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WO 2007/ 057458 PCT/ EP2006/ 068659 CATALYTI C PROCESS

FOR THE OLI GOMERI ZATI ON OF OLEFINIC MONOMVERS Fi el d of
woheo7loswusat i on The present invention rel ates t ®8C&EP2006/068659

process for the oligonerization of ol efinic nononers.

Background of the Invention 5 The efficient catalytic

trimerization or tetranerization of olefinic

nmononers, such as the trinmerization and

tetramerization of ethylene to 1-hexene and 1-octene,

Lfe?%@fr%afﬁ %VR%%% INERRE S %‘i 'G'EB%ERW 2

of conmerci al value. In parM@NmMERS 1-hexene is a
val uabl e conmononer for |linear Towdensity polyethyl ene
(LLDPE) and 1-octene is valuable as a chem cal

a

I ntenedigt 8 Heh e preduct i on of plasticizer
conhols,  fatty acids, |

det ergent al cohol and

IubrlcaﬂM@np@ﬁBen5 addienitves aslatckks &s a pabuabkefor the

congnaoner_ i.n _the prod cti.on of

mers such as

polyeﬁhyﬁgﬁgatfoﬁefeng CAAE L QSEQW “€an be produced
by Ba ck@iivemid efalkhkr ansiehic@en metal ol i gonmeri zation
pr ocess, although the trinmerization and

t et r amerlNLaeitéA Ch6iteSa4rd Yhi6f EriBgrizetsenepra

dl ftfe% %ﬂlterqaya%méw %fsm@%laamgn%ﬁ%@ d%ﬁ‘&hoégd £hQ

he art for the trinerization o

eth

1 hexmﬁe;zAtn@mb@mdotethemeraaaahpstsfaeehbaseé an l-hexene

chrom

S- A- 5198563 (Phil Lips) di scl

ch?&ﬁlﬂgbﬁ §8§ 25581 §?soéoﬂfﬁﬁg ﬁBtﬁﬁﬁsaeﬁPétéhe

e duicganes osefivlr ihak tihneRki 2hagtekebhess W varying

20 7/ 057458 PCT/ EP2006/ 068659 - 2 US- A-5968866
(Pﬁﬁ@ﬂﬁ§§)oé|§@m@§é§laﬁ @ﬁﬁyEeneIn particular, l-hexene is
Olgg%g§5|£%%l %Rb%%fl%%&lg REQCESS A@ICh ugg%ggethylene

cat al yst conpr|S|ng a chrom um conpl ex

a (CaePdi)nathidngd —asyrnet rhisc vhlivdentate ahaapﬁanel
r n
a ﬁ%t ro diate in the production of plasticizer alcohols,

fatty acids, detergent alcohol and lubrication oil
additives as well as a valuable comonomer in the
production of polymers such as polyethylene. 1-Hexene
and l-octene can be produced by a conventional transition
metal oligomerization process, although the trimerization
and tetramerization routes are preferred.

Several different catalytic systems have been
disclosed in the art for the trimerization of ethylene to
l-hexene. A number of these catalysts are based on
chromium.

US-A~-5198563 (Phillips) discloses chromium-based
catalysts containing monodentate amine ligands useful for

trimerizing olefins.
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5 stibane ligand and an al um noxane to produce al pha-
ol efins which are enriched in 1-hexene. US5523507

wWORMi71057438) di scl oses a catal yst based on a CRCOMP2VU6/068659

source, a 2,5-dinethyl pyrrole bigand and an al kyl
alum nium activator for use in the trinerization of

10 et hyhgng_ g@g@BQQXQ@ﬁllgasg» &@gayes 52002, Fﬁylene

858-859 (BP), discloses chron1un1conp exes o i gands
ofoﬂhgom§ggzAﬁgpN(NQ}pAKZZaFApn process which uses a

h th b t f.ut d t t
For FRETEH REPESAEEH of CaPRyHafe oReL 6 B3 Ba1Te% aeye 5

dlseb@aeaaalﬁgtabymhetgnctbeldéﬁtHEélpabspﬁaﬁé ohekhAs or
conprising_a source of chrom um nolybdenun1or

t uRgsPene alppganaltoftarhrigrakaneasp Breduce alpha-
phgsphoLUS ,haLRenie ethEhbgDQM @tggkeﬂgnd to at |east

one hydrocarbyl or hetero ocarb group having a

pol ar 208§66§ﬁ0ﬂuéﬁh;lEWpsexdhsdﬂngeshe caSelyberbaabﬁ on a
sucg ﬁoLar substitue t EB zﬁhane sane or

st FBan8 gfolps; “&nd® ﬁEF y Y5£?F$a opangpand an
|i@@R§1U§Qdmhﬁlﬁﬁsbc@ﬁvbb@r e¥aMmkeSihSthe trimerization of
(2- nethoxyphené gZPN(Nb)P(2-nethoxypheny|)2. Al t hough

t hetbalangste e€reseéd in the BP documents 25
”?nt!on%ﬂﬁe.gﬁggﬁﬁxe 9989236560555'%¥9f };ggéggggses

Wi t hin action, ‘a’'relative

bycproduaatn cbopiekieenofelggatd by- phedngs)Ak§PN(Me)PAr2

typically observed. W 2005/039758 (Shell) discloses a

trKﬁﬁrFz@&ﬁ@n-meahakyssubenpbstedOﬁrahdgaOppbceSSCéoalysts
tr| rkégkggnz Qoofogleg% gc nononers usi ng said

ca 8y ST ShpBSTE 28R OW0°200 7' 857458 PCT/ EP2006/ 068659

- 3 Catial ybi/o4syst eny)f ansthesket pagethzaktoncef the
ethyl ene to 1-octene_have recently been described. A .
nufberesf 2efhése eat 8¢St 8SaFemBasEdEnacAPBAFANPfWpnromium,

20%6&9%@%%§m36g @Gﬁ%ggéﬁosg4zggg§ésQF%FQ%ESBSSQt ?east one

cat al yst conpositions and processes
t ephasphiczasi oaretnokepirnsntThengatabysbovodposi btohsast

ﬂgsc'oﬁ o4 LR 10,209 20478, $qMBELSE 2 LLANSI EL90ng & polar
substituent, but excluding the case where all such polar
substituents are phosphane, arsane or stibane groups, and
optionally an activator. The ligand used in most of the

examples 1s (2-methoxyphenyl) PN (Me)P (2-methoxyphenyl) .
Although the catalysts disclosed in the BP documents

mentioned above have good selectivity for l-hexene within

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

WO 2005/039758 (Shell) discloses a trimerization
catalyst composition and a process for the trimerization

of olefinic monomers using said catalyst composition.
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and a heteroatom c |igand having the general fornula
(R nA-B-C(Rm where A and C are independently sel ected

waQod7rosmsa gr oup whi ch conpri ses phosphorus, aPEEmP2I06/068659

anti nony, oxygen, bisnmuth, sdl phdr, selenium and
nitrogen, and Bis a linking group between A and C

and R tgtbmg}%@@ng%%gaﬁssgbgﬂtgg fro ﬁ@i‘iEQE@%ﬁrof

het er ohydr ocar byl group of east one group
i setBysabst fpulledchenh aapelaecsub$y|baentdaadrmbadd A

o FygfES L0 OB R e e

conposi wbonsodiysekasedaha WO 220046066439 (s@BPL) S@i8close
transition nmetal and a heteroatom c Iigand havi ng t he
geRéFal-YPor REMROEREY ARSBANGOPEPREF AT RNEPE ADEB, C, n

andem-aferas debhngd ghaye,sandy g'c5§aﬂggﬁp88ﬂ€855¥lons

sel ected fromany hono or hetero ydrocar group
Exdipkéo$6dofin\Wp02004A(0864%88disnpboses anteahthmen metal

t et t t
G EPI FabBLyr AgEPbAGal C02H35hdving the general formuls

(pWQWXh}%PN(R$ﬁp&ﬁﬁ¥b)R(8nﬁeth9¥¥phﬁa%$é§déﬂt§yr§él@cted
1:2 and MAO, with an Al atomc ratio

of £13f: 4, gabupSwliahdcéhpbargs phveprorutheareast tpn
produced a product conposition wth over_ 24 w% of the
pr 88GETETKay PRYIGReaPeFMthan §11BAFBonS&l 8RS UMpadBE on

30 ht,af . ds ..
annEB?oB??gmﬁqgsgangQr9%%3%%8(5 gg%mﬁéégééﬁ higHRAS, ang r

PCTEEPR2066£068659Y AGlVEIQGOﬂtOEG&SQ (Sasob)¥ di scl oses
d t et t |
o Rt ERaT g e e apf by 5004 stapbtar scPiges group is

precessitatedpaliyAeki sbngrokebknsttienpr educe bhangshegde
olyolefins in 5 the presence of a distinct _
poPherm2aeFoRYc a8l ySEPSRALES dRrsEPREtand oxidation state

teEEaﬂeéhéabkoﬁ Ca&ﬁéyééta%@%&ebﬂmngltESBEaH?EbE@Eéinn WO
catal yst produces 1-octene in a selectivity greater

thaﬁOSG@@éﬁd9themmr@eeenetpaodmtednlmeaalleagta

Paptial by LG  ROLALEInLD gt PEPOLYELEY B ruta (R ) pa-B-

C(R")y where A, B, C, n and m are as defined above, and

R’ is independently selected from any homo or
heterohydrocarbyl group.

Example 16 of WO 2004/056478 discloses an ethylene
tetramerization reaction using Cr(III)acetylacetonoate,
(phenyl) 2PN (isopropyl) P (2-methoxyphenyl)y in a ratio of
1:2 mol/mol, and MAO, with an Al:Cr atomic ratio of
136:1, at 45 °C and 45 barg. However, the reaction
produced a product composition with over 24 wt% of the
products having greater than 11 carbon atoms, based on

the weight of all products (9.00 wt?% Cqpq+ liquids and

15.11 wt% solids).
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10 chain. Although the tetranerization catal ysts
di sclosed in the Sasol docunents nmentioned above have

wqgaod/seisectivity for 1l-octene within the C8 PCRMEPR®A/N68659

again, arelatively high |Ievelh of by-product
formation is observed. 15 Typically, the by-product

consi st §~0 i 0] 70
Lo 50 et or  RaTRgs, (SaneL, AOUENSLes DPLY BRRbn

1- hekeﬁmermmahlbheanénaohymngBabyeproﬂuethybener|S|ng

rer R BRBEAL paRanay TR ChF BSBNaR BFot hBSBTPERAF nF R

20p6§yﬁ¥r@é@ﬁngléﬁﬂﬁgstb|QB@du@@'EPaH@MSdVEBbeléELES in
conmerci al use or value, is highly undesir from

bothe BAeEeBABNPE PofhEtHRCYi POl EREvREAT Aenf FahRayst and a
preggﬁancéeeegéghgglg £9§ of VL ¢ stlt gs 9§“£Qsen
that th YE-of

surprisi ngl oun e proc hée present
|nVentamerpzevtdescanaeyétcpeoﬁuceate 60tenéh€n a
trinmerization and tetra §§ tion of olefini

e

nMono Fglvﬂﬁyng??EﬁFaF | 8¢ VBep oﬁﬁE??%npé?dﬁced is

hexene-and éa@%&ﬁmﬁyfﬂﬁﬂb§58¥£€8§ Mﬂtbetﬁgdgélggléhﬁn
| evel of by-product formation, especially

prebaéns, solids (i.e. heavy waxes and/or

D hexentE00 3807, 57458 BeT) EPo0U] DRBRGE - §eCioled in

Sugner gaeblt Heclineanti aenthenpaesestei Nyest §oddr skatesivity
to _a process for the sinultaneous trimnerization and
teFPén%rPEEFPSnwéFhlBIEPPnF& ﬁﬁﬁSﬁéP@r ABetBi nat Ralatively

ﬁcﬁésl o] rl%eg ta tlng % east o e ol efiinic

5 W't VaP uc ysPERFESRPr 81 RGSSAY <4
sogkgecafl 1¢hr eruny - ﬂ@bmbdenuah@nstgngst@@ colpoditions;
I i gand having the general formula (1);

(RbpREPvrP( By BBpnt( /P 106 Bhekein: oX tkeaChrbdgpbngduct

group of the formula -N(R3)-,
composition is l-hexene, with the remaining Cg by-product

comprising compounds such as methylcyclopentane and
methylenecyclopentane. The presence of these remaining

Cg by-product compositions, which have very little

commercial use or value, is highly undesirable from both
an economic point of view as well as from a product
separation point of view.

It has now been surprisingly found that the process
of the present invention provides an efficient route for
the trimerization and tetramerization of olefinic
monomers, in particular the selective production of 1-
hexene and l-octene from ethylene while reducing the

level of by-product formation, especially Cqg by-

products, solids (i.e. heavy waxes and/or polyethylene)

and Cg compositions/isomers other than l-hexene.
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wherein R3 is selected from hydrogen, a hydrocar byl
group, a substituted hydrocarbyl group, a

waebwroshwsslr ocar byl group, a substituted PCT/EP2006/068659

het er ohydr ocar byl 15 group, a Sit+yl group or

derivative thereof; the RL groups are independently
sekgphgdyf hemas 1RPLheNahly substituted aromatic

group bearing a potar substituent on at |east one of

the ortHBbeppsesephsindadtibe RRlgrespsoaneprocess for the
i ndependently selected from 20 hydrocar byl :

SUBLR T OEBHO g oF bUaF Byro L RER epBRy T DEaPRLF 23khan of
substEt i edmbabeEBY dhREAE Y| £ HE OYPSc¥E S hcbhgr PEOYI SO
that when the group is aronmatic it does not contain a
poF@PtéﬁEéﬂgtagnieéﬁtaﬁ?eo@lﬁﬁénb?tﬁ%ﬂﬁﬁgrtth@;amﬁ@halyst
th [ mis Oor 1, nis 1 or 2 and 25 the
to?gF£g¥ E?ngﬁ%é . optionally, any of the Rl and R2
groups any &ndependent| ghbemiunkedot pboaeunronotengften;

cyalic 811 ucturbd=biloniy "0 Pedearfee! Gerdo0y) bbrass

PCT/ EP2006/ 068659, _6_ 1 gssure in.the range of
fron1be|om1a?ﬁogﬁﬁegig?ﬁo?mggoﬁ? 40 bé?é and at a

t emper aj;HLeckp-the range of from about 0 C to about
120 C. The present invention also relates to a process
for 5 Khessanuktagenysgtbupesizahéonoandla -N(R3) -,
tetramerization of ethylene to 1-hexene and 1-octene
wi whesaiid Rétabyselesyeﬁeﬁromnpydsbggn(aa,hyajoaadbyl
(cé, and at tEe Eéegs re .and tenperature defined
abB8UPpefaPlRat bEEEFPptYORCGRTPHe FhUBRLI Bn 10 As

usgdtBergiArobheper grohpi MBI k&BLL 0P\t BBaRStEPBhydrocarbyl
catalytic trinerization of an ol efinic nmononer to give
a gppoduck EompdsPrPBR ehnrfehéwathvehehevapdund

deri ved fronh the reaction of three of said olefinic
nmonomer §P©TRe PEPHPEr PRBr t2AEPBRIFREL idBSlERESEabElM an

whepei Bnahh yt Beps5+ ot ehi Br6nmAPRENEESubNLERR figed polar
stream are identical as
substituent on at least one of the ortho-positions; and

the RZ groups are independently selected from
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
and substituted heterohydrocarbyl groups with the proviso
that when the group is aromatic it does not contain a
polar substituent at any of the ortho-positions;

with the proviso that m is 0 or 1, n is 1 or 2 and

the total of m + n 1is 2;

optionally, any of the Rl and RZ groups may
independently be linked to one or more of each other or
to the bridging group X to form a cyclic structure; and

c) a cocatalyst,
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well as the cases wherein the feed stream contains two
or nore different olefinic nononers. In particularly,

wohRatsr458" "t ri neri zati on" when used in relati PATEP2406068659

trimerization of ethylene neans the 20 trinerization

of ethylene to forma C6 al kene, especially 1-hexene.
Therterpyobiiperigathon, seLectEVEL Yy f@wu§€ﬂo§§%eric to
relation to the trinmerization of etﬂy ene neans e
andbnutof OCeatgagnfoatf ar hedpeiehiinet he phedushg@50f from
conpasitijon,. The_ter -hexene sel ectivity" when used
inQB?% a io% F% ?ﬁgu r%%%ri ation of ethylene neans

the anoustpetsdnbexenentopnedivbt henatbe €6 Argebbd8s for
of the  product congosition. The overall yield of

1- hBReRéMPATL3DSPHE tFiRBFization drdetdyrenerisathen of

or e. "triperizatio CLivity". AN
A e S i T e
PCIYEP2RO6L0HB659ng7 (aThe (berandt ¢tfF anendzat i ohé peassure

t he %a algtic tet&ageri at%on of an ol efinic nononer

t 02FvESEPBFBHUEE “TOMPDLi P8RS enri ched in the
coppedndedepk¥edi bt 0Bht be trheachiy@At 0bnfour of said

ol efinic nononers.” The term5 tetrameri zation includes

the cas@s wheeehArain,t kbe beeMm| NteimphbreEsONT nhens the
feSQtﬁE&%%H‘?E§3é9$95£98h 8 aMeg%e§§nigem8§8§§r to give a
whérern“the feed streamcontarns two or nore

di ptedant abepbricionnenetshedinipathécudb@pbyndt Herieem from
"tetranerization” when 10 used in_relation to the

teFPSnﬁ?FES&PBnOSftEFﬁﬁl8ﬁesﬁé§ngleﬁﬁﬁlfe@?%ﬂ%?F%atiEhe
of telhykensct9- L0k Bhai £d1aHKENEne E5PESI fht¥elnOSi €NEne
The term "tetraneri zation selectivity"” when used in

repaefoniconphemeetr anerheateed sfreahyhemeideahsceheas
104 BTRUAL PheBabLacthen.iRr PRE WL 0: H08PLOMS ns tuo or

more different olefinic monomers.

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

trimerization of ethylene to form a Cg alkene, especially

l-hexene.
The term “trimerization selectivity” when used in
relation to the trimerization of ethylene means the

amount of Cg fraction formed within the product

composition.
The term “1l-hexene selectivity” when used in
relation to the trimerization of ethylene means the

amount of l-hexene formed within the Cg fraction of the

product composition. The overall yield of l-hexene in
the trimerization of ethylene is the product of the
“trimerization selectivity” multiplied by the “l-hexene

selectivity”.
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The term "l -octene selectivity” when used in relation
to the tetranerizati on of ethylene neans the anount

wohodeeesene formed within the C8 fracti on of PO®EER06/068659

product conposition. The overalbl-yield of 1l-octene in
the tetranerization of ethylene is the product of the

tetran@ﬁézegkﬁn“eekeg&éyi%ytlayLtm@£ Ry &Qealytlc

§
"1l-octene selectivity"” source é romu
nntybdemenilatigngefeﬂn Qseﬁonpone@momey téoglveea product

cat al st em of ess of resen

i NVt P l§¥3n ?%Efﬁ% gsf %elﬁ%T@%ﬂ?g g%ﬂlv%éggﬁ?% the
sakeeceﬁoﬁhbenfeﬁr aﬁly@ﬁen@néeinienﬂeﬁemersExaﬁpéeeerm
of sinple inorganic and organic salts are halides,

ackEyFaRer bpat&en EAFhBIGF abls, C%§?8e§heeﬁl%|%¥bte&e
Su%ﬁ%g?ﬁlénﬁoﬁgﬁekék§n FHeth éd599£§§@ of e f@é@ 51
noly e |na|on

enum or tungsten can also Tnc Cco-
anﬂeb&gaaohhéabhsescmhptexesthéofeedaﬂpteamwbontalns two or
2007/057432 PCT/EPﬁ ?6/068659 - chrom um
t rPehfofF EESFFRS- Pot éﬂ&ﬂr%?ﬁ?%ﬁrﬁonplex (benzene)

tricarbenyhght o8k uaYy1¢hr oAk Ut hgxacat boRYL - 30font henen
i ke. Preferably, the source of chrom um nolybdenum

orusedgstenclebhponent tia) tetoamehezehtiahyst sysybsme means

are, 5 selected.fromsinple inorganjc and org ni alts
of EnEnFEREERES e SRR, SFhPERAETER Bfncpdcs’ S1RE0LS

en@ggégeggl9f1ngtgﬁgsent i nventi on, the source of
chrom um nol ybdenum or tungsten, conponent (a), for

t he catEhystesmsfeﬁtremarszapken|ﬂelgahlulby 1®hen used in

[ I bd t t
anfeneti 8 bpobng FRT R B DA SR cRE et phbBEE FSapssthe
I NaMOun02604839srdbeisaureemedl bRk Uthe NBLyRdenUM or
tungsten can "also include a m xture of any

coabimpasionoof sinple 15 inorganic salts, sinple
organi c nati on

di
o ganondial FREMCoknPEkBge PRlaShrl B el Bivearent
hergiBrieAmMPeNeAt €akrrhfedization of ethylene means the

amount of l-octene formed within the Cg fraction of the

product composition. The overall yield of l-octene in
the tetramerization of ethylene is the product of the
“tetramerization selectivity” multiplied by the “l-octene
selectivity”.

The source of chromium, molybdenum or tungsten,
component (a), for the catalyst system of the process of
the present invention can include simple inorganic and
organic salts of chromium, molybdenum or tungsten.
Examples of simple inorganic and organic salts are
halides, acetylacetonates, carboxylates, oxides,
nitrates, sulfates and the like. Further sources of
chromium, molybdenum or tungsten can also include co-

ordination and organometallic complexes, for example
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source of chromum particularly chromum (I11).
Preferred sources of chromum for use herein are 20

weizaloa74saor gani ¢ and organi ¢ salts of chrom uRCamE2®6/468659

ordi nati on or organonetallic-cenmpl exes of chrom um
More preferred sources of chromumfor use herein are

then rshiRher LDk 9801 G- apd; or ' C '
sucﬂras saFtsgoféc%?%oggf?cggg%ﬁgfa%%g?%%%b?§£§%%%é
of (atkaanect2bcachdsytontanhimg ¢htomB@n claehvacasbongl, and

salts of aliphatic-p-diketones and salts of.

(Sthdc Bekeer o PPREESaBLE ohhEnsorfTs SPetByihbiangupbybdenun
cheemunybteh) eshpspahe (and ebropheintdtdl)st system are
acetyl acetonate), and halide salts of chrom um™ such

asseheehfanf renchliBPidelnehgani ane3® e¥yahiorsabts of
tris-tetrahy onmpl mum tribrom de,
ch?%ﬁ?ﬁ%?@fiQﬁgggﬁgg?ﬁaﬁg gﬁ?%%?%ﬁitri- i odi de.

Speci f i tnexaapérsodimpnef ef r elde spuesest ofnVWhtion, the
2007/05745§ PCT/ EP2006/ 068659 9 chrom um for use

heF 8FACEr 8F cAFBRTUAT (1 TP} YPACRED | QE et GREE £SD o) SgmPONent

calhed ebrophdMbELs(3c 45y penhangds 0nahs) e £ﬁ&§%§ﬁi§,or
chron1un1tr|chlor|de, CIC%B, and chromumtrichl oride
trpsgeetrahpdiofplir ahrephphexnobylciendn (THRy uBYs Teée, which

| 1 gand QEbEQe'ﬁaéaEXE%e§¥S£eg"°fst9§o£r°§e§§18£edth§ WO
presen? I'nventi on, conponen? %b?, Fs°of tThe geéneratl
foopubal(b); (RL)2P-X-P(R1)m R2)n (1) 10 wherein: X

Is a bridging group of the formula -N(R3)-, wherein

R3 is selBcfRHIFPORT hGAFBHERT alAyPoeARBYPL Broepten can

substht yhed,hydrogaL byl e 95 PURNy acoliBt 8EODYAT 9faE byl o
group, a substituted heterohydrocarbyl 15 group, a

si liybrgeodp erlteri vanpve theeedt; se¢hesRlcgroupsnareon
indﬁﬁeﬁdgntlgngelgcggdmf£o an _o tiogagly substi tuted
ar GHat ¢ 8?0 p b8a9|n8 8 %o ar “2UbBstittent on at

| east onme af ptBEcorblOpPSHENONAS; haAdin, component (a) is a

source of chromium, particularly chromium (IIT).
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, such as
salts of carboxylic acids, preferably salts of alkanoic
acids containing 1 to 30 carbon atoms, salts of
aliphatic-pf~diketones and salts of fB-ketcesters (e.g.
chromium (III) 2-ethylhexanoate, chromium (III) octanoate
and chromium (III) acetylacetonate), and halide salts of
chromium, such as chromium trichloride, chromium
trichloride tris-tetrahydrofuran complex, chromium
tribromide, chromium trifluoride, and chromium tri-

iodide. Specific examples of preferred sources of



10

15

20

25

30

the R2 groups are independently selected from 20
hydr ocar byl , substituted hydrocarbyl,

waebwroshwsslr ocar byl and substituted het er ohydr ecamipgi06/068659

groups with the proviso that hen the group is
aromatic it does not contain a polar substituent at

an&h?émiaﬁ 96£hQsQ°§é£é9ﬂsar@”&ﬁréﬂfuﬁr YifP that mis
0 1, nis 25 the total of m+ n is 2;

andC©bYl@ﬂatbyatenyab$Oth@lkadam@rémugﬂuﬁmpssﬁ&y4—

d d I ked
e e RRL B 1 PRIt o Pl RS B R 8007 crcn,
%H8t85§omlbﬁ @fiéﬂiaglaéoyplgera gih%&ﬁyfgfgy'goTplex,

O wherein R31s pre drocar
gr©u©l3aTH[)2007/057458 PCT/ EP2006/ 068659 - 10
substituted hydrocarbyl group, a heterohydrocar byl
group, Thesébgﬁﬂﬂu@édth%t@@%ﬁ%ﬂ?%c@Y%?$mg@5ubheap§¢¢?$5 of

?ecté£e§gﬁ£'¥ﬁ%g¥€1&ﬁer88%%oﬁgﬁtc y’lg&% Sthe ?eneral

rom rogen’ or € groups’ consi sting o
alkytmu$ub$m tuted 5 al kyl, aryl, substituted aryl,
aryl oxy, iubstltute ony, alkenyl, substituted
al kenyl (RcyePodtRyR;) mé&%thituteﬁlbycloalkyl,
alkoxycarbonyl car bonyl oxy, al koxy, am nocarbonyl,
carbonyWBﬁFﬁén di al kyl ami no, silyl groups or

Subst 11 %stvié %\Fﬁa?ﬁ%né‘f”gfﬁééé Eobef YRt & 0r A bgen
SubafrPLbeR ot By Pet TR ﬂﬁfﬁéﬁrh@?@%%cf 2 Btk

al kybupi t h atbkeastitedenhhatecoaabob gsvah, as N or O,

and alk% groups substituted with a heteroatomor 15
heb&F8apP Hﬂéoﬁﬁéﬁﬁ} gE?BPoaPk?PbSEHBgF??u?%HerOhYdrocarbyl

Cygkeabkyg sisybstitubedrcyeliGapryL, gUPsLEL Ut ed
aryl, aryloxy or “substituted aryl oxy group. Exanples

of suitahkerR3grgupupsrinchidpefdelbyabkybcge@upson an
substituted C-C15 alkyl roug C2- C15 al keny
gr 8BpOnaLbyt Frhfedtedeg18T9p2 FReﬁyPu@r%ﬁﬁélHEBacﬂglar

Cy§h8§k5¥he9EoHHS tSybstit yhedo €3 n 18 e6LP8L kY ons; and

groups, C5-Cl5 aromatic groups,
the RZ groups are independently selected from

hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
and substituted heterohydrocarbyl groups with the proviso
that when the group is aromatic it does not contain a
polar substituent at any of the ortho-positions;

with the proviso that m is 0 or 1, n is 1 or 2 and

the total of m + n is 2; and

optionally, any of the Rl and RZ groups may
independently be linked to one or more of each other or

to the bridging group X to form a cyclic structure.
The bridging group X is of the formula -N(R3) -

wherein R3 is preferably a hydrocarbyl group, a
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substituted C5-Cl5 aromatic groups, Cl-Cl15 al koxy
groups and substituted Cl-Cl5 al koxy groups. Most

wonef7@sT4s8l R3 groups are the Cl-Cl5 al kyl gr oBOS/EP2006/068659

whi ch include both 25 |inear- amd -branched al kyl
groups; suitable exanples include nethyl, ethyl,

pr ] 0 ' ut yl = ,
BT b B eRaa e T Y bt Pheyte e re iR swoue.
hexybugsbupsteteptyérohydybcabpahcheduheps y$i gy bupseup or
octyl and al kyl branched octyl 30 groups. WO

20097 DB758e POTE EP2006/ 0086691 1Y, 18° Exapplested from

. e . . 0y - N
e R e S A T i
(batyl), -aryN, (tubstytyted aNy{peatyldxy, shbébexytdd

-, - iZ- eth khex¥l)-, -N(c cIohex%I%-

- NeFYeyEYohexyFey ylig?StBtﬁk%@n%% y X%cl%ﬁ%&??}KYl'
b Ky gy et e,

3- Al orphokinpeypcarbony { §i cacpR)y83mino, dialkylamino, silyl
N( CH2CH2CH2Si. ( Ove -, +Nd l) - d. : [lyl)-, Th

T hETHE o cr by P AT ke BAERERK handrar Bt bh 4 IPSups

gr supsentyMteant;at Ri Agycar bone ands iyt ogesnas 088. hdhégen or
hydr ocar byl group nay be a saturated or unsaturated,
| i aeaitop hranphedoakkpkefarabhyaRdnbsienrahgydr an

aronptic _ring. | ess, ot herw se at ed he preferred

Py APBELEBYEC0r BABETT 0 SHLECBF P RC SFeCYRibbe HORe af hihgd
15afkom %ita 20 carbencatORBteFbELbRl NsuSHbDgEI iUbedo, and
hydrocarbyl " as used herein refers to hydrocar byl

gralpglwarenreoArhFhibABSEr Wiblea RABRIOABPRI AL OM

co | Inc g "i - 0

conE SrAPAgoRtacerBUR) - SFatESs: Pt DEbLy LLELEROBE Ity
f usabsomhalitgroupsldo aeyli ntebfeteutedaayysubstahbvkal or
degree with the trinerization and tetranerization

pr ecbstitThedt ermlvkgt erohpdr oBarbylesasfusedtaeiei i3

[ﬁé%égpsggnélﬂégr8ﬁgﬁ?g'a9£9¥pg%@8£Sl”5885t9£u98&ec8fc15
alkyl groups, Cp-Cq1s alkenyl groups, substituted Cp-Cqg
alkenyl groups, C3-Cq15 cycloalkyl groups, substituted C3-
C15 cycloalkyl groups, Cg-Cq1g aromatic groups,

substituted Cg-Cq5 aromatic groups, C1-C1g alkoxy groups

and substituted C1-Cq5 alkoxy groups. Most preferred R3
groups are the C1-Cq15 alkyl groups, which include both

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

groups.



10

15

20

25

30

25 atons is replaced by a heteroatom such as S, N or
0. The carbon atom of the hydrocarbyl group which is

woepl7aseds by a het eroat om can be either an i nt eCnaiP2006/068659

carbon atom of the hydrocarbyll group or the carbon
atom t hrough which the heterohydrocarbyl group is

attachedy @r0est HE 30; 8L 9M Wi £hyi S altached; 1O the -

nitrogen atomin the case of the bridging group, e.dg.
-N{OneyhylTThe tBfathysubst +¥ (pedohkl er ohydrscprdyyl) as -

TR LT oyt boat By1 Gt oLloG Ghr Eh cont o Aot or Y (2-

nmogehiyDieekyl hel erwat pal sloak @l N+ Ng-1i uned y ONGthe By DetPisy 1) —, -
The term "aromati c" as used herein, refers to a
moM6EYREFRY bFYBhPRRY ¥l ©, oY OReRF el b, ho¥ 8Pk bhati ¢ N (2-
ri bavipg,f 471N - i _
contal Bl g 1o 1oTs Ty Tty Lo o AP R PN &

and ( 8CH) Ppefemabplyol the) ar ondt $ ¢ (QHoups-ar€ nonocyclic

or polycyclic aromatic rings, such as

cyR K ehertadighy (OM¢pi th, cah(d¢svl ] ncande ¥ éakbrkhyl
groups) . phenyl, 10 naphthyl or anthracenyl. Unless
othermﬁQEGSF%F%d,hYﬁEOC%F%Y%rr%ﬂ AF PR EC i otpEeBF eto 2

MOROLYE! bR19T cDREYEYEhE CeaPHONBLLE K{RBSqDAVEAGLE F O S
to 10 ring atons, nore  preferred aromatic groups are
nonpdyetachbat ogrove méngse eopthbindhegdfeombsabusated,
ca Pog at ons SHCH gsaggefyl agg 15 ¢ c{ogentadienyll,1

ant ASAbst  pPefRaried arohati @ Yroup PRI AT phelhyl OF @

gr @dpmatihe teny " suhséss ubelle ok OpAt s€aL &S, USied phefetrfed
means that the aromatic group may be substituted wth
onRYBFORBFRYSUBEPTPBehPE. UBy PRESHRr AT e of thDe politd bALNY

“hfPoﬂS?dtanbeEQEEQH_a@QmEP substituents on aronatic
R1 and/or R2 groups, it Is neant that the substituent

is in theeoreho Pesbttdhutefiabydeotarbhe” atonubeddedrein

o BE-RrORPRSLES KA TR AP SRR S & move

het geeat BEBerdBEoRScEHPSL hi HENESnBBYONEL bt bEPs POl BY “inert

orhgggigngg'cggkg?gggg functional groups” is meant that
the functional groups do not interfere to any substantial
degree with the trimerization and tetramerization
process.

The term “heterohydrocarbyl” as used herein refers
to a hydrocarbyl group wherein one or more of the carbon
atoms is replaced by a heteroatom, such as S, N or O.
The carbon atom of the hydrocarbyl group which is
replaced by a heterocatom can be either an internal carbon
atom of the hydrocarbyl group or the carbon atom through
which the heterohydrocarbyl group is attached, e.g. the
atom which is attached to the nitrogen atom in the case

of the bridging group, e.g. -N(OMe)-. The term

“substituted heterohydrocarbyl” as used herein refers to
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substituents include hydrocarbyl groups which may be
strai ght-chain or branched, saturated or unsaturated,

wanruTas74ss or non-aromati c. The hydrocar byl subBCTER2E868659

may optionally contain heteroaptonss such as Si, S, N or
0. 30 Suitable aromatic hydrocarbyl substituents

i i | i t .
et et aB T R r (T o e HT (S Ron o T e nert
r i Ingt; & suEhomsc e 2007 57458 ROTH ERPONGHD68659 - 13

henyl and Cl-CA4, al kyl phenyl groups. Suitable non-

oromat | Ry B BB ar BYTSUST | TUeRT ST | AT 13 HERTS oro 2
branebedc 8l Kybr opo LYy @B Ky a B5R4iPSe oF eferablyrhavi 19 ring
from1l to 10 carbon atons, nore preferably 1 to 4

cardohng 5T aPBNE . L@ herr 59 t 2Pes s ubzt % @ntaien g

an g j ' SH%Q chl or i de,
brg%ng eﬁg%% gio}g%?%%(?%ﬁ?%l Q@i%ﬁe@% -0, 6}?’8-(gﬁ]\la,?l((l?1 % A,
- NeRe feNHALy, ®NAE A2rom&O0 NAYARups NO2e mthodyic I chir Al
and A2, 10 i ndependently, are non-aromatjc groups
pr%%Y%%Hflﬁa%%@atW oh%ig?'o Si‘é)c%a?%o‘?ﬁ/%&‘?ﬁr%r}tﬁ‘]&%nyl

prefiefabl ¥ad £0s4 £REDQRe ALPPBceky - gPBLNY &y,
prg%yl andaisop?opyl. When t he %gﬁ%nd?or %&Jbr%%psy%f

t heaphgland areanslybstényt ed, Upkeserodee subst i suemed, the

are h%drog rbglmlé.%rou §-59§£tiﬁu'gé'{lféeégffgﬂ cveli
hy%F% %Fﬁy SUBST Ftueht S"PAre" CIi e A y grou%s,y yesie
prefenably pehbyl haethyl frenopyte 10 Sepi@pytomdbutibdre

i sobutyl, nost preferably nmethyl. In one enbodi nent of

t herefganradofrPRat £at Ar9ePs YRt BPRVFY T heC proBasiefrings

th [ tio 0 t (b i " N
 EqRLESR Dk PLSHL 005, EOTREOTR, gL Dliof o et e
catatyspesysticenpl, t hedpaovess pfefderepresendatic group is
i nvention, conponen b mis 0 and IS 2. -

Ty BAFRYL FROBRe | FRAGCER | RePEhTarbel MeTeRisl Phetood
Preeessnohebhe Presenhei AVENLE 08, gEOBPORLNt bé D3ub Bt iSuted
O 25 and n is 2. The Rl groups of the ligand of the
cavafsengystempre substituents.

By the term “ortho-position” when used in relation
to substituents on aromatic Rl and/or RZ groups, it is
meant that the substituent is in the ortho position

relative to the atom bonded to the phosphorus atom.

The substituents on the Rl and/or RZ groups can
contain carbon atoms and/or heterocatoms. The
substituents may be either polar or non-polar. Suitable
substituents include hydrocarbyl groups which may be
straight-chain or branched, saturated or unsaturated,
aromatic or non-aromatic. The hydrocarbyl substituents
may optionally contain heteroatoms such as Si, S, N or O.
Suitable aromatic hydrocarbyl substituents include
monocyclic and polycyclic aromatic groups, preferably

having from 5 to 10 carbon atoms in the ring, such as
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of the process of the present invention, conponent
(b), are independently selected fromoptionally

weubstost4ssed aromati c groups, each bearing a poOraP2006/068659

substituent on at 30 | east ena3of the ortho-positions.
For the avoi dance of doubt, the phrase "bearing a

PobREnsbshhtdent , o @b v/ . Suitabl -
P%/ ERD 00T Se8555? - %1 V]R’eas o%&%?ét he Sttabie non

or § hOmPOSE L h PASSCABEPE $gdt it edhle SMELAE | DRk r the
Rl group is substituted with a polar substituent on
oner drChed ha bkY 1 t QT 0P Y HbOPOSEY + | BFRUPThePERFqably having

" . | bst i bl .
or BTSSR D (RS AP ER P 0 caron
pracess. of the present invention, conmponent (b), which

are independently selected fromoptionally fubstitute
aromat | etigebupsitelath peazihgueanpdl ar Subsk T tardiobR

L ar 528, LS00 15, QLEELBESLL 00 B g

e polar substituent on at one
of 1 theq0r 1 PR: o POSLEL ONRl b he sanel RL g5OoAD, NByy coNLghAl =~ —
y

one or nore other substituents. Polar is defined b

| UBAG, 25 anoeRiiLy, Wi, A _gerImngnt el gotrig g pol e

monent.’ Thérefore, as used 15 herein, the term "pol ar

subsbbugaLt st 1 fEanse anSHbstbhaent g]‘!\@uisﬁg HPREOE POSBY €8aving
a pernanent electric dipole nonment: ui t abl e pol ar
subsoit behoslforanken hatens, i Merederdieralpby nbtto 4 carbon

il lim d-t i b - 20
b0 or sups. Mot BT pec B e or R BT el 5
substityted wthga QMQVefaﬁbygggggggogggggcif L4 81 opgh

an oxygen bridging atom opti tituted

Cos@dtianybdxypgedapsedi sebst heuRit anaforhRergraupgl

are substituted with_ an optionall ubstituted

S GRAEPS . gr BABC L CEARBEY OBEERF BhLR KHOBRyBERY br FHRT RyCuentS
at gpe Q@it nal ky12§rbnppehpde €4r&B0y methyl, ethyl, propyl,

al koxy/( 0) al kyl groups, i.e. the RL and/or R2
gr oepprapglsubstiyiut ddobiithla @sC20rehydabtarbythyl.

0191 05 L0g, B CH R0 2! P, 8 2UBhaNUFT Y 1B 0%
system of the process of the present invention, component
(b), mis 1 and n is 1. 1In another embodiment of the
ligand of the catalyst system of the process of the
present invention, component (b), m is 0 and n is 2.
Typically, in the ligand of the catalyst system of the
process of the present invention, component (b), m is O

and n is 2.

The R1 groups of the ligand of the catalyst system
of the process of the present invention, component (b),
are independently selected from optionally substituted
aromatic groups, each bearing a polar substituent on at
least one of the ortho-positions. For the avoidance of

doubt, the phrase “bearing a polar substituent on at
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al kyl sul phonyl ; C1-C6 al kyl t hi o(C1l-C6) al kyl groups; WO
2007/ 057458 PCT/ EP2006/ 068659 - 15 sul phate;

waebwErsTasl i ¢ groups, especially with at | east PCOm®2046/068659

and/or 0 ring atom and tosyl 1greups. Exanpl es of
sui tabl e pol ar substituents include nethoxy, ethoxy,

iSP@£§P°5¥e @P XYo @@ Y &gﬂhiéhgﬂ QAQXQhat, in the same
t et radecyl oxy, exad%cy oxy, octadecyl oxy,

ei COSAMIXYehOERT ad toi ophengxys i tud deethdisid oxyiar

di met hyl am no, net hyl sul phonyl, tosyl, nethoxymethyl,

met B9$ E hi BPRE hy , o01e R oxbl yPI hyRIroxsC Re§ Helons.

net hoxy h ph ' rSi .. sti biho, s

Tt NOXYERL YLt PROSPILAD, L 81 SUR  SL D0 S PV o e
SU@Bt?Eéﬁ éSofntﬁgelf?aﬁaOMPSth@T@aﬁ£ﬁ@§@ diY of the

sel ected fromoptionally branched Cl- C20 al koxy _
groupsesopef oblad | prevdst i 1y ert T Cldompgtexy (gr oupsich
and_optionally branch 1- | kyl (C kox
arotie "or e 7 8t BT aBrye CHE peTAr P SR et & A RYeed

i ndepeatest §yoses pcéech fiveat Opd i onadlyr bieschedent on at
Cl- C20 al koxy groups, especially optionally brapched
CLL@BShI RBRYC§r bRpsOELRA BSS 1 Fbynendhpts Chithoky,addition
etPQXYhQrpb§QPr9@9§¥i@£e%@'8@ EFtD&§§t'§n@ @0 the ortho-
particularly preferred polar substituent;

al ﬁ@gmaibﬁgl Ythel oagerropgoagl hyy beanehed &le @O more

al koxy groups such as optionally branched C8-C20

al RBRgrgpBbpEiteeRtéxanpl e decyl oxy, dodecyl oxy,

tet radegy} gxy, Shaxadecyl ByYrypQE! A0SEY! OXV: 00 witn a

ei cosanoxy groups, of whith elcosanoxy is 2

preéenardnt mayeberpeefiepobd masméhe. pol'aersiibsej t agntsed

in_ order to increage Rhe solubllit¥ of the li andbip.
pr@%ﬁ?&n'nEB?aFeFﬁ oRel 2hboPiEnt UeThe” RECgrdup Fupstituent
i ndependenthbyposgtest 8dpbrRahsHPSti Ut €dcOfipole moment.
unsubstituted aromatic 30 groups bearing an opt[onall¥

br anchedu€talb2e mpbkexysgbabptwene0ofpos7asgherein include

PCE&EPQQQGAQQSQQgeséa}ély limited to, optionally branched

C1-Cpp alkoxy groups, 1i.e. the Rl and/or RZ groups are
substituted with a hydrocarbyl group connected through an

oxygen bridging atom; optionally substituted Cg-Cjyg

aryloxy groups, i.e. the R1 and/or R? groups are
substituted with an optionally substituted aromatic group

connected through an oxygen bridging atom; optionally

branched C1-Cpp alkoxy(C1-Cpg)alkyl groups, i.e. the R1

and/or RZ2 groups are substituted with a C1-Coq
hydrocarbyl group bearing a C1-Cpp alkoxy group;
hydroxyl; amino; (di-)Cq-Cg alkylamino; nitro; C1-Cg

alkylsulphonyl; C1-Cg alkylthio(Cq1-Cg)alkyl groups;
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on at |east one of the ortho-positions, such as an o-
ani syl group. It is preferred that the RL groups of

woheo7losgasd of the catal yst system of the proeesgEPefo6/068659

the present 5 invention, comrpanert (b), are the sane
and bear the same nunber and type of polar

Su@tﬁﬂ)ﬁé’@é‘t (ﬁétefécyéll@a&)gé&g% aréé’p@ég bS% %Ellﬂaét least

each of sald Rl groups bears a polar su ituent on
onbye ofieaindl/ © heO t won@vat ¢rabl @1d ore ol postupdns. 10 The

R2 groups_of the and o the cat al stem. of th
o oces BTTOhT p BsEnt CPRVBT B SaNpoHaRe (b o Wide

I ndepesdent étyh@;ei/;ecm@!pfdspmmotsw@r%;by , d&StBd k¢ Ut ed
hydr ocar byl , heterohydrocarbyl and substituted

he@%@%ﬁya?éﬁarb??r@g%%b%oﬁythh?¥ﬁﬁ?ﬁ¥%@%b't?@ﬁaQWQXQOXYI
th 1 Qs FhOKD, a?eﬁ{gﬂﬁﬁéf bheHOLS, n@%1ﬁé¥ﬁ§ﬂ§lﬁo?9|ar

stituent any of t e ort ho-positions,
pr@imethﬁlaManoeamhthpisabpuomylgrb@@ﬁlzwmethoxymethyl

|nde d from stit

e REY TR tle B e Pt St Y Pt ey Pe T2 ut ed
0rm@ﬂ§@§§ﬁétH§§d ﬁﬁé@ﬁ@ﬁﬁ@nﬂét§1@60U§§1bﬂﬁéChs@@bﬂ@te,
not contain a polar substituent at any of the ortho-

positrensnd| khenkikabodi ment of the |igand of the
cat al yst systen1of t he grocess of .t he resen

i nvent i BReLebABbRentRe (BY LAt heUpBt Hrotp'sS ate the RL groups

'nQ?QeEQQQbEMd§§£§9t§Qlé£98&2§r8ﬁdéﬁﬁﬁéﬁyily branched Cq-
substituted hydrocarbyl, heterohydrocarbyl " and

SUC§51&mk@ﬁyh@t@ﬁpbydbpcabbal19r@up@t%tﬁheah@5p¢py|5@yloxy
that when the group is aromatic it does not contain a
potavupabsthtiueptiataahy bfatheedrfhocpgsatkphsCisaid

R2 groups may be independently selected froma group
3OCgohpi£9KMggégvpénalMyrguhgﬁf@a@hhybeh§9lpObﬁényl

tol yl xylyl, mesity hen

ht
anFHPﬁEéEVF“tﬁe?ﬁ%x&ndQE?QgﬁﬁF%S7i%gg E%¥E%§@%e?@%g%%©lly

hBax¥, -Bhgnaxy ybayy, dipethylapi 88tionall
dlégﬁgﬁan1no Eéthy g?% Pan1%o; th?%pheny?] Qy%?na Y

t hbeghBykd C1-Cg alkoxy groups such as, for example,

methoxy, ethoxy or isopropoxy of which methoxy is a
particularly preferred polar substituent; alternatively,

longer optionally branched C1-Cpp alkoxy groups such as
optionally branched Cg-Cpp alkoxy groups, for example

decyloxy, dodecyloxy, tetradecyloxy, hexadecyloxy,
octadecyloxy or elcosanoxy groups, of which eicosanoxy is
preferred, may be preferred as the polar substituents in
order to increase the solubility of the ligand in organic
media.

In one embodiment, the R1 group 1is independently
selected from substituted or unsubstituted aromatic

groups bearing an optionally branched Cq1-Cpg alkoxy group
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t hi ophenoxy, trinmethylsilyl, dinmethylhydrazyl, nethyl,
ethyl, ethenyl, propyl, butyl, propenyl, propynyl, 5

woyaliopenssyl , cycl ohexyl, ferrocenyl and PCT/EP2006/068659

t et rahydrof uranyl groups. Lnignet her enbodi nent of

the ligand, said R2 groups nay be independently

sel ected r 0 I Sl ti.onal

R e T S S ety ST

t haophehydramd. et hyl groups. 10 In a further

enbodi nent of the ligand of the catalyst system of

the pr oé’ésSSoPNFﬁ%rb?fés@mti‘?%nﬁ‘foqﬁou% nert {Bgand of

t a i nde t C r
e LN L
het evehyitloocacdyboment s(ibst | 4 ¢ ethdetanehya dosabythd 5same
groups with the rgﬁiso t hat when the group I S

arowEPFE 2P HYR t?%b%?a?%?%?b%?%ﬁt Ubst i tueht at
R D CNARR TS BT ERT AL T ot braf |7 San 1| fu g beare

ected fronm optionally substi
phgnyb1 gf ospss wWhi ¢bnt den nehl goshai &f acipsl @fo available
substituent at any of the ortho 20 positions, or

al eERArPoeLyiowd: not contain any polar substituents

at all. y_pol ar substitueni, present in said R2

gr oups EQ? Bg %F%EP?oﬂ%dBQ%tihgén a?% R° groupsY S hajysten
opbEopRL! ¥reeatai Hf NPRe pptasestibshvénendn, | Sfonent (b),
defines non-polar as an entity without a 25 pernmanent

el ecer isddpporienbrentleSuedabl ennbrndporarbyl, substituted
supstit ma t : , tyl,
A e L e R I e AT
cyrkopenhybro2apeyhybeygobshexyh, theyptohexyl that when the
cyl opent adi enyl , phenyl, bi-phenyl, naphthyl, 30 .
t09§P99x§FyPFOW€§EFyF¥ g?ﬁ%ngPF %?Bﬁﬁhglaa%al%5n§9P59t$uent
209¢/ 9a(408 PRI/ EP2AO6HE6865ns; 18 igrpupredrelin€hat each

i ke. Preferably, the non-polar substituent is not
el e€t sanddaratirbgps| arengndppentient epbsdiaentdof rome

ligand of the catalyst system of the process of th .
pré§€ﬁFlFH§§ﬁtPénPnSBbééﬁ%Bﬁ%ﬁta{BT?t§§iar?&pﬁrobﬁcigdlng
ansHB%HQ%E%EHth Qﬂgﬂﬁgtituted hetercaromatic groups, which

do not contain a polar substituent at any of the ortho-
positions.
In one embodiment of the ligand of the catalyst

system of the process of the present invention, component

{(b), the RZ groups are independently selected from
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
and substituted heterohydrocarbyl groups with the proviso

that when the group is aromatic it does not contain a

polar substituent at any of the ortho-positions, said RZ
groups may be independently selected from a group
comprising optionally substituted benzyl, phenyl, tolyl,
xylyl, mesityl, biphenyl, naphthyl, anthracenyl, methoxy,
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group. Optionally, any of the R and R2 groups may

i ndependently be linked to one or nore of each ot her
wonrootos74ske bridging group X to forma cyclic PCT/EP2006/068659

structure. In 10 particular- wier n is 2 then the two

R2 groups may optionally be Iinked together to forma

cycly tr i r ti Rhesphor
IH§%%%¥iérH@%%%%YhEﬂfp%?g% e %%g%en mven’ti%ﬁie,@li e O
ormdoh nl of hy hen phos ptiot eshat phe pfridel | i gaincke iyl he

15 catal yst system of the, pr f ot t
A G AR iU o S BN TISH
2

r
Orefnyl TYRELESNVY, pebpPel whtyhe u By Df
& A

the second |igand are oxidised by S, : or 0. In a
f ey hberenbndi nerelofcxhb, pfesertennyetd ot ramydpefuranyl

i gand of the catal yst system of the process of the
pr%%%%?sinv%%t?%ﬁt%%ﬁ %T%%dﬁ%??Bn%T|9ﬁ%o%&%ﬁ?97nﬁ%}?ﬂ%g

(R} EEp & RERIPO( RABp &bL St 1 Mofs1 & & ngr & aP £5u0f
such I'igands include |igands where the individua
unéomsprasengoopt ednel t nesulvsal oneedremerel oftehel R1 or

et RAR Stk b LSRR ASAOR, BETLR:1 TymbsaLly
(R1) 2P- Xn P4 RE) AL IR2) NeBb & Smedheot | gaadsi geedr 6if nghé o

formula (1) can be prepared using procedures known to.
oneéa5RiVPEASYAtEReChr ENBrrrarees oskdt i PuBFFRhetnvention,

literature, es such 30_conpouynds i ncl ude;
(299%Pﬂ8§96hgﬁ$??£$ﬁ(§%t%§?§Ef2?re ngependen%fy Selected
netb@%yﬁgaaMbifﬁp@pybmbsfZtMEbaOangéaééﬁyl,

PCT/ EP2006/ 068659 - 19

neEh@ﬁ?ﬁhﬁﬁ?PFQF@Whe@h?l?F?Ehéﬁ?t??,h??erOhydrocarbyl
2 . h hegy! ) {ph oy
R

(2ipetbexypbenygbhf2in a polar substituent at any of the

ethoxyphenyl)PN(nethy[)P(g-nethoxyphenyl)(phenyl), (2

5 nEFthpphéhybp€2-éﬁhdx§ hergrpPNeret ks Pepdenyly 2,

fgésgggg%§3%é§§r§?%%éﬁgﬁ§QE%Q¥E%E£8Eed phenyl groups which
do not contain a polar substituent at any of the ortho-
positions, or alternatively, do not contain any polar

substituents at all. Any polar substituent present in

said RZ groups may be electron donating. Said G groups
may optionally contain non-polar substituent.

TUPAC defines non-polar as an entity without a
permanent electric dipole moment.

Suitable non-polar substituents may be a methyl,
ethyl, propyl, butyl, isopropyl, isobutyl, tert-butyl,
pentyl, hexyl, cyclopentyl, 2-methylcyclohexyl,
cyclohexyl, cylopentadienyl, phenyl, bi-phenyl, naphthyl,
tolyl, xylyl, mesityl, ethenyl, propenyl and benzyl
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I sopr opoxyphenyl ) 2PN( net hyl ) P(phenyl ) 2, (2-
nmet hoxyphenyl ) 2PN( net hyl ) P( 2- mret hoxyphenyl ) (3 10

waorbitmsyskenyl ), (2- met hoxyphenyl ) 2PN( net hyl ) PPBT/EP2006/068659

met hoxyphenyl ) 2, (2-nmet hoxyphégyl) 2PN( et hyl ) P( 2-
met hoxyphenyl ) (4- met hoxyphenyl ) (2-

"E%P&% h@PVM@W}E@thyM@fé‘rJ@I)EOXM@%) Fold2-
hoxyphenyl ) 2PN( et hyl ) P( 2- et oxyphenyl)(4 15

f | siopophewshl | 1§ 220kt hoxyphenydJr2RN(met hyl ) P( 4-

f1 wor ophenul 12, {20 et hoxyhenvl) 2PNIEL W]3B2 0 tne

et hoxyp 'én tior oph

nscteﬁl@ayf@@nwé%hd(mtmé)ﬁ&m hox ygrhenytd{dnt invention,
di met hyl am no- phenyl ), §2-nethoxypheny|)2PN(nethyI)P(4
20cdhpetéyt amb no- phedyR) 2group is an unsubstituted phenyl
(2- met hoxyphenyl ) 2PN( net hyl ) P( 2-

me? hoxy phenyl ) (4- (4- met hoxyphenyl ) - phenyl ), (2-

met hoxy

2PN(netﬁ€f¥%&%%%%Cnet%oxyp eny%) %n%%)%foups may
(Ziﬂ@ép@m&@henylbéPBKnEé&yt@F%ﬁkrmﬂkmuy@h@ﬁyééi%-other or
gLt byl o ne;pheryl L (7 8 boymheny D PPN W B4 1,
(2-ne hox hen 2PN t P 2

ne?%5§§ﬁﬁ §r)‘1v'121g (neh%¥§%%ény?? BRRRT)9FquRs may
rzr%lb@x&ﬁa@myl bépMﬁﬁédilytd@’ééhéﬂ et h@mp&e@yd:h@hwwature

(éiﬁéPﬁﬁﬁyﬁﬁéﬁ9l}QPNW%%?R?P§@?2aﬁ%$hoxyphenyl)(ethyl)

xg ﬁg?gég?%ﬁgﬁ9?§g@ﬁ? ﬁéﬁ?S ?9 h?)épese?t invention, one
nebhobyphenyl}ﬁ@hphespyb)ﬁ$2anemhoa§phbayl)g@nd of the

o B RERY bys B R e S S Fh St gnvention
"EEQQXMEhQHMb%éQdBﬂQD hyk)dié@d by S, Se, N or O.

met hoxyphenyl ) 2PN( et P( 2- napht hyl ) 2,
nefh@kyphéﬁyl¥2F$bﬁétﬁ§l;F?théﬁﬁ69§bﬁeﬁ9PT%pQB|bh%n??cond

et REREnany! VIR REEhy 1) Bl 2 bt hosyphanyl ) (p' 10
nethylpmenylfurtﬁenebmbxypmenyl¢2Pthﬁephyb¢ﬁﬁpinvention,

ot RxJ ARSI FE2L T BBRaLYF) - fston oF tHE bibEess of cthe

present invention may also optionally contain multiple
(R1)2P—X—P(R1)m(R2)n units. Non-limiting examples of
such ligands include ligands where the individual units

are coupled either via one or more of the Rl or RZ groups
or via the bridging group X. Typically, the ligand does
not contain multiple (R1)2P—X—P(R1)m(R2)n units.

The ligands according to formula (I) can be prepared
using procedures known to one skilled in the art or
disclosed in published literature. Examples of such

compounds include: (2-methoxyphenyl)>PN(methyl)P (2~

methoxyphenyl) (phenyl) = (2-
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met hoxyphenyl ) 2PN( net hyl ) P(2-t hi ophenyl ) 2, (2-

met hoxyphenyl ) 2PN( net hyl ) P( 2- met hoxyphenyl ) (m 15
warbiTysptsenyl ), (2- met hoxyphenyl ) 2PN( et hyl ) P( RET/EP2006/068659

met hyl phenyl ) 2, (2- net hoxyphengl }2PN( et hyl ) P( 2-

nethoxyphenyl)(phenyl) (2-

"%Qprop%f?&y@g thox enﬁ‘@iﬁﬁ 2)(2 net hoxypheny! ) 2

( 2=t ooy D)y D @Mwmée%xwﬁ ipHedryl)  (2-
nethoxypheny N(|sopropyI)P(2 nethoxyphenyl)(phenyl)

. efZoxgdiexypheny (DN spastopy) ) )P phempgthox@bhenyl) (2-
nmet hoxyphenyl ) 2PN( but yl ) P( 2- nethoxyphenyl)(phen I)

( 2=t et Yioixsphensil JrePNg Huk /| 3 -PipHeesidieny D) QES’lenyl (2-
met hoxyphenyl ) 2PN(t - but yl ) P( 2 nethoxyphenylégphe
(20 %@wfy%éhy équmﬁwjb Bherthel |

nEthx h oxyphenyl ) (phenyl),
ggl ?%ﬁ 3 hgggﬁﬁég%ﬁgigg§§gggyl%éthgiygﬁgnyl)
?N%é§ ?%ﬁe%@%mégg ﬁ%%% phenyl)(phenyl)

2 2-
et ROy PRaR Ty S %“%fﬁ%’%ﬁ% BT 12
m@@w@ﬁﬁmwi p&; yﬁméth&ﬁrmh@dﬁ&meymhérzm 135
cycl ohexyl et hyl ) P(phenyl) 2, (2-nmethoxyphenyl) 2PN( 2-

nah@yhcyypnhﬁyy])P(2-m®th@xy@h@myl)1Ememy¢bleEé3-
met hoxyphenyl ) 2PN( 2- et hyl cycl ohexyl ) P(phenyl ) 2 2-
mendbikgpehgny 2PN déedyng PLox vilh ¢raxy pheh (ng >n1§/[5§
(2- nethox phen 2PN(decyl ) P(phenyl )2, (2 10

né@ﬁ%&?ﬁﬁ% ?PY%%K%aT?E???¥Q DeRY hbxyphenyl ) (phenyl ),

e e T L
s e

p-
butyl,ghg Mla%l?’i b haxypbe yhéﬁpbﬁgyﬂume{ﬁ P(4-
nethoxyp enyl )2 n?p t- buty phenyl ) (phenylgz (2-
methaxyppreyl) 2PN( (ZH2 8hdk ppnphpl | pEN PAEEhy1) P (2-

ethoxyphenyl) (4-fluorophenyl) (2-
methoxyphenyl) 2PN (methyl) P (2-methoxyphenyl) (4-
dimethylamino-phenyl) (2-methoxyphenyl) 9PN (methyl) P (4-
dimethylamino-phenyl)p, (2-methoxyphenyl) 9PN (methyl) P (2-
methoxyphenyl) (4- (4-methoxyphenyl)-phenyl) (2-
methoxyphenyl) 2PN (methyl) P (4- (4-methoxyphenyl) -phenyl) 5,
(2-methoxyphenyl) 2PN (methyl) P (2-methoxyphenyl) (4-
dimethylamino-phenyl) (2-methoxyphenyl) PN (methyl) P (4-
dimethylamino-phenyl) o, (2-methoxyphenyl) 9PN (methyl) P (2-
methoxyphenyl) (4- (4-methoxyphenyl) -phenyl) (2-
methoxyphenyl) 2PN (methyl) P (4- (4-methoxyphenyl) -phenyl) o,

(2-methoxyphenyl) 2PN (methyl) P (2-methoxyphenyl) (ethyl)
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met hoxyphenyl ) (phenyl ), (2-methoxyphenyl)2PN((CH2) 3-N-
nor phol i ne) P(phenyl ) 2,

wO 2005y phenyl ) 2PN( Si (CH3) 3) P(2 20 PCT/EP2006/068659
met hoxyphenyl ) (phenyl), (2-- 20 -
nethoxyphenyI)ZPN(Sl(CHG)S)P(phenyI)Z (2-

S M PHn1 %, o

2 25
rret hoxy enyl}; %(bﬁ]%}?%%%%%ﬁyphenyl (ph(fanyl),,

( 2=t el proscypiheny | ) 2N enzyt 9 iR phemy et h €12 P (o-
met hoxyphenyl )’ 2PN( 1- cycl ohexyl - et hyl ) P( 2-

med hioxypihemy1 ) £ p hwethqwmwmgmm
2007/ 057458 PCT/EP2006/068659 - 22

cyed Ohexybher iyl Pipremity D), (92~ net hoxyphenyl)

2PN CH2CH2CH2S) ( Qve3) ] P( h I 2-

n@fﬁ%&@ h BHeNGTY Big wjé%%?§§{é§%z$§%§ﬁﬁ?éﬁé 2

me en c ohe,

ne]{‘?'ﬁ) %?%fﬁ% nyrf“fthbﬁz ﬁr(ng h%%(tp %’ﬁ@% %(%) blphenyl
{?§c§§g§§9g§%¥$%§’ B et R IR I ke, (12 10

mﬁ@@%&?iﬂﬁﬂé’ﬁ}?ﬁ%Pﬁ)thlSﬁPf@PXl&@&Wé@yl ) (2=

ei cosanoxyphenyl ) 2PN( et hyl ) P( 2

ellﬁ@ﬁlﬁl‘fﬁmﬁy@ﬂﬁnyl)(bh@@fy}hc)xypﬁﬁenyl >PN (methyl) P (p-

ei cosanoxyphenyl ) 2PN( net hyl ) P(phenyl )2, (2-

nEmhbhybpbﬁyy)(Z (2-methoxyphenyl) 2PN (methyl) P (2-

2-ei cosanoxyphenyI)PN( nmet hyl ) P(phenyl )2, 15
(2naeRpvXpPRENY| | £~ Dbeprbean kyph%nyl ) PN( net hyl ) P( 2-

ol EOSANBKUPRany! § SN REEhyl §Bfatniophenylla, (2=
ci Gasanamn ﬁex%%éﬁ“ﬁ@?h% b{Er ESARETSHERT (pheny
l)megg ylphenyl methox¥ hen%(4 2PN (methyl) P (m

(2-
(2-ei cosanoxyphényl ) 2PN( net hyl ) ei cosanoxyphenyl ) 2,
(Zm@hbmpmhgmyk) ( (2-pecnsanpxypheny by PAEneL hyl 2 P( 4-

ei cosanoxypheny

(Zmethozgpbgnphemphﬁﬁ?mqneﬁayl)P(2-
methoxyphenyl) 2PN (ethyl) P (phenyl) 7, (2-methoxyphenyl) o
PN (propyl)P (2-methoxyphenyl) (phenyl) (2-methoxyphenyl) o
PN (propyl)P (phenyl)o (2=
methoxyphenyl)2PN(isopropyl)P(2—methoxyphenyl)(phenyl),
(2-methoxyphenyl) pPN (isopropyl) P (phenyl) o (2-
methoxyphenyl) 2PN (butyl) P (2-methoxyphenyl) (phenyl) (2-
methoxyphenyl) pPN (butyl) P (phenyl) 2, (2-
methoxyphenyl) 2PN (t-butyl) P (2-methoxyphenyl) (phenyl) (2-
methoxyphenyl) pPN (t-butyl) P (phenyl) >, (2-
methoxyphenyl) 9PN (phenyl) P (2-methoxyphenyl) (phenyl)  (2-

methoxyphenyl) 2PN (phenyl) P (phenyl) 2, (2-
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ei cosanoxyphenyl ) (4- ei cosanoxyphenyl ),
(2- met hoxyphenyl ) (

wa-2ei7083Esoxyphenyl ) PN( net hyl ) P(2- ei cosanoxypheayiEp£ede6/068659

25 ei cosanoxyphenyl), and the 2ike. The cocatal yst,
conmponent (c), may in principle be any conpound or

M Xt Qfp eeRouS dhkabngeran at %Sm%Qhoﬁ%EF%%yl (phenyl)

cat al yst systen1MAth the source of

o (Zbtrenttinxyp hieiyd 9 e, ( cyempereRtl ) fabheard )the (bigand,
30 conponent (b). WD 2007/ 057458 PCT/EP2006 068659 -
23 meChrppramids Wihiodi (dreysdiohalxlyd ettbry LuPd 2as a
cocatalyst i ncl ude or%anoalunlnlun1conpounds

or FEAGFYER Qﬂdﬁﬁd@ﬁ@@ Jor daninetsakyphesydh H&Y (1-
met hyl lit hi nj t hyl na nesi um brom de and
|n8r§&ﬁq?§¥|9£§y Ad (SFerY L] gycH 2ages hogypaerydr aBdrRc

nerat P i lﬂh%: A & Grrhe b PR TPar Ereavan by 12 d
e R i TSR TR

th@%@h@&&@%@n@hegﬁﬂr@@b@l}@ éLBé%howgﬁﬁéh 18Q$Heﬁ41 (2-

group i s independently selected fromd -

( proefr@nalyion eGl-1Ch2Naldeyly)l ) Paxyigen1)eont@i-ni ng noi eties
or halides, and conpounds such as LiA H4 and the

I|m@thNQthﬁmwﬂlQ@Néﬂéﬁwﬂé§ gf-msthbalhbbenyl) (phenyl) (2-
or ganoal um ni um conpounds i ncl ude trlnethylalunlnlum

15meﬁwﬂfyphﬁpéﬂhyﬁ§|eéﬁﬁ#uﬁxpmsnyl er ﬁ but yl
|
?r%gh 8 EPM&IR ﬁﬁ? %ﬁikﬁgbﬁ dichloride,
| | h |
H%%? 40 ?Hq gpeﬁ&%sgn1c %?% ¥y§n§H§g Ehﬁgianes
(ah%Qh%Q&b%@n§hg@Qéﬁ@%§h ¥§uﬁ§§h8§¥? SPgl Pngét_

or ganoal um ni um conpounds are al so su
hebeitylpheng 1prebencedosybadnyent phenein, the

cocatal yst is an alum noxane cocatal yst' These

al oeithoxgpéengdabalNyst-¢-bmaylearpyilse (ahgnallupi ngrane

conmpound or a m xture of 25 al um noxane conpounds

Al Ogithexarpbsniyay 2BY (dFdpased-pprpholine) P (2-
methoxyphenyl)(phenyl), (2-methoxyphenyl) 2PN ( (CHp) 3-N-
morpholine)P(phenyl)2, (2-methoxyphenyl) »PN(Si(CH3)3)P(2-
methoxyphenyl)(phenyl), (2-
methoxyphenyl)2PN(Si(CH3)3)P(phenyl)2, (2-
methoxyphenyl) 2P (=Se)N (isopropyl) P (2-
methoxyphenyl)(phenyl), (2=
methoxyphenyl)2P(=Se)N(isopropyl)P(phenyl)2, (2-
methoxyphenyl)2PN(benzyl)P(2—methoxyphenyl)(phenyl), (2-
methoxyphenyl)2PN(benzyl)P(phenyl)2, (2-
methoxyphenyl) 92PN (1l-cyclohexyl-ethyl)P(2-

methoxyphenyl)(phenyl), (2-methoxyphenyl) 2PN (1-
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the controlled addition of water to an al kyl al um ni um
conpound, such as those nentioned above, or are

waveai7tiabise conmercially. Non-limting exanpl eBCOMEP2006/068659

sui tabl e al um noxanes i ncl udearet hyl al um noxane

(MAO), nodified 30 nethyl alum noxane ( MVRO),

t etraisabut Yl dhghymipaxane) (TIBAO, tetra-n-butyl

di al um noxane and tetra-n-oc?yl WO 2007/ 057458

PCﬁéEHBQQ@h@6§@5gPN{CHQCH%bﬁEQﬂVOMégﬁ?P(bn this

context it should be noted that the term

" ainetrhrayahetiyas (pbedyw) t hilA-t hi s speci fication

i ncl udes conmerci al ly avail abl e al um noxanes, which

ar BetaerypeanyioaPNheHeeHpEEp8hdPHg3t f PaPRghal upi nil@m
r and which may contain from2 to

?émg@ﬁgg&%kggwggﬁﬁg&EBB@Fh51§ME;PhBE$leﬁ?Gnal:y about
10 9% . i ni O i -
epaevRSsethinersidy ) Nevetbhrdiatat s bR 2" ©
e B R REIE &0 (2thei 1 entirety by

re-incor their entirety by

[ ehetaBgepnERg1gYanLES ¥ (95oposglal psh-in the catalyst
system e presént invention 1S typically enough to

pr oeidexgpheatilo (bhehhe)range from0.1 to 20, 000,
preferably from1 15 to 2000, nore preferably 1 to

1006 fthmsshpnefiepaliFg) N (feop500ylaPuphanvin or 12 on

atons per atom of chromi um nol ybdenum or tungsten
IneéﬁéS§B@§VPh€“§ﬁ%@8Nﬁ@ﬁFhMﬂ)Phé"present i nventi on

the catal yst syst n1og thf progess of the present 20
in€éﬁ9?6HOégﬁ§FP§ &:(PEFNX LI oulés of chronmi um

nmoky H h ; [ I ngothe
ge%e?g?afg?2%IEH??i?@Né%i?gz?QF#?%g§§m?¥5 &%erein X,
RimagdoRypacayas (defenedsaboxephandl) B8 (&ptByl) P (phenyl) 5,

cocatal yst. I n another specific enbodi nent of the

pr égemethppyphengn) tthé-eatabysbxgpbeeml 0PNihetpyoL8$8-

Ofegg%sanoxyphenyl)(phenyl), (2-
eicosanoxyphenyl) 2PN (methyl) P (4-
eicosanoxyphenyl) (phenyl), (2-methoxyphenyl) ( 2-
eicosanoxyphenyl) PN (methyl) P (4-eicosanoxyphenyl) (phenyl),
(2-eicosanoxyphenyl) 2PN (methyl) P (4-eicosanoxyphenyl) o,
(2-methoxyphenyl) ( 2-eicosanoxyphenyl) PN (methyl) P (4-
eicosanoxyphenyl) ), (2-eicosanoxyphenyl)»PN(methyl)P(2-
eicosanoxyphenyl) (4-eicosanoxyphenyl), (2-methoxyphenyl) (
2-elcosanoxyphenyl) PN (methyl) P (2-eicosanoxyphenyl) (4-
eicosanoxyphenyl), and the like.

The cocatalyst, component (c), may in principle be

any compound or mixture of compounds that generates an
active catalyst system with the source of chromium,

molybdenum or tungsten, component (a), and the ligand,

component (b).
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present invention conprises: a) a source of chrom um
nol ybdenum or tungsten; 30 b) a |igand having the

waqaemgroat4ssornula (1); (R1)2P-X-P(R1)(R2) (1) YI/EP2006/068659

2007/ 057458 PCT/ EP2006/ 068659 23 25 wherein X, Rl and
R2 are as defined above; and c¢) a cocatalyst. The

cat al ystogyshieAsohnt he Rracesst9b1Lhe presents 4 cocatalyst
i nvention rmay independently conprise nore than one

| i gapduds asgdebrhediabomecoMpheuadvundbrobnchooohuapmpounds,
nol ybdenum_or . t ungst en napel y.c onent (a),.,and the |
AGUREEOF FRgAna. CeoRpBACHE Ry b} LR o8 pr GELRY LFRoneaLun
t herspstiemand anBRhanitabic@dkNahlesalapgesQbnf rem

100: 1 to_1:100, prefe(abl¥ from10:1 to 10 1:10. More

pr &fEFabLYOrPReTéRr BRTGnf TRt §bBenai BET £BRgafenoroborate,

cogpanent neakhr18RdoLhe i kbgapd. sgqmppoent  (b), are

present in a nolar ratio in the range o rom3:1 to
1: 3. Mé&erpiehiénablyprhéeampdntoobtedppbneate(a) and

t he anDuTt of . conponent éb) aLe. pre ent in a Eolar_
raPFgeBPa Lt IBLR Bk TOBP8UPES1: 1711 HRESt RFdaneat gyt um
conpapenh8softorhaseahakysh as¥StBBke(RAlvikh) tBBFEEIu1a
may be added together sinultaneously or sequentially

i NA&RY 30r daerednasath RArgvbde as antiepencahalysteldbeed
three catal yst 20 conponents of the catal yst system
(a¥rofb¥iafdo(elkydayprrbéeconliacCedCip a&heypi esernggenf
any suitable solvent. Suitable solvents are known to

t h6SBLSRPEREdMPACERESAPE, Padiifieabl endoFoBRPSNARYSUCh as

¢l Hdg any 4 paLt ﬁszlevenfqohhﬂﬁgg%%sggg?ﬁ?gg; aw’ LDitable

In
t he co- éat aijst conponent, suc S Sa

al bphahbe 1 ukAsatHr abRgoahbBhahkbgudar ePRhkenylaluminium
hal ogenat ed hydrocarbons and ionic Iiquids. Typica
sol(V¥At s tmertbeglabuniaiemndTER) pi ted-nobubghzeheninium,

LokEﬁﬂﬁsoé¥k§ﬂ§1uﬁ%HXERGZ%§§E& CH??DSLOBEQEQTSminium,

utane, = pentane, heptane, decane, dodecane,

t emeatdgtaneminium dichloride, ethylaluminium dichloride,
dimethylaluminium chloride, diethylaluminium chloride and
aluminoxanes (also called alumoxanes). Mixtures of
organcaluminium 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 or 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
commercially. Non-limiting examples of suitable
aluminoxanes include methyl aluminoxane (MAO), modified

methyl aluminoxane (MMAO), tetraisobutyl dialuminoxane

(TIBAO), tetra-n-butyl dialuminoxane and tetra-n-octyl
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30 net hyl cycl ohexane, net hyl cycopent ane, cycl ohexane,

1- hexene, 1-octene and the |ike. O her exanples of
weuld7aktes sol vent s are those disclosed in WO ORPCOAPIMDE/068659

WD 2007/ 057458 PCT/ EP2006/ 068659 - - 26 such as

hydr ocar bon sol vents and pol ar sol vents such as

d'@EQXhm@BBﬁénetetﬁﬁh¥959fHBﬂgex@C§£oghgﬁi&e Qngo£?§ that

like. In one enbodi nent of e present 1 nvention e

5 theakysm Systmamokath& peouess withhe phéseapecification

i nven is_forned addi o cat al yst _
compo %8%?5 f@TmeFSlglgga?Xﬁiigbg?eé P@b?oéﬁﬁﬁﬁsivhbﬁh are
COHpLii§kAg feORPORENES riaspodREngb) ridNRycat ahyStum by
system of the present invention may be "~ 10 prepared
ei BREL ANt Ré prESEnEBI(Mhéch maysEentyinr frapsénte &b
t he ol ef he three a 0
{ heyel s 0292?55?@235?8H§ §a)w£(b)ﬁa£ E%ﬁ;on§9ﬂ9 RgBLE 10
cofdtnedofubllyminitime absence of the ol efinic nononer,
or the BI finic.no gne % bi |nclude$ rior to 15
cont act ﬁgthéu&BﬁB fieRPsCaFatkKatéat BFystiesyipam mentioned
si mHl raneoyusky 19 t ot DeoePOBEAERt 8naf wbheo6aY BbYSY 9, the
system or at any point in the process of contacti ng
t heisedpponent sfohihb eacalpserprIhetedrberedbnponehhsir

alys (a), 20 (b) and (c), may be

con%? %%gthg %e§¥2%§?%fe in the range of from-100
to 200 Thepqeéetabyyoe tocdbAlgst tmrenhprefesabky 20stem

to 100 C. The catal yst system of the process of the
prEQ@nPre§ﬁ95n%P8ﬁnﬁé9nbésuﬁ¥9b56?%¥deﬁPU§ﬁp58rPé@vbﬁe a

a r a I

ot or gl & caRbe P ouna TR W05 0a 110 (0 2064 Besa 5T L
andoWe02004m0564pgcfeThblyl éf tai ¢0fbnomess suefabhbly 1 to
fogOHse hn t he trlnﬁr i zatipon and tet aneri.zation,

pr 8cess ‘ot Mt R Pr 8Sent * °I'nd ﬁ??oﬁegaﬁ BE QhyCBF8FTHTe
nonenmgbsenwhi o €angbee3d0 converted into a trimer or
tetraner. Suitable aolefinic

In one specific embodiment of the present invention
the catalyst system of the process of the present

invention comprises:

a) a source of chromium, molybdenum or tungsten;
b) a ligand having the general formula (I);
(R1) oP-X-P(RZ) 5 ()

wherein X, Rl and RZ are as defined above; and

c) a cocatalyst.

In another specific embodiment of the present
invention the catalyst system of the process of the
present invention comprises:

a) a source of chromium, molybdenum or tungsten;

b) a ligand having the general formula (I);

(R1) ,p-x-P(R1) (RZ) (1)
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nonomers i nclude, but are not necessarily limted to,
et hyl ene, propyl ene, optionally branched C4-C24, WO

waQw/085i8458 PCT/ EP2006/ 068659 - 27 pref er abPgT/EP2006/068659

C4- C20, a-olefins, optionally Zir anched C4- C24,

preferably C4-C20, internal olefins, optionally

branched feferalby l.i den

ol ef i ns"'§p |on§r|§ EPgnghear%Aa ﬂe¥ %ﬁe?%BVﬁ and

c4- C20, c¢ycla0cobetam§sand 5 optlonally br anched

C4- C24, Breferabl C4-C20, dienes, as well as

opti onall'§ GRARCHEE E4SESM Ofr BherabPye&a- cPothe present
fungtbppaliz I | finic
R e e ST e B
| i neadediokdf rheyesuch as et hyl ene, propylene

1- but en 10 1-pentene, 1-hexene, _1- tene, 1-octene,
1- nonenghelamaegg ihﬁﬁﬂeE@nemoiYBgﬁgE%n%r tungsten,

1- héh@@?eﬂgmpénehﬁtr afleceng. tAePENLAAECERCI 1gand, component
1- hexadecene, 1-heptadecene, 1-octadecene,

1- ﬁ@hadééén@eaﬁﬁeie@Fceéeﬁbe pyahehetnaa oPbREnsasiehin the

ani BPendhed P oV AT SPet { AE° auRk-2eT3BET £ngn 1098 o

I'nt ernal - |ns Su
st yr éne; MycbobexéeeabmgrboheeQEramﬁumhemblyedenum or
M xtures of olefinic nnnoners can al so be used in the

pr bEBESTER t RBBPRERAt (RhveRPfoh e Pt efRF ed oFRPRARE |

nopeEefscbahtU$E hNmbhgr20atEbmeRi gAki 0AngRdof from 3:1 to
tetraneri zati on process of the pr esent i nvention are

pr 6pyl en¥oghdreehgrehéy EBpeeinalny oprepwpprents(a) and the
et h | yst stem and cess_of
oL BELERE RO SAHBLEHEL (BYChPE BOLEREECTE S hgl L8, povio or

S Phventton are par y use
S|ﬁubmame0us 26 teiineri zation and tetraneri zati on of

ethylene to 1-hexene _and 1-octene. The simultaneous
trimeri 28 RTERACEEEF Afkr FRAPPRANLFeatt bR €ahabest

pe d icgysolyyi phase, ULLY S hase
S T e L P

andlmuétaaﬂensiatDonsegupetie&hedlnnasplurden 80 as to

Slurr Bgagn active catalyst. The three catalyst
components of the catalyst system, (a), (b) and (c), may
be contacted in the presence of any suitable solvent.
Suitable solvents are known to those skilled in the art,
suitable solvents may include any inert solvent that does
not react with the co-catalyst component, such as
saturated aliphatic, unsaturated aliphatic, aromatic,
halogenated hydrocarbons and ionic liquids. Typical
sclvents include, but are not limited to, benzene,
toluene, xylene, ethylbenzene, cumene, propane, butane,
pentane, heptane, decane, dodecane, tetradecane,
methylcyclohexane, methylcycopentane, cyclohexane, 1-

hexene, l-octene and the like. Other examples of

suitable solvents are those disclosed in WO 02/04119,
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WD 2007/ 057458 PCT/ EP2006/ 068659 - 28 a diluent or
sol vent, which is substantially inert under

wonrbeTsT4sat i on and tetrameri zati on condi ti ons REY/EBR2006/068659

enpl oyed. Suitable diluents -or2eégol vents are aliphatic

and aromati c hydrocarbons, hal ogenated hydrocarbons

anduénhokef hparwhheBoAr 8osybat ankhal hby1hpest1 vOdes such as

trimerization and tetramerization conditions may be

enplieybdl stbBRrastethebyddpseresedacat ywdi 02104149¢ the
gQQ 4/ 056478 and WD2004/056479. The trinerization

téfranmeri zati on process of the 10 present
|nvent|®n may bebpethentredfi thanyresenof iavaneben, ohe
suitable reactors, which are well known to one Skl||ed

i nCEhel¥PE. STShPBaPtytPRePFPFReF| 25t PR BR@SeNt invention

te&éaﬁgkhéétb9na889ﬁ83§h9fc&h§a9£§§§9tcbﬂ%8Héﬁ9n (8 My tO @
carried out in a batch, sem -batch or conti nuous nD e.

1503hélsshupraﬂe©a9rtﬁpmpcszatooncamprieim@neompamemns (a)
cgss f the present invention may be carried out
% ?E‘ . . rie
é follow ng range of reaction conditions.

Typucaltye chbelyepeyatumeon the grégeﬁhelﬁagﬁﬁléﬁOMAy be
about 0 Cto about 120 C, preferably from about 10 C

t oPABBAFS4161bDeE, 1ApERepPEREPABEY | %r%nwab@u?lQ@"t:Pé
aboyt 100 Gr tﬁgealg9£ﬁlerﬁ§ﬁgﬁgky fEQm ahpuL 59t5a§9t

about 100 C. The process of present Invention
aIsomponeenSenflyhbecapeiystnedsaEmten@Era(breamdnge , may
of from bo t

o oRfrer BT RTNG B Fubin BBS: BPRePFor ot PS oy bbb by Rononer,

t herptaseBl cifAMERt OAcAEr dayehbeVaheUuLEAPEE RLHT €
therefore, the process of the present invention is

h|gﬁnyaganﬂabeet@omﬁoasptse@fatha cabapesht yetem, t he

L /0, C t
0988 AL OTLE UL K005t BB 0 oF HIDCCREEROHL Syoren
inuenhtoanyapobetpenfOhﬁegrosesypoﬁatbytaotih@ thange

of from bel ow at npspheri ressure to about 40 Dbar
PrEP@PSBF?FStﬁg gﬁgggaFéfMFFr be in the range fron1%0

2007/ 05¢A88t REILERSRPEHORBESYE the catalyst system, (a),
(b) and (c), may be combined at a temperature in the
range of from -100 to 200 °C, preferably 0 to 150 °C,
more preferably 20 to 100 °C.

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

The olefinic monomers suitable for use in the
trimerization and tetramerization process of the present
invention can be any olefinic monomers, which can be
converted into a trimer or tetramer. Suitable olefinic
monomers include, but are not necessarily limited to,

ethylene, propylene, optionally branched Cg-Cyy,
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- 29 about 0.1 to about 40 barg, nore preferably from
about 0.5 to about 38 barg, especially in the range

wofodremss about 1 to about 35 barg. Tenper at ur B6TARL06/068659

pressures outside those stated above may al so be
enployed however, 5 the reaction product wll either

haye-28-84¢¢S8, oé%ﬁna&yoléﬁgﬁﬁe égtigngylyfﬂggﬁéﬁegf%§-c24,

an 1 nsi gnlflcant trimer or  tetrane

vapythgrabeyt enpes gl UL et 8Rda Pr 88SET s topBi0RQSBY BbBanched
for the ratio of triners and tetranmers produced 10 in

theéspCogesprofetrhelpregedpol nvenylodehre deevansedopdhenally
amount of trimers produced in the process of the
pr@§éﬂ€h?ﬁv@mr@9m typréarphlincredses wehi¢netedsingand

ngeratur? The amount of tetraners produced in the
pr8 biengt Yh@rﬁngﬁﬂtcﬂngéﬁt|Bﬁeﬁﬁﬁﬁ%éYI94|%2®ea§é%nesr as

5 The t
(C134 "anaref 22aarr 8 Dt hancre-Greo Bpmeatenty Ca-Czo,
'nfﬁﬁé§§ Wit b, jingyeash ng pﬁ%éﬁﬂi&s'th9&1958f8381£9{?1c

he sinultaneous trinmerization and tetramerization
etmyhemers01mehedenebuandré oct enecedber apubimdted to,
ears to 20 decrease with increasin

by roduct s
8?3?u?eOTEE%HBugﬁuFﬁeaén%E%Yle%?'tﬁ%o?é%?%%er% butene,

pr@dgsﬁgeabsolaﬁgﬁéﬁé LO-HEGEEASE WM EBchOCT £A80AGne, 1-
tenperature. Therefore, the process of the' present

i ndeaenen éanndbeeusedla@Oéecﬂneableth@@@ssefol t he
tr n and nerization of olefinic
JComsréggﬁ8 2 ern1&§u%%%blg ﬁexa%%%%n%éri %?pF?d?gene’

nEanbcthaécheyaEyhﬁgadéhénéeaﬁﬁlDﬂeﬂ@ﬁgéﬁéﬂnﬁr@ﬁch@@ o
process of the present invention, the anmpunt of
trPﬁ%Fé“ﬁnauFEt?%nér@eFﬁy%ﬁ%ntp}oﬂﬁ%ta%%n%o%F?Y%nl hexene;

pr edyeed QMdtB?aH&Héés§n9£r£Q§ §9e?£§§e§uchn¥§”ELQutene,

may be varied. This nay be useful for a tuneable
coatynaoas OvcéehﬁxebﬁtlhQDDQIHQMQC@SQ toe like.

trinmeri gn and teg ?nerlzaghgg oS gggfaP C g[) d i
2007/ 059 4EE PR/ EE2008S DRBELEONONED sC be used in

the process of the present invention.

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

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

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

When the simultaneous trimerization and

tetramerization is performed in solution or slurry phase,
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nononers, wherein the product conposition can be

changed (e.g. from producing a higher proportion of
worpeTsssso a hi gher proportion of tetraners, POI/EP2006/068659

vi ce-versa,) by changing the2geactor conditions

wi t hout having to 5 interrupt the ol efinic nononer

fegdqyo1uthe &f'ﬁ@[béﬁ%'Pﬁhiéﬁdiéeéﬁ@§€£$@95199 P%@fycﬁnder

flow. I'n particular, this nay be especially Usefu

f oframenheablien eodt iaubaseblzasern -condinlous, may be

pr r the.ifrjiperizatij an etrameri zati on. of

ot PO SR Taner o b PE bF SUEEFe 107 CRBUaTET of tan banatic

changedréeagicfnoorpeoadbchsg BahbghesitePrioporétOMAOGfs and

1- hexene to a higher proportion of 1- octene, or, _ ,

vi%%@§éP§aYh%9hc%5ﬁg?H§S PRt @AY oFNeBhdiRfehst rimerization

“ﬂ£H8U£e99¥h891£9ti8ﬁe&éH@iti@ﬁsQ&§§'Qéceﬂ@P8§§£,f§§9h as

or the trinerization and tetranerization product

f | binesé@5diachbneednboditen?/ 0411 he PHO28@ht 0 tdeht 2o,

th j cess for the trinmerization and
te@@gﬂéﬁfgg?gzg'of olefin!c mononers, wherein Fhe
ProcessTEENPLiSesiz§0N6ACLhAT &t rhRast z8NEoR| 8FbPESs of the
nmononer under trimerization and tetranerization

r cREEFBNT CONUFRT AR ROY WPE hPar EAFBRYsin syRY ePm®fof he number
F;8§e§§i?%bEQGrQ£S§SPE %HYSH}éPQ'w&@frﬁﬁgwﬂh€0p§§%e§§illed

a continuous or senmf - continuous process and
reacttba eondi t Tppscaigyvaneedrideringtide spnocess.
Variation of the reaction c?nditions can. be gerforned

t o fTRk&MEbAERhHAl BAPGSETent sthE BT 95°pY otRES t oo 1S

ensyre;iaqcensi sheptppreduckeml aber Oh 6ANCHLL 1 PESE O ABde .
to a process to change t he product slate produced. A

pref err@deveisibhaneonhi Srenboiiabheni snd terdeessitarion
the Eéé@?ra%a£h8” god Letraper] z §'8§ ofe £P¥'§$GOut under
h 3 actf 30 e

Wher er i € process conprises con ng yl'ené
Wi theafoafalvysty sysyenvdf réhet poocessdotidhe. presenslly,

I nvention, wherein t rocess i s a continuous or )
2065?05?%88réE%FEP§682/g%séégth? %ﬁng%e%¥9%oﬁ??ﬂﬁo§§)c to

proggse apd the peaekigplgondbhi gpsuereo vartsdagyntngio

t he process.
°C, more preferably from about 20 °C to about 100 °C,
even more preferably from about 40 °C to about 100 °C.
The process of present invention may also conveniently be
performed at temperature range of from about 20 °C to
about 70 °C. However, it may be commercially desirable
to perform the process of the present invention at an
elevated temperature, therefore, the process of the
present invention is highly suitable to be applied at a
temperature in the range of from about 70 °C to about 90
°C. The pressure range under which the process of the
present invention may be performed is typically in the

range of from below atmospheric pressure to about 40

barg. Preferably, the pressure will be in the range from
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Separation of the products, reactant and catal yst can
be perforned by any techni que known to one skilled in

wo 2001@sas8, such as distillation, filtration, PCTI/EP2006/068659

centrifugation, liquid/liquid2®eparation, extraction,
etc. Further details regarding reactors, solvents,

Se@@béﬁ'@nlt€§thQH§S4Oaﬁgréhem$£gepr§§@r§§l OBAGN | Bout
WO 10 02/04119. The use of the process of t%e pr esent

i nYeht tonabort Bhebenval gyshecial herizatheonramge of from

tetpanprizali onoof Selglipl c ponoELs provides a _ . oo

sinplified produci ng FThers: and
Ofoﬁheldbefhﬁsé 5oa0sEI aBSval hdly I eUus eile f ORPBS | ON, Ohowever,
by- groducts conpared with. _equivalent trinmerization

antl ?eF?éﬁE%PEaPF%ﬁuﬁFo%é%%e%lth$ﬁ DRAYEi 2l a¥cesheofiskeavy

OfaBB?oPr98§§§ B -bheanLesent aﬁnyﬁgigﬁffieénﬁhgmount of

catalytic trimerization and tetranerization
ethyéeDElmerlghekeheamﬁd 1-octene 20 prOV|des a

process_wth v F % sel ect V|ty gr 1- hexene_and
1 octenBYoVRFYAPY tHe bURRT. BrbHUCEATfRIRRAT T Lt hbd 08
ango&gibractbensheespecsi yel yrandr Wi dRdresdegders produced

formati on of by-products conpared wth equival ent
trFﬁeFF?aPF@ﬁeéﬁdOfeFF%n@F?§%@Fohnb?%Eé%%e§O 28 Theied.

OV?EQ'EmXbﬁkdofft}lH§§§” r880-d5 Off epge | r%?gs%p%90€ﬁ§

for the trinerization and tetranerizatio yl ene
ofpthesptesembntmventypmcdbbendscnpmﬂe$h@ltMeancremSlng

co dltlong enplo§ed. T%glcal%yt the trineri at| and

t eFFRRBFFZHf Fon 30°sBTERFVPEy EH @M T RePh ﬁﬁ? f“ the
trhpBEEsandrt eheapresent lhhsn@i@ﬁlBy§16@999E£§cf@a§@§ with
overal | product conposition) of the process of the

pr éseheaphpanpreasiiseat TeasamesnWr L0092 0874682+) and/or
PCT/ EP2006/ 068659 - 32 %W, preferably at least 70
@MPOlhﬁrQpréPéPﬁBPyaéFol%Bg?ar?st@M}“CB?a%%eWbQQraII

prQQHQEaSQH?O§kEEQHreTh§ tﬁé'ﬁ?ébé@&'?@raﬂﬁe simultaneous
tetranerizafion selectivity for

trimerization and tetramerlzatlon of ethylene to 1l-hexene
and l-octene. The amount of by-products appears to
decrease with increasing temperature, although the amount
of the tetramer produced also appears to decrease with
increasing temperature.

Therefore, the process of the present invention can
be used as a tuneable process for the trimerization and
tetramerization of olefinic monomers. By the term
“tuneable” as used herein, it i1s meant that by varying
the reaction conditions of the process of the present
invention, the amount of trimers and tetramers in the
product composition produced by the process of the
present invention may be varied. This may be useful for
a tuneable, continuous or semi-continuous, process for

the trimerization and tetramerization of olefinic
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trimerization and tetranerization of ethylene (i.e
the 5 anmount of C6 and C8 fraction in the overal

weonredwst4s8 conposi ti on) using the process of theCpEEI®EN6S6S9

invention is at |east 65 %t 30preferably at |east 70
%W, nore preferably at least 75 %w, of the overal

prﬁgHG&er§0”@9@&&iQnthéOpJ®§u@@DH&£ 9§1é1@@X@§§ be c?anged
pr oduced by the trimerization and %etranerlzatlon

ethyl@nefagmngr@ﬁQCpm@c@s@l@merh@rom@EEE@m ¢hventmens to a

al | nge.of froml10 %M to ,
pre#é I@r Ort% g/@f ?etg%m/@f’ %%r%lc%r%$e?%br$6y
fr@haﬂ@lﬁ@wth@ 88a%br obndheieveral theiodugtidd to

conmposition. The anmpunt of 1-octene produced by the
tr%ﬂﬁﬁrﬁaPFohh%nal%é%?hﬁe@@&%@?%nf%$de@ﬁyw%%eta%m%@lzatlon

th§ndp£8€§§ﬁe9§zé@§o9r§§8@uctnﬁf@&'Onlﬁ £¥P£§@i%¥ | s g

the range of from10 %u to , era rom
11m9@wbEOeSBSCQ@ilyn@sefplef@ra@lyume@miaz @@mtimmémB or
20 overa nposition

ot f th
Tty eneb g Aoty et erBaS R SREPPRLEs Phzat Gy e

presentménithei 68 6fa§th9ne@é t fige P& OUERe product
conposition) in the trinmerization and tetranerization

ofCO@Pﬁ?Féh@“u@@ﬁgb?h@hﬁﬁ@%@séeo@ tﬁéo%rég@%@Clng a higher
r I a L€
or SFOPLEPIbE 8P BLRLEEAD Koo ERRL: oo IO oL Lt

920@&&nef bhevcﬁe#vacsaDnbyoéhanglmgodhetreaup@sl¢®m@1tions
The, 1- oct ene sel ecti vi unt of 1- oct

t i.e. the
o B EReCE nhE Ko Eater LY EhuBT the proatitc JooronSE! FOEA or

coppesttifBYikAti1B8 LhENBELZahé PPz aPdotk b FSABREE ZRL RN
of ethylene using the process of the present

i nventi én DQGVEWQGG¥m95V468 Fhﬁ/EP@@@@tOﬁﬂﬁg@tlonasthere is
preferablg a% §59M¢r refgr b at lea t 90 £
i, CROSTEBr Erbr abry Bt tPEastt ofonrSof oy hateg: 2810
framéEmﬂlcoﬁohhmepsodwhéreonpasetpﬁ@ce§hecampnnte@f

solids produced in the trinerization 5 and
t efPRRBFF28Fi Bh 6F28ENGTEBNBLESETRYCt AR PROECSRIBF t he

trimerization and tetramerization reaction conditions
with a catalyst system of the process of the present
invention, wherein the process is a continuous or semi-
continuous process and the reaction conditions are varied
during the process. Variation of the reaction conditions
can be performed to make continual adjustments to a
process to ensure a consistent product slate or can be
performed to a process to change the product slate
produced. A preferred version of this embodiment is a
process for the trimerization and tetramerization of
ethylene, wherein the process comprises contacting
ethylene with a catalyst system of the process of the

present invention, wherein the process is a continuous or
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present invention is typically at nost about 5 %w.
Lower |evels of solid olefin waxes and pol yet hyl ene

wonrodwsedsi n the trinerization and tetraneri zaPComP2f06/068659

et hyl ene are desirable in cemsarei al operations as

this 10 can reduce the anount of fouling of the

re@@ﬁ91c0§gyh98§§tprésgggeaﬁ@etﬁgvy@%CQIoMﬁééﬁal ions are

by- products and reduce the anount of operationa

" doant ¢dedudiegt ohe npracesnance and cl eani ng of the

react or ,equi nt. The anpu of C10 produced

[ reri SSPTERCEAN ot REl PANEPT oSt BREGEA kL A o Lyst

ustag bbepproceasdobythey PEESENGus NVEMH OFoiSne skilled in

ty |callé at nost about 10 %w. In one enbodi nent of

t hehprasknt SPaVenti dhStt heat 6Pef i hi £t hrbHert

coppesitk f ﬁhel | Ng a ' '

of ToRo 6aaEiohe T hel rhsEdel rsREra L P SRR £ B0,

|na9nt|on typically conprises a conblned t ot al

cont ent _of %-heéege.gnd 1-oc%ene of at ast 70 % of

the ovef 8FFBF odute ¢onposit FHnd ﬁﬁ%?%?ﬁsthﬁoﬁvﬂ%§%ne

COQ&ﬁQEat%oﬁt té@ﬂﬁlq&Qs Y%k n@f thbel pxer abdn PEOUESENG in WO

n505|t|on the 1-hexene select|V|ty is at least 90

/98189 .t he C6 fractlon of the product conposition,

the 1- e cont e t

overaIIQ%%ogg%tSP g é???%% ?ﬁ t%go%?%%gﬁge?ic?mtl?n tor

I sthaé beasnyemc@Mtlmefltﬂeléﬂ dnactéonawéri het poodoct

co osition, and the ampunt of soljds produced is_at
cEbBGE BOIRRCEF PREV3BCBvRr TP pt bipdtmethod of

COﬁPQéhEhﬁa t%8997419@7€ré§r£’1€€£§F’890@1‘196§§§§1n1ctz?ﬁﬂonomer

I n” anot her “enbodi nent of present invention
oleﬁthlcepnoddcfocmﬁp@@ntDénbmfprh@uctﬁn@@myare@nwahd

tetranerhza% of eth Iene uglg t he process of the
1merlza t ame lOIfl processes.
pregent i nvention conp 8s?a to cont enr - o

COMﬁOpﬁd$15uObherthhaﬂsé bexene pﬁdcés@cbenEh@fpaésent
nost 35 %w of the overall product COHEOSItIOﬂ
2

or SRBPABL YAt OFDERe 36 bRL Y T AL FOREE pFEF ePRbRYC At DSt

27té@&am@@§%§tQoBthleBﬁ§§Q§e eonieptxtgeatnheastcL1one
of the overall product

prov1des a process with very high selectivity for 1-
hexene and l-octene over all the other products formed in

the Cg and Cg fractions respectively and with reduced

formation of by-products compared with equivalent
trimerization and tetramerization processes.

The overall yield of 1l-hexene and l-octene in the
process for the trimerization and tetramerization of
ethylene of the present invention depends upon the
reaction conditions employed.

Typically, the trimerization and tetramerization
selectivity (i.e. the amount of trimers and tetramers of
the olefinic monomers in the overall product composition)

of the process of the present invention is at least 65
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conposition, the 1-hexene selectivity is at |east 90
ot 10 of the C6 fraction of the product conposition,

woha7bs57458t ene content is at | east 10 % of t RET/EP2006/068659

overal | product conposition, 3the 1-octene selectivity
is at least 90 %t of the C8 fraction of the product

Co@@9§i§£85er989yt @thgg%%nﬁooiw Olﬁ&?eﬁéggygfgbif 5% least

nost about 5 %M~ o overall prod
conpositi onf The pvecess pfodhet presentitinventiDmeis

ilJustrated .by the followi ng non-limiting. exanples.

B EE: SEEhaY of ibr b bHOP B AR oL Chat SETor} CoT OFO R Fhe
chepigal Sz 46€6n | Anpreparahé PNsSaese PHrEhagPen0(fromthe
Al drich and used without further purification unless

medfPenedobt her andeCs A Fa¢hECHpEl afhonavera hl teoduct
cataI%st,sxstenB were . carried out _under nitrogen

at WOBBASHBIOAl | USHPYehS RSRTCShe?® UrT & @8ty tnvention

st andar di psocedyr e3¢, APRYHEPMS1 { Ohtenea 2D 19% B more
purity) was dried over 4A nol ecul ar sieves (fina
wapeefeovabent abf Labaut 73 pph) . oAnhyelr ousrakbt apeduct

(99. 8% gggity) was dried by passage over 4A nol ecul ar

si &VERCStF{RAl water content of about 1 ppm . Ethyl ene

(99. 5% pHei hypumBsopul HhéeenOVero@ueel upp t1B30 trimerization
cont ai ni ng 4A nol ecul ar _si eves and BTS cat al yst (BASF
i N2N@r HRF L 2BSF @RELCNaP Er S BAY BRG gehl edntRAtPERCYs of the

gFE5%¥£%gOQZQQ§Z§§§ Egj%g§?99§196§§59h%§r%§%eT@? from 10

mers obtal ned were aracteri sed

ChtenatogPlphyt( Qerefenabidefrom eVatwat eoodd gower more

di stributjon using HP_5890_series | ar at us, and
hBECF BT FBAPnG CHr bt B3r AR L. BBt TF ohee &0 et hmproduct
HPcdmb6E98Sohi NkeHe NBhbyht SbEoxanetenéi pAvdtbegkpgsshe

0.25pm internal diameter = 0.25 nm length. 60 m (by
Helk eRETPaekaPa) anfAnfBEEPBAL L &ApEPAL BF ectBYEEne using the

dehesthen beMPREAbULECnB2ch i bhal st LYPRLAL ) €in400e
fo m nutes; tenperature progranme rate:
range of from 10 %wt to 90 %wt, preferably from 11 3wt to
85 $wt, more preferably from 12 %wt to 80 %wt, of the
overall product composition.

The l-hexene selectivity (i.e. the amount of 1-

hexene present in the Cg fraction of the product

composition) in the trimerization and tetramerization of
ethylene using the process of the present invention is
preferably at least 85 %wt, more preferably at least 90
$wt, most preferably at least 92 3wt of the Cg fraction

of the product composition.
The l-octene selectivity (i.e. the amount of 1-

octene present in the Cg fraction of the product

composition) in the trimerization and tetramerization of

ethylene using the process of the present invention is
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10 10.0C¢ m nute; final tenperature: 325C for 41.5
m nutes; internal standard: n-hexyl benzene. The

woialts7458 the C4- C30 ol efins were obtai ned f POMEPR®6/068659

GC anal ysis. The term "trimeri3zati on sel ectivity" when
used in relation to the trinerization of ethylene

negﬂ&é%i? gfmy@gsgfg%{f%&f@%iﬁ@gﬁ%&%& ?%%gngt 90

product conposition, as determ ned
"tevtameeszapirehesabertavi tgdswhen teedof nthe eC@atfomction
to the tetranerization of ethylene neans the anount

of OBt R aR¥ PORCTE oF ABRICHH EhP™- t he product 20

Conpos'fh?ygmﬁﬁnge5§rgaffgsb%{é?ﬁcggelﬁeiﬁg"%ffﬁgfffation

sel ecti Vi en used i n ron to

tran@r tzatraoardfaei byl efiectieahsnd hesimgotine ©wfocess of the
1-hexene formed within the CB%b action of the product
COMPBSFEF on™VERT Hat et fri h¥a B3 €. 2 THEC DV APYE 25 HYet d

of 1.dzbexengei &PeséliaeéléﬁlhoﬁaQéseéﬁ&'ﬁ@? eSh{ene
product of the "trimerization selectivity” nultlplled

byprefieced- hexehe seieerivatyon Jme terramdrbetenen of

fg%gﬁtigkéy"rghgg f??ﬁl 1nrg$ﬁ$é9$hgf é@gratlons ?s this

raneri zation o ené neans

1- @@heﬁedﬁOéneﬂemambuﬂtthe €8ultagt o ONtioé f@&cp@ﬂduct
conposition, as determ ned by GC. The overal
20071687858/ P€§¢EFQO@%¢O@%%B@t of 3gasyf by B?Oqu%E%eﬁ%d

'nréﬁﬁc&eEBé”Eﬁbéﬂ£'89 8£eP£P¥$§Q§ “éowﬁ@?m@”oggétth

he "tetranerization selectivity” nmultiplied by the
"1macn9aeasebeendvclyanlﬁ@eoanbnﬁtr©actsole@sipmantnly

et or mi hB8 BYoHETgHFrg10 BreavePastFsoiat I bR T FoRTERED and
r ?8%95m$@££a%?gna8?$?te?f%gg)ugangmﬁgeb%rﬁ@égén@f“&ﬁ@

uene on a gl ass cuumdryin
Thpraspuht iofetitdbal iprodpttalilg dhemssm abothell1Bwt.

amount of Iargel¥ abeflglc pgoduct der ved frgn1GI:th

anal ysi $"aff#t REPSHDURE 0P s P?dgresen itnvention, the
olefinic product composition of the trimerization and
tetramerization of ethylene using the process of the
present invention typically comprises a combined total
content of l-hexene and l-octene of at least 70 %wt of
the overall product composition, wherein the l-hexene
content is at least 10 %$wt of the overall product

composition, the l-hexene selectivity is at least 90 %wt

of the Cg fraction of the product composition, the 1-

octene content is at least 10 %wt of the overall product
composition, the l-octene selectivity is at least 90 %wt

of the Cg fraction of the product composition, and the

amount of solids produced is at most about 5 %wt of the

overall product composition.
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The NMR data was obtained at roomtenperature with a
Varian 300 MHz or 400 MHz apparatus. Catal yst systens

wa300rha745at al yst conpositions of the present i RCEMPRDE/068659

were prepared from catal yst -pBe@cur sor conpositions
containing ligands A, B, C, and D and a chrom um
Source'IntQﬁ§€h§P“$556ﬁEﬁe@Ee f Eé%%%é%%‘%%ventlon, the
Chrom um source Chromumtrichlorid
troséfeniahydedhat aax)mm@smttm oR0the etrﬁtﬂﬁz(él’ct—l?@rs and
and chromumitris(2 % en%anedlonat al so cal

a

ch?%ﬁ¥ﬁ%$f+%%%5%%t?f %T%)us}n%eeﬁ%JR%ﬁﬁﬁﬁ% o ane

beshe HseE asvihei S OFhp SO £esotd theht Shiud £ aR@AMSunds
tri- and tetranerization reactions of ethylene 25

L|@Eh@rc@h@@nbﬂ@eﬁﬁw%oﬁ®%rbI@Q@§n6h@f at most 35 swt of the
P REkyDheRy )L heny 1o 1 Gant vhs: o7 STarbd by gtk o0 Bt

fOﬁﬂdﬂ@oﬁeSpS@éﬂsaDDyoitQndétg27I%WﬁLﬂWMéﬁbIﬂﬂﬁbelIkﬁ%kene
m of THF, to i C added_9. 66 of 30
ne?%&%‘heh?uﬁ%p%%éhmﬁ (<) %o‘f}}e tfﬁn%?d%t

ar 990 84 FPSRNEf ge irhﬁeﬁé%é%@lé\@@l@lt”ﬁéj é@rléast 90 $wt
hours, after WD 2007/057458 PCT/EP2006/068659 - 37
whoEhthénggalf Baatiani gliothef predhanotomess Adder. Bloe ni -

of toluene was added to_the m xture, after which_the
soPGEPDBA WABTRREraBtall WPRRtt WO #6C nPL poRti @Reratl Product
wak s, osI@?oﬁXtEﬁgtfdo&QéH§n§e§Qé@£ﬁ99 m@§ fheleast 90 3wt
conceﬁtrate fo a5 volunme of apprOX|nate y 20 i
mhofhthesﬂgtédacnloﬁooﬁathenpoédacsusgems$ohloﬁheand the
concentrated toluene solution was filtered, and 4.6

of aCpURb massadddd peodupedt bF uahenpsttaaeet wnpeh Qésthe
th 90 C. The HO gas which
evglveéi; %gogﬁétrggg ?%ﬁt?é was "trapped” in an

al kal i bathprdhesni xfutkewasetbeh igsvehedohoisobimustrated

t enper at ur.e_and rge t [l of
D ERal o CreRY T Ree N il R e al £ STOVE BT

Examples

General Procedures and Characterisation

All chemicals used in preparations were purchased
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
(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
containing 4A molecular sieves and BTS catalyst (BASF) in

order to reduce water and oxygen content to <1 ppm.
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At roomtenperature, a 5 m aliquot of triethylam ne
was added to the concentrated tol uene sol uti on and

wOebi7/051458f or a few m nutes, after which 6 nl 8ET/EPM06/068659

H2NMe (12 nmol ) was added a-féw drops at a tine. The
suspension was filtered and washed with 20 m of

to'UeneThghgl1&@%&§Qeo$ﬁa$ﬂ@ﬁew@ﬂg éﬁ&%éé%é%&@é&wﬁ§‘eas

fracti on were mbi ned. The conbi ned t ol uene
fr%hr®@@§ovea@hbva@©}ate@ Qpden @@y@@@bu%wﬁidﬁnqwmeﬁ

met hanol s_added. Th ol . solutjon was |eft
over%?gh?wg 0_3%StP%me$%€ﬁ§€§§h ?rl?% apparatus and the

et Soxypheqyt) £ phenyd )} Ak (H3) & 2: e Moxyphenyl ) (pheny!
) precipitate was forned in the solution. The

preci pi tatedn: | igahd(Waes ¢ hbhn FedIBredy L 25 ippeane) , film
Pregi prhat ed- '©9§ G CONSESERL) Ofi 5 IMO 4 SOBE S35 8y, length

racemc | somer e RR and§or t%e SS enanti oners of
t héo mlghmdmeahdta ﬁ@sbar@bnexn1¢¢maé§5EﬂmpﬁraWMWeof325°C;

the |i d th t f the .
QO R Ao i B BERRRC T 1 £ pelaks B C 63 16 MR B "
30f§9rI@Sﬁ@ﬂQt@g t fehper & ¥@rdi hf s enimé Seaes 5

resgectlvely The sanpl e consisted of a m xture of
bot @ﬁg/ma@éﬁﬁc fida th@mm%gatmg%ne3%5h%vf fki ghrinutes;

9 2 7 EP / _
L3 1 AL ORGP C00B RBRER 1 .
(2%i§E5PQf¥HEeQ¥£%(@B@QYﬁ%d'Pr@mltﬁen@éaénéﬁ b 0s Wi th
THF) 3 was prepared by stirring an equinolar 5

n1xtureTBé €E§h3ﬁﬁfEﬁ§raﬂQti@@aﬁélé@ﬂp@ﬁe@t whém used in
toluene for 1 hour at 50C, followed by evaporation of
t heelabigBnEoi BheabhimeAREa Washi A %?hyh%n%e@$@%% Wieh

peQ&@Hﬁt bkgéﬁdeQEPQQEn%oﬁmé&0&?@%9&'yﬁ% Bodher
2- met hoxyphenyl ) 2PN( CH3) P( 2- net hoxyphenyl 1 gand

Wﬂéoﬁb@@@ﬁ@dnbYaélﬁéte?@iﬂbﬁgb§ sol ution of 1 59 g (5
mmol ) (2- met hoxyphenyl ) 2PNEt2 in 20 m diethyl ether.

To thisThel terBn 16tARMBFiaatinnHER 86T Lv iR i when used in
d'?%@¥klon to the tetramerization of ethylene means the

amount of Cg-fraction formed within the product

composition, as determined by GC.
The term “1l-hexene selectivity” when used in
relation to the trimerization of ethylene means the

amount of l-hexene formed within the Cg-fraction of the

product composition, as determined by GC. The overall
yield of l-hexene in the trimerization of ethylene is the
product of the “trimerization selectivity” multiplied by
the “l-hexene selectivity”.

The term “l-octene selectivity” when used in
relation to the tetramerization of ethylene means the

amount of l-octene formed within the Cg-fraction of the

product composition, as determined by GC. The overall
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ether (10 mmol HCl) was added under an inert
at nosphere 15 at room tenperature. The suspension thus

woanimwd7as8s stirred overnight. The di ethyl et RET/PRaA®G6/068659

removed from the product umrdéw wvacuum and 20 ni of
dry tol uene was added. The resulting solution was

L 181 gd, pnd_Lthend o] yene “@étfeﬁﬁ@ﬁ’f?a{f&méf‘eethylene is
letrate under vacuumto 20 yield a white sol
(zmmmm@m&wﬂ@mI%WMmmnWEMMWQm@ﬂ@BWg(5

of ,tri hylan1n 20 o
dl%%i%}%%%?%e%% Was a Ct net?Fl?EFlVf%y
nethoxyph@namdﬁﬁﬁﬂoprmﬁ@pidsWb m££n1ﬁs¢6ﬁ$ﬁ@tﬂﬁgtﬁfeheavy
1.25 M of a 2 M H2Nwe solutlon in THE (2.5 ). wa
257 g deyd anel B Fovkdne o B r %%r%?‘iﬁ%ml% %I%h‘i%lng'
we enpye e n [ n C
O b P v ST ere nag added = She i o vacitpEhtages,
fifoeieded Hhewashuegewmab tehovee dmomghessifitaee (P3)
under, vacuum and 10 m of nethanol was added to the
r eSPAURY t B2pPEALTEY309a suspensi on, which was filtered
once nNotge Sﬁouﬁﬂngthﬁoygl2@93&@5345§s the sum of the
PCT/ EP2006/ 068659 - 39 solid white
(ZaMQuhbxyﬁhéﬁyg§2Ph@t?@}¥¥2 m@@%%&yp%%hyV§@ fpemdefet

?géﬁg oxyp eny#?gFﬁﬁgﬁg§F%é %ﬁ%iyphenyl)z ina b5

1:1 nDIaherEMROdathhwﬁbCﬂBtJ}Eéﬁ aasrpoepaerderature with a
simlarly osiéion A . and conponent C
(cBﬁﬁéﬁﬁtﬁQ@)M%ﬁ A ﬂyM%éFﬁﬁP% PrPyl ) P(phenyl ) 2
Ilgggglygg Spg@gﬁged by the followi ng nethod. At 0 C

n atnosphere, 15 nl triethylam ne
mas added t@ta6y3t90@®heﬁyt§QF£10fnt@© presgngrinvention
di chl or onet han {109 Xt u
i s8pfopyia aﬁggmggogdaeg a1 %f?omgé foég??r3§€ ofls
ovebAtghthiay n@gahﬁenperatuce afbeD soliventsrweiem source,

rempved fromthe resulting solution_in 15 vacuo and 50
m tBESEr OPBPHBRESWASCadBedr 19Re RfxPlire was then

flbhggﬁqugyg5u§cgnall | ayer of silica. The toluene

Chromium trichloride tris(tetrahydrofuran) complex,
i.e. CrCl3(THF)3, and chromium tris(2,4-pentanedionate),
also called chromium tris(acetylacetonate), 1i.e.
Cr(acac) 3, have been used as the chromium sources in the
simultaneous tri- and tetramerization reactions of

ethylene

Ligand component A (comparative)

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

atmosphere. The mixture was stirred for 4 hours, after
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was renoved fromthe filtrate under vacuum The
(phenyl ) 2PN(i sopropyl ) P(phenyl )2 product was i sol at ed

wa00705M38t e solid. Crystallization from et hanBCT/EP2006/068659

yi el ded 20 (phenyl) 2PN(i sopropy! }P(phenyl)2 as white
crystals. Ligand conponent D The

(Rﬂhf?{]Cy}Jl)gZE i%‘)@rrf??yéifc%@é{mé %‘é@%ﬂ‘gﬂ )ad 1OR . Wagy 11
prepared by the foll owm ng nethod. Under a nitrogen
atobsiphenene I2asi addeadt hy| @ mel wasre 25 Hoete dvi 0cl8. 138

spopropylanmine in 10 M d t ol T th
P SUPETHOP ST U Bt TSRS Ly (b Hey 1] DRt Rt Wi §E vater.
adties andrattoneeol®esd | $oDYElHh G s hdPWBncentrated to a
tenperature. The precipitate was renoved b

fiverane ol JprereviNamsy wRrel r el feom e in

' ti ' R 0 (o
SRR R NEEHE, TR0 R I O
sotvent ivaswvaendieterad yacud 4 réony tde T POV H5FEABS] to

PCT/ EP2006/ 068659 - 40 pentane sol ution, yielding
( phleayt ) DPANRE | Ebproplye) wsieh wad ourdesst bited whdeh? hours

|} zed di : . d
i TF ogin" G mobhere $m it Ry G ner s Hideaton

t ow®s M groppthe isohat £Ukd phewpyt ) 2PNH(E sopropye )waH then
m of dry dichloronethane. To the resulting m xture,
1. 3091 ¢2- ket oy pheRyty 2Pe1e waizd aRieedr And &l | dietCger to

stiLnofor g weeke gL %@ﬁ§1%§ﬂgeﬁ@£g¢§eséﬁttbﬁ Eﬁéué$%ﬂgion.

reactron mxture 5-1 ry toluene was added.

10 prechpi tabte waspeeabved, by tentrafugatti omf Theethylamine
sol vent were renmoved fromth esultin olution in
MR 2 R GhE R RC TR b A R R B
pepbang asd mtheteyponrséiryedcmi § hmeshapoly H%]mh@ii ng2

a white solid. The white solid was washed wt

penhabe and ddded anfdéd dacps.aliel difes gTié suspension

(pnemy) o0 sogr oyl | (2 TELNRLeRY ) B oo

bel g\,WA8 filtrate and the toluene wash fraction were
combined. The combined toluene fractions were evaporated
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 isolated.

The precipitated ligand consisted of two isomers, a
racemic isomer (the RR and/or the SS enantiomers of the
ligand) and a meso 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.
The sample consisted of a mixture of both the racemic and

the meso isomers having weight ratios of 92/8.
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sel ected from nethyl alum noxane (MAO in tol uene,
[Al] = 5.20%t, 20 supplied by Cronpton GrbH,

weeoglkanss, Germany; tetrai sobutyl dial um noXBAE/EP2006/068659

(TIBAO 30%w in cycl ohexane; B&Al} = 5.44%w, supplied

by Wtco Polymer Chem cals, Wtco GrbH, Bergkanen,
Ceromipb s ixasmwles 1 - 11 Catal yst system preparation
for simultaneous 25 trimerization and tetranerization

in a batchrmaithesivmlenyln @hemaun PVB C2B0PG2dry box t he
CrCl3 1:1 conplexes of ligands A or B (i.e. .
Com5aiTYEHETH L oPheny lndinc & dd 1 melrablretip weid

Pl aced  (viar)d) agasbptbhberedngycat alyshy BLECHS QL
conposf%%on)%és cgnger eéeintg t%e cat%lgétgééﬁﬁolar

2008/ -0ui4b & (PPCHAIIR20067) 0686120 1 iyahll SAWheAR BY in toluene
adding 3 or 1.5 nmol of MAO solution in  toluene (ca.

1. oy dr eW8 @tMAO °sol Hoildrwed blyl @W%@obﬁtib}hf’bg&%hﬁé 4

g of .dry . taluene. Finally the bottle was sealed a
septdt §p}n5v?ﬁ%§@1@Q@a%ﬁ§pl§8I8Fi6ﬁ§,r@ﬁlﬁﬁﬁtwé¢¥
thes@tasel.utions, were used in the sinultaneous tri-

and tetranerization reaction of ethylene.

Al tedaad vemponemitol Jrompiegeadery| acet onat e)

typi cal Il t.af i d
gonponeg%%c%%f%eggoéygggn&ﬁz?%§R§339%(%aﬁgggffyﬁgﬁgyl)2

Pl aGe@ i wa s9haepabett ke, e whicgh, dry tol i ,
(typ{e‘%glly e Ty s ot ra i g gstarsep of 159 ¢
pr déumged ) s dlutiieshoxFiphehlyy ) pREEthotinl é0wad seakagl cther.
with a septum cap. These catalyst precursor solutions,

or Tparfisf spHesdon13 Osailupifonst WeHEli aplodibondinodikehyl
au l.av S takyst Lecur.sar Lutigns_an

ac%?%g?e 1@y t%é E?g)dgESdgéﬂ%goPﬁ8$FBi %H?ggtﬁtgﬁaphere

subsequent tympeed tumet. he Thenslsapaetisn thius @Bdmed was

t et izati . ti of .et ene, Sinultaneous
LT R EEsh POS M et r Rer P15t i FEher: BRE somered from

et hylkepeodicd Ln@ell Lheubat 6hqavboghave 4ry toluene was

added. The resulting solution was filtered and the

toluene was removed from the filtrate under vacuum to
yield a white solid (2-methoxyphenyl),»PCl product.

A solution of 0.51 g (5 mmol) of triethylamine in 20
ml of dry dichloromethane was added to the (2-
methoxyphenyl) 2PCl product. 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.
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
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Si mul taneous tri- and tetranerization experinents
were perforned in a 1.0-litre steel autoclave equi pped

weonbdT/5asket cooling with a heating/ cool i ng baPOTEEX06/068659

Jul abo, nodel ATS-2) and a turd®$ne/gas stirrer and 25
baffl es. The reactor was scavenged by introduci ng 250

M solakueme t MO-(R 6o yeakri 90 bNqERE ) $i(BLEAE K

of a TIBAG sol ution, agg su szguegt gtlrrlngkaggggg%nyl)z
ungeodugitt whgeh meesiubeamédo 4-0.5 MPa for 30 mn.

The reactor. 30 contents were discharged via a tap in
thgiﬁﬁgﬁLgﬂgﬁhé— autoc:ave The reactor was evacuated
tol uene. “naateq Y5 00 3007 05 458 ‘BCIrERsOakRbkEes Th o

421:40mﬁlamdrﬁtessuﬁt56dr w%hTﬁFW%'aﬂ@stﬁkéﬁéféﬁﬁkfmllarly
as indicated in Table 1. ilst stirring, a

MAGcs 6bmpicen tibyppAcal |y an intake of 3.12 g, 6 mmol

Allior a TIBAC)squgiqn as inglcaged in 5 Table 1,
aid of toluene to
attalnTaa Abhenyal oeNGiE3birepof ) @Qﬁhéﬁy@kgahk¥an8h@as
total volunme injected was about 25 nl: the
MADrepkuedoby dhkeutedlwwihgt nbtukoe.tat8onfcywasnder a
in%e%ted and the _injec gr Eysten1mas rinsed tw ce
R EEaaR 8 hPSPbriEne) S1BTARGLPREY Lent fengas: agged to

rpe.wag ¢pRkhhuedptor ;3001 Ayt €3. dr?hﬁlgﬁlgﬁgﬂggﬁ%ne To
precursor system (typically 30 pnol~ on

pr epar edsastdagchikedrabovegswag lsapfggyggﬂlhatwaghsdded
stirred reactor usi ng an I nj ection systemvvlth

alangfa@épwéﬁetPtﬁélFoPﬁﬁrOéBGﬁeaFnF@@meéemEemaéuabouThe
5556hvehh§ 9@&@'¥ého§8&ukk8ﬂ ghguigguf%iﬁg £8EH§QSH fn-

was I njected and the i1 njector
tmwaeumﬁahdabéum180ﬁ1dtyIUeme¢neThes|adﬁeal TheadiRPure was

he e tor ,was _about 3 t ol uene,
S0thAE ERREEPEA"BPene budal, trvet o Br ot L er: outRar tefuene
anwasdu@mbeedpEEbﬁdtaé S$OMerat 8 NHEES, vABuah. exphrber m

(phenyl) 2PN (isopropyl) P (phenyl) > product was isolated as
a white solid. Crystallization from ethanol yielded
(phenyl) pPN (isopropyl) P (phenyl)s as white crystals.

Ligand component D

The (phenyl)oPN(isopropyl)P(2-methoxyphenyl)s ligand
was prepared by the following method.

Under a nitrogen atmosphere, 12 ml triethylamine was
added to 3.39 g isopropylamine in 10 ml dry toluene. To
the resulting mixture, 5.15 ml (phenyl)oPCl was slowly

added and allowed to stir overnight at room temperature.
The precipitate was removed by filtration. The solvents
were removed from the resulting solution in vacuo. To
the evaporation residue pentane was added and

subsequently the solvent was removed in vacuo from the
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(generally sone 5-10C), which generally reached a
maxi mumwi thin 1 m nute and was foll owed by

wexbasTshnent of the tenperature of 40C and PO®EP2006/068659

pressure of 15 barg, 25 unlessdbdndicated differently

in Table 1. After consum ng the desired vol une of

et bghenee theucsoml Laneaus ot nbneand)teknanerhz

was stopped by rapig cooli%g(Foergoﬁétengerakuggb??nas a
abooflobiriienut es), whakhowedshylveatungnobktbR8ing at room
et hyl ene, decanting the 30 product m xture into a
col-FBEELGHB6ttl e using a tap in the base of the
aut ocl ayedeBXROSYESoQEnt B ALXHULE 18 i [ & edni

rapi d deac?ivation 8? Fhe gatglystf V[F%OE??%E&%%SQmHHe was
PCFAEP2006/ 06865901L- th8 iApfetedddphieomldhPNH (isopropyl) in
n- hexyl benzene (0.5-3.5 %% as internal standard to

the Blu@é proddechlpremghpane - of ot hee caselbinpehinsure,
angd pugi ty_pk+G8 gﬁ anel, C1P; ol et s_,.de ) ned .
by gasacéronatoggg ?.QT%E g%pﬁ?%ngéga %S?aggigges to stir
repert edweBkTabl eodm tBmpBea€ase. of TeXPREI PRAL S URder

30 barg of ethylene pressure a simlarly equipped

0. 5eprtrenspaglugat dclldvel hasdbgenolsede kWeadedded. The
(sim.l : ? -descri . pr.ocedure f t he

BT EPetahorrS, SRR BE0 R hs P85 E B henc hg SS1vents
MA@=seol utioredr faoml BA® sekultongasdlatCon catab¥sb. The
systengBThe amounts of the Cr-catal yst system NMAG,

Tl BROMSOI Ui BnxtEoPvERE 4hESEt N9PBRR tohRuRPRIene defe
th@@EhﬁoHaEEiQEeBhQ§€huﬁ§9hbHoih?i@?&iﬁép%pgégge solid.

t
1.0-litre experiments to maintain the sa
at Shecwhbteaspdifovaabeash200yiandpénhahe abhptiadoiefli hn

trati h ti . Th
e L ent & ddt -1/ pP beilBeai h! 781 9P EEPBH 2V
2ogg£gg;§g§eg ?EP2006/068659 1-C6 + 1-C8 1-1 co 110
rnr- r on Total "M o Co rn Product (%) co Co Co

Total-cReadyst M (g) 61 I~ MOl

The co-catalyst used in the experiments below was

selected from:
methyl aluminoxane (MAO) in toluene, [Al] = 5.20%wt,
supplied by Crompton GmbH, Bergkamen, Germany;
tetraisobutyl dialuminoxane (TIBAO) 30%wt in
cyclohexane, [Al] = 5.44%wt, supplied by Witco Polymer
Chemicals, Witco 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 CrClz 1:1 complexes

of ligands A or B (i.e. Compositions A’ or B’, indicated
in Table 1) were placed in a glass bottle. The catalyst

precursor composition was converted into the catalyst
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Ln Ln NI~ MM Or NLn Solids (%) C OMo o
Cl2-Cl4t M(o wt) Q LU 00 00 Ln CD C 00 00 M

wQahai7/06%4%8) cc ¢ 00 LUM N MCo 00 * * o 1-CBCTA¥E)06/068659

CC) Coc Co00 cornoCyg (94) 4r MNNNLnh C O
- OOO00 1-C6* (W) 00 Cocoi rnarncrnrn L 00

CosoWit) oh ByHabbiky BUsp M N mQQlCQfNMAO SOI&ElgICN%
$31MNC Co00r- -i Tine (mn) o Co N'n

00tRIPEBSSUFEE-, A-6ng, AT, A- @DgOMA@bapéytnenl,waﬂlowed by
Zggggta yS? gﬁgﬁea % 2 kﬁ%ggﬁ : Flnally QheNFottle was
sealed by a septum cap.

These catalyst solutions, or part of these
solutions, were used in the simultaneous tri- and
tetramerization reaction of ethylene.

Alternatively, chromium tris(acetylacetonate)
(typically 30 pmol) and the amount of ligand component C
or D, as indicated in Table 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 precursor solutions, or part of these
solutions, were introduced to the autoclave as catalyst
precursor solutions and activated by the pre-dosed MAO or
TIBAO in-situ and subsequently used in the simultaneous
tri- and tetramerization reaction of ethylene.

Simultaneous trimerization and tetramerization reactions

of ethylene in a 1.0-litre batch autoclave

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

The reactor was scavenged by introducing 250 ml
toluene, MAO (0.6 g solution) or a similar amount of a
TIBAO-solution, and subsequent stirring at 70°C under
nitrogen pressure of 0.4-0.5 MPa for 30 min. The reactor
contents were discharged via a tap in the base of the
autoclave. The reactor was evacuated to about 0.4 kPa

and loaded with approximately 250 ml toluene, heated to
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(mll) 00000O0OTFr NOcHTr1 (molcer - -- -- -- - -
0C O-i LnLn C (nmol) MMMMTrIl rl ExarrplerHN

wON2007/08@52007/ 057458 PCT/ EP2006/ 068659 -~ O BCTMEPZM6/068659

r- CoOHO col- OMNcoLAD~H 4 dr r~v U

4i S 0 CoNU r-1Nc OOv -i -i r4 0 WO 61 M
4beChbn8 blre©sn©i e 0wt BJe dd Ieﬁedto(ﬁgﬂﬁébebr ak
-H'U U W LUOMOOUDO ~4

-rlndaca ftiy Tehle &0 U U 40 |~ Co Co COrn >1 u o 0
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N of 801D g) H bl E1)4et 44TIBRQMsolution as indicated in
Table 1, was added to the reactor with the aid of toluene
to attain an Al/Cr atomic ratio of 200 (typically, the
total volume 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 precursor system (typically 30 umol
on Cr intake), 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 solution 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 of largely
toluene.

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

In the case of experiments under 30 barg of ethylene
pressure a similarly equipped 0.5-litre steel autoclave
has been used, loaded (similarly to the above-described
procedure for the 1.0-litre autoclave) with 150 ml of
toluene, a MAO-solution or a TIBAO-solution and a Cr-
catalyst system. The amounts of the Cr-catalyst system,
MAO-, TIBAO-solution, solvent ahd ethylene consumption
were typically half of those used in the corresponding
1.0-1litre experiments to maintain the same Al/Cr atomic
ratio (of about 200) and final alpha olefin concentration
as much as practicable.

The experimental data is provided in Table 1 below.
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the simultaneous trimerization and tetranerization of
ol efinic nononers, wherein the process conprises
contacting at |east one olefinic nononer with a

catal yst systemconprising: 5 a) a source of chrom um
nmol ybdenum or tungsten; b) a }igand having the
general formula (1); (R1)2P-XP(R)mR2)n (1)
wherein: X is a bridging group of the formula
-N(R3)-, 10 wherein R3 is selegted from hydrogen, a
hydrocarbyl group, a substituged hydrocarbyl group, a
het er ohydrocar byl group, a subgtituted

het er ohydr ocar byl group, a silgl group or derivative
thereof; 15 the R groups ar.e -Findependently sel ected
froman optionally substitfted aromatic group bearing
a polar substituent on at feagt one of the ortho-
positions; and the R2 groups ape i ndependent |y
selected from 20 hydrocarbyl ,~substituted

hydr ocar byl , -
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het er ohydr ocar byl and substituted heterohydrocar byl
groups with the proviso that when the group is

waneTas74ssit does not contain a pol ar substit ueau/ERR006/068659

any of the ortho-positions; 287with the proviso that m
isOor 1, nis 1o 2 and the total of m+ nis 2;
optionally, any of the RI and R2 groups nay

i ndependently be linked to one or nore of each other

WD 2007/ 057458 PCT/ EP20067 068659 M-548 or to the
bridging group X to forma cyclic structure; and c) a
cocat al ys ssure_ in the range of frombel ow
at}?rbsph%rﬁg%ogéss$o%4§ %%ér gSlan[ﬁu %?n%o%sgn%%lr%?ﬂlrzeatilnorf He e
range ofefrofer0z£& ion 120 & efinic PIOCERSS: AC G &h dth tithe
Caim1l, wherein R3 is selected from Cl-Cl5 al kyl ,

gr oups, PEYUBIEF t BN €SS AN A KA Grvupsa -1k olefinic
al kenyl , sti < yd : gr oups,

o 1t T i T o bups. Tl bt e ™

cycl oal &kyl g ospsyche Clehrampmat o grlodgpsym or tungsten;
substituted C5-Cl15 aromatic groups -C15 ko

groups ahd s%b%i??%?e%aﬁl@%l%%li%&?r%rg ﬂa )
preferably, Gl-£15,al Y oups. 3. A process

accordi ng %géaﬁpégﬁek%*ch%Jns 1&§%d 2, wherein mis

0 and nghsrliné4. A process according to any one of

Claims 1 to 3, wherein the R2 groups are

i ndependens |y selegiegl gfsom stibsitd tedeshns -N (R3) -,
unsubstituted aromatic groups, 20 including
subst i twhededn Rhsibpsséieteed fetrervadonetnc griogppsycarbyl
whi ch do not contain a pol ar ubstituent at any of

the or (RBCROST 21 DRSSt L Bi e er ATy T HelepRrfentdy &

sel ect edef & 08N PREHOABTY gB&BS] | 4 Ud@ss Phemydd gr oups

whi ch do not contain a 25 polar substituent at any of
t he orth@t@@ghy@@g@@rbyl group, a silyl group or derivative

thereof;

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

the RZ groups are independently selected from
hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl and substituted heterohydrocarbyl
groups with the proviso that when the group is
aromatic it does not contain a polar substituent at
any of the ortho-positions;

with the proviso that m is 0 or 1, n is 1 or 2 and

the total of m + n is 2;

optionally, any of the Rl and RZ groups may

independently be linked to one or more of each other
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5. A process according to any one of Clains 1 to 4,
wherein the RL group is independently selected from

weubstost4ss ed or unsubstituted aromati c groups BEAEPY6/068659

an optionally branched Cl1-C2048lkoxy group on at WO
2007/ 057458 PCT/ EP2006/ 068659 - 49 |east one of the

ortho-pgsitd Jr-efgrnapl [ Q%Q, - A
process actE:or I ng 0 gg'n@b%reoq{)bf (%C:ltg}lnrrfgz}éI ?{) , 1
wher ei isttthecttwergreraatdire is in the range of from40 5

Cto 100 C 7. A pracess according to any one of
daims 9 to %,CO?A%&OJ@?%T he armount of chromi um

nol ybdepun Qfreddinagstan, tid) .rak tdre amte 105w ldt9bheric
b), are present in a nolar ratio in the range of from

1:0.9 u® 4O Hang 1and ata PricErss adoest dimd oo migeomd from
of C aidmoél 19 160 aherein a) is a source of chrom um
9. A process according to any one of Clains 1 to 8,

wher ei my the, ol &f 14 & MBI, i51 561 ect athddom B8 15

et hyl ene,” propyl ene, optionally branched C4-C24 a-

ol ef i nsseloptiemnal tom B arttiee de 104 1C dunser ralbstolteftias ,C1 -
optionally branched C4-C24 vinylidene ol efins, ,

opti ondf1y Pklane HEPWS CAp i il firety i OuRsht i BHattiruted

branched C4-C24 di enes, and opéi_o al | %‘goeag;(a;ghed
Ca- C24 GATCAY GHHITEEH BTEHT e A0 LA THOQR e iy
to Caim9, whersh noihe ol &fd L ONAMRILd S &t hy] ene.
aromatic groups, substituted Cg-Cqg aromatic groups,
C1-Cq15 alkoxy groups and substituted C1-Cjyg alkoxy
groups, preferably C1-C15 alkyl groups.
3. A process according to any one of Claims 1 and 2,

wherein m is 0 and n is 2.

4, A process according to any one of Claims 1 to 3,

wherein the RZ groups are independently selected
from substituted or unsubstituted aromatic groups,
including substituted or unsubstituted
heterocaromatic groups, which do not contain a polar
substituent at any of the ortho-positions,
preferably independently selected from optionally
substituted phenyl groups which do not contain a
polar substituent at any of the ortho-positions.

5. A process according to any one of Claims 1 to 4,

wherein the RI group is independently selected from
substituted or unsubstituted aromatic groups bearing

an optionally branched C1-Cpp alkoxy group on at
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least one cof the ortho-positions, preferably an o-
anisyl group.

A process according to any one of Claims 1 to 5,
wherein the temperature is in the range of from 40
°C to 100 °cC.

A process according to any one of Claims 1 to 6,
wherein the amount of chromium, molybdenum or
tungsten, a), and the amount of ligand, b), are
present in a molar ratio in the range of from 1:0.9
to 1:1.1.

A process according to any one of Claims 1 to 7,
wherein a) 1s a socurce of chromium.

A process according to any one of Claims 1 to 8§,
wherein the olefinic monomer is selected from

ethylene, propylene, optionally branched C4-Cpyg a-
olefins, optionally branched Cy4-Cpg internal
olefins, optionally branched C4-Cpg vinylidene
olefins, optionally branched C4-Cpgq cyclic olefins,
optionally branched C4-Cp4 dienes, and optionally
branched C4-Co4 functionalized olefins.

A process according to Claim 9, wherein the olefinic

monomer is ethylene.



