12 APR 2005 WD 02/ 32909 PCT/ USO7/ 29442 TI TLE: CATI ONI C GRoUP-3 Chi AP
SYSTEM FEl. .S I nvention relates to certain transitio | . conpounds
from G&hgw‘g;@gof the Periodic Table of Elenents. and tgl’gﬁiggtpépi,
system conprising Goup-3 or Lanthanige transition netal conpounds and
al unoxane, nodified al unoxane, non-coordinating anion activator, Lew s
acid, or the like to formactive cationic catalyst species for the

producti on-- ol yol efji.x al , ~.pol ypropyl ene and

al pha- ol ef ?ﬁfié]gpol yngﬂnéfﬁgfﬁgmjggf’giggﬁse\éﬂﬁﬁw ng a 10 high

nol ecul ar wei ght. BACKGROUND Neutral scandi um conpounds having two

uni val ent ligands or a bidentate, divalent |igand are known from Shapiro
et al., Organonetallics. vol. 9, pp. 867-869 (1990); Piers et a].. J.
Am Chem BEHeLD vol. 112, pp. 9406-9407 15 (1990); Shapiro et al.. J.

Am Chem Soc., Vais inteiltin phics4628n4i640n6L804)calHapgloandd fr@h-Group
Organometail }gs vol.. 'ézf?’b p[.). 1147-1154 (1994); and U. S. Patent 5.563.219
to Yasuda &P B Pegogiq Tadl of Fiamgnty- anf fan GrrkisdsysEn cempoyipe Gxesp-3r e

di scl osed o, BoRiide : r Q Lalli en,stry, vol.
364, pp. 706 (15'9%':9?5”52'%0’ &’%ﬁ%hc{&?hj°§§dsaf’@9%kﬁ4°= il Eoone 'y
pp. 7606- 7@0i7capidig@)jng 2UoRakyiv®oi. Aatviioacidi bhile et @l fosmadtihve RRGONP! ex

havi ng a bi %ﬁn ate, .divalent 1ligand usjng a,non-ionizing cocalalysi is
known froma3hs! ERGCS: T8 4139,, PHBBEICHEN  PatRobiPldinsajsuchy gupodvetlylenc,

met al | ocyclg { ]| . cld ' i $.5,312. 831
and 5. 455.Cﬂ3di .ré 'o]'?ilr]]é/?]gd ; rksoq}egﬁg?ﬁ@)%?é.MPg?)gﬁffé]gﬁ%gh?pgg%%ﬁ%t\” d St evens
etlt@l . ; ardgliEPoleceBs w8§htA2. U.S. Patent No. 5.763.556 to Shaffer et al.
descri bes Group-3 olefin polynerization catalysts. Polynerization of

ol efins Wlé gcgﬁg éghqgaoup% metal conplexes is illustrated in WO

96/ 13529 aft . 223. Borat abcnzene conpl exes of G oup-3-5 netals
are di sclosed i NNWA7623493n 30mAGH:Ris AL ANE ORI expsialr iR~ 37 6, netal s
are disclosed in U S Patent 5.707.913 to Schlund et al. Goup 4

bi sani do dMatarsidvalen liiasd|ass kaovn fgnsShagroa®R].1 @aganometallics, vol. 9,
pp. 867-869 (1990); Piers et al., J. Am. Chem. Soc., vol. 112, pp. 9306-9407

15 (1990); Shapiro et al., J. Am. Chem. Soc., vol. 116, pp. 4623-4640 {1994); Hajela
et al., Organometallics, vol. 13, pp. 1147-1154 (1994); and U.S. Patent 5.563.219

to Yasuda et al. Similar yttrium, lanthanum and cerium complexes are disclosed
in Booij et al., Journal of Organometallic Chemisiry, vol. 364, pp. 79-86 (1989)
and Coughlin et al., J. Am. Chem. Soc., vol. 114. pp. 7606-7607 (1992).

20 Polymerization with a metal scandium complex having a bidentate, divalent
ligand using a non-ionizing cocalalysi is known from U.S. Patent 5,464, 906 to
Pation et al.

Group-3-10 metallocyelic catalysi complexes are described in U.S.
Patents 5.312.881 and 5.455.317, both to Marks et al.; U.S. Patent 5.064,802 to
Stevens et al.; and EP 0 765 8§88 A2. U.S. Patent No. 5.763.556 10 Shaffer et al.

describes Group-3 olefin polymerization catalysts.

1J
s

Polymerization of olefins with cationic Group-4 metal complexes is
ilustrated in WO 96/13529 and WO 97/42228. Boralabenzene complexes of
Group-3-3 metals are disclosed in WQ 97/23493.

30 Amidinato complexes of Group-3-6 melais arc disclosed in U.S. Patent

5.707.913 o Schlund et al.  Group 4 bisamido catalysis are disclosed in U.S.



WD 02/ 32909 PCT/ US01/ 29442 Patent 5.3 18,935 to Canich. ct al.. a\”ﬂ&PR 2008
related nmultidentate bisarylam do catalysts are disclosed by D. '1-1.
McConvi &\:l(? 2@50 al, Macronol ecul es 1996. 29, 5241-5243. S. 1-lajela, WP.
Schaef ef* O P €*Bercaw, J. Organomet. Chem vol. 532. pp. PGEVS81I14h7)
descri bes the synthesis of Goup-3 netal conplexes (Me3- 5 TACN)MCL-13)3
(M= Sc, Y) and reactions of the Sc species with activators ([PhNWe3]

| J[ B(C6F5) 4] and B(C6F5) 3) and subsequent pol ynerization of ethylene and
ol i goneri zation .of |_ -Peni ene (W th unspecified catalyst activities).
L.WM Lee, 'S E:“ﬁ-éﬁs 0 fpreh.p sbgstrelagd tyudideentng bpandamido catalysts
Organonet al L | ). 4.9~ 2, 9 descri ot sydthesi s of
a 10 scaﬁd('j‘l£ Hfr;naglg e]rjlyzﬁl%@Hn%ﬁ:é)%ﬁvﬁ’%ﬁﬁgA%}ngﬁé{(fﬁgﬁé{)%g;)ﬁtlﬁﬁIé%@*‘”l‘i gand,
and the generati Bnllapyareaet Seimelirt hEt Berdaawiis GachithnRi GBR&K3wvofs53an i onic
derivative with a contact ion-pair structure (unreactive towards

al kenes) . M AP NAPE) feseriGes sha anepesip.of Gygupshmetd, copplekén(MiesM

Schy oder, T New Sem, Vol wa 2 2-57 0)._reports the synthesis
of Insa substTltut é@(cﬁgﬁlmhﬂ 7-§Cr’i2ﬁjzalgc5é?a()cﬁ§ﬂgr?£ tﬁ’?g%n%ﬂfeci r‘ﬁi‘ﬁﬁéﬂ#’%‘ ) 3NH2
and a cor r(EEPoveigRLEran] s PACK HJ)ixe sobsmuen jhdlPnenAeh-rEra)idN) Ti Ch
(in which the ligand is dianionic). Mnoanionic substituted TACN |i gands
(Wi th pendidfehppdgtratan ofr!-panierhbiab ensresdiddasialys aptiidesound e.g. in C
Fl assbeck, K W rdty, 7. org. . vol,, 608, , pp. 60- 68
(1992), and in .)%p%bbl‘éec?h.“@.ﬁH.]qir%eg\?‘rg B - T 4de o, Bardez. Cner 1
Commun. p@red269etiRiéd (Q008) .ppT B4FYIMbeFIoSIRMEs&ihed Chl & r@fes bf tshi um
sail of a substituted TACN ligand with a pendant cycl openi adi enyl anion
i s'0r epor t eFnidIB, dibana, camplex  pehl @ iy dikptiminset enddliargy bgandneindl lliecs vol .

19, pp. 25Q5-2807., 25 SUMVARY The present invention enconpasses.

cat al yst §§‘§ ré‘ﬁgl}'obr) rﬁ%‘fﬁl T I?Eélﬁ g??plsc?&frg[ﬁ ﬁ(;‘\r}ﬁ)d %lf TS eé”'é“éfub'l‘g dor
Lant hani deonmtiabnsdaaliilucage (e M valh0de akeHéd i deni ate |igand and at

| east one other ligand. The nultidentate |igand and the netal together

form a metal | ocyl¥l&.H.ddate. dbddi Hennes. Bdl BEtsophB. Metalfords bmBbrasleandi um
ttrium ef u L,t hou n i are.al sq suitaple. 12
XPR 2005 ?\ﬁEJ glsgcgjjog&lb%ﬁ EEO%QSZQ?OOIO?IE&% lﬂg%)%h&l?o? a suHshtuP:d

13 1.4.7-inazacyclononane ligand, iPr-TACN-{CH:);NH: and a corresponding
ttanium TACN-imido complex {iPry-TACN-(CH;)N]TiCla (in which the licand

15 dranionic).
Monoanionic substituled TACN lJigands (with pendant phenolate or
alcoholate functions) can be found e.o. in C. Flassbeck, K. Wieghardi, Z. Anorg.
20 Alle. Chem. vol.608, pp.60-68 (1992), and in D.A. Robson, L.H. Lees, P.
Maunitford. M. Schrider, Chem. Commun. pp. 1269-1270 (2000).

The synthesis and structure of a lithium salt of a substituted TACN
ligand with a pendant cyclopentadienyl anion is reporied in B. Quian, L.M.

Henhng. ).C. Peters. Organomelallics vol. 19, pp. 2805-2807.

25 SUMMARY

The present invention encompasses a catalyst sysiem for polymerization
comprising a calionic Group-3 or Lanthanide mecial siabilized by an anionic
multideniate Jigand and at least one other ligand. The multidentate Jigand and the
metal fogether Jorm a metallocyele.  Some embodiments select the metal from

seandium, vttrium. or lanthanun. although other lanthanides are also suitable.

Ly
=



5 10 15 20 25 30 In sone enbodi nents, the multindentate |igand.j TAPR 3605
the formula LTE wherein L is a bulky neutral |igand song of those

enbodi neRPE* 8t ain at 1east 1wo Group- 15-16 atons. ot REFUSAV2PL, o

three. The G oup-15-16 atons connect to the netal, M using |one pair
electrons. T is a covalent bridging gfoup containing a G oup-13, -14; or
-15 elenment. Eis an anionic |ligand containing a G oup-14-16 el enent.

i ncl udi ng n-donati ng hydrocarbyl and heterohydrocarbyl |igands,
substituted am dbsemncpghdxshinge’s] thgandsidenrly deandrAshast die fowpulatidy

| i gands or, ato valently bound to T. .Alternatiuvel E.l.s JR . where J
repr osont 875 e an HE AL I e b QPSS e B MG 54 liabnt

z=1, and WaGolip 55-a6 @A & aelc@@Atee. ZH0 Gibinablys agatRofMicct o

i ndependently selected fromsuitable organic |igands as defined bel ow.

In a furthermdalhdbivent lone ppolejertionsatliion cprdeddxidgowogeipgontoiniihe

ur' & ! : reon2atiion pr ,_ ' v
PoFymor i ZaErom- o A STssRonORy EOR Sh ARy et SERR el o PRt efeps of
activati ngefke@Ni FHcN@ind NR-doBEOMP- By@bcdBt hai deehaloaRPONSIHdst 0 a

cation (the catalyst) and contacting it with suitable feédstocks. The
cat al yst sdntiloptdi enald gr phochlsdolheadds, sugpemaedy funrorf biiedilizadsi or a

suitable |iquid oy gaseou ol.ymeri zatio il.uent,. The catalyst is
2ot vat ed AR HEORSATRATEES o1 Lk aF Nk et JRrodd Edo0 AFEAERTHS Sani on
activat or 8oV §r AQ Hemefl. WG § kCa 8278 eRimdrfl £aTRLAANHRN i M th an

al um numt o- non-coordi nat i ng- ani on or ITey\A s-acid-l'o-transition-netal
mob ar r aGrapef6 dleh@nt, =00, 00ay. each Rone indFhendeaiinksisticd dmot suitaibten t he

rr’nnomsr(s%1| SLhom -4100% tfo%g()@ for one second to 10 hours to produce a
pol yol ef i WERRG &8 45 BM " 6BF°H | ess to 5.000.000 or nore wei ght average

nol ecul ar wei ghin ané e mhbédindedt, 15131 9he -BaBa §roddRl eetdr@ingWe) att
di stri-bution. DEFINI TIONS Catalyst system enconpasses a catal yst

pr ecur sor prgeant vt op invenigre poloarealzgen sipsesinsush gs doe polytesertitre such a
pair bef Ogrecoab%ﬁ}in\{ggaﬂgn c!fto]gﬁﬂjscohﬁﬁising the steps of activating (ionizing) the
15 Group-3 or Lanthanide metal component 10 a cation (the catalyst) and contacting
it with suitable feedstocks. The catalyst can oplionally be dissolved, suspended,
or fluidized in a suitable liquid or gaseous polymerization diluent. The catalyst is
activated with alumoxanes, modified alumoxanes, non-coordinating anion
activalors, Lewis acids, or the like, (alone or in combination), with an
20 alununum-to-non-coordinating-anion  or Lewis-acid-io-iransitton-metal  molar
ratio of 1:10 10 20,000:1 or more. The catalyst reacts with the monomer(s) from
-100°C to 300°C for one second to 10 hours 1o produce a polyolefin having from
1000 or tess to 5.000.000 or more weight average molecular weight and from 1.5

10 15.0 or greater molecular weight distribution.

25 DEFINITIONS

Catalysi system encompasses a catalyst precursor/aciivator pair. When
calalyst system 15 used 1o describe such a pair before activation. it means the
unactivated catalyst logether with the activator. When catalyst system s used to
describe such a pair afier activation. it means the aclivated calalvst and the NCA

30 or other charge-balancing moiety.



unacti vated catal yst together with the activator. When catal yst sKstem IS
used to describe such a pair after activation. it neans the adtd ARR Bl

cat al ystvcamgzzbiee NCA or ot her charge-bal anci ng noi ety. 1P@r1ﬁ$:ﬁ;2%935 WO
02/ 32909 PCT/ USQ /29442 Cp or cycl opent adi enyl enconpasses a

substituted and unsubstituted Iigands,i.n which the 5-carbon-atom planar
aromati c cycl opentadi enide ion can be found. This specifically includes
fused ring systens in which the 5-carbon ring is fused with other

5-nunbered rings - 4D, §-and-ar eat er- n red rings. 5 It also
specifically i nclcaﬁg's C??‘gﬂ%m&'%nﬁ@vﬁfgw PG aélalﬁﬁ%ﬁﬁﬁ‘fcgﬁ’éd a’t‘%é“t?UB’é‘fq tuted
wi t h het erloaindesn gilvibinge Betefd@cyshi F]awsb;%%zicwgo 5&&@@9@5 i @rﬂ%ﬂ;c

ligand's 5- nmenber; substantially planar ring shou e preserve
( het er ocydPredof hispgpégall) By ludenbisedinmg thiemsrinetedt therfscubadrihois

coor di nat sj depon, | to M. Some. exanpl es, of r cycl openl adi enyl are
f1 uor enyl ,erulsérslddgﬁi}lo,meér?dnf JHE“F%"}Egeijgg‘éﬁtddﬁ'i[}ég%”ﬁﬁ’ﬁﬁé?ﬁ"&‘ﬁmib?@éIff”.‘a‘s-
Feadst ockt alse aa}mif;ieﬁ%a edudsXidah8s @4 \Bhibl | r8Reearbdi GaindaR! &hbkigied4-C 0
di ol efins. acetylenically unsaturated nononmers, or other unsaturated

nononer s. Withbelgrdadends cooks hoentatlic grsedosi Tat elyylopaeadiendrianfars-
honopol yrr%l;%tzgtri OQﬁbstatnE(aa contain. m)nolmerl i Xt ures far copol yneri zati on
reactions TBOTr PEOSKEIHENY r B eVl paldId y bR seseried: Hsteroerdic, or

t et r ahydr abricaRclic)didnidng 8RriA-bReods LRt RYE NSRRI B8e dnl 1M pmeori de,

or the like, coordinated to the netal center. It also optionally binds

to one or ehapplex. afi tGp anr appiopmitzdienyl. art' fommeral.soinbdenyd, sacbnthe

transitio f.fhe same ty as the nmetal center giving a dineric
ce'fal yst g¥g§é%g?§§?e %153%:1&1 %”o'?s?éﬂ?f both of the transition netals are 20

the sane, or a br#mk@kkd fic QAL & iRl A VS Wsor Lf 4 be.
transition netals arg ﬂdi ffz)r g‘%]‘%{'%l\]/ﬁm)%gno?gyékﬂe&g%lﬂ;‘ﬁgxtoéﬁ i ggn%wi S
coor di nat éibl¢fnsancetylemichly aughurasudbatoabiiead, |of ARG, usdRFEROtRlohYers.

di screte, gi%aged- atom connection, coextensive with the art-recognized
meani ng. 2BSEi FEALISEES FRmE rrwlemigate]yane mepasisriar hamegohoesiaatiorom

through = glbslants ﬁiolxﬁﬂm}:m’ixt§r‘épfr5%§:io§|ﬂ1¥rifgti%ﬁ (&l fppd | gand-atom
def of bi dert

connections. This definition ate I's coextensive with the
ati-recogni zed rgans rgnewtdl tiden! bise sednsst kadthe bihgandirekydsehsiantial |y
coor di natg’:gnettolngEI1‘%te=ommeihy]phosphine, Jithium chloride, or the like, coordinated to

the mectal center. It also optionally binds {o one or both X, with an appropriate X.

L® can also be a second transition metal of the same type as the metal center

giving a dimeric catalyst or catalvst precursor, if both of the transition metals are

20 the same, or a bimetallic catalysi or catalyst precursor if the {ransition metals are
different.

Monodentate means that a ligand is coordinated 10 an atom through
substantially one, substantially discrete, ligand-atom conneciion, coextensive with
the art-recognized meaning.

25 Bidentate means that a ligand s coordinaied to an atom through
substantially two, subsiantially discrete, Jigand-atom connections. This definition
of bidentate is coextensive with the art-recognized meaning.

Multidentate means that a ligand is substantially coordinaied 1o an atom
through more than one substantially discrele, ligand-atom connection. which is

30 caexiensive with the art-recognized meaning.

Noncoordinating amon (NCA) is art recognized 1o mean an anjon that

ctiher does not coordinate 1o the meial calion or that does coordinate (o 1he nmetal



t hrough nore than one substantially discrete, |igand-atom conngctARR005
which is coextensive with the art-recogni zed neani ng. Noncoordi nating
ani on (WOAR/3RH9art recogni zed to mean an anion that eit R&T/EHagHdt
coordinate to the octal cation or that does coordinate to the netal 12
APR 2005 WD 02/ 32909 PCT/ USO /29442 -eation. but only weakly. Wakly
enough that a neutral Lewi s base. such as an olefinically or
acetylenically unsaturated nononmer can displace it. Any netal or

met al | oi dedifvat baadnhorealdy CONpati Riheuphvakh yncarraneghigbidey secdosdhnat i ng
conplex may be used or contained in the noncoordinating anion. Suitable
netal s i n@lleillﬂé?“IS opgeetyleaicaBy wrbaild menonar ianisnlogoitd, Aaneclal at i num
Sui t abl e |l o | nel ude.  but..are not |imted to, boron, phgsphorus.
and sili cgﬁ&%ﬁbaloglfgfg?"%”z Eﬁ' ﬁjoﬁcgwg}él%g‘s“sceaé %;%ry'l}ggtl)lltf?g rcg%fﬁ?n()lﬂ15rcé’£3§ﬁ?’bn such

as honopglymenisé@bt eon@idd GRRIRY YERDbZAIAR anldn. EDGRMASTESs RRIVYIES
production including both honmopol yners and copol yners with ot her

a- 8l ef i n, bl-oe¢ 8ot Ipded B0. @lwh et Lolsr antbpladonp u atielle e hsidninebriomer s.

for exarrp{)ehCEB-] 01 ?eloeifi ns C.]t- fz[? dai gl Effci ns. Ca-C20 cyclic olefins, or
C8-C20 st Y@K IR, PHMeP BPEF HiZLA15 i unsat ur at ed” nononers besi des
t hose speci fi calpblyflesatiohednalgyesdBYnPepolpRleyBRidZ 6@ atifdNGutheas

i nvention catal ysts, for exanple, styrene, alkyl-substituted styrene,

et hyl i denkomendiyppiezrsionnidoenneddneiralioni dyencopinesedi Redgmen Broduction
ooy BRRETRC Y BRI UR 508 o Pa LN Bl Byt epph o
n.%bornen&oleﬁﬂsi% 3L#ﬁ.ebﬁﬁ,u9éa'é;weﬁﬁ AHR .rggﬂfgxaﬁggogg.%'o@ﬂsomﬁan al so

i ncorporate a-olefinic” fracronononers o 1 re ner tnits. Q

are abst ragt Ablent.i QROGscRicl SAVisNEr CLEUPSyANE Bleghi N diNsestfGBaly 9ands
20 connected to the nefal” center. Usuall'y, "activation occurs when one or

more Q arensatuesred edlohs@Bist hesided ahoseAlsper Hiaille alesdritied @boedrahas wNd as
part of th pol ymeri zati on process. olfgfin nononer inserts into the

met al - cenfXYTEN BENEEINS FHULYCRIRD 513kt IPRRETMR CoHYIans. Ay arubsiiier i s
known as afreRLer! BuhBaehd | Oorbhd8id. BorbBIBBRALSN! IdfcidiGlelifiienlt ar e

not limted to. nondanionic |igands 25 selected from Hydri
hv#ir ocar byhylepdlkloxiade, anytloxildesxeasyi depd or oipisos phledioicatlgdincabsted
Furt hernore clonetal | at ed

ho bortsh' utol el H}er e qgﬁapqa!hkysl ] gefne-'n SeChér ¢
hydr ocar bYP"°"8f ’aW\%’ & ?qF“eP CHRZ:Y én? e SHT e chel SR F?Iﬁabr‘?ﬂ.fe”&ra’% can be

a di ene. glkyl-substituted norbornenes. Copolymerization can also incorporate a-olefinic

macromonceniers of up to 1000 or more mer units.

Q are absiractable ligands or leaving groups and olefin insertion ligands

20 connecied 1o the metal center. Usually, activation occurs when one or more Q are

removed from the metal. Also. one or more Q remains and as parl of the

polymerizatlion process, olefin monomer inserts into the metal-center-Q bond.

Thus, the Q thal remains on the metal cenier is known as an olefin insertion

ligand. Qs independently include. but are not linied 1o, monoanionic ligands

25 sclecied from. hydride, hydrocarbyl. alkoxide, arvioxide, amide, or phosphide

radicals. Turihermore, both Q toncther may be an alkylidene. a cvclometallated

hydrocarbyl, or any other divalent amonic chelating ligand, or Q can be a diene.

Cxemplary Q in the formulas are dicthyl, propyl. butyl. pentyl. isopentyl. hexvl,

isobutlyl. hepiyl. octyl, nonyl. decyl, cetyl. 2Z-ethylhexyl. phenyl, benzyl.

30 trimethylsilylmethyl. tricthylsilyhneihyl and the like. Some embodiments limit af

least one Q to inmethylsilylmethyl.  Excmplary halogen atoms for Q include



Exenplary Qin the fornulas are diethyl, propyl, butyl. pheny

i sopentyl . hexyl. isobutyl. heptyl. octyl, nonyl. decyl. cetyll?APR 2005
2- et hyl kegwk/s29enyl , benzyl. 30 trinethylsilylnethyl- C.” $0112 “2
triethylsilvlinmethyl and the like. Sone enbodinents limt at II]eas e Q

to Irimelh5' IsilyLncthyl. Exenplary halsogen atons for Q include WO

02/ 32909 1 2 APR 2005 PCT/USO/291.12 chlorine. bromne. fluorine. and

i odi ne. Some enbodi nents select Q as chlorine. Exenplary al koxi des and
aryl oxi desc£@¥F;; I t Xi an ubs enoxi des
AR, rre?hynlg_lgogugfilmg?ﬂhgemgglag{m S‘jo% cﬁ%#o&:n@ng?ccﬁ% FIOPHH? de.

di et hyl am Hat,mnbﬂrj’lvtléohs)d.‘ﬁml1dear)ﬂib*¢;t'le<but)y|@Wbﬁe 111(511@!:3@09[,@,@0@5113% and
the like. aryl am des are di phenyl am de and any ot her

substi t ut eg‘)iﬁng hsgayies BN ‘hFW“@Hdﬁbﬁpﬁfés Loem@iaay em]dcs for Q arc

di phenyl ph cycl ¢ sphld t osphi

di mei hyl phgr?%tl“gqml%nd thggﬁ%ﬁnpggx %v k\w?@gne ra clélléldf“b‘ik both Q
t oget her adiésopedpgwdii idenead te& hiye.i Eﬁﬁhﬁp!ﬁjﬂdrmé QQME e hen@fﬁﬂﬂl&%éf 2
cyclonetall ated h drocarb radicals for both Q together are propyl ene,
and |sorre‘?'g‘"of Sb%‘-'t“}‘l”é‘ﬁe P’ﬁéﬂf“}‘ﬂp‘éﬁﬁc héxsghemiery aplibspbidys erfer Exerpé ar y

di enes for I t her ar 1. 3- pent adj ene,

1, 4- pent adclj pgﬂ\ plgﬁbﬁggadl ene, i éivciO]hE\kgﬂjioéﬂgae *1L5- hex%‘i‘bﬁ@hosf)h’de

214-di net @hmlhy:%plhmphﬁeemd Re rimehylE\Jeﬂs,*pja@egn@qggﬁe,ad;’ca@t

3- hexadi ene, and 2, 4-hexadi ene. s can al so be sinple 15 al Ilgé%ds
substi t ut éaﬂﬂf?rh are | @dhylisieaet r EdIvkgensi | Wd grrouy. idEhe m)sE\qzmﬁfaqr red Q

i 50- CH, Si M?%bn%talﬂted %ﬂg olgar ?PQ%TB Sfor Qoté} fdé\gg%élag %{%c %f,l and

radi cal s; bstituted ydrocar
hal ogen nommeni o:fobuiphoe;p;lmnmbdencalH@&x}e,ncoan@royl\cpem g(gﬁ{g]ap)r dwsq her
radi cal c ntalnln acidic or basic functionality Teplace one or

more hydr 8§8h &8 er F’ﬁ Iﬂ(’iﬂ 1§ o€ r g iaghendor npdvdatlieniek 13- hadidoaks,

cyclic hydraeaidar. raqiscSdicak kyl 25 ted L& hydroc bon
radicals, aronatic fadicals, alkyl- su;{?tﬁfelt”hl”ed’ b&)‘églepe mieihyl-1.3-
pentadiene, 2-methyl-1, 3-hexadiene, and 2.4-hexadiene. Qs can also be simple

15 alky ligands substituted with at least one trialkyl silyl group. The most preferred
Q i1s —CH,SiMe;.

R, R°, and R’* encompass:

(1) C1-Cap hydrocarbyl radjcals;
(11) C)-Cap substituied hydrocarbyl radicals in which a
20 halogen atom, amido, phosphido, alkoxy, or aryloxy

group or any other radical containing a Lewis acidic or
basic functionality replace one or more hydrogen atoms
mcluding siraighi and branched alkyl radicals, cyelic

hydrocarbon radicals. alkyl-substituted cyclic hydrocarbon

1.2
]

radicals, aromatic radicals, alkyl-substiuied aromatic
radicals such as irifluoromethyl, dimethylaminomethyl,
diphenylphosphinomethyl. methoxymethyl, phenoxyethyl.

trimethylsilylmethyl and the like; and



radi cal s such as trifluoronethyl, dinethylam nonuthyl, 12 APR 2005
diphenylphos hi nontct hyl . nel hoxynet hyl , phenoxyet hyl .

tri met hY%9%3PHet hyl and the Iike, and WD 02/ 32909 12 APRCI(E§1/29442

PCT/ US01/ 29142 (iii) G -C20 hydrocarb§l-substituted netal loid radicals
wherein the nmetalloid is a Goup-13-124 clenment such as trinethylsilyl,
triethylsilyl, ethyldinethylisilyl. nethyldiethylsilyl. triphenyl gernyl
and the like. 5 10 15 20 Additionally. any Ror R' may join with one or
nore Ror R to forrid rifgCatinvdeacartel-sgbytnat engtalled radigalabhborebe a
hydride radical. TACN is 4. 7-triazacycl ononan TAN i s

1.5, 9-tri azanonane. TACH%PE fg%%h¥$i5¥d%y ’SWEiQHé. cleyag jsych as

1, 4-di azacycl ononane.  TAGERctIfIshyD, 9-t riir;@z]_ﬁqgg}]!odode,g;aqr,.]gim”]'\wﬁl}l i's
1,2,6-triazacycl ononane. TNNCH i$ 1;2,5-tri"azacycl ohepl ane. ~ TAH i s

1, 4,7-1riazahept ane. DETAIm&DyDESGR T ONhdindeEnolipndtiteridrsi ti on net al
conponent of the catalyst systemof the invention can be broadly defined
bysthe formula: LQ T/ M/ QL ur \ / \' (A Mis a Goup-3 or

Lant hani de netal . WO 02/ 32909

Addilionally. any R or R** may join with one or more R or R™ 1o form a

ring structure. Separately, R" may also be a hydride radical.
TACN is 1,4.7-1r1azacyclononane.
TAN 15 1,5,9-triazanonane.
10 TACH is 1 3.5-iriazacyclohexane.
DACN is 1,4-diazacyclononane.
TACDD 1s 1.5,9-triazacyclododecane.
TNNCN is 1,2.6-triazacyclononane.
TNNCH is 1.2,5-iriazacyclobepiane.

15 TAH is 1.4,7-triazaheplane.

DETAILED DESCRIPTION

The Group 3 transilion metal component of ihe catalyst system of the

invention can be broadly defined by the formula:
L\ Q
L
NN
2 (A)

M 15 a Group-3 or Lanthanide metal.



1 2 APR 2005 PCTJUSQ/294.12 LTE is a nultidentaie ligand that forns a
metal |l ocycle with M (netal): Q are ligands as described above.l ZAPRS206%
bul ky, n®oteabsosul tidentaie |igand containing at |east t )

G oup-15 or -16 atons. Sone enbodi nents sel ect the Goupy\%@sql??@tom
to 5 be nitrogen. T connects the nulligdentate ligand. L. to the anionic
ligand, E. T is a covalent bridging group containing at |east one

G oup-13-16 atom Its chain |ength influences the geonetry of the (LTE)M

met al | ocycl e fragngnt | of include, but, are not limted to,
di al kyl , al kyl ar %@E‘?“ Elma”rmy%n?ﬁgill*iaegrtlhact)ﬁ%%f ‘Z;é‘?cﬁ%lmceuﬁ%er‘aahé\&(!m&ﬂky| or

aryl, phosghirmégardsanidogritadiabate; or hydrocarbyl radicals such as
nmet hyl ene; et hyl eng, n-lg)gopyl ene, and isopropylene. E if an anionic
li gand cont ai ni ng %ta bk incoirel grbidentote Higmdlconentingndleastaywober eurce.

. | . I : | . A hi
i gand, or CAE BUSETE dblhe o SBEE RS ge b e S o Mrdame 0 s a
substi t ut ebe siyoke@pent adi enyl |igand, the substitution can occur on the

ring (on-ring), keeping the C5 ring intact, or can occur in the ring.
creating het er ocycfireedsiboundiddentic digagd.slubist tht uhicis Jipandyes.f rom si npl e

unitary suhlst.l d.on up to the.replacement of multjple hydrogen atons

with mul tiﬂ%ﬁ%eg{ y'dgﬁl@aﬁr&gpf%jr”?rﬁ”ﬁb’gf%slgggr?'ﬁg é%‘i:ﬁéﬁsﬂew-aétsiﬂmm ng or

on-ring sulessthtinfeshcedihe %@mwt&&yuéqutsw rhé tdRE &Y fr%ﬁ'leﬂgeg;ggmé,gsgands_
a e de

L',,. is a neutral Lewi s base and is defined above int I'ni‘trons
section. "8f Toincludeqgpub arq mot dimided dosf Giethyhs abiglarylateddiaoy!, ailgfonnor

POl oo s ST Rl BBl BRI e VLSS, b Saehertos
radicals such as methylene, ethylene, n-propylene, and tsopropylene.

E it an anionic ligand containing at least one group 14-16 element and
may be a substituled or unsubstituted, cyclopentadienyl, amide, or phosphide
ligand. or a Group-16 element such as oxygen or sulfur.

15 When E is a substituted cyclopentadienyl ligand, the subsiitution can
occur on the ring (on-ring), keeping the Cs ring intacl, or can occur in ihe ring,
creating heierocyclic compounds. On-ring substititions range from simple unitary
substitution up to the replacement of mulliple hvdrogen atoms with multidentate
ligands forming fused-ring sysiems such as in-ring or on-ring substituted, or

20 unsubstituted, fluorenyl or indeny! ligands.

L’ 15 a neutral Lewis base and is defined above in ihe definitions
section. “w"=0, 1, or 2.

In cationic form as activated for olefin polymerization, ihe transilion

metal complex is believed to have ihe following formula:

fJ
L



PCT/L SQ/29-142 NCA5 M T. E. L. Qand L' are as defined above @’%
i's weakl y COOI’dI nati ng or noncoordi nating ani on that bal ances: th

catl oni cVEIRPFER: charge. In two enbodi nents. transiti df-HEPHY29442
conmponent s of the catal yst system have the fornmulas as shown belowin C
or DD R (R'20x(CR'2)x x (cR'2)x | %x?=.. " [ - .--, nltR~Mul 111Q 10
TEO(C W 02/32909 1 2 APR 7005 PCT/ USOl / 29132 R (R.ZC)x (CR'2)
X~X TU E(D 5M "h, E Qand L' are as defined above. Xis a
G oup-15 element. In structures C and D as wel4 as those below. "x" is
1-4. Sone enbodinents gelect x to be nitrogen] Sone enbodi nents sel ect
"X" to be 2. Note the difference bet ween structures Cand D. In C the

ligand L is / \ / —
N N || e

(B)

5 M, T. E. L. Q and L° are as defined above and NCA is a weakly
coc:dinating or noncoordinating anion that balances the cationic complex’s

charge.

In two embodiments, transition metal components of the catalyst system

have the formulas as shown below in C or D.

>< i

(R’ zcr,./ (CR")4

L/s‘”@

“ | . x l””'“jR
A ’.mnno

\/\

(©)



cyclic (E), while in D, L is acyclic (F). E and F were drawn Wth x=2. R
CE/X\ CR', /X CR', R(L) 1 2 APR 2005 WD 02/3290912 APR 2005

PCT/ Usq‘/?é%%%g%gl?l c R_.CR', E (F) 5 Alternatively, as in PET/HE8 198

R'.CR',

H E.

s a Goup-15 or -16 element; z is | when Jis a

G and
oup

15 elenent and 0 when J is a Goup 16,glement. R R and R' are defined

above.

(G WO 02/32909 F.2C) x-------

N "nulIIIO

\/\

(D)

M. T, E, Q and L' are as defined above. X is a Group-15 element. In

II N

structures C and D as well as those below, 15 14, Some embodiinents select x

io be nitrogen. Some embodiments select "x" 10 be 2.

Note the difference between structures C and D. In C, the ligand L is

cyche (E), while in D, L is acychic (IF). E and F were drawn with x=2.

CR",

(RM"Oxx \(CR'2)x (CR'2)x X~ ‘"nulgR / -"IM~nW 110 T/ QR z



12 APR 2005 PCT/USOI /29442 / o-InnulO T L'w \, QR z S (H E cahAph 2805
be a cy | openl adi enyl ligand (as defined above), as seen in. | J. The
cycl ope P&ﬁf@ﬁ@l ring is unsubstituied cycIopentadlenldeptﬂﬂéogﬂggﬁs
unsubstituted fluorenide in J. (R.2Cx (CR'z)x _/ ~M, unlp RL w (1)
(R,201/ " (CWAX (CR'2) X .... udURTJ) 1 2 APR 2005 WD 02132909

PCT/ L' SA /29442 The netal conpl exes according to This invention can be
prepared by various conventional routes. For exanple, the conplex can be
prepared by reacting a salt of the LTE—figa Wth a G oup-3 netal
trihalide (or metal pseudohalide or neté;(a+ oxide. etc.). Asinple salt
of the LTE-ligand plus an 5 alkali or al ine earth netal cation (e.g.
Li, Na. MgX, etc.) reacts with a ggLa#” alide yielding (LTEpMRL',,.. (Q
is a halide). This (LTE) MRL', *:xSpecies can react with an al kyl net al
reagent, such as Me; SIiCH Li to give the corresponding (LTE)MR 2L'w (Rt =
hydr ocarbyl, etc.) catal yst prfecursor. These reactions can be carried
out in the sanme reaction vesstl. Alternatively, the catal yst precursor

can R"-C

“

m'

(F)

Alternatively, as in structures G and B, E is JR*,. Jis a Group-15 or-16
element; zis 1 when Jis a Group 15 element and 0 when J is a Group 16 element.

5 R, R'and R" are defined above.

Ny

\

' \\(CR'&),

A
py}
ra

\ i”

"2
\
X" T Xmng

e
\

nnlllno

\ N




to be prepared starling with the neutral H(LTE) species can be reacted
with honoleptic or hetcroleptic netal hydrocarbyl conpounds td yAPGRI 0% he
cat al yswo pr/emos sors. The netal conpl exes (catal yst precupggnghyaaepr di ng
to the invention are suitable for polynerization when activated by

met hods known in the netal |l ocene 15.apt. Suitable activators typically
i ncl ude al unoxane conpounds, nodified al unoxane conpounds, and i oni zing
ani on precursor conpounds that abstract one reactive, o-bound, netal Ii
and maki ng the netal conplex cationic and gproviding a charge-bal ancing
noncoordi nati ng or weakly coordi nating anizon.gs®hen using ionizing anion
precursor conpounds alone, Qis limted tg . #ydride, hydrocarbyl, 20 and
substituted hydrocarbyl radicals,.,i _,ud%ﬁb or ganonet al | oi d- substi tuted
hydr ocar byl radi cal s. Alkylalunﬂxdh 5 and ;nodi fied al kyl al unbxanes are
suitable as catalyst activators, particul.&Ry), mhen,ihe absi ract abl e
ligand is a halide. M xtures of d| f ent dFuanaﬁes and nodi fi ed

al unoxanes may al so be used. For ther 25 destyiptions. see U.S.

Patents 4, 665, 208. 4, 952, 540, 5. O 1. 582, 5,991 %b 5206, 199, 5, 204, 419,
4.874.734, 4,924,015, 4,908. 4637 4 968: 8 § 0%2 5. 24S. 801,
5,235,08]. 5.157.137. 5, 103. 031 EP EP 0 279 586 131.

EP 0516476 A. EP 0594218 Al and N 14/1 80 Wen tvhe activator is an
al unoxane (nodified or unnDdlfled oni c enbodi nents sel ect the

maxi mum anmount of activator is a 50 O-fold nDIar excess over the
catal yst precursor (per netal catalytic site). The m ni num
activator-to-catal yst-precursor is 1:1 nolar ratio. \VO 02/32909 1 2
APR 2005 PCT/ USO /29432 Descriptions of ionic catalysis with a
transition-nmetal cationic conplex B&ad a noncoordinating anion, suitable
for polynerization appear in U S. Patents 5.064, 302, 5.13? 380.
5.198. 401, 5278,119. 5.321.106, 5347.024, 5,408;017, 5-599,671, and WO
92/ 00333 and WD 93/14132. These teach a prgparation 5 nethod in which
nmet al | ocenes are protonated by noncoordi nati'ng anion precursors such
that a substituted or unsubstituted al kyl or hydride group (denoted Qin
thi's di scl osure)Eictn ARSIAEERToAGRBENR kAN PN elBbale) RS | ki ng
and J. The cyclopentadienyl ring is unsubstituted cyclopentadienide” in 1 and is

5 unsubstituted fluorenide in J.
R
X
B Pa RHCH— 1 (CRY),
: {(CR",)
).( \ 2 x!
(R'CL—" : x,/ \x-- .

: uH““R
(CR" /// {
\ / \Z)X .\\\\\\\R A f\ﬂ:&

x K -x.-' T

/ Uio\\ ) R \Q .
O W

(N (J)



bot h cationic and charge-bal anced by the noncoordi nati ng anion. S)U §|§ 5
simlar ligands may be present in this invention's catal yst precurs l]él
sim | ar WA@/PEPYyneri zati on-cat al yst activation net hods n&¢THEMBIHDdWed.

Usi ng ionic conmpounds | acking an active proton, but capable of producing
both an active netal cationic conplex!'and a noncoordinating anion; is

al so possi ble. See, EP-A-0 426 637; EP-A-0 573 403 and U.S. Patent

5,387,568 for illustrative ionic conpounds. Reactive cations of the
i oni c conpounds, Tht medtall&orhiiancst heokionst ekis acidsioni ael bderdparedogeni um
silver, tropylium triphenylcarbeniumand triet hyI silylium and al kali

and al kal IMIBOBRCPAVGREIORE UGS 09T SR Pis 188 oo L‘rré@‘hé%q arepared] b hi um
cati ons. t.her. ¢l f Laby non n, pr sors
cont ai ns hyiraroq ol FETEIITALAN Sy DR DL SRR R e
cations ande@ohehdcopndinatingdanion %csdﬁﬂ;@mlbeﬂ tiab bV E.ligddd Thes hiydr at ed
salts are nmade by reacting the netal -cation-noncoordinati nqaani on salt

wi tth wat e!kaiger dkalms f’eﬂlﬂwema?‘o@fy&ﬁ% lgf Nendponsier ceals yithwareiabl e or
readi |y syihesicastl (EHENBPLD) 1. wlahoi AR EENGHL O ok aLBLEP) )

pfp is penlaftuoropheny r—pérftuorophe 7 on 34 of
meki ng t hirGct NGNS oy Bnasit neueemohxh&rsllxza;&@mu% giat dleysdreesp&ebing oni zi ng
ani on precursors that gre |n|t|allé:rneutral Lewis acids but forma

cationic fef&lM 8m4=p}~e(>8 MR CAGHE S bRl T mgcaionn Thee raactigng east boni ¢
conpl ex up ?1 ,ea%ﬂm §>411Eé“refat‘§o;{0 ﬁgat.!gnm%smmgm% cafafst ?%&Hﬁo?cau

tris(pentafl uoropheny boron or um num act t'o abstrac ydr ocar byl
orio hydri de piegad ttartyigehdtharhd meemdli 6iL TR} ispadies rahabe ceapidxviand

stabi | i zi 0 .noncpordi natin EP-A-0,427 6 and EP-A-0 520
732 for ng}?f‘?ﬂj&fu‘Hnls‘:‘C‘&ﬂepéx'ﬁa”‘gtj‘m’é8@‘6339?4011@9511?50&% ? dHpSEALE. Al so,
see the ng;elagggr@nd compounds of EP-A-0 495 375. For formatl on of
zwiiterionic conplexes using 12 APR 2005 W O 02/32909 PCT/ USQ /29442
anal ogous G oup Wmompbmm}slexse(eamlﬂ pRatrenitsy ad.opdag &y gie 16yetBi6n682; and

5 52T 920, RS e SRl O L ABEOSE S0 L AL B BEU SO Al ®
watker), Okl ediGiablee achivdiem s);ﬂ@azﬂs;;w@db a$urh &FaheC eahpdl s, ShddRed
cations. glrumaol\l;ﬁcle Ico:g;rnmﬁaldléaeinldnlgagz?rsgt ar}ngl?%ﬁelcurlcgr compounds that absiract one
reactive, g-bound, metal ligand making the metal complex cationic and providing
a charge-balancing noncoordinating or weakly coordinating anion. When using
10nizing anion precursor compounds ajone, Q 15 limited 1o hvdride, hydrocarbyl,
20 and substituted hydrocerbyl radicals, including organometalloid-substituted
hydrocarbyl radicals.

Alkvlalumonxanes and modified alkylalumoxznes are suitable as catalyst
activators, parbcularly when the abstractable ligand is a halide. Mixiures of
different alumoxanes and modilied alumoxanes may also be used. For further

25 descriptions. see U.S. Patents 4,665.208. 4,952,540, 5.041.584, 5,091,352,
5,206,199, 5204419, 4,874,734, 4924.018, 4,908,463, 4,968,827. 5,329,032,
5.248.801. 5,235,081, 5.157,137. 5.103.031 and EP 0 561 476 A1, EP 0 279 586
BI.LEPOSI6476 ALEP 0594 218 Al and WO 94/10180.

When the activator is an alumoxane {modified or unmedified), some

30 embodiments select the maximum amount of activator is a S000-fold molar excess
over the catalyst precursor (per melal calalytic site). The minimum

activator-to-cotalyst-precursor s a 1:1 molar rano.



cations such as those of sodium magnesiumor lithium the

catal yst-precursor-to- activator nolar ratio may be any ratio. 12 APR 7005
Combi nani#rg32009 t he descri bed activator conpounds nay al BOTASOLDE f or
activation. For exanple, tris(perfuorophenyl) boron can be used in
conjunction wi th methyl al unoxane. The l#nvention's catal yst conpl exes are
useful in polynerizing unsaturated nononers conventionally known to
undergo nel al | ocene-cat al yzed. pol ynerization such as solution

pol ymeri zation siDeserypipob yiféeniz abiadysls gab-phasstiopalcyaradatisai @mpland

hi gh- pressur.e pol yneri zation. These catal ysts may be supported and as
such will 454 %EP'P%/‘PM’J&F‘|”¢ graet-wuiaRle kog W ioRepppidin Welviagems bed,
fl ui d-bed, AEFY, < G- uti 18pera- e dug NS ,

seri es, ors'édpg§21"l %’ﬁBF'ggﬂ():’t g‘r]gg’4gg‘n§f‘gsp3,%é%‘Eﬁ(iqng‘“’%ﬁ‘ﬁ%h’i R\ﬁgﬁﬁ@n S
catal ysts,5. {Ek6Ticudrar WO Wies03Bheynd ave OIIebil.i ZBdsOncahSHRReFdratidrhe
conplete catal yst systemw || additionally conprise one or nore

scavengi nd”%g?f%oﬂhd‘é’!“cﬁePéf-’,‘a'ﬂ‘i@"@cser%ﬁ " BEAYENE nlgy 200nceapsbuattng” amians
conpounds i \ J: riti I the, reaction environnent.
These i npt??@?se({srgg%g@]gﬂ f/}fbéﬁélg%?t(l)rc%{ﬁgllj{}g?@gtéﬂ)\l/iof 3-‘ éllr‘l% SIPHBX‘F?'P)W

Puri fyi ng Girefds diuadshie) ¢ sbiirabledl Ak @nithé HRALIGHA Gh BTN PLnEAHRGRENE S tO

t he reacg.i ﬁn vessel . But such steps will rarely allow polynerization

W t hout uSPHY 2l&IHe 288 sD@irgibaE ewhby Uhel sonserdiilipe apie. pSingensimidat i on
process wyjl il u t.le al 1, Of scavengi ng_ .
corrpounds.h‘gbl'?/%;it chla? y,%gt gég@[a\}léngiﬁ%gsiggé&%gﬁgu%% qué)r%cr!i”s(?f ar‘?gﬁlé‘iral lic
cofrpound pubmaatine cBubupadidateyarorek ahdyi e ROGReYNds of U.S. Patents

5, 153. 157. 5,241,025 and WO A-91/09882, WO A-94/03506. WO A-93/ 14131 and
that of \VO 95107848, 'PB¥eRoracy donptuaisa meliyeePiofanet byl capablt mim 30
triethyl Q6,0 Wi i, }: ~ . utyl .
e e i el A RS G A

havi ng bubky pessibie. G2, CIPt Adat2h§aiT.dofa by 1573 St dridue s Pacov 8l 387tdsg bound
to the netal. or ﬂe; alloid centg{e gvo 02/ 32909 1 2 APR 2005

PCT/ UsOl / 28, WHSTRISEAPY rtionide BAvRIE & iRe PhtE ighicwortpauRds. stbery e

ca$ al yst . iaxanphes Brefside atigset huk@BAM RYPaceRiin, MOLG H! efﬁé@hiu& bul ky
compounda such as triisobutylalumnurn, Iriisopreéenvlalum nunj” and

| ong- chai ngljenggprtgpwp -and inethylsilylium, and alkali and alkaline earth metal

cations such as sodium, magnesium or lithium cations. A further class of suitable

noncoordinating anion precursors contzins hydrated salts comprising alkali or

alkaline~earlh meial cations and a non-coordinating anion as described above.

20 The hydraled salis are made by reaciing the melal—~cation-noncoordinating-anion

salt with waler, for example, by hydrolysis of the commercially available or

readily synthesized [LiJ'[B(pfp)a]’, which vyields [Li(H:0)T [B(pfp)]: pip is
pentafluorophenyl or perfluorophenyl.

An additional method of making this invention's active polymerization

25 catalysts uses icnizing anion precursors that are initially neutra! Lewis acids but

form a cationic metal complex and a noncoordinating anion, or a Zwitierionic

complex  upon reaction with the invention compounds. For example,

tris{pentafluorophenyl) boron or aluminum act to absiract a hydrocarby! or

hydride ligand to yield an inveniion cationic metal complex and stabilizing

30 noncoordinating anion, see EP-A-0 427 697 and EP-A-0 520 732 for illustrations

of analogous Group-4 mctallocene compounds.  Also. sec the methods and

compounds of EP-A-0 495 375, For formation of zwilierionic complexes using



substituted al um num conpounds. such as tri-n-hexylal um num |r|1pAERzn
octyl al ol tri-n-dodecyl al um num Wen al unoxane i s _the
activatﬁqigggboexcess over that needed for actlvatlon\Mlﬁbgﬁﬁvgﬁb@
inmpurities and additional scavengi ng conpounds may be unnecessary.

Al unoxanes al so may be added in scaVEHging gquantities wth other
activators, e.g., nethylalurnoxane. [M, HNth4[B(pfp)41 - or B(pfP)3. 10

The invention catalysts can be supported for gﬂase bul k, or slurry
pol ymer i za0P0HC s &r08p DtIREHREE. gsC n@&deﬂ“‘ﬂmnﬁ%ﬁ §7%UpISALIPerhdds are
known for -ad¥sts in the olefin copolynerization art, particularly

al unoxane-activated catal ysts; any are suitable for thls i nvention's

broadest practicelheSethc 0ions &fafilcBordthabing Patientsc&ur @iy . Ad Brandcd
5,227,440. An exanpl e of supported jonic 15 catal ysts appears in WO

94/ 03056. 34JdS, sufiyeRRM018NH 4B PBUIN AL WO sIBS e Grolacingeveicr her achaitie cul ar | y
ef f ect | VeL@%I?%C!dS &c%%s&errocenmn Pysdlpre(r)%ﬁtsls Sgﬁgé}g%]tégl 3 Ige/%é]‘gldm]elg

supported met act’iva

et hyl ene- pmmslsaaﬁas Uhﬁ@rofaﬁdld@lsﬁ’(ahb@ﬂmhrbrlJJ}tﬁumP@I‘iceEEtﬂ}@l MOdurgfiqoand S
229.478. Additionally, those processes suit this invention's catalyst

systens. BORI@OMBEF yAEe §124MkE dvoregani Corokindeensnalyths aleserited astipplor t s, as

R e e L T S

94/ 07928. bM@’n}ﬂaﬁ@e&ﬁb@d‘l mﬂﬁirm:smrplnqmqéthg]aﬁ&ﬁ@laysst syst emin the liquid
phase (solution, slurry, suspension, bulk phase. sui tabl e
cofbi nat i ons), i Hehi EHENIEN'Hr@idyate coripiied @ s‘ﬂﬁﬁéﬂ*lcrmt iRoRImeriaing

phases. O[nﬂa“m‘ixrég zﬂé@};ﬂ@@s nvn!a:'ﬁ%ha] Y\ngﬁfnqulln%)éﬁ% h1@|a§logg}%lc%fdlb$gr al l'el,

or series reactors sses conprise cont
nmonomner s polvinetihet @atadhyst qus:mqm!ﬁesmatabads]abpmly:ﬂ'dé‘rezanb&a@slmsd S
iluent or solvent for_a tinme sufficient to

S?E&ng ? Hﬁg’é’”?eﬁ’\%@?\‘#]‘ Zﬁﬂi e‘eébaiefz%? SPOIBBEHZ | M hal fese afrd2Ipie maey cbe
hydr ocar byj p%aeggheygg\s&haw &L}iah??cl?x'lé?lv SR ,ﬁrﬂtm{dwrntrﬁeé%éﬁgohﬁxane or

t ol uene. T{£|ca , In slurry processes, the liqu mofiomer
sllérry cobthadtsd-bhé @wmpo@rt @djlilooaumI%Y@Lsn10¢§sC®pjlda®ed pr omgles egigsypi cal |y
use a supgg‘ gd ac%alyst and are 1 2 APR 2005 NVO 02/ 32909

PCT/ USOL1 FJ B¢ ¥Rduct ed in any suitable manner for ethylene hono- or

copol yneri zat i ofGenerally, when using this invention's catalysis, particularly when they
are immobilized on a support, the complete catalyst system will additionally
comprise one or more scavenging compounds. Here, the term "scavenging
20 compounds” means compounds that remove polar impurities from the reaction
environment. These impurilies adversely affect catalyst activity and stability.
Purifying steps usually occur before introducing reaciion components (o the
reaction vessel. DBui such steps will rarely allow polymerization without using
some scavenging compounds. Normally, the polymerization process will siill use
25 at least small amounts of scavenging compounds.

Typically, the scavenging compound will be an oreanometallic
compound such as the Group-13 organomelallic compounds of U.S. Patents
5.153.157. 5,241,025 and WO-A-91/09882. WO-A-94/03306. WO-A-93/14132,
and that of WQ 95/07941. Exemplary compounds include iriethyl aluminum.

{riethy! borane. triisobutyl aluminum. methylalumoxane, isobutyl aluminumoxane.

L3 ]
(=]

and tri-n-octyl alumimum. These scavenging compounds having bulky or Cip-Cag

lincar hydrocarbyl substituents covalently bound io the metal or menalloid center



Il'lustrative exanples may be found in U S. Patents 4,543.399, 4. 532 7%
5.028.670. 5,382.635, 5352.7491 5,436, 304. 5,453.471. 5,463.999,! HAR

95/ 07940 Posypoeri zati on reaction tenperatures can vary. pegatofibdidm
reaction tenperature is -50C, in sone enbodinments, the mninumis -20C
The maximum tenperature is 250C, somggenbodi ments select the reaction
tenperature to be at or bel ow 200C. Li near polyethyl ene, including high-
and ul tra-hi gh-nol ecul ar-wei ght to pol yet hyl enes are produced by addi ng

et hyl ene, w@nd)ptihvng Hbi’vc‘?é’tem@(,rramneuﬂk NBE acTRNOIRLS:  EQ, :ﬁpfcgnfc lrcgct

vessel with .an invention catalyst. The invention cataly

slurried \Mlﬂhyl@r!mdnwsnl vied mmacso;bmém':blysudiml}as ft@)ﬁﬁia;@nef tkmenga. Gas-
phase poI iion. can be_ conducted, for exanple, in a continuous,

f1 ui di zed? “68 B MUDERES o 1FIE0PFHRY dpEIaIRd bt wiene- czl@@n 30d00aKk Palkahd at

60- 160C. ti nodi f |
conmononer @?%ﬂggt%?e%ﬁ%%ﬁg_ i&gnﬁj{) ﬁgsc (\%gh %2 ” 5&] tf @5 "(”fgp3§”(’:’b'ol % ,
and a suppotylddmdaatmal ystir-rSéedecy ldiiminBal. eMiGies, 543038% 142882690

5,025, 670; 5,405,922, and 5,462,999. Ethylene-c(-olefin (including

et hyl ene- 583 6{’%F1\?F5&ﬁueréﬂ1ﬂ‘ymt’éﬁ@d &ar a;nréatiwm tHIl(bIS@Ef\icnge ohpilesend of

hi gh nol e | i &£an be repar ed S|ngthe
i nvent i ong%?gjﬁcg&ﬁﬁgﬂr O’f]ﬁaégé&?%/gjﬁglb lp 17t $°6 Y p YH’@F‘F@%& f)onmflS
condi ti onsdded by scmtet]mmgcqmgneieby\k ﬂheoigas atm:ﬁor@ glour hyetﬁ))f]amyoxgﬁgl zation
di luent and catalyst. The rrerl zation diluent contains a-ol efin
nonomer s, [dgiNEN] “oRePa) rﬁ’b%@ or their mixtures with other

p (#ymarl zable a non- POl é%marl zabl e nmononers. In this case,
ymerization rSScYiVER Gy eddiiss conbecyppaded e gas-pase.niwik.nernsl pressur e

|s 0. 0013, H3hrerie tpd;,ga:f,,gyr@r OfheAl;sk €RS b ?ﬁ[ge s selected, The
reaction presTseUrg, i's usual lywat’S Sgsﬁe'e%% ]%m s xnrrm%” 8sttire is

2500 bar. L!SDm cfoentjoldlstmanttﬂsf sééﬂecto;bdﬂgmﬂaxmmmmpfp;sslunlar[yt@“,lag\g}ﬁoo or
500 bar. &;IC Iene E% SE[ efs V\ad be between 10 and 1000 psig
(69- 6895 "1’< AT A YRS 38V PHet PRis Ton (s InrsAtion's binseaturectivel 1Seeyfor cal | y
be bet weannplé, BrEl PhEGE 5 88R4P4 9ﬁ@%3)7@m0usﬁn%\§r§1:p[€{ §fg @BE&?&‘?‘W or
more than aone reactor operated in series or paral 5 R gener al
di%scl osur‘@tﬁiiS'EJ.ﬂBPe%t”er‘t’?o BYOI56206.S. Patent 5,643,847 and WO 96/04319A

describe a particularly effective method. A bulk or slurry process using this
inveniion's supported metal complexes activated with alumoxane can be used for
ethylene-propylene rubber as described in U.S. Patents 5,001,205 and 5,229,478,
Additionally, those processes suit this invention's catalyst systems. Both
20 polymiers and inorganic oxides may serve as supports, as is known in the art. See
U.S. Patents 5,422,325, 5,427,991, 5,498,582 and 5,466,649, and international
publications WO 93/11172 and WQ 94/07928.
Varying embodiments employ the catalyst svsiem in the liquid phase
(soluviion, slurry, suspension, bulk phase. or suitable combinations), in high-
25 pressure, liquid or supercritical fluid phases. or in the gas phase. Each may be
cmployed in singular, parallel, or scries reactors. The liquid processes comprise
contaciing olefin monomers with the catalyst svsicm described above. The
reaction is carried ouwt in a suitable diluent or solvent for a time sufficient to
produce this invention's copolymers. Both aliphatic and aromatic hydrocarby!
30 solvents ave suifable: some embodiments select hexane or taluene. Typically. in
bulk and slurry processes, the liquid monomer slurry contacts the supported

catalvais.  Gas-phase processes fypically use a supporied catalyst and are
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processes can use pre-polynerization of the supported invention catalyst
to furt NP O¥HMW? ol pol ymer particle norphology, as is knRERUFH/KE art .
For exanpl e, such reaction can be acconplished by pre- polynerizing a
C2-C6, u-olefin for alimted tinme. Ethyl ene contacts the supported 5
catal yst at between -]5 to 30C and et hyl ene pressure of tip to 250 psig
(1724 kPa) for 75 min to obtain a polyethylene coaling on the support
(30. 000- 1501000icdnDl @cyl aitablei ghajer Threcabhyve PahyRE I Z@ol @RePHOEESS can
t hen use tgqpre- pol ynmeri zed catal yst. Additionally; polynmeric resins
may be usddUsi&alaves gypaples want bhdourd pincal-By IWIE&J%@I&ISQ% A5883pRdrt in
di ssol ved r @RI N 0 Sj+pdar eribal foll d hy
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i ndi vi dual93y0#8!2. descri bed above or can be m xed with ot her known
poljymeri zation catalysts to prepare polyner blends. Mnoner and catal yst
selection al | ows PBBIYsTEEti9N EFetiopieapBraiticsfonnder. dbaddiniows rasaloogous t o
t hose usi i.adi vi dyal t .15 Rol rs_having incre d for
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pol ymer s meakemuint htom peedu@atal YSIPCSY S31865 ¢ 680 TS D@lecRCiHee ¥EM fXanpl es
of the catal yst precursor number in the thousands. Representative

exanpl es SFMBHPHTG 2 Dol beloot 2¢°€- provi ded bel ow. These 20 exenplify a

smal | subset of ' on cat al recursors. This |ist does not
linit the corrpou%g%all E%ﬁﬁyh\?@% %MéﬁlgBﬁp%@%ﬁah e "I*f&b‘f@fj“
PRECURSCORgol el Hettesl aré picgiapsdopy hdd1ed byyee- 4T eporally @b 1T AN hek 2- 3

di met hyl - 6- phenyl i ndenyl )] (i sopentoxv) (phenoxy) yttrium

[ 1- et hyl - pllﬂiﬁ@%gﬂr& 19 rﬁgrfimm wiel c\éthh%n (renlearheatalivity | Hhe invention catalyst

3-ntt hyl - Aind .. L(triethylsilyl ttrium
[]-i soi;r Eﬁéy’I".yI‘th y -‘%?ﬁiphe%f}e'%%“pgg%t}?&%he“gﬁ&/?;y h‘rﬁdﬁ) or Iéé‘beBF%p L d0)]
(et hyl (t phasst potlysielightjon Cansepramgydtpdyfdr reiempld, in 3-continuous, fluidized-

dii | - met hyl - tyl, hyl - T. 2- I I t adi I

Cren ot (b B Re 4R et peiieer ipodoo RES0H SY Boofagh i)

[ 1151 sopr opydrolee ARt RYlend®inhyb&ne, ?lQ]O(i@PB}?rH},g’aI) Cq-@ﬁgiéh(ofn%h@tf&ﬁ'st% N
y y !

-TACN) (propylami do)] (ethy)(trirethylsi ( onyl phosphi do)
yttrium {QLg)j ISopebp |zméarﬁgt PeAstrean 13- enol%), and a supporied catalyst. See,

U.S. Patents 4,543.399; 4,588,790; 5,028.670; 5,405,922; and 5,462,599.

Ethylene-c-olefin (including ethylene-cyclic olefin and ethylene-a-

olefin-diolefin) elastomers of high molecular weight and low crystallinity can be

20 prepared using the invention catalysis under iraditional solution polymerization
conditions or by introducing ethylene gas into a slurry of polymerization diluent

and catalyst. The polymerization diluent contains w-olefin monomers, cyclic

olefin monomers, or their mixtures with other polymerizzble and non-
polymerizable monomers. In this case, polymerization reaction pressure varies, as

25 well.  The minimum pressure is 0.0013 bar: a pressure of at least 0.1 bar
sometimes selecled.  The reaction pressure is usually at Jeast 1.0 bar. The
maximum pressure is 2500 bar. Some embodiments select the maximum pressure

to be 1600 or 500 bar. Typical ethylene pressures will be between 10 and 1000

psig (69-6895 kPa) and the polymerization diluent temperaiure will typically be

30 belween -10 and 160°C. The process can use a shirred-tank reactor, or more 1han
one reactor operated in series or parallel. See the acneral disclosure of U.S. Patent

5.001.20s5.
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20 exemplify a small subset of the inveniion catalvst precursors. This list does not

limit the compounds in any way.

METHYLENE-BRIDGED, TACN CATALYST PRECURSORS
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{methyl{iriethylsilyl),heptyl-TNNCH) (indenyl)} (meihylethylamido)(t-
buloxy)lanthanum; (1-ethyl-1-propyl-silanylene-(methyl, hexyl-TNNCH)
(methylphosphido)] (dimeihylamido)(melhy!elhy]phosphido}ho]mium; [1-phenyl-
}-methyl-methylene-(di-isopropyl- TNNCH) {indenyl)]
25 (diphenylamido)(phenylethylamido)dysprosium; [1-isopropyl-1-prapyi-cthylcne-
{pentyl.3-methylpentyl- TNNCN) {cvclopentadienyl)]
(isopentyl}{dimethylamido)viirium; [I—propyl—I—me1hy!-methyicnc-(isohcx}rl,
isopropyl-TNNCN) - (perfluorofluorenyl)) (3.6-dimethylphenoxy)(2-methy-4-
elhylphenoxy)yltrium; [}.1-diethyl-methylene-(isopropyl. phenyl-TNNCN)
30 {imcthylphosphido)] (methylpropylamido)(ethyl{triethylsiivI))vtirium: [1-methyl-
l-isopcnI_vl-meihylene‘(mcthy](iJ'iclh_vlsily]_).meihyl-TNNCN)

(perfluoroflucrenyl)) {isopentoxy }3.6-dimethylphenoxy)vitrivm: {1-methyl-1-




(et hyl et hyl am do) (et hyl propyl am do) yttrium 2 APR 2005
(1- phenx{ I-ﬁrggyl-silanylene- (pentyl, ethyl (triethylsilyl)-TAN)
(perfluo AT n),1)] (3- nethylpentyl)(phen), | ethvl phosPGl/ad)is@meriiim
[ 1-ethyl -1-nethyl -silanyl ene- (isopentyl, isohexyl-TAN)
(cyclopentadicnyl)J ( iethyl (iriethyl48idyl)) (isopenty])europium
(I-hexyl -1 -propyl - met hyl ene- (hexvl, propyl-TAN) (I -chloi-o-2;
3.4-h-imethyl fluorenyl)] (di phenyl phosphi do) (pentox),)erbium

[ 1- propyl - phqnyﬂ hy:hm{’rletcmptlﬂmb (pent gethvpfl WN?NNCH) (,,(d}ln},])] (-

met hyl am dpo) % Ipropylanldo)V|tr|un1 eth

(prop), 1) (lﬁtél h‘s’ (b BsyY Mlﬁb‘l) yttri urly - lsopropyl F- 1sopuﬂvi -mecihylene- (d]paopvl-

thy) (t i |yl t hyl - TNN di | yl)ytt
Eﬁthiiﬁtﬁﬁ?‘f@ﬁ;.Yy?>”ﬁeptyy| W, L RPN IRIR S e

ndenyl)) (kpudﬁﬂtﬁwﬂﬁHMGmekhthaﬁkthene (pgrﬁbggbpﬁi59&%ﬂ¥%}%ykno
11. 2 dlphenyIS|Ianerne- (met hyl am do) ]
[ 1-%et hyl - IPTY8Hr opy! - but Prighd? Wﬁényn] (neﬁ?hwemetwamphmmndcnym

(et iyl phacae PR et on B R G RET e o) hoitlom

[ 1- phenyl -THfNﬁ}N)f(ybuﬂyfﬁinhﬁdl)@I(\Jﬁh'nﬁﬂbgpl'n&%pétﬂﬁhﬁhmmtdﬂﬂme]h)u'r(' ndeny)) ]
(di phenyl am do) (phen), | el hyl am do) dysprosi cun

[ 1-1 sopropyl - | - propyl - et hyl cne- (pentyl. 3-net hvl pentyl - TNNCN)

(cycl opentadienyl)] (isopentyl)(dinmethylamdo)yltrium [I -propy]-I-
et hyl - met hyl ene- {i sohexyl, isopropyl-TNNCN) (perfluoroiiuorenyl)j
(3.6-di nethyl phenoxy) (2-ni el hv-4- el hyl phenoxy)yitriurn;

[ 1, 1-di et hyl - met hyl ene- (i sopropyl . phenyl-FNNCN) (ntl hyl phosphi do)J
(et hyl prop),lamdo)(ethvl (triethylsilyl))yttriwn;, [1-nmethyl 1

-i sopenlyl -net hyl ene- (ntl hy] (I rici hvlsil),| ).methyl-TNNCN)



( crliluorofluoren),l)] (isopenlnxy)(3.6-dintlhylphenoxv)vtiri [I
-nzclliyl- 1 12 APR 2005 5 WD 02/32909 ph 0 fly) - S any leii q-72 ApEemY
. bul Q )% $R ropyl)yltriulll, 1 NNCN) PCT/USO01 /29442 nct(hyl - TNNCN?Il
(1 ndcnyl ?ﬁﬂ ¢2 Fl i sopropyl - | -isopentyl-ntlhyl cnc_(dj pr dggj/usqiepi4zy |

)( met 11)'] (I ri nmet!])" Is ii vU scan di urn; (propyl, butyl-TNNCN)

(1-chl oro- 2. 3 4-1 rincthyl fluorcnyl))-4§+ -isopropyl-] -phenyl-phenyl cnc-
(24-dineifly] -6-phenylindenyl)) (ethoxy)(isopropoxy)scandiuny [I
-phenyl - 1 -butyl-methyl ene-(ethyl, bulyl- TNNCN) (t-butylam do)]

(peetyl )(phen; | et Eél phosphi do) | uteti um W 02/ 32909 1 2 APR 2005
PCT/ LSO 12 LES The foll ow ng exanples are presented to

illustrate the discussion above. Although the exanples nay be directed

toward certain i iNenbllonigndodi gTenis predehry 159111@&;:3 i dishRGoh JYELT On i n
any speC|f In these exanples, certain 5 abbreviationS are used to

facilitate ﬁh%”:d’egl?r?‘ﬁi‘i%?ﬁ nph igedirerttd, thevasd amdamdm@hammalhub&bbf@w ations
reV| ations, such as:

f th | ted
Ngr _ n‘gt ﬁytﬁ%ggifabsncﬁﬁﬁhﬁ%é% \Qn?gatglan Fgﬁ(c:cc_:l gﬁg‘?ﬁyl n M&é’? £‘a’ﬁ*ﬁkﬁyﬂalammxane

THE = t et rathyeiiafansame and TAC:Fide 4hd -dokd cl a, i gand
: Ve TACK: ( Croy oGS By Ty | THESE g MR TL

S descrll%%d as e. g
- N'- ( CHD) ZNEMsaf . 2bnevighipes, fOprb‘;ﬁorﬁt1¢lb¢1§§ amd Eetoendagesniyr eacbepwual ghts
unl ess ot %'BY@ ﬁaﬁxons%’cﬁ%& elgle = methmi) Eetcmt?v[ \ée %Etsyl %rhe V}\J’%If:l%nt Ma/i\u/gr age

mol ecul ar uni
meth\la[umo.\ane, THF = tetrahydrofuran, and TACN = 1,4,7-triazacyclononane.

When a ligand is described as e.p. Me»TACN-(CH.)N(/Bu) this means

10 N.N'-Mez-TACN -N""-(CH::N{/Bu).

Al parts, proportions, and percentages are by weights unless otherwise
indicated.  All molecular wejghts are weight average molecular weight unless
otherwise noted. (The isolaied yields of the compounds synthesized are given in
mol%).

15 Molecular weighis (weight average molecular weight (Mw) and number
average molecular weight (Mp)) were measured by Gel Permeation
Chromatogrophy, unless otherwise noted, using a Walers 130 Gel Permeation
Chromatograph equipped with a differeniial refractive index detector and
cahbrated using polysiyrene standards. Samples were run in either THF (45°C) or

20 in 1.2,4-richlorobenzene (145°C), depending upon the sample's solubility, using
three Shodex GPC AT-80 M/S columns in series. This general lechnique is
discussed in "Liquid Chromatography of Polymers and Related Materials 113" J.
Cazes Ed., Marcel Decker. 1981, page 207. No column spreading corrections
were employed but dafa on generally accepted standards. e.e. National Burcau of

Standards Polyethylene 1475, demonstrated a precision with 0.1 units for M /M,

1J
e

which was calculated from elution times. Numerical analyses were performed
using Expert Ease® sofiware available from Waters Corporation.
All preparations were performed under an inert nitrogen atmosphere,
using standard Schlenk or glovebox techniques, unless mentioned otherwise. Drv
30 solvenis (tolucne. THF, diethyl ether, pentane, hexane) were distilled from sodium

] N LT Tlhe | i | 1 1
or No/K alloy before vse. The toluene used in the polyimerization experiments



otherwi se noted. (The isolated yields of the compounds synthesi zeldl 4Pk 2005
gl ven i 15 Mol ecul ar wei ghts (wei ght average nol ecul ar wei ght
an '\\9%@@9 average nol ecul ar wei ght (M)) were nmeastt &Y ﬁ)&/

Per meati on Chronmat ography, unless ot hervvl se noted, using a Waters 150
Gel Perneation Chronatograph equi pped Rith a di ffer ential refractive

i ndex detector and calibrated using polystyrene standards. Sanples were
run in either THE (45C) or 20 in 1,2.4-1richlorobenzene (145 O,

dependi ng 4PGTIdhESdrmse )L S50 i passsd ﬂugmgcolvﬁmeewghoueuncennuwm SOMS

colums in ene,ra ussed "

Chr onat ogr ﬁgﬁ@d ?e?l ﬁ&?)ﬁ/rrrsecr \scnacr%l Sglng’ (‘]kﬁi"é“fi”gf R et 4%C§ Eltéjl

Mar cel DeckaiGA 198 1mcPagaied Olas Naswal WivuSPreeathig wedr kEGHhed ScoVer e
enpl oyed but data on generally Egcept ed standar d[s “e ggﬁ%latl ona(ip\ﬁ%ur eau

of 25 St andétr€ssPol lh)RlJeh]e) ET_M?BOIGGEQDﬁﬂmfh%D belpreetedisg passed tid 1 1
unit,s for MIM,, o) Nuneri cal
analtﬁyses vvg@reMﬁe f%erurtr%?j'ed ussosr\ncdfflsEx’“Cé‘FtCi 55 ‘fﬁj g'&f]}[?ﬂg‘r é‘h%?va{’i“fjab‘?%‘“f"r om
Waters Cor papati:ebeMrd R &RFAtHONg, . %m@npgs i oF q@daswadﬁ{d@ dh&%s\

ni trogen atnosphere. using standar & Schl enk*’or ggf ovebox ues,

unl ess nmentigaethreidhes wrgesrPn’ 30 solvents (tol uene, THF, diet hyI
et her, pentane, hexaneg@I wer e d| stl |l ed fromsodiumor Na/K alloy before

02/ 32905 %%'E/”'H‘EIEWFE@AZ%@ lgfﬂayﬁﬁg&g-@é Bbfas paseed through
BASF R3-1 1
and Mol ecul ar i eoe PR CEPIEREH Fesl iy a’éﬁ?ﬁ@)lﬂ&)&émpﬁ’a )

ot Seal ar  BERE 4R THRY 8 2P RER L CRERHRL. LS t%ﬂtléﬁdat ed
sol vents W& neiHoerafds 'uﬂﬁlclpnweN%{ 5 LG}UI g}’c@ﬂgﬂyﬂgyg%legrcﬁ?sjﬁg ﬁ]r%rg 1Ref ore

use (C6D6. THE-c/ 3. tol uene-de), assed rie ecul ar
si eves ( CGWBBFE)HOVIEWLEielsohfapnttdmésn gdoafedl Ve TeAGKeSie Ve (NHBeidj1pdimda

sol ution of 2 J3:44 L, - T hexanpe nil) was
added 2. 34°%" Qﬁgé’gg %’mm ép q\/EZJI\W—‘ éf g%‘é ﬂ{ S AGPRt \/é-éh"sf"ioldf‘ for
one hour. aﬁg es1aBEhed b heviRoddeehrbdcoby Rp &6ty DAV anashd bHd@Eie\QaQBied The
hexane was_ renmoved fromthe solution under reduced pressure to | eave the
titde Corrp'bﬁh‘éf“ further purification.
'H NMR (200 MHz, 20°C, CgDg) 6: 2.95-2.93 (m, 2 H, NCH,), 2.63-
2.52 (m, 10 H, NCH,). 2.27 (s, 6 H, NMe). 1.15 (s, 9 H, Bu'), 0.20 (s 6 H, SiMe).
¢ NMR (50.2 MHz, 20°C, C¢Dg) 8: 59.88 (1, Jcp = 134.0 Hz, NCHa), 46.47 (q.
JCI-I = ]135.00 Hz NI\"]EQ): 33.83 (q JCI-I = ]21.3 Hz NCN]B:;), 1.39 (q JC]-I = 114.7

20 1z, SiMea).

EXAMPLE 2: Synthesis of LiJMea-TACN-SiMe;NBu']
2.14 ¢ (13.0 mmol) of CISiMesNHBu' was added 1o a solulion of 2.12 2
{13.0 mmol) of Li[Me2-TACN] in hexane (50 ml). The mixture was siirred for

two hours, alter which 5.2 ml (13.0 mmol) of Bu"Li (2.5M solution in hexane)

L]
(¥

were added. The reaction mixture was stirred overmight; after that. the solid LiCl
precipitale was filtered off. Hexane was removed from the solution under reduced
pressure 1o Icave a brownish oil (3.10 g, 10.6 mmol. 81 %). The identity of the

product was eslablished by NMR spectroscopy. ' NMR (300 MHz. 25°C. CoDi)



as light yellowoil. Yield: 3.70 g (12.9 nmol, 97.5% . The identity of
the product was established by NVR spectroscopy (purity > 95% arydARRNEB(0S

product was2083®d 15 without further purification. N NWR (%&QSJM% 4gOC.
CBD6) b: 2.95-2.93 (m 2 H NCH2), 2.63- 2.52 (m 10 FI, NGRS W2H37 (s,

6 H Nve), 1.15 (s, 9 H, Bu'). 0.20 (S, H SiM2). 13C NVR (50.2 M.
20C, C6D6) S: 59.88 (t. Jon = 1314.0 Hz, NCH2). 46.47 (g, JC1.1 = 135.00
Hz NMe,). 33.83 (g. JC41 = 121.3 Hz NCMe3). 1.39 (g, JCO .t = 114.7 20

L or o D LSy o T AR 54,1
e e 0 BT TS sy 12 v o
AR GRS R RS RTINS A
e oS BRI R BEDLED o 30 Tk
L GV 5516590 el A AT YD ST e

NCl - 12), 2508e)m 4 H NG -k.), 2.05 (s. 6 H Nwve), 1.85-1.73 (m 4 H
NCI-]1). 1.62 (s, 9 1-1, But). 0.45 (s, 6 H,_ SiM,). 13C NVR (300 Mz,

C6D6) (5: 56.BXAMPLEG: SyhiHR]: 6T [Mo.- NGNS ' . = 134.2 Hz.

NCH2), 50.5 (s, Bu' O. %2.8 (t; [JC"tT\@i\S%{I\géi‘-\é%‘ K&?ﬁxﬁﬁq‘%ﬂha (g, 5

Jett = 134.2 Hz. aNMVefalt30etaihess 1dotei  Ei[MR3-TAEK; SINGVEGH') §3.is @2 pett =1

13.4 Hz. SiMe2). EXAMPLE 3: Synthesis of (Me2-TACN-Si MIc2NBu'j

Y( CHLSI Medy2od) Weapfidadetoat Rewkssionof & CILITIV; s TRGBSM2NRYG if B35 0.

2. h? nmol ), vvaﬁ a},ddegl to a suspensjon of YC 3(THF)35 5 (0.96 g. 2.17

bl ) in TER THo(HBPIRTY IeatPesiieent De arylingt teer. satuiéon exas] ttirred for @ar

sol ution thE I S ter. that, Li Si, Me3, (Q.40g, 4.3=J

nol ) was V}%glélszd% h,%ffe[?]gi; Q‘C%S%r’ngﬁg{%@ﬁgt ﬁ'e’ ! éjé'l]jf?gﬁfas\%éeﬁ’ efilrédOumidaless educed

pressure; tAngolveR waSicdus cWas st FeBQcPel%dpr@Isurer; %g& ‘g]‘r%a-xlcsi-gd'é ¥ %bé% (E}g Wi th
y c

pentane (5 ni whi ch was subsequently renove vacuum i on

with pent éﬁ%d%a’d THBbY fiyingndits pbyeruénni)cohcentasaubomuandy idneealbyng of
the extrach i ,: I%Qragigllj %lfitq]egen%nSel(tlgx %63m]0 8118 fsugsg%Lgxgtl ccoilaulc»lel)lltrarl)i%geand
BE cooling of the exiract to - 30 °C yielded 0.5) g (43 %) of analvtically pure
material.
' b)  Alkane elimination route. At ambient temperature, a solution of

Me,-TACN-SiMe,NBy' (0.65 g, 2.28 mmol) in pentane {10 ml) was added

dropwise {0 a solution of (Me3SiCHo)3Y(THF)2 (1.12 g, 2.28 mmol) in pentane
20 (60 ml). The reaction mixture was stirred overnighi, after which the volatiles
were yemoved by vacuum. The residue was siripped of remaining THF by stirring
with 5 ml of pentane that was subsequently removed under reduced pressure. The
resulting sticky solid was then extracted with pentane (2 x 60 ml) angd
concenirated.  Coolina the extract to -30°C produced the crystalline tille
25 compound (0.92 g, 1.67 mmol, 73%). The structure of the product was

corroborated by single crysial N-ray diffraction.

"M NMR (300 MHz, 25°C, C¢Dg) 8: 2.85-2.76 (m, 2 H, NCH,), 2.30 (s,
6 H.NMe). 2.25-2.11 (m, 4 4. NCHa), 1.88-1.62 (m. 6 H. NCHa-), 1.51 {s. 9 H,
Bu'), 0.45 (s. 18 H. CHaSiAfes). 0.26 (s. 6 M. Sidfes), -0.51 (dd. 2.},”, = 10.5 Hz.



material. b) Alkane elimnation route. At anbient tenperature,2 2ARPI i on
of Mee-TACN- Si Me2NBu' (0.65 g, 2.28 mmol) in pentane (10 nil) was added
dr opwi seWOP28238 ution of (Me3Si CH2)3Y(THF)2 (1.12 g, 2. 2BCHAShY2%42
pentane 20 (60 m ). The reaction mxture was stirred overnight; after
which the volatiles were renoved by -va@cuum The residue was stripped of
remai ning THE by stirring with 5 nil of pentane that was subsequently
renmoved under reduced pressure. The resulting sticky solid was then

extracted Wi/if pemt ppe2 (2 xCoHo.7andd. %J‘P.anﬂDVSaFlﬁdjf\,éPQ'j a;lga?t he;;extract
to -30C produced the crystalline title 25 conpound (O

73% . The SYCHeHurec ofiMRRSOPMIGHCAS @RS DO rsobgr(atJ;q Joyjsqr}g;l m(qrsztal

X-ray diffraction. 'H NVR (300 MHz, 25C. C6D6 85-2.76 (m Z'H

NCH, ), 2. 335 (1. GuH- 1\11\9199)472 7\1&12 $2.56 s, Bu'I-IC)I\KDQﬂZQ,)Jml—&Sﬂl) B2 (m 6

H ONCR), 1,81 (s ut), s. ISH C1.12S; Ahr3). 0.26 (s. 6 H.

Si:l/e, 1, JHMs} "(3d%6 (t, /fqtmu 13318 léz 1‘\J Ha). 1—"626-’APR L2005 12400 blz/ BEVGE;).

PCT/ us01/29 h tt lz. 2_Fl, 0.76 (dd.31111 = 10.5 Hz,
= 333%@&'2)’(1' r 93‘7@#?/%)11 = J?:ONI\VR ’g)(hb) M20 (a5éci et 4B Bz, 57. 23

(t JJll 4 J(;il = 125.9 Hz, NCH2), 52.55 (s.
Bu' Q 50 G%%%ér ’ezﬂcfi” q13’4no—|—\£]5 ﬁ(ﬁ% L’AE) oElqprenial yagalysis. Tafulptad | 7,

Yvia' = 37 40009 GefaNiSeY &%@fﬁf/ﬁémﬁfc?@@%mfi%poisiix?q“z

JJj.t = 11@69}0@1 A1e2) EI enental analysis. calculated (found) for
C_, H53M4Si 3Y: % 14 (47.93); H 10.10 (10.95); N 10.21 (10.25); Y 16.20

16.19). EXAMPXEMPLEYNISHas &isalr (M&2r, 3)2 10
(26 190, CEXaPARMELBISham il |z 0SS BV O SR )

NdGb3( THF) 3 (1. 0B ddid RiC26,Simmed J0.6B ol T Bndl) huas aABER RS at REPSERhUIFE) -
Wthin 5 mnutes, a bright blue solution was forned. The solution was

stirred ové%dﬁilgﬂiﬂf)g gif.@%g, B oimol) imAsFr @dah e dimbidrn tdvegerZiAGE SVVEANHBU 1
(0.65 g, 2.26 nmol). . The resultlng%\gveen solution was stined for three
hours aft eP MWFER: 4 Prach) Wug 9l gomsaniarmed e e salubign w6 slirred Prernighkt ur e

was extrac ent.ane ni T in en, extract was
concentr at éﬁgt%\dlfg P"]as Ihe 1%:“(230 iy ]Q/I(ETCJJOA)ZSN@F’EF]@% ((Fﬁgggpe) &B}m?l 66 g,
1.09 mol . Tﬂgm?sl/l‘)lmg-rﬁ}@eﬂ Sjtﬁﬂﬁbﬂ Wa@fstiﬁ'@@ O QHUC o M@S frer which the volalijes

15 were removed by vacuum. The mixture was extracied with pentane (2 x 30 ml).
The obtained green extract was concentraied 1o 20 ml and cooled (-30°C), yielding
the product (0.66 g, 1.09 mmol, 48.3%). The identity of the product was

corroborated by single crystal X-ray diffraction.
EXAMPLE 3: Rcaction of (Me;—TACN-SiMe;NBu')Y(CH;SiMc3)2 with
20 [HNMc; Ph||B(CF )4

A solution of (Mea-TACN-SiMeaNBu')Y(CH-SiMe;)y (27 mg, 49.3
pmol) m CgDsBr (0.6 ml) was added to [HNMe:Ph)[B{CeFs)y] (39 mp. 49.3
pumol). The solution was transferred 10 an NMR tube and analyzed by NMR

spectroscopy, which showed full conversion to the cationic species [(Mey-TACN-

SiMcaNBu')Y(CH,SiMes)){B(CoFs)il. SiMey and free PhANMes. 'H NMR (500

[0S )
L

MHz, -30°C. CuDsBr) &: 7.23 (L. *Jyp) = 7.5 Mz, 2 H. m-H PhiNMes), 6.77 (1. > Jy;
= 7.5 Hz, 1 H. p-M PANMc), 6.58 (d. *Ji = 7.5 Hz. 2 H, 0-H PiNMes). 2.70-
2.67 (m, 2 H.NCHa), 2.63 (s, 6 H, PhNAZea). 2.46-2.44 (m, 2 H. NCH,). 2.35-2.25
(m, 8 H, NCH1). 2.14 (s. 6 H. TACN Nafe). 118 (s. 9 M. Bu'), 0.04 (s. 9 M.



corroborated by single crystal X-ray diffraction. EXAMPLE is Reaction of
() I ee- TACK- Si Me2NBul) Y(CH2SI MC3) 2 wi th 20 | HNMc2PhJI B( C6F5) 41 42 £PR 2005
sol uti onwvefizgmMee- TACN- Si Me2NBuU' ) Y( CH2Si Me3) 2 (27 ng, 49.3 P@-g/g 31/ oy
CeD5Br (0.6 m) was added to [|-1Nve_Ph][B(C6F5)4) (39 ng 3 ﬁ)
The solution was transferred to an NVMRst.ube and anal yzed by NVR
spectroscopy, which showed full conversion to the cationic species

[ (Meg- TACN-~ Si Mc2NBU' ) Y( CH2Si Me3) ) [ B(CBF5) 4], Si Me4 and free PhNWe, .

1H

NWR (500 GHzSirr30C0.05( (B B b DSinfe-230.6§ (5331]931%;,717 2;‘6’882@'3' éa:-rg?i 1|

PhNME, ),

677(I.3J111 = 7. P-'1-

= 7.5 Hz. Q!/b&hd)cﬂ PhNNM R "'2507 !\ZH@? 30 °C2CHD.
PhNA/ e2) . )a ¢ e dbfﬁ]mt)lsg%-fs(%séﬁq

6 H TACN

2.35-1.25

H NCH -
M&m) Tl 2ot Y0z o6, By BN, 1\3\@7@2{@329@& 2503 12

1 s el PGB g ke B e ok T s 7.
o(D; 13r) S 155G, m OSCHi p,sm»ﬁta ﬂ;wl\ax {br, éﬁ% @_113(@(,}:,5(9120113?&%@01 fﬂ)*
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159. 5

CF, B
(2)7 (d, t(cl:é H?z@}xfﬁf’fl\i\geﬁ)nﬂéﬂBté(c;lﬁs)z@.aH]zzga 03 PaNMe), 3554@_151 5
e, b o e, 1> T35 s BRSO SEREN G = (1 T, Miua 46,486 40

t. ' Jc, (4, Y BB3A0HR: "NCE! NAGS, 3 =G)3; 94 byt
§4o 2 Hg,, CH%I 46, 44 Léq t%ct‘t&g_ ?%g% %ﬁ' ?X&éﬁﬁf@”%gﬁé By
t Jcu. t_‘g”él“%‘ B HP-2 ?@HN Mg, 39 fdt. Yaorr 2. leﬂszlvlz Mmm)f%ﬂq I(g.
o o %5%92@ el 152 I‘I-ﬁzpﬁrl\w(?) HZ%Z Wgéﬁ‘%q%é“e%f‘fpbadfi— R

C6D; Br)

S,

= 20.7

. S|_4f e(9.. Jeueasuw Hzm;,w-e 11005 (gzucﬁl:Aﬂ Ay H%%d% '(9ﬁ7r@MR Migg 20 C.

o, pe CF)MHzl %(;(éfp 133138 '”ungg, F.Hz’lom}ajg)o CEXAN/BEEJG(I JE;.hyL)erxe

I t :Q\I- Bu' JIMCH, Si Me3)2 (11=Y, Nd
e TS GRS B MG SN0 (A=Y v e

30

E)\AMI’LE 6: Ethylene  polymerization  with [Me;-TACN-
SiMe;NB u']M(CHgSi}\’lc3)2 (M =Y, Nd) and [HNMe,Ph]{B(C¢Fs5)4].

In a 1ypical experiment, separate solulions of ihe appropriate [Mea-
TACN-SiMe:NBu'IM(CH-SiMes), compound and of an equimolar amount of
[HNMe:Ph]{B(CeF;)), each in § ml of icluene, were made in a dry box. The
solutions were each placed into serum-cap-sealed vials. Polymerization was
performed in a siainless steel, 0.5L autoclave. The auvtoclave was pre-dried and
flushed with nitrogen, charged with 150 m] of dry toluene, equilibrated ai the
desired rcaclion temperalure and pressurized with ethylene (5 bar). The
[HNMezPh][B(CyF:)a] solution was injecied info lhe reactor using a pneumaiically
operated injector asscmibly, and the reaciion was started by subsequently injecting
the  [Mc-TACN-SiMe:NBuU'IM(CH-SiMes)  solution. Catalyst  precursor
aciivation was accomplished in the presence of menomer. Ethylene pressure v
maintained during the reaction by replenishing flow. The reactor was stirred for
the specified reaction time. After collection. the polymer product was rinsed with

methanol and dried in a vacuum oven. The experiments performed are listed in

Table 1.



In a typical experinent, separate solutions of the appropriat q ihﬂ??ﬂﬂﬁ
TACN- Si Me3NBuU' | M CH2Si Me3) 2 conpound and of an equi nol ar anount™ of

[ | ANVe2 PP PBEXBB¥5) 4], each in 5 nil of toluene, were nmadeedmusoideyszbox.
The solutions were each placed into serum cap-seal ed vials.

Pol ynmeri zation was 20 perfornmed in a-stainless steel. 0.5L autoclave. The
autocl ave was pre-dried and flushed with nitrogen, charged with 150 nil
of dry toluene, equilibrated at the desired rcaclion tenperature and
pressuri zetuhie th Ehflyhepdyhbrikarch. cxphenchik ANERRIITACQ(, F; ) 4] sol ution
was injected into the reactor usi n_g/{ a pneumatically operated injector
assenbly, and the rSadeoRuREEC1SiMeed Uoy =sid¥dqueént | y i nj ecting 25 t he

[ Mc, - TACN- Si Me, NBu' 4 i )2, sol ution. Catal yst precursor
activation was acco%%?&ﬁm&?ﬁé]'pr esence of nononer. Ethylene pressure
v, ; maintained during the reaction by replenishing flow. The reactor

was stirred |ot [.the spedified cfion time.[ After ol tectiom—t
pol yner p (gﬂﬁlg’fl Q/@’EP‘F'FE‘& rc\ﬁi”ﬁﬁr%%e Sr R dered i n Mwvad Mmf\gvhgn. The
csperinments perfjor mg& arg |listed in| 30 -fahljeJempl 2 APR 2005
Conditiong: ' 3] pntdl dattrlsk @ heimmed 28)Mnin; 10 mol cafalyst || 5
equi v. of | [ HNNMg, Ph] [ BPh4r2D] _ fruntinme 10 min, ©0% rjpm 150{m toluene,
0.5 L st gintesssteet—atgtoctaveBEXAWMPEHE—7+—Gopelya-zati-onof etlhyl ene
and 1-hexph®=wi tth 130Vk) 24 TACN-|3H NB2N B6H6 ] Y([CFIBSI NeRIR0GNd 2.09
[ 1- | NVe, PhiBE6FsI4)—Fet-owiAg—the—general lproceddre of FEtanple |6, but
with the pbtod ave 500 char ged (W17 a m34s ur ¢ ofg515Q0 m _of dry._.tolluene
and 20 njef—dry—t-hexene—etRylene (5 har) was pollynerjzed wth
[I\/b,-TACI\LShk/B’BNBu'E)q”Y( CH1SKEMe3)206 ( 10 1ypml ) langgsan |equi nol ar amount of
[ HNMe2Ph] -BCCBES) 4] W.tlh an inditia reactign tenperature of 50C|and a
run time afn =% M nweds. $. 08 e [afoppl ynpys wag @bt aitned_(ni p. 133 12C).
(Catal ystLaclivijiy' 1000 kg polyner/nmol Y. almih,) NMR 15 spectroscgpy
i ndi cated t K&€"PREBY por al | 8hiap! @iadvsiteniofe 1B-exere naltcanlyliel pol yner .
M 3. = 1375604 ai{FRMe=PIG[BRD ™ xanrer) mBy ftShesi $500h! tolucne, 0.5 L
] M, - TACN- SiSNEDNSIBGe! autockye a sol ution of 2.20 g (13.49 mol) of
Li[Me,-TACN) in hexane (50 m) was added 2.34 g (13.50 mmol) of
Cl Si MeINHBU'EEx A THEL B %t @S0 NB2 - Shiti A, ey fhe ich the
solid LiCl precipitate wag ‘T{\iﬁfl zt *e'gﬁg)?f‘.aﬂ%’ﬁgg ﬁglgalnggygne Ridh [U\W‘t}z'
TACN-SiMe;NBu')] Y(CH:SiMes)s and [HNMeyPh}|B(CeFe)s).

vJ

Follawing the general procedure of Example 6, but with the auloclave
10 charged with a mixture of 150 ml of dry ioluene and 20 ml of dry 1-hexene,
ethylene (5 bar) was polymerized with [Me;-TACN-SiMe-NBu')] Y(CHaSiMes)s
(10pmol} and an equimolar amount of [HNMe2Ph][B(C6F5)4). With an initial
reaction temperature of 50°C and a run time of 10 minutes, 8.00 g of pclymer was
obtained (mp. 133.2°C). (Catalyst activity 1000 kg polymer/mol Y.atm.h.) NMR
15 speciroscopy indicaled the incorporation of 2.3 w1% of 1-hexene into the polymer.

My =137500 ; M\/M,, = 9.71.

EXAMPLE 8: Synthesis of [Me;-TACN-SiMe:NHBu™|
To a soluiio; of 2.20 g (13.49 mmol) of Li[Mes-TACN] in hexane (50
ml) was added 2.34 ¢ (13.50 mmol) of CISiMesNHBU™ . The mixture was stirred
20 for one hour. afier which the solid LiCl precipitate was fillered off. The hexane
was removed from the solution under reduced pressure 10 Jeave the title compound

as light vellow oil. Yield: 3.70 ¢ (12.9 mmol. 97.5 %). The identity of the



was renoved fromthe solution under reduced pressure |lo |leave the title

conpound as light yellowoil. Yield: 3.70 g (12.9 mml . 97. "‘_PZD/APRMF

i dent i t Ww@ho/84g0 WO 02/ 32909 Table |. Ethyl ene polynerization experinents
with [Me, - TACNt- Si M, NBu' IM CHLSi Me3)2 (Ln = Y. Nd) and PCHNSOS 30442

[ 11NMe, Ph][B(.Ct] z)4]. PCT/USOL/ 294 |2, Tenperature Pressure PE
Productivi ty Tenp. Catal yst(C)(bar)(gs(kg nmol -" 11'")jump M, M,.IM(QO
Ln = Y30531. 0064695588. 0002. 09 n Y 50 t'S10.75134395-- kL Ln =

Y80" 59. 061 n55. 9574365- WO 02/ 32909 1 2 APR 2005 PCT/ U
s01 /291423’§r%§g‘ué€’5\5\95‘§‘58§ P 'Pif gﬁ‘ég HFNRIROBSec 1'F J¥eByY . Washeseprodhmt was

used w t holitrthef patihenigauri fication. 11-1 NWR (500 MHz. 20C. C(,D(,) 5:
2.76 (m 1 H MGEl1,CHI\4e). 2.30 (s. 6 H Nwe). 2.23-2.08 (nt. 12 H

- G
NCH2 37 (qui ntl NBIR JE00 #162. 32002, 2.b}) 5: 2. N GH, Ch AMA 2 gdt11. 1
ML |(4q McCH, CHAT €), 0. S5 (t. g 5 3 10, WCCﬁ.é 2(}?@% ME)
0.21 (s 3f5H6 i AG¥o). . 2.03 2PY b7, 32 Hhi, BCNoQZ)J?l@]GnNW,,,,(-—:LZsS_S Az} 20C,

S0, 3R B R S B
Mz, 3 H, MeClH;,CHMe), 0.21 (s: H, SiMe2), 0.18 (s, 3 H, SiMes). >C NMR
(125.7 MHz, 20°C, C¢Dy) &: 5.1 (br NCHz), 54.1 (br NCH), 53.39 (br NCH),
49.0 (d, Jeir = 131.6 Hz, MeCH:CHMe), 46.47 (q, Jew = 135.1 Hz, NAJe), 34.4 (1,
Jen = 124.6 Hz, MeCH:CHMe). 25.9 (g, Jou = 124.6 Hz, MeCH,CHMe), 11.2 (q,
10 Jon = 124.6 Hz. MeCHyCHAMe), -2.0 (br q, Jey = 115.7 Hz, Sidfes).

EXAMPLE 9: Synthesis ofII\’lc;-TACN-SiI\’legI\'Bu“"]Y(CHgSiMcg)g

At ambient temperature, a soluiion of Me:-TACN-SiMe;NHBu™®
(0.85 ¢, 3.00 mmol) in pentane (10 ml} was added dropwise to a solution of
(Me;SiCH2 L Y(THF), (1.54 ¢, 3.13 mmol} in pentane (60ml). The reaction

15 mixture was stiryed ovérnight: after which the volatiles were removed by vacuun.
The residue was stripped of remaining THF by stirting with 5 m) of pentane that

was subsequently removed under reduced pressure. The resulling sticky solid was

then extracted with pentane (2 x 50 mi) and concentrated to 20 mi. Cooling the

extract 1o —30°C produced the crystalline title compound (1.30 2, 2.37 mmol,

20 79 %). The structure of the product was corroborated by sinagle crystal X-ray

diffraction.

M NMR (500 MMz, 20°C. C;Dg) 8: 3.35 (m, 1 H, MeCHaCHMe), 2.32

(s: 6 H. NMe), 2.29-2.22 (m. 3 M, NCHa), 2.19-2.14 (m, 3 H, NCH»), 1.98-1.94

(m, 2 H.NCH2), 1.92-1.87 (m. 2 H, NCH»), 1.84-1.79 (m. 2 H, NCHa). 1.70-1.67

23 (m, 2 H, NCH2), 1.56-1.50 (m, 2 H, MeCH.CHMe), 1.36 (d.*Jiy = 6.5 Hz, 3 H,
McCH:CHMe), 1.04 (1, Sy = 7.0 Hz. 3 H, MeCHaClMe), 0.34 (s. 18 H,
CH:SiAfes). 0.19 (s, 3 H, SiAfes), 0.18 (s. 3 H, SiMe), -0.58 {br, 2 H, CH-SiMey),

-0.73 (br. 2 H, CH2SiMes). C NMR (125.7 MHz, 20°C, C;Dy) &: 57.1 (1. Jeir =

137.0 Mz. NCHa), 57.0 (1, Jen = 133.4 Hz, NCHa), 55.1 (t. Jen = 135.1 Ha

30 NCH), 55.0 (1, Joyy = 133.2 Ha. NCH:z). 53.5 (d. Jen = 128.1 4z, MeCH- 2CHMe).
50.1 (g. Jen = 137.0 Hz. NAe). 46.0 (1. Jeyy = 133.4 Mz, NCHa), 45.9 (1. S =



Jcl.1= 124.6 Hz; McCH, CHMVE). 25.9 (q. Jc,. = 124.6 Hz, Al eCH, ‘t:?-w@@? 003,
(g. 210 Jcri= 124.6 H. McCH, CHAle), -2. 0 (br g. Jct. 1= 115,

Si Al e2) WEERPBLC 9: Synthesis of | Me2- TACN- SI Me2NBU" J\/’((cillﬁ%llrv%@)z At
anbi ent tenperature, a solution of .M, -TACNSi Mg, NHBu" (0.85 g, 3.00
mml) in pentane (10 nil) was added dr-"épvm se to a solution of

(Me3Si CH2) 3Y(THF) 2 (1.54 g. 3.13 mtol) in pentane (60 nil). The reaction
15 m xture was stirred overni after which the vol allles were renoved

by vacuum 13¥Ad1z.e¥¢ drle 3Vt sﬁrn“pﬂ)éagdﬂz rf‘én@rfrﬁlmleTl—IE’ bydist.ivers 3g8with 5

Fesal t1ng. Doy 25a R ORI e Gektad Tad e fﬁﬂﬁﬁﬁ%fis%r B3I ang
concentrat gg, £ 9229 Wy, |Mc(§@@141ﬂ9) tshfo (qe&}{ﬁﬂ?wz? C$QSQ}9') yegd t ke

crystalline title conpoun . ‘The structure of
t he pr oducﬂ1?A/‘é§1-@§nfrfoﬁol?ét(edfd3y shlr?g‘fl HzcB\ddaal IXNFBNK (iﬂ]OfPf/JﬂJacHSﬁfC 'H NVR

o). 2. 26CH93 8iY @1 Hlel fé@%g%ﬂ”&ﬁ“ SCH ekl Gt 00 (m

2 1-1. NOHR)o.4L; 92= 1 fi7 2 79640
1.70-1. 67 2?39(n{59§“|3-ﬁ NG 2%25% Pl (m R, ol 1%&9&%’1 G-,-I\l/e’\?ﬁ 36 (d:
331111 = 61.5241282 3m1.3LH, TNIEBH) CHRAE)78 1m0 (L, NCWL).i |.74- 1769 (riz 2 31, H

A L L

Q- 1&& R/E" 1)5% }ﬁC«Nﬁh@%ﬁe)? oMcr b Q0% ‘%}Pts f)fe3 0%@ SEES d i, Cillpéﬂieg > %

NCHR) . 55 @)JZtO 3@@15 }i 3:337)2 mzs (NOH Jp.u,.)= 1(5@1& Qd-l OHaB:Mem%alﬂwz

N&Cﬁiﬁm (Y delo 4 fhz, 13 A‘%ﬁ?@gﬁs) %%%@ggdg c‘?‘{ %@%f@g‘}tb@ i%g) 4 TZU

NCHZ 37.4c(N 8olc) C MY 33, 36. 8
2) 37 0RIAS T2, Solc | nsChe 3AC 0133 S3i2 Nl S (¢

A| ed - 12CHigR) 1325 Hz( HiCH)etd 2 &, 1@4 713812, HM:T@EHQWEI) (‘r Fe20 18815 Hegt |

T SR AR S b D D el

MeGH, CHN4&1)5, 2, 84, &1 éHﬂ I\i&ﬂﬂansﬁ (34Jc(|5= 1§1 E"Hi\"\?@@Hv) %7199(72J 5-(m 3
H, NCH2); 2.08-2. 076%&3 NCH2) ', 1.92- 1. J(z 2-1.82
(m 3 1-1 1°R|éHz'¥ Mg Ct”\?@ ¢ hep (dt. Hf\d\ieﬁé)S Ha. 4=19%é Pd:m\’@HﬁlMes)

MG L. CHVE) 5 15T, & 5 R il ey = 0B: P2y bl b P, 41225 Gy 391 e
MeCH;CHMe), 13.0 (g, Joi = 121.0 Hz, MeCH,CHAMe), 5.3 (q. Jey = 115.8 He,
CH:8iAes), 2.2 (q. Joa = 117.5 Hz, SiMel), 2.2 (g, Jou = 117.7 Hz, SiMes).

20 EXANMPLE 10: Synthesis of {Mea-TACN-SiMe;NBu™)Sc(CH.SiMe3)»
At ambient tomperature, a solution of Me>-TACN-SiMesnHBU*®
(0.15¢2, 0.51 mmol) in pentane (10 ml) was added dropwise 10 a solution of
(Me3S1CHa); Y (th)s (0.23 g, 0.51 mmol) in pentane (40 ml). The reaction mixiure
was stirred overnight. after which the volatiles were removed by vacuum. The
25 residuc was stripped of remaining THF by stirring with 5 ml of pentane that was
subsequenily removed under reduced pressure. The resulting sticky solid was
then extrocted with pentane (2 x 50 mi) and the extract was concentrated to 20 ml.
Cooling the extract to - 30 °C produced the crystalline iitle compound (0.19 g,
0.37 mmol. 75 %0).
30 "M NMR (300 Mz, 20"C. CoDy) &: 3.79 (m. 1 H. MeCH2C/HMe). 2.98-
2.84 (m, 2 HUNCHL)L 2.30-2.47 (im. 2 HONCHL) 2538 (503 Ho NMe) 2,35 (5. 3 H,



Hz, 3 H AfeCJ-1,CHVe),. 0.60, 0.61 (s, 9 H CH2Si Me3), 0.60 (s, 9 H,
CH, Si Ale3). to 0.32. 0.34 (s, 6 FI, Si.4le2), -0.35 (br d, 3J1n 275AFRONG

Hz, | Hw@hRSig3), -040 (br d, 3Jit) | = 10.0 Hz: | H. CHZSII\/E ), ~0. 61
(br d. 3Jrnt = 10 Hz, 2 H, CH SIMe3). C NMVR (125.7 M. POI(UU125AD8) 6:
56.3 (t, .Jct., = 133.5 Hz, NCH ). 56.2 (t: Jett = 133.5 14z. NCH2), 54 2
(t. Jat = 133.5 Hz, NCH,). 54.1 (t. Jai®= 133.5 Hz. NCH,). 53.2 (d. Jcj
i = 130.0 Hz, l\/t:CH CH\E) , 499(q, Jei., = 136.9 Hz, NAle), 15 453 (tU
Jct.,—13 ii = 131.6 Hz; NCH ), 37 2 (t, Jou =
122.9 Hz. Mf:H‘)éT '('th\'E”v)}) 2.42-1.73608 G4F]. N@ilp)= 1983 }t{zcm 2 H,
YCH2Si Me3) Mecsgt,,calm 3 3 . YO~ |, Si ME3)
28.1 (q. Jai = 122. 8)Hz Ale c%fe/g]‘ éﬂg‘vyfﬁ“lgg‘{‘}@)HiOié& dukz. 7.5

5 Hz. SiMe2). 9, Joti = 117.7 Hz. Si 20 EXAMP fithesi s
of | Me2- TA%N—’éFI\% fﬁib&?"‘] (Se p HHSsi M3y R 1 Atd adb.u entl t Blpe-Hta-SiMe,)sol uti on

of e, - TAQN; §i us e@ ane (10 nil) vvas added
dropwi se to a @gl gﬂﬁon 105(%(2%/2'3%] ﬁ&’%{km ] "0‘151 Hendl §

pent ane (40MmliMesThd.Teatti/on=nios WL | Wai‘}?ISJMe?F Oelhghs. 43\4§j—Fr V\’h' ch
t he vol atl_J_p'_&s9 &Be renoved by vacuum The 25 residue was strippe

remai ni ng ek 91 18-h§ vicw F B6r HZONCdéj)t AN (Lhil; a6, 7mbmqﬁnt ly

removed u e The resylting. sticky solid was then

ext ract edrsgﬂﬁ 9% hi ngBeLpﬁ( g%' L’%@"%? gr@ EH gt’ignk’tz ﬁﬁﬁ?bﬁc-‘eﬁtrhhed to 20

n| . 10 Coolli3ng leef\eaG?}quHMegp 5}?@I%%gdgggqilatp%zmﬁt§ béne{st |§I]§ %3rrpound
) 0) v Dy

(m 11 1%qul\7e‘ Jan 9535484z, (M@vaﬁ A(t, XNG] =13¥.4 B2,30cB.4Bg(m 2 H.

NCH2) - 2 /32909 1 2 APR 2005
PCT/ )usou é{glé e 7%? )é‘ﬂ ‘5?45%’(’{?”n?3%412|](bﬂg0&%5”‘42:)o§ 6.4 (a3/crt 1844
NCl-1,), 1‘12461012I36:KIM6)2]]-l8(q|\d}Q=|=474 ﬂ:ﬁiii\/h%ecih émﬁéj 5§J(P1}C”_§]99Hz 3

-1, I\4c , 11111 =
A-1CC - 11%31\/{5*% AA’N )(33(9=4q1r1:|4ﬁs7 RizeS)ye:. Bg(qycug 1H615 HEl Sid2S) Af e3)
0.25 (s. 3 H Siw2). 022(s 3 H SiAfe,), -0.15 (d. 2J, 111 = 11.1

.111%% 5 0,16 (d: 21111_105HZ|HCHSI|\/E)
20.34 (d. 2JrRPMPLE Magynihess of [MpsT MED- Sm@»BBUTﬂNdebﬁm&a}O 5 Hz, |
H;15CH, Si Me3 13 1NVR; 2 (t. Jcll = 136. 7
Hzls NCH, ) | | )57 83§')[], (ﬁ}z%u 4%"@250 of qgﬂ&_ﬁ l; was agged to' a suspension of
T‘dC’a(THF)J (7 “0 2. 5.35 mmol) in THF (60 m] ambient temperature). Within 5

McCH2CI - | EdY, 3 B, 3¢GH.0BM, 0.18.(8 mchzz Sh@l_%)so'%@qg’)fi “ZEE‘°§8”@§,\/ 5z 117 -

minules a bright blue solution was formed. The solution was stired overnight,
afier which it was reacted with Mez-TACN-SiMe;NHBU* (1.40 g, 5.00 mmol).
The resulting green soluiion was stirred for three hours afier which the volatiles
were removed by vacuum. The mixture was exiracted with pentane (2 x 50 ml).
The obtained green extract was concentrated to 20 ml and cooled (- 30 °C),

vielding the product (1.80 g, 2.90 mmol 39.6 %o).

EXAMPLE 12:  Eihylene- polymerization  with  |Mc,-TACN-
SIMe;NBU™)IM(CH:SiMes); (M = Sc, Y, Nd) and [HNMeaPh|[B(CoFs).l.
23 Following the peneral procedure described in example 6, experiments
were performed at 50°C reactor femperature for M = Se. Y and Nd and at 80°C for
M =Sc and Y, as shown in Table 2.



56.4 (t, Jcll = 134.2 Hz. NCH,), 55.9 (t: JcFH = 133.8 Hz: NCK?Z?, 300@
(d Hz, McCH, CHVB), 51.2 (g, Jcuu = 141.5 Hz LARKT00R,
(t,

. dc,., = 131.7 N
(q, JcAVOUYAY98 10 . NAJe), 46.7 (t, JCH = 135.4 Hz; NOFBASUL
Jc1l = 135.4 Hz, NCH2), 36.7 (t: Jc-11 = 125.7 Hz, McCH2CHME), 34.9 (br.

ScCH2Si Me3), 26.4 (q, Jcl., = 124.4-¥&, AJeCH C -1Me), 12.8 (q. Jcli =
124. 4 Hz. McCH2CHAfe), 5.0 (g, Jct.1 =1 15.9 Hz, CH,SiAe3), 2.3 (q,
JC1., = 116.5 Hz. SiAle2). 2.2 (g, Jc,,, = 116.5 Hz, SiAde,). EXAMPLE 11:

Synt hesi s Y6193\ Edndonaod g zs!iNBas parNe(nGHY Sh IIB)-TAGNSol i d Li CH, Si Me3

(1.50 g. 16.00 mol ). dd uspension_of . NdC 3(THF) 3 (2.50 g,
5.35 mml ) in THE (%@Xﬁﬁlﬁ' aﬁg’l(gﬁﬂfg‘t@%&és&;tﬂﬁ‘ey; R'\‘z‘@t”ﬁ‘i]n 5 mnutes a
bri ght bl ue sol uti onpvwes. b :.yJjhe sol uiion was stirred overnight.

[HNRR IRUBRYF !

after which it was reacted ™w ME, - TACN- Si t\4e, NHBu" ~ (1.40 g, 5,00
rnnol ). _The resulting green solution was stirred for three hours after

whi ch the i ] e by vacuum The m xture extfacted

with penf aor?gih?% xegaglr%r%ﬁﬁgﬁeﬂ%@g?ned gt eeh &9&%&“%3 c r’15"|5|'trat ed to
20 M angd cool ed| (- 3Q0-~0): i el,di.ng the product (1.80,0. 2. Fmo| 59.6

% . EXAVPLE 12: Et‘hyl:ztegg pol ﬂne{*%ﬂé)au bn @i t h |ﬁ}’d%‘g“?hdwg

Si Me, NBuf *) IMCH SI 1e3)2 (M= Se, V,! Nd) and | HNVCPhj | B( 06F$@J. 5
Fol | owi ng the_Zeneralr procedire descrfbed i niexanmpie 6;—experiment wer e
per f or mefl Mt 880 reactsgr | emper aPure fod-oM =| Sc, ¥0and Nd|and5Z&t 8DC for

M = Sc apd Y; _asfshowr i Tapte 2. WG 02/ 3832909 —=—=5+~—316—1p26Table 2.
Et hyl enel pdFyPerf zati 88 expeli meAts wi t h9pMeR- TACRASSi Mc7NBu' 82 ] M [CH;
2A

SiMEM T [M=—Sc YN —ant—F+—HNve—PhH-BCE615)——12APR 2005
PCT/ USOL{ 294X Tenper &0ure Press@re PE 522 652 58
M=Y 80 5 8.54 1067 98
M = Nd 50 3 2.30 287 33
Conditions: 10 umol catalyst 1 equiv. of [HNMe:Ph3[BPhy ], runtime
R 10 min, 605 rpm, 150 m! 1oluene, 0.5 L siainless steel autoclave

EXAMPLE 13: Synthesis of (Pr');-TACN-SiMcaNHBu'

At ambient temperature, L{TACN(-Pr)2] (0.92 g, 4.24 mmol) was
added in portions 10 30 m} of neat Me;SiCly. The reaction mixture turned vellow;
afier which i1 was stirred for 4 hours. Excess Me;SiCl; was remaved under

0 reduced pressure, and the reaction product was dissolved in toluene (30 m]).
LiNHBu' (0.33 g. 4.24 mmol), at room temperature, was added 1o the ictuene
soluion. Afier 18 hours, the toluene was removed under vacuum. The remaining
sticky residue was exiracted with pentane (2 x 100 ml}. Evaporation of the
pentanc yielded 0.98 g (68 %) of a brownish oil. 'H NMR (300 MHz, 25°C,

13 CiDg) 8: 3.17-3.14 (m, 2 H, NCHa), 3.06-3.03 (m. 2 H, NCHa), 2.79 (sept, >y =
6.3 Hz. 2H, Pr' CH), 2.77-2.69 (m, 4H, NCH>), 2.52 (s, 4H, NCHa2), 1.20 (s, 9 M,
Bu'). 0.98 (d. “Auii = 6.3 Hz, 6 H, Pr' Me), 0.93 {d. “Jiy = 6.3 Hz, 6 H. Pr' Me).
0.26 (s, 6 H, MeaSh).

ENAMPLE 14: Synthesis of [(Pr')-TACN-SiMe;NBu'| Y(CH.SiMes),.
20 «) NAIR-tube scele. A solution of (Me-SICH)Y(THF), (20 ma, 40.4
umol) in CeD,, (0.6 ml) was added to (Pri);-']'.ﬁ\CT\J-Si,\-’!e;T\‘l-lBul (14 mg, $0.4



Productivity Hi ghest Catal yst(C)(bar)(g)(kg nolt ht)Tenp. (O M=
Sc5051. 6320352 Msc8051. 9624582 M-Y5055. 2265258 M=Y8058. 54106798 2MPR 2005

Nd5052. 3088iz520@ondi tions: 10 pnol catalyst | equiv. of [Huyg Bbh4
runtinme 10 mn, 605 rpni, 150 nil toluene, 0.5 L stainless s'?ge%g%zgﬁe

autocl ave EXAMPLE 13: Synthesis of (Prig,-TACI\'-Si Mg, NHBU' At anbi ent
tenperature, Li[TACN(i-Pr)n) (0.92 L, 4.24 mmol) was added in portions
to 30 M of neat Me;SiCl. The reaction m xture turned yellow after

which it i §hedoif, Aour s es , S C] 2 was repoved under
reduced p\rlvgg]scﬁ)ﬁe? r]ag%lhﬁ lieﬁﬁggg?gﬁg'ﬁ%&oaﬁét '@C&i1§§8"l”\‘ié‘ﬁjn{)"ﬁhgbi V&R (30

ni1). L Nl of@rg3 The MMRATD ol Aleoh 001G ABRAC ALY, sHAS, adgipd,to the

t ol uene sgBL]u,ti on. After 18 hours. the tol uene was renpved Ghder vVacuum
The remai ni é sticky residue was extracted with pentane (2 x 100 nil).
Evaporation of t P%%Q;t- ne Vi Fl ded O. %8 #68 %9 of a brownish ail. "H
NVR (300 MHz, 25C ﬁ? RS IS U T o AL kf“? mpenglurgycipplutpnogf IPdR- (m 2
H NCH2), RATHN-C8epiNNBYI B2, 1603k f : vab L m,.. 4H,
NOHR), 2,52 (s, aF NS 150 (s %])H?ﬂeéﬁ'é'ieﬁg?’?é%(a .ad\ﬁ,?‘?%{é":‘”é% He .
6 H Pr' NE)2 solumn(ef (MaiSiCH2)zY 6T BFHz(0.49 bl 1RO'mive)),in ferbhe( §0 ,GNH,
Ale, Si). rl*%tijo‘:li: n§¥1gteh§§ai S to_f L%]( Pr '_)SE-TA 'St Me2NBu' | Y(Ch12Si Me3) _2.
a) ANAI R-nbe scal e, ASolUutiongreq Meeagithy aley ypichpie volatiteg. vaee 4

l'i mo]) in eRpved @nbemidcpumasTiROLEE Qv dsPlir h Isd TGNt B8 TN BY (14, nD.
40.4 WD 02/32909 1 2 APR 2005 PCT/ usm#zsgrzig% dpmol ?ﬁ*%ﬁf@? EF isgg{'%s

t ransf er r e'h o mal ddvenfaip éhad ks anbdegren] o ved unddVRIu @ eskds0RCOME  The

NM3 5hov‘eqeﬁllh%?rfst?&@*vs%fﬁ L0 i e&?r%cz%crqu%%aéntasliew&é maIS].dC]:)g]Ei}r?g th-!;I e-xllrlzét
o — 30 °C yielded the crystalline product (0.21 g, 0.34 mmol, 34 %), which was
characterized by NMR spectroscopy. 'H NMR (300 MHz, 25°C, CoDg) 8: 2.82
(sept br, 2H, Pr' CH), 2.76 (m, 2 H, NCHa), 2.25 (m, 2 H, NCHa), 1.86 (m, 2H.
NCH2), 1.73 (m, 2H, NCHy), 1.56 (s, 9 H, NBu"), 1.43 (m, 2H, NCH,), 0.97-0.83

15 (br, 12 H, Pr' Me), 0.42 (s, 18 H, Me;SiCHs), 0.28 (s, 6 H. MeaSi), 0.40 (br, 2 H,
YCHH), 0.56 (dd br, 2 H, YCHH). C NMR (75.4 MHz, 25°C, C4Dq) §: 55.0 (d,
Jeu =136.7, Pr' CH), 54.2 (1, Jew = 135.7 Hz, NCHa), 54.1 (1 br, Joys = 145 Hz,
NCHa,). £3.7 (1 br, part. overlap, NCH,), §2.2 (s, Bu' C). 50.8 (1 br, Jey = 130.5
Hz, NCHa). 36.5 (g, Jou = 123.2, Bu' Me), 33.6 (dt, Jouw = 96.3 Hz, Jyyy = 37.8 Hz,

20 YCHa), 18.5 (q. Jew = 125.6 Hz, Pr' Me), 5.0 (q, Jon = 115.8 Hz, MezSiCHa), 3.5
(9: Jen = 117.1 Hz, AfeaSi).

EXAMPLE 135: Reaction of I(Pri)g—TACN—SiMc;NBu']Y(CH;SiMc;); with
[HNMe,Ph[B(CFs)y).
a) In the absence of THIF A solution of [(-Pr)>-TACN-
25 SiMe;NBu'lY(CHaSiMes): (12 mag, 19.9 pumol) in CeD:Br (0.6 mi) was reacted
with [HNMe>Ph][B(CgF5):] (16 mg. 19.9 umol). The solution was transferred loa
NMR tube ond analyzed by NMR spectroscopy. which showed evolution of two
equivalents of SiMe; one equivalent of propene, and the formation of an -
defined yiirium species.
30 bl In the presence of THF A solution of [(-Prh-TACN-
SiMesNBu'TY{CH-SiMes) (24 me. 39.8 i1moi) in CeD:Br (0.6 mly with a drop of



h) Preparative scale. At anbient tenperature, a solution of (Pr’ &
TACN-Si Me, Nl - 1Bu' (0.35 g. 1.00 nmol) in pentane (10 nil) wasl &AtR4105

dr opwi seMOP248288 uti on of (Me3Si CH2) 3Y(THF) 2 (0.49 g, 1. 0GQaTEdo) /20432
pentane (30 nil). The reaction m xture was stirred overnight, after
which the volatiles were renpoved undes?vacuum The residue was stri pped
of remaining THE by stirring with 5 m of pentane that was subsequently
renoved under reduced pressure. The 10 resulting sticky solid was then
extract ed widttd Fertaneaf 2@3cnzld|\)f1ih KM AIBh TTBEC 81,1 863 1ot @ | ded
the crystalljne product (0.21 g¢34 rrrm]q %y %@ " 933ﬁ901 c@?l zed
by NI\/R spec“PLkB'geowS Iﬂdpﬁfwmi c@@oNMl& tubs @nd @IDBDszd sz BlﬂdR(s@ecpios&Hp} 2H.

Pr' v 2.8 ngwg({a (]t% . I( ., 186 (tn,

NCH) 1.73 PO EL Ty hﬁ%tﬂ“c it §'e€m [(zﬁrm@@y
0.97-0. 83 ZB5M(C1ENBL1 2(H- S?Mc Hi- )48 & 0.28 (s. 6
H Afe, s|) 0. 40 , %r( 2 M Q”@ 5¢ ‘)dl%ia“;w}64 ﬁn éﬁﬁmé 3C NVR (75. 4
MHz 3 25C. T\B\H,RdﬁoeiMHzmjf’Q @@I&B}) y=i7 23carj) J-54 52Hét3 Hehpf =

135.7 Hz. b .
overl ap; gﬁ%ﬂé”%&é'ﬁ { égl ‘Sb 8 '(‘tthMedc@ i53:€d=13’0’ 85 1‘&2 }NGHtfrtSG 5

$&2§Cii'8?§"*’§"‘$& 5“@““‘3%”5'532"’%‘2"%’”’9*3?”);2% A L S

Vié-, Si CH2) (s b lef@:a,t 25607241 (1hfz§ HAAYCE), .1 EXAMPLE, A5 6Remgti o pof

P kR e T L U B

Si Me2NBU' | WOOHES \ (06 Leact ed
I W m)%} bébllgg Sﬂﬂ%g W?#D:?H%eﬁgsdl(&)l odr:é%m's’"reac °

with [ HNI\/bZPh] I\?R%
t ransf err ed! t’ PN bbe- Oaﬂid(daﬁaif/ié(ﬂ Hoay INNRY €Y. r oscopy, whi ch showed
evol ution of tvvo equi val ents of Si Me4. one equi val ent of propene., and

the formatio I efi tr|u eC| es. In.t resence
of 77-1F. A g%tf{glﬁto 6d F@%g'“}&m‘"’ VRSB v( CI”H‘)Si I\QE'}JQF fégﬁ?"rrg.
39. 8 pnol ) SiMie.So' BiY (COL, SIMC'J):)GWIH%NMQPBHH'{)C(, M§,102/ 32909 1 2 APR 2005

PCT/ US01129442 ag_idgd THE-c/ was reacted wth ([Jl 1NI\/92PhJ[ B(C6F5)4) (32 m
39.5 punol ). The881{its A 2REat Paretuss Aeseribed an KvRoplenk thied sepradiyzed by

NMRs Spect r&geAR¥nts were performed, as shown in Table 3. Polyethylene could be
recovered frony none of the experinments, and no resction exothern was observed.
Table 3. Ethylene polymernization experiments with [iPr,-TACN-
SiMe;NBu)}Y(CH-SiMes), and [(HNMezPh][B(C¢Fs)a).

Temp Ethylene | PE produced Productivity Highest Temp.
(°C) Pressure (o) (kg mol-1 h-1 bar-1)|  during run
(bar) (°C)
30 5 0 0 30
30a 5 0 0 30
50 5 0 0 50
Conditions: 10 wmol catalyst, | equiv. of [HNMesPh}[B{CcFs)], run time 10
20 min, 150 m!1oluene. 0.5 L siainless sicel autoclave.

? 20 pmol catalyst



whi ch showed full conversion to the cationic species {[(i-Pr)2-1"

Si Mc, NBu' ) Y(CH, Si Me3) (THF- (15))[B(C(, F5)4), SiM.t. and free P "'H
NVR (50@v{Miziz092 C, C6D; Br) b: 7.23 (t, 3J= 7.5 Hz, rpé”ﬂgfg

6.77 (t, 3J=7.5 1-1z, | H p-H PhNWe2), 6.58 (d, 3J—75 “H
PhNMe2), 4.01 (sept, J111.1 = 6.0 Hz, H Pr' CH), 2.76-2.69 (m 4 H,
NCH2). 2.63 (s, 61-1, PhNA9e2), 2. 56:9 24 (m S H NCH2), 1.20 (sept,

Jill, =6.0 Hz, 1 H Pr' CH), 1.12 (d. Jt.t1.1= 6.0 Hz, 6 H Pr’

Me), 1.10 R 22 6H Si Al e2
0. 2)1 (s, (S?Af'?ﬁ) M'BEE WZ%QE?I ‘g'wf@&ﬂéﬁ%%@ﬂe‘}%wd (31111 > 1? 23 e
I H YCHH), -0.9%)(d, lcrﬂ BRAvIThibloo@cldfidd, Tm{qga)éagn cgho(]igmchB:b cr

pol ynerization with |iPr2-TACN- Si Me1NBu'

j HNMe2PhJj B(raBF; c)nngmoﬁml Cb!mmg,ct\hehgemer(ab Al @@adhhroe) d@,s@{rth@@ %dacﬁxarfp' e
ts were perforned, as shown in-Table

6, three sgpar n
Pol yet hyl eife” 5%@ "BH’” ?Ipﬁﬁ\)gs H”Fr@n@ﬁo’ﬁe?ooﬁﬂtolﬁé:]éa@arw!ﬁe&ﬁ En 'nanmb no
reaction exghhenm , I Takh e MeLization
experinments Wit h [(:Q%?L'QS?%%I\IA@&E/SN%E ). %%@ﬂyﬁ%ﬁaﬁ & bt fure s

[ H3NLMe2Phgtr B(dcf@F$)lztt]u.r zoaeTxenqmuEtdaryi enehddEw ph AuEesh 608 WG O Y it ghest

Temp. (C)Pressur bar-1)during run (bar)(C 3050030
30a50030 5‘0%‘66%‘ @Ef% 1{13? BH%E ‘,1‘81 pried (Ragd X/sﬁﬁen regipuial of tie solvent, the

[ HNMVE, Ph] [/B(; @@En)aél}:r's'fdlme‘ii'f'fr&niagtromu&betég/%bgggt{)ogéq CERE iR 2 3 REFOP! ©S°

st eel autocl ave cat
product, mp 85 C (reported mp 84 °C). 'H NMR (300 MHz, 25°C, CDCly): O

10 1.39 (s, 9H, Bu'), 3.94 (s, 2H, CHJ), 6.37 (br, NH).
b) N-ieﬂ-Bulyl—(tJ,?—dimeihy]-[I,4,7]tz'iazanon-]-yi)acetamide. This
reaclion was performed under aerobic conditions. N-fert-buiylchloroacetamide
(1.49 g, 10 mmol) and sodium jodide (10 mg) were added 1o a solution of crude
4.7-dimethyl-1,4,7-triazacyclononane (1.54 g, 9.8 mmel) in acetonitrile (10 mL)
15 was added. The mixture was refluxed for 1 hour, then poured into a mixture of
water (100 ml) and concentrated hydrochloric acid {1 ml). This was washed three
times with ether. An aqueous solution of potassium hydroxide (2 g) lo the
aqueous layer was added and this aqueous solution was exiracled with
dichloromethane After drying (Na;SOy) and removing the solvent, 1.72 g (6.7
20 mmol, 67%) of crude product was obtained. 'H NMR (300 MHz, 25°C, CDClh):
O 1.35 (s, 9H, Bu'), 2.36 (s. GH, NMe), 2.6 (br m, 12H, NCH,). 3.11 (s, 2H,
NCH-CO), 8.3 (br, NH).
c) N~ter1—Bu1_\f]—2-(4,7-dimethy]-[],4:7]11'iazanon-1-yl)ethy]amine.
Lithium aluminium hydride (0.30 g, $ mmol) to a solution of N-teri-butyl-(4,7-
25 dimethyl-[1.4.7]triazanon-1-yl)acetamide (0.185 g, 0.7 mmol) in 7.5 ml of
diglyme was added. The mixture was refluxed for 3 hours, then cooled. Waler
(1.2 ml) was slowly added with cooling (internal temperature kept around 20 °C).
The mixture was stirred until white. Afier this point, the work-up was continued
under aerabic conditions. NaiSO, (10 g) was added and. afier 15 minules, the
30 solids were removed and washed with ether.  The combined filtrates were
concenirated. first using a rotary evaporator, and then a Kugclrohr (0.2 mmlle, 70

L - . . .
CY. The remainder was further purihied by acid-base exiraciion 1a give 0.11 p



PCT/L' SO | /29442 EXAMPLE 17: Synthesis of J\lc,-TACN-(CH )2NJ {443bR mug)
N-tcrt-Bul yl chl oroacctam dc. This reaction was perforrred under .  aerobi c
condi t i »is02/hdDr oaccl yl chloride (1.5 m. 20 nmmol) was EaTARAI/E344Added
to a cold solution of Iriethylamne (2 nil) in 50 1111 of Cl-13d 2,
placed in an ice 5 bath. At 0 C, iertébutylamne (2.1 m, 20 mol) was
added and the m xture was stirred for 1 hour. The m xture was washed
with dilute aqueous NaHCO3, with water and once with brine, then dried

(Na2S™4) . (AO?/@rofrmmV@ducoﬁa hin@i] S OF heeddine tcetion esi dlde AvaTedCh N SIradb 5t zed
from petrol eum et her ,o 40-60 C) to give 1@%(;(33% of product, nip 85 C
(report ed inge! 8xig)the 'SHU tf(lQ@ﬁﬂqummz&@s"-l 13): A~ 10 1.39 (s, 9H,

B 3.94 7 , N
Nt oBueys s (o el Rt £ 0k, M, B 2 66m 404 NGHL 2 6R b 8
reaction V]@SN@‘?MOZY@d S‘EWQ?E!I-??\V@@%C'6°9Q§“6 !10'?k5\)4c) 1 04 (s, 9 H, Bu'). NH

A' -/ er/-butyichloroacet am de and sodi um i odi de (10
ng)s wer e addedserocdh BT WVBA7HA MHadeDCI3, 200C): O 59.5 (t, JCH = 135.6 Hz,

4. 7-di net hyl.- riazac 1,54 9. 8 .ni i e itrile
(10 m) lg\)(@éijj)asc?diah '&ﬁ %ﬂ(ﬁ] ﬁrﬁ?()rg? dgdg?‘fdr Q%Dhﬂd%Ngﬁﬁgrgégured
into a mxf Lh@x@f]zy@tlﬁr NGPH 19 b)(sang eoneeni s aiad =hytl pehl amrenjaci d (1
nil). This was washed three ‘Times with &ther. An aqueous sol utionh of
pot assi um4lyttoiClde (E Mzt WCHAR 29dgedul # K3kt HapsMedded and this
aqueous solution was extracted wth dichloronmethane After drying

(Na2SO1) and remb\( WEiR (75 SRIHEUDC, 202 6595 20/6mel1 34 87199, Nt g ude
product was obtained. 'H NWR 8300 MHz. 25C, CDCI3): 0O1.35 (s, 9H BuU'
). 102,36 ($7-6H. JanvE) 13127 Blz( BICHY. IPH. Now) 1387 Hz N&H:2)286.5 (NGlenE30( D) .

8.3 (br _

N-tent - BUF?I)J-QZﬁ%Zl]\Fl"dﬁ) et h}}fj fc]” 4. Lf]stdr |Hé22<'];rrlo%H yq();éf]‘nycl'hmbi 7 H& ¢ hi um
al umi ni umNweni de4 (0.J/39=933.8 HardlQHH 0388 sqllt; —orR3d, PN-eY. n- but yl - (4, 7- 25
dinethyl-[1.4.7]triazanon- 1-y| )acelaniide (0.185 g, 0.7 muol) in 7.5 nil

vater S 11 2 ERANVRLE Gy bt ey Abor (o et fead kaP:b8hodrat ur - kepi
around 20 ©) . Theiibicess SMASRBINTmMbIGe mAl beh Lhby Raint, the

wor k-up was conti'nued under aerobic conditions 0 g) was added
and. afi cdisksheil not@de (tDIfemiB)Omsiodadddd m/s‘vlea—iéuﬁ\héﬁlia)mldﬂﬁas hbdww 30¥ et her .

T T Mg 8o RS B oIS RN e
further pupddiiceeody sidpiidp l@ﬁ%@c@?‘&?s@@ﬂ ic0Re pRoddicy, Silclin@ ﬂee THF.

b) Preparative scale. A solution of Mey-TACN-(CH;):NHBu' (0.38 ¢,
1.63 mmol) in pentane (10 ml) was added dropwise 10 a solution of
20 (Me;SICH-:Y(THF), (0.81 ¢, 1.65 mmol) in pentane (30 ml) at ambient
temperaiure. The reaction mixture was stirred overnight, afier which the volatiles
were removed under vacuum. The residue was stripped of residual THF by
stirnng with pentane (5 ml) that was subsequently removed under vacuum. The
sticky solid was cxtracted with pentane (20 ml). Cooling 10 = 30°C gave the
product as a crysialline solid (0.21 2. 0.34 mmol, 34 %). 'H NMR (500 MHz, - 60
°C, C5D5) 8: 3.32 (m, 1 H, NCH5), 3.12-3.00 (m, 2 H, NCHa), 2.87-2.69 (m, 3H,
NCH-), 233 (m, ] M, NCH5), 2.33 (5, 3 H, NMea). 2.22 (m, 1 H, NCH,), 2.16 (s,
3 H. Mea), 1.76-1.56 (m. 4H, NCH-). 1.52 (s, 9 H, Bu'), 1.39 (m, 4 H, NCH>),
0.64 (s. 9 H, MesSiCHa), 0.57 (s. 9 H. Me2SiCH,). -0.62 (d. 3= 11.0 Hz. 1 H,
30 Me-SiCHa). -0.86 (d, Sy = 11.0 1Mz, 1 H, Me3SiCHa), -0.94 (d. A= 11.0 Hz, |
M. Me:SiClh), -1.06 (d, Sy = 10.5 Hz. 1 H, MesSiCHa). The vy, coupling on the

19
tr



1 2 APR 2005 WD 02/32909 PCT/ US01/29442 (50% of the product %szsmm
The sane reaction was also carried out on a 5- nmpl scale; theli

yi el d ofV@RZEZM ne was 45% 'H NVR (300 MHz, CDCl 3, 20 C, peryuyp&iim 4
1-1, NCH2). 2.62 (br- 8 1-1, NCI-11). 2.58-2.53 (m 4H NCH2)7 2.29 (s.
H Nw). 1.04 (s, 9 H Bu). Nl-1 5_nget. observed. 13C NWR (75.4 Mz,
CDClI 3, 200C): 0 59.5 (t, JCH = 135.6 Hz. NCH2). 57.4 ((, JCH = 133.1 Hz,
NCH2), 57.3 (t. JCH = 130.7 Hz, NCH2), 56.5 (t, JCH = 129.5 Hz, NCH2),

e, Nor) b g b ST G MRS MR CFbed s Fodis. o

cN:,CH%: 59.5 168.9 HE"Né‘l-ﬂ_ﬁéll;%%dZHé(N%c]:ag’) HlON@Th?l 515 (JC!(.I = 1133}34 ?1/1 Iz,
NCHL), 4 @C%@D “3<§rﬁ~fc1u3f5145 B z. ¥CHEHP3.946. BU' ((b) 53dp,(1 :1(11311"79 (HEJ/

&(I\E/PLE J%6H953€%g s %cg‘ﬁlea@F_‘gél—ﬁé 2?%‘?8@%\/?‘&43?&“@% }2’% 9a)(ft

NVR- t ube gmal evenIMe&Em@w;)gﬂzY(uTHF)2—(11464n1é1ﬂ AN m@lb )etﬁS— 11;_57 Zdhﬁso' ved
in C6D6 (Q.6 m) and added to h4e2- TACN- ( CH2) 2N .
The sol ut |715(F|H¥/9/a90t3r(élns’ter-réﬂaPoBaanﬂW&&b@ dngl= a.rfa4l y‘}:adfcwm Iﬁ“ "‘I-HNNR

spectrosc S Iean 0 ion.to,,t I\/ba and free
THF. Pﬁ%@m a??\éﬁ 8fice, 28 95Bruion oaf Iﬂé;@ ?ﬁé&%&) 60038 g,
1.63 mml Wid;08i e Rvg ((quC, )}m@sl-mq\q}@g icnppwi se to a sol ut| on of 20
(Me3Si CH2) 3Y(THF) 2 (0.81 g, 1.63 nmol ) in pentane (30 nil) at anbient

tenperature. The reaction m xture was stirred overnight, after Wmch t he

volatiles VEKaMPENBYPS HURARE ) §
residual THF by sti rira)ling Wi tsﬁygﬁﬁ?g]ngx?g\ K'@Fl‘ )dM u%d(s%tlivsﬁse uently

rérﬁ‘Dved under vaxudnlLiTHESiMsti(@RY mol.30 nwasl}emsrat:leddovm tshspeenbang (20
Cool in 3 ave.the 25 t as a.crystalline solid (0.21

g 0. 54 Ir\ol%“@HF TR ‘%E‘)ﬁl\ﬁ—lﬁr i et npgratyredoWithin 41 1,

NCH2) . 3. #3nidefQ KrNHt blde Eb]uN@Hz«)as %z%@d 2"{@395&]11!?@:1 37\":!15 th‘gd zivcrl?mﬁt?’ (m 1

1-1, NCI-1-,), 2.33 (s, 3 H. Nw,),
Me2), 1. 76047 sBichnit WA, rencdrg)with M- TACI\Q(GM-)BMW (1) B@g( m004mhhol}\ICI - I 2)

0.64 (s S % 2%!
= 11.0 HZQ]]F ﬁ'ﬁhgg #}g‘%n é%&:oa)uas 1réebd f(t)a thrﬁ, 1 ?11115_;1]‘%[ 1:{;&9!151* v?_]ghfes
Me3Si CH, ) w efeOre%v@d by. dacuum. =THel nlixiloize, whs exirakted“@ﬂh Peftdnd (2 x15Pk)),
(d,.1,,,, 1b Hz. | H M3Sidh). The J couPllng on the

the obtained green exwact was concentraled o 20 m) and cooled (- 30 °C),
yielding the product (0.26 g, 0.45 mmol 45 %). The identity of the product was
corroborated by single crystal X-ray diffraction. Elemental analysis calculated

(found) for CyHs3NiSiNg: C 46.03 (45.58); H 9.31 (9.15); N 9.76 (9.75), Nd
20 25.12 (25.08).

EXAMPLE 20: Synihesis of [MexTACN-(CH3):NBu'}La(CH,SiMej),
Sotid LiCH:5iMe; (0.28 g. 3.00 mmol) was added to a suspension of
LaBry(THF)s (0.67 g, 1.00 mmol) in THF (60 ml. ambicnt temperature). Within 5
minules a bright yellow solution was formed. The solution was stirred overnight,
25 afier which it was reacted with Mes-TACN-(CH.):LNHBu' (0.25 2. 1.00 mmol).
The resulling green solution was stirred for threc hours afier which the volatiles
were yemoved by vacuum. The mixture was exiracted with pentane (2 x 50 ml),
the oblained preen exiract was concentrated 1o 20 ml and cooled (- 30 °C).
vielding the product (0.25 ¢, 0.44 mmol, 48 %).
30 'H NMR (200 MHz. 20°C. C,Dy) §: 3.08 {m. 2 H. NCH-). 2.80 (m. 2.
NCHz), 2.40-2.29 (m. 2 M. NCHa), 225 (s. 6 1. NMea). 2.17-2.05 (m. 4 H.

6



1 2 APR 2005 WO 02/ 32909 PCT/ OS01/ 29442 YCHL protons is unre %ﬁd@[iﬁl?’c
NVR (128 7 M - 600C. C7Da) S: 59.8 (t. Jc" 138.9 Hz_,
Jc" 1358053y 57.5 (t, .1ci, = 135.4 Hz. NCHL). 54P€Tf(lmsﬂlf¥9cfﬂ =
135.3 Hz. NCH2), 53 9 (s. Bu' O, 53.1 (t, Jc" = 129.6 1-17" NCHL), 51.4
(. .1(11 = 138.6 Hz. NCH1), 49.3 (g, pért. overlap; NMc), 48.9 (g. 5

part. overlap, Nwe), 48.4 (1 JCL., = 140.4 Hz. NCH2), 47.0 (t, Jc =
1237Hz NC-I2) 30.8 (q = 123.3. Bu' Me). 29.8 (di. Jic = 35.4
Hz, Jcn W2 - 76- }{@H(I)'I vgg WCH), 1. 65)1:35:(138491HECHJ}CI 4,4 G 9H. 33&52

YCH2) . 5. 2 (. 9 Hz;

Al e3Si CHLY) ﬁ’E‘iAﬁ/g]'Hi‘géﬁgﬁt 0 35 98 ek i"k“@H@)/’bNBQ SﬁMd( VA Ve3) 2
10 Solid LiiGisAdSi %131\&051331119 3.30 mmmol) vvas added to a suspensi on of
NdCI 3(THF12 (0.51 -. 1.09 mm]) in THE (60 nil, anbient tenperature).
"Wthin 5 mnutes a bright blue solution was formed. The sol ution was
stirred overni ght. C MMRef1AM b1, ROMESCERIG 8d. Mitt.r, Mees TAGK: (N2t y2NHBU'

(0. 25 g, 1) S It|n green sol ution was stirred for "three
hour's afte?g)\%rﬁnm”tﬁe ggﬁiﬁfﬁr@é )1§ ReFeBrdrbvéd (byfwa?:Mmﬂ M) & @Rt ur e
was extracge pe ( 0 ., the. exjract was
concent r at gdqlt\(()\4 Q)tc])“nl P{%gizcido 6'2 4“ %'} hﬁ)}? ?’f’ gggcﬂju}@t' F0. 26
g, 0.45 n-htbD HBs NgIH- )]'hé0|(dem,1:t=yl_a®fl }Hﬂa\lrparepmcx(q/\@gd =Cobroker gql?d by

For C HEataatend Y aSse, MRs T B (0718 LN o 76 (9 78): Nl 20
25.12 (25.08). EXAMPLE 20: Syni heS| s of
| Mc2- TACN- (C £ ; - i 00

( ARNAUE 35 ReSHiod MBI T§E{"§ ‘ch g@g'\@&:&% e@bu -

mmol ) was added to a suspension of LaBr
TIHF (60 nil |HARBedW | R(€rPBdrlat ure). Wthin 5 minutes a bright yel I ow

sol ution was for The s S d.overni 25 after which

it was reacted r?dso,%hon.r %@%eéﬁ%)&\%l-ﬁéﬁs '\{7{&2}5\ H: 5“8@ Im39 ) me THE.S

resul ting gneBnisd,DEBON0. BasI)Sivas aded 95 | Hm@@?ﬁ&gw(édﬁ? ;e(t@o\ém the
S

vol a(il es were removed by vacuum The mxture ext’ pent ane
(2 x 50 mH™Mobt hd hgpiokitivad gs ewnsiesied dota WRcmhce}nﬂrmﬂg&eﬁd}ﬂ@lMRl and

K|(|\)/(|;| ?(2100 Ms'égcig%%épy'\?%u g!; ?goxggjef r%%lxjffxtc;c(ni ﬁ_ls %uepxclsp;csesz{gﬁdf%?ﬂ\éso i
NCIAL2), 2.(403:2:02Bu'IYCIRSEMeNIB (L F:)D, 8BMESandrikd PIWMER) . 2. 17-2. 05 (ni. 4
H "HNMR (500 MHz, - 30 °C, C¢DsBr) §: 7.23 (i, *jy = 8.0 Hz, 2 H. m-

H PINMes), 6.78 (1. “Ju = 7.0 Hz, 1 H, p-H PANMes), 6.60 (d, >/ = 8.0 Hz, 2

H. 0-H PiNMez), 2.64 (s, 6 H, PhNAfes), 2.58-2.22 (m, 16 H, NCH,), 2.18 (s, 6

B, TACN NMe), 1.09 (s, 9 M, Bu'), 0.11 (s, 9 H, CHaSiMes). 0.01 (s, 12 H,

20 SiMes). -1.06 {br, 2 H, YCHz). "“C{'H} NMR (125.7 MHz, C,DsBr, - 30 °C &):

150.14 (ipso-C, PENMez), 148.40 (d, "Jep = 243.4 Hz, 0-CF, B(C¢Fs)s). 138.33 (d,
er = 233.7 Hz, p-CF, B(CeFs)s), 136.42 (d, Jer = 248.2 Hz, m-CF, B(CeFs)s).
129.17 {0-CH, PIiNMez). 124.27 (br. ipso-C. B(CeFs)), 116.84 (p-CH, PANMes),
112.68 {(m-CH. PiNMez). 60.09 (NCHy), 56.05 (NCH,),  53.33 (Bu' C), 53.75
(NCHg). 51.78 (NCHa). 46.51 (TACN Nase), 26.16 (NCHa), 40.50 (PhNAfes).
37.02 (d. "y¢ = 40.7 Hz. YCH:). 30.17 (Bu' Me). 4.31 (YCHaSiMes). 0.05
(Sidfes). "F NMR (470 MMz, 20 °C, CeDsBr) &: -137.17 (d. *Jiy = 10.3 Hz. o-
CF). -167.23(d. "y = 20.7 Hz. p-CF). -171.22 (d. *Jye = 16.9 Hz. m-CF).

1.2
©



WD 02/32909 -- 63 - 1 2 APR 2005 PCT/U SO | /294.12 NCH2), 17?A?Réﬂﬂ
(ill.2 1.1, NCHL). 1.66-1.55 (m 4 H. NCH1). 1.44 (s, 9 H. 13u g
(s. 18 MWOAR@3®® CH2). -0.60 (d-Am= 9.51-1:,.2 1-1, l\/bSSIﬁéJ]/,‘}gﬂ,]/mgQSO

(d,.J, I,,= 10.5 Hz, 2 H Me3Sid-1i). 13C NMR (125.7 MHz; 20C. ChDS
c5: 59.7 (1, JOO, = 131.6 Hz. NCI.],)~645 55.7 (t. Jc').1 = 135.0 Hz,
NCH2), 54.9 (s. Bu' C), 54.3 (1, Jcll = 133.4 1-]z, NCHL), 52.1 (t, Jcn =
129.8 Hz, NCHL), 48.1 (t. Jcj, = 103.6 Hz, LaCH2), 47.5 (t. Jcll = 128.0

Hz. NCH2), A7ERAMNP = idn ut
i NOR) . ATENANPLIS, 33 ielaidn or IMEITARR P MIGH LSRR B B

| Me2- TACN- c*d#zl)'ithM} PR{IOHesFE3) 2 with 10 1 HN; Me, Ph)IB(CGFc)4J A

?:(e)legtBIro? oog HVF ) \Igss? éﬂﬁjﬁa)f @lﬁ’[%m&wﬁ% %?‘%6]1’5)((%% %" cﬂg%gsnzsrgtg}a%“)n
Shect ?LSEL’;’Z““?&?‘. RSl fab oded W OE P RGP A Y. BBy
i, TH S o donaten titmmi sdrniing,,
H m H Phﬂﬁ\%? 083'7‘8”%" Sl‘ﬁr*FFﬁ”lcer”‘GfW loy theycatioric ppegies §(Me6-To0Ced,
(m 16 1 NGy @a(d”ﬂs“’“”u)ﬁa&r] AR SR TN SR P 00iT (e,
¢ e 8 v ey 1 s g
(d | . lcr: W%ﬁz(* 0&1@7@(1@#517'43H/1f3’81\433)( ] (d I 29317 M4, p- CF,

B @5F5) 4) , 0. 186mdRrc sl 4 7.(0-Ci.
PhNNE, ), 124, 27 (brjj %ﬁ@’gﬁBﬁéﬁ )4?’ -5 821‘&?&( )Oﬂﬁbf@'%;@%} 19209 68
(mCl-1. PhRiVon)4 HBONOB,), RLIGHE) 6 MRELABN INNGEY, 12)5 r534$8\é@r-1 (@3; 75 25
(NI CFlI1), 7 TACN NAle), 46.16 PhNAf e, ),
37.02 (d. HE)lB Ssogxgcg )?HHzéHSr%#éﬁa U489, (&ﬁ°(w'*icvhe§? 874be »(11La@h! JSiAc;).
0. 05 (SIAIe4) '9F NWR (470M—Iz 20 C, C6D5Br) S -137.17 (d. 3.h:1: =
10. 3 Hz, 6723 (d. 11:1: = 20.7 Hz. p-CF). -171.22 (d.'.I1:1:
- 16. 91- IZ %;BHJLE 2(3 Eth)lcne pol\menmnon 2nth {Mcz-T,(ACN-
(CH:2):NBu']M(CH,SiMes); (M =Y, Nd, La) and [HNMeaPh][B(C¢Fs)s).
15 Following the general procedure described in Example 6, experiments

were performed for M = Y at 30, 50 and 80°C reacior {emperature, and at 50°C for
M = Nd and La, as shown in Table 4.



1 2 APR 2005 WD 02/32909 PCT/ USQ /29442 EXAMPLE 22: Reacti on, of
IMc, - TACN- (CH, ) 2NBu' )JLa(CH, Si, 1\1(!3)2 w th JHNMe, PhJJ13( C%g@)oﬂiﬂﬂi
sol ul i omoath/3pdve, - TACN- (C1-1,) 2NBu' ] La( CFl 2Si Me3), (11 ngPCRWS0M294D] ) in
C6D6 (0.6 m) was added to [IH Nwve, Ph][B(C6F5)4] (16 ng, 20.0 pmol). 5
The obtai ned solution was transferredsi© a NVR tube and anal yzed by NWR
spectroscopy, which showed full conversion to the cationic species
{[Me,-TACN- (CH,)2NB u']La(CH2Si Me3))[B(C6F5)4], Si Me4 and PhNMe,. 'H NWR
(300 MHz, 20,4, CBRONn® poksdedizblion 341%‘3%\%3?—'?/5@9-(@4-13)32\'B‘di']MQleﬂSiH’éW‘ﬁ);
6.79 (t. 3j, 11.1 =7.0 Hz, | H J)-H NIVEZ&, 6.6] (d, = 8.0 Hz, 2 H,
0o-H PhNMe, ). 2.91 (M =2YHNANCER)nd 21M8Weith] [ Chis)NICH2) , 2.49 (s, 6 H,
PhNAde2), 2.20 (m 4 H NCH2). 2.11 (s. 6 H TACN NA/e), 1.75 (m 4 H
NCH, ), 1.28(s+—9 —H By )+6-42(§—9-H RS-} +—8-086—(s—12—H.
Si AL(" 4), |€6aB@t ((bip| Rihklent aCHPE.  EXARRISEC(R8ty Et| hyikbeve | poll,y MerMat i on
with [ Me2{TACN- (@) 2NBud | Vo Stitled| Ma3had ' (M tat")| WNemplq) and
o]
20

10

JHNMe, PhJIi B( C6Fs|) 4J. 1?06|,:.pll 'L;?g the general proggedre despribed in
Exanmpl e 64 experfiments’ were perfoined for M= Y af, 30, 50 and 8(C

reactor tenperatjure,jand at|50C foy M= Nd and La(ggls shown in Table 4.
\VO 02/ 32909 1 Z APR| 2005 PCT/ USQOL/ 29442 Tabl e {4. hyl ene
pol ymeri zation, Wit MeZ-TACN (T - 1,) 2ZNBy, IM T {135i, MVE3) (M =Y, Nd.
La) "and [ I-lI\N/Efl{Ph] f’@( o Fé) 4) 567 S 17786071 .97
Cat al yst TenpEt hyl enePEProdugtivityl-1ighestM . M/ M 00
(©) Pr essuneprodyced( kg ot =11 bar ) Tenp (bayp)y(graonng 7unm (G
M=Y3055. 6276826%470793| 97 500 w:mﬁm 11%3225. 4. gi 00 2581 4.91
00
M=Y | 80 5 14.30 1787 103 8,40} 5.95
0
M=Nd | 50 5 6.46 702 71 5,90 2.25
0
M=1a | 50 5 0.00 0 50 S
Conditions: 10 pmol catalyst, 1 equiv. of [HNMe;Ph)[B(CoFsh),
runtime 10 min, 605 rpm, 150 m1 toluene, 0.5 L s1ainless steel auioclave
5
EXAMPLE 24: Synthesis of Me;-TACN-(CH):NHBu™*
a) N-2-Butyl-(4,7-dimethyl-[1.4,7]inazanon-1-ylacetamide. To a solution
of crude 4,7-dimethyl-1,4,7-triazacyclononane (2.5 g, 15.9 mmo}) in acetonitrile
(15 m)) was added N-2-butylehlorosceiamide (2.37 g, 15.9 mmol) and 100 mg of
10 sodium iodide. The mixiure was refluxed for 3 h, then poured into a nuxture of
waler (40 ml) and 10 ml of 2M hydrochloric acid. This was washed twice with 10
m! of clher. To the aqueous layer was added 20 ml of a 20% selution of sodium
hydroxide. and this was extracted with dichloromethane (25, 10, 5 and 5 mi). The
combined organic layers were washed once with 10 ml of brine, then dried
15 (Na>;SOJ). Afer removal of the solvent, the remainder (about 3.8 g) was dissolved

in cther (50 mt). The solution was filtered, and the filtrate was concentrated 1o
give 3.24 g (75%) of the litle compound. 'H NMR (CDCl3) 0.85 (1, Sy = 7 Mz,
3. CHaCH:). 1.05 (d, Sy = 7 Hz, 334, CHCH,). 1.39 (m, 21, CH2). 2.29 (s. GH.



MFY80514. 3017871038. 405. 95 0 M=Nt d5056. 46702715.902.25 0 M =
La5050. 00050-- Conditions: 10 pnol calalyst, | equiv. of 12 APR 2005

[ HNMe, PhyOBGGEMp4), runtine 10 min. 605 rpm 150 ni tol ugRey sl ain
| ess steel autoclave 5 10 15 EXAMPLE 24: Synthesis of vih o b2

Me7- TACN- ( CH2) 2NHBus" a) - 66 -
A?-2-Butyl-(4,7-dimeth),|-[1,4.7]tri azanon- | -yl )acetam de. To a solution
of crude 4,7-dimethyl-1,4,.7-triazacyclononane (2.5 g, 15.9 mml) in

acetoni tri hevcY bsni d ' chl r acgi aa de., (2.,37 15.9
nml ) and 100C)§1| g5 ofd ‘\(E:O'J"ﬁ?(ﬂﬁ :ég%:@g,. ﬁ@{fb d?egwggl ?g}zs‘u)’(‘g% (f“or]%
t hen pour edGihk &. &(l'm M4,0¥ 7). of vvat er (40 M) and 10 nil of 2M

hydrochl ori c aC| 233\,\@5 hed twice with 10 m of ether. To the
aqueous | ayer vva BY-#{4- 7. Sfm(él'hﬁb%%@ ‘Ut“?fbﬁmolf yBetbilaminqiy difoxa de.

Conbi ned 3’?"35‘3?‘?‘?2@'3‘?2%@ PSSR IRt e B (R Leqfﬂfi ed

(Na2SQCa) . wintad) inetfbwdl ofodiehihe sab \sedéd mlnanf enmiingar hyiARruY . 1%@ ?@
di ssolved in ether (50 nil). The solution was filtered, and th Itrate
was concenfy e Wr“‘{:ﬁsve/\@efzit’*"gh@?@%f Ufmué\he*aﬁﬂrrt dkllﬁbn@auhcdvly dddNNR

CDA 3) 0. 8%; ! 1112 alure' ke i
STt Cro e Loglie (hiks T lextlepotyther Bl g 0 Feftobfed i s s *
02/ 32909 F@Tcﬁ!USOﬂ]/eZ‘@Allﬁe NfaN\\Hm} SZbEquIeﬁH)( ]IQ:HSOQ'[(N) ny)\l\% badual g al}:[g—IZ)
3.18 (s, 2%5 q%ﬁ?ﬂﬁ li-1. NH) . h)
N- 2- But v ’(”A”“z‘eai s w Fff APy buf aﬁfam axy!| Wy @sﬂmw«am 1@, miTof ather.
t 1 W 1 a i T evar L . d
?gidzlé‘rb?nlorhé\lco %’bhlgdyfﬂ&ldéi QE 'EB! %%Idn[ﬁjd 3‘5 Z%\Br Io?ég‘gggp?:taiﬂru%ﬁcgﬁﬁﬁn%u?n

hydri de (1}\H,1831g311r3h®1wmt)15)(”nc|rrr mﬁﬁt‘i}oh‘ﬁe céﬁdcﬁﬂmle\/\@ab@i&ﬁ&éﬁﬂ!eﬂ@f | 1p¢2000at er

(3 M) was dded while cqoling (internal tenperature kept around
20 C), fol otégﬂuégy‘ﬂ eTHEDREPPERIVERElo %96?5%6&“5 HEstiaiet uf bisvisias Yiaiillad

Subsequentdeyin Mﬁgg%o(‘r%ﬂghismlﬁp%%rﬁﬂg afb5eorr with a bath temperature
of 70 °C, to give 2.24 g (73%) of product. 'H NMR (CDCl3) & 0.84 (1, Sy = 7.3
15 Hz, 3H, C11:,CH;), 0.97 (4, Juw = 6.6 Hz, 3H, CHCHs), 1.2-1.4 (m, 2H, CHa), 2.30
(s. 6H. NMe), 2.4-2.5 (about 17H fotal, overlapping NCH,), NH not observed.
'>C NMR (CDCl;, APT) & 56.8, 55.1, 54.7 and 54.1 (NCH;), 52.5 (NCH), 44.2

(NMe), 43.3 (NCHy), 27.3 (CHa), 17.4 (Me), 8.0 (Me).

EXAMPLE 25: Synthesis of |Me;-TACN-(CH,),: Bu*}Y(CH:SiMe3)a.

20 A solution of Me;- TACN-(CH:);NHBU™ (0.65 g, 2.53mmol) in pentane
(10 ml} was added dropwise to a solution of (MesSiCH:2:Y(THF): (1.25 g, 2.50
mmol) in pentane (50 ml) at ambient temperature.  The reaction mixture was
stirred overnight, afier which the volatiles were removed by vacuumy. The residue
was siripped of residual THF by stirring with pentane (5 ml) that was

23 subsequently removed by vacuum. The resulting sticky solid was exiracied with
pentane (3 x 20 m}). Concentraling and cooling the extract to — 30 °C gave the
title compound as a crystalline solid (1.03 g, 2.00 mnol, 80 %). Low temperature
solution NMR speciroscopy indicaied the presence of two conformational isomers
in nearly cquimolar amounts.

30 "M NMR (500 MHz. 20°C. C3Dy) 8: 3.33-3.28 (m. 2 J1. NCHa). 3.14 (.
I H. MeCH-C/Me). 2.87-2.76 (m. 4 M. NCH,). 2.31 (brs. 6 11, NMe). 2.23-2.16



15 mnutes the solids were renoved by filtration and washed with 150 nil
of ether. 10 The conbined filtrates were concentrated using a #qtARRy2005
evapor at\gp 02/31%8%t hen a Kugel rohr apparatus (2 |our. 50 QCT/¥RE/29442
concentrate was then distilled at 120-200 C (Kugel rohr oven-tenperature)
to give 2.6 g of distillate. This was¢di-stilled again using a short-path
distillation apparatus at 0.5 tolT with a bath tenperature of 70 C to
give 2.24 g (73% of product. '"H NVR (CDC13) 8 0.84 (t, Jitij = 7.3 15
Hz; 3H. CI—IZﬁ:HB}I \QII‘BQJ :(GIQ ’J‘D”ui(m—'JGJ GNEH;). BI83- 1ICHOHS)3 HINE M4 661 .52H.

CR2) 2.30 (about 17H total, overl aggl n% NCH2), NH
not observ@é} 3 Hi@’@ﬁ&ﬁ ’dcﬂ)eﬁém AFL'i')MSCé’BCw\’J@S] 18 (543 71.4MaCHaC /‘(LNCH ).

Bt e 25t Bie Al RS 0 BEAREE 99t v My 20

sol ution of. 7d/br; TACNE ¢SS NHBEH (H-01 %cquaw@?pnnml(bmm lp@rHuBTMc_%(lo m)
was added dropw se to a sol utll on of (Me3Si CH, )3Y(THF) 2 él 25 g, 50
mol) in peb? dbre ! HCHiJiMeal: aﬁﬂﬂ@’fﬁﬁt(lpéﬁ‘pféﬁr]‘d{ uﬁ@cﬂv@sﬁ a6?.2dh Joi xt ur e

The resi aub0 St Pl B et b BTE M B0 Tl o baane (5

nil) that nes,p 5;984198%;;;%?92 H?Wﬁd) by, 3%@%;;99 139e HeNuEHLNg7 Bt cKy
solid was extracted wt ent ane Concentrating and cooling

t he extrackntol389 Rz, @lﬁ/fé:)l hbS (¢ v’t:h § ]éérapﬁarﬁicéls) 24c% (isval +ilne.8sidt.i d

fﬁd?ga?éd%}lﬁg g? s’e%8‘9“of Tff/\g%:zoﬁ\f@s %#535 C'l'sgweso(g}_ll\l h :ﬂiﬁ‘? yé g%ﬁlo%l ar
ampunt s, 30Q,,'=Lis ONVR z( BRQE HMdz1M 2061, 9GdDR), S1387 38z, %’@CHE‘E’HM% 4 SleRl)
3.14 (m | H MC-hC//Me). 87,2, 6 (m 4 1i. NOIR (br S,

NVe) - 2. 23/c2 =1 539D 12MeDF 9D B, APR=2065 HRCRAGS0149 l(=ﬁ|l3 4 Hz.1,

ML) 2 AP AR R 0o Bk TR (T e M s8R 252

Mt CH2 CHA/ e!):” = 126.§ Hz, NN, 3302 (:AU@,@HZ]@HI\I{:MZ 01e88)-C$IME), 19,9 @1 - 'Jls]:@:l\/b ).
0.53 (s, 9 1.1, CH2SI A/ e3) . bi. 1 171. CHSiM3). -0, 54 br | H.
CH2Si Mc3) .2 %)H%Jc(rbr 991 Hz. bﬁHsﬁr% . 29.8 (4L, ohe(ppo-11 Hy, Jay = J &l 13C

(N{VB ggi ZY@{%%S‘BTEHEQ@ SC@ D@)%—JG%ZHgJSFS‘]S% Hz“:’d—ﬁgﬂaleﬂzm W%?)J\CG:L 1
= 36.8 Hz, Jon = 98.2 Hz YCH- smaea) 8 . Jc” = m 6 Hz, MeCH.CHMe),
12.7 (q. Jeu = 124.7 Hz, MeCH:CHAMe), 12.3 (q, Jou = 122.4 Hz. MeCH:CHAMe),
53 (q. Jon = 115.9 Hz, CH:SiMes), 5.2 (q. Jon = 115.9 Hz, CHaSiMes).
Ca:HssNuSiaY: € 50.94 (50.47); H 1030 (10.27); N 10.80 (10.74); Y 17.i4

20 (17.06).

EXAMPLE 26: Synthesis of [Mea-TACN-(CH)aNBu™ | Nd(CH;:SiMes)s

Solid LiCHaSiMe; (0.50 2, 5.31 mimol) was added to a suspension of

NdCls(THF); (0.83 g, 1.77 mmol) in THF (60 ml, ambient iemperature). Within 5

minures a bright blue soluiion was lorimed. The solution was stirred overnight.

25 after which it was reacted with Mes-TACN-(CHz):-NHBu™ (0.45 g, 1.77 mmol).
The resuliing green solution was siirred for three hours afier which the volatiles

were removed by vacuunm. The mixture was extracted with pentane (3 x 50 ml).

The obtained green extract was concentrated 1o 20 m) and cooled (- 30 °C),

vielding the product (0.47 g, 0.82 mmol 46 %).



NCH2), 59.4 (t, .JcFi = 139.2 Hz; NCH2), 59.3 (t. Jcil = 139 [ng)
57.6 (t, Jcl.i = 136.8 Hz, NCH2), 57.5 (t. Jr,, = 136.2 Hz N@:IA&FIU

(t. Jcttvorodk8008 Hz, NCI-12). 53.3 (t, Jcii = 133.5 Hz, ,5@4% (t,
Jei.1 = 135.0 Hz. NCH2). 52.9 (d, 10 .Jcti = 130.0 Hz. MCH PET R

(d, JCFH = 130.7 Hz. MCH: ClH M), 51.5(q, Jat = 135.5 Hz. NAM 49. 5
(g. Jcii = 135.8 Hz. NMe), 49.0 (t: Jcii = 131.6 Hz. NCH2). 48.9 (1,
Jc,i = 131.6 Hz, NCH2', 48.7 (t. JC.t = 132.2 Hz. NCH2), 33.8 (t. Jcii =

26. 8 | i =
1268 17 NOBRABIE sl 8P AN o GBS
100.1 Hz. 15 YCH, SHMELI)CH%&/I& (0082 "0, NSO 77361 8ukdZadde8 10 1 s @ si bR - o£2 8

YCH2Si Me3) é gﬁ% 36.8 Hz, JCFL ='98.2 Hz, YCH SiMe3).
(q. JcF{ =LaBm(E 11\0&9@42@%)110') m2THF((§0 IUIapmblC]:-QZtm?pcl-ilzr,lreWb‘&Iﬂh%I e).

%:12423 (Agés)m%ﬂ%é(?'%”%l ‘%”OM:%H é%ﬁ%@} T%Hlfsd?Aﬁ 'Zce!'éjo‘]“%'oé g ‘:-EN e§|0“{“ nighs. 94

(505 47); Hbfid. 8BichIOWT Jeachdd 1&415@4&21"9;\@0 cN Rn B 2034 g] @g)m] MPLE
26: Synth $|s of 1,1l c2- TACN- (CH, ) 2NBu" 28 Me3) 2 ol i 2Si Me3
5!

(0.50 g. SQLY%UHET’)"T@\%&S(&@IU@HW&\@ Sangdsfper!ﬂyueohomfs dﬂdCI\@(élﬂHE)vo](nt(D]cBS g.
1.77 mol),, , | erature m nutes_a

bri ght bl ué&gor;gtﬁv(%g%\ qum] lﬁ’ Tz]e ol it f\oHQ {ﬁgs“ ’é}f PF’?@‘&B 6’\/ér~5r9 ’69& 25
af ter whi gheidbtwiasd reeqt ecrau tma%@né%@'ﬁre(d%b@'\!'nﬁ%d cdofed?p. 2/
mol ). The resultlng reen solution was stirred for three h urs aicr

whi ch t he X8Idt8 thegrodust €4 legafl Ermyoly 48 Foim The m nure was extracted

h t 3 { trated t
50/ Pand cool od T o MGE RBES g“@%)eg-w@ gy H“‘@%IJST’.SBS?&_(%& “a6
%. 12 APR 005 MBOKB2909- m%)se’mz 3 KABL L Ne% J&j,gfﬁil—slfc{;o

g, .

| Me2- TACN- ( CH QZNBU JLu(d i 2Si 2 " Sol |
mol ) awndMaddbd NG ls7 ersiman M@Bn)s(fmanF)mH( I\ICO{D:),gl ‘9(5Q3mﬁpl) in

THE (60 m aj ure b el | .ow

sol u§| on \/I\\/ggémb{rjﬁ@ée JjeTOJI”Ut i %rq } ]\5‘?%]31 Cg\'];&eﬁl Zlm{t By a%t“el”zwhi ch
it was rea:cHedfw(IltHCiMeTe} TOACN(S, @lszmznjﬂglslpfeg)o :@56 39d, 1J,?fg‘0=rquj bz 3he

resul ti ngc%‘%sg oﬁﬁtlon was stined for three hours after which t'he
voFatil es Aea )k i1Bv & d Oy iy A dU inH Zr Re HiiGé i devlas ™ 6 MR { 516 hiM Hzpent ane

((: gorego( f‘hg%c CI@% 083 31BE5, A §98 06144, AGLCBEHRAGCENS [2hgd. 4,30, 1 and
NCHw) 55.7 (1, Jow = 136.8 Hz, NCH2), 54.2 (1, Jou = 133.2 Ha, NCH:), 52.7 (1,
Jew = 126.3 Hz, NCH:), 52.1 (1, Jou = 133.4 Hz, NCHa), 48.3 (1, Jou = 103.5 Hz,
LaCHaSiMes), 46.9 (g, Jou = 135.1 Hz, NAfe), 30.8 (t, Jou = 124.6 Hz,
20 MeCH2CHMe), 20.9 (q, Jen = 122.8 Hz, MeCH2CHAZe), 11.7 (q, Jeuw = 121.0 Hz,

MeCH2CHMe), 5.2 (g, Jey = 115.8 Hz, CHa1SiAes).

EXAMPLE 28: Reaction of [Mep- TACN (CH.):NBu*))La(CH\SiMes)s
wiih [HNMe:Ph]|B(CoFs))

A solution of [Mea-TACN-{CH1):NBu™“JLa(CHaSiMes) (11 me, 20.0
25 pmol) in CeDg (0.6 ml) was added 1o [HNMe2Ph)[B(CeFs)i] (16 myg: 20.0 pmol).
The obtained solution was transferred to a NMR 1ube and analyzed by NMR
spectroscopy, which showed full conversion to the caiienic species {[Mes-TACN-

(CH2)NBu)La(CHaSiMea) [B{CoFs)i). SiMey and PhNMe-.
'H NMR (300 MHz. 20 °C. CoDg) &: 722 (1. "y = 8.0 Mz, 2 H., m-}H
30 PINMea), 6.79 (1. %Ay = 7.0 Mz, 1 M. p-H PANMe:). 6.61 (d. 3/ = 8.0 Hz. 2 H.
0-H PANMea). 3.01 (m. 3 M. MeCH-CHMe, NCHa). 274 tm. 2 H, NCH»), 2.50 (s.



yi el di ng the product (0.41 g, 0.73 mmol. 48 % . 10 'H NWR (50 WFRI@?C'
o6, ) 12-3.06 (n3, 2 H NCH,), 3.S0 (m 1 H bl eCH CHVE):

2.37-2- ‘29‘{2Fﬁ29092 H NCH2). 2.23 (br s 6 H Nwve), 2.11-1F§87U0pMd%H,

NCH3), 1.76-1.71 (iT.: 2 H NCH3), 66(m 6 H NCH2), 1.59 (m 3 H,

McCH, CHME), 1.46 (d; Jrni = 6.0 Hz, 3%H MCH2CHAIe). 1.12 (t, Jill., =

7.4 H. 3 H MCH2CI-1Me), 0.49 (s. 18 H, CH2Si Me3), -o 63 (d, ZJUH =

10.5 Hz, 2 H 15 CH2Si Me3). -0.71 (d. Jilt, = 110 H  CH2Si Me3).
'C NVR. (@?’5%%) 28@16ltkwcﬁ)@ll&(%&”JJﬂCM‘iMS)O'hOG—l@ﬂ4H

'\N’bog';) C75'XEI§C B 1( b §%§§\1ﬁéﬁ%i§@wfni\'ﬁ)8 5§53 }jéﬁedﬁ%lﬁéc)k‘i%@,\lmz)

52.1 (t. J&k "‘lllmmlmm 1. (s ABH 3C 1L SiAdGH 0D 315;44@ M, a.@m 2Si Me3).
46. 9 (q, Jor L = 135 sz Af(éjt& 30.8 (1 gﬁJcm = * J} o

Mc CH, C1- 1NBJ. 2@“9)(q Jell = 122.8 Hz, MCH, CHAJe) 11 7 (q, Jcn = 121.0
Hz; AAeCH2CHW), 5.2 (g. Jcii =1 15.8 Hz. CH2Si Ale3). EXAMPLE 28:
Reaction of |Mz- TACN (di,)2NBu" " )JLa(CH2Si Mc3)2 \6ih

|| - NMe2PhJJBEGBAS)AIE A 96t ut iColmylofie [ I\/taph-'ﬁm:i\taQi@Hz) 2MBh" )M ACBSI Nl €3) 3
(11 nmy. 20.0 25 o N (0. , add , NVe3P [ ( CBF5) 4J
(16 no: 20, oheefBtnaloleaiey Q) i Ralse T MbPah PARE R © ube
and anal yzed by wafr@%terr%&@p ocwjuremesé}%dmf Eusm AR b%es@ the
cationic species {[M ACN- (CH3) 3 ] La(C 3)1 [B(CF;)4].

Si Me4 and \F&rhllykrrprmbd!-iaNWq &@Clowlmhpm atQ& fer Nli=D6‘) T\bi a:?d R4 2an(dt atl S0°@t . t =
8.0 Hz. 2 ; 0 PhN 3Jjit

o) 4o (5 Yoo 02 ) 62 5720004 For Bl 1 by ) vl pelkefihine 5 1
M@ |, 0 dedutiflanb awkach%n%ﬁol@@l'm 0@531\"@3 NCR ), 2.50 is. WD 02/32909 1 2
APR 2005 PCT/ USo1/ 29442 1. PhNAle,), 2.29 (m 4 1-1, NCH2). 2.18 (s.

6 H TACN NAle), 2.06 (m 4 H NCI-12), 1.71 (m 5 H, MCH, CHVe, NCH2),
].38 (br, Btle §, E[Ul}:)(]}-ﬁe@dﬂdmyuzamoﬂ)ﬁ’lih([b’rea 'IBNINL(CM:&;(]}FB!I&]EI]MI%)S:I\@ ¥5 (s, 9

BNPLE 20 £t hyl and oy ek LR WEr RSl (i) oneuatt]

1(CH2SIi Me3)2 (M =Y, Nd, La) and [ HNMe2Ph[[B(C(, Fs)4[. Foll ow ng the

ener al roce e ddascribed | expenl nts
9 Bataﬁ'spﬁtemp %11‘])’]6]16 ?’E Oan]Lroductl\;I\p lqE hest My MM,
(°C) | Pressure {produced|kg mol” b bar')|  Temp
(bar) {2) during run
(°C)
M=Y 50 5 10.65 1331 96 - 189,800 | 3.87
M=Y 80 5 16.13 2016 105 54,4001 2.32
M=Nd| 50 5 4.50 562 55 -
M=Lla 50 5 0.0 0 50 - -
Conditions: 10 pmol catalvst, | equiv. of [HNMe.Ph][B{(CF;):l.
15 runiime 10 min, 605 rpm, (50 mltoluene, 0.5 L stainless steel autoclave

EXAMPLE 30: Synthesis of Mep-TACN-(CH5).NHBu"
a) N-1-Butyl-(4.7-dimethyl-[1.4,7}triazanon- -yl Jacetamide. This
compound was prepared analogously to the procedure described in Example 24
20 from N-1-bulylchloroacetamide (2.37 g) and 4,7-dimcthyl-1.4.7-triazanonane in a
vield of 2.97 g (69%). '"H NMR (CDCls) "M NMR (CDCl5) 0.86 (I, /=7 Hz, 3H.
CH-CH5), 1.03 (m, 2. CH-). 1.42 (m, 2H, CHa). 2.30 (s, 6H. NMe). 2.54 (m. 4H.
CH-Y, 2.57 (mo SH. CHLY 3007 (21 NCH2), 3009 (s 21, CHR)L 9.2 (br, NH).



were performed at 50C reactor tenperature for M= Y. Nd and La, 22§ 205
SOC for M=Y, as shown in Table 5. Only for M= Y and Nd was

pol yet hy¥en32900 produced and a reaction exot herm observegcrhahh8s.Q2

Et hyl ene pol ynerization with [ Me2- TACK-(CH, ) 2N 3ufc | M CH2Si Me3)2 (M =
Y, Nd, La) and [ HNMe2Ph] [ B(C(JF5)4]. .Eithyl ene PE Hi ghest Catal yst Tenp.
Pressure produced Productivity Tenp M (C)(bar)(g)kg nol-t h-i bar
t)during run (C M = Y50510.651331 ~9689". 8003. 87 Ni =

Y80516. 13201610554, ﬁop%u%a 71{447 3 NEROB 5?%%@8” At %? %qﬁﬁOOS

Condi tions: 10 tunol catalyst, | equfv.

runtini c 16olpiian Oﬁ%lﬁapml -(4.56dinetltydl [UdBiria@aibork ] STREMbBRR: SLERL. apgocl ave
EXAMPLE 30: Syn.thesis of M2-TACN- (CH2)2NH 13u" a)

N- I - But yl - (40 & h@leﬁf dgymemyes 3dez8d illﬂg/]lu)ﬂeﬂ@léﬂéwdét (Tigi 36 nooeidound
was prepar go Y, e dure des I n e 24. 20
fromN]- bﬁpyléjg%:ngrofgﬁéél ng]tn h%&} %chgﬁﬁ Qka?ccf F’§m?uas S]O“ P8 hite

4, 75 di met hWGlmM(ﬁHm!mnamamonaﬂﬁa] r&népeydf@dedufm‘boat 9 "%_'(jéﬂ%{@,ued bkl QINR
(CDCI3)'H g)OSG (t, d=7 1-]z. 31-1-

21-1. )“ ‘91?0’%? ISP Was eyt sNagiQ. (). wa. Me@notmmm.req 12),

Ny (7, s B B Ay Bl B o By

ether. The combined fltrales were concentrated using a rotary evaporaior and,
subsequently, a Kugelrehr apparatus (2 torr, 50 °C). The concentrale was then

10 distilled at 120-200 °C (Kugelrohr oven-temperature) io give 3.33 g of distillate.
This was distilled again using a short-path distillation apparatlus al 0.75 torr, with
a bath temperature of 70-80 °C, 10 give 1.7 g (60%) of product. "H NMR (CDCIY)
0 0.85 (1. /= 7.3 Hz, 3H, CH,CH3), 1.3 (m, 2H, CHa,). 1.4 (m, 2H, CH,), 2.29 (s,
6H, N'Me), 2.45-2.65 (18H total, overlapping NCHa), NH not observed. C NMR

15 (CDCls, APT) & 56.5, 55.1, 54.7, 54.2, 47.3 and 45.8 (NCH-), 44.2 (NMe), 29.9
(CH2), 18.0 (CHy), 11.5 (CH;)

EXAMPLE 31: Synthesis of [MexTACN-(CH:);NBu"]Y(CH,SiMe3)a.
A solution of Mex-TACN-(CH:):NHBu" (0.76 2. 2.96mmol} in pentane
(10 ml) was added dropwise to a solution of {Me;SICHa:Y(THF): (146 g, 2.96
20 mmol) in penlane (50 ml) at ambient temperature. The reaction mixlure was
stirred overnight. afier which the volatiles were removed by vacuum. The residue
was siripped of residual THF by stirring with penfane (5 ml) ihal was
subsequently removed by vacuum. The resuhing sticky solid was extracted with

pentane (4 x 20 ml). Concentrating and cooling ihe extract 1o — 30 °C aave the

1J
A

product as a crystalline solid (1.08 g. 2.10 mmol, 71 %).

'M NMR (300 MHz, 20°C. C;Dy) & 3.29 (L, *hm = 7.5 Hz, 2 H,
CHCH2CHaMe). 3.04 (m, 2 H, NCHa). 2.26 (s. 6 H. NMe), 2.08 (m. 8 H, NCHa).
1.74 (m, 6 M, NCH), 1.57 (m, 2 M. CH,CH:CH:Me), 1.54 (m, 2 M,
CHaCHACHaMe). 1.09 (t. *Jyy = 7.0 Hz, 3 1. CHACHaCHaAe), 0.40 (s, 18 M.
CHaSiMes). -0.70 (d. iy = 10.5 Hz. 2 H. CH-SiMes). -0.94 (d, "4y, = 10.5 Mz, 2
H. CH2SiMe;). The Ay coupling on the YCIa protons is unresolved. C NMR

)
[a]



b) A -I-Butyl 2-(4,7-dinicthyl-[1,4.7]triazaiion-I|-yl)eihyl am,QCAPeﬁs
solutlo\Q s élgbutyl (4,7-dim:ihyI-[1,4,7]Iriazanon-l-yl ‘fﬁﬂ g QZ 97
g, 11.0 AP6PY° in 10 nil of di g] ynt was addedlithiumal Hrfh Bri de
(1 g. 26 mm]) in portions. After one hour of reflex. water (2. 5 m) was
sl ow y added while 5 cooling (maintal I'ﬁg an internal tenperature of
about 20 "Q), foIIovved by reflux till the color of the m xture Was
white. Na2SO4 (10 was added to the m xture., After 15 mnutes the

sol i ds werlé2y grPd\bbfd “HY'Ct CrPpax P8 (andhwaé}fbdlm NCIEGA1:N), SBOHBr . The

conbined fjltrat t ed re apora
subslequentjlcﬂ} Z§ fﬁ%ﬁ%ﬁﬁ :(a?&’é (]2° Fawgglt %9‘/‘ ﬁﬁe%b‘né%pe}%e was
then 10 dipstii,} ed. 21, J@Q‘%@]@Iﬂﬂ@ﬁl)r ohy (OVeN~t eT@ent W@)l-.)t?)g'(ve 3.33
g of distillate. This was distil galn using a short-path

s

di still at ion =appaPdiudNGi=)02 775 (% d«rm* a2 t2nHz a\'ﬁa}bh @éhﬁ)efcajtﬂﬂéﬂl 6fHZ0-80 T.

t 1. 6 duct 85 (L, Hz, 3H.
oty NPt B by 36 M N a7 S8 Tes & adf Niaf
2.45-2.65 M(tn&_HHt@!mme%Oweé gapw\e@ N?ls@lz ngﬁ oy 90121§ew¢ﬂslmé§ Ny
(CDC13, APT) b and 45. 8 44,9 (NNE)

29.9 ( CHZYt, 1/8co=(ad42)Hz Viu 5 @@lésﬁzzd@mma 3L 0$ynfdme§| K5 Mz,

:\/}sZeT_AcT:lﬁmﬁrgﬁi"%g(’% SSI E}'ég nﬁﬁéﬁ{ikﬁﬁ'ﬁ {’f?) -7 Y 9des 2dded

dropw se tjo2a Fe| Me'@ﬂC‘PfM&)N?3$q%)—3Y(7r Bz CHLSABe 9, 5.2.(88)c,Bunpty in

penlane (50 nil) at anbient tenperature. The reaction m xture was
stiorred oV nthhbiMedt ekiiNbhiatheC vl At (P@81 e el §-80rdy8dShyNvEREAM The
resi due sesidual THE by stirring with penlane (5 nil)
That was éag Eﬁﬁl%%én)oved by vacuum The resulting sticky solid was

extracted vmth pentane (4 x 20 ml). Concentrating and cool ing the

S%agaﬁ;{ n;[gl - 573\14&19‘%& t)e 2§8§rloduct S a cr stal I | % cﬂ(g%?ﬁ

7.5 Hz. 2 (M) SbaThiCH, sma), ard mwmvpaumcm@ 2 % (s. 6 1-1. NK/E)
208(m8H NCL-13)_ "1.74 (ni. 7 (m 2 H

CH, CH, C] -1, Me), Eo%gfm(ng' 1]19 gmy_eral @.qog.qlugg ,deq\g@jvedl 9 E(\tampj;‘], 6. 2= 7.0

1-1z, 3 1-13,. ey, I o i ) (d.
5 l%, L :p%Bhgg‘rﬁa;G}l ZEH%E‘%@EW “§Q ﬁ%%rﬁmd ﬁg'}o (_3 ng?,ﬁ,t%ﬁ% Uée Q 1]9
1-1. CH SiIBh3jal ciheysdynd owglivngf gle\mPli][m_p}mmﬂess Gar a&pleued "' C
NVR WO 02/ 32909 . . .
pressure and 10 min run time. Yield: 3.91 g polyveihylene (Mw = 91,500, M /M, =

1.8). catalyst activity 488 kg polymer/mol Y.bar.h.

20 EXAMPLE 33: Synthesis of (iPr)>-TACN-(CH;);NHBu'
Method A:
1.2 0 (5.63 mmol) of solid Li[{Pr)»-TACN] was added to a suspension of
0.73 g (2.81 mmol) HBr-BuHN{CH:):Br (powdered); in 10 ml THF. After 2
hours, the reaciion mixture became clear. The mixture was stirred overnight.
25 This solulion was then poured into | M NaOH (50 ml). The mixture was
extracted with CHCl; (3 x 50 m!) and the combined organic lavers were dried over
MpSOs, The solvent was removed under reduced pressure 1o give a yellow oil.
Four. sequential. shorl-pass distillations of the oi} (60 °C, 0.01 1orr) gave 0.20p
(22 %) of product.



12 APR 2005 PCT/US01/29.1-12 (125.7 N *]% -40"C. C7Ds) 5: 60.1 (t../(.;
= 134.1 1-1z, NCI-12CH2CH2Me), 59.0 (t. .lcti = 135.4 | 1z, NCAPR 20057.0
(t, .Jowio ¢23k3@ 0 Hz, NO-12), 54.8 (t-lc-11 = 127.6 Hz, , 4.7
(1..1ci 10=Mi3§gli?9 1-1z, NCHL). 54.4 (t. Jcti = 136.3 Hz. Nd’%?%”?é? ,
Jar = 132.0 Hz. NCH2), 51.1 (t. .lcit.= 132 2 Hz, NCH2), 49.4 (t, ,lcii =
134.1 Hz. 5 NCH2), 48.6 (q, Jcit = 1363 Hz, NAJe), 34.7 (t, Jcl.1 =
126.1 Hz, NCI-I2CHZCH2|\/E) 29.6 (dt.'J)-c = 36.5 Hz, Jctt = 97.2 Hz,
YOH2Si Me3), 27.5,, (dt,. ' Jyc = 37.6 Hz, Jcll = 99.5 Hz, YOH2Si Me3), 22.0
(t, Jcit = 125. 2 ”‘ A2 CH2OH2Me) . 15,3 (q, Joii = 123.0 He,

NCH2CH2CH, AJe) . A42N3c i : ( ti

117. 0 Hz, CH2Si Ade3), Iﬁ%mqﬁ,? BisobtpyRUTETI q_tﬂzg%écé ’ﬁ/é“g A-rotf
022H53N4$waich¢Drsmcc9{m1(dsaogja)a ,EIZJSOm&ﬁb]I $@s 38Jcd N 4661860on 6!1631,&0)4;7 Y 17. 14
(17.12). NPLE}% Ethyle (g I’IzatI%@WIth JMe2- TACN-

( cH2) 2NBuTNAREPRY i TdHI BNk I BRE 1 BEOSEBYA N drarthslipivgnide (Jener al
procedur e gesarmi.pe , YA 0 riment. was

per f or rredngf é&prggélﬁoaﬁzpﬁgﬁ]gt\ﬁ%é \ bfe% ?{ E{C](f%cgaet “%)éfgandqq”"eqw V.

of [I-1 NMeRirth (Gl Fpstlobiainddl UBIe, whs harified hiyl eaalmlprcm@hmsm@m 10 min

run time.  3.91 ol.yet hy e (19 =91:500, M./M
cat al yst @IW\WFS?“X% ]EBP P??Feerll"?fg 2iYinga9- 18 & @3 Rodnmpiecta3H TS hesi s

of (1Pr) 2+ N t
Li [EPr gztcTA é%])(a ?’é@ut]dogg?u pgr?ﬁ? 3#’ FgHé%b‘m@%i% Oi)l'lll
HBr Bu' HN(I:PiZerBYH)( povvdered) in 10 M THF. After hours- the reaction

m xture becane %I ear. The m xture was stirred overnl ght. 25 This solution
then poured®nto | NNEReReHRY!-3-507¢iioprame-{ i xtneeennas) -Yisteylamired wi t h

Cl-14a3 (B mm%oa]mn @Dy i ermvgpdygl ngg 1%1 nw a&}/e%r% Wsequgl:%{ %fﬂ’ !

MyS04. The sol vent was hder pressure Vel | ow
oi l. Fodmi\]s(dqliémﬁopajpv] Slh@’/‘}mmssmlL\S)‘,alcdzibﬁhﬁdeo(m)SI9035_Gblen@b it 69 nd 0.01

ICDIOC_FI_; {JS?] /‘?9% ﬂffﬂ}&tgéw&‘f‘r}?/ (%\48 w as()a%dgé Aﬁeg ]'38 F]io%?sor?:ﬂ\ﬁ gnc? 2\1{v'orl% 911?39(see
above). 0.17 ¢ (0.54 mmel, 90 %) of crude product was obtained (containing 10% of

15 the acetamide starting material). 'H NMR (300 MHz, 25°C, C¢Dg) 8: 2.82 (sept,
i = 6.6 Hz, 2H, Py’ CH), 2.76-2.73 (m, 4 H, NCH1), 2.62-2.54 (m, 8 H, NCHa),

2.51(s, 4H, NCH2), 1.06 (s, 9 H, Bu"), 0.91 (d, *Juu = 6.6 Hz, 12H, Pr' Me), NH

not observed. '3<: NMR (75.4 MHz, 25°C, C¢DD¢) &: 58.7 (d. Joiy = 134 Hz, P

CH), 56.1 (1, Jew = 131.7, NCHa), 54.6 (1, Jou = 132 Hz, NCH,), 52.8 (t. 'JCH =

20 128.1 Hz, NCHa), 52.6 (1, 'JCH = 128.1 Hz, NCH,), 49.9 (Bu' C). 40.3 (1, 'Jey, =
133.0 Hz, NCHa), 29.0 (q. Jow = 124.4 Hz, Bu' Me), 18.3 (q. Joi1 = 124.4 Hz, Pff
Me).

Example 34: Synthesis of [(Pr);-TACN-(CH2):NBu'|Y(CH,SiMes)s.
a) NMR-1ube scale.  (MesSiCH); Y(THF) (20 ma. 40.4 pmol) was
dissolved in CyDg (0.6 ml) and added to (Pl’i)j"TACN-(CHg)gNI']BUI (12 mg, 40.4

1J
th

pmol). The selution was transferred 1o an NMR fube and analvzed wiih "H NMR
spectroscopy. showing clean convession fo the product, SiMe,y and free THF.

b) Preparative scale. Al ambienl lemperature, a solution of (Pr")g-

TACN-(CH2)>NHBu' (0.16 ¢. 0.50 mmol) in pentane (10 ml) was added dropwise

30 to a solution of (Me:SiCH);Y{THI), (0.25 g, 0.52 mmol) in pentanc (30 ml).

The reacnion mixture was stirred overnight, afier which the volatiles were



a) N-lcrl-Butyl-(4.7-diisopropyl-[1.4,7)triar--anon-1-yl)acetqmgxm. %[][]5
N-tell- but | chl oroacetam de (0.335 g, 2.25 mmol) was added to a sol ution
or crud¥ }7/39% i sopropyl -1.4.7-triazacvcl ononane (0.49gFC2/Bs1HdY) in
di rrethylforrramde (1 5mM). After 2 hours of reflux and work up by using
aci d-base extraction, a seni- solid-nm&terial was obtained. This was
purified by colum chromatography (alumna activity 11-111, el uens
ether); giving 0.19 g (27% of product. tHNWR (CDCI3) b 0.91 (d, 12H),
1 30 (s. 9Hpovad Brder Aotnym12H)e, r@idd8 (g stPlped 8f Gekidim) T2H) by stlinGng br,

10
N- tert- Bu%“()lh B e Ogi s S 815, Subgeuantyy (FPAELAnEReT Yquusthyhatskrke.
Li t hi um alkgng dri.de. 2 u A |yt i on of
ol b o] SR o e pg 10 Byt TRlok B8 SR RSB 10 o
0.6 mmol ) prcniuitO(OﬁO o.d¥. lﬁnmmlhb&%at W&mcsu(uENEc) of\ceg canhghéd. wad teerficliO® hours
refl ux and. E see ?bove) 0.17 g (0.54 mol, 90 %9 of crude
praduct vvé’é] ’éf[ letr e b asPng 10% of 15 the acci am de starting

oh, e oy 276 508 QRN EARb e AT 5 68 e P2 s

4H, NCH2) (:H']; G@v(@an&nbﬂ ovBHl: ])pedOPQ:lCH(‘}! 3.89 (m 1-H, RC@@ m (de2bhy, B Me) ,
NH not ob rved 13C I\/R§ 4 MHz, 25C. -)Zl 7 (d. Jc, ﬂ 134
Hz, Pr' 386H3, I, N§ &), 3.19-389 (i, 7N@H§Hv)5 Ss(f(tt Juu]cri?é? $30HR .

) 52 PTG 5 AT RS (i T 8% 1,

12d. 4 Hz, HBuU" ]H/,ENCIIE& B064, 97. (ke JH-NL"M) A (cher; Mgp.9, Bampl e B4

th - TACN- 2) 2NB CH Si Me A1A12-t ub |
(Slere]SSlea sb‘;g\ﬁr”éﬂ-#i ¢ D Whﬁ 2): Z13(3354&2) )B lé\bé n# Iééd%@@cﬂ ﬂnl(ﬁéDg:H?gaGe

n-11) and-agddleg & PR3- HAGHY, (CH3X 4 ke yThe
sol uti on was transferreéﬁt oﬁ;@-%l\/h 2({;yeq@re?ndi( ana yzgd%m‘nﬁtﬁp 6|\?\}l§
spect r oscopi PriovioniOns (s @ &n AeeSiat-3i ba7 (d Jhe Gp(F Hdu:EH,, PBiNVE), 0.41g8d Cee
THF. Db) amj e rrpera,t a.sol t| n_of (Pr')3-
FACI\I—(Clg?g)a’%NEE‘;&)(ﬂ (df U B0 4 gt o T Jpe Heaht" ( 8\§a§d%~dded
diopwi se J30=10 saHsoh 0Nl 1| HYB S - 0383 (&E)J%,.(-D]oZ@H& J\Q =3, dTHP' ) in
pentane (30 m The reaction m xturé was stirred overni hjt after which
the vol at 1 IFesY wH®: 11.90 Afk oG5 10.8 Hz, Jyw = 2.1 Hz, 1 H, YCHH). *C NMR
(1257 MHz, C¢Dy, 8): 57.7 (1 Jow = 128.9 Hz, NCH»), 56.0 (1, Jen = 132.2 Hz,
NCH-), 54.9 (d, Jen = 138.6 Hz_. Pr CH), 54.5 (d. Jen = 143.4 Hz, Pr CH), 53.8
(s. Bu' C), 52.2 (1, Jeu = 138.6 Hz, NCH,), 51.5 (. Jew = 137.0 Haz, NCH3), 51.1
20 (1. Jen = 135.7 He, NCH:), 448 (1, Jory = 128.8 Hz, NCH»), 41.6 {t. Jey = 1304
Hz, NCH3), 41.5 (t. Jow = 127.3 Hz, NCH,), 33.7 (dt, Jyc = 36.9 Hz, Jou = 95.1
Hz, YCH:), 31.2 (q. Jew = 122.4, Bu' Me), 31.0 (t. Jy¢ = 38.7 Mz, Jey = 95.0 Haz,
Y CHa), 23.5 (g, Jou =127.3 Bz, Pr' Me), 23.0 (q. Jen =125.7 Hz, Pr' Me), 13.1 (q,
Jon =125.7 Hz, Pr' Me), 12.7 (q, Jenn =125.7 Hz, Pr' Me), 5.4 (q. Jey = 117.6 Hz,
25 Me:8SiCHAY), 5.2 (q. Jen = 116.0 Mz, AMesSiCHAY).

Example 35: Reaction of [(Pr')s-TACN-(CH1);NBu']Y(CH,SiMe3); with
[HNM e, Ph[B(CeFs)il-
@) In the absence of THF. A solution of [{Pr}-TACN-
(CHa)NBUY(CHaSiMes)a (12 me, 20.8 pimol) in CeD:Br (0.6 ml) was added to
30 [FINMeaPhy[B{CeFs):) (17 mg, 20.8 pwmol). The solution was transferred (o a

NMR 1ube and analyzed by NMR spectroscopy. which showed evolution of two



WD 02132909 PCT/ USO /29442 -- 73- renoved under vacuum The residue was
stripped of residual 7-FIF by stirring wth pentane (5 nil), 1thaRR W6k
subsequekPI%/S3E%hoved under vacuum The sticky solid was exdtweshediai t h
pentane (20 m). Cooling to -30 C gave crystalline product (0.80 g_0.14
mml, 28 % . The structure of the compl’éx was verified by 5 single
crystal X-ray diffraction. "H NWMR (300 MHz, 25C. C6D6) S: 3.77 (sept:
J,,,, = 6 6 Hz, IH. Pr' C A, 3.42 (partially overlapped, Pr' C A,

3.40 (m qqunNt@Hls) pf:SJTQ!& (e, eqlyivglem=ol pRo@ne a8l W, fdehoNQlTl In ill-
3.193.09@}44 2.81 (dt, J,.H, = 12.9, 5.1 Hz, | NCH2) ,
2.50 (dt pe L“&Q'“QPC‘AC% Hz, | H NCH2), 2.20 (dd, J,11, = 10 8 3 3
10 Hz. 1 H, NCI-12), ;2.0 : Y, 7

3.9 HZ 2 H, NCHlQ ;g ﬁ’ ’“%—FCILNCH{) Nc}i}}SS (sK g%“"%ﬂ )6 1] %J(m |

H NCH2), FXBGN(@IMJNB;J?Y(GI@ ﬁmﬁﬁwzﬁ’rmh@m 6 pn 101) in c,,D BrF;O 6 n wﬂg
1.14(d, Jn, ., =6. 6Hz, Me) . 0. 58(d. J, -, ., =6. 3 48
(s, 9 H MIEF Grops 06*%“@@“ ﬁJﬁFtds—“@S edeed iCB[IHNI%Ph]{/éxC(,IGMM sig, 9 H,
AMVE3SI C - | 6

0. 53 (dd. QE ‘ﬁ’ﬂoﬁ ﬂlg%ﬁluéb’i‘-z‘asﬁraﬁ%”ﬁdi’“ﬁi”JMMW“b?@:H; “i’?*‘z‘fcbblsé”‘(%d J,
p, = 10.8 bpcctrdytd;s, S\EﬁkIHZhoueld fi1 E(&Hé}s:onio(ﬂQe Eﬂflamelg CU.‘]C"S %9\46 e I} YD,
21 M, Mz, C5D6 S Je'°E 128 9

Hz, NCHL), 5’iigh‘i‘)eﬂ( ?lw ls7) )*Tf@Nz‘E% ﬂNMﬂCHE&I\@ﬂ(a 4Famfg)‘ [B(QQBSJ4]5 Hz, Pr'

??23’ 65ﬁ|'z &%42#0%%3”?5% Mz, - 1?7%%?")(%&%‘ (Lgh=7 éér'z( §tHJBI =
13507 Hz, N@HRﬂea) 287811/ 99,5 Hz 111218p81-1|7|2hNN\ﬂ€§2é ,5%}& 39=(‘75 H% B ?_sé?

Hz, NCH, ) , St JcH = 127.3 He
95 1 Hzf’fi“)\'f\@a )3-48 {sept,(-fu1 ISP Hz;LZiMPA BUH). Es/ezp(taz,,.o =(13.0 3£ FH38. 7

Sas5 v, RpnEro YE P 47 Sy, AR foh 2 s oG 0

=125. 7 Hz, NPIH.), I\ZE);: vagzkn(q H, ﬂJC,H—a’ 14'7-?63%@ 3 %153)\?}%? DoY) im 3 B, (4,
eactl

Jci, = 116 Al e3Si
I ?:Dr ), E‘%%—‘ ﬂﬁP‘BIGHI \P((ﬁlﬁ’e‘ll ‘?gé@)@ﬂw W HENS B. Po', Ple)) B{E6ED HJ. et)

I h b = ~ ) 2- TAC - i

(Oi) SNEUS?“ QO el 25 150 s oG CEHTEED B 3.1 B MR adde
to 30 [HM%?IPh)J‘UB(S@B}H%)) @.p?((siﬂ?ﬂﬂ,ﬂ-ﬂ.fﬁnﬁ -120aHJ,.J, fRe] SOIHKE, U=\ Hz,
transf errefib‘t Q{Elg/Rt]Lrl(Qéa Jam_ a]r?glﬁ/z 351”1_3% OngzR ]Sﬂpect roscopy whi ch

showed evo
EXAMPLE 36: Ethylene polymerization  with  |(Pr),-TACN-
(CH2)2NBu)Y(CH:SiMes); and [HNMeaPh]|B(C(Fs)q).

20 Following the general procedure of Example 6, ethylene was
poelymerized  wiih {(Pri)g-TACN-(CHg}gNBu')]B"(CH;SiMe;,); (10mol) and an
equimolar amount of [HNMe;Ph][B(CeFs)i). The reacior used 150ml of tolhuene:
a 30°C, initial reactor 1emperature; and a 15-minuie run time. 11.95 erams of

polyethylene were extracted. (Catalyst activity 956 ko polymer/mol Y.atm.h.)

25 EXAMPLE 37: Svnthesis of N-tert-bufylaminoethyl-bis-(2dimethylamino
cihyl)amine.

a)  Neiert-Butyl-bis-(2-dimethylamino-cihyl}-amino  acetamide. A
mixture  of  bis-{2-dimeihylamino-ethyl)amine (4 . 25 mmol), M-tert-
butylchlorcacetamide (3.8 2. 26 mmol), acetonitrile (10 mi), potassium rodide (0.3

30 ) and 4 ¢ of powdered K2CO; was stirred at room temperature for 20 hours. The

solids were filiered off, and washed with ether (3 x 25 mL). The filirates were



NVO 02/32909 -- 74 12 APR 2005 PCT/USQO) 129442 equival ents O i %%l
one equiyal cm of propci-te, and the formation of all ill- def i hEAPK 2005 um

speci es. YR %877 Phe j2re.ience ol THF. A solution of [(Prl PCT/US01/29442
TACN(C -]1,)2NBu' ] Y(O-1-,SiMC.-,)2 (24 me- 41.6 |I-inol) in CeD-Br (0.6
m) with 5 three drops of nddi iional-"TI-‘HF-dig Nvas added to
[ HNMC2PI | 1(B(C6F5)4] (34 ing7 4 1.6 pnol). The solution was transferred
into a NIMR tube and anal yzed by WR spectroscopy, which showed full
conversmnci"@btfﬁé O@dtqoom'?@-’J@ﬁe"@rhesc:adt@\Mazlexnmrmé wﬂhﬂNMt Saﬁh@ portions
[(Pr')2-TA CH, Si Me (THF - -1 F3)41 'H
NNIR (500 ﬁ’f_\?ﬁﬂgi C”'lglb -?}he(% )u:l% \)zdrg coptyre ncjj ﬂfr #CIT]O\@I}GEH]Q spivemt 11 10
Ph\\e, ) ~ 6. bifddrlreiiccd pre@ubdZ didi; H'E’d E 1H 512 : "
P1j'j\1Ndc,), 3.48 (s%pt AT N ’gfm”P&f’a?}f‘%)(%‘g@iBg £ 03,0 1
= 133.0 Hziort) |oAg1veRlG|-$0-’7°/® o'[@néﬁu%ﬁ HuMMRZ(GﬂDCI\mi L9 (2 972 E(@) 28468,

PhNAf CH,) . 2.42-129
(m 53? Fl ~ 5‘;’329’2"5'? . iT%h&Z éHH\‘CPH"lS? g, J7(0bhiz 4H, WCIFPr) 2@8ls, 1. 18

(@ ati "%” NER A AR R Rlcrlen ool b g s B iy
Me), 0.09 ard]. Qoﬁlcmf essl(@ﬁdég) 43 @?\1(\@) 762 gd%q]éf}e4SI) -1.29 (dd~ Jill.,

:110HZAI = O Hz, 1 1- é.@ (‘dd. Jill, = 11.0 Nz,
Jyj.j =3.0 He, i))i” el Wﬂ)m”m\lﬂmﬁ imehh},ahwmeelbell)ynmerl zntion )| ifh

i (Pr )2 TACN- (CI 1i ;&Ngf Lk YoQ 4 ?ﬁé ﬁgﬁgqéﬂ‘r@eiwﬁaﬁ%g%y 1SI:EES)J)

20 Fol | oNNi ng the cener pl ocedui &y

pollymer i zegtesewiitld (I (Ph- )325— A G soduked Byl 1 Y4 G, 1Sial 2 ) and
an equi nol.ar ai nouni éql}4ﬁ\i? Qle I:’h]j B( C6F5) 4% TIﬁeN{gzﬁllo% %ﬂ‘éme%lcq 150m

of toluen limeficggreshans, ]tgl urp -aéa‘?ﬂ‘tiﬂ i Afipeparture folimeng alprotddiirg pkI C run
tith-Te. 1ds@obed @F5inU vample 24, 1.5 g (83%) of [MesN(CHa)1aN(CH)sNHBY' was

obtained as a colerless oil (Kugelrohr distillaiion, 1.5 torr, 150 °C). '"H NMR
(CDCI3) 6 1.03 (s, 9H, Bu'), 2.16 (s, 12H, NMe), 2.3 and 2.5 (m, 12H total,

15 NCHy), NH not observed. *C NMR (CDCls, APT) & 56.8, 55.0, 52.7 and 50.3
(NCHz:), 43.4 (NMe), 37.6 (CMes). 26.5 (CMes). MS (C): for C4H3iNy m/z 259
(M+HY".
EXAMPLE 38:  ° Synthesis of [1MeaN-(CH»):1aN(CHa),
NBu']Y(CH:SiMes)s.
20 A solution of [MexN(CH2)2JaN(CHa);NHBU' (0.51 g, 2.00 mmol) in

pentane (10 ml) was added dropwise to a solution of (Me;SiCHa); Y(THF):
(0.98 g. 2.00 mmol) in pemiane (50 ml) at ambiemt temperature. The reaction
mixture was stired for 4 hours, afier which ihe volatiles were removed by
vacuum. The residue was stripped of residual THE by stirring witls pentane (5
25 ml), that was subsequently removed by vacuum. The resulling sticky solid was
exiracted with pentane (2 x 50 ml). Concentrating and cooling the extract to -
50°C gave the product as a crystalline solid (0.70 g, 1.36 mmol, 68 %). The
siructure of {he complex was verified by single crystal X-ray diffvaction.
"I NMR (500 M}z 20 °C. CaDe) 8:3.34 (m, 1 M, NCHa), 3.23 (m., 1 H.
30 NCH:2). 5.08 (1, Jiyy = 6.00 Hz, 2 1, NCHa), 2.57 (m, 2 H. NCHa,). 2.02 (s, 12 1,
NMez), 1.59-1.52 (m. 6 . NClH2), 1.46 (s, 9 M. Bu'). 0.43 (s. 18 1. Me;SiCHb), -



pol vei h~!'l1 ene were extrncied. (Catalyst activity 956 ka pol yner/ nol

Y.alrn.h.) 25 EXAMPLE 37: Syni hesis of 05
N-tert-Qgdizmbd iiiiioeilt),I-bis-(2dinieth),13niino C"kt’]‘&Wi@ a)
Af-ierl- Btit h\ I)-amno acetarnidc. A mxture of b;
S-(2-diiiictl)Nilaiiiijio- etI|yI)3iiii7'Fie (4 --. 25 mol), Aleil-

bLAVI chl oroacetnm de (3.8 f2: 26 irlnol), acelonitrilc (10 m ), potassium
iodide (0. 1 A and 4 o of povvdered K C03 was stirred at room | eniperalure

for 20 ho hg ;s er of £ shed w th dher (33 \
25 iliLl). KU N o N AT e T S 5 IPTEOURDE o e
conbi ned angdj4cPnsIORE r@hﬁﬂssoﬂb@ Nesi'guenas (8Xh NAGLed WA tf?@?e igv

55180 Ydfoval of

portions of warmether. The extracts$ were conbi ned an
t he sol verdVCHdér! tNedikid 0 e]slﬁulﬁ)a 57di mcr}u)edﬂ;s(mgna P@sgﬁtk R C

t o, (379 of prod c "H
6rxlllll\)/pRaE ?:Dgfﬁq)ﬂ}"’ﬁg 6%9@%"@ o §T2CE hagééd écﬁaﬁ 5N 2 CH), 2?9l(2t3u =7
Hz.s 41q, 1} = 7 Hz, 4H. NCH2), 2.95 2H, NCH, 7.9
(brs. IqH %jz.?(afcgl\(lﬁl\}% (}(]?DCIB APT) 5168. )9 (C=0. (27.2, 55.1 ;nd 51.7
(NCH2) ; 45.1 (cuves) 43.2 (Nwe), 26.1 (CAAe3) b)

N-/er/-B | bj |.uti f
e S P AT NI AN ©
5.5 mmol ) WaBuI]E(iUHeSN\M})hahd glm‘f\'léall’ﬁl[lﬂﬂqm)ﬂ(bnrd_lm{,c]m(@epgﬂsyet hane (18

hours at refl ux) After work-up follow n mprocedure as scribed e.g.
in Exanpl e 24. 1 glqipg3the o.ﬁ.e'[ewﬁzm(r@qemrz] dHn2NEBY. wislenebtakned as

S ‘i"'ogr'(iﬁé‘é&*er@%%' G iy w@@g@as@% 09aimeloras 15
NGbi2) , NHarme@uaahﬁ@wﬁ&amJe?gTNM%m(@gﬂ)g v&ﬁths@ 1560310]5@16‘0}5 s%?«é%r g@d 50. 3

(NCH2) . 43.4 (NVe). 37.6 ( ANA 1l z
259  ( MrHyMItalERA L BeBgeraByatdesds. oamdjq mem (om]g ZﬂJnN(eEJ-IO)IZ 2 of

NBu' ) Y . f N 2] CH2 u' (0.51 g,
2000 (%é?&m?é)é’%t WEe 0?1%9%#) Gt d"&é?&w R S
(N1e3Si O-Eblfﬂé(n'ﬂ-ﬁ)ﬁmeﬁ'ﬁaﬁ& Gvas2nA0obEERLd RerP e aBfbRBof! Jf PM(@:ﬂb' ent
terrperatur('e‘_I The] reactio

2h —:T\(CHn)vNBU]Y(CH SiMes)z with [HNMeaPh}[B(C¢F )] was applied.

15

While certain representative embodiments and details have been shown
to illustrate the invention, it will be apparent to skilled artisans that various
precess and product changes from these this document discloses may be made
without departing from this invention’s scope.

20 All patents, test procedures, and other cited documents are fully
incorporaied by reference to the extent that this material is consisient with this
specification and for all jurisdictions in which such incorporation is permitied.
All documents 1o which priority is cJaimed arc fully incorporated by reference for
all junisdictions in which such incorporation is permitted.  Although dependent

25 claims have single dependencies in accordance with U.S. practice. cach of ihe
features in any of the dependent claims can be combined with each of the features
of one or more of the other dependent claims dependent upon the same
independent claim or ¢laims.

Certam fearures of the present inveniion are deseribed in terms of a set of

30 numerical upper lhmits and a set of numerical fower limits. M should be



m xture was stirred for 4 hours, after which the volatiles werﬁzr ﬁ'ﬂ
by vacuum The residue was stripped of residual TI-IF by stir iw
pent ane 18 %2824P) | that was subsequently removed by vacuuRCT/HS8VRME4LI ti ng
sticky solid was extracted with pentane (2 x 50 ill]). Concentrating and
cooling the extract to - 30 C gave the’’product as a crystalline solid
(0.70 1.36 mmol, 68 %9. The structure of the conplex was verified by
single crystal Nray diffraction. '"H NWR (500 MHz. 20 C, Cf,Dfi) S: 3.34
(m 1 1-1:anNgpopey thy ragesdormdd by, any30aNGh iR )of 118508 n(its, ard lithjn the6. 00 t
)r. 21 -L 2)... 2.57 (m 1-1. NCH1),  2.02 (s, 12 11; NMc2),
1.59-1.52 fér?%gdé“m?L ‘N&’Hﬁ%ﬁ” ‘ﬂ%ﬁ% 03’5m@11%dm ). 0.43 (s- 18 1.1,

A/ e3SiCH ), N170 02/32909 1 2 APR 2005 PCT/USOL/291.12 0.54 (br, 22
1-1, M3SiCH2), -0.81 (br, 2 H M3SiCH2). The Jvii coupling on the

YCl -12 protons is unresolved. 13C{']-1J NWR (75.4 Adl1-1z. 20 C, C, D6) S:
71.6 (NCI-12) 70.1 (NCJ-12), 59.0 (Nd-h), 57.0 (NC)-12). 55.9 (NCFl,),
53.7 (s, Bu" Q 50.9 (NNMe2), 47.3 (Nwe2). 44.4 (NCH2), 30.9 (d, Jyc =
36.6 Hz, YCH,), 29.9 (Bu" 5 Me), 5.2 (,A9e3SiCH Y). EXAMPLE 39: Ethyl ene
pol ymeri zation with J{Me, N -(CH )2),NCH ), N Bu'Jl"'(C)12Si Me3)2 and

JI - INMe2PhJI B(C6Fs) 4J and JPh3CJ[ B(C6F;)4J, Follow ng the general
procedure of Exanple 6,, ethylene was polynerized with

[ {Me2N- (CH2) 2} 2N( CH_) 2NBu' ] Y(CH2Si Me3) 2 (10 funol) and 10 an equi nol ar
anount of [Ph3C][B(C6F;),]. Wth 150 m of toluene as solvent, an initial
reactor tenperature of 50C, and a run tine of 18 mnutes, 0.12 g of

pol yet hyl ene was obtained. (Catalyst activity 7.2 kg pol yner/vi ol
Y.atmh.). Ethylene polynerization was not observed when the conbi nation
of [;Me2N- (CH2)2)2N( CH2) 2NBu' ] Y(CHLSI Me3)2 with [ HNMe2Ph] [ B(C6Fs) 4] was
applied. 15 Wihile certain representative enbodi nents and details have
been shown to illustrate the invention, it will be apparent to skilled
artisans that various process and product changes fromthose this
docunent di scloses may be made Wthout departing fromthis invention's
scope. 20 All patents, test procedures, and other cited docunents are
fully incorporated by reference to the extent that this material is
consistent with this



specification and for all jurisdictions in which such incorporation is
permtted. All docunents 10 which priority is clainmed are fully,

i ncorporated by reference for all jurisdictions in which suchllzm)RZ[]ﬂ5
incorporation is permtted. Al though téfendent 25 claims have single
dependenci es in accordance with U S. practice, each of the features in
any of the dependent clains can be conbined with each of the features of
one or nore of the other dependent clains dependent upon the sane

i ndependeQLABMBI m or claims. Certain features of the present invention
are described in terns of a set of 30 nunerical upper limts and a set
of nunmerical lower limts. It should be \V O 02/32909 --77- 1 2 APR 2005
PCT/ USOI / Wh4di2 chRéEit at ed that ranucs formed by any conbination of these
limts are within the scope of the invention unless otherw se indicated.
1 2 APR 2005 --77- CLAIMS: Wiat is clained is: 1. A polynerization

cat al yst precut co r|S|ng. a) a netal fromthe G oup-3 or |anthanide

metal s; b) a netitral, RAR WISOLLOMPISBpr i si ng t hree G oup- 15
nmoi eti es wherejn thag}aﬁg,mq&e(-,gjug; lgitgém?elgagfsi,eti es connects to the

metal ; c) a mnoani on connected t0 the netal; a4 bridge, wherein the
bri dge connect?d t h@ neytalanivltidentate liganchebiprising airec Gko RS moftied Wherei

abstractabl e |igand; fr,an.olefin insertion l[igand. 2. The cat aq yst
precursor of C ai mqf]e%%g)rngl‘%m&{brf’gﬁ'ﬁ“Hﬂg‘e@cﬁﬂfﬁﬂﬁoﬁhﬂ@ﬁ}l;connects to a
substituted ok)unsabsérdahiofomi@RQits ¥ MetR: 3. The catal yst precursor of
Claim2 furt hgi conprising at |east one G dup-14 noiety connected

t

between at |e t fprisiges Whereinothp briggeroomtecw the Mondhision a6 Fe/ RultRleQGHY SO
of Caiml wherei nliggnd.east one G oup-15 noiety connects

e) an abstractable ligand; and
f) an olefin insertion ligand.

2. The catalyst precursor of Claim 1 wherein at least one Group-15 moiety connects
to a substituted or unsubstituted organic group.

3. The catalyst precursor of Claim 2 further comprising at least one Group-14
moiety connected between at least two of the Group-15 moieties.

4, The catalyst precursor of Claim 1 wherein at least one Group-15 moiety connects
to a substituted or unsubstituted organic group.

5. The catalyst precursor of Claim 4 wherein the multidentate ligand contains a ring
comprising at least two of the Group-15 moieties.

6. The catalyst precursor of Claim 5 wherein the ring comprises at least three Group-
15 moieties.



to a substituted or unsubstituted organic group. 5. The catal yst
precursor of Claim4 wherein the nmultidentate |igand contains rAPr’}gz
conprising at |east two of the Group-15 noieties. 6. The catal 3& 005
precursor of Claimb5 wherein the ring-d8nprises at |east three Goup- 15
noi eties. 1 2 APR 2005 --79- 7. The catal yst precursor of Claim®6 wherein
the ring further conprises at |east one Goup-14 noiety connected

bet ween at_f Ieaiq:tmghof the G oup-15 noieties. 8. The catal yst precursor
of O ai m V. whelb¢ patalyst precudge of @ipiti 6 Sfheddin HRASH -13-10-16
elenent. 9. Thg catpl yst precursor of Claims8 V\/ngeﬁgi&ﬁr %rgb@ns&séﬂe&t ope

| ant hani de. 10 THRe' CBP% grted between yfleast aymoftheGeowi-05 mogetiget al i s a
G oup-3 transition nmetal. 11. The catal yst precursor of Caiml wherein

the abstractable ligand is a radical independently selected from
hydride, $ydr oBae Batalystapicowisoke of allaihDi #RereAMHIChridle ¢ E‘ia‘?%afs?%sa' S.
12. The cataly, r of Claiml wherein the olefin insertion Trgand

t precur
is a radi cal (ls‘"r?éfg'pléﬁtﬂ' q]?m%i ected from hydride, hydrocarbyl, al koxide,
aryl oxi de, am de, or phosphide radicals. 13. The catal yst precursor of
Claim 11 wherein the abstractable ligand is independently one of
3- met hy| pent y| Theratalysy prepunsen of Claimes inhereiv the meialGs a SinfRikid phenoxy,
di et hyl pl i osphi do, di phenyl am do, di phenyl phosphi do, et hoxy,
diethyl (triethylsilyl), ethyl(trimethylsilyl), ethyl pentyl phosphido,

heptyl, 18exoxthe chralg¥t prebeebrortaind L.Sepept vl . i sopr.opox

i sopropyl, nethoxy, dil)rrret hyl (t rialtladt ﬁ%ﬁfﬁ%mﬁe@ﬁ% F’ﬁ‘fﬂéf‘ﬁ?ﬁ%ﬁﬂf&#@
nmet hyl et hyl am do, 2-nethyl-4- ethyl phenoxy, nethyl ethyl phosphi do,

metl |yl oyl ph ' hv| pr | am_do, et hyl propyl phosphi do, octyl,
pent oxy, rl%ént ?‘fh mﬁﬁ@h%@%“ﬁﬁ“ﬁﬁg%@& HyWQ?ﬁeH’ot,he strastatle Higapd s phiadizal

pr opoxy, propjaidepéndeuﬂpXMectéd]ﬁ'ohTﬁ*&-Mlg.h Lyst .precursor of
Claim 11 wherejn the abstractable 1igan s %’d@%‘é’ﬁ érﬁq’@x@ﬁ’eﬂﬁ‘ﬂe’ or
met hyl (triethy %ﬁpi’W)r?dlﬁ‘ﬂ‘-é-hyl (trimethylsilyl), phenyl, neopentyl, and
benzyl. 1 2 APR 2005 --80-

12. The catalyst precursor of Claim 1 wherein the olefin insertion ligand is a radical

independently selected from hydride, hydrocarby!, alkoxide, aryloxide, amide, or
phosphide radicals.

13.  The catalyst precursor of Claim 11 wherein the abstractable ligand is
independently one of 3-methylpentyl, butoxy, butyl, dimethylamido, 3,6-
dimethylphenoxy, dimethylpliosphido, diphenylamido, diphenylphosphido,
ethoxy, diethyl(triethylsilyl), ethyl(trimethylsilyl), ethylpentylphosphido, heptyl,
hexoxy, hexyl, isohexyl, isopentoxy, isopentyl, isopropoxy, isopropyl, methoxy,
dimethyl(triethylsilyl) methyl(trimethylsilyl), methylethylamido, 2-methyi-4-
ethylphenoxy, methylethylphosphido, metilylonylphosphido, methylpropylamido,
methylpropylphosphido, octyl, pentoxy, pentyl, phenoxy, diphenylethylamido,
phenylethylphosphido, propoxy, propyl, t-butoxy, and t-butyl.

14. The catalyst precursor of Claim 11 wherein the abstractable ligand is
independently one of methyl(triethylsilyl), methyl(trimethylsilyl), phenyl,
neopentyl, and benzyl.



15. The catal yst precursor of Claim1l wherein the abstractable ligand is
a divalent anionic chelating ligand. 16. The catal yst precur soq ZOEPR%ﬁd m
15 wherein the abstractable ligand is al kyli denyl or a ,
cyclonetal | ated hydrocarbyl radical. TI7/~The catalyst precursor of Claim
| wherein the abstractable ligand is a diene. 18. A polynerization

catal yst precursor conprising: a) a netal from G oup-3 or | anthanide

net al s; bi a multidentate ligand connected to the nmetal conprising: (i) a
ring conpkl-si nkheaatilysisprecursor GfoQiaim ISwiveret the sabseastible WRBRE 1A divalent
anot her througp.at l.east qne oup-14 noi ety wherein the ring connects
to the netal %ndﬂ'\}\%‘é CZ%?ggﬁﬂgG oup-15 noiety is optionally bonded to a
substituted or unsubstituted organic group; (ii) a nobnoanion connected
to the netal; and (iii) a bridge that connects the nonoanion to the ring;
and c) akble 6#falysb precursonbife Cldigarid; wheind thetabkeasiblo NRanl ok iy

e enfal
insertion lig . An ol.ef i n.pol rization process conprising: a)
provi di ng mn%ﬂg’rh;déﬁl ";5?8%‘8‘?‘8‘6115‘%%%&% &la{?‘iﬂ%‘ cat al yst precursor
conprising: (i) a netal from G oup-3 or |anthanide netals; (ii) a
mul tidentate ligand conprising: a first ligand part conprising at |east
two G oug”15 Theicatalystpreiragrait €laimel wherein the abyiratbledigahd ésa giggect to
each other through at |east one G oup-14 noiety wherein the first |igand
part connects to the netal and wherein each 1 2 APR 2005 --81- G oup-15

moi ety i d8opt iAopalinyritmiodedtalyét prequtSisiicolipli§glgor  uUnsubstituted organic

group; a nonoanion connected to the netal; ~“a bridge that connects the
monoani on to fhe fPﬂ%ﬁ‘QIﬁ%FﬂO%39fla§lﬁlﬂmdcmetalgast one abstractabl e
l'i gand; b)  amultidentate ligand connected to the metal comprising;

i) a ring comprising at least two Group-15 moieties, each connected
to another through at least one Group-14 moiety wherein the ring
connects to the metal and wherein each Group-15 moiety is
optionally bonded to a substituted or unsubstituted organic group;

(ii) a monoanion connected to the metal; and

(iii)  abridge that connects the monoanion to the ring; and

c) at least one abstractable ligand; and
d) at least one olefin insertion ligand.

19.  An olefin polymerization process comprising:
a) providing monomer;
b) providing a polymerization catalyst precursor comprising:
i) a metal from Group-3 or lanthanide metals:
(ii)  amultidentate ligand comprising:
® a first ligand part comprising at least two Group-15
moieties, wherein the three Group 15 moieties connect to
each other through at least one Group-14 moiety wherein

the first ligand part connects to the metal and wherein each



at | east one olefin insertion ligand; and c¢) activating the catal yst
precursor; and d) contacting the nononer with the catal yst undﬁr ﬁﬂ”g@)l e
pol ynmeri zation conditions. 20. The process of Caim 19 wherei 2[

nmul tidentate |igand contains a ring T hprisi ng at | east two of the

G oup-15 noieties. 21. The process of Claim20 wherein the nmultidentate

| i gand contains a ring conprising the three G oup-15 noieties. 22. The
process of Claim 19 wherein the bridge conprises at |east one

Group-13-to- 16 el enent. 23. (&rompﬂaﬂ meletpisopticnally WoaBEd & BG%uBstifhed or
conplex with the formul a: El?:s&%@ch w where a) Mis a Goup-3 or

| ant hani de metal; b) LTE is a“'T'?H PIEARICIZIId wherein L is a

nmul ti dentate portlon Eds an j roup connecting L and
E; ¢c) Qare radical |igands i n gg%ﬁg)enn"?)m ec{%ctﬁ%g’ ?a:fbm hydri de,

hydrocarbyl, al koxi de, eryl axbridze thaticofneRts m@mﬁmﬁsm&@%%&ﬁi afld p
al kylidenyl or a cyclonetalla ?gtfd hydr ocar byl radical; or egne. %ﬁt n
is 3 or greater; --82- e) L' an optlonal Lew s base and f) w=0,

1,or2. 24. The catal yst precus;s t(?- &g&%gﬁé%hgﬁyei nLis

CBHL2- . Pn3R2R'x 12 APR 2005 an dently selected from (i)

Cl- C20 hydrocar byl radi eals; afldagt doeofedirifisteSdd hégng drocarbyl radicals
havi ng at | east one _ hydro enaéfgroup wherein one of t at | east one
hydr ogen gr oup‘r‘é i s aclyaugithe eatalyy prasursar; egén:  ami do: phosphi de; al koxy;

or aryloxy grgup; @ﬁ'lgcnng the monomer with the catalyst under suitable polymerization

conditions,

20.  The process of Claim 19 wherein the multidentate ligand contains a ring
comprising at least two of the Group-15 moieties.

21.  The process of Claim 20 wherein the multidentate ligand contains a ring
comprising the three Group-15 moieties.

22.  The process of Claim 19 wherein the bridge comprises at least one Group-13-to-

16 element.

23. A catalyst precursor comprising a metal complex with the formula:
M(LTE)Q)oL’w

where

a) M is a Group-3 or lanthanide metal;

b) LTE is a multidentate ligand wherein L is a multidentate portion, E is an
anion; and T is a group connecting L and E:

c) Q are radical ligands independently selected from hydride, hydrocarbyl,
alkoxide, aryloxide, amide or phosphide radicals; an alkylidenyl or a
cyclometallated hydrocarbyl radical; or a diene.

d) n is 3 or greater;



(ii1) Cl-C20 hydrocarbyl-substituted group-13-14 netalloid radicals; b)
R is independently selected from (i) Hydrogen; (ii) Cl-C20 hydrocir %I
radicals; (iii) Cl-C2o--substituted hydrocarbyl radicals having ‘h A J§Q5
one hydrogen group wherein one of the8%t |east one hydrogen groups is
substituted by a hal ogen; am do; phosphido; al koxy; or aryloxy group;
and (iv) Cl-C20 hydrocarbyl -substituted G oup-13-14 netal |l oid radicals;
c) Pnis a pnigtide;, and d}. xi.s the nunber of ring-atomR' substitutions.
25. The catal y&t prEcireoP ‘B‘Pa]i?f”‘é? 25} 3ferein Pn i s sel ected from
phosphorous orfy ni tweggn, o£p. The catal yst precursor of C aim 24 wherein
T conprises at |east one Goup-14 or- 15 elenent. 1 2 APR 2005 --83- 27.
The catal yst precursor of Caim25 wherein E conprises at |east one

G oup-14-40- 1 e nt. 28. The catal yst precursor of Caim?27 wherein E
is sel ect%ﬁ fr@rﬁ @%f%&éeﬁfugaf P‘,’nﬁﬂ%’gﬂrﬁﬂ‘%d ani do, substituted
phosphi de, oxygen, sulfur, OFC&HL_QH3RgR’EDi eties. 29. The catal yst

2.

precursor of C aim 25 wherein x = 0.” A catal yst conprising an
activator and #¥netal conplex with the following fornula

(C6H 2-: N3R2R" TNR])"N%??CS&GWEE?@ I§4R' XTNR ) MRL' wherein a) Mis a

G oup-3 or | anthanide 'f”rogen; c) Tis a covalent
bridgi ng group congi)i si ry-G, hy@asarbpnadigaigup- 14 or -15 atom d) Ris

i ndependently selected from (i) hydrogen; (ii) Cl-C20 hydrocar byl

radi cal s: ()  C,-Cyo—-substituted hydrocarbyl ~radicals having at least one
hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; amido; phosphide; alkoxy; or aryloxy
group; and

(i)  C;-Cyg hydrocarbyl-substituted group-13-14 metalloid radicals;

b) R is independently selected from

) Hydrogen;

(ii}  C;-Cy hydrocarbyl radicals;

(iif)  C;-Cyo--substituted hydrocarbyl radicals having at least one
hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; amido; phosphido; alkoxy; or aryloxy
group; and

(iv)  C-Cyo hydrocarbyl-substituted Group-13-14 metalloid radicals;

c) Pn is a pnictide; and
d) X is the number of ring-atom R’’ substitutions.

25.  The catalyst precursor of Claim 24 wherein Pn is selected from phosphorous or
nitrogen.

26.  The catalyst precursor of Claim 24 wherein T comprises at least one Group-14 or-

15 element.



(i) G-C20--substituted hydrocarbyl radicals having at |east one

hydr ogen group wherein one of the at |east one hydrogen groups i PR 2005
substituted by a hal ogen; am do; phosphi do; al koxy; or aryl oxy E?&JB
and (iv) G -C20 hydrocarbyl -substitute8-group-13-14 netall oi d radical s;
e) R and R' are independently selected from (i) (ii) Cl-C20 hydrocar byl
radi cal s; G -C20--substituted hydrocarbyl radicals having at |east one

hydr ogen g;oup].h\é\Fher in one of the at |east one hydrogen groups is
substituted by B eFecurser abClaim @S prherin Exlomprises atrleast phoGyoupgT PP,
and 1 2 APR 20Qpeleméft- O 9) h) (iii) Cl-C2o hydrocarbyl -substituted
G oup-13-14 netallolrd radicals; Q are radicals independently sel ected
from hydri de, hydrocarbyl, al koxide, aryloxide, am de or phosphide

radi cal s;,0r t re an al kylidenyl or a  cyclonetallated hydrocarbyl
radi cal , %?? a %e“% lyst precugsor o Claimad] whereial ds seleotetd frani syclopehtadiznyll.

31. A cat al ysStsub iRk Sinfdh. AbsRifitl - petal. conplex with the
following fornula (%le-’xmmﬁki#%@w‘%"?%?“’ E‘@bﬁs?’%@ MORHSS\X2 L w/
wherein a) Mis a Goup-3 or lanthanide nmetal; b) R is independently
sel ect ed Hgr omoki ) _hydrogen; (iJ) .Cl-C20 hydrocarbyl radicals; (iii)

G - C2o- sBst i t Mﬁé?’%ﬁ%wfld]%ﬁm %Sawgerﬁm Tig- at | east one

30. A catalyst comprising an activator and a metal complex with the following
formuta
(CeH124N3R2R”’xTNR)MQ, L’ or (C4HgxN3R(R**, TNR)MQ,L,’
wherein
a) M is a Group-3 or lanthanide metal;
b) N is nitrogen;
c) T is a covalent bridging group comprising at least one Group-14 or -15
atom;
d) R is independently selected from

@) hydrogen;

(i) C;-Cs hydrocarbyl radicals;

(iii)  Cy-Coo—-substituted hydrocarbyl radicals having at least one
hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; amido; phosphido; alkoxy; or aryloxy
group; and

(iv)  Cy-Cyo hydrocarbyl-substituted group-13-14 metalloid radicals;

€) R’ and R’ are independently selected from

() C1-Cyo hydrocarbyl radicals;

(i)  Cy-Cyo—-substituted hydrocarbyl radicals having at least one
hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; amido; phosphide; alkoxy; or aryloxy
group; and



hydr ogen group wherein one of the at | east one hydrogen groups is
substituted by a hal ogen; arnido; phosphide; al koxy; or aryl oxy QY5?§W%5
and (iv) Cl-C2o0 hydrocarbyl-substituted G oup-13-14 netalloid ra&ic I's;
c) R is independently sel ected fron1t3§" (ii) C-C20 hydrocar byl

radi cal s; G -C20--substituted hydrocarbyl radicals having at |east one
hydr ogen group wherein one of the at |east one hydrogen groups is

substituted by a hal.ogen;, am.do, phosphi do; al koxy; or aryloxy group;
and 12 APR 2005 g{g{f)g (iﬁcrﬁ%méﬂ!’%@zé' ;&W&Wﬂﬁt@nﬁéﬂ‘tm@ﬁommlm- 14
metal | oid radijcal sQ ab radichl iAd H?’éﬂ Lagl [ onpri i a

| east one G oup- 14s%r -15 a:tlont?;i)ge n&%ﬁ%*%%?@%@“ﬁ%@é%%&ﬁ’l%&*eect ed
frg_m hlydri de,thyercﬂé'BlDblﬂb,, am:;lek:pp‘énbephidﬁ;ddhmlsdef Wﬁeofng ﬁ&h&ﬂ&-% I
radicals; or two re. a i den r cycl onetal | at ed hydrocar by
radi cal, or a diene® °‘%"“'E““a§‘%d§’?§f!’aﬁﬁ@¥ }C'C‘I?P?@QWH%;; g Cpis a

cycl opent adi erpyl Iima@kwﬁbaﬁcqiwst&ﬂgen; i) wis 0, 1, or 2; and j)
Xi s the nunber of ring-ato R' Substitutions. 1 2 APR 2005 --86- 32. A

cat al yst precd’t)sor \(J dief%g a |igand wherein the ligand has the
structure inl or Il RxR

31. A catalyst comprising an activator and a metal complex with the following

formula

(CsHizNaRy”xTCP)MQuLW’ or (CHgN3R:R”* TCp)MX,L,"

wherein
a) M is a Group-3 or lanthanide metal;
b) R is independently selected from

(i) hydrogen;

(iiy  Ci-Cy hydrocarbyl radicals;

(ii) C;-Cyo~~substituted hydrocarbyl radicals having at least one
hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; amido; phosphide; alkoxy; or aryloxy
group; and

(iv)  C;-Cyo hydrocarbyl-substituted Group-13-14 metalloid radicals;

c) R’’ is independently selected from

(@) C1-Cy hydrocarbyl radicals;

(i)  Cy-Cyo--substituted hydrocarbyl radicals having at least one
hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; amido; phosphido; alkoxy; or aryloxy
group; and



R1 if wherein a) R and R' are independently selected from (i)
hydrogen; (ii) Cl-C20 hydrocarbyl radicals; (iii) C- CZo--substi tzojhﬂgzqm
hydr ocar byl radicals having at | east one hydrogen group wher ei e 0
the at | east one hydrogen groups is s¥bstituted by a hal ogen; am do;

phosphi do; al koxy; or aryloxy group; and (iv) Cl-C20

hydrocar byl - substituted G oup-13-14 netalloid radicals; b) Xis a

pnictide; and c¢c) x is_the nunber of ring-atomR' substitutions. 33. The

catal yst precursor of(iid aiGnrGa vltydmearby}(sulsnaﬂédactﬁéhﬁ.lpnphﬁagmggous or
. A

nitrogen. 34. The Catﬁ&éﬁjt precursor of C aim 33 wherein x =
cat al yst conpri si ng ¥ivator and a netal conpl ex wherein the netal

conpl ex has the fornmula shown in | or H1 2 APR 2005 --87- R X (R' 1), ~
(RT2)x X (R'2)dy | T a eovalefil Bridging frobp Lombriife 203 ofte Grovp-14 or

-15 atom,;

€) Q are radicals independently selected from hydride, hydrocarbyl,
alkoxide, aryloxide, amide or phosphide radicals; or two Q are an
alkylideny! or a cyclometallated hydrocarby! radical, or a diene;

1) L’ are Lewis basic ligands;

g Cp is a cyclopentadieny] ligand;
h) N is nitrogen;

1) wis 0, 1, or 2; and

)] x is the number of ring-atom, R*’ substitutions.



=1 11 wherein a) Mis a Goup-3 or lanthanide nmetal; b) T is a coval ent

bridging group conprising at |east one G oup-14 or -15 atom c) f&ﬁﬁ? 5
are independently selected from (i) hydrogen; Cl-C20 hydrocarb1 APR" 200
radi cal s; Cl-C20-substituted hydrocar f--r adi cal s havi ng at | east one
hydr ogen group wherein one of the at |least o ne hydrogen groups is
substituted by a hal ogen; am do; phosphido; al koxy; or aryl oxy group;
and (iv) C-C20 hydrocarbyl-substituted G oup-13-14 netalloid radicals;

d) R is 3hdeplrratalyst presutsereamprisingm lighd Wikra0Be 1ipft h&slthE30u
hydr ocar byl raglrl als; G -C20--substituted hydrocar byI radi cal's %aw ng at
| east one hydrolgen group wherein one of the at | east one hydrogen groups
is substituted by a hal ogen; am do; phosphide; al koxy; or aryl oxy group;
and (iii) Cl-C20 hydrocarbyl -substituted G oup-13-14 netalloid radicals;
e) Qis a radical i ndependeﬁt |y selected from hydrn de, hydr ocar byl ,
al koxi de, aryl oxi de, am de =or phosphi de radi cal s; ':a/ kyl i denyl or a

ar

cyclonetal | ated hydroca dical; or a di ene e Lewi s basic
ligands; wis O, X.lng\ﬁﬁ@o)iaup 15RYCRAT Al

/\(/‘W\JW )/m m

wherein
a) R and R** are independently selected from

(i) hydrogen;

(i)  Ci-Czo hydrocarbyl radicals;

(iti)  C;-Cyp--substituted hydrocarbyl radicals having at least one
hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; amido; phosphido; alkexy; or aryloxy
group; and

(tv)  C,-Cy hydrocarbyl-substituted Group-13-14 metalloid radicals;

b) X is a pnictide; and

c) X is the number of ring-atom R’’ substitutions.

33.  The catalyst precursor of Claim 32 wherein X is selected from phosphorous or
nitrogen.

34.  The catalyst precursor of Claim 33 wherein x = 2.

35. A catalyst comprising an activator and a metal complex wherein the metal

complex has the formula shown in I or II



J is a Goup-15 atomwhen z =1 or a G oup-16 atomwhen z = 0. 36. A
catal yst conprising an activator and a netal conplex with the f{or ARR 2003
or Il: R(R20."~r: (CRs)= :(CR L ~ty}rnn0!G 1 11 wherein 1 2 APR
2005 --89- a) Mis a Goup-3 or lanthanide netal; b) R R', and R'' are
i ndependently selected from (i) hydroggmn. (ii) Cl-C20 hydrocar byl
radicals; (iii) G -C20-substituted hydrocarbyl radicals having at | east
one hydrogen group wherein one of the at | east one hydrogen groups is
substituted by a hal ogerg am do; phosphido; al koxy; or aryl oxy group;
and (iv) Cl-C20 hydrocaEbyl -substituted G oup-13-14 Betalloid radicals;
c) Tis a covalent bri d%'i ng group conprising at |eas¥ G oup- 14 or
-15 atom d) qu-zé a-+adf; Cak| §£endently sel ect ed_fyOm hydri de,

hydrocar byl , al’koxi de, raryl , ami de ofR phi de radicals; an
al kyl i denyl or cycloff€Rall{at ed hydrocarbyl |radicd];..ar a diene; e) X
is a Goup-15 netyal f);L'\aeLeV\A’s basic |i gandst™ 2xg) WRS 0, 1,0r

2. 37. A polymey produ _d‘usq(’n'gu.-mhfe cat al yst ﬁ_ecur$or x.g‘ﬁ'y of the
above clains. 88. An“sar ggllﬂﬁocorrprl si ng th%ol yr[e{"o‘f,.d MB?.

VAT AN
|

Q
R, l

z

I
H
wherein
a) M is a Group-3 or lanthanide meta]:
b) Ti ent bridgi .
Is a covalent bridging group comprising at least one Group-14 or

-15 atom; -

c) R and R’ are independently selected from
(®  hydrogen;
(i) C-Cy hydrocarbyl radicals;

()  Ci-Cyp—substituted hydrocarbyl radjcals having at jeast -
one hydrogen group wherein one of the at least ope
hydrogen groups is substituted by a halogen; amido:

phosphido; alkoxy; or aryloxy group; and

(iv)  C-Cy hydrocarbyl-substitﬁted Group-
radicals;

13-14 metalloid

d) R’is independently selected from



12 APR 2005
--88--

(i) C1-Cy hydrocarbyl radicals;

(i)  C;-Cyo—substituted hydrocarbyl radicals having at least one
hydrogen group wherein one of the at least one hydrogen groups is
substituted by a halogen; amido; phosphide; alkoxy; or aryloxy
group; and

(1)) C)-Cy hydrocarbyl-substituted Group-13-14 metalloid radicals;

e) Q is a radical independently selected from hydride, hydrocarbyl, alkoxide,
aryloxide, amide or phosphide radicals; an alkylidenyl or a
cyclometallated hydrocarbyl radical: or a diene;

1] L’ are Lewis basic ligands;

2) wis 0, 1, or2;

h) X is a Group-15 atom; and

1) J is a Group-15 atom whenz =1 or a Group-16 atom when z = 0.

36. A catalyst comprising an activator and a metal complex with the formula I or IJ:

B B .
(R"2C)y ; (CR )y {RC), 5
\ :tcn*,;,’ CR R
X_/,’; \-\x "'-um;[R x//'s ~\_:X .....

T

/ ’..'*Lﬁ'{-;;mmc
\

R“f'

wherein



b)

2)

1.2 APR 7005
--89..

M is a Group-3 or lanthanide metal;

R,R”,and R’”” are independently selected from
()  hydrogen;
(1)  C,-Cy hydrocarbyl radicals;

(i) Ci-Cy—substituted hydrocarbyl radicals having at least
one hydrogen group wherein one of the at least ome
hydrogen groups is substituted by a halogen; amido;
phosphido; alkoxy; or aryloxy group; and

(iv)  C)-Cyp hydrocarbyl-substituted Group-13-14 metalloid
radicals;

T is a covalent bridging group compﬁsing at least one Group-14 or

-15 atom;

Q is a radical independently selected from hydride, hydrocarbyl,
alkoxide, aryloxide, amide or phosphide radicals; an alkylidenyl or
a cyclometallated hydrocarbyl radical; or a diene;

X is a Group-15 metal;
L’ are Lewis basic ligands; and

wis0,1,or2.

37. A polymer produced using the catalyst precursor of any of the above claims.

38.  Anarticle comprising the polymer of claim 37.



