WD2008/ 077911PCT/ EP2007/ 064398 - 1 - LI GANDS AND CATALYST SYSTEMS FOR
THE OLI GOMERI ZATI ON OF OLEFI NI C MONOVERS Fi el d of the Invention

The presentvoizossantdion relates to |igands and to cat al ysgeoSysiens43os
conprising said |igands. The present invention further relates to a
process for the 5oligomerization of ol efihit nononers using said
catal yst systens. Background of the Invention The efficient catal ytic
trimerization or tetranerization of olefinic nononmers, such as the
10trinmerization and tetramnerization of ethylene to 1-hexene and
l-octene, is an area of great interest for the production of olefinic
trimers and tetLAMAENDSS aimavmwhngsrclm’msoboﬁom@rﬁil@o%?&ggﬂéﬁ oF
particul ar, 1-hexene is a val uable conononer for |inear |owdensity
pol yet hyl ene 15(LLDPE) and 1- oct eHEFIFAMOHBNIERSs a cheni cal
internediate in the production of plasticizer alcohols, fatty acids,

detergent al coppl. and lubrication oil additives as well as a val uable
conmononer in tHeS Eont Bl nmers such as pol yethylene.

1- Hexene and 201- oqhengr6aenbei ifd@468drbyaite Loy enLLoRal ;.14 32Q>3| tion
nmetal oligonerization process, although the trinmerization an

tetramerizati off s SYFECPP FUE@EINg said Seigemals . dThe epeesent

catal ytic systamrediave baenndt sedosed kB § dsd Q?rt Eﬁe
trimerization of ethylene to 251-hexene. A nunber of these catalysts
are bastdd on cPriFEASHization _of olefinic monomers using said catalyst

systems.

Background of the Invention

The efficient catalytic trimerization or
tetramerization of olefinic monomers, such as the
10 trimerization and tetramerization of ethylene to 1-hexene
and l-octene, is an area of great interest for the
production of olefinic trimers and tetramers of varying
degrees of commercial value. In particular, 1-hexene is a
valuable comonomer for linear low-density polyethylene
15 (LLDPE) and 1l-octene is valuable ag a chemical
intermediate in the production of plasticizer alcohols,
fatty acids, detergent alcohol and lubrication oil
additives as well as a valuable comconomer in the
production of polymers such as polyethylene. 1-Hexene and
20 l-octene can be produced by a conventional transition
metal oligomerization process, although the trimerization
and tetramerization routes are preferred.
Several different catalytic systems have been
disclosed in the art for the trimerization of ethylene to
25 l-hexene. A number of these catalysts are based on

chromium.



US- A-5198563 (Phillips) discloses chromi um based catal ysts containing
nonodent ate am ne |igands useful for trinmerizing ol efins.

US- A- 5968866 (Phillips) discloses an ethyl ene

50l igoneri zation/trimerization process which uses a catal yst
conprising a chrom um conpl ex which contains a coordinating
asymmetric tridentate phosphane, arsane or stibane |igand and an

al um noxane to produce al pha-ol efinrs2wkich are enriched in 1-hexene.
10US5523507 (Phillips) discloses a catal yst based on a chrom um
source, a 2,5-dinethylpyrrole ligand and an al kyl al um ni um acti vat or
for use in the t GEDRLE 7944 N @hiuhpkengisoldsdiexdii@mium-based Chem
Commun., 2005, 5, 622-624 relates to ethyl ene, 15trj ner satl nla?
tetramer| satqacmla'at-al gentaiping ﬁ‘%ﬂ%dhe%é}%?t ?‘F’u‘?eedl’cﬂ %8 or

| i gands. triter®8ing PESF ASSR vol .. 54, no. 2, 1984, pages
3289- 3295 descrl 5es tet raal kyl di phaoshi ne imn des and E II%I’I C

di phosphazanes. BOCheH?6&HHMUFRILIIOHE, dgsC IR B Gfscl oses
chrorg um corgyl;exas rQEalc.lLgﬁ‘f'glslrﬁ;rffhe::Lbhpﬁrébagﬁl(d)@cﬁﬁxnﬂses(Ar =
s

or t ho- met hoxy- tituted ar roup) .as catalésts J‘cizra
trinerizati mt@ﬂyeﬂ:hypenelslng a Chro“ﬁﬁﬁ‘e\ﬁﬁﬁa cc’\?&laln&4
2005, pages ég£4k1%%%§ngfagéﬁﬂg€f56“¥iﬂ&ehﬁat@epﬁaﬁﬁﬁﬁﬁﬁﬁ5éﬁﬁine or

solid-state structure a netal conplex of a ?fg?p ei.m ne.
WO 02/ 04119 gtBPRngi dépesdsand car a3 YEHIMOEANEhEC PT ARG 4t RS of

ol efins conmpysing, ana g’ G8e Ofn£IuKud UM 1wBkybdenum or tungsten, a
| i gand cont al ni ng east one 30phosphorus, arseni c or %ntl rarogé atom
h i

bount0 to at Ieasﬂséﬁé%?arb%%%blﬂpsdr 1 ECEPERT of oD ifig a

polar - 2a «n Sifishd LWeRke, thzeMﬂﬁgﬂl@lweraaéelﬂ\@ﬁm ald auch
pol ar substi tuents are phosp ane, arsane or Sti bane }?rou S and

optional |y arllsth alamdnivmnackigaker (3 4S8 BsEoft

(2- met hoxyp DerfNeME 1 Bh2sgRE hoxyphenyl ) 2. Al t hough- the
catal ysts discl'osed in the BP docunments nenti oned%anove hay

ood
sel ectivity for Chieex e REMARR i P8 B P&clronTe 2Tt &t ety Af'§h

! Evells 0‘; by - prQEUGEs FrQloMBhhaN £ Sne 1k diorpaduty st s i 8itty phaladd-y
opserve

OFS

substituted diphosphine ligands.
J. Gen. Chem. USSR, vol..54, no. 2, 1984, pages
3289-3295 describes tetraalkyldiphoshine imides and
. isomeric diphosphazanes.
20 Chem. Commun., 2002, 8, 858-859 (BP), discloses
chromium complexes of ligands of the type ArpPN{(Me)PArp

(Ar = ortho-methoxy-substituted aryl group) as catalysts
for tﬁe trimerization of ethylene.

Angewandte Chemie, wvol. 44, 2005, pages 3271-3275 is

25 _ concerned with the synthesis and solid-state structure of
a metal complex of a diphosphineimine.

WO 02/04119 (BP) discloses a catalyst for the
trimerization of olefins comprising a source of chromium,
molybdenum or tungsten, a ligand containing at least one

30 phosphorus, arsenic or antimony atom bound to at least

one hydrocarbyl or heterohydrocarbyl group having a polar



- 3 - WO 2005/ 039758 (Shell) discloses a trimerization catal yst
conposition and a process for the trinerization of olefinic nononers
using said catal yst conposition. Catalytic systens for the

tetrameri zati on of 5ethylene to 1l-octene have recently been

descri bed. A nunber of these catalysts are based on chrom um

WO 2004/ 056478 and WD 2004/ 056479 (Sasol) disclose catal yst
conpositions and processes for the tetranerization of olefins. The
cat al yst conpositions 10di scl osed i n-Vix 2004/ 056478 conpri se a
transition nmetal and a heteroatom c |igand having the general formula
(R nA-B-C(Rm \M}gtue and,C ar&1iddepandeanby SEéE@tae]dL fmmh @o@ﬁéup
whi ch conpri¥ osp 6rus, arsenic, antinony bi.s

sul phur, selﬂbanmttmmdtﬂanﬁtpbg’é?ba%d B SE8 Sy bF %I ng r uorHISbéthween A
and C, and Ris. in e ct fiig@ananysbanbn arost of the

het er ohydr oc"?}?tt)ﬁf"fn'ﬂelgre%(iil ?E\%v%%ﬁt Iﬁgeéast@?r:e ﬁ rou é é}}é}ll (tgut ed
with a pol aresatystes u@nt(2améth°émh%ﬁ‘3é]re? EYd Mg/ "gé‘ae%}} ’?BFPS# Spécti ve
val ence and oxi dation state 200of d/ e;catd V&t documents
conpoditions di sdtdSeY }‘ D 565%?’6%%4?@' ggr?g%?sjéﬁa transition netal
and a heter Oﬁéﬁ’f‘l&néd gantrchauvagobhe sekratdiviftsr #oFal (REFFRE B"ltg B)m |
where A, B, C, n and mare as de oESh epansent |y
sel ected frokhangs h%’fﬁ)d'dronZSﬁetrgiLoﬁydro ar]l?y a‘g?&?p b Exanpl e 16

of WD 2004/0 647? ? {é)%es 2 gibykeaect ot riamuyvplabiloy peaerverh.
ace

using Cr(lll)yace onoat

(phenyl) 2PN(i sopr opyl ) P( 2- net hoxypheny1)2 inaratio of 1:2
mol /nmol, and MAO, with an Al: Cr atonmic ratio of 30136:1, at 45 C and
45 barg. However, the reaction - 4 - produced a product conposition

wi th over 24 wt % of the products having greater than 11 carbon atons,
based on the weight of all products (9.00 vt % Cl1+ |iquids and 15.11
wt % sol i ds). :



5WD 2004/ 056480 (Sasol) discloses the tandemtetranerizati on and

pol ynerisation of ethylene. Specifically, WO 2004/056480 di scl oses a
process fowopossyreriising ol efins to produce branched palgmtredornsssos
the presence of a distinct polynerization catalyst and a 10di sti nct
tetrameri zation catal yst, wherein the tetramerization catal yst
produces l1l-octene in a selectivity greater than 30% and the 1-octene
produced is at |least partially incorpdrétéd into the polyolefin
chain. 15Al though the tetranerization catalysts disclosed in the
Sasol docunents mefiiZHSd 048898 hEhA losdssbrers jvinimesizat it ene

within the CBchEatitOvodRiiRiod 484 & iﬁﬂ:%'c)éss for N d8¥eli 2t ion
by-product formation is observed. Typically, the by-product consists

of C6 conposi PfoRset ImtpWOPemersntyinghinldgat ol Be wampostitipe. C6
by-product conposi&dQn Jid clsPerans s W et BEL FGIBI Y o6, PY- Product
conpri sing conpounds such as” net hyl cycl opent ane and

met hyl énecycl| 6pBHL@R®. tTHe ostesenktavefradeasdyr eaet rierFrddedy- br oduct

conposi tions, ;WhaLER g@v@hég%rgakgi§é§%:Q@%pgggggi§+ éﬁgﬁﬁyhmvalue, i's

hi ghly undesirable from both an econom c poi nt view as well as
froma product sep¥ RGO 0p6#AE Hid WRRO004/056472 (Rescdowdbeelpse

surpri singl v taundyLbalo i i 0andsanc eakalustopysiens of the

present invention \ _ xce results in the trinerization
and - 5 - tetearenr¢viidtoprobLobeéfine. Mineoretslysth qramoiscaianst he

sel ectjgve pr °9§8E%8§e8fié'd6e?%8${é‘é‘€47% %%‘ingaﬁ!?séré’@xeéﬁ%"t%ﬁ h&tal
achi eved whil e reducing the ['evel of byproduct formation, especially
Cl10 by- productsd sohé¢trditioméc hegand Wenesgahle ogepotajetfiyimeba) and
G5 composit | 0'1%/) | ROPEE 8101 %%r%hﬁ”aﬁ'@&%einaggg&gﬁ%mofy EQ%%P%&”F' on
Accor di ng to thepresent ITII’]V(?,‘I’ltIOI’l ere Is providea a Ilgan avi ng
the general feikBHl & §+dup which comprises phosphorus, arsenic,
antimony, oxygen, bismuth, sulphur, selenium, and
15 nitrogen, and B is a linking group between A and C, and R
is independently selected from any homo or
heterohydrocarbyl group of which at least one R group is
substituted with a polar substituent and n and m are
determined by the respective valence and oxidation state
20 of A and/or C. The catalyst compositiocns disclosed in WO
2004/056479 comprise a transition metal and a

heteroatomic ligand having the general formula (R’)pA-B-
C(R')q where A, B, C, n and m are as defined above, and
R’ is independently selected from any homo or

25 heterohydrocarbyl group.

Example 16 of WO 2004/056478 discloses an ethylene
tetramerization reaction using Cr(III)acetylacetonoate,
{phenyl) 5PN (isopropyl) P{2-methoxyphenyl)s in a ratio of
1:2 mol/mol, and MAO, with an Al;Cr atomic ratio of

30 136:1, at 45 °C and 45 bharg. However, the reaction



10(R1) 2P- P(R1) M R2) n=N(R3) (I) wherein R3 is selected from hydrogen,
a hydrocarbyl group, a substituted hydrocarbyl group, a

het er ohydr weasiwyd77edf oup, a substituted heterohydrocar bypc@E®u@/os889s
silyl group or derivative thereof; 15the Rl groups are independently

selected froman optionally substituted aromatic group bearing a

pol ar substituent on at |east one of the ortho-positions; and the R2
groups are independently selected from ﬁydrocar byl , substituted
hydrocar byl , heterohydrocarbyl 20and substituted heterohydrocarbyl
groups W th tRECPREHE sd RIPUCRhepmpofel tgosuirs avemsdd avtist ofoeke not
contain a pol ag i 0 = irjons:. Wsth the
provi so that %ﬁ Fgugé%)rﬁéiﬁ@%} ?Es:eﬁg%rr ngh%éﬂglt [ﬁ%p{;)%?g‘fd%#sqm%isﬁﬁi %12.
25Accor di ng t shandeheht afpédd Brodwetri@s8ft wEhvert+ driatidseand

provided a |i n? havj ng t.he general forrmula (I1):

P(R1) n( R2) n- P?%l 5:‘%(%%1(1:515)). wherein R3 is selected from

hydrogén, a hydr ocer Rdo430g608p, (Sashstikulesedydreocanbyh group, a

- 6 - heterohydrocarbyl grou a substituted heterahydrocarbyl group,
a silyl gr oup¥8&rﬁr§‘?7€7ﬁ‘%\?’é‘ gﬂgr%% YNGR EARTOBr B%p‘as&?%lﬁniendependent ly
sel ected fromsgacopid¢anial,l wosubed yésdexd @ierBbsés O QWiHpdReA!r EBg a

pol ar 5substi tugnt on at Iggggt one of the ortho-positions; and the R2

groups are i n88p&hdeniiif CPBAC? RN Er BEARDYEY RUSLrfipadin

hydrocarbyl, hatepodyshiacarbyl dasehmabgdiiubedzhelst dardnosarbyd a
groups wth the Erovi so that when the group is aromatic it does not
contai'fl a 10p8f&F RTbtSTRBRELIARE LN G- Eor YRRESdsitHi®ons: with the

provi so that HetSafePizakioh kstdlpit ryabckbBe1t @d@dnofind g + n is 2.
According to a further aspect of the present invention there is a
provided a pr§EESSEFBItHEAEFACPRGE A5G gaRE RBYI hptireegenefared s
formulae (1) @t {édgt WHRally incorporated into the polyclefin

chain.
15 Although the tetramerization catalysts disclosed in
the Sasol documents mentioned above have good selectivity

for l-octene within the Cg fraction, again, a relatively

high level of by-product formation is observed.

Typically, the by-product consists of Cg compositions;
20 however, only about 70 to 80 %wt. of the Cg by-product
composition is 1l-hexene, with the remaining Cg by-product

comprising compounds such as methylcyclopentane and

methylenecyclopentane. The presence of these remaining Cg

by-product compositions, which have very little
25 commercial use or value, is highly undesirable from both
an economic point of view as well as from a product
separation point of view.
It has now keen surprisingly found that the ligands
and catalyst systems of the present invention provide

30 excellent results in the trimerization and



conprises reacting: (i) a conmpound of formula (111): X-P(RL)m R2)n
(ren) wherein X is a halide, and R, R2, mand n are as defined
20above f owolzogandal havi ng general forrmulae (1) and (1 Ip¢cT/Eeoosizps a
conmpound of forrmula (IV): (R1)2P-N(R3)TT (1V) wherein R1L and
R3 are as defined above for |igands of 25general formulae (1) and
(I'l); in the presence of an HX-acceptor. According to a further
aspect of the present invention thereis provi ded a process for
preparing aligand having the general formula (1) or (I1) which
30conpri ses ré&&ErPRgrLIzation @%)OéeétﬁﬁﬁnmﬂﬁoaﬁrﬁorﬁﬁlRﬁqﬁ¢FM1XrF%Ha)2
(V) wherein X | | Sgas. l-Re boyv. l-Lgands of
general for wlsgge??%+§ﬁ%rﬁ]u%)t?$gngf S%i | egj%cgrr}%ogn(gc%e?{% glrr%lﬁ}l a (Vl):
(R1) m( R2) nP- NERBY =%/ )5 \isdrievadRihi 2 redeicingaille nlewed @f Befi ned
above for lig generalof o (4l Ny (1L )3, h : gsence
of an FIX—a00239§P?£10Accg?§FﬁgE$%é§£31%£19§Ptﬁgr$%%%g%f£o%0?%§§
presents i nvent(iios.t hesey ivihxpisouhdedr pdliygahe181s] eqmregpar ed by

reacting: (i) a conpound of formula (I11):
compositions/isomers other than 1l-hexene.

Summary of the Invention

According to the present invention there is provided

a ligand having the general formula (I):
10 (R1) 5P-P(RY) p (R2) u=N(R3) (I)

wherein R3 is selected from hydrogen, a hydrocarbyl
group, a substituted hydrocarbyl group, a
hetercohydrocarbyl group, a substituted heterohydrocarbyl

group, a silyl group or derivative thereof;

15 the Rl groups are independently selected from an
optionally substituted aromatic group bearing a polar

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

the R2 groups are independently selected from
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
20 and substituted heterchydrocarbyl groups with the proviso
that when the group is aromatic it does not contain a
polar substituent at any of the ortho-positions;
with the proviso that m is 0 or 1, n is 1 or 2 and the
total of m + n is 2.
25 According to another aspect of the present invention
there is provided a ligand having the general formula

(II):

P(R1)(R2)q-P(RY) 5=N(R3) (II)

wherein R3® is selected from hydrogen, a hydrocarbyl

30 group, a substituted hydrocarbyl group, a



X-P(RL)m(R2)n (I11) 15wherein X is a halide, and Rl, R2, mand n ate
as defined above for ligands (1) and (I1); and (ii) a conmpound of
formul a (1o 20488P- N(R3)H (1'V) wherein R1L and R3 ar e @msyeebhinghos
above for ligands (I) 20and (I1); in the presence of an FlI X-acceptor.
According to yet a further aspect of the present invention there is
provi ded a ligand system prepared by reacting: 25(i) a conmpound of
formula (V): X-P(&2 (V) wherein Xis hdl ide, and Rl is as defined
above for ligands having the general formulae (1) and (11); and (ii)

a conpound of PEERRENEIAAATLYL. ggoupr ( R )SHOREL AP ff ABY 4Oy ahereyh

Rl, R2, RS, mﬁ,@eq N &riBa deblpedy aaMekqke! EGaRIs: havi ng the
general fornulae |) and (IT); Tn the presence of an HX-acceptor.
5Accordi ng tot_hlaeRi‘-)r@smﬁs iameehhdeperidwertd vi sepecvédlieitam aat al yst

system conpri si gg: a% a s urtc%ugfdchr om_um rmlé_bl%leanu.m or tugg;t en;
b) a |igand oPPR*PREEHE BStam e REEI & IherRI P2 ld Poky
cocat alsyst . substituent on at least one of the ortho-positions; and
the R? groups are independently selected from
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
and substituted heterchydroccarbyl groups with the proviso
that when the group is aromatic it does not contain a
10 polar substituent at any of the ortheo-positions;
with the proviso that m is 0 or 1, n is 1 or 2 and the
total of m + n is 2.
According to a further aspect of the present
invention there is a provided a process for preparing a
15 ligand having the general formulae (I) or (II) which
comprises reacting:

(i) a compound of formula {(III):

X-P(R1)p(R2)y (III)

wherein X is a halide, and R1, R2, m and n are as defined
20 above for ligands having general formulae (I) and (II);
and

{ii) a compound of formula (IV):

(RL)5,P-N(R3)H (IV)

wherein Rl and R3 are as defined above for ligands of
25 general formulae (I) and (II);
in the presence of an HX-acceptor.
According to a further aspect of the present
invention there i1s provided a process for preparing a
ligand having the general formula (I) or (II) which

30 comprises reacting:



Accordi ng to anot her aspect of the present invention, there is

provi ded simnultaneous trinerization and tetranerization of olefinic
nonomer s, woenesor7dipe process conprises contacting at |®asEr06¥e64398
olefinic 15 nononer with the catal yst systemherein at a pressure in
the range of from bel ow at nospheric to 100 barg and at a tenperature
in the range of fromO Cto 200 C. Detailed Description of the

I nvention As used herein, the term"trirerization" neans the 20
catalytic trinerization of an olefinic nononer to give a product
conposi tion edt? chiedqmPopRe ebnfitidadd? ved from the reaction of
three of said olefinic nononers. T%@ t§1r1t{'nerization i ncludes the
cases wherein all the olefinic non ngﬁ ) e feed streamare

i dentical as he 25cases whergin the feed siream contains two
or nore di ffe%‘%{:e%ﬁe i %aﬁ%ﬁghe?%c?lﬁ s afdp }I't‘efc%:u%é’?'ley,ofhe term
“trimerizatiohigahén eSesnenal efatiaae oI hendlr (IEr;i zaid on of

et hyl ene neans.the trinerizatpon of .et ne to forma C6 al kene,
especiglly 3o§3h2i%ﬁ§#@09“ 9£ Ebmmﬁ%%n¥éfh1"trinerization

sel ectivity" when used in rel akipn(id the (kBhFe{yZAti on of ethylene
means the amount of C6 fraction formed within the pr oduct

conmposi tion. Q{fBgelermm " k2hexeney saledd iavket ¥s dbemhdise@olB Egtation
to the trimerization of ethylene neans the ampunt of 1-hexene forned
wi thin the C6liparts onf @erekal pfermeiascdipodnrti bhl) The overal | yield
of 1-hexene i RAnt PRe tyidRIHc2abE Oy Ofx &fddene.i s the product of the
10"trimerization selectivity" multiplied by the "1-hexene

sel ectlOvi ty". Acrr diggntot ¥t Ard i EAeF onsPtard the BRE®SRA I C

tetranerizati opyehe fbh ArfleNic PROPIRIG 10 ﬂEXRd asipgsga#gregggwsﬁ};i on
enriched in the conpound derived fromthe 15reaction of four of ‘said

ol efi ni ¢ nonoXEAStiMhe termtetraneri zation i ncludes the cases

wherein all the)ol efd L BRNOFeE Sl -t herged streamare identical as
well as the cases wherein the feed streamcontains two or nore

di fferent ol efinic nononers. X-P(RL)(R2)y (TIT)

15 wherein X is a halide, and R, R2, m and n are as Gefined
above for ligands (I) and (II); and

{(1i) a compound of formula (IV}:

(R1) 2P-N(R3)H (IV)

wherein Rl and R3 are as defined above for ligands {(I)
20 and (II};
in the presence of an HX-acceptor.

According to yet a further aspect of the present
invention there is provided a ligand system prepared by
reacting:

25 (1} a compound of formula (V):

X-P(R1) 5 (V)

wherein X is halide, and Rl is as defined above for
ligands having the general formulae (I} and (II); and

(ii) a compound of formula (VI):



20In particularly, the term™"tetranerization"” when used in relation
to the tetranerization of ethylene neans the tetranerization of

et hyl ene twof20esm71£8 al kene, especially 1-octene. PCT/EP200708.898
term"tetramerization selectivity" when used in 25relation to the
tetrameri zati on of ethylene neans the anount of C8 fraction forned
wi thin the product conposition. The term "1-octene
selectivity" when used in relation to't fle"tetranerization of et hyl ene
means the 30anount of 1-octene fornmed within the C8 fraction of the
- 10 - product conposition. ThRlgy&ZalJr-si(BPgHofvID- octene in the
tetrameri zation of ethylene is the product of the "tetranerization
sel ectivity" mhetéphiRdd BY.tRé, "M-mut enersebecdefined’ abbTaefter m

"hydrocarbyl " .a her.ei efers. t.0 rou I 0 i ni ng carbon
and hydrogen %1% ar*rls%l&g%haemﬁ dggéa(%eb%ﬁra&r gtj%ﬁgﬁg?/gb@a%&a gr&gt éd or
unsat ur ated, LEnnele predemarchédaralHiHaccaphon-aromatic ring or an
aromati.c ring. Unless atherw se stated. the preferred 10hydrocarbyl
groups 5for use herAeclcr?r%rlélgt Fl%stgnec rﬁeésieﬁltnbn ér)p(‘)trrl1 ttgefﬁ ¢ r%%%wgtb%ns
The term "subsat tatd Bebthygdsoear byhpriasingsed herein refers to

hydr ocar byl groups which contain one or nore .inert heteroato

contai ning fanct | GHal Gr BURECS 1§ “TREPE s HEUaPSEEH Corit IR g
functional groups"p)i s meatdandair theifandtswitaim gsodpscHibat
interfere to any substantial degree with the trinerization and
tetranerizati on procesSTTHE t "het er ohydrocarbyl " as used herein
referg020t o a hydr@car Aytogdtaupssherein one or nore of the carbon
atons is replaced by a heteroatom, such as_Si , N or 0. The carbon
atom of the hydr o*FIRAGPoLP TS §‘SP85Fa%feat§H"y PXeR&FEr oat om can

be either an hAtventddn caHkes afoprefiddde sAvdlosesd)d tgroupioatide
car bon atomthrough . . L .
and Tetramerization of clefinic monomers, wherein the
process comprises contacting at least one olefinic
15 monomer with the catalyst system herein at a pressure in
the range of from below atmospheric to 100 barg and at a
temperature in the range of from 0 °C tec 200 ©°C,

Detailed Description of the Invention

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

trimerization of ethylene to form a Cg alkene, especially

30 l-hexene.



25whi ch the heterohydrocarbyl group is attached, e.g. the atom which
is attached to the nitrogen atomin the case of the bridging group,
e.g. - N OMwb200slfmiier m "substituted heterohydrocar byl "p@Se8E864398
herein refers to heterohydrocarbyl groups which contain one or nore
i nert 30heteroatom containing functional groups. The term
“aromatic" as used herein, refers to a nmonocyclic or polycyclic,
aromatic or heteroaronatic ring having from5 to 14 ring atons,
optionally containing from1l to 3 heteroatons selected fromN, 0 and
S. SPreferably, tHéheartennt 'eryratpatire aehecyitity omhpol yesldic

aromatic ring I i ude
ferrocenyl gr%ﬁ%)é £ phen%l% g ﬂ%ﬁﬁ%a‘ﬁ‘c’lﬁgp%t hyﬁl;%lc ant er%glcs;eﬁ% Unl ess
ot herw se st ataedunt het preefierretonr rmtsidc wgrbipst iax @urgnecycl i c or
10pol ycyclic aromatjc, rings having from5 to 10 ring atons, nore
preferred aroffPPeSHrips are nonocyclic aromatic rings containing

from5sto 6 carbonra @sm SMCHeﬁélep@%méEtﬁﬂﬂt}@yQJ}'%eﬂkéﬁl enyl, and a
nost preferred aromatic group i s a, phenyl group he term

"substituted APGABIPR"TUaSDESHELBCRAIINTNE n%tlﬁlh]a%nec MeageokBEi ¢ group

may be substi bibest Wi h -0RGeAE POFRSWAShihUERE Sop Bralh8oheb the
"ortho-position" when used in relation to substltuents on aromatic Rl

and/or R2 groppsduct dmpwsantothathd hyegabdt viebhtof d-hexthe Ortiie
posi t1on 20r eLalhye: 14 de 3t embonded o 0,LNe, paasPhar g at om
€

The |igands of resent rnventTon hav eneral- fornul ae (1)
and (110) bel OMrQrﬁéjmm(oRl)saﬂ.E@l)lvn(m) m@n):lp(féq yR2he_pi Rig2end\( R3)
(I'1) 25wherei n.Rl.. tyF,{S, and R4 are as defined above. R3 is

selected from ﬁyar ogen a hydrocarbyl group, a substituted
hydr ocar byl group,Tle hetrer obydrmwﬂzyahigntbu:peams SJ.HBEStCIatEIILEdic
heterohydrocarb I ngl)rou .a_si I derivative t.here

Typi cal |y, R3°F dt&ofjr 8m§’6 cﬁ&élel mf’n?[ﬁ%rgtroo@ﬁ cgngfg?‘f%g of

al kyl , SubSthUmpd51tlon enriched in the compound derived from the

15 reaction of four of said olefinic monomers. The texrm
tetramerization includes the cases wherein all the
olefinic monomers in the feed stream are identical as
well as the cases wherein the feed stream contains two or
more different olefinic monomers.

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

the tetramerization of ethylene to form a Cg alkene,

especially 1l-octene.
The term “tetramerization selectivity” when used in
25 relation tc the tetramerization of ethylene means the

amount of Cg fraction formed within the product

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

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



- 12 - alkyl, aryl, substituted aryl, aryloxy, substituted aryl oxy,
al kenyl, substituted al kenyl, cycloal kyl, substituted cycl oal kyl,

al koxycar baipyheseeribonyl oxy, al koxy, am nocarbonyl, cariams2e67 064398
di al kyl am no, silyl 5groups or derivatives thereof, and al kyl or aryl
groups substituted with any of these substituents or hal ogen or a
nitro group. More preferably R3 is an al kyl, substituted al kyl
(i ncluding heterocyclic substituted aTKV?'MAth at | east one
heteroatom such as N or 0, and 10al kyl groups substituted with a
het er oat om or Pﬁ@@‘é‘?‘beﬁ‘mﬁoélﬁF@Gp)Th%y%’lee‘aW(lee%b?ﬁ iir@régne in the

cyel oal kyl , - subethidit eliauel be ifreriist LEUNSHAIN oedbyboxy or

substltuted aryl oxy group. Exanples of suitabl'e R3 groups include
01- 015 al kyl @t@E@@He@mtlpﬂuﬁéaeMLWH”am@t1E11:>Jg€rdnms thg2 pisrtene
al kenyl groupgess |&Wued 02- 015 al kenyl groups, 03-015 cycl oal kyl

groups, substltuted 03-'015 cycl oal kyl groups, 05-015 aromatic groups,
subst i fut ed 05- 0157t dreami Chydoeqsrbyd!- 835usdk daregroupSenndo a

substituted O t e u th
CI- 15 al kyl | gFoups i e R M R B R e
gr oups; suitabVérewaﬁpﬂegrbnplmdﬁINEEhwhtueahgd omnupwmura59®ropyl
butyl, isobutyl, ter heR€ I ou S
hexyl, al kyl %an% edrhex%lhggo%%y lh%b%ék 9£§ﬁﬁﬁug§§%§ heBtyI
groups, octyl aandatalkytirigr.aliohess amttl'gﬁlrwgs@up’satﬁkameesvrefesmcﬂ abl e
=N( R3 roupsy, N I

—Nglsép?opyr) &Hﬁﬁﬁgﬁyp)%g%kg¥e%?rﬁh%a%%¥Elﬁ(%%%9§?$%a%ﬁFﬁginng
30ethy|hexyl)frchtwuiGHExykppn_axdmmyclohexylethyl) =N(2- - 13 -
met hyl cycl ohexyl ),

=N( 4- et hoxyphenyl-she %RIZ%(% ?S%I\égl%h%h%}{ F?C Néwlq’?%zg%eﬁ_herem

refers to hydrocarbyl groups which contain one or more
inert heterocatom containing functional groups. By “inert
15 heteroatom containing functional groups” is meant that
the functional groups do not interfere to any substantial
degree with the trimerization and tetramerization
process.
The term “heterchydrocarbyl” as used herein refers
20 to a hydrocarbyl group wherein one or more of the carbon
atoms is replaced by a heteroatom, such as Si, 8, N or O.
The carbon atom of the hydrocarbyl group which is
replaced by a hetercatom can be either an internal carbon
atom of the hydrocarbyl group or the carbon atom through
25 which the heterohydrocarbyl group is attached, e.g. the
atom which is attached to the nitrogen atom in the case
of the bridging group, e.g. -N(OMe)-. The term
“gubstituted heterchydrocarbyl” as used herein refers to
heterohydrocarbyl groups which contain one or more inert

30 heteroatom containing functional groups.



nmor phol i ne), =N(Si (C113)3), =N(CH2CH2CH2Si (Owe) 3)), =N(decyl) and
=N(al l yl). 5The substituents on the Rl and/or R2 groups can contain

car bon at owe 2assthrari1 het eroatons. The substituents nmay hecREib@ios0s ar
or non-polar. Suitable substituents include hydrocarbyl groups which
may be straight-chain or branched, saturated or unsaturated, aronmatic
or non- 10aromatic. The hydrocarbyl substituents nmay optionally
contain heteroatons such as Si, S, N orl®.” Suitable aromatic

hydr ocar byl substituents i ncl ude nonocycli ¢ and pol ycyclic aromatic
groups, preferabl yhieafeng RS i8S 26 varddewidns TRASTRAE? itng, such

as phenyl amm&lo%ﬂ&f’ﬂ"&ﬂ’boh?@ﬁ%’i 1N QUBRat BYI $20 L HOAFBHOBL 11Cing

hydr ocar byl substituents inclu | i near or branched al kyl or
cycl oal kyl grbapsng presfiefabPylhandry atosm 10pbi At Idar Q@ﬁta!@m nor e

preferably 1 EPO fq{cp%nhggzgﬁatoms selected from%h%r Eabl e
substituents on the Rl and/or R2 20groups I nclude ‘hal i des such as

chl ori de, broRfgcraidly.odbdearembic groMpsAdTr®-noncgyslic. oo Al, - NH2,
-NHAL, - NAlAﬁol §g%ﬂgA%é%maE§gpilné§, sﬁcﬂhéghﬁ 1 tA81 ny

|ndependently, are non-aromati c groups prefera VI ng rom 1to 10
carbon atons, (wbieh prasf ellgbl ynalude iWBQHYQ%Iw) -epgenwet hyl ,

et hyl, propyl pr. ﬁl,\_g,ﬁ;g th AN/ 01, R2 gk QUPS of
t he Ilgand arg@%@t&%khg%e?erre subsﬁlltRa%nts aroé: h>l;grocar byl
groups. Partisthbedy ghreferfedréy drowmthiyl gsobss | angemenocycliic -omr e

Cl-C4 gl Kyl gggwg% pfcefa%{ogg%f @Waﬁﬁgl erdf Py, 1o§geg§pa{¢omso,

butyl, "i sobut pre n one e ment
t he present i mveeltpmﬁerme@salommuim droups kpe anwtdrercldgbedpmenic mi s

0 and 2. o1 |y, sin I ' '
g o < ESPSgld g8, £l B calubhe, hpsenl ey
are i ndependeahdiyc;scelcgmﬁr&ddﬁeoyrl ppndrakiop t spbefetneaded rameit i group

groups, each bearl poI ar._su tltuent,, 9 t t ,,t
10or t ho- posi t i 8n3.* or%y F&°5F0i dance of Go 8?1 ‘%%éa}f r%&%e:%beagl ng a

pol ar Isubstituead iosratn ineast ohet ofhd lwomath@ @mul:t manysbenmeans t hat,
in the sane Il%ntit&the thgr ?s S su uBHF?guélﬁgéq a pol ar

substituent oh ohe" or o p03| rons. 15The term
"optional ly subst IB}Utteﬂb" tlelflml‘ ed::atmwpctsotuhe" when used in relation

to substituents on aromatic R} and/or R2 groups, it is
meant that the substituent is in the ortho position
20 relative to the atom bonded to the phosphorus atom.
The ligands of the present invention have the
general formulae (I) and {II} below:
(R1) 5P-P(R1)  (R?) n=N(R3) (T)
P(R1) 1 (R2)p-P(RY) =N (R3) (II)
25 wherein RL1, R2, R3, and R? are as defined above.
R3 is selected from hydrogen, a hydrocarbyl group, a
substituted hydrocarbyl group, a heterohydrocarbyl group,
a substituted heterchydrocarbyl group, a silyl group or

derivative thereof. Typically, R3 is selected from

30 hydrogen or the groups consisting of alkyl, substituted



Rl groups of the ligand of the present invention, which are

i ndependently selected fromoptionally substituted aromatic groups,
each beariwe»agagtai substituent on at | east one of thepcT/EP2007/064398
ortho-positions, nmeans that, in addition 20to the pol ar substituent
on at |east one of the ortho- positions, the sane Rl group may
contain one or nore other substituents. Pol ar is defined by

| UPAC as an entity with a pernanent ere:b%rlc di pol e nonent .
Therefore, as used 25herein, the term "pol ar substituents" neans a
substituent wWALEHLi rﬁ:ﬁflporsalpé‘s'l’au‘f%i EYent asybexyi culisseketedment .

Sui t abl e pol a it fo not

necessari Fy I ?n? aqu{%tn?llonl%a‘ﬂnll)@@"'brangihggik%% quillitl?g%%%roups

i.e. the R1 aﬁéb@tltfr@t&tﬁ @YgéoalbYBOMQrb@nW,t heeabopsti oswr byl
roup connect [0 i i opal

g p QQE§ ﬂy%arbo&% éy%ﬂ%i?%g&kgg éﬁf}g%mggg, R

substituted G 4" aryl'oxy grou groups are
subst i fut ed werhups @ptdednarlatyvsﬁlbshqnaﬁfedaadmﬁt}ﬂc ayr euplconeert ed

through an oxygsp. briel &t 9y 9Pt anal b Sbrasher C1nCooen or

al koxy(CG -C20)a gr oups, groups ar
substituted wgt hlar&lglé&@ hmdf@claf@gar@:@upbegrarngala;y@l CZO al koxy
group; hydroxyl; am no; Cl-C6 al kyl am no; nitro;

al kyl sul phonyFubgqiiesred i bHEALEES KGFegPDsLe f@’?ﬁFbﬁ‘éﬁ'%‘j
het erocyclic gmypswﬂsmmlablsy Mlilé hhettedogash, onecNane ok 8, ramy
atom and tosyl_ group npl es, of sui tabl e pol ar substituents

i ncl ud€® met hoi‘}kY%tW Sé‘BﬁFbE)’éSﬁ/i Hidh 8x P HER3AWK YL dodecy! oxy,
t et radecyl oxy pehexashesl Oxroupst a8REM QXY , 138 SOSANREY cycloalkyl,
pent af | uor ophenox ri methyl sil ox di_met hyI am no,_ met hyl sul phonyl

tosyl, net hox?ﬁﬁ'@%ﬂ‘gt%t £Ri BREL hyAUbSEiBUERAANKY , RYPBXyPT
oL, (I DO HIBL YLy RGN0, ALk 1% BERRE"S: SRk pTLisg 0
include C7-C1g5 alkyl groups, substituted C;1-Cjg alkyl
15 groups, Cp-C1g5 alkenyl groups, substituted C3-Cyg alkenyl
groups, C3-Cig cycloalkyl groups, substituted C3-Cjig
cycloalkyl groups, Cg5-Cjg aromatic groups, substituted

Cg-C15 aromatic groups, C1-Cig alkoxy groups and

substituted C1-C15 alkoxy groups. Most preferred R3
20 groups are the C3-Ci1s alkyl groups, which include both

linear and branched alkyl groups; suitable examples

include methyl, ethyl, propyl, isopropyl, butyl,

isobutyl, tert-butyl, pentyl, alkyl branched pentyl

groups, hexyl, alkyl branched hexyl groups, heptyl, alkyl
25 branched heptyl groups, octyl and alkyl branched octyl

groups .

Examples of suitable =N{R3) groups include

=N (methyl)}, =N{ethyl), =N(propyl}, =N(isopropyl),

=N (butyl), =N(tert-butyl}), =N(pentyl), =N{hexyl), =N(2-
30 ethylhexyl), =N{cyclohexyl), =N(l-cyclohexylethyl), =N(2-



are independently selected fromoptionally branched Cl- C20 al koxy
groups, optionally substituted C5-Cl4 aryl oxy groups, and optionally
branched GloGgasardiy! (CLC20) al koxy groups. More prefer agyep2007964308 ar
25substituents are independently selected fromoptionally branched
Cl- C20 al koxy groups, especially optionally branched Cl-C6 al koxy
groups such as, for exanple, nethoxy, ethoxy or isopropoxy of which
met hoxy is a particularly preferred pbl%}'éubstituent; alternatively,
- 16 - longer optionally branched Cl-C20 al koxy groups such as
optional |y brBAEReHYSB-cE2HYal koRY RFTFYES ; FBI‘P@@%ﬁI:e=Hé%y¢©W1,)f

dodecyl oxy, teff adeoHEXBneAFXRICGYI 40t O6h MY OLN?k@@zi@_gM
e

groups, of which eicosanoxy I1s 5preferred, may be preferred a

pol ar substi t menplsolimedr,delN (5b(THrLaseNt he, s} abidii(oyeds) 1 he | i gand
in organic nedia. I n one enbodi nent, the RL group is

i ndependent | y=¥éfeexed arforNéabsittut ed or unsubstituted aromatic
10gr oups bearing optiqQpally b ch - C20, al kex roup..on at

| east gne of the gﬁ%%g%ggllﬁ%%ts% %glugﬁgagia%n%frﬁ léi?/l gﬁ‘rg%%%.can

It is preferredntaiat ddrboR]lagensipmdfort hetktgatnshss hahiengubsiel furms ae
(1) and (I1) are the sane and_bear 15the.sane_n r.an e of

ol ar "subst | ¢ D8 1Sye THE; BO0aF FTE OB o LBF or art b tenatoebdFie S o) o
R1 groups beatacaudslmdreadhsbyl uprdupen waiky eae wf stheigho-avaid ald e
ortho-positiops. The R2 groups_of the i agd havi ng.the fornul ae (1)
20and (11) ar 7 REEFLndEEE S8 o (BFFFORTRS ur GLaPIVE, SEUBEE ¢ ut ed
hydr oqar byl , hebes ohy droeabbitoeanthsluksibist it eeh the trerobydi onar by
groups with the provi,sg that when the group_ is_aromatic,it. does not
contain a pol &™ %ﬁ%tq?ﬁﬁgﬁﬁtg?saﬁSPQﬁaﬁ:ﬁé'o?tﬂ%fﬁbgﬁtFBHE?b T is

25preferred thatmeabh WidrdeadbiR greitizuanesi MMepekdephbyysel €ciren
fromsubstituted or unsubstituted aromatic grou S, incluﬂinﬁ
substituted oPPUKSYBStS AFCEGEhet SR onar e ﬁ?%ﬁbgﬁyﬁﬁﬁc 3D hot®

contain a pol ab sabsdi tatenls ah amy Bing, heueht he-masivli and. c1-c4
15 alkyl phenyl groups. Suitable non-aromatic hydrocarbyl
substituents include linear or branched alkyl or
cycloalkyl groups, preferably having from 1 to 10 carbon

atoms, more preferably 1 to 4 carbon atoms.
Other suitable substituents on the Rl and/or R2
20 groups include halides such as chloride, bromide and
iodide, thiol, -OH, Al-0-, -s-al, -co-al, -NH,, -NHAL, -
NalaZ2, -co-Nala2, -NO,, =0, in which Al and a2,
independently, are non-aromatic groups preferably having
from 1 to 10 carbon atoms, more preferably 1 to 4 carbon
25 atoms, e.g. methyl, ethyl, propyl and isopropyl.
When the Rl and/or R2 groups of the ligand are

substituted, preferred substituents are hydrocarbyl

groups. Particularly preferred hydrocarbyl substituents



- 17 - Said R2 groups may be independently selected froma
group conprising optionally substituted benzyl, phenyl, tolyl, xylyl,
nmesi tyl, bwphesyrrornapht hyl, anthracenyl, nethoxy, ethooyeRieneisys

t ol yl oxy, di nethylam no, 5diethylam no, mnethyl ethyl am no, thiophenyl,
pyridyl, thioethyl, thiophenoxy, trinethylsilyl, dinethylhydrazyl,

met hyl, ethyl, ethenyl, propyl, butyl, tert-butyl, propenyl,

propynyl , cyclopentyl, cyclohexyl, fefrbtenyl and tetrahydrofuranyl
groups. In another enbodi nent of 10the |igand, said R2 groups may be
i ndependent | yasel| @ct@d #lkym argepup Reskprhblyighaptilongithyl s ubeadtiut ed

phenyl, tolyl, biphenyl, naphthyl, thiophenyl and ethyl oups. In a
preferred enbdd? ?ﬁ;?% QHﬁégpré%@ﬁﬁ”ﬁnv@ﬁ?Foﬂ?eééﬁ%§ m&?%ﬁ 5 are

i ndependent |y sel ent ethel raBvOPhéronalfl ¥y haSpbbsdrit Utnednpbeny|m groups
whi ch do not contain a palar substk%gg t at any, of the

h .
or t ho- posi ti 0ABS BriSiterfatPoEPSE SBbntath Qi opdl &4F 2

substi tsuents atpatdilyAnyinpehar 1s¢dsdd idferheppesenit iihveatdof? groups
may be el ectron donating. Said R2 groups may optionally
20cont ai n nonSPEBPERERuLY it Beh®. C 2nd 1 IBPAC defi nes non-pol ar as an

entity without a ?ﬁge ctgig di q¥g§ i table
non- pol ar substitﬁ@% S n§§°§é§a$%é§ﬁ§ﬁ?8%§%y ) g%§f§F?d%ﬁ§yY,

i sopropyl, isebltyted tfordm bptybnaPHpentplt ithexy|graydlicpendybs,

2- met hyl cycl ohexyl. _cvcl| ohex cyl.onen Lenyl I i phenyl ,
napht hyl , toI?F?Mx3?@#£m%€%P%;?T %Iﬁ%hfﬁgg%rg%éﬁ§ﬁﬂ%h EB%Z§P g%%up,
or thdolike. Brehermdditicnise Ron-puot arvesdbstet ofndouls .ndheepkcason

donating. - 182 ing o 1902 SREEL MG CTROGLITEL eLel Bespd R

group i s an uns ﬁéﬁy gr oup. y, any of the
Rl and R2 groupshaByodndependasbhy thed,i nkedné osone Qlgamar exrpé gach
other or 5to the -N(123) group to forma cyclic structure. In
particul ar, WHEAYR 1% SURSHEUERE Yl R PeLetpEunsy” BitoRBI PYe X

li nked toget hghehoof 0148 1@l bessStidid.ure incorporating the
phosphorus at om . ) .
15 The term “optionally substituted” in relation to the

Rl groups of the ligand of the present invention, which
are independently selected from optionally substituted
aromatic groups, each bearing a polar substituent on at
least one of the ortho-positions, means that, in addition

20 to the polar substituent on at least one of the ortho-

positions, the same R! group may contain one or more
other substituents.
Polar is defined by IUPAC as an entity with a
permanent electric dipole moment. Therefore, as used
25 herein, the term “polar substituents” means a substituent
which incorporates a permanent electric dipole moment.
Suitable polar substituents for use herein include

but are not necessarily limited to, optionally branched
C1-Cpg alkoxy groups, i.e. the Rl and/or R2 groups are

30 substituted with a hydrocarbyl group connected through an



I n anot her enbodi nent of the present invention, one 10or both of the
phosphorus atons of the |igands of the present invention may be

i ndependenfvoyzosporgbiised by S, Se, N or 0. Typically, neigdwatp0d7/064368
phosphorus atons of the second |igand are oxidised by S, Se, Nor O

The |igands according to general formulae (1) and 15(11) can be
prepared by a process which conprises reacting: (i) a conpound of
formula (111): x p(ROMR)n (111) =~ 15 - wherein Xis a halide,
and Rl, R2, mand n are as defined 20above for ligands (I) and (I11);
and (ii) a cofpoisd fiduimguRsor VIRLICREL2P- SERSY) Hyted Cehbrein R1
and R3 are as defined above for ligands (1) and_(I11); 25in the
presence of aRTHXORECEHRWS, i.e. tiyiRlapind/pK B capstumss aicacl ude

neopentyl lithi s 5 ¥)s ehi LRI : e Y i thi
hydri de, sodi E%”ﬁ’;h?%‘%%‘? 65%1 aégi ﬁ%ﬁ%ﬁlﬁﬁ%ﬁ%?#ie‘%‘agy%ﬁgr%rjﬁlre“%pwn%mup
tri met hyl am neenre¢prdpgyivavgheannekyden birkdging agom; optioRWadlyi gands

di t | f | I d (11 | t ti | b
o0 by o DR Gl Sokity BES s b FRD . S GoRootAs Y
f | i BX-P(R : wh i X hal i d d R1L
dg1E meg g?)%veaflgféﬁe %rg(aq\Q“PSr ﬁgég%‘%ﬁt)gtzﬁgd( ?%flstf‘ eaaﬁqrill“ﬁzio)l :1 ggrrpound
of formula (Vhyar&&}W%Ro%}%Bp%@}ﬁg{ M ki, -&Quheiedn, RhouB2, R3, mand

n are as defined above
hydroxyl; amino; (di-)Cy1-Cg alkylamino; nitro; C;-Cg

alkylsulphonyl; C1-Cg alkylthio(Cq-Cg)alkyl groups;
10 sulphate; heterocyeclic groups, especially with at least -
one N and/or © ring atom; and tosyl groups.

Examples of suitable polar substituents include
methoxy, ethoxy, isopropoxy, phenoxy, decyloxy,
dodecyloxy, tetradecyloxy, hexadecyloxy, octadecyloxy,

15 eicosanoxy, pentafluorophenocxy, trimethylsiloxy,
dimethylamino, methylsulphonyl, tosyl, methoxymethyl,
methylthiomethyl, 1,3-oxazolyl, hydroxyl, amino,
methoxymethyl, phosphino, arsino, stibino, sulphate,
nitro and the like.

20 Preferably, the polar substituents in the Rl groups

are independently selected from opticnally branched Cq-
Cop alkoxy groups, optionally substituted Cg-Cj4 aryloxy
groups, and optionally branched C;-Copg alkyl(Ci-
Cpplalkoxy groups. More preferably, the polar

25 substituents are independently selected from opticnally

branched Cq1-Csp alkoxy groups, especially opticnally
branched Cj-Cg alkoxy groups such as, for example,

methoxy, ethoxy or isopropoxy of which methoxy is a

particularly preferred polar substituent; alternatively,



| i gands of general fornulae (1) and (I1);in the presence of an HX
acceptor. Wil e not wishing to be bound by theory it is

bel i eved tWwet2oésn7tdie presence of an activated netal 15 monpQoeeiksos) ,
e.g. activated chromum an equilibriumexists between |igands of the
P-P=N type and ligands of the P-N-P type as shown bel ow

(R1)2p_p(R1) m(R2) n, N(R3) <g> (R1)m(R2) QE%D(RI)EN( R3) (9)
(R1)2P-N(R3)-P(R)) M R2) n 20Therefore a rding to anot her aspect of
the present invention there is provided a |ligand system prepared by a
process whi chleoagr iadsioneddyi prpnghod §1cBopovhkbxaf drorpal aueh 193 .
X-P(RL)m(R2)n (|11 Swhereipn X is a halide, and Rl, R2, mand n are
o ot neq. ADBYELPIATI GRRGERER SRR ORI RR R ) TRAdSRRIELe ang
(ii) a conpou r N ( - - wherein
Rl and R3 ar eagg%%%}?'ne dggg\h/%&}f’br i%?ﬁggﬁg%ﬁgeﬂne\e%aglec %rgﬁ‘ﬂl ae (1)
and (11); in pheageesiaxye oof chresdrraegropps, of which eicoFeexy jig
al so provi ded i j ,ep i C
conpr | S65 1 oaBf LR ) e B pBte ot eemil e R R 3
wherein X i s arfiatitde inwdeRsei thessqletiidddyabbvidid drigeindaihdsordanic
gener al forrru}QI ?{%) and (11); and 10(ii) a conpound of fornula (VI):
(RLymMR2) nP- ? 1 (VI); wherein Rl, R2, R3, mand n are as defined
above for |igands of genefnsbdaimenall ahel Rlageodd li)s independently

selected from substituted or unsubstituted aromatic

10 groups bearing an optionally branched C;~Cpp alkoxy group

on at least one of the ortheo-positions, such as an o-
anisyl group.

It is preferred that the Rl groups of the ligands
having the formulae (I} and (II) are the same and bear

15 the same number and type of pelar substituent (s). It is

particularly preferred that each of said Rl groups bears

a polar substituent on only one of the two available

ortho-positions.

The R2 groups of the ligands having the formulae (I)

20 and (II) are independently selected from hydrocarbyl,

gubstituted hydrocarbyl, heterchydrocarbyl and

substituted heterohydrocarbyl groups with the proviso

that when the group is aromatic 1t does not contain =a

polar substituent at any cf the ortho-positions. It is

25 preferred that each of said R? groups are independently
selected from substituted or unsubstituted aromatic
groups, including substituted or unsubstituted
hetercaromatic groups, which do not contain a polar

substituent at any of the ortho-positions.



in the presence of an HX acceptor. 15Exanples of |igands of the
present invention include the two P-P=N fornms of each of the P-N-P

st ruct ur eswio Bbsag7ael ow.  (2- met hoxyphenyl) 2PN( et hyl ) P(ger/ep2007/064398
met hoxyphenyl ) (phenyl ), (2- methoxyphenyl) 2PN( net hyl ) P(phenyl)2, (2-
20et hoxypheny1) 2PN( et hyl ) P( 2- et hoxyphenyl ) (phenyl ), (2-

et hoxyphenyl) 2PN( et hyl ) P(pheny1) 2, (2-net hoxyphenyl) (2-

et hoxyphenyl ) PN( net hyl ) P( 2- net hoxypheﬁyH (phenyl), (2-

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

i sopr opoxypﬂenyl) gﬁ\i(m%ghc)s%a m2pixodnhappENdaetiw )denbenyl) frd-a

| SOpr opox enyl) 2PN( nmet P

net onSphggyl PRPnE WJ)%(% %Fﬁ%&%ﬁ) rﬁ%ﬂﬁét‘lﬁ%‘? HERRHenflsY L.

g 2- ma':1 hox?/p;legyghﬂl?l\&?@mwn)eeﬁayl bﬂgihenylrehhabm(mﬂhl e%ﬂth}caﬁe{lyzh malt
oxypheny en nmet hox en
o e hoRGBRERY1 Sebsh( HBERTEYy 504 Oet HEASRERIL 2 (2

Imet hoxﬁsphelngll di e2hPNarfives, h%ﬁethyﬁ’etré%ll\?md)oxhpbpmy]) (t_)y‘i‘ldy5f

uor ophen oX e

| uor oBheng;I ) (Z'hlf’egﬁyﬁe %&W%BH%W’ ?&WMF%#’I “(efhylgydrazyl
t hoxyphenyl m(atﬁyi fe&mﬂr oplteayl1) zércﬁpyl ”BhBQXVWtbiu)tyZPN (et hyl
) P ( 2 -nethoxy n%‘i 4 - dlrreth | am no- pheny|
- met hoxyphenylpr)’ Xﬁl( qSR}Fl)‘f 1y pvelopenty§ai m¥th %ﬁﬁ]no fﬁﬁéﬁ?j?nXl (
2 -met hoxypheayl re@rdNdvsrl¥hy) Frdups .- mEhhsxydhembodinedt 64
- met hoxyphenyl ) -phenyl ) ( 2 - met hoxyphenyl ) 2PN (methyl ) P (4 -
(4 - meldhoxypheigl 1igamhersdid) R3 gréups -mayebhrosyperendentiy2 Baléaeedyl| )
) P (2 -netho e
- met hoxyphenyiﬂﬁgm E’I\(rln("%eé hqﬂp gggﬁ% Jﬁﬁ%‘in& G%@étfr]l?tr}%)t r%)!h epy}’ 2,

(2 -nmethoxyphemylyl) 2RMhenyELhphphtRyl2 t—hw@hehvkymmhy)l grdups ( 4

LTI T DR YR N MY

(methyl) ) P (saad- ﬁEt eyl ihdép&idettly 621e8BidoHNe yllohaiﬂN
(methyl ) P ( et - 20ne thoxyphenyl ) 2PN (et hyI P
- met hoB?yphenylsuPsglEUte%tHﬂﬂnﬁHeﬁ?Pulys witeh gt RgkypRAREAAR P PP

(methyl ) P ( s@bstituent at any of the ortho-positions, or

alternatively, do not contain any polar substituents at
all. Any polar substituent present in said R? groups may

be electron denating. Said R?2 groups may optionally

20 contain non-polar substituent.

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

Suitable non-polar substituents may be a methyl,
ethyl, propyl, butyl, isopropyl, iscbutyl, tert-butyl,

25 pentyl, hexyl, cyclopentyl, 2-methylcyclohexyl,
cyclohexyl, cylopentadienyl, phenyl, biphenyl, naphthyl,
tolyl, xylyl, mesityl, ethenyl, propenyl and benzyl
group, or the like. Preferably, the non-polar substituent

is not electron donating.



et hyl phenyl ) 2 ( 2 -met hoxyphenyl ) PN (nethyl) ) P ( 2 - net
hoxyphenyl ) ( 2 -naphthyl ) ( 2 - nethoxyphenyl ) 2 PN (methyl ) P (
2 - napht hywo)200s®779125met hoxyphenyl ) 2 PN (nethyl ) P (PQ/EP2007/064398

- met hoxyphenyl ) (4 -biphenyl ) (2 -nmethoxyphenyl ) 2PN (nethyl ) P
(4 -biphenyl )( 2 - nmet hoxyphenyl ) 2 PN (nmethyl ) P ( 2

- met hoxyphenyl ) ( 4- - 22 - nmethyl phenyl),

(2- met hoxypheny1) 2PN( et hyl ) P(4- met hylphenyl) 2,

(2- met hoxypheny1) 2PN( et hyl ) P(2- net hoxyphenyl) ( 2-t hi ophenyl), (2-
met hoxypheny1) 2PN(Inetohy| ypé2ifid epivedytet H-ein said RZ group is

5met hoxypheny1) 2PN( met hyl ) P( 2- et henyl ) (3- met hyl phenyl),

(5 ot hakyphaR 1T RrAERS P P e R Bnany 1) 2, | Premyh)

(2- et hoxypheny1) 2PNGehbYh ) P2y Bt haxyrbeivd H2pRherybs  md -

met hoxypheny1) 2PN( ét hyI)P(Ehenyl)Z, (2- met hoxyphenyl1) 2 10PN( propyl )P
( 2- met hoxypheh)EgReRanEly, be 2l Htath i RERy ¥ 2P mfoFRrR POt pRBA ) 2,

(2- nethoxyphen 2PN( | ).P(2- met h | h |
(2- ot Rowyphon 1 SN ot BROTS PLARERLF 2o p ot AU RRERE. ) on

net hoxypheny 1,2PN(fuitayd ) Radn et hoxy phRay Lhé PEROHD grbdps may
| Smet hoxypheny1) 2PN( but %}Q P(phenyl) 2, (2-

net hoxypheny 1PpPiprarky. Bt JE3RES-RASERFpReN§PIF phemgilic structure

(2- met hoxyphee - E{H}ﬁl%l 2-
met hoxyphenyl?%%’%%%%%@ﬁt&g%ﬁe%ﬁ%xyphen;%lgo?éhenyl ), (2-

met hoxypheny 1) 2PN(Ighémpi- p(pﬁ@ﬁxﬁy@pt(gf the present invention, one
20met hgxyphenyl) I =

(2- ma'rl onypheér%1%%%%gﬁ%ﬁg¥§%%%pﬁtﬁb}%§I,Ogggl?ﬂ d (ﬂ%ﬂ}ﬁg) of the

met hoxypheny 1p2es§nt ciroicaltdry| B2hye Prgepaaeanidmp reri@iregnenys ) Se.

2-meth h N(7 1 h | )P
(2- et hoxyphegy ) 2Nlp seksh ghexy] idy kP RD Hhorus atoms of tne

25met hyl cycl ohesghd P(imanst hogyphiedided phyvefyl §e. (p-or O.

met hoxypheny1) 2PN(2: gt c 4 h , =
met hoxypheny1l) 2PN('§leercT§1&%|%l(“g¥rrée(? oxygﬁg(ﬁgl ?%%)eaznlylfgc,%mk%?e -(I)ZSan-d
met hoxypheny 1) 2PN( ek \He) PEghangd )y & process which comprises

met hoxyphenyl%ggh{%ﬁ}l%_yl) P(2- met hoxyphenyl ) (phenyl ), (2-
met hoxypheny1l alTyl) P(phenyl) 2, (2-
met hoxypheny 1)(2PN(a-areplosrsphenfeml2- (S&8t hoxyphenyl ) (phenyl),

(2-met hoxyphenyl) 2PN(4- net hoxypheny]) P(pghenyl) 2
(2- met hoxypheny1) 2PN( 4-t ert but y?b%g%flﬂ)(ég?inni#B&yphenyl ) (phenyl),

(2- methoxyphenyl) 2PN(4-tert-butyl phenyl,) P(phenyl) 2, (2- .
et hoxy pheny 17 PRBERD) S NABPDICH | HEPEs: o Waad n (5e as detined
20 above for ligands (I) and (II); and

{ii) a compound of formula (IV):

(R1)5P-N(R3)H (IV)

wherein Rl and R3 are as defined above for ligands (I)
and (II);
25 in the presence of an HX-acceptor.
Suitable HX acceptors include neopentyl lithium, n-
butyl lithium, sec-butyl lithium, lithium hydride, sodium
hydride, potassium hydride, triethylamine,

trimethylamine, tripropylamine and the 1like.



10--"--,-- methoxyphenyl) (phenyl), (2-methoxyphenyl) 2 pm(( 23 - rmm
mor phol i ne) P(pheny1) 2, (2-nmet hoxyphenyl)2PN(Si ( CH3) 3) P( 2- ‘
met hoxyphewwlhdspheay! ), (2- nmet hoxyphenyl) 2PN( Si ( CH3) 3){ratie by Bos
(2- met hoxyphenyl) 2PN( benzyl ) P( 2- met hoxyphenyl ) (phenyl ), (2-

15nmet hoxyphenyl) 2PN( benzyl ) P(pheny1) 2, (2-

met hoxypheny1l) 2PN( 1- cycl ohexyl - et hyl ) P(2- net hoxyphenyl ) (phenyl),

( 2- met hoxypheny1) 2PN(1- cycl ohexyl - et hy}3 P{ pheny1) 2, (2-

met hoxypheny1) 2PN( CH2CH2CH2Si ( Ove3) 1P(2- 20net hoxyphenyl ) (phenyl),
(2- met hoxypheny 1) BPN1GHRCHS GRSHddMS? F oPE pheirpll yiormp2ae (I) and

(2- Mot hoxyphory 1) 2P0 21 Bt Ayl Y ) ARk T B homy 1) 3 rer ML)

25ei cosanoxyphenyid SPNTrechyh¥P( 2- ei cosanoxyphenyl ) (phenyl), (2-

ei cosanoxyphenyi) ) pﬂ_ﬁwﬂ 2,v42- - 24 - methoxyphenyl) (
2- ei cosanoxypﬁé%ygyﬁﬁgpﬁél ?’é’( pheny évs " (2- met hoxyphenyl ) (
2- ei cosanoxyphenyl ) PN( et hyl ) P(2- weig@sanoxyphenyl) (phenyl), (2-

ei cosanoxyphenyl) 2PN( net hyl ) P(4- 5ei cosanoxyphenyl) (phenyl),
(2-nethoxypﬂenyf}éi§%x ﬁf F)h?lide and Rl ishas ?éfinﬁf abﬁye for

ei cosanoxyphen P t P(4-ei cosanoxypheny phenyl ),

(2-ei cosanoxygﬁ‘éﬁlﬁ% %ﬁ(ﬁ’éﬁﬁy?} P(Qﬂ‘ii (dd2an8RYpheny) 2,

( 2- net hoxyphenyt ) (a Zfippasanexymhenpla) PNCret hyl ) P(4-

ei cosanoxyphenyl) 2, (2-eicosanaoxyphenyl) 2PN( et hyl ) P( 2-

10ei cosanoxyphenyl ) (4- ei cosan@ypHBAVHF-N (BL)Fet(Ndxyphenyl ) (

2- ei cosanoxyphenyl ) PN( et hyl ) P(2- ei cosanoxyphenyl ) (4-

ei cosdfoxyphenpeieimmt t RE /| RRe.m Rord axampl s @éfinago abopeNEéDr ns of
the (2- netho R y vy 2.lkg are -

15nmet hoxypheng%{?%%@%aghg#g%%?N%%r%‘%%%] (gglda%%h%l’%ﬁlPté%Zpresence
met hoxypheny 1P2=alt k&% Rdeptor.

While not wishing to be hound by theory it is

believed that in the presence of an activated metal

15 component (a), e.g. activated chromium, an equilibrium
exists between ligands of the P-P=N type and ligands of
the P-N-P type as shown below:

(R1) oP-P (RL)  (R2) p=N(R3) & (R1)(R2)P-P(R1),=N(R3) ®
(R1) oP-N(R3)-P(RL)  (RZ)

20 Therefore according to another aspect of the present
invention there is provided a ligand system prepared by a

process which comprises reacting:

(i} a compound of formula (III):
X-P(RL) (R2), (III)
25 wherein X is a halide, and Rl, R2, m and n are as defined

above for ligands of general formulae (I} and {(II); and

{ii) a compound of formula (IV):

(R1) 5P-N(R3}H (IV)



The:ligands and |igand systens of the present invention can be used
in a catalyst systemwhich conprises: 20(a) a source of chrom um
nol ybdenunwerzodéswrgai en; (b) a ligand or |igand system agTdaeriohaos
herein; and (c) a cocatal yst. The source of chrom um nol ybdenum or
tungsten, 25conponent (a), for the catal yst system of the present
i nvention can include sinple inorganic and organic salts of chrom um
nol ybdenum or tungsten. Exanples of sim? € inorganic and organic
salts are hali des, acetyl acet onates, carboxyl ates, oxides,
nitrates, 30swhéatias rAndntihe3 |dte asFdetbred sanheesoal 1¢handd wg - 25
- nol ybdenum or tungsten can also include co-qrdination an
organonet al | i 8% Jﬁég‘}ﬁ?%r%e&a:’r?&né Eﬂfo’n’? uﬁ?ﬁ' FEEREBFE ot an BX-
tris-tetrahydgefasasy .conpl ex, (benzene)tricarbonyl chrom um chrom um
hexacar bonyl, and 5the like, Preferably, the soyrce Qf chrom um
nol ybdenum or t ung<¥e&R, 150%%91%0"(13?? FoFethé cafargstysy&t em are
sel ect ed fromséppte IYORIBAbE SNhiAcGaBbapEiddS hacthngm um
nol ybdenum or tungsten. |In_one enbodi nent of the present invention,
the 10source 61! cir SFBRINALPY REMfofVt ingst en, conponent (a), for
the catal yst systemis a sinple i norg @i)c @y Or ganic salt of
chrom um nol ybdenum or tungsten, whic ?s soluble in a solvent such
as those disclgsed;|n 0 02004149 o5 he s 50U ok Ol ANEBBL UM or -
nol ybdenum or "tingsten can also 1 nclude a m xture of any conbi nation
of sinple inoilgamds sHl tgepesahpfermwrlgandite 8aft 611)coaoddi nati on
conpl g%es and Qf ganq &}%uﬂic goggquﬁgs.(vtp_a preferred enbodi nent
her ei n, corrporgten '5'((5;()‘%L s & 20source of Cchrom um particularly
chromum (I'11). Pref errgd)sankegs-0frol auitym f or use herein
are sinple inorganic and organic salts of chrom um and coordi nation
or organonet alvhetse O ex8s oF, chiramd wmarbbae @4 frerd edboseufces of
chrom um for use herein are tTe

ligands of general formula (I) and (II);

in the presence of an HX acceptor.

I5 Examples of ligands of the present invention include
the two P-P=N forms of each of the P-N-P structures

listed below: (2-methoxyphenyl)oPN{methyl)P(2-
methoxyphenyl) (phenyl) (2-
methoxyphenyl) oPN(methyl) P (phenyl}y 6 (2-

20 ethoxyphenyl) 5PN {methyl) P (2-ethoxyphenyl) (phenyl)  (2-
ethoxyphenyl) 2PN (methyl) P (phenyl) o, (2-methoxyphenyl) (2-
ethoxyphenyl) PN (methyl)P(2-methoxyphenyl) (phenyl)  (2-
methoxyphenyl) {2-ethoxyphenyl) PN (methyl) P (phenyl)y (2-
isopropoxyphenyl) 2PN {methyl)P(2-

25 isopropoxyphenyl) (phenyl) (2-
isopropoxyphenyl) ;PN (methyl) P (phenyl}) o —(2-
methoxyphenyl) 5PN (methyl) P (2~methoxyphenyl) (3-

methoxyphenyl) = (2-methoxyphenyl)oPN(methyl)P(3-



25si nple inorganic and organic salts of chrom um such as salts of
carboxylic acids, preferably salts of al kanoic acids containing 1 to

30 carbon woonserakts of aliphatic-p-di ketones and salg@rmd2007/064398
p- ket oesters (e.g. chromum (111) 2-ethyl hexanoate, chromum (111)

octanoate 30and chromium (lI11) acetylacetonate), and halide salts of
chromium such as chromumtrichloride, chromum - 26 - trichloride
tris-tetrahydrofuran conpl ex, chrom um1Yibroni de, chrom um

trifluoride, and chromiumtri- iodide. Specific exanples of preferred
sources of chMBRPERYRIRNYde, hé? enethaxyPERpB 2PN (Meyhy1) P(2-

S5acetyl acetonate, also called chromumtris 4- pent anedi onate),
Cr ( ac;c) 3, chPSWWﬁﬁr’éﬁl)é F'a%?h?ﬁ%%‘?fly%d( i?fr ompum tri thI ori dZa
tris-tet rahydﬁgméﬁ&’e@ggqlighq(%%)WE)-%EtK 13lystp.conponent

(c), may in princi any c ound or m xt'ure "of “¢onpounds t hat

gener ates an aethyeymsiadrally sbNsyst ey Vi (hmtBRoswbHa8/10f(46hr om um
nol ybdenum or tungsten, conponent (a), and the |igand, conponent (b).
ConpoufAds whi EhuarerRaiitlahl é2f BetierierylepBBing st ) F3rncl ude

or ganoal umi ni conmpounds, organohor on.conpou r i,¢ salts, such
as ety 11 nF QP ETRESTSrs md Re B GAP BoS BT SARIPe aci db and
salts, such agchekydHAnQROEL GopghKk Rhher age, sil ver .

tetrafl uoroborate, sodi'um hexaf | uoroantifonate and the |ike.

20Par ti cul ar | yephetwrhey 10 Pt abylsg k) Hirze meraxge@thanylii(4m conmpounds.
Sui t abl e organoal um ni um conpounds for use herein are those_ havin

the fornul a AZRISEPGWAHENPESER R oAy PEYPherpernddHiryhye] Reted

moi ot (B or naraEe SHTERRBTRLE, SR Sy R D R AU R

Non-li miting ﬁééﬂ@k@éﬁyﬁthamﬂea{@@@@bym %M}qqrfp?u_nds i ncl ude

trimethylalumnium (TMA), triethylalum nium (TEA), tri-n-butyl

al um ni um t r metbobyphdratllpPHi(weat il BAK - (Er nenhocypiledvdii-phenyl) o,
(2-methoxyphenyl) 3PN (methyl) P (2-methoxyphenyl) (4-
dimethylamino-phenyl) K (2-methoxyphenyl) PN (methyl)P(4-

15 dimethylamino-phenyl), (2-methoxyphenyl) 2PN (methyl)P(2-
methoxyphenyl) (4- (4-methoxyphenyl} -phenyl) = (2-
methoxyphenyl) 2PN (methyl) P (4~ (4-methoxyphenyl) -phenyl) 5,
{2-methoxyphenyl) ;PN (methyl) P (2-methoxyphenyl) (ethyl)
(2-methoxyphenyl)} oPN{methyl) P(ethyl) o (2-

20 methoxyphenyl) 2PN (methyl) P (2-methoxyphenyl}) (2-
ethylphenyl) (2-methoxyphenyl) ;PN{methyl)P(2-
ethylphenyl)s, (2-methoxyphenyl) PN (methyl)P(2-
methoxyphenyl} (2-naphthyl)  (2-
methoxyphenyl) o PN (methyl) P (2-naphthyl) 6 (2-

25 methoxyphenyl) PN (methyl) P (2-methoxyphenyl) (4-biphenyl}
(2-methoxyphenyl) ;PN (methyl) P(4-biphenyl), (2-

methoxyphenyl) 2PN (methyl) P(2-methoxyphenyl) (4-



30nmet hyl al.um ni um di chl ori de, ethyl al um niumdichloride, - 27 -

di met hyl al um ni um chl ori de, diethyl al um nium chloride and

al um noxang® 2@wemical | ed al unoxanes). M xtures of or garatr007W64503
conpounds are also suitable for use herein. 5In a preferred

enbodi ment herein, the cocatalyst is an al um noxane cocatal yst. These
al um noxane cocatal ysts may conpri se any al um noxane conpound or a

m xture of al um noxane conpounds. Al um4foxanes nmay be prepared by the

controlled addition of water to an al kyl al um ni um 10conpound, such as
t hose nenti oneetiblavenydi , af &-eatdidxypheny bhzid¥ Gledbiwyk) PNen- | i mi ti ng
exanpl es of suitahbl e al ym noxanes .i ncl ude t um ane (MAO,
nodi fi ed net h'ﬂ}?tl?aH]LF?Heﬁ’é’ Re (ARGCRPIPRERY ‘{meg'rlhé’ﬁh%?%bxane
(TIBAO), tetra; :pwj:;{_{ j Iyn@pp&ﬁ% d tetra-n-octyl

15di al um noxaﬁ%&l telngllg(()nt ext 1t %’%zmré be noted that the term

nal um noxane" m@shsisathaniyll b BN {hé thyElp e thadplaamyiinel udes conmerci al |y

avai |l abl e al um noxanes, which are derived fromthe correspondi ng
trial k§l al uni neeieipphedndit p BN (vFt g & 2angtwneharay ' ddntain from 2

to 15 20%m ., typicall bout 5 % ., . but . onal. | ut 10 % .,
of alun ni um et By iohentad otk RS xpnetya PR BRI ose
mentioned in 1%@111,9, WO 20044 Henand, MO A0RA/H@56479, the

di scl osures o%(pcv\ﬁc are)lzhcorporate hepgi n2i n their 25entirety by

reference. methdheorggnt i(penfl coci-al yst in the catal yst system
the present invention islt)ygi cally enough to provide a ratio in the
R

range from 0. Tetrpeivool) pPEf et bt )P (heRYY) 2o GBS S hRBVBRETEY It abl y
atom ob chr ot NP 0Ty R rae bR Gerar BHLRLY. o2 AR AT
ohe. 11 gand as” Rer or Hnace T ATLTanent of chrom um . ol ybdenum or
t ungst en, 5nametyoxgspondnt P4} sopmpwli@ (aroantoxfpHeangandphesnbonent
(2-methoxyphenyl) 5PN (isopropyl) P{phenyl),  (2-
methoxyphenyl) 5PN (butyl) P (2-methoxyphenyl) (phenyl) = (2-

15 methoxyphenyl) PN (butyl) P(phenyl), 6 (2-
methoxyphenyl) PN (tert-butyl) P(2-methoxyphenyl} (phenyl)
(2-methoxyphenyl) PN (tert-butyl) P(phenyl), (2-
methoxyphenyl) 5PN (phenyl) P(2-methoxyphenyl) (phenyl) K (2-
methoxyphenyl) PN (phenyl) P(phenyl) 5, (2-

20 methoxyphenyl) 5PN (cyclohexyl) P (2-methoxyphenyl) (phenyl)
(2-methoxyphenyl) PN (cyclohexyl) P (phenyl) 5 (2-
methoxyphenyl) 3PN{1-cyclohexylethyl}P(2-
methoxyphenyl) (phenyl},6 (2-methoxyphenyl) 2PN (1-
cyclohexylethyl) P(phenyl) o, {2-methoxyphenyl) PN{2-

25 methylcyclohexyl) P (2-methoxyphenyl) (phenyl) = (2-
methoxyphenyl) ;PN {(2-methylcyclohexyl) P (phenyl) o (2-

methoxyphenyl) 5PN (decyl) P (2-methoxyphenyl) (phenyl) = (2-



(b), can be present in the systemin a nolar ratio in the range of
from100:1 to 1:100, preferably from10:1 to 1:10. Mre preferably,

t he chr om w@2oe8hydenum or tungsten, conponent (a), andrtiErod7ogans,
conponent (b), 10 are present in a nolar ratio in the range of from

3:1 to 1:3. Most preferably the amount of component (a) and the
anount of conponent (b) are present in a nolar ratio of from1:0.9 to
1:1.1. The three catal yst conponents of 2% he catal yst 15system (a),
(b) and (c), may be added together simultaneously or sequentially in
any order so Egtb@ﬁxﬁhﬁﬂﬁkézaﬁ(@%@Ykk?QH%?@V}%B e three catalyst

' Tho. pr asenBE BP AU e RN B b VA o beRT oA SBPVRRLL, ol

known to thosgeggbi ﬂjl)%@ﬁ(éiiyl bl g) golmgnts may i nclude any
inert solvent that does "nof react mn theé cO‘catal yst conmponent,

such as sat ur atedoayplpdmtii) @PNwmsménHaﬁypmeay&phaztc aromati c,

hal ogenat ed hydrocarbons and ionic |iquids. Typical 2550Ivents
i ncl ude, but aﬁ-éhwphqqﬁlﬁéahfsﬁylben(z?eﬁ@thpﬁmw1)mﬁNéﬁe

et hyl benzene, q$%3§%§6¥ anewzp%ggg ﬁ%?@%PH pégeg

dodecane, tetra xane,

cycl ohexane, tutpgg;mumcaea@om rgmltphsn 0 hep, exanpl es of

sui t abl e 30sol vents are those disclos 2/04119 such as - 29
- hydrocarbonmsohwxy@henyhigpﬁlaftexﬂﬂhuumiphanhlaE(nhaawnyb ether,
tetrahydrofuran, acetonitrile and the lik I n one enbodlnent
of the presenPeFHQ%HRWQﬂ¥1)Bﬁ§(é%%%%yét"§?§P8ﬁt?% & med by addlng t he

co- cat, lyst 5¢ @,} aﬂl) L catal yst preg ti
conprlglng con%gﬁe T3 Q(ﬁa %%?) $ %%ﬁeyg %%f@éfﬁﬂggﬁéht “the
present lnvenﬁtb9§hcﬂﬂﬂné)@(@'h€ﬁ§\1?? e{ -t noitybRén P e3enee (Chy B3 ) P(2-
"in-situ") or absence of the ol efinic nononer. The 't hree cat ?yst
10conponent s skthbeyrlamatlydpheygiem ({a), (b) and (c), may be
conbi ned full¥ in the absence of the ol efinic_ pononer,
ethoxyphenyl) PN(S1 (CH3) 3} P{phenyl)y, (2-
methoxyphenyl) 5PN {benzyl) P (2-methoxyphenyl)} (phenyl)  (2-
15 methoxyphenyl) oPN{benzyl) P(phenyl) 6 (2-
methoxyphenyl) 5PN {l-cyclohexyl-ethyl)P(2-
methoxyphenyl) (phenyl)  (2-methoxyphenyl) ;PN(1-
cyclohexyl-ethyl) P(phenyl}), K (2-
methoxyphenyl) oPN[CH3CHoCH,S1 (OMe3) J P (2~
20 methoxyphenyl) (phenyl)  (2-
methoxyphenyl) PN [CHyCHpCHp 81 (OMe3) 1 P(phenyl) o, (2-
methoxyphenyl} ;PN (2-methylecyclohexyl}P(2-
methoxyphenyl} (phenyl) (2-methoxyphenyl) gPN{2-
methyleyclohexyl) P (phenyl),,6 (2-
25 eicosanoxyphenyl)} PN {methyl)P(2-
eicosanoxyphenyl) (phenyl), (2-
eicosanoxyphenyl) ;PN {(methyl) P (phenyl)y, (2-



or the ol efinic.nmonomer may be included prior to contacting the
conponents of the catal yst system sinultaneously with the conponents

of the cat@lysésgysiem 150r at any point in the procesSaiclaiasts Ng
t he conponents of the catalyst. The three conponents of the catalyst

system (a), (b) and (c), may be conbined at a tenperature in the
range of from-100 to 200 C, preferably 0 to 150 C, 20nore preferably
20 to 100 C The catal yst system4f the present invention may
be unsupported or supported on a support material. Exanples of

sui tabl e suppuethoeymraralls (cane beodamexyphanWD BR(1@4 139 ) PVGhenyl) 5,
2004/ 056478 and WD 2004/ 056479. 25The ol efinic nmononers suitable for
use in the triAePERANERRNY! { of THRASERSKYBREBY HARASEESYE hB (Pt esent

i nventi on canebgogmo,gjlﬂ{eh 1L ( rs,(2whi ch can be converted into a
trimer or tetramer. Suitable ol efinic nmonomers include, but are not
necessarily | PAFPERPPEPISO¥LhgPR RN 0B Eane, optional |y branched

CA-C24, prefe t a ed 4-C24, -
30 - preferab%ggg %S%Qm?’e Eé]l%%’ﬂefl ng hgg@’%‘#ﬂ? nﬁﬁggagched C4- C24,
preferably C4e®26$amxmhe¢igﬂaémlmnhysl Pdpt—emnraﬁr;p:mp@nnhéﬂ(p}ﬂerﬁm,.
Dreterably Ol c Bl LBl Do 980 PRALLYCHAIEe (2L,
preferably Ci~ Qﬁetﬂwﬁﬂe%}ab i w%ﬁ&fah@scypﬁé@ml z@@(n@fthw; babl e

ol ef i ni ¢ nmononers i nclude, but are not necessaril f/ imted to, |inear
a-ol ef i ns, suehca§a@>ﬁ§ﬂf@ﬁ§l pr opy/ Brresanopvipaery I pEYdReEREL) P (2-

1- hexene, 1-heptene cte 1 none ecene updecen
1- dod:@ene 15 ??Se%%x efy?‘fé% eocsea‘rr%lg)xy%h %fade@eﬁng%hfxﬁ% engl ene,
1- hept adecenep- éaomadnq/@ﬂnepyl}mhmieqﬂn@(aﬂelldeam@@henybr &nched
a-ol efins such.as 4 rret gﬁ t- nggﬁbaqd 2-et hyl - 1- hexene; |inear and
branched |ntern8?S TS % utene 15styrene; cycl ohexene;
nor bor nene and theFdn keample, t}&d)dmr@spe]ﬁ Bbwefd rifc thenopers can al so

be used in the ocess of t K nflog r ferred

olefinic rmnoFr'SE PHOTRS “ﬁ ?P'ﬁ‘l %é:PI T2 g LARFYE t5%neri zat i on

proceds of theephesgsienyl) ZP P{phenyl).=N(methyl} and (phenyl)ZP—P(z—
methoxyphenyl).=N{methyl) .

The ligands and ligand systems of the present
invention can be used in a catalyst system which
comprises:

20 {a} a source of chromium, molybdenum or tungsten;

{b} a ligand or ligand system as described herein;

and

{c) a cocatalyst.

The source of chromium, molybdenum or tungsten,

25 component (a), for the catalyst system of the present
invention can include simple inorganic and organic salts
of chromium, molybkdenum or tungsten. Examples of simple
inorganic and organic salts are halides,
acetylacetconates, carboxylates, oxides, nitrates,

30 sulfates and the like. Further sources of chromium,



20i nvention are prapyl ene and ethylene. Especially preferred is

et hyl ene. The catal yst system and process of the present
i nventi on woeoirtdigul arly useful for the sinultaneous gdrrmii7aaisben
and tetramerization of ethylene to 1-hexene 25and 1-octene. The

sinmul taneous trimerization and tetranerization reaction can be
performed in solution phase, slurry phase, gas phase or bul k phase.
When the sinul taneous trinerization and?30tetranerization is
performed in solution or slurry phase, - 31 - a diluent or solvent,
whi ch is subsMEAYPEERY™ |qferungfitier <31 maisoz ant dndeirmp teadianbidn aridn
conditions ma ' i nts are
al i phatic and)égrggﬂgr?}p%:whl?g} S?g?%%%sg %51%%2%2?8% ﬁglldérﬁggglr bons and
5ol ef i ns whi clhraFBlaxbis fatlisatpyramedtofywrdar corphexi zat i on and
tetrameri zati L{d l.oye |,scl d
N0 02/ 04119 00 0SS T Knd Vot DBBa e Pt Al EL I
and tetraneri £aei bikpr Reefsrebly hethdmoawent of nvkwrrniiom, naplipedenum
performed in y a f . sui I e r i wel |
movn 10 one by Frade i seHERRbnd (B 1280 Fnt Ba el 1LEI S
tetranerizati srlprboe@straf stihelpr es@ranioventi ongasic @alicedobut in a
batch, sem-b C i si mul t aneous
trimerizati on%glﬁgm?{él{l’r g@ﬁ?&#?%r@%%o%%ggggf the present invention
may be carried outImrser emhedindhtowingheapgesait rieacntdnncorick ti ons.
Typically, th e at 1] | i.n. the range fromabout 0 Cto
about 6‘1300 C %P ;él? gga%’[ay ‘r%(r)n%kanbo'g lyitgie& moogbgﬂ?gi%edi'zﬁe,mp%?%
preferably frdmabbot #E Catelgbbustydixihr Cs eveimpbs eirpregbaeiabby from
about 70 Cto %b%‘ﬁ 1§aOltC.ofT@ rg&ggn?ssmoqf b%g{sl%ntritna/nen;i on ma% al so
conveni ent |y B&TRETT oftied “at CUERPEr At Ure Yrangeof” e abBut Y21t t o
about 120 C Hewewvkuble tinmmy sbéventmerah alsl yhdesi dbddles26t dnpeof or m
t he process Ofozt 521% esent invention at an el evated tenperature,
therefore, the 6 ocess of the present invention is highly suitable to
be applsi ed at a tenpersatore bA ¢iowiamgemolybdemnalkout ui@sGeh acaabout
100 C. The prgggsgrgnrf@cgee U%g@uwig e:tnhec rﬁ%ﬁ%éi of tthe.309resent
i nvention may eper?orma (S yplcalyyinf“e on ob simpie
inorganic salts, simple organic salts, co-ordination

complexes and organometallic complexes.
In a preferred embodiment herein, component (a) is a
20 source of chromium, particularly chromium {(III}.
Preferred sources of chromium for use herein are
simple inorganic and organic salts of chromium and co-
ordination or organometallic complexes of chromium. More
preferred sources of chromium for use herein are the
25 simple incorganic and organic salts of chromium, such as
salts of carboxylic acids, preferably salts of alkanoic
acids containing 1 to 30 carbon atoms, salts of
aliphatic-f-diketones and salts of B-ketoesters (e.g.
chromium {(III} 2-ethylhexanoate, chromium (III) octancate
30 and chromium (ITII) acetylacetonate), and halide salts of

chromium, such as chromium trichloride, chromium



range of from bel ow at.nospheric pressure to about 100 - 32 - barg.
Preferably, the pressure will be in the range fromabout 0.1 to about

80 barg, mwoeosetgaiably from about 0.5 to about 70 bargrrEespeesabd v
in the range of fromabout 1 to about 60 barg. Tenperatures and

pressures 5outside those stated above may al so be enpl oyed, however,
the reaction product wll either have an excess of heavy and/or solid
by-products or an insignificant anmount dF the trinmer or tetramer. By

varying the tenperature and pressure it is 10possible for the ratio
of trimers anbBriektamises tpredueerhivincfarpnocenslesf, cheopiesent

invention to bg;yaLhed Eﬂ?oﬂi@tﬁe&siﬂfuo&tﬂﬁePr%@hr’-&%\igﬂtLP{LCan be

used as a tuneable process for the trinerization and tetranerization
of ol efinic nbPdrET s SIBFifhe examR s inpabferread apedelerdin, it is

meant that bycHabyi g 4die Leafliom GORdLhignp,pl(diig process of the

present inventi on, e anount of trinmers and tetramers in the product
conposPti on phedticktrdhpreie. prbeeswidied hbrpnigeritris{eeAti on may be

varied. This gggtg?ea&%ﬁa%}e ) f Oéﬁ?aza%ur}e_%hksmi&wg&%%%iag, c

. . rCla,
sem -cont i nuo process r the tri rizatiron and tetraneril za(f‘l?’on of

ol efini c nONogRE SchMhenA Brh BE1EF DLWl alr 160 BROSA Db RaBnbecepaaged
(e.g. from produci nﬁga hi gher proportion of trinmers to a higher
proportion of Crets GErs- or vi ce-versa,) by changing the 25reactor

condi ti ons w t hout,havj inte e ef jnj fe or
the trinerization Ta{%d atogtg Fég%%g’za{%mﬁhgbgd&%’ frqa?wsnrﬁg%gﬁ?lceuﬁ%r,

this iy be especéatpoungsefruniftoura dfugeabbendsohdtngensrates an
> ti . rrerizat i ati
S ol oo OHRe 1 PE 08659 E0" ob ek (IS A3 LA AL SUSLRANE) | 221 on

of ethyl ene, erern conposi tron can be chan (e.g.
from produci ngodydeyher or- t88gsten opmmipcoandf (4> herehéheol agdm@her

proportion of é ¢l ene,  or vice-versa) by changing the reactor
condi tions wif “6%(? %avi(né ‘to interrupt the ol efinic nononer feed or
the trinerizati on Gmpcuatisaneidlzgficosupradietfdd owe as a cocatalyst

15 include organcaluminium compounds, organoboron compounds,
organic salts, such as wmethyllithium and methylmagnesium
bromide and inorganic acids and salts, such as
tetrafluorocboric acid etherate, silver tetrafluoroborate,
sodium hexafluoroantimonate and the like.

20 Particularly preferred cocatalysts are
organoaluminium compounds. Suitable organcaluminium

compounds for use herein are those having the formula
A1R43, wherein each R? group is independently selected
from C1-C3g alkyl (preferably C;-C;5 alkyl), oxygen

25 containing moieties or halides, and compounds such as

LiAlH4 and the like. Non-limiting examples of suitable

organocaluminium compounds include trimethylaluminium
(TMA), triethylaluminium (TEA), tri-n-butyl aluminium,
tri-isobutylaluminium (TIBZ), tri-n-octylaluminium,

30 methylaluminium dichloride, ethylaluminium dichloride,



5In one enbodi nent of the present invention, there is a process for
the trinmerization and tetranerization of ol efinic nononers, wherein

t he proceswocosartaes contacting at | east one ol efi ni C FEOMEIYed7/04439€ "
trinerization and tetranerization reaction conditions 10with a

catal yst system of the present invention, wherein the process is a
continuous or sem -continuous process and the reaction conditions are
varied during the process. Variation of2fhe reaction conditions can
be perfornmed to nake continual adjustnments to a process to 15ensure a
consi stent pr8duethglatwnigrivgafhberids f chissdylalunprioveshlooidhanygt
the product shahfsRLMHGE%a100PER] £LH S NRESHAD) Ofdfll i aTBOdI Ment 1 s
a process for the trimerization and tetranerization of ethylene,
wher ei n t he prggessatwrpriwesoopatads iang efthpl snttabhlteh farcatal yst
20system of the present invention, wherein the process is a
continuous or sem-continuous process and the reaction conditions are
vari ed3during the procagsferred embodim@apahateédm dfhet kecptatyst sis
reactant and catalyst can be perf d n % chni.que kn t 0_one
skilled in 25tﬁe arffnsuce as ng?#%?aﬁﬁ%ﬁ% %% ﬁ}eé%%ﬁé C%cg%glySts
centrifugati omayl cqupxdide quiydadepémataren,coepbnadteonm mEkture of
Furt her det ai Iaﬁmgl?%g}gdrileng: reactars, al.vent %éssggﬁrbaéi Qn %gggn]i?)gues,
and the Iike, °can be found Fn 3 OATTG S - ePG5&8%0f Y t he
process of thé&hpresetmtollndeatdonitwrot hexteat abyan caXkyileBumiation and
tetrangy i zation,af, ob efnbe JIOOREEL S, BIAWAESA05] ML 1.ed (et hod, of
pr oduci ng triners and tetTafsrs of the ol 8t nic.nonomer bwit h'reduced
formati on of bynpeodlxllsy .colopal édiniid cegmplabenf duitaliezati on and
tetranerizatioq Locesses.. Equggr%igﬁhpruuhggogse ogﬁ&ﬂe aggggfgdof
the present i AVERtTOR Tor the cat At yti ¢ T HimErT 24T | rid
tetraneri zati eethfl ed hytiereahe IMhEXeneanditobitghaliHlmmavibdese a
process with v E'gh sel ectivit %or 1-. hexene a qﬁ%ﬁpgtgne oyer
BT the ot her (BEBRGET o orrBd P RY E Het TR EgS 1 P AL L1 PaSHBeL i vel y
and wiitsh reducedlfminatdiron ah byipreshteis denpaseld Wd hoegdi vahent
trimerization %nd tetra rLzation"prgceigfs”t%SThg?overalLféieLd of
1- hexene and IPGcteRB 1 T REBFFBEEsS® =% N PR nett 2 aR6n takgt+on
tetrameri zati ancdfides commercially available aluminoxanes, which are
derived from the corresponding trialkylaluminium by
addition of water and which may contain from 2 to 15
20 Swt., typlcally about 5 %wt., but opticnally about 10
gwt., of aluminium.
Other suitable co-catalysts include those menticned
in WO 02/04119, WO 2004/056478 and WO 2004/056479, the
disclosures of which are incorporated herein in their
25 entirety by reference.
The gquantity of cocatalyst in the catalyst system
the present invention is typically encugh to provide a
ratio in the range from 0.1 to 20,000, preferably from 1
to 2000, more preferably 1 to 1000, most preferably 1 to
30 500, aluminium or boron atoms per atom of chromium,

molybdenum or tungsten.



et hyl ene of the present invention depends upon the reaction
conditions enployed. Typically, the trinerization and tetranerization
20sel ect i wybyrodsior®i1t he anount of trinmers and tetraner @b /64398
ol efinic nmononmers in the overall product conposition) of the process
of the present invention is at |east 65 %w, preferably at |east 70
%w, nore preferably at least 75 %w, of the overall product
conposition. The 25trimnerization and tetd daneri zati on sel ecti vi ty for
the trimerization and tetramerization of ethylene (i.e. the anount of
C6 and C8 fracti orflien cehelvvlersyatesy eduthe corgrssitt lompnusdmgrarhe
process of th SE LY ] | t 0 pt,ef at

| east 70 % , gﬁgéﬁg 30prt<éL e‘régltlg gﬂsaét gqo?gs!ttﬁgg gﬁ,l%nﬁhégogée’?%%d
product conposhbeven. - 35 - The amount of 1-hexene produced by
the trinmerization d [ ' of eng [ rocess
of the present inv%%t iagnﬁhflgr?ﬁp(izkg}acﬁq?mi’ nmcﬁ%“@éange%%f Q?Irl%ér]nt'e %Wt to
90 % p pref enabély feampohentyfal o BE W, amonet 5pf éfigrabl ycdmmmet

i 10 80 ik o0l Lhe savetablypradal. GoIBaRl L ahpdllie AIDHOL: Ofcne

1- oct ene produced e"trinerizZation etranmerizati on of
et hyl ene usi ngatge ¢f dorss 100 :1 hieo gr:d9ént praverdallon fivemt ypitatdy in

the range of fr ot t ot .. .preferably fr 1 %v to 1085
%M, nore preﬁérggnbljl‘go S %egﬁg%\}fy’t otl_%o%g}@:\fr,nl% ! t%ogLrpg\%/lengiﬂlorproduct
conposition. tungstdhe cbmperene &€l .ecinidvichy figand.t lvemaprpemt ©F) ,1-

hexengqpresent, L n,the. @0 (tr achb 0N ofa e s B oAUk, somagsiLign) | n g he
trinmerization and"tétrameri zation o ef'hyl'ene Using t he process of
the present i nventMost ipsrefeefleinbihe amcuaastf 8&omunenttore) pamd ertabl vy

at least 90 %, nost. prefer y.,at lea 2 9%\ of t fraction
of the productaBipati GepreneRtY o 48 Ekedend™n & ot BrEif A 1y
(i.e. the anofipbmof:d-9 2@octene. present in the C8 fraction of the

pr oduct conpositioﬂ) in_the triﬂ‘}srization apéj tftetramer'z tion of
e

ethyl ene using the Pr 0SS SF-3HE HrolBRECT RV ST i8I FE Pt ¥ilerabl y at

| east 185%m , epseefy efaer.aliby abdl east B Yet adaestcqueeherabl y at

least 92 it ggmﬁi@%ég%Jgi%c%gogequentially in any order so as to
provide an active catalyst. The three catalyst components
of the catalyst system, (a), {b) and (¢}, may be
contacted in the presence of any suitable solvent.

20 Suitable solvents are known to those skilled in the art,
guitable solvents may include any inert solvent that does
not react with the c¢o-catalyst component, such as
saturated aliphatic, unsaturated aliphatic, aromatic,
halogenated hydrocarbons and ionic liguids. Typical

25 solvents include, but are not limited to, benzene,
toluene, xylene, ethylbenzene, cumene, propane, butane,
pentane, heptane, decane, dodecane, tetradecane,
methylcyclohexane, methylcycopentane, cyclohexane, 1-
hexene, l-octene and the like. Other examples of suitable

30 solvents are those disclosed in WO 02/04119, such as



250f the product conposition. - The amount of solids produced in
the trinmerization and tetramerization of ethylene using the process

of the pregenbogigivantion is typically at nost about 5 %gdT/Ed200ME4398
| evel s of solid olefin waxes and pol yet hyl ene produced in 30t he

trimerization and tetrameri zation of ethylene are - 36 - desirable
in comercial operations as this can reduce the anount of fouling of
the reactor equipnent, reduce the amodnt® of wast e by- products and
reduce the anmount of operational "downtinme" due to maintenance and
cl eani ng of StwWErpeatrer diyerphientnd Tl amsgavents GiBprsddéethyh t he
trimerizationg.apd,tefLammjzat,en, of, &tdiyl;epe, usi e cess of
the present i r?ven'fl on iIs t};ypi caP?rf/' at_ nost agogt :T% t‘%%t .lmf%é anount
of Cl12-Cl4 producethn ioneg lsmbpdinert < itdve POasent eimrvamsiprat tlom of
ethyl ene using_the DL OGRS of ;th Lsayvent | [ Lcal ly at
nost about 10 6%Nt.y Irrln cl)ﬁe gﬁﬁ%‘%?}xtﬁtddgﬁst %ﬂég&dezzgtﬁ%é%’%genti on,
the ol éfini ¢ prodagentonffsi ticoa oitahett preenigat i omwpasdtion

tetramerizatiqp Figiﬁ%ﬁ?@oﬂ%h@g E%»,e épc(%§s of the 15present
y conprl

i nvention typica es a conbined total content of 1-hexene
and 1l-octene of atTheastal@stwsyofent d Gher ptésqritoduwsentdoposay iken,

wherein the 1- C t LS t 10 %w of.the. oyerall
product conpo ???%ﬁ%dt%{g}%&helbeﬁgésé:llee:%eﬂc\%i t(>l/'|e's at’ I east SJ98r%/vt 200f
the C6 fracti ebsefct hef priedwlitfioipositdmer,. The thraxctcamelgentent i s

at least 10 9 overal | sition, .the 1-octene
sel ec?@vi ty i/&s%ggg?%lg‘g cbtgt W cgﬁgﬁﬁ%& C%%;Efggét?%ﬁ’ offb)t ﬁél%p(r?g uct®¥
conposi ti on, aedcthieined fully anotid alfsesoki d§ phodilcddnis atnomst,

about 5 %t of__t 25overal | _pr t _conposi tion. . __ Ln anot her
embodi ment of Ot"?hgﬁ%r%is)%tﬁ na}icn\r}lgﬁgiggﬁ,m%e@%llg PR 5 dTctCconposi ti on
of the tri nmericpataonimndleeicoageneziat iacdn thie ebhylese ysiteq,t he

process of the.grggen&oisver&t%gn co orni1 ses gst o%a%hcocnttgﬂt sgf .
conpounds 300CRAEFLERAFCUE Heahe BHA B ERES 0Pt At ot 240 S omPY B°T he
- 37 -15 or at any point in the process of contacting the

components of the catalyst.

The three components of the catalyst system, (a),
{b) and (c}, may be combined at a temperature in the
range of from -100 to 200 °C, preferably 0 to 150 °C,

20 more preferably 20 to 100 °C.

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

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

30 ethylene, propylene, optionally branched C4-Cpg,

preferably C4-Coqg, wu-clefins, optionally branched C4-Cag,



overal | product conposition, preferably at nost 30 % and nore
preferably at nost 20 %w, wherein the 1-hexene content is at |east

10 % of weosyesal! product conposition, the 1-hexene&E@tmedioyishy
is at least 90 %w 5of the C6 fraction of the product conposition,

the 1- octene content is at |least 10 % of the overall product
conposition, the 1-octene selectivity is at |least 90 %v of the C8
fraction of the product conposition, ark® the anount of
solids produced is at nost about 5 %w of the 10overal |l product
conposi tion. preferallg ppecegs ofterhelpobstivs, mpeditnebly soranched
illustrated by the follow ng non-limting exanples. E=21g General
Procedur es anés Gur-afrefpsablvrifasaol ¥hevd tdane ¢dedirn, frRipardtitdns

wer e purchased fragm Al dri.ch and used.w thout fur r Lfi i0Nn
unl ess nent i gﬂ]éa&mgiarge&rc\%i ?éf’“ pretueﬁla?)lf/hé‘l o%%?'aﬁ%ﬁgcwggéq Sgaagléfal yst
systems were {d8d 1QUbrHAEREG N Lc0genpat pospher e, -AL L, s@l e, s adsed
20were dried ﬁﬁ;t%ng stgﬁdgrd procéldl?rags.pAnhydrous flolé%gne (99. 8%

purityy was dwekEd soweptdAnablecwtamchedefesCi{i matefwgbbly cont@t, of

about 3 ppnm) . Anhydrous heptane (99.8% purit was dried. by, passage
over 4A nol echiprgtignaldzeds Phatingt &rapBhten 20?“’&88&? ?Ll%%’ﬁ{)l.c

25Et hyl ene (99eR%dRY ikl ubes B iddeedofVREcde sl iURN 16ANE S Nidlg 4A
mol ecul ar si eves and BTS catal yst (BASF) in order to reduce water and
oxygen cont entit@pxpsgpfins, Suh@soPriyhere: dicRYiedenet ePutene,

charact eri sed, by fas, Lhnorgkegs ,aQLh)he%a@@)le, | Dol t a-avabnal e -
ol i gonmer 30di stribution using a HP 5890 series |] apparatus and the
fol I oWPng chr8reseryr dpiindeesndi t sipgleceneggl-trideceps ypm: HP- 1

(cross-li nkedt@ﬁm&eﬂé,O&a?%)maééééﬂet,thiﬁ@%éec%r()ezaAﬁbpwa@iéﬁ,
dianmeter = 0.25 mm |ength m (by Hew ett Packard); injection
temperat ure: 326CLadRINES | SNNP eed 328fcogafiaii REAPERPRroat ur e

40C 5for 10 ni,nutgss HRAPELAL ULE RFQERTIRHA! £5d LLRBGH M nkd:gnd;i nal
tenperature: 325C for 41.5 minutes; ‘internal standard:
n- hexyl benzendingdwe idkhggnghed hgntgpnal -olefins such as 2-butene;

15 styrene; 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
trimerization and tetramerization process of the present

20 invention are propylene and ethylene. Especially
preferred is ethylene.

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

25 and l-octene.

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

When the simultaneous trimerization and

30 tetramerization is performed in solution or slurxry phase,



C30 ol efins were obtained fromthe GC anal ysis. The
term"trinmerization selectivity" when used in 10relation to the

trimeri zatworogfereiihyl ene to 1- hexene neans the anmount pfr/#@ed7foasbs ON
formed within the product conposition, as determ ned by GC

The term "tetranerization selectivity” when used in relation to the
tetrameri zation of ethylene to 1-octene 15neans the anount of
C8-fraction formed within the product™ cohposition, as deternined by
GC. The term "1-hexene selectivity" when used in relation to the
trimerizationaofiiludntd ewe spovenhexdniehmiansubsianiigddy dhent hadare

formed withing r i u i as
det er m ned by %%ﬁ IC1I‘%at-'oz'L\(;/’jftla.’r gﬁ{i glg%llo%neytﬁi?%gﬁeﬁénfln tgé’ Iﬂél?rrn]%rl zation
of ethylene i smph@yqﬁocmudttabﬂet@a'eluemtisn@lr| zalvwss@lr@ctaﬂvphgﬂ'ilc and

T eerivit Py en useﬁmgg %)I?%tl i :%epﬁe BeatL8Ah 0

selectivity I on rrerlzatlon of
et hyl efe to loodefeme widahs arhesapsianttiefl1y- m@etne-lrfdmrmmmﬁthzatitdme

C8- fraction gf ,t a r[;qn y

overal |l vyiel dgo?1 ltl]eetolga{mee%g%%ﬁg?ﬂp&?ﬁélrtg%grsl éggle%% 0 St h?l’ e%cl s the

product of thehdsetdiondrisedt LonWS0EH108diovi V200 aS6sl7i8ednBy t he

"1-octene sel 558))&’56479- 39 - The anopunt of "solids", mainly
Wax ‘a

consi sting of "heav nd pol yet hyl ene, has been determ ned by
wei ghing, after it®hd &milatemaatficumari@eteéa@m@rizmadﬂonapdoa@mrmﬁg:é@

(oL Y, vBILER, 5 R SLHERE, e tshelt LS B, B Bt
of largely ol efi sittgsleduehcdersyechfatorreCvahal siver ard ohheslaiilat
of solids. in the art. Typically the trimerization and

tetramerization process of the present invention is

carried out in a batch, semi-batch or continuocus mode.

15 The simultaneous trimerization and tetramerization
process of the present invention may be carried out under
the following range of reaction conditicns. Typically,
the temperature will be in the range from about 0 °C to
about 200 °C, preferably from about 10 °C to about 150

20 °C, more preferably from about 40 °C to about 150 °C,
even more preferably from about 70 °C to about 150 °C.
The process of present invention may also conveniently be
performed at temperature range of from about 20 °C to
about 120 °C. However, it may be commercially desirable

25 to perform the process of the present invention at an
elevated temperature, therefore, the process of the
present invention is highly suitable to be applied at a
temperature in the range of from about 70 °C to about 100
°C. The pressure range under which the process of the

30 present invention may be performed is typically in the

range of from below atmospheric pressure to about 100



The NMR data was obtained at roomtenperature with a 10varian 300 Mz
or 400 MHz apparatus. Catal yst systens The catal yst conpositions of

the presenfyoigikppidipn were prepared from catal yst precu&@p2007/064398
conpositions containing ligands B, C, D, E, F and G and a chrom um

15source, these conponents are described bel ow. Chrom um source
Chromumtris(2, 4- pentanedi onate), also called chrom um
tris(acetylacetonate), i.e. Cr(acac)3; 3Was used as the
chrom um source in the sinultaneous tri- and 20tetranerization
reactions of ledhyl eneferhand conposistiuoa E 1l be inThberemuds dirom

(1 T gand compoNBRt: & s, B ahar L "By or niot & 15 A0t BT Shder o

ni trogen at nosphere aboﬁ).tS?g $BrdH2 emp@lc).auy netth@xyphgaytiﬁ 2PCIn i n was
The

added to 10 nl, net I.E ntan

resul ting m xeore \r/]xlla§ FEPPéd%\}@rﬁ png?rar‘%%rrﬁ ea?rr%e a %Er’% *The

pr?m pst at e vmtgﬁiﬁ)\teﬁsbystenédlafhmt nap. allée solempibgeie rimoweaarmaved

)?;Ioelrgrendt Be8r535u%t| nﬂ Sol uti 05 un((jerllvae(igger r\l/‘_i\a,?eh|!_:lrrllg e\}/{\/lctef[_,’lS peptrgeréevy

met hoxypheny 13 28Nk rmilhyil ):;yaprtﬂdwd‘tlsi @rsahi ths3HR-MNRRnti am&EDE)ossi gnal
g

at 5 31.6. Under a nitrogen at nosphere, 70 ng (0.90 mmol) of
neopentyl |it PPNt RRES oW §-5 "to 235 ng (0.85mmol) 5of

(2- met hoxypheny1) 2RNkaret hy| dhé rt&@elfhtdfey atmi q&@esﬁe iheig esul ting
mxturlc(a) 187 nmg (0,85 rrrml) é haeni}é)%P U t%l uene_was g& d%/
added.!0The mR?ﬁ?bb%§°§t B*% g}ﬁtl ﬁf r?)rbc}ntt STHREPAP PEOIHE he
m xture 25 nl igf cpenianeswasragiebreBRatpiace it icat aovds verbyed he
process of the present invention can be used as a
tuneable process for the trimerization and
tetramerization of clefinic monomers. By the terwm
15 “tuneable” as used herein, it is meant that by varying
the reaction conditions of the process of the present
invention, the amount of trimers and tetramers in the
product composition produced by the process of the
present invention may be varied. This may be useful for a
20 tuneable, continuous or semi-continuous, process for the
trimerization and tetramerization of olefinic monomers,
wherein the product composition can be changed (e.g. from
producing a higher proportion of trimers to a higher
proportion of tetramers, or vice-versa,) by changing the
25 reactor conditions without having to interrupt the
olefinic monomer feed or the trimerization and
tetramerization product flow. In particular, this may be
especially useful for a tuneable, continuous or semi-
continuous, process for the trimerization and
30 tetramerization of ethylene, wherein the product

composition can be changed (e.g. from producing a higher



10centrifugation. The solvent was renmpved under vacuum and the
resulting precipitate was washed with pentane. The product was

i sol at ed aggaoiieg; solid. 31P-NVR (in C6D6) signals atpcdh/miQeddogdics
57.9 (J22=289HZ). According to 31P-NVR the product consisted at | east

15predom nantly of a P-P=N(nethyl) structure with on one P atomtwo
phenyl groups and on the other P atomtwo 2- nethoxyphenyl groups,
ei ther (phenyl)2P(2- net hoxyphenyl) 2PNGfethyl) or (2-

met hoxypheny1) 2P( phenyl) 2PN( net hyl ). 20Upon conpl exation of a Pd[11]
C(r)]rrpgund, (PinﬁcEmmﬁi@mcpédiLeh@}enebwq Bi bighepamtaporpoont bl £ with

t he P-P=N(net truc J ri i t P
structure, |£é(ég(np er#l%géﬁl(érfr%€ﬁl )b%?%bgﬁ%%ﬁ%xyp é’%%%)géyy%:%%do téLonS
evi denced by @ithdwR halningnad ot 25uptNVRe apte Xrvigy ngnphenciqash or

anal ysis by P_J. an,. .al . : . . 0 30 and
53 Y Byson et £F PAdAgaNEY 1 Herriner 1A S ETHE] Ehels 6a3)
It is assuned thatIraosienehlaedimegitawits thapptésntt anvhetion ndtlicoe o

chrom um conpl exes. This _c not. be . - .41 - _ evidenc NMR
spect r oscopy, *dUe* 18 1 ﬁérpgﬁgn%ﬁln%%lczagﬁg?a% %rteo aﬁ%g% FOTR (T
conpounds. Li gasflicionpesioheps, Bi{canmatati pegcestheomprises

(2- met hoxypheny1) 2PN(CH3) 2( 2- met hoxypheny1).2 5| i gand S prepared by
first form ngcérl %ﬁi‘t(rlgor?)coé’ei?%frbe e%ﬁéﬁ%: Nas %8)??%ﬁenyl)2PNEt2
in 20 M di et bylmethertiohoahli setsedmitriiaatiOnnteaft inl chh#iiisod uti on

in diethyl ether (10 | HC1) was d under_an _inert atnosphere at
room ﬁbrrper at §r &b al'hcéarpswaggﬁgng%%‘ﬁer? h%gq‘?‘gr REES TR setnltrlealdn‘gk\l/éé)rrenjinght .
The di ethyl etherpyesadgseneyeadcbiomidie prodeet -emdemusasuproass 20 ni

of dry toluene was added. ,Th | ti | uti AN d dth
tol uene was r&ROvERF f"?‘?ﬁ’rﬁtﬁﬁﬁe?ir”f?%ﬁﬁtok’n%ﬁggr g@%@%ﬁ\ﬁ%n;% Eéﬁ‘éea \(mi tte ©

solid (2-net hgxypbeny H=2REtiphodficihe YoAcsabnt ¢amiiofichsbtag ¥& ol )
of triethylamne_ in 20 . .
performed to make continual adjustments to a process to
15 ensure a consistent product slate or can be performed to
a process to change the product sliate produced. A
preferred version of this embodiment is a process for the
trimerization and tetramerization of ethylene, wherein
the process comprises contacting ethylene with a catalyst
20 system of the present invention, wherein the process is a
continuous or semi-continucus process and the reaction
conditions are varied during the process.
Separation of the products, reactant and catalyst
can be performed by any technique known to one skilled in
25 the art, such as distillation, filtration,
centrifugation, liquid/ligquid separation, extraction,
etc.
Further details regarding reactors, solvents,

separation techniques, and the like, can be found in WO

30 02/04119.



m of dry dichloronethane was added to the (2: nethoxyphenyl)2PCl
product. To the resulting mxture, 1.25 mM of a 2 MH2NWe solution in

TI-1F (2. 5yg%ps)ewas added and al l owed to stir overni gHerEBI67/064398
sol vents were 20renoved fromthe resulting solution in vacuo and 20

m of dry toluene was added. The m xture was then filtered. The
tol uene was renoved fromthe filtrate under vacuum and 10 m of

met hanol was added to the residue to pridduce a suspensi on, which was
filtered once nore, to 25l eave the solid white

(2- et hoxyphenyl) 2BN( G2 3PP (e lmbbexypdaérmia 2rpseducinwntcihbrindsr

i sol at ed n |t|onC arat| e

oheny o 2oN L B R E s RS T AR e ERF 8% B 1 £ o 1 ovi ng
nmet hod. At O tﬁleﬂ]ndi.e:l’ m@ndfat$ ragen daisnmasphesk £ iEn methodedhiyl am ne
was added to 6. 4 1)2PC1 in 8 of dry.

oo oot aisaui it s Betl o, ebrelrPES of ep SirLoni gyl was
added and al | gyl detusteidr fﬁﬂlﬁétm@htofabprﬁdﬂahﬁcSi’a)@’o&bﬂﬁred Wihenh sol vent s

were renmoved fromthe resulting s ti d50mM of d
tol uene was agded e H%F‘Efjeg%ﬁgor’tjﬁé‘ P"faé? ﬁéggapg?@?ﬁse]%aye:y

of silica. Thentglmen&leas tranwed der (ﬁﬁlat peodédd radt ehdngessacuum

(pheny1) 2PN(i sopr opyl ) P( ph t | at ed
white soli d( Eft‘p tgﬂyqn? f(&‘% gﬂ %‘i‘)trﬂplé’?tﬁgﬁﬁff\f@ﬁg]é’lr%d%neangs 2

10( phenyl) 2P|\|Eé§ﬂi3ﬁé3ﬁ¥zla)t|f6ﬁh6ﬂyéﬁl‘%fl%$lewﬂbt €-KdMsialand Li gapshe
conposi tion arative) The

(pheny®) 2PN( i EB‘E)Y )aPpioﬁﬁFﬁo%é’WY) bigh SFEKAYIHYepRF b by t he

foll owi ng nethegene and 1-octene over all the other products formed in

the Cg and Cg fractions respectively and with reduced

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

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

Typically, the trimerization and tetramerization

20 selectivity (i.e. the amount of trimers and tetramers of
the olefinic monomers in the overall product composition)
of the process of the present invention is at least 65
swt, preferably at least 70 %wt, more preferably at least
75 %wt, of the overall product composition. The

25 trimerization and tetramerization selectivity for the
trimerization and tetramerization of ethylene (i.e. the

amount of Cg and Cg fraction in the overall product

composition) using the process of the present invention
igs at least 60 %wt, preferably at least 70 %wt, more
30 preferably at least 80 %wt, of the overall product

composition.



Under a nitrogen atnosphere, 12 m triethyl am ne.was 15added to 3. 39
g isopropylamne in 10 m dry toluene. To the resulting m xture, 5.15

m  (phenyywaBedk/gwmsi S| oWl y added and all owed to stir ovgiidpaifoaizes
roomtenperature. The precipitate was renoved by filtration. The

solvents were renoved fromthe resulting solution in vacuo. To 20t he
evaporati on resi due pentane was added and subsequently the sol vent
was renoved in vacuo fromthe pentane S3 ation, vyielding
(pheny1) 2PNH(i sopropyl) as a colourless oil, which crystallized on
standi ng at room fTegpamaunt eof 25bsdene apriduasyebyat e sipivarea;izg tabn

triethyl amn - LS

(pheny1) 2PNH( ?%%\%?eo%%q%gll%lggg?ﬁ % %%P%tﬂg?% h‘%)lﬁ*ofrgt fahe %o tcf'ufe the
resul ti n]g m xpmmkntl.111vgn(:2@wei$103m0phehw)inPGHha/va@naddeﬂ G &l0 owed
to stir for a, t Loom re.._To resul.ti pg. 3 ction
m xture 5-10 ﬁﬁ"m@gt‘fo %roy °t?’gru%§%@eezrw§%tl dgé'a‘?[ %g&t- %}SIS% 5‘?Et8|£c)oﬁt%at e was
renovefl by ceptsfdnsddlyl dmomTh2 ‘sal rents %wer e sermwedverahl tihweduct

resulting solution.n vacup, The resultin i Xtu ir washed
with pentane 5?1“6"?‘0111&18%0#8%?%%5 v%%t%'%g%%%%cﬁgoau\égéi }E’l\é tggpi/vhi te
solid. 5The whtimesicdacd onasndasdtecimsirt hapeot ane eamg ldneedsinmg wdeuo.

Yield 0.7 g of henyl) 2PN(1 sopraopyl) P(2- et haxyphenyl) 2. 31P- NMR
(i n CBDB) broﬁﬁ‘g‘g‘?sgsna]fs%g%g?%g%n%g ?&?églf?gjasngl &r‘fﬁog?’t 3 10The
reacti on produshgofof Zrioet hoxyphery Bp2PME( netdfdyakayd from 11 %wt to

(cycl Qhexyl) 2PC1, Under .a_nitragen npsphere,. 38 ng .,404
mol )qﬁf Ve3P erPYi: WeE SsPERFGT o108 %1"‘#5%%?67"’%@?‘% Otobfe (2-
net hoxypheny 128Nyl ti God@ostitidny t ol uene. To the 15resul ting
m xture 95 ny (0'%%% qqﬁklaﬁ&%&h%@ §¥%Z§P 1.e. the amount of 1-

hexene present in the Cg fraction of the product

composition) in the trimerization and tetramerization of
15 ethylene using the process of the present invention is
preferably at least 85 %wt, more preferably at least 90

gwt, most preferably at least 92 %wt of the Cg fraction

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

20 octene present in the Cg fraction of the product

composition) in the trimerization and tetramerization of
ethylene using the process of the present invention is
preferably at least 85%wt, more preferably at least 90
swt, most preferably at least 922 %wt of the Cg fraction

25 of the product composition.

The amount of solids produced in the trimerization
and tetramerization of ethylene using the process of the
present invention is typically at most about 5 %wt. Lower
levels of solid olefin waxes and polyethylene produced in

30 the trimerization and tetramerization of ethylene are



(Aldrich) in 5 m toluene was slowy added. The mi xfure was stirred
for 2 hours at roomtenperature. To the mxture 5 ml hexane was
added. Thewprgssididhate was renoved by centrifugation. TR S52b4REIzVAS
renoved under 20vacuum The resulting sticky material was extracted
with 10-15 m hexane. Cooling this hexane solution to -20 C resulted
in the isolation of the product as a white solid. 31P-NWR (in

d6-tol uene) signals at 6 90.4 and 49.5 ¥8Jp9=247Hz). According to
31P-NMR t he product consisted 25at |east predom nantly of a

P- P=N( net hyl )ds$xmm enwebhmerc igre opegaa bhvtsva T yrdlishery| regumepshand

on the other P alor hoxyphe u er

(cycl ohexyl) Zﬁ'a \A%%}%EE% (%TZ%%( %‘%ﬁf’%’? &ﬁu(p%le Q reduce the

met hoxyphenyl&rﬁ&@mcﬂfolwesyé)Wrmhmls) afléezeemmel}imoum of

2008/ 077911PCT/ EP 007/ Q64 ene nd co i ti.n
(conparati ve) P T nf‘% ggac‘f gﬁiruc?dugtm% t(ﬁga%ce SREPERLAANY e
met hoxypheny 1} RENH cxopr egyipamanrtd (2 nmet hoxyphenyl) 2PC1 (ligand
conposition G wa repared a nd er.,a nltro en atrms ere,
3 nl triethylam nz‘rr(%agggaﬂﬁdof JlP 5* uce P PACa A= Jﬁa%wn 5 l’j;l

5 m dry tol UeeranlQ iR i baSYE td g, Mokt HE?mgztl:?e robeB4 BEOiYe (2-
met hoxyphenyl) 2PC1 in 20 m tol uene was slowy added and allowed to
stir over ni ghprasentodmveanperat trie/Pithe LY0pE St 28 twas F¥hoved by
centrifugation. ThgSgh¥aAE SoMeES rcgqogggdﬁé&mrh%heeéymémascqwtI on
in vacuo. Washing wth pentane yi‘el ded (2-

met hoxmphenylaad?l\ﬂrd(ummmpytioa&ﬁ arfhytlensohs thg 3He MvBcésn &Gbptlke 5

21.8. 15Under a nitro tm)s her e,. ngy 1).,0 ngo ent yl
it hi um was sPBﬁf?Ptadg“e “?6‘)%0 agéyn?rélf?‘f’srfm%c}“t Lo"EsP:
(2- met hoxypheny1) le?i\lld(nlesambo@ydlénﬂ f3@hel pekgerdwlineratido, tite

resulting m xt 277 oxyphen PCl wa
sl ow y added. © #ﬁgl‘?ﬁ&t c?’ﬁ%?#tt;é) g‘eaf;ﬁ?g l"h@trsé‘ %‘gﬁhon Lt
t enper at ur e. Eher&ﬁ@@la@thaheowstm}ameedsbygcem r;‘bﬁdmtsu on tHde

sol vent. was renoved in vacuo. i due_was_ wash om\g L gnta@e
The pridduct hBESERRordIvey f—8n3‘_ﬁSP t “PERELSDE stiom né‘n{aijy PHe
PP=N(i sopr opykpnséfiticifurne heikefte 42d neideaxyphenydy) 2REBL 70 swt of

the overall product composition, wherein the 1l-hexene
content isg at least 10 %wt of the overall product
composition, the l-hexene selectivity is at least 90 %wt

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

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

of the Cg fraction of the product compositiocn, and the

amount of solids produced is at most about 5 %wt of the
25 overall product composition.
in ancther embodiment of the present invention, the
olefinic product composition of the trimerization and
tetramerization of ethylene using the process of the
present invention compriées a total content of compounds

30 other than l-hexene and l-octene of at most 40 %wt of the



25met hoxyphenyl) 2PN(i sopropyl ), and was used without 5z 45 - further
purification. 31P-NMR (in C6D6) 5 0.0 and -35.4 (Jpp=258Hz).

Co- cat al ysifyo 28847661 cat al yst used in the exper| nment s bedEwEpyacrioss3os
5nmet hyl al um noxane (MAO in toluene, (A) = 5.20,6w, supplied by
Cronpt on GrbH, Ber gkanen, Gernany; Exanples 1 - 8 Cat al yst
system preparation for sinultaneous trimerization and
tetramerization in a batch autoclave ~1 m a Braun MB 200-G dry box
chromumtris(acetylacetonate) (typically 30 nol) and the anmount of

l'i gand conponewerd, 1 @robucE, cénprsiGizs., i pdetetadd y mtTabbe 10 ¥were
placed in a gla I I I e a

added to obt al ng é)roe trgl’fe&gb&p%é%r%o%i?sg‘?ﬁ‘t|“(()}%1e\é%ﬁ?1ng}1¥y tlﬁgxebottle
was seal ed wi tMBerstepIaJmtcapasﬂ'hleQ;é%wtabal ke cp)r&a:ta]r]scpn:ogotutl ons (the
chromumtris ace l.acet onat e solutlon i odyce

precursor sol Wﬁé’ﬁ tg t% & act i va efﬂlﬁlt 201 lré\‘g: g?%g ose l%AO
in-sit@ in thef atltte)o:tga\f&)aptdmnp@ftthﬁ pirbdset scod>mpqsartsonwetbe used in
the simltaneous tri- and tetranerization reaction of et h¥l ene,

Si nul t aneous PEFHER i AR ARdAE et ¥R R0z HVF OPf ridicAVERE L PTURH ene

ina 1l 0-1itre,Ratoht i oghave- oéﬁgﬂéngeh@e§99§t§rls'a%ndeast 90 %wt
tetraneri zation experinments were perfornmed in a 1.0-litre steel

aut ocl ave equPppelee g h’-l‘ja&ékélt" @%d}}i%@’r\ﬂiﬂ?ﬁt aCERAS IgrBeofRAgE AL h

(ex. Jul abo, nodel urb ne/ s _stirrer and,baff -
46 - The*PRERY o?fs\ﬁé’)g‘ g@a@ﬁcﬁg%%e%y i Afr 838 WY 8; % Jfﬁté}\ee
MAO (Q06 g sobuttrar) mndiustbsegpesttisdri.rring at 70C under n| t rogen

pressure of 0.4-0.5 MPa for 30_.m.n. 'gée reactor contents,yere . g
di scharged via a tap PHOPRESsBhsE OFP FREM AUt BT HVE" The Teactor was
evacuated to ppotihe following non-limiting examples.

Examples

General Procedures and Characterisation

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

All the operations with the catalyst systems were
carried out under nitrogen atmosphere. All solvents used

20 were dried using standard procedures. Anhydrous toluene
(99.8% purity) was dried over 4A molecular sieves (final
water content of about 3 ppm). Anhydrous heptane (99.8%
purity) was dried by passage over 4A molecular sieves
(final water content of about 1 ppm).

25 Ethylene (99.5% purity) was purified over a column
containing 4A molecular sieves and BTS catalyst (BASF) in
order to reduce water and oxygen ccntent to <1 ppm.

The oligomers obtained were characterised by Gas
Chromatography (GC), in order to evaluate oligomer
30 distribution using a HP 5890 series II apparatus and the

following chromatographic conditions:



0.4 kPa and | oaded with approximately 250 m tol uene (or heptane),
heated to 40 C and pressurised with ethylene to 15 barg or as

i ndi cat ed wp ad@kde1d. Wil st stirring, a MAO sol ution (dotatrealsloyssad
i ntake 10of 3.12 g, 6 mmol Al) was added to the reactor with the aid

of toluene to attain an AI/Cr atomic ratio of 200 (typically, the
total volune injected was about 25 m: the MAO solution diluted with
toluene to 8 nl was injected and the injfctor systemwas rinsed twce
with 8 15m toluene) and the stirring at 800 rpmwas continued for 30
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15 means the amount of Cg-fraction formed within the product

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

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

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

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

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

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

30 gselectivity” multiplied by the “l-octene selectivity”.



In the case of experinments under 30 or 50 berg of ethylene pressure a
simlarly equipped 0.5-litre steel 15autocl ave has been used, | oaded

(simlarl whaodshesapove- described procedure for the 11%14,];;125 06
autoclave) with 150 m of toluene, a MAO-solution and a Cr- ca()tegIJysgsst

system The anmounts of the Cr-catal yst system MAO sol ution, sol vent
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corresponding 1.0-litre experinents to3%ai-ntain the sane Al/Cr atonmic
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after its isolation from the reactor wall and appendages,
followed by washing with toluene on a glass filter (P3)
5 and by vacuum drying.

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

The NMR data was obtained at room temperature with a

10 Varian 300 MHz or 400 MHz apparatus,.
Catalyst systems

The catalyst compositions of the present invention
were prepared from catalyst precursor compositions
containing ligands B, C, D, E, F and G and a chromium

15 source, these components are described below.

Chromium source

Chromium tris(2,4-pentanedionate), also called
chromium tris(acetylacetonate), i.e. Cr(acac)z, was used
as the chromium source in the simultaneous tri- and

20 tetramerization reactions of ethylene.

Ligand composition E

The reaction product between (2-

methoxyphenyl) ;PNH (methyl) and (phenyl),PCl (ligand

component E) was prepared by the following method.

25 Under a nitrogen atmosphere 1.015 g {3.62 mmol) (2-
methoxyphenyl},PCl in was added to 10 ml methylamine (2M
in THF) in 50 ml pentane. The resulting mixture was
stirred overnight at room temperature. The precipitate
was removed by centrifugation. The solvents were removed

30 from the resulting solution under vacuum. Washing with

pentane yielded 0.85g (3.09mmol; (84%)) (2-
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methoxyphenyl) ,PNH (methyl) as a white solid. *!P-NMR (in
CgDg)} signal at & 31.6.

Under a nitrogen atmosphere, 70 mg (0.9%0 mmol) of
neopentyl lithium was slowly added to 235 mg (0.85mmol)
of (2-methoxyphenyl};PNH(methyl) in 55 ml dry toluene. To
the resulting mixture 187 mg (0.85 mmol) {phenyl)}.PCl in
5 ml toluene was slowly added. The mixture was stirred
overnight at room temperature. To the mixture 25 ml of
pentane was added. The precipitate was removed by
centrifugation. The solvent was removed under vacuum and
the resulting precipitate was washed with pentane. The
product was isolated as a white solid. *'P-NMR (in CgDe)
signals at 3 70.4 and 57.9 (Jpp=289Hz).

According to 3*'P-NMR the product consisted at least
predominantly of a P-P=N(methyl) structure with on one P
atom two phenyl groups and on the other P atom two 2-
methoxyphenyl groups, either (phenyl},;P(2-
methoxyphenyl) 5PN (methyl) or (2~
methoxyphenyl) ;P (phenyl) ;PN (methyl) .

Upon complexation of a PA[II] compound,

PdCl, [cyclooctadiene], by this ligand composition E with
the P-P=N{methyl) structure isomerization to the P-
N{methyl)-P structure, i.e. (phenyl);PN(methyl)P(2-
methoxyphenyl),, can be evidenced by *'P NMR (by analogy
to NMR and X-ray diffraction analysis by P.J. Dyson, et
al., Bur. J. Inorg. Chem. 2004, 530 and P.J. Dyson et
al., Inorganica Chimica Acta, 359, (2006), 2635-2643). It
is assumed that a similar mechanism applies to the

formation of chromium complexes. This can not be
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evidenced by NMR spectroscopy, due to the paramagnetic
character of the chromium compounds.

Ligand composition B (comparative)

The (2-methoxyphenyl}s;PN({CH3)P(2-methoxyphenyl) s
5 ligand was prepared by first forming a solution of 1.5% g

(5 mmol) (2-methoxyphenyl),PNEts in 20 ml diethyl ether.

To this solution 10 ml of a 1 M HCl sclution in diethyl
ether (10 mmol HCl) was added under an inert atmosphere
at room temperature. The suspension thus formed was

10 stirred overnight. The diethyl ether was removed from the
product under vacuum and 20 ml of dry tcluene was added.
The resulting solution was filtered and the toluene was
removed from the filtrate under vacuum to yield a white
golid (2-methoxyphenyl);PCl product.

15 A solution of 0.51 g (5 mmol) of triethylamine in 20
ml of dry dichloromethane was added to the (2-
methoxyphenyl) oPCl product. To the resulting mixture,

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

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

25 leave the solid white (2-methoxyphenyl}PN(CH3)P(2-
methoxyphenyl) o product which was isolated.

Ligand composition C (comparative)

The {phenyl),PN{iscpropyl)P(phenyl}), ligand was
prepared by the following methed. At 0 °C, under a

30 nitrogen atmosphere, 15 ml triethylamine was added to 6.3
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g (phenyl);PCl in 80 ml of dry dichloromethane. To the

resulting mixture, 0.844 g isopropylamine was added and
allowed to stir overnight at room temperature. The
solvents were removed from the resulting solution in-
vacuo and 50 ml of dry toluene was added. The mixture was
then filtered over a small layer of silica. The toluene
was removed from the filtrate under wvacuum, .

(phenyl) ;PN (isopropyl) P(phenyl) s product was isolated as
a white solid. Crystallization from ethancl yielded
(phenyl) oPN (isopropyl) P(phenyl) s as white crystals,

Ligand composition D (comparative)

The (phenyl) ;PN (isopropyl)P{2-methoxyphenyl), ligand
was prepared by the following method.

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

added and allowed to stir overnight at room temperature.
The precipitate was removed by filtration. The solvents
were removed from the resulting solution in vacuoc. To
the evaporation residue pentane was added and
subsequently the solvent was removed in vacuc from the
pentane solution, yielding (phenyl)PNH(isopropyl) as a
colourless oil, which crystallized on standing at rocom
temperature.

Under a nitrogen atmosphere, 3 ml triethyl amine was

added to 0.9 g of the isolated (phenyl),PNH(isopropyl) in

5 ml of dry dichloromethane. To the resulting mixture,
1.1 g {2-methoxyphenyl),;PCl was added and allowed to stir
for a week at room temperature. To the resulting

reaction mixture 5-10 ml of dry toluene was added. The
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precipitate was removed by centrifugation. The solvents
were removed from the resulting solution in vacuc. The
resulting mixture was first washed with pentane and
thereupeon stirred with methanol yielding a white solid.
The white solid was washed with pentane and dried in
vacuo. Yield 0.7 g of (phenyl)PN{(isopropyl)P(2-
methoxyphenyl)s. *'P-NMR (in C¢D¢) broad signals & 55.9
and 24.8.

Ligand composition F

The reaction product of (2-methoxyphenyl),PNH{(methyl) and

(cyclohexyl)->PC1l

Under a nitrogen atmosphere, 38 mg (0.404 mmol) of
Me;5iCH,Li was slowly added teo 101 mg (0.367 mmol) of (2-
methoxyphenyl),PNH (methyl) in 15 ml dry toluene. To the
resulting mixture 95 mg (0.408 mmol} (cyclohexyl).PCl
{Aldrich) in 5 ml toluene was slowly added. The mixture
was stirred for 2 hours at room temperature. To the
mixture 5 ml hexane was added. The precipitate was
removed by centrifugation. The solvent was removed under
vacuum. The resulting sticky material was extracted with
10-15 ml hexane. Cooling this hexane solution to -20 °C
resulted in the isolation of the product as a white
solid. *'P-NMR {in dg-toluene) signals at & 90.4 and 49.5
(Tpp=247Hz) . According to *'P-NMR the product consisted
at least predominantly of a P-P=N(methyl} structure with
on one P atom two c¢yclohexyl groups and on the other P

atom two 2Z-methoxyphenyl groups, either (cyclohexyl)P(2-
methoxyphenyl) 2PN {methyl) or (2-

methoxyphenyl) 5P (cyclchexyl) 5PN (methyl] (see Scheme 1).
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Ligand composition G {comparative)

The reaction product of (2-
methoxyphenyl)7PNH (isopropyl) and (2-methoxyphenyl),PCl

{ligand composition G} was prepared as follows.

5 Under a nitrogen atmosphere, 3 ml triethylamine was
added to 1.5 ml isopropylamine (17.6 mmol} in 5 ml dry
toluene. To the resulting mixture, 2.2 g (7.84 mmol) (2-
methoxyphenyl).PCl in 20 ml toluene was slowly added and
allowed to stir overnight at room temperature. The

10 precipitate was removed by centrifugation. The solvents
were removed from the resulting soclution in vacuo.
Washing with pentane yielded (2-
methoxyphenyl),PNH (isopropyl) as a white solid. *'P-NMR
{in CgDg) & 21.8.

15 Under a nitrogen atmosphere, 80 mg (1.0 mmol} of
neopentyl lithium was slowly added to 300 mg (0.99 mmol)
of (2-methoxyphenyl),PNH(isopropyl) in 30 ml dry toluene.
To the resulting mixture 277 mg (0.99 mmol) (2-
methoxyphenyl),PCl was slowly added. The mixture was

20 stirred overnight at room temperature. The precipitate
was removed by centrifugation. The solvent was removed in
vacuo. The residue was washed with pentane. The product
has according to *'P-NMR at least predominantly the P-
P=N(isopropyl} structure, i.e. (2-methoxyphenyl},P(2-

25 methoxyphenyl} PN (isopropyl), and was used without



# # OO # # OL 08 08 # OL Co-Catalyst OW 0114 0114 OvVW 0114
0114 OVYW O01W Ligand (mollig)/ (nOcr) (T-T) a (rT) a

10

15

20

25

WO 2008/077911 PCT/EP2007/064398

- 45 -

further purification. *'P-NMR (in CgD¢) & 0.0 and -35.4
(Jpp=258Hz) .

Co-catalyst

The co-catalyst used in the experiments below was:
methyl aluminoxane (MAC) in toluene, [Al] = 5.20%wt,
supplied by Crompton GmbH, Bergkamen, Germany;
Examples 1 - 8

Catalyst system preparation for simultaneous

trimerization and tetramerization in a batch autoclave

In a Braun MB 200-G dry box chromium

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

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

Simultaneous trimerization and tetramerization reactions

of ethylene in a 1.0-litre batch autoclave

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

baffles.
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The reactor was scavenged by introducing 250 ml
toluene, MAO (0.6 g solution} and subsequent stirring at
70°C under nitrogen pressure of 0.4-0.5 MPa for 30 min.
The reactor contents were discharged via a tap in the

5 base of the autoclave. The reactor was evacuated to about
0.4 kPa and lcaded with approximately 250 ml toluene (or
heptane), heated to 40 °C and pressurised with ethylene
to 15 barg or as indicated in Table 1.

Whilst stirring, a MAO-sclution (typically an intake

10 of 3.12 g, 6 mmol Al) was added to the reactor with the
aid of toluene to attain an Al/Cr atomic ratio of 200
(typically, the total volume injected was about 25 ml:
the MAQ-sclution diluted with toluene te 8 ml was
injected and the injector system was rinsed twice with 8

15 ml toluene) and the stirring at 800 rpm was continued for

30 minutes.

The Cr-catalyst precursor system (typically 30 pmol
on Cr intake), prepared as described above, was
introduced into the stirred reactor using an injection

20 system with the aid of toluene (the total volume injected
was about 25 ml: the catalyst solution diluted with
toluene to 8 ml was injected and the injector system was
rinsed twice with 8 ml teluene). The initial loading of
the reactor was about 300 ml of largely toluene.

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

30 unless indicated differently in Table 1.



ST Example HNM * MW* N #8 - 49 - #Conparative exanpl e.
Turnover frequency (TOF) in hourly knmol converted ethyl ene/ nol

cat al yst ( kwpl 0682073411 ; turnover nunber (TON) in knol corpy@EhEmeh7064398
et hyl ene/ nol catal yst (knol/nol). % of 1-hexene by weight of the C6

portion of the product conposition. **% of 1-octene by weight of the
C8 portion of the product conposition. Predom nantly branched and/ or
internal olefins, unless indicated diffetently. ftAbout 50% of
1-decene by weight of the Cl0 portion of the product conposition.
After consuming the desired volume of ethylene, the

simultaneous tri- and tetramerization was stopped by
rapid cooling to room temperature (in about 5 minutes},
followed by venting of the ethylene, decanting the

5 product mixture into a collection bottle using a tap in
the base of the autoclave. Exposure of the mixture to air
resulted in rapid deactivation of the catalyst.

After addition of n-hexylbenzene {0.5-3.5 g} as

internal standard to the crude product, the amount of the

10 Cq-C3p olefins and purity of Cg, Cg and Cqg olefins was

determined by gas chromatography. The experimental data
is reported in Table 1.
In the case of experiments under 30 or 50 barg of
ethylene pressure a similarly equipped 0.5-litre steel
15 autoclave has been used, loaded (similarly to the above-
described procedure for the 1.0-litre autoclave) with 150
ml of toluene, a MAO-solution and a Cr-catalyst system.
The amounts of the Cr-catalyst system, MAO-sclutiomn,
solvent and ethylene consumption were typically half of
20 those used in the corresponding 1.0-litre experiments to
maintain the same Al/Cr ateomic ratio (of about 200) and
final alpha olefin concentration as much as practicable.

The experimental data is provided in Table 1 below.
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: S
0or 1, nis* or 2 AP inge 10omimutsys RE+44 °Cs 2.

C6 Hydrocarbons containing 6 carbon atoms.

1—C6 l-hexene.

Cq Hydrocarbons containing 8 carbon atoms.

l—c8 l-octene.

Cio Hydrocarbons containing 10 carbon atoms.

012—014 Hydrocarbons containing 12 and/or 14 carbon
atoms.

Solids The amount of wax and polyethylene

isolated by filtration.

Total product The amcunt of C4—C100 olefins, derived

from GC analysis, including the amount of

solids.
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4. A ligand according to an erein mis

and nis 2. 5. Rle( |R129@li'dRaC§96ﬁ|p@9a§ DNy r@.i::.@baEﬁ&nﬁ-lé(B 4,1t is
wherein the rgg:r oups are_ 1 ndependent|y selected 25from substituted

or unsifbstit ut (FaYi EngE otpEPaTHA MR ildgasdoSe i vhiely dhffers from

unsubstit ut ed HeiRLERKQEBY i §280 08PS, W rcdBmiAbnEOPL BLIY & R RIre
substituent at any of the oftho-positions, preferably independently

sel ected fromapt iiona&Pl y £30sLbgand W edz3phsny.bog»lropp$ Wit ledr dhanot
contain a
methyl), gives a two orders of magnitude lower activity
than ligand B (Comparative Example 8), an increased
15 amount of solids, but a similar 1-hexene and l-octene
selectivity under similar reaction conditions. It is also
worth noting that ligand E, which differs from

comparative ligand D in its predominant P-P=N structure

and in R3 (for ligand E, R3 is methyl rather than

20 isopropyl) gives a twice as high activity and a higher 1-
octene selectivity than ligand D. It should be mentioned
that comparative ligand C, having a predominant P-N-P
structure, an isopropyl group on N and two phenyl groups
on each P, alsc shows a higher l-octene selectivity than

25 comparative ligand D, but at the expense of increased
solids formation at elevated temperatures (> 70 °C).
Thus, the catalyst activity towards selective production
of 1-hexene and l-octene at high temperatures (> 70 °C)
is greatly enhanced when two ortho-anisyl groups are

30 present on one of the phosphorus atoms {see Examples 6

and 7 of Table 1 for Comparison).



pol ar substituent at any of the ortho-positions. WO

2008/ 077911PCT/ EP2007/ 064398 - 53 - 6. A ligand according to any one
.of Cdains 1 to 5 wherein the RL group is independently selected from
substituted or unsubstituted aronmatic groups bearing an optionally
branched Cl-C20 al koxy group on at 5l eagf one of the ortho-positions,
preferably an o- anisyl group. 7. A process of preparing a |ligand
according to any of Clains 1 to 6 which conprises reacting: (i) a
conmpound of forrmula (I11): 10X-P(RL)M R2)n (111) wherein Xis a

hal ide, and Rl, R2, in and n are ag defd nee¢k gbove for |igands of
general fornulae (1) and (11); and™(i1r1) a conpound of formula (1V):
15(R1)2P-N(R3)H (1V) wherein RL and R3 are as defined above for

| i gands of gener fs : Lral NEbBRups esENEe of an

HX- accept or.f' * 1393%’%‘_ @%v%lrnécgglg ((#Jhpr eparing a Iitsggnd accordi ng
to any of 20Clainms 1 to 6 \(\,hilq:QPeermHﬁeBZrlemug%g:(J()i) a conpound of
formula (V): X-P(R1)2 (V) wherein Xis a halide and Rl is as defined
above for |igands;idreienadali f eramelcred ¥ramdhgtirdgeanda 28ydigcarbyl

compound of for nuc:ljraoép\{l )a: s(uﬁls)tr{(t?t)ednll?\}m:g%)agbgryl %roup, a

5 heterohydrocarbyl group, a substituted

heterohydrocarbyl group or a silyl group;

the Rl groups are independently selected from an
optionally substituted aromatic group bearing a
polar substituent on at least one of the crtho-

10 positions; and
the RZ groups are independently selected from
hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl and substituted heterohydrocarbyl
groups with the proviso that when the group is

15 aromatic it does not contain a polar substituent at
any of the ortho-positions;
with the provisc that m is 0 or 1, n is 1 ox 2 and
the total of m + n is 2.

2. A ligand having the general formula (II):
20 P(R1);(R2) P (R1) p=N(R3) (IX)

wherein R3 is éelected from hydrogen, a hydrocarbyl
'group, a substituted hydrocarbyl group, a
heterohydrocarbyl group, a substituted
heterohydrocarbyl group or a silyl group;

25



wherein R, R2, R3, mand n are as defined above for |igands of
general formulae (1) and (11); in the presence of an HX-acceptor.

309. A |iogRdomsteam prepared by reacting: (i) a corrpom,ﬁfzod‘-,%_{gbg a
(rrr)y: WO 2008/ 0/77911PCT/ EP2007/ 064398 5254 - x_p(RL)m(R2)n (I

wherein X is a halide, and Rl, R2, mand n are as defined above for

| i gands of general _forpul ae and nd ii a co und of
formula (1V): (RL) ‘z'IB Ng%swéw% 53‘5 gt FZd
above for |igands eiatgeﬂ@mir éxmgmltaﬁe(dl )aramdtiblgromgﬂ e ipiesence
of an HX-acceptor. 1010. A ligand system prepared by _reactin (1) a
conpound of for nul oL : SYRPFRIYERY PR \ﬁi*'regéﬁﬁtﬁil% &f nets d?é-”tgﬁ’d RLis
as defined above fegpshtgands &Higgeneral fornulae(l) and (I'1); and
15(ii) a conpound of formula (M): (RL)mM R2)nP-N(R3)H, (VI) wherein
R1, R2,5 R3, m and mharR2agroagps neck dbiepehdent i gaseseofed efenmal

formulae (1) and (LI); in th Ssence of. an HX-acceptor. 2011. A
catal yst system cohﬁb?gi: yi‘) i ﬁXﬂFBﬁ’?’ﬁW nol ybdenum or

tungst en; heterohydrocarbyl and substituted heterohydrocarbyl
groups with the proviso that when the group is
aromatic it does not contain a polar substituent at
10 any of the ortho-positions;
with the proviso that m is 0 or 1, n is 1 or 2 and

the total of m + n is 2.
3. A ligand according to Claim 1 or 2, wherein R3 is
selected from Cy-Cjg alkyl groups, substituted Ci-
15 C15 alkyl groups, C»-C15 alkenyl groups, substituted
Cs-Cy15 alkenyl groups, C3-Cyg cycloalkyl groups,
substituted C3-Cig cycloalkyl groups, Cg-Cisg
aromatic groups, substituted Cg-Cyg aromatic groups,
C1-C15 alkoxy groups and substituted C;-Cjg alkoxy
20 groups, preferably C;-Cy5 alkyl groups.
4. A ligand according to any of Claims 1 to 3 wherein
wherein m is 0 and n is 2.
5. A ligand according to any one of Claims 1 to 4,
wherein the R2 groups are independently selected
25 from substituted or unsubstituted aromatic groups,
including substituted or unsubstituted
heteroaromatic groups, which do not contain a polar
substituent at any of the ortho-positions,
preferably independently selected from opticnally

30 substituted phenyl groups which do not contain a

polar substituent at any of the ortho-positions.



b) a ligand according to any of Clains 1 to 6 or a |igand system
according to Claim9 or 10; and c) a cocatal yst. 2512. A process for

t he si mul t\&ﬂg%%%%mri zation and tetramerization of gl&iddAbE 06308

nononers, erein’the process conprises gpntacting at |east one
ol efinic mononmer with the catal yst systemof Claim 1l at a pressure

in the range of fromb égavg%m% e 1o 3 %:QO and .at_ a

. o, t

tenperature in the range of from %“{C to 81508 . OPaéPamS 1 ters,
wherein the Rl group is independently selected from
substituted or unsubstituted aromatic groups bearing

an optionally branched C1-C;g alkoxy group on at

5 least one of the ortho-positions, preferably an o-
anisyl group.
7. A process of preparing a ligand according to any of
Claims 1 to 6 which comprises reacting:

(i} a compound of formula (III):
10 X-P(RY) q(R?), (TII)

wherein X ie a halide, and R, R2, m and n are as
defined above for ligands of general formulae (I}
and (II); and

{ii) a compound of formula (IV):

15 (R1) 5P-N(R3)H (IV)

wherein R! and R3 are as defined above for ligands
of general formulae (I) and (II};
in the presence of an HX-acceptor,
8. A proceés of preparing a ligand according to any of
20 Claims 1 to é which comprises reacting:

(i) a compound of formula (V):
X-P(R1) o (V)

wherein X is a halide and Rl is as defined above for
ligands of general formulae(I) and (II); and

25 (ii) a compound of formula (VI):

(R1) [ (R2) nP-N(R3)H (VI)

wherein R1, R2, R3, m and n are as defined above for
ligands of general formulae (I} and (II);
in the presence of an HX-acceptor.

30 9. A ligand system prepared by reacting:

(i} a compound of formula (IIL}:
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10.

11.

12,
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X-P(RL)(R2) (III)

wherein X is a halide, and R, R2, m and n are as
defined above for ligands of general formulae (I)
and (I1); and

(ii) a compound of formula (IV):
(R1) oP-N(R3)}H (IV)

wherein Rl and R3 are as defined above for ligands
of general formulae (I} and (II);

in the presence of an HX-acceptor.

A ligand system prepared by reacting:

(i} a compound of formula (V):

X-P(R1)5 (V)

wherein X is a halide and Rl is as defined above for

ligands of general formulae(I) and (II); and

{(ii) a compound of formula (VI):

(R1) n (R2) uP-N(R3)H, (VI)

wherein R, R2, R3, m and n are as defined above for

ligands of general formulae (I} and (II);

in the presence of an HX-acceptor.

A catalyst system comprising:

a) a source of chromium, molybdenum or tungsten;

b) a ligand according to any of Claims 1 to 6 or a
ligand system according to Claim 9 or 10; and

c) a cocatalyst.

A process for the simultaneous trimerization and

tetramerization of olefinic monomers, wherein the

process comprises contacting at least one olefinic

monomer with the catalyst system of Claim 11 at a

pressure in the range of from below atmospheric to

100 barg and at a temperature in the range of from

0 °C to 200 ©°C.



