WO 2008/ 077908PCT/ EP2007/ 064391 - 1 - LI GANDS AND CATALYST SYSTEMS
THEREOF FOR THE CATALYTI C OLI GOVERI ZATI ON OF OLEFI Nl C MONOMVERS Fi el d
f the I nveys i@glerroos  The present invention rel ates topdq geveisesadag
catal ysts systens thereof which are useful in the oligonerization of

ol efinic mononers. 5Background of the Tnvention The efficient
catalytic trinmerization or tetranerization of olefinic nononers, such

as the trinmerization_and tetranerization of ethylene to 1-hexene and
1-octene, is an ar B&SOFPYredt GATiPErSdt SHETENRTHOREQRI AR GWEOCATALYTIC

olefinic triners and tetranglsdMerRt2aYTBE ﬁﬁgéﬁﬁ%&ﬁﬁc(MQﬁgﬁﬁ bal
value. In particular, 1-hexene is a valuable conononmer for Tinear
| ow-density pol yethyl ene (LLDPE) and 1-octene is valuable as a

chemi cal internmedi; [ tion of plasticizer alcohols,
15fatty acids, d T oF LRE PR ubrication oil additives as

wel | as a val uabl e coffbaopeesént theegmdductretates pol yViRrssS el as

pol yet hyl ene. 1- nd_l-octe can be produced by a conventi onal
transition metal 0 %ggﬁgfi§§§€%$qu5?§§§?w§PFﬁoﬁﬁﬁ pRefel i FRertbaat i on
20and tetrameri zatliigoneatitesia eoPreferir@d monomersSever al different
catalyticssystem% have begn isclosed in the art for the

trimerization of t YeEnt nmber of these catalysts

are based on chrom unrh25s A RHI8263 0 FRi L £ PShe A SO Q58S r
chrom um based catal ysts contai ni ng nondodentate am ne |1 gands usef ul
for trinerizing CIEEFPRETLZYH PD0W PARSGEL c2 MOPOTE EPR 0OF¢H0 643The

US- A- 5968866 ( Phitl;in i 0S6P l; :
oIigonerization/tringfggg%?gi proé%gg%' iéﬁggégg %fc%ﬁgﬁ%%ﬁe to l-hexene
conpri sing a chr @Fdudreshphex Whiath aumat sifngraatobngénsdt nipr the

asymmetrig tride NOSP, ~arsane _or 5stibane |igand and an .
al um noxane to p?%ggggggggﬁggqgfgﬁfﬁgz&ﬁggﬁrgrgn n??%ﬁéhfﬁﬁ1 - N&x&nRag
US5523507 ( Phi | | idpg)edbsef osaamar ciatlalvpdtiebasadpant oty 0mM IWReS@HEC s a

a 2, 5-dinmet hyl pyr.r.ol igand and an al kyl al um niym activator for use
in the trineriza%ﬁgﬁg%¥eiagyﬁyrgﬂé o] ?ﬁﬁgﬁéng;w_ ens e RO lySmnyA ene
2002, 8, 858-859 {LBPPE) dase| Dsas i A WAL GaBPEex§sa afndnsgands of the
type Ar2PN(Me)PAL2 (Ar = ortho-methoxy-substituted aryl group) as
catal ysts for thénF%Fﬂ%?fiEﬁi%ﬂJgﬁe @F%§P€ﬁé9n1%@!?%3#?&9&@?1(B@FOhOls,
di scl osed5a cat aktystyf acidde ddidmicdnzakineBnei ohef NS CUMIYSiRg a
source of chrom um. npl ybdenum or tungsten, a |igand containing at

| east one phosphﬁghéFlﬁ ST O &t PnBAyuab bt peReRPReY dtn [thast one

hydrocarbyl or heteaebydsocss d1 yaHeQuP shaki B9 go PPl al,RQsubstityent. |
but excluding the case where all “such pol ar
l-octene can be produced by a conventional transition
metal oligomerization process, although the trimerization
20 and tetramerization routes are preferred.

Several different catalytic systems have been
disclosed in the art for the trimerization of ethylene to
l-hexene. A number of these catalysts are based on
chromi um.

25 US-A-5198563 (Phillips) discloses chromium-based

catalysts containing monodentate amine ligands useful for

trimerizing olefins.



substituents are phosphane, arsane or stibane groups, and optionally
an activator. The ligand used in nost of the exanples is

( 2- met hoxysworayo7hl Me) P( 2- met hoxyphenyl ) 2. AW iBe
catal ysts disclosed in the BP docunents 25frenti oned above have good
selectivity for 1-hexene within the C6 fraction, a relatively high

|l evel of products otPerhtivhasditee (Ebiidipshl disdesigmbire ethiyéreae and
1o octene s typheghuiy PhoEfBAr iM0:2900) 8908 L ANSH )il agl0ges a
trimerization 30cafal yst conposition and a process for Cthhe
trimerizati on ofaskéyfhi commpniciterss aushmgms amndeomp bdsy Sth iconmeositkiag. a

WO 2008/ 077908- < 07 91 . talytic stems for the
tetramerizati onchrgﬁ%‘Eggn{g 5{5[ féo%gtlgnérﬁgggg?g%e?‘m?% déSererped.
A nunber5of theseibabal ys§mdiranchasedlaniabront um MRRQR4/:096478 and

WO 2004/ 056479 asol i s¢l ose 5cat.al yst ,conposi ti ons and processes
for the tet rarre%??if?%n%&blaeﬁ r?@.rl?hédcéPaf‘yg?x%‘%ﬁmosi tions

di scl osed in WO 2004/ 955D CqMREL3Ep3) t 82861 44N 41833121388 Based on a
het er oat om ¢ Ilgand havi ng the general fornula (R)nA-B-C{R)m where A

and C are indepERdSMtYY I%Ied FoPrEATELEY bR Fhich podsan
phosphorus, arsgnkgi AD4AIPNM RNI8RorPESPULDe SYI Moy 136 Eggkggbn of
and nitrogen, and is a linking group between A and C, an I's

i ndepend@nt | y setbriedefiom d@exeméno or het er ohydrocar byl group of
whi ch at | east one R:}gélp_ugo'g&upsug%btu% edo i th A (%cga{ar d§ggggiégent
y

and n and m are determ ne thé reéespective valence arid oxirdation
state of A and/ehr@niThecagygiiaxest ofoApgsntisons theclygsedri®N\@e) PArs

2004/ 056479 conprise a transition netal and a heteroatom c |igand
havi ng the gener&F FoffAtFAIFRNRXBUPSOELREFth ket IRUIB, ag, CAtahdshHE

are as defined gggvghea@pin{grﬂzsﬂtiir&geggnggﬂgigné_el ected from any hono
or heterohydrocarbyl gro WO 2004/056480 (Sasol) discloses

up.
the tandeém tetraner i%tq?o)ro@‘léd@ P8Py nBi seheson dfcadtaiyiséndor the
25Specifically, 4 4 hSGlLose s f I [LSi
olefins to pr odﬁ%%%?g%%:%g% ?)% %&%gfl?%sé?ﬁp%%ﬁg ea}seér)lor:ue&%f %ge&%]gw%% !
pol yneri zat i on satgbyetummk & udigsttienct at éiganerdé@atdionireatedl ystst one

wherein the tet j o] I s l-octene jn a
S0sel ecti vi ty oParRRoPiGn biot e 3 8P HERE AE BT oflfet bl o tress
partial ly incorpoeabedrocirbtlhexpbeyekehydretaryl grobp having a polar
Al t hough,the tetr rjzatio atal ysts disclosed in the sol
document? menti Sﬁggggb%%t’h J6& ugéchf?%i??ﬁf o%%eo n&Ult RPhaT
the C8 fractionsubsvewesnt DAL ah@dbhane, arsand ¢:0 A0 e gebubbe £8d
conposition is 1-hexenge, with the i )

optionally an activator. The ligand used in most of the

examples is (Z-methoxyphenyl) PN (Me)P (2-methoxyphenyl).
Although the catalysts disclosed in the BP documents

25 mentioned above have good selectivity for 1-hexene within

the Cg fraction, a relatively high level of products

other than the commercially desirable l-hexene and 1-
octene is typically ocbserved.
WO 2005/039758 (Shell) discloses a trimerization
30 catalyst compesition and a process for the trimerization

of olefinic monomers using said catalyst composition.



/

5remai ni ng C6 by-product conprising conpounds such as
met hyl cycl opent ane and net hyl enecycl opent ane. The presence of these

ot her C6 cwaposs/divaes, which have very. 3 - little commm@homsggpr
value, is highly undesirable fromboth an econom c point of view as

well as froma 108rﬁdECt separat i on poi nt of view. Tet r ahedr on:
Assynetry, vol . 8-Y lcF%ﬁt?ﬁiﬁ/ fgodhe1 §65T 9T I palykn 407- 438

di scl oses vardteyd egbi £al 1db@ﬁ&$@h@d@&éde§ﬁﬁ@sbeéﬁUG@%rﬁeJ he,
Chemi cal Soci et Dal_ t on 15Transacti ons, . 22, 20027? pages

4289- 4295 de ésOﬁaFPeéana%%W%%l%ﬁe#@é&rﬂeﬁyl chEeRER um

conpl exes of achi yal 2008, 656 18 HiPheSPHIZ2H68479 ndte
Chem e, vol. 44, 2005, pages 3271-3275 is 2oncerne(sasojh) %1’%’2:&%‘%‘%

synt hési s and33§@llbfétst38¥lé°§%?m@%r@d)fpwsﬁﬁﬁalfocohbtex of a
di phosphi nei PR€anerization F0 o %hcgggl gg ogﬁtﬁ?84
I‘Ig dS pho i des a

pages 3289-3295 desc es tetraa ine i I SONeric
di phosphazaned.sclietsedoat ol Chehd /éQEf@A?&/@IompEize pageazﬁ’iitmrs cteosds

cat ochol b NeTha 355 EFORRA A RPRERIEY el BRENR) BRaraure in

this docurrent(Roﬁth—Becmsemo‘fméh@sze am:rr}mlm@s indepahakysly Sysliatted or
the trinmerization and tetranerization of olefins. 30It has now
sur pridsi ngl y fison af GEAP! tiat Cl heorRit k95 Phogeherysderryeai¢r om t he

i gands of tiae {ALasent.| BYENT Atk Al © HALHAN eoLARLOXT difg hi o

| evel s of both hexe ¢ and octene in a process’for t si mul t aneous
trimerizati omitrogan, and B aﬂdatblrrkamm igzatipobebfreen hiy| @meé, C wisrdu &
hi gh sel eCtI\ﬂlt)i fd% F{gteg hex e an 1 octen vvitQ;:n the C6 and C8
fractions, respectl 8ry,: |on catya s? Systens of the
pr esent |nvemiat@mohadeobapbpye@lr@mloﬁtuyumﬂdtanbamrcthﬁe R group is

trimerdzation/ rlzat on_reaction.t roc i nd strlally
att;rg] Ctive pr%li)éiﬁg}%ggﬁ& i ]ﬁs (%g]gar é“&ﬁ%ﬁg g ga’f’u?% dhf X e
pressure) w thawtrnfiash ﬁ?Cﬁb{eOfeéyb'@:’@laieaMéSJencSUmr&xﬂcﬁat:h@'l state
| nventi on 10Accor di Pgéto a first aspect of the present jnventjon

there is prowfdéd23% Pgahd Ra%i PR3 tgé??g}pé’ISlFéPﬁﬁl 1gfyosed in WO
P(R4) - P(R1) (B2)aMoBkelrp ¥H2098/ H 7208 13 onPebk ER2004/ §64391

wherein: the RL group is selected froma hydrocarb% substi tut ed
hydr ocar byl , 1f&€aCa/RPAE6Cc Al BFRT il Wi sila Weeq TRét Péﬁ%?o&%rbﬁ B-

grouQﬁ) C(R’)p where &, B, C, n and m are as defined above, and

R’ is independently selected from any homo or
heterchydrocarbyl group.
WO 2004/056480 (Sascl) discloses the tandem

tetramerization and polymerisation of ethylene.

25 Specifically, WO 2004/056480 discloses a process for
polymerising olefins to produce branched polyolefins in
the presence of a distinct polymerization catalyst and a
distinct tetramerization catalyst, wherein the
tetramerization catalyst produces l-octene in a

30 selectivity greater than 30% and the l-coctene produced is
at least partially incorporated into the polyolefin

chain.



5the R2 group is selected from hydrocarbyl, substituted hydrocarbyl,
het er ohydr ocar byl and substituted heterohydrocarbyl groups; the R3 is
sel ected from hydrogen, a hydrocarbyl group, a substituted

hydr ocar byl group, a heterohydrocarbylk group, 10a substituted

het er ohydr ocar byl group, a silyl group or derivative thereof; the R4
group is an optional]ly substituted al kyl enedi oxy, al kyl enedi mercapto
or al kyl enedi am no r i I Hﬁg' e -phaesphar us atam,

t hrough the two ox?%%h?8§gsgréﬂggggéﬁﬁgfrogé%Qé%oﬁgx;%%néisc osed 1n
al kyl enedi oxy,thel IBgseredioremeapsoment abhyd empoivaniaxe sjoad tagle i vary

optional'ly su I tut aryl enedi o ryLenedi mer capt o or
arylenedianingﬁéiﬁué%%?@ewﬁﬂgﬁlps¥§8y§@ %EF??&P%mﬁE%ﬁ%FH& A0y, about-
through the twe @eygenswell BRUELAT cPi EoRS6E: & QIS Of1 AU NG with the
aryl enedi oxy, aryl enedi nercapto or aryl enedi amno structure.
AccordiSng to aesedadidgasgeby-pkotihet peesgni s iny erdnguddersadhs as

provided a ligand having the general fornula (I1);
25P( R1) ( R2) - PMREP¥YNCRILOPEN T anferad nme tingl Riegioigpantangl .edhed from a

hydrocar byl , %H’Q%Eh&ﬁt ¢ Eﬁg%QCQEmﬂ”%%S%%ﬁp%@'ﬂ%,bﬂhi dhavg ]}795

substituted heterohydrocar group; group i s selecte

a hydrocar byl 1igtbhst tbmiedchydr gsar &y vahed erioh irdar HdeaNGable
substi-tuted h teroggdéocarbyl group; . WD 2008/ 077908- 6
- PCT/ EP2007/ 064881°PH8 &3 Brenpmic Retrketl Hidmas dieddeds 4rom a

hydroqaer byl gpeupuct sepstatubsdpdysr osardidy group, a
het er ohydr ocar byl %roup, a substituted-heterohydrocarbyl group, a

silyl group or derTSatFRROXRT SHFSYBRYY R¥Gr-ofp Ne-aR:ofebonaryyl995
substituted allkgbengd) Oxyagak kyb PnEsH M LARIQ LNy -alikyiseRpdi-aqi no
WO

structure which is bound to the phosphorus atom through the t
oxygen, sul phdiPBpsShpeeagenligangsof the al kyl enedi oxy,

a'ky|enedi”ErCéptOJ&ﬁrﬁngdfwﬁﬁgE%Fé%léﬂf“#BEﬁ%%gorPgﬂt Qoptional Iy
e ry

substituted aryl enedi oxy, arylenedi nercapto or enedi am no
structlére whi Ehansagbienst Ne he2phodPhbr pagesorh289-d2gh teectibes .

oxygen, sul phyjg;eLsoh & egen. |£§§%ﬁgé%{§?1;r*h%%%%k§§%F8ﬁﬁ&efes of

aryl enedi mercapto or. arylene no s ure. 0 a
further aspecechiraheapd esleinal ndiptidaphadeer=s.i s provi ded a process

o P oo ol DRl | g b OISR 1
(R2) P- N(R3) - Ré¢n¢ern@dwhictiei the thentliegjroumd soddldestadef s0Bucture of
TR BT RS e DN ane
' J. Gen. Chem. USSR, vol. 54, no. 2, 1984, pages
3289~-3295 describes tetraalkyldiphoshine imides and
isomeric diphosphazanes. '
Heteroatom Chemistry, volume 2, page 477 discloses
25 the preparation of (phenyl),P-N(isopropyl)-P=catechol and
catechol=P-N{isopropyl)-P=catechol. However there is no
. disclosure in this document of the use of these compounds
in catalyst systems for the trimerization and .
tetramerization of olefins.
30 It‘has now surprisingly been found that the catalyst
systems derived from the lfgands of the present invention

are valuable in providing high levels of both hexene and

octene in a process for the simultaneous trimerization



the R2 group is selected from hydrocarbyl, substituted 25hydrocarbyl,
het er ohydr ocar byl and substituted heterohydrocarbyl groups; the R3
group is selected from hydrogen, a hydrocarbyl group, a substituted
hydrocar byl group, a heterohydrocarbyl group, a substituted

het er ohydr ocar byl 30group, a silyl group 4 -derivative thereof; the
R5 group is selected fromhydrogen and a P(R6) (R7)- group; WO

2008/ 077908- 7 -P P : : R7,.950 -ane

i ndependent |y seIg%?édgg?%égﬁég?%gggﬁy$§ su §%$ﬁﬁt§3g%§g$2€gﬁbyl,

het er ohydr ocasigtleciid isyb<£oirt bt Aeherehy dand ak bt t epre upisthiand:Ha 06
a conpound of e ~kLorqul a . X-P(R tein X | i de d the R4
group is a grgbg ﬁ%iggﬂgg%ﬁpféegggﬁg%g V%E%II§§§%%§ﬁ%CHPegﬂm’CS%alYSt
al kyl enedi oxy syaklkpnsenédither paptenor iabéyt borediarg nonpstgweat Wok WHitgh

is boupd to the ph horus atom.t hrough e two oxygen, sul phur or
Loni o1 Sgen_at S06" 87 PHa R\ S SMeti 68) on( et AAEe Tk & At Lon” ko
al kyl enedi ani peogtedchur €éndusaniapliyoatt tycisivstpiadearss ajoaradinexy,
arylenedinercggfo or argle edi am no structure which is bound to the
phosphorus at dfrEnr GAGH2ERE ERBPEXPHERE ¥ PHRSBIES tHddemtadast of
the 15aryl enedeexy, o@r yhenedigepgapt o or aryl enedi ami no structure,

and if the R5 group is h¥dro en, a_Fl X-acceptor, preferably at a -
tenperature iﬁEEHEEXaﬁﬁeaﬁﬁ_gﬂﬁﬁEEBEEto 200 C. 20According to yet a
furthep aspect of ABEoPELSENECI VAN IO JRNIE JFS tROYrdednd lihggﬂgion
system conprising the product formed by reacting i) a conmpoun avi ng
the general f&PRERaLEIPFPVides(®o} Poap®k)arsyg Ithe 2Bpeaadi formed aR)
group is selegfed from hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyf and substituted heterohydrocarbyl groups;’ " the
R2 group is sel ected from hydmrogdnbyd (r1syk&y tgreg (8phydr ocar byl ,

het er ohydr ocar byl and substituted het.erohydrocarbyl groups; WO

2008/ 077908- 8 - PCT/ EP2007/ 064391 the R3 group is selected from

hydr ogen, a hydrocarbyl group, a substituted hydrocarbyl group, a

het er ohydr ocar byl group, a substituted heterohydrocarbyl group, a
silyl group or derivative thereof;



5the R5 group is selected fromhydrogen and a P(R6) (R7)- group; the
R6 and the R7 groups are independently sel ected from hydrocarbyl,
substi t ut egohehiAsasbyl ., heterohydrocarbyl and substit W@gep2007/064391
het er ohydr ocar byl groups; 10and ii) a conpound of the fornula
X-P(R4), mhe&g%rg)%js a halide and the R4 group is a group which
conprises an op¥|%nally substituted al kyl enedi oxy, al kyl enedi nercapto
or al kyl enediadn fb lduirlilr 8 WBLeDa! 2 H0U0 {1 dIG LD NBRRIRE V3. 85 O
t hrough the two oxygen, sul phur or nitrogen -atons of thé
al kyl enedi ox§ydedsaan dinggecapydroraabky| embdiwmticuseduct ure or an
optionally ;ﬁg%g}g%?é¥géy%ﬁ¥§nﬁgggéy, aryl enedi mer capto or

ich s

aryl enedi am no structure bounq to the phosphorus atom
through 20t hend w2 Qowafn i sSURBHECQT £ Rbh M O8eh &L Ofuble: tuteg
aryl enedi oxy, aryl enedimercapto or aryl enedi am no structure, and if
the R5 groupY&réfafiiten hexepxbadeepadpyl prred erdisityitated tenperature
in the rangehégeggﬂygféggggglzgggg & According to a further
aspect of the present iInvention t%ere is provided a ligand having the
general formta K \)s deRlecketRBYBnNEBYoddRA)a (HydrockReyRlgg60Hp &S
selected froma deroc rbyl, substituted hydrocarbyl,

heterohydroc%??ﬁﬁ S @ﬁ?FPFGFBHlh%%%?%hy%”@ﬁﬂﬁﬂﬂﬂngpﬁéEPY@h@?@&@r
group i s selgciaskdramean h@’t@%h?ér@&a% SRAOMRL IsG 195 0P B G
conprise at | east one polar substituent group, ‘and optionally one or
nor e non- pol @ TSR ddsregfoups; the R3 group is sel ected from
hydrogen, a hydrocarbyl aroup, a_substjtuted hydrocarbyl group, a
10heterohydr%ﬁ%r%ylgré%‘g)ug,s ﬁgsﬁBEf??ﬁﬂeﬂ %@%}HM&@E&W?—H%@W: a
silyl group #1kesriadiiniareapher 0of a1 k{iBeldd BinOUD is: rak+0REI PRALLYi s
substituted al kyl enedi oxy, al kyl enedi nercapto or al kyl enedi am no
structure Wi ‘?stcb(fd’.r?d BAGSPRBTBA03 bPMBr st A B sy SGh °FKES o
OXYged, 15SuspiisiudroMiditeaeanakesks 0bt tge al ki 1enediiexy,

al kyl enedi mercapt o or al kyl enedi am no_structure or an optionally
substi t ut ed ¥ ARG CIREP BRedl et PPN ASATEREdFanPROAN
structure Wbl 4.5 bQundirs@ i e AhQs PROs s &b PMANNQUGR: hERCL¥Ps or
oxygen, sul phur or ni'trogen atons of” 20t he aryl enedi oxy,

aryl enedi nerzaptenStiayicesédianieg shicetis ound toasber dhagprhoras

further aspeﬂorﬁ’f%}%ﬁg}gqgecﬂ%mtwén%g?%éﬁm ]«i,gﬁ% '%xprn%&gsgnaa%&gegé

for the preparati I'1 gan or hu conprisirng reacting:
20 the arylenedioxy, arylenedimercapto or arylenediamino
structure.

According tc a second aspect of the present

invention there is provided a ligand having the general
formula (II);

25 P(RY) (R?) ~P(RY)=N(R3) (IT)
wherein:
the R group is selected from a hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl and substituted
heterohydrocarbyl group:;

30 the RZ? group is selected from a hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl and substituted
heterchydrocarbyl group;



25i) a conpound having the general fornula (V); (R1)(R8)2-N(R3)-R5(V)
wherein: the RL group is selected from hydrocarbyl, substituted

hydr ocar by{yo JigEsdkydr ocar byl and sups%i;ut ed 30het er ofyy L6y
groups; the R8 group is selected fromah aromatic or heteroaromatic

group which conprise at |east one polar WD 2008/ 077908- 10
- PCT/ EP2007/ 064383 gubst iitsuertlegtedpfrandhpptégal lay oneosrrivpile

non- pol ar substituent_ graqups; th i.s.sel ected from hydrogen, a
hydr ocar byl %F%‘ﬁ%’, E %Lgaosgiﬁp&u&tegdgﬁﬁ%%grg%/lg%?"%ﬁ!p,a a

het er ohydr oche by tolgydids afiay 1S uhshbt ubedubet et whykdl racarany dgoaapby a
silyl group or derivatjve thereof; the R5 group is selected from

hygrogeg orlar?’(z%)"(‘l-"\%l-y reyP o deFH—’JT Vand THER7 gr oups areI
hot of Shydr oc APy b o o CETERERLEY 0Bty e S MEkRGREIY L

conpound of theyienedlreedcaR(tRdor whayéeneXiamsimo hell iy vared whhehRa s
group is a grou ich conprises an_1l5optionally..suhstit

al kyl enedi ox ?ug?\lﬁg enediier e trgso?%gfnk%}é%‘é |atn§§engué rou%é't%urné whi ch
i s bound to khepphosphotitsr@femsthimeugh the &Woybarygrimxysul phur or

nitrogen atons of the al kyl enedi ox | kyl.enedi mer capt o _or
al kyl enedi aw?ﬁ%ﬁyé?‘?%‘g Rbig aiﬂtoar‘?roﬁ‘ﬁi’kéfﬁﬁplggl@ﬂb’%?i??ﬁ"g ure ot an

20ar yhenedi Oéﬁtiéﬁé{iﬁﬂ%w:@ﬁﬁ%@ Qi-yaeykansgdy ani fpl stdaictiaicaptbi b
is bound to the_ phosphorus atomthrou}gjh the two oxygen, sul phur or
nitrogen at oREYSFNERAEABINT eHENIHF S dPyFenédi Reredptd 'die prosphorus

ary| enedi ani aoost EHCLULR. « ROAND idyigae, RERUD bs AYEHAEAN atdns of
y

HX- accept or, preferab at a tenperature in the range of from-30 to
200 C. Accor 8hagatrplehedipxseririienedimes CeREP eOF sSAF Y 3G ded a
| i gand havi ng&ﬂgtggger al formula (VI); 30(R9)(R10) P-N(R3)-P(R4)(VI)
wher ei n: '

15 According to a further aspect of the present

invention there is provided a process for the preparation
of a ligand of formula (I) or (II) comprising reacting:
i} a compound having the general formula (IlI);
(R1) (R2) P-N(R3)-R®  (III)
20 wherein:
the Rl group is selected from hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl and substituted
heterchydrocarbyl groups:;
the R? group is selected from hydrocarbyl, substituted
25 hydrocarbyl, heterohydrocarbyl and substituted
heterohydrocarbyl groups;
the R3 group is selected from hydrogen, a hydrocarbyl
group, a substituted hydrocarbyl group, a
heterohydrocarbyl group, a substituted heterchydrocarbyl
30 group, a silyl group or derivative thereof;
the R® group is selected from hydrogen and a p(R®) (R7) -

group;



WO 2008/ 077908PCT/ EP2007/ 064391 the RO and R10 groups are
i ndependently selected fromoptionally substituted al kyl or

het er oal kyyyodoiagsst he R3 group is selected from hydr ogemgpd7/064391
hydr ocar byl group, a substituted hydrocarbyl group, a

5het er ohydr ocar byl group, a substituted heterohydrocarbyl group, a
silyl group thedBfiomditke therssiupst heeRindepepdéent an sspctral [fyom

substituted I OXY vl di r i.am
Struct ure whi ST B pal e e e RS BB LR EBu ey R TR e
oxygen, 10sukpHusubsthitrealdret@mnydobecabbyal gydbepmedi oxy,

al kyl enedi nercapt o or al kyl enedi am no structure or an optionally
substituted &F | enedi oxy, aryl enedi mercapto or aryl enedi am no

struckure which i§ib%%r&p%dnf&eoﬁhe§eh%ﬂ§uﬁg ofu g OUIRHRE I hWR 55

oxygen, sul phur or nitrogén atons of 15the aryl enedi oxy,
aryl enedi ner gaph0ige any!Enedifanimepsisuat greup whichhceepdiingst anyet
a further aspect of _the present invention there is Erovided a process

for the prepSPAEPBRILY SURFiHMEest ad&HePRPAE BF Hul Bl kXA SE TEEEEPBed

above 20conpeiShngy] 3641 MPind )sta cemReURHIBAVE BObé s ganenal formul a
(M1): (R9) (RL0) p. N (R3 )-R5(VI1) wherein: the RO and RLO
groups are i RAEPBRBERS| §t k| ERtRWHT tofm 2YOpPHBAATt ySSRISLS Ut ed al kyl

or heperoal kyl; 9bQURSatRE 5B HLUA 1S cBBkeELed & 10/ 988 Barko
hydrocar byl group, a substituted hydrocarbyl group,”a

het er ohydr ocarbyll kyiongdiznindstinupted chererbhydt bead b Yrsig tuged

silyl group aqr i Lve - 5.gr i d from
hydr ogen or %rﬁggé?M?éﬁyt %ﬁ%ﬁ%thﬁ%&%g§§Eb9g98g§l%§eé§gﬁ¥ﬁ6a

- PCT/ EP2007/ G&438tutrhewirbclanis thewrky tgr cbpsphrephadependentihrough

sel ected from hydrocarbyl, substituted hydrocarbyl, heter.ohydrocarbyl
and substitugéﬁ %5?e?35§%¢bc%ﬁ ‘”bf%ﬂﬁ%;r8ﬁ8n5?¥?m% %%ﬁﬂgﬂnd of the
f or milsa X- P( B4)lewBaLokn, Xaigléndiblnadeapnd bheaRflgnedianing group
whi ch conprises an optionally substituted al kyl enedi oxy,
aIkylenedineﬁ&éﬁFGUSE'alkylenedianino structure which is bound to the

phosphor us. aloup L OHgheS e Lo SxMEefkocsl), PRLOECOpE bf 0gen at o

of the al kyl enéedi oxy, enedi ner or al kyl enedi am no structure
or an optiongdefesabdvyi atit @dtemyd mrteticody, theykanedi aerEeagnt oY to
aryl enedi am st,ructure which is bound to the phosphorus atom
t hrough the t oXygen, sul phur or nitrogen atons of the

20 According to yet a further aspect of the present

invention there is provided a ligand system comprising
the product formed by reacting
i) a compound having the general formula (III);
(R1) (R2)P-N(R3)-R®  {III)
25 wherein:
the R! group is selected from hydrocarbyl, substituted
hydrccarbyl, heterchydrocarbyl and substituted
heterohydrccarbyl groups;
the RZ group is selected from hydrocarbyl, substituted
30 hydrocarbyl, heterohydrocarbyl and substituted
heterchydrocarbyl groups;



15aryl enedi oxy, aryl enedi mercapto or aryl enedi am no structure, and if
the R5 group is hydrogen, an HX-acceptor, preferably at a tenperature
in the rangg ®és/fiqEn - 30 to 200 C. 20Acgordi ng to a furgdiefpe&mesi; of
the present invention there is provided a catal yst system conpri sing
the product forned by conbining: a) a source of chromi um nolybdenum
or tungsten;th} Rheywruporse skeilgahds &somdsydidmah her divdragdrb?hc) a
cocat al yst. Accor di t urth e t.he present

i nvention t h&f@%s %N%ﬁ%%§;§u§e%aP§F§g§£g@i?é#%% ﬁpfﬁsing t he product
formed by conbtéisigyds)cm oalr gecab, chr subsim t wdd/ hdermnwhgdrboagsy én;

30b)a ligand system as, described herein_and; c), a cocatalyst. WO
2008/ 077908- 91 UEP@r/SEéééoﬂré’é‘Esﬁ’f dertv 8 q‘%%egret%c'yet a further
aspect of 1 e, presellodaNtdAn LA exbi RMAIARY hPIOGIRS) fRM)LNe
ol i gomreri sat ron of ef’l ni ¢ nmononers, erein the process conprises

contacting agrbeast one ol efinic nonomer with a 5catal yst system

descri bed herein. Detailed scription of the Ipvention used
A BAGRT

herein, the £BenR®taneerisdt| GFOURSaAset hRORRRRISAT Y SALRSTPLalF R of
an olefinic gi RTRAUC HhyaeBBeSh 1 P& idHied dcarbhe
conpound derﬁgggg§%€#§%1n%ﬁ?%%£§gﬁéon gf three§of said olefinic v
nmonomers. Thenteswpstitsd fidterahyeiragasbyhedE28R% wherein all the
oIefHBic nnnggﬁrs in the feed streamare identical as well as the
cases wherein the feed streamcontains two or nore different olefinic
mononers. 151 n pajiy cal @mpdl 8T Ahet Ebplenla ati oM whemeused Knis
relation to the trinmerization of ethylene neans the trinerization of
et hyl ene to fohmlad€baad kiene,Respeuiralilsy alghexenehich comprises an
The term "trinerization selectivify”" in f i e
trinerizatioﬁggﬁog?%;Yeﬁﬁp?Ef L“ﬁgiéﬁéwﬁggﬁgﬁggﬁ’a%%%%%géﬁdég%%ﬁﬁgggion
formed withi prt hexpredesismompostihicomre which is bdied tter mhel- hexene

selectivity" when used in relation tq the trinerizajl hyl ene
Co 1 Hexens ZSRSRRETERes HAbLHAL BIEN Thsang PEVRER: wrt et KE b
fraction of the RHedUEtcRONPOSEHd ML kylkmeaienal | aykel enadidedmmpdre in
the trinmerization of ethylene is the product of %he "i{innri§§u€é¥%d
sel ectivity" SFulPLkgiPEEIBIVERR S7EY ETsBPeQPEIPRY* Y 30HE 1o m
"tetrameri zatd,Qn'en@B3BE vyt NerfBE M Jinhdrcapto or arylenediamino

structure which is bound to the phosphorus atom through

20 the two oxygen, sulphur or nitrogen atoms of the
arylenedioxy, arylenedimercapto oOr arylenediamino
structure,
and if the RS group is hydrogen, a HX-acceptor,
preferably at a temperature in the range cf from -30 to

25 200 °C.
According teo a further aspect of the present

invention there is provided a ligand having the general
formula (IV);
(R1) (R8) P-N (R3) -P(RY) (IV)

30 wherein:



tetranmerization of an olefinic nononmer to give a product conposition
enriched in the conpound derived fromthe reaction of four of said

olefinic r@@gﬁw@woghe term W)2008107795?8- 14 - PCT/ EPZW]Q&%%SM

tetramerization I ncludes the cases wherein all the ol efinic nononers
in the feed streamare identical as well as the cases wherein the
feed stream cort ingromy ds selectidf Eranta diyefricaia@ bR NOBBE St 1 Hhted

particul arly, "tetragerization' when used in relation to the
tetraneri zat i%J%éagbwﬁl’eﬁg%%gngéf%%a%]r At iSRS ubPdet hyl ene to
forma C8 al kersragspeeicakrbyllgeetgne. The term "tetraneri zation

selectivity" when used in 10relation to the tetranerization of
et hyl ene to ILhrthehdnasians st Relasbedt foim G faraokitan bormed wit hin

the prpduct GAMMOSILI QA . The term " 1-octene, sel ectivity"”
when used in relation tgltchgr?léltjr%rrlrJé%-}Pz%cfnfpornlsoef agt E?F’Eﬁeorﬂ% Heuth ene
15neans the aghaititofent- gebepe fodneptridilily the ©8 foast hen-wiidhe
product conpaosjtj.on. 1e gverall yield of 1-octene in the

tetrameri zat i%‘lr?%—%nce %& dn8"Pe’ t he product of the "tetranerization

selectivity” 4Rl Plg:aipbys! B810de 061 £l SEIRELN, Y 1 dDANE AFPEC

of the present inverition relates to |1gan ing e’ genera
formul ae (1),9794D,, & svpsihbdutas)hy@tRBrhyIRERONER2E=N(R3) (1) P(R1)

(R10) BN ) RO (YO ERertl e ro B b ch, DRSPS B3 s

defi ned abovaroup, a silyWhgkeupobtr viieshives itve heelkeskted by theory,
it is 30thought that in the presence of an activated netal conponent
(a), e.g. actiifathed 9ERMENi-EnRl aPPebRm3} 1of i Swhs tiou2E08A DRYDOB d K6 Y,

- PCT/ EP2007/ Qfx %n%iiﬁltaa?.cQE%&"e@f‘ éi%@?e&%ﬁ%?é;??%%ﬁ?@% is

| i gands of the P-N-P type or exanple: p(R4)_
p(R1) (R2) _p( RO kD) tﬁ,e ?F@.mlﬁ@)@s N(1R) -thRephSThe teenoxygen,
"hydrgear byl " a3 riised NEEeLOgLR LELRL 1 90 4 %&E%Qenedioxy,

alkylenedimercapto or alkylenediamino structure or an
optionally substituted arylenedioxy, arylenedimercapto or
arylenediamino structure which is bound to the phosphorus
atom through the two oxygen, sulphur or nitrogen atoms of

20 the arylenedioxy, arylenedimercapto or arylenediamino
structure.

According to a further aspect of the present
invention there is provided a process for the preparation
of a ligand of formula (IV) comprising reacting:

25 i) a compound having the general formula (V);
(RL) (R®) p-n(R3)-R> (V)
wherein:
the R1 group is selected from hydrocarbyl, substituted
hydrocarbyl, heterohydrocarbyl and substituted
30 heterchydrocarbyl groups;

the RS group is selected from an aromatic or

hetercaromatic group which comprise at least one polar



the Rgroups refers to a group only containing carbon and hydrogen
atons. The hydrocarbyl group may be a saturated or unsaturated,
l'inear, bryachamawscyclic. If the hydr ﬁagbyl i's cycligorEmPSo7iysbi C
group may be an l1l0aromati c or non-aromatirc group. Unl ess otherw se
stated, the preferred hydrocarbyl groups for use herein are those
cont ai ni ng f rHMSEIRPG G4PBBn ARSnePt TR Itler Mes @Bsprat een-polar
hydr ocar byl " : rein.-ho. relation to the RI-R-0
gr oups referséfooé%%lreg%arﬁggﬁb%fagroups whi ch are substituted with one
or nore substiiaia s sdekileedeber ebmbefdsgen, a FRarbesbbyl group, a
"het er ohydrocarbyl ™ as used herein_refers to _a hydrocarbyl group
wherei n one ot RioriE YRS REAEAFBONY At DHRR s & FtEEEHYRYOa% HeY tradHin
such as Si, & Nt iGurdQl Rekudedyibsbd o fhig-hef,i B 5k 0P a5 Loup or
heteraromatic rings, i.e. wherein one or nore carbon atomw thin the
ring structur@ofvaddvar ¢herrefring is replaced by a heteroatom The
term"substitute et erohydrocarbyl " as used. 25herein_ref
ot er ohydr ocat s RGeS SRLEPLeS EReT CIBE AR RooReCoR b S -
substi tuents,g#efdned herei nbel ow. The term "aromatic" as used
herein, refers to a nonocyclic or polycyclic aromatic ring having
from5 to 301the iRRy atcribe Blagpbess ofreolndsmsindengdgnael ectedupson
inclu bi phen bi napht s y thra
ot her B se. ot AE OTHE Brer opp st aF saety S S S PSR L oSy
pol ycycl i c aramitsubatiings eblatiehgrbhpdr o MO A0 8/x®HP308- 16
- PCT/ EP2007/ 064391 5 to 10 ring atons. Mdre preferred aromati c groups
are nonocycl iT4romatic rings containing 6 carbon atons. A npst
preferted aromati ¢ qr QuRokBofnBNEAVL, QT A1 ENG bR | ok er ofl oal C
as used herein, eflers to 5a nonocyclic or polycyclic, heteroaromatic
ring having fgombidd skl thRgRAt @FBup CONt Al g dip fhamhl cbfpdises an
het erpat ons selected fromN, 0 and S in_the rikgg, wi.ith the remainjing
ar

ring & oms bePRyl e oh SubséféraBryal Freemrt ¥ har SdtitENGROUpECH &

nonocycl i ¢ heteropreidlds a+Ahbngs rufPhee Pief & ah womaoeycthe
het eroaronmati ¢ groups having from5 to 10 ring atons, nost preferably

from5 to 6 cRirbephatgngton thrphght Bhen teQiYIait-e$UaPBREL PE" as

used herein t I Li G190 0P ABY: e S eihbut gd-We b H, One
or 15nore suglg??f%éeér}?sa%dg{% %gd)%ﬁereilnge%oiv. X}b 'I%ﬁ% term rébb

"substit ut ed het@llgak@miiia@in@s stisedthee ebh mmmllwhéyaséhﬁ@t%d
group,gay be %yfféab%ﬁo Wi gl%ﬁ%d?ﬁe@éﬁ}:é%??télt. %@eﬁii‘iﬁﬁhged
U e u (0] 1

her ei nbel ow. a substi tuent groups r-usein e present
20i nventi on cabtrecontmd wicartbds abons andibe Persoatengtom through

the two oxygen, sulphur or nitrogen atoms of the
arylenedioxy, arylenedimercapto or arylenediamino
structure,

25 and
if the R® group is hydrogen, a HX-acceptor, preferably at
a temperature in the range of from -30 to 200 °C.

According to the present invention there is further

provided a ligand having the general formula (VI);

30 (R9) (R10) p-N (R3) ~P (R) (VI)

wherein:



The substituents may be either polar or non-polar. Pol ar is
defined by 1UPAC as an entity with a permanent electric dipole
monment . Thipehe@yeeds used herein, the éeirrp "pol ar subsgditpBdecBans
a substituent 25group which incorporates a permanent electric dipole
nonent . | UPAC defines non-polar as an entity w thout a permanent

el ectric dipotbenﬁ%fﬁnd refoope, aas usdependently dedreitBd Fhemterm
“non-pol ar supstit " ans.a, 3Qsubstituent grou ich does not

i ncor por at e ag%%}?égig %ﬁ%ﬁ%ﬁxﬁge i%g?§in%ﬁéhﬁé£rqﬁéﬁggogfﬁ??§08- 17

- PCT/ EP200710643943 uid alkh g sulsELLH ddie ude | ~and
het er ohydr ocar byl gf%ﬂ%gf whi ch ﬁay be st?@%%%t-c’a%hhgﬁq%?g%%ﬁgd,
saturated or “9h’@Ruratdtystdritoedi sydropenbnt ommtire. aNon-1imting
exanpl gs of sy ﬁ%ﬁﬁi titu j.ncl u na lic_and
pol ycyclic argﬁggﬁgsgﬁg et ro§?§ﬁéfi% %@%%ﬁ@?ﬁﬁ¥g?§&%EP§¥§F8ﬁ%f.%1
groups havi nggfeoam 5 t=i 11 atrome br Gheivangye extemaogs of such groups
i ncl ude phenyl and, C1-C4 al kyl substituted phenyl groups. )

Non-I'i mi ting BRBNPI X sifi FALPETABN2 bt BnBith et TOMHAS eddybgnedioxy,
substituents kel ude.diNadi?l BraneRede abkyin o %\%@%M wi§ QL PEs
preferably having from1 to 10 carbon” atons, nore preferably 1 to 4
carbon at ons. bNepd | ari tHengphesphplkes afomuiltadigh fdre awomakigen,

het er ghydr oca bstit. i e_Li r 15al koxy,
al koxggl kyl , éﬁ%}?‘gﬁl b o’{nl;{l%?’tg%f’k%ic'%’ﬁ?o%% k‘gf, %ﬂ{éﬁ%%%%g?{% kyl si |yl
and het er ocycélkybprarpisie @Qapeio sui babybesedsintuentt yreaups bacande
TS AL - 00 AP R SRR R P IR Eh o art YAgre i edpto ox
20i ndependent hyyl @fied ioni-rar eratceubydvacar byds mrurheter ehgdppeaphytus
groups, preferably having from1l to 10 carbon atons, nore preferabl
1 to 4 carbon®hPBnEITIY! TSt kP, CBYEGT. iﬁ%ﬁﬂﬁrzﬂﬁjq%§5ﬁBSByPF°ms of

Prefensed SUb’éﬁété@ﬁlerﬂiéﬂﬁ@ﬁ%@gﬁ!ﬁﬂé@ﬁﬁé?&épﬂf AWPSHrylenediamino
25het er ohydr ocar byl groups, and halides, in particularly hydrocar byl

gr oups. Sﬁﬁ%@?&?¢&3 R6 and R7 groups are independently sel ected
from hydrocarbyl, Qubstditit ed hudrocanbyher helRrQhygr egar Bybsand
substituted heterohydrocarbyl 30groups. Exanpl es of suitable Rl

R2, R6 and R7igyeupson ridiante ispprenalry aubse¢en ehdmeyPrephsayion
tolyl, xylyl, sFegi{¥landiPheerR2RBLAY 2 P NTAC MM or 1BBENIK Y ve

20 comprising reacting:
i) a compound having the general formula (VII);
(R?) (R10)p-N(R3)-R> (VII)
wherein:
the R® and R10 groups are independently selected from
25 optionally substituted alkyl or heteroalkyl groups;

the R3 group is selected from hydrogen, a hydrocarbyl
group, a substituted hydrocarbyl group, a
heterchydrocarbyl group, a substituted heterchydrocarbyl

group, a silyl group or derivative thereof;

30 the R2 group is selected from hydrogen or a P(RG)(R7)—

group;



WO 2008/ 077908- 18 - PCT/ EP2007/ 064391 et hoxy, phenoxy, tolyl oxy,

di met hyl am no, diethyl am no, nethyl ethyl am no, thiophenyl, pyridyl,
t hi oet hyl , wotogpeaexy, trimethylsilyl, ;di methyl hydr azygger/embdokssor
et hyl, ethenyl, propyl, butyl, propenyl propynyl, 5cycl opentyl,
cycl ohexyl, ferrocenyl and tgtrahydrofuranyl groups. The R11 R2, R6
and R7 groupsthe Kpraefetdisl R i adependerg | yndsreaciend Myr eaiepte@m%m‘dw
substituted d h teroaronatic

10gr oups, rm?ﬁe?%?ée %g%;sr@gﬁg]@%!d%’{b% (%Ctat ut'ed gﬁr gma |E¥ ?%%rk?'l
especially op&mdn&ﬁﬁqxuiwmeﬂlhatedohwmxgdarbyi(gnau@mbodlnent of the
present invention, the RL and R2 groups are independently sel ected
froman arometi< or heteroaromatic group, especially phenyl , which
15co ises at |egsty gn S lﬁ?ym 4] I e
or ng?% non- polarQEUbgt??ﬂghgéd &ﬁ%%%%t a Fé%n? ?ﬂéﬁgﬁgﬁgsgﬂt

i nvention, the mliakd 434 gheupd areup nﬂepaeruiemﬁ whieheebagr { §@m Aan
unsubstltuted aromatic or heteroaronmatic group, 20preferably an

unsubst i t ut ed®RrFRAIY §HEEH I TEERE R Ak Y RTHRERAY alkylepﬁdy%%r%ﬂﬁﬁQKN

enbodi nent, Riris$seleE@dnfihonsapudi@ratici & Reteiear egathg group,
especi ally phenyl, which conprises at | east one pol ar substituent

group, and 25OMRSIHAYUS 3608 SRTABER Hom-tE Arxysesst SUGBRBE, OAnd R2 i s
sel ecfed f rOQMW%%UB%C'tﬂéogf'i:yfez%dﬂﬁﬁﬁr QANQARLES 1 fE LMt o

especi al 'y phenyl . Sui t abl e non- pol dar’ substituent groups
i ncl ude hydr o@araawylﬁmsitllamuént sgregpsravpcrrdentdngdayapnbstituted

30het er oat ons 0 r ents

i ncl ude nethy?ry%ﬁqnﬂ S(oa%ﬁlg%u§9+é§pé ﬁ?éﬂ:ngﬁsg%gggﬁaﬁﬁertbutyl,
pentyl, hexyl$tx@mﬂunﬁﬂunﬂch 2snebhydl cyc| diexgHgsphd®u208860 778908agH 9
e b oy S S TR G BEDA LT P R Py
or theslike. arylenedloxy, aekaetete Nesp POl &f Sllshiekiuant ngr oups

i ncl ude al kyl s, in particularly C1-C4 al kyl groups such as
met hyl , ethyl?3 g €r i sopropyl, butyl, and i sobutyl groups.

Sui tabl e pol ar, substijuien 3.1 d5epbareitn ] ngl ude, dubeae not

necessarily |77 ted to opt’on anc ed’l OoXYy groups,
(e.g. connectedefeardihley RL andeﬁ@erature in the range of from -30 to

200 °cC.
20 According to a further aspect of the present
invention there is provided a catalyst system comprising

the product formed by combining:

a) a source of chromium, molybdenum or tungsten;
b) one or more ligands as described herein and;
25 <) a cocatalyst.

According to a further aspect of the present
invention there is provided a catalyst system comprising
the precduct formed by combining:

a) a scource of chromium, molybdenum or tungsten;

30 b) a ligand system as described herein and;

c) a cocatalyst.



groups through an oxygen bridging atom; optionally substituted
c5-c14 aryl oxy groups, (e.g. connected to the RL and R2 groups

t hr ough anygxy@apdagi dgi ng atomn) ; optLogglLy branched cleGEBo@lok2sy (C
1- C20) al kyl groups, 15(e.g. a cl-c20 hydrocarbyl group bearing a
cl-c20 al koxy group); halides such as chloride, brom de and i odi de;
hydroxyl ; am no; GFCOFEiREstal K§t ot HEthak @ePeet- €6 ARyPEeIgiHoNny!l ;

C1- 05 al kyl t M 10fel-ih) alnle¥k gE5O0HPSvided a proctidsPhateirnheterocyclic
groups, especially with at |east 20one N and/or O ring atom and

tosyl groups.cligomergsagiippc oéx ahpf el ofnaifinedis e wherainstbst Proesns
i ncl ude nmet hoXy,nAtdX Yornl-SERE QROXY, .af:l.u 0X2
trinethylsiloxy}xginethf gngggggné¥h?%%ﬁ?%ﬁ%%fﬁ%ﬁﬁgéflQBRBHSP With a
met hoxy et hylcatesiyad tshviseeet Hyber264d 3hesesizol yl, hydroxyl, ami no,

met hoxynet hyl hosphinQ,.  _arsi.ng, stjbi sul.phate, nitro and the

| i ke. Prefer %%1 J1d%scr% LiRt: of phite et and R2 groups are
i ndependent |y sel ect edelir hareph| ottad | yedur ancliae réta€20nal koxys grraups,
optionally substituted Cs- 30Cl4. aryl oxy gr.oups,. and opti onal

br anched ¢1- - HIGIG CELTE3A7AT kBRy br G pLeNBrE BREPBeabFg, 91FR 2
pol ar substi tpesdsciar@npedependenht ycnsd et athd I@moephionatt yed W om
2008/ 077908- 20 -PCT/ EP2007/064391 branched Cl-C20 al koxy groups,

espectil Iy optheneRasE nardhEBrer- eb 83 KOS fridss "oneReas: Fiop tewrm

exanpl e, net hoXime BIAHA6n RRCRARYs tBOPELROX Yuh dPLiOX ] 11 $ABUS OX¥snic
tert-butoxy, pentoxy, isopentoxy, hexoxy or isohexoxy, of 5which

met hoxy, et hoxgnemRrs sioprtdgoXyedr stpannizie ddaptpceflepserepdl ap the
substituent gt é@é-wherej]n Eﬂeog@eﬁf@»?f‘éél?ﬁ%né %é?%w%“@/rogo%egroups

i ndependently bears a polar substituent on at | east one o
ort ho- posi ti onstfSaird Rledidicr mRRogedsp can al so 10be optionally

substyguted by eitfier a%t%hi‘érortﬁé’”ﬁé’ﬁé artﬁ'}n%%z%&.igﬁy MBE ysed in
position on the aronatic or het eroar ongt i ¢ group.” FOr 't he avoidance
of doubt, therglutase: "lieathe arpokalzsubshidfienthydrerat mMeeast tbae of

the ortho-posjtjons’ 5nean%, fgrlexa | e that(;he @; and/or R2
group i s substiTRedai R &pSrarisibst? t IR Brf e S ChotAPEF 14
ortho positiofsy.BY,dhe term"ortho-position" when used in relation

to substituents on the RL and R2 groups, it is nmeant that
The term “trimerization selectivity” when used in

20 relation to the trimerization of ethylene to l-hexene

means the amount of Cg fraction formed within the product

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

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

fraction of the product composition. The overall yield of
l-hexene in the trimerization of ethylene is the product
of the “trimerization selectivity” multiplied by the “1-
hexene selectivity”.

30 The term “tetramerization” means the catalytic
tetramerization of an olefinic monomer to give a product
composition enriched in the compound derived from the

reaction of four of said olefinic monomers. The term



20t he substituent is in the ortho position relative to the atom
bonded to the phosphorus atom The R3 group is selected from
hydrogen, wobehigasag byl group, a substit %eg hydr ocar bypcERuP 06801
het er ohydr ocar byl group, a substituted heterohydrocarbyl 25group, a
silyl group or_derivative thereof. Typically, R3 is selected from
hydrogen or tH&JA8Gpe 286h8NstPREES dig Icdsesbahieraindadl kitte aryl ,
substituted arylefidiy A¥KomSUBSTH L0 Y Q1L AL ken upst i tut ed
al kenyl , cycl oal kyl, subst?tuted cyc]oé%iyﬁ, 38§|E§§y%§?%§§é§? as

car bonyl oxy, alsddxys &hEn6aasdoyeteivartienyieani sorednatéytamnawo or
silyl groups @, der\ati- 08/ 077908- 21 - PCT/ EP2007/ 064391

t hereof, and afkyl 3r ar§ﬁ§g?¥%%§9§gﬁg%fgﬁggh with any of these
substituents or halbgearbicalanty,o tgreotpermPr et er abé v z4 1B wiie@up | S
selected from ydr.o |l group,, a sybstituyted, hydrocarbyl group, a
5heterohydroc§%fy qér%%%?¥é9§u%%t?¥%n HREEELGRT APBCAF b HrBtp means
silyl group orthdetievatiuveither@ofor Mure/lpmefl ebabbymR3 &5 eyl
substituted al kyl (including heterocyclic substituted alkyl w th at

| east one het &@&camtlguthoasemeor 0, and al kyl groups substituted
10w th a het eroat ogy,Qr el 1.C..Qr , cloal kyl,, substituted
cycl oal kyl , substitu?e%gﬁgcl?%gégﬂﬁ%ﬁ%gggg%i?§¥%ﬁt%Y§ M zﬁ%ﬁno%fe§rln
subst ii0ut ed ampilexyoyr bapthe tetBmmilzatioh sdi tahibeld g OURS tene

i nclude Cl-C1 lLky roups, . substituted,Cl-C15 al ky| groups, Cil-C15
al kenyl 159ro§§§?§shggt??§?%% %ﬁf%%. %ﬂ%%%ﬁ?lgafﬁﬁﬁs,l?éhQﬂ. e product
cycl oal kyl greQéppossubshituted C3-Cl5 cycloal kyl groups, C5-Cl15
aromatic groups, substituted C5-Cl5 aromatic groups, Cl-Cl5 al koxy
groups and subst it Thedtarm CI5 adtiesey sgl.eapsvithpStwiprrefiereded nR3 gr oups
are the Cl-Cl5.42Qalkyl . gr j.ch..incl.ude both |jnear and branched
al kyl groups; Su??a%%etgxgﬁgﬁggwgﬁ%?ﬁégg%égth,eg?%%??eﬂF%gyFFtene

i soprdpyl, butmgknsi sbbueybunt ert -butotlenepentypbd ai kyin bitenched pentyl
groups, hexyl,_ al kyl branched hexyl groups, heptyl, alkyl branched
heptyl groupsfT8EEYPPaff PERIREAdWTarcHegsetion- gflbripaverall yield of
Exanpl es of syibabbfe- NoR3e @HOURS HiNGkUdE ot J;%/ "5 NEthyl) -,
-N(propyl)-, -N(isopropyl)-, - N(butii)-, -N?tF%gﬁi %% l-SI\J(t%l(eentyl)-,
-N(hexyl ) -, - RE2dugthgf hehg | Ytet ragegyigiagherybylectivity” multiplied
-N( 1- cycl ohexyl et ¥l 21+ oat (25 :GyGl ohexyl)-, -N(benzyl)-,
-N(phenyl) -, -N(2- octyc:>L():-€,§r(PeE\I (iﬁﬁ%?ﬁg% phenyl) -,

-N(4-Q8rt-buty|phe@WQ)a$P@Ct of the present invention relates to
ligands having the general formulae (I}, (IT}, (IV) and
{VI}:
P(R4)~P(R1) (R2) =N (R3) (1)
P(R1) (R?) -P (RY) =N (R3) (I1)
25 (RY) (R8) P-N (R3) ~P (RY) (TV)
(R?) (R10) p-N(R3)-P (RY) (VI)

wherein R1, RZ, R3, R4, R8, RY and R0 are as defined
above.,
While not wishing to be limited by theory, it is
30 thought that in the presence of an activated metal

component (a), e.g. activated chromium, an equilibrium



WD 2008/ 077908- 22 - PCT/ EP2007/ 064391 N( (CH2) 3-N-nor phol i ne) -,

-N(Si (CH3) 3) -, - N(CH2CH2CH2S1(OWe) 3))-, -N(decyl)- and -N(allyl)-.
In the comweude@isofor mul a X-P(R4), the_ halide group, pcrspzbormiseal |y
sel ected fromfluoride, chloride, 5brom-de or iodide, preferably,
fluoride, chloride or bromi de, especially brom de or chloride.

The R4 group ésisire dysttivesal Ligsndst P utksl RiEGN g exg, 1igands of

al kyl enedi ner capt o .or, al kyl e i ag tructure which is bound to the
phosphor us at%ﬁ?tlﬁr%uf’gﬁcs}%t'hgggmg%ﬁ %J%h, sul phur or nitrogen atons

of the al kyl epeghl pxyr1al (2 engaBiees apt ol orr a4 rénediiad) ne> structure
or an optional Ig substituted aryl enedi oxy, aryl enedi nercapto or
aryl enedi ani norR5} (RERHNE RANi-EHRA$ bound to the phosphorus at om

t hrough the two oxygen, 15sul phur _or njtrogen ons..of .th .
ar'yl onadi oxy. - ary SRR CHRGORPERY ]I etiodi e fe Btfudbyfgiation to

Sui t abl e exa i B0y, | QR¥9L0URS, | e nBUlcRRE 1RQhg! | M ted
to, 1, 2- phen;?Piéﬁe i 01§<y, dlreogu% di hygr oxyna?)h hall&tgnerf lg,u * g

2, 3- di hydr oxynaphohadrehdiydr,ozen?@dongdr BRy apydweraeiyl group may be a
1, 2-di hydr oxyphenant hrene, 2, 3- di.hydr n SNy ic. If
3, 4- di hydr oxygﬁglﬁﬁﬁ%é eonre,U'é,a%él-r%?ﬁyd%%%ﬁeﬁt fene, cyelic

1, 8- di hydr oxyaaphhhat @mesby?, 2's- oichydr oxpbi phehit gz may be an

2,2 -dihydroxy-1,1' - bi napht hyl . The di_nercapto d t |

substi%ut ed dg‘éﬁ?ﬁBl%S%di%"@é?"@ftthgﬁqu %%J%QS Ogtﬁjéerexggr?p S

suitabl e aryl eaedhpef &2 AR caabenediranpaof gt oups  haresipeatrev €hyse
Sui t abl e al kyl enedi oxy groups i ncl %de 2,3-dipethyl- 2, 3-butyl enedi oxy
(= tetramet hyFeRRIERHRI B8N ard® 293°238RPopyPBhedi oxy. The

di mercapto and optiphald i SURSitt ¥l:edqddhaatbea anal ‘ogiiesiselh hbesen in
conpounds are exanpl es of suitabl e al kyl enedi nercapto and
al kyl enedi ani re1groupsto rigspect-Ridl yroup® 20081977908 dzgarbyl

- PCT/ EP2007/ 064391 . In preferre odi. pen 4 | n optionally
substilfut ed aPEYPBACHIORY %IlPe a%‘%séﬁg&%%;&ywéggu%.ge 15—2_1&%1%” enedi oxy
or 1,2-aryl enedibexytgeetPsiaf tndmsieerieberned, especially

1, 2-aryl enedi oxy groups. 5ln a particul ar Lg}pref er reg(g enbadi mer%%xtshe

R4 group is an opt FBRabtsP s UG HOOVEFOTasPE yI Rl Ty Gt “having

the foll ow ng (gt %Uﬁgaiecam&ﬂgic&;;bwﬁd:em the phospheres tdtomarbon
through the two ortho positioned oxygen atons of tge 5. N o
ort ho-aryl enediteXy &6r gephpesd by a gpferoatom, such as Si, 5, N or ©.

20 Tncluded within this definition are heteraromatic rings,
i.e. wherein one or more carbon atom within the ring
structure of an aromatic ring is replaced by a
heteroatom.

The term “substituted heterohydrocarbyl” as used

25 herein refers to heterchydrocarbyl groups which arxe
substituted with one or more substituents, defined
hereinbelow.

The term “aromatic” as used herein, refers to a
monocyclic or polycyclic aromatic ring having from 5 to

30 14 ring atoms. Examples of polycyclic aromatic groups
include biphenyl, binaphthyl, naphthyl and anthracenyl.
Unless otherwise stated, the preferred arcmatic groups

are monocyclic or polycyclic aromatic rings having from



10wherein the RII to R14 groups on the phenyl ring are independently
sel ected from hydrogen, hydrocarbyl groups, substituted hydrocar byl

groups, i ngbizoésiedogonal groups or any b _of the 1211 g@rafpbdo@6R9PS
may be |inked together to forma cyclic hydrocarbyl or

15het er ohydr ocar byl structure. Prefer abl%, the RIl to R14 groups
are i ndependentty Kel|rd@ged tPrem K9ae oifert e HEA D FevMaky &r BEArDY| 2L e

het er ohydroc g Lithe QR BRURS cakBohi AKefls. A
together to %%Cgcglylc }ggoﬁygrocgﬁl)%/f or 20hetn(e?#ohydrogar byl }
structure. mostExargfleasedf aganehbt eg1Ud I RPPGYAUPSORRAe! ude

hydrogen, f1uor ey, CRLOLI B, BEORL A d.00i e - Q158 ko sr s,

substituted 01-015al Kyl groups, al ken groups, substituted
01- 0155 al keny msoups;1i@30@15o25cycl ba) Kydtgraoupsiatdgbstnguhedi®@s- C15

cycl oal kyl groups,_05-015 aromatic _groups,. substituted %5 C15
aromatic WD gﬁ‘%@/%f‘fb%‘é— 359. ﬁé‘i’y‘ﬁPZﬁ%‘%m fgrroénu;c:}s,t C1-015 al koxy
groups, substhss sk iGnChe1alckeyy fgoaUPS, O adrodPlirgrowps ingpi Abth

groups and thiol groups. Alternatively, tw of the RII_to Rl4 groups
are |inked tobeehesm3igFer MR PEPTE %%‘?%c‘é”f%‘iﬂ“‘o?referab%' Phe

Shet er ohydr ocarpylo st 4oty %,roagamkesm@ﬁo@y@mcstﬁmwaeamiam:bude
optionally substituted phenyl, biphenyl, naphthyl, binaphthyl,
ant hr aenyl , pheaanttess PrafiespgheHyMONEGYFHIF  NESRIHFOHEFRC groups

cycl ohexyl, f n etiahy dEoL UERBY | QO b1 yOR@om 5 to
specific pr efgéj‘r}g%&e%%%ngi@nettnot, tge gll to ]2 gr t)gt};es are ggdr ogen,
i.e. ortho-phéngbepediasyns.ln the |igand of forrmula (I1V):

(R1) (R8) - P- N( R3) - RGRA). (1 V), - Qi 4 S dpbEemhan
hydr ocar byl , substll(l?euttee(dmiSﬁfgrsg%gﬁﬁ%,g%et erloﬁ?ycsﬁgogg%gyp and eans
substitut ed hehetobydracandnyic casugehmbgetehevles nEboved witdh the RS

group . is selected froman aromatic or, heteroar tic group which
conprildes at PEASt S‘dlﬁﬁtbweé’rtssLﬁ?sftclfjfageﬁ?ra%%ﬁ%?&ghd optional ly one or

nmore non-pol ar 20stilst identsu@Pseipstebinhébercasenofid | gandsglVheretin

is preferable that the RI_group is selected from an opt.iqnal l
substituted afGRBEI ENBF Btb‘?i%‘?fg‘laﬁ}cs@ﬁé’flpt ﬁ?gdbﬁe?lg?%tglrtou%net# (‘:J)ié:rhoarﬁ,e

such as an oplji0RakLyssubstdddid quramel, heveenpeeber ably 25an
optional [y SUbStItggfﬁgggé”gﬁgééfgﬁeggtbgggggyfor use in the present
20 invention can contain carbon atoms and/or hetexoatoms.
The substituents may be either polar or non-polar.
Polar is defined by IUPAC as an entity with a
permanent electric dipole moment. Therefore, as used
herein, the term “polar substituent” means a substituent
25 group which incorporates a permanent electric dipole
moment.
IUPAC defines non—polar as an entity without a
permanent electric dipole moment. Therefore, as used
herein, the term “non-polar substituent” means a

30 substituent group which does not incorporate a permanent

electric dipole moment.



substituted heteroaromati c group which conprises at |east one pol ar
substituent group, and optionally one or nore non-pol ar substituent

groups, sugh @@ dpkenyl group substi tutg W th at | easicofiBoPakas:
substituent. WO 2008/077908 - 25 - PCTT EP2007/ 064391 |In the case of

ligand (1V), it is particularly preferred that Rl and R8 are both
phenyl groups subsfiititkdewsehs@ltpsings gnedpdenhadrdeastybomadf t he

ortho positio 0 i.gand,.(; X . - : -P
(R4 ) ICI;9 and 1§C e?rogl Y?Eé&%gﬁg%n%f%/ﬁg% ec(l\eg5) e é’ﬁgép% E%%é%}i‘g”&a(l@“
substituted alk@dndredniesetoabkyd gr oupmtSuitedbl erahkylcgroups:-

i ncl ude bul ky al kyl._.aroups have 4 or nore carhon 10afons referably
al kyl groups haali/qn}r‘/?é:l%'tggg Eé?thn%tecﬁ?ﬁp |t°§blséllg8{°g?o§¥‘1%§/?tlgcr oups
i ncl udé t hose duddoy talkehyk gholpse |mai®tydAlievanahebeiy8yohec ofrdte cof
the carbon atons i s substituted with one or_no het er oat ons such as

h
Si, S, Nor 0.3%%h W@F@PF@WE%O@?%@,p’ﬁéfeéﬁ‘ﬁ’?%ﬁi@m%?%c bHtHPS

i ndependent | y 18}ief geoh 8M:an1 @Pit &l iy tHebstinbyt edabkyd ,of such
preferably a C4-C8 al kyl, especially tert-bu"taél . _The ligands of
general formul&CYRS) 1afdupe) phapel and C1-Cyprdhateduheb eFntoy Rpenyl

process which conpris reactjng: 20i) .a compoun ving the ner al

Pormita (111 S - BT 2R ) S0aalo (o PP BHAF aPRe - 1oty I

ﬁsdde”med g.bméal(ﬁdbfarb@ﬂﬂuhﬁetiti)eraﬁmf j(dd])uc@"ldiﬂgairSoSebﬁ@Iﬁﬁded rdmy1
ydrogen and a P(R6)(R7)- _.group; 25wherein R6 _and R7 are

i ndependent | y ¥el% l((é’ci‘l%‘%n?ﬁ?gﬁ’%cé?wefr%ﬂsmvﬁpgdfﬁ%r%c‘é‘? A

het er ohydr ocardydbcand caHiast inb ué eglr &ed 2oRY dr @eanbyb r8EaURSmaANdIdr-) a
conmpound of the fornmula X-P(R4), wherein X is 30a halide and the R4

groups is as deéftiid@dasrarier Pf gainbiale gORerErTEsLRul ae (1) and

(11); prefer alee@r&ﬁ%@&@BW guh & {hee{aNge Al gkl 99he30 &P P0G Hed

WO 2008/ 077908- 26 - PCT/ EP2007/ 064391 Inportantly, if the RS group is

hydrogﬁh, an HXdkoxy, alkoxyalkyl, alkylsulphonyl, alkylthioalkyl,
alkylamino, alkylsilyl and heterocyclic groups.

Other suitable substituent groups include halides
such as chloride, bromide and iodide, thiol, -OH, Al-0-,
-s-al, -co-al, -nala2, -co-NalaZ in which Al and a2,
20 independently, are non~aromatic hydrocarbyl or
heterohydrocarbyl groups, preferably having from 1 to 10
carbon atoms, more preferably 1 to 4 carbon atoms, e.g.
methyl, ethyl, propyl and isopropyl.
Preferred substituent groups are hydrocarbyl groups,
25 heterchydrocarbyl groups, and halides, in particularly
hydrocarbyl groups.

The R, RZ2, R® and R7 groups are independently
selected from hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl and substituted heterohydrocarbyl

30 groups.

Examples of suitable RL. RZ, R® and R7 groups
include optionally substituted benzyl, phenyl, tolyl,
xylyl, mesityl, biphenyl, naphthyl, anthracenyl, methoxy,



accept or conmpound nust al so be used. Suitable HXacceptors for use
herei n include neopentyl lithium n-butyl lithium sec-butyl |ithium

i t hi um hy@big@&o75%9¢1 um Shydri de, potagsi m hydride, tricikpshembsic:
trimethylam ne, tripropylam ne and the |Tke. In the case where
R5 is P(R6)(R7), it should be noted that the |igand conposition
formed al so c&HIPFYesPREFPRE) (FAY by dimsdtrianines dieproduitnodoes

not 101 nterf eheh0130%y$LANAS | CAtoARALAC wikhah oLy gonmryatt on

reaction and theréfore need not bere e resultimg |igand
conposi ti on prihderhenpsy rat i bretdiylsidatial yidmecbmpogidtaonl, lwethyl,
preferred enbadingnt n re |l ected 15 from an aromatic or
heteroaronati%Qgggﬁp%tsggygf§g§§) H gigﬁgfiggaP8ﬁ coprisiig at

| east @ne pol aycdebshitylentyglouxyITheEgqredeal 1 odnd heet eftofd @t afanyl
conmpound (I'11)_ wth X-P(R4) may conprise a m xture of
ligands in eq@i%irum 20wi th each other, for exanple, a mixture of
l'igands (1) and (1k)Wethgtheie BrN-R7

(R2) P- N(R3) - P(R4) . - I'mdeed.” i'n theniamaggé%%tﬁléo%&géfleg\?v})lyhe
prepar ati on ofindegandert gy veslected friont wpéiohaPlP=filagid FathedP
structures. Thi XU o] | S can h_25i.n a

cat al yst conpggi?%%ﬁ% éﬁ?h% %1 |rs5’§§%§?§Fﬁ§§go§§t%#é???ﬂﬁ%%ﬂuaI

| i gand®. Henceraopsr dmhget prafwtdiery agpdchadl yt bebpt eserndd | neenitiien

reacting (1) S CORBoURGDRGYE hGY (1Y GERAra SPBFRGFAECS IT9=el def | nod
30h i nab ith SN 4 - i.ned
her:{ﬁgggvgye " %ﬁesﬁggand dﬁmﬁgﬁgggkﬂF§P§%F%A%?ggégﬁﬁﬁqéé 6P§p§5ed

by a process GORPRESgRgupsagté NidepMARPR8A0EE908ted from an aromatic
- PCT/ EP2007/ 064391 (i) a conpound having the_general formula (V) (R1)

(R8) P- N( R3) - RO Y VFERRBREPAZRIC TELUHRS SO CRE LAY ePR&NBES | WikFD

herei ngbove; angh3hiskl 8+ CoEROUNShOfHd1MhR s X1 BubRé) gvhigs eidhaX and
R4 are defined hereinabove; and if the R5 group is H, ~an -acceptor,

preferably at CRtienpéltst ore oF MPPMNBOEHGr280bet ttuents.
The |igand of for a . ar.ed ri si.ng
Mg}y aﬁé@ﬂefﬁﬁﬂﬁﬁﬁﬂ@%ﬁ L& Fﬁgogﬁ%$§5€%$ﬁ§x%%g?4(E&g )

reacting: (i) a conpound having the genera
P_N (R3) -R5 (R lahdWkér groufe, a LG iR Rndand 15 sal ecesd defdmeth

her ei nabove,; , . .
unsubstituted aromatic or hetercaromatic group,
20 preferably an unsubstituted aromatic group, especially
phenyl.
In yet another embodiment, Rl is selected from an
aromatic or heterocaromatic group, especially phenvyl,

which comprises at least one polar substituent group, and

25 optionally one or more non-peclar substituents, and RZ is
selected from an unsubstituted aromatic or heteroaromatic
group, especially phenyl.

Suitable non-polar substituent groups include
hydrocarbyl substituent groups which do not contain

30 heteroatoms.

Examples of suitable non-polar substituents include
methyl, ethyl, propyl, butyl, isopropyl, isobutyl, tert-
butyl, pentyl, hexyl, cyclopentyl, Z2-methylcyclohexyl,



and 15(ii) a conmpound.of formula X-P (R4) wherein X and R4 are
defined herei nabove, and if the R5 group is H, an HX-acceptor,

pr ef er abl wyatzo@bagper ature of from -30C go 200C. The |Ij(gﬂﬁ(§§07ﬁ@ggl
ligand systems of the present 20i nventioh’are useful in catal yst

conpositions for the oligonerization of olefins. The catal YSt
conposi tions ofydlvaiegnydsenvcltaventidiereghpmigayl, bi-phenyl, (a) a

source of chraom b um, 9 u ) e
or nore |i gancps (L%llrrp y| gaﬁagggéteﬁ%ﬁ r}g%édle%crl begeﬁgrel %ro n]rtljng aldf
(c) a cocatal ysdnzyl grotibe,sour tieeoiildw om um nol ybdenum or
tungsten, conponen r the catal system of the t

i nvention can incl %&%% Fﬁﬁgen?rr\?)? Hi cglu} 4 %PSQ%} grg%IP% SP%(%@.?&E alkyl
chrom wn nol yheapsm an purgstebar Exarpl®s afkydi grbepsnsnganis and
organic salts are halides, acetyl acetonates, carboxyl ates, oxides,
nitrates, sul freesylandtilgd, | bkepyFur i $repremiinc &tof, cARS M- SAPUTXAD
2008/ 077908PCT/ EP20307/ 064391 - 28 - nol ybdenum or tungsten can al so

i ncl ude co- or dihati on and organonetal i c conpl exes, for exanple
chrom umtrichl ori deittablet gblahysimbﬁurtammmjloexpse herein include,

(benzene)tric | chrom um_ chrom u a rbon n t

Preferably, ﬁé o%“?ecém&f n@ﬁ?&ﬁ?ﬁﬁlﬂ'nﬁ e%ﬁtm ‘of tt&r?gs? ﬁ,gg%%%eﬁ%nt

(a), fos the C@# % $talsysdegrioapse! eet@d dsamacianple ither ganand aRzl
chr

organic salts o om um nol ybdenum or tungsten. In one enbodi nent
of the presentgrowsntilomughhenl 0sydgesebvidainoton) ;nePFbasalihy or

tungsten, corrpogkg%%léuat)ﬁc{ fCOF_C'éEE Egkyn%fg%ngeemé_ aShnpkecy tp the

|norgan|c or O? num or tungsten,

is soluble in ﬁls&lxd'ef@ s2¢hirBags thg;l;w@d B MOrg2L04A19. 15The

source of chrom um nol ybdenum or tungsten can al so |ncI ude a m xture
of any conbi natPbhoAlly myagaheesy &anFEOsﬁlr]E%XY E»q]rrGZéJ Gr-dAi Erg’éP?s

co. oAt on sorplexes, a0, orgANONEL b L e SOBLENGS o B dchreLeesy
particularly CQEQﬁ%rn1ﬂAﬂﬂ&es such %egﬁi6§gd§cnﬁfﬁﬁidg d%@rQﬁﬁﬂﬂbfor
use herein are e 1 norganic and organi ¢ salts of chroni um and

coor di nat i on ohydrgapbnetmirdic (@npLexEs @lkhlﬁmﬁ%mn#‘wpe preferred
sources of chrom um for use herein a&iy&thlg?él )eallknycir%anl ¢ _and

organi c salts 8tXehfelRiPRY Sudi5s 2 roups;
sulphate; heterocyclic groups, especially with at least

20 one N and/or O ring atom; and tosyl groups.

Specific examples of suitable polar substituents
include methoxy, ethoxy, isopropoxy, phenoxy,
pentafluorophenoxy, trimethylsiloxy, dimethylamino,
methylsulphonyl, tosyl, methoxymethyl, methylthiomethyl,

25 1, 3-oxazolyl, hydroxyl, amino, methoxymethyl, phosphino,
arsino, stibino, sulphate, nitro and the like.
pPreferably, the polar substituents on the Rl ang rZ
groups are independently selected from optionalily
branched C1-Cp alkoxy groups, optionally substituted Cg-
30 C14 aryloxy groups, and opticnally branched C3-Cpg
alkyl (C1~Cop)alkoxy groups. More preferably, the polar

substituents are independently selected from optionally



salts of carboxylic acids, preferably salts of al kanoic acids
containing 1 to 30 carbon atons, salts of aliphatic-p-di ketones and

salts of pwlebrasiess (e.g. chrom um (I_I% 2- et hyl hexaneaimogLs um
(I'1l) octanoate 30and chromium (lI11) acetylacetonate), and halide

sal ts of chroIT; um s%ch ag chromumtrichloride, chromumtrichloride
tris-tetrahyd cGAptaR, 2 LR Bhi GHRAURS -hesRrEEa L Erept ianally

trifluoride, ram-um.tri-,. WD 2008/ 077908- 29 _- PCT/ EP2007/ 064391
i odi de. Speci ]EI c n%)%&%pnrégbéféjt]ﬁ%xlf)r%l?oeurprse&ué: uPEe BPT CHFYMIAFM for use

herein is chr ofEt®uxg!, | bl??ﬁgzﬁfﬁft)ﬁgéﬂn%tﬁpr%bggygaﬂ:‘h‘?‘%’?f’g;gggq%féﬁy’

tris(2,4- pentanedionate acac)3, chromumtric

5and chr om um%&StchMEPEde PEREOR Bt rigppfrdsyanhevopy eot; FDESOCRY) BF
The cogat al yst,n [ |,nci )2 or _m xt.ure_ .of
conpounds thatWhémplg?ggk%h %ﬁc?}(\/ygeacrg{]és%%%g)%g it i R Y e Sddce of
chrom um nol Wédearedr peD2 ungst €, tisorparenps(a), and the |igand,
conponent (b). Conmpounds_whi ch are suitable faor use as a

cocat al yst i ncl udeIBrﬁg‘go%{?l?ﬂﬁlr‘i‘}%rcGﬁﬁoﬁﬁdéfldé?@é%émsconpounds,

organi c sal ts,insplnasnfBy yedid h Weand smekhylpegresi wy g{e%@td%n%”d

the like. 15Particularly preferred cocatal ysts are organoal umnium

conpounds. Suidfatthe orghneadsit ivnsm caigoRAdaniipsr Use h-hgl ka3l @1so
t hose 1I&avi ng tbhe fgr. nuli\ AL1R153,. wherein each R15 group is
i ndependent | y "S§ePBEEEHf+HnT S I kDY EpiarEr AnPYL A7 -7 oA R L

oxygen 20cont ajridiupd aBDbLY | €Shanbdalt idesS onaRfe COPPRANIS such as
Li ALH4 and the |like. Non-limting exanples of suitable
or ganoal umi ni GMESABEAREEIF YRR tri met hyl al uni ni um (TMY) ,

triethylal um ni um £JEA e tddoiBOR Wrakuabpi upad T1BAse “Pears.a.
tri-n-octylalumnium nethylalumniumdichloride,” 25ethylalumnm nium
dichloride, dPfefRyFabPak! nrem cil avti deasdi ephybal uné muihatdosditdenafid

al um n@xanes gr%l so called al xanesL)h. M xtures of oéganoal um ni um
conpounds ar e "§P85 sOPE abf R G SR thdPsi B PRIACHIRT &%/ éfbodi nent
herein, the cetdkaliystedswB0amn gdENENRREi€QEALt Y Sdne VISR LH of

al um noxane cqcat al gsts may conpri se any al um noxane conpound or a

m xture of al dii®n8%aRe BORHot. Al umi noxanes may be prepared by the

control | ed additi opyofnialédim e @Moablkkk ak 4av njwn MR 2Q08,Q729085-
PCT/ EP2007/ 064391 3% conpound, such as those nentioned above, or are

avai | abl e comter subbtytuémt ¢ hirs tentRdxtanidt REheubapHe 1otied rdhat thet
term "al um noggne" used within this sgﬁgi ficatjon includes

s .
conercial |y i ISBE‘FEJL PN Mok afed PatEERCaP8S BHEPR Ve Fri51 the the
cor r espondi ng attkbimabkybad urd NiHENPgHssphorus atom.

The R3 group is selected from hydrogen, a
hydrocarbyl group, a substituted hydrocarbyl group, a
heterohydrocarbyl group, a substituted heterohydrocarbyl

25 group, a silyl group or derivative therecf. Typically, R3
is selected from hydrogen or the groups consisting of
alkyl, substituted alkyl, aryl, substituted aryl,
aryloxy, substituted aryloxy, alkenyl, substituted
alkenyl, cycloalkyl, substituted cycloalkyl,

30 alkoxycarbonyl, carbonyloxy, alkoxy, aminocarbonyl,

carbonylamino, dialkylamino, silyl groups or derivatives



addition of water and which.may contain from2 to 15 % ., typically
about 5 % ., but optionally about 10 %w ., of alum nium O her

sui tabl e c@pGaispywess | ncl ude those di §cé?s§d 10i n WO G/1%ebdPio646)
2004/ 056478 and WD 2004/ 056479, which argincorporated herein in
their entirety by reference. The conponents of the catal yst
system may be QEFEP Ly ogefhat Xl e tamidowsIoprer ssbgteheted Wi tim aamy of
order so as t Vi : i I . ~Ih g yst
15conponent s gﬁﬂ%’[s%e Sgg)tsg%g%xggig?i%{ﬂ(%%%% (D-t!);) %a%gEgg)i&%ﬁ%' be
contacted in the presgsegbDf, aMe RA lalhe sel ¥enbcr&Witadd & sol vents
are known to those skilled in the art, suitable solvents may include

any inert sol VEiFOOREPYdoBEORRL 3 RS WiTHE eChBYEECEaTRY Y sIrTHhmpénent ,
such asg 20sat WaladnIdrBhatbel s Uratedstlitphali et & P dfoarbyl
hal ogenat ed hydrocarbons_and ionic 1iquids. Typical solvents include,
but are not | iAW BosibEhzerneyr tof g vatjvenshesen§l témene,
cunene, propane, butane, pentane,_ hept ane, decane, dodecang :
tetradecgneP %ﬁ??@ycﬁghéiaﬁ%,aikéiﬁﬂ%ﬂ?@%ﬁ%ﬁ?ﬁﬁe?£g¥£IQﬁgyéﬁgpgl-
hexene, 1-octengeardyichecl biest besd exannl es taf asuléabt eosdl vent s

are those disclosed in WO 02/04119, such as h(yadr ocar bon solvents and
pol ar sol vent &FIR2EE™Mdi EERY| 2Btthe?r FretdehPdkgfupgpaups substituted

di chl ofponet hang;t1chl eetebRt oR0shlnrabenzent 2adohBe, | bk&icalkyl, The
| i gand, conponent (b), can either be forned prior to the formation of

the catal yst, CHIPHEGENEHCEPaLEY bneBipsititiate cheliera®fion of the
catal yst or a . 107 P Y/ - -

o ocul sor comst g CATAIYAL CoRpaRentS (o aha Thy. 27 R Yrpue-
formed in-situ undexafplekebf néci tANMMRS, geolpsainel bhyé eme.C15 alkyl
at nosphere. If the ligand is forned prior to the formation 011‘ t he
catal yst, thi sgraspsypiscdblytsped for s B kydagtiongst hé; conpoukitenyl
havi ng the general fornmula (111), (tﬁwor (VIl)., and the conpound of
the fobhul a X-FRPS i FU&SESFVERE , CEUCH &5 Mode IHBHPFoned @bbve, at a

tenperature in e.r e of from- t 200 C, i 5=H
or R5=P(R6) (F@%cqtogr%p%nralgg%plgsn%lﬁé%%%rt delcg\N%éSaﬁ‘d/Qggg%?yfggro&p%’
respectively. che reaglh@nief gkbgsorposnd havang t—b%Q&P&ﬁ@ﬁié ornul a
(rer), (V) or ( ||]) and t he conmpound of the forrrulsa -P(R4) can be
perfornmed undesraupd,ne€qt-Cagnmaipbey egroups and substitBeeduSe-The
by-product fornmed in the reaction of the 15conpound havi ng the
general formulal {dxdyl )grofys . ardst bie famckd v eaoppsndref thdec{f-eryail a
X-P(R4) does not interfere with the catalytic activity of the

cat al y&t conposiiyloiraupsi swhbeh nbeelsds Paid ildprateanfel T aiparer
hav!ng the for&@%fﬁ(éﬁou @ulguiééﬂaea@%%ﬁﬁlégﬂihclﬁﬁgcﬂeEﬂﬁl?qg@ﬁfﬂyT'C
activity of the cata ystp conposition I s 1ndependent of the presence
of the by- prodectpwonpowrdorvhe optybnalsdmulvati drersf-buhell iprmidyl,
havi ng the forpula (| L1 V1) ny o] [ e
art, and usi ngﬂsﬁ( dbll)sa,o cgltegdple%ﬁdgi{%&?%’elg a’ygﬁggcgﬁ%gg%{%ioﬂr:eé&pe
al so i ncluded dmsugpa). Heptiyd, hdweVebranched heptyl groups, octyl and

25 alkyl branched octyl groups.

Examples of suitable -N(R3) - groups include -
N{methyl)-, -N{ethyl)-, -N{(propyl)~, -N(iscpropyl)-, -
N({butyl}-, -N(t-butyl)~-, -N(pentyl)-, -N{hexyl)-, -N(2-
ethylhexyl}-, -N(cyclohexyl)-, -N{l-cyclohexylethyl)-, -
30 N{2-methylcyclohexyl)-, -N{benzyl)-, -N(phenyl)-, -N(2-
octyl)-, -N(4-methoxyphenyl)-, -N(4-tert-butylphenyl)-, -



observed that the absence of cq-produced (R6) (R7)P-X
e.g.(o-anisyl)2P-Cl, as in the case of the isolated |ligands, leads to
hi gher actywisbhik @ he catal yst system ?Rs;devi denced by ddigeMb@hgizo1
Tur nover Frequencies (TOF' s). 30The net s of preparation described
her ei nabove in which the R5 group in the conmpounds of formula (I11),
(V) or WD 2001/(6#Z2908N-mPINERIGE0#.06H361 (8H3) §Md )~ i s hydrogen,

advant ageousl y does not g,roduce (R6) (R7)P- X_as b%‘ﬁroduct. I n
one enbodi nent (GF2LHaCHREL EME ) IVent i O FeeHe) caf Bty (&9t idm-i s
formed by adding the co-catal yst 5conponent a

, (c% sl0 C t%l,yst
precursor conposi t FBNtEBMRTRIHNG CompenBRte ¥ab By (e halide the
catal yst syst ¢pRb,t ke 195e§§§£CA1m\sﬁr§é1%t@ayfbsmpmﬁ)@fﬁfb,elctrﬁ%rriue,
the presence (i.e. "in-situ’) or absence of the ol efinic nononer. The
three Sat al ystorroedapeiehtdien, e iesedlyst fdysreds, (F)loqie &d (c),

ey be combi nedfulley LBoLbe. Ahpancsmiole Lhecahetighe monomer, o the

ol efi ni c nononer nay ncluded prior to contacting the conponents

of the catal yst syshenr4sgralgs aneeusloptwohhllhesaonponanids of the
catal yst system_ 150or at any point in_the process OL contacti r}tg%{he
conponent s of &fyleaedtpsy: alkyleppdimgreaptonfondnt it Yt HId al yst

system (a), (rRARdreChkhikh £OMANRN A RhehdbobBROrRE e Bty JwRy, be
conbined at a tenperature in the range of from-100 to 20200 C,

preferldbly 0 tihelB@oCoxneee, pseferablar 26 tregepoatomane ¥ (b) has

not been pref , C L ek & er,at i apge of
from30 to 2o%lrcusﬂﬁf‘g%?§gry9 to 1%3“%&3’5%5% ggg}r’%%ﬁ&%oﬂ?gngo

C. 25The cat alsistucsysteenrotnt bt wrrdss wbstisuprdsenylers@midon my

be unsupported qr, su rt S or.t i.a .
sui tabl e suppoar]:[ylr?a e@ﬁ%&rrgg%gﬁ (gre #%Elne(r?% n %82%65%@@%/\%%]%11 o
2004/ 056478 ansbuMa 2@04h@56Ud9phdhes qrtamt itthy cafyhcbbat vy sexygert,he
cat al yist syst em 30t he pr

a

CaLS YB SVt SIS B SERILLVELL T SyWRLSALLLEIROn fo
2000, nore prefsnabledihetbeap000cr NSyl gricfiendbloy striotui
2008/ 077908- - PCT/%ﬁ%%ggég6§§§%pfgg of arylenedioxy groups include,
but are not limited to, 1,2-phenylenedioxy, 1,2-
dihydroxynaphthalene, 2,3~dihydroxynaphthalene, 1,2-

20 dihydroxyanthracene, 1,2-dihydroxyphenanthrene, 2,3-
dihydroxyphenanthrene, 3,4-dihydroxyphenanthrene, 9,10-
dihydroxyphenanthrene, 1,8-dihydroxynaphthalene, 2,2'-
dihydroxybiphenyl, and 2,2’ -dihydroxy-1,1’-binaphthyl.
The dimercapto and optionally substituted diamino

25 analogues of these compounds are examples of suitable
arylenedimercapto and arylenediamino groups,
respectively.

Suitable alkylenedioxy groups include 2,3-dimethyl-
2,3-butylenedioxy (= tetramethylethylenedioxy) and 1,3-

30 propylenedioxy. The dimercapto and optionally substituted

diamino analogues cf these compounds are examples of

suitable alkylenedimercapto and alkylenediamino groups,

respectively.



500, al um nium or boron atons per.atom of chrom um nol ybdenum or

t ungst en. The amount of chrom um nol ybdenum or tungsten, and

t he anmountywghodsierdeg 9and, can be present in the catal ySHoraeeipesisii on
inamlar ratio in the range from 1000028 fo 1:10000, preferably
from100:1 to 1:100, nore preferably from10:1 to 1:10. Most

preferably, the chrofipuasarlpbdpBYaL AEnt$INGSE 61y andpthenhi gand are
present in a nolar ratio in the range from3:1 to 1:3. Genera I¥ t he

10amount of chPBRT YU TRA VIdeHEREEECr NSt BRY LRA IRy SFOURt of

| i gand are appgoxl o _ i r..r.atieein the
range from1.5:1 %ga%$%¥}$ﬂgﬁtﬁégi%?gﬁﬁgﬁg%%f% %ﬁ#ﬁ%ﬁﬁg%f%FgEse in
the trimerizat Popfented etawmteiiaddyi dn2prorksrediohhaneupsent

15i nventi on can be y. Ml o] i c eried into
a trine§ or tetranﬁ??E%%F?%ﬁ?ggggg?iﬁ?%§%%#§§é§h§§a%??§5e?ﬂ%u%£a?%?%ﬁn
necessarily |iabted ¢pfiatdhilyesapspidopyeent, 2-optylataldipxlyr gnohpd

04- C24, prefer - -ol.efin optional,ly .branched .04- 024
20pr ef erabl y 039{5%%&?%?%0&1 Cief ﬁg?u(& ?f%ha‘f}?%:rbrla‘?né?élﬁdoﬁ-ooéﬁé
preferably 04-pROsphonybs degen alhebugh, thpt twmadtyhdachedned- 629gen
preferably C4-C20 CX%%H§10|EfinS and optionally branched 04 -024 ,
preferably C4- &30 ¥hdd'® &L RO PrY eBE@%Bﬁ%l? Wridténed -€-4- 024
preferably 04-020 25functionalized ol efi ngi1Exanpl es of suitable

ol efinic mononers include, but are not nedgessarily limted to, |inear
a-ol efins, such as ethyl ene, propylqu, but eR¥,  1- pent ene,

1- hexene, 1-heptene, 1l-octene, 1-nermene; decene, 1-undecene,

1- dodecene, 1-tridecene, 1- 30tetradece pent adecene,

1- hexadecene, 1-heptadecene, 1-octadérensd aphadecene and

1-ei cosene; branched a-ol efins such as 4-ngjhyl pent-1-ene and
1-ethyl -1 -hexene; WD 2008/ 077908PCT/ EP20G7/ 064391 - 34 - linear and
branched i nternal -ol efins such 2-bu{ ne; styrene; cycl ohexene;

nor bor A8ne and t he Yhg&ein the ﬁﬁj{t P eB gfgm@rs Firc then ey cainal &t
be used in the;pLOCESGOf14} @eewc%%_enkrbﬂvg?éw&n,53{3;%{»_-%&%%};9' GELBE,
nmononmers for use in the trimerization and tetraneri Zati on proceéss o
the present invehsibuted pdspdeahylaadoerhy| Ermrt E3padiighky groups
preferred is ethylene. The ¢ ta&%ﬁt sys{gm and $rocess of, the present
10 invention aP& PaYtT&UIUr I uSer ultof Br ~ t FECHIT gz dtiP6RY0f

ethylene with achbeheset®ctdri tavc%,@\m@r:dﬁyar@@%ﬁdbﬁl gd 1-octene.
The ol igomerization reaction can be gerforned in solution phase,
slurry!phase, §g5eppaser 2k spEEsELTe5When the ol i gonerization is

performed in SO|UtI§¥Efgrably, the R1! to R14 groups are independently

selected from hydrogen, halogen, hydrocarbyl,

heterohydrocarbyl, or two of the RMl to R14 groups are
linked together to form a cyclic hydrocarbyi or
20 heterohydrocarbyl structure.

Examples of suitable Rl to R14 groups include

hydrogen, fluorine, chlorine, bromine, iodine, Cq1-Cig

alkyl groups, substituted C1-Cqg alkyl groups, C1-Cijg

alkenyl groups, substituted C1~-Cyg alkenyl groups, C3-Cqs
25 cycloalkyl groups, substituted C3-Cig cycloalkyl groups,

C5-C15 aromatic groups, substituted Cg-Cqig aromatic



slurry phase, a diluent or solvent, which is substantially inert
under the oligonerization conditions may be enpl oyed. Suitable

di l uents ogoSeiswenbs are aliphatic and aromatic hydr ocadidiSe7/064301
hal ogenat ed 20hydrocarbons and ol ef i ns“wBfich are substantially inert
under ol igonerization conditions may be enpl oyed, such as those

di scl osed i n NOOHD4LThHC1 W 200445956408 N UNB20@44£6806879C I hel koxy
ol i goneri zati on process of the present invention 25may be perfornmed
in any one of F%HRibertlorhedi FABIRS r ettt Yrampisc lhngr shhel | akeieRin t o

one skilled i he art.. ically_the oljgonerizati on process. of the
present invenpéiﬁsﬁ%§gigﬁlxgd%88tanpggﬁgtc © Semi IBRER 6Fecfﬁﬂ*ﬁ%ous
node. 30The ol i @gpedidz ald GorAar aCEFELOE HterqU=0981L oiknvention may be
carried out ugggr the foll owi ng range of reaction conditions.

Typi cally, t he" ¥ eHRIAGCE TRV LT ShEUF hEtre $0H5d oFr 6f &B6ht Sreskyres

about 150 C, preimiabl tfibwamv@saﬁ%i@ﬂt?&@%h-en?@/ EE%QQZ§9,64391 35
about 30 C to about 150 C, and nore preferably fromabout 70 Cto

about 150 C. THPPreslsud npRREBYUndertiva «dintthe PheacasErpt, t he
present inventy SRR - d.i GAal |y an m
belom15atnDspHg??% prégéu? &§§§ggoﬁ¥é%%%ggééd.XBFEP%?gng,E§$£§CéH§l
pressure will deditetdedydaederenyin aboeps 0.1 to about 80 barg, nore

preferably fromabqut 0.5 to about 70 barg, especially int ran
bt 1 ol about 1 to bt EBCBRF &C W%ﬁa@oaﬁaemeswe@%omi é

those stated abgwgdmre HYazbgenbe: egpl oyat R ehedi Byl €action
product slate will either have an excess of heavy and/or solid

byproducts or an i Asi §hef Légardapdudrrofla HEVPri mer or tetraner. By
varying the tenperature and Lt 1S31 iblLe for ratio of
trimers and tetramers produ08%&§2ﬂ§ﬁébﬁ$Q§@§§ﬂ§$%tHé%ﬂresent

i nvention to bg,yafi ?ﬂfgdgr tirse%l@?%tg{;lv?{jorh @'%%%a&g?& t BEy S0PURL P

trimers produced in ocess o0 e present I nventron inNcreases
wi t h i htreasi nyydempartatiur éetAnohpdrotcadryl 20whisclrsitasubeén obser ved

i ndi cat es thaihé{g% %agg%ﬁetggng£§i£g@gﬁ%$%g%%¥%gg RL,Qcess of the

present i nvent’i 0n 1 ncr eases fh™increasin

Therefore, by ¥k Vahg AR rneackhante@Ngidd ans Blordshgcpeecess of the
present invention, the amount of triners 25and tetranmers in the

oIigonerizatiohe%ﬁQRﬁRRWQ9§ﬁp§§PPPoﬁhﬁﬁ& %QmRé%ﬁa§dﬁtTﬁ?§Sﬁa9n%eP®%%ﬁuI
for a Cont'nP°ﬁ§b§¥i€ﬂ%ﬂt‘%Q%hbDUBHé 8$££BH%¥£§“HHe0%rph8985ﬁ0M¢§§ibr
produces a high proportion of triners and tetraners, wherein the

pr oduci0 conpos$thori vwEntbgrebanged (e.g. from produci ng a 30hi gher

proportion of trimgls 0 %RQEQB?rlPéé’rPc?réf;\@ﬂ qf Lgt h?g?éﬁabﬂg hat

vi ce-versa,) by changing the reactor con i'ons w t hout aV|n&:to

interrupt the ghefphigdmnaneceheadear rithe & iG@IWHaZall 9Bt PeEdg

flow In aromatic or opticnally substituted hetercaromatic group,
such as an optionally substituted phenyl, more preferably

25 an optionally substituted aromatic or opticnally

substituted hetercaromatic group which comprises at least
one polar substituent group, and optioconally one or more
non-polar substituent groups, such as a phenyl group

substituted with at least one polar substituent.



WD 2008/ 077908- 36 - PCT/ EP2007/064391 particular, this may be
especially useful for a continuous or sem -continuous process for the

ol i goner i zghloefeet hyl ene, wherein the product conpoSicii@ieEmbsbe
changed (e.g. from producing a higher 5p ortion of 1-hexene to a

hi gher proportion of 1- octene, or vice-versa) by changing the
reactor conditions M ttheucakavipfigligandt eT¥)uptitt He obetioluLandponer
feed or the oligoperization pr,oduct E|OWL I n one enbodi nent of the
present invent PERECIH FhaE RoaaproBesare obothelwinivdomdoeat i on of

ol ef i ni ¢ MonoNBiSs: YNNI Ruiltlhe JPHOTEESGEORPr PR, GAUACHERTE! chgast
one ol efinic nononer under ollgonerlzaglon reaction conditions wth a
cat al yst syst ePf RO tBRSIgris¥ess of the present invention, wherein the

processsis a continyp eo%a;§s§@ilg§§5&n S. process and the reaction
conditions are varied during the process. Variation of the reaction

conditions can be perforned to ke xldhtd-myald)adjnséi ments to a
process to ensure a consistent product conposition or can be
performed to aR r@m@é&?q(an@haHerEhéeptbﬁuséléﬁhaﬂnﬂr@htbpnipﬁQHUped.

A preferred version. of. this,enbodi t is,a process faqr .the
oligonerizatioﬁﬁggné 1§F£ﬁéﬁy%ﬁgFegeg?ﬁ%ab$ é¥§q€5nng§§§b$8n?£f¥%ng
et hyl ene with eroatal sl igiesbemkef al kel pyeeess Hefved e opr gsea8t carbon
inventl&n, wherei n t he oc§§s ii a_continuous or 25sem_-conti nuous
proces$’ and t ha"TB¥ctH O E6Hdit Por¥L aPEOVRS i &l idid idn§ ot ReCpFbeRss.

Separation of itendr ahiclapler packanhlapd §adaly sinaamebenBsLf onEd by
any techni que known to one skilled in the art, such as distillation,

filtration, 30REA(YiFURIRS A StEAqaPETE Hg kR e pdeatiromorexeEakné on,
and the |ike. c§¥%&@Q§&9%39@83u§ZtiE@?éER@QQ?&QQﬂ%@lﬁore nEUELOEL

details regarding reactors, solvents, separation techniques, and The

li ke, can be fourd d A0 G2/ 845190. The psefefrddempoacasstef tPeand
pr esent inventiﬁg for 5the catalytic oligonerization of olefinic
monomet® provies arsitpire ingepeddeorlpr oelrdtay tiromers antiteathyrer s

o esont i mvom SaBROTRed WA | beUkBRanilS HOL . JUNG1D! BEBER, 011§ e

present invention for the catalytic oligonerization ene
provi des a si npdiftkeiet hod 10f or produci ng 1-nexene and 1-octene,

with very high selegtivity for_ 1-hexen d 1-aqct over | the
ot her products forﬁ%ﬁ ﬁﬁg¥ﬁggcﬁ%a%%P%f§;?@%??%ﬁ? gggp@@ i&@*&.are
The overal |l yiptebafed -Hwexdneband procteseviiti kemprasessréaetihe:
triner%&ation and t, tranerizatiog of 1§§%hylene of the Eresent

0 d§ g :

i nventfon depends dpofi £REPPBEE: IR RN} IS adplayRyia (121 :
(R1) (R2) P-N(R3)~-R® (III)
wherein R1, R2, R3 are as defined above for formulae (1)
and (II) and R is selected from hydrogen and a
P(R®) (R7) - group;

25 wherein R® and R7 are independently selected from
hydrocarbyl, substituted hydrocarbyl, heterohydrocarbyl
and substituted heterchydrocarbyl groups:
and

ii) a compound of the formula X-P(R%), wherein X is

30 a halide and the R% groups is as defined above for
ligands of general formulae (I) and (II);preferably at a

temperature in the range of from -30 to 200°C.



Typically, the trimerization and tetramerization selectivity (i.e.
the amount of triners and tetranmers of the olefinic nonomers in the
overal | prwdugssedgposi tion) 90of the process of the preegafitboorosszon
invention is at |east 60 9%t, preferably2& | east 70 %, nore
preferably at |east 80 %, of the overall product conposition. The
trimerization and tfﬁﬁ6¥ﬂ§h&é@£'QE_§ﬁéeﬁ5'diédbfﬂ¥’h%@%o%%hﬂﬁéhzﬁilon
and tetranerization of ethyléne (i.e._the 25anount ~of and C8
fraction in thacedRFa¥ | cupstnct "e6hpasFei BR) Utk nFritébgrol&ss of the
present inventi i 60, ot l.gast: 9 -
nore preferabl %eg?b?%géstéog%%%ﬁ %eg%ﬁ{lhggg\i/glgﬁ%pﬁ%n&ﬁt atégﬁggﬁ\ﬁ rilon.
30The anpunt obutyhekepel yprodgcedubylt hethiumerlZdtivon haydgide, sodium

tetrameci zatio f.ethy e _usin 2 ,pro resent
vention is tﬁﬁ?&fﬁ?y ﬁL% at%séuﬁ“ag‘é’éggfief rggnf%bﬁ%)&\%ﬂ%&%o oMt |
preferably fronxidefhyldmir8h %uipriopyeamiVie 2808/ e A(Se-.

PCT/ EP2007/ 064391 38 preferabl fronﬁlz Y 1o 80 %, of the
overal | product conposiid sidseTHecsfobBnt i8fF 1BVctfene proghesddbyet he
trimerization ety mer| zat; : i :

t he present in@gg??o%ﬂls H&%?ﬁgﬁﬁfoﬁﬁﬁ%ﬁékg$2%5€¢%?a%?%ﬁ?ﬁ%%&%§l$%59o

ot , preferably-brefy 147 Yds t -8 otk . MOResPhefefadlot fdoem 23t to
80 %M, of the overall product composition. The 1-hexene selectivity
(i.e. tlBe amouabterfare nexeHy Hi@3eAtcprAtt ABIBBE fHHG i%h of the

product 10conp@sh b8y it i AdddmBbnZahhopnapdsd el ranmy izat ben of
et hyl ene using thé process of the present invention is preferably at
| east 85 owt, memevepdefrembile areduddsngodighnd AYRROPiEfEr FFLPrato

| east 92 %t o fracti f,&h : onposition. 15The

1- oct ene selec%ﬁ%ﬁ?§9??.%f.%régkfg ﬁkt%gﬁb%gyg%?ghgppresent in the 08
fraction of the progucirLmes h@bhimBntBe &4l iFFatdren satdcted
tetrameri zation of ethylene using the process of the present

i nventildn is pE&PBraBl yrafatkaRr dStGRC2IRBAEL B 8F R RbIRF S TPEAYt 280
209, nost preferably ghobgastnSA Mg a@f 16het C8né rpstd o uyseduaknt

conposition. The anount "of ‘010 produced in the trinerization and
tetrameri zati ogrefret hyl ene using the process of the present

invention is typicakfy %om AL 1040k o 25T e gimiid @frrsoliids

produced in the trinmerization and tetranerization of ethylene using
the process of ytharfyesgit coiveidd on riktiypi o8l Lygatdsnist eahoutibhium
%W . Lower levels of solid olefin waxes _and poL%eth | e

e produced.in
the tridferizat "éirhaRachePthfer i 2% iBRT6H Sat Ry ReREUER eogdﬁﬁgi “g)in
comercial operdld %) a%ith) Sndfl BRALLELARLAIDYRL) oh2f Ul [4Tg o siahe
react or eqU|anﬁE, FEuEE P hE Giodnt | of Waste y-products and reéuce
t he anobunt of Indeed, in the examples section below, the preparation of

ligand F gives a 4:1 mixture of P-P=N and P-N-P
structures. This mixture of ligands can be used as such

25 in a catalyst composition, without first separating out
the individual ligands. Hence according to another aspect
of the present invention there is provided a ligand
system comprising the product formed by reacting (i) a
compound having the general formula (III) as defined

30 hereinabove with a compound of formula X-P{R4) as defined
hereinabove.

The ligand of general formula (IV} can be prepared

by a process comprising reacting:



WO 2008/ 077908- 39 -PCT/ EP2007/ 064391 operati@nal "downtine" due to
mai nt enance and cl eaning of the reactor equi pnent. I n one

enbodi mentwefpignerdeg esent i nvention, the ol efinic prodygdreemasgishi on
of the oligonerization of 5ethyl ene using4t’he process of the present
invention typically conprises a conbined total content of 1-hexene
and 1-octene in the fiange cofipbnod 66v iy dhdmenefrathéceneral tvypr oduct
conposition, preferably from70 tq 98 % and nore preferably from 80
to 100 %, wherein the 1- 10hex G Bemit( P$~Rypi¥hl |y at |east 10

%v of the overall product gonpasitions the 1-hexene selectivity is
typical ly at Ie‘g%?r%dl %\i/t' &%’ g 08 FactToOrf D deetﬁ‘?é]ed hergipghieye
conposition, thend-octene content is typically at |least 10 % of the
overal | product conposition, the 1-1Soctene selectivity is typically
at | east390 9%t of tHe)08 o rcaopioondobt hermebautt? Rinpesktrion, Xamdd R?
t he amount of soljds prod I nost about 5 %w of the overall
product conposi {%n(?ej{)lnneadjnét%%g%%gg bdf ment of the present invention,
the 200l ef i ni c pnddutttizomIogirbupnief Hi hen tHd FRIdegalcironp@Bderably at a
tetranerization_of ethylene u ing t?@ogrocess of the present

i nventi on conpr F¥BREH {8l Tc SAPENT 287 © conpotihds ot her than 1-hexene
and 1-octene of at nost 149240 cof réhgunYeral) RHOBUCLrEPRPOSI kY O,
preferably at nost 30 %w 25and nore greferably at nost 20 %,

wher ei nlhe 1- NRXRFRST GAERE S8gt YPRERING: at | east 10 % of the

overal | product conpgsi ti %empgnﬁdlﬁgﬁf&wec@lg%qgr\éhtxomuiyph@f\ﬂy a

| east 90 %ut of the fraction of the product conposition, th
1-octene content is typically ar930kéBst-NO0rIMmRDf (e overal |
product conposition, the 1- %ctege sel egt ivity is typically at |east
90 9t of the OBhé¥aitifoh &Y% h& paodult eoepusiddfdmedahdrehraborint
of WD 2008/ 077?%@-- PCT/ EP2007/ 064391 40 solids produced is at nost
about 5 %t of e overall product conposition. The process of

the presgnt inventiofiii)sal tbipbtad et byotmel £ A lqwidngwneReth Nk td Mg r4
exanpl es. 5Exanples  General Procedures and Characterisation
Al chenical s u3ed 99 B1hArACLHABOWRr e purchased from Al drich and

used without fugthers pyrd fdscatiop wal pssyemtiqned, QihepwhseradON e o
the operations with the catal'yst systens were carried out under
ni trogen at nosphereeradiyressifyénes ndldCwer 2@ i%ed using standard

procedures. A”hydro.ttshﬁt Ci{,i\g%ﬂﬁs(gﬁdsf@&é&g&t st"@% dirl edoONELs 4t
nol ecul ar sieves (fina ter content” of about ppm .

20 invention are useful in catalyst compositions for the
oligomerization of olefins. The catalyst compositions of
the present invention comprise:

{(a) a source of chromium, molybdenum or tungsten;

{(b) one or more ligands or ligand systems as

25 described herein; and

{c) a cocatalyst.

The source of chromium, molybkdenum or tungsten,
component (a), for the catalyst system of the present
invention can include simple ihorganic and organic salts

30 of chromium, molybdenum or tungsten. Examples of simple
inorganic and organic salts are halides,

acetvylacetonates, carboxylates, oxides, nitrates,

sulfates and the like. Further sources of chromium,



15Et hyl ene (99.5% purity) was purified over a col.um containing 4A
nol ecul ar sieves and BTS catal yst (BASF) in order to reduce water and
oxygen conyyenbosiodrsed ppm The ol i gonmers obtai ned were gitar@sielossed
by Gas Chronmatography (GC), in order to-e¢8luate oligoner

20di stribution using a HP 5890 series Il apparatus and the foll ow ng

chr omat ogr aphi Qn@wmtietrhmns;r tungst &l cdm:a Ry hr(cqlh@%scbi-akﬁﬂnéﬁcm/'and
siloxane), filmthickness = 0.25pm internal dianmeter = Q.25 mm

l ength 60 m (byO‘F—%‘i‘/ﬂcé‘lectaﬁ&&ﬁaFanl?ﬁ?%cﬁ% e rathrenisgssc

25det ection t enpef H1H8ide329Cs -t Bt bR at MPAAtdd1e40C for 10

m nut es; tenperature prograrme rate: 10.0C/ m nute; final tenperature:
325C for 41.5 nibpfReane)itiicpsrrnyt shaamptsnn- %mlbléhil@ﬁécalrh@mﬂemﬁd
of the G- C30 glefing wx%f%%augedtﬂé oG GE anbisif, Jhﬁﬁdenum
amount of "solids™, mainly consisting of heavy wax and pol yet ene
has been deter mneidlrtgshﬁew gﬁpmgonaﬁtetai t sfarsdihat icerraflyein Ehetweam or
vl | and appendages. .G 20094 4T90BECIL EEROUILPOAR LoLL oved by
washing with to Uené ' on a g ass aCdum aryi hg

The anmount of "atimzt@hnm,odwy'bdmumherst:mgﬁtetrhe amount of Iar gely

ol efinic product derjved frg@ é;C 5anal ysi.s and th anoun I i ds
The NMR data was obtal 78§ &P 6%??%@%?&“{%?56\7?199 &"Var h

or 400 Mz appasaitSe CatdrpsiueoMpesibéonsn o NReL caf, @aﬁlﬁbﬂéﬁt

systens containing |igand 10conpositions A A, 18, C', C, D',

D, E F, G, H2 o thy cagelyef FYSteRaiwi &/ Smpls &HF’Sﬂ?Bh‘FS%r ce

were prepar ed apgased ddnt Re ehi-gRMBh! SRS 1 WHdRAC I ORNE8SER] DRl ch
bel ow. Chrom um source 15Chromiumtri s-(2 4- pent anedi onate), al so

cal l ed chroni uni$rie{utlet \inaceBEARPRY, SRS A% dd S e cdrpefi Lin WO
source througho % tlg.@‘”d conposition A The reaction product of (2-
20met hoxyphenyl?I P?\I j(met hyl ) and (o-phenyl enedi oxy) PCL (I|i gand
conposi ifon A) was pitepacadcascfothomgium, molybdenum or tungsten can

also include a mixture of any combination of simple
inorganic salts, simple organic salts, co-ordinaticn
complexes and organometallic complexes.
In a preferred embodiment herein, component (a) is a
20 source of chromium, particularly chromium (III).
Preferred scurces 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 inorganic and organic salts of chromium, such as
salts of carboxylic acids, preferably salts of alkanoic
acids containing 1 to 30 carbon atoms, salts of
aliphatic-pf~diketones and salts of B-ketoesters (e.g.
chromium (III) 2-ethylhexanoate, chromium (III) octanocate
30 and chromium (III) acetylacetonate), and halide salts of
chromium, such as chromium trichloride, chromium
trichloride tris-tetrahydrofuran complex, chromium

tribromide, chromium trifluoride, and chromium tri-



Under a nitrogen atnosphere 1.015 g (3.62 mml) (2-,
met hoxypheny1) 2PC1 (avail able from Al drich) was added to 10 mi

met hyl am ngoGdddorfed HF) in 50 m pentane. The 25resul tigig#P¥d7ekBoNasS
stirred overni ght at roomtenperature. “TBE precipitate was renoved by

centrifugation. The solvents were renoved fromthe resulting solution

under vacuum Wehidg sBddi mentaarpyeel dediitk §bg e r@8meolircé 8889 )
(2- 30nmet hoxyphenyl) 2PNH(net hyl) as a white solid. ?_;[JJP NVR (i n C606)
6 31.6. WD 2008FOTAgDEC U I SpERLEPR0HT/ B82FH ™ (1D ynder a nitrogen

at mosphere, 133.88y{dcGHam,) a@koneapead yéhtdhinironsas 2skhew y added
to 428 ng (1.55 mmol ) of (2-nmethoxyphenyl) 2PNH(neth ,Ic%.@i n.,60 ni d{y
t ol uene. To theerearnediciptfiixt Gd2286! ay %ﬁ?‘@@l‘%ﬁnﬂgl oride, CrClz,

5phenyl enedi PC i 1able fromAl drich) in .5 |
Fouy Saded HE FraTTe dae SerrEa Foro oy drondah Cenbisx,

tenperature. Terthe(mixf4yre 25ml pentane was added. The precipitate
was renoved by centrifugation. The solvent was renoved under vacuum
The resul ting 10st ity cmtadrilyls twasavashept Wiaiplsefeaday( CARREYRAMY a
white solid was.isolated. Accordjn - NVR. ugt ceasisted
at | east predoFﬁlﬁgﬂﬁij FCF PR rreth%gl gég?ruct%?%%t on one P at om
t he ophenyl enediyex¥mowdtlp @l sarurtdee odt bbroRiah prmeiygodsnum or

15nmet hoxyphenyl groups (either (o-phenyl enedi o -

met hoxyBheny1) ?PN‘@ﬁE’FﬂyI?OIH?OQ%(Hm(taﬂdxéBﬁeﬁsﬁ) ;1{%%’1(& component (b) -
phenyl enedi oxy) PN( ngéhydinds 3AR-NVRréi Budbib)e signalsse ats 5 tbdataapst
35.3 (Jpp=359Hz). Ligand conposition A" 20The reacti qqr; Iproduct of ds
(2- met hoxypheA}RE} 2PR( FEERYPI PIOLHRYH SXYIBARBAGT) 20 BIRAERTon compounds,

phenyl enedi oxy) RCL 6 Li gands conpasidd oAyl 14eE1 Bk epad afk &8y ralgness un
Under a nitrogen atnosphere, 87 ng (o- nghenyl enedi oxy) PC1
(avai | abl e fr otarAmdeechndwale abde®t t o 260 ny

(2- et hgrypheny1) 2PHL pet iyl ) A2 -wieidanxuehead) 21 ¢bi 3 composi ti on

K') in dry tol uéene. e resulting mxture was heated to 110 C
over ni ght. The sglaveaf unasinenewerbyrdsm Shd tabilgt P BB Y2 HERT Y

30under vacuum_ Part of the r L. ] %t ! i
pent ane, the pé:r?fngﬁémggl E?lro‘fllggvglé&lés’%] g%d%gﬁgwgﬁggggﬁgﬁ%ﬁsf%ﬂ#;la

sol vent was renpwas angnthe; heshever Vagy diped sundaepyacentn y Acclaradtiery
to 31P-NWR spectrosgopy, WO 2008/ 077908- 43 - PCT/ EP2007/ 064391
from C1-C3g alkyl (preferably C3-Cjz alkyl), oxygen

20 containing moieties and halides, and compounds such as

LiAlH4 and the like. Non-limiting examples of suitable

organcaluminium compounds include trimethylaluminium
(TMA), triethylaluminium (TEA), tri-isobutylaluminium
(TIBA)}, tri-n-octylaluminium, methylaluminium dichloride,
25 ethylaluminium dichloride, dimethylaluminium chloride,
diethylaluminium chloride and aluminoxanes (also called
alumoxanes). Mixtures of organocaluminium compounds are
also suitable for use herein.
In a preferred embodiment herein, the cocatalyst is
30 an aluminoxane cocatalyst. These aluminoxane cocatalysts
may comprise any aluminoxane compound or a mixture of
aluminoxane compounds. Aluminoxanes may be prepared by

the controlled addition of water to an alkylaluminium



the product was an approximately 1 to 1 (nol/nol) m xture of

(2- met hoxyphenyl) 2PC1 and a P-P=N(nethyl) structure with on one P
atom t he owpheyheagedi oxy group and on the other P at orpdhvr2007/064391

2- met hoxyphenyl groups (either (o- - 30 -

5phenyl enedi oxy) P( 2- net hoxyphenyl) 22N( et hyl ) or (2-

met hoxypheny 1) 2&mpphehy Isectd aex yh &8 redind Jned ILBvEVRoE Br&696)1 Bable
153.1 and 35.3 éc\f]r%p is mxture_was used as such

:359Hz%{. In thi This n
in the catal yst“tOrSthyiene 181 FRofef P25 ont o dheri e REsRF ehothat the
furgher 1]9pt(1r2i ft‘t@aﬁhi‘mmﬁimﬁadeﬁoa@ﬁéé% Qih.tﬁu.ln) t(hirs] Eble)c(igﬁééé%
roduct o - et ho en ohen PN( et P( phen -
ﬁet hoxyphenyl ) H?Fdl%cf?}%ﬁé é%ga%%yﬁml@]i%mmggéﬁéﬁéé'r t Vioke!B' gre
was prepsared asad Ol r ok @hk2:IBEEOXY, '9&1&&%&&%1&%‘{% R(¢#-
met hoxyphenyl ) (phenyl) |igand was prepared by firs ormng a
suspensi on of AP tGdn ofi wa:e60anfov)i¢h I8y mMonskinefranhydriod ukan
(THF), to which,was 166 04 2- net (phenyl.). (30
mol) at 0 C und‘@? "an ?ng%lgt ﬁgggﬁue%e%@tme %%%%Eggﬁéggt%? %}%Oor 4
hours, after whiwh .tiafeaduBindiumli quot of nethanol was added. 60 ni
of toluene was adde the.mxture, after which the solution was
extracted with two g)(ﬁn(r%F Bg%%%in B it XSth’]’HSLég?r%t&?%% C{]Joﬁv‘\’%é’ﬁéd
sol uti ol was t hien WHRRYOUILALedWE02 @0 00 38w ofaraPWOORDURY 86§42, Nhhich
which resulted in f.ormation. of suspensi on., The concentrated tol uene
sol uti on was fitterdfCEIga%8 866?1 6-REs sadédety by regqpence.
toluene filtrate, wrhehcwRsohdens it raRd JaQ%l%sEO?§§t§&Qaarﬁa39%eC-adH&%
rapped'

1-i C1 gas, which evolved fromthe reaction, was " oed” ITn an
al kal i bath. The%RGRH e1fdd taR_AVS D POOBIWETSG8. 1941in any order so

- PCT/ EP2007/ 06439k £ 90184 db0a 0981 | fimeral WL andePyfged &é{%n[ st

nitrogen to renove all of the remaining HCI present I1n the s t1on.
At rooml enper UmOneats pff aheqoetabyst rdwsteyl artibne Was amdett o nehe

concentrated t i or W_ M. ,after
which 6 m of %éﬁned@\%lt%zg%ﬁg %\gésg%‘gjo?eéﬁga%‘gwsg}ggﬁs’fgts%{‘ﬁ“rrte‘.
The suspensi on Sswis-afhllet scédennd awshetbwn ttty 2ok ekildédene.tiheart,
toluene filtrate., th e S tion were, conbi ned. .The
conbi ned t ol uensgl%]dg)clﬁ %ﬁég\%}e{rgg o p{)}?%{%ge taélydﬁf/‘ﬁégssnﬁ"éleTbBHl% es
met hanol was added.rcEre méthanbk sotadtalyswmsomgbheaver sughtaqt -35 C

wher ei white (2- . , . : .
met hox%(ﬂenyl ) (FHETOEENE B BE 5 met PRAGHIFNRA PESRBATLT: pR eIttt e
was formed in thasenteanhydhecprieshidmat adriicganduwas. thegpical
i sol ated. 15The c{)r ecipitated |igand consisted of two isoners, a

racem c i somer YHEMRR dRGLBACt FRUSREH ARG drEridedf tPnebERERiRY) and a

meso isomer (th&RInankiens] efh{heeddgandluntiie, PHeBRsLE ONSuine,
these two isoners were determned by 31P NVMR with peaks at 63.18 and
64. 8 ppm 20cor IREPGEIGI-n§ersanfie €oRARR f fAgdamanesofersadespeeti vel v,

These typ samplies GARSISLAdxhe M R AloRRIi LN [ BEEHL L. AL 1

nmeso i sonmers having weight ratios o 43 and 92/8 réspectively.
Only the sanpl exafenez- lmechorgpaedythe (IPHenYDrher examples of suitable

N30) 2t A LPRRRN 22 1 U RSB, RS
hydrocarbon solvents and polar solvents such as diethyl
ether, tetrahydrofuran, dichloromethane, chloroform,

30 chiorcbenzene and the like.
The ligand, component (b), can either be Fformed
prior to the formation of the catalyst, can be formed

simultanecusly with the formation of the catalyst or a



Under a nitrogen atnosphere, 14 ng (ophenyl enedi oxy) PC1 was added to
37 mg (2- nethoxyphenyl) (phenyl) PN(nmethyl) P (phenyl) (2-

30met hoxyphenyislortdds 1. 0 M dry C06. The resul ting m Xt Weg/Masheabed
overnight in an oil bath at 90 C. WD 26081077908- 95

- PCT1EP2007/ 064391 Based on the 31P-NWR spectrum the main products
were an approxi oateljst oredum@lomebhpi ¥ing ecofa iyt Rhbexy¥AbENYs) and
(phenyl ) PC1 and a, P-P=N rret(r%lf%%structure Wi th on one P atomthe

o- phenyl enedi ox{” §t ot R BeBot APl B aiifi i 2LREE RSy PRRPHRE »
group and one DQG@Wargrélilﬁzl(eeﬂet,hﬁltm()ggﬁgﬁélw?f‘%é”ﬂ)i)g@(ﬁ%‘ is formed

met hoxyphenyl )(phenyl% PNt((ﬁrret hyl) or (2-

nmet hoxyphenyl ) (BR&®Y | YP(ipHerTREASRI DXy IPN( PRI, tBLP- NNMRtYPhcally
Q606) 6 §51.7 apd: fonfld IPT3adkahg H0INLSBlaIAne MBS, YAEd BT, SLEN
in the catalyst for ethyl éne O|IgO%EI‘I2atIO experinments Wi £hou
further purificéeimnla Lilgdid ddnpesi tVDR) Gind | iypansmponpds pfi the C

and |igand conpgsition C 5The reaction product of (2- _

met hoxypheny1) Z%RW“FJS%&"%SH%)) aRd3( BOpRERY eTiEdt By )-bese( MpghRened
conposition C') awgse Propay admperhehk@Wsn the radd¥efs & Bht L8FCP,
atnosphere, 3 m triethylamne was added to 1.5 'nl isopropylam ne
(17.6 mmol) in 500 °dr yDRtralingnen Té=Hher resd ANy RT) XtenBer2t2rd is

(7.84 1) (2- t ho henyl) 2PC1 .in. 20 m tol uene s sl owy added
and all owed to §¥F?e]6i%%ﬂwgty9t agd &8@&?% PSS rE: YT\PQ\@"?NE%?‘HHO&% &t
was renmoved by egatséddpigaid eavihbetnel yend sa werg marovedhr onyi her
resulting solution in vacuo. 25Washing with pentane yiel ded (2-

met hoxypheny1) 2PRH{ | sopt oy coapoanuhof etlso| fakmBBPXNFRRAN €6D6)e 5

21. 8. Under. i n,.at nosphere, .60 0.77 mmol ) of

neopentyl lithi B?n]?f\/\clgfsraéscfoo df%aggegngggﬁ%mﬁsrggb re'('2- )

30me]t hpxyphgnyl)ZPT%dmm@gp]gE) byﬂzlaﬁé)dmzit ﬂfrqzrnltemi lig_neheil'geimion orﬁ the
resul ti m xture . 0- nyl enedi_gx in

Lo uene s 5| GRPTPSILES TRE TOR: BFBCRAE SHTTERG ratls four&dt Vobm
tenperature. Thg,qViQ 200807 7908RCTLEP2007/ P643% - eqi,ait abe was

renoved by centrifugation. The sol vent was renoved in vacuo. After
washi ng wi th nethasmofere pridduche whtehyhtcozrdh ng ttyo o1 PhRIVRahatly st

Least predom nagbiyeLhe & Niicsonr QoYL B SLIUPIAY Gechiafe (2 11gand

5nmet hoxypheny1l) i soprogyl)P enyl énedi
having the formula (I), {(II), (IV) and/or (VI). Since the
20 catalytic activity of the catalyst composition is

independent of the presence of the by-product compound,
the optional isoclation of the ligand having the formula
(I), (II}, (IV) or (VI) by any method known in the art,
and using said isolated ligand in the catalyst

25 composition are also included herein. It is, however,

observed that the absence of co-produced (RG}(R7)P—X
e.g. (o-anisyl);P~Cl, as in the case of the isclated
ligands, leads to higher activity of the catalyst system
as evidenced by the higher Turnover Frequencies (TOF’s).

30 The methods of preparation described hereinabove in which

the R group in the compounds of formula (III), (V) or



isolated as a white solid. 31P-NMR (in C6D6) 5 156.9 and 11.6
(Jpp=-20Hz) . According to 31P-NWR spectroscopy the same P-N-P product
as presentwphodsig@igl conposition C', (2- _ PCT/EP2007/064391
10net hoxypheny1) 2PN(i sopr opyl ) P(o- phenytef2dt oxy), was forned al nost
guantitatively upon reaction of (ophenylenedi oxy)PClL with Iigand
conposi tion N', (&) net hexypheny 13 ARt sepiuepyl HBERhesY Iy Zoquear ni ght
in C6D6 at 80 C v%'jth_rconcon‘itant formati on of an equival ent 15anount
of (phenyl) 2PC1{RHedi'gRakeds| Pyppewonposition C ). 31P-NVR (in C6D6)
5 157 and 12. Accorgdin (o] 1NNR S t he, sane P-N-P
product as present ?lﬁ gp%a%rg&{)%lnpostlslt%ﬁgtﬁ% ,%Q%gné lnvention, the
met hoxypheny1) 2RN@E lgepr epgkeR( bs phemydengdisaxyihg was 26§ @ited sl nost
?cti 051 of (o- aohq_n | enedi oxg) PCL with P-P=N
{C), to'a catalys

guant i tasti vel y upon re
I'i gand COHpOSit?(ﬂ?qien ?_ t precursor composition

met hoxypheny 1) 2RxrA-stBighosypbesaydd 268 issepr@py! ) during <0.5 hour in
CoD6 at 20 Cwith concomtant formati on of an equival ent anount of

(2- met hoxypheny1) 2PT6¢ SBEJEET gritdd®™ iofakccBRPOINE | B ahion3PpPYNRR

(in C6D6) 5 157 adphrbd ekigand; ¢OMROStd Qhdd' F@n@.l i‘gﬂﬂgiﬁ:@ﬁp%?j)ti on
D (Conparative) The (phenyliZP_N(_l sopr opyl ) P(o- phenyl enedi oxy
| i gand 30conpositsrenas phepatelinice draiafgto TheRetheehosradpott ed in

Het er oatgopm Che . 7 9 r it e
at rmsphltedr)e, 12mrﬁm¥{yrﬁe§§ﬁylégrﬁdﬁlée’ t%J/a%alaydg';cfecfytlgg%g.’33618'i ?ggr%lp%/l (ac i'n&¥n

10 m dry tol uére.comping® 2008y OifY 38 abkenRETHEPRDO74 D6ABYL tivmomer,
resulting mxture,. .5 ' heny1) 2PC1 vai.l abl e f.rom Al drich) was
sl owl y added atlédr ath%o%g&ﬁgggt??%%v%ﬁ rﬁadﬁ?’eatlnfgg%ge%f)le?%t re. The
precipitate wascargmeadgbyhéi toémpdnarts Hie thel vanhiywereyswsmved from

the 5Sresulting solution in vacuo. To the evaporation residue, pentane
was added. The SOTICASRESLY NS iR GPTRRAFRCAOOF T bRF t P iRt/ cem

sol utiors, yiel dimad phgnpdl APNHK | Saprydssasraceatagfiessiad |, whi ch
crystallized on standing at roomtenperature. 31P-NMR (in 10C606) 6
35. 8. UndéiomReRtsgah BEfoSpier®t 1.7 i triethyl anine was

added to 2.00 g of (pBenyiiPNKdsRIIAPYBE) the 20t g1 v &l Vs i lHENQq) The
resulting m xture was cool ed to approximately 0 C and 1.435 f

(6]
(o- phenyl enedi ofy)) PCE 15( avaf | a®TeFHm W)dﬁaéhPeﬁBsPJé?%wn}e‘gdér@d’. be
The m xture was.diam et bk Q_?_ﬁgﬂﬁéﬂﬂ.m;e aly rt\%%ir%%ﬁgg%ﬁtf'f&n <100 to

(approxi mately 20 C). precipitate rmed 1nt
sol uti o was r etV ed bpreéarabivigatti@nl50THE  r eoukt Pngfeviity 1P was

20concentrat ed yfer. vagyum angwag, Subsequent LY ELLE&EeGay pe
combined at a temperature in the range of from 30 to
200 °C, preferably 50 tc 150 °C, more preferably 70 to
150 °cC.

25 The catalyst system of the process 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.

The guantity of cocatalyst in the catalyst system

30 the present invention is typically enough 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



over silica gel. The sol vent was renoved under vacuum whigch
yiel ded a white solid of (phenyl)2PN(i sopropyl)P(o-

phenyl enediygxyosrmdd- NVR (in C6D6) S5 157.4 and 30.0 (Jpga/erddoflgsdsor
According to 31P-NVR spectroscopy the sanm@3P-N-P product as present

in ligand composition D', (Phenyl)2PN(isopropyl)P(o-phenyl enedi oxy),
was forned in syt alQftiyiiemdouposrseasidnen fr Geophenytenssiaxy) PCL
30with ligand co sjtion M heny1) 2PN( i sopr opyl ) P( Phenyl) 2

overni ght in Cé@%&pygi&eé’()‘mco\ﬁ FH’(‘Q%F mtant formation of (phenyl)2PCl

(designated |igand aeepasbth©no® dhrchitud,emBiRdeensh éfwcﬁﬁgl%@énqnan}ﬁ\o
2008/ 077908- 48 - PCT/ EP2007/ 064391 m xture were predom nantly

starting conporfdift @Mo3Dp. RVRLEE nl B S 151 &ed PIGSent ghndt e mpos lvisen
E The repction dgr%ygqtt-gﬁi G phenyd) 2PNH(m | n 2 .

5phenyl enedi oxy) PCL (| ilgand corrpos%ipi on E rl\)/{\.lla)sth%r gggggdfﬁgmf%qqoé}v(sl. to
Under a ni trogelt J0ads pparéeraody nfram i dnll aoi dellfs modedtafctamly

met hyl am ne (2 | ) .i.n.5 to The, resulting solution

was cooled to -%n{a&ﬂgr}dt?oglﬂbmhgbg%%%éanllye#%%e Y ntBE Rt et e was

sl oW y added anmblalbdeneact to sthgsower rrghtthet ligandit eppesddsgrer ih0 a

the resulting mxture pentane was added Thg_ﬂr cipitate was renoved
un

by centrifugati'Sn 2 THE &8l vEnt LS kTS e 8r Lvdcutfhe ey the

resul ting stickyndqumduweEt cwasmexh) andBhddin brcebdgpesat angng Aftter
removi ng the pentane under vacuum (aphenyl)ZPNH( met hyl ) was i sol at ed
as an oi l. 31PNRYh Oéo%lsaa%.ér¥e pPrropdmegedy epRehyay 2PNFdfet Hyle)

in1ln 0606 wasrpdded r50:B0ikrid yiyd necand 441Mgo 1:3

(o-phenyl enedi oxy) PCL. 20After standing overnight 2 mn of_' pent ane was
added. The precipitabé %@f%@%mwr@eﬁﬁl#fﬂﬁégat fon. usthelrsdihgent s

vere renoved undelNacUWiL, Theg PEodus] I;3Ql id -
According to 31P- lilnlsR t he p?oduct consieste tal'?) Iggggeggeﬁgnﬁnéarﬁﬁefegft

a P- P=NQmret hy| Jinsengdonr eani bt amy onee R ra%amomotkes p- pherly | @redicoxy

group and on t 4P t O, roups _(eLther o
(ophenyl enedi o%&f&%&ﬁyi%g% n%\fh@%})eq%gr t%p rgﬁlf/’f)'zé %)Eable olefinic
phenyl enedi oxy yRiNometrsy Ll RBadVROUE ,mxXe0RdE bete9sandl 401 imi{tkT+351

Hz) .~ 30Li gand ition F T ti duct
(105t -but y1) 2PREERGERYY ) BARBY B oty a0k PREIE 425

conposition F) req. f . LOT4 = _
- PCT/ EP2007/ 0653916’%%% eg-850 '@l Whins VBp298RART ¢ 90Bandha cy-cyy,

20 preferably Cy-Cpp internal clefins, optionally branched
Cq4-Cp4, preferably C4-Cpqp vinylidene colefins, optiocnally
branched C4-Cpq, preferably C4-Czp cyclic olefins and
optionally branched C4-Cpy4, preferably C4~Cpg dienes, as
well as optionally branched C4-Cpy, preferably Cy-Cpg

25 functionalized olefins. Examples of suitable olefinic
monomers include, but are not necessarily limited to,
linear a-olefins, such as ethylene, propylene, 1l-butene,
l-pentene, l-hexene, l-heptene, l-octene, l-nonene, 1-
decene, l1-undecene, l-dodecene, l-tridecene, 1-

30 tetradecene, l-pentadecene, l-hexadecene, l-heptadecene,
l-octadecene, l-nonadecene and l-eicosene; branched o-

olefins such as 4-methylpent-l-ene and l-ethyl-l-hexene;



Under a nitrogen atnosphere, 3 m triethylamne was added to 6 ni
methylamne (2 Min THF) in 20 mM dry toluene. To the resulting

sol ution, &oBo&kiklsast butyl) 2PCL (avail able from Al dri ciheESelhomnby
added and 5allowed to stir overni ght at-r@8énrtenperature. To the
resulting m xture pentane was added. The precipitate was renoved by

centrifugation.l{fesen®ebransBes ier@med Wdernkacudm adhe-pesiid;i ng
oil was crystallized frompentane (-20 C). Yieldi n%QV\/ni te crystals of

(tert- 10butyl)¥PREIFIfEL YO} ONSIPRRVRIGQTRCTIB)® 6ng2t8e ThKS- product
has been described agx20r@5! of No RAOSPROEomesf Eéngggsﬁcg" hd GRLg 3990,

vol . 54, p.55-61. Under a nitrogen atnosphere,
triethyl am ne W& agdsessocg3thy presenbhutnyer2PRF-met hyl) in 3 nl dry

15tol uene. To the resultingd,sglution, ﬁg%&ﬁ%r%?fg?hggglqughgxy)PCl

was slowy added and allowed to stir overnig roomtenperature.
To the resul ti ngrimeairad ipentadet asaneidieth t iTne ppoeespi bat ehavgsresent

renmoved by centrifugation. The solvents re renmoved under. vacuum
20The resul ti ng " white Solfid %gp\\;\ggrh%aarﬁ'\f%%g&e&epe FRAETATHE 31P- NWVR
spectrum i n CoRQGresfwrwed 2speedytéseone with a set of doublets at 6
151.2 and 84.7 (JET=375) ang one with a set of doublets at 6 153.8
and 115.8 (Jp2=42 HZY'Si A2524YFb TYIHDT ARS PEPEEFS. Ohoske RITEMY t he

product 1@5consi stethtAfond a4 et gatt {80 41D} Jud8thiuFR rok nkSOMEgSmdAM NG o
P-P=N(met hyl ) structure with on one P atom the ophenyl enedi oxy group

and on the ot heé?f EHEIRCWIEEr 2bt g AR vidivt Repards l-hexene and
(o-phenyl enedi oxy) Rdgs t butyl) 2PN(nmet hyl) or (tert-butyl)2P(o-
30phenyl enedi oxy) PN(nmet hyl )) and a P-N(nethyl)-P structure,
(tert-butyl) 2P- N( metlingl plPgompherdt amediepofjion cagObe péybgwined in

conposi tion G'fgﬁﬁ?jxgng%QQCt529r9$q9%§%h?gggzbhase or bulk phase.

nmet hoxyphenyl) pent uof ophényt )™ an
phenyl elfedi oxy) PC1l (Whiegahte cohposnerimatGon waspprépaned Hassdloitionsor

Under a nitrogen atnopsphere, 0.5 6.3 I f neopentyllithium
(avai | abl e froniAIdr é]ﬁ-‘)as\?/as asijﬁxll\hg?/é%a%%dmsﬁnlc})ef%ﬁwg’lgg. égrrrml )

pent af | uor oani | suisst{zamdizlalyl éntromidielr ity did gdmert zet Yoh ob drede: i
stirred for 0.5 10hour at roamtenperature. To the resulting m xture
176 g (6.5 moteY (5 MEHGXSEneRy1} BPE § kA CFoF BLREMHAET owly
added and al | owerk grxtStd ankiokrémhouE BaFoPdREyenhal Ugenadb@
precipitate was renoved by centrifugation. The sol ution was

concentttt ed t NHPFARRATPSSSnPndpehe bhes it Auded cabstend by, ingre

preci pitate wasycald wi%me\ééégt_ﬂgn%éﬁam@@%%%_d@ﬁl {&yed, such as
met hoxypheny1) 2PNH( C6F6)” as a white solid. 31P-NVR (in %6[%) 538. 4(t)
(Jpp=60Hz) . 19F-INMNRCEDEI1esed56n (B9 ©2/0%5.% ([R0047966878 pynd 20Under

a nitrogen at mogphey£i0ska8on (1. 64 mmol) of neopentyllithium was
slowy added to 700 r{g (1.64 mmol) (2-met hoxyphenyl) 2PNH( C6F6) in 25

m dry toluene and dgtier céddgboerizaoien giraoeem ténpbeapuessnTolntdemtion

resultipg mxtuge 386 10 1@ THOLAy (SrPNGY SRGHLRXYEPEL LA A0 ™
reactors, which are well known to one skilled in the art.
Typically the cligomerization process of the present
invention is carried cut in a batch, semi-batch or
continuous mode.

30 The oligomerization process of the present invention

may be carried out under the following range of reaction
conditions. Typically, the temperature will be in the

range from about 0 °C to about 130 °C, preferably from



25t ol uene was slowy added and allowed to stir for 1 hour at room
tenperature. The precipitate was renoved by centrifugation. The

sol vent wagoheisaeds i N vacuo. Pentane was added (about pkGed2d07/064391
yielding a clear solution. Fromthis soluffon

(2- met hoxypheny1) 2PN( C6FOP( o- 30phenyl enedi oxy) precipitated in
several fracti omsout31® NWRtpi AbEED6)56 A88.4hdhbrel p2efe?268Y 6HzIm
19F-NMR (in C6p6) 5 -143 (o) :.-164 é]ng- -157.1 (10). WO

2008/ 077908- i Ebat0 FPosHSsS LPdarkr S dsesEgRepHrange under
(Conparatlve)_ which ¥ process of the present invention may be |

(o- phenyl enedi oxy) PN( net hyl ) P( o- phenyl enedi oxy) i %and conposition
was prepar ed b),P%W%ﬂ‘%‘W 6 tHRiRethvdit Pyt tedideorit Asoprephewat i on of
(o- Sphenyl enedigxydd2NHis0preRYL )} E( 05 PRSHW anrdin@ty), b t
Chem Vol. 2, 477 (1991). B pnderoa ni trogen at éospagr’f%;:%;%?’ the
met hyl ami ne (2 MeSFURSFfikdsbadédedihe Bange dimpnt ebgate). This swduit idn

was cooled to - ' t hi 5 0:
10phenyl enedi oxy 1“%:@1?’51%%%?’82%2%%@ ‘%{Ogl ?'{gd 83_913&?% e—irO S%Vegr’al
days 87 ng Et 3NspedEafilypent she wasgaddedirdsihebpluecilptbatiPomassd barg.

removed by centyjfugation. The solvents were re ed under vyacuum

Yi el di ng (ophenfy e negf |t61>%§)sPﬁlﬁ%n%f%§?l)]r%%n‘%%rﬁlr‘figtngg‘oﬁft A 3t€§‘¥ra'§?°ve may
15anmount0 of t olakene bd eRplyRel Nh&6EBIr 5 th3.x2action Hod@ctUslate

(o- phenyl enedi om PNH( et h)él% in 1 m C6D6 was added ;30 ng._ .

triethyl ani ne ahidt 3GTSCoP2BReATI BFEHF DRD PERVYARDRASE aft b s

reaction was obsedaied hyr3iB- NVRi gl Padd vt 2nfBun®f oBeRhaner Was, agided.
20The precipitate was renoved by centrifugation. The solvents were

renoved under VEJER®TFhe final product was isolated as a white

solid. 31P-NWR (in g900),9id42-. {dgandcQaPasht L0 Kird Compar ati ve)
The (2-net hoxyphenyl 2PNf%l—l%§P( 2LT nmet ho.xyphenyléz %5??%;%% Wasasr
prepar etP by firzassicre Agrarsolotebntoimers@ng C&tmAnEYs produced in
(2- met hoxypheny.1) 2P i.n .20 g . .. JO.th ol ution, 10
m of a 1 M HCL sola}F)it%r?si ﬁ%d}:eth %gée{%erﬁ’(q%g‘t%r?ﬁl té«c&% R ey
under an inert ttarssphecevatl Lpontdeapertatturide Fheustispénsrimetdus

fornmed was 303t'1_roraql%e%v§§]nit Qt. The di%ﬂi%\%ﬁ&%ﬁéﬂ&ﬁinrﬁa ved from

the product under  vacuum and 28" At ot M The
resul ting sol utiranresaesf kithr edcasdsihe doigtene unas AMNGROOS, OAHO08- -
PCT/EP%£P7/O64%3%1§?has been observed indicates that the amount of
tetramers produced in the process of the present
invention increases with increasing pressure.
Therefore, by varying the reaction conditions of the
process of the present invention, the amount of trimers
25 and tetramers in the oligomerization product composition
may be varied. This may be useful for a continuous or
semi-continuous oligomerization process which produces a
high proportion of trimers and tetramers, wherein the
product composition can be changed (e.g. from producing a
30 higher proportion of trimers to a higher proportion of
tetramers, cor vice-versa,) by changing the reactor

conditions without having to interrupt the olefinic

monomer feed or the oligomerization product flow. In



renoved fromthe filtrate under vacuumto yield a white solid

(2- met hoxypheny1) 22C1 product. A solution of 0.51 g (5 mml) of
triethyl amy@eodsiy7a@gM of dry di chl oronet hane was addedbdPed2iE 064391
5met hoxypheny1) 2PC1 product. To the resuPfing mixture, 1.25 m of a 2
M H2NMe solution in THF (2.5 mml) was added and allowed to stir

over ni ght. Thepsot Mamtax wehesr eapved éspemidld y eseifuilngosokution in
vacuo and 20 nl of_ dry tol uene was @dded. The m xt gtroe gﬁs t hen
filtered. 10The*tot s SPBRIBYRRT R O E e F595% aP& Ghider vacuum

and 10 m of ngthenlr was added benyhens esirhiie itro throgueauat
suspensi on, which was filtered once nore, to | eave the solid j t

e
( 2- met hoxy phengIPRPNCGHE) FeR brefReRgBReh§19 2 HBURCCIMAFBA fadtdner
i sol ated. 15Li 99[?? ; i irQ a i Tha keacti on
pr oductsjof (2-[9rre %%/Egﬁ?rﬁ/ll) QSﬁﬁf‘i@gggr%ﬁﬁ . arnoIIDJ:Oport o
( 2- met hoxyphengd) @REC1 1t injaed vesaposPYi onnginhs e &FaCEraSORS} F s
Under a ”i”ogﬁ?iﬁ/ég%)srm%neq ﬁ%S%ﬂtégkﬁb@y#ﬁéﬁé@ef'@ﬁé%%ﬁert Pedd 21

i sopropyl am ne ry toluene. To the resulting
m xture, 2.2 gthe.8Yigumd)iza2-iomeplodyphehydy2PCL in 20 m tol uene

was slowy added and al |l owed to stir pverni ght r. er o3
The precipitate wastt &Sy ETCHY-LER r??uig}?f ixg%s%]te lglgl%té%?g' 2 V\%lfl’i 8
renovedofrom t epressits i igr SGleUbbilanoieryastibon WS i lef iwiitchmpenrang,

yi el ded (2- nethoxyphenyl)2PNH(i sopropyl) as ite sqlid. _31P- NVR
(in C600 5 21. BbeFﬁlH‘ért%e rﬁ’%‘i‘tﬁ%@n Cﬁﬁﬁggﬁgﬁrﬁ?%% f&o 153SF) ©BF
30neopentyl i phium nasnshowy @dded ot 993R0r IBa { b9 Y eamlipnof

(2- met hoxypheny1) 2PNH(i sopropyl) in_30 ml dry toluene. To the

resul ting m xt gpedR¥yongy YOG GRELILYES- SHBFRBXYpHeTy HOPeFswls the
slow'y added. ggss@wyﬁ@emnmh%%%ozﬁgogroé@ssa@r/aewﬁzbaseggar

stirred overnight at roomtenperature. The precipitate was renoved by
cent ri flgat i onsefihecsot mmusvay acarsy eddi ihoaEeRct TP IR FIERad e

washed with pent ane., gﬁfﬂ?{' g%%)jefg"p&%%&chgg&ggi&& %épfﬂ\gvae%tctli@ast
= y

predom nantly t'R& Pt structure, i.e. .

( 2- et hoxypheny:bna2 ¢ 2on setdoxyp henforaeN( tsopa bpyFynt bk hwaslysegent s
wi t hout further purification, 31P- i s oy
(Jpp=258Hz) . LitGaAdPEBHPOR ¢ oen“ﬁ\bfgg?/go(ﬁﬁgrsg??%’é? Ppded! coibotivion
(phenyl1) 2PN(i sepr epyl bRB( phefydneti ligangreasspr epackandy tire Hrolduehi ng

nmethod. At 0 C, under a nitrogen atnosphere, 15 nil _trjethyl.am ne was
added t4& 6.3 gC@Eﬁé’ﬁﬁ)@PoIir?‘%“ m@éﬂeﬁeﬁralécﬁflé?%%%t%gnéeh?lrgTo t he

resulting mxtW.ddmddt 9si80premyd anidie tias oaddede dbamdial lafved t o
stir overnight at roomtenperature. The solvents,were removed from

f
the resulting SoINLesR:i HOBERLR arlef SOFaACSST CAPYT 5P tehd Vs Aifted.
The m xture Wa%ttrgq%nfei Wiered o¥erl pssmBidtdnayer thk prbéess dihehe

tol uene was renoved fromthe filtrate under vacuum ,
present invention, wherein the process 1s a continuous or
25 semi-continuous 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
the art, such as distillation, filtration,

30 centrifugation, liquid/liguid separation, extraction, and

the like.



20( pheny1) 2PN(i sopropyl ) P(phenyl) 2 product was isolated as a white
solid. Crystallization from ethanol vyielded

(phenyl) 2RNoOISsxAeRy | ) P(phenyl) 2 as white_crystal s. Li gafiderseiiRenent
N' [used in the in situ preparation of “| PBdand conposition C .7 25The
(pheny1) 2PN(i sopropyl ) P( 2- met hoxyphenyl) 2 |igand was prepared by the
foll owi ng net hod. Furthdmddetaihbs trageniiatgrosphepes, 12ohtents,
triethylam ne was added to 3. 39 i sopropyl am.ne in 10 m. dry .

Lol tene. - To 't HEST B 14 g SrReares: Sohs THe (hy Frmes hathd) s
30added and al bomeght® stir overnight at roomtenperature. The
precipitate was rempved by filtration. The solvents were renoved from
the resulting sol utifénh 4R factBe BEHPFHE Kfa PrEACFEsT TR Pt

was addgd and gmbseguentdit o020081 0T7988-0H5% rRCHiEPABASHES4391 the

sol vent was renoved in vacuo fromthe pentane sol ution, yielding
( pheny1) 2PNH( i BoPY b3 )2 admpleorgtbr@ssobiprodiniicy sryBeaF| #2@d on

standi ng at roPQ%fSﬂ%%%gﬁ#g%g aynder; a RbddRaen Bf MRsPhenesr3 fhe use

triethyl am ne was a 9 g of the isolated _
(pheny1) 2PNH(i sbptlopypiodeasssofl the Hryseithlwranechader Fhet patalytic

resul ting M XU Sorkerk S 2TBENOXKONENVILZRA a8, added 300, ahLoned

to stir for a week at rToomterpera result reaction
10m xt upe 5-10fat wfodligiripllvareenasaaddedocTdre predinpiveayehnals
removed by centrjfugation._ Th ol vents e removed fromt

resul ting solu??%ﬁc'+ykﬁﬁnﬁ?r iﬁge 8E8|?P%§{ﬁ?iﬁ%ﬂ%a%ﬁ§§ Fﬁ?s?ﬁﬁagFﬁﬁf
wi th pentane apgodheteupiinest iinr edeWCkhan@t banttagtieindi rgspevhively.
solid. The white 15solid was washed with pentane and dried in vacuo.
Yield 0.7 g of (phere)dRxaiidopiops1dP(R=Imstdroxapidedy oFRenglim WR (in
C6D0 broad signals 6.55.9 .and.24. 8. .Li | i Qet he
in situ prepargf?%%s%fé§ﬁd%ﬁhté&ﬁ%%%%%?gﬁng%gg%%$%éeggégﬁggn 3t
phosphasus der evaAyisee off rae p2ed'edihydrenyidn ldedmnuephuplyl the
(Rac-1, 1' - bi naphth 1-2,2'-.dLox%)PC1 alao call ed
(rac-l,l'-binagﬁ?ﬁ R eSOt LA ogS, RIp ey S -

rac-1, 1' - bi napht hy Ir 2 q3hasphaeoehliaet dideidi and tetramerization

(rac-0, 0- bi napht hol at 0) PC1 was epared fro hosphor us, 25trichl ori de
thd e 22 - GPRYAFOKLEY 1015 aBR PPODbUS EhLCTIE GRONCRHFERFES oF

according to tRgenBiaothiepRIdRd Ry iN. theeengrand grddudéeeonbypl bebh L
Commruni cations 23 (1993) 1651. The product showed in 31P-NVR (in

o6D6) &0si gnal o4t tBe1pwesEIsPL £he SresPrhcedYeint d % /¢ &66(%- 60
30nentioned |itgrat yree Q) 2008027998 508, -RGTd ERROQH:00439L 1ecast

80 %$wt, of the overall product composition. The
trimerization and tetramerization selectivity fox the
trimerization and tetramerization of ethylene (i.e. the

25 amount of Cg and Cg fraction in the overall product

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

30 The amount of l-hexene produced by the trimerization
and tetramerization of ethylene using the process of the
present invention is typically in the range of from 10

gwt to 90 %wt, preferably from 11 %wt to 85 %wt, more



Li gand conposition Tr The reaction product of (2-
met hoxypheny1) 2PN( et hyl ) P( 2- met hoxypheny1) 2 and (rac-

1, 1' - bi napgbyderdyeds - di oxy) PCL (ligand conmposition T') gpwasizRpased
as foll ows. In a NVR-tube under a-nPBBrogen atnosphere 14 ny (40

mmol ) (rac-1,1"-binaphthyl-2,2'-di oxy) PCI was added to 22 ng (36
mol ) (2- met hoxyphenyab)13PNwet hgl 7 2to nis hoxy,pheny k2 okBrdl M p et

d8-toluene. This m xture was 10heated in an oil bath of 110 C for 40

hours. Accor di NPT SP-NVR 'EFeeRrBREDY, 1 13 Prodseiuras an the

approxi mately 1t Dndr (80 3/0M ahdMe ¥t Hafe Of - {2 dFR 0% BYE BN ) 2PG andk
predom nantly a P—P:N(rreth%lg structure with on one P atomthe

) : h on . ;
rac-1, 1' - bi naph®¥5AsE 2L FhexPrgeenp e athd s13oPherlpyatonthaw

2- met hoxyphenyl - grouRse (ickNeh &H8Cto 90 3wt 5
1,1' - bi napht hy1- 2.5 - di oxy) P( 2- net hoxyphenyT) SPN(at Ry ) T67™ 1 Bt to
( 2- met hoxyphenyd) 2R{tfr.aduorel priifaapht hyllzen 22 gitoxy) BPR( et hyd§ ) isze

Schene 1). 31P-NMB.(jn Q7 d . 35.1 (JE, p=385 Hz). This
m xture was used asa(lsluc?%oi ncgogiﬁépg% aﬁlfg’t for ethyl ene

ol i goneri zation expédhiemdnhsexent heeltedtirtiter (duel.f that heouniScheme- 1:
in situ prepar %%&%fﬁ% %ﬁt@gﬁ%ogggs&é|Lprrjac'l'tionLlo%ar11:glecgngQg{lt U The

preparation of

25de] [1;@, 2] di g RhiRings 2 i pes heme, 77908~
e e Biobon SRR NenZe A BELAGEE AANATT tnr%z)éﬁgﬁ\'zgf‘%rgg%é%r%? o
0.4nl triethyl antinel s uwddgdthe Bréceds mef Meapireec MhivenTHE) isn

20 M dry tolu To.t-he resulLting-solution was cool to, 5 C an
250 nmg 2-chl or%%ﬁ%ﬁl% §[td§]g[a%£3g§) ‘d’i’%’xanb 105 rienieﬁggg(a‘?/gi Jr%%?atedgo
from Hansa Fi ne?Ghema=sl pré&fkeHabBy eaten] edler renygwtwas shewty actdedion

After stirring overnight at roomtenperature 20 m hexane was added.
The preci pitat eeveld e SHHFEEthFoEBASEFi/Yat i on. The sol vents were

removediginder vacuumyglThepogducte N et naRhthotle8znaunt of

10del [ 1, 3, 21di oxaphosphi ni ne-2-am ne was I'sol ated as an oOi anc} used
as such. 31P- NMRG8D6 e eE2L2inl Fhyanes chrposian of Whe prodhet reacti on
product of N-methyl napht ho(1, 8- de][1, 3, 2] di oxaphosphi ni ne-2-ani ne
and (2- 15net ho PPPCER( FRGaht RO kRN teEEamBRbrRt BN \fs
prepared as foldonp.eneChRIBg3the process of the present invention is

preferably at least 85 %wt, more preferably at least 90
20 twt, most preferably at least 92 %wt, of the Cg fraction

product composition.

The amount of Cjg produced in the trimerization and

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

25 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
the trimerization and tetramerization of ethylene are

30 desirable in commercial operations as this can reduce the
amount of fouling of the reactor equipment, reduce the

amount of waste by-products and reduce the amount of



Under a nitrogen atnosphere, 350 ng triethylam ne was added to 150 ng
N- net hyl napht ho[ 1, 8- de] [1, 3, 2] di oxaphosphi ni ne-2-am ne 20 m dry

t ol uene. Tﬂo?%s‘ftﬁﬁoﬁ“' ting solution, 230 ng (2-nmet hoxyrhemmddabics
a

was sl owy ded and allowed to stir over3ifi ght at roomtenperature.
To the resulting m xture hexane was added. The precipitate was

renoved by cenbpifkHgabhn. “dhdiSiolaredus Wer faf etevattaIndel clasuiny of
The product was crystallized froma hexane/tol uene m xture(-20 C) and
i sol ated as a Wit 8361 PH. SBIRMR-C6D6 5 130. 6 and 36.3 5(Jw=370

Hz) . Co-catalyst 1 oddefdEaacyst UREdpidsdhe @xperdinmnt shbel ow
was selected from Methyl alum noxane (MAO in toluene, [Al]5.20%nm,

10suppl i ed by CGlefpnoda CnoMicBerRREFictepimbe Ekhpieisi zetiogof
Cat al yst. syste at i f i neeu tgi i i

Cotramsei 2at1 omr L8 B ar e p g e e B2 ne P C A 5k the
chrom um 15t ri s(yadenylacetomat £)s (¢ ypirbdnky sbbat conpeml Jofaddhekense
| i gand conponent,. as indicated in Table 1, e-pl aceg, id

bottle. Dry tolalIféjhg—(:’f:gSP%aJrrllytllie s Oadégggnt 8Bt%§ ‘gff a%sbs@lﬁ%t tq'?% to
obtai n a cat al ysterpnecprsancsotatiparitikinnablrygferhplpof tde Wasos @8l &dt

by a septum cap. 20The sol ution or_part of t spl ution was ed.in
the ol i goneri s&oAFEaRFF ﬁr%}?l%t%%ﬁ@. 8 EQS@VFSa’f%?%ﬂelrne;% & dns

of ethyjgene in2xkn@- Lbhtent bat chypii0alave Cebgoneoi swt i ®N the
experinments were perforned in a 1.0- 25litre steel autoclave e uiépped
with jacket codViargli PROGUAEaEPFRITIFHAng th&t H"b%&i?n%u%%b%ﬁt%a& | 13

ATS-2) and a tyrhineh§as stiLLer and.paldd epe Therrgaci®f o@ne
scavenged by introducing 250 m toluene, MAO (0.6 g solution) and

subsequent sti rgddigcat c3RBOSiuncer tlid riogenepressutendfi. dy@.calNRaat
for 30 mn. The reactor contents were c&b\s;cha

\ / "
base of the autid@Svel HE Peathdre g&&@%@% %égggﬁ%ﬁl&%ﬁﬁ q(":‘ga"

and | oaged wi t hyapproXmatelyi 2501 &t fwldians, aeatedtt 00 400C @mdhe Cg
pressurised with ethylene to 15 barg. Wilst stirring, an
MAO sol uti on (tfgcsldny ofnthe product composition, and the amount of

solids produced is at most about 5 %wt of the overall
product composition.
In another embodiment of the present invention, the
20 olefinic product composition of the trimerization and
tetramerization of ethylene using the process of the
present invention comprises a total content of compounds
other than l-hexene and l-octene of at most 40 %wt of the
overall product composition, preferably at most 30 Swt
25 and more preferably at most 20 %wt, wherein the l-hexene
content is typically at least 10 %wt of the overall
product composition, the l-hexene selectivity is

typically at least 90 3wt of the Cg fracticn of the

product composition, the l-octene content is typically at
30 least 10 %wt of the overall product composition, the 1-

octene selectivity is typically at least 80 3wt of the Cg

fraction of the product composition, and the amount of



intake of 3.12 g, 6 mol A, to attain an Al/Cr atomic 5ratio of 200)
was added to the reactor with the aid of toluene (the total volune

i nj ected Wgp :a8QHboogd> M : the MAOG-solution diluted w thpd@kpGiiRcds01 8
m was injected and the injector systemwd#® rinsed twice with 8 ni
toluene) and the stirring at 800 rpmwas continued for 30 10m nutes.
The Cr-cat al yst spledursmdudecepar ad asstesssiber :ah0we, tWaSoveral]

i ntroduced into théa stirred reactor using an injection systemwth
the aid of tol UBMRTheE TR WS Pune i njected was about 25 m: the
cat al yst sol ution 15did W-edeWkt Bet phy 4 ; I,Nj ec @,{]gg
injector systemwas ri ngied twce wt hegﬁem&itgll?gr?\ef&?%?’hjégi %lf?li‘a et
| oadi ng of the P¥aetdrivdevipsunosodinitong |eraydest.ol uene. The

addi tionsof thepgcgtalyst systemresulted, after 20an initial

i nduction period of about 5 mnutes, in an exotherm (generally
5-10C), which typiesdl wiraschiedsaandxChamaidhisation nute and was
foll owed by establi f. erature and.pressure indicate

in Table 1. After c?&g%ﬁglfhggdégﬁeﬂl \Poﬁelfr?gagflewhw]éﬁe?mfﬂéase
25reacti on was Stoppedhych apiddueed! whghdet raHeanperaricer { ahoutl Sss
m nutes), followed bé/ vent ihn% of the ethylene, and decanting the
product  mi xt ur TR HELTHPEH SR bottl e using a tap in the base of

the autoel ave. Exposune tok bPeratxbus erith ave asuhied spstam drere
deactivation of 30the catal yst. After addition of

n- hexyl benzene, C3¥E 528 B lgHnderanif APerhad tRASHIPASd, Alé PRéVER bRleised
product, the ampd Bfidd@sWhyC30anhetd NS WL T ¥nflafBus By e
C10 olefins was determ ned by gas chromatography. The experinmenta
data is reportetP? BapiEdty) was drjedhevernsi® giolegpdrirnenesesndeinal
30, 40 or 50 bepg.of &ifpd.gneep re, imlarly equipped
0.5-litre 5steel autocl avél has Egéﬁyuge%émlsbaded (in the sane manner
as the bbove- descri HadhydreoeedBPeS% oputitey)l wasl puréfaatiocveawed awltumn
hal f the amount the c onents.used.in the espondin .
1.0-litre exper(??rrggn G %ag‘lpﬁn?gieﬁu%ﬁ]é %%%e%@”é%g{soﬁggagéﬁgo[%%SFF) Lo
about 200) and érdext tkDalepluaeolveten soacentgat icomtantnieh<dsSppm.

practi cable. The exper geatal, data, s, provided bn, Table 1 bslow, . 60

on T
Chromatography (GC), in order to evaluate oligomer

20 distribution using a HP 5890 series II apparatus and the
following chromatographic conditions:
Column: HP-1 (cross-linked methyl siloxane), film
thickness = 0¢.25pm, internal diameter = 0.25 mm, length
60 m (by Hewlett Packard); injection temperature: 325°C;
25 detection temperature: 325°C; initial temperature: 40°C
for 10 minutes; temperature programme rate:
10.0°C/minute; final temperature: 325°C for 41.5 minutes;

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

30 The amount of “solids”, mainly consisting of heavy
wax and polyethylene, has been determined by weighing,

after its isolation from the reactor wall and appendages,
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followed by washing with toluene on a glass filter (P3)
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
Varian 300 MHz or 400 MHz apparatus.

Catalyst compositions

A number of catalyst systems containing ligand
compositions A, A’, B', C”, C’, C*, D”, D', E, F, G”, H",
K*, L, M", N”, Q, T’, U and V and a chromium source were
prepared and used in the oligomerisation reactions
described below.

Chromium source

Chromium tris-(2,4-pentanedionate), also called
Chromium tris({acetylacetonate}, was used as the chromium
source throughout.

Ligand composition A

The reaction product of (2-

methoxyphenyl) 7PNH (methyl) and {o-phenylenedioxy)PCl

(ligand composition A) was prepared as follows.

Under a nitrogen atmosphere 1.015 g (3.62 mmol) (2-
methoxyphenyl),PCl (available from Aldrich) was added to
10 mi 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 from the
resulting solution under vacuum. Washing with pentane
yielded 0.85g (3.0%mmol; (84%)) (2-
methoxyphenyl);PNH (methyl) as a white solid. *'P-NMR (in
Ce¢Dg) & 31.6.
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Under a nitrogen atmosphere, 133 mg (1.70 mmol) of
necpentyl lithium was slowly added to 428 mg (1.55% mmol)
of (2-methoxyphenyl),PNH (methyl) in 60 ml dry toluene. To
the resulting mixture 280 mg (1.60 mmol) (o-
phenylenedioxy)PCl (available from Aldrich) in 5 ml
toluene was slowly added. The mixture was stirred for 2
hours at room temperature. To the mixture 25ml pentane
was added. The precipitate was removed by centrifugation.
The solvent was removed under vacuum. The resulting
sticky material was washed with pentane {twice) and a
white solid was isolated. According to 3!'P-NMR the
product consisted at least predominantly of a P-

P=N (methyl) structure with on one P atom the o-
phenylenedioxy group and on the other P atom two 2-
methoxyphenyl groups (either (o-phenylenedioxy) P(2-
methoxyphenyl) 2PN (methyl) or (2-methoxyphenyl) sP (o-
phenylenedioxy)PN(methyl}). *'P-NMR (in C¢D¢) signals at &
153.1 and 35.3 (Jpp=359Hz) .

Ligand composition A’

The reaction product of (2-
methoxyphenyl} PN (methyl) P(2-methoxyphenyl), and (o-
phenylenedioxy) PCL (ligand composition A’) was prepared
as follows.

Under a nitrogen atmosphere, 87 mg (o-
phenylenedioxy) PCl (available from Aldrich) was added to
260 mg (2—methoxyphenyl)QPN(methyl)P(Z—methoxyphenyl)2

{Ligand composition K”) in 2 ml dry toluene. The
resulting mixture was heated to 110 °C overnight.

The solvent was removed from the solution by heating
under vacuum. Part of the resulting mixture was dissolved
in pentane, the pentane solution was isolated and

subsequently the solvent was removed and the residue was

dried under vacuum. According to 31P-NMR spectroscopy,
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the product was an approximately 1 to 1 {(mol/mol) mixture
of {2-methoxyphenyl),PCl and a P-P=N(methyl) structure
with on one P atom the o-~phenylenedioxy group and on the
other P atom two 2-methoxyphenyl groups (either (o-

5 phenylenedioxy) P (2-methoxyphenyl) 2PN (methyl) or (2-

methoxyphenyl) pP {o-phenylenedioxy) PN {methyl)) . 31p-NMR
(in CgDg) & 153.1 and 35.3 (Jpp=359Hz}.

This mixture was used as such in the catalyst for
ethylene oligomerization experiments without further
10 purification.

Ligand composition B’

The reaction product of (2-
methoxyphenyl) {phenyl) PN (methyl) P {(phenyl) (2~
methoxyphenyl) and (o-phenylenedioxy)PCl (ligand

15 composition B’) was prepared as follows.

The {2-methoxyphenyl) (phenyl)PN(CH3)P (2~
methoxyphenyl} (phenyl) ligand was prepared by first
forming a suspension of 0.42 g lithium (6C¢ mmol) in 80 ml
of tetrahydrofuran (THF), to which was added 9.66 ¢ of

20 (2-methoxyphenyl) 7P (phenyl) (30 mmol} at 0 °C under an

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

solution was filtered, and 4.6 g of C3Clg was added to

the toluene filtrate, which was then stirred for 2 hours
30 at 90 °C. The HCl gas, which evolved from the reaction,

was “trapped” in an alkali bath. The mixture was then
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cooled to room temperature and purged with nitrogen to
remove all of the remaining HCl present in the solution.

At room temperature, a 5 ml aliquot of triethylamine
was added to the concentrated toluene solution and left

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

mmol) was added a few drops at a time. The suspension was
filtered and washed with 20 ml of toluene. The toluene

filtrate and the toluene wash fraction were combined. The
combined toluene fractions were evaporated to dryness and

10 30 ml of methanol was added. The methanol solution was
left overnight at -35 °C wherein a white (2-
methoxyphenyl) (phenyl) PN (CH3) P (2-methoxyphenyl} (phenyl)
precipitate was formed in the solution. The precipitated
ligand was then isoclated.

13 The precipitated ligand consisted of two isomers, a
racemic isomer {(the RR and/or the 55 enantiomers of the
ligand) and a meso isomer (the RS enantiomer of the
ligand). The proportions of these two isomers were
determined by P NMR with peaks at 63.18 and 64.8 ppm

20 corresponding to the two different isomers respectively.
These two samples consisted of mixtures of both the
racemic and the meso isomers having weight ratios of
57/43 and 92/8 respectively. Only the sample of (2-
methoxyphenyl)(phenyl}PN(CH3)P(2—methoxyphenyl)(phenyl)

25 with the racemic and the meso isomers in a weight ratio
of 57/43 was used.

Under a nitrogen atmosphere, 14 mg (o-
phenylenedioxy)PCl was added to 37 mg (2-
methoxyphenyl) (phenyl) PN (methyl) P (phenyl) (2=

30 methoxyphenyl) in 1.0 ml dry CgDg. The resulting mixture

was heated overnight in an oil bath at %0 °C.
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Based on the 31P-NMR spectrum, the main products
were an approximate 1 to 1 (mol/mol) mixture of (2-
methoxyphenyl) (phenyl)PCl and a P-P=N(methyl) structure
with on one P atom the o-phenylenedioxy group and on the
other P atom one 2-methoxyphenyl group and one phenyl
group (either (o-phenylenedioxy)P(2-
methoxyphenyl) (phenyl) PN (methyl) or (2-
methoxyphenyl) {phenyl) P (o-phenylenedioxy) PN (methyl) ).
31p-NMR (in CgDg) & 151.7 and 43.0 (Jpp=353Hz).

This mixture was used as such in the catalyst for
ethylene oligomerization experiments without further
purification.

Ligand composition C”, ligand composition C’ and ligand

composition C*

The reaction product of (2-
methoxyphenyl) 2PNH (1sopropyl) and (o—-phenylenedioxy) PCl
(ligand composition C”) was prepared as follows.

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
precipitate was removed by centrifugation. The solvents
were removed from the resulting selution in vacuo.
Washing with pentane yielded (2-
methoxyphenyl) ,PNH (isopropyl) as a white solid. Slp_NMR in
CsDg) & 21.8.

Under a nitrogen atmosphere, 60 mg (0.77 mmol) of
neopentyl lithium was slowly added to 226 mg of (2-
methoxyphenyl),PNH (isopropyl) in 20 ml dry toluene. To
the resulting mixture 130 mg {(0.75 mmol)} (o-
phenylenedioxy)PCl in 1 ml toluene was slowly added. The

mixture was stirred for 2 hours at room temperature. The
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precipitate was removed by centrifugation. The solvent
was removed in vacuo. After washing with methanol a
product, which according to **P-NMR had at least
predominantly the P-N{isopropyl)-P structure, i.e. {2-
methoxyphenyl) 2PN (isopropyl) P (o-phenylenedioxy), was
isolated as a white solid. *'P-NMR (in CeDg) & 156.9 and
11.6 (Jpp=~20HzZ).

According to ’!P-NMR spectroscopy the same P-N-P
product as present in ligand composition C”, (2-
methoxyphenyl) ;PN {isopropyl) P {o-phenylenedioxy), was
formed almost quantitatively upon reaction of (o-
phenylenedioxy)PCl with ligand composition N7, (2-
methoxyphenyl) PN (isopropyl) P (phenyl), overnight in CgDg
at 80 °C with concomitant formation of an equivalent
amount of (phenyl),PCl (designated ligand composition
C’). *'P-NMR (in Cg¢D¢} & 157 and 12.

Bceording to *'P-NMR spectroscopy the same P-N-P
product as present in ligand composition C”, (2~
methoxyphenyl) PN (isopropyl) P (o-phenylenedioxy), was
formed almost quantitatively upon reaction of (o-
phenylenedioxy)PCl with P-P=N ligand composition L, (2-
methoxyphenyl),P-P(2-methoxyphenyl),=N(isopropyl) during
<0.5 hour in CgDg at 20 °C with concomitant formation of
an equivalent amount of (2-methoxyphenyl),P-Cl
(designated ligand composition C*), 3'P-NMR {in CeDe¢) &
157 and 12.

Ligand compesition D” and ligand composition D’

{Comparative)

The (phenyl) PN (isopropyl)P(o-phenylenedioxy) ligand
composition was prepared according o the method reported
in Heteroatom Chem. Vol. 2, 477 (1991).

Under a nitrogen atmosphere, 12 ml triethylamine was

added to 3.3% g isopropylamine in 10 ml dry toluene. To
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the resulting mixture, 5.15 ml (phenyl),PCl (available
from Aldrich) 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 vacuo. To the evaporation residue,
pentane was added. The solvent was then removed in vacuo
from the pentane solution, yielding
(phenyl).PNH (isopropyl) as a colourless 0il, which
crystallized on standing at room temperature. *'P-NMR (in
Ce¢Dg) & 35.8.

Under a nitrogen atmosphere, 1.7 ml triethyl amine

was added to 2.00 g of (phenyl)oPNH(isopropyl) in 10 ml

dry toluene. The resulting mixture was cooled to

approximately 0 °C and 1.435 g of (o-phenylenedioxy)PCl

(available from Aldrich) was slowly added. The mixture
was then stirred overnight at room temperature
(approximately 20 °C).

The precipitate which formed in the solution was
removed by centrifugation. The resulting solution was
concentrated under vacuum and was subsequently filtered
over silica gel.

The solvent was removed under vacuum, which yielded
a white solid of (phenyl),PN(isopropyl)P{o-
phenylenedioxy). *'P-NMR (in CeDg) & 157.4 and 30.0 {(Jep=
17Hz) .

According to *'P-NMR spectrosceopy the same P-N-P
product as present in ligand ccmposition D”,

{phenyl) PN (isopropyl) P (o-phenylenedioxy), was formed in
about 10% yield upon reaction of (o-phenylenedioxy)PCl
with ligand composition M”,

(phenyl) PN (isopropyl) P(phenyl), overnight in CgDg¢ at 90
°C with concomitant formation of (phenyl),PC1 (designated

ligand composition D'). The remainder of the reaction
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mixture were predominantly starting components. *'P-NMR
(in CeDg) & 157 and 30.

Ligand composition E

The reaction product of (phenyl)PNH(methyl) and (o-
phenylenedioxy)PCl (ligand composition E) was prepared as
follows.

Under a nitrogen atmosphere, 400 mg triethylamine
was added to 2 ml methylamine (2 M in THF) in 5 ml dry
toluene. The resulting solution was cooled to -15 °C and
440 mg (phenyl}.PCl in 5 ml toluene was slowly added and
allowed to stir overnight at room temperature. To the
resulting mixture pentane was added. The precipitate was
removed by centrifugation. The solvents were removed
under vacuum. The resulting sticky product was extracted
with cold pentane. After removing the pentane under
vacuum (phenyl).PNH(methyl) was isolated as an oil. *'p-
NMR (in CeDg) & 45.7.

To 55 mg (phenyl),PNH{methyl} in 1 ml C¢D¢ was added
50 mg triethylamine and 44 mg {o-phenylenedioxy)PCl.
After standing overnight 2 ml of pentane was added. The
precipitate was removed by centrifugation. The solvents
were removed under vacuum. The product was isclated as an
0il. According to *'P-NMR the product consisted at least
predominantly of a P-P=N(methyl) structure with on one P
atom the o-phenylenedioxy group and on the other P atom
two phenyl groups (either (o-
phenylenedioxy) P (phenyl) »>PN(methyl) or (phenyl)P(o-
phenylenedioxy) PN {methyl)). *'P-NMR (in CeD¢) & 151.9 and
49.1 (Jpp=351 Hz}.

Ligand composition F

The reaction product of (tert-butyl) PNH(methyl) and

(o-phenylenedioxy) PCl (ligand composition F) was prepared

as follows.
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Under a nitrogen atmosphere, 3 ml triethylamine was
added to 6 ml methylamine (2 M in THF) in 20 ml dry
toluene. To the resulting solution, 1.6 g (tert-
butyl},PCl (available from Aldrich) was slowly added and

5 allowed to stir overnight at room temperature. To the
resulting mixture pentane was added. The precipitate was
removed by centrifugation. The solvents were removed
under vacuum. The resulting oil was crystallized from
pentane (~20 °C). Yielding white crystals of (tert-

10 butyl);PNH(methyl). *'P-NMR (in CeDs) & 82.8. This product
has been described as an oil in Phosphorus, Sulfur and
Silicon, 19%0, vol.54, p.55-61.

Under a nitrogen atmosphere, 95 mg triethylamine was
added to 83 mg {tert-butyl),PNH(methyl) in 3 ml dry

15 toluene. To the resulting solution, 83 mg (o-
phenylenedioxy)PCl was slowly added and allowed to stir
overnight at room temperature. To the resulting mixture
pentane was added. The precipitate was removed by
centrifugation. The solvents were removed under vacuum.

20 The resulting white sclid was washed with cold pentane.
The *P-NMR spectrum in Ce¢Dg showed 2 products one with a
set of doublets at & 151.2 and 84.7 (Jp=375) and one
with a set of doublets at & 153.8 and 115.8 {Jpp=42 Hz)
in a2 4 to 1 {(mol/mol) ratio. Most probably the product

25 consisted of a 4 to 1 (mol/mol) mixture of isomers having
a P-P=N({methyl} structure with on one P atom the o-
phenylenedioxy group and on the other P atom two tert—
butyl groups (either (o-phenylenedioxy)P (tert-
butyl) 2PN (methyl) or (tert-butyl)oP(o-

30 phenylenedioxy} PN (methyl)) and a P-N{methyl)-P structure,
(tert-butyl) 2P-N(methyl)~P(o-phenylenedioxy).
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Ligand composition G”

The reaction product of (2-

methoxyphenyl)QPNH(pentafluorophenyl) and (o-

phenylenedioxy)PCl ({ligand composition G”) was prepared
as follows.

Under a nitrogen atmosphere, 0.5 g (6.3 mmol) of.
neopentyllithium (available from Aldrich} was slowly
added to 1.15 g (6.3 mmol) pentafluorocaniline (available
from Aldrich) in 25 ml dry toluene and stirred for 0.5
hour at room temperature. To the resulting mixture 1.76 g
(6.3 mmol) (2-methoxyphenyl)>PCl in 15 ml toluene was
slowly added and allowed to stir for 1 hour at room
temperéture. The precipitate was remerd by
centrifugation. The solution was concentrated to about
5 ml. Pentane was added (about 20 ml), the precipitate
was collected. Washing with pentane yielded (2-
methoxypheﬁyl)zPNH(Cst) as a white solid. Mp_NMR {in

CeDg) & 38.4(t) (Jpr=60Hz). PF-NMR (in C¢De¢) & —-156 (o) ;

-165.2 (m); -170.3 (p)-

Under a nitrogen atmosphere, 128 mg (1.64 mmol) of
neopentyllithium was slowly added to 700 mg (1.64 mmol)
(2—methoxyphe§yl)ZPNH(CGFS) in 25 ml dry toluene and
stirred for 1 hour at room temperature. To the resulting
mixture 286 mg (1.64 mmol) (o-phenylenedioxy)PCl in 10 ml
toluene was slowly added and allowed to stir for 1 hour
at room temperature. The precipitate was removed by
centrifugation. The solvent was removed in vacuo. Pentane
was added {about 10 ml) yielding a clear solution. From'
this solufion (2-meth$xyphenyl)2PN(C5F5)P(o-'
phenylenedioxry) precipitated in several fractions. 3Mp_NMR
(in CeDg) 5 138.4 and 51.3 (Jpe=16Hz). '’F-NMR (in CeDg} &
-143 (o) ; -164.1(m); -157.1 (p).
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Ligand composition H” (Comparative)

The {o-phenylenedioxy)PN (methyl)P (o-phenylenedioxy)
ligand composition was prepared by analogy to the method
reported for the preparation of (o-

S phenylenedioxy) PN (isopropyl) P{o~-phenylenedioxy) in
Hetercatom Chem. Vol. 2, 477 (1991).

Under a nitrogen atmosphere 1 ml methylamine (2 M in
THF} was added to 5 ml dry tecluene. This solution was
cooled to -20 °C. At this temperature slowly 150 mg (o-

10 phenylenedioxy)PCl in 1 ml toluene was slowly added.
After several days 87 mg Ets;N in 5 ml pentane was added.
The precipitate was removed by centrifugation. The
solvents were removed under vacuum. Yielding {o-
phenylenedioxy) PNH (methyl) contaminated with a small

15 amount of toluene. *'P-NMR (in Ce¢D¢) & 143.9.

To 30 mg (o-phenylenedioxy)PNH(methyl) in 1 ml CgDg
was added 30 mg triethylamine and 30 mg (o-
phenylenedioxy)PCl. An instantaneous reaction was
observed by *'P-NMR. Finally 2 ml of pentane was added.

20 The precipitate was removed by centrifugation. The
solvents were removed under vacuum. The final product was
isolated as a white solid. *'P-NMR (in CgDgl & 142.0.

Ligand composition K” (Comparative)

The (2-methoxyphenyl)oPN(CH3)P(2-methoxyphenyl)s
25 ligand was prepared by first ferming a solution of 1.59 g
(5 mmol) (2-methoxyphenyl);PNEts in 20 ml diethyl ether.

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

30 stirred overnight. The diethyl ether was removed from the
product under vacuum and 20 ml of dry toluene was added.

The resulting solution was filtered and the toluene was
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removed from the filtrate under vacuum to yield a white

solid (2-methoxyphenyl)3PCl product.

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

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

added and allowed to stir overnight. The solvents were
removed from the resulting solution in vacuo and 20 ml of
dry toluene was added. The mixture was then filtered.

The toluene was removed from the filtrate under
vacuum, and 10 ml of methanol was added to the residue to
produce a suspension, which was filtered once more, to

leave the solid white (2-methoxyphenyl)sPN(CH3)P (2~
methoxyphenyl) > product which was isolated.

Ligand composition L (Comparative)

The reaction product of (Z2-
methoxyphenyl) 5PNH (isopropyl) and (2-methoxyphenyl}oPCl
(ligand composition L) was prepared as follows.

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
precipitate was removed by centrifugation. The solvents
were removed from the resulting solution in vacuo.
Washing with pentane yielded (2-
methoxyphenyl) ,PNH (isopropyl) as a white solid. 'P-NMR
(in Ce¢Dg) & 21.8.

Under a nitrogen atmosphere, 80 mg (1.0 mmol) of
neopentyl lithium was slowly added to 300 mg (0.95 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



ST OE CE 0 os 0C) OE ST CEI OE._OS OE as OE (at) 58

(06) OL at
WO 2008/077908 - 53 - PCT/EP2007/064391

10

15

20

25

30

(OL) OL (06) 98 (OH 001 (06) OL (06) OL

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~
methoxyphenyl) ;PN (isopropyl), and was used without
further purification. Sp_NMR (in Ce¢Dg) & 0.0 and ~-35.4
{Jep=258Hz) .

Ligand composition M” (Comparative)

The (phenyl)2PN({isopropyl)P(phenyl)s ligand was
prepared by the following method. At 0 °C, under a

nitrogen atmosphere, 15 ml triethylamine was added to

6.3 g (phenyl)oPCl in 80 ml of dry 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-
vacuc and 50 ml of dry toluene was added. The mixture was
then filtered over a small layer of silica. The toluene
was removed from the filtrate under vacuum,

(phenyl) 2PN (isopropyl} P(phenyl) s product was isolated as
a white solid. Crystallization from ethanol yielded
(phenyl) 2PN (isopropyl) P{phenyl) s> as white crystals.

Ligand component N” [used in the in situ preparation of

ligand composition C’]

The (phenyl)osPN(isopropyl)P(2-methoxyphenyl); ligand
was prepared by the following methoed.

Under a nitrogen atmosphere, 12 ml triethylamine was
added tc 3.3% 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 vacuo. To the

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

5 Under a ﬁitrogen atmosphere, 3 ml triethyl amine was

added to 0.9 g of the isolated (phenyl} pPNH (isopropyl) in

5> ml of dry dichloromethane. To the resulting mixture,

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

for a week at room temperature. To the resulting reaction

10 mixture 5-10 ml of dry toluene was added. The precipitate
was removed by centrifugation. The solvents were removed
from the resulting soluticn in vacuo. The resulting
mixture was first washed with pentane and thereupon
stirred with methanol yielding a white sclid. The white

15 sclid was washed with pentane and dried in vacuo. Yield
0.7 g of (phenyl) PN (isopropyl)P(2-methoxyphenyl)s. *lp.-
NMR (in CgDg) broad signals & 55.9 and 24.8.

Ligand component Q {used in the in situ preparation of

ligand composition T']

20 The racemic phosphorus derivative of rac-
2,2'dihydroxy-1, 1’ -binaphthyl, (Rac-1,1’-~binaphthyl-2,2’-
dioxy)}PCl, alsc called (rac-1,1'-binaphthalene-2,2'-
dioxy)PCl, rac-1,1"-binaphthyl-2,2’phosphorochloridite or
(rac-0,0~-binaphtholato) PCl was prepared from phosphorus

25 trichloride and rac-2,2‘-dihydroxy-1,1’-binaphthyl
(purchased from Aldrich) according to the method reported
by N. Greene and T.P. Xee, Synthetic Communications 23
(1983) 1651. The product showed in 3p_NMR {in Cghg) a
signal at & 179.5 (dp 178.8 (s) accorxding to the above-

30 mentioned literature)}.
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Ligand composition T'

The reaction product of (2-
methoxyphenyl) oPN (methyl) P (2-methoxyphenyl)s and (rac-
1,1’ -binaphthyl-~2,2’ ~dioxy) PC1l (ligand composition T')
was prepared as follows.

In a NMR-tube under a nitrogen atmosphere 14 mg (40
mmol) {rac-1,1’-binaphthyl-2,2’~-dioxy}PCl was added to 22
mg (36 mmol) (2-methoxyphenyl).PN(methyl)P (2~
methoxyphenyl}z in 1 ml dry d8-toluene. This mixture was

heated in an oil bath of 110 °C for 40 hours. According

to 31p-NMR spectroscopy, the product was an approximately
1 to 1 (mel/mol) mixture of (2-methoxyphenyl),PCl and
predominantly a P-P=N{methyl) structure with on one P
atom the rac-1,1’-binaphthyl-2,2’-dioxy group and on the
other P atom two 2-methoxyphenyl groups (either {(rac-
1,1’—binaphthyl—2,2'—dioxy)P(2—methoxyphenyl)2PN(methyl)
or (2-methoxyphenyl)P(rac-1,1’~binaphthyl-2,2"~
dioxy) PN (methyl)) (see Scheme 1). *P-NMR (in C;Dg) & 151.3
and 35.1 (Jpp=385 Hz). This mixture was used as such in
the catalyst for ethylene oligomerization experiments
without further purification.

Scheme 1: in situ preparation of ligand composition T’

g,

Ligand component U

The preparation of N-methylnaphtoll, 8-

de] (1, 3,2]dioxaphosphinine-2-amine (see Scheme 2}.
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Scheme 2

Under a nitrogen atmosphere, 0.4ml triethylamine was
added to 1.5 ml methylamine (2 M in THF) in 20 ml dry
toluene. To the resulting solution was cooled to 5 °C and
250 mg 2—chloronaphtho[l,8—de][1,3,2)dioxaphosphinine
(available from Hansa Fine Chemicals GmbH, Bremen,
Germany) was slowly added. After stirring overnight at
room temperature 20 ml hexane was added. The precipitate
was removed by centrifugation. The sclvents were removed
under vacuum. The product N-methylnaphtho{l, 8-
de] [1, 3,2}dioxaphosphinine-2-amine was isolated as an oil
and used as such. 3'P-NMR C¢Dg & 121.2.

Ligand composition V

The reaction product of N-methylnaphtho(1l, 8-
del] [1, 3,2]dioxaphosphinine-2-amine and (2-

methoxyphenyl) 2PCl (ligand composition V, see Scheme 3)

was prepared as follows.

Scheme 3

Under a nitrogen atmosphere, 350 mg triethylamine
was added to 150 mg N-methylnaphtho{l,8-
de] [1,3,2]dioxaphosphinine-2-amine 20 ml dry toluene. To
the resulting solution, 230 mg (2-methoxyphenyl),PCl was
slowly added and allowed to stir overnight at room

temperature. To the resulting mixture hexane was added.
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The precipitate was removed by centrifugation. The
solvents were removed under vacuum. The product was
crystallized from a hexane/toluene mixture (-20 °C} and
isolated as a white solid. *'P-NMR C¢Dg & 130.6 and 36.3
{(Jep=370 Hz}.

Co-catalyst

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

Methyl aluminoxane (MAQO) in toluene, [Al] = 5.20%wt,
supplied by Crompton GmbH, Bergkamen, Germany;
Examples 1 - 31

Catalyst system preparation for simultaneous

trimerization and tetramerization in a batch autoclave

In a Braun MB 200-G dry box the chromium
tris(acetylacetonate) (typically about 30 umol) and the
ligand component, as indicated in Table 1, were placed in
a giass bottle. Dry toluene (typically 4 g) was added to
the glass bottle to obtain a catalyst precursor sclutiocn.
Finally, the bottle was sealed by a septum cap.

The solutiecn or part of the solution was used in the
oligomerisation reaction of ethylene.

Oligomerisation reactions oi ethylene in a 1.0-litre

batch autoclave

Oligomerisation experiments were performed in a 1.0-
litre steel autoclave eguipped with jacket cooling with a
heating/cooling bath {(ex. Julabo, model ATS-2) and a
turbine/gas stirrer and baffles.

The reactor was scavenged by introducing 250 ml
toluene, MAO {0.6 g soluticn) and subseguent stirring at
70°C under nitrogen pressure of (0.4-0.5 MPa for 30 min.
The reactor ccntents were discharged via a tap in the

base of the autoclave. The reactor was evacuated to about
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0.4 kPa and loaded with approximately 250 ml toluene,
heated to 40 °C and pressurised with ethylene to 15 barg.
Whilst stirring, an MAO-solution (typically an

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

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

The addition of the catalyst system resulted, after
an initial induction periocd of about 5 minutes, in an
exotherm {(generally 5-10°C), which typically reached a
maximum within 1 minute and was followed by establishment
of the temperature and pressure indicated in Table 1.

After consuming the desired volume of ethylene, the
reaction was stopped by rapid cooling to room temperature
(about 5 minutes}, followed by venting of the ethylene,
and decanting the product mixture into a collection
bottle using a tap in the base of the autoclave. Exposure
of the mixture to air resulted in rapid deactivation of
the catalyst.

After addition of n-hexylbenzene, (0.5-3.5 g} as an
internal standard, to the crude product, the amount of

the C4-C3p olefins and purity of Cg, Cg and C1p clefins
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was determined by gas chromatography. The experimental
data is reported in Table 1.
In the case of experiments under 30, 40 or 50 baxg

of ethylene pressure, a similarly equipped O.5-iitre

5 steel autoclave has been used, loaded (in the same manner
as the above-described procedure for the 1.0-litre
autoclave) with half the amounts of the components used
in the corresponding 1.0-litre experiments to maintain
the same Al/Cr atomic ratio (of about 200) and final

10 alpha olefin concentration as much as practicable.

The experimental data is provided in Table 1 below.



(00
PCT/EP2007/064391

(T9) 6LT 9E .z CE
(06) GL

([70 LET (z6) 81
CE CE OE OP CE
60

CE

CE

(60 86T

Z
(674

9
WO 2008/077908

(CT)
ZE LE CE -

(Eli) EXZ

CE

(88) (0L) (2°1)
1°F8 2°LE |E°T V'y 0°Z [§°86 | L°2S | L'96 [P EE | 6ET | 88| OF 0L OWH /Y ST | 8
(9L) | #4 {0¥) (1-1)
8 L8 8°%9 |00 "% b2 |S°86|9°FV | £°L6 | T75F 9L 091 41 0L O¥NH i 0 | L
(L¥8) {0v) (€°2)
6°88 | L°GV | P°T [8°C |9°C €86 | G°8E | ¥ L6 | #°2G G9¢ | 061 0S 00T | O¥H A4 € |9
(F6G) {op) (1°1)
G'08 |86V {€°0T|F°C {6°C |€'86| C°CE | 97L6 | 1708 F6S | 091 0§ 00T { OW¥H \d €16
(622) {op) (£°2)
CLB [ T°96 1 0T | B'F vC £°86 (4978 P°Le | 9709 1943 OF | 0F 58 O ¥ ST | F
(ZvZ) {oF) (1°1)
P'98 | 8°66 ) ST |F'F 9°€ g'ge|cLe v L6 [ T°TS QTd SE | OF 58 O¥R Y PT | €
{g62) (op) {(T°1)
T°98 £ P21 2070 9°F T'F | 6786 2°8E | L'L6 {9°6F 9%Z | 2L ] 0F 0L OYNH k4 ST 2
{69) (0%) {1°1)
L°L8 | 9°PSIS0°Q[ 9°F P°€ | P"B6 [ 6°CGE | L'L6 |97ES QT | 08| 4T oL GYH ¥ ¢t | T
~ B
o) P 0 o — = — + . © N
SN - = o - o » |~
L mel B RN R = | D I B N S I o C =l
D 2 ~ o~ | de — = z 2 5 ElZolgd— o & 35 B | &
+ o) O o [ S K] b oe e 5 /s 3 ] w D G o 5 =
=G o ) 1= * ~ X — o andigat> w |[Solg| T d
— T ™ op Ea * e ¢ o Qs & G a4 gl=2 pvs
© L 3| = = o< o ® @ S w [ E (8 — g el Y 23 g &
Qe8| S — 8 o O & _ O 5 A e 1581 o s
SOEE B S i RN

uotieziaswchiTo 2USTAYLI

PSZATE3E0-1) UT SPUCBT{ 2,dd- (o) N~d’ed X0/PUB 2,0d%(d) d=N—q¥ ' q8-N=%( d)d-d%¥ JO sdurwiozasd syl

T dTdV¥dL



I LL

OWN

PCT/EP2007/064391

(T-1) (T'T)

(GL) GL 01164

(s8) 58

61

(9g8) g8

(00 GL

08

(08)

WO 2008/077908

It (g) (ov) (6°0)

€80 { €°T | L°L € PT|6°0T|1T°96}9° 2| 9°€6 | P 9T z GL| 0€ 0L [ OWW | .M
(8) (0F) (p°2)

9'6r | 9°¢ [ 1°69{ 6°C | T2 |8°T6) L% | 866 | 09T g Gg| 06 | 02T |OWW| .9
(g) {(0L) (1)

P69 | 2°T |9°8T) 6% | 6°p |[S°G6 b ¢T | B°L6 | 678G g G| o¢ QL | O¥H R
(18T} {0%) (€°2)

6°99 [ 2°GT | L°6T| G°€ | 0'¢ |{£'66! B892 | 886 | 8°0F | TI8T [ 09| 0§ { 00T [ OWH Jd
{(LGT) {(ov) (€2}

6°LS {0°0L |02 L'y | L' (266 6°P2 | L°B6 |B°EE| 69T | GE| OF 58 | OWR A
(L9T) (0F) (T°T)

0'€8 | 8°69 | L€ | 09 | 2°S [S°66}|0°6E | 066 |L"FF | 0LZ | LE]| OF 0L | O¥R d
(TTIT) (ov) (T°1)

6°€9 | P'E6 | €°6T| GG | PG |2°66| L°GZ | 886 | B"8E gL | 68| ST 0L | O¥YH Ei
+4 (%) {(op) (1°1T)

0°LZ | 81 {p'€¥| S°L 1 6°619°2619°1TC | % 9% [ 9701 6 Q€ | 0€ 0L | OYHW i
(%) (0F) (€ 1)

2°08 | ST | Lzl 2z T2 |T1T°t6l8°09|9°IL|9°62 L 0g€ | 0€ 0L | OYR «a
(858) (0F) (v-2)

€'v8 19°1L | 0T {6°€c ! 9°8 €860 T°TZ}| 1°86 |6°F¥3| €¥9 |08 06 | 00T | OUR o]
(op2) (0F) {(v°2)

0°18 IT'€0T| 9°0 ! L°6 [€°0T|F'86]9°2c | ¢'86 | B"6G| S8BT | 08 0OF Gg8 | O¥W e}
(00T) (oL} (1°1)

8'€8 | S'EV {LO0°0) 89 | T°8 |8'86| CT°PE| 9°86 {8°0G | LIE 16T O 0L | OWH Pe)
(6¢) (oL} (1°1)

T°F8 | G°TE| G°0 {9°F |G'E€ [8°96 | 9°€¥ | Q0°C6 | G°GF 8% 6 | 0€ 0L | O¥W ,4d
(9L} | ## (op) (1°1)

9'F8 | B'Z9|80°0iEF €% |TL6| L'TE| T %6 [T LS 0z |{Szz| ST 0L | O¥W ,d
(61} (oL) (Z°T)

€98 1°8Z2 | LT Ve 1°¢ |¢'8B6 | T°E¥ | T°L6 | E°GF 69 £r | Ot 68 | O¥N A

(GP) 06

OW OM OM OW O OW (TT) (ST (T'T) AN

(T'T) Al

oL




PCT/EP2007/064391

CvVif) 04 CD CV G,

cOl

ST ST ST ST

63

Si

01 OO CVCr/1 04 0COrt Ccl

WO 2008/077908

(ti) (ZT) A ST 91 Si

62

“{10-d (TAusyd) (TAusuydixoyzsu
-0) Tow/Tow T inodge HUTUTEIUOD {SWIOI N=d-d @Ul FO I9YylTa uT Ariueurwopsad ‘g
puebTtT pexedsad nits-utr :,g) TAusyd+TAusydrAuzaw-o=Z)y ‘TAyleu=y ‘AxorpousTiAusyd-o=2.y ,g
*(TD-4d% (TAusydAxoyisw-0) Tow/Tow T 2ANOQge HUTUTEIUOD
'y puebty peiredexad nits-utr :,y) TAusydAxoyjeuw-o=,¥ ‘TAUIdU= ‘Ax0TpausTAusyd-o=?t.Yy R
‘ (swIaeI N=d-d4 S8yl Jo
Tsyare ur Ayraueutwopsxd puebry :y) TAusydAixoyjsuw-o=,y ‘TAyzsu=y ‘AxoTpsusTAusyd-o=Z.y v
2 dd~Z () d=N-qd < 2 Hd- () N-d%d & qd-N=%(,¥)d-d%y
unTwoIYo peleATlne Jo 2oussaxd 8yl UT pawnsse oIt eTIQITINbe DUTMOTTOF ayg
(19) {oL) (2 1}
b'¥8 | PG| S°€ | $°€ | 8'T {9°86| 8'€ES | 6796 [ G°CE PLT | T2 | O 0L | OUNW A ST | TE
(26} {g8) (T°1)
8'68 | L'8E|G0°0| 672 | 6T 16°86| 8 LF | T°L6 1O"FF | €8T | 0| OF G8 | O¥NW . L 6T | 0L
(78} (68) (1-1T)
6°06 {Z2°'GE |90°0 ) 8°¢ | T°Z |¥#°8B6 | B'ER | £°L6 [ £ °6F LET | LE| 0O€ 58 | O¥W «L ST I16C
(6L) (0L) (T°1}
T°68 1 6°C€E [90°0| T°€ | 6°T7T 1986 | £°8F [ 9°L6 I G°CF 8FT | ZE| 0OF 0L | O¥H +L ST { 8¢
i (eT) (08) (113 ¥
E'ER GG | FTLV | L7E | €°C | P'P6| 6792 [ 8B'Co | £70Z 9¢ Q€| OE 08 | O¥W oI ST |LZ
+4 (€TT) (0F) (T #
E'T8 | C°Lv ¢ S°0 | P°F 8'T 18°86| 2°0L 1 G9°89 (kP LT | €0Z | EE| OF 0F | O¥H ! GT |92
(Z) (0L) (61T} #
8758 L0 "L ) T'E 0" 107€6| 9°E 1000015728 5 02| 0€ 0L | O¥R ! 9T | &€
(€2v) (0F) (1-1) #
0748 [9°LLTICO°0) €°C {0°QT[8°66 | T°%F { 9°L6 |{0°G8 | 0L | 9€ | QF 0L | OYR wd ST |¥2




CBOC5CP

: C O3E43- Hoal

L)-00, X -C, igordBdfhosszon

. C.

CC-PCit-HO Ca)C -HCC-0-H CC 0-Hi tO
C TSMO0 CC

04t-) 0,
.Ss-i1iC a,w

Ha) H - P44-)

-OQI -0 UH>1-HCD H HI S-1
-H L0~ H H o/ Qfhidorbh

4-1C - HZCO-H >- 1>,

" {T0-dt (TAusydixoyisu-o)

Tow/tow T inoge BUTUTRlUOD {SWIOT N=d-d @Yl JO JIayilte ut ArTjueuTwopaid ‘g psiedaxd
natrs-ut L) TAusydAxoyjeuw-o=,4 ‘TAYIew=.a ‘Axotp~ ,z'z-TAUusydeurqg- , 1 T-0BI=2,4
C(wxoF d-N-d oyx uTr Arzueutwopsrd puebtr : W} TAusyd=_y ‘TAdoxdosT=yy ‘TAusyd=,y
*{(SWI0F N=d-d °2Y3l FO ISYIT3

ut Araueurwopstd puebiT 1) TAusydAxoyizeuw-o=y ’‘TAdordosT=y ‘TAuUsydAXOUlaW-0=.1
*{wIory 4-N

-d &yl ut AT3ueutwopsad puebrT : :xv.ﬂ>cmsmmxo:ume|onum ‘TAyjew=gg ‘TAusydAxoylsu-o=,j

*(wIoF d-N-d °Y43

ut Arjueutwopsad puebIT : ,H) AxoTpsusTAusyd-o =% ¥ \Hmsqun%m~>xOvacwa>cmnmuonﬂm
«(wxol J-N-d @yl uT Afalurutuwopaad

puebHTT : ,9) TAusydAxoyizsw~o=_y ‘jAusydoionigeiusd=y ‘AxoTpsusTiusyd-o=t.y

*(swIoy N=d-d °4Y3

Jo zoyaTe uT ATiueutwopaad puebrT :3) TAING-3I=83=_" ‘TAylILuU=4 ‘fxotTpauaTAuayd-o=2,y
*(swIoF N=d-~d
8yl 3o I8yaTe uT AT3ueuTwopsiad puebry :d) TAusyd=_¥ ‘TAy3IBW=Y ‘AxotpausTAuayd-o=2.y
* (wxog
d-N~d @43 ut Arijueutuwopaxd puebdIT : ,4d) TAusyd=yy ‘tAdoxdost=_¥ ‘AxoTpausTAuayd-o=3%y
*(uxoy d-N-4 U3l
ut Arjueutwopszd puebty : D) TAusyddAxoyzsw-o=_y ‘TAdoadosi= M ‘AxorpsusrAusyd-o=ty

e
R

\\Vm

Pl

)

e

o]



.CE

N

.y ]

o-%

8]

3

< *SPTTOS 0
x o g
© w% juncwe eyl buipnoutl ‘STSATRUR D9 WOIJ PIATISP ‘SUTISTO ooHHTvU Jo junowe 2y :3onpoid Telol
— O
\ ln "UOTIeIITTI A pal1efost susTAyisAtod pue xXem JO junowe syJ SPITOS
@D > ‘SWOo3' UoQIeD I IO/pur ZI DUTUTEIUOD SUOJIRIQIPRAY 2Ulm.ﬁu
ZA 01
WO ‘swole uodgiIes (1 DUTUTRIUOD SUCIBRIOIPAH o
\mmw o *8uUs83D0-T ST molﬂ {swole uoqres g DUTUTRIUQCD SUOQIBDOIPAH mu
—_X .
X <t ‘ousxXay~] ST mon.m {swo3e uogIed g9 PUTUTRIUCD SUOIEBOOIPAH mu
w _,w "UOTITsoduoD
(SN @] Iz
MHH__ 3onpoad sya o uotixod 01) syl jo ybrem Ag susoep-T JO 30§ ueyl asbhHieT IO Tenba 11
>,_._ﬂm0 *ATIUSIRIITP PS1ROTPUT SSBTUN ‘SUTISTO TRUIDIUT JO/PUR poysuedq ATIUBRUTWORSIJ i

©

a\mwlc *uor3Tsodwod 3onpoad eyjz yo uoraxod 85 syia jo 3ybrem AQ susioo-1 Jo () sbejusniag .
4“@; ‘uotaTtsodwos jonpord sya yo uorirxod 95 sy3z jo 1ybrem Agq susxay-[ 7o (g) sbejusoisg «
‘®©
\AW%WAH *(Tow/Tows) 3sATeien Tou/2usTAUla PalIlAUOD TOWY UT {(NOIL) JXsqumnu Isaouiniy
>,M, asA_ P (Ustow/Toun]) 31sATe3eo Tow/suaTAyis pailIsauocd Towy ATInoy ur (JI0L) Aousnbsig zsaouxng +
mi,lmw "0, 0F 1B sajnurtw ¢ butang 4
- _,A_m ‘a7dwexs saTiezedwol #

o
w, * (SWIO =d-q o 0 I9ylIa
Hant ( F N=d-d 243 I PRk
M\V/A,M,QIB ut Araueutwopard puebIT :p) TAusydAxoylsu-o=_y 'TAursuw=y ‘AxorpsusTeyirydeu-g 1=y A
s
s o
o€y
- ._ L
1\ — LI



CL. r1l CaP.H5 00i-4,-t-1-1-14>-1 ... 1-4S-1>1>11t0>1, a aad44-p 14-4
. OHO 0043PC—P>15 4 CoCO000 QA 0404 -H, 1EEal I-OO IIIIitIIIIZiia)u)

he ID(A A4-4ina Q24111 a26 ... . S e ot > L
AB@OEOOHH 0 -H -H H H H 65 B>351 0t|-0 (])1’>c"-us H’]“”lcc

a).C a)a) a)Ea)a)a)5a>,c Cs4 ccC34 C,54 aa U o a)ywa) 0U4 > a)
o,>1 For economic narrow-cut alpha-olefin production,

e.g. the production of a mixture of l-hexene and l-octene
in a combined overall yield of >80 %, preferably in a
weight ratio of 20/80 to 80/20, each in >92% selectivity

3 (cn total C6 or total C8) in a single plant to enhance
the economy of scale a special kind of catalyst is
required. At industrially interesting pressures and
temperatures of at least 30 barg and 70 °C the
comparative catalyst K” and analogous catalyst L

10 predominantly produce l-hexene and hardly l-octene. Under
these conditions the comparative catalyst M” produces a
mixture of hexenes and octenes of low i-hexene content,
but also a large amount of scolids at a low TOF. Only at
40 °C comparative catalyst M” produces a mixture of

15 hexenes and octenes of low l-hexeéene content at a high
TOF.
Surprisingly only the “o-phenylenedioxy-phosphorus”
containing catalysts A, A’, C”, the rac-1,1’-binaphthyl-
2,2" -dioxy-phosphorus containing catalyst T’ and the 1,8-

20 naphthalenedioxy-phosphorus containing catalyst V and to
a less extent B’ and F, but remarkably to far less
extent, if any, D”, E, G”, and H”, produce mainly 1-
hexene and l-octene in high activities (TOF's) at
temperatures of 70 °C and 30 barg. Even at 70-100 °C and

25 30-50 barg catalysts A, A’, C” and T’ provide for the
selective production of both highly pure l-hexene and 1-
octene in the desired weight ratios with only minor
amounts of solids (wax and polyethylene) co-produced.
Hence, what is particularly preferred for efficient

30 narrow-cut production of highly pure l-hexene and 1-
octene at industrially interesting rates and temperatures
and pressures is a Cr-complex with a PNP structure or its

PPN isomers with a methyl or isopropyl group on N, one



H4-t HH Co HLH HH LW >1>, >1>1>1>1XX CCCC 2 CC 040 04.4
Ua)a)oa)lla)a)E C.0..0 tH .0 04 .4.0-PSA -F-) a)a) aai . 0.,a | aa0

5 011 Z oi ayoQofrhood! 01 0 iiOLH 0 i Ilalla, l1a)lllla dMGYeMNkbd
0" 1.4 Accl Med7% LWgi C4 a, 724 +-114r%% Z mr4 For ‘econom c

narr ow cut al pha-ol efin production, e.g. the production of a m xture
of 1-hexene anytlicoefé&pienadioxpnd radleverabkyygedub ofpredRrUply
preferably in_a weight ratio of 20/80 to.80/2 each i.n >92% ..
selectivity 5(6nt& 5F°E%£%¥ Pt a - CEe F&§§l§$ﬁ6|é PR S PEH SR e
the econony ofcasegheld speshal- kigth cifa1agt abystdbdedL Gl HyAG LAl —
industrially interestin ressures and tenperatures of at |east 30
barg and 70 éaFﬁ@18oﬁﬁagBE?Q%l%%ﬂﬁFﬁéﬁ'quthaER%W¥%ﬁﬁﬁ?(iﬂ%%XVSt L

10pr edom nantdpsupy @duege 1phgxens: and ftadky olnoet 808 hdiNderrizhese
conditions the conparative catal yst M produces a m xture of hexenes
and octenes &gk 1PHExRBRRE@BHt BhttWhPrmglsexErhar e FRAR off the

solids at a |awelOp. Ol ysale40; G comRAtabiYe) Cat Aly Sty M fangduces a
m xture of 15hexenes and octenes of |ow 1-hexene content at a high
demanding, but electronically different) groups are
present on the latter P, generally besides l-hexene and
10 l-octene a relatively large (>3.7%wt) amount of solids,
mainly wax, is co-produced.

It should be noted that the differences in
hexenes/octenes ratios between experiments with ligand &
and in-situ prepared ligand & (ligand A’) are probably

15 due to the differences in start-up temperature. The
activities obtained with the in-situ prepared ligand A’
are however invariably lower than those cbtained with

ligand A, which is ascribed to the presence of (o-—

methoxyphenyl)P-Cl.



TOF. Surprisingly onky the "o-phenyl enedi oxy- phosphorus” contai ni ng
catalysts A, A, C', the rac-1,1" -binaphthyl- 2,2'-dioxy-phosphorus
containing catalyst T' and the 1,8- 20napht hal enedi oxy- phosphor us
containing catalyst V and to a less extent B and F, but remarkably
to far less extent, if any, D', E, G',-a@d H', produce mainly 1-
hexene and 1-octene in high activities (TOF's) at tenperatures of 70
C and 30 barg. Even at 70-100 C and 2530-50 barg catalysts A A, C
and T provide for the selective production of both highly pure

1- hexene and 1- octene in the desir&iludi ght! Satios with only ninor
anounts of solids (wax and pol yet hyl ene) co-produced. Hence, what is
particularly freferred for efficient 30narrow cut froduction of

hi ghly pure 1 hex@hélaﬁ&dlhaaéﬂénéhatgﬁﬁﬁﬁéirfaFFy anfBresting rates
and tenperatures and pressure a PNP structure
or its PPN isonmers wth a net%y#§bapfé bﬁ%ﬁ& 8$%ug”on N, one cyclic
al kyl enedi oxy or ahglredaedi oxy group, preferably one - optionally
nono-tetra al kyl ated - 10° phenyl enedi oxy (catechol) or one -
optional |y nono- débecRlapikpbat éd seiaeéﬂﬂcfgomo@thm@t¢qa{huk}

1,1 - ki napht hy1-2 g
o-net%oxyphenyl ébgg%gﬁﬁgﬁ ﬁ?ﬁg ?Qrggié §F9r$§%9§g§£ %%xyp enyl
groups on the othenb?t1thtednhEEadohydrbearbphtgfoﬁpjso sterically

demandi ng, but electroalcall y different) groups are present on the
latter P, general FpepBsi G&euR- hexEnéeahud 1610 chedeoca ¥yt i vel y

|arge (>3.7%t) aggugt; eﬁtéel drofBEDY, VRStetSh Lue
It should be noted tha% t he ?fé?enceg in h%iene octeneép?g}los

bet ween experlnenﬁ§bﬁF@HUF?@ahétﬁFﬁhﬂd¥ﬁC%¥bmlp@%ﬁmﬂ%ﬁ | i gand A

(ligand A') are prpbaphy.15 differences in start-u
tenpgﬁature. The ég?ig?tfgs g?ﬁ?ﬁg ﬁf?hh¥?£9$?PslﬁLP¥§%R§§&§¥H i gand
A are however ingasuppl ¥ bohetlthaﬂdthpafbé$&5ylmﬁkduﬁi1él gand A,

whi ch is ascribed to thg Eresence of onetho§¥$heq%1 2P-d - 67 -

CLAI MB 1. A 1i gand™ih§FRBYPRBEGERE! af =P R mA o5 ) -p (R) (12)

=N (R3) (1) wher akderbhgaRdcaEBYD §Bogs) est e Iqia}&@ydrocar byl
53ubst|tuted hydr ocar byl , het er ohydrocar byl and substituted

het er ohydr ocar byl tBeoBp; gthepFQsgamu@ptsonelbwt&mbétxnnﬂﬁ¢drocarbyI
substiit ut ed hydro oh bstlt
15 gfkg%%geggéﬁgé %gﬁ?fgﬁga o o 3q#eq&am1no

het er ohydr ocar byl S seé rom

hydr ocar byl groupstaustibsei voien hgdb@mmdb@é thengho&phorus atom
through the two oxygen, sulphur or nitrogen atoms of
the alkylenedioxy, alkylenedimercapto or
alkylenediamino structure or an optionally

20 ) substituted arylenedioxy, arylenedimercapto or

~arylenediamino structure which is bound to the
phosphorus atom thfough the two oxygen, sulphur or

nitrogen atoms of the arylenedioxy,

arylenedimercapto or arylenediamino structure.



het er ohydr ocar byl group; a substituted heterohydrocarbyl group, a
silyl group; the R4 group is an optionally substituted

15al kyl enedi oxy, al kyl enedi nercapto or al kyl enedi am no structure
which is bound to the phosphorus atom through the two oxygen,

sul phur or nitrogen atonms of the al kylerf®lioxy, al kyl enedi nercapto or
al kyl enedi am no structure or an cptionally 20substituted i
aryl enedi 0xy,2 ar ylReriadjamer ¢aptiagotheagyhenati formolst (LTt ure which is
bound to t he phosphorus aton1througa t he émo OEé?en, sul phur or
nitrogen atons of the aryl endliFoXy(R*)aPyRenelilRet d&pt o or
arylenedianino-stm%%%%g$1 - 68 - 2. Aligand having the genera
formula (11); P(RL1) -P(R4)=N(R3) (Il) wherein: the RL group is
sel ected from a hyweo®dr ybupbsebstibuted by ofatytocarbyl,

het er ghydr ocar byl and substituted heterohydrocarbyl group;. the R2
group i s sel ect ed SHPSMIE IR BYSFBGRIPELLSEE R FA RRFTEH hyAnd

‘het erohydrocar byl sapdts¢hekidt HeedrbRy&FOEYEPL g PRip 9r oup; 10the R3
is selected from hydrogen, a hydrocarbyl group, a substituted

hydr ocar byl grouptha Ret grohpdisecaebytted ofpom sa Supstodared ,

het er ohydr ocar byl oup iLyl, group;. the R4 gro is.an optjonally
Cubst i tated 15a) kFREREAESTSY YEEPERERY hor Cak Eo LRI e Arihi o
structure which i substittutedt RetpheBphpsssriy DG FdUEPRuUgh the two

oxygen, sul phur or nitrogen atons of the al kyl enedi oxy, .
al kyl1@nedi mer capt Gher R3| iyl srddraeiinbremrhydtogenr amshidardyly

struct ure vhi ch | S baphass 5oPRE EHESATERTARLS A AN S o
oxygen, sul phur ohetetrbgemoatohylofroie, o ydwrseditoxmed
arylened! er copt o,k LK SRS BLI0 SR S e B 0and
L
15 alkylenedioxzy, alkylenedimercapto or alkylenediamino
structure which is bound te the phosphorus atom
through the two oxygen, sulphur or nitrogen atoms of
the alkylenedioxy, alkylenedimercapto or
alkylenediamino structure or an optionally
20 ‘substituted arylenedioxy, arylenedimercapto or
arylenediamino structure which is bound to the
phosphorus atom through the two oxygen, sulphur or
nitrogen atoms of the arylenedioxy,

arylenedimercapto or arylenediamino structure.

25 3. A ligand according to any of Claims 1 to 2 wherein

R4 is an optionally substituted alkylenedioxy or
arylenedioxy group.
4. A ligand according to any of Claims 1 to 3 wherein
RY is an optionally substituted 1,2-alkylenedioxy,
30 1,2-arylenedioxy, 2,3-arylenedioxy, 1,8-arylenedioxy
or 1,1’-biaryl-2,2’~dioxy group.



R4 is an optionally substituted 1, 2-al kyl enedi oxy,

301, 2- aryl enedi oxy, 2, 3-aryl enedi oxy, 1, 8-aryl enedi oxy or

1,1 -biaryl-2,2'-dioxy group. - 69 - 5. Aligand according to any of
Clainms 1 to 4 wherein the R4 group is an optionally substituted

ort hophenyl enedi oxy group. 6. Aligand-aé8ording to any of Clainms 1
to 5 wherein 5the Rl and R2 groups are independently selected from
optional ly substi tautledyaalkdcowrdieierealday ofr QuaSms71 Aol 0RRErein
according to any of Clainms 1 to 5 wherein  the R1L and the R2
groups are indeperidentR?y axsiugctisd o optdpniaddyl sybstbsutedt edtho-

aromatic and opti g;@r}ﬁe}]%%%w tgLSi:to% het eroaromatic groups. 15 8. A
d) "a S0

cat al yst system conpri'sing: urce of chrom um nol ybdenum.or
tungsten; b) @ne & Inwamd iagarddiacrardiany bd adgint O aons dhépein
and 20c) & cocatalyst.Iag A rggess for the preparation of a ligand as
claimed in any of t®ea anF§- ITOMPS SirRg indapenAgntiyasebapbeddirom

havi ng the gener al,dQrgaha o Ishiost 1 ( N -
25wherei n: the RlCE{qup isyggfégfé %#%gh§%§g%o§gfﬁ§F?ﬁéé£g%%t%E%EPS'
hydr ocar byl , het efoRyidiadcaaippo rariads tos enyub&dChaimsohytip ot awhgtein

groups; the R2 group i s selected_fyom hydrocarbyl, 30substituted
hydr ocar byl , heteﬁgﬁyﬁﬁoégpbﬁ SRS G5RYPSt Br8d1HEERPRAGAT bR aF Blgcted
groups; - 70- theBh bptiehratigd shibamibudeaighonat DY dsRGaAEHY] ot PP,

a substituted hydrocarbyl group, a
10 substituted hetercaromatic groups.

- 15
8. A catalyst system comprising: _
é) ‘a source of chromium, molybdenum or tungsten:;
b) one or more ligands according to.any of Claims
_ 1 to 7; and

20 c) a cocatalyst.

' 9. A process for the preparation of a ligand as claimed
in any of Claims 1 to 7 comprising reacting:
i) a compound having the general formula (III);

(RL) (R2)p-N(R3)-RD  (III)

25 wherein:
the Rl group is selected from hydrocarbyl,
substituted hydrocarbyl, heterchydrocarbyl and
substituted heterohydrocarbyl groups;

the RZ2 group is selected from hydrocarbyl,
30 substituted hydrocarbyl, heterohydrocarbyl and
substituted heterohydrocarbyl groubs;



het er ohydr ocar byl group, a substituted heterohydrocarbyl group, a
silyl group; 5the R5 group is selected from hydrogen and a P(R6) (R7) -
group; the R6 and the R7 groups are independently selected from
hydrocar byl , substituted hydrocarbyl, heterohydrocarbyl and
substituted heterohydrocarbyl 10groupsT &hd"ii) a conpound of the
formula X-P(R4), wherein X th a halide and the R4 group i s a.group

whi ch conprises anmpPtROAY Isk 1kt the‘bﬁdh§HKMbéﬂ?déOPi%lldrocarbyl

15al kyl enedi mercapt o or al kyl enedi am no structure which is bound to

t he phosphorus at GEQUR-0dyIFUPRE itKE esx PydrocaaPPhuBr®*Pnid rogen at ons
of the aIkyIenedingefyHyg%§QQQ5gqragghg,og al,k¥l epgdi@m no structure
enédi oxy

or an optionally substituted ary , 20aryl enedi ner capt o or
aryl enedi am no st matanchviaviosh ribylbgunupt oat Aélphogphepus at om

t hrough the two oxygen, sul phur, or nitrogen ato of the

aryl eftedi oxy, - aryIHed rEFEEBt 4 SoFeAPGFERedF SR RECEPIER LRG3 25and | f
the RS group is hygr 7 a -acceptor, preferably at a tenperature
in the range of f%ﬁﬁ?gg% Bo ggéu ; 10. A ligand system conprising

the product formedndy REOL@ACEHBIRTY) g2oGREPLHE: HANMbOTadMEl Wanaldlted
formula (111); (RL (R2)P—N(R3)-R5(IIIE - 71 - wherein: the Rl group
i s selected from Ky@obydsprarbybst srbebituyed obydpgsarbyl,

het er ohydr ocar byl nanRd Sulsikbbytedinehar ohydr pear by hge&k@@l'dmerﬂﬁ

group is selected from hydrocarbyl, substituted hydrocarby

het erl@hydr ocar bY1 9&®PSubst i t ut ed het er ohydrocarbyl groups; the R3 is
sel ected from hydrggen, a hydrocarbyl group, a substituted

hydr ocar byl group, a 10het érohydrocarbyl group, a substituted .

het er ohydr ocar byl jgnoup, cempbhydl @fotipe fhamBRm H-uR4)S seleecliadxf nam

hydrogen and a 9(R6) (R7)- group;
a halide and the R4 group is a_group which comprises
an optionally substituted alkylenedioxy,

15 alkylenedimercapto or alkylenediamino structure
which is bound to the phosphorus atom through the
two oxygen, sulphur or nitrogen atoms of the
alkylenedioxy, alkylenedimercapto or alkylenediamino
structure or an optionally substituted arylenedioxy,

20 arylenedimercapto or arylenediamino structure which
is boﬁnd to the phosphorus atom through the two
oxygen,; sulphur or nitrogen atoms of the
arylenedioxy, arylenedimercapto or arylenédiamino
structure,_

25 and
if the RS group is hydrogen, a HX-acceptor,
preferably at a temperature in the range of.from -30
to 200 °cC.

10. A ligand system comprising the product formed by

30 . reacting i) a compound having the general formula

(III);
(Rl}‘(Rz)P—N(R3)—R5 (III)



the R6 and the R7 groups are independently selected 15from

hydr ocar byl , substituted hydrocarbyl, heterohydrocarbyl and
substituted heterohydrocarbyl groups; and ii) a conpound of the
formula X-P(R4), wherein X is 20a halide and the R4 group is a group
whi ch conprises an optionally substitdféﬁldiylenedioxy,

al kyl enedi nercapto or al kyl enedi am no structure which is bound to the
phosphor.us at om t lhatgdird:he two oxygen, sul phur or nitrogen atons of

t he 25al kyl enedi oxy, al_ kyl enedi mercapto or al kyl enedi amj no structure
or an optional |y $itsstRY wrapmiyy S8dqrsRy, TEPY Bﬁ@ﬁ?ﬁ@%&gt o or

aryl enedi ani no st ruaidyse WhighydkRawg1! onkbexshoapbesusyat ami

t hrough the two oxygen, sul phur or nitrogen atons of the

30aryl enedi oxy, arsdtertddiuterd dstterehydrpranbl af¥ABPStructure, and -

72 - if the R5 group is, hydrogen, a _HX-acceptor refer y at a
tenper&ture in thé:h*ear%e BOHt ot -%ef:{reéogg@.“ W@ﬁf’g%g?&éystem

conprising the pragduedt Qe HueEbylNghe8prahgduocarbllchndni um
nol ybdenum or tungsten; b) a ligand system according to Cl aim 10;

and; c) a cocat al ystbsta r@rb e WMOSPFBMFTEBFQHSPM of olefinic

nononers, wherein the 0cess .conprij ses_c Lhg at

ol efi ni ¢ mononer Vilth e‘-%aft%%?e %toénmggggg%ﬁhggt 8&%&?2}:3?%?&

G aim 11l. The procgssuf L aivetizudesr diydrbkerbléf gmoeproponer i s

et hyl ene. The process of Claim 12 or 13l wher eiE %}hgu%gcess is
carri &9 out at a tREFRFAAFECTHRNe FHFe 8 SPPEMG"CE%200 degrees C,

preferably from 50,4 A5 dhesias, 1Cqrug, mar eipyef grabby from 70 to
150 degrees C. A ligand having the general fornula (1V);

20( R1) ( R8) P- N( R3) -4 ¥ |gfouherwigeladiedRErgmoliydirogsal @déded from a
hydr ocar byl , substituted fi;dr ocar byl , heterohydrocarbyl and
substituted hetero?ﬂﬂuéb y| 9GP HUp; 25the R8 group is selected from

oSt oy, RO SRR T A SO LB ey SateBeLa
groupgs from hydrocarbyl, substituted hydrocarbyl, .
| heterohydrocarbyl and substituted heterqhydrocarbyl
groups;
“and
ii) a compound of the formula X-P(R4), wherein X is

20 a halide and the R4 group is a group which comprises
an optionally substituted alkylenedioxy, _
alkylenedimercapto or alkylenediamino structure
which is bound to the phosphorus atom through the
two oxygeﬁ, sulphur or nitrogen atoms of the

25 alkylenedio#y, alkylenedimercapto or alkylenediamino
structuré or an optionally substituted arylenedioxy,
arylenedimercapto or arylenediamino structure which
is bound to the phosphorus atom through the two
oxygen, sulphur or nitrogen atoms of the

30 arylenedioxy, arylehedimercapto or arylenediamino
structure,

and



the R3 group is selected from hydrogen, a 30hydrocarbyl group, a
substituted hydrocarbyl group, a heterohydrocarbyl group, a
substituted heterohydrocarbyl group, a silyl group; - 73 - the R4
group is an optionally substituted al kyl epnedi oxy, al kyl enedi nmer capto
or. al kyl enedi ami no structure which is bound to the phosphorus atom

t hrough the two oxygen, sul phur or nitrogen atons of 5the

al kyl enedi oxy, al k¥l ehedrRfegeappoier hebkyhenpdi amre-Sdptist,ure or an

optionally substituted aryl enedi oxy, aryl enedjnercapto or
aryl enedi ami no stPﬁ@?ﬁF@Léﬁié PSF%BHﬁHgPBI?h%pFﬁ&%FﬁRRQ% ok drmom -30

t hrough the two oxwgeonp sal phur or 10nitrogen atons of the

aryl enedi oxy, aryl enedi nercapto or aryl enedi am no structure.
optional |y sdfisti fuF88adVrY| EREERBXGOBPT b ynend dapdpaiuformed by
optiomally substigghggn;nﬁsalkylenedioxy, 1,2- aryl enedi oxy,

2, 3-aryl enedi oxy, 1, 8-arylenedi.oxy or 1,1 -biaryl-2,2'-dioxy group.
phenyl enedi oxy gr8dp. .at$Rurae g? Huphfeniut e ctadd bidegmmoptri dralgisyen;

substituted aromag)c f%‘glf@%ﬁ@ngy%%'eﬁ@ééaf&%%gt%etceira(i rompt i,gqthe R8

groups are i ndependen sel ecte roman aromatic or heteroarofmtic
group whi ch conprfse a ¢eeatalystpol ar substituent group, and

oo o 8 oS ORePOLAE UL Bt oy o v
10 monomers, wherein the process comprises contacting
at least one olefinic monomer with the éatalyst
system according to Claim 8 or Claim 11.
13. The ﬁrocess.of Claim 12| wherein the olefinic monomer
“is ethylene.
15 - 14. The précess of Claim 12 or 13|wherein the process is
‘carried out at a temperature in the range of from 0
to 200 degrees C, preferably from 50 to 150 degrees
C, and more preferably from 70.to 150 degrees C.
15." A ligand having the general formula (IV);
20  (R1) (RB) P-N(R3) -P (RY) (IV)
wherein: |
the Rl group is selected from a hydrocarbyl,
substituted hydrocarbyl, heterohydrocarbyl and
substituted heterohydrocarbyl group;

25 the R8 group ‘is selected from an aromatic,or
hetercaromatic group which comprise at least one
polar substituent group, and optionally one or more

non-polar substituent groups;

the R3 group is selected from hydrogen, a

30 hydrocarbyl dgroup, a substituted hydrocarbyl group,
a heterohydrocarbyl éroup, a substituted
heterohydrocarbyl group, a silyl group;



25groups. . - 7 - b) one or nore ligands according to any of C ains
15 to 20; and c) a cocatal yst. 22. A process for the
preparation of a ligand as clained 5in any of Clainms 15 to 20
conprising reacting: i) a conpound having the general forrmula (V);
(R1) (R8) P-N(R8) - R5(V) wherein: the Rl-gr'fg*uﬁ is selected from

hydr ocar byl , 10substituted hydrocarbyl, heterohydrocarbyl and

substituted heter phydrOCaEBYL 95 OMRSopt {n L Wikt it elect ed from
an aromati c or heteroarofmati ¢ group which conprise at | east one pol ar

substituent groupalkrlienpdiont | §lenkenrdiftgeaphifoRh Ay lanssdipmiaat
groups; the R8 is h r}S’CQ?xﬂi Rl QG THOUR ond
substituted hydroggghgfgggogg?gg %%tero yJ?%carbyl 5&%&b,sg ©
substituted heter bhydugbatbgl tge ovpygen sisudphpngy rRdinegeRs agoogpoifs

sel ected from hyd en ot 7 ups are
indepéndentLy selé@ eﬁlg&%%?%éggg%br{gﬁgfghﬁggﬁ%{ﬁégich3&?00arbyI, :
het er ohydr ocar byl aakdl snbdiamihedsthetanaty drocar ppti2Bgrldyps; and i)
a conpound of the for a. X-P(R4 erein X.is a halide and the R4
group is a group ﬁﬂpﬁﬂy£8ﬁﬁ?ié5¥iéﬁF ﬁ%ﬂuﬁﬁ%}%ﬂﬂé%q%ﬁﬁﬁ? o or
al kyl enedi oxy, 30akkykrsadamensaptoudiumd kyt sirediambounds tuolather e
which is bound to the phosphorus atomthrqugh the two oxy% n sulghur
or nitrogen atoanBpspﬁ@rus atom through the& two oxygen, sulphur o

10 nitrogen atoms of the arylenedioxy,

arylenedimercapto or arylenediamino structure.

16. A ligand according to Claim 15 wherein RY is an
optionally substituted alkylenedioxy oxr arylenedioxy
group.

15 17. A ligand according to Claim 15 or 16, wherein R? is
an optionally substituted 1,2-alkylenedioxy, 1,2-
'arylenedioxy,'2,3—arylenedioxy, 1l,8-arylenedioxy or
1,1’ -biaryi-2,2’'~-dioxy group.

18. A ligand according to any of Claims 15 to 17 wherein

.20 the R4 group is an optionally substituted ortho-
phenylenedioxy group..

19. A ligand according to any of Claims 15 to 18' wherein
the Rl group is selected from optionéliy substitutéd
aromatic and optionally substituted heteroaromatic

25 groups.
20.: A ligand according to Claim 19 wherein the Rl and

the RS groups are independently selected from an
aromatic or heteroaromatic group which comprise at
1ea$t'cne polar substituent group, and 6ptionally
30 ‘ one or more non-polar substituent groups.
21. A catalyst system comprising:

a} a source of chromium, molybdenum or tungsten;



- 75 - .al kyl enedi oxy, al kyl enedi nercapto or al kyl enedi am no structure
or an optionally substituted aryl enedi oxy, arylenedi nercapto or

aryl enedi am no structure which is bound to the phosphorus atom

t hrough the two oxygen, sul phur or nitrogen atons of the

aryl enedi oxy, aryl enedi nercapto or aryl édedi ami no structure, and if
the R5 group is hydrogen, a HX-acceptor, 1Opreferably at
a'tenperature in bhe romgeodfmbrom igdhd a2@drQing3 toAahiygaEdchavingg
the general formula (VI%; (RQ@(Rlo P-N(R3)-P(R4) (VI) wherein: 15the
RO and R10 groups are tAdepefler?®y sel ected from optionally
substituted al kyl ¢pr hetes@at&yys@roups; the R3 group is selected
from hydrogen, a hydrocarbyl group, a substituted hydrocarbyl group,
20a het er ohyd2ocafbprogesapica shesprerarat inn Sy dicg@nhds gladieda

silyl sgroup; the B4 groupsi £128m@Rl ably c%ﬁgﬁtiistiq{gedréé&wn edi oxy
h oun

or al kyl enedi nercapto Structure which is b to tHe phosphdrus atom

through the two 25bxygercorpswhdHraviaomideogenegadl Epranddi d¥y ;. or

al kyl enedi nercapto structure orlanipptiongll sSubstituted

aryl enedi oxy, aryl enedi mer capt® R ARSI B no ¥ ructure which is
bound to the phospherdsnat om t hrough the two oxygen, sul phur or

30ni trogen atons of the aryl enedi oxy, arylenedi nercapto or

aryl enedi ani no sttbetR}egrédp s cae begftstd Sfsire hyclnmoaindiyilg: a) a

sour of chrom um | ybdenu r tu en; ., - 16 - ' b). _one or
nDreqﬁigands acco?ﬂ?%€1¥%9%?aﬁ%ﬁﬁ%?aéﬁﬁi'rheteﬁééxgﬁaﬁﬁﬁgﬁly§P. 25. A
process for the psepatitivad oheBetblgpdbarrrisilaigreapsy C ai m 23

conprising reacting: 5j)a conpound having the general formula (VII);
(R9) (R10) p_N(FQ)tn@\ﬁé)group is selected from an aromatic or

hetercaromatic group which comprise at least one
polar substituent group, and optionally one or more

15 non-polar substituent groups;

the R3 is selected from hydrogen, a hydrocarbyl
_group, a substituted hydrocarbyl group, a
'heterohydrocarbyl group, a substituted
heferohydfocarbyl group, a silyl group;

20 the R5_group is selected from hydrogen or a
P(R®) (R7) - group;
the R® and the R7 groups are independently selected
from hydrocarbyl, substituted hydrocarbyl,
heterohydrocarbyl and substituted heterohydrocarbyl

25 ' groups; .

and

ii) a compound of the formula'X—P(R4), wherein X is

a halide and the R4 group is a group which comprises
an optionally substituted alkylenedioxy,

30 alkylenedimercapto or alkylenediamiho structure
which is bound to the phosphorus atom through the

two oxygen, sulphur or nitrogen atoms of the



wherein: the RO and RLO groups are independently selected from
optionally substituted al kyl or .heteroal kyl 10groups; the R3 is

sel ected from hydrogen, a hydrocarbyl group, a substituted

hydr ocar byl group, a heterohydrocar byl g{oup, a substituted

het er ohydr ocar byl group, a silyl group; 515the R5 group is selected
from hydrogen or a P(R6) (R7)- group; the R6 and the R7 groups are

i ndependent | y sel edtkydehediohydr edaybghedsnescapte eelr ikt weendsidamino

het hyd byl ti d ; i
 compound of ¢ he FaLRHASOB( R SERAEPETLY B B el AP iy )
group i s a group wiriydknedipersaptanoeparghahégisnisdi stutwrture which

al kyl enedi oxy or 25abkﬁ%§ngdi rcapto_structure ich i§ ound to the
“phosphor us at om t AfoG§Hfh&Ct WO SoRPGER 8F“§u?%ﬁ%r FNE" 0f* he'®

al kyl enedi oxy or akkyeanedudphaapbe &ituegehcabsmanodptheonal |y
substituted aryl enedi oxy,  aryl enedi nercapto or aryl enedi am no '
structure which 36F§lﬁﬂﬁﬂaofgrtﬁéyﬁﬁ8§8hg?ﬁ§aﬁf% Tt THETARP
oxygen, sul phur oktRyutkagen atons of the - 77 - aryl enedi oxy,

aryl enedi mercapto or aryl enediam no structure, and if the R5 group is
hydr ogen, a Fl X-a@B€ptor, Spreferably at a temperature in the range
of from-30 to 200_C,, 26 cess Egr t he oligggprisation of

A
olefinic nononers}fwﬁgFePﬁ PﬁégBréée dE8ﬁ%?Ts%s co%ﬁ%ﬁﬁﬁ?ﬁieu | east

one adigefini c nonopeeferbbliyhatcat abyperiOayst bin vice or shawy dHO o MR
or Caim24. to 200 °C

23. A ligand having the general formula (VI);
(R?) (R10) p-N (R3) -P (R4) (VI)
wherein: |
15 the R? and R10 groups are independently selected
from optionally substituted alkyl or heteroalkyl
groups;
the R3 group is selected from hydrogen, a
hydrocarbyl group, a substituted hydrocarbyl group,
20 ‘ a - -heterohydrocarbyl group, a substituted '
heterohydrocarbyl group, a silyl group:;

the R group is an optionally substituted
alkylenedioxy or alkylenedimercapto structure which
is bouﬁd te the phosphorus atom thrbugh the two
25 oxygen -or sulphur atoms of the alkylenedioxy .or
alkylenedimercapto structure or an optionally
substituted arylenedioxy, arylenedimercapto or
arylenediamino structure which is bound toc the
phosphorﬁs atom through the two oxygen, sulphur or
30 nitrogen atoms of the arylenedioxy,
arylenedimercapto or arylenediamino structure.
24. A catalyst system comprising:

a) a source of chromium, molybdenum or tungsten;
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- 76 -

b) ' one or more ligénds'according to Claim 23; and

c) a cocatalyst.

A process for the preparation of a ligand as claimed

in Claim 23 comprising reacting:

i) a compound having the general formula (VII);
(R%) (R10) P-N(R3)-R> (VII)

wherein: .

the R? and.R10 groups are independently selected

from optionally substituted alkyl or heteroalkyl

groups; '

the R3 is selected from hydrogen, a hydrocarbyl

group, a substituted hydrocarbyl group, a

heterohydrocarbyl group, a substituted

heterohydrocarbyl group, a silyl group;

the RS9 group is selected from hydrogen or a

P(RG)(R7)— group;

the R® and the R7 groups are independently selected

from hydrocarbyl, substituted hydrocarbyl,

heterohydrocarbyl and substituted heterohydrocarbyl

groups; | '

and

ii) a compound of the formula X-P(R4), wherein X is

a halide and the R4 group is a gfoup which comprises

an optionally substituted alkylenedioxy or

alkylenedimercapto structure which is bound to the

‘phosphorus atom through the two oxygen or sulphur

atoms of the alkylenedioxy or alkylenedimercapto
structure or an optionally substituted arylenedioxy,
arylenedimercapto or arylenediamino structure which
is bound to the phosphorus atom through the two

oxygen, sulphur or nitrogen atoms of the



10

26.

- 77 -

arylenedioxy, arylenedimercapto or arylenediamino
structure, |

and

if the R group is hydrogen, a HX-acceptor,
preferably at a temperature in the range of from -30
to 200 °C.

A process for the oligomerisation of olefinic
monomers, wherein the process comprises contacting
at least one olefinic monomer with the.catalyst

system according to Claim 21 or Claim 24.



