WO 2011/ 0485271PCT/ | B2010/ 054631 OLI GOVERI SATI ON OF OLEFI NI C COVMPOUNDS W TH
REDUCED POLYMER FORMATI ON. 5 TECHNI CAL FI ELD This invention relates to the
ol i goner iwatbo4s8f270l ef i ni ¢ conpounds in the presence ofPCanBao/HuUatied
ol i gonerisation catalyst and relates further to the use of a zinc conpound
in oligonerisation. 10 BACKGROUND ART A nunber of different oligonerisation
technol ogi es are known to produce a-ol efins. Sone of these processes,
i ncl udi ng t heP'SFEOMERIFATH@N Off QERINICIHQMRQUNBS WITH BEPYECEDPOL YMEShNO! 0gi es,
have been sunmari zed in WO 04/ 05648kMATIONhe sanme docunent al so discl oses
that the prior art (e.g. WO 03/053891 and WO 02/04119) teaches that
chrom um based cat al ysts 15contai ni ng heteroaromatic |igands with both
phosphor uSEGHNCALFIElgen het er oat ons, sel ectively catal yse the trimerisation
of ethyl engs iRetkioh 948RE o Bfeo&@érﬁ%am%f%@inkr&ﬂﬁ;:omo?r\n ][ﬁ’?é BJe§er@Q%f an

ysts

heteroaromatic, | i.%%‘nds are conbined to formcatalys or trimerisation,

t et raner i SAYF'Eh OB eGRIRY i8R h Aol WRRT IosiBe | USR Bfa eNefcempeunggin
conpoundsoclisgaverisali®@o been described in different patent applications such as
WD 03/053890 Al; WD 03/053891; WO 04/ 056479 Al ; WD 04/ 056477 Al ; WO

04/ 056480 A'EIK %\g 04/ 056478 Al ; WD 05/123884 A2; WD 05/123633 Al and USA

Pat ent’ NoBA ,% PﬁB?“.RTThe catalysts utilized in the abovenenti oned

trimeri sahinombertoé thifferatrdligab érdation adoh GBS FakhdWh 18 ThrodBed@bRIR | Sttt @N
processes I d . i 0 to actjvate the catal yst. Such
an actival gérel ?rg&gg%bﬁ]ﬁ@ﬁﬁ%lg{eh%ﬁ% Ehé%ﬁ Q/"'@és E%C%Séﬁf@ei'%qz " pﬁg?cr\ﬂﬁ%eghe

act i vat or "ave beghHMBR{ 264 t”hWPhQé"/Q?gf'%ﬂ A5t Theseimeagicemanttdlapatisstoses thel thele

or gﬁnf)a: _unsﬂorliaur(b.govmumdﬁiasgoragamm@m@mtiéhdﬁ\at Q{r&ﬁiﬂhqcbaégd %thlt;@lsl such as
met Ny I m a . nesi u romgde, 1 norganic aclds and salts,
such &s téec{H {rag‘f gugrgtg ohm?:ét'%g%gncgst HAé'tF atIB %tg ??SQB?W‘? e%\%af}ﬁrﬁg?'bﬂﬁpé‘faé‘?m%odi um
hexaf | uor GistersaElvee hadrinedrsationjebethyienedenibaxarat al yst activator used in
conbination with C based catal ysts for oligonerisation 35 of olefinic
compounds, i s _al ky| al um noxane, particularly nethylalum noxane (MAO. It is
vel | knom%mésﬁa S m%e'f‘ntéafnﬁﬂ%% "Eelt%%iaf‘? g"ﬁﬁfo ‘Pi'tgg'éds? o Amanedl nfor um i n

t he for magfalysisi feettiryerishtion métiame(iSEri)., olgndedisatief bt bolyherisaadraby slefi@et | vat or

i's a200moRpbird® hefe AddvaaRdeddidd il RRreMAG RBY 2SS RioREs R RS 9\?(?63/8@3%5 modi fi ed
the form o? TMA and

MAO ( MVAQ)., i contain free trialkylalumniumin

heavi er tqﬁ’ a%yﬁﬂ?%%hi‘&@s&’%ﬁé%s@;d’f’oo? R8hordn WO AsEHtd 4 1a¥ R at al yst
act i vat or@/(56478 AloWh@nit3884062; W@ DD 2366B Al ahdU B PatentrNani7 283 egmpounds ar e
costly to the effect that it inpacts significantly on process econonics of
ol efin 0|1i oneri sation technologies that utilize this class of activators.
For this H“gacék’i’P(?‘Si“f"'ZP% nfBe pPoYBMENtoped HienssipR: ttagteristipy tigamessation ar

pr oc@ssespobnetigation proessbesy/altindude@ne eninbatdcinfors HRWBRS the ichalfte saass, Where an
al um ni ung.g i Ni tjvator for transition metal
Based ol 1oy oy e aRA Rert ol 350 B0 AE) b 3Rt RepbPBRE Mt 1 ow
starting B8 AR um concentrati ons (e.g. <6 mmol/f), low reaction rates and
hi gh | evel s of unwanted solid formation (polyethylene (PE) and waxes)

resul ted S igonerised. 10 Reduction in the formation of
pol yner aéémgﬁ%%‘@%%ﬂ@?‘y@n”%”f’ ACY T HNACHIE: BI9FARORER| QIPPYIS(BBTHE tri - and
t et r aRer S8k Be)as meafbidkiss ane metwismaomesny dramgde: Imatdeeingeids ars! gats, ysoer f oul i ng
reduces plksagtafliérBodric RidadUekrE CASE thRlnBS oSt - SRWRS iR o nbhoskages. The

i nventors, OI]tcket he present invention have found that reductions I n polyner
formation 1evels 15 can be achieved in the chromium cat al ysed ol efin

ol i goneri sati on processes by the incorporation of a zinc conpound, in

parti cul ar clinddnkobtalygi RGivatbrusbdh &ﬁ‘vtbf?wlaé{@twifﬁg?r?b%@éci ?aéélylll?s fHPB@S&]er%% S | ?ed

bel O\g Thg,use of %tm nc conmpound In o in o omerisatron 1S no
unknotn, haETIE SHRAOURTS: 'S BKWAUENNSIANE s eatiyagl Msthylalumineaene (MARLy!t isewelsed i n

t he manné&nowf thdie MANCe Semideb Nsigiifidactn quentiiehi @V alk@aldRihRAUGE | 88 fofm P YNer
formati on; I j t se..of chain transf eagent s
withint ﬁé@?%ﬂﬁg?ﬂ Sgﬁéﬁﬁggﬁfﬁ%ﬁ&ﬁé:gsiy%nagct'\f)aéoerr'ls Er?8'\7\‘,h'pa EBrO?gMé\ﬁ%e t he use
of tri et MAAITHRMAIQURAY AlSe Barfsirleged with mpdified AP SMMAOY hetiiah rogyosentain ftegpe

pol yner i satkyenmoainginysd Brr &f BMA bndhdavief trakaskimlnRRANPNE)seNRAS BRI eVi ously

st ud'h@d. Cg}pp(% €§£SOC%?"2V§?§§gﬁq?fyé33%%/ 0058486 both di scl ose the use of

various activators gonerlsquon catal yst systens. 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

I T o o o v o ~ o b o .



DI SCLOSURE OF THE | NVENTI ON According to the present invention, there is
provi ded a process for producing an oligoneric product by the

ol i goner iwatbom4sf27at | east one ol efi Ai ¢ conpound, the PCcOdBELOHFHGIUI ng:

8) providing an activated oligomnerisation catalyst by conbining, in any
order, 5i)a source of chromum ii) a ligating conpound of the formula I
(RL)m X1 (YY) X2 (R2)n ...... | 10wherein: X1 and X2 are independently an atom
sel ect ed Adtigaters hentgjniogigluo bivgi ®ipagndsfaragdstyolgdre, effptidisp N dnpests siundieanitlg,

anti rmny,onbbsoewshecdam@nof SieHnP B on@ngiat.&elt@&m i m'ﬂ.@tm %géﬂq%ed by S,

Se, N or 0 where the valence of X1 and/or X2 alTowsfor such oxidation; Y is
a |inki ngacaYa(S‘UfJ Fl?éf'\/?é@?ﬁoﬁi't S 17gsiseble tq B coAMNerFial PigomMerzatien AVRRISES 810w or a
| ar gers i rdcggptor; coacahtrRbnanidovikearie tHencap evidenad wluhyrilinogemsiniag byraiscaear byl

group, ar\/vé%r\%&??g"% £hivd rgérQHRsan n@e&g %&%ﬂ%%&ﬁ&%gkﬁ ¥!ata9£t9 Li'tgmr?qud R;Iat be' n g

t he same or ferent
n>1; 20iidtpongitont %ﬂ'%ﬁta@e@ ?'V@t"b‘f“ Q?FC%?&ﬂ”ﬁéﬁ 9-68 rm'olfé)alom r%florar@tqs\?a@ or s b)
provi di nghigh mvele o ampanied; sod) dorBiatichO (HoBethiBee (PE) aid hars) rei@ediwdbh ni C

conmpound Wi Hgdép‘eq‘,agg astion containing the activated oligonmerisation
cat al yst he " zi c conpound the zi nc conpound being present in a

suffil¥i ent quantity such that the ratio of the nolar amount of zinc in the

25zi nc corRguautivd it tetrbrehal®H &rpoBiiRHBE a @ p&ﬂﬁ@cﬂh BRbhdd 1RO Wlidotenfatisfr OM um
i s bet vveegot%tand ]{ i nvention there is al so

n
provi ded @ rrc')ca@gsetfame"%%'top)cpr?ceﬁﬁesa%m@l”f SB@EE? 'éga"?]h 9 aaPsLrer f%“(?'B% used to
produce arﬁdt@IB$ plerteyn imeansdgeessitatesmhat-ddwea due ordockdgedi ni ¢ 30conpound, the
process conprising the conbination, in any order, of i) a source of

chr om un THeligvedtolsl @ &lel d’ﬂ&eﬁﬂﬁmmaﬂg fduh@trfapfeﬂych!@né in (05@%@? Bt 1edds (R2) n
I 35 wher ei n;. X1 .and X2 are.

e se ected fromthe
gr oup “cor@Ns?s 5 8¥en "t § hgggq{omwﬁ‘ogﬁtﬁ%?% o'eé'{sf’gﬁ’ﬁ”ber's Pl%?ﬁ?sesb;‘érfﬁ%
oxygen, sudopteration ofl aszceeimpeuat. it abdicEarotialioNizur.ziedhd pat8ystSeystei iorth@ wher e
t he val engghnef aeldrirdfdéigr, X2 all ows for such oxidation; 40Y is a |inking
group between X1 and X2; WO 2011/ 0485274PCT/I82010/ 054631 mand n are
i ndependeﬂ]t I% 1 or _a larger ? g nde endent |y
hydr ogen, ¢ 8 AR PSYSUB Oéeﬁ'n %’é’he 'ﬁ%t"aﬁsy[“" g6t o “t t %St'é SRS ocar byl
group, ardscRsehereyigustytbatdtanay ke usgid firf e mnmmemsentandanmw foeichigve dhe sane
or digpf er@ﬁ&tlm%lyﬂ%ﬂformatbh la} herefedigloéed. T@\Gé tnéakOor HairtRARIeP b Ot Of

catal yst acti npound, the zinc conpound bei pr esent

at c n
in a suff{cl }5& gﬂgn?fl Wyré?ﬂ?ﬂt'of’hg‘i‘s ?%‘8 PeA 6" t HE" nBPEPleatiSuHte 6‘? zinc in
t he zinc tu@hvs;b@wdlumon tdmimabdrawithl\GaoasUcttainadrovgth rtype potymienistitvecas@ystce. gOf

chrom um{ g7 p%gg@@&ja;m@é)qagpégqgrevjogs,p%meé he above aspects of the invention
the zinc conpound iIs present in the reaction of the invention in a

sufficient quantity such that the ratio of the nolar amount of zinc in the
zi nc compBith#POB/§8%638 an® M aR0fRNsA#8EdTothedisamst theuse ot Magousdgtivatorofor chr omi um i s
pr ef esabl gighredriesen c&tﬁﬂjg sgmané@% coataa tlﬁ@é’tﬁerﬁérﬂfﬁ%ﬁ ﬂ&bhﬁér beleve 8ftivabrsand 450.
The above aspect wvent i

rco oun§s usefus in.an o omer;z % nr urtt ner ﬁﬂ)& (?(fh e% § h(()a 36 OIJe a
sol vent. T ROTHI SosHEL icR 81%°5 R&"FOI S g &ET i RTEiCBRECAEpIMgY
activators in some contexts, but may also serve other functions in the reaction system, such
as alkylating a metal center or scavenging impurities. These compounds are within the
general definition of "activator,” but are not considered herein to be ion-forming activators.”
30 Both these publications broadly identify these “other” components as Group 13 reagents,
divalent metal reagents, and alkali metal reagents and names diethyl zinc as one of a 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 exemplify such use of
these “other” components and in particular of diethy! zinc, 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.



20 The term ol efinic conpound denotes an olefin or any conmpound which

i ncl udes a carbon to carbon double bond and olefinic noiety has a

COr r espormiDrgLIEs8s2 ng; A hydrocdrbyl group is a uRCFABENMOOZ6HIUD
formed by renoving one hydrogen atom from a 25hydrocarbon; A hydrocarbyl ene

group is i by renoving two hydrogen atons fromthe

sane or G@Fgwg{%gegﬁgﬁ%ﬁﬁgkgt@?{jn a hydrocarbon, the resultant free

val enci eshagbrdipgite lheagiresenioinvestiga Isrpravi recdse Ifidt; pr@dindn et el ¢ocar by
I i esAagbrdipite th i \gadede i adubprecdse ffiat o] gomed byl

group is godii Bahesligodtdor SLiESL BYe &x@fmvaonugo%,eth%%ﬁsqm@kgm froma

het er ohydrocarbon, that is a hydrocarbon conpound whi ch includes at |east
one hetero At BRY'EP®Hat a‘f“§?te‘?1‘8t9°%8ﬁ'ﬁ?§j°r]-?a@r'yst§¥ CoORREnghn @AY §F®up bi nds with

ot her 5Snoi et i es) t hrwugh of theomiesul t ant free val ency on that carbon atom A
het er ohydr ocarjyl olg ' [ nt group forned by renoving two

hydr ogen atorrs'QSSaq@?tg%CP gogrgr?gthgrfa{@%#er ent carbon atons in a

het er ohydr ocarbon, the free val encies of which are not engaged in a double
bond and which group binds with @)het (o ekd.es..t hrough the resultant free
val enci es on that or those carbon atons; An organoheteryl group is a

uni val ent group containing carhon atoms and at |east one hetero atom and

whi cHOhas its Whegdnval enteangt XarmratnsispesdRelly ehatert seleeiad fiampbleagroup
substituent is a substi tdsagétingl hnidofel ERBSIMbrUE] BFkRib.C afimdnhduerdmdi pol e

nonent ; and A non-polar substituent. is a supstitue hout a
permanent el ectric or i nduEed>d 66?%¥5§P§8W@n?r.Sa'a’ﬁgmb?’ﬁ"}szﬁgﬂt??’ysé‘f’i?\g?{ Qat al yst
of the present inventi onviese the edlercatsf ' andtor Xhalowvs &t beoh ogidétmhyst or a
tetranerisation catal ystyisThigkifd frd@Bdul&Rbi' @Rg R-.ocess for producing an

ol i gggeri c product is prefe?rabl yd% tri rrgri ?ati on 10 process for producing a
trimeric product by the TENY § IETGREWEMY & / ChlPrasaiieg: 8%t al yst or a
‘tetramerisation process R'oandpRdduecindepeadérdty rrameperc 2 hatlematbybygroup,i 4 zat i on
of a tetranerisation cat %Eetery@odpw%me(pg@yg,‘foc%rﬁg g%gggr{a Hr%}c/?%%é on have

t i
surprisingly found that the incorporation o Z1 NG orrp%u d-in the
process described above,S3M&sqj| 4fereth Woep deitfe @NH R 1R§Ngohe ¢ame oF siferesh, t hat
is, polynmer and in partivwehapri;pol yethyl ene formation relative to processes
i n whjch such_@' Wb REPAUNMr o AR of LlafATRIRAL ! On catalyst 20 Source
of chromum (i): The 'source of chromum nmay be an 1'norganic salt, an
organi c sal P) PEROVBRFRROMBAUEoRSound or an organonetal lic conpl ex.
25Pr ef er abl y) tdoetastingrise aofeachémnvlemid sorsduad Wl £ eeApdsiien GbMbiRing ARSi St i ng
of chrom umtr} r LSt r ran compl ex: (benzene)iricarbonyl
chrom um chr oér%ﬁ%hﬁg(qllgﬁ%frg%tﬁj gr?gg[yg{%gﬁﬁ%r%gﬁ? %ﬁ%gﬁ%gﬁwmp@ﬁp o&ﬁ"ﬂﬁn (1
acet yl acet onatrEeseeHp @rivliFe(t qUp)tithashtthes tet retio efthe miclaraeynt pf zinc in the
2- et gl hexanoadre, coalpoid wMmhelhdidr assinatoe chriehi@Minume (dolilck o2 cBscthilBn is
t et r amet hyl hethew ieQQ%tg,loo%Brom um (111) chloride. Preferably it is chrom um
(rrr) 30acetylacet Onat'e ' or chromni um (') 2-ethyl hexanoate. Ligating
conmpound (ii): X1 and/or X2 are preferably independently phosphorus or
phosphor ygcariihgits e ByesentOhvero@thde G o FFoRRI ablrycedd f@rngct%gtingrﬁw the
same, and, nost. reciated that m and

greferlabl¥ botg are P. 35 1t wll be argp i

n are depudULHEGR CrANR' T B WFEMC HRIYRENPEIoRFEE PRAY! BN ALEPD AN PISHE of X
and X9, Ivomdodndrthmbioogssebmifisikigtite o¢inbavationX? angsplecti vel y, and bond fornati on
of RL and Rg W t hsXlAdngRihespectively. Preferably both mand n are not
0. Preferahly the ligating conpound is a bidentate ligand. Preferably the
ligating coftpound'§a&ingFomaeEng Jafranyal 5 wherein Y is as defined
herein, X1 and X2 are independently selected fromthe group consisting of
ni trogen, phosphort@x grﬁﬁgéﬁz) antinony and bismuth and R3 to R6 are each
10i ndependently a hy&?oca yl group or a heterohydrocarbyl group.

Pr ef é?ably X1 and X2 areindependently selected fromthe group consisting of
phosphor us andvhaiein: ogen.x' Mudexpeerf stadtnyenfly @Ndiom2 s@dted REMSABEGroloSt
preferably both X and )((:gnszlasrtig p! or%t[r)hor us 1§ R3 to R6 Mépbe '_ndeBendentIy
sel ected fromthe group @BHeIStq ng & a PRERI A nBTFUS nidlBepY: A EPonat i ¢
nmoi ety; and a het er oar or¥ydes. swiphetand spleeifim oabdiyatemohidad R3S tSe, R®riOs an
aromatic or heteroar Omalinerelthd ishce BN @n@bSLGNIAHR! Y BB, AQABY 1 ¢ 1oi ety

(i ncl4ﬁd| ng a substituteq aromatic noi etyé. . The ,aromatic noiety (or
substi'tuted aronatic noi éf?ﬁ%r%ﬁﬁp’f% Xof¥h§i 200r 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 (excluding H that is bound to a |inear structure
or a cyclwo 8twa48s2ar e bound to X1 andPor X2, but the sulpsTiiBands4dsies not
formpart of the linear or cyclic structure. 30The I|near or cyclic
structure may be sel ected fron1t(§ g P(§9n5|Ft|n i near
hydrocarbyl, a |inear T@P%ﬂ?@ﬂ BP0 T ep R [areer i 8% byl and a cyclic
heterohydrocarbyl group R'Lame &’ any ddependbytly mmymemchUdavmﬂtherEEMyl
propyl, butyl, pentyl, W)?@féﬁlohetg’?lpérwp or%cﬁé(erehyﬂa%é(rlb I g‘#&fﬁyend R DG

propenyl, butenyl, penten I ep ten , ¥ , none decenyl
ethynyl, propynyl, butymf"® ‘ﬁe ‘i/?ﬁ}ll""heﬂé& n)?r"d Fnebp?ﬂ?n%? SaB‘Et‘S?rfgffere%onynyl
and décynyl. Linear hehﬂmmmydrocarbyl may i nclude met hoxy, ethoxy,

t hi onet hoxy, thioethoxy, methylsilyl, ethylsilyl, nethylam no,

met hyl phosphi no, net hoxynet hyl and thi omet hoxynmet hyl . Cyclic hydrocar byl
may i ncl udeibycl 85PBYSHIAC @R PotmbiPRtiondf catalp AEYYRtorsy ¢l ohexyl , cycl ohept yl |
cycl ooctyl, ivgycl anowybmpaye) thdery lcompyal opag besyit in @)é@fh@é]ﬁ)ﬁ&é}yly, such
cyclo-octenyl, t}l%ﬂynle’ ra XF!hggﬁ&:Sragno%ﬂ?/Lf’ ZIpcaP\HbQ%!ngr&%%lpd)ungqr QIQ %Iaf

adamant yl , phena rene ? racene

t et r dlydr onapht hamewégf chr%eraln thwourqemﬂéfrfynuawa b@tewrahwrwwmenw Cyclic
het er ohydrocar byl may include tetrahydrofuranyl tetrahydrothlopheneyl
pyrroliden wplperidine rroline oxaz anyl ,

t hi ophengygé{tln ”ﬂ/e?%bgo asr?y’%} £Y e E‘}z;% gy %he ZYnC ? 'Sy%%sr‘?zg'f‘ 3}3 rﬁ%//ﬁt'b” ?,Hh‘?mr anyl
and i ndolifentiongin RSSL{ff@'eRquW au@bthbteth@eatlecqfé@ helanammougt oLpnoih thetiat | ocenes

such as %oﬂ@ﬁ&r@qgﬂﬁ%olar%HoGﬁrb@Gﬁ&ﬁM}n .emé sblib@BRGEIRaYh i<Hr&ERbly betwBEeT erably

R3 t are ar noi eti e ng atom of the aromatic ring
strugsgre %ap 3 ﬁn m?ﬁFﬁf?ﬂi¥8§ﬂe%W§&§géh@ with a polar substituent bound
to aring atonlof the aromatic ring structure adjacent to the ring atom
bound to pRe a@EvQ&sp&ftsegf%eame%tloﬂ irte R aP TS t‘ﬁe 0fe &3 bReM6 are aromatic
noieties with a ring atomof the aromatic 20 ring structure bound to
either X and X2 not nore than two of said aromatic noieties R3 and R6 have
a subst i tioéi spediinatiort, thedolioing defirtion®©éppiyne aromati ¢ ring structure adjacent
to thg ring atombound to X1 or X2. In one enbodi ment of the invention, R3
to R6 are the sane or different and each is a 75 hydrocarbyl group, or a
het er ohy dr§dgFbYEinigr OB denoten AR Qe °'nf?5‘y§86‘§?ti”1du’€}*&h ipfluded Bteaieg ta

non- pol arcagshsbidiaiemt andPolefiras mbibty heos bor@bpdRding meRongloes not i ncl ude any
pol ar substituent. In one enbodi ment of the invention at |east two of (but
preferabh¥ all of) R3to R6 are aromatic noieties with a ring atomof the
aromat i ¢ ¥ hEeEtYLBPUR & DHaliMIett groee femerby nBurevipg efehyditgen retam ffemea t han t wo
of saisd afyeisedrbén; moi eties R3 to R6 have a non-pol ar substituent other than
H 30bound to a ring atom of the aromatic ring structure adjacent to the
ring atom bound to X1 or X2. Preferably none of the aromatic noieties R3
t o R6 havehwrasemylpes gpunsialsstivielentedieurderined by cempving twp aydongen fitomk droartiosmat i ¢
ring str ugkdlofdifiéemeabn b@mksMea hjdR@adbMdRuMEntRe Xalefies’® whidR Blegloer abl y

all of aromatic es R3 to R6 are non-substituted aromatic noieties.
Exanples‘%@a%ﬂﬂqggtéeﬁgﬁdpolar substituents include, but are not linited
to, methyl, ethyl, ethenyl, propyl, iso-propyl, cyclopropyl, propenyl,

pr opylyl A bejéryhydrc&emyltynmml is ahelr/éléragwublﬂirmbd by:fyeﬁio@bgjbr)d hydkigeeayph, frdaut ynyl ,

pentyl, '389&&13{» Locamﬁmggtt.y'a g@m p&ﬁ@&q om%%&:ﬁn?/c‘uﬁeﬁog{:lgxﬂyolne eyl

sec- hexyl cyclo

2-i sopr oW%%@Pb‘ﬁerbemgd?@r Ehererilich srase Aipes Wﬁ@@ﬁfﬁymo'e@eﬁ {fYougbted o- oct yl ,
cycl o- octreqipthnt frde eaiéncy bemaytarbdph@myl , tolyl, xylyl, o-nethyl phenyl,

o- et hyl phenyl , o- isopropylphenyl o-t- butylphenyl, cunyl, nesityl,

bi phenyl nthracenyl and the |ik 5Any one of R3 toR6 may be

i ndepend&F‘l’a[?/ ¥°%%8?§’6HF66 gRE 52 fiyglent Gfoueé‘%fﬁ‘egtbhéer'? VP bR NYAregeni s a cyclic
st r uébur dronRBe aarde RAdiffemgnt loarbbietomaimea heteroRGiravatioRBhariage bentiee obaien R3 to
R6 may alaJre h@( énladge%ﬁﬁ% do%gllerb ﬁ@%n{:%rcﬁmgﬁ%gtwttg otﬁep%no're'ﬂ¥§ﬁwtrdugﬁ ’thé:23 to R6

are the same or “different and each is & hydr ocar byl group,

het er ohy dPSHAHFEE VYEGIEP OF PrEPrdrosBcsrPemaierganyl group), provided that at

| east one of R3 to 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 adj acent to a carbon atom bound to X1 or X2. One or nore or all of R3 to
R6 may be independently selected fromthe group 15 consisting of a
substituted non-aromatic noiety; a substituted aromatic noiety; and a
substituted heteroaromatic noiety. Preferably each of R3 to R6 is a
substituted aromatic or a substituted heteroaromatic noiety, nore
preferably a substltuted aronatlc nD|ety The substltuted aronatlc nD|ety

1 . " 4 o I Y L Y



35 diyl; propane-1,2-diyl, propane-1,3-diyl; cyclopropane-1, 1-diy1l,;

cycl opropane- 1, 2-di y1; cyclobutane 1, 2 diyl, cyclopentane-1, 2-diyl,

cycl ohexawe-20112484291 , cycl ohexane- 1, 13di y1; 1,2- pheny| @0&/1B2010/054631
napht hal ene- 1, 8-di y1; phenanthrene 9, 10-diyl, phenanthrene-4,5-diyl, 1,2-
cat echol at e drazi ne-1, 2- N N( Ar where Ar is an
aryl group. 6r§ar5’%et8 y@?'é‘fﬂ %)?dlrn%@'e teq"i“pf"atgg?tt‘gﬁafhm%‘%?‘g ﬁ(“i\?é?as)t OWn'eerteéOAl kis
an al kyl aerowgnd whiB( R its, freeSpieR®) R ap atom4@ifef Réncardnd - N(R7) - where R7 is
hydr ogen, a hydrocarbyl or heterocarbyl or hal ogen. Preferably, Y may be
-N(R7) - I en,
Ayl | o T rur el S PR E v SRRl R SPGB Be Hor b RETL
aryl oxy, hal ogen, al koxycarbonyl, carbonyl oxy, al koxy, anlnocarbonyl,

car bonyl afivinaerpolgti addeiituenti in@ sdislityent grithapsa germeknenty ele¢tiie or tridecasodipoland ar yl
substist uteemadtt h any of these substituents. Preferably 5 R7 may be a

hydr ocar byl or a heterohydrocarbyl or an organoheteryl group. R7 may be

nmet hyl , efhyl , propyl |sopropyl cyclo allyl, butyl,

tertiar y-%l?t%’/?‘?'ﬁ%'eg&/’ﬁ&??\“t % i %ﬁﬁwvvenﬁw yte*ert’@oi)té'ﬁtewa“m catalyst or a

1, 2- di metthydnperiogtiph cétdlystet hyl - 2-butyl), 1,2, 2-trinethyl propyl (R S 3, 3-

di net hyl-2-butyl), 1-(1- nethylcyclopropyl) et hyl, neopentyl, cyclopentyl,
cycl ohexyl , cycloheptyl cycl o-octyl, decyl, cyclodec I 5- dlnetylheptyl
1- net hyl h‘é’}?t%/gomez‘s?fa’ﬂMW*%@hwd“CﬂQPﬁrﬂﬁ%ﬁ%WF@t’ﬁy? Pfeéd?é%'ﬁaﬁtf yrefieatiny | |

1- adaant prbces fadastanhy la, trlﬁbehcs epd o Hyaye luahasonl of Qtrﬁtenéatﬁﬁtchbélyﬁty@ﬂ @hexyl
cycl odod t he thyl.c cIohexyI
2- et hyl c;e/tg%{%?teeréat{sﬁ pg(% !eés:%ﬁr %(CYAfcﬁ rexgw‘grg&%l %‘ i #OP of arm ee>r<'§/ N exo- 2-
norbornaﬁ?PW@isoplnocantphenyl dlnethylanlno phthallnldo pyrronI,
trlnethyI5|IyI, dlnethyltertlary butyIsinI 3-trinethoxyl sil ane- propyl,

i ndanyl , ohexa

153- net hOX mvento S0 mﬁr%s\ént’ in enynl hazte %urpns:rﬁ;ltyyfo%ruittg}atbtheelﬂoﬂrporaf:oHI {? (7)'5‘1“1 enyl ,

(1,1 15 compound |n the process descnbed above, results in a reduction in solids formation, that is,

bi s(cycl olagxet bn&arﬁrar%ﬁa‘ﬂ)ﬁb@@tﬂ}lerﬂe Rrrh&ivy lrasfe ko rb?&@%sleglln anRARDENYhe N- nor pho
l'ine, dlphen | met di phenyl - et hyl , phenyl et hyl

2- nethylpﬁgWyW“%S%% Wylphen ,4- et hyl phenyl , 2, 6-di met hyl - phenyl , or a

1, 2, 3, 4-tetrahydronapht hyl . 20Preferab|y t he Iigating conmpound i s of the
fornula L&%Oﬁ@ﬁéﬁkd%aaﬁgg with R3 to R7 as defined above. 25 Preferably each
of R6 1s an alkyl (preferably nethyl, ethyl or isopropyl) or aromatic
(pre Qrably phenyl or substituted phenyl). The ligating conmpound nmay

i ncl ude Squoteyofehraniomi(dty to render the reaction product of the 30 source
of chr om #1013l bl nldy $eh Hbr AR drGarkSaf O Uk il BB

t emper atures and i nsol ub | ower tenperatlres €.Qg ThI'S approach
may enabhéaﬁﬁ@aW§%%@%¥§"ﬁthhe conplex fromthe reaction mxture for re-use
and has been used for other catal yst as descri bed by D.E. Bergbreiter

etal ., |n1I ein these

chr om um cat Iblg;ts]tﬁ ésnsggﬁgacr Cjnqu am J'Q%BLG#‘ZJ fézbtheb mLcJP OnSlshIrallg Iolygzhtolmr'tuén conpound
to sili ca”Ch'Oé'P‘? i teategétvdr%wsqmnébwe%ﬂ ?ﬁ”PFH'Y'bab't@b‘owe gyomiugr (dxanpl e,

denonst r ajcedody: Ghro)ﬂ&lﬁtﬂ)/héka@érb@tyt , ct@bdnl’d:ﬁﬁe(llt; ab@psdetonBi@! - chrd9A, I:h( 2),
152- 159 forhtke b|||5|

um conpl exes a
i ncl ude plog F”“mP 88un|t eﬁ?maﬁr? %F'Wél??%%¥%C% ”ﬁﬂhgpfﬁg?tn
exanplest@ﬁm§UUWemﬁ@aﬁﬁs ichwmiie déndehlandei cPrefecghlydst ais vabkdmias ngands
mher@othemb@g@yhggahchhgah1Qggqnhh§xgﬁgmcoupled either via one or nore of
the R groups or via the ing group Y. More specific, but not limting,
exanpl es of such ligands may include 1,2-di-(N(P(phenyl)?2)2)- benzene,
1, 4- di - ( N(Rtivbengppd@ (i} benzene, N(CH2CH2N( P( phenyl) 2) 2) 3,
1, 4-di (P(
1 oo di - I\ﬁiﬁ/}ﬂ niéi\%g%e#uée% h@%}%ﬂ?&&l%%i}%ﬁ@@@& 4ohosphorus oxidised by S or Se or
10(N(P(p oX Eeﬁ%ﬁh@B R B eataRRY fathereRoxy phenyl ) 2) 2) 3 and
1, 4- gBP( P- nethoxyphenyl)N(nethyI)P(p met hoxypheny1l) 2) - benzene. The
ligating, r roc e to one skilled in
the art af] %@) decrg?éﬁ gt Ry gr%ah q? lﬂigperhgﬁrg o% % tlorrs %SuthasV\fﬂe valeic? anhc}(
ol i goner |0§§ﬁﬁ'%r§ti‘atoél><y§t‘d ﬁ%yb%é fﬁﬂ@p%[t édel\’nths)f tiﬁd X'hrgspeictiveiyn apdhbondeact i on
mi xture ifgrmatidrcdt RE B R digoTend SBiekgudtiveBattéfembll Soth o drakear@h@@e. Often the
ol igonerisation catalyst will be prepared in situ. Alternatively the
catal yst may be pre-forned or partly pre-formed. 20Activation Activator
(ii1) The catalyst activator may be a conpound that generates an active
catal yst when the activator is conbined with the source of chrom um and the
i gati ng compound. 25 In one formof the invention the activator is an
or ganobor on conpound that i ncl udes a catlon and a non- coordlnatlng an|on of

1 L F r~7Z7 r~Aa\ a2 ~r~ 1 ~r- 1 . o, .




X is an integer 1, 2 or 3; each Ris the sane or different and each is a
-H, hydrocarbyl group or a heterohydrocarbyl group; provided that at |east
one of RwoOnpriesxR’at | east 6 carbon & oms and provi ded PCHABHE/034631 t he
total nunber of carbon atons in (R)x collectively is greater than 12; R4

i ndependently at each occurrence is selected fromthe group consisting of
hydri de, dial kyl am do, halide, al koxide, aryl oxide, hydrocarbyl,

hal osubstRrefetably-teylgrtrgaompbundagla bidésate hgadndsubst i t ut edal koxi de,

hal osubst i tut ed-aryl oxi de and a hal osubstituted aromatic noiety with at

| east one I|de substituent on the aromatic moiety. 5[(R)), L* - H is a
cati on. raﬁgrﬁf‘i '@ﬁi"}ﬁrqoﬂ}‘pm[’wé)%the‘form%“| s a Bronsted acid. A Bronsted
acid i5s any conpound that is capable of donating a hydrogen ion (proton).
Where L* is an atom sel ected fromthe group consigiing of Nor P, the
cation [(R), L* - H + RAy be represented by the formula 10[ RLR2ZR3L1-H|
wherein: L1 = N or P Rl, and R3 are the % or different and each is a
-H, hydrocarbyl group or e’erotiydYocarbP_group; and provided that at

| east one of R1, R2 and corrprl ses at | east\g carbon atons and provi ded
further that the total Rdumber of carbon atoms i , R2 and R3 collectively
is greater than 12. Were L* is S the cation [ (R .--'H may be represented
by the formul a RR1R2L2)2 Hr wherei n: = S; Rl and R2 are the sane or

di fferent and dr.ec I r. r.o drocarb group;
and pr owvg?é tﬁ:% Y §Tf2igdstherer>e (S)(f Eﬂw argﬁfjgendem%sseegecgﬁd fhemastrfeg Eyr bon

at ons andwp?@mméa'trpm ReQSPheTHT. arseaict @ﬂt'monhamaé'ﬁmetﬁ apdrot Rit ewseacm R1 and
R2 calol echdepghdeniiba BYdRREBY! drdipidr & RetedfRkocaiiyl @BGh. R3 are each independently
an aliphatic hydrocarbyl or an aliphatic heterohydrocarbyl group,
preferably a sat ur at ed al i phatic hydrocarbyl or a saturated aliphatic

het er ohy dfrefetablyyd’ andnsase presfeadertiy gelecter it ihewtad chysditiog efribys$phorus and

substi t utgehgaRt MROBAFASRAY Y landierfe tHaesid idst yfema%w@afh e AeNeRps ar
groups. 3§§U|tabl e exanples of R, R2 and R3 include, but are not [imted
to, methy , ethylenyl, propyl propenyl, propynyl, butyl, pentyl, hexyl,
cycldﬁexyl 2- nethylcyclohexyl 2-

et hyl cycl F@h@W a6t )Hdegen@&rn%lsgl@&‘t% frbr WPGEY conS€fY!of a non-aromatic moiety;
dodecyl , tetradecyl , oct adec

i sopr opyI Meraﬁgm:e%@ﬁ%ﬁ|heﬁf%lﬁynpat|§ BIO{RLY; xRyefgrably each of R*to R®is an aromatic
0- net hy| phemydromersstity nplegnydare @referaisipEnopiphmptie molety Ondiudiigt ¥l ibstnytbd
bi phenyl ’armntnwety)aﬁ% Er]aﬁ“.a!id rlﬁgiety (%@ugs%ugd%}%&z%%%/Aa§%9%9143g%ﬂ§r§/?‘

20  or a substituted phenyl.

One or more of R® to R® may be a substituted hydrocarbyl group or a substituted
heterohydrocarbyl group, of which at least one substituent is bound to a hydrocarby! group or
a heterohydrocarbyl group.

25
In this specification, a substituent with reference to moieties bound to X' and/or X% is a moiety
(excluding H) that is bound to a linear structure or a cyclic structure bound to X' and/or X?, but

the substituent does not form part of the linear or cyclic structure.

30  The linear or cyclic structure may be selected from the group consisting of a linear
hydrocarbyl, a linear heterohydrocarbyl, a cyclic hydrocarbyl and a cyclic heterohydrocarbyl
group. Linear hydrocarbyl may include methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl,
nonyl, decyl, ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl,
decenyl, ethynyl, propynyl, butynyl, pentynyl, hexynyl, heptynyl, octynyl, nonynyl and decynyl.

35



Exanpl es of suitable non-polar substituents include, but are not limted

to, butyl, pentyl, hexyl, sec-hexyl, %yclohexyl, 2- et hyl cycl ohexyl ,

2- et hyl cywbabexoaB3272- 1 sopr opyl cycl ohexyl , cycl ohexenyl , PREABIWMO/PS46BIXY Ny |
octyl, cyclo-octyl, cyclo-octenyl, 2- ethylhexyl i so-octyl, decyl benzyl ,

henyl , toI th hen th hen 0-1isopro hen I
g-t-%utyl @hy?te%g%%?ﬁ?%ypﬁﬁ%h:@ %IhBWeﬁg‘nyH'g 'KR?‘I/ th'&?ﬂ‘?ﬁga@g%y"g'y' a%d t he
like. In @h\ésﬂelnmwlylmmo oﬁetbmosn‘mentmebmnxyraethweawt tmtm&yrﬁétmmnpwnses 6 to
40 car bom@tREByW) RAcled aéycl@s‘;row Oi‘%onué{f én;g%&&ﬁ%b%%ohe?rlef ?EI?Q%%}I 2 o a0

| east one of R conprises

total carBGRE&Y 1 EYenony. bcéF'P%‘?%'d QVH'aeefIm' pPEBeIERY ofCYFrAgeBhaPheny!,

hydr ocar bayalogentsitenyiu emepbthalenat, insrbbiygl oamany, s ptastnthiéasl, s ahdkicagyat | east
6 carbon ;%teg neylr qg‘l%@érohébﬂthﬁ@héyya&é%hlinnprir?delﬁgl %IQII %brlanyd%ino% qtl CCsﬁ)l utions

thereby facilitating activation Y081 i eved
t hat \/\her@t‘i’ﬂé’df"ﬁ'a}’ M@tb&cluge  expherfueths tqtfﬁhquféh'%ﬂ%arphwhdsmﬁybt| t uent s

t hat R1, ;R%namdyl Rydhaiviey,i sxalr edtagdlylt Masnyl 2thidpRénesiol pyizbiirly Sykaolye
catal yst agtiy b%zgf% @J, Cgmgra lg@m&nnds wi |l be increased thereby

resulting 1rni n ollgorrerlsatlon with low solid formation.

As di¥cussed herein above, R4 may be a hal osubstituted aromatic noiety with
at | east rhe h9.|nIaSJ&aI§ﬂbét§eTeU@ﬂtfrdﬂrn at BRUR 0P MtAIBcdnkd Guct s % BerRLE1ed

enbodi men?;IrCO LA Ian'f]\(;ﬁnt ion, t he 20hal osubstituted aromatic noiety is

pent af | uorop”h Iy T 3* PPE but non-1imiti ng exanpl es of organoboron
conpounds havi ng a cation and a non- coordinating anion of the fornula of

the presenbfetdBNatitd @Mure 8RaBdihoiBRSsek Whl@'{bQVﬁg atb Gk Mg%romatrc nng structure is
dlhexlyl(rreth%/l?a} iu tedtr'{a}lra;qs?f fluggﬁenlé/ bor at

5 ooty CHEY 1A ah R A U ARl Eehe Rt PESE S UG PP s feicgemate ring
met hyl di (svottyle)admmen athe tlfmznaklbs(rpem(hcbrlxior ophenyl ) borat e;

decyl di (et hyl ) anmoni um t et r aki s( pent af | uor ophenyl ) borat e;

dodecyl di (et hyl ) ammoni um t et r aki s( pent af | uor ophenyl ) borat e;
tetradecyl di (et hyl ) anmoni um t et r aki s( pent af | uor ophenyl ) borate;
30hexaade®yledib(yne twoydr namerohiR Ut R°eitre arsina{qorasittas lwita rzoplgesmnh bf the battic
oct a%cyl%gnﬁétpxlbzm@IIWﬁ Shd RS RO L'woosfos%heapgfI]%;.cW{&esR and

ei cosyl dl% anmoniumtetra ent a uor ophen

met hyl di (HEye %H%WPMOH@I Péﬂ@@&@h?fdh? HOMgfhEstryctiygradiagent to the ring
met hyl di (dedeeyk xaxhon®um t et r aki s(pent af | uor ophenyl) bor at e;

35met hyl di (tetradecyl )anmoni um t et raki s(pent af | uorophenyl) borate;
met hyl di (hexadecyl ) ammoni um t et r aki s(pent af | uor ophenyl ) bor at e;

met hyl di (awaﬁwpwwmhanweemaﬁ SIQn%n%faftmmé@mhemfﬂebenbewheech is a

net hylsdi (rgeesy b&ﬂﬁmlatﬁétér@{yﬂ@liér&(l REYD thIcHQBrQQIh@Hé/ EQbsﬂQérﬁ-B?contams a

tri hexyl am;ﬁon tr taf o) i oct anm)ni um
tetraki s(pem fa b1(é‘)t‘rizo féfj 81% @ﬁe?ée erfqg'”F 8‘?(9” %? I‘I?Sdgfﬁa

t et r aki s(%‘éﬁﬂé)ﬁ@ﬁ‘é’ﬂt@éﬁ“@nweﬂ'wa@%f twordf (Hus QFetﬁcab}M ellaﬁhﬁhuom’h are aromatic

t et r aki s(h@slediittiarag E@)W&f)th@%ﬁhﬁ’o rIrIgrs'trg&Gr)élbemme')@m X but preferably not
tetrakis( enﬁafl uor o %1 or.aft e; F I amoni u

tetraki s(PEREENINRDP %ﬁ%"fé t'ob’B? gies R é‘f i P%Vter IaéﬁI‘R?H‘i“E?hOther than H

t et r aKi s(hoemt Wfd tingraiphehipk erdowatiatieg sttuciumearcmhewb drenngi aism bound to X' or

t et raki s(ypent af | uor ophenyl ) borate; trioctadecyl ammoni urn

t etraki s(pentafl uorophenyl) borate; trieicosylamoni um

t etraki s(pent afl uorophenyl) borate; hexyldi (n-butyl)amoni um

t et r aki s(Ryefatadl Inaos ofpﬂ‘nela;dn)anba’ro&hes RIBRY r;dvdia(rmmh;utay bIRBUBIYORC to a
tetraki s(rmsngtaﬁ | 4 Qh OB %Iy+ in %Ireéftt&e ag,ggxhdt VR0 WM or

tet rakl Fpent af | uor op T
t et r aRi s (FPefRtREY Pb@‘r%‘l‘%'ﬁwo)e“%'? A& a@dloa@ezswutﬁd(amnwmo)eamm um
t et rak| s(pent af | uor ophenyl ) borate; N, N-di hexyl an| I | n| um

tetrakis( or.ophenyl ) borate; 15N
t et r aki S(&gﬁ%;@; Ioﬂts)l‘r"t(z)aglﬁer?él 'a[)(s)?tgg'teémi\l rﬁiug%-’ gbg@{: I’%nI"I eﬂlt‘ﬂln‘?’ethyl ethyl
tetraki s(eﬁ@ﬁYIaPIoeﬁr spireonyl Fydpranyie ;pradensibt propynids dotdle spé-autiil tentianbutyl,

te‘t raki s(pasiusi |Mﬁ§r9phﬁi}ﬁ%) pQQ{]aIsgpentyI neopentyl, cycIol;zenty S%r%t%‘nyI upoelntggyhenyl

(o aniliniu
bor a’gg g?éﬁohé % EB&@’B%@I?@I RCRRF YRt T W%IQY'%YEBE?ﬁVhf SR IFETSNS Yor at e;
nmet hyl di (dodecyl ) ammoni um tetrakis-(2, 3,4, 6-tetrafl uorophenyl) borate;
trioctyl phosphoni umtetraki s(pentafl uor ophenyl ) borate; trihexyl phosphoni um
t et raki s(pent af | uorophenyl ) borate; tributyl phosphoni um
t etraki s(pent afl uorophenyl) borate; dioctyl (nmethyl)phosphoni um
tetraki s(pentafl uorophenyl) borate; 25di nmethyl (octyl)phosphoni um
t et rak| s( pent af | uor ophenyl ) bor ate; b| s(di hexyl sul fi de) on| um

v T O o o, NS A P\ AN ENY AL O IESES 7 NS -\
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5 Further non-limting exanples of activators, include al unoxanes, alum num
al kyls, other netal or main group al kyl or aryl conpounds, ionizing

acti vat orwp 20hiss2itay be neutral or idnic, Lewi s acids, PcedBilgs4assent s,
oxi di zi ng agents, and conbi nati ons thereof. In one enbodi ment, al um noxane
activators n activ in the c i tions useful in 10
the i nventf exe’)&% J}??(%”cy é‘ﬁéyé‘ aP%y'g@'ﬁ oé[yf VYYP- Pﬁ?ﬂ?‘ggﬁﬁ cCERPOUTEEY Mt ai ni ng

- Al (R*) - Ovlys ubronathyiphenyh ee-ethRdhdng!, amisedrégyiphgmyb u p-t-bitylangriyle scunfyl, alesigik anes

i ncl ude rmgﬂgy,l,la,larjmg%mrg )and@tdkk @l unbxane, isobutyl al unoxane, and

nodi fi ed nmet hyl al unoxanes O, which include al kyl groups other than

met hyl such as ethyl, |sobutyl and n-octyl. Al kyl al unoxanes and nodi fi ed
al kyl & unowanesf Rite F@may aé)lneep&sdmy tilkgd to aretor wateosf eactpadrj @ wd #rd fprmwhen t he
15 abstragtahl g ki,gand of the catalyst is a halide, alkoxide or am de.

M xtures of different alunoxanes and nodi fied al unoxanes nmay al so be used.
The activator conpounds conprising Lewi s-acid activators and in particul ar
al unoxane®’ sat &’ syag oé frecaink yne RAsracR erdybedhdanteh &R°tORT BN NpegeNemRl

fornmul ae: 20(Re-Al-0)p Rb(Rc Al-0) p- Al Re2 where Ra, Rb, Rb and Re are,
|ndependently a C1-C30 alk radi cal, for exanple, nethyl, ethyl, propyl,
but yI10 pdptepptherrmbadiment ph %P invggtiop] R® ioRyare tereame omgiflerens"andseaghnisi at eger

f rom 1 t waa:beatbyl @Q}Up&ﬁ al\ﬂb%ror@aﬁedarf)yl (@;&Jub){pre@&bly@ﬂ,or&y@ﬂ@pf réided @aeh et hyl

and "p" | 3 le%st 2%% Rt Rt coﬂaips ago Iarysubs%éuege ona %6 not ﬁgé(éfd&&éae enpl oyed

in the préparatron of R K& xane are
groups nespnigias Rapiadeubstituest Ro R cargon tomjof R} @di)@dlazmﬂ tOt esrbaxl aeroRemd t s ot a

fll screte Xﬁf’éra(zl a:i)ne &nmaﬂewad?@”@ F@%’Qﬁrb'é' ||'1Nep@né@itlﬁ‘séq'§d{'&)efr% t@)&lauﬁ he
i neq tain free

C i cal
L1 st PTRGOST 4 PLRTRGTS P GAPHEIR B0 o1 RUdse FPRPG B0t (d)
al um numsubsiithted mﬁmmmatmwm Befepdblweacy ioh§’ ddRjiisee subhtitotedl gmmetic sad | on.  For
some enbagdbsmmds hetbrroar'oﬁmaf?cf &Rty 6fork k@éfeﬁﬁ?@%@tls‘ﬂﬁ%%@ﬁ &OHB@{ n iI‘f*?é/\'er

| evel s of trinethylalum num Lower l'evels of trimnet Um num can

achi eved H§SHEHLY" g’Bﬁt'Co’f‘o'?tPﬁé‘ﬁylcf’WﬁT%‘fﬁ SHOgHIRG ATSIVE h 'réorlf’e‘?ﬂ‘%’dﬁé?é‘b"fd“e 35by
vacuum diistenfidnedt ileast b dof ket prefenatihsil ¢f) BhiorRfrare ardmatianith atrihe mtoreanse known i n
t he t r i P 952, 540,
L 04?05845&5&.1‘&.25 ggu%cmg%md%xoeﬁx ggﬁprgﬁgmy n@% 2&3@ p t&/ﬁ%ggﬂgg%glaﬂc

4, 908, 463n0ifle8 88 1@y hawe Szybﬁ@@”t BoUpd 40 g'ing ajorp s teggaromatio 4y ytgrPiures | 103, 031
and EP 0564516 Adthe By A&7 3686BA X' &FX?°0516476A1, EP 400594218A1 and WO
94/10180. Wen the activator is an al unoxane (nodified or unnodified),

sone enbodi ments sel ect the maxi mum gnmount of activator at a 5000-fold

mol ar  ex WY $OIRN FUBPUREPN P1Fe" ERIHI TSR pRendrs gray bsRieetror danating pr ef er r ed
activator-to-catal yst-precursor is a 1 1 nolar ratio. More speC|f|caIIy
the AI/Cr 0 Al unpxane e produced by

t he hydr o%urt%'é 80'% stufﬁgt(ﬁmngs rg% %?/3 n‘Eegﬂl’ al eﬂfoé( u?ﬁproﬁ)ﬁfyc% %6%?1%0’(3’!\;!\7% Hay be
produced 'ﬁﬁihqthéethx}dr G‘PWWEOWM r |1n%t>*ﬁ}1>lﬂl umeﬁ@mr@mf@xa hinghey!, amino,

10t ri al kyJeAtattiBrdpHBACKUC Ros@S nlekyisSIRIAUL YrknAdthyiiGhlyU iim ctYBrBn AT KiIRaté@hiugt Y Of

nmet hods thFde\%ﬁe@ ring al unoxane and nodi fi ed al unoxanes, non- limting
exanpl es '8 [CR'S e described in U S. Pat. Nos. 4,665, 208, 4,952,540,
5,0980352, 5,206,199, 5,204,419, 4,874,734, 4.924, 018 4,908, 463

4,968, 82% n@y?’&gs&géed %0%29190 gu émr%ﬂgm%gﬂ- an oﬁg%h% groép Js'f_igh %§7

5, 103, 0321h Zl. 793 5,391, 5
'ydrocarbyléne, substituted hydrocarbylene heterohydrocarbylene and a substituted

heterohydrocarbylene; an inorganic linking group comprising either a single- or two-atom
linker spacer; and a group comprising methylene; dimethyimethylene; ethylene; ethene-1,2-

35 diyl; propane-12-diyl, propane-1,3-diyl; cyclopropane-1,1-diyl; cyclopropane-1,2-diyl:
cyclobutane-1,2-diyl, cyclopentane-1,2-diyl, cyclohexane-1,2-diyl, cyclohexane-1,1-diyl; 1,2-
phenylene, naphthalene-1,8-diyl; phenanthrene-9,10-diyl, phenanthrene-4,5-diyl, 1,2-
catecholate, 1,2-diarylhydrazine-1,2-diyl (-N(Ar)-N(Ar)-} where Ar is an aryl group; 1,2-
dialkylhydrazine-1,2-diyl (-N(Alk)-N(Alk)-) where Alk is an alkyl group; -B(R')-, -Si(R),-,

40 P(R’)- and -N(R")- where R’ is hydrogen, a hydrocarbyl or heterocarbyl or halogen.



5,731,253, 5,731,451, 5,744,656, 5,847,177, 5, 854,166, 5, 856, 256

and5, 939, 346 andEur opean publicati ons EP 0561476A1, EP 0279586B1, EP
0594218AIWendiERs®386665B1, and PCT pdblications WO 94/ PCOABD1GNZH6MO

99/ 15534, all of which are herein fully incorporated by reference. Al um num

| kyl b t d t
2ca¥en8<rar srfg R u%‘gyt%g%ﬂ ’ﬂgi"gﬁ Wla%?rfeand%fﬁ hglgl[ﬂ‘f:" ﬁ%?ﬁ's Ing o %yhr\égenor s (or
trii sobutayal swhistiuted elkyl- rengx plbdtituadn@ng, Eerioxp- colsjilugddumrymim halogen,

di i sobut yAnawamaHW Q\A%hﬁay eawgw aLM.%awanw QJAH)Q Smindll 8RYILAINEMsM

chloride, dieth um num e and t lik oni zi ng Activators In
some enboPIRERY ge”vlaﬂ‘ifs %etr?‘gaalrﬁra“{' ﬁ&?ﬁm‘ée& ‘ﬂ@rﬁ‘)‘olﬁ’ﬁﬁﬁs‘i ﬂﬁ’?t'ti‘(ﬂgﬁs SFePRlEt a

| i gand ek mgy thhen hetradarbybnmphb eveteoattydrocdrioy! an@n prrganobiétergl erogha®’ geapad anci ng
non coor %&%I' &gyl Oﬁroﬂwaigop\’op&&c?&ﬁwyp%h% nﬁxtﬁ”ﬂe&/ﬁry—bﬂ}? steﬁ‘o%! cyclobutc\;I

"non-coordi nati n

coor di natRe"tb ésag‘?f“éaﬂl SHMEIYRIIPY h (F-@enr3bupdak I ¢-2BetayRiaRYe d(V &3 d
cation themeby-2retyd)i nitg-nsdtividycbeadyl)ietlyabi heptmylbe cgéigRhee edeyiphékyl-ew s

base (Torc, GYAIR), %gdaoaﬁ%ercg' Uk 233herrhl, o hOL), AGARERRSG Of LN o

|nvent|on to oi chi o (of ac Iva i oni c,

such 1&s H”I"E(pﬁmbfwyb thHW?Wét f AR En2-asarnantt phisay pRnyelelexyla 2.6-
t ri s( pentahttpeyepheqy! ) bgtieddaas,al | mncétrnrcaﬁwesnr OB-nFethylcyclohexyl,  4-

tris(hept I ht t Rlegur h o nat ed
het er obor'ﬁ%hﬁc ﬁ{?geﬁg %‘%@? Iﬁ'%@%'m% &gl 0rp Iy c é’é‘F’a’ %ggim%a'i Xyc%o Q’E % 459) or
conbi nat |'29PP0[W@V|e@@quC?mP'$ena'l §'019WY'@FFMQ PN@'IS@@peyf@fy‘ timehyisivieditet- t 0 use

neutral Qertiady®iyBilyRC3- trMﬁ%&ﬁsnl@h@ﬂ@py@r muéhypqqabmsrx&rew thmahsypXape or
nodi f| ed fl unoxane acti vat f tral i chionetric

act i vVat or5™PRRE Y ¢ - ‘EWH}GB@ or%ne?t'ﬁ'g?‘itgﬂ‘?qeﬂ}‘h gT”ﬁWP'FﬁTPﬁ d4'Ti um and
i ndi um orbisteyetohexes- 4t4h@e@w13ne)Thé 6theryenes uistaphttgnt 2geghiips  aN-eogaolineb

i ndependedwex uaahﬁctﬁﬂd't)ﬁéamafkduﬁybﬁeny@wlenyhémwbﬁén@@lens ReRphbgpt ed.al kyl's,
aryl s, F % nt's, the three

gr oups ar naéﬁmh BIR: Qa2 f Port REPYEORPPHYho or nul ticyclic

(i ncluding halosubstltuted) aryls, alkyls, and al kenyl conpounds and
m xt wpes BefBRkne lBEﬁg%%?&;r@ﬁ@of%e“f@Mta groups having 1 to 20 carbon atons,
al kyl groups having 1 O carbon atons, al koxy groups having 1 to 20
carbon atons and aryl groups 10 having 3 to 20 carbon atons (including
substituted aryls). In other enbodirents, the three groups are al kyls
having 1 to 4 carbon grgups, phenyl} naphthyl ofs m xtures thereof. In
further enbodi nents, the\t\;oe groups are halegenated, specifically
fluorinated, aryl groups even f rther odi nents, the neutral
st0|ch|onetr|c activator is(p fTuor henyl ) boron or
trls(perfluoronaphthyl)Agoroi 15 Ionic stoichionetric activator conpounds
may contain an active pggdton, or some other catgeon aSSOC|ated w th, but not
coordinated to, or only |loosely coordinated to, the- Venalnlng ion of t he
i oni zi ng conpound. Such conpounds and the |i ke are described in European
publ i cat i GRREPRORRAB2ALVEP 0520732A1, EP 0495375A1, EP 0500944B1, EP
0277QQ3A1 and EP 20 0277004Al1, and U.S. Pat. Nos. 5,153,1 57, 5,198, 401,
5,066,741, 5, 206,197, 5,241,025, 5,384,299 and 5,502,124 and U.S. Pat. App.
No. 08. 285ef3&6l,y dath et RAlttgﬂgﬁs a aﬂkﬁgér,ell‘e&lbly méthybhita)tﬁh oﬁﬁﬁ;phﬁgﬁgﬂarfombho/
i ncor por atal ysts can be prepared by reacting a Cr
conpoundqaﬁgﬁgéoﬁﬁﬁﬁBﬁﬂﬁgwn%Pa#ﬁwgc|ds 25 such as B(C6F5) 3, which upon
reaction with the abstractable ligand (X) of the C conpound forns an

ani on, suw ligainh Bohdtby %%iﬁdud%l @Wn&‘éﬁ@-bﬂoiety&@%ﬁd@ﬁth@ A frodutt SRRCT es

gener36t edsoﬁj% react | at a sts acti vat or

conponent’s, ﬁ/ﬁpc CTAr e a|non| csa'cg q'S%ﬁ p"&%‘d@??psé’@ib@ agﬁ'g{‘er ?WW%LH% nd
enbodi rrenm@'ub@cﬁ’r}j@fmﬁd@ﬂm@ﬁfm egs 281¢. dbsiapatoeeh weyrpoatdmthei racavlry gbittepar at i on

of the i QRinplekator! ¥t readivh GRRASRH ré-Dsd BEY Iﬂé@%@é’s ugd Foh'o?heF Qgt%f?gt' an
conpri se | e"of donating

ti a_Bronsted

a proton daa‘?ﬁge%%%ﬁp\é\g?r?@?'éerﬁgﬁ do@? 04%3’[ PRY BRI JHQV\HVGﬁg i aéa}ﬂab\{e@ of

st abi | i zitmgetchmmaot calaystataal asstbedprobissd Whbioliing thefiigating dombrend tdhelichwo
conpounds are conbi ned 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, nitrites and the Iike. Two cl asses of conpati bl e non-coordi nating
ani ons useful herein have been disclosed in EP 0277003A1 and EP 0277004A1
publ i shed 1988: anionic coordinati on conpl exes conprising a plurality of

| i pophilic radicals covatently coordinated to and shielding a central
charge-bearing nmetal or netalloid core; and, anions conprising a plurality
of bor on atoms such as car bor anes, 40rret al I acar bor anes and bor anes. In

Y R T - - o, =

oy oy o, e



amnoni uns, oxoni uns, phosphoni uns, silyliunms, and m xtures thereof,
specifically amoni uns of nethylam ne, aniline, dinethylam ne,

di et hyl amwoepii4g®erhyl ani | i ne, di phenw anine, trinethyl 6irAB2010/054631
triethylam ne, N, N-dinethylaniline, net hyI di phenyl am ne, pyridine,

p- br omo- N,,N- di nne |_ani |l ine. anilin pgos honi uns
from 20t hefRYFHA %Sh%laﬂ%or PR ﬁ ﬁkh?'u saﬁh Oﬁgxa"goﬁdqémﬁ%gﬁw gh& T‘ﬁ‘r&é‘ ¢t oxoni uns
f r om et hedsChineds Jage@l st h1>992 A er52dise fdnyrhmeltillsing platimtry edmyptxe$.ur an and

di oxane, sulfoniunms fromthioethers, such as diethyl thioethers and

t et rahydrgt hene dm x ures thereof. The activating cation (L-H)d+
may al so ﬁ?n &9 08?190@36'??3’&? ude I””\)’(L}'tpP e ligatiigyNits, ph, dep vt ke eIRRY, NP@‘F'?‘B‘g%ni uns
and nidxt upxesples pesich ligaabi$ inclode Bowiimens: lgacisfasrwe @e figands whéna tieniedigddendi nent
(L-Hd+ qggmgqmﬁté br%hé%ﬂ?/tjad 3@%@0@% 'amno;l;h& t@éﬂh%uféQ%P@Q%tnnﬁd%%logs'wdes

t hose havmg formu - wherein IS an inte to 5, nis
an i nt ege¥ rSB‘?ﬁ'fﬁ fuit nfyt "m'tfi‘g’-e’ﬁ’mpf@ﬁ"és%ﬁ liggpnsigaray 'wdédtz’e‘ﬁ NPGHetolp 13 of
the Peri deingenéabl e 1atdi{Me(dbbamprtbenzedpeci f NeEH,CY,NBpaaNOL),)al um naer and Q

is i ”depe(ﬂ%gwl))ﬁ(rﬁethﬁﬁ HHXW i, Q%n.vré%' q%eoql(l\?{ﬁ H@Qh&%ﬁﬁeﬁig}?%ﬁ&%& fpy halide,

al koxi de, ar subst ocar byl ,

substli ut(é'éf’(ﬂﬁle&?é)‘%?'l‘y é%”%?oﬁ@é@%'ﬂﬂf@dmh ﬂ’fyéh@ry%)zl)s pedi ‘cbfidP(Psai d Q
havi ng upnétboxgfhedaNiBBth@iFRIpBnetokypheys,)bexens0 that in not nore than 1
occurrence is Qa halide. Specifically, each Qis a fluorinated hydrocar byl
group having 1 to 20 carbon atonms, nore specifically each Qis a

f 1 uori nat &8 'lap4no cgreoyds ary h?dg@pasqﬁewrfgl Reededyreg BeanahtoQng skibledoiariteagrt uor y |
aryl gr olgnd pF6adPéLBrniihg Sart Jr st sHtheddr50 | ncl ude di boron conpounds as

di sclgsed in US Pat. No. 5,447,895, which is fully incorporated herein by
referénce. I n one enbodi nent of the invention (Mk+@n)d- may be sel ected
f r om t he gecligeressination setatyst ey kenprepar¢diin (sOR)tdt is ia twomepdion dhixtere liudhily  a

moi ety Al tﬁpla).&neyaslat@n sraéc&mm%aiaﬂé ra)&c& hebf@éw ol AQ&J@@%% ?m E'e R ' S
defined as ab

i nvention
sel ect ed W?‘@ﬁ?dt”i’lé’t fgﬁrﬁate’te}%rl‘es‘ia aﬁ’jt ’B?y% ‘(rﬁ&’l‘i'%‘j %’pa[t)&f{?)feﬁ”ﬁﬁg;) 3} 4]
[ AL(006F5)4]; [Al( 06F402) 2] [A{0C(CF3)2C(CF3)20}21; [A F{OC(CF3) 3} 3];
[ Al 299C( CEé’t)v'a"tiJo@.] ; (Z) AL{OCH( C6F5) 2} 3; (2)AL1{0C(CF3)3}3 and [ Ta(0C6F5) 6]
5which noiety Z is not -AR as defined above. Illustrative, but not limting
exanpl es of boron conmpounds which nmay be used as a catal yst activator in
t he prepakaivaton(idf the i nproved catal ysts of this invention are

oSSR AUIRAIN MBS § SHED S inal QLA IR QX'%W@D i/l LRGF aRDeny!

borate, triethylamoniumtetrap r%@ora tri
t et r aphe AR St@Mbned Wi thBﬁ?‘We)%{ AiUTh?Cdbe ’Q@R’&WF@@H"& e,
tri (t25buty| ) amoni um t et raphenyl borate, 15N, N-di nmet hyI ani linium

tetraphe .

N, N- di msmg Pé)f %?f %y%%moﬁttm{gnpﬁtclr |sné n%pg%no%)[; %un Ohragltnblude[sraocr?lil?ri i um
tetr apherﬁﬂplﬁd\oaic@)fd'”at'”ﬂ @F'B'h@fﬁﬁﬁ @%Jle'l?éfﬁrmmﬂ tetr aphenyl bor at e,

20t ri phenyl phosphoni um t etr aphenyl borate, triethylsilylium

t et raphenyl borate, benzene(di &éolreu W)[F@{A phenyl borate, trimethyl amoni um
t etraki s(pent af | uor ophenyl )b | anmoni um

t et r aKi s( pent affletedrophenyl ) borate, 25t ri propyl amoni um

t et raki s(pent af | uor ophenylg hofidh %le&édf(o’ﬂ'\ thél%béb% BOHIRMJUIN, S and P;
t etraki s(pentafl uorophengy/ﬁlf% bor trL sec- but yl eqammnl um

t et r aki s( pent af | uor opher9§ 387 )eL*NHI\l-&lE??%RSFﬁ?IaQ i 1inium

t et r aki s( pent af | uor ophemnyit adotegeret, 2N 8 di et hyl ani | i ni um

tetraki s(pentaf | uor ophenyl) ROt AL§ diff _

30N, N-di et hyl - (2, 4, 6-t 11 met h fﬂaniam:,e ro"r u: rent and each is a —H, hydrocarbyl group
tetraki s(pent af | uor opherﬂ/F‘)hE'SfO&Y‘gocafthb%P'FH i um

t et r aki s(pent af | uor ophenydvdaartiad e Ichasti qab&nﬂ Canh e sy !atnfbast 6 carbon atoms

t et raki s(pent af | uor ophe ) ny hos honj
t et r aki s( pent af | uor ophe%b &'ﬁfdgé (?Urth%cr lhgp%fe totgl glr {4 :farbon atoms in (R),

t et r aki s( pent af | uor opher??l‘%cb‘(ﬁya% @featsstb@fht?ene(dl azom un)
t et raki s(pent af | uor ophenyl t)l&b’éﬁ&eﬂtly bl iefddt BotLREATBNE Whected from the group

tetra s(2346tetraf|uoro n borate, tri
tetrgbl s-(2,3,4,6- tetrafcloudsrt'th‘g 5Y%’8%r8'tah§ylam'd° %amé a'kox'ge aryloxide,



tripropyl anmoni um tetrakis-(2, 3,4, 6-tetrafl uorophenyl ) borat e,
tri(n-butyl)amoniumtetrakis-(2,3,4,6-tetrafluoro- phenyl)borate,

40di met hyWORetwmgi2y armoni um t et r aki s- UZ, 3,4, 6-tetrafl uorcphBzyddfesiat e, WO
2011/ 04852719PCT/ 1 B2010/ 054631 N, N-di met hyl ani | i ni um

oo 23 e SRl bl SRk b o

N, N-di met hyl - (2, 4, 6-tri n@igqxgdpahq;!pqumt@ﬁ?d-ary!oxide and a halosubstituted aromatic

tetrakis-(2,3,4,6-tetrafhyiol QRAENYAs B i€ subs@Rink bt WBaromatic moiety.
tetrakis-(2,3,4,6-tetrafl uorophenyl)borate, 5triphenyl carbeni um
tetrakis-(2,3,4,6-tetrafl uorophenyl)borate, triphenyl phosphoni um

t et r aki s-I(RY 3,-4{16is eeaticrf Masrmapiselayy, J(Barlat &) it a Benstyd gdid. y Bramsted acid is

Letr aki S-{rf cfmfo.a 2k k bbai PBARANL 4 RRF IR iorfiBRRANC( di azoni um

tetrakis-(2,3,4,6-tetrafl uorophenyl )borate, trinmethyl anmoni um

tetraki s(perfl uoronapht hyl )borate, 10tri et hyl amoni um

t et r aki s(\Weerk ILtiGranatpitselebted Gpattes goup perayitaofbnt Bnthe cation [(R), L* - H

t et r aki S(rPEJJeer&E%?e%%*&Ye'%Maat e, tri(n-butyl)anmmoni um

tetraki s(perfluoronaphthyl)borate, tri(t-butyl)anmonium

tetraki s(perfluoronapht hyl ) bdRdR & LXIIN- di met hyl ani |i ni um

t et raki s( perf lwereomapht hyl ) borate, 15N, N-di et hyl ani | i ni um

tetraki s(perfluoronaphthyl)bgr@te, N, N-dinethyl-(2,4,6-trinethylanilinium
tetraki s(perfl uoronapht %J g? ordte, tropillium ‘

t et r aki s( per f | uor onapht hyl at @re e ppneprdiftessrhard eaeh is a —H, hydrocarbyl

t et raki s(perfl uor onapht hyb)dap aaleerontdroghgnylbph @as@honi um

tetraki s(perfluoronaphthyl)barate, 20triethylsiiyljum ,

tetr Zlﬁi s(per f | uor onapht h%/f?‘g'%gr@?te%t ! a@?\f@%é’?ﬁ ’allzzo%ri‘du#) comprises at least 6

t et r aki s(perfl uor onapht harbobcatamseand proyigachfftzantiaiitheriotal number of carbon
tetraki s(perf | uor obi phemybodRratieant R &3IBdhATTERAHPIhan 12

tetraki s(perfluorobi phenyl)borate, tripropyl ammoni um

tetraki s(perfluorobi phenyl)borate, 25 tri(n-butyl)anmonium

t et r aki s(\yegré L-Uie Sothie gatonyIR).LSF HE @)aytorirdpreseatey by teriamiulam

tetrali s(perfluorobi phenyl)borate, N, N-dinethylanilinium

t et raki s(perfl uorobi phenyl )borpg%g, N,.N- di et hyl ani |i ni um

t et raki s(perf I uor obi phenyl ) bdFaR&22KI'N- di met hyl - (2, 4, 6-t ri met hyl ani | i ni um)
t et raki s( per f Iwteraxbi phenyl ) borate, 30tropillium

t et raki s(perfl uorobi phenyl)dorate, triphenylcarbenium

t et raki s(perfl uorobi phenyl)borate, triphenyl phosphoni um

t et raki s(perf! uor obi phen%l*)’lgd? e ihersamet HyATerany ppqiAgeh is a ~H, hydrocarbyl

t et r asi s(perfl uor obi phenybyowbaterohheozesyedrdi@andi um

t et raki s(perfl uorobi phe r tr] h iU

tetrakis(3, 5 bis(trifl ﬁ%‘%@ﬁ%ﬁ%ﬁﬁ"? gg%atxéoaﬂ??c{“& B35 2 leasto garpon
tetraki s(3, 5-bis(trifl uctspeeridyiteeiythensdehthe total muppbeisf camam Afcmmin
tetrakis(3,5- bis(trifl uRrpaetykithaerRWrodeat@ihaz. tri (n-butyl)anmmoni um
tetrakis(3,5-bis(trifluoronethyl)phenyl)borate, tri(t-butyl)anmonium
tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, 40N, N-di methylanilinium
t et raki s(R, 5‘32bi3§(1t Ri f #raopanhetintdgbgnohetlyy [ah bekraets hyfoperdlil ephyanamlinhiaiidé um
t et r aki s(rterolid€drbyi Gloupr péeretbly la)sBlieied diBRstR N drocarbyl or a saturated aliphatic

N, N- di methyl- %{,4 6-Itr|netkr%lfani)lllnlu . _
tetraki s("SEERYIEEI P f | TP o RGPY piienSHOPHERAL &YArPsasiy | o ufh Substituted

t et r aki s("@febeHyiro¢drpyl ivhere trermebsidepis meayyble hbopaltregrodpsi phenyl car beni um
tetrakis(3,5- bis(trifluoronethyl)phenyl)borate, triphenyl phosphoni um
5tetr%ki s(3,5-bis(triflyorpnethyl)phenyl)borate, triethylsilylium
tetraRi s(B82e PSS A for Bngth§ PR PHY 8 Mat linitef &, 7084 ts shviery!

t et r aki s(dBoryk bpeptnyi, f bropyrgnebliyl ) pingny Inpbar ayecheand Hinathiylcloastypneum sal ts

such as: i = p i t et 1 aki s t r ) , ,and
di cycl ohe?@ﬂcgér{?{%%ﬁuék%g% Egﬂlﬁ%( qge({rfé(fgfj’l gg dpﬁge()j%ﬁ ) gegrlrag%% %ﬁ%%é'gdlzii onal
tri - subst§PIRPYEYIPRBYhhBENEYm PEETYS Sddh a4t rapetbyliepy!) peresRkamYune-

t et r aki s(igpprdpabhesgir 6pb@NyhenOBiBHeAy!, @pethlirang thebikgli met hyl phenyl ) phosphoni um
t et rqﬁéi s(pent af | uor ophenyl ) borate. 15Most specifically, the ionic
stoichionetric activator (L-Hyd+ (Ad-) is N, N-dinethylanilinium
tetra(perfluorophenyl)borate, N, N-dinmethylanilinium

tetraki s(perfluoronaphthyl)borate, N, N-dinethylanilinium

t et raki s( perfl uorobi phenyl ) bor at e, N, N- di net hyl ani | i ni um
tetrakis(3,5-bis(trifluoronethyl)phenyl)borate,



20t ri phenyl car beni um tetr aki s(perfl uoronapht hyl )borate, triphenyl carbeni um
t et raki s(perfl uorobi phenyl)borate, triphenyl carbenium

t et r aki s(p20tv@g12ri f | uor onet hyl )phen}?) borate, or tri pRemjiBuas/b#a3LM
tetra(perfluorophenyl)borate. 25Qther exanples of preferred ionizing

acti vat or i

[HN:DK(C18?L éf{ab%s%]g [§ut %g'&%{?él %E ﬁt]s '%géegﬁ%ﬁﬁ(“m“ &3y P4 PeEpEERs 41 and
R( 4- n- BuCSi'f hex)&pe@ﬁﬂy@ﬂﬁ?f@ﬁé’rr@dSO(DtQPHWBIODaKyi ons are
N, N- di al chlamﬂehﬁlhm@aﬂabﬂjﬁﬁl o@wcdyctaactblhﬂs@%%@nylsmbﬁylhé t%@-octizl decyl,

N, N-di al k ODSy, Col-1

e, A P S B bl ol i BT SR e
30exanpl edFTvafiesks Rirbeet mamtw JInraspryl. tand frelits. omet hyl ) phenyl ) bor at eand
tetraki s(pentafl uorophenyl)borate. In one errbodl ment, activation nethods

usi ng ionjizi |c o ounds n cont a an actlve roton but capabl e
of p?oduc'br%faggrr?hac |\}éjpto '”d%ﬂ@P.aﬁ"taF‘ e ) §I° g¢ses Pdo 49 §?5B°’3@§°‘86Wt”éﬁpl gt ed.

Such net he@sofdios BasdPP pasbonisnPretetaityi atrieasbomestf & doopeses ectaralyrsdn stempounds i n
EP 042663yifha tofaPor@om3AQS4d tottineharbdne: Patent No. 5,387,568, which are all

her Eiﬂ) i ncorporated by reference. WD 2011/04852721PCT/ | B2010/ 054631
reaction with the conpounds of this invention. For exanple,

t ri s( pentlais|hebievop e jHe) presenemofdpncathain mydrocanayn atistitents hisdt rﬁﬁ;tdro%amsﬁlr ocar byl
or hydri dgpbjraRRthadyPg ¥t fhe @caﬁ@én‘ Q&hg grgnte?sl thé& %EﬁR} pedso%b in a|lzhc?tlg

noncoor di nat i n ani on. 5l n anot her or enention activator
conpounds® @H?FS P%’Sbyrf@%l@?t”\ﬂaﬁchvaf'%"fé'ﬁﬁﬁﬂ%)‘fﬂé"'%?wﬁhé '%?@@@ﬁ*ﬂh@tmhémth@n to
produce aotaeodmizr of vadbranged aﬁarteahmdcatbalpalbbteuﬁis sel RCtRQVeﬂ\defﬁahb{év@ﬂ@

olig ri 0 agent s suc r_exanpl e,
o knggr gggatyérngndg ﬁﬁ%&%ﬁﬂ%&thégﬂlﬁpg&b%& ina n cbcomp ds gla}lsdgv{lrl\cgeass

| i gand suUBHeR¥TesHHg iniRRrRypEolefinqtiggperisatpp with #Q!\rﬁoad f@(jmi@l]nd yi el di ng a
coordi natively unsaturated catal yst 10capable of selective ethylene

ol i gomeri C n c i nati.ng ani on precursors are
Br onst ed Agsg(?é %Qsed\’p{%?e’k g&r%gt%tn@g}bﬁe P ha{]?)uq’ Ft("-ﬂ‘tﬁ RAVEE %&’é@ sw'qbgtdF?faPﬁﬁ wat er),
or reduciBlie E‘&ﬁl'tée%cqnd'@e Wt'aglﬁgehrameef¢rm¢1 enbalimaneof gt ihomgon, ane al kal i
or alXal imesertiuledmRindtic GalktyafsertdGiogtenyihose of sodi um magnesi um or
15lithium the activator-to-catal yst-precursor nolar ratio nay be any
rati o, however, useful ratios can be from 1000:1 to 1:1. Conbi nati ons of
two or nofustrativei Auh peT-Enitingyexaingles bieorgmeborbmcdnimeupdsaeiing e ceffontdnids rioAvent i on.

20Anot herco&r‘dlnbﬁ@'aﬂ:oh‘éﬂthfa anﬂhl@gf th& Bles R IN0ENtER TROMMNAS o APRL! Sufe salt of a
cationic ag noncoor di na} mpati bl e anion characterized by the

general for ﬁlu?xaﬁmftﬁf}@w&'“fn 9iEkis ﬁeg%ﬂwé%&hﬁw raa“gent capabl e of
accep®i ng/ ablstttvlamﬁtﬂnyﬁgﬂanman|t®nakns(pgnrtafuupropmwl)b&aa non- coordi nating ani on

havi ng the ghaygfoct ﬁBﬁl A dBic@Boriath to 3. Speci fic exanpl es
of (X)+ incl udg % pom u Ié@et S.Q,ﬁﬁen( ydr ocar byl , substituted

hydr ocar byl deﬁ%'&l“aetawBmmonglﬁ'ﬁ%tﬁktsmafaﬂ%%ew H’Wate and
hal osubst i t dddedyldiyrdttgoamipytium sdfakibentafBOOpReIf bstatexanpl es incl ude but are
not |im tedte‘ere@Qg‘ﬁ@'eth tar%rcﬁ mum(téajaﬁlggér%Zf u%%g%ngl b% Al+. Another suitable

|onf8rmng, activatin 'of a cationic oxidizing
agentland a %?ﬁ?@ﬂ?HF%M)?WQ‘O”'E'Bﬁ%@f'ﬁ@?@afmroﬁhewhaﬂfa@t erized by the general

fornul a: ( Oejtatedyidinesttwhan@okdin tdtn‘éku@(p@rﬂéﬂu@r@bﬁén?%b&’fbté' ng agent having a
charge of e is an integer from1l to 3,

t r
and Ad- is %{gosgidagﬁet%)ah% 5%% e (pl'éxt?i{‘m r°é’§§e’a¥f5 PR3 oni ¢ oxi di zi ng agents
i ncl ude: feWP@Yﬂ@fﬁeeYﬁamﬁyad'ﬂmd%tr%y%(pestatb@mphenyédborfaa roceni um ammoni unyl

(R3N+*) . Agrheth@bi(dBBekyharith &iek E&anﬁﬁ@@ﬂm%meﬁ iPhordd- are those anions
previgusly d st ed aC|d cont ai ni ng activators,

especial |y tE‘E\}A%ggra\éyﬁ%ﬂ?ﬁwdwE)eérﬁgﬁ(wr)tﬁfgf)@?%eny') &Y&%Ei fi c exanpl es of
ammoni unyl YebygighekavetyidemopiuBret@iskbpdhfiuorophenyl) borate;

NO2- C6 6o 3 Ove- C6H4) 3N+* . 5G 13
(p- Mr)w@t%?!éé CRuESBAHh N (i &@p&:igalfl %é%rfé’h@”b%t . ) oup

Reagent s, % Met al Rea ent s Reagents O her general
activators ’B?t %8?%96%‘"’88’5’?‘ ‘I’tra?“ﬁ(pa?fafbiofoﬁb?f’é‘w|b2f§l€r on reaction may be used.
These conpouinssiamaynibe teckispattafiusrdphers) BBratpnt ext s, but nay al so serve

ot heﬁ()f unCtt'rQ&Qarﬁrﬂoﬁnﬁteqrg‘gﬁh%ngeglu&xa;e%m bOSt’EH(e:;h as al kyl at| ng a met al center

or scavenging 1npurities



10 conpounds are wi thin the general definition of "activator,'' but are not
considered herein to be ion-formng activators. These corrpounds i ncl ude a
group 13 weagemusiziat nay be characteld zed by the for nuPETEEBREOBHDD wher e
Gl3 is selected fromthe group consisting of B, Al, G, In, and

conbi nati ons, r eof 5, 1S |ndependently sel ected
fromthe gr g\ﬁ%etgglﬁegﬁy'%ﬂ"prﬂcﬂ’%? feﬂ%&%%%‘i%‘“mﬁ%ﬂeda BPra8nd optional |y substituted
al kyl , al kehiibg-ociylJaynmpinium titﬁakheieeta@adrwbny‘)hmtae& oal kenyl , heteroal kynyl

aryl, heter QQEWamrﬁd?ﬂmP@mﬂ@énka@ﬁ@oﬁdéﬁ%ﬁ&grateand each D is independently
sel ected fro roup consi s hydr ogen, al koxy, aryl oxy,

m
am no, rrercé{ﬂf"ﬁf“cy'a R‘;‘?F |t%§rak'é§p§'i‘t? OEPphWBé’gﬁfeno and conbi nati ons thereof .
I n ot Ber enbitdiadenytasymdohien tgtrakisfpeb@fiacdpheat)doratss an ol i gomeric or pol ymeric
al unoxane 2 dek g and the known nodifications
See, e%gr exa r\'ﬁ?@pa@&p D%\});EAH

t her eof . Barron, urmxanes Synthesis, Structure
and React i vi"toﬁt@de%'ﬁm"‘@3‘“’679tfa|'1'51\9§ﬂt81'Lio&f‘éﬂe’ﬁé’g@&? Pol yol efi ns: Preparation,
Properties apitodentmoigiirakis(psbei@bomheayboiiite,Kam nsky (eds.), Wley Series
i n Pol yner hester Engl and, 2000, and
ref erences ?[g’!yﬁg'qg%‘é‘?']am""%‘%?‘a&é‘fﬁcﬁe&rﬁ“‘é‘%@%‘h a d| val ent net al reagent
may HE usedOogtHgitn- My'EWmoa'eméetraze@edyﬂqomhgyﬁeprate formuila M R502Dp. and p'
is 0or 1 IBedyhil(ﬁ-bﬁmlmdhdmmteﬁzﬁl&n”s(éﬁtaﬂﬁ&o@eﬁﬂﬁboﬁ’&e defl ned above. M is the
metal and i rom.t nsi ti My, Ca, Sr, Ba, Zn, Cd,
Cu and conblg%d; bugwgrr"@é))?'umgﬁ%?“ﬁ&g?t?l % ﬁ%né/gggr Sodi ments, an al kali netal
r eagent mayoﬁedqsmléiéh hupdemmonideftétrasid(deytaiuseopgem@ibatatef or mul a M VRS and in

t hi s enbodi m&ng.h&@;ah,ﬁm@ﬁ té{l@f(,g(g@,daf@g@ ﬁ‘eny@BQaM sl is the alkali netal and is

sel ecgt.ed fr rou K, Rb, Cs and conbi nations
therg% 8‘%98%%{%"9‘,'“]0%395% Qﬁ‘d?%\s”g qoééﬁées may be used in the catalytic
conpositi onNd‘i-dldd@eﬂadilmlun%traHfB@qutaﬂwmlezmhotme system Silanes may be

char act ef i 2t dly okl SBRABEARRAR R sbriiedel | ned as above, g is 1,
2, 3 or 4 and Dis as roviso that at |east one D

i s hydr ogen™N-H8oBE9%) @ﬁ@s@?‘?@iﬂ@“/W'%?’di‘t?/‘@@’&@tgpuofqpf‘?ﬁyﬂr’i’P"aEﬁJt yl lithium
phenyl | it hcysmhexiidi{dodekbylameonipm thicekisl peagfesopiany)doretehy | cadm um
benzylypot aseemwa gbcﬂarh%%!rjg} @Atm 15 6q%i;aﬁ9&whxh){neéoﬁé bor on,

di et hyl cadm um I C the al um num
al kyl s, sucﬁ'oétg'p'Pﬂ?R%”'“éﬂ iﬁﬁ?‘?‘ﬁﬁ‘?ﬁ”w@t"ﬁ'%mea?/'mﬁ'?ﬁm met hyl al umi num  and
i sobut yI al tiexyipiips ptibmisio lattalib(pentafiibiagenyn esrede, di et hyl al um num 5 chl ori de,

et hyl al um nﬂﬁhﬁ%g%:pf?ﬁlﬂ?tetré Pér’ﬁ LorQ;ﬂ{ ﬁ!{) &Ur& | oride, nethyl magnesium

chl ori de, Ium c or| cal’cium brom de, diisobutyl

al um num hyé'PPtdémet piIRpPheRBhiEIR SRR eREoPhE Nk eyate: hor on hydri de,
hexylJser yl | UIHMHW&IJM GlﬁuspﬁhanOﬂéVéMéhfbﬂWQfHeﬂﬁ), bofsté;y| magnesi um hydri de,

di chl or obor nu um hydri de.

O her G oup 8'?@%@“ 0 '8% oguﬂletrapﬂqfntgﬁinﬂoé mané(é ?g{(éﬁpﬁ%ﬂ%ﬂg&a}gﬁt al reagents
useful as 1O'S@@pﬁvvdf'dﬂ?@'%ietfﬂﬂfﬁép@ﬁﬂmrymendMddﬁ@s*‘dﬂé&d’*ﬂ Bédradiove are
known to t hegs@idesyidulliBe)dfilim telaRis @ertrLBr ) 86atedi sQRBlCc,these
conmpounds mar\ﬁ/@’be&qc ounfl n U S. %at O@%@)221 %@9%& gz 88(3 45|51]4 whi ch are
herein full§ 9 ncor porated by reference. Oher activators incl ude those
descrdifbed i hiS@@dqmlblhIﬁd}?mniiLmntemiﬂx&’nca’ﬂ&lo;ﬁweeﬂb&was [{1G12H25)2S}HIB(CeF 5)a].
tris(2,2',2"-nonafl uorobi phenyl) fluoroalum nate, which publication is
fully |ncorporat ed herein by reference. Conbinations of activators are al so
cont enpl atBFOHFE PHEHYRARY %‘ﬁ OTGaP DRI LGARIPRUNIAN Y REXOMDEISE HLPTPRAFIOPS iy

act i vat ormovide cwgembbmat cameundserofn@im exanatie, frooPatfdo 7@ 1 208l orgarfd6dron to
publicati 57 and
5453, 10 o MR oS Bt PR ratlly o her Befindey

Q her3Ssuiftoab] 1 14CF9a02RAG0 Aol | osed in WO 98/ 09996, i ncor por at ed her ein
by reference, which describes activating bulky |igand netall ocene cat al yst
conpounds with perchlorates, periodates and iodates including their
hydrates. WO 98/ 30602 and WD 98/ 30603, incorporated by reference, describe
the use of lithium (2,2 -bisphenyl-ditrinmethylsilicate)d4THF 25as an
activator for a bulky ligand netall ocene catal yst conpound. WD 99/ 18135,

i ncorporated herein by reference, describes the use of organo- boron-

al um num activators. EP 0781299B1 describes using a silyliumsalt in
conbination with a non- coordi nating conpatible anion. Al so, nethods of
activation such as using radiation (see EP 30 0615981B1 herein incorporated
by reference), electro-chem cal oxidation, and the |like are al so

contenpl ated as activating nethods for the purposes of rendering the

chrom um conpl exes or conpositions active for the selective oligonerization
of ol efi ns. Clher activators or net hods are descri bed |n for exanple |n
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whereinM is selected fromthe group consisting of a group 3A atom a group

4A atom and a netal atom including an alkali nmetal atom and an al kal i ne

earth metwiD2at19852m is 1 or a | arger ihteger; and 35R i SCAABNYOFI6EL gr oup,

R being the sane or different when n is larger than 1. Preferably M is

selected fromthe group consisting of a group 3A atom a group 4A atom and

a transition netal atom Preferably the R group is bound to a group 3A

at om Pr efrefesdblyyth¢ bencgmtation 3Ahabann irsthe ebeatee datalystpribhe cgﬂt(wps @QB@dtSti ng of

Al and B, O@f‘?rfn%/?-bfl’r}éfe}atbly' ﬁweALoncenmﬁorphgg'@ EorgrL%u91R W 0I/ angrrﬁost

gr oup, and fpre er ab It ITEI’I ses a roc group, preferab

conpri sesP&f ra&'lyli'%coﬁ?%ﬂﬁ“on feﬂ%ﬁW'/zmat hyl, ethyl or a larger al kyI group.

In oné embodi ment of the invention the co-activator conprises AIR'3 wherein
is an \ be sel ected f omthe up

ConSI St n‘anléy noﬁﬂﬁwﬂ“ﬁefaﬁbﬁes o?a&@gt?cﬁ\)ﬁélugaz}{u ?Xﬁnef ?qurmnHmljx 61{% rr%t?

tributyl 8@TURFMOWPHP atkyh orleﬂmmwanﬁmfpw'mrﬁftwtsm) whinlal "tawlben@gtrgllcmllmm nium |t

will be amwSeem.ag eebdnaag ab‘Mael sxifigh@tdgéfky AY PERBINkBorRNtheRBEOT fi RELY the
n found that by using an

not i vat oretasSier? RulBRTE A s BT an e o R oM B P
co- acht vathemva@rome%lwn'ematmve gebrrallyeotigdroeticrogmia@y's tordainise -AOR* FWAsuban be

avoi ded amitd v@@r&l@‘*n@-hb@l&yl gHup' @aﬁﬁfe@%?@@meiyf\&s AclGdy rﬁ&FylM%B(an@ﬁ\A&@)f i ned
her ei nabove wi | | th an activator as

us
defi ned apotAumoxane, 'Sog’ﬁyﬂy@o"e\/\ﬁeﬁ"g "E?S?'Egﬁ‘ﬁthéi'é'fjf'\?ﬁ”ﬁ (MMBOR Waish HelPat or are
used, thelkybgmord vheothamaetiye sadidadetBPf ispiattylaard t-haylasikilsiahoxans®ynde added
5UbSeque%edffredzblﬂﬁalﬁrﬁ?%ﬁé@%re su1t’§tﬂe agéj'c,ta{a\é@t CRVa (?s lr::]ﬁgr?cdléplxt Rfed QRN Of 2

zi nc- %ont in ecies. The species can be any of any zinc
cont aPni rf?g’ E?fr‘l%ffu ”d'ﬁ%éh%lcﬁ‘@'y ofpdi ﬁ@enﬁﬂ}‘oﬂ?ﬁjéf @B"qee%’fti"éﬁ o fiffem¥ t u with
the trialdyhekoss andimdddiet oalumexanesvnzynsiss [HeC Lesi. | TheS bdtMatorSRe@pdungs exanpl es

of suit amoﬁpﬁélﬁbcL&\QWQ&%tb@%hH(H‘?pgrh&';ﬁa’r a%ﬁm . %ngg %FL %bec: CaIIZI I’I;la(l:‘a heaf’z!a(gnd zinc

al kyl's, zinc oxygenates (inclu ZINC acet. £ onat
carboxyléﬂe@3m5WH@éPﬁ@3H@WWH§rln Preferably, the zinc conpound is zinc

di al kyl, nost preferably dinethyl zinc or 30diethyl zinc. The zinc conpound
i's prgsent in the reaction of the | Ry n5|on in a sufficient quantity such
that the ratio of the molar anmount of 2|hc in the zinc conpound to the
mol ar anount of chromiumin the REUrAIE)IoAREr oni um i s between 1 and 10000,
preferably between 10 and 1000, and 35nore preferably between 50 and 450.

The zinc bl onc atj f stock, solution and the
concentra on'Qéler'? ?%ﬂgﬁn t%@gepengn a?n%ﬂ agkyﬂ)eadlﬁglt%g’f?”ﬁ’%ﬁﬁﬁ‘ylrrﬁ’ﬂV'/L and 1
mol /L, no¥ @Ybbetvle@%b‘ll yehb theetdnodyl, 00 hy! nteol!/ anddpids 8n ibtegen fom 1 wredhonrsst

pr ef QﬁamMosb@bé&ﬁ@é]lyoROJRbmland—Ralaﬂz SR IndtR) ohe o THG 1BARG. %@P%‘g% y be

added at the activatjo rocess nost prefera

added di ch”Y"l“ym f‘l%'%? RE2 ﬁk‘e’g‘?:et'aremp%w’ed W%ﬁf‘cpf Jatee %é’@da'%@%”?n%ed’f §"t°c‘ﬁ:k

sol ut i on Rii RhRE breR°tard grbdoplredybrinaiiderny aoxidd. t h any ot her conponent. 5The
Applicant has found that the use of the zinc conpound in conjunction with
the acti vat or conpound significantly reduces the |evel of solids/polyner
formed ad' By*p95d fhaaam%gartehe ot |ag‘B?Fé?t? $8h AnedlerPene iogeteraive conpound
t o bé0ol ingjetoer ofsieath tHEOMeer ahefcidic compapasing timysl eRMpkirgewd @hagl el ef i ni c
conmpound f C nbodl nt of the

i nventi onQ{UEQ%&(BHﬁ%W%}m r%H % ¢ tﬂ{ﬂggﬁmgé% 'glk?m’? n%num & ncﬁmoégn hul ti ple
car bon- cdrtRsHed SLimreng Begaee Ofwgormreﬁf@naﬁwysome Qymﬁ'meges't as whigecthat

car gon Cc andigmlaaibhed hongin Tioeol ©fdin aaytrmn@ralu&ﬁman @b@éref lefeigV b 2 tg 30
car bon a i ni. c_conpoun

my be sel e%(%ng%\ﬁ?mﬁn g%rﬁt(e é%'h?év% d'ﬁasc?lon gfrtfpe trsfneévﬁ/ln@ingwﬁg\ w;%ra é’ﬁé’asiorbut ene,

1- peAfendy Vicuﬁe‘)GeﬁﬁeaUO'lOﬂfefm”e‘ﬁe‘ylatamwum—or @Eta'emgher neaomieoe inltheletene,

3-net hyl - 1- pentene 3- net hyl e- 1- penet ene, 4- nethyl 1- pentene, styrene

p- et hyl FSti/ (#lode en T co inations thereof. Preferably,

conpri ses e “ﬁ@ eSOy Sﬁ% el B 4109288 Y Ym0 ﬁ?@@?‘hyﬁ‘e‘;ﬂ@f’?{ay be
used to HrOaUES QMéneS%EB%M Qeeoesne@ 908r4eB.e# a6, 8271 51829, 68E Srvd/s0N,

1- oct ene 5 Gk lo@PME{5753Y 1 i3 oB'i‘%Q'EFg@ff@Ma%gt EPThoPERBER SeATBY 1 200k ise a
trlrrg i sation_process, alternatlve y or additionally it may conprise a

tetr r iCS%t4" 1‘?5}‘1(%8%/ 0 process may be oligonerisation of two or nore
different ol efinic conpounds to produce an oligoner containing the reaction
product of the two or nore different ol efinic conpounds. Preferably
however, the oligonerisation (preferably trinerisation and/or

tetrameri sation) conprises the oligonerisation of a single nmononer ol efinic
compound. In one preferred embodi ment of the invention the oligonerisation
process is oli gorrerl satl on of a si ngI e a- oI ef| n to produce an oI | gorrerl c

-~ . - -, = v -, =



The oligoneric product may be an olefin, or a conpound including an
olefinic noiety. Preferably the oligoneric product includes an olefin, nore
pr ef er ablwoOan110l48327n cont ai ni ng a si nbd e carbon-carbon #cTbB®1WeFA31 and
preferably it includes an a-olefin. The ol efin product may include hexene,
preferably 1-hexene, but nore preferably it includes octene, preferably
l-octene. In a preferred enbodi nent of the invention the ol efinic product

i ncl udes a nixture of hexene and octene, preferably a m xture of 1-hexene
and 1- OCt\}%H n the actrva ar IQ Eme algrrncr)gacrite nhrct)) edrgranr%mc%flfre%)hgonltene/rr%]e[dlrmoe% stse%ctt .
ollgonerlsdtlon process 1s a se 5 Process to roduce orlgonerlc
product coaximimemguntelastitateist 3@%059ldm emeseAlgirhmréhema@ﬁﬁhprprmct The

olefin prﬂ@mﬁ.mmmra&réa%mex tdERIIRE-BREY s X8 Rediar Ritb. Nk epdaptavel y 1t may

be octene Preferably the product contains at
| east 35‘%‘%8'/(&@’%3%%39(@“ tﬁqu feferably a-olefin, but it may 10be nore
than 40% 50% or even 60% by nmass. The olefinic product may be branched,

but pref efigRbdntd méﬁbeﬂ?&fd@é@&ﬁh@Flydr%saéf%treéye@t%ﬁr@léy@@mrnlrﬁt' dopd §urToO reseen
that i) the sour ce of rom um an | ?atrn ound (referredto

in (a) ofMMAR mavn b§t Btogh%’ﬁt oY%t th@hé‘yﬁ’ ﬁ‘\\f%ht?fo LB@”‘f r 849 & Jughst

t ogetlifer teskldidngnune sudhtas trisoputgldiuciniumay even be i sol at ed, before conbi ning
it with the catalyst activator iii). However, i), ii) and iii) my be
conbined in any suitable order in the presence or absence of a solvent, but
pr ef er abl [e5 aleeh ¥qriehppfemMethefds 19 arapilg| 3jumpengend ymodfied alyRgxanep)nofre fir st
combi ned imthgsbapesieMitioh O aesttivatied 9Virah Nd3ed, ebxd0sns, 05w egatss2Ihe
contacti ”ch{%ggbhgzﬁi #1d Q'Bgﬁ?ﬂpi)%ﬁlcht‘é‘ EB?E?%%U %Q%F* )58 é1‘5' %3%‘6’3?

pr ef er abI ace’ uhder condi t1ons gonetr | on of the
ol efild HHBIng: 23$H§15e5 ¢onth’t PAPEOHr & %9é|7ig3k$1§>‘?/tr§2905 ﬁ%@%@ﬁ%%’ﬂr led in
t he art aenwbruml BorR4 65@ vV a BT 17e NpET4alel 6B58066 FHn3559$9334625ndr I‘Ehréi)@brh d

ol i goneri rr re C but
Cermer at U BT Mot R PG o P D22 g, SSEORAR AU R crLOrBoftipl ath %

t enper at wubkcationst\M@ 94én @Ofarﬂ@ WG O816%341 200, Wfﬂih Yo rirferernsfaltm ipgpripasated by er ably
carried oWlereptea tenperature of at |east 0C, preferably at | east 40C, and
prefezrably at |east 50C. Preferably it is carried out at a pressure of at

| east 100 kPa, preferably at |east 1000 kPa, preferably at |east 3000 kPa.
30 The prApainamiay! of otdapodigtinuratoetipeaidal whadh mmay bbeutifzedr asedctvatorsi fora | i qui d

medi um psrchfze%@rl?i Yin80dd nﬁrﬂetﬂyraq,wurbnrredrrérmauﬂ}ttﬁutl QHr'sS’ou'fWéﬂJrMﬁﬂnﬁmytnl?re the
sanme |iquid nedium wherein the onerisation W|t |Iuted catalyst is
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ol i goneri sed. Preferably the activated oligonerisation catal yst before

di | ution PZiRg AHiNReld i n a separate container as the one in which the
oligonerisation catalyst is contacted with the olefinic conpound to be
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to provide any sul prefera thronT um hd
conpound tﬁ@bl"éﬁta' reafPEx cpiasif 2AoREVIGINY B Cham@ataﬁc'ﬂg) n@'@@OOfd"lat'”@rOetA@ia‘ébl y from
about300. lcoordinatify dddsnl ThE T abrneooecﬁrrhnbeamsredwcm A@yns| Qaﬁhrcmgwm@m&&reed to the
chrom um refera en, 10 and

r.ef.er

1000, m)s(t °pr tcoran%teq%e? %’Ongf)wq'ﬁh S %We%‘ﬁ)'e 9 ﬁma%%lﬁjst%jﬁg%r\é\ﬁ5§bény
concentr artemehmefsuf@t:letﬁlk lafde e bodispiackdt fyea tewie bater &ariesample, & ineulral hewihie
reactor cgepe between 0.0001 mml/L and 1 nol/L, nore preferably between
0.001 mml /L and 0.1 nol/L, nost preferably between 0.01 mmol/L and 0.01
nol /L. 10 The zinc additive can be added at any stage during the activation
pr oceddur el is mitkih thersebrer dilisyinventiorsto askd@dionizingatstojchiometrioactivame trentral dhe zi nc
can be_ usgdle dorfas Wik By Bl cRldthkiQBerttirt brob iy ol by! al um i ni um 15The

process nay also includé combining one or rent sources of

chrom um W(PWt?f‘H%’OB’Pe“MW@”d‘P‘?@"étdé’fﬁcu'lst‘étalt’hﬁ“%%ﬁ%mgthy'ﬁq@”ﬂqtﬁ'@ﬁer| sation
cat al yst m@écurdos polgihiatedatad haeopoaeinidns (WO 36/2 09835 mee: avid (0.9. Irat. Navent i on,

may al so i i rial

ool o Se17 B ephBRaieR 3 b ik 2R dte SHABR o et 8 o
snectorite clays such as LaponiteTM RD or m xtures thereof, or on a

pol ymer, for exanple polyethyl ene, polypropyl ene, polystyrene, or

pol y(am nostyrene). The catalyst can be fornmed in situ in the presence of
the support material, or the support can be pre-inpregnated or prem xed,

si mul t aneously or sequentially, with one or nore of the catalyst conponents
or the oligonerisation catalyst. In sonme cases, 25the support material can
also act as a conponent of the actrvator Thrs approach mpuld also
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5 and 10% HCl (aq). A sanple of the organic phase was taken for GC-FID

anal ysis. Any solid forned was col |l ected, washed repeatedly with 10% HCl
(aq.) andwBt0H/048%27ed overni ght and wk ghed. Exanpl @CTABIL/GIWHERI SATI ON
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successful | red s.the |evel on .t average of 0.35 %
- an avera t}eéd'rmee ﬁ%hﬁe%?mg’qos%re 8@0 ?¥g§s§ea%3%6r@t%£?ryp%g%s( @’(fdﬁ” eq) and
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pol ymer itas(p&HhiE@EphtMil dofdn. MBI Nt ai ni ng good activity. Entry 239 is a borate
run i n the ali phat| c solvent cycl ohexane with a different |igand and

chrorh um source, included for conparison; the polymer formation is 0.78%

As can bdogeehqucmprmtnea¢twatelscozr81©ur(dbmﬂyc)onamcbnza&ﬁve(ri&oeopr)spmadmem ¢ation of ZnEt 2
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cat al yst testl vary anount's di et hy

ZnEt 2" Eq. %%t?ggﬁnﬁe” 5(%1%‘} am?w.w @?ngO/ A8 2R5¢ ef"aﬁ’lef‘uéléﬁ‘é"négg“P@“Wﬁer W %
C (g) 316wHRinGIre Berdb fly Bodberatd by BBerdnceD. 65 (2. 63) 330 PhCl 420 43.3

lonic catalysts can be prepared by reacting a Cr compound with some neutral Lewis acids,
25 such as B(CgFs)s, which upon reaction with the abstractable ligand (X) of the Cr compound
forms an anion, such as [B(CeFs)3(X)], which stabilizes the cationic Cr species generated by
the reaction. The catalysts can be prepared with activator components, which are ionic

compounds or compositions.

30 In some embodiments, compounds useful as an activator component in the preparation of the
jonic catalyst systems used in the process of this invention comprise a cation, which is
optionally a BrOnsted acid capable of donating a proton, and a compatible non-coordinating
anion which is capable of stabilizing the active catalyst species which is formed when the two
compounds are combined and said anion will be sufficiently labile to be displaced by olefinic

35  substrates or other neutral Lewis bases such as ethers, nitriles and the like. Two classes of
compatible non-coordinating anions useful herein have been disclosed in EP 0277003A1 and
EP 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,

40 metallacarboranes and boranes.



9,081,307 82.0 0.38 (1.49) 312 CyH 0 86.0 4,549,445 81.9 0.57 (2.41)
CyH 0 154 1,786,201 87.5 0.78 (2.34) 2368 CyH 1 111.6 2,935,441 85.6
(1.53) 2380 201K4482787. 1 3,670, 522 86. 57 PCT/IB2010/054631
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In one preferred embodiment, the stoichiometric activators include a cation and an anion
component, and may be represented by the following formula:

(L-H)™ (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)d+ may include Brénsted acids such as protons or protonated
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)d+ may be a Bronsted acid, capable of donating a proton to the
transition metal catalytic precursor resuiting in a transition metal cation, including
ammoniums, oxoniums, phosphoniums, silyliums, and mixtures thereof, specifically
ammoniums of methylamine, aniline, dimethylamine, diethylamine, N-methylaniline,
diphenylamine, trimethylamine, triethylamine, N,N-dimethylaniline, methyldiphenylamine,
pyridine, p-bromo-N,N-dinnethylaniline, p-nitro-N,N-dimethylaniline, phosphoniums from
thethylphosphine, thphenylphosphine, and diphenylphosphine, oxoniums from ethers such as
dimethyl ether diethyl ether, tetrahydrofuran and dioxane, sulfoniums from thioethers, such as
diethyl thioethers and tetrahydrothiophene, and mixtures thereof. The activating cation (L-H)4"
may also be a moiety such as silver, tropylium, carbeniums, ferroceniums and mixtures,
specifically carboniums and ferroceniums. In one embodiment (L—H)d+ can be triphenyl

carbonium.

The anion component A” includes those having the formula (M*'Q,)*" wherein k is an integer
from 1 to 5; n is an integer from 2-6; 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
hydride, bridged or unbridged dialkylamido, halide, alkoxide, aryloxide, hydrocarbyl,
substituted hydrocarbyl, halocarbyl, substituted halocarbyl, and halosubstituted-hydrocarbyi
radicals, said Q having up to 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 to
20 carbon atoms, more specifically each Q is a fluorinated aryl group, and most specifically
each Q is a pentafluoryl aryl group. Examples of suitable A* also include diboron compounds
as disclosed in U.S. Pat. No. 5,447,895, which is fully incorporated herein by reference.

In one embodiment of the invention (M“Q,)*" may be selected from the group containing the
anion [AI(OR)], a compound including a moiety A(OR); and a salt containing the anion
[Ta(OR)s]wherein R is defined as above.

239
0. 43



0.46 (1.59) 354 CyH 25 85.3 4,133,342 82.3 0.37 (1.41) 346 CyH 50 97.0
3,733,376 82.5 0.31 (1.22) 345 CyH 100 94.5 4,046,426 81.6 0.47 (1.96) 73
CyH 150 1MQ.26113)4489, 238 83.4 0.25 (11808) 348 PCT/IB2010/054631

In one embodiment of the invention (M*'Q,)> may be selected from the group consisting of

AOCeFs)s;  [A{OC(CF3)stal; [AOCeFs)al;  [ACeF402).] [A{OC(CF3),C(CF3),0},];

[AIF{OC(CF3)s}s]; [ALF{OC(CF3)stel; (Z)AHOCH(CeFs)2}s; (Z)A{OC(CF3)a}s and [Ta(OCeFs)s]
5  which moiety Z is not -AR as defined above.

litustrative, 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 salts such as:

10 trimethylammonium tetraphenyl borate,
triethylammonium tetraphenylborate,
tripropylammonium tetraphenylborate,
tri(n- butyl)ammonium tetraphenylborate,
tri(t-butyl)ammonium tetraphenylborate,

15 N,N-dimethylanilinium tetraphenylborate,

N,N-diethylanilinium tetraphenylborate,
N,N-dimethyl-(2,4,6-trimethylanilinium) tetraphenylborate,
tropillium tetraphenylborate,

triphenylcarbenium tetraphenylborate,

20 triphenylphosphonium tetraphenylborate,
triethylsilylium tetraphenylborate,
benzene(diazonium)tetraphenylborate,
trimethylammonium tetrakis(pentafluorophenyl)borate,
triethylammonium tetrakis(pentafluorophenyl)borate,

25  tripropylammonium tetrakis(pentafluorophenyl)borate,
tri(n-butyl)ammonium tetrakis(pentafluorophenyl)borate,
tri(sec-butyllammonium tetrakis(pentafluorophenyl)borate,
N.N-dimethylanilinium tetrakis(pentafluorophenyl)borate,
N,N-diethylanilinium tetrakis(pentafluorophenyli)borate,

30  N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis(pentafluorophenyl)borate,
tropillium tetrakis(pentafluorophenyl)borate,
triphenylcarbenium tetrakis(pentafluorophenyt)borate,
triphenylphosphonium tetrakis(pentafluorophenyl)borate,
triethylsilylium tetrakis(pentafluorophenyl)borate,

35  benzene(diazonium) tetrakis(pentafluorophenyl)borate,
trimethylammonium tetrakis-(2,3,4,6-tetrafluorophenyl) borate,
triethylammonium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
tripropylammonium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
tri(n-butyl)ammonium tetrakis-(2,3,4,6-tetrafluoro- phenyl)borate,

40 dimethyl(t-butyammonium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,



CyH 420 94.6 3,774,950 83.3 0.37 (1.45) 234e CyH 1000 99.6 3,161, 004 86.8
0.45 (1.54) 2376 CyH 5000 120.0 2,291,502 87.0 ~0.32 (0.95) 238 CyH 10000
224.0 1, 0X020tD48R74 0.21 (0.52) 3241PMP 0 114.2 PCT/IB2010/054631

N,N-dimethylanilinium tetrakis-(2,3,4,6-tetraflucrophenyl)borate,
N,N-diethylanilinium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
tropillium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,

5 triphenylcarbenium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
triphenylphosphonium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
triethylsilylium tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
benzene(diazonium) tetrakis-(2,3,4,6-tetrafluorophenyl)borate,
trimethylammonium tetrakis(perfluoronaphthyi)borate,

10 triethylammonium tetrakis(perfluoronaphthyl)borate,
tripropylammonium tetrakis(perfluoronaphthyl)borate,
tri(n-butyl)ammonium tetrakis(perfluoronaphthyl)borate,
tri(t-butyl)ammonium tetrakis(perfluoronaphthyl)borate,
N,N-dimethylanilinium tetrakis(perfluoronaphthyl)borate,

15 N,N-diethylanilinium tetrakis(perfluoronaphthyl)borate,
N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis(perfluoronaphthyl)borate,
tropillium tetrakis(perfluoronaphthyl)borate,
triphenylcarbenium tetrakis(perfluoronaphthyl)borate,
triphenylphosphonium tetrakis(perfluoronaphthyl)borate,

20 triethylsilylium tetrakis(perfluoronaphthyl)borate,
benzene(diazonium) tetrakis(perfluoronaphthyl)borate,
trimethylammonium tetrakis(perflucrobiphenyl)borate,
triethylammonium tetrakis(perfluorobiphenyl)borate,
tripropylammonium tetrakis(perfluorobiphenyl)borate,

25 tri(n-butyl)lammonium tetrakis(perfluorobiphenyl)borate,
tri(t-butyl)ammonium tetrakis(perfluorobiphenyl)borate,
N,N-dimethylanilinium tetrakis(perfluorobiphenyl)borate,
N,N-diethylanilinium tetrakis(perfluorobiphenyl)borate,
N,N-dimethyl-(2,4,6-trimethylanilinium) tetrakis(perfluorobiphenyl)borate,

30 tropillium tetrakis(perfluorobiphenyl)borate,
triphenylcarbenium tetrakis(perfluorobiphenyl)borate,
triphenylphosphonium tetrakis(perfluorobiphenyl)borate,
triethylsilylium tetrakis(perfluorobiphenyl)borate,
benzene(diazonium) tetrakis(perfluorobiphenyl)borate,

35  trimethylammonium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
triethylammonium tetrakis(3,5-bis(trifluoromethyl)phenyt)borate,
tripropylammonium tetrakis(3,5- bis(trifluoromethyl)phenyl)borate,
tri(n-butyl)ammonium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,
tri(t-butyl)lammonium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,

40 N,N-dimethylanilinium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,



3,531,036 82.2 0.92 (4.01) 347 I MP 50 154.7 2,407,089 81.2 0.47 (1.89)
332 I WP 420 232.0 1,660,724 82.1 0.44 (1.77) GCeneral conditions: a 1.25
pnol O (tVvB02ate3R7 1.2 eq. Ph2P- N{ C(39 ( Me) ({ CH2} 5CH3) } PRPHB2010/05363).

[ (C18H37)2N(H) (Me)] [B(C6F5)4] 2; 420 eq. TEA (50 eq. activation, 370 eq.
reactor); =) 50 bar 60C, 200 ni solvent: 1.2 L rig. b = % of quuid
fraction 'Yfg'&j'e%/%y%m'?%'f‘éeftrafﬁ'F@c%’(Hfst(t%‘%W%edh@PE‘%Ii)t%?raj‘ﬁd solid). e 1.25 pnol
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catal ysis was either pert i'n cycl ohexane or in 4-tri met hyl pent ane.
Cat al yst ‘%FPX}WRF”&HH%?%%tb‘sétéﬂ“@memy{)ahe&éﬁba’%t% "?ﬂ?ﬁ%‘é??‘?%o@a”'i"ﬂ Tabl e 2.

The pdl ynretrdke(IB-astittorometey jpherggbabtgsi s was careful ly isol ated, repeatedly

washed ang, é:l%m t&gﬁﬂgsr %bi@@ﬁa&%é@ﬁﬁ?&%nbﬂﬁeopti mum MAO acti vat ed

catalysis t two sets of precatal ysts and
entry 181bef‘%ﬂ“e@&‘t2@ﬂ‘%ﬁ tgtragkig(35- E'S(Zt‘ﬂt'?’P’ﬁﬁtf’HXPf‘?fé’H?%[ﬁté Di ethyl or dinethyl zinc
i s added dn@ dtahk@l aneasiuel sdith sidnesnor mal " pre-scrub phase”, which immedi ately

follows s |t|o is shown for
the stan aktﬁ’ 9 ﬁ'ﬁa (ﬁ mc{c%ﬁr%%(}r)\eg ngo R%’fborg?eé? J“}/(?Eyf!%ﬁ%:x% %fb%%w 059), and
i s f Ut heetrajistenabuvredeny)beratgot evvort hy reduction in solids (f rom0.8 %to

0.6 /0). alau%mdnamh@c;bsa@wdrbha@ﬂ&mfﬁs&@ shave little effect on the total
select|V|t 3 versus 059 (83.9 ¢

Al t hough ‘& éﬁﬂgg’%osﬁg?mw{%’ %ﬁ(ﬁ%"ﬁzg@?g@ﬂheny iboéaé%r? "ahen 50 eq of ZnMe2 i s used
(entry 188({,6-dihethgphiesylmbospbehiat tetyakis(nerdafluprdshenidhwealer, i ncreasi ng the
equi val ents from 50 to 100 shows a 20reduction from 0.49 to 0.41% as wel |

o & I A DA 3R phBr bbb el BT By gL, oL o0t o TR R e
g/ gCr/ H N,N-dimethylanilinium tetra(perfluorophenyl)borate,

N,N-dimethylanilinium tetrakis(perfluoronaphthyl)borate,

N,N-dimethylanilinium tetrakis(perfluorobiphenyl)borate,

N,N-dimethylanilinium tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,

20 triphenylcarbenium tetrakis(perfluoronaphthyl)borate,

triphenylcarbenium tetrakis(perfluorobiphenyl)borate,

triphenylcarbenium tetrakis(3,5-bis(trifluoromethyl)phenyi)borate, or

triphenylcarbenium tetra(perfluorophenyt)borate.

25 Other examples of preferred ionizing activators include, [HNMe(CgH17)2 1IB(CsFs)a]
[HNPh(C1gHs7)2 B(CeFs)s] and  [((4-n-Bu-CeHa)NH(n-hexyl)s) I[B(CeFs)s] and [((4-n-Bu-
CsHa)NH(n-decyl),) 1IB(CsFs)s].  Specific preferred (L-H)" cations are N,N-dialkylanilinium
cations, such as HNMe,Ph", substituted N,N-dialkylanilinium cations, such as (4-n-Bu-
CeHNH(N-CeH13),” and  (4-n-Bu-CgHs)NH(n-C1oH21)," and HNMe(CigHs7),".  Specific

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

tetrakis(pentafiucrophenyl)borate.

In one embodiment, activation methods using ionizing ionic compounds not containing an
active proton 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 U.S. Patent No. 5,387,568, which are all herein

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 complex upon



Hexene and octene wt % Pol wt % (g) c 056a (0 eq. ZnEt2) 3 446895 1

969654 80. 7 0.80 (2.83) 0588 (100 egbZnEtO 2 476986 1 170230 82.4

(1.49) 0580205048527 ZnEtJ 3 298861 1

ZnMe2) 1 805992 2 642916 87.1 0.49 (0.92) 1908 (100 eq. ZnMe2)
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reaction with the compounds of this invention. For example, tris(pentafluorophenyl) boron or
aluminum may act to abstract a hydrocarby! or hydride ligand to yield a cationic metal

complex and stabilizing noncoordinating anion.

In another embodiment, the aforementioned activator compounds can also react with the
compounds of the present invention to produce a neutral, 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 Et,0O, from a compound yielding a coordinatively unsaturated catalyst
capable of selective ethylene oligomerization.

When the cations of noncoordinating anion precursors are Brénsted acids such as protons or
protonated Lewis bases (excluding water), or reducible Lewis acids such as ferrocenium or
silver cations, or alkali or alkaline earth metal cations such as those of sodium, magnesium or
lithium, the activator-to-catalyst-precursor molar ratio 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.

Another suitable ion forming, activator compounds comprise a salt of a cationic agent and a

noncoordinating, compatible anion characterized by the general formula:

(X)" (A"
X+ is a cationic agent capable of accepting/abstracting an anionic 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 R;C", R;Si*, R,Al", where R is hydrocarbyl, substituted
hydrocarbyl, halocarbyl, substituted halocarbyl, and halosubstituted-hydrocarbyl radicals.
Specific examples include but are not limited to PhsC", Et;Si", (CgHa7),MeSi*, Cp,Al".

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®*")o(A™), where OX®" is a cationic oxidizing agent having a charge of e+; e is an integer
from 1 to 3; d is an integer from 1 to 3, and A” is as previously defined. Examples of cationic
oxidizing agents include: ferrocenium, hydrocarbyl-substituted ferrocenium, ammoniumyl
(RN™), Ag’, or Pb*". Preferred embodiments of A are those anions previously defined with
respect to the Bronsted acid containing activators, especially
tetrakis(pentafluorophenyl)borate.

0.
1724 83.9 0. 60PCTABD)0ABER (0 eq.
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charactenzed by the formula észoa oD here G IS selected from the group consisting of B,

Al, Ga, In, and combinations thereof, p is 0, 1 or 2, each RY is independently selected from
the group consisting of hydrogen, halogen, and optionally substituted alkyl, alkenyl, alkynyl,

15 heteroalkyl, heteroalkeny!, heteroalkynyl, aryl, heteroaryl, and combinations thereof, and each
D is independently selected from the group consisting of halogen, hydrogen, alkoxy, aryloxy,
amino, mercapto, alkylthio, aryithio, phosphino 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, "Alkylalumoxanes, 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 Ltd., Chichester, England, 2000,

and references cited therein.

25
In other embodiments, a divalent metal reagent may be used that is characterized by the
general formula M’Rsoz_vap- and p' 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 M'R* 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, Rb, Cs and combinations thereof.
Additionally, hydrogen and/or silanes may be used in the catalytic composition or added to
35  the polymerization system. Silanes may be characterized by the formula SiR*, D, where R*
is defined as above, qis 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, phenyl lithium, dihexylmercury, 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 isobutyt aluminum, diisobutyl aluminum bromide, diethytaluminum
5 chloride, ethylaluminum dichioride, isobutyl boron dichloride, methyl magnesium chioride,
ethyl beryllium chloride, ethyl calcium bromide, diisobutyl aluminum hydride, methyl cadmium
hydride, diethyl boron hydride, hexylberyllium hydride, dipropylboron hydride, octylmagnesium
hydride, dichloroboron hydride, di-bromo-aluminum hydride and bromocadmium hydride.
Other Group 13 reagents, divalent metal reagents, and alkali metal reagents useful as
10 activators for the catalyst compounds described above are known to those in the art, and a
more complete discussion of these compounds may be found in U.S. 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
15 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. 5,153,157 and 5,453,410,
all of which are herein fully incorporated by reference.
20
Other suitable activators are disclosed in WO 98/09996, incorporated herein by reference,
which describes activating bulky ligand metallocene catalyst compounds with perchlorates,
periodates and iodates including their hydrates. WO 98/30602 and WO 98/30603,
incorporated by reference, describe the use of lithium (2,2'-bisphenyl-ditrimethylsilicate)4THF

25  as an activator for a bulky ligand metallocene catalyst compound.

WO 99/18135, incorporated herein by reference, describes the use of organo- boron-
aluminum activators. EP 0781299B1 describes using a silylium salt in combination with a non-
coordinating compatible anion. Also, methods of activation such as using radiation (see EP

30 0615981B1 herein incorporated by reference), electro-chemical oxidation, and the like 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, 5,859,653 and
5,869,723 and in WO 098/32775 and WO 99/42467 (dioctadecylmethylammonium-

35 bis(tri(pentafluorophenyl)borane) benzimidazolide), which are herein incorporated by
reference.
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Additional optional activators include metal salts of noncoordinating or weakly coordinating

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

Co-activator

5
Preferably the co-activator is an organoaluminium compound and/or an organoboron
compound. Alternatively it may be an organic salt such as methyl lithium and/or methyl
magnesium bromide, or an inorganic acid or salt such as tetrafluoroboric acid etherate, silver
tetrafluoroborate, sodium hexafluoroantimonate, and the like.
10

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

Suitable organoaluminium compounds include compounds of the formula Al(R%); (R® being
15  the same or different), where each R’ is independently an organyl group, a halogenated
organyl group or a halide, with at least one of R® being an organy! group or a halogenated
organyl group. Examples include trimethylaluminium (TMA), triethylaluminium (TEA), tri-
isobutylaluminium (TIBA), tri-n-octylaluminium, methylaluminium dichloride, ethylaluminium
dichloride, dimethylaluminium chloride, diethylaluminium chloride, aluminium isopropoxide,

20  ethylaluminiumsesquichloride, methylaluminiumsesquichloride, and aluminoxanes.

Aluminoxanes are well known in 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 formula

M(R),
30
wherein M is selected from the group consisting of a group 3A atom, a group 4A atom
and a metal atom, including an alkali metal atom and an alkaline earth metal
atom;
nis 1 or a larger integer; and
35 R is an organic group, R being the same or different 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 transition metal atom. Preferably the R group is bound to a group 3A atom. Preferably the
group 3A atom is selected from the group consisting of Al and B, preferably it is Al

40
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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 ; wherein R is an alkyl

5  group.

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

octylaluminium.

10
It will be appreciated that TMA is relatively expensive and accordingly the use thereof may be
wished to be avoided. It has been found that by using an activator 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 above.

In use, where both an activator and a co-activator are used, the co-activator may be added

20 first and the activator 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 zinc containing compound. The zinc compound may undergo reaction in

25 situ with the trialkylaluminium to form a new zinc species in situ.

Specific examples of suitable zinc compounds include zinc, activated zinc, zinc halides, zinc

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

porphyrin. Preferably, the zinc compound is zinc dialkyl, most preferably dimethyl zinc or
30  diethyl 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  more preferably between 50 and 450.

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

40
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The zinc compound may be added at any stage during the activation process, most preferably
it is added directly to the reactor. The zinc may be used as a mixed stock solution with the

trialkylaluminium, 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

oligomerisation reaction.

Olefinic compound to be oligomerised

10 The olefinic compound may comprise a single olefinic compound or a mixture of olefinic

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

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

single carbon-carbon double bond. The olefin may comprise an a-olefin with 2 to 30 carbon
15 atoms, preferably 2 to 10 carbon atoms. The olefinic compound 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-1-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, preferably 1-hexene and/or 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 two or more different olefinic compounds.
Preferably however, the oligomerisation (preferably trimerisation and/or tetramerisation)
comprises the oligomerisation of a single monomer olefinic compound.

30

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

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

35 Oligomeric product

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

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

5 process to 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-olefin, but it may
10 be more than 40%, 50%, or even 60% by mass.

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

Catalyst preparation
15 It is foreseen that i) the source of chromium and ii) 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, i), ii) and
iy may be combined in any suitable order in the presence or absence of a solvent, but
preferably at least some, but preferably all of i), i} and iii) are first combined and subsequently

20  contacted with the olefinic compound.

The contacting of the olefinic compound with compounds i) to iii) 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 temperatures and pressure.

25  The solid oligomerisation may be carried out at temperatures from 100°C to 250°C, but
temperatures in the range of 15°C to 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 at least 100 kPa, preferably at least 1000 kPa, preferably at least 3000 kPa.

The preparation of the activated catalyst may be carried out in a liquid 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 oligomerisation catalyst before dilution may be prepared in the same container
as the one in which the diluted activated oligomerisation 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 catalyst is
contacted with the olefinic compound to be oligomerised.

40



24.7 445b DPPE/ 0 74.0 115,961 70.5 (4.59) RB Cr (2- EH) 3/
13. 0 446b DPPE/ 100
WO 2011/048527 28 PCT/IB2010/054631

The source of chromium and ligating compound may be combined to provide any suitable
molar ratio, preferably a chromium to ligand compound molar ratio, from about 0.01 : 100 to
10 000 : 1, preferably 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 concentration of stock solution and the concentration in situ in the
reactor can be between 0.0001 mmol/L and 1 mol/L, more preferably between 0.001 mmol/L
and 0.1 mol/L, most preferably between 0.01 mmol/L and 0.01 mol/L.

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

trialkylaluminium.

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

or more different ligating compounds.

The oligomerisation catalyst or its individual components, in accordance with the invention,
may also be immobilised by supporting it on a support materiai, for example, silica, alumina,
20  MgCl,, zirconia, artificial hectorite or smectorite clays such as Laponite™ RD or mixtures
thereof, or on a polymer, for example polyethylene, polypropylene, polystyrene, or
poly(aminostyrene). The catalyst can be formed in situ in the presence of the support
material, or the support can be pre-impregnated or premixed, simultaneously or sequentially,
with 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-limiting examples:
30 Examples

In this specification the abbreviation TEA is used for triethylaluminium and PNP is used for

bis(diarylphosphanyl}amine ligand

35 A 1 or 1.2L stainless steel reactor was heated to 120°C under vacuum for 30 minutes, cooled
to 60 °C and back-filled with Ar. The reactor was charged with solvent and saturated with

ethylene.

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

40 solution of Cr('Buacac); / PNP. The activation solution was added to 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 ethylene was bled and the
reactor contents treated sequentially with 1000 pL of nonane (GC internal standard), MeOH

5 and 10% HCI (aq). A sample of the organic phase was taken for GC-FID analysis. Any solid
formed was coliected, washed repeatedly with 10% HCI (aq.) and EtOH, dried overnight and
weighed.

Example 1: OLIGOMERISATION OF ETHYLENE USING A SYSTEM BASED ON
10 Cr/PNPI[(CygH37):N(H)(Me)] [B(C¢Fs)s)/ TEA

In all tests using this reagent the total 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 PhC!; the

total solid polymer formation is 0.65 % polymer.

In contrast, entry 330 shows a run using the same conditions except with an additional 420 eq.
of ZnEt,. It 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 cyclohexane, 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 eq) 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 a 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%.

Looking at all examples in Table 1 it can be seen that the addition of ZnEt; has littte 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 diethyl zinc.

Entry Solvent | ZnEt, Cat. Activity Hexene Polymer
# Eq. Time | g/gCr/h and wt % ©
(min) octene (9)
wt % ®°
0.65
316 PhCl 0 753 | 5214575 | 832
(2.63)
038
330 PhCI 420 | 433 |9,081,307 |820
(1.49)
057
312 CyH 0 860 | 4549445 |81.9
(2.41)
. 078
239 CyH 0 154 | 1,786,201 | 875 0o
. 0.43
236 CyH 1 1116 | 2,935441 | 85.6 'sn)
. 0.46
235 CyH 10 871 | 3670522 | 865 i 50)
0.37
354 CyH 25 853 | 4133342 |823
(1.41)
0.31
346 CyH 50 970 | 3733376 | 825
(1.22)
0.47
345 CyH 100 | 945 | 4046426 |81.6
(1.96)
025
73 CyH 150 112.6 | 3469238 | 834
(1.08)
037
348 CyH 420 | 946 |3774950 | 833
(1.45)
. 0.45
234 CyH 1000 |996 |3.161.004 |868
(1.54)
237° | CyH 5000 | 120.0 | 2,291,502 | 87.0 0.32
01 2,291, : (0.95)
238° | CyH 10000 | 224.0 | 1,014,743 | 87.4 0.21
: 014, : (0.52)
0.02
324 | TMP 0 1142 |3531.036 | 82.2
(4.01)
047
347 | TMP 50 154.7 | 2,407,089 | 81.2
(1.89)
0.44
332 | TMP 420 2320 | 1,660,724 | 82.1 arm
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15

20

WO 2011/048527 31 PCT/IB2010/054631

General conditions: * 1.25 pymol Cr('‘Buacac)s; 1.2 eq. Ph,P-N{C(H)(Me}({CH,}sCHa3)}-PPhy;
1.2eq. [(CigHaz)2N(H)(Me)] [B(CsF5)s]2; 420 eq. TEA (50 eq. activation, 370 eq. reactor); p(=) 50
bar 60°C; 200 mL solvent; 1.2 L rig. ® = % of liquid fraction ° = % of total product formed (liquid
and solid). ®1.25 pymol Cr(2-EH)3; 1.2 eq. Ph,P-N{C(H)(Me)(C(H)(Me){CH,}.CH,)}-PPh,

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

For this study, catalysis was either performed in cyclohexane 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.

Entry 056 represents the optimum MAO activated catalysis that can be achieved in CH for the
two sets of precatalysts and entry 181 for catalysis in 2,2,4-trimethylpentane. Diethyl or
dimethyl 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 (entry
059), and is further accompanied by a noteworthy reduction in solids (from 0.8 % to 0.6 %).
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

reduction from 0.49 to 0.41% as well as a significant increase in activity.

Table 2. The effect of ZnR; R = Me or Et on MMAQ catalysis.

. Hexene and Pol

Entry Productivity Activity

(eq. ZnEty) 1aC {aCrH octene wt %

eq.Zn r r

q 2 gig 99 Wt %P (@) °

056° 0.80
3446895 1 969654 80.7

(0 eq. ZnEty) (2.83)

058° 0.60
2 476986 1170230 824

(100 eq.ZnEty) (1.49)

059° 0.60
3298861 1691724 839

(50 eq. ZnEt,) (1.49)

181° 0.49
1805992 2 642916 87.1

(0 eq. ZnMe,) (0.92)

190° 0.41
1899827 3 864054 86.8

(100 eq. ZnMe,) (0.81)
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General conditions: ®2.0 umol Cr(acac); and 1.2 eq. Ph,P-N{C(H)(Me)({CH.},CH,)}-PPh,;
MAO (480 eq.); 50 bar ethylene; 60°C; 200 mL cyclohexane. b =9 of liquid fraction ¢ = % of
total product formed (liquid and solid) “2.0 pmol Cr(acac); and 1.1 eq. thP-N{C(H)(Me)(‘Pr)}-
PPh,in 2,2,4-trimethylpentane; MAO (480 eq.); 45 bar ethyiene; 60°C; 300 mL.

5 Example 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 only does it work with thP—N{C(H)(Me)(iPr)}-Pth, Ph,P-
N{C(H)(Me)({CH,}sCHs)}-PPh,, and the bulky (0-Me-CsH4).P-N(Pr)-PPh, ligands but also with
10 other ligands such as PhZP-N(Me)-N-(CHQCHzPr‘)P, bis(diphenylphosphanyl)ethane (DPPE)
and bis(diphenylphosphanyl)methane (DPPM). This indicates that the effect of ZnEt, is not
exclusive to tetramerisation systems PNP, PNNP, and DPPE but also, as expected, applies to
unselective oligomerisation systems, DPPM. The most significant change in the use of ZnEt,

comes upon running in aiternative solvents.
15

Table 3. Results of catalyst testing with varying conditions.

Entry | Cr/L/A’ ZnEt;, | Cat. Activity Hexene | Polymer
# Eq. Time | g/gCr/h and wt % ©
(min) octene | (g)°
wt % ¢

Cr(‘Bujsacac)y/

sg4 | DPPNCHIMe)(CHACH: 207.0 | 1,744,506 | 83.0 085
PPh,/ (3.34)
OAB
Cr(‘Busacac)y/

423 | PRPNCHMeN(CHACHI: o0 | 1518 2,460,579 | 82.4 0.7
PPh,/ (3.12)
OAB
Cr(acac)y/

so7 | PRPNCHMe)(CHACHI: 399 | 9,962,823 | 84.1 .76
PPh,/ (7.55)
TA
Cr{acac),/

agp | P NCIHMe(CHACH- | o | 406 8718206 | 832 | 0
PPh,/ (1.79)
TA




Cr (2- EH) 3/ , Ph2P- N( M) - N- (CH2CH2Pr r) - - 11. 47 454b 100 51.5

441,991 90.2 PPh2 / (2.83) RB
WO 2011/048527 33 PCT/IB2010/054631
Cr('‘Bu,acac),/
Ph,P-N{C(H)(Me)({CH,}sCHs)}- 2.36
434° PNCAMYCHACH)- | 135.0 | 2,874,486 | 83.1
PPh,/ (9.93)
RB
Cr(‘Buyacac)y/ 85
435° | PhP-N{C(H)}(Me)({CH,}sCH3)}- | 100 896 | 3,530,896 | 83.8 (é 35)
PPh,/ RB '
Cr(2-EH)y/
b 24.7
445° | DPPE/ 0 740 | 115961 | 705
(4.59)
RB
Cr(2-EH)y/ 130
446° | DPPE/ 100 107.0 | 147,931 | 711 '
(4.44)
RB
Cr(2-EH)y/
b 77.9
447° | DPPM/ 0 95.7 | 17,092 28.8
(2.76)
RB
Cr(2-EH)y/ 6.0
448° | DPPM/ 100 107.2 | 16,159 27.9 '
(2.48)
RB
Cr(2-EH)y/ 4 ou
452° | (0-Me-CgHa),P-N(Pr)-PPhy/ 100 495 | 632,715 |91.0 '
(1.67)
RB
Cr(2-EH)y/
. i 23.02
453° | (0-Me-CgH4).P-N(Pr)-PPh,/ 0 18.0 | 443,168 | 91.0
(1.99)
RB
Cr(2-EH)y/
o | PhoP-N(Me)-N-(CH,CH,Pr')- 11.47
454 100 515 | 441,991 | 902
PPh, / (2.83)
RB
Cr(2-EH)y/
o | PhoP-N(Me)-N-(CH,CH,Pr)- 61.88
455 0 65.8 | 80,240 86.9
PPh, / (3.54)
RB
Cr(‘Bujacac)y/
Ph,P-N{C(H)}(Me)({CH2}sCH2)}- | 420 0.43
428 P-NCRIMe)(CHaICHA} 80.3 | 4,044,548 | 839
PPh,/ ZnMe, (1.50)
RB

General conditions: ° 1.25 pymol Cr; 1.2eq. Ligand; 1.2eq. Anion; 420 eq. TEA (50 eq.
activation, 370 eq.;200 mL solvent 1.2 L reactor p(=) 50 bar ; 60°C; 200 mL solvent; 1.2 L rig. b



Cr (2- EH) 3/ . Ph2P- N( Me) - N- (CH2CH2Pr 1) - 61.88 455 ' 0 65.8 80, 240
86.9 PPh2 / (3.54) RB Cr (1 Bu2acab) 3/

WO 2011/048527 PCT/IB2010/054631

150 eq. TEA (activation) 65 mL solvent 300 mL reactor. ° AlBuj in place of TEA. ® = % of
liquid fraction © = % of total product formed (liquid and solid). "OAB = [OctsNH][B(CsFs)4]; RB =
[(C1sH37).N(H)Me][B(CgFs)s]; TA = [PhsCIIAIO'BUF)4]; Cr(2-EH); = Cr(2-ethythexanoate)s;; DPPE
= bis(diphenylphosphanyl)ethane; DPPM = bis(diphenylphosphanyl)methane.

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 little or no effect upon the
selective oligomerisation mechanism with little perturbation in the total target oligomer value

being observed.

15



Ph2P- N{ C( H) (Me) ({OH2}50H3))- 420 0.43 428 80.3 4,044,548 83.9 PPh2/
ZnMe2 (1.50) RB 150 eq. TEAs(acti vation) 65 nL solvent 300 nL
react or . W0OADi1BYES27N pl ace of TEA d ¥ %of i qui d fracPCoAB10/H54631 t ot al
product fornmed (liquid and solid). f OAB = [Cct3NH] [ B(C6F5)4]; RB =
RCl8F1371:?Lh M%NE] [ BLC6F5) 41; TA = [Ph3C][ Al (dBuF)4]; C(2-EH)3 =

Cr (2- et hyl'hexanoat e) 3; DPPE = bi s(di phenyl phosphanyl ) et hane; DPPM =

bi s(di phenyl phosphanyl) net hane. 5 The use of zinc alkyl, in particular

di et hyl  z4 RCprbéss @8 pratiting An Widomerib @rdaliédt PR Mri@groatoea%gélo)ﬁétmeﬁaaétem and
di ret hyl zinc in con unctlon wth the C/PNP/ MMAO system clearly has

benefits PCAPPERUEF RFBR"IESI of pol yner formation by a significant
amountd, whilst increasing the rate of catalysis. 10lt is further not ed t hat

only a | ow la??!r%lndlgiarzg@t/gteﬂg Eﬁgﬁ‘éaﬁﬁp‘za‘ia%smoﬁw\ﬁ% ntghlln%nﬁ)rgj circa 50-100

equi valents, wth her |oadings of Zn offering Fittle urther advant age.
The use of thi's rae%’d RO I Pul fils the requirement on having little or no
ef fect upon theg salgetigicempalndgbmerfdrsakiion mechanismwith little
perturbation in the total target oligoner val ue being observed. 15

10 (R X" (Y) X2 (R, ... n

wherein: X' and X* are independently an atom selected from the group
consisting of nitrogen, phosphorus, arsenic, antimony, bismuth,
oxygen, sulphur and selenium or said atom oxidized by S, Se, N or O
15 where the valence of X" and/or X? allows for such oxidation;
Y is a linking group between X' and X%
m and n are independently 0, 1 or a larger integer; and
R' and R? are independently hydrogen, a hydrocarbyl group, an
organoheteryl group or a heterohydrocarbyl group, and R’ being the
20 same or different when m>1, and R® being the same or different
when n>1;
iii) a catalyst activator or combination of catalyst activators;
b) providing a zinc compound; and
c) contacting 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 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.

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

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

order, of
i) a source of chromium;
i) a ligating compound of the formula |
35
(RN X" (Y) X2 (RY)q........ [
wherein: X' and X? are independently an atom selected from the group

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



CLAIM5 1. A process for producing an oligoneric product by oligonerisation
of at | east one ol efinic conpound, the process including: 5 a) providing an
acti vat edwol2ogawei2irsat i on cat al yst by 3@ onbi ni ng, in anyPOTAB2010/)34631 sour ce
of chromum ii) a ligating conpound of the fornula I 10(R1),, Xl (Y) X2
(R2)n  wherein: X' and X2, ’ﬁé& Lﬂ&%‘?g@ rlletnlll}(ngsa%taom cS»(Gf |Ze%tbe %r e group
consisting of nitrogen, p arseni c, ANt iduth, 8x gen,

sul phur and sel eni um or ‘S%ﬁf@ithatvé‘m’%aféﬁ Qf@épfﬁya"sws @esuqﬂ%'ﬂa®n15mhere t he

val ence of X1 and/or X2 waldnwkihggrospedtweer dahi®®;, Y is a linking group
between X' and X2; m and_n | arger integer; and

Rl and R2 are independenf|%) H)?cgr'g‘geggn&gﬁméldroéég"%ey%rteé’leoﬁﬂd
or gandhet eryl group or aRhet"érR)wdrlr@t?a@mhtlyghmmenanchyﬂbcweylmgom:hen205ane
or different when npl, arBzetQ@I @Quﬁ he; ﬁ@é@hy@l:ocgr'bf/lfg‘?&ﬁn‘énd’\ﬁeﬁblrﬂfﬁwe i) a

catal yst activator or co |nat| cat al yst agtlva b) providing a
zinc conpound; and c) cott¥c P erF'H whep Pehdnddhed eﬂlge'fhf*rﬁa@ec?fn‘ﬁf@u‘ﬁﬂ with a
conposition containing twen2&1; activated ol i goneri sation catal yst and the
zinc conpound, the zinc conpound being present in a sufficient quantity
such t hat the rati o of the nolar ampunt of zinc in the zinc conpound to the
mol arlPamount of  CKPBISLATHIYAPT ChePMbEIFHRC! GRtalysiasHAIRFS | s bet ween 1 and 10000.
302. A proceds farzireabinpairidnte amc@bingame biedapredanteat alffiaént lioariey dused to
produce an ol i JORRE e REOYHEL HHQALuL 6 She ; e AneldofipGur wun%i the
process conpri sing e tion, 1n I")” a source
of chronium amount OfCW‘P“)”U'a in ﬁhga@qrwf@brﬁmm'ab@tffve@mbarfdomma | 35 (R1)m
X (Y) X2 (R2), WO 2011/ 04852736PCT/I82010/ 054631 oxygen sul phur and

sel enicum .or t e, al ence X1
and/ grs X2§erlh§glog?3% o(?ma%ﬁll i ég%tp\)cé)'ﬁe%q{%e Ang Clomﬁﬂ Rl g o %eﬂ '”bte? \r/\?@gf?n)? and X2;
m and n aEF‘e'”VﬁH'é@@rﬁj%ﬁtCIeyt Q}lantﬁyewc'"ahﬂtﬁ}egeﬁfo ¢fm9egeﬁr amnaydt @RIhC énttle BAc ar e

i ndependegdidpgutiytdtieg@Biar anbyHbPEeRERMM @ERURDURB P ERBMRAEE Bedec@nOYRl O @

het erohyd{oﬁgar byl group, and Rl being the sanme or different when npl, and
R2 bei ng € sanme or different when n>1; 10iii)a catalyst activator or
conbi nation of catalyst activators; iv)a zinc conpound, the zinc conpound

bei ngopr esenb plo@es% owrfafm ¢bﬁa£:mqé~'@ﬁ3ré|ﬁ m%%&?%&%&&& |nqhé)rea£tta% ool ar
amount of zinc in he Zl NC CO ound QD anount of chromumin the

source of "ERYEWPY mﬁ?fflff?f‘bx%‘éﬂt s‘é?ﬁdhaiﬁt?det'o 8% MYAMRBLALEC FFthe FBE m 1 or
cl aim 2 weeweind tbHiee mplacamoump olctdornigmpn g®esatirce f thtemiueais betrenF0 bhe
i nventiomyggn a sufficient quantity such that the ratio of the nolar anopunt
of zinc in the zinc conpound to the nolar ampbunt of chromumin the source
of chromumis between 10 and 1000.

25 5. The process of any one of the preceding claims wherein the process includes the use of a

solvent.

6. The process of any one of the preceding claims wherein the oligomerisation catalyst is a
trimerisation catalyst or a tetramerisation catalyst.

30
7. The process of any one of the preceding claims wherein X' and X? are independently
phosphorus or phosphorus oxidised by S or Se or N or O.

8. The process of any one of the preceding claims wherein the ligating compound is of the
35 formulail



204. The process of claim1 or claim2 wherein the zinc conpound is present
in the reaction of the invention in a sufficient quantity such that the
rati o of wheonwl4si27anount of zinc in #he zinc conpound POTHRZ1NDI4ES1 anpunt
of chromumin the source of chromumis between 50 and 450. 255. The
process of any one of the preceding clains wherein the process includes the
use of a solvent. 6.RThe process of any one o Rhe precedi ng cl ai ns
wherein the oligonerisathon catalyst is a trifrerisation catalyst or a
tetranerisation catal yst X1 ——TFhe—proecgss of any one of the preceding
claims wherein X1 and XZ/é/e i ndependent |y osphorus or phosphorus
oxi di sed by S or Se oR*N or 0. 8. The ocess of any one of the
precedi ng clains wherein the |igating conpound iR® of..t.he 35formula I z
X2 NNN R6 wherein Y is a linking group between X and X2 , X1 and X2
are |ndependen§ % sel ected fromthe grpu ,consj sting of nitrogen,
phosphoru"§ erelp X dsa inking groupdisivesh k' BRG Kyt K aRFX Fege indenasdentiy S@é‘é%q"ufrom

i ndependeht brpup cdngidtirgad nivggengplasphoads, arsbred, @hhygraa6 Bishyth 288 alip.R® He The
process o is selected fromthe
group%coﬁ%F§?¥%§£g'ﬁgﬁmgﬁagﬁﬁg&?Pﬂgfﬁkﬁyagd%@%%ﬁﬁgF ing a hydrocar byl ene,
substituted hydrocarbyl ene, heterohydrocarbyl ene and a substituted

het er ohy dy. otardeydessnef, argnoriend rtgka pieCedidOcthime Mﬂagewgmyee@&é@frbrﬁltﬁtg @up her a

single- o a i nd a rou cquprisin

ai ot by rSrPARnP T | DSl SRRRR B sBsP o SRRkl B BT
pr opane- 1hYSC°G?r9ne”%9@P@b¥d®$98f?éLene andp 9l1b5t'tlj§Pélf@tﬁ@p@rn@rdyl@eciarymorgamc
cycl dlout amngind grbuflichpristig Gitadrantiade -of two-skom! Ilnk&)éﬁéééhee?ﬁ@%egrgupzcdﬂdpﬁl;mg

cycl ohexan I Iene

p%enanthﬁg%ylr elg”%%wmeﬁgﬁena ﬁwghgh%m%1%39'pmwm§ d%g& RgPates! 3-divt

1, 2- di ar ydyHgripRareriel-dyl2- @plyaroveane 115diNY Asyplobiftae)+.3-diwh ecyelopentars-aRrdigl y |
group; 1,cociehexbied, mﬂ@r azla%roﬂieénélh%. - N( /Nz Iek) )na}s\mg,gqﬁ gd,k,s an

al kyl gro wher e I'S dr ogen,
AN S L RUR A N 1% S Cafeifep'aterﬁe’é) FINIR R SR AAS

wher diSn tHENIN(yad iwnereconpauad! greumpfl, 2 diakyirgrinarihe 1 Ridiyl 2R(ARG-N(Alkmhetiees N R3 t 0
R7 are eagh raqearn@ng,%})l ysmhy@rﬁt;ar hé{hﬁ%ﬂal?r\:g;) %&&ﬁgpﬁagg% byl group.

2511. The proce aiml mherel each o sel ected
from t he YFEEHP 8n§?§??ﬂﬁ“%ﬁwﬁﬁ?%yl, ethyl and isopropyl or an aromatic

sel ected fromthe group consisting of phenyl and substituted phenyl. other
metal or i BEQUPordNY b AL oA iERIAAMREG  GUELAR,PR!T vators which are
neutral or itonic, Lews acids, ucing acl s oxl di'sing agents and
conbi“iiat i ons thereof 13 The process of claiml or claim2 wherein

t he process includes a reagent selggted froma 5Goup 13 reagent, a

dival ent netal reagent gg an alkali| metal reagept. 14. The process of
claiml1 or claim?2 whereiN the zing conpound ¥s selected from zinc,
activated zinc, and zinc-containin conpounﬁgyselected fromthe group
conprising zinc halides, zipdarkyl —Zi oxygenat es i ncl udi ng zinc
acetate, zinc acetylacetgpé?es and zinc

R4 RS .

wherein R® to R are each independently a hydrocarbyl group or a heterohydrocarby! 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 isopropyl or an aromatic selected from the group consisting of
phenyl and substituted phenyl.

12. The process of claim 1 or claim 2 wherein the activator is selected from the group of

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



10car boxyl ates, and zinc porphyrin. 15. The process of claim 15 wherein
the zinc-containing conmpound is a zinc dialkyl, including dinethyl zinc and
di et hyl 2WOQ011/048527 38 PCT/IB2010/054631

other metal or main group alkyl or aryl compounds, ionizing activators which are neutral or

ionic, Lewis acids, reducing acids oxidising agents and combinations thereof.

13. The process of claim 1 or claim 2 wherein the process includes a reagent selected from a

5 Group 13 reagent, a divalent metal reagent or an alkali metal reagent.

14. The process of claim 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 carboxylates, and zinc porphyrin.

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

dimethy! zinc and diethyl zinc.



