WD 2007/ 057458PCT/ EP2006/ 068659 - 1 - CATALYTI C PROCESS FOR THE

OLI GOVERI Z#d béMoShas§LEFI NI C MONOVERS Fi el d of the | nvenbr®p2006/068659
The present invention relates to a process for the oligonerization of
ol efinic monomers. Background of t he"lvention 5The effici ent
catalytic trinerization or tetranerization of olefinic nononers, such
as the trinerization and tetranerization of ethylene to 1-hexene and
l-octene, is an area of great interest for the production of olefinic
trimers and tet of Ar Ving 0 deagrees of comercial value. In
particul ar, 1-h&xere=i vas R RoRELCPMERLZAL PN QR @&EE}INJJC
pol yet hyl ene (LLDPE) and 1-octene is whwse; as a chem cal
internmediate in the production of plasticrzer alcohols, fatty acids,
detergent al cohol and lubrication oil 15additives as well as a

val uabl e connpggga LR the EQQQHEEERH of polynmers such as

pol yet hyl ene. — %= = can be produced by a conventiona
transition netal ofhgopeekzati dnvphedessreaktbough ahprbeeBerifzat pA
( and tetramerization.routes are preferred. 20Several different

catal ytic sys?éﬁﬁoﬁﬁ§éZBEéﬁ“dP§cPE§§anFﬁ PRBOBRESfor the

trinerizati onpQtketbyhangrt ehd- he¥eAL: oA Nunber of these catal ysts
are based on CThArom um US-A-5198563 (Phillips) discloses
chroni urd based 25c3bal g§fscéentaratagvibaotdennat ezabioe birgands
useful for trj LZ] in 7/ Q57458PCT/ EP2006/ 068659 -2
US- A- 5968866 gﬁ%%@%ggf85§égl§gng§%§g?ﬁy$§%%mers, 5hER°2s %A

ol i goneri zat i oniterieatzahi andptocessewbirabiosest ac€Ry abist to 1-hexene

conprising a chrom um conpl ex which contains a coordinating
asymetric tr?%@nf%?%tﬁﬁ%sphén%? arsanefopreat bakeresgaharahican

al um noxane t alph LN I | i nels: :
US5523507 (pﬁ?ff?ﬁg?gﬁ?s%?oﬁéiﬁgﬁigtEF?@?E%aiiﬁ %ﬁfggﬁﬁ?gnﬁﬁnréggﬁﬁﬁ,
a 2, 5-ditet hydepyrees eof i gamdenndadnval kgl alunpaiubratétval ehekeneuse
inthe trimerization of éggth%lene Lo i:hexeng. ghen1.CDnnu3., ﬁO?Z,
8, 858-859 (BP)' uleRfDsER (TEATONT Ui CORPrExeR” of S 1F YahaRCh¥ et RElene
type Ar2PN( MBJIPADPE) and l-octene is valuable as a chemical

intermediate in the production of plasticizer alcohols,
fatty acids, detergent alcohol and lubrication oil

15 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.

20 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
25 catalysts containing monodentate amine ligands useful for

trimerizing olefins.

ValieN



(Ar = ortho-net hoxy-substituted aryl group) as catalysts for the
trimerizal 00%?33?57%%/ yl ene. 15WD 02/ 04119 :%BP) di scl oses BCEEPZI0(/A48659
“for the trinerization of olefins conprisif©igia source of chrom um

nol ybdenum or tungsten, a ligand containing at |east one phosphorus,
arseni ¢ or anti noHfadontbdiee tBhiatlilpsstdonel dyas crardyhybene

net e ohydr ocayyl ek, Doyl g Gy ol o, 20subeL i ety B, excl i

t he case where such” pol ar ‘subs

stibane groupstadndtoptémmead 4 n@na agitomedef . c NS 4k JANTLHISEGh E H1 APSE
of the (7exar%ﬁes 1S (2-nmet hoxyphenyl ) 2PN( Me) P(2- net hoxyphenyl ) 2.

Al t hough t he ALY RS RE 3 BURE 5+ t el B et 0 PHent 2 bhele or
above gve gaad saeleoti didy A o NeXERg AL g hs, o0, a
relatively high | evel lo(%/ by-prod%é:t or(rarnac%l%%bné ?Ceé. i Cfc)%béé[:)f}&pé%Qducts)
is typicallycodsfemesedihich araNer200B3I€XBAZ68 {I8hedrg. di scl oses a
trinmerization cat osi.ti.an and rocess for the
trimerization 300@%%&4% ic m%squs‘%n%ls%?% Gt S HonpRsd i gn.a
WD 2007/ 0574 %3RPGH/1ER200A{ Q68650 2, B-dimethylSatal M ilCi%y&i emqfor the
tetranmerization of ethylene to 1-octene have recently been descri bed.

A nunber of tH&YE EHtEM SN HE P o hrss m thaD 0w Ob6a7 Borarmf
WO 2004 0564;%1&5&%%%1 ) S s_q.[ﬁq{s%%eﬁcat al yst conpositions and processes
olefl

for the tetranerization o ns. The catal yst conpositions
di scl osed i n WO 2@0&%nQ5Gbn8nuconprd (e ,a &,r g {65 (mt)gl dinsk Poses

h tom [ d_havi th al f R).nA- B- C(R) m wh A
AR C are. i nCEERISR 15 SR LO A AEANE GFod WiGe ot GEe FAr7
hosphor us, i i . hi.smuth, sul phur, sel eni

nd i 11 0gen and B0 TG SRoH DRA S A @ iLists

i ndependent | ¥Yogel@et ed: ifrfteam arti drorat art Higtegteohydr ocar byl group of
whi ch g% | east one Rlﬂ%lr/oup is 1lbsubstituted with a polar_ substituent
d /b 16y (R

and n m are dé&fe g (BSeQ@ssre & dadmde’ End OxitdR i on

state of A a@q/i%r@-zam%rp%;falda%fiqgmﬁﬂgﬂm%gdiasCéoceﬁ&% icﬂT WO\ v oni um,
C

2004/ 056479 conprise a transition netal and a heteroatom i gan

havi ng t he gerévadenyimmem YURYIIAB- 2 AGERIdMasngraa nindg,atC, lensncdms

are as defin an i.s. i ndependent |y .sel ected, from.a hano

or heter ohydﬁggggg])\él §r’o%ﬁgenlc ok a%ecéméjrl?ﬁ &HE ngou\%l fébzﬁfo%%%

di scl oses anoathylyenedsatoydnern zatjeaphRGIdab/ISIGup having a polar
Cr(lll é(?cet yl acet gnoat e, 25(phenyl ) 2PN(i sopropyl) P(2- met hoxyphenyl) 2

inardlio of YpSEihi ol PENFIMGIING Fhén RSO hshial ¥ atiep grolar

136:1, at 455Ghand t4e R GrdIQMIIharldle J2a6td Yt AoguGed garcﬁjaﬁgg,li%tnd

conposition with over 24 w % of the products having greater’t
carbon atons¢prbasagldyy 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
25 mentioned above have good selectivity for l-hexene within

the Cg fraction, a relatively high level of by-product

formation (e.g. Cqqg by-products} is typically observed.
WO 2005/039758 (8hell) discloses a trimerization

catalyst composition and & process for the trimerization

30 of clefinic monomers using said catalyst composition.



30t he wei ght of all products (9.00 w% C11+ liquids and 15.11 w %
solids). woRoeD&74R57458PCT/ EP2006/ 068659 - 4 - WO QRO GHB 40
(Sasol ) discloses the tandemtetraneri zatd en and pol yneri sati on of

et hyl ene. Specifically, WO 2004/056480 di scl oses a process for

pol yneri sing ol ef id?zscél%ﬂ@%%%%%ﬁ?tﬁ&'ﬂﬂéﬁrﬂa”ci%rh%ﬂor esence

of a distinct polyneriZation “cat stinct tetranerization
cat al yst, whertdivicriee tet-amsrdrzathizonr catcandty preeducesdridgstdene A n a

selectivity greater t 30% and the 1-octene oduced is, at |east
partially i ngb oerratoe%acir]h o t%are}cap]ﬁij:dﬁ &% PRodrai C%romlW‘t hough
the tetramerizati o cad® yeded T8 soldsed Jov4 s 63aspl (gepmetisclose
nment i oned above have good selectivity for 1l-octene within the 08

fraction, agéiatalerStelBIRRTY- High anl eir e HRpricduEh T ormation i's
obser ved. 15-@@&&91{4%1zéﬂ%rpydﬁr%ﬁnsc.on%% %aq;alg,ﬁsi? 4105 s
by- uct co

however, only about 70 to 80 % . of the pro ositionis
1- hexene, wi tdhisgdie seatraimiWiy 260 440 1o ctomp r ey | tsd aygs cloimpo uredsa 1

such as net hyl cycl qpent ane and mnet hyl enecycl opent ane. The presence of
Chese r emai ni G Z0GE by T ol s R s BT a L o
comerci al US@R)C}{AJ@-[@@R)*SW}EEJQ@W andesidabl e ddmhatin @nsecanam ¢
point of view as well as froma product separation point of view It
has nowtbeen Stupra sgnghy woldid ¢dadridwes proegssoAbof dheempiesent

i nvention provides an efficient route for the trinerization and

tetrameri zat i YH-BIOBY of AT L5 PondHEREE i PPt oul 3L HheRel B4 i ve
production of, sy ne; aids 15 9c4 %E{ﬁn(%l%)%%@cs%%ﬂ €n r&%‘%,”?a%é;eii

| evel of by-product formation, especially oducts, soli

(i .e. heavy wexemndegrioiepolyettdterned e Geredmposiey ons/ i soners

ot her than 1-hexene. rié{?g: 14n. 408i SO i 13- P .

"700. 67606, 76ve gronvaFl Al ENRIO e I O ong R aan, s

inventipn rel aiestitude®rocessafoslahesshatd t@neousnd ri n@nd zataoa and

tetrameri zation of olefinic nononers, wherein the process conprises
determined by the respective valence and oxidation state
of A and/or C. The catalyst compositions disclosed in WO
2004/056479 comprise a transition metal and a

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

R’ is independently selected from any homo or
heterchydrocarbyl group.
Example 16 of WO 2004/056478 discloses an ethylene
tetramerization reaction using Cr(III)acetylaceteonoate,
25 (phenyl) oPN (isopropyl) P{Z-methoxyphenyl), in a ratio of
1:2 mol/mol, and MAQ, with an Al:Cr atomic ratio of
136:1, at 45 °C and 45 barg. However, the reaction
produced a product composition with over 24 wt% of the
products having greater than 11 carbon atoms, based on

30 the weight of all products (8.00 wt% Cqq+ liguids and

15.11 wt% solids).



5contacting at | east one olefinic nonomer with a catal yst system
conpri si néj‘?oé‘)07f857§é%r ce of chromium b) a ligand havi ng PR&ETEFeMe0sH6s9
formula (1); (R22-X-P(RmM R n(l) 10wheréin: X is a bridging group
of the formula -N(R3)-, wherein R3 is selected from hydrogen, a

hydrocarbyl  groupyoazsobsdbsused (byesDranbyt1 g508P ha Shhybnmdroup or
derivative thereof; 15 -the Rl groups are independently selected from

an optional | y-Sub¥tF¥HE a6 af oR@ | RO Yy Beh pehiPmgoh pohrtesabstituent
on at | east o of 1081 041 NoPOSHS | 0054 GNGs LOLO . 0L OUPS BLE co

i ndependent |y sel ected from substituted or unsu itut

groups, i ncl ugtingneohel vy cal ofiht s ct groopsdycaib cén cloedopo TPHL8FINE in
pol ar sgbstitt;hent at_an offthe prt ho-positions; ) with the

provi so”that MY LTI Afid L erincakPimerbiation artahves and a

optional ly, amystofndther &lrans =& YRS $RYy 251 ndepeodent |y be |inked
to one or nore of each other or to the bl’ld{:}l ng group X to forma

cyclic structifteEangmt 23bieocaatalysit pmpluces l"Octerrl]e in a .
2007/ 057458P 8 - - in the range rom
CUSRS %55 0 f o) SEgueg M (300 ol Lion

bel ow at nospheric to abo arg an enper

of from aboutat0 l@as glwit 1 APy G nddwep@resent ih iy eftid Oflo By SDe £ £hat es
to a pr,pcess for, bthe sinmultaneous trinerization and tetranerization
of ethyPene t3'*-hexene and 1-octene with said catal yst system

conprising (a), (R1i@mshdie)shanth@laddies ResSMr & and, dIPef 8ty in
dg{ft ned above. Detail ed scription of the Invention 10As used

herein, the ttéemSastindocinenre masdnisondrk above have good selectivity
for l-octene within the Cg fraction, again, a relatively
high level of by-product formation is observed.

I5 Typically, the by-product consists of Cg compositions:
however, only about 70 to 80 %wt. of the Cg by-product
composition 1s l-hexene, with the remaining Cg by-product
comprising compounds such as methylcyclopentane and

methylenecyclopentane. The presence of these remaining

20 Cg by-product compositions, which have very little

commercial use or value, is highly undesirable from both
(ﬁ an economic point of view as well as from a product
separation point of view.
It has now been surprisingly found that the process

25 of the present invention provides an efficient route for

the trimerizaticn and tetramerization of olefinic

monomers, in particular the selective production of 1-

hexene and l-octene from ethylene while reducing the

level of by-product formation, especially Cqg by-

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

and Cg compositions/isomers other than l-hexene.



-catalytic trinerization of an ol efinic nononer to give a product

PERREES by igdmpan@:i ched in the conpoungEdgsii ved fromthe r eacECMIEDTZ006/068 659
‘t'hree of 'satd-ol efinic nononers. The-termtrinerization incltudes the
"cases wherein all the 150l efinic nononmers in the feed stream are

-i'dentical as well as the cases wherein tthe feed stream contains two

or nore different ol efinic nonomers. ~In particularly, the term .
"trinerizatigg%mﬁgﬁnggsggei@nﬁghéiéQn to the. trinmerization of

et hyl ene nea f ethylene'to forma C6 _al kene,
especial |y 1-hexehee Fhesestninvenhid zaliadess&cedt PYPEPsswWheR HR8d
inrelation to LTer | Lon_ of . : i pt ~of C6
fraction forﬁ%g£§§?%%%3§h%%g%%ggégé5@%Eﬁ%ﬁg%??%%eé%ﬁg%#ggﬁ?"1-hexene'
sel ectivity" odbeéiniisedonomeet at woersin te mHoresisz OMeR1§RSet hyl ene

means the ampunt of . 1-hexene_f or i thi fLr [Xo]

pr oduct conpS?P%?Bg%n?hgéogg?aﬁlg§?6¥gggfﬂf{ﬁ§§§ﬁgri%gggt%eegtgb§3t
trimerizatioayeteft Bymppesisagthe product of the "trinerization
selectivity" nultiplied by the " -quene selectivity". ' Printed::
21- 02- 2008 ; POl F08 2808PHECS68 (GRreIT The term "tetranerization”
means the catal yth¢ tekrangehaahbom@ftian garefhali Coromdmer(Ite give a
product conposition enriched in the conpound derived fromthe
reaction of. four of sailBlopBFKNPER ms. ThedTlerm

Stetraneri zation i-ncludes the cases wherein all the ol efinic nononers
in the feed streafii'8F8 Pdentical as wel|l as the cases wherein the
feed stream containg .t Wwoy,0F 4PLE dLbherent i eddma ameaomehs., In °
particularly, the term"tetranerization” when 10used in relation to
the tetrameriygakb9n aB ekhykesetsranso eydmigeanerd tatdrmwagbydt hyl ene

to forma C8 al kene, especiall - Qct ene. The _ter,
"tetranerizaﬁFBHpsePeEPP@F%§“tﬁﬁe%YEE%EP$%¥%eﬁzﬁ%3ﬂ1ﬂ(§%ﬂﬁg group oF
tetraneri zat hjapi9hteiBykaeeesEans the '

15 - . the RLl.groups are independently selected from an

optionally substituted aromatic group bearing a polar
substituent on.at least one of the ortho;pdsitéons; and
| the RZ2 groups are independently selécted from
substituted or unsubstituted aromatic groups, including
20 hetercaromatic groups, which do not contain a polar
| lsubstituent at ény of the ortho-positions;
with the proviso thgt mis 0 or 1, n is 1 oxr 2 and
the total of m + n is 2;
optionally, any of the Rl and RZ groups -may
25 indepeﬁdently be linked to one or more cf each other or
to the bridging group X to forﬁ a cyclic structure; and

<) a cocatalyst,

e | | 25082007



15anmount of . C8 fraction formed within the product conposition.

The term WO @/ E%el ectivity" when used in rel ati on t oPCHEP2006/063659
‘tetrameri zation of ethylene neans the anoént of 1-octene forned
within the C8 fraction of the 20product conposition. The overall
yield of 1-ocitene pretberé el apRei Zatdon, of Y i c

of the "tetrameri z%ti on selectivity” %ﬁlct)?pjlf?%%@ %ﬁfﬁegtr@% #é%gé‘ to
sel ectivity" . 2PHet sHUireer of aktr i anfeepepotient (@) héorathe of from
25cat al yst sygiem of the.prog Pﬁoth@ present invention can include
sinpl e inorgani ¢ and organi c salts of €hrom um Exanples of sinple

i norgani c and orgdfhe se¢tésniarinhabties, a Beet ¥ BgetONBS €8, process for
car boxyl.ates, _.oxides,. nitrates, sulfates, and the |like. Further

sour ces ~of 3_(%'}% osfﬁrUHE%‘ﬁe‘?ﬂ‘%ot]f%?%%é%%g%rﬁ?%a‘ﬁ%ﬁ%%ﬁi_Zation_Of
organomet al | i gpraNexes, 1108 XAMAE 1-ccferc CATOT UM righl oride
tris-tetrahydrofuran conplex, (benzene)tri car%ony chrom um chrom um
hexacar bonyl ,S¥&iE® eempkes 1Ry ef@rablly), amd sour candfathtlomi pmgssure
conmponent (a) ysleS emis selected fromsinple

5i norgani c ar?&lc{)%earéggr%% %%flc%ef%n%pﬁorﬁre ol ybdenum or tungst en.

I n one enbodilremilofd t besqur gstendn i W ertid omvddei &ource of chrom um
corrpongat (a), for the catalyst systemis a sinple i no.rga,pi c or
organic”sal t of _cﬁlr%rﬁ‘?ﬁﬁa RO e Sl R S vem” stednasthe
those discl osettd iyt 02/ dl®:ation of N U EGAL SR LIM £, 5L 9
include a m xture of any conbi nation of sinple 1norganic salts,

siépl e or ganipgodullt ssonges o tdiamatdroni denpl iex esheanbrgy@andmid el véd from
15conpl exes. I n. .a preferred enbodinent, herein, conponent (a) is
a source of chreorﬁet?n%rk(ﬁcfrf){?g Triree ﬁrrge)fsearlrr%dﬂs tes r?)cfn‘gyﬁ%?ﬁ unili‘%r
use herein akersi ryignd MQAMIC B HGANHe Sl ds Gfh S 04 AnM anyh, co-
20ordination qr organonetal Iic conplexes of chromum Mre preferred
sour ces”of cRILEHIHMT dIONRRE Heridl Fhe £a9fk inRie J5riganiciemnl as
organi ¢ saltg9ff ¢y em, SUC S of quyl l ¢ acids,
preferably salets of al kanoi ¢ agqlh%:f con%tz}enifneg%adl to c%rg‘l)onl% otrrr'rqsc,> or
sal ts of 25akhiopkatdic-fetirketdredsindnd msaldmeef. - ket oesters (e.g.
chromum (111) 2-ethyl hexanoate, chromum (IJ1). octanoate an
chromium (111) ac tny?ﬁaacre g0 aer)el,y.' ;{ﬁt? 5 e et ‘2 OHtbmi D stedd
as chrom um ki elllemide ChreB WRid GHaride df iscHetdahyafdran

conpl ex, chrom um ,
20 trimerization of ethylene to form a Cg alkene, especially

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

amount of Cg fraction formed within the product

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

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

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

selectivity”.



"30tr|bron1de chrom umtrifluoride, and chromumtri- iodide, . __ _
‘Bﬂﬂ@ﬂfﬁ$@2ﬁﬁﬁﬁles of preferred souraﬁsﬂﬁ F?trinted: 21. GEﬂ?BB&&O@@GBSBQ
'bEsdP0O EP200Osttien - 9 - chromiumfor Use herein are chromum (I'11) "

acetyl acetonate, also called chron1un1tr|s(2 4- pent anedi onat e),

-G (acac)3, chromumtrichloride, CCl3, Tand chromiumtrichloride-
tris-tetrahydrofuran conplex, 5CrC13(THF)3. The ligand of the

catal yst system ofhé h’@eﬁﬁ“ﬁéﬁr&fxeﬁh&t{imﬂen@ahBVEhEi ortatphponent

(b), is of the general formula 2P- X- P( RL I
10wher ei n: XCRECAMBFE/GHAY OF 0 ’51&’) %B‘Pﬁﬁf“srz %%’%‘% %‘m%?%‘?%c‘
is sel ected ggﬁgbgyﬂigﬂeémrﬁcﬂd@rQﬁaﬂhykxﬂ@©und derived from the

substituted' hydrocarbyl group, a silyl groyp or derivati t her eof ;
15t he Rl groﬁﬁ%CEF@nl%@egéﬁﬁeﬁfl?a%%l 34%5W98W855t|0ﬁ§FI€ ’

subst it gt ed @éﬁ?&ﬁ\éh%@y@nbfﬁu@@e@ Q] aseebshickbuent a0 ghel east
one of the ortho-positions;.and he R2 groups are independently

‘sel ected froml efbaiEtmevemersuhs ubhe | jaaced tAeeMafre dAGAHCaL meF udi ng

20net er oar ompLi ¢ GLouRs. c4bbch.feran! GRN'ict & RRkAr csubsthtuend o
any of the ortho-positions; the proviso that mis 0 or 1

nis 1 or 2 andetﬂefferahtoblﬁﬁlﬂlﬁ mqnqmenénd optionally, any of
heand R2 grouns, §RY.2BLIAEREDGN! Lie okl ned Eaeane 201 oD uod each

other or to the brid orm a-cyclic structure:
The brudglngugedumnxre$abionh90fbhenﬂqtnﬂmﬁﬂyZ@iR@nl§fpﬁéﬁ§ﬂabﬁym%§n5

hydro?arbyl gﬁgugétramerl;atlon of ethylene to form a Cg alkene,
.especially l-octene. _ _
The term “tetramerization selectivit&” when used in
relation to the tetramériiation of ethylene means the
15 amount of.Cg fraction formed within the product

éomposition.

~ The term “i-octene selectivity” when used in
relation to the tetramérizat;on of ethylene means the

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

20 product composition. The overall yield of l-octene in
the tetramerization of ethylene is the product of the
" wtetramerization selectivity” multiplied by the “l-octene
selectivity”.
.The source of chromium, component {a), for the
25 catalyst systém of the process of the present invention
can include siﬁple inorganic and -organic salts of
chromium. Examples of simple inorganic and organic salts
are halides, acetylacetonates, carboxylates, oxlides,
nitrates, sulfates and. the like. -Further sources of
30 chromium can also include co-ordination and

organometallic complexes, for example

shai o - 55.(6-20074



- 15- rlnfed i -dail kdd61 : DEed: PCT/EP .2.65.61.068.B8-6-1 . - 10 -

sBhHsteit 21-64- 20,08# ocar byI group, a silipESgroup or derivative pbenf@m@oo@/o@g 659
_ Typically, "R3 s sel ected from hydraogen cgr t he groups’ consisting of -

.al kyl, substituted al kyl; aryl; substituted aryl, aryl oxy,
substituted 5aryl oxy, alkenyl,~substitutéd"alkenyl, cycl oal kyl,
substituted cycloal kyl, sill/1 groups or derivatives thereof, and
al kyl or aryl cigfamingn SubisdH Tasiemk \Mﬁl&—aﬁyréhyﬁh@%@rmb@dmﬁlﬂaﬂts or

al koxycar bonyl, car bonyI oxy al koxy, am noc rbon car bo no o
di al kyl anino ’fbﬁ‘@fﬁ%troéuﬁfﬂtrS 5P BLRF rﬁlablas}’

is an alkyl, @#l;bsltl}@élt e%ﬁﬂ@ﬂatﬁlﬂclt&t@l BGuE@b%@Cé’ﬁicﬁﬁuﬁH})Sﬁdxﬁpﬁr@tt
al kyl with at | east one heteroatom such as N or O, and al kyl groups

substituted walh £HetdrdRR IS hetvatent bfi Eeb‘?%ﬁ?ﬁ AR
substituf ed cyel QaldOH anld R tuted tgY el Ehﬁéﬁ;{iumsm*ﬁdﬁrﬁﬂn Ay,

aryl oxy or substituted aryl oxXy group. Exanpl es of sui tabl e R3 groups
i ncl ude Cl-0l1Bngsbn . groups substituted Cl-015 al kyl groups, C2-Cl15

al kenyl groups, s I , 1 | kyl
yl group Letgqs cdf Sthd ﬁogﬁ%ﬂg pOEO&RE i SRs{lho sy alipal ky

groups, subst| t ut al kyl roups Co5-015 aromatic .
gr oups, subswttmeedﬁ)mmmqmpoglﬁﬁﬁpéa p1fonsthe k&3 gigups and

substituted ref.e
005 oyt SR IR D b 8L BT S B

gr oups; 1&ui taﬁtmtemcrds&kﬁ& gl edesodwenhyl suekhgs, tlm%?)ycﬂlSCFJs?ﬂﬁCbmﬂ

but yl , |sobut% Zt/dag.t pentyl, alkyl branched pentyl groups,
hexyl, al kyl branche exyI groups, heptyl, alkyl branched heptyl

groups, octyl and ‘mtatdotmmdﬁmhmrymmgpeupslso an:htCé’d a mixture of

2t - 02- 2008: 1SeSdPOT/ EPaZCOO % (31 l’e J’RI rgﬁnf ng Q{m L!éts"],tila%lc.‘

bridging gro nme {D ‘oropyT

-N(i sopr opyl)salts N(ctwtqa:’k):.natlm(rt -dzwrlp)lle)(es aN@ pcengeyric)metal\l(abexyl ) -,

-N(2- ethyl hex - N(cycl ohexyl)-, -N(1-cycl obexylethyl)-,

N( 2- et i cyct ‘%Vi‘ﬁge])&?t “N(benzyl)-, -N(phenyl)-, -N(2- octyl)-

- N( p- mret hoxypheny I ,a Ej‘sl(e,tférﬂmt ﬁnmhaetriihé)xt heré\l.—iﬁj-lzqanmm‘qahtd ) nt&) 3,

-N(SH(CHB) 3) - dource of chromium (III).

Preferred sources of chromium for use herein are
simple inorganic and organic salts of chromlum and co-

20 ordination or organometallic complexes of chromium. More
preferred sources of chromium for use herein are the
simple inorganic and organic salts of chromium, such as
salts of carboxylic acids, preferably salts of alkanoic
acids containing 1 to 30 carbon atoms, salts of

25 aliphatic—ﬁwdikétones and salts of P-ketoesters (e.qg.
chromium (III) 2-ethylhexanocate, chromium (III) octanocate
and chromium (III) acetylaceton&te),:and halide salts of

- chromium, such as chromium trichloride, chromium
trichloride tris-tetrahydrofuran complex, chromium

30 . tribfomida, chromium trifluoride, and chromium tri-

iodide. Specific“examplgs of preferred sources of

ané - | o 25062007



. N(CH2CH2CH2Si (OWe) 3) ) -, -N(decyl)- and -N(allyl)-. The term .. . ..
Britwegosankybtigas used herein refer DEgCa 10group only contROTUER2006/068 659
car bon-and hydrogen atons. The hydrocarbYl group may be a satuifated =~~~ 7~
" or unsaturated,.linear or branched alkyl, a non-aromatic ring or an
.aromatic ring. Unless otherw se stated,9t-he preferred hydrocar byl

groups for use herein are those containing 15from1 to 20 carbon

at orms. gL MorSuhet hbyted bydroeesmiin @BIlsed herein refers

to hydrocar b;/-ﬁ groupp which contain_one or nore inert‘#e%”er,oatom
a

cont ai ni ng faneddilesaitogedeps 218 CRALPE VPR onftd ni ng

functional groBscd;SAIRAY, hakcddyhe Enngtienatrynamsidiy ©XC13,

interfere td any substantial degree with the trinerization and

t et raneri zatdmen gHReEsE: Yibh10xABe06r2007s iralpydpefyran complex,
21-02-2008i CES5: PCT/ EP 2006/ 068 691 - 12 - The term"aromatic" as
used het ei n,“¥ER € @ a nonocyclic or polycyclic, aromatic or

het er oaromati c riﬂ% 135@%?&9 Jd @Med chRaldst i SigsedONB: €ipd | gitaddsys of
o

containing from' eteroatons selected fromN, O d S.
Preferably, thve parcreatt drgresdporar €oRBABRYE () orlf)o‘W@E‘? %Nt i ¢
rings, such as mq_ycl opent adi enyl (which can al so include ferrocenyl
groups), phenyrl, lfOn(zF;@h’t hyl or anthracenyl. Unless otherw se stated,
the preferred ar O(ﬁt)ich_g{mlgsl)q{(mznp‘nocycl(t}: or.polycyclic aromatic
rings having from5 to 10 ring atons, nore preferred aromati c groups
are nob®cyclic arngreta@iciri ngs containing fromb5 to 6 carbon atons,

such as phenyl and , 15 g@c}lfé) ent %qg%ygg %HQ 8 ?i?pgﬂﬁsf_e’d
‘5811{911. e term"substi

aromatic group i sf &% ph u uted aromatic" as

used-herei n Jeans, § had LOe, QI :9houparBYehe subslibubsyli th one.
y

or nore substituents, e term"ortho-position" when used in -
rel ation 20tgreubsts tsemisi et drmtosarRpY AndF BFPR22gFbLYS, 9TTUR &
meant that the suhst.i qg:r% iSedn the ortho position relative to the
~atom bonded ?%mt‘ﬁ%slp‘h%sp Orl‘é!JS ‘at om The substituents.on the Rl
and/ or {R2 groups g Ebngabip<anhonnaepradantlyr skéeetedt §ngn Ihe

 25substituents mmy be either, polar 0r099:PgLaL, SUbkehbea polar

5 O

substituent on at least one of the ortho-positions; and’

the R2 groups are independently selected from
substituted or unsubstituted aromatic groups, inclqdipg

20 heterocaromatic groups, which do not contain a polar

substituent at any of the ortho-positions;

with the proviso that m is 0 or 1, n is 1 or 2 and
the total of m + n is 2; and
opticonally, ény of the Rl and RZ2 groups may
25 independently be linked to one 6r more of each other or
to the bridging group X to form a.cyclic structure.

The bridging group X is of the formula ~N(R3}—,

wherein-R3 is preferably a hydrocarbyl group, a

it | | | BEe2007




- substituents include hydrocarbyl groups which may be straight-chain __.
Prinfecagcinedzoosat ur at ed or unsat ur at BESC;aromati ¢ or non- ar:@GHYER 2008668.6591
hydrocarbyl “substituents nmay optionally contain heteroatons such as
Si, S Nor 0. 30Suitable aromatic hydrocarbyl substituents include

-nmonocyclic and polycyclic aromatic group®,~ preferably having from5
to 10 carbon atons in the ring; such as WO
2007/ 057458P&Th £P2006¢ D a8phocaddyl: queapy| aandl Cl- @oab kgt phenyl
groups. Suitable non- aromatic hydrocarbyl” sybstituents inglude
l'i near or brdachettvkythareas cl @H@;ﬂaléﬁ’ouﬁg, ipr 8FLPEBPY FEM ng from

1 to 10 car bﬂggﬁjggé@’owﬁ%gé%%%%%s&&@né 6ar hoRy Dat 8bst hledd

sui t abl e -subs nts on t or R2 groups include halides such
as chloride, abkphi derghd §wel$tetuidd Gyl ORryARXY. , sulsspituteh A1,
-NH2, -DNHAI, - 1A2, 1 - =05 bRy i eh-AL s 8RE1 A2, _
10i ndepgnden?ﬂ/’?@’é}ﬂe an%lge-%alfl\%\’rra |.0551r%|§§ g%glfee?abl ypﬁay?ng?from 1to
10 carbon at embstioneeqrefelabl yyll, tdWlcgrboonsapbnderévgtives hyl ,

et hyl, propyl.and Lsopropyl.. W : O, PHASWOERt £
ligand are sgﬁgf??%t e%,‘gp%ljé]f%lfr%% %5 sﬁjrtogg%{ gﬁggglhydr ocar bylgﬁy °
15groups. Pathisell snbyt preéets edr hyldrowmabionylbsthrhenysonye Cl- C4

al kyl groups, .preferably nethyl,, ethyl ] .SORE P Lyl

i sobut yl , rmgg'gﬁ’f‘%f e?‘gjo‘?(?/c%}?%%@’ I%yrgjnoél%%%%hion%%t B%gﬁ%ékéa{alygang of
the catgl yst eM,Of L NE;PH 06LSs Wit i gridfigsenbrengentie@ably R is
corrponégt 20?%%5?%”%’5 1 an%l nis 1. In agot her  enbodi nent Oiit he .

|i gand of thencatayystseystErbed taekpy ddesdUGtnEhBeHPESERF1C

invention, cQURORERLiéy) 1!3%1%91:@”&@: N da%t2 onky Be€dkbytohn bhehldgand
of the catal yst system o? the process of the pr.esent invention

- conponent (bpr @ iand abkwl greepe substitufes withr dupetEFORhEY PHand

of ‘the catal f [ 0£8SEoDfkyiine sRbaseRttbaventienlkyl,
conmponent (b}l‘,g:%l?éegl{:%g%geﬁggﬁﬂ)y ggl ect ealt fromoptionally_substituted

aromat il6 gr ospbstetehetiearthyc aa pot ars WAL GENE YR / aBr3I6PrEYsPr one
"hear i ng a poPRPEHBEEH RERLORE GToND JO0HRIST4SEPCITERB0B0) 068659
groups include C1-Cis alkyl groups, substituted C1-Cq15
alkyl groups, Cp-Cis alkenyl groups, subétituted C2—Cl5
‘alkenyl groups, C3-Cjps cycloalkyl groups, substituted C3~
20 Cis cycloalkyl groups, 05—015 aromatic groups.,
éubstituted Cg~C15 aromatic groups; C1-Cis alkoxy groups
and substitutéd C1-Ci5 alkoxy groups. Most preferred R3
groups are the C{-C1i5'alkyl groups, which include both
linear and branched élkyl_groups; suitable examples
25 include methyl, eﬁhyl, propyi,.isopropyl, butyl,
isobutyl, t—butyl,‘péntyl, alkyl branched pentyl groups,
hexyl, alkyl branched hexyl groups, heptyl, alkyl.
Branbhed heptyl groups, octyl and alkyl branched octyl

groups.

5714 | - | 25-06-2007:



.- 19 - | east one of the ortho-positions" neans that, i.n the sane . ._.  ___._
;;bh,ggadm ‘bh&3g; group is substitut ech}yach a polar substl tuenDTiEPﬁﬁ&G/OGB 659
: both of--it-s ortho positions. The term optionally substituted®"

reI ation to the 5R1 groups of the Iigand of the catal yst system of
.the process of the present invention,=cbhponent (b), which are

i ndependently sel ected from opti onal I y substituted aromatic gr oups,

each bearing a pohadmsLbstes Ut ¥l catbriidgéhgogeoupst heclude -
ortho-positions, means tha additjon 10 t he oI ituent

on at |east BHEEBRYthe ofX Et%thSBlo)thl Nt@ OPﬁi?sarreN S‘{)g %P%L

cont ai n.one RiLERyE .othetﬁ subst ¢ 1uent-si(pentyl) Pol aN(hs><gtM+neelN b&%-

| UPAC as an entity with a per manent el ectrl

Therefore, astugbeexgherei th {eHel A1 Y fol ag”i E fe'?goﬁyg'it%%\)ns a

substi t gent tehtsfnetwpwet&te@ﬁ peripment yeh e¢t Luccpﬂen?tte PORRNE -
Suitabl e pol ar substituents for use herein incluyde bub< E $g
BRG§r bups

. necessarily bervikd toV (ppreehexyghasEicheaNdP-Eapu by
i.e. the Rl ﬁég 19% %N%Qwoﬂzee@sulgﬁtglt(@ggqbw_th a hydrocar byl

group connec ugh an oxygen bri dging affom optionally

substituted EhelldHACH)OXYOEPYPS~, i-te{deidyd YRl aaddF¥rlaR2ydi oups are
substituted with an optionally substituted aronatic, group connect ‘ed

t hr ough an oxygen’l‘ltwl ugrmg“lar'@mcetmlo &9 yegdopenehBg t6ESESQLC 2

al koxy 1-C2 | k R Ay gr Qupmsar €ne .
substi (lé:t ed \%ng%"fqtp g‘bl;’t %glg§%ll:§ro ar CBéraoup arelgﬁg a C15C20 aI koxy
group; hydrohyﬁroam:lnml @d@uymam%la(ﬁaéimrﬁ&ednioﬁfr grnsgtuegted,

al kyl sul phonyl.; 01-C6 0 - aGoRURS (A :
AT LRI s S A R R ﬁar{?g S Petef ocycl ¢ groups,
especial ly \Mat:hm&tld:eaxsngoneUrx[Laﬂ@I/ft#th?mtS@g sheéRE a &t &§ eﬁFSGps

Exanpl es of suitable. s L athoxy
i sopropoxy, §H8ﬁ8§§7 %]E%%;Q t é(;%/ﬁioéx%%nt %ﬁeﬁig@ﬁ@éfﬁ "

hexadeqyl oxy fromt adeoytanyarlepnos‘acms(y, pent af | uorophenoxy,

et howynethy ! ref A9 ERFBep Agp ¢ DS SO OB oo mexsin

met hoxynet hyksrphespbi hgdracarhpl stolpsmothinl geatelin omiet 0§ BRE®t he

ke, inert heterocatom containing functional groups. By “inert
heterocatom contalnlng functional groups” is meant that

20 the functional groups do not interfere to any substantial

degree with the trimerization and tetramerization

process.

614 o . 55062007



- Preferably, the polar substituents in the RL groups are independently

seficete2 -02-@008pt i onal | y branched CBESEO al koxy groups, opbCU/EH £§06/068 659!
subst it ut'&d” 05-014 aryl oxy groups, and optionally branched 01020 '~~~ -~~~
al Kyl (C1l- 15020) al koxy groups. More preferably, the polar ‘
substituents are i-ndependent!|y sel ect et ¥4 6m optional Iy branched

01-020 al koxy groups, especially optionally branched 01-08 al koxy

groups such as, for exanple, nethoxy, ethoxy or isopropoxy of which

met hoxy is a 20particularly preferred polar substituent;

alternatively, longer optionally branched 01-020 al koxy- groups such

as optional ly bramthked<ith 02Gcalakdxy gsoupsd Horeoxanpstededyd oxy,
-dodecyl oxy, tetradecyl ox hexadecyl ox oct adecyl,oxy or_ej cas.

groups, of WHIEK e ary&foﬁ‘é'cé@gﬁgfe%Fgla?;'ln%yo%eh%t?% ‘Dear’*?éemc?()%“??ﬁég

pol ar supsti tHiafiing ifront dercd A 4 ndhegaseohbe sptidndlily obntdieniriggand

in organic media.. In one enbodi nent, the group IS Lndependently

sel ected from™ bt it e@Q5eﬁﬂ%£§E§tFFE?EEg%r%ﬁﬂgi%’é%g?%ggg'bearing

an optional | yohumnchad, 0 -H32Q @is@ty: groups afe RudhesycPie 02- 2001

FeT/ E6-6.diciefe-8-6, - 16 -. on at |east one of the ortho;positions,

such as an o@MKAYGiGURTFREIE Fragsrr sUCRmY THE-FReYrD %?i} t he

ligand of ' theGal dlaysta1svstiemleiiet ke rphe6RES Pfolihe) prsisentl,
5i nventi on, conponent (ID), are the sane_and bear the 'sane
10 naphthyl or anthracenyl. Unless otherwise stated, the
preferred aromatic groups are'monocyclic or-polycyclié
aromatic rings having from 5 to 10 ring atoms, more
preferred éromatic groups are monoc?clic aromatic rings
containing from 5 to 6 carbon atoms, such as phenyl and
15 | cyclopentadiényl, and a most preferred aromatic gfoup is
a.pheﬂyi group. The term “substituted aromatic” as used
ﬁerein means that the aromatic group may be substituted

with one or more substituents.

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

20 to substituents on aromatic Rl and/or R2 groups, it is
meant that the substituent. is in the ortho position

relative to the atom bonded to the phosphorus atom.

The substituents on the Rl and/or R2 groups can
contain carboﬁ atoms and/or hetercatoms. The
| 25 = substituents may be either polar or non-polar. Suitable
substituents include hydrocarbyl groups which may be
~straight-chain or branched, saturated or unsaturated,
aromatic or non-aromatic. The hydrocarbyl substituents
. may optionally contain heterocatoms such as Si, 5, N or 0.
30 . Suitable aromatic hydrocarbyl substituents include
monocyclic and polycyclic aromatic groups, preferably

having from 5 to 10 carbon atoms in the ring; such as

714 | - R 25:06-2007:



nunber and type of pol ar substituent(s). It is particularly preferred

t hat eachygf @@? f1 groups bears a polar substituent on 1&0&&%8
the two avaﬁ e ortho-positions. 10The 2 groups of the Iigand o

the catal yst systemof the process of the present invention,
conponent (bgh are i ndependent | )ﬁ iel ecte from substituted or
unsubst i t ut e8"8Pgrathe Efrloﬁﬁs tfel BH?H(};’ sHESPPEut ed o 2BASUBSTY T ut ed

het er oaromati_c. g oup% whi Chbﬁ %%%ﬁgogt ain_15 Ee Eé substi t uent

at any of t h8*SPEHSS po ConS: H%SEFnéﬁF nlel‘aéar?é of

the cat al yst bgyatasdok 1tkie @&oe@e&oeﬁkymeg@beeemt pre¥eftibal, having
conponent §) the R2 groups may be independently selected froma
group conpri ﬁﬁ‘@‘ 6pﬁoor3r | (G rH@hs BiteTBedMBéRz PFELFRaRy Y, 126 oldycarbon
xylyl, Si t%é% phenyl , naphthyl, anthracenyl, :Pdntpd:

21 02-2008i b eB] Pdf it 1572066/ 666;66." - 17 - 'phenoxy, tolyl oxy,

thi ophenyl, pyri dykhelrhisapRenaXy sulerrecenyls aad tlhet R&hwehag o adyl
groups. In another enbodi nent of the |igand, said %‘oups may be

i ndependent | )@—‘?@elpéctlé’d:lﬁd@mh@lg}rd@@p Selr‘iﬁplarssrcﬁéoér}fjle@n rouide and
5substitut ed ,pheny al henyl ht Ryl d thi o nyl ups.
In a further &% rré;%‘t Oylcrf toﬁg s é)nd o_% ?%h 1 %’erﬁ QT 'he

process of the r2esent |n\ier?2t|on said rou s are

i ndependent | YAdérect 6P APomoptiBieal NP+ 1(}%6@%% daﬁ’ﬁ’eﬁ;% groups
whi ch not .contain a polar _substituent at a

ort ho- ggsr ti gmeerGNdg t@rrfataﬁ?el’&? ~dd A &orﬁréur?saﬁ)fegﬁraﬁbly having

substituents foralll AN R M orS WY, Uekir P reeerirabl ysal R gfOtsh
be el ectron donating. Said R2 groups nmay optionally

may
15cont ai n nortsdisar %—tﬂ&stmettdéﬁt ethyl,| WR@Ydeﬁqﬁje§W0®{3ar as an

entity without a per ﬁ elect j ¢ dipol e mo abl e
rh

non- pol ar substit FIRS %&rﬂﬂ liggnd are

i sopropyl, I%ngmbuéé‘dt ﬁ%&ﬂérre?@rsems\ﬂmd&me ,arre/qmﬁema/ﬁbyl
2- nethylcyclohexyl cycl’'ohexyl, cyl opent adi enyl, phenyl phenyl,

napht hyl5, " t olgHqupey yiPa et ydr Ly trwafi s rast dpeshd caiy éi-tk%tltwts

20071057458P%£§?%%9Q§{qgﬁgﬁ@«jré&%é, preferably methyl, ethyl, propyl,
isopropyl, butyl, iscobutyl, most preferably methyl.

In one embodiment of the ligand of the catalyst
system of the process of the present invention, component
20 ib), m is 1 and n is 1. 1In another embodiment of the

ligand of the catalyst system of the process of the
present invention, component (b), m is 0 and n is 2.
Typically, in the ligand of the catalyst system of the
process of the present invention, component (b}, m is 0

25 and n 1is 2.

The R1 groups of the ligand of the catalyst system

of the process of the present invention, component (b},

are independently selected from opticnally substituted
aromatic groups, each bearing a polar substituent on at

30 least one of the ortho-positions. For the avoidance of

doubt, the phrase “bearing a polar substituent on at



group, or the like. Preferably, the non-polar substituent is not

el ectron WEh#07/A458 n one specific enbodi ment of the |i gaotE®teoshessso
-catal yst system of the process of the prégeat invention, 5conponent
(b), said R2 group is an unsubstituted phenyl group.

Optional Iy, amysef diee Sl and J2 1H-Qups vihdndependently. be, linked e

to one or nore of each other or to the bridging group X t'o Torma

cyclic structiigend,n tHepalt iuhay ,ishebstiitht2d ket he dowR2 groups
may optional | Yjpbe Jinked together to forma cyclic structure

i ncor por at i nGUPRELFHEEPhSTUS G & 9tharmdt HérS aifd mafttofonhe
present inventionrHRNe &, B iQfn N @&@?&%ﬁ?&&oﬁl op 1Qfy dg, I'&?Q’%le

of the 15catal yst system of the process of the present 1 nvention na

be i ndependentl yroxipdi s4d the S.iShd NOHE Byl Yydigid her afe t he
phosphorus atonms of the second |igand are oxidised by S, Se, Nor O
In a further PERBEGISMEFt TorR e itV Srhiemt | GIPMEEGHE | (andiheifcht he

cat al yst sys . I t-i |
optionally crg?ritg] a?&d%%ﬁq%%?%ﬂ?@ﬁ zlﬁ_té}%b’i(o Ig%%ﬁl tﬁ‘éﬁ%]tlg{‘ Sll@%s-ﬁalltﬁl&teldng
exanpl es of suchaltiganuups;! wdeh ibganrdsgwvze pe lishe sulditvidualt wn tat
are coupled either via or re of the RL or R2 groups 25or via,
the bri dgi ngﬁﬁFﬁﬁp oRe ﬂ%%&ﬁ I"}r;%}’tgﬁé’c’lsllejd'r?é’sdoé%e% rai ' A PR
(R1) 2ppx_p(Rd) #hB2)p31WH tshbstie ddr@anss 22 aQding i JordAd & ddne-can
be prepared using procedures known to one skilled in the art or

di scl osed i nppshkished ltiheersatmy Rl Bramp emyofcsitell r3Qeeuuundse
i nclude: (2-nethoxyphenyl) 2PN( et hyl ) P(2- met hoxyphenyl) (phenyl), (2-
" Print ed?téf-roﬁﬁg’@éé UeHESE ' POT/ EP g0061068r 6591 °

Polar is defined by IUPAC as an entity with a
permanent electric dipole moment. Therefore, as used
I5 herein, the term “polar substituents” means a substituent
wnich incorporates a permanent electric dipcle moment.
Suitable polar substituents for use herein include

but are not necessarily limited to, optionally branched
C1-Coqg alkoxy groups, i.e. the Rl and/or rZ groups are
20 substituted with a hydrocarbyl group connected through an

oxygen bridging atom; optionally substituted Cg-Cqy

(; aryloxy groups, i.e. the Rl and/or RZ groups are
substituted with an cptionally substituted aromatic group

connected through an oxygen bridging atom; optionally

25 branched Ci-Cpp alkoxy(C1-Cpg)alkyl groups, i.e. the RI

and/or R2 groups are substituted with a C1-Cpp
hydrocarbyl group bearing a C1-Czq alkoxy group;
hydroxyl; amino; (di-)C1-Cg alkylamino; nitro; C;-Cgqg

alkylsulphonyl; C1-Cg alkylthio(C1-Cglalkyl groups;



'- 19 - net hoxyphenyl) 22N( et hYl ) P(phenyl) 2, (2-

et hoxyphe ; 3@ t hy| ) P( 2-et hoxyphenyl ) (phenyl ) , (2- POT/EP2006/068659
et hoxyphenyl) 2 N{thhYI)P(phenyI)Z, (2- hoxyphenyl ) (2-
ethoxyphenyl)PN(nethyI)P(Z met hoxyphenyl) (phenyl ), (2-

met hoxyphenyl §2 et hox fﬁ)PN neth P(phen 2- .

e om e S S R r e L ite APy Y ARBEET a1 e YA at deast
lSODFODOXyph%ﬁ¥1N2BN@W%&hﬁﬂth@h%ﬁthZand tosyl grou

met hoxypheny1) 2PN( net hyl ) P( 2- net hox phen 1) (3 10netﬁoxypheny|)

( 2- met hoxypheny1) @z&métemp)fz(szmt@@t éﬁény?lﬂ?@tltuents include

2-nmeth h 2 1.).(,4- I 2-

et hoxy phen v ZERCeL T LA et &%%é%%%%?ﬁ%. ERChsten).

?gtho?ﬁﬁhenﬁﬁb$?$ggﬁ&by{ﬁ@ﬁﬁ;mnth?fyghemﬁ&hcéfylﬁkWuonm@ad@dgloxy,
met hoxyphen nme uor ophen

(2- et hoEyph&W lrffi)/i\rg (é ﬁfﬂﬁ%{é’p n)ﬁﬁ CRSEPYISIPRER ), (2-

nmet hoxypheny t MBI I e

(2- nethoxyph§%§%$ fﬁgfﬁif%5(4}h20dlng?%ﬁ%gﬁFﬁgugﬁgﬁiE?ﬂyMb. wh.

(2- nethoxyph@ﬁyiwgzmomwﬁﬁynﬂz(j"3 oxazolyl hydroxyl, amino,

met hoxyphenyl y

met hoxypheny %ﬁgﬁ g%a %HK%%%P dxy éﬁ§k) pjéﬁy sulphate,
(2- neth@xypheﬂxik2Eh&ﬂﬁﬁhyuhaka met hoxyphenyl ) ( 4-

di met hyl am no- phenyl), (2-met hoxyphenyl) 2PN( et hyl ) 2( 4-

25di et hyl ami no prfefrwfle)ﬂa,bl(yz riteh oyl mpbs2ANuesttsy | e (the R groups
met hoxyphenyi 0 phe ]
met hoxypheny C{I %E“Jt%to%?i%‘)ﬁ@f%% Oenr?ylf)yz branched Cq

bi eel : 116 72
(erZr:\/Eltﬁgxypher%pl) ()Err\ét%é?‘gépg(;gr#eéh&xy enyl (o ethy|5ph@ﬁ‘#aryl°xy

(2- met hoxy pheypplyped D RAethy lphatvild2,c 1kyl(
(2- nethoxyphenyl)ZPN(netE&%)P(Z QZthoxyphenY]) é% ﬁZpﬁ%hyl%

Smet hoxpsphenych) ARN(iet 1 Y ) d{2s naphdiy Dk f2ably, the polar
met hoxyphenY1) 2PN( et hyl ) P( 2- met hoxyphenyl ) ( p- bi phenyl ),

(2- nethoxypheﬂmqstmﬁu¢mﬁﬁYa§¢K¥n¢ﬂRﬁnﬁﬁm.Ey gglected from optionally
th h PN(,met hYI

et hocypheny L ZENIRS D61 2 PPLORYRIEII) (B AT POSEY A1

2-met h h 2-

getngygﬁggy??%Pﬁ%Egghyi?%%2£¥%E%%héﬂ§?%phﬁﬂma)aé f@&q@ggﬂyié,

met hoxypheny In2iiN:ee} hyt i &% 2- Bt haxyphiesyy ) et iwh phetybyy is &
(2- nethoxyphenyl)ZPN(nethyI m 15. net hyl phenyl

( 2- met hék phéhyq§QQ%K@§hy|gg%£erﬁ@@H@%y@ﬁeﬁ§¢§t{%%%%94)al%anatlvely,

nethoxyphenyl £t % yP o] P
(2- nethoxypheﬁ%ﬁ?% hg%JC ?KQPSQn%% oxy @ y%?%?op E%& %hg%§% 5°

(2- 20met hox 00y nﬁlh@% h 0
(2- nethoxyphgﬂgg?%%%%Fgggfggi|?%(% e%%q)z Zyp@ﬁﬁﬁﬁéﬂp éfyk}ample

nethoxyphenyldé&?&@myYld@@éeyﬁbhpxprEngﬁétphemyJ)heﬁ&decyloxy,
met hoxypheny1) 2PN butYl P(

hen
met hoxypheny 199 ECHYP y)${2e¥€%56§§§%eﬁ§?§p%phgﬁyyylc?zelcosanoxy is

25 preferred, may be preferred as the polar substituents in
order to increase the solubility of the ligand in organic
media.

In one embodiment, the R! group is independently
selected from substituted or unsubstituted aromatic

30 groups bearing an optionally branched C,-Cpg alkoxy group



.- 25nethoxypheny1)2PN(t butyI)P(pheny1)2 (2- -(phenyl), (2-__.__ __ -
PERzeX 2Pt PN( phenyl ) P(pheny1) 2DESED 2007/057458PCTTEPEMHGE PEB6 £m68659i
--.21 - met hoxyphenyl) 2PN( cyci ohexyl ) P(.2- nethoxyphenyl)(phenyl) ' '
(2- met hoxypheny1) 2PN( cycl ohexyl ) P(pheny1) 2, (2-

- met hoxypheny1) 2PN( 1- cycl ohexyl et hyl ) P€216net hoxyphenyl ) (phenyl ),

(2- met hoxypheny1) 2PN(1- 5cycl ohexyl et hyl ) P( pheny1l) 2,

(-2- met hoxyphgpy 4} 2PNe 2t BRE hyt cyied ahexnd -2 tienizg X polcdnyk) &phenyl ),
(2- met hoxypheny1) 2PN( 2- et hyl cycl ohexyl ) P(phenyl) 2, (2-

met hoxypheny #12p d%E?P?P(Z nethoxyphenyl)(phenyl) (2-

nethoxyphenyl)ZP é % % ) £ the 1i d of
10nethoxypheny1)2 %1 E g §P¥& oxyp en?l)gghe flf f ® frgand ©
nethoxyphenyihanﬁaalyitPephEeymgﬂ ti{&@-process of the present

nethoxy heny1) 2PN( p- et hoxyphenyl P(2 X n ( y
(2-meth xyphé%ﬂf gg‘&ﬁ‘p SQRPRASTE L )aﬁ%ghtﬁ%y%%? Yokl BREDLhe same
(2- met hoxypheoyby 2280 0- typéSbﬁty¢bhmnyﬂkﬁﬁ21mnﬁﬁ@ﬁyphémyhﬁ(phenyl)
(2- met hoxyphenyl) 2PN( p-t butyIphenyI)P(pheny 1

nethoxyphenyPPZPA@U%QFQYBPRPﬁﬁF prd| i) mEzh tﬁﬁ%ﬁbﬁen?FPPBﬁeﬁ??5s

(2- nEthOXyph%”é%%%gh%uﬁg¥@i§eﬁ@néﬁhﬁhanﬁﬁgQH? RHE) Zwo available
(2- met hoxyphen CH3) 3) P(2- 20net hoxyphenyl) (phenyl), (2-

met hoxypheny 2x2RNESP pB;P(phenyl)z (2-
th h 1) 2P(=Se) N 2- t ho | henv: .
e ey ) 2o i5g) N, SSEH BB P T LS RS

nmet hox

25rrﬁt hoprhe%f%aegﬁbeaayg) Bthmtm@epmawv)e(nmimyl kompnent (b)),
met hoxyphen enz
nethoxiBheniff?P ﬁeeﬁﬁﬁ%ﬁéiy|§%%%§F¥£%%Pﬂnﬁﬁ%&}yﬁﬁeny )Ephenyl),

(Z'nEthOXyph%Bﬁ&bBENE&ted aromatic groups, including substituted or
"Prin-tea':21"-0;-2"00e' | Lpt ad: ..F' dt Er.i bbeA5- 6i 09 2% 4 : Jtain
Cyclohexyl eﬁﬁﬁPPP%bHBﬁﬁf) et?éoaroma ic groups, whic o not con ‘

et hoxygheny L) BN HB0HE eHaSLAEME) J1R( 2t reblch ey plemps)i tiphenyl ), (2-
t hoxypheny1l)

PN[ CH2CH2CH2 Si 3)1 B vl
5nethoxyphenyl)29%&(9“ﬁe?ﬂ9P9§@?% € ﬁ?ﬁt; g%ﬁ?%%ﬁ&ﬁﬁ@hfﬁfagﬁﬁenyl)
(2- met hoxyphg %%E%Z%Zthgefobﬁsbéygl@fle&%él)d%(q@mnYh)r&en(tzon, component
nethoxyphenyl?ZP( =S) N(i_sopr opyl) 2( 2- nethoxyphenyl) (phenyl), (2=
10nethoxypheﬂpl)ZEﬁaSﬁ%(gsgppgpy$ypypwgwy@p@ ortly sl ected From a

ei cosanoxyphen T% ﬁgﬁ Xhé %%%lgﬁ{§§ﬁQﬂﬁﬁﬁgfﬂﬁﬂéh RheM!)) pnédyl,

elcosanoxyphg
.20 tolyl, xylyl, meSLtyl biphenyl, naphthyl, anthracenyl,

g R | 25062007



- met hoxyphenyl ) ( 2-ei cosanoxyphenyl)Pli (et hyl)P(pheny1)2,
Ixirasdred hoxppbgny! ) ( 2-ei cosanoxyphsigf) PN(met hyl ) 2(2-  pCT/EP:2006/068 659

ei cosanoxyphenyl ) (phenyl), (2- eicosanoxyphenyl)2PN(nethyl yP(4--—~-—- —- _~°

ei cosanoxyphenYl) (phenyl), (2-methoxyphenyl)( 2-

ei cosanoxyphenYl) PN( net hyl ) P(4- ei cosaroxyijpkenyl ) (phenyl ),

20( 2- ei 0o5anoxyphenyl) 2PN( et hy1) 2( 405anOxyphelyl) 2, ' ,

(2- met hoxy pheimddxya- %'OQ%@%@¥YQBQB¥1'&§?'12 gﬁ%ﬁyidﬁ,4-thiophenoxy,

ei cosanoxyphenyl) 2, (2-ei cosanoxthen¥ met hyl ) 2( 2-

ei cosanoxy phefiiocergilc Gsigh SR ERENGE P u(-’?nfﬁ%tWW%enﬁ“) @nother

2- ei cosanoxyphenyl.) PNC et hyl. ) P( 2- ei cosanoxyphe - :

25ei cosanoXypei‘frgﬁ%;iL ,eng-,n&%%é)el %‘%@.ana' Sal#hﬁé&?c c‘éil%paﬁ( énsaty, bceorrponent
(c); may in prideiepldentls aryeeerpotindmoa i otpireorgfricdnup wpds orhatly

generates an actiy, at al yst syste i th,.the sour hr.Qmi um
corrpor_lerf (a)%ui’asrﬂett“%«?dl i%’fﬁgi’c%ﬁlggménpl?%?wﬂ \A%%hoghﬁ 4

2007/ 057458PGH iRPR061A0686Ds-. 23 - Conpounds whi ch .are
suitable for use as a cocatal yst include organoal uni ni.u ounds,
or ganobor on conpodfds f&rﬁﬁ%eggpgéf“eggc#agh?ﬁﬁ%&m i t# u?ﬂrggnd

met hyl magnesidypdaned de saneh ioForganbecaskdsoanths abtsserstichvantion,
Stetrafluoroboric acid etherate, silver tetrafluoroborate, sodium
hexaf | uor oantsanioh@% gawdhinshare kadepandeatl dr $§LppErd il Cpddrarydts
are or ggnoal uniniy 1 SLAR! GrOLIARgakLM Nika GO YIS for
use herein arseuhfsﬁcc%?él %g%glg%%?ﬁea#l& %EI a '10A1R43, wherei nl eac%wl%A
group is i ndependertientseltectngd offr GreCorEBO-BP&kyt1¢pTof®f abl y Cl- C12

al kyl), oxygen .caont ai.nj et es i , ; as
i AL and ¢ RO TR L R sk s e Uo7 paRts pp R
or ganoal. um ni i co ks 4 Ghde ittt byb abioi hi usa il6 (RVR)roups may
triethylal um nium (TEA), tri-n-butyl ‘alum nium tri-isobutylal um nium
(TIBA), tri-rboctldciugm miamat imet.hySaldnRAi aredpe iy iQtionally -
et hyl al ym ni um di chl ori de i I 1.0i um chl ori de,

di et hyl ﬁnum' nt Ui %t &r?ndgoé%ﬁ%t%ggghgé (al so cal |l ed ‘al unoxanes).

M xt ures of 20or ganmacurdatiiumsc onpopederare ahsentify abthqWr ase

Al U noxane GPAERIET S IATed AR IexIRAEEEat al yat o may compr se.

. any al um noxane cahpidiard eomem—podtaur eupstituents may be a methyl,
ethyl, propyl, butyl, isopropyl, isobutyl, tertwbutyl,_

20 pentyl, hekyl, cyélopentyl, 2-methylcyclohexyl,
cyclohexyl, cylopehtadienyl, phenyl, bijphenyl, naphthyl,

tolyl, xylyl, mesityl, ethenyl, propenyl and benzyl

T 902007



25al um noxane conpounds. Al um noxanes may be prepared by the

control | eWa¥diP3®s8 of water to an al kyl al um ni um conpouRd]/E82mL/06ES59
those nentioned above, or are available t&mercially. Non-limting
exanpl es of suitabl e al um noxanes include nethyl alum noxane (MAO ,

modi fied 30mgidaydy , algsmitmaxanecd MA@re fealdifiys 0ty In -3 d4d hoxane
(TIBAO, tetra-n-butyl dialum noxane and tétra-n-octyl™ 24 -
di al um noxan&ubEfk itthieftcdrit éxat gl esHaprd dsaraicirett t hat the term

alum noxane” as_ysed Wi Lhid). {hics Speelfigatian ddeludes poreanci al ly
avai | abl e al um noxanes, ich are deriveq from the cor espondi ng
trial kyl al umcaitamyisy Saddien @t afhenatrerceand othitdte maye ot iy a0,
to 15 9% ., typically about 5 9% ., but optionally about 10 % ., of.
al umi niam  comp@Onieert s{lh)tfatﬂaeldc@%aatm;iu)pstj@ iame luwrde i Hoser rezh tpborredl

in NO 02/04119,  NO 2004/ 056478 and WD 2004/056479, the 10discl osures
of which are® ncgr'porat ed herein in their entirety by reference.

The quantity of cegatalyst;jn atrgﬁoqﬁa YH1 Sysd t

invention is typical Ily enoJJg'h t prow etha rati gmi r#}ﬁ{%sfange from
0.1 to 20, 00Gndprefherealiliy frcomihkest ¢ 2006 owme gy efferedytly dtHex or
1000, nost preferably .1 t.o 500, alymni or boron .ato er atom of
chromi um | nt8n§%§p i%%%&%g{nt& Lﬂa{é“ gt ésent™ S rf{}z‘?ﬁqtd’rf?‘he th

cataly Sys f.t pr, f e t .dnv i ﬁg,rrm es:
20a) a gé)ur cebgﬁgﬁ#%%efdm Ce)%sz‘ ﬂ*lsg%gh%lv?cﬁ{gé t V}e}) g{enn al o n%}fa (r);
(R1) 2P- X- P( R3p2(bnhadligr éien IXnkeH andieRMear & cas odef isnedy dhiay e5t anckw)e
a ico-catal yst. 25l n anat her speciclt“';)irﬁ)gl enbodi nent of the present

i nvention t hePERERFET I\ tdiR é‘Th Oﬁfrljt?cé_’_stémbf the present invention
conprises: a) a sql G RN MPddInd: &4 igand Mg e dens! alone
formula (1); 30(R)-)22-X-P(R1)(R2)(I)

or both of the phosphorus atoms of the ligand of the

15 catalyst system of the process of the present invention

may be independently oxidised by S, Se, N or O.

Typically, neither of the phosphorus atoms of the second

ligand are oxidised by S5, Se, N or O.

In a further embodiment of the present invention,

20 the ligand of the catalyst system of the process of the

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

are coupled either via one or more of the R} or RZ groups
25 or via the bridging group X. Typically, the ligand dces

not contain multiple (R1)2P-~X—-P(R1)m(R2)r1 units.

The ligands according to formula (I) can be prepared

using procedures known to one skilled in the art or

disclosed in published literature. Examples of such

30 compounds include: (2-methoxyphenyl) PN (methyl)P(2-

methoxyphenyl) {phenyl) (2-



- 25 - wherein X, Rl and R2 are as defined ébove; and c)a

BASENAEY.$22008 The catal yst [§ESém of the process oPchieR 2006/068659
~present invention may independently tonprise nore than one'ligand™bas "~
.defined above. The amount of chrom um nanely conponent (a), and

.the anount of ligand, conponent (b), €al@be present in the systemin
~a molar ratio in the range of from100:1 to 1:100, preferably from
10:1 to 1: 1omeg@5§%@{@,{}ei)aﬁmméﬁ{ﬁg quph@ﬁ?,mn;g,c@jnﬁonent (a), and the
| i gand, conponent ), are present in a nmolar ratio in the range of
from3:1 to dtBoxisényl pfN aidyhyhe @reahoxppPhedipbheheny ), ard t he

anount of conponent (b) are present in_a nplar atip of from). 0,9
to 1:1.1. 15Thexypherytha %tfeﬂﬁﬁdﬁé\ﬁwl £, th —183€5?§§?h%%]t])e% :

. (b d , b A i - | _
o oot aTlek b bR 08| AR PO DR LB LROROVS Oy | (20
three catal yagtﬁggpﬁmn : B) 01 -dhgocaidnal payskeryL{ RXphéhyloand (2),

may 20be-contacte e presence of any suitable solvent. Suitable
.sol vents ar gskpevpokgphboge) skil lthechyll R{3e art, suitable solvents
may include any inert solvent that does not regact with the
co-catal yst éenpsararyrReRnl hépReRYat edal i phatic, unsaturated

al i phatic, aromatic, 25hal ogen d r nd (bani ¢ | i qui ds.
Typi cal sol véRPRXPRRFYA ?n%gf2§$gm%gﬁﬁﬂ%ﬁgkgggﬁgg'bé%zene, t ol uene,

xyl ene, et hylmgeﬂaﬁgﬁheﬁngﬁm(:ﬁé Nep ( Dulanexypaehgne,3kept ane, .
decane, dodecane, tetradecane, nethyl cycl ohexane, nethgggﬁcopentane,

cycl ohagane, ndthol0braane) A 14{2enetizoxymhertyd ) 2PRdmeChé anpl es of

sui tabl e solvents are those disclosed in NO 2/% 113 m@ .
2007/ 057458PE¥LEP2YDBEOBEEEY |2 oBethoxyrhenyd ) RFA  BEAPESA Fdsi vent s and

pol ar sol vents such as_diethyl I, nahygrof uran, acetonitrile
.and the |ike™®f Oéﬁgggﬂ%%g?ﬁeﬂ?g%$§¥$ﬂé- Fdsent invention, the -5

catal yst system of LhenphpserImetny hep presanioxyphentyilon i $2for med by
addi ng the co-catalyst conponent, (c), to a catal yst precursor
conpositi on @empbkybhegnydipdlémeshy )P Erhgtioxyphenyadt di%yst syst em of

the present invention may be_10prepared eith in.th sence (i.e.
"in-sitl§") oﬁla@§@ﬁ88n5?¥thé26W@FPg¥¥§hﬁﬂﬁﬁﬁﬁﬁﬁ(¥ﬁ%%§ﬁ9§g%cataIyst
conponents of_.t he catal yst syst nd 1_%ﬁqq&@ﬁﬂ, w (e conbi ned
fully in thef&BS§ﬁ€§38VX?He g?e??%?égﬁ%néﬁég, or theygFefinic nononer

may be incl uded JinipBent2) kacentaebphgnghe, cofgonents of the catal yst
system sinultaneously with the congonents of the catal yst system or
4

at any poi nt rethidxyppeoyds g PHHmeshy AbP { #te HOEFaent < of t he
catalyst. The three CoTRoNeRLs D) ¢ 5 SR Y inel B flny1) B (4-
| 20 dimethylamino-phenyl) g, (2—méthogyphenyl)QPN(methyl)P(2-
methoxyphenyi)(4-(4*methoxyphenyl)—phenyl), {2- '
methoxyphéﬁyl)2?N(methyl)?(4—(4"me£hoxypheﬁyl)~phenyl)2,
(2-methoxyphenyl)ZPN(methyl)P(2-methoxyphenyl)(4f |
dimethylamino-phenyl}, (2-methoxyphenyl) 2PN (methyl) P (4~
25 dimeth&lamino~phenyl)2r (2—methéxyphenyl)2?N(methy;)P(2—
_methoxyphenyl) (4—(4-methoxyphenyl}~phenyl) = (2-
methoxyphenyl)QPN(methyl)P(d-(4—methoxyphenyl)wphenyl)gn

16/14 . ' . 25-06-2007.;



.20 (b) and (c), may be combined at a tenperature in the range of from _ _
P#I](pé)dtﬂ_(ﬁé)goéé* preferably 0 to 150'¥ggHpre preferably 20 tpCH@P 2D06/068 659!
“The"Cat alyst system of the process of the present invention may-be”~ = - .
.unsupported or supported on a support 25material. Exanples of
. suitable support nmaterials can be found0i r WD 02/ 04119, WO .

2004/ 056478 and WO 2004/ 056479. The ol efinic nononers suitable for

use i n the 10 e aliaBn1q bR UEKBERYL FAl2- AR RIAGRRRIL L (ae pr esent

i nvention ca(n be any ef'ni € nmonomers, which can be 30converted into
a trimer or dighigmRnyldui t(@bhethbefphnécy Mopdheres:iyidl e, but are not
necessarily limted to, ethylene, pr ogyl ene, OP“ onal I-[_y br anched
C4-C24, WD0GAE08TUSIRCT/ (2PRrebbrapebeny L) 2B nghatldBifiy 04- 020,
a-ol efins, optionally branghed 04:024, eferably 04-020, internal
ol.efins, optme&%ﬂyﬁ?w&gﬁédnﬁﬁgﬁﬂ,%) pr ‘?er ably 04-020, vinylidene
‘olefing, opt]qnal Q8 (4+nQ24p (2 Pr&bIERp ), 04¢020, cyclic
ol efi n? and I%egtpr}iacl}lgﬁ)ﬁn?ig:}anéhed 84?054, %éef%?iab Yy 04-020, dienes,

as wel | as qpiirnalgnedinanchedeiyid242 mptedeypiptyy O4imaGphenyl)
functionalized ol efins. Exanples of suitable ol efinic N{)%orrers
i ncl ude, but { Znmes o= yredeasda Py methy £ 0B (PTPLPReRY}H 2 ol €T i ns, such

as et hyl ene, propyl ene, _1- en -pen - _1-heptene,
1- oct ene, 1-%&?&91@ny&é@%ﬁt@e‘%p&%g%égn@%gq&é%%%%ﬁ%@??%-t ri decene,

L tetradecepe., Lnhent AdeceneuctHigyadengne, ol uhephatee ane,

1-oct adeceng?eeq]-}%l na @@gﬁe and e1- ei ?gseng; %r anched a-ol efins such as
4- et hyg pentpd criepes ety 12t hyd-methexgpeeny bl p M ane blrvil b edched

i nternal -ol efins such as Z- but ene; styreéne; cyclohexene; norbornene
and the |i kevethoxyphanutlir &t cpihenydi ¢ A8fioners can al so be used in _

~the process of the present jnventiqn I i nyg_mononers for
use in the JORFHYEY A rﬁﬂéﬂwe{)‘%&yﬁéﬁé% gg?%éﬁglﬁgh@igé%k%f t he present
i'nvention ar BAe, g p (Espeehakiynpnel prmed is '
et hyl ene. rﬁeiﬁ{% cat ajﬁ;l& g%}?%qand process of the present
-invention argepaylpwenr) y (Sefathdaphenylsphilnahbpls? (m-

25trinerization and tetraneri zation of ethylene ., to, 1- ne and
1- oct eh®, Theeshylphempsous, tP%Wﬁhﬂ‘tyip&?ﬁnéfxaﬁ?gt('?gﬁ%}ng%on

methoxyphenyl) (phenyl) | {2- |
methoxyphenyl)ZPN(ethyl)P(phenyl)zr (2-methoxyphenyl) 2
PN(propyl)P_(2-meth0xyphenyl)(phenyl}r (2-methoxyphenyl) 2
PN (propyl)P (phenyl)s, (2- ‘

20 Jmethoxypﬂenyl)QPN(isopropyl)szumethoxyphenyl)(phenyl}’
(2~methoxyphenyl)ZPN(isopropyl)P(phenyl)2, {2-
methoxyphenyl)2PN(but§l)P(2~methoxyphenyl)(phenyl), (2~ -
methoxypﬁenyl)gPN(butyl)E(phenyf)gf {2-
méthoxyphenyl}ZPN(t—butyl)P(2—methoxyphenyl)(phenyl),‘{2~

25 methoxyphenyl)2?N{£~butyl)?(phenyl)2, (2~
methoxyphenyl)gPN(phenyl)P(2—me£hoxyphenyl)(phenyl)r (2~

methoxyphenyl)zPNkphenyl)P(phenyl)2r

1Ay B |  25:06-2007;



reaction can be performed in solution phase, slurry phase, gas phase
or bul k pRasgeefigen the simultaneous trinerization andermpioosnsssso
tetramerization is performed in solutian,er_slurry phase,

2007/ 057458PCT/ EP2006/ 068659 - 28 - a diFuent or solvent, which is

substantially inert under.. triperization and tetranmerization

condi ti ons Wg@eﬂﬁoﬂ%?%@%ﬁi{%%@m ene’s TSR ohen )
al i phatic an oly:s rocarpons an

50l ef i ns whi chzagre s%}?sé}gnt@ﬁy P:?Vecrjth&{ueﬁ%@pa% &ﬂjneer%f z) rioﬁé)and

tetraneri zatim@gg@ﬁérgm pe;f\%lij , t’ifgpi those discl osed
in WO 02/ 04119, WZ2004/ 56g%ygnd 2004)/%%5(%64 95 The trinerization
and tetraner ity pHOOES)S (seri 1) 10T-e&a Mot yBiRIM Y 10N, PRRY1 be
performed in any one of a nunber of’ suitable reactors,” which are well

known t& one skaldleekyIeitiel laf tpheyyplcal | (2 -trher Hod yrid mal § 9pN and
tetrameri zation process of the present invention is carried out in a
bat ch, seni - Bl ory@ote oo ( drout has e nulnhemeols, (2-
trimerization atg(ljﬂtet raneri zation process of the present invention

may be carri 6 OIRXYRIYEY + P o TR hgl g oty b ey Bondi 3 ons.
Typical ly, the tenperatur | be i e range fromabout 0 Cto
about 120 C, Hbertet}%r%%l??/mf]re)oﬁl\bil)do%‘fyfl)gp gi%e%mpﬁw@o&%}e%b (2~
preferably fr 0 ven mre preferably from
about 40 00 trgéga 0 ri%%’%.zélhﬁ(e@%%)e%g&oef%yplr ggent” i nventi on may al so

convenignt | y e et fsH el )agpbm BADBY Bt il -k AN A n d 01 y2P 30

about 70 C. However, it may be commercially desirabl’e 25to perflorm

the process ofetthe:ysieseyt) jFivent 1wh Bipteen el ey at €2 t enper at ur e,
therefore, the process of the present invention is highly suitable to
be applied atmefhenyreren il FihpHee tlapgeriofn¥¥)dii Zitbout 70 C to about
90 C. The pressure range under whjich the process of the 30present

i nvent i on may P perRRFHEY {RPeSptkal {5 MeE Raverhael bi PN fom bel ow
e the. 1 ante TR R 200 S HRCT LR ose L 28 (Pabout
0.1t t .5 bout 38
bar g, Oe]?gggi alf I n%%ﬂ%%%éﬁ%ﬁ%% t@ﬁ%ﬁo\/g’b’out?ég g;r g.
Tenper at ures r@%@gw@g Ot %dgg@gspp}%ﬁp}ob pg,}%/ also0 be

enpl oyed, however, 5the reaction product w ei ther have’ an excess
of heavy and/mstlsetyshdxyy Py petuctSH Y 3 -an-mdwshrghi fneant2-anount of the

trimer or tetraner. By varying the tenperature and pressure it is

methoxyphenyl){phenyl)r {2-methoxyphenyl) 2PN ( (CHp) 3~-N~-
morpholine) P (phenyl)y (2-methoxyphenyl)PN{Si(CH3)3)P (2~

20 methoxyphenyl) (phenyl) (2-
methoxyphenyl)zPN(Si(CH3)3)P(phenyl)2r (2—
methoxyphenyl) P (=Se)N(isopropyl) P (2~
methoxyphenyl)(phenyl), (2-
methoxyphenyl)2P(=Se)N(isopropyl)P(phenyl)gr (2—

25 methoxyphenyl)gPN(benzyl)P(Z—methoxyphenyl)(phenyl), (2-
methoxyphenyl)2PN(benzyl)P(phenyl)2, (2-
methoxyphenyl) 2PN (1-cyclohexyl-ethyl)P{(2~

methoxyphenyl) (phenyl) (2-methoxyphenyl) PN (1-



possible for the ratio of trimers and tetranmers produced 10 in_the. . __ .. ..
‘e gssr.ofiddog: present invention teoDBgcvaried. The anount BCTIER B898/068 659
produced in-the process of the present~invention typically ihcreases =~
“.with increasing tenperature. The anpunt of tetramers produced’in the
.+ process of the present invention typi€aldy-increases with
15i ncreasi ng pressure. The amount of heavy (012+) and/or solid
by- products a §gbﬁg§¥¥uétﬁflﬁmgﬁﬁﬁga)gttthncreasing pressure-in the
process for the 'similtaneous trinerization and tetranerization of
et hyl ene to ietieceyshamd Jx BEIGEHI e SanbYas) bF (By- product s appears
to 20decrease wth increasing tenperature, although the anount of the
tetraner proBeEREWR BhpRIEY «déérease wi'th i ncreasi ng
t enper at ur e. Ther ef or r in tion
can be used BERAC¥YRRE e)%@%ggggnﬁgggﬁazO@%?L@?#Q%Eﬁgﬂf%hdmpn
25t etrageri zgbi 98 Phn A€l j 411€ | PoRaIBISycByhthelt erar" t uneabl e” as
used herein, it is neant that by varying the reaction conditions of .
. the process féthbeypheseht (phemnt)i on(2-meshanyphenyglt) PV AeTs and
tetraners in the product conposition prodyced by the process of the
30pr esent inWéthgﬁY%%Qh%%ﬁigkfﬁﬂﬁn i%9 ﬁéy be useful for a tuneabl e,

conti nuous or m -cont i NUOLIS, C; tbhe_trinmerization and
Cotrameri2at FRIGHE %w%f%i"?v@%o%%’%ép / EP2006/ 068659 - 30 -
nononers, WhekehBx{heeRy Pfushes@mposiz- on can be changed (e.g. from
produci ng a higher proportion of trimers to a higher proportion of

tetranggs, Omethoryyleesal)by=2Hahidamyaryd )Pdabedryléondiiéions wit hout-
having to Sinterrupt the ol efinic qﬁp 2r feed or the trinmerization
and t et r amer P2EPFBROBYBHERY F PV ™ iﬁﬁ%ﬁcular, this may be

- especially useful for nt i us or sem -conti nuous,
yBy P ER P en PO 207

process for EhECEPIRE et'rameri zation of -ethyl ene,
wher ei n t he phedeshoiPpbenps) pPBimet b Ghengdd 2¢e.{§~ from produci ng

a higher proportion of 1-hexene to a higher npr rti ne,
or vice-vers@?tb9xﬁﬁﬁﬁ§Yﬁb(t%éﬁ%%@Eﬁ?ﬁxéghﬁﬂﬂ%)%ﬁgKﬁfﬁ&%ﬁ%( %3§?g}$b
interrypt the,olefinic r fe [dd@nipkae@Ryand (2-
tetra Bizatﬁ&nmS%éaﬁXPﬂ?ﬁggf(lél%F%ﬁéf%ﬁﬁ?gE ﬁgﬁﬁEﬁg theypresent

i nvention, thkeresasocaypheogdy (Poenyhe ttd-merization and

tetranmerizatiqn of ol efini _ i n the process cdnprises
contacti ng a@lﬁg§§P°6X8h8bg%?ﬁ?@ﬁﬁéﬁﬁﬁgpﬁﬁﬁher trinerization and - -
tetraneri?atEg@oggﬁg§%93e§9m¢kph@ﬂa%zpw@z4mﬁfhnﬁyﬂQﬂnwl$ysﬂen1of_the'
process of the present inventiagn, erein the proc [ us
or- seni-contﬁﬁ@@ﬁ@neﬁﬁéé§§yéhBNﬂ%%t?¥é&%{%ﬁF%ﬁééﬁﬁéﬁyégeg 2’3&?%@89?'
during Jhhe proecessos¥abkgbheRyof o PhensBael ) oon -candidanoxypbanybé 2,

perfornmed to nake continual adjustnments tao a 25process to _ensure a
consi st ent pr@ﬂu@th&kgpﬁeuylaanbeicosanoxyphenyl)PN(methyl)P(4—_

‘eicosanoxyphenyl) 2, (2—eicosanoxyphenyl)gPN(methyl)P(Zf
eicosanoxyphenylf(4—eicosanoxyphenyl), (2-methoxyphenyl} {
g 2-éicosaﬁoxyphen§l)PN(methyl)P(2—eidosanoxyphenyl)(4—
.25 eicosanoﬁyphenyl), and the 1i¥e. _ . :
‘ The coéatalyst, component (¢), may in principle be
any compound or mixture of compouhds that generates an
active catalyst system with the source of chromium,

component {a), and the ligand, component (b).

2714 | 1 | | 25-06-2007



performed to a process to change the product slate produced. A

pref erredyweigt/eragf this enbodinment is a process for th&at/EP2006/068659
trinmerization and tetranerization of ethykene, wherein the process

conprises contacting 30ethylene with a catalyst systemof the process

of the present inv e the s is . a contl Jnuous_ or
2007/ 057458PCT/ Epzf%@%%&%%ﬂﬁ? &ﬂ € SRl |fr$10 Fol¥ pritft ebs” %‘%Fat&t]ﬁéSt

reacti on condiidlonse aliﬁga/r&faiaﬂnﬂummﬂg:dﬂi}ﬁ)tﬁ{dxemganoboron compounds,
Separation of the products, reactant and catal yst can be perforned by

any techni qQUETITWE t PO sKIFH & i B el Wt iums (/e aeetdighnagng s oo
filtration, oealdiddioald Ofhotd o d/dd ol dysepadatd ony, gxtgaction,

etc. Further detail's regarding reactors, 'solvents,
separ at idon t et P rever ihea ¢ ik es thomra tre, ftmﬂmbli rt G002 Bbddat e,

The use of the Pr 0 present_.inve or, the catalytic
trimerization and%ﬁek?r)éarr%elréza o B3 otfeef?'rh(is th% MonEt's provi des a
sinplified method Bdrprosieing préfersednsbdetdiagys Hfethe olefinic

nmononer 15with reduced formati on of by-products conpared with
equi val ent t rOTRAT oA PR LY FUTRARAS 'zat$‘bhtfﬂ?3tf’cé§§é%noaﬂqumlnlum

particular, theusen@f the pLocess.of 1he tpf@eerﬁa\h]wcﬁnéﬁ@nﬁ%uwe

catalytlctrlrrerlzatlon and tetranerization of ethylene to exene

and 1-ogt ene ROPEQVi @RSrai Pr O£ES SR §Fover Vs hir&ib;&@i&@rsttwtyei@étéd

hexene and 1-octene over all the other products formed in the C6 a

C8 fractions feaspeCi+Vehyabodl W phefedaised ¢propd i Xk wl) yem@d;ucts
conpared with equivalent trimerization and tetranerization processes.

25The over al |cyntehtnbhg 1M¢1'ee<‘eilesamﬁ Ilabi:cu@ﬂ.e éitrrrdtd:mnmm@sssaoh ahe
trimerizatio tetr [izatjon ene of t rese

i nventi on Qeg%ﬁgﬂl{ﬁp%rﬁgﬁ ‘gja}é?l on J(;%/I{”r%h%g e%‘T‘TRFE %P%h‘i?’%}le
the trimeri Zaédfcg’etéé‘ﬁu&lfﬁix?rﬁe 61& \5 S3Qn§f&§@tﬁf’irﬁé/tk( l§1uﬁ15?ﬁ ?H‘)U”t

of trinmers an raners o inic nononers in over a
pr oduct15corrpo$TMAbn)toiethgl@lmu:essumf (The) pr@s:em bmtx‘_ehtabumusmm,

| cast 70 v, Chbi & RPAFFaby At MeActThE: ofk 5ot heLaUURARL OBt tuct

conposi tion. ﬁ@ehylanﬁmiﬁﬁﬁmo@lanﬂoigaéan@thgaal@ml@gﬁmCﬁL&hlwri@é
the trimerization and tetranerization of eth%/I ene_(i,e, the 5anpunt
of 06 and 08 ?1%15%?Pﬁ%aiﬁm%ﬁéu%v%?%wl%‘?od‘%? ]éltﬂﬁ)%‘élp%lilbﬂl)‘ tRiAgieReand

process of the) RLESERLNEBVERiEONcalled alumoxanes). Mixtures of

20 organoaluminium compocunds 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

25 aluminoxane compounds. Aluminoxanes may be prepared by
the controlled addition of water to an alkylaluminium
compound, such as those mentioned above, or are available
commercially. Non-limiting examples of suitable
aluminoxanes include methyl aluminoxane (MAO), modified

30 methyl aluminoxane (MMAOQ), tetraisobutyl dialuminoxane

(TIBAC), tetra-n-butyl dialuminoxane and tetra-n-octyl



- is at least 65 %w, preferably at |least 70 %W, nore preferably at
et 75.- @@Qgg@f t he overal | pr oductDF_tg{j;rpom tion. "10The anm[m'/Eszooeloes 6591
"1- hexene produced by the trinerization- and tetranerization of -
ethyl ene using the process of the present invention is typically in
-the range of from10 % to 90 %w, preRérably from1l % to 85 %,
nore preferably from12 %uw to 80 %Nt of the overall product
15conposi ti o 21QRi ABREAE . Of 1&- @ﬁi@n@bﬁﬂéxhuﬂﬂidnouﬂﬁauewnmEedzahabn
and tetraneri.zation of ethylene using the process of, the
i nvention is thgpitesr yallﬁmgﬁéxﬁaﬁ 2B 135D HG ™ ?"t %%i%ghon

preferably frg@l%éegwcome@élmy 895 £1 410 %rl&brllyadﬁaims]yz wiblkcht @r80
owt, of the overal |l product conposition. , a(re} 1- hexeng)Iy
action

. sel ect i vi ty (dlerevefihéraﬁnﬁﬁf-‘ 6PT IS SPRRGHY priasenty

of the Br odugt, .G ﬁs'o'f' QQ):e'rnahHewﬁ{éﬁr%ﬁdnyﬁdrﬁfhﬁﬂCtﬁcﬁﬁ rarger iLBat i on
of ethylene u5|ng the process of the present inventiaon is

25pr ef er abl y %t ., eayPi88 196t abpBied pFet er 481 AREIDALL ORI Llost
preferably aty Iteasg 9%1%%‘('1 f,ithe 06 fraction of the product

conposi tion. ! ? octené sel ecti vi ty (i.e. the anmount of 1-
octene present inother08ufitablicoroofatabyHiodil R ot fegiorRd

of the. pr esentt TRy ERCCANEE R0EoB0 ey A T b0 DEhGR - a5 -

preferal y akhkﬁﬂsbu&&%be mmaehpaeée;aemgpQﬂateﬁnﬂe%ﬁﬁm@ﬁn RS
" preferably at eas 9 g C8 fraction of the product

conposi tion. e T %’éf %ty 01‘e SO|I s ‘produced in the trinerization 5and
tetranerizati on ofrhet hylasned tys iofg cohetplysessn ofhe rfea’b?Je‘éFe'fntSYStem

invention is typi cal at, nost .ab 1.11 Vslqiel e
ol efi n waxes ¥ B thﬁnvﬁéltﬁrooducegyri@é?%jeﬁo\t,\%o zat| ono and

tetramerizat Iy_Cg'tle 1@1t RyHee e rayee fatesi Nabl mlchrRI%febii@rbtﬁr@ﬁ’s las
this 10can reduce t he anount |ing, 9 r aqg@ntl, t
reduce ¥he afsurk08r WHek% Q‘{?F@%Eé’tg é@@uc@g%%gﬁ a%o%t of -~ o
operational "gigntiifeni rdugn toxr rn;umheaanme ped ztemnehgchforienr eact or

equi pnent. The am)unt of 010 pr.odu in the tr andk
15t et r aneri zat i on 1&f Oé’t‘any‘ﬂpé"ffe'L &EPﬁémﬁ?oceJLés{:}g? ﬂtjﬁgé%?gsen ntion

invention is ¢pwiGaldy st spsteradutheOp¥mtess of the present

invention comprises:

20 a) a source of chromium;
b} a iigand having the general formula (I);
(R} oP-X-P(RZ) 2 (1) -

wherein X, R: and RZ2 are as defined above; and

c) a cocatalyst.
25 _ In another specific embodiment of the present
- invention the catalyst system of the process of the

present invention comprises:

a) a source of chromium;
b} .a ligand having the general formula (I);
30 (R1) ,B-%-P(R1) (RZ) (I

Wik o | 55085007,



| n one enbodi ment of the present inyention, the olefinic product.
;BQMQQSQtOQEM@B the trimerization ahﬁES@tranerlzatlon of etﬁ@ﬂﬁﬁ%QOO&@68659‘

* ‘using the process of the 20present i nventi on typically conprises'a”

.conbi ned total content of 1-hexene and 1-octene of at |east 70 %u of

‘the overall product conposition, wherei4® the 1-hexene content isat

| east 10 %t of the overall product conposition, the 1-hexene

selectivity is at,}oast in 90 % #rPR2 he08sf Hacthan Hodde frdduct
conposi tion, the ﬁ octend content is at |east 10 % of the overal

product conposition, t&m;qﬁakﬁkyﬁ§.select|V|ty is at |least 90 %w of
the C8 fraction h t €sf the prdEdpd of
ofnd c?a@ahgﬂé% u\{sq:??rg%'ft lt?@t ﬁ§8g8§§ ep

solids produced is at nbs e 30overal | product,
conposi tion. 1nVEhQDﬂ?hﬂﬁﬁ45&9@%#&?20067®$B®5959 mgre than ong Hedker
enbodi nent of the_.prese jhvention, the ol efinic product conposition
of thengrlne?ﬁzﬁff£b9 EF? §tTameri zation ‘of ethyl ene using the:
process of the pr@ﬁenémmmhﬁﬂﬁf(nhnnmmpmhs@sm&lwoﬁamp@@ﬁmbn?akﬁ and

conpounds 5ot her _t han_1- ene t ene (qf ofn t he
overal | pr odﬁg? 2BAPYSI 2T o g%’?%’ f 1A 0% g‘tr% B)f EB% éllhses/grr\%ﬁe :
preferably athgDs{s@dm %, amﬂ@l&ﬂrraﬂna 1ﬂh¢heneaogﬂteﬁtfr@maQOQéh§¥’

10 %t of the overall pro t n ity
is at |east 90104 BBHDFSY <¥§§?} 5? the pr §g§t§€%§%€§%%y

the 1-9CtenengoBheshihif, a&oﬁﬁwﬁénﬂi)£ww sofd tthe dveentl peoperent

conposition, the 1-octene select|V|t Iea 0.9 of =t
fraction of ﬂﬁérpﬁﬁﬁuefe%%m5o%?t?c99 %ﬁ% *tnd éﬁ%ntggfgg i ds

produced is @t1”€ét1aQOUtM&é8@@réﬁeﬁéﬁﬂyU$M@emmbhnproducbmpgnpmtltibn
The process of the present invention is jllustrat af ng
non- I|n1t|ngaé%aﬁbﬁe§m°EREn%$e%oinﬁﬁﬂEﬂ(Qﬁrgfgdﬁrggegﬁdaﬁ RoL

Characteri satLon, Akl rebgm c@ls wsed: 11 preparati ons were purchased
20f rom Al drich and used w t hout furthe&ﬁpurlflc tkgn un 3?2 spENntioned
ot her'wil§e. Rhe theesperbelvik SPRPITE S araly&t “8ySTERE were -

carried out ggggmnlggpgembﬁtgaaph@rﬁemgylbeyﬂdﬂemtsogseuemere drled
usi ng standar rocedures. Anhydrous fo]Juene 25(99 @6pun

dried over 4AlW§ﬂééGP9ﬁ3§Ye?Ess%i??Eﬁl%%&¥lexﬁﬁ(3 SF 8600 ¥)5 ppn)

Anhydr ous heg&%@@ Q99n8a(9;9wétaata«@§s@rl eﬂué)ytm&%s&geaﬁwlt 4A
nol ecul ar si eves (final water: content of about

Et hyl ene (99&5%Ppuﬁhty)OﬁaEhﬁuFPF?%ﬁst%ﬁsngﬂﬂ(@%ﬂ g%%oﬁPglﬁlhg piv
mol ecul,gr si gues and-Bl3 €At 8h¥ShréBASE df any suitable solvent.

suitable -solvents are known to those skilled in the a?t,
suitable solvents may include any inert solvent that does
not react with the co-catalyst compopent, such as
saturated aliphatic, unsaturated aliphatic, aromatig,

25 halogenated hydrocarbons and ionic liquids. Typical

| solvents include, but are not limited to, benzene,
toluené, xylene, ethylbenzene, cumene, propane, butane,
pentane, heptane, decane, dodecane, tetradecane,
methyicyclohexane, methylcycopéntane, cyclohexane, 1-

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

suitable solvents are those disclosed in WO 02/04119,

o I 25106-2007,



order to reduce water and oxygen content to <1 ppm WD

2007/ 0574B8PQOVT/E28806/ 068659 - 35 - The ol i goner s BOTAEPHBG0FIEFR
characterised by Gas Chronmat ography (GE) 26 m order to eval uate
ol i gonmer distribution using a HP 5890 series Il apparatus and the

fol I owi ng chrsonst agsr aphdsoconshr | 6By oGOl A pdPad 4STPsSedi BKES a6
met hyl sil oxgﬁg, filmthickness = 0.25pm internal dianmeter = 0.25
mm | ength 66 AN Kt Pabkah P Eofwatet | 1e t @hider bl @r end 3P5E;
detection tenpesature: 325C;, initial tenperature: 40C for 10 m nutes;
tenperature programme rate: 1010.0C/ m nute; final tenperature: 325C
for 41.5 m nutes; Imt@Ernanizdintartd: oh-texd henzenelnddet yoe) dshof

the C4- -C30 q].efl wer.e .obtainhed fromthe alysis. The term
e TR B e Ss Of Y

"trimerization RIRETHMN ol FHRAEION
trinerizationsoffcetdey ene dmansy the: 1eammund) pft Gsfgasdion for med, -

within the product conposition, as determ ned by GC The t'erm
"tetrameri zatGedR e FHRFUEFOWEHREEE Han reey igning ¢dmponents (a)
tetramerizatigmp qf,yet hyl ene neans the anmpunt of C8-fraction forned

Wi thin the product 20conposition, as determ ned by GC. The term
"1-hexene sel ect i Vitey caiteery afs edystrem edfattiton deddrer timvait Zat iy e
ethyl ene neans the glgrour]C of 1- (r;tg}xene formed within the C6-fraction
of the grodu&re@@rﬁ? iTiOIET adt déterhSTsd sy Gee-Thetboveka 1) 257 yi el d
of 1-hexene abskheet IdfMRIHE Al Ofc ldndmne, | spidha Hyraducts of dihe
"trimerization selectivity" multiplied by the "1-hexene selectivity".
THe term " 1- 6eMeREcsdIse@f \ile) "catirdy Us e stenrel @i,on(lo at (c), may
tetranmerizati@n - e nt_of .1-oct ene fornmed
wthin the Co Fopiond IRUTPANE (I ASAR o0 ok ST G bt e
GC. The over alrl thWDo2@FAMST 48RGHER2Q0GDGIHANdeBpriyd eld of
1l-octe in the tetranerization of ethylene is the product of the

"t et raﬂgr i zaCPONAEERBG TS WOMRANETHS &F By'e K& berlysdt s tem,

sel ectivity" ¢ikhe ramRes 19f wisQl i’ iR i st heavys Jvax,
and pol yet hyl ene, has bee%vf det er rﬁq%egog?dﬁe%ﬁ% Se;a e'?g:ra\oqatls s

i sol ation frem e anFaredntndln tdid ParEsdagds candldadviedy bshanvashi ng

wi th tol uene s fdlter (P d by vacuum drying.

The anmount ofsgﬂlpg g}n%%r (%luéc:h% ic'(satt%é’%sr%m of the 10anount of l|argely

ol efinic product dee védelr emr@énents of the catalyst system, (a),

r

20 (b) and (c), may be combined at a temperature in the
range of from -100 to 200 °C, preferably 0 to 150 °C,
more preferably 20 to 100 °C.

(; The catalyst system of the process of the present
invention may be unsupported or supported on a support

25 material. Examples of suitable support materials can be
found in WO 02/04119, WO 2004/056478 and WO 2004/056479.

The olefinic moncmers suitable for use in the
trimerization and tetramerization process of the present
invention can be any olefinic monomers, which can be

30 converted into a trimer or tetramer. Suitable olefinic
monomers include, but are not necessarily limited to,

ethylene, propylene, optionally branched Cg4-Cpy,



anal ysis and the anmpunt of solids. The NMWR data was obtai ned at
roomten‘p%rg?{qwﬂ%,] 8th a Varian 300 MHz or 400 MHz appar Eiid'ﬁmpz%ﬂ%kéé%t
syst ens e catal yst conpositions of %ye_present i nvention were
prepared from catal yst precursor conposiTions containing |igands A,

B, C, and D and a chrom um source, .t hese conponents are described

bel ow. Chr onPE#iEEEFdY C4-C20, a-olegingni @mttPP@Rilyr Pg@nched Cq-Cay,
tris(tetrahydrofura canmpl ex, 20i. e, C13(.-THF) 3, _and chr.om um
tris(2,4- pentpgﬁgéir(#)&tye;&pﬁe@d &ﬁtleé@a% rotljlrﬁ(f&ﬁst’ r f’?%&(? e &snaed
i.e. Cr(acac)3,_Hhave R chr.am ur .t .

si mul taneous_)ct%r icl-% an tg%rllél%g i gt itd;ﬁ’r (g’;lg{pilgn@g%%f Oceit%%;}]n%rfe%%atﬁognaanl&y
conponent Al izRafd @), -cthe (ﬁfé@ﬁw@nﬁgo§pwlw%%ﬁ)ﬁ %nd
met hoxyphenyl ) (phenyl) 41 i gand was prepared by first formng a
suspensizon ofopd.iddaq Uy trdioH0 opvaly), i pr8Faradfly TECAp Whiatesyass
added 9.66 g of (2- 30net hoxyphenyl)2P(phenyl) (30 mmol) at 0 C under
an argon at nosgherse Jfe.aniadtiy éngasshetd Gued Afsor ppefeuradl mfd21rCo g0
2007/ 057458PCT/ EP2006/ 068659 - 37 - which time a 5 nl aliquot of

net hanol was d¢Ed.one0 Medbiolfliddne wesmdddd ofo st ahba e fHier

whi ch the SOQH%A ﬁ’@%nﬁ‘fdc?é’t %twa{%etn\& %%dgss%[%gﬂyo;lsiﬁg%%}ft%;

The extracte ol uéne "solut1on was n concentrated-t une of
appr oxi mat el yi2@ad ,o-wHiecht s udd dn dftoryieidegn paforsy 1strepensiom enkhe
concentrated toluene solution was filtered, and 4. of C2Cl6 was

6
added t1§ t he YOS |%7%?%€“%i%ﬁ%qq1er%"ﬁqwﬁé‘g iGN sl at

90 C. The HChgashichfvlaed fromdhedeaction ddaas, "frapped” in
an alkali bath. The mixture was then cool ed to room tenperature and

purged with rigtrEagEeane r dmivant@deggng hel Thanads arneHCIl preseade¢ene,
the solution., _ At room tenpe re, . aliguot 0 _
triethylam nel V\%.:St ‘_iaddecf‘saed-1 Ef’oq h%&gao(%\egéen G aatrg%%t or%lucg)nseeqls% olu gl%rhc%%% Teft
15for a few mluftiass safdterasv-atethyilpeft -2l Mo Nkl (22 1hpl ) 1 Wasxene ;
added few drops at a tine. The suspension was filtered and washed

with 20°m  oflifiaferidld THARTIGR N ¥ I1HF- AR Hnd S H bl AR e WasHe /

fraction wer e GomdHdied.ydhsh&otil nedh il yene fIactians wes e
evaporated 20 to dryness and 30 m of nethanol was added. The .
met hanol sol uti on Miastueds oVepieGniqimaggna spieareinl e Wietes¢@-1n

Loy SN PNEE SR phen) precpitate
i sol at ed. Preferred olefinic monomers for use in the
20 trimerization and tetramerization process of the present
invention are propylene and ethylene. Especially
preferred is ethylene.

The catalyst system and process of the present
invention are particularly useful for the simultaneous

25 trimerization and tetramerization of ethylene to l-hexene
and l-cctene.

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

30 When the simultaneous trimerization and

tetramerization is performed in sclution or slurry phase,



25The precipitated |ligand consisted of two isomers, a racemc isoner
(the RR aNddapo7t0hES®ES enanti omers of the ligand) and a nmMeEQ/EPIEOELE3659
(the RS enantioner of the ligand); the prdd@etrtions of these two

i soners were determined by nP NVR with peaks at 63.18 and 64.8 ppm

30correspondingiinudiie &woseiFELE enbhi SQNES Ssu@§9§ﬁﬁié(?i¥ il SANRLE
consisted of a m xture of both the racemc and the neso 1 sSONers

havi ng wei ghtt¥di§bkza%ion/ 8nd Vs pETYy DE5TUESPCTHEPRODGN §68650be 38 -

Conposi tion t ho P P

n'e'?ﬁoxyphenyi%) ( p%?%é? §Q{P{'§}5‘_§1’é )rr(i(ljfgg%%% i %ch\nﬁ?% gﬁﬁuﬁﬁgl%?lc
pr epar ed by strid ra nyraaini @ gluy apd @ xri5on i Uil of oGl €ES (A Scangdoh s gang
corrponelgt at 50C, fol| owed by evaporation of

I f 1 h
t he sol Vent |%§/§ﬂuﬁjene% %ﬁvﬁgﬂfﬁéb%?arﬁfea%@él WL Wi Y e nt BHee r i zafaken

conponent B (GpH@Etdve)} i zdOTHE conditions may be employed, suc
(2- met hoxypheny1) 2PN( CH3) P( 2- net hox[{g/ eny1) 2 11 gand was Prepare by

first form ngtmssemcms@pmd EB.Yenle) Mol 9, (BOHED hOXyPhehyd)@PNEL 2
in 20 m d'eR@QOﬁMM 9 this solution 10 mM of a 1 M HCl1l sol ution
in diethyl et (10 ol ” HC1) was added under an inert atnosphere

15at room t enper atlifee. t dhme SUSPEINSE Ghd htst f e WeSo St hF &8ss of the
overni qﬂ The diethyl ether was renoved fromthe product under

vacuum!nd 2B TRSTE dryY 30t LRI dPavA O R dEE OIS 1% (ARY reR@ o it @ opupleer

flltered and vegh t e
ored, 31 ey diene Yeseesmpuot Loom Le 1] Ll WS AEHU co

so ution of Grektheg (@’tm"ml'])ymicalhetﬂ’qd amineedie20ion afddry

di chl or onet han Mas, added. t o the t.hoxyphen 2PC1 roduct. To
the resul ti neg% %1 e, ? et rﬁro‘? fﬁ%,@ﬁr@sﬁﬁ Jorh"'““:r FHE 2.5
nmol ) was 25&1@1@@1@@ | oved Bax i) r's QVIEBTBH Y - ool NeorStod Vst S i &,
renoved _fromthe resulting solution in vacuo and 20 ml of dry tol uene

was addeéd. The mﬁhﬁ@ tﬁfﬁptﬁ|tt@rwwﬁfelqro|met%@m€e¢mon

fromthe fil n RS d t.o
t he residue %{) pr oduce 30a suspen5| on ewn 9{1 syﬁdllpt er e&%ﬁc@%ro‘?%der
to | eave t he tRaDf20072105%3 S8RCH ER2008/06866%onditions. Typically,

the temperature will be in the range from about 0 °C to
about 120 °C, preferably from about 10 °C to about 110
20 °C, more preferably from about 20 °C to about 100 °C,
even more preferably from about 40 °C to about 100 °C.
The process of present invention may also conveniently be
performed at temperature range of from about 20 °C to
about 70 °C. However, it may be commercially desirable
25 to perform the process of the present invention at an
elevated temperature, therefore, the process of the
present invention is highly suitable to be applied at a
temperature in the range of from about 70 °C to about 90
°C. The pressure range under which the process ¢f the
30 present invention may be performed is typically in the
range of from below atmospheric pressure to about 40

barg. Preferably, the pressure will be in the range from



- 39 - solid white (2-nethoxyphenyl)2PN(CH3) 1) (2- met hoxypheny1) 2

product j i;sol ated. Conposition B EP2006/068659
(2- et ho\>,<\€Jp %gylii%N( CH3) P(2- net hoxyphenyd)2 in a 51:1 rfl;)(szirPratﬂl} 0

with CrCL3(THF) 3 was prepared simlarly to Conmposition A . Ligand
component C (conparative) The (phenyl)2PN(i sopropyl)P(phenyl) 2

li gand was p%&ﬁglr%eé) By tt%@qodﬁ oé\?a re?&)él‘get f&de RE eéa)tﬂwgfd)éfrmé“ about
10ni trogen atg1ssphel@oukd 38 dddgt RWrmEirg 1Was rndted e 39 from
(pheny1)2PC1l in 80 m of dry dichloronmethane. To the resulting

m xture, 0.84pY dopropydth e \Was %addE@r@ed adiureie @ncb pstggsures
overni ght at r e t o T v e.re rom.t he
g o&%%@cfe rm%’ Lgteatechcei:b%genﬁﬂéff a\gr&;? tboeI ngn:%)g%m\;escea ddde ver,

resul ting solution 1n- vacuo an ed.
The m xture vas trieerrtfidi eyedhovewid lIsmlthdmyriveofarsidd®ass e heavy
rate under vacuum_ The

tol uene was renpved fromthe inIZj;

(pheny1) 2PN( i%r‘)&pﬁc)lljzgp@h“ﬁ5 Yot Aas isdimdtidfagy- amounty of
white solid. {Gystalldzals anndrom.et hanol yiel ded

20( pheny1) 2PN(i sopropyl ) P(phenyl)2 as white crystals. Ligand
conponent D The HyherREn)ZRN( o greapera(i@-aretrish s 211 i igand was
prepared by the f.ol| ow n t hod. . .._Under ni.tr.ogen

B moapher e, E2a T iy R Mk, Fsdaas o BB IS ot e
in 10 nio dry impliienerdeedherf el togregsantxtitresnth.dib 48 Kphenyild2PCL
was slowy added and allowed to stir overnight at room tenperature.
The preci pi t 3t€ ECHEREe BT REadused At 48 Wit s®eret ridived

fromthe res%daéggqqtsowémw ﬁ’fﬁu@alﬂi}) 13RUNe; Luaperal | o £ o84 due
pent ane was added and subsequently the 'sol vent was renoved in vacuo
fromthe WO 00#GENS8PCTTIEP2008L06865 % ot Zner parieohecsd| i i ong

71 oL 9 19, (PUAIZEINL 0BT GOUL)c 55 Bl ] S OLda L fleases wich
15 increasing pressure. The amount of heavy {(Cy24) and/or
solid by-products also appears to increase with
increasing pressure in the process for the simultaneous
frimerization and tetramerization cof ethylene to l-hexene
and l-octene. The amount of by-~products appears to
20 decrease with increasing temperature, although the amount
of the tetramer produced also appears to decrease with
increasing temperature.
Therefore, the process of the present invention can
be used as a tuneable process for the trimerization and
25 tetramerization of olefinic monomers. By the term
“tuneable” as used herein, it is meant that by varying
the reaction conditions of the process of the present
invention, the amount of trimers and tetramers in the
product composition produced by the process of the
30 present invention may be varied. This may be useful for
a tuneable, continuous or semi-continuous, process for

the trimerization and tetramerization of olefinic



Under a nitrogen atnmosphere, 3 m triethyl am ne was 5added to 0.9 g
of the isdf@atwd/ofpEhenyl) 2PNH(i sopropyl) in 5 m of dry PCI/EP2006/068659
di chl oronethane. To the resulting mxtwe&l 1 g

(2- met hoxypheny1) 22C1 was added and allowed to stir for a week at

room tenper atwfieondOs | hehé BSURL LAY HLEGLEONCHIEST €135 101 1Of ALY yeq
tol uene was added. The 10precipitate was renoved by centrifugation:

The sol vents (®r® rErdedrPAopittied resaher ngrepdution df vatwersThe a
resul ting m xi i  \\as j tape and thereupopn _stirred
g sose il ipebed o yger ane ancLhereun

wi th net hanol ing sol 7 d. e sRe€d wi th
pentane and drissdying lSvacteacibel cdodft Powf without having to

heny1).2PN(i. | ) P(.2- t yphenyl) 2. Co-cat al yst . . The
o ot aPyot | (RBF AR B o HEM S ot feteas eht Lok f Fsherbeagion
al umi noxane (YAO)td i 4rb R i bl Jr S B R0, . 20§¥p§$£€9m§ym{0{rfg%§“

GrbH, Ber gkanen, GCernmany; tetrai sobutyl dialum noxane
309t in cyclhexshesyotially uswsul Sempph i vohdsb Wt cooPolyners or

Chem cal s, Wt ( . a CGe ny.,.Ex les 1 - 11 Catalyst
syst em pr eparsaet(}rlpion iorng‘l?ér% ‘t;ﬁ%%%%sg %gitn%‘? ia?_zn%rp%lﬁl%ﬁamn =54
tetrameri zat itert damear bad tiorub Db Vel erd), aqiBspain Mh@09r &idey box the

CrC13 1]-[ 1 corEpI exes, of ligands A or B (i.e. Conpositions A® or B,

i ndi catt8d i n CRABIS 15 Qe r A | 22 eth319e giasE- bOFIT T THECERY af yBigher
precursor Compesidiihyvase conyerd.ed 4 nto 3y, -

D007 05ya5eer Lo 5t CEWEERS 01D Hilh y%a?%\%tjggéroﬁ.% -
of ( MAO sol ut icstene t clenecgceerdals by orhah@ingg MA@ sodatton)conditions

followed by typically 4 g of dry toluene. .Finally the bottle was
seal ed by a gé%tht?ﬁtcgqpév%ﬁe%% %/% Eil Jﬂ/%l?nc st&%t?afoef%%mo‘? AP ToF V\f%%geor
sol utions, were useGnd:i 146 Gh nAld aneOtend i za Bh tStERRBE | 2B, ON
reacti gg of ethyl ene. Al ternatively, chrom um

tris(acetyl acet ondte)CNg \iiiReAINEED Hirdihe orpIent ahwiertbin) i gegwe is
conponent C 109/ dde s ddii Gl e&:’inﬂeﬁazbii%&} N & bl AGRE] L. 2 g asp
: y toluene (typically 4 g) was added to
olefinic monomers, wherein the process comprises
contacting at least one olefinic monomer under
trimerization and tetramerization reaction conditions
20 with a catalyst system of the process of the present
invention, wherein the process is a continuous or semi-
continuous process and the reaction conditions are varied
(; during the process. Variation of the reaction conditions
can be performed to make continual adjustments to a
25 process to ensure a consistent product slate or can be
performed to a process to change the product slate
produced. A preferred versicn of this embodiment is a
process for the trimerization and tetramerization of
ethylene, wherein the process comprises contacting
30 ethylene with a catalyst system of the process of the

present invention, wherein the process is a continuous or



obtain the catal yst precursor solution. Finally the bottle was seal ed
W th a segighmhdRssginese catal yst precursor solutions, oicwesdodisssso
these 15sol utions, were introduced to thg autoclave as catalyst
precursor solutions and activated by the pre-dosed MAO or TI BAO
in-situ and subsequ entlg%l used in the si taneou tri-

tetraneri zat POA-T EXATONSF SRPCSRe 2P it ARaGHL oy Fr?é’ldijfétoin&n 2

tetrameri zat rvg&lre@aca{jrqm@ tZQopr@rcl@gIsene inal.0-litre batch
aut ocl ave Si mul taneous tri- and tetranerization experinents

wer e perforned i nSEPRIGULNY @fstdel PAGHYEITEY e TEQEATFHED AR I¢Sjtadivet
cooling wth a hea 'pr&jd‘f%%gt c?%yb%tnh G:%éhnﬂr#u%b‘?mo%dec' o AR DN %é;a in

turbine/gas stirrer "an e reactor was scaveng
i ntroduéi ng 25@ mrtt,olswerme,adMADsHA.16 ag isol, utfiidnradricam,si m | ar anount

of a TIBAO sol utiaq and subse stirring at 7QC under. nitr.ogen
pressure of OGS4 8 W 1t g@%‘ﬁlﬁit/iﬂ‘ﬁélllde @rra’atdé’d’nt eerﬁtsra\%r@%'

di scharged viaa tap in the base of the autoclave. The reactor was
evacuated to about 0.4 kPa and | oaded with approximtely 250 m

t ol uene, heated t@um%@bﬂ‘@ﬁ%%ﬂ@m&wf- &levemmsrc and
pressuri sed t.hyl e r cat T
Wi | st sti rrygntgugrea%éﬂ sncgeiérqu ]tﬁ“ %tay%“% %;e al%qgl Ht ak 3?0%1% ]ln6 Wo

mrol Alp or aZNBAQ S0l ution as indicated in 5Table 1 was added to

the reactor with the aid of _toluene to atti an Al/Cr atom ¢ ratlg
of 200 (typicall y, T 3%t W PSS e Qled Va PHRsItt 29 Nt ¢e for

MAO- sol uti on gid %%Méf&: ol HeNe: 10 & rMa RS d Y Bl et AN her

i njector systemwas rinsed twice with about 8 m toluene) 10and the
stirring at 80Cfipm wasercom i hushfigle 3@ rdimptleisiied metime of

Cr-catal yst precursar system (typically ucengrTDg[ oa?eh ﬁiﬂ( Jmonomer

uGgin
prepared as (:Pescn%eoga ove, Was I n I’O |rred reactor

usi ng ars i nj et ronrsdisd ein fbideden a8 of-deldienes (ctch@éhﬁédilwifﬂh une
injected 15was about 25 m:; the catal yst solution diluted with

tol uene to 8 SAVIERLTH St ErERIRA tHE | H] B U™ YA el rR RSP ESF ce

with about 8 yd tolughelar Thend nidd als lading @fsd her repct 9e vast
about 300 nl of Targely toluene. 20The addition of the catalyst

system resul tEwenfienr Hor | Hekiced onl Perd dar ote sort Bomi ades, in an

exot herm (gener aI | 10£) d,a Ljum
within 1 mnute ad rlz£$ C?IP ok %lgﬂes@ag? %é eofa%ﬂg e%%g%rglla ure
of 40C znd t hergpvosssire pfodésbaﬁgthMangh rwsbbat’eﬂvﬂtizfﬁdjenﬂ-y in

Table 1. After consum ng the desired vol une of ethylene,
si nul t aneous 1?‘?1Fen%n%ln‘fle%r%ﬁ%‘?’|"°za‘f‘f%‘ﬁ as %}i‘%p‘b@de’byp%f%‘ﬁ)‘ﬁ‘at%ogpifﬁﬁdt on

room tenperatire €L naRRotL Bratoibes)redObloneeh byaneniiee péatibed
et hyl ene, decanting the

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

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

Typically, the trimerization and tetramerization

30 selectivity (i.e. the amount cof trimers and tetramers of

the olefinic monomers in the overall product composition)

of the process of the present invention is at least 65



30product m xture into a collection bottle using a tap in the base of
t he aut ocW07/BiEFEure of the mixture to air resulted i RCEEPRA6H068659
deactivation of the catalyst. W) 2007,£032458PCT/ EP2006/ 068659 - 43 -
After addition of n-hexyl benzene (0.5-3.5 g) as internal standard to

the crude produst p.ldie amunta0fi de. Chy B OLeSl 1% ANk DU Vo OF1 Dt
08 and 010 ol efins was determ ned by gas chromat ography. The
experi ment al 7&@attd5i & ey tBtal Tabtaduct compod it tdre. cablee of

experiments g t e pressure a simlarl ui pped
0.5-litre st ggﬁ%ﬁ%&%v% ﬁafélsqebgéyednr%t}'éeelg%za} olaodEdse(]sef?rﬁﬁ‘é%q% f ttﬂge
above- descr i hedmprdeedtire faord thee dantd i 46l @Uta |ae) 1 amd (150, ndhof
10t ol uege, a MAO- sol %i on or_ a TIBAO-solution and a Cr-_ catal yst
system” The AABURs %Gf GhéTE “Sattladrdt @Y siemhavisde raf Bar @it i on,

sol vent and | ene .cans tion,were typically.half of those used in
t he correspo%é?%é)%fi&ﬂ?ﬂt ﬁl;giél@pgrqené)rﬁosge{)sé ﬁ T PR Sand Whidon
atomi c 15ratie Gef lakew 20Q@wandfdmalamlpha alefdth ToNGENt natdon as
much as practicable, The experinmental data is provided in Table 1

bel ow.  1-CBr#igre®ly adn Teatsfl B Galiot (mbheramprall proguagy

composition.
10 The amount of l-hexene produced by the trimerization
and tetramerization of ethylene using the process of the
(j present invention is typically in the range of from 10
Fwt to 90 %wt, preferably from 11 %wt to 85 %wt, more
preferably from 12 %wt to 80 %wt, of the overall product
i5 composition. The amount of l-octene produced by the
trimerization and tetramerization of ethylene using the
process of the present invention is typically in the
range of from 10 %wt to 90 %wt, preferably from 11 %wt to
85 %wt, more preferably from 12 %wt to 80 3%wt, of the
20 overall product composition.
The l-hexene selectivity (i.e. the amount of 1-

hexene present in the Cg fraction of the product

(ﬁ composition) in the trimerization and tetramerization of
ethylene using the process of the present invention is
25 preferably at least 85 %wt, more preferably at least 99
%wt, most preferably at least 892 %wt of the Cg fraction

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

octene present in the Cg fraction of the product

30 composition}) in the trimerization and tetramerization of

ethylene using the process of the present invention is
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preferably at least 85%wi, more preferably at least 90
swt, most preferably at least 92 %wt of the Cg fraction
of the product composition.

The amount of sclids produced in the trimerization
and tetramerization of ethylene using the process of the
present invention is typically at most about 5 %wt.
Lower levels of solid olefin waxXes and polyethylene
produced in the trimerization and tetramerization of
ethylene are desirable in commercial operations as this
can reduce the amount of fouling of the reactor
equipment, reduce the amount of waste by-products and
reduce the amount of operational “downtime” due to
maintenance and cleaning of the reactcor equipment.

The amount of Cip produced in the trimerization and

tetramerization of ethylene using the process of the
present invention is typically at most about 10 %wt.

In one embodiment of the present invention, the
olefinic product composition of the trimerization and
tetramerization of ethylene using the process of the
present invention typically comprises a combined total
content of l-hexene and l-octene of at least 70 %wt of
the overall product composition, wherein the 1l-hexene
content is at least 10 %wt of the overall product
composition, the l-hexene selectivity is at least 20 3wt
of the Cg fraction of the product composition, the 1-
octene content is at least 10 %wt of the overall product
composition, the l-octene selectivity is at least 90 %wt
of the Cg fraction of the product composition, and the

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

overall product composition.
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In another embodiment of the present invention, the
olefinic product composition of the trimerizaticn and
tetramerization of ethylene using the process of the
present invention comprises a total content of compounds
other than l-hexene and l-octene of at most 35 %wt of the
overall product composition, preferably at most 30 %$wt
and more preferably at most 27 %$wt, wherein the l-hexene
content is at least 10 %wt of the overall product
composition, the l-hexene selectivity is at least 90 $wt

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

octene content is at least 10 %wt of the overall product
composition, the l-octene selectivity is at least 390 %wt

of the Cg fraction of the product composition, and the

amount of solids produced is at most about 5 %wt of the
overall product composition.

The process of the present invention is i1lliustrated
by the following non-limiting examples.

ExamEles
General Procedures and Characterisation

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

All the operations with the catalyst systems were
carried out under nitrogen atmosphere. All solvents used
were dried using standard procedures. Anhydrous toluene
(99.8% purity) was dried cver 4A molecular sieves (final
water content of about 3 ppm). Anhydrous heptane (99.8%
purity) was dried by passage over 4A molecular sieves
(final water content of about 1 ppm).

Ethylene (99.5% purity) was purified over a column
containing 4A molecular sieves and BTS catalyst (BASF) in

order to reduce water and oxygen content to <1 ppm.
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The oligomers obtalned were characterised by Gas
Chromatography (GC), in order to evaluate oligomer
distribution using a HP 58890 series II apparatus and the
following chromatographic conditions:

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

internal standard: n-hexylbenzene. The yields of the Cy-
C3p olefins were obtained from the GC analysis.

The term “trimerization selectivity” when used in
relation to the trimerization c¢f ethyiene means the

amount of Cg-fraction formed within the product

composition, as determined by GC.
The term “tetramerization selectivity” when used in
relation to the tetramerization of ethylene means the

amount of Cg-fraction formed within the product

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

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

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

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

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

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

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

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

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

Catalyst systems

The catalyst compocsitions of the present invention
were prepared from catalyst precursor compositions
containing ligands A, B, C, and D and a chromium source,
these components are described below.

Chromium source

Chromium trichloride tris(tetrahydrofuran} complex,

i.e. CrCl3(THF)3, and chromium tris(2,4-pentanedionate),

also called chromium tris(acetylacetonate), i.e.

Cr(acac)3, have been used as the chromium sources in the

simultaneous tri- and tetramerization reactions of
ethylene
Ligand component A (comparative)

The (2-methoxyphenyl) (phenyl)PN (CH3)P (2~

methoxyphnenyl) (phenyl) ligand was prepared by first
forming a suspension of 0.42 g lithium (60 mmol) in 80 ml
of THF, to which was added 9.66 g of (2-

methoxyphenyl),P (phenyl) (30 mmol) at 0 °C under an argon

atmosphere. The mixture was stirred for 4 hours, after
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which time a 5 ml aliquot of methanol was added. 60 ml
of toluene was added to the mixture, after which the
gsolution was extracted with two 40 ml portions of water.
The extracted toluene solution was then concentrated to a
volume of approximately 20 ml, which resulted in
formation of a suspension. The concentrated toluene

solution was filtered, and 4.6 g of CyClg was added to

the toluene filtrate, which was then stirred for 2 hours
at 90 °C. The HCl gas which evolved from the reaction
was “trapped” in an alkali bath. The mixture was then
cooled to room temperature and purged with nitrogen to
remove all of the remaining HCl present in the solution.
At room temperature, a 5 ml aliquot of triethylamine
was added to the concentrated toluene solution and left

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

mmol) was added a few drops at a time. The suspension
was filtered and washed with 20 ml of toluene. The
toluene filtrate and the tcoluene 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 iscmers, a
racemic isomer (the RR and/or the SS enantiomers of the
ligand) and a mesoc isomer (the RS enantiomer of the
ligand); the proportions of these two isomers were
determined by *'P NMR with peaks at 63.18 and 64.8 ppm
corresponding tc the two different isomers respectively.
The sample consisted of a mixture of both the racemic and

the meso isomers having weight ratios of 92/8.
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Composition A’

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

Ligand component B (comparative)

The (2—methoxyphenyl)2PN(CH3)P(2—methoxyphenyl)2

ligand was prepared by first forming a solution of 1.59 g

{5 mmol) {2-methoxyphenyl) 2PNEty in 20 ml diethyl ether.

To this solution 10 ml of a 1 M HC1 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 sclid (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)osPCl preduct. To the resulting mixture,

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

added and allowed to stir overnight. The solvents were
removed from the resulting solution in vacuo and 20 ml of
dry toluene was added. The mixture was then filtered.
The toluene was removed from the filtrate under vacuum,
and 10 ml of methanol was added to the residue to produce

a suspension, which was filtered once more, to leave the
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solid white (2~methoxyphenyl)2PN(CH3)P(Z—methoxyphenyl)g
product which was isolated.

Composition B’

(Z—methoxyphenyl)zPN(CH3)P(2—methoxyphenyl)2 in a
1:1 molar ratio with CrCl3(THF)3 was prepared similarly
to Composition A’.

Ligand component C (comparative)

The (phenyl),PN(isopropyl)P(phenyl)s ligand was
prepared by the following method. At 0 °C, under a
nitrogen atmosphere, 15 ml triethylamine was added to

6.3 g (phenyl)oPCl in 80 ml of dry dichlcoromethane. To

the resulting mixture, 0.844 ¢ isopropylamine was added
and allowed to stir overnight at room temperature. 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. The

(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 compeonent D

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

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 removed from the resulting solution in wvacuo. To
the evaporation residue pentane was added and

subsequently the solvent was removed in vacuo from the
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pentane solution, yielding {phenyl) oPNH (isopropyl) as a
colourless oil, which crystallized on standing at room
temperature.

Under a nitrogen atmosphere, 3 ml triethyl amine was

added to 0.9 g of the isoclated (phenyl) oPNH (isopropyl) in

5 ml of dry dichloromethane. To the resulting mixture,

1.1 g {(2-methoxyphenyl)sPCl was added and allowed to stir

for a week at room temperature. To the resulting
reaction mixture 5-10 ml of dry toluene was added. The
precipitate was removed by centrifugation. The solvents
were removed from the resulting solution in wvacuo. The
resulting mixture was first washed with pentane and
thereupon stirred with methanol yielding a white solid.
The white solid was washed with pentane and dried in

vacuo. Yield 0.7 g of (phenyl)oPN(isopropyl}P(2-
methoxyphenyl) .

Co-catalyst

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

methyl aluminoxane (MAO) in toluene, [Al] = 5.20%wt,
supplied by Crompton GmbH, Bergkamen, Germany;

tetraisobutyl dialuminoxane (TIBAO) 30%wt in
cyclohexane, [Al] = 5.44%wt, supplied by Witco Polymer
Chemicals, Witco GmbH, Bergkamen, Germany.

Examples 1 - 11

Catalyst system preparation for simultaneous

trimerization and tetramerization in a batch autoclave

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

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

precursor composition was converted into the catalyst



m Sr n

1 L8 OEL6 L8Db 98i 00 CV C) 95L L178 LZ 1

cr 0 10 lwdPmodoshass PCT/EP2006/068659

10

15

20

25

30

- 41 -~

solution by adding 3 or 1.5 mmol of MAO solution in
toluene (ca. 1.6 g or 0.8 g MAO soluticon), followed by
typically 4 g of dry toluene. Finally the bottle was
sealed by a septum cap.

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

Alternatively, chromium tris({acetylacetonate)
(typically 30 umel) and the amount of ligand component C
or D, as indicated in Table 1, were placed in a glass
bottle, to which dry toluene (typically 4 g) was added to
obtain the catalyst precursor solution. Finally the
bottle was sealed with a septum cap.

These catalyst precursor sclutions, or part of these
solutions, were introduced to the autoclave as catalyst
precursor solutions and activated by the pre-dosed MAO or
TIBAOC in-situ and subsequently used in the simultaneous
tri- and tetramerization reaction of ethylene.

Simultanecus trimerization and tetramerization reactions

of ethylene in a 1.0-litre batch autoclave

Simultaneous tri- and tetramerization experiments
were periormed 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, MAQ {0.6 g solution) or a similar amount cf a
TIBAO-soluticon, and subsequent stirring at 70°C under
nitrogen pressure of 0.4~0.5 MPa for 30 min. The reactor
contents were discharged via a tap in the base of the
autoclave. The reactor was evacuated to about 0.4 kPa

and loaded with approximately 250 ml toluene, heated to
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40 °C and pressurised with ethylene to 15 barg or as
indicated in Table 1.

Whilst stirring, a MAO-solution (typically an intake
of 3.12 g, 6 mmol Al) or a TIBAO-soluticn as indicated in
Table 1, was added to the reactor with the aid of toluene
to attain an Al/Cr atomic ratio of 200 (typically, the
total volume injected was about 25 ml: the MAO-solution
diluted with toluene to 8 ml was injected and the
injector system was rinsed twice with about 8 ml toluene)
and the stirring at 800 rpm was continued for 30 minutes.

The Cr-catalyst precursor system (typically 30 pmol
on Cr intake}, prepared as described above, was
introduced into the stirred reactor using an injection
system with the aid of toluene (the total volume injected
was about 25 ml: the catalyst solution diluted with
toluene to 8 ml was injected and the injector system was
rinsed twice with about 8 ml toluene). The initial
loading of the reactor was about 300 ml of largely
toluene.

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

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

air resulted in rapid deactivation of the catalyst.
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After addition of n-hexylbenzene (0.5-3.5 g) as
internal standard to the crude product, the amount of the
Cy4-C3p clefins and purity of Cg, Cg and Cig olefins was
determined by gas chromatography. The experimental data
is reported in Table 1.

In the case of experiments under 30 barg of ethylene
pressure a similarly equipped 0.5-litre steel autoclave
has been used, loaded (similarly to the above-described
procedure for the 1.0-1itre autcclave) with 150 ml of
toluene, a MAO-solution or a TIBAO-scolution and a Cr~
catalyst system. The amounts of the Cr-catalyst system,
MAC-, TIBAO-sclution, solvent and ethylene consumption
were typically half of those used in the corresponding
1.0-1litre experiments to maintain the same Al/Cr atomic

ratio (of about 200) and final alpha olefin concentration

as much as practicable.

The experimental data is provided in Table 1 below.
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— A7 - AVENDED.CLAIM5 1. A process for the sinmultaneous - . ___ -~ _ .
tiriintee] 2b024008nd tetraneri zati on of CoM&fi ni ¢ nbnoners, - whePET/ER,BEOB/068 659
process cowpgEPdes contacting at | east ‘one olefinic monomer with™a™ "~~~
Latal yst system conprising: 5a)a source pf chroniurm b)a |igand

havi ng the general formula (1); (R1)2P-X-P(R1)m R2)n(l) wherein: X is

a bridging group of the formula -N(R2)-, 10wherein R3 is sel ected

from hydrogen, a hydrocarbyl group, a substituted hydrocarbyl group,

a silyl group or derivati ve Eg r;i%f D %hs Rlcgo}ypf Wr& independently
selected froman optionally i ' bearing a ,
15pol ar substituent on at |least one of the ortho- positions; and the
R2 groups arelindépenesidsy fogl ddeedifindhanediss i trinsrigration and
unsubstituted aro i r A nel.udkng. i ,

20whi ch do not cq%;tlr%n%r%ol%%}rm?u%gt g?%%ﬁ{?fgﬁﬁgﬁéﬁ%'t ﬁ%rggx%li% the

ort ho-positions; widdreste qrpriisest hantaating Rioridast dre Plefinignd

the total of m+ n is %;r Qﬁttihor%lc%%a%grgg %ﬁc{s{&? %lﬁ%ﬁr%:oups may

25i'ndependent | y b& T HKEd 't o of each ]
-Print5d 21--. . 0l=ghdt gi GloM8c<POE ERr20064068659 " - 48 - or to the
bridging group X %8 fOEmf%égﬁH %%ving thé general'formula {I);

(R1) gP-X-P (R1)  (R2) (I)

wheréin:

X is a bridging group of the formula - (R3) ~,
10 wherein R3 is selected from hydrogeﬁ, a hydrocarbyl
group,. a subétituted hydrocarbyl group, a silyl

group or derivative thereof; _
the RI g;oups"are independent;y selected from an
opfionally substituted aromatic group bearing a

15 | polar substituent on at least one of the ortho-
positions; and .
the RZ gfoups.are independently selected from
substituted or unsubstituted aromatic
groups, including heterocaromatic groups,

20 which do not contain a polar substiéﬁent at any of

| the ortho;positions;~ ,
with the proviso that m is 0 or 1, n is'1 or 2 and
the total of m + n is 2; | |
optionally, any of the R} and RZ groups may

25 independeritly be linked to one or more of each other

1/3, | | | N 25-06-2007"



S fitEhUH £ c)a cocatalyst, at a ure in the range of. from .._.
eI%% at rmsp%erel-c 5to 40 barg and atggﬁéerrper ature in the rEﬁ‘d‘éEBT?()O@/OGS 659
from0 Cto 120 C. 2. A process according to Caim1, wherein Ris

" selected from Cl-C15 al kyl groups, substiguted Cl- C15 al'kyl gr oups,
C2- C15 al kenyl groups, substitut ed 10C2- ClS al kenyl groups, C3-C15

cycl oal kyl groups, bst.i tut -Cl5 ¢ ky oups, Ch-C15
aronmatic groups and g:l.ﬁjs 1% GepScEd Po ?c%%"rg'&l%scy%]ﬂe‘? erably
Cl- C15 al kyl grourm:ru&tuﬁcem cm&ss according to any one of Clains 1

and 2, 15wherein mis 0 and nis 2. 4. A process according to any one
of dains 1 to 3, Sherdl ncclcr‘?é:aéé/sé:r'oups are independently sel ected

fromoptional ly sulstd tadeadsupleenyl t8E0URSgaN: £ he flgn FEEJ.&Qrﬂﬁid‘sgﬁlemc
pol ar tg)stl tuent at any of the ortho- 20positions. 5. A process
g

accor di to any drfe 40F RaLE @@ atoe Bempewrlerea thhetTF? i iof from

i ndependently sel ected Hfg apgsuhstituted or unsubstituted aromatic
groups bearing an optionally branched Cl-C20 al koxy group on at

25| east one df. thé mﬂmaiddwﬂingptef@rahhyl,ammereaimaﬂ igy oup. 6.
A process accordi ne to in.the
tenperature is mgt%ﬁ"tg%rt%%éﬂof“ ?:llo% n%qgjo (-?L’fﬁ}i;@ ﬁ%%ﬁ%@@s&'
according, to any eng @flkglalg%u%)st chvcfg‘eéﬁkéhytlh%mt SQlbetltuted
chromium a), and the anount - -7of"Tigand,” b) are present in
mol ar r@tio in th@zﬁé:mgeaickfenﬁ;ﬂogma:qu ¢Pp-disl:cycl®bA Prioeasaps, -
according to any one of Clains 1 to 7, wherein the olefinic nonomer
is selected from §é‘Pﬁ§}Il§Hé3dpFGﬁ9[Lén‘é¥°J€RﬁJ|]ﬁﬁalg%pqﬂsan(ﬂﬁe‘@lw C24- a-

aromatic groups and substituted Cg5-Cqg aromatic

_groups, preferably C1-Cig alkyl groups;

3. A“process according to any one of Claims 1 and 2,
15 wherein m is 0 and n is 2.
4. A process according to any one of Claims 1 to 3,

wherein the RZ groups -are independently selectéd
from optionally substituted phenyl groups which do
not contain a'polar substituent ét-any of the ortho-
20 positions. '
5. A proqéSS‘according to any one of Cléims 1 to'4,
'wherein the RI group is independently seleétéd from
substituted or unsubstituted aromatic groups bearing
an optionally branched b1*020 alkoxy group on at
25 ~least one of the ortho-positions, preferably an o-
anisyl group. :

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

30 7. A.process according to any one of Claims 1 to 6,

wherein the amount of chromium, a), and the amount

= : ' '25-06-2007"




ol efins, optionally branched C4-C24 internal olefins, optionally
branched C4-C24 vinylidene ol efins, optLogglly branched C4-C24 cyclic
ol efins, optionally branched C4-C24 dienes; and optionally 10branched
C4- C24 functionalized olefins. A process according to G aim8,
wherein the ol efi né£ bbgane, b3 ,elahd @yesent in a molar ratioc in the

range of from 1:0.9 to 1:1.1.
8. A pfocess according to any one of Claims 1 to 7,

wherein the olefinic monomer is selected from

5 o ethylene, propylene, optionally branched C4-Coy o-
olefins, optionally branched C4-~Cp4q internal
olefins, optionélly branched C4-Cz4 Vinylidene
oiefiﬁs, optionally branched ¢4~C24 c¢yclic olefins,
optiodnally branched Cy4-Coy dieneé, and optionally

10 ' branched Cy-Cp4 functionalized olefins.

9.. A process according to Claim 8, wherein the olefinic

monomey is ethylene.



