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WD 2007/ 057455 PCT/ EP2006/ 068652 CATALYTI C
OLI GOMVERI ZATI ON OF OLEFI NI C MONOVERS Fi el d of the

wonvens74sa The present invention relates to a earalPy®6/068652

system for the oligonerization of ol efinic nononers.
The present invention also relates to a process for
the 5 oligonerization of ol efinic nononers.
Background of the Invention The efficient catalytic
trimerization or tetramerization of olefinic

pgpgg§;§CA%asQT%% bR8 cokERTE A7k e INTC MONOMERS

l-octene, is an area of great interest for the

production_ of olefinic trimers and tetraners of

varya € rcial value. In particular,
1- hexeneris pae el walll g commnoner, far |4 ne

| ow density ppoI yet hyl ene (LLDPEa and 1- %C?C{earFeallysSt system
valfirab | teheaso Jal gt iz £ 15 it exlnefdiireitce iandnteers.  The
productian of pl.asticizer alcqhols, fatty acids,
de;%)erregseenr%QC AESHE Gh S 1Tt 'eoghstﬁ 12 fHESSdLtadhe
weld 1 iafonge viad dtaild e COMIRGNEYi d hdrdihe fay.0duct i on of
po!gmers such as pol yethyl ene. 1-Hexene and 1-octene
caPEk Bt af hhe Tesifidrdronal transition 20 net al
ol i gonerjzatd gn pr I . trimerization
and tetr a}?rfegrél zat#oe%lccregfﬁtea:h}agrlgcugcl}e ererrlez(ftlgélvgrral

di ffegreme iataat] iytri @ 1S ysltesiim iave et s, disselhosed the
the art for the triperization of ethylene ta

1- LR i &1 bt §HENE Idgedi iyt Sfard ydse@ &e dshexene
chrofd umo 4 5128563 (R IJd R SGHRS8St for the

chrom um based catal ysts containing nonodentate am ne

| i gaavdsiaisiefruloff orl e ftimiipertirZimeg soleefd st rM@ers of varying

2007/ 057455 PCT/ EP2006/.068652 2 _ US- A- 5968866 .

(Pﬂ qﬁﬁﬁﬁ<>I§aq§§£§%%%é?ﬁvféneln particular, l-hexene 1is

ol isgonBniatdld afdriokesd Zatd AN nfE0Casw-WRinGh tYysS@® 1§ethylene

(LLDPE) and l-octene is valuable as a chemical
intermediate 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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catal yst conprising a chrom um conpl ex whi ch contains
a coordinating asymmetric tridentate phosphane,

wanes@Ena74s 5 stibane |igand and an al um noxanePCO/EP2006/068652

produce al pha- ol efi ns which-are -enriched in 1-hexene.
US5523507 (Phillips) discloses a catalyst based on a
chrom umsSQuW s 8% 2, ErdiMatdy| PMQladd gand takd R
al kyl alum niumactivator for use in the trinerization
of Olf{goé‘ﬁﬁﬂ{%q e imerdre t iche M OCEPRUN L1 200 eS8 a

g?%; %é@”co 6%%%8?%%}éﬁﬂ%ﬁﬂ?dﬂnég%a¥eixﬁ%lch c&%%y$%s a

e type Ar
ortdwnmirfﬁd)@y}gsmmmtelﬂract etrrwldeg]muz@) p&@s@&}a&leySbS:san)e or
for the trijnerizatio ene. 15 WO 02/04119 (BP
o SHSERE Gl Y G ARG oAt ORIGE 6

COMIE £Siltg wh iTPUIGR stnrciWh‘érH ym 1-mehkybdenum or
tungsten, a ligand containing at |east one

phosphor[lﬁs55-?a3r5§e7n| (@harl lams) nmySCétO@me@u@@ttadyatt besstd on a

b hy.d h
A A DR o R S B NS

sucanka arl ursiistd ey tarre f@iosarsléariel, tReSaMen@irization of
sti bane groups, and optionally an activator. The
| i Ay 1fded Gn 1w67s@txeé3fe ‘the exanples is

(2- et h@%qher%n@ NG )2 @Etg %y RRGNYRE2. @Jéts%%%%s

the catal ysts in’thé docurrent S
methiromedina bowe leaxee gdod igeinest iofi ttyef alype- Rex@ndMe) PAr,
within the C6 fraction, a relatively high | evel of

by- é‘froducﬁrtfqumﬁﬂé;th%ry—(selb@tl@ll@e@yawdd@@toslp i &s catalysts

typigaldy Qq%qe\iqqalt\ggth%%S Q%gi%% (Shel ) discloses a

trimerization <cat 05|t| on ‘and a process for

the tri mEri0Z2atiddn o 3(BPof dalsefllomee RDRAMRY sitS ifog S aied

cat al.yst .conposition. \é/\D 2007/ 057455 PCT/ EP2006/ 068652
4o 1P CdmE 1edr "t & OFBEr- S0 ZatPyrk o6t ©f chromium,

et md1enRIdRl ecteng have eaakbhy keerdesel hed 1eést one
nunber of these catal ysts are based on chromum

20 PACFREPTR San @ 'AEN2G0 0564 1g0nSassion doseidose at least
one hydrocarbyl or heterohydrocarbyl group having a polar

substituent, but excluding the case where all such polar
substituents are phosphane, arsane or stibane groups, and
optionally an activator. The ligand used in most of the
examples is (2-methoxyphenyl)»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. Cig 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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5 catal yst conpositions and processes for the
tetranmerization of olefins. The catal yst conpositions

wdizerlossss i n WO 2004/ 056478 conpri se a transi PCOMP2006/068652

metal and a heteroatom c |igand-having the genera
formula (R)nA-B-C(Rymwhere A and C are independently

sel ect edaQ 1fam &,GRQHR WRIChHEORREL SRS PRISRRAM US:

arsenic, antinony, oxygen, bisnuth, sul phur,
seleghivdgnear® lmoctegen haamd rBcestdyl brknngegroiped. A
be .and.R. i s independently selected from
anb %%gAg%nq@gfgr8@&3#3@§FbﬁfegEgﬁﬁgopxwﬁSEﬁméPmreast

one R gmaupios /D% 63Uiss ainbutied 200l 08 sRobar ssebst i tyert ose
and n and mare determ ned by the respective val ence
anFasRildEt GRTPCRLE LopE AndnBreFeeseThé O&att by st

CORRRSLIEANS Alioe] 03ed 1000, 20Hd/ Ba0d79-e0MBRL38 18 1ons
transition netal and a heteroatomc [iga d havi g fhe
gerérsall ofsedmilna WOR2WA-BS 620 8CeRmpmiwkere tAanBi tConnmetal

and_m ar s defined above, and., R is independentl

seP gt@d%F%8ﬁ9§ﬁ?mﬁ8nglgﬁnﬂegéyéﬁﬁdFb@aﬁﬁ??eﬁﬁoéﬁ?m
2004/ Q2648¢ (RS3s@hkrdi achoges the tandelhdently selected
tetrameri zati on and pol yneri sation of ethylene. 25

Spécich @algdrpup\eh2@04/056486di phbepasraspr agessitor
pogggﬁrising ol efins to produce_branched_polyol efins

in BOhYas EFYEeHr RIGFSE ncEUBBHer SZaEPéH e afAPy st

ane ig rodiest, i RGL Betikaneniizathen gedLal Yetwehenebngtbe 4ng r
tetrameri zation catal yst produces 1l-octene in a 30
seliectindiepgngleadtler selgst30%fant ehy homot eme produced

i's t least partially incaorporated_into the .
bl S mehatky AwBEob 7 Fob 105  PET/ ER3606POBeBsITORP 15
Al tshipsgh tite d etitamar pzabirogubatakyshs dhgchosed mnare

t he Sasol docunents nentioned above have good. _
selfedEr P d Por tieodeeReChiilRi NattRBCEsafFaekiigarion state

againa ank@laat icvel Yhehicgh sh@wel BhpBYiRE8HAYCH sclosed in WO
formation i s observed.
2004/056479 comprise a transition metal and a

heterocatomic ligand having the general formula (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.

WO 2004/056480 (Sasol) discloses the tandem
tetramerization and polymerisation of ethylene.
Specifically, WO 2004/056480 discloses a process for
polymerising olefins to produce branched polyolefins in
the presence of a distinct polymerization catalyst and a
distinct tetramerization catalyst, wherein the
tetramerization catalyst produces l-octene in a
selectivity greater than 30% and the l-octene produced is
at least partially incorporated into the polyolefin

chain.
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5 Typically, the by-product consists of C6
conpositions; however, only about 70 to 80 %wm . of

wOheo7@8745y - pr oduct conposition is 1-hexene, WPCHI/EPR®6/068652

remai ni ng C6 by-product conpridsi-ng conpounds such as
nmet hyl cycl opent ane and net hyl enecycl opent ane. The
preSenC@UﬂﬂuﬁﬂﬁﬁQh%e@@ﬂyd%éragagﬁo%yc%%%q%%Es isclosed in
conposi tions, which have very little comercial use
or Hy&l @@SQQSngymgwt@née@ﬁﬁéﬁﬁé fAbovebbelve grodcerdrmictivity
poi f a f raom roduct _ se aratlo
poﬁﬁ% gfd%€§%e P as %%ﬁ ﬁoeé%EﬁFgrﬁs|n8|y foldnd S 3ﬁgﬁvely
the icat aleyatl o5 %r%@u%%d RI-AG8ISn0k t%%se&%%em
i nvention provide an efficient route for
seEMQMQﬂiqﬂuummﬂ|hﬂTpﬂbdMCNeﬂ@neisaﬁdOI-@@tenmpbeamions;
ethylene whi |l e redu0|n% the | evel of Dby-product

ﬂﬁmﬁWﬁ¥' e PRI Pot@y8ﬁréﬁﬁct§f $6ki §s byrpeoduct

hea and/or ol yet hyl ene)

ﬁﬁ&? §€n€r§ R Wﬁ&ﬁ %ﬁeiéﬁélnlgﬁnﬁér?YoPrOduCt
th%o %%% é@% %%e%bchn%%ntlgﬁ r%'%ﬁ%%e%%a e and
catal yst pr curs conp05|t on CoO < )

somenhyﬂémamymhdm@ntmmbybdem@wp@eSEMQQSbenthe%% Bemaining
first li and havi ng the general fornula (1);

( ROG( RYPER fP%%PSGI WFer PACh ?aW§ Xk ddithde

gr oy of th farmul a hein I, | e

from y&kogenusg ﬁfdrgg rby9538l§$&¥p §e§&5§%§Fu&§8m poth
hy dho eaideyim i@y @dR.nta MOvARR7/H85%455 BET/EBR0Q6/063622

- 5 heterohydrocarbyl group, a substituted

he SEPGHRAdACEa PNt @ﬁoﬁﬁewa silyl group or derivative

thereOf&ta%age%%% %@r%F @hs&% %gd%%%nﬁnqgg%n@%gtE%talyst

sel ected from opti onal Gostita aromatic gro

5 ea&heheanxhgm&c&sbamfsmh&tpteeehtoﬂnaénkea&tp@belde an

theff?JJ@%tp%%hE%o%%k %%% selective production of l-hexene
and l-octene from ethylene while reducing the level of

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

compositions/isomers other than l-hexene.

Summary of the Invention

The present invention relates to a catalyst precursor

composition comprising:

a) a source of chromium, molybdenum or tungsten;

b) a first ligand having the general formula (I);
(R1) (R2) P-x-P (R3) (RY) (1)

wherein:

X is a bridging group of the formula -N (RY) -

wherein R® is selected from hydrogen, a hydrocarbyl

group, a substituted hydrocarbyl group, a
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optionally one of R to R4 is independently sel ected
from hydrocarbyl, substituted hydrocarbyl,

waebwroshwsdr ocar byl and substituted het er ohydr oearimykood068652

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

any,efe drdaRe RSeS| | i
e T L Rl T L
( RITPUPRA'S) SELYL owieeiceion: dXTivetad vier ittgiregfgr oup as
defined for X of the first. Iigaqd, conponent (b), of
gener al forl@SE ERFecattl BastorR® ang RpdepenRentily

RA's cale dkdenendentlivn .39 selected from By
suggtﬁtuted hydro%aﬁbyﬁ, yﬁeteroﬁsgﬁggaﬁgéﬁgg%g BXOUPS’
sulesicint ieed ihat er ploydrosabsyli tugnoups wict hebhe pheviosothe
t hat vpen th%&group is aromatic it does not contain a

poPgF SubStitt HF;aﬁngny of the ortho-positions; and

25 opti %LB% RQRe ne ok 1bat.haf .R3" R4' are
indepengghﬁlyaseﬁegpgd%gr§n1g% SptRSnéPﬁggsﬁ gF?&thgleCted
ar dmein b ygirogp ribgdr, | sgba tpohaeds hsirotaebty1on at | east

on f the ortho-pqgsitions, |In_another enbodinment, the
or GSERE OPYRREPOR Vel 869 SHPREIALEE Ge5CERArFeEaTby L

S%%&%@?%OWB&%SE%@ pheveabakyat WReR0QRE08¢498 is aromatic
PCT/ EP2006/ 068652 6 precursor conposition of the
pr ésefosisnverit icontand anproaddi subsal teenporénenydpfathe

co%§k%%1%%si{ggpgnesent invention also relates to a

process for hé trinmerization and tetranerization

of ol eficni ¢ areeesdEs 1ipand edhanky thbegbhierali Zatkhana
and __tetranerization of ethylene to 1-hexene and
1- ddtlérie, wherein the process conprises contacting at

| east one (er) (RZI)P—X'—P(R?’,) (R4,) (11)
wherein:
X’ 1s a bridging group as defined for X of the first

ligand, component (b), of general formula (I);

at least Rl and R2" of R’ to R4’ 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; and

optionally none, one or both of R3' and R4’ are
independently selected from an optionally substituted
aromatic group bearing a polar substituent on at least
one of the ortho-positions.

In another embodiment, the present invention also

relates to a catalyst system comprising the catalyst
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ol efinic nmonomer with the catal yst system of the
present 10 invention under trinerization and

woebraseiss zat i on  reaction conditions. The preBEemMEP2006/068652

invention further relates to-thge-use of the catal yst
system of the present invention for the trinmerization
angr%%h&égﬁfb%ﬁ%b%&tqgnob%fkHbC §H€r§nvégtlon and an
especially f he trimerizatioh and tetraneri 2ation

of addtihybeneé tompoheréne and 1-octene. Detail ed
Descrlpt on of the Invention As used herein, the term
"trimeri2ati 6n“OBAALYERe catalytic trinerization of
an ol ef ThkeC preBeABr ih@edit¥Bnaa120 RPEOHUEE @@naogkbbeas for
enriched in the conpound derived from the reaction of
thF@@ 6F 188rd 28l éPrnprednbR&HEFMS T iTRELpRr Af olefinic

" hBRbhEat] 0Bl Rgudes | Uheneases nubet el ol Lnhhe
oIe Inic nmononers int eed stream are 1dentical as
welkketasmele zaises whieeehglthe teed- Sékéﬁﬁ]ﬁﬁﬁtakﬁstbm@
5 nmore glfferent ol efi ni.c nonomers.

In
paWﬁPEﬁP&rF © PRECEEFNTOPPFAERFz PP EAC T HRENGs&gasSEnone
reb@%&@ﬁlkombH%mEE|W@%hz%Eb08a9519gEyg9§§eﬂeéﬁsthgepresent
trimerization of ethylene to forma Co6 al
espavealtipn Enﬁ@xeﬁélmg@lfhélperﬁndtteneamzauzanlon
selggkkgbty w@e@lused in relation to the
trimerizati on of Pﬁylene nmeans the WO 2007/ 057455
PCT/ EP20b6/ 686224t Tnvamwubh 6hLrEhekr actheBsf bMEHe use of
within the product conposition. The term "I -hexene
selFB&t CRRYY SkhEN S88d Of n theePAEFSATL dNVRBLION for the
trk%ﬁhb%%%b%&oﬂfa%Hh¥E%Q%m€§§Q§tEBE_éfagge@%nQE mopomers,
1- hexene formed wth he C6 fraction o pro
corposicticdny The 0herakhmymehdtabnlahéxeaErameruhet1on of
trinerization f et hyl ene g th roduct of the
"tFnﬁgﬂ °Z&t i-0n SQF§8¥IVFFQ" o gegﬁred by the

" 1phexened selseetip¢iby” of the Invention

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

In particularly, the term “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
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10 The term"tetranerization" nmeans the catalytic
tetranmeri zation of an ol efinic nononer to give a

weonredwst4ss conposi ti on enriched i n the conpoundPdemP®E/068652

fromthe reaction of four of Said ol efi ni c nononers.
The term tetranerization includes the cases wherein

al larfoh@ £1% rolcef ifRia6 t IBROFBL-Fickin whi @ﬁlﬁe%QeSbE?a are
identical as well as the cases mhereln t he

st ceapocdntianns two or nore different olefinic
mononmers, In particularly, the term"tetramerization"
when udB8 ItF el AENEKeNS ER&CCELVARET| ¥RENOHSEE 1n

et@%h%@%o%e%%sth%OtE %e&%%%@?%h'6%tb9ﬂy9%ﬁgtﬁé%ﬁgetkg

forma C8 al kene, especially 1-octene
"tempamarpiaﬂlbexgebefbmmedyW1When thedCignfreekabhonf the
to the tetranerizati on of ethylene neans the anount

of PCRICEcCodRoBdithed -wi Thenovheaploddet d26f 1- hexene in

co Skt rm." I Vit e
BRI Atk B PRGNS, 28nEE ErRipeleohetne
thétr&m&uﬁ&a@ﬁoh-Geﬂenelhﬁtyﬁdmmﬂthpm1bheb§8tﬁéaCQLﬁ@xene
of the product conposition. The overall yield of

1- SEL-ERELVATI0 -t he tetramerization of ethylene is the
product ok E%%mvingQZﬁQ§Zﬁ§%18§W/58%996£9@8@§%a1§t1c

‘tetramerization selectivity" nmultiplied by t
"| tettremerigeltéoni witt ph, OHﬁf@necembodmnentoog1Vhea product

present l.nvention h recursor .conpasiti
o Foes THRY. FOMEGhrRg %6 LEnpORBRECT 4 8L ERMoF e
Ch&@ﬁbﬁﬁbnﬁbﬁyﬁdamuﬁfoeahdng&éeﬂnlcbhohbﬁeEEEStThe term
rr%and and c) the second I|gand I n anot her
SATRERE 16 HLRE pPrEedEAEsi HenERERS thHereiD eataltist

sy%ﬁ%@h%q%p&b%%aer@elkokkeWEegdcgﬁmeaﬁn5§e 2heRt3QURCE

of chrom um nolybdenum or tungsten;
well as the cases wherein the feed stream contains two or

more different olefinic monomers.
In particularly, the term “tetramerization” when
used in relation to the tetramerization of ethylene means

the tetramerization of ethylene to form a Cg alkene,

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

amount of Cg fraction formed within the product

composition.
The term “1l-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. The overall yield of l-octene in

the tetramerization of ethylene is the product of the
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b) the first ligand; c) the second ligand; and d) a
cocatal yst. 15 Each of these four catal yst conponents

wowaserssbed in detail below The source of eOTEEROMOANG68652

nol ybdenum or tungsten, conpoBent (a), for the
catal yst system can include sinple inorganic and

Org@%k%a&@&ﬁ%a@ﬁoﬁh%@ﬁ%%ﬂﬁyﬁ@&ybﬁﬁﬂgngEeaOF?uEgéte@hoctene
Exanpl es of sinple inorganic and organic salts are
hasedéestiazdatyl-acet onat es, carboxyl ates, oxi des,

nitrate | fa and the_like. Further.sources of
chroniuﬁ? %%Fyg gﬁgﬁPSP%tﬁﬁgEFSanSﬁeg|s6nyﬁ8|&83'06be
or danafliyen @rdcarganoreigbkicicanmpbexesseborhexasphewing
25 chromumtrichloride tris-tetrahydrofuran conpl ex,

( bERFEREF MR car bonyl chromi um  chromi um hexacar bonyl ,

and the)like. sBueterakl ynrbheusounce 8k ﬁnﬁogkughngsten;
nol ybdenum or tungsten, conponent ay, ?or t he

cat al ysb)systém ifsrssellégeed: f rom si npl e i norgani c and
organic salt of 30 chr.om.u nmol ybdenum or tungsten.

In one & odFﬁgnPeSPngh lﬁgbgént i nvention, the

source gh ehveRedmempBhYRdaRUBFOELEURGSEEAL €0YRARERL, the
WO 2007/ 057455 PCT/ EP2006/ 068652 - (a), for the

cafaltypdty S§y SYEReils Campirapré ther §anilevdny epgrAnensalt

of chroniium I n 1gst e ' iS_S I .
in a sogbentagggﬁggg ?ﬁggérﬁéﬁgﬁéngg1?ﬁ5%EPmo§fo§&§§?%enr
5 The sburcetbk ¢chrem dnganol;ybdenum or tungsten can

al so includets nixtur% ?f any conhi nation of sinple
i nor gani¢ sal't'§, S§°BPe dP§aHi c289I t's, co-ordination

conpl exgs and ecganametallic conplexes. In a preferred
enbodi nent herein, conponent (a) is a 10 source of

chr om ulacparcti sheael youkr oritadmyEkl Fpmpopeater ieddescribed
sog%c%%tgglc@%gghgn1for use herein are

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

In one embodiment of the present invention, the

source of chromium, molybdenum or tungsten, component
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sinmple inorganic and organic salts of chrom um and co-
ordi nation or organonetallic conpl exes of chrom um

wohowE/05prsef erred sources of chrom um for use heCEER2@6/068652

the 15 sinple inorganic and erganic salts of chrom um

such as salts of carboxylic acids, preferably salts

of @lkangi Ci alg 0.3 (o] :

sal?s o?%rgFF% g??gq %%d,ESF%ﬁe§Eandg§§Pﬁ§ ngEggﬁlc or

(BOK@ﬁ@e§t@ﬁét(@fgChromn@muump@ybhpnamebhythegameatewhlch

chr n1uq1 III) octan ate 20 ag n1un1%

acé ylace Gatd) 2 ﬁ8||880 aF? Psecﬂ Bﬁ%ﬁﬁFdS&BhWO

asOQhD@HU@n1tr|chlor|de chromium trichloride

tris-tetrahydrofuran conplex, chromum tribrom de,

chr oni uNEr PPPGE6E] @€, CARAMEHRoNTGAYPARNUNodEdEUNgsten can

Spaqltl ¢ 2xaul es ok (LEr 8! gﬂ PRUREER A0 2 oA ENC LY

use ﬁereln are chrom um VI acefyracetonat !

alsooc@bhe@ ehﬂmwnuwumpﬂs(QIQanmenBamedlonaPerdination
aca chr n1un1tr|chl ide, CrCl3, and chrom um

Cr FORPFHES rro L BeraEIP Ot ir ok OBBNBRER ;G @' (THF)

3. 30 The Elb&%fbkgéadeﬁﬁoﬁﬁﬁeﬁ@tﬁEY%Enpr@BHbgﬁént (a) is a

conposi tion and/or catal yst system of t he pr esent

i NPEREICEeN 0 fc sRpeRaRm, (@)artnls:u ﬁrtlbrecgéﬁ@fiam AUl a

e T S

debiimpd cahowvegafhe bhddgm@gn@b0551XsiSfothtbﬁlﬁmrahhaco—
- N(R5), - wherein R5 is preferably a hydrocar byl
ar aSlnétsogusgtPﬁaﬁéemﬁﬁa#éégrsympéﬁéaﬁ of chromium. More

F%EQQ&Q%@C%BQXEeQr%%pchr€m§HRS%bEuE§Q herein, are. the
erohydrocar byl group, a silyl group or derivative

t hedepfle Typirgahliy, aR8 psgsehecﬁedtﬁroﬁ1chydmogmn ench as
the roups con |st|n ubstitute al kyl .
Fg % CAG eéy % a01%s §?§§68ééytﬁ?gasla§ alkanoic

ary Subst i aryI aryV
arﬁb@ﬁ%,c@hk@mmhngsﬂbﬁblBOteérabheﬁybms9y@bQﬂEkME

substltuted cycl oal kyl, al koxycarbonyl, carbonyl oxy,
aliphatic-f-diketones and salts of p-ketoesters (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
chromium for use herein are chromium (III)

acetylacetonate, also called chromium tris (2, 4-
pentanedionate), Cr(acac)3, chromium trichloride, CrClsy,
and chromium trichloride tris-tetrahydrofuran complex,
CrClsz (THF) 3.

The first ligand of the catalyst precursor

composition and/or catalyst system of the present

invention, component (b), is of the general formula (I);
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al koxy, am nocar bonyl, carbonyl am no, dial kyl am no,
silyl groups or derivatives thereof, and al kyl or

wanyl7/0g148ps substituted with any of these PCT/EP2006/068652

substituents or halogen or 15 @ nitro group. Mre
preferably R5 is an al kyl, substituted al kyl

i ncl udi h [ bstityted L kyl with at
| cast "one hot B batonr-Sobhias (R or 0, (hd al kyl -
h t tom
o oup) . " EPAR By bbsPrr Bt ot ey ar ARGl Soa6e ¢

substit ghedpeyabhfgapy¥bupsubsti tut edea YLQX¥59L
substituted aryFoxg groﬁg Exanpl eg gfgéhTFg% ﬁé% P

grQueeeuncR@destrgiérabelagh9d95ca§bp$tg£@h§¢ £1-C15
al ky %rou ps, C15 al kenyl groups, substituted
czse@§ léPRéQyPY§F885§bYé39€95pcyéIbaFﬁyPhgﬁéﬁﬁérbyl group,

SUQSEhEEEQnggdzﬁeE%g _8&8@%5%%1 gHQ?O 555§4 l group or

aromat | c groups, tute mat i C

ClyEtdvakkexy tHEQUBS . amgp§e9§rthRédl§lsgiéceé&05¥om
groups. Most preferred groups are the Cl-C15 al kyl

gr bupsogespesi ahkygcoups apnyrsgrOngf ahkgh, i agbatétuted

bo near._and al ky S; _suita
e O L B R
PCE&&EB&Q6/@6&6591 -smmstmtopya allgepyopykycbobykyl,
isobut¥ t-buty pentyl, _al kyl branched pentyl

gr 8Ups! 1ﬁé%§ﬂ CéPQ?PlBV ncﬁé&oﬁéﬁ?Fboﬁyéup§arH@BV}nyr

algikoQQan%ﬁggoGQEEﬁhygr069§boﬁ§ﬁ¥h1§8d d@EKXblamlno, silyl
branched octyl groups. 5 Exanples of slitable bridging

gr gupspenoltuderivhtaeehykhereoR eehyll 31kyiNoprapyl) groups
- N(i . I -, .= . N (butyl) -, -N((t-butyl) -, -
%H§§F§QB¥G NERBY O LReps SapRjPhapl s o Patogen or
'N BYLY- an 4
R S T LN BRI
10sobsyhﬁutedN@@kﬂéth@my@hdmyg)heterocycllc substituted

N (R e

-N%qkbxlbrouﬁeesbeeﬁhthxeaoaathyb haseusgdohepei n
refers to a
hetercatomic group), cycloalkyl, substituted cycloalkyl,

substituted cyclic aryl, substituted aryl, aryloxy or

substituted aryloxy group. Examples of suitable RO
groups include C1-Cqg alkyl groups, substituted C1-Cqg

alkyl groups, C»-C1g alkenyl groups, substituted Cop-Cqg
alkenyl groups, C3-Cqg5 cycloalkyl groups, substituted C3z-
C1s cycloalkyl groups, Cg-Cqg aromatic groups,
substituted Cg-Cqg5 aromatic groups, C1-C1g alkoxy groups
and substituted C1-C15 alkoxy groups. Most preferred RO
groups are the C1-Cqg alkyl groups, especially Cq-Cgqg

alkyl groups, which include both linear and branched

alkyl groups; suitable examples include methyl, ethyl,
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group only containing carbon and hydrogen atons. The
15 hydrocarbyl group nmay be a saturated or
wansetodraased, |inear or branched al kyl, a non- BRCOMRRG06/068652
ring or an aromatic ring. Unllss- ot herw se stated,
the preferred hydrocarbyl groups for use herein are

t hgsg,coNnt aiAiRg, hro 0 n at 20
te?n1pgubstFtﬁtegygydgg%g?by%goggE géd@hgggy%’ é EV%'
t oabhygiobarbyhedr paps ywhgpchupent Aerybneadkyhobeanthetit hexyl

het er oat om _cont ai ni uncti onal. groups. By "inert
neoePaREomeshyd nrngv cREenEnar HPGEBT: ordupbanp etk and
t he1kynchiranahedr eupg1dgrpapsinterfere to any

substantial 25 de%ree wth the trinerization and

t et r aneFF2BPILBA Opr sBés3blrhbridgimyhererphydnotadpyt"
i t byl '
i e b SR L

one or “6f the car S'répla
heNébaat/am-, suilf tabuBy1N-or -0.(p380t ¥he-carboneat;om-of -N (2-

t he ocar byl grou [ch is replaced by a

heﬁépggESﬁV& ﬁrbéNéFgﬁighﬁﬁY#hferﬁﬁﬁ?aayﬁéﬂheéyéﬁFBVl)"r -
the (hydeeegnbyl-1graupior t b (sanbom) at ooyt Braygh) VO _y (o-
200 /057452 P%T/EP2086?06865é - gz) whic&Bthe9 ! Nz
hebetghydr oclrbymeghodprhengit achel (pefgbuthiéphatpm -, -

B g B b TR R G e e

;2H3éﬁé?§?§ﬂ;§§%@&%@é?5QGaLEXBéﬁgg%Ussgdh?ﬁ?5T19§§5(5

rocarb gr oups contal n one” or

nore inghk tBeheragteBreeBlarnkBgukuAChEeBah GEOUPS to a
The term "aromatic” as used herein, refers to a

nmofAseyel Pelyr cpoltyépénpccasberatne brdregenroakemati éhe
ri i f 14 _rin opt.i

colfararRsPey’ PRShR, iy e ar S LR TR B A S ey
0 andeSr oFr efrenabky, alkglar amabheagbnapscaréng or an

nonocycli.c or polycyclic omati c rings, such as
CyCrOBertEareRgt  DRhFSR BAASANASSi AERARAE:  bRFoRaRgPTTed
gr eypshcalPB®NYbroups for use herein are those containing

from 1 to 20 carbon atoms.

The term “substituted hydrocarbyl” as used herein
refers to hydrocarbyl groups which contain one or more
inert hetercatom containing functional groups. By “inert
heteroatom containing functional groups” 1s 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
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napht hyl or anthracenyl. Unless otherw se stated, the
15 preferred aromati c groups are nonocyclic or

weoabymgedssc  aronmatic rings having fromb5 to 18CTIERZN06/068652

atons, nore preferred aromatiio gfoups are nonocyclic
aromatic rings containing from5 to 6 carbon atons,

sughias EH%”MEt@Qghyﬁ¥8hQESQEa8Egﬂﬁelsaggtgcﬁga the

preferred aromatic group IS nyl “group The "¢
t eptiotniswbstht usedtarohati £b aheusedrogeneanomeansthhatase

the _.a r.oup be subst one or

moPé& 5583% Sgﬁpg géﬁﬁphe tgrn1h65 g posFF?oﬁerWhen
use@ubeta@bQEHOHetb@oﬁga§bbhy@gus 89 asenBhbecRl 1erRds to
groups, it is neant that the substituent is in the

orhﬁée§@§wﬁ¢@ﬁawéwétQVQupé whhehatentbbndedet ert here inert
phasphar, H%O%F8%ht£931§§b§EhEH§8£§1°§fér Rl to R4

groups can contain bon "‘atons an ét er oat ons.
The subShet uentns “aaymbeicéi tbenspal Reretnponepekrarto a

Sui t abl e iubstltuents i n¢cl ude 30 hydrocarbyl groups
Whi"CROREGBE SEr BPGHEYERAFN BFOBﬁBHEhga hebpgpparedasic ring

unsatyhat edomakoRBt i g Qﬁnaoﬁtoﬁéongbtgonlm§ ontaining
hydr ocarbyl substituents my optlonally WO 5007/057455

PCTEERP2006,068652eroatgmscentiarnedefepvalon® sudhSas
aromatic h drocarb
SuBEEreuabtY”; sErLaRBE sl BTRLbS A e Re ke o
arpaaybgcgﬁ@ua&omateﬁemabby haubhgaéregtﬁop@ntialenyl
carbon atonms in the rlng such as phenyl and Cl-C4 5
aIKVPlﬁﬁeﬁﬁp éﬁéepéncéﬂ ?a@?érﬁﬁﬁnaﬁoﬁEPPEshydPB@ﬁV%yl

Suhéghﬁégrt%r'Bﬁquchhgﬁar 85%@5@”89?9r@£5¥'s@58ed the

cycl groups, preférably having froml
capbeﬁeraednaxombteCpgebepabhyelmboo4ycaibonrapohycycllc
O her s |table substi,tue 0 R4 roups

he
in8F888 H&l iFd89°suci 8¢ ﬁP8r|d% %Elﬁ%ag ﬁﬁ mFOdPaﬁe

t hpekfer@dd AtolatitSgAbupsCRrAlmonbbcliMHAomaEAZings
- CONAIL A2, -NO2, =0, in which Al and A2,

|n§@§éﬁé@ﬁp9yfr0@ré i6nPaFaiRPNC 2§PBEps SBFBf @Pabhgnyl and
ha%&%ﬁo% %%b&l%%y&? and a most preferred aromatic group is

a phenyl group. The term “substituted aromatic” as used
herein means that the aromatic group may be substituted
with one or more substituents.

By the term “ortho-position” when used in relation

to substituents on aromatic Rl to R4 groups, it is meant
that the substituent is in the ortho position relative to

the atom bonded to the phosphorus atom.

The substituents on the Rl to R4 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



carbon atons, nore preferably 1 to 4 carbon atons,

e.g. 15 nethyl, ethyl, propyl and isopropyl. Wen the
werow7w3RE5 gr oups of the first ligand are subsPCTEP2@®E/068652

preferred substituents are hydrocarbyl groups.

Particularly preferred hydrocarbyl substituents are

ClzGArahkyhe@eQHRS omRr 8hiehabLkysiet Byl gih&', §599é£'e

20 isopropyl, butyl, isobutyl, nost’preferably net y}.

| naonmagibodiyAentaobylheubbtstubnganidnct hdeem®lotpcl R4 and

groups _are.independently selected_from optional

BT o e e g PEaREs chEREBERP R ha papad rom S o
subst thuBBh @foAb Leasheonengf thenorthenpasitheasc,-c,
and 25 one R1 to R4 group is independently sel ected
frekyhygdheogilbyglkpoupabst Btiitedlaydooearbybtic hydrocarbyl
het e oh&?rocarbxl agd iubstituted heterghédrocarbyl

or SUPS "W BATE Ao LBFBURS0LLLRAF WReR*ERE GROBPKTS OF

aregat be 1kt 1dgesupet eertai-ApLdy ReLahgsHbshi tuedt 18t carbon
any of the ortho-positions. In 30 anofher enbodi nent

of ath®sf i pore| pgahdrahly fotip RicesbRE4 YOOROO7/ 057455
PCT/ EP2006/ 068652 - 14 groups are i ndependent |

sel ect edthRENSYpEPBASI FYPSEhBEENEEt @8 APEnR iEOg¥3u5§9upS

ea@ﬁc@ﬁééiHQl@d@@'ébchsH?SEBEH?EBe?nbﬁbmhéésén?2§E§§de,

the ortho-positions. At |least three of the Rl

oreups10f -bhe hilret, S5skhdandcerapli ndependenthy, -nala2, -
selected fromoptionally substituted aromatic groups,

eagh-RaannNg-gopol ab, subghitHenl QﬂdaA2|e§§Be?8§dQBtly,
the ortho-positions. For the avoi dance of doubt, the
pheasenchearngtacpalranpsspbstetrapnly havahgl €astn d0neo 10
of the ortho-positions” nmeans_. 10 that, in the sane
| i GARACTt REORS t BORE BFEUBTRRILZh1bEar 4 FREPHEBI aFoms, e.g.

SURStiLHenk ch919UBSLELN 8w LhpRopohar  substi tuent

on one~or bot its"ortho positions. The term

"optionghky subsrilt ybed? pRoupkabifoRnkoftihet RighAdR4re
groups of the first ligand which are 15 independentIX
sePBeBEd tteR OPEPERAFFY Substitueegs are hydrocarby

groups. Particularly preferred hydrocarbyl substituents
are C1-C4 alkyl groups, preferably methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, most preferably methyl.

In one embodiment of the first ligand, three Rl to

R4 groups are independently selected from optionally
substituted aromatic groups, each bearing a polar

substituent on at least one of the ortho-positions, and

one Rl to R? group is independently selected from
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
and substituted heterochydrocarbyl groups with the proviso
that when the group is aromatic it does not contain a

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

another embodiment of the first ligand, all four Rl to R4
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aromati c groups, each bearing a polar substituent on
at | east one of the ortho-positions, neans that, in

wadai7tosoiss to the pol ar substituent on at | easPCOmE2@5/068652

the ortho- positions, the RI-tiol R4 group may contain
one or nore 20 other substituents. Polar is defined by

U §GUB§T%?ee?EHE¥eHHEHt§§ Bgi@@@&&t{ﬁéﬁcs £5995F9¥

erefore, as use erein, n1 pol a
subsbstu@ntsﬁ HEamStaCSngUpBUGEBChmhéEhln@CETDOKateS

S BEPrEaGHretr 8F B5e REPEi fnFnErutibe Baf "areonofons.
necessagil y Lim LedeLop copLLopal Ly ?utggggg§h8% 9 £irat

al koxy groups, i.e subs
hydngaadbykegnodppendeetﬂgdséheough anonxygenobail tlgi ng

ato tion substituted C5-Cl4 aryl ox roups,
" QhsBPhiPRR RioBEBLLI PHPBS v ERCANDOLE L Oha] §OTSE

SUQﬁEbEQE@@ntabﬁnﬁt'@egégugngosﬁegﬁgdoEBBQpggs@Eions. For
oxygen bridgi ng atom WO 2007/ 057455 PCT/ EP2006/ 068652

- 1Be @ppadﬁabEyOBr daovhéd CheRDrabRoXPECTi@R0apPRybr
grgﬁgggltant on a% ﬁéaggbgkétu%cgaggﬁgtﬁo 051Qions" means

roylgroup™ "bear ro up;
hyg %yll a@h@osa&g'll ndCBtﬁEkﬁnagbnﬁa wﬂ%cﬂﬁbears

&
aIk@?su | phonyl; C1-C6 g al'kyl'thi o(d - a?EBPBgroups
sutpbapelahebebetytheot gsoapsstESpEedaWhyhmatpoaar

EXahBFe CHP EUPPaBrS Bol APt BuBSt i LBeRELAPrBRBOD one-

met hoxy rnet Rexk, “oseRbARYXY, sPRERYXMted” in relation to the
pent af | uor ophenoxy, 10 tri nethyl sil oxy,

d|Réthplaﬁlqapu@etbyISprﬁmmyt lﬁgsyﬂ whﬁthoxyaethyl

hylth h d
e RHpRBCRE LUnRedrERs. Ferti RBLLorRbL o Pohi Ehsed.

nlg&@m@@qct@%ohp%e cBeef geabliyg thgopakasupybstiibHeNbs at
in the RL to R4 15 groups independently selected from

opﬂe@ﬁélppes@6sﬁhpupé§h0ap@ﬁatp@ngvomsgnSeébﬁtbeaﬂuﬁgdltlon

a %0|%Ee %ﬁ t%%ﬁ%tggugkt on at least one of the ortho-
positions, the Rl to R4 group may contain one or more
other substituents.

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

Suitable polar substituents for use herein include

but are not necessarily limited to, optionally branched
C1-Cog alkoxy groups, i.e. Rl to R? substituted with a
hydrocarbyl group connected through an oxygen bridging

atom; optionally substituted Cg-Cq4 aryloxy groups, i.e.

Rl to R4 substituted with an optionally substituted

aromatic group connected through an oxygen bridging atom;
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| east one of the ortho-positions, are independently
sel ected fromoptionally branched Cl-C20 al koxy

waroerps74ssopt i onal |y substituted C5-Cl4 aryl oXPCOEBADS/068652

and 20 optionally branched GL-I&06 al kyl ( C1- C20) al koxy
groups. More preferably, the polar substituents are

r £ oyps
'”géggaﬁgEgkibgﬁﬁﬁﬁéaegesgzﬁ‘2?%5923§hyc b7 brandreaP=-

Cl- akko ao Mg ,
cthoRy o 1 Sonr opesy of Mahich 58 aet nogy; BVEEUER Ry group
paptheuhar hycprehber eedoR9! gtog bsa Y8RV ; amino; i-)Cq-
alternat?vely? Igﬁger opglgnal y b?anchgd Cl-C2 n8 (di-ic
al kgxylkgtampaosuahtas; opti-ogakl yybsanghedy C8- €20c,

al koxy groups, for exanple decyl oxy, dodecyl oxy,

t endagecplioXy) -Rexadsyyl oxpuprect adéphhbry beterocyclic

ei cosanoxy groups, of which 30 eicosanoxy is

pr 8£8HP&d, CRRGChALpYelétRedtaserhE poFal yl/or O ring

2097057452 @gg@gpggggégesesz - 16 substituents in

order to increase the solubility of the ligand in
organlcEnempaeslbf|suptebéerpdlahasubhelamenOsRﬂnclude

rougg of thg1h first and whi ch are inde eng ntlg
sel"&ct8dYrr & 8X8pt9888 PYOZUhsPIEUPBY  aPBHAE T cUCTrOPhenoxy,

ngQQﬁetﬁ§QB1@@§&|nalﬁetﬁ9haﬁlﬁébSﬁéEH?EEu@Eh@hyhea§Bsyl
one of the ortho-p05|t|ons are the sane and bear th

safethoreetand, tmﬁéhwﬁtbépaethyébsﬂv5u@n@e@}yllthvdroxyl

parh‘ Gl Akl ¥h8%§§?§59§ULE$EF§§%F bogré hd, Rl 18; RS

roups bears a n on 107one o
t heut phweer hherposahti ehs, 1t ee.exanpl e o anisyl. 1In a
first enbodi ment of the first ligand wherein one of

RL to R@re§emadépendéntpylseleubeultnentshydrObarB§lto R4

substituted h car L hydr oca

suBstitdt & dﬁ% terch 2&0%3? ﬁ? ér%uﬁm mpgﬁo?ﬁe9§r89pggltUted
15a&b@hthe@rbb©sgr@thlbeakaﬁgtanblaﬁOQSbB@EtQ@ﬁtabﬂ at

a _polar substituent at any of the ortho-positions, it

i slepséf erce@t RAE AEROGPOSatdORE ! térﬁ4l§ﬁ896nﬂ§ntly

'ng%@%&@%@tEXoﬁeb%%&%qaﬁﬁ?”b%%ﬁéhbﬁutfdcg5 alkoxy groups,
unsubsti t ut ed

optionally substituted Cg-Cji4 aryloxy groups, and
optionally branched C1-Cpg alkyl(Cq1-Cop)alkoxy groups.
More preferably, the polar substituents are independently
selected from optionally branched C1-Cypp alkoxy groups,
especially opticnally branched C;-Cg alkoxy groups such

as, for example, methoxy, ethoxy or isopropoxy of which
methoxy is a particularly preferred polar substituent;

alternatively, longer optionally branched Cq-Cpn alkoxy
groups such as optionally branched Cg-Cyp alkoxy groups,

for example decyloxy, dodecyloxy, tetradecyloxy,
hexadecyloxy, octadecyloxy or eicosanoxy groups, of which

eicosanoxy 1s preferred, may be preferred as the polar
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aromati c groups, including substituted or
unsubstituted 20 heteroaromatic groups, which do not
woami7asmsa pol ar  substituent at any of the PCT/EP2006/068652
ortho-positions. In one aspecti@f- said first
enbodinent said RL to R4 group nay be independently
r p n
%g?%?%;égﬁg&nzﬁ 898 pp5§§%8? s8 ghg ?g¥¥blllty pf the
blphgayﬁ 1naphghyh¢ maﬁhaacenyl nethoxy, et hoxy,
phenoxy, tolyl oxy, dlnethylan1no di et hyl am no,
nethyleﬁﬁyﬂén?ﬁ@ferhﬁépﬁbﬁylth@yRdeP Rghgb@uhylof the

{ N OPBENOXYanhi IELIVLIL! ¥haoBLIRLIVA DYOLazul oq oLyl

propy prop
cycbemenhyny eybkohexykd teomateayyrands, each bearing a
tetrahydr of uranyl groups. _In another enbodi nent of

th@O#?FsFuPFﬁéﬁHenEaPH 9@)%967?097ﬁ5@f the ortho-positions,
PCI/EP20Q6LQRB6324 pedf tRL LOmBAnGROYP OBY PSpe of polar

i ndependent|ly selected froma group conprising
opsubﬁahtyesmbsﬁ|tuﬂédlphgayt;cubhyly pbephengd, that each
napht hyl , g|ophe and et hyl groups. In a second
asﬁécﬁaéﬂ 8 @Ofﬁ sgrerbedPAeAs, asAPYaRIsuBsEtrant on only

e gHB_b% %g@%ge@QﬁnBE¥hég MEI g gEO”E8PtéQQﬁFh¥ oranisyl.

ubsti tut ed phenyl groups 0 not contaln a po
substi t aent éhrahyembodhmentthﬁ-pb8|fuoas logand whereln
alternatively, not contain any pol ar substituents
at ongl pf ytgoRgrl§ub@ﬂEpaéﬁﬁan§séﬁﬂepheéaﬁéoma to

gfh%gr Eg% %l uBgtﬁkgggroH gnégkggﬁésﬁéggﬁ%Fgarg arbyl

i-onal contarn non-p rsubs uen
| URAG @abbm&$uﬁ@ﬁ-h@kaﬁoaydabcembyﬂygmbthUW1ah the proviso
per manent el ectric dipole nonment. Suitable non-polar
sub8eitt WeRPs they IBEVR ﬁétﬁypmatis éFhQPeSpPSEyFontaln a

bu%%har'%%B%Q9¥henksg@ugﬁk oEeEEebHEXhO pggﬂEybns, it 1is
hexyl, cycl opentyl, 2-nethylcyclohexyl, ~cycl ohexyl,
cy @@@@&&@uem%bt phenybs bhiphedyko RApHEBYD, istol yi
xylyl, mesityl, ethen¥ propenyl and benzyl group,
or 1PREPENREN Tty FEL4Byd ﬁﬁ@mnéﬁbﬁéﬂépted or unsubstituted

aromatic groups, including substituted or unsubstituted
heterocaromatic groups, which do not contain a polar

substituent at any of the ortho-positions.
In one aspect of said first embodiment, said Rl to

R4 group may be independently selected from a group
comprising optionally substituted benzyl, phenyl, tolyl,
xylyl, mesityl, biphenyl, naphthyl, anthracenyl, methoxy,
ethoxy, phenoxy, tolyloxy, dimethylamino, diethylamino,
methylethylamino, thiophenyl, pyridyl, thiocethyl,
thiophenoxy, trimethylsilyl, dimethylhydrazyl, methyl,
ethyl, ethenyl, propyl, butyl, propenyl, propynyl,
cyclopentyl, cyclohexyl, ferrocenyl and tetrahydrofuranyl

groups. In another embodiment of the first ligand, said
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20 substituent is not electron donating. In one
specific aspect of said first enbodinent, said RL to

we4ogroswssi s an unsubstituted phenyl group. PCT/EP2006/068652

Optionally, any of the groups R1 t0 R4 may
independently be Iinked to one or nore of each other

? g 4t he bridgi group Xto forma_cyclic
stPuc Gre. $heYPi §au a&EG?H?HGePBlVoFﬁﬁPQtﬁﬂ)féﬁﬁ Begroup

prepapedsiugi BgtRHABRUYr 85LKROWILER BABNSKI | Ledyin the
art or disclosed in published |iterature. Exanpl s of
subhPhesirpoundehithyludehipphgpyl and ethyl groups.

net hoxy henylé%phenyl)PN nmet hyl ) P( 2- nethoxgphen

(2- net Bxﬁpﬁ yryoPRPRE h9ﬁ)@é?dn§%56§y§ﬁ AgLRon (zsaid RL
WO, 20Q7%/ 057455, PCT/ EP200
o RERRy LS RO PRRaaEo T, Br e RE R bBReRFS anal Ly

(2supsthexyphepybhPNGgebhyk) Rh2cAethoxyphesyt k 2n é2polar
et hoxyphenyl ) (phenyl ) PN( et hyl ) P( 2- met hoxyphenyl) 2
(ZsuéﬁﬁéiyﬁﬁénﬁF)QPN(ﬁétﬁ?P)PFQhﬁEPﬁékypﬁéﬁyl?2,, (2 5

E@%gggs@xbgggheexlhgp§g§§9xgﬁpgﬁghé89§§ggsggkIgueggs at

oxyphenyl ) 2PN( et oXy

eta94yph@ﬂ I%6@Q%nxh%EN£%heM£)ﬁ&gsgﬁkh9%ygggayh12to(§4
et hoxyphenyl ) 2PN( et hyl ) P( 2- met hoxyphenyl )

et bexyipbenyl) bahemyb,& Phetibyb} Pa3- et baxyphényb) 24 §2oups
10 et hox phen ) 2PN( et hyl ) P( 2- et hoxyphenyl )2, (2-
met'RExyp éﬁ??¥i¥N€ﬁéﬁﬁ§P)PPQ “PSOBFopBRSPRERGNT 2, (2-

h I I I ,
e noaten Meneail | SR SR gl tenymenybie,

nephamypheﬂybﬂéphemylﬁ@N@éEhmbp@@Q_|sopropoxyphenyl)2,
15 (2-methoxyphenyl) gENGet byl APt 2;L3eer QRoxyRhenyL) 2, 1 |

(2-
methaxyphervb)yipheayk)lPNiebpybpP( 2- mebbaxypheayk) 2putyl,

(2- met hoxyphenyl ) 2PN( et h t hoxyph
etﬁsQEIISEIEyEEIe%ypyéaeﬁ%yﬁy|;p%S:pgi%§6§8¥9ﬁﬁanyI)2

ny 2- o]
20 ST oy Raty Y C Phany T N PREHBL ol U2 ot hoky phbag 5 2onEhyL,
(2tolyl, =xylyl, mesityl, ethenyl, propenyl and benzyl
group, or the like. Preferably, the non-polar
substituent is not electron donating.

In one specific aspect of said first embodiment,
said Rl to R4 group 1s an unsubstituted phenyl group.

Optionally, any of the groups Rl to R4 may
independently be linked to cone or more of each other or
to the bridging group X to form a cyclic structure.

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)(phenyl)PN(methyl)P(2—methoxyphenyl)2, (2-

methoxyphenyl)2PN(methyl)P(2—methoxyphenyl)2, (2~
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et hoxyphenyl ) 2PN( et hyl ) P( 2- et hoxyphenyl ) 2, (2-
et hoxyphenyl ) (phenyl ) PN( et hyl ) P( 2-i sopr opoxyphenyl ) 2,

wO02007@5Mh33y phenyl ) 2PN( et hyl ) P(2-i sopr opoxyphenpCT/ZEP2(08468652

et hoxyphenyl ) (phenyl ) PN( et hy )IB( 2- et hoxyphenyl )2, (2
25 et hoxyphenyl ) 2PN( et hyl ) P( 2- et hoxyphenyl ) 2, (2-
'SHQEHBQ§¥HQ§9¥}XéHQEQYB%ﬁ%&ﬁﬁ§f¥bkgiﬁéthoxyphenyl)2, (2-

i sopr opoxyphenyl)
(ZmESHQRQPHéMpm??YNX@Eﬁ&ﬂ??hyLﬁé{ﬁoxyphenyl)2 (2-

I sopr opoxyphenyl (2 WO 2007/ 057455
PGELEBROPELOGBHFRheny 19PN (methyl) P (2-methoxyphenyl)p = (2-
|sopropoxyphenyl)(phenyI)PN(ethyI)P(2 i sopr opoxyphenyl
)2ethoxyphenyl)2PN(methyl) (2- methoxyphenyl)p  (2-

(2-1sopropo henyl ) 2PN( et hyl ) P( 2- h 2
(Zethogypﬁeé% TOYEAZTNGEL YL ) P 2l sopr opoxypheny!)

TeLDRXYBREAYL)  BBRRNLLED TBY DYLLE xypﬁ°£y9pg§vw99nvf>2
(24 pgmypiony A AShoY AR P Phar e Damupeny)) -

(22th h th th henyl
ne?hog§gﬁeﬁ§y)(%henil)EN(lsop?gpyox¥%2e%etLokyphenyl)2

Ze(:Bo@bh@nymb‘QﬁMbh?ENéN?e@131‘19@)’1?)(E’Qétﬂﬁkiﬂpwﬂ?ieﬂw ) 22-

ethonwﬂbphth@mbéNyblﬁMQbPwﬁyéﬁﬁéﬁynhehpky@hemyF)2
et hoxyphenyl ) 2PN( pr op I)PEZ nethoxyphenyl)z (2 10
etm@%99ﬁ§@§ep& heRYI(NPREL 0By 7P€QPéPﬁ@¥th@ﬁyﬂ)2 (2-

Zg%%§§§E§E§pp ShCRYP AR PUSBEBYI B(3- HekhbkyRRenyH j2- -
c1 RBXyBReRy %%ﬁaﬁyﬁ BREY 2BE Sy B s BEREIS Dhenyy 2.

2
Corngpipriplent L0 spronsl e

(2-(2-methoxyphen 2PN (ethyl) P (2-isopropoxyphenyl)
thoxyphengF)(pKenyl)PN(p?o%yl)P(Z ﬁet oxgghengl)ﬁ

(ZmemreblopyRhELY | (PABNGR) ONYEERG2) FRRRORY bhepphedy1(2, (2-

nethoxyphenyl)(phenyI)PN(lsopropyI)P(2 20

|smp¢bp@ypph®mylpEN ethyl) P(2-methoxyphenyl), = (2-

(2- met hoxyphen 2PN(|so ¥I)PS

|S@§h@5§ @ﬁgﬁ§| @engé P hyl)P(2-isopropoxyphenyl) o,

T ok &%bﬁﬁﬁayp%%ﬁ%?%égﬁ?%8§y§%5§%ﬁ§5%§§§%ﬁg295> t2-

étﬁo%fﬁﬁg P?&&hgnyPYﬁNFpr88§PYﬁ8 FSSBP863§9SRgnyF)2, -
ethoxyphenyl) PN (methyl) P (2-ethoxyphenyl)p  — (2-
ethoxyphenyl) (phenyl) PN (ethyl) P (2-isopropoxyphenyl)o = (2-
ethoxyphenyl) 2PN (ethyl) P (2-isopropoxyphenyl)p = (2-
ethoxyphenyl) (phenyl) PN (ethyl)P (2-ethoxyphenyl) o (2~
ethoxyphenyl) 2PN (ethyl) P (2-ethoxyphenyl)p — (2-
isopropoxyphenyl) (phenyl) PN (methyl) P (2~
isopropoxyphenyl),, (2-isopropoxyphenyl) PN (methyl)P (2~

isopropoxyphenyl) o, (2-
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25 (2-et hoxyphenyl ) 2PN( propyl ) P(2-i sopropoxyphenyl) 2,
(2- et hoxyphenyl) (phenyl ) PN(propyl) P(2-et hoxyphenyl) 2,

wO02007@50h33y phenyl ) 2PN( pr opyl ) P( 2- et hoxyphenyl ) BCTAER2006/068652

et hoxyphenyl ) (phenyl ) PN(i sopr opy!l) P(2-1 sopr opoxyphenyl
)2, WD 2007/057455 PCT/ EP2006/ 068652 - 20

Eg?%b%&bﬁ@&%@%bh%ﬁNQb&%ﬂ&Q9PNR8&%yh§@RQQ@%6¥BB$B&§£%enyl 5

eth@*ﬁﬁb©wwpb&@b®@mwn?ﬁ@ma@ﬂh@@yPXEGZS@bB@ﬁb&bFﬁﬁhyz (2-
(2- ethoxyphenyI)ZPN(lsopropyI)P(Z et hoxyphenyl) 2

| soptopeypbleami)) @bﬁ@ﬁ}l?ﬁN@ptbgﬂlPPQElEOpropoxyphenyl)
|sopropoxy phenyl )

(2- |S@§F@§éﬁ?ﬁﬁ@ﬁ9l (PPROpROBYI(PPERYL) P (2- methoxyphenyl)z

ISggrop%%fpheﬁﬁpyﬁﬁﬁ%ﬁ¢PfﬁﬂyﬁéBﬁ?osﬁF?Qﬁﬁphenyl (2-

o S BRC S0 PP ECB A8 B BHERG R SL 2
10 (@2methe: §%@@%§MlE@Rh%@%b&BHQQrggﬁl%gngxyphenyl)z (2-

|sopropoxyphen

nebh@b&@@%@h@ﬂon@@@ﬁ&ﬂ?@@b % R§ 2~ a2ha@nﬁapﬁﬂghyz (2-
(2- nethoxyphenyI)ZPN(buty - met hoxypheny

nebh@mww@G@WWﬂO@WﬁﬂpkaNanPhaPmbﬁﬁbﬁyﬁﬁthXyQhemyk)2

(2 15 met hoxyphenyl ) 2PN(t - but yl ) P(2- met hoxyphényl ) 2,

(zet@pﬁdpﬁﬁnaﬁylp@ﬁﬁ@ﬁVPﬁPN@@@UQIPwezeﬁbphapyphehyb)z,2—
et hoxyphenyl ) 2PN( but % &2 nmet hox phe

etﬁ&%ﬁﬁw %ﬁpyééﬁgﬁprpﬂy UEYEYPEROSYR ﬁyyﬁi@y|) - (2-

22% KYBTER “§§5wgﬁzp§é%?§%&§?§?§é§gfﬁé€ 8§§éﬁéﬁyhf§yl
% h35%%%?%&%%%é§;?§“¢ﬁ?#%%u%&ﬁ?B’@ e APl
(22 @lhe g ﬁ% ?ﬁaﬁwtXELB&%p9ﬁh@xsz%ﬂx&ggheQ§1g2,

nmet hoxypheny ) P(2-i sopropoxyphenyl)
”Ebﬁ@bwpﬁﬁﬁwbﬂo@@NﬂﬁbbBMbbvﬂyP)Eéétﬁbkbpnﬁﬁb@mg|)22—

(2- net hoxyphenyl ) 2PN( but yl') P(2- met hoxyphenyl )
nemb@hng@M$myapQ@NyPXBN&ﬂQEUthF@pZOpsappbpoyypbenyQ}
%émﬁébﬁéwvﬁﬁ@wﬁvy@Pﬁpwl@QNypprle§d§r@9§%95ﬁ@h§ny2)2, (2-
(Zmethoxyphenyl)2PN(propyl)P(Z—methoxyphenyl)zl (2-
methoxyphenyl) (phenyl) PN (isopropyl)P(2-
isopropoxyphenyl)zl (2-methoxyphenyl) 2PN (isopropyl) P (2~
isopropoxyphenyl)2, (2-
methoxyphenyl)(phenyl)PN(isopropyl)P(2—methoxyphenyl)2,
(2—methoxyphenyl)2PN(isopropyl)P(2—methoxyphenyl)2, (2-
ethoxyphenyl)(phenyl)PN(propyl)P(2—isopropoxyphenyl)2,
(2—ethoxyphenyl)2PN(propyl)P(2—isopropoxyphenyl)2, (2-
ethoxyphenyl)(phenyl)PN(propyl)P(2—ethoxyphenyl)2, (2-
ethoxyphenyl) 2PN (propyl) P (2-ethoxyphenyl) 5 = (2-

ethoxyphenyl)(phenyl)PN(isopropyl)P(2—isopropoxyphenyl)2,
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WD 2007/ 057455 PCT/ EP2006/ 068652 - 21
nmet hoxyphenyl ) (phenyl ) PN(t - but yl ) P( 2- net hoxyphenyl ) 2,

w0 2007r081438Xyphenyl ) 2PN(t - but yl ) P( 2- met hoxy phenpCT/ZEP2(08468652

et hoxyphenyl ) (phenyl ) PN( but y )R{ 2- i sopr opoxyphenyl ) 2,
(2 et hoxyphenyl ) 2PN( but yl ) P(2-i sopr opoxyphenyl )2, (2

° Seoomsell (Rlap AR A s BE b o, (o-

et hoxypiyeheh)(pheneh)PNet- Q@b E))?QZ‘) P&QP&QH@&;&EH@H}&M%
~ (2-ethoxyphenyl) 2PN(t - buty )P 2-1sopropoxyp eny
(2ethoxyphenyl) PN (isopropyl) P (2-ethoxyphenyl) o

et hoxyphenyl) (phenyl ) PN(t - but I)P(2 ethoxyphenyf)z (2
101ierharppkel EPZ@N(phEOVQIPP(@r@phékvmaenyl)2 (2-

'Sqe LERAXVRYERKL) A pRenyb) PNCBULYL) DOA- | $OPY BROXYRASTYL
2 S h),2PNphut yI ) P( 2- henyl ) 2,
isgapmmstent) o0 opraposonens

ISQBb@Q@pﬁQ@@h&h&Z (phenyl) PN (isopropyl) P (2-
(2-1 sopropoxy %hen 2PNgt butyl)P(2- 15

i SOFPEEERYFNEAFRY2) 2( 2 |
t.hoxyph yl).PN( but henyl ) 2
AR Bk Ry L hEhy S BRE DYy ) PSSP RBR FRBR M b2,
(2_@2mg%a%%§%a@%§x')%RQ&@E?@&RLEgéyﬁ?%WQXVpheny'>2'
geﬁggpypbeaybhép@emyh)Rwecyclohexyl)P(2-nethoxypheny|)
(émﬁEhbzypbbamyDX2PN©gy¢PBHbmywﬁPEZQﬁmehbmyﬁhbayyl2Q, (2-
2-
étW@%Vﬁ%&@%ﬁP&éﬁeﬁylPPN&éhEHQrWPGQDﬁﬁph@%yéhenyI¥2
2- h h N 2 th h
C RES YOO LU RERVE TP BHShy PRPUS) U AR BRERYPhet e, (2=
t | t 2
ot MoK RS e hensr T eRbEy 7 % S BESY kbRt neriar) 2
eQ%b%&B%é%@ﬁ?Q%hk%@N@@NQBQ@?&X%)EC%e@EBQ?éM@H?@X') (2-
hn 1) 2,
?tzB??ﬁ%@%ﬁ&???%’???ﬁ%ﬁéE?F‘?’%*S?ﬁﬁ?‘y’%ﬁé%i’F?“y &
WOe200 %05 2453 ) RETeER2006/(068652 P (2-B2hoxyphenyl)»  (2-
nmet hoxyphenyl ) 2PN( phenyl ) P(2-i sopr opoxyphenyl ) 2, (2-

reelooyeyIyIL) pREHPLERN) BHEnpLRPEIORenldX pphday! ) 2,

2.
( ethoxyphenyl) (phenyl) PN (t-butyl) P (2-methoxyphenyl)o (2~

ethoxyphenyl)2PN(t—butyl)P(2—methoxyphenyl)2, (2-
ethoxyphenyl) (phenyl) PN (t-butyl) P (2-ethoxyphenyl)o (2-
ethoxyphenyl)2PN(t—butyl)P(2—ethoxyphenyl)2, (2-
methoxyphenyl)zPN(butyl)P(2—isopropoxyphenyl)2, (2-
methoxyphenyl)(phenyl)PN(butyl)P(2—methoxyphenyl)2, (2-
methoxyphenyl) 2PN (butyl) P (2-methoxyphenyl)p (2~
methoxyphenyl)(phenyl)PN(t—butyl)P(2—isopropoxyphenyl)2,

(2—methoxyphenyl)ZPN(t—butyl)P(2—isopropoxyphenyl)2, (2-
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met hoxyphenyl ) 2PN( phenyl ) P( 2- met hoxyphenyl ) 2, (2-
nmet hoxyphenyl ) (phenyl ) PN(cycl ohexyl )P(2 5

woO0prepssyphenyl ) 2, PCT/EP2006/068652

(2- met hoxyphenyl ) 2PN( cycl ohexy)) X 2-
i sopr opoxyphenyl )2, (2
neaeeﬁﬁaggﬂﬁhbﬁwh@ﬂ%h&ﬁNbﬁXGLBB%§XbbEQng€BBQ§¥HQﬁ9¥5§ (2-

(Zmﬁehb&&phbagylbERN@ekagmexyE}Héihﬁﬁybﬁéﬁpm¢§y|XZr

eth@hpphehﬁhy@phehyhyPNEﬁhbnyylPEZQrseppoppxypphey&lZQ (2~
10 (2- et hoxyphenyl ) 2PN hen yl ) P(2-i sopr opoxyphenyl
(2e épﬁdpyﬁﬁéﬁyn§ﬁﬁhéﬁy )BN@phéﬁprppezyégn@xybnenyByz

th h PN E(2-eth henyl ) 2-
ot RORBNEHBPY CpERS T BRE Sy Lo HOA I PEBROSybhtRy1) S (2-

(2325%@§§%%9§ g%éNP VULORLZyPiROSYPRERYL) 2, (2-
Lf%§§§§ éﬁ%a ﬁipyéﬁ(cyclgﬁe%y fﬁ%zlso ?pﬁ¥ﬁ9F?§l
(2-(et-BexyRriy ﬁﬁhPZEy@QXQLgh@ Y P?Q21§5E96M6Q§ﬁME%§1 )62 (2-
I SOpr opoxyp eny ) (phenyl ) PN{ phenyl ) P(
I sephopgxyiphenyl(bBRenyl) PN (t-butyl) P (2- ethoxyphenyl), (2-
(2- |sopropoxyphenyl)2PN(phenyI)P(2 20
i sephopyryphedybPR (tERutyl) P (2- ethoxyphenyl)2 (2-

I sopr opoxyphenyl ) (phenyl ) PN( cycl ohexyl ) P( 2-
|Sé§p@§@?y§5§ﬁ§py§ (phenyl) %N (butyl) % 2— 1sopropoxyphenyl)2

h 2PN
TSRS MBS L,
ci Coe IR RNEN Y Ca Ry e RS BLE (2
elﬁes@m©p¢§@©h¢hy2 (2-isopropoxyphenyl) 9PN (t-butyl) P (2-
(2- e|cosanoxyphenyl)2PN(nethyI)P(2
ei cesamoppplyehehy2) o( 2-(Aet hoxyphenyl ) ( 2-

ei cosanoxy hen{I)PN(ne éI)P(Z elcosanoxyphenyI)Z (2
WDW?GQ?KGE 255 1 pEPhEPYB06N068652 ) P 22350Pr0poxyphenyl)2

ot HOXTBRBRVPE 508 dBORRIy éﬁiﬁéﬁfﬂ%ﬁ??é23?%%5%%&@%eny1
SR, g T s o o
SY @ Moy phla /RN §$8R8hy 1) PN (cyclohexyl) P (2-methoxyphenyl) 5
(2—methoxyphenyl)2PN(cyclohexyl)P(2—methoxyphenyl)2, (2-
ethoxyphenyl) (phenyl) PN (phenyl) P (2-methoxyphenyl) o = (2-
ethoxyphenyl) 2PN (phenyl) P (2-methoxyphenyl),  (2-
ethoxyphenyl) (phenyl) PN (phenyl) P (2-ethoxyphenyl), = (2-
ethoxyphenyl) 2PN (phenyl) P (2-ethoxyphenyl)p (2~
ethoxyphenyl) (phenyl) PN (cyclohexyl) P (2-methoxyphenyl) o,
(2-ethoxyphenyl) 2PN (cyclohexyl) P (2-methoxyphenyl)p = (2-
ethoxyphenyl) (phenyl) PN (cyclohexyl) P (2-ethoxyphenyl)

(2—ethoxyphenyl)2PN(cyclohexyl)P(2—ethoxyphenyl)2, (2~-
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i nvention, conponent (c), is of the general fornula
(rry; (R (RR") P-X -P(R3') (R4") (Il) wherein X

wanad/Rs74s50 R4' are as defi ned above. In a fir8CI/EP2006/068652

enbodi nent of the second |igamb, +he R' 10 and R2
groups are independently selected from hydrocarbyl

SUQ@Eth?ﬁﬂeH&Qr9@§rBMEnyﬁZ??QQB¥g59S€BQ%bhﬁ S 30 427

substituted heterohydrocar groups wt

thmbtmbegphbaygnQppenslapumpheayabPdgeﬁeeabxypﬁbaym )8 (2-
pol ar substituent at any of the ortho-positions, and

t heetboR3phand IR4APNdprbapslaPé2i-mdeperdphehylsel e¢ted
froman optionall substltuted aromati c group bearing

a B@FQPXY§ §§Vﬁtd§%?n§ﬁ ) BN (FgaseherELOF (2he

i Gan CERe B ey ibo, A3 REFRPRRBHEARD) aPh e EARRERYT) =

gr@ggﬁr@? EQgg9m¢§ntly 20 sel ected from hydrocar byl ,
substitu ydr ocar byl het er ohydr ocar byl and

suhsthbtpdehetierphydroganhyl clgreups) wi théhﬁoﬁngéﬁ91
that when the group is aromatic it does not contain
poKaFmsmbskwphenylaQPHNVYoﬂohheylmPKBemposokyphsnyamg (2-
one of the R3'" or R4' groups is 25 independently
seﬁéépéﬁpheéwﬂéﬁpbgﬂyé 8Nl(phsnlgst P at édopapparypbenyl) o

gr oup bearlng Eo ar substltuent on at | east one of
t hé2oPEREXYBEREYong FNI(RNERYE hEK 2ehBBBF ABREYBRCRKE) 2, (2~

e R kbR 3Pheh gy Fﬁkﬁ%ﬁ&&f&@ég5§FBO§MB§?P¥& leg 12-

2057) 07405 A7 ERIC0a dehone r 34 PRarar bRydf sear byl

gr@ua@xybhenym¢ phewksopihat,cbeaxyhep (group is
aromatic it does not contain a polar substltuent at
any SePrereXgPhRoYpogi t ilénsthprypPhenghbo8Nterntcloherké) P (2-

second Iigand mhlﬁh 5 c nprises one or two of the R3
orl§9p§P8 FYPRAPYN) ar e |ndependently sel ected from an

opLional Ly SubstELULEd) ATQTRTLRALOYR (DeBLHAY, BrRRLES ,
(2-ethoxyphenyl) 2PN (cyclohexyl)P (2—ethoxyphenyl)2, (2-
isopropoxyphenyl) (phenyl) PN (phenyl) P (2-
isopropoxyphenyl)zl (2-isopropoxyphenyl) 2PN (phenyl) P (2-
isopropoxyphenyl)y (2-
isopropoxyphenyl) (phenyl) PN (cyclohexyl)P(2-
isopropoxyphenyl)y (2=
isopropoxyphenyl)zPN(cyclohexyl)P(2—isopropoxyphenyl)2,
(2-methoxyphenyl) (phenyl) PN (phenyl) P (2-
isopropoxyphenyl)y = (2-
eicosanoxyphenyl) (phenyl) PN (methyl)P (2~
eicosanoxyphenyl)p (2-elcosanoxyphenyl) pPN(methyl)P (2~
eicosanoxyphenyl), = (2-methoxyphenyl) ( 2-

eicosanoxyphenyl)PN(methyl)P(2—eicosanoxyphenyl)2, (2-
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one of the ortho-positions, said R3 or RV group is as
defined for the at |least three RL to R4 groups which

wane7hd74sadependent | y sel ect ed from opti onal | yPCT/EP2006/068652

substituted aromatic groupss xach bearing a pol ar
substituent on at |east one of the ortho- positions

in

 DrESRa g3 e RpRepePLe Pl Rl IERER DL 5,
gr@eaaxgbhbhgl 152se¢eB8dahbgd Eﬂeﬂpnpr@ieoprOpy1> (2—-
I ndependent | y selected from hydrocarbyl, substituted
hy@i6e8rBYKYPRERELdAydandathyl 1ikad substituted

heterohﬁgrocarb% grou ps wi_ith the proviso that when
the grotpSi §5PBRatFEaNE SSeEhﬁoFagﬁﬁYﬁFnpéeCBBF%F

SUQ%Rbe%EEoﬁtaﬁBYOQfcBB§l9BEh9y99éhtb9n§hér§ré§e§9
defined for the optional onhe to R4 group which is

i ndependénnl ycombetead ﬂ¢®n1hydﬂécahbygenenbétf@nmeaa (II);

hydr ocar byl , het oh rocar byl d supstituted
het er ohydr ocar B ) %éiﬂst?ﬁt‘H? Qﬁije p(rpolp i)so t hidt! when

49 |
?UBEF?%Eﬁnﬁ'iggéfﬂgﬁbgafﬁthggie?%% (Rl b8 2oBPR T e
t d f L ' ,
I one ARRdrAxSOMRABSHInLRE o8 AENELALALOT LAl [ Ene &1

Rl HORRY g&%udeQE@nQEHEE¥n§$h€§99geﬁé@ﬁbﬁygEQﬁarby'
substi tuted hydrocar byl et er ohydr ocar byl and

subsﬂrbaaedy&eteuthdtotadbyydgpgapeyﬁhthethEObydvoserbyl
t hat wh h ti d
 Be 2 00TFus 4S8 pET BRanaar Daskey ! 5Y58Bepgt 5 "ThE' Broviso

subshitt wesh aheagyolbp tbea@bihoipostt He8s, nsdi doRtain a
to R4" are aromatic, including heteroaromatic, but
onP?laﬁoﬁebséﬁéuePﬁoaéraPHr@é shesarghrrrogpatRgns, and the

RS substi tuted stit n_an

O B arar sy oB5PRE BYhC nfbeRRdeRh Y nat [RbLafloraln an
at@@k1@h§ﬁﬁza@bbsﬂQEuﬁ@Hearbﬁaﬁlbmﬁraﬁpsgegrﬁhg hopP4ar
grougts ave substituents t he atom adj acent to

t heu @#ﬁﬁ@@ﬁdoﬂoaﬁhéeaﬁésﬁﬁ@r9§ theoArtho- pOSltlons In

14

another embodiment of the second ligand, the rL’ , R2" and

at least one of R3’ and R4’ 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, and one of the R3" or R4’ groups 1is
independently selected from an optionally substituted
aromatic group bearing a polar substituent on at least

one of the ortho-positions. In another embodiment of the

second ligand, all four R1" to R4’ groups are
independently selected from hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl and substituted
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I n anot her enbodi nent of the present invention, one
10 or both of the phosphorus atons of the second

woOigErd7458y  be i ndependently oxi dised by S, SeCTHP2I06/068652

0. Typically, neither of the Phosphorus atons of the
second ligand is oxidised by S, Se, Nor 0. The

P, EhoaBd ! socapstatel uiEOLALE 5L LS cos
exdiphles 16f aggehticgafiddceachatecbhgahdsawhetert hkebstituent
LS AR CRURL o0 gl er Vi g one or mire o
o i, T sabbuiptre secand bisant Sageopoinser,
%gggﬁégaégsngaa ge pwepafethasRAg proEéaugESupaowhicﬁOare
DUBTRERBHPPE oY ac 7 BC ERampPBastt PReoRBbHaS P Ghnksted

of agengrak tebupl Beazdngl b) pacser dupgti outhe PheseNteast

i nvention include: (3-

mebhexypphehyl p2PNOorpbhy L) BA3; meahaxgpheayl R2! §deup is as
nethoxyphenyl)2PN(nethyI)P(4-nethoxyphenﬁl)2, (3-
methéiPpHedpl) 2PR( Bsoprepy| FRESenBL horyPheaybyps ¢Hich are

met hoxyphenvl ) 2PN( i r [ )P(4-pet ho henyl )2 4 .30
st SR s el d RS AL VL
W0220024L057425uBET/ ER2606£068682a po26r substituent on at
met hoxyphenyl ) (phenyl ) PN( et h L)P(phenyl%z, (4- _
ne@ﬁéi%pﬁ@ﬁypf FBﬁeﬁ?lPPNPHE%%?P?P(pH@n? g2first ligand,

e L e

met hoxyphenyl) (BRenyRIPNaABt R¥l ) BE4R1" to R4’ groups of the
met hoxyphenyl ) (phenyl ), (3-
metRELVFheAgRNAPNDAEhhREEPLpRERG NNt L Y- selected from

eI S0 i R BORECAf, ELERIHONE MLy
(4anet bokyppheny k2 RNE2roeyHybeyebgheyybhiPé4with the proviso
that when the group is aromatic it does not contain a

polar substituent at any of the ortho-positions are as

defined for the optional one R1 to R4 group which is
independently selected from hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl and substituted
heterohydrocarbyl groups with the proviso that when the
group 1is aromatic it does not contain a polar substituent
at any of the ortho-positions, in the first ligand,
component (b), of general formula (I).

In one embodiment of the second ligand wherein the

R1" to R4’ are independently selected from hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl and
substituted heterohydrocarbyl groups with the proviso

that when the groups are aromatic they do not contain a
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met hoxyphenyl ) 2, (4-nmet hoxyphenyl) 2PN(decyl ) P(4-
nmet hoxyphenyl ) 2, (4- et hoxyphenyl ) 2PN( pent yl ) P( 4-

worbiTwsyshenyl ) 2, (4- met hoxyphenyl ) 2PN( benzyl ) PC#AP2006/068652

met hoxyphenyl ) 2, (4-net hoxyphetyl) 2PN( phenyl ) P(4 15
nethoxyphenyl) 2, (2-

gg%ﬁ E§ﬁ§ }% } ﬁ% }%( ﬁgﬂ§r§§81éaons, said R’
i i AR

pheB¥k) 2one, two or three of said

(4- et oxypﬁenyI)ZPN(aIIyI)P(4 nethoxygﬁenyl)
(pﬁéh?ﬁ}ZPN@dstr@pylFP@Etﬁévhbﬁypheﬁyl?Qom(adﬂdGent to the

2E%E8Xygﬁgﬂélkopggny }oip SOQrQQXE)Pgéé%éiably not more

%roups may be

oxyphenyl )
SEHOREIBIEn BRerat) L s CRYNECREEINZ, g3 haenc

nebhoxythMym)agyayebenZQnehe atom bound to the phosphorus
N(CHQCHQN(P(4 met hoxyphenyl ) 2)2)3 and 1, 4-di - (P(4-

£ 8QyphenyI)N(nethyI)P(4 nmet hoxyphenyl ) 2) - benzene.
WO 20071054455 nRETERB200ALAE8652the BFesent invention, one
(phenyl ) 2PN( net hyl ) P( phenyl ) 2,
(pﬁénéPFQPN p§ﬁpyp p@ﬁh@ﬁyp)gtoms of the second ligand may

CBETILEED phgpLL) ELphSer g, CPragliIaB:  micniy,

buhyhphemybfP@pbephbﬁﬁho@pheaybmgPNC(Eh@)Bebbnd ligand is
hollne) %p CH%
(pﬁ hFEFSEN £3) E( Bhefyl) 2,

(ethy|)%B@(gﬁkgﬁh)ﬁﬁéﬁhﬁlﬁgy also optionally contain

(et hyl)2PN(i sopropyl )P(phenyl )2
(ehhykhbaaenyﬂfPmeﬁébbyk}P(aﬁhylk@bmeﬁﬁhts 10Non limiting
(et hyl) (phenyl ) PN(i sopropyl heny
( pREATPIL2B( SSe FNF séﬁBéB?F)PPEEéH?I}?gaPSS where the

et hylipheryb) (pheryl LRN(L8apheRyL) PLrhedyL) gne( 8y more of
nmet hyl phenyl ) 2PN(i sopr opyl ) P( o- net hyl phenyl ) (phenyl ),

( phesy RE2PNRBENZwBY PopheAyl Y2oups or via the bridging group
(pheny%)ZPN(I cycl ohexyl -

yvpically, the second ligand dces not contain
multiple (R1") (RZ")P-Xx-P(R3") (R4") units.

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

Examples of the second ligands of general formula
(IT) according to the present invention include: (3-
methoxyphenyl) 2PN (methyl) P (3-methoxyphenyl)o, (4-
methoxyphenyl) 2PN (methyl) P (4-methoxyphenyl)p, (3-
methoxyphenyl) 2PN (isopropyl) P (3-methoxyphenyl)o, (4-
methoxyphenyl) >PN (isopropyl) P (4-methoxyphenyl) o, (4-

methoxyphenyl) 2PN (2-ethylhexyl) P (4d-methoxyphenyl)o, (3-



15 ethyl) P (phenyl) 2,
(phenyl ) 2PN CH2CH2CH2Si ( Owve3) ] P( phenyl) 2,
wOphergt4s2PN( cycl ohexyl ) P(phenyl ) 2, (phenyl ) 2PRCRAP2006/068652
met hyl cycl ohexyl ) P(phenyl ) 2,- 26 -
(phenyl ) 2PN(al | yl ) P(phenyl ) 2

PABLONLL SN TEREYLA £HR & ’ﬁzwﬁyghé@l :

neﬁeyhaﬁgpmbh%ENQﬁﬁbhyh)Eﬁmmaeh y ph§H¥h% 213—

t hi ophenyl ) 2PN( net hyl ) P( 2-t hi ophenyl
nembyhphepybthN(ﬁﬁéhyt)memGEhpybBhenyl)2
(phen % §pheny|)2 25
(pﬂ%E§P§ EP pyt) PEphenyl )2, 1,2-di (N (P

m P (ph 1) 2) 2
fp’é‘éE?Eﬁzg’le%é‘%éﬁE@pﬁénﬁ%ki ucP (phenyl) 2) 2

( PrphensypNeErEL hyPhPpghenyl($2) - benzene, (3 WO
2007/ 5745 L E 06/ 06 - 2
ei Co gﬁo%? %; gﬁ? etgﬁgféé?g?gyibganéﬁyphenyl)2,

(4 _
e.@8§§ﬁ§%§gﬁgﬁy?fsz ﬁEFKy ;ﬁ?ﬂegyéogénéiyphenyl)z,

3 I <
i Lt T GO

e|q@saa@nwﬂ?pnyhpapgenyb}Hé&nyubybl&ﬁaxyl P(4-
ei cosanoxyphenyl ) (phenyl), (4-
elmesan@yppheyylk(phéﬁmbyﬁhkyphhyyngﬂN decyl) P (4-
ei cosanoxyphenyl ) (phenyl) (4
e|@6§aﬁ6Y? BeN I22PN€W@?H?P¥PPHGQE1)2PN(pentyl)P(4—

i ke. |
oRE LSRR i SR B T
oL ALY Sl RLBRUI L COMRRSLLLORLERTRY bBESEyBhy 8, OULCe

of chro num or

I h | f I I 15 (R R2
'&é@g°%g§h@giﬁ ? ?qgﬁg?elnorn; ?s(a)brldglgg érgup)of

t heetabrybaenii REphenyihenenatRo1) & (prkaGLed, f oM

hydr ogen, a hydrocar byl
methoxyphenyl) (phenyl) PN (methyl) P (phenyl)», (4-
fluorophenyl) 2PN (methyl)P(4-fluorophenyl) o, (4-
dimethylamino-phenyl) 2PN (methyl) P (4-dimethylamino-
phenyl) o, (4-methoxyphenyl)»PN(allyl)P (4-methoxyphenyl)o,
(phenyl) 2PN (isopropyl) P (2-methoxyphenyl) o, (4-(4-
methoxyphenyl) -phenyl) 2PN (isopropyl) P (4- (4-
methoxyphenyl)-phenyl) o, (4-
methoxyphenyl) (phenyl) PN (isopropyl) P (phenyl)o, 1,2-di-
(N(P(4-methoxyphenyl) ) o) -benzene, 1,4-di-(N(P(4-
methoxyphenyl) o) o) -benzene,
N (CHoCHoN (P (4-methoxyphenyl)o)o)3 and 1,4-di-(P(4-

methoxyphenyl) N (methyl) P (4-methoxyphenyl) o) -benzene.
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group, a substituted hydrocarbyl group, a 20
het er ohydr ocar byl group, a substituted

waebwroshwsdr ocar byl group, a silyl group or dePCYAPR2006/068652

thereof; all four of Rl to R4 zare independently
sel ected from optionally substituted aromatic groups,

eaqghgﬁ gqumegHggngggghgiygnt on at | east one of

t he ort osition a second |igand having
th genen abpliopart31) blibheny( R, ) (R2") P- X -P(R3") (R4")
(I?? mﬁe?glnqﬁ 2 |sba b¥|5%|ng group as defi ned
fonpxeaploaeprhshylbngndnymogpompnényb) pRfpgenera
formula (1); WO 2007/ 057455 PCT/EP2006/068652 - 29
R meahdxRRheayé) PmdbpemaégtlypéehettgaNﬂponr
hydr ocar byl substltuted hydr oca
hePéFaﬁyaﬁaaéasypheaﬁé gubéph?ayéazﬁgﬁé@%hyarﬁcarby|

2? Bent i pebBlePrar  E8n, 4 ﬁ%az’@?gsﬁé‘?lg{aﬁgfa% B4Rpenyl) 2
88&%%23?@§h Pg??b E?Hg%?gﬂ ogﬁloﬁQIIEASuggfituted
arqggh §) g@gq@sg§§5Fgo pogggﬁpl Eubstltuent on at

| east Oone“of the or siti1onsT In another specific

e”ﬁ@ﬂh?ﬁmtpﬁﬁnymﬁPNrﬁ§€H 1) iQetHy@mQ%ﬁanyM¢ cat al yst
corrp03| t1on COTTEI‘I Ses!: a source o chrom um
nnl?ﬁ&§ﬁuﬁpbﬁnv h§§t ﬁopr?Yé PlP@?nVﬂ@and havi ng t he

mﬁggéggyl?ig XS? NélBPEHQ% S%EKB§E ?he %OELLIa
i LR BT B,
e e e e oy
tthﬁ@Eyl ) oPN (benzyl) P (phenyl) o, (phenyl),PN(1l-cyclohexyl-
ethyl) P (phenyl) o,
(phenyl) o PN [CH,CHpCHS1 (OMe3) 1P (phenyl) o,
(phenyl) 2PN (cyclohexyl) P (phenyl) o, (phenyl)oPN(2-
methylcyclohexyl) P (phenyl) o,
(phenyl) »PN(allyl) P (phenyl)p, (2-naphthyl)PN(methyl)P (2~
naphthyl) o, (p-biphenyl) PN (methyl)P (p-biphenyl)y, (p-
methylphenyl) 9PN (methyl) P (p-methylphenyl)p, (2-
thiophenyl) PN (methyl) P (2-thiophenyl)y, (m-
methylphenyl) 2PN (methyl) P (m-methylphenyl) o,
(phenyl) 2PN (isopropyl) P (phenyl) o,
(phenyl) 5P (=S) N (isopropyl) P (phenyl)y, 1,2-di-
(N(P(phenyl) o)) -benzene, 1,4-di-(N(P(phenyl)o)o)-
pbenzene, N(CHpCHpN(P(phenyl)s)o)3, 1,4-di-

(P(phenyl)N(methyl) P (phenyl)»)-benzene, (3-
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20 all four of Rl to R4 are independently sel ected
from optionally substituted aromatic groups, each

woeen7ioagisa  pol ar substituent on at | east one BETHER2006/068652

ortho-positions; and c) a secsnd |igand having the
general formula 25 (11); (R1')(R2")P-X -P(R3")(R4")

(l Lona e LT . , X, .
R e R T RS R S SRR
f oefybaafibxypB8enRl) ,andmBRhyay e (1 ndependentiynselect ed (3-
from hydrocarbyl, substituted hydrocarbyl,
hetércohydpagahbyl 1 WOPREOY L DBN 465t PCT) EP2RE6Y DE86523 - -

30 and substituted heterohydrocarbyl groups with the
prevresanphsEphangh) pRYE (nebbpli B (phenwti g, i 3does not
contain a polar substituent at any_ of the

or Eh6°PBEPEYBRSRY AndPRANY ahaN faethy &) P hdiependent | y

se ' |y, gubstituted aromatic
gr%ggggggéggghgﬁﬁgfggﬁéggggfiéﬁent on at | east one of

t heiopshoopyshenphs (phadyliPNanevbat aPy4t. | n anot her

specific enbogineﬁs of th pre? nt invention the

cnEarhEnarRaBarEED) (Shabeft Pon Lonpri s 30 &) a

soa&@@sgﬁoggpaahym»2ppkmbdﬁ uppor-tungsten; b) a first
e

ligand of t general formula (1);
(R&)LERRpRoXyPOLBBY  R4PphéhylWheardntheX1ikBea bri dgi ng

group of the fornul ,-NgRg%-y 15 erein RS is ,
selecteaan8ﬁ1ﬁ98Fbgéﬁ, & 9&?885r%€|t5?oﬁﬁ?sﬁnt invention
subski kyted Bdeegaﬁbxbrgeemgos@tisﬁtsbﬁﬁyﬂgegarby!

group, a substituted heterohydrocarbyl group, a silyl

group of)der pvapiveet hér ebfomand, ahplybdenon |RI fon@dten;

)
are i”dgfe”d%”%k¥ %e&§§ggg Rgggh Zgggfé%gggghyformula (I);

substituted aromati c groups, eac
(R1) (RZ) P-X-P (R3) (R?) (1)
wherein:

X is a bridging group of the formula -N(R2) -,
wherein R® is selected from hydrogen, a hydrocarbyl
group, a substituted hydrocarbyl group, a
heterohydrocarbyl group, a substituted heterohydrocarbyl

group, a silyl group or derivative thereof;

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

c) a second ligand having the general formula

(R1") (R2") P-x"-P(R3") (RY) (11)
wherein:
X’ is a bridging group as defined for X of the first

ligand, component (b), of general formula (I);
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pol ar substituent on at |east one of the
ortho-positions; and c) a second |igand of the

waemgroat4ssornmula (11); (R') (R2') P-X -P(R3" PC{R22006/068652

(I'1) 25 wherein: X is a bridging group as defined for
Xin the first |Iigand of general formula (I); and al

four of JR1" _t v are independen sel ected _from
hydrocanyI?ngu gti?ﬁ?eﬂ“ﬁ?ﬁ?% ar ;?,Sg seted £LoR
heherebydipgar bglibasdtaubat hiyuteda ey ey ohyde 06AYAYbcarbyl

groups with the proviso that when the group is

ar 8REt PELADI2OD?A0B?4550PLYF EP20bBL 06868RS wiBh the proviso
do 0 ntgLn I Lt ek n f :
S T
prpsént subesentuent theapat afyshesystbhorpoaptises; &nd

a) a source of c?;oniun1 nol ybdenum or tungsten; b) a
first | Rganangf Rfheagenendepfodantay(bylected from an

(R 2) P X- P R ) _wherein: X 1S bridgin
or SR5Gr =g FOPRGTGURCRY DR ELE GrepeEpgth s Holar
sekabtedtlieam bydregesasa bydroecathyl cgthuppoaitions.
substituted h¥drocarbyl group, a heteroh¥drocarbyl

g

group, alsaBStieat ERCHef&FORVAPEEAPBYI Of gF BEPPTaSER Ly
0 QURAK 88T kY@t bueat hereatnogndcabh LoMEr9ERl to R4

are independently selected from 15 optionally
substiteted arepmatrice gfoopsoméanh beadybdgnam pol anngsten;
substit §nt on _at Ie;st one, of .t he rtho-FosEtionS'

t je

Cc
a seconll’l i gdnd*6f bt ha9gEHePar *Fer MIFaTITY" Eﬂ£m¥la)<1>;
R2') P-X - ' R4 L (&B in-, 20 X
éridéing groggaggRgégiﬁeg(sopx§k?ﬁrfkglgirst I:Zaﬁd
of genewakrkannula (1); and

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

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

c) a second ligand having the general formula

(R1") (R2") P-x"-P(R3") (RY) (I1)
wherein:
X’ is a bridging group as defined for X of the first
ligand, component (b), of general formula (I);
R1" and R?’ are independently selected from

hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
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all four of RI' to R4' are independently sel ected
from hydrocarbyl, substituted hydrocarbyl,

waebwroshwsdr ocar byl and substituted het er ohydr oearimpkoogd6s6s2

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

; i 1.4 i tal.yst ... Th .
anyaref dihest ardder m@tﬂér‘&%ro@%dr lcg;tr;bﬁl?]%t %J;%gx th SDrﬁOVlSO

catal yst precursor conposition an sys

of Ghee pihegerithe v drs eeeniatdepérdelttdsy nd® contain a
20Q7 74 PCT/ EP2006/ 06865 - 32 onpri se .nore

th ﬁh%%ésg}f%qTLFﬁ§h§gé§”H%fﬁ%éﬁmhﬁﬁ$ Cak® S Wrdrd St hamd
one secqsdt I ras, defii Jorne-first. i gand

and the secon P?Ban céﬁﬁggmﬁggﬁﬁgﬁ?Q%ﬁefﬁgdkgia y?P

sy stgmana la yholudrs triatited mrtdme t5 o angepobefardmgl@0pblar
to 1:100. In.a preferred enbodinent the nolar ratio

of TS T T i Gadd 163 e °8&c Giid Hhitg &Fd hor$oise tipes: and
range ofd)f rom abeuitalQisk to about 1:10, nore

preferably in the range of fromabout 5.1 to about

1: 5. By Waryfirigarheneatiifd cofembleslifienst dfi gaed paed etnlte

10 ; ' d in_the.c | yst. _precursor..conpositiaon
o TR aSh R R o e 5 e Gt o R e o g e
ratio af) trianeysirard dfetohaivarismgr edugedenfnt B tungsten;
process qf the _.present invention can be varied. As a

general Pri n& gIESt by 9eRct @dsithg OREcaRdurrraMlehd I) ;
first ligand ralatiove to t econd _ligand in the
cat al yst syst%%ﬁq?ﬁé% %gﬁi gﬁpgﬁﬁon oglgriners in the
reacti owharredwet conposition increases relative to
the concentration of the tetraners in the reaction

pr oduct Xcdmpes ibtriicky,i ngnd rovipc @fv eéhea fo2uThe rFaf(@o¢ -,
the catal yst. systemof the present invention can be
usédleneia Rrndsblse lgcdess $ rioor hyke ogeni, mer hydtriooa riyd

tetraneri zatj on.qf. qlef inic rs. By the term
"t neg%{e%'gg ised Herei , PE%?§§EE§EPH hat
heterohydrocarbyl group, a substituted heterohydrocarbyl

group, a silyl group or derivative thereof; and

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

c) a second ligand of the general formula (II);

(RL") (R2") P-x"-P(R3") (RY') (I1)

wherein:

X’ 1s a bridging group as defined for X in the first
ligand of general formula (I); and

all four of R’ to R4’ are independently selected
from hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl and substituted heterohydrocarbyl

groups with the proviso that when the group is arcmatic
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by varying the anmpbunts of the conponents of the
present 25 invention, the anount of triners and

woebw7aserss i n t he product conposition producedPOY/EPR®6/068652

process of the present inveat3on-may be varied. This
may be useful for a tuneable, continuous or

Sefi- CRRIS MRUEonRRAGESS phdhr LG skhiRhzak! 9n a%% the
tetranerization of olefinic 30 nononers, wherei A the

pr ed&e -eeREddionisen can be changed (e.g. from

produci [ r propor.tiaon, of .trimner a__hi gher
proport?%h%ggt %?rg e%§%18re@P83}WSP§a9§ %gevﬁFesgn%

200 7ven745% , PETLER2006AB68652 tem 33mpehangi:ng t he

ratio of the first and second |ligand_that are fed

into thé’)reaét SPWCENGGt CREPIHY ™Y oMPAYBALTRM PHetungsten;

Olef'n'annn%”%&rEQGQi%%th%ftEhgegbﬁgEb Nea3dfhiia (I);
tetrameri zati on product flow In particular, this may
be 5 especi al(ry})usef)pl-xi-or r&)twdeabl e, rgont i nuous or
sem - continuous, process for the trinerization and

t et rameMNEAEIIAA of et hyl ene, wherein the product
composi tiagn e chan% . from produc

cag h ed e.d ng a

hi gher “pr'ép6r 39691 9RekEBnE Tt 515 ﬁpﬁﬂéﬁapFHggrﬁron

of .oct.ene,. Qr ,vice-versa),by changing.the ratjo

of " ﬁé%ﬁgrét ﬁgn%eéggggg %Fﬁgngyﬁﬁgﬁegreaf88 FﬁfSrkHé

r egebap ,Wat katsts t ikaviedg hiyd rortebkuptrohe, okef i ni c

nononer feed or the trimerization and tetranerization

pr GG FPYEROCREE YA G R Pof 2cRHBRTditREI BERGRYEErocarbyl

L uBgsten. ol 2:N3TCLY (RTRANERL (AL vBNdnERELO! ahq

anount - of the ['igand ' conponents, i.e. e conbi ned

anount aff 1t R ufri k¥t rRANdo sEcard LihgapdsdeR@m®l ¥elected from
conponents (b) and,%c), can be present in the _
caPRty SN agrlec sdst icskpesprcBatee pheureat abybt bspstiam a

of s Co ntion.in lLar, ratig 20 in t o )
aRGa o SR TO000 It 51 F0080S praFer ably ol PaR 10671 tone’
to 1:10@,) nore spreher ablgntr om t@elgkaetalOfommbés (aff) ;

conponent (a):nules _of component (b),+ (c)). Most
pref erably, Hﬁgpéﬁﬁgnﬂﬁn%'nﬁﬂﬁ derBm or tungsten,

wherein:
X’ 1s a bridging group as defined for X in the first

ligand of general formula (I); and

all four of Rl to R4’ 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; and

d) a cocatalyst.

The catalyst precursor composition and catalyst

system of the present invention may independently
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conmponent (a), and the conbi ned anmounts of the |igand
25 conponents, conponents (b) and (c), are present in

wea00mkassratio in the range from3:1 to 1:3. GenaEPalobyssss2

the nolar ratio of the anmount3mf-conponent (a) and
the conbi ned anount of conponents (b) and (c) are

Presapl-iis? nf AOLAL A @hi0 fl@S&hglggﬂge Erggkln%dlahgve and
1: 3, especially 30 approxi mately equal or one | ve.
Thaogec ahany sne @@np@dedug@dﬁ asayeifninpdi abbpke be

any co m.xt ur c unds t hat erates an

WO 200?&%@7%@§S§C%FE5§ 86%ggzseco§$ i EgP can be

C&b&bﬁ%htSﬁ&IQﬁbwdbhaﬂﬁgtsgyéﬁémoﬁncBrﬁ@lﬁﬁlratlo in the
nol ybdenum or tungsten conmponent (a), and the first

andeng&c Okd TIogandd,: lcbhpéndhfs (B anBreéprepdeemphdiment
CaEﬂEyﬁElaQr% %ﬁ%o%fcQﬁgo%ﬁEggnhﬁgspgblncﬁﬂgss%@b%g ligand

are suitable use as a cocata
or gandal timeniramgeorolimds, abbganabotonocabpaundsio, more

organic salts, h as nethyl lithium and

gﬁfﬁﬁ&ﬁ%&?l&ﬁ\ %Foﬁ?&geaﬁg i RBFgaRPE taci dstangbout 1:5.
salts, sychaayihet takl varebonircrael ¢;ekhenaygngShh¥ekne
tetrafluoroborate 10 sodi um hexaf | uor oant i nonat e and

t heekrre. 1pgrnde dPaithy §ﬁéﬁéWﬁédpé@@arapyspgmape1tlon or
OrQﬁgoglgglgg%ﬂ1ggqg%ug%sthgukgggggt %28 lun]n%H 5atlo

compoun hererrn are 056 havi i'ng he"f or mil
AiBﬁBtrWhemelﬁndambtRﬁng@uprbﬁubﬁdemﬁndﬁﬁtbyo&%ESCbedthe
15 from O -C30 al kyl (preferably C-C12 al kyl), _oxyge

coﬁF&FﬁPﬁngE@QFPQ§ GThEPFi désieand 6§nﬁoaﬁa§r§&cﬁré§Clpler
Li A naid Lol tke. JMBOnkT Bt kag exaup! ¢ ylgﬁdsgbﬁé@h@e to

or ganoal um ni um conpounds i ncl ude tri et m ni um
( TMAR, secioachyligleod AnutnETEAFalyeic- aybaewl ahem ni um

ZOCt%Eéi a%g%la nlnl%glngBAlhtr|-n octylalﬁnln um
meCRYICERGreni um aichiFSr a8, 18t hYfal GATHIGM BF 8RFGFi de,
diﬁempwbahumhnhumm@bb@eldeladuebhybatualabu@bﬁbk@tuda of

and al um noxanes (al so called al unoxanes). M xtures
of the tetramers in the reaction product comp051tlon, and
vice-versa.

Therefore, the catalyst system of the present
invention can be used in a tuneable process for the
trimerization and tetramerization of olefinic monomers.
By the term “tuneable” as used herein, it is meant that
by varying the amounts of the components 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
monomers, wherein the product composition can be changed

(e.g. from producing a higher proportion of trimers to a

higher proportion of tetramers, or vice-versa,) by
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or ganoal um ni um conpounds are al so suitable for use 25
herein. In a preferred enbodi nent herein, the

woaoetoat4sst is an al um noxane cocatal yst. TheBET/EP2006/068652

al um noxane cocatal ysts may-c®ppri se any al um noxane
conpound or a m xture of al um noxane conpounds.

AIQﬂk@&ﬁﬁﬁ@%hﬁﬁ%aQ%op%%p%%%dfQXS%Qahges%%%%Bohhggnd that
addi tion of water to an al kyl al um ni um conpound, suc

as atfodedngmtticontde alsewe crowidheudy bialvable tWDinterrupt the
20Q7/ 5_PCT/ EP2Q06/ 0686 - .35 comercially.
r\b%?He%%Z’tAi?Cn é“og’é“r‘?ﬁ ggeeo %&uitSbIté TS A A RAN €S

| ncletdenmertinpl: ialnupriooxate fOMAO) , IrD@ificedu1B®R, hYhis may pe
al um noxane (NMMS?, t et rai sobutyl dial um noxane _

( TEBROFatldtyr &seidt o TdifaltURicAR &ne CaAG 1NEOKE- RLoSEW -

5 dicAltUmeXanse, Ja <tshirs context. s it shaylk d be, not ed
that the term "al um noxane" as useé‘MAtﬁln tHIS
s péeitiriagetriiga t iiome lodd es hydmmer, ciwaklrg iavahkablreduct

al%g%p%%gn%s, %p%pgﬁarg der. ved fr§n1the , ,
corr8ESonding FialPRy ICRPQRET Jf- By 58PtPSHdBFl%€t§rhlgher
an@ﬁ&ﬁdﬂti@&yo&oﬂLﬁb&eﬁ%OﬁbzatQi%ﬁerlgr%%%rtibﬁpbgahLy
about 5 %w ., but optionally about 10 %w., of

al @AHENEm qaI%&CQ§Nﬁﬂ§BDebyoﬂbéﬂgﬁygt§hﬁn€5ﬁd@ thosbe first

gg%%%g%%%§§?P€ﬁ§a%§{Qﬁﬁ{gargofégoéﬁ?gﬁ%éé %%%c¥%2 without

scl osures o re
i nhavioatted iheeeirupitn thieeiorl eE5neént mbabyeky reefieseneee
The guantity,of cocatalyst in the catal yst system the

pr & Wﬁrﬁﬁ@gﬁppoﬁnﬁst@ﬁ%@@&FFﬁa§68GgHrPQHEFoéﬂﬁﬁ-a

ratio i Anchamcange offf emr@ml ko %@igggengﬁeg§r@gkéskéﬁm
1 to 2000, nore preferably 1 to 1000, nost prefeérably

1 hemed y5eompgngmitni(@m, oenoitbr abtad papuatomfofthe ligand

LSRRl I2! XodenU O BBt e LU £8 0B

(apecob)d andanels, anchetlle chagohbnteonponant ot)thean be

Ca%%g%%%tS%%t%E% %%%é1§2¥ giegggggr composition or the
catalyst system of the present invention in a molar ratio
in the range from 10000:1 to 1:10000, preferably from
100:1 to 1:100, more preferably from 10:1 to 1:10 (moles
of component (a):moles of component (b) + (c)). Most
preferably, the chromium, molybdenum or tungsten,
component (a), and the combined amounts of the ligand
components, components (b) and (c), are present in a
molar ratio in the range from 3:1 to 1:3. Generally the
molar ratio of the amount of component (a) and the
combined amount of components (b) and (c) are present in
a molar ratio in the range from 1.5:1 to 1:3, especially
approximately equal or one halve.

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

any compound or mixture of compounds that generates an
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25 together simultaneously or sequentially in any
order so as to provide an active catalyst. The three

woab@logstss conmponents of the catal yst precur SOPCT/EP2006/068652

conposition, (a), (b) and (€)34and the fourth
conmponent of the catal yst system (d), may be

conlcaGived dat AR tPlsgserRee WAk naRh 3@ ctiwickablre $Qlyent,,
Sui t abl e sol vents are known to those skilled in the
ar 10 laifideapire odolbyastss emay CioRelongatary) /i nert toel femst and

th reac | - C Iy WO
2o%%T%%%ﬁéggéé?%EP%ﬁﬁ%%%ﬁﬁggzQQ? 268 é%ﬁpéﬁéﬁr,tgﬁcﬁatalYSt
as psatcunratced calmppisdttiion)unsat urated al i phati c,

aronati%f hal ogenat ed hydr ocarbons and ionic |iquids.

Typi cal “SORY " &F@défebﬁPl§?QiﬁofoFiH§Feés fococatalyst

benzenede! @ruenea Dirienem ebhypbberzenerqaHEBBeond compounds,
propane, butane, pentane, heptane, decane, dodecane,

t eOFE@EdENn &2 Livdt hyplugyic behaeahe L Lashhync podpestayémagnesium
cyel n 1-. . l-octene _and the like, O her
ex%ﬁ% gﬁ%o “guﬁ?§§§§%§8|€§§9§ ng Fﬁg§5’dF§8Po§§d in

WOt e@2/a@4 1ibFobsudle asikydroeanhen salivemt secamdrpab@bborate,
solvents 10 such as diethyl ether, tetrahydrofuran,
ac SR N2 tan@ T opRé 1FPRe el AnenéhénBédiement of the

presentﬁa&%%%hh%&ayt%%ef%%&%hy%5c3¥%3§gkgsaEQf”Ed by

addi ng the co-catalyst conponent, to a catal yst
pr ecgesoe loovpasint icompeindss t Beipresenbrigavenfiuonnium

The cat al yst stem of the present invention be
CSEPSRTER P 1S RS T5iesaRce LLPSE. DAl png; Ei1e) fgrmula

pr epare Uit

ab%ﬁ@@gﬁo%h%?%g L%%Eﬂi jgggg riqungg%ggeﬁ%ﬁgL¥%%nged

conponents o cata precursor c osi tl

20 £l @ﬂdcg%)a@ﬁ@lth%r@@%&%BlQOGRgﬁzgta@& the oxygen
(d) y yy Re

catal yst © system , may be conbin ful int
absence iofi nigheoieltekisnioec manames, ahdt kempbehdBi guch as

nmononer may be included prior to contacting the _

co&ﬁgﬁéﬁtg%gftpﬁe d&€al y¥PNsy e ngi RiPPRABSUSEY SHiLtRL e

th%r%%%%%ﬂ%ﬁh%i%%,%%%pounds include trimethylaluminium
(TMA), triethylaluminium (TEA), tri-n-butyl aluminium,
tri-isobutylaluminium (TIBA), tri-n-octylaluminium,
methylaluminium dichloride, ethylaluminium dichloride,
dimethylaluminium chloride, diethylaluminium chloride and
aluminoxanes (also called alumoxanes). Mixtures of
organoaluminium compounds are also suitable for use
herein.

In a preferred embodiment herein, the cocatalyst is
an aluminoxane cocatalyst. These aluminoxane cocatalysts
may comprise any aluminoxane compound 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
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25 catalyst systemor at any point in the process of
contacting the conponents of the catal yst. Another

worbitod7456r form ng the catal yst system of theCpEEI®AN6S6S2

i nvention includes conbining-a3fi+st solution of
conmponents (a) and (b), and optionally conponent (d),

30 il 2 1$899Nd §QULI1Y tnggc QUBARTALS oea),and 10 e)

and optional 'y conmponent (d), wherein additiona

amguiis neiangsnmporentds (erhylbplufdhoande( d)}Aomy bedified
further ;added.to WO 2 7455, PCT/ EP2006/ 068652 .

e Gk PR 2R scadegpy Yo ot ane
degir@do)Gatalyst-nsysittem dTheuserbkahBg gl the rabovecty:
mentioned first and second solutions and any

ad dilEilaAdn oEsmsonedt's thikgy chatp&if dcnslogilehbe hatsit ghat
or (i ak e lef.i ni. n r. _The. .. .
Chis Sarafyertidnlhanar =3 Uhe WaPuTDoP TS, sptfagicarion
conpeasiudiesn cofrmprcib) lgndvad) abardallhaihouahBs, which are
conponent, of the. catal yst system (d), may_be conbi ned

at SL & F&%Eélei FOLRESPRRGe gt tgﬂéﬂ#yiééufﬂén%@ ey

10 spefeably Qaterla@dCunieremaietehallin 200002100 €5

The catal yst system of the present invention nay be
unsuppor te®ice lsyppderéd Sofwa - suppbdr privapeerilaly. about 10
Examnpl es f I e support materials can be found

in’ ‘ozi’ngfg‘%l%% 004/ 056478 and WD 2004/ 056479. 15

The ol eDithiee roAosens sui-tabkeyEos tuselulet hBose mentioned
trimerization and tetranerization process of the

pr éSeHP O?ﬁ@éﬁﬁ@onW@aﬁoﬁé/Qﬁﬁ4aﬁeﬁpﬁiWonﬁﬁeﬁép§f4ﬂﬁhcﬁhe
cap;Re 1 cconver bed whate arkr iebphrhebhafBlei Ui habhe;
olefinic nonomers include, but are not necessarily

| i mintted etty, b0 retfkeylease,. propyl ene, optionally

branched,, C4- C24, . prefer.abl - C20 -olefin

optiona&ﬁf SPaAchEd 82-622?¥apﬁégg%gb?9€c&?&§3?5t system

I nttaenglregleefti nsvenptibanakl y ybiaachedenGhgb240 provide a
preferably C4-C20, vinylidene olefins, optionallé

br ZRCHEd 184 tE24 rapeet aBl ¥ - &4Xe280, 961 i ereferphrd vahgom 1

to 2000, more preferably 1 to 1000, most preferably 1 to

500, aluminium or boron atoms per atom of chromium,
molybdenum or tungsten.

The three catalyst components of the catalyst
precursor composition, (a), (b) and (c¢), and the fourth
component of the catalyst system, (d), may be added
together simultaneously or sequentially in any order so
as to provide an active catalyst. The three catalyst
components of the catalyst precursor composition, (a),
(b) and (c), and the fourth component of the catalyst
system, (d), 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



10

15

20

25

30

25 optionally branched C4-C24, preferably C4-C20,
dienes, as well as optionally branched C4-C24,

wonref/@satsky C4- C20, functionalized ol efi ns. EramuPe®6/068652

of suitable olefinic nonomers3énelude, but are not
necessarily limted to, |linear a-olefins, such as

et hyk@r@enkl ORYIBNGs Lakutereq %Qi%h@%@k?n%nségﬂ?é%%%’
1-heptene, 1-octene, 1-nonene, 1- decene, 1-undecene,

1- @ddebané c, laromgddene halowen206?/ 85@466arbons and ionic

TSRO0 0808T2, - 20y R0EEDE, LROMLATRE e

ecene, “I-hept .
1- nenadeeerecand cluenegseneenbl asghednanzehef i BeneHeh
as 4-net hyl pent-l-ene and 1-ethyl-I-hexene; |inear

an®@TBPaREhe @ UtATEr nRENSPEEI n§ePtERcas d2CBlicengodscane,

st : l.oh ; F a [

o et ool TS SoRanarRaRe AR Bniane e

pr ogesshekanke Arbserhel,nventitens Bndf eheediakefi Dkber
nononer forfuse,in ghe ﬁri rizatiog and ,

t eEFEMErE2alitoR Upr6L&Ss SO VER SpPESen Osf0d9ﬁ9éﬁF?6nln wo
ar@ZQ@QQﬁ@gn%u@ﬁda%tH&B@B%arg%ﬁegbﬁbbﬁtspéﬁﬁepﬁﬁgr'%olvents
et hyl ene. The catal yst system and process of the

pr 88€ht asi fuenhivdn eadherpateiteahagrpfusehul afetonhérile, and
si myl.t gngaus trimerization and tetranerization of

et hyl'ené to 1-hexene 15 and 1l-octene. The

trineriZat iooe antbotéteanepifzahcoprpeseaesinobnthien, the

resent invention can _be perforned, under a range of
Br8@§§§y§5n&W§F8Wslﬁnéﬁﬁmgg gﬁeaQQFPQeHthCPﬁégéﬁﬁyéF

tricRipoaahiton @nd tet narekhigkioprak,disse! 88RACLRN 28N of
published literature such as, for exanple, those
di $&keoped sien tWONGRNG4 219, W2004/ 056478 and

W2004/ 056479. The, si_nmul tanequs,trinerization and
tetrane&%?afﬁgﬁlyfgagyfgﬁmc8% %gepQFFSFn leﬁeggﬁﬁPigﬁy be
phasepaslkdr ey t2srphasehegpsepbase of .bul kiphaseu”) or

absence of the olefinic monomer. The three catalyst
components of the catalyst precursor composition, (a),

(b) and (c) and the fourth component of the catalyst
system, (d), may be combined fully in the absence of the
olefinic monomer, or the olefinic monomer may be included
prior to contacting the components of the catalyst
system, simultaneously with the components of the
catalyst system or at any point in the process of
contacting the components of the catalyst.

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

components (a), (b), (c) and (d) may be further added to
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When the sinultaneous trimnerization and
tetranmerization is perfornmed in solution or slurry

wohew®s7458 di |l uent or sol vent, which i s substaRCTaPRop6/068652

inert under trinerization and3tetranerization
conditions may be 30 enpl oyed. Suitable diluents or

sokyentendfiecdl sphakiie anq ak ¢ hydro o .
halogenaﬁé& ﬁydfocaréoﬁs and 9@@% mgﬁcﬁagBeEﬁe desired

substantisgl lsysitear.t @héepombnnengzaﬁl@heVQb@©67m@51465ed
P20Q6/.0 and tetranen
C% E % gg %%@%%d SO utlanssucﬁ gs ﬁgéglapgélsggaonents

con IthﬂS may nmpl oye

i N4Q 02/ P4TTSrmiA2804h0564R8sand oW2004H856849ncEher the
trinerization and tetranerization process of the 5
pr 84Eht v EREPBR Tmay be performed in any one of a

nunber Tgf %%E%@bbgtEQ?%%°§§P€§FbﬁEsaB? %ﬁk'cgggppsko

one skilled in the ar l'y the trimer
angreetragmer czavsatproceds) of (bheapdedent Bndenhkeofiourth

is_ carried out.in a batc seni - bat or confi nuous

node " L0 “The #thﬁrF?gﬁﬁgﬁtaﬁangpra ?Yzﬂ?Voh SpFgERiged at
of at hempprrasert iiAVeRki eangBY olbereafr iedoodt ppderca

wi de range of reaction conditions, which are well

knBwh fea 28 15ePs6h LSRi I Fedmpret hseAprabh vt 20mbpi 280 86 -

and tet t call t e I

e it b Groay RS ey ptBiRE Xps' BEG RN AL E Y hay o
f r ams@pBotraeti5@ rCsuapd rimerdeonpaetapabky haoBr281C EQamples

100 C. The pressure ran er which the process of
hG TP Biear TP eRHP B ey obea L5eFROr R ParRote I

criobi/oah 18nd woRy ovayy séependhagdwdPonoheschiygi t ati ons
of the reactor, typically the reaction 20 pressure

will beThe pﬁéfﬂaﬁgem@ﬁomﬁéﬁ1Béﬂ@ﬁbéﬁnﬁ@phéﬁﬁcln the
a;%%%&%%&%%;%%gu%néog Q%E%Srgagggégbg¥bcggg B%e%%grgresent

e range from
pr éherabliyn thanbd bnysalbaﬂglclmoﬁﬂﬁeeabothEhtcaﬁ be

the present i.nvention, there is 25 a process for the,
t r CRBFEFAE o NARd 2t EFLEREr PFafPbRABET - Sultable olefinic

monomers include, but are not necessarily limited to,

ethylene, propylene, optionally branched C4-Coyg,
preferably Cy-Cpp, a-olefins, optionally branched Cg-Cyy,
preferably C4-Cpp, internal olefins, optionally branched
C4-Cpy, preferably C4-Cpg, vinylidene olefins, optionally
branched C4-Cp4, preferably C4-Cpp, cyclic olefins and
optionally branched Cyg-Cop4, preferably C4-Cpp, dienes, as
well as optionally branched C4-Cpy, preferably C4-Coq,

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

decene, 1l-undecene, 1l-dodecene, 1l-tridecene, 1-



10

15

20

25

30

ol efi nic nmonomers, wherein the process conprises
contacting at |east one ol efinic nononer under

woRrdmasT4sat i on and tetrameri zati on reacti on coRATAEPZIVS/068652

with a catal yst system of the 3@ esent invention,
wherein 30 the process is a continuous or

se@eteeaeeeﬁeus1pbeﬁe§eeceng tﬁehéﬁgagceﬁ th?-ﬁgpégxgeene
conponents, especially the rafio of the |rst gan ’

and pﬁéa§@§@ﬂé | Lgandadesew® 20071067465ene; branched o-

Varla %%60 ?ﬁgzrat|o ?%é %9?é%ngPégﬁaggﬁgfgﬁehexene;

seceneaklga@dbeancbedpehteﬁﬁad boefmBkesGOAt kBUBLbutene;
adj ustnents to a process to ensure a_ consistent
pr SHYEETEONPYSILPIEHCBE / cRATBETpEPPORREItRE alkeprocess

to Chan&%x&ﬂ%egrgquQﬁe%QHEQShEQBHeEEOQHﬁeglsé be uFed in

preferred version of this enbodinment iIs a process
t heéhet preeeiszavifonhangreeenanenveation . of ethylene

wher ei n & Process conpri ses contacting ethy

under ?FIESFF?%IIgﬁféH tgPP8W§FFZ§?Fng?e t%g
congiite@Asat@ow bRdateatrahyst z8¥sbaMpebctB8 BFESRBt present
invention, wherein the process is a continuous or

seATVEBRLPAUGES ﬁﬁ@@&é@neaﬁﬁdtﬁéhwéﬁn@-oﬂsphél@éﬂalyst
co p the first Iigand and the
colBAeroad s Foryartse

aried during the process. 15
Separatmhe obtbllgspr eguces, andaptantsandfcahal petseaan
erfornmed by any techni que known to one skilled in

nEer L LR s PAFEL PO AE s SFEELr GoFoRbe. SimulfanSous

centhihkbwgakicen hhauidihbauid sepanrabikoBrhGXERACELOR hexene
etc. 20 Further details regarding suitable reaction

coadidt ilorsteinmel uding further details on reactors,
sol vent g,

f ound |nhﬁcﬁgg%%kk%gtg$ﬁeaagg%% r?ﬁ%réﬁ?aﬁyst 9§g8§$0f the
angrpsecessnoknthen 2anpbesestfbmwmendt uafdetor thage of
catalytic trinerization and
process conditions known to one skilled in the art of
trimerization and tetramerization or disclosed in
published literature such as, for example, those
disclosed in WO 02/04119, W02004/056478 and
W02004/056479.

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,
a diluent or solvent, which is substantially inert under
trimerization and tetramerization conditions may be
employed. Suitable diluents or solvents are aliphatic

and aromatic hydrocarbons, halogenated hydrocarbons and

olefins which are substantially inert under trimerization
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tetramerization of olefinic nononers provides a

sinplified nethod of producing trinmers and tetraners
wofoo7tossssl ef i ni ¢ nonomer with reduced formati 8aT@EP20$/468652

products conpared with the com nati on of the product

30 conpositions of separate trinerization and

tegaaﬂ%%k%%hbga23&9%%S§%%dik@oﬂerh%gu efemgﬁs uge Qlcn as

the catalyst system and process of "the pr Sent

i ntaptskeod ol owed2007W0572584PCY, ERR006A06865828 andl

th [ yti rimerization and tetranerization of
etﬁ? g?g/p§6%jﬁéxene and 1l-octene provides a process

with veny hirghesekaetbvi bydf eettahexenaraBd prBet8Beor the
over all the other products forned in the reaction. 5

Thereveral Fryreldonf "evheReRETAREMEd0NeABYi ANEhET a number
pr8§e§%i%%bHQeFE%%%%?%,'Qé%@h'ggedﬁgﬁﬂdg UQH”EBhﬁne skilled
[ , ?, and the

ratio of the rst [igan conmponent (
secondhki gand, Cygpporénly Cbp. tTheetrdizaeibrathdn and

tetranerization selectivity 10 (i.e. the amount  of |

{r ERAPEnEAa 2t PANBFO B St E GPet PREECHAORBRERS 10N £ fie
ovehralrli epr edct ncampasichi, 0Brmetphhen BLOeB§s i AfiohBemode.
present invention is at least 70 %, preferably at

| east 8@hewtripgiazptaper ablytatrpmasi z901iomt profesheof the

ov IL._pr itian, > 15 i merization ,and
D ebranents HvEhe J8MPRRY, bR)ca T eefioobE, MROLESL) flq80fanoe
t ebrrameniczabnoroatiiet byilsenehfcheartheelamenbtinotoCl person

and C8 fraction in the overall product conposition) .
usPKgtRE ¢at ARFsersyStemrolmerhéaprieieAfd FRYEARPEAZREION.

atTpga%glﬁy,%W%e @@%g%&@@bxeahihﬁage 88 Wk, r204B0ECom —100
preferably at [east 90 %, of the overall produact
coffposiot OA. °Therarbemebdly frhwxén8Cptoddééd°By thd more
trinerization and2begﬁaneraéatg8n o&heth | ene usingge

th rgéﬁgﬁyéy §§§F6n1 of the present inveRtron'rs ¢

t ypnealrd whiight heer prgecet 2% thenpi@stwt taveatYwh, may be

pr%@?%%?%%dfﬁgwh%? %?&t&%a%sa%gthay vary depending upon the
limitations of the reactor, typically the reaction
pressure will be in the range of from below atmospheric
pressure to about 500 barg. Preferably, the pressure
will be in the range from 0 to 100 barg, more preferably
from 1 to 50 barg.

In one embodiment of the present invention, there is

a process for the trimerization and tetramerization of
olefinic monomers, wherein the process comprises
contacting at least one olefinic monomer under
trimerization and tetramerization reaction conditions
with a catalyst system of the present invention, wherein
the process is a continuous or semi-continuous process

and the ratio of the catalyst components, especially the

ratio of the first ligand and the second ligand, is
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nore preferably from20 %v to 80 %, of the overal
product conposition. The anmount of 1-octene produced

woypootosissri neri zati on and tetranerizati on of eCHFP2We6/068652

using the catalyst system of 4de- present invention is
typically 30 in the range of from10 % to 90 %,

preherabl wuk 196‘%§AW§WB %9585 V@&lagﬁFﬁ Bkegﬁ%a?5¥io of the

from20 % to t he over produc
coﬁp®§¢ti@ganﬂnaodetaspeetooﬁ ﬂhgamm 2607b65B4550ormed to
PCT/§P2006/0686§2 % ﬂt amount of 1-octene
pr B3GEe OBy HRE At P?QFFO aﬁdpFBFPﬁﬁeFPZSPFBHGOF

et byhene tesicng rbAactCababyst ts¥at 8 ehnt he 95%§@Bhed to a
invention is in the range of from10 % to 5

Th@rfsﬁéﬁeﬁ@ §éﬁ@@?.@bﬁyp@pdecttﬁ@maﬁﬁah@OOfpxodhegene A
ﬁ%@%%rr% Q%rggoarg%tkﬁgsog Eggiﬁégggg% a _proce Iogor the

05|t|o n-the trimerizaton an etranerrza
oftrembyheaelualagdthet@amakysbt$¢ﬁteﬁ1ethymenp;e$ﬁekein
invention is preferably at |east 80 %, nore

pr éF&r RBPGEE6 &PmPéééleSSGOWCtéOQneﬁBV%eB?efléii%l y at

|e@%ﬁmggl%WEléﬁdan@D§EtQE%E§E§Qk¥oﬁtrEQé%Eogscd%ﬁitQEns
the C6 fraction of the product conposition.

1- véténe §é¢ééwsv|ﬁyscemeofthéeanﬁaﬁﬁnbflmveocuene wherein
pf%ﬁ%” o%e%Eel tﬁer$%E ﬂogg E?esgrgd%g%tlnuou§aPF8ﬁess

conpos t1oon mer i zat ron°an ramer|

of anet hylkeneatusi bg the catallyst syspemeatsfhespeesenty the
invention is preferably at | east 80 %, nore
préﬂéF&bﬁ%ga§9 Pagsthe5segendeteA2ney e1pr EpEEGHI guaing the
|l egst QA% and nost preferably at |east 95 %, C8
fraction of the 20 product conposition. In practlce

t he conbepedatibexefietardprhduttiect erectynel dnidscatalyst

cally | east %v of the overall oduct
BaPE B PR Rt Her ¢nbBarHeAB oF PHE pPeSthy skilled in
i nvest bem, theh 25 alietinietpbaduet 1eenposhti on of the
trimerization and
centrifugation, liquid/liquid separation, extraction,
etc.

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

The use of the catalyst system and process of the
present invention for the catalytic trimerization and
tetramerization of olefinic monomers provides a
simplified method of producing trimers and tetramers of
the olefinic monomer with reduced formation of by-
products compared with the combination of the product
compositions of separate trimerization and

tetramerization processes. In particular, the use of the

catalyst system and process of the present invention for
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tetranerization of ethylene using the catal yst system
of the present invention typically conprises a

woaodrildeds total content of 1-hexene and 1- oct EQE/EPZN06/068652

the range of from88 to 98 91 of the overall product
conposition, 30 preferably from90 to 98 %W and nore

. . Q i . 1-
R A

PCE¥tERP2606/ 06865Rexen43angwl -onbereppeberdbbyaaprbeast with
15 %w and, nps ef er abl t.least 20 %u, of the

oviray) BlopaasseBERkEE I Edn Brac%iRs S0aul sheleohi orer oLl
i stak beast pRowbrsnmebemprelgr ahbyreatthigeast 15 %

and nost preferably at |east 20 %w, of 5 the overal
product TeenpEsFelényY1fhdf aft heResabBBdRrREnt ~8Fftehe in the

present sknyentjan rgggnaohﬁﬁgﬂk§oﬂreg eﬁdgogp8ﬁi£58nratio
of "t he trlnerlzatPon an tetrameri zation of et hylene
usbhgthkeféatal y$styasyst enmpbnehhe (pyesentd theenttond

coEEris s a total content of 10 conpounds other than
1- heR8RE’ af@™ R BELENECHF at nost 12 % of the

overal | TReOdyehee@RROSHhI AR PEELEhAREYaftonMatedfivity
%w and nore preferably at nost 8 %w, wherein the

1- HéxenetbentaAtntsoat trémsrsi1ondncctnemerprefethbl ylefinic
at _| 5.9 n p I Leas 09

o "B E o S S Bhnet BERaatt: ebandtihat Tobot e
coptrentssi 8fathkepstséQt%hyenotenptef etabkysat 7beast,

15 9t and . nost preferabLé at |least 20 %, of the
ovBFSFPTAPOYuEE 188ﬁ50§ptﬁ hr T?EFCQFF§?r€HéYoPEfﬂﬁ?Et 90

pragduct c¢orpaskl,k@a110brbARCE! EBRPHZ2LEBA . andy e
tetramerization of ethylene 20 using the catal yst
systrémeofi zeheopr esenteinamarioaticonpelsesigityt abr the
content of conpounds,other than, 1l- hexene and 1-octene
nUERBCFRHGESOR Fronta tanTs Gk BF SEnBCBYRTAF (o c- the
pr eflbehtcofpagi thancgpretecabhyihr ene2oterd0l pPwbdand
nore preferably from2 to 8 %w, wherein the 1 25
hexeneosantient usiat ktbastat@ly®wt ef/sthe ofethkl present

brodyct . comesi ti gn_andgthe, 1-ogtene, content is.al gy 4,
more preferably at least 90 %wt, of the overall product
composition.

The amount of l-hexene produced by the trimerization
and tetramerization of ethylene using the catalyst system
of the present invention is typically in the range of
from 10 %wt to 90 %wt, preferably from 15 $wt to 85 %wt,
more preferably from 20 %wt to 80 %wt, of the ocoverall
product composition. The amount of l-octene produced by
the trimerization and tetramerization of ethylene using
the catalyst system of the present invention is typically
in the range of from 10 %wt to 90 %$wt, preferably from 15
swt to 85 %wt, more preferably from 20 %wt to 80 3%wt, of

the overall product composition. In one aspect of the
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of the overall product conposition. Typically, the
product conposition also conprises at nost 2.0 %w of

wQaoo7memssunds ot her than 1-hexene, at nost 1. BCYEP2@5/068652

C8 30 conpounds other than L-actene, at nost 5.0 %
of Cl0 conpounds and at nost 2.0 %t of hydrocarbon

cat BTy A ener R i J0057 0785 Peay ERodoB obks2 -

44tramdrpzatess ahdthetpameemtatnvenbfoethybene u51ng the
non:limting exa

|1 the f
o g e GanEral BFoohhur e aht "tharat: oY, E7TR £3 | range

Ch@ﬁ]@@bﬁ mseqwtnt@rgpagatlons were purchased 5 from
Al drich and used without further purification unless

ment i onéBeotheewrBse. SALECt helbper at fonshei ehophe of 1-
Caﬁ@&¥ §¥§%FH§SO Feh C@ regd oyt u geﬁgg'é£8§§Qt

at m)sp ven sed wer e r| e

Stéeﬁﬁﬁg19599?dQﬁe§heAEPYHéQH§aEQEHeQ§d19e£9§m§f§zatlon of
purity) was dried over 4A nol ecul ar sieves (final

waeehyéeneensind abheutaBappay. spahgdrofistheppansent

99. 8% rlt ) rjied gg,0ve 4A npl ecul ar
oi 2y3Eh-FRhi Y phBEFPRbRY RY BRRSRORe 1 oo T EFEREan1y
(98t5%@95tl85)0wa$ EUéhfmedeOpEEférablynat 15ast 90 %wt and
contai ni ng 4A nol ecul ar sieves and BTS catal yst (BASF)

i NMOBEJBFSEErPRAUcat waPEPtafd 6XTgeRl cbhtens fBaciion of

nb The % ﬁoners obt ai ned were characteri sed by Gas
ChF raPography “PBEYS*11h°0Brder to eval uate ol i goner

di stribghion-UskBAcasHP-689018¢r (€Sl | tRBPaRahHE aRd]-
the 20 follow ng chromatographic conditions: Colum:

HPO$t§e¢o§§esﬁﬁkednnﬁbhyﬁesﬁreﬁah@y ofi the Phpékrfikss =

0.25}im internal dianmeter = | ength 60 n1£
HeGPBPL SPALREY d) 1 tﬁFeEFFBﬁr%éﬁﬁéPataP% tgppgmerization of

deb%ﬁyu@ﬁet@g@ﬁgakuéecaaaﬁgétlBygtéh benpeeabuegend0C
10 minutes; tenperature programe rate:
invention is preferably at least 80 %wt, more preferably
at least 85 %wt, even more preferably at least 90 %wt and

most preferably at least 95 %wt, Cg fraction of the

product composition.

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

In another embodiment of the present invention, the
olefinic product composition of the trimerization and
tetramerization of ethylene using the catalyst system of
the present invention typically comprises a combined
total content of 1-hexene and l-octene in the range of
from 88 to 98 %$wt of the overall product composition,
preferably from 90 to 98 %wt and more preferably from 92

to 98 %wt, wherein the l-hexene content is at least 10
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10.0C/ m nute; final tenperature: 325C for 41.5
m nutes; internal standard: n-hexyl benzene. The

woialts7455 the C4- C30 ol efins were obtai ned f POMEPR®6/068652

GC anal ysis. The "trimerizati ors sel ectivity",
"tetranerization 30 selectivity", "1-hexene

sekgeti ybtl t gpe egti vl ty: I
dete?n1ng ¥b$§%gfa%§9§s§2 l%%ﬁ%o%%lo%%455ﬁe&859 ﬁreferably

PCILEP2666/ 068652, Of45heTheeaabmnproﬁubSOtDMpbs1tlon and
ly.consistin f eavy d. po eth | ene,

betﬁ $t8F§1ﬁgd %99 gﬁFnatmﬁg?Fg 1$t Fso gf?oﬁr??ﬁﬁ?bly

th@tr@@ab@r1%abhtaaddam§§ﬁd§g@§erab@yI@ﬂeﬂebytw@Shhne of

with toluene_on a glass filter (P3) 5 and by vacuum
dryhﬁgOV¢ﬁélénﬁaﬁ@u6F COPPaFipi6Huct” is the sum of

the H”EuQEhSQrEBEXdQRQBt”?% P QdQEE %ﬁEk%E?gREQBh

GC an ysi s and the anbunt o
masleﬁuaunegraducoonompnpetaburefmkhh arimdrVaet aon380d

MHz or 400, . parat Cat al yst systens The

e sPetegs trbiaRop R EBsar  Shooh B oohergst system of
prepar gdebeam catahysbnPEesPES9EsCANPOSAL i 88ftent of
containing ligands A, B, C, and D either individually

orcpmpéﬁyd§50ébﬁﬁlﬁéﬁpoﬁ hgxana ahflohrofisoareé, atheget 12
COHE%”S@t%h%rgyegsgﬁrFQSQE?%'8§ﬁ§§§E?HbH”’§98E8fa§1y at

chrom um trichl ori rrs(tetr urah)
. RosCr CO3ETHFREA mbderEGﬁEMﬂbly at most 8 %wt, wherein

trls pent anedi onat e) o called chrom um
Q%aéebﬁﬁse§t8ﬁaﬁeyt iSe atzéeef(a& c§4t/ hBEepBERTErably

US%@ @%a%@el%hﬁwﬂlHHHSﬁHgﬁeérb@ekgﬁlﬁséﬁuh&é@%ogé 5%& of
and tetranerisation reactions of t hyl ene i gand A

(cohpapaeiree) EmedeztneDMwaphenylyn@phbﬁyﬂ)OQBEOE}Bpntent

P (2 .25 nethoxypheny! ) CphenyL) L1 gand vas prepated by,
most preferably at least 20 %wt, of the overall product
composition. Typically, the olefinic product composition
of the trimerization and tetramerization of ethylene
using the catalyst system of the present invention
comprises a total content of compounds other than 1-
hexene and l-octene in the range of from 2 to 12 %wt of
the overall product composition, preferably from 2 to 10
$wt and more preferably from 2 to 8 %wt, wherein the 1-
hexene content is at least 10 %wt of the overall product
composition and the l-octene content is at least 10 3wt
of the coverall product composition. Typically, the

product composition also comprises at most 2.0 3wt of Cg
compounds other than l-hexene, at most 1.0 %wt of Cg
compounds other than l-octene, at most 5.0 3wt of Cyg

compounds and at most 2.0 %wt of hydrocarbon compounds

comprising 12 or more carbon atoms. The catalyst systems
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formng a suspension of 0.42 g lithium (60 nmmol) in 80
m of tetrahydrofuran (THF), to which was added 9. 66

waq 2067/05(435 net hoxyphenyl ) 2P( phenyl ) (30 mmol ) aPCU/EE2006/068652

under an argon atnosphere. -Thel M xture was stirred

for 4 hours, 30 after which time a 5 nl aliquot of

e hangLouss s addethe VO 2007 0574 58: PET/ £P2000( 06885200 by

- 46 O m of toluene was added to the mxture, after

whibh fohéowdhat non-hasiexngaekedobesh two 40 ni

p0£§58n§ of water. The extracted tol uene sol ution was
gentrated to a vol une of approximately 20 m ,

whiceheball esubteduirssf ehaathonaofeni saspensi on. The

concentrated toluene solution was filtered, and 4.

of C2C1%1%a§heﬁéﬁééstBS?HelPoPH%HérﬁF}@Pét%erﬁhp%ﬁcﬁﬁ§ed

th 0 2 r h

evor Saa rehenanreagt BLBhoZs Fpropge i BREealiR mtess

bambntTheedi xtheewiBewas then cooled to room

tenperature and purged with gen_to renove

her e EA ot B b B el PR RS R e Pute "Ry St B, were

t epperatyr sutauhdBlt Aktayginobthbbkphlytaming s¥@ents used
added to the concentrated tol uene solution and | eft

15vwEoe érﬂéw ﬁstGeétaaﬁﬁéﬁ phEPehdered - ohnyfrepaMeoluene
( L) d ay drg he.

su igggglo gq agfe @6 %gsﬁédﬁ%}%ﬁﬁiﬁgn$l%¥es (tinal
t olbuese. c$hEentobﬂeaeoﬁtIBrppm ) anfnhherbvobubaptaash (99.8%

fraction were conbi ned. The conbi ned, tolﬁene
f r REELENS Wé?edééﬁﬁopﬁtBGSEBQFOOH?ﬁnéQSma BC3H2R ShEVes
met lrangh w@%eéde@gtexheo@esﬁaaell ﬁghvtlon was | ef t
overnlght at -35 wherein a whit
nethoxyﬁhéwﬂbﬁ@phéﬁyﬁ%PNGCHByP(@aﬁephﬁx§pﬁén9V¢theﬂyﬂumn

r |tat n the solu n,_Th .
) eBrEeeBind TA BB ohaE Y Ren RS o Rten 8 gt REyst (Base) in
praed@mtabedebugandacemsasﬂedxgﬁehmoonsenerso al ppm.

racem c i soner (the RR and/or the SS enantioners of
the |i@aRdPldAansrses6trdBrer "EtReCRIT@RERTILEREr L¥f Cas

th%hromatography (GC), in order to evaluate oligomer

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

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

C3p olefins were obtained from the GC analysis.

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

selectivity” were all determined by GC analysis.
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l'igand). The proportions of these two isonmers were
determ ned by 31P NVR with peaks at 63.18 and 64.8 ppm

wGeQowmsT4sspondi ng to the two di fferent isomersPCT/EP2006/068652

respectively. One sanple of - 45 -

(2- met hoxyphenyl ) (phenyl ) PN(CH3) P(2 WD 2007/ 057455

PCT/ EP2QQ&/ 4 hox I 1) wa

used ineggeggggﬁglgg. %ﬁ%gggsén%gggg%nééﬁgggyﬁ%ga0§ heavy
m xaur endf pboavhthhtenacenhs hadnt Hetenesned Soyrewsighing,
having meight ratios of 92/8, designated as A. 5

CoftpbSit b AﬁoiétéﬂﬁtEBQVpEEﬁyF?agﬁﬂénV?}lPRP%C?B?e@dagesr
(2£51mel,Baxyphen¥h) hghenyh) tbtudnd: dnnpl gissat o1 e th (p3)
CrC13(THF) 3 was prepared by stirring an equi nol ar

m fodreyovacran3¢THWERG- and | i gand conponent A in

t ol uene for haur C | 1. owed_ by, evapor a

of the Té%l3§8F%Fnggacgéﬁggnﬁréggﬁ?ngl%f¥? esggs?%ugge

W bRoupenbva@nearbegndl Bf{hiesprbigandiefheed from GC

(2- met hoxyphenyl 2PN(CH8%P(2-nEthoxyphenyl)2 15 li gand
wadlpr¥parednBy ther POFBFnPhgSals8fution of 1.59 g (5
mol ) ( X n 2 j [ .

To this%ggFﬁgﬁoﬁggg ﬁ%gog%gg%n%ﬁkég g%?ﬂt?%ﬂ¥%ﬁ§£agé with a
di ¥alhybkn 80heMHE10rmAadD MEL) apmsratded under an inert
atggggﬂ&gi_égigéﬁgnmtenperature. The suspension thus

fo S red overnight. The diethyl ether was
removedrheoskthh@spr edyetmynder cyacyuasant 20veht0bn were
dry toluene was added. The resulting solution was o

fi Prepagednd reRecatalliiéhePRESUFEABVEANPPOATLABS containing

fikt upder, vacu t ' 0t |,d -
R e T T
(5comblihaafiony i ehdybanhneminm2B8ountepf tdeye components are
di chl or gnet hane was added to the (2-

ne?ﬁé?ﬁﬁﬁ@ﬁy%fSQEJ product. To the resulting mxture,

1. 2868hi0kh 80drMcHZNMe sol ution in THE (2.5 mmol) was

Chromium trichloride tris(tetrahydrofuran) complex,
i.e. CrCl3(THF)3, and chromium tris(2,4-pentanedionate),
also called chromium tris(acetylacetonate), i.e.

Cr (acac) 3, have been used as the chromium sources in the
simultaneous tri- and tetramerisation reactions of

ethylene.

Ligand A (comparative)

The (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 tetrahydrofuran (THF), to which was added 9.66 g of
(2-methoxyphenyl) 2P (phenyl) (30 mmol) at O °C under an
argon atmosphere. The mixture was stirred for 4 hours,

after which time a 5 ml aliquot of methanol was added.
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added and allowed to stir overnight. The solvents were
30 renoved fromthe resulting solution in vacuo and 20

walowfos7445y t ol uene was added. The m xt ure wasPCIAER2006/068652

filtered. WD 2007/ 057455 PCH HR2006/ 068652 - 48 The
tol uene was renoved fromthe filtrate under vacuum
a”@olﬂlntfoﬁoﬂﬁéﬂénﬁés ﬁd€g E tﬂfx{gfédugf{gr whlch
produce a suspension, TItered ohce nor
OtheasethEOnSthdembraeted with two 40 ml portlons of

(2- t hoxyphen P(2- met ho henyl

B whr bt GEGEREOPar b Ceeposl Vg gas chien
(ZCHH&QQKYQB§BY£&25“%6%@&8(8fnﬁﬁbﬁdypﬁﬁﬁai}22®ﬂmﬁ éhich
molar ratio with CrC1l3(THF)3 was prepared simlar
tor€§ﬁbb§ﬁt#@nf%¥malgonl@ﬁn@ €p§@%@%h@n||gﬁh@)cqm@entrated

2 1] gapd S epare

T Tl L R R e
atQHéQBefg the abitehet byl aphpg, m@§1@gdﬁgst@h§n st¥rred for
(phenyl)2PC1 in 80 mi of dry dichloronethane. To the
152r bsuksi ag APxflre, TDGSHﬂlggaSoprpyhaﬁVﬁéV%ﬁsfHGMeﬂhe

and. gLl oped, L SLLL QYN Nt gL, Al | QOM LOIREr AL e, v

The Fvent §%er & ved rom inhe resu ng S0
|nwasacnenaﬁdo5@dntoofodmytémbeeQEuMESaﬁddpdrgahew1th
m xture was then filtered over a snall |ayer of

si NEEACITRetPoFEBABE 201 haS T ERBVEEMR L BINEhECE | PERaERE 1N

unggé ¥aeUaL, . (Phenyl ) 2PN(i sopropyl ) P(phenyl ) 2
product was isolated as a white solid.
Cryst al Rczabbontémparethanpl aybendedliquot of triethylamine

LPQ%%%E)%PQ(%gggR Pégha%gggg¥ﬁéztgfuggétgofr¥§gglgnd left

(pheryhk) 2BN( hsapeepy! xPt2rmehhexyphenyb¥22 ki gandevas?
prepared by the follow ng nethod. Under a nitrogen

atmmsmhewes 322dpt hrfeWhykaanetmastamded Tbe 3u39eg51on

| SSRLORASTL08 LRI0 M dr LRy, Tp 1geresl thno
toluene 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 3lp NMR with peaks at 63.18 and 64.8 ppm
corresponding to the two different isomers respectively.

One sample of (2-methoxyphenyl) (phenyl)PN(CH3)P(2-
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30 and allowed to stir overnight at room tenperature.
The precipitate was renoved by filtration. The

weoeahwradtssswer e WO 2007/ 057455 PCT/ EP2006/ 06865 PCTEPA®G6/068652

removed fromthe resulting sol4gti-on in vacuo. To the
evaporation residue, pentane was added. The sol vent

Wage  9€ QY@SJE UPad r he, Ped 1 ONpy, 4

yi e?d]itlngyp%pﬁgngl 2%1N\z| fso%ér olgf/%%; jée\% a cg{}gﬂﬁ&e{%}% oir]T}}ls
whsahp be ccyss astededf on siandragoftbosomitenperatie eand the
Under a.nit rogen at nosphere

3 m triethyl_am ne, was
adliedCt 0SBty B Vine W%b?%ﬁeﬁa%b%%n%f)g%$ﬁ{i?ﬁﬁﬁ%ﬁﬁ&?d as
ina.5 mM of dry dichloronmethane. To the resulting
m xture, 1.1 of (2-nmethoxyphenyl)2PCl1 was added and
al CoRpastblen gfi r for a week at roomtenperature. To
the resubt] j j f dry
t ol uenev%aé_gg%%{égﬁﬁ%gf) gé%%#%ﬁ %?éégﬁ?§%mved by
centrhbuUghERD) TBReRPLYeDtSa Wel ens eapVest {5 om the
resulting solution in vacuo. The resulting mxture
waSr€ipsTHRAS heth svinteprammaniy &id 1hialy arb amtinmar

was added to the_ solution under stirring to %’i eld a
whinistusei af Frelani k) sofPd haS2lRsheEPMeRt Heht aheluene

and dried in vacuQ,.Yield - 0.7 of .
(pﬂ%ﬁyh)g?’ i§gp$§p§rI)g?g}%?ﬂo?(gpﬁ‘éﬁ?/%%lon of the
Cosgatahyst nThecGamcahal ¥sbhusgdof Nnthberexpené et s

bel ow was 20 selected from nodified nethyl
al pahperane (MVAO) wherei n about 25% of the nethyl

gr oL rer ed. w i sobutyl groups. MVAO 3A in
heE 2nd ( E%Q . ) avai | abl e from AKZO- NOBEL
Cheni calraeB.(¥Y-meAtekgphonty ] ) 7hE (8Bt he(andshoRphethy) »
al um noxane (MAO) in toluene, [A] = 5.20%M,

suppbeed BypsCroaptoadGhbHfiBergkanehngGer aahytion of 1.59 g

C e ERuL 1 e PR BITARRPEEP 0! 81, DGk s

ba%ghtﬁggo%bﬁﬁ@ion 10 ml of a 1 M HCl solution in diethyl
ether (10 mmol HCl) was added under an inert atmosphere
at room temperature. The suspension thus formed was
stirred overnight. The diethyl ether was removed from
the product under vacuum and 20 ml of dry toluene was
added. The resulting solution was filtered and the

toluene was removed from the filtrate under vacuum to
yield a white solid (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) oPCl 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.
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In a Braun MB 200-G dry box the CrC13 1:1 conpl exes 30
of ligand A or B (i.e. Conpositions A or B,

wondizoatsss WO 2007/ 057455 PCT/ EP2006/ 068652 - PED/EPR006/068652

Table 1) and the relative amou® -of |igand conponent C
or Dif present, indicated in Table 1, were placed in
a 7ebass1heht! fas Themsatal ¥SbmPEREUF SOF r SOAPQSAL T O

was converted into ?he catal?st solutign %Ega%d#nga%uum’
mahdof 05mNOf soebhaonl | wasohdene ¢d.6hg MAOidue to produce
sol ug ] fQllo y _typically 4 of dry tol uene,
fi%a%Fgg%ﬁggggttmﬁgﬁgswageg g eﬁ%dapg%%tﬁﬂ¥%ap?o FeSve the
Al telnat wiety, (2hnethoryprésyarsbylanel pratestaddyphdeyl) ,
rel ati ve amount of |igand conponents A, B, C, and D
10pasdinti ehied wasTabbkatiedwere placed in a gl ass

bo&tle tgimhigh dry toluene (typically 4 g) was added

to—%@?giﬁ——gﬂe—eatalyst precursor solution. Finally

the bot {pemwBRox$ERERAL W PR (@HSEPL MM EBRox JPESEY1) » in a
catal yst solutions or cafal yst precursor 15 solutions

(thelchodarunatiosyackt grate{ DAL ¢) wed WrignsedrLmilarly
i ntroduced as catal yst precursor solution which is to
betactpwapedtbynt Ae. pre-dosed MAO or MMAO in-situ in

t f these solutions, were used

[

he. ocl ave r,part
nﬁ%%gﬂésﬁﬁgﬁgégggu%ggiﬁggand tetraneri zati on reaction

of 20 etrhyl epren(l pybtianesysop 1 MRIpEESL | DN, alflgand was
tetranerization reactions of ethylene in a 1.0-litre
bapchpauvedchbavehSi ol t ameoasnéthod ankt t @t f@rennaat i @n

experinents were, perfo dinal.0-litre stee

RO EFaTEh eatl onEaBTes hrth! | Befethubait i Gitreaded to 6.3
hegt i pgéao0) hngibahhgfexy Jel abp, diBHEbr MStRIn&NATE the
turbine/gas stirrer and baffles. The reactor was

scagsnyednhymintuoducOngd 250 ntoptopyeme nd§ Oaddgd and

sol ution nd subsequent stirring at. 30 70C under
T bgERe pE Be bl e STE BN 4TBE s PROP Dy C PR AL UL The

solvents were removed from the resulting solution in-
vacuo and 50 ml of dry toluene was added. The mixture was
then filtered over a small layer of silica. The toluene
was removed from the filtrate under vacuum,

(phenyl) 2PN (isopropyl) P (phenyl)» product was isolated as
a white solid. Crystallization from ethanol yielded
(phenyl) oPN(isopropyl) P (phenyl), as white crystals.

Ligand D (second ligand)

The (phenyl),PN(isopropyl)P(2-methoxyphenyl),
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),PCl was slowly added
and allowed to stir overnight at room temperature. The

precipitate was removed by filtration. The solvents were
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The reactor contents were discharged via a tap in the
base of the autocl ave. The reactor was evacuated to

wabkaonros¥es 2007/ 057455 PCT/ EP2006/ 068652 - 51 pOTAPR(M®8/068652

and | oaded wi th approxi mat el-y 4256 ml tol uene or
hept ane, heated to 40 C and pressurized with ethyl ene
t Ored&vbar grodihst r8th 110G, sd1 MR S0l Wt on yas Added,
to the 5 reactor with the aid of toluene to obtain an
ov@V@P@ra¢¢¢ﬁrr@$D@M@,r9¢mba@¢ 209 ddqede tDral sobreme was
ut| on ct ed_was sol u
HrbaPare Ry R Lanate o B Alachin] 4t ot i dve vielding
| nJ(plGéﬁ)f/l SyREM WS ogyinsed taMea oMl sabelty ,8 wHich
toluene) and the stirring at 10 800 r pm was cont i nued
f of 8Ot a1 hbEeS. OThet TpdERY at ystORY stapPrapared as
descr'b@gdépogenlw@é éHt£€ﬂ8 ethOBHﬂf ifié{ﬁﬁh amine was
reactor using an ectl on systemwit e ai
t chdene tohe. ﬁocgacbf t/lmda uireo 1l anf edt gohevagl JadrouH ( %Mprl in

the cata t solution 15 diluted with toluene to 8
wns T Sb1 QY St T HToTes Seter ©yat b vaRSTTnsed T bare:
Wi ihlagoyt 82%&&@& Heaylthnell Ridd aladeRadimg Qf1 4R to
reactor was about . The addition of the
ca@bﬁ]sf%y%t@ﬁ?ke@ﬁlf@@“ wenReraporan i heluete opesulting
pe£é8gt%%a§%9%u %m aui gs. '5‘fa@rﬁx95{1§&% {ENSH 3 %#y The
) I'C genera y reached a ~nmaxl mum Wi

1 pravipiaatdewassf othowed by estiabl fsdmendn. of Thdesolvents

tenperature of 40C and the pressure of 15 or 30 bar
as"thai taPedcHnt 798I B4, r%%ukf%%? TOhSEuhP gt} heacuo- ? The

desisgdryphupexofiret hykenerst hgasgbault eneoust ik -aR@dchen
tetramerizati on was stopped by rapid cooling to room

t enpehanotevébnadedt t6 phauselytion ohndeveds bir veny i by

of th th epe, _decanti the rod ch m xtur |nto

COYf'eg?I xh ??I %Ogeﬁqhg gg? |%g3%)o ase” oeh? 16h

aupentane. afdposuee of Haeucm xtvufeldo- 0.7 g of
(phenyl) PN (isopropyl) P (2-methoxyphenyl),.

Co-catalyst

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

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

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

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

Catalyst system preparation for simultaneous

trimerization and tetramerization in a batch autoclave

In a Braun MB 200-G dry box the CrCl3y 1:1 complexes

of ligand A or B (i.e. Compositions A’ or B’, indicated
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air resulted in rapid deactivation of the catalyst. WO
2007/ 057455 PCT/ EP2006/ 068652 - 52 After addition of

wa2ewgt4senzene (0.5-3.5 g) as internal standBCWEP2006/068652

the crude product, the anount 50f -the C4-C30 ol efins
and purity of C6, C8 and Cl0 ol efins was determ ned

by, gas,che o[rg %%gah%l?é( rd] f\%‘@eéﬂi al s dﬂréar]r%é égm onent C

reported in I'n t case of experi s Unde
300bali>glﬁfpe¢$lqﬂ1*eneln®rce&semelra Talpkd il r aveszteqblaoed in a

aut cl ave ui pped sinmlar to the above-descri bed

607§ R nE gl nhee “ake Tied o St i ST T S A 1S
15@oxﬁNIe@te<ﬂ0hu@@ethM&§@1y§t %bld@l@mdopa&@i@ Y$tmmol of
system The anmounts of the Cr-catal ystem

MAERQ of 2t Fohon s vEPtUed et h@%ﬁ@%ﬁ@%ﬂ%ﬁ fekkowed by
tlyigﬁzzl‘if%él’lgahf Oéftéﬂ%et&f@%é%nfﬂ?af L850 &'%1 was

Itre experinents in or to nal ain an
atﬂaabedabyoaoéeab@mtciﬂo 1 and a final al pha olefin

15 conce tratlon simlar to that of the eri ments
ot o Bt e eS| e R ron (AT AT ORI and

pr@}\{éd@@laﬂﬁ@bmo&n@e&pw&lmczo&%&é?é@t% A B, C, and D,
PCT/ EP2006/ 068652 1-C6 + 1-C8 on Ln CO)

Toral ingd@esten TotBrbPe oHuctene "placeq ’ga)n to JLO M Cole,

A A g M1 0.0 Ny 88 (Doneai

012r814at 8N 3t | Pré&-tirsor| soHitidn~' Fihally the bottle was
sealed with a septum cap.

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

Simultaneous trimerization and tetramerization reactions

of ethylene in a 1.0-litre batch autoclave

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) 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
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Ln 6/ rI MMN 010 (%Wt) COLI) MMLn O 1-C8*

(%) rnoooornrnO0) 0) O) rn rI IOIO0ONO C8
WO2W7)0s@AsB Ln 00 r1 NrHN Ol O10 00 O 1-Co8CtArL)06/068652
CO0) 0) 00 0) 0) Of 01 01 0) 510t NCod O Maj C6

(WN) ~Mr-~00'T[~A 00 1I- 1t Ifl LU "41 zZIi CD

LQ, 00 N V.
L209 (41 I RN LA oLl Bt o
, hepbaver geatedMo-40 M€ -dnd -prdesper addinei 8) &hene to
O%SO 00 MMMM UMUOGC Source UU (O Uro M UU
ULPPYIMIO Ligand UC) Uca r--+ . ~UO-~ ~~ .~UO

(M 111ypitht-delrtikd, \alMao-$olufidn\wad addAicFd the
reactor with the aid of toluene to obtain an overall
Al/Cr atomic ratio of 200:1 (the total volume solution
injected was about 25 ml: the MAOC-solution diluted with
toluene to 8 ml was injected and the injector system was
rinsed twice with about 8 ml toluene) and the stirring at
800 rpm was continued for 30 minutes.

The Cr-~catalyst system prepared as described above
was introduced into the stirred reactor using an
injection system with the aid of toluene (the total
volume injected was about 25 ml: the catalyst 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.

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

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

air resulted in rapid deactivation of the catalyst.



O C (pml) Co MCo McM Exanple NM Q@ LC WO
2007/ 057455 PCT/ EP2006/ 068652 O O | - l - Co O
woRo@Dst46s t- M>1 O COIl- LUOO 4-) Ln (N 1PCO®PMO0E068652
-HLf) ~1 0 OHMT-I r-I-rI52C)-pr 1 (DU) -1 4-1 E
o OO0OOOovo0oO>20UU"4-4 vHOO-HU d

(0 0 e SR N S0 ME AN ET O

N LmtefnﬁlJﬁEagdaTd t¢1mhe(brudelprdecKXDthe amgmnt~¢f the
X

cd-rho 617510 T BITOW H Ch- [P anchfog BLRFGRS Was
r éegérﬁﬁﬁgglby ganghromatography. The experimental data

S~

5 is reported in Table 1.

In the case of experiments under 30 barg of ethylene
pressure a 0.5-litre steel autoclave, equipped similarly
to the above-described 1.0-litre autoclave, was used,
loaded with a total of 150 ml of toluene, MAO-solution

10 and Cr—-catalyst system. The amounts of the Cr-catalyst
system, MAO-solution, solvent and ethylene consumption
were typically half of those used in the corresponding
1.0-1litre experiments in order to maintain an Al/Cr
atomic ratio of about 200:1 and a final alpha olefin

15 concentration similar to that of the experiments
performed at 15 barg.

The experimental data is provided in Table 1 below.
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WD 2007/ 057455 PCT/ EP2006/ 068652 - 56 It can be seen
fromTable 1 that the use of a C[II1] catalyst

woanpasi4sson according to the present inventi BATEE3WEN68652

in good yields of m xtures of sgigh purity 1-hexene
and 1l-octene (at least 92.5 wt%on total 5 product for

Exarpl ee 1oLo ) LLh Low splids fonmtian. (0,7 o

or less on total product for anples 1 to 4), Tow

ClOr f DIt coma(#AsS Ganposit ess arctodalg product dorsent
Exanples. 1 to 4). and low C12 to Cl4_formation .6, %t

or TSl dn Fothl € D nciiee ot it dL AT O 1014
200t PEF 455n ELINEPZOD6] 068652 tab71edstd 9215 MtS lon Aotal
cat al yst precursor conposition conprising: a source

a
of PEPSHT ubP T X §BRIbPRIN oF O t Uhgstieh; 10%)s%1jf%s, sformation

i gand havi g (P

(Rg?(gz?@xgg(%ﬁ R%?e%ﬁais er%%:é%i%x%m lrelsolgll ntgo b
groep ©f ot herfot hoh a(4 Ng Ryt , or whes®ion Rotisl setedted for
from hydrogen, a hydrocarbyl group, a substituted
hykixacpi by 1 group) and hkverohydrocarbyfograupenall. 6 swt or
substituted 10 heterohgdrocarbyl roup, a silyl group
orleesi oattokalipepdest &er | BeaTP ?ﬁeﬁ ¥ Ri-to R4 are

i ndependently selected fromoptionally substituted
aromati ¢ groups, each bearing a polar substituent on

at | east 15 one of the ortho-positions; and optionally
one of RL to R4 is independently selected from

hydr ocar byl , substituted hydrocarbyl,

het er ohydr ocar byl and substituted heterohydrocar byl
groups with the proviso that when the group is
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20 aromatic it does not contain a polar substituent at
any of the ortho-positions; c) a second |igand having

woheorganssal fornula (I11); (R1') (R2') P-X - PCTRB2006/068652

(R4") (I'1) 25 wherein: X is5g bridging group as

defined for X of the first |I|igand, conponent (b), of
general fornmula (1); WO 2007/057455 PCT/ EP2006/ 068652

- 58 at least RI' and R2' of R1' to R4' are

i ndependently sel ected fe¢aomaAydriocar byl , substituted

hydr ocar byl , heterohydrocarbyl and substituted

he eroh%droca b%{o%groups W th the.@roviso t hat, when

t he* gr oip“F 5957 FTeEPeT dodiP ot - toht a7 P & ot Gr
substitgent atscahye obft bigr &fit bR, PRSI §ib @Sum a8 HEsten;
one or both of R3' and R4r are independently selected
from anPopt i dnal F§t shbgand utadl ¥ orde | ¢engfdupt pealag(I)
a polar substituent on_at |east,one of_ 10 the
ortho-positi6%%??5.)%C%é?é$§§?R%}ecur§%} conposi tion
accordipgetoilaim 1, wherein R5 is selected from

Cl- C15 al kyl groups, substituted Cl-Cl5 al kyl groups,

C2- C15 =l keny| bgi @4psy SHbSHi Bt e Co 1 al kenyd) -,
groups, C3-Cl5 15 cycloal kyl groups, substituted

C3- C15 ehereahkyP igreebsct&s- Cism anpambden grauppirocarbyl
substituted C5-Cl5 aromatic_groups, - C15 al koxy

gr oups gﬁauPSU%s?F?ﬁFéBuEﬁ@Cﬁ%d5?£%§9§%r%ﬁ%%?’ a
preferahbye Cdnfdbocalkyl GrouWps.a28uSstfreadadl yst
precursor conposition according to any one of Cains

1 or 2,heherehvidaprafbut ofoRL, td FYlyhrgroup or derivative
indepengﬁg£g¥fselected fromoptionally substituted
aromati ¢ groups, each bearing a polar substituent on

at | east+oNg,0f tREeOrHAORPOSLRONSre independently

selected from optionally substituted aromatic

groups, each bearing a polar substituent on at least

one of the ortho-positions; and

optionally one of R1 to RrR? is 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;
c) a second ligand having the general formula
(I1);

(RL") (R2)P-x"-P(R3") (RY")  (IT)
wherein:
X’ is a bridging group as defined for X of the first

ligand, component (b), of general formula (I);
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25 4. A catal yst precursor conposition according to
any one of Cains 1 to 3, wherein at |east three of Rl

woaoRdsarse o-ani syl. 5. A catal yst precursor PCT/EP2006/068652

conposition according to any s5@ne of Clains 1 to 4,
wherein R1' and R2' are 30 independently sel ected from

PCT] EPZUDGI D669 -<&b Ryt oy byl [ are independently
het er ohy@x@@@é@yfr&ﬁdhméf Bd shederalyel acptydarbyl,

groups with the proviso that en the group is
ar omat i ket erefordr per rievhtait supoldfutedibxtien@nidegcarbyl

any of %P& L EDOEROSAL 1 ONSy 3 96 Gendy Y&le NG 50

conposi accord i hg to any ~one of ai s
wher ei naabhafddriofddds dot pdontade a nelependaidtyi tuent at
sel ect ed fron1%%drocarbyl substltutfd hydr ocar byl ,

het er ohydY oehr byF AR KPR B erohydrocarbyl

groups with the 10 Ovi SO t hat mh r oy
aromat i ¢°Tt’ does nopb con?alﬁ a po ar ?ﬁ% rE)drﬁen?ently

any of tbeeotéhofrpasitiOpsiodal By cm@éwﬁﬁuw@wf@muc
conmposi tion according to any one of O ains
wher ei nN9BPUP 82T K1Y anke Fot S%S%Jr%u%‘ae%r@%n%ﬁ/st one of

selecteg ﬁP%H85H9§It$&$§d or substituted aromatic
e

groups do not contain a polar substituent at

any. of Rheavalpst ppsetunssr Gompogsatabystcpredimgoro Claim
conposi tion accordipg to any of Clainms 1 to 7,

wher ei nlthéhééﬁit@eR fighpoktaned 20 bl Gbdenang byl groups,
tungst en, is a source of chromum 9. A catf%¥

precurs%FbéBhﬁBg??lgh %b@o?ﬁ¥%b RO S nt2 B 1 h

ted rom chrom u

h f ch
ir?s?gﬁfﬁgﬁfaﬁa&@%ﬁﬁ”@# I paehe) 3 Ry b G c3Ces

trichlor] telC r
tris-te%#gﬁgar urgﬁgg npl%gggyﬂ% %d(§ ?{g t§€10alky

groups, Cg-C1g aromatic groups, substituted C5-Cqg
aromatic groups, C1-Cq1g alkoxy groups and
substituted C1-Cq15 alkoxy groups, preferably C1-C1g
alkyl groups.

3. A catalyst precursor composition according to any

one of Claims 1 or 2, wherein all four of Rl to R4
are independently selected from optionally
substituted aromatic groups, each bearing a polar
substituent on at least one of the ortho-positions.

4. A catalyst precursor composition according to any
one of Claims 1 to 3, wherein at least three of r1

to R4 are o-anisyl.
5. A catalyst precursor composition according to any
one of Claims 1 to 4, wherein R1" and RZ’ are

independently selected from hydrocarbyl, substituted
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10. A catal yst system conprising a catal yst precursor
conposition according to any of Clains 1 to 9, which

wadadintosoisal |y conpri ses conponent (d) a cocat aPgSEP2008068652

2007/ 057455 PCT/ EP2006/ 06865259- -60 11. A cat al yst
system according to Claim9, wherein the cocatalyst,

conpon £ |5y sel f Y. ' ane d
modi f i gﬁ?re?%?ﬁ% u'mi n%%\]ﬁ%?y%]g&aﬂ\@%cée@%r %he &
trimeriikzateoohpidotetbaherr@ats onitib e gpefvide® that when
nmononers, wherein, the process, conprises contacting at

| east oS o¥ BF 7RI 5 nondhEr L TntlerdO®s i e | At DI dhdPolar

tetrameshgati onefeast i oy SPNcid i ORshMAds B catal yst
system according to any one of Clains 10 or 11. 10

136 - TheR usetatvat cafatyssos yeeere akehrri aeceolany oheany

of «clainmse 10 or 11 for the trimerjzatjon_ and 17 47
t et r ane?PRsabt onldtmdl ki Fhi ¢ nokorets. 24k TR opffn to R

conposi §10n; GOOPELSLRNG ¢ SOTDEAEY f%ﬁ'%%&wﬁﬁg%}?{ o

1- hexene and 1l-octene in the range of from
98 %t wfbshetoved ahydprodey ! compostehphrowhdrel natde
1- hexene c%)%tent IS, at

| east 10 9 of the overall
o oduict SRERpbT T T Sher o FRe AT TR ehe LR et s e
| east 19r&WM sof thhe woyerahé @roavicis conpastid ot does not
contain a polar substituent at any of the ortho-

positions.

7. A catalyst precursor composition according to any

one of Claims 1 to 6, wherein at least R1" and RZ’
are independently selected from unsubstituted or
substituted aromatic groups which do not contain a
polar substituent at any of the ortho-positions.

8. A catalyst precursor composition according to any of
Claims 1 to 7, wherein the source of chromium,
molybdenum or tungsten, (a) is a source of chromium.

9. A catalyst precursor composition according to Claim
8, wherein the source of chromium is selected from

chromium tris(2,4-pentanedionate), Cr(acac) 3,
chromium trichloride, CrClz, and chromium

trichloride tris-tetrahydrofuran complex,
CrCl3(THF) 3 .

10. A catalyst system comprising a catalyst precursor
composition according to any of Claims 1 to 9, which

additionally comprises component (d) a cocatalyst.
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11.

12.

13.

14.

- 60 -

A catalyst system according to Claim 9, wherein the
cocatalyst, component (d), is selected from
methylaluminoxane and modified methylaluminoxane.

A process for the trimerization and tetramerization
of olefinic monomers, wherein the process comprises
contacting at least one olefinic monomer under
trimerization and tetramerization reaction
conditions with a catalyst system according to any
one of Claims 10 or 11.

The use of a catalyst system according to any one of
claims 10 or 11 for the trimerization and
tetramerization of olefinic monomers.

An olefin composition comprising a combined total
content of l-hexene and l-octene in the range of
from 88 to 98 %wt of the overall product
composition, wherein the l-hexene content 1is at
least 10 %$wt of the overall product composition and
the l-octene content is at least 10 %wt of the

overall product composition.



