. Sasaki, J. Mol. Cat.A:Chem.,
1987, 109, 177-179. In some cases, the support can also act as a catalyst component,
for example where such supports contain aluminoxane functionalities or where the
support is capable of performing similar chemical functions as an aluminoxane, which is
for instance the case with IOLA™ (a commercial product from Grace Davison).

The reaction products or in other words olefin oligomers, as described herein, may be
prepared using the disclosed catalyst system by homogeneous liquid phase reaction in
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octene, ionic liquids and the |like. The process may be
carried out at pressures from atnospheric to 500 barg.
wabhseugs pressures in the range of 10-70 bar gC&Za2003/000186
preferred. Particularly preferred pressures range

from 30-50 barg. The process may be carried out at
tenperatures from- 20 C - 250 C. Tenperatures in the
range of 15-130 C are preferred. Particularly

preferred tenperatures range from 35- 1OOC In a
@geferred enbodi nent .of nventi on,

X" 8??{}&%‘%3@56’&%%%ﬁ‘d’i“?rbﬁé]&%pﬁ‘@éoralh’oﬁmr Peggetiasnvhere the catalyst

sysiadi it ii0 asforrh Gthéitedhﬁﬂé)%dlltﬁélﬁh nb RBULIAEL ARl & ﬁ?\fo-phase liquid/liquid
cten fr r@)r/sleene is greater than 30 %

r ?ﬁ"g?rérag {PRAVORET yRick negt § PﬁgQ’ﬁ iagd/Pé@@ldHCt olefins serve

ay ithed dbmlaé&lf BediomgaAdrer g&f pfibs@%@d’i!l@nfl%ﬁ'@ébrﬁlﬁﬁtlo%gpgqt%ment and
ctl on product formed. In addition to

C(lr%@ln@ CNYGHESpr ocess may al so yiel d different
quantltles of 1-butene, 1- hexene met hyl cycl opent ane,

thyl ene ¢ ent , cl opent ane, propyl ene
T B AR B8 e B R B ont
doess hhtereaat witle tied abhﬁétorf‘@fnelﬁ@akédﬂ Thesk 9R6H s8I0&hts heay lnclude any
S t r? dool nd| on é @M @[r of these products cannot
Hreatgc,Jliph 9/?% 'm?z‘gﬂ A&fiefa 6 37g 1 EerBatin fi'yg’fﬁf?éft?oéﬁ'aﬁﬂdmbgenated
. hmrdct:dhrbomrél‘ylpﬁﬁ: s6lverite flenak OBltese |ngé g@%dsi& ?gﬁ:?en%b hiered xylene,
in en |nve i on
CW%X%@P EﬁWéCVCRF?m&gH“%V@Ve@Psm%% ,C¥ciogexane, 1-hexene, 1-
octade \iordel iduidoambtheniks, reagents, solvents and reaction

products are generally enpl oyed on a once-t hrough
basis, any of these materials can, and are indeed

The (pfcmessmayobéaeamedmt Eﬂpl’fe@s@@:b;nﬁfoﬁxétﬁmsphéhcotbdﬁm batg. Ethylene

m se .producti osts. The ess hay be carrre
ofsPlf 5 o S0 A0 A 7D G et Mirrreg Eopulkdnpratped pressures
raBgarpphe30-50baguch reactors include, but are not

limted to, batch reactors, seni-batch reactors and
conti nuous reactors. The plant may include, in
Th® phicasd inap ba)camea&ﬂm bbtlempR)até@es easl 20ME - 25@b©tTénh;§b$atures in

Lo for olefin reactant and the catalyst
SJE?%WW ﬁ% AR fcf BRI RE S 3HGHRY Riptred depRpratuss range from 35-
1@l°Cgoneri sation reacti on products, and d) at |east one

separator to separate the desired oligonerisation
reacti on products, wherein the catal yst system may

Ini mptetﬂ@“aadaerhbtbcﬂnh@ﬁtt Sfth€ inventich, ﬂfH hé&tBroafimé 8¥ordfnaflon complex and
nsitiqn netal qrré) r}] In(;] activator, as

reag@ (ﬂ,?cwgglnglaég ﬁelec ed such that the yleld of 1-octene from ethylene is greater

than 30 mass %, preferably greater than 35 mass %. In this regard yield refers to grams

of 1-octene formed per 100g of total reaction product formed.

In addition to 1-octene, the process may also yield different quantities of 1-butene, 1-
hexene, methylcyclopentane, methylene cyclopentane, propylcyclopentane, propylene
cyclopentane and specific higher oligomers, depending on the nature of the
heteroatomic ligand and the reaction conditions. A number of these products cannot be
formed via conventional ethylene oligomerisation and trimerisation technologies in the
yields observed in the present invention.
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I n anot her enbodi nent of the process the reactor and a
separator may be conbined to facilitate the
weiznndaseyreous formati on of reaction products amrdT/ZA2003/000186
separation of these conpounds fromthe reactor. This
process principle is comonly known as reactive
distillation. Wien the catal yst system exhibits no
solubility in the solvent or reaction products, and
is fixed in the reactor so that it does not exit the
actor, wth the _ reactor roduct, solvent and .
ﬁli}ﬁ? & C@F‘aé\fﬁt’n its ¢ Iy 'V@P@cgg@pﬁ?‘?'\tﬁzi rRagents. Selysptgl gnd reaction
p]l:tlm:ﬂﬁ A6 geoatagij/ )éhip;lbgéb hid bﬁ(_té-mmt.{g&msﬂ laARg of th_egedmaterials can,
rther, aspe 0 e invention ere is provided a _
epiiey (oS Pierrd e el Ibtpman SYEN Nerediig minimise production
costbr ameri sati on of olefins. The catal yst system may
include a heteroatonmic |igand as descri bed above and
a transition nmetal. The catal yst system may al so

Thé;pi’cwée? amyamlt davaddbutas adﬁﬁd Whhﬁdn@l@d@é&ad ¥ nty:;'tpﬁl? ofI rleact_or. Examples
et eroatomc |i.gagnd nm e descri be e follow n
of SISO Rebtd i pr et B R Io el robiaiy Semypaioh resetors and
cbmtdﬁpgmcwﬂdrsf. TRl gettatay iholive, ig rc@h‘#biddﬂblg B) 6@%&1&)#,5 BPat least one
. S rys, arsenic, .anti Y, en, bisnu .
el AR RS i 1Bl o e e e R s $21EH, ) aipeny tines from
tr]gs Uaant@efot?ecﬂi@omeﬁﬁfioﬁ, reaﬁttbngicﬁlugt@,ldéﬁﬂ ndlest Ie)asﬁ _ahﬁcs‘ste@grator to
ro Qno, Qr etero r.ocar gr oup. o | at
PRl Y a5 DBt ign SACis BledliewaeTBin tap Chlafyat Sstem may
ireludet a hetendatamit coadidationi Sonatsiée biriangshditiont Metal compound and an
respectiye v.sl%ée ce. and oxidation state of A and C. 13
aGeRs o Sl 702003/ 000186 A and/or C may be a
potential electron donor for coordination with the
transition petal ..., An el ectron donor, or el ectron .
B arSaliEb o sk Progesionp Bt Aberngiot (729 fgicombined to
fabilitte ethe @nattaneoos foseationnof headtion produntsd wmhidngepdpdtioneof these
tlon. The heteroatom_c

cBBGUER, rorl R SRR 1 BRERG GRGPEI oAy Rhown 3% reactive
disHIatioR2 ) Whenr tie %t)a(ymﬁys&mrea(hihitam_ﬂ $olapility iim thep esteka tdr reaction
oRFLER! 55 A AR TR 5 R PR e escor
prdduki, rglvgnbapd hetrewted SlefiantheCproaess Bincith? is R3mamumhlyRénown as

N ently selected fromnon-aronatic and
Cgtia r{%?gﬁ@%?ﬂbl udi ng heteroaromatic, groups of which at

| east one of RlI, R2, R3 and R4 is substituted with a

AR g e e B B e LB eyt as
desdrtbed _talbevf_t,,for tha_dhtrarﬁerﬁfbtiorRﬁf oIBananﬁfh&éamwt Hstem may include a
he{ePSRbrhic: Iig'aﬂ8 lalédéi&grilgee(]t SRR Qrmag'tFansRi% n%tglf. eﬁ'ﬁ‘(—? lcgtaﬂ/%% system

may also include an activator as described above.

The heteroatomic ligand may be described by the following general formula
(R):A-B-C(R)m where A and C are independently selected from a group which comprises
phosphorus, arsenic, antimony, oxygen, bismuth, sulphur, selenium, and nitrogen, and B
is a linking group between A and C, and R is independently selected from any homo or
heterohydrocarbyl group of which at least one R group is substituted with a polar
substituent and n and m is determined by the respective valence and oxidation state of A
and C.
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all of RI, R2, R3 and R4, if they all are aromati c,

are substituted by any substituent on an atom
weadpansed7st o t he atom bound to A or C. | n addi PCOZAR@3/000186

at least one of R, R2, R3 and R4 being substituted

with a polar substituent, not nore than two of R,

R2, R3 and R4, if they are aromatic, may have

substituents on the atom adjacent to the atom bound

to Aor C Any polar substituents on Rl, R2, R3 and

R4, if they are aromatic, nmay preferably not be on

the atom adj acent to the atom bound to A or C. Any

Aohdsr G wh§tde BHEntiN eRBRoP AR & Bbrdatiofith iR FAItRA metal.

may be el ectron donating. Polar is defined as an
entity with a permanent el ectric dipole nonent. Pol ar

/ﬁﬂ&éétkdrﬂ@dﬁo‘ﬁ or blé%{r&ﬁj BoMERing stit@drit X Mefined QRN ARty that donates
-C20 a enoxy, pentafl uorophenoxy,

oGBS KRR ORI R GOV AR BTG Iodaton, t osy!
nmet hoxynet hy, nethylthionmethyl, 1, 3-oxazolyl,
nmet honmet hoxy, hydroxyl, am no, {')Fhos hi no, arsino

heihsitgieatornid igaad énayrpq describediby fhe following genepghformula (R')(R%)A-B-
cﬂ@%ﬁé%& APehd @%@e@%ﬁ@@ﬂ&@tly RBMscRld frdlR & GRIBSWIRch comprises

i ndependent!|y be linked t0 one or

H?B?@“QS‘FS @éﬁﬁ“c SE‘ ?ny@Pl%thw fr" fregenRNdyB ésup linking,orpdp ketween A

aﬁthEC |ah§ Rt rmﬁttmﬁr Qn@ qng@bf@ind‘é’péﬁheﬁtl?%le@ted“\fr@nﬁ%dn& af¥matic and
and R4 may_be | ndependent| 3 N

Coas i TS GREPEOFOHPS PHHEh BbIoast one SHEm, R and R i

subbtitlited ith ) poldrgibéttlentbi phenyl, napht hyl,
ant hracenyl, methoxy, ethoxy, phenoxy, tonony,

di met hyl am no, di et hyl am no, nethyl ethyl am no,
m BUGROYE fyt, leatsi bhé ¥t R', tR?I Rébhu' R beihblsgemurt@efwlth a polar substituent,

hgﬁ&hyﬁzsho lj}rﬂg&}{/l{)} o%'a(g ﬁglp |nrghgé§oﬁfpmaty ic, but preferably not

auy? WPR‘handW‘Plf(ﬂﬁ@)%{ﬂ arefagfrﬁfdéeabtﬁ s@@ﬁiuted Rﬁl an substltuent on an

r r ra 0 referably,

a&@f”ﬁ’aﬁ% W?E%Mémq\}' ggo 88 Ected from a gr oup

oonpr|S|ng a phenyl, tolyl, biphenyl, naphthyl,

t an et h . d/ or C I be )

B B 5 Y b P RIS 2, S e e sttt

nod hrine ehamif twd ofﬁdR&rRQﬁﬂ R@Aﬁthé@ﬁreﬁé&@haﬁ&l rﬁay hﬁ\ﬂa substituents on

osphorus or phosphorus

t@??@%gﬁgﬁﬁ??@tﬁ ’KJ %Hﬂp 08 B may be sel ected from

any one of a group conpr|3|ng organi c |inking groups
@r%%ll,lggtgu%[{% ‘@ﬁ%?ﬁi@%ﬁ?ﬂfﬁ%%{ﬁr% arl]'o/rglgt?cc ?na))/ preferably not be

on the atom adjacent to the atom bound to A or C.
Any polar substituent on one or more of R', R?, R® and R* may be electron donating.

Polar is defined as an entity with a permanent electric dipole moment. Polar substituents
include methoxy, ethoxy, isopropoxy, Cs-Cy, alkoxy, phenoxy, pentafluorophenoxy,
trimethylsiloxy, dimethylamino, methylsulfanyl, tosyl, methoxymethy, methyithiomethyl,
1,3-oxazolyl, methomethoxy, hydroxyl, amino, phosphino, arsino, stibino, sulphate, nitro
and the like.
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het er ohydr ocar byl ; inorganic |inking groups conprising
single atomlinks; ionic links; and a group

woanised7ag net hyl ene, di net hyl net hyl ene, 1, 2- eCinane903/000186
1, 2- phenyl ene, 1,2- propane, 1, 2-catechol,
1, 2-di net hyl hydrazine, -B(R5)-, -Si(R5)2-, -P(R5)- and
-N(R5) - where R5 is hydrogen, a hydrocarbyl or
substituted hydrocarbyl, a substituted heteroatom or
a hal ogen. Preferably, B may be -N(R5)- and R5 is a

hydr ocar byl or ubstjtute dro arb roup
AH%QF@ ‘g}éscfgeﬁgﬁss Aasé@ﬂ@i& Ny B rﬂ tgpaaﬁgmore of each

othensi Btthadnkihg ghduplB tosteRftd dydlicetrnailiiltogethdt! with A and C, A and B
gbstltut ed aryl, aryloxy, substituted aryl oxy,

nitro, alkoxycarbonyl car bonyl oxy, al koxy,
an1nocarbony| carbonylanino di al kyl am no, silyl
&grlv ves aryl substituted

th
e TERpenianie seieted, Bt esaoyp Mg benzy,
pﬂéhyl SOlpr Qplyﬂ me’sltﬂl BMﬁémaﬁdhﬂiyh)dnthrac&yl methoxy, ethox¥ phenoxy,

hex 2- oct be ‘sel ec
o il e, mekvEiRiTaing: BiRaend: Ry, tioethyl,
ttﬁcmhéﬁdixyl, stnd@fmyr@lgh @i:hemyﬂ*lybﬁatzylt Uﬂh@ﬂhypr eih?ﬂ étﬁbﬁ}ll s A butyl,

i rectl
BBa 0BERYE TP Ya B, FrECIIGAT M eRrany group.
meérhbllyﬂRhlﬂft Rbbﬂd Rﬁhﬁ%ﬁdéﬁ(eﬁbiéhﬂyfbet §aI%dN§H frbmd §rong cc()jmprlsmg a
s,.of s e endrineric Iigands

p'&%‘yx‘;gﬁ"ﬁ bjhenY, é\?&@t%@P ?‘FHQ Htﬁﬁ\)’?ﬂr&éﬂp units are

coupl ed either via one or nore of the R groups or via

the I| kln specifig, . but_ not

A, oSl B GulisBl $5isSérey o i g the vallonce of A
add/ar (dlchévN( fot dugrhegdtipad) 2) - benzene,

1, 4-di - (N(P(4- et hoxyphenyl) 2) 2) - benzene,

N( CH2CH2N( P( 4- net hoxyphenyl)2)2)3 and
ABnd-ClimayRiedindepenaenpheimsphdiuser pyibsghofusetidised/ By 8t Se2or N or

- benzene. The l|igands can be prepared using

procedures known to one skilled in the art and

procedures disclosed in published literature. Exanples

of__|igan re. (3- - Cn
Bl o SRS S8R ABY 171 B 2. AR SYBRESIE:) @garic inking  groups
cgmpriniricha xygdoeanply) Egﬂ(tlmemMWrB(:a(kbyln‘aéibﬁfMﬁi&ﬁWyD é’r;dza szbstituted
i SO ne enyl ).2,.(4-
A RO R B B RTS8t v ano
a(grometdmmp]lplmgnme)h’&l%lld(eZdlmeth?llmgthylene 1,2-ethane, 1 2 phenylene, 1,2-
h X nyl ) .

BB R T At 0y oA o N
wherem°h ésx yyHeageh) (apHremydchiy et sybstiR(tpd emdrocrby(,3a substituted
ngFEHAREHY PP S ARG BRYeh Y, By B R AP P IR A b oRES or
smhstlhmwmnplrbw preey R} Ris roet Hydrogen or eyt mxseidugey frora pie groups
ccmélis}mg Q;Tg alkyl, substituted alkyl, aryl, substituted aryl, aryloxy, substituted aryloxy,
halogen, nitro, alkoxycarbonyl, carbonyloxy, alkoxy, aminocarbonyl, carbonylamino,
dialkylamino, silyl groups or derivatives thereof, and aryl substituted with any of these
substituents. Preferably R° may be an isopropyl, a 1-cyclohexylethyl, a 2-
methylcyclohexyl or a 2-octyl 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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met hoxyphenyl ) 2PN( net hyl ) P(phenyl ) 2 and
(4- met hoxyphenyl ) 2PN( net hyl ) P(phenyl ) 2, (4-

worthmsygRenyl ) 2PN( 1- cycl ohexyl et hyl ) P( 4- met horgpizanyd3)00186
2, (4-nmet hoxyphenyl ) 2PN( 2-
met hyl cycl ohexyl ) P(4- met hoxyphenyl ) 2,
(4- met hoxyphenyl ) 2PN(decyl ) P(4- et hoxyphenyl) 2,
(4- met hoxyphenyl ) 2PN( pent yl ) P( 4- met hoxyphenyl ) 2, (4-
met hoxyphenyl ) 2PN( benzyl ) P(4- met hoxyphenyl ) 2,
(4- met hoxyphenyl ) 2PN( phenyl ) P(4- met hoxyphenyl) 2,
(4-f 1 uorophenyl ) 2PN( et hyl ) P(4-f 1 uorophenyl )2, (2-

Tﬁ"nb Uigéﬁ&"‘h@?)éisb?c%wfd Whhuﬁip%ﬁf BlG(R?’ Ulﬁ&y Nb®limiting examples of such

methlamnopend) é
ha@qpé‘,t RyLaPideBdineis igands as well as Ilgan s where the individual units are

06 dp1 88 bRt Vi Yo r) BRI eV R YR s R VRAKY ﬁr'ﬂé?ﬁb’ bdodip B . More specific,
henyl ).2PN(i sopr opyl ) P(2- met hoxyphenyl ) 2
b{:ﬁ ki - linaiting 9)6:]{@?{?$ )Qf such ligands may include 1,2-di-(N(P(4-phenyl)).)-

| ) 2PN h -
s S Sy monaben ) e G

nﬁwypmi vedon amet al. Yangl P’@@P@@V'N@ﬁﬂ‘dﬁ 4o'ﬁ‘é h@xyniwenyl 2)-

bgh£He. conpri sing chrom um  nol ybdenum tungsten,
titanium tantalum vanadi um and zirconium pr ef er abl y
chromi um 16 WO 2004/ 056478 PCT/ ZA2003/ 000186 The

T‘héﬂl@éh@é @8n 'Rt glepaRM &’ﬁngf%ch\é@&eE VW for GRS kkil@in the art and
roma sinple i norganl C or

co nd sel ect ed
aHreé % osed dpy- pHBISHSE i diterafkreor FXABWIOSal 9f digands are: (3-
mmypprenmpmmémmp(mﬁweﬂﬂxw{ew fr 0'(h%éllﬁ&éyﬁhenyl)zPN(methyI)P(4-
n??g rlSsi n chromumtrichloride trIS tetrah

yehe “ thenzene)t (¥ EWQ%MWGWH?PMSB%Opﬁlﬁ@rﬁ‘ﬂh?xyphenw)2 (4-
Mdthd@p@@iy@ﬂdﬂs@prd‘pbl)P(ﬂll-m%()kylphbn IBC et yI ac etamefoRyphenyl),PN(2-
hexacar o chrom u 3

M*Pﬁﬁ% Rowe! em?foe- (Bﬂ@taweaertyﬂ)én@w' RWmayAIP (phenyl), and
(mgmppﬁeﬂynﬁphgﬁl}ﬂ)mﬁ@m F’lr‘hb{ﬂ'l) ?ll'ﬁet %/I acet ?noat e ?n;j (3-

rom um xanoat e e transjtion neta
"aegmawygkh)&’ %ﬂélgp éﬁgﬁ@?}@ Tefereneay)Rae® et al /1i gand (4~
niciidx@pherfyl@ReAITRN(nfbtH) Pm&etmxgt&em@(pﬂ‘enwr ef er abl y (3-
from bou cat al yst St
eiyEee hpﬁﬁ(me\]ﬂa@%ﬁg@@v'&@g@r(‘*wéﬁh BRI B (4
mmrytoxyph@fyl W(ploﬁyclbﬁeWhﬁmmmd x?ﬂ?}\‘i’énr)]/gﬁﬂe{@ﬁw@ﬁ}oﬁibhenyl)zPN(Z-

ive ined w e heteroa

m% Io§ W‘i"}%@?few 2 et al conpé Hl?th%le??ﬂyg%P Nfglecyl)P(4-
nmih?myghemysz ,may Ial (amétaomadnyl@N@hiyﬁp@cﬂﬂi@gm%enyl)2 (4-

clude o al u Co nobo

e e B P L MR R Bk b EROT RSB Pheny)P(4-
nnathdxypegi)gsi um bf(MUdephenngm(methﬁ)P(dﬂucﬁBﬂqé?@l}S (2-
ﬂuor%lahgnsyl tlgl\t](r thylll)e’r(f Ht?cgrbghean?/ { h(? me%hylam|nc|>-pheny|)2PN(methyl)P(4—
dimethylamino-phenyl),, (4-methoxyphenyl),PN(allyl)P(4-methoxyphenyl),,
(phenyl),PN(isopropyl)P(2-methoxyphenyl),, (4-(4-methoxyphenyl)-
phenyl),PN(isopropyl)P(4-(4-methoxyphenyl)-phenyl), and (4-
methoxyphenyl)(phenyl)PN(isopropyl)P(phenyl),.

The transition metal may be selected from any one of a group comprising chromium,

molybdenum, tungsten, titanium, tantalum, vanadium and zirconium, preferably
chromium.
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tetrafl uoroborate, sodi um hexafl uoroantinonate and the
i ke. The activator may be selected from
wal2boslabarei noxanes such as met hyl al um noxane e&VR@A2e03000186
et hyl al um noxane (EAO as well as nodified
al kyl al um noxanes such as nodified nethyl al um noxane
(MVAO) . Modified nethyl al um noxane (a commerci a
product from Akzo Nobel) contains nodifier groups such
as isobutyl or n-octyl groups, in addition to nethyl
roqups,. The transjtion nmetal and the al um noxane may
ng frapsition metayramnbe deried Em e Wansition aartAl eamraund gelected from a

SIPARENY ik a&hé BEbRanicalt08 chd?@ihé’ttHh%r &géndrﬁbtéi@c e8Apikx, which may
pref era %//“f rom about 1:1 000: 1, and

bgrsefectechir ferQfﬁvaCQmPBS'@@Ghﬁ?m'Wnéﬂmrﬁp;Ia% f%@@@t/‘érﬁfuﬁ@rycomplex
(@ér&@neﬁﬁamga tchl‘(ﬁll'lllih‘ll al éHFbMidMn c njpow&%nbﬁteam&%n%uum (1)

bet ween Ol to P al um noxane.

aﬁ%@@PﬂfPHaat?ocfyﬁmé%meﬁwmy a%rwee*aroamur@ KB i5ebpihpxanoate. The

ptféféﬁfréd itRanBitiew | e I @omipeands lrﬁbﬁjded§%Hlmdﬂllﬁ)29¥éiylaééi5n@ate and

system as described above, for
Cﬁm'%l%éh b aihdiexaroatsy ef i ns. 17 WO 2004/ 056478

PCT/ ZA2003/ 000186 The invention al so extends to the
.IJQdentlfl cati on and use of ligands suitable for use in

© ffansHighEnstalzqmenpupe andeisterealomie dgandomay iaye yaetalligand ratios
frdpsain 0 BXANBlLEF0 660:PEREfRMINGoh B oLMNENTS Gbi1The

invention will now be described with reference to the
foll owi ng exanpl es which are not in any way intended

Tho chialjst syshén frRORMBTAcludLah BMRAtor a8 deddiBel BEbY, dual
conmponents of the exanpl es may conceivably be omtted

or substituted and, although not necessarily ideal,
Thla @ctl\mt@fmapm BTREIDROBE Bhy abrhpousiid thht heRfed ah @e@k/ea&@alyst when

se cQ re.npt to be taken as essenti al
C?'P? "ﬁsrvvé{m‘g 2? ?éomwmﬁﬁaﬁ‘d the, tpRgitiny Mgl eempaYRd. Wixtures of
atlatare/nedyl alsyy IRCeshdl S6italss CorBPdUdSs thofude di alunﬁlﬁmtn compounds,
cond‘)tl ons em cal s were

re dr ed rea ent
oRBPEPHEE e badiee BRTEHTe and. meliyiggnesium
bednatiedlmirdjww&ms éhd §alltsa|slwﬂ adsUmatrHfuAfoBOSe acid etherate, silver

xane c and solutlons hereof wer e
t‘%{?ﬁaﬁ“ﬁ@a er&ﬂ&%?m‘ﬁ?@f‘? regpiimonaie A dNBe dte- and Al bemar | e
Cor poratl on. In all the exanples, the nolar mass of

| um noxane Ol was ken to be 58.016 nol
TH Rllh aVG BF elariee, ket Akvfriperey Sudh asrmegviainoxane
(MAD} ndt ethylbleminoxbre (BAON st W§IB a@meﬁ@dJaRWalumnﬁd)@nes such as

r rati,on of. the c

RT3 el Guino&ies B0 e, mitagaliincxane (@ commercia
pedduyt fedrn Akpo Nabel) Chméihs waslifleal@op@such as isobutyl or n-octyl groups, in
addition to methyl groups. The transition metal and the aluminoxane may be in such
proportions relative to each other to provide Al/metal ratios from about 1:1 to 10 000:1,
preferably from about 1:1 to 1000:1, and more preferably from 1:1 to 300:1.

The catalyst system may also include a trialkylaluminium compound in amounts of
between 0.01 to 100 mol per mol of aluminoxane.

According to an even further aspect of the invention, there is provided a ligand, as
described above, for a catalyst system, as described above, for the tetramerisation of
olefins.
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72.042 g/ nmol, corresponding to the (CH3CH2-AI-0O

bui | di ng bl ock, and that of nodified

worbdwosed7aim noxane prepared froma 70: 30 m xt uPET@A2003/000186
trimethylalum niumand tri- isobutylalumniumas 70.7

g/ mol corresponding to the (Meo. 70i sonBuo. 30- Al - O

unit. Ethylene oligonerisation products were anal ysed

by GC-Ms5 and GC-FID. The m xed heteroatom ¢ PNP

| i gands were nmade by reacting am nes and phosphi ne

chl orides R2PCI as described in (a) BEwart et al, J.

Chem Soc. 1964, 1543; (b) Dossett, S.J. et al, Chem

Thernnwention 230 lextdhds G0 Te identifBatierk ahe D8& of Mands 8litale fok use in a
2, 203). The respective

r ganongt . em 1990, 390
t%%@?fﬁgﬁ%" efrﬁg?}ﬂsﬁé%ce@%a%ﬁ%?téyﬁtﬁgbar ed as descri bed
inliterature (Casal nuovo, A L. et al, J. Am Chem
Soc. 1994, 116, 22, 9869; Rajanbabu, T.V. et al, J.
Org. Chem 1997, 62, 17, 6012). 18 WD 2004/ 056478
EXAMPLES OF PEREORMING IHE INVENTIONepar ati on of the
(4- met hoxyphenyl ) 2PN(i sopropyl ) P(4- phenyl), |igand
Exanpl e 1la) : Preparation of
TNeNhvintisw piliomyW pé dsg&‘ribédm‘hthﬁafefﬁr@idectbitlﬁi@following examples which are

' I (80 m
R OB oGRS B setbe Aemberiton’, e Trfidun!amponens o
then ekarhples meé/&fh)nrrt.*al}(;akﬂ;ﬁ| be bihiffed dhsubstikited end)\aithsiigh’ figtthecessarily
ours_and the
Bl ind HRaPEH 305 bliary 3l B Bab Prat i eed SPansas are not o
bedakereds @ssem ththe wonkisg o1 thé @rvedtidnnr ough a pad of
celite. The product (35 g, 0.17 nol, 68 % was
obtai ned after renoval of the solvent. 31P {H NW
1% p@mibsiipt felldb il Broepduras mefe odrried out under inert conditions, using

A4 fBSEBHET e BRI R R TR BiREH 4 SUBTG Chemicals

up@s89stated Bherwisel )Ali mna'IHH'al(ui]mmnm and Aalwhigoxanes compounds and

SRR SRR VEL M6 B cRrb) S8 B Bhh i omane

Gme;amenbmndeaﬂl theféxampn&sr tiRe niudarr mays ef cheotigyldltr@inckagn@ndo) was

B eetB SoosnebbRa) B Chidinuaninis esporyngelpuiate the

rmaiagemntrtms oéd‘d@@ msedl\lnl\lthél p&opranpmqjhbepdamm dEscnbed in the

%ﬁlgiegr e‘fl(%v (é mﬁérl)mhe m ar ?tg-)l;lgglgf %c? OH? (%Eﬁ@t) v9asctaken as

I TTing room
7&104t2ug‘/m0mgrrd$pqmﬂed toitivén (@Ugﬂmh‘ﬁa@hmlldmmlmﬂk) aaddhatrof modified

rﬁé%w&aﬁu/@?én@‘b%a‘?g fFHn?o?ij&? m%& c%fa{ﬂlgwe?l?%agumlmum and tri-

| on e preci pi
isobtptatiaminis rasmd0.&d ginml geareesponding to the (Meg.zgisonBugsp-Al-0) unit.

Ethylene oligomerisation products were analysed by GC-MS and GC-FID.

The mixed heteroatomic PNP ligands were made by reacting amines and phosphine
chlorides R.PCl as described in (a) Ewart ef al, J. Chem. Soc. 1964, 1543; (b) Dossett,
S.J. et al, Chem. Commun., 2001, 8, 699; (c) Balakrishna, M.S. et al, J. Organomet.
Chem. 1990, 390, 2, 203). The respective phosphine chlorides R,PCl were prepared as
described in literature (Casalnuovo, A.L. et al, J. Am. Chem. Soc. 1994, 116, 22, 9869;
Rajanbabu, T.V. et al, J. Org. Chem. 1997, 62, 17, 6012).

18



m xture of the phosphine chloride and bromde in an
80% yield. This crude product was not isolated and
walbomaes7sised in the next step. Exanple 1d) PrepazaRonsnooise
of (4-nmet hoxvphenvl ) 2PN(i sopropyl ) P(4- net hoxvphenvl) 2
To a solution of the crude Bi s(4-nmethoxyphenyl)
phosphorus chloride (28.8 mmol cal cul ated from crude
reaction mxture) in DCM (80 m) and triethylam ne (15
m) at 0 C was added isopropylamne (1.11 m ,13
as stlrredfor 30 Imn after

E@ rem)ved After stlrrlng for a totaI of 14 hrs the
solution was filtered to renove the triethyl anmmoni um
salt formed. The product was isol ated after

laHh) sPricparation ¢f N/ N-Diigo ﬁd@ﬂdﬁm%lcﬂﬁri@eppm
br oad s ene_ tetranmerisatl

SR pB}ﬁllaﬂg g"}@%ﬁ(%bﬁmélé ériEt lgena Giba)ewas added to a solution of
]f; @KBPWﬁInY)l QQW%TREQMEP\@ Qéo R§ BO200PE WHe) mide WESsfirred for

ution of

t\(\/ﬂ h@trﬁoawhbmyla)llgwdm vairnP{od roer hiexyeratuye.) IhéOSdDthﬁon was

S8 fob % P iy ey Wi Rowdk dfsreshiriond) Suaarmopite. The

prad i (ms d. OL1UERAR, 68 %)S04Y 6PIaineRPs®er reMisyalbiing @olﬁ@ﬁt 3P {H}

stirred for 5 min at arrbl ent tenperature and was
NYRhd7@MPEY to a 300 m pressure reactor (autoclave)
containing a m xture of toluene (80m) and MAO

(met hylgl um noxane 9. 9 mml) at GOC The pressure

react or tenper ature vvas mal nt ai ned at 65C, while the

et hyl ene pressure was kept at 30 barg. Thorough

MegnesigmyiaiEnirgss(9r g, th3 Bughb werd jreaiexiwith 4-bpeextmisofe (9.39 ml, 75
mid P iRrNFS 1861 'nﬂ? Aawgar%gg Q%%&IIOHI 8u<§c§ (Nh[cﬁrw%s-rgooled in an ice bath.

reaction was te
Qics dbeatr eaﬁtlpngtatdr@smat@d ghe re@élantrmxmmawaedteatad anttér reflux for 2

h69r%|y|éi&n§ ﬁ@&? bel ow 10C. After releasing the
excess ethylen rom t?]e aut ocl ave, the liquid

contained in the autoclave was quenched w th ethanol

Nas added asan 1T ' AT
the |iquid phase by GC- FID. Asrrall sanpl e of the

TRE EHYnGrd RUGENTRS &Lde%%%’ ﬁrduég;ﬂx&pﬁtb%foﬁ@girrﬁﬁ@f §iyllﬂf>ﬁéee(6 64 ml,

and then anal
3@r"§5‘ﬁl)dnl-a%l(1 én')‘ﬁ P efed\fiep stigivpaateropmetempsratdre overnight the

mwes/eqpéy R Cwitt QfiHeRane! (286 ‘f’nlf%do%ym% %té%%s%hﬁlﬁd tprough the

dried overnight i'n_an ove en wel

splgtign for 8-S0narpss Aflgr Biiratinn gfdbepresindateTihe s@bzeatmsy@emved to give a
mixGheCaF!tRE phosphine chloride and bromide in an 80% yield. This crude product was
not isolated and all was used in the next step.

Example 1d) : Preparation  of  (4-methoxyphenyl),PN(isopropyl)P(4-
methoxyphenyl),

To a solution of the crude Bis(4-methoxyphenyl) phosphorus chloride (28.8 mmol
calculated from crude reaction mixture) in DCM (80 ml) and triethylamine (15ml)at0°C

was added isopropylamine (1.11 ml ,13 mmol). The reaction was stirred for 30 min after
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that the reaction m xture contained 38.50g oligoners.
The product distribution of this exanple is
weunmmséged in Table 1. Exanple 3: Ethyl ene PCT/ZA2003/000186

tetranerisation reaction using C (I11)

acetyl acet onoate, (3-

met hoxyphenyl ) 2PN( net hyl ) P( 3- net hoxyphenyl )2 and MAO A

solution of 30.0 ngy of

( 3- met hoxyphenyl )2PN( met hyl ) P( 3- net hoxyphenyl )2 (0.066
to_a sol ution of

lERthe, B ity e By K st Do 2 s 21 B4 5, b g s
filtered € rdr?dvelthr@frethyrarr&n@ﬂrhrh%ak fdrﬁﬁéae'i'r;e J@auéﬂﬁgicﬂ?tﬁgﬁfter
t erature an

CS/F{E?H'?? W'grrﬁ’ ?7 J)]&" gm'%‘{mﬂ\ﬁgés PPrdQEtagsindgit ocl ave)
containing a mxture of toluene (80er1) iand MAO 20 V\D

86 th um noxane,
ERRIFIS 2t EEBuena arperiealion feastib,vaibe Sl g iipsetonoate, (o
nmthg)kmhenyl‘);RN(mdﬁlnﬂ)‘P(ﬂhﬁEthGWﬁWnyi)?mI\Iﬁiolf e was

Akng?Jn% i ng%ogé\rrﬁg dfh@h %@BXWSQM)@%&EEMBW S (Aamethoxyphenyl), (0.066

nmiml)amgr'mlmlbyf nnllxenaagwasp@mb‘a & al EORtGHIPMrS14181 g ggrg?ﬁum (1)

t term nat ed
VEEHEREEe D08 ool ol R iy Pefiens verser d eraure was
smr&ai:ﬂoors raincht @addidr gerh petatupagidvas therbpdreridGo a“éd(ﬁr“nl | pressure

) SR P o Sl e no

(methyiakumrrﬁa)dahe,vvew IoymdI %t h§GCO CHHe0 prabsar @edctbr\/\@hﬂoharged with

Mﬁ@ﬁggftéﬁ&?reﬁlﬂ@ refaatara @ | ngagr%rrég}y/as‘zf%ga |Q§Oc|i e}fj\%gncg,| while the ethylene
peasweewas kebrteabeamr@ Tlm]@lgmﬁfb(rrﬁtj mé arsaredamwh@us by mixing

FR 200 5P B°8p gescoTaTUG S T iPetpy 693 somineted after
30 Iminute® biy drsmanﬂrmmmretrwlqlfedééqﬂﬁ theTteaster and icoling the reactor to
b AT G g e S dlgn g 3 P Bhiegusdhe fardd gepteine
indhalaytmave mehis crieachedt witht ethareol faldoiet Gy 10RX hydréchloric acid in water.

NGRS S8 40 R AP o R e S S by oo

FEE. besrealbsarepleaJmme s@aniorayee aGisi driedusiengniiyidrdus! dodium sulfate and

VRSBSOS g o e o i et v

sqlidvax/isalyroericoprodéct@6 Thesmysaill products were dried overnight in an oven at

1(§d*cg%{é:‘“ﬂ%é>{9\fé)?dﬁéd)t§d[}l rﬁ 6%?519@3’({] E)iy "Eénggggga%gxg&y%es indicated
thebthe: regwtiof mixiuie cantajihed A8 60y (diydmersadae yradet dtriiugion of this
o ﬁéa% émjngrréeﬂ "H)atghtol uene in a Schlenk vessel. The

ture was irred for 5 mn at anbient tenperature
and was then transferred to a 300 mM pressure

Example 3: Ethylene tetramerisation reaction using Cr (ili) acetylacetonoate, (3-
methoxyphenyl),PN(methyl)P(3-methoxyphenyl), and MAO

A solution of 30.0 mg of (3-methoxyphenyl),PN(methyl)P(3-methoxyphenyl), (0.066
mmol) in 10 ml of toluene was added to a solution of 11.5 mg chromium (1)
acetylacetonoate (0.033 mmol) in 10 ml toluene in a Schlenk vessel. The mixture was
stirred for 5 min at ambient temperature and was then transferred to a 300 mi pressure
reactor (autoclave) containing a mixture of toluene (80ml) and MAO
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reactor (autoclave) containing a m xture of tol uene
(80m ) and MAO (nethyl al um noxane, 9.9 mmol) at 60C.
woheoqpsessur e reactor was charged with et hyl ereTaiARens3/000186

whi ch the reactor tenperature was nai ntai ned at 65C,

while the ethylene pressure was kept at 30 barg.

Thorough m xi ng was ensured throughout by m xing

speeds of 1100 RPM s using a gas entraining stirrer.

The reaction was term nated after 30 m nutes by

di sconti.nui ng the eth to the reactor and
(@8®Maﬁ"@“???@“%e§cq deP a’fb %ﬁﬁ: Progsues reagteadaggcharged with
ethyRme el hmlcﬁrme fda@mr&éiﬁpénarmﬁec\lvae/maurﬂélﬁed hiopHed, whlle the ethylene
cont ai ned aut oc| ave was .quenched with et hanol

PFEeHEWES Bﬁ?piﬁbA@ VR 8c APYPHEN 29?31"89 iYAswapred thygugfipwt by mixing
sméédsadfdﬁ@oa'@lﬂ’@ thmgeé gad eﬁtfélrﬁlﬁ@%ﬁirrérolrhé R&aclOR WS tdrmfihated after

DT iaited By SRR e oS Teaio dhs (A6 bR foeling fedeactor to

baleds 10°Cenftenalessing tlbé/e%sEbﬂAyleﬁb eﬁc’hfmlt enhu‘p&ﬂa\@{ theliuid contained
ol at e e i d

'%ﬁ%?%ﬁ%é@ﬁ% %%E%q g"tﬁ ?ﬁ@b%‘ VYed’ by 1 bydroghlpeic acid in water.
Nbhies wel eidded fak anmnwmam\smdaﬁd foll HeCaritilfbid et WRLIE PEse by GC-

I 05 th The GC analy
Fﬁ[ﬁdx 'é%\a &a"‘@% Vﬁﬂ%’&é) ¥ %ﬁv%&wwbw?%soq'watsu'fate and
tmdw%rrmeg |b9remgxm UTiee @h’iﬁtirﬁieﬁ @dtt@br@&gc ey REE fifiered h.’@ isolate the
t distribution i mrarj sed in
SRl bt prathsR” s anl pESRAR s SEES AvRalaB o oven at
108iC gndCthenl Wweighed &t yéld cle2meanbepolyethylene. The GC analyses indicated
trﬁé} ég&@gﬂgﬁ PN((%%%R er%gg %%g(oﬁggr%grgoﬁ% h;:?rggugt dlstrlbutlon of this

ekdmptetisoxyimaesad ih2Bble sopr opyl ) P(4- net hoxyphenyl ) 2
(0.066 mol) in 10 mM of toluene was added to a
solution of 11.5 ng chromum (I11) acetyl acetonoate

Exanpls 4mBthylene té@argbrlkaﬁdie I‘&cltlbnéuﬁﬁ@|(Hn¢[ll)V@é‘éiﬁb¢t:et76h6ate, (4-
n erature
"%fﬁﬁ gﬂ@'%ﬁ@#ﬁé%ﬁé’?@‘&%ﬂ "P%tﬁ]gxlé%f?rwﬂb gwm react or
A scﬁlamdrooﬂ ag.4)mg l(D‘ilt(anr’mth@(yﬁhéﬂw()ERN(@sdpf'opIyQPM@ﬂh@th()ﬁ}Qbhb)'lyl)g (0.066
noxan
@gé'&rl&o &'é'atgfg?laﬁﬁg“@?a%i@ %t%%ﬁ?l‘gni?gf fer shromium (1l
ambmlabetbhmte €0.088 mrhelinre 1 diml telugws inn@iSehiehK &8ss, PHeGnixture was
sﬁ'rﬁ' c# %r&_lhe el h%%be g\ﬁgeﬁhg% ug%%p%ﬁﬁv%agﬁ%{ﬁrgrﬁﬁ;ér?ﬁ r1%300 ml pressure
requé@ds (apfoclahv@) Ridmteiningi rey amgmse em{rzatbmneng s(lsornl)er and MAO
Th ' t m nut
BRI SO, B9 gt B, Bl eraross v
ethytenieraditet aich diae teactar ¢em;imfdat0m \fzﬁlﬁnaﬁitélﬁéd ae852@sWhil thB@thylene
aut.ocl.ave

oRSRAE: nEh REpE b o EraBbb Cau S wem e bl iavspanbpy mixing
speddsoateld 0B\RANI%oUsingranghd entrainiag stirrérn T texction was terminated after
30 minutes by discontinuing the ethylene feed to the reactor and cooling the reactor to
below 10°C. After releasing the excess ethylene from the autoclave, the liquid contained
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 0.7105 g of polyethylene. The GC analyses indicated
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Nonane was added as an internal standard for the
anal ysis of the |iquid phase by GG FID. A snal

weamlse48 the organic | ayer was dried over ankyuiZzane3/000186
sodium sul fate and then analysed by GCFID. The
remai nder of the organic layer was filtered to isolate
the solid wax/polyneric products. These solid
products were dried overnight in an oven at 100C and
then weighed to yield 2.3010 g of polyethylene. The GC
anal yses indicated that the reaction_m xture

ﬂw@bm%r%@aorm’ég@ enteioerk £4-33g1igpmete dhediredyat isligtityion of this
empl8isSsunfiaigalden irgpigymmar i sed in Table 1. Exanple 6:

Et hyl ene tetranerisation reaction using C (I11)

acetyl acetonoate, (4-

Eﬁahbwsphmwéa&warﬁ%a@i@w aeaeﬂoﬂ%lwmhﬁnyéck?y@monoate, (4-

A sol ut’i on

"\eahm SQWMM?PPM)%%&%WWMH@@%WenyI )2
A(&uﬂ%n cmmﬂ rh% o?-Q4—Fﬂethfxy9{Vén’e/ M%ace Q%&Homhényl)z (0.066

sol ution of chrom um acetonoa
mplo 5 1Rndt) of FP“-:[QB‘emNa§y%qd(§*ﬁe§9a@e splytign S}f hi bﬁkmge@hf@'lmum iy
a@ﬂaé‘@téﬂdﬂ@ (0. U@@nﬁﬁdlf fneﬂ) Plolterd iR ABcrRGN %Esel The mixture was

erature and hen transferred to a 3

Stﬁfeg’spfguﬁémn @é@m’erﬁ éﬁmr&fﬁta%?mtwm Hham tf@séﬁrmd@ @r%pooml pressure
re%&@alrof@&ﬁfé%véﬁo%%tam MQO n{nifﬁﬂehybﬁ| 4LeRXan8ohl) and MAO

t ol uéne, pressure reactor was

(feﬁavla'éa"nwm &%wr@% a&f‘%Qé’P oFHiec Frassiwre; easeias was charged with

eth9IERE bRMVGICHER @BEIBE @hgﬁﬁbté"e \ﬁa'_%(?namlﬂe% dt8ec Aghildbhe ethylene
2004/ 056478 PCT/ ZA200 00186  ethyl ene pressure was

prlgéﬁqrea\yaﬁg Baplg4o oqg hy Mgna\d@s easrasthroughout by mixing

speyewgh el RPM's %iﬁg if stﬂfﬂé?oTI%:’Ma&IdﬁWQQ tefmfidfed after
ntrain stirrer ereactlon was termnated after

gfﬁlwtﬁ%é%%nfﬁ]@@oﬁﬁ%fwiw fend e the 1earter pad goelingtthe reactor to

bé&lewcioeT. Afst releasihg the éﬁ&@ssf @tﬂ?lbﬁé frb@h th@ |a9WcI1aQé3 thé\flétﬂﬂ contalned
in tﬁl easi t he excess et énene from the autoclave,
I

B GHPCRYR MBS ENEhed WiEth ethare! fellpwed by W@hwwlwqwd in water.

Nebdranwhs badédue dnbiredRY stahyst a6Miherdnalyasidl thé‘h%\m Bhase by GC-
FE? ane s ad q%ghas an. |nternal standard for t

Iet @ pwmﬂ‘. ﬁ\fﬁié’@sb‘if'e&?v@f pnhygdraysg$qdium sulfate and

tmﬁmb@s@cﬂ Ib%l |Q§C-Er[9]alfﬁe0rehﬁmér Bithe Qﬁgaﬁ“ﬁ’c @’Y_@* was'iﬂ{’é‘x‘éH fiSolate the
odi u u e n an e he

SRR SiBU0e g Pes SoIYPURE WS Purbavargont in an oven at

106°Ql @icethieh avagﬂedotovweid RA0YORY ¢f0ponyewwes Thd imslgnacpéésdnducated

tl‘%ilgheu%%am:ﬁ)@are;l e ﬂnaf ggé’%g gohlggmg% &gg ?stq’q@on of this

efdmplo & supenarisediic Ialwd 1t hat the reaction mxture
cont ai ned 62.72g oligonmers. The product distribution
of this exanple is summarised in Table 1. Exanple 7:

Eﬂthpleeﬁze Etigfiémereatiaasritione@attion ustd Cr @ll) (ddetylacetonoate, (4-
me hO)X/I %8%1 gl?-’?\ﬂlsobrcgpyl)P(4-methoxyphenyl)2 and MAO

A solution of 16.4 mg of (4-methoxyphenyl).PN(isopropyl)P(4-methoxyphenyl), (0.03
mmol) in 10 ml of cyclohexane was added to a solution of 5.2 mg chromium (lll)
acetylacetonoate (0.015 mmol) in 10 ml cyclohexane 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 cyclohexane (80ml) and MAO
(methylaluminoxane in toluene, 4.5 mmol) at 40°C. The pressure reactor was charged
with ethylene after which the reactor temperature was maintained at 45°C, while the
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met hoxyphenyl ) 2PN(i sopr opyl ) P(4- met hoxyphenyl ) 2 and
MAO A solution of 9.8 ng of

wO2e0m56u78y phenyl ) 2PN( i sopr opyl ) P(4- met hoxy pheRrgir)zA2003/000186
(0.018 mmol) in 10 m of toluene was added to a
solution, of 5.2 ng chromum (I1l) acetyl acetonoate
(0.015 mmol ) in 10 M toluene in a Schlenk vessel. The
m xture was stirred for 5 mn at anbient tenperature
and was then transferred to a 300 mM pressure reactor

%n%? %Iﬁ)riawnt | i g%g%aﬁg X'hﬁ):@ixg gﬁx?rllﬂl;%gg ﬁgggrgﬁd th%rtlighout by
nixie@ sspeeds e«afcﬂ 600 v@BMsh asigg da Vadsh engdihnges@rerf tTRE reaction was
té\/l\?ﬂ'! rfJ? 4%@ ok ﬁf}ﬁng by Sé;ggt e S n&n@é{& ‘%dthgfr?ctor and cooling
thhteacteg o lbebomng)mﬁftenmlﬂagmgtﬂ‘lé @xléﬁsuéthﬂﬁn@fr&mnlﬂe autoclave, the
838 RO ot RSPk T Red it vy 10
hgdrecidati¢ acid igwatee Ndnapé eme aﬁe@dligéc an Elfrnéﬁﬁ&fdyrd ithe %naIySIS of

te er releasing t

oAU, 50050l B, ) B8R B e, o e B e
aolysrausnsatium rsutfdte amd ttoerd aN&!ySWSbyqG_eEHbefﬁhé\ﬂrérhalﬁaé}%TQhe organic
A LS50 S50 bR T SR wor
dtlmoverqlghtjmmmenkaj 1ACC &nidtheA waighed t6 gl €9068 § Ia)ﬁpolyethylene
TS G B B P AT R S48, SR 2 e o
pmdggirdlﬁrlbldyoerof\tbaseiample isexlintroarisedlimTeble e  sol i d

wax/ pol yneric products. These solid products were
dried overnight in an oven at 100C and then wei ghed

Exampleel'd Ethydes tefrarhensitiont teaction .usTig CBQIIRnaleyiacetonoate, (4-

e By R PP ooyt MRS ecarmpi o °
Aj §0|l$tlﬂlﬂnaf Ogemg nf T‘&bieﬂ'loXyplﬁfBlle\RBGédoﬁﬁlﬁP(Z&nethoxyphenyl) (0.018
mprrgw M%Iogp]téﬁﬁ%%%gpégde i(I)Et hySO?lﬂ%nt SF . r I S’g}]romlum (1)

reacti on usi

a@@ylﬁ@gtgrpqaée]y(l) pQSDN(mdbprﬁbml )dmjeﬂnelmtaswmiemess)ﬁ TaBthixture was
1 RaG 2Pt BB sl et JsRanBIayAdg 309 mi pressure

rqaetoa)la(aum%vye) i igonf@iniig of t olixieree whs toldeisd t(soml) and MAO

3 ol
FhitakR e, 8 Al A% 8 RS lRordacld? s Bfroed with
ethyleng afierwhich thebeaeior tempersturatwasemainthinsasat 4581 V}/hl|e the ethylene
t ut ocl ave -
pisautel wa Rept & A5 B0, Tn R b BRE | Hsnisd eI by mixing
sRaeds 19 11400 MPMx asieg a4as entralnjngastirredOle r'éhethmrmwr@nated after
21 RAWES by %cSMuﬂﬁdthWetﬂ@Ie‘ﬂe%{eg B8 i %f rIe?Etﬂg@g nod ‘?'\”8 the, geactor to

react or er at aine
b%!@%}‘pe@re“fﬁﬁfé%lg@ﬁ"@g {heexkegst ethyledsfrvartiye autoclave, the liquid contained

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 0.8280 g of polyethylene. The GC analyses indicated
that the reaction mixture contained 69.17 g oligomers. The product distribution of this
example is summarised in Table 1.
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Thor ough m xi ng was ensured throughout by m xing

speeds of 1100 RPM s using a gas entraining stirrer.
woheowseur8i on was term nated after 30 m nutes BYT/ZA2003/000186

di scontinuing the ethylene feed to the reactor and

cooling the reactor to below 10C. After releasing the

excess ethylene fromthe autoclave, the |iquid

contained in the autoclave was quenched with ethanol

foll owed by 10% hydrochloric acid in water. Nonane was

added as an internal standard for the analysis of the

liquid phase by GC-FID. A snmall sanple of the organic
Exaipple W8s d@Ethyldnevdetrameridatiors eadtion swisfref e CeQl. THIRGN , (4-

- FL.D i f '

o RSB BE o RAB 27 .
Apsabationt ef QBhe%}gofs M-thummymﬂhgbeprdpylﬂildﬁmeemwgghénw)? (0.018
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m%&l)%ﬁ ﬁyr\%eori i&u%?e‘ngi&%ﬁeglt?/fesgqﬁ'ﬁa io%: gt‘%’ﬁg tCﬁQ%T?'% éilo'g1§mm°') In
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e S Y T RN R
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AP BN T e Bt BroRinel S Al ReBE R L1 RPutsine @ oes
emtrai@ne Istioet. ,The. @abtiomwks temiddledrafteoBaemiautes by Siebdrtinking the
NGB o S B AL R8T B9l AT g o
exnees sthytenefrat therautenlavec thaigyidomntadieni in gheaautbolave wa®fjuenched

wgt?le%sl g}cﬁ@@%@i eb?‘%%ﬂ%dr 'ﬁ%‘i’igyéc% Wg%g R@p?rﬁé ?Nag@écped as an

sure react or "was

intetrhgl | séarslagd fos thenanalysig biethe diguidgrhase ty 63GHFID.eA wamil sample of the
L ntAi . 45 il 2t Dyl r re e

o BB e ey bl o R I0E B 587 U8 i

Thanremgindat obyherioxganic layeeodss Giterad GO iRMMes thessoigl wag/aslymeric

I SdAERT e e nat e ter
88 2hDAr ol FEbuely sl R BlarEe SEEAR & ByHCiand wen
welighed it vieldi h9831he oEpoly¢tbylend. die GG anblysesimdicetedahat the reaction

[ : r : I 1 fLer. easi .
mé@%’fésé&é_%'ﬁj? B2 lihmetS, hei Hoaudt BERpIETPAY bidinpe i
swomedseddd Taple t-he aut ocl ave was quenched with et hanol

foll owed by 10% hydrochloric acid in water. Nonane
was added as an internal standard for the anal ysis of
Exanaple QuFthyjsnestetigmegsation peactiamusingsCmiil)e2-ethyliexanoate , (4-

e 8 Bty P R AR R T =1 ™ ©

Aosajtioncofl 8xpemanels (4-methexenheny)PblgiserrepyliR¢4-methoxyphenyl), (0.018
mmol) in 10 ml of toluene was added to a solution of 10.2 mg Cr (lll) 2-ethylhexanoate
(70% in mineral oil, 0.015 mmol) in 10 ml toluene in a Schlenk vessel. The mixture was
stirred for 5 min at ambient temperature and was then transferred to a 300 mi pressure
reactor (autoclave) containing a mixture of toluene (80ml) and MAO
(methylaluminoxane, 4.5 mmol) at 40°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
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solid wax/polynmeric products. These solid products

were dried overnight in an oven at 100C and then
woebghseds78o yield 1.52 g of polyethyl ene. The €Cr/zA2003/000186

anal yses indicated that the reaction m xture

contai ned 61.27 g oligoners. The product distribution

of this exanple is sunmarised in Table 1. Exanple 10:

Et hyl ene tetramerisation reaction using C (I11)

oct anoanoate , (4-

3%&%% &93{?%{9}1%5}?'&}93%%@%@ Eﬁeﬁ_tg‘?ﬁg Peé%?op%%%lc)ocz)lin%ntdhe reactor to
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. e re was stirred fo m n at anbi en
A A gl SRR o7 e St By or s Wiver GhEy B Spalm Sulfate and
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s ‘t% 5{8&90'%8”#@@%%%%?8“ Rreduets Yy drigd PKerBighY Ingffeoven at
160"tcc:eandl\t_m:eﬁ hvel;]md e 9i|@td01.52 bejmeryaﬂnylreﬁe.vvﬁﬁat G@itdhtzg/g%@ﬁhd@bted that
45 e. the et en essyre was kept a _barg. _
g G5aalEh B ORI B1rBbed (BTG AheD praet Alstrbuton of this
esqrapldds simhafsediRPVableulsi Ng a gas entraining stirrer.
The reaction was term nated after 40 minutes by

di scontinuing the ethylene feed to the reactor and
Examiple1d 0t lEthylene ttetrarmeriSationvrddttionising CelIipdctoaheate , (4-

hyl f I th ' d
Rk iR Gy thESahetn e Mat ket hanol
Af sbilittore df 19y8 hitywohy4HetiidxgphanybsPNLisopropgiRE-méao/pRei@ds (0.018

dded t | stapdard for e_ana is of the_ .
il e ghEhaR s AR R Pt L et e G o estapenferon in
tdlagrer 0MELS natnol@th vl tofuehy di a Behrok iveseet Utheahitusd @at BeMed for 5

anal.y

d hy. GC-FLD. The remai nder. of the ani c

PR e e Paple 20t ot 208 PREVRERY &0 e b allyiieTsuge reactor
(qutodare) sonfBindree a goikiude pf cdueties(80m)eartr Vad (m@ﬂmlb@hiinm?ne, 4.5
Ve t 100 nd then weighed tq, vyield 0.3773.
o AR TS BlesSiaebait waE LMt il EirSidhe, 2 e 6 reactor
tereerdiucn wasimdintaieed ah#50Q) ahild 8h thglent ipgsssaresswad h@%{ at 45 barg.
i i [ of this exanple is [ i.n
TR g Wb b8 o e Bt B Bosdis o1 400 BeBfp i = ges
etftainiBg rstirren eThee taaati@r waattewninated cifieo AOusinuesy diktantinuing the
I 0 4- . o .
oFhE TETIE DR oot & posine) g BB LFIHEATD, 2 ieasing the
ekgeSs Atnyddnet fravn thef alBodavey thef liquid contained in the autoclave was quenched
- y (] | ) P(4- met hoxyphenyl ) 2
o R RIRRYY FH0R hRER P A Bl REEE Yk acded as an
inderhalt stamdapd 3. t6e mpalgsis ofrthenfiqlid 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 0.3773 g of polyethylene. The GC analyses indicated that the reaction
mixture contained 18.91 g oligomers. The product distribution of this example is
summarised in Table 1.
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acetyl acetonoate (0.015 mmol) in 10 M toluene in a
Schl enk vessel. The m xture was stirred for 5 mn at
weaniimst478enper at ure and was then transferred PoTaA3@B/000186

m pressure reactor (autoclave) containing a mxture

of toluene (80m ) and MAO (nethylal um noxane, 3.0

mol ) at 40C. The pressure reactor was charged with

et hyl ene after which the reactor tenperature was

mai nt ai ned at 45C, while the ethylene pressure was

kept 45 barg.. Th d
EXAPBlSgHb S el s Aot coat o Gngen 4, Aehacetgeate, (4
mtﬁd)@iphbﬁgl)m(rsbpfopyﬁm -hetisdxypheniily, arid MADAL ed af ter
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regg I egaéﬂaoc orcﬁ |"H’q gﬁer "?Agéredr PEd th%’Pe aRﬁ{)fH‘r Joudd MAO
(reetbyigimindxbag.e 3Anethmdihen 408l yrd phass@e- FRdetor Thes charged with
ohighe 3hFT whtn s R e BB et atedl S el Wil RS nyiene
pressutecas \wepteaidah eférg)\fﬁ’fdﬂdnwht mlxhgim/aévémuﬁid thtélfBoandy mixing

sttt 400 FinhS 1S o it Sl o feRbliFivas teRminated after

3¢ arihwtes @d distobithuihgothe gtipieTe. fedti¢o fHeo@uctor dhd tooligtthemeactor to

IR MR T

lnabelajato&mem\msaiwncr(e@-wnh ethanol followed by 10% hydrochlorlc acid in water.
Nﬁnﬁ%\heoxéglaggﬁy%%sz gfl\ll @3,9 %Lgtgﬁ%grg (félf tﬁgtarr]\%?%lg ?tlYe ?mwéa pﬁlase by GC-
FID4-Arembibsgmpplenof1the Bigansdayen wds) drled-ovet Bobydphiensddiuin sulfate and
vkl EBarT Ty do S P TbuinghP ot ok Bt B b st e
sqiid. WBpotyrokiic prodadis.niThesd seliieproduas Sei'd éndd sessight in Bmeoven at
"Gt e e 5 B L0 BBk B St

thah theo Hagtie) mixineadantaigeda54rb2 tquolgoafers. oTheepred(anﬂgltg.bLand of this
%é@é@%g‘llgw nexane in toluene, 2.25 nmol) at 40C.

pressure Feact oF T was charged with ethylene after
whi ch the reactor tenperature was nai ntai ned at 45C,

E%Pgeug%e%ﬁ&we%ﬁameﬁgm;ﬁ r |onkl§£¥1?%{) &ﬁ] gc%ﬁpgacetonoate, (4-

ensur ed

mefloaxihenyll FNisoRR!y) P4 reghaxyphengh arcd MAGY St i 11 er
The reaction was termnated after 15 mnutes by 26 WO
2004/ 056478 PCT/ ZA2003/ 000186 di sconti nuing the

Aesdiyticonef Peta of (hmetreayptmnybufiN(isopiopyliP(¢nesthe@gphenyl), (0.018

m'i’r?OIP% 1) ]nQICOf toluene was added to a solution of 5.2 mg chromium (lll)
acetylacetonoate (0.015 mmol) in 10 ml toluene in a Schienk 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
in toluene, 2.25 mmol) at 40°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 15 minutes by
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After releasing the excess ethylene fromthe

autocl ave, the liquid contained in the autoclave was
wquenisedsw t h et hanol foll owed by 10% hydr ochlpomiza2003/000186

acid in water. Nonane was added as an i nternal

standard for the analysis of the liquid phase by GC

FID. A small sanple of the organic |ayer was dried

over anhydrous sodium sul fate and then anal ysed by

GC-FI D. The renmi nder of the organic |ayer was

filtered to isolate the solid wax/polyneric products.

dispriipuing) the eihveneciesd ie tee spacier aa'\fie@qqhgmthe Feagipr do diglow 10°C.
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Iyeth yl'ene. The GC anal yses 1 ndi cat ed
avfe gleve d¥psnfiuenaned ciky ﬁth@é‘ﬂl feowed PyollPGohdrachloriseacid in water.
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Tabl e 13: hyl ene tetranerisation reaction
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16 Oand méﬁ'v)elgﬂ'édj{g f@ld 0f50t 0l USSR IR §le IEC @nal ses indicated

sol uti on of hromum (I'11)" acetyl acet onoa

thep ther spaiien ynwtwelozvnﬁﬁquoYQréﬁ@ pligomery, hTf@quod@@sc&:otnbwtwa of this

eXArmiblg iLsMParisddiih meBlefior 5 min at anbient tenperature
and was then transferred to a 300 mM pressure reactor

(aut ocl ave) containing a m xture of toluene (80nl) and

934’3 ( |érieel@traﬁi%ﬁ§¥ﬁ6||1 WaAdtRRPISIng mﬁ(ﬂﬂtéﬁ%@ﬁacé&oﬁoate, (4-

ressure reactor was char

W'ﬁ#@i\sn&'ﬂfwwr DP{dmethexyphenyhsand M
An@dlmow efedes at 58, (MM'e{IﬁXWHényl%PN(@@&@pﬂfF‘%@%ﬂ%%ﬁenyl)2 (0.03

kept baf[q Thor ough m xi ng wa nsure
)ou'z;h%tm'w AR Jvaspaderd de ﬁl%UtRPI\/PE ﬁ%mg ghrgmim (1)
a@sﬁ?lé@étﬁhd&e %@ 015 Rimol)TiAe10 AREdIidH M’aaSScl‘iISﬁMé@b?q'h@frﬁ&fure was
te i,scontinuing the ethylene feed to the
S%%C?Pa% R L EBEIS PRGBS BRS {rPnyEASIaTRddo axdtuml pressure
reraeioea(aumglav@ﬁc@xguﬁmg @tnlﬂythﬁmgf frslQ8Re t@naybﬁﬁl rgmo -8R qmodified
uenched wt

I id tain aut ocl ave was
e R R C RGPSy =055 )R BLAT G The desafurerreaglonivas charged
wiie Mﬁ}ﬁeh@éﬂ@dﬂlﬁidh ) Béhctdﬁttémﬂéﬂatlﬁ%%ﬁéé?ﬁ[;@mg&rﬁed IEfe45°c: while the
(0] ul a sSha
o8Bt &S0 gah A4S 2D Vigeoush g uss Smlrodttsaushout by
mﬁb pesdd fort ﬂOﬂnRFﬂ\Memsﬁ@’lW %Rd Mreﬁﬁn{'dﬁrreﬂ'hﬁ?he reaction was
ere

o BRiATer a2 synie® hERetnipnBbitee puane faed Ghaasir pap cooting
thprr@dutot % wbw 10dC) AfleraéREBINg e | 'eRce%@ &wﬁ?heaﬁrormﬁ)&aa@@lave the

cgl %@%&qﬁ 'a‘?tlf’?iai}e Z"ﬁ%s r%tﬁeﬁ?%fy FE\HQOIC MPW@Heay 10%
h)’&ﬁoéﬂglmdlcgmrmwr Nbhene waodugdd & & nikdrbilistihdafd fohir® analysis of
theXP qr[Pl ephlag’e n%hf)edAlsﬂwa a?e'm?ple of t?\e 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 1.76 g of polyethylene.
The GC analyses indicated that the reaction mixture contained 50.42g oligomers. The
product distribution of this example is summarised in Table 1.
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WD 2004/ 056478 PCT/ ZA2003/ 000186 Exanpl e 14: Ethyl ene
tetranmerisation reaction using C (I111)
weaeeisyiseuret onoat e, (4- PCT/ZA2003/000186
met hoxyphenyi ) 2PN(i sopr opyl ) P(4- met hoxyphenyl ) 2 and
EAQ TMA A solution of 36.1 ng of
(4- met hoxyphenyl ) 2PN(i sopropyl ) P(4- met hoxyphenyl ) 2
(0.066 mol) in 10 n of toluene was added to a
solution of 5.2 ny chrom um (111) acetyl acetonoate
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drie over an dr ous ‘sodi um su
aatnalay@,etde Hxsrumcomalned T éher autadladewas fuernhied cwngamhmol followed by

1%‘?}% g%dgiﬂ\grﬁorff'hg&g rlﬁq/}ratt% 'l\g)%%@% %@shgddse%l ééj O eﬂ%l nner{]dtard for the

ese cts Were aried over
analysis obthenliqyid pitse tam@CtFH@nA\mmagli’mmm@ of thel aﬂ’g@nl&%/eg was dried

o@ér arﬁ%}’o‘%@ddm? suE{? ﬁg’ tﬁ@ﬁ&%é@éed B?'é@%‘?ﬁi ﬁ'ﬁ‘.?rheer%gﬁder of the

react ron mxture con i QONer's
ofgesgulayerd wes rfillerad t§7r1lsofat6t ithes seb@hmabd@olmeslunmmdwcﬁed These solid

%‘fi’i%t‘% v@eregf@tﬁ'gllé‘rnéﬁt ||n LA \}eﬁ 108 %%{Heﬁ%él&{éd tg@%ﬁd 8189 g of

USI onoat e,

pﬂlwthmlﬁgx@h ingy IGQ RRElY sespindisgieyiFhat t’ra ngxphmyur)ezcmned 40.97g
oM i RATs SR ot R0 Sy B

(0.03 mmol) in 10 mM of tol uene was added to a

Eﬁ%gié 95 E{h e fé&aﬁ%i@: o réddtion u %ﬁﬁt Vesg}ﬂ?éeqdnoate, (4-

uene In a
mﬁtmeaszﬁoprwlm -methexyphensibh aedtMA@nmetmt presence of
Hand was then transferred to a 300 ml pressure reactor
?autoclave) containing a m xture of toluene (80m ) and

Aveiitiareohy B4l mei Al idamethoxypheayllBhéisopropylithimetlzaxygioenyl), (0.03
m-mﬁ) Rk ©F5 UhIE of GBIGERY WIRS aliidd tto CRALARRN YL 5 IUAG O 8mium (i)
acetylacetonoate (0.015 mmol) in 10 ml toluene in a Schienk 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
in toluene, 4.5 mmol) at 40°C. The pressure reactor was first charged with hydrogen to a
pressure of approximately 2.5 barg and subsequently with ethylene to 45 barg 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
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pressure of approximately 2.5 barg and subsequently

wth ethylene to 45 barg after which the reactor
woOetp@sed7eir e was nmi nt ai ned at 45C, whil e t he eChgAcos/000186

pressure was kept at 45 barg. Thorough m xi ng was

ensured throughout by m xi ng speeds of 1100 28 WD

2004/ 056478 PCT/ ZA2003/ 000186 RPM s using a gas

entraining stirrer. The reaction was term nated after

15 minutes by discontinuing the ethylene feed to the

d I t t to below 10C. fter .
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s RS ud B w8
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of .. . .
Exinbld 78! S8y idfe follineHeation reaction walogfin W) agetyiasstangate.
(dheny().PN(isapropyl) R(@maethaxypicogt), hod MA®| uti on of 11.5
mg chromum (I11) acetyl acetonoate (0.033 nmmol) in 10
m toluene in a Schlenk vessel. The m xture was

Asolutioe @f B2 1By 10F (pImhthﬁN(iewﬁrop;ﬂ)@f@eTaidxymaiwz MH&BEI rhﬁi@l) in 10
m:I: éia‘{éﬁjeﬂérmﬁa@ atd(aeé to3 Q g Ig}iorf éfleﬁs # rgq%((gﬁ%ﬁt %Lw&) &‘faceI/onoate (0.033
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n e hout. b I Xin .

B LBt alRe 5K el IERUSIRD i TYeD s which o

reant@r teraparaivne was Maintainerhaietb @f white the etfyfeneqsedsyre was kept at 45
S to.t. e t or , .

oS5 TOLOY it LA cFLI S8, DREF) Rt i G810 185 s sing

a @as exdraimingystores. Theoreatlion was tertninaded after 15 minutks by discontinuing
Y d w gt hanol .

RIS LHE IR B e HBREL bl NS AR i
thedexagss a@hﬂ@na Ifnom thel agtodladar ef luid lbentainat yiai the odutddiave was
qhdritHEE wRRatRardY riiwEd By 109 ﬁ%r&ch‘cl’@rlgpéc?d Of 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 6.82 g of polyethylene. The GC analyses indicated that the reaction
mixture contained 38.33 g oligomers. The product distribution of this example is
summarised in Table 1.

29



the organic | ayer was dried over anhydrous sodi um
sul fate and then anal ysed by GC- FID. The renai nder of
woheosmsgeari ¢ | ayer was filtered to isol ate theprewiziadoo3/000186

wax/ pol yneric products. These solid products were

dried overnight in an oven at 100C and then weighed

to yield 6.82 g of polyethylene. The GC anal yses

indicated that the reaction mxture contained 38.33 ¢

ol i gomers. The product distribution of this exanple is

sunmmarised in Table 1. 29 WD 2004/ 056478

PCT/ ZA2003/ 000186 Table 1: Ethylene tetranerisation
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8 98.863654 23980 412146 0.9p599| 94 2.24.28. 3063 | 0.d.[4 3% S| 980
9 98.805105]| 162006582421 | 10A46898.1%81 | Iod1 3266758226 1. 704 L 980
10 98. 102%6] 26829 45138 1598.848# 18P | 1234 3567.349-030 3- &.4 98.6
11 10107981 P 5592 | 250 | 9750 |13 | 254 | 630 | 1.0 | 7.8 98.0
12 92214 | 71.37 | 0.70 | 99.30 | 1.0 235 | 654 | 09 | 3.1 98.6
13 66911 | 5218 | 3.37 | 9686 | 20| 183 | 658 | 2.7 | 11.1 98.4
14 23987 | 4116 | 0.46 | 9954 [ 21| 283 | 635 | 1.4 | 45 08.2
15 106055 | 82.71 146 | 9854 |19 326 | 632 | 1.1 | 1.1 98.0
16 26310 | 45.15 | 1511 | 84.89 | 03| 36.7 | 46.3 | 5.8 | 106 | 985

30



30 WD 2004/ 056478 PCT/ ZA2003/000186 Cains 1. A
process for tetramerisation of olefins wherein the

wpnRoslst478t ream of the process contains nore PoazAIRH000186
of the tetramer olefin. 2. A process as clained in
Caim1 which process includes the step of contacting
an olefinic feedstreamw th a catal yst system
containing a transition nmetal conpound and a
heteroatomic ligand. 3. A process as clainmed in Claim
1 or daim2, wherein the heteroatomc ligand is
descri bed by the follow ng general fornula

AdidimsA- B- C(R)m where A and C are independently
sel ected froma group which conprises phosphorus,
arseni c, antinony, oxygen, bisnmuth, sul phur,

1sel em lpmceaﬁcfoﬂltétfém@@atl@ﬂ@f %léfmsawhér@m e PFSMBt stream of the
e Ssane or

en A a R s are
P&?%P%P@H?'“aﬁmgma?&/?g ﬁﬁ&?é'ﬁ@?ﬁﬂé?}ﬂﬂf‘y sel ected from
any hono or hetero hydrocarbyl group and n and m for

each R is independent] eterm ned hy the respective
2yl oALRIOSESS BrdaTen dh étf%ﬁéﬂ%cfh PXOSRRS ICSIgRs e SigRiok Fomtacting an

ol@a&tfe@dweefn witrea Bailysbsystdhs boritaihmg é/\iréﬁ‘slt@nﬁﬁétafcompound and a
4. A process as clainmed in Caim3

ﬁﬁbSt | tu
HORIC 'ﬁ@nﬁjl gand conprises of nultiples of
(RnNA-B-C(Rkm 5. A process as clained in any one of

3g|oﬁit r%ﬁ%S%aﬁ? %?'@Pﬁl‘ﬂ g O Z%’Eélag’%:ﬁu\%{ Sﬁ%tlrgteh@g}setgq%gtgmlc ligand is

deyalbembwrhlh@fmllb\mmbl@dﬁéraﬂforrﬁMIam)nAlBlG(RlﬁtvﬂierélA%na C are
and wherein the t

ter om ¢

R PTfEIR 3e ik S8 SiHsp St e PoShBOE g R, antmony,
osjzgmaglsnfutlt hﬂlphﬂ@@ﬁl@gluﬂlndnd\hlﬁbgérﬂ ahbi B is %ﬂhﬁlﬁ@@kﬁm Iclfétween A

i,gand,i,s gdesc e ener ornul a

APl B o 1S e R o Brer And AR ERIF Bk pndsausmisetsd from
asghembed hérecmhwrmayup gmpcdmdcrpamr msasea@h qasrs hedependently

: e

BleAR NG Byt PR et e cheRb Ate Siaifiy S o ABhd gandber e
lemseonendfthe Rtkein sLiystivwbe aited pforaeﬁumnueaﬁ.ormt i c and
aromatic, including heteroaromatic, groups of which

at least one of Rl, R2, R3 and R4 is substituted with

4a  pdl procsstbad clainged in GlhinV3, ABBAID B iTghnd comprises of multiples of
(IECX/BZ 03/ 000186 6. A process as clained in Caimb5,
\/\)ﬂerel p to four of R, R2, R3 and R4 have

5. A process as claimed in any one of claims 1 to 3, which process includes the
step of contacting an olefinic feedstream with a catalyst system which includes a
transition metal and a heteroatomic ligand and wherein the tetramer is an olefin and
makes up more than 30% of the product stream of the process and wherein the
heteroatomic ligand is described by the following general formula (R')(R?)A-B-C(R*)(R*)
where A and C are independently selected from a group which comprises phosphorus,
arsenic, antimony, bismuth, and nitrogen and B is a linking group between A and C, and
R", R% R® and R* are independently selected from non-aromatic and aromatic, including
heteroaromatic, groups of which at least one of R, R, R® and R* is substituted with a
polar substituent.

31



substituents on the atom adjacent to the atom bound to
Aor C 7. Aprocess as clained in Caim5 or Caim6,
woher@seu7each of R, R2, R3 and R4 is aronati eCT/ZA2003/000186

i ncluding heteroaromatic, but not all of Rl, R2, R3

and R4 are substituted by any substituent on an atom

adj acent to the atombound to A or C. 8 A process as
claimed in Caim?7, wherein not nore than two of R,

R2, R3 and R4 have substituents on the atom adj acent

to the atom bou rocess as.clai ned

& CAaPesh RS SR il Cllm Semhorsty Bpds T shiee RE AN R have
sabstitients &2 theRRomndjddénen eharabmtbundgo Al.adj acent to

the atom bound to A or C. 10. A process as clained in

any one of clains 5 and 7 to 9, wherein at | east one

70f mproeass éﬁclaﬁ@dﬁﬁ AlfmBurtlaiib QﬂheWeHéa%h RPRAIR?, R3 and R*is
at

substitu he 2n pm.from, the

FH03ts FtRng eedrogpniac &%ee@%@? RO a0, st suigmired by any
sQbstitlierit 6B a3 ett@m dpieentfo the dtém balaad @ A orEy pol ar

substituents on one or nore of Rl, R2, R3 and R4 are

el ectron donating. 12. A process as clained in any one

8of  clraproBesk dsociGim@adn @Ieﬁrﬂ ﬂl/hemh@tl roretRan FRESIH' RAMR® and R*
stream i_ncl udes

o PR, PoZtort afPisr s LB dount Io Adhomor 1.

A process as cl al rred in any one of cI aims 1 to5 and 7

t %29 wherein % ? f eeds m | ncl udes

St hy PLRIECEHRIE ”b‘”r By ¢ s £l 1 BTSNy Belek supsiuents on
RI; R Réred Ri'4re Aotsroibie stonaadjatait e thel dlord bpuRd® Abr C.

claims 1 to 5 and 7 to 12, wherein the olefinic

feedstream incl udes ethyl ene and the product stream
includes at |east 40% 1-octene. 15. A process as

| ai in any one of clains_ 1 to a 7 to 12,.
Bher & iopfs Y e Pk B08 i sairs Aade &ovirainat lssat one of
R1hﬁz,p?3oahdco R* sg%aﬂtyteg%wgglgtl gdélﬁliilgn5gﬁ/0tﬁe 2E 1R MgtheB dtom from

4 4 P Z . process as

t%¥%§ﬁ@%£W§%%éV”5%Z of clains 1 to 5 and 7 to 12,
wherein the olefinic feedstreamincludes ethyl ene and

he product strean1|ncludes | ea 0%, 1- oct ene.
Ik ALIRESSs A8 FaiMegn Ry gng © gﬂ@'"zﬁi iq gaﬁﬁ 7019, wharﬁa‘ gny polar
stibstit@antabrebeé br ibre oFIREf RHIRS anti $€¢5é ERBMdA A6HHASS
et hyl ene and wherein t he (C6 +C8 : (4 +Cl0) ratio

in the product streamis nore than 2.5:1. 18. A

1Rr oC @sproeess baidefled Nn aiiy dHeeofélamisat B 5l ah@ PtRRY, Vherein the
7, V\,her in the olefinic feedstream i ncl udes

f'@dﬁilf?%ﬂe'”%!H SvABrasPIRTiR (RBd e : preduit tiegm icludes s depst t30% of a
tStfnfEed 3-d18%Pmonomer.

13. A process as claimed in any one of claims 1 to 5 and 7 to 12, wherein the olefinic
feedstream includes ethylene and the product stream includes at least 30% 1-octene.

14. A process as claimed in any one of claims 1 to 5 and 7 to 12, wherein the olefinic
feedstream includes ethylene and the product stream includes at least 40% 1-octene.

15. A process as claimed in any one of claims 1 to 5 and 7 to 12, wherein the olefinic
feedstream includes ethylene and the product stream includes at least 50% 1-octene.
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than 1. 19. A process as clainmed in any one of clains

12 to 18, wherein ethylene is contacted with the
woav@loged7s system at a pressure of nore than 10rOo&Zg2003/000186

20. A process as clainmed in any one of clains 3 to 5

and 7 to 19, wherein A and/or C are a potentia

el ectron donor for coordination with the transition

nmetal. 21. A process as clainmed in any one of clains 3

to 5 and 7 to 20, wherein Bis selected fromany one

f a grou i,n a [ rou , .
Borprt RPFEPSEES SR LR, e AR (4P Sepriy/aioo ZaiBgTein the olefinic
fé@k&é@hyninmrduWIemdahé phﬁiﬂdﬂﬂﬁe@& includes at least 60% 1-octene.
het er ohydr ocar byl ; i norganic |inking groups conprising
single atomlinks; ionic links; and a group
1goNpIA lﬁrbl‘i@s@ dilmedan anly ofed SRGIImE Mytb Sehd Ato2tee WhdRen the olefinic

hen e cat ech .
faéd%tr Lg;{]qipdagé%q%%\do w%i Q@)t%é %C‘ST (qu)sj 4+ Cp()pég‘jo. infhg product
strbéiGs mowhmraazF@ls hydr ogen, a hydrocar byI or
substituted hydrocarbyl, a substituted heteroatom and
a hal ogen. 22. A process as clained in any one of

18l ai Pepracésy s @dithed i @nydne oihupdiisN B 5 éhd BRI B wddrdidthe olefinic

be si ngl e atom spacer., 23. ro as, cl ai n_.
b R RS 5 iy e B 6T TR e o et s more
tegl €cted to be -N(R5)-, wherein R5 is hydrogen or

sel ected fromthe groups consisting of alkyl,

substituted al kyl, aryl, substituted aryl, aryl oxy,

1QuUbstA tplﬁo%és adsy khatyed hﬁlaﬁgerne of tcraﬂns (5] @NBQ&\M@&)’IW lethylene is
am no,

ocar bon
Bzt Rl s GRERIR A ot B dO AR oot
and aryl substituted mnth any of these substituents.
3 2004/ 056 7.8 PCT/ ZA200 Q01 ocC
2 o1 oLk SR 2y ket SRS o grarc YRS §FeRTR andlor ¢
and apetemtidl e&!étdn/onrdoﬁor fios coondiapiomasitii thy traxsidorsmetdly S,
Se, N or 0, where the valence of A and/or C allows for

such oxidation. 25. A process as clainmed in any one of
2l ai s pibcess asataimédtio ang, on\m@’rtﬂélmsﬁa acmdi &hd 8 to 20, wherein B is

epdent | hosphor ous or ho spha US, QX idised by S. .
SIECRRC BN Ay OB SEE YU RheleISE PRk IR RSy, Rimirising a
hyﬂrachmyhs Subistitubedan chydrdcarb3b, Mdstemﬂydro&irbleZ an&3 aansubstituted

sel cted rom.a group ri.s

h;éf'egg ﬁ')c%g%\ﬁglﬁgfe’grt\il{%p@pg S?yp§/|compt}1§ér§g ?Vple nglhsyllomcglmks and

angpduph gompesindn rraetaylghe, distettodmethglehaxy,2- ¢1haa'reoxyz phenylene, 1,2-
| o V. hyI 1500, o

et St Ehilo, 4 A ROhoEhgy I -SiRs IRy and MR

where R® is hydrogen, a hydrocarbyl or substituted hydrocarbyl, a substituted

heteroatom and a halogen.

22. A process as claimed in any one of claims 3 to 5 and 7 to 21, wherein B is
selected to be a single atom spacer.

23. A process as claimed in any one of claims 3 to 5 and 7 to 22, wherein B is
selected to be -N(R®)-, wherein R® is hydrogen or selected from the groups consisting of
alkyl, substituted alkyl, aryl, substituted aryl, aryloxy, substituted aryloxy, halogen, nitro,
alkoxycarbonyl, carbonyloxy, alkoxy, aminocarbonyl, carbonylamino, dialkylamino, silyl
groups or derivatives thereof, and aryl substituted with any of these substituents.
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t hi ophenoxy, trinmethylsilyl, dinmethylhydrazyl, nethyl,

ethyl, ethenyl, propyl, butyl, propenyl, propynyl,
woyoslmpsensyl , cycl ohexyl, ferrocenyl and PCT/ZA2003/000186

t et rahydrof uranyl group. 27. A process as clained in

any one of clainms 3 to 5 and 7 to 26, wherein Rl, R2,

R3 and R4 are independently selected froma group

conprising a phenyl, tolyl, biphenyl, naphthyl,

t hi ophenyl and ethyl group. 28. A process as cl ained

in any one of clains 2 to 5, 7 to 23 and 25 to 27

wherein the ligand is selected fromany one of a

291 OUA SroBgss & d)g@imled-in any one of claims 3 to 5 and 7 to 23, wherein A and/or C

|? Edﬁ%‘?’ﬁ‘}QE%ﬁ@hé%\l %m’%( %’ Mr)g,(\ﬁﬁgr%%g gg‘g%@%ﬁ% )agg/or C allows for

stich extidtioxay phenyl ) 2PN(i sopr opyl ) P( 3- met hoxyphenyl ) 2i ( 4-

nmet hoxyphenyl ) 2PN(i sopr opyl ) P( 4- met hoxyphenyl ) 2,

(4- met hoxyphenyl ) 2PN( 2-

2t hylmmyés)s%éclaﬁtehom e/ bf) aims 3 to 5 and 7 to 24, wherem Aand Cis

PR YBReA %HE%H@M TR R ORR By PN >

met hoxyphenyl ) (phenyl ) PN( et hyl ) P( 3- met hoxyphenyl ) (phe

Zﬁ%'t %’&éf@h%ma ¢amsin pRReRRPhIRYIS AR ARd L D RENYISBRR R, R?
anyl IR, aré hdependuntly pblesiet dRNG grRiubYdohipiiping @Wéﬁylﬁﬁlﬁbnyl tolyl, xylyl,

"5&‘*6%' gkyﬁéﬁg é%ﬁ@(?[ Ng%ﬂa}ég%gw hrﬁg%?%)(z ox PRy ytolyloxy,

dﬂnethyllanmdﬁoxdlemglamlr)cﬁPNﬁathylethylammo thiophenyl, pyridyl, thioethyl,

et hyl cycl ohexyl ) P( 4- xyphenyl ) 2,

R R BT HRRY SEAL TR N piheyl Propyl buty,
prepemgl, pmpypylecyelop2id, peachexyiPlefroorynany mranydrpirarlyfgroup.

met hoxyphenyl ) 2PN( benzyl ) P(4- met hoxyphenyl ) 2,

(4- met hoxyphenyl ) 2PN( phenyl ) P(4- net hoxyphenyl) 2,

2A74- f |Auproogdseany EifN(inaniphe B(élaifﬂslﬂ)fw@bwyhé 26, WiZereBR', R?, R®

04/ 056478 P 03
IS GBR RGP SRS P GaPR SRERYFS 2 pheny, toll, bisheny,
neghitlyirgtidphleaptiand-gftné gsdup2 PN( met hy ) P( 4-
di met hyl am no- phenyl) 2,
(4- met hoxyphenyl ) 2PN(al | yI') P(4- net hoxyphenyl ) 2,
2(8phe|1ybr)02@$d( as olpmmwm)d?(y&namf fetaiyip Retoyd, ¥ 2o 23 and 25 to 27 wherein

P o S GREGRY) ) BPR- 2%t Wiy el ) SHRNy FYPrising (&

metUoXy@hemmHﬁNW@hﬁlﬁg? Nedimmayyhgrigh i s q@rrogtiibyyipbemdpRiN(nZethyl)P(4-
ess as C

BEoBERRESS o e ikt BRn B Ront i &30ty (4-

meih@typhag/l)glﬁN(asqprmy@EM aethekgrheaylpni ¢ | i gafdimstidiyghenyl),PN(2-

N L e e S

(4@62l&xymmfl}4h)(mm§zm§”§(methyI)P(phenyI)z (3-
methoxyphenyl)(phenyl)PN(methyl)P(3-methoxyphenyl)(phenyl), (4~
methoxyphenyl)(phenyl)PN(methyl)P(4-methoxyphenyl)(phenyl), (3-

methoxyphenyl),PN(methyl)P(phenyl), and (4-methoxyphenyl).PN(methyl)P(phenyl),, (4-
methoxyphenyl),PN(1-cyclohexylethyl)P(4-methoxyphenyl),, (4-methoxyphenyl),PN(2-
methylcyclohexyl)P(4-methoxyphenyl),, (4-methoxyphenyl),PN(decyl)P(4-
methoxyphenyl),, (4-methoxyphenyl),PN(pentyl)P(4-methoxyphenyl),, (4-
methoxyphenyl),PN(benzyl)P(4-methoxyphenyl),,  (4-methoxyphenyl),PN(phenyl)P(4-
methoxyphenyl),, (4-fluorophenyl),PN(methyl)P(4-fluorophenyl),, (2-
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i ncludes the step of adding a pre-formed coordination
conpl ex, prepared using the heteroatomc |ligand and a
wonrengist47en net al conpound, to a reaction m Xt BRC®/ZA2003/000186

containing an activator, 31. A process as clained in

G aim 30, which includes the step of generating a

het eroatom ¢ coordi nation conplex in situ froma
transition netal conpound and a heteroatom c |igand.

32. A process as claimed in any one of the claims 2 to

1 int { Al
oo P e B RO e o b iR RERR P ety )P4
dimétjnbldem’ mphertyhngst en, ti t(aﬂnnanmnx;fmeha?jzsrm(awaln@dhamyphenyl)z,
rocess, as clained in a
(?ﬁ y@? (%@pgo I(?)sé 'Bf%g)?yp?%ngé wherein the Q%(&%g"qth%(ﬁphenyl)-
pimeny),PN§sapdropytiRg4(4- B\ﬁlho&ym‘renglﬁ-spmta@s)gd a! med | {anlany one (4-
er ransition neta
r@%ﬂ%ﬁa@h%’?‘ylﬁ léslg“é p]“?pg hﬁP@?}p conprising of an
i norgani c salt, organi c sal t, a co- ordination con‘pl ex
d t al,|
A0 A PLPLAUE RIS o RO ACBE 35754 20l process
iadldesttbel sfepahcampinoyein @hy ardgr auptaroapmiciigigdalithairiramgition metal

%B{ 8[]}1@5 £ %ﬁlvgagot etrahydrofuran conpl ex,

nzene rc ﬁyl chrom um chrom um(III)
octanoate, chromium (I1l) acetyl acetonoate, chronm um

P SDbREEE, 78 SR Rout s oh i W R DL a8 28.,aihieh process
indludesetiei steprof aviingod mé-édrde&)oM]na’liibnaCtdnﬁaxtpreBéred usmg the
05680 4 LTS cRARFADS 3B ehre conanng

aastivatacet onoat e and chromium (111) 2-ethyl hexanoat e.

37. A process as clained in any one of clains 29 to

36, wherein the transition netal froma transition

3tet alA pmepssied claithebeineCaat @0, avHichy actlides ethe astdy € Geherating a

BRI, T8RS0 5 5O T84 PRt o o

Heteéoatmamlgan@n metal conpound and heteroatom c |igand
are conbined to provide netal/ligand ratios from about
0.1:1 to 10:1. 39. A process as clained in any one of
32l ai Wspwgesmasslainvmineany arteeofcthe a:lay'rns 2stpsd emd 7itod1udésrein the

t@RsiBGH Mt @'sfe?gétgocitr&q 541%% arY o8l &m HHisthg ThPomium, molybdenum,

consi sting or ganoal u
tungsten, tltanlum tantalum vanadium and zirconium.

33. A process as claimed in any one of the claims 2 to 5 and 7 to 32, wherein the
transition metal is chromium.

34. A process as claimed in any one of claims 29 to 31, wherein the transition metal
compound is selected from a group comprising of an inorganic salt, organic salt, a co-
ordination complex and organometallic complex.

35. A process as claimed in Claim 34, wherein the transition metal compound is
selected from any one of a group comprising chromium trichloride tris-tetrahydrofuran
complex, (benzene)tricarbonyl chromium, chromium (lil) octanoate, chromium (Ill)
acetylacetonoate, chromium hexacarbonyl and chromium (llI) 2-ethylhexanoate.
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conmpounds, organoboron conpounds, organic salts, such

as nethyllithiumand nethyl magnesi um brom de,
wonorgae7e aci ds and salts, such as tetrafl uor ebwrziaz003/000186

acid etherate, silver tetrafluoroborate and sodi um

hexaf | uoroanti nonate. 40. A process as clainmed in any

one of clainms 29 to 31, wherein the activator is

sel ected from al kyl al um noxanes. 41. A process as

clainmed in Caim40, wherein the al kyl al um noxane, or

m xtures thereof, is selected from group which

consi sts of nethyl al um noxane (MAO), ethylal um noxane
36EAOA m‘odesm@ki blbmbminkaﬁyadnmd)frmaﬁmm foVBAehd 3820 38, wherein the

AR ol AV T o S 8 gl o
atetylpcetohatite Ahd khtoadium 1) awtiyirexaadmet 1:1 to 10

000: 1. 43. A process as clainmed in daimd42, wherein
the transition netal and the al um noxane are conbi ned

3rn pmqwocéésmlélmeunmmh;dene/,‘\bf ceinal 29 a:t:’ae)svrfere?ngg@@aﬁsm% ition metal
1:1 to 36 WO 2004 47 003
T = A8 a0tel BRmAPYL o1 "B APS (a8, BEroAined (o provide
metalfigand @tiosrfroml abantlo.Ohe 00 & um)m)x.ane are conbined in
proportions to provide Al/nmetal ratios fromabout 1:1

to 300:1. 45. A process as clained in any one of

38l ai mpréﬁessoasﬂfél,almwd 'thIarm I3lldwﬂeltehetr&tmnsﬁfon rﬂddi e@mpcund and

h%%ﬁoaﬁ%% alglgt te?e?rpbba o( BrorX/b%l rﬁg} /)i um CO rom anut 0.1:1 to

1811kyl al um noxane. 46. A process as cl ai msd |n any one
of clains 2 to 5 and 7 to 45, which includes the step
of m xing the conponents of the catal yst system at any
39en’pérmbcess dsetlained iR aﬂﬁonanﬂclaiﬁ&QQ to 3 evhpreds &mtaﬁ?st system

d%L eaf ! ‘uvél'r rs 881578 S\Rﬁél%g nﬁqdr{){ﬂpg corﬁ;‘%l&g ccff o§gqné)3Mmm|um
compomdsacd)rgdnmbdrdm tdumpmhad; ystgasn;wtselts atueh tanesthyllithiem and

nﬁﬁ%ﬁé@&%‘?@md@ u"f‘&?&'%r%'r 8%7 ? gﬁtsp \r/\%u% e‘?%?strafluorobonc acid

clarnms 1 10
etheraig] silyer teprafhtopoteratamdd sedibyl rexeflwycardipematne ar e
formed as products and i ndependently nake up at | east
1 % of the product stream of the process.
40. A process as claimed in any one of claims 29 to 31, wherein the activator is

selected from alkylaluminoxanes.

41, A process as claimed in Claim 40, wherein the alkylaluminoxane, or mixtures
thereof, is selected from group which consists of methylaluminoxane (MAO),
ethylaluminoxane (EAQO) and modified alkylaluminoxanes (MMAO).

42, A process as claimed in Claim 41, wherein the transition metal and the
aluminoxane are combined in proportions to provide Al/metal ratios from about 1:1 to 10
000:1.

43. A process as claimed in Claim 42, wherein the transition metal and the
aluminoxane are combined in proportions to provide Al/metal ratios from about 1:1 to
1000:1.
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49. A tetranerisation catal yst system which includes a

transition netal and a heteroatom c |igand descri bed
woyoddvsed78l | owi ng general fornula (R)"A-B-C(R) rC™MIaRE3M00186

and C are independently selected froma group which

conpri ses phosphorus, arsenic, antinony, oxygen,

bi smut h, sul phur, selenium and nitrogen, and Bis a

l'inking group between A and C, and the R s are the

same or different and each Ris independently

el ected from any honp or het 0 drocarb roup and
AL FracEes e MAEed In GRS NP o o s Eas Hehend the
artmﬂlﬁkﬁ@hé\/eﬁ‘e \cahdired uarniowﬂlafstﬂoqsroﬁa@tm/ma‘talﬁ}«awmfr&nmut 1:1 to
3§él1wh| ch at least one of the Rs is substituted with a

ar substituent. 50. A catalyst systemas clained in
d a| m 49, wherein the Iigand conprises of mJIti pI es

A-B-C(Rm 51. A catalyst systemas c
B o1 B iy60tss 39 PRy e Gl AIBR S25io i bioh apludes the step of
aaafhgho mobaaalymts%t@mtanmalck lalLﬂﬂlﬁl((Jrlgz%ﬁCp') A guhggh %o&ﬂite of between 0.01
ornmul a - b-
t%gé‘iﬁﬂmg%%fg‘ﬁ gﬁ*@ﬂ&ﬁtﬁ@?"éﬂﬁl% C(R3) (R4) where A and C

are independently selected froma group which
horuys, arse mut h,

nprises pho an

T DR Ces P ] 1T B PR OLSITE Ao ah rdaekiis Mlides the
stpcbf RixingRthe E@nmﬁnﬁﬂof«ﬁeecatmglﬁms@mmlahywhwh&ﬂe béta@en -20°C

82 §on'% and 3@2@1‘1 I ncl udi ng heteroaronmatic,
2B A0 G FreEheR S8 e one of R1, Re, R3 and Rd is
substituted with a poI ar substit uent . 52. A catal yst

ystem as cl ai m 50 or O ajm 51, rei :
Lronopiiess B Taed i Precolbiaiis Pdo 1 AER Jalhgb. wherein the
phefuet stegepniat cohtadied witlo theaddtalgdt sdtemRat, a npunstufdradgifg between

ubs({a iﬂlﬁcgd by any substituent on an atom adj acent to

ound to A or C. 53. A catalyst system as

clainmed in Claim51 or Claim52 wherein not nore than
nts on,t

w ,of R, R2 . S e
4By /PSR duTeR T SeBH DB Fed 6 Bidhneren BiptiykSciopentane
andnastysénesgyslopentane ateformed asprodatteahd indsherddntly atake up at
Q bst i ., R2, R3 and R4 are not on
‘%)eﬁh?{g?t% ea%nog%cgﬁire?rg qfﬁie AP¥bound to A or C. 55. A
catal yst systemas clained in any one of clains 52 to
ein.at. | ea ne, of « R2 R3 and. R4 j
Bibs ) Blringrifiien 232 BeerthEhinlesrfiion ptgand
hbtercbdtmmcargami Hesombed by that follnvmgjgehd:ra)l fémmﬂa GR),JS@ CQR)m where A
s..cl ai N any.qne
B8 U aPERAT 3315168 e e Bt o BhSSiibeie, frenic
arfimoRg oxRienabidnfedh, sukphet, seleniam, dond aitrioggn, and B is a linking group
between A and C, and the R's are the same or different and each R is independently
selected from any homo or hetero hydrocarbyl group and n and m for each R is
independently determined by the respective valence and oxidation state of A and C and
of which at least one of the R's is substituted with a polar substituent.

50. A catalyst system as claimed in Claim 49, wherein the ligand comprises of
multiples of (R),A-B-C(R)y.

51. A catalyst system as claimed in Claim 49 or Claim 50 which includes a transition
metal and a heteroatomic ligand described by the following general formula (R'}(R?)A-B-
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57. A catal yst systemas clained in any one of clains

49 to 56, wherein A and/or C are a potential electron
woaoawosé4es coordination with the transition neeair/zA2é3/000186

A catal yst systemas clainmed in any one of clains 49

to 57, wherein Bis selected fromany one of a group

conprising: organic |inking groups conprising a

hydrocar byl , substituted hydrocarbyl,

het er ohydrocar byl and a substituted heterohydrocarbyl;

L,pargani.c |inkin r oups co i Si single atom | j.nks; .
QAR Wiees A 2ndl G 25 BligeeiBly Seifhtedieinya Biup which comprises
phbspEHolnyd, Bedenid, antmordy, Biseiuttanand Aitrdggrhamny Besa linking group between
AshoBl BTG o 5 BTy LS e ot an
anorelating mludglghﬂietdbemmdwl grgnwﬂfo\lahibm at @ggmwm &R IR R® and R* is

S tltut t erpatom and a hal ogen.

SEE%&‘/‘%@ME@ RS RS0 000186 59, A catal yst system
as clainmed in any one of clains 49 to 58, wherein Bis
el ecte to be a single.atom spacer.. 6 A cat al yst
Ryst nalaviuPaates ey 1B HEDENT L 5k e sadior R', R RO
ar:]»ﬁem"eiim afbnhaicslﬂ‘ﬁcmﬁﬁ@ Peteﬂndb@hmati’d( Rt -not desfeRh RS RS and R* are
I or selecte romthe groups, consisting o
ARS8 By 3y B! an Y Ao rRbeTE Fbiep atan aUaF Ao C.

aryl oxy, substituted aryloxy, halogen, nitro,

5%;58 é:ﬁ%élﬁ?qnﬁg%t’emc%r %Héquﬁﬁﬁlaug:qlﬁgﬁ)elﬁ%o%gv gEe?r? Hgtl rhore than two
ofl &' RFaRP wrs R’ hevesibstitiedtsanythe atoasadjacene tb thietatorabyured to A or C.
these substituents. 61. ; A catalyst systemas cl ai ned

in any one of clains 50 to 60, wherein A and/or Cis
S4ndepecatalyst systexi ds sletndayin$laiBe52, Wiareifl, anyhpelae stibstituents on R,

f A and/ C al |. f h oxi.datiaon. 62.
R REPAT foray TP e SR biheafErR oA a0
to 60, wherein A and Cis independently phosphorus or
hosph idised b or S 63, A .
PO T8 Bl a2 S e ot n
BR', R’ and RR1s sURBLituRel witinalpRér subatiiuedisgrethed et dryfurther atom from

t fir roup conprising a benzyl, phenyl,
tﬁeﬁ%ﬁ" ‘?%CglyFiﬁ??EOe}r?gsi tyl, biphenyl, naphthyl,

ant hracenyl, nethoxy, ethoxy, phenoxy, tolyl oxy,

i met ] ' .ami no et hyl am, n ,
o, o ML ST TP RSP BB A5, wherin any ol
substitesrity bis bhe br mdreneftRly RhyRiremd\R* arerelebiyon dendting.,
et henyl, propyl, butyl, propenyl, propynyl,
cycl opentyl, cycl ohexyl, ferrocenyl and
et r dheaialy$tiayatey agclaimed B4nyAdneadf @lajms 49\ts 56nwhsrein A and/or C

o o p PO R Bict o Fepd i BB ou,
conprising a phenyl, tolyl, biphenyl,

58. A catalyst system as claimed in any one of claims 49 to 57, wherein B is selected
from any one of a group comprising: organic linking groups comprising a hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl and a substituted heterohydrocarbyl;
inorganic linking groups comprising single atom links; ionic links; and a group comprising
methylene, dimethylmethylene, 1,2-ethane, 1,2-phenylene, 1,2-propane, 1,2-catechol,
1,2-dimethylhydrazine, -B(R%-, -Si(R%);-, -P(R%)- and -N(R%)- where R® is hydrogen, a
hydrocarbyl or substituted hydrocarbyl, a substituted heteroatom and a halogen.
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napht hyl, thiophenyl and ethyl group. 65. A catalyst

systemas clained in any one of clainms 50 to 60 and 62
woao@hsedierein the ligand is sel ected from anpcomza2af3/000186

a group conprising (3-

met hoxyphenyl ) 2PN( net hyl ) P( 3- met hoxyphenyl ) 2,

(4- met hoxyphenyl ) 2PN( net hyl ) P(4- net hoxyphenyl) 2,

( 3- met hoxyphenyl ) 2PN(i sopr opyl ) P( 3- net hoxyphenyl ) 2, ( 4-

nethoxyphenyI)ZPN(isopropyI)P(4 met hoxyphenyl ) 2,

t hy %‘ié&%{j@/ﬁ HL?%QQW&W)} gne of claims 49 to 58, wherein B is selected
t¢ Be mesdiriytxsphespdcd phenyl ) PN( net hyl ) P(phenyl ) 2 and
(4- met hoxyphenyl ) (phenyl ) PN( net hyl ) P(phenyl )2, (3- 39
WO 2004/ 056478 PCT/ ZA2003/ 000186
atet hoxgqhigstysydteptanathirdNimahyyhe B Saift4uossoheRdein( P Reselected

AP i ST Fln Dy R el e e prsgeof o
sopstjtuted 3alkyreahox yibetitneo 2P aeidiyl )sdbpteru! aslokdhalogen, nitro,
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deoupisr etivetivgptheradf) atidN(rd-substituted with any of these substituents.
met hyl cycl ohexyl ) P(4- met hoxyphenyl ) 2,
(4- met hoxyphenyl ) 2PN(decyl ) P(4- et hoxyphenyl) 2,
6(14- et dedalygtisgsig ) PEinedtiy by ol oredldies o6 8Y) wisreindk and/or C is

G B8 ARy e o

s(dh bxidattoophenyl ) 2PN( et hyl ) P(4-f | uor ophenyl ) 2, (2-

f1 uorophenyl ) 2PN( net hyl ) P(2-f | uor ophenyl ) 2,

(4-di met hyl am no- phenyl ) 2PN( net hyl ) P( 4-

6ai rreWﬁgdtalmtraysteheas' IcDaRned in any one of claims 50 to 60, wherein A and C is

AR RS PR LA S NG o
(4 (4- nethoxyphenyl)

B Lt SRGER B it g o P2 B PRty 5. R R

a66 R'Are mdaquienﬂyselemedﬁom agroag canmprising adfentzi?lephﬁngl 1, xylyl,
| an t al | S sel

R0 Bpeb FE b ARE ReBh ks SRS ooy

dnnd:tmdelmmwm dletbylgmtman memaethtymmr:aantmidenw,angglmdym thioethyl,
0 yst em, ascl ai

AR EPRED BTy Gfn. A B Pl T a5, 5B e, outn

prageall, p@pyrhw ayclopentgld cydloheaylafeyrstersy athe tatrahydrbirargtgroop.

Claim67, wherein the transition netal is derived

froma transition nmetal conpound selected froma group
6donpA eatalgstafystem asolageed i asl dne ofosigimsi 49 ®©a63, wharein R, R?, R®

ahd %lren mdieséhcfé%ﬂy lsgféc%rddfro% %a&gm; }nlp'rlglné: %”Eﬂe%r, tolyl, biphenyl,
naphthyl, thiophenyl and ethyl group.

65. A catalyst system as claimed in any one of claims 50 to 60 and 62 to 64 wherein
the ligand is selected from any one of a group comprising (3-
methoxyphenyl),PN(methyl)P(3-methoxyphenyl), (4-methoxyphenyl),PN(methyl)P(4-
methoxyphenyl),, (3-methoxyphenyl),PN(isopropyl)P(3-methoxyphenyl),, (4-
methoxyphenyl),PN(isopropyl)P(4-methoxyphenyl),, (4-methoxyphenyl),PN(2-
ethylhexyl)P(4-methoxyphenyl),, (3-methoxyphenyl)(phenyl)PN(methyl)P(phenyl), and
(4-methoxyphenyl)(phenyl)PN(methyl)P(phenyl),, (3-
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69. A catal yst systemas clainmed in Claim&68, wherein

the transition netal conpound is selected froma
wagnroumsea8pri sing chromumtrichl ori de PCT/ZA2003/000186

tris-tetrahydrofuran conplex, (benzene)tricarbonyl

chromum chromum (I11) octanoate, chromum (I11)

acetyl acet onoate, chrom um hexacarbonyl, and chrom um

(1'11) 2-ethyl hexanoate. 70. A catal yst system as

claimed in any one of clainms 49 to 69, wherein the
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N e A SRR e ol and by ypReny P(4-
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ety elnnalbidpniin s deanefylanifPbenddmumenpe
thhy_dahmb -phenglpl ect ed fr or(n-mhomﬁengg)zm@ﬂyl)m4 methoxyphenyl),,
, nds, or

e e T o (T

phmyh)w’m(mwp&myuﬁ(@(mgemexyphenﬁr glﬁiyl)z ?CI ds landaﬁ@| ts, (4-
oric erate, silver
M qxg? 5{%‘8%{@(%%'{9%'&%%% &xaf | uor oant i nonat e.
75. A catal yst systemas clained in C ai m73 or Claim
4, ] t .
81 ey P ot -2, EBIniec, 2w 8, SCh! el 4219 Svisreln the
tréhgition Mbtal isteefezten frdne faaj/ byé af ajg‘rd\;\uﬁ_)caﬂﬁp,rlsmg _chlt‘nrmtu?r @slybdenum,
fop s L ect rom gr ich consists o
t%@?ﬁ@?tg?whﬁhg%%ﬁgm(e%&@jﬁm %iq‘%}u'f%gp'ﬂm'noxane (EAO and
nmodi fied al kyl al um noxanes (MVAO). 77. A catalyst
I ' 76

oY and S SHelERH ok T Al s S is ams hE B igreim the

trangifior met@his dhmrmumvl de Al/nmetal ratios from about 1:1

to 10 000: 1. 78. A catalyst systemas clainmed in Caim

77, wherein the transition netal and the

68. A catalyst system as claimed in Claim 67, wherein the transition metal is derived

from a transition metal compound selected from a group comprising of an inorganic sal,

organic salt, a co-ordination complex and organometallic complex.

69. A catalyst system as claimed in Claim 68, wherein the transition metal compound
is selected from a group comprising chromium trichloride tris-tetrahydrofuran complex,
(benzene)tricarbonyl  chromium, chromium  (lll) octancate, chromium (lll)
acetylacetonoate, chromium hexacarbonyl, and chromium (1ll) 2-ethylhexanoate.

70. A catalyst system as claimed in any one of claims 49 to 69, wherein the transition

metal is selected from a complex selected from chromium (lll) acetylacetonoate and
chromium (lil) 2-ethylhexanoate.
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al um noxane are conbined in proportions to provide

Al /metal ratios fromabout 1:1 to 1000:1. 41 WO
woQlBeG4 78 PCT/ ZA2003/ 000186 79. A cat al yst pey&A2m03/000186

as clainmed in Claim78, wherein the transition netal

and the alum noxane are conbined in proportions to

provide Al/nmetal ratios fromabout 1:1 to 300:1. 80.

A catal yst systemas clainmed in any one of clains 75

to 79, which includes a trialkylalum nium conpound in

mount s .of .between 0,01 t
721 ky aﬁ}%?/ﬁoygﬁéa aglclalmgg 'B?a%'n}ng% rdgrﬁé'?'ﬁéga Wherein the transition
rrmmﬂrgmta dnamtition asetal aompouridn ]?amyweweateﬁqéglngaun?s aﬁe}? cb@bined to

for hetetra risati . e of a

P OV{qee{Pr%tPf/ igapd 6?;'08 o e Utg&g 1@93%369@1 Tred in any one
of clains 49 to 80 for the tetranerisation of

t hyl,en e of ri sation
7gr océ's a?%¥§cqs FRae 'Hacoll SVQZﬁ W ?re@atg?ﬁﬁa“f' ipg mejal;eappund and
heteratomi4ligabld earefcoanbineglated plovide ametal/iganEr fafiéd from about 0.1:1 to
1ggt al yst systemas clained in any one of clains 49 to

83. An olefin tetranerisation process _
substantially as described herein. 84. An olefin

:tsg i%fﬁitg}'zsg?rﬂca%t iaé%ed in ns’yt oenrg o%ltlr?esctzlg‘lmsl A?d tlo%z?l\%hich includes an
actlvator.

74. A catalyst system as claimed in Claim 73, wherein the activator is selected from
any one of a group consisting of organocaluminium 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.

75. A catalyst system as claimed in Claim 73 or Claim 74, wherein the activator is
selected from alkylaluminoxanes.

76. A catalyst system as claimed in Claim 75, wherein the alkylaluminoxane, or
mixtures thereof, is selected from group which consists of methylaluminoxane (MAO),
ethylaluminoxane (EAO) and modified alkylaluminoxanes (MMAO).

77. A catalyst system as claimed in Claim 75 or Claim 76, wherein the transition
metal and the aluminoxane are combined in proportions to provide Al/metal ratios from
about 1:1 to 10 000:1.

78. A catalyst system as claimed in Claim 77, wherein the transition metal and the
aluminoxane are combined in proportions to provide Al/metal ratios from about 1:1 to
1000:1.
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79. A catalyst system as claimed in Claim 78, wherein the transition metal and the
aluminoxane are combined in proportions to provide Al/metal ratios from about 1:1 to
300:1. ‘

80. A catalyst system as claimed in any one of claims 75 to 79, which includes a
trialkylaluminium compound in amounts of between 0.01 to 100 mol per mol of

alkylaluminoxane.

81. Use of a tetramerisation catalyst system as claimed in any one of claims 49 to 80
for the tetramerisation of olefins.

82. Use of a tetramerisation catalyst system as claimed in any one of claims 49 to 80
for the tetramerisation of ethylene.

83. Use of a ligand for a tetramerisation process as claimed in any one of claims 1 to
5and 7 to 48.

84. Use of a ligand for a tetramerisation catalyst system as claimed in any one of
claims 49 to 80.

83.  An olefin tetramerisation process substantially as described herein.

84.  An olefin tetramerisation catalyst system substantially as described herein.
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