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CATALYTI C TRI MERI ZATI ON AND TETRAMERI ZATI ON OF
CLEFI NI C MONOVERS Fi el d of the Invention The present

WO noenodsoh rel ates to a catal yst system for theCT/EP2006/061425
ol i goneri zation of ol efinic_nmpnomers. The present
invention also relates to a process for the
ol i goneri zati on of ol efinic nononers. Background of

N S e R

trimerization and tetranmeNgaiion of ethylene to
1- hexene and 1l-octene, is an area of great interest
for the production of olefinic trimers and tetraners

Fie E g§r¥hgglg9g5g 8n°f commercial value. In particular,
———§;+ﬁaﬁam?ﬂﬁ§—a—vaguabIe conmononer for |inear

IOWhéepseeynpohmeéhyhenerélhBEE)tand tatetyepesi/Stem for
abl e as a,chem_cal internmediate in the production

theoPlﬁHSQFF&Fiéﬁoal83h8ﬂ§f1FéFtW°a€W8§S delBegeresent
lnv@h@%m a2ad kubrigat tena%koegggtmstﬁé wﬂ ﬁér?zaﬁion

val uabl e conononer in the production of polymers suc
of adefiohyet phemersl- Hexene and 1-octene can be produced

Bac a cany n% onal tr QSItIOﬂ nmetal oligonerization
I merization and

t erhaNeritaat can caubestacetpifberpedi oSeygqal
different catalytic systens have been disclosed in the
tetypmerdratpent Piw@#teiaﬂﬂﬁnm@ﬂO@ﬁﬁyveﬁécboai BBRene. A

: L t e base opju
o e R PR ARy e BaD S G AL L nesene an
1- oc&babysﬁs aonaabalng gmaademh&beean1ﬁerltganﬁsodsetmbn of

or .trinmerizin | efi ns. US- A- 5968866 (Phillips
oL oAb BamEh SoRRg CRE LaIEESmER | Jats SAPL AEREFES AP Fon

conREQees3 WRIER USes Barticular, l-hexene is a valuable
comonocmer for linear low-density polyethylene (LLDPE) and 1-
octene is valuable as a chemical intermediate in the
production of plasticizer alcohols, fatty acids, detergent
alcohol and lubrication cil additives as well as a valuable
comonomer in the production of polymers such as polyethylene.
l1-Hexene and l-octene can be produced by a conventional
transition metal oligomerization process, although the
trimerization and tetramerization routes are preferred.
Several different catalytic systems have been disclosed
in the art for the trimerization of ethylene to l-hexene. A

number of these catalysts are based on chromium.
US~-A-5198563 (Phillips) discloses chromium-based

catalysts containing monodentate amine ligands

useful for trimerizing olefins.
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catal yst conprising a chrom um conpl ex whi ch contains
a coordinating asymmetric tridentate phosphane, arsane

w@eoostiodsphe | i gand and an al um noxane to pr oduB€T/EP2006/061425

al phaol efins which are enrichgd-in 1-hexene. US5523507
(Phillips) discloses a catal yst based on a chrom um

a1 umi nPapacePORPR (P h PYARS PapRaRRRe 2o OB RS
ebhybenertoatibaxeneémeEheat i Gonpuoces200R;icB us858a859

(BP), _discl oses chrom um conpl exes o& Ii% nds of
| g9 AVEENCORBY LPATS EARPEC0! ot HEbHBiy 8058 Protagns =

éo QE%QQ%B 83%8&%%¥§5§ E?Edéhﬁaﬁé'ﬁﬁbbéﬁhh@n 8fsane or

ene 4119 (BP) discloses a catalyst for
tbelbnn&eﬂugandoandfaoleﬁumsn@eﬁpﬁl§pngrad§§aréépbﬁ*

bdenum or. gsten,,a | i.gand cont ai ni ng
aplﬁgagﬁ 8ﬁgcéh8§5h8P5§FB§Eséﬁig or ahglnnny at om
bound gsab 3seast pane 1hydn osasbybses hebetahydtobasbw on a

group having a polar substituent, but excluding
c@@éOWﬁ@ﬂeSmWrC§ucﬁ 60ﬁaﬂ1Q€E§VﬁPMéﬁP§ea#égﬁﬁgsBﬁgnén

ars @% %T %ﬁ%.%ﬂ?a%EQQ%% a@@roﬁgbogﬁlEﬁeaﬂréﬁbkﬁébﬁﬁon of

The d use R most of the exanples is

(2ﬁﬂﬁﬂhﬁ%ynhemwhbx%nﬁ (Me) P (2-methoxyphenyl) 2

Al t hou t he catalyst i.scl.os h P d nt.s
mentio%%’dE é&%& sdlre |v%§§ %85 %lfenes es

Wi Y dh st e cqgnﬁlre%‘éé Ut l@gra@ﬂc@t iofelthehicghpel @x\i@PthMe PAr,
by- product formation (e.g. C]_Q by-products)

obger e r MWR-2QASN38Enb stiiscltese a ry 1t rglrramp)zaaISI grtalysts
catal yst conposition and a process for the
t riiavertiieatti oanadtl 7 tefamiad RHOETS -usi ng sai d cat al yst

CO”DOS'vfd oY fPh L 319“{ £ SYBIEME S 4 he datysamardzation

of ethylene to 1-octene have recently been devel oped.

Atrlmerlzatlon of olefins comprising a source of chromium,
molybdenum or tungsten, a ligand containing at least one
phosphorus, arsenic or antimony atom bound to at least
one hydrocarbyl or heterohydrocarbyl group having a polar
substituent, but excluding the case where all such polar
substituents are phosphane, arsane or stibane groups, and
optionally an activator. The ligand used in most of the
examples is (2-methoxyphenyl) 2PN (Me) P (2-methoxyphenyl) o.

Although the catalysts disclosed in the BP documents

mentioned above have good selectivity for l-hexene within

the Cg fraction, a relatively high level of by-product
formation {e.g. Cjg by-products) is observed.

WO 2005/039758 discloses a trimerization catalyst
composition and a process for the trimerization of

olefinic monomers using said catalyst composition.
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nunber of these catal ysts are based on chrom um WO
2004/ 056478 and WD 2004/ 056479 (Sasol) discl ose

W@ 21081198803 conposi ti ons and processes for the PCI/EP2006/061425

tetramerization of ol efins. -The-catal yst conpositions
di scl osed in WD 2004/ 056478 conprise a transition

netal an er i.Ccllg ' : r

for mil S LR N TR BT CE 1A uncre kehanerarg 2R Bk
Iﬁd@gﬁ@ﬁentby1seb¢ehedhbwenmacgnomp ikeohdevapopsds A
phosphorus, arsenic, antinony, oOX n, bisnuth,
s@PH%@F,0§e¢@ﬁ§@nFaéﬁ&YﬁFFréégn?aggg SniggéoWFerng
group %??%%Q/@S%Qq8canda% Rod /oRdeanendenthby) disclose
sel ecte rom any hono or heterohydrocarbyl group of

whE¢?}@Btlea&@g@d&iﬂg@r@@@ pgoselssest foadthet h a pol ar
substituent and n md.s deternin h Do

r &SNS A7 ¥ﬁké§2€&eg§p&atigﬁeSF§?39§FEASgﬁ8081F1ons
Tha catAlays ti rc WP @VI0UI /01 4diss eloaped sien 2WOr20Q440564 7@ tal
conprise a transition nmetal and a heteroatom.c |i aqd
havichg thes eyamdioal F driand PRV IAIALBE( IR\ SHARh&PEMALa
ggﬂﬁaCAa—rBe—d (nggfg%%ecrét ly S8 ected fiQR nglo WWilcaR cted

M'ses P horus, arsenic, antinony, oxygeén,

biéﬁ?ﬂfb Whi el @MpNs NI B, ArGeBiics a
[in jng &ﬁgtgpbetmeen AFgﬁh C % and R is independently
s elrecitneh ¥ r oAy hdris ot the tseylahydt o SErlign i Wgr-o @ dand

n and mis determ.ned by the re tihve val enc

I e R L R T R TR

di 5¢| gsespdheeritingdess Teivaneiicatirgn e or

pol yneri sati on of ethylene. Specifically, WO :

2@@%@%%@%@%%%&&%@%&1%@%& group 1s

Ol &Ih yS; { &Mgfﬁ? pr o ol yidh RfdSardd o Rhd m

presenc% éﬁ’ a |stiné?9%%$yneri£3tion cat al yst aﬁ% éf
determined by the respective valence and oxidation state
of A and C. The catalyst compositions disclosed in WO

2004/056479 comprise a transition metal and a

heteroatomic ligand having the general formula (R)pA-B-
C(R)p where A and C are independently selected from a

group which comprises phosphorus, arsenic, antimony,
oxygen, bismuth, sulphur, selenium, and nitrogen, and B
is a linking group between A and C, and R is
independently selected from any homo or heterohydrocarbyl
group and n and m is determined by the respective valence
and oxidation state of A and/or C.

WO 2004/056480 (Sasol) discloses the tandem
tetramerization and polymerisation of ethylene.
Specifically, WO 2004/056480 discloses a process for
polymerising olefins to produce branched polyolefins in
the presence of a distinct polymerization catalyst and a

distinct tetramerization catalyst, wherein the
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di stinct tetranerization catalyst, wherein the- A -
tetraneri zation catal yst produces 1-octene in a
W@ eloeaossud ty greater than 30% and the 1-oct eneP@r/BP200€€H1425
is at least partially incorporated into the polyolefin
chain. Although the tetranerization catal ysts
oned above have

di ' S urent s nment i

gosa S est ot FoTEA Lo T T TR S bt on
aga¢hechivet nt gwvehyehi ghah eved afd byneroditctedOrp@idered is
I s_observed. Typically, the by-product consists of Cg
co%oi???‘bn@?rﬁg%g@%r?n%ﬂ@o %il 7R o 18D PAk YOk L ihe

C byaproduct conposition is 1-hexene, with the

remai ni ng Cg by-product conprising conpounds such as
met hyl cittbpeah ablee abelt nandy] aaetyt | opent wtes .dldelosed in

pr n se remainin by.- pr oduct ..
coﬁ%%s???%%s}}gg TR al{l/%n?/e?%ﬁli%l?&ée gbﬁ%r%‘?%ﬁi RkeGrivity
vatoie, 1+scheghlyitmdestiabt g frombodi h s econPmclatively
point of view as well as froma product separation

poiiigh ofevebwof | by Hasodon: bbermasturt | ¢ ngdye fwoedd t hat

t tal yst syst d of th t
| nCBRETon Bt ob e AT BTPTET RO Tord TR Bt RS

P OhLE0 01,3, AR G, 4ort g1 LAY 0% e
es@@ﬁﬁ@%iﬂi&hclgylpﬁgggﬁé§'wf%ﬂifﬁ%(feﬁ%%ﬁéﬁﬁgggfggﬁkﬁoduct

and/ or polyethyl ene) and Cg conpositions
t hadmadr hexegecormpbtimdy Shch Nes |mvenfi Ope1Tdse ¥ S5 nd
invention relates to a catal yst precursor compositi o.n .
coRpriigiegecacloperbinee ofhemomamge mi yksrmaraining
tq@gsﬁﬁnﬁroduct compositions, which have very little
commercial use or value, is highly undesirable from both
an economic point of view as well as from a product
separation point of view.
It has now been surprisingly found that the catalyst
system and process of the present invention provide an
efficient route for the selective production of l-hexene

and l-octene from ethylene while reducing the level of

by-product formation, especially Cqg by-products, solids
(i.e. heavy waxes and/or polyethylene) and Cg

compositions/isomers other than l-hexene.

Summary of the Invention

The present invention relates to a catalyst precursor

composition comprising:

a) a source of chromium, molybdenum or tungsten;

b) a first ligand having the general formula (I);
(R1) (R2) P-X-P (R3) (RY) (I)

wherein:

X is a bivalent organic bridging group;
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b ) a first Iigand having the general formula (1); (R
1) (R2)P-X-P(R3) (R4 ) (1) wherein: Xis a

wraoaliessv3 or gani ¢ bridgi ng group; Rl and R3 ar ePCT/EP2006/061425

i ndependent|ly sel ected from hyslrocarbyl, substituted
hydr ocar byl , heterohydrocarbyl and substituted
het er ohydr ocar byl groups, wth the proviso that when R

and R afe ARBNRAT | *TYr BUPIP M by et ledrai frem pol ar
suRslitbugnby at ?@Ns@ft&@@doﬁ§£¥5%§%g§9n et ?{%%%ﬁpyl

are i ndependently selected from opti on’alsk?y su

ar andt $ebgt bupsed eache Reh pindo Reripear g moues pokarh the
substituent on at |east one g)f the ortho-positions; c

) RISEEBAICRAardemalT niynd hd® gerrerarofat il arqu)s (iR do

") P X =P ' 4, " I retn: ‘1S a
brril(glgi %%n%%)%(pa oég%%re %%éér:r)tu %u%ﬂg Fée )mvﬁfep%}?% %th? S
sepestedohspom hydrogen, a hydrocarbyl group, a
substitu&ed hyd%ocarb | group, a heterohydrocar byl
group, R°sapdtRtures epehyenrobar iyl egralipf rem soptylonally
group or derivative thereof; and Rl ',, R2 ' , R3'
andPAT Lt aFed | FEPRRHE MTQURR AT BT crrdRft Reaming a
S Ltu rbyl .+ h ocar ?Eq s ]
sﬁé%?%u%‘g}gsﬁié?%%ﬁy ro%%r%/%gr%%%s&%fmvéﬂ ch at Heast °ns/
one of Rl ' a fRcoéOnd RBgandnmbh®ng tilse sydysdid Ut s 1
a r substituent, or R'" , RR' , R3' and R4 ' are
[ ngg{)ghdent |y selected from hydrocarbyl, substituted

nydrocar by . (RELpERRYEaeA s apepupst i LEd ¢ on

het er ohydr ocar byl "gr oups, reinany subs
one or wheeedfi:R1L ' , R2 ' R3 ' and R4 ' are

X" is a bridging group of the formula -N(R5')—,
wherein R®' is selected from hydrogen, a hydrocarbyl
group, a substituted hydrocarbyl group, a
heterohydrocarbyl group, a substituted heterohydrocarbyl
group, a silyl group or derivative thereof; and

Rl', R2', R3’" and R’ are independently selected
from hydrocarbyl, substituted hydrocarbyl,

heterohydrocarbyl and substituted heterohydrocarbyl
groups of which at least one of R1l’, R2", R3" and R4’ is
substituted with a polar substituent, or Rl', R2', R3'

and R4’ are independently selected from hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl and

substituted heterohydrocarbyl groups, wherein any

substituents on one or more of Rl', R2', R3" and R4’ are
non-polar.
In another embodiment, the present invention also

relates to a catalyst system comprising the catalyst
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non-polar . In another enbodi nent, the present
invention also relates to a catal yst system conpri sing

W@ bh@oaessad yst precur sor conposition of the presPCI/EP2006/061425

I nvention and addi tional conpofent; d ) a cocatal yst.
The present invention also relates to a process for

the trinerization and te(%éatﬂ?ri zati oqi of olefinic
noroners;  par Tt art - t T AT g ton and
t edd@el dZal | @smedn&tthyl ene to 1- hexene and 1-octene,

wherei n the process conprises contacting at |east one
ol efi ni®) mordnEPcakayithe catal yst system of the

presento OvVept L on: UNARL, £ §d el zat L of to a process for

tetranmeri zation reaction conditions. e prese
i nvieat £ oimé ur tderom edrad etse ttandrel ustel @f dhe lcatial st s

t f th t jnvention for the trinmerization
2@?@?$ﬁ%r$§%f§$ﬁi%l § i oA O Xt al |y

ForetRend FiBE]ZatdPre@pl diad radTerigatd on oy et hydeng,
to 1-hexene and 1l-octene. The present invention
f Wi eein ethe aRreerah @Rl hies prothatt sonpusitdast one

whj ' [ ned I f 1-
L B TR Sions, SO Sl bt Sl NG e

overadh t P60 dutde € ot 1 06 1 g efred add tyr dnfedim 20 1n 98
% and nore preferably from92 to 98 %, wherein the
1- FRXeheOR oFP ettt 1Q0%t " | east 15 %, nore preferably

at | eas’?hgop%%‘éeﬁ@diﬁﬁpé{tféﬁffha@r{é/r afdellt{tf;e%l_‘gos M use of

of the overa product conposition an oct ene
contentatslatts empst b GAv themree grref erraldnyt adn | Bastthe
erabl% at least 2

§8%$%$?§g$%ggg% %ﬁéﬁﬁﬁﬁ?? $Elzatlon oé1g?gfié¥ct£g%omers,
especially for the trimerization and tetramerization of
ethylene to l-hexene and l-octene.

The present invention further relates to an olefinic
product composition which comprises a combined total
content of l-hexene and l-octene in the range of from 88
to 98 3wt of the overall product composition, preferably
from 90 to 98 %$wt and more preferably from 92 to 98 %wt,
wherein the l-hexene content is at least 15 %wt, more
preferably at least 20 3wt and most preferably at least
25 %wt, of the overall product composition and the 1-
octene content is at least 15 %wt, more preferably at
least 20 %wt and most preferably at least 25 %$wt, of the
overall product composition.

Detailed Description of the Invention

As used herein, the term “trimerization” means the
catalytic trimerization of an olefinic monomer to give a
product composition enriched in the compound derived from
the reaction of three of said olefinic monomers. The

term trimerization includes the cases wherein all the
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Det ai | ed Description of the Invention A s used herein,
the term"trinmerization" nmeans the catal ytic

W@ pdoaeessant i on of an ol efinic nononmer to gi ve BCPEPIOE061425

conposition enriched in the cofrpound derived fromthe
reaction of three of said olefinic nononers. The term

tr ' [ i ncl udes the s wherein all

t hdei?ﬂ%%% clgﬁ%%%%sr s ntl?%e ngs%lf“?aé%rﬁ%ﬁ' el ddntGala| as

aSweWsl | agsthdecgaseswidres o ncHderd e Std BRAMGHH #H S wo or
two or npre different olefinic nononers. In

pafF?"F%u‘PJaﬁ?/rel?heo%%ﬂﬂl"f MeRTISET i on" when used |n
| at t
o o1 oL S oo B TERE R e

trinmerization of eth
esp@cr@ldﬂqun hiex eltee . tﬂ'heeztnezrami'cmlcnferetzk@tllerre means the

selectivit n relation to the .
tr?]fr%n?? zja%%/%ho%fo%t%%% % 0-9- m% Credhscqfe dfimRafially
I(flétl on fornmed wt h| n the product conposition.

The term"1-hexene selectivity" when used in relation

to the Thé nesimattoimefi e thiydrens T tli-hexenesHeansddei n
armUJF"lﬁt1 of 1 hexene formed within the fraction of

t WS 17 otloret £ %o%%s‘?ﬂ%‘#l%fel%é?%leftfw ne dfo Lilsaane
' Mnd s tEhABLh S O Ct"l(? eff‘é/é@ﬂﬁq ' | ed yltoc%{éﬂcr{ e t}ﬁeoduct

"trimerization selectiv mul tip

" lehmxesnet Behectivity". The term’ tet ramerization"
nmeans t he cat al yt| c tetranmerization qf an ol efinic
rmnorrer The FVe ol ThOMRRT OIS or é'fﬂqfl:hétﬁd nUt he

f?fé@f’oxqe{év@rge f{%eﬁezgﬁt ) 'c%] eOJhZJ]tel‘hre QJO Cerne

I ni’c nononers e term raneri i on inc
t tree s eshavhameimt abf 1-+eesodred | 1 mnenanEris ithd ey

feed stream are identical as
fraction of the product composition. The overall yield

of l-hexene in the trimerization of ethylene is the
product of the “trimerization selectivity” multiplied by
the “1l-hexene selectivity”.

The term “tetramerization” means the catalytic
tetramerization of an olefinic monomer to give a product
composition enriched in the compound derived from the
reaction of four of said olefinic monomers. The term
tetramerization includes the cases wherein all the
olefinic monomers in the feed stream are identical as
well as the cases wherein the feed stream contains two or
more different olefinic monomers.

In particularly, the term “tetramerization” when
used in relation to the tetramerization of ethylene means

the tetramerization of ethylene to form a Cg alkene,
especially l-octene.

The term “tetramerization selectivity” when used in

relation to the tetramerization of ethylene to l-octene
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well as the cases wherein the feed stream contains two
or nore different olefinic nononers. In particularly,
wWo b@otiensns "t et raneri zati on" when used in rel at PONEP2H06/061425
the tetranerization of ethylenge neans the
tetramerization of ethylene to forma C al kene,

especially 1-octene._ The term"tetranmerjzation
selstty vtr‘{?/"a%%t L%%OJ]S r#l?ae?tdt% G Pgrithin the product

tetd gjf,g]actgrg.on of ethylene to 1-octeneneans the
anou 0 g fraction forned within the product
conposiThentefhe"-evanere ootlene isalwet intidry “usshen rused
inrelation to the tetramerizati on of ethylene to

1-Toet BEC TreEh st et SR £ it Gt 1 € ForRie Wia Hitpctene
thee dnd racd | gibefc tdhe Praduste cRRS] tiiahh; nThe, over al |

yield of 1-octene in the tetranerization of ethyl ene

| sttder peoduettind gheiddetdaprd Zatdron Seeddatid’ yield
multiplied by the "1-octene sel ectivi t% In one

erfbod TREECRE thet it dsdntanatiaftiiom athetdatlangstis the
pr R ; QNprd it e SQUNRGE T
ofﬁ%ﬁ%?n{ uér?m,m; ybﬂ enua?n&/ez%le‘gtgutﬁgjg?eéne;ﬁe%cslq{ﬁwt@ﬁ firs t¥blied
| ilganthe ahlt ectendesslemonidrdtygand; | n anot her

enbodi nent_of the present invention, the catalyst

syst em €onprT s%@?o “}erhts r‘?:lf?éE ST S Ymi WS oi Yod éftfim
orcd tiops €M rédcdrddie ddmsdsdd Gandsy it g tdignpacond

r
ligand;, and d ) a cocatalyst. Each of these four
cat al ys?) comporentee i &f dadseanbay ine lddiddriunbeloungsten;

b) the first ligand; and

c) the second ligand;

In another embodiment of the present invention, the
catalyst system comprises:

a) a source of chromium, molybdenum or tungsten;

b) the first ligand;

c) the second ligand; and

d) a cocatalyst.

Each of these four catalyst components is described
in detail below.

The source of chromium, molybdenum or tungsten,
component (a), for the catalyst system can include simple
inorganic and organic salts of chromium, molybdenum or
tungsten. Examples of simple inorganic and organic salts
are halides, acetylacetonates, carboxylates, oxides,
nitrates, sulfates and the like. Further sources of
chromium, molybdenum or tungsten can also include co-
ordination and organometallic complexes, for example
chromium trichloride tris-tetrahydrofuran complex,

(benzene) tricarbonylchromium, chromium hexacarbonyl, and
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The source of chrom um nol ybdenum or tungsten,

conponent (a) , for the catalyst system can include
wa@evphesspnor gani ¢ and organi c salts of chrom uPCT/EP2006/061425

mol ybdenum or tungsten. Exanmplgs of sinple inorganic

and organic salts are halides, acetyl acetonat es,

I.ates, nitrates, sulf and the i ke.
F% g 1KSur e %? Yomi T S P%sf"éﬂybdenum
Cafr ad 1§y 8 e Udeongetithagd )on iandrof gt ald1iC of
conpl exes, for_ exanple chr omium trichloride

t qusrqr‘é%?%hym]dfl%ﬁ%%cﬁﬁpltéwgs(t@éhzene)
{1 car banyd i O UIn Y AU YR GAGARONY e qg; the

i ke. Preferably, e source of mum ol énum

orswngs teh, cloompiomentmala)bderisn an ongajntcersalctomj‘onent
ch om um rml bdenum or tungsten. |In one enbodi nent of

th iGN S S GF B Iichrenituft chromium,
rmwnﬁ@dwm@roﬁ WG Sbn S YRINEML 1(A)an dﬁ;a@ll% 1§, which

i norganic or organic sal't ‘of chronium nol'ybdenum or

t Uy stierib ke efrerald gl wantorygmdi @ ssdihosendigitlicsesbligb IV
|rbza/osﬂ vent such as those disclosed in WO 02/04119.
The source of chrom um nol ybdenum or tungsten can

al so i nieldeowr ¢d Xdfireh afmiany, e@IbibRiNen oof tSing¥ten can
inorganjc salts, sinple organic salts, co-ordination
cohpT e xEC HifE &d%]ﬁbtﬁﬂealq Qb RAMBIER {9 £ remalced

er@r‘?@fg‘f@rpfc fg@;p&é’l r%a(rﬁ.)c IS%laCSSOLHd:—%IQflé‘lathD

chrom Um parti cul arly chro ‘Preferr
s owrgeke ¢ S cAm@mmnrfmethslellhercmnrplaave& npl e

i nor ga c and n | t rom.,um and co .

or di nat rbn oo %%%eoqﬁe?“% J&“% e oWV m (2) is a

Mog 1 e & f &f 1 el SRlire £ o O t i1 UM dHfortiS e heren)n ar e

the organic salts of chromum such as salts of

Carboxy$¢%ferred sources of chromium for use herein are
simple inorganic and organic salts of chromium and co-
ordination or organcmetallic complexes of chromium. More
preferred sources of chromium for use herein are the
organic salts of chromium, such as salts of carboxylic
acids, preferably salts of alkancic acids containing 1 to
30 carbon atoms, salts of aliphatic-f-diketones and salts
of (-ketoesters (e.g. chromium (III) 2-ethylhexanoate,
chromium (III) octanocate and chromium (IIT)
acetylacetonate), and halide salts of chromium, such as
chromium trichloride, chromium trichloride tris-
tetrahydrofuran complex, chromium tribromide, chromium
trifluoride, and chromium tri-iodide. A particularly
preferred source of chromium for use herein is chromium

(ITI) acetylacetonate, also called chromium tris(2,4-

pentanedionate), Cr(acac)s3.
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acids, preferably salts of al kanoic acids containing 1
to 30 carbon atons, salts of aliphatic- b-diketones

w@nwesedsts of b-ketoesters (e.g. chrom um (11 1BCT/EP2006/061425

2- et hyl hexanoate, chrom um (I k})_octanoate and
chromum (111) acetylacetonate) , and halide salts of

chrom ch as. chr trichlorjide, chrom um

C o ey e s S LR o M R i oy A R e

t rip s £ tlei n edriondm ddiddieard de) and ¥ AHdifeneral
tri-iodide, A partl cul arl ypreferred source of chrom um

f orOHRethefkin i s chromi um (I H) acet yl acet onate, al so

cal | ed chro edl onat e) ,
Cr(acac) 3. Th é,t Ef%izapnb&)% e cat@l yst system of

t he pra,ﬂeégeirm:ventl on, conponent (b) , is of the
general formula (1) ; (R1) (R2)P-c-p(R3) (R4) (J)
wherei ¥ %603 kal\bal@ﬁemrqﬁrrglamhmbigld@ Yy auouPmprising

sjng from 1.t 9o 1 carbon the bridge; Rl
an%rlp% air etg? n{ epencFenr% Iy T et € ef ﬁgsorrﬁ dr ocar byI
substi tpt Y3 %ﬁé‘ Ad r
substi t ut :%ﬁﬂet ero yg‘y eg}%%/ gr %p%cl\%r&hé% he pr ovi so
t HaydmmkR/Ja,nobLRasarJetheahdtydrcgmnmsl t st edmmairocarbyl
cont

or?rh%p%%k??tf r %%}E:St 4 C:?d-'gtﬁyeln%ﬁ{b}l}% g@t&tté‘d? proviso
ard K B ﬁ%i Za%%@'%%ﬁ%ﬁﬁé Y B e

t heorot 4 1o-osé Td wrsubd i tentgereraly fofr rﬂﬂea o(rlt)ho—X

re esents a bival ent organic bridging group,
st ‘?f@s'"fromlto 10, preferablyfrom2t06, mor e

g;?gg;a@{ oan% % toblfffcgend X n Cl ' al l efcrtorg 2from optionally

substituted aromatic groups, each RZ2 and R4 bearing a
polar substituent on at least one of the ortho-positions.

In the general formula (I), X represents a bivalent
organic bridging group, comprising from 1 to 10,
preferably from 2 to 6, more preferably from 2 to 4 and
especially from 2 to 3 carbon atoms in the bridge. A
preferred embodiment has 2 carbon atoms in the bridge.

By “in the bridge” is understood to be the shortest
connection between the two phosphorus atoms.

Suitable bridging groups include substituted and
unsubstituted alkylene groups. The alkylene groups can
optionally contain one or more heteroatoms in the bridge,
such as N (e.g. -N(Me)-), S (e.g. -SO»-), Si or O.
Preferably, the alkylene group contains only carbon atoms
in the bridge.

The alkylene groups can be substituted with one or
more substituents. The substituents can be attached to

any part of the bridging group.
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preferred enbodi nent has 2 carbon atons in the bridge.
By "in the bridge" is understood to be the shortest

W@ ooveressidN bet ween the two phosphorus at ons. BUI/EPIIDE061425

bri dgi ng groups include substihtuted and unsubstituted
al kyl ene groups. The al kyl ene groups can optionally

cont ai e eroat.ons j.n the bri.dge, such as

N (e. g%ﬁ%(i}%sg?{% eé. g(gn- -E)lk,yjﬁneo?grd JLNg group can

Predrerath ycatiwen ad ko nen dyf @l h ectost @ tgnonl )ngj_a-_rahﬂ_l’é

ato in the brjdge. The al kyl ene groups can be

SUBLTT EHE LT R ¢ ORI Y DS [GLRIRS h iR may be

substa fmentsh£an e dtdaohed toamL R toof 1he

bri dgi ng group. The substituents on%%ﬁ??ﬁf§1eneurated’

bra gfiangl ¢r oo @ame xomEi . ¢ dtro hat s dnd/ erubstituents

het eroatoons .. Suitable substituents include .

hy i Hc By T Yt bl e Bh THeyF e S s it &raitt o, N or O.

brancthasiie satshiat 26 10fd st atAth s @I € Hclude

non-aromatic. The hydrocarbyl substituents nmay

optPRIAY 1 € ot i P het ¥t ot Grisemalce aiy gips S prefegralily

L !f%éﬁi?nﬁé(ﬁdnqgfgéﬂkg@oﬁ§”¥ﬁ'éﬁgﬂ¥f% n%hPQFas

nonocyclic and pol ycycli'c aromatic groups, preferably

havtiergy ¥ raoml 5C1-C 4 0 Wy brhatydngydaugshe rduig,atsluc has-

phenyl and C4-C4 al kyl phenyl groups. Suitable

noHERTERBY ¢ ch el G bl | swassittiuandra sirnalsidedd drigssaromor

br | kyl. or_ cycl oal kyl groups, preferably havin

o 1t L Ot e bl B o G R g

cafben Bttossl0 Afesn sitidnad)) enstbPriduanttsl of1 the 4 carbon

al kyl ene bridgi ng group include halides such as

cht'gi¥e, bronide and iodide, thiol, -OH AlO, -S-Al

» - GO Adner M aprduds v eudi 1A% 1 CQMNY1M% bridg:

N2 , =0, in which A1 and Alzé% LN pridging
group include halides such as chloride, bromide and

iodide, thiol, -OH, Al-o0-, -s-al, -co-al, -nH,, -NHAL, -
NAlAZ, -co-NAlaZ, -NO,, =0, in which Al and AZ,
independently, are non-aromatic groups preferably having
from 1 to 10 carbon atoms, more preferably 1 to 4 carbon
atoms, e.g. methyl, ethyl, propyl and isopropyl.

When the alkylene bridging group is substituted,
preferred substituents are hydrocarbyl groups.
Particularly preferred hydrocarbyl substituents are C1-Cy
alkyl groups, preferably methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, most preferably methyl.

Examples of non-substituted alkylene bridging groups
include methylene, ethylene and trimethylene groups.
Examples of substituted alkylene bridging groups include
2,2-dimethyl-trimethylene, 2,2-diethyl-trimethylene, 2,2-
dimethyl-tetramethylene, 2-methyl-trimethylene, 2-
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i ndependently, are non-aromatic groups preferably
having from1l to 10 carbon atons, nore preferably 1 to

wal2@anssms at ons, e.g. nethyl, ethyl, propyl anBCT/EP2006/061425

i sopropyl. When the al kyl ene Bhpi dging group is
substituted, preferred substituents are hydrocar byl

r P | cul arl referred hydrocarhyl
SR AR B e B ety 1-
met hithe t ey yrhe . propyl, isopropyl, butyl, isobutyl,
nost preferably nethyl. Exr?%fl es of non-substituted
al kyl eng® b+ eyt gt Yrivipke s Lﬂz@%f@%qnh@r@lrél lcams for
a Iy I : I i 1 ut
AT Orem b e RS (A e e B At groups. an
, Zeaetdlly tpraithydd e gahl @-ldi etdiylg tgdawt hyd enthylene,
2,%; di net hy -tg#{qpethylene, 2-nmet hyl -trinmet hyl ene
2- 1A okSmet Hva ~¢H#3 et hyl ene and 2

, 2-di - yiret triet hyl ene, Particul arl

pr ef er ﬁ%%{%%(g%%lr% dgg? ng groups For Use eo&rlscﬁ WgRe the
uriswibddeé t fiheos ghdatt ene bridgingngroupsr Arespad aling
preferred organic hridging group is ethylene, that is,

- RIS o ety %Jacgqlél%rqwﬁfg GRS Card & g @ore

whaies ¢ et d dge SuBsdaidc e, aNM-ARB G ¥aturated

aromatic ring structure. Such bridging groups conprise
orfeorap@itat subsitng wtetharunass wist/iduteed, satnat ed or
un urat ed non-aromati.c ring, structures, and/ or., one or
m)%gCE Subst élut%rd uonrS’n&l})nsstulbts}i1% M Ofat (il@c(qi i ng

heri et oss Dr@hd t)c ¥ | Nith$ tyiaidtfsss . Ther o - & ifd N4 ng
structure nay be interrupted by one or nore
hetler ¥t o it PasiNeripteg Tor ape ooy @fasicalblaf esipet oms

s SHADY U et o CoRBASANY A0 £ ARG orons

ststuct uresntiacisde gy d dpertt arsssbay dtavexadme,the bridge.

CyClOh%?ﬁ%%%bf@“ﬁé%gggéﬁg%ic ring structures include
cyclopentane, cyclohexane, cyclohexene, cyclopentene,
3,4-furan and 3,4-thiophene.

Suitable aromatic ring structures include phenylene,
in particular 1,2-phenylene, and naphthylene, in
particular 1,8- or 1,2-naphthylenes.

The ring structures may be substituted with any kind
of substituent, including heteroatoms, alkyl groups,
cycloalkyl groups and aromatic groups. Suitable
substituents include those mentioned above in relation to
alkylene bridging groups. It is preferred that the two
phosphorus atoms are attached to the ring system at
adjacent positions, i.e. relative positions 1 and 2 in

the ring.

Rl and R3 are independently selected from,
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl



3,4-furan and 3 , 4-thiophene . Suitable aromatic ring
structures include phenylene, in particular 1

wWQ 2¢0phessyd ene, and napht hyl ene, in particul ar RCBEPN6/161425
, 2-napht hyl enes . The ring stgygctures may be
substituted wth any kind of substituent i ncl udi ng

Ik I d
ar S L o Y LR R e, et e
Tptdened Aoy Sudh Tl gﬁ%(ﬁat Iaékéyﬂ ospt'cr%gjdg%at Sy do

groups. It is preferre e tVo

arectattacheth td pdiar | mgosstyjstnmntatatadsmpem tpas iddtans,
i.e. relative positions 1 and 2 inthe ring. Rand R -
arCF HoEPehdent Iy sel ected from hydrocar byl

subst i t&dc dnygn fb@arﬁ?ﬂf”§$MﬂﬁQPQEQﬂfﬁukefers to a

substituted heterohydrocarbyl groups, with the proviso
t heE O Wb e R W@m@%r@m% mdpsindw ddanst. The

oposﬁ% &%%‘{%ﬁn@t ocar edl " asunussaetdlrr?etreeq M

ref &tsat com @n‘m@mlallmm ad mmga&afmlca&qd@/dﬁow
atons. The ydrocarb group may be a saturated or

urERTR Bt @ of 119 neatt Hre Hreth i 2dagRY L F5ssarisHatise
F i O n Ak &1 d Codid i n R (ffﬁ&fn?dl chﬂrﬂﬁ%rabaﬂodgfa%

for use herein are those containing from
car bon HtQ)niSerIﬂ'héSukeﬁrtmt'lsumtth}tdncemwocaaf byded dserein

used hereln refers to hydrocarb ou whi ch contain

one” oF or® TRETCHE e ot 3%1%‘1%1 Cﬁjg&f%tqnoenéﬁr more

gr oSt ﬁbteid&ﬂdmf&ﬁﬁﬂéﬁﬂiﬁﬁ(ﬂﬂﬁdﬁﬂbﬂﬂlfQHBH jsonalpy “inert
groups” is nmeant that the functional groups do not

| MEFPEPTCUD Y- IUDRAMYTIL S le g iiUuts 't He¢ meant that
tr{ﬁ@rf&ﬁﬁﬁfghéﬁubféﬂ§§ﬁgg'ﬁgg'fﬁ%erfere to any substantial

degree with the trimerization and tetramerization
process.

The term “heterohydrocarbyl” as used herein refers
to a hydrocarbyl group wherein one or more of the carbon
atoms is replaced by a heterocatom, such as S, N or O.
The term “substituted heterohydrocarbyl” as used herein
refers to heterohydrocarbyl groups which contain one or
more inert heterocatom containing functional groups.

The term “aromatic” as used herein, refers to a
monocyclic or polycyclic, aromatic or heteroaromatic ring
having from 5 to 14 ring atoms, optionally containing
from 1 to 3 hetercatoms selected from N, O and S.
Preferably, the aromatic groups are monocyclic or
polycyclic aromatic rings, such as cyclopentadienyl,
phenyl, naphthyl or anthracenyl. Even more preferred
aromatic groups are monocyclic or polycyclic aromatic
rings having from 5 to 10 ring atoms. Especially

preferred aromatic groups are monocyclic aromatic rings
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process . The term "heterohydrocarbyl" as used herein
refers to a hydrocarbyl group wherein one or nore of

W b@oaesshon atons is replaced by a het eroat om PGUEP2086061425

S, Nor O. The term "substityted heterohydrocarbyl "
as used herein refers to heterohydrocarbyl groups

' ' r e.lnert heteroatom containing
FOREr SR Pt Ol SRR s SRS e and
r ef v Sorben tea dibsrogly,cldred ar mpod ty gyred fled; redl QfRINa®: 1Y group is

het erocaromatic ring having from5 to 14 ring atons,
opt iy ToMRining from 1 to 3 heteroatons sel ected

from N 7LO @ S sud¥efaliadd Yardmie: ;a-onat iﬁeﬁf %;éq%iq{ fheans

nonocyclic or polycyclic aromatic rings, suc
cydidpermadiemdt iphemuy meaphtehydubert ignttecacery] .one or
Even_nor referred aronat i ro ar e nacyclic or
pOTYEy T 28 G oAt T 11 the Tkt Mg T om TS 164y Tnose
atrdve: 1 RsPECAId Y it eferdEithrartiTeiHe ANGURSHAE 1dging
nmonocyclic aromatic ringscontaining from5 to 6 carbon
atdriPsuch as phenyl and cycl opent adi enyl, and a nost

preferred aronati roup is henyl_-group. ~The term
subst | TUtEH aPoHa 10 SOHROEHir et ARt IRES t he

ar O4md p&n G IRy Ny e sbstdrt etk ot N O t i tuted
substituents . Suitabl e substituents include those

NENEQTOHEH. abover§ Whriethatdomato adreadlrkyd ered dor isdgistg tuent
gr.oup n re ed enbaodi ment,  R.,and R are B
grou ar}%e%fnt?heo gt?{cgega sfg)lonsb.st i]?fyuttél erm “ortho

I ndepe |y sele rom su or

unsadost 1 drut echeat onedd Cirgroalps: Wi ado dmoxati wetal P the
pol ar substituent at_any of the ortho-positions. By

t rerema i ¢ okt hoposiR anid vitfergumaes i nitr elsamieemtt chat the
S%gggééfgﬁggtofgtfﬁethe ortho position relative to the atom

bonded to the phosphorus atom. In an even more preferred

embodiment, Rl and R3 are independently selected from
optionally substituted phenyl groups which do not contain

a polar substituent at any of the ortho- positions. 1In a

most preferred embodiment, Rl and R3 are independently
selected from optionally substituted phenyl groups which

do not contain any polar substituents. In an especially

preferred embodiment, Rl and R3 are unsubstituted phenyl

groups.

It is preferred that the Rl and R3 groups are the

same.
RZ and R4 are independently selected from optionally

substituted aromatic groups, each RZ and R4 group bearing
a polar substituent on at least one of the ortho-

positions. For the avoidance of doubt, the phrase “each

RZ and R% bearing a polar substituent on at least one of
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aromatic R, R, R 3 and R groups, it is neant that
the substituent is in the ortho position relative to

W b@eaossns bonded to the phosphorus atom | n anP@WEP2006/061425

nore preferred enbodi ment, R agd_R are independently
selected fromoptionally substituted phenyl groups

whi ch do not contain a polar substituent at any of the
or o - IR TR Vit 1A%+ 2 BARRS pridtter ridd tifbsdimeentigard, R2

ands Ry @5 & { fdepengdent layppgcﬁllﬁg thriot'HeQFEt ional |y oyr both of

substituted phenyl grou 0 not contain an

pol g SkIsd i pakeid Sond M EEpeCiAldst RnAfR! B4 h a polar
enbodi ment, R and R are unsubstituted phenyl groups .

| tSylzspiafeity 2N t98 AthPFramf Rty oupshcame stile cgwanre
R2 and R4 are independently selected from optionally 5
subst i tthedSomE i Yroups, Surdh Rtad R gred@rion to R

b [ I bst.t ..on at_ | t f the .
ordiibos it B, Lo tHb S0 Gatbd or o stLe % 1T Trdent
"egeh R andoR fearing . palal, 'tﬂj{ol‘f‘xesn,t %Ll; a2 | 2astea
one ofthe ortho-positions™ nears that, i'n e ‘sane

| i gandos RRay scutrsin tarteed minidrea spddsari tsudists .t ueniitible

one or pboth of its orth ositions and R4 is .
SUBST EL AT (YR dr S GRS bri T JGHt 561 I bfthe
itéﬂg¥légbrﬁgﬁa'fﬁgagﬂgubjernw"optionalIy substi t ut ed”

e

inrelation to and R neans that, in addition to the

pol ar skibstétalent, @Y aind eestamne rafeddirlently selected
ortho-positions, the R2 and R groups may contain one
or L TR ePRk313 HhieritwPs tigih tath| & GG (RS insdtiage from S

: 3t e et
o A STy R R T b khdun Ty S ek,

sehest eth feaem opt | onal Ry sabsd id WAk ArQmRdd i @rauRs at
having fromb5
least one of the ortho-positions.

In one preferred embodiment, RZ2 and R4 are

independently selected from optionally substituted phenyl

groups, wherein each R? and R4 bears a polar substituent

on at least one of the ortho-positions.

Preferably, each of RZ2 and R4 bears a polar
substituent on one of the two ortho-positions.

Polar is defined by IUPAC as an entity with a
permanent electric dipole moment. Therefore, as used
herein, the term “polar substituents” means a substituent
which incorporates a permanent electric dipole moment.

Suitable polar substituents for use herein include
but are not necessarily limited to, optionally branched

C1-Cpqo alkoxy groups, i.e. hydrocarbyl groups connected

to the RZ and R4 aromatic ring, or Rl and R3 provided
that when they are selected from substituted or

unsubstituted aromatic groups the polar substituent is
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to 14 ring atons, preferably from5 to 10 ring atons,
wherein each R2 and R bears a pol ar substituent on at

wo e@stiossne of the ortho-positions. In one prefBCT/EP2006/061425

enbodi nent, R2 and R are independently selected from
optionally substituted phenyl groups, wherein each R2

and e a, pol ar_ subst.ituent .on at |east o of the
or éc?—%%%%%dngc.o ref eoerb Re ddiw&° Sﬁflé)ﬁlos’Rr{Ebr%tha an
pobaygeaubistidgtand aroronepdidi Tywesuyddioresi 1d-0ms;,

Pol ar is defined by | UPAC as an entity with a

perrmabey @et@os, cl 4 poist inoreenty, stertefrorted asarsad c
herein, the term "pol ar substituents" neans a

SUBERUR I ePRNIRF e | e orlporRft ench Rferanomariti celmdaigi or R1

e e P

O g i e f e & W%%éti%&@lm&étﬁr@mugs &he tploclar

hydr ocar byl groups connected to the R2 aronma

ri s stortRanhdl R rpriod ded-hdvhtt avsery tdfeyt har erddlcect ed
froorglstulbsrtli t utheld or unsuobst iet uted ar.onati.c n{qr oups t hell
pdiar substi t ueht et AIEh&F %a&o heptionally
ors e dasd ta prs; tammg}h(cairpc%@ogem(ﬂr id@iure ,atiom. cq-Cog
optionally substituted C5-Cl4 aryl oxy groups, i.e.
optydnatd sbwlubstoups dekariomatd € goups ldaxectredid;o

the R 2 and R4 aromatic ring, or R and R provided that
wHeya 1 eyl aramigee ectdid G 1omh 6 whisty tamiew ;omitro; C1-Cg
unsubstituted aromatic groups the polar substituent is
nat et HEHRP L farfyl Bi6 thidO 0t HEhEsli1G 60 s K th (B RyP Sein

0X bridgi atom. optionally branched C1-C20
oot Bt R i) SR byt e drbyieast
IronsN head /6 @ Gng Gbmdl kayy tgzrswp;géim@icsgxyl ;

am no; édi-) C - al kyl am no; nitro; _
xamples of suitable polar substituents include

methoxy, ethoxy, isopropoxy, phenoxy, pentafluorophenoxy,
trimethylsiloxy, dimethylamino, methylsulphonyl, tosyl,
methoxymethyl, methylthiomethyl, 1,3-oxazolyl, hydroxyl,

amino, nitro and the like.

Preferably, the polar substituents on RZ2 and R% are
independently selected from optionally branched C1-Cpg

alkoxy groups, optionally substituted C5-Cq4 aryloxy
groups, and optionally branched C1-Cypg alkyl(Cq-
Cop)alkoxy groups. More preferably, the polar
substituents on R? and R% are independently selected from
optionally branched C1-Cypp alkoxy groups, especially
optionally branched C1-Cg alkoxy groups such as, for
example, methoxy, ethoxy or isopropoxy. A particularly

preferred polar substituent on RZ and R% is methoxy.
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al kyl sul phonyl; C _-Cg alkylthio (C _-Cg) alkyl
groups; sul phate; heterocyclic groups, especially with

w@rookaesst3 one N and/or O ring atom and tosyl BPCDEPHN6/061425

Exanpl es of suitable polar supstituents include
nmet hoxy, ethoxy, isopropoxy, phenoxy, pentaf

| uor ophenoxy, trinmethylsiloxy, dijethylam no,
met hyl st p]%rﬂ/q‘?fqlﬁﬁi;,th?ét ﬁé)@/r?é{nrefr\ﬂg R® groups are the

t.hi I = )gﬁﬁgl : I '
m%t%}%é a%&{glj@%yiihee.l SF??%éf)er a e;/ﬁ! atr{;&écyﬂﬁ%rdfsﬁ@gé{é% uents
ons b stttk (Rt @5 )i ndependedd it 156l 186180 JreaBaRld arald w2
br anched C{_- C20 al koxy groups, optionally substituted
CRhacs o3y riculps;, s tdptiesrtaldry direarcghed sCltweC2Q tho-
al kyl (C - C20) al kox 4Rg)roups. More preferably, the
pAFL kARt i et P RNl ©NiendeperFdsmbsEituent on

sel.ected ifgsorﬂ&ptcgpcr}p@ﬁ/og]rﬁq%d Cl- C20 al koxy

groups, especially optiona anched C -Cg al koxy
gr oups Buehl amndoraexanping tetfroxylaet (Ioxycaor be prepared

i sopropoxy. A, particul arly preferr, l.ar substituent
o B B B R 150 R RGBT
angh S GaUPSH e Lih SRS NG e, t B SR NWHLch

and type of polar substituent (s) . It is particularly
prefeRwis e R bears only one pol ar substituent on

one of jé_smé%gotl Fg}{}eqm%i gﬂh%rhsﬁl@%gszlgﬁgoﬁ%_bears only

one pol ar su uent” onone o

orfhndPesiid ons). (o Jijgands according to formula (1)
can be prepared using procedures known to one skilled
in the &tmerhalwdiconad (rheyubl)iBdied (4t er at ur e.
Exanmpl es of such conpounds are: (2-nethoxyphenyl)

( PHEMRA Y RCH2PReAY Inet hoxyphenyl ) (phenyl )

(2-methoxyphenyl) (phenyl) PCHoCHoCHoP (2-
methoxyphenyl) (phenyl)
(2-ethoxyphenyl) (phenyl) PCHoCHoP (2-
ethoxyphenyl) (phenyl)
(2-ethoxyphenyl) (phenyl) PCH»P (2-
ethoxyphenyl) (phenyl)
(2-ethoxyphenyl) (phenyl) PCH>CHyCHoP (2~
ethoxyphenyl) (phenyl)
(2-isopropoxyphenyl) (phenyl) PCHoCHoP (2-
isopropoxyphenyl) (phenyl)
(2-isopropoxyphenyl) (phenyl) PCHyP (2-
isopropoxyphenyl) (phenyl)
(2-isopropoxyphenyl) (phenyl) PCHoCHoCHoP (2-
isopropoxyphenyl) (phenyl)
A particularly preferred ligand for use herein is
(2-methoxyphenyl) (phenyl) PCHpCHoP (2-

methoxyphenyl) (phenyl).
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(2- met hoxyphenyl ) (phenyl) PCH2P (2- net hoxyphenyl)
(phenyl) (2-nmethoxyphenyl) (phenyl) PCH2 CH2 CH2 P (2-

woredohoosgphenyl ) (phenyl) (2-ethoxyphenyl) (phePyT/EPIQAR1425

CH2 P (2- ethoxyphenyl) (phenyg)-(2-ethoxyphenyl)
(phenyl) PCH2 P (2- ethoxyphenyl) (phenyl)

2-eth ) P (2-
et hoxy ey CohemyT L 241 OB SOIRing s ey oo
PGH2e G- FLr(\2enti sopr apmgyepteerty| (c)(,phHenydf) the general

(2:1sopropoxyphenyl) (phenyl) PCH2 P (2-
i ygjrﬁye)rryl ) (phenyl) (2-isopropoxyphenyl)

(phenyl) P > [,2-1 i r aqpoxyphenyl) (phenyl)
A particul ar yﬁgrz%%g:r%rﬂ;&{l ipggﬁﬁﬂf(g{h :}se he(?’(H inis

(2- met hinepdreny !l ) (phenyl) PCH2 CH2 P (2-

nmet hoxyphenyl ) (phenyl) .The second |igand of the

cat al yst’ siystermfddivey presantofi mrenticamu lcompomerit) -,
(c) , is of_the general formula (Il) ; (R1") (R2
"Yhetre i B )ig Relactead fawer divairogen,i s dybhicdginmyl

gr f th : s N(RM ) - erein R' is selected

f r(%fr; Hy’d r%g%%%%%rdo% ayrdoryc?cagrrb\g@p,gré) “ibstitut ed

hytel toeestoyd r @raotkpy 1 ayheigr ehydeaardite g rohydrocarbyl

substi tuted heterohydrocarbyl group, a silyl group or

deFiHR Ve ThetedEoWh@®RIASTIRE Ve fhergqf irandar e,

'na flgfﬂ,eﬂﬂx¥négmndnd r4’ are, in a first embodiment,
independently selected from hydrocarbyl, substituted

hydrocarbyl, heterohydrocarbyl and substituted
heterohydrocarbyl groups of which at least one of R1l’,
R2', R3’ and R4’ is substituted with a polar substituent,

or Rl', R2', R3" and r4' are, in a second embodiment,
independently selected from hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl and substituted

heterohydrocarbyl groups, wherein any substituents on one
or more of Rl', R2', R3’" and R4’ are non-polar.

The bridging group X’ is of the formula -N(RY')-,
wherein R’ is preferably hydrogen, a hydrocarbyl group,

a substituted hydrocarbyl group, a heterohydrocarbyl
group, a substituted heterohydrocarbyl group, a silyl

group or derivative thereof. Typically, RY" is selected
from hydrogen or the groups consisting of alkyl,
substituted alkyl, aryl, substituted aryl, aryloxy,
substituted aryloxy, alkenyl, substituted alkenyl,
cycloalkyl, substituted cycloalkyl, alkoxycarbonyl,
carbonyloxy, alkoxy, aminocarbonyl, carbonylamino,

dialkylamino, silyl groups or derivatives thereof, and



10

15

20

25

30

i ndependent|ly sel ected from hydrocarbyl, substituted
hydr ocar byl , het erohydrocarbyl and substituted

W(hetloemﬂssmrocar byl groups of which at |east oneCDEPRIG6/061425

RR' , R' and R |s subs‘qgtuted V\nthapolar
substltuent or ' and R' are, in a

hyd%}glarcg%/)l )gEb £ E!? Sgﬁ%dt P%dc%r A %%3; FMthese

heeumsﬁwmmtas byt }*aarﬂd)c_;smbsin ta,ltrad:ﬂ”dﬁtgefdidjwdﬂ\m&lar WHeferably
gr oups, wherei n any substituents on one or nore of R

RR2 is aHQalkﬂﬂil%ub&ﬂktuﬂﬂd;ﬁﬁkyl (Ties I ichgi ng
f.or.nu mhere in R

pre ?goﬁﬁg,é%,drsougbeSﬁCltuqqecjd olé%})( t&&}p ong hetero.atom,

suhsdh tas ed dwdy ocaarrdndl}gﬂotgago@&%tw&mtdft%awlh a
group, a substituted heterohydrocarbyl group, a silyl

griaice T2 R | Vath /e T EBIC gwa&m layclRalkyd,

Zﬁéklglg%teisjtubst It utcglgl&&lq{}@]lor std;b)%t%rsu stitut e?]:[ a?ﬁflOf

arsplosdtyl twudbd tad t it ech mrhd:oxyar adeeryiltutsubstriviubagd group.
al kenyl , cycloal kyl, substituted cycl oal kyl,
al&mleﬁsbd?@wuld‘aﬁbﬂcﬁnﬂ x;grwpeoﬂydclaxﬁm(ﬁqaﬂwﬂmkyl
car bonyl am no di al C%/I am no, silyl groups or

deFi T v e R Herated £riadi 16y 12 1dtY lardAo Wsoups —C15
o DAY Sl ISR 51 P waﬁm % s,

g d £ hst t t.ed
Hyieas fpoar?a‘%l#e fAngldiding, hateracy el ¢ subgii e
aldoduygs OUPS- SUbSL Tt dy iy %rﬁ?ts@fkﬁ@:tﬁ@t%rd C1-Cic

heteroatomc group) , cycloal kyl, substituted

CYL1 108} KW ro st 'ﬁdg@qsrcé’@fr%@r@g d talit ectfh%r 361’—(215

aryl oxy or substituted aryl oxy group. npl es
suliapl egRdupgr aupisch NA AdIClhot® 15 ralky lar@f @RSiched

substituted C] _-C 5 al kyl groups, C3-C15

alkyl groups, suitable examples include methyl, ethyl,
propyl, isopropyl, butyl, isobutyl, t-butyl, pentyl,
alkyl branched pentyl groups, hexyl, alkyl branched hexyl
groups, heptyl, alkyl branched heptyl groups, octyl and
alkyl branched octyl groups.

Examples of suitable bridging groups include -
N (methyl)-, -N(ethyl)-, -N(propyl)-, -N{(isopropyl)-, -
N (butyl)-, -N(t-butyl)-, -N(pentyl)-, -N(hexyl)-, -N(2-
ethylhexyl)-, -N(cyclohexyl)-, -N(l-cyclohexylethyl)-, -
N(2-methylcyclohexyl)-, -N(benzyl)-, -N{(phenyl)-, -N(2-
octyl)-, -N(p-methoxyphenyl)-, -N(p-t-butylphenyl)-, -
N((CHp)3-N-morpholine)-, -N(Si(CH3)3)-, -
N(CHpCH»CHS1i (OMe) 3) ) -, -N{decyl)- and -N(allyl)-

The R1’, R2’, R3’ and r%4’ groups of the second
ligand are independently selected from hydrocarbyl,

substituted hydrocarbyl, heterohydrocarbyl and
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cycl oal kyl groups, substituted C3 C 5 cycl oal kyl

groups, C5-Cl15 aromatic groups, substituted C5-C15
W@e@raesse3 gr oups, C -C _5 al koxy groups and subPSL/EP2MD€ah1425

C -C 5 alkoxy groups. Mst _ppgferred R"' groups are

the ¢ _-C]_5 alkyl groups whi ch include both |inear

y ui tabI e._exa es incl
rktq'hkpﬁrtalﬁ‘%dﬁ‘ ar{ér()tréorp i scoaprfoélpylgr%ll?t i"s GBATt ﬁm%Odlment
-k i1’ paty) a3l Kyl hraengjied, ,
al kyl br anched hRexyI gr oups, hep?%il aI%I br ar#gﬁ'é and are

heptdgperdripsly oethdctad faid(rylartmrmtche@rmbtsydbsgnctumd
al{‘%maie?lcofglis\?ud( tﬁa,glyller} kﬁ.rd 1%@{]8}%%)8 olmn Iluﬁdg&;ﬂ O@fﬁhs)tltuted
t t /-, 4
(hex f)(cpﬂé{-%‘\%t]f eti‘{ﬁ%gxﬁ%wabl@- (I{Ig((a(r:ly 223He>5y3ll\d) and RY
P@I(dumohmwwlletdwéndently (e2-aratehy | foynd @h@tsdu)p

%@?ﬂ%&%ﬁéf&mﬁ}y#%ﬁft tu&?ﬁ %;:ﬂt{é:r}{,l[,i p_hNenyl,Ntolyl,

3- hol N ,
iy i S i g,

' eth@w, plF@loxxanotcﬂwlow,omsnaﬁhytmlg@oordddurgrdmlno,

S%kfﬁ%%ﬁaﬂﬁ :r%c’Zr (B d fre?or?%ﬁocygl?[)%ﬁloethyl

anﬁsidqﬂtertcbﬁyie,d ﬁ]@in&’tﬂf}bﬂﬁlqw,b)dlngﬁ@im&ydr@z@ﬂe methyl,
enbodi mrent, the Rl R2 " and R_' groups of
t rﬁet%lcorﬁdtfvef%d %%lendéﬁléaydlentﬂappﬁayéot &F el

ar op@t b Go Substidi.ad arQumBtd G grouRs; ﬂégﬁéﬁyd¥$furanyl

heteroarorra i'c and substi'tuted hetéeroaromatic groups

Stahe. Rprefelbly, B3, rdld REB" Gipuds e be
I ndependent |y sel ect ed froma group conpri sing

opth ndeiubstse kR EFR DeEan @ pHemR camsiniisingyjgptionally
ne%%k?(%%lttﬁ&@(ﬁ‘%}yé napr!'gli}ﬁ dlkﬁl&ﬁ{? lemn%lg}p%%oxx:hlophenyl

enoxy, tol'ylox
di axtdhyd tamy hogroups.
Any of the groups Rl', R2', R3’ and R4’ may
independently be linked to one or more of each other or
to the bridging group X’ to form a cyclic structure.

In the first embodiment of the second ligand wherein
at least one of Rl', R2', R3" and R4’ is substituted with

a polar substituent, up to four of Rl', R2', R3’" and r4’
may have a substituents on an atom adjacent to the atom

bound to the phosphorus atom.

4

In addition to at least one of Rl', R2 , R3" and RrR%?’
being substituted with a polar substituent, each of R1’,
R2',R3' and R4’ may be aromatic, including
heterocaromatic, but preferably not all of Rll, RZ', R3’

and R4', if they are all aromatic, are substituted by any

substituent on an atom adjacent to the atom bound to the
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met hyl et hyl am no, thiophenyl, pyridyl, thioethyl,

t hi ophenoxy, trinethylsilyl, dinethyl hydrazyl, nethyl,
werdoghosses henyl , propyl, butyl, propenyl, propRCIEP2006/061425

cycl opentyl, cycl ohexyl, ferro enyl and

tetrahydrofuranyl groups. Preferably, RL' , R2 ' , R3

" and R are independently selected froma group

cowpoisphoguspeitomal byesabsbilyuted pbesythahotybh, of rR1',

bi enyl ,hapht hyl,, phioghenyl and et hyl groups . Any

of oupgdrR™, R2 L' t] emsareaﬁdommticnamay have

in b I e e_or

orgﬁggﬁﬁ%ﬂ%h* R R M L

stmuetphesphnrhheatbmst enbodi nent of the second

i gand wherein at |east one of R1 ' R2 R3 ' and

R4 ' |sAgubppdautedbwmuhuanpslan R&bstR?uenR3 uanOR4 if

COBEET 3651 2XGHAEACa BRvaBFALREDLY TRE BeofPnbRRaaEen

th@dgb@%ﬁhot@staboatohnbadﬂutt@nthe éhoésﬁékugnsteﬁ R1
, R2 , RB'" and R4 ' being substituted with a

polar sabsfliebsenbneeachref , RRY, , RR3’ a8 R4a4pdiRbaromatic,
be aro i ncl udi ng heteroaromatic, but

@r&ﬁl?nﬁgFléPFGwaRth'a PRbar spgstippgnfgon thefsecond

th%! gnetdkl akepmti-6m ahre §HQﬁthHBﬁdtot§Qy hosphorus
substituent on an atom adj acent to the at 6m bound- t

t hepgh@sphorus atony preferably not nore than two of
R' , R R3' and R' , if they are aromatic, pmay _,
have suB&¥i PReAtsSBRSERELANENPRIPAE AT m@r@h@faRbn) RZ2',

boynd to t phosp or us atom ol ar substituents
ﬁ%I'an R ESnS CtrPnfd?%% 18Pe aromatic, may

prefera@hﬁt@%ﬂebﬁoQQrtQGb@EQHh@gtécﬁﬂElEQetH@tgéQg] ethoxy,
bound to the phosphorus atom At |east one of

| 1sR9To§@§yR C3-CpH alspuvyi cphenoxy, pentafluorophenoxy,
trimethylsiloxy, dimethylamino, methylsulfonyl, tosyl,
methoxymethyl, methylthiomethyl, 1,3-oxazolyl,
methomethoxy, hydroxyl, amino, phosphino, arsino,
stibino, sulphate, nitro and the like.

In the second embodiment of the second ligand
wherein Rl', R2', R3" and R4’ are independently selected
from hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl and substituted heterohydrocarbyl
groups, wherein any substituents on one or more of R1’,
R2', R3" and R4’ are non-polar, preferably the Rl', Rz',
R3’ and R4’ groups are independently optionally
substituted non-aromatic ring or aromatic, including
heteroaromatic, groups. In addition, not all the groups
r1", R2', r3’ and R4', if aromatic, have a non-polar
substituent on the atom adjacent to the atom bound to the

phosphorus atom.
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may be substituted wth a polar substituent on the
second or further atomfromthe atom bound to the

W(phlﬁ)ﬁ/pﬁtﬁnys atom Any pol ar substituent on onePCI/EPIN&061425

of RI' , ‘f R' and R' may,be el ectron donating.

Sui t abl e polar substituents |nclude met hoxy, et hoxy,

i sopropoxy, C3-C20 al koxy, phenoxy, pentaf

| uor ophenosxyub sttritveting il ox, odi metkylbdnrAd, R2', R3’ and
met hyl sul fonyl, tosyl, methoxynethyl,

méthy It oYt A e LEC 3 &PBRILNGTet homet hoxy,

hydr oxyf CFptq#ed’%%lkr%@ol i tﬁ%’laqr %' nQn 3 éqnglgrlg loBtEatae

nitro an second enbo
segonthrdrgand edtariel miRole momedt. , R' and R’ are

|ndependently sel ected fromnh drocarb |, s bstitut d
hydr ocat'byi2Pfetéts LN 36 Eﬁ ethyl

helglon byl gryaups;, y ti tragnt
ned gl ony dr.0aarby A sd’ﬁd}%’ﬁlana%éﬁ%@gr tlé@ﬁ—%u@_@l
narerpoyf ar hqxxﬁ&w@ﬂﬂ%pndniﬁiﬁ-2 mq@bylcquth§M; R4

rou d d 1l

ooty N ePBetadi o 3! ok ul(sj“%si“th‘é%%q naphthyl,

A1 oA |d |nc

heter roggajyp,, EFOUPSL, |dtraddil, Qj’rop’miylaldnd henzyl
groups R' , R3" and R' , if aromatic, have a
nommqmﬁéuo%u%@ﬂlkh%%{ on the atom adj acent to the atom

bound tp, f&% pg}%&%&%aapm@ys I SR iSOt Y€ the

or nore o anc " may not be el ectron

dogating- 11 HBAE det'i nes2 NonPol aid a8t 'am entirtguby tiatted
a per manent electric d|pole nonment . Sui t abl e non- pol ar

su@smfau@m@glqayl®@ Qﬁrﬁﬁ@@@tl@ﬁf&ncl*ﬁkﬁgﬂhGQﬁR%ﬂromatlC,

|so rgg% i sobutyl, tert-butyl, pentyl, hexyl,
tyl, 2- nethylcyclohexyl,

In another embodiment of the present invention, one
or both of the phosphorus atoms of the second ligand may
be independently oxidised by S, Se, N or O.

The ligand may also contain multiple (R1") (R2")pP-X’ -

p(R3") (R4") units. ©Non limiting examples of such ligands
include ligands where the individual units are coupled
either via one or more of the Rl', R2', R3" or R4’ groups
or via the bridging group X'.

The ligands can be prepared using procedures known
to one skilled in the art and procedures disclosed in
published literature.

Examples of the ligands wherein rR1", rR2', R3" and
R4’ are independently selected from hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl and
substituted heterohydrocarbyl groups of which at least
one of R1”, R2", R3" and R%" is substituted with a polar
substituent include: (3-methoxyphenyl) PN (methyl)P (3~
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cycl ohexyl, cyl opentadi enyl, phenyl, bi-phenyl,
napht hyl, tolyl, xylyl, nesityl, ethenyl, propenyl and

whewshsses oup, or the like. In one enbodi ment PET/EP®06/061425

second enbodi nent of the secopd ligand, R', R2
and R are unsubstituted non-aromatic ring or

Sﬁﬁ%ﬁt IR it o e P By ) SRRy ko
be etk a’é‘%’%qﬁ%%?%e Uye8lerhld AR 'fo%?liﬂ@t

)!%yné}tyﬁq foné@in{eﬂﬂdﬂp@te‘%ty(ﬁg%N ﬁso&)@o%yl)

P(R3 4' ) “uni i m'ting exanpl es of such

| Imndsxymcértgdte)j | genaes teye He 1) @wnzmé@lhﬂmretxgzlame( 4-
coupl ed either via one or nore of the

omeR Hoxgymhupsy lorp vi @8-t he bri dgi ng group X' The

| i gands can be prepared usi ng procedures known to one
skig i leer yrhemel Jathemd ﬁrbb@mmea Rlirgeirosda /i 4 -

publlshed literature. Ies of téﬁﬁ ands mhereln
R™e rF@XYP}”F%’]Y]a)ndpktl?tlnyl ertdlé’de)r?d &rectded from

Eé&%q5%§%¥3%5$g§6t|tuﬁéqgr yajdqygle)’terohydrocarbyl

graifso Bf pvén £ adhdregst, O(ne of RL' , R2 , R3 ' and
R4 ' is substituted wth a polar substituent include:

( 3R raxIEAl) §pwl(n%ttr%t)h>ri )(B3t4tet hoxyphenyl ) 2

BRI AT o, o

Mehdtoxyspyetiyh y 1 24 PY dreet oy (et 1)) 2PN 4+ sopropyl) P
(4- met hoxyphenyl) 2 , (4-nethoxypheny| 2PN
( 2nett gk yielksh Y L 2 £ metet WobB) fieaT ) 2 (

met hoxyphenyl henyl) PN (rmethyl) heny 2 (4-
methg£§phgn;l(§%N y gyclohexylgthyl é{) methoxyphenyl)2

(4-methoxyphenyl) 2PN (2-methylcyclohexyl) P (4-
methoxyphenyl) o, (4-methoxyphenyl) PN (decyl)P (4-
methoxyphenyl) -, (4-methoxyphenyl) PN (pentyl)P (4~
methoxyphenyl) s, (4-methoxyphenyl) PN (benzyl)P (4-
methoxyphenyl) o, (4-methoxyphenyl)»PN(phenyl)P (4-
methoxyphenyl)o, (4-fluorophenyl) PN (methyl)P (4-
fluorophenyl)o, (2-fluorophenyl) PN (methyl)P (2~
fluorophenyl) o, (4-dimethylamino-phenyl) 2PN (methyl) P (4-
dimethylamino-phenyl) s, (4-methoxyphenyl)oPN(allyl)P(4-
methoxyphenyl) o, (phenyl) PN (isopropyl)P(2-
methoxyphenyl)s, (4-(4-methoxyphenyl)-

phenyl) 9PN (isopropyl) P (4- (4-methoxyphenyl) -phenyl) p, (4-
methoxyphenyl) (phenyl) PN (isopropyl)P(phenyl)p, 1,2-di-
(N (P (4-methoxyphenyl)o)o)-benzene, 1,4-di-(N(P(4-

methoxyphenyl) ») 2) -benzene,
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met hoxyphenyl ) (phenyl )PN (nmethyl )P (phenyl )2, (3-
nmet hoxyphenyl ) (phenyl) PN (nethyl) P (3-

woreohoosgphenyl ) (phenyl) , (4- nethoxyphenyl) PEIEP200§/061425

PN (nmethyl) P (4- nethoxyphenyl)_ (phenyl) , (3-
met hoxyphenyl ) 2PN (rret hyI) P (phenyl) 2 (4-

rat HERRAINA o 3t P rida Ry 8. i e 0-
gg@mtmexﬁ @41 t4h9‘?%2123y lg)neﬁ%/':l) -benzene.

(%f@ﬁ&%@@ﬁ%@/ﬂﬁa@%&de&w Jaifd e 18R R@xiRfeny ! ()3
(4- met hoxyphenyl ) 2PN (pentyl) P (4- met hoxyphenyl )2

, methQﬁﬂnhﬁmwﬂHeﬁyiugqnhvi(ﬁbhkyﬂegwéxyphamwﬂhqunwenyl)
2 (4-nmet hoxyphenyl‘\g 2PN (phe (4- met hoxyphenyl)
2 oA RIS phe %n)etﬂwwphﬁmy& Japhdriyl ) 2

(2 f Iuo hen%éz%ﬁgﬁﬁ(gnet hy%/&) W%ﬂ fl uoroph yI) %_
”2@4“%@?%%@@%1% S P‘é%%"i?@%%% % o (&

}gﬂg{y m th @fyeqﬁg h I 2PN
(| sopropyl) HyD) %E(I\?(Af G(nt?::}%ﬁ{:f@xyphenyl )yﬂ-i)h(éﬁgl ;emé )( ~

e QYnysBfieHem ST R phenyl) 2
1,2-di- (N (P (fﬁnf%éo%%we%) Zy?%‘j 2ben_ggngnyl)

, “nai hoX Pbi{dh (W) Fretdemaphenid Jmed)ix yiremaane, N (46H2
CH2N (P (4-net hoxyphenyl )2)2 ) 3 and I, 4-di- (P (4-

netdioxypyErsty N (retdsiy P { @ -matiosyrent) 2 (4=
)-benzene. Preferred Ii gands fromthe above I i st

.m@@@xyg@enmmw@m Qﬁ?ﬂ‘e(trhé%m henyl)2, and

h
RSB 450 TR RBHBIN B0 TS o T
ST, b eI, S0

R4" are independently selected from hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl and

substituted heterohydrocarbyl groups, wherein any

substituents on one or more of Rl', R2', R3" and R4’ are

non-polar include: (phenyl)PN(methyl)P (phenyl)o,
(phenyl) 2PN (pentyl) P (phenyl) 2,

(phenyl) 2PN (phenyl) P (phenyl) 2, (phenyl) 2PN (p-
methoxyphenyl) P (phenyl) o, (phenyl) PN (p-t-
butylphenyl)P (phenyl) >, (phenyl)PN((CHp)3-N-
morpholine) P (phenyl)>, (phenyl)»PN(Si(CH3)3)P(phenyl)o,
(ethyl) 2PN (methyl) P (ethyl) o,

(ethyl) 2PN (isopropyl) P (phenyl) 2,

(ethyl) (phenyl) PN (methyl) P (ethyl) (phenyl),

(ethyl) (phenyl)PN{(isopropyl)P (phenyl) o,

(phenyl) 2P (=Se)N(isopropyl) P (phenyl)y, (o-
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met hoxyphenyl) 2PN (nmethyl) P (

nmet hoxyphenyl ) 2PN (nethyl) P (phenyl) 2 (4-
woredokosssphenyl ) 2PN (pentyl) P (4-nmet hoxyphenyPQT/BP{0d6/061425

met hoxyphenyl ) 2PN (benzyl) _P,£4- met hoxyphenyl) 2, (4-

met hoxyphenyl ) 2PN (phenyl) P (4 nethoxyphenyl) 2 an

R D S %‘%"n&ﬁﬁ?ﬁwﬁe G2 RN adg e
HEEgﬂggﬂﬁﬁgﬁﬂ ocaS%?%;%ﬁd{gﬁgkg% gﬁﬁégﬁbiaéphenyl)

(i hy gr f —-an -
t%%uen §®§%§gﬁgwg{@ﬁg%§M.éﬁ Q¥@§onh§PW g %Yﬁthexyl

wgtﬂymbgmﬁﬁﬁnyﬂuéude (phenyl) 2PN (nethyl) P

(phenyl) 2 (phenyl) 2PN (pentyl) P (phenyl) 2 (phenyl)

2P Heptielnyl BN RHMQSQ Qe (p

(pret h phenyl) P (phenyl) 2 (phenl
( pmhﬁmyﬁ/ E,/Q clmhgstidn gp nYphenyl 2)Ph@|nml( ) B —

3- Nnorphollne) P (p enyI henyl) 2PN (Si (CH3) 3
) P Rer gL 2 qeethng Plermn) (2§rgt hyl)/)) = (et gy:)(Z )

‘eipﬂ%%»% B @%‘%"P@wﬁ%‘*% el e
\ NS S APRs AR %Pz‘%ﬁ‘é&ﬂ%n@%&l@{% Dl
(ﬁ%ﬂpff%%l )3} (oﬁthenyl BT 2(phenyl )

2R { dsmaryy 1) Rophersiy ) 22 - tphgmdny)1)2 ,PNm-

(1-cycl ohexyl et hyl ) P(phenyl ) 2, (phenyl ) 2PN [CH2
Chize tOH21 S erf YOMe) BN )mg t iR ]pheimAmet iy Lpheghanyd, ) 2 PN
(cycl ohexyl ) P(phenyl ) 2 (phenyl ) 2PN (2-

rrefﬁbmreyl:l m&wogrww&wmhﬁn@ (henyl ) 2 PN (allyl

phgggf g y ff§£§}£g§] ?phen.q_(HEthyl ai—P (2-

(N (P (phenyl)o)o)-benzene, 1,4-di-(N(P(phenyl)2)2)-

phenyl) 2 (4-
P

benzene, N(CHpCHoN(P(phenyl)p)»p)3 and 1,4-di-
(P (phenyl)N (methyl) P (phenyl)2)-benzene.

The catalyst precursor composition and catalyst
system of the present invention may independently
comprise more than one first ligand as defined above and
more than one second ligand as defined above.

The first ligand and the second ligand can be
present in the catalyst system in a molar ratio in the
range of from 100:1 to 1:100. 1In a preferred embodiment
the molar ratio of the first ligand to the second ligand
is in the range of from about 10:1 to about 1:10, more
preferably in the range of from about 5:1 to about 1:5.

By varying the ratio of the first ligand and the
second ligand in the catalyst precursor composition or

the catalyst system of the present invention, the ratio
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naphthyl ) 2 , (p-biphenyl ) 2 PN (nethyl )

P( p- bi phenyl ) 2 (pnethyl phenyl) 2 PN (nethyl )
woestresshy/ | phenyl ) 2 , (2- thiophenyl ) 2 PN (P&L/Bp100§/061425

P(2-thiophenyl) 2 , (mrethylLphenyl) 2 PN (nethyl

) P(m net hyl phenyl ) 2, (phenyl ) 2 PN (i sopr opyl)

P( phenyl S N h
DTG (35 i B s et B e P Ced, OF e
( et Inventidn canb%ﬁl@%&ue@(CH%sCﬁZE%B%&BQn Ehn%éple,

) 2) 3 and 1, 4-di- (P(phenyl )N(nethyl ) P(phenyl)
) by el yifeR S 1 Meh & hentagflopstt o @uhﬁscfrlréénﬂégaﬂdoﬁeé@&lve to

Y, t e e e
| n ZépeerIe ers{%/ lel?oaqn%}llgle tl?rlor? nEHd H’%\oéngv %ré I [ gand as
defdrmeth tadxanvieo randt m:mdﬂmnmrtelesmmtﬂdngmda&t

defi ned above. The first and and the second | i gand
cﬁ%%@éﬁhth%%ar?@%d%%a\%ﬁvesﬁ’t § FORSFHIEA i §F

I ndediange s i @RLALkdiQnl: dth fieried
enbodi nent the nolar ratio olf tl%&%uréct Cﬁnfg?%%d%tlg%t héand

s eciorat e gnd |s in the range of from about 10:1 to
about

erably dn t ra f fr out
50t o ORI, Y TN T T S e SRR
I lgmtaﬂdqtm &e@arrdad iigand tuhddre € atralaests foac whzor
conposition or the catalyst systemof the present
i et przat i raftd JeTt damerere iRl ot 101G FPRCBELS -

'ArIsSI hg, Proces s Qfnd ’%gi@séd“ffé}tél‘?ﬁ can she m\éaardtec%hat

a general principle I ncreasi ng the anount of
t Iteyfxiransyirhq} glatmj adattive ft d:ltdwe:@rmm&h’ds gehdhen present

t I th t f h
 HRITOr Y odtEl CBRRSITI orf DAL, RS (8 e

C%ﬁ@&ﬁ&@té&ﬁp@élﬁf&ut@dcﬂm& Py dHe greaedd P pradict

conposi tion, and vi ce-versa.
present invention may be varied. This may be useful for
a tuneable, continuous or semi-continuous, process for
the trimerization and tetramerization of olefinic
monomers, wherein the product composition can be changed
(e.g. from producing a higher proportion of trimers to a
higher proportion of tetramers, or vice-versa,) by
changing the ratio of the first and second ligand that
are fed into the reactor without having to interrupt the
olefinic monomer feed or the trimerization and
tetramerization product flow. In particular, this may be
especially useful for a tuneable, continuous or semi-
continuous, process for the trimerization and
tetramerization of ethylene, wherein the product
composition can be changed (e.g. from producing a higher
proportion of l-hexene to a higher proportion of 1-

octene, or vice-versa) by changing the ratio of the first

and second ligand that are fed into the reactor without
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Therefore, the catalyst systemof the present
i nvention can be used in a tuneable process for the

W@ pooaR088aRt i on and tetrameri zati on of ol efi ni cPCT/EP2006/061425

mononers. By the term "tuneabbe"_ as used herein, it is
meant that by varying the anounts of the conponents of
the present .invention, the _anmmunt of triners %nd

t SFVARE &9 A PRSI CdRpdSi i BRIEFGdudEG by Tt hEe

PracesEs i9fa dits RIrRs arlt dameentzia@n oiBY fRQuvar ir@dy  Thi s
may be useful for a tuneable, continuous or

sem - coftd st miocdsertisgm, t e lybidenun i ¢rngsgen,

t et [ ' f alefini , [ .
SR A ALl HLE OIS, MOGHSIR B 1igand

prasieimehtas hiighar {reopemdior Dfarountes tthea fhirgheand
proportion of tetraners, or vice-versa, ) by changin
t FEGAd o igandfe Ml Yak®PmooeERd Sl i (§dndrchdC)ar Erede

iJé%%géﬁkrfﬁ“gﬁg éMéJHygt'y?édHléd%ida O%QQHth%r the

nic nononer feed or the trinerization and
t etataaters z ety orenpragd udte fdmewentn iparemnitdginain ehiv® leay ratio

be especi al | ef ul t.uneahl e,..conti nuous ,or

et Gt iR Eprbodkdld tha bR Faon kg from

t etg@nerd Zat i 100 Ofmaidh et ramier &rort N :pr @duat: 10, Most
conposi tion can be changed (e.g. from producing a

iRt TOkOr L T oM e L dE TRy T CHESAr-on

?Lceérg;?oﬁg ST e}’dc?etl'hveer i?)’eoc%gﬂifﬁ;c% the it 119 @hd

second Tigand that ar into the
r easripsn et t o utdrepomeEnto (Nt errdupie)t,hers gfrasient in a

nononer feed or the trinmerization and tetramerizati.an
prgfet Rt ¥ obe lr‘hetq'éﬁm’iﬁﬂgeof Wﬁﬁhﬁﬁo rol3/bd IGtly the
tungstSns SanBipSmonent LA thanbidigddtalodo i
of the |igand conponents, i.e. the conbi ned anount of

t heorfipesentand (Becordl (4 )gars , 2pramst ynatenporeemast (B)-e- a
aqgo g% ratfl Pﬁ the range from 1.5:1 to 1:1.5.

The cocatalyst, component (d), may in principle be
any compound or mixture of compounds that generates an
active catalyst system with the source of chromium,
molybdenum or tungsten, component (a), and the first and
second ligands, components (b) and (c) (i.e. the catalyst
precursor composition).

Compounds which are suitable for use as a cocatalyst
include organocaluminium compounds, organoboron compounds,
organic salts, such as methyllithium and methylmagnesium
bromide and inorganic acids and salts, such as
tetrafluoroboric acid etherate, silver tetrafluoroborate,
sodium hexafluoroantimonate and the like.

Particularly preferred cocatalysts are

organoaluminium compounds. Suitable organocaluminium

compounds for use herein are those having the formula
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present in the catal yst precursor conposition or the
catal yst system of the present invention in a nolar

WO 20060088m3 t he range from 10000: 1 to 1: 10000, prEef/EPRDG/§61425

from100:1 to 1:100, nore prepgrably from10:1 to
1:10. I\/bst preferably, the chromum nolybdenum or
tungﬁs conponent (‘3}:26 and t he conbi ned anounts of
|3Jar1ﬂ1€€:1’cﬁﬂﬁbrﬁ-?rﬁfs C SHsBRe rtSs w@epmdie(n@)ly sgrlected
sentlna |.ar t|0|nthera%£) m31t013

Py 1 He TSt Conérit he oxygen
b
ggép])gr}%m najﬁrg)%leog ecsoreror}l ﬁ( a? a%{jlcc%nl?pn rsélr?é‘e as

f rioiIH p:and Q:b]e 1 ke Theiwrodatmltyistg ee@rmﬂfé%ntof( Guitable
may in principle be any conpound or m xture of

C orpgAmesl uiiat i e eyt s can lactliude d:ailaiqtétylgﬂsmem

W he SOur e e of, chrom u btdenum r t ste
corBhent SO O Gy e T TR Rt g i o
conposIeNt Stﬁb)nadwtﬂca)ldmlrgur& h%&@i}ﬂ'aﬂ%l@ﬁeﬁﬂrﬁ@hlorlde,
conposition) . Conpounds whi ch are suitable for use as

a %féﬁak%\l%xmmldﬂd@l&@%al%qﬁmm chloride,

rnﬁﬁ%%ﬂ?iiw%nggﬁgyggﬁk #%g%gg%%ﬁi §%% S0 S(also called

| nolgeseEnes) ds Mind e d f m@amﬂmﬂrﬂfmﬂ wehglinds are
acid etherate, silver tetraf |uoroborate, sodium

heiatP UDt ot horl & Shd §1%d 4 ke. Particul arly

preferrgd £ocal Al ¥sd® SN LMAAN0a]dHE i UPHOMRRWAIS yst is
Sui t abl e organoal um ni um conpounds for use herein are

t hos e2 havd mexate dorand /SR 3 Trareial wHlPRE graogralysts

is inde endentl selected from Cl- 30 a
(pre¥er(gr%ﬁ)y azf ritukncmar}e oxyé)en Con(}%la mlxture of

noa:alimﬁsomn@adcmﬁte@unmd QOIS B3 EC A8 Hd @ﬁé@aamﬂj by

t heh(—l; I é(c?ntrl\lcg)lnlelcll rgéélntgloeﬁ(al?lvsas eorf tSOUIatnaballekylalumlnlum
compound, such as those mentioned above, or are available
commercially. In this context it should be noted that
the term “aluminoxane” as used within this specification
includes commercially available aluminoxanes, which are
derived from the corresponding trialkylaluminium by
addition of water and which may contain typically about 5
$wt., but optionally about 10 %wt., of aluminium.

Other suitable co-catalysts include those disclosed
in WO 02/04119, WO 2004/056478 and WO 2004/056479, which
are incorporated herein in their entirety by reference.

The quantity of cocatalyst in the catalyst system
the present invention is typically enough to provide a
ratio in the range from 0.1 to 20,000, preferably from 1
to 2000, more preferably 1 to 1000, most preferably 1 to
500, aluminium or boron atoms per atom of chromium,

molybdenum or tungsten.
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or ganoal um ni um conpounds i nclude trimethyl al um ni um
(TMA) , triethylalumnium (TEA) ,

W eoositessbait yl al umi ni um (TIBA) , tri-n-octyl al uPCTEP2UD6/061425

met hyl al umi ni um di chl ori de, —ephyl al um ni um di chl ori de,
di met hyl al um ni um chl ori de, di et hyl al um ni um chl ori de

and al ym Joxanes C(al sq cal I I e urmﬁr[]aﬁé’) M xt ur es of

or ganoal Uni ni-um conpounds are a 1% BFGEUFSE T
her@ipgositien prefler red empdiggntadereien,fdui®@h component
cocatal yst is an al um noxane cocatal yst. These

alcfﬁntrﬁﬁ(a%et%]o\f;sart a?%%“rna)ﬂ cORpYY € avdesl (hagsthere

P R e O A A e L

aduifaviode ofn watterve ozaralatslql alTird nihuraec apeumegntsuelt the
e nenti oned above, are i

| abl
C ST LY 3 1 S 1 SR SWdul d Te 6t dfpngind the
Hﬁﬂﬁml@wm&wamtﬂswﬁﬂwﬂmﬁ&ﬂs ), may be

speci fication includes comercially avallable
al Qﬁﬁt?ﬁﬁ(fa@fesln WHIS PR ee s i Qe iyt (ﬁﬁ%ﬁ@@]@oﬁoeléfmdl ng

Ll Ky Al Wy D ARG O LT 90 1 G TR e

contalrn typ| ca abou ut optionally abo
1BWUtable oéola}ermsnlmary ﬁdﬂerdeswdyab]rem Szﬁl\mnytsttglat does
i ncl ude those, tgfd osed in W 02/04119, WD 2004/056478
aritP WG 204/ '056% 791 ViHf ¢ e T CTFRSIREd R @3 n

thel¢yentdd et vi Byat &8 erngietureauantddat if, aromatic,
cocatal yst in the cat "al yst systemthe pr esent

i nvehegeom ted thyypd eetd 5o e urgd t@rprqn\mldenaisr at ilygiral

h f 1 t9 20,000, preferably 1
20001 VAT BereiGni 9 1 1600, oSt brister b L o

50901@43@@) Nk PiNe 108, RO IOf1 od roden perciaienta Ofp]:(‘d]:fa()m JMutane,
ybdenum or tungsten. The three corrponents of the

ca@%m%@epr%%ﬁﬂl‘i’%%‘? TRt i Beqane, (PradRFAe. |
ange £ He1 £ QLT LRe SOMPONRI hy1 cycopentane, cyclohexane, 1-

hexene, l-octene and the like. Other examples of
suitable solvents are those disclosed in WO 02/04119,
such as hydrocarbon solvents and polar solvents such as
diethyl ether, tetrahydrofuran, acetonitrile,
dichloromethane, chloroform, chlorobenzene and the like.
If MAO is used as the cocatalyst component, (d), the
solvent is preferably not a chlorinated solvent.

In one embodiment of the present invention, the
catalyst system is formed by adding the co-catalyst
component, (d), to a catalyst precursor composition of
the present invention.

The catalyst system of the present invention may be
prepared either in the presence (i.e. “in-situ”) or
absence of the olefinic monomer. The three components of
the catalyst precursor composition, (a), (b) and (c¢) and

the fourth compconent of the catalyst system, (d), may be
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of the catalyst system (d) , may be added together
si mul taneously or sequentially in any order so as to

w@e@eilek80an active catal yst. The three conponePCBEP{006/061425

the catal yst precursor conpasggion, (a) , (b) and (c)
, and the fourth conponent of the catal yst system (d)

, hay be contacted in th resen f any .sui.tabl e

soﬁov%)n r}ecguilflg]tﬂ e'50 h\?er?t%s A€ I?%g\ﬁglet 8q1ei%§l SR8 ©or
| tHehe 1 fli.n i infcalding 1S elave es 1Ry udeel @wade canytd Reftacting
sol vent that does not react with the co-catalyst

c OO rfEMPOoR_ets & ddurcated vat pyaticd, sdsaliracegsly

al i-phat,i n%;gq{ ' r I

iownjip{:}glﬂlkgeui%g. Tyéprlpccsal sglgl\e/egg%ag%l%ﬁu%éét%g{]%ar? (reé%ngtny

| ipuired iro,tHeenzensss4 afuenetagdiene, thet yrpemaertes, of the

cunene, propane, butane, pentane, heptane, decane,
do%aetcérﬁé%)tt etradecane, nethyl cycl ohexane,

met hy| GueoRet afesh & G AN ARE Nl t IREXES 1 yEtOGhRARRMm of
and the like. O her exanples of suitable solvents are

t ot Rt &8s el VR MOTO /4IPS s Spste i nigy dr dddrsforpolution
SQ{FE%% éh@?lﬂg)59k¥¢@$5 %H&gcgﬁf%ﬁ§l égﬂﬁlﬁent (d),

t etrahydrof uran, acetonitri’'l e, di or onet’hane,

chi ortoforde catd asa@benizane anrdbrtgumdrites. (a)f a0 (i ,used
as the cocatal yst conponent, r@ ., the solvent is

prtier A YL N TP UMYy i fhted SIS Eh2dq it el amounts of

enbagh seit ©f (4)he present) iUENtd)0hayt e i@t added to
systemis formed by ‘adding the co-catalyst conponent,
(ddhe contaimed ad glut rrec urs gre aaRAFONI At iton fgfrmt Hdie desired

presen# invention. The catmagj%/
€

st sys of_.the present
i nvertt B naY° be" pr epar ed a1 therd ionft t rHee s dEThi e

"It Bét Uand Ofe ehrse NSl Wi idhe plefdm admingmeial Ynponents
t hree conponents of
may be performed either in-situ or in the absence of the
olefinic monomer.

The three components of the catalyst precursor
composition, (a), (b) and (c), and the fourth component
of the catalyst system, (d), may be combined at a
temperature in the range of from -100 to 200 °C,
preferably 0 to 150 °C, more preferably 20 to 100 °C.

The catalyst system of the present invention may be
unsupported or supported on a support material. Examples
of suitable support materials can be found in WO
02/04119, WO 2004/056478 and WO 2004/056479.

The olefinic monomers suitable for use in the
trimerization and tetramerization process of the present
invention can be any olefinic monomers, which can be
converted into a trimer or tetramer. Suitable olefinic

monomers include, but are not necessarily limited to,

ethylene, propylene, optionally branched Cy4-Cpqp a-
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the catal yst precursor conposition, (a) , (b) and (c)

and the fourth conponent of the catalyst system (d) ,
woreapehessadrbi ned fully in the absence of the ol BET/RPI06/061425

mononer, or the ol efinic nonoger_may be included prior

to contacting the conponents of the catal yst system

Sy SR P SR o T ARG prioLads 16 cagatacttrig ns

t ! t t t-al - .haod f .
ORI SR S R TRS fljonaty
I neldpdase s ahidd Ngae il 1 ralid 100y %f)pt%m%queymo%a&% d

and (b) , and optionally conponent ( , Wth7a secon

sat AHE N Dfercsytpanenicl I &)s ant i(dhall yamndsepihcena -,
conmponent (d) , wherein additional anounts of

componenirs (ied lfing.c) Exahp(l)s rey she talmlteherlefinic
added to the conbi ned | uti , if ,. to f
St AR DS A B e Bee i Y i LT,
abomes JB - Onedh 4 1 Suanth s eaond @l utiQps, 12, aNY-butene,

addi tional conponents nay be perforned either in-situ
orligentrnabskeritaxafe t hlehsirgfantd c Inovdese, Thadnense 1-

co nents, of the catalyst cur sar. itign, (a)

: CZ%%%en’d cljn%ecgennde t ﬁle Oodue?({et%ed oszot e g(r%{g%geﬁlet’hg

caiet ysde Sarsd e -dah)t adgmmnhdie Icorddaataale a2 1-heptadecene,
tenperature in the range of from-100 to 200 0OC ,
prefFEISCH 0 HBPRICCSHS @nst é‘f‘é‘rle&ﬂ%?%_ {F e esic o~

- JNer &2 al yst asysﬁrfrmtqfdyltg@mone%%{g ar{a/elnlé_t@{ymw&%ne;

unsupported or supported on a support material.

Exhinpdas afd sufaratied supporma retlerfiials sah bs 2ottt ane
WD 02/04119 2004[Q§6%¥ (9@9 %g%gqp%#quﬂE?n The

ol BV TTES B S AT T aldl & O e TH (5 1<
trinerigakt @feansk tele BieTd zdndie ¥ aeas s 1dfo e used in
prgggnérocess of the present invention.

Preferred olefinic monomers for use in the
trimerization and tetramerization process of the present
invention are propylene and ethylene. Especially
preferred is ethylene.

The catalyst system and process of the present
invention are particularly useful for the simultaneous
trimerization and tetramerization of ethylene to l-hexene
and l-octene.

The trimerization and tetramerization process of the
present invention can be performed under a range of
process conditions known to one skilled in the art or
disclosed in published literature such as, for example,
those disclosed in WO 02/04119, W02004/056478 and

W02004/056479.



10

15

20

25

30

i nvention can be any ol efinic nononmers, which can be
converted into a triner or tetraner. Suitable olefinic

worewerresss3 i ncl ude, but are not necessarily | i nPCBEEP1006/061425

et hyl ene, propyl ene, optional ky branched C4-C20 a
~ol efins, optionally branched C4-C20 internal olefins,

option bra ched CA4- C20. vinylidene ol efins, . _
optionghf ranc ggﬁﬂgya%§§%ﬂqﬁq tetyamerization

opﬁeaxf\taid)ry &Hrﬁl’kﬁé‘lgﬁbl%ﬁ?&i direnes.utd®oHas®S slurry
optionally branched C4-C20 functionalized ol efins.
s OIS RirazhIF ek masfononers i ncl ude, but

are notyhecessard{ uleamé ttomléfllezaartlao |.§f4 ns, such

as et hyl ene, propyl ene, ut ene pentene, 1- hexene
1 &@mmlzﬂamrtrenieﬁ gerrmmﬂrmj i sdeenien brursderene phase,

ecene, 1-tridecene, t et radecene, . )
Lo G SN ettt S G 1 1y inert under

1-oetRsecane; od - onadacens mind tir@l CIRNE I HARREGA-
ol efins such as 4- rretg%rpent-l -ene and

1-eplRved hexhi:al ke edirl et Draan ey entiserars adlisthatic
C e or.hqr nene
a%?hep?ﬁ%egc mcfe&ceasrs% G driede n%m&sd%é:ﬁ Yl ana

beo Liseth$ nvtiheh paroe esso stfart thies Jaresierdr i ARidd @rimerization
Preferred ol efjnic nononers for use in the

t rdRer SRR ABI ARt 1Rt AT oM ReeSIRJOMfe such as

Pr &g afy@m@@ & GPTEPM £NS AR RFdW) ¥ 78 and
Especially preferred is ethyl ene. The catal yst system

ario 20 OEes3649T9t he present inventi on are partl cularly
usef ul jEor t he sinmultaneous tr| nerizati

etr amernyatt A oA T B 1 e e Prosesse oF the
Therdsémer i zadn OToanth | 63d 8 i Zald DN Praageshoflof ke number

proefsesnLtuiI:arl]k\)/leemxlreoancgoarns ,beth.Jiecrg oarrrreedwellllnldekrrloa\/mr ai'_nogeonoef skilled
in the art. Typically the trimerization and
tetramerization process of the present invention is
carried out in a batch, semi-batch or continuous mode.

The trimerization and tetramerization process of the

present invention may be carried out under a wide range
of reaction conditions, which are well known to a person
skilled in the art. Typically, the temperature will be
in the range from -100 °C to 200 °C, preferably from 0 °C
to 150 °C, and more preferably from 20 °C to 100 °C. The
pressure range under which the process of the present
invention may be performed is not critical and may vary
depending upon the limitations of the reactor, typically
the reaction pressure will be in the range of from below
atmospheric pressure to about 500 barg. Preferably, the

pressure will be in the range from 0 to 100 barg, more

preferably from 1 to 50 barg.
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process conditions known to one skilled in the art or
di scl osed in published literature such as, for

wex@nphssp3 t hose di scl osed in WO 02/ 04119, WO20PAT/OBRMT @ 1425

and WO2004/ 056479. The sinul taggaus trinerization and
tetranerization reaction can be perforned in sol ution

phase’]ﬁl%ﬂﬁyggﬁﬁgﬁmggﬁ;eﬂg%ﬁﬁpgggﬁgﬁgfE%%%h&ﬁgsg %%%re is

simul t aneous tTTInNeri zati on a [

per fgrdmekd If 80I4Hd At itde rSlAdiYbnp hase t e rdineteRtatabn of
solvent, which is substantially inert under

t QYR iR O e RSNz &S0 P TOGK ISt ICOR® g She

e y£d-; Hitabl e i | yent ; I phatic

an rgcrag%altr}%}é iyg‘r ocsgdr bons,ﬁﬁglggigng}%glgﬁﬁ%%gggrrgons

anor ighesfi 2w Wil Gindartes tsaspstrartatdldry risaertti omndenditions
trimerization and tetranerization condit,ions may be :
e Oy . CH T s DO di's s &5 W GFGHLES, Wherein
WRZQ04S R84S janth WRA0H RRAA T sERE ddnfaiHuzald @ et s
tetramerizati on process of the present invention may
beangeriffst net 3 Fnyt i ecadta ly stumsar e nddirt gislcecially the

r ars ' - I 0 idl in t
oAt e MRS, 8 dar] W W ORBR 1ahablh | B
prceissd afuitirey pries etodaneent iZopresf eoarad e radtont wfathis
batch, sem -batch or conti nuous node. The

t riPRAG A on" il REAT%iReri Zatitn Protess i ahand
Preseind VAN A0 JBRY 18, 1GAHd | Gheitli HINIRY AW

range of reaction conditions, which are well known to
a persoisekiddethdinhetdrtlenpypingsy yrrimegrization and

SRS F e P8 08 LNS A0 C UG AR.C

20s fstdm 100 €he Thee feSSieARgs Witafe Mhittle tdicess is a

pnggfsfnéguérgzrgéﬁﬁqgontinuous process and the ratio of
the catalyst components, especially the first ligand and
the second ligand, are varied during the process.

Separation of the products, reactant and catalyst
can be performed by any technique known to one skilled in
the art, such as distillation, filtration,
centrifugation, liquid/liquid separation, extraction,
etc.

Further details regarding suitable reaction
conditions, including further details on reactors,
solvents, separation techniques, and the like, can be
found in WO 02/04119.

The use of the catalyst system and process of the
present invention for the catalytic trimerization and
tetramerization of olefinic monomers provides a
simplified method of producing trimers and tetramers of

the olefinic monomer with reduced formation of by-

products compared with the combination of the product
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i nvention may be perforned is not critical and may
vary dependi ng upon the limtations of the reactor,

wao yoaedshy the reaction pressure will be in theCT/EPIPE6/061425

of from bel ow at nospheric preggure to about 500 barg.
Preferably, the pressure will be in the range fromO

toong)oosbl g, fore p referabl%]lfroml t.o 50 b rg In one
enbodi Hent” ot f%ernes@ﬁe S E e PE

prmreﬁaanémzaﬁwﬁ)ﬁ rpfeRtd Zdd .on AN ratifcurei, za;l}ieomlséf of the
oI ef| ni ¢ nononers, wherein the fgr ocess conpri ses
etV Hy %qu%s%ncbri‘éf%%?ﬁ fifc thendkesantdémvention for

trﬁrg@re;@gi and. {etry tf{gtanqp H8ackian condifigns

a cata st system o present 1 nvention,
\M@tr}w.hemdnetanbdwseries and dridateoes porovdeids Gominane®ss with

process and t ratio of _the catal yst conponents
bofent Y el i TrHRENS G i e over all
segntht h@ansk o Al & & afd @b durd nghd %a@&%ﬁs A

preferred version of this enbodinment is a process for

the trihesi@eioh ayﬂdeltctatcr%rimhez%ﬁn%ranﬁ letdnflearse,in the
h
V";kgzécr%{é $t péﬁ?ce&sesce xfx?%tcloorht ity L ggynenc%e ratio

rrnmeri zation an anerlzalon Feaction

confli thensSi ns i hlﬁga:r&i,alq@ﬁpcﬂ;@*ttemmf tehel pres enicond
i nvention, wherein the process is a continuous or
sehtd MIIW%} ocESs' and the ratio of the catal yst

conponeft s, + £5ReL! Al Yol Nend ivestr drigand ang, the sqcond

ligand, are varied during the process. Separation of
t héi pz odutce samwlaattcaﬁttlalnmmtal@snetamneb@ Pt ftdvared efinic
technlg%e nown #f one s illed in the arg61§ych

asm%lnés(IP‘F]F Patfion,©fi1%tr% S FIRFA o™

| i kb €l & & Quif dtﬁégaf@éemm,lra)@ﬂtalcdn Ons &t CLeddt therswt

detail s regardl ng suitable reaction
preferab east 80 %wt, more preferably at least 90

$wt, of the overall product composition. The
trimerization and tetramerization selectivity (i.e. the

amount of Cg and Cg fraction in the overall product

composition) for the trimerization and tetramerization of
ethylene using the catalyst system of the present
invention is at least 80 %wt, preferably at least 85 %$wt,
more preferably at least 90 %wt, of the overall product
composition.

The amount of 1-hexene produced by the trimerization
and tetramerization of ethylene using the catalyst system
of the present invention is typically in the range of
from 15 %$wt to 85 %wt, preferably from 20 %wt to 80 3%wt,
more preferably from 25 %wt to 75 %wt, of the overall
product composition. The amount of l-octene produced by
the trimerization and tetramerization of ethylene using
the catalyst system of the present invention is typically

in the range of from 15 3wt to 85 %wt, preferably from 20
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conditions, including further details on reactors,
sol vents, separation techniques, and the |ike, can be

wo ewwadossps WO 02/ 04119. The use of the catal ystPGHEPMNG/061425

and process of the present Lnygntion for the catal ytic
trimerization and tetranerization of ol efinic nononers

provi des g, sinplified nethod. of oducing trinmers an
teﬂta(ere(?' sgaoof”fr%e 5146t iiS erﬁ‘f‘l?gﬁle&rr\ﬁmtéﬁ &dfiicéd 73 WL, o
f atiaatdvasr 0f1 iy qaedudospeeipdioed Wi th the combi nation

of the "Ifr oduct conposi tions of separate trimerization

and t etTrelriieantareh SiecEdsedy 1H -Far thibcurgrunthe fude
.thé%ecﬂé é’e%ijsi%?t @hd ARG8%%, Yt Lhe g:rrg%l%r&tt
fal yt n

I nventi o or the ca c trinmerization

t etdnared i Zadd oniofe et R ieRer it th-Re6ene tafd akeQGlARARQ on of
provides a process with very high selectivity for
1-Hexerrnariss Ind dihenecahadry il [swstemtdferther pdesent

for inther .07 T veral |, yi.el.d of 1-
B R
dependsa sp @O the r atvan ofotehep fd frestadliygand,l ecenp@dentvt and

(b) , and the second |igand, conponent (c) . The
t MR iR § O ng dtethesvdr i Shtitn di & Ha fractdon of
of triners .and tetraners of the olefinic

t he anoun
no l’éO(iSLhC‘li HE"RAH411°"br oduct conposition) of the

processripd 1-hecqures eyl ddvkentdon il s atcHeeasiout %t ,1-
preferably at |east 80 %, nore preferably at [ east

9P ORRkIE FFreFRN o\t dille frodudctcieip sl thihen Prigeict

trinerizatjon and tetrangerization selectivit i.e. .

t FPHRRThE L) O dritP TR A ¢ SRR gD of

C 1dhON)sf gy the dddBfdzaly ek tald ymidat i on

of et’hyl ene using the catal yst system of the present
invention is preferably at least 75 %wt, more preferably
at least 80 %wt, even more preferably at least 85 %wt and

most preferably at least 90 %wt, Cg fraction of the

product composition.

In practice, the combined l-hexene selectivity and
the l-octene selectivity is typically at least 88 3wt of
the overall product composition.

In another embodiment of the present invention, the
olefinic product composition of the trimerization and
tetramerization of ethylene using the catalyst system of
the present invention typically comprises a combined
total content of l-hexene and l-octene in the range of
from 88 to 98 %wt of the overall product composition,
preferably from 90 to 98 %wt and more preferably from 92
to 98 %wt, wherein the l-hexene content is at least 15
swt, more preferably at least 20 %wt and most preferably
at least 25 %wt, of the overall product composition and

the l-octene content is at least 15 %wt, more preferably
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invention is at |least 80 %, preferably at |east 85

%, nore preferably at |east 90 %, of the overall
w@e@daessoxonposi ti on . The anmount of 1-hexene PCDHEPZIOE061425

by the trinmerization and tetragerization of ethyl ene

usi ng the catal yst system of the present invention is

typi cally i), the range of from 15,0 to.85 9w, .

pre glreaab ty %br o°r¥1qq:2(?r*§gwmciséc &0 er,abrrﬁﬁ\% éﬂtprlgfagél\%ISy FFomt
25 Hévovdexralal Ymodwaft tdeenp@edrtdldn .product conpositi on.

The amount of 1-octene produced by the trinerization

and t ettty GRRFIMeNH Sfe thei Ry essetcdnaepddon, the

syst.em of . t Javsenty.on, d icald.y in:the
e o e TR s or Ceran s L om S0v
t B0 ety 1 gadrieopraf ertdhilerfer armi2l dhte tcat?3 yiint sysftem of
thqekbover al | __pr.oduct, .conposi ti.on. ThSf )]? exen £

sel EetH VTS (it St e arstiiitt 617512 (é ecﬁlnz:&?ﬁt “%n

t heopduratd icthed g pr-ofyGine moSi-dcahd Bt he most 12
trimerization and tetranerization of ethylene using

t Fevtefal§e euastanh ofr Qe threesdas Jitdwent g fiegably at

pr. Yo 9 ef blay o I :
B vl ARE o e RIS BhC R R SBBein
prigierbiloxaie |@asterf0 Yat dfeddte 1Cg Hwtactricore gfretfleerably

product conposjtion. The 1-octene selectivit i €.

DIt e B T GBI 6§ SSEAC b Ioh e C et (6 ot of
t hen Proviiet 1 comasidd adnddstthied rdderdzati-getad content
tetranerization of ethylene using the catal yst system
ofis hiet presentld mrht inared Pysiefralaly ptatldagdst20rswt and

oohoal S PLELPLEOLY Bleleost P8 MWhe YDA oroance

| eashp 991 Undn . Carfpacdion afhd hel fiodiec tp repimasiddrgosition
of the trimerization and tetramerization of ethylene
using the catalyst system of the present invention
comprises a total content of compounds other than 1-
hexene and l-octene in the range of from 2 to 12 %wt of
the overall product composition, preferably from 2 to 10
$wt and more preferably from 2 to 8 %wt, wherein the 1-
hexene content is at least 25 %wt of the overall product
composition and the l-octene content is at least 25 %wt
of the overall product composition. Typically, the
product composition also comprises at least 0.25 %wt of

Cg compounds other than 1l-hexene, at least 0.25 %wt of Cg
compounds other than l-octene, at least 0.5 %wt of Cjg

compounds and at least 0.5 %$wt of hydrocarbon compounds
comprising 12 or more carbon atoms.

The catalyst systems and process of the present
invention are illustrated by the following non-limiting

examples.
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In practice, the conbined 1-hexene selectivity and the
1-octene selectivity is typically at |east 88 %wu of

w0 b@eoessoal | product conposition. In anot her eP@DEPIUB6I061425

of the present invention, theselefinic product
conposition of the trimerization and tetranerization

of et hyl ene using the catal yst system of the present

[ r&ﬁ%ﬂﬁv—]ﬁtypl cally conprises a conbined total content
ofGendexe ner seshulr Qe t 81 dHu dde drange ifn from 88 to 98
%\v of the overall product conposSition, preferably

from 9*tb @Bemma]aﬁwdlsrﬁﬂ elrprpéffeé}eamtyom%megg o rgPased

bk Aty R e £ B e s

| easit 2Znddvotiofrvimse overal | pr oduct con‘posn tion and

the 1- octen content 1s at ast 15 %W, nore
preferalbﬂ/a § R{r G %@rﬁé@c By 1é’rS§bISWS§tenlseéf%etre

2225 e @f ol thenRyer a{ﬂtﬁd@ﬂgtn%ﬁ?@et on.1 19y e sed
enbodi nent of the present” invention, the olefinic
prm@;td@m@o@m%rﬁnﬁnd&@ triaasduzss ofrdndirous toluene
t hyl e e Mus st syste
%%e pr esen‘?ﬁl ﬁ{/aesﬁtJi%lnecc{:]on%% Q%S%i &%é%%on rent o&lnal
Coﬁa)wmdéomﬁétﬂr ¢ hagbdirtheX gipen)an dirbreiicene efptaingmo9 . 8%
12 %v¢ of the over all product conposition, preferably
atPWostY 107 guw AR rﬁ)\féjap?rse?@éer ablsF A: mssee Bl sieves

wheg gidn thee iz hexens, C ok eflodss Atpdpast 15 %, nore
preferably at |east 20 % and rmst preferably at

| east 25tHgtsnof (e ovmrally )pradugiucidmessidveon aanmb lumn

or s i 70 £ Bl ot Tt (e S ysh (98SF) i
| egsde 25t Yt ed@ie tier @V efrad | opFsi clorMROid i<0N.ppm.

Typically, the olefinic product conposition of the
tri mer i B2¢ i ohl gore ¥ 2t Qi Sht T e sfhastapfieneed by Gas

Chromatography (GC), in order to evaluate oligomer

distribution using a HP 5890 series II apparatus and the
following chromatographic conditions:

Column: HP-1 (cross-linked methyl siloxane), film
thickness = 0.25um, internal diameter = 0.25 mm, length
60 m (by Hewlett Packard); injection temperature: 325°C;
detection temperature: 325°C; initial temperature: 40°C
for 10 minutes; temperature programme rate:
10.0°C/minute; final temperature: 325°C for 41.5 minutes;
internal standard: n-hexylbenzene. The yields of the Cy-

C3g olefins were obtained from the GC analysis.

The “trimerization selectivity”, “tetramerization
selectivity”, “1l-hexene selectivity” and “l-octene
selectivity” were all determined by GC analysis.

The amount of “solids”, mainly consisting of heavy

wax and polyethylene, has been determined by weighing,
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usi ng the catal yst system of the present invention
conprises a total content of conpounds other than 1-

wheooenessand 1-octene in the range of from 2 t oPAREPMD6/061425

of the overall product conpasggion, preferably from?2

to 10 %Nt and nore preferably from2 to 8 %M, wherein
xene tent is at | east

VBT DU BSOS OF. Gt anédodeaRndages,

i Sfca_l_tldv&élﬁtb}szé)é’ﬁlrﬂj Wit eeiadde PIOGUGH GRMEFASitEoN.p3)

Typi cal |y, the product conposition also conprises at

| et Ry 25 o4 SryddiGonpounds ot her than 1- hexene at

| east gfrgé a%mfé (9 %H%qursb%og}d’ce’f ihamely sl o et

| east %t o conpound 'east 0.

hyahtroar bon Zlcacn’gmlqndsleﬁrrpm gimglul2 are moreel cfafrdnomc
atons, The ca aI sterrs and .process of the present
oL Ay T | ow ng

non- | i nitd rmew@ efas BrIRYy @nelRn RegrdWes AN th a

Characterisation Al chem cals used in preparations
wear i chas et 4 raam 4 W iihen s nggad -wi t hout furt her

pLEailtfii:aSttiog} né ss nentioned otherw se. Al the
opeﬁaﬂ—v—%ﬁs—vﬁ%ﬁ@e catal yst systens were carried out
under ITHe¢ ogetn BfSOspPhiens Al 30 werdserntsahwRitd on were
dried using standard procedures. Anhydrous t ol uene

( 9O BRHRA | §59™ VER™ Y Td RRARGUIAR T WA S 19ney gentaining
(finanyatery contend 9ig a@%ro’f’u@msouﬁ@y@l’%&

heptane (99.8% purity) was dried by passage over 4A
not e reentss evies ddsaralbadhtitsrlgont ent of about 1 ppm

. Ethyl ene 9&9. 5% purity) was purified over a colum

c ecul ar sieves and BTS catal yst (BASF)

In Chromium tris-(2,4-pentanedionate), also called
chromium tris(acetylacetonate), has been used as the
chromium source in the simultaneous trimerization and
tetramerization reactions of ethylene.

Ligand A (first ligand)

The (2-methoxyphenyl) (phenyl)PCH»CHoP (2-
methoxyphenyl) (phenyl) ligand is prepared according to
the following method.

Under a nitrogen atmosphere, to a solution of o-
bromoanisole (0.54 mol) in pentane (150 ml), n-
butyllithium solution (337 ml, 0.54 mol) is added slowly
with constant stirring. The mixture is stirred
overnight, after which, the stirring is stopped and the
suspension is allowed to settle out. The liquor is
decanted and the solid residue of o-anisyllithium is
washed with pentane and dried under high vacuum.

0.20 mol of o-anisyllithium is dissolved in diethyl
ether (400 ml) and cooled to -20 °C. Slowly added under

constant stirring to this solution is 0.1 mol ethyl
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order to reduce water and oxygen content to <1 ppm

The ol i goners obtai ned were characterised by Gas
w@hoerressayr aphy (GC) , in order to eval uate ol PGDRRI006/061425

di stribution using a HP 5890 series |l apparatus and

the follow ng chr omat ographi ¢ conditions: Colum: HP-I

(cross-linke th onae , fi.lm hICk

O DB TR S anios S 58 1 hangen L60eR £y Teach
Hew etd, Recksyr d)nidmjtect lsQilutthHiherl%t When 32F10&ed for 2
detection tenperature: 325C;, initial tenperature: 40
odgwrs -10 Trﬁ%LﬁoeléitltOéhﬁér éth?ff’e agrieyrdmre cacdy gFter which

m 1 t; 5
RS TR St D e
C4;Ls Cﬁ&fbml@fﬁmmﬂi evidlst aihnesck f5rOomJI Ive r&C canzalofsi s.

"trimerization eCtI "tetra rlzatlon
J&RWW e P A T Lareac afg then
Sed&&hﬁ/éd YEndvel8 &l |uéi@fgerrr[§d'ﬂ%ﬂb‘in GG 1andleySi $helR®1vents

amount of "solids", mainly consisting of heavy wax and

DGl Bty e esmdes ey ikt emicidd Ay idieghieag esfst enisole
its isalati r end S,

L SO LR PRS0, Rl AV AR IR0 oo
(Rﬁﬁac&é@i d)ﬁ/ argicanine drnd rhgamoﬂwi am)umsmfng tttedlresultant

product” is the sumof the armunt of l.argely alefinic
pr"HEJPu"c@ ek id el 3Rk X ERaTEl s F%{‘r?dlﬁlﬁe?%&?&hﬁneofom de)

T t t
i S R 900 Wil o 00 M St Rt s S e

syswbmmoﬂmmmmgl systens of the present |nvent| on
were pr ared frﬁm catal yst ,orecyrsor, c 03|t|

cont ai n B R enyc]‘r?r ur cephlne

t hesede is added to tetrahydrofuran (600 ml), to which n-
butyllithium solution (25 ml, 40 mmol) is added at 0 °C.
The orange homogeneous solution of the lithium salt
formed is then allowed to stir for 1 hour at room
temperature and then cooled to 0 °C. To this solution
1,2-ethanediyl bis-tosylate (20 mmol) is added. The
temperature of the solution is then allowed to increase
to room temperature. A slurry is formed as the solution
is heated and refluxed overnight. The mixture is then
cooled and the reaction is quenched by the addition of
water (150 ml). The product is then extracted into
dichloromethane (3 x 100 ml) followed by drying with
magnesium sulfate. Concentration of the solution affords
the 1,2-ethandiyl (2-methoxyphenyl) (phenyl)phosphine oxide
product as a white solid.

To a 2 mmol solution of the 1,2-ethandiyl (2-
methoxyphenyl) (phenyl)phosphine oxide product in
tetrahydrofuran (250 ml), aluminium hydride
(AlH3.1/3(CoHg) 20, 20 mmol) is added dropwise. The
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Chromumtris- (2, 4-pentanedionate) , also called
wehoemvssm tri s (acetyl acetonate) , has been usedI/EB20Dé1e51425

chrom um source in the sinulLtagmeous trinerization and

tetranerization reactions of ethylene. Ligand A (first

i gand). The -net hoxyphenyl ) .(phenyl) P CH2 P.(2-

rreﬁ%hd%/lp nenlyﬁ( )ZCh(eﬁherr?y)ﬁ)u eldéél)ﬁl&lﬁ‘s Cﬁ%‘?&&F?ﬁ&@@&F&H&

t @iden ifgid )owiatr eretiadth, Utter raarittiongar atuepspler ®y the

to a solution of obraonoanisole (0.54 nol) in pentane

( B iHdon HusAthas lun Somdti-or odderest Pyothe FdilyFresion

a A\ st s ng. i [

TR e A P TR ATRe ot g e o 1o then

stappsthtarat ddie FuBjignsiron fi snedlhaowad atfd osetst [tdeout .

The | .' ted d t lid id f

oSN 1118 Ui T8 ESHER S0t (AT Eharred Under

hi Vi f a-anjsyllithi is di | ved
R R R e T R ot ea o 20 0C ¢
Sllovdanadtletsemgdet lcigrestdnt stirring to this solution

is 0.1 | et hyl h hi nate . Th | yt.i j

then al1 el T gl G5 BEHPLdE (B 1 Re 9B o

is th f.l d f 2 h | uty IS, .1

AP 1D 001 ™ Rt AL Lo Ry pehi or S Shei

i s ageege{ 150nd8phe ddhe 18 aduciriietHylamiext wact ediddd ko 6.3

three 50 m| portions of_ dichloronethane . The
c b Plern vk kit & 1wyt anla e (Heh BGhidrereti@ng i ¢ the

usin nesi um sul fate, The sol vents ar.e then reppved
{ o GTWEE S0 oTHXEREE 1 HerP ek (b ORA QNG THS difsy Gty nd
wes 11 S d 760 Qt tNdsFe MRCHM atThe dr@Siemperature. The

solvents were removed from the resulting solution in-

vacuo and 50 ml of dry toluene was added. The mixture was
then filtered over a small layer of silica. The toluene
was removed from the filtrate under wvacuum,

(phenyl) 9PN (isopropyl) P (phenyl) o product was isolated as
a white solid. Crystallization from ethanol yields
(phenyl) 2PN (isopropyl) P (phenyl)» as white crystals.

Co-catalyst

The co-catalyst used in the experiments below was
selected from:

modified methyl aluminoxane (MMAO) wherein about 25%
of the methyl groups are replaced with isobutyl groups.
MMAO-3A in heptane ([Al] = 6.42%wt), available from AKZO-
NOBEL Chemicals B.V., Amersfoort, The Netherlands;

methyl aluminoxane (MAO) in toluene, [Al] = 5.20%wt,
supplied by Crompton GmbH, Bergkamen, Germany.
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traces of anisole are renopved by washing the resultant
white solid ((2-nmethoxyphenyl) (phenyl) phosphine

w@zi0d2)880s t h di et hyl ether, followed by crystaP¢T/BRPI00©O61425

fromchl orof orm diethyl etbej; 40 mmol of the

(2- met hoxyphenyl ) (phenyl) phosphine oxide is added to
tetra?ydrofu[a% (600 m), to which nbutyllithium
sSEAEHES I5 > 40 mol) is added at 0 OC . The

OICQA IAMGRRRA $ re@aliaitaR noff oirh @ ihiutl Riaweosgl t f or med
istThen alTowed to stir for I hour at room tenperature
arid imean 2ol and Getramenigiad ion i gnbatch autoclave

, 2- et haned; yl kqsb}go R {30 HIPlh %haf%gk%m The

tenpera ure o utlon i"s then al I'owe

| NGT4¢ SO TRAVIRIMRET AttiB.caA 1§ WO Yinod ) f aneednas t
the so utﬁ%% IS heated angﬁﬁéfluitd o%g}n|ght The oIS
modt Urigarsl tdmmparsolted dmdlitded adedat iTai lies lquandise® lgged

t he addltlon of wat er, uc n
extt attEd THht S cerﬂ ot omg} an)éi (YSQ%l%ﬁg% ttypﬁﬁaq\s\igd 19
bywH Ydd M dfﬂgﬂ&SItum siddfadtyest @mmrrtsroat Is(aﬂlﬁtflotnhe
solution affords the 1 ,2- ethandlyl (2 met hoxyphen

( PHerRA DY o ff el oiade SHddRYad &SRt S8 d.

t I

négﬁoxyﬁﬂznﬁﬁilgﬂheny hﬁg%%%%ﬁ?ﬁgﬁggFﬁgm%%bgﬁgﬁ|ﬁ$ the
t et imanytchrof aursant 2 i Jt J,oraland riaimamedriizde oM HBAGE3 on

CZHQ% 20 mmol ) is added dropw se. Thesolution is
t Heh QHY " until conplete (generally overnight) ,
afé ghu W €dbud her 1eaet 4 00 drs gienchetnyr ithe jadditdations
of —methanol (10 m ), follTowed by the filtration of the
al i ot hiyd ane timract fi1httere BRLah 13U % t hen

e P S T ol oo

experiments were performed in a 1.0-litre steel autoclave

equipped with jacket cooling with a heating/cooling bath
(ex. Julabo, model ATS-2) and a turbine/gas stirrer and
baffles.

The reactor was scavenged by introducing 250 ml of
toluene and 0.6 g of the MAO solution and subsequent
stirring at 70°C under nitrogen pressure of 0.4-0.5 MPa
for 30 min. The reactor contents were discharged via a
tap in the base of the autoclave. The reactor was
evacuated to about 0.4 kPa and loaded with approximately
250 ml toluene or heptane, heated to 40 °C and
pressurised with ethylene to 15 barg.

Whilst stirring, a MAO-solution (typically an intake
of 3.12 g, 6 mmol Al, to attain an Al/Cr atomic ratio of
200) was added to the reactor with the aid of toluene
(the total volume injected was about 25 ml: the MAO-

solution diluted with toluene to 8 ml was injected and
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nmet hoxyphenyl ) (phenyl) product. Ligand B (second
| i gand) The (phenyl) 2PN (isopropyl) P (phenyl) 2

wO p@aneBsoms prepared by the foll ow ng nmet hod. PCT/BPD/061425

under a nitrogen atnosphere,. 4p m| triethyl am ne was
added to 6.3 ¢ (phenyl) 2?C1 in 80 ml of dry

hl ar anet.hane To the result] ng m xt ure, ,0.844
i sglpr G Bt Tre \A\Etemda’é—’l(f &rd o5 5\/\é&e 8’l§$‘i £ B@eltﬁ’iqélﬁtne)
atanidand eyqerding et B® s@hvealss corte neaofed BoMinutes.
the resulting solution invacuo and 50 m| of dry
toI uen&hgas radidd 1 VEite Sm'8>ttem el twapd cielery  Bi0l wewdd oov €

| a er of |I|c ne was r.enoved from
SR Rentes A i B o e bRy LR e Bnto
(pﬂ@ysh-)u&dﬁ At drasi9ise atred g 1Ml tsgsseld Ghith the
Cryst allization fromethanol yields (phenyl) 2

aslcs%)r%fpml@r{ephﬁstﬁxﬂ Jeokad WisliEee Apseatsd EasSc alaMfs 2o
C t t it I

S S SRR, Mo o m

V\heiﬂ:mmmgd 269 ofhe hmgrm:ttlwd SQrSUIEs weerse rieysleaic ethice

WlthISObuty| roups. 03A|nhpt e ([ =
6.1t 9 | Ve TR 1 r AR NG i |§‘%he\/react°r

Am@gssfa%dt e nuetcnaerlaemﬂél Ry Al um hoxane (MAO)
in toluene, [AI] = 5.20%u, supplled by Cronpton GrbH,

Ber gkar®rg &dlmmyl Bfarie Csatlalysﬁ @a»tsaie}lstregey@tt@ﬁ after
pre aralonfor siult ous. tri t| d

te? ar élza A b?\%1 Oméeutscr)c ave % r}’B%a?llurﬁe herm
20(@&&3&@)@&@ shreta jymvtiich (gaﬁﬁirwlagetm)d a

(typi caIIy 30 nmol ) and the am)unts of

cOMPEHBHE 571 TR cat®d 4 Tt e [T eag icyefstabllshment

of the temperature of 40°C and the pressure of 15 barg.

After consuming the desired volume of ethylene, the
simultaneous tri- and tetramerization was stopped by
rapid cooling to room temperature (in about 5 minutes),
followed by venting of the ethylene, decanting the
product mixture into a collection bottle using a tap in
the base of the autoclave. Exposure of the mixture to air
resulted in rapid deactivation of the catalyst.

After addition of n-hexylbenzene (0.5-3.5 g) as
internal standard to the crude product, the amount of the

Cq-C3g olefins and purity of Cg, Cg and C1g olefins was

determined by gas chromatography. The experimental data
is reported in Table 1.

In the case of experiments under 30 barg of ethylene
pressure a similarly equipped 0.5-litre steel autoclave
has been used, loaded (similarly to the above-described
procedure for the 1.0-litre autoclave) with 150 ml of
toluene, a MAO-solution and a Cr-catalyst system. The

amounts of the Cr-catalyst system, MAO-solution, solvent



in a glass bottle, to which dry toluene (typically 4 g

) was added to obtain the catal yst precursor sol ution.
wOo-200al108803 he bottl e was seal ed by a septum capPCTVRR®E6/061425

solutions or part of these soj4itions were used in the

simul taneous trimerization and tetraneri zation

reaction of ethylene. Sinultaneous . trinerizatio d

{ TR ARV o P T SAERORS S 8 fyPARE N 431700 £Pese

bafsely aut aHave rSid8ydnanequs . DH1TR ez akiber idRets to

tetranmeri zati on experinments were perfornmed in a

1m@intaie dtheelsaaa ddl/&re ad@iiigpéd bitiot H oifagieet:tcg80) ngnd

wi t.h t.i_ng/-caal i . Jul.aho, e -

L e R R i o

scavenget mxgardimeditci Ingla2zs0 im lprofv idelduéme Tahd €0.16 bglow.

of the MAO sol ution and subsequent stirring at 70 0C

under nitrogen pressure of 0.4-0.5 MPa for 30 min. The

reactor contents were discharged via a tap in the base

of the autoclave. The reactor was evacuated to about

0.4 kPa and | oaded with approximately 250 m| tol uene

or heptane, heated to 40 OC and pressurised with

ethylene to 15 barg. Wiilst stirring, a MAO sol ution

(typically an intake of 3.12 g, 6 mmol A, to attain

an Al/Cr atomc ratio of 200) was added to the reactor

with the aid of toluene (the total volune injected was

about 25 m: the MAGsolution diluted with toluene to 8

ml| was injected andthe injector systemwas rinsed

twice with 8 mM toluene) and the stirring at 800 rpm

was continued for 30 mnutes. The Cr-catal yst system

(typically 30 mmol on C intake) prepared as descri bed

above was introduced into
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the stirred reactor using an injection systemwth the
aid of toluene (the total volune injected was about 25
workeostibssox at al yst solution diluted with tol ueneCT/BPR061061425
| was injected and the injector systemwas rinsed
twice with 8 ml toluene) . The initial |oading of the
reactor was about 3D0 nml |of langely toluene. The
addi t 90nooff"u e cat ghyst systenvresul®ed, jafter an
i nducfd off pefdied of sonme [& minyes, (R an exot herm
(genefal FyEson® 5-1(°0C) ,|“whi ch™general |y feached a

maxi wthr I nrpute wag fofTpowed b

est ab|yshment |gf thetenpegaturg of 4Q OC and the E
presspfegaf, 19 barg|_-After:congumi ng|the desired o
vol umgoof et hylene, Ehe sjarul t dneous |+ri - gand o
tetrafterdzati gn was|stopped by |rapid|cool j ng tqg roomy
temperature (iln about, 5 m nutes) ., follaowed bysventi

of theSethyl ene —deg¢arnmi ng. the %)“r odugts i xt ur edi nt-r% grgj
col | ectiBre bot|Hl e usbng a|tap i|iv the|Bage pf the & o
aut oclave.” Exposure|of the mxtjure to air fesuftedling
rapi ddeactivarion of the|catallyst. After pddi gl on%ofg
n- hexykbenzeng{0.543.5 g|)x as |khternal standacd to -~
the ctWd& produpt, the anpynt of;the|c 4~ B ofefifs T

and pyfy ey of [Cg, Cland C| Q ol &fi ns was det{gr nined;by™
gas chvonat ogrlaphy. |The ekperinental |data {8 r porged?
in Table 1 . ljn the|case Of experiments unger bar go
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used in the corresponding 1.0-litre experinents to
mai ntain the sane Al/Cr atomic ratio (of about 200)

wa@pwofiogsad al pha ol efin concentrati on as nmuch BGI/EP2006/061425

practicable. The experinental data is provided in
Table 1 below. Table 1 Turn over nunber, TON in knol
converted ethyl ene/nol catal yst. % of 1-hexene by
wei ght of the C6 portion of the product conposition. %
of 1-octene by weight of the C portion of the product
conmposi ti on. Predoninant!y ibranched and/or internal
decends, unl ess indicated differently. Carried out at
30 bar®, instead of 15 bargﬁ## Conparative exanple . t
About -50% of 1-decene by wej ght of the C, portion of
t he product conposition. C3 Hydrocarbons containing 6
carborg'atons; 1-C,- is 1- hékene. C O Hydrocarbons
contaiding 8 carbon atoms; -1-COO is 1-octene. 5 C,
Hydr ocar bons contai ning 10 carbon atons. C,-,-C
Hydr ogar bons cont ai ni ng 12.%and/ or 14 carbon at oms.
Solids The ampunt of wax ahd pol yet hyl ene isol ated by
filtrgion. Total Product: rhe amount of C -C ol efins,
derived from GC anal ysi s idqcl udi ng the anount of
solidsaa 1681t &s evident Jrdnthe results in Table 1
that the fse pf a G111 &atalyst systemaccording to
the pgesejjt iwmvention cq_pt%'ni ng a mxture of |igands
A and 9B rgsulclvs i n anpredu m xture conpri sing
predom nant | y= hi gh pEri t‘“y t+ hexene and 1-octene
(exami esyl-3). It ig al®o.gevident that the 1-hexene
contemt off the Cg-fract Lon g)produced when using a
CGlI11g catal yst sysbemacecording to the present
I nvent 1 onocont ai ni nﬁa R xtgure of ligands A and Bis
hi ghe{)St han t'hat obt8ingdl ®Wth the

N 0 ~

The amount of wax and polyethylene 1
The amount of C4—C1OO olefins

About 50% of l-decene by weight of the
Hydrocarbons containing 6 carbon atoms;
Hydrocarbons containing 8 carbon atoms;
Hydrocarbons containing 10 carbon atoms
C1,7Cq4 Hydrocarbons containing 12 and/or 14

O}
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catal yst derived fromligand B only (exanples 1-3
conpared with exanples 4 and 5 ) . It is also evident

w0 bab/1048e3 use of a Cr[111] catal yst system acCPCHEPZPOS/@61425

the present invention containijg_a mxture of |igands
A and B results in a product n1xture containing a

| ower anppunt of g¥ gr%ducts e. Cg' s ot her than
1-hexené® &§ ¥18FREr FERENTH OE?%H% Sctpr Tebleclphet the

144,58 afic sg&ldsi tBanatbat ebtabpedcwbt ecGatply
de?fved f?on1ﬁl a%d B gnP eganp escl Saéﬁﬁpggegﬁénﬁﬁesent

exéﬁﬁ?§§l@naﬁQHSa}angLaAmLXNuse10f tagahgst ApaeduBsoesults

co a_source

ot bdehtnost S BREEhES: cBprBsT RYCPe e antaeRaLY nyt Phepurity
gemehakeﬁerﬁuﬂalebttenéR dxpmpRe2 )P3IX:P(R3 ) (R 4)

(I') wherein: X is a bivalent organic bridging grou

Rl and Rtaré ?ﬁ&@p@ﬁa@ﬁPFytgéFegF%dlfh%ﬁ?nﬁy@@6égﬁgy9f the

substict-Ht-edoRy EB@@EQM'whgﬁt§59ﬂ¥déo§@TPYk]aﬁgtal%st system

substituted heterohydrocarbyl groups, e pr

t hatcwhaan® andth3 pkéséh@”BhVQnQIQHp@oﬁh@YnﬂQgthmlxture
contain a polar substituent at any of the

orpﬁo&égapﬁén§ apdaRdir highpadependehafyokepbreddwith the
b
' 0L QRLLeNALLY  SUDS L UL 802 R60BLFy O 0B 22 R

aring a pol ar su uent “on’ a one of
theomphhenosuthoesampmds04)aﬁdsstond I i gand havi ng the

gener al fornul Il 'Y (R2 '")P-X -

4y (IEF %ﬁe?i?% &;dgpg ShBFi HEEnYS§r 8fip2 o@rﬁﬁé}]

foEHHb@ySH(BQS%em wherelng to the present invention
containing a mixture of ligands A and B results in a
product mixture containing a lower amount of by-products

(i.e. Cg’s other than l-hexene, Cg’s other than l-octene,
Ci10’s, C12-C14’'s and solids) than that obtained with the

catalyst derived from ligand B only (examples 1-3

compared with examples 4 and 5).
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R5 ' is selected from hydrogen, a hydrocarbyl group, a
substi tuted hydrocarbyl group, a heterohydrocar byl

wW@e@anosses substitut ed het er ohydrocar byl group, PEI/BP109é/061425

group or derivative thereof; and Rl , R'", RB3 "' and
R4 ' are independently sel ecl €4 fTom hydrocar byl ,
substi tuted hydrocarbyl, heterohydrocarbyl and
substituted heterohydrocarbyl groups of which at | east
one of R', R' , R3 andCR4 A IsMs@bstituted with a
pol ar substituent, or R', R2 ', R3" and R4 ' are

i ndependently sel ected from hydrocarbyl, substituted

-hydPocarthylys thetreconygdirocanpyk i 8agnsubspit bt £ :

het er,ohydr ocar byl %ro%ps,,mherein any substituents on
one2dr nBr & CGf SR © ¢ ngaup,R@olygﬁgnR@ Orgfengsten;

| ak. £2rstA t I-§!
nonppol ak. £2rstA168hakY shvIng %g%CgFHékﬁ%”?o&ﬂﬁ%ﬁ (I);

cat al yst precursor “conposition alm
addi tional |y qedprirées-gompaidenki)d ) argocatal yst. 3
A catal yst precursor conposition or catalyst system

accl §fg"to Caim1 or 2, wherein X is an al kyl ene
grpxpighbcBi@g@éﬂ%nﬁr?EH@EZbEngiﬁgaggguﬁtO”B in the

bridge. 4 . A catal yst precurso oSrtlon or

cataﬂyahdsy§ta@bagggéggﬁgehgl NYe b ELal FFogd tQ §
wherein Xis -CH2CH2-. 5 . A gatalygt precaréory rocarbyl,

conp8&PtisHtEA Eﬁﬁépyéfbgistbﬁt@C@bvdrﬂgarbyhnyn@f
S T D

sel ected fromoptionalfy su

whi eRadoyAeh RONLAKNRA QQEaEr§HQ§£&t%§Qﬁ §ttﬁg% 8%.58@
ortho-positions. 6 . A catalyst prec FSor conposi ti on
or EaDR&RYSBt aspotem asbetdtngnt oatngnpfo ehasotthoe-5 |,

whepgLg. R,and R4 are

RZ and R4 are independently selected from optionally

substituted aromatic groups, each RZ2 and R4 bearing a

polar substituent on at least one of the ortho-

positions; and

c) a second ligand having the general formula (II);
(R1") (R2")P-x"-P(R3") (R4') (I1)

wherein:
X' 1is a bridging group of the formula -N(R5')—, wherein

R°" is selected from hydrogen, a hydrocarbyl group, a
substituted hydrocarbyl group, a heterohydrocarbyl
group, a substituted heterohydrocarbyl group, a silyl

group or derivative thereof; and

R, R2', R3’ and R4’ are independently selected from
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl

and substituted heterohydrocarbyl
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i ndependent|y selected fromoptionally substituted
phenyl groups wherein the polar substituent is an

wo@pitsaesshd y branched C] _- C20 al koxy group. 7 .P@&I/EP2006/061425

catal yst precursor conpositiofgar catalyst system
according to any of Clainms 1 to 6 , vvherein R and R4
are 2-met hoxyphenyl groups. 8 . A catal ecur or
corrpos#lﬁ%’r?sorOfcathng‘stats;lﬁaéﬁr aecordi %
Cains 1L,tao 7 wherein R ' issel erited f omC

al kyl g"r]"ouplss sHRsditesd e thea) pelamk g @te,g nt -3¢ R,
C;cloa ;ﬁyg{%ﬁLEXi6§W0%§§31§¥%§2%%%t%q s%iec%ed from

subst i tHiteth &royal, Esrmstﬁ&tut@cﬂﬂ@@ﬂ%,cae]bylc ] _5 al koxy
groups and substituted C _-( oxy gr oups

pr ef er g eI YdE 0aR Thdy|aTgk &H‘ﬁ?tl@i tef hetgmpdydrocarbyl

precur t erha I
by of 42 AP ORI An UM IR BALEY NG of

are | nc{e]rfe,nq:e?ﬁtll w¥eloet ed'f ram alrcmx@idlgrand
substituted aromatic groups, including heteroaromatic
arfd substdatialets thene o siamH i sgmeupdie P@taAyéét &npsursor

precursor C [ r t: tel

SIS SATRPT AN o, S SR Y
' conﬁ@oner&n,d R4 ' is substituted with a pol ar
substituent selected from nethoxy, ethoxy, isopropoxy,

C3- C20 Y ko, CHFfob4St pent af | uor ophenoxy,

tr3nEthﬁlééﬂéTQBtcﬁf@%&ﬁ@é¥nchdeﬂﬂDHﬁ“Hﬁ QMELyst system
tosyl, nmethoxynethyl, nethylthionethyl, 3-oxazol yI',

rr?acgmuedm?/t%r@bﬁmyl ozarﬁ,norhhqﬂms'pﬁwcﬁ a4y sl lene group
st i bi t t
pr%&iﬁ O$S%% rg & rg% f(%oréj% 5%5 oﬁgllﬁ\éﬁtz% ﬁ%ge

I Ooh Oor ca SyS em accor
any. of £l @31 st Glecumhes &tdin;Raé‘ltJ.orR or ,ca‘:&&lyst system

according to any of Claims 1 to 3, wherein X is —CHpCHp-.
5. A catalyst precursor composition or catalyst system

according to any of Claims 1 to 4, wherein Rl and R3 are

independently selected from optionally substituted phenyl
groups which do not contain a polar substituent at any of
the ortho-positions.

6. A catalyst precursor composition or catalyst system

according to any of Claims 1 to 5, wherein R2 and R% are

independently selected from optionally substituted phenyl
groups wherein the polar substituent is an optionally

branched C1-Cpg alkoxy group.
7. A catalyst precursor composition or catalyst system

according to any of Claims 1 to 6, wherein RZ and R4 are
2-methoxyphenyl groups.

8. A catalyst precursor composition or catalyst system

according to any of Claims 1 to 7, wherein RO’ is
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and R' are unsubstituted non-aromatic ring or
aromatic, including heteroaromatic, groups. 12 . A

W@ 21081198803 syst em according to any of O ainms 2 POI/ER2006/061425

wherein the cocatal yst, conpongnt (d) , is selected
from net hyl al um noxane or nodified nethyl al um noxane.

13. cat al yst precursor _conposition or_ catal yst
sy§?iﬁ?gggo¥apﬁgcﬂ6Céﬁya6FYéIﬁFﬁﬁpift%uQQFlﬁh 2di ALthes

ot E8Loh=ENRER i G35 WELPATYSE prafircorubStiticda cp-
o _ e
R e s U S

4- papbanedienate)-c, c Catasac) 3. gi8upd, PENCEsSs Lot Lbhe
trinerization a%d %gtranerizat?onu%f olgfiigc o£9 groups

norodesspswheneed CheCpsoakksxgogpouses eoofackbiyg @f-cqx
| east one ol efinic mononer under trimerizati on and
t el &irer oZavben reaction conditions with a catal yst

t [ t f Cai 2 to 14 6., Th
ie8 o B CAEAIEr By RPURPaE Brurng  ThoR b onetatvat ‘Systen
Cerraneeiod Ton 0y Bl cria R rbnonele. Mol Bl oy RPe *°

prQHHCR4COHE@SEhﬁ@ﬁeﬂﬁéﬁhl90§@[é§€§dafEQﬂb£P§Qa$9§aénd
content of 1-hexene and 1-octene in the range of from
88stbsygtogipdoprenet byegabhppr otuct udbnposetépparomatic and

Sgnggggké&%?oa%ggrggrgﬁ%gi_hgggunnre preferably from

erern x8h8°content is at |east

1510wt , Anoeeapyetepabbyrabr!| easpo20t Yk aAdcHBSLyst system
preferabté at least 25 9%, of the overall  product
coRPESIELBA SAdaPKeCt- GéedHe EohPeft VReheineakilaazst one

oA re ppeferagbl t _heast 20 9 and .nos

prgFeggbeQat’lgastxﬁg 5&[,l%fs?ﬂégiggfﬁ?lwb%%d%c?Olar

coppRskttit@Bnt selected from methoxy, ethoxy, isopropoxy,
C3~Cop alkoxy, phenoxy, pentafluorophenoxy,

trimethylsiloxy, dimethylamino, methylsulfonyl, tosyl,
methoxymethyl, methylthiomethyl, 1,3-oxazolyl,
methomethoxy, hydroxyl, amino, phosphino, arsino,
stibino, sulphate, nitro and the like.

11. A catalyst precursor composition or catalyst system
according to any of Claims 1 to 9, wherein R1', rR2", R3’

and R4’ are unsubstituted non-aromatic ring or aromatic,
including heteroaromatic, groups.

12. A catalyst system according to any of Claims 2 to
11, wherein the cocatalyst, component (d), is selected
from methylaluminoxane or modified methylaluminoxane.

13. A catalyst precursor composition or catalyst system
according to any of Claims 1 to 12, wherein the source of
chromium, molybdenum or tungsten, (a) is a source of

chromium.
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14. A catalyst precursor composition or catalyst system
according to Claim 13, wherein the source of chromium is

chromium tris-(2,4-pentanedicnate), Cr(acac) 3.

15. A process for the trimerization and tetramerization of
olefinic monomers, wherein the process comprises contacting
at least one olefinic monomer under trimerization and
tetramerization reaction conditions with a catalyst system
according to any one of Claims 2 to 14.

16. The use of a catalyst system according to any one of
claims 2 to 14 for the trimerization and tetramerization of
olefinic monomers.

17. An olefinic product composition which comprises a
combined total content of l-hexene and l-octene in the range
of from 88 to 98 %wt of the overall product composition,
preferably from 90 to 98 %wt and more preferably from 92 to
98 %wt, wherein the l-hexene content is at least 15 %wt, more
preferably at least 20 %wt and most preferably at least 25
swt, of the overall product composition and the l-octene
content is at least 15 %$wt, more preferably at least 20 3wt
and most preferably at least 25 %wt, of the overall product

composition.



