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TRI MERI ZATI ON OF OLEFI NI C MONOVERS Fi el d of the
wonuensdBR The present invention relates to a earaPy®i/0s2469

for the trimerization of olefinic nononers. The

present invention also relates to a process for the

trinmerization 5 of olefinic nononers, in particular

for producing 1- hexene fromethylene, in the presence

of said catal yst. Background of the Invention The

efficient catalytic trinerizati on of olefinic

nonomers, su f

10 hexene, |§Ag%ig?gg féi%%fa epgs%)E#giNfdggﬂ&\%dERs

production of olefinic trimers of varyi ng degrees of

commercgial , valye. In particular, 1-hexene is a
vaIuabEéELgnﬁﬁé&ﬁi—liﬁgﬁﬁﬂﬂear | ow- density

pol yet hyl enend L3RRRht inbexensn E@Ih@éssocob% R QQ?&%S‘J for the
by a conventional transition nmetal 15 oligonerization
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Cnvent o0 3 ot T h. PG erar idi £ ot anCara €8y SFgrieation
have beénol@fsmﬂquamomnrshelarpaftuculurtﬁUrwpmbaabnﬂ@ 1-

of ethélene tf’om ) % ﬁexeneﬂ nunber of tg%

cat al ySrEeuF e HAS SF TS ERERr Oof RIS K fogsegaid catalyst.
(Phi | | Bpskgdbeed aseshehrartoibased catal ysts

cont ai ni ng nDnodentate am ne_IT1gands useful for

trimerizing TR Fitisiens 63T AL BYEB BB IPHIZatieg) of olefinic

di scl oggsoRdr &t lenas ehbyereht 28Sd Onid rdf”%ftw%hento 1-
Erocess whi ch uses a catalyst conprising a chfom um

gnpleheﬁhm%h5@%ﬁﬂa@ﬁ§aa0§o@¥€aha@mtﬁfeﬁiyﬁWEtthe production

LE&?E” %}%@ﬁi@S%&?me?rs gﬁgg¥¥¥§%69éﬁ/%%Qgéscommerc1al

alun1nmahne t alipredudevdkbphai - héxﬁmenisMa ¢alaeBle comonomer

enrich g 1-hexene., US5523507 (Fhillips) discloses a
cataly ? bas&H on ¥ ons32g polydtaylend hrBeRf . ©°F2ndxene

can also be produced by a conventional transition metal

15 oligomerization process, although the trimerization route
is preferred as it largely avoids the production of
unwanted olefins.

Several different catalytic systems have been
disclosed in the art for the trimerization of ethylene to

20 l1-hexene. A number of these catalysts are based on
chromium.

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

25 US-A-5968866 (Phillips) discloses an ethylene
oligomerization/trimerization process which uses a
catalyst comprising a chromium complex which contains a

coordinating asymmetric tridentate phosphane, arsane or



chrom um source, a 2,5-dinethylpyrrole ligand and an 5
al kyl al um nium activator for use in the trinerization
woho005@BdmFB ene t o 1- hexene. Chem Comun., 2002PC8/EP2004/052469

858-859 (BP), discloses chrom um conplexes of |igands

of the type Ar2PN(Me) PAr2 (Ar =

ort ho- met hoxy-substituted aryl group) as catalysts 10

for the trinerization of ethylene -WO02/04119 (BP)

di scl oses a catalyst for the trimerization of olefins

CONpr i st Mhrde SIGW6R %dcaﬁogrimnomey%eg&%%e alpha-
tungsten, a I|gand containing at |east on

phosphetesinargdfiic 26 aaribey bt dmhiseend.to at | east
15 one hydnpcaiiigo-0r phet LoDy dicalddds aroupBavlng. &y o, o

pol ar substituent, but excluding the Case
such peoihisenigubEturnceents 2 abed phedpHana rodesangand and an

s i bang, r%qgﬁhﬁgggnbg%%hggeéaéﬁ%$é@ﬁ%é%?%_%épl?gerization of

[Tgand U

hoxy phettyy ) RNk )1RG2xsrEhOXYyphenyl ) 2. 20 Al t hough t he
catal ysts disclosed in the BP docunents nentioned

above have Jtdt SEFEERIvi £90%0r81-4v8xén@ WPPhi ndispkoses
C6 fraghi i uf dRliatixes! ¥ hi ghadayels %ebﬁgﬁggygﬁmm) PAT,

formation (e.g. decenes) is observed. It
t her ef G = bar thesimezbogyt sulps i wieeda agatlalystipf oas tdeetalysts

i merizati.o f . L ni ¢ oners, especially for
%%e tr#%gﬁ#gggﬁgﬁ%59952§h9l%%ggié’ Wexene, which

reduces by-{ooR0dtl 10orBRY | hscl®segs adeeenesst Wbtk ethe
mai nt ihjn selectivit¥l%gr 1- hexene. It has now been

surpri hded Cfia N3 fAARAS Ingo ac §APBBSE t Porighromium,

and preseasRnel dtheuRgesen) 4 MVRIHIORonREINEAE A 1cast one
efficient route for the selective production of
1- hex &R FRGHYST hPIrERBLGNP T e2tiddipsivn g toebpend| tofathyleast

odu ' Speci 0 7 :
B o A e 2O L0 Dol SR B o e

Accor dsulstticusmé ;abpscexotudirg prieserisei aenti @bl such polar
there [ Qyded 2,22hahYslaomas, LoD, SULLAble for, . oo
optionally an activator. The ligand used in most of the
examples is (2—metﬁoxyphenyl)2PN(Me)P(Z—methoxyphenyl)z.
20 Although the catalysts disclosed in the BP documents
mentioned above have good selectivity for l-hexene within
the C¢ fraction, a relatively high level of by-product
formation (e.g. decenes) is observed. It would therefore
be desirable to provide a catalyst for the trimerization
25 of olefinic monomers, especially for the trimerization of
ethylene to l-hexene, which reduces by-product formation
(e.g. decenes) while maintaining selectivity for 1-
hexene.
It has now been surprisingly found that the catalyst
30 compositions and processes of the present invention
provide an efficient route for the selective production
of l-hexene from ethylene while reducing the level of by-

product formation, especially Cjp.



trimerization of olefinic nononers, wherein the

catalyst 5 conposition conprises: a) a source of
wohowrmserss nol ybdenum or tungsten; b) a | i gan#CoOfEP2004/052469

general formula (1); (R1)(R2)P-X-P(R3)(R4) (1)

wherein: 10 X is a bivalent organic bridging group

conprising froml to 10 carbon atons in the bridge;

R1 and R3 are independently sel ected from hydrocarbyl,

substituted hydrocarbyl, heterohydrocarbyl and

substi sihgsr-Pel erofy areearhyh 15 groups, with the

provis re cycl oaromati c groups

t hey do notAecemtding $Op@MaraSBa©St¢fLEhﬁ gﬁesany ahveheion

ort ho- [ R4_ar ende sel,ect ed

from 98 %%na %§mﬁ?%%¥ptufeg E§s€oaf%ﬁ§i gﬂbgabfe for the
each Rﬁrlﬁ@rfﬂﬂki@h hﬁamﬂﬁgiﬁlbom@momﬁﬂbstMh@&@&noﬁhétcatalyst
gast one of the ortho-positions; and c) a

c

cat aF§LPOS Wk AWPLELSeS f urt her aspect of the

present Inyﬁntlﬁrbodﬂ&%r%fl §h95@yﬁrge%cﬁywd%%%ﬁ3020£u sten;
the 25 trinmerization of ol efinic nononers, wherein ﬂ%

process cd%brl§b§ﬂé@@@a@€|ﬁgnﬁraleﬁgmmdﬁe(dleflnlc

nononer under trlnerl reaction conditions with
sai d catal yst conposR??dﬁgy?ﬁ§'%Q?9 9@ onPdsi ti ons

of the presgmdrdinvention 30 are part|cularly sui tabl e
for the trimerization of olefinic nononers,
d8pecially for t>he1~°l Fi RAVR2aDT oargini ebiidenegt group

1- hexene. osjtion 05/0 8 .
PCT/EP2004F%§%%%9 Eﬁgggsébo¥& %éﬁggkggkﬁglnveﬁg?sgrldge'
surprisingly pragduced R@békénlh@éﬁé&ad&\@r selected from
concentrations of olefinic froducts e.g. decenes,

pr edomi nantPyAARGHEEeHe WﬁpéﬁlF% eprivresarby li he
addi tion of,wo &l AW.28eLFRNIRET Sud A 18 e heterohydrocarbyl
15 groups, with the prov1so that when Rl and R3 are
cycloaromatic groups they do not contain a polar
substituent at any of the ortho-positions;
RZ and R% are independently selected from
optionally substituted cycloaromatic groups, each R<Z
20 and R? bearing a polar substituent on at least one
of the ortho-positions; and
c) a cocatalyst.
According to a further aspect of the present
invention, there is provided a process for the
25 trimerization of olefinic monomers, wherein the process
comprises contacting at least one olefinic monomer under
trimerization reaction conditions with said catalyst
composition.
The catalyst compositions of the present invention
30 are particularly suitable for the trimerization of
olefinic monomers, especially for the trimerization of

ethylene to l-hexene. The catalyst compositions and



5 1- hexene product) while naintaining a high

selectivity for 1-hexene. In addition, the catalyst
woanpasdtssons of the present invention di spl apCT/EP2004/052469

i nproved activity/decay -rate profiles conpared to the

Cr(l11)(2 methoxyphenyl) 2PN (Me) P (2-nethoxyphenyl)

2 catalysts 10 disclosed in W02/ 04119 nenti oned

above. In particular, the catalyst- conpositions of

the present invention show good initial activity but

decay pesSesBligiKlthet BaBsERE i4Ferkdd s

(2- met hoxyphenyl) 2PN (Me) P (2-nefﬁ%;vﬁﬁgﬁ§ﬁ?g£y produce

cat al yStlstarg ipdily) Ledepesertprlimtishnst o€ bheénbionboys

used i h erm."Lriperi .on" ns the . :
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a proooeducahpngsitheoaddnt i chedlf i twd ke hgyOBpeuURBnomers to the
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nones Sehe F5OeBERT | pRILE | mid Grintngl GabaSbhee bagivity

wher ei foal1-Hdi@eneql efhnhedPrONErnd Ratthe ykeedosbE 88 ons of

are identical as well as the cases wherein the feed
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f? ri ne##%%??soeﬁsgg] g@b%%%lgv%eerh §1eeéieiahov?el atP orPfigtcular,
the trilerizatliyan ebmpbbhytemes tof kHiexereedd MBa&Stide show
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conpos? IR EHE Lt 8F Vit Heveh e e dEisei eyt chhgntiard-he

in retation toddheckybABAL ZAENMeOb (SLAYE NS, T
1 hexone VO 2005 059 LE P&/E}P%oﬁoéz%g ' 55 AN
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p§ thepproduct QmposkiLan, s e, oyerall; yiel d  of
1- hexeme—Tmmthe trrnerrzatron of—ethyténe is the

product of Asheisedr hpepizat tlon setrecttinimeyl zatidhpliheths the
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catalytic trimerization of an olefinic monomer to give a
product composition enriched in the compound derived from
the reaction of three of said olefinic monomers. The
20 term trimerization includes the cases wherein all the
olefinic monomers in the feed stream are identical as
well as the cases wherein the feed stream contains two or
more different olefinic monomers.
In particularly, the term “trimerization” when used
25 in relation to the trimerization of ethylene means, the

trimerization of ethylene to form a Cg alkene, especially

l-hexene.
The term “trimerization selectivity” when used in
relation to the trimerization of ethylene to l-hexene
30 means the amount of C6 fraction formed within the product
composition.
The term “l-hexene selectivity” when used in

relation to the trimerization of ethylene to l-hexene



5 the "1-hexene selectivity". The catal yst conposition

of the present invention conprises: a) a source of
wohowrmserss nol ybdenum or tungsten; b) a | i gand8CTamren01052469

c) a cocatalyst. Each of these three essentia

conponents are described in detail below The source

of chrom um nol ybdenum or tungsten, conponent (a),

for the catal yst conposition can 3 nrclude 15 sinple

i norgani c and organic salts of chrom um nolybdenum or

t UNgst Gan XD Lo udh Sk MPLEe kM GYinfe AN thQRIBAL oo
salts are halides, acetyl acetonates, carboxylates,

oxi destrafiien «f thal papdychnerminsitilon. Fbet heerall yield
Sourceéfoizﬁggéﬁg Yl tHB!¥Pgﬁé%gQé¥iédJ%%S%%ﬁyggﬂezgs the

al so include co-ordination and organoret al
conpl emesduci grf éhanpiteinar dratuint rdedicaivdey” multiplied by

tetrahydrafuran compl ex, . .(benzene)
t?icar%%%yl#HF%%?ﬁhFegﬁFBﬁ§h5¥hexacarbonyl, and the

like. The sy ceiteflyshr esipos i tidy REeRWE phetHAESE SPention
can 25 also include a m xture of sinple inorganic

sal ts, CYMPpt¥Sorgani ¢ salts, co-ordination conpl exes

and organongt al |4 %ou%@gpbfxgﬁrm§ﬂ¥@ gkﬁ.%ﬁgﬁgm pr tungsten;

enbodi nent herein, conponent (a ource o
chrom um pgarti eulldgepdehandi um (111). 30 Preferred
ppur ces of hro@ %gbggglusg herein are sinple
I norgani c and organic Sa¥ts of chromium A nore

preferred stagtcefofthebrothuee fessditd dlerenpoaest§hgre
halide salts o ,chroniug]ysuch as chrom um chl ori de,
4

WO 200%7 32 BETAEB3064PD59%69 6 chroni um bromi de,

ChrOUiUn1f|THHié8ﬁrc@n@fCBﬁf6ﬁiﬁﬁﬂ‘Ngﬁyﬁdenﬁm.or tungsten,
particularly preferred source of chromumfor use

her ei nCPBPYHIYN (@rhs c AP Flile, cayadn@t Twapbsgandnofan hinclude
f@taly§1m§f¥“¥ﬁ%f§éﬂqcogn&h@rganic salts of chromium,

" molybdenum or tungsten. Examples of simple inorganic and
organic salts are halides, acetylacetonates,
carboxylates, oxides, nitrates, sulfates and the like.
Further sources of chromium, molybdenum or tungsten can

20 also include co-ordination and organometallic complexes,
for example chromium trichloride tetrahydrofuran complex,
(benzene) tricarbonylchromium, chromium hexacarbonyl, and
the like.

The source of chromium, molybdenum or tungsten can

25 also include a mixture of simple inorganic salts, simple
organic salts, co-ordination complexes and organometallic
complexes.

In a preferred embodiment herein, component (a) is a
source of chromium, particularly chromium (III).

30 Preferred sources of chromium for use herein are
simple inorganic and organic salts of chromium. A more
preferred source of chromium for use herein are the

halide salts of chromium, such as chromium chloride,



5 present invention, conponent (b), is of the genera
formula (I); (R (R2)P-X-P(R3)(R4) (I) wherein: Xis
wa 2iswadsat  organi ¢ bridgi ng group conpri si ng PCU/EP2@®ANS2469
1 to 10 carbon atons in the bridge; RL and R3 are
i ndependent|y selected from hydrocarbyl, substituted
hydr ocar byl , het erohydrocarbyl and substituted
het er ohydrocar byl groups with the proviso that when
R1 and R3 are cycloaromatic groups they do not 15
cont ai chzorpiodrarb e sie, t dendmain ayncafi dehe aght BRromium iodide.
positions; R2 and_R4 ar% inquendently sel ected from
opt | orf%llf?i/rtls‘ﬂ’g@ttiltyupéa BYEFOAUVRRS Ofgrdupniueater Rise
and Rhdwesid ng Arpriah shbstiddiertrcan at |east one of
the ortho 20 positions. In the general” formula (1), X
represent s thebiMalaedt of otigand £t dlyisdgiddgpds@UPeon of the
conprising fram1l to 10, referably from2 to 6, nore
ef erRHifSPTY dMVEREGOR aFFPAEIUCi &)1y 16r 8/ Dhe ogsneral
car bonf % i ¢1)t:he bridge. A 25 preferred enbodi nent
has 2 carbon atons in the bridge. By "in the bridge"
i s understood t qrB¢ (RRppshepr (RSt (R4 onneqtion bet ween
the two phoifhonus atons. Suitable bridging groups
i ncl ude suBSt§%%df¢d and unsubstituted al kyl ene
groups. The alkyl engageRt gﬁa}ﬁ @Rt hgn C 14
one or_nore heteroatons iﬁ§i e.6}?%éggaggcﬁkggpPfgﬁgyfglng
or Tromprlefter 481 garbae a49A die tyeokpidgent ai ns only
carbon ato int bridge, WO 2005/ 039758
PCT/ EP2004/ 5?&‘6’9E§7ar?hg“%€?%ﬂd&?§ dr 56p&ctath peem
subst iydretanmd) , 08@bOF i t iR E MRk UNt ShefbEonydrocarbyl
substituents can be attached to any part of the
conne&1brPuPHie tyEBet Ne by diraardyadl RyPBRe Bithidie proviso

group 1'1%25& w%e%oﬁtlaglqdcﬁlﬁ bgpe actyoc oa?:rc])%/a Ech8£§£§satt°h§y do not

Sui tab
15 contain a polar substituent at any of the ortho-
positions;

RZ and R% are independently selected from optionally

substituted cycloaromatic groups, each RZ2 and R4 bearing
a polar substituent on at least one of the ortho-
20 positions.
In the general formula (I), X represents a bivalent
organic bridging group, comprising from 1 to 10,
preferably from 2 to 6, more preferably from 2 to 4 and
especially from 2 to 3 carbon atoms in the bridge. A
25 preferred embodiment has 2 carbon atoms in the bridge.
By “in the bridge” is understood to be the shortest
connection between the two phosphorus atoms.
Suitable bridging groups include substituted and
unsubstituted alkylene groups. The alkylene groups can
30 optionally contain one or more heteroatoms in the bridge,
such as N, S, Si or O. Preferably, the alkylene group

contains only carbon atoms in the bridge.



substituents include hydrocarbyl groups which may be
strai ght-chain or branched, saturated or unsaturated,
wanrasBd S8 or non-aromati c. The hydrocar byl subBCT/ER2YS52469

may optionally contain heteroatons such as Si, S, N or

0. 10 Suitable aromatic hydrocarbyl substituents

i nclude cycloaromatic groups, preferably having from
5to 10 carbon atons in the ring] such as phenyl and
Cl-C4 al kyl phenyl groups. Suitable non-aromatic

hydrocarblehéuhﬁﬁﬂk%%nbiohﬁ§|é@%fHé'Bﬁ%%tQEuQéan9$€H one or
al kyl or 15 cycl oal kyl groups, preferably having from

1 to 10°%arbdistHtieneds - noFBe ppepsridBignts wendabeanbbached to
at ons. 5 (X el Syl Q@;‘eec%ﬂﬁé&jdb&'?ﬂts of the al kyl ene
I

bridging group include halides such as chloride,
brom de andThe cdikgdituknbdk, onChe Al LOrleneSbAidgi £ ddoup can

-NH2, - - CO- - PO4i, - NO2, - CO,

B2 M AL R DM PO I
non- ar sued i ctigirasp s npetier B yoch@w NG @@ ¥hiehlRay be
carbon_at ons, re preferably 1 to 4 carbon atons,

eg. ne?5§?{ghﬁ{%h?lnpPGp?Faﬁﬁ et s otoFAt edREnuppaturated,

al ky| eneohi dgidig n%oa@o}n§t§@bstfﬁ&t%roc%§bgpeéﬁfsg?ﬁtuents
substituents are hydrocarbyl groups. ™ Particolarly

pref erpay IFidraeddbyicostibsni heksnaatams GuctdasabkylS, N or 0.

oups h .. pr L. i sopro
i T T SN B A G B
non- s udygd 1dantech talck yirenp s pr p ogf sxgpakdrotes ind0firbg! §des 10
net hyl ene, ethylene and tri nethyl ene groups. Exanples
of subsathen edaiskyenbebringi epgdr ampehienglluded\V) -C4 alkyl
2005/ 039758 PCT/ EP2004/ 052469 8 .
2, 2- di PS4 -2HqURSt hy PEREabbe nop-@uWatic hseRgrareyl
2, 2- déﬁ%%ﬁﬂﬂuéﬁ%%r@%%ﬁﬂ&éeﬂfmeé%z?¥IE@anched alkyl or

2- hydroxynet hyl - trinethyl ene an
$5 2- di cYgrape IrPLPSy | Reefytane, haRdmgi dubar Lyto 10 carbon

pref er 160, o1 gl 0Eldokng, of AUpS, 1Al B use fier ein are
unsubstitut'ed a k?lene rlﬁglng groups.  An “eSpecial ly
preferred drgen cultibddengulgsiaupdresetdfylteBealkybate bridging
is, -CH-CH2-. . . .

group include halides such as chloride, bromide and

. . . 1
iodide, thiol, -OH, A*-0-, -S-A', -co-al, -NH,, -mEAl, -
1.2 1,2 . \ 1
20 NA"A, -CO-NA"A", -PO4, -NOz, -CO, -S0O2, in which A~ and
2
A", independently, are non-aromatic groups preferably

having from 1 to 10 carbon atoms, more preferably 1 to 4
carbon atoms, eg. methyl, ethyl, propyl and isopropyl.
When the alkylene bridging group is substituted,

25 preferred substituents are hydrocarbyl groups.
Particularly preferred hydrocarbyl substituents are Cy1-C4

alkyl groups, preferably methyl, ethyl, propyl,
isopropyl, butyl, iscbutyl, most preferably methyl,
Examples of non-substituted alkylene bridging groups
30 include methylene, ethylene and trimethylene groups.
Examples of substituted alkylene bridging groups include



O her suitable bridging groups are those where the
connection forns part of a non-aronmatic or aronmatic

WO i2oF/034B8 st ruct ure. Such bridgi ng groups conmpPCSAEPING/052469
or nore substituted or unsubstituted, saturated or
unsaturated non-aromatic ring structures and/ or one
or nore substituted or unsubstituted cycloaronmatic
(including heteroaromatic) ring &tructures. The
non-aromatic ring 15 structure may be interrupted by

one Or2 Mpr@i MALRI0RINBLh§YUERe A2 M -dSetBy10k rOneth lene, 2,2-
Preferably such a bridging group still Contains only !

2 to e6dEERHYA Hiedmameshy hendy i dgeetisiit &vhedroxymethyl-
non- ar opBLd G fildhG Shiaust YLas_hnelddee 55 2ReR
cyclohexane,séyc ohexene, cyc %%%nteﬁg$&€2892?§€$§%%%e'

and 3, 4-t hiphdmallaBdivt abk e aredatigamiicngrityiayugesups for

i pcl ude envl.ene,  in rticul a .2-phenyl enes, and

ot OTerie e T S5, bPelPRH S0 mdBRe e ot nearowps . An
The r1iagosdialciypes fagyebeosydstd titierd gt Braﬁ%ﬁ kingehyiene,
25 of substituent, including heteroatons, alky

gr oupsthatyid,oaldig-Clpoups and cycl oaromati ¢ groups.

Sui table substituents include those nmentioned above
in relatioPiher gukfrEAe bridging qrovmss arkt these where the

prefer it .t 0 rus at are attached. .
to theééﬁﬁgﬂgﬁgi2ﬁ¥%¥ogaggd?§2§ﬁ#§b%§% Fgﬁg,of.%Fomatlc ting
posi t i ssudtwared 2SukRh bBatdRBna@rgrdurdepengeitbyone or more

sel ected fr. ydr ocar substi tut ed hydrocarbyl,
heteroﬁ§hﬁ?§£ﬁ qﬂouﬁé5§¥%§@$§§iPéﬁﬁéﬁféﬁg/GSZH%QEtQFated
and sushtidrtred iketrehghydrocaihyd SRS on¥i bb hbge
provi so that when Rl and R3 are cycl oaromati c groups

they ¥PHotTESH &FnuaSpBFEE tetad tandenroratany (dfciyming
or t No-, Pastdd QR ie) ThengetfudiRcar By n8s-YsGfhtic ring
herein refers to a group only containing carbon and

hy dr ogebrugioms mMiyebehydrecanmdisd dnowpemay bera hetercatoms

saturag&g%ggé %US%yuggtgg,o_liﬁgggefgblgf%ﬂgﬁeg 8{5g%in§igroup
non-aronmatic ring or a
still contains only 2 to 6 carbon atoms in the bridge.

Suitable non-aromatic ring structures include

cyclopentane, cyclohexane, cyclohexene, cyclopentene,
20 3,4-furan and 3,4-thiophene.

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

The ring structures may be substituted with any kind

25 of substituent, including heteroatoms, alkyl groups,
cycloalkyl groups and cycloaromatic groups. Suitable
substituents include those mentioned above in relation to
alkylene bridging groups. It is preferred that the two

phosphorus atoms are attached to the ring system at

30 adjacent positions, i.e. positions 1 and 2.

Rl and R3 are independently selected from,

hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl



cycloaromatic ring. Preferred hydrocarbyl groups for

use 10 herein are those containing from21l to 20 carbon
watesw3975§he term "substituted hydrocarbyl " asPAS&E®2004/052469

herein refers to hydrocarbyl groups which contain one

or nore inert heteroatom containing functiona

groups. By "inert heteroatom containing functiona

groups” is nmeant that 15 the funci-onal groups do not

interfere to any substantial degree with the

tri merdzdtd s tireeessheToeok RIFBCHeAr ghydpecan byl "tips

used herein refers to a hydrocarbyl group erein one

or noreraofishdhedr bban Bt omsd iR raep @edobyoﬁatlc groups they

het h as S,
" eubstt dl dsclrj?%&tea?%hyd?ghc%? by%b'sztdﬁt“l?&éd SFePRY rof e tho-

t o hetwrgimidirecar byl groups which contain one or nore
|§ert heteroaton1conta|n|ng functional groups. The
term "cycl ddtorhatfc” hydreeRePHer éish Usedf Bpsein refers to a

MONOCY, dLﬁ) QJniROYE¥EEh Eng BELBYA G 1 n&a&gggﬁgﬁgﬁéc The

ring 5 having from5 to 14 ring ato
cont a|hyd¥g>qarr@mllgtrgug hay eroa musertedt ed fnsmudatl:d,

ond Sy S, ARl SYELEROTRL € gEaves I, o

nonocy&llc or = polycye
cycl opgrtladiremaltic phegyl  Prefeirided hgurasbbbateydups for use

V re preferred 30 ¢ cloaronatlc roups _are
Momocy B bR ol JEge | Pe Ciioni LEoR RgSonad fgFraromtsms.

to 10 ring eomern EsRESE At BieLLadpGYe! 9ar QB it rein
groups are rmnocycl I C aromatic ri ngs cont al ni ng from

5 to GFef@mSortCalgAEOCItRN W REE5M3gN58ontain one or more
PCT/EP%QQ%/QQ%%@%atO 1Qon@§ﬁﬂ¥% %hn%EQOnal ro%ﬁﬁul By “inert

cycl opent adi enyl, and a nost prefere cycl
group)heteiqﬂv@mybogt@upln@Tﬁunqnmunaiubsbuputeﬁb meant that

clo [ as _used here
S oA B han HEo et Ul el 22 et et e 1 gne sypstantial
mor e sidagdtdet uammsthsutrabémﬂxb.m bueatss. i ncl ude
those menti oned aboye in relation to the al kyl ene

bri dgi ng grolp R ﬂ%t?ﬁQQXQQQSTQQNBodPﬁeH?e RIeHA refers

areé  to a hydrocarbyl group wherein one or more of the carbon
atoms is replaced by a heteroatom, such as S, N or O.

20 The term “substituted heterohydrocarbyl” as used herein
refers to heterchydrocarbyl groups which contain one or
more inert heteroatom containing functional groups.

The term “cycloaromatic” as used herein, refers to a
monocyclic or polycyclic, aromatic or heteroaromatic ring

25 having from 5 to 14 ring atoms, optionally containing
from 1 to 3 heterocatoms selected from N, O and S.
Preferably, the cycloaromatic groups are monocyclic or
polycyclic aromatic rings, such as cyclopentadienyl,
phenyl, naphthyl or anthracenyl. Even more preferred

30 cycloaromatic groups are monocyclic or polycyclic
aromatic rings having from 5 to 10 ring atoms.

Especially preferred cycloaromatic groups are monocyclic

aromatic rings containing from 5 to 6 carbon atoms, such



i ndependent|ly sel ected from substituted or

unsubstituted 10 cycloaromatic groups which do not
woamisasyrsa pol ar substituent at any of the PCT/EP2004/052469

ortho-positions. In an even nore preferred

enbodi nent, R1L and R3 are independently selected from

optionally substituted phenyl groups which do not

contain a polar substituent at -adg of the ortho 15

positions. In an especially preferred enbodi nent, Rl

and  Rss afieenfis Uhst idt 8deRbSAYEn @0 | ool

preferre tﬁgﬁﬁthe ang_RB grod%é gﬁéif%gmbgaﬁééfié?d

and RACYE I FIIEfdeFory §8| @celenyy @moopt.i onal |y 20

substitute o LE S h R2.ang R4 gro ,

bearing a S% a?ﬂegﬁr[)sEﬁ%gﬁtgﬁg%&a%yﬁggogasﬁomgﬁécofa hgseélp“erem

or t ho-mewss thilets . theocytheaavwadancrafp taybbe thBstituted

phrase each R2 and R4 bearjng a pol ar, substituent on

a? I ea"%ﬂ:&bnoeneofor f15& ot ng{blé‘rgﬁ%'ns's%éﬁéet Aapstifuents

the satmclid@nthod? méhtisnsdbsdtditiod \1bR 18nPObafhe alkylene

substituent, on one or both of its' ortho positions

and RPTAEHEIGEAWPed with a polar substituent on one

or both of jts' orthao-positions,, The term "optikonally
substitute 'ni??%wﬁrggﬁgﬁe?o?éépdﬁﬂﬁﬁ%%4R%ESHQ Rhagrein

addi ti piddgeridentigl @e184Bsa| @R tsupd? iQtal beaghs@eituted
g the ortho-positions, the R2 and R4 groups may

nt ai A SRR I aFdCe 9SGBBE| Vivkeh do qatt gopsaw a polar
2005/ 039758 (RIHEBRO0QAL, 082469 orthb-p3WlSEHbEYENt S 11 cven

i nclude those nentioned in relation to the alkylene

bri dgimgrgrotHEerticef empblymed?, atld S &Beare independently
i ndependent|y selected, fromoptionally substituted

cycl oat SRt drolipePhaonagly sSukmtaited phepyhggroups which
at ons, gpreferafloaitr ampei ke 4% ﬂfﬂ%e%EOQ%'aH@e§§l{he ortho-

each R2 and R4 bears a polar substituent on”at | éast

the ofpdédieriido- paskhi e8fecl 4l BAGRIRIREHEHNbodiment, Rl and
enbodi nent, R2 and R4 are independently selected from
opt i ondt |3rsspisibsitisdtpAeplydnyl apugsps, wherein each

R2 and R4 hears a p%lar 3ubstituentl
It {s preferred that the Rl and R3 groups are the

same.

RZ and R4 are independently selected from optionally

20 substituted cycloaromatic groups, each RZ and R4 group
bearing a polar substituent on at least one of the ortho-
positions. For the avoidance of doubt, the phrase “each
R? and R! bearing a polar substituent on at least one of
the ortho-positions” means that, in the same ligand, R?

25 is substituted with a polar substituent on one or both of
its’ ortho positions and R* is substituted with a polar
substituent on one or both of its’ ortho-positions.

The term “optionally substituted” in relation to R?
and R® means that, in addition to the polar substituent

30 on at least one of the ortho-positions, the R? and R*

groups may contain one or more substituents. Suitable



on at | east one of the ortho-positions. Preferably,

each of R2 and R4 bears a polar substituent on one of
WwOheostoag7ser t ho- posi ti ons. As used herein, the PETMP2004/052469
"pol ar substituents" neans 15 a substituent which

I ncorporates an el ectronegative centre. Suitable

pol ar substituents for use herein include but are not
necessarily limted to, optional Ly branched Cl-C20

al koxy groups, i.e. hydrocarbyl groups connected to 20

the R2sa@nsk Rdicaitel QacQBEI ehosdtnd Vil an 9é¥9€ﬂon to the
brldglngkatonl optionally substituted C5-Cl4 aryl oxy

gr oups2 Ly kengfriiggangy 95aBRt i t ut ed cycl oaronatic

groups co ed.to t ngd R4 cycl oaromatic ring

t hrough an 5¥%§@HHBV| glﬁﬁdaﬁéuﬁr§nﬁﬂq§ﬁﬁpgﬁn5F&n%?%ﬁpted
Cl1- C20f adrk YW tGbnd 162 BhBEK OX Yt & oalrofiat & gggups having

hydr ocar byl qﬁgups byearing a Cl-C2o al koxy group;

dr oxfFom (61111)? gtomes M radenabide: famomr 6; to 10 rlng
C1- C6al k Isul Cl Cl- Coal k group
and to%? FC§§ XéLﬁH qgsp8|Qanr substltuent

subst i $mient Slda&ﬁﬂ @d@ 3@ i) 31 f@i%oﬁi&&ﬂonbsopr opoxy,
phenoxy, pentafl uorophenoxy, trinethylsi

d|nethylanﬂnoonwephyﬁsnkphamm%odimﬂﬂﬂ,,R@[bﬁ&OﬁﬂO@ﬁgSS

PCT/EPZO 4/ 0524 t hoxynet hyl

met hyl A Qﬁ%ﬂ%%ylsé%%‘g% €’f YXWMY gWppbituted phenyl
syl ph jtr 2. #nahl t he, pol ar
substﬁ%ue ts g%e ang E& gréﬂﬁgﬁgep%% én? %gfe%T%ﬁFltuent
from opt iagndldagtbrarchédtisd - dfﬁhd}pﬂsﬁmipngroups

optionally substituted C5-Cl4 aryl oxy b groups, and

opti onal | y BedfcRedycieenn af kR%r a1 Ré2bpaakkaxyolar

gr oupss,\Mys& 5@fg agh hfh ?égy §%ggtb%gg@t on R2

and R4 are 1 ndepen ent rom opt i onal T
br anched CHA&:@&edlhexyLQFOUps t&xmpé@babkysobktﬁmméﬂﬁs” means
as, for _exa

ﬁp branc %? -G8 al E rou §Dsuc exar
et hoxy,” Shoxy o}: ogr&& POYat&st PBUP PFY 2 Sive
pr ef ere¢@adcrepol ar substltuent on R2 and R4 is nethoxy.
Suitable polar substituents for use herein include
but are not necessarily limited to, optionally branched
C1-Czo alkoxy groups, i.e. hydrocarbyl groups connected to
20 the R? and R’ cycloaromatic ring through an oxygen
bridging atom; optionally substituted Cs—Cj, aryloxy
groups, i.e. optionally substituted cycloaromatic groups
connected to the R* and R! cycloaromatic ring through an:
oxygen bridging atom; optionally branched C;-Caq alkyl (Cqi-
25 Czo) alkoxy groups, i.e. C3-Cy hydrocarbyl groups bearing
a C1—-Cyp alkoxy group; hydroxyl; amino; (di-)C;-
Cealkylamino; nitro; Ci-Cealkylsulphanyl; C;-CgalkylthioC;-
Cealkyl groups; and tosyl groups.
Examples of suitable polar substituents include
30 methoxy, ethoxy, isopropoxy, phenoxy, pentafluorophenoxy,
trimethylsiloxy, dimethylamino, methylsulphanyl, tosyl,



It is preferred that the R2 and R4 groups are the

sane and bear the sane nunber and type of polar 15
weoeubwstsesent (s). It is particularly preferred PORMEPRD4/052469

bears only one pol ar substituent on one of its' two

ortho-positions and that R4 bears only one polar

substituent on one of its' two ortho-positions. The

I i gands according to formula (19 1éan be prepared 20

usi ng procedures known to one skilled in the art or

di scl osethd 1shedthil enabmkk€nyIEXanml
conmpounds ;?g 5d29thox§phenyl) 8gheggp %gegé%igph?%groxyl

géhggx?gﬁ%%ylﬂ% Lshaikel ) np rﬁza gﬂﬂ@?ﬁl) (ﬁhenyl)
(phenyl ) POECRSGRBR: { SPHEDRLA FHESRER by Y dnd RY are
(2 ethﬂﬁ&éﬁéﬂdéﬁkl@pB@méhie&Cf?&%{H%ﬂ%%na§Q%eﬁ§?yCE%g{ﬁg—Cu

et hoxyphenyl ) (phenyl) (2-ethoxyphenyl)
- et hbKXPhSHAUPSE pRBRY PG L WD DOGB/I0IYRESCs—C1y aryloxy

PCT/ aﬁp CFééﬁ%%@og&%ﬁgé% ?%ikg e%r%“y&o GRREMYE)-cy0) alkoxy

(2 | soprepaxy phergl beeherybhl CH%QH%Eﬁ%r substituents on R2
I sopr opoxyphenyl ) (phenyl) (2 |sopropoxyphenyF§

( phenydnd PCH2R o 2 nideppnopokyp hesiyd Jeph Eryh) gptionally

(2-isapro henyl) PCH2CH2CH2P
isoprggéyggﬁ%ﬁg?) %h@%@??yﬁg%ﬁﬁﬂﬁmnﬂ%ﬂPF§a$§éf%PF%QPally
10 gando faricrise diecLial oky &9oligs Bhhoapheny byampie,

(phenyl ) PCH2CH2P (2- met hoxyp enyl)(phenyl) The
sour c Mo BLHRKY nBF y bRPARSTY + uAgBREhicubanbpnemsferred

(2). a0 L1, 4i.930dene0mRoReL, (o 1GP0BE o
It is preferred that the RZ2 and R4 groups are the
same and bear the same number and type of polar
15 substituent(s). It is particularly preferred that R2
bears only one polar substituent on one of its’ two
ortho-positions and that R® bears only one polar
substituent on one of its’ two ortho-positions.
The ligands according to formula (I) can be prepared
20 using procedures known to one skilled in the art or
disclosed in published literature. Examples of such
compounds are:
(2-methoxyphenyl) (phenyl) PCH,CH,P (2-
methoxyphenyl) (phenyl)
25 (2-methoxyphenyl) (phenyl) PCH,P (2-
methoxyphenyl) (phenyl

)
)
(2-methoxyphenyl) (phenyl) PCH,CH,CH,P (2~
methoxyphenyl) (phenyl)

(

(2~ethoxyphenyl) (phenyl) PCHoCH,P (2-
30 ethoxyphenyl) (phenyl)
(2-ethoxyphenyl) (phenyl) PCH,P (2~
ethoxyphenyl) (phenyl)



present in the catalyst conposition of the present 15
invention in aratio in the range from 10000:1 to

wa 203009758 pref erably from 100: 1 to 1: 100, nor ePCT/EP2004/052469
preferably from10:1 to 1:10. Most preferably,
conponents (a) and (b) are present in a ratio in the
range from3:1 to 1:3. GCenerally the anounts of (a)
and (b) are approximtely 20 equaB,-i.e. a ratio in
the range from1.5:1 to 1:1.5. The cocatal yst,

conponent (@-etMkybReRli NEbIEy DepcHBBY,GOFRouUNd or

m xture of conpounds that generates an ~active
cat al yRELoF¥Ihame ) <eberEldbf chroni um nol ybdenum or

(b Conpouie W ckoareEirt foh @ Hathgrent 22

cocat al sspropagiphdayd) gaheaylim ni um conpounds,
ogganoboron %_cmspounds agd ifo{ ani ﬁﬁaCi ds and salts,
stch as t et Far T6FSRSFYRI A% 4 HBHAEC H2B {F v er

t et r af 1 sto5:0l-aidheny0di(phesPl hexaf | uor oanti nonate and
the like. Particularly gr eferred cocatal ysts are

or ganoal uni A URPgRpesHBEREN L (RN 10 P§HRERICHP h2um

conpouip%pf JH%%etﬂ K €l Bn &k hose having the fornul a

WO 2005/ SQC%HSOS CT/ P%gM 03212)269 - 14 A R3r wherein

each R group partiigdépehdeptéfesedddighnftr dor Cde G3frein is
kyl , , ©X [ or such as LiA H4

B o e F g kB S0 t bl e

or ganaed tthd :npHengangensedslj ncl ude trinet hyl al um ni um 5

(TMA), triethylalum nium (TEA), tri-isobutylal um nium
(TIBA), trillf GOWFCEl Bfi ARETHL et MAlyderatuar tungsten,

di chl ogdrgiSonertt gl al AR NEMEN 0 G PT ilGponent (b% can, be
di met hyl al um ni um chl ori de, i et hyl al um ni'um chf oride

and alRiffoi&iesn Mhet GRE3LYSL wmparddlioni nifulie opposemds
B e al st dablie LOLuse 10 NEl Sldhgel BanPl 6H6A! £,
t al'yst I

enbodi nent herein, e cocat an al unbxahe
cocat al ys2000rhese falrahby afreore olddy :dl st 4 :AAY, wOMPrpseferably

any a'Hﬂ%%?ﬂﬁ]?%%P??Tg.°rmé%{“5¥é¥é%£§1y?'ggﬁégﬂghts {(a) and
(b) are present in a ratio in the range from 3:1 to 1:3.
Generally the amounts of (a) and (b) are approximately
20 equal, i.e. a ratio in the range from 1.5:1 to 1:1.5.

The cocatalyst, component (c), may in principle be
any compound or mixture of compounds that generates an
active catalyst with the source of chromium, molybdenum
or tungsten, component (a), and the ligand, component

25 (b) .

Compounds which are suitable for use as a cocatalyst
include organoaluminium compounds, organoboron compounds
and inorganic acids and salts, such as tetrafluoroboric
acid etherate, silver tetrafluoroborate, sodium

30 hexafluoroantimonate and the like.

Particularly preferred cocatalysts are

organoaluminium compounds. Suitable organocaluminium

compounds for use herein are those having the formula



conmpounds. Al unoxanes nmay be prepared by the

controlled 15 addition of water to an al kyl al um ni um
woanpmasds such as those nentioned above, or BCE®EP2004/052469

avai |l abl e commercially. In this context it should be

noted that the term "al unoxane" as used within this

specification includes commercially avail able

al unoxanes whi ch may contain a-péépertion, 20

typically about 10 %wm ., but optionally up to 50 % .,

of thelROr respenti agckri aiﬁ@dpﬁlli@miﬁhb!%%n@ﬁtiy%&%%ed from
commer ci al net hyl al unoxane (MAO) usually contdl ns

appr ox@ﬁ&@l%ﬂ-@d@&%ygﬁpi At P Ed e fituorPVARds whidls tas
nodi fiedy et AykakHaoxape, ( %leiﬁ\‘irﬂ&ﬁﬁg»?}é?ﬁég Sl-rol\t/?l%o]?snlqtable

25 tri-isobutylalumnium (TIBA). The
wat er @egangalmindminc cappowads nindileider épamathehabfimitigm

unoXx i.s.pneferahly in t range .from0.,01:1 to
2007 hED, "SR p U oS "8G 1B g s om
mor e p(EFER)abItri-hr-ort Q141 dmimivk, 1 meespean ahk ¥i @n Sddchloride,
These Hy Eﬁﬁne 30 conpounds may be |inear, cyclic _
cages Or'YhaHIHES Uy HéFROPT IR eitimeddvARiHBkRRES arkoride,

i neargad R '
Rl L TR MLALLA o

PCT/ EFZOT4Y G289 1un ¢8mpewnd® el aRFoasdiRébae ef @ use

% al kyl grpups. The nost preferred al unoxanes are

nmet hyl al unoxane (MAO) or nodified nethyl al unoxane

(MVAOQ) whi cim eompiraifes rbdt émdddl meantd hErBAn, 5tReh€bcatalyst is
sui tabl e co-catal ysts %gflude t hose di_sclosed in

W02/ 0 175 " FRE "Gu &R ER %?tcocTQ}eaﬁey%UH@éan?nC?%talysts may

pr esenfomg RN ENGN all Smb¥RhE & dp MU LOMPLOVILAE R 31 umoxane
ratio in the rangﬁ fromO0.1 to 20,000, preferably

from ICTRLOF - 1814raKrRE UM Hsoleerarerdsbpethatemtrolled

o chrom oy hdeaum o, t tgn, .The c
conpositfbnczf t he prese%ti?ﬁ#% tf%%mlﬁggmaﬁéﬁﬁ%éﬁd, such as

m xed ¥Miage aentdasedopkove herr tademevipidbpde comteatyistlly. 1In
this context it should be noted that the term “alumoxane”

as used within this specification includes commercially
available alumoxanes which may contain a proportion,

20 typically about 10 %wt., but optionally up to 50 %wt., of
the corresponding trialkylaluminium. For instance,
commercial methylalumoxane (MAO) usually contains
approximately 10 %wt. trimethylaluminium (TMA), whilst
modified methylalumoxane (MMAO) contains both TMA and

25 tri-isobutylaluminium (TIBA). The molar ratio of water to
aluminium compound in the preparation of the alumoxanes
is preferably in the range from 0.01:1 to 2.0:1, more
preferably from 0.02:1 to 1.2:1, even more preferably
from 0.4:1 to 1:1, especially 0.5:1. These alumoxane

30 compounds may be linear, cyclic cages or mixtures

thereof. Preferred alumoxanes are linear alumoxanes of

the formula R5(R6Alo)n wherein n is a number from about 2



15 The three essential catal yst conponents, (a), (b)

and (c), may be added together sinultaneously or
weems®aeisal |y in any order so as to provi de anPaTiEP®4/052469

catal yst. The three essential catal yst conponents may

be contacted in the presence of any suitable solvent.

20 Suitable solvents are known to those skilled in the

art. Exanples of suitable sol vedbs-are those

di scl osed in W02/04119. The catal yst conposition of

the preseny armfe;m 00 Rﬂ;ﬂxrgec PIePRL egdh %1 1. h8he most

presence (i.e. "In-sit or ab&enc
oIef|nPEEEQﬂﬁﬂﬁﬂalumheanhseer@sm&ﬂhykﬂlum@mpnaemMsopfor

the c Lon ned, fully,in the

absen?@ﬁ% %ﬁ%& Bmﬁﬁﬁ %E&“ﬁgngWéChoFQPF%FES both TMA

nnnonﬁmndﬁmﬂﬂkal ncluded prior to contacting the

g@talyst cQo onents5C ﬁlnultaneously with the catal yst
conponerft'S'SFr SH 3Ry pePTEat i tHe grodugds bhose disclosed

cont acih nghod va1qat al yst conponents. WO 2005/ 039758

PCT/ EP2004/ 052469 - 16 The three essential catalyst

conponents'Eh%/qwént&ﬁ§u9§o¢QQQtaﬁyaﬁJmg@dted bheapresent

f bl
SuPoor B, SSRRLSSy Bl B PSR et i e

nnnoner&nganﬂnﬂm @. ﬂotouse mwoxlpréfdﬂdbﬁgrﬁzahlQnto 2000,
oces of, t,he present invention can be an%é ol efinic
%

nomet ST O4nPB EOEOﬁE%W?eRF?|ﬂF9maOFrF mium, molybdenum

Sui t abd:e wlrefdtrRing nononers i nclude, but are not
necessar|ly limted to, ethylene, propylene,
optionally lﬁ%éﬁ%ﬁédstanmﬁp%#QﬂQﬂ|QQ5th@ppreﬁehtylnventlon

br anc% G2 De1f i iBL el DAl %{ glféa%% PRt ! Qﬂgi:l %rlmerlzatlon

branched C4-C20 vinylidene I'ns optlona
br ancheakad4~s€20 cyclic olefins and optionally

B anched ORtog E6RCETBRAT 13 b e P s COBRARER b, of2) (B
sui t abdred oaoafi mag benadess ucrgdtuﬂﬁ shulil8hfed@il o
necessar ed to, ethylene, propyl ene, 1-butene,

1- perﬁee(ﬂbg W&k’eﬁ@, a4y n%]f%ejfl EhEs TenBroTifemrmstive

1- catalyst. The three essential catalyst components may be
contacted in the presence of any suitable solvent.

20 Suitable solvents are known to those skilled in the art.
Examples of suitable solvents are those disclosed in
WOo02/04119.

The catalyst composition of the present invention
may be prepared either in the presence (i.e. “in-situ”)

25 or absence of the olefinic monomer. The three essential
components of the catalyst composition may be combined
fully in the absence of the olefinic monomer, or the
olefinic monomer may be included prior to contacting the
catalyst components, simultaneously with the catalyst

30 components or at any point in the process of contacting

the catalyst components.



octene, 1-nonene, 1-decene, 1l-undecene, 1-dodecene, 1-
tridecene, 1l-tetradecene, 1-pentadecene, 1-hexadecene,
wa-2003@peaslecene, 1-octadecene, 1-nonadecene, PCT/EP2004/052469

1-ei cosene, 20 styrene, 2-butene, 1-ethyl-I-hexene,

cycl ohexene, norbornene and the Iike. M xtures of

ol efinic nononers can also be used in the process of

the present invention. Preferredl6lefinic nononers for -
use in the 25 trimerization process of the present

i nvention ang tpreBRykLSBEnaNdh eddidigne. cEﬁBSﬁéﬁﬂcéym% pe

preferred is ethylene. The catal yst conpositions
pr ocesSE BIPRHE o5k €5 ALPPRYERH | Bh carseipparti vatariyl. Examples

usef ul 5 f ary, e 1tr | LZatd af, et hyl ene -he
30 Thégtri%ﬁga zatFgﬁﬁgfgc%égkﬁﬁg%ﬁuggérggeﬁ%s?%vﬁ%?ﬁ§§?/04llg'
can be per flirmededndéc momeumges cfuiteddesSogondd ti®nshe

own to one skiilled in the art or disclosed in,
o e St s 0et Dead o GaRseshgsRvention can be any
l'iteradly®miuchoadnet or viexadh Hesavdksehoseth i trimer.
W02/ 04119. The _trimerization reaction can be

per f orfid e odpdiindn PR s ipclydghabet gee pitase
or bu'ﬂ%c%%%erilyﬁ%%e%h@o,t rd ﬁ'e%%“ Bg?bé%%’r?éf BB hnat1y

in solution or Slurry phase, a uent veht
whi ch brasifisst &atGal dyoléhiors, wpddonbiilyebraathed C,-Cog

ndi t. y | oyed. itabl e diluents or, ,
§g|veﬁ¥§ﬂ%¥gﬁangﬁg$?t %P&ﬁ%ﬁ%i%%iﬁfanﬁ §fotarBensinylidene
hal ogerlatfeichshy dpatanbbhg larechalef imscwhicgB11d &r&fins and
substantially_inert unqir trimerization conditions

may bé*gﬁﬁVﬁééa EARANES ThGee Hic¥elosad VALl as optionally

V002/ QfdekbhedTe-¢ ki FREEZASAON AOCA8S 1AL . t hex pReRant ¢
invention may be carried out under a wi de range o
pr oces¥lid@hdiet i0d RS 1NAF croreReifelindingen bot aaperson

1 St e A B2 BERALAAT S e, -
0 C t @edBGnE, lahdzeante prrefEndplentt-ioandd Clieptld:,C.1- :
Typic%kﬁxﬁmih%—nonene, l-decene, l-undecene, l-dodecene, 1-
tridecene, l-tetradecene, l-pentadecene, l-hexadecene, 1-
heptadecene, l-octadecene, l-nonadecene, l-eicosene,
20 styrene, 2-butene, l-ethyl-l-hexene, cyclohexene,
norbornene and the like.
Mixtures of olefinic monomers can also be used in
the process of the present invention.
Preferred olefinic monomers for use in the
25 trimerization process of the present invention are
propylene and ethylene. Especially preferred is ethylene.
The catalyst compositions and process of the present
invention are particularly useful for the trimerization
of ethylene to l-hexene.
30 The trimerization process of the present invention

can be performed under a range of process conditions

known to one skilled in the art or disclosed in published



pressure will be in the range fromO to 100 barg,
preferably from1l to 50 barg. 20 The trinerization
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any one of a nunber of suitable reactors which are
wel | known to one skilled in the art. Typically the
trimerization process of the present invention is
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to 1- hEXehe BIH d&4maryerlien grencitderisviey peremployed.
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conpositio whi ch does, not contain a |igand of the
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1- hexene fromthe trinmetlzati on oOf
up to BEmo-gidat’ér tbhdA0t ke, awerfddabjivelfadonf 01°hexenes0 °cC,

and more preferably from 25 °C to 100 °C. Typically, the
pressure will be in the range from 0 to 100 barg,
preferably from 1 to 50 barg.

20 The trimerization process of the present invention
may be performed in any one of a number of suitable
reactors which are well known to one skilled in the art.
Typically the trimerization process of the present
invention is carried out in a batch, semi-batch or

25 continuous mode.

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

30 Further details regarding suitable trimerization
reaction conditions, including further details on
reactors, solvents, separation techniques, and the like,

can be found in WO02/04119.



fromthe trimerization of ethylene using an equival ent

catal yst conposition, which does not contain a |igand
woRo3P39138 type of the present invention, undePCT/EP2004/052469

identical reaction conditions. Mre preferably, the

catal yst conposition of the present invention wll

provide an overall yield of 1-hexene fromthe

trinerization of ethylene that- 18 at |least 5 %

greater than the overall 25 yield of 1-hexene fromthe
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gr eat efrdrhahd h&imerization of ethylene using an equivalent
catalyst composition, which does not contain a ligand of

20 the type of the present invention, under identical
reaction conditions. More preferably, the catalyst
composition of the present invention will provide an
overall yield of l-hexene from the trimerization of
ethylene that is at least 5 % greater than the overall

25 yield of l-hexene from the trimerization of ethylene
using an equivalent catalyst composition, which does not
contain a ligand of the type of the present invention,
under identical reaction conditions.

The amount of l-hexene produced from the

30 trimerization of ethylene using the catalyst composition

of the present invention is at least 80 %, by weight,

preferably at least 85 %, by weight, more preferably at



trimerization selectivity for the trinerization of 20

et hyl ene using an equi val ent catal yst conposition,
wohbsh3odees not contain a ligand of the type 8CTHER2004/052469

present invention, under identical reaction

conditions. It is also preferred that the catal yst

conposition of the present invention has a

trinerization selectivity for thé925 trinerization of

ethylene that is at least 5 %greater than the
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20 ethyiene using an equivalent catalyst composition, which
does not contain a ligand of the type of the present
invention, under identical reaction conditions. It is
also preferred that the catalyst composition of the
present invention has a trimerization selectivity for the

25 trimerization of ethylene that is at least 5 % greater
than the trimerization selectivity for the trimerization
of ethylene using an equivalent catalyst composition,
which does not contain a ligand of the type of the
present invention, under identical reaction conditions.

30 The production of Cjp by-product compounds in the
trimerization of ethylene using the catalyst composition
of the present invention is preferably at most 60 % the

level of Cio by-product compounds produced in the



the type of the present invention, under identical 20
reaction conditions. In an especially preferred
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in the trinmerization of ethylene using the catalyst
conposition of the present invention is at nost 20 %

of the level of Cl0 by-product conpounds produced in

the 25 trinmerization of ethyl enre20sing an equi val ent
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15 catalyst composition of the present invention is at most
30 % of the level of Cjp by-product compounds produced in
the trimerization of ethylene using an equivalent
catalyst composition, which does not contain a ligand of
the type of the present invention, under identical

20 reaction conditions. 1In an especially preferred
embodiment, the production of Cjy by-product compounds in
the trimerization of ethylene using the catalyst
composition of the present invention is at most 20 % of
the level of Cy;p by-product compounds produced in the

25 trimerization of ethylene using an equivalent catalyst
composition, which does not contain a ligand of the type
of the present invention, under identical reaction
conditions.

The catalyst compositions and process of the present

30 invention are illustrated by the following non-limiting

examples.



ether (400 m) and cooled to -20 C. Slowy added under

constant stirring to this solution is 0.1 nol ethyl
woheisyBptsesphi nat e. The solution is then al | owedT/E®2004/052469

reach 25 C, after which the solution is then refl uxed

for 2 25 hours. The solution is then allowed to cool,

after which 0.1 Mhydrochloric acid is added (150

m ). The product is then extracéd-with three 50 ni

portions of dichloronethane. The conbi ned organic

| ayer Exzamplidren conbi ned and dried using magnesi um

sul fate. The solvents 30 are then renoved to give an
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O undedn G al t ae8s Qf i I
renoved by magﬁ%ngmﬁﬁéﬁéegﬂléant 3%¥f§.§g#§%fuﬁ source were
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2005/ Q39738 PCT/ EP2004/ 052469 - 22 w th diethyl

ether, followed by crystallisation from

chl or Gapasditgtdnyl et her. 40 mmol of the

2- et h 1) (phenyl ) phosphi ide i s added t
Lot rahyar or ey BeePERuE AR EL B RRER 2e RS tm gy Tt um
sol ut ingt HodfypHleny49 (BRBhY1) Sirpddad 1at20: 6. wTHE @f@nge

honogeneous solution of the lithiumsalt fornmed is
then al | owddte d 2sPREDPBYPRCHEUr (Dhenydd RCHI GhyBdRat ur e

ANd t hen HRR)ed L9 thi lsut ion .
1, 2- et hanediyl g&szgggé?%?% {%ﬁ%ﬁﬁ%&%)bggpgﬁ%%décﬁ?ﬁg%ﬁﬁ to
t enpertdtaurfe ldfowtihg metinedon is then allowed to

i Nncrease %%d% og1%§ erature. A slurrggis fornmed as

the solution 7i's hea e%g%ﬁuFHQﬂﬁHE§§8’o r A utigy of o-
ni xt utterdmeaienlecqol 84 md) tihe pegaehkon1b6 Mmuenched
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then S{Wactdd1Pft 801550 hiotofmer hined (Bok) 100 added slowly
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S e
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producy g-%gigg 504 L ..sol ution of the
1, 2-ethandi yI (2- 30 ne% éi}%hgﬁéfgggﬁ8§y|)% ‘osphiiie S
oxi de decedderd and the solid residue of o-anisyllithium is

washed with pentane and dried under high vacuum.

20 0.20 mol of o-anisyllithium is dissolved in diethyl
ether (400 ml) and cooled to -20 °C. Slowly added under
constant stirring to this solution is 0.1 mol ethyl
phenylphosphinate. The solution is then allowed to reach
25 °C, after which the solution is then refluxed for 2

25 hours. The solution is then allowed to cool, after which
0.1 M hydrochloric acid is added (150 ml). The product
is then extracted with three 50 ml portions of
dichloromethane. The combined organic layers are then
combined and dried using magnesium sulfate. The solvents

30 are then removed to give an oil and then excess anisole
is removed by warming (70 °C) under vacuum. The last
traces of anisole are removed by washing the resultant

white solid ((2-methoxyphenyl) (phenyl)phosphine oxide)



tetrahydrofuran (250 m), al um nium hydride

(A1H3. 1/ 3(C2H5) 20, 20 mmol ) is added dropw se. The
weabwstserssi s t hen refl uxed until conpl et e (genecalEPo04/052469

overni ght), after which, the reaction is quenched by

the 25 addition of nethanol (10 m), followed by the

filtration of the alumniumsalt precipitate. The

filtrate is then concentrated.- Addi+tion of nethanol

affords the crystalline (2-nmethoxyphenyl)
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sol ut i The idraticd hyinogeatbes £d0utmy JACtheWastROERdsa1t
under an inert atnosphere at roomtenperature. The

suspens?OtEd His H6Pmed1aHed 52 itied fGWerdnhght. atfhgoon
di et hyée@;sélegtm aﬁqan@}a@g éa&r@d tihe Pre UCtroTEfgfé solution

vacuum and 20 m of dry tol uene was gged
r esul t1myrsdlandddylnwkdsttoselate ad mnell0itohdéad. wakhe

m)ve il t nder v.acyl mto ield a .

Lo e RGNE b Th8, S lls A A 8110080 e tperease
of 0. 5o grddim muaniperatutel eAhsylmmeLs fo2RednhsOthdr¥olution
di chl or onet han S a%ged o the (2-
met hox%ﬂ%ﬂﬁ HEES qsﬁe’fr}fethesulTPFnﬂlﬁF%%r%S then
15 1. zébdmedﬁadﬁ %h@lH%HUElé@'ig'éﬁéddEéEHEy(%hé 888ldion of

was added and allowed to stir overni ght. The solvents
were Y& ed & 8v) t heTheskFedurf siel dhieanekhreated hr

1,7, Sph ol ves O DTS 7 e

uene was reno
under rv@mwmuHQGUarfdt@O nfont¢emetdtarol O\ﬂashaddeﬁutﬂm affords

\?muisfgnﬁbeorh VA ethfalnldtn_gli?g—met eoxnipprheeny nqp&xggyf%ﬂkgsphine oxide
product as a white solid.

To a 2 mmol solution of the 1,2-ethandiyl(2-

20 methoxyphenyl) (phenyl)phosphine oxide product in
tetrahydrofuran (250 ml), aluminium hydride
(AlH3.1/3(C3Hs)20, 20 mmol) is added dropwise. The
solution is then refluxed until complete (generally
overnight), after which, the reaction is quenched by the

25 addition of methanol (10 ml), followed by the filtration
of the aluminium salt precipitate. The filtrate is then
concentrated. Addition of methanol affords the
crystalline (2-methoxyphenyl) (phenyl)PCH,CH,P (2-
methoxyphenyl) (phenyl) product. '

30 Composition 2 (comparative)

(2-methoxyphenyl) PN (CHj) P (2-methoxyphenyl), in a 1:1
ratio with CrCls.



met hox yphenyl) 2 PN (CH3) P (2 -net hoxyphenyl) 2

product was isolated. Conposition 3 (conparative) 25
wO200mB965y phenyl ) (phenyl) PN (CH3) P (2- PCT/EP2004/052469

nmet hoxyphenyl ) (phenyl) in a 1:1 ratio with CrCl3. The

(2- met hoxyphenyl ) (phenyl) PN (CH3) P (2

nmet hoxyphenyl ) (phenyl ) ligand was prepared by first

form ng a suspension of 0.42 g-le8hium (60 mmol) in 80

m 30 of THF, to which was added 9.66 g of (2

met hoxypherme) 2BCRbenykypi SOy 1Rl cal) E()(chié‘ﬂﬁ%&xﬁﬂenyl

argon _ atnosphere. The m xture was stirred
hour s, liFans vaghperperae By stimstalfogméndos setbiel of 1.59 g

was adé?%Pmﬁg qb—mgkﬁgggéﬁé%?ﬁéPﬁE%/%B?qgﬂgﬁ Sﬁhgh ether.

24 of toluene was a ture
the <oy uthion swastéghr heted af th 11 Wo HEQ sblpodidm 0irs difethyl
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whi ch mswdne&empeéaéawat lme fuspenid3BANSHAS- £ INed was
concentrated toluene solution was filtered, and 4.6 g

of C2cE- (e PYSrNighaE- a%%dﬂlte&hyﬁeeftépaemswmmmcé from
whi ch was dheimcst bhhed $ofuur RUL al 99 Sfr e dx;éqe was

gas which evolved fromthe reaction was "TTh
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e e WRel YE et o " SR Pan T G e

t enperytalid,a azhatm saliquoz rﬁétHdﬂy@H&th&mm piRSiuct .
added to the cancent r at e$ t ol uene solution and | eft
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F et o R & e Tapor ar A5 TP PS5 gy was
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dry toluene was added. The mixture was then filtered.
The toluene was removed from the filtrate under vacuum,
20 and 10 ml of methanol was added. The suspension was
filtered once more, and the solid white (2-
methoxyphenyl) 2PN (CHj) P (2-methoxyphenyl), product was
isolated.
Composition 3 (comparative)

25 (2-methoxyphenyl) (phenyl) PN (CH3) P (2~

methoxyphenyl) (phenyl) in a 1:1 ratio with CrCls.

The (2-methoxyphenyl) (phenyl)PN(CHs)P (2~
methoxyphenyl) (phenyl) ligand was prepared by first
forming a suspension of 0.42 g lithium (60 mmol) in 80 ml

30 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

which time a 5 ml aliquot of methanol was added. 60 ml



nmet hoxyphenyl) (phenyl) PN (CH3) P (2-nethoxyphenyl)
(phenyl) precipitate was fornmed in the solution. The
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oL osdgoaRdSEAts oiis STRRarEeERr: o Dydia Tt iAReangy Lest
15noni tfferi agfehemetind snefieessiieh 6 nsl def ther Hemes oy
over?nigght) t he rﬁcgc ors.were tested for |eaks. The
d

reac wWEPE PSR rddy FEPPENRT 2D TH%ti on FHEPension
fol | eisngidayred &ed alagsiedpiefhx26ohutd O MaS RS epaned

for Egﬁuene filtrate and the toluene wash fraction were
combined. The combined toluene fractions were evaporated

20 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 (CHs) P (2-methoxyphenyl) (phenyl)
precipitate was formed in the solution. The precipitated
ligand was then isoclated.

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

30 corresponding to the two different isomers respectively.
Two samples of (2-methoxyphenyl) (phenyl) PN (CHs)P(2-
methoxyphenyl) (phenyl) were used in the examples. These

two samples consisted of mixtures of both the racemic and



appropriate catalyst which was to be used. The

catal yst prem x solution was prepared by wei ghing 10
wonwis/oa$758 Conposition 1, 2 or 3, adding 7.4 g 8CTAPY04/052469
tol uene and 25 adding 1.26 g (3 nmmmol) of a solution of
nodi fied nethylal unoxane (referred to from hereon as

MVAO) solution (6.4 w.% Al |22&)Ihept ane, supplied by
Wtco Co.). Thus, the premnx ution prepared (10

m) contained a total of 10 pnol of C and 3 mmol of

Al ( Ebrvmes? BS@“WF%@Wl)ng YRUIRheFatiore afh S5X/48r and 92/8
rati @eQbed@9vdiyThe prem x solution was allowed to

stir overni ght under a nitrogen atnosphere at room

t enpERSLAVET apHo@edMEheri ¢ pressure. WO 2005/ 039758

PCT/ EP200 W?Qg

sol ution ?égﬁﬁfg%als 8p5gépr§ﬁg%rggg4naddl ng a rrrqrfrglllwéﬁg set-
Sny) geannidt protedid sdlhgt i'‘Bndeddon’ Wt Baddmaink of Argonaut
hept g oI ene act ors. were thep . .
char qﬂgg}l\rfw{)?ﬁa‘:ﬁ%’ap%ﬁ‘%npr| %tg gﬁgu£$ L S0 2 ﬁloﬁ‘/glﬁﬂung
scavengét gbbasi bimehd R m‘eaotora,ddndecbrm:lr trekb¢enens

The rea%t or s ver e t hen heat eq to 80 %surl sed

wi t hPethyreng Yo the desiiéd uPe%%t ess g Pygsent

st ar h:ebhelbnsneereqﬁembm@alcbnoa 5 *acm 130 infJU Glo 1@knet Beale.
premx sol uti on j 0. reacto

0L her 0B PRTETUI AT 8 CHORETHF il ok Sehurgas to
t he i1rhegthenwhs neeofompd remMBbbiogs cat al yst  prem x

sol ution. _The reaction was sto ei t her when

ed
maxi mum EB?aE%a?ﬁoﬁ Hﬂﬁ%né’uﬁﬁg J‘é%’é?]%otjd‘resaf""tlé'rﬁ“ §thgtene

timeaky 1ofb5°cl @ﬁdmg pfdsddie ethybeperi nlete Vdlav@ors were
cooling to room enper ature, depressurising and

openithgit Fr@fFeB‘Bt%? T TP CBPSHPEd WK lifre Maintaining

15maxi puprdpkake 6f B hylangawase eerghedk. asrés@@hylene
herei n neans, the amount of ethylene consuned in the

r eactindf tc BR L BE pttisS 15 h @nanbhifit T 97 SR 2t AE £E

I equick@ent ghpr OfUEE wenosﬁeee& n? thesi &edy Maldes@lire
1- hexene. For exanple final volunme of 1-

hexeﬁ@sllgedégﬁréﬂa%@m %’rﬂré‘fé)?htt e nEpAECSY ieglre§eated

for leaks. The reactors were then ready for the
20 reactions the following day.

A catalyst premix solution was prepared for the
appropriate catalyst which was to be used. The catalyst
premix solution was prepared by weighing 10 pmol of
Composition 1, 2 or 3, adding 7.4 g of dry toluene and

25 adding 1.26 g (3 mmol) of a solution of modified
methylalumoxane (referred to from hereon as MMAQ)
solution (6.4 wt.% Al in heptane, supplied by Witco Co.).
Thus, the premix solution prepared (10 ml) contained a
total of 10 umol of Cr and 3 mmol of AL (1 mM Cr, 0.3 M

30 Al), and therefore an Al:Cr ratio of 300:1. The premix
solution was allowed to stir overnight under a nitrogen

atmosphere at room temperature and atmospheric pressure.



ethylene required to produce the 5 m final volunme of

1- hexene would be 0.12 noles, thus the supply of
webthsleymss 25 to the reactor woul d cease once OPQLE/ERRI0E952469

of ethylene had been supplied. This is inportant as

the volune of the reactors in the "Endeavor' was

approximately 15 nl, and as s the desired fina

vol une of product and any rendining starting

materials_was less than 15 m. 30 Typically a 5-10 m

final vol AnB- el WA} (R VengerpPoitktOM 4& W Was prepared

col | s1aT=Ye } h t ﬁ\@ﬁ@ I
usi ngﬁﬁeggdaﬂgo&nﬁ% ogr aph ﬁ2(2V£|)gg Qaﬁ O Qﬁ%o}ig?ggn

col urf®, 4h&ki an%awﬂérpfgaase V\@) %@%/@991755@
PCT/ EP20044,@52488 o5 %Jered%%ﬁt Bhirybd miaclﬁ; ﬁ@%pgﬁate

of hexyl benzene internal standard.
SexperimeEit, ofhehe edcd df MB®¥: acavapIer 5scrﬂut01fon @ntdhé 5 ml of

0.2 MdM‘Y‘%@oﬁQ@V%‘%gérn%PL hbﬂhgggy?eéopga&gﬁ% tgae%o h%atewaﬁo

pressurised to 8 . ene
of tB® C&t ahgsprosewidsebwithoathgbenai o nge de51red

ConpaQqsi nj ect t actor .to star
t he %Zeatg{tggﬁ I}fﬁ@%é ratefoo%qﬁ%g 8h£ih€r e JLrzeaz;lcc o ﬁewﬁglon’
st opped awMignot Oof heheraxiemim upﬂ.akeomfwaai rﬁgdjexmemsnto the

eached 61 m oduc xt ure
0glnal fseggq;é %e rheesrul-lbt]g E%lcF:Lan%b%“eo Sund “l'an\/\%z‘ﬁlnelfje(:md
Exam:tloepﬁrl;e thesueg(epcemqmriunet hé aewnctaiaiconiqicaitagyst

Of . 13 ng M MVAO scavenger solution and
heat éDdC f“& 5 %:u 9/\%3 pressurised to 20 bar with
et hyl ene. TAeOréaﬁtloralwmcﬁto@beﬂhél’ﬁlaéﬁlvthetn AIHRITIé x imum

sol uti ta osition 1, S injected.into
the rsgeks: SEolkiulthe MET RRachRinot AT e G e By
15500: Klosihg bEECthONetisl 2@ Shoppedawhen ddel iImXitdubon
upt ake of gt{tg)‘é \rllggwas reached 6 m nutes).. The

prodJEF@ﬁF PLFRHYSEd "y 20E. CRAR %S § geactor. The

term “stopped when the maximum uptake of ethylene was
reached” as used herein means, the amount of ethylene
consumed in the reaction corresponds to the amount of

20 ethylene required to produce the specific desired volume
of l-hexene. For example, if a 5 ml final volume of 1-
hexene is desired (0.04 moles), the number of moles of
ethylene required to produce the 5 ml final volume of 1-
hexene would be 0.12 moles, thus the supply of ethylene

25 to the reactor would cease once 0.12 moles of ethylene
had been supplied. This is important as the volume of
the reactors in the ‘Endeavor’ was approximately 15 ml,
and as such the desired final volume of product and any
remaining starting materials was less than 15 ml.

30 Typically a 5-10 ml final volume was desired.

The product mixture was collected and weighed. A

weighed amount was analysed using Gas Chromatography (GC)

(50 m CPSIL 5 CB y 0.25 column, helium carrier gas, FID



can be found in Table 1. Exanple 3 25 In this

experinment, the reactor containing 0.5 m of the 0.2
wohkMg®Bseavenger sol ution and heated to 80 C, PCWEP2004/052469

pressurised to 8 bar with ethylene. A 0.5 m aliquot

of the catalyst prem x solution, containing

Conposition 1, was injected _ilf}go_t he reactor to start

the reaction 30 (Al:Cr ratio of'500:1). The reaction

was stopped after 1 hour. The product m xture was

anal JEEECEYrIGitthe KESHPt 8™ovRh Pe FGuHpenFeTabletarnal

WO 20054839458 PCT/ EP2004/ 052469 - 28 Example 4 In

this experinent, the reactor containing 0.35 m of

t he BX2mPA®MAO scavenger sol ution and heated to 80 C,

was presgyripsed d e?:§m@ﬁ‘£ witd & loern%on@agnigr?%r% P mnl of

al i quot of the catalyst prem x sol ution, contai
SConpbet Poh M MG Sasjvenped sﬁi@txm@eﬁéhéﬁﬁﬁeﬂotgt&@t°c

t he ol at of,; 20 e rgagtto
st opgégag%%gguéﬁhourtor Thggﬁr o?ﬂﬁ@t etflnﬁ%(t E%e \/vg‘s%a%a'lql V@flqmt
by GGt The ¢@$ﬁﬂX$¢ rr@mg2nspéut bemd @qnfﬁﬂmleg1COmp051tlon

|l e ( t
reactor "aanE B b s PhERESE Wit HE peagiion
sol ut AdmCandahJsatce‘ij 308 :80 - C ThwalseqmtasxumasaedtbppedbMen

vvlth thyl en Mall t15ofthec t
pr em E spcé i If‘%nﬁ up Saioni na‘ﬂﬁg‘ﬁ%%g %ng%? minutes) .

|nJ ect ed Théoﬁd&tﬁm‘teaub@méoméaaﬁﬂi&d e;azct;con The results
of . 500: The reacti on was stopped when

the FYSQI ﬁﬁrr?ﬁ Rk ow‘f;gbét hgl ene was reached, 105

m nuEgsmpIBe2 product m xture was anal ysed by GC. The

results 20 can be found in Table 1.

le.6.
(conpar at ey tH THE EPer i ﬁtre?‘ﬂéorf tgining 0.5 ml of
15cont &hei 0g20M 5O Afcavenger solution and heated to 80 °¢C,

was pressurised to 20 bar with ethylene. A 0.5 ml
aliguot of the catalyst premix solution, containing
Composition 1, was injected into the reactor to start the
reaction (Al:Cr ratio of 500:1). The reaction was
20 stopped when the maximum uptake of ethylene was reached
(96 minutes).
The product mixture was analysed by GC. The results
can be found in Table 1.
Example 3
25 In this experiment, the reactor containing 0.5 ml of
the 0.2 M MMAO scavenger solution and heated to 80 °C,
was pressurised to 8 bar with ethylene. A 0.5 ml aliquot
of the catalyst premix solution, containing Composition
1, was injected into the reactor to start the reaction
30 (Al:Cr ratio of 500:1). The reaction was stopped after 1
hour.
The product mixture was analysed by GC. The results

can be found in Table 1.



the 0.2 M MMAO scavenger solution and heated to 80 C
was pressurised to 20 bar with ethyl ene. However, due
woaoBH3e138 hi gh rate of reaction exceedi ng t hepPCema#2004/052469
rate of the reactor the pressure during the reaction
was only 7 - 10 bar. A 0.5 m aliquot of the catalyst
prem x solution, containing Co%p03|t|on 2, was
injected into the reactor to “%art the reaction
(Al:Cr ratio of 500:1). The 30 reaction was stopped
when mum upt ake of ethylene was reached, 96
m nut es. ThetR{odiigle Mimehitl €t WaSran&t Y, lseéinr@élgfngTBGBS ml
results can be found in Table 1. WD 2005/ 039758
PCT/ EF2862/ B52463MAO BeavERGRH| éOWYWhe@éﬁdl Ro 80 °c,
this p C 0 e
2" TEMVRO: Semvareor Sal i on” sl st el ro 80°C°° Bk
5pr es@&rmgea ©b Bh%a?amlmtepﬁymehesowuc@,mcoalrtaqumng5
of t%% %9E§£¥gﬁ Prewgg(f% e% Eanlnggnﬁﬁgryég%tor to _start the
Conposi tion was I njected into the reactor to start
t he reactiion (LA CICrratdl 9foh0680D) 1) . THhergagddonornamas
st op e The product m xture was
ana|§§§3§%5 %f?eﬁﬂgqﬁﬁﬁh|ts 10 can be found in Table
1. Exanpl &hé pc@mparaumwerelwashasabwﬁaduneﬁm, t Mee results
reactQr n of the 0.2 M MVAO
loscavg%aeﬁgs% égﬁlghgéheated to 80 C, was
pr es&unmpéd Ho( dﬁmﬂﬁﬂatmvbh ethylene A0.35mM 15

aliquot o £, cata re sol ution, caqnt.ai.nin

Comos t1 6 LS Aba me Fipo SR Ph it Aty B p m o

t he theaotom MMAocacgwﬁnqero%o5ﬁﬁldﬁ arddehd=fael itensvasc,

st opped after . The prod ure S anal sed

by CHeS AR TS S Tl BRI T aliquot
152005/03391R28ca 881 y PCTHEMAC0400024680, dﬂntalnlng Comp051tlon

2, was injected into the reactor to start the reaction

(Al:Cr ratio of 500:1). The reaction was stopped when
the maximum uptake of ethylene was reached, 105 minutes.
The product mixture was analysed by GC. The results
20 can be found in Table 1.

Example 6 (comparative)

In this experiment, the reactor containing 0.5 ml of
the 0.2 M MMAO scavenger solution and heated to 80 °cC,
was pressurised to 20 bar with ethylene. However, due to

25 the high rate of reaction exceeding the feed rate of the
reactor the pressure during the reaction was only 7 - 10
bar. A 0.5 ml aliquot of the catalyst premix solution,
containing Composition 2, was injected into the reactor
to start the reaction (Al:Cr ratio of 500:1). The

30 reaction was stopped when the maximum uptake of ethylene
was reached, 96 minutes.

The product mixture was analysed by GC. The results

can be found in Table 1.
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was pressurised to 8 bar with ethylene. A 0.5 ml aliquot
of the catalyst premix solution, containing Composition
2, was injected into the reactor to start the reaction
(Al:Cr ratio of 500:1). The reaction was stopped after 1
hour.

The product mixture was analysed by GC. The results
can be found in Table 1.

Example 8 (comparative)

In this experiment, the reactor containing 0.35 ml
of the 0.2 M MMAO scavenger solution and heated to 80 °C,
was pressurised to 15 bar with ethylene. A 0.35 ml
aliquot of the catalyst premix solution, containing
Composition 2, was injected into the reactor to start the
reaction (Al:Cr ratio of 500:1). The reaction was
stopped after 1 hour.

The product mixture was analysed by GC. The results

20 can be found in Table 1.
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rd W kn WO 2005/039758 PCT/ EP2004/ 052469 - 31 1 LT

batch reactor procedure The 1 LT batch reactor was
woeaisedosader a nitrogen atnosphere to 70 C, paT@en04/052469

with N2 three tinmes, and evacuated under vacuumfor 5

m nutes. To the reactor, a 5 solution of 250 m of dry

toluene and 1 g of MAO soI utlork (5.11 %A in

tol uene) was added in order to p| ckle' the reactor

for at _least 2 hours at 70 C. The tol uene and MAO

‘pi cll &T baFeh| FRrGlRd DEeegEHTeand t he reactor was

evacuat edrh@r 1 57 gHH &S SR BEAY L ntgeat]eQi e CACHOE rogen

tenperature at 70 C. The reactor was then fi Ied th

250 Ritm@ephess ulen e7 Qgdirn Puspedsut i b ttdiasee tlrﬂéaet am:i

pressure ene, and an_a opri at apount of

MAO SCAV 8\1\%85 Cg eé’tug’d%ojfhg lgg ﬁ'{)‘?so'n \%&S tgghéﬁacwr' a

5stir rs@dufcdlbnaoﬁeﬂ’o@)dn]ofofdtdrlyeﬁsluénénamtt s gafof7QIA6 sddution

A cat Iy@tg% ut| n was gcrie ared b ghi, ng

10 pnol ~of ° Jo%f?cf Z2gr 239¢ rltﬁ BFC $§’ the

t ol ueracand addiag ﬂeaﬁ& gz h3umeoh 10(5 . MAO sol ution

(5.11 %NA{T iﬂ‘? ol ueaé{ Thus, .the preni x sol ution

prepared €16 iu%t G405 “PhEkie fSCl]OJtm%’l wgp yemeyed

and %n@”@heofefﬁt&ﬂ-wﬁﬂ GracBade Ab), 5ﬁﬁ@ﬁﬂ§%ﬂtMBgn@81nlng
ratio of 300:1. After stirring, th

Al : e
10¢ v | néﬂezé??SFOFe%%‘?R‘?ﬁ?%§ a&t APt 8- by %e@Gtag Has then
al i quatiiel RieRt Y SiL RGNS 1usREULELh | PR dh8 ized to the
pressurised reactor. The reactor was 25 then heated to
t he FEREEIBR PERPEHER UHidhorthylene Thand rasp@ripgRpPraste
al | ougduhe BEOGESN dfferRydiNQUR §H§>é‘&%ec@f ItHem%o‘Ml‘tEéB was
mai ntai ning reaction pressure, and was stopped
rapi dihenc66iFAgd t Fer rederdrdt efapbutemey & mln‘JteS at 70 °C.
15(apprOX|natg|¥a§a Q@Eﬁ§%uxTleﬁ€§QEan§%ﬂ% Ee@aﬁ 30

renmoved fromthe bottomof the 1 LT Batc ctor
weighing 10 umol of Composition 1, 2 or 3, adding 7.1 g

of dry toluene and adding 1.59 g (3 mmol) of a MAO
solution (5.11 %w Al in toluene). Thus, the premix
solution prepared (10 ml) contained a total of 10 pmol of

20 Cr and 3 mmol of Al (I mM Cr, 0.3 M Al), representing an
Al:Cr ratio of 300:1.

After stirring, the trimerization reaction was
started by injecting an aliquot of a catalyst premix
solution into the pressurised reactor. The reactor was

25 then heated to the reaction temperature of 80 °C. The
reaction was allowed to proceed for a known amount of
time whilst maintaining reaction pressure, and was
stopped by rapidly cooling the reactor to about 30 °C
(approximately 5 minutes). The reactor content was

30 removed from the bottom of the 1 LT Batch Reactor.

The product mixture formed was collected and
weighed. A weighed amount was used for GC analysis using

a hexylbenzene internal standard.



The product m xture formed was col |l ected and wei ghed.
A wei ghed anpbunt was used for GC analysis using a
woenosidgnsgene i nternal standard. WO 2005/ 039758CT/EP2004/052469
PCT/ EP2004/ 052469 - 32 Exanple 9 A 10 ml aliquot of
the catal yst prem x solution, prepared using
Conposition 1, was injected intg the 1 LT reactor,
containing 3 nmol MAO as a sdh&gnéer (1.59 g of 5 MAO
solution)., The reaction was perforned at 80 C under a
15 bk¥a®eh§|2ne at nosphere. The reaction was stopped
after 5 hpuig lot0h £2¢¥Re | e
consuned. Thelgﬁgggb ﬁlgfugg m%i&ﬁﬁgﬂiggﬁﬁ%k %g}%@ﬁon,
r esuPrspaned cagiitse GoswedithoTabl evas imdegyled ioto the 1 LT
(ConPééé{':b:\.’e)ccﬁﬂ?al'Hlngj KaKAL1 Hhad Nes %atzsaéase%hg%egi 59, g of
sol ution prepared i ng Conposition was ~I nj ect
5 nt oMABesalutTionleactibe, resatadmi ws (g foroledVAD 88 %C under

e R T

at nosphere> Wdiwey. 205 twitaldt e§ 2ANS kXires @fnbtbplene was
catal¥ﬁgu8%§n1x solution was injected. The reaction
was stopped after 4.5 hours. Atotal of 325 litres of
et hyl ene %as pnm&uneduXZ®r§hea@ramhkysad)UMJGQ.ma§he results
anal sed oundIH?ﬂﬁEﬁU| can be found in Table 2.

F8 R conparatlve) "2 m aliquot of the

cataEyampbeen®x (soipstragiye) pr epar ed u5|ng Conposi tion

3inthe 57/43 m tur ti 25 was_ in ected

The 1 LT Reddibralidirhi ke ocatnbiit g1t fon,

Scavgmgﬁéréalﬂéiﬁb(ﬁoﬂﬁ@@1&®bﬂt2ph®asWﬂﬁﬁddﬁﬁﬂIlaBOMBBe 1 LT

performed at 80 C under a 15 bar_e | ene at nosph

Pt PEACEPEn R aAITRed & BT RS = RoTERaEtof 2T ma
15250 birt mas ob1etivt)ene Thas reapsuskdvasS ekt rpleaddet 80 °C

m xture was anal ysed by GC. The results ,
under a 15 bar ethylene atmosphere. After 205 minutes an

extra 2 ml of the catalyst premix solution was injected.
The reaction was stopped after 4.5 hours. A total of 325
litres of ethylene was consumed.

20 The product mixture was analysed by GC. The results
can be found in Table 2.

Example 11 (comparative)

A 2 ml aliquot of the catalyst premix solution,
prepared using Composition 3 in the 57/43 mixture ratio,
25 was injected into the 1 LT reactor, containing 0.6 mmol
MAO as a scavenger (317 mg of MAO solution). The
reaction was performed at 80 °C under a 15 bar ethylene
atmosphere. The reaction was stopped after 3 hours. A
total of 250 litres of ethylene was consumed.
30 The product mixture was analysed by GC. The results

can be found in Table 2.



can be found in Table 2. WD 2005/ 039758
PCT/ EP2004/ 052469 - 33 Exanple 12 (conparative) A 2

woho@lsegset of the catal yst prem x solution, pCemae®d052469

usi ng Conposition 3 in the 92/8 m xture ratio, was
injected into the 1 LT reactor, containing 0.6 nmol 5
MAO as a scavenger (317 ng of I\Q%O sol ution). The
reaction was perforned at 80 Cunder a 15 bar ethyl ene
at m)sphere The(reactl on was stopped after 4.5 hours.

At GXRRRAE 3Ag(FPIRTEHTEd hyl ene was consumed. The

5

10

pr oduct rmxpum ﬁ?@@lo&!ﬁs%eb&a@@l g»fe%ﬁlﬂ 15%51uton,
can be found in Table 2. WD 2005/03 75

PCT/ BFS984F0523509 CamPq9itiogo3t inchhe /& mdxture. patio,
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The product mixture was analysed by GC. The results

can‘be found in Table 2.
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the use of a catal yst conposition according to the

present invention containing a ligand of fornmula (1)

as defined herei nabove, specifigally 5

(met hoxyphenyl ) (phenyl) PCH2CH2|3 nmet hoxyphenyl ) ( phenyl )

, results in a reduced yield of C.o by-product than
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Rl andiBRBearef cwitldarfaiit wethtoupsridley (I) as defined

hereinabove.



do not contain a polar substituent at any of the

ortho- positions; 15 R2 and R4 are independently
woeeb@dasedsf rom optional |y substituted cycl oar BOBEP2004/052469

groups, each R2 and R4 bearing a polar substituent on

at | east one of the ortho positions; and c) a

cocatalyst. 20 2. A catalyst cgg$osition according to

Claim1, wherein the bivalent gani ¢ bridgi ng group,

X, is an al kyl ene group which contains from2 to 6

carbon atons in the bridge. 3. A catal yst conposition

according to daim1 or 2 SZEL@DELE;E the bival ent

organi c bridging group, X, is - - . 4 A
catalyyst @opReshliON-AGaAidiiBg se 1<9f 1 to
3 wherein Rl and 9R3 are |ﬁdépendeﬁt% se ecte from WO

2005@3@%58ZIE?CWEPQ@(JIIJ/@SLMQIHOHOIBWSomhmﬁ yhe catalyst
SUbStdo'inE%%‘_thPLBﬁn% g{g&s whi ch do not contain a
a

ol ar substituent any of the ortho-positions. 5. A
catalyst @dnposi spercacroditegite, anglyddiwm g tungeten;

54 wher ei n R2 anlﬁg?r‘?cﬁ eo¢gq%%]@§gge@&ﬁ{u el ected from5

opti onal | y substl groups i'f the pol ar

substituent is an optl onaa Ipyxb@qgah@g4)cl CZQ al koxy
group. 6. A catalyst conposition according to any of
Clainms 1 "P6rSilherein R2 and R4 are 2-nmet hoxyphenyl

groups. 7x Ascat Eixyasier?@fm%htllcoﬁr@& Pﬂi 'cﬂEbLI;P any of
Claims 1 10 to 6 wherein the cocataly Is selected
from net Ry} ahdnBames o:mdfapcélnﬁneadlpre*shyécaﬂamnsa:@me 8.

catal yst _conpositi on .accor di
D A L s e
A cataaldy stubsaiposed i st actoddiong rbpl CGyeoups, whetheithe

15 the source of chromiumis C13 10. A process for

t he tRYEAYESCOz&PRENYREN d?]:famﬂ & RBAOABFSO2NRRATEIcH grREPs they

Pr oCeRs eRMRLhE8$n CONYACY Y13k i tuent at any of the ortho-
positions;
15 RZ and R4 are independently selected from optionally

substituted cycloaromatic groups, each RZ and R4 bearing
a polar substituent on at least one of the ortho-
positions; and

c) a cocatalyst.

20 2. A catalyst composition according to Claim 1, wherein
the bivalent organic bridging group, X, is an alkylene
group which contains from 2 to 6 carbon atoms in the
bridge.

3. A catalyst composition according to Claim 1 or 2

25 wherein the bivalent organic bridging group, X, is -

CHoCHp-.

4, A catalyst composition according to any of Claims 1

to 3 wherein R} and R3 are independently selected from



| east one ol efinic monomer under trimerization
reaction conditions with a catal yst conposition

weacesrd9’sg to any 20 one of Clains 1 to 9. PCT/EP2004/052469
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optionally substituted phenyl groups which do not contain
a polar substituent at any of the ortho-positions.

5. A catalyst composition according to any of Claims 1

to 4 wherein RZ and R% are independently selected from
optionally substituted phenyl groups wherein the polar
substituent is an optionally branched C;-Cy alkoxy group.

6. A catalyst composition according to any of Claims 1

to 5 wherein RZ and R% are 2-methoxyphenyl groups.

7. A catalyst composition according to any of Claims 1
to 6 wherein the cocatalyst is selected from
methylalumoxane or modified methylalumoxane.

8. A catalyst composition according to any of Claims 1
to 7 wherein component a) 1is a source of chromium.

9. A catalyst composition according to Claim 8 wherein
the source of chromium is CrCls;.

10. A process for the trimerization of olefinic
monomers, wherein the process comprises contacting at
least one olefinic monomer under trimerization reaction
conditions with a catalyst composition according to any

one of Claims 1 to 9.



