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For this reasasystit is desirable to run comrercial oligonerisation
processes at |low 5 activator concentrations. However, in the case where an
al um ni um cont ai ni ng conmpound was used as an acti vator for transition metal
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resul ted wh ﬂbet hyl ene was ol i gonmerised 10 Reduction in t e formation of

pol yner as a by-product in Cr-based ethylene oligonerisation (both tri- and
tetranerisation) processes remains an ongoi ng chal |l enge, as polyner fouling
reduces pl amemmanratelystecivaid: ysetie ssitiratiasyits Bubasebwingysd i ofgombisaekages. The

invent gps efoidile cdipBSRRLs dn@i\éﬁmb@ﬁb Bﬁ:vc@aiﬁmaﬂhawa%xarnsw%)' Pﬁffm\n“ pol ymer
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of the,pre en chj eve a 20 reduction in polynmer formation as
herein g)l sg(?‘% 8p¥ Iaéggﬁté&ﬂrgga% kno din transfer reagents within the field

of polynerisation has | ong been knomm. For exanpl e the use of
triethylalumniumin conbination with various 'chain growh' type

pol ynmeri sation catalysts (e.g. 1,3,7-triazacycl onanone) has been previously
studi ed. WD 2008/ 085659 and US 2008/ 0058486 both di scl ose the use of
various activators for 25oligonerisation catalyst systenms. Both contain the
statenent that "(o)ther general activators or conpounds useful in an

ol i goneri zation reaction may be used. These conpounds nmay be activators in
sone contexts, but may al so serve other functions in the reaction system
such as alkylating a netal center or scavenging inpurities. These conmpounds
are within the general definition of "activator,” but are not considered
herein to be ion-form ng activators." 30Both these publications broadly




'DI SCLOSURE OF THE | NVENTI ON According to a first aspect, there is provided
a process for producing an oligonerig product by the ol |lgomeri sation of at
| east one Wpezpﬁf?ﬁ%zconpound the proéess including: FCHIBWW0/06] nr oy di ng
ian activated oligonerisation catalyst by conbining, in any order, 5i) a
source of chromum ii) a ligating conpound of the formula I (R1), X (Y)

X2 (R2)n IA&&)m?so%tamméammmﬂm%%n@onﬁds aracte;fa@mm@eé{ 1B .a%é%@s%ﬁh%@&ed from the
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provi di ng ahgéraacoppausid;, and c) contacting the at | east one olefinic
conpoung wWith a conposition containing the activated oligonerisation

catal yst apd the. z the z resent in a
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i s bet weenretu@npani Q000 and nedegBediigddves due Set@Rateaspect, there is al so
provi ded a process for activating an oligonerisation catalyst to be used to
produce anTed ih@aomRbi the REREUSENtoR 640 &und BASEdUORRS :ﬁ)b@irxielﬂioﬁnsﬁ&ﬂé\maound t he
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val ence of T usanfl4 @nc Xrpalridonsikir olisaredisatiori id @bt whowd (Yt it sasandk beeki ng gr oup
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that the ratio of the nolar anobunt of zinc in the zinc conpound to the
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30 Both these publications broadly identify these “other” components as Group 13 reagents,
divalent metal reagents, and alkali metal reagenis and names diethyl zinc as ane of = large
group of reagents said to be “useful as activators for the catalyst compounds” with which the
publications are concerned. However, neither of these publications exempiify such use of
these “other” components and in particular of diethyl zine, nor do they disclose any benefit

35 derived from the use of diethyl zinc, or any effect that such use of diethyl zinc might have on

the extent of polymer formation in chromium catalysed olefin oligomerisation.



In this specification, the following definitions apply: 20 The term

ol efinic compound denotes an olefin oy any conpound which includes a carbon
to carbon doubl e bond and ol efinic nolety has a correspondi ng meani ng;

A hydrocarbyl group is a univalent group formed by renobving one hydrogen

at om f r oige1=IE SR INVENTIdW dr ocar byl ene group is a dival ent group
e ferent carbon

formed by renoving two hydrogen ato fromthe sane or dif.

at ons i nAELCHRY %@3‘%8?‘?,90%/%gerq%%rmi%eéﬂ{pr??eég}o\sﬁqoguncﬁllgeag %EEIIO%V\% ch are not
engaged iprodactthg thel obgdomniektioB Ot eesieme leiglinioeamioyhd. recugresssingudigi val ent  gr oup
formed by r : r ; iR YLK QFRF bon, that is a
hydr ocar bon%?(g(\#ﬁ(') nagl%\%tr?{%gég Oﬁ%ﬁ%&ﬁggﬁﬁtél eggf(hﬁ%\e fet eryo atom (that is, not
bei ng>H or C) ) addoWFf eE"GFGED binds with other noieties through the

resul tant freg) valigney carpduhats toafolrana &t on1 A het er ohydr ocar byl ene group is
a divalent group formed by renoving two hydrogen atons 35 fromthe sanme or
different carbon atons in a het erjoh%dr ocarbon, the free val enci es of which
are not engaged in a doubl e bondRant Whf'dR)grodp binds with other noieties
through the resultant free valenc es on that or those carbon atons; An
organgheteryl qgroup is a:univadent.qgro apnin b nd at

I eas'38one het é&(?re om &nd* fhi cﬁrehggeeeﬁgengggaé %/tgke%eé%?%t?gﬂa%%ﬁ?%t her than
carbon; A polar substit werdsing of iesti PheERhOrUG t #SeDip e WERBAt PRTERt ri c or

i nduced di pol e nonent; aRehen, suiphfy dHaReRALBr SiP&bIlolieRéd bySS BesNRBOI t uent

wi t hout a permanent el ectric or induced Smonment . .The ol i gonerisation
- catalyst of the present WHFAt Y%‘??C%F)gra@% g@ﬁ?}"’sggrtsrufrr‘r%‘%éé'g?’i on catal yst or

a tetranmerisation cat al ysit a lifHee mbﬁWh%éBﬁ!@ﬁ: process for produci ng an

ol igqgeric product is pfrﬁéﬁcf@%ynd@pérrdierﬁf@foi,’{S_artdrg@ermg@ér,omss for producing a
trimeric product by the utilization of a trinerisati lyst or a

on ca t
tetramerisation process it of"9RodifcinAgPeacandy My e ap‘?’@fﬂ?@%’%b Wii" zation
of a tetranerisation catedaysheterfigotpny ertetrshydbedrine gpupsedtR'ibaingtitsi on have
surprisingly found that Lhe LnGArBenaLh k0ked R2isBhg I CORPOHBolcf the
process described above, réesults in a reduction in Solids formation, that
is, polymer and in partivghrartpol yethylene formation relative to processes
in whigch such @i NCeaGRRPAUIorics cais®ilibn ofChiasEmia®ad; i on cat al yst 20 Source
of chrom umQ): T{?e squr ce of d(_:hrdom' um may be an inorganic salt, an organic
salt, a cooPdi HATHH LSRR of “an or ganonetal i c conpl ex. 25Preferably
the source of @hizcimiguhe ias lesel ent edfific epmepdyad grith L ceBRRSItiet iCAYIBNY M om um

trichloride trissh&t SighmeHsafids BinOsR B zink BERFRNE Jtd KiFAEDPIhd B&ONT um
chromum (I'11) octanoate; chrom um he
t

s | acar bonyl : chrom um o
acet yl acet onat eseehip Grivligiert Jueftith S tﬁaéﬁhde[ ré‘?" gtjhtp% Pﬁo{ﬂ’lfnar(’?‘fqt )ngmc in the
2- et pA hexanoatie; cafoond tomthel iblpr avetratod chomiusmrirutie (dokick @ Progiigo is
t et ramet hyl hep i , romum (111) chloride. Preferably it is chrom um
(rrr) 30acetyl %eé%g @gﬁgaﬁlg%@éhr omum (111) 2-ethyl hexanoate. Ligating
conmpound (ii): X and/or X2 are preferably independently phosphorus or
phosphor usccaxindi 8@ bacofid Cisp&R, @terd\ iOrald. plevieberalplogesd fandctddingr @1 t he
same, and _nost . preferah r Y | j hat m and
n are dep‘é"ﬁﬂ"éﬁ?sggor? c}a%@/g gotggéj le%c tgggmj? %?e%vog{?cgenﬁ%\% pgnr?gﬁggﬁ%fe %%)t%rng? 'ae\ﬁ”te?@of X'
and 30 bembofies thetrrasassofomprising e samirrgonsn Fwoestf vel y, and bond fornation
of R and R W t b Kurc@bthomitilespectively. Preferably both mand n are not
0. Preferahly thei, I igati n@ ﬁogﬁ%rnd ‘i s a bi dentate ligand. Preferably the
"l oaf i ng corfpound "FRUNGFLOTRE P S o ATV'8 wherein Y is as defined herein,
X and X2 are independently selected fromthe group consisting of nitrogen,
phosphorus, arseni cz'antippayrgnd bi snuth and R3 to R6 are each
10i ndependent|ly a hydrocarbyl group or a heterohydrocarbyl group.
Pr ef et3abl y X and X2 areindependently selected fromthe group consisting of
phosphor us andwhértinogen. XMane X5r @6 enddpbnydeily amdht® safeeted Heons dree groMd st
preferably both X1 and Xg,akePRPSRRGESpnolmdRR, LARRMaMtReN! nelanandent | y
selected fromthe group consisting of a non-aronatic noiety; .a aré)matl C
moi ety; and a het er oar on8¥YO™ SEPRHNRENd iR} gl aé%ﬂxwd% % 8?&2\' P's” an
aromati c or heteroar omat iberBBicaialencd s @ amye Xéalmbb jor auchaxor@i ¢ noi ety
(incl H(?I ng a substitut edY%%inﬁ%%ro’ﬂﬁ%@&v@n x@?ﬁ;ﬁar omatic noiety (or

substrtuted aromati c noiety conpri se phenyl’ 20or a substituted phenyl.



One or nore of R3 to R6 may be a substituted hydrocarbyl group or a
substituted heterohydrocarbyl group, of which at |east one substituent is
bound to a hydrocarbyl group or a heterohydrocarbyl group. 25 In this
specification, a substituent with reference to noieties bound to X1 and/or
X2 is a noiety (excludi 4Jucture or a
cyclic structure bound ?% 5% &Qﬁ% P§9g&& 158ﬂ§m§tﬂggét%int does not form
part of the linear or cy®lang Bf plecindprendglYHydIopseat MOy 92Ut UCt ur e
may be sel ected fromth%r@n@h@erﬂ%pﬁr|a”@te@cfhy&obdriﬁ!ﬂ3§foublyﬁ160ﬁ&Iéiay|the a linear
het er ohydrocarbyl, a cyclic h 4H? 3¥ d$¥ 1 ggg&ohy%r %@{byl
group. Linear hydrocarbfﬁmﬁéy ¢iud ﬁ@? Fn 19 propy U y pentyl,
hexyl 5 heptyl, octyl, novghp>decyl, ethenyl propenyl butenyl pentenyl
hexenyl , heptenyl octenyl nonenyl , decenyl et hynyl , propynyl, butynyl,

pentynyl hexynyl , oct non and decynyl 35 Linear
heterohydro&%rby?cﬁﬁy @yﬁﬂg“ﬁﬁ%ﬁ%%v‘ﬁ8¥%5¥9dN@W§onethoxy t hi oet hoxy,
met hyl si |l yl jv)et hylmlcympomtth@'hlammmoun@béw@ prlass i eyfficemt hoeayigetdy|l and
t hi omet hoxymet hy é"fa C,JF ?rn(?oqé?réﬂ?/clum”@i ;Hc ﬁlt‘v’?%n@é&#&mngn%/lthe r%)ﬁg ObUt yl,
cycl opentyl, cyclo Xy cyc ohepty cyc ooct cyc onon cycl odecyl ,
cycl dfent enyl | c?@P@ﬁé&@ﬁVFm“gyw?ﬁwﬁ@t Pmmﬁh%ﬂﬁwﬁmé t adi enyl ,
napht hal eneyl , norbornyl, adanantyl phenant hr eneyl , anthraceneyl
phenal eneyl trah drona I

tetrahydﬁﬁPHﬁ ?mw%ﬁ%FCE E e%%ﬂ@%PQ%Q%H%FMWXkmréﬂﬂﬁgéhpgpﬂe |on|rEcﬂ‘uranyl

t et rahydrﬁ@fﬁhieotphiéﬁémuch Bipt the Iratigenh Engl mOf@laﬁ@F‘th" Aegin thexipg esimneeid to thexazol yl |

t hi azol yl moséruarnad&ml of chrnRRNE M ¥burcPHTABRiUNNE prefdPEZdheEn oEng a8eY, Yhd

benz urang 6% qg@éﬁn I ﬁnddl donI 10 R3 to R6 may al so be sel ected from
a grodp oFCRBIEFT "SHEAY 4% a ferroceneyl, zirconoceneyl and
titanoceneyl group. Preferably R3 toR6 are aromatic npieties of which a
ring at OnTr%fabB\réeasf}é&g@MéF laly ﬂﬂtuéé fHECbUER dofedtdbOUNd to either X1 or X2 and
with a polar substituent bound to a ring atomof the aromatic ring
structure adjacent to the ring atombound to X1 or X2. Preferably, if two
or nore oh tH8sgeoifiddbora e falbamgdeihitivbs efpives With a ring atom of the aromatic
20 ri structure bound to either X1 and X2 not nore than two of said
aromatic noieties R3 and R6 have a substituent bound to a ring atom of the
aromat i ¢ Thengms elefifia eameouns depeipe ap glefiher #Yirgmaeh Bislintr4dss RE3BPN 2. In one
enbodi mendarigh dolife bdhd@AE biefhic Mely BafB catfeepdriing sEwngr di fferent and each is
a 25 hydrocarbyl group, or a heterohydrocarbyl group which contains no
substituent or contains a non-polar substituent. Preferably each of R3 to
R6 does nbthvirpedrtiarosmys pohaier s fourast by remoyng cesrbystivges ratoro from e

i nvents onnatoch@ast two of (but preferably all of) R3 to R6 are aromatic
noieties with a ring atomof the aromatic ring structure bound to X1 or X2,
but preferably not nore than two of said aromatic noieties R3 to R6 have a
non- pol ar A subsdartiyleea troon iserdivaleangréli30todrg rencoving hivinigydadge metoimsthee g omat i ¢
ring str u]ﬁa%ércﬁ dAIACENon bR mshea hidAskaRlAhdRUNEGT ReXhicRliesR which R 8f er abl y
none of t aromati c noieties R3 to R6 have a non-pol ar substituent bound
to a ring®S¥Pei IBf P¥RE B 8natic ring structure adjacent to the ring atom
bound to kI or X2. 35Preferably all of aromatic noieties R3 to R6 are

non- syfpst Amwe@ely@é@r@t 'r@upn'@ iaQJnin&nt gE@u@nmhqea bpfens;uing abé eydmyan Ia{blnaffom

subst tuen %/ Eifi {A d i whnﬁ in dé E st’one h@g (%/

propyl, i3 etﬁ?"é}is P Ce 8&0’?&0&}‘1 r°°8'"r"8?)8?{§}i’°“ gr S50 AST e Gt yPS yl,
tertiary- @gmwﬂmtwyOMdbuwwﬂOrﬁnteﬁywmcmamwmwmdsm@hﬂvwrnﬁgﬁp%ﬁvwwhtWEOpentyl,
cycl opent b, itaREREL&B%hoy RERE ¥ atdRhexyl , sec-hexyl, cycl ohexyl,

2- et hyl cycl ohexyl, 2-et hyl cycl ohexyl, 2- |sopropylcyclohexyl

cycl ohexenyl, hexenyl, hexynyl, oct I, cycl o-octyl, cycl o- octenyl decyl,
benzyl , pﬁé\ﬁgﬁrothraffamyfenwr%vp Is 6dwﬂﬁw>ar<ﬁwéﬂrmed by f%??fylgptw&‘iwoge“ atorhs

o-i ﬁ oFF Opydarﬁ)hférb)ém,e o@d'lﬁerlanttcﬁruahafmws in e;mwrohymrﬁow the lreg heamdes onapibit hy: e
ant hr acen n 5 t . y linke
o one. or oL SREbeTn f B 88N AP G Spd N AL ARE TR N LG Ra
may be t h@sé@ﬁ@’fe&wé*e%esmdh%rw%@Oﬂﬁ@”@arre. R3 to R6 may all be the
sanme. 10l n anot her enbodi nent of the invention, R3 to R6 are the sane or
different and each is a hydrocarbyl group, or a heterohydrocarbyl group
(preferably an organyl group), provided that at |east one of R3to R6
contains a polar substituent on a carbon atom but not one of R3 to R6
contains a polar substituent on a carbon atomof R3 to R6 adjacent to a
carbon atom bound to X1 or X2. One or nore or all of R3 to R6 may be

i ndependentl.y sel ected fromthe group 15 consisting of a substituted
non-aromatic noiety; a substituted aromatic noiety; and a substituted



Y may be sel ected fromthe group consisting of an organic |inking group

such as a dro | ene, substituted hydrocarbyl ene, ocar byl ene

and a subs ‘H‘R gs?;e/terohydrocar byl eﬁe an inorganic Iél%n ﬁngg{l%éggou

conprising either a single- or two-atom|linker spacer; and a group

conpri si ngAnmethnphaerg orodp ivetuhiydiaregriupl certeiningtanbph etnes argtahleastort, Metero35 di yl

propane- 1, gnfli éﬁidwhiﬁﬂf RR AN Laldimedl biYeh atoftlePREORABR- 1, 1- di yi ;

cycl opropane-1, 2-diyl; cycl obutane-1,2-diyl, cyclopentane-1, 2-diyi,

cycl ohexan ne- -di. vl | pht hal ene- 1
8-diyl; p%@%‘gﬁﬁuﬁ#éﬁ% 'S%yﬁ%&gﬁ(ﬁﬁea&%en#g%%% "é’r‘r%“’ ﬁd“fg‘!(}w n%?n%ht Jl-}‘%cat echol at e,

1 2-di aryl hydrazine-1,2-diyl (-N(Ar)-N(Ar)-) where Ar is an aryl group;

1, 2- di al k{h W@P'érzF‘{’i’é“mfmziscﬁ $ St‘(“eN(‘NhR‘)t EN(’N"R’)G“‘) elggtisres euged dpolen al kyl

group; S13¢R®epst, -Si (R7)2-, - 40P(R7)- and -N(R7)- where R7 is hydrogen, a

hydrocar byl or heterocar byI or halogen. Preferably, Y may be -N(R7)- and

R1L may be sgd eﬁémsin&omary%f BE QRnCiRBlichld Beedlly NYAERERA catdsKdHa,

substitute amer)éaﬁo substituted aryl, aryloxy, substituted aryloxy,

hal ogen, al'koxycar Bony‘f car bonyl oxy, al koxy, am nocarbonyl, carbonyl am no,

di al kyl am no, silyl groups or derivatives thereof, and aryl substituted

W t h any ofTh¢ bligsreerisailbs brivdesreint godudingdrentigduieyic BrofRiEt imaryfelally a trimedyabar byl or a

het er oydr Qea&sbYd: dRfduay é)Frigz%JLO;B}@cfu@trw thé) mmm &7z rrménslaeonnaetar}ytl or £ Oyl ,

propyl, i S?QMIQQ ié!ai]on %%gésgpor ?B%{Jcmﬂ_g ée‘fr meric ll%(%ﬂ& b&tuﬁ %ﬁl!(“il'ggf ?tﬁanfé .ﬂéatr %ec bUt yl

cyclobut I 'sopen I'het h
1,2, 2- trrnéFﬂV1propyl (R/S-3 3- dinet hyl- 2 butyl)
1- (1 met hyl cycl opropyl) - et hyl, neopentyl, cyclopentyl, cycl ohexyl,
gycl Oﬂeloth Yhrhe YR PGk wesenakﬁ\eudon h%%br@ﬁbﬂ@bﬂhun&-th&'ﬁ@ iRty idA R ¥ binc o
met hylche t et ny
15 Qgr}{%}mtﬁ! %%ﬁ:potc%u dgscméh ’abc%g ]r JEA@JJIPtaHXJuE(E}\ pr o!&is %&M&Dhy}

1- adamanty ropy cycl ohex cyclohexyl
cycl ododechP'VmeZ %f’h@ﬂ“&?%rl Ropeiane fasmpfiop H?r‘?"'éf?/fﬂ BPREsEST in Whichiethgicy ¢l ohexyl
2- et hyl cycleotweusd is atgentsopr opyl cycl ohexyl , 2, 6-di net hyI cycl ohexyl, exo-2-
nor bor nanyl , i sopi nocanphenyl, di nmet hyl am' no, phthalimdo, pyrrol yI ,

trimethylsidyl. digethyltertiary-butylsilyl, 3-trinethoxylsilane-propyl,
i ndanyl , cy‘cﬁﬁ’r@?ﬁ‘r‘l‘e’r?e%’i , 2-nmet hoxyphenyl ,

153- rretzrqoxyphenyl 4- et hoxyphenyl 4-tertiary-butyl phenyl, 4-nitrophenyl,

(1, 11- Source of chramrum {i):

bi s( cycl ohexy kjurcé ofichrdi@inidyeR &) inbrgbnihi@tydneininid saap foRiybtiod coraRbidy| , N- nor pho
| ine, diphepy, ;]gp(g loaddi phenyi -ethyl, phenyl et hyl ,

2- met hyl pheny‘idh@a t ? ?orgpenyl 4- et hyl phenyl 2, 6-di net hyl - phenyl, or a
1,2,3,4- tetrahydronapht hyl . 20Pref erably the Irgati ng conpound is of the

f or mul &51 | IPrqRgably theyj sobrcaR8f ehepmRIM des selRster Honh b eraep cogistgedf eahepiiupr each of R3
to R6 i s anricabhagl ripiredyenaihycomdihy (ben@bdyitartfyl SORE@PY | chrotiurariomat i ¢

(pref er abl %c@mﬁ;@y' chfimiH %rac;ru&@d rrremrr )any Taetylar;e%atb ngmgrmowmfi may
i nclude a po nder t he 30 source

of chr o ufPEIEIHEERHE ) SRR s BTRET D) BEEGTOULE Ut 2R her

t enper at ur égragpyiienisdipnalst echeamiynbwdp) caipfser atreferelly et gis  2Ba@ENUThi(ld) appr oach
may enadl e sthi@aceReMY@ kitoraitim tiin@-ca9RPlasoate r om t he reaction m xture for re-use
and has been used for other catalyst as described by D.E Bergbreiter at
at, J. Am Chem Soc.,. 1987, 109, 177-179. In a simlar vein these chroni um
catal ysts é‘éﬁ?t"é?r %°3’p88 'Y ffrobi 1 i sed by binding the Iigating conpound to
silica, si{ isodorgebre pstsrapyiindeneagratiorhogherns prhtratdkIsonassdPy SfasBe exanpl e,
denonstr at edorlty Keferbiax\Enfixelre Bd sameCGhik AeS@referabiR@as tre PPol ., 1992, 1(2),

152- 159 or i mmbi lising plati num conpl.exes. The I i gati ng corrpound may

i ncl ude rrultl eI| atln& unrt ﬁerlvat ves \I}% imting 5
exanpl es of" ‘g Of 3PY Eﬁ%?s ‘?tri’&la aéee HPTIRRT I af{?@ ﬁcasasége YRIPe 8¢ | i gands
wher e the iorditioir dalof N gett K'ngondriprmstionrad Yowtip! ead & tepreetivelv.cangendor nore of

t he R gr oupsm@tionsi & ahde* vith RKinB ¢ GE@udpelY. PrdBfiy Sree bidingre ddué. not i m ti ng,
exanpl es of such ligands may include 1,2-di-(N(P(phenyl)?2)2)- benzene,

1, 4-di - (N(P(phenyl) 2) 2) - benzene, N(CH2CH2N( P( pheny02) 2) 3,

1, 4-di (P(phenyON( net hyl ) P(phenyl) 2) - benzene,

1, 2-di - (N(P(p- et hoxypheny02) 2) - benzene, 1, 4-di -

10( N( P( p-rnet noxYPhenY02) 2) - benzene, N CH2CH2N( P( P- met hoxypheny02) 03 and

1, 4-di - (P(P- met hoxyphenyON( net hyl ) P( p- met hoxypheny1l) 2) - benzene. The

| i gati ng conpounds may be prepared using procedures known to one skilled in
the art and procedures formng part of the state of the art. 15 The

di goneri sation catal yst may be prepared in situ, that is in the reaction

m xture in which the oligonerisation reaction is to take place. Oten the
ol i gonerisation catalyst wll be prepared | n sr tu Al ternatr veI 'y the

~ N A st



41) 1? is an atom sel ected fromthe group consisting of N S and P; the
cation ffR%N I—[La Bronsted aci d; 6x is an integer each Ris
the same oMAF¥UIRAt and each is a H, hydrocar byl d’r‘gaﬁzﬂé‘?"’sé“l

het er ohydr ocar byl group; provided that at | east one of R conprises at | east
6 carbon atons and provided further that the total nunber of carbon atons
N (R COblRRl) 8] etk ook R tldddle i R4 | ndependent 1y at each
occurrence Is selec romthe group consisting of hydride, dialkylam do,
hal i de, al koxi de, aryl oxide, WD 2011/0485271tPCT/1B2010/ 054631

hydr ocar by Prefagslydsuibaing fopeidd ytihoardnl radi cal s, hal osubstit ut edal koxi de,
hal osubsti t ut ed-aryl oxi de and a hal osubstituted aromatic noiety with at

| east one halide substituent on the aromatic pety. 5[(R" L* - H is a
cation. Mre particulafy, ((M L* - Fir iﬁonsted acid. A Bronsted
acid is any conmpound that s capabl e of dondting a hydrogen ion (proton).
Wiere V is an atom sel ect ed- ¥ om t he grodﬁ)2 consisting of Nor P, the cation
[(R 1.* - H may be rq;p@g/ented by the for a 10[ RIRZR31. 1-Hr wherein: =
Nor P, RI, R2 and R3 are the sane or differentR&angd, each is a -H,
hydrocarbyl group or a heterohydrocarbyl group; and 15provided that at

| east one of Rl11, R2 and R3 conpriseg at |east 6 carbon atons and provided
further thafeeing Bosaeimfdisen of LArboe Reensadenty RIpcteRbomie Wurcol | ecti vel y
i s great er corhiaing b2 nitrdiee rbodptioriss arSnict Areimomt anowisp(tR)exd R* to- R1dfermagr be
represgpt eehalienddi®, f hbdskm Ao bl RleteBlefdcdth vbdp Wherein: L2 = §

Rl and R2 are the sarre or fferent and each is a -H, hydrocarbyl 75group
or a heterohydrocqrb group and provided that at |east one of Rl and R2
conpri ses Afeqrablyst a X gietnsppeateaiveseisrier YOl e cPerstitsey PopRbervt A t ot al
nunber of o#irdeon Nromefeiahly Rl sathlf ®e teodameckivsy eleferdbly mgtheditaan X hen 12.

3012. 1, R2.phehdR3. are each independently an aliphatic hydrocarbyl or an

al i phat isc heterohydrocar byl group, preferably a saturated aliphatic
hydrocarbyl ,or .a saturated aliphatic heterohydrocarbyl, nore preferably a
substitut e® Y‘r‘ﬁﬂ"lﬁ‘&ﬁ‘? BytPesEnty 5@%?5?&*%’&?%%”‘1«?9@?8&%? Bﬂ‘aﬁ"wt‘c RAEYe the

subst i t uentss anEticlmisho rdpCieroagmelispwietyd F8ueredach @Rampl esnefomBlic, R2 and R3
i ncl udeI but naézearaeénglmdat;t a6brd Qreferaal, Masl aroresﬂaydmaenem:)ddﬁ@xél subPriagy | ! ohexyl
propeny V. ycl ohexy

2- et hyI Cy%faﬁnﬁ%{})@ew) He ardmagm'%{/(b?\%%‘weu |a§}c4)\ggct ;?,e])@f L”é W{gﬁstegx%glcy ,
tetradedyl % %“éeé’ﬁ’ e”yz i sopropyl cycl ohexyl, benzyl, phenyl, tolyl,
xylyl, o- nethylphenyl o- et hyl phenyl , oisopropylphenyl, o-t-butylphenyl,
biphenyl m&phﬁhwheamdﬁuheflﬁ&EbeaV£b£ﬁ&$/QA&EQ@&%BGI&&LBQQ&Qk&54631
Exanpl es the@lawdﬁ)@gr 15}9 b, BOInRA 2 S0ShL el ik gb%hyg%myé?z,&m? PO limted
to, butyl sec- ﬁexy cycl ohexyl, 2-m et hyl cycl ohexyl,

2- et hyl cycla(f‘ﬁtES?é‘fdmc?b‘i' r8‘ﬁ5’ropy| cycl ohexyl cycl ohexenyl, hexenyl, hexynyl ,
octyl, @ycl o-octyl, cyclo-octenyl, 2-et hyI hexyl , i so- octyl, decyl, benzyt,
phenyl t Oliydhis sﬁ(e)tshc}éhqn @sdﬂiﬁtd&;(ﬂvﬂh%fﬁjdnge 0 meletigslbphemyX’ andorixs @pmaRyd phenyl ,
o-t- bUtyl W&E!Mémg %wgounm%lhﬁe\él strugérpméhc stﬂﬁﬂlt%tblenld’to)@r%Mr@&@%Utyl and the

like. In one HE g{{ hnvent | east one of R conprises 6 to
40 carbon é’ieo“H%s“W”tt "5 "¢ 'BParbq“fP’l?ﬁﬁoi%ydfcowi%e carbons. Preferably, at

| east one of R conprises 6 to 40 carbon atons with a total of from21 to 90
total car bans.ingkd of teydis stalureemed bé Rakcotddh fonp ries eGe cdkistingng =C hakm

hydrocar bon, @&LQ%B;' L M%QF t%tero‘hl}b%cazb;ﬁ J‘%&:%@EJA&Q a%B'Q%Edn& hlﬁé?&r? Dawyng at |east

6 carbon ato tlc sol uti ons

Chereby. f adlip; RPN R GHO P oh S T P R PRY gsv&rﬂ'i%fy? P's bel i eved
t hat wher e neive deoit.a¢thatvimprepengf ddenvbeantatvorsxany. tepeniy detesglamprenylsubsfi t uent s

that Rl, Reangd &R3nynaresynliSoulybgmeaingtr hekinginhebnyi, oligws @nyi dri tigeyef. t he
catal ys{s activator in aliphatic conpounds w |l be increased




thereby resulting in inproved olefin oligonerisation with low solid
formation. As di scussed herein abqve, R4 may be a hal osubstituted

aromati ¢ nBOPRNFEh at | east one hal’i de substituent AW QRiGShatic ring.
In a preferred enbodi mrent of the invention, the 70hal osubstituted aromatic

noi et ybi S Reed abikrdeupdieNyby indidde WRthoAL biM&y, tAbthetitR)) thidefokyl REnEXANP! s ]Qf .
or ganobor o hav J non- +Gogrdi nating anion o e
formil a of @‘t“ﬁﬂ‘wé?%@g%?”? o pfostihd, By S0 nERHINALL e

di hexyl ( met{ASBAWBRI i It YILI8Y p S¥HORTY U SYHRRUYY CYCloR# at¥sionentyl,
25di oct yl ( metohg¥!) arrvostivumytiederdk psbpatenaf [cyrinhephegnyico-doemat ehenyl,
met hyl dis( oefcywbna@Bi vaphinglkfeaki StHapnt afdhba® P BeRNAeRAr ad@raceneyt,

decyl di : :
Sl (e R

Qﬁn f lin??r{ me}e QeYrLl) Fr@ﬁ%e%tl.e ! Cyclic
| ) ammoni umtetrakis Fe tat T uor ophenyl) o}’at_e,

t et r adecyl B?tf’ﬁ%ffj RSASYa B GHTS dePBNT ey ent AP GTIoesy PV Edraed:
30hexaadecperidnembt Pyriojrarmorazeirh thisgeak fugnpe nticohensgr ophaiyl, ) ovbbesiat e;
oct adecy! dirfitRéypeannmn woikeinyakd sépent af | uor ophenyl ) bor at e;
ei cosylydi (et hyl ) ammoni um t et r aki s(pent af | uor ophenyl ) bor at e;
met hyl di (degyl Lamonj um t et raki s(pent af | uor ophenyl ) borat e;
met hyl di (d dé’c% FAMmTShi GnicEett ART A perk 8% 6B B?Sﬁ% 197 2Sh B rfggtogeneyt
35net hyl di @rceracenge@yd Gtameroei gravet et r aki s( pent af | uor ophenyl ) bor at e;
met hyl di (hexadecyl ) anmoni um t et r aki s( pent af | uor ophenyl ) borat e;
methy! di ( OlRABGYS bauRAldIld dilds ShBenk ALlHOk ﬁQQ%P¥dc)rin$QJuaﬁrg§s
nmet hyl di_( el co%)lr%tarrgpm um tethralsl séﬁgent af Fuor ophen borate;
tri hexyPamiBht BriMSEr AR SCpERARPT G 18%‘?{%?1%9?3 BSPAER™ °%oR 35t Y1%anmmoni um
t et r aki s( pé&¥ichfe adierediphdn g aldgooatdte X' ¢4 ( 2- et hyl hexyl ) anmoni um
tetraki s(pentafl uorophenyl) borate; tri(iso-octyl)amonium
t et raki s(pent af | uorophenyl ) borate; tridecyl anmoni um
t et raki s(pent af | uor ophenyl orate; tridodecyl ammopni um ,
Lot r akl o( pETEPIIEREBNERY P} < HORaE bl AT oy PAAHENT tromte
t et r akiZ8( p PR HPFS PRV RN Xpatdal @ot rars herd et spideamenints wppties R and
t et r aki s( p&htaé b sasaphenyhd tohor@sten ot thd Berh-aid eaydtradnmre Bi:atBat to the ring
tetraki s( pentabluerophenyl) borate; trieicosylammoni um
t etraki s(pent afl uorophenyl) borate; hexyldi (n-butyl)amoni um
tetraki s(pent af | uor ophenyl ) borate; 1Qoctyl di (n-butyl)amoni um
tetrakis( péh?ﬁfﬂ?@‘?“ﬁﬁ'ﬁéﬁ%)'”"ﬁ@i"%{t%;totﬁacayq e (AT 9f Yif§rarmBhictan s a
t et r aki2§( p eyr@érbyl orop henidtdrotydnatbel gralo deicty taia(nm ) sLibytltJeatrarbentainga
t et r aki s( pest@fia sLsiRRRE Rkl QEa £ R® BGF 368 G itHub & 2 Wb ¥PRARIIR & UM

t et raki t af vl . te, N ' I | i3 ,
et raki s( p%,[ﬂe %ﬁo&{ggnqghﬁgxrénﬁ%ga? g?se ;iwclc% %:uﬁéﬂ%gré% %{uf) él P%x anﬂ?naromailc

t et raki s( pent af ' uor opheny e; o ,ani |
t et raki s( p&RELE D BIRENHY P 9B eitie inoNIei e By oy &hK} Puipigierably not
t et r aki s( pentedfdnier dphie apmptichoreitse?’ ONRstvE ¥ IneiNsctto e@sytheandthsr miamimn
t et r akizg( pesinatd d4eg QRN e )ardARiding istructure adjacent to the ring atom bound to X' or
N, N-di (oct gdecyl ) (2, 4,6-trinmethylanilinium tetrakis(pentafluorophenyl)
borate; cycl ohexyl di (dodecyl )anmoni um t etraki s(pent afl uor ophenyl ) bor at e;
20met hyl di (dodecyl ) anmoni um tetraki s-(2, 3, 4, 6-tetrafl uorophenyl) borate;
trioctyl phEésfEroninam d dteradia( pesteaRl o’ oprrenyinjpoBosuattaent oidiexyl phosphoni um
E eE r aEI SE peary abh upRPhHenL )rin@@frn@%}% acﬁd’cbrﬂ?& Yﬂepxlﬂ?ﬁﬁlnﬁ) @hdﬁm th] X' or X2

etrakis(p ny] ) .bals , . ) phosphoni um
ot aki’s( pomEp 2N e e B A R b e PR RBe phoni um
tetraki s(pentafl uorophenyl) borate; bis(dihexylsulfide)onium
t et r aki s( pértrmfek b s uWate mytrolbo st eEGLiudd 3PS ANU[BECBFEpHAY,; ethyl,

tFJ;( a(a1 a |1 <7))ct2 é /btﬁéﬂy{f, |pﬁ[$§9(l,0iEUIEM5ﬁyt, %Wo;%‘@l()»?i_({p@ﬁﬁyﬁif dr?-:ﬁﬁsﬁgpdﬁ%mélec)-bm Né@iRy-butyl,

: ; hi.s(.di y e)oni. um
tetrakLg(pg%%% ‘uﬁﬁﬁﬁhgﬁé%)p%@?éFﬁggﬁ{E%§ﬁVEfY%§?§%<?ﬁ?@%#§Tﬁ%¢ and
30bi s( dF doOE¥y FENer: deF ¥Rl n PEBIHRIEPh et Y IREPE h HatpEPTrsf dew).
R(C 2H202S12110( C6F04) . The source of chrom um and the organoboron conpound
may be conbined in proportions to provide organoboron conmpound /chrom um
nmol ar ratios fromabout 0.1 to 50 organoboron to 1 chromum preferably
fromabout 0.8 to 20 organoboron to 1 chromum and nore preferably 35from
1 to 10 organoboron to 1 chromum Preferably the concentration of the
boron in the activated catalyst prior to dilution is at least 0.01 mml/t.
Preferably, the concentration of the boron is 0.1 - 100 mmol/t, and nost
preferably the concentration is 0.1 - 10 mml/t. 5 Further non-limting
exanpl es of activators, include al unoxanes, alum num al kyls, other netal or
mai n group al kyl or aryl conpounds, ionizing activators, which may be
neutral or ionic, Lew s acids, reducing agents, oxidizing agents, and



Rb(R"'- Al-0) p- AIR82 where Fr, Rb, R and Re are, independently a Cl-C30 al kyl
radi cal, for exanple, nmethyl, ethyl, _propyl, butyl, pentyl, hexyl, heptyl,
octyl, nonVC20H&EP and "p” is an i fiteger from1 to B %6%’(01 ?63%/5 Mbst
specifically, Re, Ro, R and Rd are each nmethyl and "p" is a |east 4. Wen
an al kyl alydaherenn, Rédehytl eyt adckD XidbeclyiS cyeBRLIOWE dedy b2, Megpnadyat i on of the
al unoxane, xweo-f‘?tgthm'éﬁd R@ethﬁenﬂ- f‘lSQJTODGP*%E)q grtgt'.rlﬁéne ch?rﬁA W ‘tﬁ]e or

al koxi de. }) ’Z ‘g (i unoxane I's not a di'screte naterial. An

al uroxane P& ﬁ‘é‘r‘r‘éﬂy FHERSHLAXTUE of both the Ilnear and cyclic
conmpounds. A typical alunoxane will contain free trisubstituted or trial kyl
al um num  heuwAE ot R° tesiay b bdepehdditly tifke@dk oy or alotBf BatAotheNsl waY in@xane

mol ecul es of, vakylpg degree of oligonmerisation. For sone enbodinments, it is
preferred that met hyl al unoxanes contain |lower |evels of trinethylaiumnum
Lower levels of trinethylalumnumcan be achieyed by reaction of the

trimet hyl aRiAme RUmeXAetie same et R apdiRanaybe gswnw&mﬁnmv githe|thezzenon of t he
trimethyl al um numor by any other neans known in the art, For further

descri Rb' On\sa otﬁ&%m@odﬁnen? @ft the Noémon RGQ)SRG%Q—:BHW éangesa' Mgsnt é\d%%éw [?%4
5,091, 352 206

4, 968, 827, “’@*“ﬁ%‘f‘ 8’?,“2’ °’5d ’f%édhé%i‘fa "oy’ %%{"ffgeiéb’ ?”fégfh’?éf? P °l’t9%d ?3%‘1 and EP
0561476A1, a@as@zqg‘é@m CGWW@H%?X\PG“EEPE‘4@%@@!&8%]3“&#1@1“\%‘09‘?&/ 10180.
When t he acdntamab@dsiarlssbsamerabmmneto(nmbeﬁ th Reddjaosnt wnrradbf deddqunsome

enbodi ment g &%kze%netoh%ormwamnha@wmay et .ragﬁeweﬂapgeie%d Fom MA0;: 49! d nol ar

excess / Cr_over C curs ferred
acti vat g\lr ons«stin? ::]f bst?tet%u%{sbaifcpma ic mofg,la squu&eg' r@mmtj '{}galegy & %SI fically,

the Al/Cr PuRfipeds ef‘ﬁa@FP?‘fOW‘n Fregjeraithoeagh OfR toAf” Waﬁ'é‘?dﬁwat*feorﬁr oduced by
the hydr ol ygigutaf hdtdieranespeotelyy eofter prefbrityy al substinuem aonpouedy. MO may be
produced byckiigedBrsh Al male@ n@t, csrﬁangeaé Mgtﬁhéérﬂh%m ﬂme BmBUBRR of the

10tri al kylog‘wlve%%n alfl @asﬁ [flwo ?fgbut Qre eragté aiygfimﬁ %marglangn‘lahc w:ﬁraenn%ra%m of I'?a‘r ety of

met hods Xanes? “non- Yimting
exanpl e8 PO RS HGASS T AT DUl gt ot 1B e ep sFOEOMEICQ52, 540,
5,091, 352, mBieROR’ 108° habe 204bsfilOnt bdyr8 7d a 784l stork. @ 2, §dBatic ArDOBctd63,
4,968, 827, 2§ac3® 1&lhg amI3Hd@32,or 22 248,801 , 5.235,081 , 5,157,137,
5,103,031 , 5,391,793, 5,391,529, 5,693,838, 5,731,253, 5,731,451,

5, 744,656, 5,847,177, 5,854,166, 5, 856, 256, and5, 939, 346 andEur opean

Any polar substituent on one or more of R® R*, R and R® may be ‘electron donating.

235
Suitable polar substituents may be a methoxy, ethoxy, isopropexy, C;-Cop alkoxy, phenoxy,
methoxymethyl, methythiomethyl,  1,3-oxazolyl, methoxymethoxy, hydroxyl, amino,
pentafluorophenoxy, tosyl, methylsuifanyl, trimethylsiioxy, dimethylamino, sulphate, nitro,
halides or the like.

30

Y may be selected from the group consisting of an organic linking group such as a
hydrocarbylene, substituted hydrocarbylens, heterchydrocarbylene and a substituted
heterohydrocarbylene; an inorganic linking group comprising either a single- or two-atom
linker spacer; and a group comprising methylene; dimethylmethylene; ethylene; ethene-1,2-

L2
(¥,

diyl; propane-1,2-diyi, propane-1,3-divl, cyclopropane-1,1-divi;  cyclopropane-1,2-divi;
cyclobutane-1,2-diyl, cyciopentane-1,2-diyi, cyclohexane-1,2-diyl, cyciohexane-1,1-diyl; 1,2~
phenylene; naphthalene-1,8-diyl; phenanthrene-9,10-diyi, phenanthrene-4,5-diyl, 1,2-
catecholate, 1 2-diarylhydrazine-1,2-divi {-N(Ar}-N{Ar)-} where Ar is an aryl group; 1,2-
diatkylhydrazine-1,2-diyl (-N{Alk}-N{Alk}-} where Alk is an alky! group; -B(R")~ -SiR’).- -
40 P(R’)- and -N(R')»- where R’ is hydrogen, a hydrocarbyl or heterocarbyl or halogen.



publications EP 0561476A1, EP 027958681, EP 0594218Al1 and EP 058666581, and
PCT publications WO 94/1 0180 and V\0999/ 15534, all of which are herein
fully i ncoMSo¥8{®H2by reference. Al urinum al kyl or or'fdABH#IURFHEmM conpounds
whi ch may be utilized as activators (or scavengers) include

trimet hyl aPréfgapyny mby tieet\l(mly)l- aldRTintay e sdicciel 8@ ik Bload tonsiaED hydrogen,

tri-nhexyl gl ym fed Talyn- H!PtydbérltMéH KM ar%:!ysgbééht&le@' ymxvumr&w“ de,
et hyl al um ngm di.c al um num et hoxi de

| al um
and the |1 OXV%eO"Vbnr%°h§°*Acr* i BB e B oA T ao Mot | vat o
i ncl udes c @RS AYVEIMER theteey 2at Jtirsatbstituled My Ay ivase %tr@strtfihfés eafesablyc onpl ex
cationi ¢ amd rjay (bViad’inlgcaa:)be’razi gaerbabateiyne mmgmsmted,is ryevtip. Ny rody neeakly 30

coordi nat i %:h@n&tﬂﬂ pmwers&p%pm cﬁ@&o&p%r)ﬂj%ﬂ@t ké&gry%ﬂéwogec &Mczoﬂﬁfns an ani on
whi ch either y weakly

i
coor di nat e§® r{“’g 'Sﬁpeaty af?gﬁe'%%?% g)mgﬁ’ég b“ta] ?9? mﬁm':’\{xn{r‘imiD %é%? e to be
di spl aced BipelviZeiiy's bh@énec%rcioeseawrcﬂt@ a‘e‘ﬁ@l’}t"r aleyqoagiitg bee'er)exvisa t is
wi t hi n t he cgeb@ey, ofciotdatylSddcivgtibdec 115aineshestyl, i-oRinghape, Oha@ithgiehi omet ri c
acti vater, 1'?r§mrfyﬁxleth9r adaQ&Qr’rtgmetWQhad@%a&J '2(53:!'&195%3)(' é @JH:BBW:)HMex l, 2,6-

tetrakis( pgnt a ‘{,;'y‘ér‘é’ﬁ 0 (%r g'n: ht"rrgfr@")cs%w@xqt af | quhgga%p&gcbor on netalloid

precursor or PrPs td’f; uor oron metdal® ursor,

pol yhal ogeﬁ&fhé"ét/dﬁ@ r@fB*BY‘%(H%heé%r %ﬁ%p"(%c@?ﬁ"ﬁsééﬂy'“embﬁt?ﬁi%‘@’éfb|ed°'€ U.S. Pat.

No. 5, 942, 458m=0y, icpmbdanabangndinidtefatio, phitiiinmico, alre@!, wirkehiisiyi tieetsgope of this
i Invent ion tté?kraH/sagtyl:cé\i@U?f’tr@r:ret&&yisrlér@fbl"dﬁ%rlaﬁ&dn}ﬂaéﬁbﬁex%e%@yloﬁ Fr'eiﬂox@?r@ﬂ%i nation wth
al unoxgne i fi a xan v neut r
st oi chﬁgne?’ m%’gg?eng tor's T helu %I“é!F Qe%ﬁrg iR Errfenﬁ Em Oﬁ)her{y I(ﬁ’rr um

al uni num @ﬁﬁcl"i“’ﬂ?ﬁy'éﬁﬂ |%’ie‘ﬂﬁh oh& Fﬁ’%?’l?r ed ”i“’r’i’e‘r"’*eof2 .”af’i‘l‘*r‘é‘ tHr”é’éOh%'l{iBstr t uent
groups ar e dgbhimBnyl,ndépehaerttyy hedvetiieR-hetomhedyky| Smetafidoeny| s4- hal ogen,
subst i t ut echetthikiehys,, 2 @fivbiByi-pny] bl deseraldoxpeand halides. In sone

enbodi ments, the three groups are independently sel ected from hal ogen, nono
or nultrcyclrc i ncl udi ng halosubstrtuted) aryls, alkyls, and al kenyl
compourtds” & VWUF%%WW@?‘@SFO”B?@%% are al kenyl groups having 1 to 20
carbon atons, al kyl groups having 1 to 20 carbon atons, al koxy groups
having 1 to 20 carbon atons -and aryy groups 10 having 3 to 20 carbon atons
(including substituted asyls). In Tt her errbodhgrents, the three groups are

al kyls having 1 to 4 carb gr oups, phenyl ,Mfaphthyl or m xtures thereof.
In further enbodi nents, Ipr ee groups,-are hal ogenat ed, specifically
fluorinated, aryl groups even further.enbodi nents, the neutral
stoichlonetric activator 8§ tris(perfl uo%hen ) boron or
tris(perfluoronaphthyl )Rboron. 15 |onic stoi c*ﬁ%/o_,rr,ert ri c activator conpounds

may contain an active proton or sone other cation associated with, but not
coordinated to, or only |oosely coordinated to, the remaining ion of the
i oni zi ng cofPBUAE. 2586¥R ¥8¥pounds and the |ike are described in European
publ i ca¥i ons EP 0570982A1, EP 0520732A1, EP 0495375A1, EP 050094481, EP
0277003A1 angkrdaly «20n B2RF 10 GAAlan aiyd (pldretabiyRadiny, MBS or Bodrdsi) br Brémate, 198, 401,

5. 066, 741, 241,025, 5, 384, 299 and 5,502,124 and U S. Pat. App.
No. 08, 285,‘%%%’, ?’7‘”°r15&ugﬁi‘? % "P994, all of which are herein fully

i ncor porated by ref erence. lonic catalysts can be prepared by reacting a C
conmpound wiThhligstnyeommutd gy itabwip 8 pelgtats Mol tsnaedler s reBEHO6 FBYB8 of vilei ch upon
reacti an Wsbiiceldfehradast SraGheaiak @gdihIRdREounddo bkolbdreat Rghes RFBELINGE: £Ar s an

ani on, Suchrsa&h(l g(lo%l': ggr%%{ﬁs] e%é@@ ﬁ‘saa?broéc%%é epgb!ecfae gwe& ?rtheSpeCI es

generated by the reacti P actrvator
conponent s SOHF*CP™al"@ pa5iRn m'é%fﬁﬁffuﬁd@e 81 t5n356s |“f‘1d As Oth%‘cﬂaﬁ'

enbodi nent sescitedpoBAdEerapsdérel olas AanCizeot Peat! 847, ﬁ@nﬁﬁﬁéhﬁuﬂmweh@Mpreparation
of the i onigesCakailtlatais b 0 US Athobilsel BELIRIMGRS GRS cdnidbshaidteat i on
conprise a cation, which is optionally a Bronsted aci d capabl e of donating
a proton, and a conpati bl e non-coordi nati ng ani on which is capabl e of
stabilizing the active catalyst species which is forned when the two
conpounds are conbined and said anion will be sufficiently labile to be

di spl aced by olefinic 35 substrates or other neutral Lew s bases such as
ethers, nitriles and the Iike. Two classes of conpati bl e non-coordinating
ani ons useful herein have been disclosed in EP 0277003A1 and EP 0277004A1
publ i shed 1988: ani onic coordi nati on conpl exes conprising a plurality of

| i pophilic radicals covalently coordinated to and shielding a central
charge-bearing netal or netalloid core; and, anions conprising a plurality
of boron atons such as carboranes, 40netallacarboranes and boranes. In one
preferred enbodi nent, the stoichionetric activators include a cation and an
ani on conponent, and may be represented by the follow ng formula: 5(L-H)d.



The ani on conponent Ad includes those having the formula (M+Q')d- wherein
k is an integer from1l to 5 nis anldnteger from2-6; n- k =d;, Mis an
el ement sePEPEEFHPbm Group 13 of the Periodic Tabl e G EHEOEMShent s,
specifically boron or alumnum and Qis independently a 30 hydride,

bri dged or siitalyel shyeidxahi at Kyhisebaddpndral fodeampaé, kexdrdstedady Y Bodnge et

hydrocar byl capfsli Al Nysh aeaidvise fahaJngeaﬁsﬁngxsiaainuat&Qﬁ&[é)&yt ed hal ocar byl ,
and hal osubstit ut ed- hydrocarbyl radicals, said O having up to 20 carbon
atoms with the proviso that in not nore than 1 occurrence is Q a halide.
Speci fi cal [T ligating Konpoprg! ragyfiiclyes 1 witedigatng Hiite eadenAtivey thetee’ MAUIMENIL to 20
car bon at oasmpe®bisugigaidé inciade dgndtiaetic iighids aawdll a4 Ogantatted ey iydivigeioup, and

nost speci fid6q dr¥s R0685Rd GrbsSviRoREN e e W ordlpY br & B BkinFXR0PY es of
suitabl e Adyalsg 'bﬂcr'mk‘%ﬁd'et%%%‘s o?ou’ég%“arn‘&’ssmé"%nc‘i’u'des?'%é&% L Bnytap; Pat. No.

5, 447, 895, Wi | n|’ghcorp£or A0E0 "HEFETH 'BY°F ef Srendde™=2F 1y one
enmbodi nent "¥Fethe i htr@ntPeReyerponyerpd.  mMYGHEENBPeEYsl:f r ovtdre group

cont ai ni ng (RFrengN{nathyPAdHeQR))bbnzege. d@ADOP(O-Tiemalypitihyig). ) demeneetlyd-ddl (OR) 3 and a
sal t cqpt aib@G R pRRNAD- AR lA (RBITHMRBLS ol ohehvilff | M@ Ag.(RROVe. I n one

enbodi ment _of the inventlon +an)'. .may be selected fromthe group

consi sti ng mS@""" hf&’@%%ﬁ%ﬁf‘ﬂ%{gkﬁ‘&q&@})?f%??&[A1(006F5) 41, [A (CBRA02) 21

[ AL(OC(OF3) 2C(CF3) 20} 21; [Al F{OC(CR3) 3}31; EAl 2F(OC(CF3) 316];

(2) Al { OCH( Cea24rg;cort )i {BEbERRP33d aamd rfobeduBCERGo brshiktidd intiestty Z i s not
- AR as def bhedocadmi@ormihg bdisk haterinddt not limting exanpl es of boron
conpounds which nay be used as a catal yst activator in the preparation of
the inproved catalysts of this invention are tri-substituted anmoni um salts
such as: 100¢ PERTHSAShGASHEUTR PG PreapReRVTY: BBt atdhe ergier A Ha Bt um :
t et r apheny tHeorigdreyisation praipy Isalmraei piavet edfiea piresipbiropaivre catdlyst (vitl-be

but yl ) anmopjegsnd Bt pReaWel @leab@yst tbf {d bR 3NN bumRhed r aphenyl bor at e,
15N, N-di met hyl ani I i ni umt etraphenyl borate, N, N-diethylanilinium
tetraphgnyl borate, N, N-dinethyl-(2,4,6-trimethylanilinium

t et r aph@nyH58€8%  tropillium tetraphenyl borat e, tri phenyl car beni um

t et raphenyl borate, 20tri phenyl phosphoni um tetraphenyl bor at e,

tri et hyl si lagivatbaifyet r aphenyl bor ate, benzene(di azoni unmtetraphenyl bor at e,

trimethyl a%@#t#m B&&ﬂ@rk&%{( entahidind pRNGAYLLDAR atRe LEGLAY) gTONT UM
tetraki s(pent atl uor ophenyti bor ati, tri ro%l‘armom um _

t et r aki s( péftEFUSre ?‘i’éﬂ%f"ﬁﬁ%ﬁt" ‘":*""t”?‘i”??i‘-‘* RN BB tim

t et r aki2¢( pent af | uor ophenyfi borate, tri(sec-butyl)anmmoni um

t et r aki s( pendnafidrt or topinentdn iecikaker; is bh Mgdhobadryhpdind ingiittltes a cation
tetraki s( pgpt Lok AR MAlo) BAFeeRara N gl €T hyl ani 1'i ni um

t et raki s( pent af | uor ophenyl ) bor at e,

30N, N-di net hyl - (2, 4, 6-trinethylanilinium

t et raki s(pent af | uor ophenyl ) bdfat-e; Hit E8pldl 1 i um

t et r akizg( pent af kuwesirophenyl ) borate, triphenyl carbeni um

tetrakis(pentafl uorophenyld okl iectbd +RANENYLRRORRBRE NMB and p:

t et raki s( pent af | uor ophen Ie%b,or%ew .. trl((gt gcé/l silylium

tetraki s(pentaf | uor ophené AP 3 Bh BAARER T4 oni um)

t et r aki s(pent af | uor ophenyt phisteagré, 2 ¢ 8i met hyl ammoni um

tetrakis- (2,3, 4, 6-tetr af batbropiemnte)or basratt and dach e byl ReRMA UG

tetrakisg- (2,3, 4, 6-tetraf LugrprAcmliRgbat e, tripropyl ammoni um
tetrakis-(2,3,4,6-tetrafl uor p?penlyll or at Et tri gn- but%I ) ammoni um
tetrakis-(2,3,4,6-tetraf PA8*8-"HRERT FB 5 BPUSHFHETHY FTIYERYI | anmoni um
tetrakis- (2, 3,4, 6-tetraf fgorejihengther e ie dotel nyyeper of carbon atoms in (R),

2011/ 04852719PCT/ 11320104 D&A@81s dhaér ehiaret, hy| ani f i ni um

tetr ak! S- ( 2,3,4,6-tetraf kU%&QKb%EW Qlt?zg(gha&%wrre%el\*é @e@étw}rmwai d?éddm
tetrakln@-gzl, 3,4,6-tetrafl uoro
thy

N N di _ ( 2 A B-tri n‘%otnﬁ?'ln 2(? Pt%/yh%c%%‘dgltk%émido. halide, alkoxide, aryioxide,
tetrakis-(2,3,4,6-tetrafl uorophenyQbor at e,



tropilliumtetrakis-(2,34,6-tetrafluorophenyl)borate, 5triphenyl carbeni um
tetrakis-(2,34,6-tetrafl uoropheny)borate, triphenyl phosiphoni um

tetraki s- ( ¥ORVEAEREL r af | uor ophenyl ) borate, triethyl STGNPFHIS4631

tetrakis- (23,4, 6-tetrafl uorophenyOborate, benzene(di azoni um

tetrakis-(2, 3,4, 6-t et r af hwioroiph erjoSineitatehydtordrive trdvickiamhaesubatiuted-

tetraki s(per I uoronapht hyiQQE alaBsubditid-#4idieh ARTCN dtfbstiuied aromatic

t et raki s(perfl uoronapht hyQbor at ripr | ap i o
t et raki s( per f | uor onapht hé?'%f)g@’a??g?stt £ rhe?“ﬁ@ﬁeéﬁ?%g%%nﬁﬁéuaﬁ? matic maiety.

tetraki s(perfluoronapht hyOborate, th(t-buty)amonium
t et r aki §( p&RY LUuciionaphibh Wokoeritumyty, INRNH-tH et hBroasied acili AlBtonsted acid is
tetraki s(pahyfdoHpsARRRY BYdbllPidRkibg a hribobh B @) ani | i ni um L
t et raki s(perfl uoronapht hyOborate, NN-dinmethyl-(2,4,6-trinmethylanilinium
tetraki s(perfluoronapht hyOborate, tropillium . -
t et r aki s( péferedoc A PP BIRtNe IovR PHRERY PTM PR fion (R L7 - H]
t et r aki s( pewf baurepresvaphthiyd dbokat e, t hphenyl phosphoni um
t et rakiyg( perfl uoronapht hyl ) bqrate,, 140t riethylsilylium
tetraki s(perflugronaphthyl)borate, benzene(diazonium
t et raki s(perfluoronapht hyGoorate, thnethyl anmoni um
t et raki s( per f | uor obi pheng?“d%?’zﬁ’i e, triethyl anmmoni um
t et r aki s( perf | uor obi phenil Rbod & @ the sanr © giftramanhdacni a —H, hydrocarbyl
tetrak S§ per f | uor obi phenys ai@onys3&rfdd-dht yI ) ammoni um
t et r aki,s( perfl uorobi phen I - 1 U ,
13 éf%{%rqg‘%ag :at h% é{sp Bt ¥ an nQPc{i 'fl-? n{;glanr%rlses at least &

t et raki s(perfl uorobi phen [l met hyl a

tetraki s(perfl uorobi phenfABSPIEEMN RIR¥AILLHTT it Rpymmber of carbon

t et raki s(per f| uor obi phenstbypio Rafésnd RReateatieehtiyereat then 2.t r i met hyl ani | i ni um
t et raki s(perfl uorobi phenyl)borate, 30tropillium

tetraki s(peRLlyorablpAROVEIGL alemaf ol BRSO LR RN

tet raklzz)( perlgl uor obi phenyl Yborat e,” tri phenyl phosphoni um

t et raki“s( perfl uor obi phenyl )borate, triethylsilylium

t et r aki s(per f | uor obi phenyl ) bdRiX’e)-Benzene( di azoni um

t et raki s( per f | upfeadri: phenyl ) borate, 35tri nmet hyl anmoni um
tetrakis(3,5-bis(trifluoramgethyl)phenyl)borate, triethylamonium

tetrakis(3,5-bis(trifluoponet y{f) hen wb. rate, tripropyl.anmoni um

tetrakis(3,5 bis(trifl u%rﬂ'ﬁé{iﬁ |‘§)epF?£¥? "YBePuee eﬁ‘i%?%d‘r"?}?ﬁa ni um

t et rakiZs(3, 5-bi s(trifl uoleret AYIEhvApEyr &t 2 Eri (t - but yl ) anmoni um

tetrakis(3,5-bis(trifluoponeihmt atpdfmw@bom‘adrﬁﬁzé@rhd;i%@i ket hybragndi ni um

tetrakis(3, 5 bis(tr1 1| UOLORELINABREINIDREAN Lol Al df SRR N
etraki s(3,5-bis(trifluorp n orate,

N, N-di net hyl - (2, 4, 6-tri t%‘?%a#‘%"?"ﬁﬁ’d%ﬁrg&gf &

tetrakis(3,5-bis(trifluoronethyfl phenyl)borate, tropillium

t et r aki3®( 3,R- I6F s{ridr Rf | aroreacre tittpdenpdngin ya@b eitpadtie, hydiotaptye ny | eardighaicum

tetraki s(3.naeroRjarbiky) %&ws@mssﬂxlsatm@mwpaéasm@;o@amﬁ bl PREAYRAGERNONT um
5t et r aki s(% | uor onet hyl i et hyl s

5-pis(tri ) phe ora tr Lyl ium
Dttt s( S PEBBRETETIE | 5 RO bRoSUETRS abBrootibh s knat aFesiiin
t et r aki s( 3hsedhslceapy Misey omB PR pRBMEINPHeEEYrsand di al kyl ammoni um sal ts
such as: di-(i-propyl)amoni umtetrakis(pentafl uorophenyCborate, and

fllr cycl %@te_)(%élum&ﬁw@sjogh_e.hp akd P(iReRt afd Monanhenyb)hanatey and.addi tional
| -supstitu

t ed phosphoni um salts such as tri(o-talyl)ph honi um
et r aki o( peltPar (TRFSbnamybarh &oind R oot et HRIERVE) Bhosphoni um
t et r aki s( peirafciotrsy o Srényie et do-ottBMIstY sieecy't itviratacy, ostprecylofi ¢
st oi chi onetigoprepyagdidheat Obenfll.- Hpehtl, (1AG ) xive  NnMirdibimaeyhyd-amiohenyi, um
tetra(perfld by 1 ik, Ak Rl DKL @B iel NI UM
t et raki@( per ?F%?gﬁgph?ﬁ{/ﬁfor%e&! N%di met hyl ani | i ni um
t et raki S( perfl uorobi phenyl ) bor at e, N, N- di net hyl ani | i ni um
tetrakis(3,5-bis(trifluoronethyl)phenyCorate, 70triphenyl carbeni um
tetraki s(perfluoronaphthyl)borate, triphenyl carbenium
tetraki s(perfluorobi phenyl)borate, triphenyl carbenium
tetrakis(3,5-bis(trifluoronethyl)phenyCoorate, or triphenyl carbeni um
tetra(perfluorophenyl)borate. 25Q her exanples of preferred ionizing
activators include, [HNMe(CLl8H37)2+][13(C6F04] ;
[ 1- 1 NPh( C18H37) 2+11S( C6F04-1 and [ ((4-n- Bu- CE6HANH( n- hexyD2r 1S( CsF5) 41 and
[ ((4-n-BuC6HANH( n- decyg2f | [ S(C6P5)41. Specific preferred (L-H* cations are
NN- di al kyl ani | i ni um cations, such as HNMe2Ph+, substituted
N, N-di al kyl ani | i ni um cations, such as (4-n-BuC61-14)NH(11-C6H13)2+ and
(4-n-f 3u- C6H4) NH( n- C10H21) 24 and HNMe( C18H37) 2+. Specific



I n one enbodi nent, activation nethods using ionizing ionic conpounds not
cont ai ni ng_an actl ve proton but capa%e of producing an active

ol i gomeri z®9 Wn/WERAl yst are al so 35 Contenpl ated. SutHHFENKNBYS 1 ar e
described in relation to netall ocene catal yst conpounds in EP 0426637A1, EP
0573403A1 &matdigsSf sulsbieant-pdip sutbit3BE, ro68e, bintareCtat iaites @) Hutyh 8dn, Rexiyincor por at ed

by referenggshexy., cyclold@, PERAGES clgﬁ%Qytal §chﬁémlt>ﬁ&yl ach iYLk c%ﬁ ounds that
onic Hel onpl ex and a

ﬁgﬁcgg:é: ?]‘L%é( h&%% rh%l(en%%exynyi ocl fycgrogtﬁi (éf[‘.ig 8%%]5( g ‘E} r(wﬁgiyt tmctyt decyt,
2011/ 04852?2@@*7@%2@@0%5%3%%@%tvreéwpmnw'ho tSPEéO%'Bprtitmtmty{pﬁewfhl s

i nventi én. choy, rexighpblepy trepteypentirakhwenophsay! ) boron or al um num nay act
to abstract a hydrocarbyl or hydri de ligand to yield a cationic netal
conpl ex an noncoor d t her enbodi ment, the
af or ement i gtlne%%mbglg rmench the mvenqgn easF onﬁ%f Iagompln‘s:\egctto 6\ﬁa(faf‘i)0f' ﬁigmagmunds Of t he
present i nV&HCITR B Wéﬁﬂ%’é Pé*’f?fé%t pdpast ap eh peedses StwtOystoraipenl e of

sel ecti ve eithytloghd froh PyoReriaz@tbioon. For exanple, Lewi s acidic reagents such
as, foripexanple, alkyl or aryl al um num or boron corrpounds can abstract a

Lewi s basi G 14. Lé}l&}é&‘ th%*"tgg' Fr%?e’nce c9 Ion?xﬁaqphy%f%a:!t?)ﬁ s?tl;sitdt io %gg%fa gompound

yiel ding a coordi nativ at ed o8kt i ve
et hyl ene ofFYHEWETS '#4t9 %Meast\m@ﬁw ﬁ@méd?“déﬁéh%?cg'ﬁ@h@@%rsﬁﬁiﬁ%mﬁ’ﬁ@j“aéml on
pr ecur sor s sertenBhoeytiadiaim adbadn chihasatgyso Mo resven it iPiscodven abiadhelcad S bases

(excl udi ng tatAtehder oOfardor Glbmis Y e lh%o%rb@l@u@sﬁziu@MQ bhafs’ ke'éﬁcpﬁeﬁﬁvé'rg or silver
cati Onsl’S Of regllelktﬁgn 1ﬁqge &‘uﬁﬂb !)fr?l% cgf%fg% Qc:h gr‘?‘r! ah{)ha{iaclz c%rr}r%ousﬂléjs will gs ! hose of sodium

nmagnesi um Qr Breclr LoP“wfar ratio may
be any ratlrﬁreb%‘ﬁ\?{;@t%l’“m%%‘@? ?l?f'”ro%qoi“ﬁ"é‘sa‘éf’ér’f"‘b@wfi?“éFﬁ"‘l‘ﬁ'e@ 1to 1:1.

Combi nations of two or nore activators nmay al so be used in the practice of
t hi s i nventak @Bcusd ABRIhRBSve SR hale@ HaRButk@l:sd é}Gnatl@-%leM‘%th%t n@é%munds

conprise ahé@é tuff !t}{'é%t Sr@ttﬂeogpt%rﬁ;aftl %tln grb?%@regfzgoé)%& ngéngcoqrpatl bl e anion

char actgri ze E genera ati'dni c agent
capabl €"of ‘3{%38 %it”eﬂarf’ B"ft”?”ﬁ&’t"?‘ﬁﬁta%iﬁmﬁ?ﬁnﬂnl c group; As |s a non-

coordi nati ng ani on having the charge d-; and d is an integer from1 to 3.
Speci fi c exasmplivesbudfion{iXkirty éxﬁﬁbl&&kﬁo@%@ﬁoror%&pdumﬁ%%g‘a cMBEER aFoh-S
hydr ocar by IC@OF%%taIH&JHBf% f&%ﬁig QECE@er;JP lant mP@rJt:&‘F%;éQM lher?|§ glpo%é Iznc % ed hal ocar byl

and hal osubst rocarb Ica ecific eXanp es include but
are not |ini tdlh xy{(ggbﬂ%ﬂon'uﬁ‘t@é‘ﬁp”ﬁﬂ% Tﬁ%?%gl +, Cp2Al+. Another suitable
i on forfi ng, “EtinEITRINEYe Aratiseentabomphdng biwrate; salt of a cationic oxidizi ng
agent and a netyoiregianaticning fereosipataiiltphan) @rag har act eri zed by the general
formula: (O thefidimy: )M@ér&m@éﬁéksk( erf?aﬂ&c%dh@r{}h Borglé' di zing agent having a

charge of e+; is an integer from1l to 3,
and Ad- is asdoge%éﬁme{%%l}amm&e?m ng‘ m@%ﬁ%ﬁ"%‘?"%}fm@ﬁtl oni ¢ oxi di zi ng agents

i nclude: fer r‘%’é‘éﬁ’ﬂ"?ﬂﬁe% eaF By Prisseebgiuotophend) Howter oceni um  ammoni uny|
(R3N1+EY, Ag-+exaadeciii@rethyiRrmebeir edaerdsadivo® ety aba®s are those ani ons

previ ously. detinegelarFsRGF Ll ke BhARIABHRC! d contal ning activators,
especi al l'y Ieems }é %&(”p%am f mq ophen I%{NJ%L € {%pem fic exanpl es of

ammoni unyl grou Ude R B %%‘ﬂ%i Syl boraes
0D- NO2- 06H43N16(fp*ﬂ'r:deﬁdmwm ipkinpenG 0088 bgrge: OMe- C6H4) 3W . 5G oup 13
Reagent s, D vadteiditdoddetiahmBReagemndks peatatdordbriealivodet al Reagents O her general
activagers Orme%t'apaﬁéws)a%ﬁ%te&réks?d%n@&do&%yt)‘b%%?e‘ on reaction may be used.
These corrpoundTQh exts, but may al so serve

ot her functi ons y'?ﬁ%t%%cy@ mé"é‘f'mgeﬁraﬁiﬁ%eﬂ"?ﬁ‘lomgrﬂf@ﬂ) ho@ie| Kyl ating a netal center
or scavengi ngSHWRlPFPEICEsTTTHES erakGresHiyardsyapetewni t hi n t he gener al
definition ofmetgigiteicoat)mnmohiubudirags(gentbior@padrgi sieed herein to be ion-formng

activators. Trtme%m%em@@wﬂ%@em%& eRyPhAMP 13 reagent that may be
char actgrl zeglHDC where G13 is selected fromthe

group conS|st|Hémm?mqgmiiFﬂﬂaﬁggW?$m ﬂﬁgm%%ﬁblnatlons thereof, pis 0, 1 or
2, each R33 is independently selected fromthe group consisting of

hydr ogen, hal ogen, and optionally substituted al kyl, al kenyl, alkynyl, 15
het er oal kyl, heteroal kenyl, heteroal kynyl, aryl, heteroaryl, and

conbi nations thereof, and each D is independently selected fromthe group
consi sting of hal ogen, hydrogen, al koxy, aryl oxy, am no, mercapto,

al kyl thi o, arylthio, phosphino and conbinations thereof. In other

enbodi nents, the group 13 activator is an oligoneric or polyneric al unoxane
20 conmpound, such as net hyl al unoxane and the known nodifications thereof.
See, for exanple, Barron, "Al kylal unoxanes, Synthesis, Structure and
Reactivity", pp. 33-67 in Metall oceneBased Pol yol efins: Preparation,
Properties and Technol ogy, J. Schiers and W Kam nsky (eds.), VVIey Serles

PN



30 In still other enbodinents, an alkali nmetal reagent may be used that is
defined by the general fornula Kee a in this enbodi nent RS is as defined
above, and™®14%48%he al kali netal ahd is sel ected frigHEHE G UP
consisting of Li, Na, K, Rb, Cs and conbi nations thereof. Additionally,
hydr ogen andigz-ctsjiHeanasmomy: bexkiugedilaoihhg)eatal ytic conposition or added

to 35 the pol, bR rsYiski ﬁhg BRY.be characterized by the
formula Si 1Ré§gge£&y% S r@pﬂ&gi)?s tebove gis 1l 2, 3 or 4 and D
at

is as defi neﬂ'dﬁ‘ﬁ@g‘gm'w feﬁakf%%f’émﬁrﬁ‘S\?P'?Bﬁeiﬁ? | east one D is hydrogen.
Non- | i mi ti ng figrdaspidrenonyin tealyepenteBuarephgjwihbasateidi val ent netal reagents, and
al kal i petal tiéneaganteamiutsetakpatafiactdnyal osrstef Or t he cat al yst corrpounds

descri bed abQr\ﬁ@xéd%i'aﬁ%ﬂ@m&ﬁ%fﬂékls(peétéfh&’o%yn*ﬁ%ﬁél lithium phenyl lithium
di hexyl mer cur m.um benzyl pot assi um

tri-n-butyl %Ctﬁ%ﬁﬁ%ﬁ’m?ﬁ‘?’f"’s}%ﬁu%ﬁn aé‘fch %%'Si??)oﬁate ‘di et hyl cadmium and tri-n-amyl
boron, and, ﬂwwcp%(tafnm@mwratetrawsmnt@ﬂuarﬁmwﬁhbarlak’y| s, such as hexyl -al um num
et hyl I al um nummyldmiebdwbradnumHnamkls(amhﬁhswertyyIboratbum' num diisobutyl al um num

bron dgg di etByligl Mm)mnémquagg(bggﬂuo%i;g;,l},,%d,g@ num di chl ori de, isobutyl
thyI beryllium chl ori de,

bor on dICh|OrId

ethyl cal ci uffB8 rﬁ??iv(i)a'x'a?"lmsoﬁttﬁi's‘;éem%ﬂoﬁ?pﬁﬁ%ﬁ &¥i de, methyl cadni um hydri de,
di et hyl bor orfo¢pd¢! ety )W?‘P’béﬁ‘r%'ﬂm@ﬂﬁi’%s?ﬁ?@i”ﬁ@m& propyl boron hydri de,

oct yl magnesi whasdeggtijnebaty)athirohilio oo @ntafwdphet®), bodite; br ono- al um num hydri de
and bronocadng Mghg;‘y,g.mng@; tetggggﬂta@o@&p@wb&&@gent s, divalent netal reagents,

and alﬁ i gent as 10 lvators for the catal yst
conmpounds dre?cﬁd%m‘ban ?)’”m%t{g‘ gpeutaﬂuompqenyl%ﬁose inthe art, and a nore

conpl ete di sdlsdiehovEritpeksprBvleabeRpeBE found in U S. Pat. Nos.
3,221, 002 anN-betd88;dddebylaninhic ketralvisgpehtefueiophenyl] dosatet ncor por at ed by ref erence.

Q her activathpus dczragécyl;zl@@ RS @yslmaich) SRgisd éhtal%?stoplaémd bgaki on WO 9810751 5
such as 15 t rl c{ﬁwu*yld)s(?odecggarr}%ionlldr(r)lIieg'%]sgp %Qyucgp enég %J um nat e, which

publ i cation g nce. Conbi nations of
activat8rs ar”ée“}éﬁd%‘iﬁ’d‘??é'ﬁfr@iﬁ’wraf%ﬂ‘ Ty Sfﬁéetraﬁ\?@ﬁtgqng)ﬁmrafeor exanpl e, al unpxanes
and i oni zi ng t&ctyipaptonigm tatraicdnebtiefhatopieng) bosee f or exanpl e, EP 0573120B1 ,
PCT publi cat itmaﬁy;pmp%@ﬁ&%&s@é@ﬂmpaé{y@g@ﬁé and U. S. Pat. Nos. 5,153, 157

and 5, 453,41 , i My incorporated by reference. 20
O her sui tablcz%bu%hs@xon' teq'gk'%eﬁtam%f ghﬂg at%\@ 98/ 09996, incorporated herein

by reference, 'W?’EWV%@WPWW%’P p%‘?ﬁﬂf’?‘i&"“ﬁ"dl}ﬁ?/atlal gand netal | ocene catal yst
conmpouridds wi tdmgiekehlimrahesum pekboddiegemat!) badat es 1 ncl uding their

hydr at es. V\Db%&ﬂh%%ﬂﬁd%@m\maaab&%&aqphm@wréa@mas}eﬁspwm@w ence, describe

the use of i I FHE 25as an
acti vat or forbtisgJ (%msi E]%murm m%}{t%ﬂug}g%egﬂ%mé E(b H&@Lﬁﬁmé )EV\D 99/ 18135,

i ncor por at ed br“F’é‘Pdé’F’fLF”%‘gﬁ)‘?“g‘f“é?“@h'é{ée”taﬂ‘é"é‘i?P?r’é%g"’?“ﬁ}é{(cu?éf)%}FH %5%’1‘6 bor on-

al um num act iapat ors, EP 0781299B1 describes using a silyliumsalt in

conbi nawi on Vhiistdmoaecm&ﬁme}s@@ﬁ dirfxalpengiucopieal)ivbke, [anken,sLAlmo,F et hods of
activation such as using radiation (see EP 30 061598181 herein incorporated
by referencgg el ectro-chem cal oxidation, and t |i ke are al so

cont enpl at 48° 488 PRITRYC HEPHBTREOPR FOPRE 515 B%%"&""”B‘f "PEAYEFT g t he

chr om um coempliexeacroncompysd ciremism atel stosfiiom abdve0.§ i S8 etdenaboreh fogoner i zat i on
of ol efi ns.1 ckohrm, @bt o@D 8 rEohaEBobabe desGhiubeshd mdrefpasfer@xyanpl e i n

us P : 53 and 5, 869, 723 and in WD 98/ 32775 and WD
99/ 424?? %@ét“gﬁg’@"‘%ﬁ%wﬁﬁ&mﬁﬁ?um 35bi s(tri (pentafl uorophenyl ) borane)
benzi m dazol ide), which are herein incorporated by reference. Additional
optional activators include netal salts of noncoordinati ng or weakly

coordi nati ng anions, for exanple where the netal is selected fromLi, Na,

K, Ag, Ti, Zn, My, Cs, and Ba. Co-activator 5 Preferably the co-activator

i s an organoal um ni um conmpound and/ or an or ganoboron conpound.
Alternatively it nmay be an organic salt such as nethyl |ithium and/or

met hyl magnesi um brom de, or an inorganic acid or salt such as

tetrafl uoroboric acid etherate, silver tetrafluoroborate, sodium

hexaf | uor oanfl nonate, and the like. 10 Exanples of suitable organoboron
conpounds are boroxines, triethylborane, tris(pentafluoropheny)borane,
tributyl borane and the |ike Suitable organoal um ni um conpounds i ncl ude
conpounds of the formula Al (R9)3 (R9 being 15 the sane or different), where
each R9 is independently an organyl group, a hal ogenated organyl group or a
halide, with at |east one of RO being an organyl group or a hal ogenated
organyl group. Exanpl es include trinmethylal um nium (TMA), triethylal um nium
(TEA), triisobutylalumnium (TIBA), tri-n-octylalum nium nethylalum nium
di chl ori de, ethylal um niumdichloride, dinethylalum niumchloride,



35a is an organic group, R being the sanme or different when n is |arger
than 1. Preferably Mis selected fromthe group consisting of a group 3A
atom a gr SHA%EDM and a transitidn netal atom Iﬁfgf‘@goé%‘i’“?ﬁ#he R group
is bound to a group 3A atom Preferably the group 3A atomis selected from
the group consisting of Al and B, preferably it is Al. The organic group R
may be an Wege%lﬁ/ thquogc‘:eRt'ratig'pg’ o q% rARL Youl die L {Egtlprzorsxo ?Hp Al gtt arpyl group,

preferably it rirse or a

| ar ger al k{i°! gj?’?ﬂfng Preferaoy, tnenc°6ﬁé‘rag%8'gih?ré’ﬁrt°”dﬁ‘ 0 e‘oprﬁ‘fe‘?‘(flaﬁﬁ ”Eqﬁte

CO- act i vat erefacaplypreicemsnialidr isD. tit€meiok. R* i s an al kyl 5group. The co-catal yst
may be selected fromthe group consisting of trinethylalum nium (TMVA);

eIy ol el el RA ) WLl sl RRR LNt (T B

and tri-noctyl alum reC|a el atively
expensi ve é?hé’a'aéf%ﬁ‘ arh gl §viREPyEss: P?f@?ge"i‘i’f“’ar‘fﬁir “high Wps AR tryrd Béenisvoi ded. |t
has been f dewigl ackat refyring sagays, asxidaet i acatter aals cagfriaites thated.heinppesent
invention iemb&@wddi, Aahihed@naMciiod L0mRel by 8t Lhvadsin BRI bNadiisHR A¥e, (but

excl Udli%g %nge!r\t;a# A%’ﬁnogne g&%%n;pc‘?r ﬁ%ghg&gm%%%%‘m?a%m%aaim Zét 15 1t is

foreseen th co-acti va or "Tuf’y be used in
conbi nat i oh’”% waeﬁl LAY HYP- BRTRAE HUT*a15s fetude methylalumpypng @¢AOlher e bot h
an act i vat gihyaiwdexanecipobgyiaiuperans. ant recdifs@dethidrencgmendtMALAtwhich malydebe added
110first anslytghRpaehdr adhofetiyBiuch@s 3t efossiyb SeOH8E | MyiadirdgansOBROUNd An

addi tive C%d;@e% H[§$zﬂ|rﬁa&]antep ré Osrui@b@f a@ c%fa@& gcq{fgto% drushe he I The speci es

can be ont al ni ng oun ®nc conpound
may und rg(f'i’bﬁ1 8%@59 !&?ﬁ”q ﬁf @Sscﬁt?%tv\i f‘H‘af"ﬁe alf‘?"fdﬁl%)ﬂméﬂe Mg tfereat m a new

zi nc speci éympyenei pad, mghEegi #ireoxeneampvesscobe sised alvk eactiiame cooppogsnds i ncl ude
zi nc, acti vah@eing LG acdiabiatbdlahdlie Dartidian elunbliéydsSre defita@Xxygeiatas (i ncl uding
zi nc acet a,ey A&GHYIBREH RRALES and carboxyl ates) and zinc porphyrin.
Preferably, the zinc compound is zinc dialkyl, nmost preferably dinethyl
zinc or_30diethyl zinc. The zinc conpound is present in the reaction of the
inventi?¥n in a sufficient quantityRsfic®:-that the ratio of the nolar anpunt
of zinc in the zinc conpound to R{EeAnp/-a@r*,anount of chromumin the source
of chromumis between 1 and 10000, preferably between 10 and 1000, and
35nore preferahly,bet sed as any

concentrat i ﬁn gf BAS% oémefc?feuf”d%’ﬁndﬁ?fi& t%gz"cag‘ﬁséedhﬁa@{?’(@ﬁp!f‘ Ak El”“i‘n t he

react or sh®P¥ BY. petineer. EPIYOTY!. MYl Jeey! @RdPLis gbinfeber ramrt éo aypdBRr abl y

bet weer230. 004 speskdil, RINE", & Znd Bl 4rk cacanckitiyostd 'prefaaeabh ywihatavesn 0. 01 mmol /L

and 0. 01 maluhlaum ndid€ o?éil@%d@@%@%@ il YRy pr@ﬁareﬁtgldgfqhﬁlun?dayneser@%? mﬂ%r ing the

activation S nost prefe s added directly to the reactor.
The zinc rraR)B %ggﬂ{?\. S maybeag.s Xralé‘ ’%J(S’I ution with the trial kyl al um ni um

or with any other conmponent. 5The Applicant has found that the use of the
zi nc conpolnis racognzen jhatnadmammens hét 4 Hiecrae inawead Ofn sangpenend gghagdi fal cant |y

reducesot henhey el vd@f e thééd%@@}cymmpgmdg’wt Bal YRk AE UG SHAl AR the

I J@ d h
8| Iegl()rr;r:agl (S:% tlsb%nutdﬁg%tlah Palumm koung I.r L%Inﬂaec{]%r trlaﬂjy a?%?#%\ggﬁ%r?&%e]ﬁ?lt &. e of

olefinic c d’é"aﬂf'rﬂ d&ﬁr’ée é"rﬁﬂ@ﬁﬁieﬁ%‘f*ﬂ” B¥ sPrRe enppgERet.ahis Prefered/thefonpri se a
si ngl e ol efrefmylalliweareb efotainmalpwarn ddveisle ohutitetphiauntambonewear ek deubl e bonds,

but prefer @me%ylblﬁmlﬁmnlb§ gc?hm@ed%‘y RGLRA %&%t%fﬁ%m%HQLgmlmgg  The olefin

ly 2 to 10
(r:n;?/bg(r)]njg'[ Ionzvac{i]_hngdxs(? la? u?thwtnmetpr%alum;ra_lm or%y %né og'lgrl me@P wo\rr’f in e [ t%ﬁgr gl‘ Oﬁp 0

consi sting of ethylene, propene, 1- butene 1- pentene, 1-hexene, 1-heptene,
and 1- oct épefprttkr fisoetes, sbe det eae No8-408t0gd, 4loshmint epel, 583 H091,352,

it gghgcénge@@d@@es 20440tk 7:3464I@ﬁiﬁ*l@n@gos%?élu%@sz?ps%%@é' 5,84a) bﬁﬂel ene or
59 5écféﬁ’g%)1 59@%% 9%3 53*? aﬁ@fv otsrg L SI8T A b%%égghé%g&t %4%%} 0%& y

propene pre ene  may ce 20hexene
and/ or SCtQﬁEmBﬁF@F@?% /V”%)hexene and/or 1-octene. A iqonerisation The
ol i goneri sation process may conprise a trimerisation process, alternatively
or additionally it may conprise a tetranerisation process. The process nmay
be oligonerisation of two or nore different ol efinic conpounds to produce
an ol igoner containing the reaction product of the two or nore different

ol efinic conmpounds. Preferably however, the oligonerisation (preferably
trimerisation and/or tetranerisafion) conprises the oligonerisation of a
si ngl e mononer ol efinic conpound. In one preferred enbodi nent of the
invention the oligonerisation process is oligonerisation of .a single
a-olefin to produce an oligoneric a-olefin. Preferably it conprises the
trimerisation and/or tetranerisation of ethylene, preferably to 1-hexene
and/or 1l-octene. 350 iqgoneric product The oligoneric product may be an




1-octene. In a preferred enbodi nrent of the invention the ol efinic product
includes a m xture of hexene and octene, preferably a m xture of 1-hexene
and 1- oct el® 2011465t preferred enmbodi*ment of the i nveit{IBHIYHE!

ol i gonerisation process is a selective 5 process to produce an oligoneric
product containing nore than 30% by mass of a single olefin product. The

ol efin product may be hexene, preferably 1-hexene, but alternatively it may
be octene, preferably 1-octene. Preferably the product contains at

| east 35% ®iher theacigiodis @l fmeranpiretited abiyrogies) espaemopiiventysehg{re10be nore
than 40% bRLMuLEmE@YENadi@lor Bya FTaGE®BId mblacexodse fAilrioger e astaigt praysobe br anched,
but preker &Rl yinimbim E;@@Frm&mﬁﬂggfcat%tﬁeyﬁgor DL EAMRE I morkBbdcinibafly, f Or eseen that
i) the sourcagf [o rom@{[}-ﬂ{,‘%dq” the ligating conpound (referred to in (a)
of the mai Fe ARSI " he Y% Vention) may be first reacted together and
the resulting product may even be isol ated, before conbining it with the
cat al yst aetinwah@rmayibé drodudeviererhydrblsis of ihy reapeativielitalkpalymiben @opdinhed i n any
sui tabl e ORGRD iyt he JHESANEE Y BASHIC @ Ofim@nSRlMRAt andW RA&F erably at

| east me, but preferabl |l of 1), ii) and H) are first conbi ned and
subseqagnt Fr?k%%"gr'ﬁ’fnef’é‘fheaé“}v{ﬁ(’?ﬁyi?' memé)”l)'efi ni ¢ conpound. The contacting of the
ol efinic conpound with conpounds i) to iii) and b) preferably takes pl ace

under condittérons & wrial loDwetbbds Joreseggtdlonxae aheodfiefdunosareompound. These
clondl E I gnf @G éﬁfrhdteskamm 4O dRcRes méws.%s_ Nbsed,emots,lh@gsa,exo, _Q,ﬂﬂt,:i_sf!C' ude 1

el evate S [ r n may be
carried out% ng{g? ,e%og?é{’,‘{}?s ggrr%?%‘%%%igcg’?dgqggo%ésgaf staggfggqe%’r g? %ﬁdgg’ in the
range df 1544391186808 o507 erérY WA har P éW arty R erifefid 8 ¥<®Fn t he range
from WC t 03Y2081. &lrigasaebiesat?ivon 8b4s16pr 8BEN28D| andcagifidgtl «odtEuapeam t enperat ure

gf ?t I gﬁstpy@@nor{ara@f@sﬂbw, ab obR8sb1 4A0Gsoaneh Piafeerabdegsmt aldgast 50fC. "
referably jt is S t , preferably
at | east 166%0%35%%?@}%%?%@@é@t a%%ﬁiﬂ%.m%g@kﬁ% Oer%gofbgti on of the
activated ¢¥E%°yst may be carried out in a liquid nedium preferably an
inert 130qui d medium The liquid nmediummy be the same |iquid nmedium
wher ei Nt heykni@ eI brS@bdnediunthdrh cdntpBurdé hibikcie ¢haG ke alkisd ab Scwabsi@d out. 35The
actvated QL) gQUES | indkb ORnfbAlKiin. PR B AlLH! | AL RRLP! GRAr ed 1 t he
sane container 'as the one in which the diluted activated oligonerisation
catal yst i $¥BHPALTHWFY AUTRE™ o EPPHAY R Bhp Sttt S =Haney i"@ﬂ%ﬂ&?'i sed.

Pr ef er abl y diefigaiemittinyentoser. dbthdahmirimsdiokidaend Hedkeyst before dilution is
prepared in a separate container as the one in which the oligonerisation
catal yst is,conhagligd with the olefinic conpound to be oligonerised. The
source of chromum and |igating conpound may be conbined to provide any
suitable nolar ratio, preferably a chromumto |igand conpound nol ar ratio,
f rom about 0@ embadiientsotng @CtRPY includes pmeduadsabit yraf pisipchbdesnd 02nG: 1 to 10: 1.
5The zinc aanmig Jagek tdiomnynd Padigg: cerpasieding God-fuerdblme e wmakypr ef er abl y
bet Weerb()l %Qg%ﬁag%g&io%hnﬁ{e‘%erﬂr"ﬁt;n%’oa'pil\éﬁn@gﬁié’r‘@%A}-Q’leg@dan]aqgQ Jvhi_glpéﬁwerpr eferably

bet ween 50 an _The zjnc can be used any concentration of stock

Sol Ut i on afGPRECHHREE REPLEFISR o Hegi TV T HE T BET Brot SHOBEBR: veen 0. 0001
mol / L and ramainglo/skfficienty ebigrie be fisiiced Bet Wwdnbage (00 exemid ALnedsdb<®is1 nol / L,

nost prefemaqy between 0.01 mmol /L and 0.01 nol/L. 10 The zinc additive
can be added at any stage during the activation procedure, nost preferably
itis ded directly to the reactor. The zinc can bhe used as a m xed stock
sol uti off wilth P EESFIPPIYR BYIRY 6 A7 15 B BERE Sl Pncl ude

conbi ni ng deme. BEh IdHebdy phepdm eithisredaivgerheibfism wi t h one or nore

di fferent lisgahthgos@MDBusttseatsidib ere@lrdo® BRTs{h8@bfiuaranapab\Bbyr &t madiicit t S
oD | sod by Ly aae Ll RSP S Rrbih b sy MR e =T ca
al uni na, 20 KGERL T ookt P AT PRt e BEOS U BITA € cl ays such
as LaponiteTM RD or m xtures thereof, or on a polyner, for exanple

pol yet hyl ene, pol ypropyl ene, polystyrene, or poly(am nostyrene). The

catal yst can be forned in situ in the presence of the support material, or
t he support can be pre-inpregnated or prem xed, sinultaneously or
sequentially, with one or nore of the catal yst conponents or the

ol igonerisation catalyst. In sonme cases, 25the support material can al so
act as a conponent of the activator. This approach would also facilitate
the recovery of the catalyst fromthe reaction m xture for reuse. The
invention will now be described, by way of non-limting exanples: 30
Exanples In this specification the abbreviation TEA is used for riethylalu
nium and PNP is used for bis(diarylphosphanyl)am ne |igand 35A1 or 1.2L
stainl ess steel reactor was heated to 120C under vacuum for 30 m nutes,

~NN o~ o o S



reactor was pressurized to 50 bar with ethylene. The reacti on pressure was
kept constant throu 7gh addition of ethylene nonitored via a

After cess®BHE12%t hyl ene upt ake, the gas supply M&T@%’é"d‘“‘éhd the
reactor cooled to 0 C. Excess ethylene was bl ed and the reactor contents
treat ed segtieadtivad-d yonaiot ik cbOBBtgp witodlumoaane mddEd bnhennadctigteandar d), MeOH 5
and 10% HCl (aq). A sarrpl e of the organic phase was taken for GC-FID

anal yS| S. ol i.d ted, eatedly with 10% HCl
(ag.) and %]H%Sd?l %G&P%Cg?'%ﬁ“’”ﬁi”" a‘%"a AET ‘"ﬁ'@%ﬁ” e S‘@%ng?r%“’ 1%““&1_T’GOVERI SATI ON
OF ETHYL ENEU*US#W@EW”S?@FEM%ASEB‘“@I ‘%O%T?@NIW%FEHENG% e3P

[ B( C6F5F 4] inddpandentiyadelectéedns alngd, Bigenihli lmiogaa gesttutddakytsobrail, ayratitas, of ZnEt 2

was added TalQoxE/ B@d waeestgpgoe@mo&mtsseb )ﬁe@tgmess FHBuRERRSG M stage. Al

Zggagyz; Se S eﬁmé@o Cr mu c% F ncfbtdlréﬁ ha?;sujbst%utedr)ﬁaryig aY\,gise rand alyg}ﬂ%gih%oarl#;: ESBZEW i

- 3¢9g. Gvé 'He*e%%?fﬁqftwef?f@d e613keunt QTO‘{%%%Y'”Q(?MC}/?G&HEH’O'W@P’% Ak Eropsl yner to the
near est 10hayg 1tthe0 agauraaes, dboxpfrotdaeapgl yioew cgtanttorhs aatanoprois better than

0. 0025%g Tﬁep/ln@ 3kio lQ@ k@%n%m@%g@%@sﬂt@@& E\Mls’#mm@- e@B@ﬂ%{sdthé H’wﬂeeuy ng

Cr/ PNP/ TEA/ hor ate..i n, PhCl hgctot al sol.id Rggh%mr fgregﬁ]tl 0 65 %

i,S
pol ymer . grm#)s are E}k Is h?vmg 1t arbgggrou% pheny(li 1 GF mix ereofnin furtg%ndl tions

except Wit ﬁm?ﬂ@lm&&&ﬂ?ﬁ *E‘fﬁ%lP‘WPZ@reéﬁmg%ﬁte%ﬁﬁc‘?ca'w fﬂ“"@f&ﬁ* vt §fé§ﬁ PREP the total
sol i ds f or ebdr ambpdimened treeduttad sBicB@Btric acploe eris(parpopbddh Borr @ducti on in
pol ymer f oklBih@bnadsiidoronl2 is a borate run in the aliphatic sol vent

cycl ohe>§ane, i ncl uded for conparison; the pol yner formati on is 0.57 % As
can be Seen fromentries 354 (25 eq.), 346 (50 e(1 , 345 %100 eq.), 73 (150
eq.), 348 (A9GieEeTericAgHRICT GRAPSIISZABto R a%@“\éﬁcfh‘i’ TaPERs °BF" BlBve

successf ul lessoriagungbsout he chediedteddd, op othyinesely fcordieted on theoemsinicvier efge of 0. 35 %
- an aver age idnedy €dnlp8khd 03 uciB&Mpodas Eiltfd iRSard 3ot OB EuREdan pgé?ﬁt?atéréooo eCI) and

238 (10000 TO%JA;SE#Q%QO%% %849%75m el %béb%é'lo%g'o'agréo&\h

polyner is re mai nt alnlng% activit g%% |saborate
run’ i n2Phe "FPPREAE WIRFEANCS o3 RO HEX ANE /1 13055 4 15@8? Efit 5F1'dahd and
chrom um sé484389 aph&bRd@d ahd k) -Sc Batpard. Slonts. 2H80p ey frequstfor et Bloel i s 0. 78%

As can be sgietaré Fam @RtichRs 286y réidre@g. ) and 235 (10 eq.), addition of ZnEt2
even at these very |ow | oadi ngs, 30 successfully reduces the |evel of

pol ymer formation to an average of 45% Entry 324 is a run performed in
D ot 11 TRy FRLE PPN hIFEH S C e BOF YT e b evel of

0. 92% ZRunsuB4¥ BnT:3@chshoweedion witdth thistartedp iGod fidf B2 Gr eqprofndZnEt 2 can
reduce thi Sorpobrydieh, sevelBCe,ar) avahageizef the cdedile Cr speceslafdtdtdtdhyat al |

exanpl es i p Tabhg Ind tGRR DG bseeébaxe@%m taaeataﬂsunlpbents%h.&nﬁg Zontaas little or

no effect 35 upon the anount of hexene and 1-octene forned Tabl e 1.
Resul ts of “CH° I“@gtm?@‘ﬁt‘?%g vvlth varying amounts of diethyl zinc. Entry #
Sol vent ZnEt2 Egq. Cat. Tine (mn) Activity gigCth Hexane and octene

Pol ymerzowt iéote 6@)odBkbes Rbcboubds 15ef3 abardsbthafor@mBanert in Be fopdatio63 ) he330 PhCl 420

ionic catalyst systems used in the process of this invention comprise a cation, which is
optionally a Brdnsted acid capable of donating a proton, and a compatible non-coordinating
anion which is capabie of stabilizing the active catalyst species which is formed when the two
compounds are combined and said anicn will be sufficiently iabile to be dispiaced by olefinic
353 substrates or other neutral Lewis bases such as ethers, nitriles and the like. Two classes of
compatible non-coordinating anions usefu! herein have been disclosed in EP 0277003A1 and
ERP 0277004A1 published 1988. anionic coordination complexes comprising a plurality of
lipophilic radicals covalently coordinated to and shielding a central charge-bearing metal or
metalloid core; and, anions comprising a plurality of boron atoms such as carboranes,

4(} metallacarboranes and boranes.



43.3 9,081,307 82.0 0.38 (1.49) 312 CyH 0 86.0 4,549, 445 81.9 0.57 (2.41)
2398 CyH 0 154 1,786,201 87.5 0.78 (2 34) 236 CyH 1 111.6 o 035 441 85.6
0.43 (1.53VOMBA&RT 0 87.1 3,670, 522!86.5 PCI/IB2010/654631

tn one preferred embodiment, the stoichiometric activatars include & cation and an anion

component, and may be represented by the foilowing formula:

5 {L-HY™ (A%)
where L is a neutral Lewis base; H is hydrogen; (L-H)™ is a Bronsted acid; A” is a non-
coordinating anion having the charge d; and d is an integer from 1 to 3.

The cation component, {L-H)™ may include Bronsted acids such as protons or protonated

10 Lewis bases or reducible Lewis acids capable of protonating or abstracting a moiety, such as
an alkyl or aryl, from the bulky ligand chromium catalyst precursor, resulting in a cationic
transition metal species.

The activating cation (L-H)** may be a Brénsted acid, capable of donating a proton to the

15 transition metal catalytic precursor resulting in a transition metal cation, including
ammoniums, oxoniums, phosphoniums, silyliums, and mixtures thereof, specifically
ammoniums of methylamine, aniline, dimethylamine, diethylamine, N-methylaniiine,
diphenylaming, trimethylamine, tristhylamine, N ,N-dimethylaniline, methyldiphenylamine,
pyridine, p-bromo-N,N-dinnethyianiline, p-nitro-N,N-dimethyianiline, phosphoniums from

20 thethyiphosphine, thphenylphosphine, and diphenylphosphine, oxoniums from ethers such as
dimethyt ether diethy! ether, tetrahydrofuran and dioxane, sulforiiums from thioethers, such as
diethyl thioethers and tetrahydrothiophene, and mixtures thereof. The activating cation (L-H),"
may also be a moiety such as silver, tropylium, carbeniums, ferroceniums and mixtures,
specifically carboniums and ferroceniums. in one embodiment (L—M)de can be triphenyl

25 carbonium.

The anion component A* inciudes those having the formula (MQ,)" wherein k is an integer
fram 1 to 5; n is an integer from 2-8; n - k = d; M is an element selected from Group 13 of the
Periodic Table of the Elements, specifically boron or aluminum, and Q is independently a
30 hydride, bridged or unbridged dialkylamido, halide, alkoxide, aryloxide, hydrocarbyl,
substituted hydrocarbyl, hatocarbyl, substituted halocarbyl, and halosubstituted-hydrocarbyi
radicals, said Q having up fo 20 carbon atoms with the proviso that in not more than 1
occurrence is Q a halide. Specifically, each Q is a fluorinated hydrocarbyl group having 1 o
20 carbon atoms, more specifically each Q is a fluorinated aryl group, and most specifically
35 each Q is a pentafluoryl aryl group. Examples of suitable A also include diboron cempounds

as disclosed in U.S. Pat. No. 5,447,895, which is fully incorporated hersin by reference.

in one embodiment of the invention (M“Q,)" may be selected from the group containing the
anion [AHOR)], a compound including a meiety AI(OR); and a salt containing the anion
40 [Ta(OR)sfwherein R is defined as above.
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in one embodiment of the invention (M“Qn)d‘ may be selected from the group consisting of
AHOCeFs)s  [AHOCICFs)alal;  TAKOCeFs)d:  [AHCeF4Ou)al [AHOC(CF,).C{CF5),0hak;
[AIF{OC(CFa)absl; [ALF{OC(CFa)skel (Z)AHOCH(CFshls (Z)AHOC(CFy)aly and [Ta(OCqFs)sf

which moiety £ is noi -AR as defined above.

Hlustrative, but not limiting examples of boron compounds which may be used as a catalyst

activator in the preparation of the improved catalysts of this invention are tri-substituted

ammonium saits such as:

trimethylarmmonium tetraphenyl borate,

triethylammonium tetraphenylborate,

tripropylammonium tetraphenylbeorate,

tri{n- butyhammeonium tetraphenylborate,
tri{t-butylammonium tetraphenyiborate,

N, N-dimethylanitinium tetraphenylbarate,

N, N-diethytanilinium tetraphenyiborate,

N,N-dimethyl-(Z 4,6-trimethylanitinium} tetraphenylborate,
tropillium tetraphenylborate,

triphenyicarbenium tetraphenylborate,

triphenylphosphonium ietraphenylborate,

triethylsilylium tetraphenylborale,
benzene(diazonium)tetraphenyiborate,

trimethylarmonium tetrakis{pentafluorophenyl)borate,
triethylammaonium tetrakis{pentafiuorophenyliborate,
tripropylammaonium tetrakis{pentafluorophenyl)borate,
tri(n-butybammaonium tetrakis(pentafiuorophenyl)borate,
iri(sec-butylyammonium tetrakis{pentafluorophenvi)borate,
N,N-dimethylanilinium tetrakis(pentaflucrophenyljborate,
N,N-diethyianilinium teirakis{pentafiuorophenyijborate,
N,N-dimethyl-(2 4, 6-trimethyianilinium} tetrakis(pentafluorophenyl)borate,
tropiltium tetrakis(pentafluorophenyliborate,
triphenylcarbenium tetrakis(pernitafiuoraphenyl)borate,
triphenylphosphonium tetrakis(pentaflucrophenyl)borate,
triethylsityiium tetrakis(pentaflucrophenyl}borate,
benzene(diazonium) tetrakis(pentafiuorophenyliborate,
trimethyiammonium tetrakis-(2,3,4,B-tetrafluorophenyl) borate,
triethylammonium tefrakis-(2,3,4 8-tetrafluorophenyljborate,
iripropytammonium tetrakis~(2,3,4,6-tetrafluorophenyl)borate,
tri{n-butyllammonium tetrakis-(2,3,4,6-tetrafluoro- phenyiborate,

dgimethyl{t-butyhammonium tefrakis-(2,3 4 6-tetraflucrophenylborate,

7 (1.96) 73



348 CyH 420 94.6 3,774,950 83.3 0.37 .45) 234 Q/H 1000 99.6 3,161, 004 86.
0,45 (1.54) 237 O/H 5000 120.0 2,291,502 87.0 0. 32 38 CyH 10000
224.0 1, 01¥OM3E527, 0. 21 p.52) 324 TWP O 114 2 "RothiddtharY

N, N-dimethylanilinium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
N,N-diethylanilinium tetrakis-{2,3,4,6-tetrafluorophenyi)borate,

N N-dimethyl-(2 4, B-trimethylanilinium} tetrakis-(2, 3,4,6-tetrafluorophenyi)borate,
tropillium tetrakis-{2,3,4,6-tetrafluorophenyl}borate,

5 triphenylecarbenium tetrakis-(2,3,4 6-tetrafluarophenyl}borate,
triphenylphosphonium tetrakis-(2,3 4,8-tetrafluorophenyliborate,
triathylsitylium tetrakis-(2,3,4,8-tetrafluorophenyl)borate,
benzene(diazonium) tetrakis-(2, 3,4,6-tetrafluoropheny! borate,
trimethylammaonium tetrakis(perfluoronaphthyl)borate,

10 triethylammonium ietrakis{perfiucronaphthylborate,
tripropylammaonium tetrakis{perfluoronaphthyllborate,
tri{n-butyllammonium tetrakis(perfluoronaphthyl)borate,
tri{t-butytiammonium tetrakis(pefluoronaphthyl)borate,

N N-dimethytanilinium tetrakis{perfiuoronaphthylborate,

15 N,N-diethylanilinium tetrakis(perflucronaphthyliborate,

N, N-dimethyl-(2,4,6-rimethylanilinium) tetrakis(perflucronaphthyllborate,
tropilliurn tetrakis(perfluoronaphthyliborate,

triphenylcarbenium tetrakis{perfluoronaphthyllborate,
triphenylphosphonium tetrakis{perfluoronaphthyl)borate,

20 triethylsilylium tetrakis(perfluoronaphthyl)borate,
benzene{diazonium) tetrakis{perfluoronaphthyiborate,
trimethylammonium tetrakis(perfluorobiphenyi)borate,
triethylammonium tetrakis{perfiuorobiphenyliborate, -
tripropylammonium tetrakis{perflucrobiphenyl)borate,

25 trifn-butyllammonium tetrakis(perfluorobiphenylborate,
tri{t-butyl}Jammonium tetrakis(perfluorobiphenylborate,

N, N-dimethylaniiinium tetrakis{perflucrobiphenyiyborate,
N N-diethylanilinium tetrakis{perflucrobiphenyliborate,
N, N-dimethyl-(2 4 8-trimethylanilinium) tetrakis(perfluorobiphenyl)borate,

30 tropillium tefrakis(perfiuorcbiphenyl)borate,
triphenylcarbenium tetrakis(perfluorobiphenyl)borate,
triphenylphosphonium tetrakis(perfiuorobiphenylborate,
triethyisilylium tetrakis(perfluorobiphenyhiborate,
benzene(diazonium) tetrakis{perflucrobiphenyliborate,

35 trimethylammonium tetrakis(3,5-bis(irifluoromethyiiphenyhborate,
triethylammonium tetrakis(3,5-bis{trifluoramethylphenyhiborate,
tripropylammaonium tetrakis{3,5- bis(triffluocromethyliphenylborate,
trifn-butylyammaonium tetrakis(3,5-bis{irifiuoromethyiphenyh)borate,
tri(t-butyl}ammonium tetrakis(3,5-bis(iriftuoromethyl)phenyllboraie,

40 N N-dimethyianiinium tetrakis(3,5-bis(trifluoromethyliphenyliborate,



3,531,036 82.2 0.92 (4.01) 347 TMP 50 154.7 2,407,089 81.2 0.47 (1.89)
332 TP 420 232.0 1,660,724 82.1 0 4 (1.77) Ceneral_conditigns: a 1.25
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OL| GOVERI s*ﬁ*fﬁ ﬁ%%‘f“ﬁ"ﬁﬂ?’ﬂ SYSTEM BASED ON MAO For this study,
catal ysi s Wetsngdatiqeiym @&?Ws&ﬁré'élt”ﬂwfw@w‘éﬁﬁwa‘??@%F‘Pﬁ“?‘iy‘@"?hﬂ“'%f’?| met hyl pent ane.
Cat al yst aetdxsidspisantlopmedyiptengpbreet i vity data is summarised in Table 2.
The pol erE{n Gylstﬂyhgrq%Ek;wg&s(lnﬁha?oﬁf{e@rbl)ﬁﬁén?!)%@% carefully isolated, repeatedly
washed and _dri ed. 51 % gS q) (tﬁﬁor q? he t?)%or tgtl mum MAO act i vat ed

catal ysis ?Wéﬁ”e(gﬁf'?”l?@ e R PP POP IR T o sets of precatal ysts and
entry 181 #odiakdEaimpyin sjitpseh 9s:44r i net hyl pent ane. Di et hyl or dinethyl zinc
i s added t @ (tiagyeachion tdrikiddeaeiuonprrhyhbpate s digblophasetioniuwhi ch | medi atel y

foll owsmso[egmgpeﬁtgf%,gbfgny,)ggatghe reactor. Catal yst performance is shown for
t he standard gn qgtd Lns, o 0_ed. suchad| ethyl zinc (entry 15 059), and
i s further 8¢ ﬁfi%“&s Wi gosgtOeV\Dr?h r'éduction in solids (from0.8 %to
0.6 %. Di é*tCHy*V‘mﬁ%ﬁ@“ﬁ@é‘?”ﬁk‘ﬁﬁf’ﬁ@&f%"p't‘%‘Y*}*Paf\?@ ¥Fttle effect on the total

sel ecti vi t yiaddihdigipbatyaihyshoniugTtétrayis @G GA¢BSHEMIbower sus 059 (83.9 % .
Although a clear activity enhancement is seen when 50 eq of ZnMe2 is used

caui val'dne ¥er pesalan P s el de bl S T Fom 0. 49 t 0 0. 41% as wel
as a si gni Ni't@nethardrensepauger PR PyEeTabl e 2. The effect of ZnR2 R = Me
or Et on MMAQieabyenysins tetrdkistpeyiuctegphtifiiBta®) Productivity g/ g0 Activity
g/ gCr/ H N,N-dimethylanilinium tetrakis{perfluorobiphenyl)borate,

N, N-dimethylanilinium tetrakis(3,5-bis{trifluoromethyl)phenyi}borate,

20 triphenylcarbenium tetrakis{perfiuoronaphthyl)borate,
friphenylcarbenium tetrakis{perfluorobiphenyhborate,
triphenylcarbenium tetrakis(3,5-bis(irifluoromethyl)phenyl)borate, or

triphenytcarbenium tetra{perfiuorophenyl)borate.

25  Other examples of preferred ionizing activators include, THNMe{C1als7)2 B(CsFs)s]
THNPQ(C1sk=7), 1[B(CsFs)s]  and H{4-n-Bu-CeHa)NH(n-hexyl):) UB{CF kT and  [({4-n-Bu-
CeHaNH(n-decyl):) 1[B(CsFs)].  Specific preferred (L-H)" cations are N,N-dialkytanilinium
cations, such as HMMe,Pn', substituted N,N-dialkylanilinium cations, such as (4-n-Bu-
CoMNH(n-CHrz)y® and  (4-n-Bu-CeHa)NH(n-C1oH21);" and HNMe{CysHy),".  Specific

30  examples of anions are tetrakis(3,5-bis(trifluoromethyi)phenyl}borate and

tetrakis(pentaflucrophenyl)borate.

In one embodiment, activation methods using ionizing ionic compounds not containing an
active protonn but capable of producing an active oligomerization catalyst are also
35 contemplated. Such methods are described in relation to metallocene catalyst compounds in
EP 0426637A1, EP 0573403A1 and U5, Patent No. 5387568, which are all hersin

incorporated by reference.

The process can also employ activator compounds that are initially neutral Lewis acids but

40  form a cationic metal complex and a noncoordinating anion, or a zwitterionic compiex upon



Hexene and octene wt % Pol wt % (9) c 0568 (0 eq. ZnEt2) 3 446895 1
969654 80.7 0.80 (2.83) 0588 (100 eg; ZnEt2) 2 476986 1 170230 82.4 0 60
(1.49) 059¥9BY/EH27 ZnEt 2) 3 298861 % 691724 83.9 CYHOBPIY%Y1181d (0 eq.
ZnMe2) 1 805992 2 642916 87.1 0.49 (0.92) 190d (100 eq. ZnMe2)

reaction with the compounds of this invention. For example, tris{pentafiuorophenyl) baren ar
aluminum may act to abstract a hydrocarbyl or hydride ligand to yisid a cationic metal
complex and stabilizing noncoordinating anion.

5 In another embodiment, the aforementioned activator compounds can also react with the
compounds of the present invention fo produce a neuiral, uncharged catalyst capable of
selective ethylene oligomerization. For example, Lewis acidic reagents such as, for example,
alkyl or aryl aluminum or boron compounds, can abstract a Lewis basic ligand such as, for
example, THF or ELO, from a compound yielding a coordinatively unsafurated catalyst

10 capabie of selective ethyiene oligomerization.

When the cations of noncoordinating anion precursors are Bronsted acids such as protons or
protonated Lewis bases {excluding water), or reducible Lewis acids such as ferracenium or
sliver cations, or alkali or alkaline earth metal cations such as those of sodium, magnesium or

15 ithium, the activator-to-catalyst-precursor molar ratic may be any ratio, however, useful ratios
can be from 1000:1 to 1:1.

Combinations of two or more activators may also be used in the practice of this invention.

20 Another suitable ion forming, activator compounds comprise a sait of a cationic agent and a
noncoordinating, compatible anion characterized by the general formula;

(X)" (A%}

25 X+ is a cationic agent capable of accepting/abstracting an anicnic group; A" is a non-
coordinating anion having the charge d-; and d is an integer from 1 to 3,

Specific examples of (X)" include RyC", RySi*, R,Al", where R is hydrocarbyl, substituted
hydrocarbyl, halocarbyl, substituted haiocarbyt, and halosubstituted-hydrocarby! radicals.
30 Specific examples include but are not limited to PhaC”, E4SI", (CigHarMeSi*, CpaAl'.

Another suitable ion forming, activating cocatalyst comprises a salt of a cationic oxidizing
agent and a noncoordinating, compatible anion characterized by the general formula:
{OX*")4(A™), where OX®" is a cationic oxidizing agent having a charge of e+ e is an integer

35 from 1to 3; d is an integer from 1 to 3, and A% is as previousty defined. Examples of cationic
oxidizing agents include: ferrocenium, hydrocarbyl-substituted ferrocenium, ammoniumy!
(RaN™), Ag', or Pb™". Preferred embodiments of A” are those anions previously defined with
respect 1o the Bronsted acid cantaining activators, especially
tetrakis{pentafluorophenyiiborate,



1 899827 3 864054 86.8 0.41 (0.81) General conditions: a2.0 pnol

Cr(acac)3 and 1.2 eq. Ph2P-N{ C(H) ( ({CH2} 2CH3) } - PPh2; MAO (480 eq.); 50
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DPPM e i i f. o ik i i
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al ternative vent s of catal yst test W th varyin
condi t i ons©T oYY, agtpters, Thesp oPRPUBASECE, A gr?‘i'prrég(rﬁ?gﬁﬁ‘t %&gttgi“ﬁ/ & gl g>C/:rI g
Hexane andcrectierres Bohe/fmemla@ RIS, fogre @ isGeietR fomete) Byup consisting of B,

Ph2P- N( C( Hy( &8 )i, bikHR%SkEtonsAhereof, f0s 851 or42¢bch B is independently selected from

the group consisting of hydrogen, halogen, and optionally substituted alkyl, alkenyl, alkynyi,

15 heteroalkyl, heteroalkenyl, heteroalkynyl, aryl, heteroaryl, and combinations thereof, and each
D is independently selected from the group consisting of halogen, hydrogen, alkoxy, aryloxy,
amino, mercapto, alkyithio, aryithio, phosphing and combinations thereof.

In other embodiments, the group 13 activator is an oligomeric or polymeric alumoxane

20  compound, such as methylalumoxane and the known modifications thereof. See, for example,
Barron, "Aikylalumoxanes, Synthesis, Structure and Reactivity”, pp. 33-67 in Metallocene-
Based Polyolefins: Preparation, Properties and Technology, J. Schiers and W. Kaminsky
{eds.), Wiley Series in Polymer Science, John Wiley & Sons L.td,, Chichester, England, 2000,
and references cited therein,

25
In other embodiments, a divaient metal reagent may be used that is characterized by the
general formula M'R™, D, and o' is 0 or 1 in this embodiment and R™ and D are as defined
above. M is the metal and is selected from the group consisting of Mg, Ca, Sr, Ba, Zn, Cd, Cu
and combinations thereof.

30

In still other embodiments, an alkali metal reagent may be used that is defined by the general
formula MYR® and in this embodiment R™ is as defined above, and M" is the alkali metal and
is selected from the group consisting of Li, Na, K, Rh, Cs and combinations thereof.
Additionally, hydrogen andfor silanes may be used in the catalytic compasition or added to
35 the polymerization system. Silanes may be characterized by the formula SIR®, 4D, where R*
is defined as above, g is 1, 2, 3 or 4 and D is as defined above, with the proviso that at least

one D is hydrogen.

Non-limiting examples of Group 13 reagents, divalent metal reagents, and alkali metal

40  reagents useful as activators for the catalyst compounds described above include methyl
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lithium, butyl lithium, phenyt lithium, dibexylmercury, butylmagnesium, diethylcadmium,
benzylpotassium, tri-n-butyl aluminum, diisobutyl ethylboron, diethylcadmium, and tri-n-amyl
boron, and, in particular, the aluminum alkyls, such as hexyl-aluminum, ethyllaluminum,
methylaluminum, and isobutyl aiuminum, diisobutyt aluminum bromide, diethylaluminum
chioride, ethylaluminum dichioride, isobutyt boron dichloride, methyl magnesium chloride,
ethyl beryilium chloride, ethyl calcium bromide, diisobutyl aluminum hydride, methyl cadmium
hydride, diethyl boron hydride, hexylberyllium hydride, dipropylboron hydride, octyimagnesium
hydride, dichloroboran hydride, di-bromo-aiuminum hydride and bromocadmium hydride,
Other Group 13 reagents, divalent metal reagents, and alkali metal reagents useful as
activators for the catalyst compounds cdescribed above are known to those in the art, and a
more complete diseussion of these compounds may be found in U.8. Pat. Nos. 3,221,002 and

5,093,415, which are herein fully incorporated by reference.

Other activators include those described in PCT publication WO 98/0751 5 such as
tris(2,2', 2"-nonafluorobiphenyl) fluoroaluminate, which publication is fully incorporated herein
by reference. Combinations of activators are also contemplated by the invention, for example,
alumoxanes and ionizing activators in combinations, see for example, EP 0573120B1 , PCT
publications WO 94/07928 and WO 95/14044 and U.S. Pat. Nos. 5,183,157 and 5,453,410,
ail of which are herein fully incorporated by reference.

Other suitable activators are disciosed in WO 98/09996, incorporated herein by reference,
which describes activating bulky ligand metallocene catalyst compounds with perchlorates,
periodates and lodates including their hydrates. WO 98/30602 and WO 08/30603,
incorporated by reference, describe the use of lithium (2,2"-bisphenyl-ditrimethylsilicate)-4THF
as an activator for a bulky ligand metaliccene catatyst compound.

WO 99/18135, incorporated herein by reference, describes the use of organg- boron-
aluminum activators, EP 078129¢B1 describes using a silylium salt in combination with a non-
coordinating compatible anion. Also, methods of acfivation such as using radiation {see EP
061588181 herein incorporated by reference), electro-chemical oxidation, and the fike are
also contemplated as activating methods for the purposes of rendering the chromium
complexes or compositions active for the selective oligomerization of olefins. Other activators
or methods are described in for example in U.S. Pat. Nos. 5,849,852, 58586563 and
5,860,723 and in WO 88/32775 and WO 99/42467 (dioctadecyimethyilammonium-
bis(tri{pentaflucrophenyl)borane) benzimidazolide), which are herein incorporated by
reference.

CH2/ 5CH-
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Additional optional activators include metal salts of noncoordinating or weakly coordinating

anions, for exampie where the metal is selected from Li, Na, K, Ag, Ti, Zn, Mg, Cs, and Ba.

Co-activator

5
Dreferably the co-activator is an organoaluminium compound and/for an organoboron
compaund. Alternatively it may be an organic salt such as methyl lithium and/or methyi
magnesium bromide, or an inorganic acid or salt such as tetrafiuoroboric acid etherate, silver
tetrafiuoroborate, sodium hexafiuorcantimonate, and the like.
i0

Examples of suitable organoboron compounds are boroxines, triethylborane,
tris(pentafluoropheny)borane, tributyt borane and the like.

Suitable organoaluminium compounds include compounds of the formula AI(R™, (R® being
15 the same or different}, where each R® is independently an organy! group, a halogenated
organyi group or a halide, with at least one of R® being an organy! group or a hatogenated
organyi group, Examples include trimethyialuminium (TMA), triethylaluminum (TEA]), tri-
isobutylaluminium ({TIBA), tri-n-octylaluminium, methylaluminium dichioride, ethylaluminium
dichicride, dimethylaluminium chioride, diethylaluminium chioride, aluminium isopropoxide,

20 ethylaluminiumsesquichloride, methylaluminiumsesquichloride, and aluminoxanes.

Aluminoxanes are well known ih the art as typically oligomeric compounds which can be

prepared by the controlled addition of water to an alkylaluminium compound, for example

trimethylaluminium. Such compounds can be linear, cyclic, cages or mixtures thereof.
25 Mixtures of different aluminoxanes may also be used in the process.

in an embodiment of the invention the co-activator may comprise a compound of the formuia

M{R)n
30
wherein M is selected from the group consisting of a group 3A atom, a group 4A atom
and a metai atom, including an alkali metal atom and an alkaline earth metal
atam;
nis 1 or a larger integer; and
35 R is an-organic group, R being the same or differant when n is larger than 1.

Preferably M is selected from the group consisting of a group 3A atom, a group 4A atom, and
a fransition metai atom. Preferably the R group is bound to a group 3A atom. Preferably the

group 3A atom is setected from the group consisting of Al and B, preferably it is Al
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The organic group R may be an organyl group, and preferably it comprises a hydrocarbyl
group, preferably it comprises an alkyl group, preferably methyl, ethyl or a larger alkyl group.

in one embodiment of the invention the co-activator comprises AIR 3 wherein R is an alkyl

5 group.

The co-catalyst may be selected from the group consisting of trimethytaiuminium (TMA},;
triethylaluminium  (TEA),  tributylaluminium,  tri-isobutylaluminium  (TIBA) and  tri-n-

octylaluminium.

10
It will be appreciated that TMA is refatively expensive and accordingly the use thereof may be
wished to be avoided. It has been found that by using an activaior as defined in the present
invention in combination with a co-activator as defined¢ above (but excluding MAQ) the use of
TMA can be avoided as a co-catalyst.

15

It is foreseen that a co-activator as defined hereinabove will usually be used in combination
with an activator as defined abave.

In use, where hoth an activator and a co-activator are used, the co-activator may be added
20 first and the activaior may be added subsequently.

Zinc compound

An additive can be used in the form of a zinc-containing species. The species can be any

form of zinc or any zine cortaining compeund. The zinc compound may undergo reaction in
25 situ with the triatkylaluminium to form a new zinc species in situ.

Specific examples of suitable zinc compounds include zine, activaled zing, zinc halides, zine

alkyls, zine oxygenates (including zinc acetate, acetylacetonates and carboxylates) and zinc

parphyrin. Preferably, the zinc compound is zinc dialkyl, most preferably dimethyt zinc or
30 diethyi zinc.

The zinc compound is present in the reaction of the invention in a sufficient quantity such that
the ratio of the molar amount of zinc in the zinc compound to the molar amount of chromium
in the source of chromium is between 1 and 10000, preferably between 10 and 1000, and

35  rmore preferably betwean 50 and 450.

The zinc may be used as any concentration of stock solution and the concentration in sifu in
the reactor should be between 0.0001 mmolf. and 1 mol/l, more preferably between 0.001
mmot/L and 0.1 mol/L, and most preferably between 0.01 mmoi/L and 0.01 mol/A.

40
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The zinc compound may be added at any stage during the activation process, most preferably
it is added directiy to the reactor. The zinc may be used as & mixed stock solution with the
irialkylaluminium, or with any other component.

5  The Applicant has found that the use of the zinc compound in conjunction with the activator
compound significantly reduces the level of solids/polymer formed as by-product during the
oligopmerisation reaction.

QOlefinic compound to be olinomerised
10  The olefinic compound may comprise a single olefinic compound or a mixture of olefinic

compounds. In one embodiment of the invention it may comprise a single olefin.

The olefin may include multiple carbon-carbon double bonds, but preferably it comprises a

single carbon-carbon double bond. The olefin may comprise an o-olefin with 2 to 30 carbon
15 atoms, preferably 2 to 10 carbon atoms. The olefinic dompound may be selected from the

group consisting of ethylene, propene, 1-butene, 1-pentene, 1-hexene, 1-heptene, and 1-

octene, 1-nonene, 1-decene, 3-methyl-i-pentene, 3-methyle-1-penetene, 4-methyl-1-

pentene, styrene, p-methyl styrene, 1-dodecene or combinations thereof. Preferably, it

comprises ethylene or propene, preferably ethylene. The ethylene may be used to produce
20  hexene and/or octene, preferabiy 1-hexene andfor 1-octene.

Oligomerisation
The oligomerisation process may comprise a frimerisation process, alternatively or
additionally it may comprise a tetramerisation process.

25
The process may be oligomerisation of two or more different olefinic compounds to produce
an oligomer containing the reaction product of the twe or more different olefinic compounds. -
Preferably however, the oligomerisation {preferably trimerisation andfor tetramerisation)
comprises the oligomerisation of a single menomer olefinic compound.

30

In one preferred embodiment of the invention the oligomerisation process is ofigomerisation of
a single c-olefin to produce an oligameric a-olefin. Preferably it comprises the trimerisation

andfor tetramerisation of ethylene, preferably to 1-hexene and/or 1-octene.

35 Qligomaeric product

The oligomeric product may be an olefin, or a compound including an olefinic moiety.
Preferably the oligomeric product includes an alefin, more preferably an olefin containing a
singie carbon-carbon double bond, and preferably it inciudes an a-olefin. The olefin product

may include hexene, preferably 1-hexene, but more preferably it includes octene, preferably
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1-octene. In a preferred embodiment of the invention the olefinic product includes a mixture

of hexene and octene, preferably a mixture of 1-hexene and 1-cctene.

In one preferred embodiment of the invention the oligomerisation process is a selective

5 process o produce an oligomeric product containing more than 30% by mass of a single
olefin product. The olefin product may be hexene, preferably 1-hexene, but alternatively it
may be octene, preferably 1-octene,

Preferably the product contains at least 35% of the said olefin, preferably a-oiefin, but it may
10 be more than 40%, 50%, or even 60% by mass.

The olefinic product may be branched, but preferably # is non-branched.

Catalyst preparation _
15 i is foreseen that i} the source of chromium and i) the ligating compound ({referred to in (a) of

the main statement of the invention) may be first reacted together and the resulting product

may even be isolated, before combining it with the catalyst activator iii). However, 1), i) and

iii) may be combined in any suitable order in the presence cor absence of a solvent, but

preferably at least some, but preferably all of i), i) and i) are first combined and subsequently
20  contacted with the olefinic compound.

The contacting of the olefinic compound with compounds 1) to iil) and b) preferably takes
place under conditions to allow oligomerisation of the olefinic compound. These conditions
are well known to a person skilled in the art and include elevated temperaturés and pressure.
25  The solid oligomerisation may be carried out at temperatures from 100°C fo 250°C. but
temperatures in the range of 15°C fo 130°C are preferred, particularly temperatures in the
range from 50°C to 120°C, Oligomerisation is preferably carried out at a temperature of at
least 0°C, preferably at least 40°C, and preferably at least 50°C. Preferably it is carried out at
a pressure of af least 100 kPa, preferably at least 1000 kPa, preferably at ieast 300C kPa.
30
The preparation of the activated catalyst may be carried out in a liguid medium, preferably an
inert liquid medium. The liquid medium may be the same liquid medium wherein the
oligomerisation with the diluted catalyst is carried out.

35  The activated ofigomerisation catalyst before dilution may be prepared in the same container
as the one in which the diluted activated cligomerisation catalyst is contacted with the olefinic
compound to be oligomerised. Preferably the activated oligomerisation catalyst before
dilution is prepared in a separate container as the one in which the oligomerisation catalysi is
contacted with the olefinic compound to be oligomerised,

+{}
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The source of chromium and ligating compound may be combined to provide any suifabie
molar ratio, preferably a chromiur to ligand compound molar ratio, from about 0.01 : 100 to
10 000 : 1, preferabty from about 0.1 : 1 to 10:1.

5  The zinc can be used in any loading compared to the chromium, preferably between 1 and
10000, more preferably between 10 and 1000, most preferably between 50 and 450. The
zinc can be used as any conceniration of stock solution and the concentration in situ in the
reactor can be between 0.0001 mmaol/l and 1 mol/l, more preferably between 0.001 mmal/L
and 0.1 mol/l., most preferably between 0.01 mmol/l. and 0.CG1 mol/L.

10
The zinc additive can be added at any stage during the activation procedure, most preferabiy
it is added directly to the reactor. The zinc can be used as a mixed stock solution with the

trialkylaluminium.

15  Thne process may also include combining one or more different sources of chromium with one

or mere different ligating compounds.

The oligomerisation catalyst or its individual compaonents, in accordance with the invention,
may aiso be immobilised by supporting it on a support material, for example, siiica, alumina,

20 MgCly, zirconia, artificial hectorite or smectorite clays such as Laponite™ RD or mixtures
thereof, or on a polymer, for exampie polyethylene, polypropyiene, polystyrene, or
poly{aminostyrene). The catalyst can be formed in sty in the presence of the suppart
material, or the support can be pre-impregnated or premixed, simultaneously or sequentialy,
withh one or more of the catalyst components or the oligomerisation catalyst. In some cases,

25 the support material can also act as a component of the activator. This approach would also
facilitate the recovery of the catalyst from the reaction mixture for reuse.

The invention will now be described, by way of non-imiting exampies:
30 Exampies

in this specification the abbreviation TEA is used for triethylatluminium and PNP is used for
bis(diarylphosphanyi)amine ligand

35 A 1 or 1.2L stainless steel reactor was heated to 120°C under vacuum for 30 minutes, cooied
to 680 °C and back-filled with Ar, The reactor was charged with solvent and saturated with

athylene.

Separately, TEA then activaior salt (as stock solutions) were added sequentially to a stirred

40 solution of Cr{'Busacac); / NP, The activalion solution was added io the reactor and the
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reactor was pressurized to 50 bar with ethylene. The reaction pressure was kept constant
through addition of ethylene monitored via a flow-meter. After cessation of ethylene uptake,
the gas supply was closed and the reactor cooled to 0 °C. Excess sethylene was bled and the
reactor contenis treated sequentially with 1000 pbL of nonane {GC internal standard), MeOH

5  and 10% HC! (ag). A sample of the organic phase was taken for GC-FID analysis. Any solid
formed was coliected, washed repeatediy with 10% HCi (aqg.) and EtOH, dried overnight and
weighed.

Example 1. OLIGOMERISATION OF ETHYLENE USING A SYSTEM BASED ON
[0 CriPNPI{CigHar)zN{H}{Me)] [B{CsF:) JITEA

in all {ests using this reagent the fotal amount of ZnEt; was added to the reactor with the solvent

at the pre-scrub stage. All catalysis has been conducted on the 1.2 L rig where typical runs

consume > 400 g of ethylene, thus the absolute amount of polymer formed is roughly 1 — 3 g.

Given the ability to collect, wash, dry and weigh the polymer to the nearest 10 mg, the accuracy
15 of the polymer quantification is better than 0.0025%.

Table 1 below shows against entry # 316 a standard run using Cr/PNP/TEA/borate in PhCl; the
total solid polymer formation is 0.65 % poiymer,

in contrast, entry 330 shows a run using the same conditions except with an additional 420 eq.
of ZnEt,. H can be seen that the total solids formation is reduced to 0.38% - representing a 42%

20 reduction in polymer formation.

Entry 312 is a& borate run in the aliphatic solvent cyciohekane, included for comparison; the
polymer formation is 0.57 %. As can be seen from entries 354 (25 eq.), 346 {50 eq.), 345 {100
eq.), 73 (150 eq.), 348 (420 eq.), addition of ZnEt, at 50 equivalents or above successfully
reduces the level of polymer formation to an average of 0.35 % - an average reduction of 35%.

25 Entries 234 (1000 eq), 237 (5000 eg) and 238 (10000 eq) all show that even at high zinc
loadings the level of polymer is reduced, whilst maintaining good activity.

Entry 239 is 2 borate run in the aliphatic solvent cyclohexane with a different ligand and

chromium source, included for comparison; the polymer formation is 0.78%. As can be seen

from entries 236 {1 eq.) and 235 (10 eq.), addition of ZnEt; even at these very low loadings,
30 successfully reduces the level of polymer formation to an average of 0.45%.

Entry 324 is a run performed in 2,2 4-trimethylpentane (TMP) which shows a polymer formation
level of 0.92%. Runs 347 and 332 show that addition of 50 and 420 eq of ZnEt; can reduce this
polymer level to an average of 0.46%.

Loaking at ali examples in Table 1 # can be seen that the addition of ZnEY, has little or no effect

35 upon the amount of 1-hexene and 1-octene formed.
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Table 1. Results of catalyst testing with varying amounts of diethyt zinc.

Entry | Solvent | ZnEt, | Cat. Activity Hexene Polymer
# Eq. Time | gigCr/h and wt % ©
{min} octene (4]
wt%"®
0.65
3186 PhCl 0 753 5,214,575 | 83.2
(2.63)
0.38
330 PhCl 420 433 0,081,307 | 820
{1.49)
f 0.57
: 312 CyH 0 86.0 4,549,445 | 819
; (2.41)
o 0.78
239 CyH 0 154 1,788,201 87.5 (2.34)
8 043
236 CyH 1 111.6 | 2,835,441 85.8 (1.53)
R 0.486
235 CyH 10 87.1 3,670,522 | 88.5 (1,59)
0.37
354 CyH 25 853 4,133,342 | 82.3
{1.41)
: 0.3%
346 CyH 50 97.0 3,733,376 | 825
(1.22)
0.47
345 CyH 100 845 4,046,426 | 816
(1.96)
0.25
73 CyH 180 112.6 | 3,460,238 834
{1.08)
0.37
348 CyH 420 948 3,774,850 | 833
(1.45)
234 | CyH 1000 | 998 | 3.161,004 | 868 0.45
{1.54)
e 0.32
237 CyH 5000 1200 | 2,281,502 ; 87.0 (0.95)
8 ' 0.21
238 CyH 10000 | 2240 | 1,014,743 | B7.4 (0.52)
0.92
324 T™MP 0 114.2 | 3,531,036 82.2
(4.01)
0.47
347 T™P 50 1547 | 2,407,086 | 812
{1.89}
0.44
332 TMP 420 2320 | 1,660,724 821
(.77}
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General conditions: * 1.25 ymal Cr(‘Busacacl;; 1.2 eq. Ph,P-N{C(H)Me)({CH,}sCHy)-PPhy;
1.2eq. [(CigHa7)N{HYMe)] [B{CsF5)a]z; 420 eq. TTA (50 eq. activation, 370 eq. reactor); p{=} 50
bar 60°C; 200 mL solvent; 1.2 L rig. > = % of liguid fraction ° = % of total product formed (liquid
and solid). ®1.25 umol Cr{2-EH)s; 1.2 eq. PhP-N{C{H}Me)}{C{H){Me)}{CH;},CH1}}-PPh;

Example 2: OLIGOMERISATION OF ETHYLENE USING A SYSTEM BASED ON MAQ

For this study, catalysis was either performed in cyciohexane or in 2.2 4-trimethylpentane.
Catalyst activity and product selectivity data is summarised in Table 2. The polymeric product

made in catalysis was carefully isolated, repeatedly washed and dried.

10 Entry 056 represents the optimum MAO activated catalysis that can be achieved in CH for the
two sets of precatalysis and entry 181 for catalysis in 2,2.4-trimethyipentane. Diethyl or
dimethy! zinc is added to the reactor in the normal “pre-scrub phase”, which immediately
follows solvent addition to the reactor,

Catalyst performance is shown for the standard run that contains 50 eq. of diethyl zinc (enfry

15 059), and is further accompanied by a noteworthy reduction in sclids (from 0.8 % to 0.8 %).
Diethyl zinc again appears to have little effect on the total selectivity of the catalyst; entry 056
{83.5 %) versus 059 (83.9 %).

Although a clear activity enhancement is seen when 50 eq of ZnMe; is used (entry 185), there
is no reduction in solids. However, increasing the equivalents from 50 to 100 shows a
20 reduction from 0.48 to 0.41% as well as a significant increase in activity.

Table 2. The effect of ZnR; R = Me or Et an MMAO catalysis.

. . Hexene and Pol
Entry Productivity Activity
{eq. ZnEty) fgCr glgCriH octens wt %
eq. Zn
q 2 g/g g Wt %" @
056° 0.80
3 446895 1 969654 80.7
{0 eq. ZnEl;) {2.83)
058° 0.60
2 476986 1170230 82.4
(100 eq.ZnEty) (1.49)
059 0.60
3 298861 1691724 83.9
(50 eq. ZnEt,) (1.49)
181° 0.49
1 805992 2 642916 87.1
{0 eq. ZnMey) {0.92}
190" 0.41
1 899827 3 864054 86.8
{100 eq. ZnMe,} ! (0.81)
|
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General conditions: ®2.0 umol Criacac); and 1.2 eq. PhyP-N{C{H){Me)({CHa},CHs)-PPhs;
MAO (480 eq.); 50 bar ethylene; 60°C; 200 mL cyclohexane. " = % of liquid fraction ° = % of
total product formed (liquid and solid) °2.0 pmol Cr{acac); and 1.1 eq. PhoP-N{C{H){Me)(Pr)}-
PPh;in 2,2 4-trimethylpentane; MAD {480 eq.); 45 bar ethylene; 60°C; 300 mL..

5 Exampie 3 Change in Conditions

The results reflected in Table 3 below show that the effect of adding ZnEt; is not affected by
the choice of chromium source and co-catalysts used. This effect is also not unique to the
PNP ligand system as not oniy does it work with Ph,P-N{C(H}Me){Pr)}-PPh;, Ph,P-
N{C(H}Me){CH2}sCH3)-PPhy, and the buiky {0-Me-CgH.),P-N{Pr)-PPH, ligands but also with

13 other ligands such as PhoP-N(Me)-N-(CH.CH,Pr')-P, bis(diphenylphosphanyllethane (DPPE)
and bis(diphenylphosphanylimethane (DPPM). This indicates that the effect of ZnEt, is not
exclusive to tetramerisation systems PNP, PNNP, and DPPE buf also, as expected, applies o
unselective oligomerisation systems, DPPM. The most significant change in the use of ZnEt,
comeas upon running in altermative solvents.

15

Table 3. Results of catalyst testing with varying conditions.

Entry | CriL/AT ZnEt, | Cat. Activity Hexene | Polymer
# Eq. Time | g/gCr/h and wt % °
" (min) octene | (g)°
wt % ¢

Cr{'Busacac)y/

szq | PPNICIHIMEN(CHACH 2070 | 1744506 | 830 | o0
PPhy/ (3.34}
OAB
Cr{'Buyacac)y/

azg | PPPNCHIMENCHACHN | o 1515 | 24sas70 824 |07
PPh,/ (3.12)
OAB
Cr(acac)y/

sy | T rePNCEIMeN{CHo}CHa- ) 399 | 9,962,823 | 84.1 176
PPhy/ (7.55)
TA
Crlacac)y/

s | MENCIMENCHACRI 1 oy 1406 8718206 832 | 00
PPhyf (1.79)
TA |
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Cr{Busacac)y/
Ph,P-N{C{H)}Me )Y{CH2}sCHs )} 2.36
azqe | ePTHO(FXMe){CHACH)- 1 135.0 | 2,874.486 | 83.1
PPhy/ {9.93)
RB
Cr(‘Bujacac)y/ 85
435° | PhyP-N{C(H)}(Me)({CHz}sCH)}- | 100 | 89.6 | 3,530,896 | 83.8 (6' 35)
PPh,/ RB ’
Cr(2-EH
\ 2-ER) 24.7
445° | DPPE/ 0 740 | 115961 | 70.5
(4.59)
RB
Cr(2-EHYy/ 30
446° | DPPE/ 100 | 107.0 | 147,931 | 714 '
(4.44)
RB
Cr{z-EH
. (2-EH 77.9
447"° | DPPM/ 0 95.7 | 17,082 | 288
(2.76)
RB
Cr{2-EH)y/
b 66.2
448° | DPPM/ 100 | 107.2 | 16,159 | 27.9
(2.48)
RS
Cr(2-EH)y/ 404
452" | (o-Me-CgHa)sP-N(Pr-PPh,/ 100 [ 485 |8632,715 | 91.0 '
(1.67)
RB
Cr(2-EH)/
\ ; 23.02
453" | {0-Me-CeH4)P-N(Pr)-PPhy/ 0 18.0 | 443,168 | 91.0
(1.99)
RB
Cr{2-EH)y/
y | PhyP-N{Me)-N~(CH.CH,Pr')- | 11.47
454 100 | 515 |441891 | 902
PPh, / (2.83)
RB
Cr{z-EH)y
o | PhaP-N{Me)}-N~(CH,CH,Pr)- 61.88
455 0 658 80,240 | 86.9
PPh, / (3.54)
RB
Cr{'Busacac)y/
Ph,P-N{C(H)(Me)({CHalsCHa)}- | 420 0.43
428 P-NC(HIMe){CHaICHalk 80.3 | 4,044,548 | 83.9
PPhy/ ZnMe, (1.50)
RB

General conditions: " 1.25 umol Cr; 1.2eq. Ligand, *.2eq. Anion; 420 eq. TEA {50 eq.
activation, 370 eq.;200 mL soivent 1.2 L reactor p(=} 50 bar ; 60°C; 200 mL solvent: 1.2 L rig. 8

Cr (2- EH) 3/



455 " 0 65.8 80,240 86.9 PPh2 / (3.54) RB Cr (Bu2acac) 31

Ph2P- NI C(H) (Me) ({ CH2) 2CHB)) - 420 0, 43 428'  80.3

527 PCT/AIB2010/854631

150 eq. TEA (activation) 65 mL solvent 300 mL reactor. ° AlBuy in place of TEA. ¢ = % of
liquid fraction ® = % of total product formed (liquid and solid). ' OAB = [OctyNHIB(CsEs)4]; RB =
(CrsHar)N(H)MeIB(CsFs)al; TA = [PhoCHAIO'BuU )]: Cr2-EH), = Cr(2-ethylhexanoate)s; DPPE
= his(diphenylphosphanyl}ethane; DPPM = his(diphenylphosphanyimethane.

The use of zinc alkyl, in particular diethyl zinc in conjunction with the Cr/PNP/TEA/borate
catalyst system and dimethyl zinc in conjunction with the Cr/PNP/MMAQ system clearly has
benefits in reducing the level of polymer formation by a significant amount, whilst increasing
the rate of catalysis.

10 It is further noted that only a low level of ZnEt; is required to achieve this effect, circa 50-100
equivalents, with higher loadings of Zn offering little further advantage.,

The use of this reagent also fulfils the requirement on having ittle or no effect upon the
seiective oligomerisation mechanism with little perturbation in the total target cligomer value
being observed.

15



4,044, 548 83.9 PPh2/ ZnMe2 (1.50) RB Gener al conditions: a 1.25
pm)l Cr; 1. Ze% gand 1.2eq. Anio 5420 eq. TEA ( Ci activation, 370
eq.; 200 nLWERAREMESIN. 2 L reactor p(=)" 50 bar ; eoc 2‘6'6/ ROYieent; 1.2 L
rig. b 150 eq. TEA (activation) 65 nL solvent 300 nL reactor. C AliBu3 in
pl ace of TERamMd= % of liquid fraction a = % of total product formed (liquid
and solid). f OAB = [Oct 3N1-11(B(C6E5)4); RB = KC16H342N(|—|)I\/EI | B( C6F5) 41,
TA = [ Ph3 dB F

b1 5(dl pheny1 bREEENENYPE0h & e BERRE G EY B BRERST S0 SRR EFBEnane. S The
use of zi neorziokpl the prerepaPdydddl ar di et hyl zinc in conj unctl on with the

Cr/ PNWTEA/ bor ate catal yst system and di nethyl zinc in conjunction with the

Cr / PNP/ MVAO Sayﬁffo@mg%%@frvm Q.aéneh%aa‘aata@sabpcan@ﬂw Renidier, | evel of pol yner
formati on by a ? amount, whil'st increasing the rate of catalysis.
n

101t is further' tS Li:rlc'atc’ha":’m'” y a a low | evel of ZnEt2 is required to achieve
this effect, citcaGyraOoregtPv’emt!d! with hi gher | oadings of Zn offering
little further advantage. The use of this reagent also fulfils the
requirggent on having little orrnoxekfeetzyupon the selective

ol i goneri sati on mechanismw th ﬁ ittle perturbation in the total target

ol i gonmer val ue being observed., 15 WO 2011/04852735PCT/ 1B2010/ 054631 CLAI M5
1. A process fo‘fi’efﬁ’bducﬂ‘lgafé’n OFF IR PB AR SHEEI FbMEr &Rt i on of at

| east one ol efini c conpotmelsting e PFogee PBospmelsudisage. Htiaynypremiddi ng an

activated oligonerisati ogygat @loMs bndbletiRi Ridebm dxddizady, BRI ol ) a source

of chr um i) a ligatin ound. of RI)", X1 (Y) X2
(R2),, qrDnvvherel n: XI and X hegetgev Ceo chjnd&)rh{a TDWS %Fsucqulaec%t ed fromthe group

consi sting of nitrogen, ﬁﬁ@é‘ﬁ?@ﬂ%p beé‘f’%eéﬁl ‘?Pd xantl nony, bi snuth,

m and n are independently 0, 1 or a larger integer; and
R' and R? are independently hydrogen, a hydrocarbyl group, an
organohateryl group or a heterohydrocarby! group, and R’ being the
20 same or different when m>1, and R? being the same or different
when n>1;
i) a catalyst activator or combination of catalyst activators;
b} providing a zinc compound; and
¢) contaciing the at least one olefinic compound with a composition containing the
25 activated oligomerisation catalyst and the zinc compound, the zinc compound being
present in a sufficient guantity such that the ratio of the molar amount of zinc in the
zine compound io the molar amount of chromium in the source of chromium is
between 1 and 10000.

30 2. A process for activating an oligomerisation catalyst to be used fo produce an oligomeric

product from at least one olefinic compound, the process comprising the combination, in any

order, of
iy & source of chramium;
i} a ligating compound of the formuia t
35
R X' (Y} X2 (R
wherein: X' and X* are independently an atom selected from the group

consisting of nitrogen, phosphorus, arsenic, antimony, bismuth,



oxygen, sul phur and sel eniumor said atom oxidized by S, Se, N or 0 1l5where
the valence of X and/or X2 allows fgr such oxidation, is a |linking group
bet ween XI WOZH/HM2" m and n are i ndependently 0, 1 orP@” P%ﬂlﬁ‘@“s? nt eger; and
RI and R2 are independently hydrogen, a hydrocarbyl group, an organoheteryl
group or a heterohydr ocasbydn givbupnd siediuiRlor @i atgp dhige2Byshte Nor Cdi f f er ent
when nr1, and R2 being th&r&@mwée&IkfJneaare}mauow@%nsuas?&éidaisdni) a catal yst

activator or conbinationyQf, **ﬁ‘ﬁgag (;(J&Fetv@ee%&vgh 4QES; b) providing a zinc

conmpound; and c¢) contacting oneé "ol ef i ni ¢ conpound with a
conposi tion cont ai ni ng tﬁé‘“‘?%areﬁ'éﬁﬂe(}%f“é@ by I8t 3"8n catal yst and the
zi nc cofipound, the zi nc BbepoBhdebedengdprie hedrbgen.na ayserkfliciremtanquant i ty
such that the ratio of t&gaﬂam;@cﬁ g@np&mhe@foh;drmrby@@b%ngRnge;,@Q;{g)ound to the

nmol ar anmount of chrom unlaln,;gé ér%e%g%r%g npj ﬂr&"”?;e%?the eet[\)/ye eem and 10000.

302. A process for actlvatlng an oﬁlgonerlsatlon e used to
produce an ol igoneric prﬁﬁﬁ@f fromat | east one oleflnlc conpound t he
process conprising the conbination, in any order, of i) a

sour ce 10f ChruQm UBTtatalyst activator or combiha)soraoflcé{@%t éc&g&to@sﬁﬁpound of the formula I 35

(R " X (1 o2 Rk NSS! 0 oo ARG@nal ey L BAGPETIRIN D) oM sel ect ed

fromthe group consisting o arsenl c

bi smuth, WO D05 PoUBs 519 6001 Mo O bE A Swgﬂéﬁom%qﬁvdpm?e SRR sel oni um or
sai d at om oxi di zedmdpt Sehr@eium N thgrso@esi eremith s betabericed 03003 (1 and/ or X2

al l owsfor such oxidation; Y is a linking group between X and X2; mand n

are | ”que@dﬁw@tp o¥esQ of i o ﬂnxi(ﬁrz%érelh HeSOE Eom BN 1a5§33eﬁﬂ£’m5?aaﬁ£:§of

i ndependent |y roup an organqghet er roup or a
het er ohydr Hl?érf"ﬁ ipn ‘6%8%‘“3” ‘F’r%mﬁls“%é‘f’%ﬁ’eqﬁS E@?‘r@"[ﬁrr i“?tf’fe?"@r‘i{ih?/\ﬁ@n nm>1, and
R2 being t h@m@arrﬁem&e refief Pepwwhef demivmnsthe sa@ie df chrowiam ad Yedweemd® frviat or  or
conbi nati onpmf catal yst activators; iv)a zinc conpound, the zinc conpound
being present in a sufficient quantity such that the ratio of the nolar
anmount gf zinc in thF[ZI ncg m%og ,io t he nmol ar amount of chromumin the
sour ce hr 6 G °'s° ™ £ "AHE" Y6360 0P8 E ST epy b LB EESF Ol aim 1 or
claim?2 mé’r&e‘t\fﬁntrpm@ azpifgiencpapiiaven he tsraig ehtbe inplatameutt ebaicirohe @¥ic t he

i nvention icmmusib fHethoean bmogua bt chioyiusiue khe tshiate df Reromiah iiObedfect BRaol ar anount
of zinc inukhe zinc conpound to the nolar anount of chromumin the source
of chromumis between 10 and 1000. 204. The process of claiml or claim?2
wherein the zinc conpound is present in the reaction of the invention in a
suf fi ci%ént 5qﬁﬁﬁfq°%9§n&&‘ﬁﬁnet%é‘? PEeRRSiing gBiMS WHErein e Prastsarnclfrs thvtuso$ azi nc in t he
zi nc conpousieknt 0 t he nol ar amount of chromumin the source of chromumis
bet ween 50 and 450, 255 The pr ocess of any one of the pr ecedi ng cl ai ns
m:r g:‘ nt Lg% 'Pr( ?f)(r:oeeszs% 0!f ar]y une ofstvﬁ_l%receglng %rﬁms wi’serem %%Iplinggm?rfs%ﬂr?n at@éﬁ?ggafsl gf aany
trinerisat |‘rt5‘"r?”@é‘f”é’ﬁ§‘§%tObarteté?”teé%af'%{‘rf"éﬁaiyﬁat| on catalyst. 30 7, The process of
any onedof the preceding clains wherein X and X2 are independently

phosphor us 70f'hem&§ﬁr@%h&3mﬂ)@f @’a%?éie&%é (ﬁlin%rw@eearpf MNa O R tndepender?ty8 The

g][ o;:ﬁzsg)g; 8r°%'T°’”s|°’| p%ospli'lor IECH @(988 | al sy wherein the ligating compound is

8. The process of any ane of the preceding claims wherein the ligating compound is of the
35 formula il



R37 Rs X X2N RAN R6 wherein Y is a linking group between X1 and X2 , X1
and X2 are |ndependently sel ected fr t he group conS|st|n9 of nitrogen,
phosphor us WOOEEHE” anti mony and biShuth and R3 to R&TAFEIYEAY

i ndependently a hydrocarbyl group or a heterohydrocarbyl group. 9. The
process of any one of t.he preceding clainms whesein Y is selected fromthe
group consi sting of a QLg?nIC | inking gro conpri sing a hydrocar byl ene,
substituted hydrocarbyl ent yl ene and a substituted

het er ohydr ocar byl ene; an norganlc 10 I'Tmki ng group conprising either a
single- or two-atom | iRtker spacer; and a group conprising nethyl ene;

di et hyl met hyl ene; et hyl ene; ethene-1, 2-diyl; ropane- 1, 2-diyl,

pr opane-1, 3- diy1 cyclopropane 1,1-diyl; cycl opropane-1, 2- diy1

g);g: gﬁg;gz évhirau_:‘_ Ydl 2 Imrangca/ ﬁulp%gt?vnén%p %él% )gdl X ah%%ya%% %Qeg))e(ag egﬂy &bleied froX\
phenanthreﬁ@ﬂ@“ﬁﬁmﬂ$9$d”BﬁgﬁdﬁF%%%ﬁ%a@P@%ﬂwvﬂW3T5@$%ﬁt%EﬁbFﬁiém

1, 2- di abyl kyiirgzrendsntly, hydripgaiby| group 85 INfefanydrddady grokp.Where Ar i s an aryl
group; 1, 2- dialkylhydrazine 1,2-diyi (- N(Alk) N(Al k)-) where Alk is an

al kyl ar Ou The%:(ré%:g'gs df anﬁor{e%%)fhze Opirec:ﬁg) r(gR%gims wlge:[ean ugmse}iectemramqh l |;gu IS hydr ogen,

a hydrocarb et erocar byl A aim 8

wher ei n théOWSisﬁ‘at Ph g"”cBWﬁ‘B‘UHﬁk“i‘gs %?“pt ﬁ‘é“”f*ﬁ'?%,ﬁ d‘y‘i’fP‘PafbV'ﬂe syRytituted RS 727
R6 hydrocarbfidrie, hetgirdydedcarbR3ietapd REUB¥gediatdonyiroepeinte at Inyrganichy dr ocar by
group QU _aidkel @fo0f YeHpAsal diddr aGngidDer t@&&am mmlaesppcree%ﬁﬁ gRfip 6drthigA10 wherein

each of PR3 tefaﬁg%@ 5@@%%@@ RFLRC LRGN AL %&.C%ggaem hg. o methyl,

ethyl and iso aronati ¢ consi sting of
phenyl andcgﬁ‘g?“Fufgﬁ'pﬁ@ﬂ@?mm@124M ‘ﬁmeﬁgab?&@e§§”6PmEW%$%¢ﬂ or claim?2
wher ei n t heycatexaneat. deivli s sebeeed . Fodm t hepgndene: of n&Bbegeaohdyion conpound,
al unmoxanes phdnehttretierng oI bfsh 2 ehradk U Bl dYO X @RASsholak UH-diIRyalakiyd- S 2-diyi (-
15 N{Ar)-N(Ar}-) where Ar is an aryl group; 1,2-dialkylhydrazine-1,2-diyi (-N{AIk}-N{Alk)-) where
Alk is an alkyl group; -B(Rr)—, —Si{R?)r, -P{(R")- and -N(R")- where R’ is hydrogen, a
hydracarbyi ar heterocarbyl or halogen.

10. The process of claim 8 wherein the ligating compound is of the formula H
20

R7
| «

P—N—P

AN
v

wherein R® to R are each independently a hydrocarby! group or a heterohydrecarbyl group.

25 11. The process of claim 10 wherein each of R® to R® is an alkyl selected from the group
consisting of methyl, ethyl and isopropy! or an aromatic selected from the group consisting of
phenyi and substituted phenyl.

12, The process of claim 1 or claim 2 whersin the activator is selected from the group of

30 organoboron compound, alumoxanes including modified aluminoxanes, aluminum alkyls,



other nmetal or main group al kyl or aryl compounds, ionizing activators
which are neutral or ionic, Lew s achgs, reducing acids oxidising agents

and conbi n$ BHEL¥REr eof . 13. The process of clHMWEE* S ai m 2

wherein the process includes a reagent selected froma 5Goup 13 reagent, a
di val ent netrat metgagenh goup aky al &alcbmpebar| iofigageniators vdeh afheupslacess of

claim1l or glcaldWs 2RI aliflxdbin ae IR L hioRqheRet ed from zinc,
activated zinc, and zinc-containing conpounds selected fromthe group

conprising zinc halides, zinc alkyls, zinc oxygenates including zinc
acet ate, zi'AcTPaEEEt ACBIMONACLEE TMierer hePragesiPdRy? weees! selgeier i/ por phyri n.
15. The 5pr ctes 393 ahged, adimichbmathi eragernotan@ikainneal @agdnal Ni Ng conpound is a zinc
di al kyl, including dinethyl zinc and diethyl zinc.

14. The process of ciaim 1 or claim 2 wherein the zinc compound is selected from zinc,

activated zinc, and zinc-containing compounds selected from the group comprising zinc

halides, zinc alkyls, zinc oxygenates including zinc acetate, zinc acetylacetonates and zinc

10 carboxvlates, and zinc porphyrin.

15. The process of claim 15 wherein the zinc-containing compound is a zinc dialkyl, including
dimethyl zinc and diethyl zinc.



