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VO 2007/057455PCT/EP2006/068652 1- CATALYTIC
OLI GOVERI ZATI ON OF OLEFI NI C MONOVERS Fi el d of the
Invention The present invention relates to a:ﬁ@fﬁﬁﬁﬁ&mmﬁn

WOLHUH#Sr the ol i gomeri zation of ol efinic moMONEFS

The present invention also relates to a process for t he
5ol i goneri zation of ol efinile- nononers. Background of
the Invention The efficient catalytic
trimerization or tetranerization of olefinic nononers,
such as the trinerization and tetranerization of

et hyl ene dzordryexe e dfaek dzoct@n & F | GLAN € MTOMERS
great interest for the production of olfefinic trimers
and tetramers of varying degrees of conmercial val ue.

In cul-a 1- s a val uabl e conononer for

P§é£ 8k Ehe: H%é% ?O hyl ene (LLDPE) and 1-octene is
valuabIeTns arebefAtcahvibtabar relhake tB hheaphoguet isgRtem
of glast|0|zer al cohol s, fatty acids, detergent al coho

d PHth@aPﬂéﬁOEEFlééBﬂPPvéé aseReni.caBOROFEF§abl &he
co | d 0 I S S
B e
a CQDygﬁméQmabttbanSEtb@@fiﬁmetmbn@mégsnerlzatlon
process, although the trinerization and tetranerization
roubaskareupdepér B/ Inventigayeral different catal ytic
syst ens e t
rimori o Lo T bERyt ERETL 8 IChegiher A2 bHee o
thesetﬁamakyshslaneobasedfmnlaSmbﬁomeuB1 such as the
US- A- 5198563 (Phillips) discloses chrom um based
catBFy§?§lééﬁE8PnﬁH8 kBhoABAT AEBLARTNET| PHANASNGsEPU ~hexene

o0 BT ek R b 0RO RERE S0 ot . LBEEERET BRF) FhSs)

di sprodestaoneviybgéaéinkcgoptnezat and/ tet remezat bdnvarying

process which uses a catalyst co r|S|ng a chrom um .
conpPeX<fAi eh EOMMSFRd24 ¥BoHEF na ing2a 9ﬁHéﬁFPcl'hexene 18

tr'Qeosﬁhsb@Q0§em@ﬂsme§r%@9619ﬁe§§t19§naehsgepd pBYedRylene

al um noxane to produce al pha- ol efins which
enrlbhEEEDnamdhéxenéenHSEEZQEGEabPh|EBlpsyhdmscbéses a
catal¥st based on_a ﬁhrom

. SLRIREERGEBYPT oPetFPGRAACARELEN SFKDRFRiAREnALCOROLS,
act fNBLQrabORsUSBetBriBRtt KiABALZARKAN1@brication oil

additives as well as a valuable comconomer in the

production of polymers such as polyethylene. 1l-Hexene
and l-octene can be produced by a conventiocnal 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 centaining menodentate amine ligands useful for

trimerizing olefins.
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10et hyl ene to 1-hexene. Chem Comun., 2002, 8,
858-859 (BP), discloses chrom um conpl exes of |igands

wol08B7ds¥pe Ar2PN(Me) PAr2  (Ar = PCT/EP2006/068652

ort ho- nmet hoxy-substituted aryl group) as catal ysts for

the trinmerization of ethylene. 15W 02/04119 (BP)

di scl os Cc r.1he i I i on_of efins

conpr i o 15 - 2601 180 of Pkt o tin The §BekRLAR of CRFLERE

t ungisit e AL k4 gbondl/ €onhet Niagi Gt P eacés 9nen pbrspbesus,
arseni c or antinony, atom bound to at |east one _

hy ek by Sripet 2t BhyAr SRBPBIIN r i PraviRgch penhpins a
20 substi i ng- I

ol S e PHImBEELLE DR 00R A0S DAREE AR 2 HERne or
gr atpiyarendl Dpdndnahd yaana hati vetaie heptrodand aspHatn
nost_ of  the exanples is |, )

(2-M S prehy) 2PR( MY PE2edret Mok ypPeeRa) 2.

AIthothJé@ 2 9@?|K§ﬂ§lﬁi%§io&fgci@ségeaagég%fﬂggnﬁﬁsed on a
25ment i oned above have good selectivity for 1-hexene

W tdtirontihen Oodireet i an2, b-dehethybbyrhé b L ey@hdofind an

by- product_  formation (e.g. O o by-products) is, ) )
typﬁ]c]%‘zf]i ya,JdH%TPJv/‘é‘BI.aCtlvator S5 2005/ P39758 FBHBpFyzation of
di ﬁ;ﬁq [ i Lon catal yst conposition and a

pr zéct!e S oé? %%eﬂﬁ%%r%%%'zati on 30of ol efinic nononers

usi ng sdiltercat@mstn cond@®2ti ®n. 8584859 (BP), discloses
2007/ 057455PCT/ EP2006/ 068652 -3-. Catal ytic systens for

NG b UM SEE B0 bt HyF B (9T 1+t BrieS et (Me) PAr)
recently been described. A nunber of these catal ysts

o o Hn st R RO - OO0 GRb 8 D 9 2% catalysts
2004 0364 % £ Sasel 2a i skl @8 Be@i by st conpositions and
processes for the tetranerization of olefins. The

cat al ystW@ oo 11dnéBH s¢l sckelseén NTR0DUY9564F8 the

co r.imse a atlracpsi t%ogl%tgl and a, heteroaéorrji:geljjgang .
having the* genet af = f or vt a° (R B R T WAst &° A% ang g1
ar end ngepengenst yoseh eeded 40f 1gma@ @oupimMhghat least one
conpri ses phosphorus, arsenic, antinony, oxygen,

bi SFAARILL & PH AT SER] @nPEMNBHECRY t#Bjenbo Boiataleast

i nkij ! IS I e y

el 8 e RSt IR REE e PR B E oDF B BRE R potar
whigib i desst, anet RgeDuRing dibs ubsid tutiede Vel such polar
pol ar substituent and n and mare determ ned by the

r esPERt eismal e neee apldo s aag i onr 332 CBf SALlagde ogreups, and
Th it C L di S ' 04/ O 9
coﬁ.ﬁs@%ﬁﬁ a%g%’r?’%%{r% al ?ﬂdg afﬁ%%lg?\gga%go@n %Alﬁgéﬁdﬁ the
hawdxegnd ees gedn et 2dmd ooy ph4 ) NFPBIMOC( Rjat Mbryphényl) 5.
B, C n and mare as defined above, and R is

i ndependeltthgugte| gee eckhfabysamyd heorbosed in the BP documents
het er ghydr ocar.byl group. WD 2004/ 056480, (Sasol o
O SO P A T or 7oAk ST HT G S0 BT yhek FEgbs ot thin
of t@iéﬂﬁ@n@a@@ep! 41 £al i vG, 2004 OBSASD df sl ogesdact
process tor polynerising olefins to produce branched
polftaireftiinen | te tdie @ @sepesreduergl sts neypically observed.
pol ynmeri zation catalyst and a distinct tetranerization

cat al ystO vih@d = 3 9'hes t Eshabky i datdcbrsental ysimprddatisn

1-octene in a s . . .
catalyst composition and a process for the trimerization

of olefinic monomers using said catalyst composition.



30sel ectivity greater than 30% and the 1-octene
produced is at |least partially incorporated into the
pol yol efin chain. Date of receipt: 11 March 2008

W 200708743908) PCVEP2006/ 068052 Ltall0l - 4 - PCI/EP2006/068652
Al t hough the tetramerization~catal ysts disclosed.in the
Sasol docunents nentioned above have good selectivity
for 1-ockene ywithisystteasCeokr 2kl @Bt ragdirAzaion of
relatively high | evel of by-product formation is
obs&hvdgnestypilcaicbgnet havisy rpcedtiety bersi sescaribesl. A
co It ; ver, I ut. .70 ;to _80,%M .. of the
o BB o e e s oo M8 gatdd S i
remai ni my G oay-OBeadEctand WOOIZRINI4TIDBG 4GONICURES )SUtikADse
met hyl cycl opentane and . . net hyl enecycl opentane. The

3 pr &SERYSEHf CORESS itdpdisniangl PFocs sk¢spiedudthe

co it , i.ch ¢ have.very Littl rGj .Qr
ol oet e Rt o SN ¢ b sSeRTYER, Sl s
Poidits cafo sdce W rasioned 010.49'%) Sfa40m® & opipediget asepamatitiibn metal
poi nt of view. It has now been surprisingly

f odid! ohdie HerOaEQIEISy It1 OPRsy Seenand her easy &g firaula
Pr e8I EH Lo RLAY i o Bl QbR (Plse 1 ected

the' sél ecti Ve ‘Bt oducti on of" 1I-héxene a

10 ethene widg Lagug Qﬂ)r&ﬂﬁée%\/?go%fph’okﬁ:ﬁsm g%%“énic,

fO'mation,” especially C 0 by-products, Soli (1.e.

heant iwedres and/gem pdi ysetdiy,erse)l pdnd ,Ceelenium, and

20conposi tions/jsomers ather, than | rhexene. Summar f

N HRAGRT orF RO 1 e5 et AR P AtsD fo Shd €/ and
catsal Viglqdi Oy GRMOSidd o zPRYy $idMby s a' source

of chromum 25b)a first |igand having the genera
f ortmfexr diiydroqaRBY [ R2)PMX-FH RBY(AR4 )(H )l ewtwer et X goup is

15 br'é&gggﬁéﬂééﬁ)ﬁgtﬁtgagéyggnéﬁﬁggf%@éﬁt and n and m are

determined by the respective valence and oxidation state

of A and/or C. The catalyst compositions disclosed in WO
2004/056479 comprise a transition metal and a

hetercatomic ligand having the general formula (R’)pA-B-
20 C(R'")y where A, B, C, n and m are as defined above, and

R’ 1is independently selected from any homo or
heterchydrocarbyl group.
WO 2004/056480 (Sasol) discloses the tandem

tetramerization and polymerisation of ethylene.

25 Specifically, WO 2004/056480 discloses a process for
polymerising olefins to produce branched polyclefins in
the presence cof a distinct polymerization catalyst and a
distinct tetramerization catalyst, wherein the
tetramerization catalyst produces l-octene in a

30 selectivity greater than 30% and the l-octene produced is
at least partially incorporated into the polyolefin

chain.
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hel ein R5 i.S select dth &h

rn&&l%ﬁ‘zou@ (NYSROTBRPOYAER2006/068652 _ worormey
W@iiloup, a substitut ed iheardEaY group, a-silyl grou ﬂ“mm$g§gmb&
or derivati've thereof; Dat e of recehtt 11 March 2008
(11 03. 2008) PCT/EP2006/0686524 MOM t M DQ6: usika -5
Rl to R4 are independently sel ected from

optlonally substituted aromati c groups, each bearing a
pol ar AMRPEABNENEN LatrRrRAELzaka0Hf CaR@lysts disclosed in

B T

Wi THoctene withil' the @gbfirdgtdongr aiga ias, dﬁfréEﬁtlvely
for X of the first 10ligand, conmponent (b),'of general.

f drigH didvgl . of byeprbedast Idithatiand iEZfol:fﬁe:RﬂédIo R4

are |nd pende sel ected from ynaubstjtuted or
PhRpYEpERgasS GRPEAoHS B o tions:

p i S%%Sféﬁﬁﬁﬂé)osﬁsaﬁﬁ B8 ROGH s O A e, Sy Product

| o %@ﬁ%%pf LE R b chaPoRe IR Y 46 [ proauc
R g%%reﬁét”‘é‘é%??i G TN

cmmthg&emptﬁelopéatyse prebarpmesammmxnﬂluhesé témainlng
O ek Boios 30300, R0k RSy ieere
commercial use or value, is nighly . undesirable from both
. an economi.c 901nt of view as well as from a product
separation p01nt of view.
It has now been surprisingly found that the catalyst
system and p:ocees of the present invention provide an
..efficient route for the’ selective proﬁuction of i—hexene

and l-octene from ethylene while freducing the level of ;

" by-product formation, especially d;g by-products, solids

{i.e. heavy waxes and)o: polyethylene) and Cg
compositions/isoﬁers other than 1rﬁexene. '

Summary of the Invention -

The pfesent invention relates to a catalyst pxecursor
composition comprising:

‘a) a’ source of chromium; )

b) a fixst ligand having the general formula (I),_

(Rl) (R-’-)P—X—P(R3) RY) ()

where1n*

X is a bridging group of the formula -N(R5)-,
wherein R® is selected from hydrogen, a hydrecarbyi
.group, a substituted hydrocarbyl group, a silyl group or

dexivative thereof:;

r"l*ﬂf R vt oY

AMENDED SHEET ' BN
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10

neans the trinerization.of;

The present invention also relates to a process 'for

Bfdter s, particul arly tUEERHME 7ati on and . Wel200800805%
tetramerization of ethylene to 1-hexene and 1-octenel.
wherein the process conprises.cgntacting .at | east one
ol efinic nononer with the catal yst ystem of the

preterit 30inve2tion under trinerization and : .
t et r aneRlz 419 oR* r aget Lodependentdysselensas divam optionally

i i.qn. furth i h f th t al
Lyt dind FEchRE e SrhBobn Rt Peaxitadd Rl
ancuaiiARIn Z abh 0B £ 0l e@lef bAkCofORBBE LT tIRSIRH ddohs; and

for the trimerization and tetranerization of 5ethyl ene
to 1:-hexene *and 1l-octene. Detail ed Description of the

I nventiq ed.herei rm, .-

rrer i o fBeiE°TidEhE, BrytPE EReTasrsrat Fomule

ol gffitni;c nononer to give a product conposition enriched

in the conpound derived from 10the reaction of three of

sai d ol ef i ni e(RbhpirRS) PFHE-PeRA § {RAL)I zat i @@XL)i ncl udes

t he cases wheyein all the olefinic nmononers in the feed

stream ] tical as well as the cases wherein the

feed Streamn tal.0 Sk re«diy fyb nd :

nononer 2@ 'i%§?% %ié?ta %\S@agfr)c;’ﬁﬁt ﬁg taéfff%h%ﬂ‘ ifr?rielfing%lfo%h? tirst

whdrigasel] icommpbdaenan (b ,t bé geheralzfoiromlaf Elhyl ene
gthylege to fgrma C6 .

al kene, adspeeast| R11- BodeRE%, of R1” toTRE" are independently

20O (i hoSEE R b phont SEPRYREMY i AT

anpyyfupd WELEH agbi aetf epardin Ehpalkke spiediictuent at any'oﬁb

'nconposition= The t-erm " 1-qnkene selectivity" . wheh
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- of PAF &

usdde prtdienpesitdonAé epfneri zation of ethyl ene means

t he 25" ampunt of 1ihexene‘fgr d w thi,n the fraction -
of Opfka {BQBADOCE| GF. BPRB BFeRal | AbiRE ofate

1- ' t BB ti oL.e ls ol t y

o e den 9y SLTEOLER! Foonoane DBLIERAIY |{bstitpted

by atdedatli-chegaemep sbkacting dypola0Thabsénmuent on at least

-"tetraneri,zation' neans.the catalytic. tetranmerization
?gﬁqﬁc9ﬁ€98ﬁ8959518P§e.a product conposition

enri chedri midensemeaupdifentyedht ekt invention also
relates to a.catalyst system comprising the catalyst

: precurso;_cémposition of the present invention and an
additional componeént;

d) ¢ a'codatalyst. .

The present invention also relates to a process for
the trimerization andltetramerization of olefinic '
monomers, particularly the trimerization and
teéramerization of ethylene to l-hexene and l-octens,.
wherein the process comprises contacting at least one
olefinic monomer with the catalyst system of the present
invention under trimerization and tetramerization '

reaction conditions.
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Uktnakr reacti on of four of sald ol efi ni c nonomers.

1 of receipt: 11 Magigebr i@

¥P2006/ 068652Y¢  VatAHEwEE: Phdei f r xkviput i Casgs Lo

(;Maraﬁzoﬁﬁ)asps .2008) PCTIEPZOUGIOGSGSZ@ 7

The termtetranerization incluges the cases wherein al
the . olefinic nononers in the feed stream are
identical as well as the gases wherein the feed st{ream

cont ai NN WBXBECRS &1HietdBn UG e R RFretr Q. the|“se of
PAId U EdL Yor! B skBor TheARREal At veKELoNSEdy | the

jon to etraneri zati of et hyl ene neans
teﬂrEMEmization ahdbwmwnamenmzmhmumzpﬂ}bk&ﬁsmec monomers,

- SHumdlalyy Takon testirimetizekiom A (HREAREFLEAELEN of

ff‘é{ﬁ%ﬁ%aﬁbog—ﬁ%ﬁﬂwa@i&el%%*en@e armunt of C8

act ormed wthin the product conPGsition. . The
teﬂeﬁéﬂleﬁt@aecseb&ﬂnnumwTﬂmhénWﬁnnionl15re|at|on to

the tetraneri a |on of . ene the ampunj, o0
1 octe f%? ﬁﬁﬁyé§qmwi Qﬁz§ OB%OQEEPS the
08 tfﬁﬁe‘%\i%raéﬁlony I3 %n"fole]fﬁﬁ?cer}ﬁthmeI’h@o give a

tetra #lzatlorl of ethylene is the Product
" tgatachwtlaampoms;eloebtennMIamn ifhle exbrgyothd derived from

t | gct nbodi ment _of th
oS TG O T Aot SLRGITUGT RORGBSFPr onthe
COfith SEF1hae bakhion rigzc.q%w]%tes cabes Saﬂlﬂéféa.ﬁf all the

- chromuny 25b)the first-ligand; and c)the second

| igfesfinia raﬁnpm@meriﬁbdqheerﬁeedf Sttrr@a]m cseat identheadnas

e PR Yohe BARLETAUINI Sl DO AR ortaing o ox

| i rgtsud dﬁfé@eaecm@ﬂiuﬁ@@hormérsi) a cocatal'yst.

In particularly, the term “trimerization” when-used
in relation to the tr;merization of ethylene means the
trimerization of ethylene to form a Cg alkene, especially

il—hexeneﬂ -

The term. “trimerization selectivity” when used in -
relation to the.trimeriza;ion of ethylene.means the

-amount Of Cﬁ'ffaction formed within the product

o

composition. _

" The term “1-hekene selectivity” when used in
.relation to the trimerization of ethylene means the
‘émount of l-hexene forﬁed within the Cg4 fraction of the
product composition. The overall yield of l-hexene in
the trlmerlzatlon of ethylene is the product of the
“trimerization selectlvity" multiplied by the “l-hexene
selectivity”.

The term “tetramerization” means the catalytic
'tetramerizatlon of an olefinic monomer to give a product

composition enriched in the compound derived from the

AMENDED SHEET
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.ufheée four catal yst conponents I's described in detal
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bel ow.” The source of chrom um, gogponent (a), for the
catal yst system can include sinple inorganic

and-Organi c 5salts of chrom um Exanples of sinpl e
m@&g@h:@ramlf ofgani efsapid atefpairdeenomers. The term

etan C t i.des
su&?%f%‘ éﬁﬁg§§§°?igé22éu ghgﬁesgéﬁggswb xkh?%ﬁ?%%f%%n'
al £ diicliy aneeenhdt 8aihoghandeeryganeaaimlarec ixiumt el as
for exanple 10chromiumtrichloride tris-tetrahydrofuran

comsildx asTHae PR e8| YheBEAN Eheokres) stmea® wantains two or

cniRrRL A erdn STErLbig, mohEhEERL VL Vetom s

sel ect edrf rmsionler ngpctﬂantexﬁndt@mg-amiarmeiﬁimi" when
chrom um 15'In one enbodi nent 'of the present

. mmamd dm xeva bR cEoothentefranesdmaddon qf)ethylene means
%th%a SFEmeYPL &L oA éfslegﬂﬁghgoli:%a@o‘inf a YPHl fene,
ventr such as

ofcromum IS SO e 1na so

@gﬁégyyléymingtggg "02/04119. 20The source of
hrom um n

al so include a nmixture of ‘any conbi nation
of si nplThe rrzyant tetabmerigatpbe sedaatdvidart syhen used in

co ordlnatlqgaqgﬁgoﬁﬁﬁgﬁﬁg%é%é_ﬁg%gg} "'CJ&§§¥|QQ§§S the
25%‘9&&1@& f Gy ofk- 48t {bh! Formed wREBAS 'tk W EESE Of

chromum for use herein are sinple inorgani ¢ and
orgﬁm@bgﬁﬂﬂénpf ¢hrom um and coordinati on or
organonetal | i ¢ conplexes of chromium More preferred

sour ces Tate HRBRi UATPBESDSe SRALELA VALY "t AdISID BeRd 40

t
Inq%%%ﬁ%xiflc aci 2%8%?2?%?%%%&&?????”0 @yﬁ§runc aC|d§he _

comtmmumtngfl 1T-eo8benar formatomtthial ttheofCyg. Fieteiofh of "the
recei pt: 11 March 2008 (11.03.2008) PCT/EP20061068652
prmﬁuctmdqmpewﬁtioaRMAMHégovera&doymaidnoﬁi1 -octene in

‘the tetramerization of ethylene is the product of the-
“tetramerization selectivity” multiplied by the “lnocteﬁé
selectivity” .’ " '

In one embodiment of the present invention, the
catalyst precursor composition comprises the following
components: ' |

a) - a source of chromium;

b) the first ligand; and

c) the second ligand:

In another embodiment of the pfesent invention, the
catalyst system comprlses the following components'

a) a source of chromium;

b) the first ligand;

¢) the second ligand; and

d) a cocatalyst. '

AMENDEN QLHEET i S I
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al i phati c-p-di ketones and salts of p-ketoesters
?3 chromum (111) 2aeidiydeéip mea:tcezocsmmmzum PLTIEP2006/068652
siidtoat e and chrom um i%é 40

chromum 5 trichloride tris-tetgahydrofuran conplex,
chroniunrtribronide chromumtrifluoride, and chronium
triiodide. 'Specific ex%ggles 0 referred sour ges

bhronruﬁ@ﬁ&'QE; 3% FOUF L3R n??mpppents 1s descrlbed
acet,l Qg%%& N ol SO cal'l ed chromiumtris(2,4- -

10pent anedi onat e Cr(acac)3, chromumtrichloride,
CrC13, &m@(ﬂnundeLmﬁtmhrmmrmmdecompeneﬂtrdhydrdkurime

conpl ex, CrCl3(THF)3. The erst £ ind of the catal
pr 852 YISt SHTEN [ CAN 2P HRAR o Wg B ipergmndc brqanlc

PofRits bR AR A,y IR es | Ot o}filh KEO UM an
}ooEgaane @Hﬁtﬁxﬁﬂ@dh&lldée,bagggyggcgtouaﬁexhs of the
or mu

hyS‘PS IR iR iens BLE PGSR APAEOLarD Ry i L k-
Fﬁlﬂtﬁ'é%“%cﬁf &leg 'c\(iatd;l‘{foﬁi‘r%e@én 2YBbCahld udd do&

ect ed fron1 ydrogen or the groups consisting of

'aIbyﬁ;na@mnntandxbzg&gmmehayl;csabmplBuEed dop example

a1 Fofphicl Bt et da oot QF banfgERdlinepy Somm k.

grQBE&z@he@%m&ﬁﬁfﬂﬁﬁ¥léﬁféﬁ9um a8y 8ink Wi Aei@cdrbonyl, and
groups substituted any of these substituents or

al ItgﬂydlaﬂdeonylPrdeaﬁemifﬂ/Yoxyhe asrmazlsze afi nhmrthmnylcomponent
o a3 i e MARANY S0 8h 18] RETR el s e

al Kb rigiafalcidinty cthdehiqroaps 68bshkbriag.With a.

. heteroatom or heteroatom c group), cycloplkyl,

44Date ém pérﬁerqﬁboclqmmtcﬁ 2t presest2éowention, the

cyc oa%%}%ﬁgf %ﬁ%égﬁlc a}aﬂo ?ﬁ%ttgy%;Yﬁt system

ar ykoxny s(irnpard}s:mdmjmh.@wf owg@nﬂupsaExaﬂsﬁl emm:‘mium, which
suitable R5 groups-include Cl-C15 al kyl groups
sub$t PRIEd SCCATCE 2kYPNEr 84eh, agotheseaMestjoned in WO

50peypy jpubstituted C2- C15 al kenyl groups( C3-Cl15

The source of chromium can also include a mixture -of
'any comﬁipation of simple inorganic salts; simple organic
seitsJ co-ordination complexes and oxganometaliic
complexes. _ -_ '

In a preferred embodiment herein, component (a) is a
source of chromium (III}). ’ ‘

. Preferred sources of chromium for use herein are
simple inorganic and organic salts of chromium and co~
ordination or organometallic complexes of chromium. More

'preferred sources of chromium for use herein are the
simple inorganic and organic salts of chromium, sich as
. salts of .carboxylic acids, preferably salts of alkanoic

acids containing 1 ‘to 30 carbon atoms, salts of

il:
S ; ¢l acetonate), and _JHLAmﬁgg;j%
hal i de salts of chrom um such as chromumtrichloride,

s
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nprormmeelaaa| Kyl groups, subbiite bitke@tht;
; FRTED 4 ¥ 1 . B T e e b TULETE B e f 2B N
ﬁ;;ﬁﬁﬁﬁﬁﬁkékﬁs C5- C15 aromatic GHaRigst¥id substituted C5-Cl5 |[EFHZHULOOSE0S

arohﬁtic groups. Most preferred R5 groups are the
Cl-C15 al kyl groups, especial LygCl-C6 al kyl groups,
whi ch include both.10linear and branched al kyl groups;
sui tabl e exanpl es include nethyl, ethyl, propyl,
i sedramAtiauvRikpsepasypnd: SBLEGI OfpBnkptosatsys (e.9-
br t} gkQ kyl d ¥ [ ~r
or SHERHARE L 141) 05 SRRy I REXKRonELfY ha B ALPLY ot tanoate
al lerld wharahieetmo¢IY D) 1agetypaceEnaapkds ehddidkbide salts of
bridgi ng groups jnclude -  (nethyl)-, -N(ethyl)-,,

- - N, S“Ehs@ﬁrﬁﬁﬁﬁ?égm-tF¥5b99fﬁ§?h4§ﬁgqmﬁ%m)-,

-N s da ¥ z I o :

S NCrastse eTpprranYuEosar B, SBix, chroniun
20N2-breriyd ey ctbhengin- frifloenige) - andNgihsmil)m  txi~

R | Sherb ETc Sk anglRe) S¥\bistsnsach sources of
(3l

- NP datidi) for - usChHéeE2 GHa2k( SR bk (TN(decyl) - and
-N(allyl)-. The term "hydrocarbyl™ as used herein

r efemet wlmce2Ggatbep siby cedideadnichgomdbort wirsl 2wdtr ogen

atons., The, h T.ou be a_ satur,at

10 O SRR SheRelr "t BraRTnca ey it ok e Crcia,
o prore Ao 820K LIRS B AU o ex,

comiiny (FHBPFrom 1 to 20 carbon atons. pate ot
recei mann zuun (ii.uszum Pl'a/ EY2U116/ 00652 PT -
I -t waRM@ , L hatt ddgendubdt thet cdtlysdc anduresr used

her.ein refers to_hydrocathbyl grou whi ontain on
 orcammdsiion ety B EARvell AVRT N o R SHTRE.
. 15 By {riviertiidie} ece@boARa@nt{s) i ig bEnehieOR/nfLILPSorvela (I);
i theant that 5the functional groups do not interfere to

any substanti 8Rlp¢BPEE-Wi-PHRENERANI t her(izdat i on and

tetramerization process,. The ,term"aromati-c" as used

herei n, whezeint® andoRonsoyBli erer dedipediahgve.

aromati c_or heteroaromatic ring :
The bridging group X.is of the formula -N(R3)~-,

wherein RS is preferably a hydrocarbyl group, a
20 substituted hydrocarbyl .group, a silyl group or
. derivative thereof. Typically, RS is- selected from
(‘ . hydrogen or the groups consisting of alkyl, substituted“
“alkyl, aryl, substituted aryl, aryloxy, substituted -
aryloxy, élkenyl, substituted alkenyl, cycloalkyl,
25 substituted cycloalkyl, éilyl groups or derivatiﬁés
. theréof, and alkyl or aryl groups substituted with any of
these substituents -or alkoxycarboﬁyl, carbonyioxy,

alkoxy, aminocarbonyl, carbonylamino, dialkylamino, or

halogen or a nitro group. More preferably'R5ais an alkyl,
30 substituted alkyl (including- alkyl groups substituted
with a heteroatom or hetercatomic group), cycloalkyl, .

T e
Ty o
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Lol to 3 heteroatons
Preferably, the aromatic groups are nonocyclic or
pol ycyclic arbthatic rings, sucipas cycl opentadi enyl
15(mhich can also i ncl ude-ferrocenyl groups) phenyl -

p hra Unle her t.at ed

o BRDBE U ey SR IYL aPOBRERGEEEH SYor oAyt | ¢
ar%@%@ﬂiﬁﬁﬁ&& @aynngakymsk§ be éﬁbéhﬁ%dﬂéﬁ“&rfﬁ%ﬁ& group.
preferred aromatiC groups afe nonocyclic aronmat’ic rings
20 Es@midlidd nf fseftsble &5carbapsal avludes UHh-Ges PAERY]
and cycl openta.dienyl, and a nost preferred  aronatic
grgupups,asﬁbswitgtedpcl¢n§5taﬂkylsghsupsnenb Cy15 alkenyl
aromatic" as used herein neans that the aromaticcigroUp
nagxmpﬁ)baubm:e’du@ﬁdhcgnélgr a&kﬁayéulgsmttpmht%g, QHBRy
the term "ortho-position' when used in relation _
t o'y oBlIEh GreuPar ofbEEiREtEd Ra-nsupsw cliqeallyl groups,
meant that the substituent is . in Ehe ortho position
r elCSrCRiSe %PMHeL Gt BRPHBRdeaNflo SHRE Ek¥dSIth IR Gt Hniromatic
The substituents on the RL tqg R4 groups can contain
30 GHOHEIS -at dipsanarefensedr Bgt geupshersuidie tGer€ss malkyl
be either polar or_non-polar: Suitable substituents

.nar@&@srhﬁm%%m}llyg%usg RREYR FEPUDS s (I Giht 1RGhiAde both

or Dat e of ,r.ecei ch_2008 (11..03.,2008
ocHiER b eEsh Eher BT AraRpes. SUis Aiis deaples
Sati ARG Qﬁeumfﬁtueeh9d,, PEOPRL, C 18b; Ot ¢, The
hydrocar byl substituents naﬁ optlonal contain

hetl@:o@attgﬂa skl By lsi pest ;
oy G EhUEER, hOS SRRy Sl AL a1

t 0 bkAMEARDMeEOPE Gpoupe, r bagylsaal a&mﬂemamlﬁied oci:yl

Cl- 4 al kyl phenyl groups. Suitable non-aromatic
hy&ﬁ%%%%byl substituents include |inear or branched

al kyl P24 kyle IBQ‘EQBJ‘PE %ﬁ?&?’gy gqgmgw ifotdet 0

10 carbon atons, nore pre bon at ons.
otmdmenhyk%ﬁe subethy&éﬁts-ﬁﬂptbgyml—boA%M;ﬁmpmspyl)~ -

6] ade iali desy sych g6t oy, peom de agd Lodide (o
- CerVARy I N, ~RQeybnohBikgh ) A) aﬂdlA%yclohex¥}ethyl)— -

|ndependentlﬁ 15are non-aronmati c groups prefera
=3 4

haW (Zgmetdvy Icyelobesydbon aNdhﬁnzwéﬂermﬂﬂkﬁhﬂmyl ~to-N(2-

R Moo £ e -

t hey (f(l 4w€rhk§|rﬁhelinb$t-l t uigdd, (nﬂgf)%r)r-e,d -
substltuents are hydrocar byl
N(CHgCHgCHgSl(OMe)3))-- -N (decyl) - and -N(allyl)—

The texm “hydrbcarbyl” as used herein refers to a
group dnlﬁ containing carbon and-hydrogén atoms. The
hydrocarbyl group may be a saturated ozx unsaturaﬁed,
linear or branched alkyl, a non-aromatic ring or an
aromatic ring. Unless otherwise stated, the preferred
hydrocarbyl groups for use herein are those containing

from 1 to 20 carbon atoms.
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%f Partlcularly Qreferred

11.. l al Cll QY% |ZUUEi )r%lf EH yﬁ"ZUUt)/UbSbS.Z

tuents are Cl- Lﬁﬁﬁc E-m gué»a
propyl , (Ilsoprop i iie |sobutyl nost SRR
preferably nethyl In one enbodi ment of the first

ligand, RL to R4 are |ndependéh¥1y sel ect-ed from
optionally substituted 25aronmati c groups, each bearing

a pol ar mbstéimensupdtdtutedshydrecatbyle as used herein
ortho posi ti onsFor the avoi dance of doubt, the phrase

" h&ahaw £ pohHArogBIONluEOUss ¥hirBaSONGRETHfORREOT more
s R L A

gt oups gar Be

-Subsdtidngrom bbn&aﬂ@lmﬁg sfutas-.ﬁ:d.buamt gou@sd qis kmednn’of that

thelr ortho positions. -7173Ty Chre Date of recei
e ddiokonad. g3oNpeefioperrEsE E65ss S ImEMERs tantial

t [ e 0
R 8 4ge8 Lo ot e e i iy
|n¢ﬁmﬁnﬂ£mlly serected fron1opt|onally substi t ut ed
aromati c groups, each bearing a-polar substituent on at
| east one of the ortho-positions, . means that, in
addi ti onp{ £ 8emPOhForBERT hdenkean h@tre'ﬁ@Str%@erto a
the .ortho- positions, the Rl to R4 group nay contain
onénanocymwl ke ooneposlur@aftqlwentagomaiblia:r ors hdferearppatic ring

| UPAC .as ent .t t,h 10permanent ,el ect.r.i c

ot sl 5 £o"1d" r3oh REPERR Bhid TR MY SpBFatning -
SUbgstdnt UENES" 3 NBaES rdatéhE! isedeet cahirelon MEOr@OsRYES.
a,.permanent_ el ectric di pol e Monent. §U|table

'pomefwﬁézlueﬁh@ REOMELE Ch GZOURS| ﬁ@leuapmyzalbcn@:

[ Mely I r.a
e L R e R e
con(mmlc&ﬂ ¢4 oalhoad nadygien fleu:trdgengrl @tr@ﬁps)p,t i phah{y,
substlt ted C5. Cl4 aryl oXy %roups
naphthyl ox anthraceﬁ§ less otherw1se stated, the
preferred aromatic groups are monocyclic or polycyclic
"aromatlic rings having f£rom 5 to 10 ring atoms, more '
preferred. aromatic groups are monocyclic aromat1c rlngs
containing from 5 to 6 carbon atoms,. such as phenyl and
cyclopentadienyl, and a most preferred aromatic group is
a phenyl group. The term “substituted aromatic” as used
herein means that the aromatic group may be substituted
with one or more substituents. .

By the term “ortho~position” when used in relation
to’ substituents on aromatic Rl to R4'groups, it is meant
that the substitﬁent is in the ortho position relative to
the atom bornded to the phosphorus atom. _
| The substituents on the Rl to R4 groups can contain
carbon atoms and/or heteroatoms. The sﬁbstituénts may be
either polar or non-polar. Suitable substituents inélude

“hydrocarbyl groups which may be straight-chain or
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wRietsp R4 substituted \Amtboiaece_

‘“afohi 20o0ptional |y branched Cl- C20 al koxy(C1- C20)a|k|

i Adnl 2606 bﬁi bdo R@h‘fEones/ossssz S
AL N oxygeﬁ br|dg%ng ERE ?%%ﬂ?

L..s."“u..‘r ML:,.E HOA -

Rowa

pti C group connebte

groups, i.e. Rl to 1k4 SubStItE ed wth a Cl-C20
hydrocar byl group bearing a CI- 0 al koxy group;
hydroxyl; am no; (di-)Cl-C5 alkylamno; nitro; G -05

al lkl;@@@lﬂ%ﬁonyﬁtu@?altm ait Ky aaHiHatRDS ) R L Eoaps non-

" AEIRAEL N AR A AL R R bl Bt onaly

a@@ﬁt@ﬁnoﬁeﬁérb&m&nsp%z%h gt ugnts dnchudesuitable
met hoxy, ethoxy, isopropoxy, phenoxy,

pedtemni tbe opHenerR iyl nﬁa‘lbﬁ/ﬁlsﬁuﬂibtys inekedg| mAnRsYclic and

oLy S BRa hromia i g R N BBy napipgn fogm s to

Dai @ eirbenechpbmslinvhileh 2B (silci)3H£2008¢ny)l and C1-C4
PCT/ EP2006/ 068652 VP i nrzunobi o wozawapp
sgmlhglgphenglagnmupnm rﬁnitabmaﬂﬂqd~axﬁmabbcnhydrocarbyl
arsino, . stibi ate nitro nd t
pr%wiabfyen% o ipELIE Hndat ot Srapelied mlkylrer
pe 9, 1 d OPRbhY1 &

S R b R Jqﬁ‘%ﬂ* PEoRYL Fg, 10 carbon
s@‘sﬂ:mﬁuemorenpatlezﬂaamlpnb i 4 earrathoapossti ons, are
i ndependently sel ected fromoptionally branched Cl-C20

al koxy @FbepssupERI®IFYPRUBIIIS ap ENE1BLakp &?y groups

S8R0 001188 Lo 0 P E RO ILES socice,

supgibt uenps, ah&JdeepequQtIyC@.gilect%%ronNﬁﬁm OngAIR2 -

branched 01-'00 al koxy groups, especiall optlonally

br 90, 91 | kQty o9 f e
?ﬁggy efhﬁo%dr |§08’1F opoxy oglv\,h it Z?rzé‘[ hgg&@bgndently,
_FﬁﬁféCH&E££¥0HE%@%“§¥B&§% ﬂj‘ C§ from 1 to 10
alternatively, 1onger optlonally bran 0 al koxy

gr@mpbosuahoas,omnnﬁnpﬂqﬁdr&bkmédﬁ§34Imﬁabhnxytoms, e.g.

P et k1 SRDTE Nl 4 R oy o

%goggn@;%?g?ﬁgg%gsCg%éﬁ“pgq‘%cﬁiﬁﬁo%?f‘vﬂﬁe | £1 PLET §568%a are
substituted, preferred substituents are hydrocarbyl .
groups. Particularly preferred hydrocarbyl substituents

are Cl—c4 alkyl groups, preferably methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, most preferably methyl.

In one embodiment of the first ligand, Rl to R% are
independently selected from optionally substituted
'aromatic'groups,‘each bearing a polar substituent on at
least one of the orthé-positionsFor the avoidance of
doubt, thé phrase “bearing a polar substituent on at

least one of the ortho-positions” means that, in the same

ligand, the Rl to R4 groups which bear the polar
substituent are substituted with a polar substituent on

one or both of their ortho positions.
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o st ituents in ordeDatk of iediii:c1a Meartt @S QL URRIBY BCOEP2006/068652 Teress
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'4?hé Rl to R4 groups of the first |igand which

BB

PR T

negERAEANMIE |t s preferred that [EFEYYELGE

i gand in organic

are. i ndependently sel ected fromzoptionally substi t ut ed
aromati c groups, each bearing a 25pol ar subStituent on

at |east one of the ortho-positions, .. ,are th ane
and beaFheh&eddhe gridRa sybgtbrubeds, in relation to the

.substituent(s). It js parfjcula referred that each
of R§aF8, E%QQP%N pstiBe +§S€a%£¥%$dsﬂ§iFEt3§ﬁt on.

on! Y.z, thel r & ROm POSE L 1 of
orLisapPRBatAT A SEea Hhanrost140gs1y Stnetamied
regseopbtit Mooehp2008a¢H 1be@3r209sy PCTAEP20bELdEZERE on at

ref tupow mtVils*.titiegvuweg8aip - 15 - i . A
CoLPBHEI PYS By TS (v o ka0 Aiefy that, in addition
| ndgpendepbha MasipskedudRt 0B8R #F 1BASLObneaskE @Hilordho-

to the bridgi-ng group X to forma cyclic structure: The

| i gapdeianeqr ding b forrél ?réﬁﬁ; nap benpatpaond WiSimtgre
pi ocedures_known to one skilled in the art or disclosed
i nophBri sEPETLRRSESr e. ' Exanpl es of such conpounds

i ncl ude, - gt eny 1, 2P h 2- .

ot hoxy BREATIIS LT ROy phore) SENC Bt Ry EPo i ek @
Ttizblon kol lemler ikt o0 o

et h@%?ﬁﬂgﬁﬁ‘)?ﬁ,&(@ eft?lh%iﬁﬁhé\ggﬁgﬁé?ﬂ?é?&f‘géns (a substituent
rre a - X a) - M
ARG I UL Gt oment.

i sopr op8ry phaddyel I 142- sebabipperehy 15021 46mehieydediz( 2nclude
1OLEE"RXLPREY Heved 42 L TIRIERY 267 bEL BRETY branched

&1-Ca0 alkoxy groups, i.é.'Rl to R% substituted with a |
hydrocarbyl group connected through an oxyéen bridging

- atom; optionally substituted C5f014 aﬁyloky groups,. i.e.
Rl o R4 substituted with an optionally substituted
aromatic group conngbted throﬁéh ﬁn bxygen bridging atom:
optionally branched C1-Cag aikéxy{cl—Cgo)alkyl groups,

T i.e. ﬁl to R? substituted with a Cl—ng'hydrocarﬁyl group
'bga&ing a C1—-Cgo alkoxy group; hydroxyl; amino; (di-)cl;'
Cg dlkylamino; nitro; C3-Cg alkylsulphonyl: 'C1-Cg
alkylthio(clfCGJalkyl groups; sulphate; heterocyclic
groups, especially with at least one N and/or O rihg.
atom; and tosyl groups.

Examples of suitable polar substituents include
methoxy, ethoky,.isopropoxy, phenoxy, pentafluoropheﬁox&,
trimethylsiloxy, dimethylamino, methylsulphonyl, tosyl,
methoxymethyl, methylthiomethyl, 1,3-~oxazolyl, hydrokﬁl,
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Tlsopropoxyphenyl)z (2- et hoxyphenyl) 22N( net hyl ) P( 2-

et hoxypheny1) 2, (2-et hoxyphenyh)2RN( et hyl ) P( 2-

20|sopropoxyphefly1)2 (2- ethoxyphenyl)ZPN(ethyI)2(2

 SODROFb IRl yRe BTy SBRBRBLTRN oo B oo AR

i sepnep@ehanydrd, ahd- ERENGXKEhEny 1) 2PN( pr opy1)2(2

nethoxyphenyl)Z (2-met t oxypheny1) 2PN(i sopropy1l) 2( 2-

.25net hopweirswdd 2y, (2het boxyphenkdr2ENeptapln R{Ke Rl to R4

met hoxyphenyl) 2, éz ethoxy heny1) 2211 ( propyl ) P(2
et HERYFife LR eBt‘-i‘anﬁB eRG 22 BREMS St p-substituted

ot ROST s 303! EeRE, HRRERNS) S RpARRs i ent on ac

AVENBER SierTof théGorthsepospbxypbenﬁik2gndependently
§§s"9th°xy e 1) SPRA PUBDL B RPEPS G ARy 19Z0upS
TR R SR G T o
°§E S S SRRpBROE 578, At SYIREXERER kesry igzouos.

Pt e T

(2selected from optmonally branched Cq~C2q alkoxy groups,
10i sopr opoxypheny1) 2PN(i sopr opy.1) 2( 2-i sopr opoxypheny1) 2

"1 (azpmtﬂ@dy\phem’yim Fubyanehedney b6y sHdoKy Jre@ps such

ret hoxy eny1)2PN(t butéI)P (2- met hoxyphenyl) 21 ( 2-
et Réxy i Sut PR FPOIY neBRBRF B! PENyFPRTqRoxy of which

et \V t 1
PR T e
et haxppimertih@PR t 1onggl) BpRiehbadXypbeapthzd (@r-Cyp alkoxy
met hoxypheny1) 2PN( but y| ) P( 2-i sopr opoxypheny1) 2, 2-

me ghroxpsh enydh) 2@ bptyonel 2ynbranghplefgtCap (@Lkoxry groups,
met hoxypheny1) 2PN(t - but yl ) P(:2- |sopropox%pheny%é81 (2-

: 2oﬁ@@: SHAMEYR 192PRL PXHut FPEPECYIAEY Ok

2 RERUBRELE N BUEYHLRY ok 0BE ORPLKBRERLY ré@ps, of which

etE&mwmﬁ&ny&%2£§Kpr€ﬁe¥t?ﬁc2maykbepPQBGXy?ngh%m§Zﬂhéaﬁblar'
et hoxypheny1) 2PN(t - but P( 2- et hox 1)2 2-. . ,
25 ﬁgbﬁﬁéﬁa%vﬁw%n§a)9§ Buty! }EFEBP§ fvéﬂgﬁyhgsw of the
|s%6 Sﬁéﬁfﬁhenii nhﬁ(?ebutyl)P(Z |sopropoxypheny1)2

(2- net exyudhepyd ¥3Pheahenut) 8&8 Ret Rox wiheyehids 6£8- the
mei t hoxyphenyl 2PN %glohexyl P(2- met hoxypheny1) 2,
c

Datfd r&it &ggg 288 200gpendently selected from

(11p%id%(¥Q§K§%££?Qggég98gégmgeic groups, each bearing a

polar substituent on at least one of the ortho-positions,
are thé same and bear the same number and tyﬁelof polar
substituent(s). "It ls particularly preferred that sach

of said-Rl to R4_groups bears a polar substituent on only

" one of their two brtho~positipns, for example o-anisyl.
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e ReRYRERAY
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groups are indepefidently sel écted™f unsubstltuted or
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pol ar substituent'at any of the ortho-

posigomrsporydhehglRy, drdmdthogypines el PM (tepengbne (-

sel ected from an optlonally substituted aromatic group
15 beanethpxypoeayls ghst2roethosyphenyddsPhoethyl } hé2-

ort hoposi tions, |n_another enbodi nent of the second

|| GeFRPToRPRYRASNYR)? , arfd-Bethexyphemy lor2 Bisfe bawil KA (2~
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Eﬁéféeﬁé‘ﬁéé’azﬁﬁ%bvﬁzi‘”y(g sehigvBaIRanaan e Sy Bl
LSRR RPR) o ﬁgi‘%‘*’%ﬁ*&é%‘%?ﬁrzéﬁi‘%‘%@f’*‘@‘f’gar'”g,

20 O Lo Pashé £ PPReni ) aqot(h%thoxyphenyl) 5PN {ethyl} P (2~
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methoxyphenyl)g (2-methoxyphenyl) >PN{isopropyl)P(2-
©25 methoxyphenyl)g (2-ethoxyphenyl)géN(propyl)P(2-
methoxyphenyl)g’ (2—ethoxypﬁenyl)2PN(propyl)P(E—
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methdxyphenyl)z, (2~ethoxyphenyl)2?N{isopropyl)9(2- )
etﬁokyphenyl)g, (2;méthoxyph?nyl)QPN(propyl)P(2~‘
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penbodi ment of the secongtebf.@

R R T S R

EAs are i ndependent | D! Bt r om unsubst i tuted or EFEUUED

" substltuted aromatic groUbs;ﬁhlch do not contain a

pol ar ' 15substituent at any of yizhe ortho-positions. In
t he enbodi ment, of the second [i'gand which conprlses
one or two of the R3" or aAr groups which

i nepRREBAKYPISEC 24 f?'dh@‘é‘ipwlﬂ%%&ilﬂ gPﬁldegﬁpmk &f2-
SoonEhar e Bt oA R o S T b B -
o LSS HUBBORIBNATY NEE LAt e UM ERR Poka) TS  (2-
" RS EhLR BRI £ o0 o AR AR PR PR BRPLVITH (BT B
orbSaPaBRRkyPNany ) AN Ree AOkREn Y ) o pivIREBY 1) B2

21 EehDUOBRRMGANLY SE}SELRGFEIEhYIPHDRYLLULRAHR) P (2-

ubstituted arorfeti c group not contain a

: 3956?&:@?0&%6113&@)’5 atzaeuh@ﬁypnenpu hONRAS D r@Isil) B (2~

said to R4’ “are aromatic, 1ncluding

he¢ ehoaypimehiyd,) Hut (bfd.soprcﬁpbzeyphenyﬂ;¢gpl\! {pkbplyerian(2-
2008 (11.03.2008)" PCT/ EP2006/ 068652 TA-g7gi m annWi |

eﬁqﬂ@pt@poxqﬁﬁnuwbbn§§652- .19 - none, one, two pr three
of said Rl' ta R4' groups may be substituted by -a
subsepropexyEnany bt oFH éfdap%éwﬂ bE ﬁelépﬁmh@ﬁ) 2,

t he_phosphorus at om erabl not nore than two of
safl4~Ret ﬁp&mbfr@f%w@" 9“&%»@%&3@?@9&&%@8& a.he(z-

e ahBPHap R kit £ Ry PP B cRehRERRTBRA 2o

ES@&%@%&%&"%‘? HPeghPEle éﬁs’*iﬁﬁgﬁ%ﬁ# €2a| .

v ISR e ettt 2 00

al -
( R?L??(g%g??gﬂy %(@%%&Mﬁyim tp %%n?\%%of{?’%hf |nr¥§:;L )e>(arr(p2I ei -

. of egHeRybheaids 4| tesut yUpR (5-abkorybhentdi)nd] vq:dual -

units are coupled either via one or nore of the Rl

' Rotie t R xypheRy/ 1 Jor BN Psu by 1 VP 42+ heobr opgkyy hemydp % (2—

Typically, the second |Iigand does not contain
methoxyphenyl)ZPN(butyl)P(2-methoxyphenyl)2 (2-

methoxyphenyl)QPN(t-butyl)P(zwlsopropoxyphenyl)gi {2—
methoxyphenyl)29N(t~butyl)P(Z—methoxyphenyl)2 (2~
ethoxyphenyl)ZPN(butyl)P(z isopropoxyphenyl)g {2-
ethoxyphenyl)gPN(butyl)P(2 ethoxyphenyl)gl (2—
ethoxyphenyl)gPN(t?butyl)P(Zéisoproﬁoxyphenyl)gl (ZT
ethoxyphenyl)QPN(t—butyl)P(2—ethoxyphenyl)2’ (2= |
isoprogoxyphenyl)zPN(butyl)P(2-isopropoxypheny;)2’ {2~
isopropoxyphenyl)gPN(t—butyl)P(Z—isoprqpoxyphenyl)zf (2-
:methoxyphenyl)zPN(pheeyl)P(2—methoxyphenyl)2, (2~
methoxyphegyl)2PN(cyclohex§l)P(meethoxyphenyl)z, (2~
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: p| e (R11)(R2 )P xa)aa_ﬂ:gﬂ Areh 2098 (11.03.2008) PG'TJEP2006/968652 S
‘Ejds can be prepared i aﬁgﬁg ,-_-.E%wdures known 20t o one [EF =060 §8B§?-j
skilled in the art and procedures di scl osed i n

publ i shed literature. Exanpl es 16f .fhe second |igands of

general formula (I1) according to the present

ImgventI b Ude Nria@mnybtgmem%kz%mhﬂyé)2(,4 (2-
252&32;Xyphenyﬂ)2PN&§§th§§ &éggﬁéggﬁ gﬁ;ﬁ)Z(%tA
“?R&%«S«%&%éaﬂ%@%ﬁﬁ%@%y s “°¥ﬁ§“e”?$s’%) Ca
SortRa a%@%z&%&%@ PIPCERE %f%i??@az: 2
m&%&%&?&%ﬁ’?&@éﬁ#‘“ N T R e e
neﬁﬁzxgﬁﬁ@ﬁ§¥g%§ﬂ%%yl§H8ﬂ%1 E%&ﬂﬁéhubk§b§eny1)2 (2— .

t&f&lﬁﬁéﬁyl)?Qé-isopropoxyphenyl)g {2-
nethoxyphenyl)(phenyl) (3
5wammmmtﬂampﬂmtwlwéwkh?l?émethéxyphenyl)2 (2-
met hoxypheny1) 2PN( et hyl ) P(pheny1) 2, (4-
neem@uw@phan&k%@%ﬂiphenphbRyBeiaypyepmxwphhawﬂﬂmg wﬁr

, (4-met hoxyphenyl) 2PN( 2- et h cl ohexyl) '

ne SHSRRYRREN D 2§ i%@hﬁ%gfﬁrﬁé %pgpw&eayié) (42-10

“E‘%&%@E%ézéﬂ SRR AL Eo R PRt 2, (2-

B

SRR D 2‘%@(5’%581%&&%]&”%% FohehyY Y, (2-

ne

Tgégtﬁ%@@ﬁ%ﬂgééqimZ%@ﬁ?ﬁ§Eﬁg¥ ?Qgsgﬁ éU?%%Henyi)é (2~

dlnetgylanlno 6%@%51 %%%f%éléhagggpbg?ﬁ%%%ﬁ%g%ﬁﬁﬁﬁﬁgﬁyl)2'

2,( 241 RISy byAYPf 34 @Bkhes hehylly,
%phegy%)ZPN(lsoprop ?lggﬁﬁﬁgt%o¥yghény1)2 Eg?@??ﬁ Y )2,

ZOWW?@F hyi}émbsanpxpphb)amummethyl) P(2-
et nox en e
SRTBRERIER e 21 PR e bRy YT BN BAgEmethyL) B (2-

L %& Csanke R R Drek oS yeasiutTdne-

T T T R TR

‘(PheryiZBN(met hyl) P(phenyi) 2,

The second ligand of the catalyst prepursor
composition and/or catalyst system of the present
" invention, compbnent (¢), is of the géneral formula (II);
(R1") (R2")P-3’~B(R3") (R4") (I1)
wherein X’ and R’ to R4’ are as defined above. _
Th a first embodiment of the second ligand, the R’
" and R2" groups are independently selected from
unsubstitutéd or substifuted_aromatib groups which do not

contain a polar substituent at any of the ortho- '
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tphaayl) 291f | pentyl } P(phe o

S07ceipt: 11 Nerch 20(JEsLE _._:1@% Eogo}@).%"%%‘"’8)‘;@f’f"z”%gigfﬁ&%ﬁ@
TEP2006/ 068652 : ?; rZ2sti1gt, . .20poweb% - 2i- R s
(1311enyl) 28N( phenyl ) P( phenyl ﬁ, _ '
(phenY1) 2PN( Prret hoxyphenyl ) P(p @hyl)z,

(phenyl) 2PN( p-t but yl phenyl ) P(phenyl) 2, (phenyl) 2PN
( GHBs 8t Nemsphahidn e pt¥nydn@. R4’ groups are independently
(pheny1) 2P14( Si (CH3) 3) p( pheny1) 2, )
5( phoAGLPAPERSE) (AT P opYa) Y phhgty uted. aromatic group

PR LY A SR N R b, o

(PheBy £} 3Rb( benzy R uhed| éddddiment of the second ligand,
(p enyliZRN(l-cyclohexylethyl)P(phenylgz,
10thkery 1) 2RA CARGH2@DISh 4 £BB3) & REPhRAY 13Rd R4’ groups are

(Bleyd) 20N excl oot B ppeny 2, (Phemd 2PN s
N \ R . _
(DREBAILE ot BT e, copinip @ sotas subssicuent

(Paki ah?nmi) 2R Rihd D5 Pt Bl PheNYand, ohB- of the R3’ or RY’
15nmet hyl pheny1) 2PN( et hyl ) P( p- et hyl pheny1) 2, (2-

.t hgsphpay 1p2PRAemandori by t e bphibag 1F2om an optionally -

ggg@ﬁgggggggﬁgg%%g%eg{% T HEALIAE"E Yo Er substituent on:
(pAenY&h2b( oRkNO S A RYA e PHe8YE) 8nsl, 216 another :
(20(N( P(pheny1l) 2) 2) - benzene, 1, 4-di-(N(P(phenyl)2)2)-
beambod L mbih EHREHUW P (pdemyd ) Py @asd, all four R’ to R4’

1,4-di§P(phen [ ) N( et I&i}pheggl%Z%-genzene,"(33

ei §6SHRBx#pRe ?fi\el%m(‘%l ) PR Re et 8Os ARERy PREMPEA L tad or

el cABaRPXYPRANYL AR "@t%&)/é%;ﬁé' 7E) EQSEBOKYRN ? pola

25e?§osa§g§yphenyl ')A(\'l%hen [P frwe}ﬁ]a?) g?pﬁéﬁy%@%#)a é’x_(ég_pglar

ei subahdkyphényat) 20 nef higthg RophieoYdegitiens. '

ei cosangxyphenyl enyl,) VI t hyl ) P( 3- .

ei cosan QyBH@n%?}%%ﬂ%ﬂ%ﬁ%yg¥2EheE%%%&Bg tigapg; which

119vMNareh. 2008 (- 008) £P2006,068 AE . . i

LIBEED 200 1 T2 0R) B SIUIGEERYE it ase
independently selectqd from an optionally substituted
aromatiq group bearing a polar substituent on at least
one of -the ortho—positiﬁns} said R3’ or R4’ group is as
defined for the at least three Rl to R? groups which are
iﬁdependéntly selected from optionally substituted
aromatic groups, each bearing a. polar substituent on at
least one of the ortho-positions, in the -first ligand,
component (b), of general formula (I).

In one embodiment of the second ligand wherein the

R1" to R4’ are indépendently selected from unsubstituted

or substituted aromatic groups which do not contain a
" polar substituent at any of the ortho-positions, said R’

to R4’ are aromatic, including heterocaromatic, but only

AMENDED SHEET
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iis ;x.,m_wsi.‘_ﬁ ? R A

ARG anoxyphenyl)(pheny rIEY
e|cosanoxyphenyl)2PN(nethyI)P(4-
-e|cosanoxyphenyl)(phenyl) anggthe like. 5In one
speci fic enbodi nent :of.the present invention the

- cat al yst precursor conp03|t|on conprises: a) a source
ofnmre,omnm twd arf thsee ofasdich&} nga RE gegeoups may be

{ggr ¥ '%(6%%%%’? Rk Sebit o' H(pg% PNEALBn K to the

@ﬂ%ﬁ%ffs%hédgwhmay@tmr @ﬂefegfawtpy Aot more

substltuted hydr ocar group, a silyl" group or

defHatptiwe dhesaols Rl- 1%0 &4' fowupel Bl tta R ewBstituents -
i ndependently selected from optionally substituted

5 argnethe Fodpadiacssn Beatheg akbbsing e i thenphegphorus
at_Jeast one of the ortho-positions; and c)a second
| i'gand having the general fornula 20

(RL") (R ) dhethBrRemboddehit! piWdleeipresent MHivéstdon, one
brld in grou as def.ined for X of the first |igand,

?%7 hef PhesSRr LS §temsa @D thes segon n@lg@pd may -
T e T

10 a rpaﬁiﬂre:smi%tthaephowpmyasofam:ms @fl idpossédomd; lagdnd is

R3' apnd R4 dependent|y sel ected from an
(f‘ 309hY %ﬁﬁﬁl? gbs%@?uﬁ%@ra Qonatic group bearing a pol ar

substit t I t
ot of FaLa8BoAt 1S4 BRCRIENS RIBIRORy (e fBaLn

PGR{IFERAO0S/ PREED I REY i) @-WVRI (R3¢ gt (peled )f u¥ittsd FP:R6n 1imiting
examples of such llgands incélude ligands where the
15 individual units are coupled elther via one or more of
the R1", m2’, R3’ or R4’ groups or via the bridging group
X. Typically, the second ligand does not contain
multiple {R1") (R2")pP-x-P(R3') (RY") units.
The llgands can be preépared using procedures known
20 to one skilled’ in the art and procedures disclosed in
published literature.

( ) Examples of the gecond Iigands of genéral formula
(I1) according to the present invention include: (3-
methdxyphenyl)gPN(methyl)P(B-methoxyphehyl)g{ (4~

25 methoxyphenyl) 9PN (methyl) P (4-methoxyphenyl) 5, (3-
methoxyphenyl) 5PN (isopropyl) P {3~-methoxyphenyl) s, (4-
methoxyphenyl)éPN(isopropyl)P(4—methoxyphenyl)2, (4-
methoxyphenyl?zPN(z-ethylhexylfP(4—methaxyphenyl)2} (3-
methoxyphenyl) (phenyl)PN (methyl) P (phenyl)p, (4-

30  methoxyphenyl) (phenyl)PN (methyl)P (phenyl)y, (3-

7
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8wm | n anot her speci bitgofel

AL R el 1 IBTHchoR0d (1 €.0NEBSAFIT/EP2006/068652  mormwes
_égﬁtion the. catal yst ¢UFSYEANER conprises: a)a - (EFZ006068652
source of chromum . b) .a first ligand having the

- general formula (1); 5(Rl) (B2 X P(R3)(R4) (1)

5
- 10
15
C
25

- conprises: a)a source of chrom um

wherein: X is a bridging group of the formula -N(R5)-,
wherein R5 is selected from hydrogen, a hydrocarbyl.

gr sephoxyphisstiltutmtemyt BR fretryBiB(P~ a silyl group
or Livat t fq _all four O RL to R4 are
inﬁéggﬁﬁgﬁﬁﬁfxgalQ@%@@y}}bn4%ptionalIy substitut ed

ar RERhbRyePhewis.) GstednPERPN gethPD] R(4substituent on at
| east one of the ortho-gositions; and 15c) a. second

| | gakborypheg WhelRfeeryhl / f 681l a ( R11) :

- ¥ = i X
é5@%5ﬁﬁgygﬁéﬁﬁaQéﬁﬁibw%éﬁﬁ%@??éﬁ%?y%%%nfﬁ?gt 20Iiga§d?
o e ReRy by R Nae eyl PRI 2 (Haa or T

s uﬂéhhbuggﬁ_eamryagm (D-OYRSoMEk ghe iRy DPP ( @Pﬁb%h&;ﬁ/ghenyl) 9,

pol ar substituent” at any of the orthopositions;
25R3 imantoR4bhairey 1 Nsep endeat hyl secbehedyly prdan
optionally substituted aromatic group bearing-.a polar
sulnet hbugphemyidts | ebb+menbonyphémy by $ BN {Besiyli) #r(d~ and
d)a cocatal yst. ' In another specific enbodinent of the
pr meshoxypbiemydits on{4 tinethoxypienyl bp BN ¢pentyid &4 on
Dat e of receipt: 11
valekhosyeheny 102 nobbymethrrypbery bbsel tbenzy ) P ¢d-

daL M 238 SR, Oa A8 ndunBl IR BR (ph2Ay1) B (-
methoxyphenylsz, (2=
ﬁethoxypﬁenyl)(phenyl)PN(méthyl)P(ﬁhenylig, {2-
methoxyphenyl){phenyl)PN(methyl)P(phenyl)2,'(4—
fluorophenyl) o PN {methyl) P (4-fluorophenyl) o, (4=
_dimethylamino-phenyl) BN (methyl) P (4~dimethylamino-
pﬁenyl)g,.(4—methoxyphenyl)QPN(allyl)P(4—methoxyphen§ll2{
(phenyl)QPN(isoprobyl)P(2-methoxypheny1)2, {4—- (4~
methoxyphenyl)-phenyl)gPN(isqpropfl)9(4—(4- ‘
methoxyphenyl)-phenyl) g, (47 '
methoxyphényl{(phenyl)PN(isop;opyi)P(phenyl)z, 1,2-di~
(N (P {4-methoxyphenyl) 2) 2) ~benzene, 1,d4-di-(N(P (4~
methoxyphenyl}2)2)-benzene, _ .
N(CHZCHZN(P(4-metho£ypheny1)2)2)3 and 1,4-di-(P{4-
methoxypﬁen&l)N(methyl}Pi4—me£hoxyphenyl)2)-benzene.
(phenyl)QPN(methyl)P(phenyi)z, ' '
(phenyl) pPN {pentyl) P (phenyl) 2,

AT

AMENDED SHEET _ S



10

15

20

235

ng) first I'igand of t e ReLimn
Y 9&%@% R2) P- X- P(R3) (R4) (| \DESERAMIN X is a bridging gr oup [EP200E0RBAS2:

- whbneyhpheny3dXd (zh

1 AR h@s (11)03.2008) PCT/EP2006/068652

of the formula - N(R5)-, ‘Bwhereln R5 is selected from °

hydr ogen, a' hydrocarbyl group, .a substituted .

hydr ocar byl group, a silyl gfbgg or. derivative thereof;

and all “four of 111 to R4 are independently

Sel(ﬁﬁéﬂglﬁ H N (@ismyh) P ypiseivel § 4 ut Gehemphhp PN (proups,

each bearing-a 10pol ar substituent on at |east one

of mehhoryphenydsi® (prenyhhgl, al{phkenyt) sP¥&pdtof the

general fornula (I I):Y):ERll) (RZ'bLP-X' -PéRSl) RA1) (11)
envt) 2igi fBhepr vl B ( deBehadior Kin

RN K N TR e
T N

 2OBERKIbARDY A, (e PR PR RSB LI £ SRR D

FoPRERSROERSAT AR i tob ket B e ey
o P A F R o gy ) 2Ty dTehexyl- .
subshiyLybeahaydriocss byl group, a'silyl group or )

30derivative thereof; and 'Date of receipt: 11 March

20QBhéh 103 PRITH CHHAREY20 00EHBPB Pohenyl) 2, :
‘(pheﬁyl)ZPN(cyciohexyl)prhenyl)2, (phenyl) o PN({2-
me;hflcycloheﬁy;)E(phenyl)g, ‘ -

| (phenyl.} 2 PN (allyl):P (ph-e_ﬁﬁ) 2y | (2-napht_hyl}I2}?N (n'lethyl) P{2-
naphthyl)s, (p-biphenyl)qoPNimetliyl)P (p-biphenyl)s, (p-
méthylpheny;) 2PN (methyl) P (p-methylphenyl) g, {(2-.
thiophenyl] 2PN (methyl) P (2~thiophenyl)p, (m-
ﬁethylﬁhenyl)gPN(met?&l)P(mémethyiphenyl)2,
(phenyl)ZPN{isopxopyl)Pkphenyl)2, . ’
(phenyl) 2B (=5) N (isopropyl) P (phenyl)z, 1,2-di-

'ngP(phenyi)g)g)fbenzene, 1,4—di—(N(P(phen§l)2)2)~
benzene, N{(CHCHpN(P(phenyl)2)2)3, 1,4-di- -
(P(phenyl)NimeEhyl)?(phenyl)z)-behzene, 13;
eicosanoxyphehyl)2PN(methyl)P(Bneicosanoxyphenyl)é, (4~
'eicosanoxyphényi)2PN(meth§l)P(4-eicdsanoxyphenyl)2, k3é
eicdsanoxyphenyl)(phenyl)PN(methyl)prhenyl)g, {3~
eicosanoxyphenyl) 9PN {methyl) P (phenyl)s, (3-
eicosanoxyphenyl) (phenyl) PN (methyl) P (3-
eicosahoxyphenyl) (phenyl), (4~
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SPeSt

aromati c groups, each bearing a polar substituent on at
I'east one of the ortho-positieng2 -c)a second |igand' of
the general formula (I1); '

5(RL; ) (R21) P- X\ - P(R31) ((RA1).(,l r.ein: X is a
X %’g%‘%@a‘@%’éﬁﬁh%ﬁ@éf (o B 45, | gand. of
gengi @hsaAbIYbaehhl) @) fous-of RI" to R4' are
I-ndependent |y sel ected 10 from unsubstituted or
substteseBax¥PeeRYd )e B atgis ittt do not contain a

pol-ar substitueht at of the orthoposjtions;'and-d)a
cochi GPSAROXRYRESIH IGQ{GWJ@UU@W H¥hpblfet on and

cat al yst ;155yst : @ﬁﬁﬁﬁ [hventd ; i

i ndependIe%It ?)}ééc%?p%lsfemmre t <'r;?1‘¥1('3ﬂotnn'e‘-ﬁ?i11?@%1 ﬁ@?égﬁgtaénventlon
def t e dcabal gsin o rener sdwmarcompo sidcion ddganiisasdef i ned
above. The first |igand t he, second |igand can be

ng
present #h thé %t"‘g)&maﬂlq“ﬁ a molar ratio in the
. 20 rangglof b fggnii?hnéiﬁgylhirtﬁhrﬁéﬁéféfngEﬁgla (I};

enbodi nent the nolar ratio of the Tirst Tigand t

second | i gand (rdyi R e-y-anged ofg 4y om apput 10:1 to
about 1:10, nore preferably in the range of from about
5:1 to awbereins. By varying the xatio' of the first

ligand and, t he if,secpnd I'i gapd in the_catal yst 5
precursof EBnBodiHiHRg IR fAfalthe LQEpehPor MRS

D caREeL AP I A et o SRS R RER Ry

be yapngd. aASubsEARAIEEd Hyd¥dddbyl groupy ANEH23S BEoup or -

the anount ' of the first li'gand relative to 30the second

| i gdediivative &dedsefi; system the concentration of _

trimers, in the reacti négpnfduct conposi tian_i ncreases
r

rel ative2td ERBICSHch ibh. Bt HAPReRRLY Fegctrd from
200 : ¥ A 1 _
208 i 98ISR SR oo

andpelae- sebsiitueiterat ate, leade: catalgBtthgsoeirhotpositions;
theéngresent S i :

. c) a second ligand héving the Qenéral formula
(1m): ' o .
(R1") (R2") P-xX’-P(R3") (RE') (IT)
wherein:

X' is a bridging group as defined for X of the first
ligand, component (b), of general. formula (I);

R’ and R2’' are independently selected From
unsubstituted or substituted aromatiec groups which do not
contain a_pdlar substituenht at any of the ortho-
positions; and

R3' and R4’ are independently selected from an

E optionally sub?tituted aromatic group bearing a polar

substituent on at least one of the ortho~positions.

VI QCT T o
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ri zation and.tetraﬁ@%@&_,__
3 1 SR K iﬁ# 2 n
ol ef1 ni.c'nonomers. By,thé term "tuneabl e" as used

herei'n, it is nmeant that by yagﬁigg t he amounts of. the
conmponents of the present inventton, the anount of
trinmers and tetraners in the product conposition

pr oduceddyanbshgrospssigiia mabrglimesdntoff nvkat pusseny
be varied, This may.be useful far..a tuneable

comt FHRISEOR %:ﬁ?mé-%@ﬁﬁ% SRS O8 ST REs |
trimerizafi ongagdurld yrerdii@iniQiqof ol efinic nononers,
wherei n the product conposition Can-be changed (e.qg.

hy P (8 LO
R e

. from prdauci ng ikisgheriganshdraving dhe rgenesal ofermula (I});

15hi gher propor?ion f tetrangrs,, or vi ce-versal/) by
changi ng the (BE)dRED BB {B9t(RiHd sechd Iigand that
are fed ippto ke reactor without having to interrupt

.the olefinic nononer feed or the trinerization and

tetraner*zgéignbgwqyﬁﬁgféfa%p|dfF%HéiféﬁﬁﬁlathN?Rﬁﬁly

be 20especially useful Tor atuneable, continuous or

senjhef@M i ROOHS, sRNQLASS fofort Meydddd@l) zathearaedrbyl .
tetraneLtati on of ethylene, wherein the product

conpoRiri od suhshd taad dwdrodpriloineeuca ngidyl group or
hi gher, pbr t f . aL-hexene to a higher proportion of
1-q@%%%g%ﬁggéokggﬁggﬂ%ersa) by .changing the ratio of .
the fi 1 ' h

enr S%L?”foﬁ%‘:%'id RI 934 haty %‘rnﬁe{éé%?é;#?%]{/cgelected £rom

react or hout having to interrupt
o nopitet ot @2k ly o s ublsd ittnitvd | spadnizdni.cang-dugds aneachabearing a

product flow.  .The anount of chrom um |y copponent, . '
(a)k° FPPREL Hﬁéﬂ% Al i@esthens gﬁﬂ}rﬁ%rﬁ’éﬁgpﬁrﬁosmwnsf'
i . eapnd he . conbined amount of the first and second

| i gands, nanely conponents” (b) and (c), can be present

in the calal yst sAMENCELD iQHERT havibat &hef gemerpal: formula
NhrEEEFpOS (11. 03. 2008) PCT/ EP2006/ 068652 SWAMR00606810

1- 4324 1L.S2W A6) . A: ' 12:J -27.- precursor conposition

ol ar rati o | A Vande T ok F1a000: 7 1o 1645500,

nolar ratio i ran _

pref er abllyefedm:100: 1 to 1: 100, nore preferably from

10:1 to 1;10 (no|es of conponent (a):noles of conpaonent | )
(b) + (}).1%pdét Lﬁrlé‘ﬂé%l%oqméscd%ﬁﬂﬁﬁ EQhpBneidt the first

(a)ys A éh§?§?B§E%%d (;H‘P,“er nddig !f&ﬁﬂ@l%"?@?ﬂ’ems'

conpo nd (c), ‘are esent in a nolar fatio

in the rehYeahHORES: b ihdbpdReidly Ysd hecBbakErioaf | O
of the anount of conponent (a) and the 10 conbi ned
amoumsula$ t soupede s suhs tidiifas) aramadiies egropsawimiicly do not

SUSHIATE B85 YR dy S8 b
positions; and :
R3’ and R4’ are independently selected f£from an
_ optionally substituted aromatic group bearing a polar
substituent on at least one of the ortho-positions; and
d) a cocatalyst. .
In another specific embodiment of the present
inventioﬁ tﬁe catalyst precursor'composition pomprises:

a) a source of chromium;

AMENDED SHEET



'woChtalySt COWPOﬁﬁﬁhwédh5;ﬂﬂMmmﬂzmmwngmuhanbeTammmmmmga E

ey

-Lf%ﬂ%ﬁund or m xture' of Mihat generates an . anengig

anPrun=n elLJrzlrrcWy Tr; “E.Ay WO ]
2007/ 057455PCT/ EP2006/ 068652 .act4 ve catal yst syst em
with the source of chrom um nol ybdenum or tungsten,

t d the f t d li ds,
Componels. (13 Ehistcf1gand. ofnEhaasapsa ly iriele (1)
- Cocat al yat FEET (RS BERRRBRPMRET i cdounds, o
or ganobgfdyv£prpounds, organic salts,. such as ’
nmet hyl I'i t hi um and nethylnagne5|un1bron1de and inorganlc : '
aci ds am isal 4 sbridelings gietpablfuthebd@uirendc d-N (R}

"etherate, silver tetrafl uoroborate, 10sodi um
5 he%&@nﬁﬂﬁxﬂﬁlnanaeéeamedtﬁ@omlhedramannnﬁehYQIOGarbyl

SURBHED of RADAF LR Ry ATRBBRAY Y BF B Hareh bYL,gEoup or

t hefs- iRAaM g t PR L8611 @nd AlR63, wherein each R6
group Is |ndependently sel ected 15from Cl1- C30 al kyl

. (preferably €3ufldrakiylh, RExugen indebintidit IPi £bil6sted from
~or haljides, and conpounds such as Li AIH4 and the |ike

No®HtiiAna by exabsEdsuseds sroEstd coggaves ,urﬁarplmrapearmg a
t Qyl
1o SRS EEch IR UE) JELILUE GBhe srtho-positions;

(j‘ 20tamd i sobut yl al um nmium (TIBA), tri-n- octylalunrnlum
met hyl al ym ni um di chl ori, de, yl al um ni um di chl orj de,
dinethyﬁélun1%|%ﬁFEHpoﬁﬁgénddPgtﬁ?PaﬂﬁQQﬁﬁﬁnﬁﬁF%F;ﬂe(II)'

and al um noxanegr o,calle res of
organoaluninlﬁﬁ? giéguﬁg k gqéu ablehiﬁiyuse
25her ei Ryherein:In a preferred enbodlnent hereéin, the

cocatalyst is an al um noxane cocatal yst. These '
15 al uni noﬁﬁnel%o@abarglg@egneyownesr detimpch foF nbxhnethe first

cOTMh e SIS © LALuaL 4T R9saRR LOTPOLNS.

xanes repare € controll ed

i 1 on, 1of f\@&frofoaa” sbkgaal H%ﬂh&r@éﬁmwlysyshected

as those nentioned above, .or are avail abl e
2oc:‘:’mmsmﬂuzedwmasab@utmed— acmmi:d: aq;rtyups which
Non; | | ng.exanpl f sui.,t e_al un poxanes u
O hOL! ERRCRIATT SRl AN S AT DOKAN RS NS tno-
20 (Mﬁaslﬂﬁﬁﬁgysobutyl di al um noxane (TIBAQ), -
© tetra-n-butyl dialum noxane and tetra-n-octyl
5di al umiio@rethes srpsiddst eppodimendulaf e oprasenkt

L e

aIuwrnog@nes am@oahcerefdehmmmduﬁronrthe correspondi ng
trralkylalunrnrunrbg addi ti on of water and whi ch may

contai nBrom® £irst ligand of the general formula (I}:
25 - (R (R2)P-x-P(R3) (RY) (D)
wherein:
X is a bridging group of the formula ~N(R3)-,"
wherein R® is selected from hydrogen:.a hydrocarbyl
group, a substituted hydrocarbyl group, & silyl group or

30  derivative thereof; and

rﬂ STy
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kOOt , typically aboutnl%omel

: %L%§f2°”@? of al uni ni um

_ ,T ; iBmi t abl e co-catalysts % U080
include those nentioned TR B 09704119, WO 2004/ 056478
and WO 2004/ 056479, the dlsclo§§res of which are
i ncorporated herein in their ntirety by reference.
The quantity of cocatalyst in the catalyst systemthe
present aijnVve&Hi©enbE SR yeh crd | ¥r&NpigdnéRden ezyd%eqected £rom
ratio in the range fromO0.1 to 20,000, preferabl %@ rom
e

1 p@tm@@lhyorselkﬂbmmyanom@t.momromst pachebglaining a

AR LA 5y PTG SR THBE Begooteions

conponery)s ofz tdcéid al Y§An@' GE UEBOT g6A8PAST Fo@mulE)(II) ;
(b) and (c), and the fourth conponent of the catal yst

system (d), (mY bea%bﬁadx25rﬂ§£ﬁhek4§)nultameously or
sequentially in any order so as to provide an active

cat al ysWheHfd-three catal yst conponents of the catal yst
precur sel { D0s ) n apd .t ke 450y
corrpone%{ o? E%%jé?% ?/é?élsﬁ& as % ?fl}led @%e gorjft acltthteeg fizst
i nltilgangr es{:'ergmmﬁa."anﬁo:&@lshat (a:bl e sofivent. Suitable

solvents are known to ;hose ikilled in the art,

SU| t abl @léolﬁmm oFR} | nep e amye | bedepentiestdv iselected

2003785 YRSEREr Eubed G etasft fulfla dhamante axoups,ybicn

sati@r ab%d cairmzﬁa{ | £, poleat sued ec@éhphat| &nyabEtheC orthom-
hal ogenat ed hydrocarbons and ionic liquids. Typical
soP@§ﬁ$§°ﬁﬁelGﬁ§i but are not limted to, benzene,

t ol uene 43Xyl en é? %ﬁ zene cumene, 5propane,

but ane, entane ept " decane, dodecane,

t et radeCaere ca‘@t]ly&typt@d:mm cm&pbsityonpanﬁamatalyst
cyclohexa §%}hexene 1-pctene, and t he,|like.

exS¥FFED GF e m%%ﬁm&n%%%&ew#@erﬂa EPtilﬁ’ WO

.02 S rOg&r £ d '
Egﬂ%%gse éi S5 g$%§91¥§etra 8dyRek 3ed above and

sol vents 10suc I et hyl ydr ot ur an, :
acmomalthahepnauﬁa¢mnd|k£gamm amedefibnednehovet. t he

B ng. PhE Eaxe A aind G Bhe "HREGY, J10%0 T sefl pe

Pr geHEsak ci@ml% tctﬁhﬁsﬂ%y@:@ﬁeﬁﬁné hOY8R raRioTS the
cat al yst éysten1of t he present invention may be

pr@pag@do e i30Afk 9 cbelRR. (ile. a"preferae @“bodment
I ef h e t
ﬁg en? E§% e é% Aﬁyg? rECL%%an%O%§OE§ |o#€qhﬂ ligand

is in the range of from about 10:1 tq 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 catalysf precursor Eomposition or
the catalyst system of the present 1nvention, the ratio
of trimers and "tetramers produced in the process of the
present invention can be varied. BAs a general principle,
- by increasing the amount of the first ligand relative to
the second ligand in the catalyst system, the '
concentration of trimers in the reaction product

composition increases relative to the concentration of

Al

AMENDED SHEET.

otz bpmaﬁﬁbmraﬁl ds}éoé’é? 9@‘%199005/068652

o
&

R mtm_umd:;{




Qeés y and (c) and the i)Qtéfnmc "R ARED 2008 (1411082608 ?é?’/ﬁﬁzoomesasz
4960Em (d), nmay be conbikael yﬁg I'n the absence HERPOnB0BR0S2!
the ol efinic nononer, orjthe ol et nic nononer may be eSS
i ncluded prior to contactlng tGﬁ%nonponents of* the
. catal yst system: si nul t aneous] 1th the conponents of

the 25catal yst systemor at any. point in the process of
' conthac tigty dner £ ohpotieat seattibe patdigst composition, and
Anot her nethod for form ng the catal yst system of the
pr FER-VERAFt i on i ncl udes conblnlng a first solution

of conp I G
(d), %??ﬂ¥a secoﬁgﬁI Pé??% of %gﬁgghgﬁts an nt
(cﬁmvmnixnnlmnnubq esegohrna tdmeahher@nmaﬂkatﬁarmﬂhe

s Tukieandd R0 S sobtoslashbinchosn il fupomers.

A&tk S&lfﬁlwttunéébneceégaﬁyedt Bel@im,t AR deSiMdtht that
catalyst system The conbining of the abdve menti oned

'f| eyt vmtyzs'eg:dtlue S@m@ltlnbﬁso§nﬁhan90w@lntem¢r$alof the present

t,S rfo ne Lther in-situ |n the
b SERER o et 2 BPRRE RE Erfes' 3nd hfapdkd Y the
Ca&ﬁbﬂﬁcﬂ“&ﬁﬁﬁ&%&ﬁl@ﬁ pbﬁdﬁ@b§|b§ttﬂee oT@dss of the
conposition, (a), (b) and (c), and the fourth conponent

10 of nneesam atny%en%y@tlemay(a;e vatjede Cg‘m|sn@@ymbei useful for

te of _.f

~ 10 era %gﬁﬁéﬁagﬁsn%FeE%ﬁ%fé?ggﬁ%qay% Qﬁﬁf%§s for

( The:tmattal:}tﬁetrﬂyﬁm ofintihecprenept zrRyont igh JIRYEhelc :
unsupported or, suppor.ted on a support ngterlm

Exat%tcesercﬁr Sthessin Elagperedﬁﬁteppape &9 qRouRe .qhanqed
Ak 7 47
ol ! @0 m}g}r«?@@éiﬂ bgéﬁ%gggﬁggrlaﬁ%ft‘i%@. oF foirs to a

I C nonorrers suitab the-trinerization
18 anmmghanupmopnmtbmnpmﬁcbstraMerhe presdne-ivierssd i orby -

b lLef b fted
nepan e e, S €10 oney Ehe, FY Bh cab ARmeR s that

i NG e uln 26 e ROt r886868 Al EMoht Mhkhed v golto J.nterrupt the
20ethylene propyl éne, optionally branched 04-0

- pr eHlefdnic mpmoet afepdf onsth@ptrémmuyzattrmm

04 0 f erab rnal._ol al | ‘

. br &t %?Feaé‘% ‘%“}’% ét%&‘ggl:yk@ﬁﬁozo&n P%%tlcﬁ’élwl ol diifh may be

20 optdspealilal by ancdedl 080024, taneablabl voti@buL et igemi~ - -
ol efins and 250pt|onaII¥abranched CA-C24 , preferably

042G inyiakes PERCORF | Tas bpei brameyipeddcieqrok- 024,
i
D et (e R Senelhnaher onekgl thdABh S ©

(- nemmmyﬁsﬂnddnrnamdbéochhngedr(a gleﬁmnm pﬁuducﬁng a higher
3 ethylene propylene 1- but ene, ent ene, hexene

' d&fe}lehe’ieﬁﬁngﬁea ELGBEEeEEOPPRHd& ,
= 20%%55%’5&/ K000 GabeRy Shggaing the ratio of che sirat

and second ligand that are fed into the reactor without

having to interrupt .the olefinic monomer feed or the
trimerization and tetrame;ization product f£low.
‘The amount of chromium, namely component (a), and
30 the total amount of the ligand éomponents, i.e. the
- combined amount of the first and second llgands, namely

components (b) and {(c), can be present in the catalyst

gr-qp—vrﬂn—r-r—-ﬂ

o T : '
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)

é’?’m*ﬁi'{”%?ecene 1- pent adeﬁ%@ﬁf reéle ti]'el)i%a%il%ﬁs Lo
-elco

10

phis &0 Jé%hﬁ%s

adecene, 1-octade GREAN ne

sene; branched a- o NRpia h as
4-q4ret hyl pent - 1-ene and 1- ethyl-l-hexene; i near and
br anched- i nt ernal - ol ef i ns such 2. “2- but ene; 5styrene;
cycl ohexene; norbornene and the I|ike. M xt ures of
ol 9fﬂe&u@:smwmﬁﬁo§§mahserbehésedtam E'ﬂes?rétf‘eﬁﬁ%ﬂ)fthe
the present invention. Preferred olefinic

rmpa@ele@tf dmuentiont fe ermoderzietdns andthe range from

b OBE " B DA PRE pehsblraRl  2EPh, 1BEDI°HY N A, more

et ByledREably FrahelgaLakyst ; : $Pstpalaad ofr eeegomint he
present i nvention are partlcularly useful for the

si ) t B9 &Fs aff |CF\%‘FP‘26§P§n (Bhd*t é€) hrer MO8t Grrefierably, the

et hyl.8| ﬁﬁggg t
r?#erﬁga I'on and t ?rzaﬁﬁoﬁﬂgr88@?%?53“%$°““t5 of the

pr dédeand momporemEan bempenéntﬁeccbmndaﬂ g dlgngar®fpresent in
process condi tjions known to one skilled in _the art of

trﬁrrﬁ‘Pl |3%§’rF3691cF-IFeFP§rrEFPESt £8AM0PB i §61 dselt i Fenerally

o SRR, 15t 85168 “OwaBRs) BEoFH ATy "7 and the

Vwmbﬁ.&wmount of Themponuhtandbiis ahd: r{‘er)l zata cpre&mht in

teira |zat| n reactjon can b erformed in _sq] ution
Q K Eﬁegg§ngﬁa§gg@rlb§nﬁ g, espec1ally

V\hegptrtb@uﬁaraéw §1t65:”8hla2ﬁhl% and tetrarrer' zati on

is performed in solfution or slurry phase, a diluent or

soIventThﬁuﬂﬂﬂatakmbstanomabhyntnédﬂ,um@M'1n principle be .

trinmerizati nd tetramerization conditi

S08lg) Sphlr el (o BEERAEE B8 bRRBRRE: L3bk. Bhdiasqs an

and aromati ¢ hydrocarbons,' hal ogenat ed hydrocar bons and

ol efins which are substanti.allly i nert under .

trimerization W0D,2007/057455PCT/ EP2006/ 068652 - 33 -

and tetranmeri zatiion conditions may be enpl oyed, such as

those-di scl osed i n.WD. 02/ 04119, W?2004/ 056478 and

W2004/ 056479. . The.trimerization and tetranerization

process .of the Spresent invention may be perforned in.

any one of a nunber, of suitable reactors, -which 'are

wel | known to one skilled in the art. Typlcally t he

trimerization and tetranerization process of the

present. i nventi-on is carried out in a batch, "sem - batch

or continuous node. - 10The trinerization and.

tetranerizati on process of the present invention nmay be

carried out uhder a wi.de range of reaction conditions,

- which are well knowh to a person skilled in the art of

trimerization and tetrameri zation. Typically, the .
tenperature will 'be in the range from-100 15C to 200
C, preferably from0O Cto 150 C, and nore preferably
from20 Cto 100 C. The pressure range under which the
process of the present invention nmay be perforned |s
not critical and nmay vary dependi ng upon t he

h“‘l—'
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l[imtations of the reactor, typically the reaction
20pressure will be in the range of from bel ow
at nrospheric pressure to about 500 barg. Preferably, the

W@E,ﬁ%%@?w Il be in the range fromO to 100 baiayrsIRcR68652
b

preferably from1l to 50 berg- in one enbodi ment of the
present invention, there is 25a process for the

trimeri zation.and tetraneri.zati on of ol efini c nononers,
WhaFEIT ot 8 TrSeks S VbR S ddin SOUHE & | GHAT G

ol Qb RClMRROMRS Rk &, MREAAE@N @9 and the first and
tetranerization reaction conditions with a catal yst
syseepndf liligengises @vmpiomeeritsi diy) ek dial 30t.lve priozesstalyst
is a %on%igu%%§ Qr e@ -conti nuous process and the

r aPir§“5F 5the c§F§1ys 5%ﬁponents, especially the ratio

of the tiomglodridgand iand atrke sseeamd d ifgandisd sss W cocatalyst
2007/ 057455PCT/ EP2006/ 068652 - 34 - varied during the

pr 68648 devardaiosn WL NNE CANDe uaid sy he fidanstbddagarmbrpadinds,

th d Li.qand can he perftor t.0 _make, conti nual .
A EOEREm SN iR R LA n R T g o
CORROHIHeO RN iGRT Jae iREAIIFE & ndo s& 191, 0GR t4 change
the product conposition produced. A preferred version

of tekira fdmsadbvanic asig srbeass of ositliven tiahgrd Hardmborate,
and t.etranerizatiaqn _of .ethyl ene, wherei.n.the process
co%ﬁgﬁgg% é%ﬁiglﬁﬂrnﬁngfﬁ§y%§5§ ﬁﬁﬁ%ﬁﬁ%ﬁi%ﬁﬁg'zation and

t et r amepiazalican sheaC Prdif «GaRdl 1ot alQwitish a-cat al yst.
system of the present invention, wherein the process is

a EFAENAGSUS IS Uk FOMEORTICHUOUS UteddSs T Y agfk il nium
rat t he talys 0 ts, iLally the fir
| SR Y S S g et

pr%ﬁ%ﬁ?k IaesRaratln o6 %u%Q%uq %i’epre%%%l%ﬁe}f%%ected

cata can be perforned y technrque to one

skighlgd cggtqgg)ﬁ Aldypl S(Eﬂ'éiﬁ%%a@l%/t idgl%ﬁwizg 1 dyahtr abiRibn

centrifu I'i"qui qui d Sep extracti‘on

et eon2@fwihiemodettdidss Jregandideg s inlaotnpardd uch as
conditions, including further details on reactors,
soluédtly, agepdihg ildke-ecAwrquds i tang eramnles arbwidable

found in NO Q2/,04119. The use of the catau%f syst em

t .
anB@IFRHOEI NN e OOBRHOMNGT: NGNS & Gt @ [uminium

cataiyyhi C 4 'ie{tg{glza%t&n&@lj]%ﬂ,( Af)a}m%:rz‘&l%u f Plgldn,
nmononers provides a sinplified nethod of produci ng

t r itmerd sabad ttydtalamemg uaf  (THSAJ, e frimii-a ~oartgier] um ity um,
reduced fqrmation of byproducts conpared with t_her1 .

c oAt iEd A 4R dilde, ethylaluminium dichloride,

dimethylaluminium chloride, diethylaluminium chloride and
aluminoxanes (also called alumoxanes). Mixtures of
organoaluminium compounds are also suitable for use
herein.

In a preferred embodiment herein, the cocatalyst is
an aluminoxane cocatalyst. These aluminoxane cocatalysts
may comprise any aluminoxane compound cr a mixture of
aluminoxane compounds. Aluminoxanes may be prepared by
the controlled addition of water to an alkylaluminium

compound, such as those mentioned above, or are available
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3000n’p03| tions of separate trimnerization and
tetranmerization processes. In particular, the use of
the catalyst system and process of the presen

WORIIASTR for WO 2007/ 057455PCT/ EP2006/ O6865;‘C_’1‘/E§§00_6/068652

the catalytic trinmerization ang!tetranerizati on of
ethyl ene to 1-hexene and 1l-octene provi des a process
Wi clomrery: iaildly . seIN@@t—il\iinnyLlﬁlgr ekahelese odnd uli-tattlene

over, al,l the other product d.in the react| on.
oYRLBvaraney A B M hwio el phseren S T pdiodi fied

Pr @@e$s/10% ltul?rﬁ. rRRSRN (MMAENT QR r@%@%‘ﬁ:@ﬁ VPR AINEn Al dhe
of the first |igand, corrponent (b), and the second

| i gdABAC) onpertent-n(-dut yThel isdumemiozanicomnahd et ra-n-octyl

tety, t lecti vit th t of
L MG eath-adirs T 3 KOG e TRONOBIRE MPieh that

ovenal Iteqrnpd*éqtunﬁ%&%ew ) Qled mt@lrl%C%?asofsﬁé&flcatlon
present invention is at |least 70 %u, preferably at

I eastcmmiéﬁr\ﬁqonmmi@rléﬁeraaM1)ladvtlel edsimi9® e s ofwhimh are

ove al,l uct conposition. The 5t.ri.ner.i zation, an

C et At S e AP e R

t ety RIBIIAAL] Oy e etdid ena dH oy th Uty &f ZJGt@nPE
08 fraction in the overall pr oduct conposi ti on) using

thesvﬁat,altyysn@,ﬂéuemhﬁutt tre Yrtesemtuti mpdnitdrenl i ahout 10
I ea,st 87 luf)r efer abI y at |least 88 %w, 20nore
pr erdrabl}; dt %\, of the over al | pr oduct

conposi tdtder Sultalehae cajnwttaqustls hexanfiddradueedndt i oned

the trimerization and tetranerizati on of ethyl ene using
thelft:aWEQaIWO@yls‘iferWQ)fZQQﬂe’%@sk&naﬁdnﬂ%taw4%56479 the

typ 1Csac| lc?%,tlu?ert he r &eh Oa{coregg{rgﬁ&nﬁplo%@e’t%&% ee?le{bl JSP fff}b%lfr

pre ST ap

20 mlg&ﬁ%)?/mef@jeﬁ&ga overal | product corrp05| tion.
The amount of 1-octene produced by the trinmerization

and t et rBmerqusttiony off é%%feﬁﬂéls\ﬁslw thie ¢atalyat system

T o et WA O R RS 20 aEoble -

t 0 Bb: oM in Nt paeferfny §From@oMot o Bfefétabdy from 1
the overal |l product conp05|t| on. In one aspect of the
WO B0 A 74@9@@@@@@ 8650 -1BH - m%/ferﬁ%ﬁerably 1 to

?gﬁgﬁﬁe% z'}r?flg}hlﬁgf et'hy engafg%?%g%% L{:](%t;% sys en

of didileypiesantor Nnvemngsioani s in the range of from 10 %
to 30 %uv. 5The 1-hexene selectivity (i t he anpunt

of 1- h&%%et%%%eﬁt@mmecwqw%wﬁ offh%h%ab%iﬂa&
o n@gﬁ&#@@} Ednb des & b er | g)at' a5 %tfé | anBhd Zeh b ORourth

ene using the cata yst system of the present
invcemmxb@rmem’s pf eflee abhlya by st emgd t 80, %d) , noae be added
prefe&g@égr simultaneously or sequentiaily in any order so
as to provide an active catalyst. The three catalyst
compenents of the catalyst precursor composition, (a),
{b) and (¢}, and the fourth component of the catalyst
system, (d), may be contacted in the presence of any
suitable solvent. Suitable sclvents are known to those
skilled in the art, suitable solvents may include any

inert solvent that does not react with the co-catalyst
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w@ﬁé&@%g%yy (i.e. the anpbunt of 1- octene pr esgit

10at | east 85 %W, even nore preferably at |east 90 %u
and nost preferably at |least 95 %, of the C6 fraction
of the product conposition. The 1-octene

action of the product l15conposition) |n”f:¢1ié06m68652
trimerization and tetramerizatPdn of et hyl ene using the

catal yst system of the present invention is preferably
at PERSNSGT AL Chhurse tefratasl o ldiphadaist, 85 94ty revedn

.pref.erabl east__90 ot t ferably. at .
o aet B G A MatiTEr D e s DD et o sr e otonic
| n1peRdidsce, Ty canbigiesknk-dexane@nd dite élré)CI}icl?E‘elimited

yield is typically at | east 88 % of the overa
pr @ucesgmpssi thadmenean andians, @thodibenrtersd, tdwenene,

present i nvention, the 250l efinic product conpoesition
ot BERE S B A o SXHA Yot AR Tt (0 BH e A e
usiceg rblde cealedl Yttt IsNHRINdHe A PERIGAL d A Odhe,
typically conprises a conbi ned total content of

1- kgepdezadel- detherenan tlheatange agfd fohemlgigke o IBE et

of ral r, t. conposi.tian referably from
ohe{RgQus M Rradat Samand o, S0REl SLABLL IO, o
whepegion 11e  kurexene h%@lto%htrljoﬁl alolheasts Hhd WR1lar solvents
2007/ 057455PCT/ EP2006/ 068652 - 37 - %wm, nore

pr éehalBisy ddteiheds to the romtt e hvskio frrafrer apigt eiitteiast, and
Zot%mévt ’1i?cfe the overall product conposition and the
1-dctené'content is at least 10 %, nore preferably at

| east 15 n%winearthbmeimaitefod altley e degastideidton Ofthe

5t he overal |l product conposition. In further

enbedrAYSt SRR priefOHgh\hESSH NS HdIeFidaalyst
T T e o S e
P oIS o el e Tt R e Ko e of

of thieeppeesent iirngntiicon conprises a total content of
10conpounds ot her than 1-hexene and 1-octene of at nost

12 owt dhet ke tadersdl sYsteau@t dhpdsiaseat, ipresrdrim ynay be
%fs‘aré% Bt 20 1704 PLEIEIARY @t em’s‘tfd?- ﬁ’éu” or
n the 1- nt oA re

at

whEre exene cont I's at Ieast

pr ebgeakley oft theasil elfS it nadnrst Mef enaldey @itdeast

20 %, of 15the overall _product conposition and the

1- GOTBRECESH &rft tihe s tadasit O S S P - OTRQT dr sty &) -

| east 0 a f.an 9 f

tha v 11 AR Sy s S AR Th raslyse

ol efyistiem, pr{@dycmagomeosichibdmenf fuid ot rinmeHe atbsshenhf the
tet rageri,zati on of et r;_yl %2% 20usi ng the catal yst system

of Ot-Ré *Briés B fiRFen ot o e idds S MoRtcaie i Gt et ofncluded

fggg%@d%oo %n;amqelgl-tﬁéemo@%t% O & I b By st

e of from2 to 12 % of the overall product
cospesiet, o inprlafaereabls f marmh2 tthe thrduneartcs nof eche
Pr %2?—.2‘3%'5% fsgzosr{]e%n tOcJ):' %t%é’trfy V\pfhoelrn | r}_nt q:%el_process of

contacting the components of the catalyst.

Another method for forming the catalyst system of
the present invention includes ccmbining a first solution
of components (a) and (b), and opticnally component (d),
with a second solution of components (a) and (c), and
optionally component (d), wherein additional amounts of

components {(a), (b}, (c¢) and {(d) may be further added to
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25hexene content is at |east 10 % of the overall
product conposition and the 1-octene content is at
| east 10 % of the overall product conpositio

WOPPIPaT45§, the product conposition al so conprngé"éEPé{“’ﬁmﬁSﬁSZ

nost 2.0 % of 06 compdunds ot her than
1- hexene, at nost 1.0 % of CB 30conpounds ot her than

1- e¢lkeRRmHAn S 1910 WMt 1af n@c@s%@rf@qurﬂ;@s eh ahdfdsired

2.0 %t of hydrocarbon conpounds co rising 12 or nore

Cap@@@lgﬁﬁw§ystﬁ§lCaﬂ@ﬁygﬁ) he above mentiocned

20 7 P P [ c t
n\%én%?o%%gir egl;i/cl st r&%gg%%% %E]% f%o I %v%\%%ﬁglﬁgln%i %?porhents

examglw& pExaies] e@&m@&ath@ﬂQeduhe&namﬁe absence of the
Characterisation Al chem cals used in preparations
meFQEEGFEHhéﬁﬂKgﬁﬁbn1Aldrich and used w thout further

purificatjo nan 1

oper at i gfﬁ{s vrkmril% T he Ca yst %g%tr{ég{rir:s\@ \?\Dgfrethgarcr#edu}gte
ungefe itgcagerengiowismher,e. (Al (&gl weit S(d)sednershari@deth
usi ng standard procedures. Anhydrous t ol uene 10(99. 8%

purqqr%orxm: Rh ot A StolseEnear idéveéna(xf ibwccmﬁé“red at

cont &Nl 0l A0 3 BRI LI oL fieptrane 9% e
purity vvas Fied passa e over ecu ar SI eves
(f iprad £ enedkelry dbrﬁcerﬂt5(bf°cabw:tre1 mﬂar&tﬂwl@w&d 919)[5%0
purity) mas purified over a col yunm 15cont ai ni ng

mol ecul aM &Vl afd RS Thtod ydte RssnY ritraf%ﬁfl% may be

(r)|el gonﬁ?&ﬁ{)t ai ne?%r%(} Cc atrcggi eii:'l égéjrgpl}%?aterlal Th@xamples

Chrofimreuoigragplyy (W@p)qrt medredeia o cmml}:uﬁtmm:dd giomato

di strijbution using a HP. 5890 series || aratus and

L 2o I i TR LD S Bt RO 44 %?iﬁ 18t um:

HP-1 (cr Qx &

= 0. 25prr1?ﬁ?|?nc%ier ngﬁﬁgn}gc%%e?é r@blé engt GOI?E}?%y
HevﬁJEItIﬁeﬁaz:c‘ktaircd') anmjmttrame:tmmercat mecé?a%@f the present

detectlonte ture é{ initial te ture: O%
255tV e Jn‘?lfh E‘Lfrjéugﬁdﬁcf% 'at ich can be

10. Q%G il & 1&&6‘34 E@iﬁ@f alMreat 34pss f Orslﬂﬂtaﬁom né’l@?lnlc
i nternal standard: n-hexyl benzene. The yields of the

04-m@83nexf ef imslude e bt e reddt crmccelr@a‘xilagnalysused to,
rrerlzatlo sel ectivit tetra

S0GEE T 1 oo Firearicd SRR} AT G et ene

Selpefetferattgly\l@ ;za(l)rl (Qetf nse,d blytlonaaiﬂygranched Cs-Coa,
preferably C4-Cspn, internal olefins, optionally branched
Cq-C24, preferably C4-Cpp, vinylidene oclefins, optionally
branched C4-Cpyq, preferably C4-Cpg, cyclic olefins and
optionally branched C4-Cp4, preferably C4-Cpp, dienes, as
well as optionally branched C4-Csy, preferably C4-Cohgq,

functionalized olefins. Examples of suitable olefinic
monomers include, but are not necessarily limited to,
linear a-olefins, such as ethylene, propylene, l-butene,
l-pentene, l-hexene, l-heptene, l-octene, l-nonene, 1-

decene, l-undecene, l-dodecene, l-tridecene, 1-
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WD 2007/ 057455PCT/ EP2006/ 06865 The anmount of
"solids", mainly consisting of heavy wax and

W@%@g%@%ene, has been determ ned by wei ghi ng.pcaidBhos/ssss2
| 0 5%ges,

s 1solation fromthe react9r3zful and appen
foll owed by washing with toluene on a glass filter (P3)
5and by vacuum dryi ng. The anount of "total
pr bEGERIer8nEne 1§9ﬁﬂgﬁd@ﬁ@n@m&nﬁl%ﬁd{e§ﬁ@@hy lolhefitidecene,
preod Lyed fr Lysi ng .t mount.._of
Sor dor=tEERte 1aBheb iRl ary doS t5hRst R St o
t eopefahsr evwht hsa 41a¥ahyaped@o 1IM3nc0and0Q -Mihy1-1-hexene;

apEaratus. Cat al yst systens The catal yst systens
of LERE&2Pr 88ENPTRACERHI dRtRENE Lprésaies Fush @ Attene;

r .C bt .C Al [ i.gan A C, and
N T S i SR
chr om uMisaures, offhede fdadpomenivaeaise cdes arlisketdelaw in

Chr om um sour ce Chromium trichloride

t r P8t BEPERYEr 8FulLRR) PEEREPEX 1NveBti8PE13( THF) 3, and

chrom upLEL$(2q4 -ReRt anedi, s 50 Gal lied om um
tris(acetyFacetong?e)} ?%e.%gggg gcag?SP%%a&g'gg%% used
astrheechrzatiiom sadr ces rametrieatiionl paveess tofi thendresent
tetranerisati on reactions of eth%&ene. Li_gand A

( cORPEPALPPe PTETRE OPYLRBECH GRFp REMYILFOShe FYPFENEEY) P( 2-
25 E@8§¥@Heﬁﬁlktﬁ§ﬁ%%%[) i gand was prepared by first
f no

ornm ng a suspensi 0.42 g lithium (60 mmol) in 80

m of te&heabpdadfyetasysTtHR) antlo pwhbicels swas adee ¢ r@ s@otg
of ,(2-met hoxyphenyl) 2P(phenyl) (30 _mmpl) at 0 C under
aninventiog, gdf Rembdfhers LYTHSSHM tPE s stimuld@nesus

4 : : ft.er [ i al,i<q f Ql

vvagg gfé‘ggéé%\lﬁgﬁﬁm18%%%?%%%255%86}’ 56%%;1@%8%[&3 o exene
m anfl flebotreewas added to the m xture, after which the
solution was extracted with two 40 m  portions of

water. ThE &EXtP&ctéd toNuehe SoaeroR "Has Rk rocess of the
copceathat edvka+acholume nef p%r%%%eﬁah%ldxér%% Han gthiggh

S5resulted in formation of a suspension. T
coptentrat ednddltdens &olowni ¢t was Bikitidedd inafdhes agtg of

of 02016.mag.added tg &he t ol,uene filth%te, whg%ﬂ.mas
t hERTEEF 18 1PBr 290 bGHE AP TEFECT PG HEL 5G9 Shhitth
evghﬁ@ﬁ!sﬁ@amltﬂa% rkeack! alchas,” FoaPRedmp1R, AR Hjdel i
bath. The m xture
disclosed in WO 02/04119, W02004/056478 and
Wo2004/056479.

The simultaneous trimerization and tetramerization
reaction can be performed in sclution phase, slurry
prhase, gas phase or bulk phase.

When the simultaneous trimerization and
tetramerization is performed in solution or slurry phase,
2 diluent or solvent, which is substantially inert under
trimerization and tetramerization conditions may be
employed. Suitable diluents or solvents are aliphatic

and aromatic hydrocarbons, halogenated hydrocarbons and

olefins which are substantially inert under trimerization
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10was then cooled to roomtenperature and purged with
nitrogen to renove all of the remaining HCL present in
the sol ution. At room tenperature,

asm
WQPRGHSHMSDf triethyl amine was added to the conBEhtEPEEa{686s2

tol uene solution and left 15fc# a few ninutes, after

which 6 ml of 2 M H2NWMe (12 mmol) was added a few drops

at aadt tBerambeisespenstondnasohi! heyedeaBpnaghad wWukh as
20 m of toluene. The toluene filtrate and the tol uene
washofpatiFehoRBAe 1BONBI HEd04ThE, cHRBPABAOP6RUEnand

fr [ necevaporated 20 to dryness and 30 m of

me §§9§?7&§§4286ed. The net hanol sol ution was |eft

over ni githeatriderCzuherai And wWaktkambéZization process of the
nethoxyphenyl)(phenyl)PN%CHB)P%Z-netthyphenyF)(phenyI)

pr BEEFRRAt eDKAB LEOANBEYi RSt RETSEFGEFoAN FA¥ One of a number

Pr 86 B!u%t@%%gel L-aand ,yas E\rlﬂ?%gi 3?%%3?1 ZRABE to one skilled
pitated | sted of two a racem ¢

pr €Ci i'gand cohsi i sOmers,
| sapethet hetRR agdiealiheths emantromaesoaf ahke | i gand)
and a neso isoner (the RS enantioner of the |igand).

Th&SSEEPEFEiZaid OFf PERESESt B6 LEEnBESSEBEe lAFEBLHORed Shy

o T

met hoxy ghenyr)fiplre aylt) onasnds ed tiramkhe zexampl @socHyss of the
sanpl e consisted of a m xture of both the racem ¢ and
t h@rRBseti d6WSFS IRAVITRY REi GRETEgM 68tofinggrga wide range

desi . : Pt ;
(giﬁggﬁgggﬁﬁéhép? gﬁgﬁgﬁ;Phﬁgﬁé)Bfg-WEll known to a person

metskaxyelkdenyl ttehemyl o fi mramkrizenlian patl aewirtimerization.

CrC13(THF).3 was prepared by stirring an equi nol ar
mi XS Yar ERS( FARPS TATH IS gard P%m%&né Agnge from —100

tologene, BQfporecl g%rfea}tabg%frfoﬂi loowed LRy 1%wapg_*,atairfa1 fre
the solvent in’vacuum and "washing of the residue wth
pemzierabilgaridod @0 r°st Ha ¢d&id)°C.Th&he pressure range

2- h h 2PN( CH3) P(2- net h h 1)2 15l. d
s BT HE APy LR GrGReBT P ETSe g iy De
MM Ir HoAmfRf X e WELARNEt 2rd rd) Wardi fdpdnBtferupon the
Tothis solution 10 mMl of a 1 MHCIL soldtion in diethyl

et Hemi(ted iransl cNCIthe wes ciddad typders ldry ither treaction
oRERThE Shabr PRI e FiE SRS iaric
r erpveadh freomd R rodiet Bader \aeiePaNgd 20 e e

tol'uene was added. The resulting solution was filtered
and?itlhle ol irefdanaranasnmdingd O dm t19d ang,atwnsmdareferably

gfglﬂﬁtf)eg(%djﬁ%ggﬁte solid (2-methoxyphenyl) 2PCl

In one embodiment of the present invention, there is
a process for the trimerization and tetramerization of
olefinic meonomers, wherein the process comprises
contacting at least one olefinic monomer under
trimerization and tetramerization reaction conditicns
with a catalyst system of the present invention, wherein
the process is a continuous or semi-continuous process
and the ratio of the catalyst components, especially the

ratio of the first ligand and the second ligand, is
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25A solution of 0.51 g (5 mml) of triethylamne in 20
m of dry dichl oronethane was added to the (2-

qué[g,ﬂﬁ%%genyl)ZPCl product. To the resulti ngm':?()(flg/ﬂv\zg%ﬁ!ﬂﬁ%sz

of a 2 MH2Nwe solution,in THF (2.5
added and allowed to stir ovérﬁﬁgﬁt. The sol vents were
30renoved fromthe resulting solution in vacuo and 20
m verigdy dusiingnéhsap radeed.. ThHeniiattivre ofasHehammtio of the
filtered.,. WD 20071057455PCT/ EP20061068652 - 42. - Th
Ol USRS AAG T T omerrEt 1 raFe CoROGE FAGARATo
10makeokomliinaRal Jeassaaded st @ d e prediadie do MAauce, a
suspension, which was filtered once nore, to |eave the
socpaswhiteat product composition or can be performed to a

2- et hoxyphenyl) 2PN( CB3) P( 2- met hoxypheny1) 2 5pr pduc
whPeRCRae KOO PURC Comeerity fonpesi bl PR e,

( 2pretbexyah ey k) 2PINCEHINRE2 wiiarrientl)?2 drb @ ds ¥or the
nolar ratio with CrCl3(THF) 3 was prepared simlarly to

CofiposerigatAon 20l ganda@edeatidn ofamdhylEre, wherein

henyl) 2PN(i sapropyl ) P(pheny1)2 1 d.was prepared b
RERPOFF Bl MErREd oo T CActida, b e Boaaer o )
at pRsRBei atidnanky iteithuhRFine tWas added it &ohditions
(pheny1)2PC1 in 80 m of d%ytdlchloronethane. To the

g

15résnl & rgtailyslr 8y st ey iy theo prepgnaniing apds. caddetherein

an I ] to.stir r.ni ght at room tenmperature. The

Sol8 pRURESEO Y ol BrEidl e B SATEMRERIE o e s

i ngaguehanaa%Q oo Foft her vattallyete cwap oadded., E@@e[rﬂhi@mrﬁ the
e

was then filtered over a small |ayer of silica. .
tofdsae 20@asd amsyddef seronke Ligifdat & suiger sfacinming the

(phen PN(i sopropyl ) P(phenyl) 2 product was isol ated
asggoéé%%é solid. Crystallization from ethanol yielded

(pheny 1)3%?H(ria3:6.@h0 Rl XBepheayll-2 sgs rebictantr vidldatalyst
Li gand D (second |igand) 25The ' _
( pReRy P2 PRELSEEEsp YY) PRY- fechvifivife MpopR [Hogame st lled in
r r b f.al | Qw hod. A I. i trogen
e sl i HE O et iy E Y=L A T

| sephopyifagiane onn 1A guli ainy duakuerga rke itdhe feidddtion,
m xture, 5.15 m (phenyl)2PCl was sl owy added 30and
al Bé®ed to stir overnight at roomtenperature. The

\%fgi Pl EALE R3S f2TAMEY Y i A apIRE S MaNS
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
compositions of separate trimerization and

tetramerization processes. In particular, the use of the

catalyst system and process of the present invention for
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WO 2007/ 057455PCT/ EP2006/ 068652 - 43 - renoved fromthe
resulting solution in vacuo. To the evaporation
resi due, pentane was added. The solvent was th

WORNEPSHSS n vacuo from the pentane sol ution, EZITH?PH&M"%S“Z

(phenyl) 2PNH(i sopropyl) as & & ourl ess o I \Nhl ch
5crystallized on standing at roon1tenperature.

Undae aaniailyogentaﬁmxmhatéoni%aﬂti tetehﬁgh:m&itﬁen\l\@i

added to 0.9 of the isolated £phen y1) 2PNH(i sopr opyl)

i 50y epF aPylaPSHPBPoﬁ@fihénec tBet REOV&EQPt Pngrocess with
m Xty ehléhlsglefctg t Roxyphaay 1) gPCLanas o%‘ﬂ%%% ?}%r all
aIIo 10stir r week at room tenperature.
theheesuhtan:ngrodacﬁ:isonﬁommmtlurLa tﬁeltaeerbtchbndry t ol uene

was adde The pr.eci pi s renoved
centrifd StPBﬁra eY§8h m@F§eP§n69leFP8ﬁFPﬁeln the

re I 0 c e
fi Forhasned wth f’g?%te‘éﬁeggxsﬁ?ﬁgﬁ P Ranar e "Saaed o
tootEhehsoIfutmsmn ldgaed , s tiompicngnto (Yi) el dna whiet &esoinidd.
white solid was %a?hed Wi th pentane and dried in

Vagigandh e FTIOCH Pt
(Pheny 1)r%BN@ﬁ91%&9@élt)l B2 el ROXYBRERY bag i o0 AR i £y
The co-catal yst used in the experinents bel ow was
209¢el.ect @dhef moount of tmumeﬁsednmetbykambumlmdxam@ olefinic
(MVAO wherei n _about 25% of the meth r.oyps .are
r eﬁloélé’é‘&r\ﬁ tH i Vil aérlo @ﬁgguﬂ&(}% POf i prdn @ X [TAS

SrdE i) o A Hd e e OMAKZONEREL sChemicalst BoV-owt
Anersfoort The Nét herlands; 25net hyl al uni noxane (MAO)
i nmf@mé)ly[ Alt] least2@%w: wtsupplnee@rleyfeme@im et Gesigt 90

or i ort For LRI, SHGOET EFFREFIItTn BN

t ettrﬁmrﬂlzz@ttl 1A IghA t@%tr%eafqtz%ll%\he sl iBraun M3 the
200-G dry box the CrCl13 1:1 conpl exes 30of ligand A or

(tir.iene rGaspidsint isgws tAt remeB'i zatidinc atfed¢tfdene (i.e. the

B
2007/0574%§P%I/EP2PQ?/Q$ gﬁ&&bdﬁb&ﬁ@%%v@%@hﬁkjagéghct
P efos SRR A AP T € RAGPG S Tt YiASene

pr ecut'sor “conpdsiti on was
cori\tﬂ:retrﬂﬁdmtlcs tdte leadsd VoSt ﬁm utpr@feb:)e}ﬂqtjla’lg 13ammI8s swt,

of 5MAO solution in tol uene MAO sol uti on),
fomQﬁﬁedﬂkﬁﬁq lealaty J@agstof%drwtromfeﬁéle fC?‘f?alTél]yl tieoduct
botgc[ | ed by a septum cap. Al ternatively,

chr om um-t rlscg?acetyl acetonate) and the rel ative anount
of |i garithee cmporentest A -~Hexdie ambdhcet[)ats_,r itrteh cat ok rization

Table 1, were placed in | ass bottle, whi ch
{ OITEhe AR5 S7h )P ek AR (45 018t dine (4t lyet systen

catad ysle RYQCMSOT: SRl Q0.3 Falil ds the 1@9“@}1‘@ Y&Sge of

sealed wth a septum cap. These "catal yst solutions or

caﬂ&hy@tl@r@@@r@@r90 $wt, preferably from 15 %wt to 85 %wt,
more preferably from 20 %wt to 80 %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 10 %wt to 90 %wt, preferably from 15
$wt to 85 %wt, more preferably from 20 %$wt to 8C %wt, of

the overall product composition. In one aspect of the
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15solutions (the chromumtris(acetyl acetonate)
sol utions are introduced as catal yst precursor solution

whhbéishgst 0 be activated by the pre-dosed MAO i MR 068652

in-situ in the autoclave), or rt of these solutions,
were used in the sinultaneous i- and tetranerization
reacti on of 20ethyl ene. Sinultaneous trinerization and

t et PHRBFIL2BY i GAOMBACCifoRs OchEnet pylosivesichby L litre
bat ¢k - il t. trd -..an .
[FEIRBLOSan so rer B RIIRRUD L seWlene uaing one

1. Bat bl yetskgel eaubdc lthee peasicpped n¥onittibn dekeln the range
cooling with a heating/cooling bath (ex. Jul abo, node
ATSL2FIGRd L] fHitbitRef§ad™stirrer and baffles. The

react or S1S e [ .aduci:ng 2 m e _
VRO (0. e oD ST se S udit St e ApaE0Toc
underenit pogernpr éssuhe Ofy Eréc@ibnMBE fible 3dorunt The
reactor contents were discharged via a tap in the base

of compoadtachaven The rtedoeodzads cevaodatted tameahicasttion of
WO ﬁgog/057455PCT/EP200 /928 52 -45- 0.4 EEP and | caded
wi EhREpBPREx Paldl Vo562 P LYSuENELER RepLife PHFSSEd to

40; vandiphessuphaed rwhy gkhykane 8o iather@reMidedteranly
stirring, a MAO solution“was added to the 5reactor with
t hataldast 80| Gehe eveobtaire amedeerblly At/ Qeastorfitc 3wt and

ratio _of 200:1 (the total ,valu sol ution injected was
Bt oB AP EEERAIVAS. S6REEI 9f dFFatBd Wih CEbILaaE s §f
S inhgg%ed and the injector systemwas rinsed

oﬁ?mgoﬁﬁtﬁ8puene) and the stirring at

10800 rpAewasceeBhiendedekber v38 yM(AUkeSthe amoulte of 1-
Cr-catal yst system prepared as descri bed above was

i neebgneenreAedtt he $her Ced freation gdi ffeamrioduedt i on
systemw th the aid of toluene %phe total volune _

i nfeePedihasnabétt ths Mrirend zaadany shdséeitiagiprization of
15dj i,t.h 1.0 n L Nj.ecC

i n]gi%ié%4 %?ﬂg&%»g%bmg?%r ?ﬁ‘gc%&%tsw ggg\?\de%ﬂhbgbgg% g’r}%st&et

t oinear}yiokheési pirkeifakrabdgdiang letsth@0r &adtt, omonas patadfigirably

300 m . The %dgition of the catalyst systemresulted,
af teri128ah P dﬁUFhoﬁvﬁérm@&eoPrﬁgﬁﬁﬁbgyw?ﬁuﬁéﬁs?|?QM?Wt and

exghoer fﬂ:e%%%ﬁ%'iﬁ]' V%M)ét Ei%g‘%t5950‘%)~t,v\’eigc%r%%%%{o%' I the

reached a maxinmu 1 mnute and was followed by

espabhhshmeRpekithent enperature of 40C and the
pressure of 15 or 30 berg as indicated in Table 1.

25Af t er Inopsanrthager hgéhgesiombdned dnbeseret hyldetdie thectene
R A e S e e A LD e YR AR
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 58 %wt and more preferably from 92

toc 98 %wt, wherein the l-hexene content 1s at least 1C

iz e AR T et



10

15

20

25

30

follomed by ventlng of the ethylene decanting the
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2007/ 057455PCT/ EP2006/ 068652~ 346" Af t er
addi ti on of n-hexyl benzene (0.5-3.5 g) as interna

st andar dotre phe rerude ypeedyehstt e amRuAhdoddte o3 Qbly
olefins and purity of 06, 08 and G g ol efins was
de®ér AeRed BY ga@tfcr@rfort@teo@ﬁfegﬁyll Pﬁé’del%ﬁerqqlmﬁsdltld%t and

5'%h%eﬁ° E%% encg%gg%b lS at le tta% 3t N re preferably

experlnents indér &f ethy yl'ene preésur

0. B¢l illeme tstieels wautaoe amet @Qielfbﬁeﬁ)ltyl it ardays t cz(l het, of
above-descrihed 1.0-litre autoclave, was used, | oaded
wi tthea ovsEal loPresyGH QQmHQﬂhﬁé9§ MAO- sol uti on 10and

Cr - Catalxhé; ¥§E§”@ﬁﬂgﬁ ﬂ%%%ﬂ%& %%é@éﬁ%HfH$@ﬁtlon the

system sol uti on, Tvent an I"ene” consunpt’i o
mem&eﬁypumawrpdmﬁtfcmmmthnsﬂxmsei mMetmenmmmuxaxmuhrand
1.0-litre experinents in qrder to maintain an Al/Cr

at At ARG B gb Sk AU IENgndsA NG e a%ycﬁtef%sfﬁtem of

;gr%t(111 %[c?r at 1r5h%)'arglq{ﬂ1e e petsle%fent I%%tggtoa 'S prtzw ded

I n chadpoainbshelthwr ther06 -heke@® @mdldt-alqi%e) dEGO-mhst 12

6 o%\Pt %fG t%teo o%%rNal-l-lOtpa}:lod%rc%duc%tmp051tlon, preferably at
most 10 %wt and more preferably at most 8 %wt, wherein
the l-hexene content is at least 10 $%$wt, more preferably
at least 15 %wt and most preferably at least 20 %wt, of
the overall product composition and the l-octene content
is at least 10 %wt, more preferably at least 15 3wt and
most preferably at least 20 %wt, of the overall product
composition. Typically, the olefinic product composition
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 10 %wt of the overall product
composition and the l-cctene content is at least 10 %wt
of the overall product composition. Typically, the

product composition also comprises at mest 2.0 %wt of Cg
compounds other than I-hexzene, at most 1.0 3wt ¢f Cp
compounds other than. l-octene, at most 5.0 %wt of Cqp

compounds and at most 2.0 %$wt of hydrocarbon compounds

comprising 12 or more carbon atoms. The catalyst systems
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and process of the present invention are illustrated by
the following non-limiting examples.

Examples
General Procedures and Characterisation

All chemicals used in preparations were purchased
5 from Aldrich and used without further purification unless
mentioned otherwise.

All the operations with the catalyst systems were
carried out under nitrogen atmosphere. All solvents used
were dried using standard procedures. Anhydrous toluene

1o (99.8% purity) was dried over 4A molecular sieves (final
(: water content of about 3 ppm). Anhydrous heptane (99.8%
purity) was dried by passage over 4A molecular sieves
(final water content of about 1 ppm).
Ethylene (99.5% purity) was purified over a column
15 containing 4A molecular sieves and BTS catalyst (BASF) in
order to reduce water and coxygen content to <1 ppm.

The oligomers obtained were characterised by Gas
Chromatography (GC), in order to evaluate oligomer
distribution using a HP 5890 series II apparatus and the

20 following chromatographic conditions:
Column: HP-1 (cross-linked methyl siloxane), film
(: thickness = 0.25pm, internal diameter = 0.25 mm, length
60 m (by Hewlett Packard); injection temperature: 325°C;
detection temperature: 325°C; initial temperature: 40°C
25 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-
C3p olefins were obtained from the GC analysis.

The “trimerization selectivity”, “tetramerization
30 selectivity”, “1l-hexene selectivity” and “l-octene

selectivity” were all determined by GC analysis.
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The amount of “solids”, mainly consisting of heavy
wax and polyethylene, has been determined by weighing,
after its isolation from the reactor wall and appendages,
followed by washing with toluene on a glass filter (P3)
and by vacuum drying.

The amount of “total product” is the sum of the
amount of largely olefinic product derived from GC
analysis and the amount cf solids.

The NMR data was obtained at room temperature with a
Varian 300 MHz or 400 MHz zpparatus.

Catalyst systems

The catalyst systems of the present invention were
prepared from catalyst precursor compositions containing
ligands A, B, C, and D either individually or in any
combination, and a chromium source, these components are
described below.

Chromium source

Chromium trichloride tris(tetrahydrofuran)} complex,
i.e. CrCl3(THF)3, and chromium tris(2,4-pentanedionate),
also called chromium tris{acetylacetonate), i.e.
Cr(acac)3, have been used as the chromium sources in the

simultaneous tri- and tetramerisation reactions of
ethylene.
Ligand A (comparative)

The (Z-methoxyphenyl) (phenyl)PN(CH3)P (2~
methoxyphenyl) (phenyl) ligand was prepared by first
forming a suspensicn of 0.42 g lithium (60 mmol) in 80 ml
of tetrahydrofuran (THF), to which was added 9.66 g of
(2-methoxyphenyl) 2P (phenyl) (30 mmol) at 0 °C under an

argon atmosphere. The mixture was stirred for 4 hours,

after which time a 5 ml aliquot of methancl was added.
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60 ml of toluene was added to the mixture, after which
the solution was extracted with two 40 ml portions of
water. The extracted toluene soluticon was then
concentrated to a volume of approximately 20 ml, which
resulted in formation of a suspension. The concentrated

toluene solution was filtered, and 4.6 g of CyClg was

added to the toluene filtrate, which was then stirred for
2 hours at 90 °C. The HCl gas, which evolved from the
reaction, was “trapped” in an alkali bath. The mixture
was then cooled tc room temperature and purged with
nitrogen to remove all of the remaining HCl present in
the solution.

At room temperature, a 5 ml aliguot of triethylamine
was added to the concentrated toluene sclution and left

for a few minutes, after which 6 ml of 2 M HpoNMe (12

mmol) was added a few drops at a time. The suspension
was filtered and washed with 20 ml of toluene. The
toluene filtratée and the toluene wash fraction were
combined. The combined toluene fractions were evapcrated
to dryness and 30 ml of methanol was added. The methanol
solution was left overnight at -35 °C wherein a white (2-
methoxyphenyl) (phenyl) PN (CH3) P (2-methoxyphenyl) (phenyl)
precipitate was formed in the solution. The precipitated
ligand was then isclated.

The precipitated ligand consisted of two isomers, a
racemic iscomer {the RR and/or the SS enantiomers of the
ligand) and a mesc isomer (the RS enantiomer of the
ligand). The proportions of these two isomers were
determined by *'P NMR with peaks at 63.18 and 64.8 ppm
corresponding to the two different isomers respectively.

One sample of (2-methoxyphenyl) (phenyl)PN(CH3)P(2-
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methoxyphenyl) {phenyl) was used in the examples. This
sample consisted of a mixture of both the racemic and the
meso isomers having weight ratios of 92/8, designated as
A.

Composition A’

(2-methoxyphenyl) {phenyl) PN (CH3)P (2~
methoxyphenyl) (phenyl) in a 1:1 molar ratio with
CrCl3(THF)3 was prepared by stirring an equimclar
mixture of CrCl3(THF)3 and ligand component A in toluene
for 1 hour at 50°C, followed by evaporation of the
solvent in vacuum and washing of the residue with (
pentane.

Ligand B (first ligand)

The {2-methoxyphenyl)PN(CH3)P(2-methoxyphenyl)o

ligand was prepared by first forming a solution of 1.59 g

(S mmol} (2-methoxyphenyl)sPNEts in 20 ml diethyl ether.

To this solution 10 ml of a 1 M HCl solution in diethyl
ether (10 mmol HCl) was added under an inert atmosphere
at room temperature. The suspension thus formed was
stirred overnight. The diethyl ether was removed from
the product under vacuum and 20 ml of dry toluene was
added. The resulting solution was filtered and the
toluene was removed from the filtrate under vacuum to
yield a white solid (Z2-methoxyphenyl)s>PCl product.

A solution of 0.51 g (5 mmcl) of triethylamine in 20
ml cf dry dichloromethane was added to the (2-
methoxyphenyl) 2PCl prcduct. To the resulting mixture,

1.25 ml of a 2 M HpNMe solution in THF (2.5 mmol) was

added and allowed to stir overnight. The solvents were
removed from the resulting solution in vacuo and 20 ml of

dry toluene was added. The mixture was then filtered.
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The toluene was removed from the filtrate under vacuum,
and 10 ml of methanol was added to the residue to produce
a suspension, which was filtered once more, to leave the
solid white (Z-methoxyphenyl);PN(CH3)P (2-methoxyphenyl)o
preduct which was iscolated.

Composition B

(2-methoxyphenyl) oPN{CH3) P {2-methoxyphenyl)s in a
1:1 molar ratio with CrCl3(THF)3 was prepared similarly

to Composition A’.

Ligand C {second ligand)

The {phenyl) PN ({iscopropyl)P{phenyl}s ligand was
prepared by the following method. At 0 °C, under a

nitrogen atmosphere, 15 ml triethylamine was added to 6.3

g {phenyl)»PCl in 80 ml of dry dichlcromethane. To the

resulting mixture, 0.844 g isopropylamine was added and
allowed to stir overnight at room temperature. The
solvents were removed from the resulting sclution 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 vacuum,

(phenyl) PN {isopropyl) P(phenyl)s product was isclated as
a white solid. Crystallization from ethanol yielded

(phenyl) »>PN (isopropyl) P(phenyl)s as white crystals.

Ligand D (second ligand)

The (phenyl);PN({isopropyl)P(2-methoxyphenyl),
ligand was prepared by the following method. Under a
nitrcgen atmosphere, 12 ml triethylamine was added to
3.39 g isopropylamine in 10 mi dry toluene. To the
resulting mixture, 5.15 ml {phenyl),PCl was slowly added
and allowed to stir overnight at rcom temperature. The

precipitate was removed by filtration. The solvents were
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removed from the resulting solution in vacuoc. To the
evaporation residue, pentane was added. The solvent was
then removed in vacuo from the pentane solution, yielding

(phenyl),PNH {isopropyl) &s a colcurless oil, which

" crystallized on standing at room temperature.

Under & nitrogen atmosphere, 3 ml triethyl amine was
added to 0.9 g of the isolated (phenyl),PNH{isopropyl) in
5 ml of dry dichloromethane. To the resulting mixture,
1.1 g of (Z2-methoxyphenyl),PCl was added and allowed to
stir for a week at room temperature. To the resulting
reaction mixture, 5-10 ml of dry toluene was added. The
precipitate was removed by centrifugation. The solvents
were removed from the resulting sclution in vacuo. The
resulting mixture was first washed with pentane and then
methanol was added to the solution under stirring to
yield a white solid. The white solid was washed with
pentane and dried in vacuo. Yield - 0.7 g of
(phenyl);PN{isopropyl) P({2-methoxyphenyl),.

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 iscbutyl groups.
MMAO-3A in heptane ([Al] = 6.42%wt), available from AKZO-
NOBEL Chemicals B.V., Amersfocort, The Netherlands:;

methyl aluminoxane (MAC) in toluene, [Al] = 5.20%wt,

supplied by Crompton GmbH, Bergkamen, Germany.
Examples 1 - 11

Catalyst system preparation for simultaneous

trimerization and tetramerization in a batch autoclave

In a Braun MB 200-G dry box the CrCls 1:1 complexes

of ligand A or B (i.e. Compositions A’ or B’, indicated
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in Table 1) and the relative amount of ligand component C
or D if present, indicated in Table 1, were placed in a
glass bottle. The catalyst precursor composition was
converted into the catalyst solution by adding 3 mmol of
MAO solution in toluene (1.6 g MAO solution), followed by
typically 4 g of dry toluene, finally the bottle was
sealed by a septum cap.

Alternatively, chromium tris({acetylacetonate) and
the relative amount of ligand componehts A, B, C, and D,
as indicated in Takle 1, were placed in a glass bottle,
to which dry toluene (typically 4 g) was added to obtain
the catalyst precursor solution. Finally the bottle was
sealed with a septum cap.

These catalyst solutions or catalyst precursor
solutions {the chromium tris(acetylacetonate) solutions
are introduced as catalyst precurscr solution which is to
be activated by the pre-dosed MAO or MMAO in-situ in the
autoclave), or part of these soluticns, were used in the
simultaneous tri- and tetramerization reaction of
ethylene.

Simultaneous trimerization and tetramerization reactions

of ethylene in a 1.0~-litre batch autoclave

Simultanecus tri- and tetramerization experiments
were performed in a 1.0-litre steel autcclave equipped
with jacket cooling with a heating/cocling bath (ex.
Julabo, model ATS-2) and a turbine/gas stirrer and
baffles.

The reactor was scavenged by introducing 250 ml
toluene, MAO (0.6 g solution) and subseguent stirring at
70°C under nitrogen pressure of (¢.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 fto about
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0.4 kPa and loaded with approximately 250 ml toluene or

heptane, heated to 40 °C and pressurized with ethylene to
15 barg.

Whilst stirring, a MAO-solution was added to the
reactor with the aid of tcluene to obtain an overall
Al/Cr atomic ratio of 200:1 (the total volume solution
injected was about 25 ml: the MAO-solution diluted with
toluene to 8 ml was injected and the injector system was
rinsed twice with about 8 ml toluene) and the stirring at
800 rpm was continued for 30 minutes.

The Cr-catalyst system prepared as described above
was introduced into the stirred reactor using an
injection system with the aid of toluene (the total
volume injected was about 25 ml: the catalyst sclution
diluted with toluene to 8 ml was injected and the
injector system was rinsed twice with about 8 ml
toluene). The initial loading of the reactor was about
300 ml.

The addition of the catalyst system resulted, after
an induction period of about 5 minutes, in an exotherm
(generally some 5-10°C), which generally reached a
maximum within 1 minute and was fellowed by establishment
of the temperature of 40°C and the pressure of 15 or 30
barg as indicated in Table 1.

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

C4q-C3g olefins and purity of Cg, Cg and Cig 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 0.5-litre steel autoclave, equipped similarly
to the above-described 1.0-1itre autoclave, was used,
loaded with a total of 150 ml of toluene, MAO~solution
and Cr-catalyst system. The amounts of the Cr-catalyst
system, MAO-solution, solvent and ethylene consumption
were typically half of those used in the corresponding
1.0-1itre experiments in order to maintain an Al/Cr
atomic ratio of about 200:1 and a final alpha olefin
concentration similar to that of the experiments
performed at 15 barg.

The experimental data is provided in Table 1 below.
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2007/ 057455PCT/ EP2006/ 068652 - 50 - It can be
seen from Table 1 that the use of a Cr[I11] catal yst
WbiPdei7#¥%n according to the present inventi onP@EEBING/068652
in good yields of m xtures of high purity 1-hexene and
1-octene (at least 92.5 wt% on total 5 product for
Exanples 1 to 4) with low solids formation (0.7 %w or
| ess on total product for Exanples 1 to 4), |ow Cl10
formation (4.5 %v or less on total product for
Exanples 1 to &) and low C12 to Cl4 formation (1.6 9%t
or less on tot&l product for Exanples 1 to 4). 10 - 51
- Cainms |I. A catal yst precursor conposition

conpri si ng: ca)f.a source of chromum b) a first ligand
havi ng t he g?engral formula (I);
(RI)(R2)P-X%’(@3)(R4)(I) wherein: Xis a bridging group
of the formi’tj ac-N(R5)-, wherein R5 is selected from
hydr ogen, a~hydrocarbyl group, a substituted

hydr ocar byl Ibrg;up, a silyl group or derivative thereof;
Rl to R4 are independently selected from optionally
substitutedd abpmatic groups, each bearing a polar
substituent wonjat | east one of the ortho-positions; and

c) a secondYigand having the general fornula (10;
(ng)(R?)P-)j- (R31) (R41) (I1)
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va%ﬁﬁz 1l and R2' of Rt to R4' are independent

wher ei n: XIS a brldglng group as deflned for X of the

first Iigand conponent (b), of general fornmula (I); at

teg fromunsubstituted or. substituted aro ﬁé?@me6m6&E2
groups which do not contain afﬁglar substituent at any

of the ortho-positions; and none, one or both of 1231

and R4' Iﬁr@annﬁépéﬂaénftymsﬁﬁbéﬁeé thet &he opei ofall y

S t [ ari.n I bsti tuen

o B ELePasRARTE bnfb LR BR0e s AR8, e, TR b sent
polmvesubshi kgeal ti $nsgbeat gdeﬂﬂenbfhmgmu@sc@mslh&&glhng

of optionally branched Cl-C20 al koxy groups; opti onal
subs¥Fityt ahersees42BeyloRGtgReupst iﬁtﬁﬁénﬁﬁﬁ mtan@ﬁle&otal

E%€f§%i$%69g¥k§%aﬁﬁ9£§'EY%Pgﬁ?ggigghigﬁoéxhzdénk%%mat1on

al kyl 7htw{ CarObrakkygh gooapspraddchefetogyahipdegr aups 4),
with at [east one N and/og O ring atom 2. A _catalyst
prE@¥irSpe 5@ﬁﬁ6§ﬂ?ﬂoﬁ4aéceWHiﬁ§ gésél9Pn¢9taﬁh@F@ﬁHCﬁ5for
Is selected from Cl-Cl5 al kyl groups, substitute .
Cﬂ %ﬂ%ngRyP EPoﬂbsané2l@ﬂ5¥éEkEﬁyEl4gzeﬁB§tlon q1'6 swt or
stitute C15 g -C cl oal kyl

or baps. Shubetrl peadest CYaraherBRIRS! LorBuds. o s
aronatlc groups and substituted C5-Cl5 aromati c groups.
3. A catalyst precursor conposition according to any
one of Clainms Ito 2, wherein at least three of Rl to R4
are o-anisyl. 4. A catal yst precursor conposition
according to any one of Clains Ito 3, wherein the
source of chromumis selected from chrom um
tris(2,4-pentanedionate), Cr(acac)3, chrom um
trichloride, CC 3, and chromiumtrichloride
tris-tetrahydrofuran conplex, CClI3(THF)3. 5. A
catal yst system conprising a catal yst precursor
conmposition according to any of Clains 1 to 4, which
additionally conprises conponent (d) a cocatalyst. 6. A
catal yst system according to Caimb5, wherein the
cocat al yst, conponent (d), is selected from
met hyl al um noxane and nodi fi ed net hyl al um noxane. 7. A
process for the sinultaneous trinerization and
tetramerization of olefinic nononers, wherein the
process conprises contacting at |east one olefinic
nmonomer under trimerization and tetranerization
reaction conditions with a catalyst systemaccording to
any one of Clains 5 or 6. 8 The use of a catalyst
system according to any one of clainms 5 or 6 for the
simul taneous trimerization and tetranerizati on of
ol efi ni ¢ nononmers.
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Claims
1. A catalyst precursor composition comprising:

a} a source of chromium;
b) a first ligand having the general formula {I};

(R'YR2P-X-P(R3)R?) U]
wherein:

X is a bridging group of the formula -N(R5)-, wherein RS is selected from hydrogen, a hydrocarbyl group,
a substituted hydrocarbyl group, a silyl group or derivative thereof;

R1 to R4 are independently selected from, optionally substituted, aromatic groups, each bearing a polar
substituent on at least one of the ortho-positions; and

¢} a second ligand having the general formula {II);
(RT}RZ)P-X"-P(R¥)R*) (i
wherein:

X' is a bridging group as defined for X of the first ligand, component (b}, of general farmula (1);

at least R" and R? of RY to R¥ are independently selected from unsubstituted or substituted aromatic
groups which do not contain a polar substituent at any of the ortho-positions; and

none, ohe or both of R¥ and R4 are independently selected from an, optionally substituted, aromatic group
bearing a polar substituent on at least one of the ortho-positions, wherein the polar substituent is selected
from the group consisting of optionally branched C4-C, alkoxy groups; optionally substituted Cs-C 4 aryloxy
groups; optionally branched C;-C., alkoxy(C4-Cyplalkyl groups; hydroxyl, amino; (di-)C4-Cy alkylamino;
nitro; C4-Cq alkylthio(C4-Cglalkyl groups; and heterocyclic groups with at least one N and/or O ring atom.

2. Acatalyst precursor composition according to Claim 1, wherein R5 is selected from C,-C,5 alkyl groups, substituted
C,-Cysalkyl groups, Co-C 5 alkenyt, groups, substituted C,-C45 alkenyl groups, C3-Cy 5 cycloalkyl groups, substituted
C;-C, 5 cycloalkyl groups, C5-C,5 aromatic groups and substituted C;-C, 5 aromatic groups.

3. Acatalyst precursor composition according to any one of Claims 1 to 2, wherein at least three of R1 to R# are o-anisyl.

4. A catalyst precursor composition according to any one of Claims 1 to 3, wherein the source of chromium is selected
from chromium tris(2,4-pentanedionate), Cr(acac)s, chromium trichloride, CrCla, and chromium trichloride tris-tet-
rahydrofuran complex, CrClz(THF},.

5. A catalyst system comprising a catalyst precursor composition according to any of Claims 1 to 4, which additionatly
comprises component {d) a cocatalyst,

6. A catalyst system according fo Claim 5, wherein the cocatalyst, component (d), is selected from methylaluminoxane
and modified methylaluminoxane.

7. A process for the simultaneous trimerization and tetramerization of olefinic monamers, wherein the process com-
prises contacting at least cne olefinic monomer under trimerization and tetramerization reaction conditions with a

catalyst system according to any one of Claims 5 or 6.

8. The use of a catalyst system according to any one of claims 5 or 8 for the simuitaneous trimerization and tetramer-
ization of olefinic monomers.



