WD 2005/ 039758 PCT/ EP2004/ 052469 - 1 CATALYTIC TRI MERI ZATI ON OF OLEFI NI C
MONOVERS Field of the Invention The present invention relates to a catal yst
for the woizeesvi3gssi on of ol efinic nmonomers. The presenPCTIERQ@MIOFIAY al so
relates to a process for the trinerization 5 of olefinic nononers, in
particular for producing 1- hexene fromethylene, in the presence of said
catal yst. Background of the Inventiod The efficient catalytic trinerization
of olefinic nononmers, such as the trinerization of ethylene to 1- 10
hexene, is an area of great interest for the production of olefinic triners
of varying degrees of commercial value. In particular, 1-hexene is a

val uabl e conononer for_|i I j olye ne_. ( .. 1-hexene
can al so be produced bfhhhggﬁ£%ﬁ£¥%ﬂ§%%?béﬁ®ip%ohﬁﬁtf%}cjéé&ﬁﬁ rization
process, although the trinerization route is preferred as it largely avoids
the production of unwanted olefins. Several different catalytic systens

have been discl Bseldiat v iofhe trimerization of ethylene to 20

1- hexene. A nunber of al: hr omi US- A- 5198563
(Phillips) discloses %%??n%ﬁkﬁaéeﬁgﬁégggl %’?ﬂ?%%#ﬁm%?#?ﬁ%a&fa?r‘fée ani ne
| i gands useful fofimérirerion rd ollefinsc Rondi® s 5968866 reBBLhLI i ps)

di scl oses an ethyl ene | oli oneriﬁgtion/trinerization process which uses a
catalyst_conpris'%ﬁe%?%ﬂﬂ SPMEESAPPEX CRhE A ¥TTSai i &hEobFdPaRE 7Rkt on
asymetric §ridepap e PHOSPRRAMROMRESANE PAr N 20A5 1039138 4RETLEP2004/ 052469

2 stibane ligand and an al um noxane to produce al pha-"olefins which are
erfri ched in 1- hekexene from ethylene, in the presence of said catalyst.

Background of the Invention

The efficient catalytic trimerization of olefinic
monomers, such as the trimerization of ethylene to 1-

10 hexene, is an area of great interest for the production
of olefinic trimers of varying degrees of commercial
value. In particular, l-hexene i1s a valuable comonomer
for linear low-density polyethylene (LLDPE}. 1-hexene
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



US5523507 (Phillips) discloses a catalyst based on a chrom um source, a
2,5-dinmethyl pyrrole ligand and an 5 al kyl al um nium activator for use in the
trimeri zavoaosmsorset hyl ene to 1- hexene. Chem Conmun., PODEP2084/033%@- 859
(BP), discloses chrom um conplexes of |igands of the type Ar2PN (Me) PAr2
(Ar = ortho-nethoxy-substituted aryl group) as catalysts 10 for the
trimerization of ethylene. WO02/ 04119 (BP) discloses a catalyst for the
trimerization of olefins conprising a soutrce-of chromum nol ybdenum or
tungsten, a ligand containing at |east one phosphorus, arsenic or antinony

atom bound to atgd 8as{e 154088 Bxdr 25N RIxRR! %O{amPﬁeérﬂvghaﬁf oup having
all such "pol a

a polar substituent, but “excluding 'the case where u r
substituent s ar eoyshfoigphaté chapganenvickad band -dueaeps, and optional ly an
activator. The ligan [ t.of the,. exanples is

( 2- met hoxyphenyl ) 2PN%\%%‘§%§9§ERE§§&%‘%%&Icslf.c)i?g%ﬁl £hEaGRYHE Raned por &
di scl osed in thecBRagH HRAESe, MBND | DALGIADENG YR2¥EcJ00gas@! £ iadi ty for
1- hexene within the C6 fraction, a relatively high | evel of by-product

formation (®.g. ddeBnedlniaiypsaritrter f3ulget R8r Eher Brimerigagiioablod t o

provide a cataly, HL) Lgation 25 of olefinic nononmers, especially
for the trineri z%%t}%l%ng; IE%etlh§/1E§%eét 0 1- hexene, which reduces by-product

formation (e.g. decdiewm). Womhenopi 2@6 nithg 8SE-E6RI VBPY, fdaitsdrodeaxene. |t
has now been surprisi.ngly found tha% he cataly }1 go cogrfo igi Sns and
processes of thé %éﬁ‘t QOWZﬁf‘?BnO p#lcﬁﬁ &5 2 Fi t¥Bht ?(?L?ft( 7 5fTt he

sdl ective productdon gHerb-hexapgytsemistititenar iggo{ﬁsﬂ% NGdNgghgvel of

by- product formation, especially Cl0. WO 2005/ 0397 CT/ EP2004/ 052469 3
Summary of 1@ he IfpeerdtheotrApesidphgor cbithadsast of the present invention

WO02/04119 (BP) discloses a catalyst for the
trimerization of olefins comprising a source of chromium,
molybdenum or tungsten, a ligand containing at least one
phosphorus, arsenic or antimony atom bound to at least

15 one hydrocarbyl or heterohydrocarbyl group having a polar
substituent, but excluding the case where all such polar
substituents are phosphane, arsane or stibane groups, and
optionally an activator. The ligand used in most of the
examples is (2-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 cbserved. It would therefore
be desirable to provide a catalyst for the trimerization

25 of olefinic monomers, especially for the trimerization of
ethylene to 1-hexene, which reduces by-product formation
le.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 Cig.



there is provided a catal yst conposition suitable for the trinerization of
ol efinic nononers, wherein the catalyst 5 conposition conprises: a) a

sour ce of wahzooswismss nol ybdenum or tungsten; b) a |i gand®GTERBHASZA6 T or nul a
(1); (R)(R)P-X-P(R3)(R4) (1) wherein: 10 X is a bivalent organic
bridging group conprising froml1 to 10 carbon atons in the bridge; Rl and
R3 are independently selected from hydrocarbyl, substituted hydrocarbyl,

het er ohydr ocar byl and substituted heterohydsoearbyl 15 groups, with the
provi so that when R1 and R3 are cycl oaromatic groups they do not contain a

pol ar substi tue%%ﬁ%ﬁngfoghéhﬁ@éﬁg}%-noosi tions; R2 and R4 are

i ndependent |y sel substituted cycl oaromati c groups,
each R2 20 and R4 beacingdangotaromsulasipeictient ohe aprésast ionernafichhe
ortho-positions; and ¢) a cocatalyst. According tp a further aspect of the
present i nvent | GREEenéFe PFEV TN 1 316 4 HF6CEREPPR 10 i {4 lferpEat PBn of
ol efinic MONONEr §rWaeH SR bREHPT OLESHi CABREREES, CRLACH] MR lct8ashone

ol efinic nononer under trinerization reaction conditions wth said catalyst
conposi ti on.5 The coaraisysiogoppaRiisasiis of the present invention 30 are

particularly suitable_for th I j i f f i c nonQners .
especially for the trit riéag?%ﬁkgﬁﬁ!g?%§ﬁ@ﬁ§'t%8%@%%%3%%f”%%€nggF§Pyst
conmposi tions and WO 2805/ 0397 58aRCIWERRDR460524060u14 (process of the present
invention surprisingly produce substantially_|ower concentrations of
ol efinic by- products (e.g. decées(RymedoRi(RAN(RY) 1- detBne which is

( wherein:
10 X is a bivalent organic bridging group

comprising from 1 to 10 carbon atoms in the bridge;

Rl and R3 are independently selected from
hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl and substituted heterohydrocarbyl

15 groups, with the proviso that when Rl and R3 are
éycloaromatic gréﬁps they do not contain a polar
substituent at any of the ortho-positions;

RZ and R4 are independently selected from
optionally substituted cycloaromatic groups, each R2

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



produced by the addition of two ethylene nononers to the 5 1-hexene product)
while maintaining a high selectivity for 1l-hexene. In addition, the
cat al yst wompmwsioiarens of the present invention di splay BGHRERDeAANS2469
activity/decay rate profiles conpared to the Cr(I111)(2-
met hoxyphenyl ) 2PN( Me) P( 2- met hoxyphenyl )2 catal ysts 10 di sclosed in
W02/ 04119 nentioned above. In particular, the catalyst conpositions of the
present invention show good initial actiw ##y-but decay |ess quickly than
the Cr(111)(2-nmethoxyphenyl)2PN(Me) P(2-nmet hoxyphenyl)2 catalysts. 15
Detai | ed DescriptyQeak bRethEVEdAR ASivesedoReEetPr 116y t}efrﬂpo_duce

0 efini c mononer to

"trimerization” ans the catalytic trimerization an o

give a product cupssshtishlentéwdreddncenfigatoopount obrfiied foyem t he
reaction of three of ssid olefinic nonhoners, The tler trimeci,zation

i ncl udes the cas®FOMEFE (Caft THE DB ePTRPE HBRRNEY sLTHPGHRE #BdGNstFeam are
identical as weldroanckRebgases yengioh biferigedtByI &M EHHRIARS thWerLar

more different olefinic nononers. In particularly, the term"trinmerization"
when used 25 inr&ezensnprededie) twhider mAANLaANHRY @ i Bheakeatd vithe

trimerization of hyl f al ke iall 1- hexene. The
term"trinmerizat ifg)trjf éeﬁgg?lﬁ%i t)c/)frmvaidecgﬁﬁl}géd ?ﬁe ?e'e?gﬁ%n (%loénptoﬁg%tlﬂl%e?%zati on
of ethylene to lthexemresdftnbansntiven altepdtyolmEbotedcidanviftgr/aedawi thin the

product conposition. Thg%i‘er m " 1- hexene sel ecti vi t%y when used in relation

to the trinerizathitdf BFOSEEST TRIRAF S fox&RE VD! bbb %39758_ _
PCT/ EP2004/ 052469 et Box ﬁ@ﬁyii@uﬁm@w@%z%eéﬁ&@%yflqrér&gfawfg@sn the Co

fraction of the produci conposition. The overall vyi'el hexene in the
trimerizatildn of diskybend is WP /04119 mentioned above. In particular,

the catalyst compositions of the present invention show
goad initial activity but decay less quickly than the
Cr(III) (2-methoxyphenyl),PN(Me)P (2-methoxyphenyl},
catalysts.

15 Detailed Description of the Invention

As used herein, the term “trimerization” means the
catalytic trimerization of an olefinic monomer to give a
product composition enriched in the compound derived from
the reaction of three of said olefinic monomers. The
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 eclefinic 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
1-hexene.
The term “trimerization selectivity” when used in
relation toc 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



product of the "trimerization selectivity" multiplied by 5 the "1-hexene
selectivity". The catal yst conposition of the present invention conprises:
a) a sour sy gfosedrssni um  nol ybdenum or tungsten; b) a |IRCEERRIOEI5H620 c) a
cocatal yst. Each of these three essential conponents are described in
detail below The source of chrom um nolybdenum or tungsten, conponent
(a), for the catalyst conposition can include 15 sinple inorganic and
organic salts of chrom um nolybdenum or twum\gsten. Exanples of sinple
inorganic and organic salts are halides, acetylacetonates, carboxyl ates,

oxtdes, ni U7 atesyesll ahes Altal N5t 1) KRuerBUELBRLS SOUIERT (e € oM um

nol ybdenum or tungsten can so i nclude co-ordination and organonetallic
conpl exes, for exampienchfohhepiodeii comgesteéioahyditod wvaeraddnpliexd

(benzene)tricarbonyl.chrom um chromi um hexacarbonyl, and the |ike. The

source of chroni&%?l“ F?ﬁ&@nﬁﬂ1{he{gﬁﬁﬁﬁﬁ%ﬁagéﬁ“ ?é %ﬁ%&h?ﬁﬁ:Pﬁd@hﬁ m xture of

si npl e i norgani ¢ [3AduSt SENPhE ™OF RHiIGa$AbhS se 80P ¢ Nt !nﬁﬂt%?;'mle@xﬁ? ?n;i
a

organonetal lic conplexes. In a preferred embodi ment herein, conponen
is a sourcé of dimeotiluexpaet seifeiiwitariromium (111). 30 Preferred sources

of chromumfor use h in i mpl e .norganikc,.and organi ¢ _salts of
chromium A nore pre?égrgagég%%%éﬂggﬁﬁﬁFﬁﬁguﬁifEﬁgLE%?%%ﬁhﬂﬁ?YﬁP PHe
hal i de salts of Jum@xides:such as chrom um chloride, WO 2005/ 039758

PCT/ EP2004/ 052469 - 6 chrom um brom de, chrom um fl uoride, and chrom um
i odide. A particul arBy pr8f 8PHEE HuchE OB BN BAT YRATUHN (o3 LUREEERR/ i s
chfiom um chl ori de, Crg}3. a ligand; and

10 c) a cocatalyst.
Each of these three essential components are
described in detail below.
The source of chromium, molybdenum or tungsten,
component (a}, for the catalyst composition can include
15 simple inorganic and organic salts of chromium,

" molybdenum or tungsten. Bxamples 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 organcmetallic complexes,

o

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 (ITI).
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,



The ligand of the catal yst conposition of the 5 present invention,
conponent (b), is of the general formula (1); (RL)(R2)P-X-P(R3)(R4) (I)
wher ei n: WO Mosoddirssal ent organi ¢ bridgi ng group conpri siEI/EPROOHEIHP 1 to 10
carbon atons in the bridge; RI and R3 are independently selected from

hydr ocar byl , substituted hydrocarbyl, heterohydrocarbyl and substituted
het er ohydr ocar byl groups with the proviso that when RL and R3 are

cycl oaromatic groups they do not 15 contaih a polar substituent at any of
the ortho positions; R2 and R4 are independently selected fromoptionally

substituted cycl eprem@imCogsmims, aohibd andoRddeaidEhrdmiohak odide.
substituent on at | east one of the ortho 20 positions. In the general

fornula (1), X r8ppasbhedlarky rueferredr §antee ot deghrnpigmodpr geapri si ng
from1l to 10, pggggﬁgbig %ﬁfﬁﬁfﬂﬁ‘%ﬂiorﬁﬁée fr€ erably from2 to 4 and
6~ 3 car the' bridge.

especially from ( on atoms in t e. A 25 preferred embodi ment
has 2 carbon atons inppbe;brdglger B chBal{s Redfusd; diprinderpkood to be

the shortest connection between the two phosphorus atons. Suitable bridging
groups incl &de spissentit envemdlorunswiprhent edb hl kKig exfe tgreogpeserdhe al kyl ene
groups can 30 ogtignfgl T ontain one or nore heteroatons in the bridge,
such as N, S, Si “8F Bepte erably, the al kyl ene group contains only carbon

atonms in the bridge. WO 20051 032450 xPETREPZROA/ 052469 7 The al kyl ene
groups can be substituted &?tmégﬁe orngng sﬁbsti uents. The substituents
can be attached to awhgepairn: of the connection. The substituents on the

al kyl ene bridging grogpigag bivalent organic bridging group comprising

io from 1 to 10 carbon atoms in the bridge;

Rl and R3 are independently selected from
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl

and substituted heterchydrocarbyl groups with the proviso

that when Rl and R3 are cycloaromatic groups they do not
15 contain a polar substituent at any of the ortho-
positions;
RZ and R% are independently selected from optionally

substituted cycloaromatic groups, each R2 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, 5, 81 or O. Preferably, the alkylene group

contains only carbon atoms in the bridge.



5 contain carbon atons and/or heteroatons. Suitable substituents include
hydr ocar byl groups which may be straight-chain or branched, saturated or
unsat ur at g 20008788 i C or non-aronati c. The hydrocar byl RUBERIS4EA468 nmay
optionally contain heteroatons such as Si, 5, Nor 0. 10 Suitable aromatic
hydrocar byl substituents include cycloaromatic groups, preferably having
from5 to 10 carbon atons in the ring, such as phenyl and Cl-C4 al kyl
phenyl groups. Suitable non-aromatic hydrocdrbyl substituents include

| i near or branched al kyl or 15 cycl oal kyl groups, preferably having from1l

to 10 carbon atoms, H9Le BkGierdtdYodbd @ah BRr BAPsAL PEBed NG W L3bl e

substituents of the al kylene bridging group include halides such as

chl oride, bron decared subsdiiieent$i ol The GMbsAlLt@ents Ssdd, be GRHEGhed\H2,
-NHAI, 20 NALA2, -CO NA 1?@ - P04 -Wp%g -CO -S02, in which A1 and A2,
i ndependent |y, ar@h&adr ShatPg P8Fe S st erably having from1 to 10
carbon atons, nore preafher gib¥titdénts GARDRN2a%kQTERe SkridEidy lgrihyhn
propyl and isopropyl. Wen the al kyl ene bridging group is substituted, 25
preferred sdbst i tasyiad nacarhgdr sk andyogupeteIpatenpeul afuitahrlef erred

hydr ocar byl Subst%&btg%%;lleﬁilssg%a%earl ocd-g Esgg%ﬁé%ﬂ%ﬂ@a@é’ ethyl,

propyl, isopropy but utyl, st prefer et npl es of
non- substit ut ed atiighé-bhaiyi og granghsed,36aitnchtdé oetindaneatedhyl ene and

trimethyl ene groups.  Exanples of substituted al kyl ene bridgin r oups
i ncl ude WO 2005/6§§7§§1§C$BE?Q%U%§ &%§ g?gggﬁﬁfkﬁ#nﬂ&hﬁﬁiﬁéPﬁ§ ene,
2, 2-di ethyl -tri mytfiyl-gheondi2y Sbamdiy lrdc@irtamBhbytene. a2-9Et Y| N or 0.

2-hydroxynet hyl - trimethyl ene” and 2, 2-di - hydroxynet hyl -tri met hyl ene.
Parti cul ar | 4 pr efSexirtedpler ganiret by i il ragagbydpsubet i bueries haraingear e

nsubsti tuted al g ane BREIULNG: QLR Rr M- BRPeRLALEY ALS( Y et 97 02N ©

carbon atoms in the ring, such as phenyl and C3-C4 alkyl
phenyl groups. Suitable non-aromatic hydrocarbyl
substituents include linear or branched alkyl or

15 cycloalkyl groups, preferably having from 1 to 10 carbon
atoms, more preferably 1 to 4 carbon atoms.

| Other suitable substituents of the alkylene bridging

group include halides such as chloride, bromide and
iodide, thiol, -OH, A'-0-, -s-al, -co-a®, -nm,, -wma', -

1 . ,
20 NAIAZ, ~CO-NA Az, ~PQg, -NOz, -CO, =380z, in which Al and

AZ, independently, are non-aromatic groups preferably

having from 1 to 10 carbon atoms, mecre 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 C;-C4
alkyl groups, preferably methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, most preferably methyl.

Examples of non—substituted-alkylene bridging groups

30 include methylene, ethylene and trihethylene groups.

Examples of substituted alkylene bridging groups include



that is, -CH2-CH2-. Ot her suitable bridging groups are those where the
connection forns part of a non-aromatic or aromatic ring 10 structure. Such
bri dgi ng wepsomospri se one or nore substituted or unsulSIER204E52468at ur at ed
or unsaturated non-aromatic ring structures and/or one or nore substituted
or unsubstituted cycloaromatic (including heteroaromatic) ring structures.
The non-aromatic ring 15 structure nay be interrupted by one or nore
heteroatons such as N, S, Si or O Preferalsly such a bridging group stil
contains only 2 to 6 carbon atons in the bridge. Suitable non-aromatic ring

structures i ncl ude » GYGLEAOTL BRftUAAREX NS g SYCh PIEXENR crfeh apent sne,

20 3,4-furan and 3, 4-thi ophené. Sui tabl e ‘arématic ring structures’inéfude
phenyl ene, in patimiedhlydrtel pampdtehydantes 2-antihndph? Hyydmxymathyparti cul ar

1,8- or 1, 2-naphthyl enes., The_ri tr.uctures may, be substituted with any

kind 25 of subsﬁ%ﬂ‘«?ﬁf‘?l?ﬂ%l?ﬂ‘?%%ec{le?'éétr%%r,“egﬁ“kgltﬁ’r”_&ﬁfﬂ%’fienéycl oal kyl

groups and cycl oar omabphet JEQUPSly piidRiHred swlshid l&@ﬁi&;ir[{f'g‘i%pfshgéﬁ

menti oned above in relation to alkylene brldginﬁggroups. t"is preferred
Y

that the tw® phésshdegsiatons wratkatidoted e ¢ i g dAS IO GTRUPSO An

adj acent positio I.+€q7100S3]1 . ; i;nd ntly

sel ected from %%ﬁ?%%g%%§|?f%$é§§§%1ﬁ§§§“ﬁ§d§%%d&gyfﬁyﬁéﬁ%H§h§§$§§§P6y| WO
2005/ 039758 PCT/Q@%%O&@OSZ@@ ) 1,— and substituted heterohydrocarbyl groups,
with the proviso that when Rl and R3 are cycl oaromatic groups they do not

contain a polar subst ptHept s@tt e Hrildagngr HhenpPOsid e Whike LREM
"hydrocarbyl" as used herein refers to a group only containing carbon and

hydrogen atons. Teanegjdedciery RFGuPimay npe-aremivatad agorandst uihged,

10 structure. Such bridging groups comprise one or more
substituted or unsubstituted, saturated or unsaturated
non-~aromatic ring structures and/or one or more
substituted or unsubstituted cycloaromatic (including
hetercaromatic) ring structures. The non-aromatic ring

15 structure may be interrupted by one or more hetercatoms
such as N, 8, 5i or O. Preferably such a bridging group
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 incilude 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. Suiltable
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



| i near or branched al kyl, a non-aromatic ring or a cycloaromatic ring.
Preferred hydrocarbyl groups for use 10 herein are those containing from1l
to 20 car wm2eso8e958 The term "substituted hydrocar byl " BSI/EREMH$52468 n
refers to hydrocarbyl groups which contain one or nore inert heteroatom
containing functional groups. By "inert heteroatom containing functional
groups” is neant that 15 the functional groups do not interfere to any
substantial degree with the trinerizatiom process. The term

"het er ohydrocarbyl ™ as used herein refers to a hydrocarbyl group wherein

one or nore of tR@dcanbenitatedthdiedRdacedrbyl aghaiss 03liam tsdch as S, N
or 0. 20 The term "substituted heterohydrocarbyl” as used herein refers to

het er ohydr ocar by lprgvaspstibt chhaomliandoRé ere optkod neidt ielgebapkothey
cont ai ni ng functi onal grougs= The tern1"ﬁgﬁgoaronatic" as used herein,
refers to a nonG&yBPECCBRtRLR 2 \RAGAE S trenbrahetwt ofr &gt PEthPng 25
having froms5 topl4ikhpgsatons, optionally containing from1l to 3

het ercatons seleCted fromN, 0 and S. Preferably, the cycloaromatic groups
are nonocyclSic or poFheytern hrwpimadarbyilfiges saedh srayclmfensativeayl ,

phenyl, naphthyl or anthracenyl.. Even note preferred 30 cycl oar tic groups
are nonocyclic OEIBBPyggiVi%OX%ﬁ%ﬂﬁﬂq(?afﬁﬁasaﬂgS?% 99 qm§‘1ggging at ons.
Especi al |y pref eny@gdoeeboar §r@ip Gl BePs 8hEuARNOGYSH I\fhsALQEREHG i NgS

containing from5 to 6 carbon atons, such WO 2005/ 039758 PCT/ EP2004/ 052469
- 10 as phenyl and@egycpsperteehehydlkydnd2anfBsarPratft edndc P&l dar omati c

Teans that Lne oseRitHBon{be (AR, SIS LA, (O AT g 8o cE DT o
substi tuentl®. Suhiezblis snbsthé¢zententaimiéhygdéromos et oreill icarddnabbuvrsi n
relation to the alkyl%gg tgéécmgég£é¥g$ﬂgd hydrocarbyl” as used herein
refers to hydrocarbyl groups which contain one or more
inert heteroatom containing functional groups. By “inert
hetercatom containing functional groups” is meant that
15 the functional groups do not interfere to any substantial
degree with the trimerization process.
The term “heterohydrocarbyl” as used herein refers
to a hydrocarbyl group wherein one or more of the carbon
atoms is replaced by a heteroatom, such as S, N or O.

{ 20 The term “substituted heterohydrocarbyl” as used herein
refers to heterohydrocarbyl groups which contain one or
more inert heterocatom 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, opticnally containing
from 1 to 3 heteroatoms selected from N, 0O 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



In one preferred enbodiment, RI and R3 are independently selected from
substituted or unsubstituted 10 cycloaromatic groups which do not contain a
pol ar subsyo tosewseorss any of the ortho-positions. In an eREHEPAVES2@Pef er red
enbodi nent, R and R3 are independently selected fromoptionally
substituted phenyl groups which do not contain a polar substituent at any
of the ortho 15 positions. In an especially preferred enbodinent, Rl and R3
are unsubstituted phenyl groups. It is prefesred that the Rl and R3 groups
are the sane. R2 and R4 are independently selected fromoptionally 20
substituted cycl L u gﬁ&& R4 gr i pol ar
substituent on a?ﬂ%ggg%&gngﬁgfeiﬁé ortﬁ%ge%ggft?%gsgq@%ﬁpﬁﬁghgggﬁdance of
doubt, the phrasey-daaromBRiandrédp bisard mheaypobasusubstituent on at | east

one of the ortho- posig ons” n@a‘(rh% tr\%ﬁ:’ n t?e sane_|igand, R2 25 is
substituted with a paaf $GB8: i PURA: egsfngYS CBEPRRLTC” i3S Ui B§TESRI ti ons
and R is substit g w-hararpal éﬁ*c%&é%?&a‘tti%?@&oﬁﬁ REE 1 Dl iQfarkels’

ortho-positions. The term"optionally substituted” in relation to R2 and R4
means that, 3 n addith onet ort herposapstsiiyenitsuenfuiBdbbn aitbdtddsientse of the

ort ho-positions, .th nd R4_groups ntain one. or .nore substituents.
Sui £ 2bl o w0 20057639458 PRTPErpaba) iemab- 1R PRttt (Bhide HIkE Ehose
mentioned in rel &diihg Gkeuvpal Kyl ene bridging group. Preferably, R2 and R4

are independently selected fromoptionally substituted cycl oaromatic groups
having 5 from5 to 14nr bng ptefisrred efmboaliment ; ok Sand RD avieng at ons,

whérein each R2 and R4 hea a | ar stituent, on at | east one of the
ort ho- positions. Hr&ﬁ’eé’ﬁé‘dﬁflﬁgr?gﬁe%ﬁ%gﬁpﬁ?@n?}ﬂ%F&l‘é’ﬁ‘ae‘%éf’%ruéls‘%%&éﬁéﬁﬁgnt ly
sel ected frgm optdyenalhymsubst fEsbesl MY o not contain a polar

substituent at any of the ortho-positions. In an even

more preferred embodiment, Rl and R3 are independently
selected from optionally substituted phenyl groups which

do not contain a polar substituent at any of the ortho-
15 positions. In an especially preferred embodiment, Rl and
R3 are unsubstituted phenyl groups.

It is preferred that the Rl and R3 groups are the

sSame .
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



10 groups, wherein each R2 and R4 bears a pol ar substituent on at |east one
of the ortho-positions. Preferably, each of R2 and R4 bears a pol ar

subst i t uewip 005/@gs0of the two ortho-positions. As used RETAIPRYO4{0RZ6E er m

"pol ar substituents” means 15 a substituent which incorporates an

el ectronegative centre. Suitable polar substituents for use herein include
but are not necessarily limted to, optionally branched Cl-C20 al koxy
groups, i.e. hydrocarbyl groups connected-tia 20 the R2 and R4 cycl oaromati c
ring through an oxygen bridging atom optionally substituted C5-Cl4 aryl oxy

groups, i.e. OptLQ}Qé‘Hé’uéA@?tj{nLéih%@ ‘EMSEQ%&@&%rc?g%u%laEQQHeEE)e %glwe

R2 and R4 cycl oaromatic ring rough an oxygen gl hg atom” opt1
branched Cl-C20 alkyldr& 5 dgdGgalgicoxy . groups, i.e. Cl- C20 hydrocar byl
groups bearing a Cl-C20 al koxy gr.oup; hxdr oxyl; am no; (di-)Cl-

Ceal kyl ami no: nitro; Eefemtlyl,s®lphadyR® @le GowldppndensCy- s€Batkg® gr oups:
and tosyl groups._ Exanples af, suitabl ola bstituents include 30

net hoxy, et hoxy, fF%%p%WfilﬁhéHﬁ’fg}gﬁgﬁ? a‘%lfcu%oora({ﬁﬁ“@%&)?y ?IOPPan?'}WF%i | oxy,
di met hyl am go, neréwl SWPhanWingt asphs, VX 20030 Ea@mPETLEP20041952469 -
12 met hoxynet hyl, methylthionethyl, 1,3-oxazolyl, hydroxyl, am no,

sul phate, nitro abomshevHadesn IéraeheRgbhlyd R‘hebq:zrﬂsara polstri subst steeniR2 and

R4 are independently selected fromoptionally hranched Cl-C20 5 al koxy
gl‘ oup?‘, dog&i (():ggl Pﬂl’/k%?;b]sglﬁsttutoé’dj 5. gli‘ﬂ SFW‘&RKS s],c anglI opt |t (r)]nal I ?/
ranche - al ky - S reprefera e pol ar
supstituents on R2 afn% %%Zg%%f’:é%gége%égﬁ Jr“;}e%| ?‘ct eacrj'df :Roma\éSti onal |y
branched Cl-C20 ahdependiitlas sedspeedalym ofsioniallly tdbbtanehed $HerHL
al koxy groups such as, for exanple, Eret hoxy4 et hoxy or isopropoxy. A
particul ar 19 prefieoups, wherein each R4 and R* bears a polar substituent

on at least one of the ortho-positions.
Preferably, each of RZ and R? bears a polar
substituenf on one of the two ortho-positions.
As used herein, the term “polar substituents” means
15 a substituent which incorporates an electronegative
centre.
Suitable polar substituents for ﬁse herein include
but are not necessarily limited teo, optionally branched
C1-Cap alkoxy groups, i.e. hydrocarbyl groups connected to
20 the R?® and R* cycloaromatic ring through an oxygen
bridging atom; optionally substituted Cs—Cyy aryloxy
groups, i.e. optionally substituted cycloarcmatic groups
connected to the R? and R® cycloaromatic ring through an
oxygen bridging atom; optionally branched C;-Cyp alkyl (Ci-
25 Cap) alkoxy groups, i.e. C3—-Cy hydrocarbyl groups bearing
a C;—Cy alkoxy group; hydroxyl; aminc; {di-)Ci;-
Cealkylamino; nitro; Ci-Cealkylsulphanyl; Ci-CealkylthioC,-
Cealkyl groups; and tosyl groups.
Examples of suitable polar substituents include
30 methoxy, ethoxy, isopropoxy, phenoxy, pentafluocrophenoxy,
trimethylsiloxy, dimethylamino, methylsulphanyl, tosyl,



pol ar substituent on R2 and R4 is nethoxy. It is preferred that the R2 and
R4 groups are the sane and bear the sane nunber and type of polar 15

subst it uewkd s)osiobdrss s particularly preferred that R2 beREHEBHP/OBME pol ar
substituent on one of its' two ortho-positions and that R4 bears only one
pol ar substituent on one of its' two ortho-positions. The |igands according
to formula (1) can be prepared 20 using procedures known to one skilled in
the art or disclosed in published literatul®e.- Exanpl es of such conpounds
are: (2-nmethoxyphenyl) (phenyl) PCH2CH2P (2- net hoxyphenyl) (phenyl) 25

2-meth henyl I
(2 ot hoxyphenyl 1 EREHS Bt S B S e bRORST 1 DhmypyzoxyL,
(2- et hoxyphenyl) dmhmnyls)xl@ﬁHﬁ@Hm’(Qe B0 é:thlwoiybhenyl ) (pheny I

(2- et hoxyphenyl ) (phenyl ) PCH2P( 2- et hoxy henyl) phenyl ) VKE@£95/039758
PCT/ EP2004/ 052469 - J.Eeref@zab Hoxyhh ar (st pePoHEHIA 2R R are

ethoxyphenyl)(phen(L %5 r X % P _
i sopr opoxyphenyl ) %(%P 7 39 g£?%%€ro&%§%b B¥ i%gc§¥§$%$ﬁ£%§ C20
| sopr opoxyphgenyl )dmhﬂiwlg)rouba ' Gﬁ@mwmmkhtnheﬂyta%@ﬁ?ﬁﬂ@#%ﬂ 2
i sopropoxyphenyl ) (phenyl) A partlcularly preferred ligand for use herein is
10 (2- met hoxypherBAURphERF PPELPIRDR 2ranRsivex Fptenyddkphthy Cro) atkexgour ce
of chrom um nDl%BgﬁﬂgnlO&oggngregéfably, the polar substituents on RZ
and R4 are independently selected from optionally
branched C;-Cz alkoxy groups, especially optionally
10 branched C;-Cgs alkoxy groups such as, for example,

methoxy, ethoxy or isopropoxy. A particularly preferred
polar substituent on RZ and R4 is methoxy.

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 R®
bears only one poclar 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) PCHoCH,CHP (2
methoxyphenyl) (phenyl)
{2~ethoxyphenyl) (phenyl) PCH,CHP (2~
30 ethoxyphenyl) {phenyl)
{2-ethoxyphenyl) (phenyl) PCH,P (2~
ethoxyphenyl) (phenyl)



conponent (a), and the |igand, conponent (b), can be present in the

catal yst conposition of the present 15 invention in a ratio in the range

f rom 1000%0l200803915810000, preferably from 100: 1 to 1: 10@CIEM2@045EH6Lr abl vy
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 anmounts of (a) and (b)
are approximately 20 equal, i.e. aratioin the range from1l.5:1 to 1:1.5.
The cocatal yst, conponent (c), may in principle be any conmpound or m xture
of conpounds that generates an active catalyst with the source of chrom um

ol ybdenum or tungste Qheg?ggﬁﬂﬁgédﬁqgheQQQ b@ﬁzkiggﬁqz_conponent 25 (b).

Conpounds which are suitab Se as a cocata i ncl ude
or ganoal um ni um ethpaypbsnyb) gamolydnon conpounds and i norgani c acids and

salts, such as tetrafl yoroboric ate trafl uoroborate,
sodi um 30 hexaf | uor oahf] ﬁﬁﬂ%f%?eﬁ¥§%ﬁﬁgiﬁQﬁéeny%%§¢¢%ﬁ§ f'y preferred
cocatal ysts are jQpgan gk & gpeumds. Suitabl e organoal um ni um
conmpounds for use hgre?n g?% tygﬁgﬁmaglng the forrmula WO 2005/ 039758

B

PCT/ EP2004/ 652469 - 13-1pgmeopaiyehenyidiehemyhlBCHeri(8-i ndependent |y

selected from C&S§§90§%%g$ Igééqg$eg&12a!ldes, or conpounds such as LiAIH4‘

and the |ike. ui tabl e organoal um ni um conpounds

include trimethyl al uni piiisopErdoddviphehlyl @t bieay LUyPCH oM CTBAR -
tri-isobutylalumnnium (TIBA), tri-n- octylalunlnlun1 met hyl al um ni um

di chl ori de, eth&PQPEﬁPﬂFEH?%ﬁ%ﬁﬂQﬂW@B& di met hyl al umi ni um chl ori de,
di et hyl al uni ni um chl ogi 9§r§f&ﬁﬂ@é§@?§rr%X1£§% Hor Qirsgaﬁgﬂé%g]o{]é um

conpounds are also suitable for use 10 herein na preferre di ment
herei n, thd0Ococat{arpsthoxyphenyllupbeand) ECHz1thPy&t. These al unpxane
Cocatalysts may methoxyphenyl) (phenyl).

The source of chromium, molybdenum or tungsten,
component {a), and the ligand, component (b), can be
present in the catalyst composition of the present

15 invention in a ratio in the range from 10000:1 to
1:10000, preferably from 100:1 to 1:100, more preferably
from 10:1 to 1:10. Most preferably, components {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 tetrafluorcborate, sodium

30 hexafluorcantimenate and the like.

Particularly preferred cocatalysts are

organoaluminium compounds. Suitable organcaluminium

compounds for use herein are those having the formula



conprise any al unoxane conpound or a m xture of al unboxane conpounds.

Al unoxanes nay be prepared by the controlled 15 addition of water to an

al kyl al unmygy wigs6@msound, such as those nmentioned above PCIVERRO@E/63%P | abl e
commercially. In this context it should be noted that the term "al unoxane"
as used within this specification includes commercially available

al unoxanes which may contain a proportion, 20 typically about 10 %M., but
optionally up to 50 %w., of the corresperidi rg trial kyl al um nium For

i nstance, comercial methyl al unoxane (MAO) usually contains approximately

10 ot . trimet hyhakum ol TMAh \ah'kr;kéﬁip.I@@Jd%%g%%hfeyrkgggoﬂ?&gé@a@g\mq

contains both TMA and 25 tri-isobutylal um nium ( i 0 of
wat er to al un nCur€eoapbuhd ¢xygdre qur bpaides ononfedipeuadsmesxaheas i s

preferably in the, ge f 0.01:1 tp 2.0: 1, .nore referably fr 0.02:1
to 1.2:1, even n@?‘éigf e‘?%ci gc[ﬁey l_l%‘FOm C.)QL:]%“Fotlﬂgl,exgglﬁgsﬁaf’gyg'ﬁl.%aﬁe These
al unoxane 30 conpeyadsal@yiREunh i AR@ouna¥ChhEl 6agesy GletHMLULRS nihier eof .
Preferred al unoxanes are |inear alunoxanes of the formula R5(R6A1O) N

wherein n i§ a ndf¥8) , f EpieEbOLAL IINOUROOTERBO 768 AGHERINEA 052489 - 15
to 50 and R5 and e 1o I Q& QUP t. _.preferred .
al unbxanes are né?%}ﬁ?ir u%&argg%ﬂ%rlgi%ﬂi ?e}gﬁﬁ%ﬁyﬁnéﬁl&ng% hgc’ﬂvﬂﬁb@)

whi ch cont ai ns bethyT¥iumamiud |BAhIDrOdber dSuet el £ wdndaimakysbeidac! ude

t hose disclosed in V‘002£0411‘9. Th ugnti te{ of cocatal yst .used in the
present inventi GASFRYLFHHRERIYR éﬁﬁﬁ’ A9E 2R o HRPXANCH i o MLFEPRES PAnge from

0.4 to 20,000, ppehanahlymikAm ldmposdfl. 220 &l 4ridiiak Beropsat oms per
atom of chrom um nol ybdenum or tungsten. The catal yst conposition of the

present indéntiohergay.also be mixed with at |east one other trinerization
In a preferred embodiment herein, the cocatalyst is

an alumoxane cocatalyst. These alumoxane cocatalysts may
comprise any alumoxane compound or a mixture of alumoxane
compounds. Alumoxanes may be prepared by the controlled

15 addition of water to an alkylaluminium compound, such as
those mentioned above, or are available commercially. In
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 (MAG) usually contains
approximately 10 %wt. trimethylaluminium (TMA), whilst
modified methylalumoxane (MMAQ) contains both TMA and

25 tri—-iscbutylaluminium (TIBA). The molar ratioc 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(R6A10)n wherein n is a number from about 2



catalyst. 15 The three essential catalyst conmponents, (a), (b) and (c), may
be added together sinmultaneously or sequentially in any order so as to
provi de aw@emsmes7scatal yst. The three essential catal ysPCHERPSHERI®? may be
contacted in the presence of any suitable solvent. 20 Suitable solvents are
known to those skilled in the art. Exanples of suitable solvents are those
di sclosed in W02/ 04119. The catal yst conposition of the present invention
may be prepared either in the presence (i el>™in-situ") 25 or absence of
the ol efinic nmononer. The three essential conponents of the catalyst

composi ti on ey b, agbigeds Lyhl 6 1dkdhe ABSENSR.GH Lieuakel | pg gpromer.

or the olefinic nononer nay be included prior to contacting t cat al yst
conponent s, si nulgmafearsdy alMmbxiies catalnggthy3delonnpenentMA®r @t any poi nt

in the process of cgnt,actin he catal ys nponent s. 2005/ 039758

PCT/ EP2004/ 05246@“00‘%}@“ *?Figh?(%? @“%’é%’h%t‘ﬁ%@%&af’gwf&t C%ﬁ%&%ﬁ@%&%e
unsupported or suyppRPrirgd_on a support material. Exanples of suitable
support materials can be found in WO02/04119. The ol efinic nonomers
suitabl e fod use in tB&Ebsrt puhbrblatcorcaiedyess dnclnde peleesntdisnleseidon can
be any olefinic‘nnﬂﬁﬁgrﬁqwgbch can be converted into a triner. Suitable

ol efi ni ¢ nononer -1 N¢ uée, uf are not necessarily limted to, ethylene,

propyl ene, optional |y Ther gagheit fAo L24bartellgkitnaseapti h ofigd | prdyeanched C4- C20
10 internal olefins, optionally branched C4-C20 vinylidene ol efins,
optional |y brancH@yeatriepoisybYPica} el isROUERd LooBEPBRER | § Htakt Héd tas- C20

Deanpes of |~ sui IR EREF bYL PEMEARD, Dot G U R0R S A a1y
limted to,l0et hyladneinguopypk eheron -duamengerlatom of chromium, molybdenum
or tungsten.
The catalyst composition of the present invention
may also be mixed with at least one other trimerization
" catalyst.
15 The three essential catalyst components, (a}, (b)
and (c), may be added together simultanecusly or
Sequentially in any order so as to provide an active
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
W002/04119.
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 cf 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.



pent ene, 1-hexene, 4-nethyl pent-|-ene, 1-heptene, 1- octene, 1-nonene,

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

1- pent adegginmos/dzohsggxadecene, 1- hept adecene, 1-oct adecerrCT/HR20GVEBASEeNe,
1-eicosene, 20 styrene, 2-butene, 1-ethyl-I-hexene, cycl ohexene, norbornene
and the like. Mxtures of olefinic nononers can also be used in the process
of the present invention. Preferred ol efinic nononers for use in the 25
trinmerization process of the present inventi®@r are propylene and ethyl ene.
Especially preferred is ethylene. The catal yst conpositions and process of

the present invention e i Ly -u r LIl i_zation of
ethylene to 1-hexene.T§% ﬁ%ﬁg%réﬁﬁﬁﬁt%ﬁﬁi%ﬁggi%%gs%ééﬁ%ﬁﬁ%§@§#8§eﬁ? i nvention

can be perfornedudsdppontednge safppordeessncangapparts mateawalt oEQBRPSKE | | ed
in the art or discl osed i£ publ i shed WD 2005/ 039758 PCT/ EP2004/ 052469 - 17
literature such 2%, SPoFaRk&MIRPOLTh L CIiLalf osrlY B Tanic2 A4 982/ FAb1S.

trimerization reacti oppgag Iﬂﬁgﬁﬁﬁﬁﬁgrgnsu§fﬁbﬁéQﬂnPQQQEinskgéry phase,
en

gas phase or bul k phase. 5 e trinerization is perforned in solution

or slurry phase, taigetrieatior moogsst ofhicbh psesergstianvendliop cenebé amgler
trimerization conﬂ%&lons W%{ be egﬁLgxed. Sui t abl e .di J yents o% solvents are
al'i phatic and ar 8hBEHELC HPFBES SR h&FBg%ﬁaf%RY?ﬁﬁﬁixﬂEFBoﬁs Ah8=Bt ef i ns
which 10 are subsghapbbab! y1dmerile wademelkki MBEiga@d, Pucandi hbens may be

enpl oyed, such as those disclosed in WO02/04119. The trimerization process
of the present ihneeassanllymhingdegaitor edtbhlewpdarrapwicde r apgéonalby ocess

R S (R I K ST
preferablytdrom @nCetnal 5@l dfins, optionally branched C4~Czs vinylidene
olefins, optionally branched Cy,-Cy cyclic olefins and
optionally branched C4—Cys dienes, as well as optionally
branched C3-Czy functionalized clefins. FExamples of
suitable olefinic monomers include, but are not
15 necessarily limited to, ethylene, propylene, l-butene, 1-
pentene, l-hexene, 4-methylpent-l-ene, l-heptene, 1~
octene, l-nonene, l-decene, l-undecene, l-dodecene, 1-
tridecene, l-tetradecene, l-pentadecene, l-hexadecene, 1-
heptadecene, l-octadecene, l-nonadecene, l-eicosene,
i 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



and nore preferably from25 Cto 100 C. Typically, the pressure will be in
the range fromO to 100 barg, preferably from1l to 50 barg. 20 The

trimeri zatwonopneeess of the present invention nay be pRCHBPIR4I052069any one
of a nunmber of suitable reactors which are well known to one skilled in the
art. Typically the trinerization process of the present invention is
carried out in a batch, sem -batch or 25 continuous node. Separation of the
product, reactant and catal yst can be perfdrmed by any techni que known to
one skilled in the art, such as distillation, filtration, centrifugation,

liquid/liquid sepanall.Qn, .. CtLo t Fu i ar di ng
suitable trineri ?%ttl%gr?%rﬁfga)éﬁl?g}ng%bnnfd?l?iegcr?g,%q"leﬁcF:hglg%ggﬁj?j[iszerd g‘g} ails on
reactors, solventw302/d@ddridt.i on techni ques, and the like, can be found in
W002/ 04119. WD 2005/ 03975 PCT/EP2004/05%%%Q 18 The use_of the catal yst
conposi tion and procesSCofTHIREIAF EEShirSARENT 6A7F 8F PoefeEted vitd ¢

trimerization of s AtKl@RNenhGe]- BEXERAL i, d88 s pKeEY bE el Bftdvity for
1- hexene over all the other products fornmed in the 5 reaction. "The catal yst
conposi tion of the préhent thaveniherizalion des perfoveedl in yseutioh brhexene

fromthe trinmerization of ethylene that is _greater,than,the veral l. .yield

of 1-hexene frcnn%iﬂgxpfpﬁ§ﬁgza¥i§ﬁﬁ6Iﬂiéuéf W@ﬁg ﬂg?ﬁ %ﬁ]%ﬂﬁﬁ g%%;f§

catal yst conposi tir@tt Whidel tdogsrioiticonicandiaibhgangdy de t 1to¥,@@f.of t he
o]

present invention (but which, for exanple, contains a |jgan ormul a
-PN(CH3) P-, as di%H CALoEnte/ ou spventsdere pddRbaeld arshamopatic

b ovi des over al | TSR TERRLf nas b T Tt d o R e That
10 are substantially inert under trimerization conditions
may be employed, such as those disclosed in W002/04119.

The trimerization process of the present invention
may be carried cut under a wide range of process
conditions which are well known to a person skilled in

15 the art. Typically, the temperature will be in the range
from -100 °C to 200 °C, preferably from 0 °C to 150 °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 7
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 W002/04119.'



is up to 35 %greater than the overall yield of 1-hexene fromthe
trimerization of ethylene using an equival ent catalyst conposition, which
does not apopteismagrsti gand of 20 the type of the present PavER2I0&AS246thder
identical reaction conditions. Mire preferably, the catalyst conposition
of the present invention will provide an overall yield of 1-hexene fromthe
trimerization of ethylene that is at least 5 % greater than the overall 25
yield of 1-hexene fromthe trimerization ef 1ethylene using an equival ent
catal yst conposition, which does not contain a |ligand of the type of the

present invention, u r.Jj.denti I ! .. The unt q

1- hexene produced from%t%th%OBtEr?ﬁ%r%%gﬁb}o%noc%g%gﬁ;:tgﬁé ity n%%ﬁ%sscaq | yst
conposition of ttie present inventiom for dthd eathl§Ri% tbhymeel gdiion of
preferably at |east 85 by meiggt, nore preferably at W) 2005/ 039758

PCT/ EP2004/ 05246 Rt encs 48 1968604\ P ‘Pdlﬁs, G T¥speehaf el e ividastfogs %

by weight, of thefdnale RLAFUSE) COMPOSERdOBroliR Ll k%géa§ﬁ%ée' ectivity

(i.e. the anmount of C6 fraction in the product conposition) for the 5
trinerizati dn of mstangtieme using the catal yst conposition of the present
invention is at Ieastqgg %M%. Pr fere&ﬂ%gt. t he tEknerization.seleciivity for
the trimerization of hYPEREYEET AR O s £REORBBEPRT ol B HARR pr esent
invention is greatividean anhevekheryZald @F dehesbhyi EYoROthor the
production of C6 conmpounds fromthe trinerization of ethylene using an

equi val ent cat al ystingsidzesiononl eWpyinaiddntnds gsrebph Bhan gdml of the
L L et T A e Ly
reacti on cori ti cstshyleechigiabl yn &deitaliorsr iczaatilgptsebmpds v ton,f arhitdhe
trimerization of égg?”ﬂ%Q?c%%QQ nthlféggg)§¥ t %negggtggnthe present
invention (but which, for example, contains a ligand of
formula —-PN{CH3)P-, as disclosed in WC 02/04119), under
identical reaction conditions. Preferably, the catalyst
15 composition of the present invention provides overall
yield of l-hexene from the trimerization of ethylene that
is up to 35 % greater than the overall yield of l1-hexene
from the trimerization 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 1-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



of the present invention is up to 40 % greater than the trinerization
selectivity for the trinerization of 20 ethyl ene using an equi val ent

cat al yst eaup@sioss7esn, which does not contain a |igand oPCT/RR0D4/§@46f t he
present invention, under identical reaction conditions. It is also
preferred that the catal yst conposition of the present invention has a
trimerization selectivity for the 25 trinerization of ethylene that is at

| east 5 % greater than the trimerization-sebectivity for the trinerization
of ethyl ene using an equival ent catal yst conposition, which does not

contain a |igand t ype,. of E§§P (- ,on, under Jedentjcal
reaction conditiéﬁ%&kg%OTﬁé B oﬁ%@??%ﬁ 0 %ﬁgbg¥$g%%d€%t conpéﬁﬁd%E%% t he
trinerization of vetightenefushagfimel qatadust comppestiomn of the present

i nvention i f er abl yost . 60 % the | evel of O p by-product d
produced i n the WD 2008F0SSTRR BT D (rARIEIA68Y 11 0b 1Y ARATE PanCer

et hyl ene using are@tivil ent that gho@ict CUMPRSIition) M cihgoes not contain a
ligand of the type of the present invention (e.g. C(l11)(2-

met hoxyphenyl ) 2PN(GHBREZAL R hok ypHEMAND s ingdEhe 5ca tehy $te atompeadtiion
conditions. Mre f.er abl h ct.ion.o -pr.odu mpounds in
the trimerizati oér)ié’ gﬂ‘h%e?%?%%rﬁ% Jﬁ%‘l’%&%e l(:Sat%zgl ;gggo%o"sﬁ'l o%reg"%rlaﬁgy’

present inventiortHe tatime®establob el ddievieyelfoef th&16r hyerdiieh egnmpounds
produced in the trinerization of 10 ethyl ene using an equival ent catal yst
conposi tion, whi @hyd6de HEL e oHIQi Rt 1Y Jar@™BPSE hECR YD e tHesgrésent

i n¥ention, under %ﬂgﬂﬁy | jEegfddod- G thans r 1Y en I , the
producti on of Cld' y-pﬁ% uét &conpounds In ther%rine%?gg%?éﬁﬁ%%&é?ﬁ§¥ene
usi ng the 18 cat dlopsttheoppodictomm off tthe cpmepsemds | fncanttihen trsmarimesion 30 %

of the level of C - roduct.coqyoundsvprod%ced if the tri r.i zati on of
et hyl ene usi ng ar? : EBRt USing an equi alent catalyst compcsition,

which does not contain a ligand of the type of the
present invention (but which, for example, contains a
ligand of formula -PN{CHi)P-, as disclosed in WO

15 02/04119), under identical reaction conditions.
Preferably, the trimerization selectivity for the
trimerization of ethylene using the catalyst composition
of the present invention is up to 40 % greater than the
trimerization selectivity for the trimerization of

i 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 conditicns.

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 Cijo by-product compounds produced in the



catal yst conposition, which does not contain a ligand of the type of the
present invention, under identical 20 reaction conditions. In an especially
pref err ed wepdsdsarssit , the producti on of ClO by- product RGHBBAAHES2#4Y t he
trimerization 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 trinerization of ethylene using an equival ent catal yst

conposition, which does not contain a |ligangétof the type of the present

i nvention, under identical reaction conditions. The catal yst conpositions
and process of the ip836R% ;oR306F NVENIOE &A g LYSLLAL-ath &y t l.owl ng
non- L1 miting  exanates 12a5ion of ettt By ol 6485 %s He G Sfoles A
nunber of conposidampesitdomposhithndrds Mtampgnipincant dganidgpia Hheganyge
conponent and a c i um_source.were . prepared f in the trinmerization
reactions descri bot%gC BEESRT Cﬁ%%rgiﬂcrnon(el'g('zpﬁgiﬁgﬁ@pfhenyl) (phenyl)
PCH2CH2P (2- net heohemhehtDNemy(oH;) B ( 2-rdethd:afdhen) 11)?) Cridder The
(2-nethoxypheny|)_(phqnyI)PCHZCHZP(§ 10 qethogﬁghen$1) henyl) ligand'is
prepared accor di rigiend 1ceke rRart 501 riPHEHE®S -Undere ap e ke aly -athssphere, to

a solution of o- .50 0.R4_ I t (150, 1), n-

butyl it hi um sol Lﬁ%%&?%gg; h? éj(?. gi ﬁg{)%im::{s] cg é)?iﬁ?]soé\ﬁyt?% W th constant
stirring. The m xinimerizastbnrefl ecwerarieghisinaf the whighyst heongddgirkiing i s
stopped and the suspension is allowed tqg settle out. The liquor is

decanted and t he ¥ol'¢ PEEPERTE HRVRERSA AEhPERTi 30 hethddnilavegentane
and dried under K gh,waGilct compounds produced in the trimerization of

10 ethylene using an equivalent catalyst composition, which
does not contain a ligand of the type of the present
invention, under identical reaction conditicons. Even
more preferably, the production of C;p by-product
compounds in the trimerization of ethylene using the

15 catalyst composition of the present invention is at most
30 % of the level of Cyy 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

i 20 reaction conditions. In an especially preferred
embodiment, the production of Cip by-product compounds in
the trimerization of ethylene using the catalyst
composition of the present invention is at most 20 % of
the level of Cip 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.



20 0.20 nol of o-anisyllithiumis dissolved in diethyl ether (400 m) and
cooled to -20 C Slowy added under constant stirring to this solution is

0.1 nol etyhoosphesyi

phosphi nate. The solution is then aPCHERWI4/B24¥ach 25

C, after which the solution is then refluxed for 2 25 hours. The solution is

then all owed to cool,
m ). The product 1is
di chl or onet hane. The

after which 0.1 Mhydrochloric acid is added (150
then extracted with three 50 ml portions of
conbi ned organic |ayer8lare then conbined and dried

usi ng magnesi um sul fate. The solvents 30 are then renoved to give an oil and
t hen excess ani s%&mgﬁsrermved by warm ng (70 C) under vacuum The | ast
traces of anisol ved by washing the resultant white solid

((2- met hoxyphenyl ) ( phényiinphosphi eemmd iddpneD (20850 9887&8s PGT/ERRRD4S/)052469

- 22 wth diethyl ether, followed by crystallisation from

chl or of or n1 di et hﬁc’ng‘tar‘réﬁl?‘%ﬁ ?n%fél?‘ff?é’\“(ef‘-%n%{l oRyPREA YR FIRHRAS BiEGSphi ne
oxi de i s added t @regarrally @bef upanif G Mrkimerd 28068 Peadr WY IdddHipay
solution (25 m, 40 mol) is added at 0 C. The orange honbgeneous sol ution

of the lithiSum s&@&loW-ormed is then allowed to stir for 1 hour at room
temperature and then cqeled to 0 C. To this solution 1,2-ethanediyl
bi s-tosyl ate (20~ﬁﬁg¥f—fs—ad%ed. The 10 tenperature of the solution is then

allowed to increase

is heated and refl uxed overnij

t{@-medhok epipetyl Jutphenikls PCHsOH,PS 2For med as the sol ution
The m xture_is then cooled and the

ht . [
reaction is quenmowppﬁgyég&l?l?‘?%)ofm Rattél £358° ¥ith f€lsroduct is then
extiracted into 15 dic@hgrqgeﬁ@gﬁgk éhyqqqpﬁghyﬁpbtgxggp@y_drying Wi th
Concentration of thé solution affords the

magnesi um sul f at e.

1, 2- et handi il ( 2- metthoxyphenyl) (piherd)) gligepli he préperedprathustdiag dowhite

solid. To a 2 mn%lhes

%bﬂﬁhggngfmégﬁbévZ'ethandiyl(2'

Under a nitrogen atmosphere, to a solution of o-

bromoanisole (0.54 mol) in pentane (150 ml), n-

butyllithium solution (337 ml, 0.54 mol) is added slowly

15 with

constant stirring. The mixture is stirred

overnight, after which, the stirring is stopped and the

suspension is allowed to settle out. The liquor is

decanted 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 coocled to -20 °C. Slowly added under

constant stirring to this seclution 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 o0il 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)



( 20 met hoxyphenyl ) (phenyl ) phosphi ne oxi de product in tetrahydrofuran (250
m ), alum nium hydride (A1H3.1/3(C2H5)20, 20 nmol) is added dropw se. The
sol ution iwwobbemssek!l uxed until conplete (generally overairgire)os/osdseer

whi ch, the reaction is quenched by the 25 addition of nmethanol (10 m),
followed by the filtration of the alumniumsalt precipitate. The filtrate
is then concentrated. Addition of nethanol affords the «crystalline

(2- met hoxyphenyl ) (phenyl) PCH2CH2P( 2- net hoxyphenyl ) (phenyl) product. 30
Conmposition 2 (conparative) (2 -nmet hoxyphenyl) 2 PN (CH3) P (2 -ne

t hoxypheny 1) 2 in,.a 1.1 .ratiQ,with 13. 2005/.039758. PCT/ EP2004/ 052469
8 P he” (2 - met Wby Y S2RE ) TS M0 R By SREH LG E590 | | gand
was prepared by fikBbérdfudh 0 cahyel vthen. of 1.59 g (5 mmol) .

(2-met hoxyphenyl )2PNEt2 in 20 nl diethyl ether. To this solution 10 ml of a
1 M HC1 solution in di4d Hgols oft kBe (Zomehpxmbonvddd phaasd) phesphine i nert

atmosphere at 1 ogm AETRETAIC L oTHELSHEPSASH AL Nebo! QPdctag,; of 11 ed

overnight. The die et her was renove e pro under™ Vacuum and
20 M of dry5t ol ueweylbsthiasdedluthenr ¢85l ngl b amatli)onswaddédl dered°@nd t he

10 toluene was renoved fromthe filtrate der vacyumto ield white
sol i d (2- met hoxyphehy?)ZHE HQMS868F9uﬁ %?#ﬁﬁ%Qﬂ1é%|£§?5;16h{5mnﬁ% 5 of
triethylamne in 20rméd of ey digbhegopptiane mas 1added Le +Henm(2-

met hoxyphenyl ) 2PC1 product. To the resulting mxture, 15 1.25 mM of a 2 M

H2NMe sol ution i ntamEeyatmenaod) thas codted tnd d19.ow8¢ thist selavismi ght .
The( sol vents were, semmved f.r he,r tin ol ut.iion _in_ vacuo and 20 m of
it e B SaErFren 1§ daaa Lo rReded

dry toluene was a Xt ure was I uen&” was
removed frompthe ¢émpeadtmnender thacsulut 26h angd tHenmalobwaet banohcr@sseadded.

The suspensi on was , ]
to room temperature. A slurry 1s formed as the sclution
is heated and refluxed overnight. The mixture is then
cooled and the reaction is quenched by the addition of
water (150 ml}). The product is then extracted into

15 dichloromethane (3 x 100 ml) followed by drying with
magnesium sulfate. Concentration of the solution affords
the 1,2-ethandiyl (2-methoxyphenyl) (phenyl)phosphine 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
(A1H5.1/3(C2H5)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(CH;) P (2-methoxyphenyl), in a 1:1
ratio with CrCl;.



filtered once nore, and the solid white (2-

nmet hoxyphenyl ) 2PN( CH3) P( 2- met hoxyphenyl ) 2 product was isolated. Conposition
3 (conpar 3y tersn3ddrsg 2- met hoxyphenyl ) (phenyl) PN (CH3) Pp(RaEP2004/652469

met hoxyphenyl ) (phenyl) in a 1:1 ratio with CCl3. The

(2- met hoxyphenyl ) (phenyl ) PN( CH3) P(2 mnet hoxyphenyl ) (phenyl) |igand was
prepared by first formng a suspension of 0.42 g lithium (60 mml) in 80 m
30 of THF, to which was added 9.66 g of (2 pgthoxyphenyl)2P(phenyl) (30
mmol) at 0 C under an argon atm)sphere The m xture was stirred for 4

hours, after which ti aI| add d 60 M WO
2005/ 039758 PCT/ EP2001%%5336’§Q“’1 o”fy Pﬁ%@%&é 8 Giansyaalagkl xture,
after which the 1SQaid easWBsepxts@WLEM N forRidg & sPmitiansof Wat gr .
The extracted toluene solution was then concentrated to a vol unme of

approxi mat el y 20 (H mm%)cHEreeem@erpb&Pﬂ)szNﬁﬁ:t ii@n 28f my @u@ml; effherThe
Concent ral ed Lol YR EhiR0 b LpRosary il 1 &y AN SoOlo ARG RE Il

was added to the uene rate was t hén s |rre fror
90 C. The HGl gastMairchlevamyedifY pomdheddeeaohion masindfappadspheran

al kali bath. The m xture 10 was then cqQoled to roomtelg?nperature and purged
with nitrogen t&% &96Ve taPeRt s ré"%%ﬁ rﬁ“r?é’epiéioﬁr"e}é tfqmped F‘Fé‘ssol ut| on.

At room tenperat Wig,rradd obral §Iuot Bfe tdiRhRY| 80hEE w¥BS ARG o
concentrated toluene solution and left 15 for a few m nutes, after WhICh 6

m of 2 MHNwe (the prodpchagndedett cutmesrdgr 8fsmat of dzrme:olﬂweswepensu on
wasg filtered and hed th 20 of tal ene The que rate and the
a‘@fﬁ% ‘wer e The tor ml e c gdf%% é:ﬁhl

t ol uene wash fra I et “ons were
evapor at ed @0 t 0 td1yRSSS waedréraoféd oﬁrdﬁetﬂmncfhlwet@ddmbr Haeurmt kanol
yield a white solid (2-methoxyphenyl},PCl product.
A solution of 0.51 g (5 mmol) of triethylamine in 20
ml of dry dichloromethane was added to the (2-
methoxyphenyl);PCl product. To the resulting mixture,

15 1.25 ml of a 2 M H;NMe sclution in THF (2.5 mmol) was
added and allowed to stir overnight. The solvents were
removed from the resulting soluticn in vacuo and 20 ml of
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) PN (CH;} 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(CH;3)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 aligquot of methanol was added. 60 ml



solution was |eft overnight at -35 C wherein a white (2-

met hoxyphenyl ) (phenyl ) PN( CH3) P( 2- net hoxyphenyl ) (phenyl ) precipitate was
formed i nwidwoeselogts on. The precipitated |igand was thercisehed/eddcs25 The
precipitated |igand consisted of two isoners, a racemc isoner (the RR
and/or the SS enantioners of the |l|igand) and a neso isoner (the RS
enantioner of the I|igand). The proportions of these two isoners were
determ ned by 31P NVR with peaks at 63. 18%4nd 64. 8 ppm 30 corresponding to
the two different isoners respectively. Two sanples of

( 2- met hoxyphenyd§ (fsHarepe) PRECEEYEE 2o ndtchoxygsheny | 3 {pherwhichwarte used in the

exanpl es. These anpl_e i LQf L xtures of _both t racem c and
T 5h08; b3oyes SO RehTRrCEsSaget el S (MXudl AP Bhe ’s"‘h%v?hfﬁg"’ Eaht
rati os of 57/ 43rence@FaBtedespiatne edglutBodeausr theoceshucentergd es 3-8 were

perfornmed using the foll owi ng set - and ocedure._ The | Endeavor'
(trademark of Af‘gldﬁ%ﬁjtog ’FE’BH%EF‘B@ %ﬁi{%éﬁy ?’ ighppesrltedcbr set-up

containings ei ghdrntd3%sh bifNgdshSpshsiGACt Ohs, cusdnt pAtsgadie perfornmed
under pressure (up to 30 bar). The present reactions were perfornmed on a 5

to 10 m vol unes@erion rasThelpreedd A o Bhett FiGler (24t WL bivwas hyl ene to
L-hexene was pJHITES dnel bl auRe FNNGELRAC! QRS cHOLEs PUIGPddae trhpes w th

ethylene at 100 C and a pressure of 30 bar. e reactors were enleft to
cool to room tehperwtsurd WRi FE€t nEietiiiniosg ¢5ighpeeskberd forPGhe 30 bar of

ey ne T sodwdang, ol oLruabug. W80 Gl 9380120610 TRACTELS RTe el !

overni ght. Al so by nonitoring ene pressure insi e Y&actors
over ni ght1Q he rwectidren weoéetiesd edoond drenipeaksnrdhend eactpsd wigthe t hen ready
for the 20 rea%&ié%E%e%h ofgg%g$énghfkg% the remaining HCl1l present in
the solution.
At room temperature, a 5 ml aligquot of triethylamine
was added to the concentrated toluene solution and left

15 for a few minutes, after which 6 mi of 2 M H;NMe (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 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 (CH3) P {2-methoxyphenyl) (phenyl)
precipitate was formed in the solution. The precipitated
ligand was then isolated.

25 The precipitated ligand consisted of two isomers, a
racemic isomer (the RR and/or the S8 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

36 corresponding to the two different isomers respectively.
Two samples of {2-methoxyphenyl) (phenyl}PN(CH3)}P(2-
methoxyphenyl) (phenyl) were used in the examples. These

two samples consisted of mixtures of both the racemic and



A catal yst prem x solution was prepared for the appropriate catalyst which
was to be used. The catal yst prem x solution was prepared by wei ghing 10

)i mol of wionwessd7s®n 1, 2 or 3, adding 7.4 g of dry tol peneramaoasseddi ng
1.26 g (3 mml) of a solution of nodified nethylalunoxane (referred to from
hereon as MVAO) solution (6.4 wt.% Al in heptane, supplied by Wtco Co.).
Thus, the prem x solution prepared (10 mM) contained a total of 10 pnol of
Cr and 3 nmol of Al (1 mMCr, 0.3 M30 Al ¥> and therefore an Al:Cr ratio of
300: 1. The prem x solution was allowed to stir overnight under a nitrogen
at nosphere at roben hespet sximeres dvadkiatynespiter i throas sifr 67 /90 20053939758

PCT/ EP2004/ 052469 - ég 0.2 M MMAO scavenger solution (5 m) was prepared
by adding a 1 mhBFPEa22 % quantity of MMAO solution (6.4 w.%Al in

hept ane) to 3. 9egdeivé el prestesduldee reactors were then charged with an
appropriate 5 anount_of the 0.2 M MMAO scavenger solution and 2.5 nl of

addi tional tol uene. FrERIETtIos WRERPePEREPEMRA (S ot Echhev @ ssalri sed

wi th ethyl gne tthg'ﬁd%ééﬂirer.eaﬁ%.bonE@(ﬁ@agﬁd&r’e-(tI%_d%I’nQE% &Bepd«?'m{ﬂ zation
reaction, an aliquot of the prem x solution was injected into e 10
reactors. A furTaehnolagins,ofingl)uéreavnsl tiharedatjogcsed—upocputain e
injection |ine y_ enaiqni taly 1 X | ytion, The reaction was
st opped eit her %%ﬁgt%%a%gx]iqr?u% ﬁ%p gkgé%(f&{eﬁesﬂ]ylues’%g %/35 reachedor after a
set time by 15petdsrmed ofrfddrheresbykenéup net30valave, cObEi pgedentt oom

tenperature, depressurising and eni ng_the actar. .The, term "stopped when
t hé maxi mum upt SR8 otORY é’e\ﬁgg’m?aa%‘head"g Z? &@ea‘lthéWﬂe NeSHE - t he
amount of jet hyl ene TENSAFREEdUTet ferr eRStE OMaAAa@SpANEs tohyhenanmunt of 20

ethylene required to produce the specific desired volune of 1-hexene. For
exanpl e, if a SLlARCFFiAlYaDIRGREOGMed. as follows.

The reactors were purged three times with ethylene

at 100 °C and a pressure of 30 bar. The reactors were
then left to cool to room temperature whilst maintaining

15 a pressure of 20 - 30 bar of ethylene. The ethylene
inlet valve was closed and the reactors were left
overnight. Alsc by monitoring the ethylene pressure
inside the reactors overnight the reactors were tested
for leaks. The reactors were then ready for the

20 reactions the following day.

{ A catalyst premix soluticn was prepared for the
appropriate catalyst which was to be used. The catalyst
premix solution was prepared by weighing 10 umol 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 MMAO)
solution {6.4 wt.% Al in heptane, supplied by Witco Co.).
Thus, the premix sclution prepared (10 ml) contained a
total of 10 pumol of Cr and 3 mmol of 21 (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.



hexene is desired (0.04 noles), the nunber of noles of ethylene required to
produce the 5 mM final volunme of 1- hexene would be 0.12 noles, thus the
supply of wolrwbs0387585 to the reactor woul d cease once 0. P2TmP26E/0601462t hyl ene
had been supplied. This is inportant as the volune of the reactors in the
"Endeavor' was approximately 15 m, and as such the desired final volume of
product and any renmaining starting materials was less than 15 m. 30
Typically a 5-10 m final vol une was desir€Y.” The product m xture was

col l ected and wei ghed. A weighed anount was anal ysed using Gas

Chr omat ogr aphy (GC) A(902nMCPEAL scaoBnged. 251lublomm(S el i wascareparedas, FID

WD 2005/ 039758 PCT/ EP2004/ 052469. - e Wi nown . anmount of
hexyl benzene i ntb rRa T8t an arrma?l E&%ﬁplmegqltqﬁ%;l?l{ﬂ)'g %é%ﬁ%rﬂ%@ﬁ& react or
containing 0.5 nj6.df wtH3t Ae On2hdpdA) soavefAgeroBotaltwere.and heated to 80

C, was pressurised 8 bar_ with ethylene. A 0.5 n] _aliquot of the
catal yst prenix sol u&?‘SnFEESB?ﬁ? nf S O§P’?F%‘;ﬁg W1th\ AN iahRroPEdatfit o t he

reactor to sstartanddugtr 8@Ctheno. £ A MIAT alck9effe 0ot idihadEacti an was
st opped when 10 t he maxi mum upt ake of ethyl ene was reached (161 m nutes).

The product ni xtafdd thaBaanbpyeers by e rrPRETPESUVESS tEhan Beatedndoin Tabl e
1 Bxanple 2 | N dohiog 8XACLEORL:i SIP 128CLORy FORL A gk QueditleOf 15 Lhe

0.2 M MMAO scavenger solution and heated to ., was pressurised to 20 bar
with ethylene. As@ctiph paesguoe. ofTa Isdacht shystrimeni zatsigiutieenticont ai ni ng

Corpost L1 o0 1) T ANIhEEL o0 P SIBERERAL, 0 SR oo A ghe (2
et hyl ene vis reachedor696 i flutesgr 0.5 ml of toluene was then injected
to purge the injection line of any remaining catalyst
premix solution.
The reaction was stopped either when the maximum
uptake of ethylene was reached or after a set time by
15 closing off the ethylene inlet valve, cooling to room
temperature, depressurising and opening the reactor. The
term “stqpped 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



The product m xture was anal ysed by GC. The results can be found in Table
1. Exanple 3 25 In this experinent, the reactor containing 0.5 m of the
0.2 M WAGQvecassangss sol ution and heated to 80 C, was ppes@redigosesto 8 bar
with ethylene. A 0.5 m aliquot of the catalyst prem x solution, containing
Conmposition 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
m xture was anal ysed by GC. The results “&n be found in Table 1. WO

2005/ 039758 PCT/ EP2004/ 052469 - 28 Exanple 4 In this experinment, the
reactor contai nflagectds) ithofa tkipewo. NG drsiydhgoeese| internahd heat ed
to 80 C, was pgggﬁ&gj_, ed to 15 bar with ethylene. A 0.35 m 5 aliquot of
the catal yst prem X solution, containing Conposition 1, was injected into
the reactor to Bkampléhe reaction (Al:Cr ratio of 500:1). The reaction was

stopped after 1 hour. The product m xture was anal ysed, b The results
10 can be found inlgl‘htﬁ Sl.exﬁﬁﬁﬁ‘ﬂ?lg%s #&%rﬁ?éar’:&toirvg nFﬁlrﬁ#&xspé‘ﬁi f€nt, the
reactor coptaintpg 0.5 mmeofo ddaeelgar MdMNQ Gtavengernteql v6i 9m and heat ed
to 80 C, was pressurised to 8 bar wwth ethylene. A 0.5 nl _aliquot 15 of the

catal yst preni x"88| BEPSMII oIt &OnPnB2Boipbi ¢ior ene wasOi Aj Bttt I the
reactor to starfet fRereacdiwit ;?géh:ig sb Bl Dorpf c'iﬂl@a%}linghéciﬁogéﬁﬁ% vas

stopped when the maximum uptake of ethylene was reache m nut es. The
product m xt ur elwasaanttietedynte. tipereasinn o 2¢acinthe ferekidm Table 1.

Ex%nple 6 (Conp?ﬁf!éye}atio of 500:1). The reaction was stopped when
\ 10 the maximum uptake of ethylene was reached (161 minutes).
The product mixture was analysed by GC. The results
can be found in Table 1.
Example 2
In this experiment, the reactor containing 0.5 ml of
15 the 0.2 M MMAO scavenger 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.



In this experinment, the reactor containing 0.5 m of the 0.2 M MVAO
scavenger solution and heated to 80 C, was pressurised to 20 bar with
et hyl ene. wioweosaise7sgue to 25 the high rate of reacti on ercemdrongoshe f eed
rate of the reactor the pressure during the reaction was only 7 - 10 bar.
A 0.5 mM aliquot of the catalyst prem x solution, containing Conposition 2,
was injected into the reactor to start the reaction (Al :Cr ratio of 500:1).
The 30 reaction was stopped when the maxi f#niuptake of ethylene was
reached, 96 m nutes. The product m xture was anal ysed by GC. The results
can be found i nEXappéel14 WO 2005/ 039758 PCT/ EP2004/ 052469 - 29 Exanple 7
(comparative) In this_experinent,. the reactor_ containing 0.5 f the 0.2
M MVAO scavenger sol E iélﬁlséne EalE %1’ ogﬁ?) léa‘Ct\/f/i’ars Cﬁ’r%?%&rlflgegi‘?g B bar with
ethyl ene. A 0. 50l thki OudtM MMHO tshaveatat ysélyiriam xarsDhetied, t60R atd) ng
Conposition 2, was injected [nto_the reactor to start the reaction (A :Cr
rati o of 500:1)Va?hﬁr?%%ﬁ¥}%ﬁé\ﬁ§§1§t§65eﬂ1%ﬁt%ﬁh¥QGQ?ourA $hé5dFBduct m xt ure
was anal ysgd by 8Equdbeot egnd teatalQseaprbpit wﬂirbnta%ﬁtéin%n?npl e 8
(conparative) In this experinent, the reactor containing 0.35 of the 0.2
M MVAO scavengeFosBPaEitben ahd Wigatl@deEbe80l o this TRaessur keetitawt Ihoar
w th ethyl ene. 2.0:39.41 &zﬂfﬁ:@g LG9, gk 56 £ALalyml Remix,splytion,
containing Composition 2, was injected into the reactor to start the
reacti on (Al :Crstappedoff5®0:11)houFhe reacti on was stopped after 1 hour. The
product m xture was I y e S an. be nd in. Table 1
WD (2005/ 039758 - 30- ‘Eﬁ%ﬁ%gb‘% S%ﬁ&gg wh ST ol RS PR o

10 can be found in Table 1.

Example 5 (comparative)

In this experiment, the reactor containing 0.5 ml of
the 0.2 M MMAO scavenger soclution and heated to B0 °C,
was pressurised to 8 bar with ethylene. A 0.5 ml aliquot

15 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 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.

i Example 6 {comparative)

In this experiment, the reactor containing 0.5 ml of
the 0.2 M MMAQ scavenger solution and heated to 80 °C,
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 aligquot of the catalyst premix soclution,
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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Example 7 {comparative)

In this experiment, the reactor containing 0.5 ml of
the 0.2 M MMAQ scavenger solution and heated to 80 °C,
was pressurised to 8 bar with ethylene. A 0.5 ml aliquot

5 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
10 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

15 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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was heated under a nitrogen

and

t ol uene and MAO " pi ckl e’
for 5 m nutes,

was then fill ed W th %50 q)rathThO'rea@%oaga' & pdl& urnﬁlzg%dgt §\:,£ﬁ aFn
c

a)

"k

Nrl rl rl rIl NNNNOOT 10 > -0i 4 HHduxx H ro U
N1HUUTrl O0O4Ert NMcnor m rok wW 2005/039758
PCT/ EP2004405%8@39758 31 1 LT batch reactor procedure Theci/HpTochasnbe r eact or

at nosphere to 70 C, purged with N2 three tines,

evacuat ed under vacuumfor 5 mnutes. To the reactor, a 5 solution of
250 M of dry toluene and 1 g of MAO solution (5.11 %Al in toluene) was
added in order to "pickle the reactor foH at least 2 hours at 70 C. The

pressure wth ethyl ene o &% appropriate’ anoun
i njected. The sak:mbsphemstot'lmarfcst purgddf witia perindeofinksl, eaﬁa 5 mnutes
at 70 C. 15 A catalyst prem x solution was prepared by weighing 10 pnol of
Conposition 1, 2vepugteddaidry Waruym §Prdpymiwiisme Jied thedicrgeiod @ (3

mrol ) of a
pr epar ed (f

mM Cr,

0.3

10

15

20

25

30

solution was renoved and the reactor was evacuat ed
daiLfit hebhEhgread:atheroegaduoe tenperature at 70 C. The reactor

reaction
was

VO, 58O bAN £ Syl Vol ol LOLUENE)anglNUSy ehaBr M s 501 Ut O

contained a total and
NIAIXﬁ iept? edknin rgplarene) was added in order to ‘pickie’

reactor for at least 2 hours at 70 °C.

The toluene and MAQO ‘pickle’ solution was removed

the

and the reactor was evacuated for 5 minutes, maintaining

the reactor temperature at 70 °C. The reactor was then

filled with 250 ml dry toluene again, pressurized to the

reaction pressure with ethylene, and an appropriate

amount of MAO scavenger was injected. The solution was

then stirred for a period of at least 5 minutes at 70
A catalyst premix solution was prepared by

weighing 10 pmol of Composition 1, 2 or 3, adding 7.1

of dry toluene and adding 1.5% g (3 mmol) of a MAO

solution (5.11 %w Al in toluene). Thus, the premizx

°C.

g

solution prepared (i0 ml} contained a total of 10 umol of

Cr and 3 mmol of A1 (1 mM Cr, 0.3 M Al}, representing
Al:Cr ratio of 300:1.
After stirring, the trimerization reaction was

started by injecting an aliguot of a catalyst premix

ali

solution into the pressurised reactor. The reactor was

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 cocling the reactor to about 30 °C
(approximately 5 minutes). The reactor content was
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.



Al:Cr ratio of 300:1. After stirring, the trinmerization reaction was
started by injecting an aliquot of a catalyst prem x solution into the
pressuri sewormexe3eri8 The reactor was 25 then heated to tRETIEPAGMIOSINCY
tenperature of 80 C. The reaction was allowed to proceed for a known anpunt
of tinme whilst maintaining reaction pressure, and was stopped by rapidly
cooling the reactor to about 30 C (approximately 5 m nutes). The reactor
content was 30 renoved fromthe bottom of ¥hé 1 LT Batch Reactor. The
product m xture fornmed was col |l ected and weighed. A weighed anobunt was used
for GC anal ysi sE#smpde 8 hexyl benzene internal standard. WO 2005/ 039758

PCT/ EP2004/ 052469 - ,3 ! 1 ' .he t premXx
solution, prepared ﬁs?%gﬁ%g%%% f%ﬁ?ﬁ g?ghggéénsecﬁg%mﬁ%tggiﬁgk%gLT

reactor, contai prega8ednotidd\Capoaisdéavehgewas 115 eaf ibtbMAChsOL ULT ON) .
The reaction was perfornmed at. 80 C_unde 15 bar et hyl ene at ppsphere. The
reacti on was st55885°raf?%9t%%qﬁﬁ§k§.mﬂ? o¥§? ¥ 2AANIFHOES 6$'€?hgl%$e was
consuned. Fhe pmadueblitxény e e aeakysed Bys Ferfihectiestl 88 °@dOukddyr be
found in Table 2. Exanple 10 (conparatjve) A 2 m aliquot of the catalyst
preni x sol ution2 lprBpar 8ERYASI 3EBREBERPEFon Bhe RS Gticecraa FheRPRte 1 LT
reactor, contaiBicRgyO56pHHPL, MAO1R3% a2 ey engLlt Akl GAMBthD10he MAQ sol ution).
The reaction was perfornmed at 80 C wunder a 15 bar ethyl ehe at nosphere.
After 205 m nut €§ngamedxtra 2 m of the catal yst prem x sol ution was
injected. The reacti PBS t 4 fygg : ot al., of itres
of ‘et hyl ene was consﬁﬁg i f%ﬁ#ﬁgﬁgggggcggﬁiigire ﬁggwﬁﬁgfysgggb§§%§§t he
results 10 can be found in Table 2.

Example 10 (comparative)

A 2 ml aliguot of the catalyst premix solution,
prepared using Composition 2, was injected into the 1 LT
reactor, containing 0.6 mmol MAO as a scavenger (317 mg

15 of MAO solution}. The reaction was performed at BO °C
under a 15 bar ethylene atmosphere. After 205 minutes an
extra 2 ml of the catalyst premix sclution was injected.
The reaction was stopped after 4.5 hours. 2 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, centaining 0.6 mmol
MAO as a scavenger {317 mg of MAC 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. Exanple 11 (conparative) A 2 m aliquot of the
catal yst prem x solution, prepared using Conposition 3 in the 57/43 m xture
rati o, 25yasesioieegted into the 1 LT reactor, containi ngcPrd2000082469VA0 as a
scavenger (317 ng of MAO solution). The reaction was perfornmed at 80 C under
a 15 bar ethylene atnosphere. The reaction was stopped after 3 hours. A
total of 250 litres of ethylene was consuned. 30 The product m xture was
anal ysed by GC. The results can be found3n-Table 2. WD 2005/ 039758

PCT/ EP2004/ 052469 33 Exanple 12 (conparative) A 2 m aliquot of the

catal yst prem xEgampleobh? (qgmeparagdvesi ng Conposition 3 in the 92/ 8 m xture

ratio, was injected Il\/ﬁtowhlﬁ Tre ﬁéocat ntalryen 5 MAO as a
scavenger (317 ng of *MAGS IS e r AL O WS "gé{rfs&l aO%t 80 C under
a 15 bar et hyl epeepatmslpmn,e.(:oﬂmsﬁeachlmmmstwmed]mfthee #abidours. A

total of 308 litres_of ethylene s consuned. The prodyct m xture was

anal ysed by GC. W"Fﬁel?é%?ﬁ?% infe Vggﬁ ﬁ LT o RRES S T ngaénlm@ 9095189758

PCT/ EP200450524680 ad4a F&&ﬁed&em I\dsmoma 6«5 MA@EIdluﬂo'n'), teha OOT-1 LO
CGB) N HPMMNM a -r U . rl3mmmm
reaction was performed at 80 °C under a 15 bar ethylene

atmosphere. The reaction was stopped after 4.5 hours. A
total of 308 litres of ethylene was consumed.
The product mixture was analysed by GC. The results

10 can be found in Table 2.
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w WD 2005/ 039758 PCT/ EP2004/ 052469 - 35 It is evident fromthe results in
Tables 1 and 2 above that the use of a catal yst conposition according to
the present invention containing a |igand®»f formula (1) as defined

her ei nabove, specifically 5

(et hoxyphenyl ) ( phemy! iBCeR CHER( nEtdwtyygherph) { phemyldhles dsaintis2in a

Condi 1 ons.  an *RAT0 JEPEREREALAT yoF ROMSOLTPT oRoBRAT o Fhg orrgaRats
the present invention containing a ligand of formula (I}
as defined hereinabove, specifically '

5 {methoxyphenyl) (phenyl) PCH,CH,P (methoxyphenyl) (phenyl},
results in a reduced yield of C;9 by-product than by
using, under equivalent reaction conditions, an
equivalent catalyst composition containing a ligand

{ having the formula (2-methoxyphenyl),PN(CH;3)P (2~

i0 methoxyphenyl), (disclosed in the examples of WO02/04119)
or a ligand having the formula (2-
methoxyphenyl) (phenyl) PN (CHs) P {methoxyphenyl) (phenyl),
neither of which fall within formula (I) as defined

hereinabove.



havi ng the fornula (2-nmet hoxyphenyl)2PN(CH3) P(2 10 net hoxyphenyl) 2
(disclosed in the exanples of WO02/04119) or a ligand having the formula
(2- met hoxyphenyl) ( phenyl ) PN( CH3) P( met hoxyphenyl ) (phenyl ), neither of which
fall within fornula (1) as defined hereinabove. - 36 - CLAIMS 1. A

catal yst conposition suitable for the trinerization of olefinic nonomers,
wherein the catal yst conposition conpkfises: a) a source of chrom um

nol ybdenum or tungsten; b) a ligand of general fornula (1); (R)
(RR)P-X-P(R3) (R4) (1) wherein: X is an ethylene bridging group which
contains from2 to 6 carbon atons; GHAIMSY R3 are independently sel ected
fromthe group consisting of optionally substituted phenyl groups which do
not contain a polar substituent at any of the ortho- positions; R2 and R4
are indepéndenﬂlyaSelEEtedomeﬁdGﬁqnnﬁuiiakdﬁodpg thgchrRregpdaRdobeari ng a
pol ar substityent on at east ne of the orth si.tian nd c) a
cocatalyst H $ he tala ys cbﬁ%%%% |oﬁH§%€§F gﬁé t 6 ¢ a?%F? %here|n t he
et hyl ene gb@pp;sxs is -CH2CH2-. 3. The catal yst conposition according to of
claiml wherein R2 and R4 are |ndependently sel ected fromthe group

consi sting of &pt FoREARFFe sAbst ALY pAHYPIGSTp ST WHEPESREY he pol ar

substituent ispa hrapghed & - &gggggfqmﬁﬂgﬁqul)4 The catal yst conposition

according to claim1l mhereln are 2-met hoxyphenyl groups. - 37 5.
The cat al yst conp05|t|on(&dc@&dPﬁ§ P@Rdlﬁih11 whedei n
wherein:

X is an ethylene bridging group which contains from 2
to 6 carbon atoms;

R' and R’ are independently selected from the group
consisting of optionally substituted phenyl groups which do
not contain a polar substituent at any of the ortho-
positions;

R? and R* are independently selected from aromatic
groups, each R® and R*! bearing a polar substituent on at
least one cof the ortho-positions; and

c) a cocatalyst.

2. The catalyst composition according to claim 1 wherein

the ethylene group, X, is -CH;CH;-.

3. The catalyst composition according te of claim 1
wherein R? and R® are independently selected from the group
consisting of opticnally substituted phenyl groups wherein

the polar substituent i1s a branched C;-Czq alkoxy group.

4. The catalyst composition according to claim 1 wherein

R’ and R* are 2-methoxyphenyl groups.



the cocatalyst is selected fromthe group consisting of nethylal unoxane and
nodi fi ed net hyl al unbxane. 6. The catal yst conposition according to claim1l
wherein conponent a) is a source of chromum 7. The catal yst conposition
according to claim6 wherein the source of chromumis CrC 3. 8. The

catal yst conposition according to claim1l wherein the nolar ratio of
conponent a) to conponent b) is in the7 range of from about 10,000:1 to
about 1:10,000. 9. The catal yst conposition according to claim1 wherein

the nolar ratio of conponent a) to conponent b) is in the range of from
about 10: ®-to Ebéuﬁa‘.{gﬁﬂSt 1OoMAPREL Eleathl apsor@dmposict céallicéovEpAgito claim 1

wher ei n | 0. of t n tLs-I pethe range of
fron1abou%ﬁ%.ggkgﬁgig%%u%91§§3%39%§ﬁ5¥ﬁ%t%%i%??@% gghsgéfgﬁgnggccording to
claim1l whettiyhaltihexene catdlysdifs=disedhyl sdnmaxauert to provide a ratio in

the range fromabout 0.1 to about 20,000 al um num or boron atons per atom
of chrom um nol ybdenum or tungsten. 12. The catal yst conposition according

to claimk whergbNcathAey §0-Eahdystidis M8@F-dihgaRcabREAf L O0whRESMiAe a ratio
in the range fromabout 1 to about 2,000 alum num or boron atons per atom

of chrom GRTPABEPBd@hul? o BRUMERE 7f chr3giumg. A process for the
trimerization of olefinic nononmers, wherein the process conprises
contacting at |east one olefinic nononer under trinerization reaction
condition§. w Theacettalyst cooppost idrmwmaeaaridiongot elelai M thetdinThe

process according to ¢laim13 wherein, the tenperature is in the range from
about -10%%et803g85t°g236%?mﬁ%9 %%éagpdcess according to claim13 wherein
the tenperature is in the range fromabout 0C to about 150C. 16. The

process according to claim13 wherein the tenperature is in the range from
about 25C8%-o0 aBBgtcabptyst composition according to claim 1 wherein

the molar ratio of component a)} to component b) is in the

range of from about 10,000:1 to about 1:10,000.

9. The catalyst composition according to claim 1 wherein
the molar ratio of component a) to component b) is in the

range of from about 10:1 to about 1:10.

10. The catalyst composition according to c¢laim 1 wherein
the molar ratio of component a) to component b) is in the

range of from about 1.5:1 to about 1:1.5.

11. The catalyst composition according to claim 1 wherein
the co-catalyst is used in an amount to provide a ratio in
the range from about 0.1 to about 20,000 aluminum or boron

atoms per atom of chromium, molvbdenum or tungsten.

12. The catalyst composition according to claim 1 wherein
the co-catalyst is used in an amount to provide a ratio in
the range from about 1 to about 2,000 aluminum or boron

atoms per atom of chromium, molybdenum or tungsten.



17. The process according to claim 13 wherein the pressure is in the range
of fromabout O to about 100 barg. 18. The process according to claim13
wherein the pressure is in the range of fromabout 1 to about 50 barg.

~ 38 -

13. A process for the trimerization of clefinic monomers,
wherein the process comprises contacting at least one
olefinic moncomer under trimerization reaction conditions

with a catalyst composition according toe claim 1.

14. The process according to claim 13 wherein the
temperature is in the range from about -100°C to about

200°cC.

i5. The process according to claim 13 wherein the

temperature is in the range from about 0°C to about 150°C.

16. The process according to c¢laim 13 wherein the

temperature is in the range from about 25°C te about 100°C,.

17. The process according to claim 13 wherein the pressure

is in the range of from about 0 to about 100 barg.

18. The process according to claim 13 wherein the pressure

is in the range of from about 1 to about 50 barg.



