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COVPCSI TI ONS AND COLEFI N POLYMERI ZATI ON USI NG SAME 5 BACKGROUND OF THE ™

| NVENTI ON The present invention relates to catal yst conpositions suitable
for olefinic polynerization and to nethods of form ng pol yol efi-ni ¢ products
usi ng the subject catalyst conposition. J;/bre particul arl t he present
invention is directed to heterogeneous catal yst conposi tml’ummmﬁmll'ﬁmng a
cation conmponent 10 derived fromat | east one bidentate e
transition netal conpound which is activated by an ionic netakor
nmetalloid. silane-nodified inorganic oxide support, as fully described
herein bel ow. The subject conpositions have been found useful in catal yzing
ol efinic and acetyl SUPPORIBDBIDENTATE AND PRIDENEATE ATALYSTI ar wei ght
hormopol yrmer s and ¢OMPAOSITEONE ANIEOPEFINTROS Y MERIZAFUDS TUSHIGt JAMEd

nmet al | ocene- al unoxane type catal yst systens are well known in the art as
bei ng useful for the polynerization of olefins. Recently, netall ocene

i oni c- pai ?1 typeBR&K%&vt@édﬂﬁtOﬁ?ﬁlﬁtfﬁ@'%ﬁ&ﬁl oped whi ch can provi de pol yner
products havi ng—1 T ed to conventional catalyst
systens. 20 Zi egl er -THatpraseiityipentat Rlaysits chislye compgitivae suitabk feonvent i onal
system used i nhq(ilfef.i ni.c pol y,meridzati on qré)rocesses. Th?, fransition netal

catal yst and t Hectiue polymerizatian gnd toymethads of fosmingipRlyRjelinisProsicisising duced i nt o
the reaction zZqResaffkchcatdlPR ebihpostitS Mo BRAEGISrRHR fPeABhiehibMR 9ani
oxides. Silica, as a support for Ziegler-Natty type catal ysts, has been

wi del y used i n dirnted tched¢rogehepus| catatylsy¢ompositipn canmsing aasticeeumpoped i n

Macr onmol . Synp., .19 8 63...Qver the, past decade, single-site olefin

pol yrori 34c T on desfet G 2L et ane TR SEGIRRES sPSiEH e RleblbyH e

typically use avKiIPidRclivitdd BVRIndbhio 6RBE o£ABRINMAGIlseoRPaHedimolaNicng at | east

one cycl odi enyl group coordi nat ed,égal the pi-bond to a transition netal as,
I

for exanpl e cycd¥seprart anilly sgseribed baraip dolewo Jap subigcepgmpositioanBave on et al
conpounds) and pxele] ] : P Il m L Pat ent

5. 241,025 teach%gn tdr?ghgséég&l&?\éghggtn <g31I0]§/3glEx lcsab%?cggl‘?cl)c r%glgr}%]"gm& oup II1-A

el enent conpourmovidhhigh owigeolandeighshanapatyners and fatetienatizeddapalyimes. a pr ot on
which irrgversibly regact jth,a ligand of the Goup.lV-B netal conmpound
And an abt on whi ch AT et Ms RGeS PRRA S v
transition nmet alelCiaioom if fiectiics Geinp ABefhior 1he p6lymefizatibn bhelefi at | ocene and
activator conpound. Simlarly, U S. Patent No. 5,198, 401 teaches that ionic
catal yst conpodteCERlys memHopmae innisypainPegf catphist basivgen deyelopsrowhieit s

bi s(cycl opent adi,g 2 b dH | east one

i gand which will B%:Gc‘)’%wqé’i(ar?%':” }eéfg?tgﬁ%\ﬁ{’/g Ve édbg’g’cgnﬂh‘g%er?%gnent or at

| east a LO por tdooventiheal cathlystisybtems a cati on portion thereof. The

conbi nat Len of the C ents. produces ap ioni ¢ catal yst conposition
compri i 8 a cat | oA AT SrRga R sakbs ey Pré Ben ¥ ol Sl ex whi ch
has a formal caogédlinnéfinddpdlyitedation prodessesd Thy Ghreiiida nedtal ca@lysnadt he

af orement i oned noncoor di nat | ng ani on. Both of the above U S. Patents are

directed to 15 RoMRSYERES:E, tHalkyl JlysBHe) pay ho inkodyred e s $¢2cionzadfs. Use of
t hese catal yst [ q I &1 or fouling)
poor producti V|ﬁiggsﬁm&oﬁ%ﬁ@g@?ﬁﬁPﬁgﬁﬁégw?ﬁ% %85:3?%% ymer

nmor phol ogi es. Auppgrplor Leegler-dNattphipe catalysth.yws bepstidaly isdtimenyhmercial WO

94/ 03506,. The su rt. which had,been nodjfied,wth lLkyd .al um num
reagent, 21's tr&i’?’%ﬁ‘y © RFYRSSE %%ﬁiﬁfr?l&q ’%g/laémf?@{'gyp&zﬁgefgg‘tgaq3yst and an
anioni c activator, angriHRasdessdBsidgle-SiRIMRGolyheizittmltatalysdsysing! yst
system provi ded a heterogeneous ion pair catalyst systemof |ow activity.
Thi s system i s hexeibeen develeredy Jhesgisystemstypicrly wse a&irpeml oBdeatallpsene Such
processes are hjghl ir .he in n onbgeneous
catal ysis and Fﬁ)gmrﬁgérxsagﬁgpp%gxp ? ﬁ%\{"ég %ltcl)%gnm%’ge cggs‘ggnggg%g tg%ggﬁ'f ﬁﬁ g?ur ry and
het er ogeneous phé pinkynd Z&h trafkitinGa@sise Sfor Hawpkasyclopataiien®] dddere is no direct
chemi cal _bond between the catalyst ion pair and the support,

resol ubi PPzat i dhs(exclapsetagdignyl) yansitiog msgal spmpaundn@ndarjoficastivdon he systemto
be unsuitable far slurry reaction processes. 19 f~hR 2003 Activators
which are widely used are al um num conpounds sel ected from an al unoxane or
an al um num conpound having the forrmula AIR, wherein each Ris

i ndependent |y sel ected froma C,-Coo hydrocarbyl or C,-Coo hydrlwwmwwwwmm
group and preferably selected from al unoxanes and tris(C -C, 5

al um num conpounds. The al unoxanes are nost preferred. These conpound@sz-are
oliginmers or polyneric alum num oxy conpounds cont ai ni ng chai ns of

al ternating al um num and oxygen atons and whereby the al umi num atons carry
a substituent such as an al kyl group. Al unpoxanes are normally forned by the

. oy - v




20 process {e.g., extrude) by known techniques. It would be desirabhq M@'ﬂ%
provi de a het erogeneous catal yst conposition and a pol yneri zation proce g
capabl e of producing ol efinic polyners at good catalyst efficiencies. It
woul d be further desirable to provide a heterogeneous catal yst conposition
suitable for use in slurry and heterogezeous gas phase 25 pol ynerization
processes. Still further, it would be désirable to provide a heterogeneous
catal yst conposition capable of producing olefinic polymers having a
sufficiently high polydispersity value, that is, to provide a polyner
product of desired broad nol ecul ar weight distribution and of high weight
average nol ecular weight. Still further) it would be desirable to provide a
~ ~ ~~~~. R 2~~%. Sifaesno 521 £,02S eache sthe usttof a@aabSi $yisem owbipeibinga Grolyst anti al |y
free of hal ogen atom containing nmaterials. Finally, it uld be desirable
to provide a hé{# ggBapsampedida Nusicopaapyukios 2 satQgsahl e Olfongingduci ng
olefinic poly 0 G : i | ygen atom
containing 5 PE&%??%ﬁgr%agggﬁgfﬁéﬁﬁﬁﬁgﬁ“gé"ﬁﬁkﬁ?ﬁ5%ﬁ$Yé§F¥ g pr esent
invention is dicoreptund and an amemwhich istmliel andebarcogeimatbl widt the Gsdupconposi ti on
and to poJymerization process. utilizing said conposjtion, 10 wherein the

cat al yst onpo??s?ﬁﬁn §W%§§W°?BWﬂwwﬁagﬁbﬁFEVEngﬁ th%@@@”&?QEW? ed desired
characteri sti Cgotivaidh copsithd! Raaiar9f USOPatemMNAISYIDB 40 tdatliek Yhab RRRCI LY tO
produce ol efinic polymers of sufficiently high pol ydi spersity val ues and

hi gh wei ght aveatalyst conipesitipusrcanbs praparedobyeondaning Fwo efmpnaeris, readi | y
processed by ext i on i S d the like, of.being substantially 15
free of haIogeﬁwggng?H%ﬁéggéﬂgﬁfgﬁgéﬁ%gé?mﬁgrﬁa%gﬁf§5%ﬁggfweproduce

copol yners haviigghdavhitieasit csbife ifevepdily ivathuhé $e@ombaonii@nptvearléast ainct i onal
groups. The subject catal yst conmpositjon provides a polynerization process

P
whi ch pr BHuces Pof&iep F@&“’!‘ﬁ?_@"f‘i‘ ARéicgian P&Wéﬁ“éb‘ﬁ?‘?fol'ré%ﬁ?ra?mﬁ\%i“gﬁtthedf”éfi nic 20
pol ymer productoffonshs brddueflanordk SRR LAADRREMTompri¥iAk HefidnR De readily
processed into filns and structures by conventional techniques. DETAILED
DESCRI PTI ON Thbis{syelopentadienydriiroeml -B mifital somplgx tvhich s wformahl yst conposi tion
25 conposed of at .least one Ani pn, Conponent an t least .one Cation
Gorponent . e RainfiEinflt SETACTHBR ISR B b RAERAOR Re ol ai me
appended her et eoordihtirg dnfora ButldefthadteveU.3. Pardanrtaed directedansi ti on net al
cation. The term "Ani on Conponent ' as used herein_and in the clains

appendedther et Bomogenepys metaliscene pelyglefip catalyst systgms o Hswof thesgettalstor et al | oi d
silane nodifi e@sleﬂi%riﬂé‘ﬁhff rEHIAE cALRRMh _réEE{o?fduﬁhg,"ﬂ&bpﬁoﬁﬁ‘&l‘éﬁés} 0 activate
the Cationic Conponent. The term "substituted” as used herein and in the
appended cl ai negor@olymer pulkgionsitéast and pooii potyrhgrdnasphalegi¢és. gr oups forming a
portion of the cata i tion. . C f heteroatom
cont ai ni ng groups m%¥§ﬁ“§?gﬂﬁﬁ%ﬁfbhﬁﬁﬁy%§é§%§PbﬁéﬁPﬁ%gﬁﬁﬁfgnngted

pol yneri zat i onsuppomgwhible hddlieee ehodifieg eith aaaikal ylamimeniesdnt.iiomeassdd whi ch do
not alter, the rﬁdoninate%% h¥ﬁrocare&ﬁ character, of, saida$%grocarbyl
groups. duch nh¥ttBaseuEa ebhmgiiocre piabhan QG 3IVaoR, 3¢ B€ar bon r adi cal
whi ch cont ai nsgjiune WMeheear. bae re%Ul*ﬁﬁ% b&tM?ﬂfsf/sﬁiém ga%vmaa HR&rodefousxanmpl e,
hal o, nitro, hydroxy, al koxy, carbalkoxy alkylthio and the Iike; or (ii) a
het er o radi cal iontpeirsatalysisystem of b actidlity aThis systene iboarghatet teyusefpdinocar bon i n
character, the,radical contains q%ons ot her hg?nd§a€$QHh§UCh as, for
exanple, nit roagﬁ-\f re&ﬁag’lwoﬁeﬁifs'sg? Frocepss® ge@ hosr ?ng X/\?‘lol%%nq s ot herw se
conposed of catheadvaitapasof HomophteoGHdatil ystt and aligasé bf parictaformgr eadi |y
prepared in high yields and efficiencies. Further, the Anion Conponent can
be forned® in alssefidied Withskhiry3ad hsteregengeusnobimarizationapesssest Hewrydsi tion to
be substanti al : Jo LM : | e of

i nhibiting thet%g{l%ﬁ@esf fsﬁéﬂ:@?tfc‘)f/ler@#c?lﬁ@@@éttw 5%@? c%@?@yﬁl‘ B%b&%lp(ﬁpr ef erences
herei n to el emappert.aesobetilidasobef thereatalyst isopoasible rhdimouldicause the systerif er enced
herein with respect to the Periodic Table of the El enents, as published and
copyright ed byloBREngsiteble fof Ty Feagion PICEREHny ref erence to the Group or

G oups shall be as reflected in this Periodic Table of Elenents using the

| UPAC system for nunbering such groups. 25 The Cation Conponent descri bed
fully herein below are activated to a catalytically active state when in
the presence ofr the subject Anion Conponent. The Ani on Conponent is
derived froma Precursor lon Pair wherein the anion thereof constitutes a
precursor to and is the same as the Anion Conponent of the catalyst
conposition and the cation thereof 1J f~~~~~ ~~ 03 eventual ly causes the
formati on of the Cation Conponent of the catal yst conposition. For ease of
di scussion, the anion of the Precursor lon Pair is referred to herein as
the Precursor Anion, but it is to be understood that the Precursor Anion

—- ~ e Y T o " o o o



25 hydrocar byl enoxy group or a C,-Coo, preferably C4 to Co, more 19 MAR 2003
preferably C- to C /s fluorinated hydrocarbyl enoxy group. Theabove groups
can be selected from al kyl ene, cycl oal kyl ene, aryl ene) pol yaryl ene, or
fused aryl ene groups which may be unsubstituted or be fluorinated or be
substituted by one or nore al kyl, al kox%, or aryl groups. D preferably
represents a sterically bul ky 19 ~~~7 i1 C03 s hydrocarbyl ene or

fluori nated hydrocarbyl ene group such as a branched al kyl ene, a
cycl oal kyl ene, an aryl ene (unsubstituted or having one or nore alkyl
substitution groups), a fluoroaryl ene group, a polyarylene (unsubstituted
or having one or nore al kyl substitution groups) or a fused arylene group 5
(unsubstituted or hav¢tingosvehiclarérevidelyalsky hre alunsifuirh vbrhpounds selgeeed or t he

Li ke. The nost preferred D groups are unsubstijtut eg ?r substituted aryl ene,
pol yaryl ene or fopsEplumgransr ar suppumgomasres Baning s foggldmAdR: bor on,

al um num) gal li 1 0di, T J IR £l 3-0x| j ate and

m xt ures of tthl 5#’%%%!’#5“,5?@?@@3%% %%%Hgﬂgbﬁanéb(rzmg}’%ranédﬁ rlnoggtj&f?bst
preferably bor apdro€aregoky prode pehplefatably sekpreé frent durmoxznes@idiriggCeCer ably C4
to C, ~, re pre eraEI C6.to C S, substituted or unsubsti.tuted

hydrocar byl , ofYdfogar 3{%“ minum, compauady. (The alumaxgnes.apmosh prstesteds er abl y a Co
to C s substituyhed cBHBQE&ra?y&ligiﬁl%BP}gdl?ﬂex@ slbrhfhumbxg ehadings Ca t o Coo,
nore preferably C~- to C s 15 hydrocarbyl oxy, C -C, o, preferably Ca to Coo,
nmor e pr ef er abl yor@@ning chizifs Hf altsrrating aldmimudy adaxygén agmandOrgrebyithel er abl y C4
to C,o, nore preferably Cn to C 5 .fluori.nated.,hydrocarbyl ox roup. Each Q
may be, for exgﬁ%]l%,mﬁﬁmgl CI?W ,as%l?s{}Fu,en a?luf%h?‘mn a&‘fﬂérrogf"kf/‘r%borx%%eﬁ%ﬁer an al koxy,
al koxyaryl or acedli9XymeddosixhdRactintdf Wakr ahda alamBumradyl, peidh mas t her eof
are as described above. The 20 preferred Q are those which are

per f | uor Ihat ed iy#dditinn tg dhccalkd @ppupieoptaimbrlidppsalkeyides grpuns) 35 discised | uor i nat ed
aryl, alkaryl Gfuay hisyl4 SELHBanPEPORESEEIL SIRNAFPretefted bidmoRfnefl SCUT SOT
Cation and represents a cationic group capable o ormng a neutral salt
wi t h t he Precunsthyladmoxanedlai)aDue por thé anstitily aral pyeopharit nf@&reof a Br cpnst ed
acid; and eacha x% n and mrepresents an integer .such that. the ratio of
the product of 2 '?'Féso%m'f%ustel"?em%} S@TRStOt 617C (thPPAIRESYS e 8SiBR e gyt abl e

i nor gani ¢ oxi deigesé sutiviees.in formng the T noiety of Forrmula | above include
silicas, alumnas, alumna-silicates) alum nophos hati’éﬁ“ t ani as, 1-)

~-v;:t ?B-3 9 cl aysMosgrasenttyypeveral pasngsyU-S ettt 1618 Hotbgani ¢ oxi de are
those of alum 8595956} cihlsl 3% 5Y\lsclte thoRfs€ bEGIRG! dipddiege Of silica. The
support material can be in any physical form suc% as, for exanple

pel l etized, gr aetdllaceneuminumadiydactivatee dystemrsrfopsluvy atddas plaserat eri al has a
hi gh degree of rosit nd 5 surface area. The s r gl should
preferably havé’aﬁ'ﬁg neé)é? ?lgg"ép%lly &g aﬁo? PEFEBou ovfggrg)@e%(fgggﬁ"h a,
preferably froothef30viich 620MAID-4ngd tikSikd @k astiato,thaby kidwh didativangas gfor osi metry.
Further, _the pore, volune of the support is preferably between 0.1 and 3

cm /g, mdte pr&3aEpEg Nehwolseyopobalymingmdgmetpllgceny i QTAeH IR aENIEKF 2ni t r ogen
absorption t ecbamw%mpmﬁoxpaféuhsdléreﬁetmyoaﬁmbb%a duth Systtins S0 pHRRGy t materi al
is not critical but is normally fromO0.5to 500 pm Smaller particle size
of from 0.5 t ouhdmirable tow meleaulfr weigld pblymmer Bddueh i s preferred especial ly
when the catal yst c A ds used in onti.nuous stirred nk reactor
(CSTR) for the pol y%?i}aﬁ?%d'ffﬁ%sse@%.usequ%ﬁ%?" B%lé?{“?m%%f}gg’togﬂ{tﬁf ound t hat
the preferred samlykt@ompakitibfd. E'he agiBnis URPAY ts dONPYidRF a BRIkt 5 mdthl
conpositions of the present invention which exhibit enhanced catal ytic

act i vi t y2{ pr od@emrRileid atom gentaining apyaardigatingranianicarouws MRl The i nor gani ¢
oxi des useful i ol ety S td : rsor Anion
preferably wil |°H°<§'f‘d§ iy %&g%&éﬁaégﬂcﬁé&n o %%%%Sl%ﬁa%?%ﬁgdgg’%?%ﬂent fromits
macr onol ecul ar neietylCcThe Ransitiol nieyd caxlyst ig oty af the ietailatdng tyle. present in
from0.00l to #g m"mﬂl/? referably from0.01 _to 5 mmol/g and nost
preferably frorh c21ays %/S%ﬁblpasg.eﬂ%@saﬁlya%s@;-| Firsthye the aRQNICMYER QR be

determ ned by m’ﬁf% i f pectroscopy, as
descri bed by Pm%u}oﬁ It s“g?tq%ﬁa@ggd %bé);gnﬁgd;ﬁ% t%%?giﬂ"%‘b%ﬁaﬁéiwl ey

I nterscience (1986). 25 The inorganic oxide should preferably be
substantially free of functional groups other than hydroxyl groups. 'the
hydr oxyl groups are preferably surface hydroxyl groups, as described above.
These groups directly or indirectly provide reactive sites through which
coval ent bonding of the silane |inking group to the inorganic macronol ecul e
structure occurs. 19r ~~=;?2~-@ to The inorganic oxide (T) is nodified
with a silane represented by the formula RR'R'"SiH (lla) wherein each R,
R' and R'"' is independently selected from hydrogen, a substituted or

o, o, p— o o



19 fv;;Z2G& from1l.5 to 20 mol/g. The reaction can be carried ou% in the
presence of an inert hydrocarbon |Iiquid and such liquid can be used {1 ARS8
the reaction product free of unreacted silane and of base. The resultant
silane nodified inorganic oxide has the silane noiety 5 coval ently bonded
to the inorganic oxide through the suppgrt hydroxyl group's residual oxygen
atom The silane portion of the reaction product typically will contain at

| east one residual hydrogen atomdirectly bonded to the silicon atom of the
silane nmoiety for further reaction, as described bel ow. The Precursor |on
Pair is fornmed by covalently bonding a nmetal or 10 netalloid salt to the
above-descri bed silane nodified inorganic oxide. The netal/netalloid salt
preferably has dghydrekalégedatompf a jalogm cehiagtingmetal metelioidipteursdrewitly dr ogen at om

of the silane ety to ca the IInetaII tain oup to be
coval ently bongg’gmt’%l §REPS 9 ﬁ&?ﬁo@ a’%‘ﬁ‘BB bgf’ 3’8’ 0‘5%2 'g{/ ?Tane i ety.
This reaction igredut@erelatiiniied (ROMR1.f et Rltefigi@ ehd PilsoRYhdddapapgt s 15 or the
use of a hal ogen reactant and, therefore) provides a Precursor lon Pair

which is free obsteml &yaher, fhh@qu@emashﬁﬁ tﬂalmmﬂoed pre¢utsasnildt Samdkél to form

the formifa: 200RCtd OO OBl ancrisy hPerited el fhede sfas ™ =0 ™
Precursor Catiag smIanCalrunmﬁaarxﬁétﬁlldxmer bexﬁfmastne&moﬂ zBrﬁérmsstt@ti agigd salt, an
oxi di zing cation, a carboniumion or a silyliumion; Q Mand D are as
defined above ameAuceHyn aquiyplencsf HC whichvma be liersitnd. or PrRdyee 215 salts can be
readily for med a]j]g?q o Qﬁ'f% ted D
conmpound [i. @‘?&Eﬂ& V&%h ‘Pt“?gg Oﬂmeyregﬁt ﬁg)éﬁ{)’%réoxyp'%ye% with a
protective gr owphlewcahyaena:f lbvxﬂgctnlv;t@ Si;lBﬁJlntbmawé:,refﬁbncaltk@chés thatghd azane

[(R-Si}~ . This react, ecar neat in an r

hydr ocar bon solSYBR™ “]8%5\'/‘59‘?%8’%5@%yé.eeﬁrogées’(dfgii'éﬁ(fyl EFBYPSQ’HB& peri ods of
1 9 fv~. ~ Z003 gikdowiRo 68 10eated BPtheSilica surfdek. SAptoupt @t Knswhien produced
by treating the capped conmpound in_a conventional manner to produce a

Grignard r eageﬁ?‘)ucgd@r@c&‘é%ﬁlﬁ‘lea&*tep@ﬂg‘ cetady st digeyabd e ofithe ity i n t he
presence of a eI evat ed
Cemporatres. ot GHEHE"SAPALBLL NOEh AL ABRAR i dfe biukovg

reactant to prcdposingits catai)mrmmxghe:toatdnnanbxﬂef ﬁmamome(,es;(eQ)allenR The
protecti cappin ro t hen be renpbved th roug cat.ign exchange to
yield t hlg abové® Wg’t“%}gl ‘ﬁﬁfdmﬂé)b%’wv HSPTHSIPPRS&2R PYjsony He f%@yﬁ%‘%g“r eacti ons,
the cappi ng reageity, uhscﬂm?ét@yswhrhughthgmocwm7215}1daWb>d7)1q¢l59hbﬁzane and
nost preferably hexaneth di silazane. The MQ, reagent is preferably a
tris(perfluor od%‘éﬁ?ftla}}?’“@:w*ﬁt%riﬂs%ﬁm%mwé‘?ﬂ A oY SR PP RIAINRCEOURSAat er abl vy of
boron. Renoval d by cation
exchange and plpg(gvéél‘%& \A})ﬂagu%%éri@ nlg\tw gfdﬁfﬁgbg(agﬁ&gﬂéc???hydroc ar byl
ammoni um sal t (vesl@t)dxstrrbuemk)yPObrmmmOdmts Idvangythesd ipropettigs arg gliffiowioti um and t he

l'i ke) or cyclic dr ocarb moni u m,such as di nethyl aniliniumand the
li ke. pr otPOHE? (Sﬁ Egtﬁ %Lﬁc‘éﬂﬁ’av&cﬁé‘&“ﬁ‘gﬁ ng aqueous sol utions and,

t her ef ore) the resulitvadilld bedeairdti @ pralille £Rdlerbgend@sRadykl @enakitidRYy hal ogen
by- product. Exanpl es of hydroxy containing netallqids are aniliniumand 20
ammoni um sal t s 2884 apalymeezasioy prosess carablesof peaduging alsfiais melyyeryas eqed

4- (4' hydr ox ~ r
Lty 5SS BRRBTL] 1ty BB UOF S ogenens
tris(pentafl uorcaqalyemohﬁpoénﬁerhyﬁtabixyortust nmimrqoarﬂpahemghx)eobmgatmsd ris

2,4-dif| uorophe dr ox borate, tris (3,5-tr|fluoronethyl
bhenyl ) £ hy QR RHEHAPREG Y LU tihero vep e 4Gl dp Risiide ’
(3.5-di methyl - 4;&&%&%95&51%41 Lmhﬁdsﬁto%,caiamesof(pp@d%ﬁg biALRRRGMNE (4- hydroxy

cycl ohexyl) borate and the e preferred i S perfluorophenyl. The
preferred D ar chaving tabeﬁﬁic'teuttl)eldglandYQIMSIth%tt@dtthes de promise @)polymsr pr E; f erabl y

perhal o or C C~ dr car hyl 4 ryl enes, .and | yaryl enes
groups. (pr?‘n%t 6‘?3{’ ﬂ?ég%fﬂé ﬁ}gi‘gimag’t% %‘r’f‘ngfépﬁgvfs@’éursor | on
Pair is sel ect Qde&geﬂalwnawmﬁ Bill hsther RaRul & dekiptlClo@odde £1 ease of at
| east one L group fromthe Cation Corrponent starting material defined by

structural fornmulas Il or 1V (described hereinbelow. Such rel ease can
occur typically through 5 protonation, abstraction or oxidation of such
group by the Precursor Cation. The effect of said protonation, abstraction,
or oxidation is conversion of said Cation Conponent starting material into
the Cation Conponent of the Catal yst Conposition when contacted wth the
Precursor lon Pair. Accordingly, suitable Precursor Cations can be sel ected
froma 10 Brcpnsted acid cation, such as tris-hydrocarbyl amroni um cations
mhereln each hydrocarbyl group. |s |ndependently selected fron1a C CZa

L e o~ P~ p—



5 Exanpl es of cationic oxidizing agents include; ferrocenium 19[MR?%5
hydr ocar byl - substituted ferrocenium Ag+, and K+. The forned hydroxyl
netalloid salt (I1b) has been found to react with at | east one of the

resi dual hydrogen atons of the silane noiety which has been covalently
bonded to the inorganic oxide support. as described 10 herei nabove.
Specifically, the Si-H bonds remaining on the silane noiety of the silane
capped i norgani c oxi de has been found to be reactive towards weak acids,
such as hydroxyl (alcohol) groups with the |iberation of dihydrogen. Thus,
the coupling of a hydroxyl containing nmetalloid. such as a hydroxyl
containing borate with silane nodified supports as, for exanple, silane 1 S
nodi fied sili casteragenuataslyadompeyigraniidctsidgptstantifibufiet ofdkiapdnoi d. Thi s
reacti on has been found useful in providing an anionic supported netalloid
which is not g@io8t sReainiBy magrsialgskinglfy, i ol sigabif RIPFRYAF 4 eact ant by
dehydr ohal ogen I Eﬂ”g i norgani c
oxi de support ?gtlﬁ%ﬁn%telgg%ﬁ%%lg%@h& ‘?&‘ e era ?(éd{‘%]uéfn ?’%’?ﬂ‘@w su%h as from 10
to 30C, or at dloavainashomenspainat afrvtich mmmsawyfgematbmaﬁntammgef | ux
tenperatgges i the resence of a diluent. The diluent may be, for exanple,
a hydrocat bon SYECHOYE Bf®PRiene) hexane and the |ike; or an ether such as

di et hyl ether, dioxane and the like. The ratio of hydroxylated netalloid
salt to S|Iane nodi fi ed support can 25 be fromabout 0.1 to 10 and
preferably fr ozl elQhact i on produces dlhydrogen gas may be
noni t ored by gas ch mat o known a techni ques. The
resul tant Precursor ﬁ%ﬂref-%'i 'ﬁkond%&feﬁfeﬂ P _RAFYA cg QR%{ erggege%:él ieved to aid

i n causing thecpapstddinpbéition yfltto poIyRREAtI0R PrdcOssakiliziay caid compmitipat i on of 1
9 f~e~;~ aD3 is desired properties, as discussed herei nabove, Al though the
present Ybser vathesisths caalygicompasition kss beergforndppghierihebovere subj ect

i nvention and t he present
Precursor Ani otrcli nséﬂiégﬁ\e on g%ﬁg%&n?hgh Pgﬁ%é @a%ag{j bﬁé{@%gtr:rpo ition)

provi des a hi glépac#gtoi medmeoaﬁaicwiynmnfcssfﬁcienﬂy highpolydishérsisd wi th t he
present Cation nt. because ani.qnic, netalloid.site thereof is
separ at ed and Héi?’g"p?nﬁ%ég}% @?I?t@?ﬁ?rlaée 'I)quﬁf‘J'g?re‘Qﬁe' gi bq FRAGIF 31RT%e oxygen at ons
surroundi ng t heeadily pRRess® Bt ekuasidn tdchiTpidian@the fiké.bE beig EgRnhLalRxi de surface
atons by a bquy group D, as defined above; (b), the silane bridging group
and the R and 'Re°§li‘%‘ﬁﬁ5§ cquaining raAeria Mﬁéﬁlnﬁﬁb‘ﬁb&fé°§§i§%!?eatl on between the
ani oni c netall nponent is
associ ated wi tﬁb@ﬁ%}hgg}agﬁﬁ%iﬁ@%ﬁ%ﬁt er eo?ggm cﬁa ggﬁ%}%ﬂgﬁ?lgﬁ%ﬂ de surface
atons; and (c) gtdwps.si | ane bridging group) as discussed above, provides an
Ani on Conponent whi SP i%.f[eaﬁ of hal ogen con g\e c es caspabl e of
inhibiting the acti ?V‘ St ¢ aé,vsit SYHPPRISE PIR! eﬁ?ﬁf’@ Wp(ggicﬁ on. The
quantity of netwaidhQirédused desite@idigieweighd dvelapemsietdtendiplitioldfiait i nor gani ¢ oxi de
is not critical. However, the_netalloid salt typicall anges from0.001 to
about 5 (. §olymst arodurs of suffigientyhigh Rﬁ’lﬂl%ﬂﬂsiwf"ﬂ“? ‘9%8‘ es/ g of silane
modi fi ed 'norg?chGsst(fn%eﬁl%{éQHQEtrructMssﬁ BhGhEbHIkKnhiRGes20 Precursor Anion
contains from1l0 to 000 m cronol es nmetalloid per gramof treated
support material. The Precursor lon Pair found useful herein can be stored

or shi pped eltMMd in an inert diluent under inert
conditions or y to provide the present catalyst

conposi tion. 25 As FheprestntiOsRionih\@reple8 s hedd cdril 9t ompésitioan Pai r conpri ses
a silica noiety T, a silane bridge noiety wherein each R and R' is a C -C-
hydr ocar®yl , aC@mecrsreéafatyeaﬁmnky\wu@mmwanepblew o) Catignpret al | oi d of boron
and fluori nat e(é agar byl groups covalently bonded to the netalloid to
prow de the Precu sor An| on and a Precursor Cation capable of inducing the
lE ~'" ~~" .1~ |t!~~ 1%hé @mrtiCativa Cmpcatntons (sedrpareianhd of the bieinsubj ect cat al yst
conposi t| on. Table | provides illustrative exanpl es of p‘g[ ef erred

conbi natl ons oﬁp@ée‘ﬁi hegste rafers iy aRidentatner ‘F‘ld"é’é‘i}? s}B‘PS‘P%‘hm ?a.“m’Faﬁh“'e | 1~ ~ R
L1 gn%n lj&)%m@ Ent{ 9§ ls%% oift antk nzhc claims a H?nded hereto

Exanpl eTRRDIVQQQI Si SilicaH
(C6H4) 2- BC6F5C6F5C6F53Si | i caHPh- CI OH6- BC6F5C6F5C6F54Si | i caMeMe- C6H4- BC6F5C6

F5C6F55Si | i caMeMe- ( C6H4) - BCBF5C6F5C6F56Si | | caMeMe- Cl pH6- BCBF5C6F5C6F57Si | i ¢
aPhMe- Co6H4- BC6F5C6F5C6F58Si | | caPhMe-

(C6H4) 2- BCBF5C6F5C6F59Si | i caPhMe- O pH6- BCGF5C6F5C6F510Si | i caEt Et - CoH4- BC6F5
C6F5C6F51 1 SilicaEtEt- (C6H4) 2- BCOFS5C6F5C6F512Si i caEtEt-C

pH6- BC6F5C6F5C6F513Si | | caPhPh- C6H4- BC6F5C6F5C6F514Si | i caPhPh-

(C6H4) 2- BCBF5C6F5C6F515Si | i caPhPh- O pH6- BC6F5C6F5C6F516Si | i caHPh- C6F4- BC6F5
CBF506F517S|I|caHPh (C6F4) 2- BCBF506F506F518SIIICaHPh Cl OF6- BCBF5C6F506F519S
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(C6H4) 2- BCBF5C6F5C6F533Al uni naHPh- C | 19 1A 20
OH6- BC~-FSC6F5C6F534Al um naMeMe- C6H4- BC6F5C6F5C6F535A1 um naPhMe- C6H4- %66[1356%
F5C6F536Al um naPhMe-

(C6H4) 2- BCBF5C6F5C6F537Al um naHPh- C6F4- BC6F5C6F5C6F538Al unmi naHPh- ( C6F4) 2- BC
6F5C6F5C6F539Al umi naHPh- C 1 pF6- BC6F5C6EF5C6F540A1 uni na

~MeMe- C6F4- BC6F5C6F5C6Fg41Al um naPhMe- CBF4- BOSF506F506F542A1 umi naPhMe- (C6F4
) 2- BCBF5C6F5C6F5 NOTE: I n Table | above, the above abbreviations have the
followi ng neaning: Me = CH -; Et = CH CH-; Ph = phenyl; -C6-H4- =

phenyl ene; -C, oHb5 = napht hyl ene; C6F4 = tetrafl uorophenyl ene; C ~F6 =
hexaf | uor onapht hyl ene; CbFs = perfl uorophenyl. Each of the Precursor Anions
(Exanpl es 1 thkefergho 42anidris medl ormaialli®silanehodiEiet Snoegiiiy ddedt soppdn each of
the follow ng Precursor Cations (Ct)% respectively, to 10 provide the
preferred Preciasial Vhigh pervesdo pettiatedhedatipBise©mpoasnt; N, N- di met hyl ani ni | i unj
(b) [triphenyl carbepi « : 9 i . | b Dy 5 (e) [Ag+]
(~ K+l It has furt(ki:g%fé eeél%tﬁt[élie%eg%deséé %Bé@l@éggéﬁgﬁaég c(tl:l%%qg'ljeﬁt

conposi tion of irtnaegied vadt iydidcyrbelagolpe fafrmmblecpatibry of the sdtalgal ci ni ng t he

i norgani c. oxide 20 from which the Precursor Anion s derived at noderate

t enper at Ur es f SPPRAEPN. refergtothg presence ofheferoatym pUILRINING gropE Whigharg ane (11 a),
as described a whi ' b Sodfl : ' si | ane
ol 1o i mor oy o Acqasttotyd hfbmplefed foly RS ThE K BBebige ©

proceedi ng wi t hatallyst compositiomandfwhichedomt altdr diecoreduintingtely hydtocarpylovi de t he
preferred Precursor |an . .Pai s .describe bove. Althaugh it is 5 well
Rnown ¢ hat  cal SRS oo peil RYraefvd Pt cah STERH D Gt Rhe Sl Rt he
hydroxyl cont et (iph hjdt6casbdr rédical ivihidhaSniae Ror-Bydigca bt subaiiveanty onal

cal cini nﬁbat tenperatures of above 900K (ca. 625C) does not result in the
nost actile catughpstforesapmds. halemitre.thydraxy.isleny sadrlkery aylhip gahd t hat by

limting the hgaty . i.nj 11 LDAar gam L de: erat ures of
from about  a000 12 ph Al Rl kO SR g BRI oo b7 S B
attai ns an i nohghro¢atbamdin dharécigr, thie rdlicahdvmtairedtonesamthérthanycatimntsheh & | ane and
wi thout loss of its other desired B@ys' cal and chem cal .properties. The

si | ane nodi fi efPrieRYPHE T ECRRR; JerLandisukiur,ingrcbpiniar ying whichds ofiprvise; ¢ - o~
trialkyl alum gaiposed 6f @kt Yorks, €ated with a slight excess of the trialkyl
alum num (nmolar ratio of A1 to OH of from 15 about 2 to 5) in an inert

sol vent Buch as a hykr esealysseemeasitipasen beregdily preparaddn higd siglds andke) . The
excess trial kylesalHpi i gtrga%gg Rg i PASShYR si l ane

nodi fied inor ggfnﬂl%gug%k?gzﬂrl{hget enm%g?:r?g%{ew tht ﬁoé;;%yg?oxyh%o%%hni ng

met al | oi d sal t périits the maswitanli databyst copepogjtipn todlesebstdntidilnfriey bf leddgen, di oxane or
the like) to provide a.preferred siymat. Pr.ecursor_ Anion.,The term 20
"passi vat ed”, AT A} ?‘ﬁﬁ&“‘%spC Biﬁ? %éa/{?l?lgﬁn%{ cla{??%sgaemgl%%t&gd cl ai ns,
refers to a suppapétsp@gmrial (T) which has been treated with a trialkyl

al um num agent subseﬂuent to silanization and prior,to netalloid addition.
It is bed0ieved, thollgefersaseshasitoelsmeats or metaisibglonging dgia eertadn ¢ eachi ng or
the scope of t | pi & periSAPGEbIRLF eWNEr € Silica is
the inorganic gi%)@ea?é {Ezesfg&g@%ﬁg ‘Q@ rs%’rg?té(gcte?@h%?oxyﬁ gr oﬁlﬁs are forced into
strai ned sil ox&lamebsnat published anda¢apyrightévhlry CBC Rogsselhd. yl 98Rudisd aby hi gh

tenperature cal ..~inatign.. Further, t rial al ym pum he. r esi dual
hydroxy gr oups "FOFRRed? elng“%?rEtgﬁoHEﬁﬁlﬂg&E/’e z&rratﬁ%ged(xg 153\??5§)d?ctngab%er vide the
passi vat ed supp@ifent¥BkRgited IUPAC&bemlfdr dumbkAnd BRhGadipen Conponent of the
Cat al yst Conposition is derived by contacting the Precursor |on Pair

descri be? above wi t Fhea€atjonsampenent dpsgebrd-filly bereintbelopeare agtivated 4mai ti on net al
conmpound. The hj tate co u C. i sented by the
Formi a Al TR RRRY DRy ed S, fEsbtect BBIEENT P17

represent ed by Cofgohedt. MhedAnio\Coraponent is derdwéd TdmfarPlecivs@rion Rairn each of
formulas 11l and IV above: each A independently represents an oxygen,

sul fur, phosph¥hergin the anien HierepbepBstitiigeia preadrear b pRd is dhsrs@mess heoxygen or
nitrogen or a [ ' t and . f Ain lll and at
| east two A's %@gﬁéﬂﬁé%gggéﬁgkﬁlalogeﬁgBéa?gggégiﬁgéxét east one Goup IV
or VIIl transition netal selected fromFe) Co, Ni, Ru, Rh, Pd, GCs, Ir, Pt
in the +2 oxidation state or Ti, Zr, H in the +2, +3 or +4 oxidation
states, preferably a late transition netal selected 20 fromiron, cobalt,
ni ckel or palladiumand nost preferably iron or cobalt; and each L

i ndependently represents an anionic ligand group selected fromthe group
consi sting of hydrogen, halo) and hydrocarbyl. Mre specifically, the

hydr ocar byl group can be substituted or unsubstituted. cyclic or
non-cycli c,



| i near or branched, aliphatic) aromatic, or m xed al pi hatic and argga&ichﬁS
i ncl udi ng hydrocar byl ene, hydrocar byl oxy, hydrocarbyl. silyl, hydr arﬁvp
19 f-t~~,~t003 20 am no, and hydrocarbyl siloxy radicals having up to 50
non- hydrogen atons. The preferred L groups are independently selected from
hal o, hydrocarbyl, and substituted hydregcarbyl radicals. The hydrocar byl
radi cal may contain from1 to 20 carbon atons, preferably from1l to 12
carbon atons and the substitution 5 group is preferably a hal ogen atom In
certain instances there may be three (3) L groups coval ently bonded to Z.
However) this is not preferred. The lines joining each A to each other A
represent a hydrocarbyl ene radical providing a ring or fused ring

hydr ocar byl ene egdntuatlywnaseothe Sorhmtion off thel Chatyoohr Corapdnyhteh hestaralyst ur e. Porti ons

of the structure may.be conprised of. 10 carbon-carbon doubl e .bonds,
carbon- carbon SPRE? “%rfd’éggséﬁ 6?\’;3%0’331”&1"\“&15‘0&‘@6%69‘?659 gq{’gga&rdf bon- A at om
singl e bonds. far&Bb!héreid &thd BiBclb AMAAL Butdiid 1d bd ¢HaBkRE thak @aSI Lion met al

conpounds, A, Z and the carbons iIncludable in the |line connecting the (A
groups col | ect PresiixsorAniohend thie Aaxibnt Compminentaf Bie catalysycompesitibeand theé ng. 1 S
The bonds. between each A atomof.the cat al | i gand and,t.he transition
netal Z can besaé?etﬁ‘@?p"é’“&a?lg'véﬁ'ﬂg?fg"&‘cﬁ“%%éléﬁ’ce#fgc%%oﬁgqn Polt¥ve bonds nerely
represent a rekgindeheRilaHNEBBRIR Calie) THeGOppdredotiprisddnériggieet al to
increase the electron density of the nmetal by providing electrons within
the enpty or bi ©¥ide meerompleciiss yhich havemeadam eeefigaseplpplily Hisdenst(at e and
tridentate co . f i : j | t-hQNn are
derived are kgg%sd%ﬁgrng{%%gg%@%?égﬁ%ﬁg%%’ﬁ%%’ﬁégﬁém%ﬁdﬁ?%dé Tr?gt hods of
form ng sanme haweulseciond®ak chn kxedpiesented ibly alesfodoNving sabdtarakformulal udi ng WO

961 23010; Journal of the American Chem cal Society (JACS) 1998, 120,

6037- 604‘(9, JACS 1995, 117, 6414-6415 25 and Suppl enental Teachi ngs; JACS
1996, 118, 1518; Macronof. -WW’@-@Q{%IP@- G 31-34 (1998) (pyCal tech

Hi ghl i ghts,, ~997, 65-66; em Week 4732 758, "72; C&EN 4113 38 11-12; JACS
1998, 120, 4049-4050; JACS Vol. 82, 820-824; JACS Vol. 79) 2733-2738;
Japanese Paten(vhﬁi%gll i cation 02 19 h~~f!"; ~~~3 21 078, 663. The teaching
of each of the above cited references are i ncorporated herein inits
entirety by referenTeeprésentsan inokganicbikide@od stipportesachad siligacalpmim, preferably a

hal ogen gtom an_unsubstjtuted hydrocarbyl or a hydraqcarbyl oxy group. The
nmost pr erredP@feég)‘?ibBri %mé?’@mf’%ﬁ‘élé'%éele‘ili‘ﬁreé&@f?’ n of ERTEUEFF r om

hydrocarbyl gr gidpsanf oxidaat Redrody? fﬂuﬁs heER@REIneNe group nore typically
an aliphatic, aromatic or mnixedaliphatic and aromatic hydrocarbylene group
as described above, SiR'C represends hsilangbridgine grovmin whieheach K agaddip (preferably
a 3to 7, nost. . cygel C referred

bi dent at e corrpg@% sngérlg ,lgfeg?cttegxfgonngﬁga? enf%gk'{g@gﬂ?rg%hq%}g’ %rgango%‘\ds of the
formul a: R3 R4hpdrdcarbyléxy-grbug dnlde8i v silidonRond;S or O Z..,,,,,, L I1Ilb wWNi R6
20 ~ wherein: R and Rof llla o RO«E:CIHb are a¢h i d%pendently sel ected
from an ¥nsubst i t ut BJERIFSCRIFFE HnTugstEEredCi-EaoPrelsraliiet |81 819700 hydr ocar byl ,
such as 1 9 Bfeferably 608 @2 hdrkohthyldk Bloupabraatbdiinéd @(@Id%gl group as, for
exanmpl e, i-propyl, t-butyl, 2,6 di'i sopropyl phenyl, their Tl ourinated
derivatives anprefdnably Ckto, Cormast prefeaatiln€etotC ghysigrarbyleogdatiuding aky- r epr esent

a C~-Coo hydrogarbyle roup. Further..jt . r [N those
i nst ances wher g”ap ’ﬁ}ée{ ge%’?%gattot)tfﬁ’ R °(%Pr§&.rabgjx§/‘gt8%’qﬂ'ig °r°%gﬁﬂ°%@§“%?dent ate
conmpound has on:ll.yjzoaﬂﬁ'fda;gﬂljecp@\@&, @ritre PrefechblyoC HB €, iabriaatad byl ene noi ety of
said cor’Epound, the hetero atom has an additional R
5 hydrocarbylenoxy group or a C,-C,, preferably C, to C,, more preferably C,
to C,, fluorinated hydrocarbylenoxy group. The above groups can be selected
from alkylene, cycloalkylene, arylene, polyarylene, or fused arvlene groups

which may be unsubstituted or be fluorinated or be substituted by one or more

alkyl, alkoxy, or aryl groups. D preferably represents a sterically bulky



group bonded thereto and such R group is independently selected fromthe
above groups represented by R; R and Rs are each independently s éelébieiit
from hydrogen, an 10 unsubstituted or substituted C, - Cz~ hydrocarbyl such
as an al kyl, aryl, alkaryl or aral kyl group as, for exanple, nethyl, ethyl,
i -propyl, butyl (all isomers)) phenyl, tgoluyl, 2,6-diisopropyl phenyl and
the like; or R and RS taken together provide an unsubstituted or
substituted C~-Coo ring form ng hydrocarbyl ene group, such as hexyl ene,

1, 8-naphthyl ene and the Iike. 15 Z and each L are as defined above. It is
preferred that Z be selected fromnickel or palladiumand that each L be

i ndependent |y %el ected fromchlorine, bromne, iodine or a C, -C8 (nore

preferably C, - Bysrogameylene qnflugrpated hxdsocsrbylsng groun sech@s AbRIRES whi ch ar e
useful in provig t vention are
conpounds of Ilﬁgnﬁa ﬁmﬁﬁﬁ@kgégP BF%M?%%“%@&@%H%?@SQQgﬁggrﬁﬁgs Tabl e |
R R~ N1118 Ralkyhbtﬂ)sutuﬁbﬂgroups) a fluoroarylene group, a polyarylene (unsubstituted

#R‘R~R RLL' Z12, 6-i - Pr PhMeMe2, 6- I-PgPh MebPd22, 6-i - Pr PhVeMe2, 6-i - Prl ?hMeMePd
19 t~" ~ai00 gr haying one or more alkyl substitution groups) or a fused arylene group

32, 6-i - Pr:PhIVENE sﬁbétftlﬁéfgﬂ\%ﬁh%gﬂgmﬁmbre aly hM%%@n&r rotisy QL 152, 6-1i - Pr PhMe
I\/926|-PrPhBr r Pd62, 6-1 - Pr Ph |-P PhCCPd |-PrP Me2, 6-i - PrPhB

(BrNi 82, 6-i - Pr BhMeisPpreteiredPRI@IpSaid 3ytBtitutadrophlistit darylerer PhVENENI 102, 6- -
Pr PhVEME2, 6- i -Pr h Br Ni }12 6- fﬁﬂpr PhMeME2, 6-i - Pr PhMeCl Ni 122, 6- MePhMEME2, 6- M
e- PhMebPd132, 6° SERERSH 142 6- MePhMeNME2, 6- Me- PhMVEBr Pd152, G- Me
PhMeMe2, 6- Me- Phivedl Rdﬂe@?esﬁnd\@%qfawe%rénMﬂnﬂhﬁhﬁgaﬂdﬁiimﬁuxﬂ/ePhNﬁNﬁZ 6- Me- PhCl
Cl Pd182, 6-i - Pr PhHH2, 6-1 - Pr PhMebPd192, 6-i - Pr PhHH2, 6- i - Pr PAMeMePd202, 6- i - Pr Ph
HH2, 6-i - Pr PhMe B igismoin éfs +3 pridptiqupstage rnd:mxmwcqufzfgggemg*mfmbmz 6-i - PrPhBr B

rPd232 6rg - Pr P , hHH2, 6-1 - Pr PhBr Br Nl 252, 6-1i - Pr Ph
HH2, 6- i - 9 oha 225!“5{3‘?‘?“2%@?4&_%?%}3% MeNi 272, 6-i - Pr PhHH2, 6- i - Pr PhMeB
rNi 282, 6-i - Pr PhHH2 QdaelPinBéMdHnNiyZ&ﬂcﬁnﬂsa@lmﬁpkﬁialﬁy C; Br@h Mepd302. 6-i - Pr P
hAnAn2, 6-i - Pr Ph I\/de%lZ,ﬁ-i E r PhAnAn2, 6-i.- PrPh 322, 6-i -PrPhAnAn2, 6-1i -
Pr PhMeCl Pd332, Breferahlibatftis SE0stityseq onqimsehstipped iy °Faf P& S i - Pr Phal Ol Pd
352, 6- i - Pr PhAn rfblly a ey, B, Bhdve PRterfbly a kY, E%h eﬁb%u@tdd-hga%h&‘b@ Ni 372, 6-1-PrP
hAnAn2 G- i - PrPhVeMeN 38i 6-1-Pr PhAnANn2; 6-i - Pr Pn\MVeBr Ni 3 Pr PhAnAn2 6-i -
Pr Ph' ~NeCl Ni 40 nciiding 6 obrefeaiy q?m@bmmzsrféernblpme\mﬁa 6- Me- PhVEMePd422, 6-

Iz\l/ig,hé? @ hAnAnBﬁg%gﬁ’éﬁg‘ gﬁwépﬂ@b@géhﬁnmﬂf gé\@geg% %B%A%?gRlvéPﬂHazzg M

e- PhMebPd472, eﬂmmrufmyarmmmmv@g@&zqrwwpmm rGort/preRAMNBEPHA 92, 6- MePhHH
2. 6- Me- PhMVed P PhBr Br |ve hHH2 hC1C1Pd522, 6-
NePhMeME2. 6- m%gHéPEPNFEW%“ %é%%‘%%’? eéag}%é PZ‘ %ﬁﬁk}ewez 6- Me- Ph
MeMeNi 552, 6- Moy, @iyt obariky P@mmmg mpwemlmy@mmo Ni 572, 4, 6- M

ePhVI eMe2. 4. 6- MePhMebPd582. 4. 6- MePhVI eMe2. 4. 6- MePhMEMEPA592. 4. 6- MePhVi eMe2.
4. 6- MePhMeBr PdBbsrein the R}Bﬁrﬁnﬂéwézowoas mxpﬁfvgmﬁr%q@eéa@%ﬁh%wez 4. 6- MePhBr

Br Pd622, +h 6- Mo hBr Br Ni 642, 4.
6- I\/EPhl\/ejl\%Z 4 §%@X§g§@g@’%ﬁﬁﬁggﬁgﬁ%@gﬁﬁf{ﬁﬁ%ﬁw@g@54 6- MePhMeMe2
"4, 6- MePhMeBr Nn®gyrdfefblytier flumkinied af, Mi@hbOirhlkgidgoub; 6- NePhHH2. 4. 6- MePhMeb
Pd692. 4, 6- MePhHH2, 4, 6- NePhMeMEPd 702, 4, 6- MePhHH2, 4. 6- NePhMeBr Pd712. 4, 6- MePhH
H2, 4. G MePhMeC1Pd 722 TSPTEseRiSSKYHSD: 4 6- MePhBr Br Pd732, 4, 6- MePhHH2, 4, 6- MePhdl O
Pd742, 4, 6- NePhHH2, 4C6rs'\l&ﬁ*}&fu$§oNCZ§c2n£nd hﬂd%aéon@c@:‘sﬁih& QElé\le 62, 4, 6- MePhH
H2, 4, 6- MePhMeMeNi 772, 4, 6- MePhHH2, 4 hMeBr Ni 782. 4, G MePhHH2, 4, 6- MePhMeCl
Ni 792, 4, 6- Nbphfmmmg aqne@trg@phw@bthc Precursor Anion material. preferablyaremnam

~Pd802, 4,6- NeP PhMeMePd812, 4, 6- MePhANAN2, 4, 6- MePhMeBr Pd822, 4,
6- I\/bPhAﬁz,énZ 4, gfigﬁﬁ%&%ﬁgs%g 4. 6- MePhAnAN2, 4. 6- MePhBr Br Pd842. 4. 6- MePhAnAN2
.4, 6- MePhCLCl Pd leachy, x; 1, and @Brepregénts an integer such that the ratio of the

852, 4. 6- MePhAnAN2, 4, 6- MePhBr Br Ni 862, 4. 6- MePhAnAN2, 4. 6- NePhCl O Ni 872, 4, 6- MeP
hANAN2, 4, 6- Me PRISHENNE g8 Simes 5) 1ok pradised Of(ngLomas h NEOBENI 892 4, 6- MePhANAN2, 4, 6-

bl T R s

, a2- PhPhVe Ve Pd 8iiide PivRitetzNe2s, FluPRlinds MiRd 56 2: | Raet) it RipRbddhteRtiefizasPh Ph AnAn 2- P
hPhMeMePd942- PhPhaa2- PhPhMed Pd952- PhPhMeMe2- PhPhMeC Pd962- PhPhHH2- PhPhived
Pd972- PhPhAnAN2- PhPhMeCl Pd982, 6- Et Phaa2, 6- Et PhMeMePd992, 6- Et PhMeMe2, 6- Et PhM
eMePd1002, 6- Et PhHH2, 6- Et PhMeMePd1012, 6- Et PhAnAn2, 6- Et PhMeMePd1022, 6- Et Phaa?
, 6- Et PhMeCl Pd1032, 6- Et PhMeMe2, 6- Et PhMeCl Pdl 042, 6- Et PhHH 2, 6- Et PhMeCl Pd1052,
6- Et PhAnAn2, 6- Et PhMeC Pdl 062- t - BuPhaa2- t - BuPhMeMePd1072- t - BuPhMeMe2- t - BuPhM
eMePd1082- t - BuPhHH2- t - BuUPhMeMePd1092- t - BuPhAnAn2- t - BuPhMeMePd1102- t - BuPhaa2
-t - BuPhMed Pd1112-t - BuPhMeMe2- t - BuPhMeCl Pd1122-t - BuPhHH2- t - BuPhMeCl Pd1132-t
- BuPhANAN2- t - BuPh

~' MeCl Pd1141- Npaal- NoMeMePdl 151- NoMeNMe1- NoMeMePd1161- NoHHL- NoMeMePd1171- Np

A A A STES 2~ 1 L /7~ 1 RA 7~ ™ 1A A4 7



10 MePhMePhl 592-i - Pr-6- MePhMeMe2-i-Pr-6- MePhBrBrN 1602-i-Pr-6- o
MePhANAN2-i - Pr - 6- 19 MER 2003
MePhBr Br N 1612, 5-t - BuPPhHH2, S-t - BuPPhBr Br Ni 1622, 5-t - BuPPhMeMe2, 5-t - BUuPPhBr B
rNi 1632, 5-t - BUuPPhAnAn2, 5-t - BuPPhBr Br Ni 1642, 6- Et PhHH2, 6- Et PhBr Br Ni 1652, 6- Et P
hMeMe2, 6- Et PhBr Br Ni 1662, 6- Et PhAnNANn2, 6- EtaPhBr Br Ni 1671- NpHHL- NpBr Br Ni 1681- NpM
eMel- NpBr Br Ni 1691- NpAnAnl1- NpBr Br Ni 170PhPhPhPhBr Br Nl 1712, 4, 6- MePhHH2, 4, 6- MeP
hBr BrNi 1722, 4, 6- MePhMeMe2, 4, 6- MePhBr Br Ni 1732, 4, 6- MePhAnAn2, 4, 6- MePhBr Br Ni 17
42, 4, 6- MePhPhPh2, 4, 6- MePhBrBrNi Note - In Table 11, above) the follow ng
convention and abbreviations are used. For R and R6, when a substituted
phenyl ring is present. the anmount of substitution is indicated by the
nunber of nurrbe:rtaslsianditrmatuiemgrepoﬁiTﬁeqmefexmd indngartihexiylt aritiye ofis, for exanpl e,

2,6-i-PrPh repr ents d||so ro hen = 1 S0 | ;. Me =
methyl ; Et = et "étf‘ﬁiﬂasa"dt 9SEB%EFF§WIY théffo'tjsﬂt‘fénwe SUR onﬁ%ﬁﬁﬁlt hyl ; An =
1, 8- napht hal engan 8e !nsar;y% SIELD W, Sdchiag %Qﬂam%'}%?letrzed %’Fﬂtupar'o?aﬁ he group
-(CH, ) ~CO~-Me. Not e further that the (b) groups depicted in Tables I'll and

|V are al so appiloaigrated formatsivisled the rieial hasddngladegresnfpormisandy usef ul in

formng the Catjon qnent of, the. pr.esent ition.by
reaction gmth tsﬁlgacae% &‘53533’1)0% t?-:’f' 2%‘]&“@ Eicr&hgll%r" h‘ﬁgyﬁur? °8rm§>?£rrpl e, be
presented as cqrmomutxm@fo Id@Brﬁ’@rﬁi‘dfe?ablylﬁomIO(Ttd‘GOOZﬂUg?asldeﬁerinmedb 2s R
R~-NRzNZ...,,,~LIVa/ ~L R3 ~Nw Rio R~ -OR 2 Z ey, L

IVb i /| ~L R-3BE3 pilreeen Reresiesty- ﬁ:enhern@emerearob"@ea@fﬁhq weBpeisdent | y sel ect ed
froman unSUbSTED'réf&talﬁlgna e%H'Bﬁtahggtﬁ/ﬁaxhxéespg{ Kby %&eﬁhﬁzﬁéb% /gQE' tution is

an al kyl or a funct grou wWth resp P8 the
cont enpl at ed paltemined by norgerRbsarmpdoRectmiges aTlie parmniﬂq:)samdﬁrthé iitmel ect ed from

hydr ogen, . an unsubstltu d or substituted o] erab C, -C6
hgdrogar Bl as, ?Qﬁ’r’“@?& ‘%“Otétnll‘i?fg‘(tﬁ%’twl%g )ﬂs(gpsﬁ é%@ Zind t he
l'ike); aryl (prtﬁméles@equftrabtn@mb rdoe,mm@)m%maoimmﬂwmgﬁe&p whlch i's

inert with respect to the 15 polynerization (e.g.) nitro, halo and the
like): R', R ZesnesiallRwhen thesailysi sompputiersisupad is @lcaptinigus stisred tgplir ogen, an

unsubstl Ut o0 SlactRELTANE e o RS AR M R be ket | onal

t hose i nst ancedowddaha tie ﬂsreteﬁecbsmatltanpéncﬂé)sxées@pon proyiglencatalydtr ogen) of a
tridentafge conpound, has y a si. e coyv. r~,; c003 29
bond to {ie hy&?@@%wségg‘e%‘?séﬁty}“ t“é“a‘?’@%@%ﬂ)‘?ﬂhﬁ@g@eﬁéatﬁ]@f'&ro atom has an
addi tional R ghesRiyRprdedivid) e %%fa&%woﬂ;ﬂ&moﬁﬁ i ndependent | y

sel ected fromthe above groups repreSented Zis atransition netal,
preferably Fe(ll) ofhEinorgapic;oxidesusesi in tgnngxgutmpmmmlpry(T§@fé@t ed froma

hat ogen such ap-&llar ke sPAPan LAGhDGnl uffins FhyGRSGE £EGR' Y C. - O

al kyl or both groups i n conblnation, represe t unsubsti tut ed
or substit ut ed persdehufrerh éd nmcroummmar aituenhre. Hhdhydxpldreups agr eumpaliyhi ch
together ZdNi th %rgsgr{t in fromcoy (?(Jl to 10 mmol/g, preferably from 0.01 to 5 mmol/g and

most preferably from 0.5 to 3 mmol/g. The hydroxy!l functionality can be

determined by the technique of Fourier Transform Infrared Spectroscopy, as

described by P. Griffiths et al, 83 Chemical Analysis 544 Wiley Interscience

(1986).

25 The inorganic oxide should preferably be substantially free of
functional groups other than hydroxyl groups. The hydroxy! groups are
preferably surface hydroxyl groups, as described above. These groups directly

or indirectly provide reactive sites through which covalent bonding of the

silane linking group to the inorganic macromolecule structure occurs.



group, preferably a 3 to 7, nost preferably 3 to 5 nmenber ring cycli

group. 10 Preferred compounds of |V are those wherein each R~', R~ WHHdp@%3
are hydrogen; and R and R are each independently sel ected from hal ogen,
hydrogen or a C,-C al kyl, preferably each is independently selected from
met hyl or hydrogen; and wherein R and of IVa are each an aryl or
substituted aryl group, preferably wherein the aryl contains substitution
in the 15 2 position, the 2,6 positions or the 2,4,6 positions which is
selected froma C, Cb (nost preferably C -C~) alkyl and the remaining
positions are each independently selected from hydrogen (nost preferred),
hal ogen or a C -C6 (preferably C -C/) alkyl. Illustrative of tridentate
conpounds whi ch ar eThé flordanicroxifeq¥) WinitdifledavithC dlahedepRbentadrtyand ti on of the
present invention are compounds of Fornula |Va as having the conbination of
groups shown i formal e 111 bel ow * o~aWaWaWaVWaWuay d* o~avavavwawWaw-r Cuayd
(~r d ng~a~- Z) o~aWaVWaVWaVaW-~Cuaydpdo~dosnp- 9" Z* o~aWaWaWaVaWpuaydpdoadosyp- g
Z* * o~HaWHaVAWSr Cuayd* o~HaVWHaVWaWpuayd

(pCt ng~ai - Z) o~HaWHaVaWpuRsRIfRtesiHos ap- 9° Z* o~HaWHa\llayv-~t uayd~~t dor dosri p-g Z*

* o~HHHa ~t uaqd* o~HHHaWAW r Cuayd

(~r C. ~ng~ai - Z) o~HHHaVWAW-~Cuayd~~Cdoadosnp- 9" Z* o~HHHaWAW-~Cuaqd~~f doi dosrr p-
g Z* wherein each R’. R" and R'” is independently selected fromh droge

* a~HHHaVWaW r Czuaq( | r Cxops~ rcg}l aun|lo-ln ege ’(/\a Wzuaq( | yO(ogpgpan auyuayd- Z) *ad

HHHaWaWbz uaq( s@sb@quwam@shmd@d% H}drocarbyl as, for example, alkyl groups

dHHHaWAW-~Czua
ad HHHA VAV~ (zug‘éffll tl}yé %}?)S;krhg\;gBﬂkﬁgpropyl butyl (all isomers). pentyl. decyl

- Z) * ad HHHaV\a Vb wiadithe ikl b awelt Bitskakeh&d fsomeré.” @&W&ﬁ%ﬁuwd@ahﬁ%m gti z*
*a3aV\aV\aV\aV\aV\puayd*a~aV\aV\aV\aV\aW—r Cuayd (png-~t

-2)* adambﬁmvmmawwsmtwbwgntzﬁlahwmyya\mwh@wmmwboa ~p- 9" Z* adHaW
HaWwaWpuaqd*a, d

(~ d ng~a~- Z)*g%%ﬁmgb%ﬁ%%hﬁg?gc% bl—%‘\%\/@\(}\ﬁhe& qal§ar8d03dosyp g Z*
*adHHHaV\aV\puaydd‘ch adkdi’rli-jﬁl\aaﬂ\t-l’reﬂl}&qdalkyl such as 3- phenyl n-propyl and the like; or

(pnq~ra| Z)*a,d ua osn a aNd~~Cdor osrrp-g Z*dHya
eg' 7ZN21b~1 ~I ~ ﬁﬁ Eﬁ \ég“aﬂﬂf ée’fg’rﬂgeé ﬁzoa S‘Nﬁ a5 methoxy §thaxy 5 a-~.

FC~? ~, ~~~ a 6ahd the {ik& arabgy; Beno? émﬁmé nkéref_t,daulkpbmw'wbl\/b

~HHHCo2, 3, 4, 5, 6- pent anet hyI hen IIF/E J -t- but!}(,l di met h |SI | oxvl ) benzyl M

eMeHHHCOE nret h?lcfﬂr'i@hﬂﬂ%quHB'eS@ECW frﬁ@tar@.r%lwmﬁ b’é?f?\)@ MeHHHCo( 2- phenyl
di et hyl si | oxv "

- MeMeHHHCo( 2- p&eny{grré{ ?1’§7| Sl}| (l)x%/rFSCgbIH eﬁ}g?\/gmlﬂéor(oge%?tﬂgt hyFS| | oxyl ) benzyl Me
MeHHHCo The aspefdrsl s{ldes are, foabkangld iaheajalcxvlmer diphegdritanepbot h ani oni c | i gand
groups (L) of th ove preferr rid te co und d for each
of the above c%ﬁ%ﬁﬁ 5‘8’["5 tgglﬁ{]fé’ 'aqe"[el}‘ﬁ ’g’% @FWFV"CC?&?@F?'R% br oni ne;
5 methyl (- CH, Yhe Sitaly keattafi US& is p@é’fé}ﬁbﬂ;/ S\ﬁbsﬁnhﬁly et helogéh@rivaprer s) ; butyl
(-AH~, each of the isoners); dinethylam ne; 3-hutadiene-1,4 diyl; 1,4

pent adi etfe- 1,5 diylln the, prefaried embodigmsat, the saqupé%mqrawwﬁsie | ustrative of
tridentate CO”P&H&% if ftth: ;ﬂ-EJEHéeaof'a\@sa"‘@UcﬁQs Aieftiaty attifelal! fof &a[?;?gsr hding the

catal yst conposition o e present Invention are given iIn e |V bel ow.
Further, suitabl(€-Clalkghanins, tb oausd sitaAnezatidn df thenidodgenialoside bpcdanden t hose

depi ct ed at Tag% t%e Imlcidg’tggxgéce hy&ro;yl g;c;u};; arlx rcmoval?’of %%\y;[rotg)!me "l'l'}x/s R-R=~~-.0
reaction is taught in Canadian Patent 1,087,595. which teaching is
25 incorporated herein in its entirety by reference. The reaction can be carried out
at temperatures of from about 0° to 110°C, preferably from 20 to 50°C. The
silane is preferably present in excess to cause substantially complete reaction
with the hydroxyl groups present on the inorganic oxide. The ratio of silica to

inorganic oxide can be from 1 to 2500 mmol/g inorganic oxide and, preferably



R-, NZ.,,~~LIVb %~L Rig-0Ro
RRRRRZLMeMeHHHFeMeMeHMVeHFei - Pri - Pr HHHFei - Pri - Pr HVeHFei - Pri - Pr Me Me MgFe PhPHiEH
HFe PhPhHVe HFe Me Me HHHCo MeMeHMe HCoi - Pr i - Pr HHHCo* i - Pr

.1 - Pr HVeHCoi - Pri - Pr MeMeMe CoPhPhHHHCoPhPhHMeHCo The asterisk (*) in Table IV
above represents both anionic |igand gr?gps of the above preferred
tridentate conpounds |IV(a) and for each'bf the above conpounds both L
groups are, respectively, chlorine; bromne; nethyl (-CH); ethyl (-CZHS);
propyl (-C H,, each of the isoners); butyl (-C4H~, each of the isoners);

di met hyl am ne; 1, 3-butadi ene-1,4-diyl, 1,4-pentadiene-1,5 10 diyl; C~

al kyl ene and Cs al kyl ene. One preferred enbodi nent conprises using
transition met gone OBREVMAnol/l. The te¥ctidaaiagbe caaAed ot irgtrheFmsérﬁ:eafml ogen atom
In this enbodi nent the active catal yst conposition wil|l typically be

enpl oyed in con?thMwhﬂmﬂIHUIéan@sq%ihﬁy@rce@h? pseH tvaskithererelipna scavenger
agent and/or a ti . he hal ogen initially constituting
L is replaced Lb{/(?t{uﬁée/%r%ydé;ﬁgrggggd;%xlaﬂ@%&ﬁ&\ﬁaée;, ~ U03 33 group of the al um num
conpound. Thus, at [Thagdsulediesifahe ddiffadliggans oddedas thetsling rhoibgcomes a new
hydrocarbyl L group derived fromthe al um num conpound. Each hydrocar byl
group of 1he alcaralenibnbendsddeHy inareinigietdndeneh thesiprast ydraybgolp'e, - czO
hydr ocar byl , or, - r ] : r : gﬁp"h dr ocar byl
and nost pref err%sg(fug{l %’&&?‘3%ﬁ’qh%%@ﬁ‘%%ﬁmﬁé%%@%ﬁ@gy#’”such‘gr oups

i ncl ude al kyl a@outaialak ast oge midsalhiydivgersatmmtdirgtt]y bopdérbieythe slidoplatonet hoxy,

propyl (all isoners), Pprapo | isoners butyl . (all isoners), butoxy
(all isomers)) Ogﬁﬁ s%l?f_@ qugtg)f'%sfg%qqrea&gorh@%ié:scrélzfgﬁelg "benzyl, phenyl and the
like. 10 Wien a tramsé Pietitsdrabmbaif RTB@rEAGyIcbValéily b¥ndifig HeRehibp formthe
subj ect conposition and at |east one L group of conpound IIl or IVis a

hal ogen, 1& he amstAloiddaltit thepbevscdestsibed si apmm%@iﬁqmimqrgatw&@n-mrebe suf fici ent

to provide a j r.ef er abl

from 10 to 500 kayri@loRt Al pftherkfly N £EL Rt B bR R R ST A0 Y
of the transit itlehydeigah atommiohesilane moiety to gause thehmetalimnaidid contaimihgl conpound
1l or IV and the Precursor lon Pair. can be mxed in an inert diluent prior
to, sinultaneo&&YW tV\F‘? f‘ﬂva'gfm%gqnéifig@othf %fgamctqudpﬁgpqquﬁrggg}ww alum num In

a second pref egiag rﬁdmg.dimre?éacmﬁ@exie@ﬁeaxqmdgemor&lh@ rEzfcﬁBﬁB&JFfUﬂugtﬁ) met al

conpound i s a hydrocarbyl, a hydrocar bgl ene or a hydrocarbyl oxy group,
there islho neettheyse efipchalagen raerantand.aerefora groyidens PeecumserdopPair kyl  or

al um num al koxy, ¢ : ) the catal yst conposition can be readily
formed and useé”.h%mgﬁgp&oha %I ar ratio of bidentate or tridentate
transition metal coiftpopracirion nteked/nietatloid sabusddan férai the subgspapponed y, shoul d

be fromO0.01 tq 25 100, .preferab fromO0.1 to, 4. . The catal yst conposition
of the present (Bfei‘f%?ﬂrt OBRQ'ZE gﬁ%gm Iecﬁﬁggffpbve'gﬁwtﬁfgoﬂ & Precursor |on
Pair with the bidentate or tridentate transition netal conpound |11 and/or

|V and, where appropriate, the optional alum num conpound, in any order.
The Preciftsor lon Pair cktIPHEOMPEPHN xed with tHE) 1 9 f ar~ ~ ~' QB 34
transition nmetal conpound and then at any desired tine prior to use. the

al um num conmpound can be added. The Precursor lon Pair | and the transition
met al conpound whkieira@ikepresehty tizer RrecwsdyiCagoh which issakatiedit eenhnagtofth di | uent ,
such as an aliphatic or, aromatjc . hydrocarbgn to forma, slurry. The
Lonperat ur e, 5 E5PHLad FPid sot i OXAFITE toUEP ReEoERon L 90 O BIDABIOB @ ot
critical, but Mﬁﬁmlawasu@ﬁﬁedfaswsmw@mﬁépileﬁ&@safg&aswl gi%ag.t Thdse, 000 MPa,
nmore preferably at atnospheric pressure 100 | cPa), for mnutes to 48
hours. Wsual | y sallsear berepdily fo frem e dalo K epmaferably romp) hydsewy 111 and/ or |V

par i cul at o mabarraeds o es-pateoP b Elia 9 ol AERRIBHEG Jon Can be

any inert (to ghrpivifla greiesive @foupl fudh e 1. aMmMBABLaSC-C, dlkyl) and |V, as
appropriate) liquid such as a hydrocarbon |iquid) preferably a Cs-C, a

al i phatic or cyisilezane [{RaX:NHhy Hrig reaetingfan pe garued @it §eat 06 Hean 1Berhy dr ocar bon.
The conponents n.he c C g provided
it is beIOM/thgﬁﬁg%g%ﬁﬁgﬁ%ﬁg%aggﬁ%gFa%ﬁ%ggﬁgé?ﬁ@ygﬁ?éﬁﬁgfégg@y?fidentate
transition netal conpound and of the Precursor lon Pair. Normally
tenperatures of fromO to 100C are acceptable. All steps should be
conduct ed under substantially anaerobic and anhydrous conditions. In the
enbodi nent wherein each L is selected froma hydrocarbyl, a 20
hydr ocar byl oxy or both L groups together with Z forma cyclic group, the L
group is sufficiently labile under reaction conditions to be renoved by the
Precursor Cation (e.g., Brcpnsted acid of the Precursor lon Pair). Thus,
the transition netal conpound is ionized by the Precursor Cation to form

- ~ 1 ~ e Y T o " —— ~ 1 ~ .




Finally, the catalyst conposition can be forned in situ in the

pol ymeri zation reaction zone. The precursor conponents can be i ntrddubiédlil
into the reaction zone in any order to provide the subject catalyst
conposition. 10 Thus, the Precursor lon Pair (1), the bidentate or

tridentate transition netal conpound IIlk,and/or 1V and, where appropriate.
the trial kyl alum num can be introduced rnto the polynerization reaction
zone in any order or conbination. These ingredients will conbine therein to

provi de the present catal yst conposition. 15 Thus, the resultant active
catal yst conposition of the present invention conprises a Cationic
Conmponent (a cationic transition nmetal bidentate or tridentate noiety) and
an Ani on Conporienet (OSahhamns)ori Grignardiplodud isthérepreducediby treating ther gani ¢ oxi de
macronol ecul e). Thi.s active catalyst can be represenied t he gener al
formil a: 20 T, CoRFERERRBpINGY & ForeNonal PRweT A HURHET B i Ecar P8 esent ot he
Cat i oni ¢ ConpoRgéH ast8hitamafd the &Erédﬁ&nﬁﬁo@ﬁcﬂvhhM@B%e@&ﬁhceﬁif@%ﬂhé}h? conmpound
I1l and/or tridentate conpound |V wherein only one L group is pendent from
t he transiti on Shehas|teteghpdnofinanees the like: atglegatediempersiugese e Gnigoagdr s ; 1~
if;f; ~idu3 36."a" . "' represe integers of., 1, 2 or .3 such that the
pr oduct 04 (a) gﬁggrrrgé??‘% C‘lpnsmcéél?bwsl'(tt:h a?]P{(gbﬂlrﬁacg‘lattglpg?dgﬁéqa %% to the product
of (b) tines (metalididebivaive, ), MDEDMRY, Thdstotttiveaappi@yeup be théHTe
definition as described 5 with respect to formula | above. The by-products
(e.g., PrecursGFf reaQved fhravgh Gaien %"CB@}&%é%Y'F‘dﬁEﬁﬂhoﬁ?\m&‘aF@Hﬁé{ﬁ‘P§y of L} of

m xi ng the Preguy rveth Pair and the Cation Conponent starting nateri al
and, optionally, the alum num hydrocarbyl, can be left in the reaction

m xture but pref erali the abeverearbomsdtho yappisdvieaggnt it Prefdnebly ahedayStCconposi ti on

of the present jnyention conprises. the uni gue, conbinat.jo0 bi dentate or
trident a{og cat ?B(P(?S ddsélgﬁnﬁﬁgcggﬁgrpé‘?sf a&%\%“,m% i ﬁ\?g%ozéﬁe' aﬂ’ﬂ%@bi lized by the
Ani on Conponenteadestas prefeabes @ispeARRYHhakilh) coRipShml EbobonWR BluthiRRR! Opri at e
(when at |east one L of the starting transition netal conmpounds |1l and/or
|V is a hal oged®d mgst pagferablyof hetiona Rrippval of die keppjng1gsouris oreéaratly t he cat al yst
conposition. It,.J I : ! L, b at of the

i nvention as trgﬁdé) tpk}ﬁ&eé?ig)yﬁqgonx{jgﬁgﬁgﬁggé %@R? %eo nﬁéﬁ’%&é‘%ﬂs&%gﬁhﬁgr eto, that
the presently regtihydwcdhyloammioriwosah(e grtosthylesnzonium,phenyd divxitindt i on wi t h

the Cati Component becaus f their structyre. The inorgani ¢ oxide
support (T) iSEBF@P%?}F@H%ﬁ‘b"gf’éﬁfY%F!‘vngF*’é@q%}?mﬂ?}B?‘&% as%gmﬁt?‘&ps as these
groups have begniligRfs dfiethe liRe.t THs brokdriadibn Eapde tbficted bi¥in@adileb@ne and,
optionally, alkyl alum num conpound. The silane provides a neans of further

| i nki ng the supegtienstapd.gherefoes ihsirepuliant metalloisd sakt 521 Be washed fregefar ar by |

group. This b“h&lﬁgé}{@%}oﬁ (pbelieved to act as a spacer and a shield whereby
t he oxygen atons presented by the inorganic oxide and those adjacent to the
25 silane (-0Si R R'E@nypleofiydroxntrentiieing nwitdlloidaat, anilmameamd) contribute to

t he cat tic activit f atal yst . .conpasition. il t her, as
descri be abovér,nm[oﬂgmﬁsr?ﬁ&ﬂ% @o bReR enéfpmts%Emﬁt:h&%"ﬁfnyié?ré}eyg#{“c'orrposi tionis
fornmed by a coupdrogphehylphéiyiRAe pbaRashenyl bbra®, (EYdidecy!l2-giptiyp of the
metal | oi d containing reactant. Under this process no hal ogen contai ning

by- product is trispegtaflucrephenyl hogae.3ris(persefinoeapbenyd) (4tpdiosh~~. contai ned in

t he resul tant i g‘@[pp i I i ipon. The
catal ysts of tﬁé’eﬂﬂag?%rs n 9?%%%?@33&%&@%02%&2@3) 44:}%&5)3}'%#) églfafheri zation
Er ;)cesses wher eristr(BfSFtétﬂmsronﬁmge! ;Emnsalt)r(aﬁ-hycﬁoﬂphmyl)ama@tﬁﬁ : h 5t hg ddi

et er ogeyleous catal yst conposition o e prese i nvention under addition
pol ymeriZat i on%&ﬁ&%?‘%?@%éi?'{d%?t@ylc’ﬁiE]W?’&Hf‘?%ﬁg}’ﬁ@fq' bl e monomer s i ncl ude
ethyl enical l'y %ﬁhﬁéﬁﬁﬁéﬁyﬁ‘?ﬂﬂmﬁ cRIHe W Pl ste GRIMROUREI STheGROEMERL €d OF

non- conj ugat ed di enes, and "pol yenes.” Prefeerred nononers include ol efins.
for exanpl e al fniapafiuoiophénys Fevirefgrréd Dareinsupsioled@od sybstituteddbey from 2 to
20. nore preferably frol to car ho t ons .and conbinations of two or
nore of such aﬁ%ﬂa&q%ﬁt@f"?}?{élyﬁg ?H%’&Ea‘h §y‘§ﬁ‘iafb3'@r gy %p%ﬁgsg&agﬁqqg i ncl ude,
for exanple, etfypanfyleids@piipene, 1-butene, 1-pentene, 4-methyl pentene-1,

1- hexene, 1-heptene, 1-octene, 1lnonene, 1-decene, 1-undecene, 1-dodecene.
1-tridecene, 1-tetradecene) 1 15 pentadecene or conbinations thereof, as
well as long chain vinyl term nated oligoneric or polyneric reaction
products fornmed during the polynerization and C,0.,0 a-olefins specifically
added to the reaction mxture in order to produce relatively long chain
branches in the resulting polyners. Preferably. the al pha-olefins are

et hyl ene, propene, 1-butene. 4-nethyl-pentene-1. 1 20 hexene, 1l-octene, and
conbi nati ons of ethy | ene and/or propene wi th one or nore of such other

al pha-ol efins. Qher preferred nononmers include styrene. halo- or alkyl

o N N v ' oy o




When used in solution or high pressure polynerization processes, t qbu

subj ect 1 ~! ~r:~ c003 39 heterogeneous catal yst conposition preft f%%ﬂ95
has a nmedi an particle diameter from1 to 40 Vim nore preferably from1l pm
to 30 pm and nost preferably from1l p,mto 20 Vim In the polynerization
process of the present invention. scavepgers nmay 5 be used which serve to
protect the supported catalyst fromcatal yst poi sons such as water, or
oxygen. These scavengers are generally used in varying anounts dependi ng on
the amounts of inpurities in the polynerization reaction zone. Preferred
scavengers include the aforenenti oned organoal um num conpounds of the
formula Al (R), or alunpxanes. 1 n the present polynerization Erocess,

01
nol ecul ar wei ght conhf Srecagerfeation ghthg Passugsar leadgir issefegted hg ersusftha ych
nol ecul ar wei ght. . : i e i al um num
conpounds or o?ﬁ%?ﬂ%h%%l@gﬁgatrél%%ygéj l%)élggr??g'. é}gxuﬁpg&r”?itcu %{r l‘)benefi t of the
use of the preSenipostRtirtnaeriahtsfRied by stiridneralaformhulayIl etdpendi ng on
reaction conditions) to produce desired nolecular weight | S distribution

a- ol ef i n honop&lsyerifted harrinkelonsl yrsdysleasocan estupPISaLY U hay e

pol ydi spegsity f i8R Exidhah o Sn By afeerahlbr gLt er than 5.
Such nol ecul ar pm%%h’ﬁgt{%lgu%%ﬁ apgt?]gnsélrcgglﬁoogugt se, respe(r:i gﬁ y those from
a slurry proceJhe affectloff ghid prothmsgiionabbsgraction, drooxidatipn isecaseersbn pffsaglessi ng i nt o
films, article nd_the |like. 20 The t.er "surface area’ and "pore
Vol uner " (Pv) 1 GPBPS FERBPHFRE SR mesael iodhe GRR e B A AN of uire
determ ned by Wohip@&ieion MUEREAcRA vHith tRIPIeB@sd?.16n Fair.t eCchni que as descri bed
by S. Brunauer, P. Emmett, and F. Teller in Journal of the American

Cheni cal Society, 66ccqrdingbpsnitahle Precurgon Catipnacancherseleetodfrage? particl e si ze"
(APS) refers t 1.Gl. & HRTeL Ak : of particles
determ n!a(g by gr gqtdga\rég%grgnﬁﬁﬁdsﬁ Jr‘%rﬁfé‘%ter‘n%v%ll C &Sgﬁg{leg%lgon t he

princi pl e of | ashrhydtaghibydgrbip ®dtdependemtty setected dvom 4 ©,-@;l klkiyhoid Car in the
art of small particle analysjs. The follow ng ex | es, aye giyen as
specific illus Zaﬁrfld’ﬁ§‘?}2ff‘t‘i{#§ea%lla§9ﬁ§dﬁﬁengéﬂf § ‘.’tas? tgf‘lb’(ﬂrﬁca&? under st ood,
however, that bigohitneBdtioaincRd&Rimethyt aintnotilurd. wiethy @minidMidegd to the
specific details set forth in the exanples. Al parts and percentages in
the exanpl es, Héprowil pmmenjiyin.tR@-ustammenriugs phenyl dpehykmmenivn, are by

wei ght upd ess n}ﬁﬁ-ﬁ (1o e e Of tﬁq‘@ﬁ_rs recited in
t he specHi cat ?%%q{) cIeagﬁpr’r@,d‘%&tgﬂcaﬁﬁfgg&@hg?en?g%?té@g%Wﬁgmg particul ar set
of properti es) diethybadiliniun)adimethpliZl4,bitomsthy iphersi)aaimetiah @sd te liker cent ages,

is intended to,literally incorporate expressl erein.any nunber falling
within such raﬁé%’,de"i‘lﬁﬁll %“’BEV‘%&BE@&J%&F&FRE%&WWW% any range so
recited. 10 ExaigpéighekyPimindfisnsandtheJikeaitighimetdbydrbhobpHonrindaiienal di f ferent

silicas were enpl oyed as porous inorganic oxide conponent _g'lj) in form ng
cat al yst conposchiasiréphsnylinhesphpaivmntrilngizlrheny!) phosphpniym.iteddingthybn aver age

particl e,$i ze . ar akh LA : face area (SA)
in the rzaige o%ﬁ‘%g))tpglgﬁ%ghl#&a?’gtuge:]lg&'a&gggjg&ﬁﬁ%‘gg]ﬁg\}lg 'osgc%gz to 3 cc/g.
The silicas usdundielsulphtreélrawdivibylsulpBodiinoand\thedikeal ci ned, 50 ~m APS, 300
m-/g SA) 1.6 cc/g PY). Silica B}g[%(%al ci neg, .12, pm S, ,300 ne/g SA 1.6
cc/g PV). Silica C (PPEddrRe $laujables ThrsRpSation!s @ Maply C4ROMMC e/ g PV) .
Silica D (uncakigjiation@oR@infNgSp S90nst-hifir$ifn alons, The@ BMdns Pefateca E 20
(uncal cined, 42 ~m APS, 600 m-/g SA, 1.3 cc/g PV). Silica F (uncalcined,
10 p. m APS, 51threngh/aystgrtion mgchagysg. Py catigadhcaprble hEregetingaVithor gani ¢ oxi de

mat eri al $: was . i £l e- re at varying
terrperat%sr es ogﬂ’? b@%nngé%tﬁg@hgeg%ggbwgé?@ﬁ%ﬁg?rﬁ%gﬁzﬁgtg 0 use bel ow. 1
9 i~ ~.;7 ~C-catdlti¢allyBesparamkitionmefal E3mpigd. SSuitable examblés efdtaBohinma,

PhH=Si - OSi --- A pentane g 1 ~0 M) slumof Silica A (calciped at 800C, 0.5
mol -OH g, 20°¥iog§ inglidetropyiivg- ipheny maethylium. gndipenzene(iaropm) and NEt, (6
m; 0.043 nol) r el : : gen gas 5
vi gorously evofé\;g) g'f ?1 rrl1 t séa%%g%ﬁgg{n&e?hléﬂfgsSflﬁﬁﬁgqﬁog%ﬁ?ei%agi tated in
a shaker for 13odiChemh€omeni9odi8a+384 msdvelliaedambert.daBwaisalcol | ected on a
fritted filter under argon, washed with pentane (5 x 20 m), and dried in
vacuo. Yield: 20.95 g. Diffuse Reflectance Infrared Fourier Transform
Spectroscopy (DRIFTS): v (Si-H) 2178 cmi' (vs). ~~Si Cross Pol ari zation
Magi ¢ Angl e




10 Spectroscopy (CPMAS): 8 -23 ppm Using the same procedures as abgéa.A a.
series of sanples of Silicas A, B, C, D, E and F, were each subject 49 2003
di fferent calcination tenperatures (800, 700, 600, 500, 400, 300, 200C)
and then were enployed to prepare phenylsilane-nodified silica products in
t he manner descri bed above. Each of 15 } e formed phenyl sil ane-nodified
silica products had the sane DRI FTS and 2' S1 CPMAS, as given above. ii)
Preparation of D nmethylsilane-nodified Silica, MeiHSi-0Si= A pentane (Z00
m) slurry of Silica A (800C. 0.5 mvl -OH g, 30.0 20 g) was treated with
(Me,HSi )NH (3.0 g; 22.5 mmol ). The resulting m xture was agitated in a
shaker at RT for 12 h. The dinethylsilane-nodified silica product was

col | ected on aQrgdnbmethliids| 1994, 15)3430-2443 0 Rrefoveegiinddlivm thiopemeane (5 x 20 nl),

and dried in vacuo, Yield DRI FTS | R 215 cm' (s).
".~Si CPMAS: gtrimethyly ““25“‘35@3?‘ Y?B‘ﬁépdS‘hFi %‘85%‘1@;?‘\‘}51“;%‘ as sanpl es

of Silica B, C, D, 300. 4. p0,
500. 600, 700 and soaacmgiafmmﬁﬁg{g’eg%%ﬁgsdat?Ag‘gﬁ"ggp ggﬂfegsgg?i%ggégbove to

yi el d di met hyl shdrgenef etomhidfei ieah mtdgcmfaomrlmiﬁlcts Each had the same DRI FTS and
[ 03 4z iii) Synthesis

=~S alues a en e

of :AI ky:v%,il \ljm ﬁumtﬁé%?éﬁs %ﬁaggfgc %@FW@&”@? 'I“Flt':‘ge /&erFPéf) td%e (200 m) slurry
of phenyl si | anﬁycﬁbédr@ﬁ subdtitéeedierrbQn iR qikRg to Exanple I(i),

PhH2Si - CSi - - (Silica C) calcined at 400L, was 5 treated with AfBu, (20

m, IMin tol uene) &ke fosmad hydroen metatloid stitdldwesbaen fepnditx reastavittas agi t at ed
in a shaker fo a tered ne (3 x 50
m), and dri ed{atll%;?s\t/g%eué)ﬁh%?egdBQ%@T‘%_g%ag_ bﬁ‘ﬁ%mg%ﬁyﬁﬁ%ﬁ% cm (rn).
'd' Si ﬁP:\/ASl. 8 b&ﬁlcppmnﬂshlﬁmahmgehqoimgeﬁubﬁxdmpbﬁ,mfsaikaﬁbed(cegt that a .
inmethyl silane silica 1 to Exanple | above was use
in lieuth thePPREASAS | aﬁ%f[lgﬁw?agl# em% remamwasona%%@mmmgw °fhe DRAFTS
was 2158 cm' aRGilane cabp Q:)%%aﬁc 3x1§e %%erﬁ&%ﬁ@loeoe?reakﬁvesbb%%%ﬁk of Hydroxy

Metalloid i). Synthesis of Brcé -p-OS |, 1, 3, 3- hexanet hyl di si |l azne
(75 m; 98% 02acddBsynblas m@xﬂddedloﬂ)cgr@rnswmth}»hwrwn@ﬂdmm@en 0.117 nol)

and heat ed at After 20 cool | ture, the

resul tant soli ZR‘H’ %UOP&V\&J}]@l grox ‘%’8" rkflgéﬁ&[zﬂ] grl eﬁr’icr ude product

was then di ssotoneaning bbtatdwilnsilagt ub&m’xed@moﬁs as} foregdmpedilade silica col um

(Gace 948 S|I|ca aJC|ned at 80Q . Wite ﬁrystallincgﬁ_gslid was obt ai ned
fig 0 tajloidy 5

after evidpor at MOAISH stlicas, generales aét"l‘fgﬂa’%‘b?‘iﬁf’?rb ung;mg g (89%. 25
ii). Synthesi Sre%nmg%fo&d N fupm%b\wgmrg]%gﬂgﬁﬂb HﬁBpQRWﬁEtaﬁé@ mesh; 0. 47

g; 19.3 mol) was mxed with T a 3-necked fl ask
1, 2- di br onoet hwh@hé@n@&emrm@b}ememf}a hatogen bentaining radantdd i nto the flask

and the m xturgehyglao%ggggnaumfl ux. A THF 19 (~~";; Q03 43

The metalloid salt and the silane modified inorganic oxide support can
20 be contacted at moderate temperatures, such as from 10° to 30°C, or at
elevated temperatures, such as from 30°C to reflux temperatures in the
presence of a diluent. The diluent may be, for example, a hydrocarbon such as
toluene, hexane and the like; or an ether such as diethyl ether, dioxane and the
like. The ratio of hydroxylated metalloid salt to silane modified support can
25 be from about 0.1 to 10 and preferably from about 0.3 to 1. The reaction
produces dihydrogen gas may be monitored by gas chromatography or other
known analytical techniques.
The resultant Precursor lon Pair has certain features which are believed

to aid in causing the present catalyst composition to achieve a combination of



solution ( 11 nm) of BrC-Ha-C-H4-p-GOSiMe, (3.0 g; 9.34 nmmol) was added
dropwi se through a syringe over a period of 20 nin period and was ré&fy iRRa03
for 1 h. The resulting dark gray solution was decanted and a 0.5 nl ali quot
solution was titrated with 2-butanol in the presence of 5-methyl-1,10 5
phenanthroline. Yield: 87 %(0.76 M 10, iii). Synthesis of

[ MyBr. 2THF] [ (C6F5), B( C6H, - C~H, - p- CSi Me f] An i sopar solution of B(C~Fs),
(3.23 % 8.13 nmol) was treated with freshly pr epar ed

MyBr C~, H4- C~H4-p-OSi Me, (10.4 m; 0.76 M 8.13 10 mmol ) at room
tenperature. The resulting m xture was stirred overnight to give a solution
havi ng a brown syrup naterial at the bottomof the reaction flask. After
decanting the slmnedtpaipantcsaeﬂistmssed)hdrmhabobe oMMou'glsdxmpsessmrup was t hen
evapor at ed over ht, to |eId a bro JSh sol}% roduct. Yiel 6 84 ¢
(84% . 15 iv). O%FYaHeas ¥ a?”fqaﬁm% {ritaUpROT e UbjECt BAERHQH.

[ VoBr . 2THF] [ Cofahs BibEatdi el s Oy b i Brder?sdFHRlidn (@@d aqueous
NMe2PhHCI sol ution 100 m; O. were stirred at room

t enper at ure fomrmbdepsﬁxehtmﬁtm CaTaHmtheswbsnwrg pHMBeselhtghil)oactlilé) was careful ly

decanted and the SCOouUs ,S0 th djstill H O (6 150 m
i h el e Rsitn e Snregnamh t prier CienGinddofrt 5. ¥ 1372 0 176
% . Exanple 3 %&aﬁgﬁ(aﬁmerameﬁicﬂ{etéubm sﬁlelth&@ﬂseste 8@l arfi fielld fAiaum Bor at e

Precursor lon Pair, (}M (C6FS), B(C6H4- C~H, - p-O-Si PhH-] CSi ---- (" SAB")

Met hod i) Et hestefigally qereglmwtlpeﬁroefth@wmyn atpma sTosnding the silane. 0 g)) f or ned

with Silicas A C r caIC|ned at

400C accordi ngn}oget%x%dng?% ???ﬁi;%bn\r?gg%ﬂﬁ ogdd\éggc ‘é’?lrogr%tbﬁ %IW&& 9 P

it;~3 44 [ PhMe D\ ﬂﬁ(fﬁcﬁ:%qv&((ﬁﬁiﬂﬁsmt%n]dgx@glg}ouban@fhe@ aild RS groups ) at r oom

t enper at ure under n at ere. The solutions were itated in dry box

for 2 dalfs and heFRel AT BOHGS gﬁi’?’fa{é%BT‘P’G“‘p‘PBEI’BE’P%”\R@I”@’df"?‘?’F Eviighof f, washed

with ether (3 %vhéﬁ)céﬂll)m@dﬂ'\gltkp@l@@ﬂ@n Cmporkht 1'§1a§soc1§t@@ withivgleakdlyeacuo. i el d:

5 ~ 11.25 g. The above procedure was repeated using the triisobutylal um num

treated phenyl sitée @n@oelahdtbalﬁoogammrfmerﬂgom%a@(@hﬁleellm(qhndgmgn lieu of

t he above phen ape. si Qr.m,an hod i1i)

Tol uene (200 n¥5°u§1ahsr 1 es 01 Ogglﬁr%véé)utyl lon m on %} dl%?e%ﬂﬁll si |l ane

silica (10 gratslpgénodormthimspedies dﬁgaﬁlﬂoﬁihxﬁhing the(acuvl)y ofithdrreSiltanca A) B, C

D) E and F. respectively, which were calcined at 400C were each treat ed

wi th [ PhivezNH] f’%) R ROPMBPHII . C5H4- p- OH)] (3.01 g) at room t enper at ure under

argon at nosphere. Tige &&ﬁﬁ&'o@ﬂaefﬂl%ﬁ%ﬁ%a\‘i@&%n&nmllbﬁ‘@&@ﬂiﬁl@ and mai nt ai ned

at 70C for ~3 h. The resulfing mxtures were filtered off at 70C, washed

with tol uene ainorggic exide iginotstitival. Haweverahe @@l@llwdrsalatymcelé:staneeSh Yiel d:

11.25 g. The a r t henyl si | ane

silica forned grg}é’g?@lnté%gw@x&%lgé%ﬁ?%@? ‘?8%&?{9 Pl%googf t he above

phenyl si | ane 2thnsilés/gaf dilanqnhmﬂﬁeoemangaﬁé\BxxdEmmppheMbsﬁ;rafcmm the of

Ful ly-f | at dTrldentateIr Conposi tion .

al kyl al uﬂum ERFHLSPI A RIGD poRtal ‘3“?&@ gﬁ@ @&Fnﬁ?‘?ﬁwf\ﬁgém’l’%%eﬁ@&“?S with a

tridentate i rogfﬁgattgalsy,ﬁl;on ,gatgmm s[1-(2,4,6-trinethyl phenylim no)ethyl]

pyridine iron dichloride, which was then treated;with different SAB

Precursor 1on Pai rsTheBreeusosdon Rairfanndusefub bersin carrbesteted of shipRgdcat al yst

sol utions were ) washed

wi th tol uene an@%t Itqgat%gﬂflﬂw {Lalﬁgx{ dlflue t%’d’l’gﬁeﬁtg&ég IS0 %AnF?FFq{Sj%ger ar gon.

Each forned actiirucaltyedproviﬂe%epresem, talyst domnpbSitiort er ogeneous iron polyolefin

catal yst_conposition was analyzed by | CP-AES (I nductive Coupl ed

Pl asna- A4dni ¢ Em ssﬁéﬁ‘a@,ﬁéﬁ‘tvleo@éﬁwe?@r@éfs@’rWﬁé‘rfﬁ’fép%?Bﬁ‘ 5hd i ron wei ght

((r)fl)m;r/h?ﬂ rgf:fl“é o?arthgé SR bridbe TLF whelfd Qh RPanka®! €2\, &P @ #A u3 ' onc
hydrocarbyl a sterically bulky hydrocarbyl group (D), a metalloid of boron

and fluorinated hydrocarbyl groups covalently bonded to the metalloid to

provide the Precursor Anion and a Precursor Cation capable of inducing the



Conmponent Starting Material (CCrecursor lon Paira wt% w %1/75 -ZAP ~3 ..
_rA 531/5U2~ --..141/JUZCU. 410. 18J1/ GJGUU. 41U. 14611 252 &2 CC B &R 2003
2,6-bis[1-(2,4,6-trinethyl phenylimno)ethyl]pyridine iron dichloride PIP-A
was prepared according to Exanple 3 ii) except using Silica D PIP-B: was
prepared according to Exanple 3 ii) usiqg Silica A 10 PIP-C. was prepared
according to Exanple 3 ii) except using‘Silica E PIP-D. was prepared
according to Exanple 3 i) except using triisobutyl alumnumtreated

phenyl silane silica of Exanple I(iii). 15 Exanple 5 Synthesis of Fully
Forrmul ated Tridentate Iron Catal yst Conposition Several heterogeneous solid
catal yst conposition products were 20 produced using an iron tridentate and
a Precursor | onfofigdtion@€ Cal@fCompdhesi dfithdsubRptivataddt compobitibnnTée Bt e (SAB) . A
100 M toluene solution containing i mmole triisobutylal um num and 0.076

mmol e (40 ng) oFovides.iBysirativg examplss of PW@M?F‘ETH@H%Q“%{%W 0¥ i di ne iron

di chl ori de was : .9 ~ ;~ ,~ e~~~3 46 tenperature under an
ar gon atom)sphe$§£lq§g8$ﬁﬁgug¥)pkrne%brfsor lon Pair (forned according to

Exanple 3(i) using a triisobutylalum numtreated phenylsilane silica of
Silica B)_was introduced into the toluene solution at roomtenperature

fol | owed %y 2 hours of mxing. The br ol@bleslol i d product 5 was then separated
by filtration, washed with toluene (2 x 15 m) foll owed by washing with
heptane (2 x 10 m) under argon atwt)[ 'iohé’rjf’ The resul tant product was dried
[Tdi.o-bm-qd. cqFhe procedure above was

in vacuo. Yield: 0.815 g. Labeled
repeat ed1@xcept that the tridentate‘LO énj Precursor lon Pair ~ere all owed
to react for 4 hours prior to separh?ioﬁ nd washi ng. This product was
I I FTI - 2. —3—Fherpraceduroabaovewas—+epeated—exeept—that—hent an
uggg Sg the sq-APle ber dog bRl Rans 301 o lo Mo ey O }_é§biié%_5%?-g_m?§
Exanpl e 6 Pol weri-zat %%&Prd hhatEHey i IPht | SL%ﬂ&IinaZ
liter autoclave réactpr''fhich i adpt e Y6t
t enper at ure dgsi+ed—fpr—20-poly Riﬁp—aﬂfwin p—4r to use.
NEtrrEod A. An 3 L LoHigum pHot ([l of 51,5655 LB (i th a
known anount Af gyl Sitica) o Mej 4 Mey) Lnjiczsh 6f4ct or .
Anot her hept arle_sdl ut | $iHey ~2hMem \Merr | dSolian [Bipareals nbeFsanleks 35
Conmponent mi xtjur ebuwas $f 18 | hMectld¥ie + o-GueBer 481 or| Caltgi | S6Est | £6¥snd at 500
rpm et hyl ene |gas’was! $iligh dl Ph 0t MR1LuceekHant d B he [(e6Fst hE6Rsnd CBF5 { provi ded
the desired pdi ymBri zp8iliem pfBssU™Me The pol yieri zZ|dt6F6n| tefispeFaksule was
controlled vid_a_recitculatihg wdter bh&saia)2Et|hy] erﬂg was! fed on _dedand via a
mass flow contlrol Per }3iligAai n g!i‘ nliMe hreoder d B i CaFy {CeFs) | CoFs1 [ g1~ 47
Met hod B. An glkyl0 al ubiieaim pEet ridit ed-Fallat anfdd 0300 Sefisuf CoFs with a
known amount gf Al Buj Sificat. of Kt i | Btol yene) wgsP fi rlse6Fm xeeFswi €6F% he Cati on
Component and [the Anibn Conpbnent|, The($ekigtli ng clatal yst nixturel5 was
then injected |int® theSiHesact oEt WHt| el <FlioHsd nd at 150851 pasFset fgksene gas was
rapi dly introduced int8iliehe [Bact/dh ancCatlat atB t hel Ch¥si f eeFspoCeteni zat i on
pressure. The |pol \er| Sikiea on anﬂéﬁatji? was |[dbnt ridldFed| Géfs aCslscijr cul ati ng
(CeHa)2-

15 Silica Ph Ph -CijoHg- | B Ce¢F5 | CeFs5 | CgFs

16 Silica H Ph -CgF4- B CgF5 | CeF5 | CgFs

17 Silica H Ph -(CgFq)2- | B C¢Fs5 | CgF5 | CgFs

18 Silica H Ph -CioFg- | B CeFs5 | CeFs5 | CgFs

19 Silica Me | Me | -CgFy- B CeFs | CgFs | CgFs

20 Silica Me |Me |-(CgFq)2-1|B CgFs | CeFs5 | CgFs

21 Silica Me (Me |-CioFg- | B CgFs | CgF5 | CgFs

22 | Silica Ph | Me |-CgFs- | B CgFs | CeFs | CgFs

23 Silica Ph Me | -(CgFg)2-| B C¢Fs | CeFs | CgFs

24 Silica Ph Me |-CioFg- | B CgFs | CeFs | CgFs

25 Silica Et Et -CgFy4- B CeFs | C6F5 | CsFs

26 Silica Et Et -(Cg¢Fan- 1 B CgFs | C¢Fs | CgFs

27 Silica Et Et -CioFg- | B CgFs | CeFs | CgFs




wat er bath. Ethylene was fed on demand via a mass flow controller ]Ib ”
Pol yneri zation of Ethylene 1. Polymerization of ethyl ene was conduét AR 03
using the nmethods A and B. The catal yst conpositions were derived from
mxing a tridentate Cation Conponent starting nmaterial selected fromeither
2,6-bis[1-(2,6 diisopropyl phenylim no) §t7hyl ] pyridine iron dichloride
(Catalyst "1 ") or 2,6 15 bis[ 1-(2,4,6-trinethyl phenylimno)ethyl]
pyridine iron dichloride (Catalyst "2") with the SAB Precursor lon Pair
formed according to the nethod of Exanple 3(ii) using Silica D. The

pol yneri zation was carried out for 30 mnutes with runs of Method A and for
60 mnutes with runs of Method B. The condition and results of each
reaction is gfvepsin|&aRke VIPh20] Bel QWCgFs- 1 PBT ~—~WCQFL ([f@QFs4BC¢Fabl e VI ato

y Method (psig)ep® (Chiick aHehl *at(oass)a- (B 9- CakF3)[&¢F% . | CoFs
(gl g- Fe-h) 1A 0=Bg ST T;p-,?dubc BhOUOPRR O} -8[gF¢X~PBT - | CF5 | C6Fs C6F
A20U5( ~20UU. ~Fo &= 2 3 H Ph_ 21| Se5PRUBPE-~ [ CkFs ~

x| ~' 2B2UUSU- F5~71 TT 26516008 §A3 T4 HEM =" Ef Tdex PDI =

: . 32 iRy Y YOt Pit B gLr F é )
Pol ydi spersity i ndex I&S ‘T?y nmer i za’tl cchj“ﬁt hyl ene \?]vaés congulc 68 isi ng t he
met hod B of Aall]jrj et A mé—rj_fu:maﬁpv &R Pt B rat T A c@'a&' YSEFs O posi tion
was prefortne €03 A‘lumn N P AR S A IR & s’l:f’ > Fs | he
reaction 10 p CEJW ?(‘I‘u H-art et =205 aZFL YT éFn_ tion was
carried out fpr—iholtumil; Lf']U. f or it ed 8% \.cc*‘?",ﬁéa 85 Sanpl e
Nos. 1 and 2 pf EkamprAlming 12 Me\/\qxzeﬂ_uljied t1g6p%l P50 | PSP ohs gi ven
in Table VI .WM—&Jf;;' = 4y e d““*“'“ effposi ti on
Sanpl eAl ' Bu, ==nplTe 4 H /g L ( 12@3\ ,6?5\0"66’:5

Cab_Ad! }@?ﬂ)'ﬂfb H Y bPnots€eba BB 255CaFs | CoFs | CeFs

(gPE/ gFe- h) Ca , =-h) z 2 T T CF
1051, 4301 1007pnathq 24 ﬂ'& ths1| Boolls6menanBio 2 6F‘ w1 G6F el C6F's
Ha 1 mt aye K MFJ iz “m6r4pt hyPene bic Subi ng
met hod B 5 of _Ex4hpl e Advmiad dihpeMabayvCeBazeinB + hat6bha G6Fpi iseaist Y1 al umi num
(300

_:’_
Ny
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LCHCH
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-
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q
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S' T plessd

NOTE: In Table I above, the above abbreviations have the following

meaning:
Me = CH;-; Et = CH,CH,-; Ph = phenyl; -C¢-H,- = phenylene; -C,H,-
5 = naphthylene; C;F, = tetraﬂuorophenylene C,oF, = hexafluoronaphthylene;

CF; = perfluorophenyl.

Each of the Precursor Anions (Examples 1 through 42) listed in Table [ above
is combined with each of the following Precursor Cations (Ct), respectively, to
10 provide the preferred Precursor Ion Pairs indicated above:
(a) [N,N-dimethylaninilium]
(b) [tripheny] carbonium]
(c) [tropyllium]
(d) [Ferrocinium]
15 &) [Ag]
® K]

It has further been unexpectedly observed that a catalyst composition
of enhanced activity can be produced by first calcining the inorganic oxide

20 from which the Precursor Anion is derived at moderate temperatures followed



| t ol es) was contained in 300 M of heptane. The solution was then tr@@ﬁﬂ
with a catal yst conposition of a nickel (I11) bidentate catal yst ( 1(9 0 )
[ AAFN=CH CH=NAr] Ni Br2 where Ar represents 2,6-diisopropyl phenyl and the SAB.
Precursor lon Pair D described above (see Table V) (120 ng; 23.6 10 unole
of boron). The heptane solution was intrpduced into the reactor at room
tenperature. Ethylene was then rapidly introduced to a pressure of 220
psig. Polynerization was conducted at RT and 220 psig for 40 m nutes. The
resul tant polyethylene was filtered and dried in vacuum oven at 50C for 4
hours to yield 29 gmof polyethylene. 15 4. A series of polynerizations
were conducted to polynerize ethylene using the catal yst conpositions

FTI-1. FTI-2 arhy redckioB Withranstldnd (ilapesdestrbed abtnewehiclEar turmpdd fphiewddzat | on was
carried out for_one hour in 300 ept ane which contai ped 200 ~t nol e of
Cr11 sobutyl al GMeGHTSHES g Mo e ghorgan conideonit & Fafa Smmem “cac al yt
conposi tion i ndkgRhehdikdOMocetiay GARHel eRM8n 8e Erf%?dﬂbid%al@{l@o)% ven in Table
VIIl below Table VIII FT1 #Poly MethodP (psig) MAPDI Tenp (C)Hexene

(m)H /' C=HLM Broyidg g esfetzad Paedursor Ion Pair, as described above. Although it is

(9/g-Cat-h) 1 B200283K10. 57000. 073..71 0. 333, 000i B200nana7000. 0.1 Sna0. 342, |
001 0200nah A 700 B ES BB EESY AREERE A3 ?53‘@1",“9’6%%’26‘6328K9. 065001 . 0
90. 362, 3002B200;3355! HARAAOLE 2 Glidd A HAPRBIARA A BHRARMRARINiAg at

002Al 50nana6020*02. 080. 371, 0003B200nana70001. 0R0. 362, 5003B200nana6530* 0. 064
8.390. 303, 840 *empayatuees of alpye 260k (rat @2 5P Gkdoas n@uesulidn thginishestivept ane

sol ution that i Tl - . i sol ution was
then injected 1(:% gaz}ﬁ{e&r e{% ng;r[ Pé’ra ?%egpérr‘r%%c?%%{fgoﬁ'?a-%t hﬁﬁ#l@lga%gh Load Melt

I ndex (g/1 Om meatifglofitiepingtmenozanicloyide (E) td keenperatures ¢l fasy atpued@eCed

enbodi ments, and nodes of operation of the present invention have been
descri bed’in tﬁ‘éa‘?%?gs(?)%nﬁre eﬁé’&?’ f’P’E‘égP‘Br‘WS ‘I"ﬁ(—?%? (3 OP NS 3B ANSREAN i s o
intended to be RIRYEFWRH chIRhEddTeadtiQPIRhe silafie ARE whiUPRsEAMBLEHed as |im ted
to the particular forns disclosed) since these are to be regarded as
illustrative r aletiead phiisicalland cheneal propertiay. i Heistans raedifieshingrgenic prige be nade by
those skilled i.p,the art. .w thout.de i.h rm.the spi [ f the
i nvention. 20 'pTe'éprf?er?blw,trEQEAngﬁjg?%%gfaﬂ(lyqs%gpéq%grﬁq‘!gm%.trgﬁec%:at al yst
conposi ti on usefith a slight feepalf shrrrialkgtaluntingh (blef tatis of AMPrOK b fjom

T-[-SIR R ODM 3. ]a. [Cat]b+", wherein t represents a cationic remant
of a trafditi o%‘%‘\‘iééf’ ) B%{HS‘QQ“EWEGSW@?%F@“@?IB&% (& @nlgxans ng of

transi tion met ahd Bedkes.atie dxe&3 RhiGP MRAIREASIcaddnfMay bt RioWEL. et i dent ate

| i gand conpounds and m xtures theréof; T represents an inorganic oxide; Si

represents a siprisivgtedzilens medifiechorzanie quide isribraerntrshivitythe Byfreent s
hydrogen, o VEaBR PSP Lol Sose e . O
M represent s anr gtedikep®l feetiddla prefenred passigated Precasai Atiomdglheftedoor on, al um num
gal Iium 26 ndi umpasgir\]/gtleld’i‘,%gnu%q(:gn t -isX stplégi lgatitoxral grrlde icr)uftf'xe appended claims. refers to

a support material (T) which has been treated with a trialkyl aluminum agent

subsequent to silanization and prior to metalloid addition. It is believed,

though not meant to be a limitation on this teaching or the scope of the claims

appended hereto, that, especially where silica is the inorganic oxide. less of the

25 surface hydroxyl groups are forced into strained siloxane bond configuration
than is normally caused by high temperature calgination. Further, the trialkyl
aluminum and the residual hydroxy groups form dialkyl aluminum oxy groups

(-O-AlR,) to provide the passivated support material.



each Q i ndependently represents an unsubstituted or a substituted C ~ -C20
hydr ocar byl group; O represents oxygen; n and mare each a positive 1ig1p;ggg;z,m
such that the product n tinmes a is equal to the product of mtinmes b; and a
and b are integers of 1, 2 or 3. 2. The catalyst conmposition of claim1
wherein Cat represents a cationic rennaQé of a transition netal/bidentate

| i gand conpound represented by the formufla: ~9f t~~ ~ou3 52 A

Z .,,,,,, LI1lIl A-~ L wherein each A independently represents oxygen,

ni trogen, phosphorous or sulfur; Z represents a Goup IV or Goup VIII
transition metal of the Periodic Table of Elenents; each L independently
represents an anionic ligand group selected fromthe group consisting of
hydr ogen, hal o, subdihetQatiedCoryporeansihlyd CanigstuGrmposition istdedvédylgr ocar byl or
both L together regresgn a Qquo ar byl ene rogg which, with Z constitute
a cyclic structgpEctingthe Preusorlor hapdeseabad arove With 4t deastqns beentste r epresent a
hydrocar byl ene ghadidealate Afiibh Melal BSRpRRE VERLiRARRe LAt A " epresent a
dative or coval ent bond. 3. The catalyst of claim2 wherein each Ais

ni trogen, each gen¢ricalyerepotsended yothe fdmaulgr oup consi sting of unsubstituted
hydrocarb¥l group, hydrocarbyl oxy group and a hal ogen atom or both L's
toget her Tepresent a hydrocarbyl ene group which together with Z forns a 3
to 7 menbered ring structure. 4. £ catalyst of claim3 wherein Z is

sel ected fromthe group consistifg of\Fe.wkto, M., Ru, Rh, Pd, Gs, Ir and
Pt. 5. The catalyst of claim4 ereinZs_is selected fromthe group
consisting of Ni, Pd, Fe and Co. It' %Y GJ~, 53 6. The catal yst of
claim4 wherein Z is selected fromthe group consisting of Fe and Co. 7.
The catalyst of claim4 wherein Z is selected fromthe group consisting of
Ni and Pd. 8. The tieatiddnysd confitRas tdn ReRéricall plettedentdticsvahd fdmaha; L represents
a hal ogen atom and wherein said catal yst conposition further conprises an
al um num conpound represented by A (R'')3 wherein Al is an al um num at om

and each R'' is independently sel ed fromthe group consisting of C~ -C20
hydrocarbyl group and a Cl -C2o0 Mydrdgar byl oxy \2r oup. 9. The catal yst
conposition of claim3 wherein T & ndepla dently selected fromthe

group COE isting of a C~ -C20 unsubstitutel hydrocarbyl, G -C2o0

hydr ocar @I oxy or both L groups bonded together represent an unsubstituted
hydr ocar byl ene. 10. The catal yst conposition of clainms 1, 2 or 3 wherein M
is boron, Dis an

wherein in each of formulas III and IV above:
each A independently represents an oxygen, sulfur, phosphorous or
15 nitrogen and preferably represents oxygen or nitrogen or a combination thereof
and most preferably each A in III and at least two A’s of IV represent nitrogen;
Z represents at least one Group IV or VIII transition metal selected
from Fe, Co, Ni, Ru. Rh, Pd, Os, Ir, Pt in the +2 oxidation state or Ti. Zr, Hf in
the +2, +3 or -+4 oxidation states, preferably a late transition metal selected
20 from iron, cobalt, nickel or palladium and most preferably iron or cobalt; and
each L independently represents an anionic ligand group selected from
the group consisting of hydrogen, halo, and hydrocarbyl. More specifically,
the hydrocarby! group can be substituted or unsubstituted. cyclic or non-cyclic,
linear or branched, aliphatic, aromatic, or mixed alpihatic and aromatic

25 including hydrocarbylene, hydrocarbyloxy, hydrocarbyl. silyl, hydrocarbyl



aryl ene, fused arylene or polyarylene, each Qis perfluorohydrocarbyl and T
is a silica macronol ecule. 11. The catal yst conposition of claim 41@hierein
Mis boron, Dis an arylene, fused arylene or polyarylene, Qis

per fl uorohydrocarbyl and T is a silica macronol ecul e. 12. The catal yst
conposition of claim5 wherein Mis borgn, Dis an arylene, fused arylene
or polyarylene, Qis perfluorohydrocarbyl” and T is a silica macronol ecul e.
1 9i-~t:2 U3 54 13. The catal yst conposition of claim®6 wherein Mis
boron, Dis an arylene, fused arylene or polyarylene, Qis a

per fl uorohydrocarbyl and T is a silica macronol ecul e. 14. The catal yst
conposition of claim?7 wherein Mis boron, Dis an arylene, fused aryl ene
or pol yaryl ene, affidnosand hyerochrbolrsiibyydadicals bwlnsaﬂ;dto'ISOir&nalydﬁogémaoms

macr onol ecul e. 15 The catal yst conposjtion of claim8 wherein Mis boron,
Dis an aryl enel ?EF§@6F%HE‘@+P§%r‘"‘%5’BF’W&F'§M ﬁ??’f’é‘ed@%h"éo pefrocRIBYlotiddr ocar byI

A e n v o | SR BoEh Sl THRS GRLALYSLAGRIROSHGANA | ! &l m 9
wherein Mis boron an aTy ene, ene or yary ene, Qis a
per f | uor ohydr ocerifydart@ndtoms, preferablyl fraa 1rm¢2 ozrrbd:remmheandnﬁe suthBtuted al yst

conpositiqQn of claiml ein Cat represents, a catjionic re ant of a
transition net afPEpP fsd%ﬁ%\ggé halpgrrteBmbs e B rae s e NP g fBr mul a - A

~z~' ~—~L IV A~ ~ngrdMB§E@\}a'Ibnﬁ%5hd‘éd'td‘Z'eHSWQ\f‘ePtth% id RRpREGRES OXxygen, nitrogen,
phosphorous or sulfur; Z represents a Group |V or oup VIIIl transition

metal of the Peri odiEhellies ipinihg eick hetnteach atharth tepiesant péydiecrrbylencepr esent s an

anionic |ligand group sel.ected fr rou gen, hal o,
substituted hyd’%ggglrpﬁywdlﬁﬁgrl?ﬁs?ﬁgug?qt %?lygtgﬁr Lﬂgor {l)lb%}ﬁgt &)t oget her

represent a hydnm@damﬂ@e@uwr@uppmmfbftw sttictdre rﬁgnﬁetaohtpheeceoftycl icring

structure; 1 ~(~~~,~10-S 55 the lines joining each A atomto each

ot her A r@pr eseffrbop- WW&PIBPP%ecaF%rCéHHOH 58?138’ BoRgs: FAAYSA @™ ng each A

atomto Z repreg&ite lfbngé"éddvc%rtf?:ﬁ AF&X:%' e f3@Rg. 18. The catalyst of claim17

wherein each AIs a nitrogen atom ﬁ{% L i1s selected fromthe group
consi sting of unsubs"t‘quaﬂlgdfohy\dbdcraatbylhd gidentate thydnmcactbwcmwuqtsoup, a

hal t th oth L t t
nyar ocar byl ane r s TRERkoGarLE AT PERIE e AT b er ea i ng

structure. 19. mﬁcmt;a&ams:temﬁedquamis Waevmdmbzrdmgsel ect ed fromthe
group consi sting of Fe, Zr and Hf . 20.

The catallyst of cl al?ﬁel@n%@r‘\é‘?% echi@aso& @é‘(‘%??"‘f’)‘séhﬁ”lqﬁ‘énapﬁup consi sting of

Ni, Pd, Fe and (b meldle &ﬂtb@lemt'a@gtl\ﬁlbﬁh@bﬂfpcM@ﬁﬁdoﬂdZD'a§v§9| ected from
the group consi sting 5? Fe and . 22. The catalyst of claim19 wherein Z

is selected fr obnrldhmegphowpre@msr@auonqnp)betwﬁeraﬂebtxpd rick 3 atqmpand theal yst
COITpOSl tion of Cef’il t%qlljl-(??l’ea\.léﬁg llerc]:trgna&enmlt'y Cl;ﬁgg spﬁpr%Vlgﬁl %&%HOHS

within the empty orbitals of the metal.

20 The above described bidentate and tridentate compounds from which
the subject catalyst composition are derived are known. The disclosure of
such components and the methods of forming same have been described in
various publications. including WO 96/23010; Journal of the American
Chemical Society (JACS) 1998, 120, 6037-6046, JACS 1995, 117, 6414-6415

25 and Supplemental Teachings; JACS 1996, 118, 1518; Macromol. Rapid
Commun. 19, 31-34 (1998); Caltech Highlights.1997, 65-66; Chem Week
4/29/98, 72; C&EN 4/13/98 11-12; JACS 1998, 120, 4049-4050; JACS Vol.
82, 820-824; JACS Vol. 79, 2733-2738,; Japanese Patent Application 02-



atom and wherein said catal yst conposition further conprises an al ugi [pg-lr,m 9903
conpound represented by AI(R'')3 wherein Al is an alum num atom and ‘e ch

R'' is independently selected fromthe group consisting of substituted and
unsubstituted G -C20 hydrocar byl 19i~",~ ; t~1J,~ 56 group. 24. The
catal yst conposition of claim 17 or 18 wherein each L is independently

sel ected fromthe group consisting of a Cl -CZO unsubstituted hydrocarbyl,

and a C~ -CZo hydrocarbyl oxy group or both L groups bonded toget her
represent a hydrocarbyl ene group. 25. The catal yst conposition of claim 17
wherein Mis boron, Dis arylene, fused arylene or polyarylene, each Qis a
perfl uorohydrocarbyl and T is a silica macronol ecule. 26. The catal yst
conposi tion of @18&66% Thewnehieg nf ddch of thoatme cited refesamcerrart emerpofateded aryl ene
or pol yaryl ene, s a perfluor drocarbyl and T is a silica

hegein s B YR rIEY

macr onol ecul e. MSositi on of claim 19 wherein Mis boron,
Dis an arylene, fUslﬁffoﬁﬂx)lésqnehnﬁ'IVF)éal:h/Lirg):ﬂuﬁfi'ﬂlvreQrdbﬁf 2hdsdchlatiad, @Ry dr ocar byl
and T is a silica macronol ecul e. 28. The catal yst conposition of claim20
wherein Mis bowsnbstintedhydiocarbyl erehydfagaibpllony gioaine The mostipyefeyédene, Q is a
per fl uorohydrocarbyl and is,a.silic r lecule . 29. The catal yst
conposi tion of %(1"5‘?61’?‘?%1” F%?W"fﬁela%h gﬁg% qulgfpwgy%ﬂcaé?)élgéoﬁgf “% used ar yl ene
or polyaryl ene, to%t'h@r forn & h/ dro eur By 1 pesipiohat typitdlly an aliphatit, latdiatic or

macr onol ecul e. 30. The catal yst conposition of claim?22 wherein Mis boron,
D is an aryl enemixedgbphasic ppdaramatic hysirgearbyleas groupys desgribediabpyeowbish dr ocar byl
and T is a sili ? I I : PR R tal yst
conposition of fé gﬁ%ﬁg@{@ %iaﬁymﬁ%o%épgﬁ?abgfg@ﬁ, rg(rzs;/ éeﬁeer%ﬁ? ﬁg"gd aryl ene
or pol yaryl ene, 5 Rlembecyphe gloupy ohydr ocarbyl and T is a silica

macr onol ecul e. 32. The,.catal yst conposi,tion of clajm?24 wherein Mis boron,
Dis an al?)yl ene, fus‘g'afeéfreés\g\ﬁ/’é‘a@tc"%g‘?‘ﬂ?g??F’ér{%’,exan?Ler% rfR—f:?sFF'ﬁgF%hydr ocar byl
and T is a silig&mmpiRadosmheforhla: 33. A conposition capable of providing an
activated olefin polynerization catalyst formed by contacting a) a
transition netal /bidentate |igand conmpound represented by the fornmula A
~Z,.,,,,~~ L A ~ L wherein each A ingependently represents oxygen,
nitrogen, phosphorous or sulfur; Z represents a Goup IV or Goup VIII
transition netal of the PeriodiRAJa of El enents; each L independently
represents an anionic ligand group[selgcted froq4 he group consisting of
hydr ogen, hal o, substituted hydrocfarbylZ4pd unsubstituted hydrocarbyl or
both L together represent a hydg ene Igroup which, with Z, constitute
a cyclic ring structure; the line joihing each A atomto each other
represents a hydrocarbyl ene radical; Rnd the lines joining each A atomto Z
represent a dative or covalent bond; with b) a Precursor lon Pair
conprising a netalloid silane nodified inorganic oxide salt represented by
t he formulsa or

20 - wherein:
R and R® of I1]a or R® of I1Ib are each independently selected from an

unsubstituted or substituted C,-C,,, preferably C,-C,, hydrocarbyl, such as



19 a~~~~7t ~t,:~~~J 58 T-[-SRROM(Q3]e n[Cat]b+." wherein
QG represents at |east one cationic remant of a Brcpnsted acid sal 9 @s 7003
oxidizing cation, a carboniumion or a silyliumion; T represents an

i norganic oxide; Si represents a silicon atomm R and R' each independently
represents hydrogen, an unsubstituted 05, @ substituted C 1 -C20

hydr ocarbyl; D represents a substituted™r unsubstituted C~ -C20

hydr ocar byl ene; Mrepresents an atom sel ected fromthe group consisting of
boron, alum num gallium indiumthalliumand m xtures thereof; Q each

i ndependently represents an unsubstituted or a substituted C ~ -C20

hydr ocar byl group; O represents oxygen; n and mare each a positive integer
such that the mlkgderyl, aikdryinearadkyil grongaslfortesample, ppropylctbwyl, 264 i nes b; and a

and b are integers of 1, 2 or 3. 34. The catalys cl ai 3 wherein at
| east one Ais cﬁ'is?f?’eﬂ'éé"eﬁﬁd&ﬁﬁ%OP%?PéﬁdrﬂeH@a%eﬁ?’{dr‘gE;B{ﬁe-3’ wg]@ gcent 1 1
4' . iiuJ 59 3 5. Y, b i ! e fromthe
group consi sti ngé Lg)? @gé‘ﬁééoﬁayN?EregRéun@hgﬁ%ﬁgﬁ%@ pllefe, é%}lé El'lﬁ%g?t lIt)and Hf . 36.

The conposi ti orindérsbdihat iBShosh arseinresvhies aletergbtoth A logn ody@eyr oup consi sting
of Ni, Pd. Fe and Co 7., The conposition of .claim35 wherein Z is selected
from the ar oup rﬁ%?ﬁff’%?fisarﬁde(?fa‘wnﬁﬂn S °§g.a%ﬁﬁ$° e B‘s‘?"t“l%é?lthﬁf claim35
wherein Z is sealygfic@8ylkhombielyoraaiaebmpaunal thé hdtero@tonNhasanthdBiionai® The
conposition of clains 33, 34, 35, 36, 37 or 38 wherein Mis boron, Dis an

aryl ene, fused 2ipup kondedshergigland sydhdheroupisdnrdegendenty sedactedfemtedr ocar byl and

Tis asilica O he conposition of clainms 33, 34, 35 or 37
wherein T reprre@fe;{ﬁ%&ﬁg%ﬂr%grg%%g%:ﬁdnol ecule. 41. The conposition of claim

33 wherein Mis bor ®andR1 e esthandepaiient]y sierdd &oy lerdeogen, amol yar yl ene, each
Qis a pgéfl uor ohydr.ocarbyl and T is a silica macronql ecul e and at | east

one L re esgnt"é’s’ésﬁgf"ﬂﬁéwb&?‘ﬁﬁp G L2 pideocabihush pf Hrelvy!: 'ﬂ']a?”ﬁ"yh_ wherein M
is boron, Dis o@@raﬂ(yYEl%g}?as. FSRemAE YhEaRg, Qﬁylﬂ%rﬁﬁ’ﬂf'ﬁx@ﬂ%ll RembrsfR 1S a
per fl uorohydrocarbyl” and T I1s a silica macronol ecul e and

phenyl, toluyl, 2,6-diisopropy! phenyl and the like; or R* and R’ taken together

provide an unsubstituted or substituted C,-C,, ring forming hydrocarbylene

group, such as hexylene, 1,8-naphthylene and the like.

15 Z and each L are as defined above, It is preferred that Z be selected
from nickel or palladium and that each L be independently selected from
chlorine, bromine, iodine or a C,-C, (more preferably C,-C,) alkyl.

Hlustrative of bidentate compounds which are useful in providing the

catalyst composition of the present invention are compounds of Il1a having the

20 following combination of groups:
Table I1
RJ
4 |
‘ N\ I
..... wb a
:E 7 Z\ L
N
Rh
25
# R’ R* R’ R’ L L' Z

—

2,6-i-PrPh Me | Me | 2,6-i-PrPh Me b Pd
2 2,6-1-PrPh Me Me 2,6-1-PrPh Me Me Pd




19 f~~;~,

.~ 1~~3 60 at

D is an aryl ene,
each Q is a perfluorohydrocarbyl
| east one L represents a hal ogen atom 44. The

| east, one L represents a hal ogen atom

| east one L represents a hal ogen
| east one L represents a

and T is a sil

| east one L represents a hal ogen atom 43. The
conposition of claim37 wherein Mis boron,
or pol yaryl ene,
macr onol ecul e and at
conposition of claim33 wherein at
45. The conposition of claim 34 wher ei r3at
atom 46. The conposition of claim 37 wherein at

f used1 qrtygq(-?ig[g
ica

hal ogen atom 47. The conposition of claim33 wherein each L represents an

unsubsti tuted hydrocarbyl,

a hydrocar byl oxy group or both together
represent a hydrocarbyl ene group. 48. The conposition of claim 34 wherein

each L represgnBsS|an gimpRsS |mytmejﬁ) ap@GaPy T} Me Iy Bro¢apRyl oxy group or
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cl aim 37 wher g 6'P “¢€r%®‘af “P?Hﬁ" v £ﬁu.‘°ﬁr)yl, a
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26 | 2,6-i-PrPh H H 2,6-i-PrPh Me | Me Ni

27 | 2,6-i-PrPh H H 2,6-i-PrPh | Me | Br Ni

28 | 2,6-i-PrPh H H 2,6-i-PrPh | Me | CI Ni

29 | 2,6-i-PrPh | An | An | 2,6-i-PrPh | Me b Pd

30 | 2.6-i-PrPh | An | An | 2,6-i-PrPh | Me | Me | Pd

31 | 2.6-i-PrPh An | An 2,6-i-PrPh | Me Br Pd
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41 { 2,6-MePh | An | An | 2,6-Me-Ph | Me | Me | Pd

42 | 2,6-MePh | An | An | 2,6-Me-Ph | Me | Br Pd

43 | 2.6-MePh | An | An | 2,6-Me-Ph | Me | CI Pd
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74 | 2,4,6-MePh | H H | 2,4,6-MePh | Br Br Ni
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77 | 2,4,6-MePh | H H 2,4,6-MePh | Me Br Ni
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81 | 2,4,6-MePh | An | An | 2,4,6-MePh | Me | Br Pd
82 | 2,4,6-MePh | An | An | 24,6-MePh | Me | Cl Pd
83 | 2.4,6-MePh | An | An | 2,4,6-MePh | Br Br Pd
84 | 2,46-MePh | An | An | 2,4,6-MePh | CI Cl Pd




64. The conposition of claim53 wherein at |east one L represents a hal ogen
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174 | 2,4,6-MePh | Ph 2,4,6-MePh | Br Br Ni

V-

o\.
o

SYR
mj'gf’

o o

Note - In Table II, above, the following convention and abbreviations
are used. For R* and R®, when a substituted phenyl ring is present. the amount
of substitution is indicated by the number of numbers indicating positions on

5 the phenyl ring, as, for example, 2,6-i-PrPh represents 2,6-diisopropyl phenyl;
i Pr = isopropyl; Me = methyl; Et = ethyl; t-butyl = tert-butyl; Ph = phenyl; Np
= naphthyl; An = 1,8-naphthalene; a is the group -C(Me),-CH,-C(Me),-; and b
is the group -(CH,),CO,Me. Note further that the (b) groups depicted in
Tables III and IV are also applicable to Table II.
10
The tridentate compounds IV useful in forming the Cation Component

of the present catalyst composition by reaction with the above described
Precursor Jon Pair may, for example, be presented as compounds of the
formula:

15



I 109 ()-9!'! 10%&' ()-9f10%&' ()-9' 109%& ()- 10" 10" LAY 7003

10" 2F10% & () - bb(cFde/fg}[9_= 10!LS, Wil

10% : & ()-!'~L10%]:]1& ()-'L10% : & ()-!'L10% : & ()-nYO109%& () - 10%& ()-gOgvhvvh

xhyhhhi b@ 10! ! | L410WNV& ()- 10% & ()-'ml0% & ()- 10 10 102310%&' ()-LS,

109&' ()-iijj' kR CmeX6b@

10! 9&mLO% 3[ 3&' ()-!9&MLO% "[" & () - L410%§&' ()- "I XL410R'R' & () - ' xL410%R} R} &
"()- T ! xL410%R'R' & () - CmmoQRpSpTp} [ M1 10"" 10""

10"" 1 &6310% " &' ()-!'u&* 10%ss& ()- !'&109%"s"& ()-

4S5)10% & ()-s' F10% & () - Tpdpgppqgst *?2MP1

10""L109%& ()-!'L10%[& ()-!L10% & ()-10%& ()-10%& ()-' nlO%& () -

t udvv8wW x\ x] x*xz[ PE: 10" 10 10 R’

102&10%&' () - 9y, GLO%&' () -! 9y, Gloopj &

xxy&}~?PE: 10" 10 S@O0% ()- IRU&
109 ()-109%& ()-!" mLO%A& (), !

10! H7109/V&' () - R

) @ 10%/VE& ()-! 109%H& () -! 109 () /sl\ﬂ'/& ()-109% ()-jylynypyrytyvyxV4pP

E: 1! H7T10%NV& () - (! H7T109ANV& %3 | H )- H7T109/V& () - ! HT10%N&' () -

I H7109/V& () - vyxyzy{y}yyz];4 1! l.b-|7100 "()- H7109/V& () - Ao$0 |

r UK<2! H7109%WNV&' () - ' H710%NVE& () - yyYyyyyxVAPE: 1! H710%/NV& () - ! H7T10%NVE& () -

| HT109NV& () - | HT109ANV& () - | HT10%AN& () - ! HT10%WN& () - yyyyyy] ; 4PE:

11 H710WNVE () - ! HT10%WNV& () - H710%WNV& ()- Ao$0 | rUK<2! H710%WN& () -

YYYYYYyxV4APE: 1! H710%/NV& () - ! H710%N&' ()- I H710%/V&' () - ! H710%/NV& () -

I H710%/NV& () - !'H710%/NV& () - yyyyyyl; LT H710BNV& () - ' HT10%WVE () -

H710%NV& ()- Ao$0 | rUK<2! H710%/\/& (‘} 8yyyyyxV4PE: 11 H7109%NV& () -

FH7109%/V& () - 'H7109/WV& () - ' H7 FH7109%/V& () - !'H710%/WV& () -

yyyyzz]; 4PE: 11! H710%W/NV&' () - JHZ 1098 () - H710%/NV& () - A0S0

| "t UK<2zz zzzzXVAPE: 1!!H7106% -@, I H710%/V&' () - ! H7109%/V& () -

| HT10%/NV& () - ! HT10NV& () - zzz ];4pPE: L

)-1 fgk?rnow@o&' ()-19"mL0% j & () - ~xaxpxs
;/J&' (§ &1y 1y GyRppYi v} [ 9PE:

H

wherein:

R’ and R® are each independently selected from an unsubstituted or

substituted aryl group wherein said subtitution is an alkyl or a functional group
10 which is inert with respect to the contemplated polymerization;

R’ and R'? are each independently selected from hydrogen, an
unsubstituted or substituted C,-C,, (preferably C,-C,) hydrocarby! as, for
example, alkyl (methyl. ethyl, propyl, pentyl and the like); aryl (phenyl, toluyl
and the like) or a functional group which is inert with respect to the

15 polymerization (e.g., nitro, halo and the like);

R', R"?, and R" are each independently selected from hydrogen, an
unsubstituted or substituted C,-C,, hydrocarby! or an inert functional group, all
as described above for R’;

Further. it is understood that in those instances where a hetero atom A

20 (e.g., oxygen, nitrogen) of a tridentate compound has only a single covalent
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substituted aryl group, preferably wherein the aryl contains substitution in the

15 2 position, the 2,6 positions or the 2,4,6 positions which is selected from a C,-
C, (most preferably C,-C,) alky! and the remaining positions are each
independently selected from hydrogen (most preferred), halogen or a C,-C,
(preferably C,-C,) alkyl.

IHlustrative of tridentate compounds which are useful in providing the
20 catalyst composition of the present invention are compounds of Formula [Va

as having the combination of groups shown in Table III below:
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2,4,6-trimethylphenyi Me Me - | H H H [Co |*
2,3,4,5,6-pentamethylphenyl Me | Me H H H |Co |*
(2-t-butyldimethylsiloxyvllbenzyl Me Me H H H Co | *
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(2-trimethylsiloxyl)benzyl Me Me H H H Co | *
(2-phenyldimethyisiloxyl)benzyl Me Me H H H [Co (*
(2-phenyimethyisiloxyl)benzyl Me Me H H H Co | *
(2-dimethylsiloxyl)benzyl Me Me H H H Co | *

10
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The asterisk (*) in Table III above represents both anionic ligand
groups (L) of the above preferred tridentate compounds IV(a) and for each of
the above compounds both L groups are, respectively, chlorine; bromine;
methy! (-CH,); ethyl (-C,H;); propyl (-C,H;, each of the isomers); butyl
(-C,H,, each of the isomers); dimethylamine; 1,3-butadiene-1.4 diyl; 1,4-
pentadiene-1,5 diyl; C, alkylene; and C, alkylene.

Further, illustrative of tridentate compounds of Formula IVb which are
useful in providing the catalyst composition of the present invention are given
in Table IV below. Further, suitable (L) groups for Tables III and IV also

include those depicted at Table II above.
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Table IV
\Z ot L lVb
B’
RY RTU Ri RIZ RI3 z7 L
Me Me H H H Fe *
Me Me H Me H Fe *
i-Pr i-Pr H H H Fe *
i-Pr i-Pr H Me H Fe *
i-Pr i-Pr Me Me Me Fe *
Ph Ph H H H Fe *
Ph Ph H Me H Fe *
Me Me H H H Co *
Me Me H Me H Co *
i-Pr i-Pr H H H Co *
i-Pr . i-Pr H Me H Co *
i-Pr i-Pr Me Me Me Co *
Ph Ph H H H Co *
Ph Ph H Me H Co *
5 The asterisk (*) in Table IV above represents both anionic ligand

groups of the above preferred tridentate compounds I'V(a) and for each of the

above compounds both L groups are, respectively, chlorine; bromine: methy!

(-CH,); ethyl (-C,H,); propy! (-C;H;, each of the isomers); butyl (-C,H,, each

of the isomers); dimethylamine; 1,3-butadiene-1,4-diyl, 1,4-pentadiene-1,5-

diyl; C, alkylene and C, alkylene.

One preferred embodiment comprises using transition metal compound

III or IV wherein each L group is a halogen atom. In this embodiment the

active catalyst composition will typically be employed in conjunction with a

trihydrocarby! aluminum as a scavenger agent and/or an alkylating agent

whereby the halogen initially constituting L is replaced by the hydrocarbyl

qit?@

59
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group of the aluminum compound. Thus, at least one of the halogens
constituting L becomes a new hydrocarbyl L group derived from the
aluminum compound. Each hydrocarbyl group of the aluminum compound is
independently selected from a C,-C,y hydrocarbyl, or a C,-C,, hydrocarbyloxy,
preferably a C,-C,, hydrocarbyl and most preferably a C,-C, hydrocarbyl
group. Examples of such groups include alkyl and alkoxy groups such as
methyl, methoxy, ethyl, ethoxy, propyl (all isomers), propoxy (all isomers),
butyl (all isomers), butoxy (all isomers), and the like as well as aryl, such as
benzyl, phenyl and the like.

When a transition metal compound Il or IV is used to form the subject
composition and at least one L group of compound III or IV is a halogen, the
amount of trihydrocarbyl aluminum will typically be sufficient to provide a
molar ratio of Al to halogen of from 2 to 1000, preferably from 10 to 500 and
most preferably from 20 to 400.

When at least one L of the transition metal compounds is halogen, the
transition metal compound III or IV and the Precursor Ion Pair can be mixed in
an inert diluent prior to, simultaneously with, or after contact with the
hydrocarbyl aluminum.

In a second preferred embodiment wherein each L of the transition
metal compound is a hydrocarbyl, a hydrocarbylene or a hydrocarbyloxy
group, there is no need for the addition or handling of an aluminum alkyl or
aluminum alkoxy compound. Thus, the catalyst composition can be readily
formed and used. The Z to M molar ratio of bidentate or tridentate transition
metal compound to the Precursor on Pair, respectively, should be from 0.01 to
100, preferably from 0.1 to 4.

The catalyst composition of the present invention can be prepared by
combining the Precursor lon Pair with the bidentate or tridentate transition
metal compound IIT and/or I'V and, where appropriate. the optional aluminum

compound, in any order. The Precursor fon Pair can be first mixed with the
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transition metal compound and then at any desired time prior to use. the
aluminum compound can be added. The Precursor Ion Pair I and the transition
metal compound IIl and/or IV are combined in a suitable liquid diluent, such
as an aliphatic or aromatic hydrocarbon to form a slurry. The temperature,
5 pressure, and contact time of this treatment are not critical, but generally vary
from -20°C to 150°C, from I Pa to 10,000 MPa, more preferably at
atmospheric pressure (100 kPa), for 5 minutes to 48 hours. Usually the slurry
is agitated.
The mixture of [ and III and/or [V can be maintained in the diluent or
10 solvent or can be stored as a solid particulate material by diluent/solvent
removal. The diluent/solvent can be any inert (to chemical reaction with the
components I, III and IV, as appropriate) liquid such as a hydrocarbon liquid,
preferably a C;-C,, aliphatic or cycloaliphatic hydrocarbon or a C¢-C,
aromatic hydrocarbon. The components can be contacted and stored at any
15 temperature provided it is below the decomposition temperature of the
bidentate or tridentate transition metal compound and of the Precursor Ion
Pair. Normally temperatures of from 0° to 100°C are acceptable. All steps
should be conducted under substantially anaerobic and anhydrous conditions.
In the embodiment wherein each L is selected from a hydrocarbyl, a
20 hydrocarbyloxy or both L groups together with Z form a cyclic group, the L
group is sufficiently labile under reaction conditions to be removed by the
Precursor Cation (e.g., Bronsted acid of the Precursor Ion Pair). Thus, the
transition metal compound is ionized by the Precursor Cation to form the
Cation Component of the catalyst composition. The Cation Component is
25 stabilized as a highly active catalyst site by the Precursor Anion which is now
(as part of the Catalyst Composition) referred ta.as the Anion Component.
In the alternate embodiment wherein at least one (and more often both)

L group of the bidentate III and tridentate IV is a halogen atom, the presence

of a tri (C,-C,, hydrocarbyl) aluminum compound, as described above,
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Finally, the catalyst composition can be formed in situ in the

polymerization reaction zone. The precursor components can be introduced
into the reaction zone in any order to provide the subject catalyst composition.

10 Thus, the Precursor Ion Pair (I), the bidentate or tridentate transition metal
compound III and/or IV and. where appropriate. the trialkyl aluminum can be
introduced into the polymerization reaction zone in any order or combination.
These ingredients will combine therein to provide the present catalyst
composition.

15 Thus, the resultant active catalyst composition of the present invention
comprises a Cationic Component (a cationic transition metal bidentate or
tridentate moiety) and an Anion Component (an anionic metalloid silane
modified inorganic oxide macromolecule). This active catalyst can be

represented by the general formula:

20
T-[-SiR’R""ODM(Q),]", [Cat]™,, \Y
wherein
Cat represents the Cationic Component derived from the transition
25 metal bidentate compound III and/or tridentate compound I'V wherein only one

L group is pendent from the transition metal atom thereof;

“ ,, 13 7

and “m” represent integers;
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roup( )l"hls bufky group is believed to act as a spacer and a shield whereby
the oxygen atoms presented by the inorganic oxide and those adjacent to the

25 silane (-OSiR'R""-O-) do not interfere with and, instead, contribute to the
catalytic activity of the catalyst composition. Still further, as described above,
the Anion Component of the present catalyst composition is formed by a
coupling of a silane hydrogen with a hydroxyl group of the metalloid

containing reactant. Under this process no halogen containing by-product is
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limited to the specific details set forth in the examples. All parts and
percentages in the examples. as well as in the remainder of the specifciation,
are by weight unless otherwise specified.
Further, any range of numbers recited in the specification of claims,
5 such as that representing a particular set of properties, carbon number,
conditions, physical states or percentages, is intended to literally incorporate
expressly herein any number falling within such range, including any subset of

numbers within any range so recited.

10 Example 1

Synthesis of Silane-modified Silica
Several different silicas were employed as porous inorganic oxide
component (T) in forming catalyst compositions of the present invention.
Each silica had an average particle size (APS) of not greater than 100 microns,
15 a surface area (SA) in the range of 50 to 800 m%g and a pore volume (PV) of
0.2 to 3 cc/g. The silicas used herein below were: Silica A (uncalcined, 50 um
APS, 300 m¥/g SA, 1.6 cc/g PV). Silica B (uncalcined, 12 um APS, 300 m*/g
SA, 1.6 cc/g PV). Silica C (pre-calcined, 12 pm APS, 300 m*/g SA. 1.6 cc/g
PV). Silica D (uncalcined, 6 um APS, 300 m*/g SA. 1.6 cc/g PV). Silica E
20 (uncalcined, 42 pm APS, 600 m*/g SA, 1.3 cc/g PV). Silica F (uncalcined, 10
um APS, 512 m%/g SA. 1.62cc/g PV). Each of the above inorganic oxide
materials was heated in a muffle-oven under argon atmosphere at varying

temperatures of from 200°C to 800°C for 4 hours just prior to use below.
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i) Preparation of Phenylsilane-modified Silica, PhH,Si-OSi=

A pentane (150 ml) slurry of Silica A (calcined at 800°C; 0.5 mmol
-OH/g, 20.0 g) was treated with PhSiH, (6 ml: 0.048 mol) and NEt, (6 ml;
0.043 mol) under argon atmosphere at room temperature. Hydrogen gas
vigorously evolved from the solution. The resulting mixture was agitated in a
shaker for 12 hr. The phenylsilane-modified silica was collected on a fritted
filter under argon, washed with pentane (5 x 20 ml), and dried in vacuo.
Yield: 20.95 g. Diffuse Reflectance Infrared Fourier Transform Spectroscopy
(DRIFTS): v (Si-H) 2178 cm™' (vs). ¥Si Cross Polarization Magic Angle
Spectroscopy (CPMAS): & -23 ppm. '

Using the same procedures as above. a series of samples of Silicas
A, B, C, D, E and F, were each subjected to different calcination temperatures
(800, 700, 600, 500, 400, 300, 200°C ) and then were employed to prepare
phenylsilane-modified silica products in the manner described above. Each of
the formed phenylsilane-modified silica products had the same DRIFTS and
»Si CPMAS, as given above.

ii) Preparation of Dimethylsilane-modified Silica, Me,HSi-OSi=

A pentane (200 ml) slurry of Silica A (800°C: 0.5 mmol -OH/g, 30.0
g) was treated with (Me,HSi)NH (3.0 g; 22.5 mmol). The resulting mixture
was agitated in a shaker at RT for 12 h. The dimethylsilane-modified silica
product was collected on a fritted filter under argon, washed with pentane (5 x
20 ml), and dried in vacuo. Yield: 30.95 g. DRIFTS IR: v (Si-H) 2158 cm
(s). Si CPMAS: 6-1.3 ppm.

Additional Silica A samples as well as samples of Silica B, C,D, E
and F, each calcined at temperatures 200, 300, 400, 500. 600, 700 and 800°C
for 4 hours, were treated as described above to yield dimethylsilane modified
silica products. Each had the same DRIFTS and *Si CPMAS values as given

above.
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iif) Synthesis of Alkyl Aluminum-treated Silane-modified Silica

A heptane (200 ml) slurry of phenylsilane silica (10 g) formed
according to Example I(i), PhH,Si-OSi= (Silica C) calcined at 400°C, was

5 treated with AI'Bu, (20 ml, IM in toluene) at room temperature. The resulting

mixture was agitated in a shaker for 12 h and was then filtered, washed with
pentane (3 x 50 ml), and dried in vacuo. Yield : 11.3 g. DRIFTS: v (Si-H)
2170 cm™ (m). Si CPMAS: & -24 ppm.

The above procedure was repeated except that a dimethylsilane silica

10 formed according to Example 1(ii) above was used in lieu of the phenylsilane

silica. The yield was about 11 g. The DRAFTS was 2158 cm™ and *’Si
CPMAS 5-1.3 ppm.

Example 2
15 Synthesis of Hydroxy Metalloid

i). Synthesis of BrC,H,-C H,-p-OSiMe,
1,1,3,3-hexamethyldisilazne (75 ml; 98%; 0.348 mol) was added to
BrC.H,-C,H,-p-OH (30 g; 0.117 mol) and heated at reflux for 4 h. After
20 cooling to room temperature, the resultant solid product was filtered off and
dried. The dried crude produ;:t was then dissolved in Et,O and eluted down a
~2 inch pad of silica column (Grace 948 silica, calcined at 800° C). White
crystalline solid was obtained after evaporation of the eluted ether solution.
Yield: 33.6 g (89%).
25
ii). Synthesis of MgBrC,H,-C H,-p-OSiMe,
Magnesium powder (50 mesh; 0.47 g; 19.3 mmol) was mixed with
THF (5 ml) in a 3-necked flask. 1,2-dibromoethane (0.25 ml; 2.87 mmol) was
then introduced into the flask and the mixture heated to reflux. A THF
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solution (11 ml) of BrC,H,-C,H,-p-OSiMe, (3.0 g; 9.34 mmol) was added
dropwise through a syringe over a period of 20 min period and was refluxed
for 1 h. The resulting dark gray solution was decanted and a 0.5 ml aliquot
solution was titrated with 2-butanol in the presence of 5-methyl-1,10-

phenanthroline. Yield: 87 % (0.76 M, 10.9 mi).

i), Synthesis of [MgBr.2THF][(C,F,),B(CH,-C,;H,-p-OSiMe,))

An isopar solution of B(CF,), (3.23 wt%,; 8.13 mmol) was treated
with freshly prepared MgBrC,H,-C H,-p-OSiMe, (10.4 ml; 0.76 M; 8.13
mmol) at room temperature. The resulting mixture was stirred overnight to
give a solution having a brown syrup material at the bottom of the reaction
flask. After decanting the supernatant solution, this brown viscous syrup was
then evaporated overnight to yield a brownish solid product. Yield: 6.84 g
(84%).

iv). Synthesis of [PhMe,NH]{(C,F,),B(C H,-CH,-p-OH)]

[MgBr2THF][(CF,),B(CH,-CH,-p-OSiMe,)] (22 g; 21.2 mmol)
and aqueous NMe,PheHCl solution (100 ml; 0.312 M 31.2 mmol) were
stirred at room temperature for about 15 hours. The resulting H,O solution
was carefully decanted and the viscous solid was washed with distilled H,O (6
x 150 ml), rinsed with pentane (3 x 100 ml) and then dried in vacuo. Yield:
13.2 g (76 %).

Example 3

Preparation of the Silica-tethered Anilinium Borate Precursor Ion Pair,
[PhMe,NH][(CF:);,B(C H,-CH,-p-O-SiPhH-]OSi= (“SAB”)
Method i) Ether (200 ml) slurries of phenyisilane silicas (10.0 g),
formed with Silicas A, B, C, D, E and F, respectively which were each

calcined at 400°C according to Example I(i) above, were each treated with
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[PhMe,NH][(CF,),B(C,H,-C,H,-p-OH)] (3.01 g; 3.75 mmol) at room

temperature under argon atmosphere. The solutions were agitated in dry box

for 2 days and the resulting white solid products were filtered off, washed with

ether (3 x 50 ml) and pentane (3 x 10 ml), and dried in vacuo. Yield:

~11.25 g.

The above procedure was repeated using the triisobutylaluminum
treated phenylsilane-silica formed according to Example I(iii) in lieu of the

above pheny! silane silicas to form an SAB product.

Method ii) Toluene (200 ml) slurries of triisobutylaluminum-treated
phenylsilane silica (10 grams) formed according to Example I(iii) with Silica
A, B. C, D, E and F. respectively, which were calcined at 400°C were each
treated with [PhMe,NH][(C,F;),B(C H,-C;H,-p-OH)] (3.01 g) at room
temperature under argon atmosphere. The reaction mixtures were then heated
and maintained at 70°C for ~3 h. The resulting mixtures were filtered off at
70°C, washed with toluene at 70°C, and dried in vacuo at 50°C for at least 3
h. Yield: 11.25 g.

The above procedure was repeated except that the phenylsilane silica
formed according to Example I(ii) was used in lieu of the above phenylsilane

silica to produce an SAB.

Example 4
Synthesis of Fully-formulated Tridentate Iron Catalyst Composition
An alkylaluminum-containing (Al'Bu,) heptane solution was treated
with a tridentate iron catalyst, 2,6-bis[1-(2,4,6-trimethylphenylimino)ethyl]
pyridine iron dichloride, which was then treated with different SAB Precursor
Jon Pairs indicated in Table V below. The resulting catalyst solutions were
agitated in a shaker for 3-12 h and then filtered, washed with toluene and then

with heptane, and dried in vacuo at RT under argon. Each formed activated
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heterogeneous iron polyolefin catalyst composition was analyzed by ICP-AES
(Inductive Coupled Plasma-Atomic Emission Spectroscopy) to determine the

boron and iron weight %. The results are given in Table V below.

5 Table V
Sample Al'Bu, Cone Cation Precursor ke B

# (mmol/m! Component Ion Pair wt% wit%

C7H|6) Startmg

Material

(CC)

] 1775 2 A 0.46 0.17
2 1750 2 A 0.50 0.18
3 1750 2 B 0.19 0.16
4 1750 2 C 0.41 0.18
5 1725 2 D 041 0.24
6 1725 2 D 0.52 - 0.18

CC 2 = 2,6-bis[1-(2,4,6-trimethylphenylimino)ethyl]pyridine iron dichloride
PIP-A: was prepared according to Example 3 ii) except using Silica D
PIP-B: was prepared according to Example 3 ii) using Silica A

10 PIP-C: was prepared according to Example 3 ii) except using Silica E
PIP-D: was prepared according to Example 3 i) except using triisobutyl
aluminum treated phenylsilane silica of Example I(iii).

Example §
N Synthesis of Fully Formulated Tridentate Iron Catalyst Composition
Several heterogeneous solid catalyst composition products were
produced using an iron tridentate and a Precursor Ion Pair derived from silica
tethered anilinium borate (SAB).
20

1. A 100 ml toluene solution containing 1| mmole
triisobutylaluminum and 0.076 mmole (40 mg) of 2,6-bis[1-(2,4.6-

trimethylphenylimethyl] pyridine iron dichloride was formed at room



OL0% & () -.

OL0% & (

)
010%'&'(3-.
)

OL0% & (

OL0% & () - .
OL0% & () - .
OL0% & () - .
OL0% & () - .

10

15

20

25

OLO% & ()-. OL0% & ()-.#,/2;>dD;c,7 3K OLO% & ()-. OL0% & ()-.
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OL0% & ()-. OL0% & ()-. 019;)/'&'()-. OL0% & ()-. OL0% & ()-.9gG ;
OL0% & ()-. OL0% & ()-.;c, 83K OL0% & ()-. Ol0% & ()-. #;c,7 3K
OL0O% & ()-. Ol0%W & ()-. ClOW & ()-. OLOW & ()-.dD;c,7 3K

)-.

O10% & ( OL0% & ()-. OL0W & ()-. OLOW & () -.
temperature under an argon atomosphere. 800 mg of Precursor lon Pair
(formed according to Example 3(i) using a triisobutylaluminum treated
phenylsilane silica of Silica B) was introduced into the toluene solution at
room temperature followed by 2 hours of mixing. The brown solid product
was then separated by filtration, washed with toluene (2 x 15 ml) followed by
washing with heptane (2 x 10 ml) under argon atmosphere. The resultant

product was dried in vacuo. Yield: 0.815 g. Labeled FTI-1.

2. The procedure above was repeated except that the tridentate
and Precursor Ion Pair were allowed to react for 4 hours prior to separation

and washing. This product was labeled FTI-2.

3. The procedure above was repeated except that heptane was

used as the solvent instead of toluene. This product was labeled FTI-3.

Example 6
Polymerization Method

Each polymerization was carried out in a 2 liter autoclave reactor
which was evacuated at the predetermined temperature desired for

polymerization reaction for 90 min prior to use.

Method A. An alkyl aluminum pretreated heptane (~200 ml) solution
with a known amount of AI'Bu, (1.0 M in toluene) was injected to the reactor.
Another heptane solution (~200 ml) of Cation Component and Anion
Component mixture was then injected to the reactor. While stirring at 500
rpm, ethylene gas was rapidly introduced into the reactor until it provided the
desired polymerization pressure. The polymerization temperature was
controlled via a recirculating water bath. Ethylene was fed on demand via a

mass flow controller to maintain the pressure.
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gG; OL0% & ()-. OLOW & ()-. OLOW& ()-.;c,7 3K 010%&'(g”,J
T#:c,7 3K OL0% & ()-. OLO% & ()-. OLO% & ()-. OL0% & ()-9 [ihh i)
dD; c,7 3K OLO% & ()-. OL0% & ()-. OLO% & ()-. OLO% & ()-
Ol0% & ()-. #gG; OLO% & ()-. OL0% & ()-. OL0O% & ()-.:c,7 3K
OLO0% & ()-. #&*. 145 #:¢, 7 3§ OL0% & ()-. OL0% & ()-. OL0% & ()-
OL0% & ()-.59@DKNdD; ¢, 7 3R70L0% & ()-. OL0% & ()-. OLO% & ()-
OL0% & () - OlO(V&'()-.NQTUY‘ch; OL0% & ()-. OL0% & ()-
.c,7 3K OLO% & ()-. OLO% & ()-.cfnpsvw #: c, 7 3K OLO% & () -

Method B. An alkyl aluminum pretreated heptane (~300 ml) solution
with a known amount of Al'Bu, (1.0 M in toluene) was first mixed with the
Cation Component and the Anion Component. The resulting catalyst mixture
was then injected into the reactor. While stirring at 500 rpm, ethylene gas was
rapidly introduced into the reactor and set at the desired polymerization
pressure. The polymerization temperature was controlled via a recirculating

water bath, Ethylene was fed on demand via a mass flow controller.

Polymerization of Ethylene

1. Polymerization of ethylene was conducted using the methods
A and B. The catalyst compositions were derived from mixing a tridentate
Cation Component starting material selected from either 2,6-bis[1-(2,6-
diisopropylphenylimino)ethyl] pyridine iron dichloride (Catalyst “1”) or 2,6-
bis[1-(2,4,6-trimethylphenylimino)ethyl] pyridine iron dichloride (Catalyst
“2") with the SAB Precursor Ion Pair formed according to the method of
Example 3(ii) using Silica D. The polymerization was carried out for 30
minutes with runs of Method A and for 60 minutes with runs of Method B.

The condition and results of each reaction is given in Table VI

below.
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OL0% & ()-. OLO% & ()-. OL0% & ()-.w{dD;c, 7 3K OLO% & ()-.
OL0% & ()-. OL0%& ()-. OLO%W & ()-. OLO% & ()-.gG ; OLOY &HR 703
Q0% & ()-.;¢,7 3K OL0% & ()-. OL0W& ()-._#;¢,7 3K OL0OW & () -
0L0% & ()-. OL0% & ()-. OL0% & ()-.|[?7 3K OLO% $[& ()-M
) y109 $[ & ()- ' 10% $[ &4 )- 10" 10"10" OLO% & ()-.kCB?7 3
-M OL0% $[ & ()- M OL0% $[ & ()-M OL0% $[ & ()-M OL0% $[ & ()-M
MOLON $[ & ()-MID$ OLOUY [ & ()-M OO $[ & ()-M OLON $[ & ()-M
-M OLO% $[ & ()-M<c,6 (J #c,6 (J OLOY%S$[& ()-M OL0O% $[ & ()-M
-M OL0% $[ & ()-M OL0% $[ & ()-M - 03=dD; c, 6
Table VI
Cat Poly P Temp | AlfFe | B/Fe | HLMI Mw PDI Cat Act. ke Act.
Method | (psig) | (°C) (g/g-Cat-h) | (g/g-Fe-h)
1 A 180 30 195 1.1 0.41 1 530,000 5.6 1,680 LI 10
1 A 200 50 200 0.8 | 091 ]456,000] 5.5 2060 Lex 10
2 B 200 60 36 1.1 4,22 na na 4,650 | 4.8x10°
2 B 200 50 58 1.1 na | 265000 ] 8.6 4,520 4.4 x10°

HLMI = high load melt index
PDI = Polydispersity index

2.

B of Example 6 described above except that the catalyst composition was

Polymerization of ethylene was conducted using the method

preformed composition formed according to Example 4 above. The reaction
pressure was maintained at 200 psig and the polymerization was carried out
for 1 hour. The fully formulated catalyst compositions Sample Nos. 1 and 2 of
Example 4, Table I were used in the polymerizations given in Table VII

below.
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of Example 6 described above except that the triisobutylaluminum (300
umoles) was contained in 300 m! of heptane. The solution was then treated
with a catalyst composition of a nickel (II) bidentate catalyst (10 pmole)
[ArN=CH-CH=NAr]NiBr, where Ar represents 2,6-diisopropylphenyl and the
SAB. Precursor Ion Pair D described above (see Table V) (120 mg; 23.6
pmole of boron). The heptane solution was introduced into the reactor at
room temperature. Ethylene was then rapidly introduced to a pressure of 220
psig. Polymerization was conducted at RT and 220 psig for 40 minutes. The
resultant polyethylene was filtered and dried in vacuum oven at 50°C for 4

hours to yield 29 gm of polyethylene.

4.
ethylene using the catalyst compositions FTI-1. FTI-2 and FTI-3 formed in

A series of polymerizations were conducted to polymerize

Example 5 above. Each polymerization was carried out for one hour in 300 ml

heptane which contained 200 umole of triisobutyl aluminum and 60 mg of the

"()-MOLOY $[ & ()-M OLOY $[ & ()-M OLO% $[ & () -M OLO% &'
M=BEHKLPC ; OL0% $[& ()-Mc,6 (J OLOUN $[ & () - 0100 &'
M O°/<E$[&'() MP\Alor_7?; OLO% $[ & ( OL0Y $[ & () - M
M OL0% $[ & () - M010%$[&'() MOLOY $[ & ()-M
MuvzgG ; OLO% $[& ()-M OL0%R [ & ()-M OLON $[ & ()-M
Mc,6 (J OLO% $[ & ()-M ; NS[& ()-Mc,6 (J OLO% $[ &
M OLO% $[ & () - M010%$[&'() M?;, OLON $[& ( OLON $[ & () -
MOLOY $[ & ()-M OLOY $[ & () - M010%$[&'() M O10% $[ & () -
MOLOY $[ & ()-MOLOYY $[ & ()-M OLOYY $[ & ()-Mc,6 (J
MC; OLOY $[& ()-Mc,6 (J

Table VII
Catalyst AlBu, | Temp M, PD! | B.D.* Fe Act. Cat Act.
Composition | pHmol °C) | (g/mol) (g/c.c) | (gPE/gFe-h) | (gPE/gCat-h)
Sample #
2 200 75 312k 9.7 0.22 29x 108 1,430
1 100 70 na na 0.24 2.7x 10° 1,220
| 300 70 na na 0.24 2.8x 10° 1,290
1 200 70 323k 12.2 0.23 3.2x 10 1.480
B.D. = Bulk Density determined by ASTM 1895 method.
3. Polymerization of ethylene was conducted using method B
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FTI catalyst composition indicated below. The conditions and results are

given in Table VIII below.
Table VIII
5

FTI Poly P MW PDI Temp | Hexene | H./"C, | HLMI B.D. Cat Act,
# Method | (psig) (°C) (ml) (g/cc) | (g/g-Cat-h)
1 B 200 { 283K 10.5 70 0 0.07 3.71 033 3,000
{ B 200 na na 70 0 0.015 na 0.34 2,100
1 B 200 na na 70 0 0 1.52 0.33 2,600
1 B 200 na na 70 20* 0 3.36 0.35 1,900
2 B 200 328K 9.0 65 0 0 1.09 0.36 2,300
2 B 200 | 328K 8.8 70 0 0 1.42 0.34 2,400
2 B 200 na na 80 0 0 na 0.32 2,100
2 A 150 na na 60 20* 0 2.08 0.37 1,000
3 B 200 na na 70 0 0 1.06 0.36 2,500
3 B 200 na na 65 30* 0.064 8.39 0.30 3,840

*1-hexene was added to the Al'Bu,-containing heptane solution that contained

a FTI-1 or -2 catalyst. The resulting solution was then injected to the reactor

for polymerization.

10 HLMI = High Load Melt Index (g/1 Omin)
"C, represents ethylene
The principles. preferred embodiments. and modes of operation of the
present invention have been described in the foregoing specification. The
15 invention which is intended to be protected herein, however, is not to be

construed as limited to the particular forms disclosed, since these are to be
regarded as illustrative rather than restrictive. Variations and changes may be
made by those skilled in the art without departing form the spirit of the
invention.

20
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wherein

Cat represents a cationic remnant of a transition metal compound selected from the
group consisting of transition metal/bidentate ligand compounds, transition metal/tridentate
ligand compounds and mixtures thereof;

T represents an inorganic oxide;

Si represents a silicon atom;

R' and R" each independently represents hydrogen, an unsubstituted or a substituted
C; -Cy hydrocarbyl group;

D represents an unsubstituted or a substituted C, -Cy¢ hydrocarbylene group;

M represents an atom selected from the group consisting of boron, aluminum,
gallium, indium, thallium and mixtures thereof;

each Q independently represents an unsubstituted or a substituted C; -Cy¢ hydrocarbyl
group;

O represents oxygen;

n and m are each a positive integer such that the product n times a is equal to the
product of m times b; and

a and b are integers of 1, 2 or 3.

2. The catalyst composition of claim ! wherein Cat represents a cationic remnant

of a transition metal/bidentate ligand compound represented by the formula:
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7. The catalyst of claim 4 wherein Z is selected from the group consisting of Ni

and Pd.

8. The catalyst composition of claim 2 wherein each L represents a halogen atom
and wherein said catalyst composition further comprises an aluminum compound represented
by Al(R"')s wherein Al is an aluminum atom, and each R" is independently selected from the

group consisting of C; -Cyg hydrocarbyl group and a C; -Cy hydrocarbyloxy group.

9. The catalyst composition of claim 3 wherein each L is independently
selected from the group consisting of a C; -Cy9 unsubstituted hydrocarbyl, C; -Cy

hydrocarbyloxy or both L groups bonded together represent an unsubstituted hydrocarbylene.

10.  The catalyst composition of claims 1, 2 or 3 wherein M is boron, D is an

arylene, fused arylene or polyarylene, each Q is perfluorohydrocarbyl and T is a silica

macromolecule.

11.  The catalyst composition of claim 4 wherein M is boron, D is an arylene,

fused arylene or polyarylene, Q is perfluorohydrocarbyl and T is a silica macromolecule.

12.  The catalyst composition of claim S wherein M is boron, D is an arylene,

fused arylene or polyarylene, Q is perfluorohydrocarbyl and T is a silica macromolecule.
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each A independently represents oxygen, nitrogen, phosphorous or sulfur;

Z represents a Group IV or Group VIII transition metal of the Periodic Table of
Elements;

each L independently represents an anionic ligand group selected from the group
consisting of hydrogen, halo, substituted hydrocarbyl and unsubstituted hydrocarbyl or both

L together represent a hydrocarbylene group which, with Z, constitute a cyclic ring structure;
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21. The catalyst of claim 19 wherein Z is selected from the group consisting of Fe

and Co.

22.  The catalyst of claim 19 wherein Z is selected from the group consisting of Ni

and Pd.

23.  The catalyst composition of claim 17 wherein each L represents a halogen
atom and wherein said catalyst composition further comprises an aluminum compound
represented by AI(R™); wherein Al is an aluminum atom, and each R" is independently

selected from the group consisting of substituted and unsubstituted C, -Cyq hydrocarbyl
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F@L0% 9%e&cied-fromm @le0ewyp gonsisting of a C; -Cyo unsubstituted hydrocarbyl, and a C; -Cy

hydrocarbyloxy group or both L groups bonded together represent a hydrocarbylene group.

25.  The catalyst composition of claim 17 wherein M is boron, D is arylene, fused

arylene or polyarylene, each Q is a perfluorohydrocarby!l and T is a silica macromolecule.

26.  The catalyst composition of claim 18 wherein M is boron, D is an arylene,

fused arylene or polyarylene, Q is a perfluorohydrocarbyl and T is a silica macromolecule.

27.  The catalyst composition of claim 19 wherein M is boron, D is an arylene,

fused arylene or polyarylene, Q is a perfluorohydrocarbyl and T is a silica macromolecule.

28. The catalyst composition of claim 20 wherein M is boron, D is an arylene,

fused arylene or polyarylene, Q is a perfluorohydrocarbyl and T is a silica macromolecule.

29.  The catalyst composition of claim 21 wherein M is boron, D is an arylene,

fused arylene or polyarylene, Q is a perfluorohydrocarbyl and T is a silica macromolecule.

30.  The catalyst composition of claim 22 wherein M is boron, D is an arylene,

fused arylene or polyarylene, Q is a perfluorohydrocarbyl and T is a silica macromolecule.

2003
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a) a transition metal/bidentate ligand compound represented by the formula
A
\Z""““L I
rn
wherein

each A independently represents oxygen, nitrogen, phosphorous or sulfur;

Z represents a Group IV or Group VIII transition metal of the Periodic Table of
Elements;

each L independently represents an anionic ligand group selected from the group
consisting of hydrogen, halo, substituted hydrocarbyl and unsubstituted hydrocarbyl or both
L together represent a hydrocarbylene group which, with Z, constitute a cyclic ring structure;

the line joining each A atom to each other represents a hydrocarbylene radical; and

the lines joining each A atom to Z represent a dative or covalent bond; with

b) a Precursor Ion Pair comprising a metalloid silane modified inorganic oxide

salt represented by the formula
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x1'10% Q , & ()- MaN kon! <@aidd@ GRA/@X@ ?vU41M! 10% Q , & ()- x!'10% Q , & () -
x'10%Q , & ()- x'10%Q, & ()- x'10%Q, & ()- x!'10% Q, & ()-
X@ @ @@ @ @U5?vI4MRIRIRQDM @) ), (e Q , & ()- x!110% Q , & ()- M
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wherein
Ct represents at least one cationic remnant of a Bronsted acid salt, an
oxidizing cation, a carbonium ion or a silylium ion;
T represents an inorganic oxide;
Si represents a silicon atom;
R' and R" each independently represents hydrogen, an unsubstituted or a substituted
Ci -Cyo hydrocarbyl;
D represents a substituted or unsubstituted C; -Cyg hydrocarbylene;
M represents an atom selected from the group consisting of boron, aluminum,
gallium, indium thallium and mixtures thereof;
Q each independently represents an unsubstituted or a substituted C; -C,9 hydrocarbyl
group;
O represents oxygen;
n and m are each a positive integer such that the product n times a is equal to the

product of m times b; and

a and b are integers of 1,2 or 3,

34.  The catalyst of claim 33 wherein at least one A is nitrogen and the remaining

A nitrogen a oxygen.
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36.  The composition of claim 35 wherein Z is selected from the group consisting

of Ni, Pd, Fe and Co.

37.  The composition of claim 35 wherein Z is selected from the group consisting

of Fe and Co.

38.  The composition of claim 35 wherein Z is selected from the group consisting

of Ni and Pd.

39. The composition of claims 33, 34, 35, 36, 37 or 38 wherein M is boron, D is
an arylene, fused arylene or polyarylene, each Q is a perfluorohydrocarbyl and T is a silica

macromolecule.

40. The composition of claims 33, 34, 35 or 37 wherein T represents a silica

macromolecule.

41.  The composition of claim 33 wherein M is boron, D is an arylene, fused
arylene or polyarylene, each Q is a perfluorohydrocarbyl and T is a silica macromolecule and

at least one L represents a halogen atom.

42,  The composition of claim 34 wherein M is boron, D is an arylene, fused

arylene or polyarylene, each Q is a perfluorohydrocarbyl and T is a silica macromolecule and
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44.  The composition of claim 33 wherein at least one L represents a halogen atom.

45.  The composition of claim 34 wherein at least one L represents a halogen atom.

46.  The composition of claim 37 wherein at least one L represents a halogen atom.

47.  The composition of claim 33 wherein each L represents an unsubstituted

hydrocarbyl, a hydrocarbyloxy group or both together represent a hydrocarbylene group.

48.  The composition of claim 34 wherein each L represents an unsubstituted

hydrocarbyl, a hydrocarbyloxy group or both together represent a hydrocarbylene group.

49.  The composition of claim 37 wherein each L represents an unsubstituted

hydrocarbyl, a hydrocarbyloxy group or both together represent a hydrocarbylene group.

50.  The composition of claim 33 wherein each L represents an unsubstituted

hydrocarbyl, a hydrocarbyloxy group or both together represent a hydrocarbylene group.
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wherein
Ct represents a cationic remnant of a Bronsted acid salt, an oxidizing cation, a
carbonium ion or a silylium ion;
T represents an inorganic oxide;
Si represents a silicon atom;
R'and R" each independently represents hydrogen, an unsubstituted or a substituted
C; -Cy hydrocarbyl;
D represents an unsubstituted or a substituted C; -C,¢ hydrocarbylene;
M represents an atom selected from the group consisting of boron, aluminum,
gallium, indium, thallium and mixtures thereof;
Q each independently represents an unsubstituted or a substituted C; ~Cy9 hydrocarbyl
group;
O represents oxygen;
n and m are each a positive integer such that the product n times a is equal to the

product of m times b; and

a and b are integers of 1, 2 or 3.

54.  The catalyst of claim 53 wherein at least one A is nitrogen atom and the

remaining A is nitrogen a oxygen.

55.  The catalyst of claim 54 wherein Z is selected from the group consisting of Fe,

Co, Ni, Ru, Rh, Pd, Os, Ir and Pt.
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56.  The catalyst of claim 55 wherein Z is selected from the group consisting of Ni,

Pd, Fe and Co.

57.  The catalyst of claim 55 wherein Z is selected from the group consisting of Fe

and Co.

58.  The catalyst of claim 55 wherein Z is selected from the group consisting of Ni

and Pd.

59. The catalyst composition of claims 53, 54, 55, 56, 57 or 58 wherein M is

boron, D is an arylene, fused arylene or polyarylene, Q is a perfluorohydrocarbyl and T is a

silica macromolecule.

60. The composition of claims 53, 54, 55 or 56 wherein T represents a silica

macromolecule.

61.  The composition of claim 53 wherein M is boron, D is an arylene, fused

arylene or polyarylene, each Q is a perfluorohydrocarbyl and T is a silica macromolecule and

at least one L represents a halogen atom.

62. The composition of claim 54 wherein M is boron, D is an arylene, fused

arylene or polyarylene, each Q is a perfluorohydrocarbyl and T is a silica macromolecule and

at least one L represents a halogen atom.
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63.  The composition of claim 57 wherein M is boron, D is an arylene, fused
arylene or polyarylene, each Q is a perfluorohydrocarbyl and T is a silica macromolecule and

at least one L represents a halogen atom.

64.  The composition of claim 53 wherein at least one L represents a halogen atom.

65.  The composition of claim 54 wherein at least one L represents a halogen atom.

66.  The composition of claim 57 wherein at least one L represents a halogen atom.

67. The composition of claim 53 wherein each L represents a hydrocarbyl, a

hydrocarbyloxy group or both together represent a hydrocarbylene group.

68.  The composition of claim 54 wherein each L represents a hydrocarbyl, a

hydrocarbyloxy group or both together represent a hydrocarbylene group.

69. The composition of claim 57 wherein each L represents a hydrocarbyl, a

hydrocarbyloxy group or both together represent a hydrocarbylene group.

70. The composition of claim 53 wherein each L represents a hydrocarbyl, a

hydrocarbyloxy group or both together represent a hydrocarbylene group.

71.  The composition of claim 54 wherein each L represents a hydrocarbyl, a

hydrocarbyloxy group or both together represent a hydrocarbylene group.
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