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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 94/95S12).

Ziegler-type technologies based on frialkylaluminium catalysts, independently
developed by Gulf Oil Chemicals Company (Chevron, e.g. DE patent 1,443,927) and
Ethyl Corporation (BP/Amoco, e.g. US patent 3,906,053), are also commercially used
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Chem. Int. Ed., 2003, 42 (7), 808). It is argued that the nine-membered ring is the
least favoured medium-sized ring and should thus be disfavoured relative to the
seven-membered ring (Organometallics, 2003, 22, 2564). In addition, it is also stated
by the same authors that, “if a nine-membered ring formed, it would be more likely to
grow to an eleven- or thirteen-membered ring. In other words, one would never
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According to a first aspect of the invention there is
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stream of the process. According to a second aspect of
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tetramerisation process is an olefin and makes up more than 30% of the product
stream of the process.

In this specification, % will be understood to be a mass %.

The term “tetramerisation” generally refers to the reaction of four, and preferably four
identical, olefinic monomer units to yield a linear and/or branched olefin.
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TRE QRINBOS MRS the lI§ARITT G&flyst system and/or process conditions to be
selected to give a product stream of more than 40%, 50%, 60% or 70% o-olefins. It
may be preferable, depending on the further use of the product stream, to have such

high selectivities of the a-olefin.

The olefinic feedstream may include ethylene and the (Cg + Cg) : (C4 + Cyo ) ratio in
the product stream may be more than 2.5:1.

The olefinic feedstream may include ethylene and the Cg : Cg ratio in the product
stream is more than 1.
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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,
Aand Bor B and C.

Any substituents on one or more of R', R? R® and R* may be not electron donating.



froma group conprising a phenyl, tolyl, biphenyl,
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gl@Up.up B . Mre speci f| c but not limting, exanples

of such Iigands may include 1, 2-di-

(N(P(phenyl) 2) 2) - benzene,
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aryl substituted with any of these substituents. Preferably R® may be an isopropyl, a
1-cyclohexyl-ethyl, a 2-methyl-cyclohexyl or a 2-octyl group.
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B( PBRg rﬁé' sel&dtaPeg Mel §%ﬁfg¢§3¥{o}’rf’ @B&%’FY |A?s1ngle atom linking spacer is
hen ) 2PCH2CH2P( phen

R TS ey oP bR ioR Gy 1ot sthaptpirectydorh and .
et hyl phenyl ) 2PN( i sopr opyl ) P(o- net hyl phenyl ) (phenyl),
(phenyl ) 2PN( benzyl phenyl) 2,

AER&nH ke indepen XW‘d‘Séﬂ by 1S) BepNer{. ) 2,
(phenyl ) 2PN CH2CH2CH2Si (OVE3)] P( phenyl ) 2,
(phenyl )2PN(cycI ohexyl% henyl
G IMayHg pdarandenty/e Qﬁﬁgglylp)op(pﬁﬁ%qmrgszomdlsed by S or Se or N
of ohenyl ) 2PN(al | ylI') P(phenyl) 2,
(2- napht hyl ) 2PN( net hyl ) P( 2- napht hyl )2, (p-
bi phenyl ) 2PN( et hyl ) P( p- bi phenyl) 2,

Tﬁg'llt@'ﬁlfdgmﬁgwgaprﬁf N(rﬁi‘ﬁfnﬂé! IQ{;MB @Qm’urﬁ’@eﬂﬁ ¥rditing examples of

S@%hlwﬁ @pN@ﬁg@ﬂwlquﬂgaﬁgq; ysp(vg}l] @ﬁyggrg:{s where the individual units

a(&&d@‘é@é%@?ﬂ:ﬁ'o\@%}‘lﬁﬁﬁbWEHG%'%&@SW'VPJ‘@\@W&%Q 'group B . More
enyl| i sopropyl ) P(phenyl
é‘%‘féhybgﬂzpi 2t S)iRtingo pPERSIRIGP( aﬁqewh) digandfe way ainghde 1,2-di-

l}ﬁ% b'eﬁﬁédéde an activator andqyhg. N(P%El?érﬁll NB¥enzene,
|nclude

[

NS BRI Gl Bt - @(eneamam@nas%m%mnyaq YoenFes:

and an activator. 7 WD 2004/ 056479 PCT/ ZA2003/ 000187
rocess may include the step of generating

Th% igARgis: G ke Ef?@ﬁtﬁ%'éﬁ'“%ﬁmésﬁ‘ﬁﬁé%now taiong skilgimthe art and
pidcafiriet | QfisoiBRkal iRr RNSHRY AREradurBet Eké}ﬂbleﬁ‘ of! IgaRds  are:

| ud h

v REREa T BBl on conpl ex. © pr efaeEUI BN BRYAAP(heny):
<mﬁhﬂozm;ﬂmn9l Pipgiand),and a tr&(ﬁﬁéﬂ m@%%oﬂrp%wnﬁ%henyl)z
(R ER D P Db rens FBenir. (BheruE NI b N-mardapliaelkenayD:
(rtrfeaw%PN(snmm)a(phleﬁmc gr Sotr Sucht t hﬁt ngt g?{eﬂm%@tﬁml‘ﬁCHz)N

ex o a ransitio
(%Q‘ﬁ{égg{] hﬁﬂb(g nﬁz By generating a Keib¥iE{isprrepy)P(phenyl),,
(emm(mdmt)mngﬁggg(emyn @hémﬂ)u ' Imﬂahenw)ms%gteg l)PS(IiDhSenyl)z
P SN By oo e YA RGPt | o (o
eg@mnb@txprﬁeraammtpe@bw)n(mehwz TyRbﬁﬁ%tggphédwsz(usopropyl)P(o

rec
et AR oo e e benriP @REndlr u{PheashaPbU T gulonet
emt)lanhbthnd rati ?s frog1 a%p,msh |QPQ[ch?@HZCHZS;chQQ}Plphenyl)z
G N v I e RV TR sw%’(pheny')z
(@eoylmPcmﬂyl’)Pﬁihegyl);hr om L@mnaplﬁthill)ébdl@ﬂéﬂﬂiyl)l?(lzﬂ%h o,

[

ophp Ak Rm SR Hiher B e e Re ke SBnetirh S eﬁéﬁ&%w»
(vihiophgnyl):PR(rhétayliR(Rehioplianyi)s pr@amPWethanN@%thwwpﬁenyl)z

(ﬁﬁ%&b%@i ﬁ%fﬁy(l = el)I:’ trn%jle Jlﬁﬁearlltyf) (phenﬂ%g&?lsopropyl\g(phenyl)z
and (phenyl),P(=S)N(isopropyl)P(phenyl),.

The catalyst system may include an activator and the process may include the step
of combining in any order a heteroatomic ligand with a transition metal precursor and
an activator.



may be a sinple inorganic or organic salt, a

co-ordination or organonetallic conplex and may be
weebaaisedof rom any one of a group conprising CRCDZAQ03/000187

trichloride tris- tetrahydrofuran conpl ex,

(benzene)tricarbonyl chromum chromum (l11)

octanoate, chromum (Il11) acetylacetonoate, chrom um

Thexsiecash oraylincludedthe metvmflgenenatimg a Zletemd’(grhh:e)oamaatlen complex

TR B8 S 0l ASGRHRE S s may

I@mmehﬁgarcdaideﬂngﬁaDrhéQrefreuacamdlnatiqngemdpleanpr‘epared using a
t I

rBRALAOAR, fefhnf ol 4 Mpllod ot GO, 61218, Mfure ey the

stemfsadﬂlncrsenenaﬁly tosthe seadidre a dieteredtemizt ligdnd anp artednsitios metal

PLAAERE PR 3n CR 3R ot Fdbrnallnl BRPSRTa Bitlhfion greta i

gehsratadon fsiy. Byeganeraiing dmerbebmlcumdmatmn amnipdex in s:tu is meant

o5 ) B IS0 oS BBR i, Syl o, e

Tyniesly, ﬁh%h%tetqammlﬂ@pawdlna@n@Icemelexoalgeaérs’@dbe situ. Typically, the
tn‘aﬂ?‘ﬂg’ﬁ Heﬁeﬁ’ﬁ rsB|' %Wd %tér@&f)%ﬁ:tl aﬂ@tapé%?qﬂr&énb%g(b%ﬁn {nhSétu and ex
sty ke maw%meéal/agand‘ mtloeirarrpatmut Aot toat0e@0mY, aRd preferably,

HaLW tq al Chi nese J. React. Pol., 1992, 1(2),
fr}gsz 1dlg0?o1r@|1r91rmb| lising platinum conplexes. 8 WO
2004/ 056479 PCT/ ZA2003/ 000187 The activator for use

Ye

1B B8 B8 i L B84 P 16 AT o,
W@eﬁﬁmoﬁﬂ@ﬂtﬁfgaﬁanlamd tanfelunt, avasiadiuon andetiadonium, preferably
cAFfsunRsor. Mxtures of activators may al so be used.
Sui tabl e compounds include organoal um ni um conpounds,
or ganoboron conpounds, organic salts, such as
T'Fﬁ%ttfb)ﬁgftlbﬁ méﬁnﬁ%rﬁtmé Bﬁ%‘n F%%tﬂ%gﬁetér@{)ﬂﬁﬂlg‘énd and
acids and salts, such as oboric
agt divalon, catalyspsr ethhé'@ﬂ%tftﬁtm@@@hm & asentdlanpe with the invention,
e & @W&@%degﬁ%reorgé’rgg sélh% do- é‘r@mat%H b Qn?m?tﬁlllc complex
organoal um ni um co s i Acl ude conpoun
angd Mgy Be Agirdted fﬁﬂﬁb?'éy eae Bf R areun eafeprisingeshrpwivm Gichiotide tris-
te:vlléﬁ%roﬂﬁan PR, @dy’ﬁké\# !rf@&&ﬁﬁﬂ%?’or@ﬁma&w Pr‘flle(lll)atﬂﬁianoate

oun S SucC

Ch'i%'l"\!me IIT) ?P?ﬁé’ﬁ?ﬁ;ip%@aﬁ% ANTRIYNT Nisacarbor, hgn@mmwuuum(lll) 2-
e(hmanéarté Tﬁé’%f&lr@&l LHQn@FhHrﬁ“rﬁéibBﬁ‘)echsHs fhclude chromium (11

octyl al um ni um um ni um d 'oride
aé?tbftjépﬁtpﬁ?ﬁtﬂian’fPBFOmW'BKﬁ”é@ ethymeafemm al umi ni um
chl oride, diethylalum niumchloride, alum nium

I sopr opoxi de, ethyl al um ni unsesqui chl ori de,
Tﬁﬁt*}%fa@temqq'i%ﬁé é?§q (hechPdifiediio beatiackiedrip orelyreer chain so that

thd FEUMAY %Bfé?oa%rﬁm@o"dlﬁél%%oh{blém tAé ttraﬂ&’uéﬁ/ gde?é'}llé ¥oluble at

ol i goneri ¢ conmpounds whi ch can e _prepare
eleyaibdPmesralites. oub Rewmesipealuble 8535 &t WSamnwaﬁmM@uld enable

tr@f&@@%ﬂ? of HRr confIRbM the 'ré'@ﬁnbb/ 'nﬁith'l’@ fBI' FHUse @ has been used
nﬁoun can be |inear )é

for other catalyst as descrlbed by D.E. ergbrelter e al J Am Chem. Soc., 1987,

109, 177-179. In a similar vein these transition metal complexes can also be

immobilised by binding the heteroatomic ligands to silica, silica gel, polysiloxane or

alumina or the like backbone as, for example, demonstrated by C. Yuanyin et al.,

Chinese J. React. Pol., 1992, 1(2), 152-159 for immobilising platinum complexes.



m xtures thereof. Mxtures of different alum noxanes

may al so be used in the process. Exanples of suitable
wonrgawsbopon conmpounds are boroxi nes, NaBH4, PCT/ZA2003/000187

triethyl borane, tris(pentafl uoropheny)borane,

Thé bbilaydr FOrUsatig tRfodde nhé;}ﬁﬁ priﬂ_él?le%%td X%Wpoﬂﬁd’ tat ééherates

be gr contain a conp ound t'hat ac reducin

ag,acye cRglvshybar Coglﬁ’mda‘y't%&ﬁ betetatomigdigaad and athq trameition
mlekad EpreSUirs XX WHRIDrAN 6f bbMydtdrk emay h&ﬁ’soa%' LYs%HorSLﬁ'@Me b&mpounds

sel ect ed from al kyl al um noxanes such
INGRIARArSANANUTHN HReCOMRaNDYS, ﬁaammmcmmﬁarwgemwtawch

aﬂ\@rﬂéth)ﬂ!ﬂhlmdérfd rﬂ&h?in%@énklﬂi‘ EPSI f| egwo?r%é‘rﬁb ?@?S BREshikeuch as

t hyl al um noxane um noxane
te(tféﬂ!é%f Rhericcagd etfpﬁr%iauéltvef F%fﬁﬂw@aorﬁtﬂaeﬂosiluerbhe@ﬂngroantlmonate
and®theflikger groups such as isobutyl or n-octyl groups,

in addition to nmethyl groups. The transition netal and
t he al um noxane may be conbined in proportions to

SQitéb!é Qﬁ‘%an‘ﬂddﬁﬂﬁl@}n E@i‘hb@lind‘sr m&@oéﬁmﬂou%dg oof191e099m11la AlRs,

Ere era from about 1:

pr&f %?%Ry‘sf'i“‘éﬁﬁeﬂdi”tlyoa %6311 alkell wn ano%wgng moiety or a
h&ldE] ZARPOAPAIRE sthe B5 O£ A%, Ml i el YRe té}&nﬁﬁe%o Akiude

addln to the catal yst systema trial kyl alumni

ringiRdd@Inym APMOh tristialyainiwe AT RN otri-iseputdaominm G BIBA), tri-n-
oét?lbluﬁflmﬂlhkw FhethyiAmaIEn | tdishesdd beetﬁ‘}%lﬁr%rﬁtnﬁ‘t dichloride,

m noxanes %q neral ly al so contain considerabl
glygium oenleride. Fethulaperalmg chioride. kﬂ'L&‘I"O'HTThH%RﬂYOPOXIde

el®y Iﬁmulﬁidﬁ\sé‘é‘(ﬁﬁi:hldﬂldbh@ﬁéthﬂél@ﬁﬁﬁl?fﬁéééﬁwcﬂlﬁﬁde PERS €A1GRirkanes.
ese trial kyl al um ni um conpounds in al um noxanes can

Aliapanes el gona e a1 e el okgpgese e mpounds which can

badtefared By tHiUeshroad addifort &f \ﬁétléb’{oaéN mkPImelﬁemmund for
)%uoted in thls dj sclosure is additiona

RIE S m B oates coBwesNdReFali b livear heyclic, cages or

mdtures npERoe sMixlites T OGIFGRNIRIUNIAGAIREE hBP aldPBeOlised in the
m xi ng the conponents of the catalyst systemat any

PO&HTRer at ure bet ween -20C and 250C in the presence of
an olefin. The applicant has found that the presence
of an o et' abilise the catal yst syste The
ERHBER L S Dl RO oo s B Garbrtgs NaB e ey Bene,
tris reatafiuomyphdrey)isaramd, ity Bbra badeRUkby or sequentially
in any order, and in the presence or absence of a
solvent, in order to give an active catal yst. The

The aéth/gtomhdyfwsm@é al aohitairt EBAPBIAG that Adts BE aGeMstiNg &bx@dising
and 250C. The presence

erat.u

g, &5 B PR A e Al ot 2F AP, O GRSl e

conmponents generally prOV|des a protectlve ef f ect

which may result i i cat al erformance. The
T el E oL g st B 2lSE iSHEh slhan o0 aiminoxans
(MAOXand ethylaluminoxane (EAQ) as well as mOdIerd alkylaluminoxanes such as
modified methylaluminoxane (MMAQ). Modified methylaluminoxane (a commercial
product from Akzo Nobel) contains modifier groups such as isobutyl or n-octyl

groups, in addition to methyl 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 catal yst system in accordance with the invention,

or its individual conponents, nay also be imobilised
woyosHyspoeting it on a support material, for eramziAe903/000187

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

po?r&g?%sp@?% }r@gﬁlﬁe tﬁé%te@ 6% l?gotoRRJe Fﬁ%f% sre?gfem a tr|a||3ylalumln|um
carmpaungdm amannib@f bé¢tweard. Q1rt0§DfJQ| mther'rmolmf ekkelabmmxanhe

support material, or the support can be pre-

i npregnated or prem xed, sinultaneously or

It shauidbei rateq thahiatuminmanes genrrellyoélse isentainacansigetable quantities
o PIEPOSIRbBaihg' T 1 bipoihiP Aty [PiRe Blepti@fion. The
prepenasaafihessutidkelblymirfiemicompatrds in@lundooxapey ceffi be lagributed to

th‘éﬁ“u?éoerptletE 9me 3Jrg% \X/lﬁ]a\ﬁ%ljep '%Hér/‘ucgbg off %rtnélggélﬁmm;[ r}'ﬁ coawpound

conce exanpl e fuIIy nons
qwtedwrath@hdlmsme Iseastsiitionahip| adiydaluminiver ccsrapmmdsmnwur;esitwuthm
-egg% i and Y. Sasaki, J. Mdl. Cat.A Chem, 1987,
m%%$¥m? - 99 In sonme cases, the support can al so act
as a catalyst conponent, for exanple where such

Tﬁ&ﬂﬂﬁ%éss f%Fu%b@h@%PHbFWB%&%bH ébf hS%a%ﬁs\"Q%‘i{m at

capa ar C
afyy m;pemwreaé)eéwee@l taﬁan"ﬁoamhéw Whiire hhe sprésencqz 9§ taan olefin.heThe

SR o U Ty B O e

reacti on products as described herein, may be prepared
T"’@'“@%ﬂﬁaﬂweeﬂisf? B BRI R UTRIPP Rl
S ﬁmﬁﬂUlSWsQﬂ seswentiadlyidn @ny sydesl @and yin e prasencavae pbsarige of a
sAFR! M%rd?&’t%t G b ab{\/eaceft%@ fﬂbaﬁqf%qgagﬂ | ¥ aldfst bmBbnents

no sol ubi hase

car‘eh%pp@dvct%@t/am tamppr@ltu(e pﬁmnréa@‘iq ard 2P0WhiTbR presgnce of
aﬁ 8@9@ Ghnﬁ’gj"f#{e%lxﬁﬁ ‘Bﬁ’tﬁ%tcaﬁil)%ft E&RpSREnYS é’?%rél@g)rom J‘&%‘ectwe

di um and/ or gas phase Teacti on, vent | ohal

%%Mpwéﬁvasamult tidmpeved ﬁgtatyétmﬁqqm@gce T peiered $empgrature

ra%b@%éiﬁoéﬁét\ﬁ/ééﬁjz@@addﬂtﬂﬁc' nert solvent. Any inert
sol vent that does not react with the activator can be

used. These inert solvents may include any saturated
Tﬁé cRBRkst §ys*?é}ﬁ| iHRBbrERdLHitRkHPR Aton a&dltsafnem%bpi;omponents

ydrocarbon and hal ogenat ed hydrocarbon. Typica
”@Mlalﬁéwl?%'m'ﬁ@b'bﬁfé* bybeHPPAFIEgHbeN R svPPeid maseriabday example, silica,

albﬁilﬁée nﬁlgd&}" Ad6nia CHMBRRUrSAERARBST, dFEbRYA Cy&&rﬁaﬁ Xi%F‘ eeaxample
nmet hyl cycl opent ane, cycl ohexane, 1-hexene, 1-0

polgpinylens. cﬂﬁ’i’)'(ﬂ’éo%ﬂﬁﬂ'et pRlvstyTRES, ormelykarepesiwrena) The it ean be

foPMbd 34 SRE 96 Y gr%séﬁm%mta&mm‘etéﬁm 5&0th33§u9port can be pre-
Et hyl ene pressures in the range of 10-70 barg are

mpﬂr@@r@i%&r PrRiPiKed LHImHINeprEY OF Seaugitials vithsong gpgrore of the
catbg8t 26mpEndiA<.Oin }:Blﬂepéé%%%fﬁhéf%m GRdtEIif defltalsdt act as a
tenperatures from-100 C
component of the activator. This approach would also facilitate the recovery of the
catalyst from the reaction mixture for reuse. The concept was, for example,
successfully demonstrated with a chromium-based ethylene trimerisation 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).
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Tenperatures in the range of 15-130 C are preferred.

Particularly preferred tenperatures range from
wORe0udBA79I N a preferred enbodi ment of the i nvearizango3/000187
the heteroatom c coordi nati on conplex and reaction
conditions are selected such that the yield of

1l-octene fromethylene is greater than 30 mass %
THedeaslian progretatasy dessebeds beiels gnay be prepared usigarthe disclosed
c}zﬂaﬁ)sﬂsysﬂ&’ﬁ R Hd?n&ﬂeﬂ@’éusolfqui‘d }S’r%ts%r}@a é@lh{ﬁ:?gnﬁpp?%s%gg Or Qbsence

tot'al Teaction product forne
of aadw‘h§°'V?ﬂiear¢£§@rc@s§'uwye%qﬂ§@ wfiees thedestalystesystem is in a form
i @'Hdlé}ﬁs%tleotf)r Ao BILISRE, ari’d/orl'?WShaééqfqtnwllﬁlﬁ@ @Q@%agﬁd/or a
t hyl éne cycl opentang, propyl cycl opentane propy
bHchP feslion dpewich peal gresientirNgofdredugh dlefins serve as the
dBRInERt MYddAnS, aﬁ’cﬁ@regéjé BHaY redchibn nl%r'rrg Bolen Ea‘?al equipment and
het eroatom ¢ [igand and the reacti con I ons. ,R
CANABENY t8ENNiGHEeSe ™ products cannot be for msd vi a
conventional ethylene oligonerisation and
trimerisation technologies in the yields observed in
TR Lroness &y 3Ise bacpsigd opt ingm #7@y inert solvent that does
nBCT A 2HP3{NA0RRAtor AahNRIGBed. thé%@t f\leﬁf Séoivehfss’ma include any

i ndi vi dual conponents, reagents, vents and action

spiuERIeE t dlichptic g%!werbmsﬁkwaéﬁ%l @Wé@tl%rﬁm’i cﬁﬁ@l@aﬁqﬁrhydmarbon and
hBRgERate@Myd@tarbBSEypER! 85ILEHS iInchfd, baNsred? Ilhﬂg@%j benzene,

cﬁ,’rleferred to be recycled to some extent in or
HlEmi 3¥lenpr oeHieeNeon heplane, meEYjsyeeleenmaymethylsaeippeniane,

cPeKshexané, @hé%(éfne\/\’ﬂbétané ﬂ@ﬂllé‘ﬂcﬁﬁd@é% fh¥RRe.Of reactor.
Exanpl es of such react’ors include, but are not limted
to, batch reactors, sem -batch reactors and

TRO PrdJRES Hiay hRAZHRdSUt Eh&egé@eé fraiﬂ.\étmegdﬂéﬂ@tos barg, Ethylene
conbi nation a) a.reactor, D) | east one In P

Prassres i dhe nge & 1940 Rareere Pweé%rtqdaﬁﬁﬂb?ﬁ@rly méeferaechpgeesures
regetiRm 39.)50 bgfg‘l uent lines fromthis reactor for

oli gonerisation reaction products, and d) at |east

one separator to separate the deS| red oligonerisation

Thsafﬂbb@és PhAdwet sarrishes @i Bt tRperaitiéd yn%hr SY 86 ec’& BY250 °C.

i ncl ude a heteroatom ¢ coordi nati on co ex of
TEMRAGRNRY AN thet HANgsr et JBsHO aRdaeen péﬁf@rr%t Bartlcderly preferred

thRsratuRRYaR§S BbM-35L1008@0t her enbodi ment of the process
the reactor and a separator nay be conbined to

facilitate the sinultaneous formati on of reaction
IrP& QRleretred %ﬁ%oﬁ%@ﬁ 3 HNinGdntoRe#R hHSBRIHT §o<f<r5iﬂgilémgomplex

Cgact ar. process prl nci ] e is common
A& e OO G| e P BB HER ok e WoIdIo] Srocksnerizam eihyiene is

gRébdrbthes 300masd B*@'dréf%béb'ly“glteafér%ﬁéﬁ/ 88 m&s %e@ﬁtthlg"?e ard yield
roduct s, d is fixed inthe reactor so dg

ey te Arams ple-pelang tormed per 1008 of EdalreRctiop nomsimet formed

sol vent and unreacted ol efin, the process pr|n0|ple i's

co wn as catalytic distillation. Accordin
I %&gt}) Lf%ﬂﬁ ergs Qrogqsstrﬂ@y 2laQ ¥isld dfferentuaatities of 1-butene, 1-

hetepie) dadetdylepdicherifdneSy Sh&RYled®S cyclopentane, propylcyclopentane,
propylene cyclopentane, specific higher oligomers and polyethylene, 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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descri bed above, for the tetranerisation of ol efins.
The catal yst systemnmay include a heteroatomc |igand
weaoeasea7d bed above and a transition netal. TheCT/ZA2003/000187
catal yst system may al so i nclude an activator as
i fpgd e I c
Aﬁﬁ‘(ﬁ%he@\?oﬁ"@%’t its i Eﬁ\gpal og{?ﬁ%’l@];fs %{%ﬁ%‘g sé{x%ﬁtss éﬁ&)‘?gactlon
pmdaﬁté are eseratiy @mﬁ@ﬁltqry aswicedhredgh beaisaagy ofi pwemumatenals
i S8S; t n
gﬂr?r{ﬁit?:’r% in %&ﬁg#&@é@% tgﬁt?ea %Hy&legqg éoﬁ% e\,(xt%l"?txlé%)g&'% to_minimise
plqdnkﬁqmyogﬁoup between A and C, and R is independently
selected fromany hono or hetero hydrocarbyl group
and n and mis determ ned by the respective val ence
ThedPresase ampy bes cartied gut A andleot whichAingludésrang typg db geactor.

SHHR bt SR G FATEARTL R ho n

reﬁﬁ@rﬁemtéﬁ@amuws:rqap@sm d hergianb enaydatudeh indedmybination a) a reactor,
o] SR BTGB 0 e BTRMR U gk, o
eﬁ'@ﬁ@ir'l@ésﬂoﬁh&%‘ﬁﬁc@ foracvlvs;emeﬂsat@ntreaﬁw prbdmtamdadioet least
oRt LERG8RY Rgﬁé’eérété iffe 4d il Bigorf e %Jgt ABGTpOdAES, herain the
C@tg:\brﬁbé)éﬁtﬁw may inpiuder 8 h%p@f@m%ypordmagmwmww a transition
hydrocar byl groups.
B e R ccr  bed by ¢ he
follow ng general formula (R )(R2)A-B-C(R3)(R4) where
Inqarﬁiﬂf%r%n%oﬁlm&q%@ﬁ%dﬁaéés\é tﬁ@yéaa%{o?%nﬁ 2483 |srruaf1wb&ﬂbmed

I ses phOSp orus, arsenic, antinony,
t%f%“'@@%ﬂ‘%ﬂ@“@ﬂ@“& formakipm gf re@pmlpp@duwe@nd/seaar@u@ of these

c&ﬂﬁod%’ds Rfn tH@re@Bl@r %lsaﬁr%cé&dﬁrﬂ?c% & domMAGRly ﬂﬁ&\m" é?eactlve

aromatic, Includ |n% hetero aromati c, grou

dlgpllqtlﬁ@ ayraﬁjrb eRatalygb sy sxhibity nq&ylupm]@p Ppﬁjg(pivepry ob@eactlon
pllddUK@ daﬂoois ‘ﬁﬂ@d Wthé‘%a%td?fso A RRo_E Rel eﬁ’[rth% Rodche V\}lthﬁll% féglctor

group Bto forma cyclic structure together wth
peductasaiventeang urgeagied @ef%ntjﬂesqm@smnﬁ@ﬁw igrpoBmRONdY known as
caBfyfc 8ktilRlion,R2, R3 and R4 may not be el ectron

donating. Rl, R2, R3 and R4 may be independently non
aromatic or aromatic, including hetero aromatic,

AGédwlﬁé t@ﬁduﬂﬂ@r a§béct 'bh@]egﬁ\%ﬁlﬂén Rherefi? pro%ea%dcalﬁé}yst 's§stem as
matic, hav substituent on the atom adj acent

d???é'ba‘# 8RO u?r&h? tptiemeyrisetion of olgfinsa ribetcatalyse sysawm%alﬁplude

at Mérogiontt Gigahd s SRACAHS BB&\}enQnétae"nbﬁs@éH knd¥EI0NPRE catalyst
the selectivity towards 1-octene if ethylene is

SY%?’F‘&?%’@'%%’BC'U@% BB Erkyaler asrdepeiihed abP¥e-no substit uent s
on the atomof the aromatic group adjacent to the

tom bound to A or C. Each non el ectraon
The heteroatom‘i:c ligand is described by the following general formula

(R):A-B-C(R) 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 hetero hydrocarbyl group and n and m is determined by the
respective valence and oxidation state of A and/or C.

A and/or C may be a potential electron donor for coordination with the transition
metal.
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donati ng substituent may be non polar. This al so

appears to pronote selectivity towards 1-octene.
weuid4aBée9 non- pol ar substituents may be a net hpl1/ZA2003/000187

et hyl, propyl, butyl, isopropyl, isobutyl,

Tﬁ@%ttatggalfdngl pﬁééétn\ﬁl ma?eﬁ%i ?] Féd)pdyltt%é following, r%ﬁneral formula
(Rh&HA-! @ﬁé{ }ﬁRérwhere Amdtchwe mdeneﬁnenmq}ectedrie@maygrpup which

cSrtrlBﬁ§Bé| ph%b&%gyérseﬁ dalgn i PQHEM'Pse gg{cgag ldnlaeB QQ% "linking

gg:rL@utpﬁtwgﬂ@p‘\ gnqhg%/ aangiefeﬂzyﬂt . R pemgln? are mqepgndqﬂtlylselected from
hmbérm/l' orbhegﬁf‘Wdroéﬁ?B)Ptd?yQu’b Ufe@r@fa%%lr%/l 1B Muted hetero

Nnox oxYy, h
hM@@@ﬁ'W&H@#@ nethylethylan1no t hi ophenyl, pyridyl,
t hi oet hyl, thiophenoxy, trinethylsilyl,
dlnethylhydrazyl nmet hyl , ethyl, ethenyl 13 WO

The (wteygsiamic PQHUdZﬂ@&CHHQ)@Gl@SCFIQﬂdOpyIthe fallowing general formula

1§ lg
R ERESIFPIRENELe AHE (2 BRIN oo BYALREAR rom sygroup which
Cpmpﬂw pmphwusmrsmy ammanbllemutry apd rstmgeotmdi Bﬁs artinking
r n hgnyd y
R é@htgéﬁp?&rpﬁﬁnos e%r;/ RY, g R hyrfdoh Lralz)eu*nbg%erﬂ%nﬂ)bnon aromatic or
aé%‘l‘@@t @Gluf‘lﬂérhemwamﬁ@at@fgraum oup conprising: organic
I i nki ng groups conprising a hydrocarbyl, substituted

hydrocar byl , heterghydrocarbyl and a subst i t ut ed
ARk thergrakiee B 0. | R mdr@anaxcmriamdmthg pe lipkedctoranei arimaere of

e8EH8her 8 @b 'Ilﬂ%ﬁ% %gdu%]':‘ % ﬂgthﬂ lﬁscycﬁ"(p tLQrEQJJJd_EetI}er Jyith A and C,

conpri sing met ené
Ajargl B phR@p éne, ~ 1, 2- proopane, 1 2- cat echol

1, 2- di et hyl hydrazi ne, -B( R5) -Si (R5) 2-, - P(R5) -
and -NiERS)- where R5 is q IO en g hydr ocar byl or
Ay dlbstitypnisiomger eicaesyaf R'al ﬁjl@@tﬂ iR’ mayndh e efeskion derating.

a hal ogen. Preferably, B may be -N(R5)- and R5 is a

I;]yd_{1 arbyl ,or a substituted hydrocarbyl group. RS nmay
;l%radeelﬁ BRY bgyingrpendentyctascarp et oharagrasigpiscluding hetero

a%hﬁéiicstgfdl&soéncﬁ%ﬂ/ laH tﬁé’%dp’éuﬁeq?m%*yémd /Y5 aromatlc have a

subst | tut ed ary | ox substituted ary

SHeatiBigeh onrihe raéom aﬁdl@@ﬁm:@r Brajem keangdayh @W H|apm9rs to the

a@ﬂ]cﬁﬁ@tﬂébﬁﬁﬁlb atérAsPasRrs RAVIRG steft %Ukydréﬁ’ﬁbﬁothe %bieﬂlwt éowards
ps_or deriyvatives thereof, and ryl subst g

1w0t6mea'ﬁﬁﬂwfen€wést@tr%fwﬁth gepacially g @\eee ars yo Rsb#ﬁye%% on the

afﬂﬁn bSIAR afdtatic @ouﬁ-a@iﬁ@érﬂ@ff%'a@&ﬁ%bun@te A or C. Each non electron
- met hyl cycl ohexyl or a 2-oct group. B may be

de%ert@et s tgegtemgygen@q)ré Palﬁbm%\!ﬁaé'ép apPﬁérSa’ﬁQpiPrP@@Fﬁ selgativity
tdveiesl1 oBmhesuch a singl e at om spacer between A and C
generally increases the selectivity of the
tetranmerisation catalyst. A and/or C may be

SUWéiﬂ@&mq{mérYS@éhtﬂﬂeﬁ@dmﬁy B& aSRethl, Gth{l; pﬁ)p@/ﬂ%lﬁ—%”@bpropyl,
ef erZed’t%g;ylbe i ndependent |y phosphorus’ or or us

'38[25‘%{‘ S S pentde BgXYN gyClepentyl, 2-methy|cyclohexy cyclohexyl,
cylopentadienyl, phenyl, bi-phenyl, naphthyl, tolyl, xylyl, mesityl, ethenyl, propenyl
and benzyl group, or the like.

R’, R?, R®and R* may independently be 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,
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The ligand may al so contain multiple (R" A ,B-C(Rm
units. Not limting exanples of such ligands include

woizgewdsswher e the individual units are coupl edCeiziahers/000187
via one or nore of the R groups or via the linking

pEUpQUIO Haityl, Nbbr%pénﬁ’ﬁCI f)ﬂoﬁyn)}PUt cytpehtyl tdyeBhexy?X fZRbESYPT and

i nclu

teira%y%r Y U?%?Mbgmqlgn@[ej%@y ReRedheandiRYmay independently be selected
oM 8 dqrb@p?xgl(ahﬁ}uah?) N?ﬁw ol EdrioI ,Zago pgnhidgAcnP Rl Ltny!

pheny met hyl ) P(phenyl) nzene
g[qu and may be selected fromany one or nore of a group
corrprl SI ng (phenyl)2PN(net hyl ) P(phenyl) 2,
hen )2PN( pent yl) P(phenyl) 2,
B(% EQWIW(‘H}?eﬁ ) @roup comprising: organic linking groups

P ox 12,
cér’ﬁ )%P% ; bu yI %ﬁgﬁel}% P%hm y heterohydrocarbyl and a
lgﬁ%‘ﬁ%? grpb;pfepgmprzsmg ginglg\@tom links;
iR 5 ]
i Q:QfHle iﬁgd; EI( ng%- CE@?S) P(gg ﬁ@%ne dimethylmethylene, 1,2-ethane, 1,2
%%tyfﬁv@nw ISpoNG 3 BLaAGhoL  Lensorhdrazing! YBEEL hySiR)-, -
RRRR)L Wﬂ@fcﬂﬂ’l[sh ey SHYA el rocarbyl or substltuted hydrocarbyl, a

PN( [ ) P(et hyl
Rl R T T e
h&dlb@ﬁWl)&Pé *ﬁﬂiﬁ%ﬂeﬁqﬁfdmmﬁ PJWW) l%ay be hydrogen or may be

é ‘H é}?;PCHZCHZP

BHIGH Sk e oten S S6iol s o anv, substiuted any.
shiyd 3 P

an&tﬁ;:&m hz t?/lh@i?r)" RN( hé@g@;ﬂgﬁm:ﬂ; Zg&?%fe&ﬁrzbyns/lp carbonylosq/2 alkoxy,
ﬂ{f}PyQpﬁ% QM@ﬁew%lﬁyla@gr}Wﬁ @er)dgnvatlves thereof, and

ar@phﬁ%&iiu}&i’%‘[ﬂ@bﬁ fBdeSs (s hid? Wéf@%}biy) R% may be an isopropyl, a

1 &ﬁ@ﬁ@ﬁ( Bh 5 °¥é{eﬁ&?%@%@%€2§$¥m@p> 2

phenyl )2PN( allyl) P( phenyl ) 2,

( 2 n l?é@%{lﬁ‘ﬁg% %ﬁ ﬁ%&zﬁ%%lt Ijlge aPEJLCP@*tW found that such a

snp@lenmbweb&mtmwéé?( - aRd [y lgaherany )nz?oreases the selectivity of the
te&r th| ;)hen ﬁ-\)é%PN( met hyl ) P(2 t hi ophenyl ) 2
pHEAYE ¥ ‘hyl ) N( net hyl ) P( phenyl ) 2,
(m et hyl phenyl )2PN( nmet hyl ) P(m et hyl phenyl ) 2

A%ﬁ g’%'}“ Pléﬁ’% ?% %B@E‘fﬁfi é}ﬁ)én%)'gof Phe epchidnay Rygferably

berizidaperdaytp phasphetised phosphoaRioxiseddty SLES&BPN or O.
conpri sing chromum nolybdenum tungsten, titanium
tantal um vanadi um and zirconi um preferabl y

Tiod tigaridumnay Biee ctdmaismﬁultqm (I’E);AJB Omomb{chltéielﬂd)t\/lﬁﬁtlﬁg' eXBrdples of
on recur sor . sel ec rom a

{3y B P Bty EhhEE il e compied sther via one or

moregaﬁdmemg#dups axnmrl]ﬂ the mdngrayoupbB. sRkEebeskid, BNt limiting,
ri SI n romu

o, TS BRARa o, e T4 SN s mpenpessage. 1.4

Mﬁfmenwmz)bhnmmeum (1 Iwmmczlmmrmgym{)pm U?aﬁwﬁ' 1) 1,4-di-
r.om um hexacar bony and chrom um

(%ﬁﬁéﬁl)@&ﬁétﬁgﬂﬁéﬁ%W®5tbeen “SMe preferred transition

metal precursors include chromum (I11)
TI‘?&%XL@%%&? nt())eatseelecPe% from any one or more of a group comprising
(phenyl).PN(methyl)P(phenyl),, (phenyl),PN(pentyl)P(phenyl),,
(phenyl):PN(phenyl)P(phenyl),, (phenyl),PN(p-methoxyphenyl)P(phenyl),,
(phenyl)ZPN(p-tbutyIphenyI)P(phenyl)z, (phenyl);PN((CH.)s-N-morpholine)P(phenyl),,
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chromum (111) 2-ethyl hexanoate. The transition netal
precursor and heteroatom c |igand may have
worbt@losé47gand rati os from about 0.01:100 to 1@C®@A23M03/000187
preferably fromabout 0.1:1 to 10:1. The activator may
onmpound t hat gener i
(%Hab}ngpgﬁMSRgﬁggﬁéﬂ%\ﬁyl eg’p wth the heterog{(@'?rﬁngﬁzf@%\sa%%%mm
(ﬁhﬂ)zf’KlémPﬁhdi)B(leth)'Bn met al precursor. (etdyBiRAN(isspropyl)P(phenyl),,

S
(&ﬁ?l Elgéerﬂﬁ BN ¥ch| 's@»,ﬂﬁ/% hﬁ@)g Sbfhgﬁ @ﬂm%r&gr%pyl P(phenyl),,
mﬂwaaﬂﬁd%e) soRiapPY)F{phanyl),, such (arsenyhﬂ%QHszhenylhnd (o-

eWﬁEﬁhﬂREH@rﬁt‘l)lﬂN Q%&W%Heggl'}zgam A a hgﬁ)héﬂfﬂ)\zflq idopropyP(o-

such tetra

meghyiRitanyibeer at épththN(bh@yalenwhnt I(MWDEN(Mﬂclohexyl-
' 15 WO 2004/ 05647

emcwp ar1]|té§¥l) may be sel ect ed ﬁ%ﬂ ﬁ@: neSngPdgp]enyl)z

(ret@nbr&aﬂwpmlqmwmﬁ(ah@yl)( MAO) ahﬂnyétFl*N(Qahethylamm\eeyllFEp@nyl)z

RUCRRILIE, fo IR R Ao, >

briaé?mﬂ)zBNmthwl nebIm@nwmmtmphepvlhBuI(memvled?(w;«keztbylphenyl)z

s L L e

(mrfaﬂbvlphwl)eiﬂ”ﬂ(met@ﬁ)&(mmtbylmﬁnybxalﬁ@etmuszl\lﬂleommpxth(hhenyl)z
aﬁggjih%éwzp(@s) gggrbyﬁ)ﬁ(&e%9qh ot her to provide Al/netal

r om about 0 000: 1, preferably from
about 1:1 to 1000:1, and nore preferably from1:1 to

T%QQraﬂiS|tla—rli‘ﬁ1e@éPtrT?e|yyb°é séfé/ﬁé@%lﬂ% Y 'arb‘?#l%jgo prising ghramium,

trial kyl al um ni um conpound m)unts 0
m%vbﬁeourﬁnIfumenmﬂltar@ﬂmalt@miﬁhm(ave@adm@t(ﬂndu Aigconipina - preferably
chidkdillgr aspect of the invention, there is provided a

| i gand, as described above, for a catal yst system as
descri bed above, for the tetramerisation of ol efins.

ThE @rahSHEMN e nidly 3R o%ﬁbé‘d“f#émtaotréﬂ%ﬁloh Qﬁé’iél gré&ﬁ’édr‘%@le%g from a

use of ligands Suitable for use In tramerisation
SiIPIe iNSFgaiic P yearis salt, & 69- QTW'OQﬁPQﬂHOEﬂWL%m and may

bEEEEIEERY Neonh HE bﬂ&a’gl\%rﬂ)\hsﬂb‘s chFB(ﬁUrtn' M Wribib fﬂi@%t tydrofuran

described with reference to | owm ng non- |
CRRRIPYH &enZ%fr!Cﬁmowld%@m@mrﬁéﬁ@ﬁw o) pﬁfén@aéanmr@mlum (1
aHﬁYIa@&Bﬁ@été‘ adhromidfh l@éﬂabérﬁg dyI Oénosém‘ﬁ’é‘ﬂ‘liuw Bb- @tﬂglhexanoate The

al t hou not necessaril he | nventl on
P@éﬁé@ ?faaﬁlﬁiofsmqtqﬂ P@@%@Pflﬁ?'ﬁ% Camﬂmt"ne@l@ é@ﬂ%@iﬁé(m@te and

cRfofilAtIIY 0- B/ Itexkfdatas essential to the working of
the invention. In the exanples that follow all

procedures were carried out under inert conditions,
The ftransition metal precursor and heteroatomic ligand may have metal/ligand ratios

from about 0.01:100 to 10 000:1, preferably from about 0.1:1 to 10:1.

The activator may in principle be any compound that generates an active catalyst
when combined with the heteroatomic ligand and the transition metal precursor.
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.
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using pre-dried reagents. Chem cals were obtained from

Sigma- Aldrich or Strem Chem cals unless stated
wobbhewossge. Al l trial kylal um ni um and al um nox®&Q®/ZA2003/000187

conpounds and sol utions thereof were obtained from

T n%a '%2 g%reﬁéd'\'?(ﬂ'ﬁ a#gfé&ﬁnlﬁbmréugh R RehdklMhoxane

~ (l%@h9n<élethyia1mmanmr(eMEep)w§swlb&%m0ﬂtﬂed@IIG(@JL(D\JJBO)@ma|such as
t

rod ffl%ﬁﬁﬁ%ﬂ%?ﬂj%lh th( Mk tl\@edé f@gf M%Ialdrﬁag{a%%t a' Sommercial

pipdugtaframi dkzo d\fobehet_:mm yradified egroupsh ech rast lsebutyl or n-octyl

SRRE: B2 Mne P PEL YT SR B3y 8l ayrinorans mey

be iir sushpoprbrtionst relative to @b Citizer tapragjdebAlinetalmgtics foark about 1:1

<85 40, B T LA R0, DR SRBE A1

300: et hyl al umi ni um and tri-isobutyl al umi niumas 70.7
g/ mol corresponding to the (Meo. 70i sonBuO, 30- Al -0)
unit. Ethylene oligonerisation products were anal ysed
Thy calalywibsysiemaaayaBo imtledarh xealk e tmimiun eompomidPin amounts of

b%&#é@ﬂ% @B@F&igeppﬁorcﬂ ,{1@9)(3@]@ nes and phosphi ne

or| des In (a) Evvart et al, J.
Chem Soc 1964, 1543; (b) Dossett, et al, Chem

Organ G to, 8%Rnel aghed ol b @Eﬂ%ﬁm}%h %@%"dgétgl'@aﬂd as

desroibpth ah@va; Farar adelyst Rgstem, as\ée@rlpe@ phoved fqéh@@yemebeailon of
olefind i terature (Casal nuovo, A L. et al, J. Am Chem

Soc.” 1994, 116, 22, 9869; Rajanbabu, T.V. et al, J.
Og. Chem 1997, 62, 17, 6012). The

The B 2A accgﬁ%ﬁ&é )d\ﬁ'n #é?ﬁ‘flhéé%ﬁté%y.}s)e lll%%dsu)&@rﬁf for use in

pr epar e awm n
aé¢tramerlseimr9f aefins, prms'é@hcatalm§ys@002 513). For the
(phenyl ) 2PN( Si Me3) P(phenyl )2 |igand the preparation
net hod of Schm dbaur et al. was used (Schm dbaur, H.
EXAMALES OB RERIABMINGTER INVERTION71  173). The |igands
(phenyl) 2P(=E) N(' propyl ) P(phenyl )2 with E = S, Se were
repared as described in Balakrishna, MS. eta],

Tﬁﬁdﬁ‘@nt@hé’wﬂ npyoBe describrsl pith Eefarpnce to ther égiawingi pen-tniting
ekaﬂﬁplé@ haRY inhik G &9‘9;56?‘@5{3) &(Rb %Qé(rlnf)l%s |mmceﬁgﬂm%mltted

aration di i sopropyl phosphor am

Oais%tiw'tslﬁ @nd, a'th@leqhwWea@ﬁSﬁ@lyqdml rthe inyestipnypay cenpeivably still
bé ‘be@r‘ﬁﬂad&Qﬂ mele B@%Fé\%’@aﬂechcﬁ‘ t$Bb H’gldeﬁ %chssgﬁlﬁtd thd vidfking

in toluene (80 n) at he m xture
°Wﬁ§ '”‘@PF"P’?ed for two hours and then aI I ovved to warmto
roomtenperature. The solution was stirred for a
further hour after which it was filtered through a pad

Inntheceamries Higé fllowarlt procediirgs were pamiige ous@indgr ina conditions,
ugh%%r@%ﬂe@frb%erﬂ§r@l¥éhlcél§ Wdie obtah¥®Mom Si4-MdribVRr Strem
ChemlcaPs unless stated otherwise. All trialkylaluminium and aluminoxane
compounds and solutions thereof were obtained from Crompton Gmbh, Akzo Nobel
and Albemarle Corporation. In all the examples, the molar mass of
methylaluminoxane (MAO) was taken to be 58.016 g/mol, corresponding to the (CHa-
Al-O) unit, in order to calculate the molar quantities of MAO used in the preparation
of the catalysts described in the examples below. Similarly the molar mass of
ethylaluminoxane (EAO) was taken as 72.042 g/mol, corresponding to the (CHzCH,-
Al-O) building block, and that of modified methylaluminoxane prepared from a 70:30
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Exanpl e 1b) Preparati on of phenyl -nmagnesi um brom de

Magnesi um turnings (9.11 g, 0.375 nol) were treated
woi200¥/046470 onobenzene (7.90 m, 75 nmol) in THEC{/AAQ003/000187

m ). A vigorous reaction ensued which was cooled in an

i t 3"5’?&111 [ h .
mr)gggt#mm?ﬁhgta Ejr%elﬁl\t/i\gsé atléed?]r&:[mderﬁiﬂPﬁ?IaS)é(”to e,?%/}.nt oﬁg%r(r)ejslp gndmg
ta {he| (&’leny'SPﬁau(@o%%rL@ltr Ethylene oligameusation Hramesgere analysed

g XBeYP87 Exanple | c) : Preparation of

[ s(phenyl ) phosphorus chloride The Gignard reagent

was added to N, N-diisopropyl phosphoram de di chl oride

Thé nfitbd HBterodNIEPNP |i Bna-é'ﬁel(equgd%% %ctlﬁ%gmm%fstﬁ‘?{d phosphine

St Lrrin at room tenperature overn
cilgridesi Rg?@dawzewr@ydnaﬁekm@rt( eba/, M)Cfearm Sooy 1964, g54;3 (b)

Dw&%ttb@b'e%da/t bhﬁngbonHlﬁv S04t '8069§ O{ﬁ) %k'ﬂ%as M., éf te? £al, J.

filtration of Brec:lh:g)ltate the''s was 're
Orgpngmeé Ghaim.x1990e 380 3phdépHesrechve ohomhlmndﬂondes R:PCI

w@Fe%ﬂe?@reH %sad?as@@o@dylheﬁ &at @g(%s%fnﬂg\?o AL oéjt%t‘tx‘ﬁﬁﬁ (Fl?e[m Soc.

i sol a was USG e next ‘ste
1994, 11@@@3@@ laﬁa@qaamhgv et al, J. Org. Chem, 1997, 62, 17 6012). The

&BHﬁEPNMWW@%W@ﬁW%OSp gvragsa»gﬁ%ea Q @or?@él{é@?epwm ot

crude’'Bi s

alrisiavin) A 4 a/f r*/onaf(’ﬁ@d§0f3ea@@/mﬂn Tranet (209, i593PCRbr the
p@\%ﬁyIHPN(QNQS)Wﬂ)I%anJ ﬁ’ngn@ethélﬁ_? mﬁrﬁtl@ﬂ H%tr%d‘"@is Scﬁﬂféjﬁgur et al.

reacti on

was PF%@/WC’%" i nefaér/,tépfgamn@ﬁ hean.i 1884baATh Wy "The ligands
dh@ﬂﬁ)éP(LE)ﬁféeryflﬁi({)ﬁédygg wWitR'E & 305@ erfe ﬂr@{)ﬁrre dd'8escribed in

tion ered to renove trie anmmoni um

Balakishnar Meu of #h &1 Sclieet: 1983 3255@@ ed after
crystalllsatlon |n a 90 %yield. 31P {H NVR 49.0 ppm
§broad si ngl et) le 2: Ethylene tetranerisation

Examele; %r?raearﬁaomoﬂ PMWM@PGFWII?(phenyI)z ligand
Ex#fiprye aRitian o, Rb@ } J4ir f

ik ng'a) henyIéZF‘N(me (pheny |£'5ﬁ(go&%9%p'ﬁrgm|)
Dilwmowamlne(lﬁ adn 5@/3"90%@ uemﬁ éBQeml wpe added 10 adsatgtion

o412 0T T S o0, 15 8o

sta‘rechrﬁdm b/m hmmathm*eamedvae waen tor wosd eemperdtare? The

ﬁp&? %{% ;aut cI ave cont ai ni ngm
LR RTES! (05 Al r DO Ub ARSI kgl ierdd Hisaugh a pad
ofelitemMHe @duc@@@ r,T@‘?TPﬁ(ﬂS 818) Wﬁéﬁbﬁlnwﬁﬁgpfé@&%l of the

Wi th th ene a whi ch f e r'eactor tenperature
SQmetr NMMRBIZO pm | e t he et hyl ene pressure was

mai nt al ned at 30 barg. Thorough m xi ng was ensured
throughout by m xi ng speeds of 1100 RPM s using a gas
Examplgi 1b f phéewylmeapridsium besmide m nat ed after

60 ni nut es by d| scontinuing the ethylene feed to the
reactor and cooling the reactor to bel ow 10C. After
Megnasium hygninge (Sktesd 323 mpl)eveee freated Wite 4brooobavanet(Ne0 ml,

75 hﬂr‘rBlFinC’ﬂ—lnﬁ ?‘i(ﬂﬁﬁjﬂ)l R \}igoerous reaction ensued which was cooled in an ice

bath. Once the reaction had dissipated, the reaction mixture was heated under reflux

for 2 hours yielding the Grignard reagent.
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aut ocl ave was quenched with ethanol followed by 10%
hydrochloric acid in water. Nonane was added as an

wono@rosed79 st andard for the analysis of the |iqect/zabhasmoo1s7
by GC-FID. A small sanple of the organic |ayer was

E&a% S/ PraplAon bt ERhe) EH&é@&ué%ﬂ'&i&” anal ysed

f| Itered to isolate the solid products. These soI id

T R A o B P N s oo ﬁatm'd&%"‘wﬁ”ge (6.64

Mingd mEeY i THEJA 80 mbrai@u et Aftersstisingss rgomepgabmo\termght the
T

nﬁ*tl?nter W@@llu@éh ﬁfth Ey"El&e%t?@%Q?lnglg ?ﬁ% %%Iig}%@ Wil blﬁame% through

anpl e I ene I'on usi
tl"@r sgng(qnefpf Qﬁyhﬂ%fi Wfften filtration of the precipitate, the solvent was removed

gﬁ)@ Bhik&f @'%F’EHH‘IO); |H§‘ @ﬂici%e@? ?]Jé{ﬁ% @Zérfgé% é@éﬂd Oltf]li crude

prcwustws '@ﬂt lsqlaie@én@almgsa i) th@n@xtﬁﬁputl on of 12.4 ny
CrC13(tetrahydrofuran)3 (0.033 mml) in 15 m toluene
Eln a Schl enk vessel The mxlture vvas stlrred for 5 mn

300n1 pressure reactor (aut ocl ave) cont ai ni ng a
m xture of toluene (80nl) and MAO (net hyl al um noxane,
T9. 2 saiign ohihe gude Bis(ehgsivhspheseharus ehioridevd2s.8 amglechlculated

froit Sugd RER68 nﬂf(tbPer IN\@C‘F\H‘ (%dqﬁlgtﬁﬁcﬁlefhylamﬁl \%aa? 0" was

controll ed at | ene”press
aﬁ%ﬁ%tsaprﬁewa@ene ('401 1b@+ 933 rmwel)ﬂél@ﬁ:fqa@howgs 1St2rrr¢d feat3@dmin after

wﬂfcheche @99 lﬁ%tﬁ weRNBmoNEd PERS QHMAE 8 a gd@ﬂ%}l 12 I?r,?_ R0 Qiition was
The

ed. product nBSS was
f%f?f@éi&%fefm\set ﬁhpamthﬂﬁmafontum galt foxmag Ehe srogucphma iseldtedrafter

I A Bt t I | eaction
cRRalln LS, PN 0 5 B ek S

(phenyl ) 2PN( et hyl ) P( phenyl ) 2 and MAO A sol uti on of
ER&r 2 Ethy{emq@&b.}@ﬁé&tm Jé\éhé:&’ﬁ aaﬁig,vé.)&({e%aﬂ?ﬁ&d;ﬁ?%

tol uene was added to a solution o

(W!?{mé‘?‘?eéhWP‘&PBFﬂh)%‘d(MA@% mol) in 17 n tol uene
Al §bl@tloﬁ06ﬂ 20k Mgscﬁedpheﬂ_)rﬂ)@Pmr?fétWIfP(ﬁ@%y% (@. b?@' nﬁrﬁﬂ) iﬁno%‘aﬁn of

anbi en erraper ature and ransferre

CnvagR PPl {2t MecPEudietrapyshiofbraman@. Q83 mmol) in
1mn>ﬂt Mft@n@flntaosbllfﬁaﬁ& VE&HE. ) TrRNAh MO WAR IR W%ﬂ%mbuent

The pressure_reactor was charged

’f%mﬁe}ﬁat@f%ﬁr@ ﬁ’éasaffte@r tr@\Wﬁf%fFPdt e ar B 1Yy Presutip dpagter uUippiave)
cotainingld afiktade &Eauef«i@(éoan TLB@d R (RBRyRILATSERe, V@§ nmol) at

d at e reaction was term nat
ofift P Grameite HRFA noh GBI i TEAeimp FieTz N reactor

tansseratoR) Wi dontidied Rit 86U twHIBS ke ‘éﬂﬁyleﬁ"@ Sssiire WHE maintained at
ution of this exa e i.s sunmarised In

R 51ck ThorRh RS 3S epyPd oty miva FERPOP @S5G DO RPM's
using e gbs Chdraingly stitvei Thermdadtidn was terminated after 60 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 products. These solid products were dried overnight in an oven at
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(phenyl ) 2PN( pentyl ) P(phenyl )2 and MAO A sol ution of

30.0 ng of (phenyl)2PN(pentyl) P(phenyl)2 (0.074 nmmol)
wono@sed79 of tol uene was added to a sol uti on 8E€TEA2¢h3/000187

ng Crd 3(tetrahydrofuran)3 (0.033 mmol) in 10 m

e i e i - ed

1b@401%ﬂﬁl t!;}élwat@/e%ﬁjoélheﬂﬂe rtﬁié gfr iggé]ufpergad%%é WﬁGﬁé Th&%roduct
disiripyéer ot this qxgmlesf,l@@umrnqolﬁ@%@uk@b bact or (autocl ave)

containing a mxture of toluene (80m) and MAO

(met hyl al um noxane, 10.6 mmol) at 60C. The pressure
Example 3: viethylemer tateamgrisationhrdastion ausing GiGlgtetraydrofuran),,

(ﬁW)WN(nJ&hm(%Q.QﬂS, 5{5,#,7@ AGCT/ ZA2003/ 000187

t emper at ur e at 65C, while the ethylene
Arpelytir of Qa4 mai oft (ihaeyl)BN(metbylF{plenyih ¢0.068 cninoh imeis mi of

téll?ér{@ \Dﬁ 844 {054 s&gtlc%ﬁ o Lza@ thd Q?C)I%He(ﬁ%ﬂ ﬁréﬁﬁ@%‘g)kﬁ]ol ) in

above was e e pro
1$H§' iolusBacn aiiSsblenkvesssh Bie titere wanistiired ifer 5 min at ambient

té#ﬁ@'@{rufes%ﬂd'\ﬁasT%@netr;nsfm & 860 FhiN¥leE8Ge reactor (autoclave)

tetranerisation reaction usi %/I
cgyt@mg\gt 2MEHiedefdplyeas Y&0mI) and MAO (methylalumlnoxane 9.9 mmol) at

8()‘|Qiq eT'B(é )p?%g(ﬂﬁ '?éé’dtarp(vﬂg ed?\)é@e% @/ L %fl%l“ 8\)8?“ 91f eactor

2PN b
tff'FPeI@tUFﬁ W@$ Coﬂfm"éér?é %e@éée% te@yéemraséftmlvs@s mﬂnmmed at
3U9ba@ @%g(rfe%tfoﬁm’ﬁ t@frﬁlh%)i %ft@%ﬁﬁﬁn rHHEI' the! pPoceJiQrer%f FExample 2

tol uene in | enk vessel e mxture was stir
apeye @a%mplﬁve%r?&eéﬁ@duq BYape Was @84 6:n d heaxsoduskeistribution of this

kP fiesuridalissdn 38Bie™M. pressure reactor (autoclave)
containing a mxture of toluene (80m) and MAO

(et hyl al um noxane, 10.6 mml) at 60C. The pressure

E&G%‘@M VEIﬁyFe'ﬁ&&@ﬁnY&rH&ﬂShhﬁéla%ﬂSn aldiRg @#ﬁlﬁ&t%ﬁidl{cﬁgran)g,

was controlled at™ 65C,

(mwi)€M"WBx'éW8em#mmaa ned at 30 barg. The
A 6AGHIrOBF P83 fnBr oFi @a&ﬁﬂ)zlaﬁ(nﬁféthﬂﬁﬂpﬁ@d%)z "(‘@Geé rﬁﬁmol) in 3 ml of

rocedure of Exa

tayenguras Added %S@Qt'%eofgm 4R gf%dt%rﬁh rgflurarﬁmq &3 omol) in

17 hhistoluexani £ Stislesit! VBB SB ikidrablss Ltirrdad R i ‘at ambient
Eth | ene t tramarlsatl Qn reaction using
feetaf‘ Hrenr gmséerred to a 300 ml pressure reactor (autoclave)

) | Ng gf
cérﬁt amygl 3 M@E;’cwﬂubgép mﬂeh% )I;I\/mg% é@%@éiuﬁnﬂh%‘r@ 99 Tsnol) at

f
68# 15“‘%11p??ﬁ5‘(1 eVaR charded gwitty e&hw%ﬁ ®n Which1thesreactor

tdiﬂoé&t@ﬂ&\ﬁ/é@bélﬁmléﬂ ok 65@)\%“@%@ %ﬁw@ﬁ%' preddire s Fhaintained at
| ue |naSchIenk ves e mxture was stirred
3%’ g?ﬁ"% ﬁe%%f'oarwﬂsetﬁ'tmm?tsarﬁ@%@w@ & thaeracgdwre of Example 2

abs@NBILEMPIBydD The FSUUE MBESHEY UE. 2B%a¢hefprc{o%et @SHiBYtBh of this
cont aining a mxtg_re of toluene (80nl

SIMERIR R SHMmRIREEARdaPled: 6 ol ) at GOC The pressure
react or was charged with ethylene after which the

APl BB b S B S e T Tt s,

(phenyl),PN(pentyl)P(phenyl), and MAO

A solution of 30.0 mg of (phenyl),PN(pentyl)P(phenyl), (0.074 mmol) in 10 ml of

toluene was added to a solution of 12.4 mg CrCly(tetrahydrofuran); (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 ml pressure reactor (autoclave)

containing a mixture of toluene (80ml) and MAO (methylaluminoxane, 10.6 mmol) at

60°C. The pressure reactor was charged with ethylene after which the reactor
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30 barg. The reaction was term nated after 180 m n,

and the procedure of Exanple 2 above was enpl oyed.
wohe4psedact mass was 48.21 g. The product di SPCT/ARIG00187

of this exanple is summarised in Table 1. Exanple 8:

t%%%?ﬁ’i WPSWWH’%@% WRRCH oe@h)}lgﬂengressure was maintained at

uran

30peenyTheapREtipnwashiexyingtedrafiey PO phinngnd the gmocadda@ #f Example 2
oo valent ellislin e vt e ot dofigian o s
exampleds aimogrisesl indablenhs added to a sol ution of 12.

ng Cr Cl3(tetrahydrofuran)3 (0.033 mmol) in 10 m

toluene in a Schl enk vessel. The m xture was stirred
Exampde iy Rthylenedatsamerisation ceastion eisingICo@is(tetrahydrofuran)s,,

= U PO e BE, " ol ocl ave) cont ai ni ng

Aasolpitianupk 307 mQIQﬂdnbel(}@ﬂ?N()oeamel\M@nyl (o 065 mmol) in 10 ml of
tél%&%&é‘ﬁb‘&g&?@g&ghor}? P2 yc_; br(ﬁg(:gﬁ? Hydr, u?%rﬂr f(ﬁ@ég mmol) in

eact or was ¢ €né
19elathblrenlSeln”pﬁa|S§h|§ﬂle vaesel.cbimg mokturedwas s8B€ farh5 Inein tah embient

tE&h DL RRE aRf SRS iifn n Jgigéf-cfté?'aggg?n 3 ggs%ﬂ{egreagtoﬁ (autoclave)

reaction was term na
cphigtinaa aixter dbtelnene(SRmilandeMAGS( nm’ﬂmﬂaiyremoxérmne 10.6 mmol) at

d
t@‘;](F’SVFei%( aﬂ?@ﬁ%gjr%’v?éascg%?%v?g Scegﬁ%dp!}yﬂﬁ U&hyﬁe@‘fte} %ﬁc{ho the®teactor
t%’ﬂWB@fﬁéWﬁépp@ﬂ‘ﬁibﬁﬁﬁ% whilecthe mmermessure was maintained at
t
gcl)o%ég:’%% ut{é’?{g agtﬁgl/ A tg( p%%)enr} | ?r}d the progedure of Example 2

@Yqua@ﬁmgbygg T rmuct mass was 22.08 g. The product distribution of this
nyl) P(phenyl)2 (0.062 nmmol) in
e(i%mrﬁ}li%% %ﬁmgﬁfgﬂg%‘s&hﬁdéeé t(g a >s/ol) utl(on of 12. 4)rrg
CrCl 3(tetrahydrofuran)3 (0.033 mmol) in 10 m tol uene
h
Exﬁn’ﬁ‘)leg? Etﬁ?hn§Q§§§Jnerlg—5€o cf%&géﬁt %ﬁ% (?Fr%{ﬁ{e?%rt{yggpf?remg&

nbi ent erature an

(@‘WM%PWP@%YM pheayRoind MAQoc| ave) containing a

APt S TENPR PR T Y A i o

tQlpene ‘é@sh?@‘iﬁﬁ’etoaﬁ plptiquhelcts.§ g Gééidteérﬁhydreﬁmm)atm?@ meol) in
1007t foRldngdna sERIERnK W@éée@ THE rBlite! BRE &P Rt & n’(fﬁ‘%t ambient

mai nt ai ned at 30 barg. The reaction was term nat
tepRespiug@ndiwes Hied trarsferrest dal@r 300 MiBvgapire @actab(ﬂuioclave)

cHRBINFIGPA AeGle o??&u@{é)@@ﬁ'ﬁ émSﬁAbe(%e@r?ylégﬁn%oxgﬁee 10,6 mmol) at

$goduct di stribution of thls summari se

69%h| £he presgyisyreacias: wes Ared w@h reéfméemes afteowhichathei teactor

té!ﬁﬂ)é?ﬁtug (ds @bﬁ%ll@&)‘aﬁ@g% &)Hlle the ethylene Ne presgure was melntalned at

é hen ) 2PN(al |1 yl') P(phen 2 an
?a@ eé?ﬁ Bhé‘i@?lt‘?rﬁ‘lﬂl‘é{tﬁ‘%{ ﬁgwr)%@;mléan the (uo@BlErenefdixpmple 2
ab@vel\QasITémQIB é@'ﬁh@rﬁod%@ﬁlaég%g 4@@1%‘% iﬂlel&do%%wgtng& of this

n%P Sé et hyl hexanoat e) 3 (0.
exynplg SLF'W“%”%‘@HPJﬁkevessel The m xture was stirred
for 5 mn at anbi ent

Example 8: Ethylene tetramerisation reaction using CrCl,(tetrahydrofuran)s,
(phenyl);,PN(p-methoxy-phenyl)P(phenyl), and MAO

A solution of 30.6 mg of (phenyl),PN(p-methyoxyphenyl)P(phenyl); (0.062 mmol) in
10 ml of toluene was added to a solution of 12.4 mg CrCls(tetrahydrofuran)s (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 ml pressure reactor
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tenperature and was then transferred to a 300 nl

pressure reactor (autoclave) containing a m xture of
woabumset7¢ 80ml) and MAO (net hyl al um noxane, 9. 8cmrak()03/000187

at 60C. The pressure reactor was charged with

N 8RRk 41 B R L BB AL g lamnone

1ﬁrﬁ| minal) @& 0% Thd Prdssuce redbier Weacharged with etiefignenaftee dihich the

re% go“? ‘gﬁ]%g;géare ’?’%g %h rgﬁ%qo quaéi llgxzﬁbeg S\y%pﬁepressure was

mairdagined atl3& bargbThe ceactibn wbs $emm€aembﬁaer|6i) sinamd Ithﬁéﬂobédure

ol ERk ol 2 SHBIE W2s s nB L oA BL 5L 20 473RE RBauot
dispibetigri ¢f2ﬁkl[e6@hiabe3§s'ar@fvbh§e}d%ammy1 )2 and MAO A
sol ution of 36.1 ngy of

(phenyl ) 2PN[ (CH2) 3Si (Owe) 3] P(phenyl )2 (0.066 mml) in
Exampid 9:dEthyleha ¢eteamerisatitleattion usimguCiGlttetfahydrdiuran).,

PSRN SHETER OVl Sed G 70 2 schienk
Aveaditieh .of ZBSMy oft(nlnenwm\l(@ttbmmpbierfyolﬂ(pmenyln (at062mbnelnin 10 ml

o FIRSH A Gy RS L e e pgag e

|rt 0 vérnauétbim 3 SahldniViesgehelHeymaturaiwasxsined f8r 9 niinait ambient

BB, B35 TSGR, o0 FIEAR e e

coraiammgla miktae of falliensh(8Dml)tanel MA@y(hmttwlqummsmre es mmol) at

6?\?%2‘?@%8)?%}3@% 5%%&?%&33 c-ll;h? e\&‘ﬁbf ?r%( ﬁermhgg 5 reactor

tangreratore wag dontidiied @it 65‘Ubtwhﬂastbe \witg/lena. pﬁéssgu'e Wae maintained at

SRRt The bt S 1o bikEr B AOEAE 8 T ER A Bt 2
abevengaserfiploged, ITaleeplrmﬂwhmaﬁswas 62. 15 g. The product distribution of this

eg%ﬁﬁ?¥43 o,%lg,g%q@}agfeqorphm i ne] P(phenyl )2 and MAO A

i on
(phenyl ) 2PN ( CH2) 3 N- nmor phol i ne] P( phenyl )2 (0.066

T
(I:MWBM@HY'&HSI)EN&IM@MEMA& The mi xture was stirred
B 8y ABLEA SRS NI 0 ppon
weeraddeditag solwtiont er%Z 8fmg cﬂr(i’eetbym@(amazteam(@ 3%0nmol) in 10 ml
BN Y & %E—zﬁ%% el; ﬂh ?ene agﬁfrec}rwﬁri g{l%ﬁ’lﬁ:&e ambient

reactor was charge
teneparatyre taeﬁw@SathWetrmer&mm @l BeQ et presshre whadter {dudoclave)

cEHANIGNE nREERSHTBILYRS ésddm; Qﬁ@'w@ r(ﬂrﬂ%th?l%lr@ﬂr:«%(gng,hgg mmol) at

reactron was term nat ter
6010 cEruPEessyfe FBasiasl wa chBiged wills ednyiensy efier Whish the reactor

T8 5o 5, A 08y a4 A s
3gtbata- dive rE@Qtlpaw@ﬁu teempinated eéae 80 o1in, wasidripe procedure of Example 2
abbelad EhpRIYE Rk WrédticBmass was 12.68 g. The product distribution of this

example is summarised in Table 1.

Example 11: Ethylene tetramerisation reaction using Cr(acetylacetonoate)s,
(phenyl),PN[(CH,);Si(OMe);]P(phenyl), and MAO

A solution of 36.1 mg of (phenyl),PN[(CH,);Si(OMe)s]P(phenyl), (0.066 mmol) in 15
ml of toluene was added to a solution of 11.5 mg Cr(acetylacetonoate); (0.033 mmol)
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(phenyl ) 2PN(" propyl ) P(phenyl )2 and MAO A sol ution of

26.1 ng of (phenyl)2PN(' propyl) P(phenyl)2 (0.061 nmol)
wonodsed79 of t ol uene was added to a sol ution BCT/ZM@)3/000187

nmg CrC13(tetrahydrofuran)3 (0.031 mml) in 10 m

ff)dr ngﬂtﬁ]u%ﬂéa %%E*Igﬂ%(vgf%ﬁﬁer %ﬁrﬁ"é angusrtl?re%ﬁr §tnlm[1 ?gmblent
temnenitier ped was thegOgansfermadets ar 300 el atressufaueadbalaifoclave)

7RSI AR e Y e, Poghbadf g BHdpeiindBie g9 mob a
6¢°%6acthsr pmsur@heaag‘m Wihs mhenglegll\mﬂe efifylame afercivhichethe reactor
ARGl WA ERRIALHGP 0BRSS En8 (rORfre WAL cRaidiEfod a

ene pressure was mai
3¢ éargt iTbe reaction aasiterminated bfter 3Q 680, r@nd thapmceuare of Example 2

oBARCERY Ry By AR Gal92 ) S48l irgion o

tmwgm@mumm@ss@mﬁablséd in Table 1. Exanple 14
Et hyl ene tetranerisation reaction using
Cr Cl 3(tetrahydrofuran) 3,

Exampley12: Bthylene tatsamdrisstionyeacticmusingCriatetyiacetonoate),,

R e e e PO MARL ol ) '/ 10

Asplutipn pﬁ &nWa@‘(amazRNi(%f)oNummholmfe]Pi(plserryig)g (0.066 mmol) in
16Jn9' §r( @Wé&f Qéd’sfoa@r% éo‘i’ut S rh@ tci'r?aIr gjle%cwage%?n?o 033

k vesse ure was
ﬁmol)atmbﬂbml tOlU@Tﬁp@r atsm@n&n@ssﬁsThm onxtureawss$ stired fardd min at

TN S AR P B e
(aﬂt@lambpqnt%dﬂmg A0UXtuT of toiuese (BQmI) emw\o (reethylalamijeatane, 9.9
midi 2660 efR Brfe%:ﬁfre"\‘%ia&ar hlé@&q%@% lth e a&l‘l‘érewl‘ﬁ@ﬁ the

nalntalned at e the sure was
regsior tgmpgmturgawgs Cnﬁléfoﬂ@b@hfiﬁ‘inva@Ibem ﬁﬁw@aeabneeweowas

nﬁd’t‘alg@&‘eg’f ﬁ@@ar@r @ﬁ@@é’bﬁo@&va@f@mﬂ{ageoz%ﬁé?%ﬁmm@ﬁd c]'ne ;%rocedure

product mass was
oldEx3mplg A abweowa$ lemployedatpe e@rediick crmsama%’dz 2rg Tdhe eroduct

tion reaction using
dl%t”b@w;lﬁﬁég%rﬁggtr%gﬁﬂﬁahﬁcgﬁy Hzgﬁl( propyl ) P(phenyl) 2

and MAO A solution of 18.8 ng of
Ekmsrwié %‘i’ﬁ{(leﬁé %Hd?ﬁé&%ﬂ%&@u&@u%é dmgtbtrhﬁy&r%fdpan)s,

ene was to a solution of

(@epll)ﬁmﬁ’ﬂ%%weﬁ?@)%a(@'@&@ mmol) in 10 n1 t ol uene
Al §b|lﬁ10‘ﬁc$fl 2K M&%ﬁ%he@ﬂﬁ’%?ﬁp?f)lﬁ p%ﬁ/l)tét(bfo%?%ma ltlE? g'@aﬁll of

at ambient tenperatu ransferre _
tolmmeyas,added fp @ ?%‘&@Pcﬁf 1(Iamfr@c¢r&laél)etrawﬁ@fafaﬁroar@ Q31 mmol) in
1@)"n>ﬂt t‘éfu%n@fln taOSéH?é‘rﬂ( (8QeM PhermtklYOQ 4B R Wé?@ﬁrblent

nmol ) 40C. The pressure reactor was charged

te\mﬁqﬁatéﬁq?% 3 asafea, ranHeTTed: oy 6L b rpressanp spagten @uipeiave)
coREihingld Rktab of RiuenatBbRI) e MAOYHREFIANIRRSKHR, Y88 mmol) at
66‘% n'lt'f?el ?Jsedssgrte reactor was charged with ethylene after which the reactor
temperature was controlled at 65°C, while the ethylene pressure was maintained at
30 barg. The reaction was terminated after 180 min, and the procedure of Example 2
above was employed. The product mass was 56.44 g. The product distribution of

this example is summarised in Table 1.

Example 14: Ethylene tetramerisation reaction using CrCls(tetrahydrofuran)s,
(phenyl),PN(propyl)P(phenyl), and MAO
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45 barg. The reaction was term nated after 50 m n, and
the procedure of Exanple 2 above was enpl oyed. The

wonroskist47omss was 64. 71 g. The product di stri beCr@a2ai3/000187
this exanple is summarised in Table 1. Exanple 16:

AU 81 T Ae GRS ARREBRbIRIRENY (0 Brsheny19 21 of
tlyrnenees addeadl tatg saiution of . @manﬁ}h(tetrahydrofuran)s (0.02 mmol) in 10

n{lpteﬁ.l@)ié) 3%1“(’309%95”\?55&] %QyHﬁu %OWQ@Q Ifér 5Nt alambient

[ uene was to a solufion
t@q%@@f%/ laad ewash deneirangfera@B B @B00 minprégsured reactbu ¢meoclave)

chitafingCd lm%ﬁhr V&SSRbne (8 I 2‘853 lM/fCt) }Qﬁgthﬂa”n’ilﬁ&angr 49 o%%l ) at

at _anbi ent tenperature ransterred 't
468%0 Hhe pressyier ¢eackaicwes qhargedciviliv esthylerenafieniwhirhathe reactor

téﬂlﬁgré'tru?s? Was tn‘?é ﬁ%@%d%%é‘b) whld tMQh&@gg Wééaslu(:{wggﬁg Fat 45

ressure reéa r "Was
bafg rThétrﬁWt@neW@ﬁ t%mmﬂteob hfterh@0 mimcarsk thet wopedune wf Example 2

abOR e érﬁglogéd ‘ﬁ’ig pbémlclt ﬁ'@%@ ﬁ/agtS@QS 1§18 g?c?d%lé{ §i sfﬁ?@tbon of this

mai nt al ned reacti erm na

exdmele isisumnarisedrial Table 1procedure of Exarrpl e 2 above
was enpl oyed. The product nass was 75.80 g. The
product distribution of this exanple is sumuarised in
Example 15: Ethyleyge Mmmwatm Reartignasiog/ Qe iy Ihaxannple),

tion USIng
(HZZ‘YBW‘IL'@?E%"E'?EQ?@? L BRcnyT) 2PNC" pr opyT) P(pheny! )2
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of toluene was a utro _
mbytplyeee yi £ Scbielatuepsel( Ghe3vixture|Wwas atirtedl forl 5t minuehambient

ténﬁbel“‘a@Féh bRMKyatC&RA! trandiGirdd ¥ U %(ﬁ@ﬂ . r§§Jr$dregaér ?aod{%&‘ave)

at anbi ent tenperature and was t anstrerre

cafainio predyarcd toleena GO and MAR énethyiahursineiang, 8.3 mmol) at

40“0“11’6(—? pPéssDr%J F@é&ﬁ)r(\ﬁgs '@h)av BARMH eetﬂgl(éé’% Hﬁ%rn% 6161 Sfeactor
and trimet um num 4

teFFR@r%tP@s‘é!ﬁﬁ éoﬁ*t ed &t 4%%/ vénartge ethyens pressww wae mefinteined at

48BN ThBQeé&iBﬁt\A%rs tEATRSEA LHELS VR %Bttﬁé’h o%@d@rte ogqt_gample 2
whil e the ¥%g%fqgg§essure was mal nt ai at 4

a'B%‘fegwasT?fBP'Plé%{’c t mashivanbed 1 fbe perucidlistributien of this

exdifplRiLE AR Aflin FYeERl e 2 above was enpl oyed. The
product mass was 29.03 g. The product distribution of

this exanple is summarised in Table 1. Exanple 18:
Ekampleete: Etﬁﬂéﬁéf'ﬁétfaiﬁéﬂléﬁiloh%ﬁéﬂlmué’iﬁb'iﬂ-(()acetyslacetonoatea b

RV NSRRI PheR ang ROy of ¢ Y )T
A(gunaiov or228\t o dg)bf/l(er?wgmb}o%yéﬁ(pﬂé@%t{bbﬁbr}nﬂaQI yTh @ ml of
tolfene Sy ACAEE Ko Sa STl B Ao apelaonia)s Oidemimod in 10
mi tS0Bhe MK &V 8BRiBhk vEBSeINTKE UhRiuAB ekt 6if& 1dro5 mRinhi afbient
te?nnp;%raetme and was then transferred to a 300 ml pressure reactor (adtoclave)
containing a mixture of toluene (80 ml) and MAO (methylaluminoxane, 9.9 mmol) at
40°C. The pressure reactor was charged with ethylene after which the reactor
temperature was controlled at 45°C, while the ethylene pressure was maintained at
435 barg. The reaction was terminated after 14 min, and the procedure of Example 2
above was employed. The product mass was 75.80 g. The product distribution of this
example is summarised in Table 1.
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tenperature and was then transferred to a 300 nl

pressure reactor (autoclave) containing a m xture of
woabumset7980 m ) and MAO (nodified nethyl al um rROXEARY03/000187

Akzo Nobel MVAO 3A, 6.0 mmol ) at 40C. The pressure
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tqrppRsalde 2Pd(was 819l Yaisiereed/ ko 2 300 nslurprpssureoremor fautoclave)
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ressure eactor
2910>’%t9u Fae @fodugﬂ digtrilutiop ®f thig e)@mmplermsummarmed myrrarblem num
3.3 nmmol) at 40C. The catal yst solution was then

added to the pressure reactor. The pressure reactor
Exampin 13- Rthylgne teteamerigationaeastionusing Grircetyacetonoate)s,

(ﬁlﬁim%lﬂ{l(“ﬁ’rﬁpymphgﬁwz ag{d Mfay 45C while the ethylene

pressure was” hal ntal hed at 45 barg. The 24 WO
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enpl oy roduct nass
i talueD® ik i 2o PeBieNk niesselx dhp| mixtuse \rsamﬁﬁrreolz§@rd5| mmrabrambnent

telnpé?étﬁf'@laﬁd Afss ﬁehyirﬁrﬂs@erréf E@'éeéd)(ﬁ ?12]' &r@sguﬁ?‘r%%&ﬁ Eact.it?‘l%ave)

Cr(acetyl acet onoat e) eny
caMainipad mixdye of to&engf(é(mw )ga modrfred methylalumrnoxane Akzo

maauemmcaew (e Qﬁmbr) Pétpﬁ@“r@/"rr?e qo%s@f}f’e %E&k&r Whs GrérdZl with

unene was added to a solution of 7.
eﬂ}yteae&fiﬂfa\e'@%ﬁ%t@a}%or( teroneraigie Was| @pn@olleﬁ at pRe white the
ethyRAB| s UMEREE MaintiiBedTbk i4 b8rg\aPe $o4dtibR Qvafs%rn%né?ea aftbr 15

anbient tenperature and was then transferred t

m_l'ﬁ)cﬁﬂ‘drﬁ‘e PFcsuiel F@ardt 2 @RaY® Wea paIPlovednT g ﬁquigctaﬂass was
78X TRe Qfodﬁétrﬂiﬁé’tﬁbdtﬂaﬁ &f tHig e@?‘ﬁbl%@uﬁ‘lﬁ%rl&éﬁ ‘?’H ’Fz%lé‘ gxane,

4. 4 mmol 10 % solution in toluene) at 40
pressure react or was charged with ethyl ene after

Ewlimple 1§1€Ethﬂéﬁé dtrarREMEtRInHelCG ugmgtdr@édegﬂa&bnéé%
e et hyl epe ressure was nmi ntai ned at

(%’Hﬁ '%Wé"?@ﬂ PBﬁ“ AndsURPeEteddMAPt er 25 nin, and

At RutIosEeBIP eng)fof |fPl\Qpﬁkb‘?MﬂpW@ﬁylEW@'d@Eerﬂmo-l)_hﬁ 10 ml of
td?ueneuvsetls gaadséd toa sollultrgn of 19 5 mg Cr(); (0.033 mmol) in 10 ml toluene in a
Schlenk vessel. The mixture was stirred for 5 min at ambient temperature. 3.9 g
supported MAO (MAO on SiO,, Crompton, containing 11.3 mmol MAO) was
suspended in 30 ml of toluene and was then transferred to a 300 ml pressure reactor
(autoclave) containing a mixture of toluene (50 ml) and TMA (trimethylaluminum, 3.3
mmol) at 40°C. The catalyst solution was then added to the pressure reactor. The
pressure reactor was charged with ethylene after which the reactor temperature was

controlled at 45°C, while the ethylene pressure was maintained at 45 barg. The

24



The product distribution of this exanple is sunmari sed
in Table 1. Exanple 21: Ethylene tetranerisation
woeeamniser9 usi ng Cr (acetyl acet onoat e) 3, PCT/ZA2003/000187
(phenyl ) 2PN(" propyl ) P(phenyl )2 and MAO A sol uti on of
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I on

benzene was added to a soO
emptwyﬁ@ The(@r@@wqtlrr@@w@ﬁdéteé)@ The.podiuetrdisyibltion afhigiexample is
s@hivlibiuzgAgpien. @ Schl enk vessel . The m xture was
stirred for 5 mn at anbient tenperature and was then
transferred to a 300 mM pressure reactor (autocl ave)
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T%Ptﬂduusfrﬂ'%mwt@n%mﬁ PERMRL Iswmaf@teﬁw Bakiedlnoxane, 2.0
mmol, 7% solution in toluene) was added via a burette
to a 1000 m pressure reactor 25 WO 2004/ 056479
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(,{ﬁb?@ngm\)('ﬁbpﬂﬁqpﬁgﬁw gnragwﬂbessurl sed at 40 bar.
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rocedure of Exanple 2 above was e %/
% {bepzgane RgsSatpnkygssel- ﬁhﬁemlwé&@étsﬂ@e% qrﬁﬁum.eéﬁmblent

tempetrémﬁe ex@ridse tHep SarBr@FddZ @ al S00Tah! Sredsurdraambe(Rdclave)
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Bt 31D Rb &iffesnzenep g ) QFPINMMg dppthviaiyRiapxanes 4.0
W&Os&uﬁ&i MH khierfe! alh(ﬁC”Q’h@fpressure reacltor was charged with
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aSc vessel . The Bre was stirred fo mn at
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toluene) was added via a burette to a 1000 nml pressure

react or
Example 22: Ethylene tetramerisation reaction using Cr(acetylacetonoate)s,

(phenyl),PN(propyl)P(phenyl), and MAO

A solution of 5.8 mg of (phenyl),PN(propyl)P(phenyl); (0.014 mmol) in 10 ml of
cyclohexane was added to a solution of 3.5 mg Cr(acetylacetonoate); (0.01 mmol) in
10 ml cyclohexane in a Schlenk vessel. The mixture was stirred for 5 min at ambient
temperature. This solution and a solution of MAO (methylaluminoxane, 2.0 mmol, 7%
solution in toluene) was added via a burette to a 1000 ml pressure reactor
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(autocl ave) containing cunene (180 m) at 45C and
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p@d“@tqlﬁiﬁblﬁpnﬁt@ PRI Boemynatised snbreitef3 (0. 033 mmol )
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stirred for 5 mn at anbient 26 W 2004/ 056479
Exampledh Fthyena stramerigationtreactiamusing £r{gestylacetonoate)s, (2-

react or (autoclave)
S N(Bethi) P2 T IPSRAMAS Omt) and MAO

AR PEPS AN AR BADUNY RNS e COBEN el O88samEl in 15 m
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I eact or tenperature was cont

1@ pylsigae h @ Sehlenkwsessehi Theampdire avas giirasiiog 5 mireat ambient
tern%%tlu%n aH@SNésefHéhn@ér%%rFE‘dt & a38bdTnil Rr@é@ré rF‘S?]ctor (autoclave)

roce ure of above was e
C‘HF@H'@Sta W&g%revﬁiéol%nmﬁmgﬂ) ane MY Goethylalugtinaxene.i A nemol) at
6690, ST HAERLR téuch R iched el WwilrRliR1che Bt @ ™MhRhZPe reactor
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| ut
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example is summarised in Table 1.

Example 25: Ethylene tetramerisation reaction using Cr(acetylacetonoate),, (p-
biphenyl),PN(methyl)P(p-biphenyl), and MAO

A solution of 47.0 mg of (p-bipheny!),PN(methyl)P(p-biphenyl), (0.066 mmol) in 10 ml
of toluene was added to a solution of 11.5 mg Cr(acetylacetonoate); (0.033 mmol) in

10 ml toluene in a Schlenk vessel. The mixture was stirred for 5 min at ambient

26
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summari sed i n Tab I'ene

disrthuiere pf Wistexampleda sumprgrised igrabig heet yI acet onoat e) 3,
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2004/ 056479 PCT/ ZA2003/ 000187 A solution of 30.1
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acety acet onoat | ) 10 t ol ue

A oltiat if bl 1 B8 s@f (p "I"ﬁB‘YIﬁhﬁM}ZENO@%thﬂt)ﬁ’ prr@%thylmerwl)m(ﬂ 066
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pressure reactor (autoc ave cont al ni ng

(Qﬁ)%ﬁ umolbm Ogniiekene soaSphlapy vesse). (Thetmiyiues was ﬁﬂf@rﬂ’er 5 min

ab ahhbieR| tbrpbratd® Gandl Was RhES 3Mh§feh§@°tboé S%SmF RAEQ8@ reactor
with ethyl ene after which the_reactor enper at ure was
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above was employed. The product mass was 80.59 g. The product distribution of
this example is summarised in Table 1.

Example 28: Ethylene tetramerisation reaction using Cr(acetylacetonoate),, (o-
ethylphenyl){(Ph)PN(‘propyl)PPh, and MAO
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exanple is summarised in Table 1. Exanple 29: Ethylene
tetranmerisation reaction using Cr(acetyl acetonoate) 3,
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”’t' otP'lh'éﬂ%)'“v@&Qi?aEaW@ﬁ%l aT hgumiture wes stimebdombd minest @mpient

tén@p%?étgfe abaulase ltfféhe)raﬁé?éﬁéﬂ ) @193@0 'Hllxﬁﬁééﬁgé’fregélgp Yutoclave)

m) and 1-octene 2
t@@%‘@r? Sugurg ofdglugag 756@'% and Mﬁp éraethvia&mmwee 9.9 mmol) at

4&@)’1’!@6‘ Prédsefss Mé&tdﬁ@a%ha Z?%Hn\ﬁﬁh Syl BAEOWARE {HRCreactor

erature controll The reaction was
%‘i%ﬁ was gppigglied 4t 4Fﬁ’% Wfa'ﬁdh% FEYiENG JBEIRRUES WRS Iaintgined at
43 bé@%e%éct@ﬂﬂbé%ﬁ@ﬂmngt% aREPYY Gin, BMIShe PRstedlre: &t Exdmple 2

roducﬁ di stribution of this exa e 1's sunmari se

aP?\"eﬁé{B? Employsd. \iherRiegye SeasroNaT3P Qﬁﬂﬁs‘“ﬁd@eqm distribution of

tixeEmhte Blsunkhide@MeTAIRE naer i sation reaction using
Cr (acetyl acet onoat e) 3,

(phenyl ) 2PN( met hyl ) N( et hyl ) P(phenyl )2 and MAO A
Exampld 30t EthyldRe Setf@méNisation reaction using Cr{aceéylacetonoate)m

RIS AL R Tl P e (O R TR
AGd|@tivet o acetrﬁ@wt(pt)&ny()@m%ﬁoﬁmpmqenwa ®d28 an%I)%nﬁ) ml of
AT I TETC H AROE
nﬁQﬂmﬁnephesmnkew%ﬁs@If 'I(h@UIn@@ur@V\ﬁés s6R8d 3bMbNGindat ambient
m Xt#h% %gtsollu lgﬁ %n nFLPtlon op MAO (methylaqgrlmarllloggen%XoanQrenol 7%
solutlon in toluene) was added via a burette to a 1000 ml pressure reactor
(autoclave) containing a mixture of cumene (80 ml) and 1-octene (80 ml) at 45°C and
being pressurised at 40 bar. After the addition, the ethylene pressure was maintained
at 45 barg and the temperature controlled at 45°C. The reaction was terminated after
45 min, and the procedure of Example 2 above was employed. The product mass

was 405.87 g. The product distribution of this example is summarised in Table 1.
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40C. The pressure reactor was charged with ethyl ene

after which the reactor tenperature was controlled at
wo3u)4/08bM7be t he et hyl ene pressure was mai nt ai nedTaA2003H00187

barg. The reaction was term nated after 30 mn, and

E‘kﬁﬁlp&f weétumnefte#mma.&, realeeaﬁ ﬁ;ﬁﬁﬁ, @g@&&yuséetoﬁhste)a,

ro uct mass was

(megwnzwwhyl)Is«nqthyaP@Jaam'dozeanegMé\mmr. sed in Table
AlsoILFﬂ'éﬁ'HP bg, 3?%%% ﬁggﬂ%hgﬂﬁNgrﬁé{h@W(rﬁéﬂl PPherGASTd. B8 Milofi%h 15

acet yl acet
n°c| 3 t?b@@éw%szaﬂta(em ﬁy%pW’QrEOft Hii-D peeiy@oetylznetoridat® ) 0.033 mmol)
[
o9 Wi 0o e SEnfk dpssel (e miture was stimsd far 5 qin at appient
tqmperqforwnéfwa% I”’U@ntfaﬂ)ﬁ%f FQﬁdéﬂa@ 8Q0 anlspriessure reaéton {aoclave)

cgﬂaﬂnbaé %l%h%cﬁtteﬂeﬁé Szes g ePn&) %O ttﬂ/la'ldhﬂr&a'?{%e‘ 9.9 mmol) at

[uefe in a Schlen dre was
49‘%5? Bharipresstre seasitanwas afgeged: witle elimdeneagfteheiich the reactor
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4 bathyTihgl reastion weascterninated mfter $0 mm m the peogederesafixample 2

ab&ROWAS eBRyENaF r%elﬁﬁu\’(’! Srbd & Iﬂ%’és? aﬂ&f %VC‘;H%e\CAﬂ PE‘& dhstrlbutlon

react or tenpera ure was contro
oblhisyxanwlgissyavnasisahin Taplg ht ai ned at 45 barg. The
reaction was termnated after 30 mn, and the

procedure of Exanple 2 above was enpl oyed. The
Eﬁ?@@!ﬁ:% rRibyleng setramerigptionreagtieniuging Griasstylacetonnats)s, (2-

tn.ahﬁe@(ﬁﬁnhﬁeﬂmpmﬁmng%qTﬁwde 1. Exanple 33:
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Agqietost s %%msh@%&Qeir@pher(y@h%wwe)tmrb)ﬁ(@ﬁ?a@m@anylm(QHJ@ﬁyhon@l) in

107 dABIUENS W=dtddeRd QB a5$c§ut|HB| c‘}ff11 5 mg.Cr(a ?\‘\}/Iacetoqoat?r)ﬁ (0.033
(pheny I(%ZPN( propyl ) P(phenyl) ':(f
mol) gy 49 sHdQlanRe ha essel. $be wmikiyre was Btigedror 5 min at

a@b(eﬁ@%bhbél%ﬁir@n% a3 (r%noﬂrénémf%a tol & 3dd Wi pressure reactor

cl ohexane in a Schlenk vessel. The m xture was
‘?9“\”@6 corfpinng A Mixkre Oéme@ﬁt(sqf@h)rﬁ@@ MAQ gnethylgluminsixagg, 9.9

nMP&) afmabdyy| e Breded@n@actbPonz8! dHak htéi’lliw'@rfée)aflter"‘@ﬁlch the

ed and the m xture was stirred for

B ORI e RE ORI o, A%5E, aunlg ther GLione Pressure. was

rrféirﬁ‘ﬁﬁét! Qt 18 BEIGOThé ?égc%ﬁ P48 kerfitied BidIBAECMM Qhémocedure
at 5C and bei ngl_ pressurised at 40 b
t

%’F‘P'Fh% 2RQ¥R tasremplRedet Tl MIREUGrraass was VUals? 9. The product

dBﬁlbOtléh oRHisaixarmpleNasGmaRfsddif TaBRPEr at ure control | ed
at 45C. The reaction was term nated after 60 mn, and

the procedure of Exanple 2 above was enpl oyed. The 29
EXEmpRO33: BthgiéRe RSEFAnSérsHlidnGe8dfon usin ch@ﬁééet%ate)g,

97. Th dc di stribution of this exanple is
é]ﬁwﬁ%hgwopﬁnp (?EEHQ 21anl é",@éﬁbl e 34: Ethyl ene )
At sdlutiomesi 5 imgnofl @heh )gnNu?rbm@) KeyB! Y0.8¢81MERLE)1D mi of
c;gd?om xgng %Fa’§ (agdgﬁ %c? P(soh?gr){ 3.8 mzébczgtylacetonoate)a (0.011 mmol)

in 10 ml cyclohexane in a Schlenk vessel. The mixture was stirred for 5 min at
ambient temperature. 1.8 mmol of MAO (methylaluminoxane, 7% solution in toluene)
was added and the mixture was stirred for 5 min. This solution was added via a
burette to a 1000 ml pressure reactor (autoclave) containing cyclohexane (180 ml) at
45°C and being pressurised at 40 bar. After the addition, the ethylene pressure was
maintained at 45 barg and the temperature controlled at 45°C. The reaction was
terminated after 60 min, and the procedure of Example 2 above was employed. The

29



A solution of 39.8 ng of (phenyl)2PN(Si Me3) P(phenyl )2
(0.066 mmol) in 10 M of toluene was added to a

weabuoserroof 11.5 ng Cr (acetyl acet onoate) 3 (0. 888/zanwi3)00187
in 10 m toluene in a Schlenk vessel. The m xture was

prddukl I%ng Q/és 207160 3(%‘tTh@'H?JJG:"L[H dist-BURSH 8 Hls& s6 oéNF aised

transferred to a ressure reactor

intl&ilni ng a mixture of toI uene (80m) and I\/AO

(et hyl al um noxane, 9.9 nmmol) at 40C. The pressure
reactor was charged with ethylene after which the
Exampie34: Ethyleae detrameripatiaqtoreaction vding: Cr{a@tylabétonoated;,

(Shemit) Wﬂh@gpg{@nm%se,?mtél ned at 45 barg. The

reaction was ter 30 mn, and the
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AU s m& t&"%%omoﬁ of11 E&’?q @F(%ﬁ&ce%bﬁ@@hﬁ b%@%fol) in 10

this exanmple i s sunmarise
it tRlupee dn 1 (Schleaki weseloTheembdurenwassistiged for 5 min at ambient

|
e Y G A
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cont al ni ng a m Xxture o uene
apone; 9§ amaleyedxEieeproducy nmswyaSa% 9 goThe Pragluph distybution of this

ekBASIE Y sWAPafRi#qdbidi4t h ethyl ene after which the
reactor tenperature was controlled at 65C, while the

et hyl ene pressure was nmai ntained at 30 barg. The

E&Q%lé R3] ?Ieh@ rté'ﬂ'é}ﬁéﬁgatﬁfnt rehctidh [El Gl (f‘tﬂ%:}etonoate)g,,

(EI‘OCG ure o above was e

F‘S’dﬂ&hmﬁ@%c'vﬁg aﬂdé\"/g‘go The product distribution of
Al $tlgtionBf B ehd F FIHEFGLPRREHLEH TﬁQb%Gé miSFTH8 mPof toluene

EthIenetetrarrerlsatlonreactlon ng
wap (agggg >j;q) @nglgmp%j 35 g Cr(acetylacetonoate)3 (0.033 mmol) in 10 mi

tdﬁﬁrﬁﬂrpfée%hbea?wes}%épp‘ma %IQIUFEEtV\l;Bél Eﬁﬁéﬁ’ L€ eyl &t aRfbient
MAO A sol uti on of (o

tGAMRERS L2 PRE * wﬁSngﬂn) tﬂ%r@‘?ﬁ@t Fgllapmw)Qrsﬁ%ﬁwyact@ro(mlave)

cm’@lhbngl @nﬂa@ur@ of@blubRé K@Wﬂ Nﬁl@g‘%ﬁ*@laﬁmﬁ%)&%é ofl Q%mol) at
p acet yl acet onoa 2(

6 & ﬂ% Pres Hres&?ﬁ% kW%%sF@éTged'l“H@“ sthyiangr afterawhishi thee@actor

tdnfferurd Wadtorraled 2t 6bRIRAIRIHE @iyRAcWREsduRE Was maintained at
érans rred toa 300 m pressure’reactor (autocl aves

3Q 5AtG Fﬁ@a%lomVWJP@IB?teg @r‘taié%% mis Ggl)the REpcRelire of Example 2

abot Jyd éinpmyé@xﬁﬂaeproﬁu& &8 wasb 5 ZlggC'Tl'he-r;kl‘t“adlﬁkft(:E)‘i‘%“tr"dﬁlﬁ* on of this
reaﬁtor was char. %_d wth 30 WO 2004/ 056479

o BN HHREEST Talley| ene after which the reactor

tenperature was controlled at 45C, while the ethylene

E? Sn’fenéﬁe ggﬁéppg te Eﬁ?‘lngr?sdat%tn régct?c?r{ 3S|ngt}:et'(arcee?ﬁ;ée%2nt\;\gg)3, (o-
methylphenyl),PN(‘propyl)P(o- -methylphenyl)(phenyl) and MAO

A solution of 11.7 mg of (o-methylphenyl),PN(propyl)P(o-methylphenyl)(phenyl)
(0.026 mmol) in 10 ml of toluene was added to a soluton of 7.7 mg
Cr(acetylacetonoate); (0.022 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 ml pressure reactor (autoclave) containing a mixture of toluene (80ml) and MAO
(methylaluminoxane, 6.6 mmol) at 40°C. The pressure reactor was charged with
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m n, and the procedure of Exanple 2 above was

enpl oyed. The product nmass was 55.45 g. The product
waoiedwasbardi on of this exanple is sunmari sed i neCaiziAR0B/000187
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Figure 1.

Example 38: Ethylene tetramerisation reaction using
[Cr{(phenyl),PN(phenyl)P(phenyl),}CL(1-Cl)], and MAO

A suspension of [Cr{(phenyl).PN(phenyl)P(phenyl),}Clx(u-Cl)]; (0.0125g, 0.020 mmol
of Cr) in 20 ml of toluene was transferred to a 300 ml pressure reactor (autoclave)
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glass fibre filter. The solvents were renoved under
vacuum and 10 ml of water was added. The product was
wexbeasted in petroleumether (3 x 5 m) and oPQaZiAREN3/000187
conmbi ned. Renoval of the solvent under vacuum yi el ded
cén@ﬂﬁ@ foRbi éﬂio ENGndMRBYE T mPdf ot bbod\MRe pﬁéss‘l{?én’eactor was
anple 40; | ene tetranerisation reaction
ija\r@zd éM'Wy?thé'ﬁﬁ%@E@'éyVBlCh tb@trﬁ@ntgrztpm@ﬁatw Way e@rﬁmlly at 45°C,
wind tm%ﬁﬂ)%b% s 195 n‘?édrﬁtu@ éct¥oQ| WM hRated

t ol uene and SO ut| on

aftex ﬁ9|nylzpﬁm¢rﬂi%9wpﬁw@mﬂ xampte @cﬁm/e rwasogmeleged. 4The product
whsQ28Pg L e

T g Ty oS st ilof PRI T 2B n pavie 1

MAO (6.0 mmol ) at 45C. The pressure reactor was

ES@AIE 99 PreBakitiah! Gtifie ?éthghPN&thhyﬁ)ﬁeﬁhgﬁ%aﬁ% et hyl ene

tenperature was contro

Mgthyamine (3dgn! ofgMhickitioads.3mmme) indeljena (RS mbaasiagidedaiowly to
a %lmdhabﬁehlafofd%rthﬁ&o@bmne étﬁ"és £e123*7 %ﬁ\@\!}ﬁﬁ tgf&%gég%‘@%lz and

above vvas el_lTp ct nmass
tqéﬁﬂa\d%mme At hsmmleyhe was ﬁ@frefd egtightdefare baingditereddhiongh a
I
g%:i?g%ﬂ;ﬁ%%ﬁ\é% ?’VEEG?%?L ¥ gj}ﬂ%&fz vaﬁcu r} nd 1Q H\I of water was
He @rwcém%rag@%pe lewnesingss |
| )
cgﬁﬁgqﬁggi ﬁ”(isdﬁ%ﬁf’s S‘;I%é; (s%tlv.@ﬂ LAder Qac%@%s Ivylgid It ]j '@g@% ((8)‘?‘%‘5I of the
SR Cal cuI at ed for Cl8H46N2P4Cr 2C16
(found) C, 29.57 (29.62); H, 6.34 (6.45): N, 3.83
[-é(% % neti c noment 3.86 BM per Cr (5.46 BM per
ma'; 40: @Jax%ﬂﬁéeuzmeﬁﬁmme'f?@cme MEHS Q'é(&'ﬁﬂbﬂh?)@d@ﬁtﬂin

(bﬁlyUQ’N(h@tMlﬂi(BbHy]) BN weAdy! ) P(et hyl ) 2} C12(-CQ )] 2 and
susg%en&

AOS? %'téﬁ”n?c e PR Oase ot (APORH, iy tolustp.P 2k 6.088785g101) and 2
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in Table 1. Exanple 43. Preparation of the
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n tol uene tion
T

ﬁl%%&k‘@t%ﬁ%ﬁ%@&ﬁ was f@bomus"‘vg @@VHM(mtwl)waﬂhe
(6.2362d11) 7530 /o) ralnﬁtdiwg,?ﬁﬁ)ﬂ@ .502g,M.38 mhith). Kiyididbeo BBG (90%)

stirred overn ore [
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(6.45); N, 3.83 (3.87) %. Magnetic moment 3.86 BM per Cr (5.46 BM per dimer).

g< 5 ml) and organics

Example 42: Ethylene tetramerisation reaction using
[Cr{(ethyl),PN(methyl)P(ethyl),}Cl,(u-Cl)], and MAO

A suspension of Cr{(ethyl),PN(methyl)P(ethyl),}Cly(u-Cl)], (0.0075g, 0.020 mmol of
Cr) in 10 ml of toluene was transferred to a 300 ml pressure reactor (autoclave)
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filtered through a glass fibre filter. The sol vents

were renoved under vacuumand 10 m of water was
waddehsedihe product was extracted in petrol eunperizaroo3®00187
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(phenyl) (et hyl ) PN(i sopropyl ) P(phenyl) (0.034 mmol in 9
m toluene) were added to a 300 ml pressure reactor

‘Exaniple 45:\Ethyleas tieirambgsatidnifaction A8ing ¢r(2ethyWianoate)s,

R NP piARen 0B8R, emper at ir e vas
Acsullltronldf €d2adthy4|5£(anmdite)3€éo obeved tylepeg 5phIee 930 ‘mﬁﬂ‘@l}iand a
sg@ iQq) 0 éaﬁ?ﬁyﬂ etgﬁ)ﬁﬁzﬂ%’tlﬁgg&é@ﬁf teln?/lr)1 ((%18365?/1 mtglactage 9 ml,
0.033 mmol) were added to a 300 ml pressure reactor (autoclave) containing toluene
(100 ml) and MAO (9.0mmol) at 45°C. The pressure reactor was charged with
ethylene after which the reactor temperature was controlled at 45°C, while the
ethylene pressure was maintained at 40 barg. The reaction was terminated after 30
min, and the procedure of Example 2 above was employed. The product mass was
0.897 g. The product distribution of this example is summarised in Table 1.
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of Exanple 2 above was enployed. The product mass was

13.23 g. The product distribution of this exanple is
woeuomséssed in Table 1. Exanple 47: Ethyl ene PCT/ZA2003/000187

tetranerisation reacti on using Cr(acetyl acetonoate) 3,

¥ s Zﬂwﬁ%b"ﬂétrﬂﬁﬁﬁ%bﬁg’r( RRABh S 1 %)ﬁh k&0
AN M S
ASQiILhﬂanﬂ OP(f2 SkidylRerERosteS, 309 %b!)\/ﬁﬁ ﬁ}h%?@afser%ﬁ o(o%o%ﬁolgHR& X

tol uene in a | 'enk vessel e m xtur

SQ F‘P'F QB(PF%'Py')SethY'}Fl\é(tsoafﬁwlélﬁﬁphemé)rf@&%tmmgl ia9cnitalsend)evere
ddtiad &5 £B0CEI bressurd P0adidr (Qﬁt%él% e)%ghf%ﬁﬁﬁd’fou%ﬂk!/&gfd Rl Shd MAO

gntaining a m xture of toluen
§HEWRH & 49TF-nidweiassuse tagienwas aharga@@lth BHwlgneafteuwbich the

rééﬁ&{t@ﬂhp%&ré s g6RtroMel Bt 54ty l\AfF\P? ti%f étﬁyleﬁg‘él‘é V\;‘er gvats he

react or t enper at ure was contro
mRAHGINed 8t P Bargut ke wastiomwag ﬁrmmteéltafteASO PR, and the procedure

of BRghplen é&@% W%é '§Mb@éy%@i Bld §loddQ n‘fﬁs@ dﬁ@ The product
cedur e of nmpl'e "2 above was
d%it g’d‘UE’P O?rtﬁ§se"ﬁﬁ@'985«§5m§]a”$ﬁ%'rp7@lﬁjtt d| st ri bution of
this exanple is summarised in Table 1. Exanple 48:
t hyl tramerisation_ reaction usin
'%Pt’é’é eﬁﬂ é@x'@aﬁ deframerisatigikaagtion Pg@cﬁngthenyﬂomam
(ﬁmﬁzﬁ(&BB{N(Woﬁl)ﬂﬁhgnm é?lfd wAeny! ) 2PCH2CH2P( phenyl ) 2

uene was added to a

w@m CF;F% 9.9 (Rgerf) g%(r:@?iN(amBB@a@@)l)a (0956 33MakNisl J5 mi
of foluhe st éa@lbél@@@ sbfutién §F'N 9'?1'&{ ¥RESR lacetBifodid gvaéz% rﬁ@rﬁ;l) in

m n at ambi ent enperature an

Do Risne i & SORSADYeRE s Sltare) e SbTed a1t olim e pmblent
teroperaiurd @Qd a/vé‘ﬁ el ﬁaﬁ’sffer?é& *t’c?%%é@% C%re@élﬁe NGt tor I(autoclave)

at ressu

{9’55'8{%' aW&rsH* até@anmﬁwe@wm (raﬁmalumn@xanehw mmol) at
40%aCTIoE préﬁﬂt&f@c&ﬂrewwschﬁf@éﬁrﬂgﬁ Qéihﬁéne‘léﬁer ‘Mméhethteh?eactor
b BB ST IR AL ant B N S tiieRe RIpghUSyas maintained at
4p Ibec‘gsmhé&eéﬁtloﬁwmbﬁmﬂatea@ﬂéﬁ%\@ﬁn &Rl tRY Bfbcedth® of Example 2

. The product distribution of

B sRBred T Intivmkis{Tioass e G451 The pedupislitrinulon of tis

o2AIBHIL R5€iTi8a RGE/i7AaR/ 000187 Table 1: Ethyl ene
tetramerisation runs: exanples 2-48 activity CG6 C8

l-oct. in Exanple G8 g prod./g %of total % of
Exatnple 48: Ethylenel tatrarnénstitiin réad@®éw Ositg. Gatetfia@fofoate),,

(phenyl),PCH,CH,P(phenyl), and MAO

A solution of 26.3 mg of phenyl),PCH,CH,P(phenyl), (0.198 mmol) in 10 ml of
toluene was added to a solution of 11.5 mg Cr(acetylacetonoate)s (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 ml pressure reactor (autoclave)
containing a mixture of toluene (80ml) and MAO (methylaluminoxane, 9.9 mmol) at
40°C. The pressure reactor was charged with ethylene after which the reactor
temperature was controlled at 45°C, while the ethylene pressure was maintained at
40 barg. The reaction was terminated after 30 min, and the procedure of Example 2
above was employed. The product mass was 21.23 g. The product distribution of this
example is summarised in Table 1.
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3 16700 31.4 55.9 95.8 4 27400 23.9 56.5 93.9 5
43500 24.9 60.1 96.8 6 12800 28.0 60.2 98.1 7 25700

wazoa/8d476 97.8 8 4080 26.4 52.8 97.8 9 36100C2&A6003/000187

61.8 97.8 10 7400 22.2 53.6 96.6 11 42500 23.5 55.2
96.4 12 12900 19.2 45.4 96.4 13 35100 32.7 60.6 99.2
14 38400 23.9 69.0 99.0 15 113100 25.1 71.1 98.9 16
Takle0l Etbylendieteandisationtuhsod@Gnifes2-48. 6 98.5 18

7136016 QI i‘f“. 7 Sl_g 1923556 91_5;6 qsrﬁ 98.7 20
0 Z%C. I %.O &9.0 21 gﬂoo 16c43 1.4 99.0 22
591000 *@&_”7.@;@*@0@ 23 493800 16,2 68.6 98.7 24
26300 ?g. Q;rSIg. 2 $dddct 25 pkad®d 22.9 56.]1 95.3 26
30500 P0.0 57.0 95.3 27 47000 20.7 56.{7 95.0 28
37300 27186003 & 989 9 IR0 7.4 5.4 98.9 30
39Q3007 1 65 2 8 13T 23400725 58.8 98.4 32
i B. g?%%? 9§§P; STgeh 0 W%js; 1 98.7 34 9030
%?.52 :L:YE 23500 1| 5946770 SUp0% 023 ohlg O 36 48500 41.5
*16° 7P 2800 28.0 60.2 98.1
7 25700 27.3 61.6 97.8
8 4080 26.4 52.8 97.8
9 36100 26.6 61.8 97.8
10 7400 22.2 53.6 96.6
11 42500 23.5 55.2 96.4
12 12900 19.2 45.4 96.4
13 35100 32.7 60.6 99.2
14 38400 23.9 69.0 99.0
15 113100 25.1 71.1 98.9
16 44200 19.1 67.9 99.0
17 16900 17.8 71.6 08.5
18 71300 16.0 70.7 97.9
19 25500 19.5 68.6 98.7
20 103800 25.1 72.0 99.0
21 64100 16.4 71.4 99.0
22 591000 141 67.4 98.7
23 297000 16.2 68.6 98.7
24 26300 26.0 54.2 93.4
25 15400 22.9 56.1 95.3
26 30500 20.0 57.0 95.3
27 47000 20.7 56.7 95.0
28 37200 271 63.4 98.0
29 19300 17.4 65.4 98.9
30 390300 15.5 65.2 98.8
31 13100 25.2 58.8 98.4
32 8600 16.6 60.3 96.6
33 572500 14.1 68.1 08.7
34 9030 18.8 52.5 95.7
35 1440 30.9 52.3 94.5
36 48500 41.5 41.8 98.4
38 4400 18.0 61.6 96.5
40 2200 16.8 45.2 97.4
42 2900 15.5 63.0 98.7
44 10400 20.2 69.0 99.6
45 580 13.3 42.1 97.1
46 8500 23.9 69.7 99.9
47 4900 13.2 45.1 98.0
48 12400 19.7 39.2 96.6
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38 4400 18.0 61.6 96.5 40 2200 16.8 45.2 97.4 42

2900 15.5 63.0 98.7 44 10400 20.2 69.0 99.6 45 580
wo30@/04&474 97.1 46 8500 23.9 69.7 99.9 47 4900T1/43A23/000187
45.1 98.0 48 12400 19.7 39.2 96.6 35 WD 2004/ 056479
JP4msZA2003/ 000187 Clains 1. A process for
tetranmerisation of olefins wherein the product stream

of the process contains nore than 30% of the tetraner

olefin. 2 ﬁo@éé%%ﬁ&tr@ﬁwe%é’t*dﬁecq ddtinSviteRBid tﬁ@‘yﬁpyﬂisct:ream of

process includes the step o contacting an o

f eeddhe RARPSAI QORtaiNSTRERS than 3e3pf éra tebamer dlefiy a

transition netal conpound and a heteroatonic |igand.

3. A process as clained in Claiml1l or Claim2, wherein
the feeds?y RERESS #kFlaliead nClainylewhiph araseshinchuded die step of

str e%ﬂhﬂa@lﬁ{gu%ﬁs oféhnlke?b%ﬁsﬁ% Ofyitrd a tbeatt nzsgeé)}s?éﬂ containing  a

a-ol efin nonomer. 4. process as

of cltrangition metgl gomww\deand q 'Pﬁier@laml@lllgﬁndf eedst ream

i ncl udes ethyl ene and the product streamincl udes at

| east 30% 1- octene. 5. A process as clained in any

ome of cl A Precesstas Qa'”me'f‘&lﬁm”t her SHlaimi %u\@ﬂereleethgtf%@atream

i ncl Hﬂ:ﬁﬁie@tm |a§‘6]9flr@'éﬂdtth§ RoQE CdireShl ﬁﬁmdbg OAtuggﬁ 889 of a

| east 40% 1- octene. 6. A process as C

one dtdtramesisad cdolelin rﬁonmmmr ein the olefinic feedst ream

i ncl udes ethyl ene and the product stream i ncl udes at

| east 50% 1- octene. 7. A process as clainmed in any

ord of cl &iprecesstas @aimetiém anynobdref chiefs hicc3, Wieediatthe akfinic

| cas i Gove T isRPES B0 na arf R ek BRI e iTegh oo 1

one oftedeai ns 1 to 3, vvherel n the olefinic feedstream
i ncl udes ethyl ene and the product stream i ncl udes at
| east 70% 1- oct ene.
5. A process as claimed in any one of claims 1 to 3, wherein the olefinic

feedstream includes ethylene and the product stream includes at least 40% 1-
octene.

6. A process as claimed in any one of claims 1 to 3, wherein the olefinic
feedstream includes ethylene and the product stream includes at least 50% 1-
octene.

7. A process as claimed in any one of claims 1 to 3, wherein the olefinic
feedstream includes ethylene and the product stream includes at least 60% 1-
octene.

8. A process as claimed in any one of claims 1 to 3, wherein the olefinic
feedstream includes ethylene and the product stream includes at least 70% 1-
octene.

9. A process as claimed in any one of claims 1 to 8, wherein the olefinic

feedstream includes ethylene and wherein the (Cs + Cg) : (C4 + Cqq ) ratio in
the product stream is more than 2.5:1.
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9. A process as clained in any one of clains 1 to 8,

wherein the olefinic feedstreamincludes ethylene and
woheriseudbhe (C6 + Ca) @ (C4 + Coo ) ratio in PCHEZA2003/000187

product streamis nore than 2.5:1. 36 WO 2004/ 056479 -

PCT/ ZA2003/ 000187 10. A process as clained in any one

of, clains , 1 to 9, wherein the olefinjic feedstream

i nt4- udes é‘tﬂf??eéﬁé‘safilﬁi”\ﬁﬂé'? any,ope,af glgims ofp 9.avhegeinihe plefinic

pr od¢stdstredrh aifdRides étRYIEnd RAA wherdih-thé\ A OCE$&icAM the product
cl ai gﬁ?ﬁlln any one of clainms 4 to 10, wherein ethyl ene

i s B&BACHRTt he catal yst system at a pressure
of nore than 10 barg. 12. A process as clained in any
on of cl lto 1 wherein the heteroatomc
fand | szo‘g%?ﬁsﬁﬁéd’ aped H@W&ﬂe&hc}?ﬂ“@éﬁ%ﬂglW'?Qi?'ﬁlﬂﬂ%%"ene is

( R) Béora&ieRivith \WesRalfstd)stekn é%raeprbéﬂﬁé)gﬂﬂ&%tth% $6bsigt ed

froma group which conprises phosphorus, arsenic,
anti nony, oxygen, bismnuth, sul phur, selenium and

nitx. ogen, Aap@dcEsd 8s &:Iélin@lii lﬁgarg/f B cPelamsm Ao aﬂd v&l:nerem the
and R s a ame or fferent and each

t he,
i ndeb%ﬁ%‘@ﬁ?'ﬁ? é'@f"ré‘jg? §a qessrReshyPY hitgo felfovwing eg@neral formula

hydr ¢RpAIBYE(R)L, MeredA Gnd (ﬁé}‘é IMJﬁéhdéﬁ@hseBcte%i from a group which
erm ned by the respective val ence

i nde endentl a{

and Waﬁﬁqsoﬁ)hg? QU aAseé'l‘ﬁzi entipany, Aoxygskes Bisgith,  sulphur,
cl ai seldnium, ehainfroy2an, AREBaE A Iﬁ\kﬁ]@ddr@ﬁp QeWe@nD@bﬁ@tO @nd the
el ec nors forgf%oordl nati on w.t he transition

net a r ir&q ASHPGLLL é@téﬁsueﬁﬁ%'ﬁ l@egﬁﬂqlqrﬁlyépleeteg.frﬁm any
13, hbmb&irrmetdﬂ@ hydﬂﬁt:ﬁb?ladr@ andi ln%’midmlfﬁr Q&ﬂfﬁR'l@ﬁ@eBé{ndently
the f.ol | ow g}%y ener a

wher 858MIAG e??ﬁf@kﬁ% M%Té'?ﬁel %/‘%sg ‘?&'P% 8@? g“(n‘?‘ Q”‘é; Foup

whi ch conpri ses phosphorus, arsenlc anti nony,

bi th and nitrogen .and B nkln Qup bet wee
AT ¢ “BiiBess HoHaREd IR £ 12.0M e SIGRE I are potanta
sel eeleetlorf daordifpd cosrdintidn Wwith thetteingitiby eHeggar byl or
substituted hydrocarbyl or substituted hetero

hydr ocar byl groups. 15. A process as clainmed in Caim
1414. wher eAn ptda:essh&iserowihém @ 10lg@and2i sr clemerifedhbin the

t h N
o OURISHAE sSSHE BadcReloy d 5"&@%9?@%@&%&3 {Bhaans
\é\hl c B(RYW)Y wheie Afmspmoglte%mdemrﬁjemlyc selattet Mty .a tgroup which
| S | Lr,ogen an et we
THOReAS BobhRHED SEENiC Aty BSiSeh hBRSS SRG is a
non timkdngagioup dreteeemat ard C, iand | RIIRY Rieindr R* ared iabpéndently

gr ou?&ectég fro@ ti) tgfoﬁcg SyI s hgte% t%roca%ygor smﬂBs?’%ﬁedVWycf}ocanbyl or

the T'i'gand ¢
substituted hetero hydrocarby! groups.

15. A process as claimed in Claim 14, 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 non-aromatic or aromatic,
including hetero aromatic, groups.

16. A process as claimed in Claim 12, wherein the ligand contains
multiples of (R),A-B-C(R) .
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mul tiples of (RNA-B-C(Rm 37 WO 2004/ 056479

PCT/ ZA2003/ 000187 17. A process as clainmed in Caim
wo300mser7ei N any substituents on one or nore BETRA2003/000187

R2, R3 and R4 are not el ectron donating. 18. A process

as clainmed in any one of clains 15 to 17, wherein R,

R2, R3 and R4 are independently aromatic, includi ng

hetfer o ar drraesass agrataiped imelaimt!5, whereinrnygubstifvemts on one or

R2, R3réBfrR&2have, PR at om adj acent

to thé at om bounﬁqto %ﬁﬂ%&%ﬁg%agﬁgcess as cl ai ned

in Claim1l1l7 or Claim18, wherein any non electron

dopat i ng A4hStdst e Maihsd Fah 'R R

cl ai med |nua§ny Sg%g 'hé? nﬁf%daﬁﬂﬁiig in Ee'ﬁl% RLR

sel e€PeR’ faremﬂ@mgnd@n@ @pmtlgrmlpdln@hpuercsamgran@rggampswnd not

| i nkipghedERUPS R' CRAME o

hydr ocar b?/l Igiet e?ohyda{gggr@a\fy gﬁ&ﬁ%ggﬁwégdnﬁ %ﬁgent to

het eﬁhﬂﬁémd@a'ﬁ%iq/\wﬁor gani ¢ |inking groups conprising

single atomlinks; ionic links; and a group

cogiprl Si ng nmet hyl ene, di methyl nethyl ene,

et han P’PCQSSpﬁérﬁ}ﬂ'@ﬁé in1Clainpridpan &laim, 18, cwinereinoany non

1, 2- dicarbiybiatdp dahdify -Si (R5) 2-, - P(R5) -

and - N(R5) - vvh|e§e R5 |e§tﬁ%§9§%ﬂr§ a hydrocarbyl or

substi t ut ed hydrocarbyl, a substituted heteroatomor a

hai(pgen roéeé%ré’éf‘%%ﬁn@& lrﬂaﬁ¥ Q}\jg rbbéﬂl'?lg Pl @Sf) \%éjemBB is

12 to erein Bis selec sl ng

spacé?'eCtEQ framp Ry e 9§ %l@rpmedcqmpnawg omarm lmk@gngroups

12 t Qorprisitdar dPocﬁB ubRiGIeRY drGealS

wher ei néﬁ%WS IW dgr;ey(rﬁ Sor sle clskled fa?{gymﬁ% ¥drocarbyl and a

consBYkst 'Hﬁe%fheéﬁrkw rocaipdit inorgasie émklgm gravgs comprlsmg single

su bsbtdﬁhlﬂ@ i@ﬁiﬁé'hnké‘ra)‘lh @9fou é@ﬁﬁr‘is‘iﬁ{{) @ﬁé{ ! cﬁ’%)éi?glmethylene

hal o nitro, al Koxycar bonyl

am n @a? pansy11,2- p'@%’:’lﬁﬁ'ﬁyﬂ@rﬁ" ﬁ@aned iled- Wq?(émi ri‘o? dlmqtlwlhydr azine,

gr OUFB(R@I -@W)\}aw(\ﬁéﬁ dnp e Ng)- wﬁ&@ R iy |hydr%§€ﬁ'td hydr&&rbyl or
w th t hese su stltuents ) f oceéss as
cl ai tHedpydreasoia wb&t'wdﬂzet@r@a@m Orvﬁwtéﬁ'@ﬁl% A

and/or Cis independently oxidised by S, Se, N or O,

where the vaI ence of A and/or . C allows for such
ox?dat i onA BRCESK 3% Glakaed i apy Anfeai MG 2 Nd0,gwherein B is

cl ai gBledidd t®bed singltestéinspAcand C are i ndependently
phosphorus or phosphorus oxidised by S or Se or N or

0. 38 WD 2004/ 056479 PCT/ ZA2003/ 000187
22. A process as claimed in any one of claims 12 to 21, 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.

23. A process as claimed in any one of claims 12 to 22, wherein A and/or
C is independently oxidised by S, Se, N or O, where the valence of A and/or
C allows for such oxidation.

24, A process as claimed in any one of claims 12 to 23, wherein A and C
are independently phosphorus or phosphorus oxidised by S or Se or N or O.
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25. A process as clained in any one of clains 14 to 22

and 24, wherein Rl1, R2, R3 and R4 are independently
weeb®aisedof rom a group conprising a benzyl, plremga2003/000187

tolyl, xylyl, nesityl, biphenyl, naphthyl,

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

dlnethylan1no di et hyl am no, nethyl et hyl am no,

t 2pheny A PragessEA claimeddatany onetdiictainedé: g 22 and 24, wherein

tri hRE skt t t I
o hgﬁ;l Fr?o)éhd gk Ef‘:é fﬁﬁéﬁ%ﬁ%ﬁﬁ)}’ Eelegt'régplf/k}f'h a §idW% comprising a

cycl @BW )qhenylcip(lj{l @yﬂesmy rbmb"@gyiynamﬁhyl anthracenyl methoxy,

t et | |

ot SRS ERASY IO 5580 B, ek,
sel edtieRienylp Ayadyjr é@@etbwmhlpshwxm ireethylsilvi, ofliethylhydrazyl,
bi phefayyi, éil%@htéwényl i 31‘? ﬁr?gyl p?ﬁrg‘?@ %Iolp’%tyl

process as clainmed i'n an one
26 wWREThexYl, f%@cen@aa@tqt@hz@'p@mrydgrroupm any one of a
group conprising (phenyl)2PN(nethyl) P(phenyl) 2,
(phenyl ) 2PN( pentyl ) P(phenyl ) 2,
( pAfeny| ) 2PNPORRSFYRS PRprechin pglm 25, wherein R', R?, R® and R* are
( phefndepei? y |
(phenyI.fZPdlﬁ%g FEE—JP %}gpﬁgﬁw gk(l(?%pogﬁmpé%gg a phenyl, folyl, biphenyl
phe AP R\«/qm@m ne) P(phenyl) 2,

(phenyl ) 2PN( Si (CH3) 3) P(phenyl) 2,
( 7phenyl ).2P) 2NCH2CH2) N, (ethyl)2PN(nmethyl)P(ethyl) 2,

hyl ) 2PR(R8ERSEA5S ?‘F’@EH@@WPQG of claims 1'to 22, 24 to 26 wherein

th | &P | t
E:t h‘.trﬂe)(g eny %Pﬁﬁﬁoéﬁﬁﬁp?g&) (&Eenafl )a group comprising

(phe Bl ) P( phenyl ) (phenyl)p_PN(pentyl)P(phenyl)z
h %2,
(elto hs MQQQW PN( |I sopr og?/?”)yﬁ PN(p n;/etpcéxyp P 8nyl)P(phenyl) 2
met hf}ﬁ}?ﬂ%‘ E’Fle F%‘GBY Siphgmo- m et hyI (phenyl):PN((CHz)s-N-
h henyl ) 2PN( b |
phenYIRROranrery|) 2N e GRS G Pren,
(e ARSNGB EBL) (Ove3)] P( ohamyl {thPN(methyP(ethy),
%?ﬁ(ﬁth;)l)%%?&é@h?@h’e%ﬁf 2Phegeth)ifphdtyBPNtm@RMiEethyl)(phenyl)
SR R
na -
(ppblt{%h E lp])é)ig@e}l p ggwb?l%yen(?her?/I)gPCHgCHzP(phenyl)g (0
phemiis i’ﬁﬁ{‘ W’B@&‘eﬂﬂ 2hyl phenyl )2, (2- (o-
thl opfeeyydheaf NP §dprbpye: Renyl

(shepieh e e e ;w%& st

( phemHehﬂPzNNl[GHmeHbSmmgm(

e S S e 2 30 vo

methylcyclohexyl)P(phenyl),, (phenyl).PN(allyl)P(phenyl),, (2-
naphthyl),PN(methyl)P(2-naphthyl),,  (p-biphenyl),PN(methyl)P(p-biphenyl),.
(p-methylphenyl),PN(methyl)P(p-methylphenyl),, (2-

thiophenyl),PN(methyl)P(2-thiophenyl),,
(phenyl);PN(methyl)N(methyl)P(phenyl),, (m-methylphenyl),PN(methyl)P(m-
methylphenyl), , (phenyl);PN(isopropyl)P(phenyl), and
(phenyl),P(=S)N(isopropyl)P(phenyl),.
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28. A process as clainmed in any one of the clainms 1 to

27, which process includes the step of conbining in
wany4mseEgp a heteroatomc ligand with a transPCir/@a2003/000187

metal precursor and an activator. 29. A process as

clzd med i m SBYelnR @élm‘éb% Eﬁy éné Bf 8, cIéMﬂ'sqhtoFWoﬁ/ﬁ%ﬁ process

i ncl udes the step of ng a pre-forned coordinatl _
conplngludes tap ster of e@,mh'@mh@ et efdeto heterqatejaindidand with a
t r angahsiih m@fa@breﬁﬁr%nuérﬁ%n attRafdrf €action mxture

contai ning an activator. 30. A process as clained in
Claim 28, which includes the step of generating a

hegger oat oy ﬁroeéﬁ £4 BRirh&n |§9HP|oﬁé dfrbla“#nEW {d o8] Yvﬁich Process
transition netal Frecursor and a heteroatomc |igand

31. Mcpdsedbe siep of addiva 8 wredaymed ecogrdination ceampiex, 2prepared
30, ‘C@iﬂ@ hd hbﬂéﬁ)atérﬁ@m@bﬁd aRd BBt SsitibR n‘?‘&{il&ﬁé&ﬁséﬁ R 38 ction

one of a group conprisSing chromum nol ybdenum

t ung SEHTE ANHMNYAY 26tAtoal um  vanadi um and zi r coni um

32. A process as clainmed in any one of the clainms 2 to
30, wherein the transition netal is chromum 33. A
priftess ad ProgeRREPS FlalRY dneCloim c2&i whichginglgdesp the step of

wher geRerati®y a heRRsEdrhieRosRiRtioR ESRHIER M situSrte heehSHlon metal

froma %r oup conprising of an inorganic salt, organic
sal t Preg E??ré%lﬁﬁﬁﬁr‘%ﬁ’io@@rl'ﬁﬁ@@ and organonetal |ic
conpl ex. 34. A process as clainmed in Caim 33, wherein

the transition netal  precursor is selected from any
omel-of a &U@ﬁeﬁoﬁgﬁ@i‘%mcﬁyﬁﬁ%ﬁﬁ therglaims o fajd0, wherein the

tri straRsif @hm&él’f"sﬂ &é’!@ct@@ﬁmn?%\ny Uﬂ@@%@ﬂdub'dbﬁ{pﬁ’@?ﬁp'chromlum
ch romoi@gfaac rom u &III) oct anoate, chrom um (

acet {1 WBelURISteM HERRIUTTA taRialay XAReiy aﬁﬁé“@‘?ﬂ“ﬁm um
(1'11) 2-ethyl hexanoate. 35. A process as clained in

a one of cl ains 28to 34, wherein the transition
mre‘%al i s SePOERSSFS Flaimesd PR e Selngdlainrsd a0, wherein the

chr oransiidd ikdal isatrimibacet onoat e and chrom um (111)
2- et hyl hexanoate. 36. A process as clainmed in any one
of clains 28 to 35, wherein the transition netal from

a 33.ansi t ipoprodedsahs RIAaLd S@ran nshehet bR 081t6 40, IRfein the

r ned 0 provide and ratios. from
S heut oo et P@Cﬂr@%@@e%%’fe?o/ A 20048 GRFHG of an inorganic
PCT/ Z4% Q0Gdr08MB4 co-drdinaioprRefek Rl dry@idmdaliidicdph@bm
36, wherein the transition netal precursor and

heteroatonic |igand are conbined to provide '
med4dal /11 gangrocesd i8S clhintsd &b @i4in.33; WwHeeid Ohd . transition metal

precursor is selected from any one of a group comprising chromium
trichloride  tris-tetrahydrofuran complex, (benzene)tricarbonyl chromium,
chromium (lll) octanoate, chromium (lll) acetylacetonoate, chromium
hexacarbonyl and chromium (lll) 2-ethylhexanoate.

35. A process as claimed in any one of claims 28 to 34, wherein the
transition metal is selected from a complex selected from chromium (lll)

acetylacetonoate and chromium (lit) 2-ethylhexanoate.

36. A process as claimed in any one of claims 28 to 35, wherein the
transition metal from a transition metal precursor and heteroatomic ligand are
combined to provide metal/ligand ratios from about 0.01:100 to 10 000:1.
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38. A process as clainmed in any one of clains 28 to

37, wherein the catalyst systemincludes an activator
weeb@asedof rom any one of a group consisting 8€T/ZA2003/000187

or ganoal um ni um conpounds, organoboron conpounds,

organic salts, such as nethyllithium and

nmet hyl magnesi um brom de, inorganic acids and salts,

sih as t At PERRefoRsherimedad Elairhpatuherain |thertransition metal

ggt r BfdcRbP %Haﬁ&el%ﬁﬂamlé GEaHE d1e X&frﬂtﬁfh?écp"i‘@tdrmg@tr{?%tallligand

A process as clalned I'n any one of clains
38, s &pm qutoédttp\ﬂe@tbr is selected from
al kyl al um noxanes. 40. A process as clained in Caim
39, wherein the al kyl al um noxane, or m xtures
t ik eof , AsPresessces@laimernim agy o oihFleimsc 8840 s¥7s vdterein the
mst h)é t§| gy NfRcl

M T e A e R
cI al ﬁ@%ﬁ'ﬁtlﬁgd awgﬁn%urmnw@ gempagdsypigpeohererheompounds, organic
trangiitd QQch Q?Wthﬁﬁ}quh%daﬂé IWQQUW Sl |ﬁb‘?€ar{i@ goids

pr OpOI‘tI ons to rovi d rati os rom abo
to 16ndgelts; sugh aSA@trﬁfl@@@%ﬂggmdl%hefe@ sivegiteiratiugrpborate and

wher ghdluhexbfdnsdnti®nateet 2l and the al um noxane are
conmbined in proportions to provide Al/netal ratios
from about 1:1 to 1000:1. 43. A process as clained in

gy m 42, AWBRESisNad RRIhERRS idhl Yhe"BH BhindNds tihSsg, (therem the

al um noxane are conbined in proportions to provi
Al | meetiiRtar it selected em allplalminoxanes. 300: 1. 44. A
process as clained in any one of clains 39 to 43,
whi ch includes the step of adding to the cataly
syt em a rRracesp a8 elaimeduim CaimhsBnwhersin thamlimialurginoxane, or

bet wadufes0lihbofl 00s MRieidR®Id MRbmof 5 a'd?bfu&" WHidMOX 8fMists  of
41 WD 2004/ 056479 PCT/ ZA2003/ 000187

Fe‘hgr ocess as
cl ai EluBRgXHge ONAR)a] ﬁﬂWLa“{r@”gf@nev\h ) n@nddeodified

the ahkgRILAfindXaxé@gumAG).conponent s of the catal yst
system at any tenper ature bet ween -20C and 250C in

the presence of an olefin. 46. A process as clained in
G aim45, wherein the tenperature range is between
20C and 10Q0C 47. A process as clained in clains 1 to

4641 wher emrﬁﬁﬁsﬁ%%g%%@ 350 Cleip |49| wherein the transntlon

cycl ﬁmtaaﬂetharamnﬁlﬁéme RE BhRHeatiS p%bbrﬂnd?ﬁe@%simﬁ InYmetal

make g | east 1 % of the product stream of
pr oc Eatios from about 1:1to 10 000:1.

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 1000:1.

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 300:1.

44, A process as claimed in any one of claims 39 to 43, which includes the

step of adding to the catalyst system a trialkylaluminium compound in
amounts of between 0.01 to 100 mol per mol of alkylaluminoxane.
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48. A tetranerisation catal yst system which includes

a transition netal and a heteroatomc ligand. 49. A
woav@loged79system as clainmed in O aim48, wher epaTiZIaR003/000187

heteroatom c ligand is described by the follow ng

geperal 1 ardiédds asRldifePilan) &mﬁmé‘zatﬁ%4cwﬂfcﬁ includes the

i ndependent|y selected from'a grou

phos pie8r fsmixgs g @m%ﬁ‘?n’ﬁo@fythed@@jﬁﬁi sygieshat lqny temperature

sul pBefiveensSsd @BM@SOQ@% ‘Eﬂbtd'rﬁé%%e oPAifloiBrid.s a i nking

group between A and C, the R's are the same or

different and each R is independently selected from

anys, hono p %robb‘%‘s%’s%lé‘i%ﬁﬁ@flgm 487 elﬁri b Bt aflld Pnge is

each R is independently eterm ne e respective

val eRe@esA@0dxpadiP®® state of A and C 50. A catal yst

systemas clained in Caim49, wherein A and/or C are

a potential electron donor for coordination with the

t rinsi ti ot Rieeess asdaimaddatclaigs tl toyAl; ahetsin oledivieyglopantane

C ai ghd the Iéﬁe@y%é&taﬂ@%%%é&‘@s preﬁﬁc?‘% ?‘?r&u fﬂgbﬁeAdegﬁ}V'%ake

is descri bed th | om ng genera

(R ) RS L&aﬁﬂ"/eeﬁ@?@mquc‘v\ﬁé&a@ mﬂhﬁar@ea&-e i ndependent |y
sel ected froma group which conprises phosphorus,
arsenic, antinony, bismuth and nitrogen and B is a

1 i4i ng gPolePametisatien catalyRy systeamavhieh inRdeRa Hankitien metal

are hhdaperySAbh igagd.ect ed from hydrocarbyl or hetero
hydr ocar byl or substltuted hydr ocar byl or substituted

hetero hydrocarbyl groups. 52. A catalyst system as

clg med i p &Gtaydh Q{emV‘é?EI@In'ﬂeOt hecheh Q@O%Qr‘é?rpthel bl tomic

is described by t | om ng general fornmula
(R ) i9&A- Bisc( Rﬁﬁqi? )°f wh@fe A&nd fellowting i n@epeiglientfpynula

sel eqR AL BECARY, WhBFON BNV &8 iSRIFBhSR sebéteRom a group which
2004 056479 CT/ ZA2003/ 000187 phosphorus, arsenic,

ant i RYRPTIses; ARQERNORI ArSenisgeANHARNYE PXYAeN| | iRMHE, sulphur,
gr ougelemiginvara niroddll, dnd BNE afthkinGrolfPbetiReRA é‘ﬁc?C and the

i ndepe ndentl¥?non aromatic or aromatic, includin

het eR APJRAFAME of Akgrrnt ang eagh Rds 1dppendgpdy éﬁ*ﬁg@g from any
cl ai ABdoion heterd ﬁy&Scaer r@upﬂaﬁ@ﬂ dniddATer &Rt RIid hdependently
nultl | es, Ofé'{‘ﬁ C\s 54. A catal yst system as
¢l ai ABTIRSEPY e Tgepast %{?'?ﬁeseé‘,d Qeetien taiggf Aand C.
substltuents on one or rmre of R, R2, R3 and R4 are
el ectro onati.n A catal yst system as

a? med if Céﬁ%jy%ﬁaést‘a% 39 %lﬁ'ﬁiédslm G549, Wieseigi A apd/or Rpare a
R3 apetefiel afc2trom deis fstbtdinadiba Wit itke trérmﬁloHdhétSl het ero
aromatic, groups and not all the groups R1, R3

and R4 have a substituent on the
51. A catalyst system as claimed in Claim 49 or Claim 50, 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 hydrocarbyl or hetero hydrocarbyl or substituted hydrocarbyl or
substituted hetero hydrocarbyl groups.

52. A catalyst system as claimed in Claim 51, 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
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atom adj acent the to atombound to A or C 56. A

catal yst systemas clained in Caimb54 or Caimb55,
wohers@seu7any non el ectron donati ng substit uenPCT&ZAREI3/000187

polar. 57. A catalyst systemas clained in any one of

cl ai osdp%oh% §@en|\ﬁh§{ti‘?’r\dﬁgBolsﬂn§t {rﬁfrgg?e o 4R %né{luﬂ{}?g group

of a grou r|S|n%b ani c roup

conpPE#ieRy Aaah@@r 68y R, Ruayyt Rt ateemndhmnd@nw bgn-aromatic or
het eb&iﬂﬁé{rcomahemp hefdfo BromRitBSgibl
het er ohydr ocar by I norganic |ng groups conpri sing
single aton1I|nks ionic links; and a group

CQS@” Si ng DR s 8m 4 6@”&? rg%ﬁg’r%ﬁechﬁlpere% 8 BAR Eontains

1, 2- phenyl ene, - pr opane,
1,2- Gh‘y?flﬁﬁ A&Cﬁé)m -B(R5) -Si (R5)2-, -P(R5)-
and -N(R5)- where R5 is hydrogen, a hydrocarbyl or
substituted hydrocarbyl, a substituted heteroatom and
a Hal ogenA calyst systes] 9%&'@@@ dnCamdAZapmetaim rb3amheceie any

Of chahdiBuehts drPorrlor r@&% IBRN 2 ﬁB Snd R R &l eﬁe%trpﬁ dénaglng

singl e atom spacer. A catal yst system a
in Caimb58, wherein Bis sel ected to be - N(R5)-

whey ein Rp éa‘ialf?éf%ﬂlf’@ﬁlnasoﬁlaﬁ‘ﬁéoeﬁltég@ c%r[gao& éIQﬁsQﬁ%p\‘ﬁ wherein

consi st substi t ut
subsf't Bt.eB @ﬂwR afeylr@ﬁyenc@mﬂmammaw lmiu}dmwetero aromatic,

hal ogrjups e{hhtﬁd?’all%cl;‘%ﬂ.@@r@‘owl R® %f\EkF@nNe{\/éxé’ su tllﬁf@ﬁy on the

am nocar bonyl, carbonyl am no di al kyl am no, si

gr ouﬁ?”b?dJa%qﬂtth@é%“ bawndionh osGd aryl substit ut ed

with any of these substituents. 43 WO 2004/ 056479

PCT/ ZA2003/ 000187 60. A catal yst systemas clainmed in
amP-one oft eatalyssygiom as siimegh &y laim HdaprdCisim &5 wherein any

Indeasﬁle@e&bwdwt.ﬁg§&>@éumén§.sr%%poMrOf O where the
val ence of A and/or C allows for such oxidation. 61.

A catal yst systemas clainmed in any one of clains 49

t 760, wharRidlyssysad a@ c%n%eh W@WWW&IMmQQ@%@?@f \xﬁerein B

or phosphor us_oxi d| sed r% or Se or Q. _
cat alSy 8¢lecipd  feam ANycPrg wh P igFoum gomREsieg: eanigslinkingt groups

61, wvhbapsding aRﬂydrﬁ%rbyR%u@QﬂuBﬂ Wd%da\ﬂ?ﬁ%t‘%ﬂ% rb)'carbyl and a

selectedfroma roup nprising a benzyl
t ol yfsub '§Ht§/q hefgeal xdg;cpcartml ;pROFSANIC Halghg rgrpups comprlsmg single
ant héﬂihenﬂds, |oﬁ'@tllhk3§()§nd a@r&%&ommﬁ%éﬁh?’l&ﬁé WirR&¥ylimethylene,
dlrret% m no, yl am no
t hi 06 ﬂezpne ﬂygr'Plﬁﬁﬂyle“FN g@rpmne tugr ﬁb)a)z dlmethylhydrazme
tetr Ihg;ﬂ(R{’ -SISIOR)-, CP('P%@I— ki E?ﬂgﬁﬁzwherepl‘\:ﬁgE ;F/\%erog@rﬁ Whydrocarbyl or
cycl aé%sﬁl{@?(? f?yc{gcﬁqr% bstmge,q,l}%%rﬁﬂorrh@m}/ a halogen.
t et rahydr of uranyl group.

58. A catalyst system as claimed in any one of claims 49 to 57, wherein B

is selected to be a single atom spacer.

59. A catalyst system as claimed in Claim 58, 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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63. A catal yst systemas clained in any one of clains

51 to 62, wherein R, R2, R3 and R4 are independently
weeb@asedof rom a group conprising a phenyl, t®8CyizA2003/000187

bi phenyl, napht hyl, thiophenyl and ethyl group. 64. A

Co0eL YS! R BE1Eh TR SR Rlghh 357 oo

one afd/ar grls)mgiep@mgmhs pxigised by S, Se, N or O where the valence of A

(b TIPSy A RRERD) 5

(phenyl ) 2PN( phenyl ) P(phenyl) 2,

E%ﬂg%: g gg'ﬂ? %E%%%g %Y%\%{ﬁﬁgﬁ/%e)gf'claims 49 to 60, wherein A
( pheayd Czpey r(deper)d;anﬂv phespbhuaisi ar@hpspitosus/dRidised by S or Se or N
(pheﬁ b) 2PN(Si (CH3) 3) P(phenyl) 2,

(((phenyl ) 2P) 2NCH2CH2) N, (et hyl ) 2PN( et hyl ) P(et hyl ) 2,
(ethyl) 2PN(i sopr opyl ) P(phenyl) 2,

(gbhyl) ( p g g?ﬁgrtnh%l é&’fﬁ;‘\w&q Qf\)%g}flc}aims 51 to 61, wherein

(ethyl) I Ssopropy
(pheéy ';g R('i are gndrpenyiethhesigdipd from a group comprising a

(phePé(rLé ﬁEEﬁ' %ﬁ QXEP asflyl, o0yl naﬁ)hth 1, a£|thr genyl, methoxy,
re}:e{q %?‘I hpxemh e)”Q?%il(ﬁ)éL/ V?ﬁ;’géﬁm@%ét r(ﬁjatlmﬂgnmb) O‘?ﬂﬂ@ﬂ%lhylammo
phe{l‘ﬂdﬁgﬁm( ?Wkﬂf | e nl’ﬂ %ﬁr’e)ng(y trlmﬁtl}yésnyl dimethylhydrazyl,

phenyl)2 E cycl o ex
( phemethyh PR W@F@@stp(owbs thnm@nylz propynyl, cyclopentyl,

(phe uah%Eew(févre @9 W@M}Mrgm&ny' ) 2PN( 2-

met hy cyclohexy
(phenyl )2PN(al I 'yl') P( phenyl )2, (2-
ngaht hyl )R%g(déﬁsi‘t Qyétérﬁ(a% Elé‘iﬂﬁtdhﬁla)ng ong of ¢ fAm%\B1 to 62, wherein

i phenyl) 2
2004?*85‘827@3) AR A@@OWWM%MR/ Selected from a group comprlsmg a

I I 2,
(5 b S oA Do el
(phenyl ) 2PN( net hyl ) N( et hyl ) P( phenyl )2

( gret hyl phapyst Q)Pd}l{rﬁ%fsfa’éna@éfﬁ aﬁ%r'ﬂé’ bPO&IME 4to 59, 61 to 63,
(phenyl ) 2PN(i sopropyl )P ,

(pheW%]/?')eﬁP(th%)‘Nﬁﬂgoﬁr éﬁlyplw( %ﬁr@nfmy 2onef A gwuRl geprising
SySt@iﬁbﬁﬁ%PNﬁh@iﬂﬂ)P(Bh&mﬁgone of the @h@hﬂgpﬂ&)eﬁn&l)ﬁﬂphenyl)z
wher ei n e transition tal is selected from an

of a(RPBYEPYRRSAYIET(RGENYOAr oni(RiENYhEIN(BueseyPhemgB{rieny)).
t'tapﬂh@ﬁw)zpﬂmwrﬂwemmﬂﬁé#%?nd 21 1 COnt ¥BRerB,PNYCHy):N-

cat al yst s%;tem as clainmed irn any one of t

to 63‘0"”\% Je(Rhepr. t r ansi ti on rret aphany) NS ) Peonenyl)s,

£ Caymheny) PYNOPRTANC] al med Tn Gl al m Ry ey,
ethyl)zPN(n%)propyl)P(phenyl)g (ethyl)(phenyl)PN(methyl)P(ethyl)(phenyl),
(ethyl)(phenyl)PN(isopropyl)P(phenyl),
(phenyl).P(=Se)N(isopropyl)P(phenyl),,  (phenyl),PCH,CH;P(phenyl);  (o-
ethylphenyl)(phenyl)PN(isopropyl)P(phenyl), (o-
methylphenyl);PN(isopropyl)P(o-methylphenyl)(phenyl)
(phenyl),PN(benzyl)P(phenyl), (phenyl),PN(1-cyclohexyl-ethyl)P(phenyl),,
(phenyl);,PN[CH,CH,CH,Si(OMe;)]P(phenyl),,
(phenyl),PN(cyclohexyl)P(phenyl),, phenyl),PN(2-
methylcyclohexyl)P(phenyl),, (phenyl);PN(allyl)P(phenyl),, (2-
naphthyl),PN(methyl)P(2-naphthyl),,  (p-biphenyl),PN(methyl)P(p-biphenyl),,
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is derived froma transition netal precursor selected

froma group conprising of an inorganic salt, organic
weabd4/0se47¢0- or di nati on conpl ex and or ganonet al PCT/ZA2003/000187

conpl ex. 68. A catalyst systemas clained in Claim67,

T o e N By e RSB or pae trisc. (@
t ﬁt r dfigotremfyuPN{methy)Pxthiophema)gne) t ri car bonyl|

i i |1 i |
oot (A SR ahinp e o EmeRRRED-Ltdrur m-

(11) méhwphenyhexanoat e.  69(phénginPakiysiropyl FF(sHensy,, and
ns,.48 to 68, wherein the

clained i n ne of i

t r ans? 6?%&@%%&&'3?@08@%@?%')%r om a conpl ex sel ected
fromchromum (111) acetylacetonoate and chrom um

(131) 2-ethyl hexanoate. 70..A catalyst s em as

% red | A ERADRG eI el 81 AnY rhver Yake: PRgt 49 to 64,
met alwhieremitee tramsitivint hetal Isedstdctddy omraagron@nst a group comprising
heterpatam c Ligand hav tal/|igand ratios from,
aboutCR%%ﬂmloﬁoggdﬁW%ogyrpg?%. t'}@ng‘é‘f’alt plugy < vaRd and
cl ai migcbriumC ai m 70, wherein the transition netal
precursor and heteroatom c |ligand are conbined to

provide netal/ligand ratios fromabout 0.1:1 to 10: 1.
4568N0 2004 05i61/F0 syAfE Zi2 0BBR&ID (HL 8y ohd. ofAtheatigiimss 49 to 65,

t ' ' f th | ai 48 to 71,
i chefti flodtelion el B "R Cafalyst system as
claimed in Caim72, wherein the activator is
ted f f i Sti f "
ortanoal ufi RS ABE Ry Ty BB aR, e B, B asiion metl
or gaid derivetitiom g trahsitisn metahpidcutsor sefectad from a group comprising
T SRORTEA NI LR s 8RS e koot

t et r @binplexobor at e and sodi um hexaf |l uoroanti nonate. 74.

A catal yst systemas clainmed in Caim?72, wherein the
activator is selected from al kyl al um noxanes. 75. A
pri&ess ad editalystsystem a6 chimeddn Cldira 62| wherde the transition metal

al kyl ' I xt f, 1S selected. ,
PPl ol 5 U8 LASH A el e e
et hy leitahyinofsamecqniph®). tredzemm)iricabdnyl kioadium; robxamias  (111)
(MVA i@y ai in daim74
(1™ ePLenSBe, Afah i, SIS|BDRLO TR A, anc
al unichixvre (W) 8-sthylhexehoate.oportions rel ati ve to each
other to provide Al/nmetal ratios fromabout 1:1 to 10
000: 1.

69. A catalyst system as claimed in any one of claims 48 to 68, wherein

the transition metal is selected from a complex selected from chromium (l11)
acetylacetonoate and chromium (lll) 2-ethylhexanoate.

70. A catalyst system as claimed in claims 67 to 68 wherein the transition
metal from a transition metal precursor and heteroatomic ligand have
metal/ligand ratios from about 0.01:100 to 10 000:1.

71. A catalyst system as claimed in Claim 70, wherein the transition metal
precursor and heteroatomic ligand are combined to provide metal/ligand
ratios from about 0.1:1 to 10:1.
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77. A catalyst systemas clainmed in Claim76, wherein

the transition netal and the alum noxane are conbi ned
wono@spopti ons to provide Al/netal ratios freoradees/ 000187

1:1 to 1000:1. 78. A process as clained in aim?77,

Wher ei n tﬂ%a%{ly%gg)i(sttérﬂ s iRk wg@te 5% ?ﬁmbg g]aﬂﬂé‘ 385 4 Swhich

conbi ned in tirons to provi ratros

f r oninclgdesan activates 300: 1. 79. A catal yst system as
clainmed in any one of clainms 74 to 78, which includes

a trial kyl al um ni um conpound i n anmounts of between

0.7/81 to 180-atalyst gyslemes cfimad umiGlairaiiad, wBereinUthe adtivator is

ot , ) Ny . ..
of - S Py g Ko o RAg of bBiFalynly A YoftBGuncs,
ol ef priggnok®ron Usempdungst eenganisr issis.i cucbataal ysethylijtbiuem and
| ' 0 ' 48 s ,
ot r R BB OB ey o Al G 7g cluorobori
PCT/ Z9ig etheraieGsilear tetgafluotgberai¢ and bodjamdekaffucaoantimonate.
tetranerisation process as clained in any one of

clainms 1 to 47. 83. Use of a ligand for a _ _ _
t dttr amer i Asaatalyst custgmy ss clajredrim Llaigl Z2.nwheriein theyactvater is

of ciabysq ggmtatp,(y}'agﬂiﬁgxa,{é\s olefin tetranmerisation

process substanti y as described herein. 85. An
olefin tetramerisation catal yst system substantially

agsdescri Reflocdi& R Maimd in Claim 74, wherein the alkylaluminoxane, or
mixtures thereof, is selected from group which consists of methylaluminoxane
(MAOQ), ethylaluminoxane (EAO) and modified alkylaluminoxanes (MMAO).

76. A catalyst system as claimed in Claim 74 or Claim 75, wherein the
transition metal and the aluminoxane are in such proportions relative to each
other to provide Al/metal ratios from about 1:1 to 10 000:1.

77. A catalyst system as claimed in Claim 76, wherein the transition metal
and the aluminoxane are combined in proportions to provide Al/metal ratios
from about 1:1 to 1000:1.

78. A process 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 300:1.

79. A catalyst system as claimed in any one of claims 74 to 78, which
includes a frialkylaluminium compound in amounts of between 0.01 to 100
mol per mol of aluminoxane.

80. Use of a tetramerisation catalyst system as claimed in any one of
claims 48 to 79 for the tetramerisation of olefins.

81. Use of a tetramerisation catalyst system as claimed in any one of
claims 48 to 78 for the tetramerisation of ethylene.
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82. Use of a ligand for a tetramerisation process as claimed in any one of
claims 1 to 47.

83. Use of a ligand for a tetramerisation catalyst system as claimed in any
one of claims 48 to 79.

84. An olefin tetramerisation process substantially as described herein.

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